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1 WD 2007/006952 - 1 - PCT/ FR2006/ 001652 Synergistic
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synergi stic effect of thesuss conbinati on of phytases
omeppad T/ cema sk 2hydrol ysis. - Phytic acid Bar{Er2006/001652
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constitute the main source of phosphorus in

pl ant - based  ani ma] feeds, the main cqnpagnent
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feeds is limted 15 for these animals. This is because
they do not possess the intestinal enzymes that
d@@ryzxde: phytdt esalps surryfqmrmﬁltaﬂoumemblaph@wphate) or

é%eﬂydr9b¥§ﬁ§o%QQOﬁhuﬁerkQ!'d@lhyﬁréggﬂntﬁhgéphate
|no gani c phosphate hat they requjre. additio

PR ctBRi @30S Tars EPH TRt FPEMorRA EBOFBE%FS i creteals,
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excreted_and _contributes to the eutrog on
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ream|umaﬁeram&mﬁmﬁr|rhﬁ@|malgecaﬁsEhytasesha not possess
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phospho THEEs EC e "part _of
tlselfﬁamlleyltofantﬂls"tq dimeadtrd phosphat dyssolpmjitsased thus
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factor, which forms complexes w1th protelns and ions
(Fe**, ca**, zn**, Mg*) and thus decreases the

availability of these elements.

The feed intake of poultry and pigs must therefore be
supplementéd. with inorganic | phosphate, while the
phosphorus of the phytates is excreted and contributes
to the eutrophication of surface water in areas where

there is intensive rearing of monogastric animals.

Phytases (myo-inositol hexakisphosphate 3- and 6-

- phosphohydrolases EC 3.1.3.8 and 3.1.3.26) are paft_of

the family of histidine acid phosphatases. Phytases are
hexakisphosphohydrolases which | hydrolyse the
phosphoester bonds in‘ phytic acid or phytate. Thus,
they catalyse the hydrolysis.- of myo-inositol
hexakisphosphate (phytic acid, 1InsP¢) to inorganic

monophosphates and to myo-inositol phosphates with a
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hexaki sphosphate (phytic acid, 1nsP6) to inorganic
nonophosphates and to nyo-inositol phosphates with a

WO 2007/ 006952 - 2 - PCT/ FR2006/ 001652 | ower degree

of phosphorylation (InsP5 to InsPl) and to free

M@ 120w tomle 932 certai n cases2 Two cl assesTEFRpAYEAS€1652
exi st differenti'ated onIy by 5 the position of the.

first hshate yd e Phyt ( 3,8

hy @& Cg e ph th égoﬁyg‘ﬁelgn 065 ?F’ oﬁgagaldm) knd to
6-fplee ayes l(nE@KO’L 3e@erthalimolgseeshe  phosphate in -
the 6-position. 10 These enzynmes, used as an additive

in aninmal nutrition make it, possible, firstly

| Feiceagbaepes apdi | BBYFREG fithe sﬁﬁeaeﬁﬁaéﬁﬁér L%nly by
artthe sg@@mdllysn t Ofi n@m@vefi:het dgesdtidid | hydafolteed. 3-

e of hytfic osphat _
c%ﬁ‘é’st&‘é a\%%dez’c ease tl'l%CE Ot T th‘jg)l h?%pggtg PR Ene 3
s peElichen agndn Wi-phyphkesshat(@C and -8l-86)t hdydrolyse the

EJhJOlé QR Caused by an excess of excreted phosphates.

tases are produced by a large variety of organi sns:
plants, aninmals and especially mcroorgani snms. These
2@h&@ﬁt%§ﬁ§mhﬁNeLMﬁﬂy ihfiﬁrﬁﬂﬁlbiﬁéhEﬁ1aﬁhmal nutrition,

cha act, rlstlc artl ul thelr y

Y i AR L e P20k VY508 Rania 1y
a@dl ttiben Pl_llsheece Bhgynbsrexhlamdt, sHidcnstlahcelso | AMpePws: the
(a)lgesttlmllrlt fectdnenassad N fyds@hyelsg, athetbslgése of
phoSphates, (b) of their stereospecificit ("e%s
tﬁewl&ffﬁl?ﬁﬁfgb%? hCPESEEEE 5 Y] %?‘f%?s%%o§g‘ﬁat ts due
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~bacteria: Pseudormnas sp., Klebsiella sp.

E@ﬁﬁ}@é‘s@ﬁl 210 rodited OBACkeN arsfe ,vaBAGIdy USE Subhhisms :
gﬁ%ggﬁfsagﬁﬁg gg%g¥ % Cere I%}a%lc%%g%g%%lsms These
phytases have very ,dlfferent biochemical
characteristics, in particular their ectivity as a
function of pH. and their temperature stebility. In
addition, these enzymes exhibit,differences in terms:
(a) of their effectiveness in hydrolysing all the
phosphates, (b) of their stereospecificity' and (c) of

their affinity with respect to inositol phosphates.

Among phytase-producing microorganisms, mention will in
particular be made of: fungi of the genera Aspergillus,

Penicillium, Mucor and Rhizopus, bacteria: Pseudomonas

sp., Klebsiella sp., Escherichia coliﬁ-=Enterobacter
sp.; Bacillus  subtilis and yeast: Saccharomyces
cerevisiae, Candida tropicalis, Torulopsis candida,
Debaryomyces castellii,. Debaryomyces occidentalis
(synonym Schwanhiomyces castellii), Kluyveromyces

fragilis.



Debaryonyces castellii, Debaryonyces occidentalis 35
(synonym Schwanni onyces castellii), Kluyveronyces
fragilis. WO 2007/006952 - 3 - PCT/FR2006/ 001652

Nunerous m croorgani sm phytases have already been
stwadi =b piabdessed i n vari.ous- agro-i ndust r Patlr/FrR2006/001652
applications. The effectiveness of these enzynmes in

feed and.in the course f sti,Qn in ma
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t ase of t . S n ent
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Seguei l ha L., Lanbrechts C., Boze H Moulin G,

Gal z 992 Purification.an ropertles of a
DHVF%Séxﬁ é _ﬁﬁﬁémﬁﬁﬁf%ﬁﬁﬁ |F?| Py, partially

: Bh@'@m@lysm,ph'ytl]:) added ernde xqeerd mermalvenpdslomnlsq.netlcs

s e .
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PHepepeeri,@ .conbi ne

To date, among yeast, only the phytase of the yeast
Schwanniomyces occidentalis has been described as being
capable of hydrolysing all the. phosphate bonds of
phytate (EP 0 699 762 and Segueilha L., Lambrechts C.,
Boze H., Moulin G., Galzy P., (1992) Purification and -
properties of a phytase from Schwanniomyces castellii,

J. Ferm. Bioeng., 74, 7-11).

Under experimental conditions, complete hydrolysié of

phytéte or of phytic acid is not, however, obtained.

In order to obtain a more effective ‘hydrolysis of
phytic acid, it has thus been proposed to combine

various phytases.

WO 98/30681 describes the " combination of phytases
having wvarious stereospecificities, and in particular
the combination of 3-phytase and of 6-phytase. This

document describes in particular the combination of a
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various phytases. 35 WD 98/ 30681 describes the

conbi nati on of phytases having various
stereospecificities, and in particular the

conmbi nati on of 3-phytase and of 6-phytase. This

deoument; /descersizbes in particudar the conbCDAFRROO6f0A1652
wo 2007/ 006952 - 4 - PCT/ FR2006/ 001652 Peniophora =

Ci i hyt d | 3.
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~and al so the conbination with other acid

phosphat ases. Conpl ete hydrol ysis of phytic acid to
pHEsBhats . did tod sa raanibes Her  comhlRionRerpRytases
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sol ve .consi s iin inproving the rate and .the - :
ePFQ@Flﬁgﬁgs %ﬁﬁpﬁﬁﬁﬁ%ﬁ%ggls of phytic acid in order to
obtain conpl ete hydrolysis of phytic acid in various
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pagtbcthaust @i aappbiptatia@isnisn the ani mal nutrition
field. Another advantage of the present -invention is
that the phytases used are thernostable. 30 Sequence
debtri propl SEQ D Nelved Sbiwarim ommpewosddsicss | pnd  the

PR¥LBSEs of the present invention in which at least two
specific phytases are combined. Advantageously, the

compositions of the present invention allow complete

- hydrolysis of all the phosphate groups of phytic acid

by = virtue of the synergistic effect -'observed.

Advantageously, the compositions of the present
invention are active in a wide pH range .suitable for
agro-industrial applications of phytases, and in
"particular for applications in the animal nutrition
field. Another advantage of the present invention is-

that the phytases used are thermostable.

Sequence description

SEQ ID No.

1: Schwanniomyces castellii phytase.
.SEQ ID No. 2: Debaryomyces castellili phytase.
SEQ ID No. 3: Aspergillus niger phytase.
'SEQ ID No. 4: Penicillium funiculosum phytase.
SEQ ID No. 5: Peniophora lyeii phytase.
SEQ ID No. 6: Sequence encoding wheat phytase.
7:. Wheat (Tfiticum aestivum) ph?tase.

SEQ ID No.



.SEQ I D No. 2: Debaryonyces castellii phytase. SEQ I D
No. 3: Aspergillus niger phytase. 35 SEQ ID No. 4:

- Penicilliumfunicul osum phytase. = SEQ ID No. 5:
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Peni ophora |ycii phytase. SEQ ID No. 6: Sequence

enge i d@y Meads phyt ase.  SEQ ED-No. 7: \M:aa‘tmzoos/oomsz
(Triticum aestivum phytase. WO 2007/ 006952 - 5 -

PCT/ FR2006/ 001652 Description of the invention A _

subj ect of the invention is a conposition conblnlng S
atDdésasipten pifyttdsesidwentimn hydrol ysi s of phyti.

acid (nyo-inositol 1,2,3,4,5,6-hexaki sphosphate),
conprising: a first phytase exhibiting at |east 80% '
i dengbyecthi off tthe phyveskier SEQ3 DFRBPOgipion combining

e;ﬁ\isgléalégg @ho %Qyw@éé Bo%o tﬂﬁn%—lyayo%ﬁﬁgtbe @mﬁy}t&&e acid
0 ) - a secon S I DI n
%I@fos‘d%%te?ﬂtuty Wi t h thg’%hét’g‘sg’%? tkl %ﬂgsi’?ate

: 1EchPntﬁzeqzat§y,. the first phytase is a 3-phytase which

catal yses %PSE é’?‘é’%éb%l Se ,a{}]ﬂs{@ X sRhoshlgt eghondHiefe ity

phytic Hcl h tase has_an
opt i nuiitio ‘ﬂéﬁfrpﬁhﬁt@?@ of @@tQ/\BTé?} %%C hnargerhaRdting at

opti numdde ofgohket E\&SﬂtDHy3 wiend qid Sphiageprefersep ID
enbodi nent,_the first phytase is a phytase of the :
yeast ni omyces castellii or a 25 phytase of the

yeast - Eéebsieqr@mj(cphytaséelebqhiibiltrina}cﬁthelem@f 8Pkeddentity

enbodi nrnt, LI}REZ pwggseo ass%QlﬁD tdbhe phyt gge of SEQ

ID No. 1 or t tase o D No. 2.
Preferably, the second phytase is a 3-phytase which

catrl e ihhe hydr okysks Oﬁhﬁtalseasisfla/e Pphasphaie which
catalyses the hydrolysis of the six phosphate bonds of
phytic acid.

- Preferably, the first phytase has an  optimum
temperature of between 55°C and 80°C and an optimum pH

of between pH 3.5 and pH 5.

In a preferred embodiment, the first phytase: is
phytase of the yeast Schwanniomyces castellii or a.

phytase of the yeast Debaryomyces castellii.

In another preferfed embodiment, the first phytase is
the phytase of SEQ ID No. 1 or the phytase of SEQ 1ID
No. 2. |

Preferably, the 'second phytase is a 3-phytase which
catalyses the hydrolysis of at least five phosphate
bonds of phytic acid. '

-Preferably,_”'the second phytase has an optimum
temperature of between 50°C and 60°C and an optimum pH

of between pH 2 and pH 6.



.bonds of phytic acid. 35 Preferably, the second

phyt ase has an opti num tenperature of between 50C

and 60C and an optimum pH of between pH 2 and. pH 6.

WD 2007/ 006952 - 6 - PCT/ FR2006/ 001652 1In a preferred
emvipdi o®Ntgod de2 second phytase is an AspergiFRbosé6/001652

ni ger phytase In another preferred enbodinent, t he
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ac% T diS n
[ W@s&r@rﬂlmm@r@hﬁmﬁn tional add| t ive for

~animals or of an animal feed. 10 A subj ect of the

10

15

20

25

30

35

invention is also the use of ‘a conposition accor di ng
t oLt henP @Rt PERICFERIt KELOREAG et (e sfegpnd phytase is

NWHd tg sa@dsh tdme foNanimals or of an ani nal
feed. 15 A subject of the invention is also the use of -

a conposition according to the invention, for
| rRorecoestatgly 1 hta‘d@vaq:rhp@ssiticyns)facpmrdcn@hb@phbeusnaﬁatlon

| UOVing Lhey Hw%ﬁughgut )éd‘aflt@.%‘en'@orf %ﬁsnaﬁso Jhect an

present_invention also relates to a nethod
hyatiorassikeqst- phytic acid (nmyo-inositol 1, 2, 3, 4,5, 6-
hexak| sp‘hosphat e) to inorgani ¢ nonophosphates, to nyo-

ositols wth wer e of hos orylation and
t % IS mPd- | ﬁglgl t?)fw Eg i SI fg Eﬂ;e °td ovmuﬁc% of a
stce:pmosaxtfmrst phyoadéngxhitsi t i tlge at invastigny, - for the

qr%ﬂL dier Wid rbf he phytaseod1 FEID M. £drOnimals or of
ex Iting at |east 80%identity with the phytase of

SEQ [33impl £29% provided; 30 - a second phytase
exhi bi ti ng at |east 80%i dent | ty _

A .subject of the invention is also the use of a
composition according to the invention, for increasing
the availability of phytic phosphorus and improving the

digestibility of animal feeds.

The present invention also relates to a method of
hydrolysis of phytic acid (myo-inositol 1,2,3,4,5,6-
hexakiéphosphate) to inorganic monophosphates, to myo-.
inositols with a lower degree of phosphorylation and to
free myo-inositol, comprising the following steps:

- a first phytase ekhibiting at least 80% identity
with the phytase of SEQ ID No. 1 or exhibiting at
least 80% identity with the phytase of SEQ 1ID
No. 2 is prov1ded

- a second phytase exhibiting at least 80% identity

' with the phytase of SEQ ID No. 3 is provided;

- the phytic acid is .simultaneously brought into

contact with the first phytase and the second

phytase.

Preferably, the first phytase is a 3-phytase which
catalyses the hydrolysis of the six phosphate bonds of
phytic acid. . '
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with the phytase of SEQID No. 3 is provided; the

phytic acid is sinultaneously brought into contact

with the first phytase and the second phytase. 35
Preferably, the first phytase is a 3-phytase which :
catcalaoes/ ddesdpydr ol ysi s of -t he-si x phosplat/erbondg oofL652
phytic acid. WO 2007/006952 - 7 - PCT/ FR2006/ 001652 -
Preferably, the first phytase has an optinmum

tenperature of between 55C and 80C and an opti num pH
ofPrl@étame?éﬁypH 3.theand fgss. 5S5phytass ef digsed an  optimum

é?%@urérEEfbéé%eQHyggsé %162 syt ase b ngémum pH

yeast Schwanni o ces castellii or a phytase of

y s Pedatraty & g AHi3- 10 In a particularly

advant ageous enbodl rrent the first phytase is the
tase of I e phytas f S I No..
B ePEBTSEPrle SERGAETBRYC acei o B phytad St &8

mmmaaslq/sei thbehym@mysuSclwamwreja@@sf |C\'/E€Stpm7ozslpﬂ1aloe’ a
BYT e RV 3Gde Bianabloed Ny sgcond phyt ase

has an optimum tenperature of between 50C and 60C and

an optimum pH 20 of between pH 2 and pH 6. In an .
adviani am@ﬂmﬁ]weaava&ﬂtegsm@ndemhwaﬂents ame first
As il lus. nj htae 5 atiqularl

a vXnt%EEeoluss {élrgr%ogg?fé e tz Sé]!é ong y?asozlrlés/ ?hghytase
plft 8@ 3P FeQ D No. 3. A subj ect of the invention is
also a kit or assenbly for feeding ani mals,

conpri sin t he Schvvannl onyces  castellii phytase
oPrSEQrFB%YNo the ,1S§4RPPe BEFGRFced Scadt 1 RR Yp a¥Bich
otaBEQyses the hydrolysis of at least five phosphate

bonds of phytic acid.

Preferably, the second phytase has an optimum
‘temperature of between 50°C and 60°C and an optimum pH

of between pH 2 and pH 6.

In an advantageous embodiment, the second phytase is an

Aspergillus niger phytase.

In a particularly advantageous embodiment, the second

phytase is the phytase of SEQ ID No. 3.

A subject of the invention is.also a kit or assembly

for feeding animals, comprising:

- the Schwanniomyces castellii phytase of SEQ 1ID
No. 1 or the Debaryoﬁyces castellii phytase of SEQ
ID No. 2; |

- the Aspergillus niger phytase of SEQ ID No. 3.

The compositiohs according to the invention combine a
first phytase exhibiting at least 80% identity with the
phytase of SEQ ID No. 1 or exhibiting at least 80%
identity with the phytase of SEQ ID No. 2; and a second



ID No. 2; the Aspergillus niger phytase of SEQ I D No.

3. 35 The conpositions according to the invention

conbine a first phytase exhibiting at |east 80%
identity with the phytase of SEQID No. 1 or

exid iddnpedodpast 80% idengity with tbeTthtzaSG/OquSZ
SEQ ID No. 2; and:'.a second WD 2007/ 006952 - 8 -

PCT/ FR2006/ 0Q1, hyt ase exh| b|t| ng at | east 80%
- %ﬁf el’%“?tﬁet If?h e 16RSSEQRPS NGdeR €3ty “with the
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SLpl-muasamgjfy SEGI XD S\BECIBfI c conbi nation of phytases 5
makes it possible to obtain a synergistic effect on

the hydrolysis of phytic acid. The conpositions
adtoret g naly t h&Hisy espiesh fillsus ceabarpsd oa r api dp&ﬁéases
comuel e.l.t @é‘é}iﬁ/lsé St@fo}:%a/iﬂ Ca 3§ HetHi st W der pEbt on the

range. erm "phyt ase” |s |ntended to nean _
BRI oot ash Rrtiht o TBRoSoR R ol Hubs apgerding
3.tb 3tBearhd1Véht’h.c&1 26hutheset £hyyeres cabtplgsarddhecomplete

1@#%@% hex |sp%8§pc£1%t (r?hﬁlldéa Cl dfa n'éPG) to -

i norgani c m)nophosphat es and to nyo-inositol 15

ph@feoh@éﬁmvv' th%z r degrae &faddosphasedat n9B-inositol

and_to i nosi t ain
osPEPSR oglé’é?ré’glaﬁﬁsto ?hg S \]/er%t‘l%on nd
canpr. |33@6& 2@hkisest ephytase axtdalyde nghat lhgdsbl&e%s of

e%ﬁ&bl %%ﬁ\g%tgp Itggzstao%osg‘%e exna?ﬁf! %}%t%& O(%% tlc ac:_d

off nSEY) | BONLnNPEIahkS phghaskospPhsEer| Bdo.ta ‘T“ls’oalnC’Sltd

m%)l%%%h@e the ryeasiowed @é@%@@nbﬁﬁbﬁégph@%ﬁ/@blthbn (InsPs
|

Vet By orgits East 4198 . AaiBOBRyPALed Gayec et Eain

vethytsiseisl.ar catal ytic properties and are therefore

interchangeable in the phytase 30 conbinations

according to the invention. Preferably, the first
pﬁy@a§@mggﬁqﬁqqp%naq%QEQL%@ggo the 1nventlon comprise a

first phytase exhibiting at least 80% identity with the
phytase of SEQ ID No. 1 or. exhibiting at least 80%
identity with the phytase of SEQ ID No. 2.

The phytése of SEQ ID No. 1 is a. phytase of the yeast
Schwanniomyces castellii, while the phytase of SEQ 1ID
No. 2 is a phytase of the yeast Debaryomyces castellii.

These phytases have very similar catalytic properties
and are therefore interchangeable in - the thtase

combinations according to the invention.

Preferably, the first phytase exhibits at least 80%,
.90%, 95%, 98%, and preferably at least 99%, of amino
acids that are identical with the phytase cf SEQ 1ID
No. 1 dr exhibit at 1least 80%, .90%, '95%, 98%, and
"preferably at least 99%, of amino'acids identical with

the phytase of SEQ ID No. 2..



- 90% 95% 98% and preferably at |east 99% of am no

acids that -are identical with the phytase of SEQ ID 35

No. 1 or exhibit at least 80% 90% 95% 98% and
preferably at |east 99% of am no acids identical

WHd. 206 heophytase of SEQ I D Mo~ 2. WO 2QQTH/@RE292 /009652
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- PCT/ FR2006/ 001652 Preferably; the first phyt ase has

thesrre oper and i arti Iarthe sane

e ST o o S 1 REvERRG: e e sedf Tpmrspertics
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yeRitLerk by natibeel §1r5¥hé>hfytra§te phytiesd atgd perom other

obétf:\wﬁ@s beS@chﬁHdrﬁQinSﬁterBﬂ@eﬂ@&’@Blﬁl bechbii etsryfcatyces
10 The_expressi on "am noﬁﬁﬁl ds hat are

tf%]a'}l'llgr FRPBnaERet 0 YREER "a 8r38 B e
nqihyvtaersye betaneehe taolmt sigtrienbes. s The- dlrs¢t$rhym§@9©@r$818

Z;g%&ﬁlcfuegelféfo&arﬁ;?lé‘dd' tion or a substitution of

east®one am no d Wi th respect to the phytases
of SEQID No. 1 15 or of SEQ ID No. 2. The phytases

Oka%EQelx@rl&sﬂorﬁnd‘a‘ﬂﬁ'K@EQaE@dHO tﬁaEaV&e cafEdntical” is
cata C.properties. .Accor to, t.he. inven

f it ’b"#] as® Usad ATfe acc&l'fg%3|kﬁcorhsd30 agdl‘?%g be%"een
metvwdssagoenderng t THehe fhvent i physrisebi tcan deghékit a
O];:_dé]]%ﬁy é{%t%déi‘@l&m&@ss Qﬁbggg:u‘:@ohboflagr 1e@kt one

conserve these conmmopn cata
prFHEr | 231 A 251 PR eF@FRBFY, tPhEDE PQYtﬁﬁﬁﬁaQS ﬁEQ ID No. 1

3-phydmass@ctp wWady.2. Preferably, the first phytase

- catalyses the hydrolysis of the six phosphate bonds

of phytic acid. The 3-phytases (EC 3.1.3.8) hydrol yse
f iTtst | ghytese80ofh&Eghate Na- t heagdpedi t5&h. IIA Bayt as&ave

CRARsh of fwdiolyskng ghbpthei pBOSphateording to  the
invention, the first phytase used in the compositions
~and the methods according to the invention exhibit a
degree of identity with the phytase of SEQ ID No. 1 or
of SEQ ID No. 2 and conserve these common catalytic

properties.

Preferably, the first phytase has 3-phytase activity.
Preferably, the first phytase catalyses the hydrolysis
of the six phosphate bonds of phytic acid.

The 3-phytases (EC 3.1.3.8) hydrolyse firstly the
phosphate in the 3-position. '

A phytése capable: of hydrolysing all the phosphate
bonds of phytic acid (1-, 2-, 3-, 4-, 5- and 6-
positions) catalyses _thé hydrolysis of myo—ihositdl
1,2,3,4,5,6—hexakisphosphate (phytic acid, InsPg) to

inorganic monophosphates and to free myoainositol.
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bonds of phytic acid (1-, 2-, 3-, 4-, 5- and 6-

positions) catal yses the hydrolysis of nmyo-inositol 35
1,2, 3,4,5, 6-hexaki sphosphate (phytic acid, InsP6) to

I nor gani ¢ nonophosphates and to free nyo-ino.sitol. WO
200 169D 6950 - PCT/ FR2006/0001652 MapyTPERLASE6$001652
hydrol yse only 5 phosphate bonds of phytic acid, i.e.

83% of the potential osphor us. hese enzynes

hm y SEYHARSSC %d&polqg oplnﬁré’si ol p%ﬁﬁﬁ%%ﬁ&spﬁgflgs of

buthydic t acfidee trye-i nd3%t odf S lEne pexpméssilonphosphorus.

" ACL] Vi he S n : {0 LE -
Hed .%%z%&e%. h9§¥5?%gephé?%€£$ %ﬁ%ﬁi tdTBalo Eﬁ051§ol

enzymati c activity . ~activity'is
exppreesohate mudr mat sralf19f Y 1ingsi G-
mlligramof protein. One |.U of enzymatic activity
is 10 the catalytic abi]ity ,&gtconvert one m

J £ n1cnog0|$ed to
ofThes TSRS PFer affi 1V Y 19hethat PAY§#V8n pBI ARE°57<4
gimeam t ereer ainyenatFref esablyityt hef fi the phiwwaseehasThis
a I . 15 nd. 8 n
e A R i e
préflddogare fodinainrin « Hng i ¥ s¥- phlt aREYTELAC BRYLY¥SEY 1S
O]fthtehhe csée;%s_gft%eggmamilqwe&oca&Hel!v!eiritl obna ﬁ@cﬂb;ﬁba&e of
0 e yeast aryonyces castel lii._ In.anot :
pﬁl"%ﬁsé:&%la&rel yP&Hv At dgeBhs Eiodi fent® 9ﬁ¥enfip§55t and at a
plpitvase tiempetriae ypteyt ase of SEQ ID No. 1 or the

phytase of SEQ ID No. 2. 25 The conpositions according

to the invention conprise at |east a second phytase_ |
eXwiefieriold vat | €ast 8Gdrisdent PRYtaget h tRE phyfaseCBFimum
SEQmpRMeurd 30 Jdewddryt 85ecobn8EQolR Nnhd 3am Sogtimum pH

phyt ase of the  filanment fungus Aspergillus niger.
Pro)éf Z’F&B’Ieﬁn P%e3sé:’08‘2§nﬁ%§%’ase exhibits at |east 80%

In a preferred embodiment, the first phytase is a
_phytase of the vyeast Schwanniomyces  castellii or a

phytase of the yeast Debaryomyces castellii.

In another particularly advantageous embodiment, the
first phytase is  the phytase of SEQ ID No. 1 or the
phytase of SEQ ID No. 2.

The compositions according to the invention comprise at
least a second phytase exhibiting at least 80% identity
with the phytase of SEQ ID No. 3.

The phytase of SEQ ID No. 3 1is a 'phytase .of the

filamentous fungus Aspergillus niger.

Preferably, the second phytase exhibits at least 80%,
90%, 95%, 98%, and preferably at least 99%, of amino
acids that are identical with the phytase of SEQ 1ID
No. 3.
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"No. 3. WD 2007/006952 - 11 - PCT/ FR2006/ 001652

Preferably, the second phytase conserves the
priepezdoesoo@mslzi n parti cul-aril he cat al yricr/prepe6t/i0ed 652
of the phytase of SEQ ID No. 3. Preferably, this :

BRFEGr=8Ly, ohror REFOPR| BREATOGS CPURGTYCD Che plopetties

Alazednaiqubayrtidrmfsar ph;hease:ataiytte-cobtpalqn?@d’tb)es of  the
S' k?ytdéégcg%d e ageneg Sd3 teﬁ?@fgygﬁlyf orth%)éar@llﬁtase is

€ expressi on "am no acl ds are | dentl cal’

|n3t%?ﬂe%‘aecﬂofﬁ=’é>&h arnRE oRFERINhi OF %Sﬂ%{%éﬁg}%é}%’%ﬁ or
EjV\alerérﬁqueeﬁes qu&e@ﬁmsphyﬁb@@ canAEwrhatlaely, this
eletion, an additi s StIIutI n a

oY 537 Mo S8 o tQﬁDrLr 2actgt'o The Cﬁyﬁeacstee%f %égleBeSls
I\Id:ecﬂmﬂ@dlepof@lrr@xampléte i nvention, the second

phytase used in the conpositions and the methods of

the i nvention therefore exhibits a degree of identity )
wiThe t RXPLREATRE ORMSEO | PCRES 3thal Hrkeddsatig@l™ 1s
catrd dd€d Pboperhi amiab thedsatwielich 20 Pref evablybetween

d phyt 3- I
by ySP e BRGE T olBe ™ TR e PR bord of SRGPTE @
acial et2borPr eder add it ieohecses oadbphyteSEOhasfaﬁtoﬁ;?ﬁﬁ'ﬁrrpne
og@et@%ﬁ %é}?t%é@qdﬂ%é%ﬂ%@wmm m 3.

ween pH 2 and pH 6. Even noré preferably, th

~second phyt ase has a first opti num pH of between pH

2 pE:ccamhﬁ’g 5tandha ae@-endiaptimm pHafindepeensHide8 in
ln a pre r e [ t, the co
q}ase mézoasnltlﬁsperglric{ Gf‘:%e n%%% g%t% tf t%% lil.g.’\rentlon

us ni ger
therefore exhibits a degree 1dent1ty with the

phytase. of SEQ ID No. 3 and conserves -the catalytic

properties of the latter.

Preferably, the second phytase is a 3-phytase which
catalyses the hydrolysis of at 1least five phosphate
bonds of phytic acid.

Preferably, the second phytase has . an optimum
temperature of between 50°C and 60°C and an optimum pH
of between PH 2 and pH 6. Even more preferably, the
second phytase has a first optimum pH of between pH 2.5
and 3.5 and a second optimum pH of between pH 4.5 and

5.5.

In a preferred embodiment, the second phytase is an

Aspergillus niger phytase.

In an advantageous embodiment, the second phytase is

the phytase of SEQ ID No. 3.
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, ZECVéUthEY gRtveen RH ot i gR

35 In an advant ageous enbodi nent, the second phytase

is the phytase of SEQ ID No. 3. WD 2007/006952 - 12 -
PCT/ FR2006/ 001652 The enzymatic activity of a phytase
varies in particular as a function of the pH

Pyt 2903 fdossdmve pH ranges2(or spher e®LTi/ERBA0OEH001652
their enzymatic activity is higher or optimal. The

range” .js 5 intended to an a given H sp
o&rhlent eﬂ}g}’maéﬁhﬁ s haﬁ?geenazyngbyg agtlw%e
i lpammwmnta ya pEuncangses ofheéhe te Phytases hbve have

a HathaVé og' ffsghé%sr?H rgngesni &k ef enably. ehB%ﬁtlc

nges o rtially superi rrEose Typically, |
tﬁ@tGthé(seéshab/égll@ra i glk®t i8RAynathe atiWi t'y¥ae%n *

aﬁ.h@e@ldﬁ:ld ﬂ_dﬂﬁ md@ﬂi’# asefi-hayi iag cEfd efedtraryngdtval . Two

ranges have thus or . exanpl.e.. .a _meximmen

?’g’ |st§?%eenéﬁma5ﬁ8 YHEES hd 77 fg‘ﬁ&tt‘%%éy PH

amdtngersaxwhmenzymfaa c plactdsgsy beveeemrpH aﬂfciah‘dﬂpw in
d]c @ LR Seﬁj?nQ'aﬁ@étsasePré@e}Qbi)?e “E‘Pl@%‘és' 1d.00Ss aB‘}erlap

he met ho the present 1 nvention, the first and
t RE RETrichIohgt ﬁ‘é@e’é%‘éP@Fle ?m&@éléfowﬁ%em?&wsi)% have
r angh% g@rércg@sglzs;ﬁﬁr&tla:g y aepliviityd  lds. afhe aeddpasi pHoONs Two
e nmet.hods accordjn t he |nv t S ow
YOS s T T S IR s B Wieaga FargerE ke £oF
rretclau@sleof aeBsuitwy endyohtidemdtfiyiingy tb\%t"d%%}reBH »f and

Nl t et n e ar n e
%Iﬁl |t4ed¥|?1 s arftg.qlédﬁgegka'ygj%eorggga%\’r & ithes enzrnatlc

RE fr d‘xﬁ%ntrl')‘ﬁl ’@?&O‘?%I Bgﬁfﬁf"se

WEnal gréi tduhpdd iwidti®gemnd NIEmMAﬁ(ethods of the present

| htt Qen/tVlW\lW [ nc\{,l it rgggn con‘}i tli}lreef I%QE%QS‘C Bklletferably

a ANEters are us Thée phy ases
cbnp@smcprmﬂsermrdtm h@ﬂs zRRDteli A IVNRIRMEMHRAS | @Rt imum

apfsi. satat %n%foﬁﬁiiﬂ@daﬁﬁoﬁh'éh%lerthdw We&dording to the

egxlvrerollgggrqt thu Bﬁ.to%rseﬁyggglgglgreg).@r%%y@é.c acid in a

wide pH range.

The methods of measuring and of -identifying the degree
of identity between polypeptides are known to those
skilled in the art. Use may, for example,  be made of
Vector NTi 9.1.0, alignment pr_t:grafn AlignX (Clustal W
algorithm) ' . {Invitrogen INFORMAX,

http://www.invitrogen.com). Preferably, - the default

parameters are used.

The phytases of the compositions and methods according
to the invention are isolated or purified'.from their _
natural enviroﬁment The phytases can be prepared by
means of various methods These methods _are in
particular purification from mnatural sources such as
cells naturally expressing these phytases, production
of recombinant phytases by appropriate host . cells and
subsequent pﬁrificatioh thereof, production by chemical

synthesis or, finélly, ‘a combination. of these various
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means of vari ous methods. These nethods are in
particular purification fromnatural sources such as
35 cells naturally expressing these phytases,

" production of reconbi nant phytases by appropriate

haosd 20a1 /0 mesk2 subsequent -pagi i cati on pPh®yERLP06/001652

production by.chem cal synthesis or, ‘finally, a

conbi nati.on of _these various WD 2007/ 006952 - =

P8 001887 2 Sapi e bacHEs . "HREE varh oPEORIhAgE =X

ofwgirlodécbiwon toe thwde lekdwdedo thosehskiddted iTushe. the

aldhyt ﬁggd RBYTASES UaePsiiR bR COPOShE! QRScIds of
ds of the present invention can pe jsolated

f 1R 5 SRFREGRN onyEBYSREZPRI | | F20f r ofRDebat Jonyced  from

c%&rg&alnniongrché‘sr oreAspengil, | usroth g@ebdryaanaidier castellii

enbodinent, the . tases of the present inventi re

S ot Bt PORETPARONS, A oS PR o PG as, gt RdhEl Cene

Proéfygreatslsy, of hec o nposisingns invent dpng axe t Heolated from

| 0% - GO gy i tional additive for

ani mal's or of animal” feed. A subject of the invention

is also the use of a 15 conposition according. to the

| dlmd' ﬂdx@!bflﬁ,ortﬂé‘le:on[ﬁimﬂtaiﬂinﬁ ead®fording rtdi ohal invention

addi ti.v or animals.pr of. an il feed..

prcé°§_1écﬁtsii n?gntal oﬁui:ﬁé?éi‘js“?% a %%&rjéY%t éf?%t oalg%g%lsZ(?r of

acdiimaleS eddat provi de a phytase activity. The

provision of this type of enzymatic activity makes it

possible to inprove the digestibi]ity of the. feed an

t & i FHPIFELI t 8EnubRet | PIAPTVEPRe. 195 aRRP ¢ use ot a

" Ridirpidsienan adeb¢oy®ings kot endesl t dnwreanian, for the

S‘Hn*%]n]s’tuaf%%%dr%t e ionally: added taodc?iéa‘?@ ’f?xengﬁ?ljnéi/s' Br of

snmal1”"anmunt's,” 'so as to i'nprove 1ts nutritiona :

clhar actiowilstfieesi.or its digestibility. The nutritiona

additives for animals can, for exanple, contain 30

~ vitanmins, mineral salts, ﬁgino aci ds and'enfgggg,to feed
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The present invention erefore also re

additives that provide a phytase activity. The
provision of this type of enzymatic activity makes it
possible to improve the digestibility of the feed and

to improve its nutritional value.

The.term “nutritional additive” is intended to mean a
substance intentionally added to a feed, generally in
small amounts, so as to improve its nutritional
characteristics or its digestibility. The nutritional
additi&és for animals can, for example, contain

vitamins, mineral salts, amino acids and enzymes.

The present invention also relates to the animal feeds.
These feeds are usually in the form of meals or of
" granules into which the additives accérding to the
invention are incorporated. The term “feed” is intended
to mean anything that can bé used for feeding animals.
For the intensive rearing of animals, the animal feeds

usually comprise a nutritional base and nutritional
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The present invention also relates to the ani nal

feeds. These feeds are usually in. the formof neals

or of granules into which the additives according to

the 35 invention are incorporated. The term"feed" is

I menged7 /b oso®an anything +hed <an be used fAR2006/001652
f eedi ng animals. For the intensive rearing of

th f al | ’

at 33 PLVET: bIBE rF ol EREFbRaPP b OB Gubosatendsd to
niFRﬁ@ﬁG/vﬂﬁ:tﬁrEZcoasldltut/es nPhe todr ntleuaninadhal food
aks, 'Baﬁggsglhg %ﬁag&é}ﬁ%f V\é&&ﬁbp@n%ftat ﬁﬁxgg% of

e anhi na COﬂSIStIn

ex%?ﬁbqi%ls of of BRYRE@iBSopndcefesPss 6f ﬁ‘lnéf“é%n@néar{@rofplant -

_faélsl@{nam mal and/or plant. -~ 5 origin. The -

nutritional bases for animals are suitable for t he
diet of these aninmals and are well known to those :
skl"khé edutnitlhenaitt badesalflor, ariesel nuaret sohbhbbaséor the

%@g‘pr&@e Qe eXamkes %&e’ar‘@e@tﬂlpe}@néﬁg to those

ean These nutritional bases are suited to the

ne%‘ﬁlslb?dt Re aRi G&$ -anVFaRlspecitdSsrortwWhf thiohey bases

?ﬂébmﬁﬁﬁﬁﬁedforwaﬁmg%ﬁ;Ibaoﬂal ba&es ,Mpeal apddgoybean.
C taln nu 1 Oha a Ltives SU |
$o7 BUbFLEARRSL pRGYs) g 450 ST {AT Boegs of che

en@uchmt artilmali nepaties rédnat eélltcdjl theds Fxg intended.

tﬂu€ 8@%? bQEgs'Ba?aéﬁkeﬁﬁ§rcgﬁﬁalﬁo%lE&Mtlonal
10gs ou conprisSe in paiticular 20 |layin

éf%gltbh‘r%%eﬁélcﬁ"oraﬁea‘flti”ﬂﬂ‘rk%ys mRE Téd ckgahr ggmino
cagirdse in particular growi ng and finishing pigs and -

al so piglets. A subject of the invention is also the

use of a 25 conposition according to the invention,

f dm i acreasfagredhesravadimgnt i t Fhef ph‘yﬁn*élghos}fﬂﬂcﬁ”tiﬁ;s to

and d BT e¥kNGnd aéii:gfét ialili bolatL ) , ofam 1) aeﬁﬂﬁcume for
conpasi tions and, the n%t hods laé:cord to t

‘poultry and pigs. omprise 1n ‘particular -
laying hens, chickens for meat, turkeys and ducks. The
pigs comprise in partlcular grow1ng and finishing pigs

and also plglets

A _éubject of the invention .is also the use of a

composition according to the invention, for increasing
the availability of phytic phosphorus and improving the
digestibility of animal feeds.

The compbsitions "and the methods according to the
invention combine  a first phytase = capable of
hydrolysing all the phosphate bonds of phytic acid,
chosen frém Schwanniomyces castellii ~phytases aﬁd
Debaryomyces castellii phytases, and a second phytase
capable of hydrolysing at least five phosphate bonds of
phytic acid and having an enzyme activity in a pH range

complementary to the pH range of the first phytase.

Figures
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30 invention conbine a first phytase capabl e of

hydrol ysing all the phosphate bonds of phytic acid,

chosen from Schwanni omyces castellii phytases and
Debaryonyces castellii phytases, and a second phytase

caad s ofodwal ol ysing at leag {ive phogphaFe2bosd®01652

of 35 phytic acid and having an enzyne activity in a

pH range conplenentary. to the pH range of the first
phytase. .Figures WD 2007/ 006952 - 15 -
PGFE/RRID 06/ OG5 i Forgupé heCokpaet son off tlmyedrolysls of
ki ydro f h d S
FOE RS B P e e Rbar e e o
re%?ﬂh@e&’reléxmaég@d 75%6%1@1'5‘1155tﬁe’b€?e??<€§?ssed as % of

p@%@&%éﬁgﬁﬁ%ﬁ%@laﬂ%sﬂ%@l@as&r centage hydrolysis

.of_ phyt hyt { t |
f deliiie 2 e Shae HGRREARBP L iy tonBioig BY | the

mManmnns 1@hydmsésd affcres amEKHSpnnd fort he20 minutes.
hyarol SapBAsPhal) Aiuhodde. pELOMEEST The dotted

rates of hydrol SIS :
priitrias acﬂQi-’r(Qﬁﬁﬂndm P nitder) hyeirog visty a§és 5 phosphate
vaydreus. pHs. (A) phytases al one, (B) conbi ned

it The t | cul at ed, d L
e R a0 (i
and mgthyads  2@id Riwtcdsenlofiminms )~ Aoper §i | bbytasger at
Natuphos, ﬁ b%)cgbﬁégg’egralgﬁ&(:h Q§7E|aﬁggn¥ﬁn'glﬁ§ﬁases

Harti ngsv van Zei Mar i an

HEhee @tE S Rots e at cudaiied W}%ﬂ thes f5h§ket Bupknutes of
Rumd readdidauliten, Peter A van Paridon, Cerard C. M =
Selten, Annemarie E. Veenstra, Robert F. M van Gorcom

Examples
Materials and methods

1. Phytase origins .
= Aspergillus niger Natuphos (AN): batch R2503 or

batch 057NPHO2

Wim van HartingsVeldt,_Cora M. J. van Zeijl, G. Marian
‘Harteveld, Robin J. Gouka, Marjon E.G. Suykerbuyk, Ruud
G. M. Luiﬁen, Peter  A. wvan Paridon, Gerard C. M.
Selten, Annemarie E. Veenstra, Robert F. M. van Gorcom
and. Cees A. M. J. van dén Hondel; Cloning,
characterization and overexpression of the phytase-
encoding gene (phyA) of Asperglllus niger. Gene, 127,
(1) 87-94 (1993) | |

= Péniophora lycii. (PL): batch 172NHSO2

Lassens, S.F., Breinholt, J., Ostergaard, P.R.,
 Brugger, R., Bischoff, A., Wyss, M. and Fuglsang, C.C.;
Expreésion,.gene cloning, and characterization of five
novél' phytases from four basidiomycete fungi:

Pehiophora lycii, Agrocybe pediades, a Ceriporia'sp.,



and Cees A. .M J. van den Hondel; d oni ng,

characteri zati on and overexpression of the phytase 30

encodi ng gene (phyA) of Aspergillus niger. Gene, 127,
(1) 87-94 (1993) Peniophora lycii.(PL): batch '
17{2@%@@@7)/_@@@@51@, S.F., Breinwlt, J., Opreygaands/001652
Br ugger R, Bischoff, A, Wss, M and -
35 Expression, e clonin

%?cict B P RPeET esnofaplphigggég%oﬁtif%”ﬁdbiol- 67

. ba(smi) pyzet e4Tang{200Peni ophora |lycii, Agrocybe:

10

ped ades pediSPLIPOR! & 20nicWffbOf 7! OPBPR2 - é?do A1346

PCT/ FR20 and rarret es pubescens.
Enkaton. 1MErobiol. 67 (10), 4701-4707. (2001) A
Pem')cd)fgd)gyméuni cul osum (PF) Godo A1346 batch 1301 5
WO 03054199 " eat n‘%ﬂc%“é refer cse P1259. WO
0183763" W3 ha 2 15 ( 7 produced in
Canali B8 boé Hi ni i batch 10059 CN 25 10 EP 0931837 A =
Debar yojy straj 292 D
§&5 %&Zf%y&é% c%s@e%§1 %SéPC) ?ur dd,tcbed in

Enzymati c” fre tase activity is nea
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-The 20 reaction is triggered by the addition of the

erhzyrﬁt dﬁ}a% rAindd volume). The reaction is stopped

acl Ication o the medi um wi th 20%
trTl'tfhl PEERS ¢ AHdd (YL VA uMe s Tedac bYon ERBAPHARE 1the

voldings @Elidaorg}ratrelcawpnétdormwamd el eased is

determ ned after

The activity is measured in the presence of 8 mM of
sodium phytate (Sigma) dissolved in a 200 mM sodium
acetate buffer, ©pH 5.5, _at 37°C (5 wvolumes). The
reaction is triggered by the addition of the enzymatic
extract (1 volume). The reaction 1s stopped by
acidification of the medium with 20% trichloroacetic
acid (1 volume of reaction medium + 1 volume of acid).
The amount Qf' phosphate released is determined after o

various incubation times.

One enzymatic unit (U) 1is defined as the amount of
enzyme which releases one pmole of inorganic phosphate

in one minute.

3. Conditions for hydrolysis of phytates at various pHs
The hydrolysis is carried out at 40°C in 10 ml of
250 mM acetate buffer for pHs 4 to 6.5 or of 200 mM
glycine buffer at pH 3, containing: 0.340 mM of sodium
phytate, 0.04 or 0.08 U/ml of phytase. Samples are
taken at various times for 120 minutes. The reaction is

stopped by the addition of trichlorocacetic acid.
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Conditions for hydrolysis of phytates at various pHs

T IS, 1S carried outy at 40C in f
acztel%/d;{e %%%er for pHs 4 thLo7 6.5 or of %6%2@06/%@9652

gl ycine buffer at pH 3, containing: 0.340 mM of sodium
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taken at various tines for 120 m nutes. The reaction

is stopped by.the addition of trichloroacetic aci d.
2RPATIEIS2 2553 - PCT/ FR2006/ 001652 The

pho@phaineﬁuweoefss@ﬁﬁsmiartm:t Ine lwststeclt ich | wilisoali4ed by
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V|sua I ze colorine VI sua

s@m:tanm@rqme@pmled e;@tré?ﬁﬂdrsané@@? y,SUééﬁ’taélens (PBOn™M, 1
sWdhalsd (380 difhordi u Ch¥PEIMSNFHARFRNI(YM mM, 4 volumes).
Irﬁrgtg)tseﬁrml bdate (12 nmV,. 4 vol urrer) The absgégance IS .

_ r ePREOTRRIIC af t8r  VISAFHTESat | FF f or Rt 8&ter
atvmﬁailemattlejmefcat uge (inl@ewolaineardbieract eopenatiunem (1

AZ ol yti,on n v
V}:’ Vi Ml Bt spec rogc%wot (lgn%gtlélﬁl % elck%’rg%H%%J QD3%1) jsualizing

caalptataron | i nesing establ | YHéHipePbeehafBeChirPRICEgmMeter

PaasHndR Hhedopgen phosphate. Results 1. Phytases

tested 20 The phytases tested differ fromone anot her
according to various criteria: (1) biochem cal
char actletirstticsn  (lojpté nmuis pHessakt bsspdci befptrghaBd 4with

| g%)?g] ysegxs%%)hydﬁo@erf"ﬁﬁbesrp}fgté’h%phat e bonds

Results
1. Phytases tested

The phytases tested differ from one another according
to various criteria: (1) biochemical characteristics
H(optimﬁm PH, stereospecificity: 3, 4, or 6 phytases),
- (2) number of phosphate bonds hydrolysed.

All these thtases.have an optimum hydrolysis pH close
to 5; however, the AN and PL phytases have a second
optimum pH at 2.5. Three _complétély hydrolyse the
phosphates (SC, DC, wheat). The position hydrolysed
first is either the 3-position (AN, PL, DC) or the 6-
position (PL), or the 4—position.(wheat) (Table 1).

‘Table 1: Comparison of the biochemical characteristics of

the phytases

. i . Number of | Stereodspecificity
. Km Optimum Optimum phosphate - (order of
Origin () .pH tempifature bonds hydrolysis of
' - (%¢) hydrolysed | phosphate bonds)
Aspergillus
: 40/27 2.5-5.5|55/58 5 3/4/5/6/1 _
niger ' ' '
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Samples are taken over time,

the reaction is stopped by
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Hexakosiphesphat e by Phytases from Wieat Bran of

Tricicum aestivumL. cv Nourin#6l. Biosci. Biotechnol.

Bi ochem , 64:995-1003 15 (4) Segueilha, L.,

L& eERNBAr ESONB&e, Lhe | VRBAPHA, PRECageE Gof zgarpied out

(1992) Ruiiddcati en ank Ph agbﬂ.ygﬁsOfefﬂlhﬁe?iW as€.e. the

from Schvvannl omyces cas:h]e C?e BI oeng the
7RAHSIRYATE 2005, §8n i€ e'ri-"e‘3 eIc-?Jr?/eJhess 5P
ph;hé@rania:hl hp(darndey&laseby Bhphytemsdd sat aver i epregseed  in
g'g#@ylzr_s carried. out in the presence of 0.340 nM
ytate. The anobunt of enzyne introduced
corresponds to 25 0.0.8 Umnm of phytase, neasured

ungefo 54 il ag ¢ @m@dlit@ﬁetafepm5p5ytérbesprﬂpval Bes DC, B)
tested are eactl on

{ T DWEAPFBI=1 A mERTPAST SRR B L I BB gg, acid co
tiimpsitel r eandi ophdsphsttepped? by PPt 266%/ 006952 an9d- PL)

F’fﬁycﬁ@ 0%1@525 agbdisbi cation, @nd tde rm%spgat;eetial
are¢ assayed by “colorimetry. The conparison of t
PR -ases is carried out 5 as a. function of

the hydrolysis efficiency, i.e. the percentage of

hat e .r el ease relative Lo he reti
IEJOdO agteh THe® réejsujr?s arteeséxpéessed §ﬁ §Fr %gé E%\ 4, 4
1@>m¢cacﬂeda ngETo PRe Prt endt tile, ydsinitvesesaf Pleasg, 80%. of

D@hé@phﬁ%fb039§éleTﬂe(WKQA@tﬁhthMQr@QNﬂJ& ﬁgyﬁlﬁctlve
agt pH 3 and pH 4. For pH values above pH 5.5, no
phytase hydrolyses more than 70% of the phytic acid.
The PF and DC phytases are not very active at pH'6.5.
The AN phytase is the least sensitive to variations in
pH; however, it releases only' 60 to 70% of the
- phosphates, i.e. wvalues 10 to 20% lower than those

- expected (Fig. 2A).

The comparison of the  initial rates of phosphate
.release show a great deal of heterogeneity between the
phytases (Fig. 3A). The most efficient phytase at
acidic pH is that of Schwanniomyces castellii, whereas
that of A. niger is the most efficient at pH values
above 5.5. The wheat phytase is the least efficient

irrespective of the conditions tested.

3. Influence of pH on the rate of phosphate release in

. the presence of combined phytases
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‘5 or l§ eﬁlcé’pha

i nosi tol and phosphate; 2 phytases (AN and PL)

hydrol yse only 5 bonds, i.e. 83% of the potential
phosphorus. 15 Under the conditions tested at pH 3 and

pH 4, 4 phytases (SC, PF, DC and PL) hydrol yse at

| st B0Ppafsodhe phytic aci @0 Fhe wheat POy FREO 065001652
not very active at pH 3 and pH 4. For pH val ues above -

20 phytase_ hyd Iyse 09 t he
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on 60 to 70%of” the ég/ hates, i.e. values 10 to
“@xp

2R 8 meT 2 HRRaNOE s B é%téae(F%§C%a%n tfpe. The DC

-c%mga:raé@n ofhi bR l?’i}lhdr&:llys’ﬁﬁs of - ijwte rebedse is
show .a gr.eat 0 er.ogene § C
- eé'% agldlysA)tesFﬁgt g?#%l eﬁf‘ ph)r/]"(ase a{:thel%oother |

a@hif@ﬁmrl swhhal bﬁdeQﬂmlemEonvceé @wsnhdtie hpedeas TWO
t f e yal uesrstily,
abo hec% ébn#%xgg%bﬁs %%eméisg fikel rtto ato rstly

eat tase 1s the |east efficlent

‘E%tﬁ@ﬁlw%“fn%wrt i PhYhaseestRYS 38 §EIFﬁFFu§n€8d 5

'ofprwégﬂfadd‘se (&t ea0f phasphaicendleasesd nphiheses, PL/AN,

%%sence of conbi ned phyt aseﬁo\/\@h%g‘%/ QOGQQ%Ffra%Qe}istics

PRA06/ 001652 Jrn of der Irnprove the efficiency

- of (Falgyt ilBlaci d  hydrol ysis, several conbinations of

two phytases are tested. Each phytase is introduced'

at 0.04 UmM, i.e. a total value Oflcbgl nb t%hg ch
r BIctPEH A MbeanFhES BE B2ERt dfe PR I Sy of §eBstRAT the
phesaiaa fendsofi s 2syspeyvaseal | yndsstyed ipromotes  the
CorEbfl natl Yo Wl%h thh% ath 1dp@x¥}d§'§ﬁ s:.\ghl Cﬁlwgﬁ%lysﬁndér

onbl nati ons
altde® usedet @O@drxpalo@s £ i Rat PJytagfot $RIFD kohdl nabyEaost ses

phyhases A e tporebeasatbrard @C/AN and SC/AN), 100% to
85% of the phosphate bonds are hydrolysed what_ever- the
pH. For the DC/PL combination, a gain of approximately
.20% at acidic pHs is also observed. The PL/AN, DC/PF

and DC/SC combinations provi_de little improvement

(Fig. 2B).

The comparison of the initial hyd'rol'ys-i.s rates shows
that a strong synergistic effect exists for the SC/AN
combination and for the DC/AN combination compared with
the phytases alone and compared with the other phytase
combinations. The pH-related differences in'hydrolysis
rate are minimized when the combination is used. The
other combinations are less efficient, the synergistic
.effect is visible only for certain pHs, for example for

'DC/PL at pH 3 and pH 4 (Fig. 3).

The synergistic effect appears to be due, to a large
extent, to the ability of the phytases to hydrolyse all
the 'phosphates. 'In addition, the best combinations

concern phytases having complementary 'optimum' pHs for



10 phosphates (SC/AN) and, secondly, two phytases,
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characteristics (Fig. 1B) An overall analysis nmakes

it possible to show that the 15 conbination: of 2

phyt ases7 yostby2pronotes the 2ffici ency pafr /EiRel0i0G /001652
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of the concentrations and of
hydrolysis for the various combinations, tested at two

flnal concentrations, 0.04 and 0.08 U/ml. .The first
three columns give the values for the three phytases

alone at the concentration 0.08 U/ml.
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proportion of phytases on the efficiency of phytic
acid hydrolysis 10 W conpared the influence of the

anmount of phytase (dose effects) and of the

proportion of the m xture of phytases on phytic acid

hy o o1 & ogldee conbinations were usedcrPERANo6/001652
DC/ PL and AN PL, and 2 phytase 15 concentrations (0.04
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Conpari son gt 4he Pep Caihagde Pvg)C agd Bauydrebysis

fror—the—vartous conbrmatTons, tested at two 20 fgna
caicentrati ods, 0.04 &2d 0.08 &nl. The®Birst t

£
col.ums give the val ues for the three phytases, ?")ne
atpHt ke concemtor ati on 8508 U/ mse3z:e . W®Z2007/ oog% 2
8Y)
B
3 67

25 - PCT/ FR2006/ 001652 AN DC PL AN DC AN DC (0.

(Q08Us (0.084) (0.08kk (0.04Us767 pH 8266 82
(730) 96 pH 4 69 85 83 95 (1010) 81 pH 5.5 5
9§ﬁ£§70) 78 gH 6 72 43 64 94 £830) 429pH 6.5 .83 6
34 75 (560) PL/DC PL/DC ANPL AN PL (0.08U) (68d8L)

2

86 76 " (56%)

PL/DC PL/DC AN/PL AN/PL

(0.08U)- (0.04U) (0.08U)  (0.04U)

'.pH 3 94 (;2;) 79 _ <;§;)
pPH 4 R 100 (;ZZ) - 86 (;;;)
pH 5.5 . 85 (8741%) 70 ' (9646%)
pH 6 .85 _ | (5467%) | 74 (9607%)
pr 63 3> (;g;) o (;?;)

The values between parentheses represent the ratio of
the wvalues obtained with 0.04 U/ml to those in the
presence of 0.08 U/ml. ' '

The percentages of hydrolysis during the study with the.
mixture of enzymes (overall concentration 0.08 U/ml)
are higher than those determined with the enzymes alone
(0.08 U/ml) and close to 100% for the AN/DC and PL/DC
mixtures, in a pH range varying from 3 to 6. The AN/PL
mixture does not significantly increase the percentage

hydrolysis observed with each phytase taken separately.

- The 2-fold reduction of the overall amount provided

(0.04 U/ml) does not induce a 2-fold decrease in
released phosphates. In certain cases, AN/DC and PL/DC
at pH 4 and pH 5.5, and AN/PL at pHs 4 to 6, the
percentages of hydrolysis are equiValent to those

observed in the presence of 0.08 U/ml (Table 3).



(940) (890) 71 66 pH 5.5 85 (846) 70 (940) 47 67 pH
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The val ues between parentheses represent. the ratio of
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prwes eyoaey /afos®s@8 U/ ml . 5 Thez2percent agespof/FARdoobysps 652
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 GRRER 0 AT TR bz mbE GG oo O g ) ApdroLYels

cl(mh/mly@ﬁ%for offhe ANyBEcandaPifDC £0rni xthees, vipious
1%%.0\5@3/'&95{ &My 19, H. fIHglAMCFI’J'CEI{EI)gM_Cﬁ‘IS 0.04

does not significantly increase the percentage
hyddol0$i8s UgBder ved with each phytase taken
SQM@Yﬁfﬁé% t HAge 2cbahdhnke (Hdcﬁh@fvhm&eévﬁbm|the three
unt rovi.ded not 2-fold
fssps rors Al ég’fecfoﬁ'ﬁ)(%% %eal i cases,

AN/DC and PL/DC at pH 4 and pH 5. 5 and AN PL at pHs

-4 to 6, the APercentapes of hyRE ol ysi wpé'equiwr&lt

to those obseWed (h osle pri@s€aBe of (00.088) .U/ nf 0 (CRADI e
3 2007/0 952 - PCT/ FR2006/ 001652 Tabl.&03:
C%)#p ri son 8f’ he m?‘t%%l r at sézof hyd‘? €S|s (42%)
(grrol/m/mn) of phytlc acid for_the various 2.85 .
c&fbinati ond; %Bested®afbtwo fIm8 conckentfati onsadk 04

~and 0.08 Unm . 5 The first three col ums ive thegs
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20 -

vRHuSs 5 or 7ha6t hreel - Phyt asek- W one af - 2he (26%)
concentration 0.08 Umnm. AN DC PL AN DC AN DC §0,Q8U)

(®HO®U) (0.088) (0.08U32 (0.7 7.53 (14%)
: ' o ' 0.26
pH 6.5 5.09 0.00 0.85 3.71 (7%)
PL/DC PL/DC AN/PL AN/PL
{0.08U) (0.040U) (0.08U) (0.040U)
- 1.45 : 1.60
PH 3 3.88 (37%) 2.18 (73%)
; - 3.33 2.73
" pPH 4 8.6; (39%) 4_.29  (63%)
. 0:.85 2.82
pPH 5.5 3.79 (22%) 4.56 (62%)
"0.04 2.60
] : .96
pH 6  2.10 (2%) 3.9 (66%)
R } : 0.74
PH 6.5 0.22 c(>02§) 1.89 :

(39%)
The values between parentheses represent the ratio of

the rates obtained with 0.04 U/ml to those 1in the

- presence of 0.08 U/ml.

The combination of phytase therefore makes it possible
to decrease the amount of phytase in the reaction
medium by a factor two, while maintaining an identical
hydrolysis efficiency, within a broad pH range. There

is a clear dose effect on the release of phosphate.

On the other hand, the initial rates of phytic acid

hydrolysis are at least. two times lower in the presence.
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ose I'n pres 0. 08
C OYAF 9Tt 3 ohl 0 f pﬁ%%@% th@@‘épb?’éenakbgdr?lb%§§l bl f tothe
deHease dde swaodaie of phytase in the reaction 15 :
medi um by a factor two, while maintaining an identical
hydrol ysis efficiency, within a broad pH range. There: :
i Ttee cpeapodosenebifectaadn phetaskease tdfe prmqath'mze medium

the, O her hagle e d nLial o ales,of qBlyt it gk fudle on

ydrol ysis a | east two

predsenkydve) poby/ 666952ency4 (Tapde ﬁpezod@/ o%)]ilssfzhe cases,

an increase in the amount of phosphate released is-
observed, with a slight advantage for a combination
containing 50% of each thtase, mainly for pHs above

5.5.

Table 4: Comparison "~ of the percentage phytic acid
hYdrolysis- as a function of the proportion of each
- phytase in the mixture. In all cases, the overall

amount remains 0.08 U/ml.

Proportion AN DC AN/DC AN/DC AN/DC
of phytases = - . (1/1) (1/2) . (2/1)
pH 3 Y 82 92 90 88

pH 4 ' 69 85 95 . 93 93
" pH 5.5 55 63 92 79 79

pH 6 72 42 94 87 86

pH 6.5 63 6 75 52 64

Under  our experimental. conditions, no  phytase

completeiy "hydrolyses phytic acid to 1inositol and
'phosphates, alﬁhough 4 of them are capable of releasing
all the phosphates according to the literature. Four
phytases SC, PF, DC and PL, hydrolyse 80% of the
phosphate bonds at pH values of 3 and 4. Two mixtures,
DC/AN and SC/AN, hydrolyse from 80% to 100% of Ehe
prhosphate bonds at all the pHs tested.
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t §henaisq tof afurh. CPBRADRS IoRF ddesAr5ama-braupEs Bhgn peould

h)h@k‘él ys€e 8e@sabikhero phiesphale bemes aalbuﬁldsvai)ﬂephgi:ases-

7 PERCBAYs Tl T G10% haenD‘gQB‘é REREEboREourCs Fofhe T

pdenttesite . pl’@szﬂfbﬂeo&ﬁ@@hytiz@ or P mebﬁoﬁaegzwould
also be increased, improving the food value and thus
making it possible to decrease the intake of inorganic
phésphate. The pollution caused by unavailable
phosphate waste would thus be decreased.
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The conbi nati on of phytase of 3-phytase (AN, DC, PF),

4- phytase (B) or 6-phytase (PL) type, with one

anot her, does not provide any notable inprovenent. 5
The conpl enentati on and the synergy between phytases
appearsotmoakesend on 2 criters a specifi ectrgreraobs/ 001652
phytase: (1) on their profile of activity as a '

function of pH, (2) on tL&?JArII%blllty to hydrolyse,

or not,” all the phosphate The use of such
conbi nations in animal nutrition could nake it
si bl S u f yt S
Ols1 eas Cfeongg%ﬁ hgpe gPZ onér%dggg%goséﬁg 5 %e@/.for
. cont erfthef bﬁégeﬂmﬁeSof ghyt PRYBEFgi RGid t hémY@eéIn031t°1
woul d 15, Al 5.0 be § NeheasebhdsiH-04)Ng t befaedevakbed  in

and thy g, It PosS| ble to decrease the i ntake of.
i nor garfi ¢t p‘ﬁosc%ﬁ%ﬂ ¢.°%fife pol | uti on caused by

unavai lablae ﬁhnsphatpémlnaﬂee vexcih th 1 thirsg beadecrlessem. 80%
VO 2007/ 006892 i~ w1tﬁ’CE/h gggﬁfé&&é%% S VB JN% i or

Conposi tion co |n|n e hyt ases’ for

hydr ol ysi §>6¥1h1@mﬁ{q9c a?ét d Xeas~ i n%%ftotdeetlty with the

12345;@&@@@«@@@0@1@@0 Qharacterlzed |n that
it co rises: % adflrlg,l t ase. exhi bi ting Jo t
500° 1 BN ©yP S { HREBFET s o SO EREIRE s
exhi b| ti ng dEntlieystwi8lo tihge phivttp sm tof 197 IIJOI\}mhthase
of SEQ ID No. 2; b) a second phytase exhibiting at

| east 80% |dent|ty with the phytase of SEQ ID No. 3.

2.2 -ComSEEIRAssH 18 ARG ing Qi A AIM char @ erFreEired in
15 thattHzte fdest filpdtaseHykasa3- Pyt ase wWpkfrase which

. cat al ys%s& the hlé%r ol ¥1§|dsro g/stlge SI X ggosphla_tt{e phgggﬁate
of phyt|
bonds of phytic acid.

3. Composition according to one of the preceding
claims, characterized in that the first phytase
has an optimum - temperature of between 55°C and

80°C and an optimum pH of between pH 3.5 and pH 5.

. 4. Composition according to one of the preceding

95

claims, characterized in that the first phytase is
'a phytase of the yeast Schwanniomyces castellii or

a phytase of the yeast Debaryomyces castellii.

.5.' Composition according to one of the preceding
claims, characterized in that the first phytase 1is
the phytase of SEQ ID No. 1 or the phytase of SEQ
ID No. 2.

6. Composition according to one of the precéding
claims, characteriied in that thé second phytase
is a 3-phytase which catalyses the hydrolysis of

at least five phosphate bonds of phytic acid.



3. Conposition according to one of the preceding 20
claims, characterized in that the first phytase has
an optimum tenperature of between 55C and 80C and an
opti mum pH of between pH 3.5 and pH 5. 4. Conposition

a of the prec ng 25 clagj |
ﬁ{&faqu erli&d%]% that the fi %g}t ‘phyt ase ?’C%ER&HQF 081652

of the yeast Schwanni omyces castellii or a phytase of

3 t e yeasimmediar jor nyassoodistel [Had . Bie Cofposhel opreceding
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characteri zed in

accor ding, { ﬂ%onghg aEggﬁgEgaqupg h30 @H@'@%$Fnd phytase

I'rst tase Is

phyt aséaf SEQ ‘PE‘ZNﬁuml tcﬁmR?F@tﬁfW%/a§’ é opetpern| BNE and
2. 6. @moOsdd th SOl R G PN tOfedOIPrLcad HH 6.

35 clainms, characterized in that the second phytase

is a 3- phyt ase which catal yses the hydrolysis of at

| ®@ast fdorpqehidsiphat edmendsimef phyt icneaciod. Wbe precedlng
2007/0Q§%§%&, ZZhafgggéEBg886 Qpléé t Ehecqg99§ﬂ&'gﬂytase

accor di ng to one o e prece ng cl ai ns,

_ char actiér iareh9re ekl uh rkgeo i piAease  has an

opti mum t enper at ure of betvveen 50C and .60C and an

opt i nu H. of. het ween osition

B or dORTHE ey AE bRy cora 5, “PRB7°bEb8laing
char act0érauzr@d |<nhahad:tehezsécarml oyt azt;@e ise@md phytase
Asper gisld %h v qu,ﬁ ndeonposi tion according -
to one of ece ng c ai ms, characterized in that
t he second phyt ase is the.phyt ase of SEQ ID No. 3.
- 10.. CompedstiitadraC eIcdindd ricd tme ohet hefpr enedi pgeceding
15. cl aj,ns charscter#zed [ t at t'ht L£on i st s of a £ a
nutrit cORAMSaddFERryac 8Fléﬁ| net’s or'%Sf an amtharc-c °
feed. hurriseoohla addiposve i 6nracamrncaln?g ¢p ofie af animal

d ai rrBfJ:ed
11. Use of a composition according to one of Claims 1
~ to g9, for the manufacture of a  nutritional

additive for animals or of an animal feed.

12. Use of a composition according to one of Claims 1
to” 10, for increasing the availability.of phytic
phosphorus and improving the digestibility of

animal feeds.

13. Method of hydrolysis of phytic acid (myo-inositol
'1,2,3,4,5,6fhexakisphosphate) ~ to inorganic
monophosphates, to myo-inositols “with -a lower
degree of phosphoryldtion and to  free myo -
inositol, characterized in that it comprises the
following steps: '

a) a first phytase exhibiting at 1least 80%

| identity With the phytase of SEQ ID No. 1 or

ekhibiting at least 80% identity_ with the
phytase of SEQ ID No. 2 is provided;
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‘nonophd¥phat e§eceBdny i ol sxMPhtanBowdr dkepdle 80%

20. to 9, for the manufacture of a nutritiona
additive for aninmals or of an aninmal feed. 12. Use of
a conposition according to one of Cains 1 to 10, for
i ncreasing the availability of phytic 25 phosphorus

angh i 354-prd sk d e digestibility of ani mplorf/eeddoskdoies2.

Met hod of hydrol ysis of phytic acid (mnmyo-inositol
1,2, 3,4,5, 6- hexaki sphosphate) to inorganic 30 .
of phosphoradmatitgn aneht aHd ephpy@sei REFSi §@H, ID No. 3 is
characterized ug(%hat it conprises the follow ng

steps: a) H 1T “phytase exhibiting at |east. 800 35
identitg) wilieh pinet phyrasd dfs SEQuIDrdwesodsly brought into
exhi bi tin sh1BRYcirdent | Ly withethe Dhytase ebcond
SEQ | D m%&{%&{s@%r i 8 : n‘l‘zo% WB 2952 . %5 cond
PCT/ FR200 6700652 b) a second phyt ase exhibiting a
| east 800 identity with the phytase of SEQ ID 3is

No. .
pr.ovi d t he t.ic acid ane br qu
r%'t4 gpét&'ﬁ%dac?c\ﬁ llnlgr;e Prs{:f% ?UJS etseerclonglt in
phytas@ham4 d%ﬁtuﬁnnﬂnxwpﬁymp$© Cialna133 phytase which

-char act gy g%n taat i pﬁxta%%e'SSQX Pﬁgsphate |

3- phyt ase 10 cat Iy t e hydrol'ysi s of
si x phéé%ﬂﬁiﬁ@ BRI ofe Pt i c acid.. 15. Met hod

-according to either of Clains 13 and 14,

15
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35

acterized in th t_th st, phytase_ has _an. .15
o AR A e R b e 2B Sha BUE TR 1arnd 14,
opt i numf{alﬂao:ftebetam@enlpﬂ chat artdlquf5rst169hm$1©d has an
accor digg jhRirPNCeffe {4 @ FE - oF3 Bt wieen §Ba&ag%@'§@d: and

in that "the first phytase is a
an optlmum pH of between pH 3.5 and pH 5.

16. Method according to one of Claims. 13 to 15,
' characterized in that the first . phytase 1is a
phytase of the yeast Schwanniomyces castellii or a

phytase of the yveast Debaryomyces castellii.

17. Method according to one of Claims 13 to 16,
characterized in that the first phytase is the
phytase of SEQ ID No. 1 or the phytase of SEQ ID
No. 2. '

18. Method according to one of Claims 13 to 17,
characterized in that the second phytase is a 3-
phytase which catalyses the hydrolysis of at least
five phosphate bonds of phytic acids. '

19. Method according to one of Claims 13 to 18,
characterized in that the second phytase has an
optimum temperature of between 50°C and 60°C and

an optimum.pH of between pH 2 and pH 6.
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20 phytase of the yeast Schwanni onyces castellii or a
phyt ase of the yeast Debaryonyces castellii. 17.

Met hod according to one of Clains 13 to 16, .
characterized in that the first phytase is. the 25

PR asgy Pfocd¥a3 D No. 1 or the phytase ofbcGE@rRRBosMB01652
2. 18. Method -according to one of Cains 13 to 17
characterized in that, the second phytase i,s a 3-

PR asd'&iheh GRIYERS t S hyli%l v s TR LS | éa"fst %o 19,
fl ve p@ﬁﬁ@itﬁem afh pbyatc @od dsectdd Mehpodse is an
accordi 3 to 18, characterized in

that t erc%%gf%%ﬂla%er HayY ]tase”ss opti mum tenperature -

of between 50C and 60C and an optinmum . pH of between

.p|j12 a%&%cﬁ a\@%}{é)OG@,’SZ one29 cf F’@E] F%Ooﬁ/300%@5220

20. Method according to.one of Clains .

char actcé?a}rzaé%FE?rnlﬁfgt lflhé:rﬁ%coﬁﬁeprﬁﬁ%édl Ehé{ﬁase is the
Asper gigdtsadd gef qEYtES@0 5 21. Method according to '
one of Clainms 13 to 20, characterized in that the

second phytase is the phytase of SEQ ID No. 3. 22.

- Ki22-.or Kigsembl gssenbieetiongfandimgsaniéhalact ehazagterdzed

in that; te ,cQnprd $€3apA)sdde Schwanni omyces. castel i
phytase of SE or the ces cast
- phyt & %E@"‘PE?%\B’"Y?ES bfaﬁﬁégi%ﬁep MERV rﬁfé #éb 1D
phyt ase OfNoSEQ | &k Nehe3 Debaryomyces castellii-phytase of.
SEQ ID No. 2; |
- b) the Aspergillus niger phytase of SEQ ID No. 3.



