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Oxidurion of 3 to 2. The alcohol (3, 20 mg) in Me,CO (3 ml) 
was treated with an exm of Jones reagent at 0” for 5 min. The 
product extracted with Et,0 was submitted to preparative 
TLC to give the u&msaturatal ketone (2,15 mg) which was 
crystallized from EtOH as needles: C,,H,,O (M+ 286), mp 99- 
100”, [a], - 146”. 

Aceryfurfon 43 to 4. The diterpenoid (3,lO ma) was treated 
with Ac,O (0.5 ml) in dried pyridine (0.5 ml) at room temp for 
IS hr. The product 4 (7 mg) CssHs*Or (M* 330) had mp 115 
116”, [a], - 100”. 

Reo~~gemmt 63 to 1. The unsaturated alcohol (3.20 mg) in 
MeOH (4 ml) and ether (2 ml) was treated with cone NCl(0.8 ml) 
at room temp. for 3 hr. The reaction mixture was taken up into 
Et,O, and the ethereal solution was washed, dried and concd 
tp give a major product (1, 15mg) which was submitted to 
preparative TLC and recrystallixation: C,,H,,O (M+ 288). 
mp 148-149”. [a], -78”. 

Acknowf&emeurs-The authors thank Mr. Kosaku Yamada 
Ujiyamada High School, for collection and identillcation of the 
liverwort, and they am grateful to Dr. J. D. Connolly, University 
of Glasgow for the PMR spectrum of (16R)-eur-kauren-15or 
~arealsoductotheJapan~MinistryolEducationand 
the Ito Science Foundation for f’mancial support of this work. 

RKFKRmcEs 

1. Hayashi, S. and Matsuo, A (1976) Chemfsrry 31. 518 and 
references cited therein. 

2. Matsuo, A., Nakayama, M, Ono, J. and Hay&i, S. (1972) 
2. Nattujorsch. 27R 1437. 

3. Hunock S and Vevle, 0. (1970) 2. NarwjZvsA 25 B, 227. 
4. ConnoIly. J. D. and Thornton, I. M. S. (1973) 1. Chem Sot. 

Perkfn I, 736. 
5. Matsuo, A., Utq S, Nakayama, M, Hayashi, S, Yamasaki, 

IC., Rasal, R and Tanaka, 0. (1976) Tetrahe&m Letters 2451. 
6. MacMillan, J. and Walker, E R H. (1972) /. Chn Sot. 

Perkfn I, 986; Connolly, J. D. and Thornton, I. M. S (1973) 
J. Ckem Sot. Perktn I, 736. 

7. Barnes, M. F. and MacMillan, J. (1967) J. C/tern &c.(C) 361. 
8. D&ding, A S and Hartman, J. A (1956) 1. Am Chn Sot. 

-1216. 
9. Devon, T. K. and Scott, A I. (1972) Handbook d Natvafly 

Occvrfng Compounds, Vol. 2 Academic Press, New York 

PhyrochemMry, 1977. Vol 16. pp &IO-492 Pqxmon Rcu Printed in England 

IN VITRO CYCLIZATION OF SQUALENE 2,IEPOXIDE TO a-AMYRIN BY MICROSOMES 
FROM BRAMBLE CELL SUSPENSION CULTURES 

JOHN W. ELDER*, PIERRE BnNvnNIsIgt and PAUL Fommewt 

‘Department of Chemistry, Fairtield University, Fairfield, Conn. 06430, U.S.A.; tbtstitut de Botanique, Laboratoire de Biochimie 
VCgttale, E.R.A. au C.N.R.S. no 487, 28, rue Goethe, 67983 Strasbourg Cedex, France 

(Receiued21 Julv 1976) 

Key Word Idcx-R&u fmricosus; Rosaceae; squalene 2,3-epoxidea-amyrin cyclase. 

Ahatract-Squalene 2,3-epoxide incubated with microsomes from bramble cell suspension cultures is shown to be 
converted into a-amyrin. 

INTRODUCl’lON 

In 1955, Ruxicka and his coworkers proposed the bie 
synthesis of a- and /I-amyrin, along with other triterpenes 
and steroids from squalene Cl]. The in vitro incorpora- 
tion of mevalonate and squalene f3cpoxide into 
/I-amyrin has been demonstrated [2-51. In the case of 
a- amyrin, in aiuo experiments have shown incorporation 
of CO*, acetate and mevalonate into a-amyrin or its 
derivatives C&8]. Recently incorporation of mevalonate 
into a- and jl-amyrin by chopped preparations of plant 
parts has been shown [9]. In vitro biosynthesis of 
a-amyrin has not been reported ; however, Corey and Dean 
imply that leas than 5 % of the radioactivity found in 
impure j3-amyrin from in t&o incorporation of squalena 
epoxide might be due to a-amyrin but offer no proof 
[S, lo]. In many cases, a-amyrin seems to constitute a 
minor component of the pentacyclic triterpene mixture 

and this, added to the dilBculty to separate the two 
amyrins, rendered very difficult the study of in vitro 
biosynthesis of a-amyrin. As we recently showed that 
a-amyrin constituted more than 70 ‘A of the pentacyclic 
triterpene fraction in bramble cells [ 111. we decided there- 
fore to study the in oitro biosynthesis of this com- 
pound. Wewishtoreporthereanunambiguousincorpora- 
tion of squaIene epoxide into a-amyrin by microsomes 
from bramble cells suspension cultures. 

llEstJLTs AND Dl!3CUSSION 

The 4,4-dimcthyl steryl acetate fraction from bramble 
celI suspension cultures has been resolved by argenta- 
tion chromatography into 24-methylene cycloartenyl 
acetate (R, 0.20X cycloartenyl acetate (R, 0.45) and 
pentacyclic triterpene acetates (R, 0.80). CC-MS analy- 
sis showed that this latter fraction contained @myrin 
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Table 1. GLC and MS data of amyrin acetates 

Tritcrpene acetate GLC data MS data (in GC-MS, 70 eV), m/e 
RR, (cholesterol = LOO) and relative intensities (%) 

SE-30 (2409 OV- 17 (270”) M + a b C d e 

/?-amyrin acetate 223 2.10 468 (3) 453 (1) 408 (1) 393 (2) 218 (108) 203 (34) 
a-amyrin acetate 245 238 468 (3) 453 (1) 408 (1) 393 (2) 218 (100) 203 (16) 

acetate (30%) and a-amyrin acetate (70%) (Table 1). 
These two products have been separated on a large 
scale by selective epoxidation. These conditions result in 
the expoxidation of more than 59% of the @mytin 
acetate while leaving more than 97% of the a-aniyrin 
acetate unreacted. 

Mevalonate-5-14C has been incubated in the presence 
of a post mitochondrial supematant fortified with ATP 
and NADPH. Radioactivity has been obtained in 
squalene (3.12 x lo6 dpm) and in 4,4dimethyl sterols 
(0.44 x IO6 dpm). After acetylation of the 4,4dimethyl 
sterol fraction, argentation chromatography of the 
acetates, and epoxidation of the pentacyclic triterpene 
acetates, the unreacted a-amyrin a&ate was separated 
from j?-amyrin acetate epoxide. unlabelled carriers were 
added and the a-amyrin acetate and the p-amyrin 
acetate epoxide have been crystallized to specific con- 
stant radioactivity (Table 2). As shown here, total 
radioactivity associated with a-amyrin (3 13 600 dpm) 
appeared to be much higher than that associated with 
g-amyrin (46000 dpm). 

Squalene 2,3-epoxide was incubated in the presence of 
microsomes as described previously [12]. Using the same 
procedure as before, the separated a-amyrin acetate and 
/kmyrin acetate epoxide were crystallized to specific 

constant radioactivity (Table 3). A specific constant 
radioactivity was obtained after the second crystallixa- 
tion in the case of a-amyrin acetate which constitutes 
direct evidence for the in vitro formation of a-amyrin 
from squalene epoxide. Such a result is of importance ; 
we think that our system will be useful for investigating 
further aspects of the biosynthesis of a-amyrin. 

EXPERIMENTAL 

TLC was carried out on Merck HF 254 plates (0.2mm). 
After spraying with 0.1% berberine-HCI in EtOH. the products 
were observed under UV (340nm). GLC employed a GC 
fitted with two FID and two glass columns (1.50 m x 3 mm) 
packed with either 1% SE30 or 1% OV-17 and No at 30 ml/mm 
GC-MS was carried out on a LRB9OOO S mass spectrometer 
at an ionixing energy of 70 eV. Radioactivity on the TLC plates 
was detected by a thin layer scanner. Radioactivity was assayed 
by liquid scintillation counting. 

Rdiochnnicols. Mevalooolactone- (5’*C) (11 pCi&mol) was 
supplied by the ConunkGt s 1’Energie Atomique (Gif-sur- 
Yvette, France). Squalene~11,12-3H) was prepared as des- 
cribed previously [13]. Squalene~ll, 12-3H)-2,3epoxide was 
synthesized by the method of van Tamelen and Cutphey [ 141. 

Preparation of subcellular factions. Bramble cells (Rubus 
fiticos~~) were grown under continuous white light at 25” on 

Table 2. Crystallization to constant specific radioactivity of a-amyrin acetate and the epoxide of /I-amyrin acetate obtained after 
incubation of mcvalooate-(5-‘*C) 

Amount of unlabelled product added (me) 
Radioactivity before crystallization (dpm/mg) 

a-Amyrin acetate Epoxide of /3-amyrin acetate 

40 40 
784Ok400 115Of40 

Crystals ml. Crystals m.l. 

1st crystallization (dpm/mg) 
2nd crystallization 
3rd crystallization 
4th crystallixation 
5th crystallization 
6th crystdization 

9250*400 91QOf300 62Of 15 4850*40 
9200*400 88oort500 44Of 15 1100*20 
9100*400 96OOfm 340* 15 950*20 
94OOf400 9350 f 500 325 f 20 450 f 20 

- - 325 f 20 345f20 
- - 330*25 34Of25 

Table 3. Crystallization to constant specific radioactivity of a-amyrin acetate and the epoxidc of fi-amyrin acetate obtained after 
incubation of squalene+ 1, 12-3H&!,3-epoxide 

Amount of unlabclled product added (mg) 
Radioactivity before crystallization (dpm/mg) 

a-Amyrin acetate 

30 
1760f60 

CQWab m.L 

Epoxide of /?-amyrin acetate 

30 
230*2O 

Crystals ml. 

1st crystallizatioo (dpm/mg) 
2nd crystallization 
3rd crystallization 
4th crystallization 

1450*60 145Of60 19Of20 28Oim 
1150060 1200*60 200*20 200*20 
13OOf60 llOOf60 190*20 190*20 
115Of60 105Of80 185 f 20 2OOrt20 
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a synthetic medium having the following composition : mineral 
sol of Hcller [15] (100 mlk thiamine (1 mg), glucose (50 g), and 
2 x dist H,O (900 ml). Cells were harvested during the exponen- 
tially growing phase. Cells (100 g) were ground in a mortar at 0” 
with I vol. of medium containing: 0.1 M Tris-HCI, I mM 
EDTA, IO mM mercaptoethanol, 0.5 M sucrose, final pH 7.5. 
Homogenate was squeezed through 2 layers of cheese-cloth 
and centrifuged at 6OOOg for IOmin. Supematant was centri- 
fuged at 105ooO g for 60 mm. Soluble supematant was removed 
and microsomal pellets suspended in 5 ml medium containing : 
0.1 M Pi buffer. 25 mM mercantcethanol. 4 mM MaCI,. final 
pH 7.5 and dispersed in a Potter-Elvehjem homogenkr. Be- 
cause of progressive acidification, the pH was adjusted to 7.5 
witha1MTrissoln. 

Eazymaric assays. Incubation of sqaaleae epoxide. Dispersed 
microsomal pellets (4.5 ml; 4 mg protein/ml) were incubated 
with soualene-lll. 12-‘Hb23euoxide (12.10” dDm; 250 uM) 
dissolved in 0.5mi 0.1 M Pi buffer contaming I % Tween-St!l for 
4 hr at 31”. The reaction was terminated by the addition of 20 % 
KOH in EtOH (1 vol.) In one expt a duplicate consisting of 
particles boiled for 30 mitt was used. Protein was quantitated 
by the procedure of Lowry et al. [16]. 

Incubation of metdonate. A 6000 g supematant (20 ml) was 
incubated in the presence of ATP (3.6 mM), NADPH (1.2 mM): 
MgCl, (4 mM) and mevalonate. 5-‘*C (IO uCi) for 30 min at 
30°C. The reaction was terminated by the addition of 20% 
KOH in EtOH (I vol.). 

Analpicol procedure. The incubation mixture was extracted 
5 x with petrol (1 vol.). Combined extracts were dried, evapora- 
ted and subjected to Si gel TLC (CH,CI,, two migrations). The 
band (R, 0.35) containing 44dimethyl sterols was eluted and 
acetylated. Acetylated materials was chromatographed on 
AgNO,-Si gel plates using C,H,-cyclohexane (3: 7; continuous 
development for I6 hr), 3 bands containing respectively 24-meth- 
ylenecycloartanylacetate(R,0.20),cycloartenylacetate(R,0.45) 
and the amyrin acetates (R, 0.80) were obtained, and material 
in the band containing the amyrin acetates was treated with a 
saturated soln of p-nitroperbenxoic acid in EtsO (1 ml) over a 
period of 2 days at room temp. rl6]. The Et,0 soln was washed 
with Na,S,O, and Na,CO, sol&, dried, c&cd and subjected 
to TLC (CHCI,. 1 migration). The band containinn unreacted 
acetate (R, 6.75j’and ~poxid&d acetate (R, 0.50) were eluted 
and a-amyrin acetate and fi-amyrin acetate epoxide respec- 

tively added as carriers. The 2 samples were recrystallixed 4 x 
from MeOH. 
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Key Word ldtx-PoIymnia fnrcticosa; P. pyramidelis; Compositae; new cinnamic esters. 

Aus der Gattung Polymnia, die zur zweiten Untergruppe 
des Subtribus Mekrntpodifnae gehZIrt [l], sind bereits 

und die Derivate 3 und 4 [S]. Die oberirdischen Teile 
lieferten die Ester S-8 sowie die FIavanone Naringcnin 

mehrere Arten untersucht. Man fmdet hier neben dem 9 und Sakuranetin 10. 6 und 7 sind bisher nicht als 
weitverbreiteten Pentainen 1 [2] vor ahem verschiedene 
Gcrmacrolide [3, 41 sowie einmal ein Eudesmanohde 

Naturstoflb isoliert worden, ihre Konstitutionen folgen 

c41. 
eindeutig aus den spektroskopischen Daten. 

Die Wurz.em von P. pyramidalis enthalten ebenfahs 
Die Wurzeln von P. jiuctfc(h~ enthahen ebenfalls 1 

sowie in relativ hoher Konzentration Kaurendure [2] 
1-4, wiihrend die oberirdischen Teile 2 und 6 ergeben. 
In beiden Arten konnten keine !Iesquiterpenlactone 


