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Enzymology of long-chain base synthesis by aorta:
induction of serine palmitoyltransferase activity in
rabbit aorta during atherogenesis
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Department of Pathology and Laboratory Medicine, Emory University School of Medicine,
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Abstract Serine palmitoyltransferase [EC 2.3.1.50] initiates
the biosynthesis of sphingolipids by catalyzing the condensation
of a fatty acyl-CoA with serine to yield the committed intermedi-
ate 3-ketosphinganine or one of its homologues. The presence of
serine palmitoyltransferase in aorta was established under
optimal assay conditions using microsomes from New Zealand
White rabbits. Its activity was dependent on microsomal pro-
tein, L-serine, pyridoxal 5'-phosphate, and palmitoyl-CoA. Al-
though several different saturated and unsaturated fatty acyl-
CoA thioesters were utilized as substrates, maximal activity was
with palmitoyl-CoA, suggesting that this enzyme contributes to
the predominance of 18-carbon long-chain bases in sphingo-
lipids from aorta. Rabbits, fed a Purina lab chow supplemented
with 2% cholesterol, were used to study serine palmitoyltrans-
ferase activity in aorta during experimental atherogenesis. An
increase in activity from intimal-medial preparations was
detectable prior to prominent lipid accumulation or cellular
proliferation. Activity continued to elevate over the 12-week
duration of feeding concurrent with the increase in serum
cholesterol and in proportion to the development of plaques
resulting in a 3.7-fold increase in activity (20.7 + 2.6 pmol per
min per mg microsomal protein + SE in the cholesterol-fed
group versus 5.6 + 1.9 in the pair-fed controls also matched for
age and sex; P < 0.005). Bl Thus, the accumulation of
sphingomyelin that occurs in aorta during experimental athero-
genesis may be related to increased long-chain base synthesis by
serine palmitoyltransferase. — Williams, R. D., D. S. Sgoutas,
and G. 8. Zaatari. Enzymology of long-chain base synthesis by
aorta: induction of serine palmitoyltransferase activity in rabbit
aorta during atherogenesis. J. Lipid Res. 1986. 27: 763-770.
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Sphingomyelin accumulates within atheromas formed
in man and animal models, constituting as much as
80% of the total phospholipid (1-6). In a series of investi-
gations by Newman, McCandless, and Zilversmit (7)
and McCandless and Zilversmit (8), *?P was found to
incorporate at an accelerated rate into sphingomyelin in
aorta from rabbits maintained on a cholesterol-rich diet,
thus demonstrating that increased synthesis in situ
was a major contributor to its accumulation (9). Similar

results were obtained using human aorta (10). Although
several studies have revealed the synthesis of sphingo-
myelin by the arterial wall, identification and characteri-
zation of the enzymes that synthesize the long-chain base
precursors? of sphingomyelin and all other sphingolipids
have not been reported (11-14).

Serine palmitoyltransferase, whose activity appears to
influence cellular sphingomyelin concentrations in several
tissues, catalyzes the initial reaction of sphingolipid syn-
thesis, i.e., the condensation of palmitoyl-CoA with serine
to yield the long-chain base, 3-ketosphinganine (15-17).
Other fatty acyl-CoA thioesters are utilized as substrates
to generate the corresponding long-chain bases (17, 18).
These long-chain bases may be modified or used directly in
the synthesis of the ceramide intermediates of sphingolipids
(19-22). Herein, we demonstrate the presence of serine
palmitoyltransferase in aorta from the New Zealand White
rabbit. Its activity was found to increase in rabbits fed a diet
supplemented with 2% cholesterol over the duration of
feeding, with elevated serum cholesterol and in proportion
to the development of plaques. Thus, induction in long-
chain base synthesis may contribute to the accumulation
of sphingomyelin during experimental atherogenesis.

MATERIALS AND METHODS

Chemicals

The commonly used chemicals including dithiothreitol
(DTT), N-2-hydroxy-ethylpiperazine-N'-2-ethanesulfonic

Abbreviations: HEPES, N-2-hydroxyethylpiperazine-N'-2-ethanesul-
fonic acid; DTT, dithiothreitol; PLP, pyridoxal 5'-phosphate; LDL, low
density lipoprotein. Serine palmitoyltransferase is the name recom-
mended by the JUPAC-IUB Commission on Biochemical Nomencla-
ture, but it has also been referred to as 3-ketosphinganine synthetase,
3-ketodihydrosphingosine synthetase, and the condensing enzyme.

"To whom reprint requests should be addressed.

?Several different long-chain bases exist, but the most common are
sphinganine, sphingosine, and phytosphingosine (ref. 11).
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acid (HEPES), L-serine, pyridoxal 5'-phosphate (PLP),
ethylenediaminetetraacetic acid (EDTA), fatty acid-free
bovine serum albumin (fraction V, BSA), sphinganine,
sphingosine, ceramides, sucrose, sodium carbonate, cop-
per sulfate, sodium tartrate, Folin-Ciocalteau reagent,
calf-thymus DNA, 4 6-diamidino-2-phenylindole, and
fatty acyl-CoA thioesters were from the Sigma Chemical
Company (St. Louis, MO). Palmitoyl-, stearoyl-, and
oleoyl-CoA thioesters were purchased from P-L Biochem-
icals (Milwaukee, WI) and Sigma. The methyl esters were
analyzed by gas-liquid chromatography to determine
purity (23). The [G-*H] and [3-*H]L-serine, purchased
from Amersham (Arlington Heights, IL) and ICN Radio-
chemicals (Cleveland, OH), respectively, were purified by
column chromatography over Dowex 50W-X8, then diluted
with unlabeled L-serine to specific activities ranging from
20,000 to 50,000 cpm/nmol as previously described (15).
Stock solutions were prepared monthly and refrigerated
at 4°C until used. 3-Ketosphinganine was prepared
according to Mendershausen and Sweeley (24). Silica Gel
60 thin-layer chromatography plates were from E. Merck
(Germany). Diethylether for anesthesia and the scintilla-
tion cocktail, Maxifluor, were from J. T. Baker (Phillips-
burg, NJ). Organic solvents were HPLC grade and
reagents were analytical grade.

Animals

Young, male New Zealand White rabbits (1.5 to 2.5 kg
at arrival from Myrtle or H&D Labs, Georgia) were
housed in individual wire-bottomed cages at 22°C. After
several days, the animals were divided into groups of
three to six animals and placed on either a standard
Purina laboratory chow containing approximately 61
ppm cholesterol or the same formula supplemented with
2% cholesterol (w/w). Each chow was pelleted. The
cholesterol-supplemented diet was prepared by Purina
within weeks of its delivery to us, then stored at 4°C.
Animals on this diet were allowed to feed ad libitum.
Those on the standard chow were pair-fed.

Isolation of microsomes

Rabbits were killed under ether anesthesia 1, 2, 3, 6, 9,
and 12 weeks after starting on the diets. Each aorta, from
the semilunar valve to the bifurcation, was quickly
removed, rinsed with cold phosphate-buffered saline, and
blotted dry. The adventitia was stripped away and the
remaining tissue (intima and media) was weighed, evalu-
ated for gross morphological characteristics, and sectioned
for histological analysis or isolation of microsomes.

Tissue allocated for the isolation of microsomes was
placed in a cold 20% (w/v) solution containing 0.25 M
sucrose, 50 mM HEPES, pH 7.4, at 4°C, 5 mM EDTA,
and 5 mM DTT and minced fine with scissors, then
homogenized at 4°C in three 15-sec treatments with a
Brinkman Polytron PT 10. The homogenates were centri-
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fuged for 10 min at 22,000 g in a Beckman L3-75B
ultracentrifuge (50T1 rotor) yielding supernatant fractions
that were centrifuged for 40 min at 150,000 g. The result-
ing microsomal pellets were suspended in 20% glycerol,
5 mM HEPES, pH 7.4, at 25°C, 5 mM EDTA, and 5 mM
DTT on a 500 pl/g original tissue basis using a ground-
glass hand-held homogenizer and immediately frozen in
aliquots at —60°C.

Assay of serine palmitoyltransferase

A selective-partition assay was used to quantitate serine
palmitoyltransferase activity by measuring the incorpora-
tion of aqueous-soluble [*H]serine into the chloroform-
soluble long-chain base, 3-ketosphinganine. Each tube
(100 gl final volume) contained 0.1 M HEPES (pH 8.3, at
25°C), 5 mM DTT, 2.5 mM EDTA, ! mM [*H]L-serine,
50 uM PLP, and various amounts of microsomal protein.
The reaction was initiated with the addition of palmitoyl-
CoA to an assay concentration of 0.2 mM. Control tubes
contained all of the assay constituents except for
palmitoyl-CoA which was substituted with water. The
tubes were quickly placed in a water-bath maintained at
37°C and allowed to incubate with gentle agitation. The
reactions were performed in dim light to protect the PLP.
Assays were terminated after 10 min of incubation with
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Fig. 1. Thin-layer chromatography of chloroform-soluble products
from an assay of serine palmitoyltransferase using microsomes from
rabbit aorta. The chloroform extracts were dried under nitrogen,
redissolved in chloroform-methanol 1:2 (v/v) and spotted along with
standards on a Silica Gel 60 plate. The plate was air-dried, then
developed in chloroform-methanol-2 N ammonium hydroxide 40:10:1
(v/viv). The spots were visualized with brief exposure to iodine. After the
iodine evaporated, the plate was divided and cut into sections, then
extracted. The radioactivity was determined by scintillation counting.
The abbreviations represent relative mobilities: SA, sphinganine (di-
hydrosphingosine); SPH, sphingosine; 3KDHS, 3-ketosphinganine;
CER, ceramide.
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the addition of 1.5 ml of chloroform-methanol 1:2 (v/v).
Carrier (20 ug of sphinganine) was added to facilitate
recovery. One ml of chloroform and 2 ml of water were
added, and products were then separated from reactants
by extraction using the method of Bligh and Dyer (25).
The chloroform phase was washed a total of three times
with water to remove unreacted [*H]serine.

Other analyses

Protein was determined by Bensadoun and Weinstein’s
modification of the Lowry method (26). DNA was mea-
sured in cellular homogenates using the fluorescent
enhancement of 4',6-diamidine-2-phenylindole (27). Mi-
crosomal recoveries were determined using the NADPH
cytochrome ¢ marker (28). Total serum cholesterol was
measured with an Abbott Bichromatic Analyzer 100
according to the manufacturer’s instructions. Calcium
was determined by Moorehead and Biggs’ method (29).
Tissue sections were prepared and stained with hema-
toxylin and eosin or Sudan IV according to Lillie and
Fuller (30).

RESULTS

Validation of the assay using rabbit aorta microsomes

Serine palmitoyltransferase activity was demonstrated
in microsomes from aorta using intimal-medial prepara-
tions from New Zealand White rabbits. The majority of
the chloroform-soluble radioactive products (more than
60%) comigrated with authentic 3-ketosphinganine by
thin-layer chromatography (Fig. 1). Only minor amounts
of radioactivity were found at the origin where phos-
phatidylethanolamine or phosphatidylserine may have
occurred. EDTA was present in the assay buffer to chelate
divalent cations such as calcium, thus preventing incorpo-
ration of [*H]serine into phosphatidylserine by the
microsomal serine-base exchange enzyme (15). Total cal-
cium, measured in microsomes from the aorta of normal
and atherosclerotic rabbits, did not exceed 1.0 mM.

TABLE 1. The effect of each assay component on the activity of
serine palmitoyltransferase in microsomes from aorta

Assay Component Omitted Specific Activity

pmol/min per mg %
None 5.8 100
Palmitoyl-CoA 0.4 7
HEPES 5.8 100
EDTA" 12.1 208
Dithiothreitol 4.1 71
Pyridoxal 5'-phosphate 4.5 78
Sphinganine carrier’ 4.8 84

“The increase in apparent activity was due to increased serine-base
exchange activity.

®The carrier was added after the reaction was terminated during the
extraction procedure.
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Fig. 2. The effect of increasing concentrations of EDTA on activity
measurements using 56 ug of protein from a rabbit fed the cholesterol-
supplemented diet for 12 weeks.

Although, in the absence of EDTA from the assay, an
increase in apparent activity was observed (Table 1),
assay concentrations of EDTA from 2.5 mM to 70 mM
(Fig. 2) had no effect on activity when microsomes from
calcified, atherogenic aorta were used. Thus, the accumu-
lation of calcium frequently accompanying atherosclerosis
did not affect the activity of serine palmitoyltransferase
under the assay conditions routinely utilized, ie., 2.5 mM
EDTA.

Activity was found to be linear over time to 20 min and
proportional to the concentration of microsomal protein
from 29 to 290 pug, suggesting negligible interference by
nonenzymatic reactions or other enzymes presumed to be
present, such as the fatty acyl-CoA hydrolase (15). The
effect of each assay component on activity was determined
by omitting them individually from the assay with other
parameters remaining unchanged (Table 1). It was found
that activity was dependent on the presence of palmitoyl-
CoA. HEPES buffer did not affect activity. The omission
of pyridoxal 5'-phosphate resulted in a 22% loss of
activity, thus the majority of the enzyme remained holo
after a several hundred-fold dilution of the protein. As
mentioned, EDTA was effective in reducing base-exchange
activity at the routine concentration of 2.5 mM. When
EDTA was omitted from the assay and products were
separated by TLC, an increase in radioactivity near the
origin where phosphatidylserine migrates was observed
with no concurrent increase in radioactivity comigrating
with 3-ketosphinganine. DTT was found to preserve
activity, presumably by maintaining reduced sulfhydryl
groups (31), and sphinganine improved the yield when
added during the extraction procedure.

One-third (33.3% + 2.0) of the total serine palmitoyl-
transferase activity was measured in the microsomes
relative to homogenates. NADPH cytochrome ¢ reductase
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Fig. 3. The dependence of serine palmitoyltransferase activity on the
concentration of serine is presented as a double reciprocal plot. The
assay was conducted using microsomes from the aorta of a rabbit fed
cholesterol for 12 weeks.

was used to measure microsomal recoveries, and the
majority of its activity was associated with the microsomal
pellets (62.8% 1+ 0.8 of the total activity) of which
70.1% + 22.2 was rotenone-insensitive (28).

Characterization of serine palmitoyltransferase

An apparent K,, of 0.90 mM was obtained from a
Lineweaver-Burk plot of the activities with varying serine
concentrations (Fig. 3). This value is similar to that
reported for rat liver (15). Since cellular serine concentra-
tions may vary, they could exert an influence on the
activity of serine palmitoyltransferase in aorta, e.g.,
during hyperalimentation, if adequate amounts of fatty
acyl-CoA and pyridoxal 5'-phosphate are present (32).

By varying the assay concentration of palmitoyl-CoA,
an activity curve with a plateau at 150 to 200 uM was
obtained (Fig. 4). Lower activities were found at higher
substrate concentrations, therefore assays were routinely
conducted at 200 pM.

Activity was maximal with palmitoyl-CoA (C16:0),
although pentadecanoyl (C15:0) and heptadecanoyl-CoA
(C17:0) were nearly as active (Fig. 5). The saturated
lower and higher chain-length homologues tridecanoyl-,
myristoyl-, stearoyl-, and nonadecanoyl-CoA thioesters
were poor substrates. Activities were also low with the
unsaturated palmitoleoyl-, oleoyl-, and linoleoyl-CoAs
(Table 2), presumably due to their nonlinear configurations
resulting from cts double bonds, whereas palmitelaidoyl-
CoA, with a trans double bond was utilized similarly to
palmitoyl-CoA perhaps due to the linear configuration it
can assume. The relatively high activities with penta-
decanoyl- and heptadecanoyl-CoAs were not due to the
contamination of these substrates with palmitoyl-CoA.
Their fatty acid methyl esters were found to be about 90%
pure with only minor amounts of contamination from
palmitoyl-CoA (23). The low activities with myristoyl-
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and stearoyl-CoAs were not solubility-effects since similar
activities relative to palmitoyl-CoA were found in the
presence of 0.2% Triton X-100. Since sphingosine is the
predominant long-chain base in aorta with lesser amounts
of other homologues (11), the relative in vitro activities of
serine palmitoyltransferase with different fatty acyl-CoA
thioesters are similar to the relative in vivo amounts of the
corresponding long-chain bases.

Serine palmitoyltransferase activity was maximum
between pH 8 and 9. The enzyme was found to be stable
at the routine assay temperature of 37°C, which was
removed sufficiently from the denaturation point measured
at 55°C. Pyridoxal 5'-phosphate was determined to be a
cofactor for the enzyme in aorta through formation of
apoenzyme and reconstitution with PLP (15). The K,, for
PLP was found to be 2.7 uM, which is similar to the
values in other tissues and species (15-18).

Determination of activity during atherogenesis

The activity of serine palmitoyltransferase was deter-
mined in microsomes from the aortas of young male
rabbits maintained on a Purina chow supplemented with
2% cholesterol and pair-fed controls at 1, 2, 3, 6, 9, and
12 weeks. Serum cholesterol concentrations for both
groups are shown in Table 3. Activity in the control
animals did not vary appreciably over the feeding period.
Activity in the experimental group, which was augmented
by 2 weeks (P < 0.10), increased significantly with the
duration of feeding and the elevation of serum cholesterol
levels to a 3.7-fold change on a microsomal protein basis
by 12 weeks (P < 0.005) (Fig. 6). The change was not
due to decreased recoveries of microsomal protein, e.g.,
values at 9 weeks in the cholesterol-fed group (2.48 + 0.9
mg of microsomal protein per gram original wet weight
tissue) were similar to 1-week controls (2.51 + 0.2). DNA
was then measured (27), and the specific activities were
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Fig. 4. Serine palmitoyltransferase activities with increasing concen-
trations of palmitoyl-CoA are presented. Assays were conducted using
microsomes from a rabbit fed cholesterol for 9 weeks.
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Fig. 5. Utilization of different saturated fatty acyl-CoA thioesters is
presented. Assays were conducted using microsomes from a rabbit fed
cholesterol for 9 weeks as described in the Materials and Methods
section except for using different fatty acyl-CoAs.

expressed on a total cellular DNA basis. Activities, which
were doubled by 1 week, were increased more than 4-fold
by 12 weeks (P < 0.01) (Table 4).

Evaluations of arterial morphology

Several pieces of tissue were taken from different sites
along the aorta in each of the rabbits and evaluated for
gross and microscopic changes. Intimal proliferation,
occurring initially in the arch and proximal thoracic
areas, progressed over the duration of feeding to more
distal regions of the aorta in the following order: distal
thoracic, abdominal, then the bifurcation. Intercostal
ostias where hemodynamic stress patterns occur were
particularly susceptible to changes regardless of their
location (33). Sections stained with hematoxylin and
eosin (30), then viewed by light microscopy, revealed
minor intimal changes by 3 weeks followed by a large
increase in the number of cells in the arch and thoracic
intima by 6 weeks, progressing further with the duration
of feeding. Lipids, visualized by staining with Sudan IV,
accumulated in the intima in parallel with cellular
proliferation.

DISCUSSION

Serine palmitoyltransferase activity was measured in
aorta from rabbits with different degrees of cholesterol-
induced atherogenesis. A substantial increase in activity
was found in the aorta of animals on the diet within 2
weeks of feeding. This change was prior to the detection
by light microscopy of prominent cellular proliferation or
sudanophilic lipid accumulation. Parker et al. (34) found
by electron microscopy that cells do not begin to accumu-

late in the intima of cholesterol-fed rabbits until 2 to 4
weeks after feeding is initiated. The elevated serine
palmitoyltransferase activity correlates with the early
accumulation of arterial sphingomyelin (35). It also repre-
sents one of the initial changes associated with experi-
mental atherogenesis. Its induction continued over the
duration of feeding, with the increase in serum cholesterol
and in proportion to the development of atheroma. A four-
fold change was observed by 12 weeks. This is analogous
to the fourfold increase in arterial sphingomyelin by 12
weeks in monkeys with experimental atherogenesis (4).

Since the specific activity of serine palmitoyltransferase
is lower than those for subsequent enzymes of ceramide
synthesis (15), its increase should provide a larger pool of
precursors available for the formation of sphingomyelin.
In support of this view, aortic concentrations of ceramide
are low in normal aorta (0.020 mg per g of tissue), but are
doubled in atherosclerotic aortas (0.042 mg/g) (14).
Furthermore, Portman and Alexander (14) found that, in
the absence of an acceptor molecule such as sphingosyl-
phosphorylcholine, ceramide was the major alkali-stable
product from ['*C]palmitoyl-CoA using homogenates of
squirrel monkey aorta (14). Concurrent induction in the
other enzymes of long-chain base synthesis is not pre-
cluded by this hypothesis, e.g., when elevation in serine
palmitoyltransferase is sufficient to render their activi-
ties comparatively slower and additional synthesis of
sphingomyelin is required. In either case, several pro-
cesses may contribute to an increased demand for
long-chain bases. Some of these are described in relation
to the two major types of cells (smooth muscle and macro-
phage) participating in the development of atheromas,
infra vide.

At initial periods of atherogenesis in experimental
models, macrophages are present predominately at super-
ficial layers of the lesions, later migrating towards the
subendothelial space (36). These cells apparently employ
the surface-active properties of phospholipids in dispersing
and phagocytizing cholesterol to reduce its sclerosing
effect (37-40). Sphingomyelin, which displays a preferen-
tial affinity for cholesterol relative to other phospholipids

TABLE 2. The relative activities of serine palmitoyltransferase with
different fatty acyl-CoA thioesters

Fatty Acyl-CoA Chain-Length and Unsaturation Relative Activity

%
Palmitoyl-CoA 16:0 100
Palmitelaidoyl-CoA trans, 16:1 65
Palmitoleoyl-CoA cs, 16:1 13
Stearoyl-CoA 18:0 1
Elaidyl-CoA trans, 18:1 <1
Oleoyl-CoA cas, 18:1 <1
Linoleoyl-CoA cis, 18:2 3

All of the assays were conducted using 200 gM fatty acyl-CoA.
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TABLE 3. The concentration of cholesterol in serum from control
and experimental rabbits

Serum Cholesterol in Rabbits
Fed Purina Chow Supplemented
with 2% Cholesterol

Time on Serum Cholesterol in Rabbits
the Diet Pair-Fed Purina Chow only

weeks mg/dl mg/dl
0 80 ¢ 12.0 ND
3 73 + 8.3 211 + 22.9
6 80 + 11.8 777 + 82.1
9 73 + 1.4 826 + 56.7
12 74 £ 6.5 2454 + 475.4

Fresh blood was obtained by heart puncture immediately after killing.
The data represent the mean + SE for two to six animals.

based on differential scanning calorimetry and its removal
of cholesterol from L5178Y cells in tissue culture,
mitigates the fibrogenic response in aorta to cholesterol
(38, 41, 42). Thus, sphingomyelin may be synthesized by
activated macrophages to aid in solubilizing, packaging,
or subsequently exocytosing the large quantities of
phagocytosed cholesterol, e.g., as a part of the apoE-
phospholipid particle through formation of the HDL,
complex (43, 44). By enhancing the partitioning of
cholesterol from the aorta to circulation, followed by
removal out of circulation via liver filtration, cholesterol’s
effectiveness as an inflammatory stimulus would be
reduced, thereby circumventing ensuing events such as
fibrosis (37-40, 43, 44).

In addition to the presence of macrophages, smooth
muscle cells are found in early and advanced lesions
during atherogenesis (45). Denudation of the endothelium
lining the lumen of the aorta, contributing to a loss of
down-regulation of medial smooth muscle growth, coupled
with induced proliferation by a variety of mitogenic
substances, stimulates the migration of these cells to the
intima concurrent with their division (46). Their lipid
metabolism is focused on the requirements of membrano-
genesis during cellular proliferation. Parker and Odland
(47) reported a substantial increase in plasma membrane,
its vesicles, and intracellular organeiles of myo-intimal
cells from atherosclerotic rabbit. These cells displayed
increased phospholipid synthesis (34). Consequently,

204

Q cholesterol~fed
@ poir~fad controls

104

Activity (pmol/min/mg)

o] T T T
0 4 8 12
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Fig. 6. Serine palmitoyltransferase activities in rabbits pair-fed a
standard Purina chow (lower curve) and the same formula supplemented
with 2% cholesterol (ascending curve) are presented. Each point
represents the mean activity + SE from three or four rabbits.

membranogenesis necessary for intracellular organelle
construction or mitosis would increase the demand for
sphingomyelin long-chain bases over normal maintenance
levels.

We propose that the constituent cells (smooth muscle
and endothelial) of the aortic intima may develop a reduced
level of regulation over long-chain base synthesis due to
the irregular processing of low density lipoproteins (LDL)
under atherogenic conditions. Cholesterol accumulates in
parallel with sphingomyelin within the arterial intima
during experimental atherogenesis. The metabolism of
these lipids appears to be coordinated through coopera-
tive mechanisms since under several different conditions,
each resulting in increased sphingomyelin concentrations,
the amounts of cholesterol also increase (42). Gatt and
Bierman (48) and Kudchodkar, Albers, and Bierman (49)
have demonstrated that internalized sphingomyelin alters
the ability of human skin fibroblasts to bind and utilize
LDL. They suggested that reduced LDL receptor expres-
sion and increased incorporation of acetate into sterols
such as cholesterol is influenced by intracellular sphin-

TABLE 4. The activities of microsomal serine palmitoyltransferase in control and experimental rabbits
as expressed on a DNA basis

Group

Number of Rabbits Activity Significance

Control rabbits fed the Purina chow only

Rabbits fed the cholesterol-supplemented diet for 1 week
Rabbits fed the cholesterol-supplemented diet for 12 weeks

pmol/min per mg DNA

2 88 + 1.4
3 20.0 ¢ 11.7 P < 0.30
3 36.8 + 4.6 P < 0.01

DNA was measured in the initial homogenates as described in reference 27. The values represent the mean + SE.
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gomyelin concentrations. Furthermore, a level of regula-
tion over sphingomyelin long-chain base synthesis was
reported to occur through the receptor-dependent LDL
pathway, and may be at the level of serine palmitoyltrans-
ferase analogous to the regulation of cholesterol synthesis
by the 3-hydroxy-3-methylglutaryl-CoA reductase (50).

Thus, if LDL receptor expression is reduced or absent,
as in aorta from Watanabe heritable hyperlipidemic rab-
bits or familial hypercholesterolemic individuals, or in
response to elevated LDL-cholesterol concentrations
through dietary manipulation (51), serine palmitoyltrans-
ferase activity would increase in situ as its down-
regulation is removed, resulting in increased synthesis of
long-chain bases leading to the accumulation of intracel-
lular sphingomyelin. This sequence of events would re-
inforce the cell’s inability to maintain proper regulation
over ijts cholesterol and sphingomyelin concentrations,
thus contributing to the foam-cell morphology charac-
teristic of atherogenic aorta. Kl
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