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POLYPEPTIDES HAVING ACETYLXYLAN ESTERASE ACTIVITY
AND POLYNUCLEOTIDES ENCODING SAME

Reference to a Sequencs Listing
This application containg a Sequence Listing in computer readable form. The
compuiter reardable form i incorporated herein by referance.

Reference 1o a Deposit of Biolegical Material
This application containg a reference © 8 deposit of biclogical material, which
deposit is incorporated hereln by reference.

Background of the Inveation

Field of the Invention

The present nvention relates o isolated polypeptides having acelyixyian
asterase gotivity and isolated polynucisotidas encoding the polypeptides, The invention
also refates {0 ncleic ackd constructs, vectors, and host celis comprising the

polynudcieatides as well as msthods of producing and using the polypeptides.

Description of the Related Art

Flant call wall polysaccharides constitide 90% of the plant cell wall and can be
divided into thres groups: caliidose, hemicelivlose, and pectin. Celiulose reprosents the
major constituent of cell wall polysaccharides  Memicelluloses are the second most
abundant constituent of plant cell walls. The major hemicellulose polymer is xylan., The
structure of xylans found in cell walls of plants can differ significantly depending on their
arigin, but they always contagin a beta-1.4-linked D-xylose backbone, The befa-14-
linked D-xylose backbone can be substituled by various side groups, such as L-
aribinase, D-galactose, acetyl, ferdloyl, p-ooumaroy, and glucuronic acid residues,

The bicdegradation of the xyian backbone depends on two classes of snzymas:
andoxylanases and befaxlosidasss.  Endoxvianases (EC 3.2.1.8) cleave the xyian
backbone into smaller oligosaccharides, which can be further degraded o xylose by
heta-xylosidases (EC 3.2.1.37). Other enzymes involved i the degradation of xylan
includs, for exampls, acelyixylan esterase, arabinase, alpha-ghcuronidase, ferulic acid

estarase, and p-coumaric acid eslerass.
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Acetyixvian esterase (EC 3.1.1.8) removes O-acetyl groups from positions &
anor 3 on the beta-D-aylopyranosyl resivlues of acetybolan.  Acetyixylan plavs an
important role in the hydrolysis of xylan because the acetyl side groups can interfere
sterically with the approach of enzymes that cleave the backbone, Removal of the
acetyl side groups facilifates the achon of endoxylanases. A classification system for
carbohydrate esterases, based on sequence similarity, has led o the definition of 13
families, seven of which contain acetylxylan estergses (Henrissat B, 1981, Biochem. J,
280 308-318, and Henrissat and Bakoch, 1898 Siochem. J. 318 585-886).

Margolles-Clark sf &, 1888, Eur. J Biochem. 237.553-8560, disclose an
acetyixylan esterase from Trichodersme reesel. Sundberg and Foutanen, 1891,
Bivtechnof. Appl Blochem. 130111, disclese the purification and properties of two
acetylxylan esterases of Tochoderma ressel WO 2005001038 discloses an
acelylxylan esierase gene from Trichoderma reesed.  U.S. Palent Noo 5881732
discioses an acelyixylan ssterase gene from Aspergiffus niger.  US. Patent No.
5,763,280 discloses methods to alter the properties of acelvated xylan.

The presant invention reiales to polypeptides having scetybylan eslerase achivity

andd palynucieotides encoding the polypeptides.

Summary of the Invention

The present invention relates o isclaled polypeptides having scetybidan
gstarase aclivily selected framm the group consisting of

{=} a polypeplide comprising an aming acid sequence having al least 85%
ideniity fo the mature polypeptide of SEQ 1D NGO 2;

o) a polypeptide encoded by a polynucliectide that hybridizes under at least
high stringency conditions with (i} the mature polypeptide coding sequence of SEQ 1D
NO: 1, ) the genomic DNA sequence comprising the malure polypeplide coding
sequence of SEGHD MO 1, or () a full-length complamentary strand of () or (i)

{c} a polypeptide encoded by a polynucieotide comprising & nucleotide
saquance having atl feast 85% ideniily o the malure polypeptide coding sequence of
SEQ NG, and

{ch a variant comprising a substitution, deletion, andfor insertion of one o
more {several) amino acids of the mature polypeptide of SEQ ID NG 2.

The esert invention also relales o isolated polynucieofides encoding
polypeptides having acetyixylan esterase activity, selected from the group consisting of

o
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{a} g polynucieofide encoding a polypeptide comprising an aming acid
sequance having at least 85% identity 1¢ the mature polvpeptivle of SEQ D NOL 2

{2 g polynuciectide that hybrdizes under at lsast bigh siringency conditions
with {i} the mature polypeptlide coding sequence of SEQ 1D NO: 1, (i) the genomic DNA
sequance comprising the mature polypeplide coding sequence of SEQ 1D NO: 1, or (i}
a fuli-length complementary strand of {iy or (i)

{<} & polynugcleotide comprising a mulectide segquence having at least B5%
jdentity to the mature polypeptide coding sequence of SEQ D NG 1 and

{d) g polynucieotdde encoding a variant comprising a substitution, deletion,
andfor insertion of one or more (severall aming acids of the mature polypeplide of SEQ
NGk 2,

The present invention glso relates to nuclaic acid constructs, recombinant
expression veclors, recombinant host cells comprising the polynucieofides, and
methods of producing a polypeplids having acetylxyian asterasse activity.

The present invention also relates to methods of inhibiting the expression of a
polypeptide in a cell, comprising administering to the cell or expressing in the ol a
double-stranded RNA  {dsRNA} mdecule, wherein the dsRNA coopises a
subseguence of o polynudientide of the presast iwvention.  The prasent also relates fo
such a double-siranded inhibitory RN& {dsRNA} molecule, wherein optionally the
dsRNA is 3 siRNA or a miRNA molacule.

The prasent invention galso relates o methods for degrading & matanal
comprising an acelviated xylan.

The present iwvention aise relates to plants  comprising an  isclaled
polynuciactide encoding such a polypeptide having acetylodlan esterase activity,

The present invention also relates 1o methods of producing such a polypeplide
having acetylxylan eslerase, comprising: (8) cultivating 3 transgenic plant or a plant cell
comprising a polynwclectide sncading such 2 polvpeptide having acetylxylan esterase
activity under conditions conducive for production of the polypeptide; and (1) recovering
the polypsptide.

The present invention further relates 0 nucielc acid construcis comprising a
gang encoding a protein, wherein the gene is operably linked 1o a nucleotide sequence
ancoding @ signal peplide compnising or consisting of amine acids 1 fo 16 of SEQ D
NO: 2, wherein the gene is foreign 1o the nucleotide sequence.
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Brief Description of the Figures

Figure 1 shows the cDNA segqusncs and the deduced aming acid ssquence of a
Thiclavia terestis NRRL 2128 acetybvian estergse {(SEQ 1D NQOs: 1 and 2

N 4]

respectively).
Figure 2 shows a restriction map of pTterdxe2A.

Figure 3 shows 3 restriction map of pAll.olg.

Definitions

Acetylxylan esterase activity: The term “acsiyixylan esierase activity” is
dafined herain as a carboxylesigrase sclivily (EC 3.1.1.78) that catalyses the hydrolysis
of acalyl groups from polymeds xyian, acetvinted xylose, acebdlated glucose, alpha-
napthyl acelats, pantrophenyl acetate.  For purposes of the present invention,

Ly

acetyixylan esterase achivily is determined sccording to the procedure describsd in
Example 8 One unit of acelybylan esterase activity is defined as the amount of
enzyme capable of releasing 1 umole of p-nitrophenclate anfon per minute at pH §,
a5°C.

The polypeptides of the present invention have at least 20%, preferably at least
20 £0%, move preferably at ipast $0%, more preferably at least 0%, more preferably al
feast 70%, more preferably at least 8G%, sven more preferably at least 0%, most
preferably at least 85%, and even most preferably at lsast 100% of the acstybylan
esterase activity of the mature polypeptide of SEQ D N 2,
25 is defined herein as a polypeptide falling inte Family 2 of the carbohydrate esierases
according to the classification of Coutinho, P.M. and Henrissal, B, {1899 Carbohydrate-
active engymes: an integrated detabase approach. In "Recent Advances in
Carbohydrate Bicenginesring”, .\ Gitbert, G. Davies, B Hemrissat and 8 Svensson
gds., The Royal Society of Chemistry, Cambridgs, pp. 3-12.
34 isolated polypeptide: The lerm “isclated polypeplide” as used herein refersto g
polvpeptide that s isolated from a source. I 8 preferred aspact the polypeptide s at
foast 1% pure, preferably & least 5% pure, more preforably at isast 10% pure, mors
preferably at least 20% pure, more preferably at least 40% pure, more preferably at
least 60% pure, sven more preferably &l least 830% pure, and most preferably at least
80% pure, as determined by SDS-PAGE.

K
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Substantially pure polypeptide: The ferm “substantially pure polypaptide®
denotes herein a polypeptide preparation that contains at most 10%, prefarably at mast
8%, more preferably at most 6%, more preferably al most 5%, more preferably at most
4%, more preferably at most 3%, even more preferably at most 2%, most preferably at
mast 1%, and even most preferably at most 0.8% by weight of othse polypeptids
material with which {t is natively or recombinantly associated. H s, therefore, preferred
that the substantislly pure polypeptide is at least 82% pure, preferably at least 84%
pure, more preferably af least 85% purs, more preferably atl least 98% pure, more
preferably at least 98% pire, more referably at least 9% pure, morg preferably &t
least 98% pure, even more preferably at least B8%, most preferably at least 99.5%
pure, and sven most preferably 100% pure by weight of the {oisl polypeplide materal
preset in the preparation. The polypeptides of the present invention are preferablyina
substantially pure form, e, that the polypeptide preparation is essentially fras of other
polypeptide matenal with which it is natively or recombinantly associated. This can be
accomplished, for example, by preparing the polypeptide by well-known recombinant
meathads or by classicat pudiication methods,

Mature polypeptide: The temm ‘mature polypeplide” s defined havein a3 8
polypeptide having acelylxylan eslerase activity thal s in s final form followang
transiation and any post-fransiational modifications, such as N-erminal procesaing, G-
terminal tuncation, glycosylation, phosphoryiation, efe. Iy a preferred aspect, the
maiure polypeptide is amine acids 17 fo 413 of SEQ 1D NO: 2 based on the SignslP
software program {Nielsen af 3l 1997, Frofein Engineening 10 1.8} that predicts amine
acids 11018 of SEQHD NO: 2 are 3 signal peptide.

Mature polypeptide goding sequence: The term "malure polypeptide coding
sequetice” s defined herein as g nudlectide sequence thal encodes 8 mature
polypepiide having acetybovian esterase aclivity. In a preferred aspect, the mature
polypeptide coding sequence is nucleotides 48 {o 1230 of SEQ D NO: 1 based on the
SignalP software program (Nishsen of al, 1887, Profein Engineering 18 1-8) that
pradicts nuclectides 1 0 48 encode 3 signal peptide,

fdentity: The relatedness bebween two aming acid sequences or between two
nuclteotide sequences is described by the parameter “identity”.

For purposes of the present invention, the degree of identity belween two aming
acid seqguences is determined using the Needieman-Wunsch ailgorithm (Needleman
and Wunsch, 1870, J Mol Biol 48 443-453) as mplamented in the Needle program of
the EMBOSS package (EMBOSS: The Europsan Molecular Bislogy Open Soflware
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Buite, Rive of af, 2000, Trends in Genelics 18 278277y, preferabiy version 200 or
fater, The optional parametars used are gap open panatly of 10, gap extansion penailty
of 0.5, and the EBLOSUMEZ (EMBGSE version of BLOSUMSZ) substitution matrix. The
sutput of Neadie labeled “ongest identity” {(oblained using the —nobrief oplion) is used
as the percent identity and i3 calculated as folloves:

{ldentical Residues x 100¥{Length of Alignment ~ Total Number of Gaps in Alignment

For purposes of the present ivention, the degree of identity between two
deoxyribonuciectide sequences is determined using the Nesdieman-Wunsch algorithm
{Nesdleman and Wunseh, 1870, supra) as implemented in the Nesdie program of the
EMBOSSE package (EMBOSS: The BEuropean Molecular Bology Open Software Suile,
Rive ef gl 2000, supra), preferably version 3.0.0 or laler. The optional parametars
used are gap open penally of 10, gap extension penalty of 0.5, and the EDNAFULL
{EMBOSS version of NCBl NUC4 . 4) substitution matrix.  The output of Needle labsled
Hongest identity” {obtained using the —nobrief apBion) is used as the percent wentity and
is calcuiated as follows:

{ldentical Deoxyribonucieotides x 100y (Length of Alignment ~ Total Number of
Gaps in Alignment)

Homologous seguence: The term “homologous sequence” is defined herein
as a pradicted protein that gives an E value {or expeclancy score) of fess than 0.001 in
g tfasty ssarch (Pearson, W.R., 1898, in 8oinformatics Methods and Profocols, S.
Misener and S, A, Krawetz, ed., pp. 185218} with the Thiclavia ferresins acetybiian
estergse of SEQ D NO: 2 or the mature polypeptide thereof.

Polypeptide fragment: The term "polypeptide fragment” is defined herein as a
polypeptide having one of more {Several) amine cids deleled from the amino smyor
carboxyl terminus of the malure polypeptide of SEQ D Ny 2; ar a homologous
sequence thereof, wherein the fragment has acetyixylan esterase activity. In 2
preferred aspect, a fragment contains at least 340 amine acid residues, more preferably
at least 380 aminoe acid residuas, and most preferably at least 380 amino acid residues,
of the mature polypeptide of SEQ 1D NCY 2 or 3 homologous ssquence thereot,

Subseguence: The fterm “subsequence” s defined hersin as & nudiestide
sequence having one or more (several) nucleotides deleted from the 5 andior 3 end of
the mature polypeplide coding sequence of SEQ 1D NG 1 or 3 homologous sequence
thersof, wherain the subsegquence encodes g polypeptide fragment having acetylxyian
asferase achivity,  In a preferred aspect & subsequence comdaing af least 1020

ruclectides, more preferably at least 1080 nucleotides, and most preferably at least



WO 2009/042846 PCT/US2008/077823

N 4]

b2
o

o
L

1140 nucleotides of the matwe polypeptide coding sequence of SEQ Y NO: 1 or a
hamologous sequanig thereof.

Allefic variant: The tenmn “allelic variant” denotes herein any of two or more
alternative forms of @ gene ocoupying the same chromosomal locus.  Allelic vaniation
arises naturally through mutation, and may resull in pobymorphism within popudations,
Gene mutations can be silent {no change in the encoded polypeptide) or may encode
polypeptides having altered aminoe acid sequences. An allelic vartant of a polypeptide is
8 polypeplide ancoded by an alledic variant of a gene,

isolated polynucleotide: The term “isolated pobmucieotide” as used hergin
refers to a polynucieotide that is isolated from a source. it a prefarred aspect, the
polynuciectide is at least 1% pure, preferably at least B% pure, more preferably at least
10% pure, more preferably at least 20% pure, more preferably at least 40% purs, more
preferably ot jeast 0% purs, sven more proferably at least 80% purs, and mosd
praferably at lpast 80% pure, as determined by agaross elecirophoresis.

Substantially pure polynucieotide: The term  “substantially pure
polynuciectide”™ as used hersin refers o a polvnwclestide preparation free of other
exfransous or unwantad nuclestides and in a form suitable for use within genstically
gnginsersd profein production systems.  Thus, @ substantially pure polyrucisotide
contains at most 1%, preferably at most 8%, more preferably at most 6%, more
preferably at most 536, more preferably al most 4%, more preferably at most 3%, even
more preferably at most 2%, most preferably at most 19%, and even most preferably at
maost 0.5% by weight of other polynuclectide matenal with which it is natively or
recombinantly asscciated. A substantially pure pobmnuclectide may, howsver, inchuds
naturally occurring & and 3 untransiated regions, such as promoters and erminators.
i is preferred that the subsiantially purs polynudciectide is at least 90% pure, preferably
at least §2% pure, more preferably al least 94% pure, more preferably at loast 55%
pure, more preferably at least 88% pure, mors preferably at least 97% pure, aven more
preferably at least 88% pure, most prefersbly at least 89%, and even most preferably &t
feast 98.5% pure by waight. The polynuciectides of the prasent invention are praferably
in 3 substantially pure farm, fe., hat the polynucieotide preparation is essentially free of
other polynucleotide matenal with which i s natively or recombinantly associated. The
polynuciectides may be of genomic, cONA, RNA, semisynthelic, synthetic origin, or any
combinations thereof,

Coding sequence: When used herein the term “coding sequence” means a

rgclectide sequence, which directly specifies the aming acid seguence of s profein
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product. The houndaries of the coding sequance are generally determinad by an open
reading frame, which usually begins with the ATG stant codon or allernative 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, cNA, synthetic, or recombinant nuclectide sequence.

¢DNAY Tha term "cDNA" is defined herain as & DNA molecule that can be
prepared Dy reverse franscription from a mature, spliced, mRNA molecule obtained
from a eukaryolic celll. ¢DNA lacks intron sequences that may be present in the
corresponding genomic DNA, The inllial, primary RNA franscript 8 a precursor o
MRNA that s processed through 8 series of sleps before appearing a8 mature spliced
mRNA. These sieps include the removal of intron sequences by a process called
spiicing. cDINA derived from mRNA lachs, thergforg, any infron sequences.

Nucleic acid construct: The term “nuclelc acid construct” as used herein refers
0 g nucleic acid molecude, either single- or double-stranded, which is isolated from &
naturally ocouring gene of which i3 modified to confain segments of nucleic acids in a
manner that would not olherwise exist in nature or which is synthelic. The term nucleic
acid construnt is synaenymous with the term “exprassion cassseiie”™ when the nucisic acid
construct containg the control sequences required for exprassion of 8 coding sequence
of the prasent mvention.

Control sequances: The ferm “control sequences” is defined hergin o include
all companents, which are necessary or advaniageous for the sxgwession of a
polynuciectide encoding a polypeptide of the present invention. Each control sequence
may be native or foreign 1o the nuclectide sequence encoding the polypeptide or native
or foreign o each other. Such control sequences include, but are not limited ©, a
leader, polyadenyiation sequence, propeplide sequence, promoter, signal peplide
sequenice, and ranscaption terminator. Al 8 mingsum, the contiol seguences nclude a
promcter, and transcriptional and fransiational stop signals.  The control sequences
may be provided with Hinkers for the puwrpose of introducing specific restriction sites
faciitating higation of the control sequences with the coding region of the nuclectide
sequancs encoding a polvpeptide.

Operably linked: The term “operably linked” denotes herein a configuration in
which a control seguence is placed at an gppropriate position relative 1o the coding
sequence of the polynucieotide sequence such thal the control segquence directs the
exprassion of the coding sequence of a polypeptids,

Expression: The term “expression” includes any step involved in the production

of a polypeplide including, but not limited to, transoription, post-transcriptionat
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madification, ransiation, post-transiational modificalion, and secretion.

Expression vector: The term "sxprassion vector is defined harein as a linear
of cireutar DNA molecuds that comprises a pohynucleotide encoding a polypeptide of the
prasent Fwverdtion and is operably linked o additionsl nucleotides that provide for iis
exprassion.

Host cell: The term "host call’, as used herein, includes any cell type that is
susceplible o transformation, transfection, transduction, and the like with a nuclaic acid
construct Or expression vector comprising & polynucieotids of the presant invention.

Modification: The farm ‘modification” means harein any chamical modification
of the polypeptide consisting of the mature polvpepiide of SEQ 1D NG & or &
homologous sequence thereof, gs well as genstic manipulation of the DNA encoding
such a8 polypeplide.  The muodification can be a substitulion, a delstion andfor an
insertion of ong or more {several] amine acids as well as replacements of one or more
{several} aming aaid side chains,

Artificial variant; When used hersin, the term “adificial varignt means a
polvpeplide having acetvixvlan esterase activity produced by an organism exprassing a
modified polynucieotide sequence of the matwe polypeplide coding sequence of SEQ
i3 NG: 1 or @ homologous sequence thereof.  The modified nudlactide sequence is
obiained through humarn intervention by modification of the polvnucieotide ssquencs

disclosed in SEQ 1D NO: 1; or a homologous sequence thereof.

Detailed Description of the invention

Polypeptides Having Acetylxyian Esterase Activity

COMprising an aming said sequence having a degree of identity {0 the malure
polypeptide of SEQ 1D RO 2 of preferably at least 60%, more preferably at least §5%,
more preferably at least 70%, more preferably at least 78%, more preferably at least
80%, mare preferably at least 85%, even more preferaily at least 90%, most preferably
at least 88%, and even most preferably at least 98%, at least 97%, at least 88%, or at
jeast Q9%, which have acelylxylan esierase aciivity (hereingfier "homologous
polypeptides™. in a preferrad aspest, the homologous polypeptides have an aminoe acid
segquence that differs by ten aming acids, preferably by fve amino aoids, more
preferably by four amine scids, even more preferably by three aminoe acids, most
preferably by two aming ackds, and even most preferably by one aminoe agid from the
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mature polypeptide of SEQ D NO: 2.

A polypeptide of the present invention preferably coamprises the amine acid
saquence of SEQ ID NG 2 or an silelic variant thereol, or a fragment thereof having
acetybylan esterase aclivity. In a preferred aspecl, the polypeplide comprises the
amino acid sequence of SEQ 1D NGO 20 in another preferred aspect, the polypeptide
comiprises the mature polypeptide of SEQ 1D NO: 20 In another preferred aspedt, the
polypeptide comprises amine agds 17 fo 413 of BEQ 1D NO: 2, or an alielic variant
thereof, or a8 fragment thereof having acstyleylan esterase activity. [0 another preferred
aspect, the polypeptide comprises amine acids 17 {0 413 of SEQ 1D NO: 2. In another
preferred aspect, the polypeplide consists of the aming acid sequence of SEQ 1D NG 2
or an aflelic variant thereof, or o fragnent thereof having acetybiylan esterase activity.
in another preferred aspect, the polypeplide consists of the amino acid sequence of
SEG 1D NO: 2. in ancther prefeired aspect, the polypeptide consists of the mature
polypepiide of SEQ 1D NGO 20 In another preferred aspedt, the polypeptide consists of
amino acids 17 to 413 of SEQ 1D NO: 2 or an allelic variant thereof, or a fragment
thereo! having acebyixylan estergse activily. In snother preferred aspegt, the
polypeptide consists of amino acids 17 1o 413 of SEQ D NO 2,

In a second aspedt, the prasant invention relates to isclated polypeptides having
acetylxylan esterase activity that are encoded by polynucieotides that hybridize under
preferably very low siringency conditions, more preferably low stringsncy conditions,
more preferably madium stringancy conditions, mora preferably medium-high stringency
conditions, even more preferably high stringency conditions, and most preferably very
high stringsncy conditions with (i} the mature polypeplide coding sequence of BEQ 1D
NGO 1, () the genomic DNA sequence comprising the malure polypeptide coding
sequence of SEQ ID NO 1, () a subseguence of () or (i), or {iv} a fullength
1988, Molecular Cioning, A Laboratory Manuesl, 24 sdition, Cold Spring Harbor, New
York), A subseguence of the mature polypeptide coding sequence of SEQ D NO: 1
nuclectides, Moreover, the subsequence may encode a polypeptide fragment having
acetylxylan esterase aclivity. I a preferred aspect, the complemeantary strand is the
full-length complementary strand of the mature polypeptide coding sequence of SEQ D
NO: 1

The nuclaotide sequence of SEQ ID NG 1) or a subsequanes thereof, as well
as the amino acid sequence of SEQ 1D NG 20 or 3 fragment thereof, may be used {0

L
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design nuclaic acid probes to deniify and clone DNA encoding polypeptides having
acetvlodan esterase aclivity from strains of different genera or species according o
methods well known in the art. i particidar, such probes can be used for hybridization
with fhe genomic or ¢NA of the genus or spedies of inlerest, following standard
Southem bloting procedures, in order {o identify and isolate the corresponding gene
therein.  Such probes can be considerably shorter than the entire sequeance, but should
be g least 14, prefarably at least 25, more praferably gt least 35, and most praferably at
jeast 70 nuclectides iy length. itis, however, preferrad that the nucleic acid probe is &t
igast W0 nuclectides in length. For exampis, the nuclsic acid probe may be at least
200 nucleohdes, preferably al lzas! 300 nucleclides, more preferably al isast 400
nucieotides, or most preferably at feast 500 nucleotides iy length,  Evan longer probes
may be used, &g, nucleic acid probes that are preferably at least 800 nucleotides,
more praferably at least 700 nuclectides, sven more preferably at lsast 800 nucleotides,
or most praferably al least 800 nucisotides in length. Both DNA and BNA probes can
be used. The probes are lypically labeled for detecting the corresponding gene {for
example, with 2B, “H, 8, biotin, or avidin). Such probes are encompassed by the
presant invendion.

A genomic DNA or cDNA Hbrary mrepared from such other strains may,
therafore, be screened for DNA that hybridizes with the probes described above and
gncodas a polypeplide having acstylxylan esterase aclivity, Genomic or other DNA
from such other shraing may be separated by agarose or polyacrdianmide gel
glecirophoresis, or other separation fechniques.  DNA from the libraries or the
separgted DNA may be transfered © and immobilized on nitrocellulose of othey
suitable carrier material, I order o identify a clone or DNA that is homalogous with
SEQ 1D NQ: 1, or 3 subssquence thereof, the carrier material is preferably used in a
Southarn blot,

For purposes of the present invention, hybridization indicates that the nuclentide
sequence hybridizes 0 2 labeled nucieic acid probe corresponding to the mature
polypeplide coding sequence of SEQ D NG: 1] the genomic DNA seguence comprising
the malure polypeptide coding sequence of SEQ D NG 1, Hs  fulllength
complementary atrand; or 2 subssguence thsreol, under very low 1o very high
stringency conditions.  Molecules to which the nucleit acid probe hybridizes under these
conditions can be detecled using. for example, X-ray film.

i & preferred aspedt, the nuclsic acid probe is the mature polypaptide coding
sequence of SEQ 1D NO: 1. In ancther preferred aspedt, the nucleic acid probe i3

11 -
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nuclectides 48 to 1238 of SEQ D 8O 1. In another preferred aspect, the nucleic acid
profe is 2 polynucieatide sequence that encodes the polypeptide I SEQIDNG: 2, ora
subsaquence thereol I ancther preferred asped, the nugieic acid probe is SEQ 1D
NQ: 1. in another preferred aspect, the nucieic acid probe is the polynuciectide
sequence containaed in plasmid pTierdxe2A which is contained in £ cof NRRL B-
50067, wherein the polynucieotide sequence thereof encodes a polypeptide having
acetybiyian esterasse activity.  In another praferred aspect, the nucleic acid probe is the
mature polypeptide coding region contained in plasmid pTterfoelA which s contained
in £, colf NRRL B-50067.

For long probes of at least 10 nudiestides in length, very low 1o very high
stringency conditions are defined gs prehyiridization and hybridization at 42°C in 8X
SEPE, 0.3% SDE, 200 ugiml sheared and denatured salmon sperm DNA, and sither
25% formamide for very low and low siringencies, 35% formamide for medium and
madium-high stringencies, or 8% formamide for high and very high stingencies,
following standard Southern biotling provedures for 12 10 24 hours optimalty.

For long probes of at least 100 nucleotidas in fength, the carrier maternial is finally
washed three imes each for 15 minutes using 2X 88C, 4.2% SDS preferably at 45°C
{very low stringencyl, more preferably at SU°C (low stringency), more preferably at 55°0
{medium siringency), more preferably at 80°C {medium-high stangency), sven more
preferably at 65°C {(high stringency}, and most prefarably at 70°C {very high stringency).

For short probes of about 15 nuclectides to about 70 nucleolides in length,
sirngency conditions are defined as prehybridization, hybridization, and washing post-
hybridization at about 5°C o about 1070 helow the calcudated T, using the calculation
according o Bolton and McCarthy (1082, Proceedings of the National Academy of
Sciences USA 4813801 in 0.9 M NaCl, 0.08 M Tris-HCl oM 7.8, 8 ;M EDTA, 0.8%% NP-
40, 1X Denhardt’s sciidion, 1 mb sodium pyrophosphate, 1 md sodium monobasic
phosphate, 0.1 mM ATE and 0.2 mg of yeast RNA per mi foliowing standard Southern
blofting procedurss for 12 {0 24 hours optimaliy.

For short probes of about 15 nucleotides 10 gbout 70 nucleolides in length, the
carier material is washed once in 8X SCC plus §.19% B0& for 15 minutes and twice
each for 15 minutes using 8X S8C at §°C to 10°C balow the calcudated T,

in a third aspect, the present invention relates to isolated polypeptides having
acatybeylan esterase activily encoded by polynuciestides comprising or consisting of
nuclectide sequences that have a degres of identity v the maturg polypeptide coding
sequence of SEQ 1D NGO 1 of preferably at least 80%, more preferably at least 85%,

«-12 -



WO 2009/042846 PCT/US2008/077823

i

20

[ 2]
o

S
~F

more preferably at least 709, more preferably at least 75%, more preferably at least
80%, more preferably at least 85%, evert more preferably at ieast 80%, most preferably
at lmast §5%., and even most preferably al least 80%, al lzast 97%, ol least 98%, or at
least §8%, which encode an aclive polypeplide. See polynucieotide section herein.

in a fourth aspect, the present invention relates fo artificial vanants compnsing a
substitution, delstion, andior insertion of ane or more {or several) amine acids of the
mature polypaptide of SEQ 1D NO: 2, or 8 homologous sequence thareof  Preferably,
amino acid changes are of a minor nature, thatis conservative aming acid substitutions
or insertions that do not significantly affect the folding andfor aclivity of the protein;
small delelions, typically of one 10 aboud 30 amine acids; small amino- or carboxyhk
termingl sxiensions, such as an amino-lermingl methionine residug; a wmall linker
peplide of up to abowt 20-35 residues; or a small axtension that facilitales purification by
changing net charge or another function, such as a poly-histiding fract, an antigenic
spiope of a hinding domain.

Examples of conservative substitutions are within the group of basic amino acids
{argining, lysine and histiding), acidc amine acids {ghilamic acid and aspartic acid),
polar aming acids {ghiamine and asparaging), hydrophobic amine acids {leucine,
isoleucing and valine}, aromatic aming acids {(phenylalanine, ryptophan and tyrosing},
and small amino acids {glycine, slanine, sering, threonine and mathioning).  Amino acid
substitutions that do not generally after specific activity are known in the at and are
described, for exampie, by M Neurath and R.L Hill, 18479, In, The Frotaing, Academic
Press, New York, The most commoniy ocourring exchanges are AldSer, Valile,
AspiGlu, ThriSer, Alal/Gly, AlaiThr, Berfdsn, AlatVal, Ser/Gly, Tyr/Phe, AlaiPro, Lysiarg,
AspiAsn, Lewdle, LewVel, AladGiy, and Asp/Gly.

in addition to the 20 standard aminge acids, non-standard amino acids {such as
4-hydroxyproline, 8-N-methyl lysing, Z-aminoisobutyric acid, isovaling, and alpha-methyt
serine) may be substituted for amine aoid residuss of a wildype polypeptide. A limited
number of non-consarvative amino acids, aming acids that are not encoded by the
genelic code, and unnatural aming acklds may be subslitided for amine acid residuss,
Unnatural amino acids” have been modified afier protein synthesis, andfor have a
chemical struchurg in thelr side chain{s) different from that of the standard aming agids.
Urnatural amino acids can be chamically synthesized, and preferably, gre commercislly
avatiable, and include pipecolic acid, thigzdlidine carboxylic acid, dehydroprolineg, 3~ and
4-methylproling, and 3, 3-dimethviproline.

Allematively, the amino acid changes are of such & nature that the physico-
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chemical properties of the polypeplides are altered. For example, amine acid changes
may impaove the thermal stahility of the polypeptide, alter the substrate specificity,
change the pH optimum, and the lika,

Essential amine acids in the parent polypeplide can be identified according to
procedures known in the art, such as site-directed mulsgenesis or alanine-scanning
mutagenesis {Cunningham and Wells, 1888, Science 244 10811088}, in the latter
technique, single glanine mudations are intraduced at every residue in the molecule, and
the resultant mutant molecules are {ested for biological activity {i e, acetybwyian
asterase activily) to identify amino acid residues that are grifical to the activity of the
motecide. See also, Hilton ef &, 1988, J. Biol Chem. 271 48994708, The aclive sile
of the snzyme or other biological ideraction can also be detenmingd by physicsl
analysis of structure, as determined by such techniques as nuclear magnetic
resonance, orysiaifography, electron diffraction, or photosaffinily labeling, in conjunciion
with nwitation of pulstive contact site aming agds. Ses, v example, de Vos of al,
1992, Science 255 306-312; Smith af &, 1992, J Mol Biol 224 B92-904; Wicdaver ¢f
g, 1982, FEBS Lelt 309 58-84. The ientities of essential amino acids can also be
infarred from analysis of identiies with polypeptides that are related © 8 polypeplide
according 1o the invention.

Single or multiple amino acid substitutions, deletions, andfor insertions can be
made and tested using known methods of mutagenesis, recombination, andior
shuffling, followed by & relevant soreening procedure, such as those disclosed by
Reidhaar-Clson and Sauer, 1988, Science 241 53-57; Bowie and Sauer, 1988, Proc.
Natl. Acgd Sci USA 85, 2182-2156; WO 85M7413; ar WO 856/22625. Other methods
that can be used include srrarprone PUR, phage display (e.g., Lowman ef &/, 1991,
Biccham. 30 10B32-10837, UGS, Patent No, 5223408, WO B2/06204), and region-
directed mudagenesis (Derbyshire f ol 1988, Gene 48 145; Ner ef &/, 1988, DN& T:
137}

Mutagenesisfshulfling methods can be combined with  high-throughput,
aviomated screening methods 0 detect activity of Cloned, mulagenized polypeplides
exprassed by hosi cells {Ness ef al, 1889, Natwe Sictechnology 17, 883-886).
Mutagenized DNA muolecules that encode aclive polypeptidas can be recoverad from
the host cslis and rapidly sequenced using standard methods in the art. Thess
mathods aliow the rapid delermingtion of the imporiance of individual amine acd
residuss i @ polypeptide of interest, and can be applisd © polypeptides of unknown
structure.

eV
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The total number of aming acid substitutions, deletions andior ingertions of the
mature polypeptide of SEG 1D N 2, such as amine acids 17 1o 413 of SEG 1D NO: 2,
is 10, preferably 8, more preferably 8 more preferably 7. more preferably at most §,
more preferably & more preferably 4, even more preferably 3, most preferably 2, and

aven most praferably 1.

Sources of Polypeptides Having Acetybxylan Esterase Activily

& polypeplide of the present inverdion may be obiained from microorganisms of
any genus. For purposes of the presant invention, the term "obisined from™ as used
herain in connection with a given souwrce shall mean that the polypeptide encoded by 3
nucleotide sequence is produced by the sowrce or by a sirain in which the nucleotide
sequence framm the sowee has bean inserled.  in 8 preferred aspect, the polypeptide
obiained from a given source is secreted axtraceliularly.

A polypeptide having acelyixyian esterase activity of the present invention may
he a bactenal polypeptide. For example, the polypeplide may be & gram posifive
bactarial polypeptide such as a Bacilius, Strapfococcus, Streptomyces, Staphylococous,
Enterococcus, Lactobaciius, Laclococuus, Ulostridium, Geobaoillus, or Qoeancbaciius
polypeplide having acelylxyian asterase activity, or a Gram negative bacterial
polypeplide such as an & cof, Fseudomonas, Salmonella, Campyicbacter,
Halicobacter, Flavobacienum, Fusobacterium, Hyobacter, Neisseria, or Ureaplasma
potypeptide having acetylxdlan esterase activity.

in a preferred aspect, the polypeptide is a8 Bacilus alkalophilus, Baoilius
armyfoligusfaciens, Bacllus  brevis, Bacillus circdlans, Bacoillus  clausi, Bacillus
coagulans, Bacilius firmmus, Bacillus lautus, Baciilus lentus, Bacilus lichenifornds,
Baoitus megalenum, Baciffus pumilus, Bacilus stearcthermophilus, Baoilus sublilis, or
Baciftus thuringiensis polypeptide having acetybudarn esterase activity.

it another preferred aspect, the polypeplide is a Shepfococcus equisimilis,
Streplococous  pyogenes, Streplococcus  ghens, o Streplococous g subsp.
Zooegidenicus polypeptide having avetyixylan esterase activity.

in another preferred aspect, the polypeplide is a Streplomyces achromogenes,
Streplomyces  avermitifis,  Shreplomyces  coefivolor,  Strepltomyces  griseus,  or
Streptomyoes lividans palypeptide having acelvixylan esterase activity.

A polypeptide having acelylxylan esterase achvity of the present invention may
#s0 be a fungal polvpepiide, and more preferably a yeast polypeplide such as a
Candida, Kluyveromyces, Fichia, Saccharomyces, Schizosaccharomyces, or Yarrowia

<15 .
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polypeptide having acetybrdlan esterase activily, or more preferably a filamentous fungat
pobypeptide such as an Acgmoniun, Agarous, Alternaria, Aspergitus, Aursobasiclum,
Botryvospaeria, Geriporiopsis, Chaetomidium, CThrysosporiumn, Claviceps, Cochiichalus,
Coprinopsis, Coplotermes, Corynascus, Gryphonectia, Cryptococcus, Diglodia, Exidia,
Fiibasidisn, Fusatiun, Gibberella, Holomastigutoides, Mumicols, Irpex, Lentinuls,
Leplospaera, Magnaporthe, Melanocarpus, Meripilus,  Mucor,  Myceliophthora,
Neocallimastix, Neurospora, Paecifomyces, Renicilium, Fhanerochaste, Firomyoes,
Poitrasia,  Fseudoplecfenia,  Fseudoinchonymphs, Rbizomucor,  Schizophylium,
Scytalicium, Talaromyoes, Thermoascus, Thislavia, Tolypociadium, Trichoderma,
Trichophaea, Verticilium, Volvarella, or Xyilana polypeptide having acetylxylan esterase
activity.

In a preferred aspect, the polypeptide s a Saccharomyces carlsbergensis,
Saccharomyces cerevisiag, Saccharomyces diasiaticus, Seccharomyces doughasi,
Saccharomyces kuyverl, Saocharomyces norbensis, or Sacobaromycss owiformis
polypeptide having acetyxylan esterase activity.

in another preferred aspect, the polypeptide is an Acremonium cellulolviicus,
Aspergiffus acuteatus, Aspergilius awamord, Aspergillus Tumigatus, Aspergitius foetidus,
Aspergiius japoricus, Aspergifius nidulans, Aspergiflus niger, Aspergillus oryzae,
Chrysosporitim keratinophilum, Chiysosporum lucknowense, Chrysosporium tropicum,
Chrysosporium  merdarum,  Chrysospornium  inops,  Chovsoesponum pansicola,
Chrysasporum  queensiandicum, Chrysosporiun zonglum, Fusanum  bachhdioidas,
Fusapum cerealis, Fusarium crockwellense, Fusanum culmorum,  Fusarium
graminearum, Fusafum  graminum, Fusadum  bslerasporum, Fusariom  segundi,
Fusarium oxysporum, Fusarium reficilatum, Fusarium roseurn, Fusanury sambucinum,
Fusanum sarcochroum, Fusarium sporofrichicides, Fusanium sulphursum, Fusarium
torufosum, Fusarium trichothecioldes, Fusarium venenatum, Humicola grisea, Humicola
nsolens, Mumicols  lanuginoss,  frpex  lecteus, Muvor miehsd,  Myceliophithors
thermophifa, Newosporg crasse, Penicilfiurn funfowiosum, Peniciiium purpurogenu,
Fhanerochaele coleysosporum,  Trchodernma  harzianmen, Trchoderma  koning#,
Trichoderma longibrachiatum, Trichoderma reesel, o Trichoderma wiride polypeptide
having acelyixylan esterase aclivity.

in another preferred aspect, the polypsplide is a Thislavia achromafica,
Thisfavia atbomiycss, Thislavia albopilosa, Thielavia australeinsis, Thislavia fmetli,
Thisfanvia microspora, Thislevis ovispora, Thislavia pensviang, Thislavia spededonium,
Thielavia setosa, Thislavia subthermophila, o Thiglavia terresins polypeptide.
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I 3 more prefered aspect, the polypeptide is a Thislavia ferresing polypeptide
having acelyixylan estarase sotivity. Bt 8 most preferred aspect, the polvpeplide is a
Thielavia ferrestris NRRL 8128 polypeptide having acelylxyian esterase aclivity, eg.,
the polypepiide comprising the mature polypeplide of BEQ 1D NO: 2.

Howill be understood that for the sfowrementioned species the invention
ancompasses both the perfect and imperfect states, and other taxonomic equivalents,
2.9, anamorphs, regardless of the specias name by which they are known. Those
skilled in the arnt will readily recognize the identity of appropriate eguivalents.

Strains of these species are readily accessible to the public in & number of
culturg collections, such as the American Type Culture Collection {(ATCC), Deutsche
Sammiung von Mikroorganismen und Zelikulturen GmbH {(DSM}, Centraalbureau Voor
Schimmelcultures {CBS), and Agricultural Research Service Patent Culture Colfection,
Northem Regionad Research Center (NRRL).

Furthermore, such polypeptides may be Wentified and obtained from other
sources including microorganisms isolated from nature {8 g., soil, composts, water, afc)
using the above-msniioned probes. Techhigues for isolaling microorganisms from
natural habitats are well known in the at. The polynucleatide may then be oliained by
simifarly soreening @ genomic or cDNA lbrary of such a micrcorganism. Qnes a8
polynuciectide encoding a polypeplide has been delected with the probefs), the
polynuciectide can be isolated or cloned by ulilizing techniques that are well known o
those of ordinary skill i the arl {see, a.g , Samitwack ef &, 1488, supra).

Polypeplides of the present invention also inglude fused polypeplides or
cleavalie fusion pdypeplides in which another polypeplide is fused at the N-terminus or
the C-terminus of the polypeplide or fragment thereof. A fused polypeptide is produced
by fusing a nucleclids sequence (o a portion thereof} encoding another polypeptids to
a nucleotids seguence {or a portion thereof) of the present invention. Technigues for
producing fusion polypeplides are known in the art, and include figating the coding
sequences encoding the polypeplides so that they are in frame and that exprassion of
the fused polypepiide is under contrg! of the same promoter{s) and terminaglor.

& fusion polypeptide can further comprise a deavage site. Upon secretion of the
fusion protein, the site is cleaved releasing the polypeptide having acetyixylan esterase
activity from the fusion protein.  Examples of cleavage sites include, but are nof imited
o, 3 Ken@ sile that encodes the dipeplide Lys-Arg (Martin of gl 2003, .4 fnd Microbiol,
Biotechnol. 3. B88-78; Svetina ef &, 2000, J Biotechnol 76 245-251. Rasmussen-
Wilson ef al, 1887, Appl Emviron. Microbiol 63 3488-3483; Ward ef al, 1995,
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Biotechnology 13 498-503; and Contreras ef ai, 1981, Biofechinojogy & 378-381}, an
He-{Glu or Asps~Bly-Arg site, which is cleaved by & Factor Ma professe after the arginine
residue {Eston of al, 1888, Biochem 25 505-512) a Asp-Asp-Asp-Asp-Lys site, which
is cleaved by an enterckinase afier the lysine (Collins-Racie ef al,, 1895, Biofechnology
13 D82.8987) a Mis-Tyr-Glu site or His-Tyr-Asp site, which is cleaved by Genensse |
{Carter of 9., 1889, Profeins: Siructure, Function, and Genelics §; 240-248), a Leu-Vab
Pro-Arg-Gly-Ser site, which is clegved by thromidn afler the Arg (Stevens, 2003, Dy
Discovery Workd & 3548}, a8 Glu-Asn-LeuTye-Phe-GinGly site, which is cleaved by
TEV protease afler the Gin (Slevens, 2003, swpra); and a LewGlu-Vab-Leu-Phe-Cln-
Giy-Pro site, which s cisaved by a genefically enginsered form of human rhinovirus 3C
protease after the Gin {Stevens, 2003, supra).

Polynudcleotides

The present invention also relates to {soiated polynuclectides comprising or
consisting of nudleotide segquences that encode polypeptides having  acetybivian
gstergse activity of the present iverition.

in a preferred aspect, the nuclectide sequence comprises of consists of SEQ D
NG 10 I another more preferred aspect, the nuwlectide sequance comprises of
consists of the sequence contained in plasmid pTierdxelA which iz contained in £ co¥
NRBEL B-50067. in another preferred aspact, the nucleotide ssqueance comprises of
consists of the mature polypeplide coding sequence of SEG 1D NO 1. In another
preferred aspect, the nuclectide sequence camprises ar cansists of nuclectidss 48 ©
1238 of SEQ D NO: 1. In another more preferred aspect, the nucleotide seguence
comprises of consists of the mature polypeplide coding sequence contained in plasmid
pTerAxa2A which s contained in £, coff NRRL B-50067. The presant invention also
sncompasses nuclectide sequences that sncode polypeptides comprising or consisting
of the amino acid sequence of BEQ D NO: 2 or the mature polypeptide thereof, which
differ from SEQ 10D NG § or the mature polypeptide coding sequence theraof by virtue
of the degeneracy of the genetic code.  The present invention also relates to
subseqguences of SEQ 1D NO: 1 that encode fragments of SEQ 1D NO: 2 that have
acetybxylan esterase activity.

The prasent invention also relates o mulant pobynuciestides comprising o
consisting of at least one mutation in the mature polypeptide coding sequence of SEQ
2 NG, inowhich the mutant nudlectide sequence encodes the mature polypeptide of
SEQ D NG 2.

3 AW
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The techniques used o isolate or clone a polynucieotide encoding a polypeptide
are kncwnt in the art and include isclation fram genomic DNA, preparation fram clNA,
or a combination thereof. The cioning of the polynucieotides of the present invention
from such genomic DNA can be effecied, e.g.. by using the well known polymerase
chain reaction (PR} or antibody screening of expression libraries {o detect cloned DNA
fragments with shared structural features. See, e.g., Innis ef al | 1980, PCR: A Guide o
HMethods and Application, Academic Press, New York, (ther nucieic acid amplification
procedures such as ligase chain reaction {(LER), ligated activated transoription {(LAT)
and nuclectide sequence-based amplification (NASBAY may be used. The
polynuciaatides may be cloned from a strain of Thislawg, or ancther Or related organism
arnd thus, for example, may be an aliglic or spaties variant of the polypeptide encoding
region of the nucieotide sequencea.

The present invention also relates to isolated polynuciectides comprising or
congisting of nucleatide sequences that have a degree of identily o the mature
polypeplide coding sequence of SEQ 1D NG 1 of preforably at least 80%, more
preferably at least 85%, more preferably at least 70%., more preferably st least 75%,
more preferably &t least 80%, more preferably at least 85%, even more preferghbly at
feast 80%, most preferably at least 95%, and even most preferably at least 96%, at
least 7%, al least 88%, or at least 80%, which encode an active polypeptide,

Modification of a nuclaolide seguence encoding & polypeptide of the prasant
invention may be necessary for the synthasis of polypeptides substantially similar to the
polypeptide.  The term “substantially similar” to the polypeptide refers o nev-naturally
oocurring forms of the polypeplide.  Thesse polypeplides may differ in some engineered
way from the polypeptide isolated fram &8 native sowrce, eg., adificial variants that
differ in specific actiity, thermosiability, pH oplimum, or the ke, The variant sequence
polypeptide coding sequence of SEQ 1D NI 1, eg. a subseguence thereof, andior by
introduction of nuclectide substitutions that do not give rise to ancther amino acid
sequence of the polvypeplide encoded by the nuclectide sequence, but which
coraspond o the codon usage of the host organism intended for production of the
srzyme, of by introducton of nuclectide substitidions that may glve rise to g diferent
aming acid sequence.  For a general description of nudlectide substitution, see, .9,
Ford f & 1881, Protein Exprassion and Purification 2 95-107.

i will be apparent 1o those skillad in the art that such substitutions can bs made
outside the regions critical fo the function of the molscule and still resull in an aclive
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polypeptide. Amino acid regiduss essential to the activity of the polypeptide encoded by
an isolated polynudlectide of the vention, and therefore preferably not subject to
substitition, may be identified according o procedures known in the art, such as sile-
directed mulagenasis or alaning-scanning mulagenssis {see, eg., Gumingham and
Wells, 1889, supra). in the latler technique, mutations are infroduced at every positively
charged residue in the molecule, and the resullant mutant molecules are tested for
aeatyboylan esterase achivily 1o identify amino ackd residues thatl gre ¢ritics o the activity
of the molecute.  Sites of subskrate-enzyme interaction can aiso be dstermined by
nuclear magnetic resonance analysis, orysialicgraphy or photosffinly labeling {ses,
&.q., de Vos of &f., 1082, supra; Bmith ef al, 1882, suprg; Windaver &f &/, 1982, supm).

The present mwvention also relates to isolated polynucisotides encoding
polypeptides of the present invention, which hybridize under very low stringency
conditions, preferably low siringency conditions, more preferably medium siringsncy
conditions, more preferably medium-high striingency conditions, even more prefersbly
High stringency conditions, and most preferably very high stringency conditions with {8
the mature polypeptide coding segquence of SEQ 1D KO 1, (i} the genomic DNA
sequence comptising the mature polypeptide coding sequence of SEQ I NO: 1, or (i)}
g full-length complamentary strand of ) or (i or allelic vanants and subsequences
thereof (Sambrook ef &/, 1989, supna), as defined herein. In a preferred aspect, the
complementary strand i the fulldength complementary strand of the mature polypeptide
cading sequence of SEQ IDNO: 1

The present invention aiso relates t© isclated pobynucieotides cbitained by {&)
hybridizing a8 population of DNA under very low, ow, medium, madium-high, high, or
very high stringency condiions with {1} the mature polypeplide coding sequence of SEQ
D NO: 1, () the genomic DNA sequence comprising the mature polypeptide coding
sequence of BEQ 1D NGO 1, or (i) a fulllength complementary strand of (i} or (i) and
(b} isolating the hybridizing polynuclectide, which ancodes g polypeptide having
acelyixylan esterase aclivity, In a preferred aspect, the complementary strand is the
ful-length complemeantary strand of the malure polypaplide coding sequence of SEQ 1D
N{x 1

Nucleic Acid Constructs

The present invention alse relales © nudeis acid constucds comprising an
isolated pobrmucientide of the present invention operably inked fo oneg or more (several)
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contral sequences that direct the expression of the coding sequence in a suitable host
cell under conditions compatibde with the control sequsnces,

Ar isoiated polynuciestide encoding 8 polypeptide of the present invention may
be manipulated in a variely of ways o provide for expression of the polypeptide
Manipulation of the polynucleotide’s sequence prior {o its insertion info a veclor may be
desirable or necessary depending on the expression vector.  The fechnigues for
modifying polynucieotide sequences utilizing recombinant DNA methods are well known
in the art.

The control sequence may be an gppropriste promoier sequence, a nucleotide
sequence thal is recognized by a host call for expression of a pobynuciedtide encoding a
polypeptide of the present iwenticsy. The promoter sequence containg transcriptionat
control seguences that mediate the expression of the polypeptide. The promoler may
be any nuclestide sequence that shows transcriptional activity in the host cell of choice
including mutant, truncated, and hybrid promoters, and may be abtaingd from ganes
encoding extraceliular or intraceliular polypeptides either homologous or heterologous o
the host cell,

Examples of suitable promoters o diredling the transaription of the nuclsic acid
constructs of the prasent invention, espacially in a bacterial host caell, are the promoters
cbiained from the £ cofi lac operon, Strepfomyces coglicolor agarase gene {dagd).
Bacifius sublilis levansucrase gene {sach}, Bacillus iicheniformis alpha-amylase geng
{amyl). Hacillus siearothermophius mallogenic amyviase gene (any), Haollius
amyioliquefaciens aipha-amviase qene {amyQ). Baclius licheniformis penicilinase gene
{penfy, Bacilfus sublifis xyld and xpiB genes, and prokaryotic betalactamase gene
{Villa-Kamarolf of &, 1978, Froceedings of the National Academy of Sciences USA 75
I7ZT-3731), as well as the fac promoler (DeBoer of af, 1983, Proceedings of the
National Academy of Sciences USA BQ: 2125} Further promoters are dascribed in
“Useful proteing from recombinant bactery® in Sciemific American, 19RO, 242 74-94;
and in Sambrook & af, 1983, supra.

Examples of sultable promoters for directing the franscription of the nucisic acid
construcis of the presant inveniicn in & filamentous fungal host cell are promcders
oiiained from the genes for Aspergiifus wysee TAKA amylase, Rhzomucor miehed
aspartic proteinase, Aspsrgilius niger neulral sipha-amylase, Aspergilius niger acid
stabie alphs-amylase, Aspergifius miger or Aspergifus awamor gluccamylase {gladl,
Rhizomucor mishsd ipase, dspergiius oryzas alkalins prolsass, Aspergiffus orvzas
triose phosphate isomerase, Aspergiiug nidulans acelamidase, Fusanum vensnatum
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amvioglucosidase (WO QO/56800), Fusanum venenatum Darta (WG 0G/H8800),
Fusanum venenatum Quinn (WO QU/B8RGNY, Fusarium oxysporum trypsin-ike proteass
(WO B80078Y), Trchoderma  reesed  bela-glucosidase,  Trichoderma  reesef
cefiobiohydrolase 1 Trichoderma reesel cellobichydrolase l, Trichoderma reesel
endoglucanase |, Tochoderms resse) endoglucanase H,  Trichoderma  ressei
andoglucanase i, Trchoderme reesel endoglucanase IV, Trohoderma reesel
endoghicanase VY, Trchoderma reesef xylanase |, Trichoderma ressel xylanase H,
Trichoderma reesef beta-xylosidase, as well as the NAZ-ipl promoter (a8 hybrid of the
promoters from the genes for Aspergifius niger neuiral alpha-amylase and Asperpifius
oryzae iriose phosphate isomerasel and mulant, truncsled, and hybrid promolers
thereof.

In a yeast host, usehd promolers are oblained from the genes for
Saccharomyces cerevisias enclase (ENO-1), Saccharomyces cerevisiae galactokinase
{GALT, Seccharontyces cerevisise albohol  dehydrogenassiglyceraldehyde-3-
phosphate dehydrogenase (ADH1, ADRI/GAP), Baccharomyces cerevisiae friose
phosphate isomerase (TP, Saccharomyces cerevisize metaliothionsin (CURT, and
Saccharomyces cerevisige Jophosphoglycerate kinase.  Cther usefud promoters for
yveast host cells are described by Romanos of &, 1882, Yeoast 8 4233-488,

The control sequence may also be a suilable franscription terminalor sequence,
a sequence vecognized by a host cefl fo ferminate transcraplion.  The terminaior
sequence is oparably linked o the 37 terminus of the nucleotide sequence encoding the
polypeplide.  Any terminator that is funclional inn the host celi of cholce may be used in
the present invention.

Prefarred terminators for Hlamentous fungal host cells are obtained from the
genes for Aspergillus oryzae TAKA amylase, Aspergifius niger glucoamylase,
Aspergifius nidufans anthraniiate synthase, Aspergdius miger alphse-glucosidase, and
Fusarium axysporum trypsin-dke protease.

Preferred terminators Tor yeast host calls are obfained from the genss for
Saccharomyces cergviviae enolase, Saccharomyces cergvisiae cytochrome C {CY Q1)
and Saccharomyces cerevisisge giyceraldehyde-3-phosphate dehydrogenass.  Other
usefid terminators for veast host cails are described by Romanos ef al,, 1882, supra.
region of an mMRNA that s important for transiation by the host celll The leader
ssquence is opsrably inked to the § terminus of the nuclectide seguencs encoding the
polypeptide.  Any leadsy sequence that is functional in the host call of choics may be

O



WO 2009/042846 PCT/US2008/077823

i

20

[ 2]
o

S
~F

used in the present invention,

Praferred leaders for filamentous funga host cells are obtained friom the ganes
for Aspergiffus oryzee TAKA amylase and Aspergiius sidulans triose phosphate
isomerassa.

Suitable lesders for yeast host cells are oblained from the genes for
Saccharomyces  cerevisisge  enolase (ENO-1),  Saccharomyces cerewsizge  3-
phosphoghycerate kinase, Saccharomyces cerevisiae alpha-factor, and Sscoharmyces
ceravisige  aicohol  dehydrogenaseiglycersidehyde-3-phosphate  dehydrogenase
{ADHIGAR).

The condrol sequence may alsoe be g polyadenylation sequance, a sequence
operably inked to the 3 terminus of the nucleotide sequance and, when transoribed, is
recogrized by the host cell as a signal to add polvadencsine residues 1o franseribed
mRNA. Any polvadenylation sequence that is functional in the host celi of choice may
ke used in the present inventicn.

Prefarred polyadenyvistion secusnces for filamentous fungal host cells are
ohiained from the genes for Aspergifus oryzae TAKA amyiase, Aspergiilus niger
glucoamylase, Aspergiffus nidulans anthraniiate synthase, Fusardun oxysporum ypsin
fike protease, and Aspergifius niger sipha-glucosidase.

Useful polyadenyiation sequences for yeas! host cells are desoribed by Guo and
Sherman, 1885, Molecular Cellufar Biclogy 15: 5883-5380.

The control sequance may alsa he a signatl peplide coding sequence that codes
for an amino acid sequence linked 1o the amino ferminus of a polypeptide and directs
the encoded polypeptide inte the seli's secrelory pathway., The § end of the coding
sequence of the nucleotide seguence may inherently contain a signal peptide coding
sequence naturally linksd in transiation reading frame with the segment of the coding
seguence that encodes the secrated polypeptide. Alternatively, the 5 end of the coding
soquence may contain a signal peplide coding ssnuence that i forsign o the cading
sequence. The foreign signal peptide coding sequence may be required where the
coding sequence does nol naturally contain & signal peplide coding seguernge.
Alternatively, the foreign signal peptide coding sequence may simply replace the natural
signal peplide coding sequence in order {0 enhance secretion of the palypeptide.
Howaver, any signal peplide coding sequance that directs the expressed polypeptids
into the secretory pathway of a host call of cholce, 8, secreted Intd a culiure medium,
may be used in the present invention.

Effective signal peplide coding sequences for bacterial host cells are the signal
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peplide coding sequences oblained from the genes for Baofius NCIB 11837 maltogenic
amylase, SBaciius sfegrothenmophifus dipha-amylase, Bacillug Foherdformis subiifisin,
Bacifius licheniformis beta-lactamase, Bacllus slearcthermophifus neuiral proteases
{nprT, nprS, nprd), and Baciius sublilis prsd. Further signal peplides are described by
Simonen and Palva, 1993, Microbiclogical Reviews 87 108-137.

Effective signal peptide coding sequences for ilamentous fungal host cells are
the signal peptide coding sequences oblained from the genes for Aspergiius orveae
TAKA amylase, Aspergiffus niger neulral anylase, Aspergiffus niger glucoamylase,
Rhizomucor mifehsi aspartic proteinase, Humicola insolens cellulase, Humicolg inscfens
endoglunanase V, and Humicols lanuginoesa lipase,

Useful signal peplides for yeast host oglls are oblained from the gunes for
Sasccharomyces cerevisiae alpha-factor and Ssccharomyces ceravisise invertase,
Other useful signal peplide coding sequences are described by Romanos of af, 1882,
supra.

in a preferred aspect, the signal peptide comprises or consists of amino acids 1
to 18 of SEQ D NO: 2. In another prefered aspect, the signal peptide coding
sequenca comprises or consists of nuclectides 1 1 48 of BEQ D NGO 1.

The control segquence may also be g propaptide coding sequencs that codes for
an amine acid sequence positioned at the amino terminus of a polypeplide. The
soma cases). A propeptide is generally inactive and can he converted o a mature
active polypeplide by catalylic or aulocatalvlic deavage of the propeptide from the
propolvpepiide.  The mopeptide coding sequance may be obtained from the genes for
Baciius subtifis alkgline prolease (aprf), Bacifivs sublifis neutral profease {(nprT),
Saccharomyees cerevisiae alpha-factor, Rhizomucor mishsi aspariic proteinase, and
Myosfiophihora thermophils laccase (WO 85/33836).

Where both signal peplide and propeptide sequences are present at the aming
terminus of a polypeptide, the propeplide sequence is positioned next o the amino
terminus of a polypeplide and the signgl peptide sequence is positioned next to the
amino terminus of the propeplide saquence,

it may also be desirable to add reguiatory sequences that allow the regulation of
the expression of the polypeplide relative 1o the growth of the host call.  Examples of
regulatory systems are those that cause the axpraession of the gene o be lumed on or
off In response fo a chemical or physical stimulus, cluding the presence of a
regulatory compound. Regulatory systems i prokaryolic systems includs the lac, 8¢
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and trp operator aystems. i yeast, the ADH2 system or GAL1T system may be used. In
flamentous Ringl, the TAKA alpha-amyiase promoter, Aspeargiliug niger glucoamylase
promoter, and Aspergiius orvese glucopmylase promoter may be used as regulatory
sequences, Qther examples of regulstory sequences are those thal allow for gene
amplification.  iIn sukaryolic sysiems, these regulsiory seguences include the
dihydrofolate reductase gene that is amplified in the presance of methotrexate, and the
metaliothionein genes that are amplified with heayy metals.  In these cases, the
nucieotide sequence encoding the polypeplide would be operably linked with the
regulatory sequsnce,

Expression Vectors

The present invention also relates 1o recombinant expression vectors comprising
a polynucieotide of the present invention, a2 omoter, and transcriptional and
transiational stop signals. The vanous nucleic acids and control seguences described
herein may be joined together o produce g recombinant expression vector that may
include one or more {severall conversent restriction sites 10 allow for insettion or
substitution of the nudedlide sequence srcading the polypeplide at such sites
Alternatively, a polynucieotide sequence of the presant invention may be expressed by
inserting the nuclectide sequence or a nucleic acid construct comprising the sequence
into an appropriate vector for expression.  In creating the expression vector, the coding
sequence s located in the vector so that the coding sequence is oparably finked with
the appropniate control sequeances for expression.

The recombinant exprassion vector may be any vector (e.¢.. a plasmid or virus}
that can be conveniently sublecied 1o recombinart DNA prosedurss and can bring
about expression of the nucleotide sequenca. The choice of the vector will typically
depand on the compatibility of the vector with the host cell into which the vector is to be
infroduced. The vectors may be finear or clesed circular plasmids,

The vector may be an autonomousty replicating veclor, e, g vectar that exists
as an extrachromosomal antity, the repfication of which i independeant of chromosomal
replication, &.¢., a plasmid, an extrachromosomal eslement, a minichromosome, ofF an
artificial clwvomosome. The vector may contain any means for assuring self-replication.
Altermatively, the vector may be one that, when infroduced into the host cell, is
infegrated into the genome and replicated {ogathsr with the chromosome(s) into which i
has been inftegrated. Furthermore, 3 single vestor of plasmid or two oF more veciors o
rdasmids that together contain the total DNA {0 be intraduced info the genomae of the
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host cell, or a franaposon, may be used.

The vertors of the prasent invention preferably contain one or more {(several)
sedectable markers thal permi sasy selection of transformed, transfected, fransdused,
or the like cells, A seleciable marker is & gene the product of which provides for biocide
or viral resistance, resistance o heavy metals, protofrophy to auxotrophs, and the like.

Examples of bacterial selectable markers are the daf genes from Bacillus sublilis
or Raciflus licheniforrmis, of markers that confer antibiotic resistance such as ampicillin,
kanamycin, chioramphenicol, or tetracycline resistance.  Suiltable markers for yeast host
cells are ADEZ, HISE, LEUZ, LYSZ, METE, TRP1, and URA3. Selectable markers for
use in a filamentous fungal host cell include, bid are nol limited o, amdS
{acetamidase), a8 {omithing carbamoyitransferasel.  bar  (phosphinathricin
acetyltransierasel, hph {(hygromycin phospholtransierase}, nal (nitrate reductase),
pwrG {orotidine-F-phosphate decarboxylase), sC (sulfale adenyltransferase), and HpC
{anthraniiate synthase), as well as equivalents thereof.  Preferred for use In an
Aspargifius cell are the amdS and pwG genes of Aspergifius nidulans or Aspergifius
cryzae and the bar gene of Streplomyees Aygroscopious.

The vectors of the present invention preferably contain an element(s) that
permits integraticsy of the vector into the host cefl's genome or awtonomaous replication
of the vector in the cell independant of the ganome.

For infegration into the host cell genome, the vector may rely on the
polynudieatide’s sequence encoding the polypeplide or any othar slement of the vactor
for integration info the genome by homologous or nonhomologous recombination.
Alternatively, the vegtor may contain additional nucledtide sequences for divecting
integration by homplogaus recombination inte the genome of the host cell at a precise
focation(s) in the chromosome{s). To increase the likslhood of infegration at a precise
location, the integrational slements should preferably contain & sufficient number of
nuclele acids, such as 100 to 10,000 base pairs, nrefergbly 400 to 10,000 base pairs,
and most preferably 800 o 10,000 base pairs, which have a high degree of identity 1o
the corresponding {argel segquence io enhance the probability of homologous
recombination. The integrational slements may be any seguence that is homdlogous
with the targst sequence it the genome of the host cell. Furthermore, the integrational
slements may be non-encoding or encading nuclectide sequences. On the other hand,
the veclor may be inlegrated into the genome of the host call by norr-homaologous
recombination.

For aufonomous replication, the vector may further comprise an origin of
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replication enabling the vector to replicate autonomously in the host cell in question,
The ongin of replication may be any plasmid replicator mediating swlantsnous
replication that functions in a gell. The term “origin of replication” or "plasmid replicator”
is defined herefn as a nuclectide sequence that enables g plasmid or vector {o replicate
i wive,

Examples of bacterial origins of replication are the origing of replication of
plasmids pBRI2Z, pUC1E, pACYT1T7, and pACYC 184 permitling replication in £ coli,
and pUBTIG, pE184, pTAT08G, and pAMBT permitling replication in Baoiffus.

Examples of origins of replication for use in 3 yeast host cell are the 2 micron
origin of replication, ARS1, ARB4, the combinalion of ARB1 and CENA, and the
combination of ARS4 and CENS,

Examples of origing of replication usslyl in g Hlamentous fungal cell are AMAY
and ANST (Gems ef af, 1891, Gene 98 6187, Cullen &f al, 1987, Nucleic Acids
Resegrel 15 83-8175; WO GOF24883). Isolation of the AMAT gene and construction
of plasmids or vectors comprising the gene can be accomplished according to the
methods disclosed in WO 00/24883.

More than ong copy of 8 pohynucieotide of the present inveniion may be inseted
into a host cefl to increase production of the gene product. An increase it the copy
number of the polynuciectide can be obtained by infegrating at least one additional copy
of the sequence into the host cell genome or by including an amplifisble selectable
marker gane with the polynuclectide whare cells containing amplified coples of the
selactable marker gene, and thereby addilional coples of the polynucieotide, can be
sedected for by cultivating the cells in the presence of the appropriale selectable agent.

The procedures used o ligate the slements described above {o construct the
recombinant expression vectors of the present invention are wall known to one skilled in
the arl {see, e.g.. Sambrook of &/, 1888, supra).

Host Cells

The present invention alsc refates to recombinant host cells, comprising an
isolated polynudiestide of the preserd invention, which are advamniageously used in the
recombinant production of the polypeptides. A vector comprising a polynucleotide of
the present invention is introduced into g host cell so that the vector Is maintained as a
chromosomal integrant or a5 a selfyephcaling extra-chromosomal vector as described
garlier.  The ienm "host call” encompasses any progeny of 8 parent cell that is not
identicat to the parent cell due to mutations that occur during replication. The choice of
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a host cell will to 3 large extent depend upon the gene encoding the polypeptide and its
SOUrce,

The host cell may be any cell usefdl i the recombinamt production of a
polypeptide of the prasent invention, e.g., a prokaryote or g eukaryole.

The prokaryolic host cell may be asny Gram positive bacterium or a Gram
negative bacterium.  Gram positive bacteria include, but not imited to, Bacillus,
Streplocorous, Slreplomyces,  Staphyiococous,  Enterococcus, Laciobacilius,
Lactocorous, Clostridium, Geohaoifius, and Ocesnobacifus.  Gram negative bacteria
inglude, but not limited 1o, £ coll, Fseudumonas, Salmonella, Campylobacter,
Helicobgoter, Flavebactesium, Fusobacterium, iyobacter, Neisseria, and Ureapfasma.

The bactarial host cell may be any Baclflus cell.  Baclllus cells usefd in the
practice of the pressnt invention include, bul are not imited to, Bacillus slkalophilus,
Baciflus amyloligusfaciens, Baciiug brevis, Bacillus circulans, Baciflus clausd, Bacilus
coggutans, Bacllus fornus, Bacilus feotus, Becius lentus, Bacilus Kohewdformis,
Baoilius megateniur, Bacillus pumilus, Baciffus stearothermophilus, Baoilus sublilis,
snd Baoifius (huangiensis cells.

i a preferred aspegt, the bacterial host cell s g Bacius anwioliguefecisns,
Baoflus lentus, Bacilfus boheniformis, Bacillus stearcthermophilus or Bauoilus subiilis
cell. In a more preferred aspect, the bacterial host cell is a Bacilius amyloliquefaciens
cell. In another more preferred aspect, the baclenal host call is a Baciius olausi call, In
another mare preferred aspedt, the bacternial host cell is 3 Bagilus licheniformis cell In
another more prefarred aspedt, the bacterial host cell is a Baciius sublilis cell.

The bacterial host cell may alse be any Streplococcus celll Streplococous cells
useful in the practice of the present mwention include, bl are nol Hmited Yo,
Sirepfococcus  eguisimilis,  Streplococcus  pyogenss, Streptococcus  uberis, and
Streptococcus equi subsp. Zooepidemicus calis,

In g preferred aspect, the bacterial host cell is a Strepfororcus equisimiiis cell.
in another praeferred aspect, the bacterial host cefl is a8 Strepfocaccus pyogenes cell. in
anether preferred aspect, the bactenal host cell is a Sireplococcus uberds cell. In
another preferred aspect, ihe bacterial host cell is & Streplococtus equi subsp.
Zoospidentous cell.

The bacterial host cell may also be any Strepfomyces oell.  Streplomyces cells
gseful in the pracltice of the present invention include, d are not liled o,
Streptorvees  achromogenss, Strepformices  svermililis,  Streplomyces  soeficnior,
Streptomyces griseus, and Streplomyces ividans cells,
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I & proferred aspect, the bactenal host cell s a Sfrepfonmyees achromogenss
call. I another preferred aspect, the bacterial host call iz 3 Sirepfomyoes avermuitiiz
cell. in another preferred aspedt, the bacterial host call is a Shreplomyces coslicolor
cell. In ancther preferred aspect, the bacltenal host cell is a Streplomyces griseus cell.
in another preferrad aspedt, the bactenial host cell is a Skreplonmyces wdass cell.

The introduction of DNA into a Bacilfus cell may, for instance, be effected by
protoplast transformation {see, e.g.. Chang ard Cohen, 1879, Molecular Genergl
Fenetics 168 1111158}, by using competent celis {see, & g, Young and Spizizen, 1861,
Jouma! of Bacteriofogy 81: 8233-828, or Dubnsu and Davidoff-Abelson, 1871, Jowrnal of
Molecudar Biology 56, 208-221), by elechoporation {(see, eyg., Shigekawa and Dower,
1988, Biofechniques & 742-751), or by conjugation {see, &g, Koehler and Thome,
1887, Journal of Baclendlogy 168 8271-8278). The introduction of DNA inlo an E co¥
cell may, for instance, be effecied by profoplast transformation (see, e.g., Hanshan,
1983, J Mol Biol 188 557.5B0) or slechronoration {see, g, Dowsr of &, 1888,
Nucleic Acids Res. 16 8127-6148). The introduction of DNA into a Strepfomyces cell
may, for instance, be effecied by protoplast transformation and electroporation {see,
e.g.. Gong ef al, 2004, Folia Microbiol {Fraha) 48 399-405), by conjugation {see, e.g.,
Mazcdier ef af, 1988, J Bacterol 171 3583-3885}, or by transduction (see, e.g., Burkse
of af . 2001, Proc. Nall Acad. Soi USA 88 6288-8284). The introduction of DNA into a
Pssudomonas cell may, for instance, be sffected by slectroporation {see, e.g., Choi of
al, 2008, 4 Miorobiol Methods 84 3%1-387) or by conjugation {ses, &g, Finedo and
Smats, 2005, Apgl. Environ, Microbiod. 71 51-57). The wntroduction of ONA inle &
Streptococous calb may, for instance, be sffeciad by natural competance (ses, g,
Parry and Kuramitsy, 1881, infecl. Immun. 32 1285-1297}, by protoplast transformation
{see, a.g.. Calt and Jollick, 1991, Microbios. §8; 189-2070Q, by electroporation {see, 8.9,
8.8, Clewell, 1881, Microbiol Rev 45 408438}, Mowever, any method known in the
art for introducing DNA into & host cell can be used.

The host cell may also be a eukaryole, such a8s a mammalian, insedt, plard, or
fungal cell,

i a preferred aspect, the host cefl is g fungal cell "Fungl® as used hersin
includes the phyla Ascomycota, Basidiomyeota, Chytidiomycota, and Zygomycofa {(as
defined by Hawksworth of al, In. Amsworth and Bisby's Dictionary of The Fungl, Sth
edition, 1985, CAR international, University Press, Cambridge, UG as wall as the
Qomycota {88 cfed in Hawksworth of af, 1895, supra, page 171) and all mitosporic
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fungi (Mawkaworth af &l , 19958, supral.

in a more preferred gapect, the fungal host cell is 2 yeast call, “Yeast’ a8y used
herein includes ascosporogenous veast (Endomycetgies), basidiosporogenous yeast,
and yeast belonging o the Fungl imperfecti (Blastomycetes). Since the dassification of
yeast may change in the fulure, for the purposes of this invention, yeast shall be defined
as described in Biclogy and Acfivitiss of Yeast (Skinner, F.A, Passmore, S M., and
Davenport, RR. eds, So¢ App. Bacteriol Symposium Seres No. 8, 1888).

iy an even more preferred aspedt, the yeast host cell is a Candida, Hansenuls,
Kiuyveromyces, Fichia, Saccharomyces, Schizosaccharomyces, or Yarrowia cell.

in a most preferred aspect, the yesst host cell s a Saccharomycess
carlsbargensis, Saccharomyces cergwsiag, Saccharomyces diastaticus,
Saccharomyces douglasii, Saccharomyces Kuyven, Saccharomyces norbensis, or
Saccharomyces owviformis cell. In another most preferred aspect, the yeast hostesllis a
Kivyweromycas factis ol In another most prefarred aspect, the yeast host cell 8 3
Yarrowia lipaiytica cell.

in another more preferred aspect, the fungsl host cell s 8 flamentous fungal
cell. “Filamentous fungl” include sl Slamentous forms of the subdivision Eumyeata and
Comycota {as defined by Mawksworth ef af, 1885, supra). The fllamentous fung ars
generally characterzed by a mycelial wall composed of chilin, celiulose, glucan,
chitosan, mannan, and other complex polysaccharides. Vegelalive growth is by hyphal
slongation and carbon catabolism is obligately aerobic.  In contrast, vegsiative growth
by veasts such as Sscoharonyoes conevisive 18 by budding of a uniceliutar thaltus and
carbon catabolism may be fermentative.

I an even more preferred gspect, the flamentous fungal host cell s an
Acremonium, Aspergilius, Avrecbasidium, Blerkandera, Cenporicpsis, Chrysosponum,
Coprinus, Corolus, Cryplococous, Filibasidium, Fusanum, Humicola, Magnaporthe,
Sucor, Myceliophthora, Necocallimastix, Neurospora, Fascilomyees,  Penicilfium,
Phanerochaste, Fhiebia, Sromyces, Feurofus,  Schizophyllum,  Talaromyces,
Thermeascus, Thislavia, Tolvpociadium, Tramefes, or Trichoderma cell

In a most preferred aspect, the flamentous fungal host cell is an Aspergifius
awamaoyi, Aspergiifus furnigalus, Aspergifius fostidus, Aspergilius japanicus, Aspergiilus
nidufans, Aspergilies niger or Aspargifius oryzae cell. In another most prefared aspect,
the filamentous fungal host cell s a Fusanum bacindicides, Fusarium cerealls,
Fusanum crookwellense, Fusariwr cwimorum, Fusasum graminearam, Fusanum
graminum, Fusanum hBslerosporum, FUSSHUm negunddi, Fusarium oxysporum, Fusanium
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refculatum,  Fusanum  roseum,  Fusarum  sambucinum,  Fusasum sarcochroum,
Fusanum sporoliichicides, Fusadwn suiphureum, Fusarium torwosuwm,  Fusarium
Inichothecivides, o Fusarium venenatum cell,  In another most prefarrad aspedt, the
filamentous fungal host cell s a Bferkandera adusts, Ceripodopsis aneiina,
Cariponopsis aneiring, Cernporionsis caregiea, Cenporopsis gilvescens, Cenpuriopsis
pannocinta, Cenporiopsis rivafoss, Ceriporiopsis subrufa, Ceriporiopsis subvermispora,
Chrysosporiuem kerafinophilum, Chiysosporium fucknowense, Chrysosponium tropicum,
Chrysosporium merdarium, Chrysosponurn inops,  Cluysosponu panniools,
hirsufus, Huwrdcola insdlens, Humnicola lanuginosa, Mucor miehed, Mycsliophthorg
thermopitfs,  Newrospora  corassa,  Fenmiciiuie pwpwogenum,  Phanerochaste
cheysosporium, Fhlebia radiata, Fleurotus eryngii, Thielavia lerrastiis, Tramates villosa,
Tramefes versicolor, Tochoderma harzianum, Tdchoderma koningl, Trichoderms
fongibrachigtum, Trichodenma ressel, or Trichoderma vinds call.

Fungal cells may be transformed by a process involving protoplast formation,
ransformation of the protoplasts, and regeneration of the cell wall in a manner known
per se. Suilable procedures for ransformation of Aspergiius and Trichoderma host
celts are described in EP 238 023 and Yelton ef al, 1884, Proceedings of the National
Acadermy of Sciences USA 81 1470-1474. Suitsble methods for transforming
Fusarium species are describad by Malardier of al, 1888, Gene 78 147-158, and WO
SEMOTRY. Yeast may be ransformed using the proceduras descaribed by Hacker and
Guarente, /o Absison, N, and Simon, M1, editors, Guide to Yeast Genefics and
Molecufar Biology, Methods in Enzymology, Volume 184, pp 182-187, Academic Press,
e, New York; to ef &, 18983, Joumnal of Badlerfology 183 163 and Hinnen et &f,
1978, Proceedings of the National Academy of Sciences USA 75, 1820,

Methods of Production

The present invention also relates © methods of producing a polypeptide of the
present invention, camprising: {8) cultivating & cell, which in s wild-type form produces
the polypepiide, under conditions conducive for production of the polypeptide; and )
recovering the polypeplide. In a preferred aspect, the ceall is of the genus Thislavia. In
a more preferred aspect, the coll is Thielavia fervasiiis. In @ most preferved aspect, the
cell is Thielavia terrestnis NRRL 8128,

The present nvantion also relates 0 methods of producing 3 polypeplide of the
presant wention, comprising: {8} culliveling @ recombinant host cell, as described
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herein, under conditions conducive for production of the polypeptide; and (b} recovering
the polypeptide,

The presant invention also reiates o methods of producing a polypeplide of the
present invention, comprising {8} cullivaling a recombinant host cell under conditions
condutive for praducton of the polypeptide, wherain the host cell comprises a mutant
nuctectide seguence having at least one mutalion in the mature polypeptide coding
sequence of SEQ ID NO: 1, wharein the mudant nuclediide sequence encades a
polypeptide that corygwises or consists of the mature polypeptide of SEQ 1D NG 2, and
{b) recovering the polypeptide.

it the production methods of the present invention, the cells are cullivated in a
nutriert medium suitable for production of the polypeptide using methods well known in
the art. For example, the cell may be cullivated by shake fiask cultivation, and small-
scale or large-scale fermentation (including continuous, balch, fed-batch, or solid siate
fermentations} in iaboratory or industrial fermentors performed it g suitable medium and
under conditions alfowing the polypeptide o be expressed andfor isolated. The
cullivation lakes place in a sullable nulrient medium comprising carbon and nifrogen
sources and inorganic salts, using procedures known in the art. Suitable media are
avallabe from commercial suppliers or may be preparsd according 1o published
compasiions {e.g., in catslogues of the American Type Culture Collection). If the
polypeplide is secreted inte the nuirisnt medium, the polypeplide can be recovered
directly from the medium. ¥ the polypeptide is not secreted into the medium, it can be
recovered from cefl iysates.

The polypeptidas may be delected using methads known iy the ant that are
specific for the polypeptides. These datection methods may include use of specific
antibodies, formation of an enzyms product, or disappearance of an senzyme subsirate.
For example, an enzyme assay may be used {o determine the activiy of the
polypeptide as dascribad harein.

The resulting polypeplide may be recoverad using maethods known in the art
convantional procediurss including, bud not limited o, centrifugstion, filtration, exiraction,
apray-drying, evaporation, ar precipitation.

The polypeptides of the present invention may be punfied by a vanely of
procedures known in the art ingluding, byt not limited to, ohramatography (2.0, ion
sxchangs, affinity, hydrophobic, chromatofocusing, and size axclusion), slectrophoretic
proceduras (@0, preparative  isoslectic  focusing), differentfial  solubliity {e.g.
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ammorium  sulfate  precipitation), SDSPAGE, or exdraction (sse, &g, Frofein
Fuwrification, J.-0. Janson and Lars Ryden, editors, VOH Publishers, New Yark, 1588) to
obiain substantially pure polypeptides.

Plants

The present invention aiso relates o plants, eg., a ransgenic plant, plant part,
or plant cell, comprising an isolated polynuciectide encoding a8 polypeptide having
acstyboylan esierase activity of the present invention so as o exress and produce the
pobypeptiade in recoverable quantities, The polypeptide may be recovered from he plant
or plant part.  Alternatively, the plant or plant part conlaining the recombinant
polypeplide may be used as such for improving the quality of a food or feed, e9.,
improving aulritional value, palatsbilly, and rheologicat properties, or o destroy an
antinutritive factor.

The transgenic plant can be dicotyledonous (& dicot} or monccotyledonous {a
monocat).  Examples of monoccol plants are grasses, such as meadow grass {blus
grass, Foa), forage grass such as Festuca, Lolium, femperate grass, such as agrostis,
atd careals, sy, wheal, cals, ryve, barley, rice, sorghum, and maize {comy.

Examples of dicot plarts are tohacto, legumes, such as lupins, potato, sugar
beet, pea, bean and soybean, and cruciferous plants (family Brassicacsas), such as
cauliffower, rape seed, and the closely related mode! organism Arabidopsis thaliana.

Examples of plant parls are stemn, callus, lsaves, root, fruits, seeds, and tubers
as well as the indbvidual tissues comprising these parts, eg., epidermis, mesophyl,
parenchyme, vascular tissues, meristermns.  Specific plant call compartments, such as
chioroplasts, apoplasts, mitochondria, vacwoles, peroxisomes and cytoplasm are alsoe
considerad to be a plant part. Furthermore, any plant cell, whatever the Hasue origin, is
sonsiderad o be 2 plant part  Likewise, plant parts such as spacific tissues and cells
isolated to facilitate the utilisation of the invention are also considered plant parls, e.¢.,
embryos, endosperms, aleurone and seeads coals.

Also included within the scope of the present invention are the progeny of such
plants, plant paris, and plant calis.

The transgenic plant or plant cell expressing a polypeplide of the present
invention may be constructed in sccordance with methods known in the ant. in shor,
the plant or plant cell is construcied by incorporating one of more {several) axprassion
consiructs encading 8 polypeplide of the present invention into the plant host genome
ar chioroplast genome and prapagating the resulfing modified plant or plant cefl into a
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tranagenic plant or plant call.

The exprassion consiruct is conventently a nuclsic acid construct that comptises
a polynuclectide sncoding | polypaplide of the present invention operably linked with
appropriate regulatory seguences required for expression of the nucleolide seguence in
the plant or plant part of choice. Furthermore, the expression construct may comprise a
selectable marker usefud for identifying host cells info which the expression construct
has heen infegrated and DNA sequences necessary for introduction of the construat
inte the plant in guestion (the {aller depends on the DNA introduction method o be
used).

The choice of reguiglory ssquences. such as promoler and terminalor
sequancas and optionally signal or iransit sequenceas, is determined, for example, on
the basis of when, where, and how the polypeplide is desired to be expressed. For
instance, the exprassion of the gene encoding g polypeptide of the present nvention
may be constitilive or inducibile, or may be developmeantal, stage or lissue specific, and
the gene product may be targeled to a specific issue or plant part such as seeds or
fsaves. Reguiatory sequences are, for example, described by Tague of al, 1988, Fland
Physiotogy BS: 508,

For constitutive expression, the 355-CalV, the maize ubiquitin 1, and the rice
actin 1 promoter may be used (Franck ef af, 1880, Celi 21: 285.284, Christensen ef al,
1992, Flant Mo. Biol, 18 675-888, Zhang ef ai, 1881, Plant Cell 3. 11585-1165). organ-
specific promoters may be, for example, a pramoter from storage sink Hasues such as
seeds, potate tubere, and fruils (BEdwards & Coruzzd, 1980, A Rev. Genel 24 275
303}, or from medabalic sink tissuas such as meristemns (o of &l , 1884, Flant Mol Biol
24 BE3-878), a seed specific promoter such as the glutelin, prolamin, gloladin, or
atbumin promoter from rce (Wu ef al, 1888, FPlant and Celf Physiology 39: 885-888), a
Vicia faba promoter from the lsgumin B4 and the unknown seed protein gene from Vicia
faba {Corvad of af, 1998, Journal of Flant Physiology 152: 708.711}, a promoter from 8
seed oll body protein (Chen of al, 1988, Fant and Ceff Physiology 3% 835-841), the
storage prolein napA prometer from Brassice napus, or any ofher seed spedific
promoter known in the at, e.g., as desorbed in WO 81414772, Furthermore, the
promoter may be g leaf specific promoter such as the rbos promoter from rice or tomato
{Kyozuka ef al, 1983, Flant Physiclogy 102. 881-1000, the chiorella virus adening
methyltransferase gene promoter (Mitra and Riggins, 1894, Plant Molecular Biclogy 26
85.83), or the aldi gene promotar from rice {(Kagayva ef al, 1895, Molecwudar and
Genersl Genelics 248 888-674), or a wound inducible promoter such as the potato pin2
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promoter (Xu ef ol , 1883, Flant Molecular Biofogy 22 §573-588). Likewise, the promoter
may inducible by abiotic reatmeants such as temperaturg, drought, o glierations in
safinity or induced by exogencusly spplied subsiances that activate the promoter, eg.,
gthanol, cestrogens, plant hormones such as sthylene, abscisic acld, and gibbereilic
acid, and heavy metals.

A promoter enhancer elerment may also be used {o achieve higher expression of
a polypeptide of the prasent invention in the plant, For instance, the promoter enhancer
glement may be an intron that is placed batween the promoter and the nuclectide
SEUUBNCe ancoding a polvpeplide of the present ivention. For instance, Xu ef &/,
1883, suprg, disciose the use of the first inron of the rice actin 1 gene 1o anhance
expression.

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

The nueleic acid construct is incorporated into the plant genome according to
conventional  technigues known in the arl including Agrobacterium-mediated
fransformation, virus-mediated tansformation, microinjection, padicle bombardment,
hiolistic ransformation, and slectroporation {Gasser ¢ af, 1880, Sciance 244, 1293
Potrykus, 1880, Bio/Technology & 535, Shimamaote of g, 1889, Nature 338 274).

Presently, Agrobactenum lumefaciens-medialed gene transfer is the method of
choice for generaling transgenic dicols {for a review, see Hooykas and Schilperoort,
1992, Flant Molecwar Bislogy 180 15-38) and can alse be used for transforming
monecaots, atthough other fransformation methods are often used for these plants.
Presently, the method of choice for generaling transgenic monoools is  paticle
bombardment {microscopic gold or tungsten particles coaled with the transforming
DNAY of embryonic calli or developing embryos {Christou, 1992, Flant Joumal 2, 275
281; Shimamoto, 19984, Cument Opinion Bivlechnology 5, 158-183; Vasil ef al, 1902,
Bin/Technology 10: 887874}, An sltemative mathod for ransformation of monocots is
hased on protoplast ansformation as described by Omirulleh ef af, 1883, Fant
folecular Biciegy 21, 415428,

Folfowing transformation, the transformants having incomporated the sxpression
conastruct are selected and regenerated into whola planis sccording to methods well-
known in the art. Often the transformation procedure is designed for the selective
slimination of selection genes either during regeneration or in the following generations
by using, for sxample, co-transfarmation with fwo separate T-DNA constructs or sils
specific excision of the selaction gens by & specific recombinase,
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The present invention also relates to methods of producing 3 polypeptide of the
preaan invention comprising (8) cultivaling a transgenic plant or a plant cell comprising
a polynuclectide encoding the polypeptide having scetybyilan esterase aciivity of the
present invention under conditions cenducive for production of the polypeptide; and ()

recovering the polypeptide.

Removal or Reduction of Acstylxyian Esterase Activity

The present invention aiso relates to methods of praducing & mutant of a parent
galf, which comprises disrupting or deleting a polynuclectide sequence, or 8 portion
thereof, encoding a polypeplide of the present invention, which results in the multant 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 eiiminating expression of a
well known in the art, for example, insertions, disruptions, replacements, o dalstions.
in a preferrad aspact, the nuclectide sequence is inactivated. The nuclkentide sequence
o be modified or inactivated may be, for example, the coding region or a parnt thereof
assential for activity, or a8 reguiaiory elemert required for the expression of the coding
regiorns.  An example of such a regulatory or control sequence may be & promoter
sequance oF a funclional part thareof, e, a part that s sufficient for affecting
expression of the nucleotide sequence. Other conirol sequences for possible
modification include, bt are not miled o, 2 lsader, polyadenviation segquence,
propeptide  sequence, signsl  peptide  seguence,  transcription  teoninator,  and
transcriptional astivatoer,

Muodification or inactivation of the nucleotidde sequence may be performed by
subjecting the parent cell to mutagenesis and selecling for mutant cells in which
axpression of the nucleotide segquence has been reduced or aliminated The
mutagenassis, which may be specific o random, may be performed, for example, by uss
of a suitable physical or chemical mutagenizing agent, by use of a suitable
oligonucieotide, or by subjecting the DNA seguence to POR generaled mulagenesis,
Furthermore, the mutagenasis may be performed by use of any combination of these
mutagenizing agents.

Examples of & physical or chemical mutagenizing agent suilable for the present
purpose  include  ultraviolet  {UVY  iradiation, hydroxylamine,  Nemsthyl-N'-nitro-N-
ritrosoguanidine  (MNNG), O-methyl bydroxylamine, nitrous acid, ethyl methane
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sulphonate {(EME), sodium bisulphite, formic acid, and nuclectide analoguss.

VWhett such agenis are used, the mutagenesia i fypically performed bw
incubating the parent cell 1o be mutagenized in the presence of the mutagenizing agent
of cheice under sullable condifions, and screening and/or selecting for mudant cells
sxhibiting reduced or no expreasion of the gene.

Modification or inactivation of the nucleotide sequence may be accomplished by
introduction, substitution, or removal of one or more {(several) nuclectides in the gene or
a regulatory slement requited for the transoription or ransiation thereof. For example,
nucieotides may be inseried or removed s0 as o resull 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 be accomplishad by site-directed mudagenesis or PCR
generated mulagenasis in accordance with methods known in the art Although, in
priviciple, the modification may be performed in vive, e, directly on the celf expressing
the nuclectide sequence 0 be modified, i s preferred that the modification be
performed i vifra as exemplified below,

An example of a convenient way to eliminate of reduce expression of a
nucieotide sequence by a cell s based on techniques of geng replacement, gene
deledion, or gene distuption. For example, in the gene dissuption method, a nucleic acid
sequence corresponding o the endogenous nucleotide sequence is mutagenized in
witre 1o produce a defective nucieic acld sequence that is then transformed inte the
parent cell o produce a defective gane. By homologous recombination, the defective
nucleic acld sequence replaces the endogenous nuclectide seguence. it may be
dasirable that the defective nuclectide sequence also sncgdes & marker that may be
used for selecion of ransformants i which the nudeotide seguence has besn modified
or destroved.  In a particularly preferred aspect, the nudieclide ssquence is disrupled
with a selectable marker such as those described hersin.

Alternativaly, madification or inactivation of the nwcledtide ssquenge mav be
perfformed by established anti-sense or RNAL techniques using a sequence
complamentary ¢ the nuwlestide sequence.  More specifically, expression of the
nuclectide sequance by a cell may be reduced or sliminated by intraduging a seguence
complamentary 1o the nuclectide sequence of the gene that may be transcribed in the
call and is capable of hybrdizing to the mRNA produced in the cell.  Under conditions
sflowing the complementary anti-sense nucieolide sequence to hybridize o the mRNA,
the amount of protein transiated is thus reduced or eliminated.

The prasent invention further relates 1o a mutant celf of a parent call that
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comprises a disruption or defetion of a nuclsolide sequence encoding the polypeptide or
a copdrol sequence tharedf, which resiills in the mutant sl produding less of the
palypepiide or no polypeptide compared 10 the parent cell.

The polypeptide-deficient miulard cells 5o created are parlicudanty usefll as host
cells for the sxpression of nafive andior heterologous polypeptides. Therefore, the
present invention further relates to methoeds of producing 8 native or heterdlogous
polypeptide comprising: (8} culthvating the mutant cell under conditions condugcive for
production of the polypeptide; and (&) recovering the polypeplide. The term
“heterciogous polvpeplides” is defined harein as polypapiides that are not native to the
host call, @ native protein in which muodifications have been made © aller the nalive
sequancs, or a native prolelny whose expression is quantitatively altered as g result of a
manipulation of the host cell by recombinant DNA technigques.

in a further aspect, the present invention relates 1o a method of producing a
protein produnt essentially frea of acelyixylan sslerase activity by fermeniation of a cell
that produces both a polypeptide of the present invention as well as the protein product
of irderest by adding an effective amount of an agent capable of inhibiting acetyixylan
asterase aciivity o the fermentation broth before, during, or afier the fermentation has
been completed, recovering the product of interest from the fermentation brath, ang
oplionally subjecting the recovered product fo further purification,

in a8 further aspect, the present invention relales {o 8 method of producing a3
profein product essentially free of acelvixylan asigrase actvity by cullivating the cell
under conditions permitting the expraession of the product, subjecling the resuliamt
culture broth o 8 combined pH and lemperature tealmerd 50 as to reduce the
acetyboydan esterase aclivily substantially, and recovering the product from the culture
broth, Allernatively, the combined pH and tempersture {reatment may be performed on
an snzyme preparation recovered from the culfure broth, The combined pH and
tempearature treatment may optionally be used in combination with a freaiment with an
acelvixylan asterase inhibitor.

in accordance with this asped of the invention, # is possible o remove &t least
80%, preferably al least 75%, more preferably at least 85%, stll more preferably at lsast
G58%, and most preferably af least 98% of the acelyixyian esterase activity,. Complete
removal of acstyixylan esterase actvity may be obiained by use of this method.

The combined pH and temperaturs tregtment is preferably camisd oyt at g pH in
the range of 2-4 or 8-11 and s temperature in the rangs of a8t least 80-70°C for a
sufficiert period of ime o atlain the desired effect, where typically, 30 1o 80 minutes i3
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The methods usad for cultivation and puwiticgtion of the product of interast may
be performed by meathods known in the art

The methods of the present invention for producing an essentially acetylxyian
sslerase-free product i3 of particular inferest in the production of eukaryolic
polypeptides, in particular fungal proteins such as enzymes. The enzyme may be
selected from, &g, an amyiohdic engyme, Bpolic enzyme, profeciviic enzyme,
celulolytic enzyme, oxidoreductase, of plant cellwall degrading eneyme. Examples of
such enzymes include an aminopsptidase, amyiase, smylogiucosidase, carbohvdrase,
carboxypeplidase, cslalase, cellobichydrolase,  cellulase, cohilinase, culinase,
cyclodextrin  glycosyitransferase,  deoxyribonuciease,  endoglucanass,  esterase,
galaciosidase, bela-galaclosidase, gluccamylase, glucose oxidase, glucosidase,
haloperoxidase, hemicelulase, inveriase, isomerase, laccase, ligase, Hpase, lyass,
mannosidase, oddass, psclinollic snzyme, perovidase, phviase, phenciteddass,
polyphenoioxidase, proteclytic enzyme, ribonuclease, transferase, ransglutaminase, or
xylanase.,  The acebvixvian esterase-deficient cells may also be used {0 express
heterolagous proteins of pharmaceuticsl interest such as hormpnes, growth factors,
receptars, and the like.

# will be undersiood that the term “sukaryctic polypeptides” includes not only
native polypeptides, nd also those polypeplides, e.g., sngymes, which have been
modified by amino acid substitutions, delelions or additions, or other such modifications
to enhance activity, thermostability, pH tolerance and the ke,

i & fuether aspedt, the present inveniion relates 1 & protein product esserdially
frae from acetylyian ssterase achhvly thal s prodused by a method of the present

nventicst,

Methods of inhibiting Expression of a Polypeptide Having Acetyixylan Esterase
Activity

The present nvention also relates v methods of inhibiting the expression ¢f &
polypeplide having acetylxyvlan esterase acltivily in a cell, comprising administering o
the cell or expressing in the cell 3 double-stranded RNA {dsRNA) molacule, whersin the
daRNA comprises a subsequence of 3 polynuclectide of the present inertlion. in @
preferred aspect, the dsRNA is abowt 186, 18, 17, 18, 18, 20, 21, 22 23, 24, Z& or more
guplex nuclsotides in tength,
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The dsRNA s preferably 8 small interdaring RNA (siRNAY or & micre BNA
{miRNAY, In a preferred aspedt, the dsRNA i small interfering RNA (SiRNAS) for
inhibiting transcription.  in ancther praferred aspect, the daRNA iz micro BNA [miRNAs)
for inhibiting transiation.

The present invention aiso relatas to such double-stranded RNA (dsRNA)
molecudes, comprising a portion of the malure polypeptide coding sequence of 3EQ 1D
N 1 for inhibiting expression of a polypeptide in a cell. VWhile the present invention is
not imited by any particular mechanism of action, the deRNA cant enter @ call and cause
the degradation of a single-strandsd RNA {3sRNA} of similar or identical sequences,
including endogenous mRNAs. VWhen a cell s exposed 1o dsRNA, mRNA from the

The dsRNAs of the present invention can be wsed in gene-sflencing
therapeytics. Iy one aspect, the invention pravides msthods 10 selectively degrade BNA
using the dsRNAlS of the present invention. The process may be practiced in vitrg, gx
W Or i vive. Inone aspect, the dsRNA molecules can be used {6 generate a loss-of
function mutation in a cell, an organ or an animal.  Methods for making and using
dsRNA molecules to selectively degrade RBNA are well known in the art, see, for
example, U3 Pateni No. §506,55¢ U5 Patent No. §511.824; UE Pateni No.
8515108, and 4.8 Fatent No. §,489.137

Compositions

The present invention aiso relates 1o compositions comprising 3 polypeptide of
the present nvention. Preferably. the compositions are strichad in such & polypsplide.
The ferm “siriched” indicates that the acelylxyian esterase activily of the composition
has been ingreased, 2.¢., with an ennchment factor of at least 1.1,

The composition may comprise a polypeptide of the present invention as the
major engymatic componend, &.4., a mono-component composition.  Altsmatively, the
amylase, carbohwydrase, carboxypaplidase, catalase, celiulase, ohilinase, cutinase,
cyclodextrin glycosyibransferase, deoxyribonuclease, esterase, slpha-galactosidase,
bela-galactosidase, glucoamylase, alpha-glucosidase, beta-glucosidase,
haloperpxidase, invertase, aecase, lipase, mannosidase, oxidase, pecinolylic engyme,
peptidogiutaminase, peroxidase, phytase, polyphenoloxidase, profeclylic enzyme,
ribonuclease, tansglhdaminase, o xylanase. The addiional ensymels) may bhe
produced, for example, by a microorganism helonging 1o the genus Aspergiius,
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preferably  Aspergiiug  sodlestus, Aspergiius  swamod,  Aspergifus  fumigatus,
Asperqifus foeticus, Aspergiiius japonicus, Aspergiiug ridulans, Aspergiius niger, o
Aspergifus oryzae, Fusarnum, preferably Fusadum bachidioides, Fussrivum perealis,
Fusarium crookwellense, Fusarityn culmorum, Fusarium gramineansmn, Fusarum
gramminum, Fusanum hetsrosporum, Fusanum neguadi, Fusanurm axysporum, Fusarium
reficulstum,  Fusanum roseum, Fussnum ssmbucinum, Fusanumm  sarcochroum,
Fusarium suiphureum, Fusaium {orufoseum, Fusarum trichothecioldes, or Fusarium
vanenatumn, Humicola, preferably Humicola insolens o Humcols lanuginoss, o
Trichoderma, prefersbly Trichoderma havzianum, Trchodsnma Kopingl, Tochoderms
fongibrachiatum, Trichoderma reesed, or Trichoderma viride.

The polypeptide compositions may be prepared in accordance with mathods
kaown in the art and may be in the form of & liquid or & dry composition.  For instance,
the polypeplide composition may be in the form of a granulalte or a microgranulate. The
polvpeplide 10 be included in the composition may be siahiized in accordancs with
methads known in the ant

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

methods known in the arl.

lUses

The present nvention i also dirscted 10 mathods Tor using the polypeptides
having acetyivylan esterase activily, or compositions thereof.

A polypeplide having acelyixylan esterase activity of the present invantion may
be used in several applications 1o degrade or canvert an acalylxylan-containing materiat
by treating the matenial with an effective amount of the polypeptide {see, for example,
WO 2002718561}, The polypeptides of the present nvention ave preferably used in
conjunction  with  othar plan  degrading  enzymes  such  as xylanases,
grabinofuranosidases, xylosidases, and glucuronidases In processes whersin xylan has
to be degraded. As a consequence of the deacylaling reaction the xylan becomes mora
accassible for xylanases and other xylan-degrading enzymes.

The polypeplides having acetybiylan esterase aclivily are usefid v 8 number of
applicatons: in wve modificaion of xylan containing animal fesds © improve
digestability. general applicgtions resulling from bomass degradalion or conversion 1o
fermantable sugars iy the production of, for example, fuel andior potable sthanol;
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processing awds used in pudp and paper de-lignification; component of enzymatic
SOOUFNG systams for textiles; food applivations, e.g., baking, in combination with othey
grizymaiic funclionalities 1o improve the physical properties of baked goods; and laundry
detergent applications in combination with other enzyme functionslities.

The polypeptides may be used in methods for the reatment of Kraft pulp
according fo U.S. Patent No. 5858,785. Generally Krafl pulp is generally treated with
xylanase in arder 0 remove lignin in the preparation of paper products. Due 1o the high
degres of acetylation of xylan, the effecthiness of xylanase is greatly increased when
pulp is treated with acetyixyian esierase gither before or st the same time as the
xytanase treatment.

The polypeplides may also be used in processes for producing xvlose o xylo-
oligosaccharide according to U5, Patent No. 5,658,788,

The polypeptides may alse be used as fead enhancing enzymes that improve
foed digestibility o increase the efficiency of iis utilization acconding o U.S. Patent No
5,245,545 The use of acelvlywlan esterase in feed can decreass the solubility of the
fmed componants thereby diminishing the viscosity and reducing anti-nutritional effect of
pantesanas,

The polypeptides may also be used in baking according to UB. Patent No.
5603518
where combinations with other enzymes can be used o degrads biological callwall
material to increase digestibility or flow characteristics in applications relating to the
preparation of frudt juices o beer,

Consequently, the present invention aiso relgtes t© methods for degrading an
acetylated xylan, comprising freating a matedal comprising an sceiylated wylan with a
composiion comprising an effective amount of a polypeplide baving scelybydlan
esierase activity of the present invention.  In g prefemred aspect, the compuosition further
comprises ong or more {several) xylan degrading enzymes. The one of more (several)
xylan degrading sneymes can be seletied from the group consisiing of a xylanass, an
arabincfurancsidase, 8 xyvlosidase, a giucuronidass, and combinations theveof. The
composition may be further used in conjunction with a compaosition comprising one or
mure cellulolytic proteins for the degradation or conversion of a cellulesic matensl, e.q.,
fignocalitlose.

A composition comprising the polypeptide having acetyligian ssterase aclivity
may be in the form of a crude fermentation broth with or without the celis removed or in
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the form of 8 semi-punified o punfied encyme preparation or the composition may
gomprise & host cell of the present iwention as a sowee of the polypentide having
acatyirylan esterase aclivity.

5 Signal Peptide
The present invention also refates 1o nucleic acid constructs compising a8 geng
encoding @ protein, wherein the gene is operably linked to a nuclectide sequence
sncoding & signal peplide comprising or consisting of amine acids 1 0 16 of SEQ D
N 2, wherain the gene is foreign 10 the nuclestide sequence.
10 in a preferred aspedt, the nucleolide seguence comprises or consists of
nucleotides 1 to 48 of SEQ 1D NGO: 1
The present bwention alse relates o recombinant sxpression vectors and
recombinant host celis comprising such nucleic acid constructs,

The presant invention also relates {o methods of producing a protein comprising

L6

{a} cultivating such a recombinant host cell under conditions suitgble for production of
the protein; and (b} recovering the protain,

The protein may be native or helerdlogous 1o @ host cell. The {enm “profein” is
not meant herein to refer {o a specific length of the encoded product and, thersfore,
encompasses peplides, oligopeplides, and profeins. The term “protein® also
26 gncompasses two or more polypeplides combined o form the encoded product The
profeins also inchude hybnid polypeptides that comprise a combination of partial or
complete polypeptide sequences obtained from at least two different proteing wherain
one or more (severaly may be helerclogous or native to the host cell. Prodeing further
include naturally ocourning alisiic and enginsered vadations of the ahove mentioned
profeins and hybrd proteins.

Preferably, the profein is a hormone or variant thereof, enzyvme, receptor or
portion thereof, antibody or portion theredf, or reporter. In a more preferred aspect, the
protein is an oxidoreductase, transferase, hydrolase, lyase, isomerase, or igase. inan
even more praferred aspect, the protein is an aminopeptidase, amylass, carbohydrase,
30 carboxypeptidase,  calalase,  celiulase,  chitinase,  cutinase,  cyclodexirin
glycosyltransferase,  deoxyribonuclease,  esterase,  alpha-galactosidase,  beta-
galactosidase, glucpamylase, alpha-glucosidase, beta-glucosidase, invertase, laccase,
another lipase, mannosidase, mulanase, oxidase, peclinohytic snzyme, peroxidase,
phytase, polyphenoloxidase, profleciytic engyme, dbonuclease, fransgiulaminagse or
xylanase.
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The gene may he oblained from any prokaryctic, eukaryotic, or other saurce.

The present inveniion is further described by the following examples that should

not be consiruad as imiting the scope of the invention.

Examples

Materials
Chemicals used as buffers and substrates weare commercial products of at least

10 reagent grade.

Strains
Thistawvia terresiris NRRL 8126 was used as the source of & gene encoding &
Family 7 polypaptide having acetyixvian estorase aclivily, Aspengilius oryzas JalR8G

Ly

strain (WO 981851} was used for expression of the Thielavia ferrestns NRRL 8128
acetybxyvian ssterase.

Media

FDA plates were composad per liter of 29 grams of potato dexiross agar.
20 NNCYP medium was composed per Mer of 50 g of NHNO; 05 g of
MBSO THG, 0.3 g of Cally, 2.5 g of citric acid, 1.0 g of Bacto Peploneg, 5.0 g of yeast
axtract, 1 mi of COVE trace metals sohution, and sufficient K,HPO, to achisve a final pH
of approximately 5.4

NNCYPmod mediuan was compossd per lter of 1.0 g of NaCl, 5.0 g of NHNO;,
£.2 g of MgBOy7HO, 0.2 g of Call;, 2.0 g of cifric scid, 1.0 g of Bacto Peptone, 50 g
of yeast extract, 1 mi of COVE trace metals solution, and sufficient K;HPQ, to achisve

3
P

the final pH of approximately 5.4

COVE trace melals solution was composed per fiter of 0.04 ¢ of Na, By Oy 10M,0,
84 g of CuSQLBM0, 12 g of Fel0eTHD 07 ¢ of MnSQeH0, 08 g of
30 NaMoO2H0, and 10 g of Zn80, 7HO.

LB plates were composed per liter of 10 g of tryptone, § g of yeast extragt, S g of
sadium chioride, and 15 g of Bacto Agar.

MDUZBP mediim was composed per fiter of 45 g of maltose, 1 g of
MBSO THQ, 1 g of NaCl 2 g of IGHED,, 12 g of KEHPG,, 2 g of ursa, and 500 i of
AMG trace metales solution, the ob was adiusted to 5.0 and thert filter sterilized with a

L
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AMG race metals was composed per Hter of 143 g of ZnBO,THD, 258 g of
CuS05H:0, 8.5 g of NiCkBH:C, 13.8 g of FeB0,THO, 8.5 g of MnSQe 7H:0, and 3
g of citric acid.

SOC medium was composed of 2% tryplone, 0.8% yeast extract, 10 mi Nall,
2.5 mM KCI 10 mM MgCL, and 10 mM MaSQ,, sterilized by autoclaving and then filter-
steriiized glucose was added 10 20 mM.

Freering medium was composed of 80% SOC and 40% giveerol.

2X YT meadium was composed per er of 18 g of tryptone, 10 g of yeast exiract,
5 g of NaCl, and 15 g of Bacto agar.

Example 1: Expressed sequence tags (EST} cDNA library construction

Thielavia terreskis NRRL B126 was cullivated in 80 mi of NNCYPmod medium
supplemented with 1% glucose in a 250 mi flask at 45°C, 200 rpm for 24 hours. A two
mi atiguot from a 24-howr Equid culture of Thislawia terresinis NRRL 8128 grown in 50 mi
of NNCYPmod supplamented with 15 glucose in a 250 mi flask at 48°C and 200 rom
was used to seed g 500 mi Hask containing 100 sd of NNCOYPmod medium
supptemented with 2% SIGMACELLE 20, The culture was incubated at 45°C, 200 rpm
for 3 days. The mycelia were harvested by filtration through a funnel with a glass fiber
prefilter (Nalgene, Rochester, NY, USA), washed twice with 10 mM Tris-HCHT mM
EDTA pH 8 {TE}, and quick frozen in lquid nitrogen.

To isolate total RNA frozen mycsliz of Thiclavie ferresiis NRRL 8128 were
ground in an slectric coffee grinder. The ground material was mixed 1.1 vy with 20 mi
of FENAZOL™ {Ambion, Inc., Austin, TX, USA) in a 50 mi FALCONR tube. Unce the
mycelia were suspendad, they were exiracted with chioroform and three times with a
mixture of phenol-chioroform-isoamyl alcohol 25:24:1 vivlv. From the resulting aquecus
phase, the RNA was precipiiated by adding 1/10 volume of 3 M sodium acetate pH 5.2
and 1.25 volumes of isopropanol  The precipitated RNA was recovered by
centrifugation at 12,000 x g for 30 minutes at 4°C. Ths final peliet was washed with
cold 70% ethanol, air dried, and resuspendesd in 500 mi of disthvipyrocarbonale treated
water (DERC-water).

The quality and guantity of the purified BNA was gssessed with an AGHLENT®
2100 Bioanalyzer {Agilent Technologies, Inc, Palo Alto, CA, USA). Polyadenylated
mRENA was isolated from 3680 pg of tolal RNA with the aid of a POLY{ARPURIST™
Magnetic Kt {Ambion, inc, Austin, TX, USA} according to the manufacturer’s
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instructions

To create the cDNA library, a CLONERINER™ Kit {Invitrogen Corp., Carlsbad,
A, UBAY was smployad o construst g directions! Hbrary that doss not reguirg the use
of rastriction enzyme cloning, thereby reducing the number of chimeric clones and size
hias.

To nsure the successiul synthesis of the cDNA, bwo reactions were parformed in
paralial with two differant concentrations of mRNA (2.2 and 4.4 ug of poly {AY mRNA).
The mRNA samples were mixed with a Biotin-aiiB2-Oligo(dl) primer {hwitrogen Corp.,
Carlshad, CA, USA} 1X first strand buffer {invitrogen Corp., Carlsbad, CA, USA), 2 ¢
of 0.1 M dithiothredtel {(TT), 10 mM of sach dNTP, and water 1o 3 final volume of 18
and 16 yl, respectively.

The reaction mibdures were mixed and then 2 and 4 ¢ of SUPERESCRIPT™
reverse transcriptase {invilrogen Corp., Carlsbad, C&, USA) were added. The resction
mixtures weare incubated at 45°C for 80 minules 10 synthasize the first complementary
strand. For second strand synthesis, {o sach first strand reaction was added 30 @t of 5X
second strand buffer {nvitrogen Corp., Carlsbad, CA, USA)Y 3 o of 10 mM of each
dNTPR, 10 units of £ colf BNA ligase {invilrogen Corp., Carlsbad, CA, USAY, 40 units of
E. coli DNA polymerase | {Invittogen Corp., Carishad, CA, USA}, and 2 units of £ co¥
RNase H {Invitrogen Corp., Carlsbad, CA, USA) in a tolal volume of 150 pl The
mixturas were then incubated gt 18°C for two howrs. After the two-hour incubation 2
of T4 DNA polymerase {Invitrogen Corp, Carlshad, CA, USA} were addad {o each
reaction and incubated at 18°C for § minutes to create a bunt-ended cDNA. The cDNA
regctions were exracted with & mixtwre of phenol-chioroform-iscamyl alcohol 25:24:1
vy and precipitated in the presence of 20 ug of glycogen, 120 W of & M ammonium
acelats, and 860 il of sthanol. Alter centnifugation at 12,000 x g for 30 minutes at 4°C,
the ¢DNA pellsls were washad with cold 70% sthanol, dried under vacuum for 2-3
minutes, and resuspendsd in 18 @l of DERCavater. To sach resuspended cDNA
sample were added 10 pi of SX adapted buffer {invitrogen, Cardsbad, CA), 10 pg of
sach affB1 adapler (nvitrogen, Carisbad, CAY Tl of 01 M DYT, and 5 unils of T4
DINA Higase (Invilrogen, Carlsbad, CA}.

Ligation reactions were incubated overnight at 18°C. Excess adapters were
removed by size-exclusion chromatography in 1 mi of SEPHACRYL™ §-800 HR resin
{Amersham Biosciences, Piscstaway, NJ, USAY  Column fractions were collected
aceording to the CLONEMINER™ Kit's instructions and fractions 3 1o 14 were analyzed
with an AGILENT® 2100 Bioanalyzer to determing the fraction at which the a1
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adapters started o elite.  Analysis showed that the adaplers started sluting ground
fraction 10 or 11, For the first library fractions 8 1o 11 were pooled and for the second
library fractions 4-11 ware pooled,

Cloning of the cDNA was performed by homologous DNA recombination
according to the GATEWAY® System protocol {nvitrogen Corp., Carlsbad, CA, USA}
using BFP CLONASE™ (hhwitrogen Corp., Carlshad, CA, USA) as the recombinase.
Each BP CLONABE™ recombination reagtion contained approximately 70 ng of stB-
fanked-cDNA | 250 ng of pDONR™222, 2 ¢ of 5X BF CLONASE™ buffer, 2 gl of TE,
and 3 it of BF CLONASE™  All reaguents were oblained from Irwvitrogen, Carlshad, CA,
USA. Recombination reactions were incubsatad at 25°C overnight.

Heal-inactivated 8P recombingtion reactions were ther divided inte § aliquots
and elechroporated into ELECTROMAX™ DH10B elechocompetent cells {Invitrogen
Corp., Carlsbad, CA, USA} using a GENE PULSER™ {(Bio-Rad, Hercules, CA, USA)
with the following parameters: Voltage: 2.0 kY, Resistance: 200 ) and Capacity: 25 uF.
Electrophorated cells were resuspended in 1 mi of SOC medium and incubated at 37°C
for 80 mirnies with conslant shaking at 200 rpm. After the incubation perind, the
transformead cells were pooled and mixed 11 with freezing medium. A 200 gl aliquot
was removed for Bbrary titration and then the rest of each library was aliquoted into 1.8
mil cryovials (Wheaton Science Products, Mitlvilie, NJ, USA)Y and stored frozen at -80°C.

Four serial dilutions of each library were prepared: 17100, 11000, 1/10°, 1410°,
From sach dilution 100 ul were plated onto 150 mm LB plates supplemented with 850 ug
of kanamycin per mil and incubated &t 37°C ovemnighl. The number of colonias on each
giiution plate was counted and used © calcudate the otal number of ansformants in
sach library.

The first library contained approximately 5.4 million independent clones and the
sacond fibrary contained approximately ¥ million independent clones.

Exampile 2: Template preparation and nudisotide sequencing of ¢cDNA clones
Aliquots from both branies described in Example 1 were mixed and plated onto
25 x 25 om LB plates supplemented with S0 ug of kanamycin per ml, individus! colonies
were arayed onto 96-well plates containing 100 1 of LB plate medium supplementsd
with 50 pg of kanamycin per mi with the aid of a QPix Robot (Genetix Inc., Bosion, MA,
USAL Forty-five 98-well plates were oblained for a tofal of 4320 individual glones. The
plates were incubated cvemight at 37°0 with shaking at 200 rpm.  Afler incubation, 100
ul of sterile 80% glyeerol were added {0 each well. Tha transformants were replicated



WO 2009/042846 PCT/US2008/077823

i

S

20

Le
s

with the aid of a 8&-pin tool (Boekel, Feastervilie, PA, USA} into secondary, deep-dish
gd-well microcultire plates {Advanced Genetic Technologies Corporation, Galthershug,
MO, USA} containing 1 mi of MAGNIFICENT BROTH™ {(MacConnell Research, San
Diego, CA, USA) supplemenied with 50 pg of kanamycin per mi in each well. The
primary microtiter plates were stored frozen at -80°C. The secondary deep-dish plates
were incubated at 37°C overmight with vigorous agitation at 300 rpm on a rotary shaker.
To preverd spilfling and oross-contamination, and (o aliow sufficlent aeration, sach
secondary culitre plate was coversd with a2 polypropylene pad {Advanced Genstic
Technologies Corporation, Gaithershurg, MD. USAY and a plastic migrotiter dish cover.
Plasmid DNA was prepared with a Robot-Smart 384 (MWG Biotech Ine, High Foint,
NG, USA) and s MONTAGE™ Mlasmid Miniprep Kit (Millipore, Billerica, MA, USA)

Sequencing reactions were parformed using BIGDYE® {Applied Biosystems,
inc., Foster City, CA, USSR} lerminator chemistry {Giesscke sf af, 1982, Jowrnal of
Virology Methods 38 47-80) and a M13 Forward {20} sequencing primern
E-GTAAAACGACGGCCAG-Y (BEQ I NO: 3)

The sequencing reactions were performed in a 384-well format with a Robot-
Srart 384 (AWWG Biotsch e, High Point, NG, USA).  Terminator removal was
performed with a MULTISCREEN® Zeqi3B4 Seguencing Clean-up Kit (Millipore,
Billerica, MA, UBA}. Reactions contained 8 i of plasmid DNA and 4 il of saquencing
master-mix  {Applied Biosystems, Foster Cily, CA&, USA) confaining 1 @ of 8X
sequencing buffer (dillipore, Billerica, MA, USA)Y, 1 i of BIGDYEE terminator {(Applied
Biosysters, inc., Foster City, CA&, US4}, 1.8 pmales of M13 Forward primer, and 1 1 of
water. Single-pass DNA sequencing was performed with an ABl PRISM Automsted
DNA Seguenoer Mode! 3700 {Applied Biosystams, Foster City, CA, USAL

Example 3: Analysis of BNA sequence data of cDNA clones

Base calling, quality value assignmeand, and vedlor trimming were performead with
the assistance of FHREDPHRAR software {(University of Washingion, Seattle, WA,
USal Clustering analysis of the ESTs was performed with a Transcript Assembler v,
282 {Paracel, Inc., Pasadena, CA, USA) Anaiysis of the EST clustering indicated the
prasence of 385 independent clusters.

Sequence homology analysis of the assombled EST sequences against various
databases was performad with the Blastx program (Alfschul of. af, 1980, J Mol Biol
215:403-410) on a 32-node Linux cluster (Paracel, inc., Pasadena, CA, USA) using the
BLOSUM 62 matrix {Hentkoff, 1892, Proc. Nafll Acad Soi USA &% 1091510818}
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From these, 248 had hils o known genes and 148 had no significant hifs to known
gaenes. Among these 246 geneas, 13 had hits against well characterized homolopues of
glveosyd hydrolase genes.

Example 4 identification of ¢cDNA clones encoding & Thiglavia terrestris Family
2A acetylxylan esterase {Axe2A)

A oDNA clone encoding a Thielavia ferrestris Family 2 scelylwylan esterase
{Axe2A) was initially identified by ssquence homology to a cailulase from Humicola
insoiens GenBank accession number X7846.

After this initial identification, a clone designated TterOBG1 was retfrisved from
the original frozen stock plate and sireaked onto & LB plate supplemented with 50 ug of
kanamyan per mi. The plate was incubated ovemight at 37°C and the next day a single
colany from the plate was usaed o incculate I mi of LB meadium supplementad with 150
ug of kanamyeoin per mi. The hquid culture was incubaled overnight &t 37°C and
plasmid DNA was prepared with a BIOROBOT® 600 {HAGEN, Ing., Valencia, CA,
USAYL Clone TierG8G1 plasmid DNA was sequenced again with BIGDYER terminator
chamistry as desoribad above, using the M3 forward and a Poly-T primer shown below
{0 sequence the 3" end of the clone.
STTTTITTITITYITITITITTITTTVNGG (SEQ ID NO 4
where V=0, A, Cand N=G, A LT

Analysis of the deduced profein sequence of clone Ter0BGT with the

interprosean program {Zdobnov and Apwetler, 2001, Bioinformatics 177 847-8} showed
that clone Tter08G1 contained the seguence signature of the esterase SGNR hydrolase
type GADSA. This sequence signature known as InlerPro; IPRO13831 was found 185
aming acids from the starting aming acid methionine confiyming that clone TterBGH
encoded a Fanily 2 acetyixylan eslerase.

The cONA sequence (BEQ 1D NO: 1) and deduced amino acid segquence {(SEQ
D NG 2) are shown in Figure 1. The cDINA clong encodeas a polypeptide of 413 amine
acids. The %G+ content of the cDNA clong is 87 5% and of the malure profein coding
region (Nucleptides 54 to 1232 of SEQ D NO: 1) is 87 8%, Using the SignalP software
program (Nislsen of al, 1887, Prolein Engineering 100 -8}, a3 signal peplide of 18
residues was predivied. The predicted mature prolein contains 387 amine acids with &
molecular mass of 40.9 kDa.

A comparative pairwise global alignment of amino acd sequences was

determined using the Needlaman-Wursch algorithm {(Neadieman and Wunseh, 197G, 4
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&l Biol 48 443-4583) as implamented in the Needie program of EMBOSS wath gap
open penally of 10, gap extension penally of 0.5, and the EBLOSUMESZ matix. The
alignment showed that the deduced amine ackd sequence of the Thiglavia terrestris
aoetybylan esterase gene shared 81.1% and 58.8% identity {excluding gaps} o the
deduced amino acid ssquences of ftwo Family 2 acetylxylan estsrases from
Chaetomium globosum and Phasosphaeria nodorum, respectively {Uniprot accession
numbers QZGWX4 and QOUHM, respectively).

Once the identity of clone TerOBGT was confirmed 8 8.5 i aliquot of plasmid
ONA from this clone designated pTlerAxe4 {Figure 2) was fransferred into a vial of £,
coll TOP10 cells {Invitrogen Corp.. Carlsbad, T4, UBA}, gently mixed, and incubated on
ive for 13 minutes. The cells were ther heat-shocked at 42°C for 30 sevonds and
incubated again on ice for 2 minutes. The cells were resuspended in 250 4l of SOC
and incubated at 37°C for 80 minutes with constant shaking {200 rpm).  Aflsr the
incubation period, two 30 W aliquots were piated onlo LB plates supplemented with 50
pg of kanamycin per mi and incubated overnight af 37°C. The next day a single colony
was picked and streaked onio three 1.8 ml crvovials containing about 1.5 mis of LB
agarose supplementad with 50 pg of kanamycin per ml. The vials were sealed with
PETRISEAL™ (Diversified Bictech, Boston MA, UBA} and deposited with the
Agricultural Ressarch Service Patent Culture Collection, Morthemn Reagional Research
Center, Peoria, {L, USA, as NRRL B-50087, with a deposit date of Seplember 20, 2007

Example 5 Cloning of the Family 2A acelvixylan esterass gens into an
Aspergilius oryzae expression vector

Two syrthetic oligonuciectide primers, showr below, were designed o PCR
amphify the fulldength open reading frame from Thislavia ferrestris EST TierliBGH
sncoding the Family 2A acelyixylan estersse.  An IN-FUSION™ Cloning Kit {(BD
Biosciences, Falo Alto, C4&, USA) was used to clone the fragment directly into pAlLo2
WG 2004/000228).
Forward primsr:
S-ACTGGATTTACCATGAAGCCGTOTGTOGTCGCCGOGCTCTT-3 (SEQ 1D NG 5
Reverse primer
SE.TCACCTCTAGTTAATTAATCACCATCCCAGOGCAGACC-Y {(SEQ 1D NO: )
Bold letlers reprasent coding sequence, The remaining seguence contains ssguence
idertity comparsd with the insertion sites of pAlle2.

Fifty picomoles of sach of the primers above ware used in g PCOR reaction
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containing 58 ng of pTierDBGY, 1X 8% Amphfication Buffer {invitrogen Corp., Cardsbad,
CA, UBAY, 8 1 of a 10 mM blend of dATP, dTTR. dGTR, and dCTP, 2.5 units of
PLATINUME Sy DNA Polymarase {Invitrogen Corp., Carlshad, CA, USA&), 1wl of B0
mbt MoSO,, and 8§ gl of 10X pCRx Enhancer Solufion {invitrogen Corp., Carisbad, CA,
USAY in a final volume of 80 3. The amplification was performed in an ERPPENDORF®
MASTERCYCLER® 5333 (Eppendorf Scientific, Ino., Wasthury, NY, USA} programmaed
for ang cycle at 98°C for 2 minutes; and 35 cycies seach at 96°C for 30 seconds, 84°C
for 30 seconds, and 8870 for 1.5 minules. Aler the 35 cycles, the reacton was
incubated gt 88°C for 10 minutes and then cooled at 10°C uniil further processed. A 1.2
kb PCR reaction product was isolated by (0.8% GTG® agarose gel electrophoresis
{Cambrex Bioproducts One Meadowlands Plaza East Rutherford, NJ, USAY using 40
mM Tris basa-20 md sodium anatate-1 mM disodium EDTA {TAE buffer and 0.1 pg of
sthidium romide per mi The DN&A band was visuglized with the ald of a
DARKREADER™ {Clare Chemical Research, Dolores, OO, USAY. The 1.2 kb DNA
hand was excised with a disposable razor blade and purified with an ULTRAFREER DA
spin cup (Millipore, Billerica, MA, UBA} according 10 the manufaciurer’s instructions.,

Plasmid pall.o? was linearized by digestion with Neo | and Pac | using standard
conditions.  The fragment was purnfied by gel slectrophoresis and ultrafiftration as
described above. Cloning of the purified PCR fragment into the inearized and purified
pAlLeZ vector was performed with an IN-FUSION™ Cloning Kit {BD Biosclences, Palo
Alto, CA, USAYL The reaction {20 ul) contained of 2 yl of 12X IN-FUBION™ Buffer (BD
Biosciences, Pale Alte, CA, UBA), 1X BSA {(BD Biosciences, Palo Alto, CA, UBA), 1
of iIN-FUSION™ enzyme {diluted 110} (BD Biosciences, Palo Alte, CA, USA), 100 ng of
pAlLo2 digested with Meo | and Pac |, and 100 ng of the Thislavia ferrestis Axe2A
purified PCR product.  The reaction was incubsted al room {emperature for 30 minutes,
A 2 uf sample of the reaction were used o ransform £, coff XU1O SOLORACKE: Gold
cefls (Stratagens, La Jolla, CA, UBAY according o the manufscturer's instructions.
After the recovery period, two 100 i afiquots from the transformation reaction were
plated onto 158 mm 2X YT plates supplementaed with 100 w9 of ampicitivy per md. The
plates were incubated ovarmight at 37°C. A set of «ight putative recombinaryt cionas
was selected at random from the selection plates and plasmid DNA was prepared from
each one wsing a BIOQROBOT® 9000, Clones were analyzed by Xho | restriction
digestion. Two dones that had the expeciad restichon digestion pattern were then
sequenced o confirm that there were no mutations in the cloned insert. Clone #1 was
salected and designated pAlLo3B {Figure 33

«-51-
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Example 8 Expression of the Thielawia terrestris Family 2A acetybxylan esterase
gene in Aspergiilus oryzae Jal250

Aspergifius oryzae Jal2d0 (WO 99481651 protoplasts were prepared according
w the method of Christensen of al, 1888, Bi/Technology & 14181422, Five
micrograms of pAlLe38 {(as well as pAllo? ss a control} were used to transform
Aspergifus oryzae Jal280 profoplasts.

The transformation of Aspergiius oryzae Jal250 with pAILO3L vielded about 50
transformants.  Eight ransformants were isolaled o individoal PDA plates ang
incubated for five days at 34°C.

Caonfluent spore plates were washed with 3 mi of 0.01% TWEENS 80 and the
spore suspension was used to inoculate 25 mi of MDUZBF medium in 125 mi glass
shake flasks. Transformant cultires were incubaled at 34°C with constamt shaking at
200 rpm. Al day five postinoculation, cultures were centrifuged at 8000 x g and their
supernatanis collected. Five microliters of each supematant were mixed with an equal
yolume of 2X joading buffer (108 bela-mercapioathanc!) and loadad onta a 1.5 mm
8%-18% Tris-Glycine SDS-PAGE gel, run using 1TX NOVEX® buffer {invitrogen Comp.,
Carishad, CA, USA), and stained with SIMPLYBLUE™ SafeStain {Inwitrogen Corp.,
Carlshad, CA, USA). BDS-PAGE profiles of the culture broths showed that eight out of
eight transformants had a new protein band of approximately 50 kDa.  Transformant
number 5 was selected for further sftudies and designated Aspergilius onezae
Jal250AH038,

Example 7: Large shake Hask cultures of Aspergiflus oryzae Jal 250A1L038

Aspergifius orvzar JalZB0ANLODD spores were spread onlo a FDA plate and
incubated for five days at 34°C. The confluent spore plate was washed twice with & mi
of G.01% TWEENE 80 o maximize the number of sporss collectsd.  The spore
suspension was then used to inoculate 500 mi of MDUZER in a two-liter Fernbach flask.
day five post-inoculation, the culture broth was collacted by filtration on & 500 mi 78 mm
Nylon fitter unit (Nalge Nunc international, Rochester, NY, USA) with a pore size of 045
urmt with a glass-fiber pre-filter. A 5 yl sample of the broth was analyzed by SDS-PAGE
as described above, which showed that the broth contained approvimately 50 kDa
protein band.

B2 .



b3

‘8

WO 2009/042846 PCT/US2008/077823

Example 8 Biochemical characterization of the Thielavia terrestris Family 2
acetyixyian astarase

The Thiglaws ferrestris Family 2 acelylyian esterass was obtaibed as described
The filtered broth was desaited using an ECONG-PACE 100G column
{Bic-Rad Laboratories, HMercules, CA, USA} according to the manufachurer’s

s

in Example 7.

(¥ )

instructions.  Protein in the desalled sample was measurad using a8 BCA reagent Kit
{Fierce, Rockfurd, iL, USA)

SDS-PAGE analysis of the desalled acetylxylan esterase was performed using a

8-186% Tris-MCl go! (Bio-Rad Laboratories, Hercudes, CA, USAY with Tris/glycine/SDS

10 buffer {(Bio-Rad Laboratories, Hercules, CA, USA} The sample {approximately 4 ug)

was diluted at a 101 (e} ratio with Laeromit sample buffer with 8% 2-mercaptoethanot

{Sigma Chemical Go., 8t Louls, MO, USA}, and bolled for 5 minutes before loading

onto the gel. The gel was developed using BIO-SAFE™ (oomassie Blue (Bio-Rad

Laboratories, Hercules, CA, USA}L The resuits indicated that the enzymea was al least

h

0% pure. The observed molectdar weight was approximately 50 kDa. The desalied
acetyboylan esterase was then characterized biochemically.

Subsirate Specificty. A substrale panel {(81-521, Table 1) was used 10
detarming the Thiefavia femresirs Family 2 acelylxylan esterase’s substrate specificity at
40°C {S1-8319) or 25°C {(820-821), pH & Erzyme loadings were based ot loadings of
20 mode! enzymes {positive controls) for each substrate. For $51-314, reducing sugars
ware measured using & p-hydroxybenzoic acid hydrazide {(PHBAM) assay {Lever, 1972,
Anad. Blachem, 47 273279 o caloudate the substrate conversion, for B15-8214, o
nitrephenolate anion production was deterovined &t 405 nm. The resulls, as shown in
Table 2, demonstrated that the Thislavia ferrestds Familly 2 acelyixylan eslerase
possessed activity toward p-nitrophemnvdacetate.  No significant activity toward other
substrates was observed,

Table 1. Cellulosicihemicellulosic substrates for substrate spacificity assay

# Nams From Sub, gy
81 PGS NREL, ABCOS®21- 5
22
82 Aadioed FRC 5
83 CHG Hercules 5
54 Avabingn (sugar beeb) Megazyme &
88 B-ghucan Megasyms 5
88 Yylogiuean Megazyme 5
&7 Arabinoxyian {(wheal) Megazyme 8
S8 Mannan Megazyme &
S8 Galactomannan Megazyme §
{Carol)

«-853-
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S16 Galactan (polate} Megazyme $
11 FASC prep from 82 2
812 peclic galactan Megazyme &
813 peciin Sigrma §
S14 {Shitin Sigma 5
518 poitraphend-B-L- Sima 1 m
glucopymnosiis
518 prriitrophany-§-0- Sigma 1 mM
wylopyranaskis
517 peritropheny-§-0D- Sigma 1 mi
grabinopyranoside
818 penitrophenyl-g-D- Sigma 1 omi
galactopyranaside
318 penitrophenyl-i-0- Sigma 1 b
mannopyranoside
s2a p-nitrophenyiacetale Sigma 1 mid
§21 petitrophenyiferuiates Slovak Academy of 1 mid
S,

Table 2. Substrate specificity of Thielavia ferrestns Family 2 acetylxylan esterase

Loading, Ein | Incubalion
# Name o ugml L dme Conversion
£1 PCS §0.00 . M4 0.00%
82 Avicst 62 80 L 24R D.00%
33 CME .25 . 24h 0.00%
$4 Arabingn {sugar heet) 12,80 24 0.00%
S5 B-ghunan Q.78 4 h 0.00%
S8 Xyinglucan 078 . 4h 0.00%
87 Asabinoxylan (wheat) 0.78 L 4h 0.00%
58 Mannan 5.50 28h 0.00%
Galaciomannan 0.00%
38 Carob} 5.80 : 24 k
S10 Galacian (potalyy 22.00 . 24n £2.88%
S11 PASC 148 24h {.00%
§12 pectin galacian $0.00 [ 24R 3.10%
513 pectn 50.00 . 24h 1.04%
S14 Chilin 50.00 . 24n £.35%
p-pitrophemyb5-D-
815 glucopyranaside 8017 L. 20 min 0.10%
pepitrophenybg-0-
£16 fopyranaside £.333 [ 30 mm §.00%
penitrophenyh-0-
317 grabingpyranoside 2.033 {30 min £.05%
penitrophenyl-B-O-
318 gatactopyranaside 8,333 L 30 min $.18%
p-nitropshenyl8-D-
S18 mannopyanesids §.333 50 min S.01%
§20 peaitrophenylacelate 0,007 . 10 min 19.00%
S21 prritrophenyiferulale 0625 10 min Q.00%

Specific activity on p-nitrophenylacetate. The desalted acelyixylan esterase was
8 assayed for esterase activity using p-nitrophenyiacetale as substrate. The enzyme

N
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preparation was difuted to provide tess than 18% conversion of p-aitrophenyiacetate by
making an inital dilttion in @ 1.8 mi microcentrifuge tube with 80 mM soditim acetats pH
§.0 buffer with 0.01% TWEENS 20 to protein content of 2 ugimi followed by 2-fold
130yl giguots of the diluted eneyme were fransforred o wells of & 86-well plate.

A penitrophenylacetate  stock  solufion was made by  dissolving p
nitrophenylacetate in dimethyisulfoxide (DMSO) 1o constitue a 0.1 M solution. Before
assay, 8 sample of the stock solidion was dilided 100-fold in 50 mid sodium acetate pH
5.0 to make a T mM solution. A 100 il volume of 1 mM pnitrophenviacetate was mixed
with gach dilution of the enzyme and then incubated at 25°C for 10 minutes. Subsirate
alone, enzyme alone, and buffer alone were run as controls.  p-Nitraphenol standard
solutions of 8.25, 0.2, 0.1, 8.05, and .02 mM were prepared by diluting 2 10 mM siock
solution in 50 mM sodium acelate pH 5.0, AU10 minutes, 50 (4 of 1.0 M Tris-HCI pH 8.0
buffer was added to sach well (including sampias, substrate control, enzyme control,
reagent control, and standards), mixed, and the absorbancs at 405 nm was immeadiately
maeasursd on 8 SPECTRAMAX™ 340 RC plate reader (Molecular Devices, Sunnyvale,
CA, UBAYL Dne unit of acebybxvian eslerase activily was defined as the amount of
gnzyme capabie of releasing 1 pmole of pnitrophenclate anton per minute at pH 5,
25°C.

The resulls indicated thal the Thislevia ferresins Family 2 acetybiyian esterase
had a specific activity of approximately 70.5 R per mg of protein.

Tharmosiability. The Thiglavia ferestris Family 2 acetylxylan sslerase was
diluted In 80 mid sodium scetate pH 5 buffer with 0.01% TWEENY 20 to 1 mig permi,
and then incubated at 50°C for 3 days, or 80°C for § hours or 1 day, or was stored at
4°C fo serve as o condrol. After incubation, the aclhvity of the samples foward p-
nitrophenylacetate as substrate was measured using the samse assay protoood
dascrived above for determining the specific activily on p-nitrophenylacetate.  The
activity of the sample at 4°C was nomalized to 100%, and the aclivities of the other
samples at other incubation conditions were compared {o the 4°C activity. The resulls,
as shown it Table 3, demonstrated that the Thielaws ferrestiis Family 2 acelybivian
ssterase was relatively stable after the 3 day 80°C incubation, o 3 how 80°C
incubation, and retained 46.8% activity affer the 1 day 60°C incubation.

Tabla 3. Thermostability of Thislavia terresfris Family & acelybylan esterase

E Mame 470 5°C, Sday BOYC. 3 hows | S0°C, 1day
Thislavig tervesiris
Family 2 AXE 100.0% 84.0% 88.5% 48.6%

-85 .



WO 2009/042846

20

PCT/US2008/077823

Tempearative profile.  Activity of the Thiglavia fanrgsirs Family 2 acetybiyian
esterase versus lemperature at 34, 8, 80 and TO°C was determined using the same
assay prolocol described above for determiining the specific sctivity on p
ritrophenylacsiate.  The highest activity was normalized fo 100%, and aclivities at the
other temperatures were compared 1o the highest activity and expressed in % activity,
The resulis are shown in Table 4,

Table 4 Temperature profile of Thisfavs lerrestris Family 2 scetylodan esterase

£ Name MG 0°C 80°C e
Thielavia terresios
Family 2 AXE 84.9% 25.4% 94 7% 100.0%

pH profife. The pH aclivity profile of the Thislavia terrestris Family 2 acetyboyian
gsterase al pHs 4, § 6, 7, and 8 was determined using the same assay protocol
descrbed above for delermining the specific sctivity on paitrophenylacetate, except
Britton Robinson buffer was used as the buffer system. A 100 mb stock solution of
Britton Robinson buffer was adjusted to pHs 4, §, 6, 7, and 8 using & N NaQOH and then
diluted to 40 mM.  The substrate was prepared info the correspanding buffer. The
highest activity was nommalized to be 100%, and activities at other pHs were compared
to the highest activity and expressed in % activity, The results, as shown in Table §,
demonsirated that the oplimal pH of the Thinkavia ferrestis Family 2 acelylxylan
asterase was pH &,

Table 5. pH profie of Thisdavie terrestris Family € acelylyian eslerase

£ Name o 4 eH 8 pH 8 pH 7 pH 8
Thiglawvia fsrreginis
Family 2 8XE 22 8% 76 4% 1HI0.0% 33.1% 45 9%

Deposit of Biological Material

The following biclogical material has been deposited under the ferms of the
Budapest Treaty with the Agricultural Research Searvice Patent Culture Collection
{NRRL), Narthem Regional Research Center, 1818 Univarsity Street, Pearia, HL, USA,
and given the following accession number:
Acoassion Mumber
NRRL B-50067

Deprosit Date of Deposit

E. coli pTierAxe2A Septernber 20, 2007

culture will be available during the pendency of this patent application © one determined

« B8 -
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by foreign patent laws {0 be entitled thereto. The deposit represents g substantially
pute clfture of the deposited stralry.  The deposit is avallable as reguired by forsign
patent laws in countries whereln countarparts of the subject application, or s progeny
are filed. However, it should be understood that the availability of a deposit does not
constifute & license to practice the subjsct mvention in derogation of patent rights
granted by governmental action.

The invention described and claimed herain s 0ot 10 be limited in scope by the
sevaral aspects of the invention. Any squivalent aspedcts are intended 1o be within the
scope of this invention.  Indeed, varibus modifications of the invention in addition to
those shown and described herein will become apparent to these skilled in the art from
the foregoing description. Such modifications are also inlended {o fall within the scope
of the appended claims.  In the case of conflict, the present disclosure inchuding
definitions wilt control.
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Claims

What is claimed is:

1. An isolated polypeplide having acelvixvian esterass aclivity, selecied from the
group consisting of.

{@} a polypsphide comprising an amine acid sequence having preferably at
least 80%, move preferably at least 85%, even more preferably at least 0%, and most
prafarably at least 85%, at least G8%, at least 97%. at least S8%, or st laast 88%
jdentity to the mature polypeptide of SEQ 1D NO: 2;

{1} & polypeplide encoded by a polyruclectide that bhybridizes under
preferably at feast high stringency conditions with (i} the malture polypeplide coding
sequence of SEQ 1D NO: 1, {#) the genomic DNA sequence comprising the mature
polypeplide coding sequence of SEQ 1D NO: 1, or (i) a RuiMlength complementary
strand of () or {li};

{c} a polypeptide encoded by a polynuclestide comprising @ nhudlectide
sequence hawing preferably at least 85%, more preferably st least 50%, and most
preferably at least 85%, al least 99%, al least ¥7%, al least 98%, or al lzast 0%
jdentity to the maturs polypeantids coding sequence of SEQ D NO: 1, and

{cdh a variant comprising a substitution, deletion, andfor insertion of one or

more {several} amino acids of the mature polypeptide of SEQ 1D NO: 2.

2 The polepeptitde of claim 1, comprising or consisting of the amino acid sequence
of SEQ D NQ: £ or & fragment thereol having acelyhylan esterase activity.

3 The polypeptide of claim 1, which is encodad by g polynucieotide comprising or
consisting of the nucleotide sequence of SEQ 1D NO: 1 or a subsequence thereof

gncoding a fragment having scetybwylan esterase actvity.

&, The polypeptide of claim 1, which is encoded by the polynudciectide contained in
plasmid pTierAxe2A which is confained in £ colf NRRL B-50067.

g, An isolated polynuclectide comprising a nucleotide sequence that encodes the
polypeptide of any of claims 1.4,

<58 .
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8. A nucleic acid construct comprising the polynuciactide of claim & operably linked
10 ong of mare contral sequences that divect the production of the polypsptide i an
expression host.

o

A recombinant host cell comprising the nucleic acid construct of clam 8.

8 & meathod of producing the polypeptide of any of claims 1-4, comprising: (8}
cultivating a cell, which in its wild-type form produces the polypeptide, under conditions
conducive for production of the polypeptide; snd (b} recovering the polypeptids.

& A method of producing the polypeptide of any of daims 1-4, comprising: (&}
cultivating a host cell comprsing a nucleic acid construct comprising a nuclectide
sequence encoeding the polypeptide under conditions conducive for production of the
polvpepiids; and (D) recovering the polvpentide.

10, A omethod of producing a mutand of 8 parent cell, comprising disrtupting or
deleting a nuclectide sequence encoding the polypeplide of any of claims 14, which
results in the mutant producing less of the polypeplide than the parent cell.

1. A method of producing the polypeplide of any of claims 1-4, comprising: {a)
cultivating a transgenic plant or a plant cell comprising a polynucieotide encoding the
polypeptide under conditions conducive for production of the polypeptide; and (I}
recovering the polypeplids.

12, A fransgenic plant, plant part or plant cell transformed with a polynuclechde
gncoding the polypeptide of any of claims 14

13. A doubla-stranded inhibifory RNA {dsRNA} molaecule comprising & subsequetics
of the polynuciectide of dalm 5§, wherein optionally the dsRMA is an siRNA or an miRNA

molecule,
M. A methed of nhibiting the expression of g polypeptide n a cell, comprising

administennyg o the cell or expressing in the cell the double-stranded RNA {dsRNA}
molecule of clain 18

“ 5O .
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15 A nucleic acid construct comiaing 8 gens encading a protein operably linked o
a nudieotide seguente encoding a signal peptide comprising o consisting of aming
acids 1 1o 18 of SEQ 1D NG 2, wherein the gene is foreign 10 the nicleotide saquence.

18. A recombinant host cell comprising the nucleic acid construct of claim 15

17, A meathod of produding 2 profein, comprising {a) cultivaling the recombinant
haost cell of claim 18 under conditions condugcive for production of the protein; and (b}
recovering the protein.

18 A method for degrading an acetylated xylan, comprising treating a material

comprising an acetylated xylan with a composition comprising an effective amount of

198 The method of claim 18, wherein the composition further comprises one or more

{several) xylan degrading enzymaes.
20. The method of daim 18, wherain the one or more {several) xylan degrading

a xylosidase, and a glicuronidase.

<60 -
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b. format of material
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