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Abstract-The biosynthesis of a-spinaster and /?-amyrin has been investigated in Camek~ sinensk. 
Administration of doubly labeled 4R,4-3H-2-14C-mevalonic acid led to the formation of radioactive a- 
spinasterol and B-amyrin. In the case of a-spinasterol, the 3H/‘4C ratio was found to be 244:5-00 rather than 
3: 5. The ,H/“C ratio of the biosynthesized @nyrin was found to be l-0: 1.0, which is consistent with an 
earlier study in Pisum sativum. 

INTRODUCTION 

A CONSIDERABLE amount of research has been devoted to understanding the processes by 
which plant sterols are biosynthesized in plants. Recent investigations have indicated that 
the formation of steroids in plants follow the same pathways as in animals.‘~ * Although it has 
been tacitly assumed that the pattern of distribution of radioactivity in the triterpenoids and 
plant sterols is the same as in animals, it is important that the study be conducted in a range 
of plants in order to confirm this. 

Relatively little information is available on the biosynthesis of C-29 phytosterols which 
have the ethyl side-chain linked to C-24. Incorporation of radioactive acetate and mevalonate 
into phytosterols has been demonstrated in some plant systems 3-6 and it appears that C-29 
phytosterols are formed by the route mevalonic acid (I) + squalene (II) + either cyclo- 
artenol (III) or lanosterol (Iv) --f C-29 phytosterols. However, the steps after lanosterol are 
still not clear. Desmosterol and 24methylenecholesterol are probably the intermediates 
through which these sterols are biosynthesized after the cycloartenol stage.’ Recently it 
has been shown that 1,2-H-migration takes place during the alkylation of the d24-bond.8*9 
It was of interest to determine whether there is the possibility of the operation of several routes 
after the cycloartenol (or lanosterol) stage. To decide between these possibilities, it is neces- 
sary to determine the distribution of the radioactivity of the incorporated precursors (es- 
pecially that of mevalonic acid) in the biosynthesized phytosterols and triterpenoids, in 
our case specifically or-spinasterol and /3-amyrin. 
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* K. H. RMB, J. DeSouz~ and W. R. Nas, Bioclrim. biaphys. Acta 152,742 (1968). 
9 hi. AKHTAR, P. F. HUNT and M. A. PAR~EZ, Biacbem. J. 103.1616 (1%7). 

565 



566 RNNBSHWAR K. SHARMA 

CH3 .OH 

HO& \ )C( 

CHz 

,CH20H 

H” 
‘CI, 

Mevalonic acid (I) 

Squalene (II) 

HO 

Cycloartenol (Ill) 

HO 

Desmosterol (V) 

Lanosterol (IV) 

B 
a-Spinasterol (VI) 

T 

\ 
1’ - 22 

1 T 
9 

HO e . = 14c 

T-3H 

TX_ 3 3 i- 
’ 15 

7 

23 
“.+. 

f!-Amyrin (VII) 

With a view to obtaining more information regarding the biogenetic processes by which 
plants elaborate phytosterols and triterpenoids, a mixture of (3RS)-(2-C’4)-mevalonic acid 
and (3RS)-(4R)-4-3HI-mevalonic acid dibenzylethylenediamine salt, was administered to 
Camellia sinensis, a pIant not previously used for biosynthetic studies. 

RESULTS AND DISCUSSION 

A mixture of (3RS)-[(4R)-4-3HI]-mevalonic acid dibenzylethylenediamine salt (250 +) 
and (3RS)-(2-r4C)-mevalonic acid (50 F) (3H/14C ratio 5.37) was administered by the “brush” 
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method. The tea plant was harvested after 5 weeks and processed in the manner described 
earlier.‘Q It a-Spinasterol (VI) and j&unyrin (VII) were isolated from the ligroin extract. 
The 3H/14C ratios of the isolated a-spinasterol and jkmyrin were determined (Table 1). 

TABLE 1. THE 3H/‘4C RAINX OF THB PRODUCTS 
RxovmEDAFxmRTHBAD- TZON OF (3RS)- 
[(4R)43H~~~~ruc ACID (250 rc> AND (3RS)- 
(2-“C)-MEVALONIC ACID (50 & (‘H/“C RATIO 

5.37) To Camellia &?n.?is 

‘H/“C Ratio 

jhilllyrin 
First crystallization 
Second cxystallization 
Third crystallbxtion 
Fourth crystallization 

a-Spinaste-rol 
First crystallization 
Second cryetallization 
Third crystallization 
Fourth crystallization 
Fifth crystallization 

5.68 
546 
5.38 
546 

1.73 
2.09 
2.24 
2.62 
2.67 

Desmosterol (V) or the analogous C-27 intermediate formed in the biogenetic sequence 
from (3RS>[2-*4C(4R)-4-3H,]-mevalonic acid (I) (3H/‘4C ratio 5.37), should have three 
positions labeled with )H (at C-17, G20 and C-24) and five with *‘C (at positions 1,7,15,22 
and 27), with a theoretical 3H/14C ratio of 5.37 x 3/5 - 3.22. The same ratio should be ob- 
served even if24methylene derivative is formed as an intermediate, since such an intermediate 
will involve a carbonium ion at G25 and 3H from C-24 position will be transferred to the 
C-25 position.” g On the other hand, if the )H does not shift to C-25 during the carbonium 
ion intermediate, the complete loss of 3H should occur during the formation of 24methylene 
intermediate. Then in the a-spinasterol only two 3H atoms (at C-17 and C-20) and five “C 
labeled atoms (at positions 1,7, 15,22 and 27) should persist. The calculated 3H/14C ratio 
should therefore be 5.37 x 2/5 = 2-l 5. The experimentally determined ratio of 2.67 appears 
to indicate that either none of the above routes operates, at least in the biosynthesis of a- 
spinasterol, or alternatively that the formation of a-spinasterol proceeds simultaneously by 
the two routes; one route involving the intermediate in which 3H at C-24 is lost, possibly 
during the formation of 24-methylene intermediate and the other route in which 3H is 
transferred to C-25 through the carbonium ion mechanism. Both pathways operating 
simultaneously at equal rates should give a 3H and 14C distribution of 5.37 x 2*5/5 = 2.68. 
The experimental value found is 2.67. The observed value of 3H/‘4C ratio of 2.67 corre- 
sponding to the 244 atoms of 3H and five atoms of “C is quite signiftcant, since Rees et uZ.12 
found a different 3H/14C ratio (of 3 : 5) for /?-sitosterol synthesized in pea seedlings. The 
results of Rees et u1.12 are consistent with those observed in the metabolism of liver chole- 
steroL’3 In view of the present tidings with a-spinasterol in Camellia sinemis, we question 

lo J. A. F. WIG ERAMSINGHE, E. P. BIJRRO~~, R. K. SHARMA, J. B. GREIO and E. CASPI, Plryrvchem. 8,1433 

‘1 (::?tEuw and T REICEDTEIN Helv Chim Actu 47 711(1964) 
‘2 fi. H. REBS, E. I. il~~cmt and +. W:GooDhrN, Bio&mt. J. 99, +26 (1966). 
I3 J. W. CGRNFGRTH, R. H. CORNPORTX, C. DONNINGER,G. POPJAR, Y. S~lhnzv, S. ICHJI, E. FORSCHIELLI and 

E. CASPI, J. Am. Gem. Sot. 87,3224 (1965). 



568 R-m K. SHARMA 

whether the mechanism of alkylation is different for different phytosterols or if it is the 
function of the plant being studied. Experiments to clarify this point are continuing. How- 
ever, involvement of more than one pathway, at least in the biosynthesis of cardenolides, has 
been observed before. lo 

In the biosynthesis of @amyrin in C. sinensis, if the biosynthetic steps take place as 
proposed by Eschenmoser et ~1.~’ six jH labeled atoms (at C-3, 5, 9, 18, 19, 19) and six 
“C-labeled atoms (at positions 1, 7, 15, 22,29 and 23) should persist; the expected 3H/L4C 
ratio of 5.37 is in good agreement to the observed value of 5.46. Recently, Rees et ~1.‘~ in 
investigating the biosynthesis of Bamyrin in pea seedlings, have also confirmed the hypothesis 
of Eschenmoser et al.” 

EXPERIMENTAL 

Characterization of a-spinasterol and @unyrin. The characterization of cold a-spinasterol and &amyrin 
isolated from Camellia sine&s Icaves was done by high resolution NMR and mass spectroscopy.16 Both of 
these compounds were further checked for their purity by GLC. 

Chromafography. Silica gel (Merck HF 934+3& was used for TLC in the indicated solvent systems. Thin- 
layer plates were used for the final purification of a-spiaasterol and /3-amyrin. Chromatographically homo- 
geneous products were further checked for purity and identity by cocrystallization to constant specific 
activity and constant OH/“C ratio. 

Cowering. Counting was carried out in a Nuclear Chicago, automatic liquid scintillation counter, Unilux 
II. The samples were dissolved in 15 ml of a scintillation solution of toluene containing 4 g 2,5diphenyl- 
oxazole and 100 mg ofp-his-2-(5-phenyloxazolyl~benzene, per 1000 ml. 

Administmtion of (3RS)-[2-“C, (4R)43H~~/onic ucid to camellia sinewsis. (3RS)-[(4R)-4-3Hl]- 
mevalonic acid dibenxylethylenedi salt (250 +), pnpared according to the procedure of Cornforth 
et al.,]’ was mixed with (3RS)-(2”C)-mevalonic acid (50 pc) CH/“C ratio 5.37) and administered to a 
C. sine&s plant by the “brush” method. The plant was &minated and watered as necessary. After 5 weeks 
the plant was harvested and processed as previously dwcribed.‘O**’ 

Isolation of a-spirwsteroi. The isolation of a-spinastctol was carried out on the hydrolysate of the liioin 
extract by TLC using WEtOAc-MeOH (90 : 9 : 1). The ~r-spinasterol zone was extracted, then purified 
by TLC on silica gel impregnated with 10% (v/v) AgNO, using the above solvent. The radioactivity corre 
spending to the a-spinasterol was extracted. This extract was diluted with non-radioactive a-spinasterol 
(9.7 mg) and rechromatographed sequentially on silica gel-impregnated AgN03 plates in CHC13 and in the 
benzene-EtOAc-MeOH mixture. The purified radioactive zone of a-spinasterol was extracted and crystallized 
several times from absolute ethanol until the speci6c activity and 3H/14C ratio was constant (Table 1). On the 
basis of the ‘H and *‘C present in the a-spinasterol crystallizd to constant specific activity and constant ratio, 
the a-spinasterol in the total ligroin extract contained 1.833 x 10’ dpm of “C (equivalent to the incorporation 
of O-O1670A of *‘C) and 4894 x 10’ (equivalent to the incorporation of 0008898% of 3H). 

Imiarion of jhnyrin. @amyrin was isolated from the hydrolysate of the ligroin extract by TLC using the 
same benzene mixture. The &amyrin zone was located under U.V. light, and the area of radioactivity corre- 
sponding to the xone was extracted from the chromatogram. The extract was further puri&d by TLC as for 
CZ-spinasterol. The pur&d p-amyrin was diluted with non-radioactive j?amyrin (8.12 mg) and crystallized 
several times from acetone until the specific activity and 3H/L4C ratio was constant (Table 1). On the basis of 
3H and “C present in the jl-amyrin cocrystallixed to constant specific activity and constant ratio, the @arnyrin 
in the total ligroin extract contained 2.1112 x 10’ dpm of “C (equivalent to the incorporation of @0028% of 
“C) and 11.633 x lo3 dpm of )H (equivalent to the incorporation of O-O2115o/0 of ‘H. 
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