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The Biosynthetic Origin of the C-20 Proton of Cholesterol 
By ELXAHU CASPI* and LAWRENCE J. MULHEIRN 

(The Worcester Foundatiopz for Experimental Biology, Inc., Shrewsbury, Massachusetts 01 545) 

Summary The presence of tritium at  C-20 of cholesterol 
biosynthesized from (4R)- [4-3H, 2-14C Jmevalonic acid is 
confirmed. 

THE biosynthesis of squalene from mevalonic acid (MVA) 
was shown to proceed with the stereospecific elimination of 
the 4-pro-S protons and retention of the 4-pro-R prot0ns.l 
Thus incubation of (4R)-[4-3H]-MVA with a rat-liver 
preparation yields rH,]squalene labelled as indicated in (1). 
Oxidative cyclisation of squalene,2 via squalene 2,3-oxide,3 
is presumed to proceed through the cation (2), which then 
undergoes the indicated four concerted rearrangements to 
yield, after extrusion of the 9a-tritium atom, [3H5]lano- 
sterol (3). Biosynthetic transformation of lanosterol to 
cholesterol involves the loss of two tritium atoms from C-3 
and C-5 and three methyl groups4 from C-4 and C-14, one 
of which (the 4a5) is derived from C-2 of MYA. Indeed, 
when (4R)- [4-3H, 2-14C]-MVA, having an atomic ratio (a.r.) 
of 3H : 14C (1 : l) ,  was incubated with a rat-liver preparation 

1 7 ~ - ~  and 24-Pr0-R-~ positions. Because of the experi- 
mental approach previously employed, involving the 
enzymatic conversion of cholesterol into pregnenolone with 
a bovine adrenal preparation,6~7 the precise location of the 
third tritium atom could not be defined, The proof for the 
C-20 location of the remaining tritium atom is now pre- 
sented. Our experimental approach was based on the 
observation that the protozoan Tetrahymena pyriformis 
converts cholesterol into cholesta-5,7,22-trien-3/3-01.~~~ 

Cholesterol7 (4), prepared from (4R)- [4-3H, 2-14C]-MVA 
with a rat-liver enzyme system, was re-purified by t.1.c. to 
radiochemical purity. The sample (1-2 x 1Pd.p.m. of 
14C, 3H : 14C ratio 4.5) was diluted with 15 mg.sof inactive 
cholesterol and distributed equally (as an ethanol solution) 
between six Fernbach flasks containing growing cultures of 
T. py~iforwzis in 1 1. of medium.9 The cultures were shaken 
at  25" for 48 hr., and the sterols were recovered as pre- 
viously describedg The recovered mixture of products 
(75% of the added 14C radioactivity) was acetylated and 
purified by t . 1 . ~ ~  to yield cholesteryl acetate (3 x lo4 d.p.m. 
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\ AcO 
H a, R=T 

b, R=H (stereochemistry at 
C-20 unspecified) 

Carbon atoms indicated by a heavy dot originate from C-2 of mevalonic acid. T = 3H. 

the squalene, lanosterol, and cholesterol (4) obtained had 
the predicted atomic ratios 3H : 14C (1 : l) ,  (5 : 6), and (3 : 5) ,  
respectively . 

The location of the three remaining tritium atoms in 
cholesterol, which are expected to be present a t  C-17, -20, 
and -24, is of considerable interest. While the tritium 
atom a t  C-24 should be located at  its "original" position, 
traceable directly to squalene and MVA, those at  C-17 and 
C-20 are thought to have been involved in migration.2 
Earlier we proved that, in cholesterol biosynthesised from 
(4R)-[4-3H, 2-14C-]-MVA, tritium atoms were present a t  the 

of 14C) and cholesta-5,7,22-trien-3/3-yl acetate"(5) (7 x lo& 
d.p.m. of 14C). The triene (5) was further purified on t.1.c. 
and then a portion was diluted with inactive material and 
co-crystallized (Table). A second portion was hydro- 
genated in the presence of tristriphenylphosphinerhodiurn 
chloridelo to yield 5a-cholesta-7,22-dien-3/3-y1 acetate cL(6), 
which showed the same 3H:14C ratio as ( 5 )  (Table). The 
remainder of the triene (5 )  was diluted with inactive ergo- 
steryl acetate (1-04 g.) and hydrogenated as above. The 
recovered mixture of products (which showed only end- 
absorption in the u .v.) was dissolved in dichloromethane 
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3H :14C Ratios f o r  cholesterol { f rom (4R)-[43H, 2-'%I-MVA) and i ts  transformation products 

Compound 
Cholesterol (4) . . . .  . .  .. .. .. .. 
Recovered cholesterolb (4) . . . .  .. .. .. 
Cholesta-5,7,22-trien-3/l-yl acetate(5) . . .. . .  .. 
5a-Cholesta-7,22-dien-3 @-yl acetate (6) .. .. .. 
3,9-Acetoxy-23,24-bisnor-5a-chol-7-en-22-a1 (7a) . . .. 
3,9-Acetoxy-23,24-bisnor-5a-chol-7-en-22-oic acid (8) . . 
(7a) Equilibrated via enamine to (7b) . . .. . .  .. 

. .  

SH : 14C 
(d . p. m .) 

4.5a 
4.2 
4.3 
4-3 
3.9 
3.8 
1.9 

a The sample of cholesterol was obtained from the same incubation as that used in ref. 7. 
ratio is accounted for by the natural decay of tritium. 

b Recovery from incubation with T. 9yriformis. 

3H :14C (atomic) 
Exp. Theor. 
3.0 : 5 3:5 
2-8 : 5 3 : 5  
2.9 : 5 3:5 
2.9 : 5 3 :5  
2.1 :4  2:4 
2.0 : 4 2 :4  
1.0 : 4 1 : 4  

The 8% decrease in observed 3H :14C 

and treated with 1-2 moles of ozone at  -70" to yield 
(dimethyl sulphide-methanol work-upu) 3/3-acetoxy-23,24- 
bisnor-5~-chol-7-en-22-al(7a) (3H : 14C ratio 3.9). Oxidation 
of the aldehyde (7a) (Jones' reagent) to the acid (8) (SH : I4C 
3.8) proceeded without loss of tritium, revealing the 
absence of isotopic hydrogen at C-22. Treatment of the 
aldehyde (7a) with piperidine and a trace of toluene-p- 
sulphonic acid gave an enamine, which was not isolated but 
hydrolysed to aldehyde (7b) (stereochemistry a t  C-20 
unspecified). The purified (t.1.c.) and crystallized (7b) 
retained only 50% of the tritium present in the aldehyde 
{7a) (Table). 

The results demonstrate that in cholesterol biosynthesized 
from (4R)-[4-3H, 2-14C]-MVA the third tritium atom is 
located a t  the 20-position as expected on the basis of the 
accepted mode of formation of lanosterol from squalene.2 
In addition, it can be concluded that the introduction of the 
C-22(23) olefinic bond in cholesterol by Tetrahyrvtena pyri- 
formis proceeds without the loss of hydrogen (tritium) from 
the 20 and 24-pro-R-positions. 
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