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ABSTRACT. 25-Hydroxycholesterol stimulated acyl-CoA:cholesterol acyltransferase (ACAT) activity in rat
liver microsomes in vitro with half-maximal stimulation at 16.8 pM oxysterol and a maximal activity that was
three times that in its absence. The current study was conducted to determine the effect of 25-
hydroxycholesterol on rates and extent of intervesicular cholesterol transfers within microsomes and to deter-
mine whether this activation of ACAT could be accounted for on the basis of increased cholesterol availability
for the enzyme. Cholesterol transfer kinetics were assessed in systems that either enriched or depleted micro-
somal cholesterol. Incubation of microsomes at 37°C with phosphatidylcholine:cholesterol liposomes or purified
plasma membranes resulted in enrichment of microsomal cholesterol. Incubation of microsomes with just
phosphatidylcholine liposomes resulted in depletion of cholesterol. The extent of cholesterol enrichment or
depletion depended on incubation time and the initial concentration of cholesterol in donor and acceptor
vesicles, The rate and extent of cholesterol transfer from liposomes to microsomes were slightly increased when
25-hydroxycholesterol was present during the transfer process. Irrespective of the treatment, 25-
hydroxycholesterol continued to stimulate the ACAT activity of the treated microsomes. Microsomes that were
enriched or depleted of cholesterol in the absence of 25-hydroxycholesterol yielded as much enzyme activities
when assayed in the presence of 25-hydroxycholesterol as with the systems that contained 25-hydroxycholesterol
during both the transfer process and enzyme assays. The results suggest that a major part of the activation of
microsomal ACAT by 25-hydroxycholesterol is not ascribable to increased substrate availability for the en-
zyme. Copyright © 1996 Elsevier Science Inc., BIOCHEM PHARMACOL 53;1:27-34, 1997.
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ACATS esterifies cholesterol and serves an important func-
tion in cholesterol homeostasis in vivo [1]. A number of
cholesterol oxides alter the activities of ACAT and HMG-
CoA reductase, an enzyme involved in cholesterol synthe-
sis, in a variety of tissues in vivo and in vitro [2—4]. Among
these oxidation products, 25-hydroxycholesterol is a potent
stimulator of ACAT activity in isolated cells [5-12] and
liver microsomal preparations [12-14]. 25-Hydroxycholes-
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terol can be formed endogenously in concentration suffi-
cient to influence ACAT activity [4, 15-18] and can be
metabolized through esterification [13, 19], conversion to
bile acids [20, 21], and side chain cleavage [22]. These
metabolites are less effective than 25-hydroxycholesterol is
in altering HMG-CoA reductase activity [22}. An analo-
gous situation, were it to occur with ACAT activity, could
endow the cell with an attractive mechanism to regulate
this enzyme in vivo through synthesis and metabolism of
25-hydroxycholesterol.

It is not clear how 25-hydroxycholesterol exerts it influ-
ence on ACAT. Based on the decreased stimulatory effect
of 25-hydroxycholesterol on ACAT on substrate saturation
of microsomes and cells, the activation found under con-
ditions of substrate unsaturation could be a consequence of
increased cholesterol availability for the enzyme through
transfer from pools within microsomes [11, 12]. This study
evaluates the effects of 25-hydroxycholesterol on ACAT
activity and cholesterol transfer rates to and from liver mi-
crosomes under conditions where the microsomes are far
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from substrate saturation. The results show that the effect of
the oxysterol persists irrespective of the microsomal cho-
lesterol content and that the slightly increased cholesterol
transfer rates in presence of the oxysterol are inadequate to
account for all the ACAT activity elicited by the oxysterol
on the basis of substrate enrichment alone.

MATERIALS AND METHODS
Materials

[1a,20(n)->H]Cholesterol and [1-*Cloleoyl-CoA were ob-
tained from Amersham International (Bucks, UK).
[le,2a(n)-*H]Cholesteryloleate (47 Ci/mmol) was pre-
pared by coupling oleoyl-chloride with [la,2a(n)-
*H]cholesterol and separating the product by TLC. Oleoyl-
CoA, oleoyl-chloride, dithiothreitol, egg yolk phosphati-
dylcholine, cholesteryloleate and human serum albumin
(essentially free of fatty acids) were obtained from Sigma
London (Poole, Dorset, UK). No impurities were detected
in the phosphatidylcholine by TLC with standard solvent
systems. Cholesterol of commercial source was recrystallized
three times. [’H]Cholesterol, diluted to the desired specific
radioactivity, was purified before use by TLC on Kieselgel H
at 5°C with diethyl ether as solvent. 25-Hydroxy-[26,27-
*H]cholesterol (New England Nuclear, Boston, MA, USA)
of the desired specific radioactivity and 25-hydroxy-
cholesterol (Steraloids, Wilton, NH, USA) were purified
before use by TLC on Kieselgel H with chloroform-
methanol (95:5, V/V) as solvent.

Preparation of Liposomes

Phosphatidylcholine and cholesterol-phosphatidylcholine
(1:1, mol/mol) single bilayer liposomes were prepared as
described previously [23]. The washed suspension contain-
ing the desired concentration of lipid was used immediately
after preparation.

Isolation of Microsomes
and Plasma Membranes From Rat Liver

Male Wistar rats, 180-220 g body weight, were housed in a
room at 23°C under conditions of controlled lighting and
feeding for at least 2 weeks before the experiment. On the
day of the experiment, the rats were killed by cervical dis-
location at about 0700 hr. The livers were removed imme-
diately, chilled on ice and then perfused with ice-cold 0.25
M sucrose to remove contaminating blood. Microsomes and
plasma membranes were isolated from the homogenates of
these livers as previously reported {23, 24].

Forward Cholesterol Transfer
From Liposomes to Microsomal Vesicles

Portions of liver microsomal fraction (2—4 mg microsomal
protein/mL incubation mixture) were incubated at 37°C
with different concentrations of [*H]cholesterol/phos-
phatidylcholine (1:1, mol/mol) liposomes in a medjum con-
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sisting of 12.3 mM NaCl, 230 mM sucrose and 3 mM im-
idazole-HCI buffer, pH 7.4, for up to 50 min [23]. For the
buffer-treated controls, the liposomes were substituted with
an equal volume of 0.15 M NaCl. Where indicated, 25-
hydroxycholesterol dissolved in ethanol was added at the
start of incubation (zero time). The system without 25-
hydroxycholesterol contained an equal volume of ethanol.
The ethanol concentration in the final incubation mixture
never exceeded 1.5%. At different time intervals, suitable
aliquot was withdrawn, cooled in ice-water mixture and
centrifuged at 104,000 g for 60 min to separate the lipo-
somes from the treated microsomal vesicles. The micro-
somal pellets were resuspended, and portions were used to
assay ACAT activity and to measure radioactivity of
[PH]cholesterol in the reisolated microsomal vesicles. The
mass of cholesterol transferred to the microsomal vesicles
was calculated from the radioactivity incorporated and the
specific radioactivity of liposomal cholesterol and equalled
the increment of cholesterol determined in the treated mi-
crosomal vesicles by GLC {25, 26].

Reverse Transfer of Cholesterol

From Microsomal Vesicles to Liposomes

Reverse transfer of cholesterol from microsomal vesicles to
liposomal vesicles occurred at incubation of microsomal
vesicles with just phosphatidylcholine liposomes {23, 27].
Portions of liver microsomal fraction (about 2 mg micro-
somal protein/mL incubation mixture) were incubated at
37°C with different concentrations of phosphatidylcholine
liposomes in a medium consisting of 12.3 mM NaCl, 230
mM sucrose and 3 mM imidazole-HCl buffer, pH 7.4, for up
to 50 min [23]. Where indicated, 25-hydroxycholesterol
dissolved in ethanol was added at the start of incubation
(zero time). The system without 25-hydroxycholesterol
contained an equal volume of ethanol. At the end of the
preincubation, the mixtures were centrifuged to isolate the
cholesterol-depleted microsomal vesicles from the lipo-
somes. Portions of the reisolated microsomal vesicles were

used for ACAT assays.

Assays

The activity of ACAT in the microsomal fraction or the
treated and reisolated microsomal vesicles was assayed by
using [1-1*Cloleoyl-CoA (specific radioactivity 5 Ci/mol)
as described elsewhere [23, 25]. The cholesteryl ester
formed was extracted and separated, and the rate of product
formation was determined as described previously [23, 25].
Total lipids were extracted by using the method of Folch et
al. [28]. Phospholipid in the total lipid extracts was assayed
by using the method of Barlett [29]. Protein was assayed by
using the method of Lowry et al. [30], with bovine serum
albumin as standard. Cholesterol was quantified by GLC
{25, 26].

RESULTS
Stimulation of ACAT Activity by 25-Hydroxycholesterol

Without 25-hydroxycholesterol, the ACAT activity of the

microsomal fraction is 58.2 pmol of cholesteryl oleate syn-
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thesized per min/mg microsomal protein. Consistent with
the observations of others [12], the presence of 25-
hydroxycholesterol in the assay mixture stimulates this
activity; the magnitude of increase is dependent on the
concentration of 25-hydroxycholesterol (Fig. 1). A double
reciprocal plot (inset in Fig. 1) of increment in ACAT
activity (Av) against concentration of 25-hydroxycho-
lesterol yields 16.8 wM oxysterol for half-maximal stimu-
lation and 98.2 pmol cholesteryloleate synthesized per
min/mg microsomal protein for AV .. This 3-fold increase
in ACAT activity over the control microsomes is not
due to synthesis of 25-hydroxycholesterol-[*Cloleate [14,
31]. In a separate experiment using 25-hydroxy-[26,27-
*H]cholesterol, its ester with oleic acid did not migrate at
the same spot as it did with cholesteryl-[**Cloleate in our
TLC system.

Effect of 25-Hydroxycholesterol on Microsomal
ACAT Activity in Presence of Different Amounts of
Plasma Membrane Vesicles

The preincubation of liver microsomes at 37°C followed by
assay for ACAT activity shows a time-dependent linear
increase in the activity of the enzyme (Fig. 2, line A). This
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FIG. 1. Effect of 25-hydroxycholesterol on microsomal
ACAT activity. ACAT activity was assayed in portions of
the microsomal fraction in presence of different concentra-
tions of 25-hydroxycholesterol, as described in Materials
and Methods. Enzyme activity is expressed as pmole cho-
lesteryloleate synthesized per min/mg microsomal protein.
Inset represents the double reciprocal plot of the increment
in ACAT activity (Av) against the concentration of 25-
hydroxycholesterol present in the system. The increment in
ACAT activity equals the difference between the activities
in the presence and absence of 25-hydroxycholesterol. The
line shown is the best fit for the points determined. The
correlation coefficient is 0.995 (P < 0.001). Extrapolation of
the data (dotted line) yielded the AV, (arrow), corre-
sponding to 98.2 pmol/min/mg microsomal protein.
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FIG. 2. ACAT activity of microsomes preincubated with pu-
rified plasma membranes in the presence or absence of 25-
hydroxycholesterol. Aliquots of a purified plasma mem-
brane preparation (175.9 nmol nonesterified cholesterol/mg
protein) were added to portions of the microsomal fraction
(1.79 mg microsomal protein and 92.45 nmol nonesterified
cholesterol/mL of the mixture) to yield plasma membrane
cholesterol to microsomal cholesterol ratios of 0.77 (lines B
and D) and 4.3 (lines C and E). Line A represents the control
microsomes without any added plasma membranes. The
mixtures were preincubated as described in Materials and
Methods in the presence (lines D and E) or absence (lines
A-C) of 60 ptM 25-hydroxycholesterol. 25-Hydroxycho-
lesterol was added at zero time as a solution in 95% ethanol.
The mixture without 25-hydroxycholesterol contained an
equal volume of ethanol. Portions of each mixture were
removed at different time intervals and assayed for ACAT
activity, as described in Materials and Methods. The enzyme
activities (pmole cholesteryloleate synthesized per min/mg
microsomal protein) are plotted against the time of prein-
cubation. The lines are the least-squares regressions with
correlation coefficients greater than 0.977 (P < 0.001).

increase in activity is due to a time- and temperature-
dependent transfer of cholesterol within the microsomal
preparation from the cholesterol-rich plasma membrane
component to the endoplasmic reticular membrane vesicles
that contain the ACAT enzyme [23, 25, 32]. Such transfers
of cholesterol could be enhanced by adding purified plasma
membrane preparation [27]. Figure 2 shows two experi-
ments with added plasma membrane cholesterol to micro-
somal cholesterol ratios of 0.77 and 4.3. The mixtures were
preincubated at 37°C in the absence (Fig. 2, lines B and C)
or presence of 60 uM 25-hydroxycholesterol (Fig. 2, lines D
and E) and, at intervals, aliquots were taken and assayed for
ACAT activity.

The ACAT activity increased linearly with time of pre-
incubation within each mixture. The slopes of the lines in
Fig. 2 reflect the rates at which cholesterol is transferred
from the plasma membranes to the ACAT substrate site in
each system [25, 27]. The slopes and intercepts for several
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other ratios of plasma membrane cholesterol to microsomal
cholesterol are given in Table 1. With increasing amounts
of plasma membrane cholesterol in the preincubation mix-
ture, the slopes progressively increased (Table 1). However,
within any one system, the slopes were similar irrespective
of the absence or presence of 25-hydroxycholesterol. All of
the systems with 25-hydroxycholesterol exhibited similar
intercepts (zero-time ACAT activity) irrespective of the
amount of added plasma membrane vesicles.

Effect of 25-Hydroxycholesterol
on Forward Transfer of Liposomal Cholesterol to
Microsomal Vesicles

Microsomal vesicles can also be enriched with additional
cholesterol through transfer from cholesterol-rich lipo-
somes when they are incubated together (forward transfer
of cholesterol). The extent of cholesterol transfer depends
on the concentrations of the acceptor and donor vesicles
and on the time and temperature of incubation [23, 25].
The advantage with this system is that the donor and ac-
ceptor vesicles can be separated from each other before
assay of ACAT activity and the extent of cholesterol trans-
fer can be established directly [23, 25]. The influence of
oxysterol on this forward transfer was therefore evaluated
for several ratios of cholesterol in liposomes to microsomes
(Fig. 3 and Table 2).

The extent of cholesterol transfer was time dependent
and followed first-order kinetics under all conditions (Fig.
3). The slope of each line provides the first-order rate con-
stant (k) for that system from which half-time for choles-
terol transfer is calculated (t,, = In2/k) (Table 2). At all ratios
of cholesterol in liposomes to microsomes, the presence of 25-
hydroxycholesterol slightly decreased the half-time for transfer.

A plot of ACAT activities of the reisolated microsomes
against the extent of cholesterol transferred (Fig. 4) exhib-
its a linear relationship for the control (line A) and the

TABLE 1. Effect of 25-hydroxycholesterol on rat liver mi-
crosomal ACAT activity in presence of different amounts of
plasma membrane vesicles

Cholesterol ratio Slope Intercept
(plasma membrane/microsomes) + - + -
0 0.70 1.11 118 43
0.77 145 158 113 47
1.54 .65 189 122 50
3.08 226 219 118 51
4.30 235 230 121 54

Different amounts of a plasma membrane preparation (175.9 nmol nonesterified
cholesterol/mg protein) were added to portions of microsomal fraction (1.79 mg
microsomal protein and 92.45 nmol nonesterified cholesterol/mL mixture) to yield
plasma membrane:microsomal cholesterol ratios of 0.77:4.3. These mixtures were
preincubated at 37°C in a medium consisting of 12.3 mM NaCl, 230 mM sucrose and
3 mM imidazole-HCl buffer, pH 7.4, for up to 50 min in the presence (+) or absence
(-) of 60 pM 25-hydroxycholesterol. At different time intervals, portions of the
mixture were removed and assayed for ACAT activity. The activities {pmol cho-
lesteryl ester formed min~" mg protein™!) are plotted against time of preincubation,
as shown in Figure 2. The slopes and intercepts were obtained from the least-squares
regression lines for each preincubation mixture.

C. Bhuvaneswaran et al.

0.00

-0.03

-0.06

liposomes]

remaining in

-0.08

InfFraction of cholesterol

-0.12

-0.15 ] | I | ?

0 10 20 30 40 50
Incubation time (min)

FIG. 3. Effect of 25-hydroxycholesterol on the transfer of
cholesterol to microsomes from cholesterol-phos-
phatidylcholine liposomes. Portions of microsomal fraction
(3.48 mg protein and 248.8 nmol nonesterified cholesterol/
mL mixture) were incubated with [?H]cholesterol-
phosphatidylcholine liposomes (1:1, mol/mol; specific radio-
activity = 17.17 dpm/pmol) at 37°C. The ratio of liposomal
to microsomal cholesterol at the beginning of incubation
was 1.78. Where indicated, 25-hydroxycholesterol was
added at zero time as a solution in 95% ethanol to give 60
pM final concentration (solid circle). The mixture without
25-hydroxycholesterol contained an equal volume of etha-
nol (open circle). At different time intervals, portions of the
mixture were centrifuged to isolate the treated microsomal
vesicles from the liposomal vesicles. The results are ex-
pressed as the fraction of total radioactivity remaining in the
[*H]cholesterol-phosphatidylcholine liposomes. The data
for the semilogarithmic plot were analyzed by a least-
squares method and the best-fitting regression lines drawn.
For the system without oxysterol: y = —-(2.46x + 6.2) x 103
[correlation coefficient is ~0.993 (n = 6, P < 0.001)]; for the
system with oxysterol: y = -(2.62x + 10.2) x 10~? [correla-
tion coefficient is -0.999 (n = 6, P < 0.001)]. The slopes of the
lines give the first-order rate constants (k) for transfer of cho-
lesterol to microsomal vesicles from the liposomal donor.

system preincubated with 25-hydroxycholesterol (line B).
Irrespective of the amount of cholesterol transferred, system
B showed a higher ACAT activity than did system A in the
reisolated microsomes. This difference, however, is due to
the retention of substantial amounts of 25-hydroxy-
cholesterol, added during preincubation, in reisolated mi-
crosomes from system B. This reasoning was confirmed in
separate experiments using 25-hydroxy-[26,27->H]cholesterol.
When the control (system represented by line A} is assayed
for ACAT in the presence of 60 uM 25-hydroxycholesterol
(line C), it is indistinguishable from the system preincu-
bated in the presence of the oxysterol (line B).

Effect of 25-Hydroxycholesterol on the Reverse

Transfer of Cholesterol From Microsomal Vesicles

to Liposomes

Preincubation of microsomal vesicles with phosphatidyl-
choline liposomes resulted in depletion of microsomal cho-
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TABLE 2. Effect of 25-hydroxycholesterol on the rate of
cholesterol transfer from liposomes to rat liver microsomal
vesicles

10? x first-order

Cholesterol ratio rate constant (k) ty, (h)
(liposomes/microsomes) - + - +
Experiment 1
0.89 ND 2.90 ND 4.0
1.78 2.46 2.62 4.7 4.4
Experiment 2
0.28 2.57 3.47 45 33
0.84 2.14 2.85 54 41

Portions of two different microsomal preparations were incubated with different
concentrations of [*H]cholesterol/phosphatidylcholine (1:1, mol/mol) liposomes in a
medium consisting of 12.3 mM NaCl, 230 mM sucrose and 3 mM imidazole-HCI
buffer, pH 7.4, for up to 50 min in the presence (+) or absence (=) of 60 uM
25-Hydroxycholesterol. For the buffer-treated controls, the liposomes were substi-
tuted with an equal volume of 0.15 M NaCl. The microsomal protein concentrations
for experiments 1 and 2 are, respectively, 3.48 mg and 2.4 mg/ml of the incubation
mixture. The first-order rate constant (k) for each system is calculated from the slope
of the least-squares regression lines, as shown in Figure 3. The correlation coefficient
for each of the lines is greater than —0.998. Half-times (t, /2) were calculated with the
equation t;, = In2/k. Other experimental details are given in the caption to Figure
3. ND, not done.

lesterol due to reverse transfer of cholesterol from micro-
somes to liposomes [23, 25]. Figure 5 shows a reciprocal plot
of ACAT activities of microsomes that were subjected to
preincubation for 50 min at 37°C with different concen-
trations of phosphatidylcholine liposomes against the lipo-
somal:microsomal phospholipid ratios used during preincu-
bation. Line A in Figure 5 represents control systems that
did not contain 25-hydroxycholesterol during either the
cholesterol-depletion process or during the subsequent as-
says for ACAT activities. Line B represents systems that
included 25-hydroxycholesterol (60 pM) during the cho-
lesterol-depletion process and during the subsequent assays
for ACAT activities. Line C represents the same systems as
line A except for the inclusion of 25-hydroxycholesterol
(60 wM) during assays for solely ACAT activities. The
plots show straight lines. The progressive decrease in
ACAT activity with increases in the liposomal:microsomal
phospholipid ratio in the system is a reflection of the extent
to which cholesterol is lost from the microsomal vesicles to
the liposomal vesicles contained in the preincubation mix-
ture [27]. Although the slopes of lines A and B are distinct,
the difference is solely due to the presence of the oxysterol
during ACAT assay with system B. Inclusion of 25-
hydroxycholesterol only during ACAT assay with system A
(Fig. 5, line C) results in activities that are close to those of
system B.

DISCUSSION

The microsomes are a heterogeneous population of vesicles;
some are derived from the endoplasmic reticulum (contain-
ing ACAT enzyme, but minimal nonesterified cholesterol)
and others are derived from the plasma membranes (con-
taining most of the nonesterified cholesterol) [12, 32-35].
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FIG. 4. Relationship between the extent of liposomal cho-
lesterol transferred to microsomal vesicles and ACAT activ-
ity. The conditions of preincubation with cholesterol-
containing liposomes were as described for Fig. 3. The mi-
crosomal vesicles were reisolated by centrifugation and
assayed for ACAT activity as described in Materials and
Methods. Line A (open circle) represents the control sys-
tems that did not contain 25-hydroxycholesterol during ei-
ther transfer of cholesterol from liposomes to microsomes or
subsequent assay for ACAT activity of the reisolated micro-
somal vesicles. Line B (solid circle) represents systems
where 60 pM of 25-hydroxycholesterol were present during
the transfer of cholesterol from liposomes to microsomes
and the subsequent assay for ACAT activity of reisolated
microsomal vesicles. Line C (square) represents the same
systems as those represented in line A, except that 60 pM
25-hydroxycholesterol was included during ACAT assays.
The best-fitting regression lines are drawn for each system.
The equation are: line A, y = 31x + 145.5; line B, y = 34.4x
+ 364.5; and line C, y = 33.5x + 380.7. The correlation
coefficients are greater than 0.990 (P < 0.001).

Thus, the ACAT enzyme has ready access to only a small
percentage of the total microsomal cholesterol [27, 33] and,
under normal conditions, operates far from substrate satu-
ration [23, 25]. The substrate pool for the enzyme, however,
can be expanded through transfer of unesterified choles-
terol from plasma membrane vesicles and/or from choles-
terol-rich phospholipid liposomes to ACAT-containing
vesicles (forward transfer); this expansion results in an in-
crease in ACAT activity [23, 26, 32]. The intervesicular
transfer of cholesterol is mediated through preincubation of
the microsomal vesicles with the donor vesicles prior to
assay for ACAT activity and depends on time, temperature
and concentrations of the cholesterol-donor and acceptor
vesicles in the preincubation mixture [23, 25, 27]. A few
studies have suggested that the stimulatory effect of 25-
hydroxycholesterol on ACAT activity observed here (Fig.
1) and by others [5-13] is a consequence of increased sub-
strate availability for the enzyme. This conclusion is based
on the observation that the stimulatory effect of the oxy-
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FIG. 5. Effect of 25-hydroxycholesterol and liposomal phos-
pholipid concentration on cholesterol depletion and ACAT
activity in microsomal membranes. The microsomal frac-
tion (2.1 mg protein; 946.4 nmol microsomal phospholipid
and 122.3 nmol nonesterified cholesterol/mL mixture) was
preincubated at 37°C with different concentrations of lipo-
somes made solely of phosphatidylcholine to deplete micro-
somal cholesterol content. At the end of 50 min of preincu-
bation, the mixtures were centrifuged to isolate the choles-
terol-depleted microsomal vesicles. ACAT activities were
assayed in portions of the reisolated microsomal vesicles, as
described in Materials and Methods. The reciprocal of
ACAT activity is plotted against the liposomal:microsomal
phospholipid ratio used for the depletion process. Line A
(open circle) represents the control system, where both pre-
incubation and ACAT assay were carried out in the absence
of 25-hydroxycholesterol. Line B (solid circle) represents
the system that contained 60 pM 25-hydroxycholesterol
during preincubation and during ACAT assay. Line C
(square) is the same as line A except that 60 pM 25-
hydroxycholesterol was included only during ACAT assay.
The data were analyzed by a least-squares method, and the
best-fitting regression lines were drawn. The correlation co-
efficients are greater than 0.992 (P < 0.001).

sterol on ACAT activity progressively decreased and was
even abolished as the microsomal cholesterol content was
increased {11, 12]. This study evaluates (1) the influence of
25-hydroxycholesterol on cholesterol transfer rates under
established conditions favoring an increase and a decrease
in the cholesterol substrate pool for ACAT and (2) wheth-
er the changes in the extent of cholesterol transferred ad-
equately account for the significant stimulation of the
ACAT activity by this oxysterol.

Consistent with our previous findings [27], addition of
purified plasma membranes to the microsomal preparation
and preincubation results in increased ACAT activity. The
time of preincubation and the concentration of the plasma
membranes in the preincubation system determine the ex-
tent to which the ACAT activity is increased (Fig. 2, Table
1). The slopes, which reflect the rate at which cholesterol
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is made available to the enzyme for each of the systems [25,
27], are similar irrespective of the presence or absence of
25-hydroxycholesterol in the preincubation system (Table
1). Also, irrespective of the concentration of plasma mem-
brane vesicles in the preincubation system, the intercepts in
the presence of 25-hydroxycholesterol remain quite close
together (Table 1). A significant involvement of 25-
hydroxycholesterol on the transfer process, were it to occur,
should have elicited higher slopes and also progressively
higher intercepts with increasing amount of added plasma
membranes (increasing amount of cholesterol made avail-
able for transfer) provided the enzyme is not saturated with
respect to cholesterol. The systems evaluated here are not
substrate-saturated because the ACAT activity responds
linearly to cholesterol transfer even at the highest concen-
tration of added plasma membranes and even after 50 min
of preincubation. Hence, for both slopes and intercepts, a
significant involvement of 25-hydroxycholesterol in the
cholesterol transfer process is not indicated.

This finding is also borne out by the data on the rates of
forward transfer of cholesterol to microsomes from choles-
terol-rich liposomal donors (Fig. 3, Table 2). Although the
presence of 25-hydroxycholesterol gave a slightly higher
rate constant for cholesterol transfer, this is far from ad-
equate to explain the substantial increase in the ACAT
activity observed in its presence. Analysis of the data in Fig.
4 reveals that the linear responses in ACAT activities to
cholesterol transfer have similar slopes for lines A, B and C.
The distinct difference between the control (line A) and
the one with 25-hydroxycholesterol (line B) is seen in the
intercepts. This difference in intercepts amounts to nearly
220 pmol cholesteryl ester synthesized per min/mg micro-
somal protein. On the basis of the equation for line A, an
extra input of nearly 6-7 nmol of cholesterol/mg protein
would be necessary to change the ACAT activity of the
control system solely through enrichment of cholesterol to
comparable ACAT activity found with the system contain-
ing the oxysterol (line B). The maximum amount of cho-
lesterol transferred over a 50-min preincubation period in
the control (line A) and the one with 25-hydroxycho-
lesterol (line B) are 13.5 and 15.2 nmol/mg protein, respec-
tively. The difference of 1.7 nmol (over a 50-min preincu-
bation period) is not sufficient to account for all of the
stimulation in activity seen with system B. Furthermore,
this amount of cholesterol must be transferred immediately
to account for the ready stimulation of ACAT in the pres-
ence of 25-hydroxycholesterol. In addition, the control sys-
tem, assayed for ACAT activity in presence of 60 pM
25-hydroxycholesterol (line C), is indistinguishable from
the system preincubated in the presence of the oxy-
sterol (line B).

Similar results are also seen on reverse transfer of cho-
lesterol from microsomal vesicles to liposomes made of only
phosphatidylcholine (Fig. 5). The concentration of the
phosphatidylcholine vesicles and the time of preincubation
are critical in determining the rate of efflux of microsomal
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cholesterol [23, 27]. Consistent with our previous findings
[23, 27], the loss of cholesterol from the microsomes is
reflected in the loss of ACAT activity in the treated mi-
crosomal preparations {Fig. 5, line A). With increasing val-
ues for the liposomal:microsomal phospholipid ratio in pre-
incubation, the loss in ACAT activity is progressively
greater with the control (line A, no oxysterol is present
during preincubation) and with the system that contained
25-hydroxycholesterol (line B) during preincubation. The
decreases in ACAT activities are reflections of decreased
cholesterol availability to the enzyme. The distinct differ-
ence in the slopes of lines A and B is solely due to the
presence of the oxysterol during ACAT assay in system B
but not in system A. In fact, inclusion of 25-hydroxycho-
lesterol with the control microsomes only during ACAT
assay (Fig. 5, line C) results in activities that are close to
those of system B. Hence, the presence of 25-hydroxy-
cholesterol during preincubation seems to be inconsequen-
tial in the cholesterol depletion process. Taken together,
the present data suggest that the significant stimulatory
effect on ACAT activity due to the presence of 25-
hydroxycholesterol cannot be accounted for by the small
changes in the cholesterol transfer rates.

In this context, recent evidence indicates that choles-
terol itself can serve as an activator of ACAT, besides its
role as a substrate for the enzyme [36]. At saturating sub-
strate concentration, cholesterol may compete with 25-
hydroxycholesterol for binding at an allosteric site, which
may be the reason for decreased stimulatory effect of the
oxysterol on ACAT on saturation of the system with cho-
lesterol [11, 12].
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