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CHOLESTEROL- PRODUCI NG YEAST STRAI NS AND USES THERECF
The present invention relates to the production of

hol r I h.organi sms of the kingdom i
éﬂ@lgéégéiél%g?. figure 1) is the nost ié%ﬁ%ﬁ%ﬁﬁ%s/001oso
animal sterol. It is a fundanental conponent of cel

e EIOAFSST ERGIL RRICBN G TN G (RS @TﬁﬁJNﬁlﬁ¢W%F§FSQE&§B£9E
present in all animal tissues and particularly in 10
nervous tissue. Cholesterol _is a prodyct of .
cHRRi USRI | ARYSPERR TRt Brest .tGrht@,e j prpguction of
CONBDES Ye bSEAih Notdentosses f cshe i hilusdoy. Fingis al so
used in the pharmaceutical 15 industry, for exanple in
drug delivery, and also in cell culture. Cholestero
iGhalsstesed i hcfhe fhguseridl syat heBes me$L vi tERPHEANT
D31 11 S SYib RN 45 gHb%@%W%ﬁéﬂéﬁ@§ﬁ tBmpdlent of cell
suppl enment hunan food (in dairy products, fqr exa Iéﬂ.
aneMpEERes  f 66d. Wi} edt oINS stbh%d%i-}tlggéé{usl%p“ 18
usedsast aniAdditl verditaani ralsseed, ahd pparttobderip in
food i ntended for farmed shrinp. 25 Currently, the
VBSFVARF of +8§40f chol esterol that is marketed is
extracted fromanimal tissue (a tiny anount is
pgggfgggePglchﬁ§1 alp?%@ﬁggsh§é cohWQ 1880 e SiAgLERTial
sources are used ftor e extraction of cholesterol: |
sphharesor d Thusm ciit t fe @emoadol | wsed 3¢with FS5PRe1CS
natgnat fat ot sheep'a3 gwpolusethe iise ©hhe anpRArmatEStLCal
as a starting product_raises. prob] ens. Thus %he in
r BREHBLHY obl e 2¥3BRI &t dd WFHY VfitSsi oo XS
pe&0ON Ee5Pansi bl e for sheep 35 scrapie to cattle
(di sease call ed BSE (bovine spongiformencephalitis)
in cattle) have recalled the need for care when using.
athohbstéessle ias alse ausiedg imatbei dnduggiadr | synthesis
dggpif& Lhe, sheps Tm‘&,e“viﬁ%ﬁiﬁ' sk ShpbégnsAi sgi e to
a pat hogeni ¢ agent cannot be_ 2

supplement human food (in dairy products, for example)

and animal food. Cholesterol is also advantageously

used as an additive in animal food, in particular in

foed intended for farmed shrimp.

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

which is the natural fat of sheep’s wool.

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

of transmission of a pathogenic agent cannot be
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totally excluded. it would therefore be extrenely
advant ageous to have a source of cholesterol that does
not corme froman animal tissue. 5 The aimof the
present invention is to provide an abundant source of
chol esterol that is safe froma health point of view.

-@E%Aiﬂﬁﬁné§%ﬁﬁﬁg@.ShPMm’woﬁiﬁprﬂﬁéfEﬁdﬁetrﬁﬁ idxticemely

posSible to vert the natural production of

erdjosn eI OuH $@n@ﬁv§oaa§opécel@fpFg6§€§99ﬁﬂ%x; Gdoes
Ganer almdesesh Pih o hal heigamvention A first aspect of
the invention concerns an organism 15 of the kingdom
Fungi that autononpusly produces cholesterol. A
SEEONG iASPeEt ©iiet hardserent tomenbhosr nbs afkcor pEAVEAE an

t he ki ngdom Funai ngq: b re heror0 a
Tlé‘?al?g %éaﬁ]é"tclecagifya%jo%ﬁéle . fA texl?;tdmggp?ca{f%f Qt he

i waht h onpobnter o aviewganihe GFRWERE 9GS gdEHTFungiown
a ' ove erein the JRaldigNnepradicesivert the
c%%ﬁé%%%?%?fffon$%§gin%Fe é%rbg% %fS,SOU£Ce..The fo
i nyeRr a2 bn RIASHGLEIR eSTt FEIPVT YT siPof “ERET K hgdEm
Fypgiuds dgbiagdepbove, expressing the

- dehydrochol esterol reductase and 30- hydroxysterol 30
X24-reductase enzynes. More particularly, the

i ggpatabndestalpsion afi bhegamhyenbiofefi ned above, in
which the sterol 24-C nethyltransferase enzynme has

been inactivated and/or the G 22 sterol desaturase .
ehzfriestasagreert | adcttinmt EdAVeBTi R oFfRBFEEEFe @™ oPF R =1
| pyentian cenceddls apufgganicsm: ofadtenddagdom Fongduces
as defined above, wherein the expression of the
7caeh§8E8ERLL est erol reductase and 30- hydr oxystero
L24-reduct ase enzynes is obtained by - 3 -
transformati on of the,_ogrgani The Jpventd I ism
r &l 8EE87F0 aagrPeoérJCga% sF‘nggf "ElLtr[llfI‘{(‘ese[1]'111—‘l-lc—>|iJl odi St é;?gan

of the kingdom Fungi as defined above, wherein the

latter is genetically modified.

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

source.

The invention also relates to an organism of the

kingdom Fungi as defined above, expressing the
7-dehydrocholestercl reductase and 3B-hydroxysterol
A24-reductase enzymes. More particularly, the

invention relates to an organism as defined above, 1in
which the sterol 24-C-methyltransferase enzyme has
peen inactivated and/or the (-22 sterol desaturase

enzyme has been inactivated.

Another aspect of the invention concerns an organism
of the kingdom Fungi as defined above, wherein the
expression of the 7-dehydrocholesterol reductase and
3B8-hydroxysterol A24-reductase enzymes is obtained by
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ki ngdom Fungi as defined above, wherein the 5

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

the, L orention. concenns dgoigani sm of the kingdom
Fungi as defined above, ich is chosen fromthe

phyl um Asconycetes, nore particularly from the

st hyd pariaicshar:ame otddlat eeveonoae pargasubar lgf  the
fromthe cl ass Saccharon%% I es
e

5 .
IS c Aoy cet 3%, N ?gr a5y ‘fl?/e?m e

particul ar romthe
otmkest Sasichan ompdet atles ostsSehilz os%c%an@trmbtlaa@ﬁerase
evr?zn ngr %sp%ratr&qgldarclﬁltf n%gﬂg fi?l@cltﬁ.vation and/or the
accjﬁ%rorrycetaceae or Schi zosaccharonycet aceae, even |
nonecpivat tet apfy fhonfrie FaREPlSadehakehyees Sy 19

Sehi-20s@csheropysese Matheragspect of the invention
concerns an organi sm of the kingdom Fungi as defined

above, which is a yeast of the species Saccharomyces
CER GV ST aa spect2 o B hhaosiasaiariany cesnpenbe. afheorganism

invention.,also relates _to t hod .f pr.adyGi

s Bhp R Rodpm kBt sR AT Sl DS 1 chosen
ciibdwr it ophyduor ganrenyastdef | mareabpestizpiaray Lfrom
PALL i IS Rh 01 il e SRP RS Sd kb Tarl

cﬁg%u%ﬁhgﬁ%ﬁgmor%ga%h%m 'S follfltgwed by a st-%pﬁ Y
cbrehsti ng itieext ract#h@SEhe chol omy[SEESr abl y, ©F

t Ben exbEasthoPoRfcbheschel-eat abel ipghrediculed lgutfment hthe
n-wat er - m sci bl

an e salvent. 35 re _parti '
CROREL neR AR et s sy e O Sanbrp PRLsh e ¥ ral b,
cavened owbrief or gditeli cueddrlact i onfobmt he dfiel est efanily
E%en AR -&m g!e%ég&ggrléfr th%ESSQS{:]HQFO cdefibgd  even
abdv e  a Y ep tondTsting Tn mechani cal gri ndi ng of
thereel pari scebarled buembetlore JeMes saPRAFRREATY SRS or OF

t BEneXbERELERPRcLBe

Another aspect of the invention concerns an organism
of the kingdom Fungi as defined above, which 1is a
yeast of the species Saccharomyces cerevisiae oOr

Schizosaccharomyces pombe.

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

a non-water-miscible solvent.

More particularly, in the method as defined above, a
saponification step is carried out before the
extraction of the cholesterol. Even more particularly,

in the method as defined above, a step consisting in
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chol esterol. 5 Another aspect of the invention
concerns the use of an organismof the kingdom Fung
as defined above, for producing chol esterol, or one
of its netabolic internediajes, or a mxture of
sterols, labeled with 13C of with 14C 10 The

i fﬁgﬁfgh |§Piﬁ§£§§e§fF9hé pethad ifOl $HadUCidiE before
chol'esterol,”or one of its netabolic intermediates, ory
e xt Wi Sieabian | abel edBf t h TIEHWEh %C, °C

CHPT &Sttt he following steps: 15 - culturing an
organi sm of the kingdom Fungi as defined above on a

13C- | abel ed or 14C-| abel ed substrate, and -
exideied T ngssatd ofiokket énvkntacnorengexinss theetussoldfe an
i nt er nedi at es, I xtu 0 sierols. THhe £

| PRV DN 5ﬁ§otﬁélggggﬁkﬁlaﬁﬁ%gﬁogéfdééprqducfng eén ?r
i mobdpt tngri xiclod estecidl est@¥ ol Ongf bl edtér o|metabolic

izg;&@éfa%gafé@és or ,of £hgkgsterolosresabebises.lababeledith

at vari ou§4l§03| tions using isotope |abels,
cofpPisWagh c turing an organi smof the ki ngdom Fungi
as defined above on a | abeled substrate and then on

an unl.abel ed suhstrate, fhe culture_ tings .
thRS e 1YEREEPRL &5 F2i At BhDE el i orrngéiflg?o S ?fr:lgda&émg
defhid hes: 8ol sobppenpr offi lies Tietdhmnldmnt | ot etmad yatief sOT
to a..sml e of es hal esi&f okic ofy ith *c,
c%o%ggﬁé(o O?nﬁ%%%%%#%te%g%sio? cho esterolr b
netapoifieg thdefellavingafteRB: positions using

i Sgt OEB |é9§£%riﬁ ahnh%a:ggmi%&f igedcheokapgdprofAdreyi as
and that can, be_oDbtai ne y _ 35 Jreans .of. thi s .@et

of productoieFh&aFFentitof al gg‘iﬁgﬁe&teéis T aE@ [fe1eq
conposi ti gubsepataj namg, as a traceability |abel, an
isotopic mxture of cholesteral chol gst I of it
i nt er medi %%T{égagt%ngorsac)?échcg o(e:%sé:regdrfet gggl ??gs, °F %8
| abel ed atevabdbius intermediates, or the mixture of

sterols.

The invention alsc relates to a method for producing
an isotopic mixture of cholesterol, of cholesterol
intermediates or of cholesterol metabolites, labeled
at wvarious 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 alsc 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 profile and that can be obtained by

means of this method of production.

The invention also relates to a composition
containing, as a traceability 1label, an isctopic
mixture of cholestercl, of cholesterocl intermediates
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positions using isotope |abels and having a defined
i sotope profile. Mdre particularly, this conposition
is intended for the field of human or aninmal food or
S therapy. Detailed description of the invention The
present invention relates to the production of 10

[‘-;clﬂpl est er&{%i.e:ﬂst%ﬂ@ﬁ: Sfﬁ@ta?f)oﬂg?eéd ngIJBIEh éll:éwgiat | nrarious
ungi, no cholesterol is und.in t ural sta
IREIEIRT HELRG abSArPRal %@&lﬁ Fﬁ% q—f‘?ajl& s?er%?fjor?ed
thestesdd @%tfrla@es Méréhq&e:umrcgﬂmﬂms, |5heBgmmmltmn
15 The inv nt| kes it pQs I erf.0rm
dﬁ%légFng ﬁ?he 1%, 9 g@ug% i %P ?Fgg ?oﬁ %F °r
Fungprgpy n the presence of a sinple carbon source. The
nmet hod proposed by the present invention therefore
nakes |t p035|ble to obtaln a Iarge anount of 20

et &kt ed ¥ipelen the HRVERLQRt hod uses the
culturlng of or gani sns of the ki ngdom Fungi and the
addition of a sinple, carbon, source dily_avail abl e
oAy 35VRBEOP nESHC Ehe 4t cCOR PROSHEF SRR of
téﬁbléﬁ&é ‘sl e cxaydmimmeoucde” the | kiegded tBumgan In

rbon sources t an, pe t e d i

1é‘u%Jr't i'8r G Fihe ng:rer%:aﬁ 1$ \ft%%%gf b‘%llnfE]Sr%léun%llﬁ éjaq =
patm i tat er obeangeast anllmails stuaxtoéndéi‘élet daderfotsLgypl of

d i ?rm%rﬁﬁréﬁ?éé 0Y5 eSS ShFEARPLES SUYU oSt BS

gl ucose, actose or sucrose, or nolasses, or the
by-products of these sugars. A sinple carbon sour ce
tmé iprdlsit pakkintubar | Mapeef ert etpoissielleanod amerform

| The fact, th th t i
RS Ee St sraho by eee « harorah: s meTreBatPRtagd of
sm@sgratés theondersetrweobtfai @ sheptholcagbenolsounae . The
?5$E3§¥ 4N QE%du%§ebEnenl¥n€éﬂgléHe theref%fe

I ng “si e cardon sour is also clear that
tmﬁkgﬁrauh cavspibdece the elpior &3t efol L@EPRg gmount of

subsisat erbpcated Upst eam, i Nsikee Mehabohdtthdpat Dway, the

culturing of organisms of the kingdom Fungi and the

addition of a simple carbon source, readily available

commercially.

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

particularly preferred is ethanol and glycerol.

The fact that the production 1is 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




10

15

20

25

30

35

insofar as the strain of the organismaccording to the
present invention contains all the genes required to 5
conpl ete the nmetabolic pathway for chol estero
production. The invention refLates in particular to a
genetically nodified organi smof the kingdom Fungi (a

Rungus)e thal,  1@nautgnonmusl yt]@é Odh‘ﬁ@&e%ﬁ@k@;’et eﬁ.l@:llng a

froma si #e carbon source. tain n

of
g@#?éﬁ@%dllppé‘&ﬁfﬂoﬁép%‘?r?% l1nun H‘Sﬁagé? &Ff Ry -
I morder 48 dhyepstrhbhe bBaEt ghal or@&mrammdm:qamgwm the

of ergosterol producti n t owar

ot @ %répve?géoﬁré§§h 3 eft |on%F£ ggHéélg% lred £o

geneplend | y tiodi f med adroddni snpethwhy kfﬂgdorﬂm&ﬁ:ﬁterOl

exg ﬁsgtfgnthe 7- dehydrochol esterol reductase and
ydroxysterol L24-reduct ase enzynes. 20 The strain

of organi sm of the kingdom Fungi thus nodified

p{)ﬂ’é’ u ‘i%%e%tﬂ‘?bﬁsheéﬁtes-rh enARRIAtGani1 hastbn a f@é:rtetb:eﬁll 1y
e

by virtue of ‘the results, pbt |ned
tfﬁ‘édéf(hﬁ%l @rg@awanOSf the kg *y @atf’? Sk htehat

NBheeebheu PPy hpayduess! bhbgesnez’&Blelfqmt er C)ztlrvggilcb i garbon
sone of its derivatives (cf. figure 2). Expression of

t A" 7<Wehydr ochol esterol  reductase and

3, 6- hydr oxysterol 424-reductase enzynes in the fungus

Sy CS&@H@@\%%&@' 'aﬁf t%@n@t‘i?&'“%&@ﬂh@étf&@é esé£r othe
I ng part e

by diver of I osynthetic way for

efgpguer 6RD PRe SEIRGHRT obthoPESREr 6P (FediEctaded en? H%ral

bﬂé{ébéhfc wma%y%f 1e§gaseérdlm plaeldluntebnatumaajd the
1 S.al SO_Ca

Enz assi at.i on. d
%ﬁu%tyogtgﬁméﬁﬁ%%ﬁ§%€9l-rE%%CP§§8en$|j$f o i

oreEﬁEé@I @@Itai géﬂmedmzﬂdse medd Fuield] arsanbémcapfedthe
I ta- 7 st I 7Redl,

%hl&% ung)&7 g)ﬁ%}?gSln tt"i’l Q d &@oghct)}]esterol

e 6r ase 7n the r emal nder of
dnedmenase Thirst éﬁzlymr@ayawlz@% N2d -REUSAPFEal SREETRS -

lagl At S Oo ! cﬁ?ad‘fﬂs% t kg NARRH depghémnt Fungi thus
uction of delta- .

modlfled produces cholesterol. The Applicant has 1n
fact been able to model, by wvirtue of the results

obtained (cf. the example section of the present

application), the metabolic pathway resulting in
ergosterol and in some of its derivatives (cf.
figure 2). Expression of the 7-dehydrocholesterol

reductase and 3B-hydroxysterol AZ4-reductase enzymes
in the fungus S. cerevisiae can allow the production
of cholesterol by diverting part of the biosynthetic

pathway for ergosterol.

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

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

AL RBLE0PST Snd haliriaadiiedes atdamnceficheof delta-5,7-
correspond[ngggene and t he expre33|§n of th£s enéynE the
i phehesyeasenahcchdrbmy ceel EoravFRPhasta®aRscri K&d in

1P @atenbn ER 72614891 Thetsege@haess ofhathirgy gehe adduble
of he protei_n_are accessi under. t f ol | oy
C%ﬂ%én?(n gggegé“isoﬁoﬁdﬁfﬁé)ﬂ @f&ﬁ% a(r}_dec%%e}}}l%’ a#?g) - The
1966 . Aervesd@iay nunhser Gfdrbydroghesdesterhils gepductase
hgﬂgﬂge%aslﬁgﬁfgﬁé@e%o‘rn ek $PECIEfne THASG A Eplant
for exanpl'e, ~the honol ogous gene in humans (the
nackbddppeigequertrl iatamhi chlPs ack¥RB I und&E the

CepBankphHabeE ARRR4544a thie Didtaidt GequeNahisf enzyme
whi ch_i's accessi bl e under GenBank .nunber,: ﬁﬁCOSQ%%%i in
ene Tt e

(MBebieis Y&l . S2q98a5 oMY RRs 26RGNDFog6us Sy

reatBatt B rmarvagocusTi4 heegnantest icde skegsegeseofand of
ich is_accessibl e under NUber ; 8 k

rgéepPSPEFﬁnsgﬁﬁeﬁﬁgﬁﬁs R cﬁ [gkaccesgé%}e un e?QnBan

GenBankinunberbet3A433308) (Leephbl 8fods- geh@86have

al so been identified in the 25 chicken Gllus gall us,

w th the Genbank reference. BM190402 g& in the toad b

XBn6pES i BeAUTbag 19f { RRTokRApER Kk OF efEiEn G811 Bt 7o

Oa?tsaez;géalé a.i.rg izgg.zaagi Spedfdd 0, Thickle tditeeﬁerfmn7 kexarlnple,

ref erence : .gene__encogdi.ng a 7St

e REGLaa0te: Benes 11 dymaty olE uEfLgfla) Shlence

rbfewhicyiza sadtvassible thderGCoen@ank afwnest eAF034544,

354 po I m.iuker oagum, Wkkh i Hhe d
g@%éahﬂé?%€g?eﬁ%%&%?§%803%¥ *%ngfgg%e eﬁcodiﬁg a meer
deenBankt ougbered FAGRKRO R | (MesbEan S8l 93 -be $VUHG | e

themBigLbst Mgshigampehaybalaiput Rartudd Woklrebhieus (the
CGenbank™r ef erence BE636562. Those skilled in thﬁgarﬁnder

WinFleatifee FEINERAR y Ofi s other FHoMOFILD
geagsafRCcodiinbethe aABodeBydr ocbhkespesvéinedsetrasece of

eQéXc ifg Ogggéssible under GenBank number: BAA34306).
Homologous genes have also been identified in the
chicken Gallus gallus, with the Genbank reference
BM490402 or in the toad Xenopus laevis, with the
Genbank reference BI315007, or the zebra fish Danio
rerio, with the Genbank reference BQ132664. A gene
encoding a delta7 sterol reductase activity 1is also
found in plants such as rice, Oryza sativa, with the
Genbank reference CA753545, or potato, Sclanum
tuberosum, with the Genbank reference BF342071. This
gene encoding a delta7 stercl reductase activity can
also be found in the protist Mastigamoeba balamuthi,

with the Genbank reference BE636562.

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

7-dehydrecholesterol reductase enzyme in cther
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- 8 organisns. They may in particular refer to the
cloning nethod described in exanple 1 of patent EP
727 489, which describes a cloning nethod for

i solating a cDNA encoding_a protein having
delta-5,7-sterol-delta 5 7-reductase activity. Those

%&%%% hd TR @ halBYn @%%Ql%%@gkl%EQ%&ewm|Ehélﬁﬂon1ng
rocho es ero reduct ase act|V|t of ]%1]?(: 727 489,

SESEF I5est eiths, eXaPharti Qfi aPa €lhg
aﬁv‘ﬂiicylht Meé@@@Megl $0 dit&ﬁrclrﬂgloetﬁiettlﬁbd exaﬂplleolamﬁngataeMDNA

EP 727, 489. 10 ressi on of. the r.oc e
TR @nzyﬁ’fﬁgrr%lrén glnaa&ﬁ’lgsm o? ggkfn%% —uc%ééilta—

a'rceoedimtgaséo ddtavmnt Towseanskél bbdaiired thyp apyt may

MRALS kn&g@{ﬁs& i SEesiflhd ed L they atﬁéh}ﬁﬂ%éh@?é’s&é‘rol

parti cul ar ve transformati on of e organism
wreduetagonsctdot tyonpf | $heg eerexpPesdinh PESSELPE. 11

05i S4h G- leﬁ trt@l%sce[dtpﬁ\l'ﬁy PLOBBY ERl sBr &fedicafiled in
honDIo ous, he open readlng frame encoding the

TEXRIAY o%h%fe%?"e‘?%"? Rdlef at%° enzyme and of a 20

suitable transcription term nator, according to the

| | k th || t.
AT SHRLE or Gt e Duce Al Y] ’—"SQERQF%FSBM EEpetase
peozpher inhhan | srganiabl eff orhal k@mdgms JTUngs exgCRding
f{g@CEhQ”?hvgﬁBESﬁsbaﬂ ek to?)%ah.?fe%{ YLYP REML o ero

pFonD for exanple, be pronot er
ATRP P oridt sk Led helreyEhepr Gibt-er ThiRe @@\Klo}@YGiartlcu ar

P{ VB €E | tﬂﬁn@&nm&r&t er ogr tﬂ@eTPlon@jaﬂmﬁner wae a
term nat or

exanpl e, be t.he term nator
p%%%%%@??c@?é?@lﬁﬁﬂgsén SR SIS ST egc;a(tpr eSSI on g%ong
cassat teaneprhetiphegratedern,n prtef oo fhawmel egoumr eof
T’] |es |nto t he n}’&é&fﬁ or mtochondrial,geaone of the
t

hst Dcan be earrt edb an art|f|C|a structure
o‘F daley@mshomxstémlm mﬁwﬁ%ﬁﬁm Epxee ypangr pet @

ttggléw B S0 SR o englinG RIIENT agkehdanga 35 the
p asmd. In order to effect this t;ﬁe of expreSS| 0
usual rules known to those ski in As

homologous promoter, use will in general be made of a
promoter that is suitable for allowing sufficient and
functional expression of the heterolegous protein. The
promoter may, for example, be the PGK promoter, the
ADH promoter, the CYCl promoter, the GAL10/CYC1
promoter, the TDH3 promoter or the TPI promoter. The
terminator may, for example, be the terminator of the
phosphoglycerate kinase (PGK) gene. Sald expression
cassette can be integrated, in the form cf one or more
copies, into the nuclear or mitochondrial gencme of
the host, or can be carried by an artificial structure
of the yeast artificial chromosome (YAC) type or be
carried by an episomal genetic element such as a
plasmid. In order to effect this type of expression,
yeast of the Yarrowia lipolitica, Kluyveromyces lactis

or Pichia pastoris type can, for example, be used.

preferably, the 7-dehydrocholesterocl reductase enzyme
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yeast of the Yarrow a lipolitica, Kl uyveronyces lactis
or Pichia pastoris type can, for exanple, be used.
Preferably, the 7-dehydrochol esterol reductase enzyne
- 9 expressed is the enzyne,of the plant Arabi dopsis
thaliana (an exanple of methdd of expression of this

€ thesyeast Sag ony£esgier lérhtae ABabidopsis
d%é%f?%%%d|n§%atent EP 727 489). It m(;Ly wever, g)fhls

a2 hoRBR 0daas Vramthofbl BEsHSY Rk uP prgpeten o
aéﬁt§m§'ahn eﬁﬂ#ﬂe exiebi t isagchheosgresenprevisiae  is

tivit The 30-hydroxys ol 4-reduct ase DAY E,
%%CEﬁg?%dlnl@ é% Egi éﬁédrd@%opegfeﬁa , be
r@ﬂycta&emonagomalIyzmcatahgmhsmohegoeductl@@hﬂral or

derstr.rzlt?f g{gi (Chgﬂ'l?*lé }Bllgfbgﬁfrggl A theOf L AROSt eLQtyme

eri va I VEs' havin 24- 25
pastivobyon t he side chaln (for exanpl e,
14- desnet hyl -1 anosterol, zynosterol or 15 chol esta-7,

24-di enol ), h reduct f
CR RPN G R R SRR ER

(mEFRﬂﬁgQﬁham4ﬂdeﬂydrdawaﬂbsﬁ%?ai eﬂE@HEtaFELl BdisordHely
calle elta 24- t.erol redyc t

sterd Y%@ﬁu?ﬁﬁ%e C?%ductaéegﬁﬁsgﬁrgf ?C%ﬁ%e%%% >

of4 t iisndbrunent . ofheh@ﬁ@ﬁﬂﬁngimrﬁfﬂﬂﬂﬁtlves having a
3(901@1%%& o?ér SLerph LRd- %ﬂ% aﬁ@sﬂéﬂéﬁ”%ry\’aﬁhés@l@eedchaln

st tinme iIn mans; i sol.ati on of the

coF s FORRINIGE gerd &@@“ﬁﬁ@y'x&ﬁ§9ﬁﬁﬁ¥9§5 oFYWHFEeIOI or
eBK&!IT@%tg the mh tenlgﬂQChaﬁJHWﬁeSré?cﬁlcﬂ/}]id&t aés Iﬁecessary
described in, the publicatipn HR t er ham et .

JFo% SRt SBUUBKRELSBIStHPE GEMELSRNEERLL hEh pr BEGRS 1N
ap@rﬁﬂ@&SStbleﬂundwatehhaﬁmnémmaﬂg CenBahk. afbdssi gnzyme

e iy MV 014762 ang NB)0SS5TY. (30 Adeehlal e Bibesse,

0 ogues Of I'S gene ave been escrib
odhbtaspfetl eaherTHey Redaictiasie eganpha s Fﬁéucﬁéﬁﬁl ogBusthe

g?gﬁ gkcgf(@y§sny§ggﬁgﬁg (the nucl eotide sequence
I's accessi bl e under GenBank nunber :

The gene encoding the 3pB-hydroxysterol AZ24-reductase
enzyme was isolated for the first time in humans; the
isolation of the corresponding gene and the expression
of this enzyme in the yeast Saccharomyces cerevisiae
is described in the publication HR. Waterham et al.,
2001. The sequences of this gene and of the protein
are accessible under the following GenBank accession
numbers: NM_ 014762 and NP_055577.

A certain number of homologues of this gene have been
described in other species. They are, for example, the
homclogous gene in mice (Mus musculus) (the nucleotide
sequence cf which is accessible under GenBank number:
NM 053272, the protein sequence of which is accessible
under GenBank number: NP 444502) . Homologues have been
described in the worm Caenorhabditis elegans, and in
particular a complementary DNA with the Genbank

reference AF026214. Homologous seguences have also
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35 NM 053272, the protein sequence of which is
accessi bl e wunder GenBank nunber: NP 444502).
Honol ogues have been described in the worm
Caenor habdi ti s el egans, and&iadw _particular a

n

conmpl ementary DNA with the Bank reference

Q262 44 o HORRIIOOPNS p3eguences bRVe £l 88td8n, beibsypium
escribed in plants, "such as cotton, Gossypi_um

HEFSTHERT, WYAFA e R BSOS ort ks suon 4 8db, 476021,
rdtes, O ysasgat iyaciwth WhehGCeniank cGehbagkce reference

AAP536 or pea,_ Pisumsativum_ w.th Genbank, 5
rbg?%%e%]g% AARF5498%3 Thode ST | | S8 5 e art Wi | ICHE2DK
atd eetanaeddhi)549350l at e ot her honol ogous genes

encodi ng the 30-hydroxysterol A24-reductase enzyne in

ot her 10 organisnms. They may in particular refer to |
tThose oskid Latet hod Bescrabed Wilk heepupbieation 1gRdily

Vit erham et orglr, 20001 skiddeslsin thecaibgW | lthe

alsq be able to readily term ne the . h
IR MR e o A24024 sHedEGkdsact i FPEYTSF (A& other
o asnanedi NThey oty N$n particpaski eelfar wsi et doning
acti.vity .assay.al.so. described {n he p i catj
R AR E PR 0 ) e BT G R Rat@Pnam et
301 hyd? 0&Yy st Ehobe A2kiddedctias e-heneyhewi hl anlepgds shle
Ao G- dUdigqom BURYmAGEOr dLng  20plydle:yaMenli on a24-
can_be obtai'ned b}tl any_means known to those skilled in
trRdugiaserhpstagy tyn Yar EREUIRTTSIRAIANIET hBTREGHES 1D
idedhabeyeny ther egarid itts, tdwsaexal essidescefibele in

- dehydr.ochol ester ol reductase ., en . 25 Preferably,
ttﬁée:é/ -]tﬁ)iﬁ%%t{:ﬁaoqe{ -rqﬁﬁ:]t'a’s?/e yme expressed
Is the human enzynme. An exanple of isolation of the

ndi ng ne d of 5¢ [ of thi K
i G e e L e G o
ignaymee pib| iagatPegemEm \af erthiem keinggom Fppgi. aqcqwgding
hQweMel , 1 B @Yo 08B} 080USLEE 1 nBANBYNMBHYI RSN &b to
or artificial, enzyne , , .
those skilled id the art. This may in particular
involve the means described above with regard to the
expression of the 7-dehydrocholesterol reductase

enzyme.

Preferably, the 3B3-hydroxysterol AZ4-reductase enzyme
expressed is the human enzyme. An example of isolation
of the corresponding gene and of expression of this
enzyme in the vyeast Saccharomyces cerevisiae 1is
described in the publication HR. Waterham et al.,
2001. It may, however, be‘ any homclogous or
nonhomologous, natural or artificial, enzyme

exhibiting the same enzyme activity.

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

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

Advant ageousl y, the organi sns of the ki ngdom Fung
according to the present invention express the
7-dehydrochol esterol reductase and 30-hydroxystero
A24-reductase enzynes and al’so exhibit inactivation of
the sterol 24-C-nethyltransferase enzyne. - 11 The
sterol 24-C-nethyltransferase enzyne bears th%b nunber
Ethe. 1steual | 24 He Moy Herdepbfr g ynghzyme bears  the
%@ﬁﬁ%f»i caéc‘sfnm.-l .I1t.4D12| aligo Z@hbed ERE6pnaDebhal 24) Effzyme
et t ransf erase, ta -st.ero _
ekt F Rt EPBoe IO 79 fost L7101 IR npRAFRAs 2T LR (24
Snatlendsyins fet@éd] oMiedea (Quer-alt edellt ang¢t2dyltransferase,
-pethyltranst , e , 4- sterol - -
dgﬁ%? %? ?ghé é&%égylé?%%%%%%ﬁ?é’L-nethionine§ %&5?%FY1
(24m¢ 2Bjonine es b rakt MpliedRdl) emeshydi rpgshipyesster T L,

h sf erase - _TRir$ARZ%NE RaWe=al |y catalydescsyl-
?%ae %%ﬁgjrjret hyl at iCon of yg l[ting_n theY

; ; nostero], res
fbrBthoenbEe ] Sonit 676125 Thes era: eMECHVIG "ERETEEaR ©F
28n ¢ 8Bt Eyb1 r ansfiefastansife ©Izy e ThES NafegnEr gaturally

t he ast Saccharomyc cerevisiae. The_sequ
tﬁ?%gggﬁ%sis Eg%esg¥b$é dﬂ%g?yf% * %Ild%?ng %@ﬁ ég rol,
aceesst bng nimbehe fHC0O11d5. ofhEeseguenee: of the
corresponding protein is accessible under the
foll ow ng GenBank accession 20 nunber:. NP 013706
(Boenegene #incodigwy) thecosteanlet 24 af -retlgghyransterase
ggﬁﬁﬁﬁg gﬂggernﬁ$e@gnﬁkggu$ﬁn0ftﬁ@iS¥§§§@ hs&?chsﬁﬁmyces
escribed in other Fungi. e e, for exanple, .t
PESFBHLFbBus WineSFAUSERF 2 0t ERAForJRS o (i ReLe
nuefiest i dehsequeattowinghi chenBamk cesatbéesimmer number:
B nb 799759 e of£Ln i :
Rk ?ﬂ?nd%?q@%%%‘m%@ﬁ%r,@%%%%%%S%‘;&%%%?m
als, ROGDsiblee hodsiogoe deneawinkufEsPenst crateEs1on
3 N L4 Sesenee et whi ch h§oagcesgidifRau et
uﬁ%é%QFCB§EL§E3g%%ber: NCB24P7, the prote?n sequengg

oblwhi ER961 s accessi bl e under GenBank nunber:
CAB97289): t he

A certain number of homologues of this gene have been

described in other Fungi. They are, for example, the

- homologous gene in Schizosaccharomyces pombe (the

nucleotide sequence of which is accessible under
GenBank number 299759, the protein seguence of which
is accessible under GenBank number: CAB16897) (Wood et
al., 2002); the homologous gene in Neurospora crassa
(the nucleotide sequence of which is accessible under
GenBank number: NCB24P7, the protein sequence of which
is accessible under GenBank number: CAB97289); the
homologous gene in Candida albicans (the nucleotide
sequence of which is accessible under GenBank number :
AF031941, the protein sequence of which is accessible
under GenBank number: BAAC26626) (Jensen-Pergakes et
al., 1998). Genes encoding an enzyme homologous to
ERG6 have also been described in Candida lusitaniae,
with Genbank reference AA021936.1 and also in
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honol ogous gene in Candi da al bi cans (the nucl eotide
sequence of which is accessibl e under GenBank nunber:
35 AF031941, the protein sequence of which is

accessi bl e wunder GenBank nunper: AAC26626)

(Jensen- Pergakes et al., 1998). Genes encodi ng an

g E%@n bgen d bedyi i
ng%/fﬂgoag?u& a%llézreltﬁI g@k{) rgf e?gnce%%ﬂt\)(r)jz)w% 1
ab et seMy e d 2 pﬁé&ﬁocym%elealﬁlrﬁser(%%@ﬂﬁ roskt al-.
8 995R002) or in Kluveronyces |actis

(Qzi er - Kal ogeropoul os et al., 1998). 5 Those skilled
inthe art will be able to readily isolate other

mhmﬂg@sﬁm the Eagb geirile‘Lhi be ombarmi she ofeadiely
F T : j | .
albﬁf-gijom u&g‘ﬁry agﬁzrsmgnl\c?%eécn%é %P e W'Elllgéa §QnQe in

ni'ne
2drgambsthy | bEartdfer hsrgdeni Viungiof Thascorkibpehdilng the

]%rﬂ?fg&ﬂ”%lsbn b%arék?féf”@é YshAg1vasedetid inky t@ﬁasaé‘!:erol
uncti onal conp enentatlon (0] a yeast strai

R4&TEprethy eranpkeraseneStiHE Yo oRfpl ehBft a‘f?%‘??“?’%ondlng

bﬁ@@tﬁixg@st ed ;Jath_)éutlfaer fuy iR i ofis ofacsb.e&o!ys atsisaty arthe
rancne

|t t
oF R Goshat 18OTGRENEArRbHRY BEndt NFPEe rdts &b ey tec
28o28theskt iganes . THEher eseptement H#RE6A t ype tdtegy gittested
265 Cpymeiiy | b %3&%@8%% oLogbea! (Gl Vhty WrkhoRkso at

wnne In vi tech nlques
d@h@l apemsyt@mmmm@ftwﬂaqgﬁsﬁ) SERTRY STRAA TRl
ZQy’Eé‘r5§r£}§M§°5 ﬁ\@q ek, glf%?l%) atFwHdherampe, pddition.

sterol s produced ?qe substrate for th en
W be @é&éﬁ&F@d by s chfBHaT b§Paphy 5’3@6an9 tz%pe c-

t et heThrhRsfe deyel dpbdl byideb mnot(i\ﬂeimdsurlm also be
Enzynol o St er oi ds; and Isopr S lu 11 :

§ ')1/@?511%(%\ cOfpari Ly ofhe ﬁ'g%égf OXQ The! e dBikidives
| develdpedt bgn (McCSmenl =T, Ep’-p 31394) tl’ﬁebéﬁrT@iYHQiff and

Oﬁ&?@éaneggigﬁ kbﬂado@éﬁﬁﬁ' %%ﬁ%fd'n%ufﬂhéfﬁbre, the

present 1 nvention expressing

t he
7sdehyl® opheflagedr andr éﬁ&ct‘%ﬂ@@ t&ﬁ&e:% Fem o8RG e rorzy™me

will be separated by gas chromatography according to
the technique developed by Nes 1in (Methods in
Enzymology  Steroids and Isoprenoids Volume 111 part
B, 1985, “A comparison of Methods for the
Identification of Sterols”, pp. 3-37).

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

application).
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n24-reductase enzynes and al so exhi biting inactivation
of the sterol 24-C-nethyltransferase enzyne produces
chol esterol. The Applicant has in fact been able to
determ ne that, surprisingjy23the i nactivation of the
35 sterol 24-C- nethyltransferase enzyne bl ocks the

bi osynt hetic pathway for ergosterol upstream and

all ows increased production_of chol esterol by the

fTigus straFhYEEPChoRe=ERERDl e sECGUGHESE t he Fesent>F-

apph+Say & 0ol 132 sThedidehydr eabohest ened  eeguebasd as
and 313-%Ey rqg%sterol r24-reduct ase enzynes are

NG 2R “Yescri bed above. 5 The inactivation of

the sterol 24-C-nethyltransferase enzyne can be

i ed_out _by. k € i i
AL LR BaSH BT SRR DI Hh0ehe 1L thdforase
i en 2 odeicChnN bebyramutisge rrit sby ofNE AEASENSEG: 4 orfrose

of1 a9 Lpsedd o-0r et afel ehi Eart;m@hlgauaeﬁfcﬁve ‘the
change_  in the reading franme in the gene encodi ng said

PFREBPAICT L Ofray DY| SBIGFARRSTE ] hePbx fr SEEITGRSGT WAFAC1OR
apti sANSasBNAi oS dhadf i s @edptesmntany tcausks a change

nessenger RNA_encodi.n sai.d protein, or t ;
s+?enEﬂﬁg §§§Féﬁ9kngﬁ%mFo oégm%mq?ﬁﬁiiéﬁéééyéﬁt gaid
RNdbtésmmal | interfering RNA) and the associ at ed

enzyme systens if these do not naturally exist in the
host. The_nut agenesis can be 20 effected in the codin
sBYUBAEe2bBOi ANYORTRC Gdien §XrERsete o 3y A YRR RYA
t gz enGededoRpOtRbAthpaCtiyether ddsfaeyent RNAS encoding

expression aor its translation. ,The .nutagenesis be
eFFECt BF G It rBF o35 BFLS, e re%%%%%, Kheln%to

sthsiét wikdidnedel ot itde andt ormsadRiNAi onsoald5 omeeoiering

g%ﬁ%)F%ﬁngbgtEggogﬁﬁgeﬁn%%5y%%p§#%§%h ér% ﬂHﬁsénﬁo not

Ion. I'S may rn pa I nvol ve the
i natodatly oexdfstanin exdgenbast DNAhient BuUt #geRe hg can be

SEAHEDNLES OT: PN QIR €Eoding sequence or in a noncoding
sequence so ag to render the encoded protein inactive
or to prevent its expression or its translation. The
mutagenesis can be effected in vitro or in situ, by
suppression, substitution, deletion and/or addition of
one or more bases in the gene under consideration, or

by gene inactivation.

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

het er ol ogous codi ng portion) . The expression cassette
advant ageously al l ows the expression of a selection
narker It is al so possibleto nmodify the pronoter of

33.d é@oor?aer the reduceitheplevebn®éton et al.

expr eSSI on. ungl i nactivation_is also C k g b
ol#0G%) i(Meshpdst ih BRzyRelegdi ngveéw‘éné&% fg Y

cading i fequgeee;ief sdeterel,o0golisk or “Benel agicusiption” ;
mar ker. gene. The |n tecgg ues for |nt qtgﬁéng a
denel HETHR I LN - 134l e e ‘?‘Qf%[éadlrf n Hive “ar d
Johnston et al. (2002) (Methods in Enzynol ogy Vblune
ite Chri.st | e d ry —_— ;
g%é%%ﬁk?%ﬁgu 1 j%ﬁ%s?%ﬁgyﬁg%bl 8@ gﬁékﬁzgﬁgﬁﬁn pp. *
200:30%)ng 5 Advarttizgeopsegenthe mwﬁ%% ofXpRgss  the
in hgepr es@nt imugpdd terol
exléégi? ¢gﬁ6%, o di ngosacthge dyster

drocholesterol redyct ase and
TyRfesERIRr OR2YRO3 - pRduat §§ee§#£%h§ %dpgglon of

emébctizz N&d +yBldOfa0firadd drieyke 22 sterol desaturase
enzyne. The C 22 sterol desaturase enzyne is also

call ed ERG5p, Cyp6l, cytochrone p-45061 or stero
dehé a2(2—2:desattenrca]se déﬁmmeyneem ally catse yeslled

B e R TN T S

b@a@a@mra@©sutﬂ@nsczzePéYmEfuQHWQPEB yThega ﬁgyzes
98&8%9915511?9 cS?ft Z%xgb%rttgl ngS@Tél{QQS’)etQﬁéhﬁi& 26 thsgos;]taw
nane in e yeas ccha es _cer.ev |a
s%q?ne%%eg‘bﬁ%hl'ée‘@%"ﬁ%“?% Tt ool Ao peHiRIL pond "
fobbovieg CenBapk. att@sse op) number: U34636. The
sequence of the corresponding protein is accessible

under the foll ow ng GenBank accessi on nunbers: 25
A@R@esz_;]ehe( Sknggdirg alhe C€998) hePBl7desSEBURRER cRNZYMe

e ég%gh E%?E”fﬁjBhQU§Q%%ﬂﬁSJEHHEfEﬁ¥§é§fcéf@ﬁlslae
ggg: ;ggzence of this gene is accessible under the
following GenBank accession number: U34636. The
sequence of the corresponding protein is accessible
under  the following GenBank accession numbers:
AABO6217 (Skaggs et al., 1996) or P54781 ({(Bowman et

al., 19%97}.

A certain number of homologues of this gene have been
described in other Fungi. They are, for example, the
homologous gene 1in Schizosaccharomyces pombe (the
nucleotide sequence of which is accessible under
GenBank number Z98974, the protein sequence of which
is accessible under GenBank number: CAB11640) (Wood et
al., 2002); the homologous gene in Symbiotaphrina
buchneri (the nucleotide sequence of. which is
accessible under GenBank number: AB086896, the protein
sequence of which is accessible under GenBank number:
BAC01142) (Noda and Koizumi, 2003); the homologous
gene in Symbiotaphrina kochii (the nucleotide seguence
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described in other Fungi. They are, for exanple, the
30 honol ogous gene in Schi zosaccharonyces ponbe (the
nucl eoti de sequence of which is accessibl e under
GenBank nunber 798974, the protein sequence of which

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

alg wﬁPQE) ig t Qécl%gg%ﬁg%%d%%ﬂ%éﬂﬁa%wmm&w i A0 &8 90,

buchneri Re“nucl eot i de sequence of which
d@@sﬁ@@md@e%@%koﬁunﬂéﬂc ABeﬁes@%CeWebJp‘? ot HIHT
QfumMeich BACBCCESSI btt&)dmdathemBaﬂkmmuntHM)

SEOURGe

BAC01142) (Noda and Koi zum 20 t-he ho ys

g | MO hr 97 oc i ?ﬁédﬁﬁ%l eo?i%%e sequen(tl—le

-niSlesd iddi cBefisenceesstbl whun(mer 1@eann:ieswmie3r under
r ot enc. f As %m I

55%’2?6 I%%enré‘é"% ]gunb%'&%?%lm%@ a and Kol zum Pl ot

M@B:)h itsheahosekoboes weder | @mkdanﬁmbﬁéansc%#@@

£ot | $89uenggoot Whigh iBR®ECRESIDl BaNdgIso been
gBank eEli-"lin‘oer AL033396, the rotel,n sequence of

AR Redoocksi bl SRAIRE Gl tbe: 195¥mbank

(ot dr&bcal an0d®97). The ERGS gene has al so been
described in Candida lusitaniae, with Genbank 10

ref erence AA048601. Those skilled in the art will be
atthesé o sﬂaa'ldlécy insokhee atherwiehedehoabllegots teradkly

e r ngdo n Thgsg i
E:LQ%Q{SQ ero g%?%ﬁof%%eggwb{%ﬁfog?}%gB ? e in
d@c@ammstﬁé d:—fzez kspgden des@iiur WSkt BT ?ei%f ifhethe
COF e5R1di Mo PHA &iISe B Flu'Hath.C.Ll&* afletisimigné hehe C-22

t t d bed. b t_ al
?%wélyéay. FRSRCURRP o SBDLVHERoNSl) at BChy SURITRIATLnT
@m@t atian ﬁ@rﬁﬁc&ﬂlaﬁ cmerleigl sitke yesstivitsr upethy
f%)cr::g% & tz)gft ]%97% e%]ga + WY S cogpkemaptalionivity

e presen’ce in the
croan:pl eheat bd sltatr@lnstr@tederbgosﬁ@@:m@l t GPEPBRIEn Rt ion

erol Vigt ¥rGpRche HaBasSHHaGd Nn th
VI tr ohuésfngcd%%&%eﬁ% %%é%egc)rélrbgdeby KeI It‘yt and - ©

Bardni @eReE - awhlsjggmpigg@ptatlon wil ested to by
the presence, in the complemented strain, of

ergosta-5,7,22-triencl. The (22 gterol desaturase
activity can be measured in vitro using the method
described by Kelly and Baldwin et al., JBC (1957),
after lysis of the yeast (Kelly et al., 13397).

The strain of organism of the kingdom Fungi according
to the present invention expressing the
7-dehydrocholesterocl reductase and 3B-hydroxysterol
A24-reductase enzymes and also exhibiting inactivation
of the Cc-22 sterol desaturase enzyme  produces
cholesterocl. The Applicant has in fact been able to
determine that the inactivation of the C-22 sterol
desaturase enzyme advantageously blocks the conversion
of cholesterol to cholesta-5,22-dienol and allows
stabilization of the production of cholesterol (cf.
the example section of the present application). This

blockage also occurs at the level of the conversion of
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after lysis of the yeast (Kelly et al., 1997). The
strain of organi smof the kingdom Fungi according to
the present invention expressing the 30

7- dehydr ochol esterol reduct and 3, 6- hydroxystero
424- reductase enzymes and al'so exhibiting inactivation

L%hc? er £ "?Elgﬁféyloﬂesac{ ugﬁ%%u%é){:meol@r Ogl§ESsterol, to

licant has in fact been able to
dél%lfﬁfﬁﬁ@'i h?atzfthmh vat PERCHESPRe & 2R 2522 -

desalat asesgp ﬂslaﬁy?nt agepus| y-bboclss e cafmstsimase
of cholestero to ¢

noI and al l.a
SIBITE 75 | HACbf af"ﬁspfi?o&g‘tﬁ’?egﬁegf’ chSl &ster oSItr\(/‘ﬂfe’ ‘aljld
tdenexer®| e tsechi onholekha-pr 28edt.eappl.i cEivn)paraHisLc

bl ockage al so exel & rehan ©fso
1E%Ch BstaTs, dleéngflnag%rér e% rslg{raé‘%11 %q.}eégtero
ts:te:cchbl delsatBrAse?-entEnel , aF pEBeurhigiligtant has been

£t @-Bad2emgienol . Surprisingly, the G 22 sterol

esaturase enzynme in fact accepts cholesterol as a
substrate, and 5 converts it to chol esta-5, 22-di enol .
Thhes @ﬁﬁjﬁﬁéﬁﬂbn r@ﬁCHﬂQﬂ oaaehgdebbnbmabeérby reductase

t | t ) :
(e pgbT PR SN S PR T ATOg) Ly ied
eaup)u: essi atesfritieel 7aldeh§'dr @bholm@rmawmwéséhearfé"”
3&%&91 0%%%% C.)Jas'%zd'%ﬁg%gt G e%@’"@éri‘fegarcﬁitedbyo%ny

escr e“inactivation of the C
srerns Haewhutas gy nekihhede Warthied@But Pe¥n§BY in

f‘%@f‘@l&m be thesenskiddLdatsciheear tabo:{}beynmm/ tegard
partlcular be. t he, net hods d scrlb d a ove %gé T?F#yl_

Eyar Fhet o PPREFIREIRLI 6 5F&
ttﬁﬂﬁéﬁéﬁ@@ee@awyme.Advantageously, t he organlsns of
t he ki ngdom Fungi 20 according to the present
i nvention express the 7-dehydrochol esterol reductase
amdivahBadgonokyst et drzenismect fe Sheynkinademal Bgrgi

exbibl&; hpactivatin o rolhetC 22 948F Dbn degabhease the

enzyne and i nactivation of the sterol 1
2%-hedrgrhe besterake ERMYAEASThegdd 3f-hydroxystero

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

strains.

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

described above.

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

by the strain according to the invention (in
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25 strains in fact exhibit the cumul ati ve advant ages
of the two inactivations and are

chol esterol - produci ng strains. The expression of the
7- dehydrochol esterol reductgse 30 and

30- hydr oxyst erol L24-reductase enzymes and the

%M@%ﬂranj N8 122 St Ohndlesatdyase and sterol

erase enzymes are carrled out as
descri bed above. 35 In one enbodi nent, the chol estero

iSrof sty N the SdFcddl @fs or gani S:theaCCBIidgdgmt 0 Hiregi
pr esent . i nvention i ortLon gr eat er, n
pec‘eq%?%w %%w&hﬂogreSEPE B 18896 r%lroésréo %%4‘ the
tlﬁmalurst evseicsmarendis; e dmoby tpmeﬁ&mblry aad;l@tydi ayet charen
vent|& LN 1f hgﬁ% 'nggE LDErS¥BERESI S even more
%esf Br ﬁ

|ﬁ¥erne e organi sns of the

kb reyiera LN gi thevord@ﬁ@ tthﬂﬁ%ﬁeseﬁfomnveﬁpﬁonzﬁ%@ss

.ﬁé@ﬂaf‘ Lhes SOJPhY.ééWl:?éé?M@@f&ﬁycéT@é@ prefear abhoyre
ey are osen fromthe su?g Iun1Sa charon% oti na
t

dﬁ@%fﬁﬁﬁ%lYpreFE?Xblyaﬁﬁey HibsentFPBm Sl asyraerT
S@&@@m@wp@ée@@g Seh ZOsahﬁhabawhekesyceveﬂleaor e even

pr ef er abl the are hosen fro 0 0
§5¥€%ar8ﬁ%€%¥% & of %Xhl?ggacc gF%nycetﬁ bs, Fi et 2 LY
nnaecpaemmyabtqcemey Q@r e @¢h§%@ﬁ4¢@ﬂﬁ1¢mY¢Qﬁﬁ¢§ae: even

ar gg&%g%ﬁﬁf?e e aﬁfgacgﬁ@éwcﬂ:éﬁea%heeVijnus
nDre era e chos

hey a en fron1the enus 1
Ssee mxeeSor Sehi zosSERHEP IRGTLRRT $ely W\ptirely

pﬁﬁé?éﬁz% th%h%f gas-Sami s t he ki ngﬁi@m Ringdom Fungi
o the invention belo

accordin o the Sp
S%%%%‘?b’%@/ce'éoce’f}e‘?n staE® I?ﬁ“&hlntg% A& har onstcckes ponhe Gies
Thec phesemnycenvearéohs fhs ot ebah bsosacchantitode $ qporgl@e
produci ng chol esterol of nonanimal origin, conprising
the followi ng steps: - an organi sm of the ki ngdom

Fiingi ressdefti nédvabbien islsul relades- £Pe chBEEBPEr ofoT

pﬁﬁgﬁﬁgpngychgﬂ§seégéﬂ'%ﬁ?'ﬁonanlmal origin, comprising

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

extracted.

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

a water-miscible organic solvent such as, for example,
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25 extracted. The extraction is based on the treatnent
of the fungus wth a solvent for chol esterol,
preferably a non- water-m scible solvent. This
treatment can preferably 30 .he combined with any

met hod of mechanical grinding of the cells. Mre

RrSf 1640 Vort ha HAmaus wil |y b%l&éﬁﬁlﬁﬁtezbeﬁl@keure The
extraction with the solvent Wltha omfl(:@glon
ol e

AWML ITRERIRd (B el PEse CRETIE Br ol Wpoidthi y ©
el £ £0 10f heﬁtﬁelhletiltahg35:ccOairpﬁeﬁpESasurh af, d-120°C,

rt | fatt d Thi t
) mtenefis) B Banle Qtbott Thdls & rhe
saxch A tiyatr owi b ahepatcassmmrﬁm@@lfe S@l@%@tvé’é}f Pe

gﬁa@éd ”%ftl?ref{rabéé’]fld'bhésé"’at B34 e on 2

nic solvent suc or 'exanpl e, 18 nethanol )
dtmhowca Bofvent - fat EFSFPLt uSEE TR ion method’ is

sahanifhcat ilgn Ry l@%ﬂ@rreed gut , Wi thogt) or (Methods in

preferabl% W|th hegtl ng ?’Yat l'g‘&ﬁgitégrgzrg ?gPl OC

epd i toria OIR w Rdsriﬁ@m nandit Biend s didod B S ghv.erit3 v Sﬁe
replaced with a solid-phase extraction on a

hydr ophobic resin. A sterol extraction nethod is

déser ¢bede bgholePaeksl ethub, obr208sy Ryt hedPunified by

ﬁﬂfgnﬂkQﬁ%dé | KEdihedkdY thod |Ekﬂﬂle& Jﬁﬂrkﬁe Cérﬂp in
Bot Rodri guez and Thomas Lew E 339

w%wal@%h&k@stt eASECERREdoLPY| RRP 'pu ?%%a
ambemrt hads skaowe @ etrhaser skehtedatogi hr. aenpli May 11

p jcul.ar at, descri bed by Boselli E, Velazco V, 15
%%H'%‘?agré}{%‘rcker G J, Chromatogr A 2001 May 11;
917(1-2):239-44. O her nethods may al so be used, such
AR dAR6EL DRy LoLo! BE %teaactshgg ofs Q:I}Qalte%@éé:illbed

fromsheep”s ose ski'll n the art my nl
pkex i Ehkarextafatt an t A6 WRIHGEE Fedcr F PR PREAREFi d’%ﬁP .

PALEIY S 5105126881 1628ne 0lal¥S #a$5Q 92%ar®iciTabBr kkifslh to

atents GB690879, L (GB646227 or (GB613778.
K)the methods described ?n American patents US 2 688 623

or US 2 650 929, or in British patents GB690879,
GB64€6227 oxr GB613778.

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

The principle for obtaining a labeled cholesterol is

described in figure 10. This manipulation consists in

first of all growing the fungus strain on a completely

labeled substrate. The cells are then cultured on an




10

15

20

25

30

35

25 Anot her aspect of the invention concerns the use of
the strains according to the present invention in
order to obtain cholesterol or one of its nmetabolic
internedi ates, or a |labeled . gxture of sterols. The
term"metabolic internedi ate of cholesterol™ is 30

!&E?ﬁ%@%%&os -LPe PanhLedl 28 thesSkerdlahgpes fisskope
infigure 2. ey may I n particular_ be cholesta-

gl @a¢ D)9 dicdnothe c Rarbsra- 0WIID5) LBEER0| SR e§Fa-ROVO
5%9?%3535 - t2 2& S_nﬂlatlaBB%E@%] anie_%él(e_aﬁl)at@gene.lngor then of
chol est a-5,.22-di enol . e _principle for _abtalni a

| 8Tt chdirsdteias iscgaé§§Fg5%g’ir1§T%urgoT8?l$%ﬁ§ a
ngRhPuh Bt bhangendinstisabel irg r sSThoé shkergfowengnvigd ves a
fungus, strai.n.on a_co u§pgle ubsi{at The.
C%Y(?glja?e t hear%: cuﬁ?urgg&géf{% 1 unl z%t?zll edbéub:??t_éte.ly
Tagperisettabla chehgeminedsot Gy | BBeFi nFeprepRets 2
C@I[LP@Q SOlL G, éh?i%ir%ﬁ{iees 6, R0VEepayALhests Ohe same

oric 1nternmed a

met a es and then of “sterol, including
chbresterol, and conprising a 5 gradual change in

| apel bAg thEhilsHheref gt dsl vesd ainpipefritieulhat drs the

conpl ex but can be entirely..experinmentally
d%@g?ﬂF%edFJQWﬁ’thﬁPgrep?%%%hEﬁgéF uﬁpﬁﬁé i%%FS%Sd and
sighabel edt sabsthepeads at the same tine: 10 -1) on

the, | ahe! ERE REALOCOL QR PALLEGULAEe Ot Nehe  strain

ure tines "and condi'tions wit abel ed and
unbadel ed substrate, -2) on the precise genetic

stgyctdy el theesisai imtsedr 1ohidd @hd heupeeekse are
time at which the cultures are stopped. Once the
cBFPEPedhas been stopped (for exanple by cell lysis

or by stopping the culture in the presence of a 20

HRrFungs Shreate: r= Brdh BEFEFL R AR et
lysis or by stopping the culture in the presence of a
sublethal concentration of cytotoxic or cytostatic
antifungal products), the labeled cholesterol or one
of its metabolic intermediates, or a labeled mixture

of sterols, is extracted and purified as described

above.

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

-1) it can be modulated as desired by adjusting the
culture conditions, the strain used and the sterocl
chogen. A unique label register can therefore be
produced;

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

-3) it is reproducible and easy to determine

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

chol esterol or of one of it§)netabolic i nt er nedi at es,

or of the labeled mixture 37 sterols, has several

unj qQue, pEBQ%%}Q%ia - 11 G8DebE1APIYL-aLed &8 xdesld athat
by ‘adj usti'hg the S0 culTure conditi ons, the _strai
usedeasd the sterldte.chssahlea Lﬁﬁlqa%%?oeﬁniieg?%%essr

%%hﬁ&@ﬁ@gf%eaﬁg n@h@QHQQQJana)thhti%éﬂﬂbéyiﬁﬁﬁﬁﬁorated
i.e. several isotope .signatures correspqonding to

SR alfoeRiSqued s &GIE D PEB‘SP%B’ Wi Cffln dothe" other
AseddhEss thiedt Cedn tihe nesed ekl dsedrosky| mirethan be

conpi hed so_a o faorm.a." l_ar I ' oa i
ot ehf oBUATBr e Pnd oAby TER. YaLbr R o e el Ty -
2fecem)indntorgtegpiorsls ang atimsl evardr P¥eeeee msakpkng.

g%}gfrtfufﬁlfasé{nao Lspl-ateqont alleai¢alel essrpnthgdition,

ess,” nonvol atile and nontoxic, and that can ge ¢
i eorbeiee e@f i HR® £66§SPSa TRt PPEJudtet make 1
adekd ivES 06 thek bAcRr eduehe ihalarearrze wisisihrinated t

by hu S; -5) it cannot be falsified wthout having
t%%ﬁ%@?f?% g’?‘é ‘Unbihant strains and the very precise
| abeling, culturing and extraction conditions. In

ditio k. e qf lrsot S} e s
TR Y pOSkIEeE, SrphlaBeen] 87 Sppnerils £pgp Mtac
whihotebe ifelsiddstbland ochrbbdage P IARREPOFRted into

"} 504 9pEs algthabet" dle gengralidusg, ddidfumaAot bean be
falsified and that can be incorporated int 0. 15 vention

FRARERS GPCAARSCy S PREFUAI R CONSuRBBRESE CHAYHREiom-
repei-dy obt ai ned dryialilyt uentfimtihedpr esebéri nwenttisptope
There | s i rtual unl i m, eg u of LSO habet
wWoT Ef3® tﬁg‘f‘%cacﬁarbeg%oﬁgﬂstt&tél eﬁr E)lja'tr)rn%s%c "an Z%an@b%t

by making use of both the labeling profiles and the
various types of sterols. The incorporation of such
signatures into the most varied products therefore
constitutes a unique method of labeling that cannot be
falsified, unlike, for example, DNA signatures, which
can be reproduced once they are known. The signature
can, moreover, be read nondestructively, for example
by laser ionization followed by mass spectrometry

analysis (MALDI-TOF or the like).

The use of *C-labeled substrate instead of the
unlabeled carbon sources for culturing the fungus
strains according to the invention makes it possible
to synthesize very highly labeled sterols, and in
particular cholesterol (comprising at least 95% of °C
carbon). The preparation of **C radioactive sterols and
cholesterol is also possible by the same approach. The
method can also be incorporated into yeast strains
that produce steroids, and in particular
hydrocortisone (cf. patent application WO 02/061109) ,
so as to produce *C-labeled or *C-labeled steroids,
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by maki ng use of both the I abeling profiles and the 20
various types of sterols. The incorporation of such
signatures into the nost varied products therefore
constitutes a uni que nethod of |abeling that cannot be
fal sified, unlike, for exanp e, DNA signatures, which
%?&Jg& ﬁﬁ?gdﬂ&@q“QQ are known. The signature

can reover e read nondestructively, for
exanpl e by laser ionization followed by mass

DS ¥ Vehangd st s (MALDI - TOF or the |ike). The

use of I3C-Tabeled substrate instead of the 30
unlabeled carbon sources for culturing the fungus

SEIquIS aecocr:ldérngcetb tﬂmecmui\aenbfomhmumeirtolpossnﬁl ealso

synt hesi el tey ik A fhg
;}l?l cuﬁ)men %e%‘%‘% nﬁ. sli?‘%fgéat east 95% of 13C
oaaa:bmgs Cm?eb@m%pandt Eba ohmeqcfr Adicoa@niveisstEiyss The

aﬂ§u§5 cholestergl bhoaksecpBIShbhechiet ReeSaed A, B,
approach.” The nethod_can al so be inc <ﬂa?[ated |rn%£ered

aghdstl? ai KESPEREL VELEducE' St ERGi 2T i gre o4
peFdh cules 2-hydrocortisone (cf. patent application WO
02/ 061109), so as to produce 13C-| abel ed or
14C-| abel ed steroids, 21 - for exanple for Rl A assays.
LEggnde f2r Sheplifiedssbhingupé LheCAarec alomtdarulct dihe
o008 %ﬁﬁ@élc ap%tﬂluagr 4die BompasLald e genegLbY aUs athd

ous ons and the_nafe of th
v@li@b@%taw ng‘isYPEIEne irf oEFnatMrﬁés Gia tW@déﬁbF‘ésﬂé‘?‘i‘J‘Ft The

NBLeEHe € jaf enfamtkhuddiveG argtD, makspedtd vpbssmmd to
t he_carbons are nunbere 10 fégn11 to 27, F| é
n d in

FHbI 1% | &GS cRERRS ot IR Tili% pBFt iBH BT hg'e
bt 105y nt dretutepat hvietye f BR&2 @y ol BR@IP & h@@@astm@d arkRGéep

hol ' | 5 ¢he
EREFETE B oftadiR VBP sl srFrsEs preteT o
ded 1 te- TRed st (@sd tiamviol $Fﬁ§0ﬂher%i12‘§/'¥@%e remtidongelta 24-
t i $) gogunBRt 2 The EBREAD, s ERSP. rERGBRaa8 %8@@@1ns are

proteins are ungus or yeast pratelns, wher eas t
heterologoug proteins of mammalian origin or o plant

origin.

Figure 3: Compared HPLC profile, with UV detection at
206 nm, of the free sterocls of the strains derived
from the BMA64 strain and identification of these
sterols. The strains studied are as follows: WGIFO1
(BMAG64 strain disrupted in the ergé gene (cf. example
1)), WGIF02 (BMA64 strain disrupted in the ergé gene
and expressing the A24-reductase, example 12), WGIF03
(BMA64 strain disrupted in the ergé gene and
expressing the A7-reductase, example 13), WGIF04
(BMA64 strain disrupted in the ergé gene and
expressing the A7-reductase and the A24-reductase,
example 14). C5: cholesta-5-enol (cholesterol); C5,22:

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

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

ST ! d@fié’r%jl fromsthe BYAG4 .straidghd@itkta-5,7,22,24-
i dent i |cat|on of these $terols. The strains studied
dretzaenel | ohdR: W eXBMAG4A strain disrupted in the
erg6 gene (cf. exanple 1)), WA FO02 (BWA64 strain

CLAUBLET, | DL 009800, 30,000 CEpLEST G NRL ion o

dis6 upted ofh tie erfg@egesceands expr eske ngﬂﬂt‘rh@‘l strain
L BMngEJCt %‘?’.% lﬁf(angl% %&edv\g 04 {BMAGY- gg% rahBne and
e er

srupte ne an expr essi n
Le‘fxpne@mmgetaﬁd the T-2edusha@cas?d 35 @xa@ﬁa‘%@femactaser

xaihol e84 p- 2880 o (CBO|@St@r@$ﬁi ﬂ¥5H5hrs of induction
chol est a-5, 22- dleno C5, 24: cho]esta 24- di

nol
(HeShDIE bR BF 508 524 RS oSt 54 GrEHgLe 1) For the
(W@D@§4eé@f&lHKEtHeZQamphébeata EaKeﬁZOLrBenGL,S and 24

.7 cholesta-5,7.24-trien 4
B L5855 DRI Jeotrel Eon Boafeltr LG A Rbse
tEhe aqnniﬁl]lan forantbeerBYAG Fi @i in Q@m’s’&ﬂ@d HpeC ergé
%Péf h%%;ﬁﬂ Ct' é@ént%d20613”1 ehat he dy@eined
o the FO

ero (BMA64 strain disrupte
|ﬁmmﬁ@1%¢@BYgeﬁét8ﬁd té%bre%%%ﬁﬁhthéoo P EAFOEse éﬂ&L

27 I e kRS s emmlaalw) aﬁtzaangedz duan@nd the

ours of uctj on ala ose.
sﬁ“g REE J(%‘S’(an(ﬁlg B! Féﬁﬁet naB3ePEeRe, Sonst n, "8, 206 nm
S@ﬁrfeSpam@stakﬁn Oabaorpt16nan¢ﬁbffﬂcxﬁnmﬁ suhacmrﬁre

Of tg%ﬂ\%%r %%g S sEé)rcg?h@%t ?&ge ot HErPr @ ecl(c?.'[es%a—

PR earlng e e disruption (
pﬁe%mml ed {shaliestesstlai:nedC5i ﬁﬁed. ghplesfacy, 4hedienocl;

susteh. to gabactoses, INigi dioPr Of(&@srﬁ@é‘@éf@ Virtuzd s
unchanged duri T1ngrthe |nduct|on ( 24 The

PR PEFBNG s hndiene ! 20& terol CS 7,227 cholesta-
5,7,22-trienocl; C5,7,24. cholesta—5,7,24-trienol;
C5,22,24: cholesta-5,22,24-triencl; C5,7,22,24:

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

Figure 5: Compared HPLC profile, with positive
ionization electrospray detection (mass spectrometry),
of the free sterols of the WGIF04 strain (example 14)
after 0, 2, 4, 8 and 24 hours of induction with
galactose. A: WGIFO1 strain. C5: cholesta-5-encl
{(cholesterol) ; C5,22: cholesta-5,22-diencl; C5,24:
cholesta-5,24-dienocl (desmosterocl}; C8,24: cholesta-
8,24-dienol (zymosterol). The HPLC profiles come from

the same assays as those of figure 4.

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

time in minutes.
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corresponds to absorption coefficients that are

vari able fromone sterol to the other. C5: chol esta-
5-enol (cholesterol); C5,22: chol esta-5, 22-dienol; 20
C5, 24: chol est a- 5, 24- dlenolzigesnvsterol) C8, 24:

chol est a- 8, 24-di enol (zynosterol); C5,7,22: cholesta-
5,7,22-trienol; C5,7,24: cholesta-5,7, 24 trleno

C5, 22, 24: chol est a- 5,22,24-trienol; C5,7, 22,

chignexe a6 5, Pepaizg- Odt tgenRToiae ?%n@é?erol“f’zé’?’ HPLC

FgurecBe Cpapaked sHPLEnprof WogFow,t h qeasi t ibemring the

B e

aféer WEIE4 4, c&oae@ktéébohoms ofnjewhest i e wanh Bternal
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cthiod e Stheres, 24tdaenel ¢oesesReRd 0ltR %tQQCtéﬁBFesffaa’irled
%1%4 direnphe £ 2YOR5t @hhuht sTher HRLE RS ih&sscone bionthe

e sane assays as those of figure 4. 35 Figure 5A
($%$@§ba¥%@e%¥ ohC a®Mm z = 367, figure 5B (right):
mz = 369. y- aX|s nunber of ions counted/second

X-axis: elution nut
cefdufe & TrBaron pecki] i e fiols | (free
tamée stvatras, WS FQhs C,é:mebealognrgphly‘e ekprieksi dﬁGIFOl

V&?%gégléﬁofgélgggﬁﬁ St%kﬁ%fﬁ@dqgkﬁ§%aoﬁnd ? fOfgs with

I'S 1 Nj ected as an intern

|
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BRI M S RO ST e e
oind he Antaddwwiter=ed)s (fanée @D esSHEFES) Debyagds (FY1679
3&%0 tog g?%gﬁgf erg%géﬁc%n (el gpion 9k erg8ression
of the A24 reductase, A7-reductase, erg5) strains. The
response scales (flame ionization currents) are
arbitrary. The profiles should only be compared
qualitatively from one strain to the other. The
retention time scale is, however, the same for all the
strains (the retention times are expressed 1in
minutes). The sterols are identified according to the

criteria described in the present application.

Figure 8:. Quantitative distribution of the main free
sterols in the vyeast strains (BMA64 (figure 83),
WGIF01 (figure 8B), WGIF02 (figure 8C) and WGIFO3
(figure 8D)) evaluated on the basis of the UV spectra.
The distribution is given in % of the total species
presented in the figure and which are the only ones
that can be detected in appreciable amounts. In the
absence of a standard for several of the intermediate
sterols, the gquantification is carried out on the
basis of the UV spectra associated with each of the
peaks of the HPLC chromatogram using the evaluated

absorption coefficients given below (cf. table 1, the
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expression of the A24-reductase), WA FO3 (del etion of
15 erg6 with expression of the A7-reductase), WA F04
(del etion of ergb6 with expression of the 024-reductase
and 07-reductase) and CA10 pYES Del ta24 (FY1679

geneti c background, deletior of erg5 wth expression

%béele %@énregggm LZ- a%ucgfgﬁeseémnsmae& heer

fesponse sca F'ame ‘i oni zation currents %%f% .
a@bilt PEFY CTFHe phf <Pe§héﬁoultéleorﬁ REQP G Hpar icients

auattiabbNelNgf r e/ oR@est rLﬂisib.ttL&atrJéei otdwfuctiheal units
retention ti scale is, t he sane for alls&p&t

SPFEPFRE (e © o iF 7 e UAYEFe S5EH Oy o

nnAuteble Thersi em@mmbly deddiedil dd faceordiadg urgl tisheare

cr| feria described jin. T &S gplégattloon +ELYHEE an
?ﬁ%tl:'tatlve dlsr|bU|ono erml 8

se-eabuat iont hé ydwestextindhioy qumeﬂf {rigoE e0§A)6,acfeotYPe

V%%Fg%eggiguﬁ%es%NaﬂﬁaﬁqE%({égééﬁesgklﬁﬁdfﬂgIﬁgiues at

ure ) evaluated on the basis ectra., .
Tﬁ% dngt rl»f)b@tq AL PRENURALUFBRLL HE t%iséir\(\éeﬁ&m tsath

Presentegthn tdepkegene, anﬂay\hm@ arteid hethel ywanekength
that can.be detected |& preC| bIe 6% untg "illthfag’@er
ab32ntB ¢f F{LndaPa f6r S8 Fer & Afelmsdi at e
swevelsngthe ghantidiedatrigih |%06:amm| td owedorkq hevaluate
b rasas a h gach, m the
p@% S o?nc{%q:%%%q—%rgﬁat%%?%mtoﬁgl EVh&t he evallqiatfgg
abesppet bve cobs PYRT bAT sSHERhS bleYoWgTe table 1, the
24 absorption coefficients are expressed in nM per
liter and per cm). To dq.this he abs ion
chbEREe St SOVt F BN A4S IPHE  GRodt BPgq hain free
strdeblgalininthe WoIERenyeastt ktrstinyct evelwdted giomenthe
er ol S ht in.t 1 0 @ggﬁe
(%?%%ve?gl gﬁ%t sUgre p‘?gjégnt ?ﬁgt h@ﬁéﬁ@ﬁié‘ ecu H a].:e
soamsitd protvi dénanthevalegats omagingthe ast |¢\%~T¢%¥be in
C?%ﬁk&'§m of each type of sterol. The evaluation is
done using the values at 280 nmif at |east one unit
that is absorbent at this 10 wavel ength is present,

faiblhpg s, pthgcwovel @t bhe isotope labeling of the

sterols by substitution of carbon sources.

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

are extracted and separated by HPLC as described. A
mass spectrum between the values of m/z 300 and m/z =
450 is acquired every 0.2 seconds during the elution.
These spectra are then averaged over windows of 1.8
seconds, and then gsubjected to a multilinear
regression using, as regression base, a set of 24
vectors representing the theoretical mass
distributions of the labeled cholestercl for a random
incorporation, by independent selection, of the carbon
13 at each of the 27 positions of the molecule with a
probability of 1labeling on each carbon that is

variable between 0 and 1 according to the vector under



235 nmis used, and failing absorption at the latter
wavel ength, the wavel ength 206 nmis used to eval uate
the concentrations of each of the sterols fromthe
respective absorption signals.by HPLC. 15 Figure 9:
Quantitative distribution of"the main free sterols in
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spact Fum belwedinehs \adljué§rf@rltml§ 3B0lea ! rifhe —bas@ls of

_I_%Ol' SEE:CqH sgeew&tl%t%c%qcoeﬂ&éﬂbﬂg tn"&ﬁl@.'f*ytlln@;n the

ese spect are then average over Vgl ‘g]@ d % £
s@@anééagfaﬁ@llt HeFmsubPEcttd® tB2arHl QO | prodlicts o

r@ﬁéeiﬁlx@t&all3| di@rr@éiti@@é eﬁﬁl (Hhebaslausa Sr@ttl’m:fd 24maximum

vectors r nti.n goreti.ca

RSPPFDGE o LEFTERE) | aBErad R GatE o For ™3 SPRERE =

i ncer ptdueni me,cobgstimntmmhdent sled e@tgtmmn‘@fd t héséﬁr bofhe
Buplo€aGR 0l e &7 AOSLRE 0BS b LNE HBUAGHE Wephedent

pr ObAB! | i t of ﬁ

INg on eac carb hat is
veneabresbétweef Othad 2PEEE®Edi ﬁglﬁ%r?%e TREPBFL TGkt o

28rr 60NSdeat iRt Ihe |Ehethagmakohahi kiplasulber dthethe
various vectors used as base are chosen such that the

c¥®ddeecdPPel ation coefficient for the distributions of
tvvo consecutive vectors of the base is 0.92, the base

begi_nni n h.a.yector c espan -
pF‘BBaI? Icht %nvgoufc resencrgé of 9&%)0 gt ‘?;'é_ﬁQr tshe Bosit1ons we
omnﬁhpendebbn pﬂﬁflh@ﬁarﬂﬂnﬁaanﬂndlnﬂﬂ G@tw@ﬁﬂtﬂ§nna€émes

ﬁ&'efe B%%Eé of 2 11east SQUAE Stald StéSBteSEIARINEN, to
Ifyin
spect¥a %ocated in the central zone of the cholesterol

elution peak. The figure demonstrates that the

analysis is highly reproducible.

Figure 12: Example of various isotope signatures with

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

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

Fig. 12 A: RT = 12.25-12.42,

Fig. 12 B: RT = 12.2-12.7,

Fig. 12 C: RT = 12.25-12.35,

Fig. 12 D: RT = 13.3-13.6.

The induction times are 8 or 24 hours.

The values of m/z indicate the left and right limits
of the m/z values. The lowest value for wm/z for each

box corresponds to the m/z for the sterol made up
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non-di agonal terns of the matrix of the products of 10
the partial derivatives of the Gauss net hod (nmaxi mum
nunerical filtering). After analysis, the nass spectra
are then reconstructed on tl‘bgqjopti m zed basis. The
curves represent ed in the Tigures therefore represent

t f ptimal filtered reconstruction 15
te{rle§ n%lgr d;%:'.é}g I|90£ni of the maxi num anplitude at the

value 100. For each induction tine, the two curves

re @eéntlj\mf:dng%w gﬁbfarlefsl | 8¢ Ceneespengi ngsiérols

t hat ffer 8 seconds and th
cOFFRR poiii N e SPect rH | o%%t‘feod?ﬁoT‘?]teo FARTA  Rhe thE
of 1ithe/shet @5t eeohinel (gharen rpeask. tibefiggued and of the

that th | h
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séxpmad Le e4 8)i.t hThe aremporsteer obsles \ard oasbi hdacy onThe
tfé‘@ént:qu‘? %?IHE ?eghg%gt R %%q'ler SR IRMAL 10 A% f Ofhe

figure or “various sterols and varlous
| PRI PN t £ HBSS FHE eAPUESEPAREN MHITRHEES + NS aHfFrols

of r& e&aeht%l&aﬁecc%(}dﬁ@d dorchbeceakeutat ld@sc(mrfbed in
m _nut es The valpyes for this range are as foll ows:

FriE B2e9enRERPh3C3RIGH: 42 Fig. 12 3: RT =
12.2-12.7, Fig. 12 C RT = 12.25-12.35, 35 Fig. 12 D:

ne 13r% %3 6. le-\?e%@%&?“ qn t' fueézgaée@r agihgursthe
GEESHE mYPVRET 3t e the and right
ofolhcewmig vekamelegThe Volgiat s/m@%dfd@e meoRpkdezrh a8

bg&(nfﬂﬁ{@ﬁgé)npflﬁ&fgglmg for the sterol nade up 26 -
entirely of”carbon 12. Figure 13: Conpared profiles of

the total sterols (free and esters), in gas

C?m@nmbpeéepay b@glbfgg ﬁécmwggjléa: M3@3 %trreaidleegq)alﬁedb\ by
of t and of the P str

oFug i g r&y - (cfore ei{fr‘?ﬁ% uﬁ%glrelsspganlrsée cge?%rl%ed
abﬁ.md$m$ratyalTheAdams and Holm, 1996)

EXAMPLE 1: Construction of an S. cerevisiae Yyeast
strain with an interruption in the ergé gene (WGIFO1

strain):

The S. cerevisiae yeast strain WGIF0! in which the
ERG6 gene 1is interrupted with the TRP1I gene was
obtained by transforming the BMé4 strain with a PCR
product carrying a functional TRP1 gene bordered by
extremities homoclogous to the ERG6 gene.

The BM64 strain (of genotype MATa,; ura3-52; trpllz;
leuz2-3 112; his3-11; ade2-1; canl-100) is a derivative
of the 8. cerevisiae yeast strain W303 MATa by
complete deletion of the TRPI gene. The BMA64 strain
and the W303 MATa strain are described in the
publication by Baudin-Baillieu et al. (Baudin-Baillieu
et al., 1937).

To isolate the TRP1 gene, the TRP1 gene of the plasmid
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retention tinme scale is the sanme for both strains (the
retention tinmes are expressed in mnutes). The sterols
10 are identified according to the criteria described
in the present application.,-The present invention is
illustrated using the follow ng exanples, which

) 4 b@a@i@a@@r% ag1.15 nowvhim {;kBg Ahpustiadi ansing
e nol ecul ar_bi ol ogy .t echni ques used are .described .by
NUSTRE! ot aPNA-SERENGERE! i RARTISGAS Hr cPUBYCPT BodY
byh&dammeinyal TakAdans(mitretel NLLE9M) 1 PhaEXakPLEBdive,
Constructi erevi siae.y to ' |
ea FEBe 1 B Pi7EReOEPG Gie PO o1 Pria st e
Sit ceppdisdibde yeast smpdilfyWd Ry | meamisch ¢he thERGs DNA

g’ég?}njg%xs'%gé err gplfeed Tg\%f; ;%%JRPEQQQE%EWGS byPbt S deshces

or M ng the aln wwth a PCR “product
cerryespeRdinactd orlae FREP MR- bordered by
extremties honol ogous to the ERGS gene. 30 The BM54
strain (of genotype MATa; ura3-52; tr l#ﬁé .
| Ep2- 3294once; Q5- H?S%d%ééﬁ?r%ah?-i%o§° “FHerivative
obekbecSpicerevi siae yeast strain WB03 MATa by
conplege del etion of the TRPI gene. The BMA64 strain
35 and”the WB03 MATa strain are described in the
pUBCTAACEDACAYABAOHT QA BECCAC EGARTAAT TTEERAGETACBAF F PR

e )3 Tegk§0tpt gt hey TRPL gene, the TRP1 gene
o%a?hgt%%géﬁia Zg %FL44 ?Bon%e@ud et al., 1991) was iy
aPPREFEEB2Usi ng  Z-Tagl (a DN&R dependent DNA

p@d;m@m@d‘ﬁéw@mm@mbym@m@mmgeﬁamﬂrccpaanwemgggt
EPRaBRapPAReREtltt (RRRS.E 10 FALSI bl 6 Lo anplify.

by neans of the DNA polynerase, the TRP1 gene
b@ﬂgerﬁgRby(%%qg%gggge CUASPONA NG {h)t hey F¥&-19enenus
obtained is purified by electroelution of the fragment
corresponding to the expected size, and 1is used to
transform the BM64 strain by the lithium chloride
technique as described by (Gietz et al., 1995).

After transformation, the treated yeasts are plated
out on a minimum medium containing no tryptophan
(Gietz et al., 1995). 41 transformed BMé4 colonies
that are prototrophic for tryptophan are thus
obtained. These 41 colonies are then tested for three
of their properties: sensitivity to nystatin, genomic
structure of the insertion of the TRP1 gene, and
profile by gas chromatography of the total gterols
that they produce.

For this, the 41 colonies are transferred onto a
minimum medium containing, respectively, 10, 20 or
50 upg/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 also their
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The sequence of these primers is as follows: 10
CERGGt rpl 5

( CCTAGCGACGAAAAGCATCATTGGAGTGAATAACTTGGACTTACCAL t ct t ag
cattttgacg) 3' (SEQ ID No._ OERGGtrp2 : 5° 5 15

( GCATAAGAGTGAAACAGAATTGA GACAGGCCCAATTCAaat t cgggt

9@?@§ agﬁﬁggﬁ s (SEQ ID No. 2). The PCR
(polynerase c g%% r%act|on) product thus obtained is

purified by electroelution of the fragment 20
C@tﬁéem@eei;ﬁent 1t hﬁqeexwgpne@eﬁue.ntﬁndtms gred tene is
trans t he 4 strain the. lithium<chl ' .
ST R Y ol T % i g VB Lot ades
teamefnm@athenguhbelbne@eeWeyea$h@ deqiliared TRPhugene
ol a' r &lzia
Ind, ma @g&}fwjﬁ@ ehggB%& W ophann &tz des

anst or ne colonies that are
pI@toa$opﬁ®bl¢®$ t rOBROPEERS ar erGHEECCAATAAME L COFLel TC

4160 PHIRS. a5 p then tesHrtd9n t hrescanicddmicaaCTCTTGG

properties: sensitivity to nystatin, genom c 30
stPERtLP eNof 4he insertion of the TRP1 gene, and
profile by gas chronatography of the total sterols

that th r oduc r t.h 4 i ,
PSRt BFFRAnanEe 35 it TR uks RoREBTAeg, * " 2
r Espgntivebf, &) Bser paS@sg/adrudspyuiing ntoaksgt size
E%%%&Qéé’@'ﬁéraé%ﬁﬁ? gllé 7%01Qr99{\&(5195_;@@5the medi um

arning a dose o of nystatin. These
resi stant colonies are selected in order to verify

tRelr gBBeashr leLQt e iFQd ngl $Rattheite 2RGe sfedfedlis indeed
c osltloné he insertion of the TRPlzg? ene igto Ehe
Eﬁgcbeﬁet? %%r.'ﬁ#l%%le bySPER' IS n®A pETF 07
Oet@ﬁ@hcle@bmﬁ651t50naver®ﬁg thhe$@n0t$twaiﬁﬁmeéMYthegas
functio nd {he di ted Lhis paniig
%h%?ma %% F“;cl)')(rlderli%dlas aégfollé? Rggggur *
DOSAPG YORBEATEING ed S| [ INPOT3) e’ﬁdal 2003;
CERGSLA ;. SOCMMACORGRAACTCTTCS
These analyses confirm the absence of ergosterol
synthesis and the accumulation of abnormal sterols
compatible with the expected disruptions of the

Eiosynthetic pathway in the disrupted strain.

One strain was more particularly selected, and called
WGIFOL.

EXAMPLE 2: Construction of the CAl0, CAl4 and CA23

strains

The CAl0 strain (of genotype: MATa, rho*, GALZ2, ura3-
52, trpl-A63, his3-A200, exrgh: :HYG‘ROR,
adeZ::GAL10/CYC1l: :A7Reductase: : PGKI,

LEU2::GAL10/CYC1: :matADR: :PGK1), the CAl4 strain (of
genotype: MATa, rho', GAL2, wura3-52, trpl-A63, his3-
A200, ergs: : HYGRO® atf2::G418%,
ade2::GAL10/CYC1: :A7Reductase: : PGK1,
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(SEQ ID No. 4). 10 Sone 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 W_thﬁh_e ai mof verifying that
the ERG gene is indeed inactivated in these strains,

appgpal ¥} 50 pbvene. motLOR! : P@H‘PPSI tdrens ok tbR38 strain
strains by gas chromat ograp and bﬁFh%%gﬁpres

ot @erehireat Sy e caAPed o brt B1PLT46%
20933-42005zczekagba :ByGab®, 2088%1:These” anal yses: :HIS3,

confirr CE stero ynthesis and the
@ﬁ%ungépgﬂaggggbh%?%%ﬁ? g?%?%l sbGIc{:J?)’rrpat ible with the

expazt edATl 8y OPCL orsa bADR hePGRB) bi osyanfet i ¢ g3@hway the

[ e n s I

PR e T e B e T T e N i, 35 SehEee

ZBumh’st r &@tl @ -of ttHee caiechuhgal an&oeb@@t stcffa rf‘%h:LCh

ggggg%&?n gg%h%:(gé%gggﬁuaﬂﬁonNﬂE& rfifese GAlsZrauha3- is

rpl - is er gb GROie

OO TRRE b7 &Y AP L0 T RBA L AR TP CRED tcation by way of

LE&Re+&6AE40/ CYCL: : mat ADR: : PGK1), the CAl4 strain (of

genotype: MATa, rho+, GALZ ura3-52, trpl-L63, his3-

t 200, ergs:: HYGROR atf2:: (A18R,

aﬂhéseGﬁttaﬁEECQIOQERed@@ﬁaggﬂﬂﬁdkﬁ igp their membranes,

L\EJ%:JZ %&id&Y&olémt@? RHKDi peNd shhepAd8esh! apdient

enotype: MATa o+ GALZ ura3- 52, tréa A63(5 5

hess Yaoablonr §8. -HAGRCRES lr 814 Gl R TGRSy eostas-

agdedl . GALRPLEYERs1 p7/Reduct ase: 1 PGK1, 5

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

constructi ons thereof, are described in the reference

Dopest ehrak. stifadrceciminat ewmpteas chewprsiduct of the

regaedi &}é iw%?%% rygt 'r%hﬂﬁné{‘ BUIRINS£bS insertion

i ncorp he present a I cation by way of

into its coding sequence of t e hygromyc1n résistance
gene. In addition, these strains express the cDNA
encoding plant iy reductase (European patent

application EP 0727 489 describes in particular the

‘cloning of the A7 reductase of the plant Arabidopsis

thaliana, which is incorporated into the present
application by way of reference, the GenBank accession

number of this sequence is ATU49338).

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

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

The CA23 strain is a strain derived from the CAlO
strain by deletion of the AREl and AREZ2 genes; the two
proteins Arelp and Are2p are responsible for the
esterification of ergosterocl (sturley, 2000) and
possibly of cholesterol since they are homoleogous to
the enzyme responsible for the esterification of

cholegterol in mammals (ACAT).
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10 reference. These strains produce and contain, in

t heir menbranes, wunnatural sterols (as described in
Eur opean patent application EP 0727 489) and in
particul ar ergosta-5- 15 en 0 (canpesterol). These
three strains do not express the product of the ERGh
gene, which is nonfunctional due to insertion into

its codi ng sequence of the hy%onéii n r,gsitfst ance 2eossin
JERRMPLE AddiCometruchder Qf aFhe BxprBde divd X g
epgedi N plant Addueddekaseof Euhmpasn patrdgin  (plasmid
applicatjon 0727 489 describes in particular the
cﬁgﬁ?n@eiﬁ'a%‘ﬁg A7 reductase of the plant Arabidopsis
thaliana, which is incorporated into the present 25

lication b refgren ) a £E588 0Ny
n er“ot° ‘fés/t%%%ug{]fce%ihgsAngsggng)e. Cﬁ'ﬁg %ﬁést rain .y
i Gaderhamd eftr omd  he2CA10 SEheai ROBFLIAFEE Ot CORSIFTERe 11

ﬁgfgc?ﬁéle'th@ecﬁﬁﬂdl&{c&fi@i Beggne 2430skesdllt sSréductase
d

etylation of pregnenol one on, position 3 (as
GeBSLF D& nOPRLERE. Aol FESt RTCMOoBFABIbST. i Ehodhe
3&:3@&:@ Eér]@iﬁ.ﬁtakn iﬂertil'l‘:jéedrefdtm teESCAL (I nsit rreigerbySARL,
el etion the AREI and ARE2 ¢ s, t . 335
pFoteY¥ ns g?%?ﬁlﬁﬁd Argﬁ%nagg'reggﬁh%ibﬁélé%ﬁﬁ?he o an
eEt eviffsatepavosiaegosietiole ( plaswid 2o0d) eemtains a
POSS] of estgr ol . Sinced ey aggahopol agous t e,
t%?é?é%ne?rrg gglnsicgqye ]%%é t_he13 esterificati gn of |, gen
chblewivgolti -ahfBl S3CRREATR. YHHS Lpaging 1t easy

Copsteyett ophef yEhee ptashs fofesd expElesshing pldemi@4- 25
reductase of human origin (plasmd pYES Delta24) 5

The construction of this plasmd was described by
Waheghant ebnal the 20811 Fhemcoest iscgabactosst brdeciple.
pl aci ng the cDNA encoding Delta 24 sterol reductase

under the control of the pGAL1l pronoter and of the 10
t EXSXPLE fi: n Qoo tirgctiony oft dhey ¥ESEW G \RAGH 2FP2REE 11T

A, thaliana expressing A7-reductase

A plasmid was constructed specifically for the
expressidn of A. thaliana Delta 7-reductase, on a
single-copy vector. The plasmid pAM1 was used for this
construction. This plasmid, the construction of which
is described in PCT application WO 02/061109 (cf.
example 9.b of said application, which is incorporated
into the present application by way of reference), is
an E.coli/S. cerevisiae shuttle plasmid based on an
autonomous replication sequence and a centromere (ARS
CEN). The sgelection 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
unique NotIl site for cloning expression cassettes, as

described in the PCT application above.

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

reductase expression cassette originating from the
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Cergy Pontoise, France). This plasmd is an E.coli/S
cerevisiae shuttle plasmd and contains a 2m cron
origin of replication and a URA3 gene, allowing it to
replicate in yeast and naklnﬂllt easy 15 to select
the yeast transformed with Is plasmd. In addition,

the; @%éramﬂotzﬁr fb.%tga|t@ﬁtso r%éﬁlo@i ebass@@%wu& hrery

Construction of the plasnm d pA reSS|n

(AT PR B BRSSP IGA r BRRCEASD W Tisin (Thagn s also
canstipes @d repecEREsAl Ity forodhes enmpesalem‘olof (éxgosta-

thall a Del 7 reduct 10 ngl.e-Gopy VELOr -y
%n?ﬁ use&IFbrrkqﬁpo SQEon ruct$¥§1 ©

T@exsorpiasDNH fthgmenhsbrfuctheor@dfo Vit eHin |CSOI$e3§é'FJ+IEédthe
'é%f%gﬁafgéu§@£§8n%%ﬂ)Og/o %%ﬁ%fﬁ%ﬁ uHRRIR % Rdwing

sai'd appl1catron, I's IAcorporated 71 nto the
ppeseersappl i cation by way of reference), is an

Eo§obh/ S eeLeNtaGaCcatuttTecotasattakasecora@n 80
autononDus replication sequence and a centronere (ARS

Q FHeNQelBttion marker is the ADE2 gene. This
pcbsusnwi 5 CORPRTAGLEGCORACRARACTERCEORRGERPTACAY e at

th s a plasmd based on a 2 mcron origin
o#§$§3f$c ‘f’ro‘?jl This plasnid in particular has a 35

unique Notl site for cloning expression cassettes, as

d@ﬁgramﬁg EECSEEOHCIsa%a&H;%H' %ta%VQheT@eﬁacﬁﬁitce ME#S of
used to clone an A thaliana Delta7- reductase

exPressi ehleassettEabRi gi NBEFRRTE onwth% 31 tR1p rapid
1?1&@1161 /&'Hléﬁ@forﬁlhé&teéﬁteﬁﬁl erchasseet s Klemryibed by

f ect bl th 0 , Which I
FOFTP B0 For ERETS BB Balbe CArbesterol (er gost a
5-enol) as the major sterol (Duport et al., 1998). The
5 ] f t i
nggggb%n5@$aﬁéa8@e@ﬁl% Al il rAlD (G Al D e rix

uct ase is anplified using the
fﬁbrowmmglﬂyqaﬁyqp wgmwg the primers OSA72 and OSA77.

(AL AT =il W&TT%ﬁTmﬁhy&at 1CSEE D toons
5) 10 A 77 5 ( TATATAGCGGCCGCGAGAA % q:AE' 2{

gcame from the company Stratagene. e 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
95°C, a hybridization for 30 s at 50°C and then an
elongation for 1 min at 72°C. The reaction is

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

The PCR fragment is then digested with the Notl enzyme
and purified on agarose gel and then cloned
conventionally into the unique NotI site of the
plasmid pAM1. The plasmid thus obtained was named
pAG1L.

It is a single-copy vector for expressing A. thaliana
Delta7-Reductase in vyeast, the Delta7-Reductase gene
being placed under the control of the GAL10/CYC1

promoter (Lecain et al., 1596).




(SEQ ID No. 6). The anplification is carried out on

the genom c DNA of the CALO strain prepared by the
rapid 15 phenol/chl orof orm extraction techni que as
described by Adans et al._(Adams and Holm 1996).

Fifty nanograns of CA10 genom c DNA are used as matrix

fopampREi {5 Cal kPP -MSE DEn t NOF PrERET St L8A7 200 EEATTified
20 The_Taq DNA pol ynerase and the nzgnatic condi tions
cBRerP1®niR hehe oipdy- sf?%t%‘@%n%naﬁlﬁ% RHhplification

conditions were as follows: initial denaturation for

5. mn, at. . 95C_then subsequently,. .t hi cycles Ed
cﬁf}F?&d6&P°P8n§$§5iﬁﬁéggcglagnalﬁ?ag%éﬁ %%F?§3¥§é€&fled
25t &b€] s aihythe dyeas € ofpfored®@re Bt 50C and then an

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

termnated by a final extension for 10 mn at 72C. The
PER Fradhthonbsfioheaxtraesing GWhenfrae fBEFOLfzyme 30
and purified on agarose gel and then cl oned

conventionally_into the unique Notl, site qgltgﬁEJ 1 of
pFagni BepAMLPETABE pl &€ni & obbt*diGTed Wi nated #

PASE onBBelit ah8 Bibtegbe-wopyryethos gbasexpuessing A
thaliana Delta7-Reductase in yeast, the

Del t a7- Reduct ase gene being placed under the contro
oThé hec<dAld 0/2@¥Cl thpnonoesusperdadn o &00, plgoef. water

E?@lﬁlE FnPng EXt Eaghi g0 a0k thedd e ssdflidd e 150 pl
S ero%gh?%gfﬁeggeas%,a%gr the analyseé&ﬁi) Cﬁ%ditions
fof exgvaétingthmetPPee and esterified 5 sterols in
the yeast (procedure 1) a) Conditions for extracting

the free sterols:, The cell gellet igwwashegiEMACE { thos

568 APXbFach§Oei R Z8F T i PPer et Water " TH a gl ass

t ube-dTbrlcebéshane wheh veguspesdediitati@d An of vortex
ter ont.ai ni_.ng 0. al b CULHESRANANG tfhe

1865 “ORPLERE] DaeRR P B (Ea0se |
mixture of cells, glass Dbeads and solvent 1s
centrifuged for 5 minutes at 1500 g for the purpose of

separating the two phases.

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

stream of nitrogen for a few hours.

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

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

sterols, qualitative analysis procedure 1:

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

methanol are added to this suspension. The mixture is
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An extraction is carried out twice with 2 m of
1, 2-di chl oroet hane with vigorous agitation on a vortex
for 10 minutes. After the first extraction, the
m xture of cells, glass be§d§ and solvent is 20
centrifuged for 5 mnutes at 3.LSOO g for the purpose of

SﬁQQEQ(g ?Brt Bﬁet Weurhagesoothei i Wor M ganiendd ACAFO88 the
deri ve romthe two successi ve eXtrqB?tl ons are

conBiRebiand dAPSd GRGEr &£hes5 BREmRAYRI tTOuRTEdr t°
aa&sméﬂeur@Emﬁémaguﬁﬁ<ﬂ r@t racktiise suspersedacnetOOt Bree

acetonitrile.in r_for to_be anal
R
(Szezebas apeias’.%ﬂs alare 20633 raredn MO0 CAlnt@‘flthﬁ&n@nf ofor
s " aphy n RUROT 1l Bhaani
250@?8‘ ba)t gBt ons o?égt)afglc?l%%gf%%é t ot al stero?anlc
sppoaef ilcat T—bﬁnﬁf}@r@ﬁ@r d@ticona ofeWhe g er pRfed-hegsthree
S&f§9h§e gralelative anah Ysbsbphegeduse thenler fed | under
'S resu;gended in 500 Al of purified water. 2
rrFl BFrpdrassi BAFRYIEBxi de KOH at 10%in nethanol are
added to this suspension. The mixture is 33 heated

f one ho at 6QC in closedt Afte h o
ﬁ%ﬁba?ﬁed:r? ahdSdHee tiie tupes? %g@% r ét ur%ogd Fl of 1003
aabee;:xnnenriber adtrur erdehe fwinxt Uk e tios kext prelwdedhiae high
th@ﬁo%gﬂcé i Qf ghXARGa tBRRWERR, eaadt @xt (@Eéié@aré et

ases re separated by centrlfugatl on for

mid - at 299@ off t dt eddP it r R i GEXAHe orYani e "gas
DBH§Smb§o%£aﬂﬁ§eRG@¢ hAkDyBeBeDLpber apdalbp those.
organi ¢ phases are then conbi ned and then dried under

a streamof nitrogen. 10 The sterol residue is
rnus:;memisﬂdns 106r Alextfrat@A¥tg acies oficeei |ad nestepified

0 anglyze I gheperf NG ildefui gnal
c roné%%grglgh ?%Lcﬁ%z%zebarg etqQH!F 21003) ora|%81s
10prafreghirfaefane for the gas 15 chromat ography (GO
anal yses (Duport et al., 2003).

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

EXAMPLE 6: Analysis of the free and esterified sterols




10

15

20

25

30

35

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 bactopept_orhe per liter and 10 g of
yeast extracts per liter) wth 2% of gl ucose as

CHY bofe SPALLE B PLSlSEnESna OO BhphpOfsen of
| yophi li'zed cel sE.%These driig%e% clselﬁgs 25 are taken up
in 3 mM of nethanol (100% containing 1 g of KOH and

arjrese ehrpyaedaiiaphy arel ) heish x#FIDe (ifdantehetonization

icﬂgubat ed for 45 mnutes at 90C. After returning to
& ?%?1?1?’%erature, the sterols are extracted with 5

m of hexane. The organic phase is separated into 30

LLee (2AIDI 83 PAYLAY LRR-B3MRLOTR s iildie diidiPthexane
under ‘a Streamof air. Two of the sanplés of the
ek rprepared eporerdingt AReRTEFERHTE0d AcTof sFerEie fort)

the anal y$89 byagas; 6heorpbo0ramprdi0)iandagaa to the
chr omat ogr aphy/ mass spectronet rg/ GC/% and t%f thltrd
BRI e TXEEREN upl®n 1P br IO R 2

hegthcemerd orsmnse 106 qid ds € hignmt ogr aphy (HPLC)

studies. EXAWPLE 6: Analysis of the free and
esterified sterols 34 in the yeast by gas

ciromal ogeaphyl (GE) séjpGas ebeoriesgriapertEECrnMa R das

f%%é&éﬁ%% zaki,9Be detfetiend FolhewihbeeMditions.

xtract suspended 1 n hexane 7is prepared
akcdrdi Aghilo PRBEeREEALEEf Oibtanple Blifech) -type
bigd1ur | [&@Pﬁﬂu@nrelﬁ?ﬁ%]érlf@éei S3@|d;ﬁie>d Gmilgﬁm =Herml2s pm) .
mxture, in genera .ester , oncent r.at

ot19 09¢5 é’(?C%é)/rgll.s FES %% o egﬁé%flts,aﬁﬁﬁég are kt’a?%g&n
i 51 eahned Mt 0 Taegasolwhn ohetdgraphysweyi e Wlepsthe The
fol | ow ndj ti ons. o0 Lnj QA f
AL R e 2shots (i LD ERRE
Ot el WX 95253@ﬁﬁ fophel gasofedt 6¥LNUS ehelftumnCHfASES
PlitssatiQis PSLWesR 40°C/min, and then from 230°C to
280°C at a rate of 3°C/min. ‘The column is then
maintained at 290°C. The temperature of the detector

ig 310°C.

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

The total sterol extract suspended in hexane is
prepared according to procedure 2. The GC used is
equipped with a conventional “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
gas vector, at a flow rate of 2 ml/min. The column
goes from 130 to 290°C in 4 stages. The column is
maintained at 130°C before injection and then
increases to 230°C with a ramp of 40°C/min, then from

230°C to 280°C with a ramp of 3°C/min and then from
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50 and 80. The colum head pressure is 30 psi. The
injector is set at 280C. The initial tenperature of
the colum is 130C for 0.5 of a mnute. It increases
20 to 230C at a rate of 40C/pmn, and then from 230C to
280C at a rate of 3C/mn. Thé colum is then

t 290G, ; thhe 5t eppgs algér 3 @6 cpfien detrerd Okolumn
n% 1 CrEgS%O %asquc r omat ography (GO /\t;vlth FID (flame
|§ﬁi“§aﬂﬁoﬁt agPth ?%)SCBPJBPEESWth Mmass spectrometry

(GC/ M5) The t ot al sterol extract suspended i n hexane

epar ed ccordln edure The u
Sﬁt gﬁﬁpﬁé‘& VP2 5 m%p?zrl sp1 |'fc]l¥‘:e g8febles
[ arech:mnvmatﬂalq;zmhv}eyltmeaab DB5 Etmiamma.'-Mt SpsctBOmetrY

-rn]'::‘}’lersl"l i'ncnla eM:Por?nghan%é {n%lgg {'ﬁflﬁﬁel : Eh% deVJ.Sce of

i Af'eStion 1 s carrie um as
gAsrbectMass atyee f foany Rexkim ZEhm?ﬁ} nThehanqips are

99§§?Ré99éa30w&%h29%Clﬂlgh:a _@Eééﬁ&éﬂﬁlbéam The
mal ntal ned at 130C before i n: ection

| Herequss HEPWIEs)i #Fcat %?P%@?ﬁ? ony r?ean?SﬁPP"le
2830Ctke 28QC \t\héh aielt@’ﬁte@f <31€/ ginn oo tkeeactpom 35 mass

280C 290 th The |
r BR&f gugt W alél nan'n gﬁ@%%e e ff YL products

cbfom’ataagnaptt@/c:o:m U otlhEetM+ t henrm¢@tm%0n®s at® each
tgggsan§£¥§ggdbyoHEQQ§aoﬁﬁﬁpr%%IQQ§§:S%%%bhone@th | Rass

an 1oni zafir on chanber such as that of devi ce of h
TEPBEtKEBs eNpRiINeDmAPer Ri Fier FeFRBEABRecuiBE & the

fE@QGﬁﬂteQéMtéb@bi&éﬂlﬁﬂ@&ﬁy @ﬂﬁﬁ%?ﬂédﬁﬁﬂﬁ QEEagmented
vari ous fragnments are,then, separate uadr

1 BTPARCER ARG (TSP dei bt BROSR. SToCai g dors %—Q‘gfs by
speatitusndhixel liyncl (m@shddme imadEiseoflat | BiCh:EOEHiY odott s53
0 LLAOYENLALI O 0N W B GOl HSRINIS) {9828 Kelly

“Gnct hetion ¢ rren gr aph. 'S nass .
speEber Brobict hel anda akysiet oft | Bherehe dFrPhelEsst

?Eumizbslggnp%gg)w th libraries of fragnmented
P

duct's an so wth those described for sterols by

In this way, it was possible to demonstrate the effect
of the deletion of the ERG6 gene in the WGIF01l strain
and in particular the absence of ergosta-8,24(28)-
dienol and the presence of stercl of the type cholesta
having the double bond in the 24 (25)-position.

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

spectrometry
1) Analysis by UV detection HPLC:

Ten to 30 ul of the sterol extract (suspended 1in
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,
MA01757 USA).
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Quail and Kelly. (Methods in Ml ecular Biology Vol. 53
Yeast Protocols Edited by Evans; M Quail and S. Kelly
"The Extraction and Analysis of Sterols from Yeast"

20 pp. 123-131 (1996)). In_t és_vvay, it was possible

to denonstrate the effect of the deletion of the ERGS
gene in the WA FO1 strain and in particul ar the

absence of ergosta-8,24(28). 25 dienol Wé%%gﬂgresence 3
oThgt GepRIGH 10ke 15 pEathoFEstdt Vi Ag 3 | e°BBRT
i BEt hRaRdt25)opesihing. EXODPLECT: Bral y¢tsibludheacetic

free._an terified ster in _th e

p%F?‘G?rrg;%‘ Ferqdtld & Prgt S§rapi© F}LI%/ ml?lﬂf?f\/ B)
dehectbbumar idetethtannbg ausSO°§pécrmngeth9 ahpalysis.
Anal ysis by UV detection HPLC: 35 Ten to 30 | of the
sterol extract (suspended in_acetonitrile or met hanol
afile pHEP4l edenteer giseg tbs plocdtrur EWaters2 504 E System

eéeﬂpkslwc" angdd eghedrant (iakord t exao: RPI8 Uswpe The
100 mMm col'um (WAt ers, M1 ford %/Al?S Ug sctor

3@" ‘ﬂﬁée§§|58Paf”|a§nq &% iR Gt dntieYr AT ERY
C@B’Q@i@ﬂg ot hwat ﬁévéQéhgtthgf@ofﬂZ%&OS TEA 350 nm. The
(trifluoroacetic, buf f

ES#BWH M3% ‘(E%B‘Hgﬁr%% é e%co ulr?ﬁglgggrra%%lr{lel %1 20%
60C/stir icrig Ibtlrc@E@naAysws:etOMIHliLe(I d’mﬁﬂo%oﬁs@é ,l@.ﬁiﬁer B
t ter st gm ntgel |l typer{ YOL6+S
R TR O e
odfigh) a @ioéénaﬁrayﬂw@}%rlﬁo Qg njTofe @ Soiution
Wézéﬁi:smﬁlihg fsro@mr?itoaaﬁpfé’aﬁOAnathlge% Q:gﬂo(l);mfﬂms B. fAfter
equi | i brat wth a nt.ai ni 0 v

AP ST (it GATPPPR Gy Ol Ta0s b SOUFFar Bufiek dre 259
cofit dudifeg @. E2% OfSETRA (hsuﬁﬂ‘etluds? oadkende liamealy)gpradient
I i.ne nara S for fr 5

contgtl n’gfqlnggl‘ggg/IL 4‘1 bl?ffergll and %E#Ebuﬁtl 3% m,&fn'ert},le
1gradaent heesohsssi thenveluehefel 1R9bnobutndiers Bsofhis
Ofva?ldtef efs AnhQht£5%eal R f 67 mBrufeBeWH i Beabrgrafdi éDkan

is then_applied in such a way that, at 30 mn, the
the column.

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

In the case of an analysis by mass spectrometry, the
sample is maintained at 30°C and the column is
maintained at 60°C during the analysis. The HPLC
device used is of the ™“Alliance HT Waters 2750” type,
coupled to a “Waters MicroMass 2Q”" mass detector.
Unlike the preceding detection method, the elution
buffer A does not contain any TFA, but the two buffers

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

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

containing 0.01% (v/v) of formic acid).
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gradi ent reaches the value of 100% of buffer B. This
20 value is maintained for 5 mnutes in order to clean
the columm. 2) Analysis by HPLC, detection by mass
spectronetry (HPLC/ M5): 25 N the case of an analysis
by mass spectrorretry, the ~sanple is muintai ned at 30C

a{'ﬁ the- Cé%_]: 'F;f_e@flgée Cmtﬂe% ?u@@&cdeﬁhﬂglhlﬂﬁg 50% of

anar yS| I ce use he "Alliance HT,

Vihese wgobutfy'sés 30 ddmsiead Fredienfarertd MYQ ofReRs is

ZEl-hBgs resheat @blutieh ke mreceatingaheftdom and
nmet hod, the_elution buffer A does not contain any

TER® BhtPRRESTWE buffers A and B contain O. 01% (v/ V)
of formc acid. 35 The coI um was equilibrated with a

b er nt ainin 00/ fer
OK%E vf“ of t o1 r%oé“ acl %)li oof '@Itf %ﬁf‘f&g is
(2aBet Olﬁl bufifer aéntamrni’dg @mmf(f\ﬂlv)B ‘'of The rﬁf%‘“&cﬁ’@)tha

3§ra5{qgntm £t ltm beﬂb&&%&h & bykf ef o containi ng .58% of
ese ers. | | near rgqradl ent with two

rhﬁﬁEerA'féﬂﬁe§7f PEmCE Qﬂftftel% cc?rﬁ%ﬁlfn%rga]@@%ﬂs%ffor 25

bMiﬁﬁteé\ and the% ab Ol%UfofferbLEﬁer5 BAfdter3 d Onihus ed heThlS
n?osntlon of the el u bufEer S t25% of bu(;rfée

fBi"‘ ¥80p §f bEFR-ERe 1ém’p of "tAE=gr adi"ent

t hegenedat eedhsocasuhn. reach 12.5% of buffer A and

87.5% of buffer B after analysis for 25 10 m nutes,

and then 100% of buffer B at 30 m nutes. This, value

i Shemi Hatiowsl MdcroMashut 8" | MaGsdefeEBCtPEgehier &8& for

tB8seehvan o 1M rARiraRs Ml 2MBssn ZQcaﬁﬂiﬁgdet'I&ﬁat Otal@es
setf for, 15 positive eI ecfrospra éﬁ zation gcanning. ..

TRE vEV@es 2%F MLYHRE betheen? {45t A cOnELR
"gophii piuAbn acwpdesi tien rmﬂeed&dsel Eoted tﬂmr t feanning.

isgglngimr}gr' l\/breovleg}rri 2 SI naI cgi%xrlacghon g g #Sl Riodmpde; o
performed in parallel at all the expected masses by
natural isotopic abundance for the sterols to be
analyzed. The detector is set so as to be able to
resolve completely without interference from molecules
differing by 1 unit of m/z. All the acquisitions are
parametered in such a way that the total acquisition
time corresponding to the scanning and to the total
time for acquisition of all the SIRs remains less than

2 sgseconds.

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

The strains to be analyzed were cultured in a volume
of 50 ml of Kappeli medium (Kappeli et al., 1985)
containing 2% of normal D-glucose or of D-glucose-U-
30, (for the labeling experiments, cf. figure 10).

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

temperature of 30°C with shaking at 200 rpm.
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performed in parallel at all the expected masses by 20
natural isotopic abundance for the sterols to be
anal yzed. The detector is set so as to be able to
resol ve conpletely without interference from nol ecul es
differing by 1 unit of niz. | the acquisitions are
paranetered in such a way that the total acquisition
25 tinme _corresponding to the scanning and to the total
tThe FERl8cEdssithioh BRCAYEreRebyl REDLEHEVAS HLOSs Ghanhe
f2mé@§@rﬂ|d%-t_ Eé<zz§><b/P0I'_;;Ef B@EC_qut uﬁiﬂ@*lc@é. t haeyeca_s:tlh Spediles is
or anal ysis of their ster content . wi or .
WHEFRB U3 ?ecfgefiilﬁ .Ct?fr’heb%t r%%saPsfgtlgﬁ;I N g R
cptésertednia eamie & 6o thé Kappeks medi urequiring
( | et , nt ai ni ng 2% of nor nal
Dﬁggﬁg%%%ﬁovf% %é%%g%%%%?U 35 13C6 (for the labeling
experiments, cf. figure 10). The optical density of

theyster!l i RY CUHAI 8181051 ot kBO0- 1¥8 IR S MUl of
is Incubated for 72 _hours at a t

f enperat ure if QPC
WHBR SPARTRESHPR200E r pReleB  THeSRttRsqr ferPt delta
][moy%@@_@lt@ye Ceﬂ%_ti‘éﬂ@i@t i @f??éfdb:_hﬁed e thn atlth@ogp:gasmid
0 nut es. ce e i's en analyze
d??%%{-lpglib‘?é?h@n%ryt}?%%f) t e%?ﬁ‘r?i q‘ﬂeeéf%t prEsenT e R erded
ekanpbe 5Smif ooft hérsmdi dappetl ir equediivig  dordleciniiorg 2%
‘é@éi‘a@é&%&t ?ﬁ@%-l é‘%&rwiéﬂfﬂbh‘éﬁggﬁ? es_of kinetics

I nductron o the expression o a 7-reduct ase
and of delta 10 24-reductase (strains transforned

Wik D t heuhasm dsp YES:Bel a4 aand or iebat e pel 1®goc
|s,res%$ ended in 50 m of fresh Kappeli medi um
CEhER;| '%@l%/oabﬁ%%tﬁe‘&-(not | abel ed with 13C

carbon). 15 This culture is incubated at a tenperature

<300 M ShAKLG. A1 200, Lomy TR Ofn gl {4 &, a8,
recover ed aft'er "0 hé&dr, our's, Hour's, ours an
24 houwrs, o8 kontsrand 224 Thewes cof tenktezgml es are

centrifuged at 800 g for

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

described in example 5.

EXAMPLE 9: Identification of the sterols present in

the strains analyzed:

The identification of the sterols 1is based on the

combination of the follewing principles:

- Comparison of the behavior by GC, HPLC, GC/MS and
HPLC/MS with authentic standards 1in the case of

campesterol (ergosta-5-encl), of ergosterol (ergosta-
5,7,22-triencl), of cholesterol (cholegta-5-enol), of
desmcstercl (cholesta-5,24-diencl), of cholesta-5,22-

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

- Analysis of the absorption spectrum by HPLC and
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10 m nutes, and the cell pellet is frozen and stored
at -20C before sterol extraction by the nethods
described in exanple 5. 25 EXAMPLE 9: Identification
of the sterols present in _t strains anal yzed: The
identification of the sterols is based on the 30

o@@ﬁ@ﬂ%&gg Io{gxrftgstéeuew &sfpréﬂgﬂng%@w 1) g/orrwgarl son

atiphent | deshgddar d%a]?% t helbase POESRAfpestt® of Veileiey
(§ﬁ9ﬁ§§§u§u§m |)mxpfaeré§éﬁt¥éﬂ ba@g@staffﬁé classes of

5,7,22- trleno holesterol. | est a- 5- enol f
d%%ﬁﬁggéroll éh(ﬂ J‘5 24° di°8Rd P %g Cﬁ STestal %Cefg’ 2)
deeaek @ of ngﬁasterm:lf (ehd e75—td1-681e24sxds‘eeﬁmt) 3)- class
ysis of t sar pt,i,0 tr nd 439
A?%ge é)rrreasyert% ? Igzr% ?4‘:(@%9 dli 7 %%rﬁ‘ 43 class
nehhod preleesiaet Cpﬁ)ssnbli?e Jt%rdkfémwy-%t@ﬁanﬁl)g%%/ SAS:

Pr@séﬂ@&tEﬁlepa§2524f2¥? &l@ﬁ§e§yggem5tQﬂ@s%eEUSAB and
ass SAI: no conjugated di ene slystem Ss_SA2;

pPRBeREBNEE §O5XiSH & SFSTETH nsSA3Cf‘asses SA2
pragenae ehndol2 oAb ohcama:scy@me@h)c ctessonSAdclass

presence of an ien ste 5 I
PEZeted dre aCosb3iieda Phrtaf PR e lagees
SoB1canBaB, coSRBst sfoor &HrlnnLuﬁwrmeaséﬁstltias@@@P%ﬁate
1? gggr A4 cannot coexi st for biosynthetic reasons,

Bss™ %m0 may be conbined with structural units of
classes SAl, SA3, SA5 so as to formadditive

Co”ﬁﬂﬁ&&'@lssg%cﬁ:h@z rE® entARRM )ts.l.ln%smlrl her rgienin GIPLC on
tipes iin GC and_in HPLC on the basis

apPPoxitfde addfti Gty PWPIWE M3t en?figﬁtﬁrﬁgyshﬂft s
aﬁéeénateﬂ vt ithe eath ingpeaskbocinsatiurat tlon emwh wityype of

esepce_of_ a. backho a hel e3&R, £
tVBEQEgFﬁE%OPmasndch l(éeirql 2% [ splﬁg%ggggak?g)l %{thJ It |née °
usedoasaapraichdledtientyb¢ casioaeandlis F1dt@diaro 1§ fRot

agpLgytLes.; bufs PLESANGS 8k i §Kkd0ko identification and
in order to lift ambiguities, but presents a risk of
error if it is used alone. It is therefore only used

in combination with the other criteria.

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

can be compared to spectral libraries.

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

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

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

disrupted at various points of the biosynthesis.

- Analysis of wvariations in the sterol composition

during complementation with various biosynthetic
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error if it is used alone. It is therefore only used
in conbination with the other criteria. 25 - GO M
anal ysis (cf. exanple 6-2)), which provides the

nol ecul ar mass and a fragmenjation profile which can
be conpared to spectral libraries. -

H ctr ray- a ' Cc P! eodinZdhent 301
mg%g%ﬁégévfﬁgg,8¥n¥?ﬁé%§£§§%ﬁé3§Eigﬁg¥ps$8rgls,egt en
nélkRisEghlaE ancppreindl eéuFhiSnaSEPlETeLpRbLBRat i on

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

with all the above syst of th t er.ol .
conPBet¥PoR ?cﬁépfgf%r ﬁEeﬁﬁgg n@tfgfn%he various
dsseuplledwathvaheouarpohntl3 ofotbpebi osynt hesis. -

Anal ysis of variations in the sterol conposition

during conpl enentation with various biosynthetic 40
enzimedysandodf thiee W rrdassrwst ohhi she onpeeabnt aeparated

ngi ngpthe Lpduction,of thise fomp emsati ehe -two 5,7-
Anal ysis of the profile for |abeling of the various 5

seerdrgakptn €pebtar orRds iwEtidhd 2 ARYPYSRS ofPERETU™
Ui spectwem Msdis: i6rer Plesiksepbeaivedn bys3Pl(ticat 280 nm,

iven retention tine. The t 5, 7= nj ugat
Lo e oh 44 o S T Gy § g SRHBBEe an
abbeppbrannpeekd (@t vieh 265 Hrel 280ahm 8, Wartenghgated,
t 24- ' ted . € i bi  on
BB skl ol s handsy ol hloBhion pent o

dédbl ambond can be identified by an absorption peak at
245 nm 15 EXAMPLE 10: Identification of the sterols
present in the BMAG64, strain: The BMA64 strain is .
CHRBFES (1P SOPRRLESPSBO%R] off T30 RESEELP RARERRE 1o
cenkapmMaeg a3%rafink- gl ucose for quantitative and
conparative analysis of the sterols. The optica

density of the starting culture is 0.1 at 600 nm

Thhe EMA64r estsaimcibated tioed72hoar yodumg 2§ 50 ml of

L ROPREALUr 6,08 FAC Wddt SRaKI9 8k 2Q0s rPB-glucose  for

quantitative and comparative analysis of the stercls.

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

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

identify the sterols produced by this strain.

It was thus determined that this strain accumulates
more than B80% of its free sterols in the form of
ergosterol (ergosta-5,7,22-trienol) (cf. figure 8).
Two other minor detectable sterols are produced by
this strain; they are ergosta-5,7-diencl ({substrate
for the product of the ERGS5 gene) (12%) and zymosterol
(ergosta-8,24-dienol) (5%). No trace of cholesterol is



10

15

The cells are then recovered by centrifugation of the
medi um at 600 g for 10 mnutes, and the cell pellet is
anal yzed by the techniques presented in exanple 5. The
30 various anal yses descrlbeg made it possible to
|dent|fy the sterols produced by this strain. It was

ﬁgﬁeggéﬁi ﬁ:‘iiet hat i bi &5t hat BcaceHMyrat €8e mért&od is
an 80% o ree sterols_in the_form of

e@@@geémﬁtféwoé’t 2% 7092 PPPERSRPLEC St -g)  Small

ToRoGhP8T offi Nahogekeclakire Hleywldewmsegyledutadbyin the
this strain are ergosta-5,7-dienol (substrate

t he
f%?atH%eBrBEuE?t%} PhETRRES gene) (129 and zynostero
(ergosta-8, 24-dienol) (5% . No trace of cholesterol is

“dxafSheCal erdlhe: (LOLLIOL 42! o0id 0Brakol e it in

IS “approxi mate servabl e sterols).” Snal
ahbanW@IEﬂllaHUQFEFol are al so detectable (only in the
anal yses of total sterols). 5 EXAMPLE 11:
Identification of the sterols giesent In

WG EOL
sThai MR VeF Pl st(CHin $EF PR anpl &35 %itEEFflurled a
|’Go§umé0 Pl soemaf &0 rﬂapﬁe]}ﬁapmelih.umed(mmééqappelti at.,

1985) contai ni,n f 24l uco ; :
ngﬁ??tgP &+1and gdh%gfa 9 é%% §$§fo§9% éﬂgtgt%?tlve
Thndopbmpatadenelayab?SLheO§tahe|ﬁQECGREure is 0.1 at
15 600 nm This culture is incubated for 72 hours at a
tenperature_of 30C with shaking at 200 rpm The cells

aFbet pefk icadoviened By entRef § aFFéﬁgoFWlﬁé‘rewétﬂ Ui at @t
68009nkhor ADidn pUl eGreand t hgcoBhtegeliat 78 hdlrs at a

anal yzed b i gues presented Lpn.exanple 5. The
VRPFBREaLHbP BEs Bebokr bd=RaRe Pt <posLrbr ETF o
identify the sterols produced by this strain. The

CERECReind, SIS, CDARTRLO000M ook P A hokeditn B che
ntagdtLumea(:I é@@ Bh&P10. 15%m31fn1tthi‘§rvaﬁrlfe s F el P%llet is

BYAG4) LA HPLCHeOURI Bt il d RSS SREAS D BA I ¥/xathpll & €3 MBThe

various analyses described made it possible to

identify the sterols produced by this strain.

The sgearch, in the chromatogram, for ergosta-5,7,22-
trienol (ergostercl) or for ergosta-5,7-diencl 1is
negative (less than 0.5% of the value obtained in
BMA64) in HPLC coupled to mass spectrometry. In terms
of the free sterols, the strain accumulates 50% of the
total zymosterol (cholesta-8,24-diencl), subgstrate for
the product of the ERG6 gene, and 30 and 20%,
respectively, of cholesta-5,7,24-trienol and of
cholesta-5,7,22,24-tetraenol probably resulting from a
mechanism of synthesis identical to that which results
in ergosta-5,7-diencl and in ergosta-5,7,22-triencl in
the parental strain (cf. figures 3 and 8). This
clearly shows that the biosynthetic pathway is blocked
at the level of ergé since the ERG6p enzyme
(s-adenogylmethionine deltaz4 sterol C-methyl-

transferase) converts the cholesta-8,24(25})-dienol to
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of the free sterols, the strain accunul ates 50% of the
total zynosterol (chol esta-8,24-dienol), substrate for
30 the product of the ERG gene, and 30 and 20%
respectively, of cholesta-5, /,24-trienol and of
chol esta-5,7, 22, 24-tetraenol ~probably resulting froma

”@QQ@E{:§E@3°§4$¥Q h§§é§oldent lcat to tlfa upi el resultgig
in ergosta:5, 7-di engl and_jn ergosta- 22-trienol _in

3BCFH'@ubaFéﬂPaFl§PFéwn J(It#lcafﬁeg%r%%aé 5.‘&1& gJC I sStrain
cheas!| noshawssdad &hQ'uhlc(ﬁS.)blﬁltaUEtdcfp}pabf\W&}‘lel SR ckete .

(8% G ERBE e PFSn RS B Ea s o (S HIA ypiosynthetic
tpanh@eyashx:cemgeﬁmgrtﬂe thol esa=t 8, 2ﬂ¢25}ndLBﬂD¢1¢wlar
TN O e
ddestaot 2podesssurasenct i8naFareple of of hecerygergbme, the

Theotestlts alpe i pdbeat-ackhat Wihe noimaladi By hekh tch
5 pat hway for ﬁﬁgosterol in yeast, and in particul ar

sFeFaL"S, q0m§b 32t sterol 5-desaturase and stero
delta 22- desaturase |s capable of converting t he

C Qkﬁ £§' iype<§ es W t Ft.&kkﬁ Epaln and
Reval it

emal ne" corsi derap S Ion of
t e Fheationi of ahlde st;leml#s i maefs@mt ofntbhhisterrin:
present in this strain: The WA F02 strain was
obtai ned by transformation of 15 the WA FO strain
W M F2asht 82 pvESRcaPPyRrAGeEnY LEXapsdaetrasdon of

eXpE eFBION1CaTTeline Wit ES el paaémaf pYESRarerydng the

| ect ed
b RS RS o HRF AL SESR o0t S néP TR 4P LHTRE ao™T
c&hfmpbe veri f i Blde byc hoady zi wgré hes@Dest@i olen ofat hes@ium
t . f |
L A58 LR BBy P T P uict Epd bRttt e
al24teedicpreti | eDNRat iwas WeFieieht Promamed YWENEOL the
29 868k Nor T UREBET IRLE s rbRRaREE! yoRRlars &40l phddkdure 1

(cf. example 5-1)).

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

comparative analysis of the sterols.

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

temperature of 30°C with shaking at 200 rpm.

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

various analyses described made it ©possible to
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retention tinme simlar to that of cholesterol (cf.
figure 7) The WA FO2 strain is cultured in a volune
of 50 m of Kappeli nedium (Kappeli et al., 1985)
cont ai ni ng 2% of D-gl ucose, r_the quantitative and
30 conparative analysis of the sterols. The optical

dgaahuf?uthaes%%&gn rBHhEHEiebystglé atr2600 nm

IS cu re is incubated for 72 hours at a
tenperature of 30C with shaking at 200 rpm 35 The

Clees WL e espvesed byo€eheki ffugatttom mwm:e strain
medi.um at 600 r.10 . mnutes, and t e_cel |
afafy b@h?h%G%ggﬁm%ﬁﬁﬁf r&eenta 1.ﬁre§%ﬁb SF ﬁhe
vappea$aanal yfes deserpbed ndeatitfipdssity efltld:LZES Of ltS
A r ed t | The 55Qb1
%grg%l’ rac]tséteer% Etirp %ggh% t gav\de% %@ﬁ%ﬁt and f c
t benvegl, FO;?S stql'm]{ﬁséirae%ﬁm?l?a'rtré)@é@d{ féiorKes 2. 3 *and

appear afee PrdiW PeHK idend i fiafpobya Vi ihﬂﬁc@ﬁestSthe
nass, its retentlontlrre and its co

uga
b6HBECLEE PRGEEICE. BT az?%r?%n%wfni g?égc‘éas% aﬁamty
7bn Thﬁepr@@‘@m@ obohdi slrcortmwndzm m&u)c:@toeatum of the

esencge Dz st ol r ctg t
?f@pgoéb?g Bgéagu ntF SH%E p%lglutl ?zﬁo?%&hw Ene
cla.tmbemtta 8£7, @mpmtz@)sx"etzzaemiencph dddi Gegireappd with

aggunt, ofe LGl &St axS, gh%A'chE)'l%BQE 587d§9Le§§@aow tih the
t he ap arance of the chol esta.5 trienal |ntcﬁ€ the

WESEFS 2s tatmai( f { figesey Andrs) . éhheTaet A5
1@11%5}%%”@.5! sqélesmast 4 vd@dbhy thee canmarsicn of cholesta-

hol_est a- -1 | t %

Ve PO SEFAEROTarkF TIPSR o0& U3, TPRe BTG eREE2 10

I agd 1884y bmang ient WGEWZI,n the fdiffefence, i.e. 18%,

chalest a %i %5r +e@§‘ W§f“€kég%s§5f§'6 25h£§1éﬁol
estl't ~20 inso

an un xpec as the prod uct " of
converké oWAFOGhobbsaaAn. 5 Thy By tae deiergected result

Vén%%‘%'é‘?ct asg '§h§h%§t§(§1§ct§ f ‘MRS bs et bHolesta—
and therefore quantitatively conver%1 9

Cﬁmpegﬁa by7 she THpdta 24- reductase 18 o esta 5,7,
which is absent in WGIFO2, and therefore
guantitatively converted to cholesta-5,7,22. This
demonstrates another unexpected result, i.e. that
cholesta-5,7 is a substrate for sterol 22-desaturase,
whereas cholesta-5,7,24 is, according to the sterol

profile for the WGIF0l1l strain, a poor substrate.

EXAMPLE 13: Construction of the WGIF03 strain and

identification of the sterols present in this strain:

The WGIF03 strain was obtained by transformation of
the WGIF0l strain with the plasmid pAG1l. This shuttle
plasmid between E.coli and S.cerevisiae carries an
expression cassette for AT -reductase, the
corresponding cDNA of which is under the contrel of
the GAL10/CYC1 promoter. The WGIF0l1 strain was
transformed by the lithium chloride technique and the

transformants were selected on medium containing no
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denonstrat es anot her unexpected result, i.e. that 25
cholesta-5,7 is a substrate for sterol 22-desaturase,
whereas cholesta-5,7,24 is, according to the sterol
profile for the W3 FOL strgi? a poor substrate.
EXAMPLE 13: Construction of ﬁe WE FO3 strain and 30

! gﬁab\ﬁlécat |- Of LNe-SLELRl S PEESeRl) Hdy i el N was
The WA FO3 strain s obtained by transformation of
{HETWELEOL Dt 1R APBRFRBCH) asth ot BRGECSTRILs BiRAt% ©F

ptasm dobetweencEogeki, apd Schele¥tsise2¢dpb)edianoB5s A
exEressi on .cassette for o7-reductase, there articularl
61 PREpSRFLTF YDA UreShi ER1FETuRd&P S HE ConPREl 1 6F Y
t beleAt 20/ eXElcplbedt weIFThe WA FOL strain was
transforned by the |lithiumchloride technique and the
transformants were sel ected on nmedi um containing no 44
albai WEIFTRe sexpries vieen oflthaladh Al educe zee was 50 ml of

Vﬁébgbﬁg heat e ARRGMANCEL idn thersdey oo inley 0bs of
the"correct clones, "0f chol esta-5, 24(25)-dj enol. A .
cPoH&USRERSsT vi FeF t héS® crIWRRT At HaiVior &05ar t FEUPAFRYVE
5a88hest gdo@ndheaktedoVe. FO3. The WA FO3 strain was
cultured in a volune of 50 mM of Kappeli nedium
(Kappeli et al., 1985) containing 2% of D-glucose,

f Ohet ptdealt idetditey amll thepastatrivag Mhlinaleysis &fl at
t sterol.s, . Jh |.cal; densi t tagti at a
cOPPurE T SpoBRE LR et PO P hBlrs

f oemperasurs af 30°FCewpehashprEing 80C24Pt FP%haki ng at
200 rpm 15 The cells are then recovered by

centrifuygation of the nmedium.at 600 g faor 1Q m nutes
amBet (FE1d8 137R TRED | TECRNEFF e Ybf%‘ﬁcerJt{elicc-’ﬁ%%Jqodlesf’F the
presenmedti Boexande 5.0 Thmutwas | cusd arlx ysekl pellet 1is
descri be de.it .possible | tify. }%gpféegpl $he
pF‘B‘aEé’ESgbﬁ’t |hse sercz}nn%quﬁjgeo%ﬁgp‘ér)eeﬂstgelq%n'ofet .
dektragust eraplakwahet adescnibrd  WEdROL §trainPqRidlf veto
tE?eﬂ?}%?gtﬁér@hg%olgnbEEQUEge L§XPhE8SLeRaoh .t he
delta24-sterol reductase, resultsS in
The expression of the delta7-sterol reductase in the
WGIF01l strain (to give the WGIF03 strain}, unlike the
expression of the delta24-sterol reductase, results in
a profound change in the stercl profile of the strain,
with a wvirtually complete disappearance of cholesta-
5,7,22,24-tetraenol, cholesta-7,24-dienol and

cholesta-8,24-dienol.

This activity is also marked by the appearance of a
major peak identified as described previously as
cholesta-5,24-diencl or desmosterol. The amounts of
cholesta-8,24-dienocl change from 12 to 48%. The
detected cholesta-5,7,24-triencl changes from 30 to 3%
and the detected cholesta-5,7,22,24-tetraencl changes
from 23 to 4%, respectively, for the WGIF01l and WGIFO3
strains. These observations indicate, unexpectedly,
that the stercl delta 7-reductase reduces the

cholesta-5,7-dienol in a manner that is virtually
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25 a profound change in the sterol profile of the
strain, wth a virtually conpl ete di sappearance of
chol esta- 5,7,22,24-tetraenol, chol esta-7,24-dieno
and chol esta-8, 24-dienol. 30D.This activity is al so
mar ked by the appearance of a mmjor peak identified

a§ng§§8ﬁhgﬁg BEeVHRUS H 1A% 6¥K%ﬁ§t@n§a@&rQEﬁ@@é @hrried

desnost ero he amobunts of_ chol esta d| enol 1t i
chﬁng"eh?roﬁﬁqez 52489,  Fhetbet Bt et resu is

cBphest 8eb, %024thercen@bsfe&am@e$ v reym 3‘t£hé 0 8eR5l andelta

t he detected chql esta-5 22, 24-tetraenaol
Ot T ik b =) 2 S T
sﬁeatas 7 Thedecobser valt sonsdsditeat én unéxpeec@umylatlon

R’i‘% gh%fs ermgale%ol taqa{tedé&ﬁ%]tf@éjqﬁﬁht@ﬁe cholesta-

ta-s, in a nmanner is virtual i
|ﬁdépém§enﬁ of HPH@Vﬁa'buretof rreanfsatt? at Pensre FFFE@lY

byint hReside Ghaiduef Ade §ﬁ§6§b§blgh|%H@Eﬂﬁﬁlesmolecule
opposite_fo that o serves wth the steraol,

2481 e FHOLESEE -Bndx %es@?%%tf CE ;%Y%Jr 5°F
deh&ah7 él@ﬁwma&&ca}e&cser eauﬁt snbh tirecmmsseTuhadieon these

f _a_nol Iethat com gr svmt a-
c‘?“%ﬁgﬁﬂl Ho er 2PPCoA50¢6ar s fg be r%;\T'gdfjfve#r%&%E of
unhblekya-&l eRoRghtnoenphpdssi blie alwn cmzsn*hereeia} eThe
mEaEEgE6§E@g%éelg'%@%ﬂe N8 dhershisalof evet 98ci1bn of

ch shoul crease and not |ncrease under t hese h
ceharelon2 HREApFEHancelof BYRTTR dofmdigmel,  the
Ch\abe%t AsBerdl 24tdod)enah (8Ae iwcEIED Gftraiter éstsulhéng

tier sterol is the expected rod f t of
s?'ePB"I A% esHEAFGEE"Bn Efol € Li_fll |en£]o‘F t%t%hé&%s by
rrapen:ost etcltd 60%etinctheeNd Flﬂﬁe semailh (arcesmulatglon of
dyct Lon._of 24-
sf:erole gel séag ?gdﬁgﬁggg? 'er%tdq_é ac%%nﬁp%?%ly' that
chbbéetsas52242dienpénolisi ndictat &5, PRI petlatyatehator
chokegha- 524 dianolades, Nogya %%L%Jbsbfat Q:Heor 28sults

sterol 22-desaturase. By virtue f the re

obbarABEdi ANt h&eWHHEFL XSt cfcE 3;2 i tTEaff?n?

be deduced that the presence of an unsaturatlon in the
24-position (cholesta-5,24-diencl or cholesta-5,7,24-
trienol) makes it difficult for the stercl
22-desaturase to metabolize the sterols. The action of
the ERGé6p enzyme in converting the cholestas
unsaturated in the 24-position to ergosta therefore
results in the conversion of poor substrates for the

ERG5 gene (22-desaturase) to good substrates.

EXAMPLE 14: Construction of the WGIF04 strain and

identification of the sterols present in this strain:

The WGIF04 strain was obtained by transformation of
the WGIF02 strain with the plasmid pAGl by the lithium
chloride technique, and the transformants were

selected on medium containing neither adenine nor

uracil. The correct transformants were then confirmed

on the basis of the detection of cholesterol
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be deduced that the presence of an unsaturation in the
24-position (chol esta-5, 24-di enol or chol esta-5, 7, 24-
trienol) makes it difficult for the sterol 25

22- desaturase to netaboli ze }he_ sterols. The action of
the ERGGp enzynme in converting the chol estas
upsatihahedohn the A4rROSkht 085 Ongr Qa8 t heriekeria was
results in the conversion aof paoor bstrates for_the
EReES gBAL L 99 aEs ¥t §F ?é)te%o GeoF 04 gp sample
EXAMPhE #4IFCansitrriadhn omsofddpies WEEFOM 1t riehen @antilection
identification of .t sterols present in this straih,
THECHEEES o) nCRAL BB el Rl by P RREPBR e an of C3E
t h¥a W2 st@allewiiidnt hefpl a¥icdopAGinbymt heChl thiesd ,
Chhot i de:-t sgbpiaue. Hand e df ARLURNSILC f5724 paris
sel ected on nedi um containi ng nelther adenine nor
uFader. The cdiEEae.tr A1sf obPhhls dBre 20994 coHidemedthe

Opedher basi snohuhberdet ggbkon of chol esterol 46
accumul ation. A clone satisfying these criteria was

nore particularly selected and called WA FO4. A sanple
oftthend\G 0 stame n vkl sdepogiitséchbiict hfirben O8GEECL | ovan

onal e d | tures de [ 90rgani s ( 5 ;
et Bont Bl By ST RRLARN ST, { {PEEDs° eevain
| mstiht PYEPgRe bua24 250d r gep Hyl mect keir sRorxse F&TRuoPar i s
Cedex 15, France, on April 22, 2004 under the

regi strati on nunmber 1-3203. 10 Strains that are
i AP sYPREUE sARBRENT M8 ML ETXSCadn & @ wsoittai Hed byot

tm?lsém mnﬁgﬁcm\e ‘AﬁnllE@an&hgai wﬁ bt h DR ¥ES oelet,a24o@ndthe
appl ying_the sanme selection. The WG F04 str.ain was
CEPTUr BT S TOT UneTGTT R0 T SR LY Repper® el Tt
contai ning 2% of D-glucose, for the quantitative and

.' gl uco; i v
Gone, PRSI RRRREALY, Be (% o Ty S R A0 1

TS =l t GThdsi scukeibat ég figicuoateslr font 72 2pours at a
t ESREE B thhfe O £ 306> M e 18 hatkd 10 Ata 205 & PRRm The cel l's

are then recovered by centrifugati on of the

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

identify the sterols produced by this strain.

Cholesterol represents 25% of the free sterols of the
WGIF04 strain (cf. figure 9). The formation of
cholesterol in this strain is independently
demonstrated in GC and in HPLC, by 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
simultaneously express the delta 7-reductase and the

delta 24-reductase.

The strains that do not have a disruption in the ergé

gene can produce cholesterol; however this represents
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medi um at 600 g for 10 m nutes, and the cell pellet is
anal yzed by the techniques presented in exanple 5. The
25 various anal yses described made it possible to
identify the sterols produceg- by this strain.

Chol esterol represents 25% o0 the free sterols of the
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sr:hu[tteanemuél y tehqor ésstehe mneﬁéﬁtﬁé’tﬂwﬁasf@‘*{and ttfe the
dEEEQIZétgggygtase The strains that do not have a

di'Sruption rn the ergé gene can produce chol esterol;
however this represents 47 1less than 5% of the tot al

free StRfgl SgrThYs, Whs\Wasrapegsi-hka t@ieansthact plh%mid
BMAG 4Q§YES Del t a24- gAGl strai gﬁobt ai ned fron}1 erol

cBYESnOPOFARA - wi TS pPESBY (3 PFEIR
peadutastbrchepestenalingt hefkat epfr epeesentl ngtarcbéw

% of the total sterols. The CA10 strain was

transfornmed with the plasmd pYES Delta24. This

sfitai waal @ogriddic escchdbBenaEbhte, 10QTROVEH t ethat the

r %B'}:Iﬁ%‘ér_ﬂghn%fa deW erfrdihe-ttAaly Sf@tﬁ@iﬁes | in&@étlon of

0SSI bl'é to denponstrate, npreover, ion
Fhéhéﬂleéﬁaeﬂdlrecﬂ‘@é:ﬂ%? i ekt naﬁcF?QHCB‘T’set ﬂgomo ers
dQE:EEa 7figi§1|x.u§é ase andl del. tarl»2=.4 seduchas exqronntiers these

d T &
g@ﬁé‘?sd g‘irﬁgtsnogr gﬁﬁ@@“&ﬁo ero erl%f?ﬁgeja; s%gce e of
i dddati-dann; fl@tg*teces Bnmllﬂatcevetetmath&he tmxuwmmmeﬂevel
f t f t
O <Ol SURIA o1 S; 4 eAChE Al bek PRI IIRle12A Ju O of

on ara | e t he on of i
chotestéesl- (c!ﬁ@l esbarsl bl ) Wit fdhfati dprgption  of

chpbeske2o?2- digRgh eks aabsenehser vedheAnalEysnat®bn  of
Fadne 209,80 dfl'e%%rle 3o Ndigates, that the forpmtion ¢
figure 4 and of figure 5 indicates that the formation
of the latter compound occurs more rapidly after
induction than the formation of cholesterol, and even
begins before induction (cf. figure B5A: m/z = 367).
However, this compound is completely absent 1f the
strain does mnot carry the two plasmids pAGlL and
PYES Delta24. The formation of 22-dehydrocholesterol
is therefore a more rapid process than that of
cholesterol formation, but this process involves a
precursor which disappears rapidly after induction,
leaving room for the formation of cholesterol. The
cholesterol can be formed from cholesta-5,24 via the
A24-reductase or from cholesta-5,7 via the A7-
reductase. Now, it has been shown that cholesta-5,7-
dienol cannot accumulate due to the fact that it is
immediately converted to cholesta-5,7,22-triencl. The
source of cholestercl is therefore <cholesta-5,24-

dienol, which is absent at the time of the induction
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of the latter conpound occurs nore rapidly after

i nduction than the formation of cholesterol, and even
25 begins before induction (cf. figure 5A: mz = 367).
However, this conmpound is coppletely absent if the
strain does not carry the two plasm ds pAGL and
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48°%an FRTe LMARDY atSSH AP (178 ROLTLLGr  With  the

| pduetilorat ibef ores decheasifmag:naattimmumzlf 24cholesgaré.22-
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re@wcﬂmﬂheﬁ:e@mﬂveﬂsetye reduchéopodi bike p?e%‘%lréb?%d by
k@é'[éesxt@ducr’cegge di ﬁH@keééet%Eolﬁ%n%r&o& 23f t thenekta-
chol esta- 5 24-trienol. The latter a]igaseﬁt aEz
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mation ‘of C nol results fromthe
r@@lﬂi@lsl @t othehersferentislt Aapanulariqe of cholesterol

~Ec&ﬁ%&%ﬁas%o Theof @rRLison 2081 «6RQl esta- Eh32 dicagol time
meéans of the action of 22- ggsaturas
cﬁ’@llé3§t drél s ot hEolpRetery obt IBF =Eh aﬁ‘gesn‘t) i"on,

but appears to be a m nor process on the
EXAMPLE 15: Optimization of the biosynthetic pathway

for cholesterol, role of A22-desaturase:

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

expression of A24-reductase was produced.

This strain was obtained by transformation of the CAlO
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basis of the preferential accumnulation of chol esterol
20 conpared to chol esta-5,22-dienol at the long tine
point (24 h) of the kinetics (figures 4 and 5).
EXAMPLE 15: Optim zation of jhe_biosynthetic pathway
for cholesterol, role of A22-desaturase: 25 For

| adugtihonytimes el bhesqidenvals Fbirdoar bhe thAG EQ4hium
strain, the accumulation  of cholesta:-5,22- dieno

. -5
r EpLesdAes BPPRBXIRAL @17 56% of St Rt L oh ol B EPBFOPhY
| Riter espled eo Uwrialls, (Thguserdin SBtdisedpwasncefiled

tﬁglgiﬁ-?esaturase gene is an option for optim zing
chol @ ol production. The construction of a strain

that is doubly disrupted in terns of 422- desaturase
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of i 422=deAldHASE), LXQr 8esLAA1 et TmRedUOt aggo8RE -5-enol
expressi on of A24.reductase was. produced. This. strainm, .
wasoithi hetehyetiantf GFRLTForP of STARS ER1D” 497 €% Pai n
Watkutine apliasim dfp YESEREsE245 by-dhendl t ismvesht odictle in
techni que_and. by sel Lon_f rof. L& h

 SEOR T RtRuy | TRLRERL RG] Shalll it 0on 4 (ehe ergs
CaedeA24s 5ehisenCAsd stfoai nsupstessing Asgcympiebion of

r%@#ﬁ%&‘ive@r 0gHCe$,2 ERHBLEVE! oM. aRENtadfivity of
cholesterol (cf. figures 6 and 7) and . accugul ates e
nehl y 2ehgEetacEa8Rol ChER@IRE Sirnt SMFRIF§LEIaMounCOBPeTES
e%@?&kdv@l@-@&%&ﬁﬁ Wﬁﬂh]ihé?Xbﬂn&Eﬁipﬂoﬁﬁct of the ergé
chol est -5, 7-dienol is ver ow.in u Ln

" HPEat g AL T STURR art of Sk pebdrdot g ShEgk resulre
eshent itde faimslibstems alliactephibat odn téfe eeg? vandvegygé
of chol LeS T CHi, Vi of,¢ t i miz i h
P T A e S e S

r eradugsiipnl ioft chodieser®dt- of the product of the erg6
gene. It may therefore be concluded fromthese results

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 feasibility of such a strain is established by the
construction of the WGIF04 and CAl0/A24 strains and
the fact that this strain is merely an obvious genetic
combination to be produced from the two preceding
strains. The data derived from WGIF04 indicate that
cholesta-5,24 disappears rapidly when A24-reductase is
expressed (comparing the results obtained with WGIFO3
and those obtained with WGIFC4). This makes it
possible to predict that cholesterol will be
synthesized very efficiently in a strain that is
simultaneously disrupted for the erg5 and ergé genes
and coexpresses A7-reductase and A24-reductase, the

cholesterol then being the only end sterol.

In conclusion, the minimum requirement for the

production of cholesterol at a threshold above or
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that the sinultaneous disruption of the erg5 and erg6
genes is inportant for the purpose of optimzing the
production of cholesterol. 20 Disruption of the ergs
gene in the W3 FO4 strain would_ neke it possible for
those skilled in the art to ~considerably increase the
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aln I1s estab i shed by the 25 construction of th 4 of
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arne is makes It "possible to
peediel . that chol esterol will be synthesized very
efficiently in a strain that is sinultaneously

disrupted for the erg5 and er enes 35 .a
cgwgégseé 6A7- rERRIARR e gﬁ e A9 efict acgég&'?%teerc’l and

chekesieieh bbBensbebpd hhgnaahyeend sterol. In
concl usi on, the mnimumrequirenment for the

production of chol esterol at a threshold above or 50
efhal g%l ¢feprodalctiter ob% Bs ldibslas | ehobestarol

e%968%%rc‘:?t’1 and frf(pf@ﬂé)nl@f e oL \fndiginctiass and-af of

uctase ementary di sruption of 422-
dedit ureris @A d Adke %%ﬂe@%. bitdet 0 YeRFove o  glucose

chehgsteedl naedued wilth aid,t goel i70 maherd hef culturing
para3|t|c ormati on of chol esta- 5, 22-di enol as end

sfEr 8P "CEXAVMPLE 16: | sot ope | abeling of cholestero
and 10 deflnltlon of isotope signatures: The

Geetr (Bdd e gEh | BRodhelenthG HoAliIai TP, OF che

atnbdcums@:t sGDﬁ @ ofbnrg ltthemjmrseseon Tlaucest 1153311613 is
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containing 2% of galactose not labeled with ¢ carbon.
The cultures are stopped 2 hours, 4 hours, 8 hours or
24 hours after the switch to galactose, and the
sterols are extracted and then analyzed (cf.
example 7). The switch from glucose to galactose
results in induction of +the GAL10/CYC1l promoters
controlling both the A7-reductase gene and the AZ4-
reductase gene. Simultaneously, there is a change in
isotope labeling of the carbon source. There ensues
the de novo synthesis of metabolic intermediates and
then of sterol, including cholesterol, comprising a
gradual change in labeling. This change in labeling
can be characterized by the mass profile of each
intermediate sterol. In fact, the incorporation of
each **C atom induces a shift in mass of one atomic
mass unit (AMU). Thus, for example, the cholesterol

appears with a molar mass ranging from 386 to 413

daltons depending on the degree of labeling. 1In

analysis by HPLC-mass, using positive electrospray
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at 30C. The cells are then recovered by centrifugation
of the nediumat 600 g for 10 m nutes. The cel

pellet is 20 then suspended in 50 m of fresh Kappel
medi um cont ai ni ng 2% of galag&ose not | abeled with 13C
carbon. The cultures are stopped 2 hours, 4 hours, 8

hggﬁﬁnglo 4 h@ﬂf%Eﬁéé%r(ﬁﬁbﬁaﬁtcﬁbtom?§|aghﬁ%@/cﬁaﬁge)

sterol's are extracte nd then anal yze
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[
Mrl) 1= F385- gabel%g) profeceterdid ridt AT 3 ?ﬂ the

HRLE cdees idleAenend-ga8 €l @l Ywoaht At deDiessof ahd with
apeling. The mass spectrum of an HPLC peak

cor 1M to0 a single sterol "X' corresponds to a

maes dbst ridawt peacweiechgéset her eftane tiire sapertgosi styain

(theﬁﬁun) of the mass distributions for the sterol "X
ffesi zed at various tines after | abel i ng. is 10

t hér ef one hepr pfhekod sghi thme s asonphéeh( f Hla@r @@Eur%t are
%p gn be conpletely experinentally determ ned, and

mhlc represents a uni que isotope signature which

This isotope profile has several unique properties:

-1) it can be modulated as desired by adjusting the
culture conditions, the strain used and the sterocl
chosen. A unique label register can therefore be
produced;

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

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

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

into foods, a medicinal product, additives or other



depends at the sanme tine: -1) on the | abeling protoco
and in particular on the 15 culture tinmes and
conditions with 12C glucose and with 13C gal act ose,
-2) on the precise genetic_styucture of the strain
used, -3) on the precise ting at which the cultures
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apdseabyetDOdEreﬁnﬁﬁeltexper|nentally (cf. figures 11
and 12) the double or triple plots which indicate the
reproducibility of the 35 profjles; L# it
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f%h%&g%ggea%%nEQQEuE%@ %Pdﬂ%éﬁé“ﬁéﬁﬁﬁh of labeling that
cannot be falsified, unlike, for example, DNA
signatures, which can be reproduced once they are
knowr. The gignature can, moreover, be read
nondestructively, for example by laser ionization
followed by mass spectrometry analysis (MALDI-TOF or
the like).

EXAMPLE 17: Production of nonanimal cholesterol highly
labeled with *°C:

The use of *’C galactose or of '’C ethanol and glucose
instead of the unlabeled carbon sources for culturing
the WGIF04 strain under the conditions described above
for the sterol analyses makes it possible to
synthesize ~very highly labeled sterols, and in
particular cholesterol (comprising at least 95% of B3¢
carbon). The preparation of **C-radiocactive sterols and
cholestercl is also possible by means of the same
approach. The method can alsc be incorporated into
yeast strains that produce stercids, and in particular

hydrocortisone {(cf. patent application WO 02/061109),
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into products of any type, including consunables, can
be readily obtained by virtue of the present
invention. There is a virtually unlimted nunber of

"i sotope words" that can be ggngtituted from such an
15 al phabet by meki ng use of "both the | abeling
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53 in order to produce 13C-|abel ed or 14C-| abel ed
steroids, for exanple for Rl A assays. EXAMPLE 18:
Canet r uctbmo7of aMamaai n shabipr odudeslefamai nl ymarkers:

chol est. I EH%CDRQ . Mat [ agR S, . rbed.i 4t h
pﬁtdg%f' SRR/ SXC e Bufol i S Uh%éel‘lfi‘t'ﬁgﬁﬁuir?pér Hide) s
02/06ERA9 wikid thes WERE! tetradn deser opd el eample 1
Nq&%&%@&%edﬁarkers: ERG5; ergé::TRP1).

After gporulation of the diploid, the sterol
composition of the spores 1is determined in orxder to
find spores that produce desmosterol, which is the
precursor for cholesterol, as described in example 6.
A spore producing desmostercl, having a functional
TRP1 gene and carrying the Arabidopsis thaliana
A7-reductase cDNA, as indicated by the PCR analysis,
was thus identified. In addition, this strain, called
YIM59 is sensitive to hygromycin, indicating that the

ERG5 gene is functional.

A sterol preparation, prepared as described in
examples 6 and 9, showed that this YIMS3 strain
produces sterols that have the same retention time as
zymosterol and desmosterol. The YIM59 strain also
showed auxotrophies for adenine, leucine, uracil and
histidine. The presence of desmosterol demonstrates

that this strain expresses the sterol A7 reductase and
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10 Cultures de M croorgani smes (CNCM [ National

Col Il ection of M croorganism 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 nunber 15

1: 281464+ The CPRA7 MM AL ShERE Bnkl ebeyank: AL ker S:

ade2: : GAL10/ CYC1P: : O7; erg5h:: P&K1P: : hygroR, ERG&) was
crossed with the WG FOL strain described in exanple 1
2Witheldlsl vimaokernsmprioRGag erigh: 1dRP1) ofAfdxression of

spor ul atj ft diplojd.. the sterol ._coopositi

tﬁ‘lém%rﬁordég&?% ‘de gleﬁ%" ele%tjbrederseggenfzfandé?;p?rhgs%g%4
prodbceadeswdstérd];, iwhictldrs thel @Srgyrectirsorringlation
chol esfer 9 iti‘ét@ﬁgg{ﬁtﬁd L RCXMPhE O ArtRRA8ing the

1
produci ng desnopste aving a functional TRP1 géne

aPUPERPPYPRg Phe RESBRZGopdias t MISandrodifiedtuctHie new

ChMNAmo sy RdIGRE byst heeP@Rr@napysinsterWas t ByiSochrome
identified. In_addition, this straia, c%#%sqiSO YII\/”59t

i S sedSi 13 vESPOARGEFBRy G, TRt GALing 1Rt Rife PERE-ST
gefieths plLashidnptYESADstieadt peEpaemsmphe pYepared as
described in exanples 6 and 9, showed that this Yl Mc9
strain 35 produces sterols that have the sane
r'heneequencre ¥ TARRNSIENY mdthlestssménsll. Nfge of the

YhieRo 5t naldh 3R showedsauxghr QRhEShOr CBdani Homoter
| euci ne, uracil and__histidine. The presence of

deRFDEPEE bl eHePBNEP+APBE: that this strain expresses

t h@g@@ﬁ@@ét@?ct&@%@&?ﬁﬁtﬁ@@téétﬁg&ﬁa&a‘@:ic@?gqidneastat;at atg
nonf unctional e allele. th the aimo v
B e L
nUctEQttQEQSEquentetotaah&atk{EQﬂCCBt@tﬁ#ﬁ&%ﬁggtCCtttgt
RO LR B PRS0 AT RO 0L AN sl
eXPF 2537 A3 Y C TR ARBA BPSHARBHF ¢ F e BETGReT Fev CTCTGCG

proBpten ©elegfed is the CYCL pronoter of cytochrone
ci, as a replacenent for the GAL1l i nduci bl e pronoter

The small letters represent the partial nuclecotide
sequence of the CYC1 promoter fcllowed by the AttBl
recombination sequences and then an AAAA sedquence
which precedes the initiating ATG. The sequence of the
first two codons was also modified ({seguence GAA-CCT
after the ATG initiating codon).

The final plasmid carrying the DHCR24 cDNA under the
control of the CYCl1l promoter and also the S.cerevisiae
2u origin of replication and the URA3-d selection
marker was called pIM331. Its equivalent without the
DHCR24 cDNA was called pIM303.

The YIM59 strain is transformed independently with the
plasmids pIM303 and pIM331, and two transformants
carrying the plasmid pIM303 (YIMS59/pIM303 strain) or
pIM331 (YIMS59/pIM331 strain) are more particularly

selected.
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10 of the plasm d pYES Delta24 (cf. exanple 3). The
sequence corresponding to the termnal NH2 of the

DHCR24 reductase as a fusion with the CYCL pronoter

was nodified as follows: 15 oo _

t agcgt ggat ggccaggcaact tt agt gc?gacacat acaggcat atatatatg

t gt gcgacgacacat gat cat at ggcat gcat gt gct ct gt at gt at at aaaac
tcttgttttcttcttttctctaaatattctttccttatacattaggtcctitqt h
aGbatgaafEERLBF a IRt AUGACECycaRacthc LYt ggtlc

t gledq aaaasngeagd Rt AaceRA T SAAACHKICCEE G HHGGEEGIEMNECGLN

20 (SEQID No. 7). The.smal.l lettegrs , repr.es e
p&FHiEA| %cf‘%%?f‘%ﬂeansead{Fechcbealjo?et%é éQCIatprggr%tltérE' Total
f eltleawd dttdver At { Bbteriefbedi saeirod sseapientese angerols)
t hen e 2 i ¢h e ne i nitd ati

A e AOMeSIRIR0S PRl RIS CEER iRy (lq SbueR2e
noBNR) edapéeqriendeGARINEY/ PAMBAL tPErATG | (fiaytating the

cogemrba Thepfinal a&leasn%:gogﬁéé?ﬂi Ndi het PEHCRA-eddMre  of
under the ., 30 contr.ol t he CYCl c%r:ormter ﬁnd Isod 6)
t Fet8ageldd Hg&ss2 gy 3@4%%?14%&' at FoH RN t Ae® :

URAZ=@ selvectioraim@r kefe Wwaestald eflopl M33dir | tability to
equi val ent wi t hout the 4 wa I 03
SORE\ sBbLERE TS | PHIES cofohda il Ak S are
t ke vepl dsti fisowtd/B03 . afthep|BINEt iamd tiwe: rarSFORREAL 3TC
carrying.t ' 03 strain) or
p%%\f %\’?l k{)g&%l%%gbﬁ RLAMBRB LYLVBA BRI )

31 strain) are fore particularly
sel ected. 55 These strains are cultured in a

r eGORGld il gdsdi bIediaingiedw t bigaKappel stiype that73does
hours at 28C in, order to attain an _absor.bance

f
af'%600 T Yot GPes SIEFSIT extPhct $FESEHT) edogt e?)%F§24
and IMse¢ pSMainal s st rafint he dvkelbIhptMB@3ositicai nchedestercl

SHPRES e g Ra B@%&%@ﬁt S e
préserstaragin  peahamskiréegottdssi R%r@ﬁl?‘%le (éféfd_59r)pIM331
f)r%i‘i@%ligﬁi %xt%nﬂltc?s 40s7bese tWatStAl Nshar eet et eanf @fime
of cholesterol (part B). It was possible to
demonstrate, by techniques of gas chromatography
coupled to electron-impact mass spectrometry (as
described in example 6), that this sterol is indeed
cholesterol. 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% cf the sterols.

Depositing of biclogical material

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

the Treaty of Budapest.

- WGIF04 strain deposited under the registration
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produce chol esterol. Sone of the results (GC) are
given in figure 13. The retention tinmes presented are
given in mnutes on two chromatograns. 15 It was thus
possi ble to show that the st in that does not carry
t he vector for expreSS| on of 4 (YIMb9/ pl MBO3

strain) d&g (fJ_-;oduce chol esterol (part A), but
mai nly STost er'o (part A) . Conversely, the strain

that carries the DHCR24 cDNA (YI Mb9/ pl MB31 20 strai n)
produces a sterol that has t Cg retention tine

chéllest'd?®dl PHEMCBFIOPE wRlDosBREFELEo Wq‘dat edre
bynteehbiraues ofngas tehr oppssgnapkppldmapliet tby way of
el ectron-inpact nass spectronmetry (as described in
e%gﬁﬁﬁgnéf that this sterol is indeed 25 chol esterol .
Usi ng the surface areas of each of the sterol peaks,

SoR2ssHY.e to estimate that .the amount of

duced by the Yi I\/59/p| MB31 strain was

57%of the sterols. 30 Depositing of biological
material The foll ovm ng organi sns vvere depas

hort | A3ans. Sd0d. wi FRG he cia Bot | SRORat |l Gedd | Biol.

Cul tutessdes-dbcroorgani snes (CNCM [ Nati onal
Col l ection of 35 M croorganismCultures], 25 rue du

Doct entisRodX, FEed24M. PaBirsnCellegel’h, HEm@sten akeorxlt ng- /
to thg, §£8Vb§{r9 spof s&?ﬁm'arﬁeﬁ% of sﬁH‘éﬂpﬁéhn X\G F@éruhl

straln ep05|te unde e reglstratlon -
1- 3208evin| (Béipebs) catfwierind P&atém%l%reﬁﬂ oW@éeSPéar

'ncofﬁ%%gg Infaﬁbmghaaessyt @@th camgp by vvs&mgf The.
ref erence

% , and CG lﬂ'l:l.rd
1996. CWBFeRE| | PEP PCO fo felszfé’ﬂ?rzo ST Srbel

M, BreshtuRpgergthi ngiver Rabewt Eork,MoaNE delc!BSE). , USA
Sei d

oot oeButy G BPh PRASERa ApBhr BBy Kevin (Editors).
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spectrag contrijbuti ogsgof the stepok unsaturati gng 5

(exugc:__ oncoefficients MW cmri] _unsaruration
Mavel etigth (nmyl 206 838 280 |5 3 9170 0. 0|5 7

1.7 $17525,7,22 4.8 4.¢ 11.5| 5,221474 0.0 0.0 £ 24

g, 3, 95?3 .g. g, ’Jéj 241%.é 27.010.0 8,.6, 24 (.5 1. /0:!'%' o
5,24 6.9 0.0 0.0
5,22,24 B.7 27.0 0.0
5,7,24 7.5 1.7 11.5
5,7,22,24 9.2 29.8 11.5
8,24 6.9 0.0 0.0
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8,24 6.9 0.0 0.0 WD 2005/121315 PCT/ FR2005/ 001090 -
59 CLAIMS 1. An organismof the kingdom Fungi, that
aut ononmousl y produces chol esterol. 5 2. The organi sm

aﬁgc%%bg?gzhgl laim1l, characterized inpé P%Rﬁé $;001090
genefica

y modi fied. 3. Theggrganismas clal n‘EdOI n
claim1l or 2, 10 characterized in that it produces
chol esterol froma sinpl eccgrdon source. 4. The
organismas clainmed in one of clains 1 to 3,
characterized in that it expresses the 7- 15
dehydr gehol estandlsnr edact asehand RiGghpdr oxy¥singriol that

L24- reductase_en . 5. rganismas clainmed in

c PR RO %Pgﬁé%(’ﬁn%% g?‘é’%lég%f%P “met hyl t r ansf er ase
enzynme has been 20 inactivated. 6. The organi sm as

chai meqyin QAN s 21d el £ c188mC 22 cphebeherized
désat urase erzyne has been inactivated. 25 7. The
oiFaithein && daprBgtiifadhy sPddfdess 4 to 6,
characterized in that the expression of the 7-

dehydr ochol est erol reductase _and .3, Q hydroxyst ey ol

A3A- rgg’ﬁct EEBHA s T s Sg?éf“ﬁgd 7t orﬁfati%ﬁ 2
obhhltect3@iceganismchdt THte prgdnces ahcdlesiceadli nfxoere a
of .cl ai to 7 aracterized in that the

i RACE) \?gt%iao%rlfogf SFHé:%%t'erol 24- C-net hyl transf er ase
enzyme is carried out by gene 35 inactivation. 9. The
Oﬁgan'%ﬁba%%ﬁéﬁﬂgﬁjéﬁ o0giRéackal BhedS dfo Blaims 1 to 3,
characterized in that the inactivation of the CG22 60 . _

stoparciesiEsfase Bhzynk'®s cartlti ed BRI Tene
dehydrocholesterol reductase and 38-hydroxysterol AZ24-

reductase enzymes.

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

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

the Cc-22 sterol desaturase enzyme has been

inactivated.

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

organism.

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

inactivation.

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

characterized in that the inactivation of the C-22
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i nactivation. 10. The organismas clainmed in one of
the preceding 5 clains, characterized in that it is
chosen fromthe genus Saccharomyces or

Schi zosaccharonyces. 11. Axsgﬁcbaronyces cerevisi ae
yeast strain, characterized Inthat it is the W3 F04

S ' 1 Lted w.t he .Col | j L,on d
C%F?ggés ggg%ll%g%c%)d;cc)"rgga\r%ns21 S (Cll\gél\/p %Bona 4 aﬂﬁ Gene
Coheettiveniofi. M croorgani sm Cul tures] on April 22,

2004 under the registration nunber 1-3203. 15 12. A

met hod for produci ng chol est erol, of nonagimﬂFF origia,
cofpri ShAg WFETEE (R F nGLELMEA OryafRSmPhs TS aPRBHSF AT

08Bafhst haepneradinigal aias.thkt The it bhdsan dmimrethe
in _clai characteriz hat _the step

12 d, .20 in h
c8rEr8: PreCratoll e Re  Erbi8PsanRraATomYorsT | oned by a

step consisting in extracting the cholesterol. 14.

The met hod LRddn cl abmel3s;gharagieldzed g@pain,
iEtha% théﬂ%¥%%gttloﬁhgf t%ég%hg é%teroﬁ;is carr?edal?
oghawhehenined- watrer - Wai biié sotwenthels WO et AbALN
agepbai B iMchl @h@ 13 10eddon A AsiLrd 288 Chlthnés ade
saponification step i s c?rrleﬁ 30 out befﬁ%ﬁethe £
ML FREPFEANOP ERe cHOMNESY er ol (M3 O fHe meYRLtP G ™™ ©
cMatgedrgantbal il udekslor ohb, Apeihr act,er2eed iundehat the
a_step,.copsisting,.in ne ical grinding of the cells
igegégFF% 183tn5§?8FeE?%2635 saponi fication or the
extraction of the cholesterol. 17. The use of an

of gani smpas el Al fBd Iy QNR 8y €hanBBrdrb® bl hGhanimal

produci ng chol esterol”, or one of , its netabolic

| AEeFhBdi FYBRT BFLRE nibhaur EudFuSiafo| 9 @1 - orgRoisy as

Wl Bidd€ 9h BhéhotdEhe l8rebetBhfodl f0mspr oduci ng
chol esterol, or one of Its netabolic internedi ates,

or a mxture of sterols, 5 |labeled with 13C or with
14€, coOhpr ieithedt kes f oldbmédiginstadpsm 12, characterized

in that the step consisting in culturing the organism
is followed by a step consisting in extracting the

cheolesterol.

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

out with a non-water-miscible solvent.

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

out before the extraction of the cholesterol.

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

saponification or the extraction of the cholesterol.

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

its metabolic intermediates, or a mixture of sterols,
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- culturing an organismas clainmed in one of clains 1
to 11 on a 13C-| abel ed or 14C-| abel ed substrate, and
- extracting said cholesterol, or one of its 10

met abol i c internedi ates, or e mxture of sterols.

19. A nmethod for producing an”isotopic mxture of

E Feﬁtgro thoﬁz Q¥4Q§f§{ah i nternmedi ates or of

8ster 81 “Het abdli tes %eled at various positions

15 using isotope | abels, conprising culturing an

Oﬁgan'gwhe%%oﬁl%d?ﬂ$fdﬁdﬁﬁigﬁcﬂéfﬁé&ééoﬁC)&ann@ of its

| abel e substrate and then on an unl abel ed s bstrate:L

t Retabgliar e INEREGSHA2EEEN 0Pt heseMSfhEEFat BS bEFRGOLS:

chasened Rridlerct @robiaim Hcdefdomest isinippeher abllewing

20 20. A conposition containing, as a traceability

| §58P%:an i sotopic mxture of chol esterol, of

cholesﬁbtﬂflngt&nnedganesmogsoﬁlahmééstarohe of claims 1

met abp " 'gbﬂ'gega%glga“ bQuS: ROSlid Qe g&;g&a&% and

|sotope be?s an aving a defined 1sotope profil ,

21. Testranbbrdti omisk crPheheaterCEl ai M0, one of  its

Charaﬁé@ébéfﬁc'DnEQ@&eaiatéslné?”@ﬁé hoktthe bfebbepbls.

human or animal food or therapy 30 22. A sanpl e of

nol ecul es of chol esterol, of chol esterol

i nber madi aéesoar mrcwoas;tcamgi anet pbotdp s  Imeibeduet of

at . v oSiti si.n |sotope

dshP i?& e§8?0pe‘% ofﬁ L& SR A 3%n%§gﬁ% o%%a i ne

nehniestetbé mit thedwb loift gpF 0dLigb & bad a§(ﬂQW¥Q%B|EO§F§PﬁPS

T250pCh. 4 xt L S NG, <&ﬁ06 nlsm

E’ﬁtgg‘]q %%rﬁ% S°A glzoco'@ﬁgf%s PRODUCI NG 5

SEFRAI N2 AREA USES PHEREOE Qh%@ﬁspmoﬁﬁzs%l%%% 7 6;6

Pat,eath-ar¥er §H8N 8hdn <@d0>arl unlabeled substrate, the
culture times on each of these substrates being chosen

in order to obtain a defined iscotope profile.

20. A composition containing, as a traceability

label, an isotopic mixture of cholesterol, of
cholesterol intermediates or of cholesterol
metabolites, labeled at various positions using

isotope labels and having a defined isotope profile.

21. The composition as claimed in claim 20,
characterized in that it is intended for the field of

human or animal food or therapy.

22. A sample of molecules of <cholesterol, of
cholesterol intermediates or of cholesterol
metabolites labeled at various positions using isotope
labels, that has a defined isotope profile and that
can be obtained by means of the method of production

as claimed in claim 19.



<211> 63 <212> DNA <213> Artificial <400> 1
cctagcgacg aaaagcatca ttggagtgaa taacttggac ttaccattct
tagcattttg 60 acg 63 <210> 2 <211> 68 <212> DNA
<213> Artificial <400> 2 gcataagagt gaaacagaat

t gagaaaaag acaggcccaa ttcaaattcg ggt cgaaaaa 60

agaaaagg 68 <210> 21 DNA <213>
RO aoos SApEtAT Shasete an
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Artificial <400> 5 tatatagcgg ccgctttcgc tgattaatta
ccccag 36 <210> 6 <211> 34
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<210> 1

<211l> 63

<212> DNA

<213> Artificial

<400> 1
cctagegacg aaaagcatca ttggagtgaa taacttggac ttaccattct tageattttg 60

acg

63

<210> 2

<211> 68

<212> DNA

<213> Artificial

<400> 2
gecataagagt gaaacagaat tgagaaaaag acaggcccaa ttcaaatteg ggtcgaazaaa 60

agaaaadgy &8

<210> 3

<211> 25

<212> DNA

<213> Artificial

<400> 3
agggccgaac aaagcccega tctte 25
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<212> DNA <213> Artificial <400> 6 tatatagcgg
ccgcgagaag tgacgcaagc atca 34 <210> 7 <211> 270

<212> DNA <213> Artificial <400> 7 tagcgtggat
ggccaggcaa ctttagtgct gacacgtaca ggcatatata tatgtgtgcg
60 acgacacatg atcatatggc afgcatgtgc tctgtatgta

tataaaactc ttgttttaxlyodd9s Siideeet eka aatattcttt
ccttatacat taggtccttt gtagcataaa ttactatact 180

tct at agaca cgcaaacaca aaggaattga caagtttgta caaaaaagca
<210ggckt aaaaaa 240 tggaacctgc cgtgtcgctg gcecgtgtgeca 270

<211Paga 2
«<212> DNA
<213> Artificial

<400> 4
ggcaaaccga ggaactcttg g 21

<210> 5

<211> 36

<212> DNA

<213> Artificial

<400> 5
tatatagegg ccgettbtege tgattaatta ccccag 36

<210> 6

<211l> 34

<212> DNA

<213> Artificial

<400> 6
tatatagegyg cogcgagaag tgacgcaage atca 34

<210> 7

<21l> 270

<212> DNA

<213> Artificial

<400> 7

tagegtggat ggccaggeaa ctttagtget gacacataca ggcatatata tatgtgtgeg 60
acgacacatg atcatatgge atgcatgtge tctgtatgta tataaaactc ttgttttett 120
cttttctcota aatattcttt ccottatacat taggtccttt gtageataza ttactatact 180
tctatagaca cgcaaacaca aaggaattga caagtttgta caaaaaagca ggctaaaaaa 240
tggaacctge cgtgtegetg gecegtgtgea 270
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