1 CHOLESTEROL- PRODUCI NG YEAST STRAINS AND USES THEREOF
The present invention relates to the production of
chol esterol in organisns of the kingdom Fungi. 5
Cholesterol (cf. figure 1) is the nost inportant
animal sterol. It is a fundamental conponent of cell
menbranes, of which it controls the fluidity, and is
present in all animal tissues and particularly in 10
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Cholesterol is also used in the industrial synthesis
of vitamin D;. This vitamin is subsequently qsed to
20 supplement human food (in dairy products, for example)
and animal food. Cholestercl is also advantageocusly
used as an additive in animal food, in particular in

food intended for farmed shrimp.

25 Currently, the vast majority of cholesterol 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,

30 which is the natural fat of sheep’s wool.

The use of animal tissue as a starting product raises
problems. Thus, the recent problems associated with
transmission of the prion responsible for sheep
35 &scrapie to cattle (disease called BSE (bovine
gpongiform 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



need for care when using aninmal tissue as a starting
materi al. However, despite the steps taken, the risk
of transm ssion of a pathogenic agent cannot be - 2 -
totally excluded. It would therefore be extrenely
advant ageous to have a source of chol esterol that does
not conme froman animal tissue. -5 The aimof the
present invention is to provide an abundant source of
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The haveRtouhave sho¥Na Seuififd sifnghyledthaloli thas does
posshplcec e %’ré%rgntmirﬁﬁt W ak,production of
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relates to an organi smof the kingdom Fungi as defi ned
aboveenérdll eRschiptivn Aflehydinedialiesat er ol reduct ase
and 3P-hydroxysterol 30 A24-reductase enzynes. More
particularly, the invention relates to an organi sm as
def i fed15BbVEPEFH WAf chPE hd§FUrGR concerns an organism
24- Cofiet biye t riahsddmms erezy nehhs beerndinmactyvapedduces
and/ ghoide Lo22 sterol desaturase enzyne has been
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A second aspect of the invention concerns an organism
of the kingdom Fungi as defined above, wherein the

20 latter is genetically modified.

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

25 source.

The invention also relates to an organism of the
kingdom Fungi as defined above, expressing the
7-dehydrocholesterol reductase and 3f-hydroxysterol

30 A24-reductase enzymes. More particularly, the
invention relates to an organism as defined above, in
which the sterol 24-C-methyltransferase enzyme has
been inactivated and/or the C-22 sterol desaturase
enzyme has been inactivated.

35
Another aspect of the invention concerns an organism
of the kingdom Fungi as defined above, wherein the
expression of the 7-dehydrocholesterocl reductase and
38-hydroxysterol A24-reductase enzymes is obtained by



Anot her aspect of the invention concerns an organi sm
of the kingdom Fungi as defined above, wherein the
expression of the 7-dehydrochol esterol reductase and
3P- hydr oxyst erol A24-reductase enzynes i s obtai ned by
- 3 - transformation of the organism The invention
also relates to an organi sm-os the ki ngdom Fungi as
defi ned above, wherein the 5 inactivation of the
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' even more particularly from the Family
Saccharomycetaceae or Schi zosaccharomycetaceae, even
more particularly from the genus Saccharomyces oOr

20 Schizosaccharomyces.

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

25. BSchizogaccharomyces pombe.

The invention also relates to a method for producing
cholesterol of nonanimal origin, compriging the
culturing of an organism as defined "above. More
' 30 particularly, in this method, the step comsisting in
culturing the organism is followed by a step
coﬁsisting in extracting the cholestercl. Preferably,
the extraction of the cholesterol is carried out with
a non-water-miscible solvent.

35 :
More particularly, in the wmethod as define,d' 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



as defined above. Mdre the step consisting in

culturing the organismis followed by a step
consisting in extracting the chol esterol. Preferably,
the extraction of the cholesterol is carried out with
a non-water-m scible solvent. More particularly, in
the nmet hod as defined above,. @ saponification step is
carried out before the extraction of the chol esterol.
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The invention also relates to a method for producing
an isotopic mixture of éholesterol, of cholesterol
intermediates or of cholesterol metabolites, labeled
25 at various positions using isotope labels, comprising
culturing an organism of the kingdom Fungi as defined
above on a labeled substrate and then on an unlabeled
substrate, the culture times .on each of these
substrates being chosen in order tc obtain a defined
30 isotope profile. The invention also relates to a
sample of molecﬁles of cholesterol, of <cholesterol
intermediates or of cholesterol metabolites labeled at
various positions using isotope labels, that has a
defined isotope profile and that can be obtained by

35 means of this method of production.

The invention also relates to a composition
containing, as a traceability iabel, an isgotopic
mixture of cholesterol, of cholesterol intermediates .



30 isotope profile. The invention also relates to a
sanpl e of nol ecules of chol esterol, of chol esterol

i nternmedi ates or of chol esterol netabolites | abel ed at
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35 The fact that the production is carried out
autonomously means that there is no need to add
substrates in order to obtain the cholesterol, but
that the organism can produce it only £from the
gtarting simple c.arhon source. It is also clear that



A certain nunber of genetic nodifications of the
fungus can be effected in order to divert the natura
15 netabol i ¢ pat hway of ergosterol production toward

t he production of chol esterol. The present invention
thus relates to a genetically nodified organismof the
ki ngdom Fungi expressing the & dehydrochol estero

reduct ase and 3p- hydroxysterol A24-reductase_enzynpes.
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35 with the Genbank reference 8E636562. Those skill ed

inthe art will be able to readily isolate other
honol ogous genes encodi ng the 7-dehydrochol esterol
reduct ase enzyne in other - 8 - organisns. They may
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‘Those skilled in the art will be able to readily

isolateé other homologous genes encoding the
7-dehydrocholestezrol reductase enzyme in other



15 chol esta-7, 24-dienol), which reduction is
necessary for the biosynthesis of cholesterol in
humans in particular (HR .Waterhamet a/., 2001).
This enzyme will also be called delta 24-(25) stero
reductase, delta 24 sterol Reductase or A24-reductase
in the 20 remai nder of this d&cament. The gene

di t he 3/ d t i
s PEBIEEE 1 GPopnger| Vo SPigtEte EHE IRF (a2 ¥iBning

i sol aeEbed oflephitiksst r éBpHAFAGE genafaRteRt dbnr’édst b
25 oflwnt bh SagszyitRs B tdienyegsheSast amomecdsting a cDNA

cere s des ed, | UlYd1¢at 5O R rol-delta-
Wat e\réhé%&g%d aI£I é%%@ Thghés‘éﬁgg%aelsia%g t hi grgne anz
of t AeTPREse aretadddssi Bt 8 ¥
GenBablkoaccessiidy nuddiszsiinkM @&K?GZ7aﬁdh3@rQH§§§?¥t389l

A cerbal, - JUuThet: Qf; cRormd O%Sc@frédyoﬁdgﬁ@epbav&z{menm

d b t The h
T sl B, o s

nucl esainpfee Seqdepngtentf Hhi7EA 14%9acce53| bl e under
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the open reading frame encoding the

7-dehydrocholesterocl  reductase enzyme and of a

20 suitable transcription terminator, according to the

usual rules known to those skilled in the art. As

homologous promoter, usge will in general be made of a

promoter that is suitable for allowing sufficient and

functional expression of the heterologous protein. The

25 promoter may, for example, be the PGK promoter, the

ADH promoter, the CYCl1 promoter, the GAL10/ CXCl

promotexr, the TDH3 promoter or the TPI promcter. The

terminator may, for example, be the terminator of the

phosphoglycerate kinase (PGK) gene. Said “expression

.30 cassette can be integrated, in the form of one or more

copies, into the nuclear or mitochondrial genome of

the host, or can be carried by an artificial structure

of the yeast artificial chromosome (YAC) type or be

, carried by an episomal genetic element such as a

35 plasmid. In order to effect this type of expression,

yeast of the Yarrowia lipolitica, Kluyveromyces Jactis
or Pichia pastoris type can, for example, be used.

~ Preferably, the 7-dehydrocholesterol reductase enzyme



Those skilled in the art will be able to readily

i sol at eot her honol ogous genes encodi ng the

310- hydr oxyst er ol A24-reduct ase enzynei not her 10

organi sns. They may in particular refer to the cloning
nmet hod described in the publication HR Waterham et

al., 2001. Those skilled inithe.art will also be able
to readily . determine the 3P-hydroxysterol A24-
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genepjapdaCe i Bhe,endela ipeobobypWi ng GenBank
accessi on nunb&r: NC 0011457 The sequence of the

Q%rrespondlng protein is accessible under the '
f ol | BwreagtdanBambesc ofs fiopplogues of this gene have been

described in other species. They are, for example, the
homologous gene in mice (Mus musculus) (the nucleotide
sequence of which is accessible under GenBank number:
35 NM_053272, the protein sequence of which is accessible
under GenBank number: NP_444502). Homologues have been
described in the worm Caenorhabditis elegans, and in
particular a complementary DNA with the Genbank
reference AF026214. Homologoué gequences have also



20 nunber: NP 013706 (Bowman et al., 1997), (CGoffeau

et al., 1996). A certain nunber of honvol ogues of this
gene have been described in other Fungi. They are, for
exanpl e, the 25 honol ogous gene in Schi zosaccharonyces
ponbe (the nucl eotide sequence of which is accessible
under GenBank nunber Z99759, the protein sequence of
whi ch is accessi bl e under GenBank nunber: CAB16897)
(Wobeei dbscri2@@2)in t htamonn| sgdusageretion Ne GPESYRTET
Crasga,30fuf, ey, PUc| 8Qkl d@eﬁﬁaku@n(i%fef:em chaivs 47602.1,

accessi bl e under NCB2
sequEhT® of “WAith §%1§€Cess{r% [e ik %’szbga%e e lgé&e

CABOAEBI)S 15t he dronmuberyous Phewe |ﬁa€aﬁéﬁ‘rda wi c%ﬁ%b nk

(& heropol et drxsempence of which is accessi bl e under
GenBank nunber: 35 AF031941, the protein sequence of

whi ch is accessi bl e under GenBank _n nber AAC26626
(JenBesseplakiad efnglthe 1358) widdneld® eAbdli aﬁegdlly
enzyisohaol| ogaksrt 0 ERGELdmwss al sEnesen @vsedinsed i¥he

Ca”%,ﬁ'%édi%&&@@é?& Wi gty _Genbapksd ef erppee AADR1936kHer
organisms. They may in particular refer to the clonlng
method described in the publication HR. Waterham et
al., 2001. Those skilled in the art will also be able
to readily determine the 38-hydroxysterol  AZ4-
reductase activity of the corresponding proteins, in

15 particular using the activity assay also described in

the publication (Waterham et al., 2001).

Expression of the 3B-hydroxysterol AZ4-reductase
enzyme in an organism of the kingdom Fungi according
20 to the invention can be obtained by any means known to
those skilled in the art. This mway in particular
involve the means described above with regard to the
"expression of the 7-dehydrocholesterol reductase
_ enzyme.
25 :
Preferably, the 38-hydroxysterol A24-reductase enzyme
expressed is the human enzyme. An example of isolation
of the corresponding gene and of expression of this
enzyme in the yeast Saccharomyces cerevigiae is
30 described in the publication HR. Waterham et al.,
2001. it may, however, be any homblogous ox
nonhomologous, natural  or artificial, enzyme

exhibiting the same enzyme activity.

35 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.



Pneunocystis carinii (Kaneshiro et al., 2002) or in
Kl uveronyces lactis (Qzier-Kal ogeropoul os et al.
1998). 5 Those skilled in the art will be able to
readily isol ate other genes honol ogous to the Erg6
gene in organi sms of the kingdom Fungi. Those skilled
inthe art will also be able {p readily determ ne the
sterol 24-C-nethyltransferase activity of the
corresponding 10 proteins, in particular using, as

acti \&'hte.\/ %é@%ﬁ tzﬁecfr‘g@?{y*l%}ﬁhsﬁé’f@eeﬁﬁﬁkﬁhé ObeRfrsa the
yeast rain disr upt e or _t e g

conpl"BHBRF at iFn4r §- 1 Heh atPest 2‘8 tgﬂb el?%lg??%?lrmt FoRY™e
of stBeebsfidriticare Yr ahehedsat Ctaﬁéeé4 E5&€Py i cﬂ?ltrarﬁz‘” -

part |rr(é'&h§i t@fnsHe@hals 0b1€4 goot-3telblt yipehghrratisfgrase,
met h;QWl c)olu 4at EH&E I]I%?eggg tion. The pr@s‘ﬂg}g&gsﬁ_

ero ransferase bi ol ogi cal
act i \#l*t"?tqu’mlrﬁl :§5epel d@? ﬁﬁ%f#édmﬁﬁ byl g ade T Agans SBF L
the tacheifisies develmpednpirfdvisCanmava, et al . ,S-EF8APsPE-
by T@Ll‘ngEhMr%ngf{igg%t{ E@fl) Oét@ﬁgl Pﬁét'.‘lﬁﬂlt&%ﬁgferase or

Fur t her nor e produced ?gd t he subst r%urall
£8r t%tzﬁ@rc@nszmnanséeg%%%ra t° by GEST Y
chr orateliyzgphy abeor di+&¢ t omehbylatcian quefde\fﬁim%éér%
Nes i Metiods, iheErgERlofy o8t esisterand | soprenoi ds
Vol une 111 part 25 B, 1985, "A conpari son of Methods for
the Identification of Sterols", g 3-37). The strain
of olTyanigsneof er¢rdigiongtiotn PERGP a&édﬁdi“ﬁahyltransferase
h 8t hepresentydv eAkinodexf@ssiAgttiee 3Feast Saccharomyces

7- dehydrochol est.grol gggﬁ; Ser a 0 r Qxy Sieietkiny
A24- rc)eééipuci1L asAe en@{éo é Is(gJE egﬁllébl QMQ ?ﬁaﬁwg}eﬂgone

of t MBd8Eer dihe24- ECHER'VAG r afi€PRIUS e é‘ﬁ? e Bt od i
chol st eonl45 . TheheAppédqueanrte hefs fime f actrdrmondibbe protein

det er; i rkfcéeggﬁbléuﬁﬁaéﬁ' ri:glley fctlrl%w'lﬁéade\f@bhﬁn QcekBeon
35 stero 24- C-neth nsfera §1nz ocliéokpgau ot

BPos?HF'H%’ﬁcNBaQW f GFYEFGost e upstgpgam and

al | owd .| nt¥®&dsed production of chol esterol by the
fungus strain (cf the exanpl e section of the present
appl IAcatl On%ré o) es %% t:,ﬁ;u ne have been
The7®dERYE? hrb‘f"ébselrer 51 PEBGE AL a3/ 3 hydT oxyst er ol
A24- dedotibesk Bhrghey dFuwnddxpe¥edrRs $&&crplgle, the
8b0VeomSLddttid Naehivathonsehi tdmmceherahyces pombe (the
24- CollE] Dyl {4 ANSEGLARES Sy MRafiAR DECaRELathi®IE Diinder

any HeEans Known t in.the art. gag/m 0,
par t FeuBaps | Ryeisre 337 5%t F&’&u&qo&ﬁlnbfeﬁﬁ?ﬁﬁ%ng +
of aiBoasesseiHIwt ahiien, GdiBotk ammmbaser CARYEEH7) of(Wgod et

?ﬁl eLion Lhat, dpayggshgm& c_:fér{é"e.l.rf eﬁfuz%pt:&arr%rlaesa
€ gene encodi sal roteli may al SO 11
#he 3%? RS Pt e aHEICe b YRIER 577 fagcqsg LbTe  Bnder

conpheneailamunert hICRESRNdde RNAtehe ogedqHpnsg @f which |
pr ot ek N, , Rleskhif) gERRaSH! RGNS yatuiaknovaBs Rdd)IgSethe

ski | e art as R na f g

Phe BSSldby i min oy endRT Aipaaak | AehBd Mlhbotife
nat upednhgnasx it WInChheSh@s:Fesﬂ"#@l?ru‘tl%%ihé%Q@aé%n nggber :
35 AF031941, the protein seguence of which is accessible

under GenBank number: AAC266286) {(Jensen-Pergakes et
al., 1998). Genes encoding an enzyme homologous to
.ERGS have also been described in Candida lusitaniae,
with Genb;ank reference 'AA021936.1 and also in



20 effected in the coding sequence or in a noncoding
sequence so as to render the encoded protein inactive
or to prevent its expression or its translation. The
nmut agenesi s can be effected in vitro or in situ, by

- suppression, substitution, deletion and/or addition of
25 one or nore bases in the_ggne under consideration,
or by gene inactivation. This may in particul ar )

i Nvolpxeuhd s duitr adirdhii on (EEnashiexogenoasd . DNAOPAL o oFhett

COdiRﬂu§§ﬂﬂ§Q%% 0r7 ,RE-98Dt @5, 30, SQAYEREEH&IIYs eXxapl £l .,

an exgre53| n cassette w th honol ogous pronoter and/ or
terntAd®r and a heterol ogous codi ng portion). The
expressi on cassette advantageously allows the
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A24- gguctase en%%nes apd al gg-exhjit ingetiyatiopyof-

10 t he®C 2PSTEr6r desaturase enzyne. ,
methyltransferase biological activity will also be

determined in vitro by means of the technigues
developed by (McCammon et al., 1984) or by Taylor and
20 ©Parks (Taylor and Parks, 1978). Furthermore, the
sterols produced and the substrate for the ERG6 enzyme
~will be separated by gas chromatography according to
the techniéue developed by Nes in {(Methods in
Enzymolbgy Steroids and Isoprencids Volume 111 part
25 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
30 7-dehydrocholesterol reductase and 35-hydroxysterol
A24-reductage enzymes and also exhibiting inactivation
of the sterol 24-C-methyltransferase enzyme produces
cholesterol. The Applicant has in fact been able to
determine that, surprisingly, the inactivation of the
35 sterol 24—C-methyltransferase enzyme blocks the
biosynthetic pathway for ergosterol upstream, and
allows increased production of cholesterol by the
fungus strainr(cf. the example section of the present

application) .



The C-22 sterol desaturase enzynme is also called
ERGbp, Cyp6l, cytochronme p-45061 or sterol delta22-
desaturase. This enzyne naturally catal yzes the 15
conversion of ergosta-5,7,24(28)-trienol to
ergostab, 7, 22, 24(28) -tetraenol by addi ng a doubl e bond
at position C22 (cf. figure_2)3 _The gene encodi ng the
C- 22 sterol desaturase enzyne 20 was named Erg5 in the
yeast Saccharomyces cerevisiae. The sequence of this

generhs aCCfﬁﬁ%h9h§oHﬁ6&Hsdé¥%lf0||Q&ﬁﬁ&ké§%n8anhnd 38-

accessi on nbe The sgqu a
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foIIdﬂﬁﬁ@ﬁhﬁﬂwB&ﬁkGacceSS|on nunber s: 25 AABO6217
(Skaggs et al., 1996) or P54781 (Bowman et al., 1997).
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accegsbbd under GenBank nunber: ABO086896, the protein
sequence of which is accessi bl e under GenBank nunber:
BAC01142) (Noda and Koi zum , 2003); the honol ogous
genelfneEy ridisst 4pNPLTR R%rﬁﬁplﬁsﬁéoﬁu%f It | AE-15ERTR NEE

15 that is complementary to the messenger RNA encoding
said protein, or the gene silencing system known to
those skilled in the art as RNAL (small interfering
RNA) and the associated enzyme systems if these do not
naturally exist in the host. The mutagenesis can be

20 effected in the coding sequence or in a mnoncoding
' sequence so as to render the encoded protein inactive
or to prevent its expression or itg translation. The
mutagenesis can be effected in vitro or in situ, by
suppression, substitution, deletion and/or addition of

25 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 promotexr
30 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
35 the gene in order to reduce the level of expression.
For fungi, inactivation 1is also carried out by
interruption of tﬁe coding seguence with the coding
sequence of a heterologous or homologous marker gene.
The main technigues foxr interrupting a gene from fungi



- 15 - of which is accessible under GenBank nunber:
AB086890, the protein sequence of which is accessible
under GenBank nunber: BA001139) (Noda and Koi zum,
2003); the honol ogous gene in Candida al bicans (the 5
nucl eoti de sequence of which is accessi bl e under
GenBank nunber: Al, 033396, thet protein sequence of

whi ch is accessi bl e under GenBank nunber; CAA21953)
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Advant ageously, the organisns of the ki ngdom Fungi 20
according to the present invention express the

7- dehydrochol esterol reductase and 3A- hydroxysterol
A24-reductase enzynes and al so exhibit inactivation of
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the sterol 24-C nethyltranstermse enzyne. These 25
strains in fact exhibit_the cumul ative advantages_of
the Phovhihdetivatwwsibhe WETFSPEeRE BIRSFGdaELRGE 20
straths. phfteaxpresgismeof ot heshZedehiadr echeszdiler ohnder

r edu&&ﬁé&rﬂgon Rﬂeé”f l BH&Q{MM ﬁcﬁa Adlar %Qgﬁ@ﬁe 2003} ;

enzynmes and e ITnactivation, o 22 S ro

desaFB?asé“ﬁﬁﬂogP%?ol9@Eec-ﬂéihyF??%H%?erg LGHY medTPe
ake paclkewdidaut sasudeserided wiliohe. i85 deceandble under

epbo@éﬂmﬁk tdﬁ%begol eﬁﬂﬁa@bsl S fHLS@Rbrbint hagilehakn of
of or sm.accordin e pr on
propgﬂf? réﬁF@?sﬂﬁé d% ra%|3M§§% Ch?2f953)
pr ef é?—‘a‘bil:yESO%brr nBPa7bf trhe tw g¢R% 0h8Sprddifc eeen
by t hesstfiid) agaor domgiida t heusieegnitaeon (with - EZnbank
?ﬁrtk&k%égnéygméxgﬁngIS i nternedi ates). Preferably,

e organi sns o e ki ngdom Fungi according to the
present invention are chosen fromthe 5 phylum
Ascomiced eskibee pref ehablytt heitlarke cladbden g ompefibly

subpw&y&@éaseﬂ@foggﬁey RBmo éTDE@ pref enaBl yddkeyin

are chosen fro e class Sa etes

Schi SBSAELAS: JETEER foPe or aheraney ey e
tﬁosentfwmhithésgr@erab@esaoch&ﬁdﬁ&ﬁeﬁ&F@gmxye “he C-22
Schi zesasthageeyG t-AeeS , acRMeRLHOr £Pr efter abiq{rrfebpyn@img

chosen fromthe fani| gfchar%n¥§etg&§ae ﬁVltF assay

roteli I articu
Schi 263&tchar onycefacede, even e prefera

are ehEebe o t Bieh gdraeas Saéc fdr omy8s - OThls act¥v1ty
Schi zeg agTdanamamnsepsts®ly Funpreboahbéyyplementation

Eﬁgag%lon f E%ﬁe#ﬂéﬁ%% @Eggggﬁl é&'ﬂ%f%&eﬁgﬁd in the

I nven ci es Sacp aronyc
cer eSFES aﬁ;erl?r ﬁﬁﬁzse%%ﬂ%n&ﬁﬁ&@% ¥hhbhde attpgged to by
preseld . ipreeathéon aliso rideat esotplemengeldod Foripp of

gLodgfggé&aQ%olve%%Pieﬂa‘l NOR@AI Me220 i Isgﬂe}olcoma@asuf@se
e

] ow ng steg an or%%nlsn1og:the k| q?1F§
as d%?“fhve]dzyab‘é% g OFeeHFeY, 17 VYRR ‘f%e e holester ore
37 oddeseerifbpdt Hby Beybni endi Sa2duker &&t el - . TheéBC  (1997),

- extr aedd0nyis8 shaseeghdydale (ke Rit a0f, tiesfungus
with a solvent for cholesterol, preferably a non-

wat er-m sci bl e solvent. This treatnent can preferablg
The strain of organism of the kingdom Fungi according

to the present invention expressing the
30 7-dehydrocholesterol reductagse and 3@-hydroxysterol
A24-reductase enzymes and also exhibiting inactivation
of the (C-22 sterol desaturase enzyme produces
-cholestercl. The Applicant has in fact been able to
determine that the inactivation of the C-22 sterol
35 desaturase enzyme advantageously blocks the conversion -
of cholesterol to cholesta-5,22-dienocl and allows
stabilization of the production of cholesterol (c£.
the example section of the present application). This
blockage also occurs at the level of the conversion of



30 be conbined with any nmethod of nechani cal grinding
of the cells. Mre preferably, the fungus will be
treated, before extraction with the solvent, with a
saponification mxture intended to rel ease the

chol esterol possibly bound to other cellular 35
conponents such as, in particud ar, fatty acids. This
saponi fication m xture nmay consi st of a base, for

exanprel erfreSud - @ReRM -a, 2s REGWRTEr &G déh‘a}eiﬁré‘%su urfl
hydr exoest adiss 3ok v et ianolat er poecunsre @f eflerlssicy 512 -
a Wahfémm scid],e.0L9ap1 ¢, Solyentesuch sﬂ:?eroflor d@éaﬂmaeae

- 18 - nethanal “or e?ﬁano a sol vent -wa
mi xt GREYerHg LA56nPAPFERET o‘?meﬁ'EﬁtBJéOJca?sf |aeaS ﬁtrat?hour%d
0f prefersls yiw tte hebolerfa-6. 32 t@hperlat uFleipf parasitic

60- 1204t 90 a&amssaereugm@ﬁsﬁﬁyrsy Ok nakt 1 QW Pige Sy ec-22

The 5, ext.racti on with the non-wat.er- S e
nay Fté F4ce ort‘ﬁfageso?nzam Shass exts rac?ﬁo%aglt Uaeen

hydré!plﬂ)tﬁ%dﬁégmln% sterol extraction method
described by L. Parks et al., (1985) (Methods

Fozyml QoA ddo il tofl Bl khyitendreaPREkS, CaudCase

ttem rrguez an Lew s

The #pd d%ﬁcfﬂﬁiré%%féFSFO% hf34 o‘Eﬁdé’Fﬁé‘ae rr&{}zg'ge% ut¥f F@
any omt haslsd&sambead dthose Shiel ligdct hvatiommref fhe C-22

partg@égg:\_r ég@gt&%@riw Besebdi cBrrVehazee Yy liny

Caboni and Lerc mat o 001 May 11;.
S17CHE Ja8R; Loy B OMRE Ry Bhe k. LBy ey
5 t partidederi bed ther menbo@s(tﬁ%aqnmaofab@ﬁm Wikl pegard

fromsheepe s wWook: i iBaOS@rskidHeed duvriche arat-crmythyl -
partjcul refer_to the nethods described in Anerican
pat e% s'%% Esésﬁn%‘%“f'or US 2 650 929, or in British
patents GB690879, 0B646227 or GB613778. 25 Anot her
aspemdvanftagheusyentthen copodsns tde whe dfinddem Fungd

24 T 0020601 IR0 hd Do RIgseN 1&1%8916:9” Epdter diR

sterol or .o Its
i nt ef IF&hY§F8§h°Jo‘?S%Frl°&belr§6mﬁF§<?%r e %CF) érh&' droxygterol
t er A24retedbot ase | e EymEed isade adso ch:@ﬂuésmte riglattiigation of

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

strains.

The expression of the 7-dehydrocholesterol reductase
30 and 3f8-hydroxysterol A24-reductase enzymes and the
inactivation of the (-22 sterol desaturase and sterol
24-C-methyltransferase enzymes are carried out as

described above.

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



30 intended to nmean in particular the sterols
specified in figure 2. They may in particular be

chol est a8, 24( 25) -di enol, chol est a-7, 24(25) -di enol ,

chol est a-

5,7,24(25)-trienol, chol esta-5,24(25) -di enol O

. chol esta-5, 22-di enol 35 The principle for obtaining a

| abel ed chol esterol is descri'bed in figure 10. This
mani gt QB CORS| Stk HeRiki {glerdedabtegr owi ng the
fungus strain on a conpletely | abel ed substrate. The
cells are then cultured on an - 19 - unl abel ed
subsPrefiarabiier e ths t IpFeaBigmangel i nthe ot 5pRITAbel Frp
of t Becearihan ts0uhe eprddiaie iansueson amrovhosynt few sthe

| ncrﬁ%ﬁ?ﬁg"l C‘g ,{;&]—Lﬁé{% \a a%etfléﬁﬁbi’{/ St‘h%SrOlare chosen

tero n$r|3|rgaf gr adua .
chan§&™ n FiBel |Sﬁ'§’Phﬂ1’i“§ tI‘?é‘FS 6ffes aevﬁinof iTe
t hat prefeaebplyex bheycanabe entliasehy efpewi nehkel | yclass

det gl Mtondh Qté@at ﬂe@&ﬁ§§6‘§a§cc§mﬂﬁhﬂ&@té§0t @k‘ren more
si gnat E ends at thgﬂigne t| X %%
IabeP’F?l{ie’i.‘-i'Ib ?oco ﬁﬁd i 7 par tTEUTAr on ?ﬂe cu ure

10 neSaerithrogmdetabrs Wer h [Sgbérespaahdroryaperrp.  even
subsisat e pre2brably heciiheciase genesdrc Sivodct whe ofatiley

str abacéﬂsaez%myclﬁtag’ga on E‘heS?%efds%]%chégngfée%eﬁg t hgven

cul tures are tur

st oppexe (fRﬁEfé% Ye Bk el 3Ty y Shossp b§r9'f‘opbliq%g THEE
cul t Baechdrolreepr eseiice obBchi Apazwbhebhates, entirely

c of Lgut o cydost ghé C ﬁﬂﬁ dotngakun
prodﬁgét %‘afo?ﬁe t ¥ to%aﬁlgcﬂs 5@ é! gi

its

one_ of
met aPSFTELPAL eF?re %’e?t §nv‘8?t3a°rf ag’gﬂgﬂ i 5% urgSof SPecies
st er Shechirompxes avtmisddepor | Jdhdgoascelearamised BEBRR:
25 The isotope profile of the |abeled cholesterol or

f t t abol t f r
| abeﬁzed oﬁfé&%} ne%jl?v oz%t{lrog: 2 fs[[' :g%ﬂtge%al 04 8 rﬁ&%od fo
P operadusdng fﬁoﬂss@mlbeo%mnaaﬂéala@aeém e&owrlsmg

adj usid TP11BRixnd siddsyre conditions, the strain used

and the t S Qe r |§ggg g@n b
therefor§ %8%?% uc%ﬂ tﬁ%QEi |sm'cow%|n§gle e e

sever al iFse¢bpEr ‘
- the cholesterol produced by this organism is

25 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
30 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
35 components such asg, in particular, fatty acids. This
saponification mixture may consist of a base, for
example agqueous ammonia, sodium hydroxide or potassium
hydroxide, dissolved in water or, more preferably, in
a water-miscible organic solvent such as, for exlample,



si gnatures corresponding to several unique sterols 35

| abel ed with isotope profiles that can thensel ves be
nodul ated can be conbined so as to forma "nol ecul ar

al phabet”; 3) it is reproducible and easy to
determ ne experinentally; - 20 - -4) it corresponds
to a nolecular tracer mxturggthat is easy to isolate,
stabl e, colorless and odorless, nonvolatile and
nont\stitanoanert kathagan, beri rcorqgoeat edtan ondods. &he

nmedi %e&g;lfggg Q\ggl tiges girPider Sutpr odiehsut hator

can Assi I at ed umens: _-B) it b .
f al FFGEEFRLY hBLER hgé‘?rrfj’gt hq:e $hed e&:a%éﬁc%réf Ee $120°C,

st r aains amespherier ypyu=stirse Pabett nglowcuPFﬁ??W@e and e
axt f&%fa%elsﬁndhﬁhoeﬁe hén agkgidri-at sc Kilo edgenefl salye be

i soto g gnat ur.e does notl{r@ %ask 10(@9@@&%& toon a

trac par aneters

p053| tQ,
pr od@wb-’qphobmhusre%w i Pot 6pETA} prHEFERCLEEE ¢ O:ﬂe _
use,qddm@tiveannst he frasmid i ed axd t hdtogdn tieﬂethods in

| ”Coéx?ora 88y' ”_Ltl 1%d5?£9é’u%5,3 of zamilhgpe LJ nekugkng c.
consurabl e readi | bt ai n Vi rtgg o§ §)he
]ﬁ)res%?ﬁtel“\%eﬁtl%?finﬂh‘é’lzea é &Qﬂarst ﬁT”r &R At ed

nunber of "isotope words" that can be constituted from

SUCf gateﬁ&lg%tmi rwmgtseb@élm m}ayhefl ph%fm by
rofiles an e vario p ro ;
i nco‘?rb"br BeFRfSHr ¥eodh §P gn l%es ] nleé He! ménrsl,? vgﬁ’edm

pr odprettsicufereftded cérryibgdesby aﬁﬁalﬂel n@t hogigpce Vo
1betime it hat seannekcher fa@l $) fCethmattngt ke, £001 May 11;

exa ghatures, which can be reproduced once
theggg?g‘%mﬁagb e signature 25 can, noreover, be

read nondestructively, for exanple by | aser |on|zat|on
fol | omyestr ethBas Bpecirniter yzadal seils aeVabBE- fepcpibed

the %%lkunlﬁ ab%&%%%ag 13C é}&h@seeréybsfmt enéasteasost .

t he sour ces for culturi, t&%er to
FUngtRoss refidd e céd’rotr TEF 1Y i A0 eRET o1 s i 1
posstin endthospnibest Awd dny Mheghtan |Rasents Ye e? of&8 623

and (0 Rarbi cegdAr ool est erngl KON Shageris | eREL09EM)
of 13C car bon% %]r%?o]rsepar ation of 14C radi oactive
sterdr&testd 95 Evtederol is also possi bl e by the
sane approach. The nethod can al so be incorporated

3t opySash SdpRIcRS dfhathdr ovet isneraindsynandhbien use of

t | h t | h\ &)
R g

14C-ordRy cfep sP’@?Q)}Tdschlesf o fé’rr e%’hp?fe bop mpgebolic
assayscedn2geated pr orhe flgjlesl mixture of sterols. The

term “metabolic intermediate of cholesterol” is
30 intended to mean in particular the sterocls specified
in figure 2. They may in particular be cholesta-
8,24(25) -dienol, cholesta-7, 24 (25) -dienol, cholesta-
5,7,24(25) -trienol, cholesta-5,24 (25) -dienol or
cholesta-5,22-dienol.
35 _
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



5 Figure : Chem cal formula of cholesterol, and also

t he nonencl ature generally used for nunbering the

vari ous carbons and the nane of the various rings. The
four rings of the chol esterol nolecule are nanmed A B,
C and D, respectively, and the carbons are nunbered 10
froml to 27. Figure 2: Sinplidied schene of the |late

portion of the biosynthetic pathway for sterols of the
er goshhabgind chbtesite. tTees ifA Ratdiralchenggpiif {aekope

yeaSi%?Jﬁﬁqglgai?ca%mt chSodipt S&A(:Hﬂalilstﬂﬁé%e iHsueak ek |tovo
possi Q eriLne Vol vi.n Zy,

P Ponhr i CRF e BOhC  TRECERS BNl i o

and SREBpP..pr otrilnslinge mﬁéagt%’fdyreas%ndpr o?‘éi‘m%’-smg a
wher gasaddie diehba- 1RedabPel idq- Fristerlereedpet ave)lvand a
Del ta 24 20 §12 ) Red, (Delj &gléé (2ak Stc%ol xfeedugﬁéﬁealy

prot% ns are eéferofogous rotei ns of | an origin
or ofXpruEimensriEY n. dekeiaes, CéRfar éBaHPI TP BT,

W t huhiMnaet eebtage akigdhadbe nmhaof ddrenfieeaatst ghel ssaye
t he 81 élj ns derived fromthe BMAG64 strain and

i dentification amtlhese sterols. The strains ro q:he
e ab 1710 1 MELEDY PEREEZ SIS AtPEFGpT aa ‘%

er g6cygknere( cf timmeanpimsd 1) Fondidikge ( SAAEY sﬁrﬁilﬁd and

d'Sfﬁ%&éﬁéﬂea Lh6sefa6 ,gene 30 and expressing the
dl Sr ug)?g%tla exarml % 12<z_)eriet1 s%%cu(:@h@@d'o%t riﬁ{en strain

and expressing the
A7- reskitt ase, exan‘pl e 13), WGE F0O4 (BMAG4 strain
th ST upt edni tHehepRIgGegennandt expriedsiohg tdetures are
A7-r§€%1§ée%§se and the A24-reductase, 35 exanple 14).
: “esta-5-enol (cholesterol); C5, 22:
chol est a- 5, 22-di enol ; C5, 24: chol est a- 5, 24- di enol
(desamsé e:rhel XenCn2d : Indwo | lesira <8 opRFdi tiol sxaypbst ey orgll

%? %tgpgz.g% thd e&Qibur@,lzl 2he presence of a
chol esta 7,24-trieno % " ghgl est cytggtatlc
30 posuhly aéno?or&%enfrf’z-l?ﬂ cPol SRS J7°2f
t et rawniglumokan prodnobser okhe Filgheted: @eﬂrﬁ%ﬁé@l HPEC one
profd¢ entg\’i hbr AD613Rt eGitdedthedt aBe206ohMa Qbbehed f mieture
ster OJ%S gero se V\@SF%%:tSiIaE%ea and purified as described

'
above.
25
The isotope profile of the labeled cholesterol or of
one of its metabolic intermediates, or of the labeled
mixture of sterols, has several unique properties:
-1} it can be modulated as desired by adjusting the
30 culture conditions, the strain used and the stezrol
chosen. A unique label zregister can therefore be
produced; )
-2) it is “combinable”, i.e. several  isotope
signatures corresponding to several unique sterocls
35 1labeled 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;



(BMA64 strain disrupted in the erg6 gene and
expressing the A 7-reductase and the A24-reduct ase,
exanpl e 14) after 0, 2, 4, 8 and 24 hours of induction
with gal actose. A° WA FOl1 strain (exanple 1). For the
10 WA FO4 strain, the sanples are taken 0, 2, 4, 8 and
24 h after switching of the cgyhon source to

gal actose. The profile for the BMA64 strain bearing
the egpb6iti ssrpdppndé WebFAlnopeaslent ed-aicert marture that

obt aiQe% g)' afs?l)étgf t %ﬁ:ab'ﬂ@ S%ﬁ@@léé’s 9&5@05@5&@_55,
Thi s unc

sorptian signal. coefficient tq
206 ﬂ%vcrlﬁ&ﬁ S Bnd AR G § PO BHRS rt die Patprpitda
othexnt&Bfocﬁ@Jestaedscemml(pﬁgﬁwgﬁmyéﬁqkuagﬁgzpr other
?gggﬁ%éf&ﬁ%;ﬁ%hgteégﬂabe2%s§§m£¥btéah@yeﬁﬁﬁaﬁh-24-dienoI
ol.e
,(zynn% e+%nSQHGE§ §e2§af% o1% estagh Egﬁ%ﬂgh Pe specific
G5, 7r@@nﬁu|m@pgst%p:@1nsz4amd| ERBI ; very prec:n.se labeling,

culturing and extraction COndJ.t ions. In addition,
knowledge of the isotope signature does not make 1t
10 possible to track back to the parameters which made it

possible to produce it.

Thus, an “isotope alphabet” for general use, that
cannot be falsified and that can be incorporated into

15 products of any type, including consumables, can be
readily obtained by virtue of the present invention.
There is a virtually unlimited number of “isotope
words” that can be constituted from such an alphabet
by making use of both the labeling profiles and the

20 wvarious types of sterols. The incorporation of such
gignatures into the mogt 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 gignature

25 can, moreover, be read nondestructively, for example
by laser ionization followed by mass gpectrometry
analysis (MALDI-TOF or the like).

The use of C-labeled substrate instead of the
30 unlabeled carbon sources for culturing the fungus
strains according to the invention makes it possible
to. synthesize wvery highly labeled sterols, and in
particular cholesterol (comprising at least 95% of 3¢
carbon) . The preparation of ¥eo radicactive sterols and
35 - cholesterol is alsc possible by the same approach. The
method can also be incorporated into yeast strains
that produce stercids, and in particular
hydrocortisone {cf. patent application WO 02/061109),
so as to produce *C-labeled or C-labeled steroids,



C5, 22, 24: chol esta-5, 22, 24-trienol ; C5, 7, 22, 24:

chol esta-5,7,22,24-tetraenol; lan: lanosterol. 25
Figure 5. Conpared HPLC profile, with positive

ioni zation el ectrospray detection (nmass spectronetry),
of the free sterols of the Wi FO4 strain (exanple 14)
after 0, 2, 4, 8 and 24 hours;of induction with 30
gal actose. A WA FO1 strain. C5: chol esta-5-eno
(chot@steanob)e €5 Z2a shodwst a-5, 22-di enol ; C5, 24:
chol est a- 5, 24-di enol (desnosterol); C8, 24:

chol est a8, 24-di enal, (zynosterol). The HPLC profiles
co = s as those of figure 4. 35
Figure 5A (left): Detection at mz = 367, figure 5B

G Ekkh'.t%.;'remlzz =cRES: - dSmlAUHEr cid1ds@RFol, and also
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o ot YELFQL CROLESIRNG), |dhd NIRP! SLh e bl Qldbired
ard. tota

st and he "anbunt's o sterols injected for
¥%he %#meé §Prains correspond to extractions carried
out on identical anobunts of culture neasured by the

a?s%ri@%e 2t st@%?l :{Hed?—gcﬁjeﬂé‘ [j@f 7tihecqrﬁﬁér perpi@f idfexhe
0 sterols ree and esters), e
chr HESSFFARRYS BREhR iR Setols% ntlg%l er% fa- and
WG Rg®ledeket itpest br g@akrhlexqs evefbhied vRast. The
12 4-gaduet aSe) no¥\GekAdudtinleat | Bix Ohalds eigb paisklible to
expr ian of the A7- .ase) delsi;BRea1 1
er 96&3 Wi et% BT egé]ts?ﬁ(%n %%%%%%4@}%%{%5 c(es and . G;n
A7- riddigct deeymenft CARe pRRESMe| ERSAP( FERSPE gBRRt iTRCCP
backgictends dedect Famnef ergyeasth mexmedssi owhefethe the
A24-g 8ductase, (6Z1E§QPC§3€§§ole&Qé}tg§$é@| Ngnd ThRita 24-
20 (25)Red (Delta 24-(25) sterol reductase) proteins are
heterologous proteins of mammalian origin or of plant

origin.

Figure 3: Compared HPLC profile, with UV detection at

25 206 nm, of the free sterols of the strains derived
from the BMA64 strain and identification of these
sterols. The strains studied are as follows: WGIFO01
(BMA64 strain disrupted in the ergé gene (cf. example

1)), WGIF02 (BMA64 strain disrupted in the ergé gene

30 and expressing the A24-reductase, example 12), WGIFO03
(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,

35 example 14). C5: cholesta-5-encl (cholesterol); C5,22:

cholesta-5,22-dienol; C5,24: cholesta-5,24-diencl
{(desmosterol) ; C8,24: _ cholesta-8,24-dienol
(zymosterol) ; Cs5,7,22: cholesta~5,7,22~-trienol;

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



20 response scales (flane ionization currents) are
arbitrary. The profiles should only be conpared
qualitatively fromone strain to the other. The
retention tinme scale is, however, the sane for all the
strains (the retention tinmes are expressed in 25
mnutes). The sterols are idegtified according to the
crl teria described in the préSent application. Figure
%ﬂbqt@fié&%]ﬂl st ridsyti, on, ®f: t he amilestae®, stoer, GUs
|nth s BIVAG< (figure 8A), 30 WA FO1-
(flgi*—ije ‘IL \S}E ggﬁ(’?lgurngC) and WA FO3 (figure
8D)) eval uat ed on the basis of the UV spectra. The
d| stnfzjgkwtal an icemghveh HPLC wioftife, t sitlh Ypeddtwsrtion at

ingh i g a hare ltlelglew@mk-y onas
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wayv e 0 eval-uafe ca. 24
20onc&nt24at i oﬂbokﬁs'-‘@aéhzéfd-’tﬁ@lst eﬁeﬁgm?%t&ﬁotlhe
r espadlickCaabsss ptilcmplsi GymdostbyoHPL CC516,22: cholesta-

5,7,22-triencl; C5,7,24: cholesta-5,7,24-trienol;
C5,22,24: cholesta-5,22,24-trienol; C5,7,22,24:
cholesta-5,7,22,24-tetraenol; lan: lanosterol.
25 .
Figure 5: Compared HEPLC 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
30 galactose. A: WGIF01 strain. C3: cholesta-5-enol
{(cholesterol); (€5,22: cholesta-5,22~-dienol; C5,24:
cholesta-5,24-dienol (desmosterol); C8,24: cholesta-
8,24-dienol (zymosterol). The HPLC profiles come from
the same assays as those of figure 4.
35 :
Figure 5A (left): Detection at m/z = 367, figure SB_
(right): m/z = 369. , -
y-axis: number of ions céunted/ second. x-axis: elution

time in minutes.



Figure 9: Quantitative distribution of the main free
sterols in the WA F4 yeast strain, evaluated on the
basis of the UV spectra. The quantifications are
carried out in the same manner as described in 20
figure 8. Figure 10: Principle of the isotope |abeling
of the sterols by substituti of carbon sources. 25
Figure 11: Evaluation of the 1sotope |abeling profiles
for the chol esterol produced in the WA FO4 strain
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30 WGIFOl (flgure 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
35 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



30 used for the calculation (in mnutes). The val ues
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, 35 Fig. 12 D0 RT = 13.3-13.5. The

i nduction tinmes are 8 or 24 hours. The values of mz
indicate the |eft and righL_anLts of the m z val ues.
The | owest value for nmlz for each bax corresponds to

t he sBsofiohhecst £1@lentadarap expr@ésed ent imelpeofliter

carb S% .9y reT;J,3dOCQ§{9§r egh@r%é&?pil% tcegfﬁpéﬁnts

stero ree and esters

t he SPNCERSOAPTABORP stiHl§ n YFFa R?IS%‘:C t%“gﬁ‘d%%) HHES
of time=sdnvbIhpikB3ttstcnine (qfart Bveh sherel gare)squeht

axany el 1Thedr S2R988L1 BE alRRAAr @ falkbivb AT Yunithe are
present in the same molecule) so as to provide an
evaluation of the extinction coefficient of each type
of sterpl. The evaluation is done using the values at
280 nm if at least one unit that is absorbent at this

10 wavelength is present, failing this, the wavelength
235 nm is used, and failing absorption at the latter
wavelength, the wavelength 206 nm is used to evaluate
the concentrations of each of the sterols from the
respective absorption signals by HPLC.

15
Figure 9: Quantitative distribution of the main free
sterols in the WGIF4 vyeast strain, evaluated on the
basis of the UV spectra. The quantifications are
carried out in the same manner as described in

20 figure 8.

Figure 10: Principle of the isotope labeling of the
sterols by substitution of carbon sources.

25 Figure 1i: 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 =

30 450 is acquired every 0.2 seconds during the elution.
These ‘spectra are then averaged over windows of 1.8
seconds, and then subjected to a multilinear .
regression using, as regression base, a set of 24
vectors representing the theoretical mass

35 distributions of the labeled cholesterol forxr a random
incorporation, by independent selection, of the carbon
13 at each of the 27 positions of the molecule with a
probability of labeling on each carbon that is
variable between 0 and 1 according to the vector under



10 are identified according to the criteria described
in the present application. The present invention
is illustrated using the foll owi ng exanpl es, which
shoul d be considered as 15 nonlimting illustrations.
The nol ecul ar bi ol ogy techni ques used are described by
Ausubel et al., some yeast pejd pul ations are descri bed
by Adans et al. (Adans and Holm 1996). 20 EXAMPLE 1:
Constoheidematdbnan She cerabdisnge pecisdbidtitaen wEeth afhe

'Snt igégﬁ’%{greé&gg%f u%{e? 6 9e08d Vé@'eF%o%te{xabGEh 2Bad hene
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POl YA 28 65+ 4l rERPL £ g8 ofrde e inyms @gpeieede at the
corresjponqlordg to the ERG gene. The sequence of these

primersis as follows: 10 OERGGtrpl 5'
( CCTAGCGACGAAAAGCATCATTGGAGTGAATAACTTGGACTTACCAL t ot t ag
cattﬁd:gasﬁzg:)h FEndusEQoh Dt Nae, 19he GRRGHUp2E' Fepi8sent two

(GC‘ALT ?% 1z Mt@g&&
aaaagdg

cgaaa % ))l o
£ERRI nPYeattd o ecﬁf‘éﬁuc‘? ‘?hu%oza:ﬁlsgf:’ﬂgﬁn?s
pu r | épe&d:ﬁay lekeced ok utheorepkrahezénagferfthe cholesterol

elution peak. The figure demonstrates that the

analysis is highly reproducible.

25 Figure 12: Example of various isotope signatures with
various sterols or variocus 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

30 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,
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 limitse
of the m/z values. The lowest value for m/z for each
box corresponds to the m/z for the sterol made up



20 corresponding to the expected size, and is used to
transformthe 31464 strain by the lithiumchloride
techni que as described by (Getz et al., 1995). After
transformation, the treated yeasts are plated 25 out
on a m ni mum medi um cont ai ni ng no tryptophan (G etz et
al ., 1995). 41 transforned_3y§4_colonies that are
prototrophic for tryptophan are thus obtai ned. These.

41 colconkes &f eddren tested for three of their
properties: sensitivity to nystatin, genom c 30

structure of the insertion of_the TRPl. gene nd
pr of BYETByY tivg EﬁF‘Bﬁﬁ?%grpéﬁﬁj'zl%‘? tYe {:}6% 1 jjterols

al rDézfaero
t hat (fideey audduseersFor i gast hehgonatiqgnsphy red?fumthe

GONtAivBio NPT 5 PG VE | (harBOA] b8/ Bhe OFigiySd)atdnd, cabatie
ten col oni es_ of gsrovmn

.Nng agn_t he dium_cant ak nj a
dose" B AHEEAtT n StHfde gg%’f‘ét aér;ri3 0c:écj)l gg’?’es%ﬁ,&é{g- 265
st erepfampdapdelt i o TeRpdnPseridadeSofanen ANRPFagEne The
i :ﬂ_t Orétléﬁtmtaﬁ@gbdaievﬁ!’si thedsdye RGR Wethgsargais Jgne
ol i gonucl eoti des 5 cover. S et Nitdi®is
func %Qgr?gﬁoﬁ'Rﬁmesenaereaﬁaép? %gg%(?sirﬂjugﬁeda&%ﬁ& }i\&}ﬁi% gai,r
19 g dNeBFa5iedeacTErHIT 69 GRS ERREBLT paceor ibel in
AGCRECGAACAMOGREAGARETIE. (SEQ | D No. 3) and
CERGGt r p4: GGCAAACCGAGGAACTCTTGG (SEQ ID No. 4). 10

Sonme _strains exhihit the expected rofile, .i. e.
fr agifént RIe=886 bAS¥eP5IPR cofr e%ﬂ)g‘%ﬁagtetdo the 7S zé:%e
expectlddwing cERRlesnsevihidn isheslERd® TIERALEerthe 28

@ MRfvREE{NS NG 1R’ aEDEend&RGE gene is indeed
i nactivated in these strains, an analysis of the

sterol conpositions of these strains by gas )

chr oFre: o9l aphyarreidhpdy GrCBREsatR daedggrg described by
chr oapiegl aphyavas Said iyethseUmabDogcrttioats ake, d@9O3ibed
20 %Cé‘%g‘%gaegta | .(adgggsg?]d 'I;_{g)qﬁg agaéyses confirmthe

absen er gost er synthesi s and the accunul ati on
% abnormal sterols conpatible with the expected
di srexapipDES 1f Chestruction of an 8. cerevisiae yeast

strain with an interruption in the erg6é gene (WGIFOl

strain) s

25 .The S. cerevisiae yeast strain WGIF0L in which the
ERG6 gene is interrupted with the TRP1 gene was
obtained by transforming the BM64 strain with a PCR
product carrying a functional TRP1 gene bordered by
extremities homologous to the ERGé gene.

30
The BM64 strain (of genotype MATa; ura3-52; trpld2;
leu2-3 112; his3-11; ade2-1; canl-100) is a derivative
of the 8. cerevisiae yeast strain W303 MATa by
complete deletion of the TRP1 gene. The BMA64 strain

35 and the W303 MATa strain are described in the

-publication by Baudin-Baillieu et al. {Baudin-Baillieu
et al., 1997).

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



25 biosynthetic pathway in the disrupted strain. One
strain was nore particularly selected, and called

WG FO1. 30 EXAMPLE 2: Construction of the CA10, CAl4
and CA23 strains The CA10 strain (of genotype: MATa,
52, trpl 1s63, hi s3- 15200, 35

ads2: : GAL10/ CYCL: : d7Reduct ase., ; PGEL,

LE02. - GALLO/ GYCL: - maeADR : PG} the genotype: NATa.
rho* E@@h—z (B&n@%a*&@ eAZOQlergﬁwh:IYG%@% amplified wusing

ade2 10/ S P e 2 a3
ergs.” C%‘C%qf_ég a| n&rﬁ%f g%q}r\p lymé% )GD% Svi by

atf2 th@f@ﬂpany Fgkarg Euﬁan@mo%‘% % 1&&5&“%@?5”8'
and theisd?3 vt r58|7n9(U$Agenﬁteyﬂ@1r|\/mraperm@2\s used makes

g;gls‘g’ %r a o@gﬁai@l £83. amplify means the DNA

ergb: : EYGROR, ar el : G418 re 3,

ade2: Poé;tm%ﬁ%?m &E?Ré%g&t ag&he pcﬁ‘ifél%fe?d @YS sequences
LEEU2 :cohk 4N EY: tqatlﬁ@FERGFGﬁﬂl? andal sot he
constructions thereof are described in the reference

Duport et al..the Lechnicaloconi ey gb1vieh.

‘rega nﬁe%egcfonstruc i §nOF these strains is
AAcoOF8Eat Rt isnto the present application by way of 10
ref erencess These strains produce and contain, in their

MeNbr ARRR oceaCCARAAGCATCATTGGAGTGAATAACTTGGACTTACCAL et tag
cattttgacg) 3’ (SEQ ID No. 1}.
OERG6trp2 : 5 5
15  (GCATAAGAGTGAAACAGAATTGAGAAAAAGACAGGCCCAATTCAaattcgggt
cgaaaaaagaaaagg) 3°' (SEQ ID No. 2).

The PCR (polymerase chain reaction) product thus
obtained is purified by electroelution of the fragment
20 corresponding to the expected size, and is used to
transform the BM64  strain by the 1lithium chloride
technique as described by (Gietz et al., 1995}.

After transformation, the treated yeasts are plated

25 out on a mwinimum medium containing no tryptophan
(Gietz et al., 1995). 41 transformed BM&4 colonies
that are prototrophic for tryptophan are thus
obtained. These 41 colonies are then tested for three
of their properties: sensitivity to nystatin, genomic

30 structure of the insertion of the TRP1 gene, and
profile- by gas chromatography of the total sterols
that they produce.

For this, the 41 colonies are transferred onto a
35 minifnum medium containing, respectively, 10, 20 or
50 pg/ml of nystatin; about ten colonies are capable
of growing on the medium containing a dose of 50 pg/ml
of nystatin. These resgistant colonies are selected in
order to verify their gene structure and also their



unnatural sterols (as described in European patent
application EP 0727 489) and in particul ar ergosta-5-
15 enol (canpesterol). These three strains do not
express the product of the ERGS gene, which is
nonfunctional due to insertion into its coding
sequence of the hygronycin r%%|stance 20 gene. In
addition, these strains express the cDNA encodi ng

p|an£t£&ﬂf%QH base&ddsur opean patent application EP
0727 489 descrlbes in particular the cloning of the A7

reductase of the plant Arabidopsi S thaliana, which is,
i ncoFpor rRytinnoofh&hpr d&8At 9255' abHtq cdts IRy TR of
r ef ev@RtBLedt hBy Carddanksangessi qrimunber cdfigohipglectides

siqu%%%:ﬂngrg g @émnﬂh%t%éﬂ Bhd abundesofer i vesh foema

di srupti on, of the

b odted Bre (IRruglRg S69FesthT R e TAPERCH Cides
pr eghenaisongodhoposi UEBGEETHHRS .pgeefé@wq@@aspﬁcsﬁ&xwm

applk§ 1161 ;00991 402038) - ot tEP23 SLEGMNACEAGCARCRETIGG
erlx fron1the CA10 strain by deletion of the AREL

and e f8s:* Y he two 35 proteins Arelp and Are2p
Hre responS|bIe for the esterification of ergosterol

(St ugdiy , sAR00 emdlzpps Sihd Vextfectledl ecrepobEsiacel teheya

are ponol ogou r ed Neh

st T OF G i pier FRREBCEns kd e sins
- BNy f%n%t?ﬁfé{ PBﬁQB‘Fl‘?rhénﬁPag?ﬁ%‘ for
expreSS|ng the A24-25 reductase of human origin

£§) I%Fj g&gebf ﬁgﬂséﬁéuﬁﬂdng@hethéslndeed
as was describ % erhan1et al % gge the
cons%?%ﬁHHWEHGQOﬁE}st n ET%% g tR8 BRAYENSodS

Del t st Qeblst erahpesichicngse ofiderthelse coriiadinsof Pﬁe gas
PCGALd RIFRLeLpidd Ofnghe by  high  pressure liguid

chromatography wasg carried out (Duport et al., 2003;
20 Szczebara et al., 2003).

These analyses confirm the absence of ergosterol

gynthesis and the accumulation of abnormal sterols

compatible with the expected disruptions of the
25 ﬁiosynthetic pathway in the disrupted strain.

One strain was more particularly selected, and called

WGIFOL.

30 EXAMPLE 2: Construction of the CAl0, CAl4 and CA23

strains

The CAl0 strain (of genotype: MATa, rho', GAL2, ura3-
52, trpl-A63, his3-A200, erg5: : HYGROR,
35 ade2::GAL10/CYC1::A7Reductase::PGKI,
LEU2::GAL10/CYC1: :matADR: : PGK1), the CAl4 strain (of
genotype: MATw, rho*, GAL2, ura3-52, trpl-A63, his3-
A200, - ergs5 : : HYGRO® atf2::G418%,
adez::GAL10/CYC1: : A7Reductase: : PGK1,



10 tCYCL term nator in the vector pYES2 (Ilnvitrogen
SARI, Cergy Pontoise, France). This plasmd is an
l.coli/S cerevisiae shuttle plasm d and contains a
2m cron origin of replication and a URA3 gene,
allowng it to replicate in yeast and naking it easy
15 to select the yeast transftgrnmed with this plasm d.
In addition, the GAL1 pronotéf is gal act ose-i nduci bl e.

EXANE . 4GAE@@,$chfd;LCHnQBAJ§Iﬁ 1peacipl asial PAGLCRIBr essEAg

hal | ana ex ssing A7- ct as
con?&ci’f{wqe&ﬁ’ t4pBE| rga1 I yg? %‘%&u S?ggl‘%ln oné%l\A@%3'
t halliiafa PPt a TenadduEYEEE . on 3&eSf iy copy? ¥Rt 53
The dHe@S:UtdeMomsauB@ﬂhéﬁHset hIPGK.25 construction.
hi A4GQ 1J f whi IS daser i bedn
-E app a{l on V%é%% 109(5)§3 gl:i(%n”pl ebferencz
sal &%FPEEWT% tREFECh i §‘an618? Bfkéetcgdlrf ntS t]ﬁ

pr eseitlorapplitcatiion byhavaytedhrighkdr eacejeny s afn which,
E. calddy §dlﬁ§fe¥hé' agosbutidie ol ay¥ d hased @traind0 is

aut ononous ation sequence and a.centro LARSE
CEN)1PeRTE°LaY tf’@)tnc’ niPRePTFEThe 2 B&cgene r%”w $
19l asmiriesceonpati bl e, and can therefore replicate at
the same tinme as a plasmd based on a 2 mcron origin

decation, ThispLashhdcbhpal {16Ulati batefbines,

un| FrEtte B EFoRi Ng expressi on cassettes S ¢
desmﬂrﬁ’é@rﬁh t9reTPET afff | £88FEHPethodR. Eurogar é"-?f(?
st radpiahbatia@tzptdmzw e esaidonic geswtitelas gxggsta-5-

&f fegct sthe CA10 strain, which is also

I sr upt egcgﬁg %%%h fo produce carrpesterol
(ergostab-enol) as the major sterol (Duport et al.
1998)hesEhehFegenum inDie foakgrenrest the BMcst of fhe
contgidy Ngeddle @8ldia71kedigirner gonel i guanpld fiekrtion
?'Sl'l’-\n%’ft he fol %WI ng grl mers: iA?S{é?Z lga mglyc%% gst&noe |
) IErecA 77 SAdiTITATAGEES REREGTCRS S CAPIA
3 (e%%thEpgNo pﬁa)nt Th&?anplrleﬁueeets:e)n | @ucepeard @Htemy

t he M £ ; DNA %@%&Shgea eesoaﬁﬁd%ﬂ&%apaﬂ 15519_
ﬁF OI' m ex

phen oro act’i on te i de% ?#8 (?o Y,
Adareloetlna/ Of(AaarTé”aﬁ@dHSFﬁf‘elQ%f BLAPY ARAOHTER
of G&kligeapni whid¥A dse usedrpsratmd i ¥ntor the present

,z%”p'al;fﬂﬁégi;%h Us) Rgyt ke REirBBEACOPALL 2R&BASKdccession

number of this sequence is ATU49398).

The CAl4 strain is derived from the CAl0 strain by
disruption of the ATF2 gene. The product of this gene

30 results in acetylation of pregnemolone 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 ARE2 genes; the two
35 - proteins Arelp and Arelp are responsible for the
esterification of ergosterol (Sturley, 2000) and
possibly of cholesterol s_ince they are homologous to
the enzyme responsible for the esterification of

cholestercl in mammals {(ACAT}).



20 The Tag DNA pol ynerase and the enzymatic conditions
cane fromthe conpany Stratagene. The anplification
conditions were as follows: initial denaturation for 5
mn at 95C, then subsequently, thirty cycles were
carried out consisting of a denaturation for 30 s at
25 95C, a hybridization for_3Q s at 50C and then an

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

term nated by a final extension for 10 min at 72C. The

PCR Md} J SCoH:@%ngilzﬂ:ﬁiStcﬁd ﬁlﬂet %fﬁﬁlmkbregﬁﬁsé@lg
and purified on agarose gel q%g {t hen cl oned

convERrti oAZRT35 | nEBHHSEENi NBEFA | { BEEFLT e (PLasmid
pl aspYEls paYta2Zhe pl asm d t hus obtai ned was naned
Gl. 35 It is a single-copy vector for expressing A
aliana Delta7- Reduct se.i,ny
DeI t Te REGHEFBRE- G¥ne bei WY 5l B asd“ldfnd%"?st KesE5iPed) BY
of t Wiete«3Aah0/€@YCL pr o?ﬁﬂtler Thee cinstapchion gomghsted. in
32 -pxYR Bes Bl a&ﬁé&mr@‘ Bl ree aperebt pedbidiotse

sterol Ln, the yeast, for y N £ th
Cond?’f(? r éx ]‘F%{Lcuﬁg %‘ﬁep ?‘g!}e mgg?lér% Fed's t0e

19 er BFECH rFetII'Tén?E%’étﬂ( grhsc ¥EGEeT 1§>YE82 EYVESREPET o%“sRL
for extdyctipagebhee freerahesiol s: This Thmsmed pes|etan

IS }A@Sgcgplxaﬁmc%geWQEeSOQhQ{tﬁ 1393.@%5.9”'5&11 Bftains a

fil . [ S a hen
r esUIPEHRA (971880 gP ofr‘\?%]tjé:ra &8ﬁt aF‘H ng®0 gfasy
beadsl l@omgesiporndi ngplécdbd gh peast qand nakinge YtutRASY

ﬂ55 A Bxd1eRE! ERE YehatakbhRbE led WiER thid pdaBhief
, 2-di chl oroet hane with vigorous agitation on a vortex

for 10 mnutes. After the first extraction, the
mi xt i eadgHitéeh) stheylGage DEerRE efnd Ssepbesoges ipgucible.
centrifuged for 5 m nut es at 1500 g for the purpose of

sepagahing thed gg - of thDCpiNond FAMC expressing
fractions derlve 'from e two, successi veé extractions

He %onﬁﬁ#é@énﬁ“&ﬁq%&“ﬁnﬂhr‘%ﬁ%%ﬁ eam of nitrogen
for a few hours. The sterol extract is suspended in

100 g1 Biag6et ONdd | | Gordiz0flen [ 8bebleldig alalyzaghe
by hi gh per. ormance I'i quid chro rgp g \Sc%LQ o
(Szc%}élﬁ%ﬁsﬁlgfl aIA., %U_Hg' g R % 458 Ane°T or®
't he gargyle-copy vector. The plasmid pAMl was used for this
25 construction. This plasmid, the construction of which
is described in PCT application WO 02/061109 (cf.
example 9.b of said application, which is incorporated
into the present application by way of reference), is
an E.coli/S. cerevisiae shuttle plasmid based on an
30 autonomous replication sequence and a centromere (ARS
CEN). The selection marker is the ADE2 gene. This
plasmid is compatible, and can therefore replicate at
the same time as a plasmid based on a 2 micron origin
of replication. This plasmid in particular has a
35 unique Notl 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



chromat ogr aphy (GC) anal yses (Duport et al., 2003).

b) Conditions for extracting the total sterols:

saponi fication and extraction of the esterified 35
sterols, qualitative analysis procedure 1: The cell
pellet is resuspended in 500 pl of purified water. 2

m of potassium hydroxide KO4iat 10%in nethanol are
added to this suspension. The m xture is - 33 -

heat ed1 § astrene . haur fatt ,6GEiisn egposest drulyessepf¢ e¥s vy

' ncugf‘fécocq*vea%qldo%%bﬁgg tHbesr @V e FOIAN NAt O is also
anbi ent tenperature m xture |s extrgctgfl t(h£

ti medigFynies nﬁorofm?%%(arﬁ? Bt SFPactFon. B
t he svwenghases taaems:ecparsa:te@d’lby%mtr iftugdt- i oh%$%r- ofhe

ne]r@?o Iﬂlﬂf é&ﬁ&rﬁer&asff exkr @ﬁlb Of rdiie congaiming the
ransferred intqQ_a_ new fu
or gaﬁ?:l:t?)%&?ggcg?%e e c:lé‘;n’glm aér%% 1%%@% grl eggu Lrg

a stpeEmews: nitrogen. 10 The sterol residue is
res U@@@ﬂﬂ esd i(ratRfhqiccotettPfbcITERrTRAATTAGCAOAGDT Bler

for i % % angl yzed by high performance liquid .
chror(ra% gra z LCC{G%Szczebara et al. in
500 95 o M RSTRBICREC P TR TR T

anal ysms 1tDupor &) et al ., 2003). 2) Conditions for
extracting the free and esterified sterols in the

2T ot am kEarRbTen T PeEN el 10y SSoneS HE o

bact tipept odlper |s$trinand H@@r@ﬁ yea%Y exttlhact s ¥agpid
14 t ephe Wi Rn2XKe-6F otk l&&&ﬁc&&oﬁ&li@ﬂmlmur @& deseriesd thy

obt a 500 of ya el I These dried cells
25 a‘{a‘g étggﬁp {A aérp le ﬁgl har?%ls)(loo% cont ai ni ng

1 g of K(}I and a trace of pyrogallol and the m xture
is- thﬂty newoatads faf @4 omgenbesc AIN/OCRe Aedras matrix

retug e é\nﬁiﬁ!z%lt%?;l Pg g ahur m&% s@gg-p‘l Sarfd €0OSA77 .

extrac exane e or %anl c.‘ghasediéions

2 pafiar edadnPHA3 (Pc’tlhfF“éEa%%mﬁF@s 8vi
vol ucane afidoms ttei edrmpader Stretreans of Ther anphdibeatimn

Sanp &aqf: ohie wtkr agt %lib%%o' S.n&[:@al aﬁ@ﬂatltﬁ)rdtrio.hOOEor

(60" dHF e Ehromtisdt pHgrs 0P QAR ere

and ¢dveried rat3songapténg sof aﬂeﬁei}ﬁt?ﬁatlw C"*"of:"o g at
st hagat, for nibeid g ipar frormeres | agubdec and then an
Chrogf g%rtquxy %HPL S‘%:H_gl X 7'2"%4 " The reaction is

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

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

PAGI .

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

promote‘r {Lecain et al., 1996) .



in the yeast by gas chromatography (GC) 1) Gas

chromat ography (GC) with FID (flame ionization
detection) 5 The (free or total) sterol extract
suspended in hexane is prepared according to procedure
1 (cf. exanple 5 1) a) and b)). An injection, contro
is added to the sterol n1xtur% in general cholestero
at a 10 concentration of 10 t6 50 ng/pl. From1 to 3

Al ofx SR €S .ar Bxi MR 1bh] 66t edHeNnt @xde gamd esterified

chromat o raphy evi ce un e ng conditions.
1 to5%® ‘°W§‘F‘e ﬁ%]%eaf ed on’fo&gen a%]gHQ&\% SE30-t ype 15

colum (colum reférence: 30 mx 0.32 nmIDX 0.25 Am).
The @RS ce¥Bei@lorss el idarathéngpkhe Faeeéoand betewified

50 apd B0, The £0l I qagopLssHag 1S 30 psi. The

injec I's Set C “The initial tenperature of
the colum is 130C for 0.5 of a mnute. It increases
20 t ) 2884Fiatioasr Bbe «oftr4000kgni the fdet fegrflisom 230C
to 280C at a rate of 30C/ mn. The col um is t hen

mai nt ai ned at 290C. The terrp ure. of t de tof
310CThe5 Fligm@ethtbmatbgr éﬁﬁ‘? ] th %’Wd‘?rle
ioni datowizedehodt fdt)er@dupaé%}rwltnh angdasy ﬁ'é’éler ometry
(CGc/ks) The total sterol extract suspended in hexane

isp ared.accordi & 24T usgd I
30 eéﬁ‘g gglﬁ/l tH ®a ggenveng ‘rgtT[? I i t/lg’goleé%lL e?g ‘ba&el
i nj ee@mawzm 8- Bor cTh At HeaBEs EOFTRTPARNANY| B0 30 #
nmet eps 1ipdignghhciadu®e25 Mmin dianeter. The

ig]j ection is carried out at 230C with helium as 35 gas

vector, at a flowrate of 2 /mn. The col.

fr orPR 30K FastRen| iy SPRHESS W cSFERR i %I At al nec
at 1305 diefrpecbth @t (WGrhandaphews | ATHE4SE3 PO 2I0RTCEX

Wi theg, ragp DfnAQE M Brrdhencie ong2aiC text280Ciom t h the

ranpmg:f:tt?’roedmp andlfsh,en ffass be3a5<is and solvent is

20 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

25 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
30 | al., 2003) or in 100 p)l of hexane for the gas

chromatography (GC) analyses (Duport et al., 2003).

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

35 sterols, 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



280C to 290C wth a ranmp of 30C/ mn. The col um

remains at 290C for 5 mnutes. At the gas

chr omat ogr aphy colum outlet, the nolecules 5 are then
anal yzed by neans of spray nass spectronetry in an

i'oni zati on chanber such as that of a device of Turbo
Mass type from Perkin El nmer. Fhe nol ecul es are
fragnented with a high-energy el ectron beam The

vari bestéd apremine Apert AenbCEpdracdaseh wRpfadPiper ethe
10 fiihb@bataiRg,t hepadesbred edcHan @0bedN ket tr@turfedasso
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_ sterols
Quai PPafRl &@I Fyang %s“ﬁ‘t\‘? NbI B E’fqoesl o?rb% th%%e
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" The s Ext ¥aed bennapdodiial ysis OF Sterols from Yeast" 20
'gg 123-131 (1896)). In this way, it was possible to
no

nstrate the effect of the deletion of the ERGS .
geneThe Fherdly FO3idud alt HAEUFRENSEL ideul BR0 e of 100%
absengersHitehgestia Hride28or 2 dicened angliydwel by high

) SO Bl st o

doub 05|t|on

Anal §8is A0%pe PFeel%n t“éfrl PEedt¥ @l £oFn e gas
yeasthigmatioghapey f (3tareelysesi Muporonet ogr-ap3p03D.
(HPLC) with UV detection or detection by mass

spec%{ omst 1\/’%%?@ é?%%ﬁ"é)ﬁg%’gcflgd%emfl on EPI Ces§gr £lg

to 3 (StuSpénded T
acet eh¢=tq345| e &y neEhanrasind pﬁ%ar‘é@la@ééi‘ﬂ? ng2kdlysis

procegﬂr@d];rerzﬁ (cf. exanple 5)) are injected onto an
terra RP18 type 4.6 x 100 nm col um (Waters,

| ford, MAO1757 USA). - 36 - The separatjon is
car rTegl 6GF26PS a ageadPeliurashpéBedich WBEEHIR o di Bi rfbf
0. 028a@fopblohié I pét UDIAC edid 1acigd of( lyekber eAyrartts qfex
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25 are taken up in 3 ml of methanol (100%} containing 1 g
of KOH and a trace of pyrcgallol, and the mixture is
then incubated for 45 minutes at 90°C. After returning
to ambient temperature, the sterols are extracted with.
5 ml of hexane. The organic phase is separated into

30 three samples having the same volume, and is dried
under a stream of air. Two of the samples of the
extracted sterols are taken up in 100 pl of hexane for
the analyses by gas chromatography (GC) and gas
chromatography/mass spectrometry GC/MS, and the thixd

35 sgample is taken up in 150 pl of methanol for the high
performance liguid chromatography {(HPLC) studies.

EXAMPLE 6: Analysis of the free and esterified stercls



Controller"” type (Waters, MIford, MAO1l757 USA). The
UV detection was carried out on a diode-array detector
10 covering the wavel engths from 206 to 350 nm The
colum was equilibrated wwth a buffer containing 20%
(water containing 0.02% acid)). A linear gradient 15
contai ni ng 50% of buffer A 10;4vi_n, the conposition of
80% of buffer B of TFA (trifluoroacetic is formed from
a solut tion yaadtS09ois [phi-bert®rasfivedGFhe el ution
buffer is 25% of buffer A for 75% of buffer B. A new

l'inear gradient is then a Y ; P
30 nith, Sehe ‘@‘T%ﬁté’ﬁfa?gﬁ ‘2@ t‘%eéd\ja%l]tgw O/OE’B?‘Iz e
buf f det@:tifmi)s 20 value is maintained for 5 mnutes in

ocder to clean the colum. 2) Analysis by HPLC,
det e‘f‘%% ogfn beye %o%ggyé@é:rc%tlr %x&?gbg é@pen%@dl it H@xane

case mass spectronetr the s

i s naf nPﬁ?R?&?daPCSQ@%}ﬂJI Hoh @FOGRENTE i s aﬁﬁ nFﬁF‘ﬂ%a:gg)af 1)

60C dyr g tlbl)e) anahysirgecfhen‘Hmtdeﬂu Cies us@éded stof the

the ! éL_i_ﬂa y@tersln279 eng,yage 3dotouded toa@ a
Cro

"Wt er s nass Unli ke the

b ecEBP AT FELLER] %’%qrpettﬁoa, 'P?/g”%el ution buffer A does
not contain any TFA, but the two buffers A and B

cont ?k%nol (%oﬁs( E&be Oéarflﬁréﬁ Grac tﬁlenSﬁnHt&efaobuﬁa aagas
equi rated wi ont i

(ot EPERBHORTHPHY Boghos e 1 andy BTG, iR Elods.
buf f &r ® Baekt yaFer iingessAtaigiitry ¥ 0844 %‘?’%) Sgfo-type
for m-e1@@i d){column reference: 30 m x 0.32 min IDX 0.25 um).

The gas vector is helium. The Split ratio is between
50 and 80. The column head pressure is 30 psi. The
injector ig set at 280°C. The initial temperature of
the column is 130°C for 0.5 of a minute. It increases

20 to 230°C at a rate of 40°C/min, and then from 230°C to
280°C at a rate of 3°C/min. The column is then
maintained at 290°C. The temperature of the detector
is 310°C.

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

The total sterol extract suspended in hexane Iis
prepared according to procedure 2. The GC used is

30 equipped with a conventional “split/splitless”
injector with a conventional DB5 column that ig
30 meters in length and 0.25 mm in diameter.

The injection is carried out at 230°C with helium as
35 gas vector, at a flow rate of 2 mi/min. The column
goes from 130 to 290°C in 4 stages. The column is’
maintained at 130°C before injection and then
increages 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



- 37 - The injection begins with a buffer containing
50% of these two buffers. Alinear gradient with two
ranps is formed froma solution containing 50% of
buffer A and 50% of buffer B'. 5 After 10 mn, the
conposition of the elution buffer is 25% of buffer A
for 75% of buffer B'. The rams of the gradient is then
nodified so as to reach 12.5% of buffer A and 87.5%
of batdee B> apPreg anghysi stdr 25 310° @ Wut-esTheyngolumn

t henydRO0fthybbes Brats ddnitenites. This value is
mai ntained for 5 mnutes in order to regenerate the

columm. The "Waters M croMass ZQ' nmss detector |s set
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culture [ for 72 hours at a tenperature of
Zbe Wi Hzéhéggri g a%esqioo rpm - 38 - The cells are

then recovered by centrifugation of the nmediumat 600
g forn 1@111’3 %Wslt-rhﬁs ceddsipakl eb demdiremaanakpzedffect

diregd! y}g@y iR iRAALY! L62! phEENLANGS $rRl GBERELTstihin
exanp q 1 es not reqU|r|n%:|n UCtIg
Wit hargﬂm &Et dg@atlcular the absence of gosta-8, 24 (28) -

25 dienol and the presence of sterol of thg type cholesta
having the double bond in the 24(25) -pogition.

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

spectrometry
1) Analysis by UV detection HPLC:

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

MAQ1757 USA}.



However, for the studies of kinetics of induction of
the expression of delta 7-reductase and of delta 10
24-reductase (strains transfornmed with the plasnd
PYES Del ta24 and/or pAGl), the pellet is resuspended
in 50 mM of fresh Kappeli nedium containing 2%
gal actose (not |abeled with-"£5carbon). 15 This
culture is incubated at a tenperature of 30C with
shaking at 200 rpm Ten m of culture are recovered
af t ernd® bBepsiratd dAOUrsS,caiedr ®ut8 dnowr syraddedd howpgsed
of cuktur 0 Gl tur anpd e re bh-H988k i
at 8 %lqm§§?218gﬁ§§ﬁ%é§§ gﬁnghgﬂieﬁngeﬁigghﬁg %ro n
and apiled HEERZ0®) baPeh ST PUFE| 2ESTPRITTOR 6&7“? & B
net hods clesomi bedndimtexiaegdl et 56025 dEXAMPLE:Q analysis.
Identification of the sterols present in the strains
anal yzed; The identification qQf_the s S
Dl SniPHE 98VLGOPRER| b OF (B FERLOSE ngeo & obStem
pri n€pmtesller” Coypar | @rent, t Mélberdvi BROWPGASAIPLEhe
o N@v&&@héﬂ%&%“/ﬁaw thraisd enil 6n3$laﬂﬂaﬂéj-331ixﬁlyt heteaiser
canpestero ergost-a-5-:en0l gost er.
£, coTpERtg Opnt CHIRRIERD O scrf) 2BEINEL Clo0 . The
(ChOF@]S‘WHI aﬂﬁoﬁﬁl@r&éﬁo%éhoﬁ buffer containing 20%
(chokeséra-&f Zufiieandl ) (aaftceiiokésé n- &nd@2804i ehcpuffied B
of zymmsi.ero l.est a-B8,024- dignol - roacetic
di od)e(:- ar rI:y JER}(%Q?%C% onds'(%%. e%g ’JI}F? 7;%1?%%:ﬂ%ﬁi S1ut
et htHekesh t 1 pRREK LPERARRE 6T | Fy T rB Gl otis PH-uBHem
5 spectrainipgs66% bEvbubfeasskesansd Hiteradl duifer cBashftrer
SAl : 1 foneRN] tigat 8t HARY ofY SECMhel)e1 B COASEuENY is 25%

. Of 7-d] 3) ¢l ass, .8A3; .
b1 coBhau i, 1205, (56 Sy MILEeR, By A ny T4iedy gggaient

prestficehet apPBial- Hi eABCRY 3 &Y Hhag) ags SA5:min, the

pr eSgREE it reddhdd( 2R:- dhkae systeoy &F asseRe:BAS. dfidis

S 2N0t; SORKEAa ity SELICh U B2S0N e dd 2S00 S
and SA4 cannot coexi st Tor biosynthetic reasons,

cl asSRSAPINEY - be conbined with structural units of

cl asses SAl, SA3, SA5 so as to formadditive conposite

spechy am;%giﬁa} Y abpBeof debect 8:£NL)ORakl MBpelbréhetry
and |n H(I?. on thHe basis of an approximate additivity
of tHEPTEMEAfi on tine shifts associated with each type

¥ unsaturation and with the presence of a backbone of
er gost acie €4 6S5f Aark YEGal Y iRC oyt MiefissC Idge@tkOfietisSy Nathe
sample is maintained at 30°C and the column is
maintained at 60°C during the analysis. The HPLC
device used is of the “Alliance HT Waters 2790 type,
30 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.

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

containing 0.01% (v/v) of formic acid).



20 absolute, it is used as an aid to identification
and in order to |ift anmbiguities, but presents a risk
of error if it is used alone. It is therefore only
used in conmbination with the other criteria. 25 -

GC/ MS analysis (cf. exanple 6-2)), which provides the
nol ecul ar mass and a fragnentsti-on profile which can
be conmpared to spectral |ibraries. o
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wi t h58F |o% FaEaBsVvR" systens of the sterol 35
conposition of various reference yeast strains
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EXAMPLE 8: Culturing of the yeast strains for analysis
30 of their eterol 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-
35 *C¢ (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. '



It was thus determ ned that this strain accunul ates
nore than 80% of its free sterols in the formof 35
ergosterol (ergosta-5,.7-,22-trienol) (cf. figure 8).
Two ot her minor detectable sterols are produced by
this strain; they are ergosta-5, 7-di enol (substrate
for the product of the ERGS-geme) (12% and zynosterol
(ergosta-8,24-dienol) (5% . No trace of cholesterol is
- 41 - detectable (the limt of detection of the
met hedlei Seappr oxé el yrdrob¥red bpseemablfmgst éew| ¢ff . the
Smal aRLIN f.~l ano r also ecdabl g1 vis
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in aii'xguf‘.‘g’i%i@,ﬁ églimgosg? .Kappel i nedi um (Kappeli et
al ., 1985) containing 2% of 1)-glucose, for the
quantitative and conparative analysis of the sterols.
The pwerat, dEmsi the ofstudiesstady thimgtdgrt @f e ipdupt oy of
15 6QQenneyhhissioH! tof € de3tancubsdddthee 72hdiowfs delwa
g&mgrﬁé‘}_—gé&t"afse3ogs%4£{hssh%%?ﬂgf@}me%ﬁowﬁeﬂﬂ e pehbfia
e en T ecovere centrifugation_of the nedi um a& q
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anal yaedsby wihe dfectieghesKapmsant egdiium e xaomsladning The%
var i d i [fRdec Lopassible to
idengg% t eélz(t%g)}:o%ﬁ‘{)lrégg&égg b)(/: %?u s strain. The
search, in the chromatogram for ergosta-5,7,22- 25
15| embis( eudoster dk) dorcubetedr gosta- Sempeladyere jaf 30°C
negativg §hAsiSiot Banzéb 3%wef the value obtained in
BMAK) in HPLC coupled to nass spectronetry. In terns
of the free sterols, the strain accunul ates 50% of the
t ot aFerymbseRrailueropest s veredi ehbey 0 AWM r 4t BORHF-

4 hours, 8 hours and 24 hours of culture.

20
These culture samples are centrifugéd 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.

- 25

EXAMPLE 9: Identification of the stercls present in

the strains analyzed:

The identification of the stercls is based on the
30 combination of the following principles:

- Comparison of the behavior by GC, HPLC, GC/MS and
HPLC/MS with authentic standards in the case of
campesterol ({ergosta-5-enol), of ergosterol (ergosta-

35 5,7,22-trienol), of cholesterol {cholesta-5-enol), of
desmosterol (cholesta-5,24-diencl), of cholesta-5,22-
dienol and of zymosterol (cholesta-8,24-dienol).

- BAnalysis of the absorption spectrum by HPLC and



30 the product of the ERG gene, and 30 and 20%
respectively, of cholesta-5,7,24-trienol and of

chol esta-5, 7, 22, 24-tetraenol probably resulting froma
mechani sm of synthesis identical to that which results
in ergosta-5,7-dienol and-in ergosta-5,7,22-trienol in
35 the parental strain (cf._figures 3 and 8). This
clearly shows that the biosynthetic pathway is bl ocked
at t Héolievedr=gf Usr gétsitmica t(hé. ERGHPlenZyhE) :
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t he ¥R FO2y sbeaicnuhinkd deith fstoatdtomadf unhes sogr olasses

presgnf, i A s gakraky: Jhe ME FQ2qpSt haalk WeS ebhpbsick
by transformation of 15 the WA FO1 strain with the

pl asftPEPPES2 carrying the A24-reductase expression
cassette (pYES_Delta24, cf. exanple 3). The clones
Wer e- SEh£6i8¢ of ahgeﬂémﬂlwkhmge@rmidc amd thespLC on

B r s Ehe - lese"péfssér?” %ﬁ}%&&t r%ﬁg%ﬁi&éﬁ% | Sthe
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tran§‘F‘b?ffF&ﬁFs Byshes %f"o?f prEcetrhss 1with . c8ganmpiee of
5- 1) jnssdfhwia@fienc anbedriviil 2 wassselcectedd 1 baskhonehanf

R
Fbt crRAIRtEr e o 1o G0 AR T cifol TP Greqon and
fi guire FydexThee VG FO2amtioainies, chlt upedsentsa a\/(ﬂJ@ﬂﬁe of

of 50-dr ofr Kappsel iué@iél@n@KaﬁQeMs thezbford 98H)y used
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30 cHﬁpa fF@ PRI 8fb?% S The opti cal

density of the starting culture is 0.1 at 600 nm This
ol turecyssi aadbpdad flof. 72xhaprs at—zﬂ)len‘nﬁdﬂatpf@vﬁes

30C i p RENhich
recovergﬁ§%§ ce%t%%ﬁug%?dlg f?%%@gmggﬁéﬁ]gg 80 g lc
10 rfdubes comprrehd cEPPChEr} StiFerafst yzed by the
techni ques presented in exanple 5. The various

anal y SﬁﬁL@ﬁeﬁ“e@tQ‘sgpw—Q@ t-arpep_{%ﬁs’..:i.l?#I € {Qr. example 7-2)),

30 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
35 composition of various reference yeast strains
disrupted at various points of the biosynthesis.

- Analysis of variations in the stercl composition

during complementation with various biosynthetic



- 43 - identify the sterols produced by this strain.
The two sterol extract profiles for the WA FO1 strain
and for the WA FO2 strain are simlar except for the 5
appearance of a new peak identified, by virtue of its
mass, its retention tinme and its conjugated double
bonds, as chol esta-5, 7, 22-trizgnol (figures 2, 3 and
7). The presence of this conmpound indicates the
expeatauhegy, esedc efoftie MLR5igsers t#@@uaca@ée‘a%@qqﬂlpy
10 ofutihg dadbleahandni b the 2462p) epasidtion. of the
chol esta-5, 7,22, 24(25)-tetraenol In addition, the
amount of chol esta-5,7,24-trienol is decr eased with

t he appedraneeobf thaePEriollesfRrs 1Poding | 8hothg aHeUs
WG RO2rshikaiviel filglcagbdnarmd i8profphe activity of the
15 enzyne is denonstrated by the conversion of

chol estab, 7, 24-trienol representi 30%| n & F(%ld
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25 c% est 8-5 I'S '@ substrate st er ol
22- fdafilir ase, vvher eas cholesta-5,7,24 is, according
10 the sterol profile for the WA FO1 strain, a poor

Subsfafelr 10: FRSAVPEELS3onCoistinet bodrdfs theWtFAa

strain and 30 identification of the sterols present in
t hi 0% PHPR? SHPAA FO3 strain was obtained by
transformati on of the WA FO1 strain with the plasmd
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N e g At Lk &
50 ndeddfimKappedd greftirum0( Kappess, aéndglthe goBb)pellet is

CONtRINLPEd 2849 Ofhe techniques presented in example 5. The
30 various analyses described made it possible to
identify the sterols produced by this strain.

It was thus determined that this strain accumulates
more than 80% of its free sterols in the form of
35 ergosterol (ergosta-5,7;22-trienol} (cf. figure 8).
Two other minor detectable sterols are produced by
this strain; they are ergosta-5,7-dienol (substrate
for the product of the ERG5S gene) (12%) and zymosterol
(ergosta-8,24-dienol) {5%). No trace of cholesterol is



D- gl ucose, for the quantitative and conparative 10
anal ysis of the sterols. The optical density of the
starting culture is 0.1 at 600 nm This culture is

i ncubated for 72 hours at a tenperature of 30C with
shaking at 200 rpm 15 The cells are then recovered by
centrifugation of the nedi umat- 600 g for 10 m nutes,
and the cell pellet is analyzed by the techni ques
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ster 'i'..gf 1148 Hfgeherbidididd I lihe? MiddHal lptesent in
conpl ete |sappearance of chol estab, 7, 22, 24-tetraeno

chol @& ¥GFFOL_#%AI8: and chol est a- 8, 24- di enol . 30 This
activity is also marked by the appearance of a nmgjor

peakI‘Hed%ﬂFfdledsﬁlﬁes(Q@ begappeyi QMSlwﬁsa&ultured in a

chol est a- 5, 24- desnpst er t g,. of
Hhoreites . 50 ahol ofnARERETE L ieQhum [NEABHRHN 8 Ol
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35 ah thepdeieniednahohester Thé, 22sild.et r aenol
changes from 23 to 4% respectively, for the Wi FO1

~and WA FO3 strains. These observations indicat.e, 0.1 at
unexiiectoptigalt farsitie of &G SEErtRg-TRdittadE 0+t @
Tsedusnes ninhe TeHiel esttaube 74idi eémoubianed fannée hbexs st a

Y' rté@'lple}{'ature 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

20 analyzed by the techniques presented in example 5. The
various analyses described wmade it possible to
identify the stercls produced by this strain.

The gearch, in the chromatogram, for ergosta-5,7,22-
- 25  trienol {(ergosterol) or for ergosta-5,7-dienocl is
negative (less than 0.5% of the value obtaipned in
BMAG4) in HPLC coupled to mass spectrometry. In terms

of the free sterols, the strain accumulates 50% of the

~ total zymosterol (cholesta-8,24-diencl), substrate for
30 the product of the ERG6 gene, and 30 and 20%,
respectively,. of cholesta-5,7,24-trienol and of
cholesta-5,7,22,24-tetraenol probably resulting from a
mechanism of synthesis identical to that which results

in ergosta-5,7-diencl and in ergosta-5,7,22-trienol in

35 the parental strain (cf. figures 3 and 8). This
clearly shows that the biosynthetic pathway is blocked

at the level of ergé since the ERGé6p enzyme
{S-adenosylmethionine delita24 sterol C-methyl-
transferase) converts the cholesta-8,24{25)-dienol to



- 45 - independent of the nature of the unsaturations
carried by the side chain of the sterols. This result
is opposite to that observed with the sterol delta
24-reduct ase. Unexpectedly, expression of the sterol 5
delta 7-reductase also results in the accunul ation
(129% of a nolecule that comigpates with the

chol est a5, 7-di enol . However, it appears to be
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The optical density of the starting culture is 0.1 at
600 nm. This culture is incubated for 72 hours at a
temperature of 30°C with shaking at 200 rpm.
35

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



10 Strains that are indistinguishable from W3 FO4 can
al so be obtained by transform ng the WA FO3 strain
with pYES Delta24 and applying the sane sel ection.

The WG FO4 strain was cultured in a volune of 50 m of
15 Kappeli nedi um containing 2% of D-glucose, for the
guantitative and conparative ghal ysis of the sterols.
The optical density of the starting culture is 0.1 at
600 ndenThiys thel tuerolis predubed doy ftis79tFddrs at a 20
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whereas cholesta-5,7,24 ig, according to the sterocl
profile for the WGIFO01 strain, a poor substrate.

EXAMPLE 13: Comstructicon of the WGIF03 strain and
30 identification of the sterols present in this strain:

The WGIF03 strain was obtained by transformation of
the WGIF01l strain with the plasmid pAGl. This shuttle
plasmid between E.coli and §.cerevisiae carries an
35 expression cassette for AT-reductase, the
corresponding c¢DNA of which is under the control of
the GAL10/CYC1 promoter. The WGIF01l strain was
transformed by the lithium chloride technigque and the
transformants were selected on medium containing no



20 chol esterol (cholesta-5-enol), the formation of

chol esta-5,22-dienol is also observed. Analysis of
figure 4 and of figure 5 indicates that the formation
of the latter conpound occurs nore rapidly after

i nduction than the formation of cholesterol, and even
25 begins before induction {(cfa figure 5A: mz 367).
However, this conmpound is conpletely absent if the
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chol esterol can be forned fromchol esta-5,24 via the
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The CA1O0 strain expressing A24 sterol reductase
produces a relatively small anount of chol esterol (cf.
figures 6 and 7) and accumul ates mai nly ergosta-5-enol
and an internedi ate amount of ergosta-5, 7-dienol. The
10 accunul ati on of cholesta-5,7-dienol is very lowin
such a strain, indicating thd> di sruption of the erg6
gene.l, eeesnsd%rrllg:l ?k r:ﬁ% Iﬁz&@ﬁtea%tfl ahe 2653k 8As Ok arried
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unsaturated in the 24-position to ergosta therefore
results in the conversion of poor substrates for the
ERG5 gene (22-desaturase) to good substrates.
30 : _
EXAMPLE 14: Construction of the WGIF04 strain and

identification of the sterols present in this strain:

The WGIF04 strain was obtained by transformation of
35 the WGIF02 strain with the plasmid pAGlL 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



all consists in growing the yeast on glucose 15
conpletely labeled with 13C, for 72 hours of culturing
at 30C. The cells are then recovered by centrifugation
of the mediumat 600 g for 10 mi nutes. The cell pellet
Is 20 then suspended in 50 ma of fresh Kappeli medi um
contai ni ng 2% of gal act ose noig |-abel ed with 13C

carbon. The cultures are stopped 2 hours, 4 hours, 8
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genetic structure of the strain used,
Cholesterol represents 25% of the free sterols of the
W@IF04 strain (cf. figure 9). The _formation of
30 cholestercl in this strain is independently
demonstrated in GC and in HPLC, by eomigration with an
authentic standard and by confirmation both in GC/MS
and in HPLC/MS. Cholesterol is undetectable (< 0.5% of
total sterols) in all the strains that do not
35 simultaneously express the delta 7-reductase and the

delta 24-reductase.

The strains that do not have a disruption in the ergé
gene can produce cholesterol; however this represents



-3) on the precise tine at which the cultures are 20
stopped. This isotope profile has several unique
properties: 1) it can be nodul ated as desired by
adjusting the culture conditions, the strain used and
the sterol 25 chosen. A unique |abel register can
therefore be produced; -2) ita7 s

"conbi nabl e",i.e.several isotaope S|gnatures
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m xture that is easy to isolate, stable, colorless and
odor | ess, nonvolatile and nontoxic, and that_ can be .
i ncoFlpor APa€ | AtTRioNss atTRREIcRASE pyHducthe plasmid
addi ﬁws:eqw;a@& heffhis B2rainpkoductmodoats cahobestercl,
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It was possible to demonstrate, moreover, that the
formation of cholesterol clearly requires induction of
the delta 7-reductase and delta 24-reductase promoters
15 (cf. figures 4 and 5). The strains containing these
genes do not produce cholesterol in the absence of
induction; figure 5 indicates that the maximum level
of cholesterol is reached after approximately 24 h of
induction. In parallel with the formation of
20 cholesterol {cholesta-5-encl), the formation of
cholesta—s,.zz—dienol is also observed. Analysis of
figure 4 and of figure 5 indicates that the formation
of the latter compound occurse more rapidly aftex
induction than the formation of cholesterol, and even
25 begins before induction (cf. figure B5A: m/z = 367).
Howevér, this compound is completely absent if the
strain does not carry the two plasmids pAGl and
DYES Delta24. The formation of 22 -dehydrocholestexol
is therefore a more rapid process than that of
30 cholesterol formation, but this process involves a
precursor which disappears ra?idly 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-
35 reductase. Now, it has been shown that cholesta-5,7-
dienol cannot accumulate due to the fact that it is
immediately converted to cholesta-5,7,22-trienol. The
source of cholesterol is therefore cholesta-5,24-
dienol, which is absent at the time of the induction



reconbi nant strains and the very precise conditions.
In 5 know edge of the isotope possible to track back
to possible to produce it. In summary, an "isotope

al phabet" for general use, 10 that cannot be falsified
and that can be incorporated into products of any
type, including consunmabl es; «mnr be readily obtained
by virtue of the present invention. There is a
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into yea Stra roduce
partqttqﬁt@pn, but appears to be a minor process on the

basis of the preferential accumulation of cholesterol
- 20 compared to cholesta-5,22-dienol at the long time
point (24 h) of the kinetics (figures 4 and 5).

EXAM?LE 15: Optimization of the biosynthetic pathway
for cholesterol, role of A22-desaturase:

25
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
cholestercl in terms of free sterols (figure 4).

30 Disruption of the A22-desaturase gene is an option for
optimizing cholesterol producticn. 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

35 conceivable. A strain carrying the subset: disruption
of A22-desaturase, expression of _A'?-r.eductase and

expression of A24-reductase was produced.

This strain was obtained by transformation of the CA10



hydrocorti sone (cf. patent application WO 02/061109),

- 53 - in order to produce "C-|abel ed or 14C-| abel ed
steroids, for exanple for R A assays. EXAMPLE 18:
Construction of a strain that produces 5 mainly

chol esterol: The CDRO7 Mat a* st ain is described in the

patent appli ullsh numper, WO, ;epy
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[ Nat ¢ onal replel-ectbouradi M aheosgaais eildinetesys calded
du @}gﬂﬁ% Roux 75724 Paris Cedex 15, France,

accor %6 t he provi sions of the Treaty of Budapest
at the CI\ICM on January 24, 2001 under the
regiBﬁéEH¢KHDrﬂﬁﬁﬂﬂinleﬁﬁﬁéﬁbing A24 sterol reductase
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f@ﬂpgéédnmf%t%nth h:|9f s ?aagéséam 75806851 t hat wngdutew25in
precursor_for chol estero

desnbiterdl St gaieca a%%]n% aépa%r dl%{r%ggg% ?cé% u%}feaseerQG
cDNAgemss iimdi easeatms thEs PeRarETriad e L A

30 Yaé@ﬁ,atgvggnsdﬂ i wea t ehday@my@anesER@&egm:wsty of
fun%& Nalz4 eBLELOL P %eegagf@n REBRPL LIRS competes

descri b t h| S d 96
187 F L VORYAALEEL S (Hd) STERAP NGV IR the 6

r et eqieon Id mdyasherefore be concluded from these results
that the simultaneous disruption of the erghs and ergé
genes is important for the purpose of optimizing the
production of cholesterol.

20 .

Disruption of the erg5 gene in the WGIF04 strain would
make it possible for those skilled in the art to
congiderably increase the production of cholesterol.
The feasibility of such a strain is established by the

25 construction of the WGIF04 and CA10/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

30 expressed {comparing the results obtained with WGIFO03
and those obtained with WGIF04). This makes it
possible to predict that cholesterol will be
synthesized very efficiently in a strain that is
gimultaneously disrupted for the exg5 and ergé genes

35 and coexpresses A7-reductase and A24-reductase, the
cholesterol then being the only end sterol.

In conclusion, the minimum zegquirement for the
production of cholesterol at a threshold above or



zynosterol and desnosterol. The YIMb9 strain al so
showed auxot rophi es for adenine, |eucine, uracil and
hi sti di ne. The presence of desnosterol denonstrates
that this strain expresses the sterol A7 reductase and
- 54 - that it carries a nanfsgnctional erg6 allele.
Wth the aimof inproving the [evel of expression E A
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cd, asorestepbace Jkeivite Ganfl i ndeci HdmppraRdt ertte

10 of the plas t ad4 (G a-SXapdiendl. dée end
seqU@ﬁ5§;§&Freg%on Fggpggkthe termnal 14112 of the

DHCReZeradduct ase as a fusion with the CYCL pronoter
was nodi fied as follows: 15

t ageg) 40aL00CGATIGARED aagtaswﬁfgacaimcag@ﬂasaemiat aargl
t gt gcgacgacacat gaf cat a catgfﬁgéggﬁnctgtatgtatataaaac
10t t SeE$igEcs o tt??ﬁ?ﬁfa Ccttatacattaggtoctttgt
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€ S £3€Rbnl BErst ©
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The seq of the first two codons was al so nodified
(seqﬁ nggg%AA CCT after the ATG initiating codon).

The cells are then recovered by centrifugation of the
medium at 600 g for 10 minutes. The cell pellet is
20 then suspended in 50 ml of fresh Kappeli medium
containing 2% of galactose not labeled with '°C carbon.
The cultures are stopped 2 hours, 4 hours, 8 hours oY
24 hours after the switch to galactose, and the
sterols are extracted and then analyzed (cE.
25 example 7). The switch from glucose to galactose
| results .in induction of the GAL10/CYCI promoters
controlling both the A7-reductase gene and the A24-
reducicase gene. Simultaneous ly, there is a change in
‘ isotope labeling of the carbon source. There ensues
30 the de novo synthesis of metabolic intermediates and
then of sterol, including cholesterol, comprising &
gradual change in labeling. This change in labeling
can be characterized by the mass profile of each
intermediate sterol. In fact, the rlncorporatlon of
35  each 3C atom induces a shift in mass of one atomic
mass unit (aMU). Thus, £or 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 .pasi-tive electrospray



The final plasm d carrying the DHCR24 cDNA under the
30 control of the CYCl pronoter and al so the

S.cerevisiae 2p origin of replication and the URA3-d
sel ection marker was called pl M331. Its equival ent

wi t hout the DHCR24 cDNA was- oal l-ed p114303. 35 The
YIMb9 strain is transformed independent]y %t h thgar &)
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preSENgE, o1 g Nanolgepab sl Iusteex Tiishg. 3t e
exanpres b5 an

6). 1Q These, twg ' e.tested, f Bt
fRei thabrEP¥s 2 oPTRITHGC & RABI &5t SRR &

of _t.he
r esulins chCenabe gimEetiedyf F—gﬂ?l’é“ﬁ?@?aﬁfhﬁé n&%’f%ﬂﬁ“gﬁi' zilnd
ti meg, RLESenlStbRn@s0i &1 Qhiighem habtaspeon stigpnature which

chromatograns. 15 It was, thus possible to show that
t he W&Pﬁstﬁﬁtt]ftfo ?mﬁo%%%rry t he vect or

fo
expr esdi om @heDH@Rthleg(lmMPﬁi’?v/B%dsfta?%gtlé‘{)ué? not. Fhe
A0dUGA tebal e8468 Ohnd prordil)pnbuvishi HiF yd oW ith
(partnéA). C%?verselly, the strain that carries the |
DHCR24 éﬁ%& 9/ plM331 20, strain yduges stanQlin
t hat 1%ds ehethet SFEFOASt igﬁé‘eBi‘ccr?BFé%‘?‘g%gl ngg?lte B).
1t wassdgmssi ble to denonstrate, by techni ques of gas
chr onpg)ogglzilplg ecoigg}jcqget G i@¥leeChdf ORhicpathengss tures are
spectronetry %‘as described in exanple 6), that this
Ser o¥t9¥efndeed 25 chol esterol. Using the surface
areas of each of the sterol peaks, it was possible to
esti ngte, tilg@goggepﬁgmq&t heé shalredt enbiupyPPesyly:

the YI'Nb9/ piM331,strai 57% A Sher eligustithg the
Deposi i nb‘PoFaBi B’Foérﬁoggﬂ‘g\%%% egf/aﬁggr%we follo iy

or Gantstmmer combpdeRFed tsn AT 295500680 Wit TR

col | eghdgih Nahi onal quele 16kl uremideKl cer JAIFFShEES P

( ti.onal Collection of 35 M croorgani sm
Cultt%é‘é e

) rue dg\ Doct eyr. Roux, . 75724 Patis Cedgstope
15, Frahceitaccht di NGOPB R Sorovisions %? t]}we Treaty ..
of Bugmures corresponding to several unigue ste

labeled with isotope profiles that can themselves be
30 modulateci 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
35 profiles;
-4) it correspeonds to a molecular tracer mixture that
is easy to isolate, stable, colorless and o.do‘rless,
nonvolatile and nontoxic, and that can be incorporated
into foods, a medicinal product, additives oxr other



- 56 - nunber 1-3203. Al the publications and patents
mentioned are incorporated into the present

application by way of 5 reference. Bibliography:

Adans, A.K., and C Holm 1996. Mel Cell Biol.

1016: 4614- 20. Ausubel Fred Ms2 Brent Roger, Kingston
Robert E., Moore David D., Seidman J. G, Smth John

A , StodihicsKeban ¢EUibLORSYINRATENPY PGBl s in
Mol ecyl afy %’a%ggyb?pﬁ@iémmﬂ oy tDohin havias %Soﬁﬁeqlrfc‘zc
15 Current, Protoco s e e Vd6€, phébisEhi Labeling,
Aventi ?O&Waﬁfgooétﬁévﬁ%o% ?Eﬁl\?‘gm%s?.etf% (Rub! Leatd o,
updatettustimeh 2062) extBREIER: BEPPFT el A, | E "
Gyi | kgsPteade &l the. isammbe. signacyite SOP§9TOLYIREE %t
13:353- 6., 20 B 5o GneOpheamdtalagetdpbubade 1
GY. P‘E?‘?lkﬁ}le Egbgggggg,gaf%\l hl\?l) n\'/ieg)l e- Sebastia, and F.
Lacr paseiblpoge PYRAYES +#:609-15. Bowman, S. et al..
1997. Nature. 387:90-3. Duport, C., B.
Schoggp,sé%magpgt el Ry sdRopBpaghgabet?5EoDuaers TN dues -
Ponpon. 03. r J_Ri ache 0; .G BlobxpBréced
ROV CBeR| Gapiot AR THRAAEE. aéﬁdt%fég.zcévéogsmégggs can
Yeastintd1p8sdud® ofFBatyes. RCIRHTT 19956 ence.
274: 346, 26317y 30beasesd Pebgakesrtie L. P M AheKeﬁﬁé’a??‘;
N.D. Lees,. R rbuch, . C_ Kpedglai1antnitmBeedl. nk@98; ©
ANt ﬁPgF:B%l%b‘er%?}ég endt her, .42 11% - Tuted £K8HESHER Oan
E. S.  igopopRoseri®] b BHLsRT i RE Wei da. J. R iles
ST | RAPhabsk Poy Keeking Auge  SRubPEh, EBE kP PI @Iﬁ’&_
2002'aanlthM GQPﬂﬂ.tﬁéég%@' 99e¢rols. The incorporation of

such signatures into the most varied products

therefore constitutes a unigue method of labeling that

cannot be falsified, uniike, for example, DNA
20 gignatures, which can be reproduced once they are
knows . The gignature can, moreocver, be read

nondestructively, Ior example by laser ionization
followed by mass spectrometry analysis (MALQI-TOF or
the like).

25
EXAMPLE 17: Production of nonanimal cholesterol highly

labeled with **C:

The use of C galactose or of **C ethanol and glucose
30 instead of the unlabeled carbon sources for cul.turing
the WGIF04 strain under the conditions described above
for the stercl analyses makes it possible to
synthesize very highly labeled sterols, and 1:'n?.'n
particular cholesterol {comprising at least 95% of —°C
35 carbon). The preparation of 14p_yadicactive sterols and
cholesterol is also possible by weans of the ?a_me
approach. The method can also be incorporated. into
yeast strains that produce steroids, and in particular
hydrocortisone ({cf. patent application WO 02/061109),



- 57 - Kappeli, 0., M Arreguin, and M R eger. 1985.
J Gen Mcrobiol. 131:1411-6. Kelly, S. L., D C Lanb,
B.C. Baldwin, A J. Corran, and D.E. Kelly. 1997. J

Bi ol Chem 272:9986-8. 5- Lecain, E., X Chenivesse,
R Spagnoli, and D. Ponmpon._ E396. J Bi ol Chem
271:10866-73. MCanmmon, MT., MA Hartmann, CD. ...
Bot t emsrad th. Prodarkd’c-1984led BRCTErigeied steroids,
157: ebidsys F. F., B. U Fitzky, J.N
Lee,évsf.%{%ggﬁﬁ fﬁ%% H. Gfossmann 1998. Proc Natl
Acad Sci U S A 95:1899-902. Noda,

Koi zemaMPIZD0B8: | ForetrBtgcmentialR ‘b‘famssg‘%ﬁ‘b pgoduces

g epalidlPeebepgEdast: O, A Mlpertuy, J. Boyer, 15F.
ekala, and B. Dujon. 1998. Nucl ei ¢ AC| ds Res
26: 5511-24. Skaggs, B. A, J.F. Alexa

tent
Pi er Sbe, GORS? JhHei EEERIDK IF éﬁﬁﬁm gw r?rpa T;g
Bar byg 11@Rd oM ﬁmushkaga;nmethgagx@grg 0 '02/061

2051 4oy 6 1,20 bOGhIUR BLaphy1 Aeteion 588t 155163, e
sZczaﬁ%‘qrg" O%th .. 2003 Nat  Bi Of il . [National
29 ; 1q:glgt_1res de Mlcroorganlsmes

Collection of Microorganism Cultures], rue du Docteur
Roux, 75724 Paris Cedex 15, France, according to the
provisions of the Treaty of Budapest at the CNCM, on

January 24, 2001 under the registration nunber
15 I-2616.
The CDRO7 MATa gtrain {relevant markers:
R
ade2: : GAL10/CYClp: :A7; erqgs: :PGK1p: :hygro'; ERG6) was

crossed with the WGIFO1 atrain described in example 1
20 (relative markers: ERG5; ergé: : TRP1) .

After sporulation of the diploid, the sterol
composition of the spores is determined in order to
find spores that produce desmosterol, which is the

25 precursor for cholesterol, as described in example 6.
A spore producing desmostercl, having a functlc.rnal
TRP1 gene and carrying the Arabidopsis thalléna
A7-reductase CcINA, as indicated by the PCR analysis,
wags thus identified. in addition, this strain, calle_.'d

30 YIM59 is seﬁsitive to hygromycin, indicating that the
ERG5 gene is functional. '

A sterol preparation, prepared as described j:n
examples €6 and 9, ghowed that this YIMSS '-straln
35 produces sterols that have the same retention .tlme as
zymosterol and desmosterol. The YIMS9 strain also
ghowed auxotrophies for adenine, leucine, uracil and
histidine. The presence of desmosterol demonstrates
thét thig strain expresses the sterol A7 reductase and



Tait, E. M C. Sinon, 25Gow, and D.J
, . A .J. Shaw 21: -
Taton, M, and A. Rahi er. Conmmun. 181:465-73.1 ?0281?.

Wod, V., et a/. 2002. Nature. 415:871-80. Table 1:

Eval uation of the spectral contributi

_ _ _ utions of the

unsaturations 5(extinction.ceefficients mvt1 cn}i;er0|

Unsaturation Wavelength (nnm) 206 235 %89 5 3.90.0
ilele: ' '
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15

20

25

30

35

that it carries a nonfunctional ergé a

With the aim of improving the jevel of expression of
human DHCR24, the nucleotide sequence of the DHCR24
cDNA was modified; in order to improve the translation
at the initiating ATG, the promoter controlling the

. expression of DHCR24 was also modified. The new

promoter selected is the CYCl promoter of cytochrome
c1, as a replacement for the GALl1 inducible promoter
of the plasmid pYES Delta2d (cf. example 3).

The segquence corresponding to the terminal NH2 of the
DHCR24 reductase as a fusion with the CYCl1l promoter
was modified as follows:
tagcgtggatggccaggcaactttagtgctgacacatacaggcatatatatatg
tgtgcgacgadacatgatcatatggcatgcatgtgétctgtatgtatataaaac
tcttgttttcttcttttctctaaatattctttccttatacattaggtcctttgt
agcataaattactatacttctatagacacgcaaacacaaaggaattgacaagtt
tgtacaaaaaagcaggCtaaaaaATGGAACCTGCCGTGTCGCTGGCCGTGTGCG

(SEQ ID No. 7).

The small letters represent the partial nucleotide
sequence of the CYC1l promoter followed by the AttBl
recombination seguences and then an AAARA sequence
which precedes the initiating ATG. The sequence of the
first two codons was also modified (sequence GRA-CCT

after the ATG initiating codon).

The final plasmid carrying the DHCR24 cDNA under the
control of the CYCl promoter and also the S.cerevisiae
2p origin of replication and the URA3-d selection
marker was called pIM331l. Its equivalent without the
DHCR24 cDNA was called pIM303.

The YIM59 strain is transformed independently with the
plasmids pIM303 and pIM331, and two transformants
carrying the plasmid pIM303 (YIM59/pIM203 strain) o
pIM331 (YIM59/pIM331 gtrain) are more particularly

gelected.
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35

1.7 11.55,7,22 4.8 1.7 11.5 5,22 4.4 0.0
.9 0.0 0.0 5,22,24 8.7 27.0

- K5 -

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

given in minutes on two chromatograms.

It was thus possible to show that the gtrain that does
not carry the vector for expression of DHCR24
(YIMSS/pIM303 strain) does not produce cholesterol
{part A), but nmﬁnly desmosterol {part A). Conversely,

the strain that carries the DHCR24 cDNA (YIMS9/pIM331

strain) produces a sterocl that has the retention time
of chelesterocl (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
cholestercl. Using the surface areas of each of the
sterol peaks, it was possible to estimate that -the
amount of cholesterol produced by the YIMS59/pIM331

strain was 57% of the sterols.

Depositing of bivlogical material

The following organisms were deposited, on April 22,
2004, with the Collection Nationale de Cultures de
Microorganismes {CHNCM) [National Collection of
Microorganism Cultures}, 25 rue du Docteur Roux, 15724
Paris Cedex 15, France, according to the provisions of

the Treaty of Budapest.

- WGIF04 strain dJeposited under the registration



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 0.00.0 CLAIMS |. A genetically nodified yeasi
strain that autononously produces chol esterol froma
si npl e carbon source, characterized in that it
ﬁ;gressef thle ;—Z?lehydrochol est®erol reductase and 30-
roxysterel A24-reductase enzynes. 2. The
geneti ca_f“l“ﬂ?bﬁ’ﬁdﬂzizé)ﬁ'yeast ~strain as clainmed in claim
1, in which in addition the sterol

24- C-nret hyl transf er ' i
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incorporated into the present application by way of

5 reference.
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3. The genetically nodified yeast strain as clainmed in
claim1 or 2, in which in addition the C 22 sterol
desat urase enzynme has been inactivated. 4. The
genetically nodified yeast strain as clained in one of
claims 1 to 3, characterizedghn_that the expression of
t he 7-dehydrochol esterol reductase and ) o J
313- hydikaxyst £y ob. A2M: r edurssise erndy ks Bt ai'nad " by
transf or at &%ﬂ%i&helgfr@ﬁlc@_l y nodi fied yeast
strain. 5. e genetically nodified yeast strain as,
cl ai mpd gen19nesof . clmiars Lambe B, CehBakidtdri 2ed: i N°THaL"
t he inactiyvatio f L Neo &t erplried- Chawt yi:9806f 1 ase
. C KeXly. 997 ’ . .

enzynme |a§‘dc§fffz| ;kdﬁqoa’: by gene inactivation. _B6. Thg

net i caldoy i ADdis i, edx yeaaenstesse, aB-clSEEBE I n 6RE of-
claims 3 to 5, act gt L7 e@hdr tMat1bdes47ractivation
of the G99t e?%?é'dgtsaturase enzyne is carried out by,
gene inggldyabhonm.T. , Theagesertwanhty FoBi f PEH-§®ast®
strain as_clained i ne y0f, tAS- Y18 C edl ngrTHedi.ne,
char act etl"_iWZega?ESt hfz}tsqi't [ sachosen fromthe genus "
Sacchar qpysR$s0r FSehi zesacchatekyced. . Ng, Lae, Y-K. Paik
Saccharonyc cerevisi ae yeast Sidainutichaadctet i Zed A-
LR t hat ':'lgkld ﬁg tcﬁé’sﬁﬁgﬁh strain deposited with the
Col | ect | 6% Y82 8R4t e de Cultures de M croorgani snmes
(CNCM (National Col.lgction.ofi M@oaQr gapestn Mddheme¥pl
on Apri INQ‘%”Z, r;‘;lool'imf}n 'erkt e registration nunber
1-3203. BicIA @BtR&3-F%Hr produci ng chol esterol of
nonani nmal origin, conpri;sing §.he cul kaiddiguef a. Boyer,
genet i'ca?ﬂﬁ’ifgiﬁ‘la]o?%ﬁo Oé'lz}z)ts's,t rai H gg clalyed. i -one mis.
e preckdi Bekaiai mnd Fo. PP netREd" as ¢l al med in
claim9, sghegiacteari zed in that the step consisting in
culturing the genetically nodifie east, styal.n S k.s.
foll owedSbgggas,st%fi-\oon%i%-t i ALEFISEr Zéc't%'ngﬁ%e a
chol est egghweitzblk, Ke.mehhod gs &padmkd ®n BrERUA20,27
characterized in t exlgagbkon. of the
chol est epolg?%d'cal%??éd&%ﬁet with a non-water-niscible
%cjg vent . g.d21egihe meLhod zmwl ai wédchimcl &iaPtySor 4953
characterized 51;?- hat a saponification step is carried
out befor@??ht"Extraction of the chol esterol . ~13. The
met hod_ ag,cLabaed i v @l pi Mtl0a11l F00B2, Fahr AHEEPFRRY-
in that a_st eg consi sting in nechanical grinding of
the cell £4$*2afried out before the saponification or
the extragtiongzof hhe chakestersl . kidg, el of Bgown, N.A-
genetically fmdi%i d yea trajdp-As ¢habaded deneaneBHdl-
ct@ins 1548, 2F r%%du%#iﬁ‘g'chol esterol, or one of
its netakal:Bo8ternedi ates, or a m xture of sterols,
| abeled with "3C or wth "C .15. . t Redoh&h Biophys Res
pr oduct nFaERBk e‘gter%}\ﬁ, EiOrR?CJ:fﬁJééléo’f ]lfgtgsierret abolic
i nt er nedicamasn. ok8k: 4A5x7ére of sterols, |abeled with
130 or with 44C, conprisi,n e OW;RG gSt €PSBacteriol.
cul tur  nFaxrlgeneti-Bat | ﬁn%%'Wefagggét strain as
chei med irsesaselef.the clainms 1 to 8 on a 13C- | abel ed

or 14C-| abel ed substrat'e, J?ndxoster, ¢.J. Romeijn, R.C.

- Waterham, H.R.
Hennekam, P. Vreken, _H.C.
FitzPatrick, R.I. Kelley, agd R.J.
Am J Hum Genet. 6£9:685-94.

Andersson, D.R.
Wanders. 2001.



extracting said chol esterol,

i nt

er nedi at es,

or the m xture of sterols.

or one of its

met abol i ¢

16. A net hod

for producing an isotopic mxture of chol esterol, of
chol esterol internedi ates or of chol estero

met abol ites, |abeled at variB%s positions using

i sot ope Iabels conprising culturin etdcally
modi f- edogdast: -sefarh: %’Ogl AR s n%&%egﬁ] é% aims 1 to
9 on a | abel ed substrate and then on an unlabeled
substrate, the culture tines on each,o ions of
subst Fabkss reENgLeMoEn of nti? dHeT oaob?aln a defi ned

i sotope profile.
LISTING <110>

CHOLESTERQL- PF\%U%II’l

BR) 020261 STRBROFAERPISEQUENCE

LSi Bhapees e fent<l 200 cm )
NG YEAST STRAI NS AND USES THEREOF

<130> PR102025 <160> 7 <170>Patenttn—versjon 3. 1

<21|08ndatdkiios3 <212> DNA <Marelengtiy (i <400>—%
cct{agogacy aaaagqat ca Jdgggagt gaa t @aet t ggad tta@eatsct

tagFatttt%GG acyggs3 <4€¥5 Z7<Z11> 6§ 212> DNA  o.¢

5,7 4.0 1.7 1.5

5,7,22 4.8 1.7 11.5

5,22 4.4 0.0 0.0

5,24 6.9 0.0 0.0

5,22,24 8.7 27.0 0.0

5,7,24 7.5 1.7 1.5

5,7,22,24 9.2 29.8 115

8,24 6.9 0.0 0.9




<213> Artificial <400> 2 gcataagagt gaaacagaat

t gagaaaaag acaggoccaa ttcaaattcg ggtcgaaaaa agaaaagg
<210> 3 <211> 25 <212> DNA <213> Artificial <400> 3
agggccgaac aaagccccga tcttc Page 1 <210> 4 <211> 21
<212> DNA <213> Artifi CLAIMS<400> 421 ggcaaaccga
ggaactcttg g <210> 5

1. A genetically modified yeast strain that autonomously produces cholesterol from a simple
carbon source, characterized in that it expresses the 7-dehydrocholesterol reductase and 38-
hydroxysterol A24-reductase enzymes.

2. The genetically modified yeast strain as claimed in claim 1, in which in addition the
sterol 24-C-methyltransferase enzyme has been inactivated.

- 3. The genetically modified yeast strain as claimed in claim 1 or 2, in which in addition
the C-22 sterol desaturase enzyme has been inactivated.

4, The genetically modified yeast strain as claimed in one of claims 1 to 3, characterized in
that the expression of the 7-dehydracholesterol reductase and 3p-hydroxysterol A24-reductase
enzymes is obtained by transformation of the genetically modified yeast strain.

5. The genetically modified yeast strain as claimed in one of claims 2 to 4, characterized in
that the inactivation of the sterol 24-C-methyitransferase enzyme is carried out by gene
inactivation.

B. ‘The genetically modified yeast strain as claimed in one of claims 3 to 5, characterized in
that the inactivation of the C-22 sterol desaturase enzyme is carried out by gene inactivation.

7. The genetically modified yeast sirain as claimed in one of the preceding claims,
characterized in that it is chosen from the genus Saccharomyces or Schizosaccharomyces.

8. A Saccharomyces cerevisiae yeast strain, characterized in that it is the WGIF04 strain
deposited with the Collection Nationale de Cultures de Microorganismes (CNCM) [National
Collection of Microorganism Cultures] on April 22, 2004 under the registration number 1-3203.

S, A method for producing cholesterot of nonanimat origin, comprising the culturmg ofa
genetlca![y modified yeast strain as claimed in one of the preceding claims.”

10.  The method as claimed in claim 9, characterized in that the step consisting in culturing the
genetically modified yeast strain fs followed by a step consisting in extracting the cholesterol.

59



<211> 36 <212> DNA <213> Artificial <400> 5 tatatagogg
ccgctttcge tgattaatta ccccag <210> 6 <211> 34 <212>
DNA <213> Artificial <400> 6 tatatagcgg

ccgagagaagt gacgcaagc atca <210> 7 <211> 270 <212> DNA

<213> Artjfjcial <400> 7nt ) REagat@n of the cholest
idtt tf'betrg?tgoc{ %ﬁ%ﬂ"ﬁ%%@gg%g%gg%tg%%&gggnctggggcaa n ofthe cholesterdt
intadadaubyit: asqravatertmisciged¥itaca cgt gtang ctttagtget

atgcat gt gc ccttatacat aaggaattga gccgtgtgca

12.  The method as claimed in claim 10 or 11, characterized in that a saponification step is

carried out before the extraction of the cholesteral.

13.  The method as claimed in claim 10, 11 or 12, characterized in that a step consisting in
mechanical grinding of the cells is carried out before the saponification or the extraction of the

cholesterol.

14. Uise of a genetically modified yeast strain as claimed in ohe of claims 1 to 8, for
producing cholesterol, or one of its metabolic intermediates, or a mixture of sterols, labeled with
3¢ or with “C.

15. A method for producing cholesterol, or one of its metabolic intermediates, or a mixture of
sterols, labeled with *3C or with 1C, comprising the following steps:
- culturing a genetically modified yeast strain as claimed in one of the claims 1 fo

8 on a ¥C-abeled or "*C-labeled substrate, and
. extracting said cholesterol, or one of its metabolic intermediates, or the mixture of sterols.

16. A methad for producing an isctopic mixture of cholesterol, of cholesterol intermediates or
of cholesterol metabolites, labeled at various positions using isotope labels, comprising culturing
a genetically modified yeast strain as claimed in one of claims 1 to 9 on a labeled substrate and
then on an unlabeled subsirate, the culture times on each of these substrates being chosen in

arder fo obtain a defined isotope profile.

60



gacacataca tctgtatgta taggtccttt caagtttgta
ggcatatata tatgtgtgcg tataaaactc ttgttttctt gtagcataaa
ttactatact caaaaaagca ggctaaaaaa Page 2

<110>

<120>

<130>

<160

<170>

<«210>

<211l>

<212>

<213>

<40Q0>

PRIDZ025.5T25PCT . txt
SEQUENCE LISTING

Aventis Pharma S.A.

CHOLESTEROL-PRODUCING YEAST STRAINS BND USES THEREOF

PRJ02025

PatentIn version 3.1

1

63

DNA
Artificial

1

cctagegacg aaaageatea ttggagtgaa taacttggac ttaccattct tageattitg €0

acg

<210
<211>

<212>.

<213>

<400>

geataagagt gaaacagaat tgagaassag acaggcccaa tteaaattog ggtcgaaaaa

63

2

68

BNA
Artificial

2
60

68

agaaaacdy

<210>
<211>
<212>
<213>

<400

agggccogaac aaagocecga tcttc

3

25

DNA
Artificial

3
25
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<210> 4

<211> 21

<212> DNA

<213> Artificial

<400> 4

ogcaaacega ggaactottg g 21
<23i0> 5

«<211> 36

<212> DNA

«213> Artificial

<400> 5

tatatagcgg cegetttoge tgattaatta ccoccag 36
<210> 6

<211> 34

<212> DNA

<213> Artificial

<400> 6

tatatageay cogogagaad tgacgcaage atca 34
<210> 7

<211> 270

<212> DNA

<213> BArtificial

<400> 7

_ tagegtggat gxmagyxm.djxay;xx.gwxxztmxlggxmauﬂa tatgtgtgceg 60
acgacacatg atcatatgge atgeatgtge tetgtatgta tatasaactc ttgttttott 120
cttttctcta aatattettt ccttatacat taggtocttt gtagcataaa ttactatact 180
tctatagaca qyaamxxz.ax;;wttgaczwgttumxacawmxﬁgxz.ggcuﬁmaaa 240
tggaacetge cgtgtegetg geegtgtgea 270
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