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W02006/117481PCT/FR2006/000997 1 abf13-2 gene of Penicillium
funiculosum The invention relates to the abfa-2 gene isolated from
Penicillium funiculosum and the ABFB-2 polypeptide encoded by this

oecedTes/ngLaa @il -arabinofuranosidase B activity. Peigilleti® 006 /000997
funiculosum is a Talaromyces belonging {o the Aspergilleae family.The
isolation of this 10 microorganism from numerous organic substrates
which are subjeéBto aerial ©r @fuéeus cantamimatiomshowsthat this
fungus possesses a range of hydrolytic enzymes of a surprising richness.

e use (3}‘ txrgii_ienzyrrne ic 1Af:é)gkt{’%icl) int%nimaggeg ontrlilbutes toggrdsdlﬁf
the depolymenzation 6f the hatural organic Stbstan€ed and fakas i ¥om
pogsibfe tolifitove Hiicgigestibility 2D 99/57325 Biks-describéymeptide
Renieilism funicylesgmestiain calledr=378536whichproduces.a mixie ot e
%zgg]&s\yxr%ich is particularly suitable as animal feed. 20 However, the
enzymatic cocktails produced by Penicillium funiculosum have not been
biochemically characterized to any great extent. Indeed, only a limited
resnberiof Bhzymadtic.dctivitiessudhsasxylanasesand yglupanasesiarg to

generally measyred an 25 the fermentation broths obfained, These: ., ; .

activities reflect only a fraction of the enzymatic population present in the

%ﬁﬁl@?@?ﬁ?&eﬁiﬁIol%B%orﬁbBTﬁﬁ%Uo%ri\%Wﬁéﬁ%gr?&ﬁiﬁFé-’%@es which
constitatelthe second palysascharide rgereaftecoelidosemplant shows

tigsues. Hhis group.issharacierzedshy.a wide vadelyof or  hydrolytic
hetero olsysacjc:harideg3 of which the principle representatives are xylans, .

ara ?ﬁrg%s, galactdhs, g\furéjarnlsséﬁlogmarn%%ngeﬁ AbINGSE: in 1835 faffurkt™L S
fORRY8fHEEly FeTEseAted afmond e Retéropdlysacthatides sechtagrards
arabinaag anthasahinaxylans. Ambilanisapelymerwith grabirofwrangsences

residugs linked ly aé%‘:?g‘l%‘id@ ang it; WO2008/117481- 24 cescinility.
-PCT/FR2006/000997

WO 99/57325 thus describes a Penicillium funiculosum
strain called IMI378536 which produces a mixture of
enzymes which is particularly suitable as animal feed.
However, the enzymatic cocktails produced by
Penicillium funiculosum have not been biochemically
characterized to any great extent. Indeed, only a
limited number of enzymatic activities, such as
xylanases and P-glucanases are generally measured on
the fermentation broths d“tained. These activities
reflect only a fraction of the enzymatic population

present in the cocktail.

Hemicellulolytic compounds derived from agriculture
constitute the second polysaccharide reserve after
cellulose in plant tissues. This group is characterized
by a wide variety of heteropolysaccharides, of which

the principle representatives are xylans, arabinans,

galactans, glucans and mannans. Arabinose, in 1ts
furfural form, is widely represented among the
heteropolysaccharides such as arabinans and
arabinoxylans. Arabinan ig a polymer with

arabinofuranose residues linked by o0-1-5 bonds and it
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may be substituted with 1 or 2 arabinose residues at the 0-2 or 0-3

position. As regards the arabinoxylans, the a-L-arabinofuranosyl residues
are linked to the principle P-1-4-xylopyranosyl chain by a-1-3 and a-1-2 5
berds) olde Rresghce of arabinose residues on these gidg, Fpﬁ%&aﬁoo 0997
restrict the enzymatic hydrolysis of hemicellulolytic compounds In

numerous industrial applications such as the enhancement of the
digegtibiliy efanimat feeet The ehzymesrcleaviagdhe 48se residues at
alnarabinofiyaneside pgads ean ackin syaergy withoylanases {0 llow, <
the hydrolysis of arabinoxylans and arabinans. The arabinase activities

(énito-, Ex0-atalinase ahdeLs Predorirantlythe 2re linked to  the
arlrarabindfarahosidassebtivities cary theréferenadtivelyahd3 and o-1-2
fﬁgge.tic%ﬂ%ﬁga@@@cwitb ﬁh%ﬁxhﬁmag%sﬂ tcliél@?a%%ymﬁtri%@amofside
emicellulolytic compounds. emicellulolytic and pectic .
cg%n%%)ﬂﬁds r%%% reprrgssepcnﬁlucfc()]JC to 56%%30f e %af‘a%d Sarbg)féd‘rrg g5~ o of
pFesehe il plantslarid they E6HBRURSE majdRsourcaTsienetgy foranintals.al
Theenhaaeemest of theddigestibdity of-these cenpoypdsdseorrelated  the
wi ‘ease. In r f itution of the arabinosyl residues
Wﬁg%gége}ge%%gh}uléﬁi% %%S(gojr)np%%%%é (gr%e, ﬁ?émgrriggﬁalm?g _the
1882 -G afohyar K& 491 993- )P he iy niéwhich hydfoRjs@ihevi th
bepdsbetweeents ardbineseresidhgshavebeesisalatedfrani30xylans and
microQrganisms such as bacteria or filamentous fungi. Arabinosidases
consist mainly of a-Larabinofuranosidases (EC 3.2.1.55) which are
capable of hydrolysing the non-reducing a-L-arabinofuranosyl residues
défived froabLzaalsinoxylah o coaspouleisduch 35as apabilrdmeand and,

afahicegalactansy W02006/41 748k 3-REHER2006/000997 {&H 51 ands)

GH 54)t%cc]9é%|gfgt to thelr.proieln seguence smﬂar@eg. '{E(}efsectgvgtfgl ”1'1 se,

dﬁ%} by virlue 6 (ﬁei?gp%elé'iﬁcﬁg/ for Substrate contained in .
pBiysacchafle S RSE§roup-(GHBY coffRifs frs zetion of  the
arabinefaidndsidasesavhicbrasbantysan smiad lineamsirectutesafia-lcd and
lipked arabingfranasy oligosagcharides, T hﬁge%oa*dgg%%or\%%s hral
type B arabinofuranosidases (GH 54) which catalyse t e‘hydroly5|sl of the

aSPEPRIYS BRE%E1, D HONEE f the 10'Gdé Enainstottafed iRt tute a

arehi pofurmaosyk obdosaceharidefcompoundgsls. The enhancement of
the digestibility of these compounds is correlated with
the decrease in the degree of substitution of the
arabinosyl residues within the hemicellulolytic
compounds (Brice, R.E., Morrison, I.M. 1982, Carbohydr.
Res. 101: 93-100).

The enzymes which hydrolyse the bonds between L-
arabinose residues have been isolated from
microorganisms such as bacteria or filamentous fungi.
Arabinosidases consist mainly of o-L-
arabinofuranosidases (EC 3.2.1.55) which are capable of
hydrolysing the non-reducing a-L-arabinofuranosyl
residues derived from L-arabinoxylan or compounds such

as arabinans and arabinogalactans.

The o-L-arabinofuranosidases (EC 3.2.1.55) have been

classified into two families of Glycoside Hydrolases



10

15

20

25

30

35

The B arabinofuranosidases (ABFB) have been isolated from numerous
bacteria, but also from filamentous 15 fungi. The genus Aspergillus is the
most widely represented, but they have also been isolated from the

gﬁp%g%'ér)qﬂ a, Penicillium and Fusarium. WO 98 @9%\%%/000997

and ,989,887 describe 20 Aspergillus niger
arabinofuranosidase genes. Gielkens et al. (Microbiology, 145, 735-741,
1999) bave=describedthe Aspetgiids:aidulanscakfil3d gene: ErmWQequence

99’%@&9%’8%@/0691%?@\9/9 %QP‘”O%%Q%%%U%&%%%SSE deseii®ie of

gl lus nlger arabinofuranosidase genes. T he protein sequence

aﬁ Ent inGiREESThELHE A. nigsr abff PRIERAS S0.996 RIBMERED the 11
PofunisalostmABEB-2 proteint None af30uthe ¢haratieristios essertiakype

for ﬂaera%gﬁ&mﬁ%%%@@éa amm@mugwen &ﬁnq cohediinthese; s neg
ggllcatlons Clinche %th . (J. Agric. Foo 2379-2383, 35
1 re

7Vh&vE G8scribedthree &1 binof gases (‘]ﬁﬁ}%]dnf?érﬂranosyl
A@bé@%@h@ﬂéi@%mg%@ot@rﬂ@@@pl@a@m inserlegys of type B
Vﬁ@%@@li&m&kcﬂsf&?afﬂgwooﬁlﬁm@@? TZaAﬁ%eAdg igusgg@wgyb,iéaalmg the

us.awam B genes have been describe seki et a

Al?glgolg%l%ce and%lgéqnglr%égﬁn§ Vol b§6£]No 2 2]2421 % 8% (—é-fse?Che
efzfifes Havddpplicaichsmithed ferdentatioreof théU@%bﬁ%@ﬁ&@&SYl“
shachin sEre-ahiBi genectsomchadiéamentous fungus Trichoderma reesei
has been described by Margolles-Clark et al. (Applied and Environmental
Mlcroblology 3840 3846, 101996).

arabinofuranosidases (ABFB) have Dbeen isolated
from numerous Dbacteria, but also from filamentous
fungi. The genus Aspergillus 1is the most widely
represented, but they have also been isolated from the

genera Trichoderma, Penicillium and Fusarium.

WO 96/29416, WO 96/06935 and US 5,989,887 describe

Aspergillus niger arabinofuranosidase genes.

Gielkens et al. (Microbiology, 145, 735-741, 1999) have
described the Aspergillus nidulans abfB gene.

WO 96/29416, WO 96/06935, WO 2004/018662 and
Us 5,989,887 describe Aspergillus niger arabino-
furanosidase genes. The protein sequence alignment
indicates that the A. niger abfB protein is 50.9%
identical to the P. funiculosum ABFB-2 protein. None of
the characteristics essential for the wuse of the
polypeptide in animal nutrition is described in these

applications.

Clinche et al. (J. Agric. Food Chem., 45, 2379-2383,
1997) have described three «-L-arabinofuranosidases
derived from Aspergillus terreus having a potential

application in ocenology.
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Panagiotou et al, have also described two extracellular
alpha-L-arabinofuranosidases derived from Fusarium oxysporum (Can J
Microbiol. 2003: 49(10): 639-4). 15 Carvallo et al. (Mycol. Res., 107 (4),

3%—2’%@616 ;9Q§)4g:ive described the B a4-L-arabinofurari,%§i.?‘%?§%if§C%r€ éso 81% % 97

Penicillium purpufogenum. The protein sequence alignme

the P. purpurogenum abf-i 20 protein is 51.2% identical to the P.
furieulossneABFBL2 proteinaNbné obthe charastesistics essentiabier ther i
use.of the polypenyde.in animal nyfdtion,is descrbed in s agficle. 3. of
Sakamoto et al. (FEES Letters 560, 199-204, 2004) have described the
PRy SOgenbriP a5 g6/ Lheoding heverthelSs an arabinaseé 1/
aetivity) distinGitfecrn the ABRBastivitha880Howavel, these ABEB ehzymeshe

de nekbave the Aptimupngualities reguired for appligatian in animal feed.
Indeed, to be utilizable in animal feed, the ABFBs must possess

properties compatible with the treatments to 35 which the feedingstuffs
interdediéPthisefeed drosubjétedt i pagtictfarsthé aotvigy ofthiehoderma

epzypes usetkmustbe stablecundesdheprocass temperatureand pb: 1.
c Q%i%}i ns, and, if possible, be optimum in the WQ02006/117481- _
-IgC gﬁ%@ge/@@ 9 &\é:ﬁg%%lno%no rf?es.e e%ﬁf%é%?u f&Ard ur? e%%éwﬁ
cofditibns which exist in the digestive system of the animals ingesting
these feedingstuffs. 5 Furthermore, these enzymes must have a broad

S@Qﬁ%@‘{‘&f Aetign (%.raﬂ%@g)ag% H‘ed*é'és @8&@6“8%3@?&% ellular

(arﬁbhnans, arabinox%%ans and arabinogalactans) to allow effective
efih&

BerteRt ShB RGeSy SR Feeditysiufiby tHerQtmald uaRg 1 um
enlacemant e 10 digestiiility bf tRe feedingstuffs makas it4possible
to increase their nutritional value. Accordingly, the enzymes having

enhanced specificity, (stereospecificity, enantigselectivity), activity or
a mﬁt}ﬂ%@v%rd% héﬁnaturgﬁ%ﬁgztfa%sg gr'a(bin%g(?/la SZ,I éhd %ga%)_ir%lgr%s’ ar%oo 3)
ig%y@a“ﬁﬁﬁéﬁ%ﬁﬁgﬂmgh@edB o-L-arabinofuranosidase from

Penicillium purpurogenum. The protein sequence
alignment indicates that the P. purpurogenum abf-1
protein is 51.2% identical to the P. funiculosum ABFB-2
protein. None of the characteristics essential for the
use of the polypeptide in animal nutrition is described

in this article.

Sakamoto et al. (FEBS Letters 560, 199-204, 2004) have
described the Penicillium chrysogenum abnx  gene
encoding nevertheless an arabinase activity distinct
from the ABFB activity.

However, these ABFB enzymes do not have the optimum

qualities required for application in animal feed.

Indeed, to be utilizable in animal feed, the ABFBs must
possess properties compatible with the treatments to
which the feedingstuffs intended for this feed are
subjected. In particular, the activity of the enzymes
used must be stable under the process temperature and

PH conditions, and, if possible, be optimum in the
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In addition, before hydrolysing the arabinofuranosyl bonds, it is absolutely
necessary beforehand to depolymerize complex molecules such as
cellulose. The 20 fungal cellulolytic enzymes (cellulases) possess in

gﬁggr(%gplf 4l%_d[.omain (fungal type %ellylose-binding V@%@Wﬁ@oww

plays a predominant role in this depolymerization of cellulose.
presentinvention describesaPenicillium funiculosum
Learapmofuranosidase B (ABEB-2) seitablefor applicatiendn animédr the

nuisitien.and.the geng;encoding thig enzymes, The Javention. also.relales to,
the homologues, varjiants and fragments of ABFB-2 preserving 30 the

SAME AR properti€s. Afrihtagestish? $he ABEB enzymes according

to the invention have a very acidic optimum pH (pH 2.6) and preserve
5bYe-ehtheiadivityalpfd 1.8, 3pridvantageously, dhe ABREB-Zenzyme. -y
pogsesses. a IflunQ{%let% e g%\l_&lgs -blggfngt%omaé{] fCB%. his t)ép of |
domain hasbBeen described in‘other enzyme%b Had WO200E T TTA8 =S
-RETHR 26061000997 evep iebaTtescritied forra ilnigapoalactans)  to
?&dlliﬁwfulé&rﬂ&%f' seellltémabml ¢ d@mdi@e tQBF%QﬂL@@@%%%E@EWh@f the
ctionalit is cellu -bindin mai the Penicillium

ooy KRR Sanrye, Thb ecti ol o8 i Bding Wai ™ €

iftregses e dffirlinPdf theéenzfreifor S slibstdte’snt cohsegssiile to
makesdt pessiliied¢a enhance-the degradaticr okthe insoloble iceljulpse. the

10-This. by irtueof its catalytie p q‘ch&gs fiinty foreelluiose, the,
Penicillium funiculosum ABFB-2 is therefore particularly suitable for

appREtion Es Shimal tédd i pafticular™y ©F affinity towards the

natural substrates arabinoxylans and arabinans are of

great interest as animal feed.

In addition, before hydrolysing the arabinofuranosyl
bonds, it 1s absolutely necessary beforehand to
depolymerize complex molecules such as cellulose. The
fungal cellulolytic enzymes (cellulases) possess 1in
general an fCDB domain (fungal type cellulose-binding
domain) which plays a predominant zrole in this

depolymerization of cellulose.

The present invention describes a Penicillium
funiculosum L-arabinofuranosidase B (ABFB-2) suiltable
for application in animal nutrition and the gene
encoding this enzyme. The invention also relates to the
homologues, variants and fragments of ABFB-2 preserving

the same catalytic properties.

Advantageously, the ABFB enzymes according to the
invention have a very acidic optimum pH (pH 2.6) and

preserve 55% of their activity at pH 1.5.

Advantageously, the ABFB-2 enzyme possesses a fungal
type cellulose-binding domain (£CBD). This type . of

domain has been described in other enzymes but had
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15 However, the enzymes according to the invention also have other
industrial or agroindustrial applications. There may be mentioned in
particular the treatment of fruit juices, the manufacture of paper, the

corRvAIsigN1af-hegmicellulolytic biomass go fuel or chemigal 2005844cts.0h6 97

preparation of alcoholic drinks by fermentation. Description of the
sequences SEQ ID No. 1: Genomic sequence of the Penicillium
furdoitosune abfBi2 genebSEQIADN@ 2f Segaeéncerefthe Peniciiomi dase.

funiculasum AREB-2 pelypepfide havingdype Biaskarabinofuranosidase ne
a tivité/ 30S %tID Né) S:J}(%BSDdonﬂrﬁfthePSir)ncnl um funjculosum £ tn
A%%-E%gﬁé Kio o4 dSfhaih offow-Somplexity Bfthe Pefidiiim  ©f the
furfetieSUM ABFBERRSEQL TP NB. BEOBDdoRraiofthe PEnicilivinssice of
fumcuoswireyangmydiesterase. I9EQdBPNG 6:the affinity of the

fCBDdomainoftheRenjcillium funicul do-1,4-D-xyl . .
ORI 181 7 BCTTERE00G D00y e b e P makes it
fEBBAbMafoftRe FEMRGMGR fuiCulosesT Rylasase celbbidhiRirolaseo luble

cellulose.

Thus, by wvirtue of its catalytic properties and its
affinity for cellulose, the Penicillium funiculosum
ABFB-2 is therefore particularly suitable for

application as animal feed in particular.

However, the enzymes according to the invention also
have other industrial or agroindustrial applications.
There may be mentioned in particular the treatment of
fruit juices, the manufacture of paper, the conversion
of hemicellulolytic Dbiomass to fuel or chemical
products, the preparation of alcoholic drinks by

fermentation.

Description of the sequences

SEQ ID No. 1: Genomic sequence of the Penicillium

funiculosum abfB-2 gene.

SEQ ID No. 2: Sequence of the Penicillium funiculosum

ABFB-2 polypeptide having type B a-L-
arabinofuranosidase activity.
SEQ ID No. 3: fCBD domain of the Penicillium

funiculosum ABFB-2.

SEQ ID No. 4: domain of low complexity of the

Penicillium funiculosum ABFB-2.
SEQ ID No. 5: fCBD domain of the Penicillium

funiculosum cyanomyl esterase.
SEQ ID No. 6: fCBD domain of the Penicillium

funiculosum endo-1,4-D-xylanase.
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SEQ ID No. 8: Xbal-abfB-2 PCR primer. SEQ ID No. 9: Hindlll-abfB-2
PCR primer. 5 Description of the invention The present invention relates
to a polypeptide comprising a polypeptide chosen from the following 10

PRYBEREJES; 7hg polypeptide of SEQ ID No. 2, the psly@m%w@%eogg—l

sequence is between position 28 and position 400 of SEQ ID No
a fragment of the polypeptide of SEQ ID No. 15having an
adE@rabindfuranbsidaSeED activifypmaipolypeptide having an Penicillium

atsarabinQfuranosidase-B QCE@%%@Q SKK}'QE@Qe?ééeaSt 80% identity with
the polypeptide %f SEQ ID No. 2. 20 The invention also relates to a
pg\%iué%e%@e—enco}abﬁg 2R A afabinofUranciidase B activity, chosen
freEPtheFoewing: pdlymblédtrc@@fﬁhé polhuetedtide whose sequence is
between position 268 and position 1470 of SEQ ID No. 1, 25- the

pal gcle Ed Whoge Seguence |scbetween position 349 and position
M&ﬁm@nﬂé@ﬂ&encodmgamlypepnde according
to Claim 1. 30 Another subject of the present invention is a polynucleotide
hatiag therseguence represeniech by SEQaE:NO. 1ter thessequenggeptide
C8%%*§H%Q%EyKésES%E}ng&ide chosen from the following
polypeptides:
- the polypeptide of SEQ ID No. 2,

- the polypeptide whose sgsequence 1s Dbetween
position 28 and position 400 of SEQ ID No. 2,

- a fragment of the polypeptide of SEQ ID No. 2
having an oa-L-arabinofuranosidase B activity,

- a polypeptide having an a-L-arabinofuranosidase
B activity and exhibiting at least 80% identity
with the polypeptide of SEQ ID No. 2.

The invention also relates to a polynucleotide,

encoding an o-L-arabinofuranosidase B activity, chosen
from the following polynucleotides:

- the polynucleotide whose seqguence 1s between

position 268 and position 1470 of SEQ ID No. 1,

- the polynucleotide whose sequence 1s between

position 349 and position 1470 of SEQ ID No. 1,

- a polynucleotide encoding a polypeptide

according to Claim 1.

Another subject of the present invention is a
polynucleotide having the sequence represented by SEQ
ID No. 1 or the sequence complementary to SEQ ID No. 1.

The invention also relates to expression cassettes
comprising, in the direction of transcription:
- a promoter that is functional in a host

organism;
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The invention also relates to expression cassettes 35 comprising, in the
direction of transcription: a promoter that is functional in a host organism;
W02006/117481- 8 -PCT/FR2006/000997 a polynucleotide according to
thﬁd%%rgm%gg&a terminator sequence that is fUnCtP&?/HQS (?322)90 0997
host organism. nother subject of the invention is a vector comprising a
polynucleotide according to the invention and/or an expression cassette
according- tathe twventien.ckd: The inventionaalsg relases taa hastvention:;
organism traggfermed with a polynucleotide according to the invention, an
expression cassette according to the invention and/or a vector according

to the inventon® E5 T OAEIMBSHMERE 6f thedfvertioh e hoStdkgdmsmte
is chosen frosayeastssindofitgmentous fungi. Preferably,the host organism

is a Penicillium funiculosum strain. 20 The invention also relates to a
n%tnritig?lal addita/e for an%}ne}:l , comprising a polypeptide according to the
ifVenton ‘a Fost-organiSh aceordifg & themvéritidh §E5 Fémertargn s +n9
brothrefla hostierghniden acstordifgie 05 thethgentiomeRieferabnthi®r an
nutitienalsadditivesisde tiguidfens.af in gowderad-form, 3QAnRgther aspect
of the invention is a feedingstuff comprising a nutritional base for animals

‘and a nutritional additive for animals according to the invention.

The invention also relates to a host organi sm
transformed with a polynucleotide according to the
invention, an expression cassette according to the

invention and/or a vector according to the invention.

In one embodiment of the invention, the host organism

is chosen from yeasts and filamentous fungi.

Preferably, the host organism is a Penicillium

funiculosum strain.

The invention also relates to a nutritional additive
for animals, comprising a polypeptide according to the
invention, a host organism according to the invention
or a fermentation broth of a host organism according to

the invention.

Preferably, this nutritional additive is in liquid form

or in powdered form.

Another aspect of the invention is a feedingstuff
comprising a nutritional base for animals and a
nutritional additive for animals according to the

invention.

The invention also relates to the use of an ABFB
polypeptide according to the invention or a host

organism according to the invention for the manufacture
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35 The invention also relates to the use of an ABFB polypeptide according
to the invention or a host organism according to the invention for the
manufacture of a nutritional additive for animals or of a feedingstuff.
AReYIss Sy RIpFLghthe invention is the yse of an ABFBa.polipseBlgs 090997
according to the invention or of a host organism according to the invention
for hydrolysing the a-L-arabinofuranosyl bonds of
arsbinafuranesytoligosaséharidéconipounds.clo Pelypeptides The of a
present inyentien therefore relates to ABFB polypeptides having an
a-L-arabinofuranosidase activity. Preferably, these polypeptides are

isolated from Penicillium funiculosum. 15
TheexpressisntaiearalsifoftbenositaseBBis: 1s the use of an ABFB

upderstegstomeans-Lurabingfuranosigases {EEn3 2oL 5YPeB(GH host

Sainhich catalyse he fydrolysis of acl g, acldand acl zbonds.ot e e
side 20 chains contained in arabinofuranosyl-o |gosacchaP|[ € CO pouﬁds.

THelpolyiEptises of #iepiesent ifv@nfien are Shitableforbsam amimsy1-
natritigns 2o dherexpse ssion Spelypeptide suitable for use in animal

Polypeptides

The present invention therefore relates to ABFB
polypeptides having an o-L-arabinofuranosidase B
activity. Preferably, these polypeptides are isolated

from Penicillium funiculosum.

The expression "a-L-arabinofuranosidase B" is
understood to mean o-L-arabinofuranosidases
(EC 3.2.1.55) type B (GH 54) which catalyse the
hydrolysis of a-1,5, a-1,3 and a-1,2 bonds of the side
chains contained in arabinofuranosyl-oligosaccharide

compounds.

The polypeptides of the present invention are suiltable

for use in animal nutrition.

The expression “polypeptide suitable for use in animal
nutrition” i1s understood to mean a polypeptide whose
characteristics are such that it is suitable for animal
nutrition. The characteristics essential for wuse in
animal nutrition are 1in particular the pH and the
temperature at which the enzyme is active. Indeed, the
PH of the digestive system of the animals is acidic and
it 1s therefore essential that the enzyme remains
active at this pH, this being in order to preserve its
activity in the hydrolysis of the L-arabinose residues.
In addition, conditioning the enzyme in a nutritional
additive or in the animal feed involves treatments and

a temperature (greater than room temperature. The
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nutrition” is understood to mean a polypeptide whose characteristics are
such that it is suitable for animal nutrition. The characteristics essential for
use in 30 animal nutrition are in particular the pH and the temperature at

j is active. Indeed, the pH of the diges}] t ft
gﬁ%?i%%%nd it is therefore _eshs,fé)ntfél that the gg%?n%%%?n%zg 86997
active at this pH, this being in order to preserve its 35 activity in the
hydrolysis-of the L-atabirese esidues<n addiion conditfonirg the stable
eNzype ina,autrilippaladditiyg,pr i1 the animal fged,ipvolyes leatments  ,,
and a temperature greater than room temperature. The W02006/117481-
16SPRITERP666/60889F Aetity of the enzymes used must therefore be
stable under the process conditions, and in particular the temperature
canditions ,Aqcording togneemhedimentof the preseatinvention.the; o,
polypeptide exhibits an a-L-arapinofuranosidase actlvr%dgt an acidic pH,
for e%ample less th%or}(%?ﬁpe% bly less than 4. RiSd;Hccdrding to one
efhiodimentioiahc prasenitdaantiont 19 ilverpolypeotideaxhibits anH, for
optiaun1 a-Lesakinefdeanosidase agtivity betyeenpbd 4.5@ndpHi3.51 5o,

according to one embodiment of the present invention,

an

the polypeptide exhibits an optimum
o-L-arabinofuranosidase activity between pH 1.5 and pH
3.5.

According to a preferred embodiment of the present
invention, the polypeptide exhibits an o-L-arabino-
furanosidase activity at temperatures greater than room
temperature. Preferably, the polypeptide of the present
invention has an optimum a-L-arabinofuranocsidase
activity at a temperature of between 30°C and 70°C,

more preferably between 40°C and 60°C.

The o-L-arabinofuranosidase B of the Penicillium
funiculosum strain IMI378536 is represented in SEQ ID
No. 2.

In a preferred embodiment, the polypeptides according
to the invention are glycosylated. The polypeptide of
SEQ ID No. 2 possesses 1in particular N-glycosylation
sites at amino acid 123 and at amino acid 127. In a
preferred embodiment, the asparagin residues at
position 123 and 127 of the polypeptide of SEQ ID No. 2
are glycosylated.

The a-L-arabinofuranosidase B of Penicillium
funiculosum 1is an enzyme secreted by the fungus into
its extracellular environment. The polypeptide of SEQ
ID No. 2 thus comprises a signal peptide of 27 amino

acids. The subject of the invention is also the mature
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According to a preferred embodiment of the present 15 invention, the
polypeptide exhibits an a-L-arabinofuranosidase activity at temperatures
greater than room temperature. Preferably, the polypeptide of the present

inYSHHYR nas ptimum a-L-arabinofuranosidase acfjyj
temperatu/re of between 30C and 700,1%0 more prefecrﬂaﬁ%/y/g‘ét%v%%ﬁ/&%)gg?

and 60C. The a-L-arabinofuranosidase B of the Penicillium funiculosum
straihiML 378536 idorepresentad e SEQL EXNON 2. Inkaeprefetitad peptide.

embogiment. the,polypeptides.aceording jotheipyention are glyaasylated. .
The polypeptide of SEQ ID No. 2 possesses in particular N-glycosylation

I '
sitECSCaMirE U $23 And At Wifito REE127°Th & 80 préefergg i tion 400
embodiient Ifthe dispardgin fesidaes abpositiomd@iarmeht27 ofltlee signal

polypeptide of SEQUR Ngo2 @reglycasylated. seo 1 No. 2 may be
Thea-L-ara in(guranosi aseBofPenicillium 35 funifulosum isdaSn e%zyme
oly

sggr%%eaé: Sy the ﬁmgaﬁs %’%ﬁ?sré’)]a?gcoelﬁﬁIarseh%ﬁgnme%eﬁpﬁ?e 8E5tidethe
OFSECED Non 2angs damprisesresigpal paptideof 2P bymiap bkits. The SEQ

subjerbof thergventionds alsostheysatuse tWE20064131481- 11
-PCT/FR2006/000997 polypeptide obtained after cleaving the signal

peptide. In particular, the invention relates to the polypeptide whose
sédFencely BRtweSh pdititf 285&nd p6Sition™400 FSEOIPNo. X the

apotheprepthatkment; fhe sigfal 5 peptidenas the polyeebiide of SEQ IDo~1L-

No- 23y peseplaced hya heterelpgous signal peptide for the
expression and the secretion of the polypeptide of SEQ ID No. 2 by a

heterologous host organism. 10 The invention also relates to fragments of
thi&polypgeptide of SEQIBNG. 2 having an adambepfurdaosidaseBes a
agtivit dpeitaem ‘Fagpent’ aba polypeptide-dengies adddoolypeptidar i re
cog?risgn a gorti%nrbut noht:pcehenti'rg polg/pe&taigﬁ &rgy wq_jﬁg it isndeéivgd.
The ifvention thus refates 10 a polypepti%le comprising a fragmen]t of ar o
|dst 200 2G-6E30ParfinB AidReBithéoRpiephds DESED [ErRengngQ of
Tats fragmentiofthe potypeptide of St Nei dpreserves itpolypeptide
aélfaé%tajngggr%g)o_sidﬁse activity. The invention therefore relates to the
biologically active fragments of the polypeptide of SEQ ID No. 2. The term

This fragment of the polypeptide of SEQ ID No. 2
preserves 1its a-L-arabinofuranosidase activity. The
invention therefore relates to the biologically active
fragments of the polypeptide of SEQ ID No. 2. The term
“biologically active fragment” denotes a fragment of a
polypeptide preserving the function of the polypeptide
from which i1t 1s derived. The biologically active
fragments of the polypeptide of SEQ ID No. 2 thus
preserve the function of the Penicillium funiculosum
ABFB-2 polypeptide. These biologically active fragments
have an o-L-arabinofuranosidase B activity. Preferably,
the ABFB fragments according to the invention possess a
cellulose-binding domain. In a preferred embodiment,
the cellulose binding domain has the sequence described
in SEQ ID No. 3. Preferably, these fragments exhibit an

optimal a-L-arabinofuranosidase activity at pH 2.6.
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25 "biologically active fragment" denotes a fragment of a polypeptide
preserving the function of the polypeptide from which it is derived. The
biologically active fragments of the polypeptide of SEQ ID No. 2 thus

p ec?]le f jon of the Penicillium funiculosum 30 ABFB-
p?ygé\ét? e.l#l%gs% biologically active fragments have%cr:lT}: FR%OOG/ 000597

a-L-arabinofuranosidase B activity. Preferably, the ABFB fragments
amdiﬂ@atchtrwsin\mﬁo?@@%%ﬁﬁ@ceﬂduwgﬁ&mnﬁo@?i%m%eptide
referred odiment,.the cellulose hinding domain has the sequence
Sgéc%ibed%%%n SEag%ﬁ%ggéﬁrefer%BE/, these fragments ex%%?an ke
optiRal 3D LardRtmdSiddse actvity Bt pH 2155 Wo2bbe/X1magL- 12 a
-RETEBR26R610GRDIMT hh enethrads for preparing fragments of a
polypeptide and the techniques for measuring the a-Larabinofuranosidase
B activity are well known to a person skilled in the art. 5 The subject of the

inv&fitior 1R85 polyHeptide haVitg Rt £ 94t abirdfuahBSidase B RERfitySes
ahd-exhibitingrat least-e@%tdentityweittothedsotypeptitle ofeSEQWDEMO. 2and
P@Jﬁﬁmbgh@seaﬁolm@ipgge%h@av?;%%m%sﬁ“ﬁm&f%f@ﬁé ?%%Ein peptide
particylar the same catalytic properties as the_polypeptides o 0.
ZPéreL#e%rgb&ﬁher&s% 'po%pe%t%gfgegrae%zglate& lﬁ%%?potﬁgﬁé?ﬁﬁgjo es have
PERRIlliUPRRicURSSRIAS B frefn othedfilarmentops fungt ylieernativey, same
these=palypeptidesck=maydie obtained by siterdirrch QQazfgag@tﬂéest D
technigues for . Th ject of the invention is polypeptides
o oo DO D56, SEor b SRIGTaBly AP Gk B o “o
affifGacias Tidtre ﬂj%nﬁé’a%,ﬁﬂ#&fe%w%éﬁiaémgm Iy NBromTIRe her
eXpressmontdesticalanyno acidscisuirdetsteag 1o méarsamino agidsthdtde s

agg ipvadaniarinchanged 25 hetween e SeqUances, IBese tochni ques
p%g/fe%ldes [#ay exhibit a deletion, an addition or a substitution of at
least o

ARG acid compared with the polypeptide of SEQ ID No. 2.

The subject of the invention is polypeptides having at
least 80%, 90%, 95%, 98% and preferably at least 99% of
amino acids that are identical with the polypeptide of
SEQ ID No. 2.

The expression identical amino acids is understood to
mean amino acids that are invariant or unchanged
between two sequences. These polypeptides may exhibit a
deletion, an addition or a substitution of at least one
amino acid compared with the polypeptide of SEQ 1ID
No. 2.

The subject of the invention is also polypeptides
exhibiting at least 90%, 95%, 98% and preferably at
least 99% similarity with the polypeptide of SEQ ID
No. 2.

The expression similarity is understood to mean the
measurement of the resemblance between proteic or
nucleic sequences. These polypeptides may exhibit a

deletion, an addition or a substitution of at least one
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30 The subject of the invention is also polypeptides exhibiting at least
90%, 95%, 98% and preferably at least 99% similarity with the polypeptide
of SEQ ID No. 2. 35 The expression similarity is understood to mean the

gﬁggg@gpggﬁgge resemblance bet een proteic or gﬁglﬁgggﬁgzg%% ?97

polypeptidés may exhibit a delétion, an addition or a's ono
at least one W02006/117481- 13 -PCT/FR2006/000997 amino acid
campared sithdheqaalypeptide afiSEQ HRMNo.p& TRhesgdagree ofsimilgrty 1D

bgtween two sequyences, quantified:by a scoreyishased onthe .. onces,

percentage sequence identity and/or sequence-preserving 5 substitutions.
Headtfingand fRerifying the Wetree of”f&ieniigiﬂfanaefﬁéentage

degreecafsimilarityilvetween polypeptidéd @re knowsdqgpensensskibed-ini ng

the @110 1t ds passible to use for example Vector NTi 9.1.0, the alignment

programme AlignX (Clustal W algorithm) (Invitrogen INFORMAX,

http://www.invitrogen.com). Preferably, the default parameters are used.

18 9Heqsslypépiidesaesoraintpto #iedinvehtion bfe isolatedher pdefietee of

frometheiriatural.eaviropment. Eaegpelypeptides raaybeprepgred By tween
means of v%rngLeJ% maethodﬁhggv%se methods are.in gg{tﬁgl r piurglfl%%[g)nar .

from RAtUFal Sources such as cellstr?atﬁ)r%W %l;(lpressmg hése

polypéStidkesS HEpR JuLtidT Bf Fetbnfbitai IR IypRphass By apprdpriate the
haﬁ@iﬁam_th@msmﬁquent_mﬁiﬁgabton, pm_}imctiaﬂ by shemigajorithm)
synthesis. o finally, a egmbination of theseyaripus appraaghes, Jhese o) |

various methods of production are 25 w
aft” PhS AREWBEB Polypeptides BRFETESET ifvéntititinay be isolated

from Penicillium funiculosum. In another embodiment, the ABFB
pelypeptides.afdhe prasent ia\é@aim?@ isoéc?;ted ffﬁ@d reg%ﬁm@ﬂéﬂostare
organjsms 30 expressing.an ABEB polypeptide according to the invention.
Tﬁggosu%Jeecgofcfﬁz .iﬁ\lllérﬁt%%hel(si algg C%nsio[gﬁ%p()er(lfeinrsl,‘—i(r'%e%(r)ar%bin%rrllxt%ffo gfﬁgnt ’
of ERimeflé Prete s inpriding 38 th pelypeptides agirding & thearious
inveptiodsThetteep patypaptide” alse derptesamedifiedproteinsiant-ation

PRLBRPHAGS: D200 Le0 L 1 -B6 TERANYINPAINE expressing

polypeptides according to the present invention have an ABFB activity.

Préfefsbly, RRe BBRIPEPHGFEs acchiding RF féiRvemibn poksedegombinant
celtulgsebindieg domain. kncgprefeired embedimentcthielcellulnsd their

subseguent purification, production by chemical
synthesis or, finally, a combination of these wvarious
approaches. These various methods of production are
well known to persons gkilled in the art. Thus, the
ABFB polypeptides of the present invention may be
isolated from Penicillium funiculosum. In another
embodiment, the ABFB polypeptides of the present
invention are isolated from recombinant host organisms
expressing an ABFB polypeptide according to the

invention.

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

polypeptides.
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5 binding domain has the sequence described in SEQ ID No. 3.

Preferably, the polypeptides exhibit an optimal a-L-arabinofuranosidase B
activity at pH 2.6. Preferably,the polypeptides exhibit an optimal
arks3Ebk Y yrApsidase B activity at 50C. 10 Polynuclgolides sH& /000997
invention also relates to polynucleotides encoding an
a-L-arabinofuranosidase B activity. Preferably, these polynucleotides
efitede adRemeitiuniftmicuosumdima-L-arabinbiirapesidaseB. invention
Agearding tp thespeesent invention, the expression "polypuclegtidelis, i qes
understood to mean a single- stranded nucleotide chain or.its o
cOnpfenentdry ONADT 20 RIFA str8Rd BtSEE5ihIé strandet Aidebtide 1 9
cligmavitich méy becof thr edraplepdentaryordfenentic DNghiypecellulose
Pfﬁfﬁ@m% IH%?p@Muﬁdl@@tigﬁ%A of_cgr%@deﬁ@aioq?e@r@lquﬁt@% D;Nlﬁ Bém, h{b No.
particular double-stran . Ihe term."polynucleotide” also denotes
th%'molgﬁ%%fg%g huc(l%é%ﬁdeggljﬁlep Sa%ucﬁegotifégsh& he prée%lentOp imal
infehtich akd isofated oe puHfc® fromPtheirdatiral- éavirontent. PH 2.6.
Preferahly e polynticleotides of the presest 30drvemion maybe optimal
Prepared by conyentional malecular higlogy technigues, as described by
Sambrook et al. (Molecular Cloning: A Laboratory Manual, 1989) or by
chemical synthesis. 35 In a first embodiment, the invention relates to the
pélyhucleoiide whise sequence is between position 268 and position

147@ of; 3EQNID NQ. L.1Ehis pelyaueleotide po1ynucleotides encoding

an o-L-arabinofuranosidase B activity. Preferably,

these polynucleotides encode a Penicillium funiculosum

o-L-arabinofuranosidase B.

According to the present invention, the expression
*polynucleotide” 1s understood to mean a single-
stranded nucleotide chain or its complementary DNA or
RNA strand, or a double-stranded nucleotide chain which
may be of the complementary or genomic DNA type.
Preferably, the polynucleotides of the invention are of
the DNA type, in particular double-stranded DNA. The
term  “polynucleotide” also denotes the modified

polynucleotides.

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

chemical synthesis.

In a first embodiment, the invention relates to the
polynucleotide whose sequence 1is between position 268
and position 1470 of SEQ ID No. 1. This polynucleotide



[9;]

10

15

20

30

35

W02006/117481- 15 -PCT/FR2006/000997 encodes the Penicillium
funiculosum ABFB-2 enzyme of SEQ ID No. 2. In a second embodiment,
the invention relates to the 5 polynucicotidc whose sequence is between

PRRIUQR 849 ppggnosition 1470 of SEQ ID No. 1. This ngm%aﬂ%?ooom
po e after

encodes the Penicillium funiculosum mature ABES-2 polypepti

cleavage of the signal peptide. 10 The invention also relates to
pelynudestidesdavirg atleast #0%,1626-80%s 82%A0%, 95%n28%e of
ang prefgraply agleast 99% identity with the polynucleotide whose

sequence is between position 268 and position 1470 of SEQ ID No. 1

and/or with the polynucleotide whose 15 sequence is between position

349 and pusitiorr 1470cfEE@rD, Not e Thesespalyiaucleotides encode anhe
aﬂﬂ%@%ﬁ%@ﬁﬁﬁ@&%ﬁ%%@tiVEMqB@{%%b|¥fsth%%%%%|é(HUB%%%ﬂ$E§on 349
encade a Penicilliu iculos -L.arabinofuranosidase B. ,
R sBon Hentoal A otue g s tooctto LAl RRRAFES et
afipeaRant oFimchdifjet-idnhvieen twé gedgedcssiThes@ture ABFB-2

pplyDucleptides mayrexhibil adeletions anadslitionera sybsgfitutien of at
25 least one nucleotide compared with the reference polynucleotide.
Theinventionalsorelatestopolynucleotides exhibiting at least 70%, 75%,

8695 859 ok C85%L 8806-5F AR Hréferalily BRIeaseosd Smilaaty with at
tHespalynudléotideswhostsequense ibétweenposition 268andpasiticn 1y

1470 of SEQ 1Dy Blo. 1 and/pr with kk;ﬁqulyeugeogg% SAOUENCE o se
between position 349 and%gosmon_ 1470 of SEQ ID No. 1. These 35

pBNAlER o deSento il Sh a-PaFabihGRurarusioase BRRiviy. Prefetdlly, Ot
theEe pdinuélectides encodera Pehidilliubhfanicuidsomcleotide  whose

adeglahinefuranogidase Bn \WB2006/3474815 16 nRC HER2006/00099¢ o

The ex BSSH%E‘ similarify s understood to mean the measurement of the |
resemblance between protein or%uc?élc_ séquences. These
pBlAbERDAHES AR ERTiBIt a FeletidAtaN Belition X8 Sabsiitition of deese

lgasi gphecleotides encode a Penicillium funiculosum o-L-

arabinofuranosidase B.

The expression identical nucleotides is understood to
mean nucleotides that are invariant or unchanged
between two sequences. These polynucleotides may
exhibit a deletion, an addition or a substitution of at
least one nucleotide compared with the reference

polynucleotide.

The invention also relates to polynucleotides
exhibiting at least 70%, 75%, 80%, 85%, 90%, 95%, 98%
and preferably at least 99% similarity with the
polynucleotide whose sequence 1s between position 268
and position 1470 of SEQ ID No. 1 and/or with the
polynucleotide whose sequence is between position 349
and position 1470 of SEQ ID No. 1. These
polynucleotides encode an o-L-arabinofuranosidase B
activity. Preferably, these polynucleotides encode a

Penicillium funiculosum o~L-arabinofuranosidase B.
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5 nucleotide compared with the reference polynucleotide. The degree of
similarity between two sequences, quantified by a score, is based on the
percentage sequence identity and/or sequence-preserving substitution. 10
The Shods frgneasuring and identifying the degree, fdagily A g0
degree of similarity between nucleic acid sequences are well known to
persons skilled in the art. It is possible to use for example Vector NTi 15
Veator Mﬁ;ﬁté@a@@ligﬁmﬂ@fﬁg{@mme Aligli%rstood to mean the
9@2@@@@%&5@"“MPV“E§@””%%9 énce between prote%rzoor

(

http://www.invitrogen.com).Preferably,the default parameters are used. .
PrefErbly’ tTEBORNGER otideEShibitiy B Yehfes bPsmilRay vitaPit 2
refefemceolyrucleciidepreserve the furction of thereferense skgaencenne

I thersseriLasenihe-RAYNICleotides.encode.atce polynucleotide.
-L arabi ofurano&dage B activity. 25 The |I%vent|on also relates to

a
pONRucIEStHeStapsble of s8lectiely RybridZiRg ®ith tHe Solyri REGHIESS
whiesa seiience vbetweaiT position D68 &ad pdsition 14%teof SEQTENtage
Noednangiier with thespalynugleotide 30avhese sequengedsetweeRerving
pg%igor% 1314,'8 tz;l_pglnposition 1470 of SEQ ID No. 1. Preferably, the selective
hybrldsizatlon is carried out under conditions of average stringency and
preferably under conditions of high stringency. These polynucleotides
embedenan A-dds35 atahirefgranosilase B actatty i Preferablhdhekeyree of
Pelyauelpeydes encede agepiclium funiagsu et argiingiuanasidase;
B. WQ2006/117481- 17 -PCT/FR2006/000997 The expression "sequence
cAfable SFIBRRGGSY F/Brificing 1 THFer5R0RTE ThEsh, Httbrding tdithehe
irvehtionthe sequercssiWhich hybridize wiffothe referarte sétprence atNT L
a\}%\eeiﬁgnifigﬁmlmacz\@,theb éxbackgn%@m\%e- TB@&%%%W? Skgﬂﬁllbnx
generat y the nteraction between the sequence capable of selective
h§§? Q%a? W‘ 51 oryg%m) 3¥n %?ﬁnes’;éggéﬁﬁéx,

. . V1L
réﬁzmg and the reference sequences is génera yi
4 X 9 ay p j 1)

Preferably, the polynucleotides exhibiting a degree of
similarity with a reference polynucleotide preserve the
function of the reference sequence. In the present
case, the polynucleotides encode an o-L-

arabinofurancsidase B activity.

The invention also relates to polynucleotides capable
of selectively hybridizing with the polynucleotide
whose sequence 1is between position 268 and position
1470 of SEQ ID No. 1 and/or with the polynucleotide
whose sequence 1is between position 349 and position
1470 of SEQ ID No. 1. Preferably, the selective
hybridization is carried out under conditions of
average stringency and preferably under conditions of
high stringency. These polynucleotides encode an o-L-
arabinofuranosidase B activity. Preferably, these
polynucleotides encode a Penicillium funiculosum o-L-

arabinofuranosidase B.
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hybridization conditions allowing selective hybridization are well known to
persons skilled in the art. In general, the hybridization and washing
temperature is at least 5C less than the Tm of the 15 reference sequence
24 968, Apgor a glven lonic stranaih. Typicaly, dag ivRidERIFBoss97
temperature is at least 30C for a polynucleotide of 15 to 50 nucleotides

and at least 60C for a polynucleotide of more than 50 nucleotides. By way
offexamplesire 20 hytbridizationuiscarried oapithe following beffer 6xvely

S8G, POIIM: THS-HEL (REL s L 5aM EQTA,,Q.02% Fé\éBDQcﬁJ%?%FiE%"’ the
0.02% BSA, 500 Rg/m1 denatured salmaon sperm DNA, The washjngs are

forBXEMpIE Rarried Sut SHEESEENEY at oW StingBH&F ihd 3% SSE Blioetle
SDS 25 uffer, acaverage stingencysn al0.5x88CE e SRS buffereandhe
abhighgtngencydn 30. 1x8SC1 8420 SBS buffersThe hybridization-may 1y,

OL%%ursei?l% é:gg(i:etd. o%t acgorgvivrégeto otr&recustgmehr Igncethods Wg I 1 £
known to persons skilled inthe ‘art &ee n particu’?gr Ambrook 30 et a . °

MG Far-CRRhgH AN afory MaRtalt 189 cPrsteratily, figsiuences is
pokmnueledtigesiselectively hybridiziaganitiya neferepeenpolynudcteotidetense

Preserving the fupctign of fhe.teferengs sgguenge. é%&%%pﬁéﬁné%%%ee ces

the polynucleotides, which selectively hybridize with the 35 polynucleotide

WHBRE SRbUBACe is befffeen podiici?268aAd positieh 1870 of SEBIBINERE
1raridforduitia theopolynucleotidel whose sequencelisetween positidre349ve

WQ200641 174851 8- PC TR 2008/00099%7 Aandpasition 1440 0ESEQID:ne
No. 1, encode an a-Lara mofuragoadz%%B a tIVIt)érﬁThe invention

geherally refatesI5HHE PolynudieStides s Entouifg the holyPEftided > Shing

atEardRripiohe inventioh. Beedlse of the Hegendraey ofthe g8ivetief  the
cede arasiotis pobmusieatides can gneede the same polypeptigeAnothen i ¢
subj f.the p nt invention,is a 10 polynucleaqtide whose sequence is ,

eroeted LDV, Th o hdatAe of SE0 1 Na T Ere s

cBinpris€&EEquetttes flabking the dehreddiRrdfe (ORF) okthe to 50
Penicilkomifdriculesdm abfB-2gene 6 Dlvey aferin partiedlgnpronactet aad of

tergyator sequenges af thedlnabiBs2 geps. The abfB gengmay be o

expressed from its homologous regulatory sequence articular for

s, In
oVSREXP eI PP erficilfrh Faficul 85km oPin OtRer fimaitog Uiyt 2o :
Ib ané®er embodinéht L thetAldfB getie’may be expressedin vdriols#hoBU P,

opganigmsisuchias, bagterasyeasts andsfingj fprexaraples The abfB geng.n
may be expresse flnahost organlsm under the control of the romotgr of
ot e ; SFae

D' No. 8RN der the Cottrof 25° out

. 1 of the preSent hveiitiofi oF unde
hetsteRydus promater. Expressisaassetiesin a 2x SSC, 0.1% SDS

buffer, at average stringency in a 0.5x SSC, 0.1% SDS
buffer and at high stringency in a 0.1x SSC, 0.1% SDS
buffer. The hybridization may of course be carried out
according to other customary methods well known to
persons skilled in the art (see in particular Sambrook
et al., Molecular Cloning: A Laboratory Manual, 1989).
Preferably, the polynucleotides selectively hybridizing
with a reference polynucleotide preserving the function
of the reference seguence. In the present case, the
polynucleotides, which selectively hybridize with the
polynucleotide whose sequence 1is between position 268
and position 1470 of SEQ ID No. 1 and/or with the

polynucleotide whose sequence is between position 349
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According to one embodiment of the invention, a polynucleotide encoding
a polypeptide according to the 30 invention is inserted into an expression
cassette using cloning techniques well known to persons skilled in the art.

T2 @9y pEsi9R §assette comprises theyelements necgesan/onE/ 000997

transcription and the translation of the sequences encoding the
polypeptides according to 35 the invention. W02006/117481- 19
-RCT/FR2606/000997 $r6duce a pelgpeplideldnd elements neéeessary for L-

the-regulation. of this;expression.c + 1khasg expression cassettes comprise,
in the direction 5 of transcription: a promoter that is functional in a host

organism; a polynucleotide according to the invention; a

tEFRsindtor Seuerice deaas fdrctionsllin tee 10santd hot okyamsre Anydes
type-elpremoter sequengedpay dedised dvtheiexpressionrassetiesnt ion.
agearding.lo e inyention,he ghojce, of thg promater wil dspend i, -
partlcu\far on the ‘host 8rgan|sm chosen for the expression ,o?t'he gene

oP tETESE 1Stihe PREMB RS BNERAECSHRItTRB SRR e¥EI6R Wieteas other
promoters are on the contrary inducible. Among the promoters that are

fungtionalin fungl, there may:be megtionsddn pagticulap that for,20 ;o
Aspergillus nidulans glyceraldehyde-3-phosphate dehydrogenase
(RODETE EL 80 CliTert tSitet SETITH~ 386,519’8%5{9%%?18?% promters

that aré funtlicnaltin bacterise tieréamay be &ihtiored Wrpadicutarthati ses
fardhedichactariophageRNADObRSIase (Slugler et ahe?SMeiOUSin cre
enzymology 185: 60-89, 1990). Among the promoters that ﬁre unctional .

in ﬁéalsffé,g%'é%nma%%%irﬁgrit%ﬁe% th‘gﬁggméterqgrntﬁéG L Eeneare n
(BRedgecE@r Prot M Atad Btfenées USIR 188 1 E3L?35 9 Pfor the
the>Bpcereysiae GAllcandfBH gramotess, Abéhesgpressed from its

homologous regulatory sequences, in particular for
overexpression in Penicillium funiculosum or in other

filamentous fungi.

In another embodiment, the abfB gene may be expressed
in various host organisms such as bacteria, vyeasts and
fungi for example. The abfB gene may be expressed in a
host organism under the control of the promoter of SEQ
ID No. 1 of the present invention or under the control

of a heterologous promoter.

Expression casgsettes

According to one embodiment of the invention, a
polynucleotide encoding a polypeptide according to the
invention is inserted into an expression cassette using
cloning techniques well known to persons skilled in the
art. This expression cassette comprises the elements
necessary for the transcription and the translation of
the sequences encoding the polypeptides according to

the invention.

Advantageously, this expression cassette comprises both

elements which make it possible to cause a host cell to
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30 promoters are described in the literature and are well known to persons
skilled in the art. For expression in Penicillium funiculosum, expression
cassettes will be chosen for example that comprise a 35 histone H4.B

PIRBQISE AN dsRartyl acid protease profnoter or a cs113p pEoter 9o
00/68401). W02006/117481- 20 -PCT/FR2006/000997 Th}e express),/i%n 297

cassettes according to the present invention may additionally include any
otherdeqaeenee pedessaptfofd¢hesexpressiancofibe pelypeptides ofor the

polyguglgctides, sHchiasforgxample; rggulatory 5 elements or signal
sequences allowing the secretion of the polypeptides produced by the

host organism. It is possible to use in particular any regulatory sequence
tieh esakesitpossibleorn inereass tes levelrufekpression ofthe codingction
sequencginserted inte the 10 expression cassette. According to the
invention, it is possible tto use iQﬁ[)a{ticular, infcombcinatiorlwith the

- a romotcer S Uncttliona il 2l host
regulatory promoEfer_ sequence, 0 Rer regulatory sequences, which &re
located betw&edthe Promoter and the coding sequence, such as
transcriptionzagtivatais d bEenhaacerd: Avdidevariety BEter mirater on ;
sequences GRNAEHIELILDCLANRINAN CanReties PGB o the
invention, these sequences allow the termination of transcription 20 and

the polyadefatfor 6Fthe FRRAL Shy terminator sequence that is
functional in the selected host organism may be used. For expression in

Penicilliumfunicylosuym sressionZa cagsetteg will bechogendfor, ,  +ye
example that comprise a histone H4.B terminator, an aspartyl acid

protBasE terminafo? oF 2 ¢s113 ferfrinator Bve 00/68501) Mg SdisBet of €
th&pregentifvehfo s alss a30dlynuikistité compidsing anlepressidrhe
casseitecacgarding ta-thedarention, advantagaqusly the expressionyene of
casseliesaccording to the presentinvention gre inserted intg.a vectar, 39 ¢
Vggggzssion whereas other promoters are on the contrary
inducible. Among the promoters that are functional in
fungi, there may be mentioned in particular that for
Aspergillus nidulans glyceraldehyde-3-phosphate
dehydrogenase (Roberts et al., Current Genet. 15: 177-
180, 1989). Among the promoters that are functional in
bacteria, there may be mentioned in particular that for
the T7 bacteriophage RNA polymerase (Studier et al.,
Methods in enzymology‘ 185: 60-89, 1990). &Aamong the
promoters that are functional in yeasts, there may be
mentioned the promoter for the GALI gene (Elledge et
al., Proc Natl Acad Sciences, USA. 88: 1731-1735, 1991)
or the S. cerevisiae GAL4 and ADH promoters. All these
promoters are described in the literature and are well

known to persons skilled in the art.

For expression in Penicillium funiculosum, expression
cassettes will be chosen for example that comprise a
histone H4.B promoter, an aspartyl acid protease

promoter or a csll3 promoter (WO 00/68401).
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The present invention therefore also relates to replicating or expression
vectors for transforming a host organism comprising at least one
polynucleotide or W02006/117481- 21 -PCT/FR2006/000997 one
CiyE5Elen cAngglie according to the present invention, IS ¥SHOL Moo o7
correspondlin particular to a plasmid, a cosmid, a bacteriophage or a virus
into which a polynucleotide or an expression cassette 5 according to the
inveatiorhas beeth dnserteds Fheteehniguestof togstruetingtthese present
veetors.and for inserting & palynuglegtide of theyinvention intodhese o

vectors are well known to persons sKilled in the art. In‘general, it is

pBSSERYBUSe SAY vetlt c&B3HIE BF 16 mamtainfitfitsBIf sateRpligathg °F
opprapagalirg i ddwst ceburrbrderte indfice in particutdrdhe exgressionry

ot.a palnuglegtide;onata palypertide. ersons skileddpdheadtwill s on ¢
cr%%ose thﬁ aggr;gnr{ifte vectog accé)rgjing to the r£08t organismto be 15 |
traRSToRed Sand ACCoTdiRg totHe transformafion Ehnighg Ysed The & 18
vesiersibflihe preseAEINVEntipAare oséd in particulardo trpsformsehostnce
organismfendeplication 20gkthevectarand{ortheexpression ofidvel  of
palypeptide according to the invention in the host organism. The

in%}gﬁﬁgﬁ %fsgonrelgtfes 'E%%g méthod for pre| r?n%ce? oglﬁp_se%]fi%%dacclor%f?]g t%l.le
tHEIRVERTGIPBoRBASIAG HTe 255l §<StepS: ah6st oryamsSFOs. 1t 1s
transfoimed with ammpiessjmrvz&gmnaﬁrmpﬂsing:am}@xm&sﬁqn cassette he
aceRrding to,the mvlﬁ%%aaglor with a,polyucleotige,according i the.. -y,

invention, 30the polypeptides produced by the host or%anism are isolated.
Fﬁﬁ?BﬁﬁﬁﬁﬁnSWthh are located between the promoter and

the coding sequence, such as transcription activators

(“enhancer”) .

A wide variety of terminator sequences can be used in
the expression casgsettes according to the invention,
these sequences allow the termination of transcription
and the polyadenylation of the mRNA. Any terminator
sequence that is functional in the selected host

organism may be used.

For expression in Penicillium funiculosum, expression
cassettes will Dbe chosen for example that comprise a
histone H4.B terminator, an aspartyl acid protease

terminator or a c¢sll3 terminator (WO 00/68401).

The subject of the present invention 1s also a
polynucleotide comprising an expression cassette
according to the invention, advantageously the
expression cassettes according to the present invention

are inserted into a wvector.

Vectors
The present invention therefore also relates to
replicating or expression vectors for transforming a

host organism comprising at least one polynucleotide or
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The subject of the present invention is also a method 35 for transforming a
host organism by integrating into the said host organism at least one
oolynucleotide or an expression cassette or a vector according to the

n@@%ﬁ;& fé&e}gg nucleotide may be integrated into W@@PQ&%@%&O 6697

97 the genome of the host organism Or can sta
replicate in the host organism. Methods for transforming the host
organisms:areswel knowr tospensoas skiled inthecart ard arghwell present

desgribed.ig the ’ft}?i%fu%étﬂlel Mgﬁe@&‘é‘a&k?@n%soihe'%g%& ahost o

organism transformed with a polynucleotide, an_expression cassette or a
VECIEHADBrding b the fifvefitior? THE eXBre<SRitNSst Bigafisiiigus into
umtlerstoodao meanyinudl particdlar accordiag to tedneertiomanyceene<te

orplugcellular, lower erhigher, arganism, chosen ffom bagtera, yeasts 1y
and fungi. The expéessmn host organjsm is understood to mean a

NG AR Siganistt. AdVARTAGEbUsly the VEASS ard’ ERGSETfrof Sichih®”
15 pastorisn Saechardmypces. eerevidae oY arrdwia liputica@nd into these
Schwapriomyees qegidentalisy he fungt aresehosen frore Aspargitus agd - .
Penicilium, preferably from Peniciium funiculosum, Trichoderma feesel,
Aspel%ﬁﬂjs nigeér, ]Aspergilﬁjs awamori, /gspergillus%o Kawachii and

TREASHSHRIRLRGhindHS fht & pretértéd BrbodimERT.SheRosP BRFRTSHiIsa 1n
Penicilliem fuaeulosum stretrdkrwhich an A@BkEBepolypeptide acearting tache

thedpyeation,is expressed QF guerexprassgd. 25, The techniques for o 5 qe

constructing vectors, transformlng host orianlsms and ex ressing

h&F518G8uS Proteinis in-theSE BraHnisnts are WideRFesthBedRPiiPr+ate
liteeatbrer (Ausealoal F N eral., tOurrent:Protdrolstin Moteruler=30 Bislogy" be

Velumes 4 .and2, Greene Publishing:Agsociates apd Wiley aterscients: 1 on
1989; T..Maniatis, E.F. Fritsch, J. Sambrook, Molecular Cloning A

ec’hr e ed,
la orgﬁoﬁgﬁanagoo , 1982).

The vectors of the present invention are wused in
particular to transform a host organism for replication
of the wvector and/or the expression of a polypeptide

according to the invention in the host organism.

The invention also relates to a method for preparing a
polypeptide according to the invention comprising the
following steps:

- a host organism is transformed with an
expression vector comprising an expression
cassette according to the invention and/or with
a polynucleotide according to the invention,

- the polypeptides produced by the host organism

are isolated.

Host organisms

The subject of the present invention is also a method
for transforming a host organism by integrating into
the said host organism at least one polynucleotide or
an expression cassette or a vector according to the

invention. The polynucleotide may be integrated into
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35 Food additives and feedingstuffs The present invention therefore
relates to food additives providing an a-L-arabinofuranosidase B activity.
The intake of this type of enzymatic activity W02006/117481- 23

-RGEARFA0/99A997 makes it possible to enhance the-digesibily A BB o7

food and to increase its nutritional value. The expression nutritional

additive is understood to 5 moan a substance that is intentionally added to
afoed, gensrallyoih sphel dueasitities,giarorder torimpeovesitstige stilsitity iarate
its Autritionalcharacigristics, Theaututional gdditiyes, for animals MaY nost
contain for example vitamins, mineral salts, amino acjds_and.10 enzymes.
TS BRI, THE nitrTofar addivE Tor Sl oMo e.a bolpeRtide™ <=°
agesrdirieetothe invstion Red st brgdmism acesriing - the invention or a

15 fermentation broth of a host organism according to the invention. Thus,

the-polypeptides haying.an sl arabinofyranosidase. B aciviy according o
the invention can be purlljfle or isolated from aePgenlc(ﬂIium Uniculostm '
stramrsriremMerecombinant20 hBSLaijanish? fordfe maftfactii@segsion

nuﬁ}rﬁi@aat@ddﬁﬁye éor_aemmls. Af_it@ﬂaﬁtiﬂl;{?hg a P@n_ieiﬂi'tumim&u{qsmum The
stain.ra hagt orggnism producing Abt polypaptides may heused. ., 5,

directly for the manufacture of a nutritional additive for animals. In a

pRSTETL G 2EPembBaént St dhe Fverition, tHe BERIrEBtpethtitartoRo-  ©F
ferinentationl botly of a Pericilliom fonicblsumstrgémarsof,a hdstsen from

organisip accordingtorthe inyaationds yised forihe magufacite 0fn  nost
nutritional additives fo anirgals. Thés embodiment is palrgcularly .

aaggr?tﬁjggguslfo when the KQEB pglyp]ﬂf(}ff)‘?lﬁ’esaaré1 Secretdd By theganLsm.
PRREIIGRIaaicaiosum §&in or 8% Rest crganiseloseally, thietultirechia
spperpatant is concent atethoidreezehiedSorthe vaadactureiaidbey i ca

”gHQO%%ﬁ%EWH§omyces occidentalis. The fungi are chosen
from Aspergillus and Penicillium, preferably from
Penicillium funiculosum, Trichoderma reesei,
Aspergillus niger, Aspergillus awamori, Aspergillus
kawachii and Trichoderma koningii. 1In a preferred
embodiment, the host organism .18 a Penicillium
funiculosum strain in which an ABFB polypeptide
according to the invention is expressed or

overexpressed.

The techniques for constructing vectors, transforming
host organisms and expressing heterologous proteins in
these organisms are widely described in the literature
(Ausubel F.M. et al., “Current Protocols in Molecular
Biology” Volumes 1 and 2, Greene Publishing Associates
and Wiley - Interscience, 1989; T. Maniatis,
E.F. Fritsch, J. Sambrook, Molecular Cloning A
laboratory Handbook, 1982).

Food additives and feedingstuffs

The present invention therefore relates to food
additives providing an a-L-arabinofuranosidase B

activity. The intake of this type of enzymatic activity
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35 Accordingly, the invention also relates to a method for preparing an
ABFB enzyme comprising the following steps: W02006/117481- 24
-PCT/FR2006/000997 a) culturing a Penicillium funiculosum strain or a
t@g?@ggﬁglhp& prganism according%g the invention %.ﬁgta(aiggla%g:gg.]
inducing the expression of ABFBs, 5b) separating the culture supernatant
comprising the ABFB enzyme. This culture supernatant or fermentation
brathawayithembe<contenttatecdcahtreeze-dried fad thesfoirmulation ob 10 ahe
faod additive er of a feedingstuffIf the hestorganisp, does not secrete the
ABFB enzyme in the culture medium, an additional step of opening the

cells and purifying the cellular extract may be 15 necessary. The
niritioretadditivestof the presemrimienticivédmpeseisn understood to
anlearabinofuranasidasedd aetivity but veay-alsecomprisetherputytienal g,
substanc%sl such as 20 v'itamins gr&ichﬂgcids or Qi%eergl scalts._ The

era NS .%ua 1, r O improve its
aﬁafﬁves acgor:('ilng to%e invéntion INcrease fﬁe P
digestibility or its nutritional characteristics. The

nutritional additives for animals may contain for

example vitamins, mineral salts, amino acids and
enzymes.
Typically, the nutritional additives for animals

comprise a polypeptide according to the invention, a
host organism according to the invention or a
fermentation broth of a host organism according to the
invention. Thus, the polypeptides having an o-L-
arabinofuranosidase B activity  according to the
invention can be purified or isolated from a
Penicillium funiculosum strain or from a recombinant
host organism for the manufacture of a nutritional
additive for animals. Alternatively, a Penicillium
funiculosum strain or a host organism producing AbfB
polypeptides may be used directly for the manufacture
of a nutritional additive for animals. In a preferred
embodiment of the invention, the culture supernatant or
fermentation broth of a Penicillium funiculosum strain
or of a host organism according to the invention 1ig
used for the manufacture of nutritional additives for
animals. This embodiment is particularly advantageous
when the ABFB polypeptides are secreted Dby the
Penicillium funiculosum strain or the host organism.
Usually, this culture supernatant is concentrated or
freeze-dried for the manufacture of the nutritional

additive.

Accordingly, the invention also relates to a method for
preparing an ABFB enzyme comprising the following

steps:
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digestibility of the feedingstuffs, thus contributing to a better enhancement
of the nutritional value of 25 diets based on cereals (wheat, barley, maize,
oat, rye and the like) and on oilcakes (soybean, sunflower, rapeseed and

theolksd & padticyar. The present invepjtion also relat%ao/glﬁﬁogg 000997
additi

feedingstuffs 30 comprising a nutritiona base and a nuiritiona ive
according to the invention. These feedingstuffs are usually provided in the
form of mealsudrtgranutesanteanhicti e additfves accosding totthein or a

invention are ingorpoyalied: 35, W02006(L17481;, 25 RCT/RR2006/000997,
The feedingstuffs comprise a polypeptide according to the invention, a

host organisti AEC0THiHY t0 heShvertiSH ora fithentaton bRStH ©f Bhoste
organism acesmding td the nVeABdB S For intensive animal breeding, ‘

these feggingstidfsusually camaprise a-nutdtiogallase-and RUtttional-i s i n
additives. 1Q The e}%(p{aession nutritional base is understood to mean what

. he A me. . . .
constitutes the main par?gfztbﬁe animal feed ration, consisting by way of
example of a mixture of cereals, proteins and fat of animal and/or plant

OmQMs15&1Eumﬁﬂ&wﬁﬂﬁﬁ@ﬁéﬂm%ﬁﬂmﬁgﬁm@ﬁﬁﬁﬁ@&ha%KﬁﬂHQm&WS@hen
aBEQF?A%%QQﬂ%a\éeé'&”&‘!-"”é?&&éseofﬁ?ﬁ‘%'&df@Jhec%%- Ysyall ﬂ%sgn of
nutritional bases comprise, for exam e, maize, Wheat, pea ana soypbean.

The5829 #ifitidral Dales afe duitasid ¥8FhetHeeds of the various animal
species for which they are intended. These nutritional bases may already

centainputiifional addiives suchasvitagins, fipgral S@'fﬁéa%g@in@nzﬁyme
S

acids.ﬁg In aH%referred en%bodiment, the 'gv_ention rfdlates to feedingstu
formondgasttic BhiRalaHd W parfitul& 8- Homt§ and pigs. SdulRpe+r9
copriseslih paricdlarciayin§hiens, brbiers; edrkeysandedicikesc Piggay be

COBPEISEary .

The nutritional additives of the present invention
comprise an o-L-arabinofuranosidase B activity but may
also comprise other nutritional substances such as

vitaming, amino acids or mineral salts.

The additives according to the invention increase the
digestibility of the feedingstuffs, thus contributing
to a better enhancement of the nutritional wvalue of
diets based on cereals (wheat, barley, maize, oat, rye
and the like) and on oilcakes (soybean, sunflower,

rapeseed and the like) in particular.

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

invention are incorporated.

The expression feedingstuff is understood to mean

anything that can serve as food for animals.
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30 in particular growing-finishing pigs and piglets. Description of the
figures Figure 1: Organizationaldiagramofthefungal 35 cellulose-binding
domain (fCBD). Figure 2: Determination of the optimum pH of the ABFB-2

eReyne &y aMalipine buffer series (pH 2.2 to 8) at 441 RSREE2HER 0 97
of 5 mM PNPAF. W02006/117481- 26 -PCT/FR2006/000997 Figure 3:

Determination of the optimum temperature for the ABFB-2 enzyme at its
optimurhgrl imthetpréSencecoft-indd PN P AB.L vEigotei feDetennindtio oft o
the kinetic,censtants Km and ol e(1\I = 1/8)for ABEB 20k @ PNRAF 1o
range erCm 0.5 mMto 5$nM at ;%H t2.6 andb50Ct: Fi%L]JEre 5: éalu%s of :
differShtial Sxpredsich of The Sb-BET ARd BBBLS géHes accbtding ©6 Fdp =™
frfeABSUMYrowtt-eenditioies tioPRigure 6: Kinetics of the disappearance
of ABFB-2 in the reaction supernatant. The adhesion of the enzyme to the

cell is monitored .hy measuring the free residual a:L.-arabinafuranosidase
o aiit o RBFB 3. 16 EAARlod A B the s cturd S the RBLS ™
gefe - FEXRIBItS R sthah 620 idemtity: witP6ther ABFBBhE essta L
filndidentaue fungi although these enzymes are 20 in general fairly
conserved. This difference in identity is explained by the identification of

two distinct regions. In the N-terminal part, a region specific for

araincoTeFrRANGEHASEs Ao da bpt8341 RaFEnd-m the' ESieFiitdt régfongan
foriat typooeliuidse=25 bipiding defrain FEBD whith was predittedlby feed
SMARGASimple MadilarArghiteghiyal RResearghJiool) analysis between or
posmggfm and 40C0 aa. Ac%%rgmgftot_:[he I@rature, tk:]is type %1; blndln&amt

domain |ssgené3rgl?y found in enzyme% involved i the ¢ egrf&la ion"of

origin.

The nutritional bases for animals are suitable as feed
for these animals and are well known to persons skilled
in the art. Usually, these nutritional bases comprise,
for example, maize, wheat, pea and soybean. These
nutritional bases are suitable for the needs of the
various animal species for which they are intended.
These nutritional bases may already contain nutritional
additives such as vitamins, mineral salts and amino

acids.

In a preferred embodiment, the invention relates to
feedingstuffs for monogastric animals and in particular
for poultry and pigs. Poultry comprises in particular
laying hens, broilers, turkeys and ducks. Pigs comprise

in particular growing-finishing pigs and piglets.

Description of the figures

Figure 1: Organizational diagram of the fungal
cellulose-binding domain (f£CBD).

Figure 2: Determination of the optimum pH of the ABFB-2
enzyme in a McIlvaine buffer series (pH 2.2 to 8) at
40°C in the presence of 5 mM PNPAF.



|

10

15

20

25

30

35

30 cellulose,suchasendoglucanases(EC3.2.1.4), cellobiohydrolases (EC
3.2.1.91) (exoglucanases) or xylanases (EC 3.2.1.8). This is the first time
that a CBD domain has been found for an arabinofuranosidase. 35 From a
Slgelbibd (RiMaEY sequence) pointofyjew, cellulasesand ¥Hapa%eR 00997
consist of two distinct domains, a catalytic domain and a CBD domain

linked by a so-called low complexity short sequence rich in

\VWG2006¢1 87480 22 -ROTAFR2006/000997 protinerand/cemderoxytated or
apHeo aeifiHSeriae apdd hseonine). Fhe callwloserbindingdompainshave o
bgen tudied in a number of fungal cellulases, and they are characterized

by a sequence of up to 36 amino acids, 5 present at the N-terminal end
(EhENee dglAyesrecierninaPend 6f thepréteire(cbh-Icegh bregE5)K. and
Furthermare, thigtypenf demain iseharacterized by therconservation of 4om
cystei ccording to Figure hich allow.the formation of disulfide
bédtge%&%%'(?hegdp%e&di%tgd%%B%\%Ipr%%ﬁ oz?llgzhicillium funiculosum
ABERLYSs 2ompiReld B 34°dmirfoiadifs fthididg tiieaconséred of the
cystémes (THIVGHOGG SGYSE PTSOMARYACTI ANRY YAQELY 115: Thisum

d?%i;’&f? pregaded by a characteristic short sequence of 23 amino acids
of low comglexit STSPGSHITSTTLTTITSTTAVS), rich in amino acids

drbxyI T10 tiftedhineS ARd 6 S8ARRS T 36 Pemtillitif -2  1n
firfieulosam tthintyperstdontain hasBeenaddserdbed imthrédetherzyme to
?Bﬁém%&alﬂld&é,4rﬁ6&|ﬁThﬂﬂ§§e_ §e|h9§i0?ﬁ?]@[9{§9$§r@dﬁ%@”°f§@% e%%&ﬁ;al
C omyl.esterase). e alljgnment o ese . Tour do onfirms the
A AR R RSt O s Sy eihice 28 VBT 1CBD
496529 ASFEI_2 P.funiculosum
(BEAMPIMEE OCGGEWIGPTI072WYACTTADSfIYAQC4 cyanonamyl

exifa38 (PP ARWAQEERIOIP I KCGARP REAKANRIYSACP

ABFB-2 exhibitgs less than 62% identity with other ABFB
enzymes of filamentous fungi although these enzymes are
in general fairly conserved. This difference 1in
identity is explained by the identification of two
distinct regions. In the N-terminal part, a region
specific for arabinofuranosidases (10 aa up to 341 aa)
and in the C-terminal region, a fungal type cellulose-
binding domain fCBD which was predicted by SMART
(Simple Modular Architectural Research Tool) analysis
between position 367 and 400 aa. According to the
literature, this type of binding domain is generally
found in enzymes involved in the degradation of
cellulose, such as endoglucanases (EC 3.2.1.4),
cellobiohydrolases (EC 3.2.1.91) (exoglucanases) or
xylanases (EC 3.2.1.8). This is the first time that a

CBD domain has been found for an arabinofuranosidase.

From a structural (primary sequence) point of view,
cellulases and xylanases consist of two distinct
domains, a catalytic domain and a CBD domain linked by

a so-called low complexity short sequence rich in
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undo 2-4 Xylanase DP-f (374)
AHWOOCGOIOWEGP-51/CMSPYTCQVLNPXY$OCIiJ xylanase
cellobiohydrolase (496)

AR PREYWLILICASGTTCMYVNP-MOCH ét;q‘l‘/i‘ﬁ% [dh800997

known fCBDs in Penicillium funiculosum 30 This type of binding domain
has been widely described in cellulolytic enzymes (cellulases). The
apalysisrof thenprimary isequenteoef,fCBR:Oy blashaligamieht, egainste and

knowa S Bh-sequences, ideniiligs avery strong, WO2006/117481,23 peen
-PCT{;R 006/000997 omologf_y \%Ith the cellulose-binding domainsof
a

cEISHIdMTardsE typRET Ehd T and WihthE GOMHEIAS 6Penddiiucaialed e
typesdan beriv dérived fromshackodeema feesei and Aspergitiismiger.ids,
TheS:ehyosine residuesy apd:theasparagipe apgrglutamingresigues;  or
id@pgg%%agat?ﬁin essential ogtherfgré%ti.onali{nglt_ domain, are 15)

conserved within the ABFB- squence.giud 65 of the stractureffunction”’ -
rélafGHSHBShew thak #fis typedf ddmaivpRis alld prédominanticieth by
thendepolymetizationef celtulasediintet Ms& Jeebrfifig(1997)rthaire 1

roles anddunelioneleatiggesyadngdomains. .} Hlojechagl, 97 15-28)
by increasing the binding affinity of the enzyme for its substrate. In T.
reesei, 15 cellobiohydrolase | (CBH 1) in the absence of its f{CBD domain

eXhibitya ednserméd Eamlyticlactity, Hidthersinding ffinity of the culosum
enzymeforicelllose issety substantially; reduced; 20 This.is the first ime 4

that a binding domain of this type has been identified in an
acr:éan}ﬁgf]ﬂ\rféanos?a%tc’seeﬂ‘/ﬁg B in a filamentous fungus. The presence of this
bttty a6 fafF NS reases AL BT OfRHE 2pZ)me for its substrate and
consequently makes it possible to enhance 25 the degradation of

i%ﬁﬁ%weéggggﬁe'is preceded by a characteristic short
sequence of 23 amino acids of low complexity
(STSPGSHTTSTTLTTITSTTAVS), rich in amino acids bearing
a hydroxyl (10 threonines and 6 serines) . In
Penicillium funiculosum, this type of domain has been
described in three other enzymes, endo-1,4-xylanase,
cellobiohydrolase and ferulic acid esterase (cyanomyl
esterase). The alignment of these four domains confirms
the conservation and the location of the 4 cysteines
within the fCBD.

496 529 -
ABFB_ 2 P,funlculosum  {367) THHGOCGRSOYISERESCVAPYACTTANRY YAQCL
cyancnamyl esterase (320} RHEWAQUGCIBYSHUFACASPYTOQKANDYYSHCL
Endo 1-4 Xylanase D _P.f {374) RHWOOCGQIGWSEPAICUSPYTUOVLNRYYSHOL
xylanase cellobiohydrolase (496) AHWGQCGEQEWTIGPITCASGTTCIVVNPYLSRCT

Alignment of the known fCBDs in

Penicillium funiculosum

This type of binding domain has been widely described
in cellulolytic enzymes (cellulases). The analysis of
the primary sequence of fCBD by blast alignment,

against known fCBD sequences, identifies a very strong



10

15

20

25

30

35

Development of the assay of the L-arabinofuranosidase B activity 30 The
L-arabinofuranosidase activity was measured from a P. funiculosum

culture on M2 medium with a mixed addition composed of 0.15%

PIRY2§6¥ Aok 8% cellulose after 40 hig Samples werg &aljaGied @6 #8dbo o7
and 72 h of culture_ The culture was performed in a 200 ml 35

Erlenmeyer flask with a useful volume of 50 ml. The activity was :
determined’by hydrslysingBemM parahittoptenyl-(ldarabinofdramoside  of
(RNPAR) i aR0-miv: sediymacetate byffery pH 5,99 khoteuliute domains
su%ernagﬁg v%erggg%usbgsted ngitheZSO gof sgl}éstrate Cﬁ)re(}ea'\tﬁd at 50C fo

18 minTTheTeaction was stoﬁf%dsby adding 00°Uiof 05 M a0 “The =™
réledsdefigrittophenyPEENP) ismreastedeaidoblntg withi@aiolar The 3
exynaioneoefiieientofck’, 008:M-1.emel. Arpazynenmit isrdefingtasthene
augatity of enzymewhicydrolyses 1 gmolof PNGAE per minutgupder, o

the con ns desc ove. For the culture of uniculosum, we

obtahied 2B 1- £ Sfté 3 Kamka 1D 112580 FPRE AR 2 Wiglhin the
caltme- Thesetesultsare irsagreement avith theaditerature,dndeed famction
Aspetgillus aiger, activities ofithe order of 100,10 6QEMUML-LWere o ¢ 4
obseryed according to the inducer used in the culture. 15 Cloning of P.

GG EDB-2 URF aRd traNsfSHRIIbRTT SHeaharomytes Carevidiagse
Startingsvith gé¢homie DNAsFom P Funicllosuii; 3R€ R0 aiB-2 geAewasand

amphfied by PER withn the1aid ofthe,pak Of RIBREIShs, J. Biotechnol.
(Hindlll:abfB-2/Xbal-abfB-2). The following.PCR conditions.were applied
(e T 528 orC 0 SECTE AT ot AT e L L Py the
pRITEEDf 1215Dp was tfdhed intsasiormercial 25Vector T- reesei,
pGEM dHtrm)easy oSeqgeence aikie PCRiprimercpaibXbal-abfBf2:its fCBD
TR GAATGACCTCCARCAIAGTIARHINILENEZL  put the
>5'-AAGCTTCTAGAGACATTGAGCGTA-31< 30 The Hindlll/Xbal
FrAGRIEHESF PGB Was Bkcidedfrotit & e ctdt pGEM-T-AF Subtiond§rY
atthesdmnutli/xXbay sitesinted shuttle vector (plac195-PGK/CYC1). For
heterologous expression, the abfB-2 gene is therefore 35 under the

control of the constitutive PGK promoter of the gene encaoding , ‘
pﬁ%&ﬁ’ho]gﬁ/cgﬁé?e lgﬁarsset(scé %:Iégeevitsllgéaes afid E%g“g%% téir%%éi%r fg this
céraviside)s been identified in an arabinofuranosidase type

B in a filamentous fungus. The presence of this binding
domain increases the affinity of the enzyme for its
substrate and conseqgquently makes it possible to enhance

the degradation of insoluble cellulose.

Development of the assay of the L-arabinofuranosidase B

activity

The L-arabinofuranosidase activity was measured from a
P. funiculosum culture on M2 medium with a mixed
addition composed of 0.15% provasoy and 0.3% cellulose
after 40 h. Samples were collected at 48 h and 72 h of
culture. The culture was performed in a 200 ml
Erlenmeyer flask with a wuseful wvolume of 50 ml. The
activity was determined by hydrolysing 5 mM para-
nitrophenyl- (L-arabinofuranoside (PNPAF) in a 50 mM
sodium acetate  buffer, PH 5. 50 pl of culture
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of the gene encoding a cytochrome C oxidase activity. The new

expression vector is called pOT-02. The S. cerevisiae strain JF #1194
(CEN.PK113-5D), a clone derived from the strain CEN.PK 122 carrying
thRYhg-Peadwptrophy, was transformed (lithium aceﬂéﬁe/%%toﬂ@%oogw
method) with the expression vector pOT-02. The transformant strains

were selected by phenotype complementation on uracil-free selective 10
ptates fdRASmMarker). Sixitransfermmantswiere seléctedin arder toutestforte

ths-presepcy of an afabinafuranesidase B agtivity inthecliulg, s stopped
su%erna%gnt. T_he t@nsf rmagts ere 15 cultured in 50 m%uracn-free B
AimGmRgiur (oxEipt (he witd g5 cORTS) stratnfor S AGS. The P

arainefurgnosidaseMactivitysvasessayed o the €0urarsupeiatantswillar
g@fﬂ.ewﬂh}@r{n?&&g@&@ﬂ@ﬁ@ in_c?EIe Fl{)?fgﬂmg h@anagfﬁ%@-. 20an  enzyme

etermination e optimum p ea -2 gene encoding an .

alfléﬁﬁofu%g’nosg as%ngéctiﬁfy dl_eerl%/eed from %%Xiculggumev%g I(rzlf%ne‘c'jhlch
Mg PSS Yestvisine Bftér chieeking i8R the pré¥encdierere under the
arahinofttanesidase Scadihvity in seveta ransformanty @ trapsformast of

was chasep andthe ABEB aglivity wags assayed on the cylture. 45 1 ang

supernatant after 24 h of growth. The cultures were carried out_in a 30 200
nﬁérlé?ﬁn@e‘r]ﬂaﬁﬁt‘(%rﬂ@g PolBme s hify T he BetiS Ry WaStetsrniihgd 12
ir thespresehcenofth mivhpnitiophenyadtearabind&gdnasSide (RhPAR)1IA Bus

Mcllyaine byiffer series (PHZ2 19,8.0), 8811 gfcultdre superpatantwere -1
incubated with 320kl of 35 sgbstrate preheated at 40C for 10 min. The

réaction \?V%%es]fgpeged %%%%rdlnlgnf mi"6f 1 a2003 e reiédse of ™ the
pehitrephényl is measured at 405 nm-1. One enzyme unit is defined as the
quantity of enzyme which hydrolyses W02006/117481- 31

BEdRE0UI0N%, ) ppl SLENAFBCLTURIC L Bl

38. This is the first time that such a low

Eﬁon

Nt FES RGOS I
optimum pH has
Starting with genomic DNA from P. funiculosum, the
abfB-2 gene was amplified by PCR with the aid of the
pair of primers (HindIII-abfB-2/Xbal-abfB-2). The
following PCR conditions were applied (94°C 30 sec;
62°C 30 gec; 1 min 30 sec at 72°C) for 30 cycles. The
PCR product of 1215 Dbp was cloned into a commercial

vector pGEM-T(tm)easy.

Sequence of the PCR primer pair
XbaI-abfB-2: >5'-TCTAGAATGACGTCCAAACATAGTT-3'<
HindIII-abfB-2: >5'-AAGCTTCTAGAGACATTGAGCGTA-3'<

The HindIII/Xbal fragment of 1215 bp was excised from
the wvector pGEM-T and subcloned at the HindIII/Xbal
sites into 'a shuttle wvector (placlS5-PGK/CYCl). For
heterologous expression, the abfB-2 gene is therefore
under the control of the constitutive PGK promoter of
the gene encoding phosphoglycerate kinase

(S. cerevisiae) and the CYCl terminator (S. cerevisiae)
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5 been observed for an arabinofurnasidase and that it has 68% activity at

pH 1.5 in a 50mH HCL solution. 10 Determination of the optimum
temperature Using the same protocol, we determined the optimum

QRS for, activity of ABFB-2, The enzyme was.incubateskf

min at gﬂﬁé?ﬁfeqﬁemperatures ina 1358-Mcllvaine buf e?gg pH 2.6. &31(9997
activity curve is presented in Figure 3. An optimum temperature range for
ABFEBslisdesanibednrthdiliterature-gs beingdretween4l dad 60€c The 20y .
Prfuniculosum ABER-Z has,an esw&ysoratgﬁti@@;gz% dhthe optimum pH
and temperature of the enzyme are selected (pH 2.6 and 50C), it is
observed that the activity for ABFB-2 is 20 times as high as the activity
déteemirfed incarpacstatebufferphis add 46CLY305 MiTBSvSES MURD) ,  a
Determination afdem apd.V, Eaceach.of the tway thekinetic eanstantsdKmn e
and V )_%g for AaBllfg-%%Ner% determinaeg by mglasuri@% the(giydroly is t?lf1
PRPAF ovér time, tnder the gptimumwconditions%réf’erm]fﬁnee above: The =™
salsstfae PNPAF)cBResrratien ratges wiert 35 estabhshedssatieery 050
apd oM. in apH 2.6:baffer chheskineticscefiyekolysis veas menikereddor by
10.mi t 50 tain the kinetic stants for bhoth .
TR ere Gomei aneardieg o the WO200R L Tabt g | SoreDERve
-PETER200678009F 7 <ex) -

Six transformants were selected in order to test for
the presence of an arabinofuranosidase B activity in
the culture supernatant. The transformants were
cultured in 50 ml of uracil-free minimum medium (except
the wild-type control strain) for 24 hours. The
arabinofuranosidase activity was assayed on the culture
supernatants with the aid of the method described in

the preceding paragraph.

Determination of the optimum pH

The abfB-2 gene encoding an arabinofurancsidase B
activity derived from P. funiculosum was cloned into
5. cerevisiae. After checking for the presence of an
arabinofuranosidase B activity in several
transformants, a transformant was chosen and the ABFB
activity was assayed on the culture supernatant after
24 h of growth. The cultures were carried out 1in a
200 ml Erlenmeyer flask (working wvolume 50 ml). The
activity was determined in the presence of 5 mM p-
nitrophenyl-a-L-arabinofuranoside (PNPAF) in a
McIlvaine buffer series (pH 2.2 to 8.0). 80 pl of
culture supernatant were incubated with 320 pl of
substrate preheated at 40°C for 10 min. The reaction
was stopped by adding 1 ml of 1M Na;CO;. The release of
p-nitrophenyl is measured at 405 nm™'. One enzyme unit

is defined as the quantity of enzyme which hydrolyses
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double inverse method (Lineweark and Burk) and are presented in Figure

4. The kinetic constants were determined by hydrolysis of = FNPAF under
optimum conditions. The Km value is 0.7 mM for ABFB-2. By comparison,
indhedigraiyre, the Km values for this,type of enzymeP@lriﬁsté%rgéo 03897
1.2 mM according to the genus and the fungal species studied. ABI{B-Z

has a maximum speed of hydrolysis (Vm) 10 of 328 mol PNPAF/mol of
ehzymelmimindenthercongitionsrdescribed abaeve. Determinationwfthe is
malectlatweight of the;ABEB-2 enzyme 15 Inardentodetermine the ;o

molecular weight of the ABFB-2 enzyme, the culture supernatant, derived

fom e drofti o a RIEETES Eeravisiak) in & il nidditin, Ras> - 8-

cBhéentrated-260-fold,sdenatured birdoiling 20 at 100@ forcE mimmandH has

tm%éekem?%@&}e@ﬁlnfl%%ealyagmigexgﬁﬁal!g'@&&S@h r\é@%atth@ﬁmf it has

quaatit extracellylar proteins is extreme in the wild-type strain.

F%? QS%ﬁQeC %ﬁﬁtgﬁtsﬁhg %Bl]t:Bgz lerrllz?m%erqlsn%e%%%e(? ?r?[tl)l e }c/lulture

supernatant. It is predominant in relation to the basal level of the S.

cerevisiae extracellular proteins. The electrophonetic band obtained for

the ABFB enzyme is diffuse which suggests a strong 30 glycosylation of

the enzyme. The determination of the molecular weight was carried out
ARTRE S ke TAREgEN 2 e results are

presented in Table 1. W02006/117481- 33 -PCT/FR2006/000997

Using the same protocol, we determined the optimum

temperature for the activity of ABFB-2. The enzyme was
incubated for 10 min at each of the temperatures in a
McIlvaine buffer at pH 2.6. The activity curve is

presented in Figure 3.

An optimum temperature range for ABFBs is described in
the literature as Dbeing between 40 and 60°C. The
P. funiculosum ABFB-2 has an activity optimum at 50°C.
If the optimum pH and temperature of the enzyme are
selected (pH 2.6 and 50°C), it is observed that the
activity for ABFB-2 is 20 times as high as the activity
determined in an acetate buffer pH 5 and 40°C (305 mU
vs 15 mU).

Determination of K, and V.

For each of the two, the kinetic constants (XK, and Vg)
for ABFB-2 were determined by measuring the hydrolysis
of PNPAF over time, under the optimum conditions

determined above.

The substrate (PNPAF) concentration ranges were
established between 0.5 and 5 mM in a pH 2.6 buffer.
The kinetics of hydrolysis was monitored for 10 minutes
at 50°C. So as to obtain the kinetic constants for both

enzymes, the results were treated according to the
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Predicted MW MW estimated on gel ABFB-2 41 55 Table 1: ABFB-2
molecular weight in KDa We compared the molecular weight predicted by
the 5 algorithm Vector NTi and the weight obtained by electrophoretic

loration i turing SDS-PAGE ggl. We observ restimati
%%%%&%@%feight of the enzymegi% the SDS-PA?E%}eEI% 2@?9%?8168'397
glycosylation of the enzyme is indeed suggested by the visualization 10
oagebata diffiserelectrapharsiic banth@wand-N glyeasylations). Thea are

9@!98@@?1@% Q%%M@g the processing of the proteins in the

expressing organism. Analysis of the profile of expression of the

abfB-2 15 gene in Penicillium funiculosum Penicillium funiculosum
posseskes o geneseneoding Beark-adabirofurarcsidasesyiiecahfBils of
ang pRiB-2.9e08s o The prefilesefexpression eftbese ognas.under o 7

v%rious}gé)F% fijnicu osum culture conditipns were compared. P.
funtdulostm was citurécPTRdér ondition s fof tHduding eftidlfic afde ™
hemicetislolyte enzyites ftype M2 indestrgingrowtrrhediurhyand dhddr  to

nenN2 mM according to the genus and the fungal species
studied. ABFB-2 has a maximum speed of hydrolysis (Vp)
of 328 mol PNPAF /mol of enzyme/min, under the

conditions described above.

Determination of the molecular weight of the ABFB-2

enzyme

In order to determine the molecular weight of the
ABFB-2 enzyme, the culture supernatant, derived from
the growth of a mutant (S. cerevisiae) in a minimum
medium, was concentrated 200-fold, denatured by boiling
at 100°C for 5 min, and then, deposited in an SDS-
polyacrylamide gel.

It is observed that the quantity of extracellular
proteins is extremely low in the wild-type strain. For
the mutants, the ABFB-2 enzyme 1s secreted into the
culture supernatant. It i1s predominant in relation to
the basal level of the S. cerevisiae extracellular
proteins. The electrophonetic band obtained for the
ABFB enzyme is diffuse which suggests a strong
glycosylation of the enzyme.

The determination of the molecular weight was carried
out with the aid of the size marker SeeBlue

(Invitrogen). The results are presented in Table 1.
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25 producing conditions (minimum glucose medium MO). After 40 h of
growth, the cultures were stopped, the mycelium was recovered, and the
total RNAs were extracted. The quantity and the quality of the RNAs were
afReRIFeE My megsuring the absorbangg at 260 nm angl-at 28063 00997
(260/280 ratio > 1.8). The level of transcripts encoding the B-type

rnhlnnfnr:\nnolrl:\c-n /I\DED 1 ::nrl ABEB ')\ :n\h nhnc- were nnnnhfl d

o ToTTaTramooTuaas T (7Y CuaomT ™

under each of the twio conBKiefs ¢k aly M2) byMFE o sibriemgiraditativege 1
P V02006/117481- 34 -PCT{RR2006/000997 The gene ggcoding P.
uniculosum tubulin (tub-I) was used as a control under the two
conditions. This gene encodes a structural protein that is essential for the
integrity of th&BER-Ehisigeneus eomnsord: bséd a8Bathe reference gene
because it exhibits a constant level of expression regardless of the culture
ndltlon used (ybiquitous peC|f rimers. fo uantlt ere
deS|gne8r?8r f(ffg %acuh thén gsénes %EfB Y alb(% ahd ?u Eelfﬁr bot
gPIWPrEoHaRiong §MEP Bind i), 2 #i§ of to%@NNW@?etr&@?ﬁs%ﬁBéd by
AcSertesrefdiloitiens of theceemplementary DiNAS detved;fronctheaGE gel.

reiLotanseption were Sauried.outin order to deteyming the opUmpm 15, )

conditions for amplification of the target enes (constraints of the

qRantitafivE PER fetRod fid TR EHiciSiRy-of thede Baifd BFpfeRd 1 on
Tae Wmammu@a@@eséntedmaab@z amd 2B €Figurea IN@M20n

a@ﬂlJ§elO7é¥ﬁba2 diffuse electrophoretic band (0 and N

glycosylations). The glycosylations occur during the

processing of the proteins in the expressing organism.

Analysis of the profile of expression of the abfB-2

gene in Penicillium funiculosum

Penicillium funiculosum possesses two genes encoding B
o-L-arabinofuranosidases: the abfB-1 and abfB-2 genes.
The profiles of expression of these genes under various

P. funiculosum culture conditions were compared.

P. funiculosum was cultured under <conditions for
inducing cellulolytic and hemicellulolytic enzymes
(type M2 industrial growth medium) and under non-
producing conditions (minimum glucose medium MO). After
40 h of growth, the cultures were stopped, the mycelium
was recovered, and the total RNAs were extracted. The
quantity and the guality of the RNAs were assessed by
measuring the absorbance at 260 nm and at 280 nm
(260/280 ratio > 1.8). The level of transcripts
encoding the B-type arabinofuranosidase (ABFB-1 and
ABFB-2) activities were quantified under each of the
two conditions (MO and M2) by real-time quantitative
PCR.



10

15

20

25

30

35

11.27 Table 2: Values for differential expression of the abfB-1 and
abfB-2 genes as a function of the 25 P. funiculosum growth conditions
The transcriptional regulations of the genes encoding cellulolytic and

hraverIw)alytaaativities have been described. The exregsinn ®d éyesf0o97
genes is highly 30 subject to the nature and/or to the complexity of the

carbon and nitrogen source on which the microorganism is cultured. A
higketragisesptienal reprSsich of thesegeneshad bben feportédirihe was
presence of glucase: Fbis regulation ispetfosmed vigia catabolichis gene

repression 35 p txi; r hic ecific ing to romoter _

ORI /ABL. S8 B RIGbB00967 Bt these conceand Bloges =5
tHé}Fﬁgﬁé&hbtiéﬁ Ir-86r é%%%?imeﬁf‘f-b? qEitifying: b)?@f@i@,ntﬁ@ abfiRg as
andabfB-2-messengsss.dhatthwedeeeliof expiessionsofdhesetwagenésvel

uggerdhs.alucose(MQ) congitin,is Severy low. Jis Isdn agreementwith, o 4

the literature since it has been shown that these genes have a basal level
of BREFESSioREen under unfavourable conditions (absence of cellulolytic
and/or hemicellulolytic substrates). The results obtained for the MO

cepdiioni c primers for gquantitative PCR were designed for
each of the genes (abfB-1, abfB-2 and tub-1). For both
growth conditions (MO and M2), 2 upug of total RNA were
retrotranscribed. A series of dilutions of the
complementary DNAg derived from the retrotranscription
were carried out in order to determine the optimum
conditions for amplification of = the target genes
(constraints of the qgquantitative PCR method and for the

efficiency of these pairs of primers).

The normalized results are presented in Table 2 and

Figure 5.

MO M2
abfb_1 1 107
abfb_2 1 1.27

Table 2: Values for differential expression of the
abfB-1 and abfB-2 genes as a function of the

P. funiculosum growth conditions

The transcriptional regulations of the genes encoding
cellulolytic and hemicellulolytic activities have been
described. The expression of these genes is highly
subject to the nature and/or to the complexity of the
carbon and nitrogen source on which the microorganism
is cultured. A high transcriptional repression of these
genes has been reported in the presence of glucose.
This regulation is performed via a catabolic repression

protein CreA which specifically binds to the promoter
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10 are in agreement with the literature. Unlike the abfB-1 gene, the
expression of the abfB-2 gene is not induced under industrial conditions.
This suggests that the enzymatic cocktails produced by Penicillium
fypieldegynicoidd be improved by obtaining the exprassion-abABEBd 4997
by the fungus under industrial conditions or by adding exogenous ABFB-2
to the enzymatic cocktail produced. Determination of the functionality of
fOBD P0cFe verify @ite fanctiopdfitief théfSBD douaraittestsfontheIn our
b&@&@ﬁ%&AB’E&Z eﬁwgaﬂ@wga%arriegwutMRmicr@ﬁe/st@ui@@ 1 and
l% ase. The Segé}ﬁmgrvxéas f‘@o me fl(j[r volume |th 0.5% of 25 of
mlcrocrystaWne celldioss in a Tis- EY%uﬁe Heﬁg at4C The
atihésidn Fthe BRSISIR WABTRGNItERR by HHELRPing %’Hé) resiglipdit tion is
avahinofuranosidaise B achvity in theypreseane ofiPNPAR-Wwrdenthesrature
optimal hydrolysis CB@%'_HO%@%?”‘EW&Q Aftervarigus perids, 20 of badsal

contact between the enzyme and the cellulose, the mixture is centrifu

ahBRe dBcre 5B HEMRIIhCENTRIOSIABRELS Proter RiRofitsted
measueingdhe ardbinoftrdnosidase Beactivitydy the supematat 1Thielytic

binding tests were performed indhe 3gpresence Af A GoNrol@action: tion
COQ%“THgggiégﬁgk% with the literature. Unlike the abfB-1
gene, the expression of the abfB-2 gene is not induced
under industrial conditions. This suggests that the
enzymatic cocktails produced by Penicillium funiculosum
could be improved by obtaining the expression of ABFB-2
by the fungus under industrial conditions or by adding

exogenous ABFB-2 to the enzymatic cocktail produced.

Determination of the functionality of fCBD

To verify the functionality of the fCBD domain, tests
for the binding of the ABFB-2 enzyme were carried out

on microcrystalline cellulose.

The enzyme wasg mixed volume for volume with 0.5% of
micreocrystalline cellulose in a 100 mM Tris-HCl buffer,
pH 7.5 at 4°C. The adhesion of the protein was
monitored by measuring the residual arabinofuranosidase
B activity in the presence of PNPAF under the optimal
hydrolysis conditions determined. After various periods
of contact between the enzyme and the cellulose, the
mixture 1is centrifuged and the decrease in the
concentration of ABFB-2 protein is monitored Dby
measuring the arabinofuranosidase B activity in the
supernatant. The binding tests were performed in the
presence of a control reaction containing the ABFBR-2
enzyme, under the same experimental conditions but in
the absence of microcrystalline cellulose. A second

control was carried out by incubating the ABFB-1 enzyme



15

enzyme, under the same experimental conditions but in the absence of
microcrystalline cellulose. A second control was carried out by incubating
the ABFB-1 enzyme WO02006/117481- 36 -PCT/FR2006/000997 under

theysype Feastiay conditions in the_pregence of microgysiahing 6@l o7

The results obtained are presented in Figure 6. We can therefore observe
that the fungal type cellulose-binding domain (fCBD) of the enzyme
ABFB:2 detivedsfrom Pr farmiculosumdsifimctional. The adiesionesfehee of

enzyime wasmonitored afien 10, apd 45 mines,ofgontact. Aflekined are
|ncubat|n%f%{ 10 utes 70% of the 10 total quantity of the enzyme

n‘Ptraefﬁ’/ presentlhas aghered ?o the microcrystalline cellulose. After 45
minutes, 80% of the entire enzyme present in the reaction with cellulose

hms adkered. Thiese slata suggestthal the egpdibriuraiaf thecondadat  type
f%%%'?ul"éé%%lﬁf%%gd §éﬁ«aaﬂd'y%@?t th% k'%%%cs of adhesionofy_,

he enzyme most certainly follows a kinetic law of order 1 relative to the
séﬁﬁ%éi‘é@vlﬁﬁﬁ’%epﬁrsﬂff@ﬁﬁH&@%UWGSU@%‘?‘CE@NMS T'ag isofageston
polypeptideschanacterizednin thatdtr e cconfprises B0palypepliflechosers of

fr@%@%@cﬂ?”‘”ﬂ@% adolypeptides:the polypepfide 0f SEQ ID Neg 2, the e

po tide Whose sequence |s between position, 28 and position 400 of
Eg% N@uzan he enzyrg) initially present has

adhered to the microcrystalline cellulose. After 45
minutes, 80% of the entire enzyme present 1in the
reaction with cellulose has adhered. These data suggest
that the equilibrium of the contact reaction was
reached very rapidly and that the kinetics of adhesion
of the enzyme most certainly follows a kinetic law of
order 1 relative to the substrate within the first 10

minutes.
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a fragment of the polypeptide of SEQ ID No. 2 10having an
a-L-arabinofuranosidase B activity, a polypeptide having an
a-L-arabinofuranosidase B activity and exhibiting at least 80% identity with
the polypeptide of SEQ ID No. 2. 2.Anisolatedpolynucleotideencodingan. P
15 a-L-arabinofuranosidase B activity, chapacterized in that it is chosen
from the following polynucleotides: the polynucleotide whose sequence is
between position 268 and positiorciAz®st SEQ ID No. 1, the
polynucleotide whose sequence is between 20position 349 and position
1470 of SEQ ID No. 1, a polynucleotideencoding apolypeptide according
fo.ClairArl. is81Andsblated pobmuctbotide characterizedin that ithas thet

seqysncel SEQ IR Joartgseaugnes 25 compremepiary 10, 3EQ D
No. 1. 4. Expression c s%e te, Cc aracterizegln ar it comprises,’in Ré
BipdotpsfiteErseription: a promoter that is functional in a host organism;

a polynucleotidg accgrding ta Claim 2 and,3Q-3 tgrminator sequence in

the same host organism. 5. Vector comprising a polynuc’leotic_ie according
to one of Claif32-3RmdYé&reat égisressivhscassetia aenerling fo Claifvgen

position 28 and position 400 of SEQ ID No. 2,
- a fragment of the polypeptide of SEQ ID No. 2
having an o-L-arabinofuranosidase B activity,
- a polypeptide having an ao-L-arabinofuranosidase
B activity and exhibiting at least 80% identity
with the polypeptide of SEQ ID No. 2.
2. An isolated polynucleotide encoding an
a-L-arabinofuranosidase B activity, characterized in that
it is chosen from the following polynucleotides:
- the polynucleotide whose sequence is between
position 268 and position 1470 of SEQ ID No. 1,
- the polynucleotide whose sequence is between
position 349 and position 1470 of SEQ ID No. 1,
- a polynucleotide encoding a polypeptide
according to Claim 1.
3. An isolated polynucleotide, characterized in that it
has the sequence of SEQ ID No. 1 or the sequence
complementary to SEQ ID No. 1.
4. Expression cassette, characterized in that it
comprises, in the direction of transcription:
- a promoter that is functional in a host organism;
- a polynucleotide according to Claim 2; and
- a terminator sequence in the same host organism.
5. Vector comprising a polynucleotide according to one
of Claims 2-3 and/or an expression cassette according to

Claim 4.
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MCSLLP W02005/117481- 38 -PCT/FR2006/000997 6. Host organism
transformed with a polynucleotide according to one of Claims 2-3, an

expression cassette according to Claim 4 and/or a vector according to MCSLLP

Gl B3, 1 Hggt organism according,fp Claim 6, chajaglated gt oo

the host organism is chosen from yeasts and filamentous fungt
Host organism according to Claim 7, characterized in that it is a
Penicillium funiculosum strain. 9. Nutritional additive for animals,

charactgized in 1 hat pomptisesa polypenide pecording loClaim 4. ; 5.
10. Nutritional additive for animals, characterized in that it%o‘ rises a
HoSEErgaNS SEcdrdifig & ofe BE CRaiMs 6-8 &Rd/6FE T&rfiteratigraso te
oft achost 20@rganisimeaccodding o one af Claims 6-8.cddNutriional claim
aglditive for animals according to one of Claims 9-10, characterized in that

it is in liquid form or in powdered form. 25 12. Feedingstuff, characterized

in that it comprises a nutritional base for animals and a nutritional additive
far-aniniddssaccording isone of Claims®-1h 301BitJsé of alpolypeptidé zed

agcgordingdo €laim 4 ox:0f & hgstarganism acgording to-ong, of (laims.6-8,
f(%r‘é[le manufacture of a nutritional additive for animals or of a

fee ﬁ&?ﬁﬁégg 124"098 of a polypeptide according to Claim 1 or of a host
organism according to one of Claims 6-8, for hydrolysing the

a8 l.-arabingturanasyhbends0f asabinatyranosylicligasacchande acteri zed
q%?ﬁﬁﬂggsit 1s a Penicillium funiculosum strain.

9. Nutritional additive for animals, characterized in

that it comprises a polypeptide according to Claim 1.

10. Nutritional additive for animals, characterized in
that it comprises a host organism according to one of
Claims 6-8 and/or a fermentation broth of a host

organism according to one of Claims 6-8.

11. Nutritional additive for animals according to one
of Claims 9-10, characterized in that it is in liquid

form or in powdered form.

12. Feedingstuff, characterized in that it comprises a
nutritional base for animals and a nutritional additive

for animals according to one of Claims 9-11.

13. Use of a polypeptide according to Claim 1 or of a
host organism according to one of Claims 6-8 for the
manufacture of a nutritional additive for animals or of

a feedingstuff.

14. Use of a polypeptide according to Claim 1 or of a
host organism according to one of Claims 6-8, for
hydrolysing the o-L-arabinofuranosyl bonds of

arabinofuranosyl-oligosaccharide compounds.





