1 CHOLESTERCL- PRODUCI NG YEAST STRAINS AND USES THEREOF The present
invention relates to the production of cholesterol in organisns of the
ki ngdom Fungi . 5 Chol esterol (cf. figyre 1) is the nost inportant ani nmal
sterol. It is a fundanental conponent of cell nenbranes, of which it

controls the il I i i t] e
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industrial interest. Thus, it is commonly used in the cosnetics industry.

It is also gaed pA-the: pharymaeut cale ke JNAUST rypef O &X80P] &y '1#““9
delivery, and also in_cell culture. Cholesterol 1s also used i1n the

i ndustrial SPALRESPECH 1 PARPRIBES Thi $hei &dmonlans Iissequent |y used to 20
suppl ement human food (in dairy products, for exanple) and ani nal food.
Cholesterolchs algo a vagtggeo sly used.as .an %g%jtive in.animl food, in
particul ar TROFE6HSFREendEd f of 1B4F fed 1hr . ciftFent IV PYHEVast
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| anol i n, 30PWABEhti sikheahht raindht tofsskeep andwaartheselof ami mal

ti ssuejas anstaphkng;pkgduct raises problens. Thus, the recent problens
associated with transm ssion of the prion responsible for sheep 35 scrapie
to cattle (disease called ESE (bovine spongiform encephalitis) in cattle)
have recal | edot becaeed fDs car prwheptUsbRg @dBletdisBele @dStalting

mat eri al . However, despite thg st eps takgp, thedrisk QL transm ssion of a
pat hogeni ¢ é@%ﬁ?eégnn Y 1L 1s ‘commonly use in e cosmetics
industry. It dis also wused in  the pharmaceutical

15 industry, for example in drug delivery, and also in

cell culture.

Cholesterol is also used in the industrial synthesis
of witamin D;. This wvitamin is subsequently used to
20 supplement human food (in dairy products, for example)
and animal food. Cholestercol is also advantageously
used as an additive in animal food, in particular in

food intended for farmed shrimp.

25 Currently, the wast majority of cholesterol that is
marketed is extracted from animal tissue (a tiny
amount 1is produced by chemical synthesis). Two major
starting sources are used for the extraction of
cholesterol: spinal cord from cattle and lanolin,

30 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
3% scrapie to cattile (disease called RSE (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 cannct Dbe



- 2 - totally excluded. It would therefore be extrenely advantageous to
have a source of chol esterol that does not cone 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 The inventors have
shown, surptosahyyy, ekhatidieti.i s Ipossichilel t @ ldinegidiret heanatau@teds Dduct i on
of ergoster j |._SQ_a 10 produce c¢hol esteral. neral . description
of the inve%%Y%ﬁtggggpﬁiggtﬁgéﬁﬁé% %?u¥%% ?%vghgﬁgﬁtggﬁ&gﬁﬁltéﬁi%ﬁﬁanisn115
of the ki ngdein Fomgi frhat 2auesnaowdusliyspreoduces chol esterol . A second
aspect of the invention concerns an organi smof the ki ngdom Fungi as
defined above, wherein the 20 latter is genetically nodified. A third
aspect of theSi riiéht iodn EBRcEPRISARL orgaffsim @t tife kPngeremy Fdngiaas
defined aboxeun®hgteidbihee | alit ecnpneduees1chehgest erpl shirem a,-sinphe carbon
25 source. The invention also relates to an organi smof the kingdom Fungi
as defined B53Vel eRprelsi Af t HESH dehlidf ochBYEEFEFSI Gt a8 vEhd

3f | - hydr oxystepol = 30gP24- r ethact asiec enzynmesosdbeepacbi cdliameyny, tiigs
invention r t n, or.gani smas _defined above, in which the stero
24-C—nethyI?%g%§$%rgggx%%§gﬁ%nh§§abgg OFh&é ?va%%d Al or Phe® € 2P st er ol
desat uldse ereywee hasobesherpacti vated. 35 Anot her aspect of the invention
concerns an organi sm of the kingdom Fungi as defined above, wherein the
expression of the_ 7-dehydrochol esterol reductase and 30- hydroxysterol

A24-r educt €2 en2dndescEipbignned pppe invention

A first aspect of the invention concerns an organism
15 of the kingdom Fungi that autonomously produces

cholesterol.

A second aspect of the invention concerns an organism
of the kingdom Fungi as defined above, wherein the

20  latter is genetically modified.

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

25 source.

The invention also relates to an organism of the
kingdom Fungi as defined above, expressing the
7-dehydrocholesterol reductase and 3f-hydroxysterol
30 AZ4-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 C-22 sterol desaturage
enzyme has been inactivated.
35
Another aspect of the invention concerns an organism
of the kingdom Fungi as defined above, wherein the
expression of the 7-dehydrocholesterol reductase and

3B-hydroxysterol A24-reductase enzymes ig obtained by



- 3 - transformation of the organism The invention also relates to an
organi sm of the kingdom Fungi as defined above,wherein the 5 inactivation of
the sterol 24-C nmethyltransferase enzyme is carried out by gene

i nactivation and/or the inactivation of the C 22 sterol desaturase enzyne
is carried oubnbyogeaeibnacti vati omrgahQ sAnot her aspect of the invention
concerns an organi smof the kingdom Fungi as defined above, which is chosen
fromthe phylum Asconycetes, nore particularly fromthe subphyl um

Sacchar onycéhenainevenionr eapart icalaréy fromahe orgssiSacohfar artyeet es or

15 Schi zosa@ﬂgaemce&a@ﬁgieveasm BeRaicul gﬂ&;lo\oef,r om,hjig. or.der

Saccharonycetal'es or Schi'zosaccharonycetal es, even nore partlcdvgﬁly from
the fanily Sag€harehyedt actae 6FESchtZo8@at chardoydsttdvdde arssfarame e

particul arl ¥nkyee tihe ganus SasehabgMeas 0f n28: SGAE 285 aceha-eMiaes.

Anot her aspect of the invention concerns an_organi sm of the ki ngdom Fungi
as defined aBBGEIVahiCR i at)Bast 4t FhELSpe T SHE Har BRFEBS Cet evi si ae
or 25 Schi zosaechdr onyceg penbeinkbeiivBearti.on al so relates to a method for
produci ng chol esterol of nonaninmal origin, conprising the culturing of an
organi sm as defined above. More 30 particularly, in this nmethod, the step
consi stlilng Anotherurisygdthecbr g simivsnf obhowsthdyrres seep ccgnsiistiing i n

extracting ahetﬁao%qﬁg%m Fuffl fei@%%fiﬁ@& sfsw@?g%ﬂ%gﬁf i@%mfsterol

is carried out wth a“non-watér-mscible solvent. re particularly, in

the nmethod B%CHefilifed PANGWE Assapyrierticcat | BATSt eppTisi@akarky dromef or e
the extractips elibbhe1cholLat@iDlomEvSh MDY eePant heeadbt idhithe yet hod as
defi ned aboge, a step %9n3|st|ng in -
rom the lass Saccharomycetes or
15 Schizosaccharomycetes, even more particularly from the
order Saccharomycetales or Schizosaccharomycetales,
even more particularily from the family
Saccharomycetaceae or Schizosaccharomycetaceae, even
more particularly from the genus Saccharomyces or

20 Schizosaccharomyces.

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

25  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
30 particularly, in this method, the sgtep consgisting 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.
35
More particularly, in the method as defined above, a
sapenification step is carried out before the
extraction of the cholesterol. Even more particularly,

in the wmethod as defined above, a step consisting in



4 - nmechanical grinding of the cells is carried out before the
saponi fication or the extraction of the cholesterol. 5 Another aspe
the invention concerns the use of an organi smof the ki ngdom Fungi
defi ned above, for producing cholesterol, or one of its netabolic
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comprlsihg the following steps:

- culturing an organism of the kingdom Fungi as
defined above on a *C-labeled or *C-labeled
substrate, and

- extracting said cholesterol, or one of its
metabolic intermediates, or the mixture 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 posgitions 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 molecules of cholesterol, of cholesterol
intermediates or of cholesterol metabolites labeled at
various positions using isotope labels, that has a
defined isotope preofile and that can be obtained by

means of this method of production.

The invention also relates to a compogsition
containing, as a traceability label, an isotopic

mixture of cholestercl, of cholesterocl intermediates



or of cholesterol nmetabolites, |abeled at various positions using isotope

| abel s and having a defined isotope profile. Mire particularly, this
conposition is intended for the field af human or animal food or 5 therapy.
Det ai |l ed description of the invention The present invention relates to the
production of 10schehestetekoin ekegan-gnseef theddirgdomtFungiy:idds Fungi,
no cholesterol.is found in the naturaL%ﬁ%fte, the. latter be%&ggﬁga ni mal
sterol . Thep%%}%}og?eﬂﬁfuﬁ? 7 ERY anéd'bf "PReLE of g s
ergosterol .id45tdbe presente i nWentd opamakeslietripossill® tonperdiorion

chol ester ol iéyni%lﬂgﬁ'd%d tﬂHP“ﬁﬁet *%%he'i‘g'ji tipl hﬁ@iého%rmaxlfﬂﬁgi’ LAt he presence
of a sinple carbon source. The nethod proposed by the present I nvéntion

t her ef oPe nElk@sapy - possible to obtain a | arge anount of 20 chol esterol, at

| ow cost, since the nmethod uses the culturing of organisns of the kingdom
Fungi and the addition of a sinple carbgon source, readily avail able
conmerci al | 1 PESO £ A VieRFdRE on, the term "sinple
carbon source"” is intended to nean carbon sources that can be used by those
skilled in the art for_the normal growth of fungus and. in particular of a
Veast . 1t T8 nEBTRGT o ‘GERGtE A PAMETER arot nEToart OUL Jo HesiTh | abl 6
sugar s l0sucthakegtecose, igal acyasesos sofrose: dimplassanal. t e

by- product s - he ) j ml_e n.sounce i t

oo U1 cul ar L5 pTLY ofPed rol SrrarSt "aa Grveeran BEhaCPER! (RHTGne
production ke chrtted betinguttancioustly weenslt hBbet heteri stegodeert t o add
substrates ke okde! HhQnBPLALR LRerghakestenel orlut; & Ralydde Qngani sm can

produce it only fromthe starting sinple Carbon source.” It is also clear
that - 6 - the strain can produce the cholesterol using a substrate

| ocat edsupstii€amidsdite netabalidn pataheay, itnspdasinset heo styainb0f the

organi sm according to.the present inyention nt ai all,the genes_required
Lo 5 compl €& 1RE BT AboT L Kt Hivay 5 1St CoberBiL proHlct T FHe
i nvention righages in part imwsente afgenetingald ycavdiofi eduergani®@m of the

kingdom Fungle & FullaysdsLhat, 0 il ongrously RLoduges,chalesleral, froma

si npl e carbon sourc certai genetic nodifications of the
fungus can WKe?f eéted Hasorder toodi POERINhe matlmrage amount of

20 cholesterol, at low cost, sgince the method uses the

culturing of organisms of the kingdom Fungi and the
addition of a simple carbon source, readily available

commercially.

25 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 vyveast. It is
intended to  denote in  particular the  wvarious

30 assimilable sugars, such ag glucose, galactose or
sucroze, or moalasseg, or the by-products of these
sugars. A simple carbon source that is moest

particularly preferred is ethanol and glycerol.

35  The fact that the producticn 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



15 netabol i c pat hway of ergosterol production toward the production of
cholesterol. relates to a genetically kingdom Fungi expressing The present
invention thus nodified organismof thesthe 7-dehydrochol esterol reductase
and 3g- hydroxysterol A24-reductase enzyrres 20 The strain of organism of
the ki ngdomﬁanglsﬁmsfa noghfi edrpreducestighol @ﬁb%@terwe Applifang has in
fact been ablg % J[ t?/%lrtue of the re Bt i.ned (cf.
appl i cati onj"% ré‘F&os ¥Rt i g em réauct m&ﬁ& 1Fhepéf%‘©®1§ of
chol est er ol inshéaexampltéies entiaim obf t heepresant sihecetrabiold cqgat haway
resulting ip,L0.80me Qfedd Suferhyatives (1 ok 1hedsdghydnogho! gsterol

5 complete the metabolic pathway for cholesterol

production.

The invention relates in particular to a genetically
modified organism of the kingdom Fungi (a Fungus) that
10  autonomously produces cholesterol from a simple carbon

source.

A certain number of genetic modifications of the
fungus can be effected in order to divert the natural
15 metabolic pathway of ergosterol production toward the
production of cholesterol. The pregent invention thus
relates to a genetically modified organism of the
kingdom Fungi expressing the 7-dehydrocholesterol
reductase and 3B8-hydroxysterol AZ4-reductase enzymes.
20 The strain of organism of the kingdom Fungi thus
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
25 ergoesterol and in some of its derivatives {cf.
figure 2). Expression of the 7-dehydrocholesterol
reductase and 3f-hydroxysterol A24-reductase enzymes
in the fungus $. cerevigsiae can allow the production
of cholesterol by diverting part of the biocsynthetic
30 pathway for ergosterol.

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

enzyme catalyzes, in the natural state in plants, for



3g- hydroxysterol A24-reductase enzynes S. cerevisiae can allow the
production by diverting part of the biosynthetic 30 pathway for
ergosterol. The 7-dehydrochol esterol regductase enzynme bears the nunber EC
1.3.1.21 in the International Enzyme Classification. It is also called
delta-S, 7- steaapie35cdel tmﬂpmeﬁ@peastem 7-BEGiredouct ase @IeBteeIf@I 7 -

del t a- 7-redg%%?§§ta}gggagﬁl I go b eﬁ% I %d C%fe%tahé;ﬁ ol duct[?ﬁghl .

Del t a- 7Red, uct ase or - ctase’in e remui n
document . Theducexanpl et t Iﬁeawmpm@éeen@@ﬂane@du@ﬁmngof tHel tdewh e

chol est adi epg}, 4t 9ndekla-h-chol est agnol Tgoahgnee%@ltﬂe%n Ofo Sl)er Othe
i nternedi ates having the double bond in the 7-8 position (Taton and Rahier,

1991). Phe $°@Bne EHEVWRY t He Y- dehyfibetiot &5t &t Bt er@uct@d & €nzyfe was
i sol ated fOénEE Ref st thABatBat Pl ank Arabidopsine thal kara;plder

isolation o corr.espondj ene and he expres |on of this e me in
the yeast Sate éfiS’ﬁﬁ(’:és ce?gé?/‘?%‘?%‘@ is e(:rl béd |r"il 16 pat eﬁ? EP %% 489.
The sequencesroésphh8iggneyand ahdt htehepr ekeirpsarenaccessihilse amdenet he

fol |l owi ng nBank cessi@n.n [ I certain
nunber of %rml%?)l uieao%?t iagcé%%%m have b%%\é%g?eé;cr% Z g|Cr]1:]lot%her 1g\pem es.
These &fe, P@teekalﬁﬂ &2 He8 ShonBhegaesiugared nohuvdnss (@ﬁ@en@(ﬂdeoct)f— de

sequence of + Mhi EJQO't%l?&C%%%S'atH@eé@ﬂ?I Gea@egktnen‘qeﬂl%ﬁ 4ds b gy protein

sequence of which is accessibl e under GenBank nunb 086) (Mbebi us et
al ., 1998); 2¢AES2D°ROABIEESUS UGené s ﬁlﬁ%lﬁhte%]t us 1n%?§/eg| cus (the
nucl eotide sequence of which is accessible under GenBank nunber: AB016800,

th t f _which bl der . GenBank nber :
BAR34306) . Poral cgatis TUEHES: nabe"ares BEaR iHontTtr i Th (HY 28 EHY cken

Gl | us 1@al I@escmbhdt hien Genbank spteience BMISOAGZ cor Enrt I@{cmanIeXenopus

| aevi s, 07 r o rerio,
with t he Ge Eor e?gggﬁge%%ﬁ%g&%i&l%gnetg%coﬁil%%e%eﬁ %\é%ge?%l
reduct ase a@fl witiyh sial secgestbliad vundgs a(ﬁﬁtISB@%hna@hﬁfceqf G474t sat i va,

with the Geppank £<§I§£§n0§e£€@§§é45@fOrwil@a@é@tOls Sol anuun. titber astii~W th the
Genbank reference BF342071. "Thi s gene encoding a delta7 sterol reduct ase

activity capeaPapkpaurheid i HhelHt bt |®Peﬂ%§ﬁ qmodba’ badlP&ithithe

20 homologous gene in the rat Rattus norvegicus (the
nucleotide seguence of which is accessible under
GenBank number: AB016800, the protein sequence of
which 1is accessible under GenBank number: BAA34306).
Homologous genes have also been identified in the

25 chicken Gallus gallusg, 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 gene
encoding a delta7 sterol reductase activity is also

30 found in plants such as rice, Oryza sativa, with the
Genbank reference CAT7H3545, 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,

35 with the Genbank reference BE&36562.

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

7-dehydrocholesterol reductase enzyme in other



35 with the Genbank reference BE636562. Those skilled in the art will be
able to readily isol at eot her honol ogousgenesencodi ngt he

7- dehydr ochol est erol reduct aseenzynei notdhher - 8 - organisns. They may in
particular refer to the cloning nethod described in exanple 1 of patent EP
727 489, whichadesosi b8seg clagniing pethoduier irsdkat itwg tdhae BNAOICodi ng a
protein havj | ta- - ral-d - -reduc CtadVi- Those
skilled in %ﬁghggt é%%%?glg%grgghi?%é%hﬁﬁ%réinggtH%gégﬁghjg}o%%%fégférol
reduct ase ac¢hight festrifpescdt r espoaBEng i GCei FRY LACHaFEnEuldarci¥ding t he

activity assa¥oahsg describedein exgaplegl efeipatent; ER 427 48940

Expression of the 7-dehydrochol esterol reductase enzyne in an organi sm of

the ki ngdonf FGRGFCEREGr difig Y ¥ he 1Mt | @aﬁfibénobttaﬁnea%y By means

known to thaseoskittediln theegetrmifli s MRy i n patdieidathdiedtiwebye

transformatjion o% t he organismw.th a construct %%ﬁg#isin?ean expression
y

cassette coﬁg?g? ﬁaeofxé ‘?gﬁ%cpﬁpt?%% 5?3%5?%FF1 eFab 3“ng'mljciréous, of
t he open readrngchiame uencediinge t hetivdelydraochol eSser oescedbetdasen enzyne

and of a 20€§g%%§?:Feékﬁﬁggﬁhgtg%n72§rq@@ator, according to the usual rules

known to those e art. horol ogous pronoter, use will in
gener al*%e nmade of a pronoter that is suitable for allow ng sufficient and

functional gxpressien ofothe figd er ol QEOUSIRI LI st dH81 25 RIAMDLLLe My, for
exanpl e, be the PXK pronoter, the ADH promoter, the CYCl pronoter, the

GA1, 10/ CYCISPFBHDt &, The OTBRAZ1FMbrivt eF6r HIREAPT FHEMSt XSCOTHE *2r ni nat or

may, for exasptRe havkhe iber Maratiy obhtdhee@hbsphogl yremat erkiwviases ( PGK)

gene. Said @%8&955i0n1ﬁ0 cassette can_be gﬂéegrated, in the formof one or
r

more copi est “TPRto tThe htél ed? of Fi tdthon Je&hbme- bt HHe HostT  or can
be cariiced byvahvart ifraiafostatucour e @f t ldeyeastrgantisfi cialtiohr ompsone

(YAQ) type QinbergarLed by ancenlsounl, genebh element susl a8 4,35

plasmd. In order to effect thi's typ expression, yeast of arrow a
li politica,©oKl @yiepompedstiiget iRroroPrehi Brpastebily hypeleaw s.orclexanpl e,

be used. -t9- expgrgssed is bhgieazyne oh-atde pl aninA@higopsi scpdal i ana
(an exanpl e qg%nethod of expression qof this enzyne in the_yeas

y
Sacchar omycbsigRyerpsiascrseqedcr i beHUFRAFEt enfREPN?27 289) . ?% ey,
howeverp besbianyhenot egessr ponbanot egausanatyr ah&rording to the

usual rules known to those skilled in the art. As
homelogous promoter, use will in general be made of a
promoter that is suitable for allowing sufficient and
functional expression of the heterologous protein. The
25 promoter may, for example, be the PGK promoter, the
ADH promoter, the CYCl promoter, the GAL10/CYC1
promoter, the TDH3 promcter or the TPI promoter. The
terminator may, for example, be the terminator of the
phospheglycerate kinase (PGK) gene. Said expression
30 cagsette can be integrated, in the form of cne or more
copliesg, into the nuclear or mitochondrial genome of
the host, or can be carried by an artificial structure
of the yeast artificial chromosome (YAC) tLype or be
carried by an episomal genetic element such as a
35 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-dehydrocholestercl reductase enzyme



artificial, enzyneexhi bi ti ngt hesaneenzyne activity. The 30-hydroxysterol
A24-reductase enzyne, also called 10 DHCR24 or 24-dehydrochol esterol
reductase, naturally catalyzes the redugtion of desnosterol (cholesta-5,
24-di enol) or of l|lanosterol derivatives having a double bond in the 24-25

position onekheeside chai ni(for exampl e,od4-desmebhyhe | anosberbsis
zynosterol or &5 chol esta-7, 24-dienol), mﬂych reduction is qs;essary for
the bi osynt h8&€i'd35F ot eSFEFBI S (P uRgRE® n Yar BFRULEFIPER O Mat B Ram et
al ., 2001). ehhiymeenzitire whkl 8lese:itbe gabbrdrdelteas24-d25)visd ol deduct ase,
delta 24 sterol Reductase o 4-red ase Jyn the 20 renninder of, this
docunent . Tﬁggﬁgﬁgeénéﬁaiﬁa ?ﬁ% fg?hy%?ogéggéro tA&%yYe G%FE%%an?%ne was

i sol at ed> f oenthe fligmtladgoms i n bumansponhendsobatizon ofnatheracor r egpondi ng

gene and theg expresshon 2% .0f this enzyne. in, the.yeast Jaccharquyces
cerevi si ae ?5 ée%cribéd inr%ﬁ% publlcatlonrﬁh. Vit er ham et a/.,E¥001. The
sequences ofCERVStyene and of the protein are accessible under the

foll owi ng GenBank accession nunbers: NM 014762 and NP 055577. 30 A certain

nunber of honol ggues of this gene have heen described in other eci es.
They are, fOr€exampl¥élr ¢he Tl o@%uérﬁgH‘étF‘ﬁeme@&Yﬂ%s ‘?ﬁ:%%u?%i?e%t he
nucl eotliicde sEQREAcCecof WhiddhydrachnesskbkecindeedtGenBask muaberal 3y NM

053272, the protein seguence qf which is agcessi Dbl nd k.nunber
NP 444502) - P 6G50s Hove BARLABECr Phed s AT REC LB m ELRROTRABAZCi <
el egans, and4rdipaptliculcar afTonpheaehtary DN&wvET itvses Gambarkg a

double bond in the 24-25 position on the side chain
{(for example, l4-desmethyl-lanostercl, zymosterol or
15 cholesta-7, 24-diencl), which reduction 1is necegsary
for the Dbiosynthesis of cholesterol in humans in
particular (HR. Waterham et al., 2001}. This enzyme
will also be called delta 24-(25) sterol reductase,
delta 24 @aterol Reductase or AZ4d-reductase 1in the

20 remainder of this document.

The gene encoding the 3f-hydroxysterol AZ4-reductase
enzyme was igolated for the first time in humans; the
igolation of the corresponding gene and the expression
25 of this enzyme 1in the vyeast 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 CGenBank accegsion

numbers: NM 014762 and NP 055577.

A certain number of homologueg 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 1s accessible under CGenBank number:
35 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



reference AF026214. Honol ogous sequences have also - 10 - been descri bed
in plants, such as cotton, Gossypiumhirsutum wth the Genbank reference
AAM 47602.1, rice, Oysa sativa, with the Genbank reference AAP53615, or
pea, Pisum sativum wth Genbank 5 reference AAK15493. Those skilled in the

art will bepabhe d&s¢eaghdy iirsopakgether hoapl egousgenesencodi 8gbhem
30- hydroxys%}erol A24-reduc&lase nzynei not her 10_or gani sns. The;i/ may _in
particul ar FefEFTHE t h&*E onitg‘@ MEERGE Hes &S oo t e bubt 18%€ T dn HR

Wat er ham et rake, 20@Awsdhose tskid,|l edwinht heclagt wiehbaakso bef@béecko
readi ly det ! he 3g- hydr oxysterol A24- reductase activi of 1he
correspondi%g%rgggéi’ns,g?n ﬁeaﬁartﬁ%ﬁuﬁ ussiar%:g“’ctuﬁ"é ac?’%g}tlty %%%%@n | so
descri bed i nectheepabl PeELEEA3(WAt erham et al ., 2001). Expression of the
3g- hydroxyst erol A24-reductase enzyne in an organi smof the kingdom Fungi
according 20 to the invention can be obtained by any nmeans known to those
skilled in tHesgrtskThigdnaifri rihgar dxul a*fljilnvé’IeveaEVDPl@ neansrerRdEt Vbed

above with fggardat 0 theeXxpregsinglogbukhe 7g&ebydroehebesterol ¢gductase
enzynme. 25 Preferabl ¥ the 30-h drox%ils}}l erol A24-reductase enzyne expressed
is the humanPeR¥Jre*YaheERdnpl &5 <G TR of SPRETEor r édpond? My Hene and
of expnessi ongafiithies @hzymendyn Dhepyeastubacchareryces el evishaegi s 30

descri bed i p{fepublication HR VALerham el al . 2001 hL oay. howeyer, be
any honol 0gous of nonhonol ogods. nattr 416t arT1 it al enzyES8%AM0i TFng t he
sanme enzyneadcti ioPy.. 3ok aditabbedshiy, ttwe arigawnishsadkot e kkimgdom Fungi
accordi ng tp,the.present ikhvenllpon.exprgss the (s est |

reduct ase an% SO-QEydro ystero A24(-3reduct ase %nz&%ﬁe&ggygérlg&%?is‘o e%l?bit

i nacti vat i oRCBRCERBE staGtol ViU Coket RyE t easiessligny yreoteins,

15 particular using the activity assay alsc described in
the publication (Waterham et al., 2001).

Expression of the 3B-hydroxystercl A24-reductase
enzyme 1in an organism of the kingdom Fungi according

20 to the invention can be obtained by any means known to
those sgkilled in the art. This may in particular
invelve the means described above with regard to the
expressiocn  of the 7-dehydrocholesterol reductase
enzyme.

25
Preferably, the 3f-hydroxysterol A24-reductase enzyme
expressed ig the human enzyme. An example of isolation
of the corresponding gene and of expression of this
enzyme in the vyeast Saccharomyces cereviglae 1s

30 described in the publication HR. Waterham et al.,
2001. It may, however, be any  homologous or
nonhomologous, natural or artificial, enzyme

exhibiting the same enzyme activity.

35 Advantageously, the organisms of the kingdom Fungi
according to the pregent invention express the
7-dehydrocholesterol reductase and 38-hydroxysterol
AZ4-reductase enzymes and also exhibit inactivation of

the sterol 24-C-methyltransferase enzyme.



The sterol 24-C-nethyltransferase enzynme bears the nunber
EC-2.1.1.41linthelnternati onal Enzyne Classification. It is also called
ERGGp, Delta(24)- 5 nmethyltransferase, Delta(24))-sterol nethyltransferase,
Zynost er ol - 24- net hyl transf erase, S-adenosyl- 4-nethionine: sterol
delta(24)-nethyltransferase, SMIl, 24-sterol C-nethyltransferase,
S-adenosyl L-yet hi oni ne: del t a(24(23),).-sterol nethyltransferase or 10
PhytosterolIﬁ%thfﬁ?ﬁgﬁsfgﬁé@%ﬁmﬁﬁgg%ﬁﬁﬁﬁééﬁﬁﬁ?neﬁ?@y%%t:??3%@ tﬁéec-24

met hyl at i onngfnbeynosEEral- L -2eddl ti ng i nthhe fontathaniohaflecosteyak. The

gene e”COdi@ga%@%f§E%E9kn24'Eén?igyhkﬁﬂﬁsﬁﬁﬁﬁéﬁi1§F§@é¥”eng@§a?§ﬂ?g Erg6 in
the yeast Saccharonyces cerevisiae. The sequence of this gené is accessible
under the fBEEONNGCsABEREaccBSsFan2AlmBerroNC meuiTabt rahef esgaence of

t he correspoRdichd cREAL-8ian S HLGasS I &-4hder the follomgngdgggg?@k
accessi on 22 nunber: NP 01370 (gomna? eg aI.h 1997), (CGoffeau et al.,
1996). A ceft I HGREES ‘G- SHShol 9ghke (3f ) t RrEydhE SRV & FE6n de¥EEi bed in
ot her Fungi 24Tkeyrafle, for exampteylthenzbehanel ogous geneaddnosyl -

Schi zosacchar es_ponbe (it he nucl.eati de sequen f._which is accessible
under GEnBa%k%gﬁéﬁgplfﬁggﬁgFaﬁﬁ%:%F@ﬁef%E?%jueWEEEK “RATER 555 cBEsi bl e
under GéhBaRkyhostierolCABE6BIIr réwsddretseal . Th2802¢nzyhe honokogbug gene in

Neur ospor a (t nucl-eot, de - ieh i sibl e under
GenBank nun%é?éﬁ%é%%4p7?%fhe C?%%einﬁggﬁﬁgéé}éﬁ mﬂ%%h i%yﬁgggééé [ e under

GenBank nunB8FUIEABI7289)het HOMavrsIBysils femesierdandi da al bi cans (the
nucl eoti de sequence of which is accessi ble under GenBank nunber: 35
AF031941, t?g protei n sequence of which is accessible under GenBank nunber:
AAC26626) (IBRseREPEr gaReS 9 al t1e 199655 Beridy ©rtdidingt S &g yaee

honol ogdus tozkRE6 have alsedbeendgdescin bathd n ans dashashs aahpeesw th
Genbank ref erence AA021930. 1 and also Lh 12 - Freumpcystis carini|
(Kaneshiro et al .. '2602) or i'n KUVer omyces tacti'( 2 Fer Kaf dgeropoul os et
al ., 1998).uBd#hosetski | | ddlilowtilng ar tCamiHdnibe able=doioeadihynbsol at e

ot her genesyho us t I e i r I the Kj Fungi .
Those gkillgg_?gh?%g'af$E%M:%% aeggm%eggbfgu?qggggggﬁgﬁgétgrﬂ?ﬁ§9?§£1ste?ol
24- C- net hyl tFanmdferagtb et iwidsr of-lchefedh pedpondFagbaokpratedssionn

particuloar HehR8:r:aNACiiVidy ass@hant e functi opadscombenrgntation of a
yeast strain dlsrggtgd"for t hese genes. The conplenentation is then
attested toa%y'tﬁ Pormation of sterols that are branched at the

24-position, in particular of sterols of ergosta-
A certain number of homologues of this gene have been
described in other Fungi. They are, for example, the
25 homologous gene in  Schizosaccharomyces pombe  (the
nucleotide sequence of which 1s accessible under
GenBank number 299759, the protein sequence of which
is accessible under GenBank number: CAB16897) (Wood et
al., 2002); the homologous gene in Neurospora cragssa
30 (the nucleotide seguence of which is accessible under
GenBank number: NCB24P7, the protein sequence of which
is accessible under GenBank number: CAR97289); the
homologous gene in Candida albicans (the nucleotide
sequence of which is accessible under GenBaﬁk number :
35 AF0319%41, the protein seguence of which is accessible
under GenBank number: AAC26626) (Jensen-Pergakes et
al., 1998). Genes encoding an enzyme homologous to
ERG& have also been described in Candida lusitaniae,

with Genbank reference AAD21936.1 and also in



15 type carrying a nmethylene group at the 24-28 position. The presence of
ERGG-type sterol 24-Cnethyltransferase biological activity will also be
determned in vitro by neans of the Le%gntques devel oped by (McCanmon et
al ., 1984) or by Taylor and 20 Parks (Taylor and Parks, 1978). Furthernore,

the sterolspprogduced and the; substnate fior-d he ERGE enzyym wi bh- ben

separ at ed bx gas chromat ogr aphy according to the technique devel oped by Nes
in (Met hodsXiRVERZYHEPEgy Stetbf ds (@d ArsEprensi i Uire 211 patt- 25 B,
1985, "A compagj)son of Methods for the Identification of Sterols", pp.
3-37). The strain of organismof the kingdom Fungi according

t ot hepresenti nventi onexpressi ngthe 30 7-dehydrochol esterol reductase and
30- hydr éxysTerot A24diteddctiase wWnzyres amdldl sbeexhbbéeting imnesadiVati on of

t he sterol - C- pet n e r.oduce ol r Th
Appl i cant hggofﬁ a2¥h%%gn%%%%%§tggﬁé¥g§ﬁﬁﬁe ?ﬁa??ﬁgurp fgiﬁéP§, ?ﬂe
i nacti vat i oprefnt hes3% st erel kanoGaret Fiyhei ansheraseslenkyae Biocklet he

bi osynt het i g-paihvay f10f, e5g08LeE0l IPSLL 8RN 8Bk QWS dRCreased
production of cholesterol by the fungus strain_(cf:. the exanple_ section of

the present?4pprieabydhyansiergse TReY-gekydr 8Ehot et STV Tt RAERANd30-

hydr oxyst er ptoA24nkedust asereneyl®s asenexprasseds asideseniseed ablove. 5 The
i nactivatiop of the sterol 24-C—g§}h Itrﬁnsferasg enzyne can be carried out
t Sray*ith %a

by any nean5URROWACES £REISE NGNG%EE Th The? aV £2° TR T dr
i nvol ve t hefont todget iggnedy whtagenegslicsierofataiqronsenséenutattiorted0 of an

i nsertion ofjof,a deletian.thal, cayses A onanggain 1he readingd rage in the
gene encodi ng sai d protein. may al so i nvol ve the ‘expression of an

anti sense RNAe154tpatsiits caonpl enepradguient e nessepger ORNEFeddRr ng sai d
proteing org [ Ci Igyﬁg gaTell) se skid led. i 4he art as
RNAI  (smal | ?ﬁ?e??gﬁyﬁgga%mﬁ%ﬁn tﬁ§g2§SOC|a%gdkgﬁzséeggsgéhéf%%@these do
not natur al T¥eexi sPIFIHE host ©EThe Mt endS s caitBEC320 ef fetied in the
codi ng sequesery Dt rhisd@efaBeodbiglsequence ;5@ a8 40 nender 4:1he> enseded
protein inagt%ve or to preventtjts Expression orfit% tra@ﬂéﬁicwheghe

mut agenesi sCcan” BeREff ected ThE07t r 8Yor T t W0F by T8Gppriessiiom

substi t uti odevdebptiobyanMataradsi t eonadf. ,25 aie ovr nbye Thades iand he gene

under c@nsi deraLi OETa?rrlol%y 9§Ne 1Pactlvatigng, Thi g JRY, J.R Rarti qul ar
invol ve the 1ntroduction of an

sterols produced and the substrate for the ERG6 enzyme

will be separated by gas chromatography according to

the technigue developed by Nes in (Methods in

Enzymology Stercids and Iscprenoids Volume 111 part

25 B, 1585, “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
30 7-dehydrochelesterol reductase and 38-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
35 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 sgsection of the present

application) .



exogenous DNA into the coding sequence or pronoter 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 expregsi.on cassette advantageously all ows
t he expression of a selection marker. It is also possible to nodify the
pronoter of 35 the gene in order to reduce the | evel of expression. For

fungi, inac hgatlog eh éy%éﬁg g%iggg by |nterru%t|on of he co ing
sequence w the co seq uence 4 hetefo ogous “or ogous mar ker

gene. The rrhivﬁrpeyhheqeés Mfﬁ re@eﬁtepel nep ey igene afrreorrefcmrrgssed 14s- are

descri bed ip.Lhe;aLki ghe, By Johnston et al., (2002) (Methods in Enzynol ogy

Vol unme 350 Edited by Christine Guthrie and Gerry Fink; "Gene Disruption”;

M Johnston, L. Riles, J. Hegemann, pp. 290-315). 5 Advantageously, t he

or gani snms Ofﬁrhéhqdadt&d%ﬁwgbfa% disﬂgrbq the. preseni] ¢ Avest & R expr ess

t he 7-dehydrochol ester reduct ase and_30- hydroxysterol A24-reductase

enzymes and® ﬁFggeefﬁPb%% |%%E¥?%§t98ﬁ S 19Y hBEBDS 2 XOP8 I - Uels AP TR ase

enzyne. Thesmi22e8tenoltﬁesatmrasezemzyHEU1Spatsmcﬁahkeddﬁaﬁwe yp61,

cyt ochrone ter sat ura This enz e, naturally
ﬁeéiggucg oR 3f %S ﬁos g % cg%(§8fonsens (}

catal yzes t CORVErsi o trieno
er gost a®, 7, 22, 24 28)serdtirgenet by addien?getmcd@ubhetb@ﬁdlsaﬁ posihtamme 022 (cf.

figure 2). jhe gempe encediRg thefk 22;stergh desafurasg.snzyre 20; yas named
Frg5 in the yeast Saccharormyces cerevisiae. Thé sequence of this gene is
accessi bl e Bh@ERiPhe fol | owi ng GenBank accession number: U34636. The
sequence of the correspondlng proteln i s accessi bl e under the follow ng

GenBank accessi on n#nbers 06217 Ska% s et_ al., 19%%% or P54781
(Bownan et af. "®Y¥o§77° ATt Va‘? N HunBert e s gﬁ‘oﬂ?g&‘@s Bt 1 HiE G have

been descri biedti niot bemmpEengintakheytar e;hd omeexampea; Rhe 3fhdodbhggous

gene in Schgggéaeﬁgﬂgggice%rpqu 9%&%% ngciggglde sequence of which is

accessi bl e under nunber roPgln sequence 8 wWhtch is
accessi bl e Undes @ﬁwﬂdﬁxinmﬁbéﬁMECAB$16a8)Iﬁﬂ%@d etaall.  112002)er tihe

honol ogous BEAE LRaSYmRI faphrifag enzyme systems if these do not
naturally exist 1in the host. The mutagenesis can be

20 effected in the coding seguence 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

25 one or more baseg 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

30 sequence (for example an expression casgette with
homologous promoter and/or terminator and a
heterologous coding portion). The expression cassette

advantageously allows the expression of a sgelection
marker. 1t is also possible to modify the promoter of
35 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



35 buchneri (the nucl eotide seduence of which is accessi bl e under GenBank
nunber: AB086896, the protein sequence of which is accessible under GenBank
nunber: BAC01142) (Noda and Koi zum , _20Q3); the honol ogous gene in
Symbi ot aphri na kochii (the nucleotide sequence - 15 - of which is

accessi bl e upder a&eaBankdnuiber ¢ hABOSHS8HO) « t hiey prodiehdr sequenceadf , which is
accessi bl e Ge kK nunmber:_BAC01139) (Noda and [ zum. 003); the
honol ogous 3§ﬁ§5?n @E%QFﬁgsaF& %ﬁﬁ%@%ﬁ%%YS hﬁ%?&%?i&gﬂgegggﬁgéd?%mhich i's
accessi bl e Uhdést GeaBahk-nunberndALO33396 Fitrfke pPoteen Seguepteont ; which is
accessi bl e ynde nk, nu (.. O i t e 7). The ERGS
gene has_algb gégﬁggggér%be ?SSCaQQ?§%%%ﬁ5$%§n&§§,%%%r?%%ﬁbank 10
referenée AA048601. Those skilled in the art will be able to readily

i sol ate ot hghvdRAES-BQEBL,000URT OoEhenEEGS 08Pe ¢RHeO0rgan, 888 Ofukhe ki ngdom
Fungi. Those skilled in the 15 art Wwll also be able to readily déterm ne
the 0-22 st8F6PTdéBdt urtdse &BEi viRFEHTNE he EOIGESSEhdi RFPHFSEi nslei n
particul ar usiagytbecaectk¥ibyocassaydeasciidedaby B.¥g-1Skaggsyeteabr, 1996.

This acti vi may .al so be denonstrat ed functional, conplenentation 20 of
2 S “cor evh L AELGRLER ST SPIITT LoD RFERA eI RS SP e Th 8T

conpl erent athenCwik|l sherafit dstedutrasky erlrgnpr.esence, in the conpl enent ed
strain, of ergosta-5,7,22-trienol.The 022 sterol desaturase activity can be
measured in vitro using the nmethod 25 described by Kelly and Bal dwi n et

al ., JBC (199%), CaPler skgsipd oflechéuyesdst ERelBe etidl .2199979aliwd strain

of organi smpshhe KipgdomEUNGiLAGeOr HNGo61 or sterol deltaz2-
t ot hepresent i nventi onexpressi ngthe 30 7-dehydrochol esterogl reductase and

3g- hydr oxyst@F8FuB2aer eduttiSe SAANTS aR@tared‘&xhi 6REPRY2PRact TSt on of
the 0-22 stetnledesatiurase efgydea ps pduceszehotestanol . cdhe=Appstgant has

dosat ur ase. BnIyRE’ SAVAR AGEBUGFY R oble PHE-Eanver STERCBY cROTdsterol to
chol est a- 5, 2@sdiénol cand (alfl. o gstrabi?l)i.zat i on of the production of

chol esterol (cf. the exanple section of the present application). This

bl ockage al so occurs at the | evel of the conversion of
The gene encoding the (C-22 stercl desaturase enzyme

20 was named Erg5 in the yeast Saccharomyces cerevisiae.
The sequence of this gene 1is accessible under the
following GenBank accesgion number: U34636. The

seguence of the corresponding protein is accessible

undex the following  GenBank accession  numbers:
25  AABO06217 (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
30 homologous gene in Schizosaccharomyces pombe  (the
nucleotide =sequence of which 1s accessible under
GenBank number 798974, the protein sequence of which
ig accessible under CGenBank number: CABL1640) (Wood et
al., 2002); the homologous gene 1in Symbiotaphrina
35 buchneri {the nucleocotide sequence of which is
accesgsible under GenBank number: AB0868%6, the protein
sequence of which is accessible under GenBank number:
BACO1142) {(Noda and Koizumi, 2003); the homologous

gene in Symbiotaphrina kochii (the nucleotide seqguence



chol esta-5, 7-dienol, a precursor of cholesterol, to
cholesta-5,7,22-trienol, a precursor of chol esta-5,22- dienol.
Surprisingly, the C22 sterol desaturase enzyne in fact accepts chol esterol
as a substrate, and 5 converts it to chol esta-5,22-dienol. This parasitic
reaction caf b&'teldini hat edobysithdet iwalemn@arimit: 22ushber ol 2A868aBGase

enzyme, as the Appbiceant Rashkeenr ablre @ ideterni ng-c-10:The apdsQyt as
descri bed above. The inactivation sterol desaturase enzyne can be carried
nmeans known & elERPPFed PACERE3Er t . N Ppartit uFar HE it he2RE8ENGds

descri bed abbowe tacibadgeact i vateen ofint hecsheralz transfiecase enzywre.
Advant ageou 7 Lhe organi soms of the kingdom Fungi_ 20 according to the
presentg[?nvzl%t%ilgr?té’“)?%r ess The 7= deﬁgdr 2‘%5 est’et ola?%%ﬂ%i‘}%% aﬂ&der

30- hydr oxystenglank24medwct -as Algny3hes, andhal sprexdibi t segaehieat bdn of the

C 22 sterol t Ut ase d 'Qﬂ%i | f ter
24- C- et hyl %“’?Lg%?f e%gseagﬁé%gng??%he%e \sé:tae%{éél%nr}lskol th]ggg 'exﬁ%?%gt‘sﬁé
cunul ati ve adeafnt agés ot -t hel @) i nablt¢ vaiRi@ns sk afes also been

chol est er ol dpEEUGRY StiAl NSrarleI£XPr 888t On fet he : dghydiaghglgst er ol
reductase 30 and 3 -h¥drox sterol A24-reductase enzynes and the

i nacti vat i oRSoFTERESC %ol desaturase and sterol

24- C-net hyl transferase enzynes are carried out as described above. 35 In
one enbodi t he chol esterol, is present..in the strain_of organism
accor di ng {f?ﬁ%ﬁg prs}é%g(filfa%i nvBnt TR i# a pHopor B%n2gr&at &P tﬁ%’\%gég%
preferably 35%lamestopheferadhys 50%narl amres ot ot heht otfbg 5t ereoles produced
by the strajpp,aggerdi t he i [ N - Lgul.

synthesi s int gr m%ﬁ%t%.eB%e%r%fﬁ tgﬂlejgjér'l aTnl}%gr% 8???%%8“1%%%%%”@
accor dify t 8TEhévpkesedra nventide are eResdd vf rémt helBe phylaunt-22

Asconycet esgcBREE Preégrablysthey,ar g, chpsend roppthe sUbphyl UK ing

Sacchar onycot i pa,even nore ref er abl yt heyar echosenf r omt hecl ass
proteins, in articular using the activity assay

described by B.A. Skaggs et al., 1996. This activity
may also be demonstrated by functional complementation

20  of an 8. cerevisiae yeast disrupted beforehand in the
ergs> gene. This complementation will be attested to by
the presence, in the complemented strain, of
ergosta-5,7,22~-trienol. The (€22 sterol desaturase
activity can be weasured in vitro using the wmethod

25 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
30  7-dehydrocholesterol reductase and 38-hydroxysterocl
A24-reductase enzymes and also exhibiting inactivation
of the c-22 sterol desaturage enzyme  produces
cholestercol. The Applicant has in fact been able to
determine thal Lhe inactivation of the C-22 sterocl
35 desaturase enzyme advantagecusly blocks the conversion
of cholesterol to cholesta-5,22-diencol 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



Saccharonycetes or Schizosaccharomycetes, even nore

pr ef er abl yt heyar echosenfront heorder 10 Saccharonycetal es or

Schi zosaccharonycet al es, even nore preferably they are chosen fromthe

fam |y Sacchar orrycet aceae or Schi zosacchar orrycet aceae, even nore preferably

they are chogen f ﬁ,%mft k}ed%%%ﬁ sacch %8?6?@& o%Ch&»%g%é‘EEh% PNyCES,

entirely 15 referab € ordanis dom Fungr ~accor di ng to the
i nventi on béPeA§ste fhéY §ée@|rel§nsdochfar§ﬁ?§el§‘%@é’r@\ﬁ s¢1@@l@$ta 5,22-

Schi zosaccharemytes paMkS-is: c{gﬁypr eseRt iAventi eraal3o relates-LQ.a nethod
for 20 producing chal est er ol nonani mal ori conprising the ftollow ng

steps: an OFGEREsmoft adte 4G Feflotn Fﬁﬁb?sgﬁrﬂgf Bfed abdve Tateul #ifed,

t he cholé®est epalveptaduced by tdi‘th@l@éga%sﬁmaléﬁaxtra@h@é ﬂ’ek@a@%tiéc'fl onis
based on th g at nent _ of the rgLus wi.th a s.oIv nt for ch r ol

pref erably a nonwgflerc?‘r?sgeblg %8 Yahed s £ Jr?faarﬁ Ibgtsm ef Fably 30 be
conbi ned w heany nitdwidiodseecTanmeal gsi ndhag Ppr]IJJtearﬁel hes Nbeen
preferably, ,t.he fungus . wl,.be treated, before extraction with the solvent,
with a saponification mXxture intended to release the chol esterol possibly
bound to other cellular 35 conponents such as, in particular, fatty acids.

This saponi fheatd 8- Xi sk e JrY - 6ansh S&eﬁydéo@ﬁéﬁestekowaﬂ%@c@e@lgsous
anmoni a, sodi am k}i%/ﬁ_‘rygl de or potassi um hydroxi de, dissolved in water or,
Y,

nore prefer3db TRtETL TR Ski BPE - 6PERAITE SS0l SRAYMER C R SasCa¥ B e@xanpl e,
- 18 - nethanol =er @¢bandbedolbaanl vent - wel-er: iladiwe. ofhensaponp $i cati on

may be carr t out or preferab W th heating.to a tenperature of
60- 120C, atég ﬁ%gph%\%si’gt Pregiurd ormat c)é‘(’.?\/v %?es%‘ﬁ@gdfhé’% eX¥rat¥on with

t he non- wat®eeanssdingve stob vehbspayskiel raapl avedhwi tdrta. sThed- phasein

ext r actjison p st a 0 scri bed
by L. Fl>a5r ks}‘gg)fﬂ@%i?ﬁ%g %5)912%\/9%%9836‘% n%yrnjﬁ%%yg%%ggEgg%@dd%éﬁiprl I 1ing,
L. Parks, Cfiolot&ﬁteﬁﬁaCRlVRéépPgueqfan&h%onﬁéeﬁéws2‘%7{53 8338B9). The
crude chol est£hoket-hys ehkaiped may be purified by any nethods known to
those skilled in the art, in particular that described by Boselli E,

Vel azco v, 15 Caboni M and Lercker GJ, Chromatogr A 2001 May 11;
917(1-2): 239dw4ntggdaensmm hOdBenaxyr@iaﬁﬁ)siﬁg u@gd £1&IChe Asgddat ﬂﬂ%ii bed for

th tiQn, ok, hol est f h 20 Th Ki | th
art mag 0 n BATTTUIAr 3t or P { Mo WGt Rbds RGEIB0H | RORFST Foart Al ent s US

2 688 623 o? U PdB60h029steroiln Braductingmt eahs 03GB087R;0:08646277 or

03613778. pz4-reductase enzymes and also exhibit inactivation of

the C-22 sterol desaturase enzyme and inactivation of
the sterol 24-C-methyltransferase enzyme . Thesge
25 strains in fact exhibit the cumulative advantages of
the two inactivations and are cholesterol-producing

strains.

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

described above.

35 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 stercls produced

by the strain according to the invention {(in



25 Anot her aspect of the invention concerns the use of the strains
according to the present invention in order to obtain chol esterol or one of
its netabolic internediates, or a Iabelgd m xture of sterols. The term

"met abolic internmedi ate of cholesterol™’is 30 intended to nean in
particul ar ecsterals e f.i may in particul ar be
chol est a8, 2 ?25) g?enoﬁﬁg 5 %nggi% ii%%&%%ﬁ%ﬁ? % chol est a-

5,7,24(25)-trienol, cholesta 5, 24(25) -di enol O chol esta-5, 22-di enol. 35 The

principle f@&e@@wbmyng ahabeled ghalesterel g desgrinbedd n Fihayre 10.
This mani pul ati on.consists in first of all grow ng the ngus straln on a

conpl etel y FEBBFEAEulSt Hatte PHEEel 1VaRblPReALTEUIGSET OF (R TRS19 -

unl abel ed spbyﬁnateAsah@yeetssthUﬁnaac@maréﬁdbnﬁotm@grIaballﬁﬁogénthe
car bon sour ge; ther ensues de, novo 5% e is of netabolic internedi ates

and then of "§P&rol " |ncl% R’ thdl es ar%ﬂHCESﬁﬁ?rS|n% g5 gF3dua
change in IabeﬁengblThlstﬂhﬁwefoaeelnvoﬂMEﬁﬁa profehe tiate i s coapkex but

can be enti kely,expall @g@tsa' ﬂd&%@mﬂ}d@nﬁy@é&é@pr%@%g g que

i sotope signaturet épends at e sane t| ellng
pr ot ocol anEr?ﬁeEabﬂchlémﬁﬂ1th@r@ult@h@QQHms 5ﬁ@mcon&ﬂﬂcwwomﬁ@ﬁ | abel ed

and Unh@be|§Qc§HB$bh§E%tal%k onpthe qrect 58, 88R8kba 8LEHGLYr € ofvEfe strain
used, 15 S%ﬂon t he rec e time at which the cultures are stopped. Once

the cul tur S"RES bEERISEERYd (67 ex@ifpl e“BYSERI | Tromhf §i% netEboYic i nter
medi at es, opaachabehedetaxtuke of st sdiextdmedethadg puréféad as
descri bed aQ8¥8 %éeferably they are chosen from the genus
Saccharomyces or Schizosaccharomyces, entirely
15 preferably, the organisms of the kingdom  Fungi
according to the invention belong to the species

Saccharomyces cerevisiae or Schizosaccharomyces pombe.

The present ‘invention also relates to a method for
20 producing cholesterol of nonanimal origin, comprising
the following steps:
- an organism of the kingdom Fungi as defined above
is cultured,
- the cholestercl preoduced by this organism is

25 extracted.

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

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



The isotope profile of the | abel ed chol esterol or of one of its netabolic
internmedi ates, or of the | abeled m xture of sterols, has several unique
properties: -1) it can be nodul ated_aggdesired by adj usting the 30 culture
conditions, the strain used and the sterol chosen. A uni gque | abel register

can t her ef ofiet Rendr oddcedi hand) , i ths"gorbiiRak 0 wdt.ca: sey;etakbsotfmpe
si gnatures corresp ond] ng{lto several unique st rols 35 Iggt & with isotope

profiles tHhatPTah W@Yﬁs ves"pé | at cha‘?'l be €bnbi s t9 forma
"ol ecul ar [&f@fl@bﬂbly w13)1 ilteeitsirngpptodamﬂaér@eamt@asyofo G@etler{m(h,e

eXper'nenta y’ tmoe Perlc ﬁreégﬂf' Q%pdsaEO g ﬁ“'g?%%@&r%racef %LXture

that is easy t oI Sar colorless and o nonvol at i and
nont oxi &, agmlttdatieanwiéeh ndor popatedient-oiftedds e E P nabypriegluct ,

addi tives %eﬁi@@éd5 p{,ngcts that,ean-beaassi mdatedyphumeps; 55) it
cannot be falsified w thout haV| ng the specific reconbi nant strai ns and the

very preci S&vTapRrPRge cUPEdRi-ng PandeE? act FORT86REPRI oREEPPR addf ti on,
Igno;ivl edgehocﬂeéchﬁllbé@t Oﬁﬁh%ﬁna@éahﬂ@s daes not. makerdds)10 mdﬁgﬁ tmtrack

ack to the_ paraneters i C e it _possi 0 _produce Thus

"i sot ope al PhabhBL ¥ dr Jgje%er%‘ﬁraﬁ%% ]WlatsL cgﬁh%{ %‘g g[l‘sﬁ 1%8d“And CEhat can
be i ncaopormbedenat or 15rpdodyots ahdamiotmype Leiwnid, ugipng 3¢éns3ktgbl es, can be
readi |y obtained by vi rtue of the present invention. There is a virtually

unlimted nunber of "isotope words" that can be constituted from such an
al phabet byTmakingdasehofl esgeiroihd huebhed byl pedf hhEsbanduetid 120! Ve i ous

types of sterol s,o:Higyd NGOIRRY athon. @b such. 8 gnat yresthat oathe nopsgt vari ed
products therefore constitutes a unique nethod of |abeling that cannot be

falsified, RFfkeuldsdr Exdhpldes qﬁN@%@ gt uPese L ch- caff bez¢epribduced

once they awo(kﬂng Higl sighatelr ec23, cathrdmeayera . beoveatay 11;
nondest ruct | v,g g L xanpl e by | aser ionization followed by mass
spect r onet r%/1 f T%/ ?Nﬂf‘)Dl -TOF or the like). The use of 13C-| abel ed
substrate i nstead of the

Other methods may also be used, such as that described
for the extraction of cholesterol from sheep’s wool.

20 Those skilled in the art may in particular refer to
the methods described in American patents US 2 688 623
or US 2 650 929, or in British patents GB69%0879,
GB646227 or GB&13778.

25 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 sgtercols. The
term “metabolic intermediate ot cholesgterol” ig

30  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, cholegta-
5,7,24(25) -triencl, cholesta-5,24(25) -diencl or

cholesta-5,22-dienol.

35
The principle for obtaining a labeled cholestercl 1is
described in figure 10. This wmanipulation consists in
first of all growing the fungus strain on a completely

labeled substrate. The cells are then cultured on an



30 unl abel ed carbon sources for culturing the fungus strains according to
the invention nakes it possible to synthesize very highly | abel ed sterols,
and in particular cholesterol (conprisijng .at |east 95% of 13C carbon). The
preparation of 14C radi oactive sterols and 35 chol esterol is also possible
by the saneuvappbeael. sThetrefihod Tlaral $6 baukneorgoraied i Nt oyeast

strains tha r eroids, and in artlcu r derocortls ne pat ent
applicationﬁﬁﬁﬁggPéfo% B soc%gb)% ﬁ%odﬂcé 1%%©F5bé?n%P ﬁi}Pgﬁéled

st eroi ds, synthesgis metabolic interm@@iatfer @mﬁnﬂﬁhdmr REA
assays. Leg%EQrBQr thfnéilg&'{ﬁ‘@ > MO E: dro Lhem o f%ﬁﬁﬁkés% cholesterol,

and al so the nomencl at ure generall%.usedrtor nunberin e varlous car bons
and t he han8r8flughe GFEYIBUSLR| AGECLTRE -f otR1F | ﬁagréﬁome iehstestser 8|

nol ecul e ar gragred A, tlBatC angl D1ccfnﬂ§1l@@t| welty, 2Bg thpecarbensrane
nunbered 10 from.1 to ig {? nplified schene of the |ate portion
Way $or

of the bi os§APRELMENHE e%?é?%@s ofhe Ergybst APIRFENS esfa- types
in natural oninpdifiedceypast sidheclhTescherme i 8epehdexhaustine, batenakes it
possible to g%flne the steps involving the enzynes nmentioned in this
docunent . ﬁ RGQp, ERG3p, ERG5p and ERGGp proteins are fungus or yeast
prot ei A, whél eas tthee Dedlbal YRed pibeldcal7 st@dr oh pedudtasey and Dekta 24-

20 (25)Red ([eLl,2024-{ 2Rl St &lQh V%Q:l%ﬁ%flaéﬁ:)nsoro‘%ﬁ't@;s aﬁQbQ%erO'&QQUS

proteins of manmalian origin or of plant origin. Figure 3: Conpared HPLC
profile, w bRlBUedetestPERrate25 206 nm of the free sterols of the strains

derived fronpyhe,BVAGA spratAsandgidenthf igati@ned tdresenst esoFsinThe
strains studied are as foll ows: FO1 (BMA64 strain disrupted in the erg6

gene (cf. eX8hpte 1)), WA FO2 (BMA64 strain disrupted in the ergé gene 30
and expressihy tde A2é reductiaze, teéxanphe 12)icNGRe3 ¢(BMAG4est ratra

di srupted |g 5?? rg6 gene and expressing the 47-reductase, exanple 13),
WG FO4 ( BVA 5 rain disrupted in the ergé gene and expressing the
A7-reduct ase and the A24-reductase, 35exanple 14). C5: chol esta-5-enol

(chol est erob) ;e Cpn22 cu%‘?Jr%St}?aé @@eﬁ' @EBFQQQ %‘fo%h@x%%pﬁé #f-ddenol

(desnostero]); C8, 24: chol est a- 8, 24- di enol nost er ol
C5, 7, 22: cholB€i 5. 5x7 koo, %?@@9b$9 the culture in the presence of a

20 sublethal concentration of cytotoxic or cytostatic
antifungal preducts), the labeled cholesterol or one
of 1its metabolic intermediates, or a labeled mixture
of sterols, is extracted and purified as desgcribed
above.

25
The isotope profile of the labeled cholestercl or of
one of its metabolic intermediates, or of the labeled
mixture of sterols, has several unique properties:

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

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

-2 it ig “*combrinable”, i.e. several igsotope
signatures corregponding to several unique sterols

35 labeled with isotope profiles that can themselves be
modulated can be combined so as to form a “molecular
alphabet”;

-3) it dis reproducible and easy to determine

experimentally;



C5,7,24: cholesta-5,7,24-trienol; C5,22,24: cholesta- - 22 -
5,22,24-trienol; C5,7,22,24: cholesta-5,7,22,24- tetraenol; Lan: |anosterol.
Figure 4: Corrpared HPLC profile, wth,Yv detection at 5 206 nm of the
free sterols of the WA FO4 strain (BI\/A64 strain disrupted in the erg6 gene

and expressiag tike Ari-daducdasecand r&chieecﬂ%f e@ﬂ@bé%&ml@@ﬁ@iﬂé‘ ecd4) after
0, 2, 4, 8 and 24 hours of nductlon al.actose. A. WG FO1 strain

1s a T L% % n e
(exanpl e 1)T°FSi*Thett0 Vo EOYS st rit e't’he SAMFIES“ar 8 HakeiP0te95 4, 8 and
24 h after swntohanglef anke rc:ardnoncs,omm@ tbagalca@tdme ifdderprodidé for the
BMAG64 strai ar he Ser tiQ FO r nte

DnPS ﬂ r?%d%&l%? J'nocg"\‘/c\‘f:?!act (]‘)a)éjéﬂt‘?h 1grpro%ﬁ?e remai ns

obt ai ned i nredr at'el after e Swi'tch o
vi rtual Py upthdnged ﬁhﬁti‘-ngat‘lh@el ﬁ@@@mld@t(@@i Xy Ryumnarke absor ption signal at

206 nm cor re§p05]gs chben@Rs o Pt on. coethi Gi enbat B%er%rge R 's}%@;ﬂ@m one
sterol to the other. C5: chol esta5-enol (cholesterol);

chol est a- 5, P2CANBHBRNT 205€530RF B estAc 5, VALY é?f@@%%l%srﬁ@l%%]rms» C8, 24:

chol est a- 8, 241 di:enal (éYlEHDSte_@{tQﬂfa)Gt@a7 23naehebeast a5,1h 22:ddH eneh;
C5, 7, 24: chol es#a 5 7, 2f %% C5, 22,.24: chol est.a-5, 22 t24 tg{l enol
C5. 7. 22, 24: FURBL 6¥5- ©F7 ez&?%??%%nﬁlgﬁaatﬂﬁrﬂ afBEFerstt P8XEi ghire 5:

Conpar et HRbGspibiel ep \Mrblmkpo:ad}-t VIED | Dhe zatiranceekeet mosipriaynadet ecti on

(mass spect f free.sterols of the W3 FO4 strain (exanple 14)
after 0, 2, ﬁg@gﬁandtgﬁkgﬁ%%ﬁ i'nduction with 30 gal actose. 4: Wd FO1

strain.C5: chol esta-5-enol (cholesterol); C5,22: chol esta-5, 22-di enol;

G5, 24: cholesta- S, 24- d*fMo;IQQeS%E%QU E@rz‘lgex‘}QPéESt@@ez‘l i g00l

(zynosterol). The HPLC profiles cone fromthe sane assays as those of
figure 4. 35ERgEr eesAert)sd prbdctitgt dtatn 2°= 136 P EGE 5B % ®i ght ) :
Mz = 369. pyrexhstsnwbeangf teps, couitrd 5egordntmatilss el ghhompéi me in
m nutes. readily. obtained by wvirtue of the present invention.
There 1is a wvirtually unlimited number of “isotope
wordg” that can be constituted from such an alphabet
by making use of both the labeling profiles and the
20 various types of sterols. The incorporation of such
signaturesg into the most wvaried products therefore
constitutes a unigque method cof labeling that cannot be
falsified, unlike, for example, DNA signatures, which
can be reproduced once they are known. The signature
25  can, wmoreover, be read nondestructively, for example
by laser dionization followed by mass spectrometry

analysis (MALDI-TOF or the like).

The use of *’C-labeled substrate instead of the
30 unliabeled carbon sources for culturing the fungus
straing according to the invention makes it possible
to synthesize very highly 1labeled sterols, and in
particular cholesterol (comprising at least 95%% of *C
carbon) . The preparation of 'C radiocactive sterols and
35 cholesterol is also possible by the same approach. The
method can also be incorporated into yeagst strains
that produce steroids, and in particular
hydrocortigone (cf. patent application WO 02/061169),

80 as to produce *C-labeled or C-labeled steroids,



- 23 -- Figure 6: Details of the profile at mz = 369 by HPLC for the three
strains: WG FOl1, CAlO bearing the expression plasmd for delta 24 sterol
reductase, and 5 for WA FO4, cholestergl i.s injected as an internal
standard. The anmounts of total sterols injected for the three strains
correspond terexkkaphkomsrcanhi eés@yts on identical anounts of culture
nmeasured by the absorbance at 600 nm 10 Figure 7: Conpared profiles of the
total sterols (free and esters), by gas chromatography, of the W3 FO1

(del eti on okegen8) foGEBB2 fideletsi on of ergb6 with expression of the
A24-reductase), WG FO3 (deletion of 15 erg6 with expression of the
A7-reductase), WH FO4 (deletion of erg6 with expression of the

A24-r ediéct aBegung A7-r etgotiasd) andmcA20 pYESIDdlasdza (IRY1678 geheti c

background, ¢ del ehbBn0la8LgS WoEREXANGSSIUL! £die ARGTSEAGS aSene

A7-reductase, ergs) strains. e 20 response scales (flane ionization

currents) arerapbft FREPOTThE st 6119 6328 RoTf d EBRI e ReharsEF quBPFt ati vel y
fromone stfaif tentbe @t hefe JEl&Lt&Rbl ORolbAR1sCANe iIrSumdiDvever, the
same for all, the sgrains (the refention tjnmes are expressed in 25 nginutes).
The ster ol s aft dBnt (FTR HoEGT t ng T t RS CriT e s dBSer I BUEPT RS he
presentltappttrcat ione Birgure 8:. Quantitative distribution of the main free
sterols in the yeast strains (8MA64 (figure 8A), 30 WA FO1 (figure 89),

WG FO2 (figure 8C) and WA FO3 (figure 8D)) evaluated on the basis of the W
spectra. TheldieserRhutsiowliid igidercligmeafof heheot atespeuitéorprasenied in the
figure and mhighnanerthe onlieanesothale £am be detact ed Lo apRr egh@bl e
anounts. In the 35 absence of a standard for several of the internediate
sterols, theRguaRERfi cRYPBA i $1caPfteBa2butObn THeibhets vFathe WP Qpectra
associ ated y¢hdmeachs ofdiheexhadét4ivahsorpti amieoef fiitci ppEsipie expressed
in mM per I('%tgr andtgper gm@) To d? this, the absorption coefficients

cor r espondi A 18Ct He Un§affat LRYVESLY 4EPurdl® ufitt esBRPCHR™EHe S%ruct ure
of a given shesol daremsought Thei nERazire 1 ERtBropt iZiEtp y adtledcK&dpsever al
units are L LN S I I a Vi al i on of
the exti nc&gjg%gggo%%fi%?%ntﬁgfglg%c%%?yg%aog s?g%gfegh%hed‘geggﬁgtgi oﬁﬁlés done
usi ng the VR¢lies-aRedgo(ppd td -4t dtezsrl oredusitagdiat ains! abebrberd4at this
10 wavebengths i SeAr agRNtes f2i L (59) t s rdihe n@yel £081 h 233 AWM sy psed, and
failing absorption at the latter wavel ength, the wavel ength 206 nmis used
to eval uat ¢ herebfgerer &V 8T @hcRagfatRer st BT s f Pemethe? Yashect i ve
absorption stphahs by HPLC

Figure 3: Compared HPLC profile, with UV detection at
25 206 nm, of the free sgsterols of the straing derived
from the BMA64 strain and identification of these
sterois. The gtrains studied are as follows: WGIFDL
(BMAS4 gtrain disrupted in the ergé gene (cf. example
1)), WGIF02 (BMA64 strain disrupted in the ergé gene
30 and expressing the AZ4-reductase, example 12), WGIF03
(BMAG 4 strain disrupted in the ergé gene and
expressing the A7-reductase, example 13), WGIF0o4
(BMAG4 strain disrupted in the ergbt gene  and
expressing the A7-reductase and the AZ4-reductase,

35 example 14). C5: cholesta-5-enol (cholestercl); C5,22:

cholesta-5,22-dienol; C5,24: cholesta-5,24-dienol
(desmesterol) ; c8,z24: cholegta-8,24-dienol
{zymosterol) ; C5,7,22: cholegta-5,7,22-trienol ;

C5,7,24: cholesta-5,7,24-trienol; C5,22,24: cholesta~



15 Figure 9: Quantitative distribution of the main free sterols in the
WE F4 yeast strain, evaluated on the basis of the UV spectra. The
quantifications are carried out in the.sane nmanner as described in 20figure
8. Figure 10: Principle of the isotope |abeling of the sterols by

substitution, of carbenecgedr.ces. @5, figuresll: BEvalimidion of;the psotope
| abeling profiles fgr |Euhe chol est_erof produced in the WA FO4 strain after
4, 8 and 24“HbURETBT /i AAUCT FGRCSFRE Free sterols are extracted and

separated by HPLC as described. A nass spectrum between the values of mz

300 and m z 450 s acguire y 0.2 .seconds _during, the elution. These
spectra ar eﬁ%ﬁg—a\%ﬁ a(g%@%jiﬁ/fécg %ﬁﬁgo&roo%“f ‘8 Vé%a%%néag, %aentci"}Citl'uleonr1 sﬁBj ected
to a nulstil Eheanw; egpéssitba uBing, aseregsessionthasefGargéet sfr2dnvectors

representinggihe.t hegret | cal m?&@i stributions A he_Label e
chol est er ol gf or a (and%mllqncor porati on, l%y inée%engnq selgectgi ongngf t he
carbon 13 afXBaERS6NTt H®7 posit FBATCERSEhea | 8@l L tFe@uPkaBabi | ity of

| abel i ng onegagp1eanhon that- ics, variabl g hetvweean 1 and Jr aceonsi hgnto the
vector under. - 25 - consideration. The |abeling grobabl lities for the

various vectdrf 8@ dLWase” ar BEERBLerd Sifth! t hat=Thes crdss -Gt rel&t i on

coef fi cicentw&orothetehiastr,i hidd onsnolied WOr€0naReHt Dve 2veeat,ors Hidthe base is

0.92, the bﬁ\se ;f; begi. nnij nﬂ.vvi th @ yector orres{gondi ng to £robabi lity of
0

presence of '100% 4t &'t the"Positions SAERE cAPBonS12° 'ﬁ;]agl mut ¥ i near

adj ust nent Thenmoeobnl¢hef dasitsicof RYAedasstsquar ebshatingt | the certréri on,
nul Tifying §0e.-nppP:AL2g0RRETIFELNS Oh LRELFBEN X5 0F the, prodyct s; f 5
immediately after the switch to galactose. Thisg
15 profile remains virtually unchanged during the
induction (0-24 h). The absorption signal at 206 nm
corresponds to absorption coefficients that are
variable from one sgterol to the other. C5: cholesta-
5-enol {cholesterol) ; C5,22: cholesta-5,22-dienol;
20 5,24 cholesta-5,24-dienot {desmosterol) ; C8,24:
cholegta-8,24-dienol (zymosterol}; €5%,7,22: cholesta-
5,7,22~trienol; Ck,7,24: cholesta-5,7,24-trienocl;
c5,22,24: cholesta—5,22,24—trienol; ChH,7,22,24:
cholesta-5,7,22,24-tetraenol; lan: lanosterol.
25
Figure 5: Compared HPLC profile, with posgitive

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
30 galactose. FAYF WGIF01 strain. C5: cholegta-5-enol
(cholestercl) ; C5,22: cholesta~5,22-diencl; C5, 24
cholesta-5,24-dienol (desmostercl); (€8,24: cholesta-
8,24~dienol (zymostexrol). The HPLC profiles come from
the same assays as those of figure 4.
35
Figure 5A (left): Detection at m/z = 367, figure 5B
(right): m/z = 369.
y-axis: number of icns counted/second. x-axis: elution

time in minutes.



10 the partial derivatives of the Gauss nethod (rmaxi mum nunerica

filtering).
optim zed basi s.
the result of the optinal

After analysis, the nass spectra are then reconstructed

of the maxi num anplitude at the val ue 100. For each induction tine,
curves represent two independe orofiles. orrespondlng t ut gdimes 20
& cof Pes FoRE CEt o Tocated THe

that differib§uic8oselEids

central

the analysi s, s.ILobly seRrOONCEDL eq 25 Figur g 12:) Bxanple Of; varhgus

|sot0pe S| gna ures Mﬁt

BsPoRdinG to sPettra

on the

The curves representeg,in the figures therefore represent
filtered reconstruction 15 after standardi zation

the two

I'n'the

zoneoof the ch@naﬁeﬂgﬂr&ﬂmmionW©éakl Th@Aﬂmgum@ahwngwtth@es t hat

various sterol's or various induction tines.

The

sane calScul &v¥ oGP 4 epradsetali¢onl asi o ol riispiesl 125 bap fort<ERRbus

sterol s and;variQus. mﬂu&t %utdt'gesof-rh@oﬁ/@i ue i L i ndijeates therrange of
retention time 30 used for the cal cul atlon &ln m nutes). The val ue

this range &pe dg9viest | GhERIFSy. COXTASPRT:

for

9. 28¥4pagbloRFg. Casr BRART =

12.2-12.7, Fig. o2 Clefli5212. 2012t 35035600t uld BedHumed3b3- 18a6. The
i nducti on tlges are 8 or 24 hours. The values of mlz indicate the left and
right |imt3 9P PAR A 25vEPeE™ The | owest value for mz for each box

correspands to the nfz for the sterol

12.

i5

20

25
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35

Figure 7: Compared profiles of the total sterols (free
and esters), by gas chromatography, of the WGIFOl
(deletion of ergég), WCEIF02 {(deletion of erge with
expression of the A24-reductasge), WGIF03 (deletion of
erg6 with expression of the A7-reductase), WEIF04
{deletion of ergé with expression of the AZd-reductase
and A7-reductase) and CAl10 pYES DeltaZ24 (FY1679
genetic background, deletion of erg5 with expression
of the A24-reductase, A7-reductase, erg5) strains. The
response scales {f£lane ionization  currents) are
arbitrary. The prefiles should only be compared
qualitatively from one strain to the other. The
retention time scale is, however, the game for all the
strains (the retention times are  expressed in
minuteas) . The sterols are identified according to the

criteria described in the present application.

Figure 8:. Quantitative distribution of the main free
sterols in the vyeast strains (BMA64 (figure 8A),
WGIF01l (figure 8B), WGIF02 (figure 8C) and WGIFO3
{figure 8D)) evaluated on the basis of the UV spectra.
The digtribution 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 geveral of the intermediate
sterols, the quantification is carried out on the
basis of the UV gpectra associated with each of the
peaks of the HPLC chromatogram using the evaluated

absorption coefficients given below (cf. table 1, the

made up - 26 - entirely of carbon



Figure 13: Conpared profiles of the total sterols (free and esters), in gas
chromat ogr aphy, of the YI Mb9/pl M303 strain (part A of the figure) and of
the YI Mb9/plM331 strain (part B of the,figure) (cf. exanple 18). The
response scales are arbitrary. The reténtion tinme scale is the sane for

both strai ngbgwgtasﬁe%&r{ﬂdl@&@grgxr&r}@ﬁ%edsédw T NWiePer Thecsterol s 10
are identified according to the criteria déscribed in the fresent

appl i cati on?@d PRE pitedent TP nientiloi i sEPFI GPECIEd Asi Tt heC# B F8wi ng
exanpl es, Mbghegb@nbgnge eonsides edupsatbraesl mddmg-ddddist rakienss. The
nol ecul ar bj gl o% tech nlﬁes used are gescri bed b)é Ausuybel_ et al .Sone
yeast mani ptif 80FBhs T&r & testrT Beg by Atars &t al. “FRA&ms Hiid HOrA *1996) .
20 EXAMPLE in Cebhder uctamh obtannSlleerseldesi aéii]easetvesiaﬂalunma haan
interruptio e g en n) 5,25,dh Si yeast
strain WA F ié?ﬁ}l\?\hl T h% @Geﬁgifeé&li%t) er%a tsaed \%Ot hpgﬁbﬂﬁ lggene was
obt ai ned byeveanstoem @é ttﬂee Bwsnlgtt:rtap@ vﬁ@%f%l@mltpr@éucﬁaqiarwmg a
functional TRPLigene b%@r@@amaeféﬁemstl&&@ogykﬁgg%et Qratlhﬁeézl:{ga@ gene.
30 The BMb4 strain (of genotype MATa; ura3-52; tr | eu2- 112 hi s3-11;
ade2-1: cani8900y if #'detedati v8SofNite @a%elléwaéﬁsé)éf%’éfsta%t? A wB03

V“@EE 't\)/%_l(_x:onwheéeedgtﬁé | D& Q{)re:jshﬂxtTRﬁfaga[)ll&}g Th;ellalvlg&a}%at r@xﬂeﬁérll@ﬂﬂ t he |
as in are described Jjn.the publicatiaon udin-Baillieu et al.
(Baudi n- Bai%#?eﬁmetl al 154 9o 7d tapbing pECAR (F%&rﬂ%aﬁg g 1]\1%1) was
anplified uwéangléngaql (L& eDNfa depengent 2IDNArmoI yerenasd) tpr owa[ézdab t he
company Takaga (R C%pc %%’19%&91 Cﬁharg% {;)gl V@n? N%c@eﬁc%ﬁs 3_,‘5'3;"[,171,91{1 SA) The

pair of priners use possi b anpl i by neans of

pol yner ase, r‘t’ﬁéeq'RPVEQéhéOb”@itd@ﬂe@llﬁ!ylaé-éiqtkéﬂdjé%]h%orrespondl ng to the ERGG

gene. Thke sequence of these priners is as follows: 10 CERGGtrpl : 5'

(CCTAGCGACGAAAAGCATCATTGGAGTGAATAACTTGGACTTACCAttcttaghcattttgacg) 3" (SEQ
ID No. 1). EE%@%ELﬁQ. gugntigative distribution of e main

( GCATAAGAGTEAAACASAA TT GAGAAARAGACAGEEEEAAS T CAaal t aggdiusgadaaaaganaaagg) 3'

(SEQ 1D hb'bggis of the UV sgspectra. The guantifications are
carried out in the same manner ag described in

20 figure 8.

Figure 10: Principle of the isotope labeling of the

sterols by substitution of carbon sources.

25 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 sterolg
are extracted and separated by HPLC as described. A
mass gpectrum between the values of m/z 300 and m/z =
30 450 is acquired every 0.2 seconds during the elution.
These spectra are then averaged over windows of 1.8
seconds, and then gsubjected to a multilinear
regregsion usging, as regression base, a set of 24
vectors representing the theoretical mass
35  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 labeling on each carbon that 1is

variable between 0 and 1 according to the vector under



The PCR (pol ynerase chain reaction) product thus obtained is purified by
el ectroelution of the fragnent 20 corresponding to the expected size, and
is used to transformthe BM64 strain _bydhe lithiumchloride technique as
described by (Getz et al., 1995). After transformation, the treated yeasts
are plated 25neutie@Atach. Ni NHB NETLUA €601 AbRicREHNQ ittriyp ophan (Ghet z et

al ., 1995)._ 41 .transforned BM64 . col onies that are rototroptg_itlc ffg%]f3

trypt ophan &F&tHbs VShtaTed S5Hhe88 X Co0l BT es 8F§“t FETY et three

of their propesti-esrrsénsiibinvidoefiolaystat Loy gémomicst30isiruectsr efof the
insertion o h - fiLle he t QQra o} e total
sterols thatléw%hgfgglrécj%‘%?g% F\ggg%cﬁ%g Oltfhé:%lqg%?_%n?gg%a%% t %%ffe)?%%d onto a
35 ni ni ffum hedilomioentdithl iy, veespecEPYERFPORGing0 tor HHrablitiyst ati n;
about ten cgkoRi@sALe CAPall®: of: 059 REO0RJNG iMRA WA CoM akAiREnHa dose
of 50 jig/m of nystatin. These resistant colonies are selected in _order to

verify thei F2geddesiiidtivrdeiia aftestrert 1s pgde gnertdl® dompbli Pitons. The
insertion ok tihe:diRPigoene |Hteribei ERGE @ene:+sover hiled iy -BCR-usi ng a
pair of ol i%onu . eot i dgs 5 coverifngﬁ%[lge junction_between _the functi.onal

TRP1 gene ahd"tHé*dP8fdp Tigt 8 gdhucPESHEES i 8Tas
fol | ows:0 CERGHt 3t IAGCCIEGAACAAA SCATGEET G188 BtiNed 3)narndm@BRGGt r p4:

CE{AAACCEAGE@%QE?IE?GfQ%%%ﬂf%é*% ﬁ@te%oanalysis, the mass spectra

are then reconstructed on the optimized basis. The

curves repregented in the figures therefore represent
the result of the optimal filtered reconstruction
15 after gtandardization of the maximum amplitude at the

value 100.

For each induction time, the two curves represent two
independent profiles corresponding to elution times
20  that differ by 1.8 seconds and corregponding to
spectra located in the central zone of the cholesterol
elution peak. The figure demonstrates that the

analysis 1s highly reproducible.

25 Figure 12: Example of wvaricus isotope signatures with

varioug sterols or wvarioug induction times. The same
calculation and representation as for figure 11, but
for wvarious sterols and various induction times.
The wvalue of RT indicates the range of retention time
30 used for the calculation (in minuteg). The valueg for
this range are as follows:
FPig. 12 A: RT = 12.25-12.42,
Fig. 12 B: RT = 12.2-12.7,
Fig. 12 C: RT = 12.25-12.35,
35 Fig. 12 D: RT = 13.3-13.6.
The induction times are 8 or 24 hours.
The wvalues 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 wm/z for the sterol made up



Some strains exhibit the expected PCR profile, i.e. a fragnent of 800 base
pairs corresponding to the size expected for a TRP1 insertion into ERG. 15
Wth the aimof verifying that the ERG3sgene is indeed inactivated in these
strains, an analysis of the sterol conpositionsofthesestrai nsby gas

chr omat ogr aphyandbyhbghpressur él2i.qui d chr omat ogr aphy was carried out
(Duport et al., 2003; 20Szczebara et al., 2003). These anal yses confirmthe
absence of ergosterol synthesis and the accunul ati on of abnormal sterols
conpati bl e WigHrEhel éxpeCoedadipdr uprPdhdesf ©he 28ebiloslyat hetierpbthway in

the di srupt Q@rééralaﬂd Qaersticai n was e Raptdedl arlapisel ected,cjgnd called
WE FO1. Z : Cbnstructlon of the CAlO CAI4 and ‘CA23 stﬁglns The

CA10 stﬁalnY(HF9 BhUE e StNIRTE fHRTE GALSE il figure) and of
trpl - 1x63, his854200meng5: HYGRA , G5ade2: RGALT0/ €YGL: :#iERediict ager ; POKL,

LED2: : GAL10/ CYCL: K1 the CA14 strain (of t Ta, rho,
GALo. o3 EEETBIE s Hi%s@a-%aa REr s ARl po BAThReY - "THe
ade2::GALlOtGV@&tlAﬁRedm@t&seﬂxPGKi the 28me for both strains (the
LEUZ::GALlOégyg%éigﬁt%Q%éépg%%;’eéﬁgeéggdcéﬁ3nﬁ%$%%%). The sterocls

10 are identified according to the criteria described in

the present application.

The present invention is illustrated wusing the
following examples, which should be considered as

15 nonlimiting illustrations.

The molecular biology techniques used are described by
Ausubel et al., some yeast manipulaticng are described
by Adams et al. (Adams and Holm, 189%6).

20
EXAMPLE 1: Construction of an 8. cerevisiae vyeast
strain with an interruption in the ergé gene (WGIFO01

strain) :

25 The §. cerevisiae vyeast strain WGIF01 in which the
ERGE gene 1s interrupted with the TRP1 gene was
obtained by transforming the BME4 strain with a PCR
product carrying a functional TRP1 gene bordered by
extremities homologous to the ERGE gene.

30
The BM64 gstrain (of genotype MATa; ura3-52; trplA2;
leu2-3 112; his3-11; ade2-1; canl-100) is a derivative
of the §. cerevisiae yeast strain W303 MATy by
complete deletion of the TRPI gene. The BMAG4 slrain

35 and the W303 MATa strain are described in the
publication by RBaudin-Baillieu et al. (Baudin-Baillieu
et al., 1997).

To isolate the TRP1 gene, the TRP1 gene of the plasmid



(of genotype: MATa, rho, GAL2,ura3-52,trpl-A63,

hi s3- 4200, er g5: : HYGRe, arel : : (418R, are2: : H S3,

ade2: : GAL10/ CYCL1: : A7Redust ase: : PGK1, 5., _

LEU2: : GAL10/ CYCL1: : mat ADR: : PGK1) , andal sot he constructions thereof, are

described inrthe rebeneregaDupert zet al 3pothe kg%hhhﬁéhiQQ@H?nbsQRthiCh,
regardi ng the constructlcn1ég these strains i.s incorporated into the

present appli¢adlon By Wy GIPAHFRF erdit e PORAENE 3G ai RS PG EEC e Xnd
cont ai n, i nthkei conpaly amesatnndbfundlerat erols 4@s desamidvsd DRikur,opean

pat ent application EP . 0727 .and Ln particular_ergosta-5- .15 enol
(carrpestero:lﬂ)a.%lﬁﬁ)&;ew r%engf?%&i’}g)s' dlgﬂ“ﬁo aélfproefgsp?hrgerp o} 181%? g?ﬁFﬁe ERGS
gene, whi chiits nomésmici¢ondlo duempbifmser thon mekams t sofoditige segiidnce of

t he hygromycj i.st.anc g g | ity se raj ss the
cDNA encodi%gﬂgﬁgzkgki rg:uctagg%gEuggﬁggn %gggﬁkggppﬁﬁéat%%ﬁu%é9%327 489
descri bes | FOFALERPOWEAN f€© &henifdFofdqarfe- n7 reduct ase of the pl ant

Ar abi dopsis thaliana, which is incorporated into the present 25 application
by way of reference, thecgenBank accessi on nunber of this sequence is
ATU49398) . THE ERIMCECFaY (t9SH6r IRFedPF T T HeS CAAb S¥Fai n by disruption of
t he ATE2 gengrGEhReppr aduct of this gene 30 results in acetylation of

pr egnenol one on gosition 3 (as is described in patent application

W99/ 40203). The "CA23 strain is a strain derived fromthe CA10 strain by
del eti on of (CREASRERCAAAAARE2 TFRTESICAGRSAMPAACTTGGACTTACCAL tettag

cattttgacg) 3’ (SEQ ID No. 1).

OBERG6trpZ : 57 57
15 (GCATAAGAGTGAAACAGAATTGAGAAAAAGACAGGCCCARTTCAaattcggygt

cgaaaaaagaaaaqgy) 37 (SEQ ID No. 2).

The PCR (polymerase chain reaction) product thus
obtained is purified by electroelution of the fragment
20 corresponding to the expected size, and is used to
transform the BME4 strain by the lithium chloride
technique as described by {(Giletz et al., 1995).

After transformation, the treated vyeasts are plated

25 out on a minimum medium containing no tryptophan
(Gietz et al., 19828). 41 transformed BM64 colonies
that are prototrophic for tryptophan are  thus
obtained. These 41 colonies are then tested for three
of their properties: gensitivity to nystatin, genomic

30 structure of the ingertion of the TRPI gene, and
profile by gas chromatography of the total sterols
that they produce.

For this, the 4@ coloniegs are transferred onto a
35 minimum medium containing, regpectively, 10, 20 or
50 ug/ml of nystatin; about ten colonies are capable
of growing on the medium containing a dose of 50 pg/ml
of nystatin. These resistant colonies are selected in

order to verify their gene structure and alsc their



35 proteins Arelp and Are2p are responsible for the esterification of
ergosterol (Sturley, 2000) and possibly of chol esterol since they are

honol ogous to the enzyne responsible for, the esterification of chol esterol
in mamals (ACAT). - 30 - EXAWMPLE 3: Construction of the plasmd for
expressi ng the A24-25-Heduct-ase of human origin (plasm d pYES Delta24) 5
The construction of tﬁ}s pl asm d was descri bed by Waterham et al., 2001.
The construction consisted in placing the cDNA encoding Delta 24 sterol
reduct ase umitler itrhes et obf ot ieherpEALGepeonpiter el aRkcrheschfs t CXCL

t erm nat or i@rggge%ecg r % S2_(Jinvitrogen SARL, . Cergy. Pontois idggance).
Thi s plasnig is an E. coli cerevisi aé sHuttl e ﬁqasnl and contarns a

2mi cr on ‘or i genesh ngeplhiec aturort: e heURAGngehe, faldcewiongli tTRBL rgphicate in
yeast and BWNa 4 (o) ct t e f s IS

pl asm d. |2§§§d?¥#%ﬁ§9§ %&gﬁélLﬁ%%ﬁnf%éﬂ?sﬁgg?aégbgg?ﬁﬁgﬁggk¥%gbd&g
EXAMPLE 4: &8nsfructiPdrowe it h& QﬁﬁﬁRﬁ1#«%&%9&9Q%ﬁﬁﬁﬁﬁ@@pQ@G%ﬁgiigna
expressi ng Aénpeduct@se A plasm dowasseepatr uat@thspeciidcabtyetotst he
expreSS|onN8f*A. thall ana Delta 7-reductase, on a single-copy vector. The
plasm d pAl S\ls {Us&@@f 6r ‘this 25 construction. This plasm d, the
construction of which is described in PCT application WO 02/061109 (cf.
exanpl e 9. bsgkes%'tc_’r appl i caton, which j.s éé‘ccPrg&&ag%%f!ﬂFeo the, pr Sse“t
appl i cati on by way oF 'ref&rence , 1I'S antE col /S cerévi'si de shuttfe

pl asmi d basédagrean 30¢ aBPOndroifs pepricatmresegqubnege and tdiecent rener e
(ARS CEN). Thecselectd on maiksr sirsdihe ADB2,gengecdhi s plasnid is
conpati ble, and can therefore replicate at the sane tine as a plasm d based
on a 2 mcron origin of replication. This plasmd in particular has a 35
uni que ot | sk he ther Gl MgvexPressd 0Aheassekt eRcAydRsCl 4 bedakaat he PCT
application,above. - 31 - CA%gﬁftraln..ln fact, this exgress%on ﬁassette
is very eff&Bfrvévahddenddl ed 58 CALT X n, 3 whi TH 1Y 57 so”bi sFifted for
ERGH, to predacelcanpesierdlt icergostab- endldsas tderarapor sher ol gabuport et
al ., 1998)'cﬁ98matography and by high pressure ligquid
chromatography was carried out (Duport et al., 2003;

20 Szczebara et al., 2003).

These analyses confirm the absence of ergosterol
synthegis and the accumulation of abnormal sterols
compatible with the expected disrupticons of the

25 Biosynthetic pathway in the disrupted strain.

One strain was more particularly selected, and called
WGIFO1.

30 EXAMPLE 2: Construction of the CA10, CAl4 and CA23

strains

The CAl0 strain (of genotype: MATa, rho', GAL2, ural-

52, trpl-A63, his3-A200, erghs: : HYGRO®,
35 ade?: :GALI0/CYCI: :A7Reductase: : PGKI1,
LEU2::GAL10/CYC1::matADR: :PGK1), the CAl4 strain (of
genotype: MATa, rho', GAL2, ura3-52, trpl-A63, hig3-
A200, erg5: : HYGRO® atfz::G418"%,

adeZ: :GAL10/CYC1: :A7Reductase: : PGK1,



5 genom c DNA fragment of the CA10 strain containing the delta7-reductase
gene is anplified using the followi ng priners: 0SA72 5'

( TATATAGCGGCCGCTTTCGCTGATTAATTACCCCAG) 53" .(SEQ ID No. 5) 10 CSA 77 5

( TATATAGCGGCCGCGAGAAGTGACGCAAGCATCA) 3' (SEQ ID No. 6). The amplification
is carried pet2onzhheogermom: cmBNADDS: tHeeCALOstra nphepaceebytdreraphd 15

phenol / chl oroform extraction techni gue escri bed Adans et al. (Adans
and Hol m 1§@%)Seﬁpﬁﬁyehan ot (%i%%honi%r Q%Te J?Qa?éégﬁhtrix for
anpl i ficati bns@sbBgot he prioer$/YUSAT2 and:05A77:4 29°, The daep DNALPD) yner ase

and the enzyrgbicesendyLipss came iomdde soppany Stratagene. The
Ol | OWS:

anplification conditions werée as initi'al denaturation for 5 min at
95C, thén sbb¥8queAbly/CYRirtpadpéies Ridild .carridddout @8RS stinghef a
denat ur ati oBoH8f r30: S0l 29.9%06r @ Aybriddizatirom fon 30es Alrolnaand then

an elongation for 1 mn at 72C. The reaction is term nated by .a final

ext ensi on fBrPRBE i Ktat FoC. TEEePCﬁGF$§§ﬁ§Ht i%O?E%ﬂtdiégﬁtéﬂﬂ%ﬁQh t he
Not | enzymerd8aandnguridieed eBnaganosecgel and thens«l opedacasventgonal |y
into the unique Notl site of th%‘plasnid AML. The ngﬁnkg t@us ob%ained
was naned pRGICTBETFECHs W ndlE cBPYSUBEL G ¥ ot Cakbriasding A’ thal i ana
Del t a7-IReduc¢éseenneyeast, the Delta7- Reductase gene being placed under the
control of the GAL10/CYCl pronoter (Lecain et al., 1996). 32 - EXAMPLE 5:
Extraction of the free and esterified sterols in the yeast, for the

anal yses: Thegy ebrdifiFomsdbceed@thctPRfeine fredhdid axdrevianes 5

sterols in theayeast (prossdyre(dy _des@%iE@@di1ﬁ00§gf§§e£%tﬁﬁ&&éﬂ@ t he
free sterols: The ceII'PeIIet S shed twice wiith 500 pl of 10

dei oni zed aRdPtifebiend wat &t/21 n4g5¢gI t tibePa¥he CHePs HE T Hem -
resuspeardedendl 500aphbestewaler. containing 0.5 nm gl ass beads, correspondi ng
to 150 pl of liquid in the tube.
These three strains do not express the product of the
ERGS gene, which 1is nonfunctional due to insertion
into its coding sequence of the hygromycin resistance
20 gene. In additien, these strains express the c¢DNA
encoding plant L7 reductase (Furopean patent
application EP 0727 489 describes in particular the
cloning of the A7 reductase of the plant Arabidopsis
thaliana, which 1is incorporated into the present
25 application by way of reference, the GenBank accession

number of this seguence is ATU49398} .

The CAl4 strain is derived £from the CAl0 strain by
disruption of the ATF2 gene. The product of this gene
30 results in acetylation of pregnenolone on position 3

{ag is described in patent application W099/40203).

The CA23 strain 1s a strain derived from the CAl0
strain by deletion of the ARELl and AREZ genes; the two
35 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) .



15 An extraction is carried out twice with 2 m of 1,2-dichloroethane with
vigorous agitation on a vortex for 10 mnutes. After the first extraction,
the mxture of cells, glass beads and sglvent is 20 centrifuged for 5

m nutes at 1500 g for the purpose of séparating the two phases. The two
organic fractions derived fromthe two successive extractions are conbi ned
and dried under a 25 stream of nitrogen for a few_'gours. The sterol extract
i s suspende&*PHEEE0 351 OPRALEEORF PRI Pé it OrBeRSRIF 0% CTRF&HAI)Zed by
hi gh performhece A2quis chreatmd togsaphy i HPhGhagSzcaehatia et (30aahid 2003)
or in 100 pl exane for the gas chromatography (GC) anal yses (Duport et
al ., 2003).9Y%ts~g)°‘)‘%823i)ti ons for extracting the total sterols:

saponi fikati on and extraction of the esterified 35 sterols, qualitative

nater > h TBF poPaStrURCSR: oxFae BeR b oM RN BEl e PORi et B o s
suspensi on. WTherhiprt e g . - BPL- RKegt etbtgiropel Abuccas 1604 nigl osed

tubes. Aftepihbhenhncubat ipfa apd-8ACEyt hee1tbes have kel urnegduta3abi ent
tenperature, the mxture is extracted three times with 2 of hexane.

Bet ween eacH“8RET dct® ofONtHE 1t wot pHaies PEPe Ls eBEPRPER by2enCri f Hg&ti on for
5 min ato 1500vg1 Akherireach exti raecsi oactbhe pemgani crphase-den t sARSS er r ed

into a new tube, and the.three ani ¢ phasegs. are then conbi ned and then
dried underEgrgé’r ea%ogf”oﬁister‘oge%.r fﬁe‘chie stsig}ltﬁ r i|1‘Fi5l%f1[é:"(igs reSuspéhded in

100 pl of 160%rdddétsonictreivlieiiar orterttfler idlasmbe amad yzednbyihsgha

per formance,liquid c t ogr aphy PLCL (zczebara et glyp,5 2003).0r in 100
pl of hexan% ?ggbghe%%@fg cﬁ?ong%ggrapﬁi GC) anal yses R(un‘poE?t et al -
2003) . allowing it to replicate in yeast and making it easy

15 to select the yeast transformed with this plasmid.
In addition, the GALl promoter is galactose-inducible.

EXAMPLE 4: Construction of the plasmid pAGl expressing

20 A. thaliana expressing A7-reductase

A plasmid was constructed gpecifically for the
expression of A. thaliana Delta 7-reductase, on a
singlie-copy vector. The plasmid pAM1 was used for this
25 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), 1is
an E.coli/S. cerevisiae shuttle plasmid based on an
30 autonomous replication sequence and a centromere (ARS
CEN}). The gelection 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
35 unique Notl gite 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



2) Conditions for extracting the free and esterified sterols in the yeast,
for qualitative analysis (procedure 2) 20 The strains are cultured in rich
medi um (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 ng of

| yophi | i zed ceelol %Lrﬁh@ﬁe i i etecel tRi25eapectakien upsisrr3enli ofvapyhanol

(100% contal i of KOH d a.trac aIIoI ndthe xture is
t hen i ncubaf erél grl V&5 a}ﬁnu?egg FSQG%‘e ?‘%g{) Fé Matk I'ng l;tlo antient ;{n
t enper at ur edllshrelpsedr of ar afrRE@ExXt ract gd-asiudes ntampehegané tl'dmegcmastgam_c phase
is separated_ e?ﬁa Q_Ikeee ﬁff@%e&é‘f‘é{ ngDBPgrEage val umei gaé}d is,dried

a| r. Two o

under a streamo esarrp es o eextracte steros are
taken upP i nIEDOTEE SMNPhdmaEr @ hetARalRdls Shyagas cehriorationt aphy ( GO)

and gas chr eeattggr 2ROV -RSS rpéreazm%mﬂ&@, LARd gt e %ﬂléﬁlﬁgml eis
taken up in 150 pl of nethanol for the high perfor mance liquid
chr omat ograBﬁ;}meFqlsLC) studies. - 34 in the yeast by gas chronatography

(G0 1) Gasoshranmat ogrraphyACEE:wddTIFIdR (Ifdrare Atomiczatdam det ection) 5 The
(free or tot %%;g §§e§ol >§tract suspended in hexane is prepared according to
procedure 1 ? . 5 1) a) and b)). An injection control is added to
t he st erl @BRt Urep’ inT@emmceam@wemquA@mmm ration of 10 to
50 ng/pl. Fremy +Hons . pl;yof sanples are then injected onto a gas

chr omat ogr aphy deV| ce under the followng conditions. 1 to 3 pl were
injected onto an Alltech SE30-type 15 columm (colum reference: 30 mx 0. 32

mm | DX 0. 257B8) anfl8 42 tueet Ofs | Sabel édmbudhenSphit Jeldn@ d sbetyeen 50
and 80. The ol unm _head pressure is 30 psi. The in ector is set at _280C.

The initial “Fénper &fdPe of SERE 0| um’ii’lie?afﬁc forP¥. 5 df'@ mi et d) ¢

i ncr eases Z@hterzaaﬁlahcoaolrat ex0f 1 ADC o ntea]‘s]ﬂlct]hénafsl’ Aux3GdD Zg0C at a
rate of 3C Iu |s the i-nt ai at 290C. The tenperature of
t he detect org&las 3f%c il %r gpna dgrrbe%%)) (&) with FID (flane

i oni zati on detection) coupl ed vvlth mass spectronetry (GC/ MS) The total

sterol extrack SUspeRIgd J J1eX80f0 | Senomic DNA are used as matrix

for amplification using the primers O0SA72 and OSA77.
20 The Tag DNA polymerase and the enzymatic conditions
came from the company Stratagene. The amplification
conditions were as follows: initial denaturation for
5 min at 95°C, then subsequently, thirty cycles were
carried out consisting of a denaturation for 30 s at
25  95°C, a hybridization for 30 s at 50°C and then an
elongation for 1 min at 72°C. The reaction 1is

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

The PCR fragment is then digested with the Notl enzyme

30 and purified on agarose gel and then cloned
conventionally inte the unique Notl site of the
plasmid pAM1l. The plasmid thus obtained was named
pAGL.

35 It is a single-copy vector for expressing A. thaliana
Delta7-Reductase in veast, the Delta7-Reductase gene
being placed under the control of the GALL0/CYC1

promoter (Lecain et al., 1998).



prepared according to procedure 2. The GC used is 30 equipped with a
conventional "split/splitless" injector with a conventional DB5 col um that
is 30 meters in length and 0. 25 nn1in_@kgqpter. The injection is carried
out at 230C with heliumas 35 gas vector, at a flowrate of 2 m/mn. The
col um goes efxx@mr k30 5t:0 28QGddt St ages.tHde £pbsiMahd MBLBLalRgdagat 130C
before injection_and then increases to 230C wth a ranp of 40C/ m n, then
from 230C t §586¢5with 2% AFF55t s‘sﬁl?ﬁt}it‘%rﬁi‘? ffom - 35 280C to 290C
with a ranp of 30C/ m n. The colum remains at 290C for 5 mnutes. At the

gas chromat ogr aplly, col m QUL el Lhe. mml eqylese . ar e, thep pnal yzed by
nmeans of spray nass spec?rometry Phoan 1 oni zati on chanber - Stch as that of a
devi ce df TatlegolMesdnt yhe frreemtPelrkiar<@ums .1)The nol ecul es are fragnented
with a high-energy el ectron beam The various fragnents are then separated
on a quadrupole 10 filter and then detected on an ion detector. A nass
spect r um whitdh Goreliides st Homesdes oiing | thaef Yroduteso6F: fragnent ati on of
the M+ ion corresponds to each mass | ocated on the ion current graph. This
mass spectrgg@obt ai_ned at. a given retention time on the 15 colum is

conpar ed wi tHe i 5Fdr ePO Fr agh®nt BASPFEdu'd Sand "&1Td with #hose®

descri bed f deisherelds abyl Quaitlerand wéaldyy, i(rVed hpossd noibbé ecul ar Bi ol ogy
Vol . 53 Yeast Protocols Edited by Evans; M Quail and S. Kelly "The
Extraction and Analysis of Sterols from Yeast"” 20pp. 123-131 (1996)). In
this way, ith@ascpbdssi bieet dldenonstisatertdiel efifrect00f wtlheodel eetem of the

ERG gene | pohne sWELEOY St il Ny Bl | BeRAELT el 3l JRGBRRENCS PEo 41
er gost a- 8, 24%2&{)_- ‘4 in the tub
o) iguid in e tube.
15
An extraction 1s carried out twice with 2 ml of
1,2-dichloroethane with vigorous agitation on a vortex
for 10 minutes. After the first extraction, the
mixture of cells, glass beads and solvent is
20 centrifuged for 5 minuteg 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

25 stream of nitrogen for a few hours.

The sterol extract is suspended in 100 ul of
acetonitrile in order for it to be analyzed by high
performance liguid chromatography (HPLC) (Szczebara et
30 al., 2003}y 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

35 sterols, gqualitative analysis procedure 1:

The cell pellet is resuspended in 50¢ pl of purified
water. 2 ml of potassium hydroxide KOH at 10% in

methanol are added to this suspension. The mixture is



25 dienol and the presence of sterol of the type chol esta having the double
bond in the 24(25)-position. EXAMPLE 7: Analysis of the free and esterified
sterols in the yeast by high perfornqn%% | i qui d chromat ography 30 (HPLC)
with UV detection or detection by mass spectronetry 1) Analysis by W

detect ion HRkG: o35 cLEN g 3.1 Of LhecSLaroh el athdsushanded.
acetonitrile or methanol and prepared according to procedure 1 or (cf.
exanpl e 5)) 18FEPRH]E8r ed ¥t 0 AKX tEPPa BPPESt ypeve 6 BeHB0 S coPum

(V\ﬁ;_er s, M bfn%ﬁ@gtl\/?@éﬁégrg%)re,_ - 196 Sni'gg%x%?p%{;sitéﬁﬂri??té@r rieee QUt _Og)a
gradi ent conposed of water _containin : 0.0 trifluoroacetic aci
(buffer A) LABS5f ‘ptr'e dc&tonP ri}F%ﬁ?‘b%ff&e%)?efB ?%Egcoﬁqu%l%i nt ai ned
at 60C duri npet hewanghlyssss Eree HRBeCadewicee bsedcestof ftubhet Wit efsr600 E
System Cont rol l.er”_type (Wt er MIfo MAQ1757 .USA) ., The UV detection
was carried%oh?%oﬁa% fﬁ%@fkrrggtﬁéfé% %? f68€EV§Pfﬁb tﬁgemé%r %%b?hs from
206 to 350 phesThelzokurmshas requi1ibe arediawt hudbchufied cont dilmbag 20%
(v/v) of butfer Ac(agelon tiile) and 8%l PULLET - BelWabaT £ QM @: DI N

0.02% of TFA (trifluoroacetic acid)). Alinear gradient 1s forned froma
sol uti on 153cEREEPHI ARG S0%GPIBUf fer A and 50% of buffer B. After 10 nin,
the conppsition of the elution buffer is 25% of buffer A for 75% of buffer

B. Anewlipear gradient is then ,applied in such. a that, .at_30 mn, the
o adi ont. 1 eABReSS T balGs SHE 065 G BHIH i ST Al 6 1S Wl nt ai ned
for 5 m nut esetpnarden <t oicl eadastrhefeol unn. +2) hAnadysl gz&y HRLCGiget ecti on
by mass spe tr HRL. X I se n | ysi,s SsS
spectronetr@%&? emgﬁﬁ%léhﬁékﬁ%j%%g?ﬂggggfaégé A%EL?ﬁeq%%%%%?%%yn%lntained
at 60C duri ng-the2883llysicsr The HPLT dévi oé udedans offctrhe tTAl | igmse HT

Vaters 2/90cht¥REtography (GC) analyses (Duport et al., 2003).

2) Conditions for extracting the free and esterified
sterols in the yeast, for gualitative analysis
{procedure 2)
20
The strains are cultured 1in rich medium (10 g of
bactopeptone per liter and 10 g of yeast extracts per
liter) with 2% of glucose as carbon scurce in order to
obtain 500 mg of lyophilized cells. Thesge dried cells
25 are taken up in 3 ml of methancl (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
30 three samples having the game wvolume, 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
35 sample is taken up in 150 ul of methanol for the high
performance liquid chromatography (HPLC) studies.

EXAMPLE 6: Analysis of the free and esterified sterols



30 coupled to a "Waters M croMass ZQ' mass detector. Unlike the preceding
detection nethod, the elution buffer A does not contain any TFA, but the
two buffers A and B contain O. 01% (v/.v), 0of formc acid. 35 The col um was
equilibrated with a buffer containing 830% of buffer A" (water containing

0.01% (Vv/ V) i@f ther PesaC ) gayld &&&mt@gg vy Blcg¢pcetonitrile containing

0.01% (v/v) of formc aci - 37 - The inj ectlon begins with a buffer
cont ai ni ng 50% of these tvvo buffers. Alinear gradient with two ranps is
fornmed fromia Szmwtd:@ﬂozﬁ@ﬂb@i—ﬂpng 5@ )ofwbti f @TDA'( Antheéb 02001 zbtibar B' .
After 10 mget c% cog‘position of the elution buffer is 25% of buffer A for
75% of buf f &F B, ranp of the gradient is then nodified so as to reach
12. 5% of5 buffer A" and 87.5% of buffer B after analysis for 25 10 m nutes,

and then 100907 huld el R Al B0 B1BHBES el vabie diadipl [ 108 bor o

minutes in order to regenerate t The "Waters M croMas nass
det ect or i s isetpremeres postidiene| bet PESPREVTEORI 2@ ore s Enkg ng. 1The

val ues of mhz apggbetyeen 295 ﬁ%&%n cHtdinuye aeruissi tboncprde s
sel ected for the_scanning. Moreover, Si gnal extraction jn "SIR" node is

perforned i FEF&RAl | eMIEE1A; thé”éxpé?tei asses By 20°hat ur aP i sofopi c
abundance febnlidee tsis@riens dro e analyzed/,The detector is set so as to be
able to resolve conpletely without interference fromnol ecules differing by
1 unit of mz. Al the acquisitions are paranetered in such a way that the
total acqui Sirbionl 2% t3 nEl cof r egpphdbngrto the sigareviteyl aret¢ oat fest ot al

time for ac I I I 2
EXAMPLE 8: %@hﬁtn%r%%h?h dégg%%cr‘ sla'?l rdgl%rrlrgTE g fgjf%otﬂ 3%§§§99I§elr sterol

content with oEOwi 3 holt VISE | db@lﬁﬁg?d Tiea st r é‘FlnsA{étﬁéhan%E%eayﬁér e
cul turegds i nca1vainume of voih rﬂe@ré@dﬁ)elgo nﬂsd* L@ﬂi%a[ﬁfﬁeibxeb ak. ,m1985)

contai ning 2% of normal fl-glucose, or ucose- U-- 35 gCG (for the
| abel i ng exp&fi skt sVEEFOT |Jg°ur1ée]lb‘)‘m T%le p%iﬂcjatf dehdrt y-of PEh¥EPar ti ng
culture is 80l ®&hd6@G . rIImeTmcSLLmuIthéedl szreft@smbﬂé ed sf oBO 7 dhour shat a
t enper at ur e . of. 3 Crvmth Shﬁkl ng gé rng 5 g%lsal 'I;Igae cerIaILtsu are tfhen
recovered by @&mtri f utfat Fon ot di um at b g f or M Nu The cel |
pellet is the column is 130°C for 0.5 of a minute. It 1ncreases
20 to 230°C at a rate of 40°C/min, and then from 230°C to
280°C at a rate of 3°C/min. The c¢olumn 1is then
maintained at 29%0°C. The temperature of the detector

ig 210°C.

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

The total stercl extract suspended in hexane 1is
prepared according to procedure 2. The GC used is
30  eqguipped with a conventional “gplit/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
35 gas wvector, at a flow rate of 2 ml/min. The column
goes from 130 to 2%0°C in 4 stages. The column is
malntained 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



then anal yzed directly by the anal ytical techniques 5 presented in exanple
5 (for the studies not requiring induction with gal actose). However, for
the studies of kinetics of induction .of;d4he expression of delta 7-reductase
and of delta 10 24-reductase (strains transformed with the plasmd

PYES_Del t a2 8artd/ oropAGL) C t e thel h etrang resuspendadinn Jhenl cofl ufniesh

Kappel i medi . (i%@;t%b ?r%)c%/oigﬁl actose (not |abeled with 13C carbon). 15
u

This culture 1s inc at a terrperature of 30C with shaking at 200 rpm
Ten m of culture are recovered after O hour, 2 hours, 4 hours, 8 hours and

24 hours of agulitryr e;fag h@ﬁ@oﬁﬁkb@&@pﬁ?”@b@%lﬁr @ Gan | fuged, at .809.g for 10
m nutes, and the ce is'frozen and stored at -20C before sterol

extractidon BY St He'Stet Wé@léyaﬁgchybéﬁf*ifﬁ? eXanpPE s, "BERVPEES O YPUBKEYT i cati on
of the steradhls 1 esent zhaibhe cﬁid’najdls anahyzed:ithat ofhe identddieation of
t he steroISJsrba dontthe3 %ti%of the follo principles: -
Conpari son of “the BEHavi-$F o r@fn EE O NS Tand T FPE@XI&C(%?% gufhentic
st andar ds i Areheeccasel ofwx:tatnpest ehabh(engostiva- B-lenalr)on ofb@angostehel

Goshost ot of TR Sat a8 oS CaFT pitaat el SR A0 g
zynost ek®l Féﬁ@leé‘st@mé 2 e e@@ﬂl?CtEd 3% -adi dgde- ad@é@cwrdetpecmaeﬁ (cf.

exanpl e 7- 1)sbec£|i'bwm%jﬂaﬁ%lx§cﬁ)@§stgéeﬁwgbg@gt ey émané%@g%yéwctgn a

spectral baS| s, _five classes of stero s: 1) class SAl: no conjugated diene

system 2) B5fcl5E3Im@ptapigBerfie gt ¥i7-HRn&SSHANY EPasgach

mass located on the icon current graph. This mass

spectrum obtained at a given retention time on the
15 column is compared with libraries of fragmented

products and alsoc with those described for sterols by

Quail and Kelly. (Methods in Molecular Biology Vol. 53

Yeast Protccols Edited by Evans; M. Quail and S. Kelly

“The Extraction and Analysis of Sterols from Yeast”
20  pp. 123-131 (1996)).

In this way, it was possiblie to demonstrate the effect
of the deletion of the ERGE gene in the WEIF01l strain
and in particular the absence of ergosta-8,24(28) -

25 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
30 (HPLC) with UV detection or detection by mass

spectrometry
1) Analysis by UV detection HPLC:

35 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,
MAQ1757 USA).



SA3: presence of a 22,24(25)-diene system 4) class SA4: presence of an
8, 14-di ene system 5) class SAS. presence of a 22,24(28)-diene system

Cl asses SA3 and SA5 cannot coexist for S&Irructural reasons. Cl asses SA2 10
and SA4 cannot coexist for biosyntheti ¢ easons, class SA2 may be conbi ned
Wi th structural units of classes SAlL, SA3, SAS so as to formadditive
conposite spectra. 15 - Analysis of the retention tinmes in GC and in HPLC
on the basi Eh@r P BPPT OXE mEBe FHAT1¢Vi By tofot he erehEindn ¢PrResaiift s

gssclzgl at edf wirt hw%@@& tmﬁmlcafa ﬂtm;tat Ltfadﬂs%)“ @«.@?hWAh t@ﬁlm@@@@&@e\gi%g
ackbone of er or. chol esta ty ince this criteri is no
absol ute, i ?Clgg @H‘lfaj’:se%np‘bl o C?fdelﬂ‘tl}”?l e GRL&fd Len @?‘H%ﬁ'eﬁ oBlift

anbi gui t3 es Theuttopr@sentss na iritskirofd eft 0d0dd ddirisg usies @ahdnesist IS
therefore only used in conmbination with the other criteria. 25- GO M5
anal ysis (cf. exanple 6-2)), which provides the nol ecular mass and a
fragment at i dheprioflid e delviick carede iconpar édhet 0" peets alb 00 Br atyesem

HPLO el ectre%m%ﬂ@anawﬁés(@fateefga”pml%o%e oM £N ROV dpse TN the

case of 3 hﬁmrox sterols,”a main S|gna at 't mass -
(protonatio (ﬁf)tea:ﬁdqrbgfsasof%r%@ r onbl eeulde dLaABy)array dplakyePs with

al | the mboveyvsystens ok t%v%_tl%r t13P COMRRSidéON @f vatd ous. refgrence
yeast strains d| srupted a \{ i ous chI nts of thg bi osynt hesi s. Anal ysi s
of variati of8THAMt HEP %t @Pibll1 i Bt Qud nigiEbRDI ERBhPAEST Wi R vari ous

bi osynt heti ¢v/+)4®b£ BOZYyERSA arwlc@tobirmrkmet 2681 oﬁo% hos eomileament ati on
during the i\l}d#g{l on ntthl s corrp e ntat sis of the profile

for labelin the Varrous*59ste “ Wi t tthé’ar bghr]l F R o
Anal ysi s of athd) WV slpedtlmmrofgrhéisner ols §epauealt eﬁrday HPL@hlzt:aogl ven

retention tLBR:aIREH0 & for CONEYER! o ARNDLE; DY al%;s%&b npypLca

spectrum 10 w bsorption peaks between the two
22, 24- conj ué@téfb‘rt}oubhé S@lﬁ}ﬁ@sémcmtoéntéﬁsﬁ]ﬁﬁ%ﬁﬁ p@‘aﬁfat—” 435 Hpt The

final, 8, 14ceonjygaked b} & b@ﬂdbg@@e@eal dentid qdutamangla&%péml on peak

at 245 nm 15 EXAVPLE 10: Identlflc |on of t e sterols resent in the
BMAG4 strai h¥ then app 1ed LIl suc way min, the

gradient reaches the wvalue of 100% of buffer B. This
20 walue is maintained for 5 minutes in order to clean

the column.

2) Analysis by HPLC, detection by masse spectrometry
(HPLC/MS ) :
25
In the case of an analysis by mass sgpectrometry, the
sample 1s 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 279%90" type,
30 coupled to a “Waters MicroMass ZQ” mass detector.
Unlike the preceding detection method, the elution
bulfer A does not contain any TFA, but the two buffers

A and B contain 0.01% (v/v) of formic acid.

35  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).



The BMAG64 strain is cultured in a volune of 50 m of 20 Kappeli nedium
containing 2% of | D-glucose for quantitative and conparative anal ysis of
the sterols. The optical density of 4he starting culture is 0.1 at 600
nm This culture is incubated for 72 hours at a 25 tenperature of 30C with
shaki ng at 20@ rjmedhecmebkygiase when raedmféﬁ’@d byneentiinbugait oprof the

medi um at 6 S, pellet. i.s anal zed by the
t echni ques g(ri)leeg’ent eé;?gnﬂe%%% e SN?%Q% \?grlle(%s Weilnta}T yses d%@%?l %éd made
it possible fegvederdfiohy & h@%@@@ﬂlscpﬁéamﬁedgb)‘éot’hlcsf stuafer At was thus
determ ned that trhiss ssthaipn accunul ates nore than 80% of its free sterols
in the formof 35 ergosterol (ergosta-5,7,22-trienol) (cf. figure 8). Two
ot her mihor detectable sterols are produced by this strain; they are

er gost a- 5|, 7adicenol1 o subst raie foxpbbherpradugt tofe ]Eél%tﬁ:%ﬁﬁ Q@Plﬁér(%%% and
zynostero ,gost a- 4-dj e trace of ¢ esterol is - 41 -
det ect abl e % fie OIsfi %”t%%r g}a Igcf% %é O{Ng’uﬁé:teﬁo@ i's ﬂ't?pr“b@ﬂ‘?m‘?%l yhe. 5% of
observabl e sterdks). Sﬁalﬂhmommmfed amost esolt@r eccalcso det gat a@Ee (only
in the anal yses.0f At.otg rg SAf Bu ﬁAI\/P%EI %f | dent ifi catlg -the

sterols present in‘thé 01 strain: traln (c”f Pe 1) was
cul tur i nManygevol gme ¢thes0 0 %f oKabpéFermBdiadm{Kappehiest Bhis 1985)

containing %0k D-g) UGRSEnt 4 Ohcdhe sguantd tafi ye. and W%ﬁ&éfle @ga' ysis
of the sterols. The optical density of the starting culture is 1 at 15

600 nm Thi $SEGREaFES §hf3n€ﬁ’l%élt‘@d for 72 hours at a tenperature of 30C with
shaki ng at 200 rpm The cells are then recovered by centrifugation of the

Fechni ques preseHlee T ERAmsTEE Tha vif Fousiararyets dootrFbeh ade 11
possi bli& t oppdahtivky Etlkmztsr:tceamf@f produced by tdisnsingl NThe values
of m/z are Dbetween 295 and 450. A “continuum”
acquisition mode is selected for the scanning.
Moreover, a signal extraction in “SIR” mode is
performed in parallel at all the expected masses by
20  natural disctopic abundance for the sterols to be
analyzed. The detector is set sc 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 acguisition
25 time corresponding to the scanning and to the total
time for acguisition of all the SIRs remains less than

2 seconds.

EXAMPLE 8: Culturing of the yeast strains for analysis

30 of their sterol content with or without **C labeling:

The strains to be analyzed were cultured in a volume

of 50 ml of Kappeli wmedium (Kappeli et al., 1985)

containing 2% of normal D-glucose or of D-glucose-U-
35 ¢ (for the labeling experiments, cf. figure 10).

The optical density of the starting culture is 0.1 at
600 nm. This culture 1isg incubated for 72 hours at a
temperature of 30°C with shaking at 200 rpm.



The search, in the chromatogram for ergosta-5,7,22- 25 trienol
(ergosterol) or for ergosta-5,7-dienol is negative (less than 0.5% of the
val ue obtained in BVMA64) in HPLC couplgd to mass spectronetry. In terns of
the free sterols, the strain accunul ates 50% of the total zynosterol

(chol est a- 8, 24-di enol ), substrate for 30 the product of the ERG6 gene, and
30 and 20% respectlvely, of cholesta-5,7,24-trienol

chol est a- 5, 7192 ced-let3 Henblepr 55’éjtﬂv)?rreéjsuq’¥l ﬁﬁnFFbﬁ]ugaﬁé’(‘?ﬁ‘arﬁfsn?BF
synt hesi s |ﬁleaﬁumalaﬁ oshloatgv\moeh 1esulit:8itias er ghst azd|, 7- diednelc and i n

ergosta-5,7,22-trie par ntal train 8)

Thlgs clearl %ggﬁov%n%%e?he eoc“‘satyn5fh i ctf)%t hgnal?(rgi%?%c %g%tlig%ﬁ%gl eveI of
erg6 sirnce phesERGEP eneyera(SiadendSypimettng oﬁt’nélﬁel a4 xe@woting

C- net hyl tragéégﬁgggg}l g,??_ylerg § Jthe chol esta- 8, 24(25) -dienol to - 42 -

ergosta-8, 2 I eno igure 2).This accunul ation clearly indicates
that the WA FO1 strain does not possess a functional copy of the erg6 gene.

The resul t syalyegei-ndicat epfhats thive or vl khlrea:mtdw@fclme@tm@ﬁy ber
er gost er ol |n yeast, and in é%l‘tl cul ar stero -i soner ase

5- desat ur asEP&nde¥PEREE 188 t & 122 SFddat ur” asré”ilics S paptiy ofo%onéeeilfiang t he
chol estiar typersuhsthakes (wrkiiam aﬁnandgoﬂmd:h wiartai nsheonsl denaldl e.

EXAMPLE 12 dent th
Srerols preBORP-PRIERPE ST TR e FOBs T fiad Cobt o ek By S8 3
transformtion 60 1%l heofG Fﬁ&s]str&appwluh meeilpllﬂasmcmtpaﬁsmg:ar?aw ng the
6,24 1 educt g5geXRLESYLOR GARRALLL [RYFS:DebLagdy of . example 3). The

cl ones were ected on a medium| acking uracil and t he presence and
expression of the A24-reductase cDNA is verified by analyzing the 20

sterol g 0f these typnsformant s byipmwans af P ocedyedak (&f . oexanpbe 5-1)).
A clone call ed WH FO2 was selected since it had a sterol profile that was

di fferent f¥ohtt HEWEPEOR 2% P&™: furthernmore, the additional sterol had
aretention time simlar to that of cholesterol (cf. figure 7). The W3E F02

strainisclturdlnavolurreof 50n1 aK i et al.
1985) cont a:II%PnB‘ 2‘% of Lflltlﬁf%c%xé “¥or” %e q%gﬁfg“l&t gﬁx%ﬁnd%% c%%’vbar ati ve
anal ysi s of 4t heuster 8| &ioutise agpt |2(ﬂthCdEr%|Ct@/ oflithee starting culture is 0.1
at 600.pm This culture is incubated for 72 hours at a tenperature of 30C

with shakl ng at 200 rpm .
These culture samples are centrifuged at 800 g for

10 minutes, and the cell pellet isg £frozen and stored
at  -20°C Dbefore 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 i1g based on the

30 combination of the following principles:

- Comparison of the behavior by GC, HPLC, GC/MS and
HPLC/MS with authentic standards 1in the case of
campestercl (ergosta-5-encl), of ergosterol (ergosta-
35 5,7,22-trienol), of chelesterol (cholesta-5-enecl), of
desmogterol (cholesta-5,24-dienol), of cholesta-5,22-

dienol and of zymosterol (cholesta-8,24-diencl).

- Analysis of the absocrption spectrum by HPLC and



35 The cells are then recovered by centrifugation of the nmediumat 600 g
for 10 mnutes, and the cell pellet is analyzed by the techni ques presented
in exanpl e 5. The vari ous anal yses described made it possible to identify
the sterols produced by this strain. The' two sterol extract profiles for

the W3 FO1 gtrain_and dﬂ% chg Eéfa'e?xﬁﬂ 1% mi)a{ except for the 5
ie

appear ance of a new peak i virtu ItS mass, its retention
time and |t§hé@njug@ﬂéﬁ“ﬁoubmékﬁ@nds l%s chokesbass, 7,t20- trl@@@tl€V|gures

2, 3 and 7) unkhe ipKesense obnt hi s <comaound bgghgatq§nkpec§éggg%edogresence
of a 24,25-sterol reductase activity 10 on the doubl’e bond i n

24( 25) - posi FFER S 't e chof8gt 873,:7,752, 9%’(“23§Ja*€§tjréiéﬁ6‘le S’er?tzf‘d% t#é)n t he
amount of chokest agkz 7, 2A-dddenol oifs adegr eaa@@n\@t@ym@napgear@n@gsof t he

hol - 2- I in,(f 7 .. Th
activity of “Fre 18TERSYRE 14 QEmohet 7410 By tHE CORVSHE: o) of 155
choIestaS,?SEA:trpm&m&nm@ppésentiaglaeﬁibneth@y@M&ﬁD15$tmammsamaqsnly 12%

i n WA FO2, ;@%5,% ffers CE: 2 ?a@%éoéﬁ%[r{kg S}'?étr%ﬁ' Y chisLhg fOrm

chol est a- 5, rleno In"tH rain IS 1'S an unexpec eg result
20 insof ar §§5tm@qﬂQﬁhﬁﬂexﬁs%oﬁV§r§K@MC@MHQMM@%¥EBFV 24 4gsasheSHal t a

24-r educd asenizs ool €siidsS, doeWhleh fibs %%egg)tne%t\&% RO a0 therefore

guantitativel converted tq chol esta-5,7,22." This derpnstrates anot her
unexpect ed PESuITAY | Pg. QQQﬁlﬁﬁgcHéFEsﬁ§”§m¢q§9%.%UB%?réﬁb tbFSSEEr of

22- desat ur asg; ,whemeas ool esga- S5aé, 24d S, fAGCOrLidig i+ t heogiesoteprofile
for the WA FQ1 %traln a poor substrate. EXAMPLE 13: Construction of
the WI FO3 §PF&ii®and 30 identification of the sterols present in this
strain: The WH FO3 strain was obtained by transformation of the VEHFOl

strain i th_the . plasm %§ﬁ§l}% JOL snebuLt e plasm g;rcb%\\éfgtglu?{ ase

S.cerevisiae carri‘es Xpression cassette f
cor r espondi k§ec DN ¥ s whicéh R@lun@@Pﬂﬂﬁémﬁﬂﬂro@d@it%ﬁétEALEGICYCme

pronoter. ThecWaFOL stiakn vasctsansiosseg-by the i thicym eblaride
techni que and the transfornants were sel ected on nedlun1conta|n|ngfno - 44

- adeni ne. THES@kprésdicon BFDatEY- FERudazeEREs oL & backbone

ergosta or cholesta type. Since this criterion is not
20  absolute, it 1s used as an aid to identification and
in order to lift ambiguities, but presents a risk of
error if it i1s used alone. It is therefore only used

in combination with the other criteria.

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

can be compared to spectral libraries.

-~ HPLC/electrospray-MS analysis (cE. example 7-2)),
30 which provides, in the case of 3-hydroxysterols, a
main  signal at the molecular wmass -17 (protonation

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

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

disrupted at varioug points of the biosynthesgis.

- Analysis of wvariations in the sterol composition

during complementation with  various biosynthetic



verified by the appearance, in the sterol profile of the correct clones, of
chol esta-5, 24(25)-dienol. A clone satisfying these criteria was nore
particularly 5 selected and called W3 Q3. The WI FO3 strain was cul tured
in a volune of 50 mM of Kappeli nedium (Kappeli et al., 1985) containing 2%

of D-gl ucosenkohethe guantict atiiveandreenpasat tres1tanal ored:scof 1 dhe _
sterol s. Thg ogtlcal den |t¥_of the starting culture ijs 0.1 at 600 nm This
culture is PHEABEt ebef dPIRSERGEr & al-d S -0 FB00 with shaking at

200 rpm 15 The cells are then recovered by centrifugation of the medi um at

600 g for 10 pinutes, and the cell.pellet is_.analyzed: by.the techniques
presented in g&%#ﬁF%SSFﬁﬁﬁg“%a F85%9§n§ﬁ§§e§3b2§%¥$b§5 #&'eﬁqr%ﬁﬁ%ible to

20 identi f ystheostewolbs phedgeeddyy 1t3hiiscdtarai.n. The expressi on of the
delta7-sterol reductase in the WA FO1 strain (to give the Wi FO3 strain),
unl i ke the expression of the delta24-sterol reductase, results in 25 a

pr of ound changéaﬂﬁsﬂﬁe0§téhﬂ Bf ofPeetermt Bé $beaistentilth erarated y

conpl et e di sappgaf.@ncge of o chol st abydy 225 24nt et agnol thehol gst as 77 24- di enol
and chol est a- 8,,24- di enol.. 32 Thj s CtIVIt¥ i.s al so marked géfthe appear ance
of a major PEERVPAERE f1BUPAE dRSRIFbetPFRVFoud| yEHRI ChbI eREEEYA- di enol

or desmust ewdkh Theo amhsdspoion peaks between 265 and 280 nm,
while the two 22,24-conjugated double bonds exhibit an
absorption peak at 235 nm. The final, 8,1l4-conjugated,
double bond can be identified by an abgorption peak at
245 nm.

15

EXAMPLE 10: Identification of the sterols present in
the BMA64 strain:

The BMA64 straln is cultured in a volume of 50 ml of
20 Kappeli medium containing 2% of D-glucose for

quantitative and comparative analysis of the sterols.

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

25  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
30 wvarious 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
35 ergosterol ({ergosta-%,7,22-triencl) (cf. figure 8).
Two other minor detectable stercls 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-dienocl) (5%). No trace of cholesterol is



chol est a- 8, 24-di enol change from 12 to 48% The detected
cholesta-5,7,24-trienof changes from30 to 3% 35 and the detected

chol esta-5,7, 22, 24-tetraenol changes _from23 to 4% respectively, for the
WG FO1 and WG FO3 strains. These observations indicate, unexpectedly, that

the sterol gelta.irigdugtiase;rgducesst hercheliest and, 1+l enotnba a ganner
that is virtually, 45 independent of the nature of the gg atur ations

carried by fHerex#8aERaYn JF The Sfer ARSI esBFETPs®opposit®tt o t hat
observed w fhothessSter Qlandelt-a 24-1educt asedetaexpeteedby,l yeXpr esst on of
the sterol S delta 7-regu§}a?se al sg results in the accunmulation (12% of a
mol ecul e t hAPS 57 Gr 8F e5 WAL h*ERECER O est a5, 7- di enol . However, it appears
to be reél atively unlikely, although not inpossible, that this nolecule is

cholesta 5 gyfingolus { Nealhieerebledby &yl (8L Whahleh phould.degtease and

I
not increasé under these condiiions. The appearance of a small anount of
chol est a- 5, PRe 2UGIFPénsk*p8%% is also of interest. The latter sterol is the
expect ed product of the action of sterol 22-desaturase on
chol esta-5, 24-di enol, the 15 rra& or sterol g600 in the WA FO3 strain
(resul ting FROMAHE YledGEEROR ofcichof B8RS, 7 R4YEF; vt 'HyESt éfol @ del ta
7-reduqtoa3fex)r@1{[ﬂa@ &mﬁl :5oa@rgurrufat1@¢p@1i C had istra- aiédg)pmgt réenosuii ndi cat es,
unexpecte at chol.esta-5,.24-dienol is not .a_g subst.r for 20
st erol 22-di%5%8r S9B-2BYNGr tUe %#j I?ﬁ% FEREFt s "5Bt %%ﬁeamllann jﬂ%aqvﬁ%OZ
strain (cf.aexeophpatl)ivit avanybesdeducee tdatrdive presence of an
unsaturation in the 24-position (chol esta-5, 24-di enol or cholesta-5,7, 24-

trienol) makes it difficult for the sterol 25 22-desaturase to netabolize
t he sterol sThFhepadiciadn dsing ey BERE6phen Ade Gimt opvek e fgiehd -dhotlest as

unsat unaf edghf hhe 2A4;POStlihen ko ek 9asiddheref ebe resuldscd nathes
conversion of poor substrates for the ERGS gene (22-desaturase) to good

subst rat es. CSOPEXAVPEE 24: 380Rs Pt iFov ord e W34t rain and
identification of the sterols present in this strain: The Wi FO4 strain was

obtai ned by transfqrmation_of 35 the WA FQ2 strain.with the pl.asmi d pAGL by
Che | Tehi anf R GRS CHhnF GuB. Zakd GHEC rahar B hRiT s Bt Hiaci2E o
medi um contaeding nei Eer cadem NEC noinuracsi | anfheheoraeddt taaedf ok dant s

were then copfifned @) the Bass, PhudbepdeLeatan iof Shokast &/ olrhe
various analyses described made it possible to

identify the sterols produced by this strain.

The search, in the c¢hromategram, for ergosta-5,7,22-
25 trienol (ergosterol) or for ergosta-~5,7-dienol is
negative (less than 0.5% of the wvalue obtained in
BMAE4) 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 forx
30 the product of the ERG6 gene, and 30 and 20%,
respectively, of cholesta-5,7,24-trienol and of
cholesta-5,7,22,24-tetraencol probably resulting from a
mechanism of synthesis identical to that which results
in ergosta-5,7-dienol and in ergosta-5,7,22-triencl in
35 the parental strain {cf. figures 3 and 8). This
clearly shows that the biosynthetic pathway is blocked
at the level of ergé since the HERG6p enzyme
(S-adenosylmethionine delta24 sterol C-methyl -

transferage) converts the cholegta-8,24(25)-diencl to



- 46 - accumul ation. A clone satisfying these criteria was nore
particularly selected and called WA FO4. A sanple of the WA FO4 strain was
deposited with the Collection National g.de Cultures de

M croor gani smes(CNCM 5[ National Collection of M croorgani sm Cul tures],

| nstitut Pa&zhtjkbrsta2@,, 2rue sdu dBesieiur Roux:f 75724 fRati-e @edex 15ynkkance, on

ril 22, 2 er ther S ratl nnnber 32 alnsthat are
;A\ﬁdl sti ngui gi%é From %géh ; %&5 btf}é‘?tnegﬁﬁy]p?ql? 5t o iF Gt he
WG FO3 st r aides trtDtpYESSE)eBBa% émcapphyﬂng:dme sAnehselagtd ogene . The
WG FO4 stravmew@%fs%wtwfpscs N BaYQLUEe 8L SA Ol K3POEl L. HEFL UM

containing 2% of fl-glucose, Tor thé quantitative conpat af I Ve snal ysi s
of the sterBR§NWAY TheroptTE@astaensi tin ofyadmt st &nd ngncubs UEecisan. 1 at

600 nm Thi srewbiurg, ¥s; bogubated fore431 howrs Al a 20 t eper ature,of 30C
w t h shaki ng :ilt 200 rpm The cells are then recovered by centrlfugatl on of
the medi um &€+560 azf"gresf@urﬁarﬁﬁ res, i Bind P kel Io%eI‘F%ﬁW‘?%th]ﬁ%I y288 by the

techni ques phesested i rt@eanpémeaétra'hes 25wNahi ous: anatysescgesgnibad made
it possible % | dent |Dfn the er ol s produced by this strain. Chol esterol
represents 2586 0f °t € rge Sterols of the WA FO4 strain (cf. figure 9). The
formatildh of 30 cholesterol in this strain is independently denonstrated in

GC and in HRkEmpbY Coni gr@&)hger\aﬁcﬁz@oﬁn N%t h%qg' Cwe&ﬁagargteg

confirmation _both in GO/ M and 1 n HPEC ol esterol is ungetec?able(<
0.5% of totafeBtéfdrafipn Qfl thfe shangls nurdenl Hott1B5s sthprinaneous!y
express the delta 7-reductase and the delta 24-reductase.

The WGIF02 strain was obtained by transformation of
15 the WGIF0l strain with the plasmid pYES2 carrying the
AZ4-reductase expression cassette (pYES Delta24, cof.
example 3). The clones were selected on a wmedium
lacking uracil and the presence and expression of the
A24 -reductase c¢DNA is verified by analyzing the
20 sterols of these transformants by means of procedure 1

{cf. example 5-1)).

A clone called WGIF02 was selected since it had a
sterol profile that was different from the WGIF01
25 strain; furthermore, the additional sgterol had a
retention time similar to that of cholesteraol (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 guantitative and

30 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.

35
The cells are then recovered by centrifugation of the
medium at 600 g for 10 minutes, and the cell pellet ig
analyzed by the techniques presented in example 5. The

various analyses described made it possible to



- 47 - less than 5% of the total free sterols. Thus, it was possible to
construct the BMAG64-pYES Delta24- pAGlL strain obtained from 2MAG64
cotransfornmed with PYES_Del t a24andpAGL. Thi sstrai nproduces 5 chol esterol,
the latter representing a few % of the total sterols. The CA10 strain was
transfor med; Wehi i Ehe  pbasiogon ¥ES D) {2 nyThiisi St@idial so produces
cholesterol, 10 the latter representing a few %of the total sterols. It
was possible to denonstrate, noreover, that the formation of chol esterol
clearly requheeswondictdi®on ek:thetdelda if-a¢ediictaskeant:delt as@4aieduct ase

pronoters 15 . (cf. fjgur nd_5).. The_strains. containing S enes do
not produce>Efol ﬁeﬁﬂg‘? %ﬁlﬁ?g a%%%%%:% of i nsdlul%thl“%%; E%fjghge ft!')Cﬂlenglhgat es
that the maxppearhevel off chotesperd idereathed, abvew igpproxdat by 24 h
of inductiop, Ln p@%%ll étgﬁgibﬁhq%ﬁﬂingﬁkpnigg 20.6h0LESERN Ohouble

e of c 5,22 I

(chol est a- 5-enol’), ormat1 on ol est a- -dienol is also observed.
Anal ysi s of bbhgere @samhafedtiaur 67 622 naréeanes t hat9eres f drmafi oAR8f t he

latter conpoynd egeur S MN&,dapidry ahter idayehi-on thads ddeed or gaki on of
chol esterol, and even 25 begi ns_before i nducti néc{{. tj1;1aiesgure 5A; mz =
367). HowevBrPefhrs BHRSSINE it conpltefel P ragsentt §FUTHE St ?ar hVdoés not
carry tie twa pkasm dsupAel BoddpYES_Dehta244 (The-poetatban of the
22-dehydrochpl esterol_ is.therefare . a . mre rapid.proc 1.0 t hat, of 30
chol est er ol CBB’iﬁﬁ?ﬁéﬁ’,' 7b&% ’?ﬁi (g%ﬂr'g‘ceetsrsae?rh?/% vesl%a prgégﬁrkslgg’whi %ﬂg

di sappears rapludky aftechohdattibny, Réavimgnodomifor deheehaetat Wohhof

chol esterol ., The chol est e OlOfCiigh%e derned. £ rom chel esi 881 24 1vi anhkhe

A24-reductase or Trom chol esta via the t7-' 35 reductase. Now, it has
been shown WRAF0&hoitastin 5(7igurerol”’ caRfoacclinel aCE14aEYt &% hePfact t hat

it is il@md'bﬁtz?ln)é canvestedst - ehal ar1Be 7 c33vkkieenel .ofThensoysee - of
chol esterol is therefore _chol esta-5, 24- dienol,, V\%iqchwi z[F asent at the tine
Aol

of the indubtior? -ardECcuntitat 8SCat 1BPoutt’ 4 o i AgtidtFon,
bef ore decraasi ngna{r aroundi24 WeiHdgur els) . Jilifsrexpleai ns . the late

appear ance 9f .chol est er si.nce.the_prior sy S. 0 hol e - 4- di enol
is requi redge%n@on%l}ls]é‘? , %ﬁe%t}bew :E)%grgi E)lez %ﬁ%ﬁ%t@%r%’ ?b?ﬁ ehfenof
chol est a5, 22ndi €nel WEF Thokestass, 7TR2st rigncin apgdexpected result

chol estap, 22,24Ly) eaql . (fhe Labhetc! Soabseahvatskbe begi nahdgestal nduction
(figure 4), ereas the tornmer 1s present and then rapi dlﬁ decreases in
paral l el w Fh7tBé 1®vst dlbiel | Satliten of4 114 QMR i obS of ClRRbERSRA%6) 22-

dienol. It pmydpe copgl udegd, dherefrom t hajgihez sour ggof chebesterel is the
reduction of the 5,24-dienol by the A24-reduc&?a e, whereas the formation of

chol est a5, 22UaPEAGREAYEIM s FPOKFERES: edifet | GROSFESERE 8,77 282 15REFi enol by
t he A7-redugtasestthe dor maidoneof chekpstael, 22-«divAngl hy.seanshef the

action A22- .desat yrase. on_chol.esterol i.s_naf conplete t he
quest i (?(rg bﬁ%0&66§%"§ ’?70 be & mik ftrparto%eggror‘ngtt fe a% s(h%?gﬁlégge’
pref er ent i aWhaceanul ahbbasoh-6hadl, @st eisl according to the sterol

profile for the WGIF01l strain, a poor substrate.

EXAMPLE 13: Construction of the WGIF03 strain and

30 identification of the sterols present in this strain:

The WGIF03 strain was obtained by transformation of
the WGIF01l strain with the plasmid pAGl. This shuttle
piasmid between K.coli and §.cerevisiae carries an
35 eXxpression cagsette for A7 -reductase, the
corresponding ¢DNA of which is under the control of
the GAL10/CYC1 promoter. The WGIFO1 strain was
transformed by the lithium chloride technigue and the

tranaformants were selected on medium containing no



20 conpared to chol esta-5,22-dienol at the long tinme point (24 h) of the
kinetics (figures 4 and 5). EXAMPLE 15: Optim zation of the biosynthetic
pat hway for cholesterol, role of A22-desaturase: 25 For induction tines of
the order of 24 h for the WA FO4 strain, the accunul ation of chol esta-5, 22-
di enol representisapproxe Mtsln-09% 08 that obechahesterQl - tefas of free
sterols (figure 4). gg Disruption of the A22-desaturase gene is an option
for optim zi'fig dA6Fest er bl prddiTA T B € Thé c racEFen L ists aPh that is
doubl y di sruptedcomrreerns caforA22- desatahdises(ergmn gene) -andnoel .t ha ergb
gene and th xpresses: AV-reduct ase _and A24-reductase is_entirely 35
concei vabl e.étlﬂ%gt rg’zi—j?tn:’“Scfa}frlrn nnggﬁg su lsnce i ‘é’?ﬁpt"i‘oéﬁa o?aﬁﬁgﬁé%]é%(hfr ase,
expression sflAzteddactase ldred &IEssi on of A24-reductase was produced. -
49 - strain with the plasm d pYES Delta24 by the lithiumchloride technique
and by selection for prototrophy with respect to uracil. The strain

obt ai ned wash€alCad 0BAED/ 424 M Theubnapedt fai B &IrEssing 824mkt efol

reduct ase pragpees aoBhatiMelppsialbeagount 10fs6helgsteneling cis Hkgures 6
and 7) and accunul at es i nly ergosta-5-enol and an internedi ate, amount of
er gost a- 5, 7°dF HSP?eThengﬁracéﬁﬁﬁlaﬁP@ﬁQﬁtagﬁdFéstﬁpg,7-%?%H%¥aF§V9ery | ow
in suchha stnailgsikndifcahiengtiehati «di sruption of the ergb6 gene is essenti al
for substantial accunul ati on of derivatives of the cholesta series. The
activity of the 424-reductase therefore, surprisingly, conpetes 15

rel atively Thet lebiicel tdetsbfy t hé phedustanfindhecelgérgens 0 t1 nay
therefore bgogonel udadidr amihese fesulicnlhaly the, skl fapegus,di gruption

of the ergs and ergG genes is inportant for the purpose of optimzing the
producti on BETERBEReser 6IF. 320 COMstdiptalisr oy ttHe «0Y5¥ene in the WA FO4
strainisuld nmake it possible for those skilled in the art to considerably

increase th roduyction of cholesterol. The feasibility qof such a strain is
et abl; shed BE G 155 Tanst Rict e SR i Vi FORCAnd "GREOPE4 ot F B ns. and
t he fact thatdfhinsast maion g stawered ymanuobyi, ousdgenet i Idondd Nadd onst o be

produced fr recedi ng strains., The dat.a.derived fro FO4
P cate t nateRgr bty Lo A e S pag ) Bhnan A T nebF s 30
expressed (¥anpareng anelyesul t sesprdibred wireHeWGE FO3 andstibbkdse obdai ned
with V@RFO4)deE@H§¥”BKESsk%r@ﬁ%sgwdﬁﬁdédn 5Hi§rggr ﬂ@!eSterO| will be

[
synt hesi zed very efficiently in strain that 1s sinmultaneously disrupted
for the ergbh and erg6 genes 35 and coexpresses 47-reductase and

424-reduct asge thgcholest erel ihengbetng-theonl yrend-s48£0lin the

WGIF01l strain {to give the WGIF03 strain), unlike the

expression of the deltaZd-sterol reductase, results in

25 a profound change in the sterol profile of the strain,

with a wvirtually complete disappearance of cholesta-

5,7,22,24-tetraenol, cholegta-7,24-dienol and
cholesta-8,24-dienol.

30 This activity is aliso marked by the appearance of a
major peak identified as described previously as
cholesta-5,24-diencol or desmosterol. The amounts of
cholegta-8,24-dienol change from 12 to 48%. The
detected cholesta-5%,7,24-trienol changes from 30 to 3%

35 and the detected cholesta-5,7,22,24-tetraenol changes
from 23 to 4%, respectively, for the WGIF01 and WGIF03
strains. These observations indicate, unexpectedly,
that the stercl delta 7-reductase reduces the

cholesta-5,7-dienol in a manner that is virtually



- 50 - equal to 20% of the total sterols is disruption of the erg6 gene,
and expression of the A7-reductase and of the A24-reductase. Conpl enentary
di sruption of A22- desaturase would malgle it possible to inprove 5

chol esterol productivity and to elimnate the parasitic formation of

chol est a- 5, g%dgb@ﬂagnﬂchHQﬂﬁieﬁ&&ure of tREAMBLE 18:,d:8910pe, | abgki ng of

chol esterol and 10 definition of isotope signatures: The principle of
producti on BY athabet &3 chdlest erdt] i$cdesSEFFBed i nThi-gur 82901 EThi §

mani pul at i oapia'bteat:eof taJ I thHtSi Séﬁséﬁv@diowmght helyeast: b0l UEOSEals
conpl etely | abel $ for ours of culturin a%hSOC Thelcel S
are then re83v5F HCB?S(?ent ﬁL“FﬁEﬁFF’F) 31’ tFE TR U at” § forsi9'ni nut es.

The cel IS5 peBkeétai s726eﬁbenasespemded rasbldtal ofi frlesh d(appmhlamdnum

containi ng %1 93l act gse. ot | abel edoyi L. 13C carhonL, Tha, sl iuses are

st opped 2 holf's, GFs after the swt
gal act ose, and- tihengﬂeroﬂ@vasr\eexext ract edppadrehefcandly zede {afivaebyexanpl e

7). The switghifLom 9'&&0&&9}%@ gakactese: 6o t Schaci RAyG! i pfh Ofu1 Be
GAL10/ CYCL pronotefs contr ol bot h the A7-T'educt ase_gene and the A24-

reduct ase gefie. C@i%ﬂstté’rfé%ﬁsﬂ%llerﬂ?é]re i shg cﬁ§ﬁ8§etﬁcla§ot o5&’ 3 labePfng of

the carlmon gbuEee. sHBLIE enstesasdd tdre: dedrovensyrthesi ﬁn@farn'ettlaégbl c
i nt ernedi at es g]nd t hen of_ sterol i ncl udi n choI estergn risin

a
gradual chafigBhiPESel i ng'c Th?%peé%%%el n°fab8l i K§ec ac‘?gri zed by
t he mass prohbliesok-cach ,zat- ermﬁﬁhcﬂi e(&terod. alnof adt mtlrtaresrtcor'pheati on of

35 2ach 13Ciatem i ngices 3 SNiL L0oBSSq0L-0RR-R AT CIBSS. UL LA)

Thus, for exa t'he ¢h ppea STW a nol ar mass rangi ng from
386 to 413 éélemﬂus depetrels aguvase he adegr ebobskabél g diknodnal ysie by

HPLC mass, HaliRg DQ%%YG B 6£1 T OSPr @%e - wakroai 08L 2L hony ré@u?t?ﬁgr esponds
to mz (mass/charq val ues ranging from 369 to 396 |(‘?lon

M:1-18 = 38559M ) FeRRELIOEr olOF et BRPILEA TR e /i d AHPEE SdGes nBY depend

detectably gnet-he degree crf—r%d@lt%ldé)g The nassl spactuumlef iam HPEC peak
correspondi nﬁ ;LO a si n%I e st ?J{Ln corresponds to a ss d| str%}bgti on
o enoP o Bfen el ke deusdr todiencl, PORLEEEST o amstng St iRt | one
for the stechbl eXtasynthesiizecd lat mrlmts tanego@fdt ersdkaiiafatr&g foris 10
Lhor of O 3gRLoth @ Mt gl Lo, coupl ox df | hiec ), it which £a0.be.

nt al f

conpl etel y experl me det'er m ned, and represents a unique isotope
si gnat ur e whbthideperids té"te eI Bedestiagn (C exemple 12), it can

be deduced that the presence of an unsaturation in the
24-position {(cholesta-5,24-diencl or cholesta-%,7,24-
trienol) makes it difficult for the stercl
25 22-desaturase to metabolize the sterols. The action of
the ERG6ED enzyme in converting the cholestas
unsaturated in the 24-position to erxgosta therefore
regults in the conversion of poor substrates for the
ERG5 gene (22-desaturase) to good substrates.
30
EXAMPLE 14: Construction of the WGEIF04 strain and

identification of the sterols present in this strain:

The WGIF04 strain was obtained by transformation of
35 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 bagis of the detection of cholesterol



-1) on the labeling protocol and in particular on the 15 culture tinmes and
conditions with 120 glucose and with C gal actose, -2) on the precise
genetic structure of the strain used,. ,. . -3) on the precise tinme at
which the cultures are 20 stopped. This Isotope profile has several unique

properties: acclimilthtGam benmodubat eo!aaa_si@@sir@d the ad] @%&Eeglbhewgul ture
conditions, the strai.n used and Lhe séerol (ih sen, uni que | abel
register cafi trﬁerp@ffgrlé:%é”g]%dﬁ% geredopnd 221928 R o A sample

i tis"conbinalfl ehda WaEISEverat rsbhopeassidgpatsures @mﬂlesmmﬂdrdﬂ?gléﬁwamer aI
uni que stergl lLed with i profile hat _can.t hensel
RetsoAagkod ALth degtone. brold | R bR GAR LIRS YERCHS 3D

nodul at ed can be conb ined so as orma "nol'ecu it is
repr oduct bl dNaftidosady t 6odéeetiiome exfier i Mentabryanehbn fiQutiesrdd]and 12)

the doubl e %sttrllt@lte P%Jsftteﬁ,zf"h'ﬁ‘ 'Pgécahe Lhe Leproduci bjdi4y of  the 35

proflles - it corresponds to a | ecular tracer m'xture that IS easy to
i sol ate, st gﬁldgx color | e852R/AE od 6™ es@r%nv%? at i P&0%4nd Wektoxi Eheand t hat

can be i ncorperatediinno rfigeds; @ Jmwd ci nal product, additives or other -
52 - products that can be assimlated by humans; -5) it cannot be falsified

wi t hout having the specific reconbinant strains and the very precise
| abel i rig) cEktadineg ahdtextract indieohdiptiienablen addint i ®O1IFS4knenhedge of

theisotope iL.gnag ure t Kk tr ck_to the
par anet er s F%h }%r%de ﬁ?gl%%g bl‘e %oﬂatﬁlsl}%ﬁ%lel%q R:?‘n ﬁ%ﬂig?? AR *18ot ope
al phabet " fypt@epgﬂ§|D@§@a24 and applying the same selectlon

The WGIF04 strain was cultured in a volume of 50 ml of
15 Kappeli medium containing 2% of D-glucose, for the

gquantitative and comparative analysis of the sterols.

The optical density of the starting culture is 0.1 at
600 nm, This culture 1g incubated for 72 hours at a

20 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 techniqgques presented in example 5. The
25  wvarious analyses described made it possible to

identify the sterols produced by this strain.

Cholesterol represents 25% of the free stercls of the
WGIF04 strain (cf. figure 9). The formation of
30 cholestercl in this strain is independently
demonstrated in GC and in HPLC, by comigration 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
35 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



10 that cannot be falsified and that can be incorporated into products of
any type, including consunabl es, can be readily obtained by virtue of the
present invention. There is a virtually-unlimted nunmber of "isotope words"
that can be constituted from such an 15 al phabet by maki ng use of both the

| abel i ng protikesrand theovariQuscbypes relcSt £F©F 81 s Theniacorpor gtikon of

such signatures.b to the nost varied products therefore constitutes a

uni que net h8ad=5¢ EﬁbeIQ%g RS ATt bReT al AT P Vi PREL 22 brPRZ ANl e,
DNA 20 si gnatures, wbhbchicad be frrepr odw et 0NCecdtheynaf @rkadwn. wibg
signhature c [ r,, be read n estr ively, far._exanple.by |aser

i oni zation ?gFﬁg§S§9é§ nas§ng§ectP§%gfry gﬁ%ﬁ?siss$ﬁﬁﬁﬂ-fr %ﬁu¥%8 like).
25 EXAVELE tholpgbdueti ortlod doamimarephebestengl &i dghiwy % albdl edhwi th 13C:
The use of pgrgal act.esgsor of 13C ethanol and glucose 30 instead of the

unl abel ed carbon sources for culturing the Wi FO4 strain under the

condi tions described above for the sterol anal yses nmakes it possible to

?ynt hesi ze Tﬁéyl bigbl YE(I;@Q]Cthg(\f%Tegg@r%naﬁQ?:r&eﬁ%pavl?:lﬂl@m e ck@if@ﬁq@aol
conpri sing a 00 car bon) . e preparation o
14C—radioac??@gmgﬁi%8?§'aﬁﬁh%ﬁoﬁﬁ§ﬁgﬂblaﬁ?®al§5°ﬁ§§§ bl € DYEHeRFSL of t he
sanme approathe Thetpet hedreapnalisw be ficncor pof atted tddadal yeastosérai ns t hat
produce steroids, and in particular hydrocortisone (cf. patent application

WO 02/ 061109), - 53 in order to produce | M| abeled or 14C-| abel ed
steroids, féF exaspluforblR Atassdggionstrate, moreover, that the

formation of cholesterol clearly requires induction of
the delta 7-reductase and delta 24-reductase promoters
15 (cf. figures 4 and 5). The strains containing these
geneg do not produce cheolegsterol in the absence of
induction; figure 5 indicates that the maximum level
of cholesterol is reached after approximately 24 h of
induction. In parallel with the formation of
20 cholesterol {cholesta~5~-enol), the formation of
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
25  begins before induction (cf. figure 5A: m/z = 367).
However, this compound is completely absent 1if the
strain does not carry the two plasmids pAGlL and
PYES Delta24. The formation of 22-dehydrocholesterol
ig therefore a more rapid process than that of
30 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 wvia the
AzZ4 -reductase or from cholesta-5%,7 wvia the A7-
35 reductase. Now, it has been shown that cholesta-5,7-
dienol cannot accumulate due to the fact that it isg
immediately converted to cholesta-5,7,22-triencl. The
source of cholesgterol is therefore cholesta-5,24-

dienol, which is absent at the time of the induction



EXAMPLE 18: Construction 5 mainly chol esterol: of a strain that produces
The CDRO7 Mata strain is described in the patent application published
under the nunber WO 02/061109 and was deposited with the Collection

Nati onal e de 10 Cultures de M croorganisnmes (CNCM [National Collection of

M croor gani %mdaﬁééﬁr%ﬂatééleagu d0aheur 4 Reux, g 7B434sPayd siGedex; da, France,
accordi ng t%?é@feurow sions of the Treaty of Budapest at the CNCM on

January 24 ndeFTeRE 11ggi &t a?FSHnﬁun’Bérhlﬂf?@TGe 5). This
TheCDRO?I\/AT&S:Ul@I:LIm(sr elieyankaar Is@ip%ar@dﬁ% oGATh0LEXELP] difice the

ergs::PA C1 cro se with the WA.FO1 strain.described in
exanpl e 1 Z%Erle at?Wgtﬁ%ﬁ% % ":5:’%§”enﬁjt ef Ssporataf fon of the
di pl oi d,3 he Cetneralsedonposh | OWOOmdmw@rpsebsrdeter mMonedcholesder to find

spores that gprz%dlaq%n qsng%ercqlolgguac%'ﬁ ihe d@ierpéfcmor Qiegtag' esterol,

as described’'in exanple spore producing terol avin
functional TRRE.gdnérdmdCar rifichgl 2heePr abi dbgsing t%lﬁ%abfﬂglflééugt ase

CDNA, as In@lfcqtr%&mrhe<ﬂ°§i|@@ahy81 fne¥Rs st @%% If@ermftérflley dpwsé{-:iél tion,

this strain, called 30 YiI S sensitive to hygronycin, catlngthat
the ERGS geR®d s iRttt iGHAI AL A steFbraprEparst i @%raafle‘?dar e"éll de&&ribed in
exanpl esy 6 andb] ishevech thaf thihs YIABSwstiahn of cholesta-5,22-

dienol. It may be concluded therefrom that the source
of cholesterol is the reduction of the 5,24-dienol by
the A24-reductase, whereas the formation of cholesta-
5,22-dienol results from the reduction of the 5,7,22-

15 trienol by the A7-reductase. The  formation of
cholesta-5,22-dienol by means of the action of A22-
desaturase on cholestercol is not completely out of the
question, but appears to be a minor process on the
basis of the preferential accumulation of cholesterol

20 compared to cholesta-5,22-diencl at the long time
point (24 h) of the kinetics (figures 4 and 5).

EXAMPLE 15: Optimization of the biosynthetic pathway
for cholesterol, role of A2Z2-desaturase:

25
For induction times of the order of 24 h for the
WGIF04 strain, the accumulation of cholesta-5,22-
dienocl represents approximately 50% of that of
cholegterol in terms of free sterols (figure 4).

30 Disruption of the AZ2-desaturase gene 1s an option for
optimizing cholesterol production. The constructicn of
a strain that is doubly disrupted in terms of A22-
desaturase ({(erg5 gene) and of the ergé gene and that
expresses A'-reductase and AZd4-reductase 1s entirely

35 conceivable. A strain carrying the subset: disruption
of A22-desaturase, expression of A7-reductase and

expreggion of AZ4-reductase was produced.

This strain was obtained by transformation of the CALQ



35 produces sterols that have the sane retention tinme as zynosterol and
desnosterol. The YI Mb9 strain al so showed auxotrophi es for adenine,

| eucine, uracil and histidine. The presgnce of desnosterol denonstrates
that this strain expresses the sterol A7 reductase and - 54 - that it

carries a nenf-uRgti@nah engd %'lla‘élrrﬁd W¢hst belakmofby Mphevi ngrkheml evel of
expression OL human DHCR%4” the nu Iggtide”se uence _ of the DHCR24 5 cDNA
was nodi fi eGP PA1ERder ST ABFoVE T hePd r EASICATT G af “FhePTRIPTHAPPRY ATG,

t he pronot etvicdnteelleidtg ddhenexpi essirar ef xBHER2Atwais1eal seagodaliled. The
new pronot ef. ﬁgbgg%ed is the CYC1L pronoter of cytochrone cl, as a

r epl acenent %or € "GAL1 i nduci ble pronoter 10 of the plasm d pYES Delta24
(cf. exdnmple 3). The sequence corresponding to the term nal NH2 of the

DHCR24 redughase a5 @ fusion,w tdhthe G4 ppropot e as modi i ed.as
follows: 15 ta cgtggatggccaggcaactttagtgc gacacat acaggcat at at at at

t gt gcgacgacBEabyacearatgycHt geat gt §eeél gPEPYPRAt &tfa esterol (cI.
tcttgttttctFehit-bet ¢t apat at f chhiiecllahrAali -0 LI 1) Odrgosta-5-encl

[0t acananaadPagqtt abAasRTCOARGET GRET T CObT GaeeeT ardnd SH(ad 1 076, 7).
The smald | ettensleepoesent t baopartiaals rmuciesidlde isequenye dbwt henCYCl
Cequence 26°WATR prieteubs TRAERIETa Hg AT ST REeSehusAce o Fhaotirot
two codons gpeseal $e nediskingd 3(lsedlmnc e \GAN-GCTi af t erct WU ATGI PN t PALI ng
codon) . derivatives of the cholesta series. The activity of
the AZ24-reductase therefore, surprisingly, conmpetes
15 relatively little with that of the product of the ergé
gene. It may therefore be concluded from these results
that the simultaneous disruption of the erg5 and ergé
genes is important £for the purpose of optimizing the
production of cholesterol.
20
Disruption of the erg5 gene in the WGIF04 strain would
make it possible for those skilled in the art to
considerably increase the production of cholesterol.
The feagibility of such a strain is established by the
25 construction of the WGEIF04 and CAL1L0/A24 strains and
the fact that this strain is wmerely 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
30 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
gimultaneocusly disrupted for the erg5 and ergét genes
35 and coexpressegs A7-reductase and AZ4-reductase, the

cholesterol then being the only end sterol.

In conclusion, the minimum reguirement for  the

production of cholesterol at a threshold above or



The final plasmd carrying the DHCR24 cDNA under the 30 control of the CYCl
pronoter and also the S.cerevisiae 2p origin of replication and the URA3-d
sel ection marker was called pl M331. |tg,equivalent w thout the DHCR24 cDNA
was call ed pl M303. 35 The YIMb9 strain’i's transformed i ndependently with

the plasm ds,phMBO3 apd RJIfMI3le @nd:1 v LE-ansf Qmants. gariy ng: the.pl asm d
pl MBO3 (iri n%9/ plrr803 strain) or plM31 (Yl M9/pl M831 strain) are nore
particul arl §¥9é| &606d. @0d 55XPIPRESE St Phi ' Care’ ctitfuregsenagd of

reconsti tUt@He“&M@Q@M@t@éetheCdﬁﬁpD@ﬂnéntM@? fars¥2pheuns at 28£1in order
to attain an absor bance of %8 600 nm  Tot al %éﬁerol extracts

(esterifi ed“SPaFBFE8nd YPe sterp%]lig) ottt hePYF PIMBE3 st EH T~ Rot
carryi ng t hehBDHERR4roDNA) panduot itvhe vyl M@ 1MVBEIL staf}aimir(a:ta&ryiﬂget he

DHOR24 DN pLe; pr.adusedyln Lhie presence of. Jiet hanold &, pot asel urp pydr oxi de

(cf. exanpl €se two strains ar€ teste eif ability
to produce %h@r@iterol Sonme of the results (GC) are gi ven in figure 13.
The retention times presented are given in mnutes on two chromatograns. 15
It was thus g@s{m bl e to show that the_strain that does not carry the vector

for expressFORMBREDHERZA (AFRBYP DI MBED IR n) CHoeSPRIEFESRdce 2P est er ol

(part Ay, baéfinipiyndesnmusbecpk EpanatAyresionversely, the strain that
carries the DHCR24 cDNA (Yl M9/ pIlM331l 20 strain) produces a sterol that has
the retention time of cholesterol (part B). It was possible to denonstrate,

by techni quEse ofprgas:ighirconmat ograpghytcionpl ed to eheefledn-cinpaett amBss
D ot ¥a  ARfaselbad, | by S5RO0PLS )y tDakhOLESLIEY digdindspd 29

chol esterol". ace”ar eas of ‘eac e sterol s, Tt was
possi bl e toab%tl rfaitl‘éSJtEH?a:t t A@ an®uaving cholest ersistpr oéncecslbsyccm@

Yl Mb9/ 915“’33(401%!&@13’)@% aDeYe:0f e, ster ol s, 39, Dgpaskt iig &Il@iz@ir@@' cal
materi al The fol | owi hg organi sns were deposited, on April 22, 2004, with

t he Col | ect?‘bnlj’ﬂla?r onal e de Cul tures de M croorgani snmes (CNCM [ Nat i onal
Col l ection of 35 M croorgani sm Cultures], 25 rue du Docteur Roux, 75724

Pari s Cedex, g, Erance, - according Lo Lha ioviglens ol Lhe Trgaty, o
med1un1 at 600 g for 10 wmwinutes. The cell pellet 1ig

20 then sgsuspended in 50 ml of fresh Kappeli medium
containing 2% of galactose not labeled with **C carbon.

The cultures are stopped 2 hours, 4 hours, 8 hours or

24 hourg after the switch to galactoge, and the
sterols are extracted and then analyzed {cf.

25 example 7). The switch from glucose to galactose
results in induction of the GAL10/CYCL promoters
controlling both the A7-reductase gene and the AH24-
reductase gene. Simultaneously, there is a change in
isotope labeling of the carbon source. There ensues

30 the de novo synthesis of metabolic intermediates and
then of sterol, including chelesterol, comprising a
gradual change in labeling. This change in labeling

can be characterized by the mass procfile of each
intermediate stercl. In fact, the incorporation of

35 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



Al'l the publications and patents nentioned are incorporated into the
present application by way of 5 reference. Bibliography: - Adans,
A K., and C. Holm 1996. Ml Cell Biol.-[1016:4614-20. Ausubel Fred M,
Brent Roger, Kingston Robert E., Mbore David D., Seidman J. G, Smth John

A., Struhl &@ﬁlrka(tﬁdm Or Syni &ur E@@&eegg 1060l Scd N WPk ecuharsBiok OGN
publ i shed b hn Wley & Sgns Inc Current Protocols Custoner "Servi ce,

605 Third A QPRI LY KEWYor%e Ny 26858 193 NpuBi i catBn dp@at ed
March 2002) M+ 1Baldi A- Baisl- hi7eus Aco)E. Th# | begeb]l Cet@ildiidh angdeF.in

Lacroute. 1 east. 13:35 Bonn ea 0. , Qzi Kal oger.opoul os,
GY. Li, %%Ebouesosees I?OtM %\%pe r]Iép ggbas |ag)ciyan&mF tl?acr%&tgg 19@3115.0 Yeast .
7: 609- 155 B@h@mngs efftal . . m2887. Matureum387080- I3in DHIGIR, CeakB.
Schoepp, E. [hat §8agn(g 12e'SBst Smy@n g%? 03, Eur J
Bi ochem 270 1502 14 x%G lng Qggﬁl estl Q;J?CI%D CFbems8 %nd B. A
Wyods. 1995ma\%§aﬁlbt111ﬂ®5%1<6@ Wh@@flf é@u th@re@real the 1ggpergessfden

274:546, 563+fe %anﬂe@ﬁeBhEehgége%as%ﬂQbuﬂwd%s ﬁ%ﬁﬂe@N@ B Droheeg s R

Bar buch, C. Koe ,.,and M Bard. 1998. Antlmgrob nts. Chenot her,.
42: 1160- 7. YN 88128 at wvarious times ter la eling. It is

10 therefore a profile which igs complex (figure 11), but
which can be completely experimentally determined, and
which represents a unique isotope signature which
depends at the same time:

-1) on the labeling protocol and in particular on the

15 culture times and conditions with **C glucose and with
¢ galactose,

-2) on the precise genetic structure of the strain
used,
-3} onn the precise time at which the cultures are

20 stopped.

This isotope profile has several unigue properties:

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

culture conditions, the strain used and the sterol
25 chosen. A unigue label register can therefore be

produced;

-2) it is “eombinable?, i.e. several isotope

signatures corresponding to several unique sterols

labeled with isotope profiles that can themselves be
30 modulated can be combined so ag to form a “molecular

alphabet”;

~3) it dis  reproducible and easy to determine

experimentally (cf. figures 11 and 12) the double oxr

triple plots which indicate the reproducibility of the
35 profiles;

-4} it corresponds to a molecular tracer mixture that

ig easy to isolate, stable, colorless and odorless,

nonvolatile and nontoxic, and that can be incorporated

into foodsg, a medicinal product, additives or other
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In summary, an ‘isotops alphabet” or general use,

10 that cannot be falgified and that can be incorporated
into products of any type, including consumables, can
be readily obtained by virtue of the present
invention. There is a wvirtually unlimited number of
“isotope words” that can be constituted from such an

15 alphabet by making use of both the labeling profiles
and the wvarious 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

20 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).

25
EXAMPLE 17: Production of nonanimal cholesterol highly
labeled with ’C:

The use of C galactose or of **C ethanol and glucose
30 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 very highly labeled sterols, and in
particular cholesterol (comprising at least 95% of *°C
35 carbon). The preparation of "C-radicactive sterols and
cholestercl is also possible by means of the same
approach. The method can also be incorporated into
yveast strains that produce steroids, and in particular

hydrocortisone (cf. patent application WO 02/0611089},



21:308-14. Taton, M, and A Rahier. 1991. Bi ochem Bi ophys Res Conmun.
181: 465- 73. Taylor, P.R, and L.W Parks. 1978. J Bacteri ol
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BEXAMPLE 18: Constructicen of a strain that produces

5 mainly cholesterol:

The CDRO7 Mata strain i1is degcribed in the patent
appiication published under the number WO 02/061109
and was deposited with the Collection Nationale de
10  Cultures de Microorganismes {CNCM) [National
Collection of Microorganism Cultures}, rue du Docteur
Roux, '75724 Paris Cedex 15, France, according to the
provisions of the Treaty of Budapest at the CNCM, on
January 24, 2001 under the registration number

15 I-26156.

The CDRO7 MATa strain {(relevant markers:
ade2: :GAL10/CYCly: 1A erg5: :PGK1,: thygro®; ERGE) was
crossed with the WGIFO01 strain described in example 1

20 {relative markers: ERG5, ergé::TRP1).

After gporulation of the diploid, the sterocl
composition of the spores is determined in order to
find spores that produce desmostercol, which is the
25 precursor for chelesterol, as degcribed in example 6.
A spore producing desmosterol, having a functional
TRP1 gene and carrying the Arabidopsis thaliana
A7-reductase c¢DNA, ag indicated by the PCR analysis,
was thug identified. In addition, this strain, called
30 YIM59 is sensitive to hygromycin, indicating that the

ERG5 gene is functional.

A  sterol preparation, prepared as described in
examples 6 and 9, showed that this YIM5Y9 strain
35  preoduces sterclg that have the same retention time as
zymosterol and desmosterol. The YIMES 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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that it carries a nonfunctional ergé allele.

With the aim of improving the level of expression of

human DHCR24, the nucleotide seqguence of the DHCR24
5 ¢DNA was modified; in order to improve the translation

at the initiating ATG, the promoter contrelling the

expregsion of DHCR24 was also modified. The new

promoter sgelected is the CYCI promoter of cyvtochrome

cl, as a replacement for the GALl inducible promoter
10  of the plasmid pYES Delta24 (cf. example 3).

The sgequence corresponding to the terminal NH2 of the
DHCR24 reductase as a fusion with the CY¥Cl promoter
was modified as follows:

15 tagcegtggatggecaggeaactttagtgectgacacatacaggcatatatatatyg
tgtgcegacgacacatgatcatatggeatgeatgtgetaetgtatgtatataaaac
tctigttttettcttttectctaaatattctttecttatacattaggtectttat
agcataaattactatactictatagacacgcaaacacaaaggaattgacaagtt
tgtaczaaaaagcaggctaaaaaATGGAACCTGCCEGTGETCECTGECCETETGCG

20 (SEQ ID No. 7).

The small letters represent the partial nucleotide
sequence of the CYCl promoter followed by the AttB1
recombination sequences and then an AAAA seqguence
25 which precedes the initiating ATG. The sequence of the
first two codons was alsc modified ({=zequence GAA-CCT

after the ATG initiating codon).

The final plasmid carrying the DHCR24 c¢DNA under the

30  control of the CYCl promoter and also the S.cerevigiae
21 origin of replication and the URA3-d selecticn
marker was called pIM331. Its equivalent without the
DHCR24 cDNA was called pIM303.

35 The YIM59 strain is transformed independently with the
plasmids pIM303 and pIM331, and two transformants
carrying the plasmid pIM303 (YIM59/pIM3023 strain) or
pIM331 (YIM59/pIM331 strain) are more particularly

selected.
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These strains are cultured in a reconstituted rich
medium cof the Kappeli type for 72 hours at 28°C in
order to attain an absorbance of 40 at 600 nm. Total
5 sterol extracts (esterified sterols and free sterols)
of the YIM59/pIM303 strain (not carrying the DHCR24
c¢DNA) and of the YIM59/pIM331 strain (carrying the
DHCRZ4 CDNA) are produced in the presence of
methanclic potassium hydroxide (cf. examples 5 and 6).
10 These two strains are tested for their ability to
produce cholesterol. Some of the results (GC) are
given in figure 13. The retention times presented are

given in minutes on two chromatograms.

i5 It was thus possible to show that the strain that does
not carry the wvector for expression of DHCR24
(YIM59/pIM303 strain) does not produce cholesterol
{(part A), but mainly desmosterol (part A). Conversely,
the strain that carries the DHCR24 c¢DNA (YIMS59/pIM331

20 strain) produces a sterol that has the retention time

of cholesterol (part B) . It was possible to
demonstrate, Dby techniques of gas chromatography
coupled to electron-impact mass spectrometry (as
described in example &), that this sterol is indeed

25 cholestercl. 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.

30 Depositing of biological material

The following organisms were deposited, on April 22,
2004, with the CCollection Nationale de Cultures de
Microorganismes (CNCM) [National Collection of
35 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



1. Anor gani sm of t heki ngdonfungi , t hat aut ononously produces chol esterol. 5 2.
The organismas clained in claim1, characterized in that it is genetically
nmodi fi ed. 3. The organismas clainedin claim1 or 2, 10 characterized
in that it produces cholesterol fromasinple carbon source. 4. The
organi sm as cl aigggdn pne-ef clainms 1 to 3,

characterizedi nthatitexpressesthe7- 15 dehydrochol esterol reductase and

30- hydroxysterol 424- reductase enzynes. 5. The organismas clainmed in
claim4, in ich the sterol 24- C-net hyl transf eraseenzynehasbeen 20
inactivated%wg.'ﬁﬂ?oréﬁﬁ%ﬁﬁ%ﬁf?ﬂ%ﬂnﬁggthﬁEﬁ%¥% oML LGRS cRTe

t heC- 22st er andesabubaseentynehasbeeprienacit vapplicabion. Hhe wergasifsm as
claineddgn gg%e%% %Eains 4 to 6, characterized in that the expression of
the 7- dehydroc ol'esterol reductase and 30- hydr oxyst erol 824- reductase
enzynes i s obtained by transformation of the 30 organism B.The organi sm as
clainmed in @re19bgchahi® 5 to 7, characterized in that the inactivation
of the sterGT—ZZT%?nETT71transferase enzyme is carried out by gene 35

i nactivati on.
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9. The organismas clainmed in one of clainms 5 to 8, characterized in that
the inactivation of the G22 - 60 - sterol desaturase enzyne is carried
out by gene inactivation. 10. The grganismas clained in one of the
preceding 5 clains, characterized in that it is chosen fromthe genus
Sacchar onyces ottagﬁsarttg%écch@t onyeesquikl. and M. Rieger. 1985. J
ASacchar onycescerevi si aeyeaststrain, char acterized in that it is the W3 FO4
strain 10 depos‘??féd"’%/\ﬁ’t {He ChPfettilon®National e de CuI tures de
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produci ng chol est@rml E of Kebhani @b 7or i7gBn o Ic oiiyam .S iV .t9h983&:u§l turing of an

organismas clained in one of the preceding clains. 13. The nethod as
clai med 5 n chailedinchdf.act &.i z€#e20 viemschat R-heSppepodansi sridngPin

culturing the osgailsiissd ol bowed: Dyydnst eRiGaARssylng I n extracting the

chol esterol . The nmethod as clainmed in claim 13, characterized 25 in
that the extraghi@mfinthe ghol eﬁtﬁW'Héz_Stzﬁ@ﬁﬁ' ed gyt Wokhetha, and

non-wat er - mi sci bl e sol vent . The net hod as cI al rred in claim13 or
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18. A nethod for producing chol esterol, or one of its netabolic

internedi ates, or a mxture of sterols, 5 labeled wwth "C or with 'AC,
conprising the follow ng steps: culturisgg_an organi smas clainmed in one of
clainms 1 to 11 on a "C-|labeled or "C- | abel ed substrate, and extracting

sai d chol esterokeo®r one ot his 10vet abeltiue <. nuargvediates, or the mxture
of sterols. 19. A nethod for producing an isotopic m xture of chol esterol,
of chol esterol i nternedi ates or of chol esterol netabolites, |abeled at
various posit S o1 o I I I i organi sm
as cl ai ned |nf gjirnlhe o] aallnlgrlsati foﬁgg ?%%é?ggi glgfgtﬂ)éltt;néigﬁg on an
unl abel ed substrate, the cutIl‘I&:.lr%tttrqtfbsunﬁa@acht@fvnﬁhese substrat es bei ng
chosen i1 order to obt @%%ﬁggjbﬂegobﬁgg@gn@réOWE g0y 20. A conposition
containing, as a tracea ity label,an 1sotopic mxture of chol esterol, of
chol est er ol.int er nedi at esor of chol est er ol met abolites | abel ed at_yari ous

posi tions usjrngatzgdtslqgrppe | abel s and h@é{{,@geggggfl Red i sot ope pr ofilie.

21. Theconpositionasctai d-inetaim 2Q, characterized imthat it 1%
i ntended for_the field of!humar ™ aninmal food>dr ther py 330 22. A sanpl e
of nol ecul es of chol esterol, of £hol estenol i nt erpedi at esor of ghal est er ¢l
net abol i t es Tabelegat~vari ous positiong USi n? |sotope ["abéel's, _that has a
defined i sptope préfile and thdt-%B5 canlbe obtained byl means:oP-t-he-et hod
of productjon & 'clzinmed in claimg 19. 11.5
5,22 4.4 0.0 0.0
5,24 6.9 0.0 0.0
5,22,24 8.7 27.0 0.0
5,7,24 7.5 1.7 11.5
5,7,22,24 5.2 29.8 11.5
8,24 6.9 0.0 0.0




PRJ02025. ST25PCT. t xt SEQUENCE LI STI NG <110> Aventis Pharma S. A <120>
CHOLESTERQOL- PRODUCI NG YEAST STRAI NS AND USES THERECF <130> PRJ02025 <160> 7

<170> Pat en{ybn o¥@E9heA 3351 <210> 1 <211> 63 <212> DA 53137 A dd{hshal
<400> 1 cctagcgacg aaaagcatca ttggagtgaa taacttggac ttaccattct tagcattttg60
acg63 <210> 2 <211> 68 <212> DNA <213> Artificial <400> 2

CLAIMS

1. an organism of the kingdom Fungi, that

autonomously produces cholesterol.

2. The organism as claimed in claim 1, characterized

in that it is genetically modified.

3. The organism as claimed in claim 1 or 2,
10 characterized in that it produceg cholestercl from a

simple carbon source.

4. The organism as claimed in one of claims 1 to 3,
characterized in that it expresgsses the 7~
15 dehydrocholesterol reductase and 2f-hydroxysterol A2Z4-

reductase enzymes.

5. The ocrganism ag claimed in c¢laim 4, in which the
sterecl 24-C-methyltransferase enzyme has been

20 inactivated.

&. The organism ag claimed in c¢laim 4 or 5, in which
the C-22 sterol desaturase enzyme has been
inactivated.

25
7. The organism as claimed in one of claimsg 4 to 6,

characterized din that the expression of the 7-
dehydrocholestercl reductase and 38-hydroxysterol A24-
reductase enzymes 1s obtained by transformation of the

30  organism.

8. The organism as claimed in one of claims 5 to 7,
characterized in that the inactivation of the sgterol
24-C-methyltransferase enzyme 1s carried out by gene

a5 inactivation.

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

characterized in that the inactivation of the @©-22



gcat aagagt gaaacagaat tgagaaaaag acaggcccaa ttcaaattcg ggtcgaaaaa60
agaaaaggb68 <210> 3 <211> 25 <212> DNA <213> Artificial <400> 3 aggyccgaac
aaayuccuya LLI.Lc25 PRJ02025. ST25PCT. gxt .<210> 4 <211> 21 <212> DNA <213>
Artificial <400> 4 ggcaaaccga ggaactcttg g2l <210> 5 <211> 36 <212> DNA

sterol desaturase enzyme 1s carried out by gane

inactivation.

10. The organism as c<¢laimed in one of the preceding
5 claims, characterized 1in that it is chosen from the

genus Saccharomyces or Schizosaccharomyces.

1. A Saccharomyces cerevigiae yeast strain,
characterized 1in that it is the WGIF04 strain
10 deposited with the Cecllection Nationale de Cultures de
Microorganismes {(CNCM) [National Collection of
Microorganism Cultures} on Aprit 22, 2004 under the

registration number I-3203.

15 12. A wmethed for producing cholesterol of nonanimal
origin, comprising the culturing of an organism as

claimed in one of the preceding claims.

13. The method as claimed in c¢laim 12, characterized
20 in that the step consisting in culturing the organism
iz followed by a step consisting in extracting the

cholesterol.

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

outt with a non-water-miscible solvent.

15. The method as c¢laimed in claim 13 or 14,
characterized in that a saponification step ig carried

30 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

35 saponification or the extraction cf 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,



<213> Artificial

<400> 5 tatatagcgg ccgctttcgc tgattaatta ccccag36 <210> 6

<211> 34 <212> DNA <213> Artificial <400> 6 tatatagcgg ccgcgagaag
t gacgcaagc atca34 <210> 7 <211> 270 <2§%> DNA <213> Artificial <400> 7

t agcgt ggat
at cat at ggc
ccttat acat
caagtttgta
ttactatact

106

15

20

25

30

acgacacatg cttttctcta tctat

gaca t ggaacct gc ggccaggcaa

aatahtottt . ¢geaagcaca cgtgicgctg ctttagtget atgcatgtge
aaggaatt ga gccgtgt'gca gacacataca tctgtatgta taggtccttt

ggcatatata tatgtgtgcg tataaaactc ttgttttctt gtagcataaa
gaaaagagea HELeCtRRa838 80- 129 4801240240, or one of its

metabolic intermediates, or a mixture of sterols,

labeled with ¥C or with *C, comprising the following

steps:

19.

culturing an organism as claimed in one of claims 2
to 11 on a *C-labeled or C-labeled substrate, and
extracting said cholestercl, or one of its

nmetabolic intermediates, or the mixture of sterols.

A method for producing an isotopic mixture of

cholesterol, of cholesterol intermediates or of

cholesterol metabolites, labeled at wvarious positions

using isocotope labels, comprising culturing an organism

as

claimed in one of claims 1 to 92 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.

20, A composition containing, as a traceability
label, an isotopic mixture of cholestercl, of
cholegtercl 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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<210> 4
<211> 21
<212> DNA

<213> Artificial

<400> 4
ggcaaaccga ggaactcettg g

«<210> 5
<213i> 38
<212> DNA

«<213> Artificial

<40C> 5
tatatagogg cogettteoge tgattaatta ccccag

<210> &
<211l> 34
212> DNA

<213> Artificial

<400> &
tatatagcgo ccgogagaag tgacgcaagce atca

<210> 7
<211l> 270
<212> DNA

<213> Axrtificial

<400> 7

tagegtggat ggccaggceaa ctttagbget gacacataca ggeatatata tatotgtgeg
acqacacatg atcatatgge atgeatgtge tcetgtatgta tataaasactce tigttttctt
ctitttoteta aatattottt cettatacat taggtectit gtageataaa ttactatact
tetatagaca cgceaaacaca aaggaaltiga caagtitgta caaaaaagea ggctaaaaaa

tggaacctge cgtgtegetg geegtgtgea
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