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The activity of cholesterol 7a-hydroxylase in rat liver microsomes was investi-
gated under conditions favourable for phosphorylation-dephosphorylation. The
enzyme activity was similar in the presence or absence of sodium fluoride during
preparation. Preincubation with ATP and magnesium did not affect the enzyme
activity. Cholesterol 7a-hydroxylase was inhibited by alkaline phosphatase, but
this inhibition was similar also after inactivation of the phosphatase. Under simi-
lar conditions, rat hepatic hydroxymethylglutaryl CoA reductase activity was
clearly modulated in agreement with phosphorylation-dephosphorylation. The
absence of such a modulation of cholesterol 7a-hydroxylase argues against invol-
vement of phosphorylation-dephosphorylation in the regulation of this enzyme.

Cholesterol 7a-hydroxylase (EC 1.14.13.7) cata-
lyses the initial step in the conversion of cho-
lesterol to bile acids.'? This reaction is rate lim-
iting for bile acid biosynthesis** and cholesterol
7a-hydroxylase is subject to regulation by a num-
ber of factors including hormones, drugs, dietary
components, bile diversion and lymphatic drain-
age.'” Recently, several investigators have repor-
ted that the enzyme activity might be modulated
by a phosphorylation-dephosphorylation mecha-
nism. Addition of alkaline phosphatase was
found to inhibit cholesterol 7a-hydroxylase and
there was an apparent activation in the presence
of ATP and protein kinase.>® This would be an in-
teresting mechanism for regulation of cholesterol
homeostasis, and it has even been suggested that
phosphorylation-dephosphorylation may be of
importance for coordinating the activities of cho-
lesterol 7a-hydroxylase and the rate limiting en-
zyme in cholesterol biosynthesis, hydroxymethyl-
glutaryl (HMG) CoA reductase.” However, other
authors have reported an inactivation of cho-
lesterol 7a-hydroxylase in the presence of ATP,
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which was reversible in the presence of a cyto-
solic activator.* In a recent work, it was reported
that ATP acted both as inhibitor and stimulator
on cholesterol 7a-hydroxylase depending on the
nucleotide concentration.' Again, other authors
have reported a complete lack of effect by ATP
or sodium fluoride on the enzyme activity.'"'? In
view of the contradictory reports, it was conside-
red of interest to further investigate the possible
role of phosphorylation on the cholesterol 7a-hy-
droxylase. In order to ascertain that suitable con-
ditions for phosphorylation and dephosphoryla-
tion were present, HMG CoA reductase was in-
cluded in the experiments. That this enzyme is
subject to phosphorylation-dephosphorylation is
well documented."*" In previous works, the ac-
tivity of cholesterol 7a-hydroxylase was assayed
by measuring the rate of conversion of added la-
belled substrate. In the present work, a presum-
ably more accurate assay based on conversion of
endogenous substrate with a mass fragmento-
graphic technique'® was used.
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Experimental procedure

Materials. Mevalonic acid lactone, HMG CoA,
NADPH, glucose-6-phosphate, glucose-6-phos-
phate dehydrogenase, dithiothreitol and ATP
were obtained from Sigma Chemical Co, St
Louis, MO. 3-"C HMG CoA was a product of
New England Nuclear Corp., Boston, MA., and
DL-2-'H mevalonic acid lactone was purchased
from the Radiochemical Centre, Amersham,
England. *H; 7a-hydroxycholesterol was synthe-
zised as described previously." E. coli alkaline
phosphatase type III was obtained from Sigma
and the suspension was centrifuged at 12,000 X g
for 45 min at 4°C just prior to use. The super-
natant was discarded and the pellet suspended in
20 mM imidazole-HCI buffer, pH 7.4.

Enzyme preparations. Male Sprague-Dawley rats
with a weight of 200-250 g were used. The ani-
mals were fed standard laboratory chow and kept
under a 12 h light/dark cycle (light 10 p.m. to 10
a.m.). The rats were killed at 9 a.m., the livers
excised and homogenized in 9 volumes of 50 mM
Tris-HCI buffer, pH 7.4, containing 0.3 M su-
crose, 10 mM EDTA and 10 mM dithiothreitol.
In order to achieve different conditions during
the preparation, the tissue was divided in two
fractions, one being homogenized in the presence
of 50 mM NaCl and the other in the presence of
50 mM NaF. The homogenates were centrifuged
at 20,000 x g at 4°C for 20 min and the super-
natant fractions were immediately centrifuged at
100,000 x g at 4°C for 60 min. The pellets were
suspended in 50 mM Tris-HCI buffer, pH 7.4,
containing 0.3 M sucrose and 10 mM EDTA as
above, in the presence and absence of 50 mM
NaCl or NaF. Following this procedure, the sus-
pensions containing either NaCl or NaF were
both split in two fractions, respectively, one be-
ing used for assay of HMG CoA reductase and
the other one for assay of cholesterol 7a-hydro-
xylase. The suspensions were recentrifuged at
100,000 x g as above. The pellet fractions used
for assay of HMG CoA reductase activity were
dissolved in 20 mM imidazole-HCI buffer, pH
7.4, containing 10 mM dithiothreitol. The pellets
in the tubes used for assay of cholesterol 7a-hy-
droxylase activity were dissolved in 20 mM Tiis-
HCI buffer, pH 7.4, containing 1 mM EDTA.
The protein concentrations were determined as
described by Lowry."”

458

Assay of enzyme activities. The activity of HMG
CoA reductase was assayed essentially as de-
scribed earlier' except that the final EDTA con-
centration was 2 mM. The assay for cholesterol
Ta-hydroxylase was performed according to the
method of Bjorkhem and Kallner,'® where the
product, 7a-hydroxycholesterol, is measured by
isotope dilution — mass spectrometry. Alkaline
phosphatase was assayed as described.”

Activation-inactivation experiments. The micro-
somal fractions were preincubated either in the
presence or absence of 20 units of alkaline phos-
phatase or in the presence or absence of 4 mM
ATP and 10 mM magnesium chloride prior to as-
say of HMG CoA reductase and cholesterol 7a-
hydroxylase activities. The preincubation condi-
tions chosen were 45 min at 37°C for HMG CoA
reductase and 60 min at 37 °C for cholesterol 7a-
hydroxylase.

Results

When rat liver microsomes are prepared in the
presence of fluoride, HMG CoA reductase activ-
ity is prevented from activation and the enzyme is
mainly present in its inactive, phosphorylated
form.™** The results shown in Table 1 are in ac-
cordance with this concept. In contrast, the pres-
ence of fluoride during the enzyme preparation
did not affect cholesterol 7a-hydroxylase activity.
Incubation with MgATP did not change the activ-
ity of cholesterol 7a-hydroxylase appreciably,
neither with NaCl-treated nor with NaF-treated
microsomes. Addition of alkaline phosphatase
did, however, decrease the enzyme activity to a
similar extent in both cases. As described by oth-
ers, HMG CoA reductase activity was readily af-
fected by both MgATP and alkaline phosphatase,
indicating the presence of a phosphorylation-de-
phosphorylation mechanism. The finding that the
presence of alkaline phosphatase decreased the
cholesterol 7a-hydroxylase activity, which has
also been noted by others,** might however indi-
cate a possible dephosphorylation of the enzyme.
The alkaline phosphatase preparation used was,
however, not homogeneous and the presence of
other factors influencing the activity of both en-
zymes could not be ruled out. Consequently, in
order to inactivate the alkaline phosphatase, the
enzyme preparation was treated for 5 min at
100°C and thereafter used in the preincubation
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experiments analyzed in duplicate, and the variation indicates the standard error of the mean. The relative numbers are expressed with reference to the

potassium phosphate at a final concentration of 100 mM was added after preincubation just prior to assay. The numbers represent mean values from four
respective enzyme activities with NaCl-microsomes and no additions.

“The buffer used for cholesterol 7a-hydroxylase was 20 mM Tris-HCI, pH 7.4. For HMG CoA reductase, 20 mM imidazole-HCI, pH 7.4, was used and

Table 1. Effect of ATP and alkaline phosphatase on cholesterol 7a-hydroxylase and HMG CoA reductase activity®

+ Alkaline phosphatase

No addition
+ Mg ATP

Conditions

RAT LIVER CHOLESTEROL 7a-HYDROXYLASE

Table 2. Effect of heat treatment of alkaline
phosphatase on the cholesterol 7a-hydroxylase
activity®

Conditions Cholesterol
7a-hydroxylase
activity (%)
no additions 100
+ alkaline phosphatase 40
+ heat-treated alkaline phosphatase 55

“After centrifugation, the alkaline phosphatase was
diluted to a concentration of 100 U/ml in 20 mM
imidazole-HCI buffer, pH 7.4. The enzyme
preparation was then divided and one half was
treated for 5 min at 100°C. The two preparations
were thereafter used in equal concentrations in the
standard assay of cholesterol 7a-hydroxylase. The
concentration used corresponded to 10 units per
incubation of the untreated alkaline phosphatase.

procedure. During the heat treatment procedure,
more than 90 % of the alkaline phosphatase ac-
tivity was lost. As is shown in Table 2, the inhib-
itory effect on cholesterol 7a-hydroxylase activity
did not differ appreciably (cf. Table 1) between
heat-treated and control alkaline phosphatase. It
was of importance to compare this effect on cho-
lesterol 7a-hydroxylase activity with that on the
HMG CoA reductase. The enzyme preparations
were therefore preincubated with different con-
centrations of either native or heat-treated alka-
line phosphatase. As is shown in Fig. 1, there was
a large decrease in the activation of HMG CoA
reductase following heat treatment of alkaline
phosphatase, while again no difference was seen
in the case of cholesterol 7a-hydroxylase.

Discussion

Several laboratories have during recent years
studied the regulation of cholesterol 7a-hydroxy-
lase. However, apparently conflicting results
have been presented raising some controversy re-
garding the role of phosphorylation-dephospho-
rylation of this enzyme.>"? In contrast, the role of
phosphorylation-dephosphorylation in the regu-
lation of another enzyme of importance in cho-
lesterol metabolism, HMG CoA reductase, has
been well documented.'*" The aim of the pres-
ent study was therefore to compare the influence
of conditions favouring phosphorylation-dephos-
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Fig. 1. Effect of preincubation with alkaline
phosphatase on the activities of HMG CoA reductase
and cholesterol 7a-hydroxylase. HMG CoA reductase
activity after preincubation with active (O) or heat-
treated (@) alkaline phosphatase. Cholesterol 7a-
hydroxylase activity after preincubation with active
(M) or heat-treated (A) alkaline phosphatase. The
alkaline phosphatase preparation was divided into
two fractions and one fraction was treated for 5 min
at 100°C. Heat-treated and control alkaline
phosphatase was added in corresponding amounts
and the amount of units given represents the addition
of active alkaline phosphatase.

phorylation on these two enzymes in parallel
studies, in order to shed further light on the
mechanisms regulating the activity of cholesterol
Ta-hydroxylase.

Rat liver HMG CoA reductase is known to be
activated by protein phosphatases during the
preparation of microsomes, and this activation
can be prevented by the inclusion of sodium
fluoride."* " The activity of cholesterol 7a-hydro-
xylase activity was virtually the same when the
enzyme was prepared in the presence or absence
of sodium fluoride. Furthermore, no effect of
preincubation with MgATP on enzyme activity
was demonstrable. The in vitro activation-inac-
tivation of HMG CoA reductase was readily
demonstrated under these conditions, indicating
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that the conditions for phosphorylation were
present. These results do not support the pos-
sibility that in vitro modulation of cholesterol 7a-
hydroxylase by phosphorylation-dephosphoryla-
tion occurs.

This hypothesis was further supported by the
finding that inactivated alkaline phosphatase in-
hibited enzyme activity to a similar extent as the
fully active phosphatase preparation. Again, a
marked difference was seen between HMG CoA
reductase and cholesterol 7a-hydroxylase with
respect to the effect of inactivated alkaline phos-
phatase. The small amount (less than 10 %, cor-
responding to less than 1 unit/incubation) of alka-
line phosphatase activity remaining after heat
treatment is unlikely to be sufficient to dephos-
phorylate cholesterol 7a-hydroxylate. Thus, at
least 3 units of alkaline phosphatase have been
found necessary to activate phosphatidic acid
phosphatase under similar conditions. There
still remained, however, a small activation of
HMG CoA reductase even after heat treatment
of alkaline phosphatase. It must be emphasized
that the alkaline phosphatase preparation used
was not homogeneous and the presence of pos-
sible heat-stable activators or inhibitors can not
be ruled out. The results indicate that the inhibi-
tion of cholesterol 7a-hydroxylase seen in the
present experiments with alkaline phosphatase is
not specific and may be due to some factor pres-
ent in the phosphatase preparation.

Thus, our results do not support the contention
that phosphorylation-dephosphorylation is of im-
portance in the regulation of the cholesterol 7a-
hydroxylase. It may be argued that crude prep-
arations of the enzyme were used in the present
experiments and that definite conclusions must
await work with purified preparations. On the
other hand, Danielsson et al. were not able to
demonstrate specific effects of ATP on a recon-
stituted cholesterol 7a-hydroxylating system con-
sisting of highly purified cytochrome P-450 and
NADPH cytochrome P-450 reductase.'"
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