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Abstract-The structurally related fungcldes, tndemorph, fenpropmorph and fenproptdm have been shown to mluht 
the sterol A14-reductase and As + A’-lsomerase durmg ergosterol tnosynthesls m Sacchurotnyces cerevwae and 
Ustllago may& However, although the three fungcldes are able to mhlbtt both enzymes, tridemorph mhlblts the A*- 
A’-lsomerase better than the A”-reductase whilst the reverse IS true for fenpropldm and to a lesser extent for 
fenproplmorph 

INTRODUCTION 

Tndemorph [l] (2,6&methyl-N-tndecylmorpholme) 
and fenproplmorph [2] (N-[3-( p-tert-butylphenyl)-2- 
methylpropyl]-crs-2,6-dunethylmorphohne) (Fig 1) are 
important agncultural fungtcldes that are particularly 
useful against powdery mildews Fenpropldm (N-[3-( p- 
tert-butyIphenyl)-2-methylpropyll-plpendme) (Fig 1) IS a 
related compound with similar activity [2] The prime 
cause of their fungttoxlclty appears to be then mhlbltlon 
of ergosterol blosynthesls which leads to the formation of 
abnormal mycehal membranes However, there 1s St111 a 
degree of uncertainty about the step m the ergosterol 
blosynthetlc pathway that they mhlblt Kato et al [3] 
showed that trldemorph at a concentration of 10pM 
caused the accumulation of fecosterol and smaller 
amounts of two other A’-sterols at the expense of 
ergosterol m Botrytrs cmerea Thus suggested that the 
sterol As -+ A’-nomerase had been mhlblted, thereby 
preventing the conversion of fecosterol into eplsterol 
Kerkenaar et al [4] then found that Ust&zgo maydls 
grown m the presence of trldemorph accumulated 
lgnosterol and smaller amounts of three other sterols 
that also appeared to possess the A**14-dlenold system 
This Indicated that tndemorph inhibited the sterol 
A14-reductase, the enzyme that catalyses the reduction 
of the A14-double bond Introduced durmg 14a-demethy- 
latlon The picture was further complicated by the more 

*In receipt of a CASE research student&p from the science 
and Engmeenng Research Council 

Abbrevlatlons The trrvlal names of the sterols used m the text 
have the followmg systematic names ergosterol = ergosta-5,7, 
22-tnen-3p-ol, fecosterol = Saergosta-8,24(28)-dlen-3B_ol, epl- 
sterol = 5a-ergosta-7,24(28)-ddlen-3B_ol, lgnosterol = Saergosta- 
8,14-&en-3fi-01, zymosterol = Sa-cholesta-8,24-dlen-38_ol, lano- 
sterol = 4,4,14a-tr~methyl-5atcholesta-8,24-d~en-3~-ol, 24,25-dl- 
hydrolanosterol = 4,4,14a-tr~methyl-5a-cholesta-8-en-3fl-ol 

CH, 

Trldemorph 

t au t Bu 

Fenproplmorph Fenpropldm 

Fig. I Structures of the fimgtcldes ( fenpropnnorph LS shown as 
the more active cu-( -~S-enant~omer although It IS used as the 
(f )-RS-mixture, fenpropldm is drawn wrath the same stereo- 

chemistry by analogy) 

recent observations of Leroux and Gredt [5] and Berg et 
al [6] The former workers found that tndemorph, 
fenproplmorph and fenproptdm caused the accumulation 
of fecosterol and ergosta-8,22,(24)2&tnenol m B ctnerea 
and Penlczllzum expansum and of fecosterol and ergost-l- 
enol m S cereulslae and U may& mdlcatmg that they 
mhlblt the A* + A’-aomerase but not the A14-reductase 
The latter group found that tndemorph caused the 
accumulation of zymosterol, fecosterol and stlgmasta- 
8,24(28)-dlenol m Saprolegnraferax agam mdlcatmg that 
it mhlbtts only the A8 --* A’-lsomerase 

This paper reports the results of our mvestlgatlons mto 
the mhlbltlon of ergosterol blosynthesls by tndemorph, 
fenproplmorph and fenpropldm m S cerevwae and U 
maydts which we believe show that these fungades mhlblt 
both the As + A’-lsomerase and the A14-reductase, but to 
different degrees 
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RESULTS 

Effect of the fungrczdes on S cerevlslae (N C Y C 739) 

Batches of yeast were grown for 18 hr m the presence of 
10 PM tndemorph, 1 PM fenproplmorph or 10 PM 
fenpropldm or m the absence of fungclde (control) These 
fungicide concentrations were chosen because previous 
experimentation had shown that they would cause an 
approximately 50 % mhlbltlon of growth, based upon cell 
dry wt measurements, relative to the control over the 
culture period The sterols were then extracted and 
separated by TLC mto 4,6dlmethyl-, &-methyl- and 4- 
demethyl sterol classes The 4a-methyl sterol class was 
relatively minor and was not examined further The 4,4- 
dimethyl- and 4-demethyl sterols were then analysed by 
UV spectroscopy, GC and GC/MS Table 1 gives the 
relative proportions of the sterols identified expressed as 
percentages of the total sterol and the sterol class 

The rl+dlmethylsterols of the control yeast cells were 
made up of lanosterol, a small amount of 24,25-dlhydro- 
lanosterol and a larger amount of 4,4-dlmethylcholesta- 
8,24-dlenol However m the yeast cells grown m the 
presence of all three fungcldes lanosterol and 24,25- 
dlhydrolanosterol were not detected and were replaced by 
the As 14-sterols, 4,4-dlmethylcholesta-8,lCdlenol and 
4,4-dlmethylcholesta-8,14,24-tnenol This qualitative 
change was accompamed by a marked quantitative 
change m the fenproplmorph and fenpropldm-treated 
yeast where the 4,4-dlmethylsterols increased from 23 % 
of the total sterol (control) to 31 2 y0 and 44 9 y0 respect- 
ively, this change was not seen m the tndemorph-treated 
yeast where the 4,4-dlmethylsterols constituted 19% of 
the total 

The 4-demethylsterols of the control yeast cells were 
made up of ergosterol, zymosterol, ergosta-5,7,22,24(28)- 
tetraenol, eplsterol and a sterol that was identified as 
fecosterol from its RR,, its mass spectrum (particularly the 
presence of a fragment ion at m/z 314 [M - 84]+ which 
indicates the presence of a 24-methylene side cham) and 
the absence of UV absorption m the 245-250 nm region 
The 4-demethylsterols of yeast grown m the presence of 
trldemorph and fenproplmorph were made up of very 
small amounts of ergosterol and zymosterol along with 
one major component with a RR, identical to that of 
fecosterol The fenpropldm 4-demethylsterols showed a 
slight variation from this m that this major component 
was accompanied by significant quantltles of a sterol with 
a RR, of 1 14 The major component of the funglclde- 
treated yeast Cdemethylsterols was ldentrfied as being a 
mixture of fecosterol and lgnosterol for the following 
reasons (1) both sterols have an RR, of 1 15 on the GC 
column used-moreover It 1s known that fecosterol and 
lgnosterol do not separate from one another either as the 
free sterols, their acetates or therr TM%-denvatlves on 
most GC hquld phases, (n) GC/MS of the 4-demethyl 
sterol fractions gives a mass spectrum of the RR, 1 15 peak 
that has a molecular ion at m/z 398 and a fragment ion at 
m/z 314 which indicates the presence of fecosterol but 
does not rule out the presence of lgnosterol whose mass 
spectrum contams only ions that are also seen m the mass 
spectrum of fecosterol, (111) the UV spectrum of the 4- 
demethylsterol fraction has a pronounced peak at 250 nm 
with a shoulder at 245 nm which 1s characteristic of As 14- 
sterols [7] and which 1s therefore exhlblted by lgnosterol 
[8], (iv) the 250 nm peak m the UV spectrum of the 4- 

demethyl sterol fraction must be solely due to the RR, 1 15 
peak m the case of the trldemorph and fenproplmorph- 
treated yeast because the only other sterols present are 
ergosterol and zymosterol which are not A8*‘4-sterols (m 
the Cdemethylsterol fraction from fenpropldm-treated 
yeast the sterol with the RR, of 1 14, identified by its mass 
spectrum as ergosta-8,14,22-tnenol, also contributes to 
the 250 nm peak m the UV spectrum) Table 2 gives the 
results of calculations aimed at determining what propor- 
tions of the GC RR, 1 15 peak are constituted by 
fecosterol and lgnosterol respectively m each of the three 
fungicide treatments These calculations are based on 
(1) knowledge of the quantity of sterol represented by each 
RR, 1 15 peak, (n) estimation of the quantity of As 14- 
sterol m each 4-demethylsterol fraction from its UV 
spectrum and (m) knowledge that all the A8*14-sterols are 
m the GC RR, 1 15 peak m the case of the trldemorph and 
fenproplmorph treatments and in the GC RR, 1 14 and 
1 15 peaks m the fenpropldm treatments They show that 
the GC RR, 1 15 peak from the trldemorph treatment 1s an 
approximately 1 1 mixture of fecosterol and lgnosterol 
whilst those from the fenproplmorph and fenpropldm 
treatments are roughly 19 1 and 49 1 respectively m 
favour of ignosterol 

Efect of thefungwdes on U maydls 

Control and fungicide-treated batches of U maydrs 
were cultured and analysed similarly Table 3 gives the 
relative proportions of the 4-demethylsterols identified 
Those from the control consisted of ergosterol and 
slightly smaller amounts of ergost-7-enol and ergosta- 
7,22-dlenol, neither fecosterol nor any other A*-sterol was 
detected 

The Cdemethylsterols from the tndemorph-treated 
culture consisted mainly of ergostJ-enol, ergosta-8,22- 
dlenol and a sterol which, from its RR, of 1 15 and its M+ 
at m/z 398 could have been fecosterol, lgnosterol or a 
mixture of both However, since the UV spectrum of these 
sterols showed the presence of trace amounts of As ‘- 
sterol (A,, 293, 282 and 272 nm) and the complete 
absence of A*s’4-sterol (no A_ 250nm), thrs peak was 
identified as fecosterol Its mass spectrum confirmed thn, 
with a fragment ion at m/z 314 ([M - 84]+) caused by 
cleavage allyhc to the 24-methylene group 

The 4-demethylsterols of the fenproplmorph and 
fenpropldm-treated cultures also included a sterol with an 
RR, of 1 15 This sterol was however identified, m both 
cases, as being lgnosterol rather than fecosterol because, 
(1) the UV spectrum showed a very pronounced absorp- 
tion peak at 250 nm (as well as minor absorption maxima 
at 293, 282 and 272 nm due to trace amounts of A5 ‘I- 
sterol) and (u) the mass spectrum was characteristic of 
lgnosterol and devoid of any of the fragmentations 
peculiar to fecosterol, m particular that at m/z 314 In 
addition to lgnosterol the fenproplmorph-treated culture 
contained a considerable quantity of ergost-8-enol, rela- 
tively small amounts of ergosta-8,22-dlenol and ergost-7- 
enol and traces of ergosterol whilst the fenpropldm- 
treated culture contained only small amounts of ergost-8- 
enol and ergost-7-enol and traces of ergosterol 

DISCUSSION 

All three of the fungicides markedly block the forma- 
tion of ergosterol m yeast and U maydzs and cause the 
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Table 2 Eshmated quantities and proportions of lgnosterol and fecosterol m the GLC peak (RR, = 1 15) 
from control and mhlhted yeast cultures 

Control TM’ FM2 FP3 

pug of sterol m the GLC peak RR, = 1 154*5 86 52 1 626 514 
pug of A8p’4-sterols m 4demethylsterols6*’ 0 252 597 504 
pg of fecosterol’ 86 269 29 10 
% of lgnosterol m GLC peak RR, = 1 15 0 484 954 98 1 
% of fecosterol m GLC peak RR, = 1 15 100 516 46 19 

1, Tndemorph-treated, 2, fenproplmorph-treated, 3, fenpropldm-treated, 4, calculated from Its percentage 
m the 4demethylsterols, 5, m the case of fenpropxlm-treated cells the GLC peak RR, = 1 14 IS included 
because it IS a As*14-sterol, 6, calculated from theabsorptron spectra of the 4demethylsterol fractions on the 
assumption that the molar absorption coefficient of A**‘4 -sterols IS 18000 at 250 nm (see refs [12, 133) and 
that the MW of the 4demethyl-AsS’4 -sterols 1s 398,7, this must be the wt of lgnosterol (plus ergosta-8,14,22- 
tnenol m the case. of FP-treated yeast) because ignosterol IS the only A”*14 -sterol present m the 4demethyl 
sterols, 8, obtamed by subtraction of the wt of As I4 -sterol, estunated by the UV spectroscopy, from the wt of 
sterol corresponding to GLC peak RR, = 1 15 

Table 3 Relative amounts of ldentdkd 4-demethylsterols m control and fungxlde-treated cultures 
of U maydn 

o/0 of sterol 

Sterol RR, WI’ Con’ TM2 FM” FP4 

Ergosta-8,22&enol 
Ergosterol 
Ergosta-7,22dlenol 
Fecosterol and/or Ignosterol 
Ergost-8-enol 
Ergost-7enol 

107 398 nd 
110 396 394 
111 398 280 
115 398 nd 
116 400 nd 
119 400 302 

214 
tr 

nd 
26 95 
517 
nd 

98 nd 
tr tr 

nd nd 
29 26 8546 
418 85 

62 61 

1, Control, 2, tndemorph-treated, 3, fenproplmorph-treated, 4, fenpropldm-treated, 5, fxosterol 
only because the UV spectrum shows no evidence of absorption at 250nm charactenstx of 
lgnosterol, 6, lgnosterol only because the UV spectrum has a strong absorption peak at 250 nm whilst 
the mass spectrum has no fragment ion at m/z 314, n d = not detected, tr = trace 

accumulation of sterols that fall mto two mam categories, 
those with a As,‘4-dlenold system and those with a single 
nuclear double bond This indicates that the sterol 
A14-reductase and the sterol As -+ A’-aomerase are bemg 
inhibited 

The steps catalysed by these two enzymes are shown in 
Fig 2 which depicts the preferred pathways between 
lanosterol and ergosterol m yeast (thick, open arrows) and 
U maydrs (thick, black arrows) Thus mhlbltlon of the 
A14-reductase would block the steps marked a m Fig 2 
whilst mhlbrtlon of the As -+ A’-lsomerase would block 
that marked b Because of the lack of absolute substrate 
speclficlty of many of the enzymes mvolved m the 
lanosterol to ergosterol pathway the blocking of mdivld- 
ual steps such as a and/or b causes the accumulation, not 
only of the sterol unmedlately preceding the blockage, but 
also of sterols derived from It that are not on the normal 
blosynthetlc route, such sterols are termed abnormal 
sterols m Fig 2 

Inhlbltlon of the A14-reductase by the three fungicides 
m yeast 1s indicated by the accumulation of 4,4-dl- 
methylcholesta-8,14,24-tnenol (3) along with 4,4-dl- 
methylcholesta-8,lCdlenol (la), ergosta-8,14,22-tnenol 
(17) ( fenpropldm treatment only)and lgnosterol(18) The 

4,4-dlmethylcholesta-8,14-dlenol IS presumably formed 
from 4,4-dlmethylcholesta-8,14,24-tnenol by saturation 
of the AZ4-double bond m a manner analogous to the 
formatlon of 24,24&hydrolanosterol from lanosterol as 
occurs m the control The ergosta-8,14,22-tnenol and 
lgnosterol are presumably formed from 4,4-dlmethyl- 
cholesta-8,14,24-tnenol as a result of the lack of 
absolute substrate spectficlty of the enzymes catalysmg the 
demethylatlons at C-4, 24-methylatlon, 22,23-dehydro- 
genatron and 24(28)-reduction It 1s evident from the 
different proportions of total A”S’4-sterol accumulating 
that the three fungicides do not mhlblt the A14-reductase 
m yeast equally well Tndemorph 1s clearly the weakest of 
the three smce only about 40 y0 of the total sterol present IS 
A*P14-sterol m contrast to the > 60% m the fenproplm- 
orph and fenpropldm-treated cultures 

Inhlbltlon of the A8 + A’-rsomerase by the three 
fungicides m yeast IS indicated by the accumulation of 
fecosterol (10, Fig 2) This 1s only marked m the case of 
trldemorph where fecosterol accounts for about 30 % of 
the total sterol present m contrast to the 2 % or less found 
m the fenpropunorph and fenpropldm-treated yeast 
However, the low levels of fecosterol accumulated m the 
latter does not necessarily mdlcate that fenproplmorph 
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HO 

Fig 2 Probable preferred reactlon sequences mvolved m the conversIon of lanosterol mto ergosterol m 
Saccharomyces cereu~s~ae and Ustdago maydls (1 = lanosterol, 2 = 24-methylene-24,25dlydroknosterol, 3 = 4,4- 
dimethyl-Sacholesta-8,14,24-tnen-3B_ol, 4 = 4,4d~methyl-Sa-exgosta-8,14,24(28~tnen-3/3-o1, 5 = 4,4dlmethyl- 
5a+holesta-8,24dlen-3/Lol, 6 = 4,4dnnethyl-Saergosta-8,24(28~d~en-3B_o 7 = 4a-methyl-Sa-cholesta-8,24- 
dlen-3&A, 8 = 4a-methyl-5aergosta-8,24(28)-dlen-38_ol, 9 = zymosterol, 10 = fecosterol, 11 = Saergosta- 
7,22,24(28)-teen-3j?-ol, 12 = eplsterol, 13 = ergosta-5,7,22,24(28)-tetraen-3B_ol 14 = ergosta-5,7,24(28)-trxn-3/3- 
01, 15 = ergosterol, 16 = 4,4d~methyl-5atho1esta-8,14~en-3fi-o1, 17 = 5acrgosta-8,14,22-trren-3/3-ol, 18 
= Ignosterol, 19 = 5aergosta-8en-3/%ol, 20 = Saergosta-8,22dlen-3B_ol) e, reactIons mvolved m the probable 
preferred pathway m Saccharomyces cereutslae, *, reactlons mvolved m the probable preferred pathway m Ustdago 

muydts, + ,reactlons resultmg from blockage of the preferred pathways by the fun@cldes 

and fenproptdm are poor mhtbttors of the A8 + A’- 
lsomerase They could result from an over-effictent block- 
age of the A14-reductase by the particular concentration 
of funpcxde used allowing relatively little of the normal 
blosynthetlc intermediates to proceed through to 
fecosterol 

In U maydrs mhlbltlon of the A14-reductase IS indicated 
by the accumulation of lgnosterol(18) which IS only seen 

m the fenproplmorph and fenpropldm-treated cultures 
This presumably arises from rl&dunethylergosta- 
8,14,24(28btnenol (4) as a result of the lack of absolute 
substrate spec&ty of the enzymes catalysmg the 4 
demethylatlon and A 24(2*) reduction steps Indeed evl- 
dence from GC/MS and UV absorption at 250 nm has 
mdlcated the presence of small amounts of 4,4-d]- 
methylergosta-8,14,24(28)-trlenol m the sterols of 
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fenproplmorph-treated U maydts Fenpropldm appears 
to be a far more potent mtibltor of the A14-reductase than 
fenpropunorph since lgnosterol constituted over 80 % of 
the sterols m U maydts treated with it m contrast to about 
30% m the sterols of U maydts treated with 
fenproplmorph 

Inhlbltlon of the A8 + A’-lsomerase m U maydts by the 
three funglcldes IS Indicated by the accumulation of 
fecosterol (lo), ergost-8-enol(19) and ergosta-8,22&enol 
(2Oj m tndemorph-treated cultures, of ergost-8-enol and 
ergosta-8,22&enol m fenproplmorph-treated cultures 
and of ergost-&enol and m fenpropldm-treated cultures 
It would appear that tndemorph 1s the most potent and 
fenpropldm the least potent of the three fungctdes as 
mhlbltors of this enzyme in U maydts as Judged by the 
percentage of A’-sterols m the Cdemethylsterols of the 
three treatments (1 e tndemorph, 100 %, fenproplmorph, 
516 %, fenpropldm, 8 5 %) However, too much weight 
should not be put upon this mterpretatlon for the reason 
mentioned earlier, namely that the effiaency of mhlbltlon 
of the A14-reductase will have a bearmg on the apparent 
efficiency of mhlbltlon of the A8 + A’-lsomerase since. the 
former precedes It m the biosynthetic sequence 

The following conclusions can be drawn from the 
ioregoing observations, (lj tridemorph inhibits the 
A8 + A’-lsomerase well in both fung and mhlblts the 
A14-reductase m yeast, (u) fenproplmorph mhlblts 
the A14-reductase well m both fungi and mhlblts the 
A8 + A’-lsomerase in U maydas and probably in yeast 
and (m) fenpropidm inhibits the A14-reductase well in 
both fungi and mhlblts the A8 + A’-Isomerase in 
U maydts and possibly m yeast 

The question now arises as to why this should be so A 
possible clue to the answer to thrs questton lies m the 
structures of the fungicides They fall mto two overlap- 
pmg pairs, namely (1) trldemorph and fenproplmorph, 
which have 2,6_dlmethylmorpholme rmgs but different N- 
substltuents on them and (11) fenproplmorph and fenpro- 
nlrlln whwh have chffm=nt N_cnntamrno r,n~ avatmnc hut y...“A, . . . .._.. . . ...” _.___.“_.. - . ___..______ ~b ---ED 1,1---~-1 _-_ 
identical N-substltuents (1 e the 3-( p-tert-butylphenylj-2- 
methylpropane residue) The fact that the fungades of 
par (u) inhibit the A 14-reductase better than the A8 
+ A’-lsomerase suggests that A14-reductase mhlbltory 
activity resides mainly m the N-substltuent rather than the 
N-rmg system Conversely the fact that trldemorph 
mhlblts the A8 -+ A’-lsomerase better than the A14- 
reductase suggests that the A8 --t A’-isomerase activity 
resides m the 2,6-dunethylmorpholme rmg rather than the 
trldecyl N-substltuent This 1s supported by the exper- 
imental observations that are consistent with, though not 
proof of, fenproplmorph being a better mhrbltor of the A8 
-+ A’-lsomerase than fenpropldm These suggestions 
being correct, one can surmise that the N-heterocycle of 
the fungicides positions itself on the active site of the As 
+ A’-aomerase on the place that 1s normally taken up by 
rmg B of fecosterol and thereby blocks the lsomerlzatlon 
reaction The difference m inhibitory potency between 
trldemorph and fenproplmorph on the one hand and 
fenpropldm on the other would then be due to the more 
efficient bmdmg of the 2,6-dlmethylmorpholme ring 
system than the plperldme rrng system to the sterol ring B 
enzyme site One can further surmise that the N- 
heterocycle of the funglcldes also posltlons Itself on the 
active site of the A14-reductase on the place normally 
taken up by ring B of the A8*14-sterol (normally 4,4- 
dlmethylcholesta-8,14,24-tnenol m yeast and 4,4- 

dlmethylergosta-8,14,24(28)-tnenol in U maydls) and that 
the N-substltuent dlstrlbutes itself along the region 
normally occupied by rmgs C and D and the side chain 
thereby blocking reduction of the A14-double bond The 
difference m mhlbltory potency between fenproplmorph 
and fenpropldm on the one hand and trldemorph on the 
other would then be due to the better fit and more efficient 
bmdmg of the N-substltuent to the sterol ‘rings C and D 
plus side chain’ enzyme site 

The relationship of the N-heterocychc rmg of these 
funglcldes to rmg B of the sterol nucleus 1s further 
indicated by the finding that trldemorph [9, lo] and 
fenproplmorph [Wang, Z-X, Khahl, I A and Mercer, 
E I , unpublished observations, Benvenate, P , personal 
communication] inhibit the enzyme catalysmg the open- 
mg of the 9/?,19_cyclopropyl rmg m higher plant sterol 
blosynthesls On the other hand the importance of a good 
structural fit between their N-substltuents and the sterol 
rings C, D and side chain 1s highlighted by a number of 
observations of Hlmmele and Pommer [2] They reduced 
the phenyl group m fenproplmorph and fenpropldm and 
separated the CIS- and trans-1,Ccyclohexyl isomers of 
each They found that the trans-l&isomers were much 
more potent fungicides, and presumably sterol A14- 
reductase inhibitors, than the as-i,4-isomers The trans- 
1,4-isomers have an essentially planar structure that 
matches the sterol rmgs C, D and side cham well m 
contrast to the bent structure of the as-1,4-isomers which 
does not They also showed that the (- j-enantlomer of 
fenproplmorph, which has the S-configuration at C-2 of 
the N-substltuent, 1s a far better fungcide than the (+)-R- 
enantlomer This implies that the C-2 methyl group 1s a 
recogmtlon feature of the molecules, only matching 
features of the sterol C, D rings and side chain when it has 
the correct configuration 

EXPERIMENTAL 

Omnn~rms ami orowth c~&t!op~ S~c&nromvces cereo!s!ee __I-______- -.- I.____.. 
(NCYC 739, high sterol stram) was grown m 40 ml batches for 
18 hr at 28-30” m an orbltal shaker rotating at 160 rpm in a 
medmm contammg per htre, (NH4)#04 (2 g), KHzP04 (2 g), 
Na2HP04 (0 5 g), MgS04 7H20 (0 25 g), MnS04 4H20 
(0 025 g), ~-glucose (20 g), yeast extract (Dlfco) (1 g) and the 
appropriate quantity of tndemorph, fenproplmorph or fenpro- 
pldm The fungades were added m Me&O soln so as to gve 
concentration ranges of 0 WOOpM, the concentration of 
Me&O m the funglade-mhlblted and control media was 0 5 % 
The cells were then harvested by centnfugation at 2000 g, washed 
twice with HzO, freeze dned and the dry wt determined From the 
latter the % mlubltlon, relative to the control, was determined for 
each fungclde concn It was found that 1 PM fenproplmorph 
gave a 54% mhlbltlon of growth whilst 10 PM tndemorph and 
fenpropldm gave 49 % and 60 % mh<bltions, respectiveiy T’hese 
cells, inhibited ca SO%, were then analysed for their steroi 
content 

Us&go may&s (DC) Cda, ATCC 14826 was grown on 
Coursen and Slsler’s nutrient medmm [14] supplemented with 
yeast extract (Oxold) m 40 ml batches for 18 hr at 25” man orbital 
shaker rotatmg at 160rpm The fungades were added m the 
same way as for yeast It was found that 4 FM trldemorph gave 
36 % mhlbltlon of growth whilst 0 8 PM fenpropldm and 0 08 % 
fenproplmorph gve 58 % and 53 % mhlhtlon respectively These 
cells, mhlblted ca SO%, were analysed for their sterol content 

Sterol extraction and analysrs The freeze-dried cells were 
sapomfied m ethanohc KOH contammg 0 25 ‘4 pyrogalloi as an 
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antloxldant The unsapomfiable hpld from yeast cells was 
extracted with CHC& and then subJected to TLC on Whatman 
LK6F slhca gel plates using cyclohexane_EtOAc (85 15) for 
development Ergosterol and lanosterol were used as markers of 
the 4-demethylsterol zone (R, _ 0 29) and 4,rldlmethylsterol 
zone (R, _ 04) respectively These two zones were scraped off 
and extracted x 3 with Et,0 The sterols from U maydls were 
separated sumlarly but using n-hexane-EtlO-HOAc (8 2 1) as 
the developing solvent on Umplate slhca gel GF plates with a 
preadsorbent zone The combined sterol bands (R, _ 0 3-O 35) 
were eluted as desctlbed above The resulting sterols were then 
analysed by UV, GC and GC/MS Quantities of As*‘-sterols and 
As “-sterols were calculated from their UV spectra m n-hexane 
on the assumption that their molar absorption coeffiaents were 
11820(282nm)[ll]and 18000(250nm)[12,13] GCemployed 
an SE-30, WCOT quartz capdlary column 25 m x 0 2mm, 
sphtless Injection, 280” injection port, sample vol 3 ~1 CHCls, N1 
1 ml/mm, temp programmed from 50” (1 mm) to 280” (12 5 mm) 
to 290” (15 mm) at 4O”/mm and 2”/mm respectively, FID, 300 
detector oven 

GC/MS analysis by quadrlpole HP 5992B utilized the same 
GC column temperature programmed between loo” and 290” at 
32”/mm with He earner gas and an lomzmg potential of 70 eV 
The fragmentation patterns of the mdrvrdual sterols are listed m 
Table 4 The MS of GC peak RR, 1 15 vaned with its ongm as 
shown From the available data the followmg ldentlficatlons were 
made RR, 106, zymosterol, RR, 107, ergosta-8,22-dlenol, RR, 
1 10, ergosterol, RR, 1 11, ergosta-7,22dlenol, RR, 1 12, ergosta- 
5,7,22,24(28)-tetraenol, RR, 1 14, ergosta-8,14,22-tnenol, RR, 
1 15 from control and tndemorph-treated yeast and U muydrs 
and from fenproplmorph-treated yeast, fecosterol, RR, 1 15 from 
fenproplmorph-treated U maydls and fenpropldm-treated yeast 
and U muydrs, lgnosterol, RR, 1 16, ergost-S-enol, RR, 1 18, 
eplsterol, RR, 1 19, ergost-7-enol, RR, 1 21, 24,25-dl- 

hydrolanosterol, RR, 1 22,4,4-dlmethylcholesta-S,lCdlenol, RR, 
1 25, lanosterol, RR, 1 26, 4,4&methylcholesta-8,14,24-tnenol, 
RR, 1 27, 4,4-dlmethylcholesta-8,24dlenol 
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