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k number of potential intermediates of lanosterol* 14c-demethylation 
have been synthesized for the first time and labelled with 3H. A direct com- 
parison of the rates of conversion of each of these materials to cholesterol 
and 5a-cholest-7-en-3S-ol by a cell-free system from rat liver has been made. 
Although 5a-lanost-8-en-3/3,32-di.o1 and 3S-hydroxy+-lanost-8-en-32-a1 were 
converted to C27 steroln at a greater rate than was 5a-lanost-8~n+i~-ol, the 
apparent Km values were larger than those expected if these compounds were 
obligatory intermediates. 5a-Lanost&kn-3B,15a-diol and 5c-lanost-%en- 
3p,15f3-&iol were poorer precursors of cholesterol but each was extensively 
converted both to a more polar compound and to the corresponding Jp,15-diol 
&Lester. 

Recent investigations have revealed the complexity of the process by 

which the 14a-methyl (C-32) group of lanosterol is removed during cholesterol 

biosynthesis. Some pertinent observations include the release of C-32 as 

formic acid (l), the stereospecific removal of the 15u-hydrogen (2,3) and the 

formation of a conjugated As*'4 dienol (4,5, VIII, Fig. 1). In addition, 

the requirement for cytochrome P-450 during 14a-demethylation (6,7) may 

result in an interaction bet:reen cholesterol biosynthesis and drug metabolism. 

However, the oxidative sequence and the nature of the oxidized intermediates 

which must be involved remain matters of speculation. One proposal involves 

a succession of three oxidative events, the first of which gives rise to a 

14a-hydroxymethyl compound ((l), Sequence V~I+II-+VII~VIII, Fig. 

1). Alternatively, there is some evidence (8-10) which suggests that a 

* Systematically, lanosterol is 5a-lanosta-8,24-dien-3S-01, dihydrolanosterol 
is 5a-lanost-8-en-3$-ol and cholest-7-enol is 5a-cholest-7+n-3B-ol. 
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15-hydroxylation is the first step (Sequence V-111 (or IV)-9 VI -VII 

-VIII, Fig. I) and facilitation of 4a-methyl group oxidation by the neigh- 

bouring 3-hydroxy function (11) lends credibility to such a pathway. up to 

now, however, no direct comparison has been made of the ability of C-15 and 

C-32 functionalized lanostenols to fulfil the criteria for obligatory inter- 

mediacy. To this end we have synthesized the various oxidized lanost-8-enol 

derivatives required to determine which, if any, of the alternative pathways 

operates physiologically, and the present report describes their metabolism 

by a cell-free system of rat liver. 

MkTERIAISARBMEFl'RODS 

of 5a-rl6-3& bl&-en-38 .15a-dial and 5a-[ 16-k hanost43-en- 
38 .15f34iol 

3Pydro 
exchange with % 

+a-lanost-7-en-15-one (12) was labelled at position 16 $ 
20 (0.01 ml, 50 mCi) in dioxane solution for 5.5 h at !95 in 

the presence of sodium methoxide. Reduction of the recovered Ll6-%2.j-l5- 
one with LiAlH4, addition of non-radioactive material to each of the epimeric 
A7-3$,15-dial products followed by acetylation, acid isomerization and hydro- 
lysis (13) of each gave, after chromatographic purification, 5a-116-%X21- 
lanost-%en-3C,15a-diol (5.97 x IO7 d.p.m./pole) and 5a-L16-3R2Jlanost~-en- 
3@,15p-diol (3.4.8 x 107 d.p.m./Pmole). 

-thesis of 5a-l2-3& ~lanost-8-en-3C.32-diol and 3B-hvdro~-5a-i2-3&1- 
lanosta-en-32-al 

5a-Lanostan-3B,7a-diol-3-acetate (m.p., 212'; [a]g5 + 14.6') was syn- 
thesized by the method of Barton and Thomas (14), who quote m.p., 205-206O; 
[ulf + 140. Treatment of this material with lead tetraacetate (15,16) 
fol owed by alumina chromatography of the crude reaction product gave 38- 

tan-7a,32-oxide, m.p., 195-197O; 
+ 25’ (16)). 

[aF + 25O (reported: m.p., 
Treatment of the cyc o ether with pyridinium 

chloride and agetic anhydride (16,17) gave three products which, after hydro- 
lysis, were separable by column or t~.l.c. The product of intermediate polar- 

~~l~~.~~$J%~~ 
t amount and corresponded to 5a-lanost-7 

'~~~~ + 10.7O (reported: m.p., 204-205'; 
(18)). A minor (15 $) product had the greatest polariS, 
recrystallizations from aqueous acetone had m.p., 174-175O; 
The chemical and spectroscopic properties of this material were gonsistent 
with the structure 5a-lanost*-en-3C,32-diol. Jones oxidation of this mater- 
ial (19) gave 5a-lanosl+B-en-3,32-dione 5 - 229’. This 
material was labelled by exchange with in a sealed 
tube under basic conditions at 70' C for 3 h in an atmosphere of nitrogen. 
Recovery of the labelled material followed by partial reduction (2.5 equiva- 

* Measurements of specific rotation were made in chloroform (c = 1). 
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lents KBH4 in 90 $ aqueous dioxan (1.0 ml) for 15 &'I at 25') of a portion 
gave, after t.l.c., 
d.p.m./ 

3@-hydroxyja-L2-3H2]lanost-8-en-32-al (1.428 x lo7 
ole) identical in all respects with an unlabelled sample of m.p. 160- 

1610; 5 - 130.5'. Complete reduction of another portion of the 12-3R2j- 
3,32-dione (identical conditions to the above except that the reaction time 
was 20 h) gave 5a-L2-3H2]lanost-8-en-3!3,32-diol (1.400 x lo7 d.p.m./bmole), 
identical spectroscopically and chromatographically with the non-radioactive 
material prepared above. 

Preparation of rat-liver subcellular fractions and incubation procedures 

Rats (male Wistars weighing 150-200 g) were killed at 08.30 h on the day 
of the experiment. After excision of the liver, subcellular (SlO) fractions 
were prepared as described previously (6). Procedures for emulsification of 
substrates, incubation end total lipid extraction have been previously des- 
cribed (6,7). T.1.c. of the total lipid fraction on silicagelH using chlor- 
oform as the mobile phase was routinely used for the initial separation of the 
labelled C27 sterol mixture from its precursors. In this system (System 1) 
the Rs (cholesterol = 1) values of the substrates were:- I, 0.30; II, 1.00; 
III, 0.88; IV, 1.04; V and VIII, 1.30. Because of the similar polarities 
of cholesterol and two of its substrates, II end IV, the C27 sterol mixture 
was, in practice, severely contaminated with these materials after chromato- 
graphy in system 1. Radioactivity due to the precursor storol was removed 
in these instances by acetylation of the mixture followed b 
gel H, using a mixture of chloroform and hexane (75:25, v/v 3 

t.1.c. on silica- 
as the mobile 

phase. This is System 2. Finally, cholesterol was separated from cholest- 
7-enol as the acetates by t.1.c. on silver nitrate-impregnated alumina using 
a mixture of 
(20)). 

toluene and hexane (25:75, v/v) as the mobile phase (System 3 

RESULTS 

Conversion of the 5u-lanost~-en-3B,15-diols to Co7 sterols 

5~4 1 6-%2]Lanost-8 -en-3$,15a-diol (71.2 nmoles; 4.250 x IO6 d.p.m.) 

and 5a-[16-3H2jlanost-8-en-3~,15~-diol (91.9 nmoles; 3.201 x lo6 d.p.m.) 

were incubated independently with an S10 fraction of rat liver (1.9 ml; 42.2 

mg protein) in a total volume of 2.5 ml for 1 h at 37' C. With each sub- 

strate, a control was set up in which ensymic activity was destroyed immed- 

iately after addition of the substrate, by the addition of a mixture of 

chloroform and meLhan (2:1, v/v). Fractions containing labelled cholest- 

erol and 5a-cholest-7-enol were isolated as the acetates and assayed for 

radioactivity. These compounds were formed in 0.31 ;L (98 ng) and 0.15 7,' 

(47 ng) yield respectively when 5a-lanost-8-en-3~,15a-diol was the precursor 

and in 2.11 7; (860 ng) and 0.71 "/J (290 ng) yield when the 3p,15P-diol was 

used, These fi@.res ore an average of the results obtained fro:1 duplicate 

783 



Vol. 69, No. 3, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

incubations. The constancy of specific radioactivity during four recrystal- 

lizations (after addition of carrier) of each of the C27 steryl acetates 

labelled from the two 3$,15-dials provided proof of their radiochemical iden- 

tityand purity. The specific radioactivities of the cholestergl acetate and 

eholest-7-enyl acetate isolated from the "control" incubations with both sub- 

strates fell to zero after two recrystallizations. 

Further examination of other radioactive fractions obtained after chro- 

matography in System 1 revealed that a large proportion of both the 3p,15a- 

diol (27 $) and of the 3~,15$-diol (18 7;) had been converted to a more polar 

compound (RF 0.00 - RF 0.12). The control incubations contained little or 

no radioactivity in this' erea of the plate. In addition, both dials mere 

converted to compounds with the chromatographic properties of the 3@,15a- 

and the 38 ,I 5&diol diesters (2.7 7; and 16.0 $ respectively). Alkaline 

hydrolysis in each case gave rise to the original dial. 

Conversion of 5a-lanost-8-en-30.32-dial and 3S-hvdroxv-5a-lanost-8-en-32-al 

-7 sterols 

5c(-[2-3R2]Lanost-8-en-3P,32-diol (90.1 nmoles; 1.261 x lo6 d.p.m.) and 

3@hydroxg-5a-[2-3R2]lanost-8-en-32-al (90.5 moles; 1.292 x lo6 d.p.m.) 

were incubated independently with an St0 fraction of rat liver (1.0 ml.; 

19.8 mg protein) in a total volume of 2.5 ml for 45 min at 37O C. Again, 

for each substrate, non-incubated controls were carried out. The former 

substrate was converted to cholesterol and cholest-7-eno1, isolated as the 

acetates as described above, in yields of 1.99 7; (790 ng) and 2.38 $ (950 ng) 

respectively, nhilst the 3Wydroxy-32-aldehyde resulted in a conversion of 

2.35 $ (940 ng) and 2.18 $ (870 ng) respectively. There was very little 

radioactivity associated with the C27 steryl acetate fractions isolated from 

the control incubations. Again, the radiochemicalpurity of each of the 

labelled C27 steryl acetates from both types of incubation was established by 

addition of carrier material followed by crystallization to constant specific 

radioactivity. In all cases the specific radioactivities remained constant 
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during three recrystallizations at values similar to the corresponding initial 

calculated values. Similar incubations contcining twice the above concentra- 

tions of each substrate were conducted and yielded identical qualitative 

results. In all these incubations, radioactive substances other than C27 

sterols were formed in relatively very small quantities. 

R 

m  15oOH 
H 15f3OH PI R= y 

FIG.1 POSSIBLE BIOSYNTHETIC SEGUENCES INVOLVED IN 14 U-MMETHVLATION 

Kinetics of conversion of the ozgenated lanost-S-enols to cholest-7-enol 

An St0 fraction from rat liver was incubated with three different con- 

centrations of each of the oxygenated lanost-8-enol derivatives. In addi- 

tion, similar incubations were conducted with a range of concentrations of 

dihydro-['4C]lanosterol (Structure I, Fig. 1) and 4,4-di.methyl-[Z-%$]- 

cholesta-8,14-dienol (Structure VIII, Fig. 1) in order to make direct com- 

parisons with the kinetics of established intermediates of cholesterol bio- 

synthesis. Cholesterol and cholest-7-enol were isolated as the acetates as 

described above. Lineweaver-Burk plots were constructed for the conversion 

of each substrate to cholest-7-enol and from these the values for apparent Km 

and v,, were calculated. 'These values are summarized in Table 1. Unexpec- 

tedly, the 3(3,15S-diol at a concentration of 14.4 @ resulted in a decreased 

rate of C27 sterol synthesis compared with that observed at lower concentra- 

tions of this substrate, and this phenomenon occurred again in subsequent 
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experiments. For this reason it was impossible to calculate Km and V,, at 

the concentrations used, and these values have been omitted from Table 1. 

DISCUSSION 

In the present work we have undertaken a direct comparison of kinetic 

parameters observed during the metabolism of various possible oxygenated 

lanosterol intermediates of cholesterol biosynthesis. During the conversion 

of lanosterol to cholesterol, nuclear double-bond rearrangement from A0 to A7 

does not occur to any significant degree until the 14cr-methyl group has been 

removed (21). Any oxidized intermediate involved in 14a-demethylation will 

therefore contain a AS bond, and the use of any other type of substrate may 

introduce further complications into an already complex problem. We have 

gone to some lengths, therefore, to ensure that the substrates used in this 

study are as closely related as possible to those structures which the 

demethylase enzymes would normally encounter. Although all the compounds 

tested were metabolized, the rates of conversion to C27 sterols varied widely. 

Both the epimeric 3p,15-diols were converted to a small extent, the 158- 

epimer being a better precursor than the 15a at low concentrations of sub- 

strate. This result is at variance with reports (9,22) showing that 14cr- 

methylcholest-7-en-3p,15a-diol is not converted to cholesterol end may 

justify the present policy of utilizing as substrates compounds more closely 

related to probable physiological intermediates. The low rates of conversion 

of 39,15-diols to cholesterol may argue against the participation of these 

compound3 as obligatory intermediates in cholesterol biosynthesis from 

dihydrolanosterol. However, their high rates of conversion to more polar 

compounds and to the 3,15-diol-diesters might suggest that compounds of this 

type are normally encountered by liver enzymes and enter into some biosyn- 

thetic pathway. In particular, the high rate of esterification of the 

hindered 156~hydroxyl group is of interest. 

Although the rates of conversion of the C-32 oxygenated compounds to C27 
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sterols were high, the apparent Km values were substantially larger than 

those observed with dihydrolanosterol or 4,4-dimethylcholesta%,14-dienol, 

indicating a relatively low enqmic affinity for these tspes of substrate. 

The very high eneymic affinity for the obligatory cholesterol precursor, 

4,4-dimethylcholesta-8,14-dienol, is consistent with its non-accumulation in 

tissues undergoing cholesterol synthesis under normal conditions. 

The process of 14a-demethylation is strikingly similar to the incomplete- 

ly understood mechanism by which the C-79 methyl group is removed during con- 

version of the androgens to the oestrogens, end it would appear that nature 

has elaborated the same general mechanism for the removal of steroidal 

tertiary methyl groups. It is likely that a solution to either of these 

important and intricate problems will also provide an answer to the other. 
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