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W02007/006953 - 1 - PCT/FR2006/001653 Debaryomyces castellii
phytase The invention relates to a Debaryomyces castellii phytase, to the
gene encoding this phytase, to 5 recombinant host organisms expressing

tQESzBQ)(%Sﬁ 999 to applications therel_of in the field of gﬂ,}mz%tgiémiéh

particular. Phytic acid salts (myo-inositol hexakisphosphate) or 1
phytates (myo-ingsifpl hexgkis(dihydragen phosphate)) are the major
storage form of phosphorus’in cereals, leguminous plants and oil-bearing
plants. They thus constitute the main source of phosphorus in
prant-baset:ranimal feeds2 e mairp compoReRss ofaEdiéts ofasel 111

rpepegasiric animals feoultseand pigs} soweyer, dhesbiogvatabiity of this
Rhosphorys in.the feeds is. limited for these anjmals. This ishecause they
do not_possess the phytafte-degrgdmg intestjnal er%zyni%: in Eufﬂmgpt
drfourft?5 BHEA pitate hyHrdRRIs andthus 26 provide the dmourits oF
inorgfakic phosphatethatthedr need. In the context of animal nutrition, two

characteristics of phytic acid thus play an important role: (1) monogastric
an Scazr%zpsg)@rrlly?gap@%'e mygegt@gm_%emqt;ﬁétm{ipﬁtpﬁcgg@@{\@ or
system; ic acid.is an antinutritional factor, which farms

(% &a"tg ﬁﬂgngn t E;lL H(T'—J{%%F?%Ea%éﬁy ﬁ"légeﬁ}lgz‘a_ ogﬁd&ate))

. Q=81
exes with protéins an&ons e

thérefdrelebotes i anaitabiitiF8f tRésePBRIREAE80 Fhe feetriftake

af poutity.and ofligs maustkthérefore -be supplemehtedowith idbrganic hus
rhosphate,shereastherphosphatus frophphylates.is excreted:andsased

contripues 9. the eutiophicalion ofl.aiiasewater in areag wihgle, fhere Jp
intensive rearing 6f monogastric animafs. 35 Supplementation of the feed

iAEREGTHhERGga3 i AhmalE Withérzy s ist 86lltion Clfreity  ©9¢
employed ! forimprovingtthetbibavaitéilityhofthe phytate-bounieeds  is
limited for these animals. This iz because they do not
possess the phytate-degrading intestinal enzymes in
sufficient amount to allow phytate hydrelysis and thus
provide the amounts of inorganic phosphate that they
need. In the context of animal nutrition, Two
characteristics of phytic acid thus play an important
role: (1) menogastric animals are poorly capable of
degrading phytic acid in the digestive sgystem; (2}
phytic acid is an antinutritional factor, which forms
complexes with proteins and ions (Fe', Ca®", zn**, mg**)
and therefore decreaseg the availability of these

elements.

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

there is intensive rearing of monogastric animals.

Supplementation of the feed intake of monogastric
animals with enzymes is a solution currently employed
for improving the bicavailability of the phytate-bound

phosphorus and for decreasing the supplementation of
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phosphorus and for decreasing the supplementation of W02007/006953 -
2 - PCT/FR2006/001653 feeds with inorganic phosphorus and thus for
reducing the excretion of phosphorus in areas of intensive rearing. 5

E@/%%%g; é n05|tol hexakisphosphate 3- and 6- pt;% @?{%Qr&l@ﬁﬁ%m

1 3.26) are part of the family of hlstldlne acl

| pPQé%hatas The%(ﬁ%%ta'ycse the L Fg’%r%%'sg Lmyesingsital, ucing

hexaklspho ate tic acid, Ins to Inorganic 10 monop os ate
ahd%o rﬁ%?ﬁ&éﬁﬂ ph%%phﬁ@ﬁﬂﬁ%%e?ﬂeg?e?@ﬁph@éphd& pRive
(msPsiodnsP1l) and to free myo-inositol in certain cases. These
enzymes used as additive in animal feed, make it 15 possible, firstly, to

%%% e a"@c!{?é’”kt}{%E'E%lphyﬁ%;Qh@BBﬂr and. secqndly, lg; 4.

Eovet e digestibility of the feeds. Furthermore, the release of phytic

85??5%%’@&5&6%%%/ decrdadestne &¥ts due -t pifdsphate Por- °F
st;bplem‘éwation and alsoithe ipblingon POLCausedbyrarereEss of They
exgreied phosphatas: Phytasesdare preduced by adarge varety tdositol

%@J&ﬁ%@@g}%@@'m%%@sps@ﬂy, microgrganisms. Amgng..the.

tase- producmg m|C£ anlsms mention Wi” in glcular be rq{ade

REFOFfiAgenerd’ er%ﬂlusy$en|8ﬁlfu%ﬁ MU ?gaﬁdai’\;hlzopus
bh@te?pa @%ﬁﬁ@n@na@h%’ Keesiélta sp., E5ERErichkia coficBnterbacie?
spxBaciius subtdistand yeastsrSaceharomyces cerevisiae, Candida
tropicalis, Torulopsis candida, 30 Debaryomyces castellii, Debaryomyces
o%gldentalls Klu veromyces fra%{ IS g\nd Schwanmomi %s cgstellu As

etal er

regards the 3 |otech nofég S, VOT #

y%as S, Lambrechts
1983566 11092% HeGB Jdentiied 135 vafists ‘éﬁamémh?d%ﬁw%ge %%tnﬁ@e
buthave novthanakcterized thexdorrespondint phytases. Thethighvest the
agtivibthas been,measured fecthe-Schwanniomyces, castelli-strallbe of
Cp%%’%sl%s glbé/é%%e ch:tlvglc?ésr}aac%/graa'lg?y decreases the costs due

to phosphate supplementation, and alsc the pollution

caused by an excess of excreted phosphates.

Phytases are produced by a large variety of organisms:
plants, animals and, especially, micrcorganisms. Among
the phytase-producing microorganisms, mention will in
particular be made of: fungl of the genera Aspergillus,

Penicillium, Mucor and Rhizopug, bacteria: Pseudomonas

sp., Klebsiella sp., Escherichia c¢oli, Enterobacter
sp., Bacillug subtilis and veasts: Saccharomyces
cerevisiae, Candida tropicalis, Torulopsis candida,
Debaryvomyces castellii, Debaryomyces occidentalis,

Kluyveromyces fragilis and Schwanniomyces castellil.

As regards the yeasts, Lambrechts et al. (Biotechnology
Letters, Vol. 14. No. 1, €1-66, 1892) have identified
varicus strains having phytass activity but have not
characterized the corresponding phytases. The highest
activity has Dbeen measured for <the Schwanniomyces
castellii strain CBS2863. Phytase activities have alsc

bheen observed for Candida brumptii CBS 6145, C.
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been observed for Candida brumptii CBS 6145, C. W02007/006953 - 3 -
PCT/FR2006/001653 tropicalis CBS5696, Debaryomyces castellii CBS
2923, Kluyveromyces fragilis No. 111, K. fragilis CBS 1555, K. fragilis

CBS 57795, Saccharomyces cerevisiae CBS 1253, SCPth'}" n%oggwes 53
ARt 6%9233363, Torulopsis 5 candida CBS 940, C melibigsica Y

584, K, lactis CBS 2359, T. hovina CBS 2760 and saccharom
oSt S S e D s S
BiterHAsHBIS et  98F b4s NOC4, 8411844 2060 FaveSdéitfied >°>-
VArious phytdases, bithavenict, characterizedrthens It showldle neted; 35
2995»@,”’ t@%tﬂpgnﬁ?ﬁ@%%@?a@b@%ﬂe_@s“ 5 S h_?§§eeii€@/}evgﬁ@ﬁuﬁ opsisd :
ccordi e_new classification (Nakase. T, uki M., . H.J.an
Kt zcr%gjr% C@B 19 %Sp 573%%%%&%@%%? éEla[?ﬁd .W.lﬁgﬁj(esd)?%%e
Yeasts, A taxonoRi¥Seddy, 481 Editidh Elseviér ScPfaRIRaG8RT Ty ces
Afastesdara ), thesCB $720 2923 strain corresponds to Debaryomyces

castellii Capriotti and the CBS 2863 strain corresponds to Debaryomyces

ogcidentalis Klocker yar, occidentalis, .synonyms_Schwanniomyegs '
cafslfﬂﬁacragriotti af“n(f¥ Schwanniomyces occidentalis Klocker. Th?e Tosen

e
iMVEHitGISidve 25 SAGwhthat alignmeritof tiépolypepfide of $EQ it N
Zrpeethe séguehée of thevBebarypmysdwcastelii CBS12023phigasenct
oivesra pesceniageddentity of 69.2% with the sequence of the
Schwanniomyces occidentalis CBS 2663 phytase. 30 Numerous
microorganism_phytases have already been studied and useo%\in various

agro-industiar apphications” HWwever, the inééasingtise of pAYtases 48
apladdifife firhbatercus bicehAoldgieal 35capplicaticriss Sucthas anthar
feed, i éncreasing the iadvantdge: (1)yekiselating novekefficient phytasés
H.J. and Kurtzman C.P., 1988 pli57-167 in C.P. Kurtzman
and J.W. Fell {(ed), The Yeasgts, 2 taxonomic study, 4th
Editicon, Flsevier Sci. Publication Amsterdam}, the CBS
2923 straln corregponds to Debaryomyces castellii
Capriotti and the CCBS 2863 strain corresponds to
Debaryomyces occidentalis Klocker wvar. occidentalis,
SYRONYms Schwanniomyces cagtellil Capriotti and
Schwanniomyces occidentalis Klocker. The inventors have
ghown that alignment of the polypeptide of SEQ ID
No, 2, i.e. the ssquence of the Debaryomyces castellii
CB3 2923 phytase, gives a percentage identity of €9.2%
with the seguence of the Schwanniomyces occidentalis

CBRS 2863 phytase.

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

applications, such as animal feed, 1s Increasing the

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

releasing phosphates from the feed in the digestive
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producing microorganisms, (2) of obtaining effective phytases, i.e.
phytases which are effective in releasing phosphates from the feed in the
digestive W02007/006953 - 4 - PCT/FR2006/001653 tract, which exhibit

gﬁ? Orgv?lﬂil%]gﬁing the feed manuf?cturing process aal }H& o] ?}%@%3

e production cost is fow. 5 In addition, most of the

Rhytates, dxﬁﬁ?zréﬁede_tﬁ%ﬂa&?tO%B%ftiaélé’éyﬁf%’?e phytic acid, and samg

with very slow kinetics. Furthermore, their hydrolytic actlvia/ depends,
Jreaty B tHe ToRdRIOAS Tder WwhiCh “thay aré ?g%%f"’ 1078 date” affiong”
thEyensionhithe phytasédfthe -yeast Schwanniomyces occidentalis
has been described as hydrolysing all the phosphate groups of phytate

(ER 0608 762.and pegueilha L. ylambrechis G, Daze H 15 ModlinGy o
Galjz_ P., (1992) I?urlflcatéo ndepro%}ertles ofaggytasefom

n

Sch anﬁ%zh%ylcaels‘é’ast@flu,r\?.%esrm. |§5ﬁ§., 74, 11).‘E’ﬂowesv%rﬂ@theWlth
SeHannforyices< beeiientalis phyFasessersitive b THionS¥ATC12 and
GuEiz, impatigidan)s whickeisinot favourable tordse 1026 animakfeetlich
since these cations are present in the food bolus (Segueilha et al., 1992).
In addition, this enzyme is active within a pH range of 2.7to 5 (EP 0 699
762) and pCMB greatly inhibits the activity of the Schwanniomyces

oceideftafis pltase, which 25 &Ggdeststhat’ SHgFoupsaRaMNITE the
hriclges) argiavolvediodze activelsite of the éazyrbe{8Segeeithaieidl ks
1992) frydhermorg; the hi%ynt%&s@f:@'&% phytasedequirgs thehytace
presence ot phytates. and of saleiym salts (EF, 0,699.762). Thezacliity of
this 30 enrzsyme therefore Sgpends greatly on the environment in which it

RS ESRI The FroBReNT that the Presdrt -hveRfon Finteid & [P&dive &=
cohsists Improviding acphyfaserahichohydrolysex alt tHe phosphatefezm.

!ﬂ@@@&@f, 74, T-131) . However, the Schwanniomyces
occidentalis phytase 1s sensitive te caticrs (ZnCl, and
CuClz, in particular), which is not favourable to use in
animal feed gince thege cationsg are present in the food
bolus (Segueilha et al., 19%2). 1In addition, this
enzyme 1s active within a pH range cf 2.7 to 5
(EP 0 699 7562) and pCME greatly inhibits the activity
of the Schwannicmyces occidentalis phytase, which
suggests that 8SH groups (digulphide Dbridges) are
involved in the active gite of the enzyme {(Segueilha et
al.}) 1l9g2). Furthermore, the bilcsynthesis of this
phytase reguires the presence of phytates and oI
calcium salts (EP 0 699 762). The activity of this
enzyme therefore depends greatly on the environment in
which it finds itgelf. The problem that the present
invention is intended to =zolve congists in providing a
phyvtase which hydrolyses all the phosphate groups of
phytate, and the activity of which depends little on

the conditicons 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 phosphate groups of phytate until the reslease
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phytate, and the activity of which depends little on 35 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

ggﬁfélé(@gcl)ao%%%roups of phytate unt% the release Wogggéggggg%oiéss

1653 of myo-inositol. It also has a broad spectrum o
activity and, thus Nydrolyses numerous,substrates,, Adyantagequsly, the ¢
biosynthesis of this phytase is Induced by phytates, even in the absence
SFalciuhy's saftst AdvantageBlSR s phytaSE s sitiVe in¥ 5toadshRad
P vange o 3i/6.5) @l itdd poyHdnsitive tocéatichs Br te pCNBEThes
enzymeis alsp thepmestable up £6,66G, Thaenzypemfshedresest cium
inyention is,therefore extiemely rohust. which .10 fayouahle g usgdn
animal feed _but also’in other jndustrial applications. Thg invention also
reFREE §6 Siilar or ﬁ@rﬂ%ﬁ)go{}?{ phytaseR, o' varianfs Shd to-fragments bf
therphytase 15%f SEQLIRN0CZ which B6HServd fife saie pfopéftied.=c
Rescriptionofithe seguerces SEQ IDrNe. 1:f3snamicsequeacenfdhent
Debaryomyces; castelliL CBS, 2923 phytasegene 20,38Q IDNe: &, 16
Sequence %‘ the Debaryomyces caste#l]u geBSdZ 23 ph I;ascge. S:LEQ (I:‘I%II;IEOI.
3 CGHEEHSUE sEqueRes of Acid Phdsphatases. SEO IDNG. 4:
Dabarybhfick stdastélfifpiyiase motif corresponding to the consensus
sequence of acid 25 phosphatases of SEQ ID No. 3. SEQ ID Nos. 5-16:
Gloning priserscSEQ IR Nos. 17-18; Debaryomyages-castelli:phyiasgous
eptides ysed.for doning the aene. 30 Desriplion. of the invention . ..
subject ot the mvention is polypéptides comprising a polypeptidé chosen

fRfmIRe felfowing polyBeptideS RS Polypeptida™st SEEHBF oS3 ;

Description cf the seguences

SEQ ID No. 1: Genomic segquence of the Debaryomyces
castellii CBS 2923 phytase gene.

SEQ ID No. 2: Seguence of the Debaryomyces castellii
CES 2923 phytase.

SEQ ID No. 3: Congengus seguence of acid phosphatases.
SEQ ID No. 4: Debaryvomyces castellii phytase motif
corresponding to the consensus sequence of acid
phosphatases of SEQ ID No. 3.

SEO ID Nog. 5-16: Cloning primers.

SEQ ID Nos. 17-18: Debaryomyces castelliii phytase

peptides used for cloning the gene.

Description of the invention

A subject of the invention 1s polypeptides comprising a
polypeptide chosen from the following polypeptides:

- the polypeptide of SEQ ID No. 2,

- a fragment of the polypeptide of SEQ ID Nc. 2 having
phyvtase activity,

- a polypeptide having phytase activity and exhibiting
at least 90% identity with the polypeptide of SEQ ID
No. 2.



10

15

20

25

30

35

- a fragment of the polypeptide of SEQ ID No. 2 having 35 phytase
activity, -'a polypeptide having phytase activity and exhibiting at least
90% identity with the polypeptide of SEQ ID No. 2. W02007/006953 - 6 -

P%%I%:OS;QS)%% 1653 A subject of thfg: invention is alslgcggllym%%% €85

encoding a phytase activity, chosen ffom the following polynucleotides: -

the polynucleotide whose sequence is between pasition , 5 1338 and iges
position 2923 of SIEQ ID No. 1, a pojlynucleotlde encoding a polypeptide

ateorithg Yo SCIRMY T3Me fvention AlsoTeRiES to e pdiyructéotides 19
hawingithelsequertce: of SEQ ID No. 1 or the sequence complementary to
SEQ#R Ne1lnlhe invention.alse kelatestoexprassioncasseltessition
compyrising, iB Jthe direction of t@psgggtigg 1, - a,promoter that is
functional in a host organism; - a polynucleotide according to the |

invehtiBAARY <& tarhhiniafor S8quBRcEinRRe SBRTE o8t organiemt “Fhe-°

ifertionlalso relates to vectors comprising a 20 polynucleotide according
to the invention and/or an expression cassette according to the invention.

Apgther; subiect af the present inyeRtion is.,host, grganism transiormed s
with a polynucleotide accordlng to, 25 the inyention, aqﬁegpressmn

CARLAHIE acdbrdifG® THE TnvEhtiorand7dt avector actording to-the- = °
it epfeferabhy, thEthost of§anidm is chosen from yeasts and
filamentous fungi. 30 Preferably, the host organism is chosen from

Deharyomyces castelli; Pichiapastaris, Renicillium fyniclloSWa st v e s

Sch|zos,accharomxc%%gog1ib§é C:31__5.1% Eugkectt: rof the Invention is nutritional.

T1l51n i nscxri :
additivesTor “dnimals, comprising a poly eptléle accor%lng o the
- a promoter that is functicnal in a host organism;
- a polynucleotide according to the inventicn; and

- a terminator segusnce in the same host crganism.

The invention alsc relates to wvectors comprising a
polynucleotide according to the invention and/or an

expresgion cassette according to the invention.

Ancther subject of the present inventicn is a host
organism transformed with a polynuclectide according to
the invention, an expression cassette according to the

invention and/or a wvector according to the invention.

Preferably, the host organism iz chosen from yeasts and

filamentous fungi.

Preferably, the host organism ig chosen Lrom
Debaryomyces castellii, Pichia pastoris, Penicillium

funiculosum and Schizosaccharomyces pombe.

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

invention.
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invention. W02007/006953 - 7 - PCT/FR2006/001653 A subject of the
invention is also nutritional additives for animals, comprising a host
organism according to the invention and/or a fermentation must of a host
Qganismacerding to the invention. 5 In one embodigantabt /001653
invention, the nutritional additive for animals is in liquid form or in
epwdgﬁ%j form. 10 The invention relates,to animalfeeds comprsing-a .1
nutritiona base for animals and a nutritional additive fol[l animals .
FEBIHNG TS thé HvenTBRTThE invention also tlatés to animal fegds
RRETSIAGA 5 pbiypeptiveEasésrdinge 4Ré inve o aRRastrgamsft-
aceordingde the davenitonsand/od arfermentationimusttof @host organism
according to the invention. The invention also relates to the use of a
olypeptide_20 aceording to the invention or,of ahost oroanism. ;o1
according to the mvention, for the manﬁjfacﬂjre ofa nutritional -a&c}ltlve or
Ffithals- BEof & arfifidlfédd. LAndtherd@iéct of e prEsentinbertic &~
thewse of 25 a polypeptide according to the invention or of a host
organism according to the invention, for the hydrolysis of myo-inositol
hexakisphosphate to inarganic monophgsphate. fo fyo-inasitol witha.
lower degree of ﬁhosp%orylaﬂo_n and fo free myo-inositol. 30" Polypeptides
The reseritfiveriion therefore éfates 16 ofypeplities Hraving phytast’=
activitprPrefé by, these polypeptidesi 85 s isalated from
Debaryomyces castellii. The Debaryomyces castellii CBS 2923 phytase is
eRtesenied In SEQ IQ.N. 2 W2007/008953 1 8- RGTIRRAN091004653

The term " Cg/tas.e" Is Intended to mean the m%/o-inosnol ,
polypeptl ion, a host organism

according to the invention and/or a fermentation must

e acgcording to the inven
of a host organism according to the invention.

The invention also relates to the use 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 subject of the present invention is the use of
a polypeptide according to the invention or of a host
organism according to the invention, for the hydrolysis
of myo-incsitol hexakisphosphate to incrganic
monophosphate, to myo-inositol with a lower degree of

phosphorylétion and to free myo-inositol.

Polvpeptides

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

are isclated from Debaryomyces castellii.

The  Debaryomyces casgtellii CBS 2923 phytase iLg
represented in SEQ ID No. 2.
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hexakisphosphate 3- and 6-phosphohydrolases (EC 3.1.3.8 and
3.1.3.26). These enzymes catalyse the hydrolysis of myo-inositol
hexakisphosphate (phytic acid, InsP6) to 5 inorganic monophosphate and

tQdnye-inPsitol phosphate with a lower degree of phospharlaios) (esEs

to SnsP1) and to free myo-inositol for certain phytases. The

%dd-t-ryg%yceﬁﬁﬁ@?'ﬂhﬁi-s%@%%@@g'Df”"“‘%ﬁ? atﬂzg 3ﬁ9g¥t§§@s%‘tol
Iton, It nas e notaple abilty to r e € pnosp e DO (0]
i e USRS Sala Sl Uit
(SED 1D NG 4 orreSpohdlirRy e R TOrREASYS Sedliénce IS REFGRRXP
(B IRdNG.t3)1présentlin theactiteasite of whamyl acidphdsphateses. This
%ggfxigatzagled %{Bﬂlﬁbh h HM%%D ' Z}Z-E%@f t%léQ J@é\l%lz?@s'&%@_rhg{ﬁﬁes@%ég@
JINO. SO nas the maotl esent in ny.p t S. IS_mMotit |
O it (o FG Gor1Ion A Ao S S BAE%st SEQID D,
21 apref&red Brbddiffent of the nveRtion the pélplides according

to the invention have the motif RHGERYP or another motif corresponding
tethe sepsensis ZossequanceiRHGXRXRs Preferatily, the plypeptidesa
according g the jnvention also have an D matif. g apreferied 150, o
em oaflment, the po?ypeptldes according to the invention are,

ghEBSIITER. Fhé polypeptitfsr 58 SEGAD Ro. 2héas: fn partitular,

putative N glycosylation sites at amino acids Asn 97, Asn 158, Asn 169,
As249,Ask 3031 AsrB 14 Asa 387, AsiA3SE: and-Asn #E3zaud priative

Orghl 0%¥!at1l%‘]. SiIﬁS @09%9 %@fnghré'o(s%ﬁ‘g ééﬁsgﬂgﬁ‘éo Q@gé%rce
364. In a 35 preferred embodiment, the %leypeptl e of SEQID No. 2 is _

Wﬁ%}ted SEBne or Mdre of thgsreeﬁﬁ aTive”N-Ej y‘?:osaycrgitlE‘)fﬁa and - °F
Ouglyotdtibnisiesp A6 cémbddirentidie polyseplideshcédrding 5
the imvention7 are-glysasylaedid0200 710069533 se of SEQ ID No.
PCT/ER?006/001653: T he phytase of-SEQ ID-NO2 #150-has 8 oysteinas,
motif is found in the C-terminal poxtian at amino acids

335-336 of SEQ ID No. 2.

In a preferred embodiment of the invention, the
polypeptides according to the invention have the motif
RHGERYP or another motif corresponding to the consensus
sequence RHGXRXP. Preferably, the polypeptides

according to the invention also have an HD motif.

In & preferred embodiment, the polypeptides according
te the invention are glycosylated. The poclypeptide of
SEQ ID HNo. 2 has, in particular, putative N-
glycosylation sites at amino acide Asn 97, Asn 158,
Lsn 189, Asn 249, Asn 303, Asn 314, Asn 387, Asn 439
and Asn 453; and putative O-glyvcogyilation sites at
amino aclidsg Thr 165, Ser 168, Thr 3260 and Ser 364. In a
preferred =smbodiment, the polypeptide of SEQ ID No. 2
is glycosylated at one or mors of these putative
N-glycosylation and O-glycosylation sites. In one
embodiment, the polypeptides according to the invention

are glycosylated. -
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capable of forming 4 disulphide bridges: Cys 62, Cys 214, Cys 262, Cys
275, Cys 385, Cys 405, Cys 413 5 and Cys 435. In one embodiment, the
polypeptides according to the invention carry at least one disulphide
briodzgﬁeg.7ng %%g?aryomyces castell_i_i %hyjase is an enzyme/}_:%g os(?&}gbelds by
this yeaét INto1ts extracellular environment. For the expression and
secretion by a recombinant host organism, the phytase of SEQ ID No. 2
can be fused at 15 its N-terminal end with a signal peptide recognized by
thishostargaRfsmeFheSRdentiBn diSo refateé 15 Faghfiént’of the =1 0es
poiypégdtidle offSEQADnNBI 2 whichitonseivedphytasel POsactivitysThé 2,
tb@% "ﬁf@ﬁme@ﬂ'f‘@f aqolypeptide flenotesa pelypeptide comprisingspart. 3

ut not ft olypeptide from which it | rived, The inventi ]
thu: éﬂ relgf/esg toqg’ Boblyp%%;idé? r,cl%m p?\?{él%ngggégrgargﬁientgo}%lat Iﬂe)% é?;ii%gglt %0(3%, i
FEFA66 amindacids 6f the “Paifbéptide of SEG ID Riv. Zi“ﬁ?igt one
fréigpnéphofithepulypeptide of SEQ ID No. 2 30 conserves its phytase
activity. The invention therefore relates to the biologically active

fragments of the, polypeptide of SEQ 1D No..2. The term "biglagically, e

active fragment" denotes a 35 fragment of a polygggtide Wréigh Coffqﬁvff

tRETARCOh of tie pdifipEptide FronT which itis defived. The  biologicay

aetive fragrRaits of the polypeptide of SEQ ID No. 2 thus conserve the
catalytic properties of the Debaryomyces castellii phytase of SEQ ID No.
ZFJPG;WQfZQQZ/PQ@??ﬁ JeO?aPQJéFx%%Q%{IO%ﬁﬁ f‘%]%tbﬁg%r{?&t host
preparing fragments olypepti nd_also the_techniques for
organL%m tq1 g%¥%£gélop J%glgD %%. ﬁ can %e £Lﬁ%%ﬂﬁ%

meéasuring the peyt S€& activity “are'wéll known to those skilled in

A &abjEct6FRETIAVerftith ¥ PolypepfidesRaviRgrtide recognized by

this host organism.

The invention also relates to fragments of the
polypeptide of SEQ ID No. 2 which conserves 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 comprising a fragment of
at least 100, 200, 300 or 400 amino acids of the

polypeptide of SEQ ID No. 2.

This fragment of the polypeptide of 820 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 ferm ‘“biologically active fragment” denotes a
fragment of a polypeptide which conserves the function
of the peclypeptide from which it is derived. The
biclogically active fragments of the polypeptide of SEQ
ID No. 2 thus conserve the catalvtic properties of the

Debaryomyces castellii phytase of SEQ ID No. 2. The
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phytase activity and exhibiting at least 90% identity with 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% of amino 10

gvg'% é ?rété%%%\glith the polypeptide of SEQ ID No. 2. g’&—:f fzbdx’s%eﬁsm

ypepti ave the same propertligs, and in particular'the same

catalytic,_praperties, as the polypeptides of SEQ 1D No. 2. 15 Preferably, .
tﬁ%%g B%Fpp%%tlrdegjg?g rTlsrojlétpt%d ?rg%?gﬁw%grsstr%ms%f %gégPyb%yces

castllii ot Front Bm&%}é%%ts‘? O,Klté‘i‘ﬁﬁt‘?\}’ﬁf},ntﬁe§§f)o[§’/}ﬁ¥5ﬁ5§s Eaf ity
obtained by Isitewdirected nagtagehedisedchmqobs ferexample. 20 The
term "identical amino acids" is intended to mean amino acids which do

gzgt vary between fwo.seguences, These nolypentidgs can gxibita.., ;o

letion, an addition or a substitution of at least one amino acid relative
18 POf/paplided b SERPD NE12 225 ASubfdt ofthidtinvehtion 1§ Asb™
polyeptides rexhibitingiatdeast 8086 J09%1N95%298%, and jsreterably tae
leastQ9%similaritywith thel pelypeptide otSEQ-ID iNg. 2tPreferablyg oy,

these palypeptides have,the same. prgperties, and in pargigylar the same,
catalytic 30 properties, as thelgeorbgr)%eftldes of SEQ ID No. 2. Preferably,
r

tRESE Polypeplided ard isdtate OtReP stfainS 6f Debaryomyces -

castellii or from other yeasts. Alternatively, these polypeptides can be
abtainedzy. ssjte-dingsteckmutagenesistectnigues Horexample: 35 Thene
tg%ﬁélm'haég{'_ls é@ggnd%to meap Tﬁ#ﬁﬁﬁgrfecgfe _ﬁ%@lane%?ﬁg&%%
protein or nucleic aci uences. se.polypepti an ibit a
defét oen‘,tlneesl_dditi%ﬁ o?%%ub%ﬁ?@f’r%ﬁpo lacﬁésastogp‘ne Er%nglno ﬁid recfeitive2 )

WD 2667006953 185 =P ET/RREG06/80 1655 o Hie plypeptidedf SEEFD
No.12: iThe dégreetefr sioniarity betveerl fd sequeéntes, quantified byes -
sE0re,:is basedign the percentage.ofddentitios apgor be  obtained by

site-directed mutagenesis technigues for example.

The term “identical amino acide” is intended to mean
amino acids which do noct vary between two seguences.
Thess polypeptides can exhibit a deletion, an addition
or a gubstitution of at least one aminc acid relative
to the polypeptide of SEQ ID Ho. 2.

A  subject of the invention i1s alsc polypeptides
exhibiting at least 80%, 50%, 95%, 88%, and preferably
at least 29% similarity with the polypeptide of SEQ ID
No. 2. Preferably, these polypeptides have the sgame
properties, and in particular the same catalytic
properties, as the polypeptides cf SEQ ID No. 2.
Preferably, these polypeptides are isclated from other
strains of Debaryomyces castellii or from other yeasts.
Alternatively, these polypeptides can be obtained by

site-directed mutagenesis technigues, for example.

Tha term “similarity” is intended to mean the degree of
resemblance between protein or nucleic acid seguences.
These polypeptides can exhibit a deletion, an addition

or a substitution of at leasgt one amino acid relative
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of conservative substitutions of the sequences. 5 The methods for
measuring and identifying the degree of identity and the degree of
similarity between polypeptides are known to those skilled in the art. Use
may, f le, be made of Vector NTi 9.1.0, Align i
pvgggtr)g%/%?us Al W algorithm) (Invitfogen INFORMA%JIQI’aﬁ@&m?m51653
ttp:// JInvitrogeri.com). The ult. parameters are.pref sed.-
I%h% p%%&&?&&%gé&%%g %OQ th%%fnaveﬁg?on%?é 1%5 'isol‘al?e%d ggggﬁ‘%ed B
fFORAREIF hafuraP BRYFGAmeRt °Thé pERpeEphides caﬁ%étﬁr’%ﬂp%%d%y 2
raeans of variduss processeseTheseqmrocessesodrelidparticulas and/or
purification from Natural seurcessush-as eelis, naturallyexpsessing these
polypeptides, the production 20 of recombinant polypeptides by
a ,hpropriate host cells and the subsequent purification thereof, roductiog
“Ehé‘ﬁ%ﬁ%n?ﬁé’si?@ﬁ%ﬁﬁ@?a%B%b%ﬁﬁﬁbtnlgﬁfﬁ'r"é%et%?griéig ee o
approadties. Thase vatibes prégoeton predessest are welkhowh 16 1h65e
skilleddaghecart Ehus,1the2b phytasesef theipresentinventoncan hee

iﬁg?ﬁed%@“ Reharomyces castellii, dn another egbodiment; they s 4 gnx
phyt

ases of the present mvzer;{lontarﬁ isolated from, Jec mbi{?n&. orst -
GFIARRRTE ExpRISSHG S phyt: Se a%coré\‘lngatci)?ﬁé fnvéhtion. 30°A subjéct
oF & shtion I8 also: flisi HihSZ YEESmBITant protefits or CHifmaYES

prateinscemprisig the Halgpeptidessatcording to the invention. The term
"polypeptide” also denotes proteins and modified 35 polypeptides. The

pepides Sesaing o e st et v PR e
elkibif & HpHyfase dctivity andEiave thé ablitytd SHydrbly S& At te™en* -
phiosphatéhendsidephytiemcide prepared by means of various
processes. These processes are in particular
purification from natural sources such as cells
naturally expressing these polypeptides, the production
of recombinant polypeptides by appropriate host cells
and the subseguent purification thereof, production by
chemical synthesis or, f£inally, a combination of these
various approaches. These varicus production procegses
are well known to those skilled in the art. Thus, the
phytases of the present invention can be isolated from
Debarvomyces castellii. In another embodiment, the
phytases of the present invention are isolated £from
recombinant host crganlsms expressing a phytase

according to the invention.

A subject of the invention is alsc fusion proteins,
recombinant proteins or chimeric proteins comprising
the polypeptides according to the invention. The term
“polypeptide” also denotes proteinsg and wmeodified

polypeptides.

The polypeptides according to the present invention

have phytase activity. Preferably, the polypeptides
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Polynucleotides 5 The invention also relates to polynucleotides encoding
a phytase according to the invention. Preferably, these polynucleotides
encode the Debaryomyces castellii phytase of SEQ ID No. 2. 10

cording 1o present invention, the term "polynuclegtide” is.ir
%?On%égnm%élsngg %-stranded nucledtide“chain or the chgﬁqg%mzpfg%}g%%?g i
thereto or a double-stranded.nucleqtide chain that can be of DINA. 15 or,
F?ﬁcﬂ%[%ﬁég P?efgra )}/,t %epoﬁlcn%ﬂé%%i}d/esag th%%ﬁ%eni%%rl a?e% %)?%)%VS,A =e
SR paFfodiar of d8uble? SHantEd INATypé. PR term 2579
"polynucleotide” also denotes modified polynucleotides. 20 The
pedynHeleatidesiefthe present invention are isolated or purified from their
natural environment. Preferably, the polynucleotides of the present
invention can be prepared by conventional molecular biology techniques
a5 HeschBEd by Sambfook et dt -55 (MSleEfar Bisning AT zboratoR -2
Mariial - 8889)asrdsy dheinical $yithdsiyanta first eftsddiment thethese
inveEntionJelatesde she pobmaeleotide=whaserseguenceds between=1111
p&?ﬂ@&s@%ﬁf 30:.andpagifion,2923 of SEQ ID No. 1. This polynucleotide
encodes the Debaryomyces castellii phytase of SEQ ID No. 2. The
invention also relates to polynucleotides 35 exhibiting at least 80%, 850,
FoUs OB, 'IBY, Bfid pEeTerabliy &k feast 9906 fdEntiy With thethe  term
potyriucieciide-whase sequencesischetween pesitior 1538 cArd positiored

2923:f35QJDMNQ 1. These, polynucleotides engade aphyiase activity,
Prefgra%lx, WOZOO?AO 6953 - 13 - .PCT/FR2006£Q0]t653 these

a, double-stranded nucleotide chail ) can D& of DNA
polynucleofides encode a_ﬁebaryomyces castelli ghytase.

or RNA type. Preferably, the polynucleotides of the

invention are of DNA type, 1in particular of double-
gstranded DNA type. The term ‘“polynuclectide” also

denctes modified polynucleotides.

The polynucleotides of the present invention are
isoclated or purified from their natural environment.
Preferably, the polyvnuclectides of the present
invention can be prepared by conventional molecular
biology technigues as described by Sambrook et al.
{Molecular <Cloning: A Laboratory Manual, 18%8%) or by

chemical synthesis.

In & first embodiment, the invention relatezs to the
polynucleotide whose seguence 1s between position 1538
and posgition 2923 of SEQ ID No. 1. This poclynucleotide
encodes the Debaryvomyces castellii phytase of SEQ ID
No. 2.

The invention also relates to polynucleotides
exhibiting at least 80%, B85%, 90%, 95%, 98%, and
preferably at least 99% identity with the
polynuclectide whose geguence is betwsen position 1538
and pesition 2823 of SEQ ID No. 1. These

polyvnucleotides encode a phytdse activity. Preferably,
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The term "identical nucleotides" is intended to mean 5 nucleotides which
do not vary between two sequences. These polynucleotides can exhibit a
deletion, an addition or a substitution of at least one nucleotide relative to

th rgggr leynucleotide. 10 The jnvention also rglg{%}g%oﬁ 001653
polflnuc@&??es exhibiting at least , 750, 80%, 85%, 90%, 95‘{/0, 98%,

and preferably at least 9w similarty with thgegggggﬁgﬁgglge Whose sy ;
sequence is between position 1538 and position 2923 of SEQ ID No. i.
Fhede* 5 polynucleotides encode a phytase activity. Preferably, these
polynucleotides encode a Debaryomyces castellii phytase. The term
"shyilatigris intended ttemean the-dege-0f 2G:resemitance betwesr:n
Rrotein ar nucleic,agid,sequenges. These polynucleotides can.exhibita,
deletion, an ﬁdd_lthP or a ubstitution of aLr{(egsttone nuc e(itl(%@?L relatlv% o
thaFefereA& 58I‘§/<r:1u%f3eojtl &2 The %ilégre@exo lsﬁnilarﬁy bétween twd
sehlichtes, quanfifictiby al25 sé6re, Rthaded ORRRE pefcentate 6Pt ide
identiftes-and/or ttenseryative substitlitons:oktheisequences. The
methods for measuring and identifying the degree of identity and the
degree of sty petweenhe 30.0udlele acid sedugnges,ale el ces
Kriown to those skilled in‘the art. Use may, for examplg, bé made 0
etoP N1 g 1 35 AligRXCalighent pfograft(ClEstal W Sfyorithfy 8%
(dmvditrogere INE@RMAX zhttp: Veawt.invitedger .scom).akhe Wefault:  the
@%’@9}@!@E?eé@i@@fafﬁgweu%@?ﬁéfei_@b|)6_eﬂb@a@1yl@!dféﬁﬁtid§§ exhifit
a degree of identity or gree_qf si ty with a reference. e
PO gnuclggﬁ&g \?V?'I?Ch cgﬁggrvesgt e fﬁgt?on ofE the V@%SZOO?@OGQSC? v
BEIR 0660653 Tefeiencd satieTits Inthe presEnt casel Hé=7

. polymaclaotities encodeia phytase adivity. THelavemiviTako relatesitdl 1

polyruclectides capable

The term “gimilarity” is intended to mean the degree of
resemblance between protein or nucleic acid seguences,
These polynucleotides can exhibit a deletion, an
addition or a substitution of at least cne nucleotide
relative to the reference polynucleotide. Tha degree of
similarity Dbetween two segquences, guantified by a
score, is based on the percentage of identities and/or

conservative substitutions of the seguences.

The methods for measuring and identifying the degres of
identity and the degree of similarity Dbetween the
nucleic acid sequences are well known to those skilled
in the art. Use mav, for example, be made of Vactor NT1
9.1.0, AlignX alignment program (Clustal W algoritchm)
(Invitrogen INFORMAX, http://www.invitrogen.com). The

default parameters are preferably used.

Praeferably, 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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5 of hybridizing selectively with the polynucleotide whose Sequence is
between position 1538 and position 2923 of SEQ ID No. 1. Preferably,
the selective hybridization is carried out under medium stringency
conditions, and preferably under high stringency 10 conditions. T(?
e@%zrgggi{)%o%sgegq%ence capable of"hy]o?idi"zing selectivgﬁ/wi??%?eor? egc? ok
mean, according o the jnvention, seqyences which tpbridize with the,
réference 15 seque%ce at a level significantly g?eater than the

bRRkGFOtEERGISE S FhE 1678 DI SitaT §eRefat¥d By the interaction
between the sequence capable of hybridizing selectively and the
referencesaquenees, iss geraradly 19 tiwsp@@%@@bé&@ &i@éescﬁiﬁiﬁle
intense 20 than that of the.interaction of th cﬁher NA se ences 3
goeﬁerglt?%bgrt%geibzalc ronngo:lL %(c)eltsle\f%' A st&?’r? tent ﬁy Srid gf%n con iﬁgﬁs c

WHIEH &llow SEfREiFe hSbritfiz&fcitarB et mto-thos&skilgaSn the™
akte 33 genéral Sthe hylpidi2étion dnd washihg:2Biemperatare is &t tedstve

S0E-belov:the Be of thecepference sequenca st a givenpH and forRency
guvarsiopic, strength, fypigally; the gypridization.tempeature 15 At |gast.,

30C for a polynucleotide of 15 to 50 nucleotides and af least 60C for a
poRjHtciestitie: of. 30 more than 50 nucleotides. By way of example, the
hybridization is carried out in the following buffer: 6X SSC, 50 mM
Trig-HCaxpHed.5) ch MM ERPT A5 -62% P¥P5100.82%4# Cally P02 BSA,

500:pg/ml denaiured salmen speqm DNA The washes are; for example,.
carried out 35 SUCCQSSIVG|¥ atrkllgw stringency in a 2X SSC buffer, 0.1%

SDST REmdhiunt L|”r§egnecnecy in a"ﬁ% cburfer, 6 1% §B% arrcladE at ﬁl%ﬁe
SHAEHESAN & D.1% SSEVBUffer 19146 SERSEERe hybAdZzatonca: of the
Couir$e;he:edrried ieut. actordihgte bthet ustal methods wethkmewndo by

WQ2007{0Q6933- 15 PCL/ER2006/001653 fhose skiled nsthe-art (segr
i %rrtllccylar Sambrgok

1zing selectively and the reference seguences is
generally 10 times, preferably 100 times, more intense
than that of thes interaction of the other DNA seguences
generating the background noise. The stringent
hybridization conditions which allow gelective
hybridization are well known to those sgkilled in the
art. In general, the  hybridization and washing
temperature 1s at least 5°C Dbelow the Tm of the
raference seguence at a given pHE and for a given ionic

strength. Typically, the hybridization temperature 1is

Ul
[}

at least 30°C for a polynucleotide of 15 to

h

nucleotides and at least 60°C for a polynucleotide o
more than 50 nucleotides. By way of example, the
hybridization ig carried out in the following buffer:
6X 58C, 50 mM Trig-HCI (pH 7.5), 1 wmM EDTA, 0.02% PVP,
0.02% Ficoll, 0.02% BSA, 500 ug/ml denatured salmon
gperm DNA. The washes are, for example, carried out
succeggively at low stringency 1in a 2X 88C buffer,
0.1% 808, at medium stringencey in a 0.3% S88C buffer,
0.1% SDS and at high stringency in a 0.1X 85C buffer,
0.1% 8DS. The hybridization can, of course, be carried

out according to other usual methods well known to
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et al., Molecular Cloning : A Laboratory Manual, 1989). Preferably, the
polynucleotides which hybridize 5 selectively to a reference polynucleotide
conserve the function of the reference sequence. In the present case,

Qﬁﬁ%'él%‘%%%tgdes which hybridize fglectlvely with tlggpﬂx HSEE Ujles 53
ion

ose seqguence is between position 1538 and posit 923 of

N%O%S”%%%lgé Rhytase aclivity. Breferably, ﬁ@%@&%‘i’@yc'egﬁ%%ok

encode a Debaryomyces castellii phytase The invention relates, in
denetal; to Y Soiyitel &dtRies Encoding e E%E}b@bt%%%%acjcm&ﬁé -

15 the invention. Because of the degeneracy of the genetic code, various
pohgiucientides cancercodetiie same=pelypeptide..Anieiher subject afithe

presentinvention is a, 2Q. pelynucleotide whose sequence s represental.
inSEQ ID No. 1. The poly n#cleotlde of SEQ ID No. 1com|g)r(|ses

seduehtag flahking the oﬁ% Fegting frime u(fﬁﬁﬁ) of the San}?omyces
castlli phiasegenasThepateas partictlar théprofeer &5d esthiiifator
sefitiencesof 2bdhigrgerie=dhis genecande expressed using itdbetween

qlogoys egulatony sequenaes, inpaicular fqf, Overexpressionin. ge
eb omgces Castellu arin %thejg% %%t 30 IQ another einbodlq‘éoq:t tCEJIS
0S as bat

gené ¢ Fessed ih various &ganlsms “such ctena
y@&%&dﬁné FEI REFPERERPIE T HeEderd SRtBamdtthe phytase of SEQ
ID No. 2 can be expressed in a host organism under the control of the

premoter of REQ 1DNo. 1.ofithe-35 present invegg’g'gggrgrlunderatla,e contrpl
of al heterfl%qous promoter, WOZO&?/OOG%S 16 /FR200§£0016§%

aCCOY
ssion cassettes KCCO In tO one \0,8 rﬁent fsthe |nvent|on

p%%d&g&ﬁ&é@mo&ﬁg%Uﬁayﬁéptra“eeaé&ﬁam’g%%e% m@ntﬁﬁﬂ@tw
inseited inteairexpressidnwassette U8y can encode the same

polypeptide.

Another subject of the present invention is a
poiynucleotide whose seguence is represented in S8EQ ID
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 terminator seguences of
this gene. Thig gesne can be expressed using its
homologous  regulatory sequences, 1in  particular for
overexpression 1in Debaryomyces castelllil or in other

yveast.

In another embodiment, this gene can be expressed in
varicus host organisms, such as bacteria, yeasts and
fungi, for example. The gene encoding the phytase of
SEQ ID No. 2 can be sxpressed in a host organism under
the control of the promoter of SEQ ID No., 1 of the
present invention or under rhe control of a

heterologous promoter.
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cloning techniques well known to those skilled in the art. This expression
cassette comprises the elements required for the transcription and for the
translation of the sequences encoding the polypeptides according to 10

tquigyg%igglg Advantageously, this expression cassefig-CARPHISEFR
ele

ments for making a host cell produce a polypeptide and elements
rg%ggg for the regulation of this 15 expression. These expression
cassettes comprise, n the direction of transcription: - a promoter that is
functional in a host organism; 20 - a polynucleotide according to the
ifveTtiohisnd ta te@RinatorTegdentdtin thefsanié hostidrganisritany 2
type of promotarizequencd Lan be ysellipdhe iekpression¢assettes the
ageoLdingn the invention. the .23 Cgeicg)e%m% promoterwill depeng:ing
particular on th(?1 host arganis ciil&sct)e‘pnfortto es xgge@ssisq{nj. gtlthg g,ennetoﬁ‘e
ifteTEst Tertain promoters alflow a constittifive expression, whereas other
prooteFS hfe, BHRRE SEGMFanFaEFGBR. ARGRY YRS PromtiGterd YRAERES
I:=functienaliin fungiesmentios wvill i particatad bé smadehof thatragflacion
Aspergilus nidiens glyceraldehyde-3= phesphatedenyddrogenase ng to
(Egbeytg %tn%lﬁc%urrent Genet. 15:177-180, 1989). Among the promoters
thatare Yanctional in bacteria, mention will in particular be 35 made of
that of the T7 bacteriophage RNA polymerase (Studier et al., Methods in
enzyaclegy 185160-8911996)rAmengthe promhotars tatareifemetidralh
in 1 yeast: mention wilkinpartcularhe made obthadtofdhe Gallgena -t ide
(Ellgdae eLal, prot %%%@Eégdsc'%%%e&NM@ZO%Q%%%N of  this
F?CT/FRZQO6 001653 USA. 88:1731-1735, 1991) or the GAL4 and ADH
ProRTotérst G S.cerevisiae. All these promoters are described in the
literature and are well known to those skilled in the art.

These expression cassettes comprise, in the direction
of transcription:

- a promoter that is functional in a host organism;

- a polynucleotide according to the invention; and

- a terminator sequence in the gsame host organism.

Any type of promoter seqguence c¢an 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. Amcng the promcters that are

functicnal in fungi, mention will in particular be made
of that of Aspergillus nidulans glyceraldehyde-3-
phogphate dehydrogenase (Roberts et al., Current Genet.
15:177-180, 1989). Among the promoters that are
functicnal in bacteria, mention will in particular be
made of that of the T7 bactericphage RNA polymerase
{(studier et al., Methods in enzymology 185:60-89,
1990} . Among the promoters that are functicnal in
veast, mention will in particular be made of that of

the Gall gene (Elledge et al., Proc Natl Acad Sciences,
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5 For expression in Penicillium funiculosum, expression cassettes
comprising an H4.B histone promoter, an aspartyl acid protease promoter
or a cs113 promoter (WO 00/68401) will, for example, be chosen. 10 For

expres [ Gnoipgg}e yeast Pichia pastoris, expression CE%§§§?§@épgg§igp3
.F., w, G.,

the methanckinducible AOX1 prdm%?er”(Tschopp,J verlow,

Kpsson,R,,, Craig, W and Gripna, .. (1987)High-lexal seazetion.gf 15,
g ycosyl%%e& invertase'ih thé methylotrophic yeast, Pichia pastoris. _
BibteShiGi66Y 55 1305-1308) bFiR® skong Constiutire G AProntster =
(Weterhans 1 RireDigad, M2, Feuts, Pdowairs S. \LrgrECregyl Jad. in
(1997)Isolation of the Pichia pastoris glyceraldehyde 20 3-phosphate
dehydrogenase gene and regulation and use of its promoter. Gene 186,
37-44) will, for example, be chosen. For expression in )
Stéhiz0SEEUTBMYes POMBE SPreddioR 75 RaSERt RS EbmpHSHS e °
Nrat segakator pronsotée repressed GiAthRaminesamdactiveiedai e a0
absenceof thiaminedMaundsell, Kn(32989) Nrait offissien yeastr Axhbighly
r g@fggmcmﬁ@te'&r@p@mw thiaming.d,Biol. Chem. 265,

1085 64) will, for 30 example, be chosen. The expression cassettes
according to the invention can also include any other sequence required

faethes BRE RSSO of thetpsly péptite st the BBolritcl e SHEES SHeh™
as; fareexarsple, regulatarynglements or signal:seguencésdoibthe A0X1
S_S%?&%Qf ther th/cpfﬁﬁde% pfczquce@yla?fmhost@rgaﬂiﬁ?gswf R.,
regulatory sequence that makes it 0 increase, the level 0

ot mupe e U s W R

PCTAR20061001653Vints B exprassidif ca8Sdtiyy cait P particulare -
usedh iAccardingtol the ikéntienhitds wpparticularl 205-1308)  oxr  the

strong constitutive GAP  promotsar {(Waterham, H.R.,
Digan, M.E., Xoutz, P?.J., Lair, $.V. and Cregg, J.M.
{1987) Isolation of the Pichia pastoris glyceraldshyds-
3-phosphate dehydrogenase gene and regulation and use
of its promoter. Gene 186, 37-44}) will,'for example, be

chogen.

For expression in Schizosacchromyces pombe, expression
cassettes comprising the Nmtl regulator promoter
repressed by thiamine and activated in the absence of
thiamine (Maundrell, XK., (2198%) Nmtl of fission veast.
A highly transcribed gene completely repressed Dby
thiamine. J. Bicl. Chem. 265, 10857-10864) will, fox

example, be chosen.

The expression cassettes according to the invention can
also include any other seguence reguired for the
expression of the polypeptides or of the
polynucieotides, such as, for example, regulatory
elements or signal seguences for the secreticon of the

polypeptides produced by the host organism. Any

regulatory sequence that makes it possible to increase

the level of expression of the coding seguence inserted
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possible to use, in combination with the promoter regulatory sequence,
other regulatory sequences, which 5 are located between the promoter
and the coding sequence, such as transcription activators (enhancers).
In addition, the expression cassettes according to the present invention
SERPEMETUA8 Hiy other sequence 10 rEjuired for the sé’c&%ﬁ%ﬁ%ﬁ%olss 3
polypeptides produced by the host organism, such as si qal sequences,
For-Sedrdtiofi By itk aﬁ%ﬁf,etﬁg@a-f:a%?orlé-écﬁjaejh%%c%aﬁ “for example,
Becgsadi asBecitetion Highal 15 Al variehy of tePmiriator setjliehicesas
canshe bsed indhewexpression cassettes atearding t.the inventioonoter

these sequences.allow transcriptiop termipation 2pd JORNA ces, which
po?aden%latlon. Ang tgrmlgatortslgguence %p&té% fug%tl naFL nethecodin
Salccted RGEE Siganidiy Lanbe (€8d. 287 expression in Penicillitm — °
fEFBURTSEM, SiTBssiBNn tEassEties orRprisiAg arftam histoRencers) -
terminator, an aspartyl acid protease terminator or a cs113 terminator

(WO 00458401 will, for example, berchosen<25 Asubieetofithg present.
|nvent|org:|s also a @olgnucleotlde comerlﬁlng an expression cassette
regen nvaencion - C anclugie an orner )=

= 2 i8] uence
a%cor Ing to %he iInvention; a(f\tlantageous¥ the e>¥pre55|qn cassettes

deeardingdo fE présent ifeRtioN"30 aré HseRRtM AP vaTiorPyatiors
Tie présentinventionotiseiefore asahelates tol mplicatiomoEsxEessidrr
vectorsdorthe 35 transigrnatipn of 8:host organism -campgsing:atleast
one polynycleade L one. xplession cagaglie asgoirligg fp 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
\H02607/606953 =19 -FCTAR2006/0016531¢assete actordingtdafe in

inventienjs-nserted. Thescettes according to the invention;
these seguences allow transcription termination and
mRNA polvadenylation. Any terminatoer seguence that is

functional in the selected host organism can be used.

For expression in Penicillium funiculosum, expression
cassettes comprising an H4.B histone terminator, an
aspartyl acid protease terminator or a csll3 terminator
(WO 00/68401) will, for example, be chogen.

A subject o©of the present invention is &also a
polynucleoctide. comprising an expression cassette
according to the invention; advantageously the
expression cassettes according to the pregent invention

are inserted inteo a vector.

Vectors

The pressnt invention  therefore also relates to
replication or expression vectors for the
transformation of a host organism, comprising at least
one polynucleotide or cone 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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techniques 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 general, any vector capable of maintaining itself, of

%%fz%o)lﬁot%gbgr of propagating in a}LQogt cell, and irbgg.r}m%gy%q%go
in b

uce the expression of a polynucleotide or of a polypeptide, can be

used. Those g&ﬁbelddmge art will.choese the approptate yectors 40 iny, .

particular according to the host organism to be transformed and

aToRTing 16 The Hansforiation” tectrfque USEF THE V&&tors ofthe  =°F
prasenttinventiorcarevinysartietlas <l 5odsedlfor tarsiotimy d hbst these
arganisa: With-a view tokreplicatien ehthezvectdriardior to expression ofa

Rolypsptide according to the inyention in the Agst: grganism.20.Ihe ¢
invention also rélates to a method for preparing a polypeptide a ﬁordlngd
t5 e Tﬁ\?&&foﬁé%ﬁ%r%ﬁg{%ﬁepﬁﬂg\?\(ﬁg steps™a ﬁogiog’rbaﬁiesm s &

tihsforaicoWitRAan Bxpression  Fectorcomprising arf xpressititicaisette
accdiding teo25 dhe wention and/bypathra pelynueleotide aceatdinfitose

the jnvention, - the-palypepfides prodiced by the;host.organism ate:tox g
isojated. Host organisms. 30 A sublect ofthe present invenfionjs 0 a,.
méthoc?fcor transforming a oé—ltgorganisrh by integration mito said host,
Jr§amishP e afleastthe pbliyRtErestide oot an t%%res%ﬁ?@mtépﬁf
a-vecdtor goeordirg to the 35 invention. The polynucleotide can be
integrated into the genome of the host organism or can stably replicate in

¢ %%‘O%teg%ar”s'ﬁr%fm‘?}%“%@%%%ﬁ ”f%’i‘ééor{g‘i'g%t%%é‘% Organisms aLs
well known o those sKi ed’in the “art and widely described in'the "

|M§%ﬁ”§pr transforming a host organism with a view to
replication of the vector and/or to expression of a
polvypeptide according to the invention in the host

organism,

The invention algo relates toc a method for preparing a
polypeptide according to the invention, comprising the
following steps:

-~ & host organism isg 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 subiect of the present invention is alsc a method for
transforming a host organism by integration into said
host organism of at lesast one polynuclectide or of an
expression cassette or of a vector according 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 organismsz are well known to those gkilled in the

art and widely described In the literature.
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W02007/006953 - 20 - PCT/FR2006/001653 The present invention also
relates to a host organism transformed with a polynucleotide, an
expression cassette or a vector according to the invention. 5 The term

98%8;%%2%%36 intended to mean_in particular, accﬁ)o(‘r,giﬁqé(&a}g%ﬂl 653

inventio ower or higher, sin‘gl%pce'il or pluricellular organism, in
particular chosen from bacteria, yeasts, fungi and 10 plants. The term
"host organism" is intended to mean a non-human organism.

- ARankigeotRly, Hyyeistsaré cRdseh EmTictia pastinis; organism

Sacthafomyeds cerévisiaeaY arrowiantslipohiida, Schwanniorycess ion

oggidlentalis and Schizossecharamycespembend herfuagi-atenchosen
from Aspergillus and Penicilliums, preferably from Penicillium
funiculosum, Trichoderma reesei, Aspergillus niger, Aspergillus awamori,

ASRrgiliGs 30 keRvadhii SHPTRCRBHerm koring idhe Smbolfifignt, =
tive hostoiganisne issastaieof Penieifumt fusiehiosum inWhickpger or
phytaseraccosdingite the 1invention is expresseth: i anothegemhodiment;

the bost. organism, i5.a,strap. of Depapyamyces cagtelli in which,2s a ang
p i/tase accordln?ﬁto the, mvegmon is expressed or chergx%regsed. In a N
Jreferiet emBodinTant of 178 InvaIion" the hdst orgaRianT i & Straim-of
Pichiahpastorisise6fSehizosaccharomyces pombe in which a phytase
according to the invention is expressed. The 30 plants are, for example,

chesen frpm Lice1(Pryza 5ativa, dg ) 1gbagg, soyhean.andwheat. picnia
According fo the présent inventon, the host organism, Is transfomed with
thé pofynu%[eotlde ERGsen front the 35 following polynucleotides: a)the

pORRRICIEGtR whose SEGUEACE RM&deen postisi A%3BRand positioA™
2928.icf SEQID:Nontr-b¥a polyhaclediide efvoding apolypeptde chosen
M ergiiius and Penicilliums, preferably from
Penicillium funiculosum, Trichoderma resgel,
Aspergillus niger, Aspergillus awamori, Aspergillus
kawachii and 7Trichoderma koningii. In one embodiment,
the host organism ig 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 1is expressed or
overexpressed. In =& preferred embodiment of the
invention, the host organism is a strain of Pichia
pasteoris or of Schizosaccharomyces _pbmbe in which =a
phytase according to the invention is expressed. The
pilants are, for example, chosen from rice (Oryza sativa

1.}, tobacco, soybsan and wheat.

Accerding to the present invention, the host organism
is transformed with the polynuclectide chosen from the
following polynucleotides: .

a)the polynuclectide whose seguence is between position
1538 and pogition 2922 of SEQ ID No. 1,

b} a polynucleotide enceding a polypeptide chosen from

the following polyvpeptides:
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the following polypeptides: W02007/006953 - 21 - PCT/FR2006/001653
the polypeptide of SEQ ID No. 2, a fragment of the polypeptide of SEQ ID
No. 2, having phytase activity, a polypeptide having phytase activity and 5

%ﬂgiﬁhﬂ,go% lsast 90% identity with % polypeptide o;él;QR% NO-031653

Although it may be that the host organism in the wild- type state has the

polynuc_leotidetggfiBg@@@gﬁg@ig@ 16 presentinyention relates to the
transformed host organism. Acco ding}%ﬁ one em%odinl,:ent of the present
i r e

invention, the hiost BFGRRISMTS tl%ﬁ%f ed ﬁ/ﬁﬁla hotyniicicotide of the
invention for tHe pufpoSe Bt X prESSIAG the* pelypeptide of the present
invention. 15 Accersling trandather embiadimerit of he: inventioni the host

organism is tragsformedwith a-polypycleotigesof ihe invengionforithe ;.
purpose of overexpressing the p%%%s%)d%of thf invention. 20 The
S, for

techniques fopgoﬁﬁ?lﬁjc‘%geveoc or rangfbrming host organisms and

for expressing heterologous proteins in these organisms are widely
delscribediin the liteyatbire (AusubehE.Mcetal.orX'Gurient Protocots imi 1d-
MolecularBialogy: yolumes 1and 25 2-Gregne Bublishing Assedates e

and \éVélgg-lnterscelg Jc;ce)b 1989; T Manlag%, E.E.Fritsch J.Sg&b@gk, host

I\%I%cular ch)%‘i’ng Lafborra%r?/tﬁfndbook, ES&Z).%&O‘I&WGS and’
arimarfedts 36 ThePredent InveRfonFEG TR to Uetdry adativEE®
providinigi aphytase activity. The pravision 6fthis tgpe obenggmaticth 2
aciivipy makesdit gessihie teimprave, dhe digestiility efiibe feedrandeto os
enhance Jts, 35 E‘HE”“%%%'Q@%% If1e tenm “nulritignal additiver, I intended
to mean a stbstance’inten |onaljfy added to a feed, generally in

According to another emPbodiment of thé i1nvehtion, the
host organism is transformed with a polynucleotide of
the invention for the purpose of overexpressing the

polvpeptide of the invention.

The technigues for congiructing vectors, for
transforming host organismng and for expressing
haterologous proteins 1in these organisms are widely
described in the literature {(Ausubel F.M. et al.,
“Current Protocols in Molecular Biclegy” Volumes 1 and
2, QGreene Publishing Associates and Wiley-Interscience,
198%; T.Maniatis, E.F.Fritsch, J.Sambrock, Mcolecular
Cloning A Laboratory Handbook, 1982).

Dietary additives and animal feeds

The present invention also relates to dietary additives
providing a phytase activity. The provision of this
cype of enzymatic activity makes it poessible teo improve
the digestibility of the feed and to enhance its

nutritional valus.

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

small amcunts, so as to improve i1ts nutritional
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small amounts, so as to improve its nutritional W02007/006953 - 22 -
PCT/FR2006/001653 characteristics or its digestibility. The nutritional
additives for animals can, for example, contain vitamins, mineral salts,
AN, acigs.and enzymes. 5 Typically, the nutrtional adgidves for gnimals
comprise a polypeptide according to“the invention, a host organism
according to the inyention ar.a culture supernatant/fermentation must of
oSt bFAHIm™ aCearding t6 e inverion: THUS. the polyneptides 10° -
ARG & PR tasé ActivityaBédiding 6 The invehtion=CaRbEpurifiedora =
isolatedifrem anstrairrof Rébaryomyces castellii arffomrarecembinant
host organism, for the manufacture of a nutritional additive for animals.
Altgroaively, a stiaig of Rebatyamyces 15.6aplelll, 8 Nostorgalism, o
pr 8u0|ng phytases according to the invention can be used directly for the
migAifatfite 6f aIATBRAR AGditReTor anitdald.dn & Freferedt+°2: &
eniscdimeatofitie invattioh;the talturéssupersatahedr fermentaticirure
rauginfanstiain of2thDebaryomyces.castelliber of:a hastetganismyanism
accarding .10 the inveqtion i used for,the manufacture.of puiritional ; 5.

additives for animals. This embqdiment is Qa_r,tlcula_rly a%%nta eous

Wi e phytRS 1€ E8crafed Tt the sxiracatiufar heditnT by the=" &+
Detsarycriyces 26 Edstellii stkain 6Etheiést orgaifism. Bsuaflyithis:  of
colbee-sdperpatantds eoatentrateskor Ifephilized forethenmanafacturecaft

the putritional additive. Thus, the ipvention:algo telates to.amethad for 30

preparin ipﬁ ase, comprising the following steps: a) culturing a strain of
. E* ag_mgis t%é?[tgrg.iarlﬁ&vel rg og Beg %otrgyiﬁgs

ebaryomyces castellii or a oSt o?’ganf—’ér;n franstorme accor
ifAetioh! indePEonditiondfeF indBERSI 6Fthe eXpressiondf theph{ase,
3bch)separgting théreulivressupernatant compusing ther phytasefor the

manufacture of a nutritional additive for animals. In a

prefsrred smbodiment o©f the invention, the cultur

=
=

I
I

9]

supernatant or fermentation must of a strain
Debaryomyces castellii or of a host organism according
to the invention is used for the manufacture of
nutritional additives for animals. This embodiment is
particularly advantageous when the phytase is secreted
into the extracellular mediuvm by the Debaryomyces
castellii strain or the host organism. Usually, this
culture supernatant i1s concentrated or lyophilized for

the manufacture of the nutritional additive.

I+
Q
L]

Thus, the invention also relates to a method
preparing phytase, comprising the feollowing steps:

a) culturing a strain of Debaryvomyces castellii or a
host organisn transformed according to the invention,
under conditions for induction of the expression of the
phyvtase,

b) separating the culture supernatant comprising the

phytase.

This culture supernatant or fermentation must can then

be concentrated or lyophilized for the formulation cf a
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This culture supernatant or fermentation must can then be concentrated
or lyophilized for the formulation of a W02007/006953 - 23 - _
PCT/FR2006/001653 dietary additive or of an animal feed. The method

can comgrise additional steps consisting of purification, of thzeogg tas

ytase
SRR Sl?ﬁrSeBSUpernatant. 5 If the’ Host organism does AerSScete tha®

phytase into the culture medium, an additional_step consisting in
AT B CARE MG riFiTig f16 Al EXnet Ay be Recdiars 4o
THERGtHIDnACaddit e of HeprosERPMVERTON COMpHSe at fE3lst Bhe 0%
pliytasenaceardintytarthehénveritiony but car atso:eomprise other nutritional

substances such as vitamins, amino acids or mineral salts. 15 The

itives according to the inventign increase the_digestibility of the feeds
e B T B W ooE oy
orFEeréals tivheat™Barey maize, dats. ry@Téte.) S8R0 TiFsikFletdidg 12
cakesysoybearhsunfidwer, zapeseed; fettgintiarticdar. Tretpresentray
invention-alsgrelates to the animal feeds comprising a nutritional base
and a nutritional 25 additive according to the invention. These feeds are
usually in the form of meals or of granules into which the additives

ARBrdimig 16 Hid fREntich are™ coTpoftted F36 A BaBREELf tHe Breseht™
inventioisis alsoranimakfdedsosempising agsolygeptivedaccording to thes
inveRtioN s hosbarganism acqarding-te-dbe isventiomera fermentaten
mugl/culture supgtnatant of g host, qrganism accordingH(o the inyention ;

35 The term "feed" is intended to mean anything which can be used to

f&&d ahimals.

The additives according toc the invention increase the
digestibility of the feeds, thus contributing to
chtaining increased nutritional wvalue from diets based
on cereals (wheat, barley, malze, oats, rye, etc.} and
on oil-yielding cakes (sovbean, sunflower, rapeseed,

etc.), in particular.

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

incorporated.

A gubiect of the present invention is also animal feeds
comprising a polypeptide according to the invention, a
host organism according to the i1nvention or a
fermentation must/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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WO02007/006953 - 24 - PCT/FR2006/001653 In one embodiment of the
invention, the nutritional additives and the animal feeds according to the
invention comprise a combination of at least two phytases having

GADRleMmeftapy, activities. These 5 a%i_itiyes and thesg deeds,tWis/ 501653
|

comprise at least one phytase according to the invention combined with

?rfllp_th&ﬁ%hyé@@%&%ﬂ@yt%%ie cgﬂ@inm&gﬁf@#hy%% %ceppjf_rgrpgctgal
e invention can, for example, be chosen from the es of the

fSﬁi&ﬁﬁ]g‘fGrsganf‘s s: 1fbh§chﬁé—‘ﬁrﬁ%r?1yc%§ 5%der?t%ﬁ§¥ gﬁgrgilﬁjes the
AWaIROE (PhytasE Rrand phiitaseB) Bapetdgifus Riger Fphytagé & antve
phyase 8), Penigilium funicutasuemdAspergillus aaryzae tReniophotiznlysi,

- Aspergillusdicuum, Aspergillusidulans, Talasgmyces thermophilus, e

Aspergillus fumigatus and Aspergillus terreus. Advantageously, the _ .
p}%gfé'sgéa %ccdar%ﬁ%grt%it%% pr%é%nt% #ﬁﬁ\a/entll(%qﬁr ﬁ?&rb?rée.s %?H%%EP{) 'osp‘ﬁ%f:eh
FOOPEOY pRYHE Td. 1TSS BISrERTE iFFaEMCHREF b idedOIMBrove 26
or suppigmentthetdetivityrokphytases arhichfda net<dydialyséevall tepsen
pmﬁﬁt)hatgzgéou%@h%%tg%blg; mA@ pmﬁl@se aggqrﬁﬁmi@theﬁ@ffmsms :
invention is combined with t rgillus niger a ah, A, ,
%@?&ﬁﬁﬁ%ﬂgﬁan lecleoage(%%%?f% gene %?Sodﬁlgé 8?%é%spe%uﬁspom
ficelitT AR Perfibpharadyair produced "ARSHitat iy e BibtHemRal >
antiBigphysical Resear8k:Gommiioations 303 1463@68)praptigal lus
phyjase of a strairy ebRepigilliunt fuicylosunrE¥Er-93/064499, WiQuum,

99L27323) B0Preferably, the additives,and the feeds comprise 4, phyiase

according to the present invention combined with an Aspergillus niger
ohEASE OF AP BT FaRiGUISsaRipHyTase. 35 F6F ilﬁ%)élﬁs‘ive rearing of
animals, the animal feeds

Advantageously, the phytase according to the present

invention hydrolyses all the phosphate groups of phytic
acid. It can therefore in particular be used to improve
or supplement the activity of phytases which do not
hydrolyse all the phosphate groups. Preferably, the
phytase according to the present invention is combined
with the Aspergillus niger phytase (Ullah, A.H.J. and
Sethumadhavan, X., (2003) PhyvA gene product of
Aspergillus ficuum and Peniophora Iycii produces
diggimilar phytases. Biocchemlical and Biophyeical
Regearch Communications 303: 463-468) or with a phytase
of a strain of Penicillium funiculogsum (WO 03/054188,

WO 88/57325) .

Preferably, the additives and the feeds comprise a

phytase according to the present invention couwbined

- with an Asgpergillus niger phytase or a Penicillium

funiculosum phyvtase.

For intensive rearing of animalg, the animal feeds
usually comprise & nutritional base and nutritional

additives.
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usually comprise a nutritional base and nutritional additives.
W02007/006953 - 25 - PCT/FR2006/001653 The term "nutritional base"
is intended to mean that which constitutes most of the feed intake of the
animal, consisting, by way of example, of a mixture of_ cer, of protei
ang of ?a(t%oc?fg gr?imal and/or plant 5 %ﬁgi’n. The nutritigr%ggl/ggggg 6{6% piges
apimals are suitable for.the dief of these animals and are well known o,
those skifled in fﬁe art. Usually, these nutritionglebases_ 10 comprise, for
Sxanile, ARAAS WHERS peliiid sGibedn = ThESE Autritioridif bases arh®
suitabkelfor tirerneeds of thevariews afingaispecies fofwhichitlieyage of
intendeds Thesegudritional basescan-alieadyrcontaimenutatianal: plant
additives such as vitamins, mineral salts and amino 15 acids. in a

oF AT . . . .
prefég?red embodiment, the invention relates to feeds for monogastric
animals, and in particular for poultry and pigs. The poultry comprise in
pairtcutart20 taying hehs,schckerrs fern et stukey's dnttdicks. The pigs
comprise i pariciiar growingand finishing pige1andalsoqpiglets. those
Descriptign efthe figures. 25 Hgyre 1. Activity of the D. castellii phylase o
as a function of pH %pH 3 to0 3.5, 200 mME%){ane buffer; pH C}3.5 to 7, 200
i Eahf acetate BORER FH 716775, 206 M 1isSHT1 Biitren 7 TRe™"
VvaFieas valiesiobtamrd d30pH 8B with 2idiférent BiffdrsshafaRe ©f
effiest obthe-natureioidhe bouffet on the:phytaseactivity. Bigure 2 &cfividy
ofthe D. castelli phytase as. a function of demperatyre, ;Fhe-activitysisy a1
measured. at pH 354, at 37th0{er .ZQSmin%EegéxFé%ures%lggatgggatgl[n%ir?g
o??he; E)l.%“asételﬁ}lcp ytg“sse. fheExtract is prelncubateda at'various

aCcClas.

Iin a preferred embodiment, the invention relates to
feeds for monogastric animals, and in particular for
poultry and pigs. The poultry comprise in particular
laying hens, chickens for meat, turkeys and ducks. The
pigs comprise in particular growing and finishing pigs

and algso piglets.

Description of the figures

Figure 1: Activity  of the D. castellii phytase as =a
function of pE {(pHE 3 to 2.3, 200 mM glycine buffer; pH
3.5 to 7, 200 wmM sodium acetate buffer; pH 7 to 7.5,
200 mM trig-HC1 buffer). The various wvalues obtained at
pH 3.5 with 2 different buffers show 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. castellil
phytase. The extract isg preincubated at variocus

temperatures for 1, 10, 20, 40, €0 and 120 minutes
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temperatures for 1, 10, 20, 40, 60 and 120 minutes W02007/006953 - 26 -
PCT/FR2006/001653 either in water (solid lines) or in a 125 mM acetate
buffer, pH 4 (dotted lines). The activity is then measured at 37C for 20
min, 5 Figure 4: Study of the pH-stability and temperature-_stability.. Th
p‘ﬁ%ggé] gac%?@?’of D. castellii is measuréd after treatrﬁgﬁ{ Fo]?%ﬁéé xq-rgéicgt%’t
various pHs_for 1 hour at twaq peratures (40C or 60C). The, activity is
eeadined AP 1D Fgie s SLRER of B i o e L cananaEs
casfelirphytase. Rigure®: Bvdlutio6fthe yiEltRin &this'ff 15 1S then
recambinaht phytaseC(circle s) @ndiof.biomass (squares) as a function of
the growth rate during the cultures in fed-batch (A) and continuous (B)

de. Figure 7..Monitoring of the appear of the various. 20 inositol_ _
%ggﬁaeteéby %ﬁ%y at(c)%?apbh}lyeafggp cl e?n%g%ﬁgdrgﬁéis%ﬁgpee%%%%ﬁ:
h§EreNLis Of InsBBDy e B2 CastéifiFphiyta¥e dfer 75, 75 aA8 2 rhin 16¢
hydealysisd25 Figure 8r Asseaibly afd comparison of thet spectrecokthets
hydrolytic fragtions €ontaining daghl: SRz 4nskP3; and WsP4.0Fe . The
aggmq;%eyaslség%g%§%@ in.italics,, In order to complete this

comparison, in the chemical shift scale, the spectrum of InsPS obtained
by 30 difference at the beginning of kinetics is also represented. The
phifNessidivlsSatesthose 6f IREPS 1 andrHectwovisgativeisignals the D.
couespond foghetnitial. InsP6. These spectra, characteristic of the
various inositol phosphates, make it possible to follow the 35 appearance
a}_gd the disaé:)pearEanc og the vario#s %lijoducts_jn %}e caurse of the -
vE 1 tiCS.vlelglil,ll‘é“@IZle%V kinetics foltowed at 500 MHZ and at °~
17€° A BSBIUIRYGEE Y miMI0TIA$P6, FOAMPEF dcktarss  (squares)

as a function ¢of ths growth rate during the cultures in

fed-batch (A) and continuous (B) mode.

Figure 7: Monitoring of the appearance of the various
inositol phosphates by chromatography after chemical
hydrelysis and enzymatic hydrelysis of InsPg by the D.
castellii phytase after 15, 75  and 120 min. of

hydreolysis.

Figure 8: Assembly and comparison of the spectra of the
4 hydrolytic fracticons containing InsPl, InsP2, InsP3
cand InsP4. The alternative assignations are in italics.
In order to complete this comparison, in the chemical
shift scale, the spectrum of IngP® obtained by
difference at the Dbeginning of kinetics is also
reprasented. The positive signals are those of IngP3
and the two negative signals correspond to the initial
InsP6. These spectra, characteristic of the various
inositol phogphates, make it posesible to follow the
appearance and the digappearance o©of the various

products in the course of the hydrolysis kinetics.

Figure 9: Slow kinetics followed at 300 MHz and at 17°C
with a solution of 1.7 mM of InsP&, 10 mM of acetate
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W02007/006953 - 27 - PCT/FR2006/001653 buffer, pH 4.0 (500 pl
H20/D20, 16/84 v/v) and 1 pl of the enzyme solution. The time period
between two spectra is 23 minutes. After an overnight period, 20 pl of

enzyme were added in order to accelerate the 5 reactiqn. Aft
hvg/%%lgﬁ;ggé %%%{%?5&%6/9!35.@%3

is (9:563mplete and the sﬁec%?um” characteristic ot Inositol is

btaiped (top.spectrum). These kinetics cleatl ow the successiv
P Ehrarod 1 1ebs. offrsba 4 o TeePa L bigue 10: Paier Meetil
rhaking FF0Sstole 8 ¥ fidw the cotfplete Fi§droRfsie BfInsPB (600 MHZY°
15762, B00apli D203 3r8 mieof InsR 6, spH &0, 57phofieizyrpe)r Aodpegtumt
was recerded every-3 mindgr 20 hi {400 spegtra) Afteg dJOhaursethe the
dralvsis s 12 Yiyaly copplets; Jhe.spegtfo platedcoisspond Lo ong
specfrum out o 1% 6;30 min between twbd spectra) Some characteristic

Sifals SReHrindtated FigarE T1SEd6Iutidh of thetoritentrsfiondgvers
hours 20sgfthemarious prbducts inkthestolrse oftheahydrolysiseThistie

araph makesit possible te detarming rat, which:time sheoptigdl 1nse3 .
concentration for each of the products is reached. Comment: The height
of the NMR _signal characteristic of each, of the com ourB S was u§%q ggw

15 eTaRRatd Ve VARGTONS I ETHEMIATIONRSTRE SIGRasUsed do Aot
dhmays rapresent tielsamesiumbér Smprston$ abdidiznotialifays haver!
thecsame multiplicty As-a result,dlie concentrations cafnotheyeomparesl

with. ane another. .30 Examples sExample.1: Praductjon, biochemicab o 1,

characterizatiorl nd st reospe%:ificit of the Del%%rgoml){c s castellii .

pﬁdy?é)ses%%cm ERIALS AND MET §%. Organisml‘\z & Strain used is
listect aptheyCénradl Brreal Vidor SSEHiRTRelBliRirE JEemPAICTAESTOT +©
fongi cultere] rum out of 10 (30 min betwesn two spectra).

Some characteristic signals are annotated.

Figure 11: Evolution of the concentrations over 5 hours
cof the wvarious productg in the course of the
hydrolysis. This graph makes it possible to determine
at which time the optimal concentration for each of the
products 1is zreached. Comment: The height of the NMR
gignal characteristic of each of the compcocunds was used
to  evaluate the variations in concentrations. The
signals uged do not always represent the same number of
protons and do not always have the same multiplicity.
As a result, the concentrations cannot be compared with

one another.

Examples

Example 1: Production, biochemical characterization and

sterecspecificity of the Debaryomyces castellii phytase

MATERIALS AND METEODS

1. Organism
The strain used ig listed at the Centraal bureau voor
Schimmeleculture [Central office for fungi cultuzre]

(belft) under the name Debaryomyces castellii URS 2923,
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(Delft) under the name Debaryomyces castellii CBS 2923.

W02007/006953 - 28 - PCT/FR2006/001653 2. Culture media and

conditions Synthetic medium for batch cultures (MSA-B): glucose (10

/1); sodjum tate C6H6024P6Nal2 (0.4 g/1) 5 Mln | salts:

gﬁﬁ} 75) (g 5;1) MNS04.H20 (7.55mg/1) KCI (0.5° G5 RiSOR IHEE

(0.5 g/1), CaC12.2H20 (0.1 g/1) Trace elements: H3BO4 (500 pg/1),

Cu304.5H20 (40 ug/l) KI 100 pg/1), Na2MoO4.2H20 (200 Ug/l),

ZhSGRTHEE 169460 )CT”-% 4816150 (200 pg/1). Vitamins:

pgntathenate Gae(R mg/1icthiamneElc(2 mg/dy, mypemoBitel (2 mgltxe

pyxi@loa_sm (B8)of2 ]9/ pigetinie acid (RRYA0, 5mg/L); pigtin (0.02
gSQ/thLectlc mﬁgﬁ%rp é%r CC(I%'[IHUP_HS c%tqgrss %A §) Co n)egsmon

MSATB medium, the vafious cd mponents are 1 times mos
c%%ehﬁaﬁadﬂ Cliturb§6 G Eriéhniéyer ﬁb/sk 20 %%]ﬁrs%iﬁ?@culture is
catriéd odt in the presence of YMPG (glucose 10 g/l, yeast extract 3 g/l

baciopeptangndngl, . malimxtract 3 @/L)y Mhe, cultures are carriedh qujn ) |

enmeyer.fl filled tq,1/ 0 r vo i jprese f
EﬂA B?%Eglu?rln%(&¥ fere Qg% ?«1%@ %ﬂ% wijth O!lizwl\ﬁ tg?tt?gte buff(?r%%rﬁeyvgrzéc

cEFAEd O8f IH ‘aer&tet? n’?éﬁ{gj)m DA% H)%ﬁr?g shaker (80 oscillations per
riinEde iaraplituge FoerhRaatstsC. Citure i aferienter-30 Therculturesl )

are cagried put inneb -Applikondermentermiitie Netherands)(1:5:1 of (e )

usefylyplyme) or:Braun, Biostat & fermentey (3 Jf@félsﬁ%‘jl vplume),; The
py Is, meas d with an Ingold probe. It is adjusted by a dlng 2M
i

I K OXIde or 1 M sulphuric acid. The 35 aeration is provided by

ifSU&ticT of ZiedimMvoldmie ofeRPEENIREOf caltdreye TmintEian)of :
filtratiere istéritizedfair. hEhe1dssbiveddxygen testialspréssyrecomponent s

are 10 times more concentrated.

Culture in an Erlenmeyer flask

The first preculture ig carried out in the presence of
YMPG (glucose 10 g/l, vyeast extract 3 g/l, bactopeptone
5 g/l, malt extract 23 g/l). The cultures are carried
out in Erlenmeyer flasks £illed to 1/10th of their
volume in the presence of MSA-3 medium buffered at pH
5.4 with 0.2 M tartrate buffer. They are carried cut in
aerated medium on a rocking shaker (80 cscillations per

minute, amplitude 7 cm), at 28°C.

Culture in a fermenter

The cultures are carried out in an Applikon fermenter
(The Netherlandg) (1.5 1 of ugeful wvolume) or Braun
Biostat E fermenter (3 1 of useful wvolume). The pH is
measursed with an Ingold procbe. It is adiusted by adding
2 M sodium hydroxide or 1 M egulphuric acid. The
aeration iz provided by insufflation of 2 v.v.m {(volume
of air. (volume of culture) ™. (minute}*} of filtration-
gterilized ailr. The dissolved oxygen partial pressgurs
ig meagured using an Ingold polarocgraphic probe. It isg

maintained at a wvalue of greater than 30% by variation
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iIs measured using an Ingold polarographic probe. It is maintained at a
value of greater than 30% by variation W02007/006953 - 29 -
PCT/FR2006/001653 of the shaking speed. The temperature is _
maintained at 28C. The control and the acquisition of the data are carried
SRS B&fTg a Bioexpert acquisifich software (AppiREATS AHAI4EGr
the gases leaving the fermenter The CO2 concentratjon in the effluent

Jases I mEARIIEY uShigd BetkmanRHGSFalE70 fraféd Analyser. Fie
G2 “6oncEhmratioitisrmeashed Usingss BeeRahomdedtrialie0 A are

aratysesdthecdetectonof whichuisasdhe parar magnetic-susceptibiity-abn

nolecylar oxygen: Agsaying of carbon substrates in the course of the
culture 15 The substrates and the metabolites present in the culture

medium (glucose, acetate, ethanol) are separated and quantified by High
Petforhfarfcertiqhitr CirdRfatdgrapHyS(HPISC 68§ ierEFd (Waters) ion
eXchusian coliimerthe mabileiphasess SffM:phospleres=20 acide threiHevy
ré@i&fgWQiC@eiéklnEW”ﬂHdés‘iama@ @7&%9&'%%&%&%‘&&_&@(?%11@ ol
cgntlggg%:;:\l%( every two h%uarsua}:nddsterge% filtere @%Qtla||¥n(<§/llglﬁgaeal
022 Um tﬁﬁeﬁ using the E\pplelkon%\-é P fiﬁra ion module and the
Watdrs SAM BEGisiti andifiltafibR 25 fodiile: The Bafson StbstRAEE -
aregietedtedbys refracionidtry (Waters14:k0) 1 Fhecassembly is controlled
by the Waters 600 E control system. The chromatograms are analysed

“ﬁé%%g}%%"”'%’.%iunéa%?fatéé’l?‘fes@%%t@ﬁ)t 30 Stapdarg r a”@&ér‘%%re Prepared
for eaCh stbstrate on a scale ranging from 1 to 50 g/I. 3. Puritication

Uitrafitiflion 35 The culture supernatant obtained after centrifugation
The substrates and the metabolites presgent in the

culture medlun {(gluccse, acetate, ethancl) are
gseparated and guantified by High Performance Liguid
Chromatography  (HPLC) using an FFJ (Waters) ion
exclusion column. The mcbile phase ig 3 mM phosphoric
acid, the flow rate of which is 1 wml/min. & sampls of
the culture medium 3is taken continucusly every two
hours and sterilely filtered tangentially (Millipore
0.22 um GV filter) using the Applikon A-SEP filtration
module and the Waters FAM acguisition and filtration
module. The carbon substrates are detected by
refractometry {Waters 410). The assembly is controlled
by the Waters 600 E control system. The chromatograms

are analysed using the Millenium software (Waters).

Standard ranges were prepared for each substrate on a

gcale ranging from 1 to 50 g/1.

3. Purification

Ultrafiltration

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

Filtron tangential flow ultrafiltration cagsatte
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is filtered through a membrane with a cut-off threshold of 0.22 pm
(Millipore) before being ultrafiltered on a Filtron tangential flow
ultrafiltration cassette W02007/006953 - 30 - PCT/FR2006/001653

(%Lérzf%%e/aregé?;6 cmz2), the exclusion threshold of Whiglh/isRlo ‘%D‘S‘bﬂ‘s%
cORa8RIrate € Washed 3 times (VIV} fith ultrapure water’Ahd 38R0 L

concentrated by 2. factor of 20, The extract obtained s usedforfhe 5
purlﬁcatlon. Hydrophobic chromatograp%y The protein separation 15

cifisd out Bit 20€ bR%® HiPtep TEMOPHERTFF edluiiRARersharh)imes
havifig) anw dfkinteinal=giameterzofl6 mmiand-atengtmottO@amed by a

(valume-2047l). Beforesinjection.qnte therpurificagion;gel, the samples are
e ug_lijk_)%%tggtin 2nM ammonium sulphate. The mixture is left at 4C for 2 to
1% hours and then centrifuged 15 (12 000 g, 20 min) in order to remove
the precipitated proteins. The centrifugation supernatant constitutes the
eXjrdctioaded ontb thegebdtlaegel is first of all equilibrated with the 20

eguivalentokd columpvalumas using aseoution ob30 M sHElon
buffer. bH 6.1, and M ammonium sulphate. 1,t0.5 ml of sample.are

injected. The unbound proteins are removed by washing equivalent “25 to
5 EBIGREVoluTHEE it the ¥mnidnilih sdiBRatebuffeR Equilibratng®® ™

sotribpnd helelufion is carried out by producing a gradient of three linear
Segments:i(d) #om 2iod: ¥ M ammeniti :3hsulphate:; DveE BPesivfbles
eguivalent {9 4.5 colymn yolumes, (2) 1,7, M, agﬁ'ﬂ?g‘%@é sulphate, overa..

perio e%uwalentoto 4 _column vqumes,£3) from 1, 0 M ammonium

stfphaté ‘ovar a pefiod Tquivaleht 6°0. 1 EoltiniH Vol (g™ THE phytasesis?
elitdd .2 M 8P 35 ammnichiuis Seiphate. THeTGW Fate iPfived at 5ated
nplfaie frractionsef 4qshtrifugation supernatant constitutes

the extraci loaded onto the gel.

The gel 1ig first of all equilibrated with the
equivalent of 5 column wvolumes using a solution of
50 mM tris-HC1 Dbuffer, PH &.1, and 2 M ammonium

gsulphate. 1 to 5 ml of zample are injected.

The unbound proteing are removed by washing eguivalent
o 5 ocolumn volumes with the ammonium sulphate buffer

eguilibrating solution.

"The elution i1sg carried ocut by producing a gradient of

three 1linear segments: (1) from 2 to 1.7 M ammonium

sulphate, over a period eguivalent to 1.5 column
volumes, (2} 1.7 M ammonium sulphate, over a period
equivalent to 4 column volumes, (3) from 1.7 to 0O M

ammonium  sulphate, over a period eguivalent to 0.1
column volume. The phytase 1s eluted at 1.7 M of

ammonium sulphate.

The flow rate 1s fixed at 5 ml/min. Fractions of 4 ml
are collected at the column outlet, the absorbance is

measured at 280 am.
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are collected at the column outlet, the absorbance is measured at 280
nm. W02007/006953 - 31 - PCT/FR2006/001653 The active fractions are
combined, washed against ultrapure water, and concentrated by
ultrafiltration (Millipore membrane, cut-off threshold 10 kDa). 5 4.

EeRABpAUELREThe electrophoreses tinder denaturin§@{§R2006/001653
non-denaturing conditions are carried out on prepoured 41 to 151

acrylamide gels (Biorad). The proteins are detected 10 with Coomassie
Blre. Treospeeific Vistratization ofthe prasesisicarreth Ourdy incubiatitg
the gelsin-100wakefg 250-mM seditun cacaiate buffersolution, pH-5:5,0n
captaining 200 mg. ot a-naphtlyl PASigma) and-100 mg.ef.fast Garnet
GEC 15 (Sigma) and 92 mg of sodium phytate. After hydrolysis of the
a-naphthyl P, a brown-coloured a-naphthyl/Fast Garnet GBC complex
férm&.15 Digrestion svttendoglycosidase H 20 Deglycosylation: 1000
urtits of endloglycesitdasesH uRietlabBzawne POH25)areaddedtathe ing

denatyred sample, containing approximately 20.pg of prateing. The ;5.
mIXtUI’f |s,|ncubateldsfor 2 hours ?t 37C in a waterbath. 25 6.

Détermitiatioh offhe moieB&ﬂg?\‘?‘velght%lye'ma%%o%%é%ﬁomaeﬁrey The-ected
avelysiS ReBEaFRECP M ottthe phytase purified on SDS-PAGE using a

MAEDIsEOFRiflex tHiseelti384 spectroinetersBrukeraBeemel Germany)l
30,% Analyticahimethods.7,1 Determinatiop of the selids The cglulab s um
concen rathé\ |§Bobta|rslgq be/.measuripgghg optlcaLdtegil}y (O%)Ou%ng a.

§é:cef<tf'ﬁar?D 530" 35 spegtréﬁﬁldto%eter. he OD nit cor%sponds t °

(ﬁS?@%MtByBknﬁasé$1gma) and 100 mg of Zfast Garnet GBC
(Sigma) and 92 mg of sodium phytate. After hydrolysis

of the a-naphthyl P, a brown-coloured o-naphthyl/Fast

Garnet GBC complex fcocrms.

5. Digestion with endoglycosidase H

Deglycogylation: 1000 units of endoglycosidase H
{(Biolab Ozyme P07028) are added tc the denatured gample
containing approximately 20 pg of proteins. The mixture

ig incubated for 2 hours at 27°C in a waterbath.

6. Determination of the molecular weight by mass
spectrometry

The analysis is carried out on the phytase purified on
SDS-PAGE wusing a MALDI-TOF Biflex III 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 corresponds to 0.570 g/l

of bilomass.
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W02007/006953 - 32 - PCT/FR2006/001653 7.2 Protein assay The
protein content is determined by the Bradford method (Bradford, M.
(1976) A rapid and sensitive method for the quantification of microgram
quantities 5 of proteins utilizing the principle of protein-dye binding. Anal.
BIBERRA.0P525238-254). (Biorad Profein -Assay Dye REAyEACORERATETE,
BIORAD 500-0006) , the absorbance is measured at 595 nm (Beckman
DU % 3B AAVIRIBIE S ctrophotometer). The calibration is 10 carried out
Viittea howvirte Ssrumaatbemin rdnge. &8 Emzymeatic imethed ¥ hefpiaddsed
agtivitykés mw%b&,follwingéﬂw@v teleage oj&@ﬁ;@amﬁhfm@tm@é
time.. 15 The activity is m ured.in resen 0] [ .
prﬁe%glt%%(s%%rﬁ a) %?sgsoﬁggﬁﬁﬁ%gg %Dh%]go%i%lfm%%ggt%%%ffg ra %%:Ig%lg rS
p@f 4, RORMG 1 Hiv 'of 2EBE12,-t37E {5 ¥olumés) SFhe Feactioris?y
thggersetby Z0:the. addliioriefthe Ehzymatic extract (1Rohrné). Thetein
reaetign isstopped dy-acidificationafihe meditmravith s2Q0 trichdoroacetie

agid (1 volume of reagfion medium_+ 1 vglume of agid) - The. amaynt gk,
phosphate released is detewrmined after variou mcubatiorbtlmtes. 25 One
eﬁgﬁfzﬁi}cb&rﬁt (UTREGEFRET 35TRE Ariount ol‘ﬁésrilzyrﬁ:éEt WHICH rel8dses ©

ot obiHorgatie phosphtte if TRe mmRte 30 ClbraBterization of
the enzyme The effect of pH on the phytase activity is determined using

the follgyving huffer solufions: 200 mM glycine- HC1, pH 2-3.5; 200 mM
s%qium ceéate-acetictgcid gH 3'5'7&1 ggsd Zoeodmr\g)tris-yo(i pH 7-9.%@1%
réactions Xrea§§ ca?ﬁed%hjf t+37C usmgl%ﬁe phy dte as substrate. e
optinfdmtefiperafire 38 HetétiRed by vaying tha™femperature from
+30C to +80C. The reactions are

The activity is measured in the presence of 8 mM of
godium phytate (Sigma} dissclved in & 250 mM =odium
acetate buffer, pH 5.5 or pH 4, containing 1 mM of
CaCl,, at 37°C (5 volumeszg). The reaction is triggered by
the addition of the enzymatic extract (1 volume). The
reaction is stopped by acidification of the medium with
20% trichlorcacetic acid {1 volume of reaction medium +
1 volume of acid). The amount of phosphate released is

determined after various incubation times.

Cne enzymatic unit (U) is defined as the amount of
enzyme which releases one umol of inorganic pheosphate

in one minute.

Characterization of the enzyme

The effect of pH on the phytase activity is determined
using the foilowing buffer solutions: 200 mM glycine-
HCl, pH 2-3.5; 200 mM sodium acetate-acetic acid, pH
3.5-7; and 200 wM tris-HCl, pH 7-2. The resactions are
carried out at +37°C usging the phytate as substrate.
The optimum temperature is determined by wvarying the
remperature from +30°C to +80°C. The reactions are
carried out at pH 4 (200 mM sodium acetate Dbuffer)

using the phytate as substrate. The heat stability is
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carried out at pH 4 (200 mM sodium acetate buffer) using the phytate as
substrate. The heat stability is W02007/006953 - 33 -
PCT/FR2006/001653 determined by incubation of the enzymatic sample

in 12S mM sodium acetate buffer, pH 4, for various ppecr'%%z%t%/oo 653

tgﬂ‘?&g? t0P&S 5ré’inging from +37 to +760C. After the hea treatment, the

ixture is cooled in ice and the 5 phytase activity is determined using the,
%@?g%emé@ es%bs tate. %%%Eétolg a¥am§teres are determine gtml%?C N

AP at P HP b e @XBERTRNES WtRSodiim ‘phytate Ad HpH BSTFortve
experments nithyedPPa1gih4 Phosphaté assay THeOdMoudtiofer the
@t@h@%@&%@@@, is measyrgd-by Lcolosimeteny=Jhe viswalizingha the
salution, prepared. .extemporaneously, contains.iron sulpha M

\}%1 Ecnaé?)é:ndé) gmﬁ&%ﬁm heépgrer%o?%%lar}[g%zurﬁﬁgw %olu%gggt%ea&

SHEFBAREE at 700IM IS TREASUrdPAREIE 3B RINGES of WSTATIYATIGH at®®
arabient temperaturec¥l vbludverof ecticraneditant ¢ voldime ofodium

visHalizing -solution)pusing=a EMAVisibie sppetrophatomeiet { Beckeran DU
530). 20 A calibration line is established beforehand with potassium
dihydrolgen phosphate. 7.5 Phytase hydrolysis conditions for the study of
the #2 8 LesRBRFECIRERT  he reaction tube contains 2 volumes of sodium
pHytate=(20:mM) 2dolupfessefadatatesuffedSpH 4 (0525 NP aicEE bY
velume:afdikie enzymies(0.6 &/mi finak wencentration) 390, Samplepare=d
taken yagous imes for 6.ppurs; The reaction is stopped-by heatingat,
100C (10 mlnutesg. .6 Determination of the |n05|t£>l ggo%phates ?1% 7.%1
éy E@e) nd ammorn.iumn heptamelvbdate ( i,
4 volumes). The absorbance at 700 nm is measured after
20 ninutes of wvisualization at ambient temperature
(1 volume of reaction medium + 1 wvolume of visualizing

sclution), uging a Uv/vigible spectrophotometer

{(Beckman DU 530).

A calibration line ig established beforehand with

potasgium dihydrogen phosphate.

7.5 Phytase hydrolysig conditions for the study of the
stereospecificity

The reaction tube contains 2 volumeg of s=odium phytate
(20 mM), 2 volumes of acetate buffer, pH 4 (0.25 M),
and 1 volume of dilute enzyme (0.6 U/ml £final

concentration).

Samples are taken at varicus times for 6 hours. The

reaction is stopped by heating at 100°C (10 minutes) .
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 cobtained by the
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This is a method using high performance ion chromatography (HPIC) to
separate and determine the inositol mono- to hexaphosphates obtained
by the W02007/006953 - 34 PCT/FR2006/001653 degradation of phytic

acid by the phytases studied (Hatzack, F., Hibel, F., Zha .. Han
ﬂ%z.oa(}r/?f Gﬂgg%ussen, S.K. (2001) IRGsitol phosphateg%?gr%kgégle GRS

low-phytate, grain mutants analysed by metal-dye 5 detection HPLC and
i, HIBeHeh, - 304475450 - Skaqlit, & Carttabh: KOG, apd oo

Sﬁﬁb@@?hzs.F(-lQQ?I)'i}%ltemﬁ’natioF\l'ﬁri@or,né/fs of Md8R6Fmofofto ana

hexaphesphates in selégtedifoodsanddnfestihal sohiateats Using barley
Fﬂngp@l@eg@k@nceé%%Eron&megle J: AQ AW szgrﬁr@t 45, dy)e
431-436;.Turk, an rg S., sson, N.G..an id, T, (2 )
Il%léclﬁﬁ%ﬁg%ap o%p‘iatgrh%dro ySIS b%gﬁﬁ%m'eas{ba%%%i’[ : ;fns(eti%:%fa'

antPdeyradatifn prédicts SPgrie : Eood T ChetR 28 £00-204) « THe 227
roethedinchidestthe separatientdsrsf thexdariousrsiRPodn anvppe-  to
exehapgefotumady HRLC withan-elgtiongiadient, and POStrEOlMIna 1
reagion durngwhich ing, Inositel bhaspnates complex ydiflon 80d ars.
detected by W at 590 nm. This system makes it _paossible to detect the Ins

Y
Pt s PECBGL offiFtRe 26 variohs isdmérs of M4 dhd Ins YA Be
skepdrated:aPreparationofta referénchsiiriple THe pebkddre ideptifidgcl

after shemisakbhydralysis-c b0 amg ofispdivanphytate ate ptaced s mlof,

HG1 46 ML 25 g, k00G Jar-16 hous, 2%9&@{95{%5 arg;dried dn a-Speed 4
V{gc and Ehen takegqu A 100 pl ofO.C%)S M HCI so, as toﬁhavgEZ aration
apprBkimately 300 orper‘ﬁli?"ﬁ%cffbeﬁ. TaIySis 30 The Various

éimﬁllécanacﬁyss 3

peakshme sebiraed BySstfongann exEhatitd emomatddraphyPeh 2A%C
QmuhPaaPAX 100 canalytical cotumn (4x25@aum) andaBAX=280t ion

Quard ngre&ﬁ%an (4% 50, mm) {Dionex Corp.-Junnyvale, LA). sEhe Howr
rggésafgr@@?@%é@%'mgpq99'%%p5%o nm. This system makes 1t
possible to detect the Ins P, to Ins P¢, but only the

varicus iscomers cof Ins P, and Ins Py can be geparated.

Preparation of a reference sample

The peaks are identified after chemical hydrolysis.
50 mg of scdium phytate are placed in 5 ml of HCL (6 M)
at 100°C for 16 hours. 25 pl aliguots are dried in a
Speed Vac and then taken up in 100 ul of 0.025 M HCI so

as to have approximately 300 nmol per injection.

Sample analysis

The wvarious peaks are geparated Dby strong anion
exchange chromatography on an Omni Pac  PAX-100
analytical c¢olumn {4 x 250 mm) and a PAX-100 guard
precolumn (4 x 50 mm) (Dionex Corp., Sunnyvale, CA).
The flow rate ig 0.8 ml/min, the injecticon loop is
100 ul. The Ins P, are eluted with a gradient of 5-3%8%
HCl (0.5 M} conjugated with ultrapure water and an
organic solvent (50% of Z-propanol). The eluents are

combined according to Table 1 below:
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35100 ;1. The Ins P. are eluted with a gradient of 5-98% HC1 (0.5 M)
conjugated with ultrapure water and an organic solvent (50% of
2-propanol) . The eluents are combined according to Table 1 below:

'W02007/006953 - 35 - PCT/FR2006/001653 Time HCI 2-Propanal Water

(HART 094)5RH%B8) T (0) 52 93 T (40$882 0 T (45) 5 BGH FRRAPBA°HF£5°

minutes-isecessary to-equilibrate tihe L,Uigl_lgkggghggch Hater
chromato(gf[glqpy. 5 The inositgl\phosphates are dgtected after a past-
eolump-reactionby-meastring-the : SHrs 90 S|
spectropBotdimeter (Biocad, Sprint). The eluent & mixed, irfd post-column
reaction, With#0)1% of Fe(NG3)3.9H20 in a 2% HEC104 solution. The flow
rate of 1§ thé fdactant pump3(Minipuls 3, Gilson)%s 0.4 ml/nin. Passage

through a Teflon coll (0.25 mm, 4 m) makes it possible to complex the Ins

Pn, apgd.thg iron for detection (Phillippy, B.Q, apdBland, J.M:{1988) 1=
Gradient ion chromat gri%%i]é of inositol ghosphates. 15 Anal. Biochem.

173 183-766)°7.62 "Rit& 9y 6phitization, the various samples of
inositols isolated by HPIC (50-200 pg) are solubilized in 500 pl 20 of
D2 ThHepratonlspecitasniese secorged atsd@ ot 600 MEtzecon Brukerst-
Avance-spectrometarsigauipped with. a cryaprobe: {1H:13€ and 15N apd
with, radi%ntsuq;ong thg tzi%xigbg% r‘{ll'hﬁephos%us nco Blle_:g np%goton The
s%%% ra and the ’corrpeﬁatlion gpeé’tra TH31P (3% Wwererecorded on a
BriiREFAvarfce™ 0 MHZ ShettrétRBter Wt BT BT $76be “The fésidud - 1

wateFsinal waseliminated by séldictives presatoratioifor algeriod e 1L
Alithe spectrawere 3l reqardedatl/Cs The pratom)spestra ate galibrated
Passage through a Teflon coil {(0.25 mm, 4 m) makes it
posgible to complex the Ins P,, and the iron for
detection (Phillippy, B.Q. and Bland, J.M. (1988}
Gradient ion chromatography of inogitel phosphates.
Anal. Biocchem. 175, 162-166).

7.6.2 By NMR

After lvophilization, the wvarious samples of inocsitols
isolated by HPIC (50-200 ug) are solubilized in 500 pl
cf D-O.

The proton spectra were recorded at 500 or 600 Mz on
Bruker Avance spectromsters eguipped with a cryoprobe
(15, 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 probe.
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, O ppm) or to the residual water signal (4.9214 ppm
at 17°C). For the proton regonance assignment, the COSY

and TOCSY experiments were recorded with 512 time
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relative to sodium-d4 (trimethylsilyl)-3-propionate (TSP, O ppm) or to the
residual water signal (4.914 ppm at 17C). For the proton resonance
assignment, the COSY and TOCSY experiments were recorded with 512

ttiﬁr{r)] 0V(§/_9_(§)00674996953 - 36 - PCT/FR25g06/00165_3 ingggl&ril{t% Jg‘ﬁmism

cortact time udéd for the TOCSY is “50 ms. The HMQC éxpériments were
abtained with 64 time increments. 5.The protoR spectra assignment,will
be’ ggreri%%*btust by ar‘?alyg‘l:)snotffli tﬁ% C lSn\l?eanlé TOCSY experiments. It | i
SHOURF be"istedRat, ForGartds Tomere Havimg 4 phate 8F symhfetfy- Tive
Hiand:M8rotons and the H4 and H6 protons cannot be differentiated. In
this case, they 10 will be noted HI (or H3) and H4 (or H6) Once the

apslonmielt fas heep-quained. hepigepiayiatad paslions sermalp to.,
be determined, The latter will be “determined by means of two_different

&Fetivterits, Ofirsliy by Miéansotthe phophtigs tneslpigd proton Ei%uld
spectrrnsahdt bacondiythyaneans of the FIMOT expeéfithedt. PLane of
Gompatigen ofithe profonsspectrm with eadswitheut phesphigrusnd  Hé

g&né%i%gggg @Qﬁrﬁ&t p@gsig@%ﬁe@@ﬁwﬁt@@@gnﬂs vg?_lig@ h)@\gé% @T,ﬁ%@@@’
.5-10 Hz coupling and also the phospharylation positign(s). e

H3tp ﬁﬁQﬁogfp‘geri%lentf%§ means 6 ﬁe &jHV\(%”r cogugp(iihg c(:g)cr)lr?s%an%?l ©
MERESRTOBEIbIE#6r itsiRft to ety fite prototRphosphiiyrylated
coreclations: When the protba resonance mssignMent isskrewn, #hé 1l be
@@éﬁ@ﬁ&%%ﬁ L!@goua@&%pe%r@ %%HMQ@_?_E%%MQ%J%&%QMQ
the pho rylated positions ynambiguously. The position.ofthe .
p 1035%%12% Sx%up%elég also C\}/rézri;i%a\r%eby I9<'§1r1gasl gg r0114%hehprcc:)sfwjor1“’”’g;:?épctr8m

ERPARG EBNStERES: 30 ?%?@Wolysisbk’inetf&%afﬁffoweﬂfby NWIR The'Rc
sarppleiused:to followadhe hydrohyfsiscbye NMR isrpreparedfrom wisfocknd
selytion.ef insR6iphesnhate butfer, 964700 mitdr D20 Typicallyo20 pl-of
tggéntify the signals which have a “Jacor 8.5-10 Hz

coupling and also the phosphorylaticn position(s).

The 'H-*'P HMQC experiment, by means of the ‘Jucos
cocupling constant, makes it possible, for its part, to
identify the proton-phosphorus ccrrelations. When the
proton resonance assignment is known, the phogphorus
uncoupled spectra and HMQC make it possible to identify
the phogphorylated 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 sgtock solution of InsPs/phosphate
buffer, 95/700 mM in Dy;0. Typically, 20 ul of this
solution are added to 480 ul 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
reference. 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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solution are added to 480 p1 of.D20 (dilution 25) so as 35 to give a
sample which contains 3.8 mM of InsP6 and 28 mM of sodium acetate
buffer and TSP as internal reference. Depending on the desired rate of

hydrolysis, a greater or smaller amount of enzyme (1 to 20 pl of the
St6aR SofRfhT a2 3 U/ml) is added: TRE kinetics W0208#RIFEGHE & 01653

PCT/FR2006/001653 are followed at 17C by recording a spectrum (32
staRs) eveR)'s tntites’fdr é?i’h&l?rgf(ﬁéé%%eétrﬁ)‘?.eegﬁﬁ%h@§pé‘"’€tf"a¥ls )
characteristic of the vardous indsitatuptsosphates determimed pieviogslyhe
L@@éé@@gséasrﬁe@r%a% @%%@@@faaar@bg can:ﬁ% folla%/&ﬁq ever the gatirec o1
inetics, R _ - Study of the .biosynthesi e r e

RIS ase 10 T H oSy hSrs o T Bt o T aned i bateh
culttife BRa continuoas claﬁué?rﬂ'ﬁ’r"&%?l t6 G&terhfifie Stheloptinaftet s -
production conditions. The cultures are carried out on synthetic medium
(efzMaresals and Methods) A prior study enabled us to determine an 15

optimumgGongentgation. of phytate.of 0,4 gil in order tg, progueg pULYL e

biomass._This concentration is necessary and sufficient to ensure

TG $8IRFERAF %and not to repress phytase biosynthesis. Samples
aféstakérr ovettinre: theobiofiass BhUTRE phytase beliviey' 2D afe batch
measured. lziBatehreultirewproductionFdve hatchr-adiures-are eaeried aat

at-pH 3,4+ 9,.8:and 7,10 the; presence of 109/l of ghucose-and of MSAR -

25 medium. The maximum bjomass is obfained at pH 5, the growih rate is
dettéased by 20%s at pH 3 and ACpH'7 The maximum phytase activity,

eadrdain the citlire” superratants: a6 bbthined at'fH A5G EBHAE i
detectedrat pth3=The phitase acthitytincreasés byBGapproximatdhr20e,
Jgrf&%é@fte%t@e/étart&é the, stationary phases It is-passihle-that same of

e L :

nécessary and sufficient to ensure maximum cell growth
and not to repress phytase bicosynthesis. Samples are
taken over time; the biomass and the phytase activity

are measured.

1.1 Batch culture production

Five batch cultures are carried out at pd 3, 4, 5, 6
and 7 in the presence of 10 g/l of glucose and of MSA-B
medium. The maximum biomass 1is ocobtained 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
supernatants, 1s obtained at pH 4, no activity iIs
detected at pH 3. The phytase activity incréases 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 ocut at pH 4, in the

presence of 100 g/l of glucose and of MSA-C medium. The
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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 35 calcium salt. 1.2 Continuous culture
production The continuous culture is carried out at pH 4, in the presence
3CEA6 H/P8F§Ritose and of MSA-C Afedium. The W0BE677538853°203¢ 23

PCT/FR2006/001653 measurements of biomass and of phytase activities

e EHR RO afRf alleaSR S TefRifalS of tREYEMTENEF. “THe préduction
afhiorhadsdis constant upttoleditttion 5eatewsfl20t-t sitht & Yisld ot -
Yblomass/substrate (g/g) of 50%, the cellular metabolism is oxidative, the

F@ﬁeif%@@é&%%fﬂgm@Bi&%ﬂggga'itg 1.The phytase, productign .+ 1 on

increases with the dijution rate. For a_dilution_rate (D) of 0.25 h-1, th

Jroth Gield 16 UetreasBi By £096 e oR s &@até?ffh%ri‘ﬁhégé%fu|§’rf
rhétabolisthds oxigo-ferientaryethere ist fsrmafien ofsecghgaryg,  the
rmetabplites-sychras acetateand (ethanot. Eheiphytase produetiostglsas e

decreases by a factor of 5,15, The, best production; (1487, W/ is ghtained
at.D=0,20 In-'. It shoulg tLe notlgd that2250%_qf phyggsee is Pg‘%g to thieeld
fture 8t4c for At Féaét4 WoUrs nakes i po§5|ble

téseleazethe 2O enziine intdthe RItUFSMETIFRTSE StEAFDOf the the
plytasa =2-1 Pusifieatidn 20 Thesvarioxns dtepSsforpurdying theBecastelie
Ryiase are sy mé}@é@ﬂ&%ﬂ?ﬁﬁe%ﬁ%{% I @)B?' é@@%ﬁg af Usifiz %t%c'jré{iﬁ)ﬁ
proteins activity cation Yie /mg) factor Crude extract

EIREET Chreriaes Tah B a7 16 Aot eRiee i)

factor of 5.

The best production (1487 U/1) is obhtained at
D=0.20 h™'. It should be noted that 20% of phytase is
bound to the cells; maintaining 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 various steps for purifying the D. castellii

phytase are summarized in Table 2.

Total Total Specific Purifi- %

activity proteins activity cation VYield

(o (mg) {(U/mg) factor
Crude extract 144 12.4 11.6 1
Concentrated and 136.5 B.2 18.7 1.45 g5
ultrafiltered extract
Hydropheobic 84.4 0.54 156 13.86 5%

chromatography

Table 2: Purification of the Debaryomyces cagtellil

phytase by hydrophobic chromatography.
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ultrafiltered extract Hydrophobic 84.4 0.54 156 13.6 59 chromatography
Table 2: Purification of the Debaryomyces castellii phytase by
hydrophobic chromatography. 30 W02007/006953 - 39 -

PCT/FR2006/001653 The crude extract has a specific activi%y

of 11.4

URAP OAFRSS Bdncentration and dltrafiltration step, thé c&ﬁ% S portied’
by hydrophobic chromatography. The .phytase is.purified i ingle_step
L5 1RGO Of T3 Siilh 5% feld oTBO%%. THo SEaciic SLnviey 15156 U/,
THe presence ohasiigle proteinBhd 6 BReSDS-PAGEeletfrdPhorésis
shows:that the enzyhia &ipure. 2 2dMotatahdss and-stractgeat®R.2.The
%%@{%%atw of thesmalar mass Ly electropharesis of gel pesmeation s,
chromalography AnL SDRPAGE clectiophoresis makes ft possible 9.,
estimate thé Tolal mass ‘of the phytase at]ﬁ KDa an ¥ 5 the molar mass
ke BRZVTRFegRtosylatéd BytreatneRtwitPendogiodiiase # A5 E
kDa, cite: 349 :0f sgly cesylation Hdhdeihrordepaturing conditions, the
molar mass of the phytase is more difficult to determine due to the
p e?e%(i o{_ smaesags;aixt1 g bs%t%ggh%% 440 and 150 kDa. That of the

eg ycosy?atela enzyme is 87 kDa. A specific coloration makes it possible
to show that the deglycosylated phytase is active. The molar mass
detérmined by getpémmeation 25chromatbgraphy¢RPBarmacis FiR 2000y

columprip 38 kbasfos the-glygesyiated phytase-and 2i8-kPasfor the
glycgsylated phytase, 2.2.2 Mass spectrometry 3Q The determination. of

the mass by mass spectromeétry confirms the results obtaine

db
- SBEIPAEE bittuBibhcresiBiEE. 7akDa for ﬁ@ﬁtﬁﬁﬁse%n&%%%’é and

the molar mass of the enzyme degliycosylated Dby
treatment with endoglyceosidase H at 51 kDa, i.e. 34% of
glycosylation. Under non-denaturing c¢onditions, the
molar mage of the phytase dis more difficult  to
determine due tc the presence of smears; it is between
440 and 150 kba. That of the deglycosylated enzyme is
87 kDa. A gpecific coloration makes it possible to show

that the deglycosylated phytase ig active.

The molar mass determined by gel permeation

'chromatogxaphy (Pharmacia HR 200 column) is 318 kDa for

the giycosylated phytase and 218 kDa for the
deglycosylated phytase.

2.2.2 Mass spectrometry

The determination of the mass by mase gpectrometry

confirms: the regults obtained by 5DS-PAGE
electrophoresis, i.e. 74 kDa for the phytase and 53 kDa
for the deglvycosylated 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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for the deglycosylated enzyme, i.e. 28.4% of glycosylation. 35 The native
phytase is therefore thought to consist of 4 monomers of identical mass.
W02007/006953 - 40 - PCT/FR2006/001653 2.2.3 Crystallography During
the priority year, the structure of Debaryomyces castellii (461 residues)
WS eieTeAnRtSd by 5 crystallographyOwith a resolutioR e FB2R0f/8%L 653
tetramer which contains 10 molecules of N-acetylglucosamine and 1256
rdolécilesStstiater o8 aRrstructure is accessible on the site of the HCSB
Protein Data Bank with the following bdb code: 2GFI. 3 - Enzymatic

Qﬁgggrﬁ_igstﬂlé 3.1 gfr_ef'EQf pEThe @ﬁ@ck@zﬂﬂ Qﬂr_tge@byﬁcsﬁa@yomyces
dg;esmg fd,.by m%a%urmg %hesgrézl}/m tic activity, in t etorgselncé%of
vafious butfers: foS' pHs of between 2 nd 3.%’? ycine T)u?férrr),l%or pHs f.%
16 7Y (SbiurA Sicutate Bliffet) An8 o phRE7 %6 745 ftris HC1 buffer)

(Figure 1). The phytase is active between pH values of 2.5 to 6.5, with an
optimuig befween Pk Aand 4:5; An effestof the: nature efdheduftes onos

the phytase activity, at pH 3.5, e noted; the sodium acetate buffer is

aerTle %%‘l%%l‘b?%?%%%/naﬁnalrg ﬁfﬂ% t%?é:%/c?ﬁ%ﬁff‘f{er. 3.2 Eﬁgct of temperature
The optimum temperature is determined on the native phytase, by

Méasusngthephytase aetvitysatiVaripus 80 témperatdres: fror80 RSB

80 (RigHre 2}.aT e aptivaunm temperaiuieafithe patase f:betweaan 55
and 60C. The activation energy calculated according to the Arrhenius
representation is 38 kJ/mol. 35 3.3 Action of effectors Among the various

cationE1ELBA HRIPIMBF&HRRs a

3.1 Effect of pH

The effect .of_ pH on the phytase 1s determined, by
measuring the enzymatic activity, in the presence of
varicus buffers: for pHs of between 2 and 3.5 {glycine
buffer), for pHs 2.3 to 7 (sodium acetate buffer) and
for pHs 7 to 7.5 (tris HCl buffer) (Figure 1). The
phytase is active betwesen 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 1s determined on the native
phytase, by measuring the phytase activity at various

temperatures: from 30 to BO°C (Figure 2).

The optimum temperature of the phytase is between 55
and 50°C. The activatbion ensrgy calculated according to

the Arrhenius representation is 38 kJ/mol.

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

cations Co®, zn®*, Cu¥ and Mg®, the activity is
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strong inhibition of 72%. In the presence of the cations Co™, Zn2+, Cue,
and Mg2', the activity is W02007/006953 - 41 - PCT/FR2006/001653
inhibited by 58 to 22%. It may be noted that the presence of calcium is
not necessary for the activity of this enzyme (Table 3). 5 Table 3:
INRRRAREOBERRS effectors on the D. dabtellii phytase FAREREFRR(GR652
Concentration (mM) % activity phytate control 9 100 CaC12 590 _MnC12
508 P MGEI2 BY68 78 CiC12%5°66.6 ZnClPY 5P FeCP3 %02 "88C125°
42:3=ErCE2 57 07:6 Hg@12 5 96 PGMB 3945 EDTAI3204851vity
igdoacgtic agid3,40Q rdimeycaptoethanol 3 107 N-bromosuccinimide 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, onl| .
ﬂﬁ%gﬁlogﬁlcéiﬁﬁﬁ?d%?ﬁwﬂfchtgﬁs dhtryptophan ,ntyrtcci)hseinézy and Fidtieing
grbupsseompletalytishibits the phytase activity. The addition of

an re-establishes the ac s lodinewhich-is-sp or-byrosine
groupsfalsoostrongly inhibits (750N <Enyptophermandiyrosinerafpeaicts to

be h@@x@@l%%@g catalytic site of the; enzyme. 100
CaCls. 5 90
MnCl, 5 28.8
Mgll, 5 68.7
Cull, 5 6.6
ZnCls 5 57
FaCl, 5 92
CoCly 5 42.3
CxCl, 5 107.6
HgCl, 5 96.2
PCME 3 94.5
EDTA 3 104.5
iodoacetic acid 3 100
2-mercaptoethanol 3 107
N-bromosuccinimide 0.1 and & 1
N-bromosuccinimide 1+ 3 100
+ tryptophan
icdine 3 25.6
iodine + tryptophan 1+ 3 gg8.1

2mong 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

SnIyme.
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W02007/006953 - 42 - PCT/FR2006/001653 On the other 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-mercaptoethanol, of iodo- acetate and of pCMB shows that -SH groups
dfe3ebatig °Adt involved in the catditic site. 3.4 StUBYSFIECSEHIRGS 1D

Temperature A study of heat denaturation at various temperatures

shows that tRe#tzynié istabte f&rasie h6ur 66 WhHEFtis ffWwate™
amgkfor ome heurdat 666 whemit is §59mi25 mibacetatebuffepystd 4 any

(Figwe 3)s ks genatdreg-above 680C, with a 70s loss of activity after
one hour at 70C. The energy for activation of the denaturation, calculated

by means of the Arrhenius representation, is 606 kJ/mol. 20 pH_The

phytasé 1 ebfifpletdly Génaftired after siBraga s 2t dRR at -5, 16F°°"
pHs:bBless #han 5E0nAME otiterw handato déRataraionss Dbseneekaftary

steragefor 6¢<2b days atthis same-temparature for pHs of between 5 and
7. pH and temperature The phytase activity is measured after incubation

of 30 the enzyme at 2 tem (%;e:rlatures (40 and 60C) in buffers whose pH is |
betie8FFEnE 8 (E?geurcétf)g of ffe two extreme pHs (2 and 8) , a

complete loss of activity is observed after 1 hour of contact. On the other
haagdy #-4berange 3 to 7, from 80 to 1000 of activity is 35 conserved at

40C AL 800C,the phytase ismore highly denafured.at-pH. 3.and-pH 8-dk
rr%%ge noted tha%there is a strong eifeg&due to the natl.g(gJ Ug; thaetbugfgg c
a

B itf'fhe presence o acetate bufter, Thet©F ©ne

when it is in water and for one hour at 66°C when it is
in 128 mM acetate buffer, pE 4 (Figure 3). It is
denatured above 68°C, with a 70% losgs of activity after
cne hour &t 70°C. The energy for activation of the
denaturation, calculated by means of the Arrhenius

representation, is 606 kJ/mol.

DH
The phytase is completely denatured after storage for
21 days at -20°C, for pHs of less than 5. On the other
hand, no denaturation is observed after storage for &7
days at this same tewperature 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
extrame 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 §0°C, the phytase iz more highly
denatured at pH 3 and pH 8. It may be noted that there
is a strong effect dus to the nature of the buffer at

pHE  8; in the presence of acetate Dbuffer, the
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W02007/006953 - 43 - PCT/FR2006/001653 denaturation is complete,
whereas in the presence of tris HCi buffer, the denaturation is only 50%.
Environment-ionic strength 5 The enzyme is preincubated in 250 mM
acetate buffer, pH 4, containing 1 mM calcium chloride, at 20C and 66.5C
fHOBOTHIANESSH the presence of varkdus additives. APFRETERFPBF /001653
treatment, the extract is cooled in water at +4C. The activity is then
neastired it B7C foF 20 AW riiftes At 92256 M Baffer {FaBRH). °F
Three typss ob€lementsiaredestedursugars drssugdanaléotiol: sucrose,
lactose, trehalose, arabinose, glycerol, 15 - the absence of calcium, - the
”ﬁol%ﬁiﬁ){o?f thE tb_ulﬁ;eriThg tenggn}%is preincubated in 250 mM acetate
bufter, containing fmﬁ\/! calcium, pH 4, at 20C and 66.5C for 20 60
MAGtEETIRYRE présEfce BEVaRG R additived APthe ehcPofréatmet, thet
extractistcooleddn Watet toa +4Cuifheldctivityés thretn rheasSureddatddr G for
2@&“%1@63@5@:%&%41 @%WQ@%%@O@@}M&M@M alealeivm (cf. ax
Materials and-Me . - Influen VirQ t .
bty o e Dbaorbes s CBea8%3 @%W%exn?%%ef

WG3607/006953 < W4V BE TAER2668801853° EféHerits Corcéntrafion A
ar20Cckh @&BEBCE Coiftfolg9 £nEaer1 2(0ahke160 1 Sucrose 10% 97
57 Lactose 10% 95 47 Trehalose 10% 94 56 Arabinose 10% 90 36

Glygerol 19,96 36 Acefate huffer200. mM 400 53

- sugars or sugar alcchol: sucrose, lactose, trehalose,
arabinose, glycerocl,

- the absence of calcium,

- the molarity of the buffer.

The enzyme i1is 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 varlous additives. At the
end of treatment, the extrsct is cooled in water to

+4°C.

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 Infiluence of the environment on the
thermostability of the Debaryomyces castellii CB32923
phytase
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Acetate buffer 150 mM 98 78 Acetate buffer 125 mM 84 95 Acetate
buffer 100 mM 87 89 Acetate buffer 50 mM 99 89 Two elements are very
important: calcium and ionic strength. Calcium, although it has no
influence on the 5 enzymatic activity, plays a very important protective
rgR2 HERA0F488n is complete in the @bsence of calciiif/ FRe IRErSLSe it
the_ionic strength of the buffer increases the denaturation due to the
tengperaitiEe up to 50% ai-228+41h 104 - Kinedie shfdies 1Specificity Stady
The Kinetie constants are determined on 2 subsfgates. The affinity of the
ph tasle is 4 times greater in the 15 presence &alcium phytate than in
the 5‘re§ence of p-nitropheny p‘ﬁ%sphate (PN i(TabIe 5). Table 5:
Sp&ER%IKFof the D. castellii phytase on various substrates Substrates Km
Vatsergs(12mol/min/mg) pNPPR 2.27 30.9 Sddium phytate 0.532 35.8
20 WeRH0H806953 - 45 - PCTAER2006/001653 4This phytase has a broad
spegtium, 9f activity, with prefegential hydrolysisof pNPP, of phesphoenol
pyrivate, of ATP and of ADP (Table 6A) . It belgngs to the clasgof
broad-spectrum phytases such as the S phytases of A. fumigatus and E.
niddFSTE ot 4186°Fgrades In8"2) P (Table 6B): Which is rarelyt% drolysed
by prRtasestiié s its axial positidh on the phytft acid moleculé®its
funetiereis=irinilsited by 10 phésphites with a Kéé6f 1.3 mM. Tabke 6:
Comparsenwefsthe specificity of tha D. g7 89

Acetate buffer 50 mM 98 go

Two elements are very important: calcium and ionic
strength. Calcium, although it has no infiuence on the
enzymatic activity, plays a very important protective
role; denaturatiocn is complete in the absence of
calcium. The increase 1in the ionic strength of the
buffer increases the denaturation due to the

temperature up to 50% at 250 mM.

4 -~ Kinetic studies

Specificity study

The kinetic constants are determined on 2 substrates.
The affinity of the phytase 1g 4 times greater in the
pregence of calcium phytate than in the presence of
p-nitrophenyl phosphate (pNEP) (Table 5).

Table 5: S8pecificity of the D. castellii phytase on

various gubstrates

Substrates. Em Vim
() (gmol/min/mg)

PNEP 2.27 30.9

Sodium phytate 0.532 ' 35.8
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castellii phytase in the presence of various substrates. 15 (A) The
concentration of substrates is 4 mM. The phosphate release kinetics are
determined in 250 mM sodium acetate buffer, 1 mM CaC12, pH 4, at 37C
Substrates Concentration % activity (MM) Phytic acid (control) 9 100
pisRepriengk phosphate 4 135 Fruétdse-6-phosphat@@rgBr2006/001653
Glucose-6-phosphate 4 82 Adenosine 5'-monophosphate 4 50
Alerosing B-gishospiRate 4 b20aAdevidSiFer St riphbspitate 4 133 with
L-a-gtyceraphasphate 478 {(:)3-phesphoglyeerjc acitk4 Ophosphoenol

R 9@0')&%%@1& éﬁéoogoz&%b"'wmgi Qhyarios ingsitohes o
osphaﬁaﬁﬁ the_D. castelll tase The phos hate release klnetlcs
8y it 350 RPa T

atf'g%ete facethte E)Wer 1M TSC12.35H 4°F
THermeasarethents ér’é”@éfrﬂ'éﬁ%tﬁfﬁite? 25%96#0?%3 for 30 minutes at
37C. W02007/006953 - 46 - PCT/FR2006/001653 Substrates

GQ”%PQ@“Q@JE@&QMM&M M), Phitic agid.tconkel) 9 9k i ns(L)P 1L 81 y

P11 84 Ins(1,4)P2 0.1 65 Insl45 P30156 5 Sereospemf it
Sy Eotyatt, B e dal e ) leregsnsiiaiy

% phosph
dﬁ?@rﬁé?ogr%%h? (HBIE)FHE myo- ﬁ'ﬁ)s|t%’ilifif'?ﬁs“ri’r‘ljatell§orﬁx—iﬁﬁéﬁlé?'éteCi 24
separatedorzawith a Ki of 1.3 mM.

Table 6: Comparison of the specificity of the D.
castelliil phytase in the presence of varicus

gubstrates.

(A) The concentration of substrates 1is 4 mM. The
prhosphate release kinetics are determined in 250 mM

sodium acetate buffer, 1 mM CaCl,, pH 4, at 37°C

Substrates Concentration % activity
{mM)
Phytic acid {(control) 9 100
p-Nitrophenyl phosphate 4 135
Fructose~&-phosphate 4 35
Glucose-6~phosphate 4 g2
Adencsine 5'-monophosphate 4 50
. Adenosine 5'-diphosphate 4 120
Adenosine 5'~triphosphate 4 133
L-u~-glycerophosphate 4 78
D{~-)3-phosphoglyceric acid 4 95
Phospho {enol)pyruvate 4 130

(B} Hydrolyesis of wariocus incsitol 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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Omni Pac-100 analytical column using a gradient of 5% to 98% HC1 (0.5
M) and H20/2-propanol (v/v). The eluents are mixed in a post-column
reactor with a i0 solution of 0.1% Fe(NO3)3.9H20 and 2% HC104
(Phillippy, B.Q. and Bland, J.M. (1988) Gradient ion chromatography of
iHBSREF pRBEPRALtes. Anal. Biochem. 475, 162-166). ﬁ%f@ﬁ?l%%?gfbsi?
at 1.2 ml/min. These conditions make it possible to separate the various
Ins Ps (Ins P&,d3 tedrs P1) and to identibhvarieus tsaners of lasiivapd
of Ins P4. The various isomers are identified Momparison of the
chromatograms obtained with (1) those descriged-inthe 20 titerature, ™
obtARELURG dERTRAF onditions (Skoglund, E., Carlsson, N.G’ and
Sakiberg] A.S. (1997) Determination of isomers of inositol mono®to
hexaphosphates in selected foods and intestinal contents usingé4
HighzPerfesmance ion Chromatography. J. 25 Agric. Food Chem; 45,
4\'3%]45'?(@)4(2}7 y\@th the compounds obtained by ¢hemical hydrolysis (Turk,
M., Sandberg, ,&.S., Carlsson, N.G. and Andlid, T. (2000) Inositol

0 v v, CA Y wio Y AJC Y

degradation products. J. Agric. Food 30 Chém. 48, 1(30-104) ar’ld (3) with
the products of W02007/006953 - 47 PCT/FR2006/001653 hydrolysis of
phylicsacid by dhe phytasesyof A. niger and P. lycii (Lassen, S.F., Bech,

Ls’.EUG'Séggaganth%% A., Biginholy J..aqd Stergaard, B R, (2000),
US Patent 6060298). 5 5.1.2 Chemical k}?\r/ﬁgeg%lzss After chemical

HAPSIDERE BRI BIE CATRIBRE 9 RBRS), romatogram obtained

dllowsmisstolientifyl2 isSoraeisamongthe s PSanddas Pk Theon an
isemersrefdns 9 R3dns-P2-and nsiRiare;aotseparated dydhis methad.
5.1:3 Identification of fhe inpsitol phosphates formed. during fhe, hydrolysis
ofiohytlc acid by the D. , .

eluénts argz mixed in a post-column reactor with a
solution of 0.1% Fe(NO3)i.SH.0 and 2% HCLO, (Phillippy,
B.Q. and Bland, J.M. {1988) Gradient ion chromatography
of incositol phosphates. Anal. Biochem. 175, 162-166).
The total flow rate is at 1.2 ml/min, These conditions
make it possible to separate the various Ins Ps (Ins Pg
to Ins P;) and to identify various isomers of Insgs P; and

of Ins Py,.

The variocus iscmers are identified by comparison of the
chrématograms obtained with (1) those described in the
literature, obtained under identical conditions
(skoglund, H., Carlsson, N.G. and Sanberg, A.S. (1997)
Determination of isomers of inositol jitelelol to
hexaphosphates in selected foods and intestinagl
contents using High-Performance Ion Chromatography. J.
Agric. Food Chem. 45, 431-4358), (2} with the compounds
obtained by chemical hydrolysis (Turk, M., Sandberg,
A.S., Carlsson, N.G. and Andlid, T. (2000) Inecsitcl
hexaphosphate hydrolysis by baker’'s yeast. Capacity,
kinetics, and degradation products. J. Agric. Food
Chem. 48, 100-104) and {33} with the products of
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castellii phytase 15 The hydrolysis conditions are described in Materials
and Methods. The appearance of the various Ins P. is monitored over
time. After 15 minutes of hydrolysis, Ins P6 has virtually disappeared, 4
major peaks are detected and correspond to Ins (1,2,4,5,6) P5, Ins 20
(Y22 8096y BYE Wt peaks of Ins P3,In$P2 and Ins P1 fétT {d@AH0Ed tRAS
method (Figure 7) . The assignment of the Ins PS5 and Ins P4 is confirmed
by iREAdHiESN 6F abthentic ifdsidl Samples. ARSI mititedof 71987
hydeéolysis, thre ins PBawmekins PA. FeaksErelpredomin@nt 2&This cBuld. ,
refiect-a.mugh slowes rate,othydrolysis 8f #sP3coraparedwith insd4, 5
a@g @a%féegﬁg% gg}i% S of hydrolysis, the amount of phosphate assayed
corresponlals to 100% of the potential phosphates of the phytate molecule.
The enzyme releases all the 30 phosphates. The characterization of the
Ids P 2frabtions-sépdratetb by hsomatography is carried out by NMR
angdysis. SraNMR (Figytes8-14) 85 3241 Rreparation-ef samplescihss) |

vagious products of hydrolysis, of Ins P6by the D, castelli phytase-are ; 5

separated by ion éxchange chromatography according to the method
usedUifitfe 3previbusiTaralfaph THE amoBintinject8d coffé&ponds ?o ne
W02007#0069534 48" sPET/FR200BI0CEEES- 8655 B 0114 PE: T -
post-column reagent is replaced with water, 12 chromatographies are

carried oyty The fractions correspending to, ns-BS, 195 24,108 23, S %4
P?Z and Ins P1 are coé;ect?d, comblni_ed ar}jd 1_\/.0 hilized., The | oply)llzat

ar& téfydratet” with?6 5t 51520 @nd aﬁe%nﬁf?sea%@dl\l at T7€. 5%5.'2
1§ Bafyisis 203K R@s described in detail in Materials and Methods, the

vaheusinositokfractionsard characterzed bisamalysisiofthe proterials

%&tr%&a&[@.ZD[‘_QQSgp@égrance of the wvaricus Ins Pp is
monitored over time. After 15 minutes of hydrolysis,
Ins Py has wvirtuslly disappeared, 4 major peaks are
detected and correspond to Ins (1,2,4,5,6) Py, Ins
(1,2,5,6) Ps, and peaks cf Ing Ps;, Ins P; and Ins P; not
identified by this method (Figure 7). The assignment of
the Ins P; and Iné P, is confirmed by the addition of
authentic inositol samples. After 120 minutes of
hydrolysig, the Ins P; and Ins P; peaks are predominant.
This could reflect a much slower rate of hydrolysis of
Ins P; compared with Ins Py, 5 and . After 300 minutes
of  hydrolysis, the amount cf . phosphate assaved
corresponds to 100% of the potential phosphates of the
phytate molecule. The enzyme releases all the

phosphates. The characterization of the Ins Pu

" fractions separated by chromatography i1s carried cut by

NMRE analysis.

5.2 NMR (Figures 8-11)

5.2.1 Preparation of samples

The wvarioug products of hydrolysis of Ins Pg by the D.
cagtellii phytase are separated by i1on exchange
chromatography according to the method used in the

previous paragraph. The amount injected corresponds to
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TOCSY) and of their 31P-1H correlation spectra (HMQC). While it is
possible to distinguish the stereoisomers, 15 which are non-mirror images,
it is not possible to distinguish the enantiomers, which give mirror images
and identical spectra. As a result, the NMR characterization of the
Hyekolysig 026 5froducts does not make it possible to RSTGEBMOE 3201653
phytase from a 1-phytase, and a 6-phytase from a 4- phytase.
Corventionally, decording toithe fitsrature | wierrthes316r IHinkdgesaed
hydrelysed dirst, the harae 3-pbytase is given: sirailarlye dorthe 6- or 4- 25
linkages, the name 6-phytase is given. 5.2.2.1 Analysis of the HPLC
fraction containing the Ins Pls. The proton spectrum indicates the

preSence®Sta MiRture 30" 6PHtEe Brodits foF which th& spirt systafns®?”
were identifiedy migams of the FOTSCand SOSY expefifferts:d Theget
threg-productsiare: 1as (2)1IRk(3520); trs €k or X} Li (16%)y@ndtindsitabith

(43%), T he Phospharys spectiym. indicates Hhe: presensecof inorganic
phosphorus which is 35 characterized by a fine signal. The HMQC

confirms that two of them are monophosphorylated and that the 3rd is
noti:& iRESiDI2WO200:7006953 - 49 - PCT/FR2006/001653 5.2.2.2
Analysis: ofithe-HPh&fraction eoatainingth#lains:R2$ Fhewprotofethods,
;@ﬁgrue;rfammr%tesiw@sler@é@ncgz@%%ﬁ@omga%gt @@Qﬂ@;&ee%%)ed éby
tarting from the signal 5 corresponding to t proton.(4.7 m
%gb%njaies% picsrlé?blep t%%sos?gngfﬁg %b%%tru%EThgnégalyéis %%}f@%% na

cBeipfifg cBRstafts ihdiehtesthat e 24 12pdsHorfP fir e aand ™= -
Jipasitions) are phosphbisated ahdsthatthe predohsinamtsprodaepmers,
GERFESRONAS:I0 Isn1: (2:dr 23 R2=J he uacoupled speciupEeh3tP to
and the HIMQC confirm thig assianment, The. minarprodugls. at leqst2.
were not |€i'ent|f|ed.

and identical spectra.

As a result, the NMR characterization of the hydrolysis
products does not make it possible to distinguish a 3-
phytase from a 1-phytase, and a 6-phytase from a 4-
phytase. Conventionally, according to the literature,
when the 2- or 1-linkages are hydrclysed first, the
name 3-phytase is given; similarly, for the 6- or 4-

linkages, the name &-phytase isg given.

5.2.2.1 Analysis of the HPLC fraction containing the
Ins Pls.

The proton spectrum indicates the presence of a mixture
of three products for which ths spin systems were
identified by means of the TOCSY and COSY experiments.
These three productg are: Ins {(2) Pl (36%), Ins (1 or
3) Pl {16%) and inositol (48%). The phosphorus 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. inosgitol.
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5.2.2.3 Analysis of the HPLC fraction containing the 15 Ins P3s. The
proton spectrum indicates the presence of a virtually pure product. The
analysis of the spectrum indicates that it-corresponds to Ins (2,1,6 or
2,3,4) P3. The phosphorylation of these three consecutive 20 paositions is
SEHATEG B Pfe 31P uncoupled Spéétrum and by thBIKREER &555 4653
Analysis of the HPLC fraction containing the ins Pos. 25 The proton
Spettrin? IndARRIGE T présehtE of & predoiifarBrodtRE & 500 wich
is feuntk o be Ins (2,1,6,5 or 2,3,4,5) P4. The positions of the phosphate
graups gedueed froprthe-analysis of the eeuplitige constants(HIHCAP ==

gség&é@i@{gn@ng%aqrpef the 313 30 unepupling experisents. and by.the
MQC exﬁgengnent.,Theh m|n91r2products we(rg noétjjdengnn‘;ed. g ?F.g.Sm s
CRAraTI& ZAtioncof s PBTGIvEN Hiat THaPS fs the firdt B dducij ormed And
that B5IEiOhmediately degyraded &P RPZIT was Ao possbié fefusies
iselate itsyffictently:by. HPL Citoibe=atsde to chatacterize it by NMRd  1-
_ #@?ZQ@@%&% 5%:E§EER§0%@_@9&§%§SW oaﬁ@%r t%p¥9@§%w§ated
Ifficult S was_characterized in situ durin drolysis Inetics .
c%rﬁﬁed&glue’[@at %‘8 \A/Ftﬁ%ggrrﬁ%iﬁaarr%ouﬁf“ g;d bjﬁy‘iagé%eg%e%w . Ur?derI °

thésé cBdifiods, thé protoh specta FEOYE TEETYUnd LD difétenicé
speptrumdof instP5: itouldaresobtairmed. All Theserspectra prakéuit possible

to Lharacterige tas £1.2,4.86)-RFiadicating that the 3-position (or
1-position) is the first position to be dephosphorylated. The 31P spectrum
of Ins P5 was not 10 recorded (Figure 8). 5.2.3 Kinetics of hydrolysis of
|ﬁsé6%>ré|irﬁi1h%&9’§ﬁmie%frnafd“eeit%B?s?ble?ﬁ?&mceé‘sr?&ﬁtﬁhﬁﬁ@ che
enzyne was insensitive to the presence of

The proton spectrum indicates the presence of a

virtually pure product. The analysis o<f the spectrum
indicates that it corresponds to Ing (2,1,6 or 2,3,4)
P3. The phosphorylation cof these three consecutive
positions iz confirmed by ithe 317 uncoupled spectrum

and by the HMQC.

5.2.2.4 Rnalysis of the HPLC fraction containing the
Ins P4ds.

The proton spectrum indicates the presence of a
predominant product {* 90%) which is found to bs Ins
(2,1,6,5 or 2,3,4,5) P4. The positions of the phosphate
groups deduced from the analysis of the coupling
constante (3JHCOP = 8-10 Hz) are cconfirmed by the 31P
unccoupling experiments and by the HMQC experiment. The

minor products were not identified.

5.2.2.% Characterization of Ins P53

Given that InsP5 is the first product formed and that
it is  immediately degraded to iInsgP4, it was not
pessible for us to isolate it sufficiently by EPLC to

be able tfo characterize 1t by NMR.
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15 deuterium and, secondly, to adjust the concentration of enzyme so as
to have kinetics that were neither too rapid nor too slow in relation to the
technical constraints of observation. 20 Depending on the temperature (in
this case 17C) and on the concentration of enzyme, kinetics can be slow
(YQA087 £13§PA8) and the appearancelofthe first intefRedFteSYeARIRS53
observed. It is under these conditions that the spectral characteristics of

IRSPS P5REre SiStainedaid that fHes suctessivetdppearandd of s PBas
In$:Pd=and iz P3 is clearlyssesn. Indtheipresencedfd wkdfenzimes the =
f‘%@%@i@ﬁ%iﬂ? lﬁ’@,_tinﬁ»f E:;1 @@qwﬁéitglg?;qbzgﬁ%dntélﬁfe }_:%%HH%%“Q@%@
e, thec exity e spectra.ohtained accounts for, the mixture o
L Tt e, WASE 10 ASTrS the TR ar O T ol Bmee: T the co st ea
pfES&ice of 265 oféizyrhi, comfpléeytfolydis fas Bbtained s F°
apprdximatelyd trours ITheselkinetie=35 rasalts confirak theilyydrolysisiofe
tl&ea 6Q|@msep£@éf ht% All_)@@d§nerevip,t@!y;lqtgs,I%ryle@.sTh%ylalg@aIyist@vvtﬂ% the.e
rolysis.of the last 2 bon re clear wer: the T
o SSct 1 e PRGSAale WO200 7686005 L1 Lo Lron 1 e
FERIOOET80 2658 ‘WHIGH accumnuf&tss i the MédiamSis thoudfitto "
pagthpresgongibtmfor this-(Figures 9, 10 and 11). In this study, we
described the pathways of hydrolysis 5 of phytic acid by the D. castellii

phytase. ;The. analysis-by.chromatagraphy andy homo- and

heteronuclear NMR made it posSible to determine unambiguously the
SHHRRIRGARE pFNEDAT Bnd 0 iobs IR RS rifed: 1S FS ins PA, (12°"

Pdiafs P40 ahd YRS P 1Y aFhe depRosphicryRatictPseftiénce s prasentes’
iREigreimnt eand besermamarized trothesformt: 3t445/64b2- Althoaghdhe o £
isomers. of positjan 1 and, 3,,and.4 and.6 arenot discernible, by NMR, we,

were, however, ggloe toscletgrmlz{\g, b)é gieans of thgoHPIt

rapil nor o atlion e technical

congtraints of chsearvation.

Depending on the temperature (in this cage 17°C) and on
the concentration of enzyme, kinetics can be slow (1 ul
of enzyme) and the appearance of the first
intermediates readily observed. It dis wunder these
conditions that the sgpesctral characteristics of InsPs
were obtalned and that the successgive appearance of Insg

PS5, Ins P4 and Ins P3 ils clearly seen.

In the presence of 5 pl of enzyme, the formation cof Iins
P2, Ins P and inositol is obeerved. In the
intermediate phase, the complexity of the spectra
ocbtained accounts for the mixture c¢f the Ins Pns. After
10 heurs, the hydrolysis i1z not complete. In thes
prasence of 20 pl of enzyme, complete hydrolysis was
obtained in approximately 4 hours. These kinetic
results cenfirm the hydrolysis of the & phosphate bonds
previously observed. They clearly show that  the
hydrolysis of the last 2 bonds are clearly slower than
the others. The inhibitory effect o©f the phosphate
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15 analyses, that the phosphate groups in the 3-position and then in the
4-position are the first two to be hydrolysed: The kinetics followed by
NMR confirm this observation. The subsequent hydrolyses are on the
phosphate adjacent to the hydroxyl group. The 20 hydrolysis of the last 2
pRRHAR%A6RAs Ins (1,2) P2 takesplate simultanedusly FEdUWEVE° tha>
rate of hydrolysis of the 2-position appears to be twice as_weak as that of
e Ao ST B3 ToRon) - PRl rapettid B A et (B
(s8ARAaHE A5 HPEC bR NMRY igerdantitath® grdiutlion 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 ke glassified-as:

a 3- phytase (EC 3.1.3.8) similarly to many microorganism,_30 phytases.
E%(’am;#el% oning, %vegje‘g(pré;a}sls“ion and bclzoac‘hteerng’i%%aI1 ch%]}rjgcﬁtg%z”atioﬁ%fe

th&réeEmhBinantPhytaBe MATERIALSEND METHOPS 35/0fjanismar®
veetors and-akgonucientidesrseguences The straiviss plasmidscaricrmine
O ERDUDS 01685, Tabls 7 Stgaiss, prasyice and sigoqucleatdos.
- [ a . Strai mids and oli

u%%ﬁlf)ol%sthi]s‘ons%u%lssggﬁg? :efelrsgﬁcg %r’ pp anssmigg or §ré%c?rr% g’t?oen%éllrses’pz

chafactefistics sotee pRRTETEStFaIng D ocate Mt PRy fase hrotGEerERS,
Delft EBS2923 ENL) Etcolickil- afrmcrA) 188 E(iesCB-hsd SMRamrrfk73n
Sirafagere 1Blue MRFLe06A supE4d:thi=lrecAlHag = preAB lac ana 3
Ilgr%wlg TQ'I%(T%H)] ffcga%gl{:is Ig\f«iggggﬂible by MNMR, we were,
however, able to. determine, by means of the HPIC
analyses, that the phosphate groups in the 3-position
and then in the 4-position are the first two to be
hydrolysed. The kinetics followed by NMR confirm this
observation. The subseguent hydrolyses are on the
phosphate adjacent 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-pogition appears to be twice as
weak as that of the 1l1-position (or 3-position).
Finally, irrespective of the method used (enzymatic,
HPLC ox ﬁMR), the guantitative producticn of incsitel
at the end of hydrolysis shows that the six phosphate
bonds are hydrolysed by the phytase of the yeast D.
cagtellii. This phytase can be classified as a 3-
phytase (EC 32.1.3.8) similarly to many microorganism

phytases.

Example 2: Cloning, overexpression and biochemical

characterization of the recombinant phytase

MATERIALS AND METHQDS

Organisms, vectors and oligoanucleotides segquences
The strains, plasmids and primers used in this study

are described in Table 7.
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X33 Plasmids p GEM-T Contains the gene conferring Promega ampicillin
resistance pPICZaB inducible AOX1 promoter; signal Invitrogen

sequence of a factor of S. cerevisiae; Sh ble gene conferring zeocin
resistance; mtegratlve pGAPZaB constitutive GAP promoter; S|c9nal

IAORPSIER 2&8Gdence of a factor of S cerevisiae: Sh BISTdERE LEHIRAHEG>

zeqcin resistance; |nte rat| Primers phyt r-for

R oA L) Tr AT (POARTRAT AR, (TR e R hage
et el SK LS NME phyt-pepi-rev
5-GG(AT/CIG)AC(AIG)AA(AIG)TA(CIT)TC (AIC)TA(AIG)TC-3'
correspgnding peptlde. PVFYEYD ! API 5-GTA ATA CGA CTC ACT AT
GGG G3:BD:BiogciePess i RoSoACEATRCEBCAC G éjﬁéﬁ T
BD Biogtigti€es Sphyt-spe-1
5-FAEGGAGCAGCTCCTCCTAAGAATCTG-3" Sphyt-spe-2
5-ATGATGTTATATTGECT EGACSGACGCTTG-3' 3phyt—%j§e-3?elft

sl_i‘ ‘I %3 6@1\6%[;@@ % @?%E@ig‘ SE Eﬁﬁm@r) ?pjlyt spﬁ%@ﬂaenc

-CILEGETCCCGAAAGAAATATAAGGETGFALZ" 3bisphyt-spe-1
5'PAAPTPTAPPﬁ@ﬂﬁéﬁ%ﬁ%ﬁﬁf%ﬁH%ﬁA#h'y oh%Pm@agc

5L AECT TGCTGARAGAGTTGCAGGTACCAACT-3' ~ phytDC-PSti-for
5'-GCACTGCAG CTCAGTCTICAAAGTITAAATAAC-3' wh)/tﬁ(‘-)(hal-rp\

S AT ETACATTAACTGTECATAAGGEAAGESET-3 FThe yeast
Debaryomyces castelii<CB$:.29234s-euitured in Erlenmeyer flasks filled to
1/FOEGPtheir volumearidet @@F&)pféoé‘@h%gtlgﬁﬁ“éhd at 28CEWH&fthe

. . sequenc
genomic DNA is exiracte ,a&eﬁtna;@ ﬁwl&uﬁggmme presence of 500
L of YPD medium oicof:?2@smilsofMSALntegrative
pGAPZaR constitutive GAP promoter; signal Invitrogen
sequence of o facter of S.
verevisiae; Sh ble gene conferring

P

zeocin resistance; integrative
Primers
phyt-Nter~for S5TTCIRA{RA/GYTT{A/G)AT(T/C/R}AR{T/C}AA
(T/C}GG-3"

corresponding peptide: SKLINNG
phyt-pepl-rev S5'-GGI{A/T/C/GYRCIA/C)BAIA/GYTAIC/T)T
(L/GYTA(A/G}TC-3"

corresponding peptide: PVEYEYD

APL 5'-GTA ATA CGA CTC ACT ATA GGG C-3° BD Biosciences

Ap2 5'-ACT ATA GGG CAC GCG TGG T-3° BD Biosciences
Ephyt~spe-1 5 —TATGGAGCAGCTCCTCCTAAGARTCTG-3"

Eohyt-spe-2 5 ATGATGTTATATTGCTCGACGGACGITTG-3"

3phyt-spe-1 5 —TATGGAGCAGCTCCTCCTARGARTE TG -3 J

3phyt-spe~2 5 ~CTGGCTCOGGARAGALATATABGGCTGTA-3"

Ioisphyt-spe-1 | 5° —GAAGTGTAGCTCTGGTCCTGGTTTCTCATG-3!
3bisphyi-spe-2 | 5 ~ATGTTGCTEARRGAGTTGCAGGTACCAACT -3
phytDec-Psti-for 5 ~CCACTGCAGTCTCAGTCTCAAAS TTARTTRAC—
3 1

phytDe-¥bal-rev | 5 -AGTTCTAGATTARCTGTTGATRAGGGAAGCGGT ~
31

The veast Debarvomyces castellii CBS 2923 is cultured
in Erlenmeyer flasks filled to 1/10" of their volume
under aerobic conditions and at 28°C. When the genomic
DNA is extracted, the strain is cultured in the
pragence oI 500 ml of YPD medium or of 20 ml of MSA

medium.
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10 medium. W02007/006953 - 53 - PCT/FR2006/001653 The E. coli
strain XL1-Blue MRF', used during DNA amplification, is cultured in
Erlenmeyer flasks filled to 1/10th of their volume under aerobic conditions
and at 37C, in the presence of Luria-Bertani medium 5 (Sambrook, J.,
AIRRER7 £ORS4RY Maniatis, T. (1989)° Molecular clonirfd ™ TABSR6HAP -6 52
manual. 2nd edn. Cold Spring Harbaor Laboratory Press, Cold Sprin
H&bor New Yok, TSR Supplementsd Wi]ﬁ‘ﬁgn‘fpicilﬁf?rﬁefi.?LO(f1 @3/%)9 gngfA
"o Salt L caria Bertaht meditm(5%Y/I Na Gl tha#y 30 of Wfdieistilled
adjusted to67.5 wvithrsadiuradlydrexide,dand whieh iscsupplethentetswitmd

oo Giooi Vi, Sionieh e e e
Wi of Bacto agar. e yeast strain Pichia
p%g?&l?éf X35 is dsed f %GS%TerEIOQOUSaé—l)%réQS%?&r? of the g%e'ne (1589)

eficheling tie phymsed The traastennaAte arddeletted, iirdeFa8robieo1d
conditionsrat 28, anYPRS agar medivm suppiersenteds withvzeocin {00
2)34%8 ?gg{yfé v%&;g;@@%ﬁé\él_f dwcTeéf’r@m@gl a)amhsceglfp{ﬁhq @I@@in%/imz onr
, ifie olymerase. chain.reactio or
tﬁ£ séqﬁﬁaﬁg%’% t?g WA?%]#eaéeﬁeg%%}%rker iﬁ%is%%g&nizj %s%t%epH
SRPILIiEIS iSSiAnEE ehet Two kpredsiorF eadtors, PriEosBshd 21
pGAPZaBiare usgck(Taite 73dThewedtor pPtCZaB codfaing Ahe proiioter
of the @lcghol (methapol)oxidase gepe(AOXd) whighsnakes.dpossible

to_abtain _high levels %fl ression of th ne of interest in P. pastoris
asnlgpgg the %)%perdes%%n o?ﬁeg?egco?n ingﬁtggo%%ﬂls’ methanol- inducible
(Cereghino, J.L. and Cregg, J.M. (2000) Heterologous protein expression
ifftlse metntotmphid ryedscRibhiarpastons. Felis Mictobiclogy Reviewss
24::45-66)gHhe veetgr pGARZaB containstbe premoterafdthe8sy  the
%%@%Qgghy%%§4¥¥§ﬁgEg§&§®¥ng§Qa%%@%égg@?nﬁnder aerobic

conditions at 28°C, on YPDS agar medium supplemented

with zeocin (100 mg/l).

The wvector pGEM-T (Promega) is wuged for the cloning,
into H. c¢oli, of fragments amplified by polymerase
chain reaction (PCR} and for the seguencing of the DNA.
The gelection marker in this plasmid is the ampicillin
resistance gene. Two expression vectors, pPICzaB and
pGAPZoB are used (Table 7). The vector pPICzoB contains
the promoter of the alcohol (methanol) oxidase gene
(AOX1} which makes it posgsible to obtain high levels of
expression of the gene of interest in P. pastoris and
the expression of the recombinant preotein is methanol-
inducible {Cereghino, J.L. and Cregg, J.M. (2000)
Heterclogous protein expression in the methylotrophic
veast Pichia pastoris. Fems Microbiclogy Reviews 24,
45-66) . The vector pGAPZaB ceontains the promoter cof the
glyceraldehyde-3-phosphate dehydrogenase {GAP) gene
which allows constitutive expression, at high levels,
of the recombinant protein 1in P. pastoris (Waterham,
H.R., Digan, M.E., Koutz, P.J., Lair, §.V. and Cregg,
J.M. (1397) Isolation of the Pichia pastoris
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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
W02007/006953 - 54 - PCT/FR2006/001653 glyceraidehyde-3-phosphate
dERAFOGRMESE gene and regulatio &nd use of its pr%?ﬁg%éﬁz. Vénduee?
37-44). These two vectors also have the sequences required for
rEpiCRIoh N BAEETa, “Rve Sefdttitn of AR EOhRE B faRsformedTvith 229
theseVectorsisdpabed oh adeléttioneonrarkers zeodinrand s séléctidn -
canhe appliedkin cbetheP spastors.and Eheolbdpurtherporesthe red for
r@%ﬁ@?&ﬂ&ﬂ%@ﬁ@@ﬁs are-expressed-as a fusion . the signal sequence
of theé S, cerevisiae a-factor. 10 Media D. castellii CBS 2923 is cultured in
(FETRESEHEES YPE e (16 5T ghst SxFAE30 T poptie: 20 g
ghacose) or 6EMSIALB madiurhiEs Exaniplé 1015 Materidds aad MetHods)
hefered at.pH bAswith 1900 rapy phthalate-boffer. Afterttensfermation-the

F-pasiars, X33 tapsformants are.selected.on solid, YERS medium, (16,
g/lélea t extract, 20 g/l el tgng, 20 g/1 %I,ucose, {Ms%brltol, 20 g/1
8%%61?)6%5%5 thé seléction S0 of t lesﬁr%%u%er tlones'in agar

medium, the P. pastoris transformants are cultured on a synthetic solid

meditan containing glucose or methanol at 0.506, 20 g/1 Bacto agar, 100

/L MS0d S50, S5 ol KOt HAPOA 25 85% 5 5%pite) 10 U PTML
g . : g 5% viv m

T8 SRt (L0 AL PG onCTa 8 311 (e THA0 B b it

Cis6455HIH 3 /1 MASCA HIBHMPmEIFRS mifiH3BBE B0 Mg/t -

Nz2MO004, 2304 9686 10:20), 419LE INHAJ2504, b2 9K H2ROZNHA andM

80-Rafk Dsbiotin ufferedatph 5:4-with200.50M S0 tartratephospbate:- s
aufter. When. the producer glones are selgcted in iguid;mediym, the £,
p%ﬂ?gﬁl veagt extract, 20 g/l peptone, 20 g/l glucose,
1 M sorbitcl, 20 g/l Bacto agar). During the selection
of the producer ciones in agar medium, the P. pastoris
transformants are cultured on a synthetic solid medium
containing glucose or methanol at 0©.5%, 20 g/l Bacto
agar, 100 ml/1 FM21 salts (10X FM21: 1.5 g/l CaS804.2HC,
23.8 g/l K;80,, 19.5 g/l MgS0,.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 %nCls, 6.5 g/l Fe(80,).7H.0, 0.6 g/l CuS80,.5H:0,
0.3 g/l MnSC,.H:0, 10 mg/l KI, 2 mg/l HiBO,, 20 mg/l
Na,MoQ,, H.S0, 96% 0.2%), 4 g/l (NH,).80,, 12 g/l H,PO,NH,
and 80 pg/l D-biotin, buffered at pH 5.4 with 200 mM
tartrate-phosphate buffer. When the producer clenes are
selected in liguid medium, the . pastoris
trangformants are cultured in the presence of a
synthetic medium containing a carbon source (10 g/l
glucose, 20 g/l glycerol or 2.9 g/l methanol), 100 ml/1
FM21 salts, 10 ml/1 PTM1 trace elements, 4 g/i
(NH,) .80z, 12 g/l H;PO,NH, 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 bioresactor, the

preculturesg are produced in the presence of YMPG medium



10

15

20

25

30

transformants are cultured in the presence of a synthetic medium
containing a carbon source (10 g/1 glucose, 20 g/1 glycerol or 3.9 g/1
methanol), 100 ml/l 35 FM21 salts, 10 ml/1 PTML1 trace elements, 4 g/1
(NH4)2S04, 12 g/1 H2PO4NH4 and 80 pg/l D-biotin, buffered at pH 5.4
VIR QO PINISEatHrate-phosphate buffef. When the cuRFeFRAE Ba/AGd Tk
in a bioreactor, the precuitures are produced in the presence of YMPG

mMédi@ir WO2BBTr006953 55« PCT/FR2006/501653 (3¢ FBast extralt
Jghmalt extracth g/lgpeptons), 1694l glueose)andthenprtirence of
als lﬁgﬂ%ﬁ& 9t£ %gfq}mqg%@iﬁ&%%é%ﬂ ;_g%mm ﬁl\g%ﬂqﬁsﬂgaﬁ%,
m race elements : .
p*gélrﬁ-){-’z%tir?%gu]ﬁer%ﬁaa‘té H5.Z Wi @500 m ?agtrat%%%ﬁgéﬁéte E?z:ff%?q
(Ki&fre Bt al. 229985 © T/ batéh Ricde- Bulture 47 €5rrigl oBfinthe with
presente of syntheticghedivina centainiig 40 gHiglycerettora20 g/11S98} .
Ofue0Se, 100 miE M2 salts1Q i/l PIML race 10 elements andB0.ue/|
Oipiotin, When a seqpnd hajeh eultiie I3 garriegoul, & solitipn.efglvcer
is added to the fermenter so as to have a final concentration %\ﬁglycerol

ot UPgA. FHis feiftionliS Laftéd ofit'after 2ofplete tdfstmptionof thae
ghcerehinitialippresent, .5 it bélng possible tdiisualize thirbythedns oh
a, Bhrupt insreasexindhe gigsolved-exygen-eonient; Tes fed-batch-mode

cultures, age. fegLwith syaihetic mediym, coptaining A00.g/l-glycerol -40Q, ¢
g/1 glucose or_780 g/1 methanol, 50 ml/l PTM1, trace elements and %r%g_jl

5 20%ibfn. e EShtlibus Thode BftureliS fed With 2&yrfetiChedim

68267 gt tnethaAsiBo Al FVI2thsaltsl PETRMLP TN ttade 8leraéntsEnd
500 pgél By biptie s2b Genamic-BNALxiractionRapicbextraction obt  an
gﬁg&g& DNA (gDNA) The cells odginating from-a-cultyre of D castelliiy

923 In the resence chf MSA mediruerg are, h%rvesiftgghe fic medium

-batch mode cu res  are wit
containing 400 g/l glycerol, 400 g/l glucose or 780 g/l
methancl, 50 ml/l PTM1 trace elements and 1 mg/l D-
biotin, The continuocus mode culture i1s fed with
synthetic medium: 66.67 g/l methanol, 50 ml/1 FM21
salts, 25 ml/l PIMI trace elements and 500 pg/l D-

biotin.

Genomic DNA extraction

Rapid extraction of genomic DNA (gDNA)

The cells originating from a culture of D. castellil
CUBS 2823 in the presence of MSA medium are harvested
afrer 9 h of culture, centrifuged (3500 x g, 20 min,
+4°C) and washed in 10 wml of sterile water. The cells
are then resuspended in 200 pl of lysis buffer (10 mM
Trig-HCl, »H 8, 1T mM EDTA, 100 mM Nall, 5 v/v triton
¥X-100, 1% w/v 8D8), 200 pl of glass beads (diameter
0.45-0.5 mm) and 200 ul of a mixture of phencl/chloro-
form/isoamyl alcohol (25/24/1; wv/v/v). The cell lysis
is carried ocut by vigorcus agitation for 3 min and then
200 pl of TE buffer (10 wmM Tris-HCl, 1 mM EDTA, pH &)

arz addsd. The s=olution isg centrifuged (8000 x g,
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30 after 9 h of culture, centrifuged (3500 x g, 20 min, +4C) and washed in
10 ml of sterile water. The cells are then resuspended in 200 pl of lysis
buffer (10 mm Tris-HC1, pH 8, 1 mM EDTA,.100 mM NaCl, 2% v/v triton
X-100, 1% w/v SIDS), 200 pl of glass beads (diameter 35 0.45-0.5 mm)
AR 90D/9P B2 mixture of phenotichibro- form/isoamyiFHEBROP P55 24§53
viviv). The cell lysis is carried out by vigorous agitation for 3 min and then
2D0BIRof TEXSGier (1BFRM ¥HeH9E1°1 RVFEDTAL PRFEF Grefdditd. T
selutioruis centrifuged (8000 g WOR2D@T#008953 cBboroform/iscamyl

- PGHERA006/001653 5 min; +4C) {the;peofeins-are extraetedframpdbeon

agueoys phase with one volume of ¢ Iprofolrggisoag%\g_ alcaghol (24/1; viy)
mgilxtudre, and ’centﬁfugartfﬁ)lﬁ' (8000 é)éﬁgp 2 min, +4C).The genomic DNA is 5
a

e, ¢ a )-Ih .
prEEiBRAFRA 1 I 'OF abisdftite EtharBl P26E) 2 centrfted (127600 g,
Sormir, AQpadd rétissohed: i 376 phohTE baffér TheRNACE dipsihare
bynincubation fos 45 min at+B7&x-in thenpresense of s75410/6M 0f RNase-y

A The DNA s then precipliated with 10.3bsolute ethanol (200)ence o
resuspended in SO pl of TE buffer and conserved at -20C. Li %IdA]I%h' h
moteCHIEP weighty&aat DRIA pfeparation The caiis cg’r?:g‘:Tﬁalt?rlld: foRTa - *
cahare bED. castellipi5 CBY 2023 it sresedee of BD0 Al oflYP TE
redioaraeg harvestechduting-thecexpanential phase, centrifuged (6000 x
g, 15 min, +4C) and washed in 40 ml of sterile water. The pellet is
rec:iLissoI ed.in 3.5 orglgofﬁ%g soIthi 1M S@%ﬁﬁ% O.leM SO itirg citrate,
60 @M 20 Igl?A:‘}lponf:alnlng ﬁ)epﬁo 2 X1 Githiothreitdl and 5 mg ?5000 .
URItS) ofez/hrolase 260 AEN BidRTdRalc32099)¢ arvfinCubatéd féiE A
atB87CoZmlif thenlysisrsalation (5 MeTrAsHdC 1y PHES, 2d6 wiv are
E?g%g@s%@@osﬂhéh%énE@E%?,g%%?ﬁ@ﬂkQgﬂemﬁﬁéé%ﬁqogg%@5ifuged
stics, Meylan,. Eranc re then added and the  suspension js. .

in(lc%tﬁjraa eéffgr’l mirﬁlaz%’+6§%: gr}ld €;'t’rl?egn Wagheda R
water., The pellet 1s redissclved in 3.5 ml of 3CE
solution (1 M sorbitol, 0.1 M sodium citrate, 60 mM
EDTA) containing 40 pl of 2 M dithicthreitol and 5 mg
(5000 units) of zymclase 100-T (ICN Biomedical, 32093)
and incubated for 1 h at +37°C. 7 ml of the lysis
golution (0.5 M Tris-HCl, pH 6.5, 3.2% w/v sodium
sarcosyl, 0.2 M EDTA, 100 pg/ml proteinase K (Reche
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 wultracentrifugation tube 11 ml of 20% w/v
sucrose, 11 ml of 15% w/v sgucrose and then 3 ml of
50% w/v sucrose. The lvaed 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 1in 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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rapidly cooled to ambient temperature. A sucrose gradient is prepared by
successively pouring 30 into an ultracentrifugation tube 11 ml of 20% wi/v
sucrose, 11 ml of 150 w/v sucrose and then 3 ml of 500 w/v sucrose. The
lysed cell suspension is delicately loaded onto the gradient and then
UttPROEFHFOGRERfor 3 h at 26 000 rpat +20C 35 (CeRFKGTRI0PG7801653
ultracentrifuge, Kontron Instrument). The DNA, which forms a cloud in the
gradiertttis écdbertd withea pipettenprecihitatetl Wil Bthambl &Adse A-

resisspended iNs108-4al of TEAudtes {16 1N TwistHCEthanM ERTA, pid).
TP&%%&%W@{%% incubation far WQ20Q4/006993 2 &fserves at
PCT/FR2006/001653 3 h at +37C in the presence of 50 pg/ml of RNase

A “The gDNA is again precipitated with ethanol and then resuspended in

200 p1 of TE buffer and conserved at -20C. S Cloning of the phytase
gehendimglificatidreobé fitstfeagment of the gene A polymerase chain
r@%&i@{lg@@%é&glcarfoieﬁ @&tﬂé;én&&%ﬁmla&ftr&@. gaﬁt@llg Cc:jBSh2923
gPNA obtained by the rapid genomi A extraction.method, T ir
o pielS PIVCRIS 1oy PSPl 64 5 decionod based. o seqiencet
tRe protsint fiffiting fo &makifitfithe? de§fee’ctdegenetacyPTabie #).2Y
TheeDNAGS dmplifiechby mM&ansoftite Tagppolymerase. (PiGmegs usingt
the- 1pdMinicygslor thermocysler iMa-Rgsearchy After=a fissts denaturation-ef
the, oRNA for 3 min at +94C, (he. amplification is carded gutin.30,cycles,
according to_the following temperature program: 1 min of denaturation at
+OAEE °mitt of FisbiidizAtion STERIE. 36 thand r%?ﬁ‘f‘*oflpsmﬁ%ﬁiﬁﬁ&g at¥
+728:Thesé cycles ar@=followed bhysx piteau BELORERA at +7281Tlorfing

ofrthes egaplate sequence ef the phytasegene rthe complete sequernassof
ﬂa%gggﬁfEQPgﬂnegfﬁ”Q%éhegDNA. for 3 min at +9%4°C, the

amplification is carried out in 30 cycles according to
the following temperature program: 1 min of
denaturation at +94°C, 1 min of hybridization at +45°C,
then 1 min of polymerization at +72°C. These cycles are

followed by a plateau of 10 min at +72°C.

Cloning of the c¢omplete sequence of the phytase gene
The complete seguence of the gene is obtained using the
“genome walking” technigue (Universal Genome Walker
Kit, BD Biocsclences) in accordance with the supplier’s
instructions. The D. c¢astellii CBS 2923 gDNA (2.5 ug},
extracted by the “liguid yeast hicgh molecular weight
DNA preparation” method, 1is 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 phenocl/chloroform and precipitatad with ethanol.
The fragments arve then ligated to the adapters provided
with the "“genome walking” kit for 16 h at +16°C. The
ligation i1s 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, EcoRV, Pvull and

Stul library”. A first genome walking cycle is carried
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25 "genome walking" technique (Universal Genome Walker Kit, ED
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 +37C
FHPRARFRF G Friction enzymes, sefidtately (50 units BFFAR BXRYL 653
Pwvull or Stul). Each fraghment thus has blunt ends. The fragments are

potified By BRralic with PHEROI/CRroforivarid predifitated with**  ©F
ethvanol = The fraprientsaretthen ligalddto theadapiess provided @5 witks

the zagename walking” kitdor 16 hiatsd6C. Thenligationr is stopped-ype-1
heating at +70G far,a min and , than,addjtion of,a volumes of TE buffer, ; o
Four libraries are thus cqnstructeq gnd amed "Dral, EGORY, Pvull and

Stafitrary= A fifs Yehoma wilking cyete is"Carrfed W0Z007/006853 =S8
POHFR2Z008/008653 66tusingeachiibrany s teriplate’ afd & pair of -he
pfimers camprisingsthedpiimes AP Especifie fer thenddapter andtheas 2

primers anhyEspe:Y3phyksper| specificiorthegene (Rablgy) Jhee is
efﬂmen(%/dof thl% 5 first PCR (ﬁ/é:le isr\:/i%rgi;ed Qn 1.50/é)3 L qgaroger ‘
e‘feac]ﬁ:olp oresis gell.l%%gmiﬁure, éje_rlved frofi the Tirst P R, is ilited %15
tiRTEERA] ROGSEEEs arteniplate 361 iIRR SecORIPCRRYch Ty 568815 2
cyokeds fearrige outtusingathesprimerAR2 specificfor therksecornd thus
aglapterandithe primers Sphyt-gpe-2/3phytispe-2 specifie forithe geaent
(Table 75) . The Eraggwent;s_l thus, .amplified.are separated op a 1.2% low
=} roge ., &ls I Q ged, Cie 2

ax CaOres s . A i LS L1TL
m&tmggomt agarose grectropﬁoress gel, puri edrusm a "GeneClean"

kitGFTECIoRER inté the FECtor PGERAT iMES orttef to & S6queniced A 12
secdrd géronte wakingoyele - was recessdry i order tovabtdinthecycle
completeseguence af thegane: Foreaeh Hbrary twonRGRamplifigadion:
cygles are carried oyt as previously, Ysing the pIMeIs; np1ificacion
AP1/3bisphyt-spe-1 for the first cycle and, 20 AP2/3bisphyt-spe-2 for the

S%ESH&%yaﬁﬁT%%ﬁ¥W?d out a& previously, usind the primers

AP1/3bisphyt-spe-1 for the first cycle and
AP2/3bisphyt~spe-2 for the second cycle (Table 7).

Construction of the expression plasmids

In order to clone the phytDc gens in P. pastoris using
the expr@ssioﬂ vaectors pPICZoB and pGAPZaE, 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
methed, using the Pfu Turbo polymerase (Stratagene).
During this amplication, the pair of primerg used,
phytDc-PetI-for and phytDe-Xbal-rev (Table 7), allowed
the creation of PstI and Xbal restriction sites,
respectively, in the positicns 5’ and 3’ of the gene.
After a first denaturation of the gDNA for 2 min at
+859C, the amplification ig carried out in 25 cycles
according to the following temperature program: 30 s of
denaturation at +95°C, 30 s of hybridization at +B59C,

. then 1.5 min of polymerization at +72°C. These cycles

are followed by a plateau of 10 min at +72°C. The

absence of mutation is verified by sequencing.
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Construction of the expression plasmids In order to clone the phytDc gene
in P. pastoris using the expression vectors pPICZaB and pGAPZaB, the
25 complete sequence of the gene is amplified by PCR. This PCR is

carried out using, as template, D. castellii CBS 2923 gDNA extracted by
tHEZAPTd BRAHdTMic DNA extractiorr niéthod, using the P FRARS 8/ 001653

polymerase (Stratagene). During this amplication, the pair of primers
used, 30 phytDc-Pstl-for and phytDc-Xbal-rev (Table 7), allowed the
cCleatiortofrRett &erl Xbal restriction sites, respectively, in the positions 5'
ang=3' of thegener Afterafirst denatratonebthergbNisiofimbyatieat

DpCaqthe.amplificafion is cauried oyt in 2a cycles 35 accordipgdaithe
following temperature program: 30, s of denaturation at +95C, 30 s of

HybfidZation af +85C, 1 B3PS Solymérnizatioh At % 72C  Thass 2+
cyElesi ags followdd by zrplrgau ©F 10Fhin ali72GThe &AvsehceSsrring
mutation is verfied by sequeneing. AWO200#00695825%~, New York,

R 1/FR206/004653, Jrapsformation The:k -coli X1 1-plue MRE"cells are
trapsformed by heat shock,as described b ,Sair:n.brook et al. Sa%lPé ol&
S BFMSEN EF Ghd Maniatis; °(1989) Molecafar cloning: a Faboratory
nFan@Bl 2& ed¥ CHESprilg Hardor Ldboratery Pressredld Sprirgprual
Harbpr,Mew Y arkd USA)vekhel Br pastoris XB3reellsaretransfariied yhe
eleciropgr @H%Q glgp{grog_ggtin%{ygti%m@%l&al %E%?Aé 10,Band &1 seFr
version B or Invitrogen jnstruction manua n ersio

Iﬁ%ﬁ%é%scnﬁd.,\( %k?rﬁ?e t?aer?sfoar%aﬁ‘ongd%%ac%?rieodfou?U%iﬁé\}; gaezhcg 2

HASE- AppartuLBicrady Set atdlvditage bf .59 &R ' TapdEitaricaor
25=pF zan@ apuisesontroller (Biorad) 15 set at 200 ohms. Synthesis and
analysis of sequences The oligonucleotides used as PCR primers were

sypingsizad by the compAny,MY¥GRigtech. (Germany). The

The cligonuclectides used  as PCR  primers were
synthesized by the company MWG-Biotech (Germany). The
microsequencing of the N-terminal . seguence and of
internal peptides of the phytase was carried out.using
a protein microsequencer {Beckman/porton LF 3000) using
the reagents and methods recommended by the
manufacturer. The microsesguencer was connected directly
to an RP-EPLC chromatographic system (Beckman 1258)
with a Uv-datector at 268 nm (Beckman 16£). The data
are processed with the Geold Vg.20 software. The search
for 1local alignments between nucleotide or protein
gequences and generalized databases is carried out with
the BLAST2 (Rasic Local BAlignment Search Tool) and
FASTA software. The comparison between two seguences is
carried out with the nucleic acid or protein LALIGN and
LFASTA programs of the FASTA package. These programg
are avallable on the Infobiogen server

(http://www.infobiogen . fr) . The prediction of a signal

peptide and the caloulation of the theorstical pHil
values from protein seguences are carried out with the
Antheprot 2000 V5.2 raelsage 1.1.58 software. The
glvcosylation sites are predicted using the NetNGlyc



i0

15

20

25

30

20 microseauencing of the N-terminal sequence and of internal peptides

of the phytase was carried out using a protein microseauencer
(Beckman/porton LF 3000) using the reagents and methods
recommended by the manufacturer. The microsequencer was connected
divetlg/72% 46 Ei# RP-HPLC chromatogaphic system (BEEKAR#P AL5B)1653
with a UV-detector at 268 nm (Beckman 166). The data are processed
withPthe GSiotd X820 software 2THe &ATER Lior logalaligamic?is betheiehr =
neicleotide Dypretein seqguences ant gepers)izad datahases is casiesiayt
with 3Q the BLAST2 (Basic Local Alignment Search Tool) and FASTA
software. The comparison between two sequences is carried out with the
nucleic acid or protein LALIGN and LFASTA programs of the FASTA
paekageé 1 Phe S protraRfee #fe vaffalsiassh te hichidgeredivar 35
(htte:/mwwinfahioaen fryzPhepredietion:abasignat peptidewndithed at
calcydation f the theqretical pHI values frgin protein, SeqUeRGes kg ¢ s um
carried out with {%e /thhggrot 000 V5.2 release %81\/% softyw\%alre.!]' e
iy iation-sites rSdicRaLaTTS the NEINGIye W020077006953 % 85
- @@T/Fﬁzmia?@@fésép 0 SDityO Gl cE T ard NetCBR/cDEetoeRnES
Centre farBielogical Sequenee@nalysis; Teghnicakldniversity oPICphyt
%M%%éﬂ%‘i&ti%&é’f ?@Qr@gggera@?a@%dwdiqwﬂgg}@iL#BJJ@de m;
pastoris p phyt transformants are cultured at in the presence
R e contaning 101 oo e ae ]

ctiftdiee® Are €EntrifGGES 615 nfid 581676 % & The-ESperataits 40 ad*®
comséervietiugt=e4CE The P. pastors pRIChyt wansirmantsarecculturedeodt

+2860in the presence-of; Supl ofthesame. megium €oatainingr29 glkaf um

gc'é’o‘%%:rtg'i instead, 9% glurose, Affer 48,0, the cultures are, eentrifuged for o,

min at 1676 X g. The production of 15 recPhyt is induced by adding 2.5 mi

of fife sant® Hiedili™cantaitifg 3.8771 of Metifanol, iHst8ad of §lutoseS”

tg¢nduction, the cultures are centrifuged for 5 wmin at
1676 x g. 2.5 ml of the same medium containing 3.9 g/l
of methancl, instead of glucose, are added to the tubes
containing the cells. After 24 h of induction, ths
cells are centrifuged for 5 min at 1676 = g. The
supernatants are conserved at +4°C. These cultures are

carried out in 13 ml sterile tubes.
Production of recombinant phytase

Precultures in Erlenmeyer f£lagks

The precultures are carried out in the presence of YMPG
medium in Erlenmeyer flasks filled to 1/10" of their
volume. They are incubated at +28°¢C with shaking
(80 pscillations per min, amplitude 7 om) for 24 h. The
precultures are then produced in the presence of

synthetic medium for 24 h.

Cultures in a biloreactor

The batch, fed-batch and continucus meode cultures are
carried out in Applikon fermenters of 1 1 or 3 1 (The
Netherlands). The pH isg adjusted to 4 by autcmaiic
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the tubes containing the cells. After 24 h of induction, the cultures are
centrifuged for 5 min at 1676 x g. 2.5 ml of the same medium containing
3.9 g/1 20 of methanol, instead of glucose, are added to the tubes
containing the cells. After 24 h of induction, the cells are centrifuged for 5
HRRAL 1675 8. The supernatants @ke conserved at®FEFFRRAY/ QORGES
are carried out in 13 ml sterile tubes. 25 Production of recombinant

pHyEse Precuttfired 45 ErleimeyeifaskEThepretuitur8e e cafied bat
in thepresence dfsY MPG 30 msdiwn in Blhmeyerdlagks filled 1o ¢/110th
qﬁ%eingcygwagod;ﬁh%x asf?m;brﬁt@g@m@@ ;Nﬁb@hah®$f&%@\03@$%tﬂr§
r min, amplitude 7 cm). for 24 h. T recultures a e edin,
the %?éas}égﬁjc%éf s%nrtﬁggg Sr)ne Fumafccli)]r %(491 h. ﬁg%u turEghséin g%g%%%ior %:
ThE"batcH: ¥éaatchUnd EBRtiNGGHS MGdE cullarés afe  CaMfiés oitin 1°
Applikbn fermenters ofdtli or8uls(ThedRettietiands ThelpH idatfjgstedd
te 4y automaticaV 02004 006953 blexBGTAIR20Q6/80 165 3 apititionss
91628 (VLIS 9101 2. H2504 andihe, Lampgialuie Ismanjaneghal,
28 . In order to prevent the formation of foam, Biospumex 153K .
TR YCOGAR Bldseliori*68MMany ;& added Garing the Bulfiie: 5% %
vAe aatifoam for the fed-batch mode cultures or 1% (v/v) for the
condnuaus mode-eultures: The dissblveth oxygen pattial pressurefis the

"&%%%H@Qysmea%épm%%nsoel&obﬁﬁﬂﬁ Netherlands) and maintained-at

a value greater than 30% by regulating the agitation and the 10 aeration.
THE 4 dcquisition and the verification of the cultures are carried out
using the Applikon BioExpert software.

Culture conditions

See Example 1, culture in a fermenter.

Determination of the concentratiocn of biomass
The cell concentrations are measured by optical density
{OD) using a spectrophotometer (DUS30, Beckman

Ingtruments Inc., Fullerton, CA, USA) at 600 nm.

One OD unit corresponds to 0.462 g of solids/l (g 8/1)
on glycerol, 0.442 g S/1 on methanol and 0.4%1 g S/1 on

glucoses.

Recombinant phytase purification

See Example 1, Materials and Methods 3.

8PS-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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15 Culture conditions See Example 1, culture in a fermenter.
Determination of the concentration of biomass The cell concentrations are
measured by optical density 20 (OD)-using a spectrophotometer (DU530,
Beckman Instruments Inc., Fullerton, CA, USA) at 600 nm. One OD unit
BT tdE 86 9.462 g of solids/i (g S11) on glycerol RFT4RGYA/§R1653
methanol and 0.491 g S/1 on 25 glucose. Recombinant phytase
PUHTERRGT Seb ERINBREE, Materials and Methods 3. 30 SDS-PAGE
electrophoresis See Example 1, Materials and Methods 4. Determination
of $he peatein eancaniratiop: See Example-, Matadals ansdvethods 7.2.
35 W02000/006953 + 62.- FCT/ERZQQ/O01653, Enzymalic techpiques . ¢
Detection of the phytase activity in agar medium_The phytase activity is

detdetéd udihg thémikthdd Bf 5 Kibfet &1: {kim, %8, Kint H.K:Bae? - 7

K83 Yo d HT -&hd ORZT. (F998)Pwification and prsjseraes ofa of 2

thermaestable-phytasefromBacilesspe RS Enzype Micmob. Techaphe

2%, Zxhmodified,for the specifis_visualization olphosphatases iecisic
polyacryLl?mlg? <g;el. 1 T(?@OP gﬁ\storls transformants are cglture unde
0

aer8bic cohditions at'+3 R6hd Whtheticd medium’ containing 0.50 oF

giliose Br of AARAABIS depERTIRGTNIHHE TectdF Bsed UFiesetultuies s ™
are ingibatetbtod 3 days. latthe-case ofthe Popadtosgcidrgsic medium

N e Dot S g
ed daily into the lid of the Petri dishes from the third day.
a& vec)é ff% g/f] Ea%?o 5 ua?rFUZr%elsl a?ﬁgphfhny?p (%stp%%:te?cirg/lzﬁ

wsUeaIizmg solution’ .
FRYGametGBeS §3%°g/PSoditf phytats Hefefed HPPEFS SARItT 6255/

2@isodigmeacstatefbuffery es-preparéd fustbefdre use,of methanol are
added daily into the 1id of the Petri dishes from the

third day. The wvisualizing solution {10 g/l Bacto agar,
2 g/l a-naphthylphosphate, 1 g/l FastGarnetGBC,
0.92 g/l sodium phytate, buffered at pH 5.5 with 0.25 M
sodium acetate buffer) i1s prepared just before use,
cocled to 45°C and poured onte the colonies as a fine
layer. The staining {brown, deep red) of the phytase-

producing clones appears immediately.

Determination of the phytase activity by phyvtate
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 enzyme
kinetics. The reaction medium (2 volumes in total),
buffered at pH 5.5 (125 mM sodium acetate), contains
6 mM of p-nitrophenylphosphate and the enzymatic
extract which has been diluted, or not (1 wvolume).
After various incubation periods at ambient
temperature, the reaction is stopped by adding 0.3 N
sodium hydroxide (1 wvolume) in order to basify the

medium and reveal the staining. The abksorbance is
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" hydroxide [T vofurie) ifi ordér to basi

cooled to 45C and poured onto the colonies as a fine layer. The staining
(brown, deep red) of the phytase- producing clones appears immediately.
25 Determination of the phytase activity by phytate hydrolysis See
Example 1, Materials and Methods 7.3. Determination of the phytase
EAYRY Y peritrophenyl- 30 phosphdte (p-NPP) hydroRFSi$FRIé aefidRy is3
determined by realizing enzyme kinetics. The reaction medium (2
VORAAES filtotah), Biffere® atytBb (825 Fimcdotliufratstate), €dntains ©
Gundt of penitrophenidphesphate aniddherenzymatiti3s extractavhich ast

been dilyted.er:naty1yvolume). Affervarious ingubationpesiods-at eases
ambient temggralture, the reactioQ is sL[%oﬁorng by addin%QﬁS N fp%iumthe
e

e oer i [@1]
medlﬁm and reveal the

stalkitgl The albdorbaficd is WOPGOWOD695PL882 PCIAERZ 006401653

measliredatA50auh Using & SarefizRasteur RR 23100 - microplateresidern

spestophatometer sThe enzymaliciunib k) is defined as the araunt-of: -

E%n‘l—zl g;%%%hg% rqtlgagciﬁ _%n%picrn%‘ilgle of p-nitrophenol per min from the 5
I 107 . ;

tion of p-nitrophen phosp%ate under defined conditions: ambient
temperature, pH 5.5. A calibration line was established beforehand with
prairephenykyhbsphate (0.012-0.12 pmol). 10 Kinetic studies See
Examnplesls .5 and 7.65 RESULTSS, 15 Characterization of the phytase
gene Cloning of the phytase gene of D. castellii CBS 2923 An internal
peptide and the N-terminal peptide of the pure D. castellii phytase were
s%}g;ﬁg%gd. From these 20 peptide sequences, PCR primers are
designed, limiting to a maximum the degree of degeneracy (Table 7). A
RER risceaitied 0L aising astienplates she Pegastelli CBS

Cloning of the phytase gene of D. castellii CBS 2923

An internal peptide and the N-terminal peptide of the
pure D. castellii phytase were sequenced. From these
peptide sequences, PCR primers are designed, limiting
to a maximum the degree of degeneracy (Table 7). A PCR
ig carried ocut 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 seguence of the D. castellii CBS 2323 phvtase
gene, we chose to use the “genome walking” technigue.
From the seguence of the 300 bp £fragment previously
obtained, primers corresponding to the ends of the
fragment and allowing amplification of the sequences
adjacent to this fragment are synthesized (Table 7). A
PCR is carried out using the D. castellii CBS 2923 gDNA
libraries as templates. The first cycle made it
Ipossible 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
libraries, respectively. Thug, we were able to
reconstitute a fragment of  approximately 3000 kp
comprising an open reading frame (ORF) of 1325 bp

truncated in the 3' posgition., A second PCR cycle was
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2923 gDNA. A fragment of approximately 300 base pairs (bp) could thus
be amplified. In order to clone the 25 complete sequence of the D. castellii
CBS 2923 phytase gene, we chose to use the "genome walking"
technique. From the sequence of the 300 by fragment previously
obeaE, PRPEPs corresponding to thé ends of the frAGHETRZHTE ANOWIRG
amplification of the sequences 30 adjacent to this fragment are

SYRETESPAEI(TRbRETNIA PCR B eaftiet Gt Uiy the D oBastemi EBsend

- 2923igRNAr librasies astteniplatesiThedfirsteyele inade iPqrossiiiédo PCR

amplify afragmentef.approximately, 1600:bp pstrears, and obxinately
appioximately 100 bp downsfrepry of 35 the 300 bp sequence, from the,
co \?anl vill Tibraries, respeéhve?y.y'l‘hus, we were able to

réE6HatREE A Fragment of apSoxiRateRESB00 BiF SCorfrising @hopen- <
readingframe ORF0fd325cbp tfuncated irstheR3' position. s sétend-wo
RGR cyeleswas WAZ0RHO0E9A 641-PCT/RRI00RIONIESF-Castied out
using new.primers designed.from the 3' en ragment obtaine

d%?ingct%%ffﬁgfn P(?@Eﬁghi;IC %éf% rﬁggg it %ggsl%lé%%%?ngplif%ga fr%%er%eol%@
approstimely "0 by fdfit fe ELoRFAIbtaR > W RS thus e 168 7
réconstitute therl 386-Bpoperrreading frame:The prawinsequepce ners

dedueeddram this QRF epatainsithedyvor peptifes=seuencee-prawotskyd
WhiGh makes it %?é'bé%nnggpé'rrgé%@t twgyegﬁgp{@ﬁ@@ng'\%{ tosthe ggne
encoding the D. castellii CBS 2923 phytase (see SEQ ID 10 No. }15) In
ordér to Gy THE Seuercd pHIMETS cofraSpontifiyto-the eRds Bt e Y
geheawerdsynthesized (Table 7) . The complete gene was amplified by
PCR and the sequencing confirmed the results previously obtained. 15

Analysis of the:nugleofide and-praleinequenees Bysuguepfdge "genome
welking: experiments, 3, 2990 bp fragmert could e reconstited. Tis
ment™ - I J P ’
2990 bp fragment could be reconstituted. This fragment
contains an open reading frame of 1386 bp called
“phytDc seguence”. The corres.ponding 461 amino acid
protein seguence contains several motifs (SEQ ID No.
2. An RHGERYP wmotif corregponds to the RHGXRXP
consensug seguence present in the active site of many
high molecular weight acid phosphatases. The seguence
also possesses the HD motif in the C-terminal portion,
which is a motif present in many phytase seguences. The
N-terminal segquence begins from the second amino acid
of the deduced protein, which appears to indicate that
this protein, although excreted, does not have a signal
peptide. This observation is supported by the fact that
a negatlve regult was obtained when searching for a
potential signal peptide cleavage site. using the
Antheprot softwars, The deduced protein " has an
estimated molescgular masz of 51.2 kDa, similar to the
mass obtained experimentally (53/55 kDa) by mass
gpectrometry using the protein expressed in  D.
cagstellii CBS 2523, purified and deglycosylated by
endoglycozidase H. The difference in magg can be

explained by the presence of N-acetylglucosamine
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contains an open reading frame of 1386 by called 20 "phytDc sequence”.
The corresponding 461 amino acid protein sequence contains several
motifs (SEQ ID No. 2). An RHGERYP. motif corresponds to the
RHGXRXP consensus sequence present in the active site of many high
sl 0 Weight acid phosphatasess The sequence ZB5-aItRBO88€88a853
the HD motif in the C-terminal portion, which is a motif present in many
phytastussqueticesITHe- SiLtermiyal setrienceo beghs Tortthe 36tondet
amineacid 1of thendeduced-profeinswhich appeatsito indicatedhatrthisin
Pratein. although;exereted,.does nqthavea signal,30 peptide. Jhisneia1
ob§e5vat|on IS su orted Qg the fagt tgat a ngg?tjvei reggltfvacsogb ined
when $E3FART foa Fotential Sighal peBtids cleavage site Using the
ATtREBrot SoRwiié. The BedEca piotéin Hes &F redthadiholeciitarT e
mass-ohb ¥ 2-kDegsimiaritethe 35mass abtaired ekperimetatly (53/55 .
kD2 by;mass cepectrometyising the,peotein expressed:in R, 1 eastellii+ n
Chs 2928 purfied and dedlyGosylated by endoplyeosidage Hy,The, ;..
différencs i mass can be e Slalned%y the p?esence of o
NRAcelIgIuSSSAIRREAR02007 /088953 PBE - FEF/FRB06/661653 ™ 127
residaes & ob@:iglycosylafioh mdtifs which afe notaremdved byyrBS 2923
epdeghosidase HAnalysis:of the peotein, sequenee shews the presence
oL patenial Ndlyaosylation sltes.ane dhgienial Qslysosylation.o stes

The pHi o protein is estimated_at 4.3.. The search for homologjes

Vit databasas Shows that thE B'CaStéIiERS J973 SRS Fas 1 t5°°
36% homiclegy aiths vativtsphytaSesof yehst Grfangarerigif. The siase
ot thersequences of theseqihidases are yerysigdante (A48-480amifeon

agids)s hutthe. D, casfelli CBS,2923 -nhytase doesnofalign perfecty,qver
the entire length “of its seqi%ence. The phytDc sequij:ce shgres over jts

ehtife lendth, 652% foimology-wili the Sequehteofthé & occidentalis
phytaseiBiAce ihé sefEencdof fiegéne this sequence exhibits
homologies with phosphatases.

Selection of the P, pastoris clones which are hyper-

producers of recombinant phytase

The phytDc gene was amplified by PCR and ingerted into
the expression vectors pPICZaB and pGAPZOB. The
transformants were selected on YPDS medium containing
zeocin. The transformation rate is 10° transformants
per ug of DNA. The clones obtained with the vector

pPICZoB are called “PIC clones” and the clonss cbtained

- with the wvector pGAPZoB are called “GAP clones”. For

each transformation, 100 clonss were sampled randomly

and the recombinant phytase (recPhyt) production
thareof was evaluated in agar medium. Afterxr
vigualization, the clonss that are the highest

producers exhibit a brown ring around the colonles. 296%
of the PIC clonesg and 66% of the CGAP clones are
producers. Amoeng the «c¢lones that are the highest
producers, 10 GAP clones and 10 PIC clones were tested

on synthetic medium in Erlenmeyer £lasks. For each
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15 encoding the S. occidentalis phytase was obtained from
complementary DNA, this alignment leads us to think that the gene
encoding the D. castellii phytase does not have introns. Moreover, this
sequence exhibits homologies with phosphatases. 20 Selection of the P.
pE3t8A< €883 3which are hyper- protiticers of recomblTAHT BRYEE The™ 3
phytDc gene was amplified by PCR and inserted jnto th e expression
VELIEE pPIEZ At and pEARETS CHiG sl STRAMS Wrare SeIGEd on 9
YHBS nfédiunitcontaiing Pevems Fhe dranstorbivatiohiYateiss ocuicure
transtormaniscper(ug of DNA. Theyclonesobtained withtthepvatten  was
PRICEaB e calleds PIG clonest and she-loes, oiaingd i Wil ihe cre
Y r aB are calle clones'. For each trans atio
c%fncgs %v%)r%eésarﬁﬁgd %ﬁ%mﬁy a8nd%tﬁe Erse'coggmbglﬁgntttp ?/ta%srzg%re%g?ﬂ??)s'

prodictiont tiere P was v aRiated int agar mebRiINT &t LAB Al 2®n Hife
clones that-are thes highest 38 jprgducerg exhitiit=an beawre ing &feurd e,
colanies. 96% -0f the PIC clonasand66% of the GAPsclones.are cregg,
producers. g the clones that are the highest praducers, 10 GAP .
c%r?/gs ano[ ']ig%%?c clgtnse% v%gﬁeo%ste(f %n sYrﬁﬁetic %n%ecgjlﬁr% jn £A5C0TEE
ESHeTRéer TrASKES For RaRRRAB2607/08698 8 65 PET/FREGG671001653
clore; 1he fatio efitheriemass (evaluatedrioy meastdng thé ©D)36 thé ) .
phytasemstivihindhe:cultire supernatanh (mgastsed by pydelysis of be
P-NPEAYISS detamoined. The raliatenges am 0,0 045 amopaibe ..
PIC c ones and from 1.28 to 6.07 for the GAP clones. Under these culture
CORdTONE e AR tdriesare the best producers. According to
Waterham et al. (Waterham, H.R., Digan, M.E., Koutz, P.J., Lair, S.V. and
CGreggzodM (992 xiselatien ef the-Richinpastorisilfkc1y, the PICS1

glyceraldehyde:3-phosphate;dehydrogenase gepe apd gegulation afithe 5

use of its promoter. Ger&e 186, 37-44),
clones were tested in a fermenter. For the PIC clones,

two  succesgive batches on glycerol (40 g/l) make it
possible to obtain a high biomass before induction with
methanol (780 g/1) in the fed-batch mode. For the GAP
cloneg, a first batch culture on glucose (20 g/l) is
followed by a phase of production in fed-batch mede on
glucose 400 g/1. The PIC81L clone makes it possible to
obtain a final biomass of 81 g &/1, whereas the final
biomass of the PICE1l clome 1 only 65 g 5/1. On the
other hand, the two clones produce gubstantially the
same amount of recPhyt {100 U/mi). The GAP clones
exhibit identical growths (100 g 5/1) at the end of
culture, but the producticng obtained are 11 U/ml Zfor
the GAP2% clone and 9 U/ml for the GAPEE clone. The
recombinant strains obtained produce, respectively, 100
{PIC strains) and 10 ({GAP strainsg) 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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the GAP promoter in culture on glucose appears to be stronger than the
AOX1 promoter in culture on methanol, in Erlenmeyer cultures. 15 To
complete this selection phase, firstly, the PIC81 and PIC61 clones and,
secondly, the GAP29 and GAP66 clones were tested in a fermenter. For
tHe IR ERAHES 3 two successive batéies-on glycerol (BETGAFIABREGP 2OS 3
possible to obtain a high biomass before induction with methanol (780
FIPRUREYeR- IRk ch $RETR ipgMiheREX P2 Rnes, a first batch culture on
glucose (20 g/1) is followed by a phase of production in fed-batch mode
UbRHCOSEAQR 0/l o RBe £ CBd:Clone makes.ibpessibledo 2gnabtainafingl
blor‘gass of 81 g S/1.wheteas the flnaLf:péomassXL@e RIG61 clone is q{\ey
zé/l On rtzhe other hand the two clones proauce su stantlaﬁy the
%?éi’éﬁﬁﬁﬂ otf¥e5§ﬁyf;ﬁ%d%ﬁﬁlﬁa The GAP clones exhibit identical
growths{200.gtSiL) atthe ead®f:30 cultvre stutthedraductionstobtained
aﬁ@dé%géml fog othengﬁP29 QJ@E}%d@BQP U/mbf@ré’lae_ fo'%%%%g%@tﬂ%ﬁo 1d
inant strains, gbtain ce pectively strains). an
%9? @%}alns% tlgnhes r%lo(rgg%o §ta%e tchgagn th(;(i:!;}\llwldr f?/sp%lé castelli CBS
%ﬁ $he 35 production by the PIC81 and GAP29 clones was
optlmlzed in a fermenter. W02007/006953 - 67 - PCT/FR2006/001653
Fradustion.of regpmbinant pbytase £opstittiive expression: nkafluence: ot
the carbqon source and.of the specific growth rate on the 5 production by
the GAP clone The production of recPhyt was studied in culture on
glucose (400 g/1), glycerol (400 g/1) and methanol (780 g/1) in the
fédbatch-mbtle. Fheessultnare givee indable 8ha0 Tabkeg8e carried
Comparisamof thenparametersobtained duFings /1 of glyeerol .

" Biomass Y4/ n ‘ recgii}ft YrecPhyt/
. yt/x
Substrate for the fed-batch Impesed Cultare phase B 5 gversll

B! iml Vg s

! a1 R
Bateh (45 h) 193 05 020 65 340
Glecose 0010 Fed-batch (U4 i) Jte 03 0009 10 289
Final (143 4) 33 9 16.5 306
Batch (49 by’ W05 05 0.20 ? 341
Glycerol 0016 Fed-batch (9 Ly 352 03 0008 96 272
Final (143 1) 557 16,6 298
Clucose 0.040 Baich (26 h)* 192 0.5  0.20 5 260
Fed-batch p;l_;lsc 138 46 0.5 0.037 71 159
j 6
’Eed—balchph::se z(24 177 0.3 0016 39 220
h) g
Final (88 b 8.5 6 i%6
Batch (31 LY 203 0.5 020 & 295
Fed-butch phnse | a5 pose 73 161
. . (38.5 1) 5
Glycerot (:.04()F q | nhase (24
ed-bateh p o 132 03 D016 33 250
Final {93 sh) 788 16.6 2i0
Bamh (79 e 0 03 015 90 2440
Methansl 0010 Fed-batch (113 BF 43.8 Oé‘ 0.009 49 12
Fined (142 b 83.8 14.3 173
5. These wvalues correspond to the wvalueg obtained

during each phase.
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GAP29 clone fed-batch cultures. For all the experiments, the batch
phases were carried 15 out on the same medium containing 40 g/1 of
glycerol. ----- Biosnass Ys/ ft reephyt YrecPhyUx Substrate forthe

fed-batch imposed Culture phase 9 s overall lit _ _S/1 g/g h-t U/ml U/g S

BREH (4P A§2PF.3 0.5 0.20 6.5 340 Blucose 0.010 FEFHARAPIS 103256
0.3 0,009 10 289 Final (143 h)" 53.9 16.5 306_Batch (49 h)' 20.5 0.5 0.20
7341 GRREFoI P fﬁFe%PBﬁf’cW@lﬁw) 55,7093 0.008%5 6 272 Eifal Bi4S
L)" 55. TJiGCﬁlZ@&r@Iucose --- 0.040 Batch (26 h) 19.2 0.5 0.20 5 260
Fed-batch phase 1 (38 44 6 0.5 6 h)" 0.037 7.1 159 Fed-batch phase 2

(017108 103089 260 FINAl{3SL. 815 10 190 Balen 9h 204

0.50.20 6 295 Fed-batch hase | 0.5 355h) “453D 3973161
é&/%‘éi?oi‘bloidi Eed/batch elf(fzpfﬁ 5$0 16337250 11). Einhl 3
31007788 16:6 X1 0= Batch (29 JT A5 60,6 240. Méthandlaponding

Fed-batchi(1231))5:43:3 0640.009 ~h9dd2 Fipekeld20h) 838 148 173a

Q%Va'%%%c%%%@g%th%’a'y&% ingd, dyring.each phase. .y .
W02007/006953 - 68 - PCT/FR2006/001653 b: These values correspond

& VAILES at thé ERT" of tufture For the Arsttwo STbstfates 5 Simgie rY
rtels onos gheerol (40 giemakes itrpossible: fo dttain 20Lgh of BIGmELS
and arspeciic growtorade of @R-432. Repending amthedwation pfthein
%@g9%§y£$358§@ﬂy@tQ?Jggée and glycerol with an imposed
specific growth rate of 0.01 h™' makes it possible to
attain 55 g/1 of Dblomass, a phytase production of
1.5 U/ml, i.e. 280 U/g &. During the fed-batch culture
on methanol after two batches on glyvecerol (40 g/l) and
an imposed specific growth rate of 0.01 h'', the biomass
attained i1s 84 g/l, and the phytase production is
14.5 U/ml, i.e. 112 U/g S. The preduction in fed-batch
mode on glucose and glycercl with an imposed specific
growth rate of 0.04 h™' makes it possible to attain
80 g/1 of |biomasg, and a phytase production of
16.5 U/ml, i.e. 200 U/g 8.

When the phytase production is under the control of the
GAP promoter, gilucose and glycerol are better
substrates Ifor the production of recombinant phytase
comparaed with methancl, which is more favourable for

growth.

Inducible expression ~ Influence of the specific growth
rate on the production by the PIC clone

The production by the PICBL clone was gtudied in the
fed-batch mode (Figure 6 and Table 9) and in the

continuous mode {(Figure 6 and Table 9).
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batch, the production of recPhyt is different: in the region of 7 U/ml, i.e.
340 U/g S, for a stationary 10 phase of 12 h, in the region of 5.5 U/mi, i.e.
275 Ulg S, for a stationary phase of 3 h. The production in fed-batch
mode on glucose and glycerol with an imposed specific growth rate of
0702 1/ HEKES3it possible to attain®b g/l of biomassy EPFfeess /001653
production of 15 16.5 U/ml, i.e. 280 U/g S. During the fed-batch culture on
méfraholPafteF A Hatemes Gf glyBeroremagitrant abhfpascd svecims
gftedtirsatelof{hal dwh thedamass lattatred ¢s£841gdl, mndatheqihntase
prodummWW“W’*ro fction —f‘Q' fe b‘a;“lj 20
mode on glicuserand glycerol with %p imﬁ%lgésd spe%ifi%ﬁﬂ}rlow{ﬁcrggeﬁof
0.04 h_1 makes it possible to attain’ 80 g1 6 bicHsasd”

production of 16.5 Ukitciléé200 /g S. 2530 herd the pHytase gréeluction
is urrdertheccontrol ofithe » GAR pramoter, glacose andrghycerok are better
substrates for the progiigtion 9f recombinantphytase ggmparegyyith
methanot; whichri € fayourabie fo ! ; 'Q“Irr ible-ex on -
Influence of thek§pe(ﬂ|é growth’ rate on the 'produ'p%ion by the PIC clone
The"prattiction’ by th¥cB81tlond-Was stittiied ith'the fed-batcf*fhode
(Figure 6 and Table 9f asidsirithe 35 contififous mode’{Figure 6'and
Table 9). W02007/006953 - 69 - PCGiT/FR2006/00%653sTable 92700
Comparison of the parameters obtained duying fed-bafch and cgptinuous
cultures of thes®@81 clone Culture mode p or I} Bimnass Yx/s recPhyt
YrecPhyt/x h" g S/I g/g If/Jill U/g 'dg)%hase%g(m ' yofﬁz 28.8 %?gl 34.7
1105.Eed-hatch 0,01 h'l phase 2 (5#'h)" 0%f1 259 018°72.3 2342 Einal

(118 Mg.al.7 10214330 Rhase.L(22:3 ). 0.044831594116.7342 i nea

during each phase.

These wvalues correspond to the values at the end
of culture.

For each dilution rate, the measurements were
carried out after at least three renewals of the

fermenter content.

In fed-batch culture, two gpecific growth rate (u)
values were imposed {(0.01 ht and 0.03 h''y. The biomass
obtained is 1.5 times higher with u = 0.03 h™ (82 g/1)
than with u = 0.01 h™ (52 g/1). The phytase production
takes place 1in two phases (Table 9). For an imposed
specific growth rate of 0.01 h™}, & first phase results
in the production of 28.8 g/l of biomass with a phytase
production of 1105 U/g 5. During the secend 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 = (.03 h'*, where the
phytage preductlion geoes from 472 U/g 5 during the first
phase to 880 U/g § during the second phase, 1.e.
64 U/ml. The increase in the specific growth rate is
more favourable to cell growth than to the production

of recombinant phytase. In continucus culture, four
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Fed-batch 0.03 h'l phase 2 (28.5 h)' 0.033 49.6 0.28 47.2 880 1 'incil (51
h)" 82.163.96/4 ...... 0.0;2 21.6 032 57.7 2700 0.053 27.2 0.71 11.6 430
Continuous 0.077 26.3 0.39 5.7 210 0.095 26.6 0.40 3 116 a: These

values correspond to the values obtained 5 during each phase. b: These
VG888 CdPESHANd to the values at the end of culturePSTEBREMRSY itd66a

rate, the measurements were carried out after at least three renewals of

tHe 136 $6rmehfercontERt Gn FEBRBERA cUfABMEvo ShecifiC Grofth F&ad @)
values weraimposéd @8t herandt(:03 B-)0Thelbiomass obtained is 155

times higherwithiy =6.03 -1 @20/ 45 thanwithR 001 I’ (62 9Bl). a

e phytase production fakes pjace inwo,phases (fable ). Forang . o

imposed specific growth rate of 0.01 h-1, a first ;L)lhase results in the

pr8aGEIGITOF 28 87§ oFHibRTAS with %l&ﬁiftéQél prodfictich 6f 1285 Yig®
S.Duriny thecsboohdgphasé, 20 22:5¢g/ oftbiotnags dss vbtained afd thee
Ritase: predueton-eeasies2342 Yig:Se.es10rkémb-Similan results aje
obfaiped with p = 003 k-1, wherg the phytase production, gges from 472,
U/g'S during the first” phase to 880'U/g S during the second phase, i.€. 25
62 0%ml.%Fhe thctédse'in the SPEGfC §rdwthrate & moFd favstrabie to°f

celhtfronth than toithé plodadtion efrecombitfit phytasectrecontiftiods-
cultsire,) fousWO02007/Q06953: & 7 0- RCTH R2006/£01663 dilutioprates: ,

were,imposed (Table 9). . For dilution rate-values of greater than 9.053, .,
h-1, the biomass at equilibrium is 27§/I, whereas it is oré:%%zalzé.ﬁ /lata,

dfiiitiGh rate 60.035 hof AL ENRE in tHeSfed s Batch poe it
increaselia dikfiorrrate isifavduraBlenl of recombinant phytase,

i.e. 7 times more thar the GAP29 strain (1§ U/ml). The
gpecific producticon ig, respectively, 2700 Ulg 3
(PTC81) and 340 U/g 8 (GAPZ23%), i.e. 100 and 10 times
greater than that of the D. castellii strain. '

Purification

The supernatant obtained after one of the fed-batch
mode cultures of the PICBL cione was purified in one
step, as degcribed in  the Materials and Methods
section. The sgpecific phytase activity is 101 U/mg of
proteing in the crude extract and 182 U/mg of proteins
in the purified extract. Thus, the purification factor
is 1.8. This relatively low wvalue suggests that the
recombinant phytase is the predominant protein in the
crude  extract. This  hypothesis wasgs confirmed by
performing an SDS-PAGE electrophoresis. On the gel, the
band corragponding to the recombinant phytase
represents 60% of the total proteins. Moreover, after
purification, a single band is chserved, thus
conflirming the purification of the protein to

homogenelty.

The specific activity obtained after purification is
greater than that obtained during the expression of the

Aspergillius fumigatus phytase in P. pastoris (42 U/mg



to the production of biomass, to the detriment of the production of
recombinant proteins. The maximum values, 2700 U/g S, i.e. 57.7 U/ml,
are obtained for a dilution rate of 0.032 h-1. Comparison of the production
of 10 phytase by an inducible system (AOX1 promoter, PIC81 clone) and
P2 TohstiEiveé system (GAP prométer; GAP29 clorfé i <AGrRRA%HAR thES3
AOX1 promoter is clearly superior to the GAP promoter. The PIC81 strain
MaAdedt PSssisie to'S5EM F67 U/mFof redomMbIERY phytade, 15i%. 7ei-
titn€s mdrelthah thexGAP29istrainc(@ 6 Uml). Aheespedific productiom is;s

respectively;2700: H/ge8 RIC81) andr340 Wit S{GARL):+e: 40040010
tinglees greater th %Ehaé fth%l_j. ste lij t.rai ..ZOhP rific%tion The
sﬁgérna?ant ot:JLt%t%lned af;?ézryénne of%t%g flgg atc%l Thode cultures of the
P1eB1 clonewas purified in one step, as described in the materials and
Methods section. The specific phytase activity is 101 U/mg of 25 proteins

i Hae-sptda-exHaciand 821 me ebpmiia st inbthecpwdied extract. Thus,
the purification factor is 1.8. This relatively low value suggests that the
recombinant phytase is the predominant protein in the crude extract. This
h’%‘gﬁ?ets'?sﬂfg Eonfirmed by 30 performing an SDS-PAGE
ghectidptiorésis 20Rtke géhthecthandcorrespéndiag we tve recentbirfarit,
phyiasen sepresents60% afdhedetal prateins.MMereoves, after cpurification,

a-single;bandis pbserved, thus. configming the-purification gf the protein

to 35 homogeneity. The specific activity obtained after purification is
greater than that obtained during the expression of the Aspergillus
fiffGabs HytdsEReEP2paE®ris (43 U/mg W02007/006953 - 71 -
PCEFRR2006/601653 cofsproteins(Rodiiguez sE+ iMullaneys £.Jvand hek

X.Gr$2000), Expression ofithe Aspergillus fimigatils pRytasegeng it
PA%QI?_\%&IS%%I}S ng?hgé?n%ggé%%%%gt with an optimum at +60°C,
like the D. castellii CBS 2923 phytase. Most of the
values cited for the optimum temperature are less than
+45°C, except for some fungi and vyeast such as
Agpergillus ficuum (+58°C) (Ullah, A.H.J. and Gibson,
D.M. o {1987) Extracellular phytase (EC 3.1.3.8) from
Aspergillus ficuum  NRRL 3135 purification and
characterization. Prep. Biochem. 17, 63-917},
Aspergillus terreus (+70°C) (Yamada, K., Mincda, Y. and
Yamamoto, §. {1968) Phyvtase from Aspergilius terreus.
I. Production, purification and some general properties
of the enzyme. Agric. Biol. Chem. 32, 1275-1282) and 5.
castellii (+77°C) {Segueilha, L., Lambrechts, (., Boze,
H., Moulin, G. and Galzy, P. (1992} Purification and
properties oL the phytase from Schwanniomyces
castellii. J. Ferment. Bioeng. 74, 7-11). The Arrhenius
representation makes it possibkle to calculate the
activation energy oc¢f the reaction, E=37.9 kJ/mol. The
heat denaturation study shows that the recombinant
phyvtase 1is stable for temperatures below +67°C and
strongly denatured for temperatures above +70°C. The
activation energy calculated by wvirtue o0f the Arrhenius

repregentation ig E=794.2 ki/mol. The D. cagtellili CBS
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the recombinant enzyme. Biochem. Biophys. Res. Commun. 5 268,
373-378). Characterization of the recombinant phytase Effects of pH 10
RecPhyt is active for pH values of between 2 and 6.5, and the optimum is
between 4 and 4.5. The D. castelli CBS 2923 phytase exhibits similar
cHard®efieiesS Effects of temperature2l5 The determiPEfiorR28P BN ) sEs 3
activity at various temperatures show that the recombinant phytase is
mote > activelTst Akfh tempetaterés withafepiifum &EFe0Cr fikétheme
casietth GRS 2923qphytase. Most of the values cited for the optimum
temperature are less than 20 +45C, except for some fungi and yeast such
EEE ésge[%llus fICUU.I’E (+5 C) (Ullah, A.H.J. and Gibson, D.M. (1987)
fracefaiar p tase .1.3.8) from Aspergillus ficuum NRRL 3135:

plifificatiéitaA éﬁéi%‘étenﬁﬁbrﬁ’?’?ep Bivchets 17,63:93) s -Menten

Alspergillussterveusi(+70G) (Yamada, Ky Mindda, Y. and YaméaniotogSon
(1968).Rhytase from As&@&gillas terreus.s 1. Preduction, puificatior,and, £
S eneral propertie }f% me. AgQr |c Bial, Chem. 32

1%?5 1%28 “ahd %R cgs?\T ?%%% re“”gﬁ% ST Tambrechts, ¢ Boza®
3B HFENRSHIRE B i Gﬁﬂ?@?ﬁ%?}%nﬁcgﬁﬁ anﬂoﬁroﬁéﬁlﬂéé FH e -
phtase framsSchavemmiemyces castelfiic daFermeant. Bioéng. 74,0411).he
The Axheniusnepresentation makes#possible ihcalgylatethe simiiar
aﬁtlvatu%n epergy of the reaction, E=37.9 kJ/mol. The 35 heat denaturation
stuidy shows that the recombinant phytase is stable for temperatures
below +67C and strongly denatured for temperatures above +70C. The
aBivetiorresérficsculated by virtue of the Arrhenius representation is

Em{94 Z=-kHmptkhe-Ds cagtellinc B3 02004006953 - 7T2sp; are DIL-
PCTIFR2006/G01653 2923 Riytase. exhibits ST thermoresistanee ...
characterlstlcs

phytase 1is therefore a 3-phyvtase. Moreover, the
chromatogram shows that the degradation of InsPs;, InsP.,
InsP; and InsP, begins even before InsP; i1s exhausted,
and that there ig accumulation of IngP;. This suggests
that the recombinant phytase has a weaker affinity for
InsPy than for InsP,, InsP: and IngP:. The D. castellii
CBS 2923 phytase shows the same chromatographic

profiles.
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Substrate specificity 5 The recombinant phytase follows Michaelis-Menten

kinetics, with a K. of 0.24 mM and a V. of 137.8 U/mg on sodium phytate MOSLLE

and a Km of 2.05 mM and a Vm of 274.6 U/mg on p-NPP (determination
%Ovirtue of the _Lineweaver-Burk representation; data notﬁpublished .10

uzsqci?wéogﬁfﬁr%e has a greater a”ffir?i?y for the phytat%(.:r"'l” &17 %84 Sehf>3

CBS 2923 phytase has similar Km values. Kinetic studies 15 The main
products of the degradation of InsP6 are DL- Ins(1,2,4,5,6)P5 and
$¥4E8 2,5,6)P44. The recombinant phytase is therefore a 3-phytase.
Moreover, the chromatogram shows that the degradation of InsP5, insP4,

|@$P3_a@91%513&%”5c%\é&%9€@‘?{ JRsP6iis exhaysted, 29&@%&@45 a
there is aclcungaulgg%ré of InsPI;IS. This sugggsts that thg1 recom n%qt .
phytasepﬁa% weaker affini?y for “msP3 thar for Inslf; “InsP5 and 1RSP6 Y

The D. Bast&ARPEBEE2923 phytase shows the same chromatographic
profiles-MC8ht PodVO2e07/08069538 -3 PCTHER2006/001653 CLAIMS

1. Polypeptide ghagacterized inthat ibeamprises & Spolypeptide chasen,
from the foltlgvx_(;gg?polg e tsi%es: - th olypeptide of SEQ ID No. 2, - a
fragment o the po g/ﬁje tide of EEQ )’ No. 2 having phytase activity, 10 -
a polypéptide h&AARGRIFF S actvity 5 eXRIBitmTEat |85t I00% derftityt
with the polypeptideiofc-SE@UD Nes2.:2. Pdlgnudldetide encodingra the
phytase actpaty,-k5eharacterizethinthaiii is ghosen from the following
polynucleotides: - the polynucleotide whose sequence is between
2. Polynucleotide encoding a phytase activity,
characterized in that it 1is chesen from the
following polvnucleotides:
-  the polynuclectide whose seguence is between
position 1538 and position 2823 of B3EQ ID No.
1,
- a polvnucleoctide encoding a polypeptide
according to Claim 1.

3. Polynuclieotide characterized in that it has the
sequence  of SEQ ID No. 1 or the seguence

complementary to SEQ ID No. 1.

4. Expression c¢assette characterized in that it
comprises, in the direction of transcription:
- & promoter that is functional 1in a host
organism;
- a polynucleotide according to Claim 2; and
- a terminator seguence 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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position 1538 and position 2923 of SEQ ID No. 1, 20 - a polynucleotide

encoding a polypeptide according to Claim 1. 3. Polynucleotide

characterized in that it has the sequence of SEQ ID No. 1 or the MCSLLP
sequence 25 complementary to SEQ ID No. 1. 4. Expression cassette
characterized in that it comprises, in thé direction of transcription: - a

promoter that is functional in a host 30 organism; - a polynucleotide

according to Claim 2; and - a terminator sequence in the same host

organism.F3 e eip HePBis Bflch R Y HEISOH R ARGArdinGNtR gRHRER Phto the

Claims 2 and 3 and/or an expression cassette according to Claim 4.
MCSLLP 74 PRYICS3GIMnsformation of a host organism by integration

into the said Host RIgENISIA podfraidrRagideNadeelldibgleeTaiareording to
Claim 2; 5 - of an expression cassette according to %flim 4; or -ofa
vector compri £VRISRREBGRS SLE RS E IRt B A AHBF an

expression cagsetteageprding toisiamadptigraaikbiide orgairimetsgClaim 2
Pichia pastori%.‘l# 7. Process for transformation of a hggt ir%%nism by
60

integration in 8 r?é]oeﬁ%?%ﬁ’&&h?ﬁ’?ﬁs.@% QPF(.%Q{% cleotide

accordingtieGhitnasoorgirdsradieirgpMptigingaatpalynucleotide

according to Claim 3, the said host organism being Pichia pastoris. 15 8.
Nutritional additive for animals, characterized in that it comprises a
polypeptideracessding te tonmhtidnNoftetiboal adgiinierfobwnntexisation into the
characterized.,i C}Qta(t) it comR%_ises a 20 host organism obtained by a

said rgdanism.
process according to EHIM 6 and/or a

- of at least one polynucleotide according to Claim 3; or
- of a vector comprising a polynucleotide according to Claim 3,

the said host organism being Pichia pastoris.

8. Nutritional additive for animals, characterized in that it comprises a

polypeptide according to Claim 1.

9. Nutritional additive for animals, characterized in that it comprises a
host organism obtained by a process according to Claim 6 and/or a
fermentation must of a host organism obtained by a process

according to Claim 6.

10.  Nutritional additive for animals, characterized in that it comprises a
host organism obtained by a process according to Claim 7 and/or a
fermentation must of a host organism obtained by a process

according to Claim 7.

11.  Nutritional additive for animals according to Claim 8, characterized in

that it is in liquid form or in powdered form.
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fermentation must of a host organism obtained by a process according to

Claim 6. 10. Nutritional additive for animals, characterized in that it MCSLLRP

comprises a 25 host organism obtained by a process according to Claim
7 and/or a fermentation must of a host organism obtained by a process
according to Claim 7. 11. Nutritional addfitive for animals according to
Claim 8, characterized in 30 thatitisin li UId orm or in powdered form.

MCe L p Nitrifiongl Aifitive LopRRTRls #RFRILIRS fiRi oS dharacterized in

characteriged inigthatitugifoiguist ferpoardsreavisiered form. 13. Nutritional
additive for animals according to Claim 10, characterized 5 in thatitis in

liquid form or in powdered form. 14. Animal feed characterized in that it
comBriseNanitksiiahatidise fégr amimelk anctardingtiondliaidithoe traracterized
animals acc%'rk ?]gonc aim or Clalm 11. %O 15. ]Animal feed

characterized i tht 't 08m ﬁ}rgft?ona?{?efjs Il animals and a
nutritional additive for anlmals accordlng to Claim 9 or Claim 12. 15 16.

Animal feed terized in that.it com santrltt | bas
anlin?'als a%d ?énr%ﬁ%tléna adadct%arézr%g anlmas%u:c%:'ooHr1 8 % 8Ig @8”35 base for
Claim 13. dirfainssldee o uhibicroab dekettivet ot ammakmaescadmglpe;ﬁiaieﬂ 8 or
20 accordig .t im 1. 18. Animal feed characterized in that it comprises

a host organism obtained by a process according to Claim 6 and/or a

fermentation must of a host organism obtained by a process according to

Cla.\rg 6. %%}ﬁaﬁ%%ﬁac%%%?ff’ec&efﬁﬂga%{hﬁé 'ﬁeﬁlﬁrﬁ'%%a base for

organism obtal a process according to C and
fermentat@h!mmﬂaamgtrﬁt@aai@ﬁfbb‘mrf@ﬂ dyiaPproseseabegridiriglagm @ or
Claim 7. 38120, Yse of a polypeptide according to Claim 1 for the

manufacture of a nutritional additive for animals or of an animal feed.

MCSLLP

16.  Animal feed characterized in that it comprises a nutritional base for
animals and a nutritional additive for animals according to Claim 10 or
Claim 13.

17. Animal feed characterized in that it comprises a polypeptide

according to Claim 1.

18. Animal feed characterized in that it comprises a host organism
obtained by a process according to Claim 6 and/or a fermentation
must of a host organism obtained by a process according to Claim 6.

19.  Animal feed characterized in that it comprises a host organism
obtained by a process according to Claim 7 and/or a fermentation

must of a host organism obtained by a process according to Claim 7.

20.  Use of a polypeptide according to Claim 1 for the manufacture of a

nutritional additive for animals or of an animal feed.
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-76 21. Use of a host organism obtained by a process according to Claim
6 for the manufacture of a nutritional additive for animals or of an animal

feed. 5 22. Use of a host organism obtained by a process according to MCsLLP

Claim 7 for the manufacture of a nutritional additive for animals or of an
animal feed. 23. Use of a polypeptide gécording to Claim 1, for the

hydrolysis of myo- 10 inositol hexakis-phosphate to inorganic ) )
mhbphoblad, BlIAFbOTIBSBT R ATS P HEgPEB BRSSP GrCIaim 6

and to frepymyge ingsHafadtirk)sefoh aigstierganemivRiaidedairaals or of an
process according to, Claim 6, 15 for the hydrolysis of myo-inositol

hexakis-pRBYEPALESD inorganic monophosphate, to myo-inositol with a
lower degree of phosphorylation and to free myo-inositol. 25. Use of a

host.organjsm obtained by a process according to Claim 7, 20 far th .
RS S At HBBRE SRAPACT: frBiarRs 2ccorang o Claim 7
monophogphadte; tmanydaonsiolbfvith aldwemdegrdditvepfiosphoryltoor of an
and to fregnmrxgiipe%sétol.

23.  Use of a polypeptide according to Claim 1, for the hydrolysis of myo-
inositol hexakis-phosphate to inorganic monophosphate, to myo-
inositol with a lower degree of phosphorylation and o free myo-
inositol.

24.  Use of a host organism obtained by a process according to Claim 6,
for the hydrolysis of myo-inositol hexakis-phosphate fo inorganic
monophosphate, to myo-inositol with a lower degree of

phosphorylation and to free myo-inositol.

25.  Use of a host organism obtained by a process according to Claim 7,
for the hydrolysis of myo-inositol hexakis-phosphate to inorganic
monophosphate, o myo-inositol with a lower degree of

phosphorylation and to free myo-inositol.





