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The orientation of 3-hydroxy-3-methylglutaryl coenzyme A reductase
within the endoplasmic reticulum was investigated. Microsomal reductase
activity was not latent, as addition of various detergents failed
to activate the enzyme. Reductase activity was readily inhibited
in intact microsomes by impermeable inhibitors such as trypsin, mercury
dextran and anti-reductase IgG. Under the conditions used, these
agents did not affect the intactness of microsomes as determined
by latency of mannose-6-phosphate phosphohydrolase activity. The
sensitivity to these inhibitors was not increased in disrupted microsomes.
It is concluded that the domain containing the active site of the
reductase is situated on the cytosolic surface of the endoplasmic
reticulum.

3-Hydroxy~3-methylglutaryl coenzyme A (HMG-CoA) reductase is
tightly bound to the hepatic endoplasmic reticulum. The orientation
of the active site of the reductase within the membrane has not been
established. Several lines of reasoning suggest a cytosolic orienta-
tion (1). One is that the enzymes responsible for the synthesis
of HMG-CoA and for the phosphorylation of mevalonate are located
in the cytosol. Thus, if the active site is situated on the cytosolic
surface, a transport system would not be required. A second line
of reasoning is based on the finding that anti-reductase 1gG readily
inhibits reductase activity in microsomes (2-8). However, the intact-
ness of the microsome preparations used was not demonstrated and
in some studies the microsomes were disrupted with detergents. Finally,
it was generally held that the reductase is a loosely associated

peripheral protein. This was based on its solubilization by mild

The abbreviations used are: HMG-CoA, 3-hydroxy-3-methylglutaryl coenzyme A
reductase; IgG, y-immunoglobulins.
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freeze-thaw procedures (9,10). However, it is now known that this
solubilization was due to contaminating lysosomal proteinases (11-

13). The intact, native reductase can only be solubilized with non-
ionic detergents (14-16). Thus, the existing evidence does not provide
compelling support for the view that the active site of the reductase
faces the cytosol.

MATERIALS AND METHODS

Materials - Mercury-dextran (average Mr 10,500) was a generous gift

from Dr. W.L. Adair of this Department (17). Rabbit anti-reductase

IgG used in this study was kindly provided by Dr. J.W. Porter (4).

This antibody was raised against affinity purified reductase (50,000

Mr form). The !gG was purified from the sera by ammonium sulfate
fractionation and DEAE cellulose chromatography (4). Colestid (colestipol
hydrochloride) was furnished by Upjohn. Trypsin inhibitor and mannose
6-phosphate were purchased from Sigma Chemical Company.

Methods - Male Sprague-Dawley rats weighing 125 to 150g were purchased
from Harlan Industries of Madison, Wisconsin. The rats were fed
ground Wayne Lab Blox containing 2% Colestid for 4 to 10 days and
were killed by decapitation at the diurnal high point of reductase
activity (4 hours after the lights are turned off). Livers were
rapidly removed, minced and homogenized in 10 volumes of cold 0.25M
sucrose using ten stokes of the loose-fitting pestle in a Dounce
Homogenizer. The homogenate was centrifuged at 16,000 g for 15 min.
The supernatant solution was removed and centrifuged again at 16,000
g for 15 min. The upper three-quarters of this supernatant was care-
fully removed and centrifuged at 99,000 g for 60 min. The resulting
pellets were resuspended in one-half the original volume of sucrose
and centrifuged again at 99,000 g for 60 min. Microsomes prepared
in this manner are essentially free of contaminating lysosomes based
on immunoblotting studies which show a single band of Mr 105,000,
lack of solubilization by the freeze-thaw procedure and the low constant
level of acid phosphatase activity. Intact microsomes were resuspended
in 1 ml of 0.25 M sucrose per g of liver. Disrupted microsomes were
prepared by resuspending washed microsomal pellets in 0.25 M sucrose
containing 0.5% Triton X-100. These preparations were used fresh.
The degree of intactness of microsomes was ascertained by measuring
the latency of mannose 6-phosphate phosphohydrolase activity of glucose
6-phosphatase (18}. Phosphate release was determined by a modification
(19) of the method of Fiske and Subbarow (20). Using this assay,
‘we found that undisrupted microsomes had very low activity which
was increased 10 to 15-fold by the addition of deoxycholate. With
Triton X-100 disrupted microsomes, the addition of deoxycholate did
not further increase the activity. Thus it was concluded that the
intact microsomes were 90% or more intact and that the disrupted
microsomes were essentially completely disrupted. The effect of
trypsin, mercury dextran and anti-reductase IgG on the intactness
of microsomes was also determined by this method. It was found that
even at the highest concentrations used, these agents did not alter
the intactness of the microsomes.

HMG-CoA reductase activity was measured as previously described
using thin layer chromatography for the isolation of mevalonolactone

21).

(21) Protein was assayed by a Biuret method (22) using bovine serum
albumin as the standard.
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RESULTS

Impermeable inhibitors used in conjunction with an assessment
of microsomal integrity have become valuable tools for the investiga-
tion of the topography of proteins located in the endoplasmic reticulum
(23). In this study, trypsin, mercury-dextran and anti-HMG-CoA reductase
1gG were utilized as impermeable inhibitors of microsomal reductase.
In this approach, it is critically important to verify the intactness
of the isolated microsomes. This was done by measuring mannose 6-
phosphate phosphohydrolase activity * deoxycholate as described under ''"Methods."

The effects of trypsin on reductase activity in intact and disrupted
microsomes is illustrated in Fig. 1. It is readily apparent that
reductase activity is quite sensitive to trypsin and this sensitivity

is not enhanced by disruption of the microsomes. Actually, reductase
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Fig. 1. Effect of trypsin on HMG-CoA Reductase Activity of Intact
(o o) and Disrupted (o----- ®) Microsomes. Microsomes, 0.kmg,

were incubated in 150ul of 50mM Tris - HCI, pH 8.0 with varying

amounts of trypsin at 37° for 20 min. The action of trypsin was

terminated by adding 5pg of soybean trypsin inhibitor. Residual

reductase activity was then determined. A solution, 100ul, contain-

ing 30umo! potassium phosphate, pH 7.1; 3umol DTT; 6Qumol potassium
chloride; 1.2umol glucose 6-phosphate, 0.3umol NADP and 0.5 units glucose
6-phosphate dehydro?enase was added. After 3 min, reactions were

started by adding | “C1 HMG-CoA (specific activity 3500 dpm -

nmo | 1) to a final concentration of 70uM. Reactions were terminated

by adding 30ul of 2.4N HC1 and the ['"C] mevalonolactone was isolated

by thin layer chromatography. Reductase activity in untreated -
intact microsomes was 1.03 nmol-min '-mg '-mg '- and 0.78 nmo!-mg
in disrupted microsomes incubated without trypsin.

1
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activity in disrupted microsomes is less sensitive to trypsin. This
may relate to the increased amount of protein available to trypsin
in disrupted microsomes.

As shown in Fig. 1, a small increase in reductase activity was
observed with low levels of trypsin. To determine whether this increase
was real, we examined several trypsin concentrations in this range.

It was found that concentrations ranging from ! to 8ng per mg of

protein all resulted in increased reductase activity, by as much

as 50%. This increase in activity may be an inherent property of
proteolytically modified reductase. Reductase solubilized by a procedure
(24) now known to be dependent on proteinases (11) has previously

been shown to have higher activity than the microsomal enzyme (24).

Since HMG-CoA reductase activity is readily inhibited by sulfhydryl
agents (25), mercury-dextran was used as an impermeable inhibitor.
As shown in Fig. 2, reductase was found to be extremely sensitive
to mercury-dextran in both intact and disrupted microsomes. The
incubations were carried out in the absence of DTT as addition of
DTT after incubation with mercury-dextran was found to fully restore

reductase activity.
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Fig. 2. Effect of Mercury-Dextran on HMG-CoA Reductase Activity

of Intact (o o) and Disrupted (@ ----- ®) Microsomes. Microsomes,
0.3mg, were incubated in 150u! of potassium phosphate buffer pH

7.1 with varying amounts of mercury-dextran at 37° for 20 min.

Residual reductase activity was determined as described in Fig. 1

except that DTT was excluded. Reductase activity of untreated intact
and disrupted microsomes was 0.29 and 0.28 nmol:min l-mg ! respectively.

775



Vol. 119, No. 2, 1984 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

ACTIVITY REMAINING

\ |
4 8 12

vg OF ANTI-REDUCTASE IgG

Fig. 3. Effect of Anti-Reductase 1gG on HMG-CoA Reductase Activity

of Intact (o o) and Disrupted (o----- e) Microsomes. Microsomes,
0.2mg, were incubated in 90ul of 0.15M sodium chloride with varying
amount of antibody on ice for 5 min. Residual reductase activity

was then determined as described in Fig. 1. The incubation was carried
out at 37° for 10 min. Reductase activity in intact. and disrupted
microsomes incubated without antibody was 5.7 and 3.6 nmol-min

mg~ ! respectively.

The most specific impermeable inhibitor of HMG-CoA reductase
is anti-reductase IgG. In Fig. 3, it can be seen that reductase
activity is inhibited by the antibody in intact microsomes. The
sensitivity to anti-reductase |IgG was not increased In detergent

disrupted microsomes.

DISCUSSION

These studies with impermeable inhibitors demonstrate that the
catalytic site of HMG-CoA reductase or a domain essential for activity
is located on the cytoplasmic surface of the endoplasmic reticulum.
Additional support for this view is provided by the fact that microsomal
reductase activity does not exhibit latency. Rather the activity
was inhibited to varying extents by all detergents tested. These
included: Triton X-100, Nonidet P-40, octyl glucoside, CHAPS (3-
[(3-cholamidopropyl) dimethylammoniol-1-propane-sulfonate) and deoxy-
cholate. Inhibition was observed at all levels of detergents used;
thus ruling out the possibility of a biphasic response. When taken
together, these observations provide a strong argument for a cytoplasmic

surface location for the catalytic site.
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Location of the active site of the reductase on the cytosolic
surface of the endoplasmic reticulum fits well with the cytosolic
location of the enzymes which synthesize HMG-CoA and those which
further metabolize mevalonate. However, this location does not
provide an explanation for the export of mevalonate from the hepatocyte.
Since plasma mevalonate levels undergo a diurnal variation just as
does hepatic reductase activity (12), it seems reasonable that mevalonate
may be exported from liver and then taken up by various tissues includ-
ing liver for synthesis of cholesterol, dolichol, ubiquinone, isopentenyl-
adenine and heme A. Perhaps a separate protein or protein domain

may be responsible.

ACKNOWLEDGEMENT

This research was supported by United States Public Health Service
Research Grant HL 18094,

REFERENCES

I. Kleinsek, D.A., Dugan, R.E., Baker, T.A., and Porter, J.W.
(1981) In Methods of Enzymology. Lowenstein, J.M., editor,
vol 71, Academic Press, New York, N.Y. 462-479.

2. Edwards, P.A., Lemongello, D., Kane, J., Shechter, |., and Fogelman,
A.M. (1980) J. Biol. Chem. 255, 3715-3725.

3. Rogegs, D.H. and Rudney, H. (1982) J. Biol. Chem. 257, 10650-
10658.

L. Dugan, R.E., Baker, T.A., and Porter, J.W. (1982) Eur. J.
Biochem. 125, 497-503.

5. Jenke, H.S., Lowel, M., and Berndt, J. (1981) J. Biol Chem.
256, 9622-9625.

6. Arebalo, R.E., Tormanen, C.D., Hardgrave, J.E., Noland, B.J.,
and Scallen, T.J. (1982) Proc. Natl. Acad. Sci. USA 79, 51-
55.

7. Kleinsek, D.A., Jabalquinto, A.M., and Porter, J.W. (1980)

J. Biol. Chem. 255, 3918-3923.

8. Clegg, R.J., Middleton, B., Bell, G.D., and White, D.A. (1982)
J. Biol. Chem. 257, 2294-2299.

9. Heller, R.A. and Gould, R.G. (1973) Biochem. Biophys. Res.
Commun. 50, 859-865.

10. Brown, M.S., Dana, S.E., Dietschy, J.M., and Siperstein, M.D.
(1973) J. Biol. Chem. 248, 4731-4738.

11. Ness, G.C,, Way, S.C., and Wickham, P.S. (1981) Biochem. Biophys.
Res. Commun. 102, 81-85,

12. Chin, D.J., Luskey, K.L., Anderson, R.G.W., Faust, J.R., Goldstein,
J.L., and Brown, M.S. (1982) Proc. Natl. Acad. Sci. USA 79,
1185-1189.

13. Chin, D.J., Luskey, K.L., Faust, J.R., MacDonald, R.J., Brown,
M.S., and Goldstein, J.L. (1982) Proc. Natl. Acad. Sci. USA
79, 7704-7708.

14. Ness, G.C., Degnan, M.G., Smith, M. (1982) XII International
Congress of Biochemistry.

777



Vol. 119, No. 2, 1984 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

15. Hardeman, E.C., Jenke, H.”S., and Simoni, R.D. (1983) Proc.
Natl. Acad. Sci. USA. 80, 1516-1520.

16. Kennelly, P.J., Brandt, K.G., and Rodwell, V.W. (1983) Biochemistry
22, 2784-2788.

17. Adair, W.L. and Cafmeyer, N. (1983) Biochim. Biophys. Acta 751,
21-26.

18. Nordlie, R.C. and Arion, W.J. (1966) Methods in Enzymology,
Wood, W.A. editor, Vol 9, Academic Press, New York, NY 619-625.

19. Flynn, R.M., Jones, M.E., and Lipmann, F. (1954) J. Biol. Chem.
211, 791-796.

20. Fiske, C.H. and Subbarow, Y. (1925) J. Biol. Chem. 66, 375-400.

21. Ness, G.C. and Moffler, M.H. (1979) Biochim. Biophys. Acta 572,
333-344,

22. Lee, Y.P. and Lardy, H.A. (1965) J. Biol. Chem. 240, 1427-1436.

23. Bell, R.M., Ballas, L.M. and Coleman, R.A. (1981) J. Lipid Res.
22, 381-403.

24, Edwards, P.A., Lemongello, D. and Fogelman, A.M. (1979) J. Lipid
Res. 20, 40-46.

25. Rogers, D. and Rudney, H. (1983) J. Lipid Res. 24, 1412,

778



