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castellii phytase The invention rel ates
Debaryonyces castellii phytase, to th |ng
this phytase, to 5 reconbinant host organlsn§
ex0yi/M§6ehd s phytase and-ta appl|cat|onBCTﬁﬂaﬂ@@5/Dﬁ1653
the field of animal nutrition in particular. Phytic

aci d sal ts (nyopebasydmycéexekssphbsphstiydasns 10
phytates (nyo-inositol hexakis(di hydrogen phosphate))

are the major storage form of phosphorus in cereals, :

| e”glum' nonyepraans zadabeb- béari vg Peharyonflwes t mastellil

thete the Ml soyehe Of-RRESRROTUSHid phytase, to
plan -based aninal feéds, the mal n “conponents Of the

d|%?%O%?lﬁﬁnﬁnﬁeﬁSSFFQ@Q%ﬁWﬁﬂ%ﬁRiﬁﬁﬁ%W% %HHSpPégfase and
Hoveveeappllieathbaavaidiahiddt y oh t fibe phosghdrusti nanimal
theuégfgs |sl I|n1te9 %or these animals. This is :
SCAEE T ARy AP Aot “ podsess the phyt at e- degr adi ng
|ntest|nal enzynmes in sufficient anmount to all ow

phﬂﬁﬁ%fbh¥ﬂﬂﬁiy§b§t§nd &9831n891959V'ﬂ%&éi%%ﬁﬁ%&gﬁ&%éﬁ or

i norgani ¢ phosphat e that they need. 1In_the context of
arR At R r i Wﬁﬁ?flrt‘?/ﬁ)lt%ar%faéﬂ%ﬁwdd?o%t iRtesghgte) )
t hatse pkag &ﬁtajdlipOétthger drm (dF I’ﬁl‘IthﬂB:Irl’LisC anl RIreals,

W2007/ 006953 - 1 - PCT/ FR2006/ 001653 Dem{\\ \\“\“\

_arﬁ%gqg{A ucagﬁ. E%?g%;? Ega@h tl ntslr]fhey thus

dig Ve Sys I ¢ acrh
amcprmnxwt@nehefra@mr SOMCehOfOPmSPQOWpISe)L@S pliarty -based

Prat ghdms %dsonst@lFesﬁalgatéomgegéntggtéﬁ @ diets of
therefore decreases t he avaij |l abi |t¥ of these

e|"ERRAZSEBEF TRE1MEE ||(1P%Ret’6¥’ t PyIghd JfOWRRY. the
rnhﬂodﬁﬁﬂxﬁmﬂkatﬁuaoEupmh&menpﬁdsphbhusnotgan¢Me feeds is

pqg%?h?gf for the B?oquﬂﬁﬂf {rQB dtatgﬁey do not

excret and con rlbu t he “eutt ophi cat T on _
S TSRS hatere | rpbmt@é@mreadltn%r drtestimensi yezymes  in

r eafﬂmlcgnmm res ani sph}%%@p@yeﬁemgié oanef thus
the fee %ake of nnnoggstrlc anjnali %g enz¥ h
| PEOCH U FOR ARTBI y Senpt SRR Or PPRSPBGERg THRE they
bir%thl | abhl i thheof tbetphyt atef boaddmal nutrition, two
characteristics of phytic acid thus play an important
role: (1) monogastric animals are poorly capable of
degrading phytic acid in the digestive system; (2)
phytic acid is.an antinutritional factor, which forms
‘complexes with proteins and ions (Fe’*, cCa®*, 2zn®*', mg®")
and therefore decreases the availability of these 

elements.

The feed intake of poultry and of pigs must therefpre
be supplemented with inorganic phosphate, whereas the
phosphorus from phytates is excreted and contributes  to
the eutrophication of surface water in areas where

there is intensive rearing of monogastric animals.

Supplementation of the feed intake of monogastrlc

. animals with enzymes is a solution currently employed

.for improving the biocavailability of the phytate-bound

" phosphorus and for decreasing the supplementation of

T

*G00002*



10

15

20

25

30

35

phosphorus and for decreasing the subplenentation of
~ W)2007/ 006953 - 2 - PCT/ FR2006/ 001653 feeds. with

- inorgani ¢ phosphorus and thus for reducing the

excretion of phosphorus in areas of intensive

r 23993 /086 PR3t ases (myo-inesizt ol hexaki spREBfARA0O63001653
and 6- phosphohydrol ases EC 3.1.3.8 and 3.1.3.26) are
patéeds w&he1&ﬁﬁﬂgan1@fphbsphdkne acidd fmespliatasesiucing

T he drol i s_of 0-inosj t ol
hggéils osﬂ% ?A % pho %Fuﬁns 5fa§o |norgan|c§ﬂflve
nﬁﬁ%ﬁh@&bhate and to myo-i nositol phosphate with a '
Iomer degree of phosphorylation (I1nsP5 to InsP1) and

free nyo-inositol in_certain cases. These enzynes,
usPe‘aY%asS%%d. {Fve-iRoSAFRAI fesRkifphosrhates pdssi BRE, 6-
flphméghohyﬂrdmaﬁaseEthe avai.lsakidd ty. f3 14e) ahgtpert of

NGEPIOEURB0S, SECOSLYy iR UUE (BRcopuarapag,, Ther

dlgestl Fernor e rafeise
“ofcatghyde phosphat e cohyiddelzbly decr edses t Wy acdsiositol
dugex i & supphgpeatagiog, and 3, $o Ege inorganic
poIIutlon caused y  an excess of excrete

p s e premices il Eﬁ?ﬁ?hﬁ%ﬁeﬂ%}th a

(ﬁldquumégEEe @faphespaarqabelaﬁd IesPecial Ihsp,) and to

m croor gani'sns I on "W particul ar be nade
of : fungi of the genera Aspergillus, Penicillium

Nmsea%&ﬁ@é)p%e@aééeé&éztf§§“§ﬁ”§ﬂ§§na159eed make it
Klebsuggk§ Escherlchla col i Ent er obact er
u

Sp.
B&&S9S tresl %ndt9e&§ﬁ§ea§§bdﬂﬁﬁo%?%e%ablllty of the
ceﬁqmus:aephﬁapﬁodastranktal|§ec6ﬁﬁuyppsm@ Caﬂdpﬂ@veSOthe
D%g e%QQXS%%¢SQSLF| he fgég y?&%%ﬁérgggeqeggalIslease of
Kl'uyver omnmyces “f IS and Schwanni o onyces castelFri
A@Wé@érdeh@ﬁeh%estc@n%mre@clm sdegrgpses the costs due
(thOtﬁHBQ@thQ&‘d Férﬁené/é)ilct)rldf alﬂ@.h 41s81- tﬁ‘% 1892 it ion
ave | ifie rji ous str i ng phytase
aé:f-’llu\?le%y UBThEFRE ST 2 céh adzé%‘ SI*'té"a&?ri)espondl ng
phytases. The hi ghest activity has been measured for
t@ﬁy%%@@%h@f%“%@éﬁuced by a large variety of organisms:

plants, animals and, especially, microorganisms. Among

_rn§goonggpl%m%l{mpnqlCer ¥$¥ta§%%grodueing

the phytase-producing microorganisms, mention will in
particular be made of: fungi of the genera Aspergillus,
Penicillium, ‘Mucor and Rhizopus, bacteria: Pseudomonas
sp., Klebsiella sp., Escherichia coli, Enterobacter
'sp.., Bacillus subtilis -and vyeasts: Saccharomyces
cerevisiae, Candida tropicalis, Torulopsis candida,
Debaryomyces castellii, Debaryomyces occidentalis,

Kluyveromyces fragilis and Schwanniomyces castellii.

As regards the yeasts, Lambrechts et al. (Biotechnology
Letters, Vol. 14. No. 1, 61-66, 1992) have identified
various strains having phytase activity but have not

characterized the corresponding phytases. The highest

. activity has been measured for the - Schwanniomyces

castellii strain CBS2863. Phytase activities have also
been observed for Candida brumptii CBS 6145, C.
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castellii strain CBS2863. Phytase activities have al so
been observed for Candi da brunptii CBS 6145, C. '
W2007/ 006953 -.3 - PCT/ FR2006/001653 tropicalis

CBS5696, Debaryonyces-castellii CBS 2923,

Kl B9t 01PPE8S3fragilis No. T1B, -K. fragiliBCOER2P9§4001653
K. fragilis CBS 5795, Saccharonyces cerevisiae CBS
1253ppSchdanni OBYTES6 cafedd njfonGB® L2863 stedldliopSBS 2923,

capdi , l.i bi@sic S 584 . ti
2333?9??%@%’?%% 53?%@61 -alﬁ%' Zéé%ac%’ha?ﬁ%ékegg ??SC%SS'
f eKrenfaggitpse6798S SEPb ar | SacrakepiyceYostenevoseae CBS
al 1268} 0sgbhwaARi Bhpteshnel st B pehentps Vol g H4, Morufopsis
841-844, 2000) have identjfied various ghyt ases, but -
haG87fot2 thar 3¢Per FzelSt hARAPSEF2shBEI d8he flot £ACEER CBS
addBspon, That bbhdnal5 chassiievat i andof Fepsdscdivsromyces

- ?ﬁgergzgxiig%\@dcéﬁﬁ?g%ﬂdi’ ng to the new classification

ase Suz Phaff- H. J. and Kurtzman C. P.,
1998 p157-167 in C.P. Kurtzman and J.W Fell (ed),

Theixeastsy, A tRXRARNLE Studwnifiiho Edidd on,giEl sevigrosci .
Sci, Pub]i Cftl on Anster darr%1 the CBS 20 2923 strain
t o PSR ormy c¥el cadt¥el | ¥P- Gapr PALTP4And 2000)

t heaBS Z28GHhtditfri;ddn. cariespondshitasdepar pwtycekave - not
oc%@g&gg&&&o&%g var. occidentalis, synonyns -
Sc

wanni onyces castellii Capriotti and Schwanni onyces
occi dental i s. Kl ocker. The inventors have 25 shown t hat

?Li@nnEQBo@idtPe?EO|%g%@%aqe OEnSEQaF%iFN%n,éES%§%§3 the
e sequence o aryonyces castellii _

phytase: £ HrYeseR ﬁ%r c%?ﬂ%‘{;% %énﬁﬁp of *B9SYGE - wiAtFrording
t heo sehaenee @fl ashe fSchawdmm ofyOesseoCTi deptialiké MCBS Phaff

2863 phy &S%uégmgwgf.%s @&%&9%9?5‘1%“7 POyt @ses NAVE sman
alr ead een studied and used in various -
agt?A i Adlst FRAL (g8pli &&i9 ofeastomeleEaxpReNi fcséasiyng 4th

usedof iyt 8sesvias ariaddidd e ddl SHNBROUSrdam), the CBS

bi o# echno| ogi cal 35-applications, su%h as _ani mal Ja%et:d’llii

Iéz %%reagr bnthgorresponds .;o Debaryomyces ste
Capriotti and the CBS 2863 strain corresponds to
Debar?omyces occidentalis Klocker var. occidentalis,
synonyms Schwanniomyces castelliil Capriotti and
Schwanniomyces occidentalis Klocker. The inventors have
shown that alignment of the polypeptide of SEQ 1ID
No. 2, i.e. the sequence of the Debaryomyces castellii
CBS 2923 phytase, gives a percentage identity of 69.2%
with the sequence of the Schwanniomyces occidentalis

CBS 2863 phytase.

Numerous microorganism phytases have already been
studied  and used in various agro-industrial
applications. However, the increasing use of phytases
as an additive in numerous biotechnological

applications, such as animal feed, is increasing the

advantage: (1) of isolating novel efficient phytase-
producing microorganisms, (2) of obtaining effective
phytases, i.e. phytases which are effective in

releasing phosphates from the £feed in the digestive
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advantage: (1) of isolating novel efficient phytase-
produci ng m croorgani sns,. (2) of obtaining effective

phyt ases, i.e. phytases which are effective in

rel easi ng phosphates fromthe feed in the digestive
WOPRRPA0P86833- 4 - PCT/ FR2008/ 0601653 traBFT/ERAQHS/001653

~exhibit heat stability during the feed manufacturing

procass, amhmhi_regclrﬁﬁodrtagheaandstfadum}chdM@g the feed
prﬂQH&féQEu?@ﬁ%bggokgy gnh”d@?th %@b (¥4r¥%r which

hyt ases descr ate arti

'phybﬁcpé@@’ﬂc‘:aﬁﬁ gefk. 18 +AW- very sl ow k| netl cs.
- Furt hernore, their hydrolytic activity. depends

atI n the conditio der which t are used.
f letl%onBOF e ?€a§ i ail C&?@%ﬁf FRe date

| yemlyqumnmlolrwchsldmoaydentphyslhasdmeian desicr sbed with

a j 4 ph ups yt s

(E DY o8 i i st e SpERLfndhd O e oty ic

HaC%Vl%uFlﬁﬁeGsis GHleAE 1w, OH(QIQQZFOPG#Fﬁp@ét ﬂmqiegndﬂhlch

pr taes uwofaa phytase from Schwanni onyces

castellii, J. Ferm Bioeng., 74, 7-11). However, the

Schwanni onyces .occidentalis phytase is sensitive to

cale onmt(eZnCadoagd tCl2asits ,pavhigultdty , phfyitalsel Sof the
0 e

%é@y §E§Q£§n£8m§§§s ?ﬁg%éﬂggﬁhgoﬁﬁg ?’§e% d %Sr%bed as

I ONS are resen guel”
a|hyd11<91952§m9;n addi t i t RheSPBAESNE JEOURT | v@fvvl tnmﬁ:ate

a mr@n@@% Otfg thl%%égltléﬁf’h@ ﬁ9? {Z%%bgéﬁat@% Boze H.,
r [ e acti 0 e Schwanni onyces .
o R S N TR L LS
(cbﬁubpipldptdnse dgesm aSehwammbmyedesn dazredcitiie §iteFerm.

nz Segye a et 199 Fur
the fg&oggyn%/ﬁsfs g? IJ.E')1 @év%r 212he S{]ct}ﬁ«;alm{leomyces

ytase requires t
o3l Jp?]y@%?("e%s%nélsoFenééFéVBmt§’aICta§1(CE’Fs ol Fy9l: and
762‘2J)C12The.na§>talr‘tlﬂ:)hl@.fr t,hivs130 arzywe tflw&fr@lﬂ_edQQf?iEe in
great i.ts

e ek et e LR e B PR fF PR PE TR dhude good

- stladeiconHegueiilhepr eati dialg ,.a 1992) . In addition, this

enzyme 1is active within a pH range of 2.7 to 5
(EP 0 699 762) and PCMB greatly inhibits the activity
of the Schwanniomyces occidentalis phytase, which
suggests that SH groups (disulphide Dbridges) ére
involved in the active site of the enz?mel(Segueilha et
al.) 1992). Furthermore, the biosynthesis of this
phytase requires the presence of phytates and of
calcium salts (EP 0 699 762). The activity of this
enzyme therefore depends greatly on the environment in
‘which it finds itself. The problem that the present
invention is intended to.solve consists in providing a
phytase which hydrolyses all the phosphate groups of
phytate, and the actiﬁity'of which depends 1little on

the conditions under which the enzyme is used.

This problem is solved by the phytase of SEQ ID No. 2.
Advantageously, this phytase is capable of hydrolysing
.all the phosphaté groups of phytate until the release
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:ph phatases

phyt ase whi ch hydrol yses all the phosphate groups of
phytate, and the activity of which depends little on

35 the conditions under which. the enzyme is used.

This problemis solved by the phytase of SEQ ID No. 2.
AdWRAT8868%3, this phytase Bs-capabl e of PFR/FRICPET PgL653
all the phosphate groups of phytate until the rel ease
VWQﬂO?WQ@ﬁQﬁdsit@l- PGH/ERQQ@GR&Q&G&B foad spectrum of

- h S
nefEL PR D ap iR OB deOL00ds ORAGHERRLE substrates.
Ad%mra@mwlw hetltﬁ o@}may@éuh@sgfs t Afs ’plhw aééhytsase is

o nﬂzh'&@@e@y HNYbBy eate8Yenddh t he ahsenegsehceal 6f uraaﬁ_cmm

salt dvant ageousl this ph tase is active in
oAt Red PR TTREII, 5L, BpVARGe (1Fs Fofive in a
sehsusmacﬂeneedo ot onsger (e pGI\/B tdrhes enzyrend s 1atl sds not

th
PRl o 18,005 The EOYIRGD! HE MG 4y siao
f avierradPieake usw | Boanf ARf - f &k benzameo PH dﬂﬁérpresent

|nﬁlﬂ\|$ézﬁt’:ﬁd>n «'ﬁppé: C@hé98§0ﬁg:19ek8¥8ﬁéll9n @bgtqsr;el 3&;&3&0 is
ar aor onol ogous ytas arl ant s_an 0
% WP e 8ﬁ§ta’§£ ai%m&ﬁ S%t? NG 3l&Ri ctp other |

sequences SEQ ID No. 1: CGenom c sequence of the
Debaryonyces castellii CBS 2923 phytase gene. 20 SEQ
| Ihe. invessdeancalep tirl Tebar Fonyednitast ey j homeBOgous

Y3 dyd dser o SEQHiRNNG.  ha CopsensmesRAUNCeLRE i ase

SE : Debaryonyces castellji
not iN°- ¢ Ql*é’s%n%?ﬁ‘%eﬁ‘ée trn“ge RURP SEquehce
of aC|d 25 phosphatases of SEQ I D No. 3 SEQ |1 D Nos.

519365 &¥ 1 RS S, Qd 8 Nos. 17-18: Debaryonyces
ed for cloning the gene. _
3§%séﬂ ptPon bf q%nﬁ?aﬁeAC§ub?%cttftﬁ figdaryomyces
wwaaguépzru cE® | ymEptddas £ogEisi ng a  pol ypepti de
¢ IBr??WthS f%édﬁgﬂg% pokygﬁpt gegaryomyces castellll
CBS 2923 phytase.
SEQ ID No. 3: Consensus sequence of acid.phosphatases.
SEQ ID No. 4: Debaryomyces castellii phytase motif
corresponding to the consensus seguence of acid
phosphatases of SEQ ID No. 3.
~SEQ ID Nos. 5-16: Cloning primers.
SEQ ID Nos. 17-18: Debaryomyces castellii phytase

peptides used for cloning the gene.

Description of the invention

A subject of the invention is polypeptides comprising a
. polypeptide chosen from the following polypeptides:-

- the polypeptide of SEQ ID No. 2, '

- a fragment of the polypeptide 6f'SEQ ID No. 2 having
phytase activity, ' ' - )
- a polypeptide having phytase activity and exhibiting
at least 90% identity with the polypeptide of SEQ 1ID
No. 2. ' '
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- the polypeptide of SEQID No. 2, - a fragnent of the
pol ypeptide of SEQ ID No. 2 having 35 phytase
activity, - a polypeptide having phytase activity and
exhibiting at least 90%identity with the pol ypeptide
fwggg914906m§3 2. \W2007/ 0069%3 - 6 - PCT/FR2006/001653
PCT/ FR2006/ 001653 A subject of the invention is also -
poAynmubE®¢ide$E eﬂﬁndhngeatpbmtase aglswi tpplywhoslerptides
ol_I 0

POl IRoar a5t Fad eSS irHien gﬁé%age%%gs.the £olgoving

15881ﬁmicib©@tt~¢1©ﬁ 2923 of SEQ | D No. 1,

polyauel %tlngc:e;e@,@%eg waoRel Lpepldrde qcscwéidwagaﬂ Qosition
on alsg relates..to the

pof SABCREG PABSL L0 R80 natt HER SEaNence of SEQ 1D M.

-1 erat lseqitdres i xompenkMary polph@ptbdhoackordiiag to

[ n(\ffgﬂno_rﬂ also relates to . expr essi on cassettes

conprising,. in the dlrectlon of transcription: 15 - a

pronoter that is functional in a host organism - a -

poryauck gothdecaccandbng L9 akthe i Reentdan; ﬁHM&nueFtotldes
t er m pat or sequence in the sanme _host Organl sm

i NVaNERSN té‘lesos?%lll%?% Vet ort® tpr itsi g Ehezcﬁequence
potymprémemtdﬁyatcosEQnthnothE.inventlon ‘and/ or an
expressi on cassette according to the invention.. |

Anot her subj ect of the present invention is a host

orfaqi shaverhsenr nebs W trekaped yrive | . |y RS it ordisRpttes

tOco%ériQ?nganﬁttH@ dﬁﬁe@%?&ﬁséf09r§ﬁ§é§lé@1@&00fd'ng
to the |nvent|on%andlor a vector accordgﬂg?to t he,

i nVentPENRCE Y ef 2 abt§, FERet o't ot Jadi SCEFRURE
f rona ypabysuahebt {dé anend odisnd ungi th80iFvedeiab) yand he

host O{Q%‘Jfr?&%é %Qg cf%ré?ﬁ” tl%bé‘éé{ my&&e- odﬁ‘éﬁféx%' X

Pi cht a pastoris ium nlcu osum an
Schi zosacchar omyces ponbe. 35 A subject of the

| npeat Qv drit 84 T idlisdnake1addist | ¥8S $&Ftors comprising a
polynucleotide according to the invention and/or an

expression cassette according to the invention.

Another subject of the 'pfesent invention 1is a host
organism transformed with a polynucleotide according to
the invention, an expression cassette according to the

invention-and/or a vector according to the invention.

Preferably, the host organism is chosen from yeasts and

filamentous fungi.

‘Preferably, the host organism is chosen from
Debaryomyces. castellii, Pichia pastoris, Penicillium

funiculosum and Schizosaccharomyces pombe.

A subject of the invention is nutritional additives for.
animals, comprising a polypeptide according to the

invention.
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animals, conprising a polypeptide according to the

i nvention. W2007/ 006953 - 7 - PCT/ FR2006/ 001653 A
subject of the invention is also nutritiona

addi tives for animals, conprising a host organi sm
ackezr@i?m’@oeesshe i nventi on and/ er a fernmenbpet/FRROTEID01653
of a host organismaccording to the invention. 5 In

ong ehediernt of theel NV@RLdAN ot hes fut B kbonalutritional
addi lve for animals.is_in liquid.formor in- omdered

f of AT 10V Fhe ?ﬂGenFP&H‘afLél' at ES™PG15APHal ¥ e organism
coa@¢®sdnggatdunhetunnahtbasedhaydﬁnmmEsrmedtatlon must
n iti t he

et Gact HEGL AR SR RIS BRI P eas
conprising a 15 polypeptide accordlng to the

InI/1<1?mdrf<7§1 efbBAShe@tJaHE SPPhACEaLERRY ohO t@l@e' MBIt bnal
and fermentation nust  of _.a hgst organi sm, :

aé%é }%ththéq i o l?hélﬁﬁ&&ﬂﬁQﬁW aFsdn powdered
refatmes to the use of a polypeptide 20 according to
the invention or of ‘a host organism according to the
invention, for the manufacture of a nutritional _
addhe i Vierviegtt il naled agiesof tan animal féeeds Amueising  a
5ﬂﬂﬂ@¥itiéréﬁeb£§§3§85thﬁ%ﬁﬁlboﬁnaf t%%t%%%ﬁ%ﬁa%Sa@dltlve
eptjde according to e i-nvention or of a
gg%‘ﬁ%ﬁ%r%‘f?%r‘i{] 9 e i TRRMTHREFR - the
hydronS|s of nyo-inositol hexaki sphosphate to
| RO oy @QP%Péghg%fatég ggoéhgggﬁtggeggt%o \Mgng a
degree of osphor ron and to €€ Mmyo-1.no
3PFHBRRptI exccareipg esenthe nierenbhonherebhost organlsm

relalaside esl m%ptiﬁkeéntf@m BeqpBYt aseraphbMtbYion must

A B ST PR s S e | e

2923 phyt ase |s represented in SEQ ID No. 2.

V\Q%%O?i/%ﬁ_ §léopgeriggégo(§/oock%%5%se of a polypeptide
according to -the invention or of a host organism
according to the invention,'for the_manufacture of a

nutritional additive for animals or of an animal feed.

Another subjéct of the present invention is the use of
a polypeptide according to-thé invention or of a host
organism according to the_invention, for the hydrolysis
of myo-inositol hexakisphosphate to inorganic
monophosphate, to myo-inositol with a lower degree of

‘phosphorylation and to free myo-inositol.

Polypeptides

The present invention therefore relates to polYpeptides
having phytase activity. Preferably, these polypeptldes

are isolated from Debaryomyces castellii.

The Debaryomyces castelliil CBS 2923 phytase is
represented in SEQ ID No. 2. ' '
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The term "phytase" is intended to nean the

‘myo-inositol hexaki sphosphate 3- and

6- phosphohydrol ases (EC 3.1.3.8 and 3.1.3. 26) These
enzynmes catal yse the hydrolysis of nyo-inositol
heXaRP&pHRISIRAt e (phytic acid,8 INsSP6) to SPEROFRRNGIEZ001653
nonophosphate and to nyo-inositol phosphate wth a

I ome degmeep@fytpls@sph@r wIﬁtdrmaad loes Reedrp dHws Rdyo- @ik itol

tal hyt a The
fg%gglta%gols@ F II3|| dcesg e osqu—%édlsrﬁsll%es Ec 3 1.3.8
19nd33pﬁyt3a§é) | Fhedgdi tan@n’maSt deds lvise rtdteabi}eirolysm of

_abh%thnbgltBYdW%ﬁ€¥iéﬁﬂoéﬂﬁé@@ogﬁ%gkgcbqgg§dOfInsP) to

ic acid. The phytase of ngrlses th
aﬁwa. fROROSHRY IAR AN ayldcotrq e8PendrR§iEeLt iRhosphate

COW$EhS'aS 1wr¢uenree3re1& FHRIRELRSERA DL Q. (BhspPf es€Ntnsp,)
' etgctFlré/g [%I telg n %/1 CI d phos hat ses. This.
nmoti't 'S YT ARPROTCAcTRE 73X 78 B PREF T No. 2.

ound ani no
The phytase of SEQ | D No. 2 aI so has the HD rmtlf

pr@ﬁ@nbebgrpgﬂ¥c99y5§§€§llIH'Ehygggbfoksshgu P% the'is a
C—terl[“ln nal portion_at amno, acids 20 335-336
1Y935¢n &Ppt et enbbdffentt st @‘H%ab%%eﬁplléﬁty to

t hnydpolypemlueshacpmdpn@té Obbhi@s | B¥ ephy©ic havedt he
notif RHGERYP or another notif corresponding to the
consensus 25 sequence RHGXRXP. Preferably, the
poTypephydese afcB8EQi BF No .t Re domperitsiesn tiles RHEORY Pamot i £

HD(g®b i tp B .a 4or efsrrad, sibodi negt thtsh%opl%g%e%@t 's%%ﬁlence

accordin to the invention are glycosylate
I?dé

potSPERT déS8R B0 XeQ PD MreEHasini rhFardtleiivar site of
putaty vechidglploasytad 4 98 Si RS satmedd MoiacidsurABNad7 amino

Asn. : 9 03, n 314 387,
SIS 0250 WOselsaritny B0 08 oA SR EE o

si4 eale® hasmi ﬁBEaéﬁDdswftrwf e sEe 188mamyr pBg0aged . This

Saict364. 14 NFEuRD pﬁeéﬁér edtephodhmeBbyct R B! mgabl @€ 1ids

ycosyl ated at one or nore of
tf?@?Egp%ﬁDaf&bvseEQ l@r@l 57y1 ation and 0-gl ycosyl ati on
sites. In one enbodinent, the pol ypeptides according

Loyt he, | DueOLLan. qar Sodlouaonsat e WA20074008953 5 9

polypeptides according to the invention have the motlf
RHGERYP or another motif corresponding to the consensus
seguence RHGXRXP. Preferably, the polypeptides

according to the invention also have an HD motif.

In a preferred embodiment, the polypeptides according
to the invention are glycosylated. The polypeptide of
SEQ ID No. 2 has, in particular, putatiVe N-
glycosylation sites at amino acids Asn 97, Asn 158,
Asn 189, Asn 249, Asn 303, Asn 314, Asn 387, Asn 439
and Asn 453; and 'putative O-glycosylation sites at
amino acids Thr 165, Ser 168, Thr 360 and Ser 364. In a
preferred embodiment, the polypeptide of SEQ ID No. 2
is glycosylated at one or more of these putative
N-glycosylation and O-glycosylation sites. In one
. embodiment, the polypeptides according to the invention

are glycosylated.
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The phytase of SEQ ID No. 2 also has 8 cysteines
capabl e of form ng 4 .disul phide bridges: Cys 62, Cys
214, . Cys 262, Cys 275, Cys 385, Cys 405, Cys .413 5
and Cys 435. I n one enbodi nent, the pol ypepti des
acem@imgotesshe i nventi on carry at | east POB/FR2006/001653
di sul phi de bridge. The Debaryonyces castellii. phytase
is an enzyme 10 secreted by this yeast into its

For the

extracellular environment. pre S|on and
SG%%%tIQHV ! Fg%oﬁﬁﬁ%aﬁp HORt GgﬁFé 2fhe® pHy¥ st nes

of c8EEP1 O Nof 2foanihg fused;aMIpﬂiddSSHWﬂdgdnruﬂcxym 62,

W gD azf'llgnﬁjgsp%ide §Cogn Zef% Y3gkh ]fcj]sosio%é Cys 413

organi sm " Thé 7i nventi onh al'sd ‘re
t hendpofypeptdle ofi NSEQUED Nme§AMﬂQﬂ)cdﬁEErW@§YPEPtldes

phélé@éﬁdlr@& agld Vi t¥e ThentsBfvnod ragaepy” oft @ least one

eptid enptes a pol ypeptide conpr|S|ng part but -
%YgiP%$g?g%rl SFypeptide fromwhich it is derived.

The invention 25 thus relates to a pol ypeptide

I Si t eas 200, _ 30Q_or
40 %\m rl?%%a%?jgs 0 Q;St %/%)iept [ gh%gngQ 1D N%n p SDZYmE
ThieC e @frentbidf . tthﬁ@ polyyséptu dénpp SEF$D Mxtrxacedglular
CONSR! ¥&SnddS. phytase activity. The invention ' _
therefore relates to the biologically active
fragnents of the polypeptide of SEQ ID No. 2. The:
teﬁwm"tmelegpwabbyoaCMndaéddnﬁﬁﬂﬁ senat eecamb3mant host

o ey o EnB G RER e Y EPORELY I L7 rpE SRR ae
blrfcﬁ T et nynatt epd Ml&@neﬁwt%l@rﬁai heepbl dpepeicdgndfzed by

Saalg[lagt Frddwssigonserve the catalytic properties
of the Debaryomnyces castellii phytase of SEQ I D No.
2. The W2607/ 006953 - 10 - PCT/ FR2006/ 001653 net hods

- f athepr e@avéngibnagraﬂrﬁos ofe batped ypept | deragmentad soofhe the

t t ct e
{ SRR dOT Feasyy | 1 Uie P! 888 ACU XA A 8L © phytase

activity.

The term “fragment” of a polypeptide -denotes a
polypeptide comprising part but not all of the
polypeptide from which it is derived. The invention
thus relates to a polypeptide compriéing a fragment of
at least 100, 200, 300 or 400 amino acids of the
polypeptide of SEQ ID No. 2.

This fragment of the _polypeptidé of SEQ ID No. 2
conserves its phytase activity. The invention therefore
relates to the biologically active fragments of the
polypeptide of SEQ ID No. 2.

The term “biologically active fragment” denotes a
fragment -0of a polypeptide which conserves the function
of the poiypeptide from which it 1is derived. The
biologically active fragments of the polypeptide of SEQ
ID No. 2 thus conserve the catalytic properties of the

Debaryomyces castellii phytase of SEQ ID No. 2. The
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5 A subject of the invention is pol ypeptides. having
phytaseactivity and exhibiting at |east 90%identity

with the pol ypeptide of SEQ ID No. 2. A subject of the
invention is also polypeptides exhibiting at |east
80WR200J0RP69534 98% and prefrrably at | eaBET/FRZOG6/001653
am no.10 acids identical with the pol ypeptide of SEQ

| Dnébho&s fwﬁfpfephylnghmg&@wpbtdes baY?ptabelde and

ert| s [ articular t catal ti.c :
orabert BB et i e iR eRy e e A ity
Prefer‘ably knh‘@setqzotlypeptssldelsledelm sohat =gt f r om ot her
strains of Debar yonyces castellii or from other
yeasts.  Alternatively, these pol ypeptides can be E
ob? ai Fige B 7% e-ehe ecjtré‘éeriﬁﬁ%erﬂe%l PRHSCHR GRS f Graving
exglipt £se 28 ctheit§r mn ddeﬁhw@tlagl RE alléé5§t 9% identity

bethEBn: PhoPBLARERGAES. STnéSR ol JWeptdeb BRRIESH A% the

- a dre‘lremtmm as addot pofhypeptadeabekhuburtmngofatatlelawstso%,
- ONgp &l @)%°aC| 9%52 el %tn'd%’e%éﬁel-i?ﬁlfo'é‘cpei’éé%? YfoeSEQel Qnins

No. 2. 5Asu1ec e lnvention is a

| pAGhEpt + &Rt Iekhi Bl R nghatPe EarerBbds ©DOSEQSTR ¥Bo, 2 -

and preferably at Ieast 99%S|mlar|ty with the

p ept i of S 2. Pre rably these
pgﬁ%‘%g%ﬁ ' hav Fﬁs saﬁ’éDl é’lqe% Ses, DY inC Same
pa@WmnHaiesshe gade dat algarm@ﬂqm opehel esamas tchaetalytic

YhePLd des of , SEQUD %1}%epﬂcﬁé§r®éy sé@esfb No. 2.

poI ypeptides are isolated from ot strail ns
Srmareles chBeer| Prlypeptdmest e yé%@%%tEd Erom other |

Al stmaéuaté vet ypebae;semp@bypeatsﬁéeslaaar]per@blt Qitlhi%d: Qbsleasts
Si.t I recte esl| S ecnnj qyes or Xa e.. 35
TSR AT ar PSS, soPhYERABHOES (A DRfe QRGFEesd by
ofsiteshimg cird Wetagsere Prot e choiquer | &9 exdnple .

sequences. These pol ypeptides can exhibit a deletion,
an _addition or a substitution of at |east one am no

adittf r ERPER v ARFU0EA0089530- apids pCHF FRIVGEIGRFL 653 mean
tmﬁﬂﬁbpabyﬁemMHﬂtHﬁdSEQdﬁ)0@ry2beﬂweé&gtﬁ6 @Equences

Qﬂﬁéégiﬁglygép f eémga%e X e%' quggietign,bgn addition
or a substitution of at least one amino acid relative

. to the polypeptide of SEQ ID No. 2. |
A subject of the invention is also polypeptides

 exhibiting at least 80%, 90%, 95%, 98%, and preferably
at least 99% similarity with the polypeptide of SEQ ID
No. 2. Preferably, these polypeptides have the same
properties, and in particular the same catalytic
properties, as the polypeptides of SEQ ID No. 2.
Preferably, these polypeptides are isolated from other
strains of Debaryomyces castellii or from other yeaets
Alternatively, these polypeptides can be obtalned by

site-directed mutagenesis techniques, for example

The term “similarity” is'intended to mean the degree of
resemblance between'protein or nucleic acid seqguences.
TheSe polypeptides can exhibit a deletion, an addition

-or a substitution of at least one amino acid relative
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score, is based on the percentage of identities and/or

of conservative substitutions of the sequences. 5 The

nmet hods. for nmeasuring and. identifying the degree of
identity. and ' the degree of simlarity between
pol9RedHt1a96853re known to thode skilled i nPEREFRAQ06/001653
Use may, for exanple, be made of Vector NTi 9.1.0,

Al kgnX i aldlgmesntider ogfans¥@ ust aNoW at gorfiiehmiiegree of

(1 ayj.t I NE / vitr I
Tt ST SOEFY [RELURER o Gl el ! [ et by s
posysésm déské’@@sird?mgthé PRecentagei @lﬁ drdentfigies and/or
| sgkatgdservari ki dpEEeRLthehE Bat vhal segukrepgent.

The pol ypeptides can be prepared by neans of various
processes. These processes are in particular. :
pumhélmathodsffow1mah@mmln@omm@e&dﬁﬂﬂlﬂyingﬂdhb degree of
na exp, Si t hes ol ypept.i de t

pr%ééﬁk!"yx 2o£1g rre]%loenbl ﬁi;# ey Btf tl%iérglggrlty between
appp&pPrRE edhdsareekngwnahd £ ésgub ééhéﬁtln the art. Use

PUkk lC%bko%ﬁéﬁﬂﬁgﬁ bepﬁQ@@CUﬂNW$H£o§hﬁﬁhC@|1 0, AlignX
sy ni esis or, flnaII a. conbj nati on of t s varlous

ApPLOZERERE THEREEVAY | bekuproHudl i dh g btettes (Lifdtrogen
weINFRRAMK, t 0 hbhepe /gkivkl. édviinrbheracbm) Thus THehe Z@fault

h%é?éxﬁété’{stQ?etéfiéf&a%Weﬂé{eﬁf‘ can be isolated from

aryonyces cas n* anot her enbodi nent, ‘the
phytases of the present invention are isolated from

regRabi pANLHRESY dRkgaNk 8B £XRY €SNy @hdhYtaSent
B ?p ?%é H?ﬁentlonr é%gA‘subJect of _the ntion  are

accordin
i n’v%%f ’b%d Tal BBTF6SPOn Pt eithisls r’é@BH’é?harﬁnVlronment
pr'mtel pslgpephildersi Ccquti obel nsSreeapsd Sbpg mddres of various

%’@@@5%9&3 acﬁﬁég' ng tg fhedaventon. TES ter Prricular

ypepti de" enot'es protelns and nodified
mﬂ%&kﬁ&¢%ﬁ%@ﬂThér9@|ymﬁﬁ¢%%% aEevrgeAg t9'dthe as cells

preseital Ny es ﬁ@ss etﬁgygagglgggpfhﬁgs Pﬁ%ﬁe@%@dﬁctlon
he pol W)2007/ 00695
%5&%68?8 5. By (SRR ORI ART yPRRG cells

'haMBithheabubBbgubnt purlflcatlon thereof, production by

chemical synthesis or, finally, a combination of these
various approaches. These vérious production processés
are well known to those skilled in the art. Thus, the
phytases of the present invention can be isolatéd from
Debaryomycés' castellii. 1In another embodiment, the
phytases of the present invention are isolated £from
recombinant host organisms expressing a phytase

according to the invention.

A subject of the invention is also fusion proteins,

recombinant proteins or chimeric proteins comprising

the polypeptides according to the invention. The term
- “polypeptide” also denotes proteins and modified

polypeptides.

The polypeptides according to the present invention
have phytase activity. Preferably, the polypeptides
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hydrol yse all the phosphate bonds of phytic acid.

Pol ynucl eotides 5 The. invention also relates to

pol ynucl eoti des encoding a phytase according to the

invention. Preferably, these polynucleotides encode

t NOIXATAPP6AF2es castel lii - phytase of SEQPFD/HRR005/001653

10 According to the present invention, the term '

" p@klyhbji:t eeti}jegihjfsasi;@t ande;drit:g reeadh aasieng:ltm stbahdeg to
c n e h 0 or

a GrERr LY PAEL L G IALE aRe TR ALY EEER R

15 or RNA type. Preferably the pol ynucl eot i des of

t heo1yRyenddongase of DNA type, in particul ar of
doubl'e-—stranded DNA type. The term "pol ynucl eoti de"

al so denotes nodified pol ynucl eoti des. 20 The
porlyeaud:heehtﬁieﬁ afl stoha:ep]ra&Seﬁﬂt to n‘peﬂltyinﬂ& lepe idesolateiiing

r aI iL.onne
Pr ef%ﬁké%flgg %EQHL&Fﬁg des o}(‘ the rlygseéfrﬁrably’ these
i ks eﬁawct@s pr@ﬂm bytb@nvelﬁet-b@m@mmeécul%ﬁstell11

blh%‘tﬁgysé eschnggiesp ag, descri bed by Sambrook et al. 25
(Mol'ecul ar Coning: A Laboratory Manual, 1989) or by

chem cal synthesis. In a first enbodi msnt t he
| Ivarbrding el ates ttthd he ppdatucl entve:fe:imo,se the = term

Sel eNn. RO I 5 Aan 10
oA IR SR 000 B Pganae

Débmwm%% chsivl P tmﬁ/t%ts@rofcgapglﬁr@enmryzthtﬂﬁ@to or

I nveabhpneaks0ah8Lat %dl%o&qldsém@ftaepﬁleﬁat 2n be of DNA

exhlbltlng at | east 80%. 850, % 95% % . and
prt erapt yE¥Per ea%’fe%‘%l?@ém |t?\‘? wPP YPHE ebtides of the
poﬂry»mminentl deewhos e BEqueppe, |SLrbepmencpda|xt|@f1 s8dle-

a 23, 9f . SE . "
ponﬁctynuc eotl e% entode Qlﬂh%)yt ase act }\Eﬁts"%uc&reg er aebl also
WSETPH G0 695 Lied polacqvqﬂm@%mss t hese

pol ynucl eoti des encode a Debaryomnyces castellii

The polynucleotides of the present invention are
isolated or purified from their natural environment.
Preferably, the polynucleotides of the present
invention can be prepared by conventional molecular
bioclogy techniques as described by Sambrook et al.
(Molecular Cloning: A Laboratory Manual, 1989) or by

chemical synthesis.

In a first embodiment, the invention relates to the
‘polynucleotide whose sequence is between position 1538
and position 2923 of SEQ ID No. 1. This polynucleotide
encodes the Debaryomyces castellii phytase of SEQ 1ID
No. 2.

The invention also relates to polynucleotides
exhibiting at least 80%, 85%, 90%, 95%, 98%, and
preferably at © least 99% identity with  the
polynucleotide whose sequence 1is bétween positibn 1538
and position 2923 of SEQ ID No. 1. These

polynucléotides encode a phytase activity. Preférably,
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phytase. The term "identical nucleotides"” is intended

to nean 5 nucl eotides which do not vary between two
sequences. These pol ynucl eotides can exhibit a

deletion, an addition or a substitution of at |east
ondEOMN /d9tRB2 rel ative to-the feference PCT/FR2006/001653
pol ynucl eoti de. 10 The invention also relates to

_ potuegel qsziliﬁﬁﬁcle@tfﬂdést | Bgcatie! easbebQ@Wortd¥es8¥hstellii

gOW 95% 98% and preferably at |east 99%
BPV PPty with the polynucl eotide whose sequence is
betmeen position 1538 and position 2923 of SEQ I D No.

Prg Qezﬁﬂé p?ﬁé‘ﬂt‘ﬂ:& t'rﬂﬁfi fg 2 E’Eytﬂ&een?ifetd VELY mean

ese pO ynuc eot1 des encode a
DeBaf %‘ﬁ?é@%s cadtighl | 4O MRt a¥ery TREtWaan " SV Is|qugnces.

lsrrhegendgalyﬁue@aat&aesdeeraeze Oéxhﬂ@nf esgnbaameelon, an

rotein or nucleic.acid uences. . -
ipeticteStote S e RSN A Todr LS R SRS PAS SRR
orralsubselt@ttha néfaremeaspobweu@he¢EDdede relative
to the reference pol ynucl eoti de. The degree of. :
sinmlarity between two sequences, quantified by a '
scBre, | inpasedonn tﬁéssercéﬁﬂééésof ﬁ@ent@ﬂh%ﬁ%ﬂ%ﬂQﬁides

COéb‘fé}l@:([jNﬂ%iﬂ@ stibskihkut l7@r%s ofs g, hee@equeﬁee89o¥he9s 98%,

net s _for urin ent ing.t ree-Q

i e |t§r§ﬁar?ﬁiyde§ ee a(g +%¥It lBe gythgltgo the

rumbk?mue&nets@quwhoes aregrusgide hnnmhetmeenogesskubhed538
ihe may. r npl de \pf Vegtor

I\I'I'a 8 %581%&1 2?5§nnee(%(1€ pr%EgQr am (C ust aI \/\71 These

a|%cb}y1@%eot{qc}ﬁ,$tp§§@ e| NFaRMbese activity. Preferably,

htﬁkpec_éé W1 AV ER@ERee0Ndncdhe adebavhiypayaset Iastellii
eferably used. 35 Preferably, the
%Vﬁ ®otides exhibit a degree of ~identity or a
degree of simlarity with a reference polynucl eotide

whined consesyves: {he; fynciLon,pEnkbe vgzgggﬁogﬁgséegr%% of
- PCT/ FR2006/ 001653 Teference sequence, In

prieeib anes ?ﬁ%we%%l?ﬁ@é@é@tﬁﬂésn%%%%ﬂ% acbﬁyeggeences
wmﬂéééY-polynucleot;des can exhibit a deletion, an

addition or a substitution of at least one nucleotide
‘relative to the reference polynucleotide. The degree of
similarity between two sequences, gquantified by a
scere, is based on the percentage of identities and/or

conservative substitutions of the segquences.

The methods for measuring and identifying the degree of
identity and the degree of similarity between the
~nucleic acid sequences are well known to those ekilled
in the art. Use may, for example, be made of Vector NTi
9.1.0, AlignX alignment program (Clustal W algorithm)
(Invitrogen INFORMAX, http://www.invitrogen.com). The

default parameters are preferably used.

Preferably, the polynucleotides exhibit a degree of
identity or a degree of similarity ~with a reference

polynucleotide which conserves the function of the
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The invention also relates to pol ynucl eoti des capabl e
5 of hybridizing selectively with the pol ynucl eoti de
whose sequence i s between position 1538 and position
2923 of SEQ ID No. 1. Preferably, the selective
hyBe2 @ 7Z/A068A31i s carri ed out uwader nmedi um BEFITRANDGY 001653
condi tions, and preferably under high stringency 10
condikirense Thge@ueﬁessionl nseqtieace sopadhe ofcase, the
hy ridizi electiv Iy inten fo _pean,

i |H§T%Ot%§es eﬁ%%% |onpﬁ¥eaﬁ%nces Fén hybrldlze
Mﬁth the reference 15 sequence at a | evel

Si gRLT i;GRRAIIY QY 621 85 tz%@rétte@e tc?a KgrauRd BRI SR s T£‘£pab1e
h

| evel of the signal generated he |nteract|on
be?@veeHYPﬁédééa{i@ncéeééﬁélél"élé’f W&Sln dits ngpolynucleotide
sekreseVvelequaitd hesr efernenace pegueneas is3s ganar Pdgition

tha%bSrES prg%& g% %Ooglrﬁz’%%rraﬁ%ﬂ\’eseqéﬁgcge sctive

géhﬁbatdngathenbackgpeumded0|@mﬁ Uflderst medgemt stringency

hybgh nc ti al | l e e
hyﬁélgfgg%éﬁn a%@gve ?955%5%5?% tﬁgﬁgégklﬁﬁgg||$%ﬁﬁ?gency

ar?on@htb%%%ral the hybridi zation and washi ng 25
tenperature is at |east 5C bel ow the Tm of the
reference sequence at, a % ven pH andgaor a |on C

strength}q¥§p|cér}y, 17 fﬁrldlfgpl ten% r r%?% tzing
ats¢ekesti¥OYf oris palbendsdeotiodemetnl’s agcs&ilng to the

nuﬂ\?@ﬂ&P@é aé‘é’ @éné@é%h@@f} B?Er@d@gleyWi({:lheCEtHederél‘ference

mor e t han nucl eot i d % exanpl e,
hy%ﬁQQﬁQ%ﬁ|<ﬂ$ |§ cafiVEed SHBHF 1Fﬁ§t@BII6ﬁFﬁ665uf?%ﬁn the
6% &G rSbhdvidt &6 HChe( QEvE1S)of 1ehdM EDFAa10 R2UrRAYRA by
01:296F|cgll Q 02%)§§A 500 p £n1 denat ur ed saInDE

c ee eqgu a 1@ of
spefm DRA TRE“haShed ar e, 1or exanﬁi e CHTT i ed™BUE 35 _
sGé{:ké@sCFveifyg a@el@qﬁstfﬂﬁg@@@ly e arokesSC-pubkarences is

éﬁgilful@EGhHEESt@ﬁ@%@yabﬂf1fb@ BXm&SC hufkerintense
()ﬁgg ggland t_high stringency % 1X %SC buf fer,

2 oL 1B | WS REROR CAnoLof EoRLEET SRk S aRCS
oyerancorididng tt(heot héradisyradurnet hattsi seel |~ kmeswn tsxringent
\N%§g¥Yé)ég%1on congggég§%006/qg%§?3 allow . selective

hybrldlzatlon are well known to those skilled in the
art. In general, the : hybridization " and washing
temperature "is at least 5°C below the Tm of- the
reference sequence at a given pH and for a given ionic
strength. Typically, the Ihybridization temperature is
at least -30°C for a polynucleotide of 15 to 50
nucleotides and at.least 60°C for a polynucleotide of
more than 50 nucleotides. By way of example, the
hybridization is carried out in the following buffer:
6X SSC, 50 mM Tris-HCl (pH 7.5), 1 mM EDTA, 0.02% PVP,
0.02% Ficoll, 0.02% BSA, 500 pg/ml denatured salmon
sperm DNA. The washes are, for example, carried out
successively at low stringency in a 2X 8SC buffer,
0.1% SDS, at medium stringency in a 0.5X SSC buffef,
0.1% SDS and at high stringency in a 0.1X SSC buffer,
0.1% SDS. The hybridization can, of codrse, be carried

out according to other wusual methods well known to



those skilled in the art (see, in particular, Sanbrook

et al., Mdlecular doning : A Laboratory Mnual,

1989). Preferably, the polynucl eotides which

hybri dize 5 selectively to a reference pol ynucl eoti de
col82P8%/ 0§E53f uncti on of thelfeference seREBIRRR00({001653
the present case, the pol ynucl eoti des which hybridize
sektboteveky llwidt Nt hehpohynudckeol i de waosd csdguencamisrook
be PRSH L 5 nd_positi f D
N s o e e S
pol ynucl eoti des encode a Debaryonyces castelli
phptaseradhg, i nveRki on gghates edthdg@ner ahid0 thbridize
pol ﬂucleot des encodln% t he polxge tides, according to
155¥ BFhVENYi &f. Betabcesofet Re EESH%PE&?eoFOPﬁé ve the
gefiehtcicndesf vathioous gfeinemiel eekigdeacean encotest hresent

. sagg, pO'&@%&?%@Q%Q%@“%h 'Céhmzogia??d%?sesgllesct ively
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invention I's nucleot’1'de e sequenc
repteBentld i ROSEQUFDeoNdde. 1WhPise pelepmesiceot iige dfetween
SEQ LD Non  1569MRRUS €% s 138WENCES T ANKERIIDNRSOPEN encode

readi ng frame (ORF) of the _Debaryonyces castellili _
phyt E&gfté‘éﬁe.ae(rﬁé’yléi’e ipﬁe%%a?%ul aFDERE mUnBtasleqhd des

-t eemcode 01 Bebhaepcegced 25sthidigepieytdde s gene can be

expressed using its honol ogous regul atory sequences,
in particular for overexpression in Debaryonyces

 cabpel | i inyentAaopt herrelat®?. 30ipn amsartaral, to  the

enpotiedt eot iSs JeRe o8RG XS t{ge¥apkBHSding to
host organi sps, such as bacteria, yeasts and_ fungi, ,
f or M exHpret i The GBARUERCS iﬁéetﬂ§96H§F3§¥ & d§%33%§etlc

Noco@e canvdeiexpr epsiégninlachodesor gani senunder thlee same

C . the. pronmoter of SEQ ID No. 1 of the 35

pﬁ%é% eﬁ%ﬁ%%tion or under the control of a

het er ol ogous pronoter. W2007/006953 - 16 -

PGIHARDO6/ QQE622t Expr esshen cgsseihes Aes@r@iikg t0is a

one enbodi ne of the invention, .a $ol nucleqiide
o te

1. of
SR 25 o1 YpeRPae Sedbrachg SEnfe R smo
No

. .1. The polynucleotide of SEQ ID No. 1 comprises
sequences flanking the open reading frame (ORF) of the
Debaryomyces <castellii phytase gene. They are in
particular the ‘promoter and terminatdr sequences of
this gene. This gene' can be expressed using its
homologous regulatory sequences, in particular for
overexpression in Debaryomyces castellii or in other

yeast.

In another embodiment, this gene can be expressed in
various host organisms, 'such as bacteria, yeasts and
- fungi, for .example. The gene encoding the phytaée of
'SEQ ID Nd. 2 can be expressed in a host organism under

the control of the promoter of SEQ ID No. ‘1 of the
- present invention or under the control of a

heterologous promoter.
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5 invention is inserted into an expression cassette
usi ng cloning techni ques well known to those skilled

inthe art. This expression cassette conprises the

elements required for the transcription and for the
tr HA3P QT 10N6958f t he sequencesléneodi ng t hePCT/FR2006/001653
pol ypeptides according to 10 the invention.
Adgaptageaual yastbBcseexpressi on cassette conprises
both elenents for nmaking a host cell produce a
pol ypepti de and elenents required for the regulation _
of AERPEding expr ession. emhedbnexpr esi otheassemession, a.
co A=Y a0 t

e R AR R L e
a pBY§REEPBOLSIENEECERH HE 0 A hEXRFASRIN Caffftte using
tetm:ﬁahgr teetndite s vde Eﬁ&ﬁnh(ti‘at m@én §m1ma in the

¢ Of Rronoter seggence can te used i - nents

expreSS|on CaSEBIFES *aBcoT AT HY D fﬁgglﬁﬁﬁﬁlsﬂ e
25regeiredoforhe her ormamscmipt ickepand forpattel dutarsletion
t h c r e [ of

gort ot BEHaRLEEsCOSERIY e R P ad M aing co
coﬁg?liﬁY?@%lo%xpreSS|on ‘whereas other pronoters are,

on the contrary, inducible.. Arong the pronoters that

esshp gl an Lo g penlloh W Bl
gl skenehtehyde- rakimgs phahesdemadrlogenadec Rebardlypetpt ide
alandChéIgﬂénggneEequ}§e&77f$§0’t%%sgkeﬁﬁggngkhe this

pronoters, that are “functional in bacte nment

WTFPTSEPER i cul ar be 35 made of that of the T7

bacteriophage RNA pol ymerase (Studier et al., Methods
prZé/rTglg %?gnfiocassgs%/ ;egig%%ﬁfﬁg%f,ﬁ% i&ﬁgotd%_rrectlon

tha ar e ironal
rxﬂﬁlQﬁﬁQﬁcﬁkPMMﬁé of that of the Gall gene (ElIledge

et- & .prdiiteNatlaAcad [elantsgsal W@M%%anﬂs?n
PCT/ FR2006/ 001653 _ USA. 88;1731-1735, 1991) or the -

GALA & YARF 0t i cid ing i \iRg davesiiqmesnd

pr-orottesisniarsa dle saigduiattd nin tdiee |ddmes atdste avhraren .

wel |l known to those skilled in

'Any type of promoter sequence can be used in the
expression cassettes according to the invention. The
choice of the promoter will depend in particular on the

host organism chosen for the expression of the gene of

interest. Certain promoters allow a constitutive
expression, whereas other promoters are, on the
contrary, inducible. Among the promoters that are

functional in fungi, mention will in particular be made
of that of Aspergillus nidulans glyceraidehyde-B—
-phosphate dehydrogenase (Roberts et al., Current Genet.

15:177—180, 1989). Among the promoters  that are
funbtional_in bacteria, mention will.in particular be
made of that of the T7 bacteriophage .RNA. pblymerase
(Studier et al., Methods in enzymology 185:60-89,
1990). Among the promoters that are _functional in

yeast, mention will infparticular be made of that of

the Gall'gene (Elledge et al., Proc Natl Acad'Sciences,
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the art. 5 For expression in Penicillium funicul osum
expression cassettes conprising an H4.B hi stone

pronmoter, an aspartyl acid protease pronoter or a

csl 13 pronoter (WD 00/68401) will, for exanple, be
cheszm7/D06BB8 expression in the-yeast Pichta/FrR2006/001653
pastoris, expression cassettes conprising the

nEUBAnobelde@L@bQSACMb919rQﬂpt@ﬁe(aﬁﬁboﬁgf'Aﬂﬁ’promoters
an I NN

ai L
(18671 GG odiro: FBRSST PSS deyF 5t cdeboribed in
i nVeet dseerattilte retchydotr ephilc kyeast ,to Pthbsa skilled in
pastoris. Biotechnology 5, 1305-1308) or the strong
constltutlve GAP pronoter (Waterham H R Di gan,
ME., Koutz, P.J., Lair, S. V. and Cregg, J M (1997)

I smat iee@;r@fsstlm Piﬁhlf%zﬁaﬁtplrmn gkyserahdehyde e%&)re851on
at e dehydr pgenase gene and regulatlon and ‘use

hosph
g??igb?%ﬁot%?‘XP@ N9 gean37HA4P WHBLORST Sramater. an
baspdmots;eh dedrd eppbesaien pf\orﬁﬁhezos:&cchr OMYTES promoter
POIYRS: o SXPLL55] Qi1 25 §§§S§§%&g1e°°r@“ ShdGsy L he NLT
regul at or pronoter " repress Pani ne. and
activated in the absence of thlanlne (Maundrel |, K

(hﬂﬁg)eﬁpiéséioﬁ|§§|@HeY§€§Et P&cﬁhghﬁés%%ﬁ0§9“é%g%ession.

-gene co etely repressed t hi am.née .. Bi ol
s SR L A T4 { orEhes SRR L AR | AOK

Tmaanqn$55|CWB¢hG§pttes acporSveglbo the_lnvabbsaﬁ R.,
a5 A S%'r&&thep 5 Oth &fféﬂ%er}%fgl{efe“%gdsefcorre&h&n of

expreSS|on ypep €s or

| pAWRRT Bt afes, Inses ae flo? drapiet hydgiirsrdriy  yeast,

e|£&1’f§ifh_ta‘5 Vs, sgqg@@@%oﬁ@@gzt he, Seﬁ@élﬁ‘o@f e the
tldes roduced by the hos organ
§y Sr yCeGuEntet Yhat ChbkePLTHESSI bl @aFﬁrﬁﬁEreaﬁéR

t@égae\/,elMoE exoedsd, onPof . t hé&adodi ng. ‘ﬁeqlaezldceCregg, J.M.
'W%@ﬁkﬁd ﬂﬁ%@gykgpqgﬁsthe1§1chEgT#§?§ ?§/0%19§%rgﬁﬁ%%yde—

th e expressi on_cassette can In
3-phosphate dehydrogenase gene and regulation and use

of its promoter. Gene 186, 37-44) will, for example, be
chosen.

For expression in Schizoéacchromyces pombe, expression
cassettes comprising. the Nmtl regulaﬁor promoter
repressed by thiamine and activated in the absence of
thiamine (Maundrell, K., (1989) Nmtl of fission yeast.
A highly transcribed gene completely repressed by
thiamine. J. Biol. Chem. 265, 10857-10864) will, for

example, be chosen.

The expression cassettes according to the invention can
also include any other sequence required for the
expression of the polypeptides or of = the
polynucleotides, such as, for example, regulatory
elements or signal seguences for the éecrétion of the
polypeptides produced by the host . organism. Any
“regulatory sequence that makes it possible to increase

the level of expression of the coding sequence inserted
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transcription termnation and nRNA pol yadeny

According to the invention, it is in particular

possible to use, in conbination with the pronoter

regul atory sequence, other regul atory sequences, which

5 are | ocated between the . pronoter and the coding

Sefo2NTH, 0060888 as transcri ptiog activat or SPCT/FR2006/001653

(enhancers). In addition, the expression cassettes

aCQﬁEdlBget@xbh@ss@bﬁs%%%stY%nEb%n1%a@dﬂ@¥c%qgra@é used.
#er sequence 10 required for the secretion of 1 :

po yﬁ@ﬁ 88s SP FO& BV EHe Hbst b’fgah?smlnsuéﬁ%slcu ar

si gpasikkguencesus&pr imsectetdom o ohith pafHeor iffomoter

'th§e§ﬁi§959 gna%ﬁ%%% A %%hego£e§é?59%$yt§r H%%FOF which

secretion s | ar var .
seytenceéscahfdbe hesegsm thre expeesston sadsethes coding

aceefdéNge} OstbE 4HVERLH OB ipt 652 SEANSNCES f%é%%ﬁfers

Any term nator sequence that is functional in the
seIrecaédihd)sn olthpan i et reaers dhren usa@betﬂtﬂeé:oacedﬁﬂelsg;l €8 the
[ A cul m re S|on cas _
CORESTAE | OLLULEY O SHOTGES Ol -SEELLES secuence
act tHpretdabert ehai AGEBRtHPRaOES LR p@lrlrypﬁatt@deS( Wooduced

0%}684@1@) Mbst, JYar@IP| Buche £10888na25 LFUWN L. For
the present invention is also a polynucleotide

'20%@9?? U aPYexpreddifonPegtsEife HeRordiifFHF t BEIuence .

|m/aa'n,t|m gt ageoeisiyed hes sxqreasisimns icastet t es
according to the present invention 30 are inserted

into a vector. Vectors The present i nvention
t ferB1e92 WprE4=F¥l afedwrminagpli Gadummass esxqr dssivaed in

Veagieor &xb@ésbﬁ@n35cis§§é‘§tf@é n%tddaﬁcﬂfnga pgsty gﬁﬁ'v%m:lon
ri SI at | east ne nucl eotide or one _
eg:gfess& PEIEET e BT d| g?‘nst‘:&lﬂ’féoﬁlr e$éppination ‘and
| MReHY i palyafesyletion. camy ntgantnaubar sequensesttloit is

a A Nictha 12 iGPAL s A Racd£H %@a&g Qf Y ALy

whi ch a péal ynlucl eot i d% or an gxpre |aor%sabfé6’77%0é%’§%

- 19 - PCT/ FR2006/ 001653
For expression in Pen1c1lllum funlculosum, expression
cassettes compr151ng_ an H4.B histone terminator, an
aépartyl acid protease terminator or a csll3 terminator
(WO 00/68401) will, for example, be chosen.

A subject of the present invention is also a
polynucleotide. comprising an expression cassette
according to the invention; advantageously the
expression cassettes according to the present invention

are inserted into a vector.

Vectors

The .present invention therefore also relates to
replication or éxpression . vectors for the
transformation of a host organism, comprising at least
one polynubleotide or one expression cassette according
to the present invention. This vector can in particular
consist of a plasmid, a cosmid, a bacteriophage or a

virus into which a polynucleotide or an expression
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~the Inve

cassette according to the invention is inserted. The
techni ques for constructing these vectors and for
inserting a polynucleotide of the invention into these
vectors are well known to those skilled in the art. In

5 Ye#®8I0068A% vect or capabtel®df-mai ntai ni RGT/TRAAK6/ 001653
of self-replicating or of propagating in a host cell, '
andaseatpar tdcudating opderha oihwducéonhei%xpnessited The
Oft@chﬁ MQQClgg%'d oﬁ%tghcﬂun%0| é%g}éxaand for

used. T In the art choose the
apbPBpFLaLe @eﬁ@-ﬂ@%@‘%%%t@%%a? dEYSPEiRG tigthethese
hostcehgankas® ke 1he kndwransd of iede andiacear dnN@Heo 4he. In
transformation technique uiﬁd :Qe vec ors. of tt 1f, ¢
pr 8EBHF 21 nv i o &Y i i2BAPL e mai% BB PortSe ©
t rantferabhgcat hogt ocor genismpaddt iy i 8w kohost cell, and
| f Y, / e es ;

vl Bacdd e 0 L E0LAY AT ShabBe L oBkIPE 018 of a

or@‘a ygwlegtnrﬁ@ pﬁv@ﬁtuaonpglxraepfe}@@escﬁa ®emarapsy Those

- fogxprepar ing tde m&wmﬂ1 denaeser dheg diprddiriate vectors

|nvent|o risin foll.ow ng steps: - a_.host
A SR B s h 2 TP diiaonorgaRigR to be.
conpansfqgma@ expressiagraaasiset t etaccotdeng tmanPfotimt ion

I nventio ndiog W th a polynucleotide according to
¢ ﬁ%?on - the pol ypepti des produced by the host

organismare isolated. Host organisns 30 A subject
of thdevpeesent dfnven i redsn@l sAvantebhodrkorin partlcular

t h b t t t
ORTSr GRSt BT S Pt 2o ol SRAGT O dé B b CAR" €0

expeRbicanicassdt t eher wicwpweendy caccor dievpres stilvm 36 a

t;ﬁl%%ﬂ% 5%‘ taﬁéﬂ osfﬁgg?tedjet%%” PLﬁvleﬂE%Eat e 1O host
gani smor-can stably _
reépt9EaE"- in the host organism The nethods for
transform ng the host organisns are well known to
thﬂ§e %gbéﬁggok a&so relates to a method for preparing a
polypeptide according to the invention, comprising the
following steps? |
- a host organism is transformed with an expression
vector comprising an expression cassette according to
the invention and/or with a polynucleotide according to
the invention, '
- the polypeptides produced by the host organism are
" isolated.

Host organisms

A subject of the present invention is also a method for
transforming a host Qrgaﬂism by integration into said
host organism of at least one polynucleotide'or of an
expression cassette or of a vector acéording_ to the
invention. The 'polynucleotide can be integrated into
..the genome of the host organism or-can stably replicate
in the host organism. The methods for transforming the
host organisms are well known to thosé skilled in the

art and widely described in the literature.
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art and widely described in the literature.

W)2007/ 006953 - 20 - PCT/ FR2006/ 001653 - The present
invention also relates to a"host organi sm transforned
with a pol ynucl eoti de, an expression cassette or a
vetQRO74086P8 ng to the inverkdon. 5 The tRFFAFRIGEE/001653
organisnt is intended. to nmean in particular,

according to the invention, any |lower or hi gher,

si gl e ?_%lslen‘ar P G Uimf‘éo %Q?Qké@ I aPFIBEEC‘JJ%anism
chosen®from bact teria, yeasts nts
t P FERHERTIRR gaiisht i3 | mAnEeEles QE%m a aﬂonﬁﬁmﬁ%$510n

Or gadé St e A ant pgepys| accéf@m@a@é St 19 &1 BP@Seoh I om
Pichia pastoris, Saccharonyces cerevisiae, Yarrow a

15 lipolytica, Schwanni omyces occidentalis. and '
SchheosaenmarOHyees pogheisthe ﬁsngﬁnaeadeﬁosen fre@mn = in

Aﬁu C| ({:uijéranq"'CC%@dq-lH w%%re %Qlk?tl.yogxro@ny lower or

i 'um funicul-osu oderma_reesefl , - .
ASHEIRET | usShngée - cAdper @i | @lmlul%pepg%nagmzo in
kay@ehi tuphd TenshoderfokOniiidrid N QR AHOdifRIYL  and
the host organismis a strain of Pen|C|H

£ R BsURTE N EBRTC R PR SEhAREA S5 or o P T EPIRE to mean a

i nvemthamen sosxgptessed. | n anot her enbodi nent, the.
host organismis a strain of Debaryonyces castelli
in which 25 a phytase according to the invention is
ek%?%%%kﬁEQQUS£Were&%@esxé65t$n arpr efBpPEel edPBOdi neétichia

Ofpéélt.eorlé nvent i e AdteomRSds OF JanisBdSs et rain }%frrow1a
Pastorls or gf Schi zosacchar onyces gtng and

a%? it ase acCoPARGOTEERe i nvERFEER™E ls. an
exjrlessesh cdiner 3ty e aniendes, Toe dkanp]earehmﬂmwémcnﬁrom
r[& d&%Yffh§at'%%d L. )Pe599§§§9um§oybe%ﬂast S from

resent 1'nvention, 't he |sm
i spftff%bijo%%d Wi t#iifilr%ﬂpﬂﬁ%ucl eotirde hadssar fr omASFRS 1,
3Adpd t il g Pohyaele) eonkgesyialtbe pakybeel eotisgtergillus

whossaeguence s helueen poRbtisn: 1538 409 ROBHIORe,
the host organism is a - strain of Penicillium
funiculosum in which a phytase according to the
invention is'expressed. In another embodiment, the host
organism.is a strain of Debaryomyces castellii in which
a phytase according to.the invention is expressed or
overexpressed. In a preferred embodiment of the
invention, the host organism is a strain of Pichia
pastoris or of Schizosacchéromyces .pbmbe in which a
phytase according to the invention is expressed. The
plants are, for exampie, chosen from rice (Oryza sativa

L.), tobacco, soybean and wheat.

According to the present invention, the host organism

is transformed with the polynucleotide chosen from the

- . following polynucleotides:

a)the polynucleotide whose sequence is between position
1538 and position 2923 of SEQ ID No. 1,
b) a polynucleotide encoding a polypeptide chosen from

the following polypeptides:
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b) a pol ynucl eoti de encodi ng a pol ypepti de chosen from
the foll ow ng pol ypeptides:. W?2007/ 006953 - 21 - '

PCT/ FR2006/ 001653 the pol ypeptide of SEQID No. 2, a
fragnent of the polypeptide of SEQID No. 2, having
phye2%% /206P%8ty, a pol ypeptize havi ng phyP@B&R2006/001653
activity and 5 exhibiting at | east 90%identity with

the polypepthbdeoD{pSEQLED db. sBQ Abtkeugh, it may be

that the host grganismi e wild- t st at t he
bolynuct eot: Ae  BETHEN Bhovhe PRavDepYbisceh S0
i nvention reNat eg, t bavhegt paysése nedt hwsty or gani sm

According to aoNgo g?tgggtogé%%ggnféﬁ§%gg iéggyuﬂgyn and

t he host organlsn1|s ransf

pol ynucl eot i 8nbP1EHReIi riventisHPS o OfhelpBRpoSE gfith the

expressi ng tphelppeypepti de okqthe poesent invention.

15 Accordi ng to anot her enbodi ment of the |nvent|on

the. host organismis transforned with a

poAynuct@btndemav behe hatventhié ohosor orgheipur poséhef wild-
OVELSYPIRSAUNInLLC c 0! ¥Bephdc0L s e ddRield 0Bbo2f, the

hni ques for constructing vectors, :
traﬁg%wn n§nHesE i8R gakrIAs Sand SPor tés@pr &mnﬁéormed ‘host
hed £42h 0g0US AIcIRHiRg | Aot hese @mgaamaﬁcaro& \NI:H€| Ypresent

descrlbed in the literature (Ausu % a
" RYERT PP ot dTtt s 19 Mo CEER AC TR 6?095”% %ﬁ%% 18 2
259@1yﬁmeb®@tfwbl|@m|nguﬁss@WE@¢e9nandor the purpose of
l‘@é gc’c't%ce }Bcgtlgelvatpf att'h% ?rgsgﬁt':t%.%eﬁtlon

J Sa roo Mol ecu oni ng ‘A Laboratory Hand
198290 B g af a?dmh%seaﬁadaﬁﬁﬁ’m Feetlke  3pVEREion, the.
prigsent okrgyankimon Al seaﬁgtamédt vidiretar poagldut:weslde of

pr V|d|n a _phytase_actjvit The pr vision of this
(R CBEL| Uty SRR | Cpose Bl et os tng  the
|rﬁwlmmﬁptidﬁc@@e%m¢bi$V¢Wtb©nthe feed and to enhance

its 35 nutritional value. The term"nutritiona

addltlve" is intended to nean a . _
The _ technlques- for constructing . vectors, for

transforming host organlsms ‘and for expressing
heterologous proteins 1in these organisms - are widely"
described in the 1literature (Ausubel F.M. et al.,
“Current Protocols in Molecular Biology” Volumes 1 and
2,'Greene Publishing Associates and Wiley-Interscience,
"1989; T.Maniatis, E.F.Fritsch, J.Sambrook, Molecular
Cloning A Laboratory Handbook, 1982). ' |

Dietary additives and animal feeds

The present invention also relates to dietary additives
providing a phytase. activity. The proViéion of this
type of enzymatic activity makes it possible to improve
the digestibility of the feed and to enhance its

nutritional value.

The term “nutritional additive” 1is intended to mean a
substance intentionally added to a feed, generally in

small amounts, so as to  improve 1its nutritional
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substance intentionally added to a feed, generally in
smal | anmounts, so as to inprove its nutritiona

W)2007/ 006953 - 22 - PCT/ FR2006/ 001653

characteristics or its dlgestlblllty The nutritiona
adtiP1947d9068F3 ani mal s can, fo#2exanpl e, coRFBFR2006/001653
vitam ns, mneral salts, anino acids and enzynes. 5
Typh@aaty¢riheiﬂatmn1ibhaldﬂyﬁaﬁhhxifux afhemlrsitritional
CORRAL SEvas Polpypept i de, accor ding tocdhe gggﬁqg&bon Gbntain

host organi sm accor di ng to the invention ture
su'}ﬁé?ﬁfé%%ﬁt | PERBERE at® ofs mAPLiRP ACHSSt 2 gAMFERES -
accor ding to the invention. Thus, the polypeptides 10

hyt t t di th t
canBReRLRYY ] oFtst alt B eBSRREm Fadihiivsy; HER! | Ghimars

'De@anynnyeea cestgbéptider afcrdmnda,rrgecbnbluimt iheshtion, a
_ S h i
oo Boplishi SN S Bhel MR p culcure

De%la??@h@/‘é%%t/lge’é‘&%@‘éﬂ 190 or W ShkostObr gani SAPPF od RHIRRP IS

phyd 85£8i n@C s di dige t 0 dhnd seent imuL£an dig ugRd ypeptides
dlrectI% for the nmanufact. re of a (gutrl

adTT1V8 PorPBATRRF s 2o 4 Yor SFEFF 4L, b ek sgprension
t hean nveest | gyrifieedul bur e isniperewdit aftonr a strain  of

f ehaE, %%ﬁp@eguséaﬁéeﬁlfirabP Ok &} ba@é‘&'&‘n‘%ﬁ%ant host

caste or of ost organli sm accor I Ng
i RAEFAR b sEesebbhe oWaPHéaﬁﬁHHFa@t‘fuﬁe n@*ﬁrlﬁ&matlu Gdditive

adebh# | @S nfaQls .anheésnadb-s1¢nbedi BeRbihS of Debaryomyces

" part ly advant when t he phyt i ted
PREAE TRLTLAY B ol 1 SESREd GHUR o RBATYGipEas By tases

catebtdingtrai tlhe)rlmhenhnsm oagahesmselsdalrdeytliyhifor the
CHAHI £ SURSL N3E At 0, EODGEDY T BLARE: 0L ¥BPNLLAEY 5. 0Tn &

the manuf acture o e nutritiona ditive. Thus
i RS 01l sed“kfcé?lé‘te&t t @ rFé"(enodnf"cﬁnth'pr éﬁ’&r ﬁgllture

p@dpaeslmamm)rucsrngftabaehelatﬁzwnngmtseps ofa) &ul bukraAg of
a__host - or

ot R car AT AU 1D Phe nvirkroh. o7dRBePT Seborling
cordi titons fovennirt | by ofisedle Expr esbeonmehufasture of

Dmﬂé¥¥%1éﬁ%ﬂﬁaéSPQE@&énQJJW%ﬁE$£H£e %%%yr@%ﬁgalment is

.conprising t

partlcularly advantageous when the phytase is secreted-
into the 'éktracellular medium by the 'Debaryomycés
castellii strain or the host organism. .Usually, .this
culture supernatant 1is concentrated or lyophilized for

the manufacture of the nutritional additive.

Thus, the invention also relates to a method for
preparing phytase, comprising the following_stepé:

a) éulturing a strain of Debaryomyces castellii or a
host organism transformed according to the invention,.
under conditions for induction of the expression of the
phytase, .

b) séparating the culture supernatant comprising the

phytase.

This culture supernatant or fermentation must can then

be concentrated or lyophilized for the formulation of a
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_addktlo

increase t

| te‘?%ajfréje%g +E°F it BRde UG

phytase. This culture supernatant or fermentati on nust
can then be concentrated or Iyophilized for the
formul ati on of a W2007/ 006953 - 23 -

- PCT/ FR2006/ 001653 dietary additive or of an ani

mal
f eBB209HLO%%EPRod can conpris@3additional BF ;ﬁ$2°°6/°°1653
consisting of purification of the phytase fromthe
cubtgkaryupaididgtiogt .05 of the drogtaloriped snTdeesenbrd can

SeEBﬁb%lEQeaBBXE@%ﬁaUn%Qep%h%dh%ﬁg%ﬁ%g”%g'%@rfﬁlcation of
steggcon3|st|n rupturing the cells and

puf FyPHﬁt?ﬁe PR EQ?rﬁEgtHﬁ? SBBeﬁ%%Eé%%ry 10 The

nutritional additives of the present |nvent|on

conpri t Qne. phyt ase cor the

BNt P S D Sohnr 7 a6 SERERURuERE BlwaRSe into

subbearmels:mhmaélvm arﬁrnsadéﬂrtmgnaéu (ﬁ:&l:r Abnetating in

saktigruldndhenaddidiinees, accondi the b@‘i?nfe'x‘%@ t
BLu n% geSthI|It§§%f ?ﬁ ?eeds t hus ach ey

coﬁ?rPEﬁFFﬁ@rYo obt ai ni ng i ncreased nutrltlonal val ue

fromdiets based on cereals (wheat, barley, naize

0 r el e, nd on 0|I- el di ng cakes

(2%§%e 1¥utEun %%gr a%%%%%%%d %thi 5T AT curyeRtion

Theoppeseat Aty enté st al soer elpyES S0 tacrecmm feeds the

COPRULatNgna nyLEitignal jpase angha Wt rddHonaly 33 tional
additive accordln to the inyention. These feeds are

us%%???aPﬂe?hé“Fd}nﬁﬁf YrehrBing oﬁ”@%ﬁhu?éé dEnt@r wiligreral
theantlditi ves according to the invention are

i ncorporated. 30 A subj ect of the present invention is

al so ani mal feeds conprising a polypeptide according

 t oThde adgv&Aviesn, acronwisty of gatibem Hrowtiony Ltocrpese the

'fﬁﬁﬁ@ééibfiléy fSE”E@Hg"%Eé&@t/CHEﬁyrec§HE§EBﬁE§H to
host organi sm ccordlgg_to the i nvention. .35 The

z?r?a&ny‘farﬁ% PR hdéﬁﬁs Based

on cereals (wheat, barley, maize, oats, rye, etc.) and
on oil-yielding cakes (soybean, sunflower, rapeseed,

- etc.), in particular.

The present invention also relates to the animal feeds
comprising a nutritional base and a nutritional
additive- according to the _ihvention. These feeds are
usually in the form of meals or of granules into which
the additives according to the invention are

‘incorporated.

A subject of the present invention is also animal feeds
' comprising'a polypeptide according to the invention, a
“host organism according to the invention or a.
fermentation mﬁst/culture supernatant of a host

organism according to the invention.

- The term “feed” is intended to mean anything which can

be used to feed animals.
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be used to feed aninals. W2007/ 006953 - 24 -

PCT/ FR2006/ 001653 | n one enbodi nent of the invention,

the nutritional additives and the animal feeds

according to the invention conprise a conbination of

atWP%Qﬁﬂ)%P®653phytases haV|ng2%oanenentarﬁCT/FR2°°5/°°1653

activities. These 5 additives and these feeds thus

cofpr i gee aembedsmenrte ophytlase iaveotdiong t bhehewutritional
ny Wga&w{}egonghaed Md h janpiher phyLkasgc-thaipBYL 888 the

combined wth the phytase according to the invéntion

cahiVERE 1 @RanfPBPTBESChEs e FOTPAGRLRE pmﬁt asds ofedsfe two

f obhowhBgsOr ganksHE: 1Qobgphearnicamyces notivaited.i s, These

ASRBOFYEE AiGbr - RBRyLACE R GIL: RyFIce o ac least one

Pephytabeunatunmdubgsunx: Asiper gihvestionyzaembined with
§h€999£a$g¥95%e ASES ¥%§%§'EHHﬂlneésQ§EﬂgHH§5phytase

ans aromyces t
f uﬁ?@@msnanaOAw@r g‘lﬂ‘f%}'stltcé? redR: BAYafkagedds| ype tHewsen
phﬂr@ﬁe Ao dlp}g/tta@etdwe REeseghe lnﬂ@mwnn@ydrcmge&assms |

aI% é hosg ate grou s of ytic % .
t har8Yore’ P parti c i 1o | PS\’?gl 6u8r awamord
supphereat Ahenacphytayeoﬁ phytseses ivhiwsh Migarot ( phytase A
hyds gl @Aée“%g ph%ﬁ@%&ﬁ19E9Upfun5’58§8599'yAé lus

hytas ccordin e present invention IS co
w@ﬁyaﬁ@,AspeFfemmfsozfﬁ ger lpWyjtdase ({FPERIIAIVS]. a’f‘r#d?uum,
Set bparghavay, K nidf2DL8s, Phyﬁmwﬁorpy@@iyct fheXBnophi lus,
As er%# er flfuun1a d Penlgghora %E roduces

Speroid Tun, FUE A Es cERe rRRRr Pt b (PRECHES,
Research Communi cations 303: 463-468) or with a

p r aig, Of [ ulgsu
0331054199% P% /éj%e% B?g%gla eééejﬁwmi ﬁg’sagﬂéiéyfavreessent

amPYHRE T ¥ deY SERbY e 311pﬁ§‘{ea§€°§é’€l& & BOUHS R PhYtic

presedl Itiveahi oneecefbraedn whathianlAspekegidseds tri getprove

phc}/é a% %pple%e %ni Eﬁtlel iaucrgi\}ci%r{} CglfosmtpgéléQS%hi%% ‘do - not
hydrolyse all the phosphate groups. Preferably, the
phytase according to thé present invention is combined
with the Aspergillus niger phytase (Ullah, A.H.J. and
Sethumadhavan, K., (2003) PhyA gene product of
Aspergillus ficuum and Peniophora =~ lycii  produces
dissimilar phytases. Biochemical and - Biophysicai
Research Communications 303: 463-468) or with a phytase
of a strain of Penicillium funiculosum (WO 03/054199,
WO 99/57325). | :

Preferably, the additives ‘and the feeds comprise a
phytase according to the present invention combined .
with an Aspergillus niger phytase or a Penicillium

funiculosum phytase.

For intensive rearing of animals, the animal feeds-
-usually comprise a nutritional base and nutritional.

additives.
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For intensive rearing of animals, the animal feeds

usual l'y conprise a nutritional base and nutritional.
addi ti ves. W2007/ 006953 - 25 - PCT/ FR2006/ 001653 The
term"nutritional base" is intended to nean that

WhYRHP 9969 B3t es nost of the2Feed intake BFTARRR006/001653
animal , consisting, by way of exanple, of a m xture of
ceThaIsermf DMOtELDSOHmﬁ @hskat51$f1anendbdandiomean. that
pl itiopal S r e
su??%%?e ?5ﬁ9££tuE%§et o tﬁggetgﬁ$ qfé;gn d are mef?g the
kndWETE b, t REBELSERPD) e®Yi WarheoTarexanuglal | 9 ehageture of
nugettaosal obagestddnsogpAi 8¢, rhek efanpligalMBindg.or plant
wheat ea and soybean. These nutritional bases are
su?fé%?g for the needs of the various aninal. species

for which they are intended. These nutritional bases
C?fhé" Eﬁ@?Xt%H&ﬁ“ B AL i 4 naﬂl.am L%geguﬁ#&gﬁlés’ for. the
vitam ns SAIts an amno 15

pr‘é#%’?ré%if efibedicreaninghe i an@ntdwsn mellat esneyn fleedghose

fCET?PD@@aERJIEhén$ﬁRJS U??Qllﬁ p%ﬂéé@”ﬁ£t£9$10n?l bases
poul try, an S e poultr se in particul ar

D PIRA TG heri6? (HITWNS B7 L RBal "IEatkeyReRnaRdudyPean-
ThEhe@egsucmﬁpnbsellmquﬁélanéasugtehﬂagﬁmnithmlsbedg of

p'@ﬁe %Qlﬁégoaﬂ%% g?ﬁ %&%BE'% 8& ttﬁ%ty; W Q% ARied .

caste Se as a
fu $%nn’é’f—erFL?§F-F-3bP§eB sanzeérﬁwrig'l nﬁ@l@ufm@rrltpwnal

3. 2380 veL0GUBY sadi UM egeiat & hufddiz1 PHaTth0 nd®, amino
. 200, tris-HCl1 buffer). The various val ues obt ai ned :

at®3v"PH 3.5 with 2 different buffers show the effect
of the nature of the buffer on the phytase activity.

Figiir g, Zpré‘éé!r%&y %bé@ﬁq_% Casc el | Loyt age 9%191;% to

function o erature VIt I S neasure
pHests 4 fogt W$%¥t’2{}3maﬁl&f‘@és F.@nu#elcal perEicular for

desmindaf i apdofpide. Drneaspebltty comprise in particular
laying hens chickens for meat, turkeys and ducks. The
- pigs comprlse in partlcular growing and finishing pigs

and also piglets.

Description of the figures

Figure 1: Activity of the D. castellii phytase as a
function of pH (pH 3 to 3.5, 200 mM glycine buffer; pH
3.5 to 7, 200 mM sodium acetate buffer; pH 7 to 7.5,
200 mM tris-HCl buffer). The various values obtained at
pH 3.5 with 2 different buffers éhow the effect of the
nature of the buffer on the phytase activity.

Figure 2: Activity' of the D. castellii phytase as a
function of temperature. The activity is measured at pH

4, at 37°C for 20 minutes.

Figure 3: Heat denaturation of the D. castellii

phytase. The extract is preincubated at various
temperatures for 1, 10, 20, 40, 60 and 120 minutes
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'thEOVaﬂro@§urzoatnd§wtoFe@ﬁ6§aﬁ&Fé§ b94

phytase. The extract is preincubated at various
tenperatures for 1, 10, 20, 40, 60 and 120 m nutes

W)2007/ 006953 - 26 - PCT/ FR2006/ 001653 <either in

water (solid lines) or in a 125 nM acetate buffer gH

4 VadtePO6PRgs). The activit36is then neggiﬁﬁﬁfOQF/ 01653
37C for 20 mn. 5 Figure 4. Study of the pHstability -
anditbaperiat uratest disidliidy. 1 ifhes photasia: azt ilebt pMofaq@tate
cagh ekl i anSHf & tar JJH8at meRk 05c£9§1€§trﬂ§t then
at various our. at two tenperatures (40C
orm66€yre¢hét 58?FV?P§ P8 WeBsured at pH 4. 10 Figure

5: Schene of phytic acid hydrolysis by the D.

cagtel lii phytase. Figu vol ut i of _th -
teM‘ %ggg%l n%nFEShy?}gssetL%lfc s)an dtyr??peraequre
bi shabslisyuariss msymadancidtarvisfy tleé gPowt tasheblii is
dU@éQggLQS %%k%%r%ﬁéékmgfgig@tgg (é%téggtC%QtW%HQ@%s pHs

lgure 7: Monitorin & earance of
ot off aphy The
afg@ﬁlcmgy1gglmeaydg@aygtspand enzymati ¢ hydrol ysis of

InsP6 by the D. castellii phytase after 15, 75 and

120 min. of hydrolysis. 25 Figure 8: Assenbly and
coRpgursors :of S¢hemgpedt rzhywfic hecid pdinsllpsiic by the D.

' fr@ggFg@§lgo?ﬁgtgggg InsPl, InsP2, InsP3 .and InsP4.

The al ternat aSS|gnat|ons are initalics. In order
to conplete this conparison, in the chemcal shift

scpiguréhe espectvdduoiohnsBS obtiénegikyd 30in terms of
diTference at

be |n i.n of Ki netic al_s
reﬁ?%@%%f%%n Tﬁgyﬁos%tl e]%fgngls d%e ?hg§gm % g$%$ares
anQSthefumptmeganvehS|gnamghcawﬁéspbndltbtﬂﬁequﬁﬂnnﬂs in
I nsEs. bib@ﬁe ﬁﬁeéﬁéacoﬁBﬁﬁésﬁgf' 811 GoQL  the various

i nositol phosphates, neke it possible to follow the 35
appear ance and the di sappearance of the various
predgcte 7n tMuenicoyrisey obft hdehyrpdapsirsceki oft tbe. various

Flggégltolsg%ospﬁgglCsk£p|%8@%%a@59§98h9+ta§agra%ﬁ%%&cal
hydrolysis and enzymatic hydrolysis of InsPs by the D.
castellii phytase after 15, 75 and 120 min. of
hydrol?sis;' '

Figure 8: Assembly and comparison of the.spectra of the
4 hydrolytic fractions containing InsPl, InsP2, InsP3
'and InsP4. The alternative assignations are in italics.
In order to complete this comparison, in the chemical
shift scale, the épectrum of InsPS obtained by
difference at the Dbeginning of kinetics is also
represented. The positive signals are those of InsP5
and the two'negétive'signals correspond to the initial
InsP6. These spectra, characteristic of the warious
inositol phcsphates, make it possible to follow the
appearance and the disappearance of the various

products in the course of the hydrolysis kinetics.

Figure 9: Slow kinetics followed at 500 MHz and at 17°C
with a solution of 1.7 mM of InsPé6, 10 mM of acetate



with a solution of 1.7 mMof |InsP6, 10 mM of acetate
W)2007/ 006953 - 27 - PCT/ FR2006/ 001653 buffer, pH 4.0

(500 ul H20/ D20 , 16/84 v/v) and 1 pl of the enzyne

solution. The tinme period between two spectra is 23

mi Ne2 @7 /086EB8 an overni ght- p&tiod, 20 pl PET/ERROMEZ 001653
were added in order to accelerate the 5 reaction. -
Afbeffdd, hpht ke hy(Eob yisl sHiG/monpled sand/vihand 1 ul of
sp ru rac | stic of jinosital is _qQhtajn Q
spgg %‘gy—%ﬁeségél %e |%cs c;hear Ityms‘?h0\}§7etrm%l sﬁbcecte"ées? ve Ewo
apﬂﬁaf—mﬁ@eléf 2BPnmpguteft .| ASP4rand civamsRAit K 20 pl

8 1OéfFa§B§gr>r}g' NgLies HAKLRY kb p%%%aleb_l ° P fa@éé’ﬂ&ré@@ the
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congl ete draol ysis of InsP6 (60 , .17C,
D2BS28EBomM SECERFsPES b 4tle éyeFoéVSéﬁzyh%) complete and
Spe]ﬁér wpmarecw}ﬁ&&o&\e&mstadn B £f 0ﬁn891501(4£)@ obtained
f?tra) spec O h.?.#ég ? %gr oLysi ax o the
TRl | ypconpl & Spectia prott eac re\époﬁ}i1 ¥o
on%usg@%:imm @me@farlc@e(@t) MmeetméeM$% apdcofajnsP3.
Sone characteristic signals are annotated. Figure 11:

" BEvol ution_of the concentrations over 5 hours_ _20 of

t HotFAE S okl pF RALRE skFReEhEScBAKIBI0L tt IPé"SSH;P&Fol% %0110“’
Tht ise gt appl sBk esyitoPpsssbbe. Ihepéet o eIz at1 wu,chs00 nl

ti th pt | .concentratign e
pr%%dcts% %sm?’lgggﬁ 14 &gm‘renPﬁ T%we hei h}tlf 1Fheerf\fl\?ﬁle)' A
si gpedt chmr actas i stlremcmdee:hch sfentthe c:'bnporumls Wesr 20 h
USF&’O@%;B&@@' uatgetbe vapi atdQnss i N £RACERLEHRLIORYs  is
The, nal s used do not always .represent thé same
nu‘ﬁb%‘%u 1Y pFETBAStENd The nePeaF hay P iphked heossRepond to
nuirte pkbectyum Amta BESUld , Bbemﬁzﬁn&%’ﬁw’éﬁn OBwoCapetra) .
Cg’;}jrerdz_iv% . .ONe anat her. re = C)nijpl es4 Exanpl e 1:
Pro UCtI on, > bi ochen ca %Ihar AT i TH1T oh and
stereospecificity of the Debaryonyces castellii

phdase B5: MVERIALSH AND MEdHEDS-4nt Ga8aBheMlRe 5 hours

strarn_used is |isted at .the Centraal,K bureau voor
: ofEl tg various products Qn the course of the

hydrolysis. This graph makes it possible to determine
at which time the optimai concentration for.each of the
products 1is reached. _Cbmment: The height of the NMR
signal characteristic of each of the éompounds was used
to evaluate the wvariations in ‘concentrations. Thé
signals used do not alWaYs represent the same number of
protons and db not. always have the same multiplicity.
As a result, the concentrations cannot be compared with

one another.

Examples

Example 1: Production, biochemical characterization and

stereospecificity of the Debaryomyces cagtellii phytase

MATERIALS AND METHODS

1. Organlsm
The strain used is listed at the Centraal bureau voor
Schlmmelculture [Central office for “fungi culture]

(Delft) under the name Debaryomyces castellii CBS 2923.
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Schi mel culture [Central office for fungi culture]

(Del ft) under the nanme Debaryomyces castellii CBS

2923. W2007/006953 - 28 - PCT/ FR2006/ 001653 2.

Cul ture nedia and conditions Synthetic nmedi um for
baWeRot1/I%0GPE3 (MSA-B) : gl ucd$e- (10 g/ 1) PCTARFHOGS/ 001653
phyt ate C6H6OR24P6Nal2 (0.4 g/ 1) 5 Mneral salts: (NH4)
2SO (3. g/1), I\/hSO4 H20O (7.5 ng/1). KCl1 (0.5 g/1),

4 1 0.1 g/1) Trace '
S 2 p LR Dl % g C? 816%%% (5H20 ?40) /1
(16ontELetyC mqimm zflqzro Qeehpgvtrll)turzaq?so&Mgglz 1c91ucose
(4Q@opﬁ//1) . sEaQ;Lﬁ’q BH20.£208 M@fzéésN\eM ’c!m BSg/1)

ant ot ate 1 thia e 2
LR ROS T BFLES" )] Shr kol hbr (5630s (hOudPny /L),
n| KOLi ch5agVﬂj ( PRySOP. Bieg/(D). 5 bi/abi, nCaCCDQ OZyay/ 1) .
? e medi um for continuous cultures (MSA-CO):
Co osition of the MSA-B nedium the various
cofpanentes emand s1:0 HiBdes (R L&fddent@%% SHQI t A% HEY' 1) .
angfr | ep@yeig f1 ask %M&@)Jtﬁ;d preew )i,s cahsogd7y,0

h f /
oxt e f | “PEALT s dned ST el o e

g/ T}tamhes cul panhestareaatar riéd ORtmghlEr| enbdperine (B1)

fl k filled 1 thelr une t :

rgseﬁ /U I\/éhy% ér%cg%g%ng£uff§%eogyﬂ é%};%l%surfeh _ <B§)
o p2 I\}P‘.*JéHrat @ isgtrieyic Thagidre ERri ecﬂooétmgr’ll biotin:
aey @t @g Hedipym on a (rjockl ng ShakerZSgZSOQ(iISCI [ a_tl ons

er nut e, a litu at ure

P ebKeREBIES0 T el ks mandipitin ofviFhoen wsa-c) :
Appoikosi £ eomeaf eche( MBA Retreerilandshe( varibugf amsgfarents
vo yge% oglfﬁégqﬂi)rgl ggﬁ@éngr%gégrenter (3 1 of useful

measured with an Ingold probe. It

_| s adj usted by adding 2 M sodi um hydroxide or 1 M

sut@huur@ @1@!&11]3 Eb@eﬁzﬁeﬁ@fafw@kl S provi ded by
ation o

ff f
cotier £y roS pReraLEiTe) i Gainhe it fin( YR Biedence o

YMPG (glucose 10 g/l, yeast extract 3 g/l, bactopeptone

5 g/1, malt extract 3 g/l). The cultures are carried |
out in Erlenmeyer flasks filled to 1/10th of their
volume in the presence of MSA-B medium buffered at pH
5.4 with 0.2 M tartrate buffer. They are carried out in -
aerated medium on a rocking shaker (80 oscillations per

minute, amplitude 7 cm), at 28°C.

Culture in a fermenter _

The cultures are carried out in an Applikon fermenter
(The Netherlands) (1.5 1 of wuseful volume) or Braun
Biostat E fermenter (3 1 of useful volume). The pH is
measured with an Ingold probe. It is adjusted by addihg
2 M sodium hydroxide or 1M sulphuric acid. The
aeration is prdvided by insufflation of 2 v.v.m (volume-

"l (minute)™?) of filtration-

of air?(volume of culture)
sterilized -air. The dissolved oxygen partial'pressure
is measured using an Ingold polarographic probe. It is

maintained at a value of greater than 30% by variation
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sterilized air. The dissolved oxygen partial pressure

i s nmeasured using an Ingold pol arographic probe. It is
mai nt ai ned at a val ue of greater than 30% by vari ati on
W)2007/ 006953 - 29 - PCT/ FR2006/ 001653 of the shaking
SpEeN0TNe6BBAperature i s maingai ned at 28CT/FRAH06/001653
control and the acquisition of the data are «carried
oubfomhenehiking afBiabXpeiié aefpesation 1sofrrtartaft@ined at

L ko Si f gases IeaV|n
ferne%te?%?he @%ﬁ“%%nce%tFé i on %ﬁ?l%ﬁf EE gg§§$ are
|sCﬁeasadedouus|NgﬂaJBecMwanngndastﬁuﬂewyﬂrﬁrﬁa@ﬂuﬁﬁition

-angéygggreThgggglkggpcentratlon is measured using a
us

Becknman | nd rial 10 775A anal yser, the detector of
whi ch uses the para- magnetic susceptibility of

noAﬁamyatsowgene dasayi BGaQingaEanfSMiﬂahtakes in the
?ﬂse égg eggltgre 15nTQE %érat S a%g th & as d
Y00l Tt eSO PF st TR t hd cﬁltu YTedi @RSCR ddodE 2SS
aces i@, 2 eBhckd) Bréussipal aded anﬁrqnadtanaéﬁSby The O
**é%hé@%é?é@?&&e'éCMstuQEHOW%£K§a@PyBééﬁkg% %ﬂdﬂktrlal

an FFJ (Waters) ion exclusion colum. The nob
ph?ﬂ:,%p‘l S lyGeshos pRdr i 4 PR d oft h‘éhtq:%w’%q@tse BFe para-

WhhEdnéisid $hédept 14 Sapl €f oholethBagUbkyienredi umi s
taken continuously every two hours and sterilely
filtered tangentially (MIlipore 0.22 }gymGV filter)
ushagaybeg Amd | kemrbAnSEPubBEratesonin nothd e canadsehecf the
VWt gi s, FAM acquisition and filtration 25 nodul e. The
car.bon substrates are_detected by refractonetry

(VRter SURTHTat he andertly |‘%e‘iﬁi?ﬂ1rloq€f%dpwqr}fe in the
Wmuﬂﬁuﬁﬁo Eneaiinint Ol @wﬂdﬁﬁeTheaﬂ&uumﬁpgramhammb are

gt“c?' %%d‘ lglnltll% e Eo” HEGH (ﬁ/éﬁ% frsr?t né?’eo Liquid
Sta ranges pared f ¢h SUDSTT &t .
s&é}@%ﬁ@l’rﬁyw om<¥PP6 50 tgei:tng 3 apur iFHEat | Hﬁters) ion

Udsafididat £80umBS The mobile phase is 3 mM phosphoric
acid, the flow rate of which is 1 ml/min. A sample of
the culture medium is taken continuously every two
hours and sterilely filtered tangentially (Millipore
0.22 uym GV filter) using the Applikon A-SEP fiitration
module and the Waters FAM acquisition and filtration
_module._ The carbon substrates are detected by
refractometry.(Waters 410). The assembly is controlled

. by the Waters €00 E control system. The chromatograms

are analysed using the Millenium software (Waters).

Standard ranges were prepared for each substrate on a

scale ranging from 1 to 50 g/1.

'3. Purification

Ultrafiltration _

The culture supernatant obtained after centrifugation
is filtered through a membrane with a cut-off threshold
of 0.22 um (Millipore) before being ultrafiltered on a

Filtron - tangential flow wultrafiltration cassette
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- The culture supernatant obtained after centrifugation

is filtered through a nenbrane with a cut-off

threshold of 0.22 pm(MI1lipore) before being
ultrafiltered on a- Filtron tangential flow.

ul FPaP914004058n cassette W2097/ 006953 - 3BCT/FR2006/001653
PCT/ FR2006/ 001653 (surface area: 836 cn2), the '
excdbusifanet haeshol B cofli,chthe 16xkDasidhe threshold of
copgentr 1% wWashed ti v/ wi.th ul trapur .
vva?er%éngi,%héﬁo conc’entTr%gt e%g f/elé\tr‘_fl\'%%t or° of”azc‘gl-fe%Thg times
extVA¥l otitdi nekk yapusedvabert had Shari ¢poaenppated by a
Hydrephebigr chsometRar aphy-athe BHeLehBgSePar RN ESr. the
carri eg.out .at 20C on a Hi Prep 16/ 10 Phenyl FF col umm

( ARBFShafth8¥ing an 10 internal dianeter of 16 mm

and a length of 100 mm (volune 20 m). Before

i nj j 15,0 rification gel, the sanples are
eqﬁ’?ﬁ%ﬁ'ﬁ?ggﬁi ﬁhggﬁgﬁﬁﬁﬁ?ﬁﬁw sul phate. The mixture is

| eFheatpCSioy 2epsrabihourss amdrttied centriduged°rs on a
(h@iﬁ99p9,1é¥hdnrﬁhé%}ipr@@r E81LRADV eahbesRLA !p5§64ﬁ51 an

proteins. The centrifugation supernatant_constitutes .
t hEPeRITatt TRRREEONY t hE §8) . 2RAe Fel 1§RIFRr 2E 0f100 mm
al (vebumé i bo ated. wth. the 20 equivalent of 5 colum

Y, usj r .solution pf _50. tri.s-HCl.buffer, pH
R Pt e Sk L b o LT
ar&r ¢ npaet égdbrapnedudbond! proteiigm aselpbabged Thy mixture

wasdi ngrequicval Nt o521t @ 55 160! - & OL HAES pWint 'bérrt_erfhifuged
e

a i sul phate_ buffer equilibrating solution. Th
emgo &} Hcafli BEbut Py I8d U n§eBOYR adiRéntPisicipitated
t lpeeceimear Begnmerdrr ifl)gdtrion 2 dupekna tMrymdingvitutes
3 | phat V. perj od .equi valent to 1.5 colum

e }Eérjres (%t %%mnﬁ{oén? Scrrl']les _ep ate, over a period

equi valent to 4 colum volunes, (3) from1.7 to 0 M

anrrni ugesul pkat egiomer grpernad equivedwnird® Owlth  the
col umm_v.ol yme. Thg phg/f ase-is _eluted at 1.7 Mof_ 35
aﬁﬁ%+ﬁ%ﬁ%%§h pﬁgte. column volumes wusing a solution of

50 mM tris-HCl buffer, pH 6.1, and 2 M ammonium

sulphate. 1 to 5 ml of sample are injected.

‘'The unbound proteins are removed by washing equivalent
to 5 column volumes with the ammonium sulphate buffer

equilibrating solution.

'The elution is carried out by producing'a gradient of
three linear segments: (1) from 2 to 1.7 M ammonium
sulphate, over -a peridd equivalent to 1.5 column
volumes, (2) 1;7 M ammonium sulphate, over a period
equivalent to 4 column volumes, (3) frdm 1.7 to 0 M
ammonium sulphate, over a period equivalent to 0.1
column volume. The 'phytase is eluted at 1.7 M of

ammonium sulphate.

The flow rate is fixed at 5 ml/min. Fractions of 4 ml
are collected at the column outlet, the absofbance is

measured at 280 nm.
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The flowrate is fixed at 5 mM/mn. Fractions of 4 n

are collected at the -colum outlet, the absorbance is
neasured at 280 nm W?2007/006953 - 31 - :

PCT/ FR2006/ 001653 The active fractions are combi ned,
WasPRAP 7A§Q6ABE  ul trapure wat®l,-and conceP¢F/HR2Q06y001653
ultrafiltration (MIIlipore nenbrane, cut-off

threshold 10 kDa). 5 4. El ectrophoresis The

el ectrophor eses -under. _denat_uri n n n-d Lurd n .
e O R L
aceytaapdee getzc€Bi oraf) Thacgnoretmd ape dettemfad treFion

Wi tf3; COOPBSS| ReRbiEne TheusPseEf L ¥bRYRA I Z@tkOY) Of the
phytases is carred out by incubating the gels in 100

m of a 250 nM sodium acetate buffer solution, pH

5.8, Ebataropherafdsng of a-naphthyl P (Sigma) and

00, ng_of fast, Garnet GBGC_15 ( Si_ama). and 0 d
SO LRst APRRSAPEEr Rodrel soret R Eha i dhisAn ring
a beo@ht tohouracke a-gaphitdy| /ddst onGapHepoEBedcomdl eie  15%

f 0L BBy 1 2mi &k 96541 ON W ildL RNAOGKEOSHH8E8:i hk20are detected
Deglgcosylatjon: 1000 units of endogl ycosidase . H
( BV b RALCeR)ARS PO 7PYST - are added to the denatured

Sanpé e speaitfdidi Mgsaabt oxt frahelogf 20hpg pifytarsei=ei 8. carred
The mxture is_iLncubated for .2 rs.at 37C. .

e & B hESoebde LG RS Ren 8045, 98 Burbreaid Jyt gipatun
byaraisat e spafifeonsaiutien anpHy S -$ i scertairthaduk08nmg of

t he_piyt@se pu i fisednan 2R8 PASE rh%i Rg arMMLD eI et GRC
BiflexX Il1° scout 38 spectroneter {Bruker Bregf, _

Gef$HY3)  8997.92Ad yPF c ACHRTh RSy 72 4° DefEF AF nabidsplysis
ofof heheold dsagich¢kel Pyl aa bebeertbabueadi x-olHAitisd /Fast

by, measur i th optical density (OD) using a Beckman
Dd%%ﬁneﬁéég%e% f%%%%t%%% ®F. One OD unit corresponds
to 0.570 g/1

5. Digestion with endoglycosidase H

Deglycosylation: 1000 units of endoglycosidase . H
(Biolab Ozyme P0702S) are added to the denatured sample
containing approximately 20 pg of proteins. The mixture -

is incubated for 2 hours at 37°C in a waterbath.

6. Determination of the molecular weight by mass
- spectrometry ' _
The énalysis ig carried out on the phytase purified on
SDS-PAGE using a MALDI-TOF Biflex 1III -'scout 384

spectrometer (Bruker, Breme, Germany).

7. Analytical methods

7.1 Determination of the solids

The cellular concentration is obtained by measuring the
optical density (OD) using a Beckman DUS30
spectrophotometer. One OD unit corresands'to 0.570 g/1

of biomass.
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of bi omass. W2007/006953 - 32 - PCT/ FR2006/ 001653

7.2 Protein assay The protein content is determ ned by
the Bradford nethod (Bradford, M (1976) A rapid and
sensitive nmethod for the quantification of m crogram
qUEPRAX7/€8685DHf proteins utdilizing the priPET/HR2086/001653
protei n-dye binding. Anal. Biochem. 72, 248-254.).
(Brozadreteiri ass#fgsay Dye Reagent Concentrate, Bl ORAD

500; 00. e ance i ure 5 m
(Becgnﬁrgp%if%‘go c%&%ﬁ% anISg s%eegge??%l%eofq%ter .éqTI’?eraéf?rd
canebredi oBTadfa carMi ed( RS Wi thh Farod nenser @gansitive

al UMk &a r 2age.che - duEReYrRtLe i ARt Rad dherph¥LASQuantities
activity is, neasured by followng the release o ,

i OF gt R PpHYS pititie R tithe FF e RIG i ik y Rretein-dye
melestd 2ty | N ARhAG . prEeseticem of 78, ndadf- 25310di unBpbykat @rotein

(Sigrma) dissolved in g, 250 odi u t b ,

DR VR BRI, Tl A BaReS ootk ehe

voithmesharmtre rienctiarsuised rigigersth byn0 (Breckamitl t i3h 530

ofirf hes SNZYdat Is6 X RAGL tohat @Y Te) Thihe céﬁfg%%/é@{bﬁs' is
0

stopped by acidification of the nmediumwith
t rFRNT POt i Htid RAVIRE FRFYE F RIS um + 1
vol une of acid). The anmpbunt of phosphate released is

det ex mi, ned fer_various incubation tinmes. 25 One
e'n}z'3/“?rIra%I:i]zc:ynﬂa"rj:’Tt'1t_c (Tjéll%é)defi ned as the anount of enzyne
wifleh mliwtssts aws ipridly ofid noreganinedhhdaphdicd lawingne the

mM@as@Qa%&%}a@H@%ﬂ&&brﬁ{té h&,&nzyime The effect.
of pH on the phytase activity is determ ned using the
follow ng buffer solutions: 200 nM gl ycine--HCl, pH :
. 2Pt 5ac200imiM siodi meracetkadt etricehieC peesengd o 58 MM of

et RV et et i e Ry Yy sodtum
TRESmETuBLEERPer a@Mr & -5 @8t #Hi ted BYnvaiping thenM of
CaCl,, at 37°C (5 volumes). The reaction is triggered by
the addition of the enzymétic extract (1. volume). The
reaction is stopped by acidification of the medium With
20% trichloroacetic acid (1 volume of reaction medium +
1 volume of acid). The amount of phdsphate released 1is

determined after various incubation times.

One enzymatic unit (U) is defined as the .amount of
enzyme which releases one umol of inorganic phosphate

in one minute.

Charactérization of the enzyme

The effect of pH on the phytase activity .is determined
using the following buffer solutions: 200 mM glycine-
HCl, pH 2-3.5; 200 mM sodium acetate-acetic acid, pH.
3.5-7; and 200 mM tris-HC1, pH 7-9. The reactions are
carried out at +37°C using the phytate as subétra_teﬂ
The optimum temperature is determined by varying the
temperature from +30°C to +80°C. The. reactions are
carried out at pH 4 (200 mM sodium acetate buffer)
using the phytate as substrate. The heat stability is
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tenperature from +30C to +80C. The. reactions are
carried out at pH 4 (200 nM sodi um acetate buffer)
usi ng the phytate as substrate. The heat stabil i'ty i's

- WD2007/.006953_- 33 - PCT/ FR2006/ 001653 det er i ne

i nEBBAT/O°6P3t he enzymatic sthpte in 1257 ‘Fﬁ'\/f@&&loﬁﬁwgc’l“:"
acetate buffer, pH 4, for various periods at .
t efperaTLNEs rl@mgilm@uﬁqe@mon:%?ofo R Cenzpfipgfct heample in

he@bstmaw@%m gh@c@tét wie res, coal @d sl Q,%r%qlst W Piods
%tase activity is determ ned uSing the éiltate as

St FAPCTRIRITSS nBENSIPAr &Feferts3 Ar ECdet €17 nefithgr the
+Bs7;€tartd:eattrrré|ﬂt4 f‘@]ﬁeth&x&)ﬁﬁerlﬂ’ﬁ%ntéo]l\kcﬂhlﬁodildﬁn and the

¥%9§lg§%osp%t I—J%gsgyfor Qgﬁ;@g“ ner}lt@ip afe ghilf\]cate as

e anoun

'reﬁ@hsbdats nebisair ki int icoberemetery. Fhe Asuzinizied at

soL gt b@n, o eRAS eQH ext espor aRroUskye r €QBLAE NS, 419N sodium
suI hate (380 1 vol une) and anmonpi um

%%F?bﬂ%‘? ea? 125 i 5 1598 ot u%’é%?rl‘ﬁ?%t%b"éb?kba?]c%‘??

at 700 nmis neasured after 30 m nutes of

Vi su Ibﬁg%éggtgta %‘Q ent tenperature (1 volune of

reaction um + ol ume of visualizing solution),
usthhg aatwieksi idfe sPevtplopiot onelexsed BetknmaneBgured by

SSQaloQQmét@@lyl br aghon |41e,d 51 £8ipbl ighed ;kef orehandareq

pot assi um di hydr ogen phosphate. 7.5 Phyt ase
hy%FFB‘F‘S}%%a%%%ﬂYons IBEAE st bdgRof THPhPH (380 mM,
stereospes) f i cidnd Theameaatiuan t Uep Cam ByidatZe Vol WSS mM,

b[ﬁ fs\ggmg%gﬁyt 3£§5 %%%r%gel g0l HPs, of s gcelabe g after '

Vol une ‘of :(LZII | ute~enzyne _
(3% meu_tie?ﬁwalof cofficemYmdtomn 30 Samplientar ¢ smplegrture

at (VardOuse t bEES ERE 1 Enh Y S umlhe 1 r@é?uhgnofsvﬁk%QEQang.
eatjng at 100C (10 m nutes 7.6 Det erm nati on of

tlﬁf ?ﬁﬁﬁ 01 phﬁgbﬂ t es®35 UV/visible spectrophotometer
(Beckman DU 530).

A calibration 1line is established beforehand with

potassium dihydrogen phosphate.

7.5 Phytase hydrolysis conditions for the study of the
stereospecificity

The reaction tube contains 2 volumes of sodium phytate
(20 mM), 2 vélumes of acetate buffer, pH 4 (0.25 M),
and 1 wvolume of dilute enzyme (0.6 U/ml final

concentration) . -

Samples are taken at various times for 6 hours. The

reaction is stopped by heating at 100°C (lO'minutés).
7.6 Determination of the inositol phosphates

7.6.1 By HPIC
This is a method using high -performance ion
chromatography (HPIC) to separate and determine the

inositol mono- to hexaphosphates obtained by the
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7.6.1 By HPIC This is.a nmethod using high performance

ion chromatography (HPIC) to separate and determ ne

the inositol nobno- to hexaphosphates obtained by the
W)2007/ 006953 - 34 - PCT/ FR2006/ 001653 de radatl on of
ph¥R3 ¥ 740P8°BY t he phytases- st4idied (Hat zBEK/ FW°°6/°°1653
H bel, F., Zhang, W, Hansen, P.E. and Rasnussen,

S. ®egtadouionnosi t ghyphisspleaties bPronthar |Byytases studied

| opphyiate grai ”HJ@:‘&PM% anaiﬁ(ér?r_? by met@ladyie Sp . and

~detection HPLC 'and NVR Bi'dchem . 354, 473-480:;

SKRYFORRS SE, , ScKr | SSRPLIN, @O%h%O]SaEB@PQhaAeS fremsmrley
Delcswnpmwa@@ ofgxfaslcz{reramfaﬂtﬁ,osuaﬁbw@aa- t¥y metal-dye

NeASDROSHIR! S0 SELECL g oo B MO B 7o s

1OSI¢ngalmdFoEd Clﬁlemlsd;b,n 4 3AL- %GanduShpr:g Sané&ber g(,1997
As%t :Qﬁiﬁ&&g&hydr'o% ari‘éd%{%‘ilé d' o-£ (gﬁggltbi‘os'rﬁé’ﬁo- to

hexap osphat ysis by b s yeast. Capacit
ki MFFRRSS %%grddht.@ﬁlﬁméctstQdSAgr%d FéaFestinal

Cl'tﬁcﬂﬁltéltﬁ:s 199111%@4){hlghﬂ1%ﬂf&iﬂ'ﬂ%ddﬁCt@ﬂGSh&Bﬁnotograth J.

aratlo 15, of .t he variou n exchange :
o SHith adsel utPon b adi Cher: an - Siierg,
pd!stS col wlﬁ@amt,l oN.Gduramg \Mnddhdt heTi.noé2eod) Tnositol
pf}?e%?!k?ﬁc?ép '%d&‘&l‘}éf&nbyangaﬁé? Qet}?&@@' b)f:a\ya%tlty,

290 nm, This systém naKes jt.~ possible to_detect

| AL TEBL 4G5 1 N5, JRATAFHATAThe rz@d%w ous’ i soﬁeéflsc of ‘Food

| nehd¥. asasl, ImsoPEnoaan e es epatlad®dincPuapar aheosefardat ion
ref r nce sa ﬁ]g Beaks are. |dent|L| ed aft
S.

cHeni ¢t Y}yd 0°%g=Bf *8Bd ARy Eat ?gmn by HPLC
plveidsd iam 5 aﬁutafon—cgr(a@imnt 25 aatd 1a0E f-orolidirhoyresict ion

230 i 'WP&& EB@ qrno%cit'dl ap@bf‘;?r?aé/@& é‘BﬂpiQﬁnwE@E’ueriron

as to

ap?ﬁfdoﬁ%tgﬁe%%dn%l UE{eraﬁ rﬁ%%t%n T%éﬁpls@saﬁﬁl fekes it
BQJO'Embﬂzﬁlwsdseabs tifee Beparat ed mnsstPongowni only the

Rac P 0
cigangs UG pUE % BOR BC R Degpucea.
precolum (4 x 50 nm (D onex Corp_, Sunnyval e, CA)

Preparation of a reference sample

The peaks are identified after chemical hydrolysis.
50 mg of sodium phytate are placed in 5 ml of HC1 (C M)
at 100°C for 16 hours. 25 ul aliquots are dried in a
Speed Vac and then taken up in 100 pl of 0.025 M HCL so

as to have approximately 300 nmol per injection.

" Sample analysis

The various peaks are separated by strong anion
exchange chromatography on an Omni ‘Pac PAX-100
analytical column (4 X 250 mm) and a PAX-100 guard
preéolumn (4 x 50 mm)' (Dionex Corp., Sunnyvale, CAa).
The flow rate is 0.8 ml/min, the injection 1loop 1is
100 pl. The Ins P, are eluted with a gradient of 5-98%
HCl (0.5 M) conjugated with ultrapure water and an
organic solvent (50% of 2-propanol). ‘The eluents are

combined according to Table 1 below:
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The flowrate is 0.8 mM/mn, the injection loop is 35
100 pl. The Ins Pn are eluted with a gradi ent of 5-98%
HCL (0.5 M conjugated with ultrapure water and an
orﬁ%;ic sol vent (50% of 2-pro panol). The eluents ar
co

M 0862%% di ng to Tabl e 13bet ow: V02008 FBFBG286/ 001653

52 93 ABER] od. " of 15 fFhutes is necd@dary ta AR
equi | i brateyjhe columgafter each chrgnatograghy. 5
The inos.tt(() 0)ohosphat esggre detected atter a pgst

col um r@@{; pn by rreasgri ng the absorhance at ;290 nm
using a spect rophotoneter (Biocad, Sprint). "The

eluent is mxed, i'n a post-colum reaction, with 0.10

b BEP LD e e i D TRIR BN L 30 Geaapige che

- 0. 4ohhnpi after Peachigeh rdmateprapiTef l on coil (0.25 mm

4 m makes it possible to conplex the Ins Pn, and the

iron for detection (Phillippy, B.Q and_ Bland, J. M :
(1988) IrediTnt BRQFPORGFat 8§FapRFCBF T FHosRtoFT & Post-
phosplat eseactiocAnaly Beasheihglihe IHsdfifgnce. 622 B nm
NVR After_ | hilizati the various s l e .

[ rl\m@ss}%%l sa| i%g\gl a%peedcarbryo%&at@?%(ﬁﬁoo&gplg caa?r)’e_ %p%fln_t) - The
sotlipent zéd iMix®G0 pin 20 pofstDz@luTive peagororpewiel 0.1%

wWes £ F£0@5.98doRl0 SO0 Or2 S0 Mz QN utBKerrAVaNGRy rate of
spectroneters equi pe? wth a cryoprobe (1H 13C anld ,

15M)© ahG2GFEREg TRt YIRS t Re ARG ) 255 TRe ¢ m1/min.
prespdgeistineaghl ed TeHlan spett r@ .a2%d rinhe 4 m) makes it

c ' j on ectr 31P _( HVOXO) re or .
B%ﬁ%%%%nc€&4é§%% pcjatc ot orrlygtger ngﬁ t ha(rg&TBth%:)r glr)&eo%i for
Tretestthral (Rrellipgnal Be@- el aninaBédandy sdl-¥otiVie988)
preesad ikl | oo Olcr IR fhyl ©f Aliinddie@ sIpegicdphates.

weJ e .
Anal. Biochem. 175, 162-166).

7.6.2 By NMR o

After 1lyophilization, the various samples of inositols
isolated by HPIC (50-200 ug) are solﬁbilized in 500 pl
of D,0. ' a

;The proton spectra were recordéd at 500 or 600 MHz on
Bruker Avance spectrometers equipped with a cryoprobe
(1H, 13C and 15N) and with gradients along the z—axis,
The phosphorus uncoupled proton  spectra - and the
correlation spectra 1H-31P (HMQC) were recorded on a.
Bruker Avance 400 MHz spectrometer with a TBI. pfobe.
The residual water signal was eliminated by selective
presaturation for a period of 1 s. All the spectra were
recorded at 17°C. The proton spectra are calibrated
relative to sodium-d4 (trimethylsilyl)-3-propionate
(TSP, 0 ppm) or to the residual water signal (4.914 ppm
at 17°C) . For the proton resonance assignment, the COSY

and TOCSY experiments were recorded with 512 time
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30 recorded at 17C. The proton spectra are calibrated
relative to sodiumd4 (trinmethylsilyl)-3-propionate
(TSP, 0 ppm) or to the residual water signal (4.914
ppm at 17C). For the proton resonance assignnent, the _
COEY2 007/ OF@BBY exper i ment s-wef e- r ecor ded. PAFAFR29P5/001653
time W2007/006953 - 36 - PCT/ FR2006/ 001653

i nd:neneméstsThel"ku:@ntcanttatdtnetumed fipedt HeorTOEBY i EOCSY is
nBSOTHS H%@@ fﬁﬂ@ﬁ@é0@&?é”8§t$&53d6%1Eh”%4 time
increments. 5 The p on spectra assignment wi |
caWFéémBHtisby anal ysis of the COSY and TOCSY
experlrrents It should be noted that, for certain

rs having a Iane of tr an
ot SEBNPEHRPT REPEAC R 36 L B ViR LA B oo by
d| dfelpnf satodd. tHen COHEY caa:s?e TOCEY éfpwrihebesnofied diould

(OﬂeH%)o&aerad tﬁaﬁor H@ aglﬁhﬁsoaéégg% tnghaé Bgsﬂe of

obt ai ne t he osp hor ositions renmain
detERHFEREH, Ttlfifte I éftlt e?n@n I5F3 b@ro&é’tnér nfRed tlﬁﬁ wﬁénsa%@ H6

t \é\@rgtéﬁsr emm@ﬂolebérrwft“ﬁeréﬂsgfédéa by Iﬁeagslsaf cébgl they

p 0 or,.us unco roto S an eco ,
ﬁggn§eof nPﬁ? V\}%S é’)?pegf’plren IPO?C%[ ?’éo#szf t %Cg the

prassmgsrpent rumas t hbasd .abktaiowgd ,phosphor ughosphorylated

u t ssibl tif h

WPOREELO8s TR e, OEBL (s RarmeR. he [EaPLOPRAE1L e

pheSpeEF{rad | thpogleﬁFlén( . xoror héjl (ST FR tHMEEPer iments,

exper APt \bipy meBaRS. oof dHwe ?yﬂd@gﬁozﬁl@upuhﬁgupled proton
0} Its art

constant, nmakes.it possi

i iFRET F T he 35Dt on sﬁﬁ&%‘ﬂré’r’u brrét onSO%V\he?]h? he FMQC

prmpﬂrxresnnancemaasugnnem:tf i Sh&k npwoaton hepphbspmomsh and
gg{% e S

[ dent |(19y@ ?ﬁnéﬁgs 1Esor n?%t gi}s?#t |r*6$r1}§@éanzlg£ u%s%sf:yle to

Thjedelb‘blsfl’l oFtef Fh%nib 6spH5f-€hgr Baps i 8 alfwowedi-FAddf Hz

bycowpBl ysi snd@falde PhotPRoSPRELY LA COMPbdANDtion (s
constants. 30 7.6.3 Hydrolysis kinetics foll owed by

‘NVR- The sarrple used to follow the hydrolysis by NWR |s

prpar e £ BmEMAT ockaset iénn, of by nsPeaphosphat ehe  *Jucor
coupling .constant, makes it possible, for its part, to
identify the protohfphosphorus correlations. When the
proton resonance assignment is known, the phosphorus
uncoupled spectra and HMQC make it possible to identify
‘the phosphorylated ' positions unambiguously. The
position of the phosphate groups is also verified by

analysis of the proton spectrum coupling constants.

7.6.3 Hydrolysis kinetics followed by NMR

The sample used to follow the hydrolysis by NMR is
prepared from a stock solutién of InsPs/phosphate
buffer,  96/700 mM in D,0. Typically, 20 pl of this
solution are added to 480 nl of D0 (dilution 25) so as
to give a sample which contains 3.8 mM of InsPg and
28 mM of sodium acetate buffer and TSP as internal
referénce. Depending on the desired rate of hydrolysis,
‘a greater or smaller amount of enzyme (1 to 20 pl of

the stock solution at 3 U/ml) is added. The kinetics
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buffer, .96/700 nMin D20, Typically, 20 pl of this
solution are added to 480 pl of D20 (dilution 25) so

as 35 to give a sanple which contains 3.8 nmM of |nsP6

and 28 nmM of sodium acetate buffer and TSP as '

i NH@Z4041/00685%2r ence. Dependi raff on the desi PER/BRA0864P01653
hydrolysis, a greater or snaller anount of enzynme- (1

t 0228 f.)clecf)wecﬂ het stoek 59l utabamdahgs aUlslex tirmmadded. scans)
The k:':ne iy nV\Qz éOO68§3ho O%Tl 152999%2 @é%n the
are’ oYIovve y Técor specirum ?)
eveEp§CBrai nmke@,rafcmelmsttmrs C(ﬂOO tsl'pfect regrioussi ng:j‘-l'?fch?elt'—Ol

SPSEL LB ehas agheblat heq0fh AR NAWUSLhEPSi bBbearance and

phosphat es det er m ned preV| ously, ‘their appearance and

5 ¢ SappRArARe C3h e ol loVRY SVRF Fhe eMiiFe kinetics.
kinetics. RESULTS 1 - Study of the biosynthesis: of -

t_%yonyces castellii phytase 10 The o
bi si's of the phytase was followed in batch
cul t ur e Savdiycoptfi nobas bibsymehenier def ttheletRahdnyomyces

theaopbi MRl MPded i on condi tions. The cul tures are
carried out ‘on synthetic nedium (cf. Materjals and

VEY BB} OSHRpREBE S sOddy- MhaBlEHAEE MG et MR annPatch
op&mm&goa&amcﬁ@itﬂm@ﬁs phytlat.eeof iQ. orgidr i ﬂoorct&:rermlne .

S Y R i S L

ro
necessalpy an | CI ent " to énsure naxi num ce
amkioied o qupr ess phipthseibi omgaAihesi ¢t Sar‘?ﬁté%rﬂeﬁﬂes and

t Ak, Qyer | t'AWEprala% biongss angdihe phytase activhie an

20 are nmeasured. 1.1 Batch culture producti on Five
ba‘f&tlfﬂr@mt‘iﬁ’ré%e%‘?@@aﬁ“?l%ﬁ BﬁYtﬁFepPlfso -4, 95 6" qrgler to
[ I’pﬁd&‘tﬁlcps[ eseng@lof df0 gbiomhsgl ucasmaandcohcbbbrBtidh is

rrE|um Thema mu ma i s obtained a H h
e Tisant 150 BHPERL2ERES ot R SaBlnBH 8e1) " Groutn
Treéldm;apﬁurﬁ%hyﬁégésactplwwse n@&@@nf@meﬁlﬁhe %@ﬂﬂph?é are

Sl—b@ﬁ{é’r@t@\mé§ t'l%eObtﬁ'lﬂnegléﬁlaQH 4ndnO-1REt pMit¥skS activity -
detected at pH 3. The phytase activity increases by 30

arﬁd‘*’r%ﬂer?act%’le)ﬁ 20% 12 hours after the start of the

1.1 Batch culture production

Five batch cultures are carried out at pH 3, 4, 5, 6
"and 7 in the presence of 10 g/l of glucose and of MSA-B
medium. The maximum biomass is obtained at pH 5, the
growth rate is decreased by 20% at pH 3 and at pH 7.
‘The maximum phytase activity, measured in the culture
supérnatants, is obtained at pH 4, no activity 1is
detected at pH 3. The phytase activity increases by
approximately 20%, 12 hours after the start of the
stationary phase. It is possible that some of the
phytase is parietal and released into the medium in the
non-growth phase. We verified that the same level of
induction was obtained in the presence or absence of

calcium salt.

1.2 Continuous culture production
The continuous culture is carried out at PH 4, in the

presence of 100 g/l of glucose and of MSA-C medium. The
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stationary phase. It is possible that sonme of the

phytase is parietal and released into the nediumin

the non-growth phase. W verified that the sane |evel

of i nduction was obtained in the presence or absence

of WOBH/AA0EPEA sal t. 1.2 Cont3Iuous cuIturEﬁ?ﬁEﬁ?@@§/691553
The continuous culture is carried out at pH 4, in the _
prmseBQEeménﬂ@Oqﬂbeﬁmqﬁmcasé atd piytdsfe Canediviinies are
Th8a¥@ggg7%996$§ger §§ leg ?Rg%9$49946§$ fermenter
measur enent s romass™ an ase activities are
carried out after at. |least 3 renemals of the

femgnb%du&m@nproqdwdn%sofl@l OpBSSahS GENshant dRution
to a dl|%tl0n 5 rate of ¥nth a yield of
h

Yof BhEisSFsdbsfr Bt e (‘Gi'd) %le%b‘% Eoigmps/gpogyrate  (9/9) OFf
mesabol | sthd s orildallave, heteabsksqmratiery ceedattvent the

' h
(Fhok e o) L8criTeapLEFe  PEALE! L 1500355 cnce
0.p5o@ugtiohe rowkdsss elwitio doer edsdythyniogate he mwoa

'SdQIQQKSﬁ thanel, ﬁﬂe &el 1yl a5 met abolhem LSowth yleld'
%do fermentary, ere is formation of sec&ggary

SPbEFERS Shiéh "a% acetdt e Fhd 18 etIREHIST THEPhytlase R
produthl oan ahe@abdbetieases oy 6x1d@€f@fm@ﬁt5ryl5 there is

be tian 7 ed
Itééﬁrg%?%g eo%otsc%#%%hatgyé %tsafb&hstlt%sesgctéh ounégtgté and
t etleands; it ahwtaget herediicuien a2 140 f gecragaspeashty a
4 houESrnBKes it possible to release the 20 enzynme

into the culture medium .2 - Study of the phytase
2.1 Purification 25 The various steps for purifying

theh®. desttel | iproquieytiase ane4sanmdi) zedisn Tahdeied  at

T Qi@ Speei f|- JpefiC Rr

a% ?é/l%y %Jatl gﬁt \}hcﬁ%lfal “)) C?U!/'hé% %gct oér§C§ﬁgtase is _

exioud gaqthe. ge@jSG f@lntalnlng the culture at 4°C for
at least 4 hours makes it possible to release the

enzyme into the culture medium.
.2 - Study of the phytase
2.1 Purification

~ The wvarious steps for purifying the D. castellii

phytase are summarized in Table 2.

Total Total Specific Purifi- %

activity proteins activity ~cation Yield

_ (U) (mg) (U/mg) factor’
Crude extract 144" 12.4 11.6 1
Concentrated and 136.5 ' 8.2 16.7 1.45 95
ultrafiltered extract '
Hydrophobic | 84.4 0.54 156 13.6 59

chromatography

Table 2: Purification of the Debaryomyces castellii

phytase by hydrophobic chromatography.



10

15

20

25

- 30

35

presence

Concentrated and 136.5 8.2 16.7 1.45 95 ultrafiltered
extract Hydrophobic 84.4 0.54 156 13.6 59

chr omat ography Table 2: Purification of the

Debaryonyces castellii phytase by hydrophobic
chW%HﬁigéPéBﬁ? 30 W2007/0063%3-- 39 -  PCT/FR2006/001653
PCT/ FR2006/ 001653 The crude extract has a specific

acThei tyudt #&itdabtnhas Af tsgred fiencearttingttiyorofanidl . 4 U/ml.
nARELLL L ARSI I B Ak LT RCRLLEH Dfrep, o

ICCfOﬁ‘B.tOf tase I's purl

| |ne>at§@ﬁe| ésstFé’ﬁfltfyl%iflaiét deéppmbls mrl@n@twgaa@hdf The

59&@%%8@@%&&%@@&! Vit ¥ |sin1_—:35.@ lth byl e AHEBSONGE 13,
I ng on an

ol Bt R oprBr Bl RS OEhGaE 1 HE P d e 19 156 U/mg.

- MoThe  maesecane séf uat Wwimglld Pratiéibetberd nati an FDS-PAGE

th 0 | el .perpeati on
creLPRrepaBEss Rt SRFR AL LA, SaRim o S PBEREE |
possible to estimte the molar mass of the phytase at

772 kPayandr A5skhen8vkarupBEse0f the enzyne

degl ycosyl ated by treatnent with endogl ycosi dase H at

51 kDa, i.e. 34%of glycosylation. Under

nol- gehat urbDatgpoondd tticons, blfe nbhar nmasslaof theass by

phgi@§§r5%?8P£§19 églgghtpégmeggggénkgggﬂ Egé?@%ﬂgtn

et ween
Th%ﬁ1 0FDEhBAGEg| FAGSHTARP raAfe Takes7 kba. PRSSible to
S@@&Imﬁtgoltaéatm@rhﬂalﬁagsl toﬂooﬁﬁémp%ytt@.s%hod\t thakpa and

deg| l'ated ph t
act et e RBISBy. GEA°por Hoat OHF g%n:%ﬁ%na%a&gﬁﬁﬁygaged by

(F&mmmt HRLt'Zl@Oendbghm:ossdaie KDatf 60 kDae i.e. 34% of

é@%ﬁ%?gﬁbyaaﬁgdégd %%ﬁ b%&a&%&lh condlt%ag

COS Ss_spect r onet
# naP?oh onthéhﬁxﬁmeﬁ%%%s éﬁec@PéﬁetFﬁfflcult to

CQ:l'EftiéﬂBlrté'ledu@Sdbt shebtpddathdy &PSshé&Es; it is between
440 and 150 kDa. That of the deglycosylated enzyme is
87 kDa. A specific coloration makes it possible to show

that'the'deglycosylated phytase is active.:

The molar mass  determined by gel . permeation
chromatography (Pharmacia HR 200 column) is 318 kDa for
the glycosylated. ‘phytase and 218 kDa for the
deglycosylated phytase. o |

' 2.2.2 Mass spectrometry _
The determination of the mass by mass spectrometry
confirms’ the results obtained by SDS-PAGE
electrophoresis, i.e. 74 kDa for the phytase and 53 kDa
for the deglycosylated  enzyme, i.e. 28.4% of
glycosylation.

The native phytase is therefore'thought to consist of 4

.monomers of identical mass.
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el ectrophoresis, i.e. 74 kDa for the phytase and 53
kDa for the deglycosyl ated enzyne, i.e. 28.4% of

~glycosylation. 35 The native phytase i.s therefore
- thought to consist of 4 .nononmers of identical mass.
WORQRYD 7006895833 - 40 - PCT/ FRR006/001653 2.PCB/FR2006/001653

Crystal | ography During the pri ority year, the

stepugt Brerpttebagyapyges castellii (461 residues)

was determned by 5 crystallography with a resolution
of 223 AL It is a tetramer which contains 10 nol ecul es

of Duningethbgbutosanvngeand 1256 stwlustulres off Rehagyomyces
10-Jheesiflctur@dss aceessible)on tHgssi tedé’tfe%xﬁ‘?n&:SB by
Protein Data Bank wth the fo] I owi ngbdb cod 2G F

- ERYShatTeIPRRPEITIER 2 IR EIRR of - D The effect

of pH on the phytase is determ ned, by measuring the

mati.c activ resenc
buftors® r By bREEEhebo Benty SRACSI8S gige| felecules of
buffacgtyiotuptsaBiie tand 1394 i nmi ecel et cobufdeed . and
20 for pHs 7 to 7.5 (tris HC1 buffer) (Figure 1) The
phytase is active between pH_values of 2.5 to 6.
%/ &t THFEUREM bt RESH SFHRA carfel 4 B8 ARl & Blrle RCSB

t herot@inrsand ddek befdiercion el phydasedmcéddet 2GRt .
pH 3.5, can be noted; the sodiumacetate buffer is an

25 inhibitor conpared with the glycine buffer. 3.2

Ef3 ectEnfynapperegeper tThes opti num tenperature is
determ ned on the native phytase, by measuring the
pgyt ase act ivity at various 30 tenperatures: from 30
8bE{EPGtre® % The optinumtenperature of the
h];/tt@seeﬂf:‘edlet \mfenpﬁs orand E0Cphyheasact i yatdere eniigy, by

cal cul ated according to the Ar.r henj us. representation
Bl 8 i on oo S Fder of e BEELLle of

various buffers ' for pHs of between 2 and 3.5 (glycine
buffer), for pHs 3.5 to 7 (sodium acetate buffer) and
for pHs 7 to 7.5 (tris HCl buffer) (Figure 1). .The
phytase is active between pH values of 2.5 to 6.5, with
an optimum between pH 4 and 4.5. An effect of the
nature of the buffer on the phytase activity, at pH
3.5, can be noted; the sodium acetate buffer _is an

inhibitor compared with the glycine buffer.

3.2 Effect of temperature _
The optimum temperature is determined on the native
phytase, by measuring the phytase activity at various
temperatures: from 30 to 80°C (Figure 2).

The optimum temperature of the phytase  is between 55
and 60°C. The activation energy calculated according to

the Arrhenius representation is 38 kJ/mol.

3.3 Action of effectors
Among the various cations tested, only Mn®* causes a
strong inhibition of 72%. In the presence of the

cations Co**, zn®*, cCu®* and Mg®*, the -activity is
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15

Anong the various cations tested, only M2+ causes a
strong inhibition of 726. In the presence of the

cations Coe+, Zn2+, Cu2+ and Mgt+, the activity is .
W)2007/ 006953 - 41 - PCT/ FR2006/ 001653 i nhi bited by
58VRPPIRO6PE3 nay be noted theit the presePER/FER006/001653
calciumis not necessary for the activity of this
enzyheb{Tabdl eoB) .55 Tabl 228. |Inf| weiycebef tbeed that the

SHEE B R L NGty e

co?lﬁr‘@)][llg m@ymﬁaaebseg MiCl2 5 28.8 Myd2 5 68.7
CuCl2 5 66.6 ZnCl2 5 57 Fed3 5 92 CoCl2 5 42.3
Cl2.5 107, Cl2 2 P 3 94.5 EDTA 3 104.5 ..
tetfe AEFH niBOsztHEréégNBéPﬁ§n8P §hgoP- castellis

-N-piprseicactiviege 0.1 and 1 1 . N-bronosuccinimde 1 +

3 100 + tryptophan iodine 3 25.6 i odi ne + tryptophan
ﬁl—; %@@eétoﬂmng the 6 i . r@e Q3 3t e(Q\M onl%yactiv:i_ty
t yr oSt atral ¢mtial ne groups, cobpletely inhi bi G0
the phytgse activity. The - addition of tryptophangg
re- establlshesthe activity. lodipe, whichis

- speC|[‘fr}q:l2f or tyrosine groups, al s0° strongly i nhéBi s

( 75%MgCTr,y pt ophan and tyrosi ne appgar 15 to be hsghriy

-|nvolé/eéjl|nthe catalytic site ofghe 66.6
ZnCl, _ 5 57
FeCl; - | 92
"CoCl; 5 42.3
CrCl, 5 107.6
HgCl, 5 96.2
PCMB 3 94.5
EDTA 3 104.5
iodoacetic acid 3 100
2-mercaptoethanol _ 3 107
N—bromosuécinimide ' 0.1 and 1 1

- N-bromosuccinimide 1+ 3 _ 100
+ tryptophan |
iodine | 3 | - 25.6
iodine + tryptophan 1+ 3 88.1

Among the 6 inhibitors tested, only N-bromosuccinimide,
which acts on tryptophan, tyrosine and histidine
groups, completely inhibits the phytase activity. The
addition of . tryptophan re-establishes the activity.
Iodine, which is specific for tyrosine groups, also
strongly inhibits (75%) . Tryptophan and tyrosine appear
to be highly involved in the catalytic site of  the -

enzyme.
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enzyme. W?2007/-006953 - 42 - PCT/ FR2006/ 001653 On the
ot her hand, iodoacetic acid, which acts on cysteine
and histidine groups, does not cause any inhibition
of the activity. 5 The absence of effect of
2- ¥Rt HF08EPRainol , of iodo-- ak®tate and of PREANER29RER01653
that -SH groups are probably not involved in the
catal ythe sitler 3h&nst udyodbatkeist abhdty wAch  acts on
TegperatjjLe a!ﬁd“?r'ﬁé’tﬁéi@@atg urajlon q?oé’aréamge any
tenperatures shows that the enZyne is stable for one
hotirh Hpioen Qherbeiacisvitywater and for one hour at :
66C when it is 15 in 125 nM acetate buffer, pH 4

bove 68C, wi.th

Fi re..3) It i atured 700 ,
| ohEY L Brigthn (oF AT 8P NG Ao dtihdl e dodo-

foacacitoatndnodf pidves sievat wrledt onSHcalroupat edebyprobably

' eni us r n Lon, is 606 kJ/nol.
g‘g)&g% %ﬁ%%%ﬁ%@e&% %%%%f}étfe]g?yég%%ét ured after

storage for 21 days at -20C, for pHs of |ess than 5.

Ozl hesptdpror hend, s popdengyuration. is observed after
storage for 67 25 days at this sanme tenperature for '
pHs .of between 5 and 7. pH and tenperature The
phy¢mseractreity i s neasured after incubation of 30

t np 4 d [

Wb o Chefin SanEEERy 1o, A7 POHehE, Mnihures
exdhene pRBt(ZhendeBIvme gigorffiatle | 635 emeachowd t §ti $0°C
obgesvetk af & efn lwhodr ghacestashe GButhacokier: hare, it is

in _t 3to 7,.. 1 80 to . 100, _of tivity Jd :
35 ontdet I AEUOCS APUEOCE L hBphgt ol FeTRy Y - 1E s

. Mghyuraernsttereds @t CpHvBtland pE*8lokt wdy alwe ivdtcgd after

that, t is & ffect the, BatuL e, of .
t@'bu??g? a%lé % o¥d Ongngl fegl due 49 108 93LVEEn0Tor ¢h

denaturation, calculated by means of the Arrhenius

representation, is 606 kJ/mol.

pH

The phytase 1is completely denétured afﬁer storage for
21 days at -20°C, for pHs of less than 5. On the other
hand, no denaturation is observed after storage for 67
days at this same temperature for pHs of between 5 and
7. '

PH and temperature _

The phytase activity is measured after incubation of
the enzyme at 2 temperatures (40 and 60°C) in buffers
whose pH is: between 2 and 8 (Figure 4). For the two
extreme pHs (2 and 8), a complete loss of actiVity is
observed after 1 hour of contact. On the other hand, in
the range 3 to 7,. from 80 to .100% of -activity is
conserved at 40°C. At 60°C, the phytase is more highly
denatured at pH 3 and pH 8. It may be noted that there
is a strong effect due to the nature of the buffer at

pH 8; in the presence of acetate - buffer, the
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pH 8; in the presence of acetate buffer, the

W)2007/ 006953 - 43 - PCT/ FR2006/ 001653 denaturation

is conplete, whereas in the presence of = tris HCL

buffer, the denaturation is only 50%

EntP2 RFHRE958Ni ¢ strength 5 4he-enzyne i sPCT/FR2006/001653
prei ncubated in 250 mM acetate buffer, pH 4,

' codéaianhngtiord\/lml couplehkbor idesreats 20£. .tared pbebbnce of

£ 00 HEAULES cLD, { Bl Phenghoe Of YafL Oy gt {1 ves.

e end of "tréatnen € ex rac iS¢ ed in
mater at  +4C. The activity is then neasured at 37C

fOEnerQroﬂigeH‘tnEEE%CaEtPEhéth25O rrM buffer (Table 4).
Thr ee t}/lges of elenents are te . -._sugars or s%%
é)u er,

al CBROPRZ¥NEr dSePrRARCHRE ey éﬁalzégemM &FR5PNGs
gl ycecohtalhingt hemmbsedetuaf chabeide, att e wolaad tes.5°C

e hu he_e u
R R e R U gﬁ%c ne
andheeesd Pér trzst@@nmn@hesepchrané pﬁe@@@d—@dofln water at -

varpods agdit hwesiA, the %@Qn‘)fméégélfg@mat theoc for 20
extract is cooled in_ water he t|V|ty|s

Ch et b et shed ol Do feraltebls 495 pH 4. 350

mM buf fer contai n| ng 1 nmM of cal ci um(cf Materi al s

f e of .the environment on
tﬂghy%% ﬁ% ? %I I | eme?é%’] ‘Jﬂy%e%%srt%rryces castellii '
CBSZ@QQarSOOEh)‘Bpaéé Mngwloowsgosem lactose, trehalose,

P(g’ffﬂg@&@éog% Serdd enents Concentration 1 h at 20C 1
h at 66.5C gl 99 47 CaCl2 0 MM 100 1 Sucrose

10% ‘9= ﬁbsi%%?o% 9BYFYE 47  Trehal ose 10% 94 56
Ar-abt mo sec 1884 99 36 tlﬁ_} yicef Hdr 10% 96 56

The enzyme is preincubated in 250 mM acetate buffer,
containing 1 mM calcium, PH 4, at 20°C and 66.5°C for
60 minutes in the presence of various additives. At the
end of treatment, the extract is cooled in water to
+4°C. | o

The activity is then measured at 37°C for 20 minutes at
pH 4, 250 mM buffer containing 1 mM of calcium (cf.
Materials and Methods) .

Table ~ 4: Influence of the environment on the
thermostability of the Debaryomyces castellii CBS2923
phytase



Acetate buffer 200 mM 100 53 Acetate buffer 150 mM 98

78 Acetate buffer 125 nM 84 95 Acetate buffer 100 nM

87 89 Acetate buffer 50 nm 99 89 Two el enents are

very inportant: calciumand ionic strength. Cal cium

al ¥oaghy 0io69AAs no i nfluence oh the 5 enz§ABLFR2006/001653
activity, plays a very inportant protective role;
gﬁwﬁn&@ Lhe absgnge gt CAlCLUMg sec

i ncrCeasesl t he denaturati on due to the99tenperature’up
to 2Q%at 250 MM 10 4 -gKivhetic studiggs Specificity
st u%¥ The kinetic consta to% are deterrgr'zned on 2 57
subsStFa?®Es. The affinit3 f the phytase is 4 tines

- gredeetosen the 15 presenék of cal ci uRPphytate tha¥ in
t he Regseee of p-nitrophenyl phosphate (pNPP) (Tgble
5). Table 5. Specificity_of the D. ca%el [ii. phyt ase

on NEPIHFE substrates SaB&trates Km (M) (}itho |

/ m @iggeyol pNPP 2. 27 30.90%Sodi um phyfate 0.532 3568

20 W00/ Q6953 - 45 - ACEMFR2006/ 004653 This 3
phyt ase ha broad spe um of activity, with

pr ef*EPERYS zﬂu%ﬁ?’ar ol ysi s%g NPP, of ph sphoenol '8
pyr deatete GLEAFP and of 1XDRPM( Tabl e 6A34 It bel ongP3to
the aglass ehsbepad- specisymuphyt ases guch as the 45
phytases of A_ fum gatus and E. ni dulg s. It also

de t f 0 ’ : 89
hydr ol ysed by phytases due to its axial position on

the phytic acid nolecule. Its function is inhibited,K |
byIWa 0 PHERGHAT e S1/ t WX YKi 1BPOFEanfy calcium and  ionic

strength. Calcium, although it has no influence on the

enzymatic activity, plays a very important protective
role; denaturation is complete in the’ absence of
calcium. The increase in the ionic strength of the
buffer increases the denaturation due to the

temperature up to 50% at 250 mM.

4 - Kinétic studies

Specificity study _

The kinetic constants are determined dn 2 substrates.
The affinity of the phytase is 4 times greater in the
presence of calcium phytate than in the presence of

p-nitrophenyl phosphate (pNPP) (Table 5).

Table 5: Specificity of the D. castellii phytase on

various substrates

Substrates "Kmm Vm
' (mM) (pmol/min/mg)
pNPP 2.27 30.9

Sodium phytate © 0.532 35.8
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Tabl e 6: Conparison of the specificity'of the D

castellii phytase in the presence of various

substrates. 15 (A) The concentration of substrates is

4 MMM The phosphate release kinetics are determn ned

i NWRBTOTN06863i um acet ate bufd®r; 1 mM CaCRPT/ER046/8p1653

37C Substrates Concentration %activity (mVM Phytic

act*ﬂléccyﬁyf@s)e 9h480 a pb&dbtaHOp&péw&rmowhaaetﬂvieﬁ with

Fruct sphat 35 G cose phosphat e

Ad@n03|n% %gagongﬂﬁﬁo % e28S|néQP Brbefhoenol

5' pkphatphaté @xTPZOandAd@ﬁoé-Dﬁe @‘a-btlﬁ pFdsphitebsleggs to

L §h9|y8§599h059h35§oaé Z?ecpguks BB%%QQ%Q'V%%E%@ 3@ d the
4 95 Phospho(enol)pyruvate Hydrol ysi s

of PY¥FPBEE Phodi t BIMpAdSPRatRS By phu fﬁscastelll

phytase. The phosphate rel ease kinetics are

de rmy ned .in_250 m_acef.a butfer :

CHEEZ, Sﬁ geg? geﬁeagﬁrg nts Z?gﬁggr%% hﬁ%%ﬁws rarely

25hh§dobY§sdstoph8Daﬁeﬁudes ap 376 amﬂz@onumm&yyg-on the
A%ny PEI/ HZO0CH00L053 o Subpi akeacCongentcaliof Shced by

Vit Phyti c aC|d (control). 9 91 Ins(l)P1

SSPh‘PﬁE%?Sﬁ Vil‘BIA afs@f 4 p2 W1 65 1ns(1,4,5)P3 0. 1

56 5 - Stereospecificity 5.1 Separation and

i d fication of_1inosital 0S, e '

chfgé%?ogéapﬁ§ Tgﬁﬁ%ﬁon of E%ﬁ%] JHEE fﬁé&%y of the D.
castellii - phytase in the presence of various

substrates.

(A) The concentration of substrates is 4 mM. The
phosphate release kinetics are determined in 250 mM
sodium acetate buffer, 1 mM CaCl,, pH 4, at 37°C

Substrates Concentration % activity
(mM)
Phytic acid (contrbl) 9 100
p-Nitrophenyl phoéphate 4 135
Fructose-6-phosphate 4 35
_ Glucose-6~phosphate -4 82
_Adenosine 5'-monophosphate 4 50
. Adenosine 5'-diphosphate 4 120
'Adenosine.5'—triphosphate 4 133
L-a-glycerophosphate 4 78
D(-) 3-phosphoglyceric acid 4 95
Phospho (enol)pyruvate 4 130

(B) Hydrolysis of wvarious inositol phosphates by the
.D. castellii phytase.. The phosphate release kinetics
are determined in 250 mM sodium acetate buffer, 1 mM
CaCl,, pH 4. The measurements are carried out after

hydrolysis for 30 minutes at 37°C.
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- (Skog. I'uhd,

The nyo-inositol phosphate isoners are separated on an
Omi Pac-100 anal ytical columm using a gradient of 5%

~to 98% HCL (0.5 M and H20/2-propanol (v/v) . The

eluents are mxed in a post-colum reactor with a 10

SolNP2 9 G 096963 1% Fe( NO3) 3- 9H2®6 and 2% HC1(RCT/FR2006/001653

(Phillippy, B.Q and Bland, J.M (1988) G adient ion

chromat ogr apn of _ 1 nosi tol _phogphat es. Anal . Bi ochem.

175, 162- 1687B=4FBE DL al 11 ow r GPRSTRCERLIPR oy AGTS VY

These conditions nake it possible twMyeparate the

vari . lns, 15 to Ins P1) @and to identi f

var Fg gl%s%?rg?s(%éﬁﬁlﬁog)% and of InsgaP4. The vari c%s

i sofBF$1aFe identified by conparison of the 58

chr ot egpans obtained with (1) thosel described instdhe

20 L] a e, obtained under identigal conditions '
rhr %}I}JEZE, Carlsson, N.G and Sanberg, A S. 6>

(19975 (1pbt 2} P nati on of isonmers of Grositol mono- o

hexaphosphates in sel ected foods and intestinal

contents using H gh-Performance Ton Chronatography. J.

25 Agric. Food Chem 45, 431-436), (2) with the '

conmpounds obtai ned by chem cal hydrolysis (Turk, M,

‘SagdbeggeredePeci€arlisgon, N.G and Andlid, T. (2000)

I ngsjtol , hexaphosphat e, hydroplysis, by baker's yeast. .
Capati LySPRIABI RS, U degiiat SR HPeucPs, g 1nosi tol
Agphespkatds 3By Chsrrmd80g18PRF04¥PEAH (3) with the

pr c of: / QQ. - A7, / -
e R e e Ty Rl
anfepl - Paei-il O0L awehiyt il | CREeRR MSinpudl sefRdieie. of 5%
Ohianngg 4. , uBnei nhalst M)J. 3@ $tergagidpaBoR (20Q))., The
US Pat ent 6060298%. C? 5.1.2 Chenical hﬁdrol Si s Afte.rtl_l
CHENTTar S hydf ol y&1%ET 6MHCE, 2B6E; C28Y Burlé%/ac‘f‘ﬁ‘é Wt 2
chsohwt bom amfolst-ditneke 8VP0ws 9HsO t anddaft iHGLOL2 (Phillippy,
| SONBI S5 28089088 bNj PR13R4) ! 0824 enthe dnS ¥R cha¥ography
Ins 10 P3, Tns P2 and'Ins Pl are not separated by this
nethodnosgtels pheiRiateat | dRadf tHOGHIGI t F>, 162-166) .

_phﬂ&@hﬁbﬁélf@ﬂ6ﬁdrate is at 1.2 ml/min. These conditions

make it possible to separate the various Ins Ps (Ins Ps
to Ins P;) and to identify various isomers of Ins Ps and

of Ins P,.

The various isomers are identified by compafison of the
chromatograms obtained with (1) those described in the
literature, obtained under  identical conditions
(Skoglund, E., Carlsson, N.G. and Sanberg, A.S. (1997)
Determination of isomers of inositol mono- to
. hexaphosphates in selected foods and intestinal
contents using High-Performance Ion Chromatdgraphy. J.
Agric. Food Chem. 45, 431-436), (2) with the compounds
obtained by chemical hydrolysis (Tﬁrk, M., Sandberg,
A.S., Carlsson, N.G. and 2andlid, T. (2000) Incsitol
hexéphosphate hydrolysis by baker’s vyeast. Capacity,
kinetics, and degradation products. J. Agric. .Food
Chem. 48, -100-104) and (3) with the products of
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during the hydrolysis of phytic acid by the D

castellii phytase 15 The hydrolysis conditions are
described in -Materials and Methods. The appearance of

the various Ins Pnis nonitored over tine. After 15

m Re2 %7 /906RGr ol ysis, |ns-P67has virtual PJT/FR2006/001653
di sappeared, 4 major peaks are detected and
cohyéspbpdﬁodﬁn&l@hﬂ: 4a5:,&) b5, tHeNspRPrfsés Bf 3. Giger

P4, pe P2 In P1

et df% thi %Q%%Eﬁbd qur}%@gl L LSaRS C ¢
of Ohmpen} nd. P5 Birefl sl P4 Js GO | $h@ﬁ9@§fr@he Pa@dl t {2100)
of ysattbenti eokpeski ol sanples. After 120 m nutes of
hydrolysis, the Ins P3 and Ins P1 peaks are _
predom.nant. 25 This could reflect a nuch slower rate
ofshydEOCySMsc@i hytdsoP@stenpared with Ins P4, 5 and

utg ro [ nt . of
oiBEE I Bl DL N B500s i T 18 moure),
po‘]@‘m '@Prcﬂwﬂﬂmf@s Qﬁtat:heed plaitlams nulectbe. idaheify 12

enzysm-+ &l 8ass ehk the 3N QHQSﬁ%%tQﬁ ™Me isomers of Ins
characterization_of . the'lns Pn fractions separated

byP%hﬁaﬁhtGgﬁﬁﬁh§n?sP€a?¥?eﬂoBu?eB?raFﬁﬁREMaF?%?sme%th
NMR (Figures 8-11) .35 5.2.1 Preparation of sanples

Th§ ya '98%ﬁ9?9938£§08fJﬁugégy%ggsggohnséﬁgﬁﬁ%téyaE%rmed

castel aré ‘'separa ion~e

chﬁ@ﬁ%@@gréﬁﬁy @yégpdVﬁQQJJQEmapﬁw¢m@ uéeédlnthethe D.
PreyL s8] PAr aph= The anount injected corresponds to

W) 007/0069 3 -, 48 - PCT/FR2006/ 001653 ,369.5.]j1

f
| e PYRRELYSLE. cOPUFHE | 8RBT T s SPRSTACEE it Materials

vvaatmi Mézhohsonmmagr apbea3aabe C@frn:h@k oridle Ins P, is

ég§é DOPH%QQ %& S fé g} ggs %%rof§51s,

In Ins 1 are co ected
| Vidphi |P|sze“eﬁs TH&rtrgdpKi |<r13z%@@§ear@dr efﬁydf“éﬂé’é vWeRks are

0 cﬁeaéctmfd D20 and e spiorldysed bynBVR(at 214Cs,8)2. 2, 1Ins
C pralyets 10 B b6 despribedein pel a1 o dpnor
arlei&rftarththrbyzetmigl method (Figure 7). The assignment of
the Ins Ps and Ins P, is confirmed by the addition of
authentic inositol samples. After 120 minutes of
hydrolysis, the Ins P; and Ins P; peaks are predominant.
This could reflect a much slower rate of hydrolysis of
Ins P3; compared with Ins P4, s and ¢. After 300 minutes
of hydrolysis, the amount of phosphate assayed
corresponds to 100% of the potential phosphates of the
phytate molecule. The = enzyme releases éll the
phosphates. The characterization of _ the Ins Pn
fractions separated by chromatography is carried out by

NMR analysis.

5.2 NMR (Figures 8-11)

5.2.1 Preparatlon of samples -

The various products of hydrolysis of Ins Pg by the D.
castellll phytase are separated by ion exchange
chromatography according to the method used in the

previous paragraph. The amount injected corresponds to
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anal ysis of the proton spectra (1D and 2D COSY and

TOCSY) and of their 31P-1H correl ati on spectra (HVQC)
VWhile it is possible to distinguish the stereoisoners,

15 which. are non-mrror inmages, it is not possible to

di ¥o20Qj/i0e96Pe enanti omers; 4hi€h give mP¢'b’rFH2r?ﬁgé§01653
and identical spectra. As a result, the NWR
chasactepgzaffi amnsofpgt hE‘hby@b@ItySbiumaO rppoenct S sdagplaced
nog . possi I S - from

"0} URKRaLLPossI Bheohocdiotionyishg 3 phudase: !
Conventional ly, accor d| ng to the literature, when the

3 TRE FrkicRkaees &e dnghiplepddi £ak, péhe zn@arﬁa g Ins B,
Eﬁ\étasels gj-ven; S|mlarly, for_the :
[i

geL: t KEhanth®- phyt adesi s FrELtE 2, Zc?mblned and
Aﬂayyﬁhsméeﬁhe HReC ﬂg@phuoﬁlzaoet;al atrag thetydras &l S.with
T ro trum jndicates t
m §f Sre %6 réénearper oaldluc]tﬁ"sei‘CP éLoépdlan
systens were |dent|f| ed by neans of the TOCSY and
C@Yzeép%gpeggmy Jhese three products are: Ins (2)
é360) Ins (1 or 3) Pl (16%; and inosi_t ol (48;(/?.
pW&%h@?%%r%)ﬂ%%t Am A§tRf b at8s Nate prdsengrdofMethods,
[ nohgama:rmlo@phmdﬂm clﬁrast%nscharectc&[azza&eté:zylzaed by

fi ' [ . | I hat t hem

AT bR o PO Fhct s, (180 gl 28T 68y ana
i NBEFEB! . aMZWItGW%SHPﬂIQH CPCEI'ﬂ:RQ@OB/ 6pE653a (HMQC) .
S.@n?id %a|ﬂé5'p%£1k§lhae &‘!E"—&EE@ﬁéhQQhCQBEa'spde'lgsch%mers,

I ns, P2s The proton spectryum i ndi cates .t he presence, o]f_
a Bt elofHfantopr8dader(; 1Na88sy . % afsi n§oFr RRIFEPLE tO
S|@ﬁatln§u£@hir esponshagr iamd e, Hehpeat aived. dddrppmimages
0 _to assign the spectrum The
”ngﬁ?i%;hf’ 5%%%%) i hg constants indicates. that
the 2 and 1- positions (or 2- and 3-positions) are

phosphoryktat ed tﬁ@dNMhaEthscEEQQQHEB@HtoErQ%%C%ydrol sis
ds to I'ns 10. he unco

SRR ETe Pags' BRg" Pirke Ao ass i o Wi SLSELRgRABheS 3-

Thehytawe [Eroducd s,1-ghytase, and a 6-phytase from a 4-

phytase. Conventionally, according to the Iiterature,
when the 3- or 1-linkages are hydrolysed first, the
name 3-phytase is given; similarly, for the 6- or 4-

linkages, the name 6-phytase is given.

$.2.2.1 Analysis of the HPLC fraction containing the .
Ins Pls. ' _
The proton spectrum indicates the presence of a mixture
of three products for which the spin systems were
identified by means of the TOCSY and COSY experiments.
These three products are: Ins (2) Pl (36%), Ins (1 or
3) Pl (16%) and inositol (48%). The_phosphorué spectrum .
indicates the presence of inorganic phosphorus which is
~.characterized by a fine signal. The HMQC confirms that
two of them are monophosphorylated and that the 3rd is

. not, i.e. inositol.
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| east 2, were not identified. 5.2.2.3 Analysis of the
HPLC fraction containing the 15 Ins P3s. The proton

“spectrumindicates the presence of a .virtually pure

product The anal ysis of the spectrum i ndi cat es that

| tWwez0a7e9pends to Ins (2,1,6 9 2,3,4) P3PCTHeR2006/001653

phosphoryl ati on of these three consecut|ve 20

positions ixmq9nfig med hd hgpddP tncaiidredcspeat hifly the

anﬂ by %he HMX. 5.2.2.4 Analysis of the HPLC fraction
t3inffig the Ins P4s. 25 The proton spectrum '

i ndheat psotbe prsegwtc.temof mdmaelnimri ngh¢ ppodsetice0UpL a

V"“éfe‘d&ﬁiﬂgﬂf-ﬂ@d %t' ng. 6 grou & S e il fhfréar Be megnal

rtions o osphat e romt
an%@l;/%?%P@ltldt% éeu;ﬂhendﬂ cPR]Eant < 4(¢ 34iLcePma SCP§Y makes

Hzt agses §QB1efHBdaE}é1 he t&éPs%@ctt&e@uplmHa; @ENSIJIERYES the

and exgerl rrent oduct s vvere
ga

oL s | CaeEaBes T e O DT S heshd  1-
G prenit hats | n(sﬂS s tdwed f i3r-$lo sprtdcuct) faraecptampltdtatlated

poxit o A e SHLASRIREY S ek EoRRG 13

bel2bl ecFo2cRar &2t-erfiee WRCHIE NVR. SWQGUWOQGQQSP agg the

ﬁﬁaéFga%ﬁyﬁH”@§§s H@éﬁgﬂﬁédﬂ) bypassidd¥ Sproducts, at

f | t d tu d
O TALRY oL e 25 veseochietagered (0 S sl

anmount of phytase (see bel ow). Under t hese

condi 13 0f1S 5 Lhe N0t g ShROTB8 (LORK: HOCSYneadnlly che

f'erence spectrun) of e obt al ned
t Hes® Bpectra make it possible to character| ze Ins

(Irre 4, §r6ioﬁ’5, E@@lt(f@ﬁnl ndddiaiatde ©Sheospkeganter of a
t

t t to b :
G D s AHeOET o  ARFLY SR 95 GBS ARectrum
10irdcattesl tRagudd 8yorBeoSngs nebi dsisof (AyHrel pgi £/, 3,4)
ofpd nskg, pPr %Hdﬂﬂl‘%ﬁ’yfé%@s Jmde ids Possihle, consecutive

firstly, to show
positions 1is confirmed by the 31P uncoupled spectrum

and by the HMQC.

5§.2.2.4 Analysis of the HPLC fraction containing the
- Ins P4s. ' ' '
The proton spectrum indicates the presence of a
predominant product (= 950%) which is found to be 1Ins
(2,1,6,5 or 2,3,4,5) P4. The positions of the phosphate
groups deduced from the analysis of the coupling
constants (3JHCOP = 8-10 Hz) are confirmed by the 31P
uncoupling experiments and by the HMQC experiment. The

minor products were not identified.

5.2.2.5 Characterization of Ins PS _

Given that InsPS is the first product formed and that
it is' immediately . degraded to InsP4, it was not
possible for us to isolate it suff1c1ently by HPLC to
be able to characterize it by NMR. '
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‘that the enzynme was insensitive to the présence of 15

deuteri um and, secondly, to adjust the. concentration
of enzyne so as to have kinetics that were neither too
rapid nor too slowin relation to the technical
COWR2¢aTI/A0§983 observation.- 280 Dependi ng OPCTARR2006/001653
tenperature (in this case 17C) and on the
conﬁenbls:atelront@f enNEEs  kimed i calf:ﬂncmetgl owIfd. pPs was
and.t he appearancey Qf. t he '
R E AT EE cadrl v ohSar var T i s
condiriedsothattt h@°Spwéthak shadactavusti oF. pﬁyuaﬂﬁpasee

25b¥\@6x§ Obt@ﬁcﬁ@ﬁ angk dbat o4 e suceessive agpeanCegdcera
Ins P4 and Ins P3.is clearly seen. In the

I ns
pré%%%%e c?OQ§¥n 2 ehPy bl L §HeERH nEEeGT 1o ngt pEns PS5
| NnSolPld ape ldntsaltrﬁdISApbseh\éed doeddia wlke it possible

i nter iate hase c I exity _af th spectra
bt S| RECFACEBRNES FBF Theonkburs BP ( HaSnbtang that the
Af3epOSILt)ldmuKsr ﬂh@olsydaotnysuE |tshmof1t©hppesetlpn to be

£ nderYFEe kinetics

t NgepREESROEEL 2 20 &Eeszf@Z)é&B%ct‘i%m&Eexmédrﬁ Y#k8 not o

was ~ .obtained In gﬁrOX|nately 4 hours. These kinetic
357 PeRiffed EoHIHTn the hydrolysis of the 6 phosphate
bonds preV|oust observed. They clearly show that the

hydr gl the onds ace, clearly slower than -
thg %t%ers ta%Y?E? %%?ec O?S?%e phosphate

WIROEY10D6E53 stadlesP@mﬁERzooa¢@@assse whichtly, to show

aceraul alyes 'eﬁz%@ ”@Qéurfiﬂéeﬁsf%h%&l% a:t]:% b@;:l@arﬁi‘é!%ence of

responsi ble for“this (Figures 9
StIRNECTEuHedR i bEECPRE Bat ARaPdigf thileolSpEIcEntg 35fion of

: pf‘kyﬁi*ﬁmélCls@ bys t ke Daa@élsl}eﬂ|n|dtj1d§‘lyfﬁse wEie nAeatystrs too
. by chr na%ggrgghg angeby hormr het%ron$§}ear Iﬁ%lcal

neides 1 posSsi ble"to er mne eunarrt?lguousl
steersirints thle Prsecypalomnd various Ins Ps forned:
rns PS, Ins P4, Ins P3, Ins P2 10 and Ins P1. The

sphoryl ati on sequence is presen in Figy |
%e“%u‘ﬁ?ra‘??%eﬁe‘meifﬁ%ufﬁr o, §}‘&F5F6‘Ff 21 Y5 3na on

AhﬂhougﬁnéamtrémmﬁmsOﬂfeﬁﬁgméLonlietand aaan®e4sam® 6(1 pl
ar & nOt dl S’Ce)r ni bl by tmeR Weppe dfnce of the first:
‘intermediates readily observed. It is wunder these
conditions that the spectral characteristics of InsP5
were obtained and that the successive appearance of Ins

P5, Ins P4 and Ins P3 is clearly seen.

In the presence of 5 pl of enzyme, the formation of Ins
P2, Ins Pl and inositol is observed. ~In the
intermediate phase, the complexity of the spectra
obtained accounts for the mixture of the Ins Pns. After
10 hours, the hydrdlysis is not complete. In the
presence of 20 rl of enzyme, complete hydrolysis was
obtained in approximately 4 “hours. These kinetic
results confirm the hydrolysis of the 6 phosphate bonds
- previously observed. They clearly show that the
hydrolysis of the last 2 bonds are clearly slower than
' the others. The inhibitory ‘effect of the phosphate
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however, able to determ ne, by nmeans. of the HPIC 15

anal yses, that the phosphate groups in the 3-position

and then in the 4-position are the first two to be .
hydr ol ysed. The kinetics followed by NVR confirmthis

- 0b¥eR YT /9$95Fhe subsequent -hylrol yses ar ePEF/ ERAL06/001653

phosphat e adj acent to the hydroxyl group. The 20
hydhd)byisas:cufnuﬂlaeelsa&h 2 hehosydiatre izondougis (th 2e ngartly
{ ake8oBlacs sl UL SREQUSYouEQURYOT 10! Dhal 24P, O

hyro ySIS 0O OsitiOn appears to be tw ce as

weak as that of the 1 position (or 3-position).

Fi fal lehid rd@sBectiyeasbcthgeaethed H%ﬁ@a&%nﬁﬁﬂﬁydholys1s
25 HPLC or NWR), the guan tatlve rod ct]on q}
i nBSi t BRYEAF tﬁ‘élénd at- % thatttesgx The

phaapbgkes bobgs aroelﬂa:yrdutolgysguyby thel phytyase afnd-he -and
yegz& ge u€38Le | hhve Th@§d8hyaﬁgfl§g§ P@ag'aéglflégtéyﬁlne

ase SIMm

i @ne@bganpsﬁiyso t@lwt atasictmempl @f 2: t@ﬁon@ﬁgnmpal and

OVELEeXB18STnaN. P@nﬁo{%@&h%ﬁhQabs chaiacieri zatien, OfIns P2
t he recorrbl nant phytase I\/ﬁ ALS AND. I\/ETHO)S
Or@aﬂl $hE, %ecFBFs SRACSP gon %Fé‘a’Pl il%%u%’%ﬁ%eh%egrer‘ﬁ%nwd

st tai ns*,lgptrasdes and peameriseusedminarthed stindy thar e form

TR T
ol #g8nut| eagxd dés ased nPbr Cﬂﬁ%e%”tli}ﬂsﬁ Sbyaj NYR, we were,

Rehereves, orabpéasededgtegmﬁﬁélptbpn @ans  of the HPIC
charaiterlstl rs Strai ns .

as
PhFERLESBF od = BB e SR PP N ERSeqt jposition
XL4dnd 6 (tmmA) 183 t&(em:mCBdsstNR— rrg 1EReSt fatagenso to be

.BlH;dP@T§sgquH%%yp@%ﬁéEIgélfgﬁﬁékeba%mlﬁﬁWR confirm this

observation. The ' subsequent hydrolyses are on the
phosphate adjacenﬁ to the hydroxyl group. The
hydrolysis of the last 2 phosphate bonds Ins (1,2) P2
takes .place simultaneously. .However, the rate of
hydrolysis of the 2- p081tlon appears to be twice as
weak as that of the 1- p051tlon (or 3-position).
Finally, _irrespéctive of the method used (enzymatic,
HPLC or NMR), the quantitative production of inositol
at the end of hydrolysis shows that the six phosphate
bonds are hydrolysed by the phytase of the yeast D.
castellii. This phytase can be classified as a 3--
phytase (EC 3.1.3.8) siﬁilarly to many microorganism

phytases.

Example 2: C(Cloning, overexpression. and biochemical.

characterization of the recombinant phytase

MATERIALS AND METHODS

Organisms, vectors and oligonucleotides sequences
The strains, plasmids and primers used in this study

are described in Table 7.
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: 5' CTEA-_ATA_ (A T ACT ATA (X~ ( 1 imH =Y
fél’il‘é;:: COA LTOUACT  ATATTO0O0 U o DLJ DI OSCiences .
AP‘_’% R I OTA B5G G106 -3 BD BroSTIBREC S 17t

proAB | ac | ZAMLS Tnl (Tett)] P. pastoris Invitrogen
X33 Plasmds p GEMT Contains the gene conferring
Promega anpicillin resistance pPlCZaB | nduci bl e AOX1
pronoter; signal Invitrogen sequence of a factor of
S. WRE0IVP8FAR3 Sh ble gene cdiferring zeRGMFR2006/001653
resi stance; integrative pGAPZaB constitutive GAP
pr'nml@r 7: .si gnahihayi tplogen dss egudncel Dforud bedtoided used
eSETENI S }Sh bl e gene conferring zeocin
reS| st ance |nt egrative Priners phyt-Ner-for
5" TGl AA/ Alfﬂ TTV Ifﬂ ATV'TIFV AA AA/'TIFWAAA /'rlfﬂ -3
cof resp,_q_gg,lsng =pti de: SKLI NNG phyt - pepl -re
5' 1 - GEahhiks G/rG) AC(DesCripA{oN &) EAdfELTgrittics a
(A G Tht#eey TC-3' correspondi ng pepti de: PVFYEYD AP1

Reference or

S5phyts sa-1 5 -TA GGA GCTCCTCCTAAGAATCTG 31 ()
5ph gi scb?ei 2 Bl- M@&MMINEMW@&TTG Stratagene
ue ' m A&Gsa [

3phy Qyt%rfs 5 —ETECTCEEaAA D77 Pnvitrogen
3bi S yt-spe-1 b’ - GAAGFGFA&FCF(I‘?FCCF@FTTCF CATG 3'

3b SDth spe-2 b' - ATGITCCTGAAAGAGI TGCAGGTACCAACT - 3
phytBesepst | -forl5' - GCACTGCAGTCTCAGICTCAAAGTTAATTAAC:

3 fﬁl‘f{’l‘ﬁc Xbal - r%vltalns the gene conferring Promega.
' e e e Y )
0 "@ﬁ&&a'ﬂuﬂ' AR SRS Fhenwesmsts

Debar yonyces capéhérck JEBS 12023 deS.CU| t ured in
Er| enmeyer fl askssrkiislied §obld gOtehcofetrhed r yol

u
ungler—aerobic—cpHIEL] Spatstange/y '”‘ﬁt'%gfé—won the_—gepom-—¢
PGAPZA constitutive GAP promoter: signal “Invitrogen

sequence of o factor of S.
cerevisiae; Sh ble gene conferring
zeocin resistance; integrative

Primers
phyt-Nter-for 5'TCIAA(A/G)TT (A/G)AT (T/C/A)AA(T/C)AA
(T/C)GG-3"'

corresponding peptide: SKLINNG
phyt-pepl-rev 5'-GG(A/T/C/G)AC(A/G)AAR(A/G)TA(C/T)TC
: (A/GYTA(A/G)TC-3"

corresponding peptide: PVFYEYD

AP1 - '} 5'-GTA ATA CGA CTC ACT ATA GGG C-3' BD Biosciences
AP2 5'-ACT ATA GGG CAC GCG TGG T-3' BD Biosciences
Sphyt-spe-1 5'-TATGGAGCAGCTCCTCCTAAGAATCTG-3"'

Sphyt-spe-2 5'-ATGATGTTATATTGCTCGACGGACGCTTG-3"

3phyt-spe-1 5'-TATGGAGCAGCTCCTCCTAAGAATCTG-3"

3phyt-spe-2 5'-CTGGCTCCGGAAAGAAATATAAGGCTGTA-3!

3bisphyt-spe-1 5'-GAAGTGTAGCTCTGGTCCTGGTTTCTCATG-3'
3bisphyt-spe-2 5'-ATGTTGCTGAAAGAGTTGCAGGTACCAACT-3'
phytDc-PstI-for | 5'~-GCACTGCAGTCTCAGTCTCAAAGTTAATTAAC-
3'

phytDc-Xbal-rev | 5'-AGTTCTAGATTAACTGTTGATAAGGGAAGCGGT -
3!

The yeastﬁ Debaryomyces castellii CBS 2923 is cultured
in Erlenmeyer flasks filled Eo 1/10%" of their volume
under aerobic conditions and at 28°C. When the genomic
DNA 1s extracted, the strain is cultured in the
presence of 500 ml of YPD medium or of 20 ml of MSA

medium. -
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"DNA is extra'cted, the strain is cultured in the

presence of 500 mM of YPD nediumor of 20 ml of MSA"-

10 medi um W)2007/006953 - 53 - PCT/ FR2006/ 001653 The

E. coli strain XLI-Blue MRF , used during DNA
anpPreOTA068A3 is cultured i+ nsErt enneyer fPEBIER2A00E) 801653
to 1/10th of their volume under aerobic conditions and

?t TﬁEC ELn ¢bei prme;rﬁﬁ—e o:leL@rliug- BerFani ﬂgélaura@rsigr)lg DNA
Sa Q Fri.tsc an iatis -1 .
MoPEe E grlb%#oﬁl hgls cqltb réjtory ?r/ggﬁaineyiﬁdfé%ﬁ% 1d11ed
Spting /M@ boef Laberat orl URreesenda@n| deSppingcHadicions and

NeWt Ygrkc, USA), sypal e?%’éfs%@lc‘éﬂ t R sampiGiild 'Bréx(t]aQH medium
ng/ 1), or of 'l ow_sal Luri a-Bertani nmedi um (5

g/
Nadf? tReXpHIA0 of *hRFER: | £ ddj udPEd MRS Sini tFu (1989)
sombmabhyar:om@mn@nd a Masbraso@yprﬂiaemam e t adn Cold

cin cul i.S.i.n sol.id nedi

; raBkRab o RatlPE LrEOt R atY L RERERS R R SRR, New
ag‘aork15UEIAé yeeagt]l estardiad Ricth aalpastmllsnxa’30|03mgs¥éd, or
f%ft h%owh%%m 99993 BXREESS! ARG imt rl% %?rieN%r&figd' e pH

tase. The transformants are sel e
aePSbf"’@lCE‘oﬁél Aretad 26T, 7 on wﬁs 884¢ URedygioxide, and

- suppienented swpbtnemeﬁeea (mehwg/zlabc1210 lee_s Vr@Q‘tLQr When

pGE Prome ls used for the clo

Ni %l??ag ntd a %lfdi eli® 83]/ fc%l y ?asaebo‘c’:?]alr?f':‘dla are
re_acppbﬂmeﬁoa)l undhfb‘i the stgereicd nggaf. the DNA.  The
sel ection marker in this plasmd is the anpicillin 25
resji stance gene. Two exgr essi on vectors, pPlCzaB_and
pGEPrameass (SR TaBleh?R. PARE QI o3 pPiEzatFed for the
conéaemlo@a@spreﬁptees@ant hefal aglwl @aﬁéhaaab)admg the

d AOX whi ch i
XA PPEedr (e Ak R (I | £ PORR08) e il bn i

P.cordioiors ard 308t1he ©wpréBR$ omasfr trh@dm@ormappdmmented

Pri€h Nz éSc et edwln 11)du0| bl e (Cereghino, J.L. and
Cregg, J.M (2000) terol ogous protein expression in:

the nethylotrophic yeast Pichia pastoris. Ferns
MThHobivelcagy BeEMe®s PHromega) is used for the cloning,

into E. coli, of fragments amplified by polymerase
chain reaction (PCR) and for the seguencing of the DNA.
The selection marker in this plasmid is the ampicillin
resistance gene. Two expression vectors, pPICzaB and
pGAPZaB are used (Table 7). The vector pPICzaB contains
the promoter of the alcochol (methanol) oxidase gene
(AOX1) which makes it possible to obtain high levels of
expression of the gene of interest in bP. pastoris and
the expression of the recombinant protein is  methanol-
inducible (Cereghino, J.L. and Cregg, J.M. (2000)
Heterologous prdtein expression in the methylotrophic
yeast Pichia pastoris. Fems Microbiology Reviews 24,
" 45-66). The vector pGAPZoB contains the promoter of the
glyceraldehyde-3-phosphate dehydrogenasé (GAP) gene
which allows constitutive expression, at high levels,
of the recombinant protein in P. pastoris (Waterham,
H.R., Digan[ M.E,, Koutz, P.J., Lair, S.V. and Cregg,
J.M. (1997) Isolation of the Pichia pastoris



45-66). The vector pGAPZaB contains the pronoter of

the 35 gl yceral dehyde- 3- phosphat e dehydrogenase ( GAP)

gene which allows constitutive expression, at high

| evel s, of the reconbinant protein in P. pastoris
(WHORPIBAA06983R. , Di gan, M E. 54Keutz, P.J. PCEAFR2005/901653

R and Cregg, J.M (1997) Isolation of the Pichia
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pagﬂ?bb&a’i‘ﬁ%&@%@@@@&&sphaée- PQEHRAQRERES53 gene  and
cer eh de 3 phosph e. . deh dro enase gene

reéuﬁgfaL gﬁi trs e Bf |ts lptrson% tﬁrenec%gg 3} 4437 44)

Thé‘@esemwwec&t&msozaﬂi salhavbavhe t@@qmq@qmq'm#et# for

reB'ebﬁ@E'aQE‘.ohn :pr‘?ﬂo%r l-arithe sgleclhientQbnt hers clegrescbones
transtforned wth these vectors is based on a selectjon -

maFkarsioFmgei Witind-R95% ¥BFERIT 0nScEASHE &5pId ettt ion
botBrkBr, pasdarin, aBddE.ticid | seFuethennyam bbeapplied in

reconbi nant prot ins.. are.exp essed ;@8 a Qn._wi th
h%oggi gﬁgl sBgteRtE&®of e SE ceFSuisi aeFfuar S S0 TR
Mediegombineast @Irbltiei@BS'aZ@Z$xp§a§ﬁadJra@d 3 nfugieon with the

Pre3ghnst Qégugﬁge”%@' eie( 10 Qjelfew‘?x%%taee&tﬁsé%orm g/ |

pept dne, gl ucose) or of MSA-B medium (cf.
Exanple 1, 15 Materials and Methods) buffered at pH
5 Medtibh 100 M pht hal ate buffer. After

nsfor ti.on, astori s, X33 .trans
se ectst n%enjlgo |gggPﬁ§2%edl umcu(lfblrefil I{]eaéﬁgn%t re:}et% e of
20YgPl peptigme, (20 @/l glwssode, e&tn\a%r bi2®Ig/ 0. ggptone,

365609996@111@&&19 51heo%e| ﬁ@k'—ﬁn 2l Qi € t’(%fpr ogueRple 1,
cl ones’ i n_agar nedi um pastoris trans or, -
n%lngloo mM

ar'éaEﬁFiLB?‘éd 3 dﬂ%%%%h P%SFF&%@& UPR  Coft i
glpheﬁelateweutﬁ&eerl A t@.r5 My andF o tBaget, 0 tisgap., Afdftoris

(1OX ENRL: 1 /
o/ T RS S (5. TFR0-Ys 971 RO RO Jiedtum
85%9 gﬂf/&vyﬁ)astl@wvalcmeotgééep@péﬁeﬁtls2@1(%)%— FIhacose,
2 10 1sérRE12016. Do H /)1 F@a&§94¥?aZH20DuQ1n% #He GS04:tion

? Hﬁzﬁ?ﬁ%&ﬂle ‘5%8‘80111%)/8 ar4“‘§ﬁ|1u(“NHa‘El)“esz§g404pﬁ%tO°ris
g/ ﬂrkﬁ?ﬂéﬂhﬂntandr&O cg.illtt.&etd odsm na lyhteeedcatsqiHb. dedium
ngalnlng glucose or methanol at 0.5% 20 g/1 Bacto
agar, 100 ml/1 FM21 salts (10X FM21: 1.5 g/l CaS0,.2H,0,
23.8 g/l K;SOs, 19.5 g/l MgSO..7H.0, 6.5 g/l KOH, H;PO,
85% 3.5% v/v), 10 ml/1 PTM1 trace elements (100X PTM1:
2 g/l 2ZnCl,, 6.5 g/l Fe(SQ,).7H,0, 0.6 g/l CuS0O,.5H,0,
0.3 g/1 MnSO,.H,0, 10 mg/l KI, 2 mg/l H;BO,, 20 mg/l
Na;MoOs, H,SOs 96% 0.2%), 4 g/l (NH,) 2505, 12 g/1 H,PO.NH,
and 80 pg/l'D—biotiri,'buffered at pH 5.4 with 200 mM
tartrate-phosphate buffer. When the producer clones are
selected in liquid medium, the P.  pastoris
transformants are cultured in the presence of a
'synthetic medium containing a carbon source (10 g/1
glucose, 20 g/l glycérol or 3.9 g/l methanol), 100 ml/1l
FM21 éalts, 10 ml/1 - PTM1 trace elements, 4 g/i
(NH;) ,S04, 12 g/l H,PO4NH, and 80 ug/l D-biotin, buffered
at pH 5.4 with 200 mM. tartrate-phosphate buffer. When
the_cultures are carried out in a bioreactor,  the

precultures are produced in the presence of YMPG medium
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. Syn

30 tartrate-phosphate buffer. Wen the producer clones
are selected in liquid nmedium the P. pastoris
transformants are cultured in the presence of a

synt heti c nmedi um contai ning a carbon source (10 g/l

gl HOd8®7/0PE9§R1 gl ycerol or-359 g/ 1 net han8FF/FRANAP6/001653
m/l 35 FM1 salts, 10 m /I PTML trace elenents, 4 g/1 '
l(JN]td]zzﬂ,) 92304 yeb%tgﬂekQPﬂaNm and; /80 Q@éltD—bEcﬂitrlaﬁt 5 g/1
uffere H th_ 200 tartrat.e S

buffE Onﬁ\henloogr(er1 c%ﬁlu?%? aragi\élcagfrl?réd loutghg g’r%S%nce of
bi eveabebic thdiupredll tileglacenerloduddd nly it H@M21 salts,
Bl e5efie g1l PG ARUAMUQIANT006953 /1 Sumyp00, 12 9/
PCT/ FRo006/ 001653 (3 ofT yeast ‘extrai, Al

exHrENHs5 agd) 8 aifioheD-RBOFLR g#mfé@é)edar@ttﬁsn% +f with
t heopr fNeree teh t esyhickehat emasliifar 40kpéin gkycerlal,, 1998) .

OB\ b 5 EooR R, S b o far e B s T S g ence

| bubfere@mtaetpbl Smédiiimh 2O aiMimar t rédt @/ﬁhosa)'heaeerol or

bubpeg, iKlg%Eoéte ahoo H999) FMZ-Eh%akia:tsCh P4R AUl dHieSt race

are carried out in the presence . of nt hetic nmedi um

‘coRl &PARRE 4%)“%/I8‘7gl‘-§£t/ér olP-&iotig. g/ FucBseSeq@pd batch -

mM E41EMVRE sal tsrri@dnblik., PEMEdIRAGRNL G felfanpidrolant added

"SQOugfal FthkégFuyg%ngse%%nd bﬁatﬁ.na ggi:lec%cﬁ’lcre[-entlnisahtlon of

carri chero 1S a
fegheneeplsofad &t @/Havertaid | @@dl‘cmemb‘r ggirgd edpofout after
g|¥8ﬁ§9ét9fcégsg$btlgﬁ'%fa@@t'd¥§dé%d¥”fﬂf¥£é%ﬂyngégent

conplete consunption of the glycerol initially '
présefteing sPPESEELRg ‘b%ss}flbﬁt@lﬂ&%u SBaFi A&t megngy of an
nmeabsupt amCraysept nnmsals@ouheddlcsspje/redconygen The
coptent . The d bat.ch nmode_cul t u [ e fe

DR eBeun SO ng=800 5 174 ogrrndios gagium
gl eenseiningsdog/ q/lngﬂbraﬁépl 5@0@1 A/ 1P B qoss ©F 780 g/l

elrﬁgenalso@nd sh o/ /A Dp2fk1bi pthfe THMEcHd n@gas moﬂg/l D-

turelsfed with synthetic pediu 66. 67 .
-né?h%bm SBAR1 | COPRBTUOUR { SO0 nFRH ERRRL ifacged witn

elgymmetmd 50Qipgk| Bs.bi7ogi/d. etGemedi,c BMAm1l/1 FM21
extLAcL! on AR A exdhAct 19 Qf %%”%mn%s anégDé\!% ug/1 D-

biotin.

Genomic DNA extraction

Rapid extraction of genomic DNA (gDNA)

The cells originating from a culture of D. castelliil
CBS. 2923 in the presence of MSA'medium are harvested
after 9 h of culture) centrifuged (3500 x g, 20 min,
+4°C) and washed in 10 ml of sterile water. The cells
are then resuspended in-200.pl of lysis buffer (10 mM
Tris-HCl, pH 8, 1 mM EDTA, 100 mM NaCl, 2% v/v triton
X-100, 1% w/v SDS), 200 pl of glass beads (diameter
0.45-0.5 mm) and 200 pl of a mixture of phenol/chloro-
férm/isoamyl alcohol (25/24/1; wv/v/v). The cell lysis
is carried out by vigorous agitation for 3 min and then
200 pl of TE buffer (10 mM Tris-HC1, 1 mM EDTA, pH 8)
‘are added. The solution is centrifuged (8000 x g,



10

15

20

25

30

35

The cells originating froma culture of D. castellii

CBS. 2923 in the presence of MSA nmedi um are harvested

30 after 9 h of culture, centrifuged (3500 x g, 20 -

mn, +4C) and washed in 10 ml of sterile water. The
ceRPROOBfAO6938N r esuspended-i #6200 pl of I?@T@Wﬁé901653
(10 MM Tris-HC1, pH 8, 1 nM EDTA, .100 nmM Nadl , 2% v/ v
tret adn, X- 1@0C) 1% Thev SESYe?R pér@f @kGBSCbﬁﬂdsfrom the

foﬂé%n%mﬁl thgs?orvﬁ%g%g?&ly mgl’Pco ol ?g /%%%S‘)P soamyl

Thelcehbl| ysid4/1s carfvled ouxtibyevi goddds ﬁn%ﬁxﬁ}matlon

forgdofi %nd then m%:QO Pliagqfy TE Bk ergéﬂ@mw DNA is
Tr|s HC1, mvi EDTA H\W)? are added. The solutio |Os
20

ceREPFERGEAtES00T &g, 1 ®7/ 08B§53ureseethanol  (-20°C),
PCEéEE\’Z@Qﬁ?@alG@ (ﬁ)cmﬁ g,+4€¥]mlﬂihe pragei aﬁdahﬁedlssolved
extrac om s p ong

chfLoro ;’Lso%éryem al co ol (Zﬁf Wk';\Iv) ik xt%%ﬁna%ed by
cemnpubagapnonfotson@ mrg gt mi+3,7°€4Cin Thhegepop$ence of

' DN&S'Eg?m@r%%'@b&§k§QXm”fﬂleﬁk )2 %ﬂ@ylﬁﬂ%c1pltated with

et hano 0C), <centrifuged (12 000 x_g
andl F@&Pé@m%@nq% (3268°p)  off e TRATARD ?He %Si\we%s)f TE

el buEpatednbycohbeubati @8 £pp°d5 min at +37C in the

presence of 75 pg/m of RNase A. The DNA is then
precipitated with 10 absol ute ethanol (-20C),
r ebligpéddbidghnmsdepulat FeEightf YeastinBNRopseparatien

'ZQEé %éﬂ&é’8&9818&£§ﬁ§|@&d%”&hkui%ﬁék RNA p. cast81111 
ggaratmn he Tells ofigi natlnggfroma culture of

81 14923 157 ERS RyE$STs et prafefide i %%omﬁidl&f“ are
YPEhﬂQQSUBHar@urhﬁgvesméd émp¢m@nﬁf&ienmmﬂﬁﬁulzﬁentrlfuged
?;go Centrlggg%dn,(ag?g %Hewgs e% 1n(9 %ﬂ?qjle

eril IS re SSO

'| nwaterpl Bpe e lls utison r@@lﬁS@éM@ﬁt ofn 0315 Mﬂ%od@@mSCE

citpaheioR0 ﬁﬂh@oéggyguﬁpnt@lﬁlﬂg QQdEhmOfcgtﬁéte, 60 mM

dithiothreitol and 5 gOO uni Sl%

108 HAY | éﬂnéla&ﬁé&lgca‘%on‘%lzog ‘%Jll It ‘b]%\%/eeﬂt‘?aﬁrafdh > mg

at (380€. uhifk)ofof thandysdes 1smnt| (00N( BiDmddhdad-, HGR093)

pH65 /oW/ i u sar cos 2 M EDTA

10%npg/1nr11cus}?oeecl¥n§ge K[P( OC g -ry317°c,o 7 m% of the 1y51s
solution (0.5 M Tris- HCl PH 6.5, 3.2% w/v sodium
sarcosyl, 0.2 M EDTA, 100 pg/ml proteinase K (Roche
Diagnostics, Meylan, France)) are then added and the
suspension is incubated for 15 min at +65°C and then

rapidly cocled to ambient temperature.

A sucrose gradient is prepared by successively'pouring
into an ultracentrifugation tube 11 ml of ' 20% w/v
sucrose, 11 ml of 15% w/v sucrose and then 3 ml of
50% w/v sucrose. The lysed cell suspension is
delicately loaded onto the gradient. and then
ultracentrifuged for 3 h at 26 000 rpm - at +20°C
(Centrikon T-1075 ultracentrifuge, Kontron Instrument)..
The DNA, which forms a cloud in the gradient, is
recovered with a pipette, precipitated with ethanol and
resuspended in 100 pl of TE'buffer (10 mM. Tris-HCl, 1.
" mM EDTA,'pH 8). The RNA is eliminated by incubation for
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- 25 Diagnostics, Meylan, France)) are then added and

the suspension is incubated for. 15 mn at +65C and

‘then rapidly cooled to anbient tenperature. A sucrose

gradient is prepared by successively pouring 30 into
an"e2 ¢q7(@8aPFB f ugati on tube-147m of 20% WPOT/EREHO6$€01653
11 M of 15% w v sucrose and then 3 M of 50%w v

SUBI seat Thmbgzseeh celd pUSPEnskoOfi S50 de At 8FY RNase A.
ace r|f ged

| o d 0 ad| ent and. t hen
{ opfes A0 11° 0530 RLC B0 000 Wit CEIIASA8ERs chen
uquaa@%mmqiqa@g@,n Kaﬁ@r ph |6t ﬂlEneJnu;ferTra@mpnahrvhd at

forpgo@ cloud in the gradient, is recovered with a

pi pette, precipitated with ethanol and resuspended in
100 p1 of TE buffer (10 mM Tris-HC1, 1 mM EDTA, pH

' 8)C16'ﬂﬂ£:1§3l\$fl6heeﬂ>hﬁt§]§ée gehy i ncubation for

7/ 069 006/ 00165 3 h at +37C in
L PERTLERSRE s 8F 3 FHTeErerRen %\ S £ Be gEve | <
agiai popywmerpseathdini theaatthianol (RCR) t hencaresedpentedising

.'rbgogeﬂﬁlgé TEhQU&fngﬁﬁéfﬂﬂf §d2§53 g%gg O%Falned by

C oni ng-of t phytase gen i cation
‘%f@f?reﬁtapéfl t?\%’l%\% RNSOIW%%@%aWﬁtPQQCt iGe (PERy of
i Spﬁﬂﬁézrsed phiytt -WidIg fc&s/;trgfmlp@;a.iﬂw Dlsca§é§i¢méd CBlised

CE2 DNAegbt ai ngd %/? the r trg rq: DNA th
rac?%n RET h8 pﬁa? TerERg to & maximum the
pr@ﬁgm%mﬁ o<ﬂ¢$>¢|1y¢r@@)ol (Tebleswesll‘gne@NBaS@d amgd ified by

semigncesopf the pry oiyrﬂ;_}éag t oH@ééS‘“”Us@ﬁg the
degree of_ degeneracy Ta ) 7% IsTanplift
bYWML& EHETTRGYSSIBFme Y e%em )- udtRETt e fHrst
_gﬂdﬁr?mixt&rtid}e][rﬁfcytﬂl”@ @MﬂIARGSGQT ch) mlﬁ\ftaeti’ addast the
e Ur n Qo
e e fPheaiputa b & cFic ascararrging o

tﬁiénef ol | 6%t hgwiedper dzeemmenﬁﬁt@gmm P rion ag: 1 min  of

d@%@idﬂ@dtqur@tat"‘gﬁsﬁl d, m nnoh beh'ygh:%aEbﬁﬁléh 45C4s0C,
neri zati on at +72C. These cycl es

then 1
oSt I“H\/Veo"%;chl CELEa L9 10t nt A24F . 4 Foese cYeles are
followed by a plateau of 10 min at +72°C.

Cloning of the complete sequence of the phyﬁase gene
The complete sequence of the gene is obtained using the
“genome walking” technique (Universal Genome = Walker
Kit, BD Biosciences) in accordance with the supplier’s
instructions. The D. castellii CBS 2923 gDNA (2.5 ug),
extracted by the “liquid yeast high molecular weight
DNA preparation” method, is digested for 16 h at +37°C
with four restriction enzymes, separately (50 units of
Dral, EcoRV, Pvull or Stul). Each fragment thus has
blunt ends. The fragments are purified by extraction
with phenol/chloroform_and precipitated With ethanol.
The fragments are then ligated to the adapters provided
‘with the “genome walking” kit for 16 h at +16°C. The
ligation is stopped by heating at +70°C for 5 min and
then addition of 9 volumes of TE buffer. Four libraries
are thus.constructed and named "“Dral, EéoRV, PvuIl and

Stul library”. A first genome walking cycle -is carried
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G oning of the conpl ete sequence of the phytase gene

The conplete sequence of the gene is obtained using

the 25 "genone wal king" techni que (Universal Genone

Wal ker Kit, BD Biosciences) in accordance with the
SUMBRPRT/Q0695Ast r uct i ons.. TheS®. - castelI||P€I£¥KR¥2§/°°1653
gDNA (2.5 pg), extracted by the "liquid yeast high
noloetul apingi ghdch DNA preepar atd om'empiilted, and dageséed of

fo t t ur. r.estri gtj.on
copEiatsR, (aRFRER S SR P sPREIRY for ehe
Eaéﬁapﬁﬁgnen@nﬁhustﬁés Raimernds. 5HhK$f$Rﬂﬂﬁ%ﬁEﬁ¥#tﬁpe 1
puep@c@@lby fext raet ene vwamﬁher)ol TH A AdAANGE this
C|p|ta d wth ethanol. The ments_are then
1 SSFB0 ¢ BeRner Ut orh FGUiEdEs 26Twi fh Ehat" gehorRgarose
mabkeng%obhbrésusnghlat ?ﬂé(imﬂh@uré;gaﬂenhve& from the
st gEQSg bi!‘ ﬂeati%]gc?f +7O %Jffélme% ag t 16N yeed as a

itiron o unes o Four I| rari es
aréemﬁé§téoﬁ§FrGé?e§e§@§dn§ﬁBdCYDﬁ@ TedeREeAA ICYHE 15

St ehriiBRaryue Alélr{gst tga@o ilKi ﬁ.@zcygbéchﬁléarféﬁd the
WO2007/ Q06953 - Q06/ 0016 out u

DRy a e B s BEAMCEE e T omAE S igpbe -2
theppcuﬁec Aﬂ%ilrsphel fgend or(Tebee atlapt @heanflrbbeents thus

5@?@;?883’%&0 §BQ¥EaSp o Ssge ”'Jt%wf che i@ﬂ?fagerl?oint

The ef Iency of Irs cyc
veﬁgﬁr@aeon alicgsoEEOagﬁﬁése gellect r optreifdsids gelsing a

Theeahéwégn"d%ltveaincﬁr@t[bhiée fhtst tRER vdsc &b | geefi-T in
is used as a npl ate for the se nd PCR

50 ti,nmes andg Eg
cy%F@erTrﬁo BcRGEUEYErE - |sA ESFPP d DRI H§thET cvele
prwaernAEésspeylﬁmcdhﬂeﬁrmb1oBtsenonﬁeadam@eeuyubquEnce-
pr IS, 2P, sp sp [ or e

b Eiﬁ 5@%% ?Pglnents ?Egrgrg q&%; QCE aﬁﬂ?ﬁéﬁégilon
se%&?é?%daBﬁ 31T 2 I@HFnéFtPﬁ&VBQPﬁﬂY a@éﬂ@@éthe primers
el geiyophopept ssgell puridd ed waieng arireeneCepdlekit and

o d h GENPT 15
S I S %%2?@@#5 F.

necessary in order to obtain the conplete sequence of

't r@oﬁ’@@ﬁacgﬂgn CSENhd bé:?ﬂﬁ’eséi’@r?%m:[aé i cation

cycles are carried out as previo usi ng t he
pri®epsder to clone the phytDc gene in P. pastoris using

. the expre551on vectors pPICZaB and pGAPZaB, the
complete sequence of the gene is amplified by PCR. This
PCR is carried out using, as.template, D. castellii CBS
2923 gDNA extracted by the rapid genomic DNA extraction
method, wusing the Pfu Turbo polymeraee (Stratagene) .
During this amplication, the pair of primers used,
phytDc-PstI-for and phytDc-XbalI-rev (Table 7), allowed
the creation of "PstI.  and Xbal restriction sites,
respectively, in the positions 5’ and 3’ of the gene.
After a first denaturation of the gDNA for 2 min at
+95°C, the emplification is carried out in 25 cycles
‘according to the following temperature pfogram: 30 s of
denaturation at +95°C, 30 s of hybridization at +55°C,
. then 1.5 min of polymerization at +72°C. These cyclee

 are followed by a plateau of 'lo'min at +72°C The

absence of mutation is verlfled by sequencing.
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AP1/ 3bi sphyt-spe-1 for the first cycle and 20

AP2/ 3bi sphyt -spe-2 for the second cycle (Table 7).
Construction of the expression plasmds In order to

cl one the phytDc gene in P. pastoris using the

exPPee’] AP6988t ors pPl CZaB and9p&APZaB, t hBCT ER2006/001653
conpl ete sequence of the gene is - anplified by PCR

This PCRis carried out using, as tenplate, D
ca§LgthEﬁ§§§log923 gDNA extracted by the rapid

genom C extraction nethod, using the Pfu Turbo
poF?ﬁeﬂés@Ogst%éﬂagéN@)Mﬂﬁh|qﬂ}k%u%¥%nﬁﬂ4&ﬁﬁQRﬂ?dthﬁaheat

pakhoek ms rraé§cy§sgd 3:% PBYhBPEabRt lexf 0X1 an(iSambrook J.,
-rev_(Tab ), allowed the creatlon -

phyt Dc-
Ps F15Rg Xbal F%str?ﬁg M%ﬂﬁﬁ%&s'regpectl€§Py,|WP%?EPlar
posibhing:5' a ahabJdraodriy hemaenel . Ai“f’ere@nfl re&sld Spring

deﬂggg§g; %%ﬁr%% cgff%g¥%£f%ogdgggr§% es %gbaécﬁﬁy Efrz
' Y

oUﬁhé f ofhowithg pemperasur®3pr ogerleilrﬁ 30es bfansforme

de@@é@f9&#99a9§0595§hv§Qr§?eﬁf1@%Q&b@%%%H‘H&ﬁﬂaIH¥¥&CZaA
t hen (? m n of neri zation at +72C. These cycles

ar? B4 ofed YSF atead® of M0 THIPSR 1p5Erugheon manual
abs@ReeoRf Bubkaid @) ivewetdd i Bd byvsegugrai ngd., UK). The

IEORALROMIS) oFD LA DOl TR e

heaprashbeR o3 igaasd)] béétb)ﬂtSaﬁbr‘Uﬁlktaae apf (-Beﬁrﬁ‘?‘boﬁnd a

J. capécfféﬁ@éhofEi% @nd VBRI & i Sulde €oh®88ller (Biorad)

Mol ecul ar clonlng a |l aboratory. manual. 2nd edn.
Coft SpFi A9° ®BPHor Laboratory Press, Cold Spri ng
Fbrbor New York, USA) The P. pastoris X33 cells are

t t
{rapstarord b glespoporetiphtianirosen
Id@??rcmR%FSQHHQ%Rﬂﬁkﬁﬁﬁnnuﬁﬁed PGAPZaAPCR arfkmers  were

Vesoh ole i zd IV bl aged lgba\panyK)M@esldtf@ﬂsf QEERRLANS . The
are carried out usin e e p selr, par.a at us

(BHT SR CEIR A% VOF t aGBSof NILBTRVRAAY. RCUERSE: t ARk OF
(ﬁlﬁﬁbxﬁalapdpal@ebsefcmMawpﬂxnaiéﬂ@aad¢ar15e§ebwm using

2QQ 5@@@e1§WH£E§8géqQQHCQPa'éé imQE/ESQESHC%% 3000) using
the reagents and methods recommended by the
manufacturer. The microsequencer was connected directly
to an RP-HPLC _chromatographic system (Beckman 1258)
with a UV-detector at 268 nm (Beckman 166). The data
are processed with the Gold V8.20 software. The search
for local alignments between nucleotide or protéin
sequences'énd generalized databases is carried out with
the BLAST2 (Basic Local Alignment Search Tool) and
FASTA séftWare. The comparison between two sequences'is
carried out with the nucleic acid or protein LALIGN and
LFASTA pfbgrams of the FASTA package. These programs
are available on  the Infobiogen server

'(http://wWw;infobiogen.fr); The predidtion of a signal

peptide and the calculation of the theoretical pHi
values from protein segquences are'carried_oﬁt with. the
Antheprot 2000 VS.2 release 1.1.6 software. The
glycosylation sites are predicted using the NetNGlyc
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The ol i gonucl eoti des used as PCR priners were

synt hesi zed by the conpany MAG Bi otech (Gernmany). The

20 m crosequenci ng of the N-term nal sequence and. of

i nternal peptides of the phytase was carried out using

a HpéﬁﬁﬂAﬂQﬁ9éﬁosequencer ( Bec&ormn/ port on LFCBOEKX®006/001653
using the reagents and nethods recommended by the
ﬁHmUbaCtmﬂcﬁfyOGﬁl”ﬁ: NMLCLOSEEHIENeEDCIRE ChMMEEkeders, Centre

(B RRy o135kl (LT GAraLToF tar BSBIeCBAKERFSCY

166¥. Dihsadhta are processed with the Gold V8. 20
software. The search for local alignments between

nucl eotide or protein _sequences and generalized
dafabgsEdopsofaFhreBradiichit ALleReEhanBLAGTRA (Badiwn

: Loq:nla Al gueYriSeaschpdiopt ) t 2ads tEARIAC sobware] tThed at

son betmeen t wo_sequernce rried out,wth
R o R B SAaitod n OEaL Plitande (pesmetid” Mbdium
prognaﬂsnmﬁgthe EASTAagkaysse ThaSeepr agr &ans ther eeultures
avékga?%ﬁtgﬂfﬁgggl gggb%OQ} %r\‘fl.esr763§< Th supernaﬁants

wWww. i nf obi ogen e prediction o i gna
peﬁf?decgﬁéeFﬁédcw | at4 & of Thte Pheol@stedispHPPICPhyt

Vai:ﬂ&ﬁs‘fbﬁtﬂhﬂfﬁt gir8 &@q&@&%@s aaafe+;§3@fcfl @Q @HE Wrikence of
el ease

t 2000 V5 1. The
6 BEVER T Fes NP RS idig o Vﬂeeﬁe%cerol
VWQ@@ﬂé@@6953 gBGCOS@CT/EEE@@6/@@1@53 thh.Ocultures
Di g4 (08 ¥coda L And Net 0y 2,0)8€LVaT SuCPnbea Loton of

|ologlca Sequence Anal ysi's, Tech n| rsity
Dehf&FRYt 518cL8ElFeR &Y t%FBiJﬁ’r%d%c%rm%I efeshien sppguitpdium

nEd@Mﬁ&ﬂhﬁn&’BD§S§¢EI%fp@mﬂﬂaﬁolraﬁﬁéﬁéﬂanbﬁ 3l@cose, to

Iture t +28C.in, presence of .5 n1 synthetjc
ottt TR TR IBTRE | GP Rl UERkhS - A PSS heTthe OF
culrdpesiony e thent ¢} tigees f ires qentmfll@é’@ Xay. Thein at

SUP@f@a*aft5219 ﬁieogonﬁﬁivﬁgm@tméégﬁmTE%n%alﬂéﬁgog5% g/l
% transformants are_cultured at +28
At ol 5 wpsheadnefsghBCREar uRreoRCERA f§. tHe tubes

g/domtfaghmr ahe i Beflgad ohfgkucose. hAféer #Adddvcidte, the

cutpres are Seitiibyged 105 U R 10O 6A L he

supernatants are conserved at +4°C. These cultures are

carried out in 13 ml sterile tubes.
- Production of recombinant phytase

Precultures in Erlenmeyer flasks
The precultures are carried out in the presence of YMPG
medium in Erlenmeyer flasks filled to 1/10*" of their
-voiume. ‘They are incubated at +28°C with shaking
(80 oscillations per min, amplitude 7 cm) for 24 h. The
precultures are then produced in the presence of

synthetic medium for 24 h.

Cultures in a bioreactor
. The batch, fed-batch and .continucus mode cultures are

carried out in Applikon fermenters of 1 1 or 3 1 (The

" Netherlands). The pH is adjusted to i4 by automatic
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caVfVedPRutfedmt HoOxpr &

15 recPhyt is induced by adding 2.5 m of the sane
medi um containing 3.9 g/1 of nmethanol, instead of
gl ucose, to the tubes containing the cells. After. 24
h of induction, the cultures are centrifuged for 5 :
m WO2907/109F85% ¢g. 2.5 nl of-tée sane nedi UPEBAIR2Q06/ AGLE53
3.9 g/1 20 of nmethanol, instead of glucose, are added
thHhet&ubeshof:orltslz%: ni(gvi hevgel ?s. oﬁﬂ‘%er N24uts®f and the
i nduction, the. cell.s ,are_centrifug or 5 nin . at
7B g Re s a® e s ReBi R e adnG, il 3den ¥ prevent
Thebe duirmarésonard Teami eBiospunex1353K emngrdiffo@m (Cognis
tuﬁﬁésegéo?ﬂ)dl@éx‘r@a@lﬁf ESCUR NN PAYEAS8e culture: 5%
Precultures_in Erlenreyer flasks The precultures are .
BEncEeSIOANPS HsiarariEFRS OF 1%
Erepopyeorf | tiskscbhtiadots Moldd hcwltthed r THel WiRsolved
The%é ar e inCLébatr.Led at +28C .vvith'shakigg g_'80 L 1‘.
osSTYPaYi 8RECHE; MTTSSES itUJESTS LYY BF 134 RN ARP.1Sens
precabeur éEhar eNethenl pradsucezhd n ndmpaiesshcatof a value

- Sy, ' iUy for 24 u i 8 A ueaghgr
HEEBE ef a0 A S it R TR Y e

caf®¥@8ieut in Applikon fermenters of 1 1 or 3 1 (The
Nether | aads) . athaipltisnadpusat edhie0 4y fadb@ddhi Cof the
W20 7/906953 - 61 -. PCT/F océal/noomr&lses adgiiki on%i%fEX ert
169 %VV?SN%eorcao?rjf PESOFSARE tHE ?‘Bﬁpergflurewsp
mespfavaered. at +28C. In order to prevent the formation

of foam Biospunex 153K antifoam (Cognis Dusseldorf,
Cernmany) i s added during the culture: 5%5 v/v
antt+b%he f SPREhEIPRY- bat ch node cultures or 1% (v/V)

f ageé hexanpl & nupusu®aes Ll & uf €smerdther di ssol ved.

oxygen partial pressure is neasured using an Applisens
probe (The Netherl ands) and maintained at a val ue
griketermitaii e bythe ongengratorn @ f hiewarahd t he,

10ri@er @i Pneodbendat 8i 85gubsit hapsardat BG wekiibhdaldedtity

of the x

(OD) using a spectrophotometer (DU530, Beckman
Instruments Inc., Fullerton, Ca, USA) at 600 nm.

One OD unit corresponds to 0.462 g of solids/l (g S/1)
on glycerol, 0.442 g_S/l on methanol and 0.491 g S/1 on

glucose.

Recombinant phytase purification

See Example 1, Materials and Methods 3.

SDS-PAGE electrophoresis
See Example 1, Materials and Methods 4.

Determination of the protein concentration

See Example 1, Materials and Methods 7.2.
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cultures are carried out using the Applikon Bi oExpert
software. 15 Culture conditions See Exanple 1, culture

in a fermenter. Determ nation of the concentration of

bi omass The cell concentrations are neasured by

opFP2HI7 /866853y 20 (OD) ust NgR a- spect r ophBEB/RR2H06/001653
(DU530, Beckman Instrunments Inc., Fullerton, CA USA)
atERPPmaeic CoeckPigués corresponds to 0.462 g of

solids/l (g S/1) on glycerol, 0.442 g S/'1 on nethanol

and 0.491 g S/1 on 25 glucose. Reconbi nant phytase
pLﬂPeiatecai@@nosetahExahpteSQ a¢pieital &n anganenediens,

anl RePRoaes, SEEPEEY T3 REGIRET pBh Ut kAo ot

coiﬁ%:’énFFatailon (Kgw EXafpt e Kim. I\/ﬁ%é?lfal%a%ndKl\/@thogél' J.H.

. 7 ﬁnd 3, W2007/ Q069383 P@ﬁlfl%f&m@.ﬂ@ BHEhFrties of a

mati c. techni ques Detection of .t ephytase V|t
SRR St I TR ncd ot PRy LE8 HeP oot ot b p=yme
tHélmhod Tta‘chnﬂ Ki geet 2t7) (MdRLNedD foki nfhé, FSPGlelC

1 sta D zaton J:dE %E%Fhotégeé €19. ﬁ@@y&%@yié&f@é(”bel

properties of a st abl e phytase frgm
Ba@‘r@l U8 - sp PASSPE L SEn Ay s MpEPaf: S Teghfiol Cuppursedy) under

W@éfdﬂﬁﬂcf@bnﬁﬁel&ﬁgmid C+3WPguUd Z§<§lﬂﬂl e@fnthetic medium
n | am_de _gel . The .P. asto

hat ases
g e U S AR e S S S ool
atth80@eamosol idedyntTretsec wedicumescontai mnm:glb@lt@@i ofor 3

glacose pr of NELBangk, tﬂ%wd'ﬁ;&mlg he feat o 456% rmed

These cultures are _i ncubated days. In.the case

of"ite Pre Badibierd ¥PEREE PP&H@& med ¥3 Wt fetenol are
nmﬂciéceddaemyommal GzaB, 158 pk eahgetdandl daskesaddeth the
nto the 1id.of he Petr| dlshesfro h [
ARy Lot el TP PP e N g gt e,
g/2I ga/lnaphtomnarmttsl’prﬂ&t@sﬂhc”gw FastJGeEr/rﬂet GB(E"EISt<3"3“-’f1<3t<313C

0.92 g/l sodium phytate, buffered at pH 5.5 with 0.25 M
sodium acetate buffer)' is prepared just before use,
cooled to 45°C and poured ontofthe colonies as a fine
layer. The staining (brown, deep red) of the phytase-

producing clones appears'immediately.

Determination _of' the phytase activity by phytate
hydrolysis _ ' '
See Example 1, Materials and Methods 7.3.

Determination of the phytase activity by p-nitrophenyl-
phosphate (p-NPP) hydrolysis
The  activity 1s determined by realizing ehzyme
kinetics. The 'reaction medium (2 volumes in total),
 buffered at pH 5.5 (125 mM éodium acetate), contains
6 mM of pFnitrophehylthsphate and the enzymatic
extract which has been diluted, or not (1 volume).
After various incubation periods at ambient
temperature, the reaction is stopped by addihg 0.3 N
sodium hydroxide (1 volume) in order to bagify the

medium ‘and reveal the staining. The absorbance is
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0.92 g/l sodium phytate, buffered at pH 5.5 with

0.25. M 20 sodium acetate buffer) is prepared just

bef ore use, cooled to 45C and poured onto. the

colonies as a fine 'layer. The staining (brown, deep

r edd2 af7 /0le€9phyt ase- produci B ¢ ones apperF/FR2006/001653
i medi-ately. 25 Determ nation. of the phytase activity

.bym@ayﬁaé@ derzx@oysms §@Qn§xaapl saﬂofﬁ/btms@é@r arrdz 2100

Z mnat| %E \ﬁ/ &E activit C nit

p-‘ﬁ%‘fF%B %%?zl : Bhﬁ?ﬁﬁ FSP PR %? Py§PEYFRs*

actUvi tiy ideflgtet neaedHey aealnzi of enzayme khaet iredeases

Thsnéea?ageamaﬁgl Ume( 2 39l @I%;:Herhélm Adr BT CEendl che
ate [

pH 5.5 sodi um acet cont a
p- $PvbpPRny| Phos firitic xaRhaHE Rpsphatc 35wsan acdefined

' _W@ﬁdmﬁox@@enaﬂbhéﬁed,te@@e&@ttu&é vqimnr@)s Aft@nibration

vaJ | ous incubati peri rrperat '
O e PS5, Bl B, e e S Sy -
hyohhosphizt € 1( ol 18 . 12 onaler. t o basn‘y the nedium
and reveal the staining.. The absorbance is

W02007/ 006953 - 63 - PCT/ FR2006/ 001653 neasured at
456t 16 Pepdi Shnof i Pasteur PR 2100 nicropl ate

I esle rEspRstd ophot ogvesed .7 The enzymatic unit (U) is
defined as the anount of enzyne that rel eases one

m cronol e of p-nitrophenol per min fromthe 5 solution
of REBWLES ophenyl phosphat e under defined conditions:
anbient tenperature, pH 5.5. A calibration [Iine was.
est abl i shed beforehand with p-nitrophenyl - phosphate

(FrATAGLeZL IRfHIon b YRt agidIe See Exanpl e 1,

7.5 and 7.6. RESULTS 15 Characterizati on of the

tase e oni.n of the e geng
P Sae et e (Ve B el 4aums 2923
NArer krhatnapkppege ide taral pblseeNBtecraatnelll mEWQasef the
V\'E‘gf@réeﬁue@ae&eﬂﬂ“ bH?ESsezgné)Fé“ 's@%u%%%éncezﬁrorﬁ’cghese

prinmers_are designed, |im
peptide sequences, PCR primers are designed, llmlt;ng

to a maximum the degree of degeneracy (Table 7). A PCR

is cafried out using, as template, the D. castellii CBS
2923 gDNA. A fragment of approximately 300 base pairs .
(bp) could thus be amplified. In order to clone the
complete sequence of the D. castellii CBS 2923.thtase
.gene, we chose to use the “genome walking" technique.
From the sequence of the 300 bp fragment previously
obtained, primers _corresponding to the ends of the
fragment and allowing amplification of the sequences
"adjacent to this frégment are synthesized (Table 7). A
PCR is carried out using the D. castellii CBS 2923 gDNA
‘libraries as templates. The first cycle made it
possible to amplify a fragment of'approximately 1600 bp
upstream, and of approximately 1100 bp downstream of
the 300 bp seguence, from the EcoRV' and Pvull
iibraries, respectively. Thus, we were able to
reconstitute a fragment of approximately 3000 bp
'comprising an opén reading frame (ORF) of 1325 bp

truncated in the 3’ position. A second PCR cycle was
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to a maxi mum the degree of degeneracy (Table 7) . A

PCR is carried out using, as tenplate, the D. o
castellii CBS 2923 gDNA. A fragnent of approxinately

300 base pairs (bp) could thus be anplified. In order

t OWe2 Wi 08525 conpl et e sequeace of the EPCTtRE&Gﬂ6VOD1653
CBS 2923 phytase gene, we chose to use the "genone

;¥\ﬂbktﬁg aqt eﬁhnlﬁi&}g zi-‘alr)ver@ﬁtﬁe:seqaeaggn@& tb@m%%_eb@' end
ra t revi ou tal.n Irs orre nai
S PR B e BT e e So PAGRINE AB Rl Bwitng oc PoR THs PCR

anphil¢i cat possablehé os equpdides a3(fragmmmtoﬂ apprucximately

fr aggens @’r%n?yeﬁgeségﬁi{( %Bg%?) QBF S hgde to

out usi'hg the D. cast i brari es as _
teﬁ%%@%’élttm@ fithét cAd% %deown pé@giibna t drame. The

anz@fmf.eyua tegganat @EqapRROXKBRAL ehy s1GRE Qﬁ)ntla[iﬁltsrﬁ'ﬂfé two
roxi mat el 1100@\9;0%1 ownstream of 35.th

300.
P SeiahRe S ABREER TPV S | PBEaR; df osaible
retsqz)ecicprviéim Tihes, wiwer geakl ecboreppondsti tot eclze gene

read| &‘I?g?f tﬁ@pbox'c'?éteéi%iz%o%émz9592?5%@&99 "%Begp%%cg ID

ane (gﬁg& trunc
poEPt i oh - A Bc EF’CR"@/CI‘éeW\?a@f 7/0B98F ., gprimers
P@éﬁ@@@&&@ﬂﬂ@%o GRS iHDOUE UShAYgBAW Ridi@®lSmthesized
on1 he 3 eg%i of the fraq¥e t. bt ined CR. 4
QU ) £ st CpeRt ate TP bl BF L or an
ari}:l'h& f y sedueagnerd oﬁ:oaqﬁpn:meldnat ehg 100sbbtd r omreheously
EcaRM {ihgyary. W were thus able to 5 reconstitute the

1386 bp open reading franme. The protein sequence
deduced fromthis ORF contains the two peptides
SamENeLk 6 £ Vi iDel Shye 1 adit Tdie rmk&s;:f&t@msé@d;@en&@s
qgflrnnthat thks ggne qorresp onds
ca

encodi fif the O°fcaktel i PerEs ZQYﬁl%ﬁWase%xéj?gé“@Eés’ a
| B e fiyaghenor denltdo heerrégonsiel seye@nc@hipr ifmagment

cwdrpc%q%dl Nght oo bde. epdsaehgt hergpne W?re‘_l%)é%t BgR z8d1eq
gene was anplified

(Ta qRQ The conpl ete
andlHIRE s SGERTEISTY coﬁpler rr%ﬂr%’ﬁép?’égéﬁlﬂs ‘b@ev@d‘&é‘rﬂl acid
obtraitedich dBgAsakysicomdfaihe BeCkeall dﬁbtﬁﬂﬂs pr(@Eel NID No.

S%ﬂuen%§§ RHGERYP . motlf corresponds to the RHGXRXP
consensus seguence present in the active site of many
high molecular weight acid phosphatases. The sequence
also possesses the HD motif in the C—tefminal portion,

- which is a motif present in many phytase sequences. The
N-terminal segquence begins from the second amino acid
of the deduced protein, which appears to indicate that
this protein, although exereted,.does not have a signal

peptide. This observation is supported by the fact that

& negative result was obtained when searching for a

potential signal peptide cleavage site.'using the
.Antheprot software. The deduced proteih _'has an
~estimated molecular mass of 51.2 kDa,'similer to the
mass obtained experimentally (53/55 kDa) by mass
spectremetry - using the ©protein expressed in D.
caetellii 'CBS 2923, purified and deglycosylated by
endoglycosidese H. The difference in mass can be

explained Dby . the presence of N-acetylglucosamine
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By virtue of the "genonme wal ki ng" experinments, a 2990

bp fragnent could be reconstituted. This fragment
contains an open reading frame of. 1386 bp called 20
"phyt Dc sequence". The correspondi ng 461 am no acid

. pwaz a7y 09egBENCce contai ns seyeral notifs PEHER20M6/001653
2). An RHGERYP. notif corresponds to the RHGXRXP

CO{*é@D&&Jés sequegege @Iﬁf}e@és|f‘at§{‘§na%t\&%§| 4816 "BAY not
h mnl(g EI ar weight™ aci d phosphat ases., The_ sequence
0

SPSTER B0 ¥ e LT HE IS IASHA f 21 n ARG Y& iSerdd nahie Drotein
pOsEéd;@eEhceV\hl ghoiws a mold f mmcén nany pI9yt asgbtentlal

_ e aThe term naI uence | s
seco %g?@és%%i‘%%oﬁg" Slft the %éduce%op?ogg f gﬁosylatlon

appees. tBheé npitart thas prhieipr otseuelstlatatthdugm 4.3. The
exgLeted, f999§oﬂeﬁoB§¥§ %f%&ﬁHﬂté¥£§E§“éﬁ%hsT@hét the D.

observation is sug orted by the fact that a negative

r St Ikt 0B8R A 3\Aﬁ€ﬁft§§§r it o?°a36poP€WPFLQBY with
sngamaiompphgteaeéea‘o&geyesaéte uel Ifglridéﬁ d’sl‘lidft&pr Ofhe sizes

so educed est na e
' c%ecu Jg%ugn?e%l fpk%éese Yta o t A& -35° WSS similar
_ obt"a&@we%ﬁ%xpennnerﬁcamd%/ ( 5BLE5 M) Dby qesgsellii CBS 2923

Fﬁﬂ?ﬂé&gﬂiaéQSﬂ@Q £b§gﬁr85§fgc€¥9rg§§§dth@ Rntire length
castellii CBS 2923 urified and degl ycosylated b

; y
erffogl GEoSEGRSE R T dPPYEP@n@@quﬁnﬁﬁsss%l’r?%’e over its
explaimedl dygthe ppesencemafl yaceinH gt e osagusgce of the
W)200 /| FR2006/ 001653 residue
091 VLSVt HhRORTYC SR chodrs ROE SPEHGUEE By ne oene
erﬁi‘e‘;g?dyl(ftﬁslﬁla%eSH omld,esntglefs tey ot evans geqweneé from

hows e 85£NRA0T Sn POt et emed¥ 9'1%%‘&%)"@&'% think
es and 4 potential _0-gl ycosy ation sites. The pHi

CHAfi sEREoteST | SReSE i Hat ddtat D4, §a5tﬂ4eznse%1?¥‘ha?%r does

h@mﬂ odices wiiftrdetsabades esivens t tati st heeBuencast elhiibits

honol ogy with various
S asé?ﬂ?éy%%% s%knga S%Gso

of yeast origin. The sizes "of the
sequences of these phyt ases are very simlar 10

(‘b@.e‘}_&QCﬂm 89 Q:‘Hedsj’ WS!:U}G.@ cTést sl chngggzglyper-

é% e does not ali erf over the entire
| EFGW DB i@ _rfé: nTt’tD e sequence shar es,
over its

The phytDc gene was amplified by PCR and 1nserted into
the expression vectors pPICZaB and pGAPZaB The
transformants were selected on YPDS medium containing
zeocin. The transformation rate is 102 transformants
: per pg of DNA. The clones obtained with the vector
pPPICZoB are called “PIC clones” and the clones obtained
with the vector pGAPZoB are called “GAP clones”. For
each transformation, 100 clones were sampled randomly
~and the recombinant- phytase (recPhyt) productioh
‘thereof was evaluated | in agar . medium. After
_visualization, the clones that are the highest
producers exhibit a brown ring around the colonies. 96%
~of the PIC clones and 66% of the GAP clones afe
producers. Among the clones that' are the highest
producers, 10 GAP .clones and 10 PIC clones were tested

on synthetic medium in Erlenmeyer flasks. For each
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entire length, 69.2% honol ogy with the sequence of the.

S. occidentalis phytase. Since the sequence of the

gene 15 encoding the S. occidentalis phytase was

obtai ned from .conplenentary DNA, this alignnment |eads
UsWPROAHi0REI5B hat t he gene en€ddi ng the D. PEBRAFRA00F/ 001653
phyt ase does not have introns. Mreover, this

seqlenee ekhbi betso bdmalhegibdomaistsh (mm;:ufw:tahey RGsuring
Se ti of dhe p cl re er
pr%ggcer%g of ra;coé:>e ﬁﬁ%gﬁ%asggﬁvwk E)g gé:% guirure
anﬁPPﬁFéatB?tPCFQmaﬁéuP-’ﬁ§erPéfd mdeioly@ltshe oéxprzéé\ann was

veaé@éﬁmpﬁé@a@h@n%tt%%&gé@efrbﬁarmsft% rrantlg WRb8g the
sel e§ on YPDS ngdl um_caont ai ni ng cin.
t

TREE! SRRt B Togh runePoPTerie e | BRPorclones.
Dh%déhethbeees:xﬂhMmmexbn/ﬁ:t&ndﬂre, Vieled OGAPpELEZAaB are the

CaﬁéSQ "gggﬁékg 2B a@BQdﬁpgeg'o e%%%%!%&d O\Mﬂgkﬁ$ham,

t he vector re ca clones

“trAnkf or @aga@n M.JD c| kpesZwePe Jsandhasier aP B pndarkgegy,

the, I'?IeCOIT’@i@@W phﬁ@ﬁ@tié@CPWE) Pik?é’UCtPﬂFhlé he&ﬁﬁtorls
was_ eval uiléed i.n ag ium  Aft vi sual i zati on,

t Rl ¥FoR2 ‘?]H%‘Fea?ep ‘H%P]H‘?b‘ﬁest d§§Y8F88888F§ exfEBet a2nd
brne@ulangoar audd ddwe cbHl dnseprdtienf GaeePLE6Gl Gvest4) ,

a 6%, ef n pr.od r

o1 s Cprn SO "l Rluatidts POACHARCR: IR o e
an%ltll@n@f??c éh@neghaeﬁ@xtleﬁff@a\ot@ﬁ gylntq’qlétquf,renm mﬁqhnﬂnol

- Er{gnpgeyeinél-asksu] H@Fegach W2007/ 006953 - 66

PCT/ FR2006/ 001653 clone, the ratio of the bi omass

(eval uated by neasuring the OD) to the phytase .
acTo vicoynplretichetlous t wed ecstiper nahase, (fEasurlegd byhe PICS1
hy, | ysi~s--of _p- ) ed € dadbig0 g _
iR st 45 ahe 0y ThE SQEF%BHFSheSt%%d Fram b oo
6.DCRYT YRESGAPSERENE: 2 Uferertse Eort Gpe PIC Clonesr

codwlh t isate dtdiereGABaELBRES @:ﬁegtm@eﬂte_st @oogwwr&nake it
Accorqﬁgﬁ?to Vﬁ%grpﬁa?rhlghvbg SSérgggore 1@Fu€f8§$)w1th
. st lenah ¢780he/ P china fast fedsbatch mode. For the GAP
clones, a first batch culture on glucose (20 g/l) is
followed by a phase of production in. fed-batch mode on
glucose 400 g/l. The PIC81 clone makes it possible to
obtain a final biomass of 81.g S/1, whereas the final
~ biomass of the PIC61 clone is only 65 g S/1. On the
other hand, the two -clones' produce substantially the
same amount of recPhyt (100 U/ml). The GAP clones
exhibit identical growths (100 g S/1) at the end of
culture, but the productions obtained are 11 U/ml for
the GAP29 clone and 9 U/ml for the GAP66 clone. The
recombinant strains obtained produce, respectively, 100
(PIC strains) and 10 (GAP strains) times more phytase.
than the wild-type D. castellii CBS 2923 strain. The

' production by'the PIC81 and GAP29 clones was optimized

in a fermenter.
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10 gl ycer al dehyde- 3- phosphat e dehydrogenase gene and
regul ati on and use of its pronpter. Gene 186, 37-44),
the GAP pronoter in culture on glucose appears to be
stron er than the AOX1 pronoter in culture on

3V 006993 Er | enneyer cul tiites. 15 To CRARYIFERA0pHPRL6S3
sel ection phase, firstly, the PIC81 and PIC61 cl ones
angirodwctoieh Yo f t hec BAFRaEN OIEAREG: cl ones were tested
in a fermenter. For the PIC clones, two successive
bat ches, on gl ycerol (40 9g/1) make it 20 possible to '
ot RSt Lk Hre bl%’lﬁ’é%siwb?%re i nGBELPBR°Ri t RE nEPRanGarbon
(788urd) hAdt hef edchat chpaedei cFOlgrdi@nGAR-attd ONBA, the
a first b.atcgbcultur on | ucose . (20 g/1) is
f RTY c'ut’o?l“ Hhdee tion in.fed-batch node on

_gIlesgréﬂlﬁhcg:lllon The Eie(&’hyﬂ:l owes mekeslidd passidhketioe on

onma g 9 ea he
R 005y Pl 2TRaReRL:BL0 Rhdo MDES Bl pecpenor
th(e78(bt9‘1/e]r hand thehd edmbagichn erpdst o dliee §9§§¥'éﬁt ﬁéF—'I given
t gy sapie agrount of recPhyt (100 Wm ). The GAP cl ones
exhibit identical. gromhs (100 g S/1) at the end of '

30 culture, but the productions obtained are 11 U n
f drablée8 GARZOnpE rdrseranolf 9tdéMpaanmettharsGAE’ﬁﬁathede.during.

rT:el%oeicgtel vrg}k aq%%sg%%%s ral ns 'daﬁ:jo?gC((e’GAP strains)

times nore phytase than the wild-type D. castellii

(I¥%@93§13E5€|@mx%ﬁ%n%%t@ro@ﬁa|55héﬂ ﬁﬂ&sgﬁcaérén@arrled
GAP29 cl o %[‘Jtémzed in a fer /e . 1
fam% PET IV L 95 Rfu et -

W0 A
reconbi nant phytase Constitutive expression -
| nftuenceof “the garbomr - —source Bhg=0fv t“h‘e ARy %ﬁ
grwmmrmeethtxhe»sedS RLQAYGL! on by theoGQP cI one The
pr oduct i on, recPhyt was st udi eg [ ng/lg:ulht'urE/mbn Ugs
EFUU IJ.) s?:l'l"lb,l llb‘ngdllUl
alc 19 40
(780 0/ 1) mthefedb% Re resuts are givem .
in Tabl Céucgu 010 Fed- balch() <} h) 346 0.3 0.009 10 289
Final (143 h)¥ 33.9 165 306
Batch (49 hy’ 205 05 020 7 341
Glycerol 0.01)  Fed-batch(9-i h)’ 352 0.3 0.008 9.6 272
Final (143 n)‘ 55.7 16.6 298
Glucose 0.040 Ratch (26 h) 192 05 0.2 5 260
Fed-batch phase | (38 44.6 0.5 0037 71 159
Y e :
Fed-batch p}?‘\)::-se 224 177 0; 0016 39 220
Final (88 h)° 81.5 16 196
Batch (31 h)* 203 05 020 6 295
Fed-batch phasc | sy % oo 73 161
. ) (38.5 1) S )
Glycerol (.040 hase | (24
Fed-bateh P (e 132 03 0016 33 250
Final (93 § K)° 78.8 166 - 210
Batch (29 I)* 10 05 045 96 240
Methanol 0.010  Fed-baich (113 hy* 43.8 ”é' 0.009 49 112
Final (142 b° 83.8 14.5 173

These values correspond to the wvalues obtained

during each phase.
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Bat

10 Table 8: Conparison of the parameters obtai ned
during. GAP29 clone fed-batch cultures. For all the
experinments, the batch phases were carried 15 out on

‘the same medi um cont ai ni ng 40 g/l of glycerol. Ii

Bi ¥?L0T 79269%3 recPhyt YreoP& /~x Substr RE/FBROPGHO01653
fed-batch i nposed Culture phase g s overall 11-1 S/1

9/7%:; h-Theferl valgeS dBatrelsppé@d Mo 48e3vAlheB. 20 6tlbe  end
340 Gy f 1g\hﬁOFed batch (94 h)' 34.6 0.3 0.009 10
289 Fina c(%%df 53.9 16.5 306 Batch (49 h)' 20.5

0.5 0.20 7 341 dycerol 0.011) Fed-batch(9.1 h)' 35.2

0.80. 009, 5: 272 Fipal gmgt;aaesss 1 18i85288 bacch on

4 h ' 0,20 5 260
o%?e%?ﬁ phg%§}f §§‘%&%S 68 Boﬁsb%lyeﬂ:ﬁ isgani 20 g/1 of

'dedmam phdse éifAid 7growks f)atOé.GoB ®.220".) Bepending

DGR P 00 A8 Bl o) 2020,

leécﬂm Dh@4@r(o@81051|@)n Sﬂzeﬂebaltm‘h Prashi iferzng :13i2 the

%&;60&}3 372§leh) 1 &1 naly o 8) 7§01[8 16. thtl:gonary
% % . 15 9.6 24 fhan
%%ﬁc% (143Ph) lﬂstéleelfe@lo@g%f951i204ﬂp%a|l(6141%75 U/g

lﬂS 8308 1#. 5tiatIoaathesthasd ues CDﬂ{eSWﬁBdﬂﬁbddﬁtlon in

% )¢ [ ring each p 07/006953 - 68

%%ﬁéﬁ%@iég ggg‘fﬁsge a\?lélalgglgcceorro?lesp q'él % flﬂgosed
varest fHic t geowehd rage cof t Gr81Fbi" thekésr st towssible to
substd@t ess @A N BAleRs@ a phytase production of

16.5 U/ml, i.e. 280 U/g S. During the fed-batch culture
on methaﬁol after two batches on glycerol (40 g/l1) and
an imposed specific growth rate of 0.01 h™!, the biomass
attained 1is 84 g/l1, and the phytaée production' is
14.5 U/ml, i.e. 112 U/g S. The production in fed-batch
mode on glucose and glycerol with an imposed specific
grdwth' rate of 0.04 h'' makes it possible to attain
80 g/l of. biomass, and a phytase production of
16.5 U/ml, i.e. 200 U/g S. - |

When the phytase production is under the control of the
GAP promoter, glucose and glycerol are better
substrates for the production of recombinant phytase
compared with methanol, which is more favourable for

growth.

Inducible expression - Influence of the specific growth
rate on the production by the PIC clone

The production by thé PIC81 clone was studied in the
fed-batch mode’ (Figufe 6 and Table 9) and in the

continuous mode (Figure 6 and Table 9).
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5 glycerol (40 g/1) makes it possible to attain 20 g/l

of bionmass and a specific. growh rate of 0.2 hl.

Depending on the duration of the stationary phase

before the fed- batch, the producti on of recPhyt is

di FP2R®H006PASthe region of §9Urm, i.e. BIYHGRG0§/001653

for a stationary 10 phase of 12 h, in the regi on of

5. Babllel 9: .CompISidény of, the pasaméetersr pbphisedofdud@ing

h. flaebgaeﬂ-ugkaoeohemas@s b@ﬁfttgfag CofNe il UEAEEL 3 a.r@one

gl yceral -wi t an_lnposed speciiic growt

h-1 nmakes b tupossal ble. to atot ai ﬁxot‘aﬁssg/\1x/sofeclblybr1xa$£hyt/a

phyt ase pro‘éluctl on of 15 16. § U/rE s/l - oo 280 9 U s

DUr i Ng—t-he~f-ed—batch—sou-t-ur-e—on-ret hanai—ait

bat ches on gl ycer dthasg 4544 1)0-04hd 28R i PPdsedf specﬂfq5

gr OWHad-baieh ®.00f" 0. Qhash2 f54 b hev.cbi omagss  atisai veed i s284

g/l, and the phytase uction i 14.5 U i

112 UgsS T A UGS Silon Soomir, 47

gl ucose and gl ycephoie lﬁ%"m)arﬁmﬁn'poééél sPdei fl1& grdMth

r at e reafbaton 6k Hi- 1 gm&semsthrpm1 bl @gto gbtaiz 80 kb

of .bi omass, -and a P Sﬁ. product n of 16 5 U/rr16,“

i.e. 200 ll/n S__25° ’(ﬂ%éﬁ. the . phyt oduc¢ on-is

under the control of the GAR pr obt er 0.3yl u¥dse apo

glycerol are better substrakes fef,the,progducti onsef

reconbi nant Coftipb@se conpared_w th nethanol . _which js

nore favourable for growt h %930 | Alitici BSé e%ress?‘k -

I nfluence of the specific goowk h 26&tedeh thHe 116

prodaction by thé PICT clone Thée production by the

PIBC:81 cThase wass bterli edrinespead f éa- balteh ey Fiofpreg ned
6 and T@@fgn%) 9&‘19'2% haibe 35 continuous node (Figure

6 and Tabl e 07/ 006953 - 69 - PCT/ FR2006/ 001653

Tabl e 9Th%fo%pgr'=l#§8ﬁ S RERR P aret RS IRtiaiSfe P duFRg end

f ed- bateh @ntteoati nuous cul tures of the PIC81 cl one

P G A R RS (G vere

0.21 34carn;q@5out after at least three renewals of the

fermenter content.

In fed-batch culture, two specific growth rate (u)
. values were imposed (0.01 h™! and 0.03 h™!). The biomass
obtained is 1.5 times higher with u = 0.03 h™ (82 g/1)
than with p = 0.01 h™ (52 g/1). The phytase production
takes place in two phases (Table 9). For an imposed
specific growth rate of 0.01 h!, a first phase results

in the production of 28.8 g/l of biomass with a phytase.
production of 1105 U/g S§. During the second phase,
22.9 g/1 of biomass are obtained and the phytase
production reaches 2342 U/g S, i.e. 107 U/ml. Similar
results are obtained with u = 0.03 h?, where the
phytase production goes from'472 U/g S during the first
phase to 880 U/g S during the second phase,  1i.e.
64 U/ml. The increase in the specific growth rate 1is
more favourable to cell growth than to the production

of recombinant phytase. In continuous culture, four
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Fed-batch 0.01 h'l phase 2 (54 h) 0.011 22.9 0.18 72.3
2342 Find! (/ 18 h), 51.7 107 1337 phase 1 (22.5 h)'

0. 047 32 5 0.11 16.7 472 Fed-batch 0.03 h" phase 2

(28.5 h)' 0.033 49.6 0.28 47.2 880 F'i,:a! (51 h

gowe2 /Q°6&Z3 0.032 21.6 0. 30 57.7 2700 XFTYER29 6@901653
0.11 11.6 .430 Continuous 0.077 26.3 0.39 5.7 210

0. 90buREoB 4Es3 VeEea Tpseedal(Tebleorfespdimt t diflhgion

valLes Q;*atmle@edof 5qddLiag Phages 1?1 These ]é!f%xh'a?és at

corresgond to the values at the end culture. C
FoPTehePHI Mt $DN2Y aF &1 - t Heeheas ut Bnbht 8nwer 81 - afr tedt 2

oualﬁﬁtﬂdsn atralt@asif thres2 rleﬂev\@lss pﬂi t:b@tuéga fief W@lﬁlé efed-
C nttg_e mo@ ggatchrculture ﬁ 8r LD rable
r at e () "OVal uslSuaPs FAposel fib rﬁﬁ& 50 F{ Y

Thteo btbragzodugiitiannezt i sidmdss$j mes hihghetetwiinent —of the

_ghé’?oﬂléd&% 9t 1):e&ém£b§§n¥<\”eépo einf: 0%{19 iha%??nuﬁ’ Lhives,

tase production

'(T%l @ @’59 $orla‘ﬁ |ﬁ%o%eﬁ/m%pe@¥¢| @bgaem&ﬁ F‘-Qtfeaofillutlon

0. :Qé-t@ lof adigst HThaSQ:cfnﬁﬁalﬂlts%n I Rt henRr 0%%(:1&1@'&1@& of
28.8 E} bi onass w tg) ét ase roductl on of 1105

Ui aﬁlr ¥g Fhe T56L6H £y 38081g/Rr PO Hronasd 8L
arelaik ai redi aby t he pbysaseut produstd i r ganres p234dter,
U i 107 I r taj ne

e N
f roR 7O §° Sthear Gﬁg remotest. Tﬁlﬁas%mﬁbl 8sorajy lsade it

dtﬁﬁ@ﬁt@ &;@oa@ta\i/iwaselov 8/m25 & Lﬂ/é'gomb-mﬁlritnfbﬁ§r%ﬁse,

in the specific gro vour e to

ceJH gr?)wf'ﬁm?ﬁa tE](? rtg'kfucqz?%%g %?r%%oﬁgﬁn%%‘l The
heesiefid n pwntiumumus cu:lst ur erebpectWW2007/ 0GBREB UG/g S

Pb%&%/ FERR0E/001653 ¢ i L R

| ution™ rate val ues reater t

'0 qys%?ttr?q tl'téﬁ'é Ud'}ad:négfs the D.- castellJ.J. strain.

Purification _

The Supernatant obtained after one of the fed-batch
mode cultures of the PIC81 clone was purified in one
step, as described in the Materials and Methods.
section. The specific phytase acti&ity is 101 U/mg of
proteins in the crude ‘extract and 182 U/mg of proteins
in the purified extract. Thus, the purification factor
is 1.8. This relatively low value suggests that the
recombinant phytase is the predominant protein in the
crude extfact. - This hypothesis was confirmed by
performing an SDS-PAGE electrophoresis. On the gel, the
band corresponding = to the recombinant phytase
represents 60% of the total proteins. Moreover, after
purification, a single band is observed, thus
confirming the purification of the - protein to

homogeneity.

‘The specific activity obtained after  purification is
greater than that obtained during the expression of the

Aspergillus fumigatus phytase in P. pastoris (43 U/mg
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equilibriumis 27 g/l, whereas it is only 21.6 g/l at

a dilution rate of 0.032 h-1. As in culture in the

fed 5 batch node, the increase in dilution rate is
favourable to theproduction of biomass, to the
deFP29RT{1006P53 he producti on B¥ Teconbi narRCHYFBREPFL001653
The maxi mum val ues, 2700 Wg S, i.e. 57.7 Um, are

obtai metbtfedmsd diRodrdguerz at &.of WYulB2ndy 1. ECInpaandonei,
of ythe prosipt | hytase

( on(? pr{)rmter %{Ip% Sjsqé’% ontej? t}gé( 6}l&a‘5 éckgdnﬁstltsﬁt ?@ES@WS
SyRREHR § SAPERE ohBt é’ﬁChleAngt@lreﬁepnéhgw@raﬁa@r@ﬁetlon of

AQXe PrredBinBi nhBtClee@kimt . SBHISFAOS. t&&;hﬁ;g&PRes Commun .
p(r)gg%ﬁ§7 Tgf PI C81 strain nmade it possible to obtain
oF> f&Lonbi nant phytase, 15 i.e. 7 times nore
than the GAP29 strain (16 Unl). The speC|f|c
pr ' i pegt I 2L£81) and
SE AL €l 2o OE | e dpe dlithatd sy R0
than that of the D castellll_ strain. 20 Purification
.Tﬁggw@@rmt@nt obtai ned after one of the fed-batch
node tures of .the PIC81 clone was purified in one
st%?fl%%t dL8cAChEYSi r?P PHaveriaf s CandPamiasdds and 6.5,
sexrid onhe Thpt $peri fiisc b@htwteasze dacind/i4 ysi sTHO1DU wgsebl11ii
2 - b 38
e e T e e PR A A i s
purification factor is 1. 8. This relatively | ow val ue
suggw&g;s tmtt&ﬁ&ra{m‘oi nant phytase is the '

dom pnant protejn int crude extract, This

T hedTs® Tor?H$ med byp%t%%?fo?%hﬁl'é}ﬁ SBS- PARELous
eltsamupenﬂmxm ssh@n thetgehe tdeontaAnrthreorgesaaei 1Y more
! G, d SR NANL BIWL 226, - LEPTEREN! 2, 0008 DLk e 600c,

total protelns ur| |ca |on a

sﬂrﬁd‘f% bhRd X< 6BSépVEdI 1R 286ﬁf it bR e heMost of the

pufalfué:@tw@e@f fbhe tpeotRit rud %ﬂ&;&ﬂ@[&e'éﬂ’e 188 than
uritrcation I s

jc activity obtained afte
e‘ﬁagt &t HEFCThat g‘B?al ﬁSEileduﬁl“‘ﬁ‘ggt héekprediton Hich  as.
t respeispielrlgid | ischium gatsBe Phyt@beahn B.Hpast airid ¢4B8Bson,

Uprg, W029967006823 acL3101 BCT/ BRPO08L 006535 4 3 5) from

Aspergillus ficuum NRRIL 3135: purification and
characterization. Prep. Biochem. 17, 63—91),'
Aspéfgillus terreus (+70°C) (Yamada, K., Minoda, Y. and
Yamamoto, S. (1968) Phytase from Aspergillus terreus.

I. Production, purification and some general properties
of the enzyme. Agric. Biol. Chem. 32, 1275-1282) and S.
castellii (+77°C) (Segueilha, L., Lambrechts, C., Boze,
H., Moulin, G. and Galzy, P. (1992) Purification and
properties of the phytase from Schwanniomyces
caétellii. J. Ferment. Bioeng. 74, 7-11). The Arrhenius
representation makes it possible to calculate the
activation energy of the reaction, E=37.9 kJ/mol. The
heat denaturation Study shows that the recombinant
phytase is stable for temperatures below +67°C and
strongly denatured ~for temperatures above +70°C. The
activation energy calculated by virtue of the Arrhenius
representation is E=794.2 kJ/mol. The D. castellii CBS
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of proteins) (Rodriguez, E., Millaney, E. J. and Lei,

X. G (2000) Expression of the Aspergillus fum gatus

phyt ase gene in Pichia pastoris and characterization

of the reconbi nant enzyme. Bi ochem Biophys. Res.
CoMRERO7/B6258, 373-378). ChaVacterizati onPET/FRRD06/001653
reconbi nant phytase Effects of pH 10 RecPhyt is .

acriove f orplpHasd ueseghibétween Andnc6. 5, thantbtdei stance
op n 4 and 4.5. The D. castellii CBS
29%§g¥%§tt%§g%g§ﬁ%bl ts simlar characteristics. Effects

of tenperature 15 The determ nati ons of phytase

ackubistyatk %pela¥scitgnperatures show that the
mbi nant QE tase is nore active for

&r at GFES! laﬂtan BRY FABf at fabbeys Ilr%ec}i‘%%l{? Menten
caku.alelt'ubsCB$12323 Ehybase.2dbair ahdt hev, ved UE$7 CB tiedng on
fo op e erature xare Les a 20+
excl%egttm%n H’l unrrgl Gand yeﬁstogucz ég IEM %‘I uge ©f
fi 87ém€(w5@@) CQHUI ImINPPA et eamin&tbson, by Dert(u1398<7i the
Ext.i aegbhybar ppbyt a38pLECedt 4t 3o8) faﬁﬁa Asper dhldUSheq) |

aracteri zati on.
PrepUuSBi oEAEm SLZYTME3- §8F, 85 ALSEt@n | &f fiayiitaus for the
(+§B§&at¥anaﬂa K., cd twlni i YeBando2Yapapehee ias similar
(1268\) éasefromAsperglllus terreus. |I.

Pr OIHUC?I on, purification and sone general properties.

of the enzyme. Agric. Biol. Chem 32, 1275-1282) and
S.rirasi el gtﬁdf_éz7C) (Seqgueil ha, L. » Lanbrechts, C.,

Boze, 30 , Mulin, G and Gl zy (1992)

' Pufifi B]ﬁ‘tlinorp%?ﬂﬂ“‘cﬁ oper Fés dcﬁgqahﬂeatplrﬂft a’k fpeRs are DL-

Schmanhj DY ces6) Basaﬁdil DL-Ids (Eernent,) pBl 0Oehe. r&bombinant
7- e Arrhe resent ti on makes o0ssi bl e
01}1;1‘%*"_ ?ate the{lh%% ??/Ié i of enelrp ‘_’fs% he #"85@?"85 the

: E—%l‘rr@nékwgrmm Thewsgstheht tblendegradaonostg@ylshay\s InsPy,

thﬁﬁsﬁﬁeaﬁQCQHEPQaBE iBBYtRRR 15 842D €nkOl is exhausted,
g?C and, strongly denatured for

ures._bel ow +
te‘%"% rk i‘ﬁFe§h§l§(§velsk7®%CuWhjeatja%rﬁl9§t ir8fFanef§ys suggests

~ catlcat atrd br;ecwmbtlulenef ;Irﬂ,eaérerheru Us wegReesafifahiey for

'SI£%59 thakJéor Ins InsgSt é &nc§s The D. castellii

CBS 2923 phytase shows the same chromatographic
profiles.



10

15

20

25

30

35

W)2007/ 006953 - 72 - PCT/ FR2006/ 001653 2923 phyt ase
exhibits. simlar thernoresistance characteristics.
Substrate specificity 5 The reconbi nant phytase

follows Mchaelis-Menten kinetics, with..a Kmof 0.24
mMWaRG0E/ 06968 137.8 U/ ng on 730di um phyt ap@T AR20Q6KO01653
of 2.05 mMMand a Vmof 274.6 U ng on p-NPP

(determ nati-on by virtue of the Lineweaver-Burk

repLeSH tation; data not published). 10 Thus, the

enzyne has a greater affinity for the phytate. The D
castellii CBS 2923 phytase has simlar Km val ues.

Ki et i Costyfbge;da @%%rfé@ﬁ%_ﬂrz%‘éucflﬁ Shathec gprpgioes 2

degradatlon 0
and DL-PAsYPEPtades eyrhpsenthe r i nakhe phytfgdd owing

IS therp&gypepthQQytase Mor eover, the chromatogram
shows that he t|on InsP5 | nsP4, 1nsP3 and

I nsP2 bégi i e98 FgelﬂgP%EPsIBxN%us ed, 20 and
t hat therealfra@u@mmlaﬁioﬂhefpbmyﬁaptIﬁesoguggg§tBD No. 2

| heP3. ¢ hantF ot nepy P R hope The D, |
castel | Fi aCBSOQQ@®$ﬁ)¢leasé’laéﬁm theysase activity and

chromat ogr aphiBi t Ph f'EES I@Q3QO7@@Q69§%entZ%y with the
PCT/FR2006/O 1653 QB ol geptlde characterized
€0 SB%l e]é

in that itP@ ﬁB?PEé i d&- chosen fromthe
follomﬁng polypeptldes t he polypeptlde of SEQ I D No.

, f I f SE .
2a r% Péoﬁf&epo éﬁﬁﬁihggls é%g%aVIngaCtIVlty’

havi ng ase act pepti
phytasec%%¥?©¢$vlﬁﬁ@ é&hlbh@anlét ieasthoeesi démpint y the

W th theol pebypepbe dgned1 SRQ ddy No. 2. 2
Pol ynucl eotj de enco g ajgﬂ%ta e activity, 15 '
characteri 229 iqP ¥ﬂﬂc 1905 h¥SeRSf r DREEFRCe 1s Dbetween

position 1538 and position 2923 of SEQ ID No.
1,
- a polynucleotide encoding a polypeptide

according to Claim 1.

3. _ Polynucleotide charactérized. in that it has the
sequence of SEQ ID No. 1 or the  sequence
complementary to SEQ ID No. 1.

4. Expression cassette characterized in that it
comprises, in the direction of transcription:
- a promoter that is functional in a host
organism; '
- a polynucleotide according to Claim 2; and
- a terminator sequence in the same host

organism.

5. Vector comprising a polynucleotide according to
either of Claims 2 and 3 and/or an expression

cassette according to Claim 4.
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fol | owi ng pol ynucl eotides: - the pol ynucl eotide whose
sequence is between position 1538 and position 2923
of SEQID No. 1, 20 a polynucleotide encoding a

pol ypeptide according to Claim1l. 3. Polynucleotide

CchHP2A700£8B3i n that it has The- sequencePeR/FSEQOEMN01653
No. 1 or the sequence 25 conplenentary to SEQ I D No.
1.64. Eb(@gessdﬁgametttzeirﬁif@rra@derwzeﬂ id tgrlyridcleotide

conpris |rect| of dfa r| -
pr onot e%écf.?wafl % f Gnct |e&r11:a in a hos r@% rgaﬁf@m?’-’ an
a pol yn@é}PE@ﬂSd@naGeéﬁéfChg ttocOraiima?;tandlaim 4 and/or a

term nal of c SOYEAGLAI At PE SPNE NSt  organism 35 5.
Vector conprising a po?ynucl eotl1 de according to

either of ainms 2 and 3 and/or an expression
Ca$SettEo@ECQkﬁbﬁgshOa@dﬁﬁar$g'WQQQ@YAQQ6@53cth%cterlzed

PCT/ FR2006/ 0016 ani sm't ansfor ned wit

ol ynuctRoF G BB oPAFRGoFGIBR ERer Sof PERBPE To aNg23 and
an expfebsm@mlt@assémm@l according to Claim4 and/or a
vector according to Cdaim5. 5 7.. Host organi sm

according to Claim®6, characterized in that the host
or§ani ST ERBEBASTY GROPEASRdart €13 Hiert ogdiar@sgierized

10 8. chst tnagariltsrm@m@érmgfir@m%@b@r}omyces castellii,
char act g in that. |§5 ch os(eg? Jrom bar%f%ces a
castel | Jr 1Pi cl'?aag':p?arslt drls eB&ft i um ¥t € an

and Sowlzmmmln@wcme@cmmbels 9. Nutritional . .

additive for animals, characterized in that it

conprises a pol ypeptide according to Claim 1. 10.
NUt 1t iNGHer L EERiie Y veddbEivni RAFsangéRar act 6Ppradtenized in

that it comprises a polypeptide according to Claim
1.

10. Nutritional additive for animals, characterized in
that it comprises a host organism according to one
of Claims 6 to 8 and/or a fermentation must of a

host organism according to one of Claims 6 to 8.

11. Nutritional additive for animals according to
either of Claims 9 and 10, characterized in that

it is in liquid form or in powdered form.

12. Animal feed characterized in that it comprises a
nutritional base for animals and a nutritional
additive for animals according to one of Claims 9
to 11.

- 13. Animal feed characterized in that it comprises a
- polypeptide according to Claim 1, a host organism
.according to one of Claims 6 to 8 and/or a
fermentation must of a host organism according to

one of Claims 6 to 8.
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20 that it conprises a host organi smaccording to one
of Clains 6 to 8 and/or a fernentation nust of a host
organi sm-according to one of Clains 6 to 8. 11.
Nutriti onal additive for aninals according to 25
either of Clainms 9 and 10, characterized in that

|sWP?\°??’cﬂ?63513orm or in powde?%d form 12. P%’Fﬁmooké%ls“

characterized in that it conprises a nutritional base

f ol4ani Haks cdnd nlwpdntichmlac@rdidd tiweClaimahi wal ©f a

accor di Rgsto @ fsnC éf’éé@r&mé Ord1lond3 ofb‘rl’l‘f@img egdis g,

characterized in that it conprises a  polypepti :
accor di h§%t &P HFRE2HWSstObr @aﬁlu§ﬁ1lt39naéc@|déﬁlﬁd"teo for
one of E&hamaBs6otoof andanimalfeegentation nmust of a

host .organi smaccording to one of Clainms 6 to 8.

W2007/ 006953 - 75 - PCT/ FR2006/ 001653 14. Use of a
poﬂi}pepﬂsanéc@omlrygbet};Itl@ealemqomlm;f o hosaimr gapicsmf a
accord'ﬂgsEoo‘%@% mdé?écrgsﬂﬁﬁgo §o okgr otfheClalm 6 to 8,
manuf acture of nutritional additive for animals or
of an ahPhal tfhseed hgdyglyehe ofofa pBYgpéperdeol  hexakis-

accor di pgosph&tai med Oﬁn@frganlaostmo%@mswh&@cor HANG myo-
to one of O t}ydrol

Si
myo- |no§n?%fgﬂg§é%t§1 Shojs%vﬁ%{e%t% er?oragnl%“phorylatlon
nonophospfiate, fteenppoifnemdsoiol with a | ower degree
of phosphorylation and to free nyo-inositol.



