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The Stereochemistry of Hydrogen Elimination at C-7 during
Cholesterol Biosynthesis in Rat Liver

By G. F. Giseons, L. J. Goap,* and T. W. GoopwIN
(Department of Biochemistry, The University, Liverpool)

THE biosynthesis of cholesterol from lanosterol
involves, among other changes, migration of the
A% bond to A?, formation of 7-dehydrocholesterol,
and subsequent reduction of the A7 bond to give
cholesterol.! The enzyme-catalysed conversion of
As-sterols into A7-sterols has been reported? and loss
of a hydrogen atom from C-7 has been observed
during conversion of lanosterol into cholesterol.?
We now describe the stereochemistry of the
hydrogen elimination from C-7 during cholesterol
formation by a rat liver system.

Cornforth, Popjdk, and their co-workers* have
shown that incubation of (3R)-[{2-U“C-(2R)-2-*H,]-
mevalonic acid (MVA), (I), or (3R)-[2-1C-(2S)-
2-8H,]-MVA, (II), with a rat liver preparation will
produce squalene (III) or (IV), respectively, in
which the stereospecific tritium labelling is retained.
Cyeclisation of (III) or (IV) by the generally accepted

mechanism® will give lanosterol (V) or (VI)
respectively, again stereospecifically labelled with
tritium. In particular, the lanosterol will have
tritium label in either the 7o (V) or the 78 (VI)
position. Enzymic conversion of (I) or (II) into
cholesterol followed by location of tritium at C-7
therefore provided the method used in the present
work for the examination of C-7 hydrogen
elimination during A7 bond formation.
(3R)-[2-1C-(2R)-2-3H,1-MVA, (I), (1-0 uc of 4C;
SH:MC = 9-40) was incubated for 3 hr. at 37° with a
rat liver homogenate® and the non-saponifiable
lipid isolated (8:83 x 10° d.p.m. of ¥C). Thin-layer
chromatography (t.l.c.) on silica gel gave squalene
(2-32 x 10® d.p.m. of #C) and cholesterol (4-91 x
105 d.p.m. of ¥C). The squalene (*H :4C = 8-75)t
was further purified by a second t.l.c. separation
whilst the cholesterol fraction was acetylated and

t The small decrease in the *H : *C ratio upon conversion of the doubly labelled MV A into squalene can be explained
by loss of tritium caused by the reversibility of the isopentenyl pyrophosphate-dimethyl allyl pyrophosphate isomerase
reaction (P. W. Holloway and G. Popjak, Biockem. J., 1968, 106, 835); the efiect was more marked in Ochyvomonas

malhamensis (reference 10).
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purified by tlc. on AgNO,-silica gel to give
cholesteryl acetate (3-83 x 10°d.p.m. of ¥C,*H :1¥C
= 8-71). Addition of carrier cholesteryl acetate
(1-99 g.) followed by two crystallisations gave 163
d.p.m. of ¥C/mg., 3H :1C = 8-69. Oxidation? of
the cholesteryl acetate produced 3B-acetoxy-
cholest-5-en-7-one, m.p. 158—159°, which was
purified by chromatography on alumina followed by
two crystallisations; 162 d.p.m. of ¥C/mg., 3H ;:1C
= 7:06. With the observed 3H:#C ratio of
squalene (8-75) corresponding to a 3H :%C atomic
ratio of 6:6, the corrected *H :1C atomic ratio for
the cholesteryl acetate is 4-97:5, whilst the
corrected *H : C atomic ratio for the 38-acetoxy-
cholest-5-en-7-one is 4-03 : 5. This decrease in the
3H :1C ratio therefore demonstrates the presence
of a tritium atom at C-7 of the cholesterol and
hence the retention of the 2-pro-R hydrogen of
mevalonic acid during its incorporation into
cholesterol. This corresponds to the retention of
the 7u-tritium of lanosterol (V) during its enzymic
conversion into cholesterol (VII).

A portion (110-8 mg.) of the doubly labelled
cholesterol from the above incubation was con-
verted into cholest-6-en-5a-hydroperoxide-3§-0l,®
m.p. 146—147°, 163 d.p.m./mg., 3H :%“C = 8-83;
corrected 3H :4C = 5-05:5. This demonstrates
that the tritium atom retained at C-7 had the 78-
configuration® and thus confirms previous evidence?®
that reduction of the A? bond involves hydrogen
addition at C-7 from the ¢ face of ring B.

In a similar experiment (3R)-[2-1C-(25)-2-3H,]-
MVA, (II) (1-:0 puc of ¥C, SH:UC = 9-30) was
incubated with a rat liver homogenate and gave the
following results: non-saponifiable lipid, 5-95 x 108
d.p.m. of ¥C; squalene, 7-58 x 10? d.p.m. of 1C,
3H :1C = 8-45t; cholesterol fraction, 3-44 x 10°
d.p.m. of ¥C. Cholesteryl acetate purified by
AgNO,-silica gel t.l.c. contained 2-53 x 10° d.p.m.
of ¥C, 3H :1“C = 5-65. Two crystallisations after
addition of carrier cholesteryl acetate (2-01 g.) gave
106 d.p.m. of ¥C/mg., *H: ¥C = 5-53, and oxida-
tion produced 3B-acetoxycholest-5-en-7-one, 105
d.p.m. of ¥C/mg., *H:%“C = 5-37. The virtually
unchanged 3H : “C ratio upon formation of the 7-
ketone demonstrates the absence of tritium at C-7
of the biosynthesised cholesterol and shows that the
2-pro-S hydrogen of MVA incorporated at C-7 of a
cholesterol precursor is eliminated, i.e. the 78-
tritium atom is lost during the enzymatic conver-
sion of lanosterol, (VI), into cholesterol, (VIII). The
results of the two experiments just described are
therefore complementary and establish that during
cholesterol biosynthesis by a rat liver system the
7B-hydrogen atom of a precursor sterol is eliminated.
This is in agreement with our previous results
obtained for poriferasterol biosynthesis in Ochvo-
monas malhamensis.® The C-T7 hydrogen elimina-
tion most probably occurs as a result of migration
of the A® bond to the A7 position in the appropriate
sterol intermediates.

Consideration of the results obtained from the
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(3R)-[2-#C-(2S)-2-*H,]-MVA, (II), incubation re-
veals that conversion of the observed 3H :14C ratio
of the cholesterol to the corrected 3H :1C atomic
ratio (based upon squalene) gives a value of 3:27:5
instead of the anticipated ratio of 4 : 5. This result,
which has been confirmed in three separate
experiments, indicates that in addition to the C-7
hydrogen, a second hydrogen atom derived from
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the 2-pro-S position of MV A is lost during conversion
of squalene into cholesterol. Preliminary work
suggests that the second tritium atom is lost from
C-15 and work is now in progress to establish this
point.
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for a Research Studentship (to G.F.G.).

(Recetved, July 15th, 1968; Com. 945.)

1 R. B. Clayton, Quart. Rev., 1965, 19, 168; M. E. Dempsey, J. Biol. Chem., 1965, 240, 4176; S. Marsh Dewhurst and

M. Akhtar, Biockem. J., 1967, 105, 1187.

2 J. L. Gaylor, L. V. Delwiche, and A. C. Swindell, Steroids, 1966, 8, 353.

3 M. Akhtar and A. D. Rahimtula, Chem. Comm., 1968, 259; L. Canonica, A. Fiecchi, M. Galli Kienle, A. Scala,
G. Galli, E. G. Paoletti, and R. Paoletti, Steroids, 1968, 11, 287.

¢ J. W. Cornforth, R. H. Cornforth, G. Popjak, and L. Yengoyan, J. Biol. Ckem., 1966, 241, 3970.

% L. Ruzicka, Proc. Chem. Soc., 1959, 341.

6 N. L. R. Bucher and K. McGarrahan, J. Biol. Chem., 1965, 222, 1.

7 L. F. Fieser, M. Fieser, and R. N. Chakravarti, J. Amer. Chem. Soc., 1949, 71, 2226.

8 A. Nickon and J. F. Bagli, J. Amer. Chem. Soc., 1961, 83, 1498.

9 D. C. Wilton, K. A. Munday, S. J. M. Skinner, and M. Akhtar, Biockem. J., 1968, 106, 803.
10 A. R. H. Smith, L, J. Goad, and T. W. Goodwin, Chem. Comm., 1968, 926.



