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1 Method for producing lipase, transformed Yarrowia lipolytica cell

capable of producing said lipase and their uses The present invention

relates to a method for producing lipase using Yarrowia lipolytica yeast

cells which produce an acid-resistant recembinant lipase, which method
allows the production of a lipase capable of being used as a medicament;

the present invention also 10 relates to a Yarrowia lipolytica strain

ov L%d%ingfan acid-re% stant recombinant lipase and its applications.
The Toods ingéSted dBiY By Fitifans cORBRE mainky 3P #5 ApRR prot@rg owia
and 3884t Afidhezeldonstnakkundérgpdsstoreitheir absorptigpase and
hydiodssis catal/zed by the enzymes of the digestive tract. A deficiency in
any of these enzymes can therefore cause digestive disorders and lead to
considerable malnutrition. That 20 is for example the case in some
pathdfodidal Sitliations Stch 88 cysticfitosis Or exBefiie Pancreaie oducing
insuffieieirey, Whictoarevassovidted withra panhcreaticylipase deficiensy. Taich
comseeidhiscdefigiency itds eepventionally prepesed to-erally gdminister, s
papgreati 23 extracts. Howe er, éhec gﬁig;}en%yfof ghis tpegaspé/ IS Iimit%q by c
the fact that the enzymes con.aineé in these extracts ](Ilﬁyases, amylases ©
and Pro@ases hré Fapidl FHctRAR by theackli T the astiemediuml so
30Kisasthereforebeenpfoposedteusklipase pieparations whichare roducing
resistant tg ¢he gaskiccongitions, Wf@@gampheiwggémali%@astrici s
Iip%sp%grggggtgonng_produced by genetic engineering, such as that

described in French patent application published under the number 2 699
179, in the name of INSTITUT DE RECHERCHE JOUVENIAL SA or
microbialflipase preparations hiving/reasonablesactivitpinsdrsaciie in2y of
mediym JZENTER-MQNRQ £t Sis Rancreas’»341-319(1992)), Amang, o, + s
miciobia] ipases chat are actve in, acidic medium, there may. be

mentioned iri particular fungal lipases. such as thoSe frofn CandidaBrAdsir =
[YBEHIDE af 37 YBfothitd. BibShyst aett 1154, 586588 f1968)]; frdAncy in
Triehosperon astercid [PHARMSTHIZT atals BdptechnalaAppl. digestive

Biochenq426111-1161(1997)1 ofrom 10.RiZIpuUs jayanicus ;i o . thac
[UYTTENBROECK et al., Biol. Chem. Holgge Segller, 374, 245-254,

(1993)], or fr%%avggr%v?fgl fpoitica (HADEBALP 2AGR'Bidtéchnor 15 nations
15914%7 (1991); NOVOTNY et Hpr3sBasic Microbfatoz8;i224-227ancreatic
(1988 L.fihiaddition to theit agtivity at acidie i ddthese: kpaseshavether 1 ¢
commanchagarienslice.af being resislonl.in the presgues gLl ¢ 5
substrate, to‘dlge g}cz},n by proteases (trypsin, chvmotrypsin an pef)bln), '
and OF Being resistant & 1HE 8&fsh diobiférfe;ltb’(tr?e%ibﬁ)??srpﬁé%%ﬁfe%at ic
in théprasérce of 10309HM sbbRimaadrochetate). Tife useicf Yamewigpy is
gdeyt_icatf@da thﬁ/pwcﬁg@@f @@@@e@{in?f@@%hég a('f@ﬁ@?ﬁ ﬁﬁfﬁ ir& 2t5hese
e us,-application E ..in the names o an .
CN%%&%?S{%bZSl?%$§§§ of a%r!l% |%%é§ %tlvec_jl\rllgcté)rrc%%me Sr!sselar? (J a CaSsette™ " dly
for expressifg & Gené df ifitefsst Ahdvzeta sbhGercest EbfeBF6RdIRg to
the LTR sequences of the Yarrowia lipclytica “fit retrotransposon. Such an
expressianvector alews the noerQsploggg%ﬁeg S0 dispgrsed, integrafion. .
of %ervgrgl o i%sngf th% %nsc rt of (i_jnlggrest into, the gnenerale DNA of a ,
Yarrowia lipolyticu strain lacking 3 Zeta Séquence. This systern: fias iA* St 1<
paftictiat beeh Used f6fthe iRtegrdtionh oftHe TFR2 gefi@ericoting agastric
lipasep inte the areavea lipolyticaDNA=N has allpwes:: updes eyturge ring,
conditigns which are not defailed,. sectetion.¢ilipase 1910, 15 times higher .

than Utgilt of nontransformed strains. Other studies descri%«ra1 theafs% 51‘ tﬁe

samé exprassion Vedtor as tfiat Be8Efed in patent Application™EP 171@8e  of
043 Nor thepro@actidh@TEREEOMBINErE lipaAse iBAY arrowia tipolytied 1ipase
(Internatetonal SnapplicationNQ 014837731 PIGNEDE at $i., xJournal of -1 41
Bacteriology, vol. 182, No. 10, p. 2802-2810 (2000) and PIGNEDE et al.,
Applied and Environmental Microbiology, vol. 66,,No. 8, p. 3283-3289

(2000)). Thus: - International application NO 01/83773, in the IC name of
Laboratoires MAYOLY SPINDLER, describes the production of the

Yarrowia lipolytica MS4 clone (ONCM 1-2294), comprising 10 copies of

the cassette for expression of the 1_122 gene that are integrated into its
DNA and ite 11ice faor the nrodiiction of linace with 15 a vield of the narder
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20 minute, that is to say 200 times more than the initial strain. However,

the method of producing lipase described in this application has a major
disadvantage since it uses culture media containing bdctopeptone or
bactotryptone.. These products, whieh are not 25 characterized and which
contain various protein hydrolysates, are conventionally used as nitrogen
af@ ¢aion $étrte-EdntedientlySthe méthod describedsn thig,  311-319
applicatiph .does not make it possible to obtain a lipase that can be directly
used as a medicament. - PIGNEDE et Si. (Journal of Bacteriology,
2000). have more particularly characterized the extracellular lipase o
entSdEl biftiie Yardwia Fiﬁléﬁéaeavai& Sfthin) 1122 géhie lihthis-&rticthd
folloWingrare thusrstudied: 3% the secretionof lipase fremtvariolsr fungal
wﬂaﬁm)@ gtraigﬁdROé%fr@ﬂwaicg X&hismmban% E150;:in whichYithis o
present rom_varigus recombinant, strains jncjudin 4
(F%i’d'—G-%}%a%%%nMYZ(%éo(Bqaﬁ-G-1%?E}%d'- 41%0'[ e o§§§§§§ctioh]'gf68) ¥
ligdsdlin partidGiaP By e ransforhahe I8 11840 s articie 8y PIGNEDRA - /
atalo tempares. thé productior Stafrlipasedsy, wildttype Istrainsdmutant from

straing gpdJecompinan straing obtainedwancording Lo the method ) . cpen.
dggcrlbgd éago el(lntegl:ﬁétlongl %_gggﬂtlon W%91/83773 . The wild-type .
strams sectete bétean 30 and of aselma While Mbtarkt SFaing? - To1a
miffdtretl By €0 the BEHBrPOEN-methgitN' -nikdN-pizrosdguanidine (NNRIEG)67
produee 25 timesmore dpase; thatds tessay 4200 Nimbuader optimized 227
cyliuge epnditions invalying & medium cantaining.neptone (precyltyre; .y,
medium) and a medium containing whey (fermentation me mm? ;aﬁso soc?
DESTAIN &t &f > £§97)2The ftombidht Str&ing & bbtained With te &id-n9
ofrtheicohstrict camprising the Li2Zgenre regulated<yrthe80X62rate, to
prometer and by the ngnhomeiegeys integtation, in muiricopies @ndin a 4nq
disgegsgd)ma%nneé, %‘#hi%ee)l(gres%igg cagset e.'tFIG@EDE 20 et al. £ bil
obtained stable trans ormants(%for example the sﬁain%ﬁ%ﬁlj?/vrhic% tee
protiieé 2060 Ol utfdlet Aohabtinfizetk €Gitlitic s, that iste say isgnce of
Y PDHurhesliuim pcomprisinghdQ gtleof.yeast extract, 10 9/1 of
bactopeptone, 10 9/1 of glucose and 10 g/i of olive 25 oil) corresponding
tng]bougo.S %flaifasgll of supernatant. In the same manner as above,
the lipass %r;%p rations dekéribed by PIGREDE at di"and by DESTAIN &f @
algare ursbitable; assstich, forameditakastyandenore garticularydor thehus,
preparation-afclinicad 30 batehess sincestheirgredugtion requikes theuse anq
of re medi tainin ptones or whey. - Pursuing its work, the
P@I%EDE t(ggrén%gggp igd %%%Envlilr%ﬁme?l?al I\/‘ﬁgrob%or?ogGﬁ rz%Bbygtud}/e%Ctor
Y Bl iHohtica stafTEirafsfomiewith @eci6r condptising’35s Anterest
cassette foraexpressing-the, I TRP2 genepthel,iauthars determinexl thatfoeBces
ofJhese, transfermants, tb?ﬁ]&'lnﬁr&j conies,of the casselie oL, - sycn an
e

expression of the LIP2 gene is tween 6 an 16 (10 copies on average),
whith Tesitsn 2 to'T5 e%énts for inteGtation of said” OB - hssefg s and
differant [oee rherIM Y184 strain tHus conprises t2ebpies of thelldP2nsert
gene expressien cassettesintegrated &t ddifferentlogi. The authorsy s rrowia
maor. respecificallystudiedthisIMY 184 5 transformant. T, =firm
thgtl%ﬁg%\[/lgglé gtﬁgignlp%o u%é%ld@ g ‘of I%ef'}lgsae/].s S%prne?ﬁatagg \)/{vﬁh an stem
activity of1500° G/ %ﬁ?icﬁ%ﬂ%ﬁéﬂiﬁ%mméﬁ contap@ration of the
batiapeptere){agairstc 50 1imi for a wildstype straimPOIld),mmeasured rowi a

using-plive-qil-as subgirate 10, Thege values;make if possihle to deduce A,
specm§ activity of about 3000 3/mg of lipase. The authors additionall

Y. .
announce 1At the BptimizRd probiliction of fipase in & fétmenter by te Pase
JIMY184 strairp makesdtspossilsie¢e obtainpreparations havinman activityrmed
of 45 tos10 000 U/mi. However, the culture conditions which allowed
this result are not disclosed. In this article, the authors additionally studied
the stability of these transformants, and in particular of the Ji4Y184, clone,
in culture and showed their stability for 120 20 generations. PIGNEDE et
al. considered that to optimize the production of lipase, the factors to be
taken into account are the stability of the transformants and the culture

conditions. 25 Moreover,theyshowed thatthereisastrong correlation -
hotween the niimber of coniee Aaf the 1122 Aaene intearated and the
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However, for the production of lipase, the onlyare 30 media envisaged in
this article are media which contain peptones, such as the rich YPDE
medium. The .prior art methods of producing lipase, even though they
make it oossifie to obtain improved yielgs_of 35 lipase, are not suitable for
the production of a lipase suitable for use for medical purposes. Indeec,
thetdutturesmediceasuddly usedeall contaimse 60 forigirsuchras peptonession
tryptengs or whey. Amneed therefore gxists tq develop-a system allowing: ; o,
thﬁpr d%téoré%prep (r)artionghoef recorrgginggtl 1 @Pase fsuitable for megli,cal .
use. To solve this problem, the invehtors have %Ievel8ped a method for- ="
ProcRiefify lipase'which'etie? mdets théseféeds than the PrivkaFnational
methodscefiareduction.oMegrsspecifically; theoinveatorshave develepeda of
methodior Joprpducipg lipgsg in yhichy e guitusg mediumyised s ige . g
of the abovemenicioned products, that is to say that it contains no product

of ariniar Brigih &htiro (FEHaratterized SUEH B8 Papiore! tipfoneurotogy,
whey. THeinvidntors have additionally selected’a hovélisrecombinant
Yarrowia lipGhytica-steain praducipg meclté&qs(alripzqwhfpbmbi@?gwm y the
said method, additionallymakesit ibletosignifi increase t ield
oﬂf?:)%ese Srgdﬂgéééfg é%%%je@@i%%g p%ﬂrﬁ%\%e%l’tion% ?ﬁgré%ogrg a the
metHueHfor produeing fipgseldding 4i¥arrowia figditica Strin Fanstermed CM
by a ¥2etor comprising a cagsette foreexpressing a yeast acidaresistard  for
linase -characterized inhat the-eultyre, medium used.does pot, 25 contain,, .

products of anir?1 olrigln or uncharacterized mixtures, such as peptone,

tryptone or whal More spatitically, the Subjeet ot thé Oreseht invghtisn ié* =1
a methictiLfor prodiaéing fipase; cermplisingo30a¥ a Stepafor culturing L ter of
Yatrowia #polyticeecells-tsansformagiwithyan expressionyector €omprising o £
2 Gasseite 107,Xpressing a yeastacid;resistant lipase, under.conditions
allowing the production of lipase; b) a’step for recovering thekﬁpase thus
produed 3BfEMPRRSUperiatant G SAF Blltirg; Whichmethed fepable of
charaeterized in thatsstepa) deseultyring is carried aut infaacultureamediunpe r
free afproducts-af animalorigin,orefuncharacterized mixtires. censisting; -1
of Spg%tgrrll, ma}&rials of 1gnimagéPoriginm%/\éhnei}/ dfor %xgmple) or of Produc% of

their enzymatic 8fﬁlgggﬁoh (tryp one or peptone for exa%p?e%flﬁc@grding 16°°¢

arf&drantageousenthodimeRPof said Miethod, Ssaftl dtitlife medimy vantage
aceording to Step@g cemhises: asdiittager-sauree iingrganicittegentne or

a%@@é%;?{?ﬁ’t%'ﬂg‘.oniu%ﬁg'@e? acathon sgurce sglected from carbon,, .
ngg§¥2%terized and which contain various protein

hydrolysates, are cohventionally used as nitrogen and
carbon source. Consequently, the method described in
this application does not make it possible to obtain a
lipase that can be directly used as a medicament.

- PIGNEDE et al. (Journal of Bacteriology, 2000)
have more particularly characterized the extracellular
lipase encoded by the Yarrowia lipolytica (P0Old strain)
LIP2 gene. In this article the following are thus
studied:

e the secretion of 1lipase from various wild-type
strains (POld from which Y1ltl 1is absent and E150
in which Yltl 1is ©present) and from various
recombinant strains including JMY184 (POld-6-15)
and JMY279 (POld-6-17), and
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carbohydrate origin, pblyalcohols such as glycerol, and 10 carbon sources

of lipid origin such as fatty acids and acylglycerols; and inorganic salts,
trace elements and vitamins. 2),ccording to another advantageous
embodiment of said 15method, step_a) comprises: al) a step for
preculturing the transformed Yarrowia lipolytica cells as defined above In

a mesliurmheontainingra carboncsource of carbahydrateaerigincand a2pbg the
step for fermenting by said;gelssgomprising 20 a cell growth phase in a
medium containing a carbon source of carbohydrate origin and a phase

for synthesizing pase in a medium containing, as sole carbon source, a

fatty ‘aticReiosehefronT sRArEL Fhédimi-or fongeehiain iglyceride® rTlisst ion
theffermeptation isy25 earniedwotdn adirstinstancerso-asito alewgells  and

grgg@gem@{séﬂmplgé%ﬁ%gre%%?&meadcagbgo@&%ﬁf%% Oftcgbﬂehgdr%&smod

origin, and in a second instance under conditions allowing t

bidsyitheSi8bf said liPASE For exampld iif tHepresBAde, as sofFEAbGR t3on

solircé 1ofi30/ a themitat inducer-ofthe fattyracid typegsueh as aetween 30
short:chain triglyceridgsychastributyrin), asmedivm-chain friglycgridei(sueh 1y
as frioctanoin or trioctanoyiglyceral) or a | n_%;gr%aig IMXC%rirdoes sugg as.. o
olive oil or triolein). 35 The fermentation is a vanicageousﬁ/ carried oquﬂﬁ -

a CONStant pePetbétween 15%%hd 25%antl & p'SEL of prPferabiv léss say
than ®15.UThe. fermentation mayi for exampledhe=carried out with an airdlow ng

rate afabout -8 ~a4m,:one i, Hnit beingvolume,of air %é&?%el g a2

liquid. Per. minute (for. example for a 30-liter fermenter, 1 vvm is equal to
S8 T g o & G fohheHter oo IS Bhuatto B2y (5150 see
Accordingtoarrddvantageodstédtureofthis ensodimentstép a)forins are

oresuliuringiis cagiedwout up feian ODEOR" vallesefhetweend@andsiGpert he
Lo e e e ese 0 ISR, 1y e
bEtWRBAEO AP 76 pet 17RE Zccbrding t6 Anothet BHvaRtA RouS Féhtuie? &
ofdhisrembedineat;rstep b)is initidted whendhe OD600rngeaches P aNEDE
\r/]aétf Qeltv.ve%@»QQrfeéﬁg ?§9£?J;éni-t§t§d95®|cm%)é additionally Cgmgﬁgqre the
LS SSPSLA A oo 0 SIS SRR e
nonoptimized conditions, that 1s to say in a YPDH
medium (comprising 10 g/l of yeast extract, 10 g/l of
bactopeptone, 10 g/l of glucose and 10 g/l of olive
0il) corresponding to about 0.5 g of lipase/l of
supernatant. In the same manner as above, the lipase
preparations described by PIGNEDE et al. and by DESTAIN
et al., are unsuitable, as such, for medical use and
more particularly for the preparation of clinical
batches, since their production reguires the use of
culture media containing peptones or whey.

- Pursuing its work, the PIGNEDE team (Applied and
Environmental Microbiology, 2000) studied Yarrowia
lipolytica strains transformed with a vector comprising
a cassette for expressing .the LIP2 gene. The authors
determined that for 8 of these transformants, the
number of coples of the cassette for expression of the
LIPZ gene 1is between 6 and 16 (10 copies on average),

which results in 2 to 15 events for integration of said
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These two steps are carried out by conventional techniquesknownper
se:physicalseparation (filtration,chromatography,centrifugation)or 25
physicochemical separation (precipitation). The separation of the lipase
from the supernatant may be carried out by a person skilled in the art, for
example by a technique chosen from hollow fiber

3otaTgErtialfilfation, FbAtdIfit ationand confiious’drbdtéh cehtifdcationius
Thepurification obthe dipase sonsists int particulardin redugieg thedieload; on
thatds 1q say the presence of 35 migrogrgapisms, and may becarried oyt,

by any suitable purification technique known to a person skilled in the art,

Jlieh 2 F technifie chosEnrom fiftfation, fratfiifht precipitation, 7MY 184
ion-excHangeachromatography;c9firm  that the JMY184 strain
hydrophebicinteractipnchromatograptyandgel- filkration.chromatography. an
Qptionally, Ihe methad for prodycing lipas according 5 to fhe invention, .
may also c%mprlse a concentration or ennéhment step consisting of
IMGBAsSIAG S thet ESNUEtHatBR of lipase nthe preparition: Such d'steg—type
msayrlaa_ carged out fomgmplecaﬂar§mqpudfida¢i@n step. ltmayalse take e .
pﬁ?@s%_mu}@mggslxn%&% th.'§t10%g'§%‘1% step, T.*Z'Fe Hl?&}é‘)d_ of specific
production accordlng to the |r;%voe§} ion makes it possible in particular to
q

prSduce redontbinantlipase in quantitids of BétweerPa55ut 1 ARG 3 § oF 1873
pafified lipase per lrersfoulteretSuperdatant lptal paiedlagy oduction of
advantageaus maanef thednethod agcarding tothesinventioniallows the i+t
pro ion of a rec inant lipase. pr. tion with.a catalytic_activit
Choster thai 15'000 Uil of CU1LIe SLpariatant Pratsiabhy. 20 said -/ °*
pr&parifion hs Anadifly gredter im0 066 DimFBEEdtute conditions
supermatant. These valués aresdetémmiredcacpH 6,dising. tripetanoimasthis
substrate eThhi%ti\Aiw;@Jhg% Zf%rgli% %Ii@@%% megagﬁﬁtimﬁ of mpist 9@(;4@9 b ey
interest in_the context of the 25 develgpment of pharmaceutical product
12 nlS80 mole FUASIBIE 5 BB revduced AbLGe bf hoask, prodicey 12
by e fhethod aceoreintfto Melinvértiohd whileeretairifg sdfficient fficacy 20
to;ehtaﬁatlsmd&sjred ]Ib@lfap}eutiﬁ eﬁe_ict, which imay ba_ fq;rrema_nme therimize
cerrection of g malgbsgrption of fat linked to-pancreaticipsyfficiency. , ;1o
associated with a lipase def|C|enc¥.

account are the stability of the transformants and the

culture conditions.

Moreover, they showed that there is a strong
correlation between the number of copies of the LIP2

gene integrated and the overproduction of lipase.

However, for the production of lipase, the only culture
media envisaged in this article are media which contain

peptones, such as the rich YPDH medium.

The prior art methods of producing lipase, even though
they make 1t possible to obtain improved vyields of
lipase, are not suitable for the production of a lipase

suitable for use for medical purposes.

Indeed, the culture media usually used all contain

uncharacterized mixtures and/or products of animal
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The fact that the lipase Lip2 can now be produced using 35 recombinant
Yarrowia lipolytica strains without requiring products of animal origin, as is
the case with the method according to the invention, constitutes
considerable advantaae and greatly-fagilitates the use of lipase for

medical purposes. The expression vector used to obtain the recombinant
YaFroWia lipoffieh cells uséd irrtheSmethod bfthespresent inbention fs aneed

integrative vectos having attrleast one eppy of the /kl2Zgeng anding the
e r.regulation jon. This vector may then be integrated
e?ﬁg}?{ig?f%ﬁﬁ Ias%nttic()j Doéliégrg %St%moe%%nor%%c DNA % Itﬁ)el %gstt. Onﬁi‘elpase
exAmpiofa E%ﬁicﬂf’a?llycﬁéféﬁ%ed' integrative vector is the vector JMP6 or
the 10 vector JIMP10 as described in International application WO

01483473 vEhervector Y96 camprises-a Gassette forexpressionofthg e q 4
L}fezcgerée, %_n%odinlg thSCI_liRZO precursor 0»5 the k\l(arrowia "
J.10 lycoll a Elp%dllpase?upslﬂ%am of Whici'is Placedthd"¢&rrswia e se
11266 HALiICRNES profidteP FordcyFCA BdasEiACO2, calied PO3ToThe More
vector IMP101also comprises the: bIP2 oenes uastreamefwhickistthed for
Yauowia lipolytica promotey, fof, the.Lip2 lipase, , These two promoters are

inglucible b%/ tr%lsyeerides and fg_tty acids.In each ofese 20 vectors, the
expression. ca etté And TS Prormoter arB piated etwéeitthe zéta tO  savy
séfuénceés ascdescribed aboverThelintegration anaybe targetednthatris tono

say ditected @t sites,cor frandom-<Thus,avhen dhedransformed Yarrowige o

lipglytica nisf f zeta 25 sequence (that is for ex le the case
fm%téppo, (%traltiﬂ)(%eﬁg ?nrtégrgﬁgﬁ of' flél%%ee[xgp?gésflé cgsese?%%lg%is%er%%gel
i the YEHomit DNAGF s3It straih lonlthe stRer AARA \WheRthE Yakrwiat he
ligolpticee straini c@mpriseb Zeta sequentes@hat isfor Bxamyple the casehod,
3@ derithe 100 strain) the dntegration ﬂ%g@mﬂ directed at gheglﬁygicgant ly
thfggrsequgng%% Aclcg{d'ng %o f"lnother advantageous embodiment of said
metho&é{ﬁe transformed arrowijapl%%?yti%ﬁ% ' %‘preferably the strain
called YL-LIP2-6C, deposited at the Collection Nationale de Cultures be
Microorganismes (G.N.G M), 28 sue-du DacteunRoux, 75424:RarisEedex 5

1500,15 Degembies 2005, yndertye pumherd-3542, THs YL-LIPZEE, ;.
strain is genetically stable. For the purposes 8ft e present mventﬁj)n,tﬁ/e
eﬁﬁrﬁ%%i%nst'%?é}fl &© T GEfetiBylly 3taBlR® Ugenctid Staifit  Sand varhts tte
thepeof, arepsedbwith geference todhe tonservation-ekthetsame numbgkse,
otesi-for g&$gr§éi@n of g gwgh?ictaféd ehi%arﬁét i@@ébfsgg%&&t@o%%”%t
cansidered, for at Jeast nerations. This number o enerations is
c%g)?gr% as ths Bgéi%%(%)rs cai?:ﬁlaﬁ hg r&%ﬁetig Stability @ercadlsrgcllﬁ%rﬁf terized
indentors 8bservetthatst Efésponts td aiinber of doubfings of the cell
population sufficient to allow the production of lipase using a method
compdsing at least one step for preguliurina recampi ngrﬁteYs%rrE%WIJ?nve ntion
lipolytica cells and one Step for produging lipase 15 proper under
fermentation Conditins® Eor e plrposes 6 the BréBERtinvErtion, a
generation is:defined bydhe doubling ofdhe’eellpopulativipand maybece11s
caleulatethaeeordingterthe formulay, X220 where, ¥ ds the cell population,
atctgmg i éfgé e%rgplg f?&%sg?fg asaZO cgll dtensng, X is the initial celll,
population at time to and g represents the AUMBET of generations. — +Pase
neCESRANFOFthe 6l populafii to passframrtie Value X 16 the vale Y.
Preferabtly, the clone isrsaid to-be genetically stablei when at least pobtheceq

calonies.analyzed. after. af least 30, ggnerations, contain the same number

of loci of the gene of interest as the starting clone. Thus, as is evident

fréih'the exXBRTpIEs, theclofid YIECIP216C iisaitito Be'Stableh8Eause)  for
nearht100%of the coloniesanatyzed afters100 30tgenerations 0ontaing o f
logi-afthe 14P2 gene (anedacus corregpondingto the-endagengus LIRZ ;. 4

gene + 5 Iogi fo&i)ngeqrsaﬂgg of thef cassette for expression qf theLlP2
gene). 358irprisingly, whenthemethol ‘akeordingtdthe ihvéntion Gdes fiis ™2
particular strain, the inventors succeeded in producing recombinant lipase

in a large Quantity and in having a better control over said production. The
inventors indeed succeeded in improving - 12 - the yield of production of

lipase and in particular were able to obtain a production of the order of 1

tn 2 A nf niire linaca nar liter of c1iltiire crinearnatant Thev wara alen ahla
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For the purposes of the present invention, the activity of the lipase
corresponds to its enzymatic activity. The catalytic activity of a. solution of
lipase is 10 expressed as unit (U) per ml of solution analyzed. The specific
activity is expressed as unit (U) per mgyof_purified protein (lipase). One

unit corresponds to the quantity of enzyme capable of catalyzing the

release of 1 hheliof fatty acickperminute OFhe specificattivitys150fa their
lipase, vares-accordingite.the patuse of the-triglyceride aised asssubsate, .

In addition to the improvement in the yield of production of the lipase, the
inventors were also able 20 to provide a better reproducibility of the

netRod of productich: improve-thetionfogerens of e firrdl pPaditct BRE O
improvedhé conditions fompurifying dhe:ipase. 26¢hese various ises:
modifications therefore make it:passible to obtain alipase satisfying,the .4
conditions required for a medical use. Indeed, in the context of their
reDsre%#@nr,Ef%eﬂ'mfe%?@r%lh%r\“/esn 8bServed that the Lip2 lipase is active at
pH values greafer'tan 8 andip t6 B0arpEVvaliecsioseto® withraryces  of
optimpahaetivity Jora ohlibgtween p-ancb6 Q8 theether band,itisro1, and
irreversibly inacfivated during & 2-hgur. 'QEHb%tlfé‘hath %QJ PH 82 INC g
specific activity of the ip2 lipase was also Tana yzed as a unhction ofL
VvafoUL35 SGbstratés &nd the inventors thus determined at pH 4 the

values of abouwtrx 760 U/mit aboutrE6:82@ Uimgrardd albbout12c260 Wémg

of purified lipase, with short-chain triglycerides (tributyrin), medium-chain
triglycerides (trigctanoin) .and long-chain tricslycerides (olive oil), - 13- .
re&g%ycégttl\/gewéin%fy,tﬁé} r%&zlnetSrS()at;st\é?&etaa St r%%gingﬁyl}ﬂ%acg ihe E?de ﬁgasesz aild
isEcEvedh tiE gresence oF bife 88lEs and that this activity increases with

the concentration of bile salts T his@etivityl inb-theqpresenee ofbilsatsrmed
had up untilnow gply been,observed with gastic linasg.and pancreatie 4 un,
lipase combined with the co-lipase. Thus, the use of Lip2 lipase with a
high'Spetitit Kbtidity 4688 Rot Feghire the présence Bt adotlipdse? 10-THd
clone YLa2.122-6C eontains severa copies df thesedssette forexressing 1 ng
this Lip2 lipase sesultingrin Scevents for integration of the LiF2geng atarpon
variqus lgci. When it is placed under conditions suitaple for 15the . .
production Qfﬂpase, SEhe clore ﬁ(ar-upz-%‘c Broduces more[ﬁpas“e than the
tr&nStorRed Yardwia tipdRticalstraifis oftRe Prior aft Théllipase isas  sole
proglubed insa yield: greaterdhag 1=q/1 of cukturersupernatanto that js tossayum-
greater than the.yield obsgrvedwithsthe 20mprior artglonesdescribed s o 5 s
above. The subtect of the prfe,sent iInvention is also a lipase Eprepa{ tion 11
whith chR‘be Bbtaindd by the'mathod A266rditg (S thedrvehtior? -~ <€
According to aAadeaatagesus embodinient ofsaid lipdsesprepafationsipurce
hasran-activity @ least equalde1p 000U/mi, preferally greaterthan20under
000.Qimlwhen it is ﬁé@fé‘%‘”edﬁ%”%%%%%9@%%-@9&%' bjectofthe.
invention is additionally t e%se of the lipase preparation according to the
invérftioR ter e préparatisn B & fféticamért irtended for fvé tréatieiit . ©F
ofa pathkolopy associated witlv & disnaption ©f theaahiSorptioreof fatyfar as a
example shad medium-of long-chain fatty acids), insparticulay linkedto a 4
pancreatic insufficiency, in Eartlcular exocrine pancreatic msufﬁmenc%/._

THE SUbjEctS "fﬁélinvgﬁtll iid0 8 medicaiient, dHaractérized inthatit ©F
comprisesatipase preparation @s defined above fThetsuljectof thele  (such
present inventisn is alsowa-Yanrewia :Liplytica cell transformed by a vector

for expressing a yeast acid-resistant lipase, characterized in that it is the
clone called YL-LIP2-6C, deposited at the Collection Nationale de
C&mﬁegﬁgwﬁﬁgéﬁﬁﬂ%nk%_advantageously carried out with a

constant p02 of between 15% and 25% and a pH of
preferably less than 6.5. The fermentation may for

example be carried ocut with an air flow rate of about
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10(C.N.C.M.), 28 rue du Docteur Roux, 75724 Faris Cedex 15, 15
December 2005 under the number 1-3542. The subject of the present
invention is additionally the use of a cell as defined above for the

production of yeast acid-resistant lipasg. In addition to the oreceolng
features, the invention also comprises other features, which will emerge
fromvthie-deseeiptiom whicht follews owhich séferstoceixamiples 20 of o lume of
car{]mg Qut t@@ﬁn_et@%%wbéch iﬁdf@ﬁtlﬁjg%%m@ prf§89t inV@”“OJhbaﬂqter
to.the accompanying drawings, In which: igure 1 represents t ,
ovel r%ﬁ%%g?(iichnyfo}g\égntlr’g [ i%&%ae%ét noeti%ostaﬁ)/i?ﬁjy%f tHhe'YEL. 162-§Cl iter
clbREEHIRG the MethBd f6r rodacingdipase ./ minFigure 2represents the
variation of the optical density at 600 nm (OD600," y axis left) (-4-) and the
variatiopafithe growth rate (h-L, y.,Axis ight) (11-) 35,3 fynetion of fime , |,

(ho s, X axis) during the 30 fermentation process. The arrow indicates

the'indactibH 6F the Proddction ot TipREE <1 LEiGLRE3 tepreséntstfe Ut up
Seathern Blotranalysis of thefnumbercsfreventsfor infegraticnlofithe 15122 in

gene gt different locidate.thergenome 023 golonies 35 flanes 244043) » : ng
callected at time 733, corresponding to the end, of the fermentation, about
100%1§0urs aftg; th‘e% zt%%tao E?[r{i)e fé\'rhm%nta%}&ﬁ . c%%?é&“ﬂi toorg: 6 ‘}ﬁ of ue?' Lure

LIFRGENE (5 0ERfor thé Tt Giadion Of #ie! - 1% Teasséttd for expression.

of the 12122 gene + one locus for the endogenous LIP2 gene). M: size

marker.q i ndrigurs 4 represents the monitaring, by SDS-PAGE, ofthe . ; ¢
preodggdtégn g;gecorr%%nargt lipase P){Ihe YtL-LIPZ- 06C clone during the -
method of prodUction. from 118 t6 133 The aréW fibicates thettrudtionces

ofthe'prodacti6ie b igdse CE17, 481burs ©f feipsentation). Mitraplecalar may
weight tadsies; the fivenlanes et the right hand part of the gei correspond to

known quantities.1 us)-of purified Lip2 lipase. EM71-re 5

re resen}gl Z[hg?ﬁa%/%%%g% %%éQPA%Ethﬁhe@ ]b Iﬁ%yeof%aﬁg rIri1p<'i'§3eli(]ri'l t glture
s§blé?ﬁ5tré?ﬁ%?ﬁme 133 (end of the fermentation process). MW: molecular
weight lddider;tief. Lip2:55f Liplipase ahgetfrem 1 15tost0 pghtained in
Yk4L152-6C supernatant: volumes, in pi, of supernatant analyzed. Figure
6representsthemassspectrum, determined by MALDI-TOP type Mass
spectrometry, of the recombinant lipase produced by the YL-L1P2-6C
ClORES20 EXAMPLE SR MATPERIALSANDEMETHODS by conventional

techniques known per se: physical separation
(filtration, chromatography, centrifugation) or

physicochemical separation (precipitation).

The separation of the lipase from the supernatant may
be carried out by a person skilled in the art, for
example by a technique chosen from hollow fiber
tangential filtration, frontal filtration and

continuous or batch centrifugation.

The purification of the lipase consists in particular
in reducing the bioload, that is to say the presence of
microorganisms, and may be carried out by any suitable
purification technique known to a person skilled in the
art, such as a technique <chosen from filtration,

fractional precipitation, ion-exchange chromatography,
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1) Media used 25 Thefinalconcentrationsindicatedarethe concentrations in
the stock solutions. - 16 - Nonenriched basal medium 021305 Ingredients
Final concentration Glucose 10g/1 NH2204 3g/1 Na214.71)04 3 g/1

H3503 0.34g/1 (NH4)2304 3 g/1 C5H§04NNa (glutamate). 19/1 MgSO4
0.5g/1 CaC12

hydrophobic interaction chromatography and gel-
filtration chromatography.

Optionally, the method for producing lipase according
to the invention may also comprise a concentration or
enrichment step consisting of increasing : the
concentration of lipase in the preparation. Such a step
may be carried out for example after the purification

step. It may also take place simultanecusly with this
purification step.

The method of production according to the invention
makes it possible in particular to produce recombinant
lipase in quantities of between about 1 and 3 g of
purified lipase per liter of culture supernatant. In a
particularly advantageous manner, the method according
to the invention allows the production of a recombinant
lipase preparation with a catalytic activity greater
than 15 000 U/ml of culture supernatant. Preferably,
sald preparation has an activity greater than
20 000 U/ml of culture supernatant. These values are
determined at pH 6, using trioctanoin as substrate.
This activity value for the lipase preparation is of
most particular interest in the context of the
development of pharmaceutical products. It is indeed
now feasible to administer reduced doses of lipase,
produced by the method according to the invention,
while retaining sufficient efficacy to obtain the
desired therapeutic effect, which may be for example
the correction of a malabsorption of fat linked to
pancreatic insufficiency associated with a lipase

deficiency.

The fact that the lipase Lip2 can now be produced using
recombinant Yarrowia lipolytica strains without
requiring products of animal origin, as 1s the case
with the method according to the invention, constitutes
a considerable advantage and greatly facilitates the

use of lipase for medical purposes.
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0.023(4/1 Mn304 0.038gil ZnSO4 0.04g/1 The enriched medium 021303
additionally comprises the following additives: AdditivesFinal

concentration Solution of trace elementsm1/1 Solution of vitamins1 m1/1
Composition of the solution of trace elements IngredientsFinal

concentration CoC12 Nad40040.06 2/1 CdS0O40.9 g/1 Composition of tie
solution of vitamins Ingredients Final concentration D-biotin 0.05 g/1
Caleium:nartethenate tglror used to obtain the recombinant

Yarrowia Jlipolytica cells used in the method of the
present invention 1s an integrative vector having at
least one copy of the LIP2 gene and elements for
regulation of expression. This vector may then be
integrated either into the plasmid DNA or into the
genomic DNA of the yeast. One example of a particularly
preferred integrative vector 1s the wvector JMP6 or the
vector JMP10 as described in International application
WO 01/83773. The vector JMP6 comprises a cassette for
expression of the LIPZ gene, encoding the LipZp
precursor of the Yarrowia lipolytica Lip2 1lipase,
upstream of which is placed the Yarrowia lipolytica
promoter for acyl CoA oxidase AC02, called POX2. The
vector JMP1l0 alsc comprises the LIP2 gene, upstream of
which 1s the Yarrowia lipolytica promoter for the Lip2
lipase. These two promoters are inducible by
triglycerides and fatty acids. In each of these
vectors, the expression cassette and the promoter are
placed between the zeta sequences as described above.
The integration may be targeted, that is to say
directed at sites, or random. Thus, when the
transformed Yarrowilia lipolytica strain is free of zeta
sequence (that 1s for example the case for the POld
strain), the integration of the expression cassette 1is
dispersed in the genomic DNA of said strain. On the

other  hand, when the Yarrowia lipolytica strain

comprises zeta seguences (that is for example the case

for the £E150 strain), the integration is mainly

directed at the level of these seqguences.

According to another advantageous embodiment of said
method, the transformed Yarrowia lipolytica strain is
preferably the strain called YL-LIP2-6C, deposited at
the Collection Nationale de Cultures de Microorganismes
(C.N.C.M.), 28 rue du Docteur Roux, 75724 Paris Cedex
15, on 15 December 2005, under the number I-3542. This
YL-LIP2-6C strain is genetically stable.
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Nicotinic acid 1g/I “4yoincsitol 25gill Thiamine FiCi 0.25 /1 Pyrigoxcl NC1
0.25 g/1 LP -Aminobenzoic acid 0.05 9/1 - Composition of the solution of
inorganic salts 'IngredientsFinal concentration MgS0426.76 g/1 can26.40
g/1 FeSO, 5.61 g/1 CoC120.29a/1l. 17 -

For the ©purposes of the present invention, the
expressions “stable”, “genetically stable”, “genetic
stability”, and variants thereof, are used with
reference to the conservation of the same number of
loci for integration of a nucleic acid of interest into
the DNA of the clone considered, for at least 30
generations. This number of 30 generations is chosen as
the basis for calculating genetic stability because the
inventors observed that it corresponds to a number of
doublings of the cell population sufficient to allow
the production of lipase using a method comprising at
least one step for preculturing recombinant Yarrowia
lipolytica cells and one step for producing lipase
proper under fermentation conditions. For the purposes
of the present invention, a generation is defined by
the doubling o©of the cell population and may be
calculated according to the formula Y = X*29 where Y is
the cell population at time t (for example expressed as
cell density), X i1s the initial cell population at time
to and g represents the number of generations necessary
for the cell population to pass from the value X to the
value Y. Preferably, the clone 1s said to be
genetically stable when at least 90% of the colonies
analyzed, after at least 30 generations, contain the
same number of loci c¢f the gene of interest as the
starting clone. Thus, as 1s evident from the examples,
the clone YL-LIP2-6C 1s salid to be stable because
nearly 100% of the colonies analyzed after 100
generations contain 6 loci of the LIP2 gene (one locus
corresponding to the endogenous LIPZ gene + 5 loci for

integration of the cassette for expression of the LIP2
gene) .

Surprisingly, when the method according to the
invention uses this particular strain, the inventors
succeeded in producing recombinant lipase in a large
guantity and in having a better control over said

production. The inventors indeed succeeded in improving
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Zn304 7.7? 3/1 Na2Mo04 0.09 a/1 E20,, 0.34 g/1 mn012 0.47 c/i CuSO,
0.61 g/1 omposition of the solution of FeSCI 5 Ingredients Final
concentration FeSOL 0.9¢g/i Solution of ammonia, 14% Antlfoam

solution: Struktal J673 diluted 1/10 fold 20(Schill+Sellacher
AG,MoorfleeterStr.28,22113, Hamburg, Germany) 2) Extraction of

génsmic’ DN arifSabttietn bict@nalydis 13a)$eraction of.the pienomticlar

DMAce able to obtain a production of the order of 1 to
-3 g of pure lipase per liter of culture supernatant.
They were also able to obtain lipase preparations
having an activity close to 20 000 U/ml.

For the purposes of the present invention, the activity
of the lipase corresponds to 1its enzymatic activity.
The catalytic activity of a solution of lipase is
expressed as unit (U) per ml of solution analyzed. The
specific activity is expressed as unit (U) per mg of
purified protein (lipase). One unit corresponds to the
quantity of enzyme capable of catalyzing the release of
1 pmol of fatty acid per minute. The specific activity
of a lipase varies according to the nature of the

triglyceride used as substrate.

In addition to the improvement in the vyield of
production of the lipase, the inventors were also able
to provide a better reproducibility of the method of
production, improve the homogeneity of the final

product and improve the conditions for purifying the
lipase.

These various modifications therefore make it possible
to obtain a lipase satisfying the conditions required
for a medical wuse. Indeed, in the context of their
research, the inventors have now observed that the LipZ2
lipase is active at pH values greater than 3 and up to
a pH value close to 8, with an optimum activity for a
pH between 5 and 6. On the other hand, it is
irreversibly inactivated during a 2-hour incubation at
pH 3 or pH 8.5. The specific activity of the Lip2
lipase was also analyzed as a function of various
substrates and the inventors thus determined at pH 4
the values of about 10 760 U/mg, about 16 920 U/mg and
about 12 260 U/mg of purified lipase, with short-chain
triglycerides (tributyrin), medium-chain triglycerides

(trioctanoin) and long-chain triglycerides (olive oil),
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The cell pellet obtained from a 4 ml cultures suspended: in 0.3 ml of

sortitol buffer (0.9 M sorbitol; 0.1 Mtris-EC1,pH = 8.0;0.1 MEDTA).50 piof

xu molase0 2037 (6 mg/m1) (Euromedex, 67458 Mundolshelm Cedex,
France), 50 pl of 2-mercaptoethanal at ©.28 M are added and the solution

is incubated for 1 hour at 37C with stirrng (180 rpm). The solution is
subjeptedtoveentrifugationant the pelletisesuspendeehind:5 ml ofcFEerved
byffer(e0smAdiis-HER apH 8,20 MM EDTA)nQ:pl 0610%-8ORar8 1 the
adgee:d andéhgzgolugi?ré is rﬂ&eg I%& Sr}-aigv%rgri] ang irjl_cvu.b,hatedlfof[r2é)aSes
mEfﬁ at 65C. 0.2 ml 6 hASpotéssiu'm acetate is added, then the solution 1s
niixed and Reptin &8 fof 30 A, aAd isithen EentrifugedToF5 Afit i They 1in
stupernatant isttansterreditosa 5 mktube and:then0:8 ml 06L00% 1y been
ethanol,cogledbeforeharndinjce, is added. The solulon is mXed by ;oo

inverting and then centrifuged. After removm%the supernatant, 0.4 ml o

lof .
16 TR bUAET cBAtaihing 100 Fg/mi'dtRNase A'(Mvitrog&h, USA is Abded -
and e solutidritis dnchbted fore holi at 37C. After thedadditionosf 1uabofi re

100% ethapel, eeoled hefeyehanddnsice, the solution is gently mixed until
the DNA precipitates, and is then centrifuged. 15 The supernatant is
removed and then the DNAéeIIet is dried in the open air and then

susended 1008 i of Stefife-watér drid-then MelBatRd ovéthight ata€. the
_Bebigestion with the enzymerHdindirl 20IThe’cohtentratioresfgenomfein 5
DNA-istpeasyred by detgrmining the absarbanee ab260ym (A260) andat,;
2%10 nm (%g% 1iug o.fgen rg}:c NA i en}ixed vr\{i h sterile w%ter%o g finalf .
voltime of 4275 ul"5 pllo buffer )%% and fgp of HindiT7 (516) u p}e ©

(IfVifoger USA} are added &sd the $dlGtioh-idiscubatéd E37C€ forgpduces
haurseSauthersidblot analysisiEhecransformed varrowia lipolytica
Sgldtf‘gi%@o%ti’peé@s%?ﬁ%{ 99%@6&@99#9!'%%% the procedures ot te; ,
"DIG High Prime DNA Labeling and Detection" kit from the company
Rt gia%ﬁ%@ﬁ(?rPr%éﬂﬂrelfo? {dbefifg 6tthé prébe® P Qﬁg\ﬁ&l fith that
thesaidtof thesenzyme Phasiont DNA pdlymerasel(Eingpmeyand theith the

folewing Mo prmerss sSeRse-pAMEH above .
5-CTGTACACCTOTACCGAGACOTCT-3(SEC) ID NO. 1) Antisense

primer: 5-T12AGATAJINA CPACAOO0TCGGT-3'(SEQ. IP NO. 2) After
the R FRACHOAT the probefis BheRpffified Wi tion 1s also a lipase

preparation which <can Dbe obtained by the method

according to the invention.

According to an advantageous embodiment of said lipase
preparation, 1t has an activity at least equal to
15 000 U/ml, preferably greater than 20 000 U/ml when

it 1s determined as indicated above.

The subject of the invention is additionally the use of
the lipase preparation according to the invention for
the preparation of a medicament intended for the

‘treatment of a pathology assoclated with a disruption

of the absorption of fat (for example short-, medium-
or long-chain fatty acids), in particular linked to a
pancreatic insufficiency, in particular exocrine

pancreatic insufficiency.
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the aid of the "Nucleosoin Extract II" kit (Macherey 10 Nagel). The purified
probe is then cold labeled (digoxygenin) with the aid of the "DEG high

prime DNA labeling" kit from Roche. e) Gel-separation,DNAtransferand 15
detection h:g of Eindill-digested DNAis mixed with loading buffer and
then deposited on a 0.8% agarose gel. The migration is performed at 50 V
fah2 h 3@ ffireand theh 20Hthe DNAais transferted omltecdHybonddnembrane: ,
(Amersham Bioscienge).. The number ot lociof the Lip2 gene e ra+ s on
genomic DNA is detected by means of hybridization, on membranes, of

the |a£gee%d“8§job%??o‘ﬂ%w9d by visualization by exposure to 25 3)
Determination of the protein concentration The protein concentration is
determined by the-Bradferdynethog: The proteinsare fuantified with the wi o
ahdiofotﬂet%ocBraQ&;% method directly,on the supermatantofine. ., g g

fermentinc culture. The quantity proteins thus determined is compared

withfown qaaritities ot phAfied Lip2dipase 20 pPoTF-Samplas ot that it
sttandardg, atthe appropriate dilutionsl. aE2mixed indebeswithd mkof thehe
g@%t_@gg(étfg@% reager Eﬁgﬁ%néggégeéﬁ%@%ug%o%’gﬁvﬁ %Q%rg_an ismes

rmined relative to the OD.95 obtained for the contr ilute stain i
a%r?‘e@q' -2 -'%4!) I\/?e%'slsﬁr%efnecriftl of%%%%%gifig gcl:lﬁ(\ﬁtyn?) %h% re%ca)‘r% inarit dex
lipase 1° aGtivitylot thellipaseqis potertiometredlyméasaréd-at 37C with
the aid of a ph-stat device (RADIOMETEA). The substrate used is

trigeanain,1Q mM of su *%Shtéat%%‘;s%'ﬂi"gﬁ%qz 13 ol ofreactionsufter ., 5

containing T mM tris-HCL (pH 5.5 ,.150 mM NaCl, 5 mM Can? and 4 mM
solitm-tatixdteoRychblate (SIGNVE) RSThitedY Spddific ddtivity s detinedon
as f prvol of fattyiatid eeleased:per mirute and per mg of orotein. 5)
Polyacrylamide gel electrophoresis under denaturing conditions
(SDS-PAGE). 12 ul of a sample comprising 25% of a mixture containing . .
S e B P Ftre Cot (Bt o
The FRigratioh fs geformedTor 45 miv AEE60 VT gél is thefEmaRzed tom
by istaining withrCoomassie diuet ) Determinatian; hy-mass spectrometpyl e s
ot the MALDI-TOF (Matrix-assisted J.aser,Degorption jonization=Time of ¢,
F|I%h'%%/ e, of the molecular mass of the Lip2 lipase produced by the )
19P260 cIBNE RIASEF d3Exption Ohf atior type thdss Spectromists®: 7
analysis is performed using a "Voyager Elite XL time of flight" mass
spectrometer frarethe corapanysBerseotive Biosystems (Frampingbam, for

Mo i R e SO . TR oo
extrattion 85 idde With &iF ateélefationS/oRtaye bf 25 k\P & Grid

- Figure 2 represents the variation of the
optical density at 600 nm (ODgognn, v axis left) (-¢-)
and the variation of the growth rate (h™, y axis right)
(-®-) as a function of time (hours, x axis) during the
fermentation process. The arrow indicates the induction
of the production of lipase.

- Figure 3 represents the Southern blot analysis
of the number of events for integration of the LIPZ
gene at different loci into the genome of 23 colonies
(lanes 24 to 43) collected at time T33, corresponding
to the end of the fermentation, about 100 hours after
the start of the fermentation. Copies 1 to 6: 6 loci of

the LIPZ gene (5 1loci for the integration of the



10

15

20

25

current of 0.3%, an ion guide current of 0.3%, and a dead time of 1000 ns
for the L5p2 protein. Each spectrum is the result of the rue-an of 105 laser
pulses. The material to be analyzed is mixed with an equal - 21 - volume

of a saturated solution of sinapinic acig4Fluka) prepared in ci solution
containing 50% (V/ii) of acetonitrile/aqueous trifiuoroacetic acid. 2 pl
aligaetsof ¢thistmixturerare deposited fon tthe staihiess Sesteel sample plateus
afmlgéare_ roéieeri@&fia;%a@d@@ a%%ﬁfo%eqién?/i?]g@%tsm@@r}m& A he external
calibration js. performed with the aid o a-chymotrypsinogen _
(Sigma). The Sxpressed Vallies ats eanvalidt and Lhiespond 15 7E»CE
ié%g\/\ﬁ@ﬁ. O EXANIPPE 2°-LCERSPATTOR D the- éXsressibi veetor dhd LI1P2-
péaductiom ef the rYilxtIP2:6C alonedde M-I P2<6(C strain, is obtainedby to
tragsforming a 15.Yarowia lipolytica strain DOI, free gf zeta sequences ..
with an expression_vector, cabled JMP.6, described in application E(P. 1
165?%2 ?Tﬁia%orﬁﬁris]iﬁé)ﬁwseeulﬁ% ‘gehe éﬁcol?j?ﬁjgrﬁe Lip2p pr&GUrSeror™ -
the Yard®iaiipolytiec Bip2 libaddeipstréam of witich isithe ADD2the right
premater, 20 Saidrcassette is-flanked by zgtansequences,asdeserined: « i es
above. onstruction of the vecter. JM26 and the transformation of the
Plé)%d%stg#? ;ir% ?a(?rie?(? )ou{) éc%oﬁéfn%gltglgthé s r%eﬁl%ées:(?ljre as. in
application EF1T08023. 51His YiSLEP2-6¢ %traﬁﬁﬁ%ﬁ‘ﬁﬁf%i ng® 25 dffaremet .
loet for integration of the cassette for expression<of theoBiP2 gene, was time
depasited atthe Collection:Nagionale de Cultlres deMicrogrganismes: ;12
(%QCMQ 2 [uedgl% Docteur R%ux 756]534 Pfris Cegx 15, under the .
ntimber 1-3542° 64 15 December 2005, ' EXAMPLE 32 Prodiughich of the™
lip&se Viththe YEILIP2PBCStraimtafivetification ofthegenetic stability: of Of
YicddP2:6CE The YiMLN2-6C strain is used in a method for producing

lipase cqm@rj@'ﬂg a %recult%%gggear@gsa fern&%ation&gesossuitalgg égrtrum,

the production of lipase. The overall approach of this method is lllustrated
iffigure™ ! The lifdsd TS protilicedXvas thanandlyzed iPtsrmslof -2 the
actvityrdnd gquality. Wereover, dhe genetitystabiity! 6fF-YLETPR6C Ine.
analyzed by determining the number of loci of the cassette for expressing

t I . ;)#&g R't‘j rcﬂﬁ?ti s and Fermenta on A vial of
s%%%f%gg of the Y%%SIIP g64: C or?gﬁ%%%{gglycerol is thawed and 5 p1
are cultured in 25 ml of enriched 021305 medium, containing 1% (v/v) of
the) sofieitbirrofustagnins and 1% (volv) of the solution of trace elements, in
a 250 ml Erlen Meyer bottle. The culture is incubated at 28C for 36 hours
with stirring_15 éJIBO rpm). The resulting oreculture of 25 ml (preculture 1)
is inGculated'ifto 200 MiOfentichad 021305 mediin ha 2-liter EAén =€
MegeEe6ehZ liteks-ofculiure s incebated st @BC fop36-hours with stirring
(180 rpm). The preculture 2 thus obtained (225 ml) is 20inoculated in
enriched 02130S medium in a fermenter. At time TO of the fermentation
process, 2 ml of the FeSO4 solution are added to the culture. Every 6 to 9
hours, 2 to 3 ml of the vitamin solution are added to
25thefermentingcultureandafter34 hoursof
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fermentation (at 112), the supply of glucose is initiated. The glucose
supply is gradually increased for 14 hours and then interrupted at T17
(corresponding to 48 hours of fermentation) and the induction with 30
Oleic acid is then initiated. The supplyof aleic acid is gradually increased

for the next 54 hours, and then at T33 (

102 hours of fermentation) an

006G 61340 ixreached anetheferiyentation process is stopped. The
final 3-liter culture is centrifuged (14 000 rpm). The supernatant is

ere and stored at -20C. Monitorif
e erature
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mlegsmgep in order to monitor the variat

op of } e growth rate. The results
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1550, 0.5 g/l

cacl, 0.023 g/1
MNnSO, 0.038 g/1
750, 0.04 g/1

The enriched medium 021308

following additives:

additionally comprises the

Additives Final concentration
Solution of trace elements 1 ml/1
Solution of vitamins 1 ml/1

Composition of the solution

of trace elements

Ingredients Final concentration
CoCl, 0.5 g/1
NasMoOy 0.06 g/1
CuSQy 0.9 g/1

Composition of the solution

of vitamins

Ingredients Final concentration
D-biotin 0.05 g/1

Calcium pantothenate 1 g/l

Nicotinic acid 1 g/l

Myoinositol 25 g/l

Thiamine HCl 0.25 g/1

Pyridoxol HC1 0.25 g/1
p-Aminobenzoic acid 0.05 g/1
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Composition of the solution of inorganic salts

Ingredients Final.concentration
MgSQy 26.76 g/1

CaCl, .1 6.40 g/l

FeSO, \ 5.61 g/1

CoCl, 0.29 g/1

ZnS0y 7.72 g/l

Na,MoOy 0.09 g/1

H3BO4 0.34 g/1

MnCl, 0.47 g/1

CuS0y 0.61 g/1

Composition of the solution of FeSO,

Ingredients Final concentration

FeSO, 0.9 g/1

Solution of ammonia, 14%

Antifoam solution: Struktol J673 diluted 1/10 fold
(Schill+Seilacher AG, Moorfleeter Str. 28, 22113,
Hamburg, Germany)

2) Extraction of genomic DNA and Southern blot analysis

a) Extraction of the genomic DNA

The «cell pellet obtained from a 4 ml culture is
suspended in 0.5 ml of sorbitol buffer (0.9 M sorbitol;
0.1 M <tris-HC1, pH = 8.0; 0.1 M EDTA). 50 pl  of
Zymolase® 20T (6 mg/ml) (Euromedex, 67458 Mundolsheim
Cedex, France), 50 pl of Z-mercaptoethanol at 0.28 M
are added and the solution is incubated for 1 hour at
37°C with stirring (180 rpm). The solution is subjected
to centrifugation and the pellet is suspended in 0.5 ml
of TE buffer (50 mM tris-HCl, pH = 8; 20 mM EDTA).
50 pl of 10% SDS are added and the solution is mixed by
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inverting and incubated for 20 min at 65°C. 0.2 ml of
5 M potassium acetate 1s added, then the soclution is
mixed and kept in ice for 30 min, and 1s then

centrifuged for 5 min.

The supernatant 1s transferred to a 1.5 ml tube and
then 0.8 ml of 100% ethanol, cooled beforehand in ice,
is added. The solution is mixed by inverting and then
centrifuged. After removing the supernatant, 0.4 ml of
TE buffer containing 100 pg/ml of RNase A (Invitrogen,
USA) is added and the solution 1s incubated for 1 hour
at 37°C. After the addition of 1 ml of 100% ethanol,
cooled beforehand in ice, the sblution is gently mixed
until the DNA precipitates, and is then centrifuged.
The supernatant 1s removed and then the DNA pellet is
dried in the open air and then suspended in 100 pl of

sterile water and then incubated overnight at 4°C.

b) Digestion with the enzyme HindIII

The concentration of genomic DNA 1s measured by
determining the absorbance at 260 nm (Rogg) and at
280 nm (RAzge) . 1 ng of genomic DNA is mixed with sterile
water to a final volume of 42.5 ul. 5 pl of buffer (5X)
and 2.5 pl of HindIII (50 u/pl) (Invitrogen, USA) are
added and the solution 1is incubated at 37°C for
4 hours.

c) Southern blot analysis

The Southern blot-type transfers are performed
following the procedures of the “DIG High Prime DNA
Labeling and Detection” kit from the company Roche

Diagnostic.

d) Procedure for labeling of the probe

The probe corresponding to the entire gene encoding the

Lip2 lipase 1is obtained by PCR performed on the genomic
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DNA with the aid of the enzyme Phusion DNA polymerase

(Finzyme) and the following two primers:

. Sense primer: 5'-GTGTACACCTCTACCGAGACCTCT-3’ (SEQ ID
NO. 1)

Antisense primer: 5'-TTAGATACCACAGACACCCTCGGT-3' (SEQ
ID NO. 2)

After the PCR reaction, the probe is gel-purified with
the aid of the “Nucleospin Extract II” kit (Macherey
Nagel). The purified probe is then cold labeled
(digoxygenin) with the aid of the “DIG high prime DNA
labeling” kit from Roche.

e) Gel-separation, DNA transfer and signal
detection

2 ng of HindIII-digested DNA 1is mixed with loading
buffer and then deposited on a 0.8% agarose gel. The
migration is performed at 50 V for 2 h 30 min and then
the DNA 1is transferred on to Hybond+ membrane (Aﬁersham
Bioscience). The number of loci of the Lip2 gene in the
genocmic DNA is detected by means of hybridization, on
membranes, of the labeled probe, followed by

visualization by exposure to X-rays.

3) Determination of the protein concentration

The protein concentration is determined by the Bradford
method. The proteins are quantified with the aid of the
Bradford method directly on the supernatant of the
fermenting culture. The quantity of proteins thus
determined 1s compared with  known quantities of
purified LipZ2 lipase. 20 pl of samples of standards, at
the appropriate dilutions, are mixed in tubes with 1 ml
of the diluted (5 fold) reagent containing the stain.
The O0ODsss 1is then determined relative to the ODses

obtained for the control (dilute stain alone).
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4) Measurement of the specific activity of the

recombinant lipase

The activity of the 1lipase 1s ©potentiometrically
measured at 37°C with the aid of a pH-stat device
(RADIOMETER) . The substrate used is trioctanoin. 10 mM
of substrate are emulsified in 15 ml of reaction buffer
containing 1 mM tris-HCl (pH 5.5), 150 mM NaCl, 5 mM
CaCl; and 4 mM sodium taurodeoxycholate (SIGMA). A unit
of specific activity is defined as 1 umol of fatty acid

released per minute and per mg of protein.

5) Polyacrylamide gel electrophoresis under denaturing

conditions (SDS-PAGE)

12 pl  of a sample comprising 25% of a mixture
containing SDS and reducing agents are loaded on to a

4-12% bistris gel (Biorad). The migration is performed
for 45 min at 160 V.

The gel 1s then analyzed by staining with Coomassie
blue.

6) Determination, by mass spectrometry of the MALDI-TOF
(Matrix-assisted Laser Desorption Ionization-Time of
Flight) type, of the molecular mass of the Lip2 lipase
produced by the YL-LIP2-6C clone

A laser desorption/ionization type mass spectrometry
analysis 1is performed using a “Voyager Elite XL time of
flight” mass spectrometer from the company Perseptive
Riosystems (Framingham, MA) carried out with a nitrogen
laser emitting at 337 nm. The mass spectrum in positive
mode 1s obtained using a linear and delayed extraction
mode with an acceleration voltage of 25 kV, a grid
current of 0.3%, an 1ion guide current of 0.3%, and a
dead time of 1000 ns for the Lip2 protein. Each
spectrum is the result of the mean of 100 laser pulses.

The material to Dbe analyzed is mixed with an equal
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volume of a saturated solution of sinapinic acid
(Fluka) prepared in a solution containing 50% (v/v) of
acetonitrile/agueous triflucrocacetic acid, 2 ul
aliguots of this mixture are deposited on the stainless
steel’sample plate and are dried in the open air before
carrying out the analysis. The external calibration 1is
performed with the aid of alpha-chymotrypsinogen A
(Sigma). The expressed values are mean values and
correspond to the ion [M+H]'.

EXAMPLE 2 - Construction of the expression vector and

production of the YL-LIP2-6C clone

The YL-LIP2-6C strain is obtained by transforming a
Yarrowia lipolytica strain POld, free of zeta sequences
with an expression vector, called JMP6, described in
application EP 1 108 043, and comprising the LIP2 gene
encoding the LipZ2p precursor of the Yarrowia lipolytica
Lip2 lipase upstream of which is the AC02 promoter.
Said cassette is flanked by =zeta sequences, as
described above. The construction of the vector JMP6
and the transformation of the POld strain are carried
out according to the same procedure as in application
EP1108043. This YL-LIPZ-6C strain, comprising 5
different 1loci for integration of the cassette for
expression of the LIP2 gene, was deposited at the
Collection Nationale de Cultures de Microorganismes
(CNCM), 28 rue du Docteur Roux, 75724 Paris Cedex 15,

under the number I-3542, on 15 December 2005.

EXAMPLE 3 -~ Production of the lipase with the YL-LIP2-

6C strain and verification of the genetic stability of
YL-LIP2-6C

The YL-LIP2-6C strain 1is used in a method for producing
lipase comprising a preculture step and a fermentation
step suitable for the production of lipase. The overall
approach of this method is illustrated in figure 1. The

lipase thus produced was then analyzed in terms of
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activity and guality. Moreover, the genetic stability
of YL-LIP2-6C is analyzed by determining the number of

loci of the cassette for expressing the LIPZ gene.

1) Method of production

Precultures and fermentation

A vial of stock solution of the YL-LIPZ2-6C clone in
glycerol is thawed and 5 pl are cultured in 25 ml of
enriched 02130S medium, containing 1% (v/v) of the
solution of vitamins and 1% (v/v) of the solution of

trace elements, 1in a 250 ml Erlen Meyer Dbottle. The

~culture is incubated at 28°C for 36 hours with stirring

(180 rpm) . The resulting preculture of 25 ml
(preculture 1) is inoculated into 200 ml of enriched
02130S medium in a 2-liter Erlen Meyer of 2 liters of
culture 1is incubated at 28°C for 36 hours with stirring
(180 rpm). The preculture 2 thus obtained (225 ml) 1is

inoculated in enriched 021308 medium in a fermenter.

At time TO of the fermentation process, 2 ml of the
FeS04 solution are added to the culture. Every 6 to
hours, 2 to 3 ml of the vitamin solution are added to
the fermenting culture and after 34 hours of
fermentation fat  T12), the supply of glucose 1s
initiated. The glucose supply 1s gradually increased
for 14 hours and then interrupted at T17 (corresponding
to 48 hours of fermentation) and the induction with
oleic acid 1s then initiated. The supply of oleic acid
is gradually increased for the next 54 hours, and then
at T33 (102 hours of fermentation) an ODge of 340 1is
reached and the fermentation process 1is stopped. The
final 3-liter culture is centrifuged (14 000 rpm). The

supernatant is recovered and stored at -20°C.

Monitoring of the cultures
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During the fermentation, the temperature, the oxygen
partial pressure and the pH are monitored and
maintained at 28°C, 20% and 6.2, respectively. Every
3 hours approximately, a culture sample 1is collected
and the ODgy 1s measured 1in order to monitor the
variation of the growth rate. The results are indicated
in figure 2. Two 1 ml extracts of these samples are
centrifuged for 5 min at 14 000 rpm and the pellets and
supernatants are stored at -20°C. Table I shows the

monitoring of the fermentation process.
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Purification of the lipase

Optionally, an additional step for purifying the lipase
is carried out.

The lipase 1s separated from the culture with the aid
of a tangential microfiltration device on a ceramic
membrane (pilot X6 from PALL) allowing the retention of
yeasts with a size greater than the cut-off (0.1 um).
The permeate containing the lipase 1is recovered first
in concentration mode, and then in diafiltration mode.
These steps are carried out according to the
recommendation of the manufacturer with appropriate
modifications. The concentration of microorganisms
contained in the permeate is then reduced by filtration
(0.2 pm) (Millipore) so as to obtain a bioload of less
than 10 c¢fu/ml. Using a Profux M12 device (Milliporej,
the lipase solution is concentrated, to a volume of
about 5 liters, and subjected to tangential
ultrafiltration using a Biomax 10 kDa standard Pellicon
membrane in order to remove the contaminants of low
molecular welght. The ultrafiltrate, containing no
lipase, 1s removed. The lipase solution is then again
purified Dby removing microorganisms, as 1indicated
above, so as to obtain a biolocad of less than 5 cfu/ml.

The lipase thus purified may be additionally subjected
to freeze-drying.

3) Characterization of the recombinant lipase

produced by YL-LIP2-6C

a) Monitoring of the production of lipase by the

YL-LIP2-6C strain during the fermentation process

At each measurement point, a culture sample is
subjected to centrifugation and the supernatant 1is
analyzed Dby SDS-PAGE. 75 pul of the supernatant are
mixed with 75 nl of water and then 5 pl are loaded on a

26-well gel. Samples containing known gquantities of
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Lip2 lipase are also analyzed. The results are
illustrated in figure 4. By comparing the quantity of
lipase obtained at the end of fermentation (T33), with
the gradient of known quantities of Lip2 lipase, the
concentration of lipase obtained after 100 hours of

fermentation may be estimated at 1.5 g/1l.

Moreover, the inventors used the method for producing
lipase according to the invention for a final volume of
about 35 liters, which allowed the production of lipase
in a vyield between 1 and 3 g per liter of culture

supernatant.

b) Determination of the protein concentration and

estimation of the vyield of production of recombinant

lipase

The protein concentration in the culture supernatant is
determined as indicated in example 1 (Bradford method).
Seven 1independent measures are performed and the
protein concentration in the supernatant is 2.3 g/l.
The purity of the Lip2 protein in the supernatant is
estimated by SDS-PAGE. The results are illustrated in
figure 5. The degree of purity 1s estimated at about
70%. The resulting yield of productioh of lipase from
the fermentation step with the YL-LIP2-6C clone 1s
therefore 1.6 g/1.

c) Measurement of the specific activity of the

recombinant lipase produced by YL-LIPZ2-6C

The specific activity of the lipase produced Dby the
YL-LIP2-6C clone is measured as indicated in example 1.
The sample corresponding to the fermentation
supernatant is diluted 100 fold in a buffer containing
50 mM of Na,HPO,, 50 mM of KHyPOs, 150 mM of NacCl,
pH 6.0. The catalytic activity determined at 37°C with
trioctanoin on 3 independent experiments is

21 883.33 U/ml of the supernatant (table II).
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Lipase activity (U/ml)

Trials Mean SD

Sample | 20 800.00 |22 750.00]22 100.00]21 883.33]992.89

Table II: Measurement of the activity of samples of the

fermentation supernatant

From the estimated concentration of Lip2 lipase in the
supernatant (see above), the specific activity of the
lipase is 13 675 U/mg, comparable to the specific
activity of the lipase produced for the <clinical
studies. The specific activity of the lipase produced
by the YL-LIP2-6C clone 1is in conformity with the

conditions required for the clinical batches.

d) Molecular mass of the recombinant lipase

The mass spectrum analysis (see example 1) 1s performed

on the fermentation culture supernatant after
centrifugation without ©purification. The result is
illustrated in figure 6. The major peak observed

reveals a molecular mass of 37 648 Da. The Lip2 lipase
produced by YL-LIP2-6C has a reasonable molecular mass
because the observed value 1s in conformity with the
conditions required for the clinical batches, that 1is
to say 37 500 +/- 1000 Da.

This example 1llustrates the selection of a stable
clone, YL-LIP2-6C (in this case, 100% of the clones
analyzed after 30 generations have the same number of
loci of the Lip2 gene as the initial «clone). In
addition, the genetic stability of said clone 1s not
affected by the culture conditions used for the
production of lipase (during the precultures; just
before the fermentation; just before the induction by

oleic acid of the production of lipase; at the end of
the fermentation).
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for eefinat voluRTe of 1 Abd '3t liters, Whichfalfowisttthe pbrodactiohloft ions
lipase inacyieldpetaeerct and bug perkiepofzaudtare-supernatasti i umb) The
Determine tiom of the protein, soncentration and estimation pf theyield of . o
production of recombinapt iipase The protein concentration in the culture
stpéiatant isdetérmired asihdicated i exanipie 1 (Bradffordmathbay o
20 Sevendndependent measoresare peffobmed and the protein
Concentration in the supernatant is 2.3 0/1. The purity of the Lip2 protein
infhe supernatant is estimated by SDS-PAGE. The results are illustrated
inztflegur%e ‘ . leegegééeeré%] Sﬁit}}b f)sloénst%n%?ed Sa?g%gat Z%Oioﬁ%ﬁ'ﬁg 28 e
resbiftihgyiéld 6Fproduction fipasEfbfrtha fémmentation stepwiththenies
MileldPRe6C clonenis thereforednd ig/l o Measuremientjofthe spetidice the

activity of the,30 recombinantipase produged by YL-1;122:60.The . o\, 1o
specific ach%gf the Ilgase produced by the ML-TiP2-6C clone is
|

meallired asindicated in xampleé 15THe SAmpi& EORFBSGoNdiRg to'the! 37°
tefrReAtation 35 supematantis dilutetl 100 fold iararbufferohtaiding 60ediun

TN.of Na2HRO4; 50-mM-af KH2PO#A: 150 mM of Naelk pH 6:0:dhe in 302

catalytic activity determined at, 37C with trioctanoin on 3 independent .

e%e%ime*nts is 2[168§§3€5U6pi of the sijgererféfarnat téjbfenlﬁf DRE and e
outhern blot analysls (Materials and Methods).

b) Determination of the number of events for

integration of the LIP2 gene at different loci for 140

colonies derived from the YL-LIPZ2-6C strailn

The results of the Southern blot analysis of the number

of events for integration at different loci of the LIP2



10

- 27 - Linase activity (E( 1 Trials Mean!SD mple , 20 800.00 22
750.00 22 100.00

- 29 -

gene on 20 colonies collected at time TO0 (start of
fermentation), 20 colonies collected at time T17
(48 hours of fermentation) and 100 colonies collected
at time T33 (100 hours of fermentation) are illustrated
in figure 3. These results show that all the colonies
analyzed contain 6 loci of the LIP2 gene. Since the
wild-type strain contains a copy of the endogenous LIPZ
gene, the YL-LIP2-6C strain therefore contains 5 loci
for integration of the cassette for expression of the
LIP2 gene. The YL-LIP2-6C clone 1s therefore 100%

stable during a 100 hour fermentation process.



21 883.33 999.89 Table Il: Measurement of the activity of samples

of the fermentation supernatant From the estimated concentration of Lip2

lipase in the supernatant (see above), the specific activity of the lipase is MCSLLP
13 675 U/mg, comparable to the specific activity of the lipase produced for

the clinical studies. The specific activityzgf-the lipase produced 10 by the
MD-LIP2-6C clone is in conformity with the conditions required for the

clinical batches. d) Molecular mass ar.iIME recombinant lipase 15The

mass spectrum analysis (see example 1) is performed on the

ferm.entation culture supernatant after centrifugation without purification.

The redulPRiilteStrated i figiutas: Fhe Majdt ek tbsehrif reveaRE : +51ng:
molecudar mass o£B87 648Da.dTherhipHipase 20qubdducedd by lytica cells

ML-LIRZ-6Ghasiateasqnable molgedlar mass hgcause,the obseswedcre for
value is in conformiéy with the conditigg%eresqusirced for {he clinical batcheftu

that is ?oxgéfyeﬁ'? 500 +7- 1660 E)a‘:ﬂfﬁls exampleafﬁlustrajfgsa%ee Seléction of red,
a stabl@®fone, FL -I(in this case, 100% of the clones analyzed after 20

generatipns hgye;bhe{saﬁnegw_uvhb@pfﬂﬁei oq‘eth@rbipan@eﬁe as thesia.ibaloduced
clone). |y addition, the_genetic stapility 0f sgif.clope is ppL,30 affected By, re

the culture conditions used for the production of lipase (during the
precultSrE& jud bfdre the fermentation; just before the induction by oleic
acid ofhe produetidroof lipase cdtdhe enhdmf ke fefmentdtion). s8> 3§) for

Geneti%%%hﬁllkty%Ejh@schl;kPIZf@g C&df ne Tige %nléij@ﬁi@t&lityn@atb@n free of
YL-LIP2-6C, clone during themethodforproducinglipase,comprisinga 5 .
orecultﬁrlfeogt%%tasnd a #:rm%%tlarﬂ%% stéjprfjjig :érﬁply?%lgd b?/gdetélr?ncllr}ﬁ%aafﬁg er:leed
numbef6KEVERS fof HtEgrafion of thé cassette for expressimgithe pF2animal
gene abdifferentdecidm the: Marrcipiadipotyitica DNA ziprthe colomiesestion and

S«Memgqa{thTégggdéG¥%&Qe medium comprises:
- as nitrogen source, inorganic nitrogen, and
preferably ammonium sulfate;
- a carbon source selected from carbon sources of
carbohydrate origin, polyalcohols such as glycerol,
and carbon sources of lipid origin such as fatty acids
and acylglycerols; and

- inorganic salts, trace elements and vitamins.

2. The method of production as claimed in claim 1,
characterized in that step a) comprises:
al) the preculture of the transformed Yarrowia
lipolytica cells in a medium containing a carbon
source of carbohydrate origin;
a?2) a fermentation step, comprising a cell growth
phase in a medium containing a carbon source of
carbohydrate origin and a lipase production phase in a
medium containing, as sole carbon source, a fatty acid
chosen from short-, nmedium=- or long-chain

triglycerides.



a) Selection of the colonies A sample of the preculture 2 (TO, .initiation of

the fermentation)asampleofthecultureunder 15 fermentation conditions at

T17 (just before the induction) and at T33 (end of the fermentation) are MCSLLP
diluted, in a. first instance up to an 00600 - 1, and are then diluted 1000

fold. 10 pi of these dilute solutions are-gach spread on 3 culture plates on

YPT medium. The 20 plates are then incubated at 28C for 48 hours and

are thenrstoredah4Q0 up to the selectionof caloniesifor thejanalysisafaim 2,
the nuhet gfioct 20ccolonies derivad,iom the sample eallegled atihg,
starting point of the fermentation (TOE, 20 colonies derived from the
sample*EOIfBLtEd it Before TR tioA (T 17 hhd 160 cofmieLaérived? of
from thecsampgle collécteddat & ead of femphematidre(233) aré separately 6.5.
inoculated in 4 ml of enriched 021305 medium 30 and then cultured for 72
tours. Next, stocks in 30% glycerol are prepared for the extraction of DN7I

10 e Bt B0t aPaly s (TG i etiodg gy Cleah 2 or
Deternfifdtidh ofthe RiMfbercstaverts forliftegration of the LIPagenedt  for
diffonofard4 calohies desived frotrethe X1=LIR3260 strain GI9y.geielue of
on 20 golanjes collected af fme TO(sfayt otfermentatin), 20,colQnigs »2) £or
collected at time T17 (43 hours of fermentation) and 100 colonies ,
collected BPHMEMRP 00 hGirsDf fermBARTon) BFEHUSHARR in figlfes. 1S
These iesultsasshow thdteall theheolobiescanalyZed CoatainB locief thell@zes a
gene. incedhe wildLype sraincontains &-copyof the endogenous LI122

sere, the YL-1,122-65 strain therefore contains 5 loci for integration of the
cassette for expression of the 10L12 gene. Inc YL-LIP2-6Cone ic
therefof8G01rstatle Huring aPIOtR K6 fermetitation prosds. IMCSLP one of
-30- ClAM®d . Aimethod for preducing recambinant lipase, careprising: during
a) a step, during WQ'%%%%@%W@S"P@MEC&%% tr é“*focfgl?%]

W ‘. '@%h8u¥e%8én the
comprising a cassette for expressing a yeast acld-resistant |%ase are

culturedPagtar by 228 Hufing WHich tHe rEeBhbidthtdipdse prodiited oy -
said cells is recovered from the culture supernatant, which method is
gharacierized;in thatstep-a) forculturing is casried outin a culiure mediuge o ¢
free of products of animal origin or %1; uncharacterized mixtures consisting

of protéintnitérials of Aftimar origifi & ot Products Of theft endyiidtic <P )

digestiormandis #%at said culture medium comprises:

asnitrogenseuiee, iperganicnitiegen.and peeferally asnmoniwm sulfade; @ulture

carbon source S%Iectted frorH carbon sources of carbohydrate origin,
n arll an

polyalcsc’)%%Fsrsuac as glycerol, and carbon sources of lipid origin such as
fatty acids andacylgiyeetsis:tart ikdrghhit salis2faceBlemiérfts ahd P1) -

vitamins. 2.The method of production as claimed in claim 1, characterized

i that step a) cqmprises; al) the precyliyg offhe transtormed Yarowia, s, ¢,

lipolytica cells in a medium containing a carbon source of carbohydrate

o”gm;characterlzed in that "saild separation is ‘carried out
by a technique chosen from hollow fiber tangential
filtration, frontal filtration and continuous or batch
centrifugation, and said purification is carried out
by a technique chosen from filtration, fractional
precipitation, ion~exchange chromatography,
hydrophobic interaction chromatography and gel~-

filtration chromatography.



a2) a fermentation step, comprising a cell growth phase in a medium
containing a carbon source of carbohydrate origin and a lipase production
phase in a medium containing, as sole carbon source, a fatty acid chosen
from short-,, medium- or long-chain triglycerides. MCSUP -31- 3. The
method of production as claimed in claip 2, characterized in that the
fermentation is advantageously carried out with a constant p02 of between
45% and 25%anrtaph prefesablydess than §5. 41Hienmethed ofany one of
production as claimed in claim 2 or claim 3 éh‘%{ﬁc fized g‘ct%?t the S8R <1 st s
al) for precu?tlurlng is carried out up to an 08 Ow, value of between 3 an

10 per4"mf ahiin tRat iﬁ%%ﬁé??%r?érH&ﬁaﬁ%nﬁé&ia2‘6c' deposited at
lipaseproductionpbaseis tritiated whiert then®D600Im @ the cdlturéures de

reacheg a.yalue betwesn. 60 and §0paq 1,5. The method of preduetion-ass oux,
claimed in I%ny one of claims 1 tq 4, chargtcterlztﬁgtl in that step b)_g g . 1s

which thé Iipasé ‘?sr&oﬁlegt%%?% catried'8GEWher the 00", Teaches a
value Beawesh 3004350 per | ml. 6. The method of production as
claimed in any one of claims 1 to 5, characterized in that step b)

QQmPE‘Eg%%? PR tio”o‘ir*f theJipase f%’@léb"’—‘li ecé‘ité‘E%ﬁ‘dperPf%?ﬂbinant

MCSLLP

and b2 urification of the lipase obtained in b1l). 7. The metho

produ iR &3 laimBa iR Clih 6 Shardtterizel i&%aﬂ%i&@@ﬁ%ﬁoﬁ% being
carriedoautdoyrae techpicuerchiasen from doHowdiber tangentiahfitratiom,laims 1

frontal filtratign ang.contingeus gx batchyeentrifygation, andisaid . ce11  is
purification %garrled out b'yffﬁ techngue chosen from filtration, fractional

precipitatioh 67 eRefandechtomats r%ﬁ%%}ﬁfdroﬁﬁgﬁi%ﬁ]te%%ﬁ n or JMPLO
chromatographyiard gel- filration ehforhagrariyorMCSt $ PL32- 8xFhessing

meLhO@@ﬁamwg&@& aatsla%mpaé@ ﬁnyslgmg otaﬁd%m% dter, @ﬁ@a@éﬂ%@e@eing
in that step a).consists in culturing the clone called YL-LIP2-6C ited . .
at theCloIﬁ(ggﬁ) &%%Pa?tiongleggéﬁl%/u rés%egM i%gc%rglar}\is#he%t(cﬁ%% I\ﬁ%gg}é Fation
rue du Dottetir RBGR 125722 PefisiCédex B3, uRflerth@ huberi®as42, 15> 000
on 15 Dedemben2005. 81A peeparation ot yeast apigstesistant, preferably
recomijnant lipase, chatactesiged imthat i iscapable pf being obtgined by yre
a method as claimed in any one of claims 1 to 8, in that said Yarrowia
lipolyticH REIF RAFsHSFarnTEtFwith fteGratve SRRISHI1A36 or kP fy e nt 1ty of
comprisingareindaciblelexpréssior edsseitedexpressirmyl acidaesistant pmol of
Iiﬁase, §§@t§xpr§§§i@n cg?e?_setkﬁi@ﬁj_@g in@%‘@glef%{@ttys@i@éeogggﬂe thaked is
the preparation has,a catalytic activit at least units pe .
ml of cﬁ?&r%cs%%%?nlﬁant?élréeyfgrrabﬁ/%ge%etr tr%nezﬁ 860 eurrluttg %%:rtcr)nri 0 E said
culture stipefifataht ofé bifit coFRBpBAlINY to the qdastiydferzyiie 1 g of
capable pf gatalyzing thegelease of 1 pmol of fatty acid per minute when

the substrate used is trioctanoin, and/or in that the concentration of said

lipase in said preparation is greater than 1 g of lipase per liter. 10. Use of
the-prePafatioR bf yddst aciB&ER &Mt teCombitant ¥5asEas Agired e istant
claim 9dfer theoprosluction Opasredicamentintendedifor the rematmént 6ba the

fat malabsorptien syndreme linked Lo adhancreaticipsifigiencyr id- Areatment

Yarrowia Iipo%tica cell tr?é]sformed by a vector co pri}llnc})%a cassette for

expresSihg yéhst BRitRrasistant eXtratéliaar fisase: “harhcterizad iR thas 2 b+ ¢
it is theiclend €allsidetl,-LIP2-6C, deposited at the MCSLLP -33-
Collection Nationale de Cultures de Microorganismes (C.N.C.M.) under
number,1-3542, on 15 December 2005..12. Use of the cell as claimed
iqr:fdairrr]]/:\1 11&%Fﬁ1%wér%du%cjﬁgﬁ%f§/leggt acic -%esigt%%?ﬁégsremed %y a4 vector
comprising a cassette for expressing a yeast acid-
resistant extracellular lipase, characterized in that

it is the clone called YL-LIP2-6C, deposited at the



13. A medicament, characterized in that it comprises the preparation of
yeast acid-resistant recombinant lipase as claimed in claim 9.

MCSLLP
-33 -

Collection Nationale de Cultures de Microorganismes
(C.N.C.M.) under the number 1I-3542, on 15 December
2005.

12. Use of the cell as claimed in claim 11 for the

production of yeast acid-resistant lipase.

13. A medicament, characterized in that it comprises the
preparation of yeast acid-resistant recombinant lipase

as claimed in claim 9.



