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WO2006/ 117481 PCHFR2606/-00099+—abfB- 2 gene of
Penicilliumfuniculo [ ntion relates to the

abf B-2 gene isolatedmmmuwmmmwmwmilliun1funicu|osun1and

t we20B6B127p6lypeptide 5 encoded by thi scggprfR2688)060997
an a-L-arabi nofuranosidase B activity. Penicillium

funi culosumis a Tal aronyces belonging to the

Aspergi | | eagrbapi b¥neThe ipe@liatinan uef ARiiSu1E%um |

m croor gani sm from numerous organi ¢ substrates which

are subject to aerial or agueous contam nation shows

t irtak tihvenftuegus qlossesses aheanger o2 ol yEbTated from

e nes .qf. a s r.isi.ng richness. _,The of thi .
onevmEe i Bk P Sk o RS e P ER TR Pafupartice
16nthdedepol ywlers zaenen hefvitige avat aurbBlapelganbfuranosidase
sgbst.an and nakes it possible to inprove their
d?geg??ggﬁyfy. WO 99/ 57325 thus describes a

Peni cillium funiculosum strain called |IM 378536 which

Predliees 1auf Xl £o9f o5 @AZY RS Wk R rbsyRak! iIKM@Hddhg to
sujtable as an | feed. 20 However, the enzymatic

c&ERt aifPPT @ by LABENINEI | | TBf f uhFelRB5eMn h&fe this
not cheetghhoehent£ah! ynutdws@st efnged d 0 samgtgaeak which

extent. JIndeed, only a .limted nunber of enz tic
agff%vi?fbe—é?cetsug aasé/r%(?/]r aﬁgse%q%ﬁauf&c@qfcaé‘ﬁigae Ot gShows

géhetal [thiseaduneutison R ddmsder rentadnga bodt hbydrolytic
oBhalned Jhesg agbiyiilssy NAfdgedsOn Yufb f LA 88 Olyig

the enzymatic population present in the cocktai
HERFYBRIFEF ol SRG ohpdbndndert véaeflr siardgriksiiaur eowards

3@heo g1 iR tSesones pehys aehald e Fesef vesabbinces

cel lLul ose in, plant tissues. This group is , L
cﬁﬁf‘iacﬁaéﬁszeﬁ’? BYSEWaide Var ilé‘Pﬁogﬁe eir digestibility.
hwbepopblrggacctians dedesaf ivds cla  Ha@ iptiilndiupl € funiculosum

FERLesantalives ang e, (AL NB05q. 8l Al M%eure of
glucans and mannans. Arabi nose, In 1ts furfural
f 6RAYTRS whdely ¥eppesehtedaahpnguifeble as animal feed.

hebeeopel ysacehar i degz gHghi 8s aRiRans <and proguced by
Penicillium funiculosum have not been biochemically
characterized to any great. extent. Indeed, -only a
limited number of enzymatic activities, such as
xylanases and B-glucanases are generally measured on
the fermentation broths obtained. 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 its

furfural form, is widely represented among the
heteropolysaccharides such as arabinans and
arabinoxylans. Arabinan is a polymer with

arabinofuranose residues linked by a-1-5 bonds and it
Sldues ‘inked Dby a-
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ar abi noxyl ans. Arabinan is a polynmer wth
ar abi nof uranose residues |inked by a-1-5 bonds and it
5 WO2006/ 117481 - 2 - PCT/ FR2006/ 000997 may be

swbsooépiegagath 1 or 2 arabipnase resi dugsratr20d€/ Co@o97
or 0-3 position. P.s regards the arabi noxylans, the

a- L- arabi nof uranosyl residues are |inked to the
pnéay]cbpl %Lﬂaé.tﬂtu(ﬁ/écﬂ)DWﬁ_aHOS_]w ogha@ nabybandsd aeeidubs? at
T sence,_ of arga nose resﬁ1 ues_ on thes

bon heoo e
%% c%alﬁé Can YRR TIER thie IEHZYMSt | V& s
helmecei-ilmaufqblmofnmmmwmﬂs m<esmﬁtmmuanmdﬂtshkiedl to the

h c
N L T
Toerds - JFadi RELEPAASSPde aaldsosan r@@tlduessmrtgyesw thide

xyhanases k@ al f@g\tw@t hydnel ysis, ¢ha @1 &b Bg¥ybags;iand of
g%abl n gf‘ﬁ]a-r e arabi nase activities (endo-,

TS BRY, CERGEHEH naft | yDURREOUs  industrial
Ebppaiabtﬂ@ﬁyranQﬁtHaseaaCtIthbleSknh&ﬁtéﬂﬁ&ffok&_ the

LN Y Rg" sl e Eon L P e L dling ehe
h@ﬂL;@rahinbijUrcnosnﬁeuMdé'he:dremacﬁl | dhol gyherand with
%yiéﬁa%@ﬁpgun%mw g@fﬁf&ﬁ%}gggo o20% Igdfbl%wl%@ and

car rates present nts and
c@ﬁ%?%%%@% a nmajor source of energy for anlnals The
enhancenent of the digestibility of these conpounds

is correlated with fhe decrease_in the degree, of
sUBSt i FTAPUIRDE tHeE1 % BhFhos|ARdRsi duRe° vﬁ?"i‘??%‘flﬁ“h% and,

heredehl nhot V¥ c the canpeaﬁdslﬁBEueenoB;LEasel\/tHcfttmnt,les)
I rboh Res, -101; Q)

e RGPSy e THE o bt RRBR b1 SangRde s oros Lhute,
r‘ei;thlue@@aw%me%ol atoedtheomieﬁalmnemaagannsn@f the

SHéﬁl@élp@Péfﬁtﬁc0rc$mﬁ§@§@§0USTﬂé”“hemf%é*ﬂﬁﬁgﬁ§%§@s and
consi st mainly of a-L- arabi nof uranosi dases

Sp?cil%SFOWﬁPEHdgr qﬁﬂﬁﬁp%ﬁ%ﬁnt up to 50% of the “total

carbohydrates present in plants and they constitute a
major source of energy for animals. 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 béen isolated from
microorganisms such as bacteria or filamentous fungi.
Arabinosidases consist mainly of a-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 a-L-arabinofuranosidases (EC 3.2.1.55) have been

classified into two families of Glycoside Hydrolases
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hydr ol ysi ng t he non-reduci ng a-L-arabi nof uranosyl
resi dues derived from L-arabi noxyl an or conpounds such
35 as arabi nans and arabi nogal act ans. The

ad2@6@Pi i anosi dases (EC33.2. 1.55) havie/si€RIb6/000997
classified into two famlies of dycoside Hydrol ases

W02006/ 117481 - 3 - PCT/ FR2006/ 000997 (GH 51 and GH

5du axTordingH c54 hebkecprat ggn t&ﬁ%ﬂ@@fﬁ ps_r'bmeli@r iddfSence
These. t wo fan1I| dlffer

V|rtue
P HATEy5T or TEREEt 6Y6 Aoy RRCEOR By virtue of
pohysacchapedesicThe flﬁkn:grOHpb$E¥56é) cephabdfedype in

[
L fEARLneLienokpo S Bt PRl WBikaupe v
ohi gégb?e@ﬁémrd@9suih§e§eodmb}gr 8dp cunsi seB §fﬂaﬂ§ipellBlear
ak@bi nof pLanosi dases (Grl_54) \M'lll‘}fké%?t al 88 ¥ furanosyl

hydrol ysis of the a-1,5, a-1,3 and a-1,2 bonds of the
191 59 e PR Fsdednt IRe PP heJAPHBI ST\ IdiGsyPL type B

oét@@ﬁ@@@@@&m@igl@ézg@@undeTBq B amb_lclmof urc@[t%s..ly&ses the
%;% have b en |solg{gg ous b Aéerla n
1901F i PEraha T 15 Bl o S kel AbRRRG, Phetne
|51cﬂd§1e noisd ivg del gortternies@nt ety buthé he}aﬂ‘mmﬁmf)anosyl—

b . Tri chod
P‘gﬁ{]%&?%@?nggh‘gég‘géﬁlggu%gs%r 86/ Ir2|95118 e{/\ga 96/ 06935 and

US 5, 989, 887 describe 20 Aspergillus niger

atgdi of HEQBQﬁbg@a?gng@'ﬂ@ése@ el kePs) ethARle been isolated
M crobi ol ogy, 145, 735-741, 1 ave _descr]bed the

ASHRF gi PHUST ARG Qﬁ%tSHF-B geﬂ?élt 2@1\;@ odiram 1 £ 1 dgentous
9&16)@93|5l TWO 2@@4{1&186826330@3;111%5 289 88¢é da&fsftrj bevidely
As ergillus.ni abi no- furanosj dase es.

EPhebSan Bat R atv e AP e apEeR i dp RRgaa rom the
nggmerabfﬁlphodermatsPéﬁléﬂlludmnandaFuSerﬁhm.P.
funi cul osum ABFB-2 protein. None of 30 the
characteristics essential for the use of the

pEP ypepePEko i n &% PRI/ O&FEH5 t i Rdi s USeSePBBedBiln tdrRaeribe
appbbeat i 00§ . nthkbpchALaBinodlhirafdsiAgEkCgefiegd Chem

45, 2379-2383,

Gielkens et al. {(Microbiology, 145, 735-741, 199%8) 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 seguence 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 use 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 o-L-arabinofuranosidases
derived from Aspergillus terreus having a potential

application in oehology.
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35 1997) have described three a-L-arabinofuranosi dases
derived from Aspergillus terreus having a potentia
application in oenology. WX006/117481 - 4 -

R@Z 0067 HD997 The Aspergi -l us kanwaEd?/=RED06/000997
Aspergillus awanori abfB genes have been descri bed by
Koseki et al. (J. of Bioscience and Bi oengi neeri ng,

\VBhe @6pelgillus23Raddhii 2008) Aéﬁmfgﬁhhzynawamavé abfB

SELLE=UI M ok hogclLeCHt ol oA g Joganeses

fRieRGL ¢ e hodér Fuoccngeserrhay, b&ded -d@cr iNsed Dy 232-241,

Mg @9 | es1¢lark efenazgmesﬁpwak;%d apgdy EnubEopAENt 8l 1 the

M crobi ol ogy, 3840-3 10 1996) Panagi ot ou et a
hiaRA S &3 83 (P b t YRPRREPECEl HpHr Shochu. |
al pha- L- ar abi nof uranosi dases derived from Fusari um

Ca J M 003: 49(1 639-4
e BB A, TripEo e T - ybgbaou Linferna
haaesdssdnmbebeehe &EactibedbunofMaagoiﬂ@aselbm&n1et al.
Peni t
aF§§§%%%%””5§?2Sﬁégg?ﬁﬁﬁhPﬁgﬁpp@gﬁﬁkﬁ?%iﬁﬁﬁ%%zn%8%P;ﬁP46
pkd¥eln is 51.20 identical to the P. funicul osum

ABFB-2- protein. None of the characteristics essentia
for the use of the polypeptide in animal nutrition is

FRRRIIIRECU | Rt t Aits RAVPCPeSo25lesaaheo tato gxtyaqmd ular
L&Ipﬁif%ﬁﬁibbﬂﬁﬁﬁﬁiﬁnoQD@%%ebavedeﬁ£§§d|beﬂkéﬁe Fusarium
enicilliu r enum abnx n
rebufrErls LR SRR ER N OPE; APLEMMETS297 4hr e
ABFB act|V|ty. 30 However, these ABFB enzymes do not
hayeyd e, opld bii eﬁersequ'fcfﬂ 81, aBRELA3Y! Oy 003)
In I za

in ani ma eed, to be uti e i n ani
fleage tﬁ@SABF:B§drms"{he po%segstaéQ@@ppéyré@@ﬁa@amee from

V\Pélhl&.h.@l.tlﬁlﬁat rrpmztr@utr@g%%ww ch the fegdbrRashuf f Ssequence
ended or.t eed e s%%jected In particul ar,
STy 1B ERESan pHes | THe  P. purprogenum " dbf-1

proteln 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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used nust be stabl e under the process tenperature and

pH conditions, and, if possible, be optimumin the

WO2006/ 117481 - 5 - PCT/ FR2006/ 000997 preparati on of

tweeseo 6 aerfiqgpst uf f s and undep the condiHdTVFR28U6/000997

exi st in the digestive systemof the aninmals

i ngesting these feedingstuffs. 5 Furthernore, these

qn&mmxauamﬂ hate ahbseadﬁﬁnﬁnngﬂnuiﬂsacahdn under the
CE%CJHQ%hQEht *é‘%‘u*éect efergh %%a.c!e system of the

ara I nans, arabi noxyl'ans and ara |noga acta S

aamwhques/@r@hm%@mﬁﬂe@in%@uﬁf@est| bility of

the feedingstuffs by the animals. This. enhancenent of

the 10 digestibjlity of the feedingstuffs pmakes it

;ﬁﬁ%ﬁ%ﬁ%@QQ?'|ﬁ€?é§s@9ﬂ¥9%5 _Mugt Feficorfal PYaRge Spectrum

A&%Ofad:ltﬁginy fﬁabtraﬁ&h)iﬁ@i?t hay | r@l&?nmt ;ﬁﬂ%afdthdatxsﬁdes
er.eospeci fic ntiose i vi i Vi
T T owar A5 CPRBOSHARIFar &ibst FARELhaRRbRRbRYFINS t0
amﬂawaﬁﬁfewgu@weenhandémgmeabflnherés@e@$lanuﬁaw of the
fﬁ&% éﬁ%&él éﬁg(%ﬁa$gg£0|%%f¥3é$ﬁéncement of the
uranosy bonds 'S absol ut necessary
b@f%%@emdlxw @%p@h?nﬁﬁﬁ@éﬂggﬁ’plﬁéﬁ rrr@Ik@@ullé:s esctikdse to

cehd b ose. dihei 20 fupgatisgbhul ghytieC enzH®Yingly, the
(cellulases) possess in_ general an fCDB donain

(FEHGAFS (YpeL el PONGRESE: RBFRG 1M n)e S P RAHY Gty

P 1RO Gt e ¢ 01 €1 £ 1) Ihb&tldamqlw&enaﬁﬂunntfﬁtowards the
cel | ul

e, e ore tion_descrihe
B TETT | GHE2FEAER AR e Hof B ancbl taguns are of
(GEE@&:@nERm¢$bI@S doimappféedti on in animal nutrition
and the gene encoding this enzyne. The invention also
relates to the honol ogues, variants and fragments of
ABFB-aZidirtdsay.vi hgfoze thedsakeséngal $¢ ¢ gradperafugnosyl
Aﬁb&@cﬂé pgeaus! yis t habABEBrengy Mt st ¥y Ngbk@okBBand  to

SRR LEY S Sack 66 o0 BILPLIPL, 9L 200

Athwiagd A geneislyl o Inel ABFB: 2mesny y ne- glds sksses) a pasggds in

general an fCDB domain (fungal type cellulose-binding

he

domain) which plays a predominant role in this

depolymerization of cellulose.

The present invention describes a Penicillium
funiculosum L-arabinofuranosidase B (ABFB-2) suitable
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 (fCBD). This type . of

domain has been described in other enzymes but had
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type cel lul ose-binding domain (fCBD) This type of

domai n has been described in other enzynes but had

WO2006/ 117481 - 6 - PCT/ FR2006/ 000997 never been

dexxo0eexii 481 a fungal arabi gofur anosi daser/FRI006¥000997

been possible to experinentally verify the

functionality of this cellul ose-binding domain of the

Renrex | beam Heasicetbesiuh ABFRB- Z vezy ne ralhen gpnesancel dise.
hi i ndi ommi:n.- ncr.ease : I Y f_th

FeyiETorits SR R Sntiin T R der  che

possitblana bl enhaficehie dedladasicobiolfinge dompimblé the

CEh) Mk OBE; A O £TRYS L 1 BY ! e Of 4t atahybi ¢ resence of

properties_and its afrinity for cellulose, the

Pehi i IMMAATGN SMosumingreeoes s Eher efbfinity of the

P Ayreal| Edy Suist abliesterteapphticatbabedscani fBlimdiesd it
in partjicular. 15 However, %he eHZﬁnes a%§org|ng,to

(RS IRENL F6n FHRY havd ot ABPTRAALLOR f1f of e insoluble
aggldiuichest ri al applications. There may be nentioned

in particular the treatnment of fruit juices, the

manuf act ure of paper, the conversion of
Hem el bul oryrieebicdmassst ccdurlyorccliemwirsalt iz and its

Roducts, the prepanatdan ofial cohohi & 011 BKS AYni culosum
fernmentation. Description of the sequences 25 SEQ ID
NPFRT2 Genb¥i ¢ 5BBHLBAREESOf PRE tREMILGHLY] umsuitable  for

fah cid Osibh abé Bar?igeneseSEQh Doblor i du1Sequence of the
Penicilliumfunicul osum ABFB-2 pol ypepti de havi ng

type B a-L- arabi nofuranosi dase activity. 30 SEQ ID
Ntowe3re CBEheonmam nyroés t laecleendicid | tomtHauniioukastion also

-2 I : _domai n : Xi f  t.he
AELE PprEE@ (hdWer fia O RE Ragho BB & dof figd s
domiih BaYt e Pesn el onednmin3Pauimi el asuihey amempment of
esheT S fui SEQ, | Phbo mafiu B 608t npabet-he tRaniddJd R on

of hemicellulolytic biomass to fuel or chemical
products, the ©preparation of alcoholic drinks by

fermentation.

Description of the segquences

SEQ ID No. 1l: 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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funi cul osum endo- | , 4- D- xyl anase. WX006/ 117481 - 7 -

PCT/ FR2006/ 000997 SEQ ID No. 7: fCBD donmain of the
Penicillium funicul osum xyl anase cel | obi ohydr ol ase.

Sie2 bBs Ne1 7381 Xbal - abf B-2 PCR pri mer. %‘i‘&)ﬁi\&hsﬁooogm
HindlI'l-abfB-2 PCR primer. 5 Description of the

i nvention The present invention relates to a

P@F?peptmde 7 €ONPCRBBI tngdcaarﬁ)@iry|0<;|otoifd|e Chﬁté_eg fzb?mséé%ﬁlium
L a eptide O
Igyﬂggﬁggsumtﬁ§9ﬁ%gﬁge%?iigbﬁﬁ%¥§r§ga%gnge i s between

peERt IDNN@8 andXpad+&bHR-200CHf pBSEQRerD No. 2, - a

f the p f 2 15 having
a%ﬁgfﬁ—aﬁgbrﬁof%?ﬁ%%gﬁdéégngaEEES%%Ehg? a pol ypeptide
havi ng an a-L-ar abi nof ur anosi dase B activity and
e¥8s8LibEsoRl of C8RE BRPeh€eBhI Ly W th the pol ypeptide

of SEQ TD NO. 2. 20 The rnvention also relates to a
pol ynucl eoti de, encodi ng an a-L-arabi nofuranosi dase B

aghé Vi tp'ﬂ:esié}ﬁﬁenlnfféﬁﬁhbhe fetloneng R ynucl el \ASSHtide

. I bet
SUTEF DRL8E And bR Cria e 70 GTREG T T A, foklawing

thbelpoéypniudesoti de whose sequence i s. betmeen position

349 and t
polynuclggﬁ%d%89¥%ééglgéa§go éeg? ﬂg atcordlng to
d aim 1. BbeAn@Pﬁepe§ubF@%t Wh0$®e pe@gence| nient ilgtween -

is a D0|%§§9£EQ£I§§ Qﬁalﬁgs&eeoﬁe@y@nse sﬁereeeﬁgedz
by SEQ or the sequence conplenmentary to SE

ID No. 1.8 'ﬁ’fé‘gm%ntcf%n L s ®XrlePePéd Seo %@(p?é@sﬁ% No. 2

casset t eshad3bngoapr uSLngrabmnblﬁarehbeQBaee gf activi ty,

transcrlptlon r.onpt er. _t hat |s func i n

host organpg%yp tgdew%av1ng an -ara 1no uran051dase
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 polynucleotidés:
- 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.

Another subject of the present invention 1is 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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WO2006/ 117481 - 8 - PCT/ FR2006/ 000997 - a
pol ynucl eoti de according to the invention; and - a
term nator sequence that is functional in the sane

h@skookganhagh S5 Another subject of the pbanepRbep I6609997
vector conprising a polynucleotide according to the

i nvention and/or an . expression cassette according

to the-i n&enpbwnuémeabedienvmcﬁ@@i@%; S&d elcatesihPetion;
host organism transfornmed with a pol ynucl eoti de

accordi ng®'G the invention, an expression cassette

accor di-ngat aetdmd naitioee rddqrerared/iata Mecfaficetewadi g the

to the in ion. .15 1n_qgne enbodi ment of the
invention%gﬁﬁegﬁggf%gpggﬁggh1 is chosen fromyeasts

and. filamentous fungi. Preferably, the host organi sm

[ i G b=l iUl t L ai in [.op.
e FEPL LR S SREIR I, 2Oy 2ELINERk 0ins
cBMA BITHE e Poldpeperasdangortd nghe olnNentipremnidipr an

achestseh ganicadsaceer Gicke i@ nhe d RHaNtinRn tQlord
fernmentation broth of a host organi smaccording to 25

the invention. Preferably, this nutritional additive
I Shien |imgeétiat m adrsd n pevdeeed foar m a30 At hebrganism

a e invention_is. a feedingstuff cqnprisjing
SR eFbrBroe KEEE" 5 "ahivErsTERE SR harrfiRg) T80 e
adgiventéohior ani nekprassordi ngassethe &anventiing. 86 the

ThevieRYeRhi ARE2LS0 of &Rl R IR USe tof ﬁggt%ntion.

pol ypepti de according to the invention or a
organi sm according to the invention for the

nmaAufad UesbMPAREt 1bE48&he OnveRETHTR2@GE/ GRORD70r§hnism

a.nutritional additi%e for %ninals or of . a .
f &84 §§F&f rom yeasts and Iilamentous fungi.

Preferably, the host organism 1is a Penicillium

funiculosum strain.

The invention also relates to a nutritional additive
for animals, comprising a polypeptide accordihg 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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Anot her subject of the invention is the use of an ABFB
5 pol ypeptide according to the invention or of a host
organi smaccording to the invention for hydrol ysing
twez 0 @6 Lr BT 4l nof ur anosyl bopds of ar abipref AFFERR%Y1000997
ol i gosacchari de conpounds. 10 Pol ypepti des The present
invention therefore relates to ABFB pol ypeptides
ha&ing anudrli-tarcasilnof adl@hnosveaséoB aatimdllsy. or of a
5géﬁé§§éhf¢hese pol ypepti des are isolated from
eni cI ITTumTuni cul osum 15 The expression
"a- L-ar abi nof uranosi dase B" is understood to nean
@EméHéP'QQﬁyééﬂoéfdéﬁﬁﬁ1d§@563é%]-§5Ehéygge o%Gﬁ S4)sFB
mhlch catal yse the _ hydrolysis of a-1,5, a-1,3
PAL P IRIRE o ve Hirte 0O ctﬁsﬁnéné@ﬁttapﬁedoxnof “ host
b PRI 2EOSYH 1 8 | QQSaﬁéhahkzéﬁtl@)ﬁn”&@lﬁdﬁ/drgl%51ng the
pol ypept.i des_of the pres n nvent n are ult%b
b= ﬁgé?%P%ﬁH?ﬁﬁo riti %5 THE" exp gipruranosyl-
f¢&ﬂg¢ﬁﬁﬂchﬁrfﬂmtemmﬁbﬁmmsuse in animal nutrition” is
understood to nean a pol ypepti de whose
characteristics are such that it is suitable for
e pertides ti on. The characteristics essential. for

Usige | Np3@sankmal s Mt d £4,0n 2L rbRoRarti il &led hecpH Aprs
and t he tenperature at which the enzyne 1s active.

PRIEES pH RAVIME didfest iV SABRUTIHOHRafkg s B
iéctaﬁj'ﬂty: apge ficralbd yt, hetieé o& e rreisgiddaladdasréh@ solated

rema ff ac% ve ai this pH this being in order
%Pe§%?V%l B85 AR FUT Yy n the hydrol ysis of the
L arabi nose residues. In addition, conditioning the

eRZYNE i 'gﬁp Jutrd tional, Lagggymgf%&a&ﬁtsaﬁgsan' ml. g

feed invotves treatments an tenperature greater
tHRRErYHRd enper BPur e. TRENWR 006 LAk incrranosidases

PGI¢ FRZQOE/@@D%EP/p@ctlyltngf suhe epzydmes Hsed1yPyst the
th%ﬁefore be %ta , a-1,3 and o0-1,2 bonds of the side

rolysis o
chains contained 1in arabinofuranosyl-oligosaccharide

compounds .

The polypeptides of the present invention are suitable

for use in animal nutrition.

The expression “polypeptide suitabie for use in animal
nutrition” is understood to mean a polypeptide whose
characteristics are such that it is suitable for animal
nutrition. The characteristics essential for use in
animal nutrition are in particular the pH and the
temperature at which the enzyme is active. Indeed, the
pPH 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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under the process conditions, and in particular t he
tenperature conditions. 5 According to one enbodi nent
of the present invention, the polypeptide exhibits an

andb2@06pLIPigLanosi dase actiypty at an agifliErPbe/@60997
exanple less .than 4.5, preferably |l ess than 4.

Al so, according to one enbodi nent of the present

imemfiap ole:Heheelﬁ?@_\!/Mégphis@@ el i tﬁeaaf@@bi wstable
ar ahi.nof ur anosi dase §Ct|V|ty betﬁge pH 1. Tar e

u%deﬁcc3Fﬂ| RGOESSE pratat Fed 8nbddt oPaFﬁécu

pteseatatibei cveditbonst he pol ypepti de exhibits an

a- L-arabi no- furanosi dase activity at tenperatures
greater than room tenperature. Preferably, the
paEgpEdinge tof ere prisdimentnvant Fba Massemtopttvnemtion,

arhes ar abi nof ur ?&Wd@ct ivity at .antenperature of .
2

bet ween 30C an 0 nore preferably between 40C
- GOEAD THeL BE ERQP ABRABT AFAABSFHaskE BaBf atdic PH, for
Pemxaplél us s uth&n! assm Sfof@f@ré}M}'Wa%%@ iShan 4. Also,

ted | . 2 f
(EBLERanhe] o B LRoeMonehe 25! Bn LBl fhvencion,
|nhent|on aoéygbpt@dylated.e?hakpmkypeptldﬂ1of SEEp ¢ DBnum
2 . N gl { t
P12 PEBSASEES 05 PRELL LB, IO SO 100 158! S

pteberred embodi ment, the asparagin residues at
position 123 and 127 of the pol ypeptide of SEQ I D No.

are glécoeélated The a-L-arabi_nofuranosi dase B of
P%‘Fl?%ﬁl B 5 F uRFEHSEEGY | S™RRdeASfre SEcr BR@d BReSent
thevénngos, i ntlee i pelexépacad| ubanieiys r careni-1 deabino-

pel ypepti de_ of D 2 thus conprises a si.gna
ept RAREL%5S sl vt Phs Corkb aan St han oo
| peeperanurs. aPsefEhebthuteéW@amy®Ebtmﬂ§Lor]ﬂhe present

B@JéEB?:QHG/ 0R9997 4 pol yc&ﬁpfrﬁ\gﬁ ok &l ned 13t & uranosidase

cl eaV|ng t he signal peptid
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 o-L-arabinofuranosidase B of Penicillium
funiculosum is 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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In particular, the invention relates to the

pol ypepti de whose sequence i s between position 28 and

position 400 of SEQ ID No. 2. In another enbodi nent,

the260gnat7pspepti de of the pol ypepti de mér 52 dd5 N9o0997

2 may be replaced by a heterol ogous signal peptide

for the expression and the secretion of the

pod ¥peebt tlée 0bbBE hetiDalliaer? dyaarihet ertad agoytsa hoséptide.

organis 10_The _jinvention.al sq relates to.ra nts . .

ot RET TBERYBBpt TG of SEQITD NG v ih o [beptide

avabsaofberarosedase B tantevi pygsiThent @Bmahir agreeint'orpf 400
ol pti~dendensot es p ' risi,ng a

o L e T he. om0 DA DRl | FhBh £ional

| BeEEIH9 et THES npeAyPeRtidRusOFel BER@s T ¥o. 2 may be

PeLyPEREH depG OnPr i18d Ar31 6§808ENE 1 §hal atpbseste 100or  the
200 or 300 am no acids of the polypeptide of SEQ ID
hB?PE?SﬁbO%hﬁgng_ CTHRLIR PoI YPEPPCIYPEPIES 195 SEQ
NOD Ro. peelsgraeletéBodofoasahbsaf branassflase activity.
The invention therefore relates to the biologically
active fragnents of the pol ypeptide of SEQ I D No. 2.
THeet erimves t'ipinol ot 2@l | yedettiese fragnénatmdenet esfa the
f a lyp I derpresgLvifng t cti of , . _
t gggggétg%?ide?gfroﬁgghic%ﬁltsﬁé'dgrivgﬁvi#ﬁe & _ a-b
b?é?ggPé Fryrastfaee BragheNisYof the pol ypeptide of
SEQ .ID No. 2 thus preserve the function of the
Peni cil | ium fupni cul osum 30 ABFB- 2 | ypepti.de. These
bfg?ogﬁfﬁp\y actieeER agn@nt s ahaﬁgggﬁgpglde denotes a
aptigpapt hdé uranast daisey Baacpbyiktiyn Pref emald yrhet hentire
ts or di. o.the_inventi p ess_a :
égggﬁﬁ%éggggnd?%%&dg%ﬁ%%; rh a}%re é??ga'engggin%% ?ntlon
t heugelrklbhbse Wiondi rige e hidascomersegunenee fragment of
dgecikhgd 350l N286QkDING. Hirdd &fard@blys 4heSsSo1ypeptide
fragnents_exhibit an optiml a-L-arabinofuranosidase
a%?i§?@yIBtNBH 2:6. WO2006/ 117481 - 12 -
PCT/ FR2006/ 000997 The nethods for preparing fragnments

o%hfspok¥g§£é£ge of the polypeptide of SEQ ID No. 2
preserves 1its oa-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 it is 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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and the techni ques for neasuring the a-L-
ar abi nof uranosi dase B activity are well known to a
person skilled in the art. 5 The subject of the

| RE20bEPN1 7888l SO pol ypeptides _having a1lﬂc'r/FRzoos/000997
L- ar abi nof ur anosi dase B acti vi ty and exhibiting at

| east 900 identity with the pol ypeptide of SEQ ID No.

2Th8r efeairaldsy, fbhese-andvipept irdagmbave 19ct ke ﬁ@fﬂﬁpeptlde
operties and in articular. the sane cataly %
l3gert| as the ‘gbﬂ}fnﬁptl F& of %%‘?fllnf)m% he  o-L-

Pae&bmabfyranheséapel yBepstcttdﬁslta,r e drsol atedd fKOABWN to a
%?ﬁgogt %Ql{ffegf ;Pep {Pgl LLEum funi cul osum or from
|

anentous fungi. "Alternatively, these
pol ypepti des 15 nay be obtai ned by site-directed

myﬁége@@@%éc&ecaﬁl augs [egxaHR! e T%%&blge&f%?éptldes

the invention is pol ])épeptl des havi ng at eas
9BBViDG0, IB~ MR HRRIRPERTFNAEifRESt 9B0 oRCTIOL G noand

aékﬂﬁbih@hgﬁb& | Dend ¢ C@bgwﬁiétﬁtrhazl}po‘lﬂ@ﬁptﬂh@g 1y ig
ex eSSIO | Ca am no ciras 1I,s
RGBTy & U AR e aﬁ@sorhave

unhhangame ZaybgﬁmeeneimoaadquanceSpaFBEeelar the same
p pLi de it et| an.a |t|o 0

sgéggiﬁﬂi%?o?%&%’%ﬂégsta%ngﬁ a no lpé:lcgr?pa \%\F@h D
tNe- pdl ypepterdabdl . SEQePE nﬂdypzpt@@e'ﬁheimjkﬁjwatcﬁd from

tB’é‘héPV%rﬂ‘erﬁs' sl 5on pot IPP&E' Qﬁﬁlcswgtﬂnt '0@9 fa}om other
gast 900, 950, 980 and gre er ab [ east 990
S

M PEPPEGURI t FRBie- poty %@%é\f% ysecykp@ﬁewolzyp%tldes
Theyexpr ebshofesi byl afiiter disd81dey shoeddred®anddigni ques
nMeasurenent of the resenbl ance between proteic or
nuct eFc S8qtiences. These pol ypepti des may exhibit a
del etion, an addition or a substitution of at | east

O@Ee\ﬂ@%%é/c%l%@lthe 1§nve Q&ER%QO@ Qg%%%%ld%@ AL at
conpar ed”w t po ypept id
least 80% 90%, 95%, 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 1ID
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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No. 2. The degree of simlarity between two sequences,
guantified by a score, is based on the percentage
sequence identity and/or sequence-preserving 5
swbabbbytingass Methods for_nggsuring andptdgphbb¥bndo0997
the degree of identity and the degree of simlarity

bet ween pol ypepti des are known to persons skilled in

theiabt . ad£ﬁ|tcdﬁpdﬁ§@ibh&k£0thée é@lyﬁéﬁﬂD&%jVﬂptFEQ D
al i gn nXx ustal W
N&80r|th (é%ﬁ???oa Ngéﬁ%ﬁ; %etwé% éwo Sequences,

hQUpntAﬁmmdlnbytr@gen:@xm@ isPr éfeaveabl yn t heedepantentage
s are 5 The l,ypeptid dj .
PRGBEbEEr on SHsECiedy ea Ba BBrT | carRghlbnuPestiving
nﬁﬂbﬁéﬂtéﬁvpﬂénnent The pol ypepti des may be prepared
by nmeans of various nethods. These nethods are in
partijcul ar_purification fromnatural sources such as
cgreFBOﬁét uf ¥ | PP ngngo theRElpYIYPeptitiesiedtre of
pradtetton o&ndecottd nartegri ypeyd i desmby a2BRiOPr bétReen

host cel l's .and t hei sub equent urlf

PPBAYBEPGRABY clfd EaP T ob R HEB SR =K hhFfy 17 the art.
cérbiipapioss idfl & rteselsmrﬁmsexapml®a‘¢daesormése9 1.0, the
v th dugti | . kno
e T e e
poypéptraes of twqm@%m i n&é‘ﬁpféhwwavllb'éltr@,@@at egm) .
f pemrReAbel, | ikue farbeul-opHPamdt 2RO sabodi ment

t he ABFB pol ypeptides of the present invention are

i sol ated from reconbi nant host organi sns 30 expressing
amhABF&qmygqpﬂﬂdag aeeabdinggt o tde thavemﬂvuhtﬂ&m are
subj f the t ne i s_also fusi ion teins
rgggrr%%ﬁgnté tuerlns 6:? AP Rer Tes bt of i Hga on%’f‘YjsW\ ent.
SEhEhquiQfmIetp;thesmaycdmjl ngeperefe hnveasnen.ofThearious
t gehongl ypept ddepoahsasdenat e§nmi5§1f’dl%l@'10t hPSE 888 1 on
p%I ypepti des.. WO2006/ 117481 - 14 - 000. 997
ThECFoPFHEPBILd L HESS RUTS 135 tch%ljp? e%%wrfrl H/Eé ne¥PRessing

these polypeptides, the production of recombinant

polypeptides by appropriate host cells and their
subsequent purification, production by chemical
synthesis or, finally, a combination of these various
approaches. These various methods of production are
well known to persons skilled 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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have an ABFB activity. Preferably, the polypeptides
according to the invention possess a cell ul ose-bi ndi ng
domain. In a preferred enbodi nent, the cellulose 5
bwozio mg/ DDME8 D has t he sequenge-descri beetT /FB3HP6 H00997
No. 3. Preferably, the polypeptides exhibit an

opti mal a-L-arabinofuranosi dase B activity at pH 2.6.
Prie¢ erablypeptheigmo| yoeptriddesy exlol bitheanpnesémal invention

3 @rg$£ot5§@anggkgeﬁﬁ B a%&g¥'%xb§§é Jigolypeptldes

Pol ynu he invention a
Pt §Pdiedt Feedhenciouieniam Qoﬁsasablandfétﬂrlarﬂmejﬂsm@ng

agdhyity. Pheferablyerethese pRbYAYRLERL T d8$,LNCA0E & ose

Pen|C|II|un1fun|cqusun1 15 a- L- ar abi nof ur anosi dase B.
AR A gPBA ReldF e EBAt SERVERCIS NS SOFe bekpri@s Esh ID No.

"Pol ymuiet @odth e, Iﬁu@n@%ﬁjﬁ@ﬁti@egeaékﬁlﬁi@@& optimal
str nded nuc Its cogﬁlenentary DNA or

A 2P AR ur%?oi?éﬁﬁﬁleogtraﬁ&é& G¢l eofitde &hin2-6-
vaeﬁermmyybe(ﬁhdhepDGUMagumdauy exhgenem caNA optimal

t&pﬁ_ar£%f£8fep%go%%&giﬁw#yggehs9£9d5§ ghothe

i nvention are o , in‘particura
doubl e- stranded DNA. The tern1"po|ynuc|eot|de" al so

d@@p&@@ciggtﬂ@ggfled 25 pol ynucl eoti des. The
the present invention are _isolated

polynuct eoti des of .
cﬁh%uFPVﬁgalPPoﬁ%ﬁ%ﬂ?e%ﬁﬁ%ﬁaFoeﬁﬂ%Mﬂ%%%%Qtldes encoding
Piref e uahl—ﬁ,rabhaoﬁﬂtrﬁﬁlcb@l@@ts& esB of athevp IT:?S entpr¥erably,

ventign, e ared conventi.on nol e
oS5y P e Rt g el BB S A R R i i dhinq Culosun
(Wbl ezudbrncfondimgsidasabBr at ory Manual , 1989) or by
chem cal synthesis. 35 In a first enbodi nent, the

invention relates to the polynucleotide mhose
szé%ﬁfé?ﬁ%@?gs et ieeh pustisen 268Venindeposithieon exrtession

EolphiNeledeiddt s pel Yoy WRH064AAA48Y - kFgle-
Aég%?ggqg6/009991 ency des t he Pen|C|II|fn1fun|cqusum
de aln 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 is between position 268
and position 1470 of SEQ ID No. 1. This polynucleotide
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SEQ ID No. 2. In a second enbodi nent, the invention
relates to the 5 polynucl eotide whose sequence is
bet ween position 349 and position 1470 of SEQ I D No.
lwoZbos/potysucl eoti de encodes-the Penimdit}ir006/000997
funi cul osum mat ure ABFB-2 pol ypepti de after cl eavage
of the signal peptide. 10 The invention also rel ates
tenpodigtauctlma)t Peed chidviing afunieasdsufl QBFE-0, eB8@yfle of
8§E§ ]? 50, 98 0 and preferably at |east 990

tity Wth'the pol ynucl eoti de whose sequence is
bet ween position 268 and position 1470 of SEQ ID No.
lrand/ o cl id 5 e.is
oBvcen Do i Of 540 Shd postt 1 of T470°0 TR D e e
1Po¥yedel ot yAac MBS desc@neREe af doeatween position 349

asaki @@E%aaﬁsu%@e &* a@ﬁ@ vmbyNoPr ef. eﬁ@ﬁlsv pdNB8E1eotide
pol %PHCI eot hges encode eni CI ['1iumfuni cuI osum a- L-

arabPHGPur &nGsi e B 1 helBRPFBLSFBA | 6HE&Eal ABFB-2
noclepeptedei sf uadeecstaodgtoofmens sUGhedt bdpsithat

are invariant or unchanged between two seguences.

These pol ynucl eotides may exhibit a deletion, an

atdet invenkiansabsti refliegesoftcapadfnhedstotdmes having at

nyel gpt dg compar ethav tdsd hegpef epgaceqgs ,n 9 preferably
pol ynucl eoti dé. 'The i'nvent’i on alsorélates to

p®FyMiR3 ot Pdés 1eRPFBFYi iy Et |t@35tpqmucrgooldgo whose
85e@ue19@e0,15953&we9§1 OposOtabd pref erabl ﬁfo@lth@ﬁsﬁéﬁ%o of

oPe ok pof i b D88 SR R 1R “‘""“ra?el%-E%% Ngrhose

1saqdéncevmltsh Hdtmeerpopgmutient 3de v&htﬁsepseﬂueme 1I4S’O of
b on | 1 7 of S I D
§ﬂ?ﬁese ]1 %@l Sot i gegyén%g ?1{ Q Qe
aatahitagfﬁé@@@%h@%‘ﬁﬁas@ B a@@thltwy Ppe¢Eenbbly . t heseese
p@bwﬂﬁb@@btﬂ@ése@m@ a Pesd;Lid 1 umf UE‘hH%Q?LBEhm o-L-

ar abinof ur anposi dase B. a ~ WO2006/ 117481 - -
P%ﬁ???&%%}f%%@@ ase 5.

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 1least 99% similarity 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
and position 1470 of SEQ ID No. 1. These
polynucleotides encode an a-L-arabinofuranosidase B
activity. Preferably, these polynucleotides encode a

Penicillium funiculosum a-L-arabinofuranosidase B.
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The expression simlarity is understood to nean the
measur enent of the resenbl ance between protein or
nucl ei ¢ sequences. These pol ynucl eoti des may exhibit a
debeboeniiaasgaddi ti on or a_sybstltutlon PETARY666) 000997
one 5 nucl eotide conpared with the reference
pol ynucl eoti de. The degree of simlarity between two .
Sefeensesy e s St isfjjnfi_(lé—b:ﬁt@/ seer gtind'iérb%gg b thean the
ercentage_, sequen identity .and/ or _
SBGtenceT BPBS eryl ng s uBSEITIN OIS 1P Tt RS OF
neasleing seatendenst.i fThewe t heldegekeool debdentlyi taxtantic a
the.degoee gh SlBllabh! ¥, DSBS MG SIS S 1east one
sequences are wel nown to gersons sKilled in the '
afpclpptidepessitsired oviide top eefgyiancrecrolydNi¢ldstide.
Vegkor MHre? 1. 95 anidliighnent Preghape AlINXsequences,
(CIusté%E%Valgorithn) (I'nvi trogen | NFORMAX, % quences
hEERRF ARG NRY t rdgeif sy Preef BRSESY, ORhetlef srgxcentage
paeguehees arei@seditg0 Prededpbty, th€equence-preserving
pgl ngc%e tides exhibiting a degree of simlarity

Pﬁsal %?%P%hce pol ynucl eoti de preserve the function
of the reference sequence. In the present casg, thg

n Ld e a-l-- ar Ir anosi dase

e ey s The i ars, S ay i M BEGRee o
pefghtgFeotndestkapapseecofofses ébi Leel §yhystiwgiezi mucleic
Wathqt BeghehyBycheat ivde 1 WheSSe SROYRNCE S DBIVRED iy the
position 268 and pgsition 1470 of SEQ ID No. 1 and?or
mﬁfﬁ'thﬁtpdﬁynﬁ8ﬁé6§#&e 89 WkRe ¥quefeErile pBedker NTi
puettbpn MW andl posi t izan 114%Qn_g1fenSEQ bPobamte dAlian
Pr [ , the selectiv ybridization is carrje
oé?iﬁﬁggiycon itioﬁgggfl%gggrage VYRS ang INFORMAX,
phefer Abvywuhdei trogent foms . of Prefghrattky ngenby. TheSeilt
ppLypHet epti des gheqgde an a-L 35 arabi nof uranosi dase B
activity. Preferably, these polynucl eotides encode a
Penicillium funicul osum a-L-

Preferably, the polynucleotides exhibiting a degree of

similarity with a reference polynucleotide preserve the
function of the reference seduence. In the present
case, the polynucleotides encode an o-L-
arabinofuranosidase B activity.

The invention also relates to polynucleotides capable
of selectively hybridizing with the polynucleotide
whose sequence is 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 1ID No. 1. Preferably, the selective
hybridization 1is carried out wunder conditions of
average stringency and preferably under cbnditions 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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ar abi nof ur anosi dase B. ., WO2006/117481 - 17 -
PCT/ FR2006/ 000997 The expressi on "sequence capabl e of
sel ectively hybridizing" is understood to nean,
awopodény1lrTesLhe invention,1the sequencesr ¥RIGD6/000997
hybridize with the reference sequence at a |evel
significantly above the 5 background noi se. The |evel
ofhéhe esimgred s gemer dtsedrumncd he cepbéilact | 0fi bedalesrtively
Ao EaLenag © 300 OLRA0or88LOHd YRRk MAMALN 208 the
eren e sequences IS enera
p%@?@@éb@? 109h@| meeanene eisnt eﬁns@h t Hmbmhiatzeof witdr the
| ptecashion sk *e@l%eotil@raD%\ﬁaqugn §§f19a19€i‘§f%'o% the

t he background noi se. Stringent % di zat1 on
chagkererRdarrdfeng 6 @Sk Chybrrdisigtiedn werenpdigd by

_kﬁlQ&m tlelt@&ra&cmss:rsklbéadeéﬂ t ke arseqhéng@enecabantibe of

h zat and shi ng erature is at |east 5C
ARl R e s s e e s Bk nc B eattRo oo cnoes is
ggmear@l-ﬂgndOf otrlmegj vpnefemablyst]r(m]gthmegyrnboral |Mtense
y [ ratyre 1§ for a
?/ﬂug éegtlg E}gﬁ%@ ﬁ#ogluc |edeO§§1and ISee snees
6@®¢é@tan@ol ynlﬁélleeotl dféa@kgrmm@ thaFilOB@enucI eddtidgsgent

ByyMayq 0faexaapl e, EB%dZQ:LBﬁ%“ di zaji 14 1irRy Carr '@l&%lve
in the foll ow ng buffer: SSC,. 50 mM Tri s- HC

(p
7RByT 141 RRF EPFFAS TS, mlp\}ﬁwwm B2OPREEBRF, S@flééﬁdBSR the
5@ﬁtg/ mIrFengbnéedlSw Nt sngmmla\ll&aﬁ% \/\/aéﬂdinQSﬂa?élelng
r e carrie gaessively a
SPrrREERRyTe o ¥ L eE Iass® 1000 5% Lty Yy Tephgeshe
stefagency spqaefctx a8SE @iven SIS ahdf fFor an@la;terhug@tmc
SLELOASHRY 'M@albs, SSEhe OBz P! coffiBrature s

hybridf zation cour se out cording

t%toti‘a@@séustf’gnﬁryf@ﬁthédsRiVéMnW@m—ltd@ pdr sdids to 50

sﬁm&:hedtmeghan@r taf SBEabti et | £aik ag ek ed@igle of
ecul a d oni Laborgtory Manu 1989).

F;P%jfﬁr a% p%??ﬁ%%'fje%‘?? des"Sel B v%fy example, the
hlyiabrﬂdzzaglom tils acaefss@noatpdlynukéedbildewing buffer:

PECSesd Ngot fft TN R (pH 7.5), 1 mM EDTA, 0.02% PV,
0.02% Ficoll, 0.02% BSA, 500 pg/ml denatured salmon
sperm DNA. The washings are for example carried out

successively at low stringency in 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 sequence. In the present case, the
polynucleotides, which selectively hybridize with the
polynuclecotide whose sequence 1s between position 268
and position 1470 of SEQ ID No. 1 and/or with the

polynucleotide whose sequence 1is between position 349
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of the reference sequence. In the present case, the
pol ynucl eoti des, which selectively hybridize with the
35 pol ynucl eoti de whose sequence i s between position
2662008d1poseli on 1470 of SEQEID No. 1 apelt orrRY006/00@997
pol ynucl eoti de whose sequence is between position 349
WO2006/ 117481 - 18 - PCT/ FR2006/ 000997 and position
1478 ofoSHEQI o NaL70l, oEncBHE ambDa-No. 1, encode an o-L-
abjn Ld B.a Vi The invention
eng%aﬁPy reﬁé égggo F 8Ez%olyréh/cleotldes 5 encodi ng
the pol ypepti des according to the invention. Because
th @%ﬁ%#?ﬁﬂﬁéﬁgréffygfgfétgsCQ%e H@”é ucleotides
ynuc eot I des can encode the sane pol ypeptide,
AﬁEFﬁ@anulﬁ}@:tP@?LYPﬂIétbii%erﬁcq%ﬁéﬁig oém $hg ipvention.

pek¥Bpuskeqti de WNASE-SEFRIBACEFI %h&e@e@&fﬂcﬁc&d&b SERFDous
nucleotlde of npr.i ses

ol
SBhbbEL S PEAER Gt ENGRER FDBARHTSt PAREPCORER 0T ¢ he
Peni ci | I i um funi cul osum abfB-2 gene. They are in
partigcul ar oot .er dt nator. _sequences of t he . 15
a%?%%geﬁenépl¥he abf%ggeﬁgh%;y Poe g?gresseém?ron1|t a
horblogolsotedel atose swmennes, lsnrparesentad fior SEQ ID
omsre_xmrelsﬁéoe;dl PRI IddIMofuni gyl OSHmgr i OURGES ses
filamentous fun In another enbodi nent, the abtB
gEREuRRFeBe I eot § rPReR | 563dRBSt féﬁ@&nl S s the
a@eh@@hgag@m yeﬁﬁl&zﬁ%wﬁ Un«ﬁbfﬁoﬂ eyafnpl e. ngilé@ a%fﬁ?e in
gene may.be expres ost. or.gani sm under the
CEREEOPtRT: REPROhet erdl SEOTIBNG Pophores of che
pabf@naigBﬂHulmheomhﬁﬂkgemeemamnb®lexﬁﬁesﬁed from its
h S r cass C g
tgggne gn%%dlﬁgﬁ%ﬁgﬁo |nv tlon a poﬁ%ﬁﬁ% %% AP tor
eAvedeHgTrasporypeapt | a’énaéeéﬂdumg Funiduel o3 | Y enit o«nther
| $ihBgentedsi BLegan expression cassette using cloning
techni ques wel |l known to persons skilled in the art.
Thi s expression cassette conprises the elenents
neaessardhdroretibedinanscr ichel atbfdgéhe hagndatéoprofsed

in various host organisms such as bacteria, yeasts 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 cassettes

According to one embodiment of the "invention, a
polynucleotide encoding a polypeptide according to the
invention is inserted into an expression cassette using
cloning technigues 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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t he sequences encodi ng the pol ypepti des according to

35 the invention. Advantageously, this expression
cassette conprises both elenments which nake it
pweabbbe1tvagause a host cel hoto WR006/3¢FARA26080000997
PCT/ FR2006/ 000997 produce a pol ypepti de and el enents
necessary for the regulation of this expression. .
Thesduerprespboppeassdet esndorieneets meébesdarectiioan the
5abubNSAT LR LA oxBBEampter that. is functional

in 0S organi sm -"a polynucl eotide according to

the invention; - a term nator sequence that is

f gpekionalyddk g, d0ssateeBoto: gl SM nAhd YREr & tion
pranot er sequence nmay be used in the expression

cRSsEFPBSCHEBELAMAg to the invention. The choice of

the pronoter pMdrotdepenthdt pagti guhatienathe il hosthost
organi sm chosen .for the expression of the gene of

i nterest. °88AE*pMonoters all ow a constitutive

expressi oa whéyeaslebhédepuampirelingate ahe Heveontoary

| nduci bl e, QQEQQnEQ%rPQQQ?éﬂgétéﬁgtfﬂéa{dﬂ%ﬁ#éﬂgi 1 the
fungi, there may be nmentioned 1n particular at Tor

20 Asper gskingshpisgubaaangisycer al dehyde- 3- phosphat e
dehydrogenase (Roberts et al., Current Cenet. 15:

177-. 180, 1989). Anpbng the pronoters that are .

f GRYti BYEP i Af e ter tHRTEHEy emS ohégd nin  the

pakbiregkabnt hedséottes h%}chzbﬁ&igﬁrEeghag@ R&i/erentlion. The
pal yner as t udier et al ... 25, Mt s in enz 0g
DEEYTRE 38 R sr Snghings ik G et RhaL iy e o the
f tiostti enganisny edsissn t her ethey ebpreseapnondd thewe gene of
pr for GAL l e .y :
Aégg%%fséhces,%%%?A. éoé:gi‘%%séll-EAl?s%mlcg%l)aéor eralelButive
C EFPFESSAENCGNNE TSR ADHIPF ORBPBPSSTA| Brthede Boe contrary

PLoRLehS car eArllesEr thed éa'r_ramtab%ﬂsi tefiat Upe a8 M1 in
kgomn,to ersons skilled in.the art. For exBreSS| nin
P

HESEY | i T nleYdl SunfteBkpress ot particular that for
Aspergillus nidulans glyceraldehyde-3-phosphate

dehydrogenase (Roberts et al., Current Genet. 15: 177-
180, 1%889). 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). Among 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, exXpression
cassettes will be chosen for example that comprise a
histone H4.B promoter, an aspartyl acid protease
promoter or a c¢sll3 promoter (WO 00/68401).
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cassettes will be chosen for exanple that conprise a

35 histone H4.B pronoter, an aspartyl acid protease
pronoter or a c¢sl1ll1l3 pronoter (WO 00/68401).

WiBP066 1174881- 20 - PCT/ FR2906/ 000997 Hdwe/FR2006/000997
expression cassettes according to the present

invention may additionally include any other sequence
nEbessakypréosibhe expsessisn atcbh@;mglypﬂptimkésCﬁresent

p?ﬁ%@ﬂ?i&‘?t lm%‘i‘;sna(ﬁa'f@l@éaifr %’I%d% ' I%)g' ALY Sequence

S or si sequenc secretlon 0]
tlh@cmwzpzemﬁcctes t@ﬁodasadebylohe dﬁnsttheorgahypﬂptiﬁess or

p;géﬂ;ﬁuflé&:yéés'n &4 culgr a@xrreggkgﬁgw S%ﬂélgqﬁcaetory

at” makes 't possible to. increase the
eRPPBESREHNOFT Stimeclodt ¢ FRRENRELPYERGt £ rﬁetsrrtewelom of

etq@ée@@llg@e@&aa@st PrAGEEdi BY et NodtVeREEANsmit TitS is
ssi bf se in gartlcular in conbination with the

u
PRGRF AP LRy L6t U o Pa GRRGE Lo hERY 1 EGHHEGRyY seduence
senaencmakemh|¢h apesbdbabedtbetwmm&ddy@ preret eresasld  of

agﬁ%fg 'pgns<ﬂ§e@§% ge Vass Hganscrlptlonr%ptlvatgo the

ancer i StyRof Termna
s@qpéﬁEESOnaﬁabée@§@d|A¢CQﬁd;n9qﬂ@sshen1@asseubes it is

agseLdhng te the 'lqyeﬁgfepculyae%as%g%%%%l%' %ttmethe

termnation of transcription 2

PEPFRHRRITAL | ORTENAYRE NRNPETRERCE er i REDGK s RN O

tb@@uéﬁcégncwm&eﬂ dPet hecsekactRd st tREJPHEDIERY and
used...For expression in.Penicilliumfuni.cul osum

e§B?e§ﬁddﬁlg 2BCEUEHEP T eS UG |a%etEﬁB%ELP&lO@xa?ﬁﬁ]e"ators

t hdaenbanperse.a histone H4.B termi nator, an aspartyl
acid protease term nator or a csl113 t er i nat or (WO

00/ 68401). The subject of the present invention is
ahkswide IBPSPhuet eseirdenasapr issiqupraesexpresbepomsed in

C@ﬁéetépgar@éiéiﬁrdl REsketkle | vestdony adyvaphadequsdyion,
expr essi on cégfettes accordlngato t he present

|ﬁb%ﬁ?|§ﬁqu§P€eﬁw 1F Pt otETRER F°n3§ﬁwﬁﬁ%ﬂ%§rlptlon
and- the polyadenylation of the mRNA. Any terminator

sequence that 1s functional in the selected host

organism may be used.

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

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

are inserted into a vector.

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

host organism comprising at least one polynucleotide or
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The present invention therefore also relates to
replicating or expression vectors for transformng a

host organi sm conprising at | east one pol ynucl eoti de
oRo¥6860641348481 - 21 - PCI/ ER2006/ 000999 cT piR2006 /000997
expression cassette according to the present

i nvention. This vector may correspond in particular to
aopkaseixghr @ sdesim thassdiaos er hephage_ngr &oVi riise | nlb@esent
mglgg i gly cleot| e or an ex eSS|o§ecassette

ac%oragng to tHE imventi oRhaSC hEsRP RS erted Mhgutar to
t echliagprasl f oz @@ﬁgﬂﬁhcﬁin@aphegéop@gg@rgnand fGrus into

| pRSEhi NG a polynuel &atigde of they nv\ﬁgfde%n c{}{f %Q&éstte

vectors are mell knomn to Eersons sk
| A°GEREFRE, FP i ShPosiPpPRtiBnuskagnybyeRt oineepapfe The

Of:eéﬁnﬂ&haba' EEbFErg Icto&@,ItfrucStqlrfgre:mésC@t IMEQrs  and  for
gggﬁgatlng in .a host cel| in_order to induce in

G-aP Fhé’OJéQ'ﬁ’rcels%q DfOh pOPyHEISEH e Gt bf these
pokypepti dee WREXSORSO®KI Itloecbedfsdrtte gk%]wﬁdil ighaose art.
the a i ate .vectars r di to the host
o?ga E§n1go bé%léschn§ﬁoa %é%zﬁﬂ%wYﬁ?ﬁfﬁcF??ﬁple of
tmamst@nnangontaaiﬂnu$ﬁkftsenlldh91mecbmr$nmpagazlng in
PRESROLL | WEN] | Ofy Al diied doh spRELeCUL Al £OrLEANSLAr Mne

a host organismfor replication t he” vect

-aﬁHPB?SFh@nex%¥e§SlEﬁlﬁﬂuﬁlﬁéFyéépt@ﬁe<ﬁhcéoﬁ@¢h§P¢Btlde

tb@rsﬁﬂgntskﬁ_flllelai tihe hestaptganlIMcnbd mwta%@r@ﬂﬁ,@ate
%es to a netgod for preggrln%% Eaxpeptl

aXES 8Ffig tF TR Y entC fpr i SPRY t

f orhoe&brgest epsand aahostdangani son i shier anstaigBstmation

] : X sion vector conprising an expression
""k%@}gfl?gu% REE

cass according to the invention and/or with a
pol ynucl eoti de according to the invention, 30 - the

p@h¥p995b98§sprQéucﬁﬂebypfggeHQSt1HGQ§B£§H1 &€ used in
i sol at ed, Host organi_sns The subj ect of the present

|ﬁ9€ﬁfFBﬁaFStQI§6a§S§QFWO§ host "organism for replication

of the vector 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 for transform ng a host organi smby integrating

into the said host organismat |east one

pol ynucl eoti de or an expression cassette or a vector
R2V06 NLT48L he inventi on.2The pol ynudCIABRRED 0640 G997
integrated into W2006/117481 - 22 - PCT/ FR2006/ 000997

t he genone of the host organismor can stably

rigpt i gereme | af t heehbsstopganingsm Mt lieds Stebly replicate
tfz@”@ﬁé"ﬂbé‘@ &PSaH@éfh %Q%‘d%m%o%r ecfﬂ‘ﬂéf ‘M&bcg;e host
persons skill Inthe art and are wel]| describe
tCPF'eg":FIH%FEat%F% wslihémw@set?ﬂ P%V%‘Wt’l$oﬁkaﬂ-é8dr épattélse art
tand HHOStwdl DadkSeriheanshoeAed1 W thagupel ynucl eoti de,

an expression cassette or a vector according to the

i nvention. The expression host organismis understood
tThmepnebantOqmméﬂumdmuansoo&éuagdy)ﬁmeainbemﬂdrganism
any; IO & W1%%!Ceél Ad%%%b hlghgn’ expression
organi sm chosen from béﬁ aria, eas S an fungl.'%%e
esgrEstionolosa vergami SEFﬂ’CF@r@IImr $oothe oinwgntaon. The
NOKs FUMIR0T Q20U S M o SUY AR A0LOUSLY Gt S8 JEASLS Bfdan  in
chosen from Pichia 15 pastoris, Saccharomyces

RAEVI SHEAT YRATHHENG pdiyt iteF  ARYSBERRBNNABHY GBRRO-  OF
asThEleRé Bl i Bar The olergioar @iefesen of oM Aspecdbkbds from
qﬁ% Penicillium prefer bl% fron1 Penicillium h

RAT o Beum YFPPERode? Rr gFFPEESAigEr, Post
/Exgﬂmp$mussawmm®erstds©engiImeanZQakamﬁehumaandmganism.
HAThROEIIB Lop| NObhe | DeRCRES! Giced cralno0 T Uifonia
host nism eni CITTium unlcu osum s a|n

PR S EoBhS ABFgBC‘}%lIay’S’émCQSd eCenevoraf ng Yagrowd &; nlﬂezmlm ca

Iasn&xmafa%@l%yc@ser@wwéﬁeghﬁ e techi ques f&{osen
2 structi ng vectors, transform n?ﬁ host or %anl snms and

BssPRGERELeLBFog GRS pr BERE AS LT AUmy he B S5 LFARILY s Lrom
aPenmcdblyuﬂescr|ﬁmmh¢mu¢h@ml|terarniehodémmwbel Frdédsei,

%?;g%r% i éregflg potogal s bk Molecu u%m?’ro S'SOA OWrgillus

and G eené PU |ng AESEE
kawachii and Trlchoderma konlngll In a preferred
embodiment, the host organism is 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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and Wley Interscience, 1989; T. Maniatis, E.F.

Fritsch, J. Sanbrook, Ml ecular Coning A |aboratory
Handbook, 1982). 35 Food additives and feedi ngstuffs

W quesataginvent i on. t her ef:ore rel at epctrg FRROG6/000997
addi tives providing an a-L-arabinofuranosi dase B
activity. The intake of this type of enzymatic

actiead t yt V&@@Gbléﬁt&l en8nee PEREFRAMEH I0NIYt y nakeshe
| ssi pl.e h stibidi the food
gociycfoa%}cgcr edse érsl tq}l%unrgllet a{le J%ﬁhlgé expr essi on
nutritional addltlve IS understood to 5 nean a

sihst @QP?eEQ@En' Snib O £0f bRl s Added 1 9sa (Rhstood to

generally 1n small quantities, 1n order to_inprove its
@FﬁﬁttqkﬁWb%%ﬁQﬁel¥%a%u%?l%FBﬁﬁFléﬁéiéEtéﬂﬁ§?lE@ aTheod,

RYérid id 0RAl nadgﬂnéuesfuaarcl@ﬁb@al SARyrdOnt ebNifPlove its

exanpl e vitam ns, ninera acids and, 10
RS T e et Ppad At R e e

ari el tsi orcdinpra Gl el s ypept | denanedsdi ngyt ocbheain  for

|nvent|on a organismaccar,ding to the inyvention
%%?fé?h%%ﬁ %%on 91%roff of alﬁggt orgalglsm¥ 284! ©%na

@ﬂKMmﬁ$g to the invention. Thus, the pol ypeptides

havi ng an a-L- ar abi nof ur anosi dase B activity

according to the invention can be purified or -

i13E e ¥ r onFhe Pt e tiena¥ unpedisdi®sst riph opnimals

fanmpai deecanpdiaedi dwstcebganngm £Or thke 1nventlon a
Zﬁg%facture of a nutrlt#onal addi t.i ve f.or ani.mal

nabivefy ™a PERT %?%nmqﬂﬂuE%ﬁos&ﬁ1§FFéQan°5 a
iﬁEﬂmen@ﬁnﬂqnnmW@GMCbﬁgaAkat.mMQ@nqnmdescun§1bg usectthe

or man ct ri
ch%%%%lior gﬁgﬁhlsgggn éi%é%ﬂrégﬂi ﬂﬁ%%@%nent o# L=
tarreablmﬁeﬁmampsntdﬁes%ul Bur ea§@p§pﬁm angdceprding  to

fiatvreant &d on chknot hpef aBentcdd | i wp f unseuhesgm SH&hn a
or of a ost %&% ni smaccording to i nvention i

th
y Septatl: GLE oF CRALRI QRonaFORdd t IFESTRIRant
aogml s;rgﬂmmnemﬁ@dl nment i sapaféccutarlyf advamageaisnal

additive for animals. Alternatively, a Penicillium
funiculosunz strain or a host organism producing AbIB
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 1is
used for the manufacture of nutritional additives for
animals. This embodiment is particularly advantageous
when the ABFB polypeptides are secreted by the
Penicillium funiculosum strain or the host organism.
Usually, this culture supernatant 1s 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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30 when the ABFB pol ypeptides are secreted by the
Penicilliumfunicul osumstrain or the host organi sm
Usual Iy, this culture supernatant is concentrated or
fwepaes drieggf or the manufaciare of the pusi/FrA0WEH000997
additive. 35 Accordingly, the invention also rel ates

to a nethod for preparing an ABFB enzyne conpri sing

the fod) onhursieps: PYEROOBN I 1AdGlindic24 osum strain or a
PCT/FRZOO@%§§§¥%¥he§) ﬁgléurgn%agipgnigéégfgpn to the
funi cul osimstrain.or a Fanst ormed host organﬁém

accor di ngtreenheon i nuedey orcamdtetieondi foonsidfdrcing  the
i nduci ng ¢he--eXpsesst olsPts ABFBS, 5 b) separating the
cul ture supernatant conprising the ABFB enzyme. This
cul turl) stpRATRAEERY M eFHBALALH OPUBEHRALARY (IREWPT ifeing
concentratigd OsrRreezemdried for the formul ation of

10 a food additive or of a feedingstuff. If the host
organi sm does not secrete the ABFB enzyne in the

CThisir euhedieinsuparaddaht obal fetrepnebtdpenibigtht kdy then

Ct%l gogggngu”cfe I g t reeecee!—ldJI Ha e%(ct>£ a%{'x n%%r?n%la]t?on of
necessary. The hutri tiona adﬁfilves of *fhe. préesent

i aveped opddiohpe i se ah a-feadabgmpbf anosi dase B
activity but may also conprise other nutritiona
substances such as 20 vitam ns, am no acids or

nFhefFBP $QISCs. ONFR BB €P98s "REC OIRFTRLS ot PR ABFB enzyme

icmgr&hieorbwwﬁ@ﬁﬁeaﬂam,di%esbaaiiltiibylaqg dt® of opening
eedin uffs, .thus contri i ng etter

ehPEn ShL RTINS ofF VRFIEE bR 258 HAGEd Pe
aneceseaty. (Wheat, barley, nmize, oat, rye and the

i ke) and on oil cakes (soybean, sunflower, rapeseed

and the like) in particular. The present invention

alke reptfesieral headdedivest Wis t13® comprent ngrwention
ndbmbtio8abnbase N Myftildddidase B activity but may

also comprise other nutritional substances such as

vitamins, amino acids or mineral salts.

The additives acéording to the invention increase the
digestibility of the feedingstuffs, thus contributing
to a better enhancement of the nutritional value of
diets based on cereals (wheat, barley, maize, oat, rye
and the 1like) 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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additive according to the invention. These

feedingstuffs are usually provided in the form of

nmeals or granules into which the additives according
two2bee/invedti on are i ncosr pxs ated. 35 Eor/PRYODEI0D0997
feedi ngstuff is-understood to nean anything that can
serve as food for animls. W?2006/ 117481 - 25 - '

PCT¢ FR2@G6NOBAATTs Tdrendeesk ngstod fysoemniple secaording to
F%%gpeghbgﬁt§8§9rd%ngﬂ#%tthgr QXFQ%IOQCCgfggﬁ to. the
organi Smaccording to the invention or a fernentation”
b¥oyenibion kasta ofganesivatacsorklioigh t oft e hagentdxganism
Sa &5 b b gNsh ven@ni ebn B1 &8di ng, these feedingstuffs
usual ly conprise a nutritional base and nutritiona
additives. 10 The expression nutritional base is

uRster smalan%@vgeaaniwaat BeRellihgt, es btt}ﬁ%ermlﬂfzadmrﬂgs(iﬁuffs
t he | ma eed ration, consisting wa exanpl .e
STk FER ST oPeal L EOPaPTs AREST AAR0f Tt tonal
amddotipéant origin. 15 The nutritional bases for
animals are suitable as feed for these aninmals and

are well known to persons skilled in the art.

Bl eyrpreresennutviniorgla babasecomprindsrsiteed to mean
XR8P ol @ Z& b eathe PER1ANdp50¥begR. dheselhal  feeq
nutritional bases are suitable for the needs of the

VER FHOR afPRER SSpEEI & f BRYWRhexreplar o5 it emdsgure of
Thesea el ri provalinbasesdmayaal r eddy a@@miadi Nand/or plant
nutritional additives such as vitamns, mneral salts
ant&tfho acids. 25 In a preferred enbodi nent, the
invention relates to feedingstuffs for nonogastric
aﬁh?ahﬁtgﬂgibﬂaﬁa55ﬁggl@%rf i é&%t$¥eaggi95g§e as feed
Pou trg conprises in particular

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 (fCBD).

Figure 2: Determination of the optimum pH of the ABFB-2
enzyme 1in a McIlvaine buffer series (pH 2.2 to 8) at
40°C in the presence of 5 mM PNPAF. '
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| ayi ng hens, broilers, turkeys and ducks. Pigs
conprise 30 in particular grow ng-finishing pigs and
piglets. Description of the figures Figure 1:

- Guozoogatipesd diagram of thesfungal 3%cT/FR2006/000997

cel I ul ose- bi ndi ng domain (fCBD). Figure 2:
Det erm nation of the opti mum pH of the ABFB-2 enzyne
| Figuik| B vabeeecbufihetiser ices ¢ipdl @plitom8)eatoerdilrien for

e RS il B M GHOSO 0L pence o

opt uRNP&akper at ure for the ABFB-2 enzyne at its

Op} FHKE @H b@tEPﬁlHE@%SHC%fOftheB M&N%Fcofé@éﬂ@s 41<m and
Dererﬁrna ki neti ¢ constants Km and

t he
(M Vit L£VE( f/ §)( 1f/§ﬁ A%FJB PEEG ﬁNPAFaré’ﬁﬁ’é\Ffréﬁﬂge sfrom
Ml 6 oma BM atmpHa 2. ﬁHaﬂd65Q£ﬁ Fbgure 5: Val ues of

fferenti al pr essi f -1 and abfB-2
G aCE SR T HaErS  che BEL £ bR etk b SR on - of the
cebdBtloasd #BfBi-gugenés Kicnetriddisigoftd hthadi Bapheat @ntesum
% $ﬁ§§ gohglt%ggsreaction super nat ant. The adhesi on
the cell is nonitored by measuring
tﬁegﬁr@e6re1§,ma‘aicsa-qﬁ athbi néiseeppesidase BfachBYBty in
OEh@ngagtléé Eﬁ%gph§§aﬁﬁalﬁ%bsaghegq%nSEﬁuQﬁH{%ﬂgyme to
FB-2 gene ABFB-2 exhibits | ess than 620 i1denti
WER GEdr RBRBOREFRLS B MEPSHEARGUSNGngFesl (Hotiial
t ieseacABYABSURLRos28aE8 genetak itai pkyagenser ved.
This difference in identity is explained by the
identification of two distinct regions.. In the
Nexampieal part, a region specific for

SARR1POLE! 88 0Ehd 8Erubidr8olhehe Aitnd) 0oBld I n the

domai n f CBD whi ch was predicted by SMART (Sinple

Mogdpbap Axkehbheet Uledls Rﬁ&ﬁﬂr§b/TQ§éﬁt@Bﬁ|%§Fﬁtchﬁ%%ﬁ@@BFB
|terature

posi tion 367 _.and 400 aa ccarding to_t
t RSP pebf Thi PRGOS A S JaNGiGH (Fhese cnzymes 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 1low complexity short sequence rich in
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found in enzymes involved in the degradation of 30
cel l ul ose, such as endogl ucanases (EC 3.2.1.4),

cel | obi ohydrol ases (EC 3.2.1.91) (exoglucanases) or
Xwba0eses1tEE13. 2. 1. 8). Thisoys_the firspetjrR2606 060997
CBD domai n has been found for an arabi nofuranosi dase.

35 From a structural (primary sequence) point of view,

cekblliasean@drxyl@nagesoxonsicsld Hmin® desti n(CEIerlne and

d ins cat tig omai n _|inke

R PR T o Honkp BRI Ty ShbF PdttucHBBa e fhve Deen

VeR006£d1748% -mZI?Der Rﬁrl ER2066/ @¢e099¥ L asprsol iamal ariddyorare

| Bnbygroxyl pLed R RO Acidogerd pe Bnd o TRECARNG) -aci g,
he ce ose- bi |ng i ns have been Stu

nBRBEFNE! duingdle caltfmmienl amnd hdybirdI or eglz) or

chatashenhzeddy afswnﬁﬁoeélﬂp (@6, amegm a%'zdseg§5
present at the N-terminal end (cbh-11 or e

CFrEFRPRAPT8Nd Gt & héYB?ot%f% nEEBRN | l%gfilaaraCégFfs)zed by

| Fuhéhebml’eraﬁ:Jilo‘h typesofcydaiamined Sa@@@fa@ﬁ@r kdedibyire 1

SRR EbR L i1 BPRAEE R oP tdrd dL R46D P ag88° 10 The

predlcted fCBD domain for Penicilliumfunicul osum

ABEE- %f QEPSEQBBfd%%éyﬂr@o§c@%%f53§f¥&ﬁgfﬁgfculosum

conserve cyst el nes

( FRRBOE CESCYSISEYAP PACTANEYYACCIYC 1 ds 5 iRl sddngaithe 4
| soREeeed@d-by¥raigharacteristic short sequence of . 23

ag#§3%§§ﬁ$§ﬁ¥ﬁ$?F$§Y%g§§FTT@%@HYPQC&ﬁlno aci ds bearing

a hydroxyl (10 threonines and 6 serines). In 20

Peni ¢i | funt ul o i s type of dona n. has.
dggcglbéﬁgln thrée %?%gédeﬁzyb %%afaﬁ f%ﬁ%%e “Short
ceﬁﬁnbnghydwdfas@3andamenglicaacd@ esi%raQQW(cwmmm%AX1ty

eqst:,@g@é@mﬂ’@@mlrwg@@ms@f tﬁec%e Iﬁuam%galar&ds bearing
confirnme the conservation and the |ocation of the 4

C9ot dIMEOE Wil n ERESPeRDES | 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 £CBD.

496 529 -
ABFH_2 P.funiculosum (367) THWGOCGGSEYSEPTSCVAPYACTTANDY YAQC L
cyanonamyl esterase (320} RHWAQCGGIGYSHCIACASPYTCQKANDYYSQRCL
Endo 1-4 Xylanase D P.f (374} AHWGECGGIRWSKRPNICVSPYTCOVLNPYYSOCL
xylanase cellobichydrolase (496) AHWGQCGGQGHTEPTITCASGTTCIVVNPYYIDCH

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



4

10

15

20

25

30

35

496 529 AHFH 2 P .funicul osum ( 367)

THW GQC. GaSG YSt ~P, TSCVA~PYAC ~TAr 1~PYYAQCL

cyanonanyl esCerase (320)

Ao EL 748G | GYaS~C~' ACA&‘BKTCQKA J DY ¥&1XsR 20008y 0lo (99 7
Xyl anase D P.f (3743

AFi 9~C~, QCGRGTdSRP, ~1i Ct 7' SPYTCQVLNP. XXSQCL xyl anase
dedrhobv@ohydrel dse (496} cellulose-binding  domains

aeaeay C,TWARY {1+, S ALi gnient
Afw AOWN %@E C@gﬁ% Il ?éﬁkm ffunl c% éssh“th %ﬁl’%h dOQ[talns
tyhe widdd heltaee defmi Fydes been W dednyd déécrdeb@dreci n from

Cﬁﬂé‘ﬁn@!ﬂé!}zhg enu®s (cghdul & i@ analysés of the 3
the primary sequence of fCBD by blast alignnent,

a%?l%%n%nd%ﬁﬁlf% tj’@@ncé§‘e i AEREFPEERe] '?‘\‘/Iéﬁly Wt@d@me
V@Qﬁ)&/lééMSlden%&f-leBCT/EQZOB@hQ@O%Jssé}mpgy fokrt h the
e cell ul pse- bi rl%fd mai ns of cel | obi ohé/ rol. algl h
S o By el Lo R o ccogpe e GBS tne
emimgmjcaaaqesntypes Skpdiksand £V deérd vestfuaamre/ function
T. d ee a p [ |
R R e Sl PR o0 ol Phlavs @
r@sqe@@resnam@emlfa e@la@h@eu@@k@mafmtim phe cellulose
%ﬁﬁ&é’f‘m ify of thec.domaif, are C%ﬁVedrrYléthléém and
FB-2 sequence. _Studies of the structure/function
%?*Fb‘?%mopf sRBM Phaeer Ri—IEYBe dAmaidhi ndpl &L echmol .
P Bd Qs et b9| emcnrédrenctepahyenem:zain@n aaff iegldwl 68e the
(Linder, M:& Teeri, T %5%97) The Eol es and
fTREYToNn of T%Rl | uIl <%- bi ﬁ&P 5T ns, Bi Bt echrigfS5€1
Bdelselasgwhm’troheseail AGBHNE )bi iwdi ngeafabsantye off tihes £CBD

ups I I
Ao R BT sSe e EE%B%W%. T RS o s B
d]@m@hn@xl"ﬂfkﬁl{fslta/ c® séh?ede%mwtfpé a2t tgse baﬁ very

t Bebsbandi av1af feahitgaof the enzyme for cellulose is
very substantially reduced. 20 This is the first tine

that a binding domain of this type has been -
| diens i flisedtlhem anraraldimef utrmosiadaﬁmd:yma dénafmaof this

f LI 80eNL QU H”%feﬁl I'% B”?L eNGe ‘%{1 Jil S désfh%
t t
¥1§| N iRcreases fni %y of T1e lenzyms s VP
B in a filamentous fungus " The presence of thls binding
domain increases the afflnity of the enzyme for its
substrate and consequently 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 cultﬁre was performed in a 200 ml
Erlenmeyer flask with a useful volume of 50 ml. The
activity was determined by -hydrolysing 5 mM para-
nitrophenyl- (L-arabinofuranoside (PNPAF) in a 50 mM
sodium acetate Dbuffer, pPH 5. 50 pl of culture
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substrate and consequently nmakes it possible to

enhance 25 the degradation of insoluble cellul ose.

Devel opnment of the assay of the L-arabinofuranosidase
Rio2¢dé¥iiyadd The L-arabinofdiranosi daseeirrgdos MEFD997
measured froma P. funiculosumculture on M nedi um
with a mxed addition conposed of 0.150 provasoy and
Os,%ﬁzeétta&toseﬂerai t th‘ﬂﬂ@)altecﬁamkﬁs aeoeuptol d)iECtsﬁfbs’ﬂrate

and 72 f tur The culture
Grend0ted ahs® rFe%l 5 ity HpbnEEalEaell Wed (aprped
aby 5GddingThé 0Oagili vofy ('WaS MetNxQH ned@hley hgtleabgsiof p-

|t eny, ianof.ur si,de {;RNPAE)
T e R e e e O
V@Q@wumn48;10ef@9:1-e111CT,0FfR2@@6[J©©0391 CRuper Nl argnzyme
V‘@z‘ilet' n%'ba&@@l%&h 880 knef substkrate J3 ehept alywhich

C.for 15 mn. The reaction was stopped by addi ng
51@od¥ob¥5985 M MEOL Phe rR¥RASe BEL p- MANEFBphaRAST the

(@&E’alltﬁoﬂgaswe@ha_tbe%% ABbWiet, h aFdsml akhz ex¢hbehien of
ef £i ci. en of 17 000 M1.c

An t
B P R R gt | TSI e TR PGR T KA y Sy and
nbl2 ofU RNPAE pétemni ARt R arﬁde:lulttlmee C Oingistel mesults are in

S EEaE SR PR JRERR e Cnafs HOLC A 1 1us
afiigery? agtaividdlesur et ‘Fﬁl@seor@@ul P$ k@i ko fftkerbrnl-1

Wk et h-ﬁosl,élt@é@t WeRorineggedbor cAspaigidddis uBkBerin the
actjvities of the order of 100 to 600 nU m-1 were
obeeFVER- according to the inducer used in the

culture. 15 Coning of P. funi cuI osum abf B-2 ORF and
té , 0 ]

genesaashaﬂg‘n}’f:eedce-ve?@mﬂﬁth the ai d of the pair of
prinmers (H ndlll-abfB-2/Xbal -abfB-2). The follow ng
PCR conditions were applied (94C 30 sec

Starting with genomic DN from "funiculosum, the
abfB-2 gene was amplified by PCR with the aid of the
pair of primers (HindIII-abfB-2/XbaIl-abfB-2). The

following PCR conditions were applied (94°C 30 sec;
62°C 30 sec; 1 min 30 sec at 72°C) for 30 cycles. The
PCR product of 1215 bp was cloned into a commercial

vector pGEM-T (tm)easy.

Sequence of the PCR primer pair
Xbal-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 1into a shuttle vector (placl95-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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62C 30 sec; 1 mn 30 sec at 72C) for 30 cycles. The

PCR product of 1215 by was cloned into a conmerci al

25 vector pGEM T(tn)easy. Sequence of the PCR priner

pRozoXbai1 b B- 2. >5' - TCTAG“@JGACGTCCAAP@F/ﬁzTo@sFooogw

Hi ndl I'l -abf B-2: >5'- AAGCTTCTAGAGACATTGACCGTA- 3' < -

The Hi ndl 11/ Xbal fragnment of 1215 by was exci sed from.

tbﬁ %@ﬁ(géﬂ&iﬁﬁabdﬂﬂgsumﬁyﬂﬁﬁhﬁﬁméh@ IdAdlalsle Xoadivity .
ki gs into a shuttle ve tor. pI ag}gg ﬁg/gga) For
]?%ro? %’f@r% Pr28si'6 ,Of:hé abf therefore

35 under the control of the constltutlve PGK pronot er

0 th ng hogl.y S

creyi S SEpP TRl R A S RSBt E g

we2008/ feFiAged. BrPM PUF/ RGOS 00BN OFK b?ztlﬁ?@rg?é’ﬁélg the

eaggdsngza CYhBE U EN S OXi %%e aCEkahgyormEBe NeW ; thium

ressi on vect is called pOT- 0 The S. cerevisiae
g%Fﬁtﬁﬁ %HQE%P ’F’i’("ili%dBD)“%l %h%l SHRTESFiLPEy vector
fpom-vhe swhaintEENsEKrﬁaatca@mybﬂ@sth@enﬂ%iébﬁﬁbted by
auxot rﬁg?% t&r ansftor med (lithium_ a etfat e/ heat ‘
sHock® od)co FIRE et essPon VEEFSr ~Ip6F- o5 ge-ive
tpaaséor nﬁﬁMsmaakas)were sel ected by phenotype
conpl enmentation on uracil-free selective 10 plates

(URA3 marker). Six transformants were selected in
OB RS HEGNEESETRSES (Yierpr esdmcdest tm order to test for

arpbi mfdyanesi daseB achbYhbYukBnokh8agH!l tAIM§ctivity in
suger natlgcwr The transformants \ﬁgre 15 cultured inbh

nt18f Ut % r eSO edi uMPEexcEpRRStfgmants  were
\M':hﬂittlype Ennﬁ[')Oinlsblfaluﬁ’)icfldf—f&éeh@rlﬂrﬁ.mu_ﬁh&nedlum (except
in a |da Vi t S, fiSS the
ﬁ?ur%ﬁlﬂgug nat Zc%tn?‘itva %/%\é\éaa d of%iche et I’lfléjdlrs The
d@S@blle@ﬂumnO%h@aaﬁeee@mngtpralwagr @slsay2@ on the culture
Detgerhaehh08 ofi thhecRat iaqum pH Eﬁ% ahd E14a 9BBEcribed in

encodi ng an, ar abi nof ur anosi dase
the préceding paragraph.

Determination of the optimum pH

The abfB-2 gene encoding an arabinofuranosidase B
activity derived from P. funiculosum was cloned into
S. 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 in 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 mi of 1M NayCO;. 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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activity derived fromP. funicul osumwas cloned into

25 S. cerevisiae. After checking for the presence of

an ar abi nof uranosi dase B activity in several
wopsferIEerssl, a transformant. was choserpcandrioe 64BBB 997
activity was assayed on the culture supernatant after

24 h of growth. The cultures were carried out in a 30
20l Eolfen®upalr f pask fiwonkeng Tiod urectSDridy) . chere  is

' det ' in _pr n £, 5 P g
T e e P A R o va T opeimu
N | REAi heb bahflepreserwes( pE®2. L ti-8. ®Ft8Vityofit PH 3.8.
el tir £5 SUREr Batant vefe incubaled W thh320pt:i Rim3BH has
substrate preheated at 40C for 10 mn. The Treaction
\Wﬁ%t%ﬁ%ﬂ”%@/ %%Hi% IrAPLIRPLYNERE2ERRS FRE FBREadé has
8% rdditviophenylpH Sl Measured @i 4951, ndd lut {he. enzynme
unit is defined as the quantity of enzyne which
hydr ol yses WO2006/117481 - 31 - PCT/ FR2006/ 000997 1
nmol of PNPAF per minute. The activity curve is
represented in Figure 2. ABFB-2 has an activity
optimum at pH 2.6 and preserves 550 of its activity
Hetaympimptioryjaf jthe ippYinum tempexatyreuch a | ow
opti mum pH has 5 been observed for an :
ar abi nof urnasi dase and that it has 680, activity at pH
Psing FMSonfielEL BEPGPFBA: 16° DRI FRLHEFSON GF€ t p@timum
gp&:ﬁpﬁgﬁﬁmﬁf@f ueBeUsicitd viilte m%wtbcgthempzyme was
et er.ni ne e gptinmum_te ratur or_the activity.
orERrS hE 3% o ek SRERTRY &iq r Ao R Vi =
eachlwfirtehe nefper atatr epH 12 .0 15. Tk | lacti inel thuf feerrvat  is
%}&&te@gr@cﬁi&gg f$urve is presented in Figure 3.

opti mum tenperature range for ABFBs is described in
the literature as being between 40 and 60C. The 20 P.

fAHT Spit DEGHN Sﬁﬁﬁegaﬁaﬁea&a@@@ Vﬂ'c]tczy Zﬁ@ﬁﬁﬁuﬂbaﬁeéggibbﬁ in
the opt.l mum and tenperature of t e enzyne, ar

SelRotied TRTF S Hf S00RC | P8P EBherbbd THar QG- The
art | funicd bys ABFEBBPB+3 Rst iaresaa@sithigh aptimem at 50°C.

@géog%v oSleten ned insan geetate huffer pH 5.and 40G .

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 (Kn and Vp)

for ABFB-2 were determined by measuring the hydrolysis

~of PNPAF over time, wunder 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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25 vs 15 nJ). Determnation of K ,, and Vm For each of

the two, the kinetic constants (Kmand Vm 30 for

ABFB- 2 were deternined by neasuring the hydrolysis of

RiG2Adoerer748me, under the oppium condiddm®/¥R2006/000997

determ ned above. The substrate (PNPAF) concentration

ranges were 35 established between 0.5 and 5 mMin a

pdb 2o Be bufrferrse The thiodet (€S nefvdayds obysli SBMBB) and are
for 40 utes at 50C. So as to obtain the

Qypéééﬁﬁééwm an %@%%riboth enzynmes, the results were

treated according to the WXR006/ 117481 - 32 -

Pt F}?@QQ@&QOQ%%Etaﬁ@éb|vFefé‘V§é§ hOQ0LLLIDRRAL: s of

Burk) and are presented in Figur T
c%%%ntl@dwér erdérermcead iyt Ml dTysi EmolalgepNBAFR - 7 o

upsher aepBLIUM KPNEbhbaRS sonThe: KMeval Uei dSrdurd, Mhe &m
for ABFB&:%r ngconpar|son inthe literature, the Km
th

VR LSS 1Py pe/Rit CrhzyRBZVRRI @19 6108 £B-05 to
11 2 vt aacepdidiggt ocd hehgenpsnasd ahkie tfhtﬂgahn§§QClsQ§ec1es

udi a ﬁHXIﬁUﬁ]Speed f
T e BT R PR ST LI nEReR bR = e V)
c@ﬁdltﬁ&ﬁmﬁmdescﬁmﬁéﬂ/abdve obet eeneyae/vanof tieder  the
ol el s neh ght - of d hey ABEB-2 “enzyme 15 In order to
determ ne the nol ecul ar weight of the ABFB-2 enzyne,
the culture supernatant, derived from the growth of a
D teim{tat {6 e\WES| 8Rp ifbPedulafl e it UBE @8e ABFB-2
concentrated 200-fold, denatured by bolling 20 at I00C
fEEEE%i n, and then dep03|ted in an SDS-

(0]

pol yacryl am de gel. It is observed that the quantity

e Iy ar i_ns ex ne Iom11 the
QE? 4L&%%?St%élﬁetgggag t % m%&g HX 2 of the
Sjizs | $TgeEeet ethe ntcnﬂtther%ulsmmeem@ap@rtnat aarived ifsrom

priedogh-Rant, | O @ ahlhi@Ant0 (5. 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 1is 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 is predominant in relation to
the basal level of the S. cerevisiae extracellular
proteins. The electrophonetic band obtained for the
ABFB enzyme 1is 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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“presented in Table hréﬁidﬂéﬂxﬁwm/1L3ﬁ8%st£%§ted on gel

t he basal |evel of the S. cerevisiae extracellular
proteins. The el ectrophonetic band obtained for the

ABFB enzyme is diffuse which suggests a strong 30
oke08E/ aiy@g1of the enzyne.3Jhe determﬁ@f}ﬂ@z@ésm@ogw
nol ecul ar wei ght was carried out with the aid of

size marker SeeBlue (lnvitrbgen) The results are

CI/ FRZ006/ 000997 Predi ct ed MWWV estimated On gef
Br2,1 55 Thble 1- AHER 2 nol ecul ar mFIﬂhF in KDa

We conpared the nol ecul ar ﬁelght Erechted gybthe 5
t
3Bt Pophol Bt Pe2nigF SEPOR T HodSHoNAPURPAg SDS. PAGE

gel . We observed an overestimation of the nolecul ar
gh e enzy SD h
coé??g%F%E tﬂ@ogﬁgﬁggrlsé%g eedg§ edlc? % byy the

th goisGhm; zé{tencmr 160 g@mdof thedi Méusrélt obtained by
ele@et:eeegﬁa%tgcbaaarsQleﬁd ﬂ}{ agla/éa%scxd AP rs%%s TxﬁﬁcE gel.

g ycosy ations occur duri ng processin
pFBt SRV eseaﬁé@ss.tﬁg\a&rl@an.%ﬁn thangoysicaler tweight

pb@f the ehzexer essitere ohgm@abiR? 1 wene ¢ycosylation
[ 1'ium funicul os n1Pen|C|II|ug1Eyn| ulosu
E %égésrvvﬁp eh%sl%ﬁ%%ﬁu aggeste v1suallzatlon.
aen agabanTUEandsfﬂases elbetabppiodetand & 2 (Jenasd N
T [ ex Si n de
VYRR o i M DR G s Haping che
cbrpareginp. ofusheuPsstrings laulther edrurgsingondioendss: -
for inducing cellulolytic and hem cellulolytic
enz;:- . P |ndu§ rlw éHOMIh medi um) and under

bEfB-2

Nﬁknéf&arPeﬁﬂchlmﬁugrﬁWthuubeumultures wer e stopped,
the mycelium was recovered, and the total RNAs were
extracted. The quantity and the quality of the RNAs
weegigédddyad niculosum possesses two genes encoding B

a-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 M0O). 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 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) by5 real-time quantitative
PCR.
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nmeasuri ng the absorbance at 260 nm and at 280 nm 30
(260/280. ratio > 1.8). The level of transcripts
encodi ng the B-type arabi nof uranosi dase (ABFB-1 and
NibBoBs/actagities were quantafied underpeBfFr006& NE00997
two conditions (MO and M2) by real-tine quantitative
PCR. 35 WO2006/117481 - 34 - PCT/ FR2006/ 000997 The
gthe enaodi echdlhgni Bul 6snfrtibslmn tuibkik) Wasib-U$edwas
as c ntro und r-th ondltlons Thi.s_gen
elﬁ%(%ge% a %t ﬁ?%\l upro eltn T hat©i congslé:ﬁtolg e%lr +§ @0
i ahegdesyaofstirhve toeldl divtegenehas cemmmsontisdd fas Sthe
t n usen e i ts, a. t

| eES e, O e ar iy TaR Y i GPRShED' used as
céhau FP6RTEBER JENSI HECPHFS) 1tSmediiffitsra neerstat level
qg@nfe blsv,@oBCl% e des] gnedieher cul@wach-aitdieon used

nes be abe 2 and tub-1). For both growth

HHF ﬁguf and M2), 2 g of total RNA were
retrotranscrl bed. A series of dilutions of the

| epent ar erlvedfro the rotranc tion
~SPREERFR BRYpEPED 0% Bt Tt Al R SO g "o
ceadht ednshicorgeargs | f #baB+ bn ebfBhe tadgetulpdnes For both
(gee%ﬁa'c%%ﬁ i Jnf2e ?@ngh&ame %CR&E&EO%@EQ R were
efficiency of these pairs of rlmers

nﬁﬁﬁﬁPFféaSFéééﬁfls ark pEeYéfted Ph Tabllaiiond of the
Fb@Mb@eﬁen&EkyEDNﬂHkﬁé{ﬂvé@7fr@ﬁfQH%:&étggtﬂgﬁﬁ@rgptlon

Val ues for dl%ferentl al expression of the abfB-1 and
alffBS2 GEeseds A udlti BRUBF (iR IEFSIMifgi & Po s Lmum
geomtihtcondi t ifors Tarplifiscriq | onal . tagul aiaxtgéat ofgenes

t'@SOQSQ?élSEEOQE”Qhe 'a‘ﬁ't‘l't%é‘t&%er%ﬂ“?n@t‘&ue'é cllyEo§ the

Vit és have been escri he expreSS|on
t RESecyeney P§ hhghpypairs 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



10

15

20

25

30

35

30 subject to the nature and/or to the conplexity of

the carbon and nitrogen source on which the

m croorganism is cultured. A high transcriptiona

repz ess/ 1781t hese  genes has been repard®eGrR2v06YD00997

presence of glucose. This regulation is perforned

via,a catabolic repression 35 protein CreA which

sméctﬁésal@pdﬁsuhmdob&bekprmmﬁxﬁ YERQO6L 137481, - 185 our

F 6/000997 f. ese genes d b] ocks s

sécrr%rygontoo an% ft)?/m rre%ty fo?%ua%lgl fy| ngﬁ ]bya nd

PﬁijBt?]e M®mm mztﬁn@sséﬂgeds of hagxptesdievwel of

Of L EXPT @53 Oefbs t&fé&tmegegﬁécwger (Mo)e GbHaeEon s

(MO condition is 5 ver I's I's in agreenent

WRHY t RO i t EPasur &S §mc@gneqﬁ@§1%e@ﬁt§howt Hdtterature

| t@m@e gepenalRaveech bagdim Lewel tq{esegp@@ﬁéé ORa$¥€B basal

der_ unf.avour abl e conditions absence of
cEFY < oP ¥t IFEPERFFFPTheni el Pﬁ@%éywa‘@%éﬁl&t EOpdifiens
r eesbﬂ;éxsc@bt avhed cfee)]rld]hﬂyl\ﬁcﬁonchﬁdwh: 10 g ddllulolytic

grieenent ththe_lit ratur ke the abfR-1 o
(Hﬁ?t ngreéglgﬁsg “thé gﬁ? gg%E Egenggiqﬂﬁﬂﬁﬁfon
uaﬂd%r im n@mseemaht cohtht Ebas 1iThkire tsugge$ind ifdeatthiehebfB-1
Qﬂ%%@attﬁeCQQEE@bE§oBr%%UQ§QaQ¥bf§nﬁcbghéugg ot induced

funi cul osum couid be inproved b obtai ning the
VS s i I WBTt TBER- Fopslifiotfe f GRgSs EGRASESERdUStat althe

comgltha ONS @dsibya?’:lﬂdl pgoda&egew@e?ﬁl%alafm ]tcﬁlﬁzlculoswn
enz tic cockt ai rmnation .of t
PR b FRG=5700 B S65T5n18R, £ 1Bt acirBn et APFB-2
cﬁythbefﬁBBgdenmndeneﬁndus&xnalheohdmdiogsobrtb@ addlng
e | e r LLin
ceI%%%%se e@§%2§§25§%33%1£$%t§g|g%éﬁ g yv%? é ced
0.50 of 25 microcrystalline cellulose in a 100 WM
Toéteridndtiderof Ol 7ebnetidtalTbp aghesppn of the
prot ern was nonitored by nmeasaring the resi dua
ar abi nof uranosidase . B activity in the presence of
PNPAFenhfer thee Hptdtbbnahytly ob¥sitheofcbi @6s8ain, tests
d rmne f.ter ya ds 30 of contac
kﬁ%ﬁegh éjé%z \Prre an%ﬁ é%%él%ul&ﬁ?m?h%erﬁ1§?ﬁFéeésout
c@mtmuﬁug@nlyamlltme declbakesén the

The enzyme was mixed volume for wvolume with 0.5% of
microcrystalline 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 by
measuring the arabinofuranocsidase B activity in the
supernatant. The binding tests were performed in the
presence of a control reaction containing the ABFB-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
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concentration of ABFB-2 protein is nonitored by

nmeasuri ng the arabi nof uranosi dase B activity in the
supernatant. The binding tests were perfornmed in the
3Wopoesenteaei a control reaggi on cont aipeTFRI®E6/000997
ABFB-2 enzyne, under the sanme experinmental conditions
but in the absence of mcrocrystalline cellulose. A
sercdad thentsaolte wasacaronedoodti thynisnciubathag priesence of
’L}ﬁfgf_f&cﬁg§¥ﬁlwooéélllgf§&e.' %e' E_EQHJEB%OO(%QQQR%E are
under t sanme reaction conditions in the presence of
nPEedenysdalni Regeee! 6l ose. The results obtained are
presented in Figure 6. 5 W can therefore observe that

t he fungal type ceIIquse-bindin%-donain (fCBD) of

tHe erfAfire ABRBE2CTBer iRRRFF¥OmM PRafunittif oshinipsl type
f ool 0086 -bTheiaghesineiin Of(fik®)engy M Heas eARDINLOr R B - 2

after 10 and 45 m_nut.es .of cantact. After. incubating .
FerEiuet Bntne - Teoter R Sty TS s on
engynbei enzivald was esenttdrasd aflber etlot antth@S minutes of
] st ald.d | ter.A5_.m es, 0 of
(REROLEYS, Heod BRLRLRSy i 1 fomiPlesib 790 oY ene
ceptal oseudnasi tdharfed ththesazaara isugyesly thuesehe has

egahbibai um ofcithe g erbact, 41eaatin@n Wa13ui8skeacheder 45
very rapldlgeand that. the kinetics of adhesion of the

ALY HESRDSt SR8l t &F NIl §F 0l FRHATE KFREYTR |REFPIINC orber the
lreetaibrewt 6ht helsubskeahe swddhgrddhe Thdssd dta suggest
génukgs hg[EOOGAé1748%m- 37 -tPCT/FRQ 06/000997t.

Wehe TPepof{sépt PEE T ch&factdld &P Thatt qaction  was
coaprhsds verypalapedtyl dendhosen fhemktihetfialsl @fi rgdhesion
pok ypept i ; = e ' f I D. 2, -
e 4 R T
aPEApBsilt i UOY Of LSEONED NP stxate gwitlymenheoffittse 10
peiypeggide of SEQ ID No. 2 having an
a- L- ar abi nof uranosi dase B activity, 10 - a
pol ypepti de havi ng an a-L-arabi nof uranosi dase
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B activity and exhibiting at |least 800 identity wth
the pol ypeptide of SEQ ID No. 2. 2. Pol ynucl eoti de
encodi ng an a-L-arabi nof uranosi dase 15 B activity,
chozacteLizegllin that it is ghosen fromsde/rkobdere @7

pol ynucl eoti des: - the pol ynucl eoti de whose sequence
Is between position 268 and position 1470 of SEQID
No. 1, - the polynucl eoticraYASSe sequence i s between

20 position 349 and position 1470 of SEQ ID No. 1, -
a pol ynucl eoti de encodi ng a pol ypeptide according to
ClLai m BolgpePol §auclkbetrieds erglr@dacirer tketd i tdmpdises a

. hﬁél%rgéptgéeS@Hé‘@@ﬁefi)gmsggel @o&@owlnar pEﬁ?g%ﬁ%ﬂ@@ge

conplenentary to SEQ I Express
cassette, tbﬁa?%%YE?PEé@elﬁftﬁEQ ﬂP Neengrises, in the

di rectioncpé tb@ntwep&tﬂd@w wWbse a BEGIBHEE t hat '1§etween

functional in 0 organi sny. - nucl eoti d
accor di ng® ?61E}%?n$§ aﬁﬂdposétFQPnﬁﬂﬁ §§8uéﬁcgoln

t he sane aoitang@mndﬂntaé @of%@épﬂidﬁﬂﬁEISEQgﬂm No. 2
p0| yI’]UC| eﬁé\l/'dl'? 1%0 ?Lngraglno %rg eﬁasl%é ac%n.v:.%y,

an expression 2a3%se accord
V[2006f11?48Q1yp83t1dECﬁ%ﬁﬁ@@D@ﬂOG@99¥arib1m€£mranos1dase

Organ'3”’Er§B§£9£E§daWHtEfﬁﬂ%ﬂﬁﬂ%&”é%ﬁlégéta§@9rfﬁéﬁk1ty

to one of Clains 2- an expression cassette
accordlngW%BhCF%FnPﬂlﬁﬁépéidé PEcEBR aPc¥Pdi Hg to
Gaim 5 5. 7. Host organismaccording to Cla|n16
Parac% iized in. %hat th host onganlsn1|s C a
om ye8s¥BUGhRO Tt Faﬁ@ﬁ? &% fiiyi T AP EPHRR Grarosidase
oBgantsmiagcortdangcterCraidmit, tdfwar ddt erd zettbsen from the
following polynucleotides:
- the polynucleotide whose sequence is between
position 268 and position 1470 of SEQ ID No. 1,
- the polynucleotide whose sequence 1is between
position 349 and position 1470 of SEQ ID No. 1,
- a polynucleotide encoding a polypeptide

according to Claim 1.

3. Polynucleotide, characterized in that it has the
sequence of SEQ ID No. 1 or the sequence complementary
to SEQ ID No. 1. ' '

4, Expression cassette, characterized in that it
comprises, in the direction of transcription: _
- a promoter that i1s functional 1in 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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inthat it is a Penicilliumfuniculosumstrain. 9.
Nutritional additive for animals, characterized in 15
that it conprises a polypeptide according to Claim1.
Mbo20w8sit70eml additive fory@nimals, char@odesdrebddber
that it conprises a host organi smaccording to one of
Clains 6-8 and/or a fernentation broth of a host 20
or gani sm accor di ng to one of Clainms 6-8. 11.

trit al addit.ive according ta one
g?alnﬁé%éh. CTGRIMAH ef rfgﬁ%oﬁmF atwﬁgkls |rpéi¥ﬂHQ}e°tlde
fareowting powdeeedff Atlaidb 223, Feediexgstasfsfion cassette

"%EH&%HfH Zgg éfa&ga& bhd98gp5| %ﬂ%r'& %ﬁf&fﬂgﬂﬁéxgialm

for aninmals and nutrirtiona

atcordi ng to one of Cainms 9- 11 30 13. Use of a
pol ypepti de according to Claim1l or of a host
or gani.sm according to one of Clains_6-8 for the

nanuf 4823 eCBFABL Al BAGOGHINTadeR t FYBIRof  afifdas terized
ofn ahbeedimgshufsf. Sbgddisikisa Of cRopehypBn d@easts and

or di aiml or of a host organi sm according
%%5§H§%#£%§a$%%g% 8, for hydrolysing the
a- L- ar abi nof uranosyl bonds of

ag_abl f}@éé&{ aQQéXl‘llgh’ll %%%%%rg' q,eo C@HH?M”@S characterized

in that it is 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 liqguid

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
hydrelysing the a-L-arabinofuranosyl bonds of

arabinofuranosyl-oligosaccharide compounds.



