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*159159* Method for producing |ipase, transfo

Yarrowia |ipolytica cell capable of producing Immmm,mlmmmm

lipase and their uses 5 The present invention relafes,

to a nethod for producing I-ilpase using Yarrow a

i polytica yeast cells which produce an

aci d-resi stant reconbi nant |ipase, which nethod

alloms t he production of a |ipase capable of being
AtRRda fRYi cRFORCinFe pPrigdeR | Vs iRrmedo Yarrowia

relapesytﬂca Yallovw#pdbipd| YEi Grsduciing o¥yLi@r Qdwaisky and

ancggl gd-resistant reconbinant |ipase and its

app |cat|ons The foods ingested daily by hunmans

consist mainly of 15 lipids, proteins and sugars. Al

th@§9 geBstht uept st Undergp, - befogre, tﬂ?fﬁ%@b§9fpﬁfgauﬁlng

ysis catalyzed by the enzynes o di gestive
tr i:?a ?\ det ey encdF i s aanylléTOltMé§é el 29fEs €ahls which
t herefloce causeadliiqyasidive ardi seedensiaad:l eadpkoe, w‘llch

coﬂ§ng&aghqom%Inygéltlqd b'Ehat 20 |s fPr exanple
a

case I n some “pat hol ogifcal” Sitdatidns ¢ suchas &§&H de of
fl%?b%@suéﬁdeﬁéc@|m§QyﬂﬂmaﬂﬁA(iharnmﬁﬁemuenmvenWWw@halso

ar £c 886061 abedy Wyhh awpanq %tﬂﬁlrl | pase; def | b%eﬁ%ducw ng
To correct this. deficie conventi onal

prdPosed ts” oFﬁFF§a88n1nF§F8Pbﬁ8ﬁ8Featﬁécﬁ§eextr§E45 its
Hosewkicat henefficiency of this therapy is limted by
the fact that the enzynes contained in these extracts

(1 ipases, any|lases and protease-9) are rapidly

i NBCR| VROSE bynIteki 8REYY ooyt helaes r conmddtumaiBy of
| t1hasds herfares eeeanpr opegedst o ause thb@@seconst ituents

pr [ t|on ich are resistant. to the
coﬁ@? a0 Egﬁg as%ﬁ& %% E%JﬁhnnalY% g%B%Tlﬁatalyzed

Il%éséhﬁréﬁéwﬁﬁﬁoﬁé mhﬁhﬁygﬁﬂﬂﬁ%ﬁﬂﬂnaQtenﬁlﬁ@é¥¢n@ncy in

Suﬁﬂya&rth&%e@%SCEhQ§ern & enchdaleie aE@'%%atHQQeéu;ve
pu d under, the pupber 2 699 199, int :e nane of
@r B REEHERGE JOVERFACCSALLR rﬁ‘%]rfbbﬁalltllcf'baséha :

is for example the case in some pathological situations
such as cystic fibrosis or exocrine pancreatic
insufficiency, which are associated with a pancreatic
iipase deficiency. To correct this deficiency, it 1is
conventionally proposed to orally administer pancreatic
extracts. However, the efficiency of this therapy is
limited by the fact that the enzymes contained in these
extracts (lipases, amylases and proteases) are rapidly

inactivated by the acidity of the gastric medium.

It has therefore been proposed te use ligpase
preparations which are resistant to the gastric
conditions, such as for example mammaliarn gastric

lipase preparations produced by genetic encineering,
such as that descriped in French patent application

published under the number 2 69
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preparations having reasonable activity in an acidic
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preparations having reasonable activity in an acidic
~lI~mM2110 tEter 1ttt rrMmool ~~~~ ~l 1~ *000002* 2

medi um [ ZENTLER- MONRO et al ., Pancreas, 7, 311-319
(1992)]. Anong microbial |ipases that are active in

acidic 5 nmedium there may I mentioned in particul ar

fungal |ipases, such as those from Candi da er nobi

[ YOSHPPA &ZENZLER-MOYBRI metBi aphys. PAceaeas154], 311-319

5869988 1(1968)], from Trichosporon asteroid

[ DHARMSTHI TI et al., Biotechnol. Appl. Biochem, 26,

111 116 (1997)], from 10 Rhi zopus javani cus
HMBﬁENBR@E@KbeElall;pBBeb €hem aHeppecSeyéerin37dcidic

2 Y. 0

CIREEAR P Y BRnopSRELSE i PRatt gy funga
N@N‘B’FN?Set salch, ap tBesiec Masy obirod i d28er@Mi POFYOSHIDA et
(&%88)]Blbeh§§ldltﬂap@pr§$ th@th330t'\i'5t4y atgackgdic P;r%a

t hese | i pases have the common c haracteristics
b&irRG r EEESEARPOTPR t S pre’bfice [HARNSTHISUbst P4t e, 21 -
t 81 otiege@sivilan Ayp pr oBeas:a&m(l;ryml n11 @hymt rOIRSIT | andrro*n

p [ of belng i on_of b|Ie
sa ?s %he.?a%% o't Qﬁé% H%}pregéﬁ&e ofhem.
2@OP@eMMQMkan13&@F0@M@1ﬁ3@ Uh%9b5b,ObrYathmnﬁarrow1a

| i7pQ)oyit G of orp Halpg: garrqduct &nﬁ ofg @, gﬁﬂ% of injeresiq ;g7
hasgglg;a%g been desc?lrlbe(fl 7 applicat’ion EP i

108 %943, NV nste <2 ot/ H\IRABW 261 ONFESL 0 HeséF i beal-227

t e ogse 1of am Bﬂﬁ&@ﬁ@h|Wﬁ)V@ﬁbQE éﬂﬂﬂ”l@yngtaaCLdlc pH,
C%%%%t t e‘L f Oarseesx %S?S]l ene of i nterest and zet a
ondi

sequences,”CorT e ﬁﬁ £6MRE fﬁ@%ﬂﬁﬁﬁﬁﬁﬁ%&c foéhgelng
YéﬁﬁgwﬁanhhpouytlcaeYIpreeEUOEranépOSbelrSushbanrate, to

eXRLRSSIQR Vens or %chggeghe (peohampl 090&}@&[}% Ahin  an

di spersed i nteg ra i on several copi'es
oPePﬁﬁéﬂesﬁ“th%ftH@lﬁénéﬁﬁiqﬂ@QQﬁt%.?E?ré%ﬁaon of bile

| ispaltyt | cehesitr abotbackiyng sa el s seguenge : hEhigs syst@m o

10 mM sodium taurocholate).

The use of Yarrowia lipolytica for the production of a
gene of interest has already been described. Thus,
application EP 1 108 043, in the names of INRA and
CNRS, describes the wuse of an integrative vector
comprising a cassette for expfessing a gene of interest
and zeta sequences, corresponding to the LTR sequences
of the Yarrowia lipolytica Ylt retrotransposon. Such an
expression vector allows the nonhomologous and
dispersed integration of several copies of the insert
of interest into the genomic DNA of a VYarrowia
lipolytica strain lacking a zeta sequence. This system
has in particular been used for the integration of the
LIP2 gene, encoding a 1lipase, into the Yarrowia
lipolytica DNA and has allowed, under culture
conditions which are not detailed, secretion of lipase

10 to. 15 times higher than that of nontransformed
strains.
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has in particular been used for the integration of the

LI D2 gene, encoding a lipase, into the Yarrow a 35

i polytica DNA and has all owed, under culture

conditions which are not detailed, secretion of |ipase
10 to. 15 tinmes higher thamr Bhat of nontransforned
strains. - 3 Oher studies describe the use of the
sQibesxprtassiesn degetigre ashehatsedesltr thed siamepagartession

appkisati ofy ERn1L:1083043, 1608 the, produehion 9o B cation
reconbi n né |ipase in Yarrow a |ipolytica ,
( FAt érﬁgsi Adr 58ppl tE&t i GROABHLPS37RE M GNEDEORp Lnant

allipadeur nainof Baetewiol ogyliywelyti182, No(Id€kriational

2802-2810. (20 NE .. Applied and
CRR AR bR i3l he . Pt g e an B g 388kmal of
3288£3289163900)pl . ThES, Nol.ntlérnat.i Gdl2-@sild catd@h and

7 'al. t ' Ny { . NB o]
SPINBCER Eﬁesl%r”rb%%pgé%@%wﬁ%%ﬁ% Do VaRFow 109

| VBl yPPeaNRB48el Bre 89-22649) ) codpEsi ng 10

copi eSHOﬁntBQn§@§5ﬁer gpf)li@éi@E@ﬁSiWO oft/gbezbl, P2in the
gene tha i ntegrated jn [ \ and its use

P BPReheohr Rt I BIomheT 1 pUS s ¢ REISURER ol QoFrifigs the
opderuetiOn5 of othéi paseoper |1imrloficauMBdr elone (CNCM
S%p§&@§59”tcoaﬁgﬁéiﬁat?FMt'Eoggéév'5¥ oéhelzcggge%%g1'for
measured using olirve oil as substrate, one uni _
cEFPESEERATNP | ot PRe Ififaht PEYC oftTerizyaBe capdisior agfed  into
catal mipn% dritie 14 ease g%rlt_ﬁ@' prodfu%tt:i)r?rﬁCci% Pﬁéa%@ xivith
m_nut.e, at is to s i ntes nore an einitia
sfr a%lne.lcf—ioﬁ\tvgf‘,e t%eda%%t%gdtoogeﬁr o%ﬂc%h@%?pﬁ?é Mieer of
desériubbed iswpehirsatappl,i cadndn has catrgjyoriai sadviantage of
SHQC@ObtUVﬁ§§ %%%E%&%&“%'f%é“gﬂva”§§1Q§§tQQ§£EP§§eProne
bact otrypt one. These product’s, v%hl ch ‘are not

c HEr&c CEFTLER CaRd hitth ntBIaN Ve difs PiotTes ncapable of
hydrallysahes, tace convesd | ofal Lypused s mddwgeacaad per

R SOMGR, [PrReselt by UURIUOA A500L1Bed L1
strain. However, the method of producing lipase
described in this application has a major disadvantage
since it uses culture media containing bactopeptone or
bactotryptone. These products, which are not
characterized and which contain various protein
hydrolysates, are conventionally 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 (POld strain)
LIP2 gene. In this article the following are thus
studied:

* the secretion of 1lipase from various wild-type
- strains (POld from which Y1ltl is absent and E150
in which Y1ltl is ©present) and from various
recombinant strains including JMY184 (POld-6-15)
and JMY279 (POld-6-17), and
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| i pase that can be directly used as a nedi canent. 30 -

Pl GNEDE et al. (Journal of Bacteriology, 2000) have
nore particularly characterized the extracell ul ar

| i pase encoded by the Yarrowia |ipolytica (PAd

strain) LIP2 gene. Inthis article the followng are
thus studied: 35 the secretion of |ipase from
varioushei logetrpgedusttiann { PO pk$e oonwhachi¥hibkri y the

absent tggqsgg,manlanM@lg@ YItl is present) and from
various reconblinant strains including JMY184

(PO d-6-15) and JM279 (PO d-6-17), and - 4 the

ovaﬁ@r Qauatdien ©f pigasses i atpant i e:lebh@rarb)é tthe productlon
ﬁormant JMY1l This article IgSNEDE al q
c8 &8 the dﬁéﬂ PSS 8f“|al|8asse BYTarfa-Fypetns an

streaion@,inanttandstsarras nebard nedecanbd ndhhg sttraai ke method

0 I ccor di t he kbed abgve

(:a%tgerqﬁgt ?onal aﬂgﬁegatl onﬁ%ggifgg%é)l The Pplication
wWPd Oty 86 7980 ai §1eserc#3ecietmm§ﬁa3@s argrsgeubsftween 30
| bpase/ony wh | Elgs%@ml sihai 8spabtakned Ry n10 otbl"c%lned by

f N net nitro- ntroso uani di ne
a%géageo%lf’genesgﬁore NTTpERE i\l-beharfl O ko ‘?’%‘Oﬁ ine
U(niNNGndepropiden 26d cimd uir eocendi 1pams, IIfl‘VlG|tVIi‘Eg ta say
t
n%g'olémUc/gﬁ %rﬂié}g gﬁ?{rﬂgfer mgﬁtﬁlépon nglgﬂ %@ aI fsjnvolvulg

I um cont ai ni
15 DESHAIMN @Pnaﬁlnlmggp)eptm@ r el ahte sneding) agd  a

obiaii ngd a/@sﬁﬁhltm—lgalﬁih@y the-eOABLEUSH GRERGKSI n@altg@ see
Ll P2 ne regul at ed ]a% the POX2 pronoter and b{
n@ﬁﬁg%}l Nog6ds 132t egratd O, i SulFECOBRE88 M andS ﬁaéns are

dio@gau&@di nainrter t hef atihi 83fexpm@ssbneteassetdcﬁxprﬁjﬁ\d@&he

2 b a rans nt s for exanpl e

CrdP2 a8 S TR S Bauc e o006 PRty Y the
n@ﬁ@mmﬂlf@@%onémeeﬁétlpﬁat ig t@ué‘éyCPﬁlaSYP@F-ld in a
nﬂdlsléi@r(s‘é@nﬁrﬂdrﬁié’}g, 19t g/chl@f ¥@asls sl atds sl g/ 1PP(f5NEDE

bathgfptoB%él dgstggi yggggfgggaégsg/%ogféﬂgﬁé e the
strain JMY184) which produce 2000 U/ml under
nonoptimized conditions, that 1s to say in a YPDH
medium (comprising 10 g/l of yeast extract, 10 g/l of
bactopeptone, 10 g/l1 of glucose and 10 g/1 of clive
0il) corresponding to about 0.5 g of 1lipase/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 requires 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 copies of the cassette for expression of the
LIP2 gene 1s between 6 and 16 (10 copies on average),

which results in 2 to 15 events for integration of said
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25 oil) corresponding to about 0.5 g of I|ipase/l of
supernatant. In the sanme nmanner as above, the |ipase
preparations described by PIGNEDE et al. and by

DESTAIN et al., are unsuitable, as such, for nedica

use and nore particularly-for-the preparation of
clinical 30 batches, since their production requires
thesseetof atuldidfifenrsdi a losnt-ai AnRg pYpLBfiessbraimeychus

“cHHEBUERY 183 Wolde dhe dit GNERE t eamo( ARRldeed e%&dressmn
Environnment al M cr obi ol ogy, nég}oﬁ/gei studi ed Yarr

| FpRPytERa dt&oné tefarfst of 4187 veetor T € %uthors
caopebseng 3bose casspetef fosl bxpressudiged he tH P2 gener1s4

T@ragg Qg% QGtER ne% %@%t forh%tOf HpeS%WWl84 strain
transt or man S the nu er o copres o E?he cassette

mm@xpﬁess@oh of ¢he lip®egenecfs pepsweentHnandvileh an

(40-€opies gr avenage)my Wich fiesul i Zid@ d®  (which
events for integration of said - 5 cassette at

dFPRERERE PBEFOPFRECIMY18498LISiItn Ihi ™l ot i S el hd-type

copkgsnofpding LI RRageredexps a5l @mlv@a&sﬂt@,s substrate.
L@%egrated at 4 differ nt |OCl The au ép moregver. ..
g Spec?*?%%lﬁyﬁ§iu&|edp?ﬁ? $OIfv1ga ransfSrn%%? *

Theyivoni roft hetouthe INNLB8Ared r @ifn lppedecesTde5 gubfiors
'588%%%%9&1?“%%&%@3 &’M@ 8Re Ackh Wltz%dOf AU of

on ric dium (wh cont ai ns actopeptone)
(agaPASt 80 e f?éweatwn @yt yigee YV APA POE@Ln makes it

npsggﬁadeua'dwgo@téyﬁd@yep@sa&u@ﬁsr atgvidd These-vaaliugs of
make it poss e.to.dedyce a specific _activity

abBut @OO BLPQE 8f "t pad8WETRE au%h%rscugéﬂf?loﬁap?§tlons
arhoohcez thated hehopt imi el productatondobclbepdse Im this
thefenaentel %t‘ﬂbefs“\ﬁ@&“n%r{aalﬂ/ MBkes; 44 tll%’sétbbellty

to o taln preparatlons havi an activit of to
16 fo6b 28PNt AHSKEVFER the thit P TNt ¢ %’hsOfV\Hi‘%hJMYl“
aklewed tiv scuesuke afed netodescliaseidk bBRabhisty for 120

artlcle the a ditionally. s d th
9 Beratlo of #ﬁgggﬁFﬁansfofna #é ée%egn %a?tto Pgtlmlze
Oﬁhﬁh$HJNN18¢JYCUEﬁe¢lPﬂS@ulFUEeF@@@O§ﬁOWEU keetaken into

stabidinty £f 220 stability of the transformants and the

culture conditions.

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

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 livase, even though
they make 1t possible to obtain improved vields of
lipase, are not suitable for the production of a lipase

suitable for use for medical purposes.

Indeed, the culture media wusually used all contain

uncharacterized mixtures and/or products of animal
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20 generations. PIGNEDE et al. considered that to
optimze the production of |ipase, the factors to be
taken into account are the stability of the
transformants and the culture conditions. 25

Mor eover, they showed that -tlere is a strong

correlatlon bet ween t he nunber of copies of the LIP2
gefeéJilAt egiBtied 2aandeebiec tv®r pradRtiones ofr| ivsese. A need

Heweverkorkor ekherprodyct 480 06p | i pasgystde ol Yowing the
cul t 30 ned envi sage ed inthis article are nedia
wﬁF@ﬁuESﬁpﬁln %ep?6ﬁ8§F SuEh%as Yhe F?Eﬁm?PDﬁnhedlhhﬁase
Theipabde d@ot netihodd akeproduci ng |ipase, even though
they make it possible to obtain inproved yields of 35

| i pase, are not suitable for the production of a

| Tpaslvsui tabs epfoblame fidve nedieatopur peges devedeadkd a

t he ekt UF & rr%%@uewallms&e@ ahli cEOM & er meets these
uncharacterlzed m xt ures and/ or products of aninal 6

offGAs, Stth fD&s Ridptondst FF?&P esCbr PRREY.CtAOReedMore
t B@Eefl(frlea&)ﬂyst % hieo idevelep sa hayst em—vwlldmdwga thechod for

E%%%% l%go ﬁg gparatlgp§§pf Eecongtnant ?gb? LE%ﬁ% is

t"abl cal” T6 S0l Ve THi%s p
i dvenst s HWave devetppedianedetthrodifadrs,prodati nigg to say

| icpase %@IQQDQ%Hh%rIﬂ?eb§OBG%%e oﬁe%Q§mahanffD§1@r%9ki no

art methods of production. Mdre specifical
| PEREGRS TREVE eaievlélr PpeEe a SEthodsf d?epwrb%rod&élmgone or

| ipase I?]hél\hirﬁ,‘\l‘brtthﬁriiulh&tdéeaﬁﬁdtuﬁhuieg} ise1ddteel of novel
the ab%yenentlgned Brodqf that is.to.say

that It
contalne RS “proater of ahtatY ot %i éﬁﬁjhoprOQUCl”g the
ud@@@ﬁ@cteblaéd mwitivrhe suchmasnpdpt one;h t r pptiche oethod,

W%%ﬁlt[%%auﬁyentﬁéﬁegav '@ddﬁﬁﬂéyyﬂlky S@Ee0t§9%§199¥§Lt1y

15 reconbi nant Yarrow a I I pol'ytica strain produci ng
t HECHS358s & "Ei y2 e 1vhdh L 1BGREI REGWCER -sai d met hod,
additionally makes it possible to significantly

'ﬁ@{ea§8b5@§tYQﬁidt8£ lHP egnprgggggglon is therefore a
method for producing lipase using a Yarrowia lipolytica
strain transformed by a vector comprising a cassette
for expressing a yeast acid-resistant lipase,
characterized in that the culture medium used does not
contain products of animal origin or uncharacterized

mixtures, such as peptone, tryptone or whey.

More specifically, the subject of the present invention
is a method for producing lipase, comprising: .

a) a step for culturing Yarrowia lipcolytica cells
transformed with an expression vector comprising a
cassette for expressing a yeast acid-resistant lipase,
under conditions allowing the production of lipase:;

b) a step for recovering the lipase thus produced
from the supernatant of said culture;
which method 1is characterized in that step a) for
culturing 1is carried out in a culture medium free of
products of animal origin or of uncharacterized

mixtures consisting of protein materials of animal
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20 The subject of the present invention is therefore a
nmet hod for producing |ipase using a Yarrow a

lipolytica strain transforned by a vector conprising

a cassette for expressing a yeast acid-resistant

| i pase, characterized in that -the culture nmedi um used
does not 25 contain products of animal origin or
uathaiact eviiged fon xtaxeepleduckrasofepponduct syprbnetheir
0&n%@ﬁ¥t1@®&§gé9%9bﬁ'Q@Eb%toh@eo§UBbSEBn@ffBPeeQ5ﬁ§§Q§
invention I1s a nethod for producihg |i pase,

conprising: 30 a) a step for culturing Yarrow a
IAp@byam@ €el las alramsihofkmec \@ntdbcammeeptprﬁssegm method,
vect cassette f express eas

e Rk e B SRR R R ot SR E PhreT Pl S8 3he

producti es ohilirpgse; Bouacstep frarrgagciaveriitgrdden, and
lEP@%grgB%% QﬁRgHEEQ S§§fg%gn1the super nat ant of said
culture; iC

hod”i'S characterized in that step a)
for culﬁuﬁ%ﬁEQ%;%%H?Q%ds%h$c¥%d fé@Wt&ﬁéQﬁ&h%ﬂHﬁ@%ﬁeOf

ot:araba%@taseofora@llml PRI Iy@ 11’k B0 16 suftqhaersacc;w@zm and
m Xt gres consi stin jgrot el n, nat er

OF FEPRI( Y o1 Exanh e Bf -6t prbtilc Of;tttﬁ’eﬁClJS and
eazyﬂgﬂ&cedb@estbod (tryptone or peptone for exanple).

Accor di_ng 1,0 gg% adyantage g‘%sa <8Maq %‘mg‘?ﬁts af, 53 d Semins.

net hod, sai"d cul fure fediumaccording to ste
conprises: - as nitrogen source, inorganic nltrogen,

an@coﬁﬁafn?r abby e unbavbhakBeousa &GAEEDMSOUN 6F said
sel gted rom carbon squrces of carbohydrate origin,
3 PEohGI*§PsGdh CREPGIYESr ol , and 10 carbon sources

of li piad) oelglmtspchfa&~faptgcabtdsiagd the transformed

acyl.glyser oj’& 0. L dpoLgani §a'a'ég’m'é6a%%o‘?) eMENtS ABH:um

vitamns. ing to anot her advantageous
R %r@onlgq%tq@od)f ST A Eaorhsr icgeSing] ynd

a stepabor spra@y tiyd noe tiend e sh or sBdd cY@I[@V\t@mprlslng
lgpoégiic%fgath SﬁadefHﬂFdaa%%éi&# goggalnlng a carbon
source of carbohydrate origin and a phase for
synthesizing lipase in a medium containing, as sole
carbon source, a fatty acid chosen from short-, medium-
or long-chain triglycerides. Thus, the fermentation 1is
carried out in a first instance so as to allow cell
growth, for example in the presence of a carbon source
of carbohydrate origin, and in a second instance under
conditions allowing the biosynthesis of said lipase,
for example in the presence, as sole carbon source, of
& chemical inducer of the fatty acid type, such as a
short-chain triglyceride (such as tributyrin), a
medium-chain triglyceride (such as trioctanoin or
trioctanoylglycerol) or a long-chain triglyceride (such

as olive o0il or triolein).

The fermentation is advantageously carried cut 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 out with an air flow rate of about
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contai ning a carbon source of carbohydrate origin; and
a2) a step for fernenting by said cells conprising 20

a cell growth phase in a nedium containing a carbon
source of carbohydrate origin and a phase for

synthesi zing |ipase in a nedi8um contai ning, as sole
carbon source, a fatty acid chosen fromshort-,

nedVufr one| BMG- chaiknberingl ycerildes. ofhus,r tier volume of

f ergeOfat iy i sp2puear rigd out eka@lE' F St nSLanCﬁ)—SPlter
af to allowcelt” growh, for exanple in the presence

CAMERF BB %oHV@elsoﬁqééﬁbéﬁy@paﬂé“ﬁﬂ dne fd § maliter
seeondntast ancevungder eqaandibi eng/akhowi ng t he
bi osynthesis of said |lipase, for exanple in the
presence, as sole carbon source, of 30 a cheni ca
i Adacerdiof theof atéy ackdvaypegesush asSeatusdortethaithis

téh%}ﬁ&ﬁéhgg g%‘éﬁha@§ tcr' buy tr%@u@tur@mg”%@ WEShal D sue up

triglyceride (such as trio

t FPoéfafGytogh et et )obrPatveng- éhanA £ geycdriide and in
(SUéb a2s QkhNefé&ﬁeﬁHaﬁiéﬂjebﬁld %ﬁaggefﬂﬁfn§yﬂﬁﬁé§thng

advanta eously. ¢ out constant. p02 of
b Base L0 o St MDY ofte ppBremmbry | a8 rRahure
6r5acihe ﬁevnéntabeoweaay6Doandeﬂanpbe bemc¢arri ed out
with an air flowrate of about - 8 1 vvm one vvm
unit being 1 volume of air per volune of |iquid per
nf*RGPEILNEr ERanmplretiher a aBUANtEscoYser AmErLe 1 ¥ym this

| smBgdahehe, 3@tébnbm Q@dlﬁgﬁiét%dgM%%% t%@fﬁﬁﬁgﬁnaréaches
vvmis.e in
aavaﬁ?éﬁg 3% ?%%T%re§%§ t?ﬁ% Q%ﬁbo&e nPl stéﬁeﬁl)bformcy

perdduktionkhdyi sonarised out up to an OD600nNr, value

of betye nt%ea@@PéQaQ? H %PghS% step, % grculture

fermentation phase for syn Z|ng |pase|
|ﬁPPFéPé8aﬂﬁen t he OD600Nnrn of the culture reaches a

val ue betweas 6Puandi fOtper losM .trACCQrgiaR@ t gpaRQLBEr in
agg§ntageous feature of this

These two steps are carried out 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 Dby a technigque <chosen from hollow fiber
tangential filtration, frontal filtration and

continuous or patch centrifugation.

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

fractional precipitation, ion-exchange chromatography,
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enbodi nent, step b) is initiated when the 0OD600,,,,
reaches 15 a val ue between 300 and 350 per m. Step
b) may additionally conprise: bl) the separation of
the |ipase fromsaid culture supernatant; b2) the
purification of the lipase-oitained in 20 bl). These
two steps are carried out by conventional techniques
khgwmopepbsge: physiecaktiepar atohgwma(tfigirapati on,and gel-
C@&Q@?EQQBQPBMro&SEB ggg?tlon) or 25 physicochenica

[

separation (preclpitat The separation of the
i pase fromthe supernatant may be carried out by a

pepseBnskilkl edid hbenaat .ffHOrprexadphe mipastee%&mng
chosen from hol | ow fi ber 30 tan entlal filtrati

f FOntI® FITYTRLTON BAd ot i ot Batcé’t?ce“tratlon or
centiichmgati on.stEye pu¢®m$ca¢1m@ ofofheluqmn3351ng- the

c I rticyl r ci t
|g%og§§ragﬁeﬂ %gsgn gsgf n3§§1 éﬁ%%#ganlsns J¥h§ step
b&ayarrd e@labme%yoaﬁy fan tabreo bar pEeat itde tz@ehhfﬂq%tlon

k@@%@ tor@ ﬁ§§39ﬂs%mddﬁgiﬁﬂaé8951ﬁh&ta§H6hs@§ &ith this
technlgue chosen fromfiltration, fractiona

pPECISILCALIGR, Sit6R-exchange chromat ography, - 9
hydr ophobi ¢ i nteracti on chromat ography and gel -

f'r'% atLop 8hfo°f_"ag‘%%%%gﬁbnqoéifé’gg{%ké{? the wgLhod fOf:;qn
pro u0|ng ase according 5'°to e rnvention nay
amgdegonpr | 8esallebhicent patitérudrr dryr iiamBnte srepombinant

canglastd Ngnof i ey @asd Ng otfheoew@&@ntarbq;dtonlofar{d paseg of
in the preparation. Such a ste be carried out

f GFTexamd ¢ A% R puFfFfi Eét |Cblr%t“§teepsuﬁet”}?§f% soln @
tabetMamﬂaﬁmynﬁdfﬁnxngéqumnmhnhhrs the pwrtiHodaktoording

Sk%pt AU%I%%%Aﬁaf¥6%1 AO §8r§qgﬁ 59 £h§ec mblnant
makes ar t oduc

| nvent on icular to
réééﬁ%ﬁhaﬁFePPrﬁééénlﬁ”dUhnﬁlt¢%%ab¥tb%tWééﬁV&EOUtgleatef
anthad 916f 000 U/ml of culture supernatant. Preferably,

said preparation has an activity greater  than
20 000 U/ml of culture supernatant. These values are
determined at pH 6, wusing trioctanoin as substrate.
This activity value for the lipase preparation is of
most particular interest in the context of the
cdevelopment of pharmaceutical products. It 1is 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 1linked to

pancreatic insufficiency associated with a 1lipase

deficiency.

The fact that the lipase LipZ2 can now be produced using
recombinant Yarrowia lipolytica strains without
requiring products of animal origin, as is 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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15 purified Iipase per liter of culture supernatant.
In a particularly advantageous manner, the nethod
according to the invention allows the production of a
reconbi nant |ipase preparation with a catalytic
activity greater than 15000 U m of culture
supernatant. Preferably, 20 said preparation has an
activity greater than 20 000 Um of culture

SHper @&m@t551meseea@bye%s%roe rgdetgdainede At pAé&mbmant
in rioctanoi n as submr ate. This act i Vi t¥‘| ? b
P2 Mt Do RS SHRTA L e TS B Heihodt 8% che
imtesest iimveme ioont ext of theegbadevel oprmnir ohaving at

p ce c 0 t It . is.in n feS|bIeto
ag%%?st%%é aéﬁpg/(rad%ggszshe I%2 ggggprogﬁlce %me e
et hiokba ateor dbhg Q@I%@Slﬁlv'entﬂ@hs vt er r etay nltﬁ'gen be

Sﬂrﬁ{éftﬂf‘éd eféltg?&b/ Lo tebt ahe thessAesi rath ther apgubi Ghe
whi_ch be for exanple 30 the correction of

2d PRPAbLS oPPEi Bh %Fef AE3PNk OBt GX3Fancr &t & particularly
i psefér ce@neyt a@sacnaéedzewjttdﬁ: ad ItpkaéevedefakCIJem@y or the

Tbgciéfsg&E%b tQ? éé ebeép%nc%gggﬁva d%éi agﬁslcatLon

Fecorfdi nant — Yarrow & | Stra
Wi e h@)ln’83?éé|w fiheg yproduct sMEP armnmalisyd gincasseitge for

t@§p§§§§1oM”ththQﬁﬁ?thﬁaPﬁccgégéng EQCBQannV%HEJOULlpr
constitutes a consi derable a Vanfa e and grea

fREFFITaPEs Phe CiiSe dFA4YPHSe oo e 28 Purposesipase,
1l0psTheaexpressinarhvectorp Lsesk t @ rebt aaRrbhea lipolytica

noj t. Y I | vt i .s used. in
IR s CRF AL oA Pouthnsd FROR ofEhid mife. The
VEetoer hdMlPri@ @tlS@ I@famrm%s copy ofl PPhgelnleR2 werteremmd of
el g0EAt $ sf Uhe rﬁgy}@vywnl %g%?ﬁ%sb%mowks f\égct% Lip?2

may then be integrated into the plasmi
|H8af’ﬁe ggﬁ%ﬁ?c DNAC of PF}%IWE%E? CheS exahpfecply by
p*arigwtafhgaespr efhelr r eth it egaaidiye veat Okacs thff these

VEELOLINC, L0810, VIR AU s fesl etler ace
Jnm@cggm@quggqit@gsgpﬁgfﬁﬂquences as descrlbed above.
The integraticn may be targeted, that 1s to say
directed at sites, or random. Thus, when the
transformed Yarrowia lipolytica strain 1is 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 sequences (that is for example the case
for the E150 strain), the integration is méinly

directed at the level of these sequences.

According to another advantageous embodiment of said
method, the transformed VYarrowia 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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expression of the LIP2 gene, encoding the Lip2p

precursor of the Yarrow a |lipolytica Lip2 |ipase,
upstream of which is placed the Yarrowia |ipolytica 15
pronoter for acyl CoA oxidase ACO2, called POX2. The
vector JWMP10 al so conprises the-LIP2 gene, upstream of
which is the Yarrowia lipolytica pronoter for the Lip2

| i pase. These two pronoters are inducible by
t%bQ|VQ§ﬁ§de§u gségtt$faCH9&5 IBrSQ&HEOfnyg%%fg% the
vectors, the expression cassette and t ronoter dre
pFAPEGSEéPREen Ehabiefa s& a%%%%e%ah%YdegE@bb%drabo@%@etlc

The abatiegrat i onarmay bgriaﬁggt ed:-hetrfé%tf I s &Qesawsed with
di rected at S|te random . Thus,

tF§h§F8Pﬁ§d Yar C??ﬁ%f\ﬁ”ft%“storfau Eth Sfar”éee Ot "PEfa ©F
23 ogeqUuence nteata tiionf orf exanplle thexciaseof ofntdreePA dnto
t ratio essi Ss
e, O R e R ea d ot r & TERCT 20
t I@@neétaﬁépnﬁand"hl\ﬁhéh’wmtbﬁé Ydr ridwigend pol yenical st¢ladpen as

CQMRI I3QS «Z elh SedUsNGaS r{c{lr@gnétsld( ofc SXaPl @ B E8Sethe
3Q for the E150 straln e integratiop is minl

diYERE e IRETERAI LhfE t REsEFIRAATES  BRcor ditiPao °f
a@@mhann@@vamfag®@u3cenbo®b@®nbtabnsa£dffﬂeié@d,tkheallow
sf owka | Iy st[a| o
pre ergg{)ﬁg?%g&{st&al %1?%%' edJ L T*-’Zm%gh%ﬁie CoosmllqreldSlarfg at
t Reacs! Ieneu Gt a¥at fonal e efea Cukt res r@@ombmant Yarrowia
Mlqrﬁaw ndasnr@%n(sc M & '\éae ?s&erpue Y Dg%@%lﬁe;uxllpase
ar

757 15, on mber 20 under
NEASEE I1-WEIer %F@e“%tt?fﬁ’zc@édéﬂapﬁ |§Ogren%}f? caPFyeses -
stogbl ehe - pkbseﬁmrimmemmﬂ@oses(ﬁeddﬁﬁ¢ﬂ@memé defined by

nti the expression tabl e” enetically .
?gb "ébdbll%ﬂlc Pst§§|I| ? Qyéﬁights t%é#eo?ay ?e
arC@llfsJel@t\mCt I B-arefiarerice ttftﬁtﬁ@rr@@h%ehat KSR ofhehe Y is

s&m% rﬂémerpd%fulal&&jn for diieor ation OkadpHCL@peedsid as
Hgaé{est t he of the cIorf consi ggggg forlm
“Jends ath oS i S el L oFSBBLACTon at “time
gemeﬁaﬁl@naepiaﬂunﬁﬁ1ﬁne number of generations necessary
for the cell population to pass from the value X to the
value Y. Preferably, the clone is said to Dbe
genetically stable when at least 90% of the colonies
analyzed, after at least 30 generations, contain the
same number of loci of the gene of interest as the
starting clone. Thus, as is evident from the examples,
the clone YL-LIP2-6C 1is said to be stable because
nearly 100% of the <colonies analyzed after 100
generations contain 6 loci of the LIPZ gene (one locus
corresponding to the endogenous LIP2 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
quantity and in having a Dbetter control over said

production. The inventors indeed succeeded in improving



10

15

20

25

30

35

the basis for calculating genetic stability because

the 10 inventors observed that it corresponds to a
nunber of doublings of the cell population sufficient
to allow the production of |ipase using a nethod
conprising at |east one step2for preculturing

reconbi nant Yarrowa |ipolytica cells and one step

f eheprodiid ngfl i pageudsipn opdr uhdesef enwentat imarticular

cQadit izpns tEPro$@§lﬁuép%§%%ucQ oBhanr@ﬁgnSrder of 1 to
invention, a generation is eflne by _the doubling of

t He9c&ld BBE%I AtiRFFanae fay e caf cGrated cact b RFant -
tohthe fersul al¥o= X528 whereodtasn thepg£ed| preparations

popul.ati on at Li t fo xanpl ressed as 20 cel
dgﬁsng)a“ xaF§ ngy : ggegp §8§ Eé? on at time to
and g represents the nunber of generations necessary

f op la%ecelulrpra%@él s gclmet Cbr%aéeé]tf romde val uten% 1&ivity

the value Y. Prefera one is said t
gehetital |‘9p§tssb|<éo%%$p<arﬂd$ e&st Dom 6nzyREtdsl owflekvity.
25hanatazeﬂyt@£teécaivie@stoéoage@en@&uees o€ONt 8bAse is

ane nunb e ene .of .interest as
Ao BRTRA AT E s (85 St b1 SIS . he
expepliésc ddtelclignel¥yLddpRP26Ed sasadito B spabl eg of
bge%%%edn%agd%ﬁoo%%al ne Cehgnhﬁgta%' g% fdtserto the

enerations co

(GHé“FégQ{s o fc Mz sIsorfdinT 1t qﬁwé@eﬁﬁ]@g@ﬂwstmq Fzzngeanee

+15uheai Jﬂ”faﬂiﬁegéﬂﬁlQ@roﬁuhﬂQecaﬁﬂgtébééHflc act1v1ty
ex ression of the LIP2 gene 35 Surpr|S|

en
et hotP &S or'd Mg ¥ 0 3FRE I Adent Pon- §%FM9$ of the
pamugdubamlebraseg talze siubsertars succeeded in
producing reconbi nant lipase in a large quantity and
|n having a better control over said production. The
Aen Yitdeed SuctededMPEOVAPEBY ng - Ihe theleld of

plebdmaftlghodﬁctﬁm@ gipés@ﬁseh@ndnlv@ng@rﬂsl ?Jé@ ald €able

able to obtain rooducti on e_order to -

of “pdre’ Y1 Pasé %)tt‘ﬁ eFeBFO&iFf‘ ﬁé%@’pe%?a?éﬁt .met%?%y of

weredalcsa cabl e inpwiiteai nthe pasemppeparati onsg 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 use. Indeed, in the context of their
research, the inventors have now observed that the Lip?2
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 Dbetween 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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5 having an activity close to 20 000 Um . For the

pur poses of the present invention, the activity of

the |ipase corresponds to its enzymatic activity. The
catalytic activity of a solution of |ipase is 10
expressed as unit (U) per #al1df-solution anal yzed. The
specific activity is expressed as unit (U per ng of
puebpeetipedrei n (Tipakk), . Otdeunit ivvenespends dlserved

tB@rpQH@EB@ﬁ% 0€h§92¥: C@@@Q'el?ﬁagét%iyszﬁlkaﬁ in the
rel ease of of fatty acid m nut e.

sBéEF?PEeaEFlpﬂﬁﬁ 5146 éqq;Eﬂﬁ?\Eﬂ%%ﬁ?%ﬁkﬁﬁ?ﬂrﬁﬁ?%ﬁases
t hethattee dafnddia: rauiicgl y@:@rbdge usadtas gubst radeivildy in

iption to the venen |n t ield. of
p?gaugfegﬁngf th %n$ g%séa véﬁ¥o?§gﬁgrgogl§3ﬂébI%een
20bserpedvi déth bgasErlceplog@seblamdy pén¢heanet hoipase
Of oREQAHA! | @ | FIHLPVE LhE gg@ge@ﬁ;ﬁgy A hd h%sfé n@h Lip?2
product and 1 nprove the coﬁ itions purifyin
| tpR3ES 28 tthesehvapi &E@%%%@Hbﬁ%ﬂ Heeef drqz.t nekguire
i thpopgskbkacet 6rolt abn1apkispase satisfying the
conditions required for a nedical use. Indeed, in the
context of their research, the inventors have now
offser vebdondaty It HAEX bbpasénbs actevel atcquH aml vds the
gEQ@E@EtEh%Qr % Qe%gl 3 1% RH.&?‘%%ééésﬁ é&lg%ng%n 5

an opti mum ct|V|t and

' tﬁ@eﬁﬁﬁer %énd“q%gﬁ%ilQWréﬁérEhﬁlyLIﬁ%cﬂFVéteétduvangous

al%chOUW\lHe?ﬁUﬁ@t Iﬁgn p’itaceﬂi" Sn@Er leo%dﬁtlE:ﬂ% specidie for
activit of the | ase Was SO ana
fﬁhetpgﬁdgﬁt&gp| %éémggbsﬁ?ﬁiéé‘ﬁﬁﬂ et ?%geﬁ@oP§Oduces
t hogedetl pas@med hatn pHhé ﬁﬂ&na@bmn&xioﬂaahamua1012561yt1ca
0 2 d 6

url?llglg th al_tgqeg gn?éggﬁg:%t Clﬁrgl n %gsg 9 rpr%)cq{ced in a
(tyllieBG’t y%—ﬁereterneabam c¢h&’n tﬁgpyéémreessupernatant that
(h@lOtéanﬂnn)ga@étbengtm£@IﬂjkilQh¥¢ar|&5§b£&%dWNW1th the

0|I) nes ectlvel Fln I the inventors
0 séP&e&r%surpr|S|nglyr¥ﬁ§ %@ L|p2 l'i pase is active
in the

The subject of the present invention is also a lipase
preparation which can be obtained by the method

according to the invention.

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

it is 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 associated 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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presence of bile salts and that this activity

increases wth the concentration of bile salts. This
activity in 5 the presence of bile salts had up until
now only been observed with gastric |ipase and
pancreatic |ipase conbined with the co-Iipase. Thus,
the use of Lip2 I|ipase with a high specific activity
ddbes motbjedui k€ the prresenceorof is calbbpaseneﬁﬁcﬁment

C&QQ?a!%e*lf@a6§hCQH5@'9% %%%? Lale EOB'ﬁﬁ p3ls et%%eﬁaratlon

cassette for expressing this aseé‘resul
5ase¢eht8ef orPPHEegrati on of the LIP2 gene at various
loci. Wien it is placed under conditions suitable for
1? t he production. of pase, .the clone YL-LIP2-6C

dBuce JeﬁBrBflFBSS@”?ﬁﬁﬁttH@VFPéﬁQPoﬁﬁe&l?Qrﬁmﬁ%ffow’a
| ippbyytdaa séﬂalmgaMSﬂdnmqﬂlmy arrectbe Ilfopasxdressing

pgoggggg aglgtﬁg gagEe%Eg %ha%p%r% {e% z%%la%r%hat it

rnat ant than the
ob§er§é§ mﬁﬂﬁnﬁhecai@eﬁrldﬁ-éﬂf2cﬁ§nesd@@§§ﬁ¢@@d at the

a@@yeecmsnsum@%ngiet hge PrE&seRlird Ve | Mdﬁocﬁig%qu%mes
Ease greparatlon whi ch can be obtained_b

mEndac- Belor ding 1% the Iorvaie dipues Aeto] dPAg:fo Cae
atlgant ageeusmesbodioentinaérsahd hupase IpBeparation,
it has an activity at |least equal to 15 000 U ni,
preferably greater than 20 000 U when it is
déher Mtk As PAditlds edrabeve. BOveriel Wubfectadditimnally

I pyentien ds addithonal |ye the4ser0be Ehe E%%a%%oductlon
preparation accordln%éto the invention for

pPepdratrofcof-aeRedreafeht PRAtended for the
treatnment of a pathol ogy associated with a di sruption

3301, e abs%%"&'{‘ of, Lat 4(f.ar §ea6‘t'ﬁpr'ee53h%t 'invention
medi um "~ or ong chain atty acrds articul ar

Iﬁﬁﬁ@dqqmﬁflﬁﬁﬁm®§ﬁﬁfcfﬁﬁ§&ﬁﬁﬁc|eﬁ&whlwlbérﬁﬁ@awérIfom
exeer Re c rpRekeatdnG diNFfliceiseNGhich refers to examples

of carrying out the method which is the subject of the
present invention and to the accompanying drawings, in
which:

- Figure 1 represents the overall approach for
controlling the genetic stability of the YL-LIP2-6C
clone during the method for producing lipase.

- Figure 2 represents the wvariation of the
optical density at 600 nm (ODgsonm, Y axis left) (-¢-)
and the variation of the growth rate (h™', y axis right)
(-m-) 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 blct analysis
of the number of events for integration of the LIPZ2
gene at different loci into the genome cf 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 1integration of the
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14 The subject of the invention is also a nedi canent,
characterized in that it conprises a |ipase
preparati on as defined above. 5 The subject of the
present invention is also a Yarrowa |ipolytica cel
transfornmed by a vector for Expressing a yeast
acid-resistant |lipase, characterized in that it 1is
thesetone calrl etkiess Pon 6CL dépositf@d grenechet one locus
Cp&et:}tlé OB éﬁaageml@zo?léﬁg;eSMdesM@rﬁggg@w smes 10
28 rue du Docfeur Roux, 75724 Paris Cedex

15 15 BE Siber 4 2668 GREBF St k& SniABer OF- 13512 LyTHPS - PAGE,
S@bjeﬁé pfoﬂhétmbgssmtrgﬁ%@bﬁh@ﬁtl3ﬁ?ﬂ§dlﬁyﬁﬂﬂa/YEJEXP2—

ce as_define ve for_the production
o?gyeag eaé%fl%%l°hanﬁ Ig § o r%%ﬁﬁf PWeT%% to
pFeééedi Mg <f eatures, tﬂﬁﬁuqanﬁﬂl onhealychumpnhsesof- the

oﬁggﬁuégﬁéHr%%' Fpﬁggemﬁ&h7enﬁﬁgeh£¥9g]o%heferme tat%ﬁp).

escrlgtlon whi ch Tol |l ows, which ers to exanples

ofl: cCRPL§FRE2BUL L AB B PREE fihitelr ifd Viche 5] ext 'dFe thight
prhesentpdiveBti orhandehio theraggonpanyd Ngndiaw @sntities
mh%cg: - Eig#he lre reseng thﬁ é aII approach for
cont 7ol Pi hg tHePgénBti BUELABPHI £yPof 1ERESTE- LI P2- 6C

25 cl oneFdgniragSt heepreddwd f ok hpr cduci ygi ¢ 1 paye. SBS-PAGE,
FbguEﬁeZp%%HE %ﬂ?stﬁgelYQ%éétHﬂntgf %@% tﬂéﬁﬁ(ﬁt time
ensi t con axi s - -

vE??atéﬁﬁiontHé“gréﬁFWeﬂéﬁéleﬁ Prycesss- rw@ht)mo‘ecular

(weléhasl&dﬁ@mﬁlﬁHEOlepﬁEF@“NUﬁp2Xl§5é§é duhyRg dhen 1
ryre ntatkgn 25 gg The arrOM/lndliates t he

|n uc Tk 8 ucH iR 5t 3 pasd O L UmESyyr gt gL, of

reppeseatsnthen8¢uzhdrn bl ot anal ysis of the nunber

of event §; QEe'@tegr€%ﬁpgsgit£he H%g? 9608 s at spectrum,

different Foci into enone of col oni 6s 35
(P%ﬁ%§m22690b13YW&936§9 dt %@ e t PRESTIBEEEOFEdpondidig the
t ectbebendnef 1t paskepreatiakiony abeuty1.100 phours cabher.
the start of the fermentation. Copies 1 to 6: 6 |oci

of

EXAMPLE 1 - MATERIALS AND METHODS

1l) Media used

The final concentrations indicated are the

concentrations in the stock solutions.
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10

the LIP2 gene (5 loci for the integration of the - 15
cassette for expression of the LIP2 gene + one |ocus
for the endogenous LIP2 gene). M size narker. -
Figure 4 represents the nonitoring, by SDS-PAGE, of

t he production of reconbi nantél+pase by the YL-LIP2- 5
6C cl one during the nethod of production, fromT16 to
T8gnemMhéchedohapadi vadesmt Aeldnducti on of the
production of Ilpase (T17 48 hours of fernentatlon)

f—otecutar WEIgn[ laaaer tthe five anes of the
FﬁﬁFedhﬁﬁﬂsnart of the gpl C(E%QQQHGQPQQPWGﬁR&Pn

qgantbgbes 10 (2.5 pg to 20 |p) gﬁlpurified Li p2

of th

ipase. - Figure 5 represents tng/analy5|s, by
.ﬁigiﬂﬂii e purity of tlhb 94hase’ in the
superp@t ant at tinme T33 (end dfgthe fernentation

phoggss) . MW nol ecul ar me|qb%6!§ggsr; ref. Lip2 Fb&:

3|ngca rapnge 'Frnm1 15 tin 1 11 P2 aC
3 S g LNA\Y4 T | ™= N AYA Y3

bdﬁeﬁhﬁﬂant volunes, in pl, |oF géhbernatant anal yzed.

ant

; ﬂ%“&ﬁa AS%B%SESQEE t he nasslgfpftrunl det er m ned

b—=—1TO—type—ass—spectronet+y,—of—tne

l
1 &g6@bi nant | i pase produced byl thedAL-LIP2-6C clone.
20 EXAMPLE 1 - MATERIALS AND IMETHEDS, /1) Media used 25

he |indT concentrations i ndicated are the
cHBSOat rations in the stock s 1#3%n&/1- 16 -

Nomgiy,i ched basal medi um 02130&. dnggedi ents Fina

concentration @& ucose 10 g/l RKHZPOA 3 g / | NaZHPO4
3 g/l H3BOB 0.34 g/1 (NH4)2SO4 3 g/l C5H8O4NNa

( ghet aemt £3hdd glledium 02130S additionally comprises the

following additives:

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

Na;MoO4 0.06 g/l

CuSOq4 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/1

Thiamine HC1 0.25 g/1

Pyridoxol HC1 0.25 g/1
p-Aminobenzoic acid 0.05 g/1
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MSOH 0.5 g/l CaCl2 0.023 g/1 MSO4 0.038 g/1 ZnSO4
0.04 g/l The enriched nedi um 02130S additionally
conprises the 5 following additives: Additives Fina
concentration Solution of trace elenments 1 nm/1
Solution of vitamns 1 nml/F 1Conaposition of the
solution of trace elenents Ingredients Fina
coREERBAALPHNOLCEEE2 s@lBtgon RA2MPOLIIBNO6 grltsCuSO4
0.9 g/1 10 Conposition of the solution of vitan ns

redients Final concentratio D-brotin 05 g/t
;iﬁgﬁ&ﬂ&ﬁ&%ﬁnthpnntp 1 gl |E+H4%|?°QE¢Qan?an

Wigisngsi tol 25 g/ 1 Thi am ne HE. D6 25/ 0/ | Pyrldoxo
4&%§3 25 g/T  p-Am nobenzoic ag ggr y 05 g/T 17

|+|nn of—the solution of Lts
anlHU\.’l LY L I A~ GO OaOCT T OoOTT

ngSedi ents Final concentratijoh.c My 26. 76 g/ 1 CaCl2
6-40,9/1 FeSCﬂ 5.61 g/l CbClg 2929 PII ZnSCﬂ 7.72
( /( _|.{_ 47”'

[aYo WP A P
U. UIyYri LA ™A™} |v |\./ LY L
ZnS0, ..72 g/l
Nay,MoOy, 0.09 g/1
H3BO; 0.34 g/l
MnCl, 0.47 g/1
CuS0, 0.61 g/1

Composition of the solution of FeSOQ,

Ingredients Final concentration

FeSO, 0.9 g/1

Sclution 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 m}l culture 1is

suspended in 0.5 ml of sorbitcl 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 2-mercaptoethanol at 0.28 M

are added and the sclution 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
cof 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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CuSH 0.61 g/I Conposition of the solution of FeSO4

5 Ingredients Final concentration FeSO4 0.9 g/l

Sol ution of amonia, 14% Antifoam sol ution: Struktol

J673 diluted 1/10 fold 10 (Schill +Seilacher AG
Moorfleeter Str. 28, 22113; 1#Hanburg, Germany) 2)
Extracti on of genom c DNA and Sout hern bl ot analysis
15nyprEkngacicont wfubdlecgefioni @ ODNATTHEE céhf Cpeld-¢t ml of
okt @i ned fyomme écg}.&tQU' t§1r§dd§d Sl%%fé%nd@‘tﬁie' BAu2 i is
of sorbitol buffer. (0.9 Msor |toI 1 Mtrjs-HCIL,
pBized oang 1 kamEDTAN 5H°P1 6P 20 Qy%Paseé%T ¥ then
ngeak)yitEyeanedexs 7458 Mundol shei m Cedex, France),

50 pl of 2-mercaptoethanol at 0.28 M are added and

the solution is incubated for 1 hour at 37C with

stTher i sige A8 a ) 1sTherans iefoadi $subj ect®ednl t gube and

CeRLl fou@a'idlorbfanﬁoéi‘ee{?ﬁ!ahgi ' %o%‘ﬂéee%%%ﬂe%a%é ﬂil ice,
25 of TE buffer ( tris-HC1 :

@Spladé?edlo%*%ssaﬁétaaaedSaﬁdl%ﬁﬁg ?.}él &{f‘r‘f@ﬁtlémm “then
b)telq&rllcmgaatl nFand tassbatedeher s2@efinRtahnt§5@. H.®R1 of

M pot d then the
Tpoer s P T Bk ol 20 STk B pasen
t BeR) cesntardcfeugemcﬁothé mmusldhelsupermmaa:erifSOr 1 hour

trans{-erd edy ‘8 53 g%d&ij??oﬁ‘”%f tf‘%‘i‘l e?o%eégg%ol,

et hanol coo and in ice | .
ser@diegh }J%forﬁ%k@d“doylfﬂ nveet i ﬁ@eaﬁd’lﬂﬁé@“ cent $¢ 1 bhedmixed

Afuthrllr ety i myat hersapet patan) , 0t b ol dEnbufifeaged.

tal n 100 /m of RNase Vit ro en USA

B SR i Ut of o6 VR e o Fr © ilge i
Bﬁ@leﬁftm the addntiadr ofnd nheof sﬂ;@@%delbhiarnm 100 pl of
C%c&le%q l%efw%rt%t}a%%d' Qh'e%e unéﬂl%asc%ldm 'V%anl%hg:e@: " Yy °r8 xed

b) Digestion with the enzyme HindIII

The concentration of genomic DNA 1is measured by
determining the absorbance at 260 nm {Azs) and at
280 nm (Azge). 1 ng of genomic DNA is mixed with sterile
water to a final volume of 42.5 pl. 5 pl of buffer (5X)
and 2.5 pl of HindIII (50 u/pl) (Invitrogen, USA) are
added and the solution is 1incubated 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 is obtained by PCR performed on the genomic
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until the DNA precipitates, and is then centrifuged.

15 The supernatant is renoved and then the DNA pell et

is dried in the open air and then suspended in 100 pl

of sterile water and then incubated overni ght at 4C.

b) Digestion with the enzyrel#Hindl Il 20 The
concentration of genom c DNA is neasured by

déetNér mMitimgtltheaadsofbdrice atz2&® AhMEA2B80PNaAnd @tymerase
2%@&%@@9@ %hegzeﬁle@m@ erNgs\rme%xed wth

sterile water final vol une of 72 of
bﬁﬁﬂé? (BX}Me5: ant5j zG?)GH*C%CFCW%W@%%C %T% (SEQ 1D
(kovi ttnogen, USA) are added and the solution is

ARy S E o 30PThE® Sout Ror B B2 GRE T PaRer e s T e® (S50

pef doned) follow ng the procedures of the "D G Hi gh
Prime DNA Labeling and Detection” kit fromthe

conpany Roche Diagnostic. 35 d) Procedure for

| ABéRIrng et RHe probel The pRBbETEBPr dSpcfl Ty tid itase with
eRthier eag&n@fenmpll Agutheospi P2 d:pase |§10btl<dltned\4&bcynerey

rfornmed on the genomc - with t ai
tﬁR Sﬁrﬁyms si N ONE %ol@ﬁ%?%sels(ﬁt %)Co ﬂ eled
f dldigwixygetim ) pringr sth&Sense prfi nmere “DIG high prime DNA
5'1GLGTA g:ggﬁ Cr-3'" (SEQID NO 1) 5
1z
Antal sensg\prl rre? % TACCACAGACACCCTCGGT- 3" ( SEQ
ID NO. 2) After the PCR reaction, the probe is

gfl IOUfel)]E iRy Wy rddiegi d ofvad he ¢ Nicd @ospi NafAt ragtgnal
" kit (NMacherey 10 Nagel'). The purified probe is
tlﬁf—éﬁl—l@ abel ed (di goxygenin) with the aid of the

“"DI G high prinme DNA |abeling” kit from Roche.
2 nug 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 is transferred on to Hybond+ membrane (Amersham
Bioscience). The number of loci of the LipZ gene in the
genomic DNA 1is 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 is compared with known qguantities of
purified Lip2 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 ODsgs is then determined relative to the 0ODsgs

obtained for the control (dilute stain alone).
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e) Cel -separation, DNA transfer and signal 15

detection 2 pg of Hndlll-digested DNA is mxed wth

| oading buffer and then deposited on a 0.8% agar ose

gel. The mgration is perfornmed at 50 V for 2 h 30

mn and then 20 the DNA is-tz@nsferred on to Hybond+

nmenbr ane (Amersham Bioscience). The nunber of |oci of

thk Mepsugepentn tdfe §Fbeon PENEie decddvddyy afansthe

o;e@ymigéggtlgpasgn menbr anes, of the | abel ed probe,

foll owed by visualization by exposure to X-rays. 25

3) Determnation of the protein concentration The

pr)éei acwmem rati onche detpapknedsby ptdftférﬁflaﬁtﬁéﬂlglcally
h sarqntlfld thth aid_o .

?ﬁé g‘éﬁe r ad orcY& tﬁoé?‘m?@cuy (gn N thé s%lgerjﬁa ant® ¢

of RRAEOFBF ABNt | ﬁ@ecmubﬂ’te:atﬁeuqe@nustyﬁrafoqitra@toejms 10 mM

thussudet grptnede I%mgqgea %@ Wi { hskmmﬂ@ergeé & Qisfer
purified Lip2 Iipase. pl of | es of stand ards

afonEAeNApPr oprit téré}lsl Lﬁ‘tvllonéE?Ha? hi xdPQ g ubes lwi th ™M

lcat1350d ﬂhxﬁMdEbdﬁaﬁi (l_éufr@d@bxry%&gﬁﬁttlecqrﬁlajt\m )ng A henit
stain., The OD5 i.s t t.erm ned relative_t .
BoBPSGh AP nBa LAS ¥ SOOI 3 ch &I of By 2o
-r@DeadypdMeasumeneht ehdt herspgcifi practini.ty of the
reconbi nant |ipase The activity of the lipase is
potentionetrically 5 neasured at 37C with the aid of
a’pHPet¥pcyElpRéde I3 CRETERFOPrREesiifsfyngler (deaturing
t ebaaianehs. ($0shbhgel substrate are enulsified in 15

m of reaction buffer containing 1 mMMtris-HCL (pH

5.5), 150 MM Nadl, 5 mM CaCl2 and 4 nmM sodi um
té@roﬂeoxyhhoéateamﬁﬂémﬂchmpkﬂﬂﬂdg'102@% spéci fa ¢ mixture

Sewg&xlhaa%gi %a]?egme&rﬂ ng) g,aoféa¢oa saeg%edco a

m nut e
gér 1éfeCLSEpHSY éJﬁanglﬁﬁ%fa‘élénaFﬂﬁ ﬁ&gfé‘&ﬁdﬁr{ |Jo‘hsperf°rmed
(6P%- PAGREn 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
anaiysis 1s performed using a “Woyager Elite XL time of
flight” mass spectrometer from the company Perseptive
Biosystems (Framingham, MA) carried out with a nitrogen
laser emitting at 337 nm. The mass spectrum in positive
mode is obtained using a linear and delayed extraction
mode with an acceleration voltage of 25 kV, a grid
current of 0.3%, an ion 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 be analyzed is mixed with an equal
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15 12 pl of a sanple conprising 25%of a m xture

contai ning SDS and reduci ng agents are | oaded on to a

4-12% bi stris gel (Biorad) . The mgration is

performed for 45 mn at 160 V. 20 The gel is then

anal yzed by staining with Coprassi e blue. 6)

Det erm nati on, by nmass spectronetry of the MALDI - TOF

250(Nakr i )o-fassi stsed urased Desdrystiicon lagni zgtriagni-Migre acid

of LLgh f, the I a t keoLi
ARk =T P SRR oy L 10 YL L o oGOt ana A"l agar (7! of

dé§6rt§ﬂl<§ﬁﬂlléﬁlaﬂdﬁpéﬁ t ypérhﬁég%ﬁéeweﬁet r y2c3@- 2 pl

a@@'l)ﬁ%l'o%sl %cp%fl@,r ARG tuSeN G ra 'a\é@éﬁsge;reaEldrt echd dtdBnless
spectromst er frg?{:?]t e .Co

n
PEFEEdt IOPLE, SOy eParEl Fram igRam MY AT L butbeFore
wicklr rg imiot rragenchd aseslesmi $t i Ngeatex38Znarh cHlelbwession is

a%%%gfo‘éme'd” ROSHLI ¥Eo ”ggg '§f°b£?¢1ﬂ‘§gc#ﬂ)z ?re?%%%rgﬁeén A

el'ayed extraction node w't
vdIStléJg@/ef 25ekVexprgprdd cupteAs ofre. 39§amn vYahues and

gléio%e%g)bﬁ@nttoofthg 3% apdpya+ dead tine of 1000 ns for
the Lip2 protein. Each spectrumis the result of the
mean of 100 | aser pulses. The material to be anal yzed
| EXAMPEE B t-h aoneinatt2én wdl utiee Obxpreastipat etector and

SR L0, Slenale n&goge%g/ Vs)EF'c;i%a)e prepared in a

ut’ion contai ni ng acetonitril e/ agqueous
trifluoroacetic acid. 2 pl aliquots of this m xture

arg deposited-gn the stainlsessybashes! k%anﬁlr%n@f%tr%llng a
and are dried in the open air_before carry out the

ar?'aﬁ;%‘i‘“éla Prid Bt terGeals Ca it ion jeee p%f'fé? dSRAtR1CES
thatm daof eaclpﬂ:haaa-s(llwmfféypsrnog@’ll/éd (SvpeR) .dederibed in

EESILAR U5 £ BT DA SO 1 cone

ex@y%@%mqg1qhﬁnhwo%ﬁuprecursor of the Yarrowia lipolytica
Lip2 lipase upstream of which is the AC0O2 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-LIP2-6C strain, comprising 5
different loci for integration of the cassette for
expression of the LIPZ gene, was deposited at the
Collection Nationale de Cultures de Microorganismes
(CNCM), 28 rue du Docteur Roux, 75724 Paris Cedex 15,
under the number I1-3542, 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 is 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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production of the YL-LIP2-6C clone The YL-LIP2-6C

strain is obtained by transformng a 15 Yarrow a
lipolytica strain POd, free of zeta sequences wth

an expression vector, called JMP6, described in
application EP 1 108 043, -amk cenprising the LIP2 gene
encodi ng the Lip2p precursor of the Yarrow a

| apolyitgaand pQuilpage Upstoeam,oftiwhi ghnesithestACOZ2ity
p er - 30 -Sai. IS, f : e '
e b A A e o
t hecveeforhgMPessanliet hert PERSEEF HALI BRSof IFReIPTRd
strain are carried out according to the sane

procedure .as . in application EP1108043. This

YL-LIP 56&¢§P?§iﬂ? By PFg?ﬂB 5 25 different loci for
integration of the cassette for expression of the

LI P2 gg , ﬁg %Ep Sit the . éillection Nat i onal e
de Cul N8 W2, v 9%y %gr%%n g%l 28 rue du

Doct eur Roux, 75724 Paris Cedex 15, under the nunber

1?3?\?‘%% QBfl%@fJﬁﬁ‘?ﬁﬁu\%ﬁ%i P@@ ?éé@rﬁﬁmﬁ@@d@%h@n in
0 e |lipase w e YL- - strain a

vELYFRERL dﬁth?H%dgéﬁé’ti% of abiF t§H OIS Ef pZos®L Of
3bnTheh¥d- LOP236E ste¢@ium) S arsedkimiray maghodvi/en of the
praducing 14 pgse gonmri ?1'&“9 a precyl ture, &e%o%TQldci%n of
féermentation step suitable %or the 'production o

| tpase. Fhemewvesal Iin appradtmiof Erhes rméeyrd Peottle. The

I lhustrat ed iin durdide Lt Theec | #pases thise Produged: Wasing
then analyzed in terns of - 22 activity and quqijslty2 ]
MILESVEP™ the getfet i creEabFENPy BFSAPPS 6C9 5

analrgzed thyredet)er o niingp diea tadrbentef 20®anl ofoft henriched

c e for. expressi t.he LIP2 gene, 1 hod <
Ao SRR B el LS S ey abg  Dyrels of
steodk uge uts dmofatrd YC 149X 600€| dhenPRES 101 ghyeet 6F N9
| 5 1tsvawegh)andrBe | pake uatthirer ed tiu25oBk a@hedenriched) is
02130S nedi um contaln%p%ég@év/v of

t.he
inoculated 1n enriche S meddium in a fermenter.

At time TO of the fermentation process, 2 ml of the
FeSO; solution are added to the culture. Every 6 to 8
hours, 2 to 3 ml c¢f the vitamin solution are added to
the fermenting culture and after 34 hours of
fermentation (at T12), the supply of glucose 1is
initiated. The glucose supply 1is gradually increased
for 14 hours and then interrupted at T1l7 (corresponding
to 48 hours of fermentation) and the induction with
oleic acid is then initiated. The supply of oleic acid
is gradually increased for the next 54 hours, and then
at T33 (102 hours of fermentation) an ODgyg 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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solution of vitamns and 1% (v/v) of the solution of
trace elenents, in a 250 m Erlen Meyer bottle. The
culture is incubated at 28C for 36 hours with stirring
15 (180 rpm. The resulting preculture of 25 m
(preculture 1) is inocul ate¢3into 200 m of enriched
02130S nediumin a 2-liter Erlen Meyer of 2 liters of
chbting ithei nfebatedaato?8C tfher 86mbeursuwiet h Shér Kxygen
2%a8pt{epm g@%uf}r ecuértt&'re(‘)chet h HObtaqlenedmggg{?o%ai | $ind
I hocul ated i n enriched 130 medi um in
frez et Bred ARt i 7@ qt)é¥h¢h@n¢eﬁhéhta€?6ﬁe5F68@é§, Every
1] }‘chufge aﬂ: A S0l onaar&ladﬂ;%i tsamphe cubt Wellected
Every hour s, to 3 n1 of thg vitam n sol uti on
afd adﬁéﬂ FH*@S tffe PEPREREANg Bul POFET and® af TEH* %ﬁr ©
hﬁafSaoionfefnenéagmontbatasz)Th@heeﬁuﬂﬂ%/aﬁegﬂnﬂmﬁﬁxed
|t| at 0S Ly 1sS-gr
| ncrea ?gr ﬁghgl YeL %é‘%#ﬁetg St t% ¥am;ﬁLes are

ours an en i nterrupted
(cgmtesﬁaﬂadnéorté 8nhé@r§4op0peﬁﬁ€hﬁéd1ﬁﬂezﬁﬁﬁRQR§ and

' QQH@I:hQBa?’M:Eh B 0lsRinG cRCI 9t| s ddren, i migjiat ed. sfBRs the
of oleic acid is gra uall¥6|ncreased for the

n@%ﬁléﬁrHBErgf Bhe tRemenBEt¥38 PIBS°RSurs of
fermentation) an OD600 of 340 is reached and the
fernmentation process is stopped. The final 3-liter
culture is centrifuged (14 000 rpm) . The 35
supernatant is recovered and stored at -20C.
Monitoring of the cultures 23 During the
fernmentation, the tenperature, the oxygen partia
pressure and the pH are nonitored and nmintained at
28C, 20% and 6.2, respectively. Every 3 hours
approximately, a culture sanple is collected 5 and the
OD600 is nmeasured in order to nonitor the wvariation
of the growth rate. The results are indicated in
figure 2. Two 1 m extracts of these sanples are
centrifuged for 5 nin at 14 000 rpm and the pellets
and supernatants are stored at -20C. Table | shows
the 10 nonitoring of the fermentation process.
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he. bETaBat oY iR bRt ﬁeﬂ%sﬁasbswieﬁ%&lrﬁ? GFst
agdi tioarahtstep ohomqais,i fahdgthbe Linpase fiils rearicirednode .

0 5TheI|ase|sseara df t re h
ﬁgeﬁ agt ar?drceentl agrrrnl%rgoflél?{nat :g‘%n gjgél% e \gjﬁg the
ceeanmmendetrbpaneotpltl@e Xeafipbar PALEY af 1w mprirpriate

rﬁB@Q%&thQan. 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 cfu/ml. Using a Profux M12 device (Millipore),
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 weight. The vultrafiltrate, containing no
lipase, is removed. The lipase solution is then again
purified by removing microorganisms, as indicated
above, so as to obtain a bioload 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) Monitcring of the production of lipase by the

YL-LIP2-6C strain during the fermentation process

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

26-well gel. Samples containing known quantities of
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yeasts with a size greater than the cut-off (0.1 pnm.

10 The perneate containing the |lipase is recovered

first in concentration node, and then in

diafiltration node. These steps are carried out
according to the recomendatd on of the manufacturer

Wi th appropriate nodifications. The concentration of
n.opDor gapeses lHxreontasoed analpfzedper Mat e iresthéns are
reduced b i lLtrat. (D. 2,pm l1:i.por S ;

ob g?%gﬁé ?%Iéédq%¥£F%%§p't gncfﬁk%fhfﬁf.S%%i%uggtEQy,Of
Pt Df aixe MRt dévide aeMiNg pored) of ﬁﬁém9n53§é0§o|<%t313dn jslth
CORS et -t @eht t@fak\ﬁ_%wne%@intﬂtbpélé 5el itess, 1apdse, the
subjected to tangential 2 uItraflltraglon u§%$g a £
BFOMAR" 102 kEaN st &hdaridas | P06R 1 RENbPARE i nTOF oYUt ©
r egpMent beieanhan banestohatow anolebubdl .wei ght. The
ultrafiltrate, containing no lipase, is renoved. The

|'i pase solution is then again purified by renoving _
nMoreorgani sire, . lagenhdi sategd25-febopetheg o1t pproducing
ogﬁgégeathQEQQQgOEo|%%%,H%@%ﬁiﬂgd”ﬂﬂr a Hendl paSEume of
thus purified may be additionally su%ggﬁ%?d . to .

f pEERE- dPyilAGLrSy A RcESriEa D IHH T LU hahtPase
| ipasge 3Q pf odueedehy YL-d1dP236G apeMoniitwrd ngfof ctheure
production of |ipase by the YL-LIP2-6C strain during
tﬁ@pﬁépﬁgﬁpgfion process 35 At each neasurenent point,

a culture sanple is subjected to centrifugati on and

the supgrnatant, ;s + al yZednby SRS RNl Pt rof i dheand
supernatant—are mxed Wt 75 pl__of water apd then 9
plesgia@atdsfedobn Hre 281 @ef| Hel PL n : binant
kngwz sguantities of - 26 Lip2 |ipase are also

anal'yzed. The results are illustrated in figure 4. By
conparing the quantity of |ipase obtained at the end
ofT hfee romeritediti orP{CRIB)Lawi@rh in hehgradi BareofuURAGRATANT 1S
q%@@éﬂﬂfﬁ%dﬁaéJfﬁ@ié?@éf’i$h§x§m$9@cﬁnQB§bb@6r@fmethod).

| i pase obtained after 100 hours o ferngptation na
bé%@ﬁqIH&QQﬁ@ﬁnq§@¢g/mgasures are performed an 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 is estimated at about
70%. The resulting yield of production of lipase from
the fermentation step with the YL-LIP2-6C <clone 1is

therefore 1.6 g/1.

c) Measurement of the specific activity of the

recombinant lipase produced by YL-LIP2-6C

The specific activity of the lipase produced by 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
S0 mM of Na,HPO,, 50 mM of KH;PO4, 150 mM of NaCl,
gcH 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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Moreover, the inventors used the nethod for producing
| i pase according to the invention for a final volune
of 10 about 35 liters, which allowed the production
of lipase in a yield between 1 and 3 g per liter of
culture supernatant. b) DBet2erm nation of the protein
concentration and 15 estimation of the yield of

production of reconbinant |ipase The protein
concentration in the EHEE% a%%ﬁ%&%%tquﬂlg .
det er m net—as—indicated rnexanpte 1 radf ora

net hod).| 20 Seven i Adégérdent neasures ar &93éY f o mp PP
8dnb e | IRt ReNseny 5@t § 91N 2ion tdhe oxu 2! n@@ anB3l $92.89

Thepuritty of the Lip2 protei

sEﬁéﬁﬁagéntMﬁésué§F9ﬁ§t85 fpespStpraty ?ﬁesﬁgg BSs ofr &he
illustrated in ffgnentatide saggeeatdnpurity is
estimated at about 25 70% The resulting yield of
production of |ipase from the fernmentation step with

t ReoL+theP2-BGrcltete decdriteragfiome 4f 6Lapk. l¢pase in the

of e i cracti fo t

recgﬁ%ﬁgg% - |p§%@ %@%ﬁ%ied g%‘ﬁ?édadl Q%%Egggécﬁﬁ(;be
adtpasey &p tﬁé 167 §add™8r 0d GOE® AR Lt ie t\@L Lytp- pepecific

CE@@@vh§y”E%$UrQ®eaSlh@@b%at%ﬁddﬁdﬁﬁﬂﬂﬁdt].tbdhe:llnlcal
sanpl e correspondin o the . .fernentat

sﬁﬁépﬁﬁﬁant%F£ ﬂ??ﬁ?gﬂclﬁﬁtﬂgﬁéyln'g Eﬁ?fel$§5ﬁiapﬁ?%%ced
SByWNtbé NaRHP(H2 - 560 mM ofe KH2PO4n 1680nfhkrofitMaCvithpHhe

c%thQ%o%%taEﬁglgegc%b¥lEXed%EQEEE@qdb%%c%ég Wit h
triroctanoi n on i ndependent experinments is 21 883.33
Um of the supernatant (table Il). 27 Lipase
activity Myt alassMean tale rSaplre nd0 t8Q0 LG22
750. 00 2271T00.00 2T 883.33 992.89 Table TI

Measurenent of the activity of sanples of the

f eremtaats crpessupBIMatranty 5 r oie e hexarel eat edis performed
C%‘?‘xcenttrt‘?etl Onfélﬁfméﬂtpgtildrpasecﬁf‘tﬁf@ supernatant after

centrifugation without ©purification. The result 1is

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 is in conformity with the
conditions required for the clinical batches, that is
to say 37 500 +/- 1000 Da.

This example illustrates 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 cione). In
addition, the genetic stability of said clone 1s not
affected by the culture conditions wused 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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supernat ant (see above), the specific activity of the
lipase is 13 675 U ny, conparable to the specific
activity of the |ipase produced for the clinica
studies. The specific activity of the |ipase produced
10 by the YL-LIP2-6C clone-i3g8ifx conformty with the
conditions required for the clinical batches. d)

MB) eGaehaetipnssablilibhy pEcthbi HANLIPRp&Secldn&he nass
spectrum anal ysis (see exanple 1) is perforned on the
fermentation culture supernatant after centrifugation

wrbBoeriri ¢ | eaePeAitTheok estiet Yls-LIPZ1& r steasi uring

fgur efﬁ%%ﬁgﬁgm@f P dagﬁlefgvedhggv,@al 3 @oxgpkﬁgyhgr a
mass o . e p i pase uce
YPLEFB2rBEChES R ﬁegs&naftﬂr@%aée&%r s lsoeac%%ls%zed by

t Hetebsenved wabuawmbanwdﬂnﬁwynna)fwmtihﬁdg{atlon of the

c S q cl at che S -
5T 5T 0 a0 st TS a6 1] Lo H ek
t he séﬂh@ct i b ofwaa st dbbelveEleae, YR, LI pZL 6@(@ n wﬂr@nles
cageec1@0%.ef thheahones tanal yzed after 30

generations have the same nunber of loci of the Lip2
gene as the initial clone). In addition, the genetic

st abi | iat)y sefl esaiidclogne Hes cadtond@ saf f ect ed by t he

culture conditions used for the production of |ipase
(during the precultures; just before the

f érnearpteéomt j bbe hefaorel tthee ihdudOi onibytiatedre a&di dthe

ofr theRrdugthi on Qf |ispasee at okthe epd of cyih8re  under
fermentation). '35 28 3) Cenetic stablllty of the

YEeEWﬁﬂgﬁﬁ%9WNEFQW%15%%%%|ca§taﬁ47ty ofiSthe before  the
YhinkhRP2-i6@ )cl gne i i mg3 t hendretlfodt hor ﬂym@xmatgon are

l'ipas conpr|3| reculture ste
f & %é‘ﬁcta ‘ion' s eplgrsﬁts an% 5% By et eltr?meﬁfoﬁ “the and are

niiser ddfluet\ﬁéhtlsoqﬂbrmm eglf%tkilbno’féftlt‘ﬁ%e ‘éa%sé@t gofpgions

EXRIL S I sgﬂﬂﬁeédi Pgng@n%u@ttuQ"ef farants I&m YPD MméB€um. The
Yarromna li tica DNA g the QIO@
or 48 hours and are

lates ar en lncubate
then stored at 4°C up to the selection of colonies for

the analysis of the numper of loci.

20 colonies derived from the sample collected at the
starting point of the fermentation (TO0), 20 colonies
derived <from the sample <collected just Dbefore the
induction (T17) and 100 colonies derived from the
sample collected at the end of fermentation (T33) are
separately inoculated in 4 ml of enriched 02130S medium
and then cultured for 72 hours. Next, stocks in 30%
glycercl are prepared for the extraction of DNA and the

Southern blot analysis (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-LIP2-6C strain

The results of the Socuthern blot analysis of the number

of events for integration at different loci of the LIPZ2
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selected at TO, T17 and T33. 10 a) Selection of the
colonies A sanple of the preculture 2 (TO initiation

of the fernmentation), a sanple of the culture under

15 fermentation conditions at T17 (just before the

i nduction) and at T33 (end- dfSt-he fernentation) are
diluted, in a first instance up to an Obc00 = 1, and
agenet lwen dPl wekeripny folldect@dpl abf tiese Tdi | iskart of

SPéHBéQE@tl@rH? ea@b spIRad iy 3 ca taumepl akes @np¥PD 117
medi um The | ates are then incubated_at 28C for. 48

hbﬁ?sh%ﬁﬁsapé %E%?%ﬂnhta@dCfUHJtSO%ﬁél§§léﬁ%%%ﬁFted
oft cob@ai e33f 00t heuasabysife rafertthe imuberroofilneitrated
20 _cal.oni es de ved from I | ed.at t

25" sgértlﬁg p0|rﬂ of tha" #ernen?gtﬁghqiT%EE %Ge ddfonies
cohahivesd dmritead f Pomadie sénpitee collPEct@ehng usSince the

b@waetw@ s{:PQHHt beﬂt(ﬂ;l@) a&@ﬁlyo%fcolm&mﬂgeérxaf@sd LIP2
fromth | ected at thée end of fernentation

(I33%/ artége s%pa%%T%ﬂu AéZarat éd'9ae PR 6PREALNENSd 1oci
OE&SOSn%@Iruml%& acmzl then ceulstured for €2phedssonNeXt | the

S s in 30% e prepared for t .
Sk Fact FORCof FRA ablt YHES St RaTRCDI of arbFjsfere 1003
(Matelteabsrand bMefhO0dspurbfebeteknaitnati omogksthe

nunber of events for 35 integration of the LIP2 gene

at different loci for 140 colonies derived fromthe
YL-LI P2-6C strain The results of the Southern bl ot

anal ysis of the nunber of events for integration at
different loci of the LIP2 29 gene on 20 col onies
collected at time TO (start of fernmentation), 20
colonies collected at tinme T17 (48 hours of
fermentation) and 100 colonies collected at tine T33
(100 hours of fernmentation) are illustrated 5 in

figure 3. These results show that all the col onies

anal yzed contain 6 |loci of the LIP2 gene. Since the
wild-type strain contains a copy of the endogenous

LI P2
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gene, the YL-LIP2-6C strain therefore contains 5 |oc

for integration of the cassette for expression of the

10 LI P2 gene. The YL-LIP2-6C clone is therefore 100%
stabl e during a 100 hour fernentation process. 30 -
CLAIMS 1. A nethod for producing reconbinant |i pase,
conprising: 5 a) a step during which Yarrow a

lipolytica cells transforredOwrth a vector conprising

a cassette for expressing a yeast acid-resistant

| i pase are cultured, and tep during which the
reconbi nant |ipase 10 produced by said cells is
recovered fromthe _culture supernatant, which netpod

i s ‘chaffact BF 284 i if That PSCEF A% or TSEATPUPRRG i st 1Pase.
carri edooptriising:cul ture nediumfree of products of
anlnalagrgg| c QEIEH%QQﬂﬂ%kBrYéego%§aniﬁﬁﬁgf§iica cells
consi sting o rofein rmaterials of animal” “ori‘gin or

of produérs fermeRei viehzynmatPELOdi ge¥tRonS1m Fhecassette
net hod fofr pé)ggﬁiﬂ@it‘;% as Glaaidedabbgckabmsiant20ipase are
characterized in that said culture nedium conprises:

- as nitH§ér%odre, inorganic nitrogen, and

prefer&bl v amtrepi untusuhbat ehicha thebonesoupteant Llipase
sel ect ed Jyom.carhon sources; 9t 23 cachghydeatesron  the
origin, polyal cohdls such as glycerol, and carbon

sour ceS At YhSpiSEPEHNGiti"Such as fatty aci ds and

acyl gl yeerol sie:and | NoOr gaarecsatt sedt Lace relteredds andfor
vi tam nsult%q‘%' Tihe ggtppgd oiuprgdugti on. as clr@ie 191ri Booo
clai m £ S M2, “Tharact 8Frzéd i That st ep=ajt™ *
conpri ses:pregyclishes oracitalurer opfin hert panshonaedcterized

YarLOWin?ixtldr%%' Yd R F8lds & il €Cnatdt{alsNgfaanimal
carbon

crigin or of procucts of their enzymatic
digestion.

2. The method oI production as claimed in claim 1,
characterized in that said culture medium
comprises:

- as nitrogen source, inorganic nitrcgen, and

preferably ammonium sulfate;

- a carbon scource selected from carbon sources of
carbohydrate origin, polyalcchols such as
glycerol, and carbon sources c¢f 1lipid origin such
as fatty acids and acylgiycerols; and

- inorganic salts, trace elements and vitamins.

W

The method of prcduction as claimed in claim 1 cr
cilaim 2, characterized in that step &) comprises:
al) the precuiture of the <transfcrmed VYarrowia
lipeclyticae cells in a medium ccntaining & carpbon
source of carbohydrate o

az) a fermentation step, comprising a cell growth
phase 1irn & medium containing a carbon source of
carbohydrate origin and a lipase producticn phase

in a medium containing, as scle carbon source, a
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source of carbohydrate origin; 35 a2) a fernentation
step, conprising a cell Gowh phase in a nedium
cont ai ning a carbon source of carbohydrate origin and

a | ipase production phase in a nedium containing, as
sol e carbon source, a 31 fa8ty-acid chosen from

short-, nmedium or long- chain triglycerides. 4. The

met hodfeftgr ciitied | 6Acasncl idfedshATérai Miiumg- or long-
charactggriizedrigitbatithe . fermentation is

advant ageously carried out with a constant p02 of

bet ween 15% and 25% and a pH preferably | ess than

645. 1@hbk. mdwharet bad pfodurcaduect | @8 ad aGhaidrethi klaim 3,
claim r | ai. , Characterjzed_ in th e .
2 for EpeE et g TE cabfrbd oitSup To iRt oG m S
val ue aetvabée@eens3varg ik gserodut nvitand icenshanti poO2 of
step @2k.ben fiermeniation, ssai d Lbupase ARGt ks than
phase 15 is initiated when the ODgOOnn1of the "cul ture
reache$-%a val ue between 60 and 80 per 1 m. 6. The

nmet hod of production as clained in any one of clains

15P0 5Th%h%&ﬁ3&§ Ig?d%égd&g@gogtgg gha'%%ﬁd%%ln AQQ{Qb or
the |ipaseis collected;, is carried ou en the

OD60cnmleeaches aheakgseberwdeni800hahd tI350spep Bl . for

7. Thegyethad of; Ry oductipp; as ehai A i& anYy opRg.Ofvalue
25 clains 1 to 6, characterized in that step b)

conpri §&s:PIAYCahe’ sapar &P i BRTofl e IBFasd fiibh sk dstep
cul ture2)super dant ANbh2)sd he plsddé cato@icoioh hehase

| i pase .obt.ai.ned ,in 0 bl). The t hod of
et il R el Hp ke Hpahe JFLIBS Shisuge; peaches

t hat sa dadeparattiveen S0camd @ reut lbynla techni que
chosen from hol |l ow fi ber

6. The method of production as claimed in any one of
claims 1 to 5, characterized in that step b)
during which the lipase 1s collected, 1s carried
out when the ODsycan reaches a value between 300 and
350 per 1 ml.

7. The method of production as claimed in any one of
claims 1 to 6, characterized in that step b)
comprises:
bl) the separation of the lipase from said culture
supernatant, and
b2) the purification of the lipase obtained in
bl).

8. The method of production as claimed in claim 7,
characterized in that said separation 1is carried
cut 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-
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35 tangential filtration, frontal filtration and

conti nuous or batch centrifugation, and said
purification is carried out by a techni que chosen
fromfiltration, fractional precipitation, ion - 32
exchange chr omat ogr aphy, hydsdphobic interaction

chromat ography and gel -filtration chromatography. 9.

The nethodanf e produendongaspiey ai nexd i eplaryl onelgfermction

clalnscﬂr&ﬁa8@%99§ﬁ905§&I§@@ f@1£b§£léﬁeehabmaeeg§béh§
in culturing the clone called YL-LIP2-6C, deposit

at the Collection Nationale de Cultures de

M cr oorganineresd( G.IN.gzdMyctizth rae duaDastietin aR@Ukme of
75724 Pari .o under  the nunber 3542

15 Decen%l%SZOgS.(108’A p%@ﬁgféflé%egf leas%h ? ste

aci d-resnstant reconbitpanng KW@a@dOHHHH&&ﬁ&ﬁIfkﬁLI?Q 6C,

t hat '8eb§s§@@§b%% Qﬁuab@bﬂﬂe@@i@ﬁnﬁQtQ%n@lgekﬁpdiﬁﬁtures
claimed in any one 15 of clains

preparﬁﬁl3H9§9Qﬂ%ﬁqﬁﬁﬁq%lé?aWn?l@, ch@ﬁbc%@? d@zé%3¢%€Uf
that iRohas a7eabal ybheiactcwviéy atspH 6ndef athéeastmber

15 000.u per f cu super nat ant ,
preferéb?|5£l reSPeEEtﬁSﬁeﬁ eéog §g|ts per ml of
cul ture supernatant, one unit corresponding to the

qy@ntlkyp&% NZWTER, A qﬁgbg@aQE a%%kﬁ'&%hﬂﬂ:%ﬂ? fgéémﬁfhant

of 1 pnol fatty aC|d m nut e e substrate
used |élPﬁﬁécta%%@ﬁ?CQ%rhﬁ%¢oﬂf1ntﬁﬁét ihe is capable of

COﬂCenbé&AthTb}:ftfaﬁ@dj by pasedthocsad sl prepaeat iign drsy one
greater pase per liter. 12. The use of

than.l
a |Ipag£ Sﬁgﬁgﬁgglgﬁ ds claimed in 30 claim10 or

claim1l for the production of a nedicanment intended
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of at least 15 000 units per ml of culture

supernatant, preferably greater than 20 000 units
per ml of culture supernatant, one unit
corresponding to the guantity of enzyme capable of
catalyzing the release of 1 pmol of fatty acid per
minute when the substrate used 1s trioctanoin,
and/or in that the concentration of said lipase in
said preparation is greater than 1 g of lipase per
liter.

12. The wuse of a lipase preparation as claimed in
claim 10 or claim 11 for the production of a
medicament intended for the treatment of a fat
malabsorption syndrome linked to a pancreatic

insufficiency.

13. A Yarrowia lipolytica cell transformed by a vector
comprising a cassette for expressing a yeast acid-
resistant extracellular lipase, characterized in
that it 1s the clone called YL-LIP2-6C, deposited

at the Collection Nationale de Cultures de



conprising a cassette for expressing a yeast acid-
resistant extracellular |ipase, characterized in that
it is the clone called YL-LIP2-6C, deposited at the
Col | ection Nationale de Cultures de 33
M croorgani smes (C.N.C.M)-uwpwler the nunber 1-3542,
on 15 Decenber 2005. 14. The use of the cell as
cl ai neditnockgamidBefor theN.S.prpductnader of tieast number
aci d- r?:;:g?ggntoki E§85ec%ﬁ§beé ggggcamsnt, characteri zed
[ a

in tha conpri ses I'paseé preparation as clained
in claim1l0 or claim 11.

14. The use of the cell as claimed in claim 13 for the

production of yeast acid-resistant lipase.

15. A medicament, characterized in that it comprises a
lipase preparation as claimed in claim 10 or claim
11.



