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Summary: 

The catalysis by rat liver microsomes under anaerobic conditions, of the 
conversion of [3a-3H]14o-methyl-5a-cholest-7-en-38-o1 and of [2,4-3H]14a-hydroxy- 
methyl-5o-cholest-7-en-36-01 to labeled 14a-methyl-5a-cholest-8-en-36-01 and 14a- 

hydroxymethyl-5a-cholest-8-en-36-01, respectively, has been demonstrated. This 
finding is of importance in evaluating past research in this area and in considera- 
tion of pathways and mechanisms involved in enzymatic removal of carbon atom 
32 of 14o-methyl sterols. Also described herein are syntheses of [2,4-3H]14a- 
hydroxymethyl-5o-cholest-7-en-38-01 and 3S-acetoxy-14a-methyl-5a-cholest-8-ene. 

The enzymatic conversion of lanosterol (4o,4B,14a-trimethyl-5a-cholesta- 

8,24-dien-X-01) to cholesterol involves three general processes: reduction of 

the A24 -double bond, removal of the three "extra" methyl groups, and "shift" of 

the nuclear double bond from the A8-position in lanosterol to the A5-position in 

cholesterol. The latter process is generally considered to involve the formation 

of A'-sterols at some stage in the overall metabolism to cholesterol (l-4 and ref- 

erences cited therein). Rat liver microsomal preparations have been reported to 

catalyze the isomerization of the A 8-double bond of a variety of sterols to the 

corresponding A7-isomers (5-9). While the efficient catalysis, by liver misro- 

somes, of the conversion of 5o-cholest-8-en-3B-ol to 5a-cholest-7-en-38-01 has been 

demonstrated (5-lo), Gaylor et al. (5) were unable to detect the reverse reaction -- 

(i.e., the conversion of 5a-cholest-7-en-36-01 to its A8-isomer). However, 

the results of subsequent studies by Wilton et al. (11) and Scala et al. (12) have -- -- 
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I R=CH, III R= CH, 
II R = CH,OH IL’ R = CH,OH 

Figure 1. Enzymatic isomerization of the A7-double bond of 14a-alkyl substi- 
tuted sterol precursors of cholesterol. 

provided evidence indicating the reversibility of this reaction. The apparent 

equilibrium in the case of these two sterols results in a great predominance of 

the A'-isomer. While the enzymatic conversion of %-cholesta-8,14-dien-36-01 to 

the corresponding A7,14 -isomer could not be detected in microsomal preparations 

under anaerobic conditions (13), the reverse reaction (i.e., conversion of the 

A7*14-sterol to its A8*14 -isomer) was demonstrated under the same conditions (14). 

However, no enzymatic isomerization of the A8 or A' double bonds of any ster- 

01 containing a lb-methyl group has been detected. Gaylor et al. (5) reported -- 

that lanost-g-en-36-01, lanosta-8,24-dien-36-01, lanost-7-en-3B-01, 14a-methyl- 

5a-cholest-8-en-30-01 and 14a-methyl-5a-cholest-7-en-3B-o1, were unchanged upon 

incubation with rat liver microsomal preparations under anaerobic conditions. 

These authors concluded that the presence of a lia-methyl group prevented enzy- 

matic attack on the nuclear double bond of these A - and A 7 -sterols. a 

The purpose of this communication is to report the enzymatic isomerization of 

14a-methyl-5o-cholest-7-en-s-01 (I) and 14a-hydroxymethyl-5a-cholest-7-en-3B-ol 

(II) to the corresponding A '-sterols (III and IV; Figure I) by washed rat liver 

microsomal preparations under anaerobic conditions. 

EXPERIMENTAL PROCEDURES AND RESULTS 

Materials and Methods __-- 

The syntheses of [3a-3H]-I, II, IV, 14a-hydroxymethyl-5a-cholest-7-en-3-one, 
and the 36-acetate derivative of I have been described previously (15-18). 
Tritiated water (1 Ci per ml) was obtained from New England Nuclear Corporation. 
Male Sprague-Dawley rats (190-280 g) were obtained from Sprague-Dawley Farms 
(Madison, Wisconsin). 

Melting points, infrared (IR) spectra, nuclear magnetic resonance (NMR) spectra, 
and high and low resolution mass spectra (MS) were recorded as described previously 
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(16). Thin layer chromatographic (TLC) analyses, gas-liquid chromatographic (GLC) 
analyses, preparation of trimethylsilyl (TMS) ether derivatives of sterols, prepar- 
ative TLC of steryl TMS ethers, preparation of 10,000 x g supernatant fractions of 
rat liver homogenates, and saponification and extraction of sterols from incubation 
mixtures were performed as described elsewhere (19). Measurement of radioactivity, 
radio-TLC analyses and the measurement of the radioactivity of the effluents from 
GLC columns were carried out as previously described (20). Materials and proced- 
ures for the preparation and use of silicic acid-Super Cel gravity columns and 
alumina-AgNO3 medium pressure liquid chromatography (MPLC) columns have been des- 
cribed elsewhere (21,22). Calorimetric assays of steryl acetates were carried 
out using a modified Liebermann-Burchard reagent (23). For determination of cho- 
lesteryl acetate, absorbance was recorded at 620 nm, 30 min after addition of 
the reagent; for 14a-methyl steryl acetates, readings were taken at 450 nm, 23 
min after the addition of the reagent. Protein was assayed by the method of 
Gornall et al. (24). -- 

Washed rat liver microsomes were prepared in the following manner. The 10,000 
x g supernatant fraction of a rat liver homogenate, prepared in incubation buffer 
(0.1 M potassium phosphate; 5 mM MgC12, pH 7.4), was centrifuged for 90 min at 
105,000 x g at 4". The pellet was resuspended in an equal volume of fresh incuba- 
tion medium using a hand-driven loose-fitting Teflon-on-glass homogenizer. This 
suspension was recentrifuged at 105,000 x g and the pellet was resuspended in 
incubation buffer. 

Anaerobic incubations were conducted in modified (25 ml) Warburg flasks. A 
washed microsomal suspension (20 ml) was placed in the main chamber, the sterol 
substrate in propylene glycol (0.2 ml) was placed in the sidearm, and the center 
well contained 2.2 ml of an oxygen indicator solution (19 mM EDTA; 180 mM FMN). 
The flask was connected to an anaerobic train (25), and the flask was taken through 
eight cycles of evacuation (1 min) and flushed with argon (3 min with continuous 
stirring). This procedure was shown to produce an atmosphere with an oxygen 
concentration of less than 0.3 ppm as determined by the lumiflavin-3-acetate gas 
analysis described by Reinert et al. (25). After rendering the incubation flask -- 
anaerobic, the indicator (oxidized FMN) was photoreduced by irradiation for -5 min 
with a 150 W tungsten filament floodlamp. All of the above operations were carried 
out at 4". The incubations were initiated by mixing the contents of the main cham- 
ber and sidearm. All incubations were carried out for 3 h at 37" under a positive 
pressure of argon and they were terminated by the addition of 15% ethanolic KOH (20 I 

3S-Acetoxy-14a-methyl-5a-cholest-8-ene 
38-Acetoxy-14a-methyl-5a-cholest-7-ene (105 mg; 0.238 mmol) was dissolved in 

dry CHC13 (10 ml) in a screw-capped tube. Dry HCl-gas was bubbled through the solu- 
tion for 5 min at 0". The tube was capped and left overnight at 4'. The solvent 
was evaporated under a stream of nitrogen, and the residue was dissolved in a mix- 
ture of hexane and toluene (39:l). Analysis by GLC (3% OV-17; 260") showed two 
components: 3B-acetoxy-14a-methyl-5a-cholest-8-ene (44%; relative retention time 
to 5a-cholestane, 3.57) and 3B-acetoxy-5a-cholest-7-ene (56%; relative retention 
time, 4.24). The mixture was subjected to MPLC on an alumina-AgN03 column (solvent, 
hexane-toluene, 39:l; flow rate, 2.5 ml per min; fraction size, 20 ml). The con- 
tents of fractions 12 through 16 were pooled and, after evaporation of the solvent 
under reduced pressure, recrystallized from methanol to give 3B-acetoxy-14o-methyl- 
5a-cholest-8-ene ( 6 mg) melting at 64.0-64.5"; IR, vm 

-1 
2955, 1740, 1471, 1374, 

1247, and 1028 cm ; NMR, 6 0.70 (s, 3H, C-18-CH3), 0.83 (s, 3H, C-32-CH3), 0.95 
(s, 3H, C-19-CH3), 1.99 (s, 3H, methyl of acetoxy function), and 4.70 (m, lH, C-3- 
3); MS, m/z 442 (20%; El), 427 (100%; M-CH3), 382 (4%; M-CH COOH), 367 (37%; M-CH3- 
CH3COOH), 273 (14%), and 201 (12%); high resolution MS, 44j.38104 (talc. for 
330H5002: 442.38105). The compound showed a single component on GLC analysis. 

[2,4-3H]14q-Hydroxymethyl-5a-cholest-7-en-3B-ol ([2,4-3H]~II) 
[2,4-JH]-II was synthesizedf~~m~ydroxymethyl-5a-cholest-7-en-3-one by 

a procedure virtually identical to that used for the preparation of [2,4-3H]Sa,148- 
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Figure 2. Alumina-silver nitrate MF'LC analysis of the acetate deriv tives 
of the labeled sterols recovered after incubation of !I [3a- H]14a- 
methyl-5a-cholest-7-en-3B-ol with washed microsomes under anaero- 
bic conditions. The column was eluted successively with 97:3 hex- 
ane-toluene (60 13.5 ml fractions) and 8:2 hexane-toluene (30 13.5 
ml fractions) at a flow rate of 2 5 ml per min. 
ity (applied to column, 6.09 x 10' dpm; 

o----t) 
3 

dioactiv- 
eluted, 6.01 x 10 dpm); 

W, 14a-methylcholestenyl acetate 
(the A8 isomer elutes prior to the A 

$ determined calorimetrically 

isomer); AA, cholesteryl 
acetate determined calorimetrically. 

Figure 3. Gas-liquid radiochromatographic analysis (3% OV-17; 240") of the 
TMS ether derivative of the material corresponding to fractions 
23-26 from the silicic acid-Super Cel column chromatogrjphy of 
the labeled sterols recovered after incubation of [2,4- H]14a-hy- 
droxymethyl-5a-cholest-7-en-36-01 with washed microsomes under an- 
aerobic conditions. The chromatographic standards, in their order 
of elution, are 14a-hydroxymethyl-5a-cholest-8-en-38-01 and 14a- 
hydroxymethyl-5a-cholest-7-en-W-01. Applied radioactivity, 
5900 cpm; recovered radioactivity, 4600 cpm. 

Table 1. Cocrystallization of the acetate derivative of the labeled material, 
which cochromatographed with 36-acetoxy- 4u-methyl-5a-cholest-8- 
ene, derived from the incubation of 1 [3a- H]14a-methyl-5a-cholest- 

7-en-3B-01. 

Specific Activity (dpm/mg ? S.D.) 

Crystallization Crystals Mother liquor 

Before 1850 _+ 50 --- 

Once from methanol 1770 * 40 1890 ? 50 

Twice from methanol 1820 ? 50 2100 Ii 50 

Thrice from methanol 1730 f 80 1840 _f 110 
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cholest-7-ene-3B,15a-diol from the corresponding unlabeled 3-ketosterol, which 
has been described elsewhere (20). The product, [2,4-3H]-II melted, after recrys- 
tallization from acetone, at 185-186" (m.p. of the unlabeled sterol, 18S-186" (16)). 
The specific activity was 1.10 x 101" dpm per mmol. Analysis by radio-TLC (solvent, 
ether) indicated that over 99% of the radioactivity comigrated with the authentic 
unlabeled diol. GLC analysis (3% OV-17; 245") of the TMS derivative indicated a 
purity in excess of 99% and a radiopurity in excess of 97%. 

Incubation of [30-3H]14a-Methyl-5a-cholest-7-en-3B-ol ([~cx-~H]-I) with Washed 
Microsomea under Anaerobic Conditigns 

]3a-JH]-I (20 nmol: 1.78 x 10" dnm) was incubated with rat liver microsomes 
(20 ml; 5.5-mg protein per ml) under anaerobic conditions as described above. Ex- 
traction of the sterols from the saponified incubation mixture yielded 1.64 x lo6 
dpm. A portion of this material was treated with a mixture of acetic anhydride 
anhydride and pyridine (1:l) and the resulting material was subjected to MPLC on 
an alumina-AgN03 column (Figure 2). Most (87.1%) of the eluted radioactivity co- 
chromatographed with unlabeled 3B-acetoxy-I and therefore represented untransformed 
substrate. However, 8.9% of the eluted radioactivity (fractions 17-26) cochromato- 
graphed with unlabeled 3B-acetoxy-III. This identification was further supported 
by the results of cocrystallization experiments (Table 1). Repetition of this in- 
cubation and analysis showed that 10.8% of the recovered radioactivity had the 
chromatographic mobility of 3S-acetoxy-14a-methyl-5a-cholest-8-ene. 

In two separate incubations of the labeled I with boiled enzyme preparations, 
followed by identical workup and analyses, only 0.8% of the recovered radioactivity 
had the chromatographic mobility of II. 

Incubation of [2,4-3H]14a-Hydroxymethyl-5a-cholest-7-en-3~~ol ([2,4-3H]-II) with 
Washed Micbosomes under Anaerobic Conditions 

[2,4-?~]-I1 (174 nmol; 1.91 x 10" dpm) was incubated with rat liver microsomes 
(20 ml; 4.6 mg protein per ml) under anaerobic conditions as described above. 
Extraction of the sterols from the saponified incubation mixture yielded 1.99 x 
106 dpm. This material was applied to a 1:l silicic acid-Super Cel column 
(100 cm x 0.9 cm) which was eluted with a mixture of toluene and ether ( 
flow rate, 0.11 ml per min; fraction size 5.6 ml). A total of 2.02 x 10 A 

7:3; 
dpm 

was eluted. Two partially resolved peaks were observed in the polar sterol region 
of the chromatogram. The larger peak (67.5% of the eluted radioactivity; fractions 
of 27-44) had the chromatographic mobility of the incubated substrate. The 
smaller peak (6.1% of the eluted radioactivity; fractions 23-26) was suspected, 
on the basis of its chromatographic mobility, to represent IV. The TMS ether 
derivative of a portion of the latter material was prepared, and it was subjected 
to radio-GLC (Figure 3). Most (85%) of the recovered radioativity cochromatographed 
with the TMS ether derivative of authentic IV. Another portion of the contents 
of the fractions 23-26 from the silicic acid-Super Cel column was subjected to 
cocrystallization experiments with authentic IV (Table 2). Repitition of this 
incubation lead to the recovery of 7.8% of the incubated radioactivity as labeled 
IV. 

Incubation of (2,4-3H]-I~ with two boil d enzyme preparations yielded 0.0% and 
0.5% of the recovered radioactivity as the A 8 . Isomer of the incubated substrate 
as estimated by silicic acid-Super Cel column chromatography and radio-GLC, respec- 
tively. 

DISCUSSION 

The principal 14a-methyl sterols found in mammalian tissues, lanosterol and 

lanost-8-en-36-01, possess a A8 nuclear double bond. However, 14o-methyl 

A7-sterols are not unknown in mammalian tissues. Lanosta-7,24-dien-3B-ol has been 
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Table 2. Cocrystallization of the labeled material (the TMS ether derivative of 
which cochromatographed with the 'IWS ether derivative of 14a-methyl- 
5a-cholest-8-en-38-ol), derived from the incubation of [2,4-3H]14a- 
hydroxymethyl-5a-cholest-7-en-38-01, with authentic unlabeled 14~ 
hydroxymethyl-5a-cholest-8-en-38-01. 

Specific Activity (dpm/mg + S-D.) 

Crystallization Crystals Mother liquor 

Before 2850 f  100 ---- 

Once from methanol 2500 + 150 3200 ?r 300 

Twice from methanol 2450 2 150 2500 + 100 

Once from acetone 2350 k 100 2450 ? 100 

Twice from ace tone 2400 t 200 2100 + 100 

detected in the skins of triparanol-treated rats (21) and the formation of this 

sterol from labeled sterol precursors in preparations of rat skin has been repor- 

ted (26,27). Moreover, the occurrence of 4a,14o-dimethyl-5o-cholest-7-en-38-o1 

in meconium and feces from newborn infants has been reported (28). A number of 

14a-methyl A*- and 14a-methyl A7-sterols have been shown to be convertible to cho- 

lesterol in cell-free rat liver systems (l-4, 18 and references cited therein). 

The previously reported inability of rat liver microsomes to catalyze the intercon- 

version of A 8 and A 7 isomers of 14a-methyl sterols (5) suggested the need for two 

separate, though perhaps parallel, pathways for the enzymatic removal of the 

14a-methyl group during their metabolism to cholesterol. Furthermore, a variety 

of 14a-methyl, 14o-hydroxymethyl, 8 and 14a-formyl sterols possessing either A or 

A7 nuclear double bonds have been employed in metabolic studies directed towards 

the elucidation of the mechanism of the removal of carbon atom 32 of 14o-methyl 

sterols (4,15,18, 29-33, and references cited, therein). However, the possible 

enzymatic isomerization of the nuclear double bonds of these sterol substrates 

had not been carefully investigated. 

Both of the 14a-substituted A7-sterols (I and II) employed in this study 

have been shown to be convertible to cholesterol in cell-free rat liver preparations 

(15,18,30). The results presented herein demonstrate that the A7 nuclear double 
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bond of both I and II can be enzymatically isomerized to the A* position. Since 

the first step in the enzymatic removal of C-32 of 14o-methyl sterols is generally 

considered to be hydroxylation to yield the corresponding 14o-hydroxymethyl sterols 

(1,2,4), these results suggest that isomerization of the nuclear double bond might 

occur during any of several steps in the demethylation process. It is not clear 

from these results whether isomerization of the A7 double bond to the A8 position 

is obligatory for the removal of carbon atom 3.2. It is possible that separate path- 

ways for the demethylation of A' and A8 methyl sterols exist, and that these path- 

ways are interconnected by a series of isomerases. Further studies are in progress 

to determine if the reverse enzymatic isomerization reactions occur. 

1. 

2. 
3. 

4. 

5. 

6. 

7. 
8. 

9. 

10. 
11. 
12. 

13. 

14. 

15. 
16. 

17. 

18. 

19. 
20. 

21. 

References 

Bloch, K. (1965) Science 150, 19-28. 
Clayton, R. B. (1965) quart. Rev. 2, 168-200. 
Frantz, I. D., Jr., and Schroepfer, G. J., Jr. (1967) Ann. Rev. Biochem. 

6, 691-726. 
Schroepfer, G. J., Jr., Lutsky, B. N., Martin, J. A., Huntoon, S., Fourcans, 

B-3 Lee, W.-H., and Vermilion, J. (1972) Proc. Roy. Sot. London B l&3, 
125-146. 

Gaylor, J. L., Delwiche, C. V., and Swindell, A. C. (1966) Steroids 8, 
353-363. 

Schroepfer, G. J., Jr., Lee, W., Kammereck, R., and McCloskey, J. A. (1967) 
Abstracts, Amer. Chem. Sot. Meeting, September, 1967, p. 140~. 

Akhtar, M., and Rahimtula, A. D. (1968) Chem. Commun. 259-260. 
Canonica, L., Fiecchi, A., Galli Kienle, M., Scala, A., Galli, G., Grossi 

Paoletti, E. and Paoletti, R. (1968) Steroids 11, 749-753. 
Lee, W.-H., Kammereck, R., Lutsky, B. N., McCloskey, J. A., and Schroepfer, 

G. J., Jr. (1969) J. Biol. Chem. 244, 2033-2040. 
Yamaga, N. and Gaylor, J. L. (1978) J. Lipid Res. 2, 375-382. 
Wilton, D. C., Rahimtula, A. D., and Akhtar, M. (1969) Biochem. J. 114, 71-73. 
Scala, A., Galli Kienle, M., Anastasia, M., and Galli, G. (1974) Eur. J. 

Biochem. 68, 263-269. 
Lutsky, B. N., Martin, J. A., and Schroepfer, G. J., Jr. (1971) J. Biol. Chem. 

24&, 6737-6744. 
Hsiung, H. M., Spike T. E., and Schroepfer, G. J., Jr. (1975) Lipids 2, 

623-626. 
Trowbridge, S., Lu, Y. C., Shaw, R., and Chan, J. (1975) Fed. Proc. 34, 560. 
Pascal, R. A., Jr., Shaw, R., and Schroepfer, G. J., Jr. (1979) J. Lipid 

Res. z, 570-578. 
Schroepfer, G. J., Jr., Parish, E. J., Pascal, R. A., Jr., and Kandtusch, A. A. 

(1980) J. Lipid Res., in press. -- 
Chan, J. T., Spike, T. E., Trowbridge, S. T., and Schroepfer, G. J., Jr. (1979) 

J. Lipid Res. 0, 1007-1019. 
Pascal, R. A., Jr., and Schroepfer, G. J., Jr. (1980) J. Biol. Chem., in press. 
Paliokas, A. M., and Schroepfer, G. J., Jr. (1968) J. Biol. Chem. 243, 

453-464. 
Clayton, R. B., Nelson, A. N., and Frantz, I. D., Jr. (1963) J. Lipid Res. 4, 

166-178. 

938 



Vol. 94, No. 3, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

22. 

23. 

24. 

25. 

26. 
27. 
28. 

29. 

30. 

31. 
32. 

33. 

Pascal, R. A., Jr., Farris, C. L., and Schroepfer, G. J., Jr. (1980) Anal. 
Biochem. 101, 15-22. 

Abell, L. L., Levy, B. B., Brodie, B. B., and Kendall, F. E. (1952) J. Biol. 
Chem. 195, 357-366. 

Cornall, A. G., Bardawill, C. J., and David, M. M. (1949) J. Biol. Chem. 177, 
751-766. 

Beinert, H., Orme-Johnson, W. H., and Palmer, G. (1978) Methods in Enzymology 
54, 111-132. 

Gaylor, J. L. (1963) J. Biol. Chem. 238, 1644-1655. 
Hornby, G. M., and Boyd, G. S. (1971) Biochem. J. 124, 831-832. 
Gustafsson, J.-A., and Eneroth, P. (1972) Proc. Roy. Sot. London B 180, 

179-186. 
Akhtar, M., Alexander, K., Boar, R. B., McGuie, J. F., and Barton, D. H. R. 

(1978) Biochem. J. 169, 449-463. 
Knight, J. C., Klein, P. D., and Szczepanik, 

1502-1508. 
P. A. (1966) J. Biol. Chem. 241, 

Chang, P., and Schroepfer, G. J., Jr. (1977) Fed. Proc. 36, 816. 
Aoyama, Y., and Yoshida, Y. (1978) Biochem. Biophys. Res. Commun. 35, 28-34. 

Gibbons, G. F., Pullinger, C. R., and Mitropoulos, K. A. (1979 Biochem. J. 
183. 309-315. 

939 


