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This smdy addresses questmns related to (i) the of ch the cell surface and mtracellulxr
in cultured fibrob: and (ii) the effects of plasmn lin on this
Chol I oxidase (S' cell chols to amtl was used in this study to probe the

SP-,
cellular dlstnl)uhon of cholesterol. 'l'he avallablhty of cell chol

for oxi 1 oxidase was

fly d by the p of ln native, 1dehyde-fixed llt bl only about 20% of the cell
was oxidized under our 1 conditions. I degradation of cell sphing in with sphin-

aureus ) mark hanced the ion of cell surface lin ldehyde-fixed

ﬁhroblasts About 90% of ihe total unesterified chok 1 could be oxidized to chol in sphingo-

myelin-deplated fibroblasts. These results suggest that about 90% of the unesterified cholesterol was at the cell surface

in these cells. It was also observed that degradati

of cell

lin exerted a

ic effect on the distribution

of cell cholesterol between the cell surface and mtracellular membranes. Wnlnn 90 min after hydrolysis of cell

sphingomyelin, about 30% of the total cell unesterified chol was d from a
oxldase-snscepnble pool to an oxidase-resistant pool. Together v':tll the istribution of cell after

lin degrad: a marked enh of the end ! 1 esterification reaction was observed.
We de that the degradation of plasma b hi li lted in a new apparent steady-state
distribution of cellular with less ck in the plasma membrane and more in inmcellular membranes.
It therefore appears that sphing in is a major distribution of chol: 1 in intact cells.
Introduction

Unesterified cholesterol is a major structural and
functional component in many types of biological mem-
branes. During recent years a great deal of research has
been focused on questions related to the intracellular
and intermembrane distribution of unesterified choles-
terol [1-7). Experimental data suggest that a substantial
fraction of the celtular unesterified cholesterol is located
in plasma t Ithough there are co
about the interpretation of some of the data [8,9]. The
distribution of phospholipid classes between cellular

membranes [2-4] and also within the plasma membrane
bllayer useh [1] is asvm'nemc In many cell types
line and sp lin are enriched in
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plasma membranes and are found i in lower abundances
in end b with ami pholipids making
up the balance [1,4,10). Some evidence exists to indicate
that sphingomyelin might to some extent affect the
distribution of unesterified cholesterol within the cells
[3.4,7,11,12).

In a recent paper it was shown that degradation of
fibroblast sphingomyelin led to an upregulation of the
activity of acetyl-CoA : cholesterol acyltransferase
(ACAT), thereby increasing the esterification of
cholesterol [7]. The d dation of sphi yelin in
fibroblasts also led to a decreased incorporation of
["Clacetate into C,-sterols, indicating that this treat-
ment resulted in a net flow of plasma membrane
cholesterol into the putative intracetlular regulatory pool
of cholesterol [7].

The objective of this study was to measure how much
plasma membrane cholesterol was lost from the cell
surface after the degradation of cell sphingomyelin with
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sphingomyelinase. We used the enzyme cholesterol
oxidase to probe the distribution of cholesterol between
the oxxdase-snscepnble pool (i.e., the cell surface) and
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Incorporation of [*H]oleic acid into cholesteryl [*H]oleate
Cells to be used for [*HJoleic acid mcorporauon into
cholesterol esters were kept for 24 in serum-free

Dulb 's MEM prior to the experiments. Cells were
incubated for 30 min at 37°C in 1 ml/dish serum-free
HAM's F- 12 medium (with 20 mM Hepes, pH 7.2)

d with 0.5 zCi [*HJoleic acid (20 uM, com-
p]excd to bovine serum albumin; see Ref. 14) and

the oxid pool (undefined i Nl
comparlments) 8131 Smce the degradauon of plasma
was d to have marked
effects on ch 1 dy ics in the b bi-
layer, we also characterized the effects of this treatnent
on the ilability of chol 1 for oxid; by

cholesterol oxidase.
Experimental

Materials

[’H]Cholesterol (more than 98% pure; €0 Ci/mmol)
and [*HJoleic acid (9 Ci/mmol) were obtained from Du
Pont New England Nuc]ear Choleslerol (99% + ), oleic
acid (99%), sp

{0-100 mU/mi). The incubation was
stopped by rapidly chilling the cells on ice. The dishes
were then rinsed with ice-cold phosphate-buffered saline
(pH 7.4) and stered frozen (—20°C) until lipid analy-
sis.

Oxidacion of cell cholesterol

After treatment of cells with sphingomyelinase (vary-
ing concentrations or time), the plasma membrane
cholesterol was oxidized by treatment of cells with

99%),

tidylcholine (DPPC 99%), dlpalnutoylphosphandxc acnd
(DPPA; 99%), p-hydroxyphenylacetic acid, phosphoryl-
choline, horseradnsh peroxid and sphi i
(Staphylococcus aureus) were from Sigma, St. Louis,
MO. Cholesterol oxidase (Streptomyces sp.) was
purchased from CalBiochem, La Jolla, CA. Glutaralde-
hyde (ultra pure) was obtained from Merck, F.R.G.
Dulbecco’s modified Eagle medium (MEM) and growth
supplements were obtained from NordVacc (Stock-
holm). Fetal calf serum was purchased from Gibco. All
other chemicals were of reagent grade.

Cell culture

Human skin fibroblasts were obtained from skin
biopsies of healthy volunteers (kindly provided by the
Department of Medical Chemistry, University of
Turku). Cells were cultured in Dulbecco’s modified
Eagle medium (D s MEM) with
10% fetal calf serum. Cells for experiments were seeded
in 30 mm diameter cell culture dishes (at about 50000
cells/dish) and were grown to confluency or pre-treated
prior to experiments as described separately in the
legends to the figures.

Labeling of the cellular cholesterol pool with [*H]-
cholesterol

Human skin fibroblasts in 30 mm diameter dishes
were grown in Dult ’s MEM )! d with
10% fetal calf serum for 4 days. Cells were then kept for
2 days in a growth mediur: containing 10% fetal calf
serum with unesterified [*Hcholesterol (5-10 uCi/ml
serum). The cells were finally incubated for 24 h in a
serum-free Dulbecco’s MEM prior to the experiments.
With this labeling procedure, cells contained less than
2% esterified [*Hcholesterol at the start of the experi-
ment.

h ol oxidase. The cells were first rinsed with
ice-cold phosphate-buffered saline, kept on ice and fixed
for 10 min (4°C) with 1% glutaraldehyde in phosphate-
buffered saline [8,13]. The fixative was removed and the
cells rinsed (2 X 2 ml) with ice-cold phosphate-buffered
saline. Then 1.0 ml phosphate-buffered saline contain-
ing 1 U/ml cholesterol oxidase and 0.1 U/ml sphin-
gomyelinase was added and each dish was incubated for
30 min at 37°C on a water bath. At the end of the
incubation, the dishes were chilled, rinsed with phos-
phate-buffered saline and stored frozen (—20°C) until
further analysis.

Determination of the release of cellular phosphorylcholine

Cells labeled with [*Hlcholesterol were kept in
serum-free Dulbecco’s MEM 24 prior to the experi-
ments. To determine the release of phosphorylcholine
and the change in cholesterol oxidizability after treat-
ment with sphingomyelinase, the dishes were rinsed
extensively with chilled phosphate-buffered saline (3 X 2
mi) and the cells incubated for different periods of time
at 27°C with 1.0 ml phosphatc—buffcred salme contain-

ing 4 mU of sphingomy . At indicated time inter-
vals, the medi L feaced nhosnhorvlchol:
was removed and saved, whereas the cells (on ice) were
washed once with phost buffered saline

5 mM EDTA. The oxidation of cell [*H]chol was

performed as described previously.
The phosphorylcholine released into the medium
(phosphate-buffered saline) was converted to choline by
with alkaline phospk In short, 0.1 ml
100 mM glycine buffer with 1 mM MgCl, (pH 10.2)
was added to 0.5 ml of the medium together with 1
U/ml of alkaline phosp and the ion mixture
was incubated at Z7°C for 30 min. Then the pH was
lowered to 8.0 by addition of 0.5 ml 0.1 M Tris-HCl
buffer containing 100 mU,/ml choline oxidase, 1 U/ml
horseradish peroxidase and 0.63 mg/ml p-hydroxy-
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phenylacetic acid. The oxidation oi criuline was aiiowed
to proceed at 37°C for 60 min. The fluorescence of the
conjugated form of p-hydroxyphenylacetic acid was
determined with exitation at 325 nm and emission at
415 nm on a Hitachi F-4000 spcrtrofluorimeter. Fluo-
rimetric read-outs were converted to concentrations from
a standard curve prepared from choline chloride (or
phosphorylcholine) treated exactly as described for the
samples. With these reaction conditions more than 95%
of the phosphorylcholine was converted to free chioline
and was subsequently oxidized by choline ox:dase Val—

ues are d as les of ph 1

ylsilyytrifluoroacetamide for 1 h at 70°C. One to two
pl of the sample was injected on the Bonded SE 54
column and the chromatography was performed with
hydrogen as the carrier gas, starting at a temperature of
270°C and ending at 295°C (temperature change 4
C°/min). 5-Cholesten-38-0l-7-one (7-ketocholesterof)
was used as an internal standard. The retention times
were 7.6 min, 8.7 min and 11.1 min for cholesterol
ol (4-chol 3-one), and 7-k hol,

respectively. The integrated peak areas for each individ-
ual sterol species were calibrated against individual

dards of known concentrations.

released from cells per mg cell protein.

Oxidation of [*H]cholesterol in lipid vesicles
Mixed vesicles containing varying proportions of
sphingomyelin and DPPC and with fixed of

Thin-layer chromatography

3H-labeled sterols from celt or phosphate-buffered
saline extracts were separated by normal phase thin-layer
y (Kodak silica gel plates) using hexane/

[*Hjcholesterol and DPPA were prepared from lyophi-
lized lipids by ultrasonic treatment in phosphate-
buffered saline. Lipids from stock solutions in chloro-
form were pipetted into disposable glass tubes, the
organic phase was evaporated under a stream of nitro-
gen at room temp 2, and 1.0 ml phosphate-buffered
saline was added. The tubes were mixed on a Vortex
mixer and subjected to ultrasonic treatment in an MSE
Ul Di; lied with a ti probe.
The lipid emulsion was sonicated for 10 min at about
45°C to yield a clear solution. The vesicles contained
either 5 pM [*H]chol 1, 1 1M sphi lin, 19
#M DPPC and 1 pM DPPA (vesicle type I: choles-
terol/ sphingomyelin molar ratio 5:1); or 5 uM [*H]-
lesterol, 20 #M sphi lin, and 1 pM DPPA
(vesicle type H: cholesteml/ sphingomyelin molar ratio
1:4).
To 0 1 ml of either type of vesncles was added 0.4 ml
ffered saline hol 1 oxidase
(ﬁnal concentration 10 mU/ml) and the reaction was
allowed to proceed for 20 min at 37°C. The reaction
was stopped by addition of 3 ml chloroform/ methanot
(2:1, v/v). The lipids were extracted and analyzed for
[*Hicholesterol and [*H]cholestenone content. Values
are averages from three different incubations with two
different batches of vesicles.

Lipid extraction

Cellular neutral lipids were extracted with hexane/
isopropanol (3:2, v/v) as previously described [7).
[*H]Cholesterol and [*H]chol:stenone from the aqueous
media were d with ch m/ methanol (2:1,
v/v) as reported in Ref. 13.

Gas-liquid chromatography

Cell sterol mass in the neutral lipid extract was
determined by gas-liquid chromatography. The sterols
in the neutral lipid extract (one dish contained 2-3 pg
unesterified sterol) were silylated in 100 1 bis(trimeth-

diethyl ether/ acellc acid (130:30: 1.5, v/v) as develop-
ing solvent. Lipid spots were detected with I, staining,
Spots for [*H]cholesterol (R; 0.15-0.20),
[PH]cholestenone (R, 0.25-0.35), and [*H]cholesteryl
esters (R; 0.91-0.95) were identified from standards
run in parallel. The appropriate spots were marked, the
1, stain was removed and the spots cut into scintillation
vials. The radioactivity was counted with 3 ml of a
xylene-based scintillation cocktail in a LKB RackBeta
liquid scintillation counter.

Protein

Cell proteins from unfixed-fixed cells were digested
into 1.0 ml 0.1 M NaOH (60 min) and the concentra-
tion in an aliquot of the hydrolysate was determined
according to Lowry et al. [15].

Results
Effects of sphi li hole !
oxidation

Cholesterol oxidase was used in this study to probe
the relative distribution of unesterified cholesterol be-
tween the cell surface (the cholesterol oxidase-suscepti-
ble pool) and i lular sites (oxid pools)
in normal fibrobl In ag with pre-
viously published reports [16,17], we found that
cholesterol in native, unfixed cells was not readily avail-
able for oxidation by externally added cholesterol
oxidase (data not shown). When the cell monolayers
were fixed in isotonic but‘fer with 1% gutaraldehyde
and then subjected to oxid by chol 1 oxidase,
about 20% of the total cell unesterified cholesterol mass
was oxidized to cholestenone (Table I). However, in
cells treated with sphingomyelinase a much greater por-
tion of the unesterified cholesterol was available for
oxudanon Usually about 90% of the cell unesterified

)| 1 idizable in 1i treated

on cell

was
cells (Table I). This finding is consistent with reports by



TABLE |
Susceptibility of cell chalesterol to oxidaticn by rholesterol oxidase

Human skin fibroblasts were fixed for 10 min in 1% glutaraldehyde at
4°C and were then exposed for 30 min at 37°C to either
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branes of known lipid composmons Vesxcles were pre-

vared by sonication and d[°H ! 1 in an
either predommanl]y sphingomyelin (molar ratio of
hol ol to sp yelin 1:4) or DPPC-rich en-

oxidase alone (1 U/ml) or to cholesterol oxidase (1 U/ml) and
sphmgomyelmase 1 U/ml) The conversion of cholesterol to

by gas-liquid of the
neutral lipid extract. Values are given as averages of triplicate dishes
from one representative experiment +S.D.

Treatment
Fixed cells,

no cholesterol oxidase [
Fixed cells+

cholesterol oxidase (1 U/ml)
Fixed cells+

cholesterol oxidase /1 U/xl)

and sphingomyelinase (0.1 U/ml)

% Oxidation *

204116

93.3+0.5

2 (mass of chols 'mass of hol X 100.
® Cholestenone not detectable.

vironment (Chol/Spm 5:1 molar ratio). The molar
ratio of cholesterol io total phospholipids was the same
in both vesicle types (1 to 4.2). The [*H]cholesterol in
sphingomyelin-rich vesicles was a poor substrate for
cholesterol oxidase (27.5 + 2.6% oxidation) whereas the
[*Hich ol in sphi lin-poor and DPPC-rich
vesicles was highly suscepnble for oxidation by the
cholesterol oxidase (90.0 +2.5% oxidation). These re-
sults suggest that sphingomyelin by itself may prevent
the oxidation by cholesterol oxidase of cholesterol in
lipid bilayers.
Havmg blished the relationship b the
hol hi fin i and the Ppt:
ibility o[ cholesterol for oxidation. we went further to
actually determine the effects of plasma membrane
sphingomyelin degradation on the distribution of unes-

terified chol | between chol ol oxid P

Barenholz, Wagner and co-workers [16, 18] who showed tible and oxidase-resistant pools.
that ph C- of & ical mem-
branes renders their chol I available for oxid
by cholesterol oxidase. Since sphingomyelinase is a 100

pecific phospholipase C, it is likely that E’ Q
the effect on oxidation we observe in our system is B _/?
similar to the observations made by Barenholz and E ?/
co-workers in theirs. % %?

The relationship between the amount of sphingo- P /§

myelinase added and the amount of cell [*Hicholesterol z f ! QT Qiracer
oxidized was not linear (Fig. 1). The resnlts in Fxg 1 % F
shows that only small of g =
(less than 10 mU/ml) was needed to achieve a drarmmc g
effect on the oxidizability of chol 1 by ch ol °
oxidase, suggesting that only partial degradation of 0 25 50 75 100

sphingomyelin was needed to achieve this effect. This
interpretation of the data was further substantiated in
the time-course study shown in Fig. 2. In these experi-
ments cells were exposed for dnfferent periods of time to

a ly low of 1i and

SPHINGOMYELINASE ADDED (mU/mi)

Fig. 1. Susceptibility of cell cholesterol for oxidation after treatment
of cells with varying amounts of sphingomyelinase. Human skin
fibroblasts in 30-mm diameter dishes were grown in Dulbecco’s MEM

the effects of sphingomyelin degradation on cholest:rol
oxidation was delermmed lt was observed that the
degree of chol 1 d most during
the degradauon of the first 7.5 nmol/mg of cell

ing about or slightly less
than half of the lolal cell sphingomyelin (Fig. 2; cf. also
Ref. 7).

Oxidation of chol: [ in model b
ent phospholipid composnmn
Since the introd of sphi lin degrad

with differ-

with 10% fetal calf serum for 4 days. Cells to be labeled
with [*Hjcholesterol were switched to a growth medium containing
10% fetal calf serum and unesterified {*Hlcholesterol (5-10 aCi/m!
serum). Cells to be anuiyzed for steroi mass (gas-liquid chromatog-
raphy) were switched to normal growth medium instead. After 48 h in
the normal or [*H]cholesterol supplemented growis medium the cells
were incubated for 24 h in serum-free Dulbecco’s MEM. Prior to the
experiments cells were washed once with 2 ml phosphate-buffered
saline, then 1.0 ml serum-free HAM's F-12 medium was added
together with indicated amounts of sphingomyelinase. Cells were
exposed to the sphingomyelinase for 20 min and (he reacuon slopped
by wasing the cell with

ing 5 mM EDTA. Cells were the fixed (10 min, 4°C‘ 1% glutaralde-

products (e.g., ceramides) into the bilayer might affect
the availability of cholesterol for oxidation by cholesterol
oxidase, lhe dxrect effects of sphingomyelin on

hol i was ined in model mem-

hyde in phosphate-buffered saline), rinsed (2x2 ml phosphate-
buffered saline), and exposed for 30 min at 37°C to 1 U/ml of
oxidase in buffered saline. The dishes were

stored at —20°C until further analysis. Each point represents an
average from at least six different dishes derived between at least two
different and representative experiments (+S.D.).
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Fig. 2. Relationship between oxidation of cell chelesterol and release
of phosphorylcholine after treatment with sphingomyelinase, Cells
were grown in Dulbecco’s MEM supplemented with 10% fetal calf
serum for 4 days. The cells were then switched lo a yowlh medinm
containing 10% fetal calf serum with (>H
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Fig. 3. Effects of sphingomyelinase on [*Hjoleic acid incorporation
into cellular cholestery! esters. Confluent cells were incubated for 24 h
in serum-free Dulbecco’s MEM prior to the experiment. After rinsing
cells once with 2 ml buffered saline, 1.0 ml fr

H.AM’s F-12 medium was added together with indicated amounts of

(5-10 pCi/mi serum). After a 48 h incubation, the cells were kept in
serum-free Dulbecco’s MEM for another 24 h prior to the experi-
ments. After rinsing the cells once with phosphate-buffered saline, 1.0
m! phosphate-buffered saline was added together with 4 mU/ml of
sphingomyelinase. Cells were exposed 1o the sphingomyelinase for
indicated time periods, then the reaction was stopped by rinsing cells
with phosphate-buffered saline containing 5 mM EDTA. The incuba-
tion medium (phosphate-buffered saline) with the released phos-
phorylcholine was saved for further analysis whereas the cells were
fixed (10 min, 4°C, 1% glutaraldehyde in phosphate-buffered saline),
rinsed (2X2 ml phosphate-buffered saline), and exposed for 30 min at
37°Cto 1 U/ml of oxidase in buffered saline.
‘The dishes were stored at ~20°C until lipid analysis. Values are
averages+S.D. of triplicate dishes from two independent experiments.

Effects of sphingomyelinase treatment on the flow of
cholesterol from the plasma membrane into the cell

It was p d raied that t of
cells with sphmgomyelmase resulted in an i d

and 0.5 pCi [*HJoleic acid (20 M, complexed to

bovine serum albumin). The cells were incubated for 30 min at 37°C,

rinsed extensively with phosphate-buffered saline, and analyzed l'cr

the content of cholesteryl [*Hloleate. Values are averages+S.D. of
triplicate dishes from a representative experiment.

incorporation of oleic acid into cellular cholesteryl es-
ters [7]. We are now able to confirm those results in a
different laboratory and with a different fibroblast cell
type (Flg 3). Addition of increasing amounts of sphin-

to cultured fibroblasts in the of

100 20
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Fig. 4. of cell surface in cells treated with

sphmgomydmase Skin fibroblasts were grown in Dulbecco’s MEM

[’H]olexc acid resulted in a ‘dose™-dependent increase of
[*Hloleic acid mcorporauon into cellular cholesteryl
[3H]oleate This fmdmg again implies that addition of

d with 10% fetal calf serum for 4 days. Cells to be treated
with radiolabeled cholesterol were switched to a growth medium
containing 10% fetal calf serum with unesterified [*Hjcholesterc)
(5-10 pCi/ml serum). Cells to be analyzed for sterol mass (gas-liquid

linase, via the d dati of sphing
myelin, resulted in a net flow of cholesterol from the
cell surface into an intracellular site which provides
ACAT with its sterol substrate.

In order to determire the amount of cell sterol that
redistributed within lhe cell, subsequent to the degrada-
tion of sphis e, the following approach was
used. Native cells were exposed t0 0.1 U/ml of sphin-
gomyelinase for different periods of time (up to 4 hy
and the d)stnbuuon of unestenﬁed cholesterol (or
[*Hichol oxidase plibl
and resistant pools was determined. The results are
preserted in Fig. 4. At time zero about 90% of the

were switched to normal growth medium instead.
After 48 h in the regular or [>H]cholesterol-supplemented growth
medium the cells were incubated for another 24 h in serum-free
Dulbecco’s MEM, Prior to the experiments cells were washed once
with 2 ml phosphate-buffered saline, then 1.0 ml serum-free HAM’s
F-12 medium was added together with 100 mU /ml sphingomyelinase.
Cells were incubated for up to 8 h before the cell cholesterol was
oxidized. At the end of each time period the cells were fixed (10 min,
4°C, 1% glutasaldehyde in phosphate-buffered saline), rinsed (2X2
ml phosphnw-buffcrad saline), and exposed for 30 min at 37°Cto 1
buffe

U/ml of oxidase in d saline. Lipids were

exlracled and analyzed for [*Hicholesterol and [’chholemnone
or for free chol

mass (gas-liquid ). Each point an average

from at least six different dishes divided between at least two different
and representative experiments (:+S.D.).
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Fig. 5. Esterification of [*H]cholesterol in cells treated with sphin-

gomyelinase. The cells were labeied wi*': {*H]cholesterol and treated

with sphingomyelinase as detailed in the legend to Fig. 4. The

ion of [ yl esters way de ined from the lipid
extract.

ol 1 e

unesterified was by ch 1
oxidase. The values for cholesterol oxidation were not
significantly different whether they were derived from
‘mass analysis of cholesterof and cholestenone (gas-liquid
chromatography) or from tracer analysis of [*Hjchoies-
terol and [*Hicholestenone.

With time the amount of cellular unesterified
cholesterol that was oxidizable decreased in sphingo-
myelinase-treated cells, to reach a minimum of about
60% oxidation after 90 min (Fig. 4). The cellular distri-
bution of chol 1 (or [*H]ch 1)
oxid: ible and i pools did not
change further during prolong:-d incubations (up to 8 h;
data not shown). The amount of cell-associated
[*Histerol (data not shown) or the unesterified sterol
mass did not change sngmﬁcantly dunng the experiment
(Fig. 4), i ing that d of sterols
were not lost from cells during the experiments.

Treatment of [>Hcholesterol-labeled cells with 0.1
U/ml of sphingomyelinase also led to a dramaticaily
increased formation of [*HJcholesteryl esters in these
cells (Fig. 5). With the labeling procedure used in these
expenments and with this particular cell type a hnearly

ion of [*H]chol 1 into [*H]-
cholesteryl mers was observed subsequent to the ad-
dition of sphingomyelinase.

Discussion

The molecular i ions b hi i
and cholesterol is clearly different from lhe mteracuon
between other classes of phospholipids and cholesterol.
Although some controversy exists [19], several studies
have implied that the cholesterol-sphingomyelin inter-
action is ughter or of a greater affinity than that of
other chol “ lexes’ with com-
parable acyl chain compositions [3-5,20,21].
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The results of the present study suggest that the
cholesterol-sphingomyelin association in the plasma
membranes of the fibroblast is so tight that it prevents
or deiays the oxidation of membrane-associated
cholesterol by cholesterol oxidase. Only about 20% of
the cellular cholesterol was oxidized in giutaraldehyde-
fixed cells exposed for 30 min to a fairly high con-
centration of cholesterol oxidase. This protection against
oxidation was lost when cells were exposed to sphin-
gomvelinase, either prior to or simultaneous:y with ex-
posure to the oxidase enzyme. Miore than 80% of the
cell unesterified cholesterol was converted to choles-
tenone in sphingomyelin-depleted fibroblasts, suggest-
ing that this portion of the total cell cholesterol was
associated with the plasma membrane.

The same kind of * protection’ against oxidation that
sphingomyelin appearsd to exert towards fibroblast
membrane cholesterol 1/as also observed in model mem-
branes. Cholesterol in sphingomyelin vesicles was a
poor substrate for the cholesterol oxidase, whereas
hol ol in dipalmitoylphosphatidylcholine vesicles
was readily available for oxidation by the enzyme. This
finding is analogous to the reports by Moore et al. [18]
and Patzer et al. [16) demonslrotmg that treatment of

yelin- i logical or model mem-
branes with phospholipase C rendered the chol {in
these b ilable for oxidation by chol i

oxidase.

Lange and Ramos [8] have reported that more than
20% of ihe unesterified cholesterol in glutaraldehyde-
fixed fibroblasts can be oxidized by cholesterol oxidase.
We obscrved only about 20% oxidation of cholesterol in
1smomcally fixed fibroblasts. An almost con.ol~te

oxidation of chol 1 was, d in
sphingomyelin-depleted ceils. It is therefore possible
that the fixation of fibrobl: in hyp ic salt soll

(as used by Lange and Ramos [8]) disrupts the
cholesterol-sphingomyelin association in the plasma
membranes of cells and thus makes the cholesterol
available for oxidation, despite the presence of sphingo-
myelin in their cells,
In addition to having an effect on the availability of
holl 1 for oxidation by chol 1 oxidase. sphin-
gomyelinase-treatment of cells also had an effect on the
distribution of cholesterol within the cell. Under normal
growth conditions, the plasma membrane compartment
is rich in cholesterol, despite the fact that plasma mem-
brane sterols are continously transported from the cell
surface into intracellular memb
when the association of cholesterol with sphingomyelin
in the plasma membrane is disrupted (by sphingo-
myelinase treatment), the capacity of the plasma mem-
brane to solubilize chol ol d d, and chot ol
started to flow from the plasma membranes into intra-
cellular compartments (one of which was the endo-
plasmic reticulum). This was evidenced by the upregu-
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lation of the ACAT activity and by the increased forma-
tion of cholesteryl ester mass (this study and Ref. 7).
When the cellular distribution of cholesterol mass was
probed vith cholesterol oxidase, it was observed that
within 90 min after sphingomyelinase treatment, about
30% of the cell cholesterol had been transferred from an
oxidase-susceptible pool (i.e., plasma membrane) to an
oxidase-resistant pool.

We do not have data which would allow us to draw
about a possibl t that could
explain how cholesterol was transferred from the plasma
membrane into the intracellular organelles. The transfer

(Helsinki), the Oscar Oflund Foundation (Helsinki) and
the Foundation of the Turku City Council.
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