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SUMMARY 

Sterol carrier protein from liver has been shown to bind the squalene precursor 
presqualene pyrophosphate but not farnesyl pyrophosphate. This protein fraction also 
stlmu lated the enzymatic conversion of farnesyl pyrophosphate to both presqualene 
pyrophosphate and squalene. A heated, high-speed supernatant fraction from yeast 
also was shown to bind presqualene pyrophosphate and to enhance the conversion of 
farnesyl pyrophosphate to presqualene pyrophosphate and squalene. 

Sterol carrier protein (SCP), a protein fraction from liver, binds water-insoluble 

cholesterol precursors and enhances their metabolism in vitro (1' 2) This protein fraction 

does not bind to or enhance the metabolism of the water-soluble sterol precursors (2) . 

The transition from water solubility to insolubility for cholesterol precursors occurs 

during the conversion of farnesyl pyrophosphate to presqualene pyrophosphate and 

squalene, a sequence of reactions that has not been examined for sensitivity to SCP. 

In this paper the stimulation of the synthesis of presqualene pyrophosphate and squalene 

from farnesyl pyrophosphate is demonstrated. Also, presqualene pyrophosphate, but not 

farnesyl pyrophosphate, is shown to be bound by SCP. 

MATERIALS AND METHODS 

The preparation of trans 1-3H2-farnesyl pyrophosphate of yeast microsomes 

and the assays for the biosynthesis ef presqualene pyrophosphate and squalene have been 

described(3,4, 5). Tritlated presqualene pyrophosphate was obtained by pyrophos- 

phorylatlng chemically prepared rad ioactive presqua lene a Icohol (samples of which were 
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furnished by Drs. L. J. Airman and R. M. Coates). Liver microsomes and SCP were 

prepared by the method of Ritter and Dempsey(]); protein was determined by the biuret 

method (6). 

RESULTS 

Initial experiments showed squalene synthesis from farnesyl pyrophosphate was 

enhanced as much as several fold when SCP was included in incubation mixtures con- 

taining liver microsomes (Table 1). The sHmulation was consistently greater at low 

enzyme concentrations and disappeared at the higher concentrations, although at the 

Mgher concentration only about 10% of substrate was converted to squalene. Lower 

amounts of SCP were without effect on squalene synthesis by liver microsomes. In con- 

tro I experiments, equ iva lent amounts of phosphate buffer did not stimu late squa lene 

synthesis significantly. Since farnesyl pyrophosphate and presqualene pyrophosphate 

are rapidly hydrolyzed by liver mlcrosomes, these microsomes are a poor enzyme source 

for studying SCP effects on squalene synthetase (5). 

Yeast microsomes, which are a better source of the synthetase, since they are 

relatively free of phosphatase activity, were tested for stimulation of squalene synthesis 

by liver SCP. The data presented in Table 2 show that relatively low levels of SCP from 

TABLE 1 

EFFECT OF SCP ON SQUALENE SYNTHESIS BY LIVER MICROSOMES 

Squalene synthesized (pM) 

Microsomes - SCP + SCP 
Mg 200 pg 

0 - - 11 

11 29 71 

55 230 320 

220 510 690 

- SCP + SCP 
500 Mg 

- -  13 

26 68 

230 295 

850 820 

Incubation mixtures contained K phosphate, 10 mM,pH 7.4; 
KF, 5 mM; MgCI2, 5 raM; NADPH, 0.5 raM; 1-3H2-farnesyl 
pyrophosphate, 8 nmoles (specific activity 9 mc/mmole); in a 
total volume of 0.2 ml. Incubations were for 15 min at 30 ° . 
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TABLE 2 

EFFECT OF SCP ON SQUALENE SYNTHESIS BY YEAST MICROSOMES 

SCP added, Mg Squa lene synthesized (pM) 

0 285 

10 455 

50 710 

200 760 

500 870 

500 + 10 

Conditions were the same as given in Table 1 
except that 20 Mg of yeast microsomes were added 
per tube. 

+ Incubated minus microsomes. 

liver enhanced squalene synthesis by yeast mlcrosomes. In experiments not reported, the 

most dramatic stimulation of squalene synthesis by SCP was found at the lowest yeast 

enzyme concentration assayed. 

The synthesis of presqualene pyrophosphate from 1-3H2-farnesyl pyrophosphate 

is most conveniently determined by measuring the radioactive proton ejected during the 

condensation reaction (5). With this assay, an enhancement of presqualene pyrophos- 

phate synthesis by liver SCP was observed (Table 3), although this stimulation was never 

as great as that with squalene synthesis. If NADPH was added to the incubation mixtures 

so that presqua lene pyrophosphate would not accumu late, the stimulation of presqualene 

pyrophosphate synthesis by SCP was still observed. Here again, with increased enzyme 

concentration, the stlmu latory effect of SCP decreased and finally disappeared. 

The stimu latlon of yeast m icrosomal squalene synthesis by liver SCP suggested 

the possibility that yeast might also contain SCP act ivi ty.  Initial experiments showed 

sufficient squalene synthetase activity was present in the high-speed supernatant fraction 

from yeast to obscure any SCP act ivi ty.  After the squalene synthetase was inactivated 

by brief heating, the high-speed supernatant fraction stlmulated the conversion of 

farnesyl pyrophosphate to squalene with either yeast or liver microsomes as the enzyme 

source. The degree of stimulation was comparable to that obtained with liver SCP. 
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TABLE 3 

EFFECT OF SCP ON PRESQUALENE PYROPHOSPHATE SYNTHESIS 

Presqualene pyrophosphate synthesized (pM) 

SCP added, pg - NADPH + NADPH 

0 47 47 

20 58 139 

100 85 143 

500 122 153 

500 + 0 7 

Conditions are the same as Table 1 except that 9 nmole far- 
nesyl pyrophosphate of specific activity of 50 mc/mmole was 
added per tube. 

+ Incubated minus mlcrosomes. 

In addlt~on to stimulating sterol synthesis, SCP has been shown to bind water- 

insoluble cholesterol precursors. Following the method of Ritter and Dempsey (1), a 

dloxane solution of presqualene pyrophosphate was added to an SCP fractbn from pig 

liver. After precipitation by ammonium sulfate, the protein was chromatographed on 

Sephadex G-75. As shown in the figure, the radioactivity remained associated with 

the protein during th~s fractionatlon procedure. The radioactive material that e luted 

w~th protein was shown by thln-layer chromatography to be presqualene pyrophosphate. 

In similar experiments, both rat liver SCP and a heated yeast hlgh-speed supernatant 

fraction were shown to bind presqualene pyrophosphate. When these experiments were 

repeated wlth rad ioactlve farnesyl pyrophosphate, no significant blnd~ng to protein was 

observed. If SCP was omitted from this procedure, presqualene pyrophosphate was not 

eluted in the excluded volume from the sephadex column. 

DISCUSSION 

The function proposed for SCP is to bind water-insoluble cholesterol precursors, 

thus solubillzlng them and facilitating their diffusion from enzyme to enzyme. In this 

series of experiments, we have examined the reactants and the reactions between the 
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Bindlng of presqualene pyrophosphate to SCP from pig l iver. The procedure 
described in the legend to Figure 1, Reference 1, was used. Approximately 
1.4 Mmoles presqualene pyrophosphate (50 mC/mmole) were combined with 55 mg 
of SCP and chromatographed on a 1.5- by 80-cm column of Sephadex G-75.  
The volume of the fractions was three ml. 

water-soluble precursor farnesyl pyrophosphate and squalene, a water-insoluble precursor, 

which has been shown by others (1) to bind to SCP. In this instance we found the 

squalene precursor presqualene pyrophosphate was bound by SCP while its precursor 

farnesyl pyrophosphate was not. 

A SCP-mediated acceleration of squalene synthesis from farnesyl pyrophosphote 

also was found. Thls can be interpreted in terms of the proposed role for SCP. Presqua- 

lene pyrophosphate, the water-lnsoluble product of the condensation of farnesyl pyro- 

phosphate, would be bound by SCP for transport to the active site of the next enzyme or 

to a different site in the same enzyme complex for reduction to squalene by NADPH. 

The activation of the synthesls of presqualene pyrophosphate by SCP is less readily 

explained, since the substrate for this reaction is water soluble and is not bound by 

SCP. A passible explanation for this comes from the observation that this reaction was 

stimulated by NADPH, which by conversion of the product to squalene may wel l  relieve 

product inhlbit lon (7). Thus, SCP could also activate the synthesis of presqualene pyro- 
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phosphate by binding (removing) the product with concomitant elimination of product 

inhibition. An alternate explanation would be that SCP was activating this reaction 
(7) simply by detergency. This would be consistent with the observation that this reaction , 

like others (8), can be stlmulated by a variety of detergents. 

This paper also reports SCP activity in preparations from yeast. 

ACKNOWLEDGMENTS 

This research was supported by Grant GM-08321 and Research Career Develop- 
ment Award 2-K3-GM-6354 from the National Institutes of Health, U. S. Public Health 
Service. The technical assistance of Mr. Allan Johnson is gratefully acknowledged. 

REFERENCES 

I. Ritter, M. C., and Dempsey, M. F., J. Biol. Chem., 246, 1536 (1971). 

2. Scallen, T. J., Schuster, M. W., and Dhar, A. K., J. Biol. Chem., 246,224 
(1971). 

3. Epstein, W. W., and Rilling, H. C., J. Biol. Chem., 245, 4597 (1970). 

4. Sorer, S. S., and Rilling, H. C., J. Lipid Res., 1_.00, 183 (1969). 

5. Rilling, H. C., J. Lipid Res., I_]_1, 480 (1970). 
6. Layne, E., in Methods of Enzymology, S. P. Colowlck and N. O. Kaplan, Eds., 

Vol. 111, p. 447, Academic Press, New York, 1957. 

7. Carlson, J. P., Thesis, Univets}ty of Utah, 1971. 

8. Elworthy, P. H., Florence, A. T., and MacFarlane, C. B., Solubillzation by 
Surface Active Agents, p. 275, Chapman and Hall, London, 1968. 

475 


