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Ahatract-The sterols of Zea mays shoots were Isolated and characterized by TLC, HPLC, GC/MS and ‘H NMR 
techniques In all, 22 4-demethyl sterols were identified and they included trace amounts of the Az3-, Az4- and A2’- 
sterols, 24-methylcholesta-5,E23-d~en-3/?-ol, 24-methylcholesta-5,Z-23-dlen-3j?-ol, 24-methylcholesta-5,25-dlen-3/?- 
01, 24-ethylcholesta-5,25-dlen-3/3-ol and 24-ethylcholesta-5,24-dlen-3/3-ol In the 4,4-dlmethyl sterol fraction, cyclo- 
artenol and 24-methylenecycloartanol were the maJor sterol components but small amounts of the A23-compound, 
cyclosadol, and the A25-compound, cyclolaudenol, were recogmzed These various A23- and A25-sterols may have some 
nnportance m alternative biosynthetic routes to the maJor sterols, particularly the 24/3-methylcholest-5-en-3fi-o1 
component of the C,,-sterols RadioactivIty from both [2-14C]MVA and [methyl-14C]methlonme was Incorporated 
by Z muys shoots mto the sterol mixture Although 24-methylene and 24-ethyhdene sterols were relatively highly 
labelled, the various AZ’- and A2’-sterols contamed much lower levels of radloactmty, which 1s possibly mdlcatlve of 
their partlclpatlon m alternative sterol blosynthetlc routes (24R)-24-Ethylcholest-5-en-3fi-o1 (sltosterol) had a 
significantly higher specific actmty than the 24-methylcholest-5-en-3j?-ol mdlcatmg that the former IS synthesized at a 
faster rate 

INTRODUaION 

The sterol compositions of Zea mays seeds, coleoptdes 
and shoots have been extensively studied [l-11] 24u- 
Ethylcholest-5-en-3/?-ol (la, sltosterol)* IS the maJor 
component while the 24-methylcholesterol (campesterol) 
IS now recogmzed to be a mixture of 24+methylcholest-5- 
en-3/I-01 (2a) and 24fi-methylcholest-5-en-3&ol (3a) 
[12-141, a sltuatlon which occurs m other plants [12,15] 
The 24a-methylcholest-5-en-3!-ol (2a) component IS be- 
lieved [14,16,17] to be synthesized by a sequence (Scheme 
1) mvolvmg lsomemtron of a 24-methylene sterol mter- 
mediate (e g 4a) to a A24-compound (Sa) followed by 
stereospeclfic reduction to the 24a-methyl sterol(2a) In a 
sumlar way, the 24c+ethyl sterol (la) IS envisaged to anse 
from 24-ethylcholesta-5,Z-24(28)-d~en-3/i-o1(6a, Isofuco- 
sterol) via 24-ethylcholesta-5,24-dien-3B-ol (7a) [16-201 

Evidence for an mvolvement of A24-sterols (Sa and 7a) 
m 24a-alkyl sterol blosynthesls has been provided by the 
labellmg patterns of phytosterols obtained after mcorpor- 
atlon of [2-14C, (4R)4-3H,]mevalonlc acid [14, 18-211, 
[24-3H]lanosterol [17] and [24-‘H]cycloartenol [22] 
Also, several A24-sterols have been identified m various 
plants [2325] However, convmcmg evidence from label- 
hng studies showing the formation of A24-sterols or their 
reduction to 24a-alkyl sterols remains elusive [20] 

The 24&methyl sterols of the algae from the order 
Chlorococcales are synthesized via a 25-methylene mter- 

*The C-24 configuration of sterols wdl be assigned, where 
known, as 24u- and 24/?- In this paper, 24a- corresponds to 24R- 
and 248- to 24.S 
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mediate (Scheme 1) [16] and It was suggested [17,25] that 
the 24fi-methyl sterols found m some higher plants might 
also anse from a 24fl-methyld25-sterol such as cyclo- 
laudenol (8g) [26] 

Recent mvestlgahons [ 10,111 of the sterols of Z muys 
seeds and coleoptlles have resulted m the ldentlficatlon of 
a senes of A23-sterols mcludmg 24-methylcholesta-5,23- 
dlen-38-01 (Sa) and cyclosadol (9g). This led to the 
suggestion [lo, 131 that a AZ3-sterol rmght be the im- 
mediate precursor to the 24/3-methyl sterol (Scheme 1) In 
support of this suggestlon, mcubatlon of Z mays coleop- 
tile mlcrosomes m the presence of cycloartenol (log) and 
[methyl-14C]-Sadenosyl methlomne gave labelled 24- 
methylenecycloartanol (4g) and cyclosadol (9g) [ 133 
However, no trace of labelled cyclolaudenol (8g) was 
detected, nor were any other A2’-sterols identified m the 
coleoptlle sterol mixture, and it was concluded [13] that 
24/?-methyl sterol biosynthesis m maize coleoptlles pro- 
ceeds by the A23-mtermedlate pathway Concurrently 
with the studies of Benvemste [13] we were also m- 
vestlgatmg the ongms of the 24a- and 24/I-methyl sterols 
of Z muys shoots [14,27] We now report the ldentlfi- 
cation of trace amounts of A”- and A”‘-sterols, and 
describe studies on their labelhng from [2-‘4C]mevalonlc 
acid (MVA) and [methyl-‘4C]methlonme 

RESULTS AND DlSCUSSION 

Sterol composltzon of Z mays shoots 

The 4-demethyl sterols were Isolated from 9-day-old 
rmuze shoots, acetylated and separated into eight bands by 
sliver nitrate-silica gel TLC (see Expenmental) GC/MS 
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SAM = S-adenosyl methlonme 
From route (a) R’ = Me, R* = CH, 

\ =.J+!y 

From route(b) R’ = Et, RZ = CHMe 

Scheme 1 Postulated routes for the formanon of the side chains of 24a- and 24j%alkyl sterols 

24~ 

exammatlon of these fractions permitted the Ident& may be more widespread m higher plants than hitherto 
cation of the sterols listed m Table 1 Many of the sterols 
have been reported previously as constituents of Z mays 

suspected We have previously speculated [ 143 that the Z 

tissues [l-l l] Several Sa-stanols were detected as minor 
mays 24a-ethyl sterol (la) might be accompanied by a 
small amount of its 24/I-ethyl epnner (chonasterol) on the 

constituents of the sterol mixture (Table 1) Stanols do not basis of the jH 14C atomic ratio obtained after mcu- 
appear to be of very common occurrence m higher plants 
but they have been reported previously m maize seedlings 

batlon of Z mays shoots with [2-14C, (4R)4-3H,]MVA 
Sterol 12a could be a putative precursor of the 24/?- 

PI ethylcholest-5-en-3B-ol 
Evidence was obtained for two A”-sterols which were 

identified as 24-methylcholesta-5,25-dlen-3~-ol (8s) and 
24-ethylcholesta-5,25-dlen-3/3-ol(12a) The acetate of the 
former sterol (8b) was m band 2 from the silver mtrate- 
slhca gel TLC, which also contained 24-methyl-5a- 
cholesta-7,24(28)-dlen-3/?-yl acetate (4d) This band ran 
slightly ahead of 24-methylcholesta-5,24(28)-dlen-3/?-yl 
acetate (4b) The mass spectra of 4b and 8b were very 
slrmlar but the fragmentation peak at m/z 296, due to the 
loss of part of the side chain, was prominent (relative 
intensity 39 “/,) m the mass spectrum of 4b However, this 
ion was considerably weaker (relative intensity 11%) in 
the spectrum of 8b as was the case with an authentic 
sample of this compound (codlsteryl acetate [28]) These 
facts permit the ldentficatlon of 8b but the C-24 configur- 
ation remams unassigned due to lack of pure material for 
further mvestlgatlon Sterol 8b, with the 24/3-configur- 
atlon, has previously been reported as a constituent of the 
alga Codturn fiaglle [28] 

The acetate of the other AZ5-sterol (12b) was m band 3, 
which also contained 9b and 6b Compound 12b was 
obtamed from this mature by reverse-phase HPLC The 
mass spectra of 12b and of the derived free sterol12a and 
the TM&-ether of 12a were all in agreement with Its 
ldentlficatlon as 24-ethylcholesta-5,25-dlen-3fl-ol (12a) 
while the melting pomt of 12b suggested that it was the 
24/?-isomer, clerosteryl acetate [29,30], although this 
could not be verified by ‘H NMR due to lack of sample 
Sterol 12a was first ldentlfied m some species of the 
Verbenaceae and Cucurbltaceae [29,30] but it has also 
been reported m Calendula ojicmalrs [31], Brasszca napus 
[32] and Kalanchoe dqremonttana [ 151 indicating that It 

The HPLC separation of the steryl acetates m the above 
fraction also provided a compound identified as 24- 
methylcholesta-5,E-23-dlen-3fi-y1 acetate (9b) by the ap- 
pearance of a character&c fragmentation ion at m/z 283 
in its mass spectrum This Ion arises by cleavage of the C- 
20, C-22 bond m A2’-sterols [lo] Sterol 9a was first 
reported as a constituent of Z muys coleoptiles by Scheld 
and Benvemste [lo] and It was assumed [ll, 13 to have 
the E-Zfconfiguratlon from a comparison of its ? H NMR 
spectrum with that of synthetic 4,4,14a-tnmethylcyclo-5a- 
ergost-E-23-dlen-3/3-yl acetate (9h), and on the basis of 
GLC retention time data [ 1 l] We have now confirmed 
that 9b (mp 126-128 5”) from Z muys does indeed have 
the E-23-configuration by direct comparison with syn- 
thetic samples of 24-methylcholesta-5,E-23-dlen-3/I-yl 
acetate (9b, mp 127-128”) and 24-methylcholesta-5,Z-23- 
dlen-3/?-yl acetate (13b, mp 119-125“) These compounds 
were prepared by lodme rsomerlzatlon of 24-methyl- 
cholesta-5,24(28)-dlen-3fi-yl acetate (4b) and purified by 
silver nitrate-silica gel TLC and HPLC The E- and Z- 
isomers were easily differentiated by their 400 MHz ‘H 
NMR spectra (Table 2) as predlcted by Itoh et al [ll] 
from their study of ‘H NMR spectra of cyclosadyl acetate 
(9h) and the model compounds 3,4-dimethyl-E-2-pentene 
and Its Z-isomer The most slgmficant differences between 
the spectra of 9b and 13b are m the chemical shifts for H- 
23 and H-25 but dlagnostlcally slgmficant differences can 
also be noted for the H-18, H-21, H-26 and H-27, and H- 
28 signals Slmllar ‘H NMR spectra have recently been 
reported for the synthetic free sterols 9a and 13a [33] 
Compound 9b obtained from Z mays had an Identical ‘H 
NMR spectrum to synthetic 9b (Table 2) thus confirming 
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Table 1 The demethyl sterol cornposItion of Z mays shoots 

Amount 
Sterol Wg fr wt) Composition ( 7”) 

Cholest-5-en-3B-ol (1 la) 088 053 
Sa-Cholestan-38-01 (lle) 004 002 
24-Methylcholest-5-en-3/I-o1(2a and 3a)* 25 69 1561 
24-Methyl-Satholestan-3jLol (2e)t 083 050 
24-Methylcholesta-5,22-dien-38_ol (1Sr)t 061 037 
24-Methylcholesta-5,24(28)dien-38-01 (4n) 4 35 264 
24-Methyl-Sa-cholesta-7,24(28)dien-38_ol (4c) 086 052 
24-Methylcholesta-5&23-dien-3fi-o1 (9a) 346 2 10 
24-Methyl-Sacholesta-7,&23&en-3B_ol (9e) 050 030 
24-Methylcholesta-5,25&en-38-01 @a)7 074 045 
24-Methylcholest-7-en-38-01 (2c)t trace trace 
24-Ethylcholest-S-en-3B-ol (la)1 6429 3906 
24-Ethyl-5acholestan-3jLol (1e)t 200 122 
24-Ethyl-Sa-cholest-22-en-3/?-ol (Me)‘! 045 027 
24-Ethyl-Sa-cholest-7_en-3/I-01 (lc)t 045 027 
24-Ethylcholesta-5,22dlen-3/I-ol (16a)$ 45 35 27 55 
24-Ethylcholesta-5,Z-24(28)-d~en-38_ol (6r) 10 79 6 55 
24-Ethyl-5a-cholesta-7,2-24(28)-d~en-3~-ol (6e) 151 092 
24-Ethylcholesta-5,25&en-3j?-ol (12a)t 098 060 
24-Ethylcholesta-5,24-dlen-3/3-o] (7a) 031 0 19 
Other sterols, possibly mcludmg 

24-methylcholesta-5,Z-23d~en-3B_ol (11) 
and 24-ethylcholesta-5,E-24(28)-d~en-3~-ol (14a) 051 031 

*Shown by Its ‘H NMR spectrum to be a rmxture of the 24a- and 248-methyl epimers m the 
approximate ratio 3 7 [14] 

t The C-24 configuration of these sterols could not be determined due to insufficient pure material 
for ‘H NMR analysis 

$Shown by ‘H NMR spectroscopy to be predommantly the 24a-ethyl eplmer [13,14] 

Table 2 ‘H NMR spectral data for synthetic compounds 9b and 13b 

H-26 
and 

H-18 H-19 H-21 H-27 H-28 H-25 H-23 H-6 

24-Methylcholsta-S,E-23-d~en-3j?-yl acetate (9b) 0683s 1017s 0887d* 0 896dt 1 543s 2 234septett 5 136~ 5 376d 

24-Methylcholesta-S,Z-23-dien-3/3-y] acetate (13b) 0679s 1017s 0902d 09481 1603s 2 788septet 5 028t 5 376d 

*J=65Hz 
tJ=70Hz 
$J=70Hz 

the tdenttficatton of 24-methylcholesta-S&23-dten-3/?-ol 
(9a) We noted that although synthetic 9b and 13b could 
be separated by reverse-phase HPLC, they dtd not show 
any stgntficant separation by GLC on HI-EFFBB, OV-1 
or OV-17 stationary phases Thus, the use of GLC data 
alone does not appear to provide adequate evidence for 
asstgnmg the configuration of A23-sterols (cf ref [ 111) 

A trace component chromatographmg on silver mtrate- 
S&XI gel m band 4 (t e less polar than 9b) had a sun&u R, 
and mass spectrum to synthetic 24-methylcholesta-5,Z- 
22-dlen-3/I-yl acetate (13b) The three other steryl acetates 
m band 4 had R&s and mass spectra allowmg their 
tentative ldenttficatlons as 24-methyl&-cholesta-7,23- 
dlen-3j&yl acetate (9d), 24-ethylcholesta-S&24(28)-dlen- 
3/?-yl acetate (14b, fucosteryl acetate) and 24-ethyl-Sa- 

cholesta-7,Z-24(28)-dten-3B-y1 acetate (6d) Compounds 
6e and 9c have been reported previously m Z mays 
[lo, 131 and fucosterol (1411) was demonstrated as a 
constituent of some Solanaceae seed 011s and rice bran 011 
[34] Confirmatton of the stde-cham double bond con- 
figurattons of W, 13b and 14b required ‘H NMR spectral 
analysis but this was not possible because the small 
amounts available prevented then further punficatton 
However, It now seems reasonable to assume that 9d had 
the 23-E-configuratton as observed for 9b and the other 
A23-sterols of Z mays [l l] Sterols 13s and 14a may be 
natural products of Z mays produced m trace amounts 
dunng the sterol side-&am alkylatton reactions 
However, tt 1s also possible that 13b and 14b are artefacts 
since tt has been observed that fucosteryl acetate (14b) can 
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a R= H, A5 
b R=AcO, A5 
c R=H, A’ 
d R=AcO, A’ 
e R=H 
f R = AcO 

RO 

g R=H 
h R=AcO SC 

ij 

J 

be formed by lsomerlzatlon of lsofucosteryl acetate (6b) 
during silver nitrate-silica gel TLC [32] 

Two other very minor constituents m Z muys shoots 
provlslonally identified from the mass spectra of the 
acetates were 24-methylcholesta-5,22-dlen-3j-ol (1Sa) 
and 24-ethylcholesta-5,24-dlen-3j?-ol (7a) The latter 
sterol 1s slgmficant due to its lmphcatlon m 26-ethyl 
sterol (la and 16a) biosynthesis It 1s suggested [19] that 
7a arises by lsomerlzatlon of lsofucosterol(6a) The very 
low concentration of 7a compared to 6s lmphes that the 
equlhbrmm of this lsomeruatlon must favour 6a and/or 
that 7a may be rapidly reduced to yield la Such a 
situation may account for the failure to obtam sign&ant 
labelhng m 7a when Z mays shoots were incubated with 
labelled MVA m both the present study and a previous 
mvestigatlon [20] 

The 4,4-dlmethyl sterols were acetylated and separated 
by silver nitrate-silica gel TLC (see Expenmental) to yield 
five bands which were eluted and their constituents 

identified by GC/MS (Table 3) With the exception of 
cyclolaudenol (Sg), the other compounds have been 
reported previously m Z mays [l-3, 11, 131 Cyclo- 
laudenyl acetate (8b) and 24-methylenecycloartanyl ac- 
etate (4h) have very similar GLC retention times and mass 
spectra and are consequently difficult to differentiate 
when present as minor constituents m a mixture They 
also tend to co-chromatograph on silver nitrate-s&a gel 
TLC with several solvent systems However, we observed 
that authentic 8h ran slightly ahead of 4h if freshly 
distilled, ethanol-free chloroform with 2 % dlethyl ether 
was employed Usmg this TLC system the Z muys 4,4- 
dunethyl steryl acetates yielded a mmor component with 
the same R, as authentic cyclolaudenyl acetate (8h) The 
GLC, RR, and mass spectrum of this material agreed with 
the corresponding data for authentic 8h and thus permit- 
ted the ldentlficatlon of cyclolaudenol (8g) as a trace 
constituent of Z mays The C-24 configuration could not 
be determined in this instance but a 24/?-methyl has been 
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Table 3 The 4,4drmethyl sterol and trlterpene composltlon of Z moys shoots 

Compound 
Amount 

(k&g fr wt) 
Compositlon 

(%) 

a-Amyrm 331 463 
B-Amyrm 185 259 
Cyclosadol (9g) 008 11 
Cycloartenol (log) 082 115 
Cyclolaudenol (8g) 017 24 
24-Methylenecycloartanol (4g) 092 129 

asslgned to this compound Isolated from other sources 
C35, 361 

The ~ncorporatron of [2-14CJmevalonzc actd and [methyl- 
“C]methzon~ne Into the sterols 0fZ mays shoots 

To obtam further evidence for the production of A23- 
and A2’-sterols m mruze, the incorporation of [2- 
‘“CIMVA and [methy l-14CJmethlonme mto these com- 
pounds was investigated after allowing me shoots to 
imbibe solutions of these labelled substrates (see 
Expenmental) The labelled non-saponifiable lipids re- 
covered from each mcubatlon were fractionated by pre- 
parative slhca gel TLC to @ve the 4&dlmethyl sterols and 
Cdemethyl sterols which were then acetylated, rmxed with 
the appropnate steryl acetate carriers, and separated by 
TLC on silver nitrate-sllrca gel to gve the constituent 
bands indicated m Tables 4 and 5 

As found m previous studies, the cycloartenyl acetate 
(lob) and 24-methylenecycloartanyl acetate (4b) were 
extensively labelled from [2-14C]MVA (Table 4) 
However, a small but srgmficant amount of radloactlvlty 
also co-chromatographed with both cyclosadyl acetate 
(9b) and cyclolaudenyl acetate (8b) With [methyl- 
“C]methlonme as the substrate most of the radloactlvlty 
was associated with 24-methylenecycloartanyl acetate 
(10h) but small amounts of radloactlvlty were again 
present m cyclolaudenyl acetate (8h) and m cyclosadyl 
acetate (9h) obtained after further purification by HPLC 

(Table 4) It therefore appears from this evidence that, 
although Az3- and A25-sterols (9g and 8g) are produced at 
the first transmethylatlon step, the favoured product 1s the 
A24(2s)-sterol (4g) and this has been confirmed with 2 
mays cell-free preparations [ 13,271 

The 4demethyl sterols were acetylated, earner steryl 
acetates added and the mixture was submitted to pre- 
parative TLC on silver mtrate-silica gel to yield eight 
radioactive fractions (Table 5) The most polar band 
contained only 24-methylcholesta-5,24(28)-&en-3/I-yl acet- 
ate (4b) which was apparently labelled from both pre- 
cursors Band 2 was a mixture of 2rlmethylcholesta- 
5,25-dlen-3/3-yl acetate (Sb) and 24-methyl-5acholesta- 
7,24(28)-dlen-3/l-yl acetate (U) The latter compound was 
antlcqated to be labelled as it 1s the likely precursor of 4b 
In order to determine if 8b was labelled, additional carrier 
4d and Sb were added to the radioactive material and the 
acetates hydrolysed The recovered free sterols 4c and 8a 
were then oxldlzed to yield 24-methyl-5acholesta- 
7,24(28)dlen-3-one (4i) and 24-methylcholesta_4,25d~en- 
3,6dlone (8j), respectively With both the [2-14C]MVA 
and the [methyl- “C]methtonme labelled samples, pro- 
duct 4i retamed the larger proportion of the recovered 
radloactlvlty thus reveahng that sterol 4c was the major 
labelled component of the band 2 material However, 
radloactlvlty also accompanied 8j thus mdlcatmg low 
mcorporatlon of the precursors into the Az5-sterol &I 

The mixture of steryl acetates (6b, 9b and 12b) tn band 3 
(Table 5) could not be resolved by TLC Smce it was 

Table 4 IncorporatIon of [2-“‘C]MVA and [methyl-“‘C]methlonme mto the 4,4- 
dlmethyl sterols of Z mays 

IncorporatIon (dpm) 

Band Component [2-W]MVA [Methyl-%]methlonme 

1 a-, /I-Amyrm acetates 
2 Cyclosadyl acetate (9h) 
3 Cycloartenyl acetate (lob) 
4 Cyclolaudenyl acetate (8h) 
5 24-Methylenecycloartanyl 

acetate (4h) 

18900 
8710(3550)* 170t 
65 560 - 
6210(1610)* 670 

36 550 9460 

The labelled 4,4-dlmethyl sterols were acetylated, carrier 4b, 8h, 9h and 10h added 
(1 0 mg of each), and the nuxture was separated by TLC on sdver rutrate-slhca gel 

*Dpm accompanymg 9b and 8b, respectively, after a second punficatlon on sdver 
mtrate-ska gel TLC 

t Dpm recovered after a further purdkatlon on reverse-phase HPLC (Llchrosorb RP- 
18, MeOH at 1 5 ml/mm) 
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Table 5 Incorporation of [2-‘%JMVA and [methyl-‘*C]methlomne mto the 4-demethyl sterols of Z mays 

Incorporation (dpm) 

Band Components* 

1 24-Methylcholesta-5,24(28)-dlen-3/3-yl acetate (4b) 
2 24-Methylcholesta-5,25-dlen-3/3-yl acetate (Sb) 

24-Methyl-Sa-cholesta-7,24(28)-dzn-3~-yl acetate (46) 1 
3 24-Methylcholesta-5,&23-dlen-3~-yl acetate (9b) 

24-Ethylcholesta-5,25-dlen-3/J-yl acetate (12b) 
24-Ethylcholesta-5,Z-24(28)dlen-3~-yl acetate (6b) 1 

4 24-Ethyl-Sa-cholesta-7,Z-24(28~dlen-3~-yl acetate (6d) 
5 24-Methylcholesta-5,24-&en-3/?-yl acetate (Sb) 

24-Ethylcholesta-5,24-d~en-3~-yl acetate (7b) 1 
6 24-Ethylcholesta-5,22-dlen-3~-yl acetate (16b) 
7 24-Methylcholest-5-en-3/?-yl acetate (2b and 3b) 

24-Ethylcholest-5-en-3/?-yl acetate (lb) 1 
8 24-Methyl-Sa-cholestan-3B-yl acetate (2c) 

24-Ethyl-Sa-cholestan-3/?-yl acetate (If) 1 

[2T14C]MVA [Methyl-*C]methlomne 

26010 37 770 

6380 9810 

33000 135050 

9800 27600 

4970 4640 

7990 - 

85450 218 07Ot 

9500 - 

The labelled 4-demethyl sterols were acetylated, tamer 4b-9b and 12b added and the nuxture was separated by silver 
nitrate-silica gel TLC as described m the Expenmental 

* Composltlon checked by GLC analysis (OV-17) 
tThls mcluded 16b whuzh was eluted together with 2b and lb 

important to establish that the A”- (9b) and A2’- (12b) 
compounds were labelled from the radioactive precursors, 
the application of HPLC was examined for the separation 
of these compounds It was found that the steryl acetates 
were well resolved on a reverse-phase HPLC column and 
they were eluted m the order 9b, 12b and 6b A sample of 
the labelled band 3 matenal from the [methyl- 
14C]methlonme mcubatlon was separated by HPLC with 
collection of samples (2 ml) which were assayed for 
radloactlvlty A histogram plot of the recovered radlo- 
activity m each fraction showed that small, but discrete, 
radloactlve peaks comclded with the mass peaks of 9b and 
12b but the bulk of the radloactlvlty comclded with the 
mass peak for 6b 

Further preparative HPLC analysis of the band 3 
samples from both the [2-14C]MVA and the [methyl- 
14C]methlonme incubations with collection of the three 
steryl acetate constituents showed that m each case small 
but slgmficant amounts of radloactlvlty were associated 
with the punfied 24-methylcholesta-S&23-dlen-3/?-yl 
acetate (9b) and 24-ethylcholesta-5,25-dlen-3fi-yl acetate 
(12b) thus substantlatmg the production of these A23- and 
A2s-sterols m Z mays shoots The nqonty of the 
recovered radloactlvlty was m the 24_ethylcholesta-5,Z- 
24(28)-dlen-3/&yl acetate (6b), which agrees with previous 
reports [ 13,17,19,20,22] of the labelhng of sterol6a after 
incubation of maize and other plants with radioactive 
precursors 

The radloactlvlty m band 4 co-chromatographed with 
24-ethyl-Sa-cholesta-7,Z-24(28)-dlen-3j-y1 acetate (6d) 
on both silver nitrate-silica gel TLC and on reverse-phase 
HPLC and indeed 6c 1s a constituent of the Z mays sterols 
(Table 1) However, we have observed that synthetic 
24-ethylcholesta-S,E-23-dlen-3~-yl acetate (17b) co- 
chromatographs with 6b m both the TLC and HPLC 
systems used m this work Although 17a was not detected 
as a natural constituent of the Z mays sterols, It can be 
envisaged that this compound may be formed during the 

second transmethylatlon reaction leading to the 24-ethyl 
sterols ma manner analogous to the formation of 9a m the 
first transmethylatlon reaction (see Scheme 1) To m- 
vestlgate the possible formation of 179, carrier 6d and 17b 
were added to the radioactive sample contalmng 6d which 
was obtamed after HPLC of the band 4 sample from the 
[methyl-‘4C]methlonme mcubation The steryl acetates 
(12 700 dpm) were sapomfied and the recovered free 
sterols oxldlzed to yield 24-ethyl-5a-cholesta-7,Z-24(28)- 
dlen-3-one (6i, 4170 dpm) produced from 6c and 24 
ethylcholesta-4,23dlen-3,6-dlone (17j, 730 dpm) ob- 
tamed from 17a The presence of the bulk of the recovered 
radloactlvlty m 6i was m accord with the antlapated 
labelhng of 6c, which is a presumed precursor of 6a, and 
hence of 24+ethylcholest-5-en-38-01 (la) The recovery of 
a small amount of radloactlvlty co-chromatographmg 
with 17j suggests that 24-ethylcholesta-5&23-dlen-3~-ol 
(17a) may indeed be a natural product but at levels which 
were too low to permit its recognition m the present 
GC/MS analysts of the Z mays sterols However, 24- 
ethyl-Al”-sterols have previously been reported as con- 
stituents of a sponge [37] and the euglemd alga Eutreptta 
uazdu [38-J 

The recovery of radloactlvlty m band 5 indicated the 
possible labelhng of the Czs- and C2,-A24-steryl acetates 
(Sb and 7b) which chromatographed m this band Smce 
compounds 5a and 7a are considered to play a key role m 
24a-alkyl sterol synthesis, then labelhng was investigated 
by further punficatlon of compounds 5b and 7b by 
HPLC The radloactlvlty recovered m 5b and 7b, from 
both the [2-14C]MVA and the [methyl-14C]methlonme 
labelled samples, was very low as found m a previous 
study [20] However, m the exammatlon of the maize 
shoot sterols (Table 1) no evidence was found for 5a while 
only a trace amount of 7a was ldentdied Thus, although 
the total radloactlvlty accumulated m these sterols was 
very low, they may have had specific activities comparable 
to some of the more abundant labelled sterols The Az4- 
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sterols Sa and 7a may therefore be transient intermediates 
formed by isomerization of A24(28)-sterols 4a and 6a, 
respectively, prior to rapid reduction to 2a and la, 
respectively 

The 24_ethylcholesta-5,22-dlen-3fi-yl acetate (16b) re- 
covered from the mcubatlons with both [2-14C]MVA and 
[methyl-14C]methlonme had a conslderably lower specl- 
ficactlvlty than the 24-ethylcholest-5-en-3/?-yl acetate (lb) 
m accord with the reported precursor-product refatlon- 
ship of la and 16a [39,40] 

The steryl acetates in band 7 from the [2-14C]MVA 
mcubatlon were a mixture of 24-methvlcholest-S-en-3B-vl 
acetate (2b and 3b) and stlgmast-5-enj3&yl acetate (li) in 
the aDDroximate ratio 1 2 5 To determine if the C,,-and 
CZ,-&ols incorporated radloactlvlty from [2-14C$fVA 
in proportion to their respective masses m the mixture, the 
steryl acetates of band 7 were separated by reverse-phase 
HPLC The ratio of radIoactivity recovered m the C,,- 
steryl acetate (2b and 3b, 12 070 dpm) compared to the 
radloactlvity in the Czg-steryl acetate (lb, 38950dpm) 
was 1 3 2 Thus It appears that the C&,-sterol (lb) had a 
somewhat higher specdic actlvlty than the C,,-sterol (2b 
and 3b), and the specific activity ratio for 2b + 3b lb was 
approximately 1 1 3 This mdlcates that the C,,-sterol 
(la) was synthesized at a somewhat faster rate than the 
C,,-sterol (2a + 3a) under the particular conditions em- 
ployed A slmrlar conclusion followed from the analysis of 
the radloactlvlty incorporated mto the sterols when 
[methyl-14C]methlonme was the precursor (see 
Expenmental for details) The C,,-sterol (2b + 3b) had a 
specific activity of 9460 dpm/mg while the C,,-sterol (lb) 
had a specific actlvlty of 25 600 dpm/mg When a correc- 
tion IS made to allow for the mcorporatlon of two 14C 
atoms due to the transfer of two methyl groups from 
[methyl-14C]methlonme mto lb compared with only one 
14C atom incorporated mto 2b + 3b, then It IS apparent that 
the C2,,- and C,,-sterols were synthesized m the ratio 1 14 

The apparently slower rate of synthesis of Cz,-sterol 
(2a + 3a) compared to CZg-sterol (la) may be correlated 
with the extent of labellmg of the various precursors of 
these compounds The 24-methylene sterols (4b and 4h) 
were comparatively highly labelled as were the 24- 
ethyhdene sterols (6b and 6d) These facts suggest that the 
major portron of the 24-methylene sterol produced in the 
first transmethylatlon IS utlhzed as the substrate for the 
second transmethylatlon to yield 24-ethyhdene sterols 
which are the precursors to the 24a-ethyl sterols (la and 
16a) 

The 24-methyl sterol of 2 mays shoots IS a 3 7 mixture 
of the 24a- and 24/?-eplmers (2a and 3a, respectively) [ 143 
The former compound (2a) IS thought to be produced 
from a 24-methylene sterol precursor [14,17] However, 
the isomer 3a has been suggested to arise by reduction of 
either a A23-sterol [13] or a A25-sterol [14, 17, 263 The 
ldentdicatlon of trace amounts of A23- and A2’-sterols in 
maize IS compatible with both routes operating in 24/?- 
methyl sterol production m this plant Moreover, the low 
mcorporatlon of radloactlvlty from precursors mto these 
compounds Indicates a slow rate of synthesis of these 
sterols and hence of the final 24j?-methyl sterol product 
(3a), as was observed However, the stereospectic reduc- 
tion of a 24-methylene sterol precursor to yield 248- 
methyl sterol, as occurs m yeast and some algae [16], 
cannot be excluded wtth the evidence currently available 
It seems that an unequivocal dectston on the relattve 
importance of the various pathways mvolvmg Azaczs’-, 

A23- and A2s-sterols m 24/?-methyl sterol production, and 
indeed the role of Az4-sterols in 24a-alkyl sterol synthesis, 
must now await the use of plant cell-free preparations 
capable of catalysmg the postulated sterol mterconver- 
slons shown m Scheme 1 

EXPERIMENTAL 

All mps were taken on a Relchert hot stage apparatus and are 
uncorr TLC was on silica gel G or 10% AgNO,-slhca gel G, 
compounds were located by viewing under UV after spraying 
with 0005 y0 beberme_HCl m EtOH, for preparative work 
compounds were eluted from the slbca gel with Et,0 HPLC was 
performed uangan Altex model 1lOA pump, peaks were detected 
by UV at 206 or 210 nm, the columns (250 x 4 6 mm) used were 
Llchrosorb RP18 and Ultrasphere-ODS GC/MS was on a VG 
70-70 F coupled to a Finnegan 2400 Incas Data System, 3 % OV- 
17 or 3 “/, OV-1 columns at 270-280” were routinely used for GC 
‘H NMR spectra were determined m CDCl, with TMS as the 
reference compound by either Dr B E Mann, Department of 
Chemistry, Umverslty of Sheffield or by the Department of 
Chemistry, University of Liverpool Scmtlllatlon counting em- 
ployed 0 7 % butyl-PBD m toluene as the countmg cocktail 

Isolation of sterols Zea mays (Caldera 535) seeds were 
germmated m trays on moist cotton wool and paper for 8-9 days 
and the shoots excised at their base The shoots (645 g) were 
exhaustively extracted with Me&O to yield the total hpld, which 
was hydrolysed by reflux with 8 % KOH m aq 85 “/, EtOH to 
yield the non-saponfible lipid (274 mg) The non-saponifiable 
lipid was separated by prep TLC (s111ca gel, CHCI,-EtOH, 49 1) 
to give the 4,4-dlmethyl sterols (12 8 mg), Cmonomethyl sterols 
(10 5 mg) and Cdemethyl sterols (125 8 mg) 

Analysts of the 4,4-drmethyl sterols The 4,4dnnethyl sterols 
were acetylated (Ac,O-pyndme) and the acetates (13 4 mg) 
separated by 10% AgNO,+hca gel TLC developed twice with 
freshly dlstdled EtOH-free CHCl,-Et,0 (49 1) Five bands were 
observed after spraying with berberme m EtOH and vlewmg 
under UV light These were eluted with Et,0 and submltted to 
GC/MS analysis (3% OV-17 at 268”, RR, cholesterol acetate 
=loo) 

Band 1 24-methylenecycloartanyl acetate (4b), R, 0 36, RR, 
1 98, MS m/z (rel mt ) 482 [Ml+ (7), 467 (12), 422 (lOO), 407 (96), 
379 (31), 357 (4), 353 (15), 300 (45), 297 (42) 

Band 2 cyclolaudenyl acetate @II), R, 0 41, RR, 1 96, MS m/z 
(rel mt ) 482 [Ml+ (13), 467 (13), 422 (lOO), 407 (SO), 379 (33), 357 
(6), 353 (17), 300 (45), 297 (39) 

Band 3 cycloartenyl acetate (lob), R, 0 57, RR, 1 80, MS m/z 
(rel mt ) 478 [M]’ (20),453 (18), 408 (lOO), 393 (86). 365 (30), 357 
(6), 339 (40), 286 (62), 297 (25) 

Band 4 cyclosadyl acetate (9b), R, 0 62, RR, 2 00, MS m/z (rel 
mt) 482 CM]’ (l), 467 (7), 422 (IOO), 407 (77), 379 (IO), 353 (4), 
325 (61), 300 (27), 297 (11) 

Band 5 B-amyrm acetate, R, 0 79, RR, 1 62, MS m/z (rel mt ) 
468 [M]’ (2), 218 (lOO), 203 (45X 189 (19), a-amyrm acetate, RR, 
1 82, MS m/z (rel mt ) 468 [Ml’ (4), 218 (lOO), 203 (22), 189 (24) 

Analysls of the 4-&methyl sterols The demethyl sterol fraction 
was acetylated (Ac,O-pyridme) and the steryl acetates (129 mg) 
were separated mto 8 bands by prep TLC on 10 y, AgNO,-ahca 
gel developed with EtOH-free CHCl,-Et,0 (49 1) The bands 
were eluted and analysed by GC/MS (3 % OV-17 at 260”, RR, 
cholesteryl acetate = 100) 

Band 1 R, 0 10; RR, 1 35,24-methylcholesta-5,24(28)dien-3j- 
yl acetate (4b), MS m/z (rel mt) 380 [M-AC]+ (lOO), 365 (14), 
296 (39), 281 (14), 259 (8), 255 (9), 253 (17), 228 (9), 213 (20) 

Band 2 R, 0 14, RR, 1 34,24-methylchoiesta-5,25d~en-3/?-yl- 
acetate (Sb), MS m/z (reL mt ) 380 [M-AC]+ (lOO), 365 (12), 296 
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described above (Tables 4 and 5) 
(a) Further analysvsls of the labelled 4-demethyl steryl acetates m 

band 2 Carner 8b (2 5 mg) and 4d (4 8 mg) were added and the 
rnlxture was hydrolysed and the free sterols (8~ and 4c) were 
oxldlzed [42] as described above for the corresponding fractton 
recovered from the [2-14C]MVA mcubatlon The products were 
separated by sd~ca gel TLC to yield 24-methyl-5a-cholesta- 
7,24(28)-dlen-3-one (41), 2900 dpm, mp 133-137”, R, 0 53, GC 
(SE-30) RR, 146, UV lgH nm 221, MS m/z (rel mt ) 396 [M]’ 
(6), 381 (9). 312 (28), 297 (9), 283 (4), 269 (lOO), 255 (5), 244 (12), 
229 (20). and 24-methylcholesta-4,25-dlen-3,6-&one (I), 
340dpm, mp 125-132”, R, 0 38, GLC (SE-30) RR, 2 37, 
UV AZ:” nm 253, MS m/z (rel mt ) 410 [M]’ (17), 395 (3), 341 
(32),326(10),311 (18),297(4),283(18),270(9),257(15),243(12) 

(b) HPLC analysis of the Cdemethyl steryl acetates of band 3 
Appropriate carriers (6b, 9b and 12b) were added to a portIon of 
the radIoactIve band 3 material and the nuxture was separated by 
reverse-phase HPLC on Ultrasphere 5 ODS eluted with 
MeOH-H,O (19 1) at 1 Oml/mm The three steryl acetates 
collected m order of elutlon were 24-methylcholesta-5&23-chen- 
38-y] acetate (9b, 320 dpm), 24-ethylcholesta-5,25-dlen-3/l-yl 
acetate (12b. 1050 dpm) and 24-ethylcholesta-5,Z-24(28)-&en- 
38-yl acetate (6b, 17 280 dpm) The first two components were 
shown to be pure by GLC, 6b was 927, pure and contamed 
contammatmg 12b In a second HPLC run sumlar to that above, 
2 0 ml samples were collected and assayed for radIoactIvIty A 
histogram plot showed that radIoactIve peaks corresponded to 
the mass peaks of compounds 9b, 12b and 6b 

(c) HPLC of the 4-demethyl steryl acetates m band 4 To the 
radIoactIve sample (24 300 dpm) was added 24_ethylcholesta- 
7,Z-24(28)-dlen-3b-y1 acetate (6d, 1 8 mg) and the nnxture sep- 
arated by HPLC on Ultrasphere 5 ODS (MeOH-HzO, 46 1, 
1 ml/mm) One major radloactwe component (12 740 dpm) was 
obtamed which co-chromatographed with 6d To tlus was added 
a further 1 2 mg 6d and 1 mg 24-ethylcholesta-5,23-d~en-3/l-y1 
acetate (17d) and the mixture sapomfied The recovered sterols 
were then oxldlzed [42] and the products purltied by TLC as 
described above 24-Ethyl-5a-cholesta-7,Z-24(28)-d~en-3-one (61, 
06 mg, 4170 dpm), R, 0 59, GLC (SE-30) RR, 186, UV 
A,$!” nm 218, MSm/z (rel mt) 410 [Ml+, 395 (2), 312 (33), 297 
(9), 283 (4), 269 (lOO), 244 (17), 229 (18) 24-Ethylcholesta-4,23- 
chene-3,6-dlone (171, 08 mg, 730dpm), R, 037, RR, 2 69, UV 
igtH nm 250, MS m/z (rel mt ) 424 [Ml+ (6), 327 (3), 313 (12), 
311 (5), 284 (7), 283 (7), 243 (5) 

(d) HPLC separation of the A24-steryl acetates m band 5 The 
steryl acetates (4640 dpm) m band 5 were separated by reverse- 
phase HPLC on Ultrasphere 5 ODS (MeOH-H20, 19 1, 
1 0 ml/mm) to provide 24-methylcholesta-5,24-d~en-3/&yl acetate 
(5b, 150 dpm) and 24-ethylcholesta-5,24-then-3b-yl acetate (7b, 
490 dpm) 

(e) Analysu of the Cdemethyl steryl acetates In band 7 Ttus 
band (218 070 dpm) contamed a mixture of lb, 2b + 3b, and 16b 
winch had shown poor separation on the AgNO,-sdlca gel TLC 
No carrier steryl acetates were added to this fraction A portton of 
the sample was separated by reverse-phase HPLC on Ultrasphere 
5 ODS (MeOH-H20, 19 1, 1 Oml/mm) to give a mixture 
(20 140 dpm) of 2b + 3b (40 %) and 16b (60%) and a sample 
(70920 dpm) contammg 85 % 1 b, 9 % 16b and 6 % 2b + 3b The 
former rnlxture was subJected to AgNO+hca gel TLC to yield 
2b + 3b (sp act 10440 dpm/mg) and 16b (sp act 5520 dpm/mg) 
From the sp act values It was calculated that lb had sp act 
24 840 dpm/mg To substantiate these values, a second sample of 
the band 7 material was separated by AgNO,-silica gel TLC to 
give 16b (4700 dpm/mg) and a rmxture of lb and 2b + 3b winch 
was separated by reverse-phase HPLC on Ultrasphere 5 ODS 
26 350 dpm/mg) and 2b + 3b (sp act 8490 dpm/mg) These two 

procedures showed reasonable agreement and average sp act 
values (dpm/mg) were lb 25 600, tb + 3b 9460, 16b 5110 

Syntheses of Az3-aeryI acetates Cyclosadyl acetate (9h) was 
prepared by lsomer?zatlon of 24-methylenecycloartanyl acetate 
(4b) by reflux with I, m C,H6 [4244] It was punfied by TLC on 
AgNO,-sdlca gel (redistdled CHCI,-EtzO, 49 1) to remove 
other products (e g Sb and 8b) I, rsomerlzatlon of 24-methyl- 
cholesta-5,24(28)-&en-3B-yl acetate (4b) gave 24-methylcholesta- 
5,&23-dlen-3@yl acetate (9b) and 24-methylcholesta-5,Z&en- 
3/J-yl acetate (13b) together with other products (Sb, 8b) 
Compounds 9b and 13b were purl&d by TLC on AgNO,-srhca 
gel (redlstllled CHCI,-Et,O, 97 3) and HPLC on Llchrosorb RP 
18 (MeOH, 10 ml/mm), ‘H NMR Table 2, GLC RR,s 3 % OV-1 
(275”) 9b 1 24, 13b 122,3 “/. OV-17 (280”) 9b 1 30, 13b 129, 1% 
HIEFF 8B (245”) 9b 1 29,13b 1 33 Detads of these syntheses will 
be pubhshed elsewhere 
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