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STEREOCHEMISTRY OF HYDROGEN INTRODUCTION AT C-25 DURING
CHOLESTEROL BIOSYNTHESIS IN HIGHER PLANTS
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Feeding of [26-13C]desmosterol and [26-13C]A25(26)-cholesterol to cultured
cells of Oryza sativa and hairy roots of Ajuga reptans var. atropurpurea
followed by 13C-NMR analysis of the resulting 13C-labeled cholesterol
demonstrated that hydrogen introduction at C-25 occurs on the Siface of
desmosterol and on the Re-face of A25(26)-cholesterol.
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The final step in the biosy nthesis of cholesterol (1) involves the reduction of a A24-sterol, eg.,
desmosterol (2).1) The stereochemistry of the hy drogen addition at C-25 in this process has been
elucidated in rat liver2,3) and insects,4) to reveal the 25-Siface attack on desmosterol. The
reduction of A24-sterols should also occur in plants during the biosy nthesis of cholesterol, which is
generally a minor sterol in plants, as well as of the steroidal sapogenins, e.g., diosgenin, tigogenin
and tokorogenin. 5) This paper reports the stereochemistry of hydrogen introduction at C-25 in
Oryza sativa and Ajuga reptans var. atropurpurea, of desmosterol (2), and also of
A25(26)-cholesterol (3) which would be an altemnative substrate for the C-25 reduction leading to
cholesterol. The methodology used is essentially the same as in previous reports.3’4) Thus, itis
determined by 13C-NMR analy sis whether [26-13C|cholesterol (1a) or [27-13C]cholesterol (1b) is
produced from the fed substrates of [26-13C]desmosterol (2),6) and [26-13C]A25(26)-cholesterol
(3).7) (Chart 1)
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Fig.1. Partial 13C-NMR Spectra of Cholesterol Biosynthesized from [26-13C]
Desmosterol (A and C) or from [26-13C]A25(26)-Cholesterol (B and
D)in Oryza sativa (A and B) or in Ajuga reptans var. atropurpurea (C and D)

[26-13C]Desmosterol (2, 50.6 mg) was fed to the tissue cultures of O. sativa as previously
described,8) and the resulting sterols (22.1 mg) were separated by HPLC to obtain the fraction (1.8
mg) containing cholesterol and 24-methy lenecholesterol.  13C-NMR spectra (Fig. 1A) indicated that
the pro-R-methy| (C-26) of cholesterol appearing at 6 22.5 ppm9) was labelled with 13C, and
therefore came from (£)-13C-methy | of desmosterol. In contrast, the intensity of the signal at 22.7
ppmdue to pro-S-methy| (C-27) was much lower, almost at the same lev el of other cabons of the
endogenous cholesterol. These results imply that cholesterol was produced by the stereoselective
25-Siface addition of hy drogen on desmosterol, in accordance with observ ations in the rat liver2:3)
and in insects.4)  The 13C-enriched signals at 21.8 ppmin Fig. 1A are due to the pro-S-methy| of
24-methyIenecholesterol,10) indicating the transformation of desmosterol (2) into this sterol.11) A
feeding experiment of [26-13C]A25(26)-cholesterol (3) was carried out in the same manner. It is
evident from Fig. 1B that the pro-S-methyl (C-27) of cholesterol was selectively labeled, implying
the 25-Re-face addition of hy drogen on A25(26)-cholesterol during its transformation into cholesterol.
An opposite (25-Si-face) attack of hydrogen was reported!2) to occurr in the biosynthesis of
24B-ethylcholesta-7,22-dien-38-ol (chondrillasterol) from the A25-olefinic precursor.

Analogous experiments were carried out by using the hairy roots of Ajuga, using the previously
reported procedures.’3)  When [26-13C]A25(26)-cholestrol (3) was fed to Ajuga, the resulting
cholesterol showed a prominent signal at 6 22.7 ppm (Fig. 1D), in agreement with the observ ations
of O. sativa.  However, feeding of [26-13C]desmosterol (2) to Ajuga produced cholesterol of
which the 13C-NMR spectra (Fig. 1C) showed 13C-enriched signals at both §22.5 and 22.7 ppm,
with the former being predominant.  This partial scrambling of 13C between C-26 and C-27 was
further supported by a complementary experiment using [27-13C]desmosterol3) as the substrate,
wherein the signal at 6 22.7 ppm was more intense than that of 6 22.5 ppm (data not shown). One
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possible intempretation of this scrambling is partial isomerization of 2 into 3, followed by
stereospecific reduction of the resulting mixture of 2 and 3 to give 1a and 1b, respectively. More
definite evidence for the stereoselective Si-face addition at C-25 of A24-sterol in Ajuga was recently
obtained in a feeding experiment with 13Co-acetate.14) Thus the biosynthesized cholesterol
indicated the 13C signal at 8 22.5 ppm as a singlet, and that at § 22.7 ppm as a flanking doublet
(J=35.8 Hz). These data imply that C-26 was derived from C-2 of mevalonate via C-26 of
desmosterol, while C-25 and -27 were derived from the intact acetate unit, and are therefore
consistent with the expected hydrogen addition on the 25-Si-face of desmosterol.

In conclusion, it has been shown for the first time in higher plants that hydrogen introduction at
C-25 during cholesterol synthesis occurs from the Si-face of desmosterol and from the Re-face of
A25(26)-cholesterol.
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