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The two compounds compactin and ML-236B are identi-
cal fungal metabolites isolated from strains of Penicillium
brevicompactum and Penicillium citrinum, respectively.
ML-236B has been shown to be a potent competitive inhibi-
tor of rat liver microsomal 3-hydroxy-3-methylgiuiaryl
coenzyme A reductase (HMG-CoA reductase), the rate-con-
trolling enzyme in cholesterol biosynthesis (Endo, A., Ku-
roda, M., and Tanzawa, K. (1976) FEBS Lett. 72, 323-326).
In the current studies we demonstrate that compactin is a
potent competitive inhibitor of HMG-CoA reductase in ex-
tracts of human fibroblasts (K, = 1.1 nm). Incubation of
intact fibroblasts with 2.6 um compactin produced a com-
plete but readily reversible inhibition of [**Clacetate incor-
poration into [**Clcholesterol without affecting the incor-
poration of ['*Clmevalonate into ['*C]cholesterol. The com-
pactin-mediated inhibition of HMG-CoA reductase activity
in intact fibroblasts led to the production of large amounts
of enzyme that was not active in the cell because it was
inhibited by compactin. The presence of this enzyme could
be demonstrated, however, by assays of HMG-CoA reductase
activity in cell-free extracts under conditions in which the
inhibitory effect of compactin was overcome by dilution.
The appearance of this latent HMG-CoA reductase activity
was prevented by eycloheximide. The latent HMG-CoA re-
ductase that appeared in the presence of compactin could
not be suppressed fully by the addition of low density
lipoprotein to the culture medium. However, the enzyme
could be completely suppressed by the addition of small
amounts of mevalonate together with low density lipopro-
tein. From these data we suggest that incubation of intact
fibroblasts with compactin may unmask a new regulatory
system for HMG-CoA reductase that does not depend on
exogenous cholesterol derived from low density lipoprotein
but may depend on an endogenous compound generated
from the metabolism of mevalonate.

* This research was supported by Grant HL 20948 from the
National Institutes of Health. The costs of publication of this article
were defrayed in part by the payment of page charges. This article
must therefore be hereby marked “advertisement” in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

1 Established Investigator of the American Heart Association.

The activity of the microsomal enzyme 3-hydroxy-3-methyl-
glutaryl coenzyme A reductase (HMG-CoA reductase)’ deter-
mines the rate of cholesterol synthesis in a wide variety of
mammalian cells (1). In cultured human fibroblasts, the
activity of this enzyme is regulated primarily by cholesterol
that enters the cell bound to the plasma cholesterol transport
protein, low density lipoprotein (LDL) (2). When LDL is
available to fibroblasts, the lipoprotein binds to a specific
LDL receptor on the cell surface, is taken up within coated
endocytic vesicles, and is delivered to cellular lysosomes
where its protein and cholesteryl ester components are de-
graded (for review, see Refs. 3 to 5). The resultant free
cholesterol can be utilized by the cell for a number of struc-
tural and regulatory purposes, including synthesis of plasma
membranes and suppression of HMG-CoA reductase activity
and cholesterol synthesis. When fibroblasts are deprived of
LDL, the activity of HMG-CoA reductase increases, enabling
the cells to synthesize de novo the cholesterol required for
plasma membrane synthesis and cell growth (6, 7).

Because of its importance in regulating cholesterol biosyn-
thesis, the HMG-CoA reductase enzyme has been extensively
studied, and enzyme inhibitors have been intensely sought.
One class of such compounds consists of a variety of oxygen-
ated sterols that have a potent ability to suppress HMG-CoA
reductase activity when added to intact cells in tissue culture
(6, 8-10). Inasmuch as these compounds have no inhibitory
activity when incubated directly with HMG-CoA reductase in
cell-free extracts (6, 9), their suppressive activity has been
attributed either to an inhibition of the synthesis of the
enzyme or to an enhancement in the rate of degradation of
the enzyme within the cell or to a combination of both of
these effects (6, 9, 10).

Recently, an important new class of true HMG-CoA reduc-
tase inhibitors has been isolated from the culture broth of the
mold Penicillium citrinum by Endo and collaborators (11,
12). When incubated with microsomal HMG-CoA reductase
from rat liver, the most potent of these compounds, designated
ML-236B, behaved in a competitive fashion with respect to

! The abbreviations used are: HMG-CoA reductase, 3-hydroxy-3-
methylglutaryl coenzyme A reductase; HMG, 3-hydroxy-3-methyl-
glutarate; LDL, low density lipoprotein.
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the substrate, HMG-CoA. The inhibitory constant (K;) was in
the range of 10 nM (12). The drug also inhibited the incorpo-
ration of ["'Clacetate into cholesterol in homogenates of rat
liver. When given as a single oral dose to intact rats, ML-
236B was able to lower plasma cholesterol levels acutely (11).
The structure of ML-236B was shown to be identical with that
of a drug called compactin, which was independently isolated
from extracts of Penicillium brevicompactum by Brown et al.
(13), who were studying its antifungal activity.

In the current studies, we have used compactin as a tool to
explore the regulation of HMG-CoA reductase in cultured
human fibroblasts. The data demonstrate that compactin is
an extremely potent and readily reversible competitive inhib-
itor of HMG-CoA reductase in these cells. An unexpected
result was obtained when intact fibroblasts were treated with
compactin. At the same time that the drug completely in-
hibited HMG-CoA reductase activity inside the cell (as re-
vealed by a comparison of the incorporation of [''Clacetate
and [""C)mevalonate into cholesterol in intact monolayers), it
also caused a marked increase in the cellular content of
HMG-CoA reductase activity (as measured in cell-free ex-

tracts),
EXPERIMENTAL PROCEDURES

Materials —Sodium '°1 (carrier free in 0.05 N NaOH), [1-"*C]Joleic
acid (58 mCi/mmol), and pr-[2-"*C]mevalonic acid lactone (13 mCi/
mmol) were purchased from Amersham/Searle. piL-3-Hydroxy-3-
methyl[3-"*]glutaryl coenzyme A (26.2 mCi/mmol) and [1,2-
“H]cholesterol (50 Ci/mmol) were obtained from New England Nu-
clear Corp. [2-*C)Acetic acid, sodium salt (51 to 59 mCi/mmol) was
obtained from either Amersham/Searle or New England Nuclear
Corp. prL-Mevalonic acid lactone, 3-hydroxy-3-methylglutaric acid
(HMG), and cycloheximide were purchased from Sigma Chemical
Co. pL-2-Methylbutyric acid was purchased from Eastman. Compac-
tin (M, = 390) was the gift of Dr. R. B. Fears of Beecham Pharma-
ceuticals. 25-Hydroxycholesterol was obtained from Steraloids, Inc.
Other chemicals, thin layer chromatographic supplies, and tissue
culture supplies were obtained from sources as previously reported
(2, 6).

Solutions —Compactin in the lactone form was converted to the
sodium salt by heating at 50° for 1 h in 0.1 N NaOH. The final
solution (0.24 mg/ml, 0.62 mm) was adjusted to pH 7.7 with HCl and
stored in multiple aliquots at —20° until use. Aliquots of HMG (0.82
M) were made up in water, adjusted to pH 6.9 with NaOH, and
stored at —20° until use. Aliquots of mevalonic acid lactone (0.77 M)
were made up in 10 mm potassium phosphate, pH 4.5, and stored at
—20° until use. 25-Hydroxycholesterol was dissolved in ethanol (2
mg of sterol/ml) just prior to each experiment. The sterol was
greater than 99% pure as judged by gas-liquid chromatography.

Cells —Cultured fibroblasts were derived from skin biopsies ob-
tained from normal subjects. Cells were grown in monolayer and
used between the 5th and 20th passage. Stock cultures were main-
tained in a humidified incubator (5% CQ,) at 37° in 250-ml flasks
containing 10 ml of Medium A [Eagle’s minimum essential medium
(Gibco, Catalogue No. F-11) supplemented with penicillin (100 units/
ml); streptomycin (100 ug/ml); 20 mm Tricine, pH 7.4; 24 mm
NaHCO,; 1% (v/v) nonessential amino acids] and 10% (v/v) fetal calf
serum. Unless otherwise noted, all experiments were done in a
similar format. On Day 0, confluent monolayers of cells from stock
flasks were dissociated with 0.05% trypsin-0.02% EDTA solution,
and 1 x 10° cells were seeded into each Petri dish (60 x 15 mm)
containing 3 ml of Medium A with 10% fetal calf serum. On Day 3
the medium was replaced with 3 ml of fresh Medium A containing
10% fetal calf serum. On Day 5, when the cells were in late
logarithmic growth, each monolayer was washed with 3 ml of
phosphate-buffered saline, after which 2 ml of fresh Medium A
containing 5% or 10% (v/v) human lipoprotein-deficient serum were
added (final protein concentration, 2.5 or 5 mg/ml). Experiments
were initiated on Day 6 or 7 after the cells had been incubated for
24 or 48 h in the presence of lipoprotein-deficient serum.

Lipoproteins —Human LDL (density 1.019 to 1.063 g/ml) and
lipoprotein-deficient serum (density > 1.215 g/ml) were obtained
from the plasma of individual healthy subjects and prepared by
differential ultracentrifugation (2). Fetal .calf lipoprotein-deficient
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serum was prepared as previously described (6). The concentration
of LDL is expressed in terms of its protein content. The mass ratio
of total cholesterol to total protein in LDL was 1.6:1. '*5I-labeled
LDL (specific activity, 200 to 350 cpm/ng of protein) was prepared as
previously described (14). For each experiment, the SI-LDL was
diluted with unlabeled LDL to give the final specific activity
indicated in the legends.

Incorporation of [V*C]Acetate and ["*C]Mevalonate into “C-labeled
Nonsaponifiable Lipids and [Y*C/Cholesterol and Incorporation of
["C]Acetate into "*C-labeled Fatty Acids by Intact Fibroblasts — Mon-
olayers were incubated at 37° in 2 ml of Medium A containing 10%
human lipoprotein-deficient serum and supplemented with either 1
mM [2-"*Clacetate or 0.4 mm [2-''C]mevalonate. After the indicated
interval, the medium from each dish was transferred to a glass
tube, each cell monolayer was dissolved in 1 ml of 0.1 N NaOH, and
the dissolved cell suspension was pooled with the medium. To each
3-ml sample of medium plus cells was added 3 ml of ethanol, 0.5 ml
of 50% KOH, and 10° cpm of [1,2-*H]cholesterol (50 Ci/mmol) as an
internal standard. Each sample was then saponified and extracted
with petroleum ether, and the ['*Clcholesterol was isolated and
quantified by thin layer chromatography as previously described
(15, 16). The value for total '‘C-labeled nonsaponifiable lipids was
obtained by fractionating and counting the entire chromatogram.
The data are expressed as the picomoles or nanomoles of precursor
incorporated into “C-labeled nonsaponifiable lipids or [**C]cholesterol
per mg of total cell protein.

To measure fatty acid synthesis, the aqueous phases from the
petroleum ether extractions were pooled together, acidified with
concentrated HCI, and extracted three times with petroleum ether.
The pooled organic phases were then evaporated to dryness, resus-
pended in chloroform containing 100 ug of linoleic acid as carrier,
and subjected to thin layer chromatography on Silica Gel G with a
solvent system consisting of heptane/diethyl ether/acetic acid
(90:30:1). The fatty acid spot (R, 0.30) was visualized by iodine
vapor and quantified as previously described for the measurement
of cholesteryl 1C-esters (17). The data are expressed as the picomoles
of ["“Clacetate incorporated into *C-fatty acids per mg of total cell
protein.

Incorporation of [*C]Oleate into Cholesteryl ['*C]Oleate by Intact
Fibroblast Monolayers — Monolayers were incubated at 37° in 2 ml of
Medium A containing 5% human lipoprotein-deficient serum and
supplemented with 0.1 mm [“*Cloleate bound to albumin (17). The
cells were then washed, harvested, and extracted with chloroform/
methanol (2:1) (17). The cholesteryl ["*Cloleate was isolated by thin
layer chromatography and quantified as previously described (17).
Esterification activity is expressed as the picomoles of cholesteryl
[**Cloleate formed per h per mg of total cell protein.

Assay of HMG-CoA Reductase Activity in Cell-free Fibroblast
Extracts —The rate of conversion of 3-hydroxy-3-methyl{3-'*C]glutaryl
CoA (10,000 cpm/nmol) to [*C]mevalonate was measured in deter-
gent-solubilized extracts as previously described (2). HMG-CoA
reductase activity is expressed as picomoles of [“C]mevalonate
formed per min per mg of detergent-solubilized protein.

Measurement of Amounts of Cell-bound '*I-LDL and Degraded
125[.LDL in Fibroblast Monolayers — Monolayers were incubated in a
CO, incubator at 37° with '»I-LDL in 2 ml of Medium A containing
5% human lipoprotein-deficient serum. After the indicated interval,
measurements of the cell-bound '*’I-LDL (i.e. receptor-bound plus
internalized) and degraded **I.LDL were made as previously de-
scribed (18). In all experiments, the data are expressed as high
affinity '»I-LDL binding and degradation. To obtain these data,
values for the low affinity (or nonspecific) processes were subtracted
from the observed total '**I-LDL values. The low affinity values
were determined by parallel incubations of monolayers with '25]-
LDL in the presence of a 30-fold excess of unlabeled LDL. In each
case where this correction was made, the values for the low affinity
processes were less than 10% of the observed total values.

Other Assays —The content of free and esterified cholesterol in
fibroblasts was determined by a previously described gas-liquid
chromatographic method (7). The protein content of extracts and
whole cells was determined by a modification of the method of
Lowry et al. (19), with bovine serum albumin as a standard.

RESULTS

As shown in the double reciprocal plot of Fig. 1, compactin
is an extremely potent competitive inhibitor of HMG-CoA
reductase in extracts of human fibroblasts. The affinity of the
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Fic. 1. Competitive inhibition of HMG-CoA reductase activity in
cell-free fibroblast extracts by compactin. Detergent-solubilized ex-
tracts were prepared from fibroblasts that had been grown under
standard conditions and incubated in 2 ml of Medium A containing
5% human lipoprotein-deficient serum for 48 h prior to harvest.
Aliquots (25 ul) containing 34 ug of protein were incubated at 37°
for 2 h under standard conditions for the HMG-CoA reductase assay
except that the concentration of ["*CIHMG-CoA was varied from 10
to 250 uM and the reaction tubes contained the indicated concentra-
tion of compactin (O, none; @, 3.9 nM; and A, 7.6 nm). The data are
plotted as the reciprocal of the reaction velocity (picomoles of
[**Clmevalonate formed/tube x 107%) versus the reciprocal of the
concentration of HMG-CoA (uM). Each value represents the average
of duplicate assays.

enzyme for compactin (K; = 1.1 nm) is 10,000-fold higher than
its affinity for HMG-CoA (K,, = 11 um).

Compactin contains a side chain whose structure is similar
to that of 3-hydroxy-3-methylglutarate (HMG) and mevalon-
ate (13). However, as shown in Fig. 24, HMG failed to inhibit
HMG-CoA reductase activity in fibroblast extracts when
added at concentrations more than 10%-fold higher than the
effective inhibitory concentrations of compactin. Similarly,
sodium mevalonate failed to inhibit the enzyme at concentra-
tions as high as 1 mm (data not shown). Compactin also
contains a 2-methylbutyrate side chain that has been shown
to contribute to its inhibitory action (12). Free 2-methylbutyr-
ate also failed to inhibit HMG-CoA reductase activity in
fibroblast extracts when added at concentrations as high as 1
mwM (data not shown).

As expected from its ability to inhibit HMG-CoA reductase
activity in cell-free extracts, compactin was a potent inhibitor
of cholesterol synthesis when added acutely to intact fibro-
blasts. The rate of ['*Clacetate incorporation into
[**Cicholesterol was inhibited by more than 80% at 0.25 um
compactin (Fig. 2B). In contrast, HMG failed to inhibit this
incorporation at concentrations as high as 250 um (Fig. 2B).

The inhibition of cholesterol synthesis by compactin was
sustained as long as the compound was kept in the culture
medium. As shown in Fig. 3, when fibroblasts were incubated
in the absence of lipoproteins, [*Clacetate was incorporated
into cholesterol at a nearly linear rate for 72 h. This incorpo-
ration was almost completely suppressed by compactin at 0.26
uM and was completely suppressed when the drug was present
at a concentration of 2.6 um. The inhibition was sustained
throughout the 72-h duration of the experiment. In experi-
ments not shown, cholesterol synthesis from [*Clacetate in
mutant fibroblasts from subjects with the homozygous form of
familial hypercholesterolemia was also inhibited at the same
concentrations of compactin as were normal fibroblasts.

The specificity of the compactin effect on HMG-CoA reduc-
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Fic. 2. Inhibition of HMG-CoA reductase activity in cell-free
fibroblast extracts (A) and of cholesterol synthesis from ["*Clacetate
in intact fibroblasts (B) by compactin and lack of inhibition of
either process by HMG. Experiment A, detergent-solubilized ex-
tracts were prepared from fibroblasts that were grown under stan-
dard conditions and incubated in 2 ml of Medium A containing 5%
human lipoprotein-deficient serum for 48 h prior to harvest. The
HMG-CoA reductase assays were conducted at 37° for 2 h under
standard conditions except for the addition of the indicated concen-
tration of either compactin (O) or HMG (@). Each value represents
the average of duplicate assays. Experiment B, on Day 7 each
monolayer received 2 ml of Medium A containing 10% human
lipoprotein-deficient serum and the indicated concentration of either
compactin (O) or HMG (@). After incubation at 37° for 2 h, each
monolayer was pulse-labeled for 2 h with 1 mMm [*Clacetate (59
cpm/pmol), after which the medium and cells were harvested for
determination of their content of ['*C]cholesterol. Each value repre-
sents the average of duplicate incubations.
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F1c. 3. Inhibition of cholesterol synthesis from [**Cjacetate by
compactin in intact fibroblasts. On Day 6 each monolayer received 2
ml of Medium A containing 10% human lipoprotein-deficient serum,
1 mMm [“Clacetate (5000 cpm/nmol), and the indicated concentration
of compactin. After incubation at 37° for the indicated interval, the
medium and cells were harvested for determination of their content
of [*Clcholesterol. Each value represents the average of duplicate
incubations.

tase is indicated by the experiment in Table I which shows
that in intact fibroblasts compactin at a concentration of 2.6
uM produced nearly complete inhibition of ['*Clacetate incor-
poration into total !*C-labeled nonsaponifiable lipids and
[#C]cholesterol, but did not affect the incorporation of
[“*Clmevalonate, the product of the HMG-CoA reductase re-
action. It should be noted that the absolute rate of ['*Clacetate
incorporation was greater than that of [**Cimevalonate be-
cause the concentration of the latter substrate was not satu-
rating. Compactin also failed to affect the incorporation of
[**Clacetate into ''C-labeled fatty acids in intact cells (Fig.
4B). The experiment shown in Fig. 4 also revealed that under
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TaBLE 1
Inhibition by compactin of ['*CJacetate, but not ['C]mevalonate
incorporation into '*C-labeled nonsaponifiable lipids and
["'C]cholesterol by intact fibroblasts

On Day 7 each monolayer received 2 ml of Medium A containing
10% human lipoprotein-deficient serum, the indicated concentration
of compactin, and either 1 mm [**Clacetate (51 cpm/pmol) or 0.4 mm
["*Clmevalonate (13 cpm/pmol). After incubation for 4 h at 37°, the
medium and cells were harvested for determination of their content
of total '“C-labeled nonsaponifiable lipids and ["*C]cholesterol. Each
value represents the average of duplicate incubations.

|4
[*“C]Acetate incorporation into CIMevalonate incorpora-

tion into
Compac-
tin Total nonsa-
T??ﬁitalb[l‘gxlliss&(;n- Cholesterol poniﬁ%ble lip-  Cholesterol
ids
uM pmol-h''-mg ! pmol-h™' mg™!
0 1080 (100%)* 775 (100%) 9 (100%)* 53 (100%)
0.26 157 (15%) 110 (14%) 75 (95%) 57 (108%)
2.6 25 (2.3%) 12 (1.6%) 86 (108%) 51 (96%)

“ The numbers in parentheses represent the percentage of the
values obtained in cells receiving no compactin.

conditions in which compactin completely inhibited [''CJacetate
incorporation into cholesterol in intact cells (Fig. 44), the
activity of HMG-CoA reductase, as measured in cell-free
extracts, actually increased progressively (Fig. 4C).

The increase in cellular content of HMG-CoA reductase
activity that occurred at the same time that ["Clacetate
incorporation into cholesterol was inhibited by compactin
differed from previous results obtained with 25-hydroxycholes-
terol and other cholesterol analogues. Like compactin, these
oxygenated derivatives of cholesterol suppress [''Clacetate
incorporation into cholestercl when added to intact cells, but
in doing so they caused a marked decrease in HMG-CoA
reductase activity as measured in cell-free extracts (6, 8-10).
This difference in behavior of compactin and 25-hydroxycho-
lesterol is illustrated by the experiment shown in Table IL
Intact fibroblasts exposed to compactin exhibited a reduction
in the rate of [""Clacetate incorporation into cholesterol (22%
of the control value), and a similar reduction (14% of the
control value) was achieved by 25-hydroxycholesterol. Despite
the similar inhibition of cholesterol synthesis achieved by the
two compounds in intact cells, extracts of the compactin-
treated cells showed a much higher HMG-CoA reductase
activity (120% of control) as compared with the 25-hydroxycho-
lesterol-treated cells (4.5% of the control). The increased
HMG-CoA reductase activity of the compactin-treated cells
appeared to be a latent activity in that it was inhibited
within the cell but was unmasked when the cells were
solubilized and the compactin was diluted in the solubilization
and assay mixture.

The enhanced latent HMG-CoA reductase activity that
developed in cells treated with compactin led to a marked
overshoot in the rate of ['*Clacetate incorporation into choles-
terol when compactin was removed from the culture medium.
Fig. 5 shows the rate of cholesterol synthesis from ['*C]acetate
in cells that had been exposed to compactin for 19 h (Fig. 5,
zero time). When compactin was removed from the culture
medium, the rate of cholesterol synthesis increased by more
than 6-fold within 1 h, indicating rapid reversibility of the
compactin-mediated inhibition. Because compactin had elic-
ited an increase in HMG-CoA reductase activity, the rate of
synthesis of cholesterol from [**Clacetate was 2-fold higher
immediately after removal of compactin than it was in cells
that were never exposed to the drug. Thereafter, the rate of
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Fic. 4. Effect of varying concentrations of compactin on the
incorporation of [!!Clacetate into ["*C|cholesterol (A) and “C-fatty
acids (B) by intact fibroblasts and on HMG-CoA reductase activity
as measured in cell-free extracts (C). On Day 7 each monolayer
received 2 ml of Medium A containing 5% human lipoprotein-
deficient serum and the indicated concentration of compactin. After
incubation for 30 min at 37°, the monolayers were divided into two
sets. For one set (A and B) each monolayer was pulse-labeled for 3
h with 1 mm [**Clacetate (59 cpm/pmol), after which the medium
and cells were harvested for determination of their content of
[**Clcholesterol (A) and "C-fatty acids (B). Cells from the second
set of monolayers were harvested at the same time for measurement
of HMG-CoA reductase activity (C). Each value represents the
average of duplicate incubations.

TaBLE II

Differential effects of compactin and 25-hydroxycholesterol on
["*C]Jacetate incorporation into ['*C]cholesterol by intact fibroblasts
and on HMG-CoA reductuse activity as measured in cell-free extracts

On Day 7 each monolayer received 2 ml of Medium A containing
5% human lipoprotein-deficient serum, 1 ul of ethanol, and the
indicated addition. After incubation at 37° for 2 h, the monolayers
were divided into two sets. For one set, each monolayer was pulse-
labeled for 2 h at 37° with 1 mm [*Clacetate (39 cpm/pmol), after
which the medium and cells were harvested for determination of
their content of ['*C|cholesterol. Cells from the second set of mono-
layers were harvested at the same time (after 4 h at 37°) for
measurement of HMG-CoA reductase activity. Each value repre-
sents the average of triplicate incubations.

["*C]Acetate — HMG-CoA re-
Addition to medium [**Clcholesterol by  ductase activity
cells in extracts
pmol-h 7‘4mg ' pmol-min~ -mg?
None 1170 (100%)" 299 (100%)*
Compactin, 0.25 um 254 (22%) 360 (120%)
25 >-Hydroxycholesterol, 2.5 um 160 (14%) 14 (4.5%)

* The numbers in parentheses represent the percentage of the
values obtained in cells receiving no additions.

Find authenticated court documents without watermarks at docketalarm.com.

GT0Z ‘2z AInc uo 1s89nb Ag /6.0 ag[ mmmy/:dny wouy pepeojumoq


https://www.docketalarm.com/

Induction of HMG-CoA Reductase by Compactin 1125

200 - 1400
o ({0‘50 COMPACTIN REMOVED
g p 100
& 2
g 500 g i 1000
S € w €
o =
< T 400§ S e 800
TE O\n Se
! [T X 3 8 eo0
TR | €5
27 3
g 200} o 400
3]
kA o T~ g
[ i T
L) P COMPACTIN PRESENT 200

o L L ) L L o
0 6 2 8 24 30
HOURS TIME OF INCUBATION

WITH COMPACTIN (hours)

FiG. 5 (left). Increase in rate of cholesterol synthesis from
(14Clacetate in intact fibroblasts after removal of compactin from
the culture medium. On Day 7 each monolayer received 2 ml of
Medium A containing 10% human lipoprotein-deficient serum and 1
uM compactin. After incubation at 37° for 19 h (zero time), the
medium was removed and each monolayer was washed with 3 ml of
phosphate-buffered saline. Each monolayer then received 2 ml of
fresh medium with (@) or without {O) 1 um compactin, and the
incubations were continued at 37°. After the indicated interval,
each monolayer was pulse-labeled for 1 h at 37° with 1 mm
[1*Clacetate (39 cpm/pmol), after which the medium and cells were
harvested for determination of their content of [**Clcholesterol.
X- - =X, the rate of incorporation of [**Clacetate into cholesterol in
parallel incubations in which the monolayers were treated in the
same manner except that they never were exposed to compactin.
Each value represents the average of duplicate incubations.

Fic. 6 (right). Induction of HMG-CoA reductase activity in in-
tact fibroblasts incubated with compactin and reduced suppression
by LDL added after varying intervals. Cell monolayers were pre-
pared as described under “Experimental Procedures.” On Day 5 the
cells received 2 m! of Medium A containing 10% human lipoprotein-
deficient serum, and all cells were harvested at the same time on
Day 8. At the indicated time before harvest, groups of dishes
received 1 uM compactin. LDL (50 ug of protein/ml) was added to
groups of dishes at varying intervals after the addition of compactin.
The times of LDL addition are indicated by the arrows. The schedule
was arranged in such a way that at the time of harvest each dish
had been incubated either in the absence of LDL (O) or in the
presence of LDL for 6 h (@) or 24 h (M). HMG-CoA reductase
activity was also measured in cells that never received compactin
but were incubated with LDL for 6 or 24 h (x). Each value
represents the average of duplicate incubations.

cholesterol synthesis began to decline, and by 30 h it had
reached the level observed in cells that had not been exposed
to compactin.

The increase in latent HMG-CoA reductase activity was
even more striking in extracts of cells exposed to compactin
for longer periods. In the experiment shown in Fig. 6, HMG-
CoA reductase activity was more than 7-fold higher in extracts
of cells that had been exposed to compactin for 60 h as
compared with cells that had never been exposed to the drug.
The level of HMG-CoA reductase attained (1400
pmol-min~'-mg™!) was more than 3-fold higher than has
been observed previously under any conditions in human
fibroblasts in this laboratory (20). Not only was the HMG-
CoA reductase activity increased by compactin, but the sus-
ceptibility of this latent enzyme activity to suppression by
LDL was also blunted. Thus, when LDL was added to cells
that had never been exposed to compactin, the lipoprotein
achieved an 89% suppression of HMG-CoA reductase activity
within 6 h. However, when cells were exposed to compactin
for varying periods and then LDL was added back to the
cells, the percentage suppression of HMG-CoA reductase ac-
tivity over the first 6 h was reduced to the range of 40%. After
exposure to LDL for 24 h, the activity of HMG-CoA reductase
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F16. 7. Increase in HMG-CoA reductase activity in intact fibro-
blasts incubated with compactin in the presence (A) or absence (B)
of lipoproteins. Cell monolayers were prepared as described under
“Experimental Procedures.” On Day 3, each monolayer received 3
ml of Medium A containing 10% fetal calf serum. On Day 5 (zero
time), each monolayer received 3 ml of Medium A containing either
10% fetal calf serum (A) or 10% fetal calf lipoprotein-deficient
serum (B) in the absence (O) or presence (@) of 2 uM compactin.
After incubation at 37° for the indicated time, cells were harvested
for measurement of HMG-CoA reductase activity. Each value rep-
resents the average of triplicate incubations.

in compactin-treated cells was still more than 20-fold higher
than enzyme activity in the LDL-treated cells that had not
been exposed to compactin (Fig. 6).

Compactin had the ability to increase the activity of HMG-
CoA reductase to high levels even in cells that were grown
continuously in the presence of lipoproteins. As shown in Fig.
7A, the addition of compactin to cells growing in whole serum
containing lipoproteins was followed by a 15-fold increase in
enzyme activity within the next 24 h. When compactin was
added to cells growing in serum from which the lipoproteins
were removed, the drug also caused a marked increase in
enzyme activity (Fig. 7B). However, in the absence of lipopro-
teins the relative difference between the activity in the
presence and absence of compactin (3.5-fold) was not as great
as it was when lipoproteins were present since the baseline
value also rose due to the removal of lipoproteins.

The induction of high levels of HMG-CoA reductase activity
by compactin required protein synthesis. When compactin
was added to cells growing in the presence of LDL, the
increase in HMG-CoA reductase activity was completely
blocked by cycloheximide (Fig. 8).

Although LDL was able to suppress HMG-CoA reductase
activity only partially in cells grown in the presence of
compactin, the additional presence of small amounts of meva-
lonolactone permitted complete suppression. As shown in Fig.
9A, when cells were grown in the absence of lipoproteins but
in the presence of compactin, the addition of increasing
amounts of mevalonolactone led to a progressive suppression
of HMG-CoA reductase activity. This suppression presumably
occurs because mevalonate, which is the product of HMG-
CoA reductase, can be converted into sterols and other prod-
ucts by the cell at a normal rate in the presence of compactin.
In the absence of lipoproteins, relatively high levels of meva-
lonolactone (i.e. levels above 1 mM) were required to produce
a marked suppression of HMG-CoA reductase activity. In the
presence of LDL, however, the addition of much smaller
amounts of mevalonolactone (i.e. less than 0.1 mm) was able
to achieve virtually complete suppression of HMG-CoA reduc-
tase activity (Fig. 9B). The experiment of Fig. 9 was a chronic
one in which the cells were incubated for 72 h in the presence
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