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Abstract-2-Aza_2,3dihydrosqualene (l), 2-aza-2,3dihydro-squalene-N-oxide (2) and derivatives are new compounds 
designed to inhibit the 2,3-oxidosqualene-cycloartenol (lanosterol)cyclase. The effects of these compounds were studied 
on sterol biosynthesis in suspension cultures of bramble cells. Both 1 and 2 inhibited the growth of cells with an I& Of 
11 pM for 1 and 21 PM for 2. When the cells grown in the presence of the two drugs were analysed, accumulation of 
squalene and 2,3_oxidosqualeoe was observed but no significant decrease of the total sterol content per g of dry weight 
of cells was noticed. Pulse experiments with [2-14C]acetate on Wday-old cells treated with 1 resulted in a strong 
decrease of the incorporation of radioactivity into the 4-desmethyl sterol fraction. An lcso of 7.5 FM was determined 
when the cells were preincubated for a period of two hr with 1 or 2. This inhibition was correlated with an accumulation 
of [14C]-2,3-oxidosqualene and of [14C]-squalene. No [14C]-2,3:22(23)dioxidosqualene was detectable in these 
conditions. Derivatives of 1 and 2 or similar compounds were also assay& N-lauryl-dimethylamino-N-oxide (LDAO) 
was shown to be particularly effective and produced accumulation of enormous amounts of [14CJ-2,3-oxidosqualene. 
Compound 1 (but not 2 or LDAO) leads also to the accumulation of a red pigment identified as lycopene. Our work 
confirms studies with enzymatic systems in demonstrating that 1, 2 and LDAO inhibit the 2,3_oxidosqualene- 
cycloartenol cyclase and provides evidence that the squalene synthetase and the A* -* A’-sterol isomerase are also 
inhibited. 

INTRODUmION 

Recent work performed in this laboratory showed that 
2-az+2,3dihydrosqualene (1) [l-3] and 2-aza-2,3- 
dihydrosqualene-N-oxide (2) [4], two rationally designed 
2,3_oxidosqualene (OS) cyclase inhibitors, strongly in- 
hibited OS-#?-amyrin- [l-4], OS-cycloartenol- [3], and 
OSlanosterolcyclases [3,4]. It has been suggested that 1 
and 2 could be high energy intermediate (HEI) and 
transition state (TS) analogue inhibitors, respectively (Fig. 
1) [l-4]. Although this point has still not been firmly 
established, it would be compatible with the very high 
affinity of 1,2 and related compounds 3,s and 6 for the 
plant enzymes (KJK, = 10e3 in the case of the most 
potent inhibitor of the series). As discussed in a previous 
article [S], a large array of molecules already exist which 
inhibit sterol biosynthesis in higher plant cells. Most of 
these sterol biosynthesis inhibitors (SBI) when given to 
plant cells lead to the accumulation of compounds 
possessing the tetracyclic sterolic skeleton which, as 

t Author to whom correspondence should be addressed. 
Abbreviations: U 18666 A, 3/!?-[2diethylamino ethoxy] and- 

rosM-en-17-o% CPTA, 2+-chlorophenylthi0) hiethylamiat; OS, 
2,3-oxidosqualene; DOS, 2,3:22,23dioxidosqualene; SBI. sterol 
biosynthesis inhibitors; LDAO, N-lamyl-N-dimethyl-amino-N- 
oxide. 

discussed elsewhere [6], could at least partly meet some of 
the sterol requirements of plant membranes. It could be. of 
interest to consider a target enzyme such as the OS cyclase 
whose inhibition would lead to accumulation of OS, an 
aliphatic flexible compound, which obviously would not 
be able to replace sterols in membranes. Thus it could be 
expected that OS cyclase inhibitors may lead to profound 
physiological effects in treated cells. For all these reasons 
we have submitted bramble cell suspension cultures to the 
action of 1,2 and derivatives. The results obtained show 
that the inhibitors are also very active in uivo and lead to 
sterol biosynthesis inhibition as well as OS accumulation. 
Growth of treated cells is also strongly inhibited. 

RESULTS 

Sterol projile of bramble cell suspension cultures treated 
with 2-aza-2,3-dihydrosqualene and its N-oxide derivative 

When bramble cell suspension cultures were grown in 
the presence of increased amounts of 2-aza-2,3- 
dihydrosqualene (I), an inhibition of cell growth was 
observed for concentrations of 1 higher than 2 mg/I. The 
concentration of 1 for which the growth was reduced by 
50% (lclo) was shown to be 4.5 f 1.5 mg/l (11 PM). No 
growth was Observed for concentrations of 1 higher than 
7.5 mgjl At concentrations of 1 lower than 2 mg/l, the 
growth was only slightly inhibited but the cells were 
shown to develop first a pink and then a reddish colour 
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Fig. 1. Influence of Z-aza-2,3dihydroqualene-N-oxide conccn- 
tration on sterol biosynthesis. Bramble cells, two weeks old, were 
incubated for 2 hr, in the presence of the indicated concentration 
of the drug. [2-14CJacetate (100&i) was then given to the 
medium and after 4 hr the incorporation in equalene (-0--O-), 
oxido-squalene (-O-O-), edesmethyl sterols (-0 --o-), and 
the mixture of 4desmethyL, C.-methyl- and 4,4dimethylsterols 
(-M-m-) was determined. The results are expressed as 
percentages of the total radioactivity incorporated in squalem, 
oxido-squalene and total sterola Insert: Influence of 2-aza-2,3- 
dihydrosqualene (-V-) and its N-oxide (-v-) on 4-desmethyl 
sterol biosynthesis. The results are expressed as percentage of 

[1*C]4desmethyl sterol measured in the absence of drug. 

which contrasted strongly with the pale yellow colour of 
control cells. 2-Aza-2,3-dihydrosqualene N-oxide (2) in- 
hibited cell growth but the measured ICsO 9 f 3 mg/l. 
(21 PM) was significantly higher. N-Lauryl-dimethyl- 
amine-oxide (LDAO) (3) which was shown previously to 
inhibit strongly the OS cyclases [4] was less inhibitory 
with a ICso ofabout 15 mgJl(66 PM). In this latter case no 
pink or red colouration was observed. 

Table 1 gives the triterpenoid content of control 
bramble cells and of cells treated with 1 and 2. A strong 
accumulation of As-sterols (mainly (24 &24-ethyl-Sa- 
cholest-8en-3/I-o1 and Sa-stigmasta-8,Z-24(28)-dien-3/I- 
01) was observed while the As-sterol content decreased 
dramatically. In addition, oxidosqualene and squalene, 
which are detectable in trace amounts in the control, 
accumulate in treated cells, OS and squalene were further 
characterized by TLC purification, GC analysis and 
comparison with authentic OS and squalene. During the 
purification by TLC of squalene (see Experimental), a 

dark red band appeared at lower R, than squalene. The 
eluted compounds presented chromatographic and spect- 
ral characteristics identical to lycopene. All these results 
suggest that the OS-cycloartenol cyclase and the A* + A’- 
sterol isomerase are probably major enzymatic targets of 
1 and 2. Although the growth reduction was important at 
the concentration of inhibitor (5 mg/l) used in this 
experiment (Table l), the sterol content of treated cells 
(2 mg/g dry weight) was not significantly different from 
that of the control. 

Pulse experiments 

The results presented in Table 1 suggest that the OS- 
cycloartenol cyclase is probably a major enzymatic target 
of 1 and 2. In order to test this hypothesis, we performed 
pulse experiments with [14C]-acetic acid. Two-week-old 
bramble cells were treated with [2-t4C]-acetic acid 
(100 PCi, 200 PM) for 4 hr in the presence of various 
azasqualene derivatives (l-6). The different classes of 
triterpenoids were extracted, purified and their radioac- 
tivity determined. As shown in Tables 2 and 3 and Fig. 1, a 
feature common to most of the inhibitors tested was a 
dramatic accumulation of radioactivity in the fractions 
containing squalene and OS and a strong decrease in the 
radioactivity incorporated in 4desmethylsterols. 
However, there were differences between the effects of 2- 
aza-2dihydrosqualene (1) and the N-oxides (2 and 3). 
Whereas in the case of 1 (Experiment B), the accumulation 
of squalene was always greater than OS, in the case of the 
tertiary amine N-oxides, OS accumulated more strongly 
than squalene. In Table 3, the effects of the inhibitors (4-6) 
have been compared. It is clear that the primary amine (4) 
lead to a low inhibition of 4desmethylsterol synthesis 
and to a moderate accumulation of OS. By contrast the N- 
diethyl derivative of squalene (5) and especially the 
hypocholesterolemic compound U 18666 A (6) lead to a 
very strong accumulation of OS and a marked inhibition 
of 4desmethylsterol biosynthesis. As shown in Tables 2 
and 3, there were often very important differences in the 
sterol biosynthetic capabilities of the various bramble cell 
batches used in the present study. To explain such a 
difference we suggest that some heterogeneity could 
appear in the different batches of cells which are growing 
independently. This could be avoided if a single batch of 
cells cultivated in a fermentor is used to perform a series of 
parallel pulses. However, in spite of these differences in the 
sterol biosynthetic capabilities, the relative percentages of 
the radioactivity incorporated into each category of 
triterpenoid were shown to be reproducible. Indeed, five 
pulse experiments performed with inhibitors 1 and 2 gave 
essentially identical distributions of radioactivity in 
triterpenoids. 

The inhibition of rldesmethylsterol biosynthesis by 1 
and 2 was shown to be concentration dependent. The half- 
maximal inhibition of Cdesmethylsterol biosynthesis was 
determined using increasing concentrations of 1 and 2. 
Under these conditions the measured lcso values were 
3 mg/l (7.3 PM) for both inhibitors (Fig. 1A). At concen- 
trations of 1 and 2 higher than 15 mgJl(36 FM) the block 
after OS was nearly total resulting in a dramatic accumu- 
lation of squalene and OS (85 % of total radioactivity) and 
negligible synthesis of 4desmethylsterols (1.5 y0 of total 
radioactivity) (Fig 1). 

2,3:22,23Dioxidosqualene (DOS) has been shown to 
accumulate in 3T3 fibroblasts, rat intestine epithelial cell 
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Table 1. Sterol composition of bramble cell suspension cultures treated with 2-axa- 
2dihydrosqualene (1) and Z-am-2dihydrosqualene-N-oxide (2) 

Percent of total sterols RR# 
A* B C 

Brgosta-5,24(28)dien-3j-o1$ 3 0 0 1.28 
(24~)24-Metbyl~holest-5~n-3/J-ol 3 0 0 1.29 
(~t)-2~Methyl-Sa-cholest-8ca-38_ol 0 1.5 0.5 1.32 
(z-5~-3~~1 40 1.43 
(24 ~~24-Ethyl-sacholtst-8ea-3B_ol 0 :‘9 : 1.45 
Stigmasta-5Z-24(28)n-3jGol 37 1.44 
sa-Sti~ta-8~-24(28)-dien-3B_ol 0 :‘B :i 1.45 
4a-Methyl-5a-ergosta-8,24(28)dien-38_ol 0 1 1 
4a,l4a-Dimethyl-9/?,l9-cyclo-5a-ergost-24(28)-en-3~- 

01 0.7 3.5 2 1.44 
4a-Methy1-5a-stigmasta-8,Z-24(28)-dien-3/3-o1 0 1.5 2.5 
4,4,14a-Trimethyl-9~,19cyc1o-5c+ergost-24(28)- 
3jI-01 2 7 12 1.50 
4,4,14a-trimetbyl-9/I,l9-cyclo-5a~holest-24-en-3~-ol 5 9 5 1.45 
2,3-Oxide-2,3dihydrosqualene tr 8.5 5 
8qualene tr 2 2.5 
Other triterpenoids 9 11.5 14 

*A: control cells; B: cells grown in the presence of 2-axa-2dihydrosqualene 
(5 me/l); C: cells grown in the presence of 2+xa-2dihydrosquakne-N-oxide 
(5 mg/l). In B and C the cell suspension cultures were allowed to grow in the 
presence of the inhibitor for four weeks. The dry weight of the cells after harvest 
were 2.4, 1.5 and 1.4 g for A, B and C respectively. 

TRR,: relative retention time to cholesterol. 
J Trivial namea (24 ~)-24methylchole&-5c3~-ok aunpesterol + 22- 

dihydrobmssicas terol; (24 R~24-ethylcholest-5c3/I-ok sitosterok stigmasta- 
5,Z-24(28)-dien-3/I-ok ixofucosterol; 4.x, 14adimethyl-9/I, 19-cycle-5acrgosta- 
24(28)-en-3jI-ol: cycloeucalenol; 4,4,14a-trimethyl-9~,19qclo-5c+cholest-24-en- 
3jI-ok cycloartenol. 

Table 2 Effect of 2-axa-2dihydrosqnalene (I), its N-oxide derivative (2) and N-lUryl-Ndimethylamine-N-oxide (3) on the 
incorporation of [2-‘4CJ-acetic acid into triterpenoid of control (A) and experimental (B,C , . .) bramble cell suspension 

cultures 

Experiment I Experiment II Experiment III 
At 

;03 cpm/g $weight) 
B C A D 

ssd- 2.1 [0.5]$ 119 [30] 45.5 [3] 166 WI 94 Cl31 17 VI 137 [Zl] 
2,3-Oxidosqualene 1.5 co.33 29.5 c7.53 56.1 [4] 132 [la] 216[31] 7.5 [3] 228 [36] 
4,4-Dimethylsterols 96.9 [27] 74.8 [19] 619.5 [42] 322.5 [3jtj 236 [33] 105 [43] 115[18] 
4c+Methyl-sterols 57.5 [16] 114.7 [29] 275 [19] 118 [14] 123 [17j 34 [14] 114[18] 
CDesmethylsterols 203 [56] 56.4 [14] 464 ~321 97.5 [ 121 39 C61 78.5 [33] 42 c7J 
Total 361 395 1460 836 708 242 636 

*The sterol biosynthetic capability of bramble cells was measured by incubation of the cells with [Z-‘*CJ-acetic acid 
(lOOKi = 2OO~M)intbepresence (B, C, D) or absence (A) of the inhibitor. The inhibitor was solubilixed in ethanol and the 
solution was introduced into tbe incubation medium to give a final concentration of 5 mg/l. A preincubation of 2 hr of the 
inhibitor was performed in the absence of [14C+acetic acid then the incubation was initiated by addition of the [‘4C&acetic 
acid and was stopped after 4 hr. 

?A: Control; B: 2-axa-2dihydrosqnalenc; C: 2-axa-2dihydrosqualene-N-oxidq D: N-lauryl-Ndimetbyl-amine-N-oxide 
(LDAO). 

$Percent of the total radioactivity. 

cultures, or yeast treated with 1, U18666A, or related used as inhibitor, therefore it could he suggested that a 
molecules [7-9-J. Using the same experimental conditions defect iu 4desmethylsterol production could he re- 
as those described in the literature (see material and sponsible of the growth inhibition. Some trials have heen 
methods) DOS was not detectable in bramble cell suspeu- done to reverse the growth inhibition caused by 1 by 
sion cultures whatever the concentration of I, 2 or 3 used. suppIemcntir.tg the medium with exogenous sterols. 

The lcso for 4desmethylsterol biosynthesis inhibition Sitostorol or cholesterol (l-10 mgjl) were added to the 
and for cell growth were in the same range when 1 was medium culture in the presence of tergitol(1 mg/l, a non 
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Tabk 3. Effect of squakne amine (4), squakne dkthylamine (5) 
and of U18666A (6) on the incorporation of [Z-“Cjacetic acid 

into triterpenoids of bramble cell suspension cultures 

At B C 
(lo3 cpm/mg dry weight) 

Squalene 7.5 C31$ 95.5[21] 410 [32] 
2,3-Oxidosqualenc 21.5 [9] 150 C33.53 674 C51.53 
4,4Gmethylsterols 90.5 [33] 102 [23] 96.5 C7.53 
4a-Methylsterols 68.75 [25] 83 [IS] 89.5 [7-J 
4-Desmethylsterols 82.5 [30] 20 [4.5] 27.5 [2] 

Total 270.75 450.5 1300 

*The conditions of incubations are described in the Table 2. 
t A: squalene amine; B: squalene diethylamine; C: U18666A. 
$ % of the total radioactivity. 

toxic concentration), a detergent used to help solubiliz- 
ation of sterols. No reversion of the growth inhibition 
could be observed under these conditions. 

DISCUSSION 

The results obtained show unequivocally that 2-aza-2- 
dihydro-squalene (1) and its N-oxide derivative (2) which 
have been designed to be high energy intermediates or 
transition state analogue inhibitors [14] of the 2,3- 
oxidosqualene-/I-amyrin-, cycloartenol and lanosterol 
cyclases, inhibit the OS-cycloartenol cyclase in uivo result- 
ing in a strong accumulation of OS and in a decrease of 4- 
desmethylsterol biosynthesis. Similar 2,3-oxidosqualene 
accumulation has been reported in other materials with 
other cyclase inhibitors [8-14-J. The strong accumulation 
of squalene which is observed in our case could be 
ascribed to an inhibition by 1 and 2 of the squalene-2,3- 
epoxidase. Recent work [15] performed on cell free 
extracts from yeast and rat liver has shown that this was 
indeed the case since 1 inhibited both squalene epoxidase 
and OS-lanosterol cyclase. An alternative explanation is 
that the epoxidase is inhibited by OS itself which is the 
product of squalene epoxidation and which accumulates 
strongly following inhibition of the OS cyclase by 1 or 2. 
However, it has to be pointed out that the N-oxide 
derivatives (2, 3) lead to less accumulation of squalene 
and much more accumulation of OS than 1 (Table 2). 
Similar observations have been made in 3T3 fibroblasts 
treated with the same molecules [7]. 

The accumulation of squalene and of OS is correlated 
with a decrease in 4-desmethylsterol synthesis (Fig. 1). The 
lcso for the inhibition of sterol synthesis (3 mg/l, 7.3 FM) 
is in the same range as the Ic,,, for growth inhibition 
(4.5 mg/I, 11 PM) suggesting strongly that a lack in 4- 
desmethylsterol wntent is responsible for the growth 
inhibition by 1 and 2. Such a conclusion has been recently 
drawn in a study where 1 and 2 were used on 3T3 cells [7]. 
Exogenously added sitosterol or cholesterol do not allow 
reversal growth inhibition in contrast to studies per- 
formed on animal cells [7,9]. This could result from the 
inability of exogenous sterols to penetrate into the 
bramble cells. The lcso measured for sterol biosynthesis 
inhibition (7.3 PM) is much higher than the Ki value 
(1 PM) for OScycloartenol cyclase inhibition in vitro [3]. 
To explain this rather poor correlation, it could be 

suggested that a fraction of 1,2 or 3 would be adsorbed on 
the cell walls, a likely event in the case of 1, which being 
totally protonated at the pH of the culture medium, could 
interact strongly with the free galacturonate residues of 
the wall. In conclusion the potency of 1, and the N-oxide 
derivatives 2 and 3 (ICE, for inhibition of sterol synthesis 
7.3 PM) compares favorably with other known cyclase 
inhibitors which have been tested in mammalian tissue 
culture cells e.g. 4,4,l0~-trimethyl-trans-decal-3/Lol [lo] 
and chloroquine [ 111, or in yeast e.g. 2,3_epiminosqualene 
[l&J. By contrast 1,2 and 3 are less efficient than U 18666 
A which appears to be one of the best sterol biosynthesis 
inhibitors acting on OS-lanosterol cyclase [9,17] and 
which is the strongest inhibitor in our tests (Table 3). 

Compounds 1 and 2 lead to a strong accumulation of 
As-sterols (Table 1) suggesting that they inhibit the 
A8 + A’-sterol isomerase. An important accumulation of 
A”-sterols was still observed for lower concentrations of 1 
(1 mg/I) while no OS was shown to accumulate (results 
not shown). Such a result suggests that the As +A’-sterol 
isomerase would be an even more sensitive target of 1 than 
the OS cyclase. For concentrations of 1 and 2 (1 to 5 mg/l) 
which allow cell growth, no significant decrease in the 
total sterol amount was noticed. This contrasted with the 
strong inhibition in sterol biosynthesis capabilities ob- 
served after incorporation of [2-‘*Cl-acetate. To explain 
this discrepancy it must be recalled that in order to obtain 
enough material to proceed to complete identification of 
sterols, cell cultures were cultivated for four weeks in the 
presence of the inhibitor resulting possibly in some 
destruction of the inhibitor. This could reduce the level of 
inhibitor in the culture medium to a concentration which 
does not inhibit OScyclase but which would still interfere 
with the As+A’-sterol isomerase. Such an hypothesis 
would be consistent with previous findings showing that 
A5-sterols were replaced by As-sterols in cells treated with 
inhibitors of sterol biosynthesis such as AY 9944 [ 181 and 
fenpropimorph [19] which did not affect cell growth. For 
concentrations of 1 and 2 (more than 5 mg/l) inhibiting 
strongly cell growth it can be noticed that the block of the 
biosynthetic flow after OS leads to OS accumulation 
which is not acceptable as a substitute for sterols [6,20]. 

Finally, the present work has also revealed that 1 but 
not 2 and 3 interferes with carotenoid biosynthesis 
resulting in an accumulation of lywpene. This suggests 
that the cyclase (s) involved during the conversion of 
lywpene to B-carotene were inhibited. Such an hypothesis 
is corroborated by recent findings showing that 1 inhibits 
lycop&ne cyclization in Capsicum annuum chromoplasts 
[21]. Another explanation would be that 1 stimulated the 
enzymatic complex involved in lywpene synthesis. Such a 
conclusion has been reached in Citrus paw&cum treated 
with CFTA (7) and related compounds [22], a class of 
molecules possessing some wmmon features with the 
inhibitors used in the present work. 

In conclusion 2-aza-2,3_dihydrosqualene (l), its N- 
oxide derivative (2) and related molecules (3-6) proved to 
be interesting and potent new SBI in plant cell suspension 
cultures. Their main targets are the cyclization of OS into 
cycloartenol and the As +A’-sterol isomerase. In addition 
the inhibition of OS cyclase results probably in cell 
growth inhibition. 

EXPERIMENTAL 

Chemicals. Sodium[2-‘*C]-acetate (48 mCi/mmol) was pur- 
chased from the Commissariat 6 l’Energy Atomique (Saclay, 
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France). The synthesis of 2,3_oxidosqualene, [39H]-(R, S)-2,3- 
oxidosqualene, 2-aza-2,3dihydrosqualene (l), its N-oxide de- 
rivative (2), as well as derivatives 4, 5, 6 have been reported 
previously [l, 3,4]. A sample of 2,3 : 2523dioxido squalene was 
provided by N. Gerst. LDAO (3) was purchased from Serva 
(Heidelberg, West Germany), U 16888 A (6) was kindly provided 
by Dr Cenedella (Kirksville, Missouri, U.S.A.). 24-methyl- 
pollinastanol was extracted from bramble cell suspension cul- 
tures treated with fenpropimorph [23]. (24Rt24ethyl-Scc- 
cholest-8en-3/3-o] and 5c+stigmasta-8,2-24(28)-dien-3/?-ol were 
isolated from bramble cells treated with AY 9944 [18]. 

PIant material. Suspension cultures of bramble cells were 
grown under continuous white light at 25” on a synthetic sterile 
medium. Compounds l-6 (l-20mg/l) were added in soln in 
EtOH to the culture medium. The drug was sterilized before use 
by titration through a Millipore (0.45 e) filter. At the end of the 
growth period (4 weeks in general) the cells were harvested, 
filtered, lyophilized and their dry wt determined. 

Incorporation of radiolabelkd precursor into nonsaponifkble 
sterokr. Suspension cultures of bramble cells (2 weeks old) were 
incubated with [2-14C] acetic acid (lOOpCi:2OOpM) in the 
presence or absence (control) of the inhibitor. The inhibitor was 
solubilized in EtOH and the ethanolic soin was sterilized by 
filtration through a Millipore (0.45 m) iilter and introduced in 
the incubation medium to reach a final concentration of 5 m&l. A 
preincubation of 2 hr of the ctlls in the presence of the inhibitor 
was performed, then the incubation was initiated by addition of 
the [‘4C]-acetic acid and was stopped after 4hr. The same 
operations were done in the case of control cells but in the 
absence of the inhibitor. When the incubation was terminated, 
the cells were filtered, rinsed with cold culture medium and 
lyophilized. 

Analytical procedure. The techniques used for sterol extraction, 
purification and identification have been detailed elsewhere 
[18, 19,23,24]. Bramble cells were treated as described pre- 
viously [18,19,23,24]. This procedure led to the isolation of 
squalene (R, 0.9), 2,3_oxidosqualene (R, 0.75), 4,4dimethyl-, 4a- 
methyl- and 4desmethylsterols (R, 0.50,0.45,0.30, respectively). 
The sterols wereacetylated [23]. Each of the three classes of steryl 
acetates was analysed by GC with a GC equipped with a FID and 
a silica fused capillary column (WCOT, 25 m x 0.25 mm i.d.) 
coated with OVl (H, Bow: 2ml/min). The temp. programme 
used included a fast rise from 60” to 230” (30”/min), then a slow 
rise from 230” to 280” (T/min). The total amount of sterols 
present in each class was quantified using an integrator. 
Analytical argentation TLC (10 % AgNO, impregnated silica gel; 
cyclohexanctoluene (7: 3); migration for 15 hr) was performed 
on each class of steryl acetate and the bands obtained were 
analysed by GC. The details relative to the detection, separation 
and identification of steryl acetates (essentially A*-steryl acetates 
obtained after inhibitor treatment have been published elsewhere 
[23,24]. The sterols are listed in the Table 1. A11 the sterols 
isolated from inhibitor treated bramble cells were identified by 
their ‘HNMR and mass spectra as described previously 
[18,23,24]. These data, being identical to those already pub- 
lished have not been detailed here. In the case of pulse experi- 
ments with [2-‘*Cl acetate, the radioactivity associated with 
purified steryl acetates was measured using a scintillation 
counter. 

Identification of squalene and 2,3_oxidosqualene. The non- 
saponifiable lipid fraction was submitted to TLC (silica gel; 
CHQ; 2 migrations). Two bands were detected at R, 0.9,0.75 
corresponding to authentic squalene and 2,3-oxidosqualene 
(OS), respectively. The components corn&rating with squalene 
were submitted to TLC (silica gel; hexane-toluene (95:5); one 
migrationk the bulk of the compounds did not migrate but some 

compound was detectable at R, 0.45 identical to that of authentic 
squalene. After elution from the silica gel, the components were 
submitted to GC. The temp. programme used included a fast rise 
from 60 to 200” (3O”/minX then a slow rise from 200 to 250’ 
(2”/min). The total amount of squalene was determined according 
to a standard curve. In the case of pulse experiments with 
[2-14C]-acetate, the radioactivity associated with squalene was 
determined using a scintillation counter. The compounds co- 
migrating with OS were submitted to TLC (silica gel; CH,C&; 
one migration); the bulk of the compounds present in this 
fraction cochromatographed at R, 0.55 identical to that of 
authentic OS. After elution from the silica gel, the recovered 
compounds were submitted to GC with the same temperature 
programme as above. The OS present was clearly identified at 
RR, 1.30 relative to cholesterol. The radioactivity associated to 
pure OS was determined using a scintillation counter. In order to 
check for the presence of 2,3 : 22,23dioxidosqualene (DOS), the 
nonsaponifiable extract was submitted to TLC using 
hexane-EtOAc (85:15), one migration. In these conditions 
authentic DOS migrates at R, 0.55 and is clearly separated from 
4,4dimethylsterols [25]. No trace of radioactivity was shown to 
occur at this R, in our material. Biosynthetic&y labelled OS was 
identitied chemically according to the procedure of Willett et al. 
[26]. The band migrating with authentic OS was eluted and 
hydrolysed in acidic medium (100 ~1 of HCIO, in EtOH-Hz0 
(2: 1, v/v). The material obtained after extraction co-migrated on 
TLC (hexan*EtOAc 75 : 25 with authentic squalene-2,3-glycol 
(R, 0.15). This compound was in turn converted into 1,1’,2-tris- 
norsqualene aldehyde by treatment with periodic acid in THF on 
TLC (CH,Cl,, one migration), the labelled metabolite showed 
the same R, (0.55) as an authentic sample. 

REFERENCES 

1. Delprino, L., Balliano, G., Cattel, L., Benveniste, P. and 
Bouvier, P. (1983) J. Chem. Sot. Chem. Commun. 381. 

2. Rahier, A., Bouvier, P., Cattel, L., Narula, A. and Benveniste, 
P. (1983) 11, 537. 

3. Duriatti, A., Bouvier-Navt, P., Benveniste, P., Schuber, F., 
Delprino,.L., Balliano, G. and Cattel, L. (1985) Bioch. 
Pharmac. 34,2765. 

4. Ceruti, M., Delprino, L., Cattel, L., Bouvier-Nad, P., 
Duriatti, A., Schuber, F. and Benveniste, P. (1985) J. Chem. 
sot. them. Commun., 1054. 

5. Benveniste, P. (1986) Annu. Rev. Plant Physiol. 37, 275. 
6. B&h, K. (1983) CRC Crit. Rev. B&hem. 14, 47. 
7. Gerst, N., Schuber, F., Viola, F. and Cattel, L. (1986) Biochem. 

Pharmacol. 35, 4243. 
8. Field, R. B. and Holmund, C. E. (1977) Arch. Eiochem. 

Biophys. 180,465. 
9. Sexton, R. C., Panini, S. R., Azran, F. and Rudney, H. (1983) 

Biochemistry 22, 5687. 
10. Chang, T.-Y., Schiavoni, E. S. Jr., McRae, K. R., Nelson, J. A. 

and Spencer, T. A. (1979) J. Biol. Chem., 254, 11258. 
11. Chen, H. W. and Leonard, D. A. (1984) J. Biol. Ckm., 259, 

8156. 
12. Corey, E. J., Ortiz de Montellano, P. R., Lin, K. and Dean, P. 

D. G. (1967) J. Am. Chem. Sot. 89,2797. 
13. Reid, W. W. (1968) Phytochemistry, 7,451. 
14. Nes, W. D., Douglas, T. J., Lin, J.-T., Heftmann, E. and Paleg, 

L. J. (1982) Phytochemistry 21, 575. 
15. Ryder, N. S., Dupont, M.-C. and Frank, J. (1986) 204, 239. 
16. Pinto, W. J. and Nes, W. R. (1983) J. Biol. Chem. 258,4472. 
17. Cenedelk, R. J. (1980) Biochrm. Pharmacol., 29, 2751. 
18. Schmitt, P. and Benveniste, P. (1979) Phytochemistry 18,445. 



2114 P. SCtiMlTr et al. 

19. Schmitt, P., Rahier, A. and Bemeniste, P. (1982) Physiol. Veg. 
20, 559. 

20. Demel, R. A. and de Kruyff, B. (1976) Eiochim. Biophys. Acta 
457, 109. 

21. Camara, B., Do&o, O., d’Harlingue, A. and Bardat, F. (1985) 
Phytochemistry 24,2151. 

22. Poling, S. M., Hsu, W.-J. and Yokohama, H. (1975) 
Phytmhemby 14, 1933. 

23. Schmitt, P., Benveniste, P. and L.eroux, P. (1981) 
Phytochemistry 20,2153. 

24. Rahier, A., Taton, M., Schmitt, P., Benveniate, P., Place, P. 
and And& C. (1985) Phytoehemistry 24, 1223. 

25. Nadeau, R. G. and Hanz& R. P. (1969) Methods Enzymol. 
15, 343. 

26. Willett, J. D., Sharpless, K. B., Lord, K. E, Van Tamelen, E. E. 
and Clayton, R. B. (1967) J. Biol. C/win. 242,4182. 


