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“ABSTRACT - - -~ — = e

Previous work in this labofatory.has'shown thet‘iphibition

of Az“-ste;ol mefhyltransferase (24—SMT) in’cultures of

Saccharomyces cerevisiae by sterols cohtéiqing nitrogen in key
sidecﬁaiﬁ positions was efficient. The inhibitioh resulted in
the increased production of Cy7 sterols SUCh‘as zymosterol,"
cholesta-5,7,22,24-tetraen-38-0l and cholesta-5,7,24-trien-38-
ol. 'The goal of this study was[to achieve efficient pfdduction
and'synthetic‘utilizatien.of these{ézZ;Ste:ol metabolites. In

addition, this study was directed at determinihg the mode of en-

- £

zymatic inhibition of these azasterols.
‘Production of zymosterol, free of‘itsrA7“isomer, was ‘
achieved by growth of an erg 2 ‘sterol mutant (A7¥AF isomerase

blocked) of S. cerevisiae in the presence of 0.5 ﬁM 25-azachole-

'sterol (an inhibitor of 24-SMT).

The production,ofr[13C}rlabelled zymosterol by S.

.cerevisiae cultured in the presence of [1—13C]acetate and 25-

azacholesterol was achieved. The conversion of zymosterol (ob-

tained from inhibited yeast cultures, S. cerevisiae) te

cholesterol in nine steps (6% overall yield) was effected.

A synthesis of 25-hydroxy provitamin D3 (6% errall yield
from yeast NSF) ‘was executed from cholesta—S,7,24—ttien—38—01;

isolated from inhibited mutant cultures (exrg 5, lacking A%2_

desaturase).iwmw

2
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The kinetics of the inhibition of é4—SMbey azas;2§915“were

\

studied using cell-free preparations of A%"-sterol me

ltrans-

ferase. Attempts to develop a method of determining the rate of .

“product formation or substrate digappearance by GLC were not
euocessful‘because of endogenoue sterol in the prep@ration.l I&P
hibition kinetics were measured by the standard aseey method
‘using [?“C]—S—adenosyl—L;methionine (SAM).

'At constant SAM and'varying zymosterol concentratione, 25~
azeoholesterol‘(ki' = 5.4 nM), 25—aza-24,25—dihydrozymosterol
(Ki' = 5.1 nM), 23—azacholester01 (Ki' = 7;2 nM). ano 25-methyl-
25razachelesterol.(Ki'f= 2.8 nM) exhibited Snoonpetitive”inhibi—
tion with respect‘to zymosterol. At constant zymosterol and |

varying SAM concentrations 25-aza-24,25-dihydrozymosterol ex-

‘hibited competitive inhibition (Ki = 1.25 nM). These results \\\\,/

were interpreted in terms of a sequential‘binding of zymosterol
and SAM to 24—SMT.“

)The saﬁe assay method showed’tnetmoyoioartenol was not a
substrate and that ergosterol was a nonfcompetitiée inhibitor.
When zymosterol was kept at constant concentration and 5-
adenosyl-L-methionine concentrations were varied, the addition

N ,
- of S-adenosyl-L-homocysteine (2 uM) gaQeﬂproduct'inhibition for
" each SAM concentration.

In related work, it was shown that 24?methylene*sterol

42%(28)_reductase is inhibited only by 23- and.

B, p
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24—aiachoiester61 but’nofﬁby 25—a2asterols§\ ' "

Candida utilis, grown in a culture containing 25-aza-

cholesterol (1;0 M), shoWed inhibition of that yeast's 24-

sterol methyltransferase and production of 'C;; sterols.

25-Fluorocholesterol was not an inhibitor of any sidechain

sterol-modifying enzymes.
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INTRODUCTION

A. Background
Sebe;al laboratories, includin urs, have studied the lat-
Q\TSn yngE (Fryberg et al.,

1973; Barton gg}aif, 1973; Fryberg et al., 1975). A general

ter stages of ergosterol biosynthesis

model has been déyeloped fpr the conversion éf,lanosferol (1) to

ergosterol (14) in Saccharomyces cerevisiae. The sequence of

structural tfgpsformqtagPs involves: 1) loss of 140fmethy1 and
loss of the'Ck methyl groups;}Z) ﬁéfhylation,at Caoy with reduc-
“tion at C,5 and generation of a Azu(ze)—methylene; 3). iso-
merization of AB to A7; 5) introduction of Azzwdéhble bond; 5)
introduction of 45 double bond; and 6) reauction quAzu(za)
double bond generating a Cyy-methyl. Figure 1 illustrates many
N

of the possible routes from lanosterol (1) to ergosterol (14),
with a number of the possible metabolic intermediates shown.

This graphical’represéntation was/first put forward
(Fryberg et al., 1973) as an aid in the design of experiments as
well as to display the possible intermediates in an orderly
fashion. Each structural trapsformation was treated as a single
step, although mos£ of tﬂeSé’processes are multistep. In this
particular scheme, a number of separate transformations ca? beb
dealt with .and still have structural nearest neighbours-adja~-  — ——
cent. The six transformations, from lanosterol to ergosterol, S

when treated in this manner will yield sixty-four possible in-_

termediates. Therefore, in order to represent the'possible

alternatives as in Figure 1, certain assumptions had to be

/

— e



empioyed to simpiify the graphical represéntationrahdrgiQe a
more concenﬁrated ﬁicture;pf the proceés;» —

The sequence from lanostérol (1) to zymosterol (é), wherein
nuclear demethylation occurs priof to C,, alkylation, was sug-'
gested first by Gayldr's wdfk with yeast A?“-sterol methyl
~ transferase (24-SMT) which showed methylated sterols were poor

substrates and zymostérol w the best substrate for this enzyme

in vitro (Moore and Gaylo;, 1970). Secondly, a study to clarify

the‘routes o?érativerfrom lanosterol (1) togfecosterpl‘(é) has
been rep;rted- 'This study, through searches&for metabolites
such as 4,4-dimethylfecosterol and‘traéef time—coufse studies,
using labelled lanosterol and zymos£erol revealed that the prin-
ciple pathway involved conversion of ianosferol (l) to 4,4- |
dimethylzymosteroli(g) and thenrto 4o—méthylzymoéterol (3). A£
thisrpoint,vthe—pathway to fecoséerol diverges. - In-mature
cells,(fecoéteroi is prodgced equally from a pathway involving
zymosterol and 4¢-methyl kecosterol (5) (Fryberg et al., 1975).

40-Methyl fecosterol (5) and zymosterol were previously found as

1

minor metabolites in commercial yéast mother liqudrs (Fryberg et

i 1 .
al., 1973) and in yeast sterolfmiitures (Barton et al., 1970).
Fecosterol (6) has been shown by‘#aylor to be the immediate pro-

duct‘éf the methyl transferase. {Ail the other sterols in this

A — o

particular scheme, except ergosta=8,22-dienol (8) and ergosta-

Barton et al., 1972; Barton et al., 1970). Therefore, more than

one unique pathway must be present. That is, the enzymes
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’ Figure X1 o -
Sterol biosynthesis in S. cerevisiae.
major pathways T i v \
minor pathways ©C————3 i
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3

*Z+*involved in each structural change possess sufficient flexibili-

ty to accept several substfates in the Droductibn'qf ergostérol.
VThe particular biosynthetdC:gpid, represented in Figureii,

‘is a simplified'biosynthetic‘sché;e-in that there is’a bias

against 8°/8_sterols {which have been féuhd:in 253 2 sterol

mutant of S. cerevisiae (Pierce et al., 1979)). It also does

not show mény of the possible sterols involved in demethylation

at the 14 and 4 pésitions of the sterol. A more comprehensive

.does not possess some of these biases (Pierce et al., 1978b).

Finally, Figure 1 does not account for poésibie metabolites with
©=p8,1% ynsaturation (which ﬁ%ye been found in erg 2 and 5 ste-
B . [

- - - : % ' - - = . "B
rol mutants). However, .the figure does show the major enzymatl

"transformations and,the major metabolites of S. cerevisiae, wild

type.

Tracer studies were carried out with labelled sterol meta-
bolites present in yeast. Isolation of the labelled products of
" further metébolism, by trapping with unlabelled synthetic
material (Fryberg et al., 1973} Barton et al., 1973), yielded .
information én major transformations. Studies in both Canadian
and British laboratories concluded that the A8+A7 isomerization

was the only step that was reversible. ‘Both studies found that

grid (for several Qeast)rhas been put forward by this labiWhich'_ﬁw o

the reduction at 42%{28) yas irreversible. Fryberg etusal.

(1973) pointed out that when the tracer study was combined with
time~course analysis, which gave information on sterol pool

size, majorvpathWays could be deduced by assuming that high

1

xSy
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incorpbratioﬁ'into gggféfol ﬁétabolite coﬁﬁleéfwiéﬁ érﬁiéﬁiébéi
size indicated -an efficienfitransfdrﬁaﬁion. This study con-
cluded that the major sequence was fecosterol (6) + episterol “
Qll)}* ergosta-7,22,24{58)itr;en—38—ol (12) + ergosta- ~
—5,7,22;24(28)—tetfaen—3B—oI (llL + ergosterol'(li) as per Figﬁre
1. Fryberg et al. (1973) concluéeg thvt the enzymes,éperating
on the metabolites in lanosterol to ergosterol conversion can
each operate on a variety of substrates, but there is a particu-
lar substrate whichvis preferred by eachrehzyme.

vThg reaiization that there was some latitude in substrate
specificity for enzymes in thié system led to the idea that

manipuiation of the sterol biosynthetic system, gpecifically to

produce more desirable metabolites than ergosterpl,-would be

P

possible. It was reasoned that if. a specific sterofémodifying
enzyme was,inactivated,,fhe,remainingwactive enzymes would -oper-
ate on available subsfrates to produce metébolites transformed
by‘all enzymes except the one remo&edufromvactidn. Inactivation
of specific enzymés in the yeast‘biésynthetic scheme may be ac-
complished by genetic mutation (Molzahn and Woods,»{972) or
spééific enzyme inhibiéors. |

Bniyme inhibitors are useful toolé in determining substra'ter
specificity, the type of functional groups at the active site,

the mode of catalysis and conformational stability of enzymes.

In biological systems, inhibition of certain enzymes by com-
pounds in the cell can be a form of regulation of that‘sysfem.

Seguersh

The use and study of enzyme inhibitié; includes the fields of
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'enzijIOgy, pharmacology, toxieok§5;~and pathéiegyTWWPoisens+~§~w}mw
drugs and insecticides can all be considered enzyme inhibitofs,:
if they act at the'enéyme level. Two types of inhibition caﬁ
_ take plé&e: ~irreversible, which reduces/enzyme activity by
médifying fhé‘enzyme active site or structure, and revefsible,
where the inhibitor forms a complex with enzyme which modifies
its activity without permanent damage. The activity can be re-
géihed by administering“éxcess sdbstrate or by using éhysiqal
“methods‘(ezg., dialysis). Substrate analogé are commoﬁly used
reversible inhibitors of enzymes. The sErétégy”i§"tdfaééiﬁﬁ‘thé"*j‘
inhibitor such that it is structurally reléted té the normaiﬁ
substrate(s)rof‘£ﬁé enzyme, but is“differentrchemicélly. One
group of-inhibitqrs, effec£ive,in b;gpking'sterollmodifying en-
zymes is sidechain Azastérols. | ‘ |

Aéésterbls wefe-firstisynthgsized with the hope that they
wopld function gérﬁypoéholeﬁtégaiéhiéAégéﬁég; rﬁheﬁﬁdivéﬁjédrri

-

rats, blood serum cholesterol levels decreased and desmosterol

®

in serum and liver increased (Counsell et al., 1962a,b)- 'Ih,f

S

theselstudiés, 25—azachblesterol was the most potent azasferol
investigated (Counsell et al., 1965). The accumulation of dés-
mosterol (cholesta—5,24—diendl) led these workers to conclude

\/,\L

that the A2%-gsterol reductase was inhibited. A sEhdy with

20,25-diaza,analq§s ofjghglesterol.showed that 20.25—diazaéﬁo—

lesterolngéi§1nggipotent inhibitor of cholesterol biosvnthesis

»

and that the dimethylamino end group and side chain length were

L

important‘in_determining inhibitory aépivity (Counsell et al.,

v
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1962a, b). The implication was thét the active site‘of the‘re?

ductase was. specific for a molecule with the d1men51ons of - cho-

;‘\« \
&

Insect‘sterol metabolism was also effected by the adminis-

lesterol.

B
£

tration of azasterols with nitrogen containing sidechains.
’These Studies were aimed at blocking -insect conversion'of'plant

sterols (e g., B- 51tosterol) to ecdysones, which requlate molt-

a s

1ng and development. Studles w1th azasterols were garrled out

~on the’ s;lkworm, Bombyx. morl (Fu]lm&to et al., 1974) and the

togﬁkco hornworm, Manduca- sexta (Svoboda and Robbins, 1971). 1In
theﬁsilkWOrm_Study, 24,28—iminofueosterol»was fed to the insect

aLong with B—sitosterdl. ‘Sterol anfllysis showed a marked de-

. _ T s . _ o
crease in cholesterol formation with ai;@ccumulation of B-sito-
sterol, indicating an inhrbitidnAOf dealkylation activity in the

~
&

" insect. For Manduca séxta,'several monoazasterols (20 22 23 24

andké% azasterols) and 20 25- d1azacholesterol were fed to. the -
1nseets w}th dietary B-sitosterol, with the result that chole—
sterol levels decreased great1§ while desmosterol levels 1n-
creasedAeliqhtly. 20,25~ D1azacholesterol helped increase

’fi}.
desmosterol levels in the 1nsect even more when used Mlth g~

A

sitosterol. When the monoazasterols were administered to‘the

hornworm‘W1th stigmasterol, cholesterol levels dropoed 51gn1f1-

cantiy and thé:desmosterol 1evels 1ncreased as the nitrogen
2

moved from the 20 to the -25 p051t10n in the 51decha1n . These‘
resultS'lndlcated an 1nh1b1tion of the AZ“—sterol reductase.

When stlgmasterol was - glven to the hornworm w1th azasterols,
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cholesta—5'22 24;trienol levels increased in the insect} espe-~

cially when nltrogen was in the 20 ‘and 22 pos1t1ons 1nd1cat1ng a
A22, 204 ’ | ‘

possible block of the -reductase. .- o e

More recently, plant‘sterol biosynthesis has bee: exami%édif
using azasterolsiin ig vitro as‘wéll as in vivo studies. 25- -
Azacyeloartenpl was administered to a cellffree ektract of maise'
embryos (zga’ﬁazg)'khown to ‘contain a microsomal Cégésterdlé |
methyltransferase.' Inhibitidh of cyéloartenol*Czq-methyltrans-
'ferase 1n the _presence of cycloartenol and I“Cﬂﬁém as well as

inhibition of the 24—methylene lophenol—Czs—methyltransferase

was observed with increasing azasterol concentrations (Rahier et

al., 1980). Bramble cells (Rubus fruticosus), incubated with
‘25~azacycloartenol (1.0 uM)) ghbwed large decreases in the

amount of 24-ethyl sterols (sitosterol and isofucbsterol) and an

equally large -increase in—unalkylated;sterols (cycloartenol, - - -

desmosterol, cholesterol) (Schmitt et al., 1981). This indi-

B

cated inhlbitidn of -the cyclbartenol—Czq—methy1transferase and
-the 24—methylene lophenol-Czs-methyltransferase in vivo by the
azasterol. Inh1b1t10n of the AZ“—reductase was also postulated
in the azasterol- treated bramble cells because of the accumula—
tion of cycloartenol and desmosterol (AZ“—sterols), as well as.

A24 (28 ) -sterols {24-methylene cholesterol) . Recently,

720 24 and 25- azacholesterol 1nh1b1t10n of the methyl transferase,

in maize microsomes (in vitro) was 1nvestlgated and C,,-methyla- -

tion was inhibited most by 25-azacholesterol (Beneveniste, 1981,

private communication).



The use‘éf azasterdls td'indﬂce prddhctiéﬁ"f‘déSiféd”"
sterol metabolites in yeast ‘was triggered by their successful

-use in rats and insects. The three sterol 51decha1n modifying

°

enzymes active in yeast, a2t

22,23~ sterol desaturase (22,23-SD) and 24- methylene—
A%2%(28)_gterol reductase (24,28-MSR), have been targeteé for
,inactivation‘by azasterois (Avruch et ElL, 1976;wPieree_g£ al.,
1978a). The AZ“;sterol methyitransferase TE.C.72.1.1,41) has
_beenvthe'subject of the most detailed inhibition and substrate
spééi%icity studiee (Moofe'and Gaylo;, 1970; Bailey et gi;,' |
1974; Bailey et. al., 1976; McCammon and Parks, 1981). This en-
’zyme system converts A2 -sterols to A2%(28) _gterols (Moore
" and Gaylor, 1969) by mediating the transfer of the S-methyl
group frem S-adenosyl-L-methionine to 42%-sterol intermediates
(Parks, 1958) with S,i,mU1,taneous,,;Czy,,*,Cés,hyd,r,ogen' migration
(Goulston et al., 1967). 1In order to gain information about the

active site, the stereochemistry of the methylation process, as

well as the final reduction of erqos£—5,7,22)24(28)-tetraenol to .

ergosterol, hés_been investigated by Arigoni and co-workers
(Arigoni, 1978). The initial methyl'transfer from ‘methionine
-occurs on the Si face of the double bond with an inversion of

the methyl group (Arigoni, 1978). The next step involves the

—sterol methyltransferase (24 SMT),



O cH,

:m357-_i;wr
4

Ad  Meth |

migration of the hydrogen at C,, to Cps which occurs on the op=

posite side of the double bond '(Re face). At the same time

H,

. “H_—{
R ., / R \\CH3 . CH3 /0, L : \\\CHa
.-I ~ CHg / | CH

there is a loss of a hydrogen at C,g (also from the Re face)

which produces the 42"%(2%®)-methylene group.

H—C3-H H | R

% I\\ \\\\\C H3 i H ;— l‘E\\\\\\C H 3

CH3 | n( ‘\cna

-

The migration of the hydrogen from Czh to Cs5, however,

would requ1re the hydrogen to pass 1n the v1c1n1ty of- the base

which helps in the removal of the hydrogen at C23. If we con-

sider the possible mechanisms that have been described for this



process (Oeﬁlschlaqef‘gg al., 1980y, thch'invoivE’a nucieo={ """
philic group mediating the méthylation process, an éxplangtion
of fhe migration of the hydrogen can be put forward. The first
meéhaﬁism is a carbocation rearrangeﬁent (a), where C-25 is

x

electron deficient providing the impetus. In the nucleophilic

addition-rearrangement (b) C-24 and C-25 are electron-rich. A

§

neighbourihg group, such as a nucleophile introducedrdurinq
methylation, could.- participate in migration of the hydrogen from
ng to C25 by a;ting és a bridging=-group to induce the trans-
’fe;._ Such a group would be Eggﬂg*éntiparallel to the hydrogenr
lost from C,g during formation of the C2"(2®)_methylene.

There is one report of a non-enzymatic alkylation that provides‘

—an example of participation by a nucleophile in the alkylation - - ———

of a double bond by a dimethylsulphonium group (Chiut and =

Felkin, 1967) as illustrated below:

NG



In this casé,”the9entering nucleophile attackgﬁ%Pe’GOUblebondv‘
undergoing alkylation in a>trans fashion. The stereoéhemis?ry
of the reduction of.A2%(28) has been investigated. The ob-

servation was made £hat there was a‘hetwretention of configura-
tigi’for the methyl grodp frbm methionine through the méthylene
intermediate to ergosterol. For this to happen, the final re-

 duction must occur from the same side .®f the double bond as the

e

methyl group originally approached. Bince the stereochemistry
at Cp, involves attack of H‘(usiﬁq NADPH, Neal aég Parks, 1977)

from the side of a2%(28) Gpposite to this, théﬁreduction

3
i

S

must proceed in a trans fashion. P

Inhibition of the methylation process could result from

blocking actual methyl dohation, hydrogen tfansfer or removal of

a Cpg hydrogen. o B - -

An initial study (Avruch et al., 1976) showed the 24-SMT
éthme was efficiently inactivated by 25—a2a—24,25—dihydrozymo—
sterol (1) added td aerobically growing yeast. 1Its inhibitory

action has been attributed to the nuclear identity of
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25-aza-24,25-dihydrozymosterol (1) with zymosterol, the pre-

ferred substrate of 24-SMT (Moore and Gaylor, 1970), as well as

its g}éctronic resemblagge at the 25 position to A%%-sterols
(Oehlschlager et al., 1980%2“:23—Azacholesterol (2) was investi-
gated to determine if it woﬁld inhibit the 22,23-sterol desatur-

ase .in cultures of S. cerevisiae (Pierce et al., 1978a). It

failed to inhibit this enzyme,!but was found to be an effiéienf
inhibitor of the‘,2‘4—me'{ih’y1ene—~A2“(28)~Ster01 reductase. 1In

this case, the nitrogen lone pair at C,3 was cited as a reason

'y

for the inhibition of the reductase. Itcwas postulated that the
lone pair of the nitroden at position 23 in the side chain could
mimic the 42?2 double bond in ergosta-5,7,22,24(28)-tetraen—-38-

" 0l, which is the préferred subétrate (Igrman et al., 1975) of

the reductase. The azasterol could imitate an electrophilic or

nucleophilic center depending on its state of protonation. As a

result, the enzymes may bind the azasterol as well as or better

Wt \ e_
CUTTY — <
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than‘tue preferred éubstrate.a In the study ‘with 23 azacho— -
lesterol, the 22,23-sterol desaturase was not inhibited,tpresum—
ably, becauee of the electrenic‘resemblance bftthe inhibitor at
the 23 position to the product of this enzyme (ergosta-7,22,24-
(28)-trien-38-0l1) which is produced ,from episterol (11), the

preferred substrate of 22, 23—SD (Fryberg et al., 1973)

.
-,“ﬁ

Genetic muté&;on has also been used to m n1pu1ate yeast
sterol blosynthetlc systems. This technlque utilizes a number

of 1solated nystatln re51stant mutants of S. cerevisiae'(Molzahn

and Woods, 1972). These mutants which were blocked at one par-
ticular enzyme in the conversion of zymosterol to ergosterol,

~

were grown and their stefblS'Were?Tsolated and characterized
(Bartonuet ali, 1974), ingorder to determine which enzymes were
affected for each mutant. In each caee, the aetive enzymes,
acting on available substrates, produéed in iarge amounts the
final sterol metabolite expected for each blocked system based
on the sterol biosynthetic grid presented earlier; The sterol
composition also showed an incréase in the prefeg;ed substrate
for each inactivated enzyme when compared to the amount found in»

the wild type yeast. Double mutants, yeast blocked at two en- ..

zYmes, have also been grown and their sterols isolated (Bartbn

EREt

et al.,gg97ig Bard et al., 1977). There was a significant drop

g

in sterol productlon in double mutants and the sterols produced
indicated that‘the'Uﬁaffeeted”Eﬁzymes'Wéfé"restriéted‘tﬁ‘thetr‘*

operation on available substrates.

Mt B e et ot

e



Finally, 51mu1taneous chem1ca1 and genetlc manlpulatlon of
RicH

the yeast sterol blosJﬁggetlc apparatus has been used to alter

the sterols produced by yeagts (Pierce et al., 1978- P1erce et
. 7 5. A

al., 1979). In one study, a mutant strain of S. cerevisiae was

b

incubated w1th 25~ aza—244?5 dlhydrozymosterol resultlnq in the
1nh1b1t10n of the Az“—sterol methvltransferase and the loss of
the 14hmethy1 grqup’ (Plerce et al., 1978b). In the other study
(Plerce et al., 1979), sterol mutan£ yeasts (Molzahn and Woods,
1972; Bard et Ek:ﬁ 1977) ‘were grown with 23- azacholesterol 25-
-azacholesterol or 25—azacholespanol and»theirjagerols were

" analyzed. This study showed that specific ste}éiawcpuld be
efficiently produced. One particular sterol, choiest—5,7,24-
trien-38-0l could be produced in larger amounts_when 25-azacho-
lestanol was used with erg 5 sterol mutant (lacking A22-

desaturase) than when. double mutants (Bartongggial;, 1975),

single mutants (Barton et al., 1974) or wiid type S. cerevisiae
inhibited by 25-aza-24,25-dihydrozymosterol, (Avruch et al.,
1976) were grown. In all instances, the major transformation -

blocked was the A2"-sterol methyltransferase.

B. Aims

The f%rstvaim of .the current study was the efficient pro-

duction of Cy;; sterols in yeast with particular éLE?LEiQTL to ob- -
“3

ta1n1ng cholesta 5, 7 24 trien 38—01 because of 1ts potent1a1

use as a -synthetic precursor of 25—hydroxy provitamin Dj.

'ﬂ?

Vitamin D3 is presently produced from cholesterol ‘by 1ntro—

duction of the A7 -double bond and irradiation (Fieser and



.Fieser, 1959). Poﬁltry can only utilize vitamin D3 (Sebrell
Harris, 1973) and are major consumers of vitamin D (Standen,
1970), 'also thé cbnveréion of>éholesterol to vitamin D, éccou
for a large éart of’tﬁe world production of D vitamins. 25—H
droxy vitamin D3 (25(OH)D3) was the flrst metaboilte of vitami
D 1solated and chemlcally characterlzed (Blunt et al.,.1968)
is the major circulating metabolite (Deluca,’ 1979, P- 12;A
Norman, 1979, p. 254). -Both vitamin D, and D3 are hydroxylat
in the liver (Jones et al., 1976) as the first step in their
cpnvérsiod'to the more active metaﬁolites, the 1,25-dihydroxy
derivatives (DeLuca, 1979, p. 17; Norman, 1979, p;,242). The
level of 25—hydroxy'vitamin Dy circularing in an organism is
general quide to itsMEutritionél status (Preece et al., i§75;
Arnaud et al., 1976). 25-Hydroxy vitamin D3 has been found t
be at low levels when intake zr production of vitamiﬁjDﬁig in
adequate (Preece et al.;'1975-'Arnahdﬁet al., 1976j, vitamin
intestinal absorption is defective (Preece et al., 1973) and

when steroid therapy (K1e1n et al., 1977) or ahtl—cdnvuléive

nts

y—

1n

and

ed

a

o

D

drugs are adm1n1§tered (Stamp et al., 1972). Currently, the

Upjohn Company is ééveloping 25-hydroxy D3 for commercial dis
tribution for administration in case of chronic renal failure
(Norman, 1979, p. 413). Lesser amounts of this compound are

guired than vitamin.D itself to treat rlckets (Fraser et al.,

re-—

and

Vot
A
v TRY

1973) and the problem of vitamin D tox1c1ty could be correcte

d

for by administering the hydroxy compound, which has a shorte

half-life than vitamin D in the body (DeLuca, 1979, p. 59).

r
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present, hqwever, production of 25-OH-Dj3 and ité poﬁential useé ~F‘wwp_}m
are limited by the cost .and difficﬁlty of ifs chemical synthe-
sis. | | - — ‘
“A secoéd aim of this study developed because of the initiai
‘results of the inhibition of the Azﬁ—steroi methyltqansferaéea
As pointed out earlier, studies in which wild typeryeast and
sterol mqtants were érealéd with azasterols (Avruch é£ al;,
1976; Pierce et al;, 1979) produced Severalrczy sterolg‘with a
choléftane skeleton, the maiﬁ one;beingﬁz¥ﬁosterpl (4). This
development, plus the fact that [!*C)-acetate (Hanahan and |
Al-Wakil, 1952; Fryberg et al., 1973) and [*>C]-enriched acetate
. [=35%, Cushley and Filipenko, 1976] arevefficiently incorporated

into ergosterol by S. cerevisiael:ehcouraéed pursuit of produc-

tion of [!3C)-enriched sterols, Specifically [t3C)-enriched cho-
lesterél; Highly enriched7[I3Cj;cﬁ61e5terol could be utilized “
for !3C NMR studieé in artificiai membrane preparations, en-
zyme—substféte interactibns as well as biosyntﬁetic proéesses.
[t3C)-cholesterol has already been produﬁed»fyom 113C]-acetate

and [13C]—mevalona£e féd to rats, but with [13C]—enrichment pn1y<
twice that of natural abundance at:the enriched positions

(Popjak et al., 1977). At present, membrane sfudies with

[13C]-enriched compounds have been conducted with [‘3Cu]—cho-

lésterol in model membrane preparations (DeKruijff, 1978) as’
well as [13C]—enrichédréﬁbliné'he;défoupswiHﬁBISiégical mem-
branes (DeKruijff et al., 1980). Enzyme-substrate interactions

for the enzyme luciferase have been studied using [13C]—enriched
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szstrates'produced bios&pthetically??NiSWahathan EE.EL;'

53

1979). -In a recent study, [!3C]-enriched peptides were used t&y;é,{
R & . L F

study opiate receptors in*b}bfgqjcal membranes (Deslaurier gf" —E

al., 1980),' If it is ppssfb&é to produceAenrichéd sterols in~
large énough quantities, these sterols éould"be manipulated syn= -
thetiballf to produce a variety of enriched compounds ofVUSe in
NMR studies of biblogicai systems.

The final aim of this work was to study the kinetics o} the
inhibition of 4%2%-sterol methyltransferase by‘sidechain nitro-
genated stéfols. The type of inhibition cauged by these aza—i -

sterols should give information on the mechanism of the methyl

transfer and the inhibition moéel.
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EXPERIMENTAL :
s 1. Materials -
A. General

S—Adenosyl;L—methionine (Grade II, chloride sélt) and S-
adenosyl-L-homocysteine wefé purchased from Sigma ng;TEal\;pﬂ
S—AdenosylV[Me—L“C]—L—methionine (Lot No. 850672, sp. act. 53.4
m Ci/mM, in dil.4HOAc, pH 4) was purchaséd from ICN Pharmaceu-~’
ticéls, Inc. Sodiumvggétate-l—[l3cjé(90 atom $ C-13, Lot No. o
B~1100) was obtained from Mérck Sharpe énd Dohme Canada, Ltd.
Ergoste;ol wés obtaiped from ICN and recrysﬁalii%ed f}ém
methanol-chloroform. Cygléafte;ol acetate was a gift fro
Prof. P.'Benevgniste. 25-Fluorocholesterol was gpﬁained fragm

Merck Sharp and Dohme Research Lab, Merck and Co., Inc., U.S.A.

B. 25-Azacholesterol, 23;Azacholé§térol, 24—AzacholeSterdl and

”

25—Azachole§tanol

25-Azacholestédrol was prepared by the method of Counsell et

4

al. (1965) and méited at 146.5-148.5° (reported‘147.5—149.51
(Counsell et al., 1965)).
-23-Azacholesterol was synthesized by Dr. H;D. Pierce using

the method of Counsell et al. (1965) and melted at 128-129° (re-

_ported 129-131° (Counsell et al:, 1965)). .

LY

24-Azacholesterol was synthesized by Mr. M. McGuire from

3B—acetdxy—22,23—bisnof-5-cﬁolenic acid (Steraloids, “Inc.) by
- way of an Arndt-Eistert chain extension (Sax and Bergmann,

1955). This.produét was then converted-to the azasterol by the
e e -
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method of Counsell et al. (1965) and melted at 159.5-162.5°
(reported 164-166° (Counsell et al., i96$)). o
25=Aza¢holestanol was prépared using armethod‘similar to
that of Bruce (19 §) and gave a ﬁeltingﬁpoint of 144.5-145.5°,
' “MS (calculated CpfH,,NO, 389) 389 (M*, 45), 374 (M*-CH3j,
25), 58 ((CH3),N*, 100).
K

-

C. 25-Aza-24,25-Dihydrozymosterol

25-Aza-24,25-dihydrozymosterol was syntheéized by the meth-

od of Avruch et al . (1976) with the following modifications.

The zymosterol was obtained from a culture of the erg 5 mutant

of §; cerevisiae (Piercé et él#, 19?9) grown with 25-azaého-

- lesterol (.5 uM);d The zqusterol'was‘purified as the acetate by
flash chrématoqraphy (Still g&igl;,‘1978{ and by: silver nitrate .
(25%) preparative thin layer chromatégraphy (P-TLCiEto 99+%
purity (by GLC, OV-101, 10 m, 0.25 mm i.d., capillary column)..
Equimolar amountszof'zymésterol acetaté (ifSO g, .35'mmoies) and
, N—bromosuccinimide (.0607g, .35 mmoles) (recrysgéllizea from .
water) were added to THF4Water (5:1) sioﬁly over 1&5m%n and then
stirred for 2 h. The workup procedﬁée was the;Same as bne used
previously (dilution with wa;g}{}extraCtion with epg?r,dryinq,

- ~ ' i ) ~ ‘ -
filtration, removal of solvent). The residue was dissolved in

¢ ertbh. o

acetone:MeOH (3:1) andmsti£¥?dmwithfan;gxcessfoﬁfK2C03ﬁ4f13Q?qigggggg_%
at 25° for T,imhlgmlne“miLLuLghﬂas4again4diluLgd;ﬂithvuatﬁrgandggggggg;;

extracted with ether. The ethereal extract was washed with
water and the extract dried. The residue (.140 g) was purified

by prebarative;thin layer chromatography to yield .132 g of the

-



@ 24,25-epoxy- zymosterol The epox1de was 1mmed1ately 7man1pu1ated

as prev1ously descrlbed to the final product, 25 aza—24 25-

"d1hydrozymosterol (overall y1e1d 50%) which. melted at 112 114

{

(lit. 110—116 (Avruch et al.,71976)). The azasterol was . ana-

3 T

lyzed by GLC and fodnd tq be 96%,pure. MS'(calcul%ted CogHygNO,
387) (CHy-CI), 388.1 (p+1,'56), 387 (P, 54.4), 386 (P-1, 88.7),

-

370 (p+1-18 (H0), 100).

D. 25—Aza—24 25—Dihydrolanosterol

- 25-Aza-24 §5 dthydro}anesterolfwas prepared from- commerelal,“’”"*

grade:lanosterol " Oxidation of the A2" 11nkage (Bernassau and

. Fetizon, 1975) gave the tri- norac1d which was: then converted to .

~tered and the filtrate extracted with ether (3 xv50 mL) " The. -

the methyl ester of 3B- acetoxy 25, 26 27 tr1snorlanost 8-en- 24-

¢

oic ac1d. This was converted to the azasterol as follows.

)

~Dimethyl aminef(0.945ig), dissolved’in THF (87mL), was addéd to

a suspeneion of Lihlﬁh (0 235 g) ‘in THF (50 mL) and aLlowed to o

/

stir at ret. for 1 hour® The am1ne LlAlHq product was cooled to

0° and methyl-38 acetoxy ~25,26, 27 8-en-24-oate (6 15 g) - dis-

solved in THF (25 mL) was added. The mixture was.stirred for 2

h at 0° and_1.5 h at r.t. (Khanna eb-al., 1975). Water:THF

4\
R

(1:1, v/v, 10 mL), -3 N NaOH solutlon (10 mL)land water (20 mL)

were added successively to the suspen51on, The mixture was fil-

; ‘f-'\;
extract'was dried over anhydrous Na, SO, , f11tered ‘and concen-

‘trated in vacuo. The residue was recrystallized from acetone—

dioxane to give 0.08 g, m.p. 163- 165 C (reported 1€Sv164° (Lu et



'((CH3)2NCH2 , 100).

23 - >
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al., 1971)). NMR (coc13) $§ 0.70 (s, 3H, CigH), 0. 81 (s, 3H,
48Me), 0.88 (s, -3H, CluMe), 0.99 (s, 6H, 4aMe and ClgH),‘Z 22
(s, 6H, Cpg and Cy7H), 3.03-3.90 (m, 1H, C3H). MS (calculated

, N\
for C,4Hg;NO, 429) 429 (M+ 90) 414(M*-cH;, 40), 58

E. Synthe51s of (20R) and (208) 22,25~ Dlazacholesterol ;*

(20R) and (205) ~22,25- D1azacholesterols were synthe51zed by

Dr. H.D. Pierce, Jr. as,prev1ously reported (Counsell gg—al.,
: h 2=

1965). Separatidp and purification of the (20R) and (20S)°

22,2§4diazacholestérols (2 g) was achieved by column chfomato-

graphy on 300 g of silica gel. Elution w1th 500 mL of

- CHC13 :CH3O0H (1:1, v/v) taklng 10 mL fractlons gave .0 35«q of a

I-x

S—ptegnehdiol (M*, 318). Elution w1th an addltlonal 400 mL of

this solvent system gave the (20R) isomer whlch ‘was one spot,on

. TLC (Silica Gel, GP 254, CHC13:CH30H, 1t1 ;jv/v) ~The compound

was crystallized from ethanol:water (3:7)~£o give 0.67 g, m.p. -
129.5-130.5°C. NMR (CDClsz) & 0.75 (s, 3H, C gH), 0.99 (d, J = 6
Hz, 3H, C21H), 1.02 (s, 3H, CigH), 2.24 (s, 6H, Czs and Cy;H),

5.3 (m, 1H, CgH). M.s. (calculated for CpyHyyN,0O, 388) 388

(M*, 0.6), 330 (M+—CH2N(CH3)2,_66.3), 58

((CH3)2N+-CH2,‘1001,

Elutlon w1th an additional liter of CHC13 CH3OH (1:1) gave

after crystalllzatlon from methanol water, (208) 22,25-diazacho-

7lester01r 0:125 g, m.p. 112.5-113.5°C (reported 110-113°C

(Counsell et al., 1965)). NMR (CDCl3), & 0.70 (s, 3H, CigH),
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1.01 (s, 3H, C;qH), 1.08 (d, J = 6 Hz, 3H, C,;H), 2.22 (s, 6H,
" Cye and;C27H), 5.31 (m, 1H, CgH). HS'(calculated for CZQHQQNZO,
. 388) 388 (M*, 0.4), 330 (M*-CH2N(CH3)2, 51.5), 58

((CHg),N*-cH;, 100).

_ F.  25-Methyl- 25 Azacholesterol Iodide

- 25-Azacholesterol (30 mg) dlssolved in 5 mL of methanol was
stirred with .1 g of K,COj and .1 mL of méﬁhyl iodide at r.t.
(Chen and Benoiton, 1976). The reaction was monitoredfby TLC

(CHCl3 MeOH:NH, OH, 60:40:.6) and stopped by the addition of

;, ~

water after 24 h. The reactlon mixture was evaporated and the
solids dissolved in hot acetone—water,;ffltered and crystallized
‘(on cogling). - The solid product was ﬁlltered and washed with
ether to yield 12 mg (38%). NMR (CD3OD) & 0.69 (s, 3H, C;gH),
1.02 (s, 3H, C19H), 3.20 (s, 9H,*—N(CH3)3), 5.27 (m, 1H, C5H)

i MS (calculated for C27H4gNO, 402),387 (Mf—15 (QH3),l10),
360(20), 342 (M- (CH3 )3NH, 40) (low teselution);;*M,p§'270°
(turns brown), 280° (melts). TLC (60:40:.6, CHC13:MeOH3NH40H).

R = .029 (R for 25-azacholesterol = .58).




25-azacholestanol

€

H TN H .
25-methyl-25-azacholesterol 22,25- diazacholesterol |

G. Isolation of Zymosterol

A culture of wild type S. cerevisiae was grown in the pre-

sence of 1.0 uM 25—&2acholesterol. The yeast was- harvested by
centrifugation after 24 h growth, washed and hydrolyzed in 10%
KOH—ethanol (10 mL per g of Yeast)' The non-saponifiable frac-

tion (NSF) was obta1ned by d11ut1ng the base hydrolysate with "an

equal volume of water and then extractlng the mixture with an

7equal volumé of hexane (lelded into four equal port1ons) The
hexane fraction was washed with water, dried with MgSO, and fil-

' tered. The solvent was removed and the NSF was kept at =-25°
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fuﬁtil used.r Oné gram of the NSF wasraiésolvedrin hexanéménd
chfématbgraphed on alumina (act III, 160 g). Elution’was per -
formed with héxané (400 mL), hexane/efhyl acetate, 95:5 (v/v) \
and successiQely with}90;10, 85:15 and 80:26_(v/v) hexane/ethyl
;cetate (500"mL each). Fractions of 15 mL were taken and ana-
zlyzed bykGLC on an 0OV-101 capillary column (10 m/.25 mm i.d.) as.
the TMS derivatives. Zymosterol and cholesta~7,24-dien-38-0l1 as
well as small ah&unts of Cog and A>r7-sterols eldted fogethéf;in

the last two solvent systems. In order to remove these. final

.

impurities (Cyg and A517-sterols) these.frac§ions were acetyl-
ated with acetic anhydrideypyridine (2:1). %he crude acetates
{0.65 qg) werg then subjected to chromatography on alumina fact
I1I, 65 g) impregﬁated with 25% AgNOj. Elutibn was performed
with 9:1 hexane/benzene (400 mL) then successively 8:2 and 7:3
hexane/benzeﬁe (400 mL each,‘v/v)y while collécting 15 mL frac-
tions and monitoring by the Liebermann—Bhrchard test
(Liebermann, 1885). Zymosterol acetate elutedj;n the last sol-
vent system. rThe)zymostéro%‘acetate Qas hydrolyzed and the free

sterol was'recrystallized from MeOH-CHCl3. This was énalyzed by

GLC™ and” found to be 96% pure (OV-101 capillary column).

H. Culture Medium and Yeast Strain

]

The culture medium and S. cerevisiae strain (wild type)

used wergrqgwprevibusly described (Avruch et al., 1976). " The

sterol mutants erg 2 and erg 5 were derived-from the wild fyoe

strain A184D (erg®) of S. cerevisiae and have been previously



describeﬂ (Molzahn and Woods, 1972; Bard et al., 1977). Candida

utilis (ATCC 8205) was the strain of yeast used.




II. Methods

A. Instrumentation

A Varian 2100 gas chromatograph equipped with a flame ioni--
zation. detector was employed for sterol analyéis‘usinq two types
of columns: Silar/10C, 1.83 m x 2 mm glass U-tube paCked with
3% SilarrriOC on Gas Chrom Q (100/120); OV-101 capillary, 30 m x
0.25 mm glass'capillary coated with 0OV-101. Acetates were ana-
lyzed on both columné relative to cnolestanol acetate (0OV-101 at
245°, Silar 10C at 220f). Trimetthsil;l ethers were analyiéd'
at 2405 relative to trimethylsilyl cholestanol (Pierce gt al.;

A
1979). Miss spectra of sterol acetates and free sterols were

obtained on two machines. ©One was a Hitachi~Perkin Elmer RMU-6E ~

mass spectrometer (ionization voltage of 80 eV and probé
temperatqre 180°) coupledrto a Vatian€1}Q0 gas chromatogtaph‘us-r
ing a 1.83 m x 2.2 mm glass column packed'withnB% SILAR 1OC on
Gas Chrom Q (100/120) at 230°._ The other was a Hewlett—Pnckard
5985B GC/MS system mé;s spectrometer (ionization voltage 70 eV,
CH, ohemioal ionization; direct insertion probe temperature,
200-280’): NMR spectra were recorded on three machines: Varian
A-60, XL-~-100 or EM~360 speotrometers; samﬁles were dissolved in
CDC1l3 containing tetramethylsilane at 25°. In‘the case of 254

~

hethyl7254azachoig§terolhiodiderﬁmethano}—dwwwas—used—as—the——*f**

solvent. Ultraviolet spectra were recorded on a Unicam SP8000

spectrophotometer. Radioactivity was determined by Beckmann
liquid scintillation counters, Model No. LS-8000 and LS-200B.

Fermentations were done on a Virtis fermenter, Model 40-300.



.

y

P,
(R e

Melting points were determined on a Fisher-Johns apparatus.
A Y .

"Color determinations for the Lowry protein assay were done on a

Coleman II Junior spectrophotometer. Centrifugations were car-

ried out on either an IEC centrifuge, a Sorval RC-5 centrifuge

or a Beckmann L5-75 preparétive ultracentrifuge.

B. Inhibition Experiments and Isolation of the Non-

Saponifiable Fraction

A starter culture was prepared by inoculating_10 mL of me-
- ) -

diufi with a loop of S. cerevisiae (wild type) cells and incu-

bating for 24 hours at 30°.~ TQ;s'yas added to- 100 mL of medium
. . ?:3"% P i : )
containing azasterol at the same ‘¢oncentration as used in the

‘0.1-1 uM inhibition experiments. This inoculum culture was

grown for 48 hours at 25°C. This method was also employed when

growing erg 5 sterol mutant yeast, except that'25—azacholesterol

"was used at 1.0 uM. The C. utilis yeast cultures were also

started as above, but only grown in the 100 mL inoculum'stage
for 24 h. For the erg 2 mutant (grown with .5 uM~%§:£;2chb—
lesterol) as we11 as for 5 and 10 uM inhibitor experiments, the
starter culture and inoculum culture volumes‘were 20 mL and 200
mL, reépegtively; "Bach inoculum culturé was transferred to a 4

L Virtis fermeﬁtor jar containing 1.5 L of stirred (400 rev/min)

medium to which azasterol, as a solution in ethanol (1-2 mL),

had been added before inoculation. The'aZastérol was added in

.4 mL aliquots for the sterol mutants erg 2,.erg 5 and C. utilis

before inoculation. After stirring for 0.5 h, the cultures were

aerated (1.Q L/ﬁin) for 24 h, or 487h for the mutants, at 30° on

ey 4
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a Virtis fermenter. Dow Antifoam A spray or Dow Corning Anti-. -
foam "Cf emulSion.was added to cultures to control foaming.'
| vThe yeast .cells were harvested 5y centrifugation (20 min at
2500 x g), washed EWicegwith distilled water, weighed wet and
either saponifiéd immediately (Avruch et él;, 1976) or stored at

~-27°C until later processing. o

L "I

C. General Method fdrvSeparation'and-Analysis of Yeast Sterols

A chloroform solution containing abdutASO mg of the non-
saponifiable frég;ion of each culture was applied to three
plates (20 x 20 cm), coated with a 0.5 mm layer of silica gél

- N )
GF-254 impregnated with 25% silver nitrate and 0.2% rhodamine
- 6G, by weight. The plates were devel?égd with methylcyclo-
hexane/ethyl acetate (95:5, v/v) and several bands were
visualized under shortwave ultraviolet light. The R¢ values

-and composition of the bands on deveidped plates are as- - follows:

0.2-0.3, A5'7-dienes; 0.35-0.46, desmethyl sterols; 0.47-0.51,

-

. 4a-methyl sterols; 0.52-0.56, 4,4-dimethyl sterols; 0.60-0.67,

squalene. The bands were remoVédfand thoroughly extracted with
ether. - After evaporation of the ether, the fraétionskwere pro-
gessed to gemove-colored impurities‘as despribed preViously ’ (.
(Fryberg et al., 1973). Each purified fraction was dried to |

constant weight, taken up in chloroform (1-2 mLf and aliquots of

the solﬁ£i667£fansferred to microsample tﬁbes (ClaythL4]962)

(25-30 x 6 mm) containing 0.1 mg cholestanol. Solvent was re-

moved under an N, stream. The tubes were stoppered with
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sleeve—f;pe rubber septa (4.5 mm) and the trimethylsilyl ether

derivatives were pfepared by injection of 50-100 uL Tri-Sil

"IBT" and heating to 50°C for 5-10 minutes. Acetate derivatives

were prepared in stoppered microSample‘tubes by overnight reac-
tion with pyridine/acetic anhydride (1:1, v/v). Reagent wasfre—
moved by evaporation under a nitrogen stream. The residue was
aiSSOlVed in 50;100 uL benzene or heptane for analysis. Each
‘derivatized fraction was énalyzed in duplicate by gas chrohats;
graphy. The presence of the individual sterols in the separéted

fractions was*esgablished by comparison of the relative reten--

‘tion times of the peaks on the chromatograms to standard values

(Pierce et al., 1978a; Pierce et al., 1979).

D. =~ Production of ['3C] Enriched Sterols and Conversion of

zymosterol to Cholesterol

1. Generation of [!3C] enriched sterols

A starter culture of S. cerevisiae was prepared by inocu-

lating 10 mL of culture medium (Avruch et al., 1976) with a loop

of ceils and incubation for 24 h at 30°. Three such tubes were

added to a 4-L Virtis fermenter jar containing 1 L of stirred

(300 rpm) medium with 1-2 g of 1—[13C]—sodium acetate (dissolved
in 10 mL of distilled water and autoclaved érior to addition).

After addition of the yeast, the culture was aerated (.5 L/min)

TRRPRETIENY

j
!
]
:
!

for 72 h at §0°j0n the fermenter. Dow antifoam A or Dow Corning

Ve

Antifeam "C" emulsion was added to the culture to-control
foaming. ' : -nl

Azasterol treatment involved generation of a 10 mL starter

s by T e Didac ot e e



culture whiéh was transferred to 100 mL of medium containing
.2-.4 uM azasterol and (13c) acetate as above. | |

The yeast was harvested by centrifugation (20-min at 2500 x °
g), washed twice with distilled water, weighed and either
saponified immediaLely or stored at -27° until processed.‘

2. Analysis of [13C}—eanchment of the sterols

The&FSF'obtained from yeast (S. cerevisiae), grown as
above, was separated into various fractions by preparative TLC
as outlined earlier: In the case of zymosterol, the appropriate

PTLC band was removed and extracted withAether. The sterol iso-

_lated was analyzed by mass spectrometry and 13¢ NMR. Enrichment

of the sterol with !3C can be determined in two ways. By com-

/paring the peak heights of enriched carbon signals to natural

abundance carbon signals in the !3C NMR spectra, one -can deter-

" mine the relative increase in the various resonances. Enrich-

ment can also be calculated from the mass spectrum of Fhe
isoléted sterol by assuming 100% enrichmeﬁt was 100% of !3C at
each of twelve positions.

Enriched ergosterol was 1isolated as the acetate from pre-
ﬁarative TLC plates, 'impregnated with silver nitraté, which were

developed with benzene as eluent.

3. Hydrogenation of zymosteryl acetate (unenriched)

Following a procedure similar to Kircher (1974), zymosteryl

acetate (.400 g), 10% Pd/C (.350 g), ethyl acetate (15 mL) and
glacial acetic acid (5 mL) were placed in a 150 mL qlass-lineﬁ

Parr autoclave. Hydrogenation was conducted with stirring at
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"150° oaver 1.5 h using a H; pressure of 13*54atmﬁfﬁllowed”by,34“-W,ﬁ,f
atm for 1 h at 150°. Removal of the catalyst and solvent gave
an 85% yield of cholestanyl‘acetate; m.p. 109-111° (confirmed by

MS and NMR).

4, Transformation of cholestanyl acetate to

Cholest—-4-en-3-one '

Cholestanyl acetate obtaine ove (unenriched) was deace-

fisf

tylated with base (Fryberg et al., 1973) in a yield of 85%,
"giving a produét,of m.p. 141-142° (lit. 142-143" (Bruce,
1943)). The cholestanol was tﬁén oxidized to S5a-cholesta=3=one
(Bruce, 1945) in 85% yield m.p. 128-129° (lit. 129—130° (Bruce,
1943)). Bromination (Wilds and Djerassi, 1946) gave 2a,4a-~

dibromo-cholestan-3-one in a 68% yield, m.p. 185-187° (1lit. e

s

187-188° (Wilds and Djerassi, 1946)). CoﬁVe;sion of the dibrqéét
dériQative to Ehé A"—keﬁone, via the iodo derivative (not iso-
lated (Rosenkranz ggrgl;;7?9505),;yieldédichbiéét—é-ené—B;ohéVinr
78% yield, m.p. 81-82° (lit. 80-81° (Rosenkranz et al., 1950).

Structures were confirmed by NMR and mass spectral data.

5. 83 73 _Cholestadiene-3B-acetate

A solution of .40 .g of Cholesta—4—ene-3—one in 10 mL of

1
|

isopropen<l acetate and .08 g of p-toluenesulphonic acid was ﬂe—

N !
fluxed for 2 h (Hagemeyer and Hull, 1948). At the end of the .

first hour, the condenser was removed and the solution heated

gently for 15 min. The solution was then refluxed for an addi-

~.

tional hour. At that time, .2 g of anhydrous sodium acetate was

added and the mixture was concentrated in vacuo. The residue



was diluted with chloroform and filtered frdh the sodium ace-
tate. Additional chloroform wgs’added and this solution was
added to bdilin§ methanol., Crystallization from chloroform-
methanol yielded .220 g (50% yield), m.p. 70-72° (1lit. 76—78‘
(Hagemeyer and Hull, 1948)). NMR (CDC13) 6 2.11 (s, 3, -
C-38AcO), 5.41 (m, 1H, CsH), 5.75 (d, 1&, C3H). MS (calculated
for CygHy307, 426) 426 (M*, 18), 366 (M+—CH3COOH; 100).

6. Cholesterol

Reduction of the enol ac@tate was accompllshed following
procedures similar to Dauben and Eastham (1951) and Belleau and

Gallagher (1951), with some_modifications. A sample of .10 g of

A375_cholestadiene-3B-acetate was dissolved in 95% ethanol (65
mL) and cooled to 5°. A sample of .20 g of NaBH, dissolved in
70% ethanol (7.57mL) was added and kept at 5° for 2 h. The
-ethanol solution was then'héétéd to reflux and 2.5 mL of 5% NaOH
was added'té the solhtion. This mixture was then cooled and the
ethéhol evaporated. . Thé residuehwas dissélved in ethér ahd
washed with 2 N HC1 sélution (50»hL). The ether was evaporated

. and the residue aissolved in ethanol (25 hﬁ). This was heated
to reflux with';é mL of conc. HC1 f6r 1 h. The ethanol was re-
moved and the residue dissolved again'in ether. The éther was

washed with water, dried and removed. Efforts to recfystallize

the residue (. 080 g) gave low yields (.035 g) of 1mpure mater1a1

" MaePe. 119 130 con81st1ng of cholesterol and cholestanol in a
70%30 ratio, which was confirmed:by mass spectral and gas

chromatographic analysis. The total residue (.080 g) was
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recovered for further purification.

7. 'Pdrification of Cholesterdl

was acetylated asbefore (pyridine/Ac;0) aﬁdfthe'crude product

(.060 g) was separated (.030 g per piatéf‘on .5 mm'thick,iSilica'f‘
Gel HF-366 and 254-20% AgNO; plates (by weight){ d6uny de-

veloped in hexane/benzene, 5:2 (V/V): in anruqlinéd éankfas
described by Idler and Safe (1972). The band at Rg = .61,
whichAmaﬁched the Véiue of the choiestan§1 acetate staﬁdard, was

- removed fromfthe*pigteréﬁdxelategfwith etﬁ%r; After the etﬁer;'*”“¥”
was removed (stream of N3 ), the white crystalline solid 1left
weighed .013 g, m.p. 109; (lit. 111° (Windholz, 19763) (21%
‘yieid). The band at Rg = .50, which matched the value of the
choiesteryl acetaté standard, wasaégmgvéd from the plate aqd .
eluted with ether which.after solvééﬁ rembval,‘gaye a white
crystalline solid weighing .028 g, m.p. 113-114° (1it. 115-116°
(Windholz, 1956)) (47% yield). After base hydrolysis, the resi-
due was reérystallized ffom'MeCH—sz giving .022 g (88% yield) .
oé cholesterol m.p. 144-146° (1it. 148° iwindholz, 1976)).

a

8. 13¢ NMR experiments with ['3C] enriched zvmosterol

Zymosterol, unenriched, (.030 q) was dissolved in 1.0 mL ofz

CDC1; and pdt into a 5 mm OD tube, and a '3C NMR spectrum was

taken (Fig. 4) (P. 59). .

7 N Wl

zqugtggpl, (.015 g,W2§ enriched)vwas dissolved in 1.0 mL

of CDCl; and put into a 5 mm OD tube, and a 13C:NMR}spectrUm was

&

taken (Fig. 4). o

e Tk e e,
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" DL-a-phosphatidyl choline, dipalmitoyl (DPL) was dissolved
in CDCl3 (.5 M) and portions of this solution were added to the

tube containlng the enr1ched steroid. Spectra of the DPL ster-
C R,

0id mixture were taken a?ter every addition. The DPL concentra- -
>“ . 1»7' H - ' o 2
tions were 40, 60, and 70 mole percent (Fig. 5).
Spectra were. _run on a Var1an XL 100 15 in a pulse Fourler

transform (FT) operatlon at 25.2 MHz with 1H noise decoupllng.

E. 25-Hydroxy Provitamin D3 Synthesis

1. Erg 5 growth: ' Isolation -and analysis of NSF - o

The growth of the erg 5 mutantzinrthe presence of F.Q uM
25-azacholesterol was as described above. The procedure for the
isolation of- the NSF was modified as follows. After extraction:a
of crude NSF,Zhexane was removed and the residue dissolved in
pyridine/aceticLanhydride (1:2)5 The_solution was left in a
stoppéred'Erlenmeyer'fiask;”wrapﬁed”in”foll"in"thé”darkmi'Afterf
20 h, th1s solution was worked up by add1t10n of the centents to -

twice thelT volume of ice. The mlxture was extracted with ether— x e

and the ether extract was washed with .1 N HCl 2% NaHCO3 and

saturated NaCl solution in succession. The ether was dr1ed
filtered and the solvent removed. The crude acetates were an-. LR
t . N\ l _ 7’,3‘.1.

alyzed by GLC on-an OV-101 quartz cap1llary (10 m x ;25 mm i.d.)

and'3% Silar 10C packed column with cholestanyl acetate (.1 mg)

as the 1nternal standard. The TMS derivative of the crude NSF

‘was also analyzed (a small sample taken before acetylation) in
the standard fashion. The crude acetates were kept in the dark

(alumlnum f01l wrap) at ~27° untll used
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2.  1,4-Cycloaddition of 4=Phenyl=1,2,4=triazoline=3,5=

dione to A°’’-diene NSF acetates

A sample of crude NSF acetates (.900 g)rwas dissolved in

dry acetone (60’mL)'and»cooled with dry icer%cetone to -70° in a

250 mL, two-necked flask equibped with a drying tube (Drierite).
and an pressure,gggi;lZing addition funnel. To this was added
slowly, dropw1se wit rstirring 1128 g of 4—phenvl;1 2,4~

A

.tr1azollne -3,5- dlone (PTAD) CBarton et al., 1971) dlssolved in

1Y

10 mL of acetone, unt11 a red colour per51sted. The mixture was

,.

ma1nta1ned at‘—70 for 3 h. At that time, 2. 5 g of neutral -

atF P

alumina,vact1v1ty grade V- (115% water) was added and'the mixture .

allowed to warm to 25° over;1 5 h The mfxture)was filtered and
the solv:it removed. TLC (95:5, benzene/ethyl acetate) of the
-crude prodnct showed one spot (Rf = 2) ‘which ran close to ‘an
authentlc sample of the 1 4 cycloadduct of ergosteryl acetate

(Rf = .23). The crude product (1.08 g) was used below w1thout

tfurther pur1f1cat10ﬁ* s fﬁ
3. ° Column chromatography of 1¢A§%ycloadducts of o
A% 7 _3ienes. i . ‘ ' ' 7 <::

The crnde product7from1the,1,4-cyc10addition reagﬂion was
dissolved inzbenzene and added to a column of silica gel, 60-200
mesh (120 g) in benzene. The coinﬁn was eluted with-benzene .

(1500 mL) pntil—noMadditional*stefol*wasfeiuted%rmThercolumnrwaS“f‘rf*

then. elutedfwithmbenzene%ethylgacetate
fraction was concentrated and the re31dues analyzed flrst by TLC

(95:5, benzene/ethyl acetate) and then by GLC. The 1n1t;al

]
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fraction (benzene) cohtained the NSF acetates lacking the A5’7‘
dienes (.689 g),VWhile'the second fractioh‘(benZEﬁ%/ethyl,
aéetaté, 70:30) contained the cycloadducts of 2%+7-diene steryl

acetates (.358 gqg).

4. Epoxidization of side chain double bonds and separa-

tion of products
A sample of .130 g of 1,4-cycloadduct of PTAD to a5¢7
steryliacetates (from column chromatography) was ﬁissolved in
methyléene chloride'(7'mL);b To this solutioﬁ{waéjagdéd, w;th
stirring-at 0‘, .040. g of m—chloropef%enzdiéyécid (“‘95% pure). 
The‘mixfure was stirred for 1é h (ﬁ;tisaki‘gg al., 19735 then
shaken with iqueous solutibhs of potassium iodiég, sodium thio-
sulphate; sodium bicarbonate and then water. The organic layex
‘was driéé with anhydrous sodium sulphate, filtered and concen-
trated. The residue was purified into two major components by
“PTLC (15:85, ethyl acetate/benzene)jon Silica Gel GF. The bands
weré visualized by sprayingrwiEhT;,solution éf Rhodamiﬁe 6G in
‘acetone. The sterols isoléted from the bands were analyéed by
NMR in CDCl; and MS. The upper band (;05879,'Rf = .62) was
the 1,4-cycioadduct of PTAD to ergosta-S,7-diepf3B—acetatg,

-7 m.p. 181-183°, NMR (CDCl3) & .72, .80, .90, .98 (15H, Me

_groups), 2.00 (3H, 38-AcO), 3.1 (1H, CgH), 6.16 (1H, d, J = 8

7H;)l”§igﬁjiﬁL;d, J é Hz), 7:§} (5H, m, Ph); MS (célcglg;g@w

for C3gHs30,, 615) (CH,-CI) 614 (P-1,5), 381 (P+1-AcO-CgHsN30y,

» : R
95), 379 (P-1-AcO-CgHgN30,, 100). -

BN
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The more polar band (.060 g,‘Rf =

adduct of PTAD to 24 25-epoxy-cholesta-5,7, 24-trien-38- acetate,
m.p..170—173 . NMR (CDClz) .80 (s, 3H,~c18—Me), .97 (6H, Cp; =
and CygMe), 1.23 and 1.28 (6H} Cpe and Cy7-Me), 2.00 (s, 3H,
38-Ac0),. 6.17 (1H, 4,7 = 8 Hz), 6.37 (1H, 4, J = 8 Hz), 7.33
“(SH, m, Ph). MS (calculated for C37Hy7N30s, 613) 440
(M-CgHsN30,, .17), 380 (M-CgHsN3Op-AcO, 100), 365

(M-Cg HsN3 02‘_ACO~CH3 ’ 11> ).

5. Production of cholesta-5 7—dien-38'25;dior

| A sample of the 1,4- cycloadduct ‘of PTAD to 24, 25— epoxy-
cholesta-5,7,24-trien-38-acetate (.035.g) was dissolved in dry
THF (5 mL) and treated with 1ithium aluminum,hydride'(.OGO g);
- The mixture was refluxed undef nitrogen fofCXS hf onessvhy—\
dride was destroyed with wet THF (2:1, THF/water) aqd then 2 N
NaOH (2. mﬁ) was added. After stirring fof 15 min, Qater’(d mL)
“was added and the mlxture was stirred for another 15 m1n. The
mixture was extracted with ether/THF (1:1), '3 x 20 mL and the
organic layer was washed with'saturatevaaCI solution. The
organic layer was then dried over anhydrous sodium sulphate,
filtered and concehtrated; The residue “was recrystalllzed from
hot methanol—water to give after, drying .013 g (57% yield) of ™
platelet crystals, m.p. 187-190° (lit. 188.5—191.5° (ethanol-
ethyi acetate) {(Halkes and“Vanmﬁiet7449ﬁﬂ}7ﬁ*NMR—#GBG}g—+—€BgéB%——————f
§ 1.62 {sTUQHTfCT34Me4f~791 Lﬁﬂfgczfmand4L&@hJhayrglrlaﬁisfgﬁﬁ144444444f
Cy¢ and Cp,-Me), 4.59 (b, -1H, C3-H), 5.14 (m, 2H, Cg,7-H). MS

(C27Hy4 02, 400.6) 400.5 (M+, 45), 367 (Mt-2H20, 52), 341
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(M*-(CH3)2COH, 42.5), 271 (M*-side chain or CigH270), 59

((CH3)2COH, 100).

F. Preparation of Cell Free 824 ~Sterol Methyltransferase

&7

Azstapgét’CUIFUie of yeast was prepared by inoculating 4 x

10 mL of medium with a loop of §; cereviéiae, wild type, cells

and incubating them for 24 h at 30°. These 10 mL inoculum were
‘added"to 2 x 1.5 L (two 10 mL inoculum to each 1.5 L of medium)

of growth medium in 4 L Virtis fermenter jars. The cultures

were stirred at 400 rev/min for 15 min and then aerated for 20 h

at '30° on a Virtis fermenter with'bohtinuous‘stirring. THe re-

]

maining steps were essentially the same as the method of Bailey

gﬁ al. (1974). The yeast cells were harvested by centrifugatioh

(20 min at 2500 x'g), washed once with .1 M Tris-HC1 bufferv(pH
7.6, containing .1'mM Mg+f,(MgClzJ)—andwweighed wet. The
xieastncells were SUSpendéa in .1 M Tris-HCl buffer to a;fiqalf
qoncentratibn of 1'g of cells/mL; The remaining steps wereiéar—
ried out at 4°. Twenty-five mL of yéaSt cells were added to a
-75 mL Duran flask containing 40 g of‘.25 mﬂ glass beads. The
flask was stoppéred'and secu;edlin a Braun MSK cell. homo-
genizer. The cells were given a 45s bur?t'and the homogenate

was ‘put on ice. The total homogenate was centrifuged at 25,000

7/

x g for 20 min and the pellet was discarded. The. supernatant

was centrifuged at 155,000 x g for 1 h in a Beckmann, K L5-75 pre-

parative ultracentrifuge. The supernatant was removed and the

R

pellet was resuspended in .1 M Tris-HC1 buffer, pH 7.6. The .

protein concentration was determined by\the method of Lowry et .

[y
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al. (1951) using bovine serum albumin (Sigma) as a standard.
The suspension was’divided into aliquots and stored at =25°

until needed. The prparation was stable at this temperature

for 3 weeks.

G, " General Enzyme Assay Procedure

" The method ofléssayinéAAzu—sterol methyltransferase activi-
ty was similar - to that used by Thoﬁpson gi al. (1974). vEnzyme'>
activity was assayed by measuring [!%C] incorporation from
(}**c-s-methyll —S—adénOsg{_:—jf,'—me thicnine into ‘the. ‘pofi-saponifiable -
lipid fraction of enzyme preparations to which‘éyﬁésterol had
been added. All incdbatibns were carried out in 25 mL
Erlénmeyér flasks equipped with 14/20 ground glass jéints.y,T?e,
assay flasks'coﬁtainéd 3.2 mL of 0.1 M Tris-HC1 buffer,,pﬂéﬁ?§;;
10 ymoles of MgCIZ:Ssz, 60 ymoles of KHCO3, 50 to 400 nmoles of
sterol substrate (e.g?;rzymdétéraijlréhd ;57hL bf ené&%éié;e— 7
pération (protein concentration of enzyme p;eparéf?b§-=15 mg/mL )
(Lowry et al, 1951).  Substrate and azasterol, dissdived in a
total of .2 mL of ethanol, weréxthen added, sUccessively,rto the
reaction mixture. When S—adenosyl-L—homOCYSéEine was used as an
inhibitor it was dissolved in buffer (.1 M Tris-HCl, pH 7.6),

rather than ethanol. The reaction was initiated by;the addition

of 0.1 mL_of bufﬁe;mcontaining;,JWMCiwofﬁS:adﬁnosyl:lMe:lﬂﬁJ:ig;;;ggf

methionine diluted in 400 nmoles of SAM. The Flasks were stop-
pered and were incubated with gentle shaking at.30§fin a Qater 
bath. The reaction was stopped bv addition of 2 mL of 60% KOH

solution. The flasks were removed and heated to reflux (boiling
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~chips addéd)‘for 1 h‘under‘Nz.f'Eagh samplé ééidﬁgbgrﬁgé ailuted
‘with 1 mL of distilled water and extracted twice with 16 mL
hexane. Theopombined hexane extracts,wefevwashed twice with
water, dried over anhydrous‘NaZSOH and filtered. The hexane was
evaporated and the residue transferred into é liquid scintilla-
tion via{ with 10 mL)of'Aquasbl~I (ICN) counter fluid and

counted for 10 mih. ’The amount of transmethylation was caibu-
lated froﬁ the count rates and the specific activity of the sub-
strate. The tpan;méthylation reaqtiqn by{the/ggll e%;ractﬂqu””
linear for up to 1.5 mL of enzyme.preparation.for 30 min.

The standard error depicted by the error bars in the .
figures was calculated from the variation betﬁeen duplicate‘as—
says. The counting efficiency of the scintillation counter was
95 £ 5;0%. The counting error wés_typiéally between .S.and |

1.5%. The counts for the samplesmvaried'bééﬁeenﬂ1500~cpm;i 1.5%
(background) to 2.4 x 10% épm + _5% (100 .uM zymosterol, unin-
)hibited);' The error in work—up,ffém sample to sample as ex-
preséed in épm varie& between 5 and 15% for typical samples in a
» kinetic experimeﬁt.

Dixon plbts (Dixon, 1953) were used to determine typé of
inhibition caused by the administration of the azasterols. The

data was plotted using a linear regression analysis which

N S

drawn (Hewlett-Packard 33E Scientifié Calculator).



RESULTS" - O

A. In Vivo Inhibitior Studies on S. cerevisiae
1. - Effect of azasterols on yeast growth and sterol

_production

The presence, of sidechain'azasterois did pét appreciably .
af fect veast growth at inhibitorbéonceqtrationgrbe}ow‘1;0 LM,
except for 25-aza-24;25-dihydrozymosterol (25 AZ). At .5 uM-
25-AZ, dry ce11 weight was approximately’SO% of that for otﬁgr

‘inhibitors and sterol yield decreased as the concentration of

25-A7 increased. Other inhibitors caused a slight decline in

cell yield at above S‘ﬁM concentrations.

2, Effect of azasterol inhibitors on sterol biosynthesis

and composition

The 25-azasterols influenced yeast sterol composition’
greatly as seen from the telatiye,amountswofiEQﬁosterol (4), er-
gosterol (14) and ergostatetraenol (11)_in the various cultures
(Table I). The amount of ergosterol and'ergostatetraenol def.
creased while zymosterol increased in relativé proportion. '
There was also an increase in the“amqgnt of C,4 sterols,’
cholesta¥7,24—dienol'(lg), choles£45,7,24-trienol (19) and
cholesta—S,7,22;24—te£raenol (22)' when the yeast was tféatéd

with 25-azasterols, because of the inhibition of 24-SMT (Figure

2). An estimate of the effectiveness of each inhibitor in

«———b}ockinq*thi34enzyme“wasmobtainéd’bYﬁCbmpaftson of the propor-
tion of ng-alkylated sterols produced in the presence of the

inhibitor (Zczk—alki) with that produced ‘in control cultures - —
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Figure 2 o ' ~
Expected Sterols from A“—Sterol Methyltransferase
Block. ’ ; ' B
L 4
A ’
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(fczﬁ-alkc) according to the eXpressidniﬁ"“"ﬁ

ko

percent inhibition = 100 1-

The % 1nh1b1t10n for each concentratlon of 1nh1b1tor is glvenﬁln
Table I |

- Of the 25—azasterqls,:254azaf24,25—&ih§d;ozymesteroi,wash;
tn% fiost’ effective inhibitor of 24-SMT whilé’25-aza—24,25—di-
hydrdlanoSterel was the‘least effective.u The inhibition>of 2}_

- -~ . . g R T J— ,‘,, I S 'l, .
'SMT decreases slightly when the nitrogen is moved from 25 to 24,

but greatly when'moved from 24 to’23 (OehI'schlager ét al;,
1980). - c R 2

The 22,25—diazacholesterols inhibited 24eSMT'less.than the
other 25-azasterols. There was little difference in the 1nh1b1fm

“tion of 24 SMT between the 205 and 20R isomers.

The relative effectlveness of each azasterol testeeﬂas an
1nh1b1tor of the 24~ ~-SMT can be . seen most clearly, when comparing

the concentration of each azasterol reé;ired to effect 59%\1n— ‘
hibition of the 24-SMT enzyme (Table II). : B

Comparing the relative amounts of sterols of S. cerevisiaex—

;cultures'grOWnrwith and without 23 andv24¥azacholesterol and

24 (28 ) _

25—azasterols;reVealed 24-methylene A sterol reductase

mk24(284-MSR)~£s~inhibitedebyu23¢and—24-azaehelestefel—*butlnot—'—¥—ﬂ——ﬁ—

f ,,,,, h¥m254azastexnls, AThlsmlnhlbltlnneuasecalculated,byscomparlngskgsslsgﬁf

the ratio of ergosterol to Azu(zaf)sterols in 1nh1b1ted cul-

A24(28)_

tures (} -sterols i) with the Tatio of ergosterol to
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24 . o
a2 (28) sterols in .the control cultures (] A
" L _ ‘
sterols c), in thé*following expression:
. B ergosterol i ]

o ' Z'A2412§}—steroi i)i
percent inhibition = 100 1- —— LW
ergosterol c¢...

J 424(28)_sterols c) =

=3

The % ihhibition, for each concéntration ofainhibitor, of
24(28)-MSR is given in T;Ble I. The inhibition df-24(28)—MSR by
'ZiéazaQChélesterol is highef than by 24-azacholesterol. Tge
rather constant ergosterolfe;gostatetraenol ratio in control and

25-azasterol inhibition experiments suggests none of the 25-aza-

.sterols inhibit 24—methylene'steroi—24(28)—reductase77'

o

No inhibition of the 22,23-desaturase was detected in any
of the experiments by coméarison of 822 metabolites with Cz2 and

Ca23 saturated compounds.

4

B. Effect of 25-Fluorocholesterol on S. cerevisi%e and 25-

Azacholesterol on C. utilis

When S. cerevisiae was growh with 1.Q‘HMa2§-£luorocho—,

lesterol, cell production was lower but sterol production in-
. . ,
creased. Little difference was found in the sterol composition

of contnol,andwfluoxostercfﬁcultunesmandunommodified;sterolsq;ggé;fgﬁgggg

- such as cholesta-5,7,24-trienol or cholesta—547,22,24—tetraenol,
were detected.

When a culture of g# utilis wés grown with 1.0 uM



concentration of 25—azaoholesterol, there was 1nh1b1tlon of the
methyl transferase that was calculated to be 338 by the formula,

stated previously. There was a decrease in -the percentage .of

' ergoSterol in the NSF from 69.3% for the control; to 44.5% as

well as an increasewin’zymosterol to 38.1% from 8.3% for the

‘control. Cjy7-Sterols were also produced in these cultures.

i

gholesta—5;7,24—trieno1'COntribUted 3;§§\and chélesta-
5,7,22,24-tetraenol 1.3% of the sterol. The cell yield was the

same for the inhibited and non-inhibited cultures, however, the

' lsterol production decreased.

¥
T e

o

C. Production of ﬁure zymosterol for Synthetic Manipulation

i

The erg 2 Eiffflymutant of S. cerevisiae (Bard EE al.,

1917), grown with”.5 uM‘ZS—azacholesterol, produced zymosterol .,

'whichfrepreseqted 50% of—theesterolsfrﬂThe~major—impurity—was

~ ergosta-5,8,22-trienol with smaller amounts of cholest -5,8,24-.

T

trienol, oholesta—S;B,22,24—tetraehol and fecosterolg These im-

~

E?ﬁrities were removed by a combination of flash chromatography -

(still et al;, 1978) and preparatlve argentatlon (AgNO3\, 20%)-

TLC to produce zymosterol, 99%% pure by gas chromatography. The

elimination of cholesta“? 24= dlenol, whlch i$ a major impurity

. in azasterol inhihited wild tgbe yeast (Avruch et al., 1976) and

baker's yeast (Taylor et al., "1981), from the zymosterol by the

use of the erg 2 (blocked at A%+a7-isomerase) sterol mutant

~ yeast ‘is most effective. The yeast produces 7.5 g/L dry cell

weight with 1% of the dry weight being sterols.
T e

Pt
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D. "Production of [13

C] Enriéhéauétgibig”égaiéghbersion of

Zymosterol to Cholesterol

RV . i . AN

1. Enrichment levels versus sterol proeduction

When S. cerevi$iae was grown in the.presencelof 2.0 g/L, 1-
» [13¢)-sodium acetate, 749 mg/L of Nséiwere_obtained from which
was isolated’BO mg of ergosterol acetate enriched by 17. 2%vover“

- the natural abundance by MS and 5 to 20-fold by comparlson of

A

peak helghts in the 13¢ NMR.:

Ll

This compares*EEV6rany with“the“saﬁe yeast grown in_the

presence of .2 uM 25;azacholesterol_in medium containing 1.0 gq/L
1f[13C]—sodium acetate which produced 1.23,g/L NSF.  The iso—.
lated iymosterél (410 mg/L) was ehriched by 7.2% over the

'natural abundance by MS and 4 to 7-fold by 13¢ NMR-(Figure 4).

r°"’

In an effort.to increasé enffchment, yeast was grown.- an-.
aerobicaily in £he présenééﬁéf 4 uM 25 azachélestéféinin hedlum
containing 1.0 é/Lﬁ1—[13C]—sod1um acetate. The ‘overall yield of
zymosterdi (8 mg) from 65 mg ‘of NSF Qas vefy low although en-' |
richment . (29%) was high by.MS. “ !

As sodium acetate concentratioﬁé wéne_increased in«yeaét,
contrdls to 2 g/L, the amount of yeast and NSF decreased slighp-

)

ly. It was thus decided to limit the maximum acetate concentra-

tion to 2.0 g/L. .~ -~

2, Cholesterol production from zymosterol
Figure 3 shows the steps and yields in the synthesis of

cholestero; from zymosterol. The initial step’ﬁas*developed



e

;%igure 3

7

. Synthesis of Cholesterol from Zymosterol.
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from a procedure by K1rcher (1974), wherein zymosterol was suc-
,:cessfully converted to cholestanol (85%). The steps up to and
including the production 'of the enol acetate were the same as in -

the references cited. The reduction of the enol acetate gave a

m1xture of cholesterol and cholestanol (70: 30) confirmed by GLC

and mass spectral data, which was d1fferent ‘in comp051tlon from :

the publlshed results (Belleau and Gallagher, 1951; Dauben and

Eastham, 1951). The use of low temperature reactions (-20°)- did

=

not inecrease the.yield of chelesterol. ~Final—purificationrfff~~~»:f»‘

u51ng prepaggflve th1n lager chromatography (AgNO3 , 20%) (Idler
and Safe, 1972), gave cholesterol of high purity in an overall

y1e1d of 6%.

3. 13C NMR experiments /A' N

The 13C NMR spectrum of enriched (7%)'zymosterol (Figure 4)

shows a 51gn1f1cant increase in the sxgnal of ‘the enrlched car-ﬂw
bons overrthose that were not enriched ‘

On addltlon of 1ncrea51ng amounts of d1pa1m1toyl lecithin
(DPL) to the sample of enrlched zymosterol (7%), the resonances
of enrlched carbons become less and less dlstlhgu1shable frbm
' those of DPL-carbons (Figure 5). At 70 molee;erbent pPL, the

resonances of vinyl carbons of zymosterol (tail and nuclear)

were still recognizable.
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Figure 4 ' -

13C_NMR, Zymosterol

a) Zymosterol:(.030 g), natural abundance was
- dissolved in 1.0 mL of CDClz and put into a 5

mm tube, 1000 scans.

a

b) Zymosterol (.015 g), enriched (~7%) was dis-

solved in 1.0 mL of CDCl; and put into a 5 mm -

OD tube, 1000 scans.

Scale in parts per million (ppm). -

Ry
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FigureIS
L3¢ NMR, Zymosterol and Dipalmitoyl Lecithin

(DPL).

a) 70 Mole percent DPL, 30 mole percent enriched
2ymosterol;

-

b)- 60 Mole percent DPL, 40 mole percent enriched

zymosterol.

~c) 40 Mole percent DPL, 60 mole percént,enricged,” R

zymostérol.

Scale in parts per million'(ppm).

L]

DPL peaks (D)

s

Zymoéfét6l‘ﬁééﬁ§u]f$“ffﬂ"w"mw'
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E. Production of 25-Hydroxy Provitamin D3 from Erg 5 Mutant .

Yeast andg 25-Azacholesterol Inhibition

1. Sterol composition and production of NSF from erg 5

yeast culture inhibition by 25-azacholesterol

Growth of‘two 3 L cultures of erg 5, each containing 1.0 uM
25—azacholesterol,.gave7230 g (Qet weight)iof yveast. The com—
bineé culturee yielded 1.18 g of crude steryl acetates. .GLC
analysis showed .cholesta-5,7,24~ trienol (15 * 2%) .and_

ergosta=5, 7 d1enol (12 + 2%) were the two major AS -dlene con-

Al

taining sterols in the non-sapenifiable fraction.

2. Isolation of A°’’-diene compounds e

Cycloaddition of 4-phenyl-1,2,4-triazoline-3,5-dione to
the a°77 steryl acetates wasvmost efficient at -70°, as judged
by TLC. - |

Colemﬁ chromelography on si{ica gel proveé to be the most
efficieﬁt method to obtain/the A5'7-stery1 acetate cycload-
ducts. Non- r1ng B der1vat1zed steryl acetetes (including zyme—
steryl acetate and methylated steryl?acetates) were eluted’

rapidly with benzene while the derivatized steryl acetates

"eluted with benzene/ethyl acetate. The efficiency of the 1,4-"

cycloaddition reaction, as determined by GLC analysis‘of'the

“benzene eInEfé”f6f”KsTl:§£éryl acetates, reveaied fhat 1% of the

5'7-steryifacetate54remaxneu inm the NSF. Thie¢gorresponds‘to a
reaction efficiency of 94%. Analysis of the 1,4-cycloadduct
fraction by GLC was futile as the compounds decompdeed upon in-

jection. The GLC recording showed'peaks (broad and not well-
¥ [ » :
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deflned) w1th retention times correspondlng to- the steryl ace-

tates of cholesta-5, 7'24—trienol and ergosta-5'7—dienol:'J
T~

3. Isolatlon of 1, 4 cycloadduct of "~ cholesta 5, 7 24-

trienyl-3g-acetate ;ET*\§¥

The 1}4-cycloadduct>fraction‘was treated with m-chloroper-

benzoic acid to epoxidize thetAz“—double bond of the cholesta--

5,7,24—trieny1 acetate adduct, thereby facilitating the =

sepafetion of the 1,4—cycloadduct of ergosta-S,?-diehyl acetete
i - !

~ from the'cholesﬁ§-517g24f§rieny1m§set§te1£y910éddqct—,:Sepgtéfewwe;,,ﬂ

tion was accompliShed by prebarative-TLC and confirmed by NMR.-
NMR spectra of egch‘isolated cycloadduct showed that the mdre
polar baﬁa wes the ],4—cycloaddhbt of 24,25—epoxy—chi?esta-
5,7, 24—ttien—38-acetate aqg ‘the upper band to be the 1,4-cyclo-

adduct of ergosta -5,7- d1en 3B -acetate. GLC and molecular ion -

fre=

mass spectral evidence”werE'difficult'tomobtain as'the'f;4~A’*m”"'<'w

cycloadducts were dﬁStable to heat.

- Productlon of: 25 -hydroxy prov1tam1n Dy
Reactlon of llthlum tetrahydro&lumlnate with the 24, 25—

epoxy-1,4-cycloadduct of cholesta 5 7-d1en 38 -yl- acetate accom- ",

plished reduction of the:epox1de,t¢leavage of tne<acetyl group

at the 3prositiop and the conversidn of the ring B, 1,i-cyclq-

adduct moiety. to a A°’7-diene in 57% Yield, .The overall yield

of cholesta-5,7-dien-38,25-diol from yeast;NSF was . 6%.
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F. In vitro Studies of & Sterol Methyltransferase w1th Aza—
sterois | | .
1. Obtaining an- active 24- -SMT enzyme preparatlon

Attempts at purlflcatlon of the 24~ SJT by the method of

IQ?

Moore and Gaylor (1969}C§2ve an enzyme preparation with incom Z,

sistent activity. Therefore, the'method of Bailey et a;, (1974)A
was used to produce atcellefree preparation possessing 24-SMT

:’activity:{=Yeast were dgrown as in the inhibited culture experi=- '
" ments with 24 h aeration and7ra§1d’stirfing.f,Aftér'beinéwﬁro;7 AR

cessed, the preparation was frozen at -25°<until_required. n

e Initially, attempts were made to determine enzyme activity,
either by following zymosterol disappearance and/or'fecosterol
({the product of the enzymic reaction) appearance by gas chroma=-

tography. However, endogvpous sterols present in the prepara-

tlon (even in the pellet from ultracentrlfugatlon at- 105 000 X

£

g) prevented the detection of fecosterol by gas’chromatography. ' |
S ' \ _
Zymosterol content after the reaction showed no detectable de-

crease compared to a control sample. Therefore, the standard
assay of using (t*c- Me] -S- adenosyl -L- methlonlne as the 1nd1cator he
for transmethylation was employed (Moore'and‘Gaylor, ]969;'

Thompson et al., 1974). .

concentrations. [S], on the initiélﬂvelocitv. Gﬂ of the enzyme's

\
transmethylatlon. Flgure 7 1s the standard L1neweaver Burk

e e . ezt

transformatlon of the data whlch,glves a Kurof\57.1 uM and)a

Vmax ©f 11.7 nmoles/hr/mg protein.
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- Figure 6
- Regular Recténgular Hyperbola Plot for Zymosterol.
7 Al e LT . b

The standard assay procedure was used (P. 41). Each
“fYask contained .t M Tris=HCl buffer, pH 7.6, .1 mM

Mg*t and the concentration of zymosterol indicated

(®). A volume of .5 mL of enzyme preparat‘was ad-

ded and the reaction was initiated by [l“C]—S-adenosyl

methiohine (.1 uw Ci per 400 nmoles). The points are

" an average of five separate experiménts‘(duplicate

samples). J“V -

zymosterol: o ’ -

nmoles of [!*C-Me) of SAM incorporated into NSF/hr per

mg protein.
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Figure 7 ' .

.The standard assay procedure was used (P. 41).

Each flask contained .1 M tris-HCl buffer, pH 7.6, . ... .

.1 mM Mg+t .and the concentration of zymosterol

indicated (m®). A volume of .5 mL of enzyme pre-

‘paration'was added and the regﬁiion was initiated’

by [1“C]—S—adenosyl-L-mqthionine L.1 u Ci per 400

-

~nmoles)s The points are an average of five separ-

ate experiments (duplicate samples.







'In .the 'standard experiment we showed cycloartenol is not a

“substrate for this yeast methyltransferase enzyme. i

T 2.  'Inhibition studies with azasterols on Azuesterol

methyltransferase -

. .
- . !

s

I ‘

- In the initia{ experiments with 25-azacholesterol, a con-
z : ,
centration was used that gave 50% #nhibition in the in vivo ex-
periments (100 nM).  However, this!concentration proved~to~beiir

o -

completely 1nh1b1tory in vitro so ﬁhe concentration of the in-

¥ ﬂr

h1b1tor vas decreased by a factor df ten (to 10 nM). 'Flgures 8

r‘to 11 are Dlxon plots (Dlxon, 1953] show1ng the effect of aza- .

“

sterols on the activity of'the 22 '“sterol methyltransferase
‘preparation. When SAM concentrations are constant, the plot of
1/v vs. [I] (reciprocal of initial |velocity vs. inhibito;;con—d

centration) gives parallel lines which is indicative of uncom-

petitive inhibition (Corn i,éh,iBQWd,@d{ , 1974). This can be .

, | :
confirmed by examining the plots oﬁ&s/v vS. [I]‘(substrate con-
L Y ' é
centrat10n/1n1t1a1 veloc1ty vs. 1nh1b1tor concentratlon), which
}

o

show intersection of the&}lnes glvrng a Ky (Flgures 12 to

15). The KI values (see flgures)/are similar in magnltude

indicating nearly equal potency offthe inhibitors in v1tro,’

'
[

When the zymoster concentrations are constant (100 uM),

the Dixon plot for the effect of 25 aza-24,25- dlhydroz;ﬁosteroIfﬂf

T T gives 1ntersect1ng ]_1nes, whlch lS 1nd1catlve of Competltlve in-
!

S ' htbitibﬁ‘TFIgUtE*#ﬁT‘“‘For tnls type of inhibition, a Ky (in=

h1b1tor constant) is obtalned whlch gives a value of 1 25 nM.



Figure 8 '

Dixon Plot for the Inhibition of 24-SMT Transmethylatjon
‘by 25-Azacholesterolk(1/v vs. I)

The standard assay procedure was used (P. 41).

'Each flask contained .1 M Tris-HCl buffer, pH 7.6,
.1 mM Mg*t and the-concentration of inhibitor in-

) diCatéé. Zymosterol,aeithef 12.5 uM (A), 25 uM (m

) or 50 uM (@), was added, tflén the ihhibito'r. A

volume of .5 mL of'enzyme-preparatioh was added and-

the reaction was initiated by -[,1,1’C]V'ZS,,“f,QdenQSY,l:L:

methionine (.1 u Ci per 400 nmoles). The points

are an average of' 4 determinations in two separate.

experiments.
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Figure 9

Dlxon Plot for the Inh1b1t10n of 24-SMT Transmethylatlon, L.

Y &

e o g e

by 25-Aza-24, 25 d1hydrozymosterol (l/v vs. I) 5

The standard assay procedure was used (P f?).

Each flask contained. .1 M Tris-HC1 buffer, pH 7. 6,

.1 mM Mg++ and. the concentratlon of inhibitor 1n-
d;eated../Zymosterol, either 12.5 uM (A}, 25 uM (=
) er 50 uM ( .5, was_added, then the idhibitor.’ A
volume of .5 mL of enzyme preparatlon was -added and
BaEE the reaction was initiated by [lf%]—s-adenosyg-L— ~f,»r -
/methlonlne (.1 u Ci per 400 nmoles). The p01nts

are an average of 4 determinations in two separate

experiments.
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~ Figure_ 10 -

Dixon Plot for the Inhibitioﬁ;of 24-SMT Transmethylation
by 2§4Aiééh61é5terol (1/? vs. I) - '

- The standard assay procedurd was used (P. 41). . 7 _ .

Each flask Contained .1 M Tris-HC1 Buffer,,pH 7.6,
.1 mM Mg** and thé"concentration of inhibitor in-

dicated. : Zymosterol, either 25 uM (‘A) or 50 uM!

(m), was'added, tﬁen the inhibitor. A voiumé of

.5 mL of enzyme. preparation was added and the reac-
tion was initiated by [ 'C]-S-adenosyl-L=methionine

(.1 u Ci per 400 nmoles). 'The,points are an aver-
- age of 4 determinations in two éeparaté~experi-

mehts.
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Figure 11

‘Dixon, Plot for the Inhibition of 24-SMT Transmethylation

by 25-Methyl-25-azacholesterol (1/v vs. TI)

The standard assay procedure was used (P. 41).
Foo T
Each flask contained .1 M Tris-HCl buffer, pH 7.6,
L n 4 .
T .1 mM Mg++gand‘the concentration -of inhibitor in-

dicated. i&mostérol,%eitherbZSVuM (m) or 50 uM. .

(®), was added, theﬁthe'inhibitor. A Qolume of

.5 mL‘of enzyme'pgepapatiqn was added and the reac-
B tion was initiated by 'I if,C }-S- a,d;éng syl ~L-meth ionine

(;1‘g C% per 400 nmoiés). The points are an aver;,
. age of 4 déterminationsiin‘two sebarate éxperi—

L]

ments.
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Figure 12

'V%Dixon,Plotifof the:Inhibition of-24-SMi Transmethylation

‘:>4by 25-azacholesterol (s/v vs. I) .
. -. ’ V . .
The standard assay procedure was used (P. 41). .

‘Each flask contained .1 M Trié?HCinbﬁffer,’pﬁ”7}6/“

.1 mM Mg++ and the“concentra;ioﬁ of inhibi;or in-
dicated. -Zymosterol, either 12.5 uM (@), 25'uM e
(@) Or 50 uM (A ), was added, then the inhibitor.

‘A volume of .5 mL of enzyme preparation was added

-~ and the reﬁction;was;initiated;bymfgkGi*s-~~f*'—m-'w'w~~r

adenosyl-ﬂ-methioninev(.1 u Ci per 40anmplés).v

The points are an average of 4 determinations in -

_two separate experiments.
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Figure 13 | '{
Dixon Plog for tﬁe Inhibitioﬁgéf 24-SMT Transmethylation
by 25—Aza;§4,25—dihydrozymoster61 (s/& ggi I)I
The‘étandérd assay procedure was used (P. 41).
" Bach flask contained .1 M Tris-HCl buffer, pi 7.6,
~".1 mM Mg** and the concentration of inhibitor in-
dicated. Zymostérol; either 12.5 uM (4A), 25 uM (@
%/)) or 50 UM (m), was added, then the inhibitor. A
volume of .5 mL of enzymeipreparation was added and
the reaction was initiated by ['"C]-S-adenosyl-L-
| meéhioniﬁe (.1 » Ci pef‘400vhmoles). The points

are an average of 4 determinations in two separate

experiments.
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Figure 14
Dixon Plot for the Inhibition of 24-SMT Transmethylation.'

by 23-azacholesterol (s/v vs. I)

The standard assay procedure was uSed (P: 41). A
Each flask contafned .t MVTris=HCi*bﬂffér;*pH”?;ﬁ;” R
.1 mM Mg*t? and the concentration Sf inhibitor in-
dicated.. Zymostérol,'either 25 uM ( A)Aor 50 nM
(-j,‘was added, then the inhibitor. A voluﬁe of
.5 mL of enzyme preparation was added and the reaé-

tion was initiated by [1uC]—S—adenosyl*L—methionine

»(.1u Ci per 400 nmoles). The points are an aver- l-

o . I -1 . v .
age.of 4 determinations in two sSeparate experi-

ments. ' \ . i

iz

it A s b e
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Dixon

Figure 15

Plot for the Inhibifion of 24-SMT Transméthylation
by»iS—Methyl—25—Azacholesterol (s/v vs. I)
The standhrd assay procedure was used (P. 41).
Each flask contained .1 M Tris-HC1 buffer, pH 7.6,
.‘I.mM‘Mgf+ and the concentration of inhibitor in-
dicated. Zymostérol; either 25 uM ( .') or 50 uM
}34 ), was,addéd,4then the inhibitor. A _volume of
.5 mL of enzyme preparation was added and the reac-
tion was initiated by Il“C]—S—adenoSyl-L-methionine
$f1 p Ci per 400 nmoles). "The points afé;aﬁ aver-
age of 4 determinations in two séparate experi-

ments.
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Figure 16
Y
-,Dixon‘Plot for the Inhibition of 24-SMT Ttansmethylation

by 25-Aza-24,25-Dihydrozymosterol (1/v vs. I)

<

The standard assay bfoceduré was uséd (P. 41).

@gch flask contained .1 M TrfSJHCI'buffef; pH F.6,
.1 mM Mg*¥* and the congéntrétion of inhibitér in-
dicated. Zymosterol added'waéyat a conceﬁtrigéon

of 100 uM. A volume of .5 mL of enzyme preparation
was added. S-adenosyl-L-methionine was either

25 uM ( AA)/or 50 uM ( n ). Poinﬁéléfe an a&erage of

4 determinations in two separate experiments.

\b .

w
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3.. . Inhibhition of 24-SMT by Ergosterol and S—Adehosyl—L—

Homocysteine ﬁSAH)
‘A Lineweéver—Burk,plot of,érgésterol inhibition’of'Azu—
sterol methyltransferase méthylatioh of zymosterol (Figure 17)
%pdicates non—combeﬁiﬁibe inhibitioﬁkby ergosterol,vKI (cal- ;
culated from the graph) is 120 uM.
" The inhibition of transmefhylation of zymosterol by S-
adenosy}—L—homocystéiﬁéufdissolved in Tfis—HCl bdffér, pH 7;6,

.1 mM Mg**) is given in Figure 18. When the SAH concentration

is at 2 uM, there is a definite inhibition of the rate pf,,Agea,c—,,,,,,,f:,;, :

tion of the enzyme even when the concentration of S-adenosyl-
L-methionine is increased (zymosterol concentration is constant,
100 uM). The éompiex nature of the [S] vs. v curve indicates

" that product inhibition is'occurring with an effect on the

ability of SAﬂ to bind the emzyme resulting i;éé decreased rate.




Figure 17

. Lineweaver-Burk Plot for the Inhibition of 24-SMT

* Transmethylation by Ergosterol

The standard assay précedpre was used (P.V41).

Each flask céntained .1 M Pris-HCl buffer, pH-7.6,
.1 mM Mg*t and the concentration inzymosterol ’
indicated ( l}. Ergosterél,Aﬁo uM (B) was added
tb each subst?éte concentration. A volume of .équ
of enzyme preparation was éddeé‘and the reaction
was initiated by[lkC]—S—adenosyl—L%methionine (1 1
Ci per 400 nmoles}. Points are an éverégéqbfVZVGé;i

terminations.
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s 5 Figure 18

. L4 ) ’ N . ' \
Plots of v vs. [S] fot S-Adenosyl-L-Methionine

'and SAM”¥(2'hMhS;Adenosyl4L—Homocysteine {SAH)

* The standard assay procedure.wasvuﬁgd_ig:;llji%,fﬁw -

Each flask contained .1 M ﬁgis—HCI buffer, pH 7.6,

.1‘mM‘Mg++ and the cbhcentration ofﬁS;adenoSyl-L-
méthionine indicéted (O%. 2Zymosterol is at a con- .
centrgtion of 100 uM.‘ SAH, 2 uM (m) was added to
each S%M concentration. A volume'éf .5 mL of en-
..zyme .preparation was added and—therreaction—isiinid

tiated by [1“C]—S-adenpsyl-L—methionine (.1 u Ci

per 400 nmoles). Points are an-avefage«qf,Bndeter—

T,

minations.’

s
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‘growth of yeast (Adamsfand Parks, 1969; Parks et al., 1979) and

dicated an inhibitory effect of azasterols on the A??—éterol‘ﬁ

- 93 =~

DISCUSSION -

Growth of S. cerevisiae, in the presence of several side

~ chain nitrogen-containing sterols, resulted in decreased cell .

growth and sterol production at azasterol concentrations of 5 uM

or greater (Table I). Decreased cell production could be re- .

St

lated to a decrease in total sterol or a decrease in

ergosterol (A§’7—sterols) at higher inhibitor concentrations.

Ergosterol has been reported to be important in the respiratoty

the 24B—methyl—A22 moiety was reported to be importantito the

growth of S. cerevisiae (Nes et al., 1978). Another possible

,expiénation is"that these azasterols could behave as requlators

of sterol'bibsynthesis as do hydroxy sterols in mammalian

- systems (Parish et al., 1979; Parish _and. Schroepfer, 1979). .Hy-

droxy-sterols are believed - to have an effect‘on enzymes‘inVOiGed‘

in sterol biosynthesis, specifically hydroxy=methylglutaryl-CoA

reductase (HMG-CoA reductase) (Schroepfer, 1981). o RN
Theistérol éémposition of yeast cultures grown in the ;;1

presence of various ézastefols was different from thét of con-

trol cultures (Table I). The alteration of sterol composition

of yeast cultures;fwhén grown in the presence of azasterols, in-

methyltransferase (24-SMT) and other sidechain modifying enzymes

(Azu(ze)-methyiene sterol reductase). For example, the ap-

pearance;f§;new sterol metabolites, such as
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cholesta-S)7;22,24—tetraen—38401 and choleésta-5,7,24-trien-38-

0l, and the decrease in ergosterol production observed'when 24~

and 25—aiaster015*were administered .to S. cerevisiae indicates
inhibition of 24-SMT (Table I). This inhibition exhibit
saturgtion4kinetics indicating azasterol enzyme complexa?gin.

It has been postulated (Avruch et al., 1976; Oehlschlager, 1980)
that 24—SMT,inhibition by 24 .and 25-azasterols is due to the -

close electronic relationship between the nitrogen lone pair and

the Azu—system of normal 24-SMT substrates.

P

24-aza A24—substrate ' 25-g3za

If one assumes a carbocation rearrangement mechanism for the

methylation process (Oehlschlager et al., 1980), then molecules

'

which resemble intermediates in' the sequence could be inhibitors

L

of tbé reaction (Jenéks, 1975; Wolfenden, 1976);

g B

L S

R ’ e [
CHg"S!

e e e b L
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Thus, the protonated form of'a 24-azasterol could mimic inter-

mediate B while protonated 25-azacholesterol could mimic inter-

-

mediate A.

pKa= 10 ~11
 This explanation has been put forward to explain inhibition of

S

~sterol thyltransferése in microsomes of maize %éedlings
(Narula gglzz:, 1981) by 24—ﬁéthy1—25—azacycloartenol égé 25-
agacycloartenol and in cultﬁres of bramb}erqélls (Schmj#% et
al., 1985) by 25-azacycloartenol.

In yeast, the effectiveness of 25-azasterols in inhibition
of 24-SMT is‘relatéd to their nucleét structurer(25—aiazymof‘
sterol > 25fazacholestanol > 25-aza¢holesterol > 25—azélano—
sterol). This isrin'éhe order of gﬁé atceptability of the
corresponding 2%2% —sterols as sﬁbstrates for yeast 24~-SMT (Moore

and Gaylor, 1970). This trend has béen considered to indicate

- that 25-azasterols behave—-as sterol substrate mimics (Avruch et

al., 1976; Pierce et al., 1978a; Oehlschlager et al., 1980).
As expectea from the hypothesis, sidechain nitrogen- con-

] taining azasterols mimic ratural substrates, 23-azachplesterol
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is a weak 24-SMT inhibitor andﬁigiazachoiesteroi“ié comparable
to 25-azacholesterol in inhibition of 24;SMT (Table I).  ;ipce”'
24-azacholesterol also iAhibits the 24-metﬁylene-A2“(28)-

- sterol reductase, competition between this enzyme and the 24-SMT
for this azasﬁerol may réduce the effeétivz éoncentration of the
azasterél available to inhibit tﬁe latter:enzyme.

Diazasterols, (20R) ajé (208)-22)25—diazacholesterol,‘were
less inhibitory than the other 25-azasterols investigated prob-=
ably because the nitrogen at C,, decreases the effectivenéss of
therazasﬁerdl due to sterié';ggz¢t§. 22,25~Diazastérois7wéfe”7”
also less-éffeétive at‘inhibiting sterol biosynthetic processes,
“ in insects'(Svoboda and Robbins, 1971) and rats (Counsellngg
al., 1965), than analogous 25-monoazasterols.

"Inhibition of 24—methy1ene-A2“(28);sterql reduqtase by
23—azacholesterol'was,grea;e;,than by"24:azacholesterol”which,;;‘ »
in turn, was greater tha? byﬁany of the other azasterols. If
azasterols are acting as substrate mimics for . the 24(28)<MSR,
the nitrogens at Cy3 and Czy4 could be viewed as mimics (Piérce
et al., 1978a; Oehlschlager éE al., 1980) for the A22 and
A2%4(28) liﬁkages of the best substrate of the reductase,
ergosta?S,7,22,24(28)—tetraen-3é—ol (17) (Jarman et al., 1975).
It is also possible that 24—azacholésterol bipds 24?SMT reduFing
its effective inhibition of the 24-methylene-A2%(28)_gterol
reductHSéi”‘Thé"iack of*inhibitibn”bf'2tt287:MSR‘by‘25:éia=‘“”f*'"
sterols is probably due to non-interaction of the nitrdgen at _;l

-

C2s5 with_any -part of the enzyme. ‘ S



e
The 22,23-sterol desaturase ‘is not inhibited by any of the —

i
azasterols. 23-Azacholesterol resembles the product of the de-

saturaée more than the substrate, epistérof;(Pierce et 3l;!~
1978;; Fryberg SEg;li; 1973). 24—Azacholeéé;}ol and.éhé éS—aza-'
sterols had no effect on the desaturése, presumably because ni-
. trogens in.these aiastgrols are too distant to affect the active
site. Thewdiazagterols, 20(ﬁ) and 20(S) 22,25-diazacholesterol,
are also thougﬁt to be simi;af to the product of the desaturasev
and therefore ineffective (Oehlschlager et El;' 1980):

The inhibition inAz“—sterél méthyltjansferase in C. utilis
by 25—azacholesterol (1.0 uM) is not aé‘pronounced as in‘§;

cerevisiae (inhibition of 33% as opposed to 92% at identical

concentration). This may be due to differences in the biosyn-
thetic pathway uSed‘by}the two yeasts. Since methyiated
sterols are subst;atés pf the meghylpransfeygserip E;‘QFiliS',
- desmethyl azasterols may not be aé effective in this yeast.

; 25—F1uordcholesterol had no effect on any of the sidechain

modifying enzymes indicating that the site involved in methyla-

tion is not affected‘by thé size or electronegativity of £he

fluorine atom.

Isolation of specific yeast sterols, relatively pure and in

large dhantities, had previoﬁsly been tedious and time consum-

ing.  In many instances; -the target Steto}—was—presentminﬁsmaii———*fjﬁ———*
quanﬁitiesgasmavminorwcomponent;inﬁsterblgmixtures1ﬁWlhegusegchggggggﬁggf
azasterols with yeasts (wild type gnd mutant) to produce speci- t

' fic sterols has reduced some of these problems (Oehlschlager et
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For example, growth of erg 2 sterol mutant yeast

alo' 1980)- (o)
with 25 azacholesteroliis the most effective way to produce

large quantities ‘of pure zymosterol completely free of cho-
lesta-7,24-dienol. The latter sterol can be removed only 5;(:3

long and involved chromatographic procedure at present (Ta
The two practical applications that evolved from

et al., 1981).
the broductlon of 25-hydroxy provitamin D3 and
. | /

this work were
cholesterol.
cerevisiae is grown in the presence of

[13C]—enriched
the ‘sterol fraction

When wild type S.
sﬁall concentrations‘ofV25—azachohesterol
This factor coupled with successful
1952; |

contains 40-60% zymosterol
incorporation of 1-[!%Cl-acetate (Hanahan and Al-Wakil
Cl-acetate (Filipenko and

1973) and 1-]

Fryberg et al.,
1976) into ergosterol suggested a route to 51gn1f1cant—
cerevisiae grown 1n the

Cushley,
Thus,‘g;

ly enriched [ 3C]—zymosterol.
presence of [13C] enrlched acetate (90 atom %) and 25~ azacho—
C]—enriched zymosterol. It was found that

lesterol produce [t
by reducing both aeration (by 80%) and stirring of the yeast
3C]—acetate to 2.0

31) alohg with an increase in the [
i High aera-

(see P.
g/L in the medium, produced the best incorporation.
but decreased incorporation.

tion increased sterol production,
Higher ‘acetate concentratlons decreased the yield of yeast and
Therefore, the optlmum cond;tlQnseareeaecompromlsegbe—

Be-

. sterols.
tween highr;ncorgo;a;;qpfapd_peasonable sterol productlon.
cause of the requirement for [}3C]-enriched cholesterol for

we developed a route for synthesis of

biological work,
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cholesterol from zymosterol. The impertant'steps were éff%eiéntf

isolation of zymosterol and its hydrogenatsion to cholestanol.
The ‘isolation réquired two chromat

{
.- | . \\\
T ographic steps,,while the hy- \
drogenation was fast and efficient. Subsequent reactions to'@hej \
reduction with borohydride were done as described in'the.tefer-
ences (see P. 33).

|
The reduction was accomplished as previously
described (Belleau and Gallagher, 1951; Dauben and Eastham,
1951).

-
Spectfal studies carried out with enriched zymosterol (7%)

‘ \
showed the increased !3C-content of the sterol giving improved
signal-to-noise (Figure 4).

\'
In order to increase resolution and
sensitivity nafural abundance !3C NMR studies were recently car-
ried out with cho{EE;erol in egg yolk lecithin vesicles at high

magnetic field (Brainard and Cordes, 1981). Large sampleé were

used and accumulations were over long periods of time.

The
spectravebtained were -sufficiently clear to detect carbon nuclei
of cholesterol in the bilayer system.

Only one carbon (Cg) re-
sonance was unobscured by phospholipidlresonance . Other sterol
earbon resonances which should have been visible were not. It
is probable, that ifAII?C]—enriched sterols were used in these

bilayer experiments further carbon resonances of cholesterol
could be located.

yeast.

—- Several difficulties havefpiagued“producgion*of“QS:hydrexy*r“****“*
provitamin D3 (cholesta-5,7-dien-38,25-diol) from wild-type — -

/

The greatest problem was that the ideal starting materi-
— .
al, cholesta-5,7,24-trien-38-0l1, was only a minor component



- 100 -

(25%) in a mixture with cholestajS,7,22124;tet;§egf3éf§;L”§gym
which it was seéarable only after multiple crystallization
(Avruch et al., 1976); Efforts te reduce'the unwanted tetraenol
by inhibiting the 22,23—desaturase with 23-azecholesterol,were
unsuccessful (Pierce et al., 1978a). Growth of erg 5 sterol
mutant with 25-azacholestanol did however provide anibptimel
route to cholesta-5,7,24-trienol (Pierce et al., 1979). In the
present investigation, it was found that 25—azacﬁ§lester01»gave
inferior results. Mutant cultures grown with 1.0 uM 25razacho?‘vﬁ
lesterol-in this work compared to - the cultures, grown-in the
prevlous study (Pierce et al., 1979), proésced more sterols
(1.55 !55’1.30%_of drx{cell weight), but only a little more than
héif of/the cholesta—S 7,24-trien-38 -0l predicted»(15% vS.

26 6%) and more ergosta- 5 7 dien-38-0l than expected (13% as op-
posed to 1.8%). However, 24~SMT‘1nh1b1t10n was only 85% com-
pared with 92% for the'eérlief Sthd§lh;Thus,:theﬂbest source bf”
cholesta- 5 7,24-trien-38-01 is still from the mutant yeast ggg
5. The synthe51s of cholest-5,7-dien-38,25-diol was accom-
plished in four steps. The sterols in the NSF were acetylated
and then reacted with 4-pheny1—1,2,4—triazeline—3,5—dione in or
der to derivatize ali of the A§'7—diene sterols. Chromato- |
graphic separation of the 1,4-cycloadducts of the A5'7-dieny1

sterols from the unreacted 'NSF sterols gave. the 1 4—cycloadducts

of the target metabollte, cholesta 5,7,24-trien-38-0l, and a

small amount of ergosta-5,7-d1en-38-ol. The cycloadducts were
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treated with m-chloroperben201c acxd at lowitemperetutert; ﬁ{
epoxidize “the AZ“-double bond of the trienol cycloadduct. The
.;anreased polarlty of the epoxide of the C,7-sterol adduct
fa0111tated its separatlon from the C28 -sterol adduct. Reduc-
' tlogrby lithium aluminum hydride gave the provitamin in 57%
yield. At present, use of the erg 5 mutant inhibited by 25-aza-
cholestanol of'25—azachqlesterbl is an'efficieht source Qf pre—
-cursor/}or the produetien of 25fhydrox§-provitamin D3sfrom
yeast,, | |

The A2%-sterol methyltrahsferase of yeést has been;exten—
eively studied in terms of its substrate specificity and inhibi-

tion (Moore -and Gaylor, 1970; Bailey et al., 1974; Bailey et

al., 1976; McCammon.and Parks, 1981). The in vivo effects of

azasterols on S. cerevisiae (and mutants) led us to conq;der

their mode of action. These azasterols were extremely powerful”

inhibitors in yeast cultures over long periods of time (up'to 72

h). Increases in the concentrations of the_substrates zymo-
’ster?g and ergostatetraenol did not seem to reverse the effecte
of the inhibitqrs of the methyltransferase and reductase en-
zymes. For 24-SMT, the observed inhibition could be due to a

feedback mechanism because of the zymosterol buildup as was con-

sidered previously (Moore and Gaylor, 1970; Katsuki and Bloch,

4

1967) . However, Parks found the addltlon of zymosterol 1ncreased

24-SMT activity greatly over “the activity observed with endogen—

ous sterols (Bailey et al., 1974). These conflicting results
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for zymosterol, plus the'desirefto{examiﬁelthewvalidityﬁofwthe~f~¥wvf
sterol substrate-mimic model for the mode of action of aza-
sterdls on 24-SMT, led us to study the in vitro enzyme kinetics
of the methylation using partially purified 24-SMT.

Gaylor's preparation of the 24—SMT>provedvlong and gave in—
consistent results; while Parks' cell-free preparation, aithougq
yielding 24-SMT of\lgyer purity, gave more'gonsistenthingﬁip
results, wasjrapid and facile. An attempt to follow the énzyme
reaction by gas chromatography failed, beéause of the extremely
small change5”§ﬁWSﬁbstfate‘and product ébgééﬁfréEIOﬁ;”'WTEH“féi”"’”'
spect to the éndogenous sterols, found in the céll—free prepara- "
ti’ons. | | ~

The amount of work involwked in procesSiﬁg_the enzyme assays

led to the use of the Dixon plot (Dixon, 1953) to determine

trends in inhibition. Using this plot, several inhibitor con-

centrations coﬁld Ee:uSéé ihvohe>éxpefi$énéﬁénéréifficui£iésw
with determination of absolute‘conéentrations of substrate mini-
mized. The data indicated that, when zymosterol was varied at
constant S—adenosyl—Lfmethionine concentration, inhibition was
uncompetitive. 1In this type éf inhibition, the slopes of thef
lines for a Dixpn.plot are coﬁstant but possess different intér-

cepts (Figufes €-11). For this type of inhibition, when the

substra;g,gggcentration,ig,divided‘by’inihialgyelgcitygis[y), I

rthe'l}ggs converge in the second quadrant (figures_12-15). A

~

line drawn from this intersection, perpendicular to the inhibi-

tor axis, gives the Kj' directly (Cornish Bowden, 1974). The
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| .kI‘\E:rm is a dissociation constant for the bindind;bf the in-
hibitor I with the ES complex. The'KI‘s.bf the azasterols |
',;studied are e&tremeiy low (lower than the in vivo

EIS .
IS K1'”
ke 'V kp

- E + S=—>ES—>E + P
k_,

concentrqtiohs) énd are of the éame order of,magnitudﬁ,(nano—;”d”
molar). Even the Ky' value for 23-azacholesterol is similar
to the kI' values for other azasterois.whicﬁ contrasts with
‘the iﬂ iizg results (Table II).. A possible reason for this_ob:

servations is that the 24—methylene—A2“k28)—sterol'réductase

is removed in the cell-free preparation of the.24—SMT at the
Minitiél centrifugéﬁion of 25,000 x g. Maximum reductase ;ctivi—”
.ty is found in the 25,000 x g pellet (Neal and'Parks, 1977)

which is discarded in 24-SMT preparations. |

Uncompetitive inhibition occurs when an inhibitor bindé

' Qith‘an ES complex méaning that there is no binding site avail-

able for the inhibitor until substrate binds with the enzyme.

This type of inhibition is similar to ordered sequential reac-

tions, where the second substrate can bind only when enzyme and

the first substrate are complexed. Similarly, more complex

e

the. uncompetitive pattern. In order to analyze for this type of

inhibition in a multi-reactant situation, the concentration of
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~one substrate must be varied walertbe concentratlon of the
other is kept constant, when inbibitor is present. When S-
adenosyleL—methionine concentration is kept constant and zymo-
‘steryl- concentration is varied, one obtains an uncompetitive
7 battern (parallel lines). ‘

Varying SAM concentration and keeping a,constantrzymesterol

a

concentration gives a Dixon plot in which the linés converge
(?igure 16), a competitive pattern. The inhibition patterns of

mult1 substrate enzyme reactlons have been set out by Cleland

(1963) In hlsrstudy, a set of rules'were derived, which give
dby inspection, "a qualitative picture-bf'the.type of’iﬁhibitigég
occurring. In this way,‘complex inhibition caused by either
product or dead—end'inhibition can be interpreted< fThe parti-
cular patterns glven by the methyltransferase enzyme,,when in-
hibited by the azasterols, 1nd1catedwthat~theyrarerdead-endr
inhibitors whlch bind to an EA complex. In this type of mechan-

1sm, A is the f1rst substrate bound in an ordered bireactant

mechanism as expressed below:

A B .p
v '

>0

E EA EAB*EPQ EQ "B

[y

According to the rules set out by Cleland, dead—end*inhibi-

tors thchfresemble normal- reaetantsT—eansb%ﬂé—te—epen—pafts—ef—vAa—ff

" the enzyme or actlve site tthlyethmplexesgwhlch are unable to

participate in ‘the normal enzyme reaction. 1In such an 1nstance,'
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the 1nh1b1t10n’of the methyltransferase cannot be reversed’byﬁ
Jzymosterol if that is what blnds flrst to the enzyme. The other -
part of the. pattern would give coma:tltlve 1nh1b1t10h when the
zymosterol concentration is kept constant and S-adenpsyl—L-
methionine concentration is varied.”This result is obserQed
with 25—aza¥24725—dihfdroiymosteroi‘as'the inhibiter (Figure

16).

NS (2N

These argnments suggest that,azasterdls bind a'fdrm of the

methyltransferase dlfferent from that wh1ch blnds the zymosterol“

substrate lowerlng the total amount of- enzyme ava11able for sub—

strate complexatlon (EA), methylatlon (EAB) and product release

(EPQ, EQ]. The increase in zymosterol chcentratlon that occurs

in mature cells would then not reverse this process{&‘?he compe-

titive inhfSition'pattern observed for variable SAM concentra- -
tions 1nd1cates that a satu%atlng SAM c9ncentrat10n would
reverse the effects of the 1nh1b1 or. ln XiXQr whentlnhlbltor
is present and if the phy51ologlcal coneentratihn of SAn is

lower than .that required to reverse inhibition, the dead-end

%

comp%ex will persist. The in vitro concentration of SAM used.

was on the order of 100 uM.

el -

The results indicate that azasterols bind to an eniYme‘u

zymosterol complex to vigld a ternary 6omplex that does not bind

5~ adenosyl L-methionine. The azasterols, thus, do not act

e .

'"strlctly as mimicsy for A‘ ~sterols in terms of blndlng better ‘to
the enzyme than the preferred. Az“—sterol substrates. On the -
other hand, 15-aza—24—methylene-Dﬁhonghcﬂestaﬂlene,.a

. } /‘-‘
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abolite from the mold Geotrichum flavo—brunnedﬁ, which con-

3

tains a nitrogen in the D ring, is a competitive inhibitor of
the Azu—sterol'methyltransferase with respect to SAM (Baileyret

sy
al., 1976). Interestingly, cholesterol and dihydrozymosterol

J 15-aza-24-methylene-D-homocholesta-
"diene ‘

have been shown to be competitive inhibitors of 24-SMT with res-
"pect to ZymosterOl at levels comparable to the Ky of zymo-
sterol (Moorerand Gaylor, 1970); The results of the in vivo

study indicated that the nuclear structure of the inhibitor is

t

’impdftaht”(25-a23424}25¥aiﬁydfo;2§ﬁ6§£éf61%3h25¥éiééﬁ6lééféfdifS”;f -

25—aza—24,25—dihydrolanosterol) pgssibly in the initial binding
of the inhibitor or transport of the inhibitor in the yeast.
Hdwever, the in vivo results also showed the placement of the

nitrogen in the side chain:is crucial to'the4potency of the in-

_hibitor (25 > 24 > 23—azacholestefbl). The ébility of the

nitrogen to becdme protonated might be the key to the inhibitory

power of the azasterols studied. It is conceivable that }n the

microenVironment of the active site the nitrdgen isAcharé%d and

could compete for the S-adenosyl-L-methionine site. This would

fit the kinetic pattern observed. Additional evidence for this

line of arghment‘comés from the in vitro inhibition of



A%% ~sterol methyltransferase by ‘the quarternary ammonium ion of
25~ methyl ~25- azacholesterol 1
Kinetic experiments carr1ed out to probe the 1nh1b1t10n of
24-SMT by»ergosterol and‘S—adenosyl—L—homocysteine were done to
compare the present enzyme preparation with previous prepara-
tionsV(Parkergt'al;,‘19797 McCammon and Parka, 1981). Ergo-
sterol (Figure 17) is a non-competitive inhibitor‘with respect
to zymosterol (Parks et al;;'1979). This indicates that it
. ”binésWtOﬁthe 24-SMT at a site not involved with the binding of
the Sterol suhatrate. In thié case, ergosterol; as has been
pointed out (Moore and Gaylor, 1970); could be acting as a regu-
lator of the methyltransferase by changing the enzyme conforma-

tion so that there is an effect;ye decrease in the rate of

_methylation of zymosterol.' The value of KI calculated (120

ruM) is hlgher than found in prev1ous work (28 uM Parks et al.)
1979), however, zymosterol concentrations used in the present
experiments were ten times higher and ergosterol concentration
were twice that used previously (50 uM versus 25 uM). Uae of a
high concentration of zymosterol could reduce the concentration
of the form of the enzyme that binds ergoeterol; requiring a
higher ergosterol concentration to affect inhibition.k

~ The effect on 24-SMT enzyme activity of varying S-

adenosyl-L-methionine concentrations has been extensively

studied (Thompson et al., 1974). The atypical triphasic ’

Michaelis-Menten results previously observed is also observed

with our preparation (Figure 18). The explanation given
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prev1ously was that three enzymes were present in the prepara-
tion and were subJect to changes in pH, zymosterol and SAM con-
centratlons. Another way of ratlonallzlng the result is to
postulate that cnanges in S—adEnosyl-L—methlonlne concentratidns,
alter'the”efficiency of the'enzyme. Three separate enzyme forms
with separate aff1n1t1es for SAM may ‘be present 1n equ111br1um,
so, .at low concentrations as well as high conce tratlons of SAM

the enzyme methylates zymosterol but at dlffere t rates. Iﬁ we

relate this to an ordered b1 reactant enzyme system, we would

expect various forms of the enzyme to be in equ111br1um w1th

each other depending on the concentrations of the reactants,
zymosterol‘and SAM. Zymosterol, in the present case,. is at a
concentration which is saturating so that all the enzyme forms

that bind S~adenosyl—L—methionine'couid'be present. As the con-

..centration of,SAM,changes,,the,efficiencywof;theﬂenzymewcould"be

regulated depending on the equiiibrium between various fdrms of
the'eniyme. Then, as the concentration of SAM increases,»one
form of enzyme may be favored overvanother effectively shifting
the equilibrinm and increasing the rate of methy}ation of zymo-
sterol. ‘The'24%SMT enzyme may'be more affected by chanées of
SAM concentration in vitro than it would be in the cell iﬁ vivo.

Competitive inhibition of théiAz“—sterol methy%transferase

with respect to SAM has been previously shown with S-aaé56§§i-

L-homocysteine (Parks et al., 1979). In the present work, there

is_a slight reversal of the inhibition as the SAM concentration

increases (Figure 18), so, a competitive type inhibition could



be deduced. Since S-adenosyl-L-homocysteine is a product of the

methylation reaction, the inhibition by this compound may be

simply due to this product.




'SUMMARY AND PROPOSED- RESEARCH
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Azasterol inhibition of A%“-sterol methyltrﬁnsferase in

.. yeasts results in reasonable productlon of A° ’3627 éterols.v_
Inh1b1t10n of 24-SMT of erg 5 by 25-azacholestanol or 25~ azacho—
lesterol provides acceptable amounts of.cholesta—5,7,2§—tr1en—
38-0l1 for synthesis of 25—hydroxy,provitaminab3;; \

Inhibition of wild type §; cerevisiae with"éslazaéhoiés£éf61,

coupled with feedlng [ C] aoetate, produces [ C] enrlched

,zymosterol A%&f _erg 2 _yeast is usedL,the Y 1mpur1ty 1n Leymo= - .

sterol encountered in the w1ld type yeast work is e11m1nated but.

production of the‘sterol is decreased (5.2% versus 1.3% sterols

of dry cell weight for erg 2).

The in vivo growth stud1es indicate that the A%Z"-sterol

methyltransferase discriminates between the azasterol inhibitors
possessing different"nuclear”structureS”just’as"it”doeS’for?;
,Az“—Sterol suhstrates in vitro (Moore and;Gaylor,'3970 The
lposition of the nitrogen ln the side chain is more crucial to
the ootency of the inhibitor in vivo than in vitro, possibly,
because of in vivo competition for the azasterol inhibitor be-
tween ditferent cellular enzymes (24~SMT versus 24(28)-MSR).

The in vitro inhibition results indicate that azasterol in-

hibitors have 51gn1flcant effects on the binding and ut111zat10n

of S adenosyl L-methionine by the enzyme. It is ‘conceivable

" that the side- cha1n n1trogen of the azasterol, if positively
charged, could mimic the sulphonium species of the SAM mole-

cule. - The kinetic study shows that the azasterol inhibition of
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34-SMT is due to its7é6m§etitioﬁrwitﬁ”§AM. This could be due to

the charged nitrogen on the inhibitor binding with the SAM bind-

ing site. The antifungal agent sinefungin, a SAM analog and a
competitive inhibitor of 24-SMT with respect to SAM (McCammon
and Parks, 1981), also has a strategiCally piééed nitrogen (a

E2N

primary amino group in the §-position) which isrinrthe;same‘
position as the sulphonium-methyl moiety of SAM. The mode of

action of sinefungin could also be similar in that it could com-

’

S—adenosyl—L—

pete for a negatively-charged site that binds

methionine.

SINEFUNGIN

-~

Study of azasterol inhibition of 24-SMT at various pH
values, above and below the pH of the enzyme, could provide in-

fqzmation concerning the state of protonation of the azasterol |

in its inhibitory form.

R

It hasvbeeniguggested that a sulphonium éroup in the side

chaln'could possibly be a better inhibitor of 24-SMT than the
nitrogen in the azasterols are at present, as it would resemble
the sulphonium group of SAM (Pierce, 1981, private communica-

- ,

tion). It is felt that the sulphur of the sterol could compete

4
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with ﬁﬁé sulphur group of SAM directly. However, if the size of -
the nitrogen atom in the azasterol . is a factor in_its effective
inhibition,of 24-SMT, then a sulphur atom may not inhibit as>
well as it could be displaced easily. If the environment around
a SAM binding site is such that a nitrogen atom o;;khe azasterol
. fits "tighter"” than a sulphur atom of éithér SAM’or the |
\?sulphoniﬁm‘grqugggﬁ a stefol sideéhain, Epen the former may not.

be'displaced as easily. A sulphonium sterol could be easily

-

tested with the cell-free preparation of A?%-sterol methyltrans-
- ferase. Presently, cultures Of'YééSt are»grown with'fhhibftﬁfs T
of 24-SMf at various concentrations, and the effectiveness'of
. ..each inhibitof is determined by changes it causes in: the sterol
éOmposition of the culture. The enzyme aSséy, when done.on a
" smaller scale, would yield information about a poténtial inhibi-
tor much more quickly. Although the»iﬂ vivo resﬁlts could still
be different from the in vitro results as seen with 23-azacho-
) leste;ol, preliminary testiﬁg could be cérfied out this wgy;
’Prqduct‘inhibition stgdies'with fecoééerol and S—adeﬁosyl-
L-homocysteine- (the immediate pfoducts of the enzymatic reac-
tidn) ééq%d be exgéhded £6 getermine the order of binding of
‘substrates. The fecosterol goUla be obtained from EEE 2 or 23-
azacholesﬁérol (1.0 uM) inhibited erg 2.
,’Finalli, thgugﬁfegtfgf,spgcificmnuglerhiLigggnQupsgcﬁuldggggggg,

be studied usiég_celljgree 24-SMT enzyme preparation. For exam-

ple, 24-SMT inhibition by a‘mercury(Ii)'compouhd, such as mer-
cury(II)vp—hydroxy benzoafe could be used to determine if a

'sulfhydryl group is important to its activity.’
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