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Abstract-Enzymatic assay systems have been used to dirtily demonstrate the inhibition of sterol A” + A’-isomerasc 
and A”-reductasc during crgosterol biosynthesis in Succhorornyces ceretMxe by the structurally related fungicider 
fcnpropimorph, tridemorph and fenpropidin. Whilst tridcmorph IS shown to bc a strong inhibitor of the A” -. A’- 
isomerasez, fenpropimorph and frnpropidin are found to bc very potent inhibitors of both cnzymic reactions. The dual 
site of action exhibited by these two fungicides predicts a lower risk of rcsistatlcc dcvclopment against this group of 
compounds. 
- ..- .- .-.- --- ._-- - ._ - _... .- 

Fcnpropimor h [I] (IV-[ 3-(p-rert-butylpyi)-2- 
mcthylpropyl -cis-26dimethylmorpholinc) 

P 

tri- 
dcmorph 21 (2.6dimethyLK-tridazylmorpholine) 
(Fig 1) belong to an important group of crgostcrol 
biosynthesis inhibiting fungicides (EBIs) known as the 
morpholines. Fcnpropidin (N-[3-@-far-butylphcnylb2- 
mcthylpropyl]-pipcridine), though not technically a mor- 
pholinc fungicide. is a related compound with similar 
activity [I] (Fig. I). Concern over the reduced field 
performance of some sterol ledemethylase inhibitors 
[3,4], the other major group of EBls. has increased the 
commercial importance of the morpholine group. i-‘or this 
reason interest in their mode of action has increased in 
recent years. AI first there was some uncertainty as IO the 
exact mode of action of this group of fungrcidcs. Kato er 
al. [S] found that tridcmorph led to the accumulation of 
stcrols retaining the Aadouble bond in Barr *ris cinerea 

I. indicating inhibition of the sterol A” + A -isomcrase. 
later Kerkcnaar et al. [6] demonstrated that staols 
possessing the A “.“dienoid system accumulated in 
Usrilogo naaydis after tridcmorph treatment. This in- 
dicated that tridemorph inhibited the sterol A”- 
rcductasc. 

More rant work on Sacchuromyces cerevisiae and 
Ustilugo maydis by Baloch et al. [7] showed that trcat- 
ment with the above mentioned morpholina led to the 
accumulation of two main classes of sterols. those rctain- 
tng the A8~‘4dienoid system and those retaining a single 

- - - . -. _ .- 

Abbrcvuuons: the lrrvrsl name$ of ~hc staols usal in the ~cxt 
have the followmg systematic nam: ergostcrol - agosta-5.7.22- 
trlen-3&M; facostaol - Sragoua-8.24(28)-&m-fil. cpistaol 

= Sz:agosta-7.24(28hllen-3~-ol; lgnosrerol = Sccrgosta-8.16 

dlen-3/I-oL 

nuclear A’doubk bond. suggesting that the activities of 
both of these enzymes are blocked. However, the three 
inhibitors did not block the two sites to the same extent. 
Fcnpropimorph and fenpropidin caused a marked ac- 
cumulation of A’.“-stcrols and a much lesser one of A’- 
sterols whilst the revcrsc was generally true of tridcmorph. 
This showed thar fenpropimorph and fenpropidin were 
better inhibitors of the A”-reductax than tridcmorph. It 
also suggested that tridemorph might be a better inhibitor 
of IIK A’ -, A’-isomcrase than the other IWO fungicides. 
However. since the A8 + A’-isomcrase-catalyscd reaction 
is prazdcd in the preferred ergosterol biosynthetic 
squcnce by the A” -reducta.sccatalyscd reaction, this 
possibility could only be confirmed by testing the effect of 
the fungicides on the enzyme in isolation. The results of 
such an investigation arc reported in this paper. 

The relative inhibitory potencies of fenpropimorph. 
fcnpropidin and tridcmorph have been determined using 
two independent in cirro assays. one for the A’ + A’- 
isomcrax, the other for the A’4-rcductase. In addition to 
these funglcidcs several isomers of fenproplmorph and 
fenpropdin have been assayed for their ability to inhibit 
the A* -+ A’-isomera.sc. 

Not only arc such investigations useful for determining 
the relative poterncs of a number of inhibitors on 
individual enzymic steps. but rhey can also be used to 
elucidate those aspects of the line structure of fungicidal 
compounds which arc of greatest importance for optimal 
Inhibitory activity. 

RFSLLTS 

Properties 01 rhe A” -. A’-isompruse enzyme prepration 

The acetone powder extract contained A’ + A’- 
isomerase activity. As this enzyme preparation contained 
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Fig 1. Stnrturc of fungi&a and fungicdc analogucs 

very little cndogenous sterol II allowed the study of 
A” + A’-isomcrasc using non-radiolabclled substrate. 
The reaction proceeded tn a linear fashion for at least 3 hr 
and Michaelis Mcntcn kinetics were followed. the ap- 
parent K, with rcspcct IO fccostrrol being 9.1 PM under 
the experimental conditions used. 

77~ I so t&es jar rridemnrph, fenpropimorph and jenpro- 
pidin jbr A’ + A’-isomerase 

Fccostcrol (10 /IM) was incubated with cell-fret extract 
and a range of concentrations of the inhibitor under study 
for 3 hr at 30”. The stcrols were extracted after this 
incubation period and analyscd by GC usingagostcrol as 
an internal standard. Both fccostaol (RR, 1.039) and 
cpisterol (RR, 1.073) were Identified by GC/MS as dc- 
tailed in the Experimental. To avoid errors due IO small 
variations in the recovery of the stcrols durmg the 
extraction procedures and vartations in the volumes 
injected on to the GC. the percentage conversion of 
fccostcrol IO epistcrol were calculated rather than de- 
termining the absolute quanttties of epistcrol produced. 
The percentage inhibition values were cakubtcd as 
described in the Expcrtmental. 

The percentage inhibition values were plotted agamst 
fungicide conantration and the dose-response curves so 
obtamcd were used IO determine the concentration of 
fungicide rcquircd to reduce the perantagc conversion of 
fccostcrol IO eptsterol IO half that of thecontrol value (I,, 
value) for tridcmorph. fenpropimorph and fcnproptdin 
(Table I). All three compounds arc potent inhibitors of 
this cnzymic conversion, fenpropidin (I,, 0.30 JIM) was 
the kast potent, tridemorph (I,, 0.033 FM) and fenpro- 
pimorph (I,,, 0.013 PM) bctng IO and almost 25 ttmcs 
more cff~tive, respectively. Considering that the fcco- 
sterol concentration used in this assay (IO FM) was close IO 
the apparent K, (9.1 PM). the I,,, values obtained arc in 
the order of the inhibition constants (K, values) [8]. This 
indicates that the A’ + A’-isomcrase has a much higher 
affinity (2-3 orders of magnitude) for trtdemorph, fenpro- 
pimorph and fcnpropidin than for its preferred substrate, 

Tabk I. lnhrbnlon of srnol A’ *A’-rwmcrs.r and 
SICTOI A”-rcductasc by the funpcdcs fcnproprmorph. 

fcnpropldm and trrdcmorph 
.._. .- -- 

S~erol A” -0 A’- Stcrol A”- 

rsomcrasc rcductasc 

t ungrcdc I,o*(rM) I,“’ (PM) 
-- ..- .- - .- ---. 

Fenproprmorph 0013 2.3 

Fcnpropdin 0300 In 

‘trrdemorph 0033 Y80 
._ - -._- .- 

Stcrol A’ + A*-lsomcrasc the enzyme prcparauon 
(I 9X5 ml) was mcubamd wuh faos~crol (20 nmol) and a 

range of funprrdc corvxntratrons ( I nM lo IO /rlLI) al .30 

for 3 hr. 

Sterol A”-redwtase the enzyme prcparatmn (4.6 ml) 

was ~ncuba~d with NADPH (I mS40. Sz-crgosta- 

8.14.24(2X~trrcn-3~-ol (0.25 rmol) and a range of fungi- 

crdc conccntratrons (I 300rM) at 30 for 3 hr 

*/so. fungrcidc concentration ryuircd lo reduce lk 

percentage conycrsion value (of substralc lo producl) lo 

half that of the control taluc 

fccostcrol. and htghlights the potency of these fungicides 
as inhibitors of this cnzymic step. 

Tbe /so values obtamcd (Table 1) also show thar the 
2.6-dimcthyl morpholrnc motety. which is common to 
both fcnpropimorph and tridcmorph, IS more effective for 
the inhibition of the A” + A’-isomcrasc enzyme than the 
piperrdtne moiety of fcnpropidin. To investigate this 
further and IO gain more information about the structural 
features of the N-containing ring requtrcd to inhibit this 
enzyme, the cfkxts of a number of fenpropimorph and 
fcnpropidtn analogucs on A” + A’-tsomcrasc activtty 
were invcstigatcd. Analogur?i of fcnpropimorph and fen- 
propidin were chosen as they have a common N- 
substttuent (Fig. I). thus any dtffercncr! observed in 
inhibitory activity arc likely IO be due only to changes in 
the M-hctcrocyclic ring. 

Structure acrivir) relationship oj A’ + A’-isomeruse in- 
hibition hy/enproplmorph./enpropidin and their analogues 

The structural features considered were: (I) the tmport- 
ante of the presence of methyl groups at the IWO positions 
meta IO the nitrogen of the N-hetcrocycltc rings, (ii) the 
configuration of these methyl groups. IX. whether they 
were cis or Warts. and (iii) lhc importance of the oxygen in 
the morpholtnc ring. The inhibitory activity of &SC 

analogucs was tested at a single inhibitor concentration 
(0.0125 /IM) close IO the I,,, value of fcnpropimorph. The 
results obtained (Table 2) show thaw the methyl groups of 
fenpropimorph have an important influence on its in- 
hibitory activtty. as (N-[3-(prerr-butylphenylb2- 
methylpropyl]-cis-3,Sdimethylpiperidmc) (hcrcaftn rc- 
ferred IO as cis-3,S-mcthylatcd fenproptdin) gave an 
inhibitory effazt cqutvalent to that of fcnpropimorph 
itself (48.4 and 48.5 “* rcspaztively). However, the methyl 
groups must bc in the as-configuration. The trans- 
isomers of fenproptmorph (25.6”, inhibition) and 3.5- 
mcthylatcd fcnproptdin (12.1 ‘ID mhtbitton) display in- 
hibitory activities below those of their non-methylated 
analogucs (36.7 and 17.6 “0, respectively). The role of 
oxygen is secondary, only becoming apparent when the 
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Tabk 2. Relat~vc mhibttion of sraol A’ w A’- 
isomaasc activity by knpropimorph and fenpro- 

pidin analogua 
. --.- .--- 

Pcrccntage 
lnhlbltors InhIbition* 
-. __.__._ _- 

Cu-fcnpropmorph 45.5 
7icurr-form of fenpropirnorph 26.6 
Demcthylated fenpropimorph 36.1 
Fcnpropdm 176 
Cis-3.5~mcthylatcd fenpropidm 48.4 
Tranc-3,5-methylatccl fcnpropldin 12.1 
~ -- 

The enzyme prcparauon (1.985 ml) was In- 
cubated with facostcrol(20 nmol) and inhibitor at 
a final conantratlon of 0.0125 nM PI u)' for 3 hr. 
l Perccnugc mhibltton - percentage convcr- 

yen (of fccostcrol IO cp~skrol) m the control 
-pcrccntagc conversion In lhc ratqcrccntrgc 

conversIon In the control x 100. 

methyl groups arc either rtans to each other or absent (see 
above) when the morpholine ring shows approximately 
double the activity of the pipcridinc ring in both cases. 

7Ite relative porencies oj widemorph. jenpropimorph and 
jenpropidin as inhibitors o/the steroi A’4-redwtase 

A all-free enzyme preparation from semi- 
anaerobically grown yeast cells was incubated with a 
range of inhibitor concentrations (I-3OOpM) for 3 hr 
using [ “C]k~rgosta-8,14,24(28)-trienol as substrate. 
The stcrols from each sample were then extracted. ac- 
ctylatal and chromatographal on AgNO,-impregnated 
TLC plates. Radioautography of these plates showed the 
radiolabel to be distributed between two zones in the 
samples from rhc fenproptdin experiment and four zones 
in those from the tridemorph and fenpropimorph cxperi- 
mcnts. Zone 1 (R, 0.16) was found to co-chromatograph 

with prepared Sxagosta-8,14,24(28~trknol acctatc. thus 
zone 2 (RI 0.65) was the product no longer contaming the 
A‘.“-hctaoannular doubk bond system This zone was 
identified as fccostcrol by GC-MS in an analogous non- 
radioactive experiment. The two minor zones obscrvcd m 
the tridcmorph and fenpropimorph experiments were 
identified as ignostcrol (R, 0.3) and k-crgosta-8-cnol 
(R, 0.7). It would appear that the stnol Asti*“-reductasc 
was also active in these cnxymc preparations giving small 
amountsofignostcrol from Su-crgosta-g,l4,24(28~trienol 
and kergosta-8-cnol from focostcrol. However, in terms 
of A”-rcductase activity, both the Aa~‘4-s~aols were 
considered as the substrates and both the A’-stcrols as the 
products. The radiolabel in tach zone was quantified. As 
the rccovcry of total s~crol may vary slightly from 
incubation to incubation and thereby introduce errors 
into the calculation. percentage conversion values wcrc 
then determined as described in the Experimental. The 
percentage inhibition values wcrc plotted against inhibi- 
tor conantration and the I,O values for tridemorph, 
fcnpropimorph and fenpropidin determined (Tabk I). 
The results obtained ckariy show that tridcmorph is a 
weak inhibitor of this enzyme whilst fenpropimorph and 
fenpropidin are almost equally strong inhibitors. This 
suggests that differcnas in the N-substituent (n-tridccyl in 
tridemorph; 3(prcrr-butylphcnylb2-methylpropane in 
fenpropimorph and fenpropidin) play a more significant 
role in the inhibition of the A”-rcductasc than differences 
in the N-hetaocycks (2,6dimcthylmorpholme in tride- 
morph and fenpropimorph; pipcridine in fcnpropidin). 

DlSCUSSlON 

Fenpropimorph. tridcmorph and fcnpropidin have 
been shown to inhibit both the staol A”-rcductase and 
the A‘ + A’-isomcrasc using in vitro assays from S. 
cereuisiae. The reaction mechanisms of the IWO cnxymc- 
catalyscd steps arc shown in Fig. 2. The mechanism of 
isomcrization is likely to involve protonation at C-9 on 
the a-face of the staol nuckus. resulting in a high energy 
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mtermcdiate (HEI) with a carbonmm ion at C-8 [9]. This 
carbonium ion IS then stabilized by the loss of a proton 
from C-7 [IO]. The mechanism of the A’*doubk bond 
reduction most likely involves the donation of a proton at 
C-15 on the &face. again resulting in the formation of a 
HEI. but with a carbonium ion at C-14. NADPH then 
donates a hydride ton which becomes the 14x-hydrogen 
atom, thereby stabilizing the molccuk [ Il]. 

Fenpropimorph (I ,,, 0.013 PM) and trtdemorph 
(Is, 0.033 PM) were both found to be extremely strong 
inhibitors of the isomcrtzation step, but fenpropidin, 
whilst still very potent, is a full order of magnitude less 
active. suggesting that the .V-substitucnts play a relatively 
minor role and that other features of the N-hetcrocyclic 
ring are more important for optimal inhibitory activtty. 
This was confirmed by the changes in potencies observed 
with the fenpropimorph and fcnpropidin analogucs 
(Table 2). Cis-35mcthylatcd fcnpropidin had a much 
higher inhibitory activtty than fenpropidin itself and 
roughly qual to that of fenproptmorph. The non- 
methylatcd analogucs. 2.6dcmethylatcd fenproptmorph 
and fenpropidin, were markedly less active than the cis- 
methylatcd compounds. Introduction of the Irons-methyl 
groups reduced inhibitory activity still further. In the 
prcscna of the cis-methyl groups the role of the hctero- 
cyclic oxygen is not apparent and only appears to bc 
significant when the methyl groups are either absent or in 
the rransJconftguration when it apparently doubles the 
mhibitory activity. These findings dearly demonstrate the 
importance of the methyl groups and their correct 
configuration. 

pK, values of the morpholincs are difficult to determine 
accurately due to the poor solubihty of the neutral species 
in aqueous solution. However. all three fungicides arc 
bchcvcd to have pK, values falling within the range 7-10. 
Therefore, at physiological pH the fungicides are likely to 
bc present largely in thetr protonatcd forms with a 
positive charge on the tertiary nitrogen atom [12]. It is 
likdy that the protonatcd species of the fungicides arc 
responsible for the observed inhibition by mimicking the 
HEI formed during the isomerasc rmion in a manner 
similar to that described by Rahicr et 01. [12] where 
tridemorph. fenpropimorph and fcnpropidm were dc- 
monstratcd to inhibit the stcrol 
cyclocucaknol~btusifohol isomcrasc in higher plants. It 
can be envisaged that the hr-hctcrocyck of the fungicide 
positions itself on the active sttc of the ~somcrasc normally 
occupied by ring B of fccostcrol with the positively 
charged nitrogen at the point normally taken up by C-8 
(Fig 2). Any variatton in the inhibitory activity observed 
with different inhibitor molccuks, all of which will possess 
a poutivcly charged nitrogen at physiological pH, must 
then be due to diffcrcnccs in structure at other parts of the 
inhibitor molcculc. A possible interpretation of the data is 
that (i) tbc rronsconfiguration of the methyl groups 
always presents at least one of the methyl groups in such a 
way that it prevents a ‘perfect fit’, (ii) the absence of methyl 
groups passively allows a better fit, though the precise 
positionmg IS not obtained and (iii) m the cis- 
configuration, one or both of the methyl groups positively 
interacts with the stcrol binding site, ensuring the best ‘fit’ 
and therefore the most complete inhibition. Moreover 
smcc the mechanism of the isomcrasc reactton (Fig. 2) 
involves the addition of a proton from a sub-ate of the 
cnzyn~ to C-9 [9] it IS also possible that the cis methyl 
groups. or at least one of them. interact with thrs ‘substtc’ 

thereby more effectively blocking the enzyme activity. 
Taken overall. the binding of the fungicides to the 

A’ + A’-& mcrasc active site could bc regarded as con- 
sisting of two elements. the most important of which is the 
binding to the site normally occupied by the B ring of 
fccostcrol. The second ckmcnt of the binding could be a 
property of the N-substitucnt. The IV-rert-butylphcnyl-2- 
mcthylpropyl group gives better inhibitory activity than 
the tridccyl group since fcnpropimorph is a stronger 
inhtbitor than tridcmorph, but this effect can be almost 
completely counteracted by more efficient binding at the 
primary sttc since tridcmorph IS a more effective inhibitor 
than fcnpropidm. 

Fcnpropimorph and fcnpropidin (I,,, values 2.3 and 
1.8 FM, respectively) were both found to bc strong 
inhibitors of the A”-rcductasc while tridcmorph is rch- 
tivcly weak with an /,c value about SO times less than the 
3-phcnyl propyl ammcs. This result is consistent with 
previous findings [7] in whole yeast cells where fcnpro- 
ptmorph and fcnpropidm caused a far greater accumu- 
lation of A”.‘*-stcrols than trtdcmorph. Fcnpropimorph 
and fcnpropidm arc related by having the same N- 
substitucnt. i.e. the F(p-rerr-butylpbcnyl~2-mcthylpropyl 
rcstduc. but they show almost identical inhibitory acttvity. 
However. fenpropimorph and tridcmorph. which arc 
structurally tdcnttcal in the M-hctcrocyclic ring, have 
different M-substitucnts and they show very different 
degrees of inhibitory activity. Although these findings 
differ from those obtained for the inhibition of the A’ 
+ A’-isomcrasc they may bc explained using arguments 
similar to those already used. The positively charged 
nitrogen atom of the inhibitors can again bc envisaged to 
bc located at the position normally occupied by C-8 of the 
preferred substrate. 4.4dimcthyLkchoksta-8.14,24- 
tricn-3p-al m yeast. with the M-substttucnt distributing 
Itself along the region normally occup~al by rmgs C and D 
and the side chain. The proposed rcactton mechanism 
(Fig. 2) involves the formation of a HEI carbonium ion 
with the positive charge formally located at C-14. The 
charge on the hctcrocyclic nitrogen of the inhibitors can 
be considered to tx delocalized [ 13. 141 with the charge 
being distrtbutcd between the N-atom and the adjommg 
C-atoms. Thus, it is possible that the fungicides can 
mimtck the HEI. albeit not so accurately as on the AR 
-+ A’-isomcrasc. The less intensive binding and a 10s 
‘perfect fit’ wtth that part of the active site normally 
occupied by ring B of the substrate would then allow the 
correct binding of other structural features of the inhibt- 
tors to assume a proportionally greater importance in 
determining overall mhibttory activity. In addition, the 
reaction mechanism of the A”-rcductasc involves the 
donation of a proton to C-15 of the preferred substrate. 
presumably from a substtc on the enzyme. Thts cmpha- 
sizes the Importance of that region of the active SIIC 
normally occup~cd by rings C and D of the stcrol molecule 
for A”rcductasc acttvtty. Bearing m mind that fcnpro- 
pimorph and fcnpropidin showed much stronger inhi- 
bttory activity agamst the A”rcductasc than trrdcmorph 
this indicates that the 3-(p-rurr-butylphcnylF2- 
mcthylpropanc N-substitucnt binds far more efficiently 
and thereby interfere?, more cffccttvcly with thts region of 
the active sttc than the long floppy tridccyl N-substitucnt 
of tridcmorph. 

These findingsconfirm the value of in vitro assays of the 
inhibition of individual cnxymic steps as compared with 
whole all mvcstigations. The ambiguity concerning the 
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rclativepotenctes of these compounds as inhibitors of the 
Aa + A -tsomerasc. caused by this enzyme bcin later in 
the prcferrcd biosynthetic scquena than the A g. -rcduc- 
tasc. has been clarified, showing that fenpropimorph and 
not tridcmorph is the most potent inhibitor of the 
tsomcrization step. The structural aspects of the inhibitor 
molecules contributing to their activity have bazn eluci- 
dated and quantified. The potency of fenpropimorph and 
IO a lesser extent fen ropidin asinhibitorsof both the A”- 
rcductasc and the A g + A’4somcras.c has been unambigu- 
ously demonstrated. Such a dual site of action markedly 
reduces the rusk of rcststallce development and promtscs 
the continued success of this group of compounds as 
commercial funpicidcs. 

EXPERIMES’TAI. 

Orgontsm. Scucharomrcrs cererinou (NCYC 739. high staol 

stram) was used In the prcparatmn of cell free systems: 11 was 

mamramcd on Ebourauddcxtrosc agar (Oxold). 

Grotvrh codtrwns and prepara~ioa oj cell jrre exrroct jar 

A’ + A’-isomerau auo~ This procedure was adapted from rhat 

of YabusakI CI ol. [IO]. Sacckrom)rts ctrcr~siue (NCYC 379) 

was grown as described by KaIsukI and Bloch [IS]. After 

harvcsrmg and washmg the cells by ccntrIfugaIIon ~bcy were 

resuspended In 0.1 M phosphate bulfer.pH 6.8contaIning 5 mM 

$-acclyl-~cysleme al 0.58 cc))s:m) buffer and homogcnacd 

uwng a BronwIll MSK cell mill with hqud CO2 cooling. The 

rcsultmg homogenate was cenIrIfugcd a1 2500 g for 10 mm a1 4’ 

and Ihc supernalan used as the cell-free cxlracr. An accIonc 

powder of the cell-free cxIract was prepared as dcscrlbcd by 

Moore and Gaylor [ 161 This powder was suspendal In Ibcabovc 

buBer (IO mg ml) and the resulrmg solunon used as the enzyme 

preparation. 

Growrh comf~r~ons and preparauon oj cell jree extract jar the 

A”-reducrau au(I)‘. Sacchorom~ces ccrermae (NCYC 739. high 

sIcrol srram) was grown rsmI-anacrobmlly In 2 I fermenIaIIon 

bo111cs for 72 hr at 30 in a mcdmm containtng per lure; bacto 

Iryplone (Difco) (IO g). yeast cxlracl (Difco) (5 g) and glucose 

(20 g) The cells wcrc harvested by ccnIrIfugatIon and washed 2 x 

wiIh 0.1 ,&I poIassIum phosphate buffer. pH 68 Scmi- 

anacrobKzally grown and washed yeast cells were resuspended (a1 

0.75 g cells ml) In 0.1 Y phospharc buffer pH 6.2 and ruptured 

using a pre-coolcd French pressure all operating a1 0. I379 GPa. 

The unbroken cells were removed by ccnIrifugaIIon at loo0 g for 

IO mm at 4 The rcsulnng supcrnaIan1 was tilrcrcd Ibrough glass 

wool IO remove rhc floaring lIpId layer and anIrIfugcd a1 8000 TV 

for 20 mm a1 4 ‘The supcrnarant was again filIcrcd though glass 

wool and uvcd rmmcdlaIcly as the enzyme prcparalmn. 

Suhsfrare prepuraoon Fsoslerol was prcparcd as follows 

yeas1 cells. grown semi-anacroblcally as dcscribcd above. were 

harvnrcd by ccnIrIfugaIion and Ihcn resuspended In 0.1 M 

phosphate buffer @H 6.8) IO Ihc exIenI0.5 g fr WI cell.:ml buffer. 

The cells were anobmlly adapIed overnIgh In IO”, glucou and 

sulTkten1 Irldcmorph IO gwc a final conccntrarlon of 2OOrM. 

AfIa harvesting by antrIfugaIIon tbc cells were sapomficd wnh 

erhanolr- KOH containing 0.5 O,, pyrogallol as an anIIoxidan1. 

The non-~pomfiablc l~pld was cxtracctcd Into CHCI, and 

separated on WhaImann LK6l’ SII~ gel TLC plara InIo three 

rterol classes (44dimeIhyl-. Q-methyl- and 4dcmcthyl-) using 

cyclohexanc EIOAC (80: 20) as the dcvclopmg solvent. 

ErgosIcrol was used as a marker for rhc 4dcmcIhylstcrolr Thts 

class of slaols was eluled and acclylated. The ac*ylatal Ucrols 

wcrc separated by argentarion chromatography on 6’, AgNOx- 

imprcgnatcd sdica gel TLC plaIcsddcvclopod twice In ~olucnc. The 

major zone (R, 0.65) was clutd and hydrolysal in crhanolic 

KOH. This zone was identitkd as fccostaol by GC/MS and 

found to be 97 ‘/b pure by GC. 

RadIolabdkd ~(r~lr-8,142Y28~trien-3B_d was prep- 

red by a method adapted from thl of Bollcma and Parks [ 171 as 

followr Soccharomyes cere&fne was grown semi-anaerobically 

for 72 hr at W in a mahum comainmg I oh Iryptone. 0.5 O. yeas1 

cx1rac1 and 2 9, glucose. After hamring by anIrifugatIon lhc 

alls were resuspended in 0. I M phosphate buffer @H 6.2) IO the 

extent of 0.5 g fr. WI all.s/ml buffer. To SO ml of all suspension 

was added [ L-“C&ztatc (ICll Kc,), [methyl-“C]metbionine 

(SO Ki)and sufhcmznr fenpropdin IO g~vc a final concentration of 

200 PM. The alls were then acrobrally adapted ovcrnight at 30”. 

The h-crgosta-8.14.24(28~1r1cn-?&ol wasextreclcd and purtficd 
using the same procedure as used for the preparation of 

frsostaol. The maJor zor~ on the argcntation TLC plaIe 

(R, 0.18) was dcnIiticd as a A’.‘. -staol by UV spectroscopy as II 
gave rhe characrcristic peak at 2sO nm with a shoulder a1 245 nm 

[ 181 and was found IO be 98 O0 pure SacrgosIa-8.14.24(28tIrscn- 

3~9-01 by GC. IIS powtivc idcnIihcatIon was made by GC’MS 

from an analogous non-radiotabclkd prepararion The [ “C]Sa- 

crgosIa-8.l4,24(28~Irien-3B_ol was quanntial from irs UV ab- 

sorplion spectrum on the assumplion Ihal the molar absorplion 

cc~tBcnm~ of A’.“-staols is I8 000 at 250 nm [ 19.201 and thar 

the M, is 3% The radioactivity of a known alquot was 

determined and rhe spoz~fic acnvity of the [“C]kagosta- 

8,14,24(28ktrien-381 was cakula~ed IO k 5 x IO’ dpm/gmol. 

Auoy 01 A’ + A’isomrrare. The srendard assay mixlure con- 

lamed Ihe following constIIucnls in a final volume of 2 ml: 

faosraol (2Onmol) added In 54 EtOH. 1.985ml cnzyn~ 

prcpararion (protem content. 5 mumI. determined using the 

method of Bradford et aI. [2l]) and fungwldc d(ssolvcd in EtOH 

(IO& IO plve rhe required concn. A no-fungIcdc control 

conraIned IO rl EIOH. The mIxIurcs were mcuba~cd for 3 hr at 
30’ with conlinuous shaking The rcastion raie durmg the 

mcubatlon period was hnrar. The reaction was ~ermmatcd by the 

additton of 4 ml EtOH. The staols were cxtraFtcd with n-hcxane 

and analyscd by GC. Tbc activity of the A’ + A’-~somcrase was 

determined by measuring the percentage conversIon of faoouerol 

(RR, 1.039) to cpistaol (RR, 1.073) by GC using crgos~aol as 

inrcrnal stnndard both IO calculate the RR,s and IO determute the 

relative quantities of facootaol and cpisterol. The percentage 

conmsion values were calculalcd as follows: area counls In 

episrerol peak/area counIs in both the cplsIaol and fazostaol 

peaks, x 100. Assuming the perantagc conversion values m the 

control to be IOO”, rhc percentage rnhibirion values were 

cekula~cd using rhc following relatronship: percentage conver- 

9on in conlrol -perocntagc conversion In tat$e~uncngc 

convaslon In Ihccontrd x 100. The percentage InhlbiIion values 

50 obIaincd were then plo~~ul against fungicide concn. and from 

the resulting curves IRK concn. of fungicides grving sOO,~ In- 

hIbItIon relarivc to ~hc control ( fso) were &amInai. 

To dcIamInr the relatIvc potcnrzies of fenpropunorph and 

fenpropdin amalogua the incubarions were prepared as dc- 

scribrxi above bur Ihc inhibitor concn. used In each cast was 

0.0125rM (close IO the Iso value of fenpropmorph). The 

pcrccn~agc Inhibnmn values were then calculated as shown 

above. 

A’4-Rdrr4cr awy. The standard a-y mtxture contarncd 

the following in a firvl volume of 5 ml; enzyme -ation 

(4.6 ml) @roteinconIent 30 mBmlk kagosta-8,l4,24(28~Incn- 

38-0l(O.2S~l) ~ddal in 2C04 EtOH. NADPH (Sml) ad&d 

In LOO JI) 0.1 pM phosphstc buffer pH 6.2 and I25 ~1 of an 

ethnolic soln of fungtcidc lo give lbc required conmtrations. 

Tbc mixtures were incubarcd for 3 hr at 30‘ with gcntk shakmg. 

Tbc reaction rate was found to be hnear during this period. 

Ethanolic KOH was used to tcrmi~~c the reaction. The mixture 
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was saponihrd and he non-npoaihabk lipd extracted wirb n- 
bexane and subjected IO TLC on silica gel plates using 
cyclobexaoe EtOAc (80 : 20). Ergosterol was used as the marker 
IO identify the 4-demetbylsrerol zone. wbkb was eluted. rely- 
lated and separated on AgNO,-impcegrurcd TLC phcs as 
described above. The radiolabclkd z.oncs were located by 

rdioaulography. In an analogous non-ruthctivc expcrimcnl 

the observed zones were idcnti6a-l by GC-MS. The Brsl major 

zone (R, 0.16) was idcnhficd as 5aagoaraJ3.l4,24(28~tricnol. 
he mnd (R, 0.65) was idcntificd as fecosterol In the samples 
from the feapropimorpb and (ridemorph cxpermsmrr IWO 
additional minor zones were observed at R, 0.3 and R, 0.7 and 
were identihd u ignostcrol and hagoata-&nd. respectively. 
Considering tbc A’.“-stcrob as the substrata and tbc A’-stcrols 
as tbc producls, tbc paccntagc conversion valuca of subatrale(s) 
to product(s) still be calculated as described for tbc A8 + A’- 
0omcrauassay. Taking the percentage conversion In the control 
IO be ltX3?& the degree ofmbibition in he sampks treated with 
fungicide were cakukted. The percenta& inhibhon valua were 
then plor~cd against fungi&c corxn. and he /so values dc- 
Icrmined from he resulting curves 

GC MO/Y&. GC analyus was carried out on SGE BP-S, 
WCOT quartz column I5 x 0.3 mm with rplitkss, on-cdumn 
Injection. sampk volume 0.5 ~1 ~oluene. carrtcr gas bclnun 
8 ml/mm, aAumn oven temp. programmed from loo” (I min) IO 
2W (I min) lo 270’ (5 min) at W/min and 2”/min, respddy. 
Detection was by RD. with a detector oven ~anp. of m. 

CiC-MS analysis was arrlcd OUI uung a HP589OA GC 
connectad 101 VG 7070 MS ad an iotition poIenlial of 80 eV. 
Tbe GC column usad was a SE 54/&I and a temperature 
programme was from 220 IO 39 at 6’/mm with He aa urrier gas 
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