WD 2011/ 023298PCT/ EP2010/ 004925 1 Genetically nodified organisns for the
production of lipids Field of the invention. The invention is directed to
genet i calwgp 20028198d non- manmal i an or gani sns, i n parti ceca/EprdQoHedRgani sns,
wherein certain enzymatic activities are decreased and/or increased, which
are useful in the industrial biosynthesis of lipids, in particular neutral
| i pids. The invention further relates to uses of such organisns, shuttle
vehi cl es for maki ng such organi sns and net hods for the production of such
organi snms. Background of the invention and state of the art. Lipids are
hydr ophobi ¢ orqyg%?- i I t rely or in
part by car bani on- gggi ggﬁﬂﬁ%éé??@hgﬁg%q?ﬁF@gg¥29ggPPﬁéﬁggﬁP§ aci ds or

pol yketi des and/ or by carbocation-based condensati ons of isoprene units

| i ke prenols or sterols. This group conprises several substances of high
econom cal inportance. The group of the triacylglycerol-Ilipids conprises,
for exg@yof ot irfventishs or waxes, which are used in a vast variety of
contexts, e.g. as ingredients in food or for cooking, to make soaps, skin
products, perfumes and ot her personal care and cosnetic products, for
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f1 ui ds papicdladmicradidanisths BWREreds ceRainbasiyimatic Atwdiies ate dubicalBed ahdier used
to substltute conventional diesel. The isoprenoid-lipid squalene is, for
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be use I'ng b hesi's o erperies.” Furthernore
squal emeaking suok vsganismisyaremetiestsafor lﬂn@d&gﬂmiabloé shubrurgamsmsot her
economcally inportant |lipids are sterols |ike ergosterol, zynosterol

epi sterol, 7-dehydrochol esterol or |anosterol, which are utilized as
pivotal starting material for the production of compounds |ike saponin,
steroid hornones, vitam ns and pharmaceutical substances. WO

2011/ 0 BarggrRUNEebe0ncEntimmca bighe dfthe artparti cul ar neutral 1ipids, are
normally stored in the cell in specific intracellular organelles known as
lipid particles. These particles are characterized by a sinple structure

consi siiiglds cafreawﬂjrsq:hdbubw anbalpathiensamyesledllics at Yrigiri@ldntiedl) Ut inof
protei ns enbedded he lipids are stored in the |ipid particles until
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up Lo PhobertiaguolsEr-inids GoRRISes: 1ot Sxam s of waxes, which are

used in a vast variety of contexts, e.g. as ingredients in food or for cooking, to make
soaps, skin products, perfumes and other personal care and cosmetic products, for
making paints and other wood treatment products, as biodegradable insulators in the
electrical industry, to produce bio-degradable hydraulic fluids, as lubricants, or even
as the basis of biodiesel, which can be used to substitute conventional diesel. The
isoprenoid-lipid squalene is, for instance, used as an adjuvant in vaccines or other
pharmaceuticals, nutrients, cosmetics as well as over-the-counter drugs. Squalene
can also be used as a building block for the synthesis of terpenes. Furthermore
squalene can industrially be used as biodegradable lubricant. Other economically
important lipids are sterols like ergosterol, zymosterol, episterol, 7-dehydrocholesterol
or lanosterol, which are utilized as pivotal starting material for the production of
compounds like saponin, steroid hormones, vitamins and pharmaceutical

substances.



Since nost of the nentioned lipids are derivable fromnnatural sources like
pl ants, animals or mcroorgani sns, attenpts were nade to increase the |lipid
anount i nybheiilo2yioeg cells, i.e. to accunul ate nore |i pipds/EpPRotofoesoks pi d
particles. For this purpose it is knomwn to nodify the netabolic pathways of
organi sms. The docunent EP-0 486 290 A describes the over-expression of
genes of the ergosterol netabolismin yeast resulting in an increase of the
anount of ergosterol in the cells. The docunent WO03/ 064652 A di scl oses a
met hod for the production of zynosterol based on the increase of

| anost er ol - C14- denet hyl ase and HMG CoA-reductase activity. In the docunent
W2004Lpdds0in Apartiguiegeneetralr diaidss nereameraallyr stesad hithg Ball eina spegiliced
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probl em o I nvention. According e technical Pproblemunderl’ying the
i nst ancerevisia¢ lipid droptets assumalate opi tder 0% axfi the tatahlipith cdptenit obtengelt. he
production of |ipids by organisns in a nore pure formin order to avoid

| aborious and cost intensive purification procedures. Summary of the

i nvent igteAfthsR ST ther RénBBRed i liidy ard MepivEBle fronms Abkfal BbGrdeCiKY pRInts,
problem the instant invention teaches an organi smaccording to claim 1.
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accurnul ation of a neutral lipidin a nore pure form the reduction or the

el i m nsedunedof22idespturaneiaativity anct aniinencasgd saativity ofdiMGEiok seduniase, of
triacylgl ycerol d/ o f wax esters also surprisingly |eads, to i-hcreased
| evel 5 ahastroE i em i aed SauiFie T e st SR BBk 8GR TEsRng
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and/ or due to the increased availability of substrate for the synthesis of

t he debyrhielogigally. madifying dipid generatingl ergiaaismethe yield f theirfeduped liridsc k

char ge Lou fore unable to integrate into bilayer menbranes
in subg?gr?t% §§n@§%ﬁt§{®.&%%fer m conpri ses triacyl glycerols (TAGs),

sterylacyl esters (SAEs) and wax esters (WEs). Squal ene al so belongs to the
class of "neutral lipids"., Normally, the content of the |ipid paFt' cle is a

mi xt ur Eloyever 1 the ohtainedtikid sampedndihAEs TaskHe LEPHFe &Nd #iterpingled and

need to be separated and/or purified, in particular if the lipid is to be used as a
starting material for further chemical syntheses or modifications. In addition, any
purification procedure, especially if it is carried out on an industrial scale, is

expensive, laborious and tends to pollute the environment.



WO 2011/ 023298PCT/ EP2010/ 004925 4 production of a desired specific neutral
lipid in a reconbi nant organism This problemis overcone by the present
i nvent i onrwbyonmdafogi ng a producer organi smsuch that at pceapboionestype of

neutral lipid which naturally occurs 8n said organismin said lipid article
is no longer synthesized thereby. As a result, the conposition of the
remai ni ng neutral |ipids contained in the |ipid particle becones purer and

thus nore attractive for the production for comrercial purposes. Generally,
any si mglchnizal problemast th@ifiemtibnon of different activities (two, three or
four) according to claim1l can be enpl oyed, depending on the neutral |ipid,
which is intended to be synthesized in higher purity, or, in turn,

dependi e Lipi i 1S 1N : jd
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I nvent ippovi@d inséardndnd metheg@srallowing thecpredotivrmentipideitlyl organisass in dedorien t he
followng in nore detail. Thus, in a first enbodi nent, the organi sm

accor diPeie fgm ieordes i avoid lakerioushand casidntensivespurificationtpragediyeser

synt hesi zes a steryl acyl ester (SAE). Steryl acyl esters are esters of
sterols with long chain fatty acids. Generally, synthesis of SAEs is
acconplished in the cells by an enzymati ¢ nmechani smi nvol vi ng acyl - CoA:
sterol acyl tra fe,rase/,ster&l 0- ac Itrﬁn%ferase (EC 2.3.1.26). The

cat al y&’d“'?"éé)(:? ingentpn arq preferredierpRodimente ol s with long chain fatty
acids. Thus, in a preferred enbodi nent, the organi smaccording to the
present invention is nodified so that the activity of the acyl-CoA: sterol
acyl t r dmsrdente solver this techmjdal rrrablem,athe ihEan . igdvantios) teachesdarc efganism

conpari son o correspondi ng nqn-podi fied or ism,preferably a
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i soenzynes of the ster acyl "transferase, i.e. Arelp and Are2p, which have
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such agrduplabysidingtoathesiesireld. gehetimodifidstiqann Gdomventiorall mutagenksis).
esterification of ergosterol, the end product of the ergosterol
bi osynthesis pathway in yeast. If the organismis a yeast organism in

parti cular ifn%nfiBﬁ i¥ PH$d BT e TRIBING ThA i PSSR 1Y gendi Wieﬂ?ﬁféerté}e
activity o WO 2011/ 023298PCT/ EP2010/ 004925 5 Arel p or of ‘AreZp or of
bot h, Aiathemically rasitfy, ongaypismes sedihat specifisbieutriabdlipids @senmacususlated i

correspondi ng. pon- nodi fi ed St ani s referabl corres di,n
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activity and nmaintaining the other 1t is possible to obtain, if desired, a
cert ai 9f tiasylglycerols gnd/ae of waxtestersrdepanding pa the lipigewhiehyisdntepdedite ibes

| eadi n rré&’u@ecc&; b 8rg§atn$§r9 lin ﬂfg%e?‘b%ﬂiﬁ@&hé’eﬂe%@dd?ﬁlﬂa%n B aRtuftral ﬂpfdhe

or gani
in a more pure form, the reduction or the elimination of the potentially contaminating

steryl acyl esters and/or of triacylglycerols and/or of wax esters also surprisingly
leads to increased levels and yields of the desired lipid. This might be due, without
being bound to this theory, to the increased storage space in the lipid particles and/or

due to the increased availability of substrate for the synthesis of the desired lipid.

The term “neutral lipid” relates to lipids which lack charged groups and are therefore
unable to integrate into bilayer membranes in substantial amounts. The term
comprises triacylglycerols (TAGs), sterylacyl esters (SAEs) and wax esters (WEs).
Squalene also belongs to the class of “neutral lipids”. Normally, the content of the

lipid particle is a mixture of different neutral lipids which hampers an efficient



In connection with the first aspect of the invention in which the organism
is characterized in that it does no | onger synthesize a steryl acyl ester,
t he organwermnaorsrddi ng to the invention may in principl eCoarasy/opodsi bl e
organi sm a plant organism a fungal @rganismor a bacterial organism
However, preferably the organismis derived from an organi smwhi ch does
naturally not store wax esters in its lipid particles but only other |ipids
like triacylglycerols and steryl acyl esters. Thus, by elimnating the

bi osynphsductionasfaysifed spéefic nautraslipid o aseesmbirmitlorgahiem. This prablem
organi smaccunul ates in its lipid particles basically only triacylglycerols
t her ebis avereaMegby the persant invendiganby mastifying amreducgnorganisar sush ithat ak her
pure f f e LR i ) r..Q i - Jhi: o
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and plankton cells. In a particularly preferred enbodi nent in connection

with tReutral ipidggeataingd in e Jinid patticle berpmes, Punes andyHiissmore altraciiygal

or gani r I : rpqﬁ%' of a genus selected fromthe group
consi s?épﬁgg@ﬁa%égoﬁog,&m%&% u a,scﬁ'porryces, Candi da, Rhodospori di um
Mortierella, Micor, Saccharonyces, Pichia, Kluyveronyces, Aspergillus,
Peniciffiumand Dictyostelium Particylarly preferred. are fungal organi sns
of "t he CneERDs any, SGR:AGIY oy oAl BT ENGReRIRS (we; B ELBan
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i sabeffina, cor Javoni cus, Sacc myces cerevisiae, Pichia pastoris,

Kl uyveintended ta pesynthasizadyin higbes parity, oRdnitain, Idependingeon the Deatrgldinid) i um
spec. In. articul arl referred enbodi nent of the first aspect of the
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Gener alffhys, t W@idUEt ERbbEINENtYEDFI ShelCR@RAtibs hestist Nahle o) | Soe apecific
enzymati ¢ nmechani sminvol ving acyl CoA-wax al cohol acyltransferase (EC

2. 3. 1. ey)bodimests will ke desgrihad:n téﬁﬁ@ﬂﬂvﬁ'ﬁﬁtm sroretetabcond aspect of the
present invention, the organismaccording to the present invention is

nodi fi ed such that the activity of the acyl-CoA: sterol

acyl t r Iheaberimee/fissteenibodiraen, tthensfgamrisra 4¢cording. fo 26¢ priedenf imwyritiofoil- wax

al cohol agyltransferase (EC 2.3.1.75) is reduced jn arison tq a
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with the second aspect of the~invention accunulates inthe lipid particles
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and wax esters is r ce refera letely el imnated. ch .organi sns
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tri acyleglericafids of BtetoRWRR 169 BhaitRattyr &dé. SThas derdprdeiréd tdhsbGdiffemd,
aspect of the present invention is, preferably, derived froman organi sm

whi ch the arganismpcseiding tadhe Psesend inyrntionoisavodifies sonthah de pativiby 9f the
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coat i ngonfpariseaUesa toprrEsponding netymdified organisor, fprefesablyl @ @errespantdingn
organi sns,_and bacteria. In a preferred enbodi nent of the second aspect of
the pr¥4lghtPs I3RS, the organismis a bacterial organism preferably of

t he genus Mycobacterium Streptonyces, Rhodococcus, Nocardia, Bacillus,
Corynebacteri um Escherichia or Lactobacillus. Mst preferably the organi sm
i s Eschreyeast, in particulavbn éb\aerevisiaei stenok estarifjcatonstiobyield: stepl adylcesters such

an organi smaccording to the presgnt inventiqn triacylglygerols ich are
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ergosterol biosynthesis pathway in yeast. If the organism is a yeast organism, in

particular of the genus Saccharomyces and preferably S. cerevisiae, the activity of



In a particularly preferred enbodi ment the triacyl glycerol accunul ated by
the organi smaccording to the invention is an ester of glycerol and at

| east onewonsatsmBed fatty acid and nore preferably saipdTmre@voombed fatty
acid is an onega-3 fatty acid. In prificiple, said onega-3 fatty acid can be
any possi ble onmega-3 fatty acid, but preferably it is a-linolenic acid
(ALA), stearidonic acid, eicosatetraenoic acid, eicosapentaenoic acid
(EPA), docosapentaenoic acid (DPA) or docosahexaenoic acid (DHA). In

anot henre1gfqr sfefreap of i dTepdtht Peetipsdid raeRs, iyt e aeddcéd drhgbolished in
triacylglycerol is an onega-6 fatty acid. In principle, said omega-6 fatty
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fatty acid in the triacylglycerol is an onega-9 fatty acid. In principle,
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as desemaihtthedot deaptedlinthergrganismcyl gl ycerol s are generally formed by the
esterification of diacylglycerol with long chain fatty acids or

phosphol i pids. The esterification with long chain fatty acids is catal yzed
bydialrﬁeﬂd- aAYY ra%%%/i I a fg%ﬂ?sE
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acyl transferase/ di acyl gl ycerol 0O-acyltranferase (EC 2. 3. 1. and/ or the
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w o o R Pt R bt e, Mityfayefols ahd BRI BIEhBrE TR 1P

Wi | dt yRéinimating e bidsyniHuticepasthwiay faetthei syntidsions sterybeichl ebterhsutmanabove
menti oned enzynes | eads to an jncrease in the nt hesi.s Qf TA i tthe

cel |'s GfgamMamMpagawMeiates ip B9 Jlipi m@e‘%ﬁm@%m@aé@@ﬁgmﬁ% SftEBFﬁ Yhi s,
itis ; j t ; b i t he
or gani Zho R oL Iy BEeR arf Bl ah SR e e R A AP By AP o
t o i ncilipaspartiblesp Exsdmplésforairganisms which dr ndturally nbtgceumaulate waxyesters

o hoin ol fdqtutiSs are dn Bapida uRRt nliniaS funod! P SRT fadtanCRAl D'
i ncr eagRkchpt hre algehs dHP Pramdoh NcIRE BY GapastidUIaey reftied lerabBdiment§ mt ty

aci ds, such as eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA%
and/ or canpeetignexdthothe fitst caspeahofithewprgsenbinveatian: tgeerganismi iscadsgak he

foll ow i IVidies: t Ci S 4 M
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fatty acid desaturase (EC 1.14.19). Thus, in a preferred e@})odifpent_ the

or gani Morgeealiay Mycari Segcharomyges; kichia: ([UYPremyerASRAMGLS o Penicillium

acyl tr f g%, ARy < en ( ; . 29) i
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acyl t r Mefawias dpoMtica,. RHoddbéulangdlutinis| ebiponyces oktarkeyiacCandidaesupetact ed
fromt group .consi sti ng, of fatty acid desaturase (EC 1, 14,19 M

5. desatidlesopegh tortuaesMatioryesate lad ViFdsevonlcas, SROCERIMYAEs (|
aci d elgpaasige, %h%ﬁéél%ﬁ@,sklug@efo%}de%ébF’A§ﬁér@m’%€sde’é§_ Periilli#) spag. Al
fatty acl esaturase (EC 1.14.19) 1s increased in conparison with a

cor r es podictygstediurmsnid. iva partjewadhpreiestedrembodimentraof dee firstiasgent ptithgpe
organi sm For&Exangale pl agts and. some fungi are capabl e of producing
omega- FVEHODHRG LTINS 34 GCEVIRREr eas, e.g., Saccharomyces cerevisiae can
only synthesize onega-9 fatty acids. Thus, if the organismaccording to the

invention is Saccharonyces cerevisiae, it nmay be desirable to introduce
i nto t e acsgcondtembedisieni ibe-xropnism ascendinghioathe presestiavention j§ pedified

gonce. v B BRBRC skAlistisRe Ay cORHSIAEREN, (AF T BhH 4 af BRI FRRY, "
wel | as the correspondi ng genes (see, e.g., W?2004/101575). The
het er ol ogous bi osynthesis of specific fatty acids, e.g. in yeast cells is,

for exanple described in Beaudoin et al. (Proc. Natl. Acad. Sci. USA
97(2000), 6421-6426) and in Veen et al. (Appl. Mcrobiol. Biotechnol.
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The present invention also relates to a nethod for producing a

triacyl glycerol conprising culturing the organismof the first or second
aspect ofwoheriimy®sti on. As descri bed above these organipemrmpase/ncapsbl e of
accunul ating in their lipid particleselarge amounts of triacylglycerols in
basically pure form The TAGs can be isolated fromthe organi snms accordi ng
to nmethods well known in the art. It is, e.g., known in the art howto
isolate lipid particles fromcells and howto isolate fromthese the

neut r alGdrepalfls Henkghthedist bErwiEs is\acesailicBed Oh e ltefls NBy hatl drzyargier | bed
for the organi sm Saccharomnmyces cerevisiae in the appended Exanpl es. The

pr esenMEaNABIAM divalying acyl way ajcohal ra@ultwe@§fq5a§ql§6%3a1 7 5) awas@ury@er ol

whi ch Y, I Qs e whi ch
conpri e%fgﬂ' ? %'ﬁéor Ebe’gr{cttﬂﬁtgt&l’%oré‘éeh |°ﬁ15§1 [ oérf 3% %%g?ﬁhﬂt@bggnbﬁ{% ée(facdc Ivity

of acy bcé‘@nﬂm?tcﬁthﬁ pmsséntﬁri\mm‘oansmba"ﬂed auch-thay tHe aotvigr efsthe( &€ylLLeA:1. 26)
and/ or of ac CoA-wax al cohal él transferase 75); and (i)

|0ncr eal§tq1@l @ﬁ)éltraeﬁfe\me;/swohpaewl apsferage &6 Zﬁ%gﬁé%ﬂed FoAE oA of
tr ans 2loM8F sEUBaRsfering (BCI2 1 7Y Pegted fif COMpBrsUR B agebresPlding, | |

an or gaphanodified @rpanissw préferablg @ corsgspuoidirgg wildtypedirgaeignor gani sm
preferably a corresponding wi |l d-type organism The organismis cultured and
the TAGs can be isolated. As regards the unsaturated fatty acid(s) to be

contai fed bggrérpﬁnté(&&ﬁ%ng' ¥§ &he! pledehf uWé?ﬂ‘i'é‘ﬁeﬁH cbRRe SRR VAR thE Ssetidnld

respect to di ment s what has al ready been descri bed above

r egar diaspettheohather einventioe Emicymdatiesr anedtheat lipid aqatiices arpteddéminantynzy me
activities,to be incregsed. Ln a par ic | ar | referred enpodi.nen t he

ol yunbiAIdIVeRToI. RS 185 mtiests Bfstersh aPuh SorBi paU W REETE i8 ratuetd
enzyne P?@fbfé’dl* )éotrﬁaué\&ely éﬁ’fﬁtnaﬁé@ Siich baganismat areneerdfereboitdle itbgiroabeye 1 n
connection onega-3 fatty acids. In a third enbodi nent, the organism

accor dimpartisutarenmar insiustrialseale, ingylglyeripls 8@ Bareriafmi t no | onger
synt hesi zes a triacylglycerol (TAG and a steryl acyl ester (SAE). As
descri bed above, generally synthesis of TAGs is acconplished by the

enzymailhe érgahisn aesodingltcathd géouratr aspeat\dftthapsésartsnyehtioryisg pyeferatly,

0-acyl tdreera'cég rfﬁgg agr|1E c(:)rganlsm which naturally produces wax esters and stores them
intracellularly in lipid particles. Organisms which produce and store wax esters are,
e.g. plants and insects in which they are used to provide the hydrophobic coating of
tissues to minimize dehydration of surfaces, algae, plankton organisms and bacteria.
In a preferred embodiment of the second aspect of the present invention, the
organism is a bacterial organism, preferably of the genus Mycobacterium,
Streptomyces, Rhodococcus, Nocardia, Bacillus, Corynebacterium, Escherichia or

Lactobacillus. Most preferably the organism is Escherichia coli.

Moreover, it is not only possible to produce in such an organism according to the
present invention triacylglycerols which are naturally produced in the organism or in
an amount in which they are naturally produced in the organism but it is also possible
to genetically modify such an organism to increase the amount of one or more
particular triacylglycerols naturally produced in said organism or to genetically modify
such an organism so as to lead to the synthesis of one or more triacylglycerols which

is/are naturally not produced by such an organism.



WO 2011/ 023298PCT/ EP2010/ 004925 10 2.3.1.20) and lecithin chol esterol acyl
t ransf erase/ phosphol i pi d: di acyl gl ycerol acyltransferase (EC 2.3.1.158).
Thus, in wopoafesred enbodi nent, the organi sm accor di ngpte/srb@opoLsent
invention is nodified so that the actirvity of acyl-CoA: sterol

acyl transferase/sterol 0-acyltransferase (EC 2.3.1.26) of diacylglycerol
acyl transferase/di acyl gl ycerol O-acyltranferase (EC 2.3.1.20) and of

| ecithin chol esterol acyl transferase/ phospholipid: diacylglycerol

acyl tr gnshepagruldiy PrefetreldBmbEdirReHCER: 'tﬂa%ﬂ@l@@éi&oécétﬂnalaféd rey pwedi ng
non- nodi f i ed organism preferably a correspondi w | dtype organism In a
pr ef er peganismMoaceerdting He Higydnvemtiarc dor am nesteo thelmercrldaaépa tleast one

or oauc U a8 LY A Sl third brerRbly Gl R AL R A% I ef b 0\

Pr ef er gdthy atide 191HRiSE) baidaoMeghed 4ty ackirban Berang! pobaitie dMMega3efatigbove,

nost preferably it is Escherichia co/i. Due to the elimnation of the

synt he@ridl, but prefeabini ipa- lmlmeacwauanstﬁa@dﬁnm%wsogeteyaeﬂem acid,o

pr edo I At I ter

Part | o SIAFPpenBERLRY I (EBA SobbBeRaRN o ETdLIPAT i docddbtibxaenoic
char acteid (OHA).n t hat |t shows an increase in the activity of acyl-CoA wax
al cohol acylt ransferase (EC 2.3.1.75) in conparison to a correspondi ng
non-nodi fied strain, preferably a corresponding wildtype strain. This would
al | ow

oL | 01 9 B BB ALl HERSHFERURYIRT T Bk DanaeiaIie s
cel | s omeya-6ifaity asit. ém erikoiple) said bmegaeﬁ datty akidl d:anjbe rartyrm)ssublea:mlega-e
described herejn furt bel.o n anqgth ferred enbodi nent

or gani Sriety @Sty PrSrary fiis Voolek- 388, GFmre giool: 2GR, PEOTEPORE a%idm an
or gani giRoMib-gRanfiahUindldnic ERES E%hmﬁﬁ@%l@néoéééﬁoﬁeﬂﬁé étﬁ& ehdrent!@tid,
organi snms have been describ bed above in connection wWith the first aspect of
t he i ndenosapenta@erdicragid gr caleodicacidr gani smis a fungal organi sm as

descri bed above, nore preferably of the genus Saccharomyces and nost
preferably of the species Saccharonyces cerevisiae. Due to the elimnation

of t helsynbitesipseferred dribodinteritAle dnbatdrawddfanyra:m@ireme)ﬁuaeyrglyoerolqs @ani sm
can be used to accunmulate a lipid of interest, e.g. squalene as is

descri BE®GAP falky apid Hnpringipledhe omegayt datty ep@ofm besgypassibia omegand: h
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Chat 1 1ot aplh Bu HASRI S BE ROBRICACKS G alid. USSP rBckPakid ) an

a sterylbr\a:ryct aeidt er (SAEs). In this aspect the organi sm basr cally does not
store any WEs, TAGs and SEs in its |lipid particles. Such an organismis
particularly useful for designing organisns into the lipid particles of

whi ch SRkt sﬁhItue%%bhecbrhbea.ﬁrerﬁaﬁa%edmmer%pré\;ed s eeganue@rsm fplee tO
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invention is nodified so that the activity of ac CoA: sterol
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chol es er oI tr- ferasel | i di acyl gl ycerol acyltransferase
(EC 2. @§§¥'SﬂJ?{E?W ep?%& ‘?fqﬁg%%’ga. Mirent, the or gani sm according to
the fi fth aspect of the present invention is geneti cally nodified so that
the activity of diacylglycerol acyltransferase/diacyl gl ycerol

O-acyl tranferase (EC 2.3.1.20) and of lecithin chol esterol acyl
transfer ase/ phosphol | pr d: d| acyl gI ycer oI acyl transfer ase (EC 2 3 1 158) | S
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WO 2011/ 023298PCT/ EP2010/ 004925 12 In a preferred enbodi ment of the fifth
aspect of the present invention the organismis derived froman organi sm
whi ch natwoabiwo2ses not produce and store wax esters i RCITIER2010004925
particles. Such organi sms have been de&scri bed above. Preferably the
organismis a fungal organism as described above, nore preferably of the
genus Saccharonyces and nost preferably of the species Saccharomyces
cerevisiae. In a sixth enbodi nent, the organi smaccording to the present

i nvention is an organi smwhich produces in the cell(s) a neutral lipid that
I's accunulated in a lipid particle and which is genetically nodified so
that i Apagt fremdhis, dyigtalee pessible tageeretically megifuihe araanisge\sogas ke epakle( TAQ)
and th r (o) . Al ri ers
ani on g SPETSL, AREUCE e RN TRy B e FRSLSUrHREL G (ETERE &%

pr ef er irsteasd toe perductioheofossnfatiy acidsrifithey are slheady xaturahpprddurfed ine
present invention_ is genetically nodified so that the activiiye%é_ .
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triacyl glycerol or which does no | onger synthesize a triacylglycerol and a
wax esudesaturase dp@l. $4.90).aathrdesatuirase (ECit $4.110pi AP fattyt acid elesaturasg ((E€st er

of a ste lpid. Th ccunul ati on_of th ester of a st | ipid in
Che 1 g I RN laty Ao SRR Apctsriursa e ETatly S50 dnsitudsh BE 1ra 19
synt hegingead i) f5d eiesabiraset (FY 0¢449¢. TAushmh bapiefehadl €nbedinesrtogheng

t he correspondi ng enzynes | eading to the biosynthesis of acyl esters of
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are synthesized in the liver. ] ]
wildtype organism. For example, plants and some fungi are capable of producing

omega-3 and omega-6 fatty acids whereas, e.g., Saccharomyces cerevisiae can only
synthesize omega-9 fatty acids. Thus, if the organism according to the invention is
Saccharomyces cerevisiae, it may be desirable to introduce into the cells those
enzyme activities which are necessary to produce omega-3 and/or omega-6 fatty
acids. Approaches to introduce corresponding genes into yeast cells have already
been described in the literature as well as the corresponding genes (see, e.g.,
W02004/101575). The heterologous biosynthesis of specific fatty acids, e.g. in yeast
cells is, for example described in Beaudoin et al. (Proc. Natl. Acad. Sci. USA
97(2000), 6421-6426) and in Veen et al. (Appl. Microbiol. Biotechnol. 63(2004), 635-
646).



In a preferred enbodi nent the sterol lipidis a sterol or a steroid. A
steroid is a terpenoid |ipid characterized by a carbon skeleton with four
fused ri ngo,2opaneral |y arranged in a 6-6-6-5 fashion. Srermrdsiome9ys by the
functional groups attached to these r#ngs and the oxidation state of the
rings. Hundreds of distinct steroids are found in plants, animals and
fungi. Al steroids are made in cells either fromthe sterol |anosterol
(animals and fungi) or the sterol cycloartenol (plants). Both sterols are
deri vedher preddit mivehtidmtaleo fdlateketd ra trRBMRIIE f60 LrbGIEIng Sh etrRicdRylyderbLde
estrogen, progesterone and testosterone. Sterols (or steroid al cohol XS are
a subglcemprising celtwing the erganismaelotbg fingt ensecand aspect pbéhe iinyendion
A-ring. I i .G LI Ri es} ; . The
over ai oot pBoPE IRy hidhiyh S RHRbICH! AGEshRBha TR N AREAHIRISS, .
The resdrgefambanil botraicylylyderbls insbasicalpopare fdsherThe THGPIcant lse asslateal | ed
phytosterols and sterols of animals are called zoosterols, The nost
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exanpl eeatral ipidsraantdinedehpesin. Ah éxamplel forlsach ree method isvdeseribed far teence
affects the ceél nbrane's fl yi di t% and seéd/%e(f) as secondary nessenger in
devel o PRGNS SaeriArPmyceprarrvidae inthe apre EX3WRIeS 0 bl ock chol est er ol
absorption sites in the human intestine thus hel ping to reduce chol esterol
in humans. I n humans, sterols act to provide inportant signals and

met abolTihe presenthinventiiemalsegelates tadimethodyfoh peydusingd taaeylglyoerol which is
preferred enbodinent th ergl is chol est | , a.chol esteral derivative,
B € den g estar ol aiEapband el At ongiursa ittt ac S BB eS rost or of ¢ a
zynost ¢ol des ird@hdtion of @lif@edtRIOby ah Intibiest 6F Mle detivityadi Heyl-CoRUBRIrbRCI N,
a cucurbatin derivative, episterol, a episterol derivative, teasterone, a

t east erone @éykivansfoeaseisteral Q-acyltransteraseX262.8 3220)0mriiey oyl Gavwers 14
castaster On%lc%%roil ¥§$}I{r¥ﬁsfewg@g§éef§|1’75§' Exghast erol derivative,

cat hasteroné, a cathasterone derivative, cycl oeucal enol, a cycl oeucal enol
_dericva(ii)ve, irfdrgasihgrm_e activity osf eiiac}:yldqc'?mata'amﬁtra?sfgfagms/ﬂijawlglycmrol O- I
i sof ucosterol deriyative, coster a fucostero rivative, rgost erol,
a gor gost er GeYlepsipiase e, (%590213@1%9,) aﬂn@Pbos?f;r PCIHW | v‘éﬁ‘?'?%t,eg‘% acyl
stignastero i . i i J 0 rgani sm
wherein an SEFIARSOPARBAACIERY HEEUUBPENT acraRsidinsd (E0.2.30 L

act i vi in ap arpanisd: Cotempdrisonde g Exrespandiag noarmipdifiedrganistucpraterablynd/ or
| anosterol Cl4-denet hyl.ase/ cytachr P450.51.(EG.1.14. 13 70).,. and/ or,

Squal o BeSUFRRHORTE WIS RESHIREY. e SieBn(sat 4 euidied oy g TG Ealle
conpar iigged th a corresponding wil dtype organism Additionally, the

activities of SAM C- 24 sterol nethyl transferase, and/or C 22 sterol
desaturase and/or C5 sterol desaturase may be reduced or abolished in

an BoylSotbatrdy s SBSRERARAAN S MBHE SBRRITEY il fyd Budtigead) e €1 "
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. . . _ i 1t . )
wner of & She SReineiactilps (B9 Iispasdh. IN Y PR Pifet B RimBsaRRR e
HMG- Co polyenhsatuaated(fa@y .atidlis3dn poreegd-3 fattyacidtadthe increased enzyme activity
Cl4- denet hyl /cytoch P450 EC.1.14.13.70 d/ .
Squal obPbli @ae! BaaaIBRRlSRRb RS SR AdEntebava i e8Mscton with omeges
in conpsy §6AsW th a correspondi ng wi | dtype organi sm and/ or

A22- desat’urase/ cytochronme P450 61 (EC 1.14.14.1) activity may reduced in
conparison with a corresponding w |l dtype organism |In another preferred
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der i vathatat n@ ISHJRS s§Re@isHies a BhcyIlycsrb BT pasd dastemyihtylastea(SAEprone, a

cal usterone derivative, mnethandri orqi{ a net handriol derivative, bol asterone,
a bol adtscdesasibgdrabayve;, @enesgllyasintbesis fnAGa s asramptished pyibe @nzymatiove,
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derivative, cortisol, a cortisol derivative, al dosterone, an al dosterone
derivative, pregnenolone, a WD 2011/ 023298PCT/ EP2010/ 004925



15 pregnenol one derivative, cortisone, a cortisone derivative,
corticosterone, a corticosterone derivative, norethindrone, a norethindrone
deri vati weQ 20110281981 sol or an urocortisol derivative. | rca/preeboises

enbodi nent of the fifth and sixth aspwct of the present invention the

organi smwhi ch is capabl e of accumul ating an acyl ester of a sterol lipid
IS an organi smwhich naturally possesses the biosynthetic pathway | eadi ng
to the synthesis of the respective sterol lipid and in which, nore

pref er atgd y,209nanaRtie6itat icholdstsropf atyie tearsferize/pHosphphpitvaliaeyiglyceesleased
in conparison to a correspondi ng non-nodified organismin order to obtain a
hi gher agyltransfesase(E6 2.8d.128)pethuss eins Be pegferregdi ambogdinept: ether peganism

enmbodi . ' Al t ; i I i s
capabl Scayrae i AEBRR: AEHEEE, hOARBRE el the aRuly bERGHER el 5, o
are syachieanskaase/etorohe O-a&yiteamsferaseur S(EGC | Supameenyl ofdi pHieeplyhicereind

di mret hyl al | yl di phosphate that are produced nainly via the nmeval oni¢c acid
(WA) paYltiaasierase/disicyiglycarphi Gsaaianiesase i bbr ei@i-hgp) q@NHor@s lgsithin

hydr oquyj p pr L ds. ahd ' T

si npl e%bg%%f%%i %@fl'(l ?’%Q%&% cgﬁgﬁ'ﬁ'&’?‘gho@%@?%?@t g%wg?égf??rsr?ed?%g t he
succes2i.3.¢. 168 isi mdueedCim Wonmparisendtarae correspofidiag nor-onaodifigd targanidmer of
t hese terfpe units. Struct um cont ai ni ng greater than 40 carbons are
known &€ 5@51/&%??@@%@5}90\6/ PBLTA¥Sport ant si npl e i soprenoi ds that
function as anti-oxidants and as precursors of vitamn A Another
biologically inportant class of nolecules is exenplified by the quinones
and hydim aqurefesressembbdirhemtdhe airganism acgording to thaithirdiaspettef the imventiomonoi d

core of noni soprenoi ﬁjﬁf‘” gi,n.. Gr‘\ﬁ,té,arri n E and vitam.n K, _, as Iwel | ,as the

bi qui HoABs OTGANSTE, WhiS IS BFived otk ofanisty, Which, Retially Srpefices &)
(cal | edtdrast Wak es¥bm) SHchMYr§anishe bRs MEifidyl desiryed @beoé! F&éfe@étb’l?dthbo
oxygen remai ns unsaturated, Whereas in ani mal pol yprenols (dolichols) the
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t er mi nQrganioPr isndibacierial argaeism B alreadys dew&:be@rrsg@veremmt pecfgratiylit isi pi d

accunulat 10 the. I pl th.cl.es,: 1 | | T. ' r '
el et o, s 8o RRE 'euflifaud of o SIRIHRR Br 2 RS REIGA Sae,
i sopr esathan(sreanisne Wering bp, suitable topreziomidantylateurnalats Jn its Weid particles
2011/ 023298PCT/ EP2010/ 004925 16 C25 i soprenoi ds gﬁestertergenes , C30

i sopr eN(Xd8SiErs-i nep pravisylarly srefestrst eRQAIMENt SHE A ARGRANISML IS NAEEBWHes

and relhapidSrized in that it shows an increase in the activity of acyl-CoA wax alcohol
acyltransferase (EC 2.3.1.75) in comparison to a corresponding non-modified strain,
preferably a corresponding wildtype strain. This would allow to increase the amount
of wax esters synthesized in the organism. Means and methods for increasing the
activity of a desired enzyme in the cells of an organism are known to the person

skilled in the art and are described herein further below.

In another preferred embodiment the organism according to the third aspect of the
invention is derived from an organism which naturally does not produce and store
wax esters. Such organisms have been described above in connection with the first
aspect of the invention. Preferably, such an organism is a fungal organism as
described above, more preferably of the genus Saccharomyces and most preferably
of the species Saccharomyces cerevisiae. Due to the elimination of the synthesis of a
TAG and SAE, the lipid particles of such an organism can be used to accumulate a

lipid of interest, e.g. squalene as is described further below.



In a particularly preferred enbodi ment, the isoprenoid is a triterpene.
Triterpenes consist of six isoprene units and have the basic nol ecul ar
fornmul a G806l20i14838. Thi s group enconpasses, e.g. 3S-squealraresidodsepoxi de,
squal ene, presqual ene di phosphate, tetirahymanol, a-anyrin, P-anyrin,

| upeol, | upeol acetate, taraxasterol, azadirachtin A, neoquassin, quassin
and 3-acetyl-1-tigloylazadirachtinin. The linear triterpene squal ene, the
maj or constituent of shark liver oil, is derived fromthe reductive

coupl i ng atfourtCeriBbaiperts tHy ofg?errfmyécoavmﬁgh@&ﬁéqiréserﬁqwémm isSmiolffied
processed blosynthetlcall generate either |anosterol or cycloartenol,
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and st atlewiny trtessynthedisrtﬁranothesty\wofelmnerwhucie igthen boogallated amitiseniipiel
descri bed above and nore preferably a fungal anji sm of the

sacchaPgfjdes, Byas, ﬁwram?nsa%aﬁaweﬁg ich llgw thesayntaagis %%%l@adw i sm
whi ch i S‘re a‘égf?ééj'llﬁﬂs iR thd 6 'HSFK clekhird and fifth aspect of the invention,
nodi flg SO as to not synt % 1ze a triacyl gl ycerol and/or a steryl acyl
ester, is capable of synthesizing and storing in its lipid parti cI es prenol

Iipids |n t|clar squal t hereby allow.ng ,th rod ction scha
prenol M |€b erqrq @"I’t?‘ffﬂ rﬁ?ecpéga”'ﬁxbé&f:eﬁ'"@t 'ﬁhraeslp r%t

al readyrégerft! | MVBAGOMJ is N rﬂodﬁéﬁt 86 9anRhe Midre a'i:‘fmt@etdfc acyiloens Eerof he
bi osynthesi s of TAGs and/or SAEs is it possible to dramatically inprove the

pr oductecyirapsferaseristegol heOaaeyitiansiesagsur i (ECof 2.8d.26ual ehe giasylatyaeroly

- squar IRl A R 4R Eﬁﬁ%@%ﬁ%@oﬁ ?ﬁ&bg G

the or geyl frahsfer@ialphbssHolipid:adiabyglyeerdst assytrdvesferszentE@c2.8v1.1585 ahdadh ng
to the synthesis of squal ene and re m&g enz ne activities of pathways

whi ch %Mb@pﬁ-wa&aa@rp i avdrasieraseotife hig regyesdgp qqmpgm éCh@

bi osyn n n

cer ovi &P oesPofBhg Mo iodff @C‘en“e“éﬁﬁ%a?yﬁﬁeeé*sfe?ﬁg'w% S A e

( Bassoworganisin. (Nbl Cell. Biol. 8 (1988), 3793-3808). Thus, in a preferred
enbodi ment the organi smaccording to the first, third or fifth aspect of
the present invention is capable of accumulating squalene in |ipid

particliga fHtembolMMEMCHHRY brgfhidr abbaiduﬁ@ﬁ) a@ préisklit Mivehtibn f94n begltssms e

(EC1.1.1.34) is increased in conparison with a correspondi ng non-nodi fied

or gani g\rhlcrppeqd;mm ip the mlles)ca)ne@ts@drmni Hgatvm lageypwiiated dniaslipid métwlﬂcar@ase

nown YL BereBiRybhiatsc by tEpd e Sl JFE0 B RREYBRIERIY HGD),
det ai | afnurthbﬂhé?efdm/ddes 5o I rd(ﬁdalﬂrémdltmylglzb@roll mfaasaeturallyaobcunst y of
HMG- CoA-reduct ase i s achi eved by expressi ng in the organisma

HMGCo Al #8llipidapartiglesdn waid Radistass Asrissoribe amveagan%a"u sypthesks ot FBGsnzyme

al T oady” AegeTPRETRd TopEAArH 1 gREsE b ind SRl o SRR B HELFIRRIOE, | on

of the aH&oﬁaﬁsfhradeldtaafylglmerohOeamthamfeeasea(E@ 23 drm))samd tdcithirelolebtesols
pat hway i s avoi ded it her ferre od| , ngodi n
HVG- mﬂcybmwfs?éemm%@ﬁpeam ﬂﬁ?ﬂﬁaas &é@?ﬂ? 158 Eﬁaée
under th t REHISMP. [

forei gtr? ? ?ﬁ%& cgl\'/‘l?}&%:‘b'ﬁlérhgdﬁ{:ét)gse gi’ﬂeé&?ﬁrﬁaﬁgrtt": E:I'ﬁe gﬁh ﬁﬁﬂga%?grtrﬁ? erfrglsgﬁta
pr onot énventiooh iss geneticallyl ameatified i tso ad:lnat\n the byactivityer nefdi diasylghfcerole
ergoster

norn RGBS DR Tl DeatlyBaEss \Be” 294,20} © aRo ot MlaeltRin, "

appr OX'cHBre%téfoPO%!ttﬂahm%rs 8ﬁé§¢>mupﬁd?uoai@aﬂgwbral . acyl@dhsfetasd (EC
Bi ot echnol ogy 39 193-2 I n some organi sms, such as yeast,

squal ede3. &aﬁ&elsCmdx@edem mmpaftsmr te gmseuespondingpaeninedified | orggnism,

er gost er d.intog i nt r e ergosterol biosynthesis pathway.
The ch@ﬁ?oflgaqaa}(@accotr 51?8“ @%@{&gﬁ&?@gﬁ} ting in the formati on of the
sterol ergosterol ((22E)-ergosta-5,7,22-trien-3-beta-ol) occur in ergot,
WO 2011/ 023298PCT/ EP2010/ 004925



18 yeast and noulds. In these organi sns squal ene is converted by squal ene
nonooxygenase/ squal ene epoxi dase (EC 1.14.99.7; also referred to as

squal ene wpariidasmwsor ERGL) into (S)-2, 3-epoxysqual ene ROTEP2019/004925
subsequent |y converted by 2, 3- oxi dosgal ene-1 anosterol cyclise (EC
5.4.99.7; ERG/) into | anosterol. Lanosterol is then converted by cytochrone
P450 | anosterol 14a-denethylase (EC 1.14.13.70; ERGL1) using NADPH and 02
into 4, 4-di nmet hyl -chol esta-8, 14, 24-tri enol which is then converted by Cl4
sterol reductase (EC 1.3.1.70; ER&24) using NADPH into

4, 4-di met hy1- 8, 24-chol est adi enol . This conpound is then further converted
by t he Iméatpreferegd emboginent ofntbetfifth asperd of theprasent inention thegrganisht s

donvenr ERed S SR cn Haichafy DRRE i BqGR0AR SO Ual ehesiee”!
Subseqitentipid Pakiies. 4SubRt bijarismst kaw beercafveeribed above.kPreferdtsy olhe

reductase (EC 1.1.1.270; ERRX27) into zynosterol. Zynosterol itself is then
t oget hOFIFNIEM S aJEHGQVPEQ_aﬂI%mh?%rQ%ér' ofhahaved LU Reefagably 9f dhe ganus: 24

sterol : i r

S adend TP EISHAGS Sid st brerabiy of e splties sHOnaRiiTe @reflioe. o ¢ ¢
sterol isonerase (ER&) into episterol which is then converted by the
action of C 5 sterol, desatyrase (EC 1.14.%&.6; ERG3) by usi ng NADPH and 02
into 5%, 2805) eRpdiment. loroanise @shpling tos the mreeent IPBA'SH PN he
action VN r tr . Ii id ; in

5. 7. 22 SR WRICH Plodle8e I ARl 4 rpfaiiniartral i< Mcbumulated in 4 fipd
conver padidley andevhich ii® genéticallymedified|so thati ttreslongECsIntBesizes a WRGEstémt o
ergosterpnl. If it is sired t t he organi.sm according _to, the invention
coumuRiis abd 3 SIRRSISEHENs (TP, 2Re BFle SRR ERPE BP o GAER (R ved
from atrighippesdlsManghwag Esteks aHivh GREtakllg eécryimt RESIipid NsarBEIB8Sinekaid Or
internedi ates of the ergosterol pathway starting fromsqualene, it nay be
desi r apagiales.rlada peeferedaembediment, dhe @rganjsnmmaecording teethehsinth aspectopled
enzynme tivLLi.e Jhe_p eadi f ene: Ln the
o gan 4% HrSeHT RuBarh dghgbasten SRS 5 ThaE HRs Ryl SR Blert

ment i ozeditransfarase/diadylgtycaror ©-deyitranfeedse (BCs 2. vR0padhisgithirocholebterol

reduced. | n a preferred enbodi nent, the activity of s | ene nopooxygenase
(EC 1. savobanslesaseiphasrialipin 1 §oguolygar! crr/ Eansiprsselioh. £Ack) 5Pk antddloed,
however,~,n C I "Waal S| S | he&sthsar sary
For 1 neoy! SoAPRER ool SR RIReXETy 2. 3 0 s et oBY Th a7 2

act i vi rcprrespondingr man-enagfifieche orgamismi, ngreferablys anvadrraespondinghewildtype

bi osynt hesi.s of ergosterol: SAM C-24 sterol nethyl transferase (EC

2.1.1. #i98n¥M25 WO 2011/ 023298PCT/ EP2010/ 004925 19 sterol desaturase (EC
1.14.14) and C-5 sterol desaturase (EC 1.14.21.6). Al this applies to any
of the aforenentioned enbodi nents of the invention. As part of the

i nvent in@ pigferred enmbkrdiment the peganismt aecordingdei thg fiftneusixth aspact efsthect t o

Pound PRetctRveciteRt 1 AR PhodhisPERhcn dod B bider SifRksRd biaglpvtetd, "o

t he yeastwiiels doRsony (orRyet Sydthedize al Riadsgiglyzerolnarithlaywar asters ésl capabllecsdf vi ty
of lipids in particular of squal ene and sterols. Thﬁugenes SAKI and HAP4
are rePgEeRPUHINGHB 'F%HB’F’rRﬁ"F'EIeﬁE?ﬂ acyhester gk agsterallipid.i the a‘Fﬁ‘é’“&@ﬁ'@"SﬁKl
encode r r nel t Ar epn 7! il e f

hosphirs ! Bstepdr SR oo oA lrartibanRay 0 83 6] el et Wi e, |
act i ve otiydriipiSnatépallyosyrithesizbs cuchsesdtersabr itaday rbe Haertodheuact Hat genes
Snf 1p/ Snf 4p. conpl ex bel ongs to the protein serin/threoni.n ki nases, and pl ays
2 cent PRPOTIBOCITEnCRESRAATR RYTIRS (FRUINSS L fam ISR/l —FY IRS1ST8 Ouxi ¢
shi ft" sichBRIgIESHAVE beRhfibtrd@REEmts i 88t fromthe fermentative to the
respirative netabolismwhen glucose or other fernmentative carbon sources in
the medi um are consuned. The Snf1l/Snf4 conplex ranges far up in the

hi f. t d i ble.f th | -

ter eor Strob i RS BS HpTERER At b derafiv B A8, AT artPo s of
expr e?ﬁﬁéiﬁbfaﬁiée"ipﬁfs, aéléh@ With Ughel @Iydéfroﬁﬁtﬁs;ﬁ@@ﬁid%e@ﬂa @E)hiﬁ@_@ﬁﬂ%ﬁﬁéty dIhe
cerevisiae is changed significantly. These major changes mai nl'y address the

cent r astergidshavhighnalga eantain ¢he seae fused fovs-ringr eerier structerevdipve different

respir . I fer ' yeast I hol 1 ze

tor menbiipdcfbides, °8 Hion®S Y SnkndMGebiRsl 3RS EF sloBRaRSLEahe |
the respiratory node the produced ethanol is respired to gain
adenosi ntri phosphate (ATP), which provides energy in the cell. In the
course of the diauxic shift the Snflp/Snf4p conplex is phosphoryl ated and
therefore activated by the Snfl-kinases Saki p, Toslp und El mip. The

= ] o o " .



20 induces the expression of at |east 34 genes, when glucose in the medium
i s exhausted. These genes are mainly genes of the glyoxylate shunt, which

i s necesswoywofianiisBe net abolization of C2 conpounds |i kecetdramoloomns
acetate. In addition to that al so genss responsi ble for the intracellular
transport of internediates of the citric acid cycle and the gl yoxyl ate
shunt are regul ated by Cat8p. The active Snfl p/Snf4p conpl ex
phosphorylates Mgl p, whereby this protein is inactivated and transl ocated
out of ekhiggBHCIAHiTy ANFerddeSRRET U118 &terorisSeoMistise RtheP andrddely isutdl as
honol ogue, "whi ch I'eads to an inactivation of these two proteins. An active
Snfl plestosteranmphdrandsesteronsal The €Rd subclassdncludes the pregesiogensips well

tribut to the.reliief pf .th I i d j ft
F or ron B e, et it ngh min IR s i SARLERAAE, ERpPinkl v s,
fact or sorpds bheitAAMT BS & Bharftadd By erialagelof theB ARgaTithecess efrdttige t 0
the present invention may be further devel oped so that it exhibits a nore

ac'a @ ve Qiher eparmptespofcyafaieare e bila acids pne dheit eoniugglass wdich ﬂ?m@rr]nmals _
Saki  per AR RLAFERES Eeb i RERR e R B PR MR e S or yat Pon and

t her ef o & phefepredi gmbodiment thee sterbl lipidSi Apsteesipbes. stBheidHap 3tetol s a
protein conplex requl ates a | arge nunber of glucose-repressed genes. These

are pr égenAihtipig astesizednlay gr3e§§'|'bt°&‘t lpletomamithafeyr tfused iringse ageemlyy el e.
a ' R 1T P _

0 aei TSR, 4'e BROS BRI SIRARE Y b e ARERAALEERS Hldihel
respi r thése nings adnd/ ¢heé alxidationi stata@eafdhe_ermg;)ri-ltlmhdnedl\lszfr dtsltioot Hzfgzei_dgemm
HAP2, HAP3, und HAP5 ar onstitutively., ra 1S, 0n
expr &5 84 PGS, ABPAIS I BiGL A B Gl &1 HashrucRliscaltnet s fe Stefot
cul ti Ve aierdl l(aniHﬁa“fé-arm/%ﬁgwro?St%OQewt%rmoaﬁiér%g NpldntyRSBOBSSlerSid Areat

this mutation l'eads to an increased growth rate, bionass- and acetate

pr oducdeomedfitomnothe eyalization fafr thet triserpehegsquaiensd. Stefoisishinghlde estsogen,
Hap2/3/4/5 protein | ex_propagates the respiratory system by increasing
t he re?ﬁ?geﬁﬁmeﬁ(b{ggﬁ?@éefﬁg'm tochondri al bi ogenesis and the carbon fl ux
through the citric acid cycle. Another observation within the invention is
that the deletion of the gsne FLD1l | eads to an unexpected significant

i ncr easdersfs (afesteroid aloehelf) @re @subgaioun of staspigs with arhydeexd 9EeP Bt et i on,

i n organi.egms |jck easts, apid c : yea: .
2011/ 099385BCPf EDR) 767 @495@6215’(;:éer%b?é%phgﬁcTﬁ@ageﬁgﬁ%?@gco Bs \Q%P" a

sei pi n cpneheymeiAvihe ederall mbleEcdlel isoguite flatbo Tiech ydrpxylngrobhproratiee Airirgg sl t
was reported_that an Oéerefg ressiBn. of FLD1 | eads, to th«? fusion of I'Hgii[d
parti clP@@rwning, resls Of (the; AliRhalicc Shain 1% MAsyF PRGN Perokhf yPlaRIs: g «ca

fever Ighpidtereld idieStérdld Nt %RMSAISCEId -callBdaz¥btdrIDe THRAThost! irdportant
squal ene’i's an internediate in the sterol biosynthetic pathway and does not
accunulzapsteroist lage c eholestarol nandasemeaste¢nwid yhomones; HU® Corost eimpodaet

whi o PRSI SrectarfinBEEER, FostBral e SR adelll SIosiiRY EsB8Rig ofsue
for then RIBhRSIEIDEYWUTCEUKERPOtIRS oRFANIIAS. FreakarmplePehbléSterd F8rmé g of thean

accurul ati on of squalene in the cell. This accunulation is due to an
avoi dacebular memraaewherguitapresense afiests-ihe ealbmesthrang sdluigity and spe@sat es

of the _gr i S| AT K i

"nvent P raeondal mes sl iracveRamater sifring. bRt siIRARG IR Kduh to,
unexpedlouk shglesferohabsorptionasitefintthe humiad mtesting thus ihelgiag t toc reduceof

t he squal ene production in yeast strains exhibiting ap increased

HVG CoANPIEERIDh 4B DD {7 hitiBan$ o slerelsnachip REPYRer HaRtaNt 5195818 anduap4

and FL EOmhididstion ey h?‘ﬂﬂn@’magéj@ﬁﬂfi w thin any of the six
aspect sm%t%staﬁce ?Rvent"ik%r?, sargéﬁ'g'gscr !%‘(sard above. Howeve'?g, these findings are
al so of independent value for organisns, which do not conprise the

dificati d i bed,.ab b h bility t t hesi.ze. al |
ot s el rsiRieay T slesdr s shbBlolneidle SR, SaHVEnE, 7-
Unmodi GeRgdR)-SR1estePoll Nahbsterd Oty %oé%@mwdéﬂ/a@i%?‘%y?ﬂ&téﬁoil,dat YRROSHEFHI

organi sns, which have an increased HMs CoA-reductasé (ECl1.1.1.34) activity,
conpar deérivative, tlathosterok sp tathiosigrel derivative, cuganbitaain, a cucurbatin derivative,

episterol, a episterol derivative, teasterone, a teasterone derivative, castasterone, a




Accordingly, the present invention also conprises an isolated genetically
nodi fi ed non-manmal i an organi sm wherein the genes HAP4 and/or SAKl are

t ranscri pyvoeoaldzy29der egul at ed and/ or over expressed and/ ecTwreswionobhe gene
FLDl is repressed or inactivated or deleted, all in conparision with a
corresponding wi | dtype organism Specifically, one of the genes HAP4 and
SAKI, or both, can be put under the control of a constitutively active
pronoter, like a (optionally) ADHL pronoter. In a further enbodinent of
this V%éht%@ierbhé genGatitfesl ty és‘%&(o‘?ssaedtgehaét%?&t Iderivafiver cehasterbnd,Na
conparison wth a correspon ng W I 'dtypé organism Aside this, all previous
commnt:athas!teronesﬂemattve tmloeuoat&nqbn aapmlpeuoalehob denda#na;delmstam,eat in

WO 2011/,0 P20_'LO/ 004925, 22
[ eat ur SLOREE NATHS BOBIDETDh A e R darudlvh TrpSeralus Birastol
aspect qgasvi@ld, goTQGstBFcﬂsﬁgﬁorbagl%%l' Qérivaltivg, éﬁéc’ﬁt%l t4h @rgEstbrAl Jé?ﬁ/atlve
produci ng the 'second |1 pi wherei n an organl sm of the invention is used

and culstigmagteraher austigmasternkderiative. | | pidis isolated fromthe organism
For exanple, a nmethod of the invention for producing a prenol lipid
conprises culturing the organismof the third or fourth aspect of the

i nvent ii@npaicalas Cin ket crgaMiem Waiheheins apaBaleste?! oRdEN drbLdHblésterd Sis! i pi d
particles a prenol |ipid. Wth respect to the prenol lipid to be

accunulageeanulated, shee aghyitiess of oH Cﬁ@%@@m@aeeh%@an S0 @ndiers M
descr | *?%@Lcﬁﬁgé( € Ad?oF AR 81&"&%&%@:3%%%%&{ 14 0‘5*1' %“Pz; § 84041

aspect resen |nven 1 on or t enzyne

acti vi ta!nda)rvﬂqL@lem-epoﬁdas@ﬂs@ralemmmgenaee a;ECr LK pcsmvhgmayr mmased As
anot her exanple, a nmethod for produm ng a ster gé er co rlses he
cul t ur iM§OBIPEEROB WY AFRTERSRANGIN WigtPeeorgansm ofid tiopal wdped Cliyties

Pr esents ANeDY! Q8rol MicihyiTibRIte, Bndfdr G2 stBhol Hedatithes hridore02y terds
ment i oned herei nabove Ih conparison to a correspondi ng non-nodifie

or gani :dmsaturps@fmaybbg eeiduceds br mllshedelrpmhmaﬂSOﬁ amtl'i SaOIreEsppndingn
nore pref ?rabl | east 80% artlcul ah Y, ﬁreferre qt f'a\st ggfma d. rmst
or ef er AR ﬂ S G of gﬁﬁ%’rre‘é’ "¢ Ha@ nAPECTIE n8' pPAOESIO

enzye el in‘(llétéd Othes alctlviBeg YSTEHMG-BUA -réduciasdl (Eogaﬂn ), Eh@/drnﬁhegﬁa@oﬂ n
activit an enzyme or protein as mentioned herei nabove in conparison to

a c?rrégﬁfodqmﬁymhaﬁe/ﬁﬁ@phmne ﬁ%ﬁ%&lifsmﬂe%?abapd&r S%laéqnergwmﬁ@%/ |
0% 200
o ef et bl EAShe UEC TSR, RoTnhy fbrchBa in20batatd Wi 5 )

|nc ease es presence of
(any neasespbhdihgaviitymds bcgamsmvlrt an ofgaﬂsmnmmemrarpaqtlester ofiepissarot tsat

t he non-nodi fied organi sm does se any a | e such actjvity.
The phRgsdMUiaied o the activities iqfi i &Pé U%ﬂ%&ﬁg feg 3&& Q?Qé'a posierelhe
anmount I

(like Sﬁp4??ﬂ%ﬂ‘eﬁééﬁ4by“°ﬁ“a“°"“@?i§%?€?§€ m?é?@%’i'éﬁg’éﬁ%ﬂa“nb“aeﬁegﬁgeﬁé%ﬂi

manner sgualene- mmumganaEbe(EﬁtixﬂAtQQa%) ohay ey inseased be companisan withaddi ng

t det t_ of d t ,
whi oh ERTEPGORING NeTITEHE orBhn G EET g AE oL BR R kYA Bav) SPLEe

addi tiqngd hy 1 C?egm\n?ﬂ rh&PCiddlidedO P Ocparisa Cwitly HEasHESPENdiNG MMBtype WO
2011/ 023298PCT/ EP2010/ 004925 23 of product synthesized within a

predet organiem. peri od of tine. Specific methods for the measurenent of
activities of enzyme di scussed above are disclosed e.g. in the docunent WO
03/ 064650 Al . The neasurenent of activities of abovenentioned enzynes not

descri IygdandtheniplefipesdRimhbodimedit f hiegteroil a8 adridrosteroménah. androsterone
derivative, testosterone, a testosterone derivative, androstenediol, an androstenediol
derivative, androstenedione, an androstenedione derivative, calusterone, a
calusterone derivative, methandriol, a methandriol derivative, bolasterone, a
bolasterone  derivative, epiandrosterone, an epiandrosterone derivative,
mestanolone, a mestanolone derivative, stanolone, a stanolone derivative,
stenbolone, a stenbolone derivative, epitestosterone, an epitestosterone derivative,

cortisol, a cortisol derivative, aldosterone, an aldosterone derivative, pregnenolone, a



Met hods for reducing the activity of a given enzyne in a cell are, for
exanpl e, reducing or abolishing the gene expression of the gene coding for
t he enzymgo 2011gp23Bg i npl enenti ng a weaker pronoter upst peampredioihe2s
correspondi ng gene or by conplete or partial deletion of the gene and/or
the rel ated pronoter, and/or adding an enzynme inhibitor to inhibit the
transl ated enzyne within a cell of the organi smand/or incorporation of si
RNA into the cells to reduce the anmount of active transcript and / or

nut at i pregeridiéhdleBBrivAIIENROAIRdNR, | @SScartsbNE WRFivaliNe, Aorfcbstéione, | B gene
expressi on means that the | evel of gene expression of a nucleotide sequence
encodi rgrticosteresp derivativasmayathindroned adcwdethindronpaterivative ounacortisel or asf
gene ex qn of said nucl eotide sequence in a correspondi ng non-nodified
or gani é'ﬁ? Qﬁﬁ%‘f 895‘395 | correspondl ng wi |l dtype organism The same | evel s of
reduction as provi ded above with respect to activities apply. Means and

met hods for detecting the | evel of gene expression include, e.g., the

det er nimat prefersed emebediment obtthe fifthrend sixth espeespbing n@smmmmntpnow@ n or

br o er PLATIARC AR 1s (ABaB Y actibintg sh oyl 381 GEEC L BB B 2n 17
nmeasur ongaris®e avcint nafurailiNpossegses Nthido rﬁlh?lﬂhal@t pathwagndédding ptcef ther ed

enbodi ment the | evel of gene expression is term ned by neasuring the
amount SYRthepis ﬁ&éhtzer&seew\@sﬁtﬁrel Hgich @Bdeinn Whichy more profarablyn enzymatisr py

det er mi he¢ a n ﬁfmp‘:ﬁdl o

reducti gtr%\ﬂﬁﬁé ggﬁefﬂégpéoergésl on%n@ g S0 Dbe é;%hﬁg\&/a%ggy r'@ngbﬁptr?élstoﬁe gene in
quest i eorrespdndinginmmainodifiee groasismh i oederdofabtainen Highen@caugrration of the
non-functional is ne di sruption. Methods for increasing the activity of
an enzy‘?r%pqqt\'wt?&%o?ﬁ%fasfor mation of cells such that a transcriptional
deregul ation is achieved, such that a gene (heterologous or honol ogous)
coding for the enzynme is arranged under the control of a constitutively
activelrd hcprefaugimenmodheeetr the geganisprageording ta@spectsslith 6tafdhetimeentionber

f  WD.2011/ 8PCT/ EP2010/ 004925 .24 f th t I
gom)l o{ﬁ)lf?)oag c%‘&‘f%u?gpgt We%g E‘?/ﬁepgg%ﬁ%} 3’4&@8@'&5’5 oﬁ‘%?@?@odé? nd®t he
activi tsyntlh)éslfeaaﬁd;mrthe@@attfdrpp@bamreSscfg%nteﬁs‘/lemphogohaw raﬁ'ﬂlﬁdiﬂnéthﬁlall |
decreased enzymatic activities are provi

in the exa es. The s
ar t i safiRiasphateoiftateire progyced raswy Vg H}?pr'}ﬁV@!QfE? aeid K "&Ys‘\)vmthvwauomel n
h h
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032564, NM 001012345, NM 010046, XM 002146497.
hydroquinones, which contain an’isoprenoid tail attached to a quinonoid core of non-
isoprenoid origin. Vitamin E and vitamin K, as well as the ubiquinones, are examples
of this class. Bacteria synthesize polyprenols (called bactoprenols) in which the
terminal isoprenoid unit attached to oxygen remains unsaturated, whereas in animal

polyprenols (dolichols) the terminal isoprenoid is reduced.

In a preferred embodiment the prenol lipid accumulated in the lipid particles is an
isoprenoid. The isoprenoids include e.g. C5 isoprenoids, C10 isoprenoids

(monoterpenes), C15 isoprenoids (sequiterpenes), C20 isoprenoids (diterpenes),



Gene Sequences for lecithin chol esterol acyl transferase/ phospholi pid:

di acyl gl ycerol acyltransferase (EC 2.3.1.158) include: NC 001147.6,
NM_008490woNM 1023562568, NM 000229, NM 001005715, NM 01P024P204l0032982190.
Gene sequences for acyl CoA-wax al cohwl acyltransferase (EC 2.3.1.75)

i nclude: NM 123089, NM 177448. Gene sequences for HMG CoOA-reduct ases

i nclude: NC_ 001145, NM 106299, NC 003421.2, NC _009784.1, NC 003028. 3,

NC 007308. 3, and the sequence of Fig. 5 (truncated, tHMGl). WO

2011/ 02RO MRUSFLRHIA9 L XeQRHPerEs)CRDB0 SSEMRReRES (ifiterSerds)stG40! isopichplds
transferases i ncl udé@eNC 00?145) NC 000911.1, N ergﬁ 3)583 XM|505173 XM

716615 (teGaterpengak pobdemenes and retippisls. desat ur ases i ncl ude: NG _003424.3, NC
009046. 1, NC 001145.2, XM 500188, XM 711840. Gene sequences for C5 sterol
desat urases include: NC 001144, S46162, NG 009446, NM 053642, NM 001035356,
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consist of six isoprene units and have the basic molecular formula CsgHss.50. This
group encompasses, e.g. 3S-squalene-2,3-epoxide, squalene, presqualene
diphosphate, tetrahymanol, a-amyrin, B-amyrin, lupeol, lupeol acetate, taraxasterol,
azadirachtin A, neoquassin, quassin and 3-acetyl-1-tigloylazadirachtinin. The linear
triterpene squalene, the major constituent of shark liver oil, is derived from the
reductive coupling of two molecules of farnesyl pyrophosphate. Squalene is then
processed biosynthetically to generate either lanosterol or cycloartenol, the structural

precursors to all the steroids.

In an especially preferred embodiment the prenol lipid accumulated in the lipid
particles is squalene or a squalene derivative. A squalene derivative comprises one
or more, in particular 1 to 10 or 1 to 4, additional methyl or ethyl groups bound to
backbone carbon atoms instead of hydrogen atom(s) bound to backbone carbon

atoms in squalen.

In a particularly preferred embodiment the organism according to the invention,
preferably in connection with the first, third and fifth aspect of the invention, is an
organism which does not produce and store in its lipid particles wax esters, e.g. a
fungal organism as described above, and more preferably a fungal organism of the
genus Saccharomyces, most preferably Saccharomyces cerevisiae. Such an
organism which is, according to the first, third and fifth aspect of the invention,
modified so as to not synthesize a triacylglycerol and/or a steryl acyl ester, is capable
of synthesizing and storing in its lipid particles prenol lipids, in particular squalene,
thereby allowing the production of such a prenol lipid in the lipid particles in basically
pure or purer form. Thus, already by eliminating in a yeast organism the synthetic
pathways for the biosynthesis of TAGs and/or SAEs is it possible to dramatically
improve the production concerning the amount and purity of the squalene produced

by such an organism.



NC 001137. 2, XM 502591, XM 448319, XM 453478, NM 208704. Gene Sequences
for REGLi ncl ude: NC _001136.8, XM 500990, XM 448729,

WO 2011/023298 PCT/EP2010/004925
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A further improvement in squalene production in such an organism could be
achieved by modifying the organism’s metabolism so as to increase the enzyme
activities leading to the synthesis of squalene and reducing enzyme activities of

pathways which convert squalene into other compounds.

The genes of the squalene biosynthetic pathway are known and cloned, e.g., in the
yeast S. cerevisiae. The major bottleneck enzyme is the HMG-CoA-reductase
(HMG1) (Basson et al. (Mol. Cell. Biol. 8 (1988), 3793-3808). Thus, in a preferred
embodiment the organism according to the first, third or fifth aspect of the present
invention is capable of accumulating squalene in lipid particles and is characterized
in that the activity of HMG-CoA-reductase (EC1.1.1.34) is increased in comparison
with a corresponding non-modified organism, preferably with a corresponding
wildtype organism. The increase in HMG-CoA-reductase activity can be achieved by
means and methods well known to the person skilled in the art which are also
described in more detail further below. In a preferred embodiment the increase in
activity of HMG-CoA-reductase is achieved by expressing in the organism a HMG-
CoA-reductase gene which codes only for the catalytic area of the enzyme but does
not code for the membrane-bound domains. Such an alteration is already described
in EP-A 486 290. By this modification feedback regulation of the HMG-CoA-
reductase by intermediates of the ergosterol biosynthesis pathway is avoided. In
another preferred embodiment, the gene encoding HMG-CoA-reductase in the
organism according to the invention is placed under the control of a heterologous
promoter, i.e. a promoter which is foreign to the HMG-CoA-reductase gene, in
particular this promoter is a promoter which is not regulated in its activity by
intermediates of the ergosterol biosynthesis pathway. An example of a suitable
promoter is the ADH1 promoter, in particular the “average” ADH1 promoter which
shows an approximately constitutive expression (Ruohonen et al.,, Journal of
Biotechnology 39 (1995), 193-203).

In some organisms, such as yeast, squalene can be converted into other
compounds, in particular into ergosterol and into intermediates of the ergosterol
biosynthesis pathway. The chemical reactions and pathways resulting in the

formation of the sterol ergosterol ((22E)-ergosta-5,7,22-trien-3-beta-ol) occur in ergot,



XM 455276. Gene sequences for FLD1 include: NC 001144.4, NM 210286,

XM 001647166, XM 449778. Gene sequences for 7-dehydrochol esterol reductase
i ncl ude: Wib200AR2H8 NM 001360, NM 007856, NM 203904, NMpO@EP2¢19D74920NM
201330, NM 022389, NM 001131727, NM 01087087, XM 001497598, XM 001174160,
XM 001099101, BMA90402, CA753545. Gene sequences for 24-dehydrochol esterol
reduct ase include: NM 014762, NM 001016800, NM 001094456, NM 001008645, NM
001103276, NM 001080148, NM 053272, NM 00103128, XM 001488247, AB125202, XM

001153¥5ést GHte meaRNCchs thesel dnganiems! siualane lid- dorvéhyd abgs squalende:
NC 001140.5, XM 500518, EF059165, XM 445876, XM 454109. WO
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enzyne@, ByRridesgesdlehetignostegs usichisatiyClB 41997 sERG?t)nntrb lahestendl) Lanottedel NC
001142, NC 001139, NC 001147, NC_001139, NC 001148, NC 001 NC 001
is then converted by cytochrome P450 lanosterol 14a- demethylase %é)’é 1.14.13.70;
ERG11) using NADPH and O; into 4,4-dimethyl-cholesta-8,14,24-trienol which is
then converted by C14 sterol reductase (EC 1.3.1.70; ERG24) using NADPH into
4,4-dimethyl-8,24-cholestadienol. This compound is then further converted by the
action of C-4 sterol methyl oxidase (EC 1.14.13.72; ERG25) into 4-methyl-8,24-
cholestadienol. This substance is converted by C-3 sterol dehydrogenase (EC
1.1.1.170; ERG26) into 3-keto-4-methylzymosterol. Subsequently 3-keto-4-
methylzymosterol is converted by 3-keto sterol reductase (EC 1.1.1.270; ERG27) into
zymosterol. Zymosterol itself is then together with S-adenosyl-L-methionine
converted by the action of SAM:C-24 sterol methyltransferase (EC 2.1.1.41; ERG6)
into fecosterol and S-adenosyl-homocystein. Fecosterol is then converted by the
action of C-8 sterol isomerase (ERG2) into episterol which is then converted by the
action of C-5 sterol desaturase (EC 1.14.21.6; ERG3) by using NADPH and O into
5,7,24(28)-ergostatrienol. This compound is further converted by the action of C-22
sterol desaturase (EC 1.14.14; ERG5) into 5,7,22,24(28)-ergostatetraenol.
5,7,22,24(28)-ergostatetraenol is then converted by the action of C-24 sterol
reductase (EC 1.3.1.71; ERG4) into ergosterol. If it is desired that the organism
according to the invention accumulates squalene in the lipid particles and if this
organism is derived from an organism which is naturally capable of synthesizing
ergosterol or intermediates of the ergosterol pathway starting from squalene, it may
be desirable to reduce the activities of one or more of the above mentioned enzyme
activities of the pathway leading from squalene to ergosterol in the organism. In
principle, any one, more than one or all of the above mentioned enzymes of the
above described ergosterol pathway could be reduced. In a preferred embodiment,
the activity of squalene monooxygenase (EC 1.14.99.7; also referred to as squalene
epoxidase or ERG1) is reduced, however, not completely eliminated since some
sterol synthesis is necessary for the viability of the yeast cells. It is also possible to
reduce the activity of one or more of the following enzymes involved in the
biosynthesis of ergosterol: SAM:C-24 sterol methyl transferase (EC 2.1.1.41), C-22



Generally the organismaccording to the present invention (regardl ess of
whi ch of the aspects described above) can be any possi bl e non- human,

pr ef er ablwonon-omaysal i an organi sm Exanpl es for suitabl ecomypamiosom2sr e
provided in the clainms. Figure 1Thin 19ayer chromat ography of whole |ipid
extracts fromconstructed nutant strains of the yeast Saccharomyces

cerevi siae Figure 2shows schematically the biosynthesis of squalene in the
yeast Saccharonyces cerevisiae. Figure 3shows schematically the

bi osynghgsi aegétuws@wbgh mew 8adi0-4 Q@raleaé!;atﬁaé@qsewqaszce; exil ghige-
Figure 4shows schematically the biosynthesis of steryl acyl ester in the

yeast 8apliemtcoayy ebthecaforerseationad gmbedipaoiswofithe invantionce of a truncated
HMG CoA-reduct ase, tHMGL. The foll owi ng Exanples serve nerely to illustrate
t he inventi on.

As part of the invention, but of independent nature the following features with respect

to genetically modified organisms apply.

Within the invention it has also been found that the constitutive overexpression of the
genes SAK1 and/or HAP4 in the yeast Saccharomyces cerevisiae leads to a highly
increased productivity of lipids in particular of squalene and sterols. The genes SAK1

and HAP4 are related to the respiro-fermentative flux distribution.

The gene SAK1 encodes for an upstream serine/threonine kinase responsible for the
phosphorylation of the Snf1p/Snf4p complex. The phosphorylation leads to an active
Snf1p/Snf4p complex which is localized in the nucleus. The Snf1p/Snf4p complex
belongs to the protein serin/threonin kinases and plays a central role in the relief of
the glucose-repression during the “diauxic shift’. The diauxic shift denotes the shift
from the fermentative to the respirative metabolism when glucose or other
fermentative carbon sources in the medium are consumed. The Snf1/Snf4 complex
ranges far up in the hierarchy of the cascade responsible for the glucose-repression
and derepression, respectively. In the course of the diauxic shift the expression level
of about a quarter of the 6000 genes of Saccharomyces cerevisiae is changed
significantly. These major changes mainly address the central metabolism which is
shifted from the fermentative mode to the respiratory mode. In the fermentative mode
the yeast cell metabolizes fermentable carbon sources like glucose to ethanol and
carbondioxide. In the respiratory mode the produced ethanol is respired to gain
adenosintriphosphate (ATP), which provides energy in the cell. In the course of the
diauxic shift the Snf1p/Snf4p complex is phosphorylated and therefore activated by
the Snf1-kinases Sak1p, Tos1p und EIm1p. The activated complex is localized in the
nucleus where it influences the two transcription factors Mig1p und Cat8p. The zinc
finger protein Mig1p is a transcriptional repressor, which recruits the proteins Tup1p
and Cyc8p to bind a certain consensus sequence of a large number of glucose
repressed genes as a complex whereby the transcription of the gene downstream of

this consensus sequence is repressed. Cat8p is a transcriptional activator and



The follow ng materials and net hods have been used in the exanples. 1.
Restriction cleavages The restriction of plasmds (1 to 10 rig) was

per f or nedwonroBi®2piesbat ches. To this end, the DNA was takem/mrpotonosdds pl of
H20, and m xed with 3 pl of the corre®ponding buffer, 1 pl of RSA (bovine
serum al bum n) and 2 pl of enzyme. The enzyne WO

2011/ 023298PCT/ EP2010/ 004925 27 concentration was 1 unit/pl or 5 units/pi
dependi ng on the anmobunt of DNA. In sone cases, 1 pl nore of RNase was added

to theimficed tee réskior hef tRNAasil3a genks, WHe@ﬂdmds@ wahenméamrﬁdnsf or

two hours at 37C._ The restriction was controlled wth a mnigel. 2.
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(bands cific 2gdicyedle and the giyaxylate shuntcgre xegulated oby) &at8po. Bhebgctiveor
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homologue, which leads to an inactivation of these two proteins. An active
Snf1p/Snf4p complex localized in the nucleus therefore considerably contributes to
the relief of the glucose repression and the shift from fermentation to respiration,
because it influences several transcription factors of the repression cascade.
Accordingly, an organism according to the present invention may be further
developed so that it exhibits a more active Snf1p/Snf4p complex even in the
presence of glucose. This modification is achieved by the transcriptional deregulation
of the protein Sak1p, which is responsible as the main kinase for the phosphorylation

and therefore the activation of the Snf1p/Snf4p complex.

The Hap2/3/4/5 protein complex regulates a large number of glucose-repressed
genes. These are predominantly genes of the respiration chain and the citric acid
cycle. As an activator it induces the transcription of these genes during the diauxic
shift and strongly contributes to a shift of the respiro-fermentative balance in the
direction of respiration. The genes HAP2, HAP3 und HAPS5 are expressed
constitutively. Naturally HAP4 is only expressed during growth on non-fermentable
carbon sources. During a cultivation of a HAP4- overexpression mutant strain it was
observed that this mutation leads to an increased growth rate, biomass- and acetate
production and to a reduced formation of glycerol and ethanol. The Hap2/3/4/5
protein complex propagates the respiratory system by increasing the respiratory
capacity, the mitochondrial biogenesis and the carbon flux through the citric acid

cycle.

Another observation within the invention is that the deletion of the gene FLD1 leads
to an unexpected significant increase of the lipid production, in particular of the

squalene production, in organisms like yeasts, in particular the yeast Saccharomyces



3. Gel Elution The desired fragnments were isolated using gel elution. The
restriction preparation was applied in several bags of a mnigel and

separ at edwoQuiy2pioanbda] - H nd111 and a "sacrifice tracebPcompeosioaioned i n

et hi di um brom de sol ution, viewed unddar UV |ight, and the desired fragnent
was | abeled. As a result, DNA was prevented from damagi ng the residual bags
by the ethidiumbromde and the UV light. By aligning the stained and

unst ai ned gel pieces, the desired fragnent fromthe unstai ned gel piece
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to be isolated was added in a dialysis tube, sealed free of air bubbles
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di al ysis tube was noved into the reaction vessel
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PR ( £pnehisedtaiieg of e INEECORTSHCESY WRICHTR Snist el BEPBRRHR & 00
et hanolthgwyeasiad VG- CoAlredUb¥aseogerid, amhicA ltodestarly f@sthencatbigtie paroof B
m nutes at -20C. and then centrifuged off at 12,000 rpmfor 30 m_nutes at

4C. Th&nBXmepdbut dpes ot godedon e mambrang-bounddemains g dascrbed (R &ftAdi ng

th . i i . . t
oo madBB 2, 1eaae¥ibn scuthaafish b salaRRL el THEAECRLIDA dael S
of DNAto taimeavaidamoe ofjfdeaibakk wagulatipetaf débe tHijE&-GoA:reddnctasiesby adermediateddNA

houl d be derived f t hang Lpitation t t .contani nant
R e A e A A e
M nut epbdbrafCthat et B8MR1IBHCH ?ri@tqaﬁife FLDMNERE & ahOlmekpEct8a6i5hifiBaNes

hal ted. The DNA was obtained fromthe batch by an ethanol preciprtation and
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| i gated, were conbined.. The e v, of  13. 1 pl. contained about 0.5 pg of
oA i ST BTN AT apsBR MR- anbtast Aiins ™l Neubared for 45
seconds at 70C, cooled to roomtenperature (about 3 m nutes) and then

i ncubated on ice for 10 m nutes. Then,_ the Ii(ﬁltion buffers were added: 2.6

pl of Jbe mheveTfindings, with 7espeetndo 1SAKS, BARDcangrobLNgclead dad fumtagr wer e

i nCUbatirﬂgrovements and embodiments within any of the six aspects of the invention, as
described above. However, these findings are also of independent value for
organisms, which do not comprise the modifications described above, but have the
ability to synthesize all lipids typically synthesized by the respective unmodified
organisms. Unmodified organisms in this context comprise aside the wild type such
organisms, which have an increased HMG-CoA-reductase (EC1.1.1.34) activity,

compared with the corresponding wild type organism.

Accordingly, the present invention also comprises an isolated genetically modified
non-mammalian organism, wherein the genes HAP4 and/or SAK1 are
transcriptionally deregulated and/or overexpressed and/or wherein the gene FLD1 is
repressed or inactivated or deleted, all in comparision with a corresponding wildtype
organism. Specifically, one of the genes HAP4 and SAK1, or both, can be put under
the control of a constitutively active promoter, like a (optionally) ADH1 promoter. In a
further embodiment of this variant the gene REG1 is repressed or inactivated or
deleted, in comparison with a corresponding wildtype organism. Aside this, all

previous comments with respect to the invention apply to this independent aspect in



on ice for another 10 mnutes. After 1 pl of 500 mmol DTT and 1 pl of 10
nmol ATP were added, 1 pl of ligase (1 unit/pl) was added on ice for

anot her Mormhnuke®s The entire treatnment shoul d be carriped/epadiowdiobs as
little shaking as possible so as to kmep adjacent DNA ends from
reseparating, The ligation was carried out overnight at 14C. WO

2011/ 023298PCT/ EP2010/ 004925 29 6. E. coil Transformati on Conponent
Escherichia coli (E. co/i) NWb22 cells were transformed with the DNA of the
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solution, 10 pl of DNA and 200 pl of conpetent cells (E. coli NVb22) were
pipetted into a tabletop centrifuging tube. The batches were put on ice for
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t he supernatant was discarded, the pellet was washed in 100 pl of
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preferred at least 90% and most preferred 100%. A reduction of 100% means that
there is no protein or enzyme activity of said enzyme present in said organism. The
increase in activity of an enzyme or protein as mentioned hereinabove in comparison
to a corresponding non-modified organism is preferably at least 10%, more
preferably at least 50%, even more preferably at least 200%, particularly preferred at
least 1000%. The phrase “increase” also comprises presence of (any measurable)
enzymatic activity of an enzyme or protein in case that the non-modified organism
does not comprise any measurable such activity. The phrase “increase in activity”
further encompasses an increase in the amount of a protein in all those cases,
wherein the protein is no enzyme (like HAP4). Then the above parameters of
increase apply in an analogous manner to the amounts. The activities of enzymes
can be measured by adding to a predetermined amount of an educt a predetermined
amount of an enzyme, which catalyzes the reaction of the educt to a product, and

optionally additionally required reaction components, and by measuring the amount



WO 2011/ 023298PCT/ EP2010/ 004925 30 8. Plasm d-1solation on E. coil

(Maxi prep) To isolate |arger amounts of plasm d-DNA, the maxiprep nethod
was per f ovordi1/obsmspl ungers with 100 m of LB+anpicilli rcrapremionsre

i noculated with a colony or with 100 Bl of a frozen culture, which carries
the plasmd that is to be isolated, and it was incubated overnight at 37C
and 120 rpm The next day the culture (200 m) was noved into a GSA beaker
and centrifuged for 10 m nutes at 4000 rpm (2600*g). The cell pellet was
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| ysozyme sol ution (20 E-buffer) was added, and it was incubated
for 10the ma&t,lramenb@fnapbwﬁes afmymmdwcusmd apove are dipelosed lesg.vifisthe

i nut cSoghmet B Pafbedbat AT IREdheadeiiment S bURAL & tio BARtEeY, e
by t he eadgines Mot ees8riliéd ﬁfs@iﬁQidtdn‘?ed‘t/ll§pdrfdﬂhé@ﬁi ah@log@hytmmdrpH 4.8) and
a 15-mnute incubation on ice. After centrifuging (GS 13,000 rpm

(27,500*g), 20 minutes, 4C), the supernatant, which contained the DNA was

noved i : r > C |t f
I ce- coIM(;E ﬁgg%?g}garnoﬁb Rﬁ?ﬁgnacm]&b F [ %n"‘%ézﬂ\% rgs g%ﬁdarglo&gr %% Fﬂﬂ\ﬁ
pel | et rgducingohebolishingithedjeriec expreskion @ﬁﬂfner’@éneanddmglfedtlnel ehiziymiea leogLt
30-60 m nut es) Then, it was resuspended in of H20. An exam nation of

the pl RYnieplginentiag a cweakern REPROles FBﬁkef’HT‘a@fe thQ'rF@”ERﬁﬁ’é’Qﬁtﬂgatgieaﬁ Rudy
det er mg Bﬁg) %’% c%%%?ﬁ%lhd[éfe&m ?gg'le‘)@é’ﬂna/o?‘tﬁ% fsthte T;S’roﬁﬁﬁHF Sridisr §d"%ﬁ% fg

cont ent sis was carried out (pore size :
9. Yeanzymerishibitonto ovhibibthe tranylatexi ehzymefwithiata cell obither erganisroraadddr t he

t Sacch d. A
o1 Unge NGB BaM AT SOV oG ol ol FOLkGP DB PR AIORHYE BRSGTBt ANden
cul tur r At BPHICGe &8 ghablaten 188CaaRMb Jaifartpm The main cul ti vat i on

was carried out under identical condltlons |n a pI unger W|th 100 m of
YE- nedi um whi ch was inoculated with 10 : or 50 of the

her e clutbduetof 35%9"%%%%?@%8&?’&%@%? éé%e 9 B8 dibendibh & Woers

nucleotide sequence encoding the respective enzyme is reduced in comparison to
the level of gene expression of said nucleotide sequence in a corresponding non-
modified organism, preferably a corresponding wildtype organism. The same levels
of reduction as provided above with respect to activities apply. Means and methods
for detecting the level of gene expression include, e.g., the determination of the
amount of synthesized corresponding mRNA or protein or the determination of the
enzymatic activity of the respective protein. In a preferred embodiment the level of
gene expression is determined by measuring the amount of mRNA, e.g. in Northern
Blot. In another preferred embodiment the level of gene expression is determined by
measuring the amount of synthesized corresponding protein, e.g. in a Western Blot,
or by determining the amount of the corresponding enzymatic activity. The reduction
in gene expression may also be achieved by rendering the gene in question non-
functional. One possible means for rendering a gene non-functional is gene

disruption.

Methods for increasing the activity of an enzyme include transformation of cells such
that a transcriptional deregulation is achieved, such that a gene (heterologous or
homologous) coding for the enzyme is arranged under the control of a constitutively

active (homologous or heterologous) promoter, and/or such that the number of



procedure was continued with the plunger, which held 3-5*107 cells/m . The
cells were harvested by centrifuging (GSA: 5000 rpm (4000*g), 10 m nutes).
The cel | wel2bato2sms resuspended in 10 m of TE-buffer amdrdirzeid@osoent o two
tabl etop centrifuging tubes (5 mM eachd). The cells were centrifuged off for
3 mnutes at 6000 rpm and washed twice with 5 m of TE-buffer each. Then,
the cell pellet was taken up in 330 pl of lithiumacetate buffer per 109
cells, transferred into a sterile 50 mM Erl enneyer flask and shaken for one
hour a"coﬁ%‘é of"lﬁeihété?’élbboué B HomdIS 8@y erRBsdiRG forl e éﬁz@ﬂ% % imefddded 9. 2
Transformati on For each transformation ‘preparation, 15 pl "of herring sperm
DNA ( 1@ngipriingreasmgpthedfctivitiaby mautationt o be t r ansf or med (about 0.5 pg) and
330 pl of conponent cells were pipetted into a tabletop centrifuging tube
and incubated for 30 m nutes at 28C (w thout shaking!). Then, 700 pl of 50%
PEG 60&petric astdriplesiier idffestifigi inerdiedd of dded?Baséd Briyaiiic Betvitias é’r%C

wi t hout shaki ng. thermal shock of 5 mnutes at 42C foll owed. 100 pl of

t he sudpevidedrinibe enamplgsod heesldied \astisanmwilhm hawsyverpialsw et ableetce@pplyor

r gene Pt h SRR el il B frt o pR GG AR EPARHCIRB Ct s

9.3 Regeneration Phase). 9.3 Regeneration Phase Since the selection marker

is resistance to 418, the cells needed tine for, the expression of the
resi st avablgsrgenerirequenses ofoFaenaymps e paIPIAYEShdNwie: iRptaBY iRVeRtion nareof

YE- nedi ext

ooy ™ SRR KRR R B0 o oS S RRS thd o Moy i o)
n of ‘dEtivitids unay ehedeﬁr(izﬂbydd just 230well. Nas$ thé gidrdaddr geheosedﬂéﬂ@é%&)rpim es.
The pl ates. were i ncubat for ever a

2011/ 0PEISEPEFALIRPIOF YTHE 'Feé%‘é/’ltoﬂ“@iw&i F?%HE?S’T Biithim the, Nsiant ase
chai n §RatibAN bmtl%stéﬁdotﬁb' Hh%ﬁﬂcét%n Ufh@el‘ QﬁéVééﬂh@'EGf?(fE%z?% ddnmidion)
necessarily valid for any batc i.a., the anpunt DNA used, t'he
salt cowmobersati ons and the nelting terrper ature can be varied. For our
formul ation of the problem it has proven advantageous to conbi ne the

foll ow ng substances in an Eppendorf cap, which was suitable for use in a

t her m%§r%q5eﬁbe§ffoﬁ r-cbw‘ étéfol §cﬁiraﬁ§feﬁﬁ\§6?st§rdlooﬁaéylﬂ®éh§féfé@e (EC

5'-priner, ssol ved in enough water to
yi el d 336t?eﬁ) vmcmq@ ofN§a09ﬂ1§6f4th@Ce@ﬂ1ME&ar aNMaROSRE! e 44684, pl
(-0.1 wMoi Spper Taq pol ynerase. The batch was briefly centrifuged off and
covered W ?I a drop of oil. Between 37 and 40 cycles were selected for
anplification. I solation of lipid particles fromS. cerevisiae Yeast

cells e own in of WWWI | | umfor 7 at 28 vvlth
Ceci pr biee %ﬁawﬁnae%t O StP A oRie) | S B AP AP SO GereE O rapRRT

l'i pid IQEC“ 5 851 2@} e iRlqd:ed anfiwo1hisgd, acc,)gmdoom-pggqebeert 12‘308:‘3 Leber
R, Zinser E, Zell Q Pal't auf F, Daum G Characteri zation of [ipid

parti cPdd %2318@8263 OWhaMﬁyQ@bO%Wﬁ@WOﬂé‘asXM _QORIAGDT..

10(11):1421-1428). For sterol analysis lipid particles were either
saponified for 16 h in 30 % nmethanolic KOH at roomtenperature for total

st erol GuNSkhliesedd for |@Mtr{ﬁ$cﬁble%t@bob§ wmr%fdrlarseﬁmo)s;)ﬁzsﬁﬂsuacHm&ylglyderol
chl orof ornf net hanol (4:1) and anal sed TLC to distinguish beween free
and esw@éyitrensterasell 928r1 158 )dochuge: il H.iNM_8p84 %&MD&H@ZSGS

NM_000229, NM_001005715, NM_017024, NM_001082190.

Gene sequences for acyl CoA-wax alcohol acyltransferase (EC 2.3.1.75) include:
NM_123089, NM_177448.

Gene sequences for HMG-CoOA-reductases include: NC_001145, NM_106299,
NC _003421.2, NC_009784.1, NC_003028.3, NC_007308.3, and the sequence of
Fig. 5 (truncated, tHMG1).



12. Squal ene and sterol analysis To quantify whole cell 1ipids and total
lipids in lipid particles, sanples were saponified prior to GC anal ysi s.
125 0D600woforl2b®swere treated for 20 min at 100C i n OpGThPbiGo/0a4ds al | owed
to cool to roomtenperature. After that 3 g of KOH and 12.5 m of net hanol
with pyrogallol (2 g/l) were added. For saponification the m xture was

i ncubated for 2 h at 70Cin a water bath. Hydrol ysed esters were extracted
i n n-hexane. The non-saponified fraction was resuspended in 2 m of

n- hexam@eneSusadRstoednN ot €-24 S sYEoE AN ftiffiférases Whdlide:auCe0o1 a8,

chol esterol as internal standards. Squalene and Sterols were separated on a
Hew et NG . 5I4C_0834238, XM H0PAT30XMT7 11861510/ 004925 33 chr omat ogr aph
with a capillary colum (25 mby 0.25 mmby 0.25 pm[filmthickness];

Chr onmpack CPSi 15) programmed from 150 to 250C. The tenperature was

i ni ti aldenel b8§uéresXomCr22i stevdl eshtirabes imAedst RC_D68492 13, INC 20090%48.1,
tenperature of 250C at which it _was held for 20 mn. The linear velocity

was 30 NGy Q01148.2.08MnB90188.0XMs 71A84@arri er gas, and injections were run in
the splitless node. The injection volume was 1 pl. The area of each peak
was cal cul ated and related to one gramof cell dry weight. Each sanple was
_rrgasu r ;E;brim sequermeise.foSt @rblasterobf deca;io%glindgdes qNa_©0d ;Aﬁr esased%,f gr f
i denti ation. tral |inRids re_extracted an a ed by a nethod o
Sor ger NehOGSAe, (M- 0head. N 085055 545 i 860085 AN ThesiTai 17 For the
quantification of neutral |ipids, extracts were applied to silica gel 60

pl ates and chromat ograns were devel oped by using the solvent systemlight
pet r ol E@enalsequericestfoeHARZ INCudec NC (008:123.7,, XMo#A48596 ,,)0M) 0006453120.f i r st
third of the distance. Then plates were dried briefly and further devel oped
to the top of the plate with the solvent system|light petrol eumdiethyl
ether (@éhel. seilenegl) folNeSAKal indipdéls NET 6011 gl | Xpd 5b2591 ai vng488¢gt hi n
| ayer plates wth iodine vapour in a TLGchanber. Quantification was

carri eKMUASIAT&EI NN 208#34.i ¢ scanni ng. The standard cul ture procedure of
strains of the yeast Saccharomyces cerevisiae for squal ene and sterol

anal ysis was: Preculture: 20 Ml of WWIII nediumin a 100 m shaking fl ask

are | n@eanert Sequeérides2domn| RBG 1t heclader 8400001 186.8] YXRY 800990CKXKINd48729,
cultivated for 48 h at 30C and 150 rpm Main culture: 50 m of WwIII
medi umtM_4095®-ni shaking flask with baffles are inoculated with 1 % of
the preculture and cultivated for 72 h at 30C and 150 rpm Exanple 1
Del etion of the genes ARE1 and ARE2 in S. cerevisiae AH22ur a3

Gene sequences for FLD1 include: NC_001144.4, NM_210286, XM_001647166,

XM_449778.

Gene sequences for 7-dehydrocholesterol reductase include: NM_103926,
NM_001360, NM_007856, NM_203904, NM_001014927, NM_201330, NM_022389,
NM_001131727, NM_001087087, XM_001497598, XM_001174160,
XM_001099101, BM490402, CA753545.

Gene sequences for 24-dehydrocholesterol reductase include: NM_014762,
NM_001016800, NM_001094456, NM_001008645, NM_0011032786,
NM_001080148, NM_053272, NM_00103128, XM_001488247, AB125202,
XM_0011563751.

Gene sequences for lanosterol sterol 14-demethylases include: NC_001140.5,
XM_500518, EF059165, XM_445876, XM_454109.



The vector pUG (Guldener U, Heck S, Fiedler T, Beinhauer JD and Hegemann
JH (1996). A new efficient gene disruption cassette for repeated use in
buddi ng ywesbi1/0BmEei ¢ Aci ds Res 24 2519-24) has been uped/mreoidmbpbe t he
genes ARE1l and ARE2. WD 2011/023298P@T/ EP2010/ 004925 34 The del eti on of
bot h genes has been done successively by the sane nethod. At first AREl has
been del eted and afterwards ARE2. After plasm d preparation, a fragnent of
pUG has been anplified by PCR to obtain a tool consisting of

| oxP- ke Iseybentid ToF %qharéﬁebﬁﬁdho@sw?éﬁayéseﬁwdmé:une_@'m439.83' Meaggsnces
of ARE1l res(ggé: ARE2 codi ng@iequences o the | oxP regi ons of pU& vector.

The r et 0ROV BR6AA1,00VsA8526Df a KanR gene, | oxP sites and AREL

respec. ARE2 honol ogous regions for the integrative transformation in S
cerevisi ae AH22ur a3. Honol ogous reconbi nation in yeast |eads to the

del eti @erd ddtrehaegefors sqitstile e prdiasicss apeematsrtsnNsf thélledrsctivecdifierent f or
sel ection of positive clones. The ARELl respec. ARE2 codi ng region has been
del et e@MEMMERi LXPERSHEdsthetprplogously efiaye Beetha rsamer & rgBhetingHdes

furt hen OEH h S 1 [ S I ve e ' or
this ptﬂ\lr(gose t%zté stral n1h3§§ eenqwtalr@%fmgﬁgggpsﬂg?b?gj%ghe@braﬁbgp,g’
1996) . NKDeOOEI36r carries the cre- reconbinase to get rid of the KanR gene
flanked by | oxP sites. To di spose pSH47 the strain has been counter

sel ected on 5-FQA (5-Fluoroorotic acid) (1 g/L) agar plates. The resulting
strain carries a deletion of both genes ARE1l and ARE2. Exanple 2

Generally the organism according to the present invention (regardless of which of the
aspects described above) can be any possible non-human, preferably non-

mammalian organism. Examples for suitable organisms are provided in the claims.

Figure 1 Thin layer chromatography of whole lipid extracts from constructed
mutant strains of the yeast Saccharomyces cerevisiae

Figure 2 shows schematically the biosynthesis of squalene in the yeast
Saccharomyces cerevisiae.

Figure 3 shows schematically the biosynthesis of triacylglyceroles in the yeast
Saccharomyces cerevisiae.

Figure 4 shows schematically the biosynthesis of steryl acyl ester in the yeast
Saccharomyces cerevisiae.

Figure 5 shows the sequence of a truncated HMG CoA-reductase, tHMG1.
The following Examples serve merely to illustrate the invention.

The following materials and methods have been used in the examples.

1. Restriction cleavages

The restriction of plasmids (1 to 10 pug) was performed in 30 pl batches. To this end,
the DNA was taken up in 24 pl of H,O, and mixed with 3 pl of the corresponding

buffer, 1 pyl of RSA (bovine serum albumin) and 2 ul of enzyme. The enzyme



Del etion of the genes DGA1 and LROL in S. cerevisiae AH22ura3 The vector
pUG (Gul dner et al.,1996) has been used to delete the genes DGAl and LRO1.
The del etwononfo2b®gh genes has been done successivel y byctrimr2eanesnet hod.
At first DGAL has been del eted and afirerwards LRO1. After plasmd
preparation, a fragnment of pUGS has been anplified by PCR to obtain a tool
consi sting of |oxP-kanMX-1oxP. WD 2011/023298PCT/ EP2010/ 004925 35 Pri ners
have been constructed to fuse 5 and 3' sequences of the DGAl respec. LROL

codi ng caRERPRRH %sthﬁnlt@%r@gmﬂﬁl 8bpEndiRg \GIF Y ambidt EDNAI Hs6iRB
product consists of a KanR gene, | oxP sites and DGAl respec. LROL

honol ogeses.r &gitlomore cof RiNasenwagr adied tor thes betahato slegrades.thectiRNAsThe
AH22ur a3., .Honol ogous reconbi.nati on i eas to the.del etion,of, the
o get eubBE baRRRRR TaREA ] on e Bt Alar ecind Setiffust ws ety
posi ti whthca /iigigel. The DGAL respec. LROL coding region has been deleted in
this yeast strain. To prepare the strain for the deletion of further genes,
the (418 resistance has been renoved fromthe strain. For this purpose the
strain has been transfornmed by pSH47 (Qul dner et al., 1996). The vector

carries the cre-reconbinase to get rid of the KanR gene fl anked by | oxP
sites.

2. Gel Electrophoreses

The gel electrophoreses were performed in minigel or wide-minigel equipment. The
minigels (about 20 ml, 8 bags) and the wide-minigels (50 ml, 15 or 30 bags)
consisted of 1% agarose in TAE. 1*TAE was used as a mobile buffer. The samples
(10 pl) were mixed with 3 pl of stopper solution and applied. I-DNA cut with Hindll|
was used as a standard (bands at: 23.1 kb; 9.4 kb; 6.6 kb; 4.4 kb; 2.3 kb; 2.0 kb; 0.6
kb). For separation, a voltage of 80 V for 45 to 60 minutes was prepared. Then, the
gel was stained in ethidium bromide solution and held under UV light with video-

documentation system INTAS or photographed with an orange filter.
3. Gel Elution

The desired fragments were isolated using gel elution. The restriction preparation
was applied in several bags of a minigel and separated. Only [lambda]-Hindlll and a
"sacrifice trace" were stained in ethidium bromide solution, viewed under UV light,
and the desired fragment was labeled. As a result, DNA was prevented from
damaging the residual bags by the ethidium bromide and the UV light. By aligning the
stained and unstained gel pieces, the desired fragment from the unstained gel piece
could be cut out based on the labeling. The agarose piece with the fragment to be
isolated was added in a dialysis tube, sealed free of air bubbles with a little TAE
buffer and placed in the BioRad-minigel apparatus. The mobile buffer consisted of
1*TAE, and the voltage was 100 V for 40 minutes. Then, the flow polarity was varied
for 2 minutes to loosen the DNA adhering to the dialysis tube. The buffer that

contains the DNA fragments of the dialysis tube was moved into the reaction vessel



To di spose pSH47 the strain has been countersel ected on 5-FOA
(5-Fluoroorotic acid) (1 g/L) agar plates. The resulting strain carries a
del et i on wb 2ood23Penes DGA1 and LRO1. Exanpl e 3 Del eti orcofEpeéie/ogepes DGAL
and LROL in S. cerevisiae AH22ur a3aredsare2 The vector pUGS (Gl dner et

al ., 1996) has been used to delete the genes DGAl and LRO1. The del etion of
bot h genes has been done successively by the sanme nethod. At first DGAL has
been del eted and afterwards LRO1. After plasm d preparation, a fragnent of

pUG handpas peidrinkidesh BhdteR préciplaiom o fHP@'enGOﬂ%bﬁérh '('13/19‘5 volume of 3
| oxP- kanMX- I oxP. Prinmers have been constructed to fuse 5 and 3 sequences

of t he Mbspdiuneagetate LIRNA ¢ ddil mgr Héguleoicsaiution)tand Rdxtmesdhenvolunemfidee-

const sPAbPO% RARROLBRTE Higed e DA ool " Tab Zat] WBR RERRAGCHE S0

regi 0n$n|f19fest Me20PCeahatthEr cehbifaged Bt 41012,000 $pntRIred0 Aimgedld 41CaThe
Honol ogous reconbi nation in yeast |eads to ‘the del etion of the t ar get

sequen Am@yebwaﬁccmigan%éakqmme iRdD teedd M oédl D fdenpansing on the gmeunt ve

cl ones. DGAL1 respec. LROL coding region has been deleted in this yeast
StI’aII’IOf @i‘epare the strain for the deletion of further genes, the (418
resi stance has been renoved fromthe strain. For this purpose the strain
has been transformed by pSH47 (Gul dner et al., 1996). The vector carries
t he cr & Klesowblneatmend get rid of the KanR gene flanked by | oxP sites.

Projecting ends of DNA fragments are made up by the Klenow treatment, so that
"blunt ends" result. Per 1 ug of DNA, the following batch was pipetted together:
In this case, the DNA should be derived from an ethanol precipitation to prevent
contaminants from inhibiting the Klenow-polymerase. Incubation was carried out for
30 minutes at 37°C, and then over another 5 minutes at 70°C. the reaction was
halted. The DNA was obtained from the batch by an ethanol precipitation and taken
up in 10 pl of HyO.

5. Ligation

The DNA fragments that were to be ligated were combined. The end volume of 13.1
Ml contained about 0.5 ug of DNA with a vector-insert ratio of 1:5. The sample was
incubated for 45 seconds at 70°C, cooled to room temperature (about 3 minutes) and
then incubated on ice for 10 minutes. Then, the ligation buffers were added: 2.6 pl of
500 mmol TrisHCI, pH 7.5, and 1.3 pl of 100 mmol MgCls,, and they were incubated

on ice for another 10 minutes. After 1 yl of 500 mmol DTT and 1 pl of 10 mmol ATP
were added, 1 pl of ligase (1 unit/ul) was added on ice for another 10 minutes. The
entire treatment should be carried out with as little shaking as possible so as to keep
adjacent DNA ends from reseparating, The ligation was carried out overnight at
14°C.



To di spose of pSH47 the strain has been countersel ected on FOA
(5-Fluoroorotic acid) (1 g/L) agar plates. The resulting strain carries a
quadr upl ewdebatdiensof the genes ARE1, ARE2, DGAl and LRpti1/ERzéuopbe23
Expression of t-HMGL in yeast strainseresulting fromexanple 1 to 3 and
AH22ur a3 as reference strains, using the episomal plasm d The DNA sequence
for tHVMG (Basson et al. (Mdl. Cell. Biol. 8 (1988), 3793-3808)) was
anplified by PCR from genom ¢ DNA of Saccharonyces cerevisiae S288C.

(Morti geE. ol TraRssb@natieanet i cs 113 (1986), 35-43)) with use of standard
met hods. The priners that are used in this case are the DNA ol i goner

tHMG- 5" and tHMG 3'. The DNA-fragnent that was obtained was introduced in

ol oni ne BB AR LI U & P22 Helfe VT Hianst PR Bite e ONRESE, .o
pUCLO viesligation pfopdretieh. Asla positivie cditrol, 2 Btclaiaer supplibdvath 50erj oBthe, and
yi el ded vector pUC19-tHMG After plasmd WD 2011/ 023298PCT/ EP2010/ 004925

37 i solPScldrplasmid.cad peta pHll sonfiot a batehvwas; supplind oMithow LNA. Eas@acing
S _. : . t .

opTon (ESiidofiirebb R O b B4 PR SoldibR, 4B or BRBCATY 2pgrataly )
whi ch @gmpeamd ¢etfllsga(IEecbtorI]ﬂNr:Jn5E¢29)R:ergrﬂ%l_lémml Into“ﬁtﬂmbﬂﬂ(atgpmmttmmgﬁtg wﬂmd l‘nlﬁeat
Wwas roauce contal ns e runcat e - pr er, enne e an

( Yoast b?tqcf@awﬁ,re P01y 199 fer 40; minuieprand shaken d?te(w&m@pgfhe@» t@meh J.
S . Qi enl i cat d
the. Trenotk 100k giBEe: PHinlicdimesic 3K @oBhBiat®n 1LATBECBThoRR 1al Rl
f rg.ngEI’ﬂt:) the dedjsura]hgv mcng&deT)nia)sgaher_ far(ﬂ(hma'dut;e!soah Bé‘tftr).om(p)la;r?achl-mahle: ad

onuc SeSs C an I aqadd Sal C n contal €,S0-C

o umOnngen REfEhes: ool db, diRen rad k18R ouebr e BRnbRSd oPucBn <
DNA sew%z%lg@gq?g&démmchab@w@éhigm@&97°0’.Ep13 (Fi schhoff et al. (Gene

27 (1984), whi ch was treated with endonucl ease Sphl and a DNA
pol ynmerase. YEpH2 has been transformed in S. cerevisiae AH22URA3ar elar e2,

Q:—lii% -%‘%’b@k&'@@éﬁqﬁ@iﬁﬁ@@ﬁ@méwl und AH22URA3. As reference

E. coli colonies were cultured overnight in 1.5 ml of LB+ampicillin medium in tabletop
centrifuging tubes at 37°C and 120 rpm. The next day, the cells were centrifuged off
for 5 minutes at 5000 rpm and 4°C, and the pellet was taken up in 50 pl of TE-buffer.
Each batch was mixed with 100 pl of 0.2N NaoH, 1% SDS solution, mixed and put on
ice for 5 minutes (lysis of the cells). Then, 400 pl of Na-acetate/Nacl! solution (230 pl
of H,O, 130 pl of 3 M sodium acetate, and 40 pl of 5 M NaCl) was added, the batch

was mixed and put on ice for another 15 minutes (protein precipitation). After 15
minutes of centrifuging at 11,000 rpm, the supernatant, which contains plasmid-DNA,
was transferred into an Eppendorf vessel. If the supernatant was not completely
clear, it was centrifuged one more time. The supernatant was mixed with 360 ul of
ice-cooled isopropanol and incubated for 30 minutes at -20°C (DNA precipitation).
The DNA was centrifuged off (15 minutes, 12,000 rpm, 4°C), the supernatant was
discarded, the pellet was washed in 100 pl of ice-cooled 96% ethanol, incubated for
15 minutes at -20°C and centrifuged off again (15 minutes, 12,000 rpm, 4°C). The
pellet was dried in a speed vacuum and then taken up in 100 pl of H,O. The plasmid-

DNA was characterized by restriction analysis. To this end, 10 yl of each batch was

restricted and cleaved by gel electrophoresis in a wide-minigel (see above).



Chronosonal integration and overexpression of t-HMGL in yeast strains
resulting fromexanple 1 to 3 and AH22ura3 as reference strains, using the
chr onosommb 20negrogt i ve pl asmi d YDpUHK3 The vector YEpHRCcmaER20m0@aioesl Wt h

t he endonucl eases EcoRV and Nrul. A DMWA-fragnment with the follow ng areas
was thus produced: a transcription-activating area fromthe tetracycline
resi stance gene (Sidhu and Bollon (10 (1990) 157-166)), the nediumlength
ADHL- pronoter, the tHMG and the TRP1-term nator (expression cassette). This

DNA-frcgmgmmdlatibﬂcwsdcbwgmamsiﬂa) YDpU (Berben et al. 1991 Berben G,
Dumont J., Glliquet V, Bolle P-A. und Hilger F. (1991): "The YDp pl asm ds:

a uniformset of vectors bearing versatile gene disruption cassettes for "

Stul . O EIGR ArBnt shET TR IS S oh el R, Wek b8 athid o
pr 0duCTho\BlangeRaA 10 Il SR EsThsiaMin AERiuror MobaRted Withaa Bbleryestuence

t hat codes for a kananycin resistance (Wbster, T. D., D ckson, R i
( 1983) Wilhy HQ pkef adfazen @iltumcwhishoraraes the plasniddbat isstoshe iolatgd: aad it

Ui obi ot £ ol | ou . : . h
Kanany i DefBEd Rlep@ihv e STRERRE Y o the Reft LIRS TR0 el | ¢
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the plasmid by restriction analysis took place. The concentration was determined by

depositing dilutions on a minigel. To reduce the salt content, a 30-60 minute

microdialysis was carried out (pore size 0.025 um).
9. Yeast Transformation

For the yeast transformation, a pre-culture of the strain Saccharomyces cerevisiae
(S. cerevisiae) AH22 was prepared. A plunger with 20 ml of YE-medium was
inoculated with 100 pl of the frozen culture and incubated overnight at 28°C and 120
rpm. The main cultivation was carried out under identical conditions in a plunger with
100 ml of YE-medium, which was inoculated with 10 pl, 20 pl or 50 pl of the pre-

culture.

9.1 Producing Competent Cells
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The next day, the plungers were counted out using a Thoma chamber, and the

procedure was continued with the plunger, which held 3-5*107 cells/ml. The cells
were harvested by centrifuging (GSA: 5000 rpm (4000*g), 10 minutes). The cell pellet
was resuspended in 10 ml of TE-buffer and divided into two tabletop centrifuging
tubes (5 ml each). The cells were centrifuged off for 3 minutes at 6000 rpm and
washed twice with 5 ml of TE-buffer each. Then, the cell pellet was taken up in 330 pl
of lithium acetate buffer per 109 cells, transferred into a sterile 50 ml Erlenmeyer flask
and shaken for one hour at 28°C. As a result, the cells were competent for

transformation.

9.2 Transformation

For each transformation preparation, 15 pl of herring sperm DNA (10 mg/ml), 10 pl of
DNA that is to be transformed (about 0.5 ug) and 330 pl of component cells were
pipetted into a tabletop centrifuging tube and incubated for 30 minutes at 28°C
(without shaking!). Then, 700 pl of 50% PEG 6000 was added, and it was incubated
for one additional hour at 28°C, without shaking. A thermal shock of 5 minutes at
42°C followed. 100 pl of the suspension was plated on selective medium (YNB,
Difco) to select for leucine prototrophy. In the case of the selection on G418
resistance, a regeneration of the cells is carried out after the thermal shock (see

under 9.3 Regeneration Phase).

9.3 Regeneration Phase

Since the selection marker is resistance to G418, the cells needed time for the
expression of the resistance-gene. The transformation preparations were mixed with
4 ml of YE-medium and incubated overnight at 28°C in the shaker (120 rpm). The
next day, the cells were centrifuged off (6,000 rpm, 3 minutes), taken up in 1 ml of
YE-medium, and 100 pl or 200 ul was flattened out on YE+G418 plates. The plates

were incubated for several days at 28°C.

10. Reaction Conditions for the PCR



AH22t H3ur a8 arelare2 11,2 AH22t H3ura8 dgallrol 2,1 AH22t H3ura8 9,8 AH22ur a3
(WId type, reference strain) 0,1 Exanple 6 Deletion of the gene FLDL in
S. cereviwoaellA2A8H3ur a8 arel are2 PCT/EP2010/004925

32

The reaction conditions for the polymerase chain reaction must be optimized for the
individual case and are not necessarily valid for any batch. Thus, i.a., the amount of
DNA used, the salt concentrations and the melting temperature can be varied. For
our formulation of the problem, it has proven advantageous to combine the following
substances in an Eppendorf cap, which was suitable for use in a thermocycler: 5 pl of
super buffer, 8 yl of dNTP's (0.625 uM each), 5-primer, 3'-primer and 0.2 ug of
matrix DNA, dissolved in enough water to yield a total volume of 50 pl for the PCR
preparation, were added to 2 ul (-0.1 U) of Super Taq polymerase. The batch was
briefly centrifuged off and covered with a drop of oil. Between 37 and 40 cycles were

selected for amplification.

11. Isolation of lipid particles from S. cerevisiae

Yeast cells were grown in 50 ml of WMVIII minimal medium for 72 h at 28°C with
reciprocal shaking at 250 rpm. Cells were harvested by centrifugation and lipid
particles were isolated and purified according to Leber et al. (Leber R, Zinser E,
Zellnig G, Paltauf F, Daum G. Characterization of lipid particles of the yeast,
Saccharomyces cerevisiae. Yeast. 1994 Nov;10(11):1421-1428). For sterol analysis
lipid particles were either saponified for 16 h in 30 % methanolic KOH at room
temperature for total sterol quanitification by GC or sterols were directly extracted
with chloroform/methanol (4:1) and analysed by TLC to distinguish beween free and

esterified sterols or by GC for quantification of free sterols.

12. Squalene and sterol analysis

To quantify whole cell lipids and total lipids in lipid particles, samples were saponified
prior to GC analysis. 125 ODggg of cells were treated for 20 min at 100°C in 0.5 N HCI
and allowed to cool to room temperature. After that 3 g of KOH and 12.5 ml of
methanol with pyrogallol (2 g/l) were added. For saponification the mixture was
incubated for 2 h at 70°C in a water bath. Hydrolysed esters were extracted in n-
hexane. The non-saponified fraction was resuspended in 2 ml of n-hexane. Squalene
and sterols were quantified by GC with squalene and cholesterol as internal

standards. Squalene and Sterols were separated on a Hewlett-Packard 5890 gas
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Neutral lipids were extracted and quantified by a method of Sorger and Daum (J.

Bacteriol. 184 (2002), 519-524). In detail, for the quantification of neutral lipids,
extracts were applied to silica gel 60 plates and chromatograms were developed by
using the solvent system light petroleum-diethyl ether-acetic acid (25:25:1,
vol/vol/vol) for the first third of the distance. Then plates were dried briefly and further
developed to the top of the plate with the solvent system light petroleum-diethyl ether
(49:1, vol/vol). Neutral lipids were visualized by staining the thin layer plates with
iodine vapour in a TLC-chamber. Quantification was carried out by densitometric
scanning.

The standard culture procedure of strains of the yeast Saccharomyces cerevisiae for
squalene and sterol analysis was:

Preculture: 20 ml of WMVIII medium in a 100 ml shaking flask are inoculated with 20
pl of the corresponding glycerol stock and cultivated for 48 h at 30°C and 150 rpm.
Main culture: 50 ml of WMVIII medium in a 250 ml shaking flask with baffles are
inoculated with 1 % of the preculture and cultivated for 72 h at 30°C and 150 rpm.

Example 1

Deletion of the genes ARE1 and ARE2 in S. cerevisiae AH22ura3

The vector pUG6 (Glildener U, Heck S, Fiedler T, Beinhauer JD and Hegemann JH
(1996). A new efficient gene disruption cassette for repeated use in budding yeast.
Nucleic Acids Res 24 2519-24) has been used to delete the genes ARE?1 and ARE2.
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The deletion of both genes has been done successively by the same method. At first
ARET1 has been deleted and afterwards ARE2. After plasmid preparation, a fragment
of pUG6 has been amplified by PCR to obtain a tool consisting of loxP-kanMX-loxP.
Primers have been constructed to fuse 5’ and 3’ sequences of ARE7 respec. ARE2

coding sequences to the loxP regions of pUG6 vector.

The resulting PCR product consists of a KanR gene, loxP sites and ARE7 respec.
ARE2 homologous regions for the integrative transformation in S. cerevisiae
AH22ura3. Homologous recombination in yeast leads to the deletion of the target

sequence.

Resistance against G418 has been used for selection of positive clones. The ARE1
respec. ARE2 coding region has been deleted in this yeast strain. To prepare the
strain for the deletion of further genes, the G418 resistance has been removed from
the strain. For this purpose the strain has been transformed by pSH47 (Guldner et
al., 1996). The vector carries the cre- recombinase to get rid of the KanR gene

flanked by loxP sites.

To dispose pSH47 the strain has been counter selected on 5-FOA (5-Fluoroorotic
acid) (1 g/L) agar plates. The resulting strain carries a deletion of both genes ARE1
and ARE2.

Example 2

Deletion of the genes DGA1 and LRO1 in S. cerevisiae AH22ura3

The vector pUG6 (Guldner et al.,1996) has been used to delete the genes DGA1 and
LRO1.

The deletion of both genes has been done successively by the same method. At first
DGA1 has been deleted and afterwards LRO1. After plasmid preparation, a fragment
of pUG6 has been amplified by PCR to obtain a tool consisting of loxP-kanMX-loxP.
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Primers have been constructed to fuse 5 and 3’ sequences of the DGA1 respec.

LRO1 coding sequences to the loxP regions of pUG6 vector.

The resulting PCR product consists of a KanR gene, loxP sites and DGA1 respec.
LRO1 homologous regions for the integrative transformation in S. cerevisiae
AH22ura3. Homologous recombination in yeast leads to the deletion of the target

sequence.

Resistance against G418 has been used for selection of positive clones. The DGA1
respec. LRO1 coding region has been deleted in this yeast strain. To prepare the
strain for the deletion of further genes, the G418 resistance has been removed from
the strain. For this purpose the strain has been transformed by pSH47 (Guldner et
al.,, 1996). The vector carries the cre-recombinase to get rid of the KanR gene

flanked by loxP sites.

To dispose pSH47 the strain has been counterselected on 5-FOA (5-Fluoroorotic

acid) (1 g/L) agar plates.

The resulting strain carries a deletion of both genes DGA1 and LRO1.

Example 3

Deletion of the genes DGA1 and LRO1 in S. cerevisiae AH22ura3are1are2

The vector pUG6 (Gul dner et al., 1996) has been used to delete the genes DGA1
and LRO1.

The deletion of both genes has been done successively by the same method. At first
DGA1 has been deleted and afterwards LRO1. After plasmid preparation, a fragment
of pUG6 has been amplified by PCR to obtain a tool consisting of loxP-kanMX-loxP.
Primers have been constructed to fuse 5’ and 3’ sequences of the DGAT respec.

LRO1 coding sequences to the loxP regions of pUG6 vector.
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The resulting strain carries a quadruple deletion of the genes ARE1, ARE2, DGA1
and LRO1.

Example 4

Expression of t-HMG1 in yeast strains resulting from example 1 to 3 and

AH22ura3 as reference strains, using the episomal plasmid

The DNA sequence for tHMG (Basson et al. (Mol. Cell. Biol. 8 (1988), 3793-3808))
was amplified by PCR from genomic DNA of Saccharomyces cerevisiae S288C.
(Mortimer and Johnston (Genetics 113 (1986), 35-43)) with use of standard methods.
The primers that are used in this case are the DNA oligomer tHMG-5' and tHMG-3'.
The DNA-fragment that was obtained was introduced in cloning vector pUC19
(Yanisch-Perron et al. (1985). Improved M13 phage cloning vectors and host strains:
nucleotide sequences of the M13mp18 and pUC19 vectors. In: Gene. Bd. 33, S. 103-
119) after a Klenow treatment, and yielded vector pUC19-tHMG. After plasmid
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isolation and restriction of pUC 19-tHMG with endonucleases EcoRI and BamHl|, the
obtained fragment was introduced into yeast expression vector pPT2b (Lang and
Looman (Appl. Microbiol. Biotechnol. 44 (1995), 147-156)), which also was treated
with EcoRIl and BamHI. The plasmid pPT2b-tHMG that was produced contains the
truncated ADH1-promoter (Bennetzen and Hall (Yeast 7 (1982), 475-477)) and the
TRP1-terminator (Tschumper G, Carbon J. Sequence of a yeast DNA fragment
containing a chromosomal replicator and the TRP1 gene. Gene. 1980 Jul;10(2):167—-
166), between which the tHMG-DNA fragment is found. A DNA section was isolated
from vector pPT2b-tHMG via endonucleases EcoRV and Nrul, and said DNA section
contains the so-called medium-length ADH1-promoter, the tHMG gene and the
TRP1-terminator. This DNA section was introduced into yeast vector YEp13
(Fischhoff et al. (Gene 27 (1984), 239-251)), which was treated with endonuclease
Sphl and a DNA polymerase.

YEpH2 has been transformed in S. cerevisi;e AH22URA3areiare2,
AH22URA3dgatiro1, AH22URA3are1are2dgailrol und AH22URA3. As reference
plasmid YEp13 has been used.

Example 5

Chromosomal integration and overexpression of t-HMG1 in yeast strains
resulting from example 1 to 3 and AH22ura3 as reference strains, using the

chromosomal integrative plasmid YDpUHK3

The vector YEpH2 was treated with the endonucleases EcoRV and Nrul. A DNA-
fragment with the following areas was thus produced: a transcription-activating area
from the tetracycline resistance gene (Sidhu and Bollon (10 (1990) 157-166)), the
medium length ADH1-promoter, the tHMG and the TRP1-terminator (expression
cassette). This DNA-fragment was introduced into vector YDpU (Berben et al. 1991
Berben G., Dumont J., Gilliquet V, Bolle P-A. und Hilger F. (1991). "The YDp
plasmids: a uniform set of vectors bearing versatile gene disruption cassettes for "

Saccharomyces cerevisiae". " Yeast 7, 475-477), which was treated with Stul. Vector
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YDpUH2/12 that was thus produced was treated with endonuclease Smal and ligated
with a DNA-sequence that codes for a kanamycin resistance (Webster, T. D,
Dickson, R. C. (1983) Direct selection of Saccharomyces cerevisiae resistant to the
antiobiotic G418 following transformation with a DNA vector carrying the kanamycin-
resistance gene of Tn903. Gene 26: 243-252). The construct that is produced
(YDpUHK3) was treated with EcoRV. The yeast strain Saccharomyces cerevisiae
AH22 was transformed with this construct. The transformation of the yeast with a
linearized vector, as it is in this example, results in a chromosomal integration of the
total vector at the URA3 gene locus. To eliminate the areas from the integrated
vector that are not part of the expression cassette (E. coli origin, E. coli-ampicillin
resistance gene, TEF-promoter and kanamycin resistance gene), transformed yeasts
were subjected to a selection pressure by FOA selection (Boeke et al. (Methods in
Enzymology 154 (1987), 164-175)) that promotes uracil-auxotrophic yeasts. The
uracil-auxotrophic strain that is described in the selection bears the name
AH22tH3ura8 and has the tHMG1-expression cassette as chromosomal integration
in the URA3-gene.

The yeast strains indicated in table 1 have been evaluated on their squalene
productivity / content. Thereto the strains have been cultivated for 72 h in WMVIII-
Medium at 30 °C and 150 rpm shaking. After the cell disruption in 0,5 M boiling HCI
the lipids were extracted with 2 times 20 ml n-hexane and analysed / quantified via

GC/MS (please see item 12 for details). The following data has been obtained (Table

1).

Table 1
Strain Squalene

[% per DW]

AH22tH3ura8 are1are2dgaiiro1 <01
AH22tH3ura8 are1are2dga1 0,2
AH22tH3ura8 are1are2lro1 1,0
AH22tH3ura8 dgatlro1are2 <0,1




42 AH22t H3ur a8 pFl at 3- HAP4 28, 7 AH22t H3ura8 9,8 AH22ura3 (WId type,
reference strain) 0,1

WO 2011/023298 PCT/EP2010/004925
39
AH22tH3ura8 are1are2 11,2
AH22tH3ura8 dga1ilro1 2,1
AH22tH3ura8 9,8
AH22ura3 (Wild type, reference strain) 0,1
Example 6

Deletion of the gene FLD1 in S. cerevisiae AH22tH3ura8 are1are2

The vector pUG6 (Guldner et al., 1996) has been used to delete the gene FLD1.

After plasmid preparation, a fragment of pUG6 has been amplified by PCR to obtain
a tool consisting of loxP-kanMX-loxP. Primers have been constructed to fuse 5’ and
3’ sequences of the FLD1 coding sequence to the loxP regions of the pUG6 vector.

The resuiting PCR product consists of a KanR gene, loxP sites and FLD1
homologous regions for the integrative transformation in S. cerevisiae AH22tH3ura8
are1lare2. Homologous recombination in yeast leads to the deletion of the target

sequence.

Resistance against G418 has been used for selection of positive clones. The FLD1
coding region has been deleted in this yeast strain. To prepare the strain for the
deletion of further genes, the G418 resistance has been removed from the strain. For
this purpose the strain has been transformed by pSH47 (Guldner et al., 1996). The

vector carries the cre- recombinase to get rid of the KanR gene flanked by loxP sites.

To dispose of pSH47 the strain has been counterselected on FOA (5-Fluoroorotic

acid) (1 g/L) agar plates.

The resulting strain carries a triple deletion of the genes ARE1, ARE2 and FLD1 and
is denoted AH22tH3ura8 are1are2fld1.
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Example 7

Episomal overexpression of the genes SAK71 and HAP4 in yeast strains

resulting from example 1to 5

For the episomal overexpression of the genes SAK7 and HAP4 these genes were

cloned into the expression vectors pFlat1 and pFlat3, respectively. Thereto the two

genes were amplified from chromosomal DNA from strain S. cerevisiae S288 c with

primers introducing a Nofl restriction site at the 5° end and a Xhol restriction site at

the 3' end. The resulting PCR fragments, as well as the vectors pFlat1 and pFlat3

were restricted with the restriction endo nucleases Xhol and Nofl. The restricted PCR

fragments and the linearized vectors were ligated resulting in vectors pFlat1-SAK1
and pFlat3-HAP4. These vectors carry a copy of the genes SAK?1 and HAP4,

respectively, adjacent to a constitutive version of the ADH1 promoter and to the

TRP1 terminator in order to provide a strong constitutive expression of SAK7 and
HAPA4.



wherein the second lipid preferably is a neutral lipid, nore preferably is
sel ected fromthe group consisting of prenol lipids, in particular is an

i soprenoivwip2euven3ire preferably is a triterpene, and mpst/Ere@Ebooddiy is
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conprises one or nore, in particular 1 to 10 or 1 to 4, additional nethyl
or ethyl groups bound to backbone carbon atons instead of hydrogen atonis)
bound to backbone carbon atons in squal en, and an acyl ester of a sterol
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8. Use of an organismaccording to any of the clains 1 to 7 for the
production of a lipid, preferably the second lipid, conprising culturing of
t he or ganwermamdsissol ating the lipid fromthe organi sm pe@r/BEs@ondsobhe
second |ipid, obtained according to cd3aim8, in the preparation of an
adjuvant fornulation for a vaccine, as a bi odegradabl e |ubricant, as an

adj uvant in cosnetics, and/or pharnmaceuticals conprising a cosnetically or
pharmaceutically active substance different fromthe second |ipid, wherein
the se@Aingi pid is mxed with the cosnetically or pharnmaceutically active
substance and prepared galenically for admnistration, preferably topic or
oral admnistration. 10. Nucleic acid construct, in particular plasmd or
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2. The organism of claim 1,

wherein at least a first lipid, preferably a triacylglycerol and/or a
sterylacylester and/or a waxester, accumulated in lipid particles of the
corresponding wild type organism, is no longer synthesized, and

wherein a second lipid being different from the first lipid is accumulated in
the lipid particles of the genetically modified organism,

wherein the second lipid preferably is a neutral lipid, more preferably is
selected from the group consisting of prenol lipids, in particular is an
isoprenoid, even more preferably is a triterpene, and most preferably is
selected from squalene, squalen derivative, wherein a squalene derivative
comprises one or more, in particular 1 to 10 or 1 to 4, additional methyl or
ethyl groups bound to backbone carbon atoms instead of hydrogen atom(s)
bound to backbone carbon atoms in squalen, and an acyl ester of a sterol

lipid, preferably an sterol or steroid.

3. The organism of claim 1 or 2, wherein one or two or all of the activities
selected from the group consisting of SAM:C-24 sterol methyl transferase (EC
2.1.1.41), C-22 sterol desaturase (EC 1.14.14.-) and C-5 sterol desaturase
(EC 1.14.21.6) is reduced or abolished in comparison with the corresponding

wildtype organism.



12. Use of a nucleic acid construct according to claim10 or 11 for the
production of an organi smaccording to one of the clains 1 to 7, wherein a
progeni t ovoangans®m i s transforned, wherein the progeni POT/EFRganISOF i S a
wi|ld type organismor a progenitor orgganism wherein one or two or all of
the activities selected fromthe group consisting of SAM C-24 sterol nethyl
transferase (EC 2.1.1.41), C- 22 sterol desaturase and/or C5 sterol
desaturase (EC 1.14.21.6) and/or acyl-CoA: sterol acyltransferase/sterol

0-acyl transferase (EC 2.3.1.26) and/or diacyl glycerol

acyl transferase/ di acyl gl ycerol 0-acyltranferase (EC

2. 3. 1. %0) andheroreanism ﬁéﬁavm@&@am%agpé} yherginoans 6r itwp er all of the

di acyl gl yce

acyl * Con’ 1 of? gRies 38RcFEEHEnt e Grolel conbibyi s Yuglens mongoxyoegase,

and/ or FLD1PECY.14907¢d orsterbbl i shbdemethyapar i S(ECN14M 3.7@) coraresponzi ng

w | dt ype or%ani sm . . . .
ehydrocholesterol reductase (EC1.3.1.21) is increased in comparison with

the corresponding wildtype organism.

5. The organism of any one of the claims 1 to 4, wherein instead or in addition to
the modified activities of claim 1 the activities and/or amounts of HAP4p and/or
SAK1p are increased and/or wherein the activities and/or amounts of REG1p

and/or FLD1p are decreased or abolished.

6. The organism of any one of the claims 1 to 5,

wherein the sterol is cholesterol, a cholesterol derivative, 7-dehydro-
cholesterol, lanosterol, a lanosterol derivative, zymosterol, a zymosterol
derivative, lathosterol, a lathosterol derivative, cucurbitacin, a cucurbatin
derivative, episterol, a episterol derivative, teasterone, a teasterone derivative,
castasterone, a castasterone derivative, typhasterol, a typhasterol derivative,
cathasterone, a cathasterone derivative, cycloeucalenol, a cycloeucalenol
derivative, sitosterol, a sitosterol derivative, isofucosterol, a isofucosterol
derivative, fucosterol, a fucosterol derivative, gorgosterol, a gorgosterol
derivative, ergosterol, an ergosterol derivative, stigmasterol or a stigmasterol
derivative, or

wherein the steroid is androsterone, an androsterone derivative,
testosterone, a testosterone derivative, androstenediol, an androstenediol
derivative, androstenedione, an androstenedione derivative, calusterone, a
calusterone derivative, methandriol, a methandriol derivative, bolasterone, a
bolasterone derivative, epiandrosterone, an epiandrosterone derivative,
mestanolone, a mestanolone derivative, stanolone, a stanolone derivative,
stenbolone, a stenbolone derivative, epitestosterone, an epitestosterone

derivative, cortisol, a cortisol derivative, aldosterone, an aldosterone
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derivative, pregnenolone, a pregnenolone derivative, cortisone, a cortisone
derivative, corticosterone, a corticosterone derivative, norethindrone, a

norethindrone derivative, urocortisol or an urocortisol derivative.

The organism of any one of claims 1 to 6,

wherein the organism is a prokaryotic organism, preferably a bacterium,
more preferably selected from the group consisting of Mycobacterium,
Streptomyces, Rhodococcus, Nocardia,  Bacillus, Escherichia  coli,
Corynebacterium, Acetobacter, Acinetobacter, Pseudomonas, Lactobacillus spec.
or Streptomyces spec.,

or wherein the organism is an eukaryotic organism, preferably a fungus, a
plant, an algae or an insect cell, more referably selected from the group
consisting of Yarrowia lipolytica, Rhodotorula glutinis, Lipomyces starkeyi,
Candida curvata, Rhodosporidium tortuloides, Mortierella isabellina, Mucor
javonicus, Saccharomyces, Pichia pastoris, Kluyveromyces spec., Rhizopus,
Fusarium, Fusidium, Gibberella, Mortierella, Trichoderma, Aspergillus spec.,
Penicillium spec. or Dictyostelium spec., in particular from Saccharomyces,
Saccharomyces cerevisiae, Saccharomyces delbriickii, Saccharomyces italicus,
Saccharomyces ellipsoideus, Saccharomyces fermentati, Saccharomyces
kluyveri, Saccharomyces krusei, Saccharomyces lactis, Saccharomyces
marxianus, Saccharomyces microellipsoides, Saccharomyces montanus,
Saccharomyces norbensis, Saccharomyces oleaceus, Saccharomyces
paradoxus, Saccharomyces pastorianus, Saccharomyces pretoriensis,
Saccharomyces rosei, Saccharomyces rouxii, Saccharomyces uvarum,
Saccharomycodes ludwigii, yiests of the genus Kluyveromyces like K. lactis K.
marxianus var. marxianus, K. thermotolerans, of the genus Candida like Candida
utilis, Candida tropicalis, Candida albicans, Candida lipolytica und Candida
versatilis, of the genus Pichia like Pichia stipidis, Piachia pastoris und Pichia
sorbitophila, of the genus Cryptococcus, Debaromyces, Hansenula,
Saccharomycecopsis, Saccharomycodes, Schizosaccharomyces, Wickerhamia,
Debayomyces, Hanseniaspora, Kloeckera, Zygosaccharomyces, Ogataea,
Kuraishia, Komagataella, Metschnikowia, Williopsis, Nakazawaea, Cryptococcus,

Torulaspora, Bullera, Rhodotorula, Willopsis und Sporobolomyces, or the group
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consisting of peanut, rape, canola, unflower, afflor, papaver, mustard, hemp,
Rizinus, olive, amaranth, Mexican chia seed, sesame, calendula, punica, suncup,
mullein, thistle, wild rose, hazelnut, almond, macadamia, avocado, bay, pumpkin,
flax, soja, pistachio, borage, coconut, walnut, maize, wheat, rye, oat, triticale, rice,
barley, cotton, manioc, pepper, tagetes, solanaceen, potatoe, palm, tabac, egg-
plant, Vicia, pea, alfalfa, coffee, cocoa, tea, salix, grasses, physcomitrella oder
ceratodon, or the group consisting of Cryptista, Chloromonadophyceae,
Xanthophyceae, Crypthecodinium, Chrysophyta, Bacillariophyta, Phaeophyta,
Rhodophyta, Chlorophyta, Haptophyta, Cryptista, Euglenozoa, Dinozoa,
Chlorarachniophyta, or the group consisting of cells from Spodoptera frugiperda,

Trichoplusia ni, Mamestra brassicae, Drosophila.

Use of an organism according to any of the claims 1 to 7 for the production of
a lipid, preferably the second lipid, comprising culturing of the organism and

isolating the lipid from the organism.

Use of the second lipid, obtained according to claim 8, in the preparation of an
adjuvant formulation for a vaccine, as a biodegradable lubricant, as an
adjuvant in cosmetics, and/or pharmaceuticals comprising a cosmetically or
pharmaceutically active substance different from the second lipid, wherein the
second lipid is mixed with the cosmetically or pharmaceutically active
substance and prepared galenically for administration, preferably topic or oral

administration.

Nucleic acid construct, in particular plasmid or integrative expression cassette,
comprising a nucleic acid or several nucleic acids, the same or different,
coding for a protein having one or several of the following activities: acyl-
CoA:sterol acyltransferase/sterol O-acyltransferase (EC 2.3.1.26) and/or
diacylglycerol acyltransferase/diacylglycerol O-acyltranferase (EC 2.3.1.20)
and/or lecithin cholesterol acyl transferase/phospholipid: diacylglycerol
acyltransferase (EC 2.3.1.168) and/or squalene monooxygenase
(EC1.14.99.7) and/or sterol 14-demethylase (EC1.14.13.70) and/or 7-
dehydrocholesterol reductase (EC1.3.1.21) and/or HAP4p and/or SAK1p,
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wherein the nucleic acid is under the control of at least one preferably

constitutively active promoter.

Nucleic acid construct according to claim 10, wherein in addition a nucleic acid
coding for a protein having HMG-CoA-reductase (EC1.1.1.34) activity is
comprised, wherein said protein is under the control of a preferably

constitutively active promoter

Use of a nucleic acid construct according to claim 10 or 11 for the production
of an organism according to one of the claims 1 to 7, wherein a progenitor
organism is transformed, wherein the progenitor organism is a wild type
organism or a progenitor organism, wherein one or two or all of the activities
selected from the group consisting of SAM:C-24 sterol methyl transferase (EC
2.1.1.41), C-22 sterol desaturase and/or C-5 sterol desaturase (EC 1.14.21.6)
and/or acyl-CoA:sterol acyltransferase/sterol O-acyltransferase (EC 2.3.1.26)
and/or diacylglycerol acyltransferase/diacylglycerol O-acyltranferase (EC
2.3.1.20) and/or lecithin cholesterol acyl transferase/phospholipid:
diacylglycerol acyltransferase (EC 2.3.1.158) and/or acyl-CoA:long-chain-
alcohol O-acyltransferase (EC 2.3.1.75) and/or REG1p and/or FLD1p is

reduced or abolished in comparison with the corresponding wildtype organism.



