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1 CHOLESTEROL- PRODUCI NG YEAST STRAI NS AND USES

THEREOF The present invention relates to the

production of cholesterol in organisns of the kingdom

Fungi. 5 Cholesterol (cf. figure 1) is the nost

i mportant animal sterol. Itlis a fundanental

conponent of cell nenbranes, of which it controls the

f | uiCHOLES TFROL-PROPUSIAG YEAST) STRATNSG AND USES JHEREOCF

particularly in 10 nervous tissue. Cholesterol is a

product of consi.derabl.e industrial _interest. Thus, it

i sT]E%mﬁ?ﬁ%ﬁq}'se&nivﬁnttHanogﬁif‘FE§ t'Tchdﬁ:z'{‘:"r yPIP ulciion of

al sliolsetletdl t he Phaganbsesitdfathd Skimgldiehr Fungor

exanple in drug delivery, and also in cell culture.

Chol esterol is also used in the industrial synthesis

of Chplemter®B. Thfs viigwie i3) subseqtilent | yosEedimportant

ZOaﬁH@Q eLr troli_qmaﬁrkaQd a('fhrﬁj@érﬁéhtpépdlégﬁ?onéﬁﬁ of cell
e) an a

exanp ani mal food. Cholesterol is_alsq, .
adVeRPrgesss| PI ugéﬁﬂhslﬁnCQ@&FﬂLﬂaWbﬁaﬁﬂﬁﬁglFBodP44115
Paptésuhar im d100d dnihendedibeuekar aRd spartpcularly in
CUrrentIg, the vast majority of cholesterol that is
nerReYRd®i 518Xt act ed from ani mal tissue (a tiny

anmount is produced by chem cal synthesis). Two nmajor
start] ces, are r the : ' of ; ;
ropeLPE SPUL C3 Ch° MEGHCE] A pPEbiAgkpRT Sl nduggrial
whizherest he Thasur alt f 38 ePmghady sused| inTH e seoppetics
an{ faistiysueras asst ankbng ueduGin r al1ses pRaPRAEEBEICal
Thus, the recent problens associated wth .

t r BRSWFEEY on fOF (8RR 1SN oM HEd et YshedPdaglso in
sce@pl ectoteaét | e (di sease call ed BSE (bovi ne

spongi form encephalitis) in cattle) have recalled the
need for care when using animl tissue as a starting
meCleol estetbleier , aliEsputedt hig stkes imskstritte syskhesis

of JF T ALRS 0p, Of TA; BALNQOGH £ 2geNtusaAin sy - u%ed to
supplement human food (in dairy products, for example)
and animal food. Cholesterol is also advantageously

used as an additive in animal food, in particular in

food intended for farmed shrimp.

Currently, the vast majority of cholesterocl that is
marketed is extracted from animal tissue (a tiny
amount is produced by chemical synthesis). Two major
starting sources are used for the extraction of
cholesterol: spinal cord from cattle and lanolin,

which is the natural fat of sheep’s wool.

The use of animal tissue as a starting product raises
problems. Thus, the recent problems associated with
transmission of the prion responsible for sheep
scrapie to cattle (disease called BSE (bovine
spongiform encephalitis) in cattle) have recalled the
need for care when using animal tissue as a starting
material. However, despite the steps taken, the risk

of transmission of a pathogenic agent cannot be
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totally excluded. It would therefore be extrenely
advant ageous to have a source of chol esterol that does
not corme froman animal tissue. 5 The aimof the
present invention is to provide_an abundant source of
chol esterol that is safe froma health point of view
Theot MVEPT L S-DAYE ShOMD, wSHIRT | ShéBt Ford Nabe | texBremely
possible to divert the natural prodyction of
er3foaRtFeews Fupgha¥s &s SOYTCeo 9 ﬁ?ﬁ&%%t%}%ﬁ ,does
Ceanst adorfeserdpt a®nawimahetisyest i on A first aspect of
the invention concerns an organism 15 of the kingdom
Fungi that autononously produces cholesterol. A
seTivnd adspeof ofhé¢ hereamesit | dnvevhdennsian tor grnpbyArde an
of i.ngdam gl ¢as 'Qgg: 0 wheg ei e
Ia?%\g?d%@g%%&lr%gl F)t; rr%lgfﬁéfe . S%P‘t E?lra gf aﬁs::‘%ecs{}if:)éf1 éf ﬁégl 2
i hveattbn poheer nefanvéeyani die ofinventansyddiaFingshown,
asggiedinethgbpve, tMhereip the |RIdALIRS odesdivert the
chol esterol™ froma S|ngle car bon 5 source. The
i RAHITdh AU iatesOf o SRSt FHRILkiSRyd8mM ©°
Fungbdase detfido nesk @bove, expressing the
7-dehydr ochol esterol reductase and 30- hydroxysterol 30
1x24-reductase enzynmes. More particularly, the
i rSemrah desceription apf cthmninyentierfi ned above, in
whi ch the sterol 24-C nethyltransferase enzyne has
been inactivated and/or the C 22 sterol desaturase ,
erryfdTBhs aFRaTYH nakt ithet VY Rt RRRPCEPEc Ao fOYFRAL ST
| nyent EpA CRNGRJddMm anF@RgaN SAktOf dAteroradan Fungbduces
as defined gfove, wherein the expression of the
7-gy kS esterol reductase and 31-hydroxysterol
1x24-reductase enzynes is obtained by 3 -
transforgt Lapol the organtsoncIbs LBKRRLHE" A Wrganism
refatés"to an-organi sm o e

of the kingdom Fungi as defined above, wherein the

latter is genetically modified.

A third aspect of the invention concerns an organism
of the kingdom Fungi as defined above, wherein the
latter produces cholesterol from a simple carbon

source.

The invention also relates to an organism of the
kingdom Fungi as defined above, expressing the
7-dehydrocholesterol reductase and 3f-hydroxysterol
A24 -reductase enzymes. More particularly, the
invention relates to an organism as defined above, in
which the sterol 24-C-methyltransferase enzyme has
been inactivated and/or the CC-22 sterol desaturase

enzyme has been inactivated.

Another aspect of the invention concerns an organism
of the kingdom Fungi as defined above, wherein the
expression of the 7-dehydrocholesterol reductase and

38-hydroxysterol A24-reductase enzymes is obtained by
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ki ngdom Fungi as defined above, wherein the 5

i nactivation of the sterol 24-C nethyltransferase
enzyme is carried out by gene inactivation and/or the
inactivation of the G 22 stergl _desaturase enzyne is
carried out by gene inactivation. 10 Anot her aspect of

t herbAY¥EHL-hQPi EANSEN PRe 2Br§af@aBhsm of the ki ngdom
Fungi as defined above, which is chosen fromthe

phyl um Asconycetes, nore particularly from the
su’onéyl v Sacthar cyedt ire,atemeen tr anpabtrganiam yof the

I h
1‘-’2%@%8&2?‘2%??%2&“ Oﬂyggkfgegr 1; ove wh?reln the

even nor e ircul arl romthe
or mheaCSav:ahaonnyc@ét al ekeor SS@mozlosa%éhgrmﬁ?bElér@ESferase

even gﬁéelgarcta'rcilileﬁflé‘uér o?@ﬁef 3Mdokivation and/or the

Sacc orrycet aceae or hi acchar onycet aceae, even

moiBaphiVAELPAr Of fElfn Chd2gethRr ThcERAREHYRES GRZYNS 1s

Schi zp$ag Chat OBy C§sne ARLBEIvaspest of the invention
concerns an organism of the kingdom Fungi as defined

above, which is a yeast of the species Saccharonyces
CerrutBefe agpec25b & hihesannhaitaingeesoporibas He organism

invn'nals rel t r cing:
ch%fe k’gr}oclmg no@%’% a%oﬁe'ﬁﬁ{%odgogn%"eg, ;{W‘J’f%}p is chosen
cufromi rgueof paylumgahssamucetesi hewEoperiisEaazdy from

Cufﬁécghﬂbhﬁlufnn SichaRIRRb: 1HE Ui GRDSE SbhPgibflarly

turing the organismis fol lowed by .a step
cofBPBting i Fh&tracti A§2ERe chol éﬂ%r""ﬁﬁﬁtﬁ%bl y, ©OF

t hechXLb86EERAr & &Eeeﬁhobeéheh@rel pafididatayt fitdi the
m sm% oI vent . artl ul ar |l

FhETHRT hod AR AL THE R A Goe. OF sARBAFPrREERgRoR Ssteles.
caevérd oummolref or e paweti@xtaryi on fffotmhe chdleest erbamily

EVEQcE‘HL?o g&&k&%%' Yor 'EcﬁP%oEEEB 9-83 PSE&E@ even

above, Consi sting in - anlc rindi hg
of mphe c@$r§1¢@l@§}Y|e@r@Mt Pe¢ orgenyfe SAPBRATPEREFDBN OF

or sthez6%5E80510My kst hE

Another aspect of the invention concerns an organism
of the kingdom Fungi as defined above, which is a
yeast of the species Saccharomyces cerevisiae or

Schizosaccharomyces pombe.

The invention also relates to a method for producing
cholesterol of nonanimal origin, comprising the
culturing of an organism as defined above. More
particularly, in this method, the step consisting in
culturing the organism is followed by a step
consisting in extracting the cholesterol. Preferably,
the extraction of the cholesterol is carried out with

a non-water-miscible solvent.

More particularly, in the method as defined above, a
saponif‘ication step 1is carried out before the
extraction of the cholesterol. Even more particularly,
'in the method as defined above, a step consisting in
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chol esterol. 5 Another aspect of the invention
concerns the use of an organismof the kingdom Fung
as defined above, for. producing chol esterol, or one
of its metabolic internediatgs, or a mxture of
sterols, labeled with [3C or with 14C 10 The

'n%@@ﬁéﬂfcﬁiSgriﬁﬁﬁﬁgsototﬁenﬁéﬂQ@13@ daduE st before
chol est er ol one,of its nmetabolic internedi ates

a Watur%ara@ng%?%ﬁom abe¥ ed WEh 1FEETICW M 14<tf

cormpbl ssgrdéhe foll owi ng steps: 15 culturing an
organi sm of the kingdom Fungi as defined above on a
13C- | abel ed or 14C-| abel ed substrate, and -
exanachéngaspedt chbl ebeerdoventiocongopicerns thet atast ief an

I L& %ﬁgérﬁt SF Ohet RS NPT Bud s %%oscﬁéfﬂlléd IReve, for.

invention also relates to a net roduci ng an
| serepieing xt ghelemstensilest e?®l 06? cHef estiégp| metabolic

| n{ gt oBAbAl 88eO] Ok Chohest@rel Jretisberbiss, ladkedlest with
25 ,at varlouslp03|t|ons using isotope |abels,

conpr PEi HgERculG uri ng an organi smof the klngdon1Fung
as defi ned above on a | abel ed substrate and then on

unl abel e subst Jat c It e 1]
T e e
(k#h¢kdsG®r®botopeOpﬁobiIetsﬂmﬁuahniﬂq(ﬂﬂ%ﬁ@ﬂﬁd%ﬂ%ﬂ%ﬁ or

£ 0,8 r{H{ £ gk @éeefaases ebpehakesierw! 22@f or with *c,
choleste i nt er nedi at'es or of chol estero

ne¢ BT 1 ERT | Bpe| Bl HeWiRQr$9RRS posi ti ons usi ng
| sot ope- |a@@i§uriﬂ@taﬁa%r@and%ﬁiRﬂﬁ tBet Rpagpeaf iftngi as

and t hat q&%ﬁb%$g In%ﬁﬂ? nagFEgPﬁS% fdthéé TR MG e1eqd

of product to a
conpositiomubsnnaaenlmgd as a traceablllty | abel , an

I sot opi c %é€18§ofﬂghole dye xcﬁh°|€&19585 of its

i nternedi a ero nEtabolltes
| abel ed atmqg@b@Lgc intermediates, or the mlxture of

sterols.

The invention also relates to a method for producing
an isotopic mixture of cholesterol, of cholesterol
intermediates or of cholesterol metabolites, labeled
at various positions using isotope labels, comprising
culturing an organism of the kingdom Fungi as defined
above on a labeled substrate and then on an unlabeled
substrate, the culture times .on each of these
substrates being chosen in order to obtain a defined
isotope profile. The invention also relates to a
sample of molecﬁles of cholesterol, of cholesterol
intermediates or of cholesterol metabolites labeled at
various positions using isotope labels, that has a
defined isotope profile and that can be obtained by

means of this method of production.

The invention also relates to a composition
containing, as a traceability label, an isotopic
mixture of cholesterol, of cholesterol intermediates ,
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positions using isotope |abels and having a defined
i sotope profile. Mdire particularly, this conposition
is intended for the field of human or aninmal food or
5 therapy. Detailed descripgign_of the invention The
present invention relates to The production of 10

chal es&@r °<J: Sr{ﬁe? béfﬁ:é‘é NgOPR&EIEWI -ad N various

Fungi , estero1 ound I n the natural state,
ttIéDPrJattJt@?S bé’isﬁ@ganl%ﬂi:ﬂﬁ? dediedis FRe RGNSt 8r gle bined

tl Q&T(ﬂ%é)e W%IPQJB?JI%S oﬁokée%ﬁmm l Elt:ﬁﬁ.tgosdcﬁﬁ%ﬂ)81tlon
, resent inventio ossi bl e _to per
(ﬂkﬁegPE?BﬁegyﬁFﬁésq% ?ﬁgﬁggﬁft Tt t$h IPE&PEZ ﬁé&g or

Fultgirapy. t he presence of a sinple carbon source. The
nmet hod proposed by the present invention therefore
mekes it possible to obtain a | arge anount of 20
clidtsiled|deseripwionsef thecinvyetig® hod uses the
cul turing of organisns of the kingdom Fungi and the

addi tion of a sinple carbon source, readily avail able
cdﬁﬁér@rﬁﬂﬁpt 28 nxeasianngre b2t e ﬁFéséH@ i BYe PFBﬁon of

t hehd SR e Sb 1P $h Cc%d@ﬁfiéir@”@ﬁf kBel NkeAGEEMt OFRAN. In
car bon, sour ces t.hat

n sed by those skilled i
. TBP O TRRSRHOL oTSwlrupE 1 s PARR] | Seate,
patié clderenf baiygash. antimad Ist!etrexided‘lteo rdgvat estigrol of
paéhéwéﬂ iUl 0uSe nass! S0 Sns U SraSuiEt GP.
glucose ac 0se or ~sucrose, or asses. O T
by- products of these sugars. A sinple carbon source

t hile | $r83INt péh%?&lll@h' ymgkggerlrt_ed po%sﬁUlénOJcoarﬂerform
glycerol 35 The fact that ction_ is carr

othokrRteRiEtbu ﬁyﬁlﬁ?@én%'t h’é]Pr?Hglﬂeq nBUhEEH Sasaan of
subghd At esni Bher gafedehcebtdt nat Bémphel eatrboal sdutice. The

that th d it ly.f

SO Hiasa on o carerefly it IdE  shexefore
t nalsts ai bt capopsdtilee tthe oblotabteral dekgg aamount of
subisiial &t orat ad UpSET eaml N L16-LetaRol & s 'aks the

culturing of organisms of the kingdom Fungi and the

addition of a simple carbon source, readily available

commercially.

According to the present invention, the term “simple
carbon source” is intended to mean carbon sources that
can be used by those skilled in the art for the normal
growth of a fungus and in particular of a yeast. It is
intended to  denote in particular the various
assimilable .sugars, such as glucose, galactose or
sucrose, or molasses, or the by-products of these
sugars. A simple carbon source that is most

particularly preferred is ethanol and glycerol.

The fact that the production is carried out
autonomously means that there is no need to add
substrates in order to obtain the cholesterol, but
that the organism can produce it only from the

starting simple carbon source. It is also clear that
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insofar as the strain of the organismaccording to the
present invention contains all the genes required to 5
conpl ete the nmetabolic pathway for chol estero
production. The invention relﬁies in particular to a
genetically nodified organism of the kingdom Fungi (a

Fungus) swaﬁn 1Q %ut %Pgayééy gﬁgdueﬁm@@ ngatlerqlsmg a

from a Si nmpi e car source. certaln nu
gemidos Erawel| fl.ogafc.ednsumtrw flingkRe c Aie tedodfifte cpRwaY /

iy 0k SeL -t Qs i MET e t-Rgnnakfurndle é&%&ff?ﬂsﬁ\bcﬁdébﬂﬁtﬁy\ﬂyo the

of ergoster ol productlon t oward roduction of

CHF @3%RYF oL NVERE P ARt 3 IR neL nQA%BgeP%FaF@QWﬁ§%§ to

genstpTatdy rand fi edrargadiem phthvey ki Agdom Eholpsterol

expressi ng the 7-dehydrochol esterol reductase and

d;ﬁ ?%&g@?erol A24-reduct ase enzymes. 20 The strain

of organi sm of the kingdom Fungi thus nodified
é'c?tﬁv%gx :1%§1t S at s eiﬁp élqﬁrgu]:ﬁs £8 o aﬁén@@?@ally

to no , by virtue o e res obtalne (cf

th@@)(%h?fﬂ eosgeni/@ of the Fiosdem Emgi ct i Biyguthethat
”Pét%’&llérﬁo d)l}‘V\ﬁi‘oHﬁéHst ERB1EBt3P08r FSErD| s Bl d Ncarbon
e

some of its rivatives (cf.. figure 2). Expression
of SPWeCF- dehydr ochol est erol  reduct ase and
3, 6- hydr oxysterol L24 reductase enzynes in the fungus

th t t |
o Gl et 111D TS (R (SRR hor ot SREaClhED FEP cne
er fusges otanThe EﬁﬁshydxbchmlesderotOréﬂW@ﬂﬁséﬂéhﬂyﬁ%ural

b%@ét?aﬁg% gﬁ?ﬁ@a Cogl- eo’r&ogéefalt B?ohﬂE%EBﬁt 'tQJWrd the
Enzyne I'cation. ' so called
dePTRAEC 7R ePd| 0391@@’:@:0# T e'ala%t REESCRLDAEY sgtus

ggét@i@é CtQilt @r égh%d:li@adi%'el &b@%\gﬂgﬁ abggahesmal b£d the
Ia stero Je uct ase t e
HRIdAR oFungi ; SRTSainy, | hbe eoli ey drdcyetgsterol

doﬁumsﬁtaséhasd enayMpdn@xﬁsyessl A2 dt-reduatasal etzyees.

cﬁl ant,s. for 1 (Tft %é@??xl%n{ he NADPLH dﬁgﬁgggﬁt Fungi thus

tiron o
modified produces cholesterol. The Applicant has in

fact been able to model, by virtue of the results
obtained (cf. the example section of the present
application), the metabolic pathway resulting in
ergosterol and in some of its derivatives (cE..
figure 2). Expression of the 7-dehydrocholesterol
reductase and 3f-hydroxysterol A24-reductase enzymes
in the fungus S. cerevisiae can allow the production
of cholesterol by diverting part of the biosynthetic

pathway for ergosterol.

The 7-dehydrocholesterol reductase enzyme bears the
number EC: 1.3.1.21 in the International Enzyme
Classification. It is also called delta-5,7-sterol-
delta-7-reductase, 7-DHC reductase. or Sterol delta-
7-reductase, and will also be called Delta-7 sterol
reductase, Delta-7Red, Delta 7 Reductase or
A7-reductase in the remainder of this document. This

enzyme catalyzes, in the natural ’sta’te in plants, for
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chol est adi enol to delta-5-chol estaenol or the
reduction of sterol internediates having the double
bond in the 7-8 position (Taton and Rahier, 1991). The
5 gene encodi ng the 7-dehydrochol esterol reductase
enzynme was isolated for the first tinme in the plant

N@QS Péi Stl]ié]all\}ﬁfﬁ-i}é%tﬁeﬂ(ﬁ}{@t ir%!au%ftito'?le pf . delta-5,7-

correspondi ng gene an e expression of this enzyne
i n"chptegeadiesatcharteny cedetbrebr shatersa@Rel i h& i n the

10rpatept okP JR7 A8%01Thencegneacgce8f Hdiringerteandouble

ok LBnEbgs I B BRRIGER UARSSE (Tebaialbr o] 1o01) - The

1996ne A exerdédimg nurdder of7 -Hehplegebslekbtelmiod geneductase
have been_ 15 described. in o r i es._These ,
fo?na%gﬁpmgs tH2 %%%%I5§%U§h%§n£§?%9hﬁ%%ﬁ% ??héﬁk? plant
nudtebiddpssequendmliginami chthe acckseladttomnderot the
Ge ARIAS4ng the REGHELds SEHUBRC & 10f e
mh?gﬁyéggggggé%iﬁggébnaer GenBank nunber:, AACOS&%,EHZYT
(Miebithe eteafit K Sa00R3Tromy@e90CRERYISY8Es IferfRPTFrt in
\rNh aﬁaﬁéht ug%:pnorzwe%:s@us fgﬁ@es%gughesbi dﬁfb smﬂggg?ggg and of
ich is accessible under, n er:
thEhﬁrBFSFﬁlEeaﬁgn@§9ﬁssﬁﬂ%QﬂPéa%E£§h§S#%}ﬁbﬁhﬂ%rgénBank
CeaBasks honbeumb8AA3UB96Y8 (Henwingetsahenesdhaye al so
been identified in the 25 chicken Gallus gallus, with
the Genbank reference BM90402 or in the toad Xenopus
| abvcertaiinh numbe rGarh rkme begues ce L BLYiS0@END i3 He been

zehEacti 883 Dan 0ot hekl Gspdkhids I henEaabagke I effeirenegample,
BC%§2664h Abgene encodlnq}a deIt?7 stergt éedgctggsuence
acER9i PYMPLOgPYS S6TFodM THNIRNt P RHCEEOT 28,
O yzawpathvas Whddeddtbl &enhdak GenBaenc enGiES5AB03 6544,
T
r edemBask actibeirty AFdI050d&6)0 Beo¢hbimel h tHe priv?9&k; the
sEiapdEgnsR BRI P e AT BBEyLgupLanceche
r ead¢lgotide| asequenee hodol sddEh gerfes ¥7edwF Hyl ¢ heunder
7- dehydhrchpligst gt ol apgdEsbase €REYNBrbfefhhesequence of
which is accessible under GenBank number: BAA34306).
Homologous genes have also been identified in the
chicken Gallus gallus, with the Genbank reference
BM490402 or in the toad Xenopus laevis, with the
Genbank reference BI315007, or the zebra fish Danio
rerio, with the Genbank reference BQ132664. A dgene
encoding a delta7 sterol reductase activity is also
found in plants such as rice, Oryza sativa, with the
Genbank reference CA753545, or potato, Solanum
tuberosum, with the Genbank reference BF342071. This
gene encoding a delta7 sterol reductase activity can
also be found in the protist Mastigamoeba balamuthi,
with the Genbank reference BE636562.

Those skilled in the art will be able to readily
isolate other homologous genes encoding the

7-dehydrocholesterol reductase enzyme in other



8 organisns. They may in particular refer to the

cloning nethod described in exanple 1 of patent EP

727 489, which describes a cloning nethod for

isolating a cDNA encoding a graqtein having
delta-5,7-sterol-delta 5 7-reductase activity. Those

? k%f &giérﬂst lh?hé{/t mlagry inﬁ'p“a:i‘tri%d.ialtr}/ xfifﬁt@f ;ﬂcnetmehecloning
-de ochol esterol . reduc e actiyvi of . t

cdP? ‘ﬂ‘gnd{]"ﬁ‘?g:rﬂﬁiﬁdgi ns ?ﬁamﬁg?t Cl.ﬁéf:/lr pégleﬁlé ?ﬁ% 727 483,
acthiithydassaybakbsa dekoitygedmebhodx fopl 6 sbleft imgt ent cDNA
EP 727.489. 10 j on : 7 deogh L -
r LD oy T REAN of Garirim ofChe ki hodoms Panar -~
actoredugtase tawtiwvitent i girossn Bkidbedi nbd Hpeangrt may
MeaSo KNoye, § 9t hoger skhihed | phéhe QLienflkSch8Yesberol
particul ar 15 |%‘qu ve transformati on of _.{he organi.sm .
wi Feduct 28fs BV IEohpPEsitilf afCEXpPRSRALRY c RESL &S, 1N
COpSt81étiar Olisdntr aNRCraPtiwit pr aBBher alpiefldsadtibed in
honol ogfus o% t he opgg zﬁzdégg frame encodi ng the
7-SRARF © choPEsPRY Ot r BB UL 4s8%2hzyme and of a 20
suitable transcription term nator, according to the

usigl. Lyl 5, KNOU 111059 Skl hed 1L e3E1. Afeductase

ogous pronoter, use w %enera be made of a_,
prempy®e tihatan sosgapapme aforthe | Einggosurfungentcepgding

fupst {RBak nGXAEESHI @AnOhe RIBLIALRIDIRYUSy Niddes kndle to
25 pronoter niay or exanpl e, beTm% PGKyprormter t he

f
ADFRfnotlet L L¢dhe BYCLh5 ofdtter GREY0/ Eycrpatticular
promRbEve t heraddHbpiagidrer of t hehdPl garauroitsen. THeh a
term nator_may, for .exanple e the term .
p h%%’ibﬁgﬁ‘il‘fl% e Fét"gr%?ﬁ 89e 3PP&EYP kg'ﬁgt':‘esas{e}f Or&a%%%%‘%s%%%bgamg
cas§ett ¢reascivé pribegratesmtam toreferably kerolegowie of
COPhES: '”%geﬁhe n%saingg m t pehaodri al .9e5aiRg0f  the

t he host, can be carri by an artificial structure

of 7t hehyerachat eFEeEPhl CFRIMIRTR (ABYHSpeadd peof 2

caglii €Dy A HPL SO i GieNaldnitl BNt Seehra@ing 3bo the

plasmgd. 1horderta elieq,ddl s JuRgq SXPTERS Q. as
homologous promoter, use will in general be made of a
promoter that is suitable for allowing sufficient and
functional expression of the heterologous protein. The
promoter may, for example, be the PGK promoter, the
ADH promoter, the CYCl1 promoter, the GAL10/CYC1
promoter, the TDH3 promoter or the TPI promoter. The
terminator may, for example, be the terminator of the
phosphoglycerate kinase (PGK) gene. Said expression
cassette can be integrated, in the form of one or more
copies, into the nuclear or mitochondrial genome of
the host, or can be carried by an artificial structure
of the yeast artificial chromosome (YAC) type or be
carried by an episomal genetic element such as a
plasmid. In order to effect this type of expression,
yeast of the Yarrowia lipolitica, Kluyveromyces lactis
or Pichia pastoris type can, for example, be used.

Preferably, the 7-dehydrocholesterol reductase enzyme



.yeast of the Yarrowi a lipolitica, Kluyveromyces |actis

or Pichia pastoris type can, for exanple, be used.
Preferably, the 7-dehydrochol esterol reductase enzyne
9 expressed is the enzyne of the plant Arabi dopsis

“thaliana (an exanpl e of met hod of expression of this
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en ' he. ye Sa nyces evi sl i ; ;
GeBUTRgLet e Yo oche SIS LRLSLLERE | Aranidopeis
anyhadidhagdas crxammkonsfogsidiochaefir gepgession of this
arthi{gtal inenzpe eybhbiti RGddM AR ZYd@revisiae is
activity. The 30-hydrox%sterol L24-reﬁuctase nzyme, b
2 Qeseatbed 100 RGES BF J2 et vchbl dever growever be

r egigt as@omadiogoals y - eat al yoatombé ogetdsct i omatfural or
desnpsterol . (cholesta-5, _24-diengl) or,qof | ter
de??%h%f%%%lhaviﬁ@z%medou%rélgéﬁaggn't%ggz4-%§83 thyme
posctivitpn the side chain (for exanple,

14- desnet hyl -1 anosterol, zynosterol or 15 chol esta-7,

24-dienolg, whi ch reduction is necessary for the
bi BR9 nBRebYEroKryYeh6redt &ldi- nesuskddes SIHY W 1313 aFalled

( Hlﬁilacéé@% e{%@mﬁt-(d?gydr%&@t ll-esthéxsatlenz:)émagtwitsbl, , Zlhéaubel 1y
call e elta - sterol r Uct ase, eLta

st SRbP1 YRR ct R o’%‘g%%%ué’%gs eﬁﬁ@?ﬁsméo (EHat Rae? >
of 24 hiisedotunestr. bife genmsyexdi ngiéhievatives having a

3f k- t i 24- t . i sol .
2o EEP R B (AP By BRI VRl S thain
cof fes parrimpl gjend 4t sed hasdprlessisderzd of 2yFegterol or

enZyPPebfla L PE YRASE; ROONAT QEYERS £EAEYE 562 id Snecessary
descrl%ed in the publication HR waterha£1et al ., )
20027 THae selieRrRsheFiehi 9T geRBOARATBF Ot helPr ofiiPARS 21
afﬁ%ﬂ§£@§§ab| e(HMdewat Benkbnl | owi ag .GenBank) acaess oanzyme
nu s:_.NM 014762 .and. NB Q5557 certai.-n nu
ofWJnﬁmlac}gﬁ.?es%Sf cial'flse%eﬁgqﬁg\/ ezlbé g%_’ ﬁd & Ve dr‘laglnﬁ[l)gEase ’
otdeltspezd esstehhely Rexjudtarseexanpl é24tedugtmskeogdns the
ge ' Lce : (the nucl eotide sequence
ofpg%éc &%g %gggééggﬁégﬁﬁgéF'Ganank nunber :
The gene encoding the 3B-hydroxysterol A24-reductase
enzyme was isolated for the first time in humans; the
isolation of the corresponding gene and the expression
of this enzyme in the yeast Saccharomyces cerevisiae
is described in the publication HR. Waterham et al.,
2001. The sequences of this gene and of the protein
are accessible under the following GenBank accession

numbers: NM 014762 and NP_055577.

A certain number of homologues of this gene have been
described in other species. They are, for example, the
homologous gene in mice (Mus musculus) (the nucleotide
sequence of which is accessible under GenBank number:
NM_ 053272, the protein sequence of which is accessible
under GenBank number: NP_444502) . Homologues have been
described in the worm Caenorhabditis elegans, and in
particular a complementary DNA with the Genbank
reference AF026214. Homologous sequences have also
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35 NM 053272, the protein sequence of which is
accessi bl e wunder GenBank nunber: NP 444502).
Honol ogues have been described in the worm
Caenor habditis el egans, and i particular a
conpl errent ary DNA with the Gehbank reference

ARD262 s'é@q?)leﬁgoyﬁ sARNCeS sfaue & Seot@onbeefossypium
descr beg | ants, such as cotton, Gossypium

il ST TR Hhe (CinbaARIaTer RRESTORTS bR 147602 1,

K&%Ebse O ysaysat i V@aﬁti/\iféh t Mt@nb@%hr g&e%)eﬁhﬁte 5reference
of pea, Pisumsativum wt nban
1%1%(55 AAKPE403Pe3nos E 8| e FAH THE ar PLG | FRPPank

abtefdxeneadAAK154 %] at e ot her honol ogous genes
encodi ng the 3/i-hydroxysterol A24-reductase enzyme
in other 10 organisms. They may in particular refer to

t Hthasoniskg 1 lest hoat deberided ivilhe Qubrbdat i ba Hreadily
Vaiernam et oaher 2oq{brno-rl $kilbefekn tRecding || the

al so be able to readily déterm ne the
30 RN At o W24 AP REetESEagRt | vERFYBR thd®  other

C%fgﬁpﬁiﬁé ﬂngﬁ’é@t lﬁags ini Qg}glﬁaﬂbjrc WeflerusicngHehecloning

activit ssa o describe e _puhljca

(o BB 5 The oPublichPEeR! i O hallrnan et

3 aﬁlh,ydz oxyst @hobeA%klﬂémdctmeth@nayhewuﬂ;lalal@pgénﬁ sHple
F [ rdi 20, kO n -

Can ne égba{mgmd Wagl 396 Bfle 20 319 h%ﬁf0k9¥€8£b9 824

by any means ose” ski | .
t eedrqtaskhi schayity pof t t&sl acForJrWWI@%epﬁ%ﬁénSr in
deserd fadh Aborsi Mt f&h@e%tdnmg h&ss&%péﬁéél Gerided in

7- dehydrochol est er eductase enzy 25 Preferably,
t He 3 Bph Ay &Ht%’gﬁ?‘}‘ fucthse gﬁ%/ expr essed
is t he hurran enzyne. An exanple of isolation of the

c respondi ng e of , gx hi s,
R
| remtwnepubhl @at | org R swapér Ham ekingdom 2@@91 |4cq>mlyd1n9

N vEle Dy 16%2”9589985oBEa;ﬁ%@lhwla‘?ﬁzo%aﬂ@tM&Ln to
those skilled 1n the art. This may in particular
involve the means described above with regard to the
expression of the 7-dehydrocholesterol reductase

enzyme.

Preferably, the 38-hydroxysterol A24-reductase enzyme
expressed is the human enzyme. An example of isolation
of the corresponding gene and of expression of this
enzyme in the yeast Saccharomyces cerevisiae is
described in the publication HR. Waterham et al.,
2001. It may, however, be any homblogous or
nonhomologous, natural or artificial, enzyme

exhibiting the same enzyme activity.

Advantageously, the organisms of the kingdom Fungi
according to the ©present invention express the
7-dehydrocholesterol reductase and 3B-hydroxysterol
A24-reductase enzymes and also exhibit inactivation of

the sterol 24-C-methyltransferase enzyme.
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exhi biting the same enzynme activity. 35

Advant ageousl y, the organi sns of the ki ngdom Fung
according to the present invention express the

7- dehydr ochol esterol reductas 1a._nd 3/ 3- hydr oxystero
A24-reductase enzynes and al so exhi bit inactivation of
the sterol 24-C-nethyltransferase enzyne. - 11 The
sterol 24-C-nethyltransferase enzyne bears the _nunber
ECTRe 1. stauoln 2heCrmeehvibtronafeEaggneenzyme bears the
Qﬁﬁﬁth :bl %rcatmf@rn.i.tu [ill ?I Sit(hzzaltha%td EBg@amaehbaé%) Bnzyme
met hyl t r ansf er ase, .a -stero
ne?%????ghg?E?ﬁge,:niyﬁﬁst%}%?-ZﬁgHE?%yﬁ?FéﬁgfePﬁ%E?(24)'
S-ndenpsytandfaedbé pnimeat ssoanclstidaldla f@dhyltransferase,

- met_hyl f 1 24- |

o rertst e P et AeEny B ARt ER Bt T Mot i oni ne: SaRdgnosYl-
( 24-10@8hjonsner stenel hyeltanMar-awd horl tirRfarescer ofMT1,
?E%E%é%é?@fferase:dnﬂé% e JrRb WAl |y catabyzsnosyl-

4 met hyl ation of gnnsterol resulting in the

f obniBet bhoning edestal dt (2Thh- geaeobnAshig trreafiszage or
24por ABE YL 61 ansd i PBEr arkdf SZIETE VVBS Naeedykegbnaturally
t he geist Saccharonyéeé cerevﬂs%ae. The sequence oé 1
t hFREYENESPs abti®ssi bre? unBetYhattohl owPhg CEHBIRKETC+!
aceessl oinguibethe NEr@8didh. oFhEeseguencd. of the
corresponding protein is accessible under the

foll owi ng GenBank accession 20 nunber: NP 013706

( BBerargente alencotbigy) |, theof seayodt 24+C;mebbpitransferase

cegh e NUPRET Rimb@MDEpgresiRf thés geasthaggcbagPomyces
described in other Fungi~ They are, for exanpl

2d . e, the .
2SCRERBLBEBEs i PRIBERFS occhBrEmB¥Re pdithe FERESIPLE
nugh@et i detBequUense1 & iMyi chcénBaskessabtessndrr number:

GenBa er .Z99759, the protein sequence of. i .
i§&§e€§§£¥€?eqﬁﬁﬂe?e%%%%%ﬁkcﬁﬁnﬁ%?:cf%%fﬁ%ﬁ?ﬁlfggoépg%EIn
alis 208R)gsibie hamdergouke geivd JawiNenr GepBaakcr assassion
30 nu t se ce 0 jch i essidy s t
un é&ggfénggﬁﬁlﬁﬁﬁger: E%ﬁP%Fm?%g'brg?ggz'se%%%négul ©
of alshi ch996k- accessi bl e under GenBank nunber:

CAB97289); the

A certain number of homologues of this gene have been

described in other Fungi. They are, for example, the
- homologous gene in Schizosaccharomyces pombe (the
nucleotide sequence of which is accessible under
GenBank number Z99759, the protein sequence of which
is accessible under GenBank number: CAB16897) (Wood et
al., 2002); the homologous gene in Neurospora crassa
(the nucleotide sequence of which is accessible under
GenBank number: NCB24P7, the protein sequence of which
is accessible under GenBank number: CAB97289); the
homologous gene in Candida albicans (the nucleotide
sequence of which is accessible under GenBahk number:
AF031941, the protein sequence of which is accessible
under GenBank number: AAC26626) (Jensen-Pergakes et
al., 1998). Genes encoding én enzyme homologous to
ERG6 have also been described in Candida lusitaniae,
with Genbank reference ’AA021936.1 and also in
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honol ogous gene in Candi da al bi cans (the nucl eotide
sequence of which is accessibl e under GenBank nunber:
35 AF031941, the protein sequence of which is

accessi bl e under GenBank nu r: AAC26626)

(Jensen- Pergakes et al., 19 . Genes encodi ng an

e”ﬁ%ggmg{?gglk?go%%ﬂ%u}&%ﬁ%géé ﬁ‘bs%tbesfﬂ desggd ped o

ani ae reference AA021936 1
anlayenomyicas ﬁmyst@gléarwr@g%m%@?o & al.,
al199@2002) or in Kluveronyces |actis
(Qzi er-Kal ogeropoul os et al., 1998). 5 Those skilled
inthe art will be able to readily isolate other
ger&eés@orm{ﬂgm& ti; t RieEr gbt gemil 1 n beor gddiesnsoof réeadily
kin m Fun Those ski,l |l ed. in he ar i S .
A SRS catitioF ddebrR MaTonedyld ojec™ tnd! lBrdt SGebe in
2doryamet drys t odnsfher akengdomwfttyzgaf tTi’@O%Q)rSESﬂ;éﬁdl Ag: the

10, P%oa§ifsaf§$‘ﬁgt%ET@anu§bgan IS Rtldrfline a3fdYsterol

the functional conplenentation o east strain
di 2% Upteethyberanaferyen esacqﬂﬁ\élte}onﬂ neReat FRreEponding

hﬁf‘o@éiﬁ& edn tRAM d&sf aigmid onasf as:ttewlty tdmfaygr ethe
?nChed at osition, i.n parti ée rols

4-
SeSPRL sCPTBLEERESE G A Ro PRI tpaupted
2458:8 Kih&lsél @eneslheThps esempmeménERGSenyps Sﬂreszrolattested

24: & et hyl teansten @%ecgt%egksﬁg de/ bo Viddar iR ot

be de ermneglnv neans of t etec
dewmopedpbylwp@am mrtaiculngsq# stepplraiorergesta-
20. 7 kéafg9¥h§r aﬂQtB l%ie Jrurdierspreg pb€ition.

st erol s produced esu str e for the E enzyne.
WITlPebe S§5§IS§P§& by q%n% chr@ﬁﬁ?o §¥BRhy a&t§t@iing tof?C-

tE hﬁeﬁﬁfﬁi&ﬂl&@fé‘ﬁ&ﬁéomgoil)&gi\béll na(ajétm\e/‘trfm@ls \:ulmlu also be
n 0 t er.0i ds_an opr enoi ds Vol u

é%‘é %X%f?coﬁﬁar |V%‘Foof t hode"Por tf he P&ltntues
Id@azmgeiopaﬁl by dMcShewoins'st ppl . 3- 39934) The sy dfaylsfr and
orm%m K % §Ki gggompl;ml aclcsofag' ng pi@Hd¥nore, the

presen I on expressing t

7-glewdt o chopducedohrndedbet &&s&F@ t3f iLaFy dik B @f ofnzyme

will be separated by gas chromatography according to
the technique developed by Nes in (Methods in
Enzymology Steroids and Isoprenoids Volume 111 part
B, 1985, “A comparison of Methods for the
Identification of Sterols”, pp. 3-37).

The strain of organism of the kingdom Fungi according
to the present invention expressing the
7-dehydrocholesterol reductase and 3f-hydroxysterol
A24-reductase enzymes and also exhibiting inactivation
of the sterol 24-C-methyltransferase enzyme produces
cholesterol. The Applicant has in fact been able to
determine that, surprisingly, the inactivation of the
sterol 24-C-methyltransferase enzyme blocks the
biosynthetic pathway for ergosterol upstream, and
allows increased production of cholesterol by the
fungus strain (cf. the example section of the present

application).
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024-reduct ase enzynes and al so exhi biting inactivation
of the sterol 24-C-nethyltransferase enzyne produces
chol esterol. The Applicant has in fact been able to
determ ne that, surprisingly, 1ghe i nactivation of the
35 sterol 24- C—nethyltransferase enzynme bl ocks the

bi osynthetic pathway for ergosterol upstream and
al l ows increased production of cholesterol by the

fdﬂyas st 7 afphydrochpéegkanple sedEFEPS he pddent 36~

a s?tﬂéroim A2Ehgctieligdr oshelRekerdte r esipeeased as
an (g qb%sterol A24-reduct ase enzynes are

Sa {6Scri bed above. 5 The inactivation of
the sterol 24-C-net hyl transferase enzyne can be

th ﬂ%?gnggglv £38% @néhénos%xtoci tEQS? éllfh{/igpaﬁgferase

In partlcular
|rﬁmzmmmtcan bbyaaﬁnxgdm&u% bﬁfaa¥n@ﬁ§@ﬁsénﬂﬁﬁuﬁ%nthose

1050{1 ALy i ﬁerttﬂeon £ . O&tan@eihogagﬁﬁﬁuQQ'&fs%\ﬂalve the

change _1n the reading frame ' in the gene encodi ng sajd
priveredugtiomy BYs@ULARANASithe @kpPedQmHifTse gfutation,

andf sensenBiAtidh tdiatof sacagpkereat ahutt @duses a change

nmessen ncodi said_prqtein, or the

si%%ncgﬂ% s§§?§ﬁ?ﬁno%ﬁa98 ﬁﬁgsg %ﬂlﬁ%ﬂflrﬁ?ééééﬁ 23214
RNarotfesivml | i nterfering RNA) and the associ at ed

enzyme systens if these do not naturally exist in the
host. The nutagenesis can be 20 effected in the coding

seffuenee alspniavedneothry SXRERfEian RF a0 (FPFeRRTe RNA

t henh gncqded-phoi &hdnt 8 ?t e tﬁé tRe PEOYSEH RIND encoding
expressi on or, |1 ts translation. The nut ageneSI S ?{nowl%e to

ef 324 eBTPHSH r PBr tHE FERE L APt sSY Bhe™
Subishéé Ukkan, edel £ i @heanstor aaddRWAdn (@mald oieterfering

R e e L e e
i matogerl1wneafisin imxddencussDNAThet omehageneshyg can be
SEHPICER" M O[E‘Pfeercoding sequence or in a noncoding
sequence so as to render the encoded protein inactive
or to prevent its expression or its translation. The
mutagenesis can be effected in vitro or in situ, by
suppression, substitution, deletion and/or addition of
one or more bases in the gene under consideration, or

by gene inactivation.

This may in particular involve the introduction of an
exogenous DNA into the coding sequence or promoter
sequence (for example an expression cassette with
homologous promoter and/or terminator and a
heterologous coding portion). The expression cassette
advantageously allows the expression of a selection
marker. It is also possible to modify the promoter of
the gene in order to reduce the level of expression.
For fungi, inactivation is also carried out by
interruption of the coding sequence with the coding
sequence of a heterologous or homologous marker gene.

The main techniques for interrupting a gene from fungi



30 sequence (for exanple an expression cassette with
honol ogous pronoter and/or term nator and a

het er ol ogous codi ng portion). The expression cassette
advant ageously all ows the ex ssion of a selection
marker. It is also possible to nodify the prompter of

35;the @@é@ri&c@r dlerr 9 J edues cike bovebohhston et al.,
ex reSSI on. ungl i nactivation iis al so carr

out2® |HP@FPGEﬁloﬁnanFHECGGEth eduErce3 W ¢ A ‘i by
CO@lhﬁgstSI@é]U@ﬂl@:@lxﬁfe dali®t GeeirgyorEnlof hmmleogms::uptlon" ;

ggﬂge‘??}g‘fﬁ'f%m gttt tgﬁésg‘%es rfll(l)frtfﬁét iy %%@gya

~Johnston et al. (2002) (Met hods in Enzynol ogy Vol une

Ségﬁﬁgﬁ{ ﬁ%SUS ﬁ?é'“%f@%?Y%%% ang G%ﬁéy Eiﬂédomcéﬁﬁngl

Di'srupt | ston Hegemann
298cQa5ding A@@ant@@%ou@lr?sepﬁe o*@‘é?ﬁ“’sh%nof e?@éess the

k'ﬁ9§QH?&}6E%01é§¥é¥éﬂngrE@uEESsBVGQﬁmE 'ﬁﬁeﬁfdﬁ6xysterol
ress the 7-dehydrochol r ol ﬁ gctase and

300 Ry AYSERFR| CNEYTER R 283 %n Hnd syl vation of
exﬂm@|¢ 2Dastevel | ddsafurdse tdezan@?2 sterol desaturase
enzyme. The C-22 sterol desaturase enzyne is al so
call ed ERG5p, Cyp6l, cytochrone p-45061 or stero
deTha22e- 2R sattenck. désatwnzsee erzymal | iscaabsgzesalled

t%aé%cogsgsgﬂ Onigggehgea&a D= 5%4;1 28)- tGieReh t@1taz2-

sta- )-tetraeno addlng a double
%ﬁurfp‘b%f ti gRic2 erEYME| gutaEuyaliphe géﬁé yzes the

er@@&vd @ﬁsis&e %fﬁzeib%%@a @es;;tzur(ase -@RZ PR 1 ZQOV\/aérgosta—
name in_the ast ar ces cer
bl ot (TH SSetrael adbea BlEndor SPHEIE. Pond at
f@é@mi@qmwﬁacﬁ@m@mhun‘oer. U34636. The

sequence of the corresponding protein is accessible

under the foll ow ng GenBank accessi on nunbers: 25
ALBDS 2 teneSkeggedeng althe 10987 @It By sdeSBSWFBRCet ENZYME

Sgﬁgsﬁggéé%egﬁgﬁwfﬂrkﬁ@”?@ésgf§HHHHA¥BM¥EéH t8ksvisiae.
The sequence of this gene is accessible under the
following GenBank accession number: U34636. The
sequence of the corresponding protein is accessible
under the following GenBank accession numbers:
AAB06217 (Skaggs et al., 1996) or P54781 (Bowman et

al., 1997).

A certain number of homologues of this gene have been
described in other Fungi. They are, for example, the
homologous gene in Schizosaccharomyces pombe (the
nucleotide sequence of which is accessible under
GenBank number Z98974, the protein sequence of which
is accessible under GenBank number: CAB11640) (Wood et
al., 2002); the homologous gene in Symbiotaphrina
buchneri (the nucleotide sequence = of  which 1is

accessible under GenBank number: AB086896, the protein

sequence of which is accessible under GenBank number:
BAC01142) (Noda and Koizumi, 2003); the homologous
gene in Symbiotaphrina kochii (the nucleotide sequence
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described in other Fungi. They are, for exanple, the
30 honol ogous gene in Schi zosaccharonyces porabe (the
nucl eoti de sequence of which is accessi bl e under
GenBank nunber Z98974, the prptein sequence of which

i s accessi bl e under GenBank nunber: CAB11640) (Wod et

alof ¥H9Zh; ikhedrmyiggeusgrie Géh@mblmrma@ft NAB356890,
buchneri (the nucl eoti de se ﬂuence

whi ¢
actleS si BF et e erSEHENTRK é’FlCRBoéésgécc?ﬁt?lBFSt ePfider
secqenemﬁkofnuumm i BATNAA39I) bl éNodaderar@nBadlzuminbe2z003) ;

CARE 2o iPA8, 300 KLU 2000, MOMBLOORYS  (che

gene in (the 'nu e sequenc
15nucieohida |sequee.ge| blod undechGeriBankaeempeible under

A ote nce a € of
jcosea: ipmacel sosesueceab Mihshols sstgsshile o

20033ch tife REFSESEIHIE geRdern e BUFPEZHs (RhR1853)

gg@'f&@ii e S%UGHC%Q%Q)VM“ @'Eei SERECS e ferid em@eéflso been
Ban nu er; AL ,,_the_proteln_sequence, 0O

WHACHCT S8 CesiPbl oCanARHa ConBlRR LRONBE - CARGRo5afenbank

(Teeferénak. AAGO2EGYP1 . The ERGS gene has al so been

descri bed in Candida |usitaniae, with Genbank 10

ref erence AA0O48601. Those skilled in the art will be _
abTeose reeililed iigol sbe oanbr wehks homabdgousot oreadily

Er s 98PE idtné¥ 9@@&1%%5 l‘i’cﬁm&i@g&é‘gw EHleErd'f‘O%%ne in
skilled in the 157art will also be able to

detegaphgmehnofc e kiBpgPmdddfidir-astnRt i \?5&1398@ tife the
cosrespandi nglsPr eeeidisle i Ropardddillyar desepgihbe the C-22

t t d bed, b t :
TR ASERY | PR A oobb hEnstTat od By FOREETORaRAing
cqnpbéaeneatlmn 2pactiaml8r cersdvigsi ddeyeamtt IV BEYIpt @dsay

?égpfgg?' 'ﬂ)(yt 2§ Aergléa De.erTip, Coﬁ@bgmepitlﬁté Ofctivity

e aftes t

0 by e presence In
cdweﬁéﬁpe@estdeamstmate& dost umctignal rq:erneiem%téatlon

C23f ShAr @, desAd] #bfe PEALYI HY sEaptbE weﬂeeﬁddw in the
vitro_using the nmet hod _25 descrlbed Hﬁ KeII q:
es ed to by

Baf v nJgRe 5| Thigpeompdgmentation wi
the  presence, in the complemented strain, of

ergosta-5,7,22-trienol. The (22 sterol desaturase
activity can be measured in vitro using the method
described by Kelly and Baldwin et al., JBC (1997),
after lysis of the yeast (Kelly et al., 1997).

The strain of organism of the kingdom Fungi according
to the present invention expressing the
7-dehydrocholesterol reductase and 3B-hydroxysterol
A24-reductase enzymes and also exhibiting inactivation
of the (C-22 sterol desaturase enzyme produces
cholesterol. The Applicant has in fact been able to
determine that the inactivation of the C-22 sterol
desaturase enzyme advantageously blocks the conversion -
of cholesterol to cholesta-5,22-dienol and allows
stabilization of the production of cholesterol (cf.
the example section of the present application). This
blockage also occurs at the level of the conversion of
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after lysis of the yeast (Kelly et al., 1997). The
strain of organi smof the kingdom Fungi according to
the present invention expressing the 30

7-dehydrochol esterol reductase and 3/ 3-hydroxystero
L24 reduct ase enzymes and al so exhi biting inactivation

%%ﬂn&fsatyr@%c%%w BEOdHH§§esterol to

g?esterol icant "has in fact been able

decthecﬂrﬁsreaﬁval %%et#mna@l BHEEHTERE @fzzclyfle‘%%qas% 22-

desidng@se sﬁ%psﬁﬁsaﬂgam agetcntsl beb@Ck%tte&eﬂ.COFWﬁ&imse
of cholesterﬁa t o chol est and al

LTS 1 GHEG BRESBE BAERBREGF onarod TSRt 2nd
trubn»qnnﬁeaxxectbonehbléhEapEeSEHﬂlappn|caThDa) paiasitic

bl ock e aI occur | ev Sj _
SLEARE, 385055 B IR SnddIS BMET SLp @2
t Bteztwl edesaburase- tenzyne, &spreber dmplgfcant has been

chalestias JAdsrdhifhol . Surprisingly, the G 22 sterol

desaturase enzyne in fact accepts cholesterol as a
substrate, and 5 converts it to chol esta-5, 22-di eno

Thitse pék@%lebb(ionf eaet ithie candbnyakbahaaéedebyl reductase

felirit e ek T

e S8E0 ro (<] vg ase n

expites3s oneskribed -alshyelr OThol Stasrtal VAot age than-22
l%}/]:q{loxégggrtg!ragéd'%ﬁ%é A f nﬁgnecc’?fzsnhé:dﬂ Ih@d pPUtany

escri ove nactivation o C 22
strr@fams derawnr £9e tdpsareskbhled éar thed ¥k - byhaky may in

ngﬁ&lmm 19 t BAgE niddHdRd dé‘séﬁﬁoé’dt abdbey with iregard
partlcular be the rrethod% cribed ab ve?\é“{té hvl
r éGar dtheo (HRTHIAGIRR i oRTof ? sPEFEPL24-C HetIRA2Y L -
t rangifassenmmairme Advant ageousl y, the organi snms of
t he ki ngdom Fungi 20 according to the present
i nvention express the 7-dehydrochol esterol reductase
afdBS-dgarusdyst ettdle  X2gandeémst aof enkgndsirgdrml stngi

e)gyc%xtdlr%ac;t pyatigp, of %Q@ng Z%ﬂé{ﬁorgesékﬂké§§ the

enzyne an i nactivati ontof - the sterol
2/-defpdsachaedtanale cFggnetagpesand 3B-hydroxysterol

A24-reductase enzymes and also exhibit inactivation of
the C-22 sterol desaturase enzyme and inactivation of
the sterol 24-C-methyltransferase enzyme. These
strains in fact exhibit the cumulative advantages of
the two inactivations and are cholesterol-producing

strains.

The expression of the 7-dehydrocholesterol reductase
and 3B-hydroxysterol A24-reductase enzymes and the
inactivation of the C-22 sterol desaturase and sterol
24-C-methyltransferase enzymes are carried out as

described above.

In one embodiment, the cholesterol is present in the
strain of organism according to the present invention
in a proportion greater than 20%, preferably 35%, most
preferably 50% or more of the total sterols produced

by the strain according to the invention (in
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25 strains in fact exhibit the cumul ati ve advant ages

of the two inactivations and are

chol esterol - produci ng strains. The expression of the
7- dehydr ochol esterol reductase 30 and

3(3- hydroxysterol A24- reduCtéé%'énzynes and the

I nact.i vat f the 22 st.er.ol d%fatq&9§e and stero

Zf%tn;e(f RO eWzyeretse are carri‘ed out as

descri bed above 35 I n one enbodi nent, the chol esterol

i SPJ_Fg@eSf‘é{Bl n thee _Stcfz?aﬂucgmé)r gaRi SrE}?éCOk_d;h@aolin /tﬁ@ngl

present eht i on proportion greater than 20
pr@@mryg 3% th%sPreE?’éF eLBBEPLEOD, GFenGhOssM figom the

B} 1k em@ m?/ d mb¥et hrstd @bl ACeRkyi Ngréo diesen
|nvent|on rticular the synthesis
o) Eobppp I UESEabEoRHALRERhS ggen  more
Mpﬁgﬁﬂnéﬁmgl ahéprdlagetotdhbgﬂmsenfromventhmwzneiass
ch se fronlthe yI C pr bl
A R} esf rom t héjecr%u %r%y%%%g@ Er%sn’yco%\%rg wore
e\memaéolmr ef ehepl y ehrey arCGhCﬁﬂISen from t hahel assorder

Sc 0s re
SGLLA O E8a PEs SCBIZ 0530ANBEORUCRLESm BUEAIERI € even

SarTfar PRRERERARLY or LRV 2858 ccRRPSMPcefaBs, thren family

W&'@iﬂ&ﬁﬁ&ﬂaééﬂ & Eastiodd @hd Femfedtddeae, even
Saccharo tace e or Schi zosaccf}?ro ce%aceae even

mot ¥ pr ef ¢ BFSP 1Yoy CHFE cRdSen ¢ eRys the ~genus
Satadhargmesesr  Sain zosamﬂuazamqmoﬂsar@mm@,l y ltentirely

pr the_groga he ki n F ,
a c;ertordgla‘%lﬁﬁt thtéglénv:egn noqum% O%t ogft}lﬁéc‘le1 S%gg ggm Fm.lgl
Smdﬁmesthrféw S| WSt iQuh| g%ﬁsﬂémﬂwarfdhyctése poiRfE1es
The, P ESE bW EE F 0P A 50 drel SISz 4 $h e Bt diRfLé9Tpatfbe .

pr oduci ng cholesterol of nonanimal origin, conprising
the followi ng steps: - an organi sm of the ki ngdom
Furgd @&e@%hitn_eﬂn*@@ﬂdﬁoni aled t veddres the ehoheshedolfor

mﬂ%%ﬁﬁc1n@’cﬂgfeg nismf nonanimal origin, comprising

the following steps:
- an organism of the kingdom Fungi as defined above
is cultured,
- the cholesterol produced by this organism is

extracted.

The extraction is based on the treatment of the fungus
with a solvent for cholesterol, preferably a non-
water-miscible solvent. This treatment can preferably
be combined with any method of mechanical grinding of
the cells. More preferably, the fungus will Dbe
treated, before extraction with the solvent, with a
saponification mixture intended to release the
cholesterol possibly bound to other cellular
components such as, in particular, fatty acids. This
saponification mixture may consist of a base, for
example aqueous ammonia, sodium hydroxide or potassium
hydroxide, dissolved in water or, more preferably, in

a water-miscible organic solvent such as, for example,
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Cabloni®

25 extracted. The extraction is based on the treatnent
of the fungus wth a solvent for chol esterol,
preferably a non- water-m scible solvent. This
treatment can preferably 30 conmbi ned with any

met hod of mechanical grinding of the cells. Mre

PreftefaRlY, obhedHMBIS VWi abesolvaad 8ehtdef ﬂﬁﬁture The
extraction with the solvent wth a. sa onlflca%g

mSARRTE fIRAEHRI t 3%l eBSe t RRTTLREI estBF ol YHoEa?
b@i@féx&bmyhemﬁlel hekatingb teorponenpsrataheasf i60- 120°c
partlc ar fatt acids. This ni ficati ure
cofuriapt e b BEESH TS CRErPRY adTiou rRey © The
smﬂmnadtmbmxwﬂ'ehorthpotmwmhem‘y@rmhj}@ @I@%@@ﬂve@abfn be

Hy ef &f ablgollf&kganp t ere)mxsé’atﬁcﬁl on a

org n| c soI vevgt such as, for - 18 net hanol )
ohysttephsibior zesbrvent- waEBFORK; xteEHté‘aC'FFr@n method is

SRQNAICRL | 9y My, beaghiried oyt W tipegspr (Methods in
preferably W|th heatln to a tenpe

ure of_60-120C
atEnRsS SIeer i & F%dorbé{t Pom}zb?i\%gﬁr The&%&é’ C.
eXdgtaEdnann M tﬂbdﬂ‘h&gm -aved en'hmn&:mﬂvelssolp;enﬁaﬁa-ﬁ:’cﬁ:) .
replaced with a solid-phase extraction on a
hydr ophobic resin. A sterol extraction nmethod is :
de8er | dmdidychol@ar&sokt thus, obt88spd( Mervhbgs purified by

E%&Dlnggéo %1 Egb&lﬁd &y l\:hog'ef | éﬁglléd Raf ke neC. aﬁ@ in

odri1 guez and Thomas Lew s, pp.

39
TiRa i agholtbeter 8eseRbRebtlY n&PSedy ihe E purV‘F]r%ag"By

amay@tinagds Kkpawnet-ekkbRose BKithesmatodheaar kpoinMay 11;

par.t | cuI esr that described by Boselli E, Velazco V, 15
Hf 1%k cker G J, Chronat ogr A. 2001 May 11;

917(1-2):239-44. O her nethods may al so be used, such

a%thré rrgeetﬁ'%cﬁg xﬁayfg% #hgeeﬁg QC“ g%hOfascwa%St@é’éllrlbed

fromsheep s hseS|IIe n the art may in
pdiar cuhar a:@fracm@rt hef mehied@steaedr | feem | ghagel BcaiPol -

PRHIUES %gléés 1§?3th9r aY® Zndp0 912 aﬂhé@lﬁ!" regBr to
patents GB69 46227 or (GB61
the methods descrlbed in American patents US 2 688 623

or US 2 650 929, or in British patents GB690879,
GB646227 or GB613778.

Another aspect of the invention concerns the use of
the strains according to the present invention in
order to obtain cholesterol or one of its metabolic
intermediates, or a labeled mixture of sterols. The
term “metabolic intermediate of cholesterol” is |
intended to mean in particular the sterols specified
in figure 2. They may in particular be cholesta-
8,24 (25) -dienol, cholesta-7,24 (25) -dienol, cholesta-
5,7,24(25)-trienol, cholesta-5,24 (25) -dienol or
cholesta-5,22-dienol.

The principle for obtaining a labeled cholesterol is
described in figure 10. This manipulation consists in
first of all growing the fungus strain on a completely
labeled substrate. The cells are then cultured on an
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25 Anot her aspect of the invention concerns.the use of
the strains according to the present invention in

order to obtain cholesterol or one of its nmetabolic
intermedi ates, or a |abeled mxture of sterols. The
term"netabolic internediate of cholesterol™ is 30

| neisch 49 BBBEcAcPar thevkal st Rt & drfarfRecid | Bsbtope
in figure 2. They may in particular be chol est a-

8, 1ahoEingi &fol the hGRELPR 759Uro%) - FPERS | SRASTRstds 1OVe
5, FyRdif@S)s t r benohetrabol €8t a-inmt24meo)iadieenolaret then of

chol -5,22-dienol . 35T inciple f | ni
RS0 hol SCLMEOPS o CRRSEPEREHLr h FHitr cCRLE IR 2

rng&¢mmaaiohangeyinsﬂabelimgstTbisathegﬁéwwﬁgﬂﬂu@lves a
fgﬁ%¥§if%rzﬂéhé%q aigonpbg%§i¥x | edc%HFStE@te'eﬁyfrely
C S unl abel ed

are then cultured on"an - 1
surpenirenthbly | detrymiacghannd n Ehatop&enrgsemtfy 2@

of ud NGu& Ar QN SUIT GRigridt8IRe RIS @%F@au@ s¥nt PREi Ssame
of metabolic |nterne51ates and then o sterol,
i Ne}i ng chol esterol, and conprising a 5 gradual

changeohn thabalabig. inthigréthedel oardi avolpaes izulprofan ethe
that, is conpl.ex but _can be entirel Reri
de?‘é%?ﬁﬁ%d}%&ﬁk?% ha?ngepr%%%a%%l%ngun%%gl i ggg %%ELL'& and
siygmbale ked hatbstepztels at the sane tinme: 10 -1) on

the,| ahgl i Eﬂepra{%.tdé)&c%]e and e iRar 5L £YLALraN df€the strain

culture tines di tions with I abeled and
urte@l ed substrate, -2) on the precise genetic

strict Y ehet her&tise N tiwgedatlSwhB¢hortHhecpliearse are
tine at %Mich the cultures are stopped. Once the
cuttWREPas been stopped (for exanple by cell lysis

or by stopping the culture in the presence of a 20

i Ftngr “SHEEHERChhS FEer KPP, ol By cen
lysis or by stopping the culture in the presence of a
sublethal concentration of cytotoxic or cytostatic
antifungal products), the labeled cholesterol or one
of its metabolic intermediates, or a labeled mixture
of sterols, is extracted and purified as described

above.

The isotope profile of the labeled cholesterol or of
one of its metabolic intermediates, or of the labeled
mixture of sterols, has several unique properties:

-1) it can be modulated as desired by adjusting the

culture conditions, the strain used and the sterol
chosen. A unique label register can therefore be
produced; ‘

-2) it is “combinable”, i.e. several isotope

signatures corresponding to several unique sterols
labeled with isotope profiles that can themselves be
modulated can be combined so as to form a “molecular
alphabet”;

-3) it is reproducible and easy to determine

experimentally;
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of its nmetabolic internediates, or a |labeled m xture
of sterols, is extracted and purified as descri bed
above. 25 The isotope profile of the |abel ed

chol esterol or of one of it 2t abol i ¢ i nternedi ates,
or of the labeled mxture of sterols, has severa

uniggue; Pr oReLEEBsndslld ta Gl OEL TRAUL ahedramid@sireedthat
by adjusting the 30 culture conditions, the strajn

uséd 8RAAYt He® sEEPIRteeho3 PRy uMRF HefiFel 2RE i WP eSS
Caibriiarafiare 48l PoREteed, ardd thakscanoma nabte’porated
i..e. seyeral isotope. signatures correspandi t

sVl BﬂgaUe 3t glggilgln%g I%ﬁ%(?"é%lt(/vit |lstovo%%e 8r other
prafddues o hdtatc arart hensad sdesi s atb dayt dtushrcan be

comyi to.f 1 oml ec I he "shedilfi

e eproditiTe Snqtabestigh Bikhahe BalA ke Heqitic
- ragombjnant catregpendsnto Bhfol BeHY arPXeE®? akekidg.
tRRf L UrSirRASYark® | 8QEALEEi8haLLEBNAERLBNESSS 18Nd addition,
odor | ess nonvol atil e and nont oxi c, ang t hat can bﬁ .

i erEGdgcedoti fhe f 48AEOPE MP@EMATEIS pABaEcmot make it
ag@diddia®e afo ofhetk Bagk otucthet patragetele asich hatded it
by hu S; .-5) it.cannqt be falsified wthout having
t%@%ﬁﬂ?'?i%? Rﬁﬁgﬁﬁﬁré%ﬁ strains and the very precise

| abeling, «culturing and extraction conditions. In

ad4id ONag KRgULedgR OhibASLEER! OpSrS! GUALIE R8s, NEhat
make 1t f&'p055|b c to track back to the paraneters |
wifiegmarades | £alpbiiedl ando thafdueani be ingerpgrated into

"isriRRe 2l ghahaly t9begenshal udisty dddsundlRed, bean be
fa%%%%bgg ggd t ha gen be |ncor%onﬁied into t15 tion
pre oPPERVEGpEY i FET U NGt IrfnBbFES R Ec a5 :
r cadidey dlst aanedibyusilyueunt inbee@r esember nweht i'drsotope
Ther e, i,S virtual l,y u %i ] g of . 1&SOLAPE 1 phabet
WO ?S t h%?a%aﬁggle %eon(g ?%{lg tg(rlig%%rs()lrjnchs%n afglphgabgpt abe
by making use of both the labeling profiles and the
various types of sterols. The incorporation of such
signatures into the most varied products therefore
constitutes a unique method of labeling that cannot be
falsified, unlike, for example, DNA signatures, which
can be reproduced once they are known. The signature
can, moreover, be read nondestructively, for example
by laser ionization followed by mass spectrometry

analysis (MALDI-TOF or the like).

The use of C-labeled substrate instead of the
unlabeled carbon sources for culturing the fungus
strains according to the invention makes it possible
to synthesize very highly labeled sterols, and in
particular cholesterol (comprising at least 95% of *°C
carbon). The preparation of '*C radicactive sterols and
“ cholesterol is also possible by the same approach. The
method can also be incorporated into yeast strains
that produce steroids, and in particular
hydrocortisone (cf. patent application WO 02/061109),
so as to produce '*C-labeled or ¥C-labeled steroids,
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by maki ng use of both the I abeling profiles and the 20
various types of sterols. The incorporation of such
signatures into the nost varied products therefore
constitutes a unique nethod aqf |abeling that cannot be
falsified unl i ke, for exanple "DNA si gnatures, which
uesd i are known. The signature
ngﬁei E‘g{lgegver lﬁﬂgr ea nondest ructively, for
exanple by | aser ionization fol | owed by mass
S RRG LAY t@aﬂ@ﬁes{ MALDI - TOF or the like). The
use of I3C-Tabeled subStrate instead of the 30
unl abel ed carbon sources for culturing the fungus
stsrlg' ateorchei ¢al t Iﬁexinmlantdafm dielestidrqigssabie also

nt hesl ver | S er
%rl'ielycﬂomen es er&?ﬁeé(% SI ng éat east%%rqfngm&he
anab:ar@us mkmmaam i tipe oﬂam&COfa@‘»hGacftalr\?-@L@t grigias . The
and, 35 xﬁh@[{%ﬁ@ﬂx 'éhahéeteeé§' Bbgeb¥1tharsaMmed A, B,

aggroac can al so be i ncorporated into
yéasendt mhi n§eSPﬁ§Flﬁ?6Huc@T§% ebBed<cazheps nare numbered

padddncul &o Jwdrocorti sone (cf. patent application WO

02/ 061109), so as to produce 13C-| abel ed or

14C-| abel ed steroids, - 21 - for exanple for RIA

w&ﬂ:ﬁmﬁbﬁim gcgemesob Ehguideté: pOwerdicmalof the
I he -n c

oiGraeraly PabRLEL, A B Efo1t TRe AR CeB b,  and

tt¢é1qiaﬂataof thypesar |1@usnai:ng§l Tae medifiedgyeAst he The

chehiesier ok mabecwh@ Ak RRMBAbA: Brakds ang 0381b1e to
respective]y, and the carbgns are numbered é in

t defAiner fhte SLeRS npRVRLYdREGchERR GRAMES a'e‘%n}ab?f*?
ofcHie dycamuret ithepatiremp f OrERARY O szmisp heand ERG6p

t a- d ha| est t
BRI T5C CRUREUPS ot SBATRSPEVECIBY naNeeraf the
pesditdl-oReal dPkilte-Thesserpt iradiatiaaplt hendnzhjebta 24-
me(%@é%g (Be1td §4dQ§§5rer§terUle FRRPr a E8C3BroEBEAR are

protelns are ungus or yeast protelns
wheteroliagous proteins of mammalian origin or of plant

origin.

Figure 3: Compared HPLC profile, with UV detection at
206 nm, of the free sterols of the strains derived
from the BMA64 strain and identification of these
sterols. The strains studied are as follows: WGIFO01
(BMA64 strain disrupted in the erg6é gene (cf. example
1)), WGIF02 (BMA64 strain disrupted in the ergé gene
and expressing the A24-reductase, example 12), WGIF03
(BMA64 strain disrupted in the ergé gene and
expressing ‘thev A7-reductase, example 13), WGIF04
(BMA64 strain disrupted in the ergé gene and
l expressing the A7-reductase and the A24-reductase,
example 14). C5: cholesta-5-enol (cholesterol); C5,22:

cholesta-5,22-dienol; C5,24: cholesta-5,24-dienol
{desmosterol) ; C8,24: cholesta-8,24-dienol
(zymosterol) ; C5,7,22: cholesta-5,7,22-trienol;

C5,7,24: cholesta-5,7,24-trienol; C5,22,24: cholesta-
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Delta-7Red (Delta-7 sterol reductase) and Delta 24 20
(25)Red (Delta 24-(25) sterol reductase) proteins are
het er ol ogous proteins of mammalian origin or of plant
origin. Figure 3: Conpared HBLC profile, with W
detection at 25 206 nm of tHe free sterols of the

St aj e CINEY from the,BYhG64, st ai -
|g:é%ltjqu<2 cgtH oeﬁ%o thesEe:E st’grao?‘l. Therbsr?grl%sntsa st udlzezof24
artetggeamnst] ioWan WG st IBNNG4 strain di srupted in the
erg6 gene (cf. exan‘pl e 1)), WA F02 (BMAG4 strain

disrupted in _the er ne 30 exp t he
L FAGUWFuct asECMBRER Ié"% r\ﬁﬁé(% JB%&GWSPF&Fﬁ’thH at

diszraJmne,d ioE tIﬁeleergﬁegenetaﬁdlsexofesshag WGEF04 strain
ctas exanp FQ4 64, ai
i e R e e d 0 oy o By 16 Ao e and
1E~xpemﬂstna@ the t hi& U2¢e|deld2lt£@tsaseam35té%arﬁgﬂ4e'11&t§UCtase:
Iet F_egp]_L chgl egt ero £ duct i
chéﬁ ‘ﬁgﬁ ?@25a| enol& 2 2% %h%%‘estgg él%élfsdloenoﬁn uction
(é‘@sﬁi’os‘!@%*}%% D4: W@ﬁaoést%rsilzﬂ beeppple 1). For the
(m;ﬂﬁ@ileréﬂhﬁalurg5 t7he2§sarﬁ Dé@S&ﬂ?&Zk&%zb;IArenOE,,l 8 and 24
, 7,24:. chol.es ri eno cho
g% %,g%%rzz?‘”tlit e ‘é L?z C?Ib°6h0$%%¥%65 ? 2 %zafatose
ta&feaemb:flllan fbanosher AMA getaeadn Coapanag‘ HEheE ergé

f tio 06
stdgﬁ# rf he%&g’fﬁst rglrgtsef’gﬁém g%nr ain %I Sr lf{)ktﬁ:a ned
. nm@:at@ygen@fmu sker eswiteeh heta 7gpdageesse arfdris

SHAd ed'i‘éﬁr%%%s e%ﬁ‘%hﬁll@ aﬁﬁ@ﬁaﬁgea 4du§11§c_!ﬂd the

. hours of induction act ose
ingduetiemnpPe24) Pror TPFFe %esm*mn tsrlﬁni‘?l tﬂE 206 nm
S@iﬁi'x%‘s;ﬁfrﬁié akes O, aﬁsoﬁptﬁoxand ok £ fii cdfeintis lswthahl ngare
o} ar bon source t.o a ro e
tﬁ'@rél\ﬁ&%lf s?F%‘PnOBf?ar?%egrgcfa# E 32’ (ﬁ@? lgt i fg% (\?%C{:-l(?f)ta—

prSe&emﬂed i(shbhestelrbdi) ned C$ mdl ataol exfttaers t2dPe-dienol ;

WA LS B B a1 ks

a@é‘mlmsjt@rsgﬁ(ﬁrgilqnolgo @ zymesterol) ; C5, cholesta-
5,7,22-trienol; C5,7,24: cholesta—5,7,24—trlenol;
C5,22,24: cholesta-5,22,24-trienol; C5,7,22,24:

cholesta-5,7,22,24-tetraenocl; lan: lanosterol.

Figure ©5: Compared HPLC profile, with positive
ionization electrospray detection (mass spectrometry),
of the free sterols of the WGIF04 strain (example 14)
after 0, 2, 4, 8 and 24 hours of induction with
galactose. A: WGIF0l1 strain. C5: cholesta-5-enol
(cholesterol) ; C5,22: cholesta-5,22-dienol; C5,24:
cholesta-5,24-dienol (desmosterol); C8,24: cholesta-
8,24-dienol (zymosterol). The HPLC profiles come from

the same assays as those of figure 4.

Figure 5A (left): Detection at m/z = 367, figure 5B
(right): m/z = 369.
y-axis: number of ions counted/second. x-axis: elution

time in minutes.
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corresponds to absorption coefficients that are

variable fromone sterol to the other. C5: chol esta-
5-enol (cholesterol); C5,22: chol esta-5, 22-dienol; 20

C5, 24: chol est a- 5, 24-di enol (@esnosterol) C8, 24:

chol est a- 8, 24- di enol (zynDsteroI) C5, 7, 22: chol est a-
5,7,22-trienol; C5,7,24: chol esta-5, 7, 24 trienol:

G5, 22, 24: cholesta 5,22,24-trienal; C5,7,22, 24:
cHdloagies 65 Debadhs t of r 48FolPrafdde |28l &r 5| 3695by HPLC

Firi € thie Cocmaé@d sPL&i peof i WGIFWllt, h pegioti bearing the

i oni zati an eI ros r tio $pecty Ly),
P REE LA AT oF OFnAErF O ST TSTAL  ExangLaory) =nd
afficar QGIRD44, &ahdsﬁérbbur:&e ofinjreduetd opswi & IMmternal

?%Iqact eroP}hg\lng'%J& ol est%%aggg&%?r%é %S%Cted fox

ch:cbieesthr5824s1dr@1m$ (@esRERand| FO cexbrackhenestearried

8 o%% db§NAlaAmst ehfbiint EheyfHPLG1 PLEE Ingsa @ f bpMthe
sanme assays as those of figure 4. 35 Figure 5A

(Ia@fsﬂrbal}jétee(?ttl &P%m ™y z = 367, figure 5B (right):
mz = 369. y-axis: nunber of ions counted/second

X__ﬁagxgigasg:g &l ut@% c?egrgfn}#m ei%gébl to%?él} lj':ro%.sh (free

t hiree ekteairss:, V\ByFogasCAazﬁrbmatoggaphE, expr eszg oWGIFO1

W@B{'fq:l o delt @r%%)St exehrbgduchasset 1804 éff Mrge with

esterof is injected as an I nterna
steacrm@rs(jslcmeoénﬁbﬁt P2 - nestiugtagr ol @GIE?%ct(éelﬁSFOH of

tREJr 68 tH I AP SHTASPUH U EXIAAGH AU L) | EHGIF04
Oulotn deniy pel arounly o clLuce TS el B ihccase
ofariche hotakdateansks (fameé amdoestpYB¥, Dbytgas (FY1679
C%re%n%t %grgggxgrgﬂn&he élc\a@elzt%n of erg5 with expression
of the A24-reductase, A7-reductase, erg5) strains. The
response scales (flame ionization currents) are
arbitrary. The profiles should only be compared
gqualitatively from one strain to the other. The
retention time scale is, however, the same for all the
strains (the retention times are expressed in
minutes) . The sterols are identified according to the

criteria described in the present application.

Figure 8:. Quantitative distribution of the main free
sterols in the yeast strains (BMA64 (figure 8A),
WGIF01 (figure 8B), WGIF02 (figure 8C) and WGIFO3
(figure 8D)) evaluated on the basis of the UV spectra.
The distribution is given in % of the total species
presented in the figure and which are the only ones
that can be detected in appreciable amounts. In the
absence of a standard for several of the intermediate
sterols, the quantification is carried out on the
basis of the UV spectra associated with each of the
peaks of the HPLC chromatogram using the evaluated
absorption coefficients given below (cf. table 1, the
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(del etion of erg6), WA FO02 (deletion of ergb6 with
expression of the a24-reductase), WA FO03 (del eti on of

15 erg6 with expression of the L7-reductase), W4 F04
(deletion of erg6 with expressi on of the 24-reductase
and 7-reductase) and CAl10 p'YI§§_DeI ta24 (FY1679

genetic .hackgr i of 1.4 h: expyessi :
R A B e o L
T peesponse Foalds thiametheniabsormtion reeriiigients

E“éBfféEﬁbnd@H%F”égi|€ﬁeShQHEQtQQE¥eQe MM REal units
qual 1t at’i vel romone strain to the other. The

y
r ARARIYN 11 nkhecELEUCEUTRo Ry &t , It KR ShETPYr 239 bt
stifrfi fgb1d he raleigtdrdlTes addedXpiessederal2mnits are
m nutes). The sterols are idenéi fi ed accor%i ng tovggg an
CHASHTHE déBcr FBRd §HMG hECHEESdSY BBl i Tt i*6h. PEPYLTe
8:evauattidrat b ¥ et Hes texithimtdtdorof codef imient r o€ each type

sterols.in the ye Ins . 4. (f] e84
S Sy S EF O R A L ) gt o
(fA8furem 8DF ) abvdkeaste®rsn Wikt bbbt &F ebsogbemsedty L£his
TRl ddddipt 5an psegbNen ifh g t ROt athePafd®Slength
presented in the Tigure and which are the only one

t > diih be Heelet P nfappiBgi NSO s2¢ ] shend aster
ahssraemytls, stii@dandeliengsbvercd mi ideusstietmedwdkliate

sterols, the quantification i,s carri,ed out th

bu1S. BPRERBENCaREE: ol aloSh abbd WhT h SEiRIs FRem the
peadapeaft itvee diRlc@pthirconeticgrals Usy ifPidie eval uat ed
absorption coefficients given below (cf. table 1, the

- 24 absorption coefficients are expressed in nM per

| iBigruresnd: pQuagkmitatiyedodi fE51buREORp S pEgpmain free
cq,e;fézi&liseriﬁ t:HH rﬁ@@?@dit}F&éﬂt)hEBQtaﬂm?téifaﬁIL?ted_ on the
structural_units resent in structure, iven

s S arf sddiht W i (FREHIT 1 opqlfelfh%]tﬁ/c'%ﬁ]g)ébs are
(idarseiert alowtni tin arehepr eamat manhee sawe ridsoulled in
SQ..as tosorovi de an evaluation of the extinction
coerti’cl ent of each type of sterol. The evaluation is
done using the values at 280 nmif at |east one unit

Hfaitgdrse a?§9r%tncﬁtpltéqi§f the isotope labeling of» the

sterols by substitution of carbon sources.

Figure 11: Evaluation of the isotope labeling profiles
for the cholesterol produced in the WGIF04 strain
after 4, 8 and 24 hours of induction. The free sterols

are extracted and separated by HPLC as described. A
mass spectrum between the values of m/z 300 and m/z =
450 is acquired every 0.2 seconds during the elution.
These spectra are then averaged over windows of 1.8
seconds, and then subjected to a multilinear .
regression using, as regression base, a set of 24
vectors representing the theoretical mass
distributions of the labeled cholesterol for a random
incorporation, by independent selection, of the carbon
13 at each of the 27 positions of the molecule with a
probability of 1labeling on each carbon that is
variable between 0 and 1 according to the vector under
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10 wavel ength is present, failing this, the wavel ength
235 nmis used, and failing absorption at the latter
wavel engt h, the wavel ength 206 nmis used to eval uate
the concentrations of each of,the sterols fromthe
respective absorption signal s"by HPLC. 15 Figure 9:

Quatd {biaie L St bRt i 9Bngl shlge ﬁb%ameitl@ser%% | Mehe

t he VE!F4 yeast straln, eval ua he basis of
UWES‘-’ri‘é?HSr aveqHerguBAerf Reatans %ﬂf% ceaﬁ?Peausth Hhr?

”!:Qr&@éf&:dmti&ﬁu d@@@ffb@ﬂem@ £89 fchgurda_s&mﬂ‘mgwcms of
rt NCi

: | e the isoto bel.ing of t st ero
P e SR Eve | VEaEBeH BEuhe Dol R Peo7y. THE base
Exadgiiairiiony ofitieai setope balrrelemspgnpin.ngl Itezs a fpmokbaldmllty
CQD? %?# gqulCE.pr Pufsg’l Qtt Q?:‘.V\@&’ll:og)oitl I Q\s Q;I'I etrhe4’c§rbon
urs o i nducét ron rols "are
(aaaéuihﬁimmhtsbpa¢areddmySFmtutaSSd@§éﬁi@@dth@ hagis of

SRECH EYAL Pl Wi t Bea¥akies ,0f é?ftégp&r@ndnﬁﬁllf%z@gg the
450 1s_acquited every 0.2 seconds durlng t.he el ution

THSSE dipganal ateriierPhyERggdpiovif REnddig Brogusts of
SQﬂﬁﬁdﬁar@BQltﬁﬁﬁiﬂﬁﬁﬁﬁééﬂofobhdnﬁémé$n&@thod (max1mum

Iess| O u as si on bas
éﬂ{ ré%ﬂ%%? {he£f§%5r8PF§ 1&&3% Wacs spectra
dlasierl lnhbinonseobnsheubabdl euzhcitd'leesbercohufzed abaangdomThe

pdepe t f, e
PG eBPeoPUe LA £ 2GLELL VhenBleck 8 ¢

prtétﬁabmqft%lfof dfabdihieng @t iseach cfalr]ki'cﬁmqnatrq%onStrUCtlon
vetahl es et Meea; fa8idn 1o@C e Mk iurk NempEEEQReURREIt he
- 25 consi deration. The | abeling probabilities for
t F@Lusri%rs vect ors used as base are chosen such t hat
the cross- correlation coefficient for the
d| tribut.i ons ,of conse Ve ve of e

5 oA pangREr bHD SRS Td Bl CELRLB SO R RARS tuo
conxkspaﬂﬁuﬂg rorcd igresbabolricegponfiipgestacee bt 100 Himes

alihdde foptdd Oné%onltbe GAEBARs 12naThedBdddddhifialy to

adj ust nent he basis_of
spectra located in the central zone of the cholesterol

elution peak. The figure demonstrates that the

analysis is highly reproducible.

Figure 12: Example of various isotope signatures with

various sterols or various induction times. The same
calculation and representation as for figure 11, but
for various sterols and various induction times.

The value of RT indicates the range of retention time
used for the calculation (in minutes). The values for
this range are as follows:

Fig. 12 A: RT 12.25-12.42,

]

Fig. 12 B: RT = 12.2-12.7,
Fig. 12 C: RT = 12.25-12.35,
Fig. 12 D: RT = 13.3-13.6.

The induction times are 8 or 24 hours.

The values of m/z indicate the left and right limits
of the m/z values. The lowest value for m/z for each
box corresponds to the m/z for the sterol made up
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a | east square statistical criterion, nullifying the
non-di agonal terns of the matrix of the products of 10
the partial derivatives of the Gauss nethod (maxi mum
nunmerical filtering). After_ | ysis, the nmass spectra
are then reconstruct ed on the optim zed basis. The
CW,4es- r 4he figures therefore represent
t he reséu%{) cg?el{%te optl rral filtered reconstruction 15
after standardi zation of the maxi mum anplitude at the

vt ef110. 13F0r ceagﬂaﬁermuwriltersrr%ft hehéwotstaVessterols
re esent endent profiles corr(%eﬁs]lgés)pq%ng té) the
el Wi%h ta} esfdelt 2 dtt f F2Hy GPEPERK

carmm/cpmatgs totspint (paktcat esf | theé héigene) akkndomd the

demnstwﬁ % ar‘rﬁllu :%ggyglegbl sgﬁfgrﬁ&ureflgure) (cf.

r eppraotiics blL8) - 25T gme@ppzlseExaﬁ?ﬂeSofa%r pshdtrasyopelhe

S'x@@ér&’cﬁ% Wikl Y8510USsSEREORne FHH I¥th Igtotta:tﬂ@n(the
times. The sane cal cul ati on and represent t| o)

or
f ITRARRATED putmes 0BT G aPRBEESSPEr difs WM LAS Stfols
lr‘.ﬁt@ti@@ntif@éd Ebeo\ralmg afo Rihé nd!tr&ataeiat lmesrari@@d in
retentr n%u]e usedfor the calculation (in
mtrnﬁ “this range are as follows:
Fi g. 12 A RT = 12. 25 12 42, Fig. 12 B: RT =

1%%1213%53%5&9 ]l%lﬁ?ltﬁ%rn 12 Zslﬂfraétr%at?éd F'uQ:Lnéz the

I nduction tines are or

hdiplstowimg v atamplsts m hieh caakould ket %rrreﬁlf%lfﬁd as
| 148,415 midfi ddhe M Zstwad whesns The | owest value for nmz

for each box corresponds to the mz for the sterol

made up 26 - entirely of carbon 12. Figure 13:
Conmrrwttérfwfa?:t esiologheteahal gaker alsed @Erecelemuribed by

Pttt “Bor AL P90E T e et e ey o

sth}alkda(ntmrett Brbf ¢Adaris gimde)HQbft. 1996) .

EXAMPLE 1l: Construction of an 8. cerevisiae yeast
strain with an interruption in the erg6é gene (WGIFO1l

strain):

The S. cerevisiae yeast strain WGIFO1 in which the
ERG6 gene 1is interrupted with the TRP1 gene was
obtained by transforming the BM64 strain with a PCR
product carrying a functional TRP1 gene bordered by
extremities homologous to the ERG6 gene.

The BM64 strain (of genotype MATa; ura3-52; trplA2;
leu2-3_112; his3-11; ade2-1; canl-100) is a derivative
of the &. cerevisiae yeast strain W303 MATa Dby
complete deletion of the TRP1 gene. The BMA64 strain
and the W303 MATa strain are described in the
‘publication by Baudin-Baillieu et al. (Baudin-Baillieu
et al., 1997).

To isolate the TRP1 gene, the TRP1 gene of the plasmid
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exanple 18). The response scales are arbitrary. The
retention tine scale is the sane for both strains (the
retention tinmes are expressed in mnutes). The sterols
10 are identified accordingtéptpe criteria described
in the present application. “The present invention is

i L#)IHF’ZM at ﬁi%ﬁf?éaﬂﬂi t %% fa‘il l o%@?l?xaﬁggesamﬁ@kﬁhed using
shoul'd” be consi dered as 15 nonlimiting illustratians.
The- Fa®c ulear DNPofiegsneerhini A s Rpdameriadedes Prryddedy bY

Ausiibelocpadly - TSIRAEa Y q@sinvEl put.et ixns ahardess i bedve,
by Adans et__al

. _(Adans_and Im .1996). 20 EXAMPLE. 1:
CHRITRRR 4 ofit 0532?19 Spségr e?ng E’é‘lfeé’?t PIGMel S YFTH BHkeS
i niter r ppesablien the engplgéne (\MF FOmeasitsr ai of : 2heTheDNA
S. revisiae yeast in 01, Lgh t g&%
ge?éf%e]ﬁst’ee'rrugs%d vﬁ\Aﬁ{PﬁL t e .Plbsgﬁgg\%gs bt ar n crees
bycorcesondimy tdetIBVEERGE rggmewi th a PCR  product
carrying a functional TRP1 gene bordered by
extremties honol ogous to the ERGS gene. 30 The BM54
stThe rﬁ%%#erg(é?]d?@[}%"w&?r@?%%s 5be 3% pfeblowsayn. 3
11Zerd¥edsill; ade2-1; canl-100) is a derivative of
the S. cerevisiae yeast strain W03 MATa by conplete
del eti oh of the TRP1 gene. The BMA64 strain 35 and the
VB 03 MGG AT G A AR GEAT CRETGCAGTEAATARET TREAC TTACCANt byt ag

Baudi.n-BaillJ ey, e . dipyBaillieu et al.,
19‘3%&%%@0%&& eg%ﬁé IIrlggk%y'gein‘)e', the TRP1 gene of the
plGEBREGEXP27: pFL44 (Bonneaud &’ al., 1991) was 5

anﬁéﬂfﬂb&@f@é&d@@Té&mmcﬂﬁCAaattcgggt
pol ynmerase) provided b t he gtgqrﬁrpaw Takara (PanVera

L¢3 aeadrasd)Drd vel SEQRR 53719 USA). The
pair of primers used makes 5 it possible to anplify,

B%.F%?Q%C%L gggagﬁwéaégggl ygggal%e, rtercl:tect-g%%% geﬂkeoduct thus
obtained is purified by electroelution of the fragment
corresponding to the expected size, and is used to
transform the BM64 strain by the 1lithium chloride
technique as described by (Gietz et al., 1995).

After transformation, the treated yeasts are plated
out on a minimum medium containing no tryptophan
(Gietz et al., 1995). 41 transformed BM64 colonies
that are prototrophic for tryptophan are thus
obtained. These 41 colonies are then tested for three
of their properties: sensitivity to nystatin, genomic
structure of the insertion of the TRP1 gene, and
profile by gas chromatography of the total sterols
that they produce.

For this, the 41 colonies are transferred onto a
minimum medium containing, respectively, 10, 20 or
50 ug/ml of nystatin; about ten colonies are capable
of growing on the medium containing a dose of 50 pug/ml
of nystatin. These resistant colonies are selected in

order to verify their gene structure and also their
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corresponding to the ERGS gene. The sequence of these
primers is as follows: 10 OCERGGtrpl 5'

( CCTAGCGACGAAAAGCATCATTGGAGTGAATAACTTGGACTTACCAL t ct t ag
cattttgacg) 3 (SEQID No. 1), OERGGtrp2 : 5 5 15
( GCATAAGAGT GAAACAGAATTGAGAA/ \CAGGCCCAATTCAaat t cgggt
c ). 3. (SEQ I D No. 2). The PCR

(po yn@%ﬁ%%ﬁ%ﬁbti on) product thus obtained is
purified by electroelution of the fragnent 20

CofgeSPARAIRYchO drha1experbed gehge il tige UsRE6t Gene is
transformthe BM64 strajn by the Jithiumch]oride

t AT tRA asP¥estGR betP 130 (@ et £, AbE§nUG}¢QRpides
t resed oIt B8, jhheti bpabedwyeas thearfairpltaicethl 2BRRLtgene
on_a, npi num nedi_u I ni.ng_no_tryptophan j ;
vt "the ool aR JORE, ThaanBale s i ghR Fognides
prig otamphfcl Tows t r \PERGSrD3r e AGECCCEHAGAAMRGCCAPRAECTTC
41, ' arg th te t.hr Cﬁ A é CTCTTGG
prg%% ?J:'%e?f@oée%si tlggldt yﬁ%ér?&gkgt'i n??%enorrc?(g@%OGAA

st fIRD uke N . t4le- i nsertion of the TRP1 gene, and

profile by gas chromatography of the total sterols

that they produce, For this, the 41 colonies _are .

{ rSPTSE P EALBA 6XR1D35 M n%ﬁﬁ?fé%?%n?ggni’ﬁpﬁilﬁr&' 1.€. 2
r espephével pf B0 20a0s padrg Momfesysidinag; tabdite size
ten colonies are bl e of. grow he nmedi um
cOMtRF AT éoﬂo%eﬁggf#ﬁrrﬁlg%f%%gt%éi These
resistant colonies are selected in order to verify

the ¢, 9ene §mu§£%@r§@ 18hSenhheithe?&rcd Yetle is indeed

conpositions. The insertion of the TRP1 gene into tPe
ERGReheated Vil (FeePDy HORRiRTng 3P paRabysis of  the
ol dwgoryic!| eatd ibicoyerigg t hendawct i srdpiseerby he gas

functi onal TRP1 gene and the disrupted ERGS. This P
of ST PHRRT Y des 2 %s angOII N oERBSEP R PPiuid

AGBESHAASAANIRCCEEATCBRZ ied out (Duport et al., 2003;

Szczebara et al., 2003).

These analyses confirm the absence of ergosterol
synthesis and the accumulation of abnormal sterols
compatible with the expected disruptions of the

Eiosynthetic pathway in the disrupted strain.

One strain was more particularly selected, and called
WGIFO1l.

EXAMPLE 2: Construction of the CAl10, CAl4 and CA23

strains

The CAl0 strain (of genotype: MATa, rho*, GAL2, ura3-
52, trpl-A63, his3-A200, erg5: : HYGRO®,
ade2::GAL10/CYC1::A7Reductase: : PGKI1,

LEUZ2::GAL10/CYC1: :matADR: : PGK1), the CAl4 strain (of
genotype: MATa, rho*, GAL2, ura3-52, trpl-A63, his3-
A200, erg5 : : HYGRO® atf2::G418%,
ade2: :GAL10/CYC1::A7Reductase: : PGK1,
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(SEQ ID No. 3) and OERGGtrp4: GGCAAACCGAGGAACTCTTGG
(SEQ ID No. 4). 10 Sone strains exhibit the expected
PCR profile, i.e. a fragment of 800 base pairs
corresponding to the size égect ed for a TRP1
insertion into ERG5. 15 W tth“he ai m of verifying that

t t
anll%anal e c{fd']{?‘{] qg%ﬁ%&ﬁ-”%kl\ﬁa ed g0 £ gsecﬂj aidiSrain

conposi tions o
stafi ngengtype: MATemat vige aph§AbAd byum%ﬁﬁ%'r essii}fRel -463,

| izl £ A LY Omat Oy aphyydReR car rdash Olbe {8Mpor tad2 alpzss,
2003; 20 Szczebara et al ., 2003). These anal yses

c A8 MG H§S&ce AAReGUIR9G 01 PCEYnt hesi s and t he
agEypH @Am/afyc&bwamipmtm@m conpahd bl e witsb the the

expected di.sruptions o the 25 biq het i at

R e e, | are heiRE f, EpB MR ence
pa]upcmtl aréty select edheand:erairimhl V\G:@ﬂtient%o BXAVRIIE ch,
2: I uct i of 4_and :
R R A e Nt i M
52 nqommanaged higgo1 g érggenm@mw%mn by way of
adeZs @GN0/ CYCL: : a7Reduct ase: : PCK1,

LEU2: : GAL10/ CYCL: : mat ADR: : PG<1), the CAl4 strain (of
genotype: MATa, rho' ", GAL2, ura3-52, trpl-d63, his3-
t@Méséﬂsﬁka1ﬁ£ﬂ§¥ﬁaﬁ&éZandC§éﬂﬁh1n, in their membranes,
ade2: : GAL10/ %Cl A7R duct

i) EVEFO Rt KPR - BERGTLDRRy Phe TAPPLRT abgtoe
@@pgexww;mex HW\TQ?ZVh689)G‘H_TZi imaBageicudpic- tearﬂosta -5-

h| 1 GRCR arel :: A4A18R, are2:: H S3
71- = ’ ;

553: ﬁgﬁ’/ YeiR L7Reduct ase: : PGK1, 5

LEU2: : GAL10/ CYCL: : mat ADR: : PGKl) , and al so the

C aihddel GiH 1S é@@aﬁ@é dar ectessighask i thé hprbaﬁeteace the
ort et al. t echni cal_ cont.ent _of _whi tion
eégezﬁ'Edl H5§"Ehe "8161'1 r Ut | GRRGHNEd SRt g}lﬁs tr% insertio

into its coding sequence of the hygromycin resistance
gene. In addition, these strains express the CcDNA
encoding plaht A7 reductase (European patent
application EP 0727 489 describes in particular the
cloning of the A7 reductase of the plant Arabidopsis
thaliana, which is incorporated into the present
application by way of reference, the GenBank accession

number of this sequence is ATU49398).

The CAl4 strain is derived from the CAl10 strain by
disruption of the ATF2 gene. The product of this gene
results in acetylation of pregnenolone on position 3

(as is described in patent application W099/40203).

The CA23 strain is a strain derived from the CAl0
strain by deletion of the AREl1 and ARE2 genes; the two
proteins Arelp and Are2p are responsible for the
esterification of ergosterol (Sturley, 2000) and
possibly of cholesterol since they are homologous to
the enzyme responsible for the esterification of

cholesterol in mammals (ACAT).
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incorporated into the present application by way of
10 reference. These strains produce and contain, in
their nenbranes, unnatural sterols (as described in
Eur opean patent application EP 0727 489) and in
particul ar ergosta-5- 15 enol® canpesterol ). These
three strains do not express the product of the ERGS

gene, which is nonfunctional due to_insertion into |

| tEXRMRLE g3 sefoastaustione o gilmy Plasmédi fiomcexpressing
getke | M2AAdig | OBedhBea8eSt I# NS HAXRAESSokRgi6DNA(plasmid
encodi n | ant. A7 reductase (European patent
aﬂ%¥$§z§#£&??ﬁ3 0727 489 describes in particular the
cloning of the 7 reductase of the plant Arabi dopsis

thal i ana ichis incorporated.into.the present 2
alr}%r‘? ca"‘ic?%?h%rt}ile.kw 0 cf?eg gncg,laFWéLdGeﬁggnkég%%gééle%n by
nuidoeerindm t lkits skgueRl0eli s TNEUMGE9S) rudhioCAtdnstiisgied in

. e : . /
ROTLIE] NS SHGER e UET MR ofedirase
acargent itde otopteghed oﬁbeorpcg\ééi t psAMgteraand of the

deseydPedei-RiRAt &AL 1APRHEC @‘éicQﬁrV‘%qlﬁs‘ﬁozpﬁivit%&P\@RL,
strain is a strain derived fromt stranb%/S an

e, CA10
defREFHN FORIRIFRE FKPIEE genkdis t hPIF 35
Prel €bns/ A bpevlisli £ e2dhw i€l ¢ egfisnid e d10d tdentains a
esterification of ergosteral. (Sturl ey 00Q)
postt BT of CERBE Bst &0l SiH clec(at%hlelé)yn ard® om%l 03"3%53 too e
t hel bowiyme Lesponsideplkidaire t he osost fandt makliog it easy

chgl e§é19éc‘:)é tl,}g% '?ige@ﬂplstaﬁsﬁ%fgrméd %Qitmé-%ﬁésmid .

Construction for expressing the A24-25
reductase of human origin (plasmd pYES Delta24) 5

Then comstd 1ed | ahofeAn ?:ﬁ&:ﬁﬁa@d o sgaeset ddediiucible.
Waterham et al., 2001. The construction consisted in
pl aci ng the cDNA encoding Delta 24 sterol reductase
UrEAMRIE £onConétohcthenpGhl ther pistsmidapAGl e¢xpressing

A. thaliana expressing A7-reductase

A plasmid was constructed specifically for the
expression of A. thaliana Delta 7-reductase, on a
single-copy vector. The plasmid pAM1l was used for this
construction. This plasmid, the construction of which
is described in PCT application WO 02/061109 (cf.
example 9.b of said application, which is incorporated
into the present application by way of reference), is
an E.coli/S. cerevisiae shuttle plasmid based on an
autonomous replication sequence and a centromere (ARS
CEN). The selection marker is the ADE2 gene. This
plasmid is compatible, and can therefore replicate at
the same time as a plasmid based on a 2 micron origin
of replication. This plasmid in particular has a
unigque NotI site for cloning expression cassettes, as

described in the PCT application above.

This site was used to clone an A. thaliana Delta7-

reductase expression cassette originating from the
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10 tCYCL term nator in the vector pYES2 (Ilnvitrogen

SARL, Cergy Pontoise, France). This plasmd is an
E.coli/S cerevisiae shuttle plasm d and contains a
2micron origin of replicationjand a URA3 gene,

allowng it to replicate in yeast and naking it easy
1240 St feint henyegst , t cansf exprd sWith thissddasnidl.very
In addition, the GAL1 pronmoter i s gal act ose-j nduci.bl e.
P e oBRSt FRARIGS ofhe hSAEJPasﬁﬁrc?lﬁa«mW"a&ﬁ‘P R
ZCHiﬁsrﬁ;twé% amarexzfms,ls: agf Araditte taaa«péspbasmf d(emposta-
constructed specifica or.t expressign o

t T‘?Ié‘#g? RF t B19- PRYUDEL %gg,ro%nqgupgfﬁglee- c‘?gp'y vlegggtsc}r'. The
Theempbramsari DN Affagmasnusel tbe CRLY 25 redmstqardtdigning the

Thj 1S C rugt i WA i nleS tARS CF b PRy
R A et e T GeIRA T PR SRine R A B vins
SPWLTPPt i cation, which is incorporated into the

Preseid  Sppltoai+icdicadyrefcdefeeneelTaccccas) 3¢
E.coli/S. cerevisiae shuttle plasm d based on an 30
autTHOMFUNG ept) cati on sequence and a centromere (ARS

CEMA Thes selBCtATRCICEMEICEACAAGT NI A CATAR) 37

pl gssé%g@swco atible, and can therefore replicate at

t h t1fe Hs" a plasmid based on a 2 micron origin

of replication. This plasmd in particular has a 35
ungaue L1e. for. el Qnj XBLESSHOR hed f
Il B EGPE SRRE B oN el o o
usdte to FAME an stradal i aRreRaAtey- r &Mct adde rapid
EXFHAES] LMh XAsSERite okt BadaioMgtbepAigie as3ledAlibed by

strain. In fact hi s expression cassette is very
AT Vet i e “é%atr}fgl'@:f‘b gt%gg?%n', which is al so

di srupted for ERGS, to produce canpesterol (ergosta-

5- J 0 r t . :
s S B TE L PAED ppa SRR YR, ol wstitBle dfierix
t Heor dempa¥fiedbionsaisgaise theapplimersd QEA Yy eRd OSAT77.
f ollowrag HgA T%g&\é!_?éé.% Sand the enzymatic conditions

( TATATA GATTAATTACCCCAG) 3! (SE% | tD No. ,
p)came from the company Stratagene.” The amplification

conditions were as follows: initial denaturation foxr
5 min at 95°C, then subsequently, thirty cycles were
carried out consisting of a denaturation for 30 s at
95°C, a hybridization for 30 s at 50°C and then an
elongation for 1 min at 72°C. The reaction is

terminated by a final extension for 10 min at 72°C.

The PCR fragment is then digested with the Notl enzyme
and purified on agarose gel and then cloned
conventionally into the unique NotI site of the
plasmid pAMl1l. The plasmid thus obtained was named
PAG1.

It is a single-copy vector for expressing A. thaliana
Delta7-Reductase in yeast, the Delta7-Reductase gene
being placed under the control of the GAL10/CYCl

promoter (Lecain et al., 1996).
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10 CSA 77 5' ( TATATAGCGGCCGCGAGAAGTGACGCAAGCATCA) 3
(SEQ ID No. 6). The anplification is carried out on
the genonmic DNA of the CA1O strain prepared by the
rapid 15 phenol /chloroform ?(t'r action techni que as
descri bed by Adans et al. (A? ans and Hol m 1996).

Fi ik AP 008 2MBe0f r LALLL0eNOM CeNA B & USHE aSedBdFiKied
for anmplification using the priners  OSA72 and OSA77.

2085 90 13 Gl DNER Y oY S askP TR ? PSR/t i ¢ condi ti ons

canme fromthe conpany Stratagene. The anplification

copdi tj ons . were follows: initial denaturatdon for. .

5 ﬂ% nESPgégé?thgiP%u%gﬁﬁ‘éﬁH’?, | rEESRy &PSs ?/\s/é?%hfled
cazterolauin cdnsiyéasty (Precetbma uklati on for 30 s at

25 95C, a hybridization for 30 s at 50C and then an

el ongation for 1 mn at 72C. The reaction is

t ea i Genditbyna fonagxeraehtinontherfuee ntter@lg2C. The
PCR fragnment is then digested with the Notl enzyne 30

and purified on_agarose gel and then cl oned £
cof¥ent Fohhl | Pelheb t A8 uWPEHENOLMWISS: e WHER he00 #1 ©

pl @1k PAMland hei Pt s dvd thess, obr ad ngTh wsculsered

pAGL. 35 It is a single-copy vector for expressing A
thaliana Delta7-Reductase in yeast, the

DeThea 7deddisct age gehen begsuppirmdetl umle500hglconfr ofater

of ‘\Cﬁhégl Y, P e cai i1298)5 150 w1
3205%%& . 5:6:'1%??&?%% %thh%é fér&ggteasg;é es%t%?i fled "
st@f ol squid tie Sheastubg or the anal yses: 1) Conditions
for extracting the free and esterified 5 sterols in

the yeast (procedure 1) a), Conditions for extractjin

t e f r%’étléﬁ“g%?%: Fhe %aelfl?le% |HE | Y Shed' W cei v(h%t h ©f
500, A dbfhl dfbaighaitg zwetl:landigokrbasedgwatedpni wna aglasstex
tube, T cells are n.re en LN f

vva‘{)%lf Egn?‘%ﬁnﬁl ﬁﬁ'o. %‘I%?:n%rgl }ggbeggg?{:co%@%ﬁ&?&%ﬁ tot}'le
15@ixturef bifquicelhst heglalss beads and solvent is

centrifuged for 5 minutes at 1500 g for the purpose of

separating the two phases.

The two organic fractions derived £from the two
successive extractions are combined and dried under a

stream of nitrogen for a few hours.

The sterol extract is suspended in 100 pul of
acetonitrile in order for it to be analyzed by high
performance liquid chromatography (HPLC) (Szczebara et
al., 2003) or in 100 ul of hexane for the gas
chromatography (GC) analyses (Duport et al., 2003).

b) Conditions for extracting the total sterols:
saponification and extraction of the esterified

sterols, qualitative analysis procedure 1:

The cell pellet is resuspended in 500 pl of purified
water. 2 ml of potassium hydroxide KOH at 10% in

methanol are added to this suspension. The mixture is



15 An extraction is carried out twwce with 2 m of

1, 2-di chl oroet hane with vigorous agitation on a vortex
for 10 minutes. After the first extraction, the

m xture of cells, glass beads,and solvent is 20
centrifuged for 5 mnutes at igoo g for the purpose of

Seﬂééé ENgothe ke hasgs. goldte {WO-f5&ani CubhEACtAPAST the

derived fromthe two successi ve extracti ons are
coiBFHbat 4ad, dra@é uRBSE a thes diykasn Have t rbgehrped  to

a émeﬁgr&e@@rﬁ@f@l SH aplixtGrsuspendad raktbd0 Bhree
of ,acetonitril ?é‘ r for it_to be anal zeg
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St8£ggﬁlcq Abiskal ive aﬁ@éﬂsbémﬁiﬁéﬁd%\h% khethea£edd under
'S esuspended In 500 of purified water. 2
n1aoﬁtﬁﬁ?@sgﬁuﬁiﬁyegéﬁrde KOH at 10%in nmethanol are
added to this suspension. The mixture is - 33 heated
for, one hour. at 60C in .closed tube After
EhBAG O bantie S THE  He ¢ EERUERE0AeRarit nbl0rgt of 1003
anhcenbnienpbeahureordas ifiort uite ite coe r ankészelr dgy high
e gt r
HEEEE S hande (11 00 A EnaR R NI, | ko bagh ot
m ﬁlat 18993@ At edneadi®%extlr acaf ori’le>f€r¥ee orkemi cthe gas
phéﬁﬁoh§t&§§8§ﬁ§rq@dk'QﬁQl?s@§“KbH§§rta@Q the, thoes) .
organi ¢ phases are then conmbi ned and t hen dried under
a streamof nitrogen. 10 The sterol residue is
r esys manddd iiohsl OfoAl eaftrhd@imgactionifreel eand estlerified

for,it 9 be £ana zed b gh rf%Eﬂﬁ ui d
ch? 5%& ograp y (kﬁfc; f%?eba?gget Iy%%ﬁﬁ%% analYSis
100prdcefluhexdhe for the gas

xg¥actlon,

The strains are cultured in rich medium (10 g of
bactopeptone per liter and 10 g of yeast extracts per
liter) with 2% of glucose as carbon source in order to
obtain 500 mg of lyophilized cells. These dried cells
are taken up in 3 ml of methanol (100%) containing 1 g
of KOH and a trace of pyrogallol, and the mixture is
then incubated for 45 minutes at 90°C. After returning
to ambient temperature, the sterols are extracted with.
5 ml of hexane. The organic phase is separated into
three samples having the same volume, and is dried
under a stream of air. Two of the samples of the
extracted sterols are taken up in 100 pl of hexane for
the analyses by gas chromatography (GC) and gas
chromatography/mass spectrometry GC/MS, and the third
sample is taken up in 150 pl of methanol for the high
performance liquid chromatography (HPLC) studies.

EXAMPLE 6: Analysis of the free and esterified sterols
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15 chromat ography (GC) anal yses (Duport et al., 2003).
2) Conditions for extracting the free and esterified
sterols in the yeast, for qualitative analysis
(procedure 2) 20 The strains 2 e cultured in rich
medi um (10 g of Dbactopeptone per liter and 10 g of

yeast t r [ i 9% Of \cose as
ca? oﬁﬁéogggéﬁi%§o?aér5?g$m%%%gf%ﬁ%go(%syof
| yophilized cells. These dried cells 25 are taken up

iN13 @asOfcHRIMANG)r{pHIP N cePNivdchi XDl Of1&he KEbhagdtion
a trace of pyrogallol, and the mxture is then

i ndBPSEELORSr 45 nminutes at 90C. After returning to
anbi ent tenperature, the sterols are extracted wth.

5 of, .hexane. ,The .qrgani.c -phase is.s into

th%g égﬁﬁﬁegrhg\?ltl’?& t%&e é)rrle Yo ]ﬁarr%', %n%[’%&%?ig% héflane
under paeptredmactoadingTwe @fradesiusnpl ebchf example 5 1)
extrac rol g arenxt AHP Al; of hganecbor tn
thésaﬁéﬁgsggsby %§§ gﬁ?%ﬁggggra%ﬁ%if%%%-gﬁd gas FoT the
chebAuPdgr aphyLHESs spéBt r oBePREya hohagterelthi @

35.8a8Bherhtibaken ¥p t8 360n4yu0f nethanol for the
hi gh performance |iquid chromatography (HPLC)

studies. EXAWPLE 6: Analysis of the free and
esteonf LedosBepdl ®f- s3nplies tdre ywast lyjeased onto a gas

chronat ogr aph 0 0 . : _
A RN ot omocodfedth o R L it Lone.
tolalfjostiendl wereacinjecpeddeentie HPaxandltieshpr 8BaPelyre

aceidhR9 Y(QoRLRACHNEErdnEel - 38XAMRI 6. 52 1hm 8bxapd2s um) .
b) An injection contrql is added t he sterol

. C } 0.t

m XR8r 23S VRS al S cRSLd¥er oTheyt SBRI1%0 TedhCert aPEbHeSn
of 530 drd 580n0/Me E6DIEMA Tead Abreksaaaplies aoe gdien The
injected ont,o a gas__ _chr ogr.aphy _devi ce .under_t
fo#?éﬁfﬁ@rcdﬁhiﬁ n&t q¥ﬁ$%£3g¥h€e¥81iﬁfécﬁgﬁﬁﬁﬁ%ggﬁs ot
Al thechko$ha80- tiypd 3B & of om0 ( Gobfima mefrertencelt 3dnargases
O'gg HHbLPXaQ'asr%ke of 40°C/min, and then from 230°C to

280°C at a rate of 3°C/min. The column is then

maintained at 290°C. The temperature of the detector

is 310°C.

2) Gas chromatography (GC) with FID (flame ionization
detection) coupled with mass spectrometry (GC/MS)

The total sterol extract suspended in hexane is
prepared according to procedure 2. The GC used is
equipped with a conventional “split/splitless”
injector with a conventional DB5 column that is

30 meters in length and 0.25 mm in diameter.

The injection is carried out at 230°C with helium as
gas vector, at a flow rate of 2 ml/min. The column
goes from 130 to 290°C in 4 stages. The column is

maintained at 130°C before injection and then |
increases to 230°C with a ramp of 40°C/min, then from
230°C to 280°C with a ramp of 3°C/min and then from
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The gas vector is helium The Split ratio is between
50 and 80. The column head pressure is 30 psi. The
injector is set at 280C. The initial tenperature of
the colum is 130C for 0.5 of;@ mnute. It increases
20 to 230C at a rate of 40C mn, and then from230C to

28Pkpet ad abepet 3@6& Na Tf&np“oblme@‘SCIrhﬁlﬂ The column
mai nt ai ned at 290 he teggerature of the detector

isr%?®@823t2?9%ag EﬂFoﬁa‘f‘ PaBRy (GO) with FID (flane

ionization detection) coupled with mass spectronetry

The total stero r us e
[ it pPhsa B8y SullerdiictesTy IR, iTETEqules
30arguipped anally zec drw emeanaabi” sypiriay Sys | epgctrometry
'”iﬁcgﬂf‘qﬁﬁkéﬁfaﬂ“%%ﬁﬁﬂéélsQ@ﬁ G Whkt hgt 1aS dedPice of
meters in and 25 mMmmin diameter. The

i nfeEPP oMaiss cta)me? efremt ParkizoElineh- h@hﬁumoo%sem@ses are

gasrygabRtedat wathl oW r aigyHofend vy mélecﬂi&:rco!m The

goes from 130 to 290C in 4 sta gi olunn IS Sdrupole

mal #F SPNE d THRIEHE SH e Tt e PR e ?Qﬁ?:aakrﬁé tRBn 2@ P

i NnEikases ael Zsﬁé‘nwdblneatemmm ad0G@/an ndethenofr oy mass

230C 280 j Cl n f =
%Qle%grlélg {ﬂ'l\{nc%lhlgicpgggs h% ggs%e% %‘Ift Iﬁh‘ El?én prééucts

retnﬁl rfsr ameOGRt Fagy @fmthlmeéd+ A%Onhéxg}‘a@fisponds to each

ChpoaBt opsaphyg cabimy it el e ramkecykasn. S ®hes mass
t hen anal yzed by neans of spray mass s ectronetr%é/ oM ihe

anSPRRF aRi GPtEidaskr 2Such &L ViSHat THFERE 4RI de
TusdDubAS S 1tsypa:<£mpunelaer kvt izl rr&ribrﬁheegol ail] eﬁragteented

f ted t.h t

VR TRCES 2B ed S i RS, SeeheoRea qokiriials bY
1006ail eandndellhegn déethods om Mohaﬂulwei &iolog ks 53
Sp@%ét‘”ﬂ@%ﬁoh@c? ‘éédtM@% RRS3eS M. & dastlheazﬁ)é ogucks1ly

ragnen atiron o 1 on corres to each ”
madEhe o@aqt@@mqmeanén Mwalyeies gPAp tqmlss nkgem Yeast

pﬁgﬁtrymopﬁgl nedogf)a given retention time on the 15
columm is conpared with libraries of fragnented
In this way, it was possible to demonstrate the effect
of the deletion of the ERG6 gene in the WGIF0l1 strain
and in particular the absence of ergosta-8,24(28)-
dienol and the presence of sterol of the type cholesta
having the double bond in the 24(25)—position.

EXAMPLE 7: Analysis of the free and esterified sterols
in the yeast by high performance liquid chromatography
(HPLC) with UV detection or detection by mass

spectrometry
1) Analysis by UV detection HPLC:

Ten to 30 pl of the sterol extract (suspended in
acetonitrile or methanol and prepared according to
procedure 1 or 2 (cf. example 5)) are injected onto an
X terra RP18 type 4.6 x 100 mm column (Waters, Milford,
MAO01757 USA).



products and also with those described for sterols by
Quail and Kelly. (Methods in Ml ecul ar Biology Vol. 53
Yeast Protocols Edited by Evans; M Quail and S. Kelly
"The Extraction and Anal ysis é Sterols from Yeast"

20 pp. 123-131 (1996)). In this way, it was possible
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to denonstrate the effect of the deletion of the ERGS

gene in the WA FO1 strain, and in particul ar t he
abBesic éepRratdest a8, 2arpdpdonudi ¢l 2asF atiens etmresed

of ot eplepf tHELAVRENS hobegta bavingat hetﬂpﬂnh@rm@ltlc

in the 2 03|t|on MPLE 7: Anal, of .t
fr%%l%d%&?%??f Pad A1ErBF sPUFR AFEL ?rff hﬁbd#efer B) .
peTh®r aahden | 1 §undints bned oge aphyC Mriwuﬂ)e whatdnl fdAs .
detection or detection by mass spectronetry 1)

Anal ysis by UV detection HPLC. 35 Ten to 30 | of the
stBrel| HEXCr atevicsuspeddeis | af ddwt ohWakére 600 E System

m?n?&@@@él " prt A efycsPL di ng 1t rPr ORREILY ©7 1u@m2 The

exanpl e are I nj ected onto an_ X terra RP18
deBesztwe WA c SREFAR SANKET €N\ | §HP4E - a1gy] /et ector

U%veﬁﬁngTh@héem@éleﬁgtﬁscaffmd DUE Ofca YPW@durnt The
rr?posed of wat er ont a| ?1 02% o ngFA na 20%
({710, HACet S PRI DUPRER 4 BRGTGF SERsaining
acestr/m) t bifl ey ffiehf en R)acetBnIluemel)umnd s8 0’ nfaindfer B
at uri t lyg§i g HP dev .
Ry ISP S Ban D PhEIeY EELR R Seecic
I\/I ¢¢mlb|) MaowmemsA)gram@ntU\A@letf@me@n fiw@m c ar reeiution
OUL 0P £n h9dE0 BT LY HARRGE of éﬁdcgﬁgrbﬁgﬂdfier B. After

wavel engt hs” from 206 to, 350 nm

eqtf | MBRat &drSni FAMBOHLE FR Eéntté?%%bu"iﬁ%‘ Pm%?rofls 25%
bud £ elbuﬁféﬁCRt @art reke) famh fFe% of. kmfrfee,r Bndamtgradient
cont ai |ngO f .TFA trlfluoroa cig))

Iljﬁ%alt ghadt £8r fBtEY r 8m"E %0 u?l Ona%5 §8) mifl, the
C ot &l e iy 5eéﬁchésblﬂ}feerval\11aad050%ctﬁ% bof f bnfBerAfR.erThis
1 j .he N £Q n ;buf S 1+35%

o?v %ﬁ?? et}g rﬁ&’ ;g%}f, éc? fer ergﬁlnxtt'%gw F" n%]gc?e%r atgl e%ltean

the column.

2) Analysis by HPLC, detection by mass spectrometry
(HPLC/MS) :

In the case of an analysis by mass spectrometry, the
sample is maintained at 30°C and the column is
maintained at 60°C during the analysis. The HPLC
device used is of the “Alliance HT Waters 2790” type,
coupled to a “Waters MicroMass 2ZQ” mass detector.
Unlike the preceding detection method, the elution
buffer A does not contain any TFA, but the two buffers
A and B contain 0.01% (v/v) of formic acid.

The column was equilibrated with a buffer containing
80% of buffer A’ (water containing 0.01% (v/v) of
formic acid) and 20% of buffer B’ (acetonitrile

containing 0.01% (v/v) of formic acid).
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is then applied in such a way that, at 30 mn, the
gradi ent reaches the value of 100% of buffer B. This
20 value is maintained for 5 mnutes in order to clean
the colum. 2) Analysis by HPLC, detection by nass
spectronmetry (HPLC/MS): 25 Ih the case of an analysis

gx%ﬂ?ﬁznég%%ﬁ ﬁ”%é%}/mn%] hﬁltﬁargplﬁuffembeh%@ﬁqnat 5L of

olum is ai ned at C durin
aneii§se stwehbufibers - d8vildaegge @radismt el thy fyreammy 1s

V\af@f‘rﬁe<2799 mt ¥P80130 ieaURIR@ alit ity \MRIseISE Nhef BMASE’ and
ZC% gms gctor Unli ke the precedi ng detection

me %Bd? #htBon buffer A does not contain any

TFA, but the two buffers A and B contain 0.01% (v/v)

f T I I ' .
THEP St SheThongBm s o] ;ézfﬂ%a.taﬁfnegr i
0.23%0 ¢¥/ bnfdér AOrﬁpc askdpfamhfiey &' b fHerranp of the

(ﬁéﬁﬁﬁél & Eaeha'rnwgfpe@%évég) o5 fTRUJaE 36, @k

e |njtect|on begins wth a buffer containing 50%

of buffexert wanduBfeps. oA Puider &'adifdT iH XSk® for 25

r&msuttés f ghaedhénomoasselfutiudF GO aithi3g xﬁﬂ%ﬁs This
r A ,and 50% aof uff 5 Aft 10 .mi n,
85 11 0RO AR S orfut 1Br TARUERS, of i Piie Ty €O
foregéﬁénétebutfmerccﬂinunﬂhe ranp of the gradient is
then nodified so as to reach 12.5% of buffer A and
87.5% of buffer B after analysis for 25 10 m nutes,
arfBhe heWateas ollipuFassB 2Q” 30agsnudesectprs isaFge for

'Spé@i@wé n@@'ief:@&oé %E}Utl%%n'thtof&?rséannﬁﬁ enefal evalues
the co Fers M cr oMass ZQ mass _det ect or

seff foﬁ“yzlSaﬁSsn H8F¥eaect4 B3 pr ahdi offtfat i dh sc%?fh‘?‘rfg“um"
leccy@ismslomf mbdear eidet weerc28d anfb¥50thdA  scanning.

< %n%%%n;um acqw %l t |1 d:?ac'tslosr?l ect ed“fsgﬁ,,t h%ode is

performed in parallel at all the expected masses by
natural isotopic abundance for the sterols to be
analyzed. The detector is set so as to be able to
resolve completely without interference from molecules
differing by 1 unit of m/z. All the acquisitions are
parametered in such a way that the total acquisition
time corresponding to the scanning and to the total
time for acquisition of all the SIRs remains less than

2 seconds.

EXAMPLE 8: Culturing of the yeast strains for analysis
of their sterol content with or without ’C labeling:

The strains to be analyzed were cultured in a volume
of 50 ml of Kappeli medium (Kappeli et al., 1985)
containing 2% of normal D-glucose or of D-glucose-U-

13c¢ (for the labeling experiments, cf. figure 10).

The optical density of the starting culture is 0.1 at
600 nm. This culture is incubated for 72 hours at a.
temperature of 30°C with shaking at 200 rpm. '



10

15

20

25

30

35

Moreover, a signal extraction in "SIR' node is

perfornmed in parallel at all the expected nmasses by 20
nat ural isotopic abundance for the sterols to be

anal yzed. The detector is set;$0 as to be able to

resol ve conpletely w thout |ﬁ%erference from nol ecul es
differing by 1 unit of mz. Al the acquisitions are
paranmetered in such a way that .the total .gcquisition
25The nEeddPr édsorich 9y FBCPRETSdaR¥i FEnid TFAHET gt the
timedien aecqussbticpnret ald wbeuGkRs rmwai osllegellean is

2 seconds. 8: [turin of the ast . st

f oF8Ral 37 ‘%g gﬁr g& %gro ToRPER Ve %F% Eg&ﬁﬁlques

W phesﬁenﬂéd: Habedxample Fhe(&or aths tsctume&nenq/cz euemnélng

cu I m of Kappeli mnmedium
Kgppe?glbg nyﬂ qgggfeggggtalnlng 2% of nor mal

D-glucose or of D-glucose-U 35 1306 (for the I abeling

EXREHEVER! S £ - tHd gg&adle); oﬁﬂacméw@é gensidducdtfion of
the starting culture is nm This U|t€;ede1ta

sthﬁcu%%PE%S?b?n72°ﬁou?§15? a7 f% erafar e
WIM sbaktpgsat Zaerapfrs 38raf[§ﬁomé&is wieht hehe plasmid

rec?ﬁig‘ﬁg%€¥%§egﬁég Crg A%g fet g%]yg]nat gggugpended

diimct b9 bwylt h@fana’flxystsh:alKatmm qu&@@mre@,@mwim 2%
X@{P E:3sbf o Ehf_bﬁéﬂgaeé E‘Ht%eg,-'é'rbbﬂg i nduction
actose? wever or the studi es of kinetics
|nduct|on of the expression of delta 7-reductase
anﬂhp_& delittairel 0124- { gesi 88€ (%t r ai NSeripansforeredf 30°C
MAth t he glasnid ngg Delta24 and/ or pAGl), the pellet
kieg afn?

W3R uEh Mof fresh Kappeli medi um
contalnlng 2% gal actose (not |abeled with 13C
cal.bon I | er t
R R i e o

re@ob@uea,aﬁth©UQSh@nd 24 h@@:g 0f4¢%b€¥§e 8 hours and
24 hours of culture. 20

These culture samples are centrifuged at 800 g for
10 minutes, and the cell pellet is frozen and stored
at -20°C before sterol extraction by the methods

described in example 5.

EXAMPLE 9: Identification of the sterols present in

the strains analyzed:

The identification of the sterols is based on the

combination of the following principles:

- Comparison of the behavior by GC, HPLC, GC/MS and
HPLC/MS with authentic standards in the case of
campesterol (ergosta-5-enol), of ergosterol (ergosta-
5,7,22-trienol), of cholesterol (cholesta-5-enol), of
desmosterol (cholesta-5,24—dienol), of cholesta-5,22-
dienol and of zymosterol (cholesta-8,24-dienol).

- Analysis of the absorption spectrum by HPLC and
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m nutes, and the cell pellet is frozen and stored at
-20C before sterol extraction by the methods

described in exanple 5. 25 EX@ LE 9: ldentification
of the sterols present in the”strains anal yzed: The

Idﬁg&a£|89£5 nUQfd&PQFﬁaghoggflseggﬁ Qeoe tlF?gﬁparlson

rnatron of th OW n
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(ergosta 5-enol ), of ergosterol Séﬁ%fSta 35
X

OP0LFF erdl )CLastS P esher G° tesk gieng, Fystep, 2)
deamgkerszslz { chekeshae5,c¥- di emoﬂdleﬁfe cbybestna a)zzelass

di | and of zynosterol 8 24-di eno
aRSL; Brgtndd TRRL A Vs R BrEEghl Hgqctass
di 8a¢: apraseddeded £chinor8 (304‘ dnsemrp’apsﬁem)) 5)TmJ@SS SA5:

”E£P89eH8%e%f't pQ§S§?k§8 iQﬁQt'g teHPa?§f§H£H§|§A3 and

on~a spectral bas ive c asses ste
cl 888 SANNOKo COSHiGFathar dFtarc Bk nTea50ms | Ghasspg: SA2

pr888N8R40Ladndt’ C‘Eé{i%tsyf%lenﬂ)l& tRSSic Sféasons, class
presence of a 22,24 ég ne Sﬁﬁten] 4) cl.ass
erfet

pr 8A2n&8YofbenCaimpa! sPk C‘B‘)‘ré?'aé’?%/% ofClasses
presencesnB,a 23524(s28) -48 enso sysdem  &dssese SASoapdsite
SA5 cagnot coexist for structural reasons. C asses SA2
10°BRd-5A4 cannot coexist for bi osynt heti c reasons,

class SA2 may be conbined with structural units of

cl a3§ﬁ§1%§ %A%hesé%t%%ﬁ%nt Q:lfr(gén &}Edié 3% in HPLC on

conposit spectra. 15 - Analysis e retention
ti#es i Pasdsandofn HPLCQPPr?JHJe‘“%‘é%lsaGfiléﬁVICY of the

appeOXh RS L aﬂﬂhél\gﬂﬂft@‘ beochateat i wichi readthi type of
SREBLES LN SEh Upe Sl Unsalinal o and il o
ty@fgoétmcertmhbhasﬂaﬂtypeisSmnteZ@habsmnnugrﬁdnixs not
usglgsgf’ué‘g, aiiq 1% 'QSQ&' scaéﬂoglénQO identification and
in order to 1lift ambiguities, but presents a risk of
error if it is used alone. It is therefore only used

in combination with the other criteria.

- GC/MS analysis (cf. example 6-2)), which provides
the molecular mass and a fragmentation profile which

can be compared to spectral libraries.

- HPLC/electrospray-MS analysis (cf. example 7-2)),
which provides, in the case of 3-hydroxysterocls, a
main signal at the molecular mass -17 (protonation

(+1) and loss of a water molecule (-18)).

- Analysis with all the above systems of the sterol
composition of various reference yeast strains

disrupted at various points of the biosynthesis.

- Analysis of variations in the sterol composition

during complementation with ~various Dbiosynthetic
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in order to lift anbiguities, but presents a risk of
error if it is used alone. It is therefore only used
in conmbination with the other criteria. 25 - GO M
anal ysis (cf. exanple 6-2)), ich provides the

nol ecul ar mass and a fragnentation profile which can

be.goppag ed %.%B?CEE@ %iﬁg@ﬁé@sof this com lemen%%tlon

HPL ecfros ray- anal ysi s . example 7-2)),
V\hﬁi‘é’ﬁlliégo'%h@esnd’ilﬁt%%’é eﬁs%hbﬁ 801‘198?'6?95%%6’[15 a
mai n signal at the nol ecular mass -17 (protonation

+1) _angd | t | | - lvsis .
&AfLAﬁ?fY§£%SQ o ma o %$£5521§P8§ %g §gm¥%gsb§rlous

Co8PpeBoLl & oWi oh uheloasbmﬂiexeﬂsetgpast strains

di srupted at various points of the biosynthesis.

Anal ysis of variations in the sterol conposition
delhgabmﬁp$enéntQE|@N wbeletran o thessrerel $ csgparated

oL@ @ndyof 4 heyskiahet ies et sH S tGQRR! erRat atygn s, 7-
durln e i nduction of this conplenentation. -

An%@ryzzv%a%@dtréotﬁqﬂom Rondsr exbElity 6f FHRiGali oBRecCETUm
StR{ehs ﬁMd h alae rprilken- 3ak§0tB@€weenArwéS/SIa$1d3f 28be nm,

W s f t tero S _Separ.at by HPLC at_.a.
G vebEe LT, Pig' 28 2R pe e R e Sofinic an
boanldsos;xthidmtpeakypltcaBSsmct rtha 1f)1mlh 8 Wb4 -conjugated,

AD30B1 L oBoReAkaRDBL VAR 20% AR RPGu My o feak at

4-conj ugat bonds “exhi bi't
absd? pahon peak at 235 nm The final, 8,14-conjugated,
doubl e bond can be identified by an absorption peak at
245 nm 15 EXANMPLE 10:. ldentification of the stero
o B 100 ol e AT SR S BMGACSFPLPn FRSPeRt in
cutherBMaén scwadmpe of 50 ml of 20 Kappeli nedi um
containing 2% of D-glucose for quantitative and
conparative analysis of the sterols. The optica
defise t PMBE4t sk rstiaw tisigcelttued iin O3 1valum@0@Inh0 ml of

Thi$o6aH 1 Ur @ dd dnCUBBhed 1hohg’2 Ur @At B-glucose for

quantitative and comparative analysis of the sterols.

The optical density of the starting culture is 0.1 at
600 nm. This culture is incubated for 72 hours at a

temperature of 30°C with shaking at 200 rpm.

The cells are then recovered by centrifugation of the
medium at 600 g for 10 minutes, and the cell pellet is
analyzed by the techniques presented in example 5. The
various analyses described made it possible to

identify the sterols produced by this strain.

It was thus determined that this strain accumulates
more than 80% of its free sterols in the form of
ergosterol (ergosta-5,7,;22-trienol) (cf. figure 8).
Two other minor detectable sterols are produced by
this strain; they are ergosta-5,7-dienol (substrate
for the product of the ERG5 gene) (12%) and zymosterol
(ergosta-8,24-dienol) (5%). No trace of cholesterol is



10

15

20

25

30

35

25 tenperature of 30C with shaking at 200 rpm The
cells are then recovered by centrifugation of the
medi um at 600 g for 10 m nutes, and the cell pellet is
anal yzed by the techniques pdffented in exanple 5. The
30 various anal yses descri be de it possible to

It g‘ﬁ%& déé’akgfg S(g(ﬁreOI fer{]Pd%‘fedd@@/eé@iénsUfa' the | he%%d is

term ne is straln accunul at es
t IREPEIGTPALEIS f Peb¥st &fol soPRerKablier mscﬂer%@ Small

eraRSIY 9! of e1 808 BeBoT, d2et AileBOldetedtatliegUichl8) .in the
Two of her m por detectable sterols are produced by

t R LYFes rPT tHREALI BT Yb¥t a- 5, 7-di enol  (substrate
for the product of the ERGS gene) (12% and zynostero

( 5 4- dj Jed D10 trace e s ;
R 12 B lan (e T, BLeflR PRkt in
neth WGEFOhpptoadmat el y 0. 5% of observabl e sterol s).
Smal | ampunts of | anosterol are also detectable (only

in the analyses of total sterols). 5 EXAWPLE 11:
| dere | PEERPLorPotaihe §fer(ﬂ"'sa“§?]@seH was tFeliered in a

St\Fc’;llLEhieo Tlaﬂfl V&HQ% SeSil aKapF%f_Ll ax?apuﬁ mKammul léur%ﬂ
a vol upe, o el i el i
L1955 )] GaERt 85180 7R O R o ? (I° (Rt et ive
mﬁmﬂlédmpa&atfwmiam&&yufmlmﬁ GmaJ$G¢BOb$ the sterols.
The optical density of the starting culture is 0.1 at

15 600 nm This culture is incubated for 72 hours at a

t sfper aput eabf d8oSitivt IPisHANE ngtaxt oD FBAtuUTRe18el gt at
argn d hah. r%‘i\é,er&ﬁ@)/r&e@*s“{ﬂ’&%ét%u offotrher2 sl ak  a

600 g for 10 n1nutes and the cell pellet is 20
arANRAR B HRE 13X Hni G Phatsm &at i00x&Rpi e 5. The

various analyses descri bed made it possible to

nt f h t d d t hi
s he Lot A S P SO 30 P Gour b ey 18R of che
trm&ﬂmmm(angeeoegof¢r010founetgsstan@,thﬁgﬂﬁﬂl!pﬁllet is
neagf?gi)yfeélﬁyc’stflgageghﬁ%;ﬁfest heevahte ORtAI el 5. The

various analyses described wmade it possible to
identify the sterols produced by this strain.

The search, in the chromatogram, for ergosta-5,7,22-
trienol (ergosterol) or for ergosta-5,7-dienol 1is
negative (less than 0.5% of the value obtained in
BMA64) in HPLC coupled to mass spectrometry. In terms
of the free sterols, the strain accumulates 50% of the
total zymosterol (cholesta-8,24-dienol), substrate for
the product of the ERG6 gene, and 30 and 20%,
respectively,. of cholesta-5,7,24-trienol and of
cholesta-5,7,22,24-tetraenol probably resulting from a
mechanism of synthesis identical to that which results
in ergosta-5,7-dienol and in ergosta-5,7,22-trienocl in
the parental strain (cf. figures 3 and 8). This
clearly shows that the biosynthetic pathway is blocked
at the 1level of ergé since the ERG6p enzyme
(S-adenosylmethionine delta24 sterol C-methyl-

transferase) converts the cholesta-8,24(25)-dienol to
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respectively, of chol esta-5] 7#24%tri enol and of

chol esta-5,7 et r aenol obably A from

rre%ﬁ%%?%?n %f2§%%%?’] é?gn? entl cgﬁpt 0 thz:\f?l | c%gr esul t? is
nammslata@?cdneewdly amdiicatrgothat 5 the2 WGFF®hostrain

in t p _)eg% str fonahl FaRg e8)erJhi

cl %‘g? g%Itw:o%gs S e%lt‘#lgg:gnt a‘(:ett ?(Jf:g at ﬁvvay |es et'JrJ éene

at Tl@ﬁerﬁévétsoﬁlépgefﬁlﬁ@éiet HaRABY eReyRRL blOSYnthetlc

( SRdenLs Y 183t NieQRiRR HRJ1t a2A SyE46E, Caﬂ‘ﬁi h&i'n particular
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aC@éIITtlda at 2prdesgahtyse nd| cat eeaphhlet hef Wa:&Ae st iagn the

f | of
Th(é j; $gsz §§elan&u Ié_"(‘?’lrp:?ﬁc"at Qﬁe norgrrlgle %%12‘{/ o {Which

5 pamhiay é@msedgnsbbeol in yeast, and in partlcular
sterol 8,7-isonerase, sterol 5-desaturase and stero
delta 22-desaturase, is capabl e of convertlng

CHBXRMPLE (1 SARSHERGLiON ¢ (Pfn the | YBEYOfhi E'Frram and

I ef@enei £088t 6% abF ethd Os E&AVPE Ept@sefBNshr tRis 08t Pdin:
the WA FO2 strain and identification of the sterols

present in this strain: The WA F02 strain was
obriaé next IR0 2t r anshonnutdon obtaibethebGtE@hsfiormiagtion of

o e e it el
The2 4+ vedeciese s@tmwfe}h Fassgitvm  |(R¥RSngedEaetl cf.

angxérhﬁle?r?ﬁenc'?hémdcféﬂé§33¢vé’f‘e of s&Nect £84- brAUST aB€dium
cDNA i's verified by analyzing the 20 ?iterols of. t hes

t r B HRFRHEIChY o g IB’F%%%’E!%?ea EPreseHp St the
5-434 - réd@é@al@e cakbsdl WId02vepstseliecgd simdeyzindadthe

a sEc’éreg S 8£0Ehleget I%?artan or‘%inlafnft(i".sr %‘S‘} rI\eraPnrg t(l)ﬁ@ gﬂgg&ure 1

(cf. example 5-1)).

A clone called WGIF02 was selected since it had a
sterol profile that was different from the WGIFO01
strain; furthermore, the additional sterol had a
retention time similar to that of cholesterol (cf.
figure 7). The WGIF02 strain is cultured in a volume
of 50 ml of Kappeli medium (Kappeli et al., 1985)
containing 2% of D-glucose, for the quantitative and

comparative analysis of the sterols.

The optical density of the starting culture is 0.1 at
600 nm. This culture is incubated for 72 hours at a
temperature of 30°C with shaking at 200 rpm.

The cells are then recovered by centrifugation of the
medium at 600 g for 10 minutes, and the cell pellet is
analyzed by the techniques presented in example 5. The
various analyses described made it ©possible to
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25 strain; furthernore, the additional sterol had a
retention tine simlar to that of cholesterol (cf.
figure 7). The WA FO2 strain is cultured in a vol une
of 50 m of Kappeli medium (K ngl i et al., 1985)
contai ning 2% of D-glucose, for the quantitative and

30188HP§E?t tﬁ@ éEék%%spQEd{xE@dSB?r eh§s sheaonti cal

density o e starting culture 15 0.1 at 600 nm
This culture is incubated for 72 hours at a

teilmlaér%w %@r&OCe%Mcﬁlgﬁkbﬂglagfm rgia ‘f%mr:@g strain
ce e then r . centrifugation of the
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st boofisextamcicholeisitaes ,f70r2 2 iwpciol (iguras ahd Por and

theyWa FQ2 styaighnee M @i £XCefhp 51%dt hfnd§cates the
appearance of a new peak identified, virtue of

it
nmes3Pertedr prefernss Ofmd atfth 33 sS"c%’Fﬁ]chﬁ?@HcB%ﬁﬁl acthty
bosfls, tReé ChOlSE: a-Borid 22n£rn:e:reoljI 2@f(g@;r-@@sat13>rﬁndf the

ence_of t oppound. I ndi cat es

exﬁ’é@?@ﬁgﬁr sgng%'%f*(gggﬂ,ﬁ §?8?$I redtct g§£§:&IVIty
10amnuhhe olb ubdteo estch - 5, T ft 2 2)eosid | decakaskd with
ch st 4( 25).+t et I ddht e i
CrhE: Gl bl RSO al 8, S00LL Lot e e
th@Gaﬁpaarsé:rr@enof(ﬁmml éseads &) 22Thei aefIividen rféf the

WG ROdmst Hal rae(rﬁdrwxea%gd apg 8he Bunasididr Yoof chBBesta-

15 _enzyne i s deponstrated by the onvers on
o1 BebAs s one . AR SAE T sBbe! HqTEe1 strain

WG ROL 611'111&“ n2®vndnonWgIfa%y i nc el IH)QEfetﬂtmahffar encels8%,

18% tigel th
chBrLERa B T50%: HibnbRe” et SR RhehrRas 7 FAr ErigmoL
anlUnGD&PECWGdFD@sudstraﬂmnéﬁﬁaﬂ as tae pmEkREcted result

CogMg fé?n Qg g{\?%]e%ﬁbdtﬁzg = b%om%r%qlotna of  cholesta-

uct ase i ol’est a which is absent in
V@p@g,zélan@m hehef pgelta 24-reductase is cholesta-5,7,

which is absent in WGIF02, and therefore
quantitatively converted to <cholesta-5,7,22. This
demonstrates another unexpected result, i.e. that
cholesta-5,7 is a substrate for sterol 22-desaturase,
whereas cholesta-5,7,24 is, according to the sterol
profile for the WGIFO0l1l strain, a poor substrate.

EXAMPLE 13: Construction of the WGIF03 strain and

identification of the sterols present in this strain:

The WGIF03 strain was obtained by transformation of
the WGIF0l1 strain with the plasmid pAGl. This shuttle
plasmid between E.coli and S.cerevisiae carries an
expression cassette for A7-reductase, the
corresponding cDNA of which is under the control of
the GAL10/CYC1 promoter. The WGIF01 strain was
transformed by the lithium chloride technique and the

transformants were selected on medium containing no
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quantitatively converted to cholesta-5,7,22. This
denonstrates anot her unexpected result, i.e. that 25
cholesta-5,7 is a substrate for sterol 22-desaturase,
whereas cholesta-5,7,24 is, ggordl ng to the sterol
profile for the V‘GIFOl strain; a poor substrate.
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the GAL10/CYCL promoter. The WA FO1 strain was
transformed by the lithiumchloride technique and the
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cl gRg1$at ksbyi agetggéeogél teria was nore particularly
5 selected and call ed WA FO3. The WG FO3 strain was

cultured in a volune of 50 m of Kappeli nedium
(Kaneebptebaaldenaﬂﬁﬁ antlae nEngr2¥ngf cultgirecase, 0.1 at

he quap t.tati ead 0 y f
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cutewperasupe 104t 30 Soown'nh Ehablngl abr éoﬂsrpmubat ed
for 72 hours at a tenperature of 30C with shaking at

200 rpm _15 The cells are then recovered fy
ceRRei F846I GFofthere reeavertat PBOCRH ol vERtHiglut s, the

amdeabemgetl epel betfolrS 1o_a}hl?@mm b}'aridWet:H@Cd‘kEll]quﬁéllet is
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The expression of the delta7-sterol reductase in the
WGIF0l1 strain (to give the WGIF03 strain), unlike the
expression of the delta24-sterol reductase, results in
a profound change in the sterol profile of the strain,
with a virtually complete disappearance of cholesta-
5,7,22,24-tetraenol, cholesta-7,24-dienol and
cholesta-8,24-dienol.

This activity is also marked by the appearance of a
major peak identified as described previously as
cholesta-5,24-dienol or desmosterol. The amounts of
cholesta-8,24-dienol change from 12 to 48%. The
detected cholesta-5,7,24-trienol changes from 30 to 3%
and the detected cholesta-5,7,22,24-tetraenol changes
from 23 to 4%, respectively, for the WGIF01l and WGIFO03
strains. These observations indicate, unexpectedly,
that the sterol delta 7-reductase reduces the

cholesta-5,7-dienol in a manner that is virtually
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expression of the delta24-sterol reductase, results in
25 a profound change in the sterol profile of the
strain, wth a virtually conpl ete di sappearance of
chol est a- 5,7,22,24-tetraenol,_chol esta-7, 24-di eno

and cholesta 8, 24- di enol . 30 %hIS act|V|ty is also

13 gég@ BiRPeak a'?faetuqfe f r%é)ruﬁgéll;‘ufggf&hé' €drried

reviousl chol est a- 5, 24-di enol or ’
debm)s‘tléf?oISl ecm@ntgfofth%hﬁ%%%l% o Fhjiengesult  is

Ch@?ﬂ@siﬁem 13 tepdB% o-B!B%rv‘&I eG§ith the sterol delta
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chbl 2sfaedo¥- dlanwbvew,a n&nnapna&ns|5¢®|rb@alr?1aglvely
'ngﬁEEEQE t 1HH35 &?nglﬂﬂéat%ﬁgﬂ ONSi £ bl 88ule

e si ain s. This result is
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244 h @dHCt A58 1 N RALRM Y an8XPRESSiigitfadde wsiderol these
delta reductaigpalso results in the accu '

atlon
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5, dhdlenoh- sbbmeyeptrhenabpeaﬁs ualaisuﬂqﬁiyntgrest The

U LEELY. SRLERGUYN 9L IRASSIY Gy ddl (Y Slp! gt en o

I eneo etlca eve
whstarehoul2® dirsadamasend oot |qm1@@§@1ﬁwc?ér-dlr?€§e1: the

copgds bi-onstedNE aRRRRAT aRGe Ofe @ WidEd3 Rl nOf (resultlng

chol esta-5, 22, 24-trienol (8% is also of |nterest

| af¥em sttélfeo| 'Fedyfel f pebfed PrIRREE 0F % atc‘HedfP]of by
stgt@kOZZd&s:@t uy asedadt &86) estmhed, arﬂaﬁlemz:lc,untd’imthﬁm of

L 0% t he. WG _FQ3 st
LRI RHERCH 40030 LRs ) VBRI LALESALORY e
steholedehtf, 74 r@ilendhse) s. ﬁbe smMIQQﬂdnnmmb@txﬁm@f for

ChQ% {; %%enom | ng rudnexgect gy, Z%Qé‘ﬁlts

cho I'S not goo substrate for
st@bbﬁlQQddéﬁatbﬁa§7§IFB§2 witmad® ofcf-hexamapie s12) , it can

be deduced that the presence of an unsaturation in the
24-position (cholesta-5,24-dienol or cholesta-5,7,24-
trienol) makes it difficult for the sterol
22-desaturase to metabolize the sterols. The action of
the ERG6D enzyme in coniverting the cholestas
unsaturated in the 24-position to ergosta therefore
results in the conversion of poor substrates for the

ERG5 gene (22-desaturase) to good substrates.

EXAMPLE 14: Construction of the WGIF04 strain and

identification of the sterols present in this strain:

The WGIF04 strain was obtained by transformation of
the WGIF02 strain with the plasmid pAGl by the lithium
chloride technique, and the transformants were
selected on medium containing neither adenine nor
uracil. The correct transformants were then confirmed
on the basis of the detection of cholesterol
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obtained in the WA FO2 strain (cf. exenple 12), it can
be deduced that the presence of an unsaturation in the
24-position (chol esta-5, 24-di enol or chol esta-5, 7, 24-
trienol) makes it difficult for the sterol 25
22-desaturase to netabolize th® Sterols. The action of
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train mas W th | ection

Natl ®palke debt@ingdesbye M%%%?ga%ﬁl%w@e( cN@PWOé‘ strain

[ N £t @NBYESODbL EELL DNaRE AbSIPOhGathe MsAket Y&BE¢tion.
Institut Pasteur, 25, rue du Docteur Roux, 75724 Paris

Cedex 15, France, on April 22, 2004 under the
r ephst WaIFoa surhén wa32@ltifedt ria s wdiaimeaaref 50 ml of

| PEASHTON IR LADELERN o, of! Se ol tedne
ap@h@mhgtahevcs aamd s@@@p@r@ﬁlvefh@nmgm afrahe fBgrols.

cultured in a volune of 50 mM of 15 Kappeli nedi um
containing 2% of D-glucose, for the, quantitative and

cohpar aPF¥E2ansepsiis Yook h%h%tél:argmgm wlghgecds 0-1 at
dem@tﬂmof Thie séalthrg qdl tiHeubscdd 1far BOOhours at a

ThIS culture is_i a?ated f 72_hours a 2

20 | et S50t L SRt ad 3602 o
The cells are then recovered by centrifugation of the
medium at 600 g for 10 minutes, and the cell pellet is
analyzed by the techniques presented in example 5. The

various analyses described made it possible to

identify the sterols produced by this strain.

Cholesterol represents 25% of the free sterols of the
WGIF04 strain (cf. figure 9). The formation of
cholesterol in this strain is independently
demonstrated in GC and in HPLC, by éomigration with an
authentic standard and by confirmation both in GC/MS
and in HPLC/MS. Cholesterol is undetectable (< 0.5% of
total sterols) in all the strains that do not
simultaneously express the delta 7-reductase and the

delta 24—reductase.

The strains that do not have a disruption in the ergé

gene can produce cholesterol; however this represents
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The cells are then recovered by centrifugation of the
medi um at 600 g for 10 mnutes, and the cell pellet is
anal yzed by the techni ques presented in exanple 5. The
25 various anal yses descriQegﬁwade it possible to
identify the sterols produced by this strain.

f f uf 3, was
%Oﬁgzt eLol %@pgﬁefse‘;mﬁ%urzgfg f&%% é@&réi@ro‘rﬁ gt tihe

raln( formation of "3
cmﬂses:;tbalreol EA t Menshirugth |§h?nde§5@‘ﬁf’e“r&¥5§/s Delta24-pAGl

desistd at eshd 4 (& andeddim HPLEMA 4 cmwﬁsma h aiuth
aut henti ¢ standard and by confirnati on bot

aRY B Rt @dks.  chbfest Lis uhdtfect EEFS‘I& 0.%9%3 o’fces
tQi}ﬂiléétﬁhﬂiE) theallattther strepirasenhahgdo ndew3s of the

ously express the delta 7-reductase and the
debfrr%'a\‘;“];1 q:reerdil%ﬁ ‘ase. The strains that do not have a
d| sruptl on |n the erg6 gene can produce chol esterol;

Y er e 47 Ar?sc‘&fr{;@ci' Bl thee t Pésmld
free stceirf(;q Pnc‘ P’sg‘s\/\astr possi b tQ constructoéhe

BI\W@S_@FE-SZEE%‘} 1 aZ'lPlEACﬂtr%PP aiol s5bt BFH@HCFPorﬁ’W ferol,
Catgans{t e G- tdb e ViER; Rel tar 4k ol Sl oAl Sstsd el 4.

produces 5 chol'esterol, the latter representing a few
% of the total sterols The CA10 strain was
t rensfwerisTegosktiblehet ol amchstréEe Deimoa2ovethi sthat the

t ] d t t
A S BB BT, bl e ion o
poswe biielta denedsctace, andr doldr Adratedurt age RERTFELS
Of &f]OI @.SLEJEEQE o eghby £Lequirhes dieiiohd Oﬁoﬁft:alhﬁﬁg these

ta 7-réductase and delta 24-reductase prom)tﬁ £
( (ﬂen¢$ g@Pesnat aRF ajucerhghed pgrREOLont i 1 ﬁggce ©
genesudlor siol @ﬁgdgee ghohasteteb Itrhatthethé‘)sata&émﬂn level

SHCLESR S LATS13 (AR SAPS HEL LIS IR VD euEl i of
i mimmmnj n far al palraliltell t heitbr mathen ofop@ation  of
%segesll%éc;ho{e c%fes":\:a?r?lgn ihe forgmti ofbﬁﬁat%on of

Is also o served Anal ysi s
cholesta 5,22-dienol is also observed. Analysis of

figure 4 and of figure 5 indicates that the formation
of the latter compound occurs more rapidly after
induction than the formation of cholesterol, and even
begins before induction (cf. figure B5A: m/z = 367).
However, this compound is completely absent if the
strain does not carry the two plasmids pAGl and
DPYES Delta24. The formation of 22-dehydrocholesterol
is therefore a more rapid process than that of
cholesterol formation, but this process involves a
precursor which disappears rapidly after induction,
leaving room for the formation of cholesterol. The
cholesterol can be formed from cholesta-5,24 via the
A24-reductase or from cholesta-5,7 via the A7-
reductase. Now, it has been shown that cholesta-5,7-
dienol cannot accumulate due to the fact that it is
immediately converted to cholesta-5,7,22-trienol. The
source of cholesterol is therefore cholesta-5,24-
dienol, which is absent at the time of the induction
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figure 4 and of figure 5 indicates that the formation
of the latter conpound occurs nore rapidly after

i nduction than the formation of cholesterol, and even
25 begins before induction (cf. figure 5A° mz = 367).
However, this conpound is corfp? et ely absent if the
strain doesEHo carr t he t p as

VR D ERmH A EE A naFPBRtof’ £ RnPaPaENS st BIBFE LR,
| sbéferef Odecaemmgraqai d amcmmeiss 2t4ha:n t(faguok 38) . This

Ch@kﬁ?&fﬁ&' tfh%r p%g rixlﬂéé ?Eﬁes‘&‘é of sthce the

pr ecur sor mhlch rapr d
| eRYiay rsnmﬁlfecﬂlst h@ff cﬁhmhsfrﬁrﬁ wm@ o|lS m@qulred

Ch@&ﬁ§é§é&iyca‘&h@e vy "EQsH]QI'éC %@%&%0582456&* aclﬁBPesta-
Li 24-r éjuctase or fromcholesta-5,7 via the
a

r edluR? 29EENRbw2ahe FRRLBBEA- Shbwee T HalCRAb é@@a %hqlesta-

di Rrw;la E@nﬂ:ﬁieﬂél}uﬁmhét gaddert ast dpdeart dthathe tbé§inning
convee_rted tg)cho esta-5,7,22-trienol .

Th
SO oLRBReL iR OLBLRERel D o haretEAs s T Sig $iCsent
d|@m©l thbnchragldbgendeaweabest|mm(ﬂpaﬁ&iﬂekhuwithl -the

té‘]@f’lfﬁgﬁj%at 8% Al OUBdrfiy E?oﬁ hg: 'ﬁﬁ ersta 5,22-

|nduct| decreasi ng_at
5)diqpek. érepmmmsbq h@omcal\ed%%p'éheaﬁééomf télﬁél etsh%r%wurce

S|<51§ec58§esﬁéb:8!l SYNHIRS| Se@hicElOh eskathe2d diLleddl by
uired gggnversely, t he two possi bl e, precursors

fo’f %hélzésF §t3seq; MhnTreace I 9?5""51 ny%: rFRbpsta-
arnsl, zhefitehalr beld)lR4- tfmoenaihe Thedlhatien bf algent, aj22-

thecbegbni ng, ofpLnduglona(Ligie Hmedihepsasatben  of
sen

f OF BT 18 pr hen ra decreasés
paghdlestatd 22 hdidmobt Hyi Imtzams or@fof thae &@ml of of22-

Crﬁééﬁ%ﬁ%éégzondbﬁ??ésté%oﬂHXSbﬁoEOQﬁhﬁg%@eﬁ 'BgHCH@ the

that the source cholesterol is the reductfion of
tf@*‘@‘?@%ﬁ eIt bYPPEHES d ZL- reguc a@énoﬁhé?l&f‘sestsheon the

f asaed s oafoftw%@éférer&ﬂgx dhesahul 88bhS Jfr athdTesterol

duct f the 57,22 15 t | t h
O AT IR o 1oL TIRh Bt 0. ey Eime

bypareans(2f hhecfictherkiietair?s (feispiresase amd 5) .
chol esterol is not conpletely out of the
EXAMPLE 15: Optimization of the biosynthetic pathway

for cholesterol, role of A22-desaturase:

For induction times of the order of 24 h for the
WGIF04 strain, the accumulation of cholesta-5,22-
dienol represents approximately 50% of that of
cholesterol in terms of free sterols (figure 4).
Disruption of the A22-desaturase gene is an option for
optimizing cholesterol production. The construction of
a strain that is doubly disrupted in terms of A22-
desaturase (erg5 gene) and of the ergé gene and that
expresses A7-reductase and A24-reductase is entirely
conceivable. A strain carrying the subset: disruption
of 0A22-desaturase, expression of A7-reductase and
expression of A24-reductase was produced.

This strain was obtained by transformation of the CAl0
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qguestion, but appears to be a mnor process on the
basis of the preferential accunmul ati on of chol esterol
20 conpared to chol esta-5,22-dienol at the long tine
point (24 h) of the kinetics flgures 4 and 5).
EXAMPLE 15: Optim zation of "t g bi osynt heti c pat hway

fo e I rol Far. .

e EReh eI ARl SR g oo
stehlaridae t‘e@@umxmu @mdof byhoﬁs@bmatsoxzz-foah epubtotrophy
r e‘p{@ﬁeegg?éeer % NRIRIM SOROTsiNain Obpe LNV £Sh&EObal1ed

in_ter ree sterols (figure 4). 30 Disruption of

th%A]r@gB%‘ésaturase gene is an opti on for opti m zi ng
chol esterol production. The construction of a strain

bl y di t ed t A22- desat
(oFis g6hE At Rt heSEPERSHERE. akk4 hattepr ebadgctase
t7prce<dtum:¢ase aedat2felgduntadde dmowetd iofel ghSbesterol (cf.
COPEELYED! & RSB LULKNG IE, ShbERLy dLSEUPLBNeno1

desat rase, eXpresson ase
e%ﬁ%és§noﬂnﬁentﬁIQQmc@@QEHMa9fmﬁxnﬂﬁﬁﬁ 5Hﬂ1ﬁ¥ﬂnQ%r1The

waéc@mﬁw@ﬂolby &f ansf{ordmid on ﬁdﬁ}%ﬂl@ v8%y low
strain with the plasmd pYES Del ta24 by the VEthi um

cHPYF B BESRATquel ieher Ayl R B2 oA LFEHPEL B 0O pHIE erg6

Wddne espectesgentt 8811 . £dhe §1hl‘>§té]n’_@béﬁl ngecwasl £8idd of
r esslin

124..5 The st rain L sterol, .
e Ve D Rtceshs” (AR AT | SERIRR - arthf SpiviEy of
chhestz bt rédictase gutlesréfane, 7)sarpr bsingly at esompetes
TS o SEH05! 1 8 POk ANERAR L GHIPUAL AT R erge
er gost a- 5 di eno hé accurmul at
cHERRt ol 5, Mol éh@reifgr@eb@ lconalmdes diram sthefie, results

I ncigat £he bﬁ&hl@b&%@&%‘@&é¥h§ﬂ¥bﬁ”&§ tHEN@rgS and ergé6
essential faor substant o% g&gunulatlon of der.i vat. ves
h

(ﬁgﬁqﬁ§cﬁﬁléﬂﬁ?§ﬂ§4E5 ctRY RSP S oLt pptimizing the
Ldrodiditct@s eof hetiwf @steerslr pri si ngly, conpetes 15

relatively little with that of the product of the erg6

Disruption of the erg5 gene in the WGiFO4 strain would
make it possible for those skilled in the art to
considerably increase the production of cholesterol.
The feasibility of such a strain is established by the
construction of the WGIF04 and CAl10/A24 strains and
the fact that this strain is merely an obvious genetic
combination to be produced from the two preceding
strains. The data derived from WGIF04 indicate that
cholesta-5,24 disappears rapidly when A24-reductase is
expressed (comparing the results obtained with WGIFO03
and those obtained with WGIF04). This makes it
possible to predict - that cholesterol will be
synthesized very efficiently in a strain that is
simultaneously disrupted for the erg5 and ergé genes
and coexpresses A7-reductase and A24-reductase, the
cholesterol then being the only end sterol.

In conclusion, the minimum requirement for the
production of cholesterocl at a threshold above or
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gene. It may therefore be concluded fromthese results
that the sinultaneous disruption of the erg5 and erg6
genes is inportant for the purpose of optimzing the
production of cholesterol. 20 Di sruption of the ergb
gene in the WA FO4 strain oY -~ make it possi bl e for

th killed,in_t t .t i.der.apl y. j

orSTEL 1 6 5% eI Barorsr ot e i I S HERE 3 the
stemyf penest abld sénepréysioe 25 corst Alicregncbhsehand of
Vg, F04 Aaﬂfj-z%%]nfyt%?s% St %%‘n%ie?dé%ta&'}ﬁ Hastkubhabnt Nbg  a22-

strain 1s nerely an obvious geneti ¢ conbination to be
prapRRiagrasom Miatkdwo FiR&cedi i§ sPPEPARLeThetBat alMPTOVe

g?éﬁdfé’séémm m%élﬁixgﬂzy tg@ﬁd Ch@besé@l:ﬁnﬁﬂate ; the
i sappears rapi when -reduct ase_i . expy esse

( thrﬂgcth]golf‘%%%ﬁ‘?% o%%aiﬂ%%fﬁ??ﬁ'@é%%le%ﬁg tHDseSnd
ohdteded. with WA FO4). This nmakes it possible to

predict that cholesterol will be synthesized very

efficiently in a strain that is sinultaneously
diB¥ANRIE f 36 :t hdsotgPeandlabebingnesf3s chndesterol and

cqf%ﬁﬁéﬁfnogfr% 6 Al ke g educt ase, the
chol esterol then bei nlgét he only %nd sterol. In

concl usi on, the m nimumrequirenment for the

prm@l Cbk@ggg 1f@h<3hfspgb@{|1catioa e eahg!acbeaw_ eclisl &dterol
equal .to 0 Qf .t tota ergls is di.srupti.on of. the
e?b% deferiBRd &Rp I5h f}é "t ﬁbﬁ?-“\aél&ﬁ’é‘:i?é:éoélnglorfsrk of
t hel 24 comgietas e. iCongrawentaar y tidesr yprasn obnH223lucose
de e Lt,passib t Q- e 1turi
ch%@ﬁeé{%%%?%gﬁgggvﬁ ;handétokgri %an{&élq}\éhe& cutturing
patasi?i€. formati on of chol esta-5, 22-di enol as end

sterol. EXAMPLE 16: |sotope |abeling of chol esterol

and 10 definition of isot o%_g ‘ii gnat ures: _The h
prihgi peLlef ageodd@n FERVEEFRbRY e FeRGLELEEEIPR jof the
dessdiledatn do@uge 6 Thbi smimutesl atfhen ¢éXkt pefllet is

al t'l.hé:r?nssléstgerggecgr Oiv¥.1 ngS& hemi/eag% oprgéllilcoﬁaeppeli medium
containing 2% of galactose not labeled with '*C carbon.
The cultures are stopped 2 hours, 4 hours, 8 hours or
24 hours after the switch to galactose, and the
sterols are extracted and then analyzed (cf.
example 7). The switch from glucose to galactose
results .in induction of the GAL10/CYC1l promoters
controlling both the A7-reductase gene and the A24-
reductase gene. Simultaneously, there is a change in
isotope labeling of the carbon source. There ensues
the de novo synthesis of metabolic intermediates and
then of sterol, including cholesterol, comprising a
gradual change in labeling. This change in labeling
can be characterized by the mass profile of each
intermediate sterol. In fact, the incorporation of
each *C atom induces a shift in mass of one atomic
mass unit (AMU). Thus, for example, the cholesterol
appears with a molar mass ranging from 386 to 413
daltons depending on the degree of labeling. In

analysis by HPLC-mass, using positive electrospray
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15 conpletely |l abeled with 13C, for 72 hours of
culturing at 30C. The cells are then recovered by
centrifugation of the nediumat 600 g for 10 m nutes.
The cell pellet is 20 then suspended in 50 m of
fresh Kappel i medi um cont ai"ni?ﬂg 2% of gal act ose not

| abel ed with 13C, car baon. S
hoju?%lzatﬁ%ﬂrs lﬁourcsorc]):reS %E%%ours af e? tt(gggvv?%ﬁﬁrge)
t ovghhest veegiagd fitem 3H®robs386e @ear A6t e’ andHePeni - €.

a z (cf Xamale®y7) .prihe h lJC OSAn
%l% ggt ose38$213ﬁ tQBF%)l nd'Il‘Jk::Agl (Safié\%%?t ﬁfgrt%?f%(%YCl e in

Eerdoeg orittel I9aREHbt KatREtERYed @8t adbegeA8I5RE ©f
thFa}b@fflnéedUOf}?ée GRS Ssﬁsl:t@aaousw, tdier edps.ca peak
change in i sot oge | abe) i t he ca&l;;on SQUICe. +o to a
THEPEL 8FRORLIRG FRe He° s?ﬁ?ﬁ‘éél s*of FREDAHTE
| hessediatesbandont i cbif ﬁﬁfﬂhﬂreﬁdméLmhagsuperp051tlon

| est ¢on] [ wyn
Th?%h%hgﬁgba N I el%%a% adclas(r%:r rgiqﬂ?clha(rﬁa?stn%% z Q@ét&ﬁ X
mesgnphes i zed ofateasiariiovser bnest eaét@rollaheilfrea:{ It 1is
thﬁqéf’é%?@@ 'ﬁ%‘?)ﬂflegivt‘ffﬁ&t‘ igcceh%lekndﬁﬁ%%x% Si‘ift but

mass of one mass unit
exdiprR, CPﬁeb@h&C@Qlérttﬂly aﬁa?ﬁéea?lé“%‘i%ué’ n%%?r‘ﬁ’a%%d and
ra@ﬂi@ﬁ ff@ﬁk3§§nt§ 4343 uflathensidepepdi ngignathee which
(gree # anal ysi s by HPLC-nmass, using
TRFY e?'éc‘f 85%?‘8? Ei™Sf oni zation, this corresponds
t o- 1Y zofinarde draﬂreg]ez)ng vptmrEsccphngndg ifr gaeTulaBgen the
(1 Qi Mt e 108 Cards Condfechlh Zv BB Lt 2130Use TRa with
Steror fetention time ih does not depen
det’ @cgéﬁlayﬂt@ﬁebhe degree of 5 | abeling. The mass
spegf r Wp othan pRLE pealyerfedilespeRdeRdrk0 &f Sith@l estrain
sterol "X' corresponds to a nass distribution which
i SU$R@refore the superposition (the sum) of the mass
dis3yi biﬁl ohe fpretbgesteingd X' whyochhedigedudtures are
varjious tinmes after labeling. It is 10 therefore a
pr%???% ich is conplex (figure 11), but which can
be conpl etely experinentally determ ned, and

This isotope profile has several unique properties:
-1) it can be modulated as desired by adjusting the

culture conditions, the strain wused and the sterol_

chosen. A unique 1label register can therefore be
produced;

-2) it is “combinable”, i.e. several isotope
signatures corresponding to several unique sterols
labeled with isotope profiles that can themselves be
modulated can be combined so as to form a “molecular
alphabet”;

-3) it is reproducible and easy to determine
experimentally (cf. figures 11 and 12) the double or
triple plots which indicate the reproduc1b111ty of the
profiles;

-4) it corresponds to a molecular tracer mixture that
is easy to isolate, stable, colorless and odorless,
nonvolatile and nontoxic, and that can be incorporated

into foods, a medicinal product, additives or other
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15

whi ch represents a unique isotope signature which
depends at the sane tine: -1) on the | abeling protoco
and in particular on the 15 culture times and
conditions with 12C gl ucose d with 13C gal actose,
-2) on the precise genetic st¥ucture of the strain

u - ' My ' Jois,cul tures
a?agrq’%%)sst %glﬁg;%%%gé isagsoét_lgglgl ﬁe%}g}has, s§e'ver al L
unmisque torepmenaet dee fa}sifiednwhshavgubavé@dadhgesnesdtic

by cRintbStiate B8 raGilst UpBgcoRHRt i 8By theesiddi NaaAdng,
and _the sterol _25 chosen, A uni gge .abel r%gml stec{ .Gan
t RSB De 296 odFREHRCE S9N  CPRALLHRRFnap L | FAE E10n,

seyRidledgzot 6Pe tisd ghabuope crgresnorei dgeso regvemake it

uni que.sterols _|abele Lt h, i sot Il .t ha n.
{ RENSaR 5o Db S b dtf G o B EoRaNBr Gy Shish madd it
f pomsd Blepltec praducs phabet”; -3) it is reproducible

and easy to determne experinentally (cf. figures i

and 12) the double or triple _plots which indicate the

r &8y oBUBMBEY t yaBf YHROtOEE pdhabet”. 4fory general use,

C MRS Raidsot Obd FRNBGYHRY tdraTefhdt XEdhe Vehadincdrporated
easy to isolate, stable, colorles

nd odorl ess
n RIS REnASK LYRAw f‘ﬂﬁiu‘géﬂgbgopﬁ%‘?%ﬁf ed
i o foeddilg nMeshtcairedd prdguctviaddet i wefs othet hgrresent
52 roducts t c b . d . D j.t
o o) TG Tk Rour CEUI BLY L MR SHERES (nttbek! of
r dd@atiopentwetds] nshatd care ber ponsdditad gdaberemgsuch an

C Wy il 186t 18k CERAIHJteNSthe N18861EhgN profil
k%c}%é%g 0 tﬁ]ék{lg%t ohgér(’eIe Si gnat l}re does not ma%e%rt, res

PSSt BiRe PRIk BERRSt 8Lt REepar gmelléfs WMFERITATS o ©F
pesibl ecignatadese iintdn siHETEI Yos8N "va&piePe products
alt%ré%:% o"ref ocro niet:rulesusa?’unique method of labeling that
cannot be falsified, unlike, for example, DNA
signatures, which can be reproduced once they are
known. The signature can, moreover, be read
nondestructively, for example by laser ionization
followed by mass spectrometry analysis (MALDI-TOF or

the like).

EXAMPLE 17: Production of nonanimal cholesterol highly
labeled with 3C:

The use of 3C galactose or of ¥C ethanol and glucose
instead of the unlabeled carbon sources for culturing
the WGIF04 strain under the conditions described above
for the sterol analyses makes it possible to
synthesize wvery highly 1labeled sterols, and 1in
particular cholesterol (comprising at least 95% of **C
carbon). The preparation of *C-radioactive sterols and
cholesterol is also possible by means of the same
approach. The method can also be incorporated into
yeast strains that produce steroids, and in particular

hydrocortisone (cf. patent application WO 02/061109),
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10 that cannot be falsified and that can be

i ncorporated into products of, any type, including
consunabl es, can be readily obtained by virtue of the
present invention. There is a virtually unlimted
nunber of "isotope words” That Tcan be constituted

fromsu n_ 15 al phabg 1JNg._Use
I a’ﬁél%@elba%?u?lé% “YShd #hg%\]?grl c()iug)rt yp&%gi"’cl)l?é)i g}eermds’
Thisor reeamuoration RFA as3sdysi gnatures into the nost

varied products therefore constitutes a uni que rret hod
of | abeling that cannot be falsified, unlike,

o BFAMRLE ~ZOC§P§ﬁEPGFé§n VRE CIP c &V aed Ty eﬁFBHuc%’c’Pduces

OREHi AN e Feas kW, ~ The signature can, noreover, be
read nondestructively, for exanple by Iaser

ionization followed by nass spectronetry anal ysis
(M&cLeDI d?ﬁ%nor Maltae Isitlfe)m ZSSEXANBbEl}béd Panduthé orpafent

nona chol es hj ghl | ed

ustR %rdog%\' ‘{&% B d g%m%]? ?E’anofl%g gl uco J?FO%JONQ

|rm1cbadra(sf dbpoamtadel‘emharm Soldest ifosy Natiopphg de
FO4 strgin Uﬁ‘i‘éﬁ:o&ﬁ}gaﬁ‘i?ﬂ\'&s‘ ons (@ﬁéﬁV bedpabovénal

for e sterol anal yses nmm ossible to
sﬁﬂlrﬂefsqtzn@mep§ Ml@ﬂ%ﬂ%@@% GeEreres] gngupen du bocteur

gg{dm@gl asvg@rglp%&tl@ oted&RMREI, SlF‘lﬂar@é% eagto28¥ngf tb3Ghe
carbon preparation -radioact i st
aRFOBHOI S ePbI G aT%eoa%ngbl %Per?é:ani ofy’ﬁie éﬁ{@lﬁe on
apfemacty The,netdwah canndeso beheé ncoegasired iont 0 number
yea rains that produce steroids, and in particular

hydro6cort i sone (cf. patent application WO 02/061109),
53 in order to produce '3C|abeled or 14C-| abel ed

St ol ds,cpd®f exaipte forst&ablﬁssaﬂsrem'z 18harkers:

Construction of a strain that produces

CW%%&%IOW@R@7 Vat £TF0raifFkils d}élf%F?b'ed%lRﬁgt)h was
paiﬁmse@maiwath@nwgmbbnshedaunderestdmbamhm d@mple 1

Oz(re6l 1ve markers: ERG5; ergé6::TRP1).

After sporulation  of the diploid, the sterol
composition of the spores is determined in order to
find spores that produce desmosterol, which is the
precursor for cholesterol, as described in example 6.
A spore producing desmosterol, having a functional
TRP1 gene and carrying the Arabidopsis thaliana
A7-reductase cDNA, as indicated by the PCR analysis,
was thus identified. In addition, this strain, called
YIM59 is sehsitive to hygromycin, indicating that the

ERG5 gene is functional.

A sterol ©preparation, prepared as described in
examples 6 and 9, showed tha_t this YIM592 strain
produces sterols that have the same retention time as
zymosterol and desmosterol. The YIM59 strain also
showed auxotrophies for adenine, leucine, uracil and
histidine. The presence of desmosterol demonstrates
that this strain expresses the sterol A7 reductase and
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and was deposited with the Collection Nationale de 10
Cul tures de M croorgani snes (CNCM [ Nationa

Col | ection of M croorgani sm Cultures], rue du Docteur
Roux, 75724 Paris Cedex 15, Bl{Jance according to the
provi sions of the Treaty of” 4olapest at the CNCM on

J Y. 24 0 r r 15
1%8%.1%h%a%%%37% ‘%}?al Jﬁcg[ﬁfel %I: gna egr S:

ade2:: GAL10/ CYClp:: A7 ergs :: PGKIp . hygroR, _
Eaﬁﬁhlmﬁﬁe %ﬁ?ﬁ&ﬁg ObEﬁEVW%ﬁgnlé¢éﬁjefd v dr of

exanp 1 20 (rel atlve mar kers: ERGS; er

Af}tlg?a%pQﬁGIR&f*l'ont%? e Leasisia, S?ﬂgeg‘f’grcﬂf the) ‘prer24
C_Qimlxbé@nmﬁalfi'IQd?’pﬁ)he@rld&rdettﬁrmp’mdre e deratslation

d spores fhat rod desjyrost er ol | 5
J£88 Tt Eherag: 415 EE8 eBrarst | BBakEnpiing” che
A sparesssprarducofig ﬂH@RﬁSt eweb, Rdwong modifiicd onzﬂ‘he new
a Ar li
e AT T8 LR as's ndl S o by i ook Saaryh ocmmene
wesl t has iaderebiaeementy Zedi tihh, GRRLs iadugiple premoter

3Q£Y1VRI 5 SRS I dYHe Bt OWE! Nexamsliead) ng t hat
the E gene is functional. A sterol preparation,

prepared as described in exanples 6 and 9, showed
t hiie t BeGuéhde 9 coriraspondingr aducese sternisal haizhafe the

t retention tlne asg 7 t d st
TE§K$%%E9r§FP§ A8 6 shomedﬂgﬁxgggépﬂggg ? or $ttoter
aders megdid Eied reg iwlalkdwsand  hi stidi ne. The presence

expresseségﬁﬁgégﬁﬁ%#ﬁiﬂ re %%Eéféé#éﬁé%éégéhtatatatatg
d%?ﬁﬁge%ﬁgﬁﬁﬁQﬁﬁﬂﬁQﬁﬁﬂa%ﬁ%ﬁ?%ﬂ?%ﬂﬁﬁg%WQWg%@ﬁggﬁQEQﬁaaac

lfHH&E@ﬂEt&&Eté&ﬁﬁﬂciﬁtéﬁﬁﬁ&ﬁﬁ@ﬁ&té&tt&ﬁﬁ@&ti&ﬁﬁ%ﬁbtttgt
t he nucl eoti de se ence

the DHCR24 5 cDNAt S -
T RS 17 A S AT S T AT TR 03 50
|ruguaﬁaaquﬂgaaggmtaﬁaﬁnnTGGkkﬂﬁTGE¢GT@E¢G@EGGCCGTGTGCG
@%%f 4 was al so nodi fied. The new
er séfected is the CYCL pronoter of cytochrone

The small 1letters represent the partial nucleotide
sequence of the CYCl promoter followed by the AttBl
recombination sequences and then an AAAA sequence
which precedes the initiating ATG. The sequence of the
first two codons was also modified (sequence GAA-CCT
after the ATG initiating codon).

The final plasmid carrying the DHCR24 cDNA under the
control of the CYC1l promoter and also the S.cerevisiae
2 origin of replication and the URA3-d selection
marker was called pIM331. Its equivalent without the
DHCR24 cDNA was called pIM303.

The YIM59 strain is transformed independently with the
plasmids pIM303 and pIM331, and two transformants
carrying the plasmid pIM303 (YIM59/pIM303 strain) or
pIM331 (YIM59/pIM331 strain) are more particularly

selected.
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ci, as a replacenent for the GAL1l inducible pronoter
10 of the plasm d pYES Delta24 (cf. exanple 3). The
sequence corresponding to the term nal NH2 of the
DHCR24 reductase as a fusion wth the CYCL pronoter
was nodi fied as follows: 15

t agcgt ggat ggccaggcaact tt agt gct gacacat acaggcat at at at at g
t gt gcgacgacacat gat cat at ggcat gcat gt gct ct gt at gt at at agaac,
t ckRgAe t SEmadis t afet agat Br¥edt tidet Cat 565?955@%&?& gtich
agfetd Agat bacthackhgbatiagae CEacaraaqgyast tgacaagd in

FiEe T e s R

pastdwdl nerteattde (estridfded st dreolBYCangr dmsteersterols)

folloywed r | nagion Eg‘#ﬁﬂﬁfs d

t He gﬁemgg/qﬁleﬁgé?’ 25&%:‘;3#1 Sbéged%s‘ e nit?ﬁgat?%%R24
ATGNAhe aggqueficetlbé tHM5FIpBM33wo staddms Wasrayésy the
i el ( SeMoNCer A OEhaideer (e ARG | niestine o
co oé]%prhgwgal %_asmgdggcarr, inq t he DHCRZg cDNA °
uritRiFhanel igopeenss bamohYfRexéde] (GonsP@mPdss & pd 6) -
tu Q&és@ertﬁ}é Skgeaidl Ea'rei nt@éte?é@mﬂ'dlﬂ}vg:g&i&ndabEEity to

-d selection nmarker was call ed, pl .. lts

et IR 5904 SN s PERPRES pfRBb3, 27
3xgiRnen Yidb¥igurai n3.s Thansébenedonnddpesdandseniadh are

ey g e o A B P MDs Sirai my o

pI MB3l (Yl Mb9/.pI M33l strain) are nore particularly
seteched tRes PBBESHILT @bNgnadke thidt! WiRd ddxra#in that does

reconstituted rich nedium of_ the Kappeli type for

hdtRts afaPBE i Fher d¥EctBTat tfa™ aﬁxgggﬁ?bgﬁceoﬁ 4%§CR24
at (W0 IHIMIEA Scedpipl @xés achst (estedude edelsdbestsrol
and free sterols) _ .of the YI M9/ pl-M303 str.ain
cael?ﬁ%ghfhegb{ithﬁinagdé&fmg%% ecl):]l‘% JT h@) MeY/ pl ersely,

sttt nstrainyithgtt hmrbHdER Yhe DRECR2ke qQINGUCEEMS 9/ PHE331

prsetcﬁ.e%ﬁcr% Ofarog‘uaféggngl G Adassh M Hydr epederdidntion time
exanpl es 5 an . .
of cholesterol (part B). It was possible to
demonstrate, by techniques of gas chromatography
coupled to electron-impact mass spectrometry (as

described in example 6), that this sterol is indeed
cholesterocl. Using the surface areas of each of the
sterol peaks, it was possible to estimate that .the
amount of cholesterol produced by the YIM59/pIM331

strain was 57% of the sterols.

Depositing of biological material

The following organisms were deposited, on April 22,
2004, with the Collection Nationale de Cultures de
Microorganismes (CNCM) [National Collection of
Microorganism Cultures], 25 rue du Docteur Roux, 75724
Paris Cedex 15, France, according to the provisions of

the Treaty of Budapest.

- WGIF04 strain deposited under the registration
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10 These two strains are tested for their ability to
produce chol esterol. Sonme of the results (GC) are

given in figure 13. The retention tines presented are
given in mnutes on two chro ograns. 15 It was thus
possible to show that the strain that does not carry
the ve 0 essi on of DHCR24 (YI Mb9/ pl M303

strai n‘f‘l{lg&egs: Eo g?oduce chol esterol (part A) , but

mai nly desnosterol (part A) . Conversely, the strain
that_ carries the DHCR24 cDNA (.Yl Mb9/ pl MB31 20 str ai n)
pridbliceshg st iedionas t""l‘?é1 r RREROH t Mpptigped © are

Chﬁic&ﬁﬁ;ﬁdxﬁ&técﬂ)aﬁht@ thé \@ﬁ%é&ﬁlbbpliaatdeﬁowr%& of
by techni q%\TSs of gas chromat ography coupled to

el act mass spectronetry (as described in

exanple 6), that this sterol is indeed 25 chol esterol.
' ace areas of each of the sterol peaks,

iUtSéﬂgl:E e to estimate that .the anpunt of

chol esterol produced by the YI Mb9/ pl M331 strain was

57% of the sterols. 30_Depositing of blold\%cal
mater iFglamhe PoK @V\A%@d r‘ganﬁg’ﬁﬁ‘ -wet 28epdlt efeldn Biol.

April 1224612000 . With the Collection Nationale de
Cultures de M croorganisnes (CNCM [ Nati onal
Col | eqhusaibedf Bbed/ B QOBIRNItS REGT Ur BShgsEbnr Rekdirt E.,

Doct e Rou 15724 PRar Ce 15, or
tot hgfr ﬁr&w sa}volr?s %of' dc'mlar ed‘fXG SE?J‘:%&?) ?hﬁ 'Fgédf@um
strai Kedgiposi (Eed tomsar. th'?errregltst PapFoao}6 - inurfelecular

1- 320 inH’.l' i N, a t ng i og@,gsarpn
|ncorp%olrd§|tdga}| nto t Sq’?efr(jlesent ;%plf%?c:gﬁ%]ﬁgy <

ref er &pg&es bl ¥ %‘Ef?rﬁs Cupbamer ASRTVigSd Cf’yor%l nThlrd

1996 Melneel | Btal . rldbA6: &lA- 20ork, Ausubel 16oed  UsSAa
, Breng} Ro er,, Kin ton bert&ﬁoz) l\/bore Davi d D.,
Sel d A
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5,7,22,24 9.2 29.8 11.5 8,24 6.9 0.0 0.0 WO
2005/ 121315 PCT/ FR2005/001090 - 59 CLAIMS 1. An
organi sm of the ki ngdom Fungi, that autononously

pr.oduce olesterol. 5 2. The organism j i

cl %Olo,ssél}allraa]c erized int it is ge%fﬂégﬁ%?%/%m”
nodi fied. 3. The organismas Clained in claim1l or 2,

10 characterized in that itppRipduces chol esterol from

a sinple carbon source. 47—The organismas clainmed in
one of clains 1 to 3, <characterized in that it

expressgs t herganilém dehylr octied estieimyddsmeduckasgi and that
3Q hydroxysterol Lj24- red cta\:se ﬁuyrres. 5. The

or NORSRS Ly & G5 ccferé‘?ulrﬁ%,elf whi ch the sterol

24- C-net hyl transferase enzyne has been 20
inactivated. 6, T gani s.claj i.n clal :
5,rba“| n m?%hor??}%l%-ﬁzggsgg?gmegeég\lt ?rlgg'gn eldzyérlgé];%\cgt@flzed
belen thatactt v exknetsi qalhenedghigdm as claimed in

one of clainms 4 to 6, characterized in that the
expression of the 7- dehydrqchol esterol reductase and

3fB8- hy drisxy speganisn. asquladdeshzyies FL28Bt alne®hy 2
t ransfordti £48 ofnt hhat301i or gaichiBe 8. clbbe St gadl sifram a
claimed in qne of clainms 5 to 7, <characterized in

t ™R Gr"ﬂg%cfl?\ﬁﬂ"iub%ebf the sterol

24-C-net hyl transferase enzyne is carried out by gene

35, i nacf, vat j . e _Qr [ S j LA-an

cl4a’| mc@,\? o&%?éh% rgr égt g?iagg‘%d?n@r?h%rgét ??%gg{n?vgt ?%On 3
ofchdwraatexized( in that it expresses the 7-

dehydrocholesterol reductase and 3B-hydroxysterol A24-

reductase enzymes.

5. The organism as claimed in claim 4, in which the
sterol 24-C-methyltransferase enzyme has been
inactivated.

6. The organism as claimed in claim 4 or 5, in which

the Cc-22 sterol desaturase enzyme has been

inactivated.

7. The organism as claimed in one of claims 4 to 6,
characterized in that the expression of the 7-
dehydrocholesterol reductase and 3f-hydroxysterol A24-
reductase enzymes is obtained by transformation of the

organism.

8. The organism as claimed in one of claims 5 to 7,
characterized in that the inactivation of the sterol
24-C-methyltransferase enzyme is carried out by gene

inactivation.

9. The organism as claimed in one of claims 5 to 8,

characterized in that the inactivation of the C-22
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sterol desaturase enzyne is carried out by gene

i nactivation. 10. The organismas clainmed in one of
the preceding 5 clains, characterized in that it is
chosen fromthe genus Sacchg; myces or
Schizosaccharonyces. 11. A'S charonyces cerevisi ae

tr h t d th t 0
LT 1 ARG WeRT TR LB | SEERGSoNal Bnalty dPene
(lmnanuﬁwanidncroorganlsnes (CNCM [ Nati ona
Col l ection of M croorgani smCultures] on April 22,

2004 under the registration nunber 1-3203. 15 12.
method The PraentsRgachotExteed| 18f Afshaff mihe d?lfegcfeffhng

C QY i ngchﬁ@a@’ééi’ﬂ&éag af @ﬁa@r Ol S8 aShosdi FEGm Nthe
one of the rece i ng clains. qﬁagethod as cl ai ned

i BRI mAcshanA %r?rze%cmﬁfjﬁ%ccf CIXEE3t ep

consi sting in culturing the organism is followed by a
st.ep cansisting,in extract| | es :
TH wethod SECEPaPRENCRR cl Areadgiofal, acverth,y Srain.
i mhdxacttehazad r athi orthsft t het chdlsestehel WEIEQAr | e%Fraln
»I(vaéﬁé Hbﬁéék?oﬁoh‘é%%nalé d@etmlmgg de

alne in characteri zed that a
séﬁ&MﬁQEﬂﬁnkﬁm%ﬂep F%N%%}rledNa§6°8§9 beﬁEﬁQQQﬂéon of

eI A b st heutbakest eron . ApgilThe2petdogh aander the
claimed in clauﬁﬁéf ﬁééﬁ%ﬁ% characterized in that
a%ﬁﬁ#ﬁ cal grinding of the cells

is carried out before the 35 saponification or the

exty act] on of bhe sholesheroky o1 dhedise Bt Hbnanimal

organi sm as cf al ms to 11, for
praxdigimg @I@@‘lpe“stseml the omelirings crﬁet@@m pgganism as

| R AP HndTo R FRE 8;%&:&{1 i i sms - 61 - |abeled
with 13C or with 19C 1 A net hod for produci ng

chol esterol, or one of its nmetabolic internedi ates,
or1 A, MpHdirgeohost a60l.ainfed ahel ellanint h 213G aradtdrized

14(1;1 glr?a r&:ﬁlen%ttelfae cIooAsllos 11%:] in culturing the organism
is followed by a step consisting in extracting the

cholesterol.

14. The method as claimed in claim 13, characterized
in that the extraction of the cholesterol is carried

out with a non-water-miscible solvent.

15. The method as claimed in claim 13 or 14,
characterized in that a saponification step is carried

out before the extraction of the cholesterol.

16. The method as claimed in claim 13, 14 or 15,
characterized in that a step consisting in mechanical
grinding of the cells is carried out before the

saponification or the extraction of the cholesterol.

17. The use of an organism as claimed in one of
claims 1 to 11, for producing cholesterol, or one of

its metabolic intermediates, or a mixture of sterols,
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steps: - culturing an organismas clainmed in one of
claims 1 to 11 on a 13C-| abel ed or 14C-1I abel ed
substrate, and - extracting said cholesterol, or one
of its 10 netabolic internediates, or the m xture of
sterols. 19. A nethod for pr¥duci ng an i sot opic

f . cholester of, chol esterol internedi ates

m xt.ure , ol,

or ?}?el%‘%o“l’%’é}i‘ er 6l OhetabBl i Ces, Iabeled at various
positions 15 using isotope |abels, conprising

Cc uri ganl.s c| ai [ of ' g
tgi%' onﬁgm%cg(ﬁeggks%ggﬁggésa%g%%%ﬁggﬁlén Oglnfua eI%fd Les
sutstabekic t hntermediates neso®n @adhivfurpesef sterols,
?Upéﬁéfé&sw?féhn93c9h8§e%ithn 1o depokBreBt abn thelefbBswing
I sotope profile. 20 20. A conposition containing, as a
tréfeadility label, an isotopic mxture of

Cth: eS:tLﬂrtQilrir@ argftfl_igféﬁii@nwabé lrm%r:rmsh' i airesors of claims 1
cholesterql neta t.es abeled at.vari.ous. position

usi ng *254 &8t Gpe (?é %#’%1%%aoﬂalvgﬁga§eggpi ﬁ’ga’gigggkgpe%nd
prof i lext2ktithe ceapdsi tdlmilestentcdi medorn cbmé m 2F, its
chara [ ' if:.d.sdn fehdie fd€l

human %E)eﬁ:raé)ﬁo ﬁ%a ang% ot ré]taﬁé%réép;o.%n %8%258 X sanp(%ig %‘égels )
nmol ecul es of cholesterol, of cholesterol

i fer medi R ebrcholsshel dret akeltidae | akekade of
at various positiaons usi n% I sotope , | abel s,. that has a £
defhkest R bpe Pfof | FROLABEEFRAF 35 AT IR IARST ne by ©
mMecsl et el NRkbbabdodl tpspducibeded aat chairiethd npes it hons

19. PRJ02025. ST25P txt  SEQUENCE Ll| | < > ,
ASATL ERGF e SLADSLY 50 SoRPGy ESTERGLINNIS N vEdgnism
STRAI NS sANRAUSES THERECHK <130msPRIO2025 X160> <hgpeled
Hﬂ&%@éfﬁg@rﬁhﬁf %h%n. on an unlabeled substrate, the
culture times on each of these substrates being chosen

in order to obtain a defined isotope profile.

20. A composition containing, as a traceability
label, an isotopic mixture of cholesterol, of
cholesterol intermediates or of cholesterol
metabolites, labeled at various positions using

isotope labels and having a defined isotope profile.

21. The composition as claimed in claim 20,
characterized in that it is intended for the field of

human or animal food or therapy.

22. A sample of molecules of cholesterol, of
cholesterol intermediates or of cholesterol
metabolites labeled at various positions using isotope
labels, that has a defined isotope profile and that
can be obtained by means of the method of production

as claimed in claim 19.
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