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POLYPEPTIDES HAVING ARABINOFURANOSIDASE ACTIVITY
AND POLYNUCLEOTIDES ENCODING SAME

Reference to a Sequence Listing
This application contains a Sequence Listing in computer readable form. The
computer readable form is incorporated herein by reference.

Reference to a Deposit of Biological Material
This application contains a reference 10 a deposit of biclogical material, which
deposit is incorporated herein by reference.

Background of the Invention

Field of the Invention

The present invention relates o isolated polypeplides having alpha-L-
arabinofuranosidase activity and isolated polynucieotides encoding the polypeptides.
The invention also relates to nucleic acid constructs, vectors, and host cells comprising
the polynucleotides as well as methods of producing and using the polypepiides.

Description of the Related At

Plant celt wall polysaccharides generally constitute 80% of the plant cell wall and
can be divided into three groups: cellulose, hemicellulose, and pectin.  Cellulose
represents the major constituent of cell wall polysaccharides. Hemicelluloses are the
second most abundant constituent of plant cell walls. The major hemicellulose polymer
is xylan. The strnucture of xylans found in cefl walls of plants can differ significantly
depending on their origin, but they always contain a beta-1,4-linked D-xylose backbons,
The beta-1,4-linked D-xylose backbone can be substituted by various side groups, such
as L-aribinose, D-galactose, acetyl, feruloyl, p-coumaroyl, and glucuronic acid residues.

Biodegradation of the xyian backbone depends on two classes of enzymes:
endoxylanases and beta-xylosidases. Endoxylanases (EC 3.2 1.8} cleave the xylan
backbone into smaller oligosaccharides, which can be further degraded to xylose by
beta-xylosidases (EC 3.2.1.37). Other enzymes involved in the degradation of xylan
include, for example, acetyixvlan esterase, argbinase, alpha-L-arabinofuranosidase,
alpha-glucuronidase, feruloyl esterase, and p-coumaric acid esterase.

Kaji and Tagawa, 1870, Biochim. Biophys. Acta 207 456-484, describe the
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parification,  crystallization and  amino  acid  composition of an  alpha-L-
agrabincfurancsidase from Aspergifus niger.  Kaji. and Yoshihara, 1971, Biochim.
Biophys. Acta 250 367-371, describe the properties of an alpha-L-arabinofuranosidase
from Corticium rolfsii. Tagawa and Kaji, 1888, Carbohydr. Res. 11. 283-301, describe
the preparation of L-arabinose-containing polysaccharides and the action of an alpha-L-
arabinofuranosidase on the polysaccharides. Filho ef af., 18998, Appl. Environ. Microbiol.
62: 168-173, disclose the purfication and characterization of two alpha-L-
arabinofuranosidases from Penjoiflium capsufatum. WO 86/06835 discloses an
arabinoxylan degrading enzyme from Aspergiflus niger. WO 2006/125438 describes g
Feniciflium capsufatum alpha-L-arabinofuranosidase and polynucieotide thereof.

The present invention relates to  polypeptides having alpha-L-

arabinofuranosidase activity and polynucleotides encoding the polypeptides.

Summary of the Invention

The present nvention relates o isolated polypeplides having alpha-l-
arabinofuranosidase activity selected from the group consisting of:

{a} a polypeptide comprising an amino acid sequence having at least 70%
sequence identity 1o the mature polypeptide of SEQ 1D NO: 2;

() a palypeplide encoded by a polynucleotide that hybridizes under af least
medium-high stringency conditions with the mature polypeptide coding sequence of
SEQ 1D NO: 1 or its full-length complementary strand;

{c} a polypeptide encoded by a polynucleotide comprising a nucleotide
sequence having at least 70% sequence identity 0 the mature polypeplide coding
sequence of SEQ 1D NO: 1. and

{d) a variant comprising a substitution, delstion, and/or insertion of one or
more {several) amino acids of the mature polypeptide of SEQ D NO: 2.

The present invention also relates to isolated polynuciectides encoding
polypeptides having alpha-L-arabinofuranosidase activity, selected from the group
consisting of:

(a) a polynuclectide encoding & polypeptide comprising an amino acid
sequence having at least 70% sequence identity to the mature polypeptide of SEQ 1D
NO: 2Z;

() a polynucleotide that hybridizes under at least medium-high stringency
conditions with the mature polypeptide coding sequence of SEQ 1D NO: 1 or its full-
length complementary strand;
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{T) a pohynuciectide comprising a nucleotide sequence having at least 70%
sequence identity to the mature polypeptide coding sequence of SEQ 1D NO: 1, and

{d) a polynucleotide encoding a variant comprising a substitution, deletion,
and/or insertion of one or more (several} amino acids of the mature polypeptide of SEQ
iDNO 2

The present invention also relates to nucleic acid constructs, recombinant
expression veciors, recombinant host cells comprising the polynucleoctides, and methods
of producing a polypeptide having alpha-L-arabinofuranosidase activily.

The present invention also relates 10 methods of inhibiting the expression of &
polypeptide in a cell, comprising administering {o the cell or expressing in the cell a
double-stranded RNA (dsRNA) molecule, whersin the dsRNA comprises a subsequence
of a polynucieotide of the present invention. The present also relates to such a double-
stranded inhibitory RNA {dsRNA} molecule, wherein optionally the dsRNA is a siRNA or
a miRNA molecule,

The present invention also relates to methods for degrading a material
comprising a xvian.

The present invention aise relales to plants comprising an  isolated
polynuclectide encoding such & polypeptide having alpha-L-arabinofuranosidase
activity.

The present invention also relates 10 methods of praducing such a polypeptide
having alpha-L-arabinofuranosidase, comprising: {a) cullivating a transgenic plant or a
plant cell comprising a polynucleotide encoding such a polypeptide having alpha-L-
arabinofurancsidase activily under conditions conducive for production of the
palypeptide; and (b) recovering the polypeptide.

The present invention further relates to nucleic ackd constructs comprising a
gene encoding a protein, wherein the gene is operably linked to a nucleotide sequence
encoding a signal peptide comprising or consisting of amino acids 1 to 17 of SEQ D
NO: 2, wherein the gene is foreign 1o the nudlectide sequence.

Brief Description of the Figures

Figures 1A and 1B show the genomic DNA sequence and the deduced amino
acid sequence of a Family 62 Humicola insclens DSM 1800 alpha-L-
arabinoturanosidass (SEQ 1D NQs: 1 and 2, respectively).

Figure 2 shows a restriction map of pMMar4.

Figure 3 shows a restriction map of pHinsGHEB2A.

-3
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Definitions

Alpha-L-arabinofuranosidase activity: The term "alpha-L-arabinofuranosidase
activity” is defined herein as an alpha-L-arabinofuranoside arabinofuranchydrolase
activity (EC 3.2.1.55) that catalyzes the hydrolysis of terminal non-reducing alpha-L-
arabinofuranoside residues in alpha-L-arabinosides. The enzyme activity acts on alpha-
L-arabinofuranosides, alpha-L-arabinans containing (1,3} and/or (1.5)-linkages,
arabinoxylans, and arabinogalactans.  Alpha-L-arabinofuranosidase is also known as
arahinosidase, alpha-arabinosidase, alpha-L-arabinosidase, alpha-arabinofuranosidase,
polysaccharide alpha-L-arabinofuranosidase, alpha-L-arabinofuranoside hydrolasse, L-
arabinosidase, or alpha-L-arabinanase. For purposes of the present invention, aipha-L-
arabinofuranosidase aclivity is determined according 1o the procedures described below
or the procedure described in Example 10, The polypeptides of the present invention
have at least 20%, preferably at least 40%, more preferably at least 50%, more
preferably at least 80%, more preferably at least 70%, more preferably at least 80%,
every more preferably at least 90%, most preferably at least 85%, and even most
preferably at least 100% of the alpha-L-arabinofuranosidase activity of the mature
polypeptide of SEQ 1D NG: 2.

FPreparation of specific arabinoxylan oligosaccharides. Oligosaccharides
containing arabinosyl groups linked terminally (1--3) are prepared by incubating 1 g of
water insoluble wheat arabinoxylan (Megazyme, Bray, County Wicklow, Ireland} in 100
mil of 4.1 M acetate pH 6.0 buffer with 6.67 g of SHEARZYME™ {Aspergifius aculsstus
GH10 endo-1,4-beta-xylanase, Novozymes A/S, Bagsveerd, Benmark} per kg of water
insoluble wheat arabinoxyan for 2 hours at 30°C. Oligosaccharides containing
arabinosyl groups linked internally (1—3) are preparsd by incubating 1 g of water
insoluble wheat arabinoxylan in 100 mi of 0.1 M sodium acelale pH 6.0 with 0.03 g of
PENTORPAN™  MONG (Themmomyces lanuginosus GH11  endo-1.4-B-xylanase;
Novozymes A/S, Bagsvaerd, Denmark) per kg of water insoluble wheat arabinoxylan for
2 hours at 30°C. Qligosaccharides containing arabinosyt groups linked internatly (1--2)
are prepared by incubating 1 g of water insoluble wheat arabinoxylan in 100 miof 0.1 M
sodium acetate pH 6.0 with 0.03 g of PENTOPAN™ MONQ per kg of water insoluble
wheat arabinoxylan and aipha-L-arabinofuranocsidase per kg of water soluble wheat
arabinoxylan for 2 hours at 30°C. To stop the enzymatic reaction, the mixture is heated
at 160°C for 10 minutes. The arabinoxylo-oligosaccharides are concentrated on a rotary
evaporator and evaluated by "H-NMR.

4
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Determination of optimal reaction conditions. The optimal reaction conditions for
an alpha-L-arabinofurangsidase is evaluated in a two-factor Box-Behnken response
surface design templates (Montgomery, 2001, Design and analysis of experiments.
Wiley, New York). Each template comprises several different combinations of pH (3-7)
and reaction temperature (30-70°C) with 3 center points. Water scluble wheat
arabinoxylan {0.002 g; Megazyme, Bray, County Wicklow, Irefand) is dissolved in 2 mi of
deionized water. The solution is then incubated with 0.1 g of enzyme protein per kg of
water soluble wheat arabinoxylan per assay. Samples are withdrawn afier exactly 24
hours of reaction and heated immediately at 100°C for 10 minutes to stop the enzyme
reaction. The samples are then centrifuged at 20,000 x g for 10 minutes and the level of
arabinose is determined in the supernatants by HPAEC analysis. The values reported
are in mg per g of wheat arabinoxylan.

Mode of action of alpha-L-arabincfuranosidases. Alpha-L-arabinoturanosidase is
added to 0.01 g of water soluble wheat arabinoxylan, 0.01 g of oligosaccharides
containing either arabinosyl groups linked {erminally {1—3), 0.01 g of oligosaccharides
containing arabinosyl groups linked internally (13}, or 0.01 g of oligosaccharides
containing arabinosy groups finked internally (1--2) in 1 ml of 0.1 M sodium acetate pH
8.0 for 2 hours at 40°C. The enzymalic reactions are inactivated at 100°C for 10
minutes. Samples are concentrated on a rotary evaporator and analysed by TH-NMR.

HFAEC., Hydrolysates {10 yl} are applied onto a BiolC system (Dionex
Corporation, Sunnyvale, CA, USA) fitted with a CARBOPAC™ PA1 guard column {4 x
250 mm} (Dionex Corporation, Sunnyvale, CA, USA) combined with a CARBOPAC™
PA1 precolumn (4 x 50 mm). Arabinose is separated isocratically with 10 mM KOH for
15 minutes at a flow-rate of 1 ml per minute. Arabinose is detected by a pulsed
electrochemical detecior in the pulsed amperiometric detection mode. The potential of
the electrode is programmed for +0.1V {i=0-045)10-20V {1 =041-04235) 10 08 V {1
= 0.43 s} and finally -0.1 V (t = 0.44-0.50 s}, while integrating the resulting signal from t =
0.2-0.4 5. Arabinose (Merck, Darmstadt, Germany) is used as a standard.

"H-NMR analysis. All degradation products are lyophilized twice from 99.9%
D:0 and re-dissolved in 88.9% D0, Some hydrolysates are dialyzed (Spectra/Por
membrane molecular weight cut-off 1000} to remove free arabinose prior to the spectral
analysis. The "H-NMR spectra are recorded at 30°C in a Varian Mercury-VX instrument
operated at 400 MHz and equipped with a 4-nucleus auto-switchable probe. Data are
collected over 128-512 scans and the HDO signal is used as a reference signal (4.67
ppm).

Xylan-containing material: The ferm “xvian-containing material” is defined

-5.
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herein as any material comprising xylan as a constituent. Xylan is a plant cell walt
polysaccharide containing a backbone of betg-1,4-linked xylose residues, Side chains
of 4-O-methyigiucuronic acid and arabinose are generally present in varying amounts,
together with acetyl and feruloyl groups. Xylan is a major constifuent of hemicellulose.

Family 62 or Family GHB62: The term "Family 82" or "Family GH82" or "GHE2" is
defined herein as a polypeptide falling into the glycoside hydrolase Family 82 according
e Henrissat B., 1891, A classification of glycosyl hydrolases based on amino-acid
sequence similarities, Biochem. J 28G: 308-318, and Henrissat and Bairoch, 1996,
Updating the sequence-based classification of ghycosyl hydrolases, Biochem. J. 316&:
695-896.

isolated polypeptide: The term “isolated polypeptide” as used herein refers {o a
polypeptide that is isolated from a source. In a preferred aspect, the polypeptide is at
teast 1% pure, preferably at least 5% pure, more preferably at least 10% pure, more
preferably at least 20% pure, more preferably at least 40% pure, more preferably at
least 60% pure, even more preferably at feast 80% pure, and most preferably at least
S0% pure, as determined by SDS-PAGE.

Substantially pure polypeptide: The term “subsiantiafly pure polypeptide”
denotes herein a polypeptide preparation that contains at most 10%, preferably at most
8%, more preferably at most 6%, more preferably at most 5%, more preferably at most
4%, more preferably at most 3%, even more preferably at most 2%, most preferably at
most 1%, and even most preferably at most 0.5% by weight of other polypeptide
material with which it is natively or recombinantly associated. it is, therefore, preferred
that the substantially pure polypeplide is al least 92% pure, preferably at least 94%
pure, more preferably at least 88% pure, more preferably at least 96% pure, more
preferably at least 96% pure, more preferably at least 97% pure, more preferably at
least 98% pure, even mare preferably at least 99%. most preferably at least 99.5% pure,
and even most preferably 100% pure by weight of the total polypeptide material present
in the preparation. The pdlypeptides of the present invention are preferably in a
subsiantially pure form, ie., that the polypeptide preparation is essentially free of other
polypeptide material with which it is natively or recombinantly associated. This can be
accomplished, for example, by preparing the polypeptide by well-known recombinant
methods or by classical purification methods.

Mature polypeptide: The term “mature polypeplide” is defined herein as a
polypeptide having alpha-L-arabinofuranosidase activity that is in its final form following
translation and any post-transiational modifications, such as N-terminal processing, C-
terminal truncation, glycosylation, phosphoryiation, efc. In a preferred aspect, the

o6~
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mature polypeptide is amino acids 18 to 387 of SEQ 1D NG 2 based on the SignalP
program that predicts amine acids 1 {0 17 of SEQ 1D NO: 2 are a signal peplide,

Mature polypeptide coding sequence: The term "mature polypeptide coding
seguence” is defined herein as a nucleotide sequence that encodes a mature
polypeptide having alpha-L-arabinofuranosidase activity. In a preferred aspect, the
mature polypeptide coding seguence is nucleotides 52 to 1161 of SEQ 1D NO: 1 based
on the SignalP program that predicts nucleotides 1 fo 51 of SEQ 1D NO: 1 encode a
signat peptide.

identity: The relatedness between two amine acid sequences or between two
nucieotide sequences is described by the parameter “identity”.

For purposes of the present invention, the degree of sequence identity bebween
fwo amino acid sequences is determined using the Needleman-Wunsch algorithm
{Needleman and Wunsch, 18970, J Mol Biol 48 443-453) as implemented in the
Needie program of the EMBOSS package (EMBOSS: The Eurcpean Molecular Biology
Open Software Suite, Rice ef al, 2000, Trends in Genetics 16 276-277), preferably
version 3.0.0 or later. The optional parameters used are gap open penalty of 10, gap
extension penalty of 0.5, and the EBLOSUMSZ (EMBOSS version of BLOSUMEZ)
substitution mairix. The output of Needie labeled "longest identity” (obtained using the ~
nobrief option) is used as the percent identity and is calculated as follows:

(identical Residues x 100¥{Length of Aligrnment — Total Number of Gaps in Alignment)

For purposes of the present invention, the degree of sequence identity between
two deoxyribonucleotide sequences is determined using the Needleman-Wunsch
algorithm (Needleman and Wunsch, 1970, supra) as implemented in the Needle
program of the EMBOSS package (EMBOSS: The European Molecular Biology Open
Software Suite, Rice of @/, 2000, supra), preferably version 3.0.0 or fater. The optional
parameters used are gap open penalty of 10, gap extension penalty of 0.5, and the
EDNAFULL (EMBOSS version of NCBE NUC4.4) substitution matrix. The output of
Needie labeled "longest identity” {(oblained using the -nobrief option) is used as the
percent identity and is calculated as follows:

{ldentical Deoxyribonucleotides x 100y (Length of Alignment — Total Number of
Gaps in Alighment}

Homologous sequence: The term "homologous sequence” is defined herein as
a predicted protein that gives an E value (or expectancy score) of less than 0.001 in a
ffasty search (Pearson, W.R., 1989, in Biocinformatics Methods and PFroiocols, S.
Misener and S. A Kraweiz, ed., pp 185-219) with the Humicola insofens alpha-L-
arabinofuranosidase of SEQ 1D NQO: 2 or the mature polypeplide thereof.
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Polypeptide fragment; The term “polypeplide fragment” is defined herein as 3
polypeptide having one oF more (several) amino acids deleted from the amine and/or
carboxyl terminus of the mature polypeplide of SEQ D NG 2, or a homologous
seguence thereof, wherein the fragment has alpha-L-arabinofuranosidase aclivity. In a
preferred aspect, a fragment contains at least 310 amino acid residues, more preferably
at least 330 amino acid residues, and most preferably at least 350 amino acid residues
of the mature polypeptide of SEQ 1D NO: 2 or a homologous sequence thereof.

Subsequence: The term “subsequence” is defined herein as a nucleotide
sequence having one or more (several) nucleotides delsted from the 5 andior 3’ end of
the mature polypeptide coding sequence of SEQ ID NO: 1; or a homologous sequence
thereof, wherein the subsequence encodes a polypeptide fragment having alpha-L-
arabinofuranosidase activity. In a preferred aspect, a subsequence contains at least
930 nucleoltides, more preferably at least 980 nucleotides, and most preferably at least
1050 nuclectides of the mature polypeptide coding sequence of SEQ 1D NO: 1 or a
homeologous sequence thereof,

Allelic variant: The temm “allelic variant” denotes herein any of two or more
alternafive forms of a gene occupying the same chromosomal ocus.  Allslic variation
arises naturally through mutation, and may result in polymorphism within populations.
Gene mutations can be silent (no change in the encoded polypeptide} or may encode
polypeptides having altered amino acid sequences. An allelic variant of a polypeptide is
a polypeptide encoded by an allelic variant of a gene.

isolated polynucleotide: The term “isolated polynuciectide” as used herein
refers to a polynucleotide that is isolated from a source. In a preferred aspect, the
polynuciectide is al least 1% pure, preferably at least 5% pure, more preferably at least
10% pure, more preferably at least 209% pure, more preferably at least 40% pure, more
preferably at least 60% pure, even more preferably at least 80% pure, and most
preferably at least 80% pure, as determined by agarose electrophoresis.

Substantially puwe polynucleotide: The term  “substantially pure
polynuclectide” as used herein refers o a polynucleoctide preparation free of other
extraneous or unwanted nucleotides and in a form suitable for use within genetically
engineered protein production systems. Thus, a substanBally pure polynuclectide
contains at most 10%, preferably at most 8%, more preferably at most 6%, more
preferably af most 5%, more preferably at most 4%, more preferably at most 3%, even
more preferably at most 2%, most preferably at most 1%, and even most preferably at
most 0.5% by weight of other polynuclectide material with which it is natively or
recombinantly associated. A substantiglly pure polynucleotide may, however, include

B~
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naturally cccurning &° and 3 untransiated regions, such as promoters and terminators. |t
is preferred that the substantially pure polynucleotide is at least 90% pure, preferably at
least 92% pure, more preferably at least 94% pure, more preferably at least 95% pure,
more preferably at least 96% pure, more preferably at least 87% puwre, even mors
preferably at least 88% pure, most preferably &t least 98%, and even most preferably at
least 99.5% pure by weight. The polynuclectides of the present invention are preferably
it & substantially pure form, i.e., that the polynucleotide preparation is essentially free of
other polynucteotide matenat with which it is natively or recombinantly associated. The
polynuciectides may be of genomic, cONA, BNA, semisynthetic, synthetic origin, or any
combinations thereof.

Coding sequence: When used herein the term “coding seguence” means a
nuclectide sequence, which directly specifies the amino acid seguence of its protein
product. The boundaries of the coding sequence are generally determined by an open
reading frame, which usually begins with the ATG start codon or alternative start codons
such as GTG and TTG and ends with a stop codon such as TAA, TAG, and TGA. The
coding sequence may be a DNA, cBNA, synthetic, or recombinant nuclestide sequence.

cDNA: The term "cDNA" is defined herein as a DNA molecule that can be
prepared by reverse transcription from a malure, spliced, mRNA molecule obtained from
a eukaryolic cell. cDNA lacks intron sequences that may be present in the
corresponding genomic DNA.  The initial, primary RNA franscript is a precursor 1o
mRNA that is processed through a serfes of steps before appearing as malure spliced
mRNA. These sieps include the removal of intron sequences by a process called
splicing. ¢DNA derived from mRNA lacks, therefore, any intron sequences.

Nucleic acid construct: The term "nucleic acid construct” as used herein refers
to a nucleic acid molecule, either single- or double-stranded, which is isclated from 3
naturally occurring gene or which is modified to contain segments of nucleic acids in a
manner that would not otherwise exist in nature or which is synthetic. The term nudleic
acid construct is synonymous with the term "expression cassetie” when the nucleic acid
consfruct contains the control sequences required for expression of a coding sequence
of the present invention.

Control sequences: The term "control sequences” is defined herein to include
all components necessary for the expression of a polynucieotide enceding a polypeptide
of the preseni invention. Each control sequence may be native or foreign to the
nuclectide sequence encoding the polypeptide or native or foreign to each other. Such
control sequences include, but are not limited to, a leader, polyadenylation sequence,
propeptide sequence, promoter, signal peptide sequence, and transcription terminator.

-
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At a minimum, the control sequences include a promoter, and transcriptional and
translationat stop signals. The control sequences may be provided with linkers for the
purpose of introducing specific restriclion sites facilitating ligation of the control
seguences with the coding region of the nuclectide sequence encoding a polypeptide.

Operably linked: The term “operably linked” denotes herein a configuration in
which a control sequence is placed at an appropriate position relative to the coding
sequence of the polynuciectide sequence such that the control seguence directs the
expression of the coding sequence of a polypeptide.

Expression: The term "sxpression” includes any step involved in the production
of the polypeptide including, but not limited to, franscription, post-transcriptional
modification, translation, post-transiational modification, and secretion.

Expression vector: The term “expression vector” is defined herein as a linear or
circular DNA moleculs that comprises a polynucleolide encoding a polypeplide of the
present invention and is operably finked to additional nuclectides that provide for its
expression.

Host cell: The term "host cell”, as used herein, includes any celf type that is
susceptible to transformation, transfection, transduction, and the like with & nucleic acid
construct or expression vector comprising a polynuclectide of the present invention.

Modification: The term "modification” means herein any chemical modification
of the polypeptide consisting of the mature polypeptide of SEQ 1D NO: 2; or a
homologous sequence thereof, as well as genetic manipulation of the DNA encoding
such a polypeptide. The modification can be a subshiution, a deletion and/or an
insertion of one or more (several) amino acids as well as replacements of one or more
{several) amino acid side chains.

Artificial variant: When used herein, the term “arificial variant” means a
polypeptide having alpha-L-arabinofuranosidase activity produced by an organism
expressing a muodified polynuclectide sequence of the matwre polypeptide coding
sequence of SEQ 1D NOQ 1, or a homologous sequence thereof.  The modified
nucleotide sequence is obtained through human intervention by modification of the
polynuclectide sequence disclosed in SEQ ID NO: 1, or a homologous sequence

thereof.

Detailed Description of the Invention

Polypeptides Having Alpha-L-Arabinofuranosidase Activity
In a first aspec!, the present invention relates to isolated polypeptides comprising
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an amino acid sequence having a degree of sequence identity 1o the mature polypeptide
of SEQ ID NO: 2 of preferably at least 70%, more preferably at least 75%, more
preferably at least 80%, more preferably at least 85%, even more preferably at least
90%, most preferably at least 85%, and even most preferably at least 86%, at least
Q7%, al least 98%, or at least 99%, which have alpha-L-arabinofuranosidase activity
(hereinafter "homologous polypeptides™. In a preferred aspect the homologous
polypeptides have an amino acid sequence that differs by ten amine acids, preferably by
five amino acids, more preferably by four amino acids, even more preferably by three
amino acids, most preferably by two amino acids, and even most preferably by one
amino acid from the mature polypeptide of SEQ 1D NQ: 2.

A polypeptide of the present invention preferably comprises the amino acid
sequence of SEQ 1D NO: 2 or an allelic variant thereof; or a fragment thereof having
aipha-L-arabinofuranosidase activily. In a preferred aspect, the polypeptide comprises
the amino acid sequence of SEQ 1D NO: 2. In another preferred aspedt, the polypeptide
comprises the mature polypeplide of SEQ 1D NO: 2. In another preferred aspect, the
polypeptide comprises amino acids 18 {0 387 of SEQ D NG 2, or an allelic variant
thereof, or a fragment thereof having alpha-L-arabinofuranosidase aclivity,  In another
preferred aspect, the polypeptide comprises amino acids 18 to 387 of SEQ ID NO: 2. In
ancther preferred aspect, the polypeptide consisis of the amino acid sequence of SEQ
i NO: 2 or an allelic variant thereof, or a fragment thereof having alpha-b-
arabinofuranosidase aclivity. In another preferred aspect, the polypeplide consists of
the amino acid sequence of SEQ D NQ: 2. In another preferred aspect, the polypeptide
consists of the mature polypeptide of SEQ ID NO: 2. in another preferred aspect, the
polypeptide consists of amino acids 18 to 387 of SEQ 1D NO: 2 or an allelic variant
thereof, or a fragment thereof having alpha-L-arabinofuranosidase activity. in another
preferred aspect, the polypeptide consists of amino acids 18 to 387 of SEQ 1D NO: 2.

In a second aspect, the present invention relates 1o isclated polypeptides having
alpha-L-arabinofuranosidase activity that are encoded by polynuciestides that hybridize
under preferably very low siringency conditions, more preferably low stingency
conditions, more preferably medium stringency conditions, more preferably medium-high
stringency conditions, even more preferably high stringency conditions, and most
preferably very high stringency conditions with (i} the mature polypeptide coding
sequence of SEQ ID NO: 1, (i) a subsequence of (i}, or (iil) a full-length complementary
strand of (i} or (i} (J. Sambrock, E.F. Fritsch, and T. Maniatis, 1988, Molecular Cloning,
A Laboratory Manual, 2d edition, Cold Spring Harbor, New York). A subsequence of the
mature polypeptide coding sequence of SEQ 1D NO: 1 contains at least 100 contiguous
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nucleotides or preferably at least 200 contiguous nucleotides.  Moaoreover, the
subsequence may encode a pdlypeptide fragment having alpha-L-arabincfuranosidase
activity. In a prefered aspeci, the complementary strand is the full-length
complementary strand of the mature polypeptide coding sequence of SEQ {D NO: 1.

The nucleotide sequence of SEQ 1D NO: 1; or a subsequence thereof, as well as
the amino acid sequence of SEQ ID NO: 2; or a fragment thereof, may be used {0
design nucleic acid probes o identify and clone DNA encoding polypeptides having
alpha-L-arabinofuranosidase activity from strains of different genera or species
according {o methods well known in the art. In particular, such probes can be used for
hybridization with the genomic or cDNA of the genus or species of interest, following
standard Southern blofting procedures, in order to identify and isolate the corresponding
gene therein. Such probes can be considerably shorter than the entire sequence, but
should be at least 14, preferably at least 25, more preferably at lsast 35, and most
preferably at least 70 nuclectides in length. It is, however, preferred that the nucleic
acid probe is at least 100 nucleotides in length. For example, the nucleic acid probe
may be at least 200 nucleotides, preferably at isast 300 nuclestides, more preferably at
least 400 nucleotides, or most preferably at least 500 nucleotides in length. kEven longer
probes may be used, eg., nucleic acid probes thal are preferably at least 600
nucleotides, more preferably at least 700 nuclectides, even more preferably at least 800
nicieatides, or most preferably at least 900 nuclectides in length. Both DNA and RNA
probes can be used. The probes are typically labeled for detecting the corresponding
gene (for example, with *P, *H, 3, biotin, or avidin). Such probes are encompassed
by the present invention.

A genomic DNA or cDNA library prepared from such other strains may,
therefore, be screened for DNA that hybridizes with the probes described above and
encodes g polypeptide having alpha-L-arabinofuranosidase activity. Genomic or other
DNA from such other strains may be separated by agarose or polyacrylamide gel
electrophoresis, or other separation techniques. DNA from the libraries or the separated
DNA may be transferred to and immobilized on nitroceliulose or other suitable carrier
matertal, In order to identify a clone or DNA that is homologous with SEG ID NO: 1, ora
subsequence thereof, the carrier material is preferably used in a Southern biot.

For purposes of the present invention, hybridization indicates that the nucleotide
sequence hybridizes {0 a labeled nucleic acid probe corresponding fo the mature
polypeptide coding seguence of SEQ 1D NO: 1; its full-length complementary strand; or
a subsequence thereof, under very low 1o very high stringency conditions. Molecules {o
which the nucleic acid preobe hybridizes under these conditions can be detected using,

~12 -



is

30

s
L

WO 2009/073383 PCT/US2008/084209

for example, X-ray film.

In a preferred aspect, the nucleic acid probe is the mature polypeptide coding
sequence of SEQ ID NOG: 1. In another preferred aspect, the nucleic acid probe is
nucteotides 52 to 1161 of SEQ 1D NO: 1. in ancther preferred aspect, the nucleic acid
probe is a polynucleotide sequence that encades the polypeptide of SEQ IDNO: 2, or a
subsequence thereof. In another preferred aspect, the nucleic acid probe is SEQ 1D
NO: 1. In ancther preferred aspect, the nucleic acid probe is the polynucieotide
sequence contained in plasmid pHinsGHE2A which is contained in £ cofif NRRL B-
50075, wherein the polynuciectide sequence thereof encodes a polypeptide having
aipha-L-arabinofuranosidase activity.  In another preferred aspect, the nucleic acid
probe is the mature polypeptide coding region contained in plasmid pHinsGHE2A which
is contained in £. coli NRRL B-B0G75.

For fong probes of at least 100 nucleotides in length, very fow to very high
stringency conditions are defined as prehybridization and hybridization at 42°C in 5X
SSPE, 0.3% 8BS, 200 ugiml sheared and denatured salmon sperm DNA, and either
25% formamide for very low and low stringencies, 35% formamide for medium and
medium-high stringencies, or 50% formamide for high and very high stringencies,
following standard Southern blotting procedures for 12 o 24 hours optimally.

For long probes of at least 100 nuclectides in length, the carrier material is finally
washed three times each for 15 minutes using 2X S8C, 0.2% SDS preferably at 45°C
{very low stringency), more preferably at 50°C {low stringency), more preferably at 55°C
{medium stringency), more preferably at 80°C {medium-high stringency), even more
preferably at 65°C (high stringency). and most preferably at 70°C {very high stringency).

For short probes of about 15 nuclectides to about 70 nucleotides in length,
stringency conditions are defined as prehybridization, hwbridization, and washing post-
hybridization at about 5°C to about 10°C below the calculated T, using the calculation
according to Bolton and McCarthy (1962, Froceedings of the National Academy of
Sciences USA 48:1360) i1 0.9 M NaCl, 0.09 M Tris-HCl pH 7.6, 6 mM EDOTA, 0.5% NP-
40, 1X Denhardl's solution, 1 mM sodium pyrophosphate, 1 mM sodium monobasic
phosphate, 0.1 mM ATP, and 0.2 mg of yeast RNA per ml following standard Southern
blotting procedures for 12 to 24 hours optimally.

For short probes of about 15 nucleotides to about 70 nuclectides in length, the
carcier material is washed once in 6X SCC plus §.1% SDS for 15 minutes and iwice
each for 15 minutes using 86X SSC at 5°C to 10°C below the calculated T,

In a third aspect, the present invention relates fo isolated polvpeptides having

aipha-L-arabincfurancsidase  aclivily encoded by polynuciectides comprising or
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consisting of nuclectide sequences that have a degree of sequence identity to the
mature polypeptide coding sequence of SEQ 1D NG: 1 of preferably at least 70%, more
preferably at least 75%, more preferably at least 80%, more preferably at least 85%,
even more preferably at least 90%, most preferably at least 95%, and even most
preferably at least 86%, at least 97%, at least 88%, or at least 99%, which encode an
active polypeptide. See polynuclectide section herein.

I a fourth aspedt, the present invertion relates to artificial variants comprising a
substitution, deletion, and/or insertion of one or more {(or several) amino acids of the
mature polypeptide of SEQ 1D NO: 2; or a homgologous sequence thereof. Preferably,
amino acid changes are of a minor nature, that is conservative aming acid substitutions
or insertions that do not significantly affect the folding and/or aclivity of the protein; small
deletions, typically of one to about 30 amino acids; small amino- or carboxyl-terminal
extensions, such as an amino-terminal methionine residue; a small linker peptide of up
{0 about 20-25 residues; or a small extension that faciitates purification by changing net
charge or another function, such as a poly-histidine tract, an antigenic epitope or a
binding domain.

Examples of conservative substitutions are within the group of basic aming acids
{argining, lysine and hislidine), acidic amino acids (glutamic acid and aspartic acid),
polar amino acids {glutamine and asparagine}, hydrophobic amino acids (leucine,
isoleucine and valine}, aromatic aming acids {phenylalanine, tryptophan and tyrosing),
and small amino acids (glycing, alanine, sering, threonine and methioning).  Amino acid
substitutions that do not generally alter specific activity are known in the art and are
described, for example, by H. Neurath and R.L. Hill, 1978, in, The Proteins, Academic
Press, New Yoark. The most commonly occurring exchanges are Ala/Ser, Valllle,
AspiGlu, Thr/Ser, Ala/Gly, Ala/Thr, SerfAsn, AlaVal, Ser/Gly. Tyr/Phe, AlalPro, LysfArg,
AsplAsn, Leuflle, Leu/Val, Ala/Gly, and Asp/Gly.

In addition to the 20 standard amino acids, non-standard amino acids {(such as 4-
hydroxyproline, 6-N-methyl lysine, Z-aminoisobudyric acid, isovaline, and alpha-methyl
serine) may be substituted for amino acid residues of a wild-type polypeptide. A limited
number of non-conservative amino acids, amino acids that are not encoded by the
genetic code, and unnatural amino acids may be substituted for amino acid residues.
“Unnatural aming acids” have been modified after protein synthesis, and/or have a
chemical structure in their side chain{s) different from that of the standard amino acids.
Unnatural amine acids can be chemically synthesized, and preferably, are commercially
available, and include pipecolic acid, thiazolidine carboxylic acid, dehydroproline, 3- and
4-methyiproline, and 3,3-dimethylproline.
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Alternatively, the amino acid changes are of such a nature that the physico-
chemical properties of the polypeptides are altered. For example, amine acid changes
may improve the thermal stability of the polypeptlide, alter the subsirate specificity,
change the pH optimum, and the like.

Essential amino acids in the parent polypeptide can be identified according to
procedures known in the art, such as site-directed mutagenesis or alanine-scanning
mutagenssis {Cunningham and Wells, 1889, Science 244; 1081-1085). In the lalter
technique, single alanine mutations are introduced at every residue in the molecule, and
the resultant mutant molecules are tested for biological activity (e, alpha-L-
arabinofuranosidase activity) {o identify amino acid residues that are critical to the
activity of the molecule. See also, Hilton et al, 1996, /. Biol Chem. 271: 4689-4708.
The active site of the enzyme or other biological interaction can also be determined by
physical analysis of structure, as determined by such techniques as nuclear magnstic
resonance, crysiallography, electron diffraction, or photoaffinity labeling, in conjunction
with mutation of putative contact site amino acids. See, for example, de Vos ef al,
1992, Science 255: 308-312, Smith ef al, 1992, J Mol Biol. 224 899-904; Wicdaver et
al., 1992, FEBS Left 309 59-64. The identities of essential amino acids can also be
inferred from analysis of identities with polypeptides that are related to a polypeplide
according o the invention.

Single or multiple amino acid substititions, deletions, and/or insertions ¢an be
made and tested using known methods of mutagenesis, recombination, and/or shuffling,
followed by a relevant screening procedure, such as those disclosed by Reidhaar-Olson
and Sauer, 1988, Science 241: 53-57; Bowie and Sauer, 19898, Proc. Nail. Acad. Sci.
USA 86, 2152-2156; WO 95/17413; or WO 95/22625. Other methods that can be used
include error-prone POR, phage display {e.g., Lowman et al, 1881, Blochem. 3O
10832-10837, U.5. Patent No. 5223408, WO 92/08204), and region-directed
mutagenesis {Derbyshire of g/, 1988, Gene 46 145; Ner ef af, 1988, DNA 7 127).

Mutagenesisishuffling methods can be combined with  high-throughput,
automated screening methods to detect activity of cloned, mutagenized polypeptides
expressed by host cells (Ness of al, 1899, Nafwre Biotechnology 17. BS3-888)
Mutagenized DNA molecules that encode aclive polypeptides can be recovered from the
host cells and rapidly sequenced using standard meathods in the art. These methods
alfow the rapid determination of the importance of individual amino acid residues in a
polypeptide of interest, and can be applied to polypeptides of unknown structure.

The total number of amino acid substitutions, deletions and/or insertions of the
mature polypeptide of SEQ 1D NO: 2, such as amino acids 18 to 387 of SEQ 1D NO: 2,
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is 10, preferably 9, more preferably 8, more preferably 7, more preferably at most 6,
more preferably 5, more preferably 4, even more preferably 3, most preferably 2, and
even most preferably 1.

Sources of Polypeptides Having Alpha-L-Arabinofuranosidase Activity

A polypeptide having alpha-L-arabinofuranosidase activity of the present
invention may be oblained from microorganisms of any genus, For purposes of the
present invention, the term “obtained from” as used herein in connection with a given
source shall mean that the polypeptide encoded by a nucleotide sequence is produced
by the source or by a strain in which the nuclectide sequence from the source has been
inserted. In a preferred aspect, the polypeptide oblained from a given source is
secreted extraceliularly.

A polypeptide having alpha-L-arabinofurancsidase activity of the present
invention may be a baclerial polypeplide. For example, the polypeplide may be a gram
positive bacterial polypeptide such as a Baciflus, Streptococcus, Streptomyces,
Staphyviococcus, Enterococous, Lactobacifius, Lactococcus, Clostrdium, Geohaciifus, or
Oceancbaciiius polypeptide having alpha-L-arabinofuranosidase activity, or a Gram
negative baclerial polypeptide such as an £ cofi Pseudomonas, Salmonella,
Campylobacter, Helicobacter, Flavobactenum, Fusobacterium, Hycbacter, Neisseria, or
Ureaplasma palypeptide having alpha-L-arabinofuranosidase activity.

In a preferred aspect, the polypeptide s a Bacillus alkalophilus, Baciffus
amyloliguefaciens, Bacilus brevis, Bacillus circulans, Baciilus clausk, Baciflus
coagulans, Bacillus firmus, Bacillus lautus, Baciflus lentus, Baciflus licheniformis,
Bacifius megaterium, Baciflus pumnilus, Bacillus stearcthermophilus. Bacillus subtilis, or
Bacillus thuringiensis polypeptide having alpha-L-arabinofurancsidase activity.

In another preferred aspect, the polypeptide is a Sirepfococcus equisimilis,
Strepfoccccus pyogenes, Strepfococcus ubers, or  Streptococcus egui  subsp.
Zoogpidemicus polypeptide having alpha-L-arabinofuranosidase activity.

In another preferred aspect, the polypeptide is a Streptomyces achromogenes,
Streptomyces avermitilis, Streptomyces coelicolor, Streptomyces griseus, or
Streptomyces lividans polypeptide having alpha-L-arabinofuranosidase activity.

A polypeptide having alpha-L-arabinofuranosidase activity of the present
invention may also be a fungal polypeptide, and more preferably a yeasi polypeptide
such as a Candida, Kluyveromyces, Fichia, Saccharomyces, Schizosaccharomyces, or
Yarrowia polypeptide having alpha-L-arabinofuranosidase activity, or more preferably a
filamentous fungal polypeptide such as an Acremonium, Agaricus, Altemaria,
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Aspergifius, Aureobasidium, Botryospaena, Ceriponopsis, Chaetornidivim,
Chrysosporium, Claviceps, Cochiffobolys, Coprinopsis, Coptotermes, Corynascus,
Cryphoneciria, Cryptococcys, Diplodia, Exidia, Filibasidium, Fusarium, Gibberella,
Holomastigotoides,  Humicola, Irpex, Lenfinufa, Lepltospaeria, Magnaporihe,
Melanocampus, Merpilus, Mucor, Myceliophthora, Neocallimastix, Neurospora,
Paecilomyces, Penicilfium, Fhanerochaete, Firomyces, Poitrasia, Pseudoplectania,
Pseudotrichonympha, Rhizomucor,  Schizophylfum,  Scytalidium,  Talaromyces,
Thermoascus, Thielawa, Tolypocladium, Trichoderma, Trichophaes, Verticillium,
Violvarielfa, or Xylarna polypeptide having alpha-L-arabinofuranosidase activity.

In a preferred aspect, the polypeptide is a Saccharomyces carlshergensis,
Saccharomyces cerevisias, Saccharomyces diastaticus, Saccharomyces douglasii,
Saccharomyces Kuyveri, Saccharomyces norbensis, or Ssccharomyces oviformis
polypeptide having alpha-L-arabinofurancsidase aclivity.

In another preferred aspect, the polypeptide is an Acremonium csifulolylicus,
Aspergifius aculeatus, Aspergillus awamori, Aspergillus fumigatus, Aspergiilus fostidus,
Aspergifius japonicus, Aspergifius nidulans, Aspergifius niger, Aspergifius oryzae,
Chrysosporium keratinophilum, Chrysosporium lucknowense, Chrysosporium tropicum,
Chrysosporium  merdarium, Chiysosporium  inops, Chrysosporium  pannicola,
Chrysosporium queensfandicum, Chrysosporium  zonatum, Fusarium bactndivides,
Fusarium cerealis, Fusarium  crockwellense, Fusarum  cudimorum, Fusanum
graminearum, Fusarium  graminum, Fusarium  heterosporum, Fusarium  negundi,
Fusarium oxysporum, Fusarium reficulatum, Fusarium roseum, Fusanum sambucinum,
Fusarwm sarcochroum, Fusarum sporotochioides, Fusarum sulphureum, Fusarium
forufosum, Fusarium lrichothecioides, Fusarum venenatum, Irpex facteus, Mucor
mmiehel, Myceliophthora thermophila, Neurospora crassa, Peniciflium  funiculosum,
Penicilfium  purpurogenum, FPhanerochaete chrysosporium, Thielavia achromatica,
Thielavia afbormyces, Thislavia afbopifosa, Thielavia australeinsis, Thielavia fimeli,
Thislavia microspora, Thiglavia ovispora, Thielavia peruviana, Thielavia spededonium,
Thielavia setosa, Thielavia subthermophila, Thielavia terresias, Trichoderma harzianum,
Trchoderma  koningii, Trichoderma Jongibrachiaturm, Trichoderma reessi, or
Trichodernma viride polypeptide having alpha-L-arabinofuranocsidase activity.

In another preferred aspect, the polypeptide is a Humicola grisea, Humicola
insolens, or Humicola lanuginosa polypeptide,

In @& more preferred aspect, the polypeptide is a Humicola insolens polypeptide
having alpha-L-arabinofurancsidase activity. in a most preferred aspect, the polypeptide
is a Humicola insolens DSM 1800 polypeptide having alpha-lL-arabinofuranosidase

~17 -



3S

WO 2009/073383 PCT/US2008/084209

activity, e.g., the polypeptide comprising the mature polypeptide of SEQ 1D NO: 2.

B will be understocd that for the aforementioned species the invention
encompasses both the perfect and imperfect states, and other taxonomic equivalents,
e.g., anamorphs, regardless of the species name by which they are known. Those
skilled in the art will readily recognize the identity of appropriate equivalents.

Strains of these species are readily accessible tfo the public in a number of
culture collections, such as the American Type Culture Collection (ATCC), Deutsche
Sammiung von Mikroorganismen und Zellkulturen GmbH (DSM), Centraalbureau Voor
Schimmelcultures (CBS), and Agricutural Research Service Patent Culture Collection,
Northern Regional Research Center (NRRL).

Furthermore, such polypeplides may be identified and obtained from other
sources including microorganisms isolated from nature {e.g., soil, composts, water, elc.}
using the above-mentioned probes, Technigues for isclating microorganisms from
natural habitats are well known in the art.  The polynuclectide may then be obtained by
similarly screening a genomic or cDNA library of such a microorganism. Once a
polynuciectide sequence encoding a polypeptide has been detected with the probe(s),
the polynucleotide can be isclated or clonaed by ulilizing techniques that are well known
to those of ordinary skill in the art (see, e.g., Sambrook et af., 1989, supra).

Polypeptides of the present invention also include fused polypeptides or
cleavable fusion polypeptides in which ancother palypeptide is fused al the N<srminus or
the C-terminus of the polypeptide or fragment thereof. A fused polypeptide is produced
by fusing a nuclectide sequence {or a portion thereof} encoding another polypeptide to a
nucleotide sequence (or a portion thereof) of the present invention. Techniques for
producing fusion polypeptides are known in the ard, and include ligating the coding
sequences ancoding the polypeptides so that they are in frame and that expression of
the fused polypeptide is under control of the same promoter(s) and ferminator.

A fusion polypeptide can further comprise a cleavage site. Upon secretion of the
fusion protein, the site is cleaved releasing the polypeptide having alpha-L-
arabinofuranosidase activity from the fusion protein. Examples of cleavage sites
include, but are not limited to, a KexZ site that encodes the dipeptide Lys-Arg (Martin ef
al., 2003, [ ind Microbiol Bictechnol 3: 588-576; Svetina ef al., 2000, J. Biotechnol
76: 245-251; Rasmussen-Wilson et ., 1887, Appl Environ. Microbiol. 63 3488-3483;
Ward et al., 1995, Biotechnology 13 498-503; and Contreras ef al., 1991, Biotechnology
9; 378-381), an He{Glu or Asp)-Gly-Arg site, which is cleaved by a Factor Xa protease
after the arginine residue (Eaton ef a/, 1988, Biochem. 25 505-512), a Asp-Asp-Asp-
Asp-Lys site, which is cleaved by an enferokinase after the lysine {Collins-Racie ef al.,
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1995, Biofechnofogy 13: 882-987) a His-Tyr-Glu site or His-Tyr-Asp site, which is
cleaved by Genenase | {Carter ef al, 1989, Profeins: Structure, Function, and Genetics
8: 240-248); a Leu-Val-Pro-Arg-Gly-Ser site, which is cleaved by thrombin after the Arg
{Stevens, 2003, Drug Discovery World 4 35-48); a Glu-Asn-Leu-Tyr-Phe-Gin-Gly site,
which is cleaved by TEV protease afier the Gin (Stevens, 2003, supra); and a Leu-Ghu-
Val-Leu-Phe-Gin-Gly-Pro site, which is cleaved by a genetically engineered form of

human rhinovirus 3C protease affer the Gin (Stevens, 2003, supra).

Polynucleotides

The present invention also relates fo isolated polynucleotides comprising or
consisting of nuclecotide sequences that encode polypeptides having alpha-L-
arabinofuranosidase activity of the present invention.

In a preferred aspect, the nucleotide sequence comprises or consists of SEQ D
NO: 1. in ancther more preferred aspect, the nuclectide sequence comprises or
consists of the sequence contained in plasmid pHinsGHB2A which is contained in E. cofi
NRRL B-50075. In another preferred aspect, the nucleotide sequence comprises o
consists of the mature polypeplide coding sequence of SEQ 1D NO: 1. In another
preferred aspect, the nuclectide sequence comprises or consists of nuclectides 52 to
1161 of SEQ 1D NO:. 1. In another more preferred aspect, the nucleotide sequence
comprises or consists of the mature polypeptide coding sequence contained in plasmid
pHiNnsGHS2A which is contained in £ coff NRRL B-50075. The present invention also
encompasses nucleotide sequences thal encode polypeptides comprising or consisting
of the amino acid sequence of SEQ 1D NO: 2 or the mature polypeptide thereof, which
differ from SEQ 1D NO: 1 or the mature polypeptide coding sequence thereof by virfue of
the degeneracy of the genetic code. The present invention alsc relates o
subsequences of SEQ 1D NO: 1 that encode fragments of SEQ ID NO: 2 that have
atpha-L-arabinofuranosidase activity.

The present invention also relates to mutant polynucleotides comprising or
consisting of at least one mutation in the mature polypeptide coding sequence of SEQ
1D NQ: 1, in which the mutant nuclectide sequence encodes the mature polypeptide of
SEQ 1D NO: 2

The techniques used to isolate or clone a polynucleotide encoding a polypeptide
are known in the art and include isolation from genomic DNA, preparation from cDNA, or
a combination thereof The claning of the polynucleotides of the present invention from
such genomic DNA can be effected, e.g., by using the well known polymerase chain
reaction {PCR} or aniibody screening of expression libraries to detect cloned DNA
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fragments with shared structural features. See, e.g., Innis ef af, 1980, PCR: A Guide fo
Methods and Application, Academic Press, New York., Other nucleic acid amplification
procedures such as ligase chain reaction {(LCR), ligated activated transcription {(LAT)
and nuclectide sequence-based amplification (NASBA) may be used The
polynuciestides may be cloned from a strain of Humicola, or another or related organism
and thus, for example, may be an allelic or species variant of the polypeptide encoding
region of the nuclectide sequence.

The present invention also relates to isolated polynucleotides comprising or
consisting of nuclectide sequences that have & degree of sequence identity 1o the
mature polypeptide coding sequence of SEQ 1D NO: 1 of preferably at least 70%, more
preferably at least 75%, more preferably at least 80%, more preferably at least 85%,
even more preferably at least 80%, most preferably at least 95%, and even most
preferably at least 96%, at ieast 87%, at lsast 88%, or at least 999, which encode an
active polypeptide.

Modification of a nucleotide sequence encoding & polypeptide of the present
invention may he necessary for the synthesis of polypeptides substantially similar to the
polypeptide. The term "substantially similar” 10 the polypeptide refers 0 non-naturally
occurring forms of the polypeptide. These polypeptides may differ in some engineered
way from the polypeptide isolated from its nalive source, e.g., artificial variants that differ
in specilic activity, thermostability, pH optimum, or the likke. The variant sequence may
be constructed on the basis of the nucleotide seguence prasented as the malure
polypeptide coding sequence of SEQ ID NO: 1, e.g., a subsequence thereof, and/or by
intfroduction of nucleotide substifutions that do not give rise to another amino acid
sequence of the polypeptide encoded by the nuclectide sequence, but which correspond
1o the codon usage of the host organism intended for production of the enzyme, or by
introduction of nucleotide substifutions that may give rise to a different amino acid
saguence. For a general description of nucleotide substitution, see, e.q., Ford ef a/,
1991, Profein Expression and Furification 2. 95-107.

[t will be apparent to those skilled in the art that such substitutions can be made
outside the regions critical {o the function of the molecule and still result in an active
polypeptide. Amino acid residues essential to the activity of the polypeptide encoded by
an isolated polynucleotide of the invention, and therefore preferably not subject to
substitution, may be identified according to procedures known in the art, such as site-
directed mutagenssis or alanine-scanning mutagenesis (see, e.g., Cunningham and
Wells, 1689, supra). in the latter technique, mutations are introduced at every paositively
charged residue in the molecule, and the resultant mutant molecules are tested for
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alpha-L-arabinofuranasidase activity to identify amingo acid residues that are critical to
the activity of the molecule. Sites of substrate-enzyme interaction c¢an also be
determined by analysis of the three-dimensional siructure as determined by such
techniques as nuclear magnetic resonance analysis, crystaliography or photoaffinity
labeling (see, e.¢., de Vos el al, 1892, supra; Bmith ef al, 1892, supra; Wicdaver ef al.,
19892, supra).

The present invention also relales to isolated polynucieotides encoding
polypeptides of the present invention, which hybridize under very low stringency
conditions, preferably low stringency conditions, more preferably medium stringency
conditions, more preferably medium-~-high stringency conditions, even more preferably
high stringency conditions, and most preferably very high stringency conditions with the
mature polypeptide coding segquence of SEQ D NO: 1 or its tull-length complementary
strand; or allelic variants and subsequences thereof (Sambrook et af., 1989, supra}, as
defined herein.

The present invention also relates to isolated polynucleotides obtained by (a)
hybridizing a population of DNA under very low, low, medium, medium-high, high, or
very high stringency condifions with the mature polypeptide coding sequence of SEQ 1D
NO: 1 or its full-length complementary strand; and (b) isolating the hybridizing
polynucleotide, which encodes a polypeptide having alpha-L-arabinofuranosidase

activity,

Nucleic Acid Constructs

The present invention also relates o nucleic acid constructs comprising an
isclated polynucieotide of the present invention operably linked o one or more {several)
control sequences that direct the exprassion of the coding sequence in a suitable host
cell under conditions compatible with the conirol sequences.

An isolated polynuclectide encoding a polypeptide of the present invention may
be manipulated in a varety of ways to provide for expression of the polypeptide.
Manipulation of the polynuciectide’s sequence prior o its insertion into a vector may be
desirable or necessary depending on the expression vector. The technigues for
modifying polynucleotide sequences utilizing recombinant DNA methods are well known
in the art.

The control sequence may be an appropriale promoter segquence, a nucleotide
saguence that is recognized by a host cell for expression of a polynuciectide encoding a
polypeptide of the present invention. The promoter sequence contains transcriptional
control sequences that mediate the expression of the polypeptide. The promoter may
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be any nucleotide sequence that shows transcriptional activity in the host cell of choice
including mutant, truncated, and hybrd promoters, and may be obtained from genes
encoding extraceliular or infraceliular polypeptides either homologous or heterologous to
the host cell.

Examples of suitable promoters for directing the transcription of the nucleic acid
constructs of the present invention, especially in a bacterial host cell, are the promoters
obtained from the E. coff lac operon, Streptomyces coeficolor agarase gens (dagA),
Baciflus subtilis levansucrase gene {(sacB), Baciflus ficheniformis alpha-amylase gene
{amyl}, Bacillus steasrothermophilus maliogenic amylase gene {(amvM;, Bacilus
amyloliquefaciens alpha-amylase gene (amyQ), Bacifius licheniformis penicillinase gene
{penF, Bacillus subtilis xylA and xyiB genes, and prokaryotic beta-lactamase gene
(Vilta-Kamaroff et af., 1978, FProceedings of the National Academy of Sciences USA 75:
3727-3731), as well as the fac promoter (DeBoer ef al., 1983, Procsedings of the
National Academy of Sciences USA 80: 21-25). Further promoters are described in
“Useful proteins from recombinant bacteria” in Scientific American, 1980, 242; 74-84,
and in Sambrook ef al., 1988, supra.

Examples of sudtable promoters for directing the transcription of the nucleic acid
constructs of the present invention in a filamentous fungal host cell are promoters
obtained from the genes for Aspergilius oryzae TAKA amylase, Rhizomucor miehsi
aspartic proteinase, Aspermgifius niger neutral alpha-amylase, Aspergiiius niger acid
stable alpha-amvlase, Aspergilus niger or Aspergifius awamod ghucoamylase (glad),
Rhizomucor miehei lipase, Aspergiffus oryzae alkaline protease, Aspergilius oryzae
triose phosphate isomerase, Aspergifius nidulans acetamidase, Fusarium venenatum
amyloglucosidase (WO  00/56900}, Fusarium venenatum Darta (WO 00/56800),
Fusanium venenatum Quinn (WO 00/58900), Fusanium oxysporim trypsin-like protease
(WO 96/00787), Trichoderma reesel beta-glucosidase, Trichoderma reess!

cellobiohydrolase |, Trichoederma reesei cellobichydrolase |, Trchoderma reesef
endoglucanase |, Trchoderma reesei endoghucanase U, Trichoderma reesei
endoglucanase |ll, Trhchoderma reesei endoglucanase IV, Trchoderma reesei

endoglucanase V, Trchoderma reeses xylanase || Trichoderma reesel xylanase 1,
Trichodernma reesei beta-xylosidase, as well as the NAZ-tpi promoter {a hybrid of the
pramoters from the genes for Aspergilfus niger neuiral alpha-amylase and Aspergilius
ofyzae iricse phosphate isomerase); and muiant, truncated, and hybnd promoters
thereof.

In a yeast host useful promoters are obtained from the genes for

Saccharomyces cerevisiae enolase (ENQ-1), Saccharomyces cerevisige galactokinase
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{GAL1), Saccharomyces cerevisfiae alcohol dehydrogenaselglyceraldehyde-3-
phosphate dehydrogenase (ADH1, ADH2/GAP), Saccharomyces cerevisiae triose
phosphate isomerase (TP, Saccharomyces cerevisiae metaliothionein (CUP1), and
Saccharomyces cerevisiae 3-phosphoglycerate kinase. Other useful promoters for
yeast host cells are described by Romanos ef al, 1892, Yeast 8 423-488.

The control sequence may also be a suitable transcription terminator sequence,
a sequence recognized by a host cell to terminate franscription.  The terminator
sequence is operably linked to the 3’ terminus of the nucleotide sequence encoding the
polypeptide.  Any terminator that is functional in the host cell of choice may be used in
the present invention.

Preferred terminators for filamentous fungal host cells are obtained from the
genes for Aspergillus oryzae TAKA amylase, Aspergiflus niger glucoamylase,
Aspergifius nidulans anthrandlale synthase, Aspergiius niger alpha-giucosidase, and
Fusarium oxysporum trypsin-like protease.

Preferred terminators for yeast host celis are obtained from the genes for
Saccharomyces cerevisiae enclase, Saccharomyces cerevisiae cytochrome C {CYC1),
and Saccharomyces cerevisiae glyceraldehyde-3-phosphate dehydrogenase. Other
useful terminators for yeast host cells are described by Romanos ef af | 1982, supra.

The control sequence may also be a suitable leader sequence, a nontranslated
region of an mRNA thal is important for transiation by the host celll. The ieader
sequence is gperably linked to the &' terminus of the nuclestide sequence encoding the
polypeptide. Any leader sequence that is functional in the host cell of choice may be
used in the prasent invention.

Preferred feaders for filamentous fungal host cells are obtained from the genes
for Aspergiflus orvzae TAKA amvlase and Aspergilius pidulans triose phosphate
isomerase.

Suitable leaders for yeast host cells are obiained from the genes for
Saccharomyces cerevisiae enolase (ENO-1),  Ssccharomiyces cerevisiae 3
phosphoglycerate kinase, Saccharomyces cerevisiae alpha-factor, and Saccharomyces
ceravisige  alcohol  dehydrogenase/glyceraldehyde-3-phosphate  dehydrogenase
{ADHZ2/GAP).

The confrol sequence may alsc be a polyadenyiation sequence, a seguence
operably linked to the 3" terminus of the nucleotide sequence and, when transcribed, is
recognized by the host cell as a signal to add polyadenosine residues o transcribed
mRNA. Any polyadenylation sequence that is functional in the host cell of choice may
be used in the present invention.
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Preferred polyadenviation sequences for filamentous fungal host cells are
chtained from the genes for Aspergilus oryzee TAKA amvylase, Aspergilius niger
giticoamylase, Aspergiffus nidulans anthranilate synthase, Fusarum oxysporum ypsin-
like protease, and Aspergiifus niger alpha-glucosidase.

Useful polyadenyiation sequences for yeast host cells are described by Guo and
Sherman, 1895, Mofecular Celfular Biclogy 15: 5983-588Q.

The control seguence may also be a signal peplide coding sequence that codes
for an amino acid sequence linked to the amino terminus of a polypeptide and directs
the encoded polypeptide into the cell's secretory pathway. The & end of the coding
sequence of the nuclectide sequence may inherently contain a signal peptide coding
seguence naturally linked in translation reading frame with the segment of the coding
sequence that encodes the secreted polypeptide. Alternatively, the 5 end of the coding
sequence may contain a signal peplide coding sequence that is foreign to the coding
sequence. The foreign signal peptide coding sequence may be required where the
coding sequence does not naturally contain a signal peptide coding sequence.
Alternatively, the foreign signal peptide coding sequence may simply replace the natural
signat peplide coding seguence in order {o enhance secretion of the polypeptide.
However, any signal peptide coding sequence that directs the expressed polypeptide
into the secretory pathway of a host cell of choice, /e, secreted into a culture medium,
may be used in the present invention,

Effective signal peptide coding sequences for bacterial host celis are the sighal
peptide coding sequences obfained from the genes for Bacilfus NCIB 11837 maltogenic
amylase, Bacillus stearothermophilus alpha-amylase, Bacillus licheniformis subtilisin,
Bacillus lcherdformis betalactamase, Beacillus stearcthermophilus neutral proleases
{norT, nprS, nprivh, and Bacilius sublilis prsA. Further signal peptides are described by
Simonen and Palva, 1883, Microbiclogical Reviews 57: 109-137.

Effective signal peplide coding sequences for filamentous fungal host cells are
the signal peplide coding sequences oblained from the genes for Aspergilius oryzae
TAKA amylase, Aspergillus niger neutral amylase, Aspergifius niger glucoamylase,
Rhizomucor miehei aspartic proteinase, Humicola insolens cellulase, Humicola insolens
endoglicanase V, and Humicola lanuginosa lipase.

Useftd signal peptides for yeast host cells are obtained from the genes for
Saccharomyces cerevisiae alpha-factor and Saccharomyces cerevisiae inveriase.
Other useful signal peptide coding sequences are described by Romanos ef af,, 1992,
supra.

In a preferred aspect, the signat peptlide comprises or consists of amino acids 1
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1o 17 of SEQ 1D NO: 2. In another preferred aspect, the signal peptide coding sequence
comprises or consisis of nucleotides 1 to 51 of SEQ 1D NG 1.

The control sequence may also be a propeptide coding sequence that codes for
an amino acid sequence positioned at the amino terminus of a polypeptide. The
resuftant polypeplide is known as a proenzyme or propolypeptide {or a zymaogen in
some cases). A propeptide is generally inactive and can be converted to a mature
active polypeptide by catalytic or aufocatalytic cleavage of the propeptide from the
propolypeptide. The propeptide coding sequence may be obtained from the genes for
Bacillus subtilis alkgline protease {(aprE), Baciflus subtilis neutral protease {(norT),
Saccharomyces cerevisiae alpha-factor, Rhizomucor mishei aspartic proteinase, and
Myceliophthora thermophila laccase (WO 95/33838).

Where both signal peplide and propeptide sequences are present at the amino
terminus of a polypeptide, the propeplide sequence is positiocned next {o the amino
terminus of a polypeptide and the signal peplide sequence is positioned next to the
amino terminus of the propeptide sequence.

It may also be desirable to add regulatory sequences that allow the reguiation of
the expression of the polypeptide redative {0 the growth of {he host cell. Examples of
regulatory systems are those that cause the expression of the gene to be turned on or
off in response to a chemical or physical stimulus, including the presence of a regulatory
compound. Regulatory systems in prokaryotic systems include the lac, fac, and fip
operator systems, [0 yeast, the ADH2 system or GAL1 system may be used. In
filamentous fungi, the TAKA alpha-amylase promoter, Aspergifius niger glucoamylase
promoter, and Aspergifius oryzae glucoamylase promoter may be used as regulatory
sequences. Other examples of regulatory sequences are those that allow for gene
amplification.  In eukaryctic systems, these reguiatory sequences include the
dihydrofolate reductase gene that is amplified in the presence of methotrexate, and the
metaliothionein genes that are amplified with heavy metals. In these cases, the
nucleotide sequence encoding the polypeptide would be operably linked with the
regulatory sequence.

Expression Vectors

The present invention also relates 1o recombinant expression vectors comprising
a polynucleotide of the present invention, a promoter, and transcriptional and
iranslational stop signals. The various nucleic acids and contrad sequences described
herein may be joined together to produce & recombinant expression vector that may

include one or more (several} convenient restriction sites to allow for insertion or
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substitution of the nucleotide sequence encoding the polypeptide at such sites.
Alternatively, a polynuclectide sequence of the present invention may be expressed by
inserting the nuclectide sequence or a nucleic acid construct comprising the sequence
info an appropriate vector for expression. in creating the expression vector, the coding
sequence is located in the vector so that the coding sequence is operably linked with the
appropriate control sequences for expression.

The recombinant expression vector may be any vector {g.g.. a plasmid or virus)
that can be conveniently subjected 1o recombinant DNA procedures and can bring about
expression of the nuclectide sequence. The choice of the vector will typically depend on
the compatibility of the vector with the host cell into which the vector is to be introduced.
The vectors may be linear or closed circular plasmids.

The vector may be an autonomously replicating vector, ie., a vector that exists
as an exfrachromosomal entity, the replication of which is independent of chromosomal
replication, e.g., a plasmid, an extrachromosomal element, a minichromosome, or an
artificial chromosome. The vector may contain any means for assuring self-replication.
Alternatively, the wvector may be one that, when introduced info the host cell, is
iregrated info the genome and replicated together with the chromosome(s) into which it
has been integrated. Furthermore, a single vector or plasmid or two or more vectors or
plasmids that together contain the total DNA to be introduced into the genome of the
host cell, or a transposaon, may be used.

The veciars of the present invention preferably contain one or moare {several)
selectable markers thal permit easy selection of transformed, transfected, fransduced,
or the like cells. A selectable marker is a gene the product of which provides for biocide
or virgl resistance, resistance {0 heavy metals, prototrophy fo auxoitrophs, and the like.

Examples of bacterial selectable markers are the daf genes from Baciiius subtilis
or Bacilius ficheniformis, or markers that confer antibiotic resistance such as ampicillin,
kanamycin, chioramphericol, or tetracycline resistance. Suitable markers for yeast host
cells are ADEZ, HIS3, LEUZ, LYSZ, MET3, TRP1, and URAS. Selectable markers for
use in a filamentous fungal host cell include, but are not limited to, amdS {acetamidase),
argB (ornithine carbamaoyliransferase), bar (phosphinothricin acetyltransferase), hph
{hygromycin phosphotransferase), niaD  {nifrate reductase}, pwG  (orotidine-5-
phosphate decarboxyiase), sC {sulfate adenyitransferase}, and irpC {anthranilate
synthase), as well as equivalents thereof. Preferred for use in an Aspergiflus cell are the
amd$S and pyrG genes of Aspergiffus nidwulans or Aspergifius oryzae and the bar gene of
Streplomyces hygroscopicus.

The vectors of the present invention preferably contan an element(s) that
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permits integration of the vectar into the host cell’'s genome or autonomous replication of
the vector in the cell independent of the genome.

For integration into the host cell genome, the vector may rely on the
polynuclectide’s sequence encoding the polypeptide or any other slement of the vector
for integration inte the genome by homologous or nonhomologous recombination.
Alternatively, the vector may contain additional nuclectide sequences for directing
integration by homolegous recombination into the genome of the host cell at a precise
location(s} in the chromosome(s). To increase the likelhood of integration at a precise
location, the integrational elements should preferably contain a sufficient number of
nucleic acids, such as 100 {fo 10,000 base pairs, preferably 400 to 10,000 base pairs,
and most preferably 800 to 10,000 base pairs, which have a high degree of sequencs
identity to the corresponding target sequence to enhance the probability of homologous
recombination. The integrational elements may be any sequence that is homologous
with the target sequence in the genome of the host cell. Furthermore, the infegrational
elements may be non-encoding or encoding nuclectide sequences. On the other hand,
the vector may be integrated into the genome of the host cell by non-homelogous
recombination.

For autonomous replication, the veclor may further comprise an orgin of
replication enabling the vector to replicate autonomously in the host cell in question.
The origin of replication may be any plasmid replicator mediating autonomous
replication that functions in a cell. The term "origin of replication” or "plasmid replicator”
is defined herein as a nucleotide sequence that enables a plasmid or vector to replicate
in vivo.

Examples of bacteriad origing of replication are the orgins of replication of
plasmids pBR322, pUC19, pACYC177, and pACYC184 permitling replication in £, cof,
and pUB110, pE194, pTA1060, and pAMR 1 permitting replication in Bacilus.

Examples of origins of replication for use in a yeast host ¢cell are the 2 micron
origin of replication, ARS1, ARS4, the combination of ARS1 and CENS, and the
combination of ARS4 and CENG.

Examples of arigins of replication useful in a filamentous fungal cell are AMA1
and ANS1 (Gems ef al, 1991, Gene 98 61-87, Cullen ef al, 1987, Nucleic Acids
Research 15 9163-9175; WQ 00/24883}. isolation of the AMA1 gene and construction
of plasmids or veciors comprising the gene can be accomplished according to the
methods disclosed in WO 00/24883.

More than one copy of a polynucleotide of the present invention may be inserted
into a host ceall to increase production of the gene product. An increase in the copy
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number of the polynuclectide can be obtained by integrating at least one additional copy
of the sequence into the host cell genome or by including an amplifiable selectable
marker gene with the polynucleotide where cells containing amplified copies of the
selectable marker gene, and thereby additional copies of the polynucleotide, can bs
selected for by culfivating the celfls in the presence of the appropriate selectable agent.

The procedures used to ligate the elements described above to construct the
recombinant expression vectors of the present invention are wsll known fo one skilled in
the art (see, e.¢g., Sambrook ef &/, 1989, supra).

Host Cells

The present invention also relates to recombinant host cells, comprising an
isolated polynucleotide of the present invention, which are advantageously used in the
recombinant production of the polypeptides. A veclor comprising a polynuclsotide of the
present invention is introduced into a host cell so that the vactor is maintained as a
chromosomal integrant or as a seif-replicating exira-chromosomal vector as described
earlier. The ferm "host cell" encompasses any progeny of a parent cell that is not
identical to the parent cell due to mutations that ocour during replication. The choice of
a host cell will to a large extent depend upon the gene encoding the polypeptide and its
source.

The haost cell may be any cell usefid in the recombinant production of a
polypeptide of the present invention, e.q., a prokaryote or a eukaryote.

The prokaryotic host celt may be any Gram positive bacterium or a Gram
negative bacterium. Gram positive bacteria include, but not limited to, Bacilfus,
Streptococeus,  Streptomyces,  Staphylfococcus,  Enferococcus,  Lactobacifius,
Lactococcus, Clostridium, Geobacilius, and Oceanobacilius. Gram negsative bacteria
include, but not limited to, £ cofi, Pseudomonas, Salmonella, Campylobacter,
Helicobacter, Flavobacterium, Fusobactenum, fiyobacter, Neisserfe, and Ureaplasma.

The bacterial host cell may be any Baciiius cell.  Bacilius cells useful in the
practice of the preseni invention include, but are not limited to, Baciflus alkalophilus,
Baciilus amyloliquefaciens, Baciifus brevis, Baciflus circulans, Bacillus clausii, Bacillus
coagidans, Bacilius firmus, Baciius lautus, Bacillus lentus, Bacillus licheniformis,
Bacillus megaterium, Baciifus pumilus, Baciflus stearothermophiius, Bacilius sublilis, and
Bacillus thuringiensis cells.

In a preferred aspect, the bacterial host cell is a Bacillus amyloliguefaciens,
Bacillus lentus, Bacifius licheniformis, Bacifius stearothermophifus or Bacillus subtilis
cell. In a more preferred aspect, the bacterial host cell is a Bacillus amyloliquefaciens
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cell. in another more preferred aspect, the bacterial host cell is a Baciffus clavsii cell. In
another more preferred aspect, the bacterial host cell is a Badiifus licheniformis cell. in
another more preferred aspect, the bacterial host cell is a Bacilus subtilis cell.

The bacterial host cell may also be any Strepfococcus cell.  Strepfococous cells
useful in the practice of the present invention include, but are not limited o,
Streptococcus  equisimilis, Streptococcus  pyogenes, Streptococcus  uberis, and
Streptococcus equi subsp. Zooepidemicus cells.

In a preferred aspect, the bacterial host cell is a Strepfococcus equisimilis cell.
In another preferred aspect, the bacterial host cell is a Streptococcus pyogenes cell. In
ancther preferred aspect, the bacterial host cell is a Streplococcus ubers celll in
another preferred aspect, the bacterial host cell is a S#epfococcus egui subsp.
Zooepidemicus cell.

The bacterial host cell may alsc be any Strepfomyces cell. Streptomyces cells
useful in the practice of the present invention include, but are not limited 1o,
Streptomyces achromogenes, Streptomyces avermitilis, Sireptomyces coeficolor,
Streptomyces griseus, and Strepfomyoes fividans cells.

In a preferred aspect, the bacterial host cell is a Streptomyces achromogenes
cell. In another preferred aspect, the bacterial host cell is a Streptomyces avermitilis
cell. Inanother preferred aspect, the bacterial host cell is a Strepfomyces coelicolor cell.
in ancther preferred aspect, the bacterial host cell is a Streptomyces griseus cell. In
another preferred aspect, the bacterial host cell is a Sireptomyces fividans cell.

The introduction of DNA into a Bacidlus cell may, for instance, be effected by
protoplast transformation (see, e.g., Chang and Cohen, 1879, Molecular General
Genetics 168 111-1158), by using competent celis (see, .¢., Young and Spizizen, 1861,
Journal of Bacteriology 81 B23-829, or Dubnay and Davidoff-Abelson, 1971, Journal of
Molecular Biology 56 208-221), by elsctroporation (see, e.g., Shigekawa and Dower,
1988, Biofechnigues & 742-751}, or by conjugation (see, e.g., Koehler and Thome,
1987, Journal of Bacteriology 168 5271-5278). The introduction of DNA into an E coff
cell may, for instance, be effected by protoplast transformation {(see, e.g., Hanahan,
1983, J Mol Biol. 166, 557-580) or eleciroporation (see, e.g., Dower ef al, 1988,
Nucleic Acids Res. 16 6127-6145). The introduction of DNA into a Strepfomyces cell
may, for instance, be effected by protoplast transformation and sleciroporation {see,
e.q., Gong et al., 2004, Folia Microbiol. (Praha} 48: 398-405), by conjugation {see, e.q.,
Mazodier ef a/., 1889, J Bacterol 171 3583-3585), or by transduction {see, e.¢q., Burke
et al., 2001, Proc. Nail Acad. Soi. USA 98 6289-6294)

The introduction of DNA into a
Pseudomonas cell may, for instance, be effected by electroporation (see, e.g9., Choi &f
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aj., 2008, J. Microbiol Methods 84: 391-397) or by conjugation {see, e.g., Pinedo and
Smets, 2005, Appl. Environ. Microbiol. 71, 51-57).  The introduction of DNA into g
Streptococcus cell may, for instance, be effected by natural competence (see, e.q.,
Pearry and Kuramitsu, 1881, Infect. Immun. 32. 1205-1287), by protoplast fransformation
{see, e.g., Catt and Jollick, 1981, Microbios. 68 189-2070, by electroporation (see, e.g.,
Buckley et al., 1998, Appl Environ. Microbiol 65 3800-3804) or by conjugation (ses,
e.g.. Clewsll, 1881, Microbiol, Rev. 45 408-436). However, any method known in the
art for introducing DNA into a host cell can be used.

The host cell may also be a eukaryote, such as a mammalian, insect, plant, or
fungal cell.

In a preferred aspect, the host cell is a fungal cell. “Fungi” as used hersin
includes the phyla Ascomycota, Basidiomycota, Chytridiomycota, and Zygomycota (as
defined by Hawksworth et al., In, Ainsworth and Bisby's Dictionary of The Fungi, 8th
edition, 19295, CAB Intemafional, University Press, Cambridge, UK} as well as the
Qomycota (as cited in Hawksworth ef al, 1898, supra, page 171) and all mitosporic
fungi (Hawkswaorth of af, 1995, supra).

In a more preferred aspedt, the fungat host cell is g yeast cell. "Yeast” as used
herein includes ascosporogencus yeast {Endomycetales), basidiosporogenocus yeast,
and yeast belonging to the Fungi Imperfecti (Blastomycetes). Since the classification of
yeast may change in the fulure, for the purposes of this invention, yeast shall be defined
as described in Biology and Activities of Yeast {Skinner, F.A., Passmore, S.M., and
Davenport, R.R., eds, Soc. App. Bacteriol. Sympaosium Series No. 8, 1980).

In an even more preferred aspect, the yeast host cell is a Candida, Hansenula,
Kluyveromyces, Fichia, Saccharomyces, Schizosaccharomyces, or Yarrowia cell.

In a2 most preferred aspect, the vyeast host cell s & Saccharomyces
carishergensis, Saccharomyces cerevisiae, Saccharomyces diastaticus,
Saccharomyces douglasii, Saccharomyces Kuyveri, Saccharomyces norbensis, or
Saccharomyeces oviformis cell. In another most preferred aspedt, the yeast host cell is a
Kiuyveromyces factis cell. In another most preferred aspect, the yeast host cell is a
Yarrowia lipolytica cell.

In another more preferred aspect, the fungal host cell is a filamentous fungal cell.
‘“Filamentous fungl” include all filamentous forms of the subdivision Eumycota and
Qomycota (as defined by Hawksworth ef al, 1995, supra). The filamentous fungt are
generally characterized by a mycelial wall composed of chitin, cellulose, glucan,
chitosan, mannan, and other complex polysaccharides. Vegetative growth is by hyphal
efongation and carbon catabolism is obligately aerobic. In contrast, vegetative growih
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by yeasts such as Saccharomyces cerevisiae is by budding of a unicellular thallus and
carbon catabolism may be fermentative,

In an even more preferred aspect, the filamentous fungal host cell is an
Acremonium, Aspergifius, Aursobasidium, Bjerkandera, Ceriporiopsis, Chrysosporium,
Coprinus, Coriolus, Cryplococcus, Filibasidium, Fusanum, Humicola, Magnaporthe,
Mucor, Myceliophthora, Neoccaflimastix, Neurospora, Paecilomyces, PFenicillium,
Phanerochaete, Fhiebla, Firomyces, Pleurotus, Schizophyflum, Talaromyces,
Thermoascus, Thielavia, Tolypocladium, Trametes, or Trichoderma cell.

In & most preferred aspect, the filamentous fungal host cell is an Asperglifus
awamori, Aspergiffus fumigatus, Aspergifius foetidus, Aspergiilus faponicuys, Aspergillus
nidutans, Aspergifius niger or Aspergiifus oryzae cell. In ancther most preferred aspect,
the filamentous fungal host cell is a Fusarium baciridioides, Fusarium cerealis, Fusanum
crookwelfense, Fusarium culmorwm, Fusarnum graminearum, Fusarum graminum,
Fusaritym  heterosporum, Fusarium  negundi, Fusarium  oxysporum, Fusarum
reficufatum, Fusarium  rosewrn, Fussnwm  sambucinum, Fusanum  sarcochroum,
Fusarium sporotnchioides, Fusarium sulphurewrn, Fusarium torulosum, Fusarium
trichothecioides, or Fusarium vepenafum cell.  in another most preferred aspect, the
filamentous fungal host cell is a Bjerkandera adusta, Ceriporiopsis aneiring,
Cerniporiopsis aneinina, Cenpuoriopsis caregiea, Ceriporiopsis gilvescens, Ceriporiopsis
pannocinta, Ceriporiopsis rividosa, Cedporiopsis subrufa, Ceriporopsis subvermispora,
Chrysosporium keratinophilum, Chrysosporium lucknowense, Chrysosporium fropicum,
Chrysosporium  merdarium, Chrysosporium  inops,  Chrysosporium  pannicola,
Chrysosponium queensiandicum, Chrysasponum zonatum, Coprinus cinereus, Corolus
hirsutus, Humicola insofens, Humicola lanuginesa, Mucor mighed, Myceliophthora
thermophila, Newurospora crassa, Penicilium  purpurogenum,  Phanerochaete
chrysosporium, Phiebia radiata, FPleurctus eryngii, Thielavia terrestris, Trametes villosa,
Trametes versicolor, Trchoderma harzianum, Trichoderma koningii, Trichoderma
fongibrachiatum, Trichoderma reesel, or Trichoderma viride cell.

Fungal cells may be transformed by a process involving protoplast formation,
transformation of the protoplasts, and regeneration of the cell wall in a manner known
per se. Suitable procedures for transformation of Aspergifus and Trichoderma host
cells are described in EP 238 023 and Yelton ef al, 1984, Procesdings of the National
Academy of Sciences USA B1: 1470-1474. Suitable methods for transforming Fusarium
species are described by Malardier ef af, 1888, Gene 78 147156, and WO 86/00787.
Yeast may be transformed using the procedures described by Becker and Guarente, In
Abelson, J.N. and Simon, M.1, editors, Guide to Yeast Genetics and Molscular Biology,
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Methods in Enzymology, Volume 184, pp 182-187, Academic Press, Inc., New Yark; ito
et af., 19835, Journal of Bacterfology 153. 1863, and Hinnen ef al., 1978, Proceedings of
the National Academy of Sciences USA 75: 1820

Methods of Production

The present invention also relates to methods of producing a polypeptide of the
present invention, comprising: {(a) cultivating a cell, which in its wild-type form produces
the polypeptide, under conditions conducive for production of the polypeptide; and {(b)
recovering the polypeptide. In a preferred aspecdt, the cell is of the genus Humicola, In
a more preferred aspect, the cell is Humicola insolens. In a most preferred aspect, the
call is Humicola insolens DSM 1800,

The present invention also relates to methods of producing a polypeptide of the
present invention, comprising: {8} cullivating a recombinant host cell, as described
herein, under conditions conducive for production of the polypeptide; and (b} recovering
the polypeptide.

The present invention also relates to methods of producing a polypeptide of the
pragent invention, comprising: {a) cultivating a recombinant host cell under conditions
conducive for production of the polypeptide, wherein the host cell comprises a mutant
nucleotide sequence having at least one mutation in the mature polypeptide coding
sequence of SEQ ID NG 1, wherein the mudant nucleolide sequence encodes a
polypeptide that comprises or consists of the mature polypeptide of SEQ 1D NO. 2; and
{b} recovering the polypeptide.

In the production methods of the present invention, the cells are cultivated in a
nutrien medium suifable for production of the polypeptide using methods well known in
the art. For example, the cell may be cultivated by shake flask cultivation, and smail-
scale or large-scale fermentation {including continuous, batch, fed-batch, or solid state
fermentations) in laboratory or industrial fermentors performed in a suitable medium and
under conditions allowing the polypeplide to be expressed andfor isolated. The
cultivation takes place in a suitable nutrient medium comprising carbon and nitrogen
sources and inorganic salts, using procedures known in the art. Suitable media are
available from commercial suppliers or may be prepared according to published
compaositions {e.g.. in catslogues of the American Type Culture Collection). if the
polypeptide is secreted into the nulrient medium, the polypeptide can be recovered
directly from the medium. If the polypeptide is not secreted into the medium, it can be
recovered from cell lysates.

The polypeptides may be defected using methods known in the art thal are
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specific for the polypeptides. These detection methods may include use of specific
antibodies, formation of an enzyme product, or disappearance of an enzyme substrate.
For example, an enzyme assay may be used 1o determine the activity of the polypeptide
as dascribed herein.

The resulting polypeptide may be recovered using methods known in the arl
For exampie, the polypeptide may be recovered from the nuirient medium by
conventional procedures including, but not limited to, centrifugation, filtration, extraction,
spray-drying, evaporation, or precipitation.

The polvpeptides of the present invention may be purified by & variety of
procedures known in the art including, but not limited to, chromatography {e.¢g., ion
exchange, affinity, hydrophobic, chromatofocusing, and size exclusion}, electrophoretic
procedures (e.q., preparative iscelectric focusing), differential solubility (e.g., ammonium
sulfate precipitation), SDS-PAGE, or exiraction {see, e.g., Profein Furfication, J.-C.
Janson and Lars Ryden, editors, VCH Publishers, New York, 1989 to obtain
substantially pure polypeptides.

Plants

The present invention also relates to planis, e.g., a transgenic plant, plant part,
or plant cell, comprising an isolated polynucleotide encoding a polypeptide having alpha-
L-arabinofuranosidase activity of the present inveniion so as to express and produce the
polypeptide in recoverable quantities. The polypeptide may be recovered from the plant
or plant part. Alternatively, the plant or plant part containing the recombinant
polypeptide may be used as such for improving the quality of a food or feed, eg.,
improving nutritional value, palatability, and rheological properties, or {0 destroy an
antintiritive factor.

The transgenic plant can be dicotyledonous {a dicot) or monocotyledonous (a
monocot). Examples of monocot planis are grasses, such as meadow grass (blue
grass, Poa), forage grass such as Festuca, Lolium, temperate grass, such as Agrostis,
and cereals, e.g., wheat, oats, rye, barley, rice, sorghum, and maize {com).

Examples of dicot plants are tobacco, legumaes, such as lupins, potato, sugar
beet, pea, bean and soybean, and cruciferous plants (family Brassicaceae}, such as
cayiiflower, rape seed, and the closely related model organism Arabidopsis thaliana.

Examples of plant parts are stem, callus, leaves, root, fruits, seeds, and tubers
as well as the individual tissues comprising these parts, eg., epidermis, mesophyli
parenchyme, vascular tissues, meristems. Specific plant cell compariments, such as
chioroplasis, apoplasis, mitochondria, vacucles, peroxisomes and cytoplasm are also
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considered {0 be a plant part. Furthermaore, any plant cell, whatever the lissue origin, is
considered to be a plant part.  Likewise, plant parts such as specific tissyes and cells
isolated to facilitate the utilisation of the invention are also considered plant parts, eg.,
embryos, endosperms, aleurone and sseds coats.

Alsa included within the scope of the present invention are the progeny of such
plants, plant parts, and plant cells.

The fransgenic plant or plant cell expressing a polypeplide of the present
invention may be constructed in accordance with methods known in the art. In short, the
plant or plant cell is constructed by incorporating one or more {several) expression
constructs encoding a polypeptide of the present invention into the plant host genome or
chioropiast genome and propagating the resulting modified plant or plant cell info a
fransgenic plant or plant cell.

The expression construct is conveniently a nucleic acid construct that comprises
a polynucleotide encoding a polypeptide of the present invention operably linked with
appropriate regulatory sequences required for expression of the nucleotide sequence in
the plant or plant part of choice. Furthermore, the expression construct may comprise 8
selectable marker usefid for wentifying host cells info which the expression construct
has been integrated and DNA seguences necessary for introduction of the construct into
the plant in question (the {atter depends on the DNA introduction method to be used).

The cheoice of regulatory sequences, such as promoter and tsrminalor
sequences and optionally signal or transit sequences is determined, for example, on the
basis of when, where, and how the polypeptide is desired to be expressed. For
instance, the exprassion of the gene encoding a polypeplide of the present invention
may be constitufive ar inducible, or may be developmental, stage or tissue specific, and
the gene product may be targeted to a specific tissue or plant part such as seeds or
leaves. Regulatory sequences are, for example, described by Tague of al., 1988, Flant
Physiology 86: 508,

For constitutive expression, the 355-CaMV, the maize ubiquitin 1, and the rice
actin 1 promoter may be used (Franck et al., 1980, Celf 21: 285-294, Christensen et af,
1992, Plant Mo. Biol 18: 875-689, Zhang ef al., 1981, Plant Cell 3. 11565-1185). organ-
speacific promoters may be, for example, a promoter from storage sink tissues such as
seads, potato tubers, and frulls {Edwards & Coruzzi, 1990, Ann. Rev. Genef 24 275-
303}, or from metabolic sink tissues such as meristems (l{o ef al, 1994, Plant Mol. Biol.
24; 863-878), a seed specific promoter such as the ghutelin, prolamin, globulin, or
atbumin promoter from rice (Wu et a/., 1888, Flant and Celf Physiology 39 885-889), a
Vicia faba promoter from the legumin B4 and the unknown seed protfein gene from Vicia
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faba (Conrad ef al., 1998, Joumal of Plant Physiclogy 152: 708-711}, a promoter from a
seed off body protein (Chen ef al, 1998, FPlant and Cell FPhysiology 38 835-841), the
storage protein napA promoter from Brassica napus, or any other seed specific
promoter known in the art, e.g., as described in WO 81/14772. Furthermore, the
promoter may be a leaf specific promoter such as the rbes promoter from rice or tomato
{Kyozuka ef al, 1983, Plant Physiciogy 102: 991-1000, the chiorella virus adenine
methyltransferase gene promoter (Mitra and Higgins, 1894, Plant Molecular Biology 26
85-93), or the a/dP gene promoter from rice {Kagaya et al., 1985, Molecular and General
Genetics 248; 868-674), or a wound inducible promoter such as the potato pin2
promoter (Xu et &/, 1993, Flant Molecular Biology 22: 573-588). Likewise, the promoter
may inducible by abiotic treatments such as temperature, drought, or alterations in
salinity or induced by exogenously applied substances that activate the promoter, e.g.,
ethanol, cestrogens, plant hormones such as sthylene, abscisic acid, and gibberellic
acid, and heavy metals.

A promoter enhancer element may also be used o achieve higher expression of
a polypeptide of the present invention in the plant  For instance, the promoter enhancer
element may bhe an intron that is placed batween the promofer and the nucleotide
sequence encoding 8 polypeptide of the present invention. For instance, Xu ef al,
1993, supra, disclose the use of the first intron of the rice actin 1 gene to enhance
expression.

The selectable marker gene and any other parts of the expression construct may
be chosen from those available in the art.

The nucleic acid construct is incorporated into the plant genome according to
conventional techniques known in the art, including Agrobacterum-mediated
transformation, virus-mediated transformation, microinjection, particle bombardment,
biclistic fransformation, and electroporation (Gasser ef al, 1890, Science 244: 1293,
Potrykus, 1980, Bio/Technology 8: 535; Shimamoto ef af., 1989, Nature 338: 274).

Presently, Agrobacterium tumefaciens-mediated gene transfer is the method of
choice for generating transgenic dicots {for a review, see Hoovkas and Schilperoor,
1982, Plant Molecular Biology 19 15-38) and can also be used for transforming
monocots, although other transformation methods are often used for these plants.
Presently, the method of choice for genersting fransgenic monocots is particle
bombardment {microscopic gold or tungsten pariicles coated with the fransforming DNA)
of embryonic callt or developing embryos (Christou, 18992, Plant Jowrnal 2. 275-281;
Shimamoto, 1894, Cument Opinion Biotechnology & 158-182; Vasit et al, 1992
Bio/Technology 10 867-674). An slternative method for ransformation of monocots is
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based on protoplast transformation as described by Omirulleh ef al, 19893, Plant
Mofecular Biology 21, 415-428.

Foliowing transformation, the transformants having incorporated the expression
construct are selected and regenerated into whole plants according {o methods well-
known in the art. Often the transformation procedure is designed for the selective
efimination of selection genes either during regeneration or in the following generations
by using, for example, co-lransformation with two separate T-DNA constructs or sile
specific excision of the selection gene by a specific recombinase.

The present invention also relates to methods of producing a polypeptide of the
preseni invention comprising: {a) cultivating a transgenic plant or a plant cell comprising
a polynuclectide encoding the polypeptide having alpha-L-arabinofuranosidase activity
of the present invention under conditions conducive for production of the polypeptide;
and {b) recovering the polypeptide.

Removal or Reduction of Alpha-L-Arabinofuranosidase Activity

The present invention also refates to methods of producing a mutant of a parent
cell, which comprises disrupting or deleting a polynucleotide sequence, of a portion
thereof, encoding a polypeptide of the present invention, which resuits in the mutant cell
producing less of the polypeptide than the parent cell when cultivated under the same
conditions.

The mutant cell may be constructed by reducing or eliminating expression of a
nucieotide sequence encoding a polypeplide of the present invention using methods
well known in the art, for example, insertions, disruptions, replacements, or deletions. In
a preferred aspect, the nucleotide sequence is inactivated. The nucleotide sequence to
be modified or inactivated may be, for example, the coding region or a pan thereof
essential for activity, or a regulatory element required for the expression of the coding
region.  An example of such a regulatory or control sequence may be a promoter
sequence or a functional part thereof, i e., a part that is sufficiend for affecting expression
of the nucleotide sequence. QOther control sequences for possible modification include,
but are not limited to, a leader, polyadenylation sequence, propeptide sequence, signal
peplide sequence, transcription terminator, and transcriptional activator.

Modification or inactivation of the nucleotide sequence may be performed by
subjecting the parent cell to mufagenesis and selecting for mutant cells in which
expression of the nucleotide seguence has been reduced or eliminated. The
mutagenesis, which may be specific or random, may be performed, for example, by use
of a suitable physical or chemical mutagenizing agent, by use of a suitable
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oligonucleotide, or by subjecting the DNA sequence {o PCR generated mudagenesis.
Furthermore, the mutagenesis may be performed by use of any combination of these
mutagenizing agents.

Examples of a physical or chemical mutagenizing agent suitable for the present
purpose include ulfraviolet (UV} irradiation, hydroxylaming, N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG), O-methyl hydroxylamine, nitrous acid, ethyl methane
sulphonate {EMS), sodium bisulphite, formic acid, and nucleotide analogues.

When such agents are used, the mutagenesis is typically performed by
incubating the parent cell to be mutagenized in the presence of the mutagenizing agent
of choice under suitable conditions, and screening and/or selecting for mutant cells
exhibiting reduced or no expression of the gene.

Modification or inactivation of the nuclectide sequence may be accomplished by
introduction, substitution, or removal of one or more {several) nuclectides in the gene or
a regulatory element required for the transcription or translation thereof. For exampls,
nucleotides may be inserted or removed so as to result in the introduction of a stop
codon, the removal of the start codon, or a change in the open reading frame. Such
modification or inactivation may he accomplished by site-directed mutagenesis or PCR
generated mutagenesis in accordance with methods known in the art.  Although, in
principle, the modification may be performed in vivo, ie., directly on the cell expressing
the muclectide seguence to be modified, #t is preferred that the modification be
performed i vitro as exemplified below.

An example of a convenient way 1o eliminate or reduce expression of a
nucleotide sequence by a cell is based on {echnigues of gene replacement, gene
deletion, or gene disruption. For example, in the gene disruption method, a nucleic acid
sequence corresponding to the endogenous nucleotide sequence is mutagenized in
vitro fo produce a defective nucleic acid sequence that is then transformed inte the
parent cell to produce a defective gene. By homologous recombination, the defective
nucleic acid sequence replaces the endogenous nuclectide seguence. it may be
desirable that the defeclive nuclectide sequence also encodes a marker that may be
used for selection of ransformants in which the nuclectide sequence has been modified
or destroyed. In a particdlarly preferred aspect, the nucleotide sequence is disrupted
with a selectable marker such as those described herein.

Alternatively, modification or inactivation of the nucleotide seguence may be
performed by esiablished anti-sense or RNAI techniques using & sequence
complementary to the nuclectide segquence. More specifically, expression of the
nucleotide sequence by a cell may be reduced or eliminated by introducing a sequence
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complementary to the nuclectide sequence of the gene that may be transcribed in the
cell and is capable of hybridizing to the mRNA produced in the cell. Under conditions
altowing the complementary anti-sense nucleotide sequence to hybridize to the mRNA,
the amount of protein fransiated is thus reduced or eliminated.

The present invention further relates {o a mutant cell of a parent cell that
comprises a disruption or deletion of a nucleotide sequance encoding the polypeptide or
a control sequence thereof, which results in the mutant cell producing less of the
polypeptide or no polypeptide compared to the parent cell.

The polypeptide-deficient mutant celis so created are particularly useful as host
cells for the expression of native andfor heterologous polypeptides. Therefore, the
present invention further relates to methods of producing 8 native or heterologous
polypeptide, comprising: (@) cultivating the mutant cell under conditions conducive for
production of the polypeptide; and (b) recovering the polypeptide. The term
“heterclogous polypeptides” is defined herein as polypeptlides that are not native to the
host cell, a native protein in which modifications have been made to alter the native
sequence, or a native protein whose expression s guantitatively altered as g result of a
manipulation of the host cell by recombinant DNA techniques.

In & further aspeci, the present invention relates to a method of producing a
protein product essentially free of alpha-L-arabinofuranosidase activity by fermentation
of a cell that produces bath a polypeptide of the present invention as well as the protein
product of interest by adding an effective amount of an agent capable of inhibiting alpha-
L-arabinofuranosidase activily to the fermentation broth before, during, or after the
fermentation has been completed, recovering the product of interest from the
fermentation broth, and optionally subjecting the recovered product {o further
purification.

In a further aspect, the present invention relates to a method of producing a
protein product essentially free of alpha-L-arabinofuranosidase activity by cultivating the
cell under congitions permitting the expression of the product, subjecting the resultant
culture broth to a combined pH and temperature treatment so as fo reduce the alpha-L-
arabinofuranosidase activity substantially, and recovering the product from the culture
broth. Alternatively, the combined pH and temperature treatment may be performed on
an enzyme preparation recovered from the culture broth. The combined pH and
temperature treatment may optionally be used in combination with a treatment with an
atpha-L-arabinofuranosidase inhibitor,

In accordance with this aspect of the invention, it is possible to remove at least
80%, preferably at least 75%, more preferably at least 85%, still more preferably at legst
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85%, and most preferably at least 99% of the alpha-L-grabinofuranasidase activity.
Complete removal of alpha-L-arabincfuranosidase activity may be obtained by use of
this method.

The combined pH and temperature treatment is preferably carried ow at a pH in
the range of 2-4 or 8-11 and a temperature in the range of at least 80-70°C for a
sufficient period of iime {o attain the desired &ffect, where typically, 30 to 60 minutes is
sufficient.

The methods used for cultivation and purification of the product of interest may
be pearformed by methods known in the art.

The methods of the present invention for producing an essentially alpha-L-
arabinofuranosidase-free product is of particular interest in the production of eukaryotic
polypeptides, in particular fungal proteins such as enzymes. The enzyme may be
selected from, e.g.. an amyloivlic enzyme, lipolytic snzyme, proteolytic enzyme,
cellulolytic enzyme, oxidoreductase, or plant cell-wall degrading enzyme. Examples of
such enzymes include an aminopeptidase, amylase, amyloglucosidase, carbohydrase,
carboxypeptidase, catalase, ceilobiohydrolase, cellulase, chilinase, cutinase,
cyclodextrin glycosylitransferase, deoxyribonuciease, endoglicanase, esterase,
galactosidase, bela-galactosidase, glucoamylase, glucose oxidase, glucosidase,
haloperoxidase, hemicellulase, invertase, isomerase, laccase, ligase, lipase, lyase,
mannosidase, oxidase, peclinolytic enzyme, peroxidase, phytase, phenvioxidase,
polyphenoloxidase, proteohdic enzyme, ribonuclease, transferase, transgiutaminase, or
xylanase. The alpha-L-arabinofuranosidase-deficient cells may also be used to express
heterologous proteins of pharmaceutical interest such as hormones, growth faclors,
receptors, and the like.

It will be understood that the term "eukaryotic polypeptides” inciudes not only
native polypeptides, but also those polypeptides, e.g.. enzymes, which have been
modified by amino acid substitutions, deletions or additions, or other such modifications
1o enhance activity, thermostability, pH tolerance ancd the like.

In & further aspect, the present invention relales 1o a protein product essentially
free from alpha-L-arabinofuranosidase activity that is produced by a method of the

prasent invention.

Methods of Inhibiting Expression of a Polypeptide

The present invention also relates to methods of inhibiting the expression of a
polypeptide in a cell, comprising administering 1o the cell or expressing in the cell a
double-stranded RNA {dsRNA} molecude, wherein the dsRNA comprises a subseqguence
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of a polynuciectide of the present invention. In a preferred aspect, the dsRNA is about
15, 16, 17, 18, 18, 20, 21, 22, 23, 24, 25 or more duplex nucieotides in length.

The dsRNA is preferably a small interfering RNA {siRNA) or a micro RNA
(miRNA). In a preferred aspect, the dsRNA is small interfering RNA (siRNAs) for
inhibiting transcription. In another prefesred aspect, the dsRNA is micro RNA (MiRNAS)
for inhibiting transiation.

The present invention also relates to such double-stranded RNA {dsRNA)
molecules, comprising a portion of the mature polypeptide coding sequence of SEQ 1D
NO: 1 for inhibiting expression of a polypeptide in a cell. While the present invention is
not imited by any particular mechanism of action, the dsRNA can enter a cell and cause
the degradation of a single-stranded RNA (ssRNA} of similar or identical sequences,
including endogenous mRBNAs. When g cell is exposed to dsRNA, mRNA from the
homologous gene is selectively degraded by a process called RNA interference (RNAI).

The dsRNAs of the present invention can be used in gene-silencing therapeutics.
In one aspect, the invention provides methods to selectively degrade RNA using the
dsRNAIs of the present invention. The process may be practiced i vifro, ex vvo or in
vivo. i one aspect, the dsRNA molecules can be used 10 generate 3 loss-of-funchon
mutation in a cell, an organ or an animal. Methods for making and using dsRNA
molecules to selectively degrade RNA are well known in the art, see, for example, U.S.
Patent No. 6,508,559, U.S. Patent No, 6,511,824, U.S, Patent No. 8,515,109; and U.S.
Patent No. 6,489 127.

Compositions

The present invention also relates to compositions comprising a polypeptide of
the present invention. Preferably, the compositions are enriched in such a polypeptide.
The term “eryiched" indicates that the alpha-L-arabinofuranosidase activity of the
composition has been increased, e.g., with an enrichment factor of at least 1.1,

The composition may comprise a polypeptide of the present invention as the
major enzymatic component, e.g., a monoc-component composition.  Alternatively, the
composition may comprise mulliple enzymatic activities, such as an aminopeptidass,
amylase, carbohydrase, carboxypeptidase, catalase, cellulase, chifinase, cuiinase,
cyclodextrin  glycosyltransferase, deoxyribonucleass, esterase, alpha-galactosidass,
beta-galactosidase, glucoamylase, alpha-glucosidase, beta-glucosidase,
haloperoxidase, invertase, laccase, lipase, mannosidase, oxidase, peclinolytic enzyme,
pepltidogiutaminase, peroxidase, phytase, polyphenoloxidase, proteoiytic enzyme,
ribonuclease, transglutaminase, or xylanase. The additional enzyme(s} may be
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produced, for example, by a microorganism belonging o the genus Aspergilius,
preferably  Aspergifius  aculestus, Aspergilius eawamori, Aspergillus fumigatus,
Aspergiflus fostidus, Aspergiflus japonicus, Aspergillus nidulans, Aspergillus niger, or
Aspergiflus oryzae, Fusarium, preferably Fusarium baciridioides, Fusarnum cerealis,
Fusarium crookwellense, Fusarium citdmorum, Fusardum graminearim, Fusarum
graminum, Fusarium heterosporum, Fusarium negundi, Fusarium oxysporum, Fusanum
reticulatum, Fusanium roseum, Fusanum  sambucinum, Fusanum  sarcochroum,
Fusarivm sulphureurn, Fusarium torufoseum, Fusarum frichotheciocides, or Fusarium
venenatum, Humicola, preferably Humicola insolens or Humicola lanuginosa;, of
Trichoderma, preferably Trichederma harzignum, Trichoderma koningii, Trichoderma
jongibrachiatum, Trichodarma reesei, or Trichoderma viride.

The polypeptide compositions may be prepared in accordance with methods
known in the art and may be in the form of a liquid or a dry composition. For instance,
the polypeptide composition may be in the form of a granulate or & microgranuiate. The
polypeptide to be included in the composition may be stabilized in accordance with
methods known in the art,

Examples are given below of preferred uses of the polypeplide compositions of
the invention. The dosage of the polypeptide composition of the invention and other
conditions under which the composition is used may be determined on the basis of

methods known in the art

Uses

The present invention is also directed to maethods for using the polypeptides
having alpha-L-arabinofurangsidase activity, or compositions thereof.

A polypeptide having alpha-L-arabinofuranosidase activity of the present
invention may be used in several applications to degrade or convert a xylan-containing
material by treating the material with an effective amount of the polypeptide (see, for
example, WO 2002/18561). The polypeptides of the present invention are preferably
used in conjunction with other xylan degrading enzymaes such as xylanases, acetylxylan
esterases, arabinofuranosidases, xylosidases, feruloyl esterases, glucuronidases, and a
combination thereof, in processes wherein xylan has to be degraded. As a
consequence of the deacylating reaction the xylan becomes better accessible for
xylanases and ofher xylan-degrading enzymes.

The polypeptides having alpha-L-arabinofuranosidase activity are useful in a
number of applications: in vive modification of xylan containing animal feeds to improve
digestability; general gpplications resulling from biomass degradation or conversion {o
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fermentable sugars in the production of, for example, fuel and/or potable ethanol;
processing aids used in pulp and paper de-lignification; component of enzymatic
scouring systems for textiles; food applications, e.g., baking, in combination with other
enzymatic functionalities to improve the physical properties of baked goods; and laundry
detergent applications in combination with other enzyme functionalities.

The polypeptides may be used in methods for the treatment of Kraft pulp
according to U.S. Patent No. 5,658 765, Generally Kraft pulp is generally treated with
xylanase in order io remove lignin in the preparation of paper products. The
effectiviness of xylanase is greatly increased when pulp is treated with alpha-L-
arabinofuranosidase either before or at the same time as the xylanase treatment.

The polypeptides may also be usad in processes for producing xylose or xylo-
oligosaccharide according to U.S. Patent No. 5,658,765,

The polypeptides may also be used as feed enhancing enzymes that improve
feed digestibility {o increase the efficiency of its utilization according to U.S. Patent No.
6,245 546, The use of alpha-L-arabinofurancsidase in feed can decrease the solubility
of the feed components thereby diminishing the viscosity and reducing anti-nuiritional
effect of pentosanses.

The polypeplides may also be used in baking according to U.S. Patent No.
5,693,518

The polypeptides may further be used in brewing accarding to WO 2002/24926,
where combinations of this enzyme with other enzymes can be used 1o degrade
biological cell-wall material {o increase digestibility or flow characteristics in applications
relating to the preparation of fruil juices or beer.

Consequently, the present invention also relates to methods for degrading a
xyian, comprising treating a xylan-containing material with such a polypeptide having
alpha-L-arabinofuranosidase activity. In a preferred aspect, the xylan-containing
material is further treated with one or more xylan degrading enzymes.

Signal Peptide

The present invention also relates to nucleic acid constructs comprising a gene
encoding a protein, wherein the gene is operably linked o a nuclectide sequence
encoding a signal peptide comprising or consisting of amino acids 1 to 17 of SEQ 1D
NQO: 2, wherein the gene is foreign o the nucleotide sequence.

In a preferred aspect, the nuclectide sequence comprises or consists of
nucleoatides 1 to 51 of SEQ ID NO: 1.

The present invention alse relates {0 recombinant expression veciors and
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recombinant host cells comprising such nucleic acid constructs.,

The present invention also relates to methods of producing a protein comyprising
{a) cullivating such a recombinant host cell under conditions suitable for production of
the protein; and (b) recovering the protein.

The protein may be native or heterolagous 10 a host cell. The term “protein” is
not meant herein o refer to a specific length of the encoded product and, therefore,
encompasses peptides, oligopeptides, and profeins. The term ‘protein” also
encompasses two or more polypeptides combined to form the encoded product. The
prateins also include hybrid polypeptides that comprise a combination of partial or
complete polypeplide sequences oblained from at least two different proteins wherein
one or more {several} may be heterologous or native to the host cell. Proteins further
include naturally occurring allelic and engineered variations of the above mentioned
proteins and hybrid proteins.

Freferably, the protein is a hormone or variant thereof, enzyme, recepior or
portion thereof, antibody or portion thereof, or reporter. In a more preferred aspect, the
protein is an oxidoreductase, transferase, hydrolase, lyase, isomerase, or ligase. In an
ever: mare prefered aspect, the protein is an aminopeptidase, amvlase, carbohydrase,
carboxypepiidase, catalase, celiulase, chiinase, cutinase, cyclodextrin
glycosyitransferase, deoxyribonuclease, esterase, alpha-galactosidase, beta-
galactosidase, gluccamylase, alpha-glucosidase, beta-glucosidase, inveriase, laccase,
another lipase, mannosidase, mutanase, oxidase, pectinolytic enzyme, peroxidase,
phytase, polyphenocloxidase, proteolytic enzyme, ribonuclease, transglutaminase or
xylanase.

The gene may be obtained from any prokaryotic, eukaryotic, or other source.

The present invention is further described by the following examples that should
not be construed as limiting the scope of the invention.

Examples
Materials
Chemicals used as buffers and substrates were commaercial products of at least

reagent grade.

Strains
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Humicola insolens DSM 1800 was used as the source of a Family 62 gene
encoding a polypeptide having aipha-L-grabincfuranosidase activity, Aspergiflus niger
MBIN12Q strain (WO 2004/090155) was used for expression of the Humicola insolens

gene encoding the polypeptide having alpha-L-arabinofuranosidase achivity.

NMedia

PDA plates were composed per liter of 32 g of potato dextrose agar.

YP medium was composed per liter of 10 g of yeast extract and 20 ¢ of Bacto
peptone,

COVE A urea- acetamide+ plates were composed per liter of 20 mi of COVE A
salis solution, 220 g of sorhitol, 10 g of glucoss, 10 mi of 1 M acelamide, and 30 g of
Bacto agar, pH 5.2.

COVE A salts solution was composed per liter of 26 g of KCi, 26 g of Mg3Q,, 76
g of KH.PQ,, and 50 mi of COVE A trace elements solution.

COVE A trace elements solution was composed per liter of 0.04 g of
Na,B,0+10H,0, 0.4 g of CuSQ,5H,0, 0.8 g of FeSO,7HO, 0.7 g of MnS0H,0, 0.8 g
of Na,MoO» 2HxO, 10 g of ZnSQ, 7H,0, and 10 g of citric acid.

M410 medium was composed per fiter of 50 g of maltose, 50 g of glucose, 2 g of
MgS0..7H,O, 2 g of KH,PO, 4 g of citric acid anhydrous powder, 8 g of yeast extract, 2
g of urea, 0.5 g of AMG trace metals solution, and 0.5 g of CaCly; pH 6.0

AMG trace metals scliution was composed per liter of 14.3 g of ZnB0QsTHOC, 2.5
g of CuS0O,5H0, 0.5 g of NiCL8H,0, 13.8 g of FeS0,7H:0, 8.5 g of MnS0,7H,0,
and 3 g of citric acid.

LB medium was composed per iter of 10 g of iryptone, 5 g of yeast extract, and
5 g of NaCl

Example 1. Ildentification of a Humicola insofens GH62A polypeptide having
aipha-L-arabinofuranosidase activity

Protein Fractionation of ULTRAFLO L% A 2 ml aliquot of ULTRAFLO® L
{Novozymes A/S, Bagsveerd, Denmark) was first buffer-exchanged into 150 mM sodium
chioride-20 mM sodium acetate pH 5 using a HIPREP™ 26/10 Desalting Column {GE
Healthcare, Piscataway, NJ, USA}, The resulling buffer-exchanged material {18.5 mi)
was then concentrated to 3 mi by ultrafiltration with a VIVASPIN® 20 spin column
eguipped with a 3,000 Dalton molecular weight cut-off membrane {(Vivascience AG,
Hannover, Germany). A 2 mi aliquot of the buffer-exchanged and concentrated
ULTRAFLO® L material was then fractionated by size-exclusion chromatography over a
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HILOAD™ 26/60 SUPERDEX™ 204 prep grade size exclusion column (GE Heaithcare,
Piscataway, NJ, USA}, under the same buffer conditions with isocratic elution. Fractions
showing UV absorbance at 280 nm were combined into six separate pools from varying
elution fimes, ranging from 20-40 mi tolal volume each. Pooled fractions wers
concentrated to between 1-5 mi by ultrafiltration with a VIVASPIN® 20 spin column
equipped with a 3,000 Da molecular weight cul-off membrane. Twenty pl of each
concentrated pooled fraction was separated on a CRITERION® 8-16% Tris-HCI SDS-
PAGE gel (Bio-Rad Laboratories, Inc., Hercules, CA, USA) according to the
manufacturers suggested conditions. PRECISION PLUS PROTEIN™ standards (Bio-
Rad Laboratories, inc., Hercules, CA, USA) were used as molecular weight markers.
The gel was removed from the casselte and was stained with Coomassie Blue (G250)
protein stain (BIQ-SAFE™ Coomassie Stain, Bio-Rad Laboratories, Inc., Hercules, CA,
USA), and visible bands were excised with a razor blade for protein identification
analysis.

In-gel digestion of polypeptides for peptide sequencing. A MultiPROBE® |}
Liquid Handling Robot (PerkinElmer Life and Analytical Sciences, Boston, MA, USA)
was used o perform the in-ge!l digestions. A 45 kDa protein gel band was reduced with
50 pl of 10 mid dithiothreitol (BTT) in 100 mM ammonium bicarbonate pH 8.0 for 30
mingtes.  Following reduction, the gel piece was alkylated with 50 Wl of 55 mM
fodoacetamide in 100 mM ammonium bicarbonate pH 8.0 for 20 minutes. The dried gel
piece was allowed to swell in 25 gl of a trypsin digestion solulion (8 ng/ul sequencing
grade frypsin; Promega, Madison, Wi, USA} in 50 mM ammonium bicarbonate pH 8 for
30 minutes at room temperature, followed by an 8 hour digestion at 40°C. Each of the
reaction steps described above was followed by numerous washes and pre-washes with
the appropriate solutions following the manufacturer’'s standard protocol.  Fifty ul of
acetonitrile was used to de-hydrate the gel piece bhelween reactions and the gel piece
was air dried between sleps. Peptides weare exiracted twice with 1% formic acid/2%
acetonitriie in HPLC grade water for 30 minutes. Peptide extraction solutions were
transferred to a 96 well skirted PCR type plate (ABGene, Rochester, NY, LUSA) that had
been codled to 10-15°C and covered with a 98-well plate lid {PerkinElmer Life and
Analytical Sciences, Boston, MA, USA) to prevent evaporation. Plates were further
stored at 4°C until mass spectrometry analysis could be performed.

Protein ldentification. For de novo peptide sequencing by tandem mass
spectrometry, a Q-TOFMICRO™, a hybrid orthogonal quadrupole time-of-flight mass
spectrometer (Waters Micromass MS Technologies, Milford, MA) was used for
LC/ME/MS analysis. The Q-TOF MICRG™ was fitted with an ULTIMATE™ capiifary and
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nane-flow HPLC system, which was coupled with a FAMOS™ micro autosampler and a
SWITCHOS™ | columin switching device {LCPackings/Dionex, Sunnyvale, CA, USA)
for concentrating and desaiting samples. Samples were loaded onto a guard column
{300 um 1D X & cm, PEPMAP™ (18 ) fitted in the injection lonp and washed with 0.1%
formic acid in water at 40 pl per minute for 2 minutes using a Switchos I pump.
Paptides were separated on & 75 pm 1D x 15 cm, C18, 3 um, 100A PEPMAP™ (L.C
Packings, San Francisco, CA, USA) nanofiow fused capillary column at a flow rate of
175 nifminute from a splif flow of 175 wminute using a NAN-75 calibrator {Dionex,
Sunnyvale, CA, USA). A step elution gradient of 5% to 80% acetonitrile in 8.1% formic
acid was applied over a 45 minute interval. The column eluent was monitored at 215
rnin and introducead into the Q-TOF MICRO™ through an electrospray ion source fitted
with the nanospray interface. The Q-TOF MICRO™ was fully microprocessor controlied
using MASSLYNX™ software version 4.1 {(Waters Micromass MS Technologies, Milford,
MA, USA). Data was acquired in survey scan mode and from a mass range of m/z 400
o 1980 with the switching criteria for MS {o MS/MS {o include an jon intensity of greater
than 10.0 counts per second and charge states of +2, +3, and +4. Analysis spectra of
up to 4 co-eluting species with a scan time of 1.9 seconds and inter-scan time of .1
seconds could be obtained. A cone voliage of 45 volts was typically used and the
collision energy was programmed to be varied according o the mass and charge state
of the sluling peptide and in the range of 10-60 volls, The acguired specira were
combined, smoothed, and centered in an automated fashion and & peak list generated.
This peak list was searched against selected databases using PROTEINLYNX™ Global
Server 2.2.05 software (Waters Micromass MS Technologies, Mifford, MA, USA) and
PEAKS Studip version 4.5 BP1 (Bicinformatic Solutions inc., Waterloo, Ontario,
Canada) Results from the PROTEINLYNX™ and PEAKS Studio searches were
evaluated and un-identified proteins were analyzed further by evaluating the MS/MS
spectrums of each ion of interest and de nove sequence was determined by identifying
the y and b ion series and matching mass differences to the appropriate amino acid.
Pepiide sequences determined from de novo sequencing by mass spectrometry
were obtained from several multiply charged ions for the in-gel digested 45 kDa
polypeptide gel band. A doubly charged tryptic peptide ion of 60426 m/z sequence was
determinad to be [[ILE/eu] or Aspl-Thr-Ser-Glu-Asn-Asn-Pro-Phe-Ala-Gly-Arg {(amino
acids 249 to 258 of SEQ D NO: 2). Another doubly charged tryptic peptide ion of
598.32 m/z sequence was determined to be [Gin/Lys}-Tyr[llef.eu]-Met-{lle/leul-Val-
Glu-Ser-{lle/l.eu]-Gly-Ser-Arg {amino acids 218 {o 229 of SEQ D NO: 2). Another
doubly charged tryptic peptide ion of 711.32 mv/z sequence was determined to be Asn-
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[he/lewd-Trp-Val-[e/Leul-Ala-Tyr-iGinfLys}-Trp-Gly-Arg (amino acids 105 to 115 of SEGQ
1D NO: 2). Another doubly charged tryptic peptide ion of 726.84 mfz sequence was
determined {o be Ala-Ala-Val-Ala-Pro-Thr-Leu-Phe-Tyr-Phe-[GiniLys]-Pro-Lys {(amino
acids 92 fo 104 of SEQ 1D NO: 2}, Ancther doubly charged tryptic peptide ion of
1005.42 miz sequence was determined {0 be Asn-Asp-[lie/leu]-Phe-Glu-Ala-Val-
{GIn/Lys}Val-Tyr-Thr-lle-Asp-Gly-Ser-Asn-Pro-[Gin/Lys] {(amino acids 200 to 217 of
SEQ 1D NQ: 2). [He/leu] and [Gin/Lys] could not be distinguished because they had
equivalent masses.

Example 2: Humicola insolens DSM 1800 genomic DNA extraction

Humicola insolens DSM 1800 was grown on PDA plates at 45°C to confluence.
Three 4 mm’® squares were cut from the PDA plates and inoculated into 25 mi of YP
medium containing 2% glucose in a baffled 125 ml shake flask at 41°C and 200 rpm for
2 days with shaking at 200 rpm. Mycelia were harvested by filtration using
MIRACLOTH® (Calbiochem, La Jolla, CA, USA}, washed twice in deionized water, and
frozen under liquid nitrogen. Frozen mycelia were ground, by mortar and pestle, to a
fine powder, and total DNA was isolated using a DNEASY® Plant Maxi Kit (QIAGEN
Inc., Valencia, Ca, USA).

Example 3 Isolation of a partial fragment of a GHE2A aipha-l-
arabinofuranosidase gene from Humicola insclens DSM 1800

Using the Consensus-degenerate hybrid oligonuclectide primer program
{CODEHOP; Rose ef al, 1998, Nucleic Acids Research 26; 1628-1835), degenerate
primers were designed to regions of homology with related GHB2 sequences based on
the identified peptide fragments described in Example 1. Degenserate primers employed
to generate a fragment of the Humicola insolens GHB2A alpha-L-arabinofuranosidase
gene were:
Primer HinsGHGZsense1:
5-CCAAGTCGATCTGGGTNCTCGONTAYCA-B (SEQ ID NO: 3)
Protein translation for degenerate primer HinsGHBZsense1:
PKSIWVLAYQ {SEQ 1D NGO 45
Primer HinsGHG2anti1:
5-AGTTGGCGCGNCONGCRAANGGE-3' {(SEQ ID NQO: 5)
Protein translation for degenerate primer HinsGHB2anti1:
PFAGRAN

To obtain the initial DNA fragment of the Humicola insolens GHBZA alpha-L-
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arabinofuranosidase gene, gradient PCR was performed at 8 different annealing
temperatures ranging form 40°C to 80°C. Amplification reactions (25 pl} were
composed of 80 ng of Humicola insofens DEM 1800 genomic DNA as template, 0.4 mM
each of dATP, dTTP, dGTP, and dCTP, 50 pmol each of primer HinsGHB2sense1 and
primer HinsGHB2anti1, 1X ADVANTAGE® GC-Melt LA Buffer {Clontech Laboratories,
inc., Mountain View, CA, USA}, and 1.25 units of ADVANTAGE® GC Genomic
Polymerase Mix (Claniech Laboratories, inc., Mountain View, CA, USA). The
amplification reactions were performed using an EPPENDQORF® MASTERCYCLER®
5333 {(Eppendorf Scientific, Inc., Westbury, NY, USA) programmed for pre-denaturing at
95°C for 1 minute; 30 cycles each at a denaturing femperature of 95°C for 30 seconds;
annealing temperature of 50°C +/~ 10°C for 30 seconds {6 gradient options} and
elongation at 72°C for 1 minute; and final elongation at 72°C for 8 minutes.

The reaction products were isolated by 1.0% agarose gel electrophoresis in TBE
{10.8 g of Tris base, 5.5 g of boric acid and 4 mi of 0.6 M EDTA pH 8.0 per fiter) buffer.
A PCR product band of approximately 500 bp from an annealing temperature of 58.8°C
was excised from the gel, purified using a QIAQUICK® Gel Extraction Kit {QIAGEN inc.,
Valencia, CA, USA}Y according o the manufacturer's instructions, and sequenced with a
Perkin-Elmer Applied Biosystems Medel 377 XL Aulomated DNA Seguencer (Perkin-
Elmer/Applied Biosystems, Inc., Foster City, CA, USA) using dye-terminator chemistry
{Giesecke ef al, 1992, Journal of Virdlogy Methods 38. 47-60) and primer walking
strategy using primers HinsGH62sense1 and Primer HinsGHGZanti1.

Example 4: Iidentification of a fulllength Humicola insolens GH62A alpha-L-
arabinofuranosidase gene

The full-length Family 62 alpha-L-arabinofurancsidase gene was identified from
Humicola insolens DSM 1800 using a GENOMEWALKER™ Universal Kit (Clontech
Laboratories, Inc., Mountain View, CA, USA) according o the manufacturer's
instructions.  Briefly, total genomic DNA from Humicola insolens DSM 1800 was
digested separately with four different restriction enzymes (Dra |, Eco RV, Pvy i, and
Stu 1) that leave blunt ends. Each batch of digested genomic DNA was then ligated
separately to the GENOMEWALKER™ Adaptor {Clontech Laboratories, Inc., Mountain
View, CA, USA) to create four libraries. These four libraries were then employed as
templates in PCR reactions using fowr gene-specific primers shown below, two for a
primary and secondary PCR amplifying upstream of the fragment through the 5 end
encoding the N-terminus of the alpha-lL-arabinofuranosidase and two for primary and

secondary PCR amplifying downstream of the fragment through the 3 end encoding the
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C-terminus of the alpha-L-arabinofuranosidase. The following primers were designed
based on the partial Family 62 aipha-L-grabincfurancsidase gene sequence from
Humicola insotens described in Example 3.

N-terminus:

b Primer Hins_GHB2_GSP1_R (primary).
5-AGCTGTCGCTGATGGAGCCCGAGAAGA-3 (BEQ 1D NO: 6}
Primer Hins_GH62_GSP2_R (secondary):
S-CGAAGGCAGTCCGGLCCCATTGATATGC-3 (SEQID NGO 7)

C-terminus:
10 Primer Hins_GHB2_GSP1_F {primary):
5 ZGCTCCAACCCCAAGCAGTACCTCATGE-3' {SEQ ID NO: 8)
Primer Hins_GHE2_GSP2_F {secondary):
5-CCGCTACTTCCGCTCCTACGTCTCCAA-3 (SEQ ID NG 9)
The primary amplifications were composed of 1 wl (approximately & ng) of each
is library as template, 0.4 mM each of dATP, dTTP, dGTP, and dCTP, 10 pmol of Adaptor
Primer 1 {Clontech Laborafories, inc., Mountain View, CA, USA), 50 pmol of primer
Hins_GHB2_G5P1_R or Hins_GHGE2_GSP1_F, 1X ADVANTAGE® GC-Meit LA Buffer
(Clontech  Laboratories, Inc., Mountain View, CA, USBA}, and 125 unis of
ADVANTAGE® GC Genomic Polymerase Mix in a final volume of 25 ul.  The

20 ampilifications were performed using an EPPENDORF® MASTERCYCLER® 5333
programmed for pre-denaturing at 95°C for 1 minute;, 7 cycles each at a denaturing
femperature of 95°C for 25 seconds; annealing and elongation at 72°C for 5 minutes;
and 32 cycles each al a denaturing tempersture of 95°C for 25 seconds; anneagling and
elongation at 67°C for & minutes; and final elongation at 87°C for 7 minutes.

25 The secondary amplifications were composed of 1 ul of sach primary PCR
product as template, 0.4 mM each of dATP, dTTP, dGTP, and dCTP, 16 pmol of
Adaptor Primer 2 (Clantech Laboratories, inc., Mountain View, CA, USA}Y, 50 pmol of
primer Hins_GHE2_GSPZ_R or Hins_GHE2_GSPZ_F, 1X ADVANTAGER GC-Melt LA
Buffer, and 1.25 units of ADVANTAGE® GC Genomic Polymerase Mix in a final volume

30 of 25 The amplifications were perfomed using an EPPENDORF®
MASTERCYCLER® 5333 programmed for pre-denaturing at 857°C for 1 minute; 5 cycles
each at a denaturing temperature of 95°C for 25 seconds; annealing and elongation at
72°C for 5 minutes; and 20 cycles each at a denaturing temperature of 95°C for 25
seconds,; annealing and elongation at 87°C for 7 minutes; and final elongation at 67°C

35 for & minutes.

The reaction products were isolated by 1.0% agarose gel electrophoreisis in TBE
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buffer. From the 5 end PCR amyplification, a 600 bp product band from the Dra | library
was excised from the gel, purified using a QIAQUICKR Gel Exiraction Kit according to
the manufacturer's instructions, and sequenced. From the 3 end PCR ampilification, a
1.8 kb product band from the Dra | library was excised from the gel and a 700 bp
product band from the Eco RV library was excised from the gel, purified using a
QIAQUICK® Gel Extraction Kit according to the manufacturer's instructions, and
sequencead.

DNA sequencing of the PCR fragments was performed with a Perkin-Elmer
Applied Biosystems Model 377 XL Aulomated DNA Sequencer using dye-terminator
chemistry (Giesecke ef g/, 1992, supra) and primer walking strategy. Adaptor Primer 2,
primer Hins_GHB82_GS8P2_R, and primer Hins_GHO2 GSP2 F were used for
sequencing.

Nucleotide sequence dala were scrutinized for quality and all sequences were
compared 10 each other with assistance of PHRED/PHRAP sofiware (University of
Washington, Seattle, WA, USA). The PCR fragment sequence resulls were compared
and aligned with the partigl Family 82 alpha-L-arabinofuranosidase gene sequence from
Humicola insolens described in Example 3. A gene modal was constricted based on
the gene fragments obtained here and in Example 3 allowing determination of the & and

3’ ends of the gene with other homologous Family 62 alpha-L-arabinofuranosidases.

Example 5: Cloning of the full-length Humicola insolens GHB82A aipha-L-
arabinofuranocsidase gene and construction of an Aspergiflus niger expression
vector

Two synthelic oligonucieotide primers shown below were designed to PCR
ampiify the full-length Humicola insofens DSM 1800 alpha-L-arabinofuranosidase gene
from the genomic DNA prepared in Example 2. An inFusion Cloning Kif (BD
Biosciences, Falo Alto, CA, USA) was used to dclone the fragment directly into the
expression vector pBM120a (WO 2006/078256).
BDInfGHB2senseNCO:
5-ACACAACTGGCCATGAGGTCGGTTGCTGCTITCCTC-3 (SEQ 1D NO: 10y
BDinfantiGHEZPACT:
5-CAGTCACCTCTAGTTATTACTTACAAGGATTCGAGT-3 (SEQ 1D NO: 11}
Bold letters represent coding sequence. The remaining sequence is homologous to the
insertion sites of pBM120a.

Fifty picomoles of each of the primers above were used in a PCR reaction
composed of 80 ng of Humicola insolens genomic DNA, 1X ADVANTAGE® GC-Melt LA
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Buffer, 0.4 mM each of dATP, dTTP, dGTP, and dCTP, and 1.25 units of
ADVANTAGE® GC Genomic Polymerase Mix in a final volume of 25 gl The
amplification was performed using an EPPENDORF® MASTERCYCLER® 5333
programmaed for 1 cycle at 84°C for 1 minute; 5 cycles each at 94°C for 30 seconds,
50°C for 30 seconds, and 72°C for 80 seconds; and 30 cycles each at 94°C for 30
seconds, 60“C for 30 seconds, and 72°C for 20 seconds; and a final elongation at 72°C
for 5 minutes. The heat block then went 16 a 4°C soak cycle.

The reaction products were isolated by 1.0% agarose gel electrophoresis in TBE
buffer where an approximately 1.1-1.2 kb product band was excised from the gsl, and
purified using a QIAQUICK® Gel Extraction Kit according fo the manufacturer's
instructions.

Plasmid pBM120a was digested with Nco | and Pac |, isolated by 1.0% agarose
gel electrophoresis in TBE buffer, and purified using a QIAQUHICK® Gel Exiraction Kit
according to the manufacturer's insfructions.

The gene fragment and the digested vector were ligated together using an
InFusion Cloning Kit (BD Bioscignces, Palo Alto, CA, USA) resulting in pMMar4 (Figure
2) in which transcription of the alpha-L-arabinofuranosidase gene was under the conirol
of a hybrid of promoters from the genes for Aspergifus niger neutral alpha-amylase and
Aspergillus oryzae triose phosphate isomerase (NAZ2-tpi promoter). The ligation reaction
(20 ul}y was compased of 1X IinFusion Buffer {BD Biosciences, Palo Alto, CA, USA), 1X
BSA (BD Biosciences, Palo Alto, CA, USAY 1 ul of iInFusion enzyme {diluted 1:10) (8D
Biosciences, Palo Alto, CA, USA}, 106 ng of pBM120a digested with Nce | and Pac |,
and 183 ng of the purified Humicola insofens PCR product. The reaction was incubated
at room temperature for 30 minutes. Two ul of the reaction was used to transform £
cofi X1.10 SOLOPACKE Gold Supercompeatent celis {Stratagene, La Jolla, CA, USA).
An E. coii fransformant containing pMMard was detected by restriction digestion and
plasmid DNA was prepared using a BIOROBOTE 9600 (QIAGEN inc., Valencia, CA,
USA). The Humicola insofens GHBZA insert in pMMard was confirmed by DNA
sequencing with a Perkin-Elmer Applied Biosystems Model 377 XL Automated DNA
Sequencer using dye-terminator chemistry (Giesecke et af, 1992, supra) and primer
walking strategy. Primers 896271 NaZipi promoter fwd and 896270 AMG rev, shown
below, were used for sequencing.

896271 Natpi promoter fwd:
S-ACTCAATTTACCTCTATCCACACTT-3 (SEQ. 1D NO: 12)
996270 AMG rev:

5-CTATAGCGAAATGGATTGATTGTCT-3 (SEQ. 1D NO: 13)
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A clone containing pMMard was picked into 2 X 50 mi of LB medium
supplemented with 100 wg of ampicillin per mi and grown overmight in 250 mi glass
beakers at 37°C and 200 rpm agitation. Plasmid pMMard was isolated from broth using
a QIAGEN® Midi Kit according to the manufacturer’s instructions. Plasmid pMMard was
digested with Pme | and isolated by 1.0% agarose gel electrophoresis in TBE huffer,
and the fragment containing the GHE2A alpha-L-arabinofuranosidase gene was purified
using a QIAQUICK® Gel Extraction Kit according fo the manufacturer's instructions in
preparation for transforming Aspergiffus niger MBin120 protoplasts. The fragment of
approximately 1.1-1.2 kb was cloned into pCRE2.1-TOPCE vector (Invitrogen,
Carisbad, CA, USA) using a TOPO® TA CLONING Kit, fo generate pHinsGHB2ZA
{Figure 3). The Humicola insolens GHE2A insert in pHinsGHB2A was confirmed by
DNA sequencing. E. coli pHinsGHB2A was deposited with the Agricultural Research
Service Patent Cullure Collection, Northermn Regional Research Center, Peoria, ., on
November 20, 2007,

Example 8: Characterization of the full-length Humicola insolens genomic
sequence encoding a GHE2A polypeptide having alpha-l.-arabinofuranosidase

Nuclectide sequence data {Example B} were scrutinized for guality and all
sequences were compared to each other with assistance of PHRED/PHRAP software
(University of Washington, Seatile, WA, USA).

The nucleotide sequence (SEQ 1D NO: 1) and deduced amino acid sequence
{SEQ 1D NO: 2) are shown in Figures 1A and 1B. The genomic fragment encodes a
polypeptide of 387 amino acids. The % G+C content of the full-length coding sequence
and the mature coding sequence are 64.8% and 65%, respectively. Using the SignalP
software program {Nielsen ef a/., 1987, Profein Engineering 10: 1-8}, a signal peptide of
17 residues was predicted. The predicted mature protein contains 370 amino acids with
a molecular mass of 40.3 kDa.

A comparative pairwise glebal alignment of amino acid sequences was
determined using the Needleman-Wunsch algorithm {(Needleman and Wunsch, 1870, J
Mol Biol. 48 443-453) as implemented in the Needie program of EMBOSS with gap
open penalty of 10, gap extension penalty of 0.5, and the EBLOSUMGZ matrix. The
alignment showed that the deduced aming acid sequence of the mature polypeptide of
the Humicola insolens Family 62 alpha-L-arabinofuranosidase gene shared 65.7%
identity {excluding gaps) to the deduced amino acid sequence of an Aspergiifus niger
arabinoxylan degrading enzyme {GeneSeqP accession number AARS4170).
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Example 7: Expression of the Humicola insolens GHB82A ailpha-l-
arabinofuranosidase gene in Aspergiflus niger MBin120

Aspergifius niger MBIn120 profoplasts were prepared according 1o the method of
Christensen et al.,, 1988, Bio/Technology 6: 1419-1422. Four pg of Pme 1 digested
pMMard were used o fransform Aspergilius niger MBin120.

The transformation of Aspergifius niger MBin120 with the FPme | digested
pMMard yielded aboud 50 transformants. Tweniy-two fransformants were isolated fo
individual COVE A urea- acetamide+ plates. Two 3 mm square agar plugs were cut
from confluent COVE A urea- acetamide+ plates of the 22 transformants and inoculated
separately into 25 mi of M410 medium in 125 mi plastic shake flasks and incubated at
34°C, 250 rpm.  After 5 days incubation, 6 ul of supernatant from each culture wers
analyzed by SDS-PAGE using @ CRITERION® 8-16% Tris-HCl SD&S-PAGE gel with &
CRITERION® Csll {(Bio-Rad Laboratories, inc., Hercules, CA, USA), according to the
manufacturer's instructions. The resulting gel was stained with BIO-S8AFE™ Coomassie
Stain (Bio-Rad Laboratories, Inc., Hercules, CA, USA). SDS-PAGE profiles of the
cultures showed approximately half of the itransformants had a major band of
approximately 45 kDa. One transformant designated Aspergilius niger MMar202 was
chosen for expression of the Humicola insclens GHBZA polypeptide having alpha-L-
arabinofuranosidase activity in Aspergifius niger.

Example 8: Fermentation of Aspergillus niger MMar202

Shake flask medium was composed per liter of 70 g of sucrose and 100 g of soy
concentrate. Trace metals solution was composed per fiter of 13.8 g of FeS047H;0,
14.3 g of ZnSQ, 7H,0, 11.6 g of MnSQO4H:0, 2.5 g of CuS0,45H,0, 0.5 g of NiCl,6H,;0
and 3.3 g of citric acid monohydrate.

One hundred mi of shake flask medium was added {o a 500 mi shake flask. The
shake flask was inoculated with 200 ui from a glycerol spore stock of Aspergiflus niger
MMar202 and incubated at 30°C on an orbital shaker at 220 rpm for 72 hours. Fifty mi
of the shake flask broth from each of four separate shake flasks was used to inoculate a
3 liter fermentation vessel.

Fermentation batch medium was composed per liter of 250 g of glucose, 5 g of
(NH.),50,, 2.5 g of KHaPO4, 0.5 g of CaCly2H,0, 2 g of MgS0..7H,O, 3 g of K;804, 1g
of ¢itric acid, 1 mi of anti-foam, and 4.75 mi of trace metals solution. The trace metals
solution was composed per liter of 13.8 g of FeS0, 7H0O, 14.3 g of Zn80,7H0, 116 g
of MnS0,H0, 2.5 g of CuSOy8H0, 0.5 g of NiCL-6H.0, and 3.3 g of cilric acid
monchydrate. Fermeniation feed medium was composed per kilogram of 406 g of
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mailtose, 0.5 g of citric acid monohydrate, and 1 mi of anti-foam.

A total of 2 liters of the fermentation batch medium was added to an Applikon
Biotechnology two liter glass jacketed fermentor {(Applikon Biotechnology, Schiedam,
Netherlands). Fermentation feed medium was dosed at a rate of 0 to 4 gihr for a
period of 185 hours. The fermentation vessel was mainfained at a temperature of 34°C
and pH was controlled using an Applikon 1030 controt system {Applikon Biotechnology,
Schiedam, Netherlands) {o a set-point of 5.1 +/~ 0.1. Air was added {o the vessel al a
rate of 1 vwm and the broth was agitated by Rushion impeller rotating at 1100 rpm. At
the end of the fermentation, whole broth was harvested from the vessel and centrifuged
at 3000 x g fo remove the biomass. The supernatant was sterile filtered and stored at 5
to 10°C.

Example 9: Purification of Humicola insolens GHE2A polypeptide having alpha-L-
arabinofuranosidase activity

Fermentation broth supernatant {Example 8) containing recombinant Humicola
insolens GHAZA polypeptide having alpha-L-arabinofuranosidase activity expressed in
Aspergiilus riger was first buffer-exchanged into 25 mid sodium acetate pH 5.1 by
passing through 400 mi of SEPHADEX™ (3-25 fine resin {(GE Healthcare, Piscataway,
NJ, USA) equilibrated in the same buffer. The resulting buffer-exchanged material (50
ml} was then purified using a MONG 3™ HR 16/10 column (GE Healthcare, Piscataway,
NJ, USA} equilibrated with the same buffer, and then eluted with a linear gradient of 0~
0.5 M sodium chioride. Next, fractions showing UV absorbance at 280 nm were
analyzed by SDS-PAGE. A 2.5 i fraction aliquot was separated on a CRITERION® 8~
16% Tris-HClI SDS-PAGE gel according fo the manufacturer's suggested conditions.
PRECISION PLUS PROTEIN™ standards were used as molecular weight markers, The
gel was removed from the cassetie and stained with INSTANTBLUE™ Coomassie Blue
protein stain (Expedeon Protein Solutions, Cambridge, UK} according to the
manufacturer's suggested condifions. Fractions showing UV absorbance at 280 nm
were glse assayed for aclivity with medium viscosity wheat arabinoxylan {(Megazyme
International freland, Lid., Bray, Co. Wicklow, ireland). Fractions were diluted and
incubated in a 96-well COSTAR® microfiter plate (Coming inc., Coming, NY, USA) with
4.75 mg of wheat arabinoxylan per mi of 50 mM sodium acetate pH 5 with 0.01% (wiv)
TWEEN® 20 in a total volume of 200 i for 70 minutes at 40°C. The reaction was
siopped by addition of b0 (4 of 2% sodium hydroxide, and the reducing sugar content
determined using a para-hydroxybenzoic acid hydrazide (PHBAH, Sigma, 5t Louis, MO,

USA) assay adapied to a 96 well microplate format as described below. Briefly, a 100 ui
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aliquot of sample was placed in a 86 well conical bottom COSTARE® microtiter plate.
Reactions were iniliated by adding 50 ul of 1.5% (wiv) PHBAHM in 2% NaOH to each
well, Plates were heated uncovered at 95°C for 10 minutes. Plates were allowed to
coot to room temperature and 50 pt of H,O added to each well. A 100 pi aliguot from
each well was transferred 10 a flat botlom 86 well plate and the absorbance at 410 nm
was measured using a SPECTRAMAX® Microplate Reader (Molecular Devices,
Sunnyvale, CA, USA). Glucose standards (0.100-0.085 mg/mi} were used 10 prepare a
standard curve to convert the obtained absorbance values at 410 nm into glucose
equivalents, and guantify the amount of reducing sugars released in the assay.
Fractions containing a long, diffuse band on SDS-PAGE from 40-150 kD, and also
having activity with wheat arabinoxylan, were pooled, with a total volume of 48 mil.

The pooled material was next concentrated to a 1.5 mi volume using a
VIVASPIN™ 20 ulirafiltration concentrator with & 10 kDa molecular weight cut-off
membrane. The concentrated material was then purified using a HILOAD™ 26/60
SUPERDEX™ 75 Prep Grade column (GE Healthcare, Piscataway, NJ, USA) in 25 mM
sodium acetate pH 5 with 125 mM sodium chioride. Column fractions were analyzed
and pocled in a similar manner by SDS-PAGE and wheat arabinoxylan activity as
described above, to yield purfied Humicola insolens aipha-L-arabinofuranosidase.
Protein concentration of the purnfied Humicola insolens alpha-L-arabinofuranosidase
was determiined using a Microplate BCA™ Protein Assay Kit {(Pierce, Rockford, L,
USA).

Example 10: Enzyme activily of the Humicola insofens GHE2A polypeptide having
alpha-L-arabinofuranosidase activity

Purified Humicola insolens GHB2A  polypeptide having  aipha-L-
arabinofuranosidase actlivity (Example 9) was diluled and incubated in a 98-well
COSTAR® microtiter plate with 5 mg of medium viscosity wheat arabinoxylan
{Megazyme Intemational lreland, Lid., Bray, Co. Wickiow, lreland) per mi of 100 mM
sodium acetate pH 5 in a fotal volume of 200 @ for 30 minutes at 40°C. After
incubation, the plate was cooled on ice, and then the reactions were filtered through
ULTRAFREE®.0.5 centrifugal filters with BIOMAX® 5 kDa molecular weight cut-off
membranes (Millipore, Billerica, MA, USA). The filtrates were then analyzed for sugay
content.

Sugar concentrations of sample filtrates were measured after elution by 0.0058 M
sulfuric acid with 0.05% w/w benzoic acid at a flow rate of 0.6 ml per minute froma 4.6 x
250 mm AMINEX® HPX-87H column (Bio-Rad Laboratories, Inc., Hercules, CA, USA}
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at 65°C with guantitation by integration of glucose, arabinose, and xylose signals from
refractive index detector (CHEMSTATION®, AGILENT® 1100 HPLC, Agient
Technologies, Santa Clara, CA, USA) calibrated by pure sugar samples. The Humicola
insolans polypeptide having alpha-L-arabinofuranosidase activily was observed to
release 828 mg of arabincse/mg enzyme protein and 7.4 mg of xylose/myg enzyme

protein from wheat arabinoxylan under the assay condifions.

Deposit of Biological Material

The following biclogical matenial has been deposited under the terms of the
Budapest Trealy with the Agricultural Ressarch Service Patent Culture Collection
{NRRL}, Northern Regional Research Center, 1815 University Street, Peoria, lllinois,
51604, USA, and given the following accession number;

Deposit Acceassion Number Date of Deposit
E. coli pHinsGHBE2A NRRL B-50075 November 20, 2007

The strain has been deposited under conditions that assuwre that access to the
culture will be available during the pendency of this patent application {0 one determined
by foreign patent laws o be entitled thereto. The deposit represents a substantially pure
culture of the deposited strain. The deposit is available as required by foreign patent
laws in countries wherein countarparts of the subject application, or its progeny are filed.
However, it should be understood that the availability of a deposit does not constitule a
license to practice the subject invention in derogation of patent rights granted by

governmental action.

The present invention is further described by the following numbered
paragraphs:

{11 An isolated polypeptide having alpha-L-arabinofuranosidase activity, selected
from the group consisting of. (@) a polypeptide comprising an amino acid sequence
having at least 70% sequence identily to the mature polypeptide of SEQ 1D NO: 2; (b) a
polypeptide encoded by a polynucleotide that hybridizes under at least medium-high
stringency conditions with the mature polypeptide coding sequence of SEQ 1D NO: 1 or
its full-length complementary strand; {c} a polypeplide encoded by a polynucleotide
comprising a nucleotide seguence having at least 70% seguence identity to the mature
polypeptide coding sequence of SEQ D NO: 1, and {d) a variant comprising a
substitution, deletion, and/or insertion of one or more (several) ammno acids of the
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mature polypeptide of SEQ ID NO: 2.

{21 The polypeptide of paragraph 1, comprising an amino acid sequence having
at least 70% sequence identity to the mature polypeptide of SEQ 1D NG: 2.

{3] The polypeptide of paragraph 2, comprising an aming acid sequence having
at least 75% sequence identity to the mature polypeptide of SEQ 1D NO: 2.

[4] The polypeptide of paragraph 3, comprising an aminc acid seguence having
at least 80% sequence identity to the malure polypeptide of SEQ 1D NG: 2.

{5] The polypeptide of paragraph 4, comprising an amino acid sequence having
at least 85% sequence identity to the mature polypeptide of SEQ D NO: 2.

{6] The polypeptide of paragraph 5, comprising an amino acid sequence having
at least 80% sequence identity to the mature polypeptide of SEQ |D NO: 2.

{71 The polypeptide of paragraph 6, comprising an amino acid sequence having
at least 95% sequence identity to the mature polypeptide of SEQ 1D NG: 2.

8] The polypeptide of paragraph 7, comprising an amino acid seguence having
at least 97% sequence identity to the mature polypeptide of SEQ 1D NO: 2

{9] The polypeptide of paragraph 1, comprising or consisting of the amine agid
sequence of SEQ 1D NO: 2; or a fragment thereof having alpha-L-arabinofuranosidase
activity.

[10] The polypeptide of paragraph 9, comprising or consisting of the amino acid
sequence of SEQ 1D NO: 2.

{11] The polypeptide of paragraph 9, comprising or consisting of the mature
polypeptide of SEQ 1D NQ: 2.

{12] The polypeptide of paragraph 1, which is encoded by a polynuciectide that
hybridizes under at least medium-high stringency conditions with the mature polypeptide
coding sequence of SEQ 1D NOG: 1 or its full-length complementary strand.

{13] The polypeptide of paragraph 12, which is encoded by a polynuclectide that
hybridizes under at feast high stringency conditions with the mature polypeptide coding
sequence of SEQ D NO: 1 or its full-length complementary strand.

{14] The polypeptide of paragraph 1, which is encoded by a polynuciectide
comprising & nucleotide sequence having at least 70% seqguence identily to the mature
polypeptide coding sequence of SEQ 1D NO: 1.

{15] The polypeptide of paragraph 14, which is encoded by a polynucieotide
comprising a nucleotide sequence having at least 75% sequence identity {o the mature
polypeptide coding sequence of SEQ 1D NO: 1.

{16] The polypeptide of paragraph 15, which is encoded by a polynuciectide
comprising a nuclectide sequence having at feast 80% seguence identity to the mature
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polypeptide coding sequence of SEQ 1D NO: 1.

{17] The polypeptide of paragraph 186, which is encoded by a polynugiectide
comprising a nucleolide sequence having at least 85% sequence identity to the mature
polypeptide coding sequence of SEQ 1D NO: 1.

{18] The polypeptide of paragraph 17, which is encoded by a polynucieotide
comprising & nuclectide sequence having at least 80% seguence identity to the mature
polypeptide coding sequence of SEQ ID NO: 1.

{19] The polypeptide of paragraph 18, which is encoded by a polynucieotide
comprising a nucleotide sequence having at least 95% sequence identity to the mature
polypeptide coding sequence of SEQ 1D NO: 1.

{20] The polypeptide of paragraph 19, which is encoded by a polynuclectids
comprising @ nucleotide sequence having at least 97% sequence identity to the mature
polypeptide coding sequence of SEQ ID NO: 1.

{21} The polypeplide of paragraph 1, which is encoded by a polynucieotide
comprising or consisting of the nucleotide sequence of SEQ 1D NO: 1, or a subsequence
thereof encoding a fragment having alpha-L-arabinofuranosidase activity.

{22] The polypeptide of paragraph 21, which is sncoded by a polynugiectide
comprising or consisting of the nuclectide sequence of SEQ 1D NO: 1.

[23] The polypeplide of paragraph 21, which is encoded by a polynuciectide
comprising or consisting of the mature polypeptide coding sequence of SEQ {D NO: 1.

{24} The polypeptide of paragraph 1, wherein the polypeptide is a variant
comprising a substifution, delefion, and/or insertion of one or more (severaly amino acids
of the mature polypeptide of SEQ ID NO: 2.

{25] The polypeptide of paragraph 1, which is encoded by the polynudieotide
contained in plasmid pHinsGHBZA which is contained in £, colf NRRL B-50075.

[26] The polypeptide of any of paragraphs 1-25, wherein the mature polypeptide
is amino acids 18 1o 387 of SEQ 1D NO: 2.

{271 The polypeptide of any of paragraphs 1-26, wherein the mature polypeptide
coding sequence is nucleotides 52 fo 1161 of SEQ ID NO: 1.

28] An isolated polynucleotide comprising a nuclectide sequence that encodes
the polypeptide of any of paragraphs 1-27.

{29] The isolated polynuciectide of paragraph 28, comprising at least one
mutation in the mature polypeptide coding sequence of SEQ ID NO: 1, in which the
mutant nuclectide sequence encodes the mature polypeptide of SEQ D NO: 2.

{30] A nucleic acid construct comprising the polynuclectide of paragraph 28 or 28
operably linked to one or more {several) confrol sequences that direct the production of
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the polypepiide in an expression host

{311 A recombinant expression vector comprising the nucleic acid construet of
paragraph 30.

{321 A recombinant host cell comprising the nucleic acid construct of paragraph
30.

[33] A method of producing the polypeptide of any of paragraphs 1-27,
comprising: {a) cultivating a cell, which in its wild-type form produces the polypeptide,
under conditions conducive for production of the polypeptide; and (b) recovering the
polypeptide.

{34] A method of producing the polypeptide of any of paragraphs 1-27,
comprising: {a} cultivating a host cell comprising a nucleic acid construct comprising a
nuclectide seguence encoding the polypeplide under conditions conducive for
production of the polypeptide; and (k) recovering the polypeptide.

{35] A method of producing a mutant of a parent cell, comprising disrupting or
deleting a nucleotide sequence encoding the polypeptide of any of paragraphs 1-27,
which results in the mutant producing less of the polypeptide than the parent cell.

{36} A mutant cell produced by the method of paragraph 35,

{37] The mutant cell of paragraph 36, further comprising a gene encoding a
native or heterologous protein.

£38] A method of producing a protein, comprising: {(a) cultivating the mutant cell
of paragraph 37 under conditions conducive for production of the protein;, and (b}
recovering the protein.

[38] The isolated polynuclectide of paragraph 28 or 28, obtained by {(a)
hybridizing a population of DNA under al least medium-high stringency conditions with
the mature polypeptide coding sequence of SEQ 1D NG 1 or its full-length
complementary strand; and {b) isolating the hybridizing polynucleotide, which encodes a
polypeptide having alpha-L-arabinofuranosidase activity.

{40] The isolated polynuclectide of paragraph 39, obtained by (a) hybridizing a
population of DNA under at least high stringency conditions with the mature polypeptide
coding sequence of SEQ ID NO: 1 or its fulldength complementary strand; and (b)
isolating the hybridizing polynuciectide, which encodes a polypeptide having alpha-L-
arabinofuranosidase activily.

{41] The isolated polynuclectide of paragraph 39 or 40, wherein the mature
polypeptide coding sequence is nucleotides 52 to 1161 of SEQ ID NO: 1.

{42] A method of producing a polynuclectide comprising a mutant nucleotide
sequence encoding a polypeptide having slpha-L-arabinofuranocsidase activity,
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comprising: {a} introducing at least one mutation into the mature polypeptide coding
sequence of SEQ 1D NO: 1, wherein the mutant nucleotide segquence encodes g
polypeptide comprising or consisting of the mature polypeptide of SEQ {D NO: 2; and (b)
recovering the polynucleotide comprising the mutant nuclectide sequence.

{431 A mutant polynuciedctide produced by the method of paragraph 42.

[44] A method of producing a polypeptide, comprising: (a) cultivating a cell
comprising the mutani polynucleotide of paragraph 43 encoding the polypeptide under
conditions conducive for production of the polypeptide; and (b} recovering the
polypeptide.

{451 A method of producing the polypeptide of any of paragraphs 1-27,
comprising: {2} cultivating a fransgenic plant or a plant cell comprising a polynuclectide
encoding the polypeptide under conditions conducive for production of the polypeptide;
and {b) recovering the polypeptide.

{4681 A fransgenic plant, plant part or plant cell transformed with & polynuclsotide
encoding the polypeptide of any of paragraphs 1-27.

{471 A double-stranded inhibitory RNA {(dsRNA) molecule comprising a
subsequence of the polvnucleotide of paragraph 28 or 29, whereain optionally the dsRNA
is a siRNA or a miRNA molecule.

[48] The double-stranded inhibitory RNA (dsRNA) molecule of paragraph 47,
which is about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or more duplex nuclestides in
tength.

48] A method of inhibiting the expression of a polypeptide in a cell, comprising
administering {o the cell or expressing in the cell a double-stranded RNA (dsRNA)
molecule, wherein the dsRNA comprises @ subseguence of the polynucleotide of
paragraph 28 or 29

{50] The method of paragraph 49, wherein the dsRNA is aboul 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25 or more duplex nucleatides in length.

{511 A nucleic acid construct comprising a gene encoding a protein operably
linked to a nucleotide sequence encoding a signal peplide comprising or consisting of
amino acids 1 o 17 of SEQ ID NO: 2, wherein the gene is foreign to the nucleotide
sequence.

{52] A recombinant exprassion vector comprising the nucleic acid construct of
paragraph 51.

{53] A recombinant host cell comprising the nucleic acid construct of paragraph
51.

{54} A methed of producing a protein, comprising: (&) cullivating the recombinant
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host cell of paragraph 53 under conditions conducive for production of the protein; and
{b) recovering the protein,

{55] A method for degrading a xylan, comprising treating a xylan-containing
material with the polypeplide having alpha-L-arabinofuranosidase activity of any of
paragraphs 1-27.

[56] The method of paragraph 55, further comprising tresting the xylan-
containing material with one or more {several} xylan degrading enzymes,

{571 The method of paragraph 58, wherein the one or more (several) xylan
degrading enzymes are selected from the group consisting of a xylanase, an
arabinofuranosidase, an acetyixylan esterase, a feruloyl esterase, a xylosidase, and a
glucuronidase.

{58} The method of paragraph 55, wherein the xylan-containing materiat is an
animal feed.

[58] The method of paragraph 55, wherein the xylan-containing material is a
Kraft pulp.

{601 The method of paragraph 55, wherein the xyvlan-containing material is a
celludosic or lignocetiulosic material.

The invention described and claimed herein is not to be limited in scope by the
specific aspects hereln disclosed, since these aspecis are intended as Hlustrations of
several aspects of the invention. Any equivalent aspecis are intended to he within the
scope of this invention. Indeed, various modifications of the invention in addition to
those shown and described herein will become apparent {o those skilled in the art from
the foregoing description. Such modifications are also intended to fall within the scope
of the appended claims. In the case of conflict, the present disclosure including

definitions will control.
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Claims

VWhat is claimed is:

1. An isolated polypeplide having alpha-L-arabinofuranosidase activity, selected
from the group consisting of:

{a) a polypeptide comprising an aminoc acid sequence having at least 70%
sequence identity to the mature polypeptide of SEQ ID NC: 2;

{b} a polypeptide encoded by a polynucleotide that hybridizes under at least
meditim-high stringency conditions with the mature polypeptide coding sequence of
SEQ ID NO: 1 or its full-length complementary strand;

{c} a polypeptide encoded by a polynuclectide comprising a nuclectide
sequence having at least 70% sequence identity 1o the malure polypeptide coding
sequence of SEQ 1D NO: 1; and

{c) a vanant comprising & substitution, deletion, andfor insertion of one or
more {several) amino acids of the mature polypeptide of SEQ 1D NO: 2.

2. The polypeptide of claim 1, comprising or consisting of the amino acid sequence

of SEQ D NQ: 2; or a fragment thereof having alpha-L-arabinofuranosidase activity.
3. The polypeptide of claim 1, which is encoded by a polynudleotide comprising or
consisting of the nucleotide sequence of SEQ ID NO: 1; or a subsequence thereof

encading a fragment having alpha-L-arabinofuranosidase activity.

4. The polypeptide of claim 1, which is encoded by the polynucleotide contained in
plasmid pHinsGHB2A which is contained in £. coff NRRL B-50075.

5, An isolated polynucientide comprising a nucleotide sequence that encodes the
polypeptide of any of claims 1-4.

8. A nucleic acid construct comprising the polynucleotide of claim 5 operably linked
to one or more {several} control sequences that direct the production of the polypeptide

in an expression host.

7. A recombinant host cell comprising the nucleic acid construct of claim 6.
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8. A method of producing the polypeptide of any of claims 1-4, comprising: {a)
cuitivating a cell, which in #ts wild-type form produces the polypeptide, under conditions
condtcive for production of the polypeptide; and (b) recovering the polypeptide.

9. A method of producing the polypeptide of any of claims 1-4, comprising: (&)
cultivating & host cell comprising & nucleic acid construct comprising a nucleotide
sequence encoding the polypeptide under conditions conducive for production of the
polypeptide; and (b} recovering the polypeptide.

10. A method of producing & mutant of a parent cell, comprising disrupting or
deleting a nuclecotide ssguence encoding the polypeptide of any of claims 1-4, which

resuits in the mutant producing less of the polypeptide than the parent cell.

1. A muiant cell produced by the method of claim 10,

12. A method of producing the polypeptide of any of claims 14, comprising: {8}
cultivating a transgenic plant or a plant cell comprising a polyhucieotide encoding the
polypepltide under conditions conducive for production of the polypeptide; and (b}

recovering the polypeptide.

13. A transgenic plant, plant part or plant cell ransformed with a polynuciectide
encoding the polypeptide of any of claims 1-4.

14. A double-stranded inhibitory RNA (dsRNA) molecide comprising a subsequence
of the polynuciectide of claim 5, wherein optionally the dsRNA is a siRNA or a miRNA

molacule.

15. A method of inhibiting the expression of a polypeptide in a cell, comprising
administering fo the cell or expressing in the cell a double-stranded RNA (dsRNA}
molecule, wherein the dsRNA comprises a subsequence of the polynucleotide of claim
5.

16. A nucleic acid construct comprising a gene encoding a protein operably linked to

a nucleotide sequence encoding a signal peplide comprising or consisting of amino
acids 1 to 17 of SEQ {D NO: 2, wherein the gene is foreign to the nucleotide sequence.
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17. A recombinant host cell comprising the nucleic acid construct of claim 16.
18. A method of producing a protein, comprising: {a) cultivating the recombinant host
cell of claim 17 under conditions conducive for production of the protein; and (b)

recovering the protein.

19. A method for degrading a xylan, comprising treating a xylan-containing material
with the polypeptide having alpha-L-arabinofuranosidase activity of any of claims 1-4.

20, The method of claim 19, further comprising treating the xylan-containing material

with one or more {several) xylan degrading enzymes.
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