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Summary

Erythrocyte ghosts were incubated with sonicated vesicles and the uptake of
cholesterol by vesicles allowed to proceed to equilibrium. The experiments
were carried out for a series of phospholipids at different temperatures. The
equilibrium partition of cholesterol between ghosts and single shelled vesicles
provided a measure of the relative affinities of cholesterol for the different
phospholipids studied. It was found that the affinity of cholesterol for
dipalmitoyl phosphatidylcholine was the same as that for N-palmitoyl sphingo-
myelin both at temperatures above and below the gel to liquid crystalline
transition temperature of these phospholipids.

Introduction

Cholesterol is a major constituent of many biological membranes. Numerous
studies have established that cholesterol can affect the packing of the paraffin
chains of membrane lipids and that it plays a role in maintaining membrane
fluidity [1]. However, very little is known about the localization of cholesterol
in the membrane and about its interaction with other membrane constituents.
This lack of information is due in part to the non-reactivity of the cholesterol
molecule. Thus, the techniques which made possible the elucidation of the dis-
position of proteins and phospholipids in the erythrocyte membrane cannot be
applied to the study of cholesterol. However, cholesterol exchanges freely
between erythrocytes and sonicated phospholipid vesicles [2] and furthermore
the cholesterol content of the membrane can be modified over a considerable
range [3,4]. In the studies reported here, these features of membrane choles-
terol have been exploited to obtain information about the interaction of
cholesterol with phospholipids.
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Recent studies using differential scanning calorimetry have led to the sug-
gestion that in mixtures of phospholipids which show phase separation, choles-
terol interacts preferentially with certain phospholipids [5,6,7]. One such
study showed that cholesterol has a preferential affinity for sphingomyelin in
mixtures of sphingomyelin and phosphatidylcholine where sphingomyelin was
either the higher or the lower melting phospholipid [7]. In the present study
we have compared the affinity of cholesterol for dipalmitoyl phosphatidyl-
choline to its affinity for N-palmitoyl sphingomyelin. These two phospholipids
were chosen as they have the same acyl chain composition and the same gel to
liquid crystalline transition temperature and therefore permit a precise com-
parison of the relative affinities for cholesterol of phosphatidylcholine and
sphingomyelin, In addition, we have studied the affinity of cholesterol for two
naturally occurring phospholipids, egg phosphatidylcholine and bovine brain
sphingomyelin.

Erythrocyte ghosts were incubated with sonicated phospholipid vesicles and
the uptake of cholesterol by the vesicles allowed to proceed to equilibrium.
The equilibrium partition of the cholesterol in the system between ghosts and
vesicles provided a measure of the relative affinities of cholesterol for the
different phospholipids studied. These experiments showed that the affinity of
cholesterol for dipalmitoyl phosphatidylcholine was the same as that for
N-palmitoyl sphingomyelin both at temperatures above and below the gel to
liquid crystalline transition temperature of these phospholipids. The affinity of
both phospholipids for cholesterol was found to depend strongly on the
physical state of the phospholipid.

Materials and Methods

Bovine brain sphingomyelin and egg phosphatidylcholine, both grade I, were
purchased from Lipid Products (Redhill, Surrey, U.K.). Dipalmitoyl phos-
phatidylcholine was purchased from Sigma (St. Louis, MO). N-Palmitoyl
sphingomyelin was synthesized according to the method of Kaller [8]. Choles-
terol (purity >99%) was purchased from Nu Chek Prep. (Elysian, MN). All
lipids gave a single spot after thin layer chromatography on silica gel. [*H]-
Cholesterol, bovine brain ['*C]sphingomyelin and ['*C]dipalmitoyl phos-
phatidylcholine were purchased from New England Nuclear (Boston, MA). Egg
[**C]phosphatidylcholine was synthesized from enzymically prepared phos-
phatidic acid and [ Me-!*C]choline chloride [9]. Aquasol (New England Nuclear,
Boston, MA) was used as scintillation solvent.

Blood from healthy human donors was collected in heparin (4000 U.S.P,
units/1 blood). Plasma and the ‘buffy coat’ were separated from the cells after
15 min centrifugation at 1500 X g. The red cells were washed 3 times in
10 vols. of the following buffer: 150 mM NaCl/5 mM KC1/5.5 mM Na,HPO,/
0.8 mM NaH,P0,/0.5 mM CaCl,/5 mM glucose (pH 7.4). Plasma was preheated
for 50 min at 56°C to destroy lecithin : cholesterol acyltransferase activity
[10] and then labeled with [*H]cholesterol as described by Murphy [11].
Labeling of erythrocytes by exchange from plasma was accomplished by incub-
ating them at 37°C at a hematocrit of 30% in buffer containing approx. 4%
labeled plasma for 1517 h. Unsealed ghosts were prepared from labeled
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erythrocytes using the technique described by Steck [12].

For preparation of sonicated vesicles approx. 20 umol of **C-labeled phos-
pholipid with the addition of 3.5—5.0 umol cholesterol in some experiments,
was lyophilized from benzene. The lyophilized lipids were dispersed in approx.
6 ml 150 mM NaCl/5 mM sodium phosphate (pH 8.0) and sonicated for 30—
45 min under N, in a water-jacketed cell, using a Branson sonifier. The sonica-
tion temperature was maintained at 4°C for the preparation of egg phos-
phatidylcholine vesicles and at 25°C in the case of all the other lipids. The
sonicate was centrifuged at 15 000 X g for 20 min at 4°C to remove Ti particles
shed from the probe. Vesicles were used immediately after preparation.

Incubations of [3*H]cholesterol-labeled ghosts and !*C-labeled vesicles were
carried out under N, at a hematocrit of approx. 20% in phosphate-buffered
saline in a temperature-controlled water bath. In some experiments strepto-
mycin sulfate was added as an antibacterial agent. Similar results were obtained
in the presence and absence of antibiotic. The ghost to vesicle phospholipid
ratio varied between 10 and 0.3. Aliquots of the incubation mixture were
removed at various times and the ghost membranes separated from the vesicles
by a 5 min centrifugation at 12 000 X g in a Brinkmann model 3200 centrifuge.
Aliquots of the total incubation mixture and of the supernatant were placed in
scintillation solvent for the determination of radioactivity. Incubations were
terminated after 36—50 h by centrifuging the mixture at 39 000 X g for 20 min
at 4°C. The supernatant containing the vesicles was concentrated under N, in a
magnetically stirred cell using an Amicon Diaflo ultrafilter. In some experi-
ments approximately one-half of the concentrated vesicles was extracted for
assay and the remaining vesicles were fractionated by gel filtration through a
Sepharose 4B column. The radioactivity in aliquots of the eluted fractions was
determined. Fractions from the training edge of the elution profile were
pooled, concentrated and extracted for assay of chemical composition and
radioactivity.

The lipids from ghost membranes and vesicles were extracted using the
procedure of Folch et al. [13]. The possibility that some phospholipid break-
down could have occurred in the vesicles during the lengthy incubations with
ghosts was checked by thin-layer chromatography. No lysophosphatidyl-
choline or fatty acids were detected indicating that contamination by these
breakdown products was less than 5%. Furthermore, the presence of small
amounts of lysoderivatives in phospholipid vesicles has no effect on cholesterol
movement between the vesicles and erythrocytes [14].

Cholesterol and phospholipid were measured using the techniques of Parekh
and Jung [15] and Gomori [16], respectively. Since large amounts of phos-
pholipid can interfere with the color development in the cholesterol assay, the
lipids were saponified and cholesterol was extracted by hexane prior to assay.

Calculations

The cholesterol and phospholipid content and the cholesterol-specific activ-
ity of the ghosts at the end of an experiment were determined directly by mass
assay and the cholesterol/phospholipid molar ratio calculated. The cholesterol/
phospholipid molar ratio of the vesicles was determined in various ways as the
experiments progressed. Initially, at the end of the experiment, the vesicles
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were fractionated by gel filtration and the *H and !*C content of the eluted
fractions was determined. The fractions constituting the trailing edge of the
second peak which contained homogeneous, single shelled vesicles were then
pooled, extracted and the 3H, '*C and phospholipid content was measured.
Cholesterol mass assay of the vesicles was not possible due to sample-size
limitations. Vesicle cholesterol therefore was determined from *H radioactiv-
ity content and the measured ghost cholesterol specific activity, using the rela-
tion: cholesterol mass = radioactivity/specific activity. The cholesterol/phos-
pholipid molar ratio of each of the fractions eluted from the column was
calculated from the ['*C]phospholipid specific activity in the vesicles and the
[*H]cholesterol specific activity of the ghosts. For all the different phospho-
lipid vesicles studied it was found that the mol cholesterol/mol phospholipid
value determined by extraction and assay of the total vesicle population agreed
with the value calculated for the single shelled vesicles eluted from the column
to within 10—15%. Furthermore, the cholesterol/phospholipid molar ratio
determined for the fractions eluted in the void volume was never significantly
different from that of the single shelled vesicles. Therefore, in later experiments
the vesicles were not fractionated and the whole population was assayed
instead.

Results

The equilibrium distribution of cholesterol between ghost membranes and
sonicated vesicles prepared from each of four phospholipids: dipalmitoyl phos-
phatidylcholine, N-palmitoyl sphingomyelin, egg phosphatidylcholine and
bovine brain sphingomyelin was studied. The interpretation of these studies in
terms of relative cholesterol affinities for the different phospholipids depended
on the validation of two essential assumptions: (1) equilibrium of cholesterol
distribution was attained during the course of the incubation of ghosts with
vesicles, (2) the vesicles after acquiring cholesterol from ghosts were single
shelled, that is they did not contain internal layers of phospholipid not available
for cholesterol exchange. Equilibrium was demonstrated by kinetic analysis of
the time course of uptake of cholesterol by the vesicles. The presence of single
shelled vesicles was demonstrated by gel filtration. After the incubation of soni-
cated phospholipid vesicles with ghosts was terminated, the vesicles were frac-
tionated and the cholesterol/phospholipid molar ratio determined in the
separated fractions. In this way, it was possible to measure the mol cholesterol/
mol phospholipid at equilibrium in those vesicles that were still homogeneous in
size and unilamellar at the end of the period of incubation with ghosts.

Time course of cholesterol uptake by vesicles: proof of equilibration

In order to be certain that the data taken in these experiments involved
ghosts and vesicles close to equilibrium with respect to cholesterol movement,
it is necessary to show that the rate of this process is sufficiently rapid com-
pared to the duration of the incubations (40—50 h). A representative time
course of [*H]cholesterol uptake from ghosts into egg ['*C]phosphatidyl-
choline vesicles is shown in Fig. 1. Previous studies {17] have shown that
erythrocyte membrane cholesterol is in two pools, with approx. 10% in a more
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Fig. 1. Time course of uptake of cholesterol by egg phosphatidylcholine vesicles from ghosts at 46°C. In
this experiment approximately equal amounts (in terms of lipid phosphorus) of [3H]cholesterol-labeled
ghosts and 14 C-labeled vesicles were incubated together. Aliquots were sampled at different times and the
vesicle radioactivity determined. The curve shows the exponential function y = 1.398 — 1,102 exp(—t/22)
which best fits data points taken after the second hour of the experiment.

rapidly exchangeable pool than the remaining 90%. In that study it was shown
that the rapidly exchangeable cholesterol pool was depleted after 2—3 h incub-
ation of erythrocytes with sonicated phospholipid vesicles. Therefore, if we use
only the data points obtained after the initial 2 h of incubation we can fit with
a function

y() =y¢ + (yi —y¢) exp(—t/7)

where y(t) is the 3H/!*C ratio in the vesicles at time ¢. This function describes a
single exponential process of half-time 7. y;, the value of the function at ¢t = O,
incorporates the completed fast exchange and y; is the value of the function at
infinite time. The determination of the parameters y;, y;, and 7 to provide the
best fit to the experimental data and the determination of o,, the variance
giving the uncertainty in the determination of r were performed as described
previously [4]. The parameters of best fit to the experiment shown in Fig. 1
were: y; = 0.296, y;=1.398 and 7= 22.0 £ 1.9 h.

The excellence of fit of the exponential function to the data is apparent
from Fig. 1. A quantitative expression of this is the fact that the variance per
data point is less than, but comparable to the experimental uncertainty of a
typical data point. An exponential process with a 7 of 22 h is clearly near its
equilibrium limit at times on the order of 50 h. Using the fit to the data at 50 h,
vesicle cholesterol content was 92% of its true equilibrium value.

The recovery of sonicated vesicles in the supernatant after centrifugation was
measured by the recovery of !%C-labeled phospholipid. In all experiments,
about 90% of the labeled phospholipid remained in the supernatant indicating
that vesicle fusion with ghosts was negligible. Some of the loss of '*C radio-
activity from the supernatant could be accounted for by the slow exchange of
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phospholipid between ghosts and vesicles. When the data were expressed as the
uptake of 3H radioactivity in the supernatant, the fitting procedure gave the
same parameters as those determined for the data expressed as the *H/!*C
radioactivity ratio.

Similar data were obtained from sphingomyelin vesicles incubated with
ghosts. However, it was found that when ghosts were incubated with either
dipalmitoyl phosphatidylcholine or N-palmitoyl sphingomyelin vesicles, massive
loss of vesicles from the supernatant occurred between 4 and 20 h of incuba-
tion. Vesicles incubated under identical conditions in the absence of ghosts
were stable and therefore the instability observed in the presence of ghosts was
attributed to the lysis of vesicles containing 15 mol% cholesterol which has
been reported by other authors in studies of dipalmitoyl phosphatidylcholine
vesicles [18]. This problem was circumvented by incorporating approx.
20 mol% cholesterol into the dipalmitoyl phosphatidylcholine and N-palmitoyl
sphingomyelin vesicles during their preparation. It was found that the presence
of cholesterol in the vesicles at the outset of the incubation with ghosts did not
affect the final equilibrium distribution of cholesterol between ghosts and
vesicles.

In all the experiments described here the distribution of cholesterol between
ghosts and vesicles was measured under conditions such that cholesterol move-
ment was within at least 90% of equilibrium.

Gel filtration of sonicated vesicles

When the sonicated phospholipid vesicles were fractionated by gel filtration
through a Sepharose 4B column immediately after preparation, two lipid peaks
were observed. Over 95% of the lipid phosphorus was made up of fraction II
[19] homogeneous vesicles., The vesicles were prepared by sonication at 25°C, a
temperature below the gel to liquid crystalline transition temperature (T,) of
sphingomyelin. To assess the stability of the vesicles, they were incubated at
45°C for 24 h and then subjected to gel filtration once more. It was found that
the elution profile was not modified by this procedure. A profile of a frac-
tionation of ['*C]sphingomyelin vesicles which had been incubated with [*H]-
cholesterol-labeled ghosts for 40 h is shown in Fig. 2, The cholesterol/phospho-
lipid molar ratio values for eluted fractions were all similar as can be seen from
the small variability of the *H/'*C ratio in the different fractions (Fig. 2). In
the experiment illustrated in Fig. 2 there appears to be a systematic decrease in
SH/'*C in the fractions from the trailing edge of the elution profile. This was
not a consistent feature of the experimental results and the variation in *H/'"C
in the different fractions never exceeded 20% and was often less than 10%.
Similar results were obtained for all the other phospholipids studied. In each
case the value of the cholesterol/phospholipid molar ratio determined for each
of the eluted fractions showed almost no variation.

Equilibrium distribution of cholesterol between ghosts and vesicles prepared
from different phospholipids

The dependence of the vesicle cholesterol/phospholipid molar ratio on the
ghost cholesterol/phospholipid molar ratio at equilibrium was investigated for
all four phospholipids. In order to study this equilibrium over a range of ghost
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Fig. 2. Elution pattern of bovine brain [14C]sphingomyelin vesicles after 40 h incubation at 46°C with
[3H]cholesterol-labeled ghosts. m, 3H radioactivity; 0, 14C radioactivity; 4, ratio of 3H to 14 C radioactiv-
ity. Column size: 10 X 250 mm,

cholesterol contents, incubations were carried out using different proportions
of ghosts and vesicles. From a single preparation of ghosts and vesicles, three
mixtures containing different amounts of ghosts and vesicles were prepared and
allowed to reach equilibrium. In these experiments simultaneous incubations of
mixtures containing ratios of ghost phospholipid to vesicle phospholipid of, for
example, 10 : 1, 1:1 and 0.3 : 1 were carried out. In the case of high ratios
of ghosts to vesicles, equilibrium was attained after only a small loss of ghost
cholesterol and the vesicle cholesterol/phospholipid molar ratio was high. Con-
versely, at low ratios of ghosts to vesicles, the ghosts lost a lot of cholesterol
and the equilibrium vesicle cholesterol/phospholipid molar ratio was low. In
these experiments the incubations were carried out at a temperature above the
gel to liquid crystalline transition temperatures of the phospholipids (T,). The
results of these experiments for dipalmitoyl phosphatidylcholine and
N-palmitoyl sphingomyelin at 46°C are shown in Fig. 3. The equilibrium
distribution of cholesterol between ghosts and vesicles was very similar for both
phospholipids. The solid line in Fig. 3 is the line of equal ghost and vesicle
cholesterol/phospholipid molar ratios. Taking each phospholipid separately, the
data points for dipalmitoyl phosphatidylcholine and N-palmitoyl sphingo-
myelin can be fit by straight lines. The lines of best fit to the data points for
dipalmitoyl phosphatidylcholine and N-palmitoyl sphingomyelin have slopes of
1.37 £ 0.10 (> = 0.89) and 1.59 = 0.18 (+? = 0.92), respectively. These slopes
are not significantly different. The dashed line in Fig. 3 is the straight line of
best fit (2 = 0.90) to the data points of both phospholipids taken together.

The temperature dependence of cholesterol distribution between ghosts and
vesicles
These experiments were carried out exactly as those described in the previ-
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Fig. 3. Equilibrium distribution of cholesterol between ghosts and vesicles prepared from dipalmitoyl
phosphatidylcholine (©) and N-palmitoyl sphingomyelin (2) at 46 * 1°C. The solid line is the line of equal
ghost and vesicle cholesterol/phospholipid molar ratio, The broken line is the line of best fit to the data
points, C/P is the cholesterol /phospholipid molar ratio.

TABLE I

EQUILIBRIUM DISTRIBUTION OF CHOLESTEROL BETWEEN GHOSTS AND VESICLES OF DIF-
FERENT PHOSPHOLIPID COMPOSITIONS

r is the ratio of vesicle C/P to ghost C/P. Multiple data for a given temperature were obtained using differ-
ent ratios of ghosts to vesicles in the incubation. C/P is the cholesterol /phospholipid molar ratio.

Phospholipid T C/P at equilibrium r Mean r + S.D.
°c)
Ghosts Vesicles
Dipalmitoyl 22 0.71 0.24 0.31
phosphatidylcholine 0.65 0.26 0.40 0.35 £0.05 (n = 2)
46 Data given in Fig. 3. 1.49 £+ 0.22 (n =12)
N-palmitoyl 22 0.69 0.19 0.28 _
sphingomyelin 0.58 0.21 0.36 ) 0.32+0.04 (n=2)
46 Data given in Fig. 3.
Bovine brain 22 0.64 0.24 0.38
sphingomyelin 0.73 0.21 0.29 0.33 +0.05 (n =2)
46 0.64 1.01 1.59
0.66 1.15 1.74
0.76 1.07 1.42 1.54 £ 0.14 (n = 5)
0.82 1.15 1.40
0.35 0.54 1.54
Egg phosphatidyl- 46 0.76 0.77 1.00
choline 0.63 0.55 0.87
0.48 0.29 0.60 0.79 £ 0.15 (n = 6)
0.64 0.45 0.70
0.77 0.59 0.76
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ous section with the difference that for a single preparation of ghosts and
vesicles, mixtures having identical proportions of ghosts and vesicles were
prepared and incubated at different temperatures until equilibrium was
attained. The equilibrium partition of cholesterol between ghosts and vesicles
at a particular temperature depends on the affinity of cholesterol both for the
ghost membrane and for the phospholipid vesicle. Because these two affinities
could depend on temperature in different ways, it is the ratio, r, of vesicle
mol cholesterol/mol phospholipid to ghost mol cholesterol/mol phospholipid
which must be compared for the. different phospholipids to assess their choles-
terol affinity. Table I shows the values of r determined in these experiments.

The temperature of 22°C was chosen as it is below the gel to liquid crystal-
line transition temperature of dipalmitoyl phosphatidylcholine and N-palmitoyl
sphingomyelin. The transition temperature of naturaily occurring sphingo-
myelins varies widely depending on their fatty acid composition. For the
bovine brain sphingomyelin used in the present study 22°C was below the
onset temperature of the transition.

Discussion

The data shown in Fig. 3 and in Table [ give the equilibrium partition of
cholesterol between ghosts and the various phospholipids studied. Two differ-
ent kinds of phospholipid vesicles which separately are at equilibrium with
ghosts having a particular cholesterol content must be at equilibrium with each
other. Therefore, the data permit conclusions to be drawn about the relative
affinities of cholesterol for the different phospholipids. Two of the phospho-
lipids studied are phosphorylcholines, have the same fatty acyl chain(s), have a
gel to liquid crystalline transition at the same temperature (41°C), but differ
in their glycerol or sphingosine backbone. The fact that the data points shown
in Fig. 3 for dipalmitoyl phosphatidylcholine and N-palmitoyl sphingomyelin
taken separately can be fit by straight lines whose slopes are not significantly
different, indicates that both phospholipids have the same affinity for choles-
terol at 46°C, the temperature of these experiments, Experiments carried out
at 22°C showed that also at this temperature, which is below the gel to liquid
crystalline transition temperature of the phospholipids, the affinity of choles-
terol is essentially the same for dipalmitoyl phosphatidylcholine and N-palmitoy!l
sphingomyelin (Table I).

Demel and coworkers [7] reported on the basis of differential scanning
calorimetry studies that there is a preferential affinity of cholesterol for
sphingomyelin in mixtures of sphingomyelin and phosphatidylcholine when the
sphingomyelin was either the higher or the lower melting phospholipid. In that
study, comparison was not made of phospholipids having the same fatty acyl
chain composition. Our experiments have shown that the affinities of choles-
terol for phosphatidylcholine and for sphingomyelin are the same if both phos-
pholipids have the same fatty acyl composition. Thus, the substitution of the
sphingosine backbone for the glycerol backbone does not affect the affinity of
cholesterol for the phospholipid.

The affinity of phospholipids for cholesterol was found to depend on the
physical state of the phospholipid. Below the gel to liquid crystalline transi-
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tion temperature of dipalmitoyl phosphatidylcholine and N-palmitoyl sphingo-
myelin the parameter, r, had a value of approx. 0.3 whereas above the transi-
tion temperature, r was approximately 5-fold greater (Table I).

We included two widely used naturally occurring phospholipids in our study,
bovine brain sphingomyelin and egg phosphatidylcholine. The affinity of
cholesterol for bovine brain sphingomyelin was similar to that for N-palmitoyl
sphingomyelin, however egg phosphatidylcholine -had a lower affinity for
cholesterol than did the other three phospholipids studied (Table I). The
finding that egg phosphatidylcholine had a lower affinity for cholesterol than
did both the sphingomyelins studied, is in accord with the observations of
Demel and coworkers [7].

Vesicles prepared from all four of the phospholipids studied were able to
take up cholesterol in amounts of approximately 1 mol per mol phospholipid
(Fig. 3 and Table I) which suggests that both halves of the vesicle bilayer were
available for the incorporation of cholesterol. It follows that transmembrane
movement of cholesterol must occur in the vesicles. This result is consistent
with the recent observation that transmembrane cholesterol movement takes
place in sonicated phosphatidylcholine vesicles which have different amounts
of cholesterol in the two halves of the bilayer [20]. It is worthy of comment
that when vesicles prepared from dipalmitoyl phosphatidylcholine, sphingo-
myelin, or N-palmitoyl sphingomyelin were incubated at 46°C with ghosts in
excess, the equilibrium cholesterol content of the vesicles reached a value as
high as 1.2 mol cholesterol/mol phospholipid (Fig. 3). There exists evidence
that vesicles containing up to 2 mol cholesterol/mol phospholipid can be
prepared by cosonication of the lipids [21] or by drying from a common
organic solvent [22], however, it is likely that these vesicles are in a metastable
state [21]. The results of the present study provide the first demonstration, to
our knowledge, that phospholipid vesicles can take up cholesterol in an amount
greater than 1 mol cholesterol/mol phospholipid at equilibrium.

Using the cholesterol/phospholipid molar ratio of the ghosts with which they
are at equilibrium as a reference, we have demonstrated that the affinity of
cholesterol for dipalmitoyl phosphatidylcholine, sphingomyelin, and N-palmitoyl
sphingomyelin is the same and greater than the affinity of cholesterol for egg
phosphatidylcholine. Another feature of our data, worthy of interpretation, is
the finding that egg phosphatidylcholine vesicles contained less cholesterol
expressed as mol per mol phospholipid than did the ghosts with which they
were at equilibrium (Table I). On the other hand, the other three phospho-
lipids had more cholesterol per mol phospholipid than did the ghosts with
which they were at equilibrium. The value of the cholesterol/phospholipid
molar ratio for vesicles prepared from dipalmitoyl phosphatidylcholine,
sphingomyelin, or N-palmitoyl sphingomyelin reached almost twice the value
of the cholesterol/phospholipid molar ratio of the ghosts with which they were
at equilibrium (Table I). These results could indicate that the affinity of choles-
terol for the phospholipids in the ghost membrane is greater than the affinity
of cholesterol for egg phosphatidylcholine and less than the affinity of choles.
terol for the other three phospholipids. However, it also is a possibility that the
presence of membrane proteins plays a role in determining the equilibrium
partition of cholesterol between ghosts and vesicles.
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