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Cholesterol b 08 the& was etudied In rat-liver m&cellular fractions 
incubatedwithDb2- 4C]mevalonioaoidin the presence andabeeme of triari- ty 
mol (a-(2,4-di~~pheoyl)~-~l~-pyrimidine methanol). TriarJaol 
strongly inhibits imzorporation ofradioactivity into cholesteroland this 
remlts in a large aootmmlat%on of radioactive lanoeterol and 24,25-dihydm- 
lJ?m08ter01. The inhibition of lanosteml 14a-demethylase by &lark01 was 
oonftlmed by away of the eneym in rat-liver microsawl fraction in the 

ZZZl-* -!! 
absence of the inhibitor. ApartfmnaslQhtinhibiticmof 

-dehydrogenase, triar%mol did not affect the activity of any 
other enzyme involved in oholeeterol biosyntbeie from aoetate. 

The fungitoxioity of k%a.rimol (a-(2,4-dichlorophenyl)-or-~~l~~- 

miW methaaol)(14) ha8 been ascribed to ite iahibition of ergoeterol ayn- 

theeis (5).snd;ie~studleawith U--have ehowa thattriari001 

inhIbita the removal of the 14aa-methyl group of lanoeterol and its mtabolitert. 

Studiee in this laboratory have been oonoerned with the mecheniem of l&- 

demethylation during cholesterol biosynthesis by rat-liver ensymee &vitro 

(6-S)alld intiew of the close eimilarity between this process and that lead- 

ing to the fomation of ergoeterol in fbngi (g,lO), the present study ma 

undertaken for the purpose of irrpsstigat* the effect of triarimol on varioue 

etepe during aholesterol bioayntheeia by rat-liver subaellular tiqtioms. 

SyWkmatiaally, lanosterol la 5a-lanoeta-J3,24-dien-3S-ol; 2#,25-dihydro- 
lanoeterol ia 5a-lanoet&n-3S-ol; 14-dem3thylla?Kbstero1ie 4,4-dimethyl- 
5a-&01eeta-8,24-dien-3+01; choleeterO1 ia oh0leSt~+ll-3&ol; ChOleet-7- 
en01 in 5a-oholeet-7a31-3B-01; and ergoeterol ia ergost&,7,22-trier+3B-01. 
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Cell-free fraotiautvmmpreparedaucording tomethod~ desordbedprevi- 
OUdy (f&7) 8XC8pt that the liVeI' llWe homogenieed either in 4 vulu~8B of 
0.’ H ~ta6EIiUBl phos 
ED% (1 &I) and G3E 

t8 buffer, fl 7.4, COIltainirrg ILiCOthUdd8 (30 N&f), 
II@ for th8 preparation of tie 51 fraction, or iu 4 

VOk.mesOftbe 6am8buf'f8rOCmtainingni~0tinaaide (~mt&ndl!DTA (1 a$I) 
Od$fOr th8plR3F~33XltiOll OfmiOrOSOm86. Inoubationa w8r8 started by the 

acid (2 pCi/imubation; 7.10 pi/pmol) 
58 @i/pal) aa a solution in potss- 
oonducted for 1 hour, at go C, with 

airaa the gae phase. 

Inorrbationewreterminatedbytheaddi#aslof20vOl~eofa~ 
of ohlorofow and methanol (2r1, v/v). bohtion of th8 total lipid frao- 
tim, rreparation of the 4.4-dinethy1 ster~ki 
and C2g t#terOls) from th8 4deSethy1 aterob t 

lano8teml and oompanion C 
cholesterol and oompmlon 

SterOk3) and EquakUM by t.1.C. On Silioa@ Ii us* ChlOrOfOrm as th8 
phaee (mt8m 1), aoetylation of aterolf#, analytical .l.c. and measurement 
of radioactivity have been cf‘esoribed previoudy (6,ll f  . After the addition 
Of non-radioactive choleat-'l-no1 (200 w), zabslled ChO~~t8Z'Ol and choleet- 
7-WL01~9re isolated individuaUyaa the acetates from th8 4-&3mf#th$l at8l'Ol 
fraction by argentation ohromatograpby (12,131). Radioactiw, lanosterol and 
24,25-Wqdrolanoet8rolu8r8 also i6olat8d aa the acetate derivatives from 
the 4,4-dimthyl aterol fraction (after the addition of non-radioactive 
carrier materiala) by thin-layer argentation chromatography (6,12). Sterola 
were oryatalliseddthamixture ofchloroformandmethan~las eolvent. 

Choleat-'l-01 vaa prepared by oatalytic hydrogenation of cholesta+,7- 
di8n-3p-01 (14). hIUXt8rol and dihydrOlenOBt8rOl lf8X'e prepared 88 preri- 
au~ly described (6). 

EHtXd reduetase activitywas aaaayedbyamodifioa 
tf 

on of the radio- 
ieiotape inoorpora#onmethod deeoribed 8bmfh8re (15). 
this aeaay was prepared 81) published elsewhere (16). 

C 46]-~-Co4 for 
‘l!he tivity of lano- 

sterol 14a-demef&yhse 1~~8 assayed a8 deeoribed prepiausly 

Inhibition of cholesterol bioesnthesia in the ~xemnce of tria&~& 

An 810 fraction of rat-liver homogenate vaa incubated with [2-l%]- 

pp(lva1on.b aoidinthe pr8s8nceofvarious concentration oftriarimol. !Che 

lipidextraot frCm 8aeh incubationvas chromatograph8d end the4demethyland 

4,hdiaethyl tier01 and the eqUd8Il8 fractions V8r8 isolated and assayed for 

radioactivity. FT& 1A ehcn~ the distribution ofradioactivl.iqin the three 

fractiona atvarioua concentrationa of the inhibitor. The totalamountof 

radioaativity incorporated into the three fracticma was eimilar inallinou- 

bationa. HmePar,withinoreaaingc~c~tration of triarimoltherevaa a 

deoreeae in the emouutofradioactivitpthatappeared in the 4-d8me~lfrao- 

tion aonaomitant with a CempaIwble incre.see of radioactivity in the 4,4- 
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Ng. 1. The bioayntheeis of cholesterol and its triterpenoid pre 
during incubations of the St0 fraction of rat-liver homogenate witZ"E~%l- 
meyalonio acid in the absence and in the presence of various concentrationa of 
triarimol . The incubatimi mixture 
of Slo fraction (15.5 mg of prote 

contain*in a total volume of 5 ml, 4 ml 

phate (16 &I), I&Cl2 (4 mM), [2-l 
IUD+ (1.6 a), ihwtoee l&diphoa- 

acid (2 pi; 7r10, @?.&el) and 
the indicated concenwtion of triarimol added ae a solution in 25 fl of 
methanol. Incubationa in the absence of triarimolreceived 25 fl ofmeth- 
anal. Portiona of the lipid extraot from each irrcubation mixture were 
fractionated for the ieolation of various sterola. A* incorporation of 
radioactivitg into 6qualezlb, 4-demethpl and 4,4-dimeth~l S%?eIXBlS. g, radio- 
actiyity into cholesterol and choleat-'Mnol isolated aa the aaetate deriva- 
tivea. C, radioaotivity into lanoeterol end 24,25&hydrolanosterol isolated 
as the acetate derivativea. 2, g.1.c. of the 4,4-dirMhyl sterol fraotion 
obtained (a) in the absence and (b) in the presenoe of triarimol (126 c(w) sld 
g.1.o. of a mixture of authentic lan@terol and 24,25-dihydrolano@terol (c). 
Result8 on the incorporation of radioaotivity into various sterol fractions 
are not corrected for recoveries during chromatography and the yield achieved 
on acetylation. Other experimental details are given dn the text. 

dimet@lfraction. !Phe radioactivity in the equalene fraction declined 

gradually with increasing triarimol concentration. 

After acetylation of the 4-demethyl sterols and chromatography on silver 

nitrate-impregnated plates of alumina, more than 75 $ of the radioactivity of 

this fraction in all kinds of incubations was in the bands of the choleeteryl 

and cholest-7-enyl acetate fractiona. However, the ratio of A5- to A7-aterol 
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ohazged gradually fmm 4.3 in the absence of the inhibitor to 2.5 at 126 @I of 

triariml. At this muceutratiou of the inhibitor the amount of radioactivity 

isolated in the oholestergl acetate and the cholest-7-ewl aoetate bands uas 

15.3 and 26.7 $ respectively of that incorporated in the two bands in the 

absence of triarim01. 

To a portion of the eluate from the cholesteryl acetate band from the 

incubations in the absence of triarksol 50 mg of cholesteryl acetate was added 

and the mixture was crystallized to constant specific radioactivity. The 

specific radioactivity of the crystals obtained remained constant during four 

recrystallizations (18,037, 17,951, 15,712, 17,081 d&mg) and was similar 

to the initial cakulated value (18,049 d&g). The radiochemical purity of 

the isolated cholest-7-1 acetate was also 00nfirsled by dilution analysis. 

The specific radioactivity remained constant during four recrystallizations 

(3,896, 3,816, 3,957, 3,709 dpm/mg> and similar to the initial calculated 

value (4,113 Qz/mg). 

liatuxe of the radioactive 4.4-dtLmethrl sterols accmlatina in the nresence 

of triarilat& 

Carrier lanosterol and 24,25-dih@~lanoeterol (150 pg of each) were 

added to portions of each of the radioactive 4,4-dimethyl aterol fractions 

isolated in the absence of, and at various cancentrations of, triarimol (Fig. 

lk). The mixtures were aoetylated and the radioactive components separated 

by srgentation chromatography. The radioactivity associated with the acet- 

a&es of lanosterol and 24,25-dihydrclanosterol in each incubation is shown in 

Fig. le. These valuea are not adjusted for losses inourred during the two 

chromatographic procedures involved. At a triarimol ooncentrati0n of 126 pM, 

all the radioactivity contained in the original 4,4-dimethyl sterol fraction 

was associated with lanosterol and its 24,25-dihydro derivative. However, 

in the absence of triarimol, on4 a small fraction of the substantially 

reduced radioactivity contained in the 4,$-dimethyl sterol fraction (Fig. 1A) 

was associated with lanosterol and dihydrolanosterol,and we have shown previ- 
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ouely (6) that under these conditions the major radioactive aterole are 14- 

d-ethyl lanosterol and 14&nnethyldihydrolano8tercl. The radiochemical 

ideutitiee of lenoetercl and the 24,25-dihydrclanosterol isolated aa the 

acetates frcm incubations containing triarimcl (126 pM) were confirmed by 

addition of the appropriate "carrierA material followed by several recrget- 

alliaaticm. In the oa8e of lauoateryl acetate, the original value was 4951 

ddmg and thia ehowed no decllue duw recrgstallizaation (4827, 4853, 5462 

aud 4630 da/ms). With dShydrclano8teryl acetate, the corre8p0nding value8 

were 2577 dpm/mg (initially) followed by 2168, 2257, 2176 and 2248 d&m. 

Furtherevidence for the accumulaticu of lanosteroland dihydrclanc- 

sterol in the pm8eIUX3 of triarimol was afforded by analytical g.1.c. of a 

pcrticn of the 4,4-bimet&l retercl fraction (Fig; 1D). In the presence of 

triarimol (126 p) two peak8 appeared, theleastpolar andmoetpolar of 

which had retention timea identical uith those of 24,25-dihydrolauo8tercl and 

~o8terOl IX8peCtiYe~. IV0 peak8 were observed in this regicm of the 

chromatogmm upon ana~sis of the 4,4-dimethyl aterol fraction8 obtained in 

the absence of triarimol. 

reduotase in the J.ivermiorc8cmalfraoticq 

Incubation of 24,25-d~ihydrc~32-~~]lano8tercl with rat-liver miam8ome8 

results in the release of [‘%]formio acid and a mea8ure of the rate of 

formation of $bie material provide8 a direct assay method for lanoetercl 

14a-demethylase (17). The presence of triardmol (126 @I) inhibited the rate 

of [lkbOOH formation by more than 90 $ (Table 1). hrthermore, in the 

presence of triarimol there was more radioactivity associated with the 

organic material, due, presumably, to le88 substrate being metabolised in the 

presence of the inhibitor. 

The ZtCtiYifg Of mt%hi reductsse in the liver 111i~~a80~1fil fl%%ctioIl 1188 

similar in incubationa conducted in the pre8ence of 126 fl triarimol (179 f  
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TABLE 1 

aadioaatirity (apa) in Rslative effeot 

EcooE Organic phase oftriarimol 

Control 6169 * 503 40,070 f 936 100 

Trisrimol (126 pH) 406* 21 47,190 + 661 7.9 

Hot inaubated 54 47,400 

24,25-Dibydro[32-14C]lanos+ml (47,500 dpn; 3030 d 
with rat-liver microsames (0.1 ml; 17.5 mg prote 

was incubated 
30 min at 37O C. 

The bmabation mixtare contained in a total volume of 1 ml:- potassium phoe- 
phate buffbr (0.1 ?I), pE 7.4; JLTP (6.9.mIl); HbDp+ (2.6 I&; glucoseb- 
phosphate (10.3 mH),gluooseb-phosphate dehydro@m.se (1 unit), and S pl of 
methemldthoruithout trim&ml (126 nmoX). All inaubations were started 
by the addition of 24,25-dihydm[32-1%]lanoaterolas 811 emulsion with Tueen- 
80. Incubatione were terminatedby the addition ofchloroform-metbsnoland 
oarriem formic aoid (14.4 mg). Radioactivity due to formic aoid in the 
aqueous phase was separated from the radioactivity with tlm organic phase snd 
wasassayed. Each type ofincubationwas carriedoutin triplicateand 
geh value is the man f SD. Other experimental details eze given in the 
Hethods section. 

7pnol/min/mgprotein)to that observed in its absence (184 *8pl/mio/mg 

protein). Inqreementdth this is the observation that in incubatioas of 

the S10 fraotion of liver with [2-14C3 acdate the presence of tzlarlmol (126 

p@ had no effeot on the total amount of radioactivity incorporated into the 

mm of the 4,4-dimthyland 4demethyl sterol fractions. Eowewr, in the 

presence of tiarimolthe inaorporaU.on ofradioactivityinto the 4aemethyl 

sterol fraction was reduoed by 90 $ and there was a concomitant increase in 

the amount of radioactivity associated with the 4,4-dinethyl sterol tiaction. 

The inhibition oflanosteroll4a-demethylaae by triarimolinrat liver 

is evidenoed by the aoctmmlation of radioaotive lnnosteml and 24,25.-dibydm- 

mmterol dux%ng oholesterol biosynthesis from [2-1‘k]aoetate end [2-l%]- 
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Mv.. Them Cw eterola have been identified both radiochemically aad by 

amlgtica1 g.1.c. The 14a-methyl carbon (C-32) is released as fomic aoid 

(17,18) and, in the preeent study, the decreased rate of formation of H14C00E 

from 24,25+Uhydm[32f4Cllanosterol by liver miorosomee in the presence of 

triarimol provides further evidence for the inhibitory effeot of this com- 

pound ou 14z+iemethylation. 

The effect of triarimol, therefore, In rat liver, is similar to its 

inhibitory behaviour in the bioayuthesti of ergosterol in a m (5) 

where it is also known to block 14a-demet.hylatiou. Thle provides enoeler 

example of the olose similarity between the enzymes partiaipating in 14a- 

dimethylation in the two organiemz (17). The enzymes of u.masdia, however, 

are able to remove the 4a-zHhyl group of a eterol containing a 14a+ethyl 

group, a capcity whioh reflects the metzbolio similari~ of this ftmg~ 

to green plants whioh normally syutheeise their aterole by this sequence of 

evente. In 0. mavdia, therefore, 4,4,14a-trimethyl eterola do not acctmu- 

late to any large extent in the presence of triarimol. Iughar enlmale do 

not retain this capacity; 4ilemethylation will not occur until the 14a- 

methyl group has been removed and this leads to the accumulation of 4,4,14a- 

triplethy sterole in the presence of 14a-demethylase inhibitora (6,ll). 

Apart from a relatively minor inhibition of oholest-7-enold5-dehydro- 

genase (as judged by the decrease in the oholesterol : oholeat-‘l-en01 ratio 

in the presence of triarimol, Fig. lB), triarimol appears apeciflcally to 

inhibit the 14a-demethylase during cholesterol bioeyntbesis. The similari- 

ties in the amounta of radioactivity assoaiated with the total rrterol fraction 

(4demethyl plus 4,4-dimethyl eterolz) in the presence and absence of inhibi- 

tor when either [2-i4C]acetate or [2-‘4c]MVA was used as the oholesterol pre- 

ouraor supporta the idea that the enzymes between acetate and squalene are 

unaffected. This ie oorroborated by the absence of any effect of triarimol 

on liver microsanal RMG-CoA reductase. 

During cholesterol biosynthesis froz [2-‘4C]MVA in the absence of cugr 

inhibitora, the small amount of radioactivity associated vith the 4,4&ethyl 
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sterol fraction is due to l4-demetbyll8nostero1 and 14-dmuethyldihydrolano- 

sterol; lanoeterol ia present, proportionately, to only a amall extent and 

dihydrolanoaterol not at all (6). In the present study, this explains the 

meal1 contribution (<IO $) of radioactive lano6teml and dihydrolanosterol 

to the total radioactivity of the 4,4-dimethyl sterol fraction biosynthesised 

in the abeence of triarimol. Triarimol, by virtue of ite inhibition of lano- 

aterol 14a-demethylaae and consequent accumulation of lanosterol and dihydro- 

lanosterol, resembles the behaviour of carbon monoxide in this respect (6,11). 

In this case mrbon monoxide inhibits cytochrome P450, whioh participates in 

one or more reaction8 leading to the txidative elation of the 14a-methyl 

&roup (7). It appears, therefore, that triarimol may be a epeciflc inhibi- 

tor of cytochrome P-450. 

The formation of 24,25-dU@rolanoeterol in the presence of kiarimol 

doea not mean that this compound is a normal intermediate in cholesterol bio- 

synthesis. On the contrary, 88 ahown previously under similar conditions 

(6), its presence ia due merely to the decreased rate of oxidation of lano- 

aterol, thus providing a static pool of the latter for A24 bond reduotionby 

an enryme which does not noneally utilize lanoaterol as a subatfate. 

The severe inhibition of cholesterol biosyntheeia in the presence of tri- 

arimol and the ooncomitant accumulation of lauosterol and 24,25-dihydrolano- 

aterol provides a simple method for the biosynthesis of stereospecifically 

labelled 4.4 ,l 4-trimethyl-A8-sterols of high speciflo radioactivity. 
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