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DESCRIPTION

Reference to a Sequence Listing

[0001] This application contains a Sequence Listing in computer readable form.

Background of the Invention

Field of the Invention

[0002] The present invention relates to recombinant Trichoderma host cells producing Aspergillus fumigatus cellulolytic enzyme
compositions and methods of producing and using the compositions.

Description of the Related Art

[0003] Cellulose is a polymer of glucose linked by beta-1,4-bonds. Many microorganisms produce enzymes that hydrolyze beta-
linked glucans. These enzymes include endoglucanases, cellobiohydrolases, and beta-glucosidases. Endoglucanases digest the
cellulose polymer at random locations, opening it to attack by cellobiohydrolases. Cellobiohydrolases sequentially release molecules
of cellobiose from the ends of the cellulose polymer. Cellobiose is a water-soluble beta-1,4-linked dimer of glucose. Beta-glucosidases
hydrolyze cellobiose to glucose.

[0004] The conversion of lignocellulosic feedstocks into ethanol has the advantages of the ready availability of large amounts of
feedstock, the desirability of avoiding burning or land filling the materials, and the cleanliness of the ethanol fuel. Wood, agricultural
residues, herbaceous crops, and municipal solid wastes have been considered as feedstocks for ethanol production. These materials
primarily consist of cellulose, hemicellulose, and lignin. Once the cellulose is converted to glucose, the glucose is easily fermented by
yeast into ethanol.

[0005] One of the most commercially-utilized cellulolytic enzyme systems is that of Trichodenna reesei (teleomorph Hypocrea
jecorina), which secretes endoglucanases that cleave cellulose chains internally, exocellobiohydrolases that degrade cellulose chains
processively from the ends, releasing cellobiose, and beta-glucosidases that hydrolyze cellobiose to glucose. 7. reesei as a
cellulolytic enzyme production system has several advantages such as high yields of secreted proteins, productive under large-scale
fermentation, a very active and well understood base cellulolytic enzyme system, and a sequenced and well annotated genome.
However, disadvantages of the T. reesei cellulolytic enzyme system are that other organisms produce cellulolytic enzymes that are
individually superior; hemicellulose-degrading enzymes are insufficient for hemicellulose-rich substrates, and beta-glucosidases are
limiting under high solids hydrolysis.

[0006] Aspergillus fumigatus reportedly produces several cellulases (Nierman et al., 2005, Nature 438: 1151-1156) . WO
2011/057140 discloses an Aspergillus fumigatus cellobiohydrolase | and gene thereof. WO 2011/057140 discloses an Aspergillus
fumigatus cellobiohydrolase Il and gene thereof. WO 2005/047499 discloses an Aspergillus fumigatus beta-glucosidase and gene
thereof. WO 2010/138754 discloses an Aspergillus fumigatus GH61 polypeptide having cellulolytic enhancing activity and gene
thereof. WO 2011/057140 discloses an Aspergillus fumigatus endoglucanase Il and gene thereof. WO 2006/078256 discloses
Aspergillus fumigatus GH10 xylanases. WO 2011/057140 discloses an Asperqgillus fumigatus beta-xylosidase and gene thereof.

[0007] There is a need in the art for new cellulolytic enzyme systems that can be produced in commercial quantities and can
deconstruct cellulosic material more efficiently.

[0008] The present invention provides recombinant Trichoderma host cells encoding Aspergillus fumigatus cellulolytic enzyme
compositions and methods of producing and using the compaositions.

Summary of the Invention

[0009] The present invention relates to recombinant Trichoderma host cells, comprising polynucleotides encoding (i) an Aspergillus
fumigatus cellobiohydrolase [; (i) an Aspergilius fumigatus cellobiohydrolase I; (i) an Aspergillus fumigatus beta-glucosidase; and (iv)
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an Aspergillus fumigatus GH81 polypeptide having cellulolytic enhancing activity.

[0010] The present invention also relates to methods of producing an enzyme composition, comprising: (a) cultivating a Trichoderma
host cell of the present invention under conditions conducive for production of the enzyme composition; and optionally (b) recovering
the enzyme composition.

[0011] The present invention also relates to enzyme compositions comprising a recovered fermentation broth of a recombinant
Trichoderma host cell of the present invention.

[0012] The present invention also relates to processes for degrading a cellulosic material, comprising: treating the cellulosic material
with an enzyme composition comprising a recovered fermentation broth of the present invention.

[0013] The present invention also relates to processes for producing a fermentation product, comprising: (a) saccharifying a
cellulosic material with an enzyme composition comprising a recovered fermentation broth of the present invention; (b) fermenting the
saccharified cellulosic material with one or more (e.g., several) fermenting microorganisms to produce the fermentation product; and
(c) recovering the fermentation product from the fermentation.

Brief Description of the Figures

[0014]

Figure 1 shows a restriction map of plasmid pJfyS139.
Figure 2 shows a restriction map of plasmid pJfyS142.
Figure 3 shows a restriction map of plasmid pJfyS144.
Figure 4 shows a restriction map of plasmid pAG43.
Figure 5 shows a restriction map of plasmid pSMai214.
Figure 6 shows a restriction map of plasmid pDM287.

Figure 7 shows a comparison of an enzyme composition of a Trichoderma reesei strain expressing an Aspergillus fumigatus
cellobiohydrolase |, A. fumigatus cellobiohydrolase I, A. fumigatus beta-glucosidase, and A. fumigatus GHB61B polypeptide with a
Trichoderma reesei-based cellulase composition or an Aspergillus fumigatus enzyme composition in the hydrolysis of pretreated corn
stover.

Figure 8 shows a comparison of an Aspergillus fumigatus wild-type enzyme composition with a Trichoderma reesei-based cellulase
composition in the hydrolysis of pretreated corn stover.

Definitions

[0015] Acetylxylan esterase: The term "acetylxylan esterase" means a carboxylesterase (EC 3.1.1.72) that catalyzes the hydrolysis
of acetyl groups from polymeric xylan, acetylated xylose, acetylated glucose, alpha-napthyl acetate, and p-nitrophenyl acetate. For
purposes of the present invention, acetylxylan esterase activity is determined using 0.5 mM p-nitrophenylacetate as substrate in 50
mM sodium acetate pH 5.0 containing 0.01% TWEEN™ 20 (polyoxyethylene sorbitan monolaurate). One unit of acetylxylan esterase
is defined as the amount of enzyme capable of releasing 1 ymole of p-nitrophenolate anion per minute at pH 5, 25°C.

[0016] Allelic variant: The term "allelic variant" means any of two or more (e.g., several) alternative forms of a gene occupying the
same chromosomal locus. Allelic variation arises naturally through mutation, and may result in polymorphism within populations. Gene
mutations can be silent (no change in the encoded polypeptide) or may encode polypeptides having altered amino acid sequences.
An allelic variant of a polypeptide is a polypeptide encoded by an allelic variant of a gene.

[0017] Alpha-L-arabinofuranosidase: The term "alpha-L-arabinofurancsidase” means an alpha-L-arabinofuranoside
arabinofuranohydrolase (EC 3.2.1.55) that catalyzes the hydrolysis of terminal non-reducing alpha-L-arabinofuranoside residues in
alpha-L-arabinosides. The enzyme acts on alpha-L-arabinofuranosides, alpha-L-arabinans containing (1,3)- and/or (1,5)-linkages,
arabinoxylans, and arabinogalactans. Alpha-L-arabinofuranosidase is also known as arabinosidase, alpha-arabinosidase, alpha-L-
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arabinosidase, alpha-arabinofuranosidase, polysaccharide alpha-L-arabinofuranosidase, alpha-L-arabinofuranoside hydrolase, L-
arabinosidase, or alpha-L-arabinanase. For purposes of the present invention, alpha-L-arabinofuranosidase activity is determined
using 5 mg of medium viscosity wheat arabinoxylan (Megazyme International Ireland, Ltd., Bray, Co. Wicklow, Ireland) per ml of 100
mM sodium acetate pH 5 in a total volume of 200 pl for 30 minutes at 40°C followed by arabinose analysis by AMINEX® HPX-87H
column chromatography (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

[0018] Alpha-glucuronidase: The term "alpha-glucuronidase” means an alpha-D-glucosiduronate glucuronohydrolase (EC
3.2.1.139) that catalyzes the hydrolysis of an alpha-D-glucuronoside to D-glucuronate and an alcohol. For purposes of the present
invention, alpha-glucuronidase activity is determined according to de Vries, 1998, J. Bacteriol. 180: 243-249. One unit of alpha-
glucuronidase equals the amount of enzyme capable of releasing 1 pmole of glucuronic or 4-0-methylglucuronic acid per minute at pH
5,40°C.

[0019] Aspartic protease: The term "aspartic protease” means a protease that uses an aspartate residue(s) for catalyzing the
hydrolysis of peptide bonds in peptides and proteins. Aspartic proteases are a family of protease enzymes that use an aspartate
residue for catalytic hydrolysis of their peptide substrates. In general, they have two highly-conserved aspartates in the active site and
are optimally active at acidic pH (Szecsi, 1992, Scand. J. Clin. Lab. In vest. Suppl. 210: 5-22). For purposes of the present invention,
aspartic protease activity is determined according to the procedure described by Aikawa et al., 2001, J. Biochem. 129: 791-794.

[0020] Beta-glucosidase: The term "beta-glucosidase" means a beta-D-glucoside glucohydrolase (E.C. 3.2.1.21) that catalyzes the
hydrolysis of terminal non-reducing beta-D-glucose residues with the release of beta-D-glucose. For purposes of the present
invention, beta-glucosidase activity is determined using p-nitrophenyl-beta-D-glucopyranoside as substrate according to the
procedure of Venturi et al., 2002, Extracellular beta-D-glucosidase from Chaetomium thermophilum var. coprophilum: production,
purification and some biochemical properties, J. Basic Microbiol. 42: 55-66. One unit of beta-glucosidase is defined as 1.0 ymole of p-
nitrophenolate anion produced per minute at 25°C, pH 4.8 from 1 mM p-nitrophenyl-beta-D-glucopyranoside as substrate in 50 mM
sodium citrate containing 0.01% TWEEN® 20 (polyoxyethylene sorbitan monolaurate).

[0021] Beta-xylosidase: The term "beta-xylosidase" means a beta-D-xyloside xylohydrolase (E.C. 3.2.1.37) that catalyzes the exo-
hydrolysis of short beta (1—4)-xylooligosaccharides to remove successive D-xylose residues from non-reducing termini. For purposes
of the present invention, one unit of beta-xylosidase is defined as 1.0 ymole of p-nitrophenolate anion produced per minute at 40°C,
pH5 from 1 mM p-nitrophenyl-beta-D-xyloside as substrate in 100 mM sodium citrate containing 0.01% TWEEN® 20.

[0022] cDNA: The term "cDNA" means a DNA molecule that can be prepared by reverse transcription from a mature, spliced, mRNA
molecule obtained from a eukaryotic or prokaryotic cell. cDNA lacks intron sequences that may be present in the corresponding
genomic DNA. The initial, primary RNA transcript is a precursor to mRNA that is processed through a series of steps, including
splicing, before appearing as mature spliced mRNA.

[0023] Cellobiohydrolase: The term "cellobiohydrolase" means a 1,4-beta-D-glucan cellobiohydrolase (E.C. 3.2.1.91 and E.C.
3.2.1.176) that catalyzes the hydrolysis of 1,4-beta-D-glucosidic linkages in cellulose, cellooligosaccharides, or any beta-1,4-linked
glucose containing polymer, releasing cellobiose from the reducing or non-reducing ends of the chain (Teeri, 1997, Crystalline
cellulose degradation: New insight into the function of cellobiohydrolases, Trends in Biotechnology 15: 160-167; Teeri et al., 1998,
Trichoderma reesei cellobiohydrolases: why so efficient on crystaline cellulose?, Biochem. Soc. Trans. 26: 173-178).
Cellobiohydrolase activity is determined according to the procedures described by Lever et al., 1972, Anal. Biochem. 47: 273-279;
van Tilbeurgh et al., 1982, FEBS Letters, 149: 152-156; van Tilbeurgh and Claeyssens, 1985, FEBS Letters, 187: 283-288; and
Tomme et al., 1988, Eur. J. Biochem. 170: 575-581. In the present invention, the Tomme et al. method can be used to determine
cellobiohydrolase activity.

[0024] Cellulolytic enzyme or cellulase: The term "cellulolytic enzyme" or "cellulase" means one or more (e.g., several) enzymes
that hydrolyze a cellulosic material. Such enzymes include endoglucanase(s), cellobiohydrolase(s), beta-glucosidase(s), or
combinations thereof. The two basic approaches for measuring cellulolytic activity include: (1) measuring the total cellulolytic activity,
and (2) measuring the individual cellulolytic activities (endoglucanases, cellobiohydrolases, and beta-glucosidases) as reviewed in
Zhang et al.,, Outlook for cellulase improvement: Screening and selection strategies, 2006, Biotechnology Advances 24: 452-481.
Total cellulolytic activity is usually measured using insoluble substrates, including Whatman N°1 filter paper, microcrystalline cellulose,
bacterial cellulose, algal cellulose, cotton, pretreated lignocellulose, etc. The most common total cellulolytic activity assay is the filter
paper assay using Whatman N°1 filter paper as the substrate. The assay was established by the International Union of Pure and
Applied Chemistry (IUPAC) (Ghose, 1987, Measurement of cellulase activities, Pure Appl. Chem. 59: 257-68).

[0025] For purposes of the present invention, cellulolytic enzyme activity is determined by measuring the increase in hydrolysis of a
cellulosic material by cellulolytic enzyme(s) under the following conditions: 1-50 mg of cellulolytic enzyme protein/g of cellulose in PCS
(or other pretreated cellulosic material) for 3-7 days at a suitable temperature, e.g., 50°C, 55°C, or 60°C, compared to a control
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hydrolysis without addition of cellulolytic enzyme protein. Typical conditions are 1 ml reactions, washed or unwashed PCS, 5%
insoluble solids, 50 mM sodium acetate pH 5, 1 mM MnSO4, 50°C, 55°C, or 60°C, 72 hours, sugar analysis by AMINEX® HPX-87H

column (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

[0026] Cellulosic material: The term "cellulosic material" means any material containing cellulose. The predominant polysaccharide
in the primary cell wall of biomass is cellulose, the second most abundant is hemicellulose, and the third is pectin. The secondary cell
wall, produced after the cell has stopped growing, also contains polysaccharides and is strengthened by polymeric lignin covalently
cross-linked to hemicellulose. Cellulose is a homopolymer of anhydrocellobiose and thus a linear beta-(1-4)-D-glucan, while
hemicelluloses include a variety of compounds, such as xylans, xyloglucans, arabinoxylans, and mannans in complex branched
structures with a spectrum of substituents. Although generally polymorphous, cellulose is found in plant tissue primarily as an
insoluble crystalline matrix of parallel glucan chains. Hemicelluloses usually hydrogen bond to cellulose, as well as to other
hemicelluloses, which help stabilize the cell wall matrix.

[0027] Cellulose is generally found, for example, in the stems, leaves, hulls, husks, and cobs of plants or leaves, branches, and wood
of trees. The cellulosic material can be, but is not limited to, agricultural residue, herbaceous material (including energy crops),
municipal solid waste, pulp and paper mill residue, waste paper, and wood (including forestry residue) (see, for example, Wiselogel et
al,, 1995, in Handbook on Bioethanol (Charles E. Wyman, editor), pp.105-118, Taylor & Francis, Washington D.C .; Wyman, 1994,
Bioresource Technology 50: 3-16; Lynd, 1990, Applied Biochemistry and Biotechnology 24/25: 695-719; Mosier et al., 1999, Recent
Progress in Bioconversion of Lignocellulosics, in Advances in Biochemical Engineering/Biotechnology, T. Scheper, managing editor,
Volume 85, pp.23-40, Springer-Verlag, New York ). It is understood herein that the cellulose may be in the form of lignocellulose, a
plant cell wall material containing lignin, cellulose, and hemicellulose in a mixed matrix. In a preferred aspect, the cellulosic material is
any biomass material. In another preferred aspect, the cellulosic material is lignocellulose, which comprises cellulose, hemicelluloses,
and lignin.

[0028] In one aspect, the cellulosic material is agricultural residue. In another aspect, the cellulosic material is herbaceous material
(including energy crops). In another aspect, the cellulosic material is municipal solid waste. In another aspect, the cellulosic material is
pulp and paper mill residue. In another aspect, the cellulosic material is waste paper. In another aspect, the cellulosic material is wood
(including forestry residue).

[0029] In another aspect, the cellulosic material is arundo. In another aspect, the cellulosic material is bagasse. In another aspect,
the cellulosic material is bamboo. In another aspect, the cellulosic material is corn cob. In another aspect, the cellulosic material is
corn fiber. In another aspect, the cellulosic material is corn stover. In another aspect, the cellulosic material is miscanthus. In another
aspect, the cellulosic material is orange peel. In another aspect, the cellulosic material is rice straw. In another aspect, the cellulosic
material is switchgrass. In another aspect, the cellulosic material is wheat straw.

[0030] In another aspect, the cellulosic material is aspen. In another aspect, the cellulosic material is eucalyptus. In another aspect,
the cellulosic material is fir. In another aspect, the cellulosic material is pine. In another aspect, the cellulosic material is poplar. In
another aspect, the cellulosic material is spruce. In another aspect, the cellulosic material is willow.

[0031] In another aspect, the cellulosic material is algal cellulose. In another aspect, the cellulosic material is bacterial cellulose. In
another aspect, the cellulosic material is cotton linter. In another aspect, the cellulosic material is filter paper. In another aspect, the
cellulosic material is microcrystalline cellulose. In another aspect, the cellulosic material is phosphoric-acid treated cellulose.

[0032] In another aspect, the cellulosic material is an aquatic biomass. As used herein the term "aquatic biomass" means biomass
produced in an aquatic environment by a photosynthesis process. The aquatic biomass can be algae, emergent plants, floating-leaf
plants, or submerged plants.

[0033] The cellulosic material may be used as is or may be subjected to pretreatment, using conventional methods known in the art,
as described herein. In a preferred aspect, the cellulosic material is pretreated.

[0034] Coding sequence: The term "coding sequence” means a polynucleotide, which directly specifies the amino acid sequence of
a polypeptide. The boundaries of the coding sequence are generally determined by an open reading frame, which begins with a start
codon such as ATG, GTG, or TTG and ends with a stop codon such as TAA, TAG, or TGA. The coding sequence may be a genomic
DNA, cDNA, synthetic DNA, or a combination thereof.

[0035] Control sequences: The term "control sequences" means nucleic acid sequences nhecessary for expression of a
polynucleotide encoding a polypeptide. Each control sequence may be native (i.e., from the same gene) or foreign (i.e., from a
different gene) to the polynucleotide encoding the polypeptide or native or foreign to each other. Such control sequences include, but
are not limited to, a leader, polyadenylation sequence, propeptide sequence, promoter, signal peptide sequence, and transcription
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terminator. At a minimum, the control sequences include a promoter, and transcriptional and translational stop signals. The control
sequences may be provided with linkers for the purpose of introducing specific restriction sites facilitating ligation of the control
sequences with the coding region of the polynucleotide encoding a polypeptide.

[0036] Endoglucanase: The term "endoglucanase" means an endo-1,4-(1,3;1,4)-beta-D-glucan 4-glucanohydrolase (E.C. 3.2.1.4)
that catalyzes endohydrolysis of 1,4-beta-D-glycosidic linkages in cellulose, cellulose derivatives (such as carboxymethyl cellulose and
hydroxyethyl cellulose), lichenin, beta-1,4 bonds in mixed beta-1,3 glucans such as cereal beta-D-glucans or xyloglucans, and other
plant material containing cellulosic components. Endoglucanase activity can be determined by measuring reduction in substrate
viscosity or increase in reducing ends determined by a reducing sugar assay (Zhang et al., 2006, Biotechnology Advances 24: 452-
481). For purposes of the present invention, endoglucanase activity is determined using carboxymethyl cellulose (CMC) as substrate
according to the procedure of Ghose, 1987, Pure and Appl. Chem. 59: 257-268, at pH 5, 40°C.

[0037] Expression: The term "expression” includes any step involved in the production of a polypeptide including, but not limited to,
transcription, post-transcriptional modification, translation, post-translational modification, and secretion.

[0038] Expression vector: The term "expression vector" means a linear or circular DNA molecule that comprises a polynucleotide
encoding a polypeptide and is operably linked to control sequences that provide for its expression.

[0039] Family 61 glycoside hydrolase: The term "Family 61 glycoside hydrolase" or "Family GH61" or "GH61" means a polypeptide
falling into the glycoside hydrolase Family 61 according to Henrissat B., 1991, A classification of glycosyl hydrolases based on amino-
acid sequence similarities, Biochem. J. 280: 309-316, and Henrissat B., and Bairoch A., 1996, Updating the sequence-based
classification of glycosyl hydrolases, Biochem. J. 316: 695-696. The enzymes in this family were originally classified as a glycoside
hydrolase family based on measurement of very weak endo-1,4-beta-D-glucanase activity in one family member. The structure and
mode of action of these enzymes are non-canonical and they cannot be considered as bona fide glycosidases. However, they are
kept in the CAZy classification on the basis of their capacity to enhance the breakdown of lignocellulose when used in conjunction with
a cellulase or a mixture of cellulases.

[0040] Feruloyl esterase: The term "feruloyl esterase” means a 4-hydroxy-3-methoxycinnamoyl-sugar hydrolase (EC 3.1.1.73) that
catalyzes the hydrolysis of 4-hydroxy-3-methoxycinnamoyl (feruloyl) groups from esterified sugar, which is usually arabinose in natural
biomass substrates, to produce ferulate (4-hydroxy-3-methoxycinnamate). Feruloyl esterase is also known as ferulic acid esterase,
hydroxycinnamoyl esterase, FAE-ll, cinnamoyl ester hydrolase, FAEA, cinnAE, FAE-l, or FAE-Il. For purposes of the present
invention, feruloyl esterase activity is determined using 0.5 mM p-nitrophenylferulate as substrate in 50 mM sodium acetate pH 5.0.
One unit of feruloyl esterase equals the amount of enzyme capable of releasing 1 pmole of p-nitrophenolate anion per minute at pH 5,
25°C.

[0041] Flanking: The term "flanking" means DNA sequences extending on either side of a specific DNA sequence, locus, or gene.
The flanking DNA is immediately adjacent to another DNA sequence, locus, or gene that is to be integrated into the genome of a
filamentous fungal cell.

[0042] Fragment: The term "fragment" means a polypeptide having one or more (e.g., several) amino acids absent from the amino
and/or carboxyl terminus of a mature polypeptide main; wherein the fragment has enzyme activity. In one aspect, a fragment contains
at least 85%, e.g., at least 90% or at least 95% of the amino acid residues of the mature polypeptide of an enzyme.

[0043] Hemicellulolytic enzyme or hemicellulase: The term "hemicellulolytic enzyme" or "hemicellulase" means one or more (e.g.,
several) enzymes that hydrolyze a hemicellulosic material. See, for example, Shallom, D. and Shoham, Y. Microbial hemicellulases.
Current Opinion In Microbiology, 2003, 6(3): 219-228). Hemicellulases are key components in the degradation of plant biomass.
Examples of hemicellulases include, but are not limited to, an acetylmannan esterase, an acetylxylan esterase, an arabinanase, an
arabinofuranosidase, a coumaric acid esterase, a feruloyl esterase, a galactosidase, a glucuronidase, a glucuronoyl esterase, a
mannanase, a mannosidase, a xylanase, and a xylosidase. The substrates of these enzymes, the hemicelluloses, are a
heterogeneous group of branched and linear polysaccharides that are bound via hydrogen bonds to the cellulose microfibrils in the
plant cell wall, crosslinking them into a robust network. Hemicelluloses are also covalently attached to lignin, forming together with
cellulose a highly complex structure. The variable structure and organization of hemicelluloses require the concerted action of many
enzymes for its complete degradation. The catalytic modules of hemicellulases are either glycoside hydrolases (GHs) that hydrolyze
glycosidic bonds, or carbohydrate esterases (CEs), which hydrolyze ester linkages of acetate or ferulic acid side groups. These
catalytic modules, based on homology of their primary sequence, can be assigned into GH and CE families. Some families, with an
overall similar fold, can be further grouped into clans, marked alphabetically (e.g., GH-A). A most informative and updated
classification of these and other carbohydrate active enzymes is available in the Carbohydrate-Active Enzymes (CAZy) database.
Hemicellulolytic enzyme activities can be measured according to Ghose and Bisaria, 1987, Pure & Appl. Chem. 59: 1739-1752, at a
suitable temperature, e.g., 50°C, 55°C, or 60°C, and pH, e.g., 5.0 or 5.5.
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[0044] High stringency conditions: The term "high stringency conditions" means for probes of at least 100 nucleotides in length,
prehybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS, 200 micrograms/ml sheared and denatured salmon sperm DNA,
and 50% formamide, following standard Southern blotting procedures for 12 to 24 hours. The carrier material is finally washed three
times each for 15 minutes using 2X SSC, 0.2% SDS at 65°C.

[0045] Homologous 3' or 5' region: The term "homologous 3' region" means a fragment of DNA that is identical in sequence or has
a sequence identity of at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% to a region in the genome and when combined with a homologous
5' region can farget integration of a piece of DNA to a specific site in the genome by homologous recombination. The term
"homologous 5' region" means a fragment of DNA that is identical in sequence to a region in the genome and when combined with a
homologous 3' region can target integration of a piece of DNA to a specific site in the genome by homologous recombination. The
homologous 5' and 3' regions must be linked in the genome which means they are on the same chromosome and within at least 200
kb of one another.

[0046] Homologous flanking region: The term "homologous flanking region" means a fragment of DNA that is identical or has a
sequence identity of at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% to a region in the genome and is located immediately upstream or
downstream of a specific site in the genome into which extracellular DNA is targeted for integration.

[0047] Homologous repeat: The term "homologous repeat” means a fragment of DNA that is repeated at least twice in the
recombinant DNA introduced into a host cell and which can facilitate the loss of the DNA i.e., selectable marker that is inserted
between two homologous repeats, by homologous recombination. A homologous repeat is also known as a direct repeat.

[0048] Host cell: The term "host cell" means any cell type that is susceptible to transformation, transfection, transduction, or the like
with a nucleic acid construct or expression vector comprising a polynucleotide encoding a polypeptide. The term "host cell"
encompasses any progeny of a parent cell that is not identical to the parent cell due to mutations that occur during replication.

[0049] Isolated: The term "isolated" means a substance in a form or environment that does not occur in nature. Non-limiting
examples of isolated substances include (1) any non-naturally occurring substance, (2) any substance including, but not limited to,
any enzyme, variant, nucleic acid, protein, peptide or cofactor, that is at least partially removed from one or maore or all of the naturally
occurring constituents with which it is associated in nature; (3) any substance modified by the hand of man relative to that substance
found in nature; or (4) any substance modified by increasing the amount of the substance relative to other components with which it is
naturally associated (e.g., recombinant production in a host cell; multiple copies of a gene encoding the substance; and use of a
stronger promoter than the promoter naturally associated with the gene encoding the substance).

[0050] Low stringency conditions: The term "low stringency conditions" means for probes of at least 100 nucleotides in length,
prehybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS, 200 micrograms/ml sheared and denatured salmon sperm DNA,
and 25% formamide, following standard Southern blotting procedures for 12 to 24 hours. The carrier material is finally washed three
times each for 15 minutes using 2X SSC, 0.2% SDS at 50°C.

[0051] Mature polypeptide: The term "mature polypeptide" means a polypeptide in its final form following translation and any post-
translational modifications, such as N-terminal processing, C-terminal truncation, glycosylation, phosphorylation, etc. In one aspect,
the mature polypeptide of an A. fumigatus cellobiohydrolase |is amino acids 27 to 532 of SEQ ID NO: 2 based on the SignalP program
(Nielsen et al., 1997, Protein Engineering 10: 1-8) that predicts amino acids 1 to 26 of SEQ ID NO: 2 are a signal peptide. In another
aspect, the mature polypeptide of an A. fumigatus cellobiohydrolase Il is amino acids 20 to 454 of SEQ ID NO: 4 based on the SignalP
program that predicts amino acids 1 to 19 of SEQ ID NO: 4 are a signal peptide. In another aspect, the mature polypeptide of an A.
fumigatus beta-glucosidase is amino acids 20 to 863 of SEQ ID NO: 6 based on the SignalP program that predicts amino acids 1 to 19
of SEQ ID NO: 6 are a signal peptide. In another aspect, the mature polypeptide of an A. fumigatus GH81 polypeptide is amino acids
22 to 250 of SEQ ID NO: 8 based on the SignalP program that predicts amino acids 1 to 21 of SEQ ID NO: 8 are a signal peptide. In
another aspect, the mature polypeptide of an A. fumigatus endoglucanase | is amino acids 19 to 407 of SEQ ID NO: 10 based on the
SignalP program that predicts amino acids 1 to 18 of SEQ ID NO: 10 are a signal peptide. In another aspect, the mature polypeptide
of an A fumigatus endoglucanase Il is amino acids 19 to 329 of SEQ ID NO: 12 based on the SignalP program that predicts amino
acids 1 to 18 of SEQ ID NO: 12 are a signal peptide. In another aspect, the mature polypeptide of an A. fumigatus xylanase | is amino
acids 18 to 364 of SEQ ID NO: 14 based on the SignalP program that predicts amino acids 1 to 17 of SEQ ID NO: 14 are a signal
peptide. In another aspect, the mature polypeptide of an A. fumigatus xylanase Il is amino acids 20 to 323 of SEQ ID NO: 16 based on
the SignalP program that predicts amino acids 1 to 19 of SEQ ID NO: 16 are a signal peptide. In another aspect, the mature
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polypeptide of an A. fumigatus xylanase Il is amino acids 20 to 397 of SEQ ID NO: 18 based on the SignalP program that predicts
amino acids 1 to 19 of SEQ ID NO: 18 are a signal peptide. In another aspect, the mature polypeptide of an A. fumigatus beta-
xylosidase is amino acids 21 to 792 of SEQ ID NO: 20 based on the SignalP program that predicts amino acids 1 to 20 of SEQ ID NO:
20 are a signal peptide. In ancther aspect, the mature polypeptide of an A. fumigatus swollenin is amino acids 18 to 470 of SEQ ID
NO: 22 based on the SignalP program that predicts amino acids 1 to 17 of SEQ ID NO: 22 are a signal peptide.

[0052] In another aspect, the mature polypeptide of a T. reesei cellobiohydrolase | is amino acids 18 to 514 of SEQ ID NO: 24 based
on the SignalP program that predicts amino acids 1 to 17 of SEQ ID NO: 24 are a signal peptide. In another aspect, the mature
polypeptide of a 7. reesei cellobiohydrolase Il is amino acids 19 to 471 of SEQ ID NO: 26 based on the SignalP program that predicts
amino acids 1 to 18 of SEQ ID NO: 26 are a signal peptide. In another aspect, the mature polypeptide of a 7. reesei beta-glucosidase
is amino acids 20 to 744 of SEQ ID NO: 28 based on the SignalP program that predicts amino acids 1 to 19 of SEQ ID NO: 28 are a
signal peptide. In another aspect, the mature polypeptide of a T. reesei endoglucanase | is amino acids 23 to 459 of SEQ ID NO: 30
based on the SignalP program that predicts amino acids 1 to 22 of SEQ ID NO: 30 are a signal peptide. In another aspect, the mature
polypeptide of a T. reesei endoglucanase Il is amino acids 22 to 418 of SEQ ID NO: 32 based on the SignalP program that predicts
amino acids 1 to 21 of SEQ ID NO: 32 are a signal peptide. In another aspect, the mature polypeptide of a 7. reesei xylanase | is
amino acids 20 to 229 of SEQ ID NO: 34 based on the SignalP program that predicts amino acids 1 to 19 of SEQ ID NO: 34 are a
signal peptide. In another aspect, the mature polypeptide of a 7. reesei xylanase Il is amino acids 20 to 223 of SEQ ID NO: 36 based
on the SignalP program that predicts amino acids 1 to 19 of SEQ ID NO: 36 are a signal peptide. In another aspect, the mature
polypeptide of a T. reesei xylanase lll is amino acids 17 to 347 of SEQ ID NO: 38 based on the SignalP program that predicts amino
acids 1 to 16 of SEQ ID NO: 38 are a signal peptide. In another aspect, the mature polypeptide of a T. reesei beta-xylosidase is amino
acids 21 to 797 of SEQ ID NO: 40 based on the SignalP program that predicts amino acids 1 to 20 of SEQ ID NO: 40 are a signal
peptide. In another aspect, the mature polypeptide of a T. reesei swollenin is amino acids 19 to 493 of SEQ ID NO: 42 based on the
SignalP program that predicts amino acids 1 to 18 of SEQ ID NO: 42 are a signal peptide. It is known in the art that a host cell may
produce a mixture of two of more different mature polypeptides (i.e., with a different C-terminal and/or N-terminal amino acid)
expressed by the same polynucleotide.

[0053] Mature polypeptide coding sequence: The term "mature polypeptide coding sequence" means a polynucleotide that
encodes a mature polypeptide having enzyme activity. In one aspect, the mature polypeptide coding sequence of an A. fumigatus
cellobiohydrolase | is nucleotides 79 to 1596 of SEQ ID NO: 1 or the cDNA sequence thereof based on the SignalP program (Nielsen
et al, 1997, supra) that predicts nucleotides 1 to 78 of SEQ ID NO: 1 encode a signal peptide. In another aspect, the mature
polypeptide coding sequence of an A. fumigatus cellobiohydrolase Il is nucleotides 58 to 1700 of SEQ ID NO: 3 or the cDNA sequence
thereof based on the SignalP program that predicts nucleotides 1 to 57 of SEQ ID NO: 3 encode a signal peptide. In another aspect,
the mature polypeptide coding sequence of an A. fumigatus beta-glucosidase is nucleotides 58 to 2580 of SEQ ID NO: 5 or the cDNA
sequence thereof based on the SignalP program that predicts nucleotides 1 to 57 of SEQ ID NO: 5 encode a signal peptide. In
another aspect, the mature polypeptide coding sequence of an A. fumigatus GH61 polypeptide is nucleotides 64 to 859 of SEQ ID NO:
7 or the cDNA sequence thereof based on the SignalP program that predicts nucleotides 1 to 63 of SEQ ID NO: 7 encode a signal
peptide. In another aspect, the mature polypeptide coding sequence of an A. fumigatus endoglucanase | is nucleotides 55 to 1221 of
SEQ ID NO: 9 or the cDNA sequence thereof based on the SignalP program that predicts nucleotides 1 to 54 of SEQ ID NO: 9 encode
a signal peptide. In another aspect, the mature polypeptide coding sequence of an A. fumigatus endoglucanase Il is nucleotides 55 to
1248 of SEQ ID NO: 11 or the cDNA sequence thereof based on the SignalP program that predicts nucleotides 1 to 54 of SEQ ID NO:
11 encode a signal peptide. In another aspect, the mature polypeptide coding sequence of an A. fumigatus xylanase | is nucleotides
52 to 1145 of SEQ ID NO: 13 or the cDNA sequence thereof based on the SignalP program that predicts nucleotides 1 to 51 of SEQ
ID NO: 13 encode a signal peptide. In another aspect, the mature polypeptide coding sequence of an A. fumigatus xylanase Il is
nucleotides 58 to 1400 of SEQ ID NO: 15 or the cDNA sequence thereof based on the SignalP program that predicts nucleotides 1 to
57 of SEQ ID NO: 15 encode a signal peptide. In another aspect, the mature polypeptide coding sequence of an A. fumigatus
xylanase lll is nucleotides 107 to 1415 of SEQ ID NO: 17 or the cDNA sequence thereof based on the SignalP program that predicts
nucleotides 1 to 106 of SEQ ID NO: 17 encode a signal peptide. In another aspect, the mature polypeptide coding sequence of an A.
fumigatus beta-xylosidase is nucleotides 61 to 2373 of SEQ ID NO: 19 or the cDNA sequence thereof based on the SignalP program
that predicts nucleotides 1 to 60 of SEQ ID NO: 19 encode a signal peptide. In another aspect, the mature polypeptide coding
sequence of an A. fumigatus swollenin is nucleotides 52 to 1657 of SEQ ID NO: 21 or the cDNA sequence thereof based on the
SignalP program that predicts nucleotides 1 to 51 of SEQ ID NO: 21 encode a signal peptide.

[0054] In another aspect, the mature polypeptide coding sequence of a T. reesei cellobiohydrolase | is nucleotides 52 to 1545 of
SEQ ID NO: 23 or the cDNA sequence thereof based on the SignalP program that predicts nucleotides 1 to 51 of SEQ ID NO: 23
encode a signal peptide. In another aspect, the mature polypeptide coding sequence of a T. reesei cellobiohydrolase Il is nucleotides
55 to 1608 of SEQ ID NO: 25 or the cDNA sequence thereof based on the SignalP program that predicts nuclectides 1 to 54 of SEQ
ID NO: 25 encode a signal peptide. In another aspect, the mature polypeptide coding sequence of a T. reesei beta-glucosidase is
nucleotides 58 to 2612 of SEQ ID NO: 27 or the cDNA sequence thereof based on the SignalP program that predicts nucleotides 1 to
57 of SEQ ID NO: 27 encode a signal peptide. In another aspect, the mature polypeptide coding sequence of a 7. reesei
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endoglucanase | is nucleotides 67 to 1374 of SEQ ID NO: 29 or the cDNA sequence thereof based on the SignalP program that
predicts nucleotides 1 to 66 of SEQ ID NO: 29 encode a signal peptide. In another aspect, the mature polypeptide coding sequence of
a T. reesei endoglucanase Il is nucleotides 64 to 1254 of SEQ ID NO: 31 or the cDNA sequence thereof based on the SignalP
program that predicts nucleotides 1 to 63 of SEQ ID NO: 31 encode a signal peptide. In another aspect, the mature polypeptide
coding sequence of a T. reesei xylanase | is nucleotides 58 to 749 of SEQ ID NO: 33 or the cDNA sequence thereof based on the
SignalP program that predicts nucleotides 1 to 57 of SEQ ID NO: 33 encode a signal peptide. In another aspect, the mature
polypeptide coding sequence of a 7. reesei xylanase Il is nucleotides 58 to 778 of SEQ ID NO: 35 or the cDNA sequence thereof
based on the SignalP program that predicts nucleotides 1 to 57 of SEQ ID NO: 35 encode a signal peptide. In another aspect, the
mature polypeptide coding sequence of a T. reesei xylanase lIl is nucleotides 49 to 1349 of SEQ ID NO: 37 or the cDNA sequence
thereof based on the SignalP program that predicts nucleotides 1 to 48 of SEQ ID NO: 37 encode a signal peptide. In another aspect,
the mature polypeptide coding sequence of a T. reesei beta-xylosidase is nucleotides 61 to 2391 of SEQ ID NO: 39 or the cDNA
sequence thereof based on the SignalP program that predicts nucleotides 1 to 60 of SEQ ID NO: 39 encode a signal peptide. In
another aspect, the mature polypeptide coding sequence of a T. reesei swollenin is hucleotides 55 to 2776 of SEQ ID NO: 41 or the
cDNA sequence thereof based on the SignalP program that predicts nucleotides 1 to 54 of SEQ ID NO: 41 encode a signal peptide.

[0055] Medium stringency conditions: The term "medium stringency conditions" means for probes of at least 100 nucleotides in
length, prehybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS, 200 micrograms/ml sheared and denatured salmon sperm
DNA, and 35% formamide, following standard Southern blotting procedures for 12 to 24 hours. The carrier material is finally washed
three times each for 15 minutes using 2X SSC, 0.2% SDS at 55°C.

[0056] Medium-high stringency conditions: The term "medium-high stringency conditions” means for probes of at least 100
nucleotides in length, prehybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS, 200 micrograms/ml sheared and denatured
salmon sperm DNA, and 35% formamide, following standard Southern blotting procedures for 12 to 24 hours. The carrier material is
finally washed three times each for 15 minutes using 2XSSC, 0.2% SDS at 60°C.

[0057] Nucleic acid construct: The term "nucleic acid construct' means a nucleic acid molecule, either single- or double-stranded,
which is isolated from a naturally occurring gene or is modified to contain segments of nucleic acids in a manner that would not
otherwise exst in nature or which is synthetic, which comprises one or more (e.g., several) control sequences.

[0058] Operably linked: The term "operably linked" means a configuration in which a control sequence is placed at an appropriate
position relative to the coding sequence of a polynucleotide such that the control sequence directs expression of the coding
sequence.

[0059] Polypeptide having cellulolytic enhancing activity: The term "polypeptide having cellulolytic enhancing activity" means a
GH61 polypeptide that catalyzes the enhancement of the hydrolysis of a cellulosic material by enzyme having cellulolytic activity. For
purposes of the present invention, cellulolytic enhancing activity is determined by measuring the increase in reducing sugars or the
increase of the total of cellobiose and glucose from the hydrolysis of a cellulosic material by cellulolytic enzyme under the following
conditions: 1-50 mg of total protein/g of cellulose in PCS, wherein total protein is comprised of 50-99.5% w/w cellulolytic enzyme
protein and 0.5-50% wiw protein of a GH61 polypeptide having cellulolytic enhancing activity for 1-7 days at a suitable temperature,
e.g., 50°C, 55°C, or 60°C, and pH, e.g., 5.0 or 5.5, compared to a control hydrolysis with equal total protein loading without cellulolytic
enhancing activity (1-50 mg of cellulolytic protein/g of cellulose in PCS). In a preferred aspect, a mixture of CELLUCLAST® 1.5L
(Novozymes A/S, Bagsvaerd, Denmark) in the presence of 2-3% of total protein weight Aspergillus oryzae beta-glucosidase
(recombinantly produced in Aspergilfus oryzae according to WO 02/095014) or 2-3% of total protein weight Aspergillus fumigatus
beta-glucosidase (recombinantly produced in Aspergillus oryzae as described in WO 2002/095014) of cellulase protein loading is
used as the source of the cellulolytic activity.

[0060] The GH61 polypeptides having cellulolytic enhancing activity enhance the hydrolysis of a cellulosic material catalyzed by
enzyme having cellulolytic activity by reducing the amount of cellulolytic enzyme required to reach the same degree of hydrolysis
preferably at least 1.01-fold, e.g., at least 1.05-fold, at least 1.10-fold, at least 1.25-fold, at least 1.5-fold, at least 2-fold, at least 3-
fold, at least 4-fold, at least 5-fold, at least 10-fold, or at least 20-fold.

[0061] Pretreated corn stover: The term "PCS" or "Pretreated Corn Stover" means a cellulosic material derived from corn stover
by treatment with heat and dilute sulfuric acid, alkaline pretreatment, or neutral pretreatment.

[0062] Sequence identity: The relatedness between two amino acid sequences or between two nucleotide sequences is described
by the parameter "sequence identity".

[0063] For purposes of the present invention, the sequence identity between two amino acid sequences is determined using the
Needleman-Wunsch algorithm (Needleman and Wunsch, 1970, J. Mol. Biol. 48: 443-453) as implemented in the Needle program of
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the EMBOSS package (EMBOSS: The European Molecular Biology Open Software Suite, Rice et al., 2000, Trends Genet. 16: 276-
277), preferably version 5.0.0 or later. The parameters used are gap open penalty of 10, gap extension penalty of 0.5, and the
EBLOSUM62 (EMBOSS version of BLOSUMB2) substitution matrix. The output of Needle labeled "longest identity" (obtained using the
-nobrief option) is used as the percent identity and is calculated as follows:

(Identical Residues x 100)/(Length of Alignment — Total Number of Gaps in Alignment)

[0064] For purposes of the present invention, the sequence identity between two deoxyribonucleotide sequences is determined using
the Needleman-Wunsch algorithm (Needleman and Wunsch, 1970, supra) as implemented in the Needle program of the EMBOSS
package (EMBOSS: The European Molecular Biology Open Software Suite, Rice et al., 2000, supra), preferably version 5.0.0 or later.
The parameters used are gap open penalty of 10, gap extension penalty of 0.5, and the EDNAFULL (EMBOSS version of NCBI
NUC4.4) substitution matrix. The output of Needle labeled "longest identity" (obtained using the -nobrief option) is used as the percent
identity and is calculated as follows:
(ldentical Deoxyribonucleotides x 100)(Length of Alignment — Total Number of Gaps in
Alignment)

[0065] Subsequence: The term "subsequence" means a polynucleotide having one or more (e.g., several) nucleotides absent from
the 5' and/or 3' end of a mature polypeptide coding sequence; wherein the subsequence encodes a fragment having enzyme activity.
In one aspect, a subsequence contains at least 85%, e.g., at least 90% or at least 95% of the nucleotides of the mature polypeptide
coding sequence of an enzyme.

[0066] Subtilisin-like serine protease: The term "subtilisin-like serine protease" means a protease with a substrate specificity
similar to subtilisin that uses a serine residue for catalyzing the hydrolysis of peptide bonds in peptides and proteins. Subtilisin-like
proteases (subtilases) are serine proteases characterized by a catalytic triad of the three amino acids aspartate, histidine, and serine.
The arrangement of these catalytic residues is shared with the prototypical subtilisin from Bacillus licheniformis (Siezen and
Leunissen, 1997, Protein Science 8: 501-523). Subtilisin-like serine protease activity can be determined using a synthetic substrate,
N-succinyl-L-Ala-L-Ala-L-Pro-L-Phe-p-nitroanilide (AAPF) (Bachem AG, Bubendorf, Switzerland) in 100 mM NaCl-100 mM MOPS pH
7.0 at 50°C for 3 hours and then the absorbance at 405 nm is measured.

[0067] Targeted integration: The term "targeted integration" means the stable integration of extracellular DNA at a defined
genomic locus.

[0068] Transformant: The term "transformant” means a cell which has taken up extracellular DNA (foreign, artificial or modified) and
expresses the gene(s) contained therein.

[0069] Transformation: The term "transformation” means the introduction of extracellular DNAinto a cell, i.e., the genetic alteration
of a cell resulting from the direct uptake, incorporation and expression of exogenous genetic material (exogenous DNA) from its
surroundings and taken up through the cell membrane(s).

[0070] Transformation efficiency: The term "transformation efficiency"” means the efficiency by which cells can take up the
extracellular DNA and express the gene(s) contained therein, which is calculated by dividing the number of positive transformants
expressing the gene(s) by the amount of DNA used during a transformation procedure.

[0071] Trypsin-like serine protease: The term "trypsin-like serine protease" means a protease with a substrate specificity similar to
trypsin that uses a serine residue for catalyzing the hydrolysis of peptide bonds in peptides and proteins. For purposes of the present
invention, trypsin-like serine protease activity is determined according to the procedure described by Dienes et al., 2007, Enzyme and
Microbial Technology 40: 1087-1094.

[0072] Variant: The term "variant" means a polypeptide having enzyme activity comprising an alteration, i.e., a substitution, insertion,
and/or deletion, at one or more (e.g., several) positions. A substitution means replacement of the amino acid occupying a position with
a different amino acid; a deletion means removal of the amino acid occupying a position; and an insertion means adding an amino
acid adjacent to and immediately following the amino acid occupying a position.

[0073] Very high stringency conditions: The term "very high stringency conditions" means for probes of at least 100 nucleotides
in length, prehybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS, 200 micrograms/ml sheared and denatured salmon
sperm DNA, and 50% formamide, following standard Southern blotting procedures for 12 to 24 hours. The carrier material is finally
washed three times each for 15 minutes using 2XSSC, 0.2% SDS at 70°C.
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[0074] Very low stringency conditions: The term "very low stringency conditions" means for probes of at least 100 nucleotides in
length, prehybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS, 200 micrograms/ml sheared and denatured salmon sperm
DNA, and 25% formamide, following standard Southern blotting procedures for 12 to 24 hours. The carrier material is finally washed
three times each for 15 minutes using 2X SSC, 0.2% SDS at 45°C.

[0075] Xylan-containing material: The term "xylan-containing material' means any material comprising a plant cell wall
polysaccharide containing a backbone of beta-(1-4)-linked xylose residues. Xylans of terrestrial plants are heteropolymers possessing
a beta-(1-4)-D-xylopyranose backbone, which is branched by short carbohydrate chains. They comprise D-glucuronic acid or its 4-O-
methyl ether, L-arabinose, and/or various oligosaccharides, composed of D-xylose, L-arabinose, D- or L-galactose, and D-glucose.
Xylan-type polysaccharides can be divided into homoxylans and heteroxylans, which include glucuronoxylans,
(arabino)glucuronoxylans, (glucurono)arabinoxylans, arabinoxylans, and complex heteroxylans. See, for example, Ebringerova et al.,
2005, Adv. Polym. Sci. 186: 1-67.

[0076] In the processes of the present invention, any material containing xylan may be used. In a preferred aspect, the xylan-
containing material is lignocellulose.

[0077] Xylan degrading activity or xylanolytic activity: The term "xylan degrading activity" or "xylanolytic activity" means a
biological activity that hydrolyzes xylan-containing material. The two basic approaches for measuring xylanolytic activity include: (1)
measuring the total xylanolytic activity, and (2) measuring the individual xylanolytic activities (e.g., endoxylanases, beta-xylosidases,
arabinofuranosidases, alpha-glucuronidases, acetylxylan esterases, feruloyl esterases, and alpha-glucuronyl esterases). Recent
progress in assays of xylanolytic enzymes was summarized in several publications including Biely and Puchard, Recent progress in
the assays of xylanolytic enzymes, 2006, Journal of the Science of Food and Agriculture 86(11): 1636-1647 ; Spanikova and Biely,
2006, Glucuronoyl esterase - Novel carbohydrate esterase produced by Schizophyllum commune, FEBS Letters 580(19): 4597-4601;
Herrmann, Visanska, Jurickova, Hirsch, Biely, and Kubicek, 1997, The beta-D-xylosidase of Trichoderma reesei is a multifunctional
beta-D-xylan xylohydrolase, Biochemical Journal 321: 375-381.

[0078] Total xylan degrading activity can be measured by determining the reducing sugars formed from various types of xylan,
including, for example, oat spelt, beechwood, and larchwood xylans, or by photometric determination of dyed xylan fragments released
from various covalently dyed xylans. The most common total xylanolytic activity assay is based on production of reducing sugars from
polymeric 4-O-methyl glucuronoxylan as described in Bailey, Biely, Poutanen, 1992, Interlaboratory testing of methods for assay of
xylanase activity, Journal of Biotechnology 23(3): 257-270. Xylanase activity can also be determined with 0.2% AZCL-arabinoxylan as
substrate in 0.01% TRITON® X-100 (4-(1,1,3, 3-tetramethylbutyl)phenyl-polyethylene glycol) and 200 mM sodium phosphate buffer pH
6 at 37°C. One unit of xylanase activity is defined as 1.0 pmole of azurine produced per minute at 37°C, pH 6 from 0.2% AZCL-
arabinoxylan as substrate in 200 mM sodium phosphate pH 6 buffer.

[0079] For purposes of the present invention, xylan degrading activity is determined by measuring the increase in hydrolysis of
birchwood xylan (Sigma Chemical Co., Inc.,, St. Louis, MO, USA) by xylan-degrading enzyme(s) under the following typical conditions: 1
ml reactions, 5 mg/ml substrate (total solids), 5 mg of xylanolytic protein/g of substrate, 50 mM sodium acetate pH 5, 50°C, 24 hours,
sugar analysis using p-hydroxybenzoic acid hydrazide (PHBAH) assay as described by Lever, 1972, A new reaction for colorimetric
determination of carbohydrates, Anal. Biochem 47: 273-279.

[0080] Xylanase: The term "xylanase" means a 1,4-beta-D-xylan-xylohydrolase (E.C. 3.2.1.8) that catalyzes the endohydrolysis of
1,4-beta-D-xylosidic linkages in xylans. For purposes of the present invention, xylanase activity is determined with 0.2% AZCL-
arabinoxylan as substrate in 0.01% TRITON® X-100 and 200 mM sodium phosphate buffer pH 6 at 37°C. One unit of xylanase activity
is defined as 1.0 ymole of azurine produced per minute at 37°C, pH 8 from 0.2% AZCL-arabinoxylan as substrate in 200 mM sodium
phosphate pH 6 buffer.

Detailed Description of the Invention

[0081] The present invention relates to recombinant Trichoderma host cells, comprising polynucleotides encoding (i) an Aspergillus
fumigatus cellobiohydrolase |; (i) an Aspergillus fumigatus cellobiohydrolase II; (iii) an Aspergillus fumigatus beta-glucosidase; and (iv)
an Aspergillus fumigatus GH61 polypeptide having cellulolytic enhancing activity. In one aspect, the recombinant Trichoderma host
cells further comprise one or more (e.g., several) polynucleotides encoding one or more (e.g., several) enzymes selected from the
group consisting of: (i) an Aspergillus fumigatus endoglucanase |; (ii) an Aspergilius fumigatus endoglucanase II; (iii) an Aspergillus
fumigatus xylanase; (iv) an Aspergillus fumigatus beta-xylosidase; and (v) an Aspergillus fumigatus swollenin.

[0082] The recombinant Trichoderma host cells of the present invention unexpectedly produce enzyme compositions of Aspergillus
fumigatus cellulolytic enzymes that are more efficient in the deconstruction of cellulosic material than a native cellulolytic enzyme

10



DK/EP 2748314 T3

composition produced by T. reesei or A. fumigatus.

Aspergillus fumigatus Cellulases and Hemicellulases

[0083] In the present invention, any Aspergillus fumigatus cellobiohydrolase |, Aspergillus fumigatus cellobiohydrolase |l, Aspergillus
fumigatus beta-glucosidase, Aspergillus fumigatus GH81 polypeptide having cellulolytic enhancing activity, Aspergillus fumigatus
endoglucanase |, Aspergillus fumigatus endoglucanase I, Aspergillus fumigatus xylanase, Aspergillus fumigatus beta-xylosidase, and
Aspergillus fumigatus swollenin may be used.

[0084] In one aspect, the Aspergillus fumigatus cellobiohydrolase | is selected from the group consisting of: (i) a cellobiohydrolase |
comprising or consisting of the mature polypeptide of SEQ ID NO: 2; (ii) a cellobiohydrolase | comprising or consisting of an amino
acid sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 2; (iii)
a cellobichydrolase | encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 1; and (iv) a cellobiohydrolase |
encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., very high stringency conditions, with the
mature polypeptide coding sequence of SEQ ID NO: 1 or the full-length complement thereof.

[0085] In another aspect, the Aspergillus fumigatus cellobiohydrolase Il is selected from the group consisting of: (i) a
cellobiohydrolase Il comprising or consisting of the mature polypeptide of SEQ ID NO: 4; (ii) a cellobiohydrolase Il comprising or
consisting of an amino acid sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide
of SEQ ID NO: 4; (iii) a cellobiohydrolase Il encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at
least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 3; and (iv) a
cellobiohydrolase Il encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., very high stringency
conditions, with the mature polypeptide coding sequence of SEQ ID NO: 3 or the full-length complement thereof.

[0086] In another aspect, the Aspergillus fumigatus beta-glucosidase is selected from the group consisting of: (i) a beta-glucosidase
comprising or consisting of the mature polypeptide of SEQ ID NO: 6; (ii) a beta-glucosidase comprising or consisting of an amino acid
sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 6; (iii) a
beta-glucosidase encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%,
or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 5; and (iv) a beta-glucosidase encoded
by a polynucleotide that hybridizes under at least high stringency conditions, e.g., very high stringency conditions, with the mature
polypeptide coding sequence of SEQ ID NO: 5 or the full-length complement thereof.

[0087] In another aspect, the Aspergillus fumigatus GH61 polypeptide having cellulolytic enhancing activity is selected from the group
consisting of: (i) a GH61 polypeptide having cellulolytic enhancing activity comprising or consisting of the mature polypeptide of SEQ
ID NO: 8; (ii) a GH61 polypeptide having cellulolytic enhancing activity comprising or consisting of an amino acid sequence having at
least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 8; (iii)) a GH61 polypeptide having
cellulolytic enhancing activity encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%,
e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%,
at least 98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 7; and (iv) a GH61
polypeptide having cellulolytic enhancing activity encoded by a polynucleotide that hybridizes under at least high stringency
conditions, e.g., very high stringency conditions, with the mature polypeptide coding sequence of SEQ ID NO: 7 or the full-length
complement thereof.
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[0088] In another aspect, the Aspergillus fumigatus endoglucanase | is selected from the group consisting of: (i) an endoglucanase |
comprising or consisting of the mature polypeptide of SEQ ID NO: 10; (ii) an endoglucanase | comprising or consisting of an amino
acid sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 10;
(iii) an endoglucanase | encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 9; and (iv) an endoglucanase |
encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., very high stringency conditions, with the
mature polypeptide coding sequence of SEQ ID NO: 9 or the full-length complement thereof.

[0089] In another aspect, the Aspergillus fumigatus endoglucanase Il is selected from the group consisting of: an endoglucanase |l
comprising or consisting of the mature polypeptide of SEQ ID NO: 12; (i) an endoglucanase Il comprising or consisting of an amino
acid sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 12; (i)
an endoglucanase |l encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 11; and (iii) an endoglucanase I
encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., very high stringency conditions, with the
mature polypeptide coding sequence of SEQ ID NO: 11 or the full-length complement thereof.

[0090] In another aspect, the Aspergillus fumigatus xylanase is selected from the group consisting of: (i) a xylanase comprising or
consisting of the mature polypeptide of SEQ ID NO: 14, SEQ ID NO: 16, or SEQ ID NO: 18; (ii) a xylanase comprising or consisting of
an amino acid sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID
NO: 14, SEQ ID NO: 18, or SEQ ID NO: 18; (iii) a xylanase encoded by a polynucleotide comprising or consisting of a nucleotide
sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ
ID NO: 13, SEQ ID NO: 15, or SEQ ID NO: 17; and (iv) a xylanase encoded by a polynucleotide that hybridizes under at least high
stringency conditions, e.g., very high stringency conditions, with the mature polypeptide coding sequence of SEQ ID NO: 13, SEQ ID
NO: 15, or SEQ ID NO: 17; or the full-length complement thereof.

[0091] In another aspect, the Aspergillus fumigatus beta-xylosidase is selected from the group consisting of: (i) a beta-xylosidase
comprising or consisting of the mature polypeptide of SEQ ID NO: 20; (ii) a beta-xylosidase comprising or consisting of an amino acid
sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 20; (iii) a
beta-xylosidase encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%,
or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 19; and (iv) a beta-xylosidase encoded
by a polynucleotide that hybridizes under at least high stringency conditions, e.g., very high stringency conditions, with the mature
polypeptide coding sequence of SEQ ID NO: 19 or the full-length complement thereof.

[0092] In another aspect, the Aspergillus fumigatus swollenin is selected from the group consisting of: (i) a swollenin comprising or
consisting of the mature polypeptide of SEQ ID NO: 22; (ii) a swollenin comprising or consisting of an amino acid sequence having at
least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 22; (iii) a swollenin encoded by a
polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence
identity to the mature polypeptide coding sequence of SEQ ID NO: 21; and (iv) a swollenin encoded by a polynucleotide that
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hybridizes under at least high stringency conditions, e.g., very high stringency conditions, with the mature polypeptide coding
sequence of SEQ ID NO: 21 or the full-length complement thereof.

[0093] The polynucleotide of SEQ ID NO: 1, 3, 5,7, 9, 11, 13, 15, 17, 19, or 21, or a subsequence thereof, as well as the polypeptide
of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, or 22, or a fragment thereof, may be used to design nucleic acid probes to identify
and clone DNA encoding enzymes according to methods well known in the art. In particular, such probes can be used for hybridization
with the genomic DNA or cDNA of a cell of interest, following standard Southern blotting procedures, in order to identify and isolate the
corresponding gene therein. Such probes can be considerably shorter than the entire sequence, but should be at least 15, e.g., at
least 25, at least 35, or at least 70 nucleotides in length. Preferably, the nucleic acid probe is at least 100 nucleotides in length, e.g.,
at least 200 nucleotides, at least 300 nucleotides, at least 400 nucleotides, at least 500 nucleotides, at least 600 nucleotides, at least
700 nucleotides, at least 800 nucleotides, or at least 900 nucleotides in length. Both DNA and RNA probes can be used. The probes

are typically labeled for detecting the corresponding gene (for example, with 32P, 3H, 358, biotin, or avidin). Such probes are
encompassed by the present invention.

[0094] A genomic DNA or cDNA library may be screened for DNA that hybridizes with the probes described above and encodes an
enzyme. Genomic or other DNA may be separated by agarose or polyacrylamide gel electrophoresis, or other separation techniques.
DNA from the libraries or the separated DNA may be transferred to and immobilized on nitrocellulose or other suitable carrier material.
In order to identify a clone or DNA that hybridizes with SEQ ID NO: 1,3, 5, 7,9, 11, 13, 15, 17, 19, or 21, or a subsequence thereof, the
carrier material is used in a Southern blot.

[0095] For purposes of the present invention, hybridization indicates that the polynucleotide hybridizes to a labeled nucleic acid
probe corresponding to (i) SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, or 21; (ii) the mature polypeptide coding sequence of SEQ ID
NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, or 21; (iii) the cDNA sequence thereof; (iv) the full-length complement thereof; or (v) a
subsequence thereof; under very low to very high stringency conditions. Molecules to which the nucleic acid probe hybridizes under
these conditions can be detected using, for example, X-ray film or any other detection means known in the art.

[0096] In one aspect, the nucleic acid probe is SEQ ID NO: 1,3,5,7,9,11,13,15,17,19, or 21, or the mature polypeptide coding
sequence thereof. In another aspect, the nucleic acid probe is a polynucleotide that encodes the polypeptide of SEQ ID NO: 2, 4, 6, 8,
10, 12, 14, 16, 18, 20, or 22; the mature polypeptide thereof; or a fragment thereof.

[0097] The techniques used to isolate or clone a polynucleotide are known in the art and include isolation from genomic DNA or
cDNA, or a combination thereof. The cloning of the polynucleotides from genomic DNA can be effected, e.g., by using the well known
polymerase chain reaction (PCR) or antibody screening of expression libraries to detect cloned DNA fragments with shared structural
features. See, e.¢., Innis et al., 1990, PCR: A Guide to Methods and Application, Academic Press, New York . Other nucleic acid
amplification procedures such as ligase chain reaction (LCR), ligation activated transcription (LAT) and polynucleotide-based
amplification (NASBA) may be used. The polynucleotides may be cloned from a strain of Aspergillus fumigatus and thus, for example,
may be an allelic or species variant of the polypeptide encoding region of the polynucleotide.

[0098] A chemically modified or protein engineered mutant of an A. fumigatus enzyme above (or protein) may also be used.

[0099] An A. fumigatus enzyme may also be hybrid enzyme in which a region of the A. fumigatus enzyme is fused at the N-terminus or
the C-terminus of a region of another enzyme.

[0100] An A. fumigatus enzyme may further be a fusion polypeptide or cleavable fusion polypeptide in which another enzyme is fused
at the N-terminus or the C-terminus of the A. fumigatus enzyme. Afusion polypeptide is produced by fusing a polynucleotide encoding
another enzyme to a polynucleotide encoding the A. fumigatus enzyme. Techniques for producing fusion polypeptides are known in
the art, and include ligating the coding sequences encoding the polypeptides so that they are in frame and that expression of the
fusion polypeptide is under control of the same promoter(s) and terminator. Fusion polypeptides may also be constructed using intein
technology in which fusion polypeptides are created post-translationally (Cooper et al., 1993, EMBO J. 12: 2575-2583; Dawson et al.,
1994, Science 266: 776-779).

[0101] Afusion polypeptide can further comprise a cleavage site between the two polypeptides. Upon secretion of the fusion protein,
the site is cleaved releasing the two polypeptides. Examples of cleavage sites include, but are not limited to, the sites disclosed in
Martin et al., 2003, J. Ind. Microbiol. Biotechnol. 3: 568-576; Svetina et al., 2000, J. Biotechnol. 76: 245-251; Rasmussen-Wilson et al.,
1997, Appl. Environ. Microbiol. 63: 3488-3493; Ward et al., 1995, Biotechnology 13: 498-503; and Contreras et al., 1991,
Biotechnology 9: 378-381; Eaton et al., 1986, Biochemistry 25: 505-512; Collins-Racie et al., 1995, Biotechnology 13: 982-987; Carter
etal., 1989, Proteins: Structure, Function, and Genetics 6: 240-248; and Stevens, 2003, Drug Discovery World 4: 35-48.

[0102] The Aspergillus fumigatus enzyme may be further one or more (e.g., several) A. fumigatus enzymes selected from the group
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consisting of an acetylmannan esterase, an acetylxylan esterase, an arabinanase, an arabinofuranosidase, a coumaric acid esterase,
a feruloyl esterase, a galactosidase, a glucuronidase, a glucuronoyl esterase, a mannanase, and a mannosidase.

[0103] The Aspergillus fumigatus enzyme may be even further one or more (e.g., several) A. fumigatus enzymes selected from the
group consisting of an esterase, an expansin, a laccase, a ligninolytic enzyme, a pectinase, a peroxidase, and a protease.

Trichoderma Host Cells

[0104] The Trichoderma host cell may be any Trichoderma cell useful in the recombinant production of an enzyme or protein. For
example, the Trichoderma cell may be a Trichoderma harzianum, Trichoderma koningii, Trichoderma longibrachiatum, Trichoderma
reesei, or Trichoderma viride cell. In one aspect, the Trichoderma cell is a Trichoderma harzianum cell. In another aspect, the
Trichoderma cell is a Trichoderma koningii cell. In another aspect, the Trichoderma cell is a Trichoderma longibrachiatum cell. In
another aspect, the Trichoderma cell is a Trichoderma reesei cell. In another aspect, the Trichoderma cell is a Trichoderma viride cell.

[0105] In another aspect, the Trichoderma reesei cell is Trichoderma reesei RutC30. In another aspect, the Trichoderma reesei cell
is Trichoderma reesei TV10. In another aspect, the Trichoderma reesei cell is a mutant of Trichoderma reesei RutC30. In another
aspect, the Trichoderma reesei cell is mutant of Trichoderma reesei TV10. In another aspect, the Trichoderma reesei cell is a
morphological mutant of Trichoderma reesei. See, for example, WO 97/26330.

[0106] The Trichoderma cell may be transformed by a process involving protoplast formation, transformation of the protoplasts, and
regeneration of the cell wall in a manner known per se. Suitable procedures for transformation of Trichoderma host cells are
described in EP 238023, Yelton et al., 1984, Proc. Natl. Acad. Sci. USA 81: 1470-1474, and Christensen et al., 1988, Bio/Technology
6:1419-1422.

[0107] One or more (e.g., several) native cellulase and/or hemicellulase genes may be inactivated in the Trichoderma host cell by
disrupting or deleting the genes, or a portion thereof, which results in the mutant cell producing less or none of the cellulase and/or
hemicellulase than the parent cell when cultivated under the same conditions. In one aspect, the one or more (e.g., several) cellulase
genes encode enzymes selected from the group consisting of cellobiohydrolase |, cellobiohydrolase |, endoglucanase |,
endoglucanase I, beta-glucosidase, and swollenin. In another aspect, the one or more (e.g., several) hemicellulase genes encode
enzymes selected from the group consisting of xylanase |, xylanase I, xylanase lll, and beta-xylosidase. In another aspect, the one or
more (e.g., several) hemicellulase genes encode enzymes selected from the group consisting of an acetylmannan esterase, an
acetylxylan esterase, an arabinanase, an arabinofuranosidase, a coumaric acid esterase, a feruloyl esterase, a galactosidase, a
glucuronidase, a glucuronoyl esterase, a mannanase, and a mannosidase.

[0108] The mutant cell may be constructed by reducing or eliminating expression of a polynucleotide encoding a Trichoderma
cellulase or hemicellulase using methods well known in the art, for example, insertions, disruptions, replacements, or deletions. In a
preferred aspect, the polynucleotide is inactivated. The polynucleotide to be modified or inactivated may be, for example, the coding
region or a part thereof essential for activity, or a regulatory element required for expression of the coding region. An example of such
a regulatory or control sequence may be a promoter sequence or a functional part thereof, i.e., a part that is sufficient for affecting
expression of the polynucleotide. Other control sequences for possible modification include, but are not limited to, a leader,
polyadenylation sequence, propeptide sequence, signal peptide sequence, transcription terminator, and transcriptional activator.

[0109] Modification or inactivation of the polynucleotide may be performed by subjecting the parent cell to mutagenesis and selecting
for mutant cells in which expression of the polynucleotide has been reduced or eliminated. The mutagenesis, which may be specific or
random, may be performed, for example, by use of a suitable physical or chemical mutagenizing agent, by use of a suitable
oligonucleotide, or by subjecting the DNA sequence to PCR generated mutagenesis. Furthermore, the mutagenesis may be
performed by use of any combination of these mutagenizing agents.

[0110] Examples of a physical or chemical mutagenizing agent suitable for the present purpose include ultraviolet (UV) irradiation,
hydroxylamine, N-methyl-N'-nitro-N-nitrosoguanidine (MNNG), O-methyl hydroxylamine, nitrous acid, ethyl methane sulphonate (EMS),
sodium bisulphite, formic acid, and nucleotide analogues.

[0111] When such agents are used, the mutagenesis is typically performed by incubating the parent cell to be mutagenized in the
presence of the mutagenizing agent of choice under suitable conditions, and screening and/or selecting for mutant cells exhibiting

reduced or no expression of the gene.

[0112] Modification or inactivation of the polynucleotide may also be accomplished by insertion, substitution, or deletion of one or
more (e.g., several) nucleotides in the gene or a regulatory element required for transcription or translation thereof. For example,
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nucleotides may be inserted or removed so as to result in the introduction of a stop codon, the removal of the start codon, or a
change in the open reading frame. Such modification or inactivation may be accomplished by site-directed mutagenesis or PCR
generated mutagenesis in accordance with methods known in the art. Although, in principle, the modification may be performed in
vivo, i.e., directly on the cell expressing the polynucleotide to be modified, it is preferred that the modification be performed in vitro as
exemplified below.

[0113] An exanple of a convenient way to eliminate or reduce expression of a polynucleotide is based on techniques of gene
replacement, gene deletion, or gene disruption. For example, in the gene disruption method, a nucleic acid sequence corresponding
to the endogenous polynucleotide is mutagenized in vitro to produce a defective nucleic acid sequence that is then transformed into
the parent cell to produce a defective gene. By homologous recombination, the defective nucleic acid sequence replaces the
endogenous polynucleotide. It may be desirable that the defective polynucleotide also encodes a marker that may be used for
selection of transformants in which the polynuclectide has been modified or destroyed. In an aspect, the polynucleotide is disrupted
with a selectable marker such as those described herein.

[0114] Modification or inactivation of the polynucleotide may also be accomplished by inhibiting expression of an enzyme encoded by
the polynucleotide in a cell by administering to the cell or expressing in the cell a double-stranded RNA (dsRNA) molecule, wherein the
dsRNA comprises a subsequence of a polynucleotide encoding the enzyme. In a preferred aspect, the dsRNAis about 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25 or more duplex nucleotides in length.

[0115] The dsRNA is preferably a small interfering RNA (siRNA) or a micro RNA (miRNA). In a preferred aspect, the dsRNA is small
interfering RNA for inhibiting transcription. In another preferred aspect, the dsRNA is micro RNA for inhibiting translation. In another
aspect, the double-stranded RNA (dsRNA) molecules comprise a portion of the mature polypeptide coding sequence of SEQ ID NO:
23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 29, SEQ ID NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 37, SEQ ID NO: 39,
and/or SEQ ID NO: 41 for inhibiting expression of the polypeptide in a cell. While the present invention is not limited by any particular
mechanism of action, the dsRNA can enter a cell and cause the degradation of a single-stranded RNA (ssRNA) of similar or identical
sequences, including endogenous mRNAs. When a cell is exposed to dsRNA, mRNA from the homologous gene is selectively
degraded by a process called RNA interference (RNAi).

[0116] The dsRNAs can be used in gene-silencing to selectively degrade RNA using a dsRNAi of the present invention. The process
may be practiced in vitro, ex vivo or in vivo. In one aspect, the dsRNA molecules can be used to generate a loss-of-function mutation in
a cell, an organ or an animal. Methods for making and using dsRNA molecules to selectively degrade RNA are well known in the art;
see, for example, U.S. Patent Nos. 6,489,127; 6,506,559; 6,511,824; and 6,515,109.

[0117] In one aspect, the Trichoderma cellobiohydrolase | is selected from the group consisting of: (i) a cellobiohydrolase |
comprising or consisting of the mature polypeptide of SEQ ID NO: 24; (ii) a cellobiohydrolase | comprising or consisting of an amino
acid sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 24;
(iii) a cellobiohydrolase | encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at
least 75%, at least 80%, at least 81 %, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 91 %, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 23; and (iv) a
cellobiohydrolase | encoded by a polynuclectide that hybridizes under at least high stringency conditions, e.g., very high stringency
conditions, with the mature polypeptide coding sequence of SEQ ID NO: 23 or the full-length complement thereof.

[0118] In another aspect, the Trichoderma cellobiohydrolase Il is selected from the group consisting of: (i) a cellobiohydrolase I
comprising or consisting of the mature polypeptide of SEQ ID NO: 26; (ii) a cellobiohydrolase Il comprising or consisting of an amino
acid sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91 %, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 26;
(iii) a cellobiohydrolase Il encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at
least 75%, at least 80%, at least 81 %, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 25; and (iv) a
cellobiohydrolase Il encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., very high stringency
conditions, with the mature polypeptide coding sequence of SEQ ID NO: 25 or the full-length complement thereof.

[0119] In another aspect, the Trichoderma beta-glucosidase is selected from the group consisting of: (i) a beta-glucosidase
comprising or consisting of the mature polypeptide of SEQ ID NO: 28; (ii) a beta-glucosidase comprising or consisting of an amino acid
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sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91 %, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 28; (iii) a
beta-glucosidase encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least
75%, at least 80%, at least 81 %, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91 %, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 27; and (iv) a beta-glucosidase
encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., very high stringency conditions, with the
mature polypeptide coding sequence of SEQ ID NO: 27 or the full-length complement thereof.

[0120] In another aspect, the Trichoderma endoglucanase | is selected from the group consisting of: (i) an endoglucanase |
comprising or consisting of the mature polypeptide of SEQ ID NO: 30; (ii) an endoglucanase | comprising or consisting of an amino
acid sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 30;
(iii) an endoglucanase | encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 29; and (iv) an endoglucanase |
encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., very high stringency conditions, with the
mature polypeptide coding sequence of SEQ ID NO: 29 or the full-length complement thereof.

[0121] In another aspect, the Trichoderma endoglucanase Il is selected from the group consisting of: (i) an endoglucanase II
comprising or consisting of the mature polypeptide of SEQ ID NO: 32; (i) an endoglucanase Il comprising or consisting of an amino
acid sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 32;
(i) an endoglucanase Il encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 31; and (iv) an endoglucanase Il
encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., very high stringency conditions, with the
mature polypeptide coding sequence of SEQ ID NO: 31 or the full-length complement thereof.

[0122] In another aspect, the Trichoderma xylanase is selected from the group consisting of: (i) a xylanase comprising or consisting
of the mature polypeptide of SEQ ID NO: 34; (ii) a xylanase comprising or consisting of an amino acid sequence having at least 70%,
e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%,
at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 34; (iii) a xylanase encoded by a
polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence
identity to the mature polypeptide coding sequence of SEQ ID NO: 33; and (iv) a xylanase encoded by a polynucleotide that hybridizes
under at least high stringency conditions, e.g., very high stringency conditions, with the mature polypeptide coding sequence of SEQ
ID NO: 33; or the full-length complement thereof.

[0123] In another aspect, the Trichoderma xylanase is selected from the group consisting of: (i) a xylanase comprising or consisting
of the mature polypeptide of SEQ ID NO: 36; (ii) a xylanase comprising or consisting of an amino acid sequence having at least 70%,
e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97 %,
at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 386; (iii) a xylanase encoded by a
polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence
identity to the mature polypeptide coding sequence of SEQ ID NO: 35; and (iv) a xylanase encoded by a polynucleotide that hybridizes
under at least high stringency conditions, e.g., very high stringency conditions, with the mature polypeptide coding sequence of SEQ
ID NO: 35; or the full-length complement thereof.

[0124] In another aspect, the Trichoderma xylanase is selected from the group consisting of: (i) a xylanase comprising or consisting
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of the mature polypeptide of SEQ ID NO: 38; (ii) a xylanase comprising or consisting of an amino acid sequence having at least 70%,
e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97 %,
at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 38; (iii) a xylanase encoded by a
polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence
identity to the mature polypeptide coding sequence of SEQ ID NO: 37; and (iv) a xylanase encoded by a polynucleotide that hybridizes
under at least high stringency conditions, e.g., very high stringency conditions, with the mature polypeptide coding sequence of SEQ
ID NO: 37; or the full-length complement thereof.

[0125] In another aspect, the Trichoderma beta-xylosidase is selected from the group consisting of: (i) a beta-xylosidase comprising
or consisting of the mature polypeptide of SEQ ID NO: 40; (ii) a beta-xylosidase comprising or consisting of an amino acid sequence
having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 40; (iii) a beta-
xylosidase encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at
least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 39; and (iv) a beta-xylosidase encoded by a
polynucleotide that hybridizes under at least high stringency conditions, e.g., very high stringency conditions, with the mature
polypeptide coding sequence of SEQ ID NO: 39 or the full-length complement thereof.

[0126] In another aspect, the Trichoderma swollenin is selected from the group consisting of: (i) a swollenin comprising or consisting
of the mature polypeptide of SEQ ID NO: 42; (ii) a swollenin comprising or consisting of an amino acid sequence having at least 70%,
e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97 %,
at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 42; (iii) a swollenin encoded by a
polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence
identity to the mature polypeptide coding sequence of SEQ ID NO: 41; and (iv) a swollenin encoded by a polynucleotide that
hybridizes under at least high stringency conditions, e.g., very high stringency conditions, with the mature polypeptide coding
sequence of SEQ ID NO: 41 or the full-length complement thereof.

[0127] In one aspect, a Trichoderma cellobiohydrolase | gene is inactivated. In another aspect, a Trichoderma cellobiohydrolase II
gene is inactivated. In another aspect, a Trichoderma endoglucanase | gene is inactivated. In another aspect, a Trichoderma
endoglucanase Il gene is inactivated. In another aspect, a Trichoderma beta-glucosidase gene is inactivated. In another aspect, a
Trichoderma xylanase gene is inactivated. In another aspect, a Trichoderma beta-xylosidase gene is inactivated. In another aspect, a
Trichoderma swollenin gene is inactivated.

[0128] In another aspect, a Trichoderma cellobiohydrolase | gene and a Trichoderma cellobiohydrolase Il gene are inactivated.

[0129] In another aspect, two or more (e.g., several) of the genes selected from the group consisting of cellobiohydrolase I,
cellobiohydrolase Il, endoglucanase |, endoglucanase I, beta-glucosidase, xylanase |, xylanase I, xylanase lll, beta-xylosidase, and
swollenin genes are inactivated. In another aspect, three or more (e.g., several) of the genes selected from the group consisting of
cellobiohydrolase |, cellobiohydrolase Il, endoglucanase |, endoglucanase ||, beta-glucosidase, xylanase |, xylanase I, xylanase |lI,
beta-xylosidase, and swollenin genes are inactivated. In another aspect, four or more (e.g., several) of the genes selected from the
group consisting of cellobiohydrolase |1, cellobichydrolase Il, endoglucanase |, endoglucanase I, beta-glucosidase, xylanase |,
xylanase Il, xylanase lll, beta-xylosidase, and swollenin genes are inactivated. In another aspect, five or more (e.g., several) of the
genes selected from the group consisting of cellobiohydrolase |, cellobiohydrolase I, endoglucanase |, endoglucanase Il, beta-
glucosidase, xylanase |, xylanase I, xylanase lll, beta-xylosidase, and swollenin genes are inactivated. In another aspect, six or more
(e.g., several) of the genes selected from the group consisting of cellobiohydrolase |, cellobiohydrolase I, endoglucanase |,
endoglucanase I, beta-glucosidase, xylanase |, xylanase Il, xylanase ll, beta-xylosidase, and swollenin genes are inactivated. In
another aspect, seven or more (e.g., several) of the genes selected from the group consisting of cellobiohydrolase |,
cellobiohydrolase Il, endoglucanase |, endoglucanase I, beta-glucosidase, xylanase |, xylanase I, xylanase I, beta-xylosidase, and
swollenin genes are inactivated. In another aspect, eight or more (e.g., several) of the genes selected from the group consisting of
cellobiohydrolase |, cellobiohydrolase ll, endoglucanase |, endoglucanase I, beta-glucosidase, xylanase |, xylanase I, xylanase |l
beta-xylosidase, and swollenin genes are inactivated. In another aspect, nine or more (e.g., several) of the genes selected from the
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group consisting of cellobiohydrolase |, cellobiochydrolase Il, endoglucanase |, endoglucanase I, beta-glucosidase, xylanase |,
xylanase I, xylanase lll, beta-xylosidase, and swollenin genes are inactivated.

[0130] In another aspect, the cellobiohydrolase |, cellobiohydrolase I, endoglucanase |, endoglucanase I, beta-glucosidase, and
beta-xylosidase genes are inactivated. In another aspect, the cellobiohydrolase |, cellobiohydrolase I, endoglucanase |,
endoglucanase I, beta-glucosidase, xylanase |, xylanase I, xylanase lll, beta-xylosidase, and swollenin genes are inactivated.

[0131] In another aspect, one or more (e.g., several) protease genes are inactivated. In another aspect, the one or more (e.g.,
several) protease genes are subtilisin-like serine protease, aspartic protease, and trypsin-like serine protease genes as described in
WO 2011/075677.

[0132] In each of the aspects above, the Trichoderma enzyme is a Trichoderma harzianum, Trichoderma koningii, Trichoderma
longibrachiatum, Trichoderma reesei, or Trichoderma viride enzyme. In another aspect, the Trichoderma enzyme is a Trichoderma
harzianum enzyme. In another aspect, the Trichoderma enzyme is a Trichoderma koningii enzyme. In another aspect, the
Trichoderma enzyme is a Trichoderma longibrachiatum enzyme. In another aspect, the Trichoderma enzyme is a Trichoderma reesei
cell. In another aspect, the Trichoderma enzyme is a Trichoderma viride enzyme.

Nucleic Acid Constructs

[0133] Nucleic acid constructs comprising a polynucleotide encoding an Aspergillus fumigatus enzyme or protein can be constructed
by operably linking one or more (e.g., several) control sequences to the polynucleotide to direct the expression of the coding
sequence in a Trichoderma host cell under conditions compatible with the control sequences. Manipulation of the polynucleotide prior
to its insertion into a vector may be desirable or necessary depending on the expression vector. The techniques for modifying
polynucleotides utilizing recombinant DNA methods are well known in the art.

[0134] The control sequence may be a promoter, a polynucleotide that is recognized by a Trichoderma host cell for expression of a
polynucleotide encoding an enzyme or protein. The promoter contains transcriptional control sequences that mediate the expression
of the polypeptide. The promoter may be any polynucleotide that shows transcriptional activity in the host cell including mutant,
truncated, and hybrid promoters, and may be obtained from genes encoding extracellular or intracellular polypeptides either
homologous or heterologous to the host cell.

[0135] Examples of suitable promoters for directing transcription of the nucleic acid constructs in a Trichoderma host cell are
promoters obtained from the genes for Asperqillus nidulans acetamidase, Aspergillus niger neutral alpha-amylase, Aspergillus niger
acid stable alpha-amylase, Aspergillus niger or Aspergillus awamori glucoamylase (glaA), Aspergillus oryzae TAKA amylase,
Aspergillus oryzae alkaline protease, Aspergillus oryzae triose phosphate isomerase, Fusarium oxysporum trypsin-like protease (WO
96/00787), Fusarium venenatum amyloglucosidase (WO 00/56900), Fusarium venenatum Daria (WO 00/56900), Fusarium venenatum
Quinn (WO 00/56900) , Rhizomucor miehei lipase, Rhizomucor miehei aspartic proteinase, Trichoderma reesei beta-glucosidase,
Trichoderma reesei cellobiohydrolase |, Trichoderma reesei cellobiohydrolase I, Trichoderma reesei endoglucanase |, Trichoderma
reesei endoglucanase ll, Trichoderma reesei endoglucanase lll, Trichoderma reesei endoglucanase V, Trichoderma reesei xylanase |,
Trichoderma reesei xylanase |l, Trichoderma reesei xylanase |lll, Trichoderma reesei beta-xylosidase, and Trichoderma reesei
translation elongation factor, as well as the NA2-tpi promoter (a modified promoter from an Aspergiflus neutral alpha-amylase gene in
which the untranslated leader has been replaced by an untranslated leader from an Aspergillus triose phosphate isomerase gene;
non-limiting examples include modified promoters from an Aspergillus niger neutral alpha-amylase gene in which the untranslated
leader has been replaced by an untranslated leader from an Aspergillus nidulans or Aspergillus oryzae triose phosphate isomerase
gene); and mutant, truncated, and hybrid promoters thereof. Other promoters are described in U.S. Patent No. 6,011,147.

[0136] The control sequence may also be a transcription terminator, which is recognized by a Trichoderma host cell to terminate
transcription. The terminator is operably linked to the 3'-terminus of the polynucleotide encoding the polypeptide. Any terminator that
is functional in the host cell may be used in the present invention.

[0137] Preferred terminators for Trichoderma host cells are obtained from the genes for Aspergillus nidulans anthranilate synthase,
Aspergillus niger glucoamylase, Aspergillus niger alpha-glucosidase, Aspergillus oryzae TAKA amylase, Fusarium oxysporum trypsin-
like protease, Trichoderma reesei beta-glucosidase, Trichoderma reesei cellobiohydrolase |, Trichoderma reesei cellobiohydrolase |I,
Trichoderma reesei endoglucanase |, Trichoderma reesei endoglucanase I, Trichoderma reesei endoglucanase |, Trichoderma
reesei endoglucanase V, Trichoderma reesei xylanase |, Trichoderma reesei xylanase ll, Trichoderma reesei xylanase lll, Trichoderma
reesei beta-xylosidase, and Trichoderma reesei translation elongation factor.

[0138] The control sequence may also be a leader, a nontranslated region of an mRNA that is important for translation by a
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Trichoderma host cell. The leader is operably linked to the 5'-terminus of the polynucleotide encoding the polypeptide. Any leader that
is functional in the host cell may be used.

[0139] Preferred leaders for Trichoderma host cells are obtained from the genes for Aspergillus oryzae TAKA amylase and
Aspergillus nidulans triose phosphate isomerase.

[0140] The control sequence may also be a polyadenylation sequence, a sequence operably linked to the 3'-terminus of the
polynucleotide and, when transcribed, is recognized by a Trichoderma host cell as a signal to add polyadenosine residues to
transcribed mRNA. Any polyadenylation sequence that is functional in the host cell may be used.

[0141] Preferred polyadenylation sequences for Trichoderma host cells are obtained from the genes for Aspergillus nidulans
anthranilate synthase, Aspergillus niger glucoamylase, Aspergillus niger alpha-glucosidase Aspergillus oryzae TAKA amylase,
Fusarium oxysporum frypsin-like protease, Trichoderma reesei cellobiohydrolase |, Trichoderma reesei cellobiohydrolase Il, and
Trichoderma reesei endoglucanase V.

[0142] The control sequence may also be a signal peptide coding region that encodes a signal peptide linked to the N-terminus of a
polypeptide and directs the polypeptide into a cell's secretory pathway. The 5'-end of the coding sequence of the polynucleotide may
inherently contain a signal peptide coding sequence naturally linked in translation reading frame with the segment of the coding
sequence that encodes the polypeptide. Alternatively, the 5'-end of the coding sequence may contain a signal peptide coding
sequence that is foreign to the coding sequence. A foreign signal peptide coding sequence may be required where the coding
sequence does not naturally contain a signal peptide coding sequence. Alternatively, a foreign signal peptide coding sequence may
simply replace the natural signal peptide coding sequence in order to enhance secretion of the polypeptide. However, any signal
peptide coding sequence that directs the expressed polypeptide into the secretory pathway of a host cell may be used.

[0143] Effective signhal peptide coding sequences for Trichoderma host cells are the signal peptide coding sequences obtained from
the genes for Aspergillus niger neutral amylase, Aspergillus niger glucoamylase, Aspergillus oryzae TAKA amylase, Humicola insolens
cellulase, Humicola insolens endoglucanase V, Humicola lanuginosa lipase, Rhizomucor miehei aspartic proteinase, Trichoderma
reesei cellobiohydrolase |, Trichoderma reesei cellobiohydrolase |, Trichoderma reesei endoglucanase |, Trichoderma reesei
endoglucanase ll, Trichoderma reesei endoglucanase lll, and Trichoderma reesei endoglucanase V.

[0144] The control sequence may also be a propeptide coding sequence that encodes a propeptide positioned at the N-terminus of a
polypeptide. The resultant polypeptide is known as a proenzyme or propolypeptide (or a zymogen in some cases). A propolypeptide is
generally inactive and can be converted to an active polypeptide by catalytic or autocatalytic cleavage of the propeptide from the
propolypeptide. The propeptide coding sequence may be obtained from the genes for Myceliophthora thermophila laccase (WO
95/33836) and Rhizomucor miehei aspartic proteinase.

[0145] Where both signal peptide and propeptide sequences are present, the propeptide sequence is positioned next to the N-
terminus of a polypeptide and the signal peptide sequence is positioned next to the N-terminus of the propeptide sequence.

[01486] It may also be desirable to add regulatory sequences that regulate expression of the polypeptide relative to the growth of a
Trichoderma host cell. Examples of regulatory sequences are those that cause expression of the gene to be turned on or off in
response to a chemical or physical stimulus, including the presence of a regulatory compound. Regulatory sequences include the
Aspergillus niger glucoamylase promoter, Aspergillus oryzae TAKA alpha-amylase promoter, Aspergillus oryzae glucoamylase
promoter, Trichoderma reesei cellobiohydrolase | promoter, and Trichoderma reesei cellobiohydrolase Il promoter. Other examples of
regulatory sequences are those that allow for gene amplification. In eukaryotic systems, these regulatory sequences include the
dihydrofolate reductase gene that is amplified in the presence of methotrexate, and the metallothionein genes that are amplified with
heavy metals. In these cases, the polynucleotide encoding the polypeptide would be operably linked with the regulatory sequence.

Expression Vectors

[0147] Recombinant expression vectors can be constructed comprising a polynucleotide encoding an Aspergiflus fumigatus enzyme
or protein, a promoter, a terminator, and transcriptional and translational stop signals. The various nucleotide and control sequences
may be joined together to produce a recombinant expression vector that may include one or more (e.g., several) convenient
restriction sites to allow for insertion or substitution of the polynucleotide encoding the polypeptide at such sites. Alternatively, the
polynucleotide may be expressed by inserting the polynucleotide or a nucleic acid construct comprising the polynucleotide into an
appropriate vector for expression. In creating the expression vector, the coding sequence is located in the vector so that the coding
sequence is operably linked with the appropriate control sequences for expression.
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[0148] The recombinant expression vector may be any vector (e.g., a plasmid or virus) that can be conveniently subjected to
recombinant DNA procedures and can bring about expression of the polynucleotide. The choice of the vector will typically depend on
the compatibility of the vector with the host cell into which the vector is to be introduced. The vector may be a linear or closed circular
plasmid.

[0149] The vector may be an autonomously replicating vector, i.e., a vector that exists as an extrachromosomal entity, the replication
of which is independent of chromosomal replication, e.g., a plasmid, an extrachromosomal element, a minichromosome, or an artificial
chromosome. The vector may contain any means for assuring self-replication. Alternatively, the vector may be one that, when
introduced into the host cell, is integrated into the genome and replicated together with the chromosome(s) into which it has been
integrated. Furthermore, a single vector or plasmid or two or more vectors or plasmids that together contain the total DNA to be
introduced into the genome of the host cell, or a transposon, may be used.

[0150] The vector preferably contains one or more (e.g., several) selectable markers that permit easy selection of transformed,
transfected, transduced, or the like cells. A selectable marker is a gene the product of which provides for biocide or viral resistance,
resistance to heavy metals, prototrophy to auxotrophs, and the like.

[0151] Examples of selectable markers for use in a Trichoderma host cell include, but are not limited to, adeA
(phosphoribosylaminoimidazole-succinocarboxamide synthase), adeB (phosphoribosylaminoimidazole synthase), amdS
(acetamidase), argB (ornithine carbamoyltransferase), bar (phosphinothricin acetyltransferase), hph  (hygromycin
phosphotransferase), niaD (nitrate reductase), pyrG (orotidine-5'-phosphate decarboxylase), sC (sulfate adenyltransferase), and trpC
(anthranilate synthase), as well as equivalents thereof. Preferred for use in an Aspergillus cell are Aspergillus nidulans or Aspergillus
oryzae amdS and pyrG genes and a Streptomyces hygroscopicus bar gene. Preferred for use in a Trichoderma cell are adeA, adeB,
amdS, hph, and pyrG genes. Examples of bacterial selectable markers are markers that confer antibiotic resistance such as ampicillin,
chloramphenicol, kanamycin, heomycin, spectinomycin, or tetracycline resistance.

[0152] The selectable marker may be a dual selectable marker system as described in WO 2010/039889 A2. In one aspect, the
selectable marker is a hph-tk dual selectable marker system.

[0153] The vector preferably contains an element(s) that permits integration of the vector into the host cell's genome or autonomous
replication of the vector in the cell independent of the genome.

[0154] For integration into the host cell genome, the vector may rely on the polynucleotide's sequence encoding the polypeptide or
any other element of the vector for integration into the genome by homologous or hon-homologous recombination. Alternatively, the
vector may contain additional polynucleotides for directing integration by homologous recombination into the genome of the host cell
at a precise location(s) in the chromosome(s). To increase the likelihood of integration at a precise location, the integrational
elements should contain a sufficient number of nucleic acids, such as 100 to 10,000 base pairs, 400 to 10,000 base pairs, and 800 to
10,000 base pairs, which have a high degree of sequence identity to the corresponding target sequence to enhance the probability of
homologous recombination. The integrational elements may be any sequence that is homologous with the target sequence in the
genome of the host cell. Furthermore, the integrational elements may be non-encoding or encoding polynucleotides. On the other
hand, the vector may be integrated into the genome of the host cell by non-homologous recombination.

[0155] For autonomous replication, the vector may further comprise an origin of replication enabling the vector to replicate
autonomously in a Trichoderma host cell. The origin of replication may be any plasmid replicator mediating autonomous replication
that functions in a cell. The term "origin of replication" or "plasmid replicator" means a polynucleotide that enables a plasmid or vector
to replicate in vivo.

[0156] Examples of origins of replication useful in a Trichoderma host cell are AMA1 and ANS1 (Gems et al., 1991, Gene 98: 61-67;
Cullen et al., 1987, Nucleic Acids Res. 15: 9163-9175; WO 00/24883). Isolation of the AMA1 gene and construction of plasmids or
vectors comprising the gene can be accomplished according to the methods disclosed in WO 00/24883.

[0157] More than one copy of a polynucleotide may be inserted into a Trichoderma host cell to increase production of a polypeptide.
An increase in the copy number of the polynucleotide can be obtained by integrating at least one additional copy of the sequence into
the host cell genome or by including an amplifiable selectable marker gene with the polynucleotide where cells containing amplified
copies of the selectable marker gene, and thereby additional copies of the polynucleotide, can be selected for by cultivating the cells
in the presence of the appropriate selectable agent.

[0158] The procedures used to ligate the elements described above to construct the recombinant expression vectors are well known
to one skilled in the art (see, e.g., Sambrook et al., 1989, supra).

Methods of Production
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[0159] The present invention also relates to methods of producing an enzyme composition comprising Aspergillus fumigatus
cellulases and/or hemicellulases, comprising (a) cultivating a Trichoderma recombinant host cell of the present invention under
conditions conducive for production of the enzyme composition; and (b) recovering the enzyme composition.

[0160] The Trichoderma host cells are cultivated in a nufrient medium suitable for production of the enzyme composition using
methods known in the art. For example, the cell may be cultivated by shake flask cultivation, or small-scale or large-scale fermentation
(including continuous, batch, fed-batch, or solid state fermentations) in laboratory or industrial fermentors in a suitable medium and
under conditions allowing the enzyme(s) to be expressed and/or isolated. The cultivation takes place in a suitable nutrient medium
comprising carbon and nitrogen sources and inorganic salts, using procedures known in the art. Suitable media are available from
commercial suppliers or may be prepared according to published compositions (e.g., in catalogues of the American Type Culture
Collection).

[0161] The A. fumigatus cellulases and/or hemicellulases may be detected using methods known in the art that are specific for the
enzyme. These detection methods include, but are not limited to, use of specific antibodies, formation of an enzyme product, or
disappearance of an enzyme substrate. For example, an enzyme assay may be used to determine activity.

[0162] The A fumigatus cellulases and/or hemicellulases may be recovered using methods known in the art. For example, the
enzyme may be recovered from the nutrient medium by conventional procedures including, but not limited to, collection, centrifugation,
filtration, extraction, spray-drying, evaporation, or precipitation. In one aspect, the whole fermentation broth is recovered.

[0163] The A. fumigatus cellulases and/or hemicellulases may be purified by a variety of procedures known in the art including, but
not limited to, chromatography (e.g., ion exchange, affinity, hydrophobic, chromatofocusing, and size exclusion), electrophoretic
procedures (e.g., preparative isoelectric focusing), differential solubility (e.g., ammonium sulfate precipitation), SDS-PAGE, or
extraction (see, e.g., Protein Purification, Janson and Ryden, editors, VCH Publishers, New York, 1989) to obtain substantially pure
polypeptides.

Enzyme Compositions

[0164] The present invention also relates to enzyme composition comprising a recovered fermentation broth of a recombinant
Trichoderma host cell of the present invention. In one aspect, the enzyme composition may have one or more components of the
fermentation broth removed. In another aspect, the enzyme composition may have no components of the fermentation broth removed.

[0165] The enzyme composition comprises (i) an Aspergillus fumigatus cellobiohydrolase I, (ii) an Aspergillus fumigatus
cellobiohydrolase |I; (i) an Aspergillus fumigatus beta-glucosidase; and (iv) an Aspergillus fumigatus GH61 polypeptide having
cellulolytic enhancing activity, as described herein. In one aspect, the enzyme composition further comprises one or more (e.g.,
several) enzymes selected from the group consisting of: (i) an Aspergillus fumigatus endoglucanase |, (i) an Aspergillus fumigatus
endoglucanase l; (iii) an Aspergillus fumigatus xylanase; (iv) an Aspergillus fumigatus beta-xylosidase; (v) an Aspergillus fumigatus
swollenin; or (vi) combinations thereof, as described herein. In another aspect, the enzyme composition further comprises an
Aspergillus fumigatus endoglucanase |. In another aspect, the enzyme composition further comprises an Aspergillus fumigatus
endoglucanase II. In another aspect, the enzyme composition further comprises an Aspergillus fumigatus xylanase. In another aspect,
the enzyme composition further comprises an an Aspergillus fumigatus beta-xylosidase. In another aspect, the enzyme composition
further comprises an Aspergillus fumigatus swollenin.

[0166] In another aspect, the enzyme composition further comprises a Trichoderma endoglucanase |. In another aspect, the enzyme
composition further comprises a Trichoderma reesei endoglucanase |. In another aspect, the enzyme composition further comprises a
Trichoderma reesei Cel7B endoglucanase | (GENBANK™ accession no. M15665). In another aspect, the Trichoderma reesei
endoglucanase | is native to the host cell.. In another aspect, the the Trichoderma reesei endoglucanase | is the mature polypeptide
of SEQ ID NO: 30.

[0167] In another aspect, the enzyme composition further comprises a Trichoderma endoglucanase Il. In another aspect, the enzyme
composition further comprises a Trichoderma reesei endoglucanase Il. In another aspect, the enzyme composition further comprises a
Trichoderma reesei Cel5A endoglucanase Il (GENBANK™ accession no. M19373). In another aspect, the Trichoderma reesei
endoglucanase Il is native to the host cell. In another aspect, the the Trichoderma reesei endoglucanase |is the mature polypeptide of
SEQ ID NO: 32.

[0168] The enzyme composition may further comprise one or more (e.g., several) enzymes selected from the group consisting of a
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cellulase, a GH61 polypeptide having cellulolytic enhancing activity, a hemicellulase, an esterase, an expansin, a laccase, a
ligninolytic enzyme, a pectinase, a peroxidase, a protease, and a swollenin. In another aspect, the cellulase is preferably one or more
(e.g., several) enzymes selected from the group consisting of an endoglucanase, a cellobiohydrolase, and a beta-glucosidase. In
another aspect, the hemicellulase is preferably one or more (e.g., several) enzymes selected from the group consisting of an
acetylmannan esterase, an acetylxylan esterase, an arabinanase, an arabinofuranosidase, a coumaric acid esterase, a feruloyl
esterase, a galactosidase, a glucuronidase, a glucuronoyl esterase, a mannanase, a mannosidase, a xylanase, and a xylosidase. The
enzyme(s) may be native or foreign to the Trichoderma host cell.

[0169] The term "fermentation broth" as used herein refers to a preparation produced by cellular fermentation that undergoes no or
minimal recovery and/or purification. For example, fermentation broths are produced when microbial cultures are grown to saturation,
incubated under carbon-limiting conditions to allow protein synthesis (e.g., expression of enzymes by host cells) and secretion into cell
culture medium. The fermentation broth can contain unfractionated or fractionated contents of the fermentation materials derived at
the end of the fermentation. Typically, the fermentation broth is unfractionated and comprises the spent culture medium and cell
debris present after the microbial cells (e.g., filamentous fungal cells) are removed, e.g., by centrifugation. In some aspects, the
fermentation broth contains spent cell culture medium, extracellular enzymes, and viable and/or nonviable microbial cells.

[0170] In an aspect, the fermentation broth formulation and cell compositions comprise a first organic acid component comprising at
least one 1-5 carbon organic acid and/or a salt thereof and a second organic acid component comprising at least one 6 or more
carbon organic acid and/or a salt thereof. In a specific aspect, the first organic acid component is acetic acid, formic acid, propionic
acid, a salt thereof, or a mixture of two or more of the foregoing and the second organic acid component is benzoic acid,
cyclohexanecarboxylic acid, 4-methylvaleric acid, phenylacetic acid, a salt thereof, or a mixture of two or more of the foregoing.

[0171] In one aspect, the composition contains an organic acid(s), and optionally further contains killed cells and/or cell debris. In
one aspect, the killed cells and/or cell debris are removed from a cell-killed whole broth to provide a composition that is free of these
components.

[0172] The fermentation broth formulations or cell compositions may further comprise a preservative and/or anti-microbial (e.g.,
bacteriostatic) agent, including, but not limited to, sorbitol, sodium chloride, potassium sorbate, and others known in the art.

[0173] The call-killed whole broth or composition may contain the unfractionated contents of the fermentation materials derived at the
end of the fermentation. Typically, the cell-killed whole broth or composition contains the spent culture medium and cell debris present
after the microbial cells (e.g., filamentous fungal cells) are grown to saturation, incubated under carbon-limiting conditions to allow
protein synthesis. In some aspects, the cell-killed whole broth or composition contains the spent cell culture medium, extracellular
enzymes, and killed filamentous fungal cells. In some aspects, the microbial cells present in the cell-killed whole broth or composition
can be permeabilized and/or lysed using methods known in the art.

[0174] A whole broth or cell composition as described herein is typically a liquid, but may contain insoluble components, such as
killed cells, cell debris, culture media components, and/or insoluble enzyme(s). In some aspects, insoluble components may be
removed to provide a clarified liquid composition.

[0175] The whole broth formulations and cell compositions of the present invention may be produced by a method described in WO
90/15861 or WO 2010/096673.

Uses

[0176] The present invention is also directed to the following processes for using an enzyme composition comprising a recovered
fermentation broth of the present invention.

[0177] The present invention also relates to processes for degrading a cellulosic material, comprising: treating the cellulosic material
with an enzyme composition comprising a recovered fermentation broth of the present invention. In one aspect, the processes further
comprise recovering the degraded or converted cellulosic material. Soluble products of degradation or conversion of the cellulosic
material can be separated from insoluble cellulosic material using a method known in the art such as, for example, centrifugation,
filtration, or gravity settling.

[0178] The present invention also relates to processes of producing a fermentation product, comprising: (a) saccharifying a cellulosic
material with an enzyme composition comprising a recovered fermentation broth of the present invention; (b) fermenting the
saccharified cellulosic material with one or more (e.g., several) fermenting microorganisms to produce the fermentation product; and
(c) recovering the fermentation product from the fermentation.
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[0179] The present disclosure also relates to processes of fermenting a cellulosic material, comprising: fermenting the cellulosic
material with one or more (e.g., several) fermenting microorganisms, wherein the cellulosic material is saccharified with an enzyme
composition comprising a recovered fermentation broth of the present invention. In one aspect, the fermenting of the cellulosic
material produces a fermentation product. In another aspect, the processes further comprise recovering the fermentation product
from the fermentation.

[0180] The processes of the present invention can be used to saccharify the cellulosic material to fermentable sugars and to convert
the fermentable sugars to many useful fermentation products, e.g., fuel, potable ethanol, and/or platform chemicals (e.g., acids,
alcohols, ketones, gases, and the like). The production of a desired fermentation product from the cellulosic material typically involves
pretreatment, enzymatic hydrolysis (saccharification), and fermentation.

[0181] The processing of the cellulosic material according to the present invention can be accomplished using methods conventional
in the art. Moreover, the processes of the present invention can be implemented using any conventional biomass processing
apparatus configured to operate in accordance with the invention.

[0182] Hydrolysis (saccharification) and fermentation, separate or simultaneous, include, but are not limited to, separate hydrolysis
and fermentation (SHF); simultaneous saccharification and fermentation (SSF); simultaneous saccharification and co-fermentation
(SSCF); hybrid hydrolysis and fermentation (HHF); separate hydrolysis and co-fermentation (SHCF); hybrid hydrolysis and co-
fermentation (HHCF); and direct microbial conversion (DMC), also sometimes called consolidated bioprocessing (CBP). SHF uses
separate process steps to first enzymatically hydrolyze the cellulosic material to fermentable sugars, e.g., glucose, cellobiose, and
pentose monomers, and then ferment the fermentable sugars to ethanol. In SSF, the enzymatic hydrolysis of the cellulosic material
and the fermentation of sugars to ethanol are combined in one step (Philippidis, G. P, 1996, Cellulose bioconversion technology, in
Handbook on Bioethanol: Production and Utilization, Wyman, C. E., ed., Taylor & Francis, Washington, DC, 179-212). SSCF involves
the co-fermentation of multiple sugars (Sheehan, J., and Himmel, M., 1999, Enzymes, energy and the environment. A strategic
perspective on the U.S. Department of Energy's research and development activities for bioethanol, Biotechnol. Prog. 15: 817-827).
HHF involves a separate hydrolysis step, and in addition a simultaneous saccharification and hydrolysis step, which can be carried out
in the same reactor. The steps in an HHF process can be carried out at different temperatures, i.e., high temperature enzymatic
saccharification followed by SSF at a lower temperature that the fermentation strain can tolerate. DMC combines all three processes
(enzyme production, hydrolysis, and fermentation) in one or more (e.g., several) steps where the same organism is used to produce
the enzymes for conversion of the cellulosic material to fermentable sugars and to convert the fermentable sugars into a final product
(Lynd, L. R., Weimer, P. J., van Zyl, W. H., and Pretorius, I. S., 2002, Microbial cellulose utilization: Fundamentals and biotechnology,

Microbiol. Mol. Biol. Reviews 66: 506-577). It is understood herein that any method known in the art comprising pretreatment,
enzymatic hydrolysis (saccharification), fermentation, or a combination thereof, can be used in the practicing the processes of the
present invention.

[0183] Aconventional apparatus can include a fed-baftch stirred reactor, a batch stirred reactor, a continuous flow stirred reactor with
ultrafiltration, and/or a continuous plug-flow column reactor (Fernanda de Castilhos Corazza, Flavio Faria de Moraes, Gisella Maria
Zanin and Ivo Neitzel, 2003, Optimal control in fed-batch reactor for the cellobiose hydrolysis, Acta Scientiarum. Technology 25: 33-
38; Gusakov, A. V., and Sinitsyn, A. P, 1985, Kinetics of the enzymatic hydrolysis of cellulose: 1. A mathematical model for a batch
reactor process, Enz. Microb. Technol. 7: 346-352), an attrition reactor (Ryu, S. K., and Lee, J. M., 1983, Bioconversion of waste
cellulose by using an attrition bioreactor, Biotechnol. Bioeng. 25: 53-65), or a reactor with intensive stirring induced by an
electromagnetic field (Gusakov, A. V., Sinitsyn, A. P., Davydkin, 1. Y., Davydkin, V. Y., Protas, O. V., 1996, Enhancement of enzymatic
cellulose hydrolysis using a novel type of bioreactor with intensive stirring induced by electromagnetic field, Appl. Biochem. Biotechnol.
56: 141-153). Additional reactor types include fluidized bed, upflow blanket, immobilized, and extruder type reactors for hydrolysis
and/or fermentation.

[0184] Pretreatment. In practicing the processes of the present invention, any pretreatment process known in the art can be used to
disrupt plant cell wall components of the cellulosic material (Chandra et al., 2007, Substrate pretreatment: The key to effective
enzymatic hydrolysis of lignocellulosics?, Adv. Biochem. Engin./Biotechnol. 108: 67-93; Galbe and Zacchi, 2007, Pretreatment of
lignocellulosic materials for efficient bioethanol production, Adv. Biochem. Engin./Biotechnol. 108: 41-65; Hendriks and Zeeman, 2009,
Pretreatments to enhance the digestibility of lignocellulosic biomass, Bioresource Technol. 100: 10-18; Mosier et al., 2005, Features
of promising technologies for pretreatment of lignocellulosic biomass, Bioresource Technol. 96: 673-686; Taherzadeh and Karimi,
2008, Pretreatment of lignocellulosic wastes to improve ethanol and biogas production: A review, Int. J. of Mol. Sci. 9: 1621-1651 ;
Yang and Wyman, 2008, Pretreatment: the key to unlocking low-cost cellulosic ethanol, Biofuels Bioproducts and Biorefining-Biofpr. 2:
26-40).

[0185] The cellulosic material can also be subjected to particle size reduction, sieving, presoaking, wetting, washing, and/or
conditioning prior to pretreatment using methods known in the art.
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[0186] Conventional pretreatments include, but are not limited to, steam pretreatment (with or without explosion), dilute acid
pretreatment, hot water pretreatment, alkaline pretreatment, lime pretreatment, wet oxidation, wet explosion, ammonia fiber explosion,
organcsolv pretreatment, and biological pretreatment. Additional pretreatments include ammonia percolation, ultrasound,
electroporation, microwave, supercritical CO2, supercritical HyO, ozone, ionic liquid, and gamma irradiation pretreatments.

[0187] The cellulosic material can be pretreated before hydrolysis and/or fermentation. Pretreatment is preferably performed prior to
the hydrolysis. Alternatively, the pretreatment can be carried out simultaneously with enzyme hydrolysis to release fermentable
sugars, such as glucose, xylose, and/or cellobiose. In most cases the pretreatment step itself results in some conversion of biomass to
fermentable sugars (even in absence of enzymes).

[0188] Steam Pretreatment. In steam pretreatment, the cellulosic material is heated to disrupt the plant cell wall components,
including lignin, hemicellulose, and cellulose to make the cellulose and other fractions, e.g., hemicellulose, accessible to enzymes.
The cellulosic material is passed to or through a reaction vessel where steam is injected to increase the temperature to the required
temperature and pressure and is retained therein for the desired reaction time. Steam pretreatment is preferably performed at 140-
250°C, e.g., 160-200°C or 170-190°C, where the optimal temperature range depends on addition of a chemical catalyst. Residence
time for the steam pretreatment is preferably 1-60 minutes, e.g., 1-30 minutes, 1-20 minutes, 3-12 minutes, or 4-10 minutes, where
the optimal residence time depends on temperature range and addition of a chemical catalyst. Steam pretreatment allows for relatively
high solids loadings, so that the cellulosic material is generally only moist during the pretreatment. The steam pretreatment is often
combined with an explosive discharge of the material after the pretreatment, which is known as steam explosion, that is, rapid flashing
to atmospheric pressure and turbulent flow of the material to increase the accessible surface area by fragmentation (Duff and Murray,
1996, Bioresource Technology 855: 1-33; Galbe and Zacchi, 2002, Appl. Microbiol. Biotechnol. 59: 618-628; U.S. Patent Application
No. 20020164730). During steam pretreatment, hemicellulose acetyl groups are cleaved and the resulting acid autocatalyzes partial
hydrolysis of the hemicellulose to monosaccharides and oligosaccharides. Lignin is removed to only a limited extent.

[0189] Chemical Pretreatment: The term "chemical treatment" refers to any chemical pretreatment that promotes the separation
and/or release of cellulose, hemicellulose, and/or lignin. Such a pretreatment can convert crystalline cellulose to amorphous cellulose.
Examples of suitable chemical pretreatment processes include, for example, dilute acid pretreatment, lime pretreatment, wet oxidation,
ammonia fiber/freeze explosion (AFEX), ammonia percolation (APR), ionic liquid, and organosolv pretreatments.

[0190] A catalyst such as HpSO4 or SO (typically 0.3 to 5% wiw) is often added prior to steam pretreatment, which decreases the
time and temperature, increases the recovery, and improves enzymatic hydrolysis (Ballesteros et al., 2006, Appl. Biochem. Biotechnol.
129-132: 496-508; Varga et al., 2004, Appl. Biochem. Biotechnol. 113-116: 509-523 ; Sassner et al., 2006, Enzyme Microb. Technol.
39: 756-762). In dilute acid pretreatment, the cellulosic material is mixed with dilute acid, typically HoSO4, and water to form a slurry,
heated by steam to the desired temperature, and after a residence time flashed to atmospheric pressure. The dilute acid pretreatment
can be performed with a number of reactor designs, e.qg., plug-flow reactors, counter-current reactors, or continuous counter-current
shrinking bed reactors (Duff and Murray, 1996, supra; Schell et al., 2004, Bioresource Technol. 91: 179-188; Lee et al., 1999, Adv.
Biochem. Eng. Biotechnol. 65: 93-115).

[0191] Several methods of pretreatment under alkaline conditions can also be used. These alkaline pretreatments include, but are
not limited to, sodium hydroxide, lime, wet oxidation, ammonia percolation (APR), and ammonia fiber/freeze explosion (AFEX).

[0192] Lime pretreatment is performed with calcium oxide or calcium hydroxide at temperatures of 85-150°C and residence times
from 1 hour to several days (Wyman et al., 2005, Bioresource Technol. 96: 1959-1966 ; Mosier et al., 2005, Bioresource Technol. 96:
673-686) . WO 2006/110891, WO 2006/110899, WO 2006/110900, and WO 2006/110901 disclose pretreatment methods using
ammonia.

[0193] Wet oxidation is a thermal pretreatment performed typically at 180-200°C for 5-15 minutes with addition of an oxdative agent
such as hydrogen peroxide or over-pressure of oxygen (Schmidt and Thomsen, 1998, Bioresource Technol. 84: 139-151; Palonen et
al., 2004, Appl. Biochem. Biotechnol. 117: 1-17; Varga et al., 2004, Biotechnol. Bioeng. 88: 567-574; Martin et al., 2006, J. Chem.
Technol. Biotechnol. 81: 1669-1677). The pretreatment is performed preferably at 1-40% dry matter, e.g., 2-30% dry matter or 5-20%
dry matter, and often the initial pH is increased by the addition of alkali such as sodium carbonate.

[0194] A modification of the wet oxidation pretreatment method, known as wet explosion (combination of wet oxidation and steam
explosion) can handle dry matter up to 30%. In wet explosion, the oxidizing agent is introduced during pretreatment after a certain

residence time. The pretreatment is then ended by flashing to atmospheric pressure (WO 2006/032282).

[0195] Ammonia fiber explosion (AFEX) involves treating the cellulosic material with liquid or gaseous ammonia at moderate
temperatures such as 90-150°C and high pressure such as 17-20 bar for 5-10 minutes, where the dry matter content can be as high
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as 60% (Gollapalli et al., 2002, Appl. Biochem. Biotechnol. 98: 23-35; Chundawat et al., 2007, Biotechnol. Bioeng. 96: 219-231;
Alizadeh et al., 2005, Appl. Biochem. Biotechnol. 121: 1133-1141 ; Teymouri et al., 2005, Bioresource Technol. 96: 2014-2018 ).
During AFEX pretreatment cellulose and hemicelluloses remain relatively intact. Lignin-carbohydrate complexes are cleaved.

[0196] Organosolv pretreatment delignifies the cellulosic material by extraction using aqueous ethanol (40-60% ethanol) at 160-
200°C for 30-60 minutes (Pan et al., 2005, Biotechnol. Bioeng. 90: 473-481; Pan et al., 2006, Biotechnol. Bioeng. 94: 851-861; Kurabi
et al., 2005, Appl. Biochem. Biotechnol. 121: 219-230). Sulphuric acid is usually added as a catalyst. In organosolv pretreatment, the
majority of hemicellulose and lignin is removed.

[0197] Other examples of suitable pretreatment methods are described by Schell et al., 2003, Appl. Biochem. and Biotechnol. Vol.
105-108, p. 69-85, and Mosier et al., 2005, Bioresource Technology 96: 673-686, and U.S. Published Application 2002/0164730.

[0198] In one aspect, the chemical pretreatment is preferably carried out as a dilute acid treatment, and more preferably as a
continuous dilute acid treatment. The acid is typically sulfuric acid, but other acids can also be used, such as acetic acid, citric acid,
nitric acid, phosphoric acid, tartaric acid, succinic acid, hydrogen chloride, or mixtures thereof. Mild acid treatment is conducted in the
pH range of preferably 1-5, e.g., 1-4 or 1-2.5. In one aspect, the acid concentration is in the range from preferably 0.01 to 10 wt %
acid, e.g., 0.05 to 5 wt % acid or 0.1 to 2 wt % acid. The acid is contacted with the cellulosic material and held at a temperature in the
range of preferably 140-200°C, e.g., 165-190°C, for periods ranging from 1 to 60 minutes.

[0199] In another aspect, pretreatment takes place in an aqueous slurry. In preferred aspects, the cellulosic material is present
during pretreatment in amounts preferably between 10-80 wt %, e.g., 20-70 wt % or 30-60 wt %, such as around 40 wt %. The
pretreated cellulosic material can be unwashed or washed using any method known in the art, e.g., washed with water.

[0200] Mechanical Pretreatment or Physical Pretreatment: The term "mechanical pretreatment’ or "physical pretreatment” refers to
any pretreatment that promotes size reduction of particles. For example, such pretreatment can involve various types of grinding or
milling (e.g., dry milling, wet milling, or vibratory ball milling).

[0201] The cellulosic material can be pretreated both physically (mechanically) and chemically. Mechanical or physical pretreatment
can be coupled with steaming/steam explosion, hydrothermolysis, dilute or mild acid treatment, high temperature, high pressure
treatment, irradiation (e.g., microwave irradiation), or combinations thereof. In one aspect, high pressure means pressure in the range
of preferably about 100 to about 400 psi, e.g., about 150 to about 250 psi. In another aspect, high temperature means temperatures
in the range of about 100 to about 300°C, e.g., about 140 to about 200°C. In a preferred aspect, mechanical or physical pretreatment
is performed in a batch-process using a steam gun hydrolyzer system that uses high pressure and high temperature as defined
above, e.g., a Sunds Hydrolyzer available from Sunds Defibrator AB, Sweden. The physical and chemical pretreatments can be
carried out sequentially or simultaneously, as desired.

[0202] Accordingly, in a preferred aspect, the cellulosic material is subjected to physical (mechanical) or chemical pretreatment, or
any combination thereof, to promote the separation and/or release of cellulose, hemicellulose, and/or lignin.

[0203] Biological Pretreatment: The term "biological pretreatment" refers to any biological pretreatment that promotes the separation
and/or release of cellulose, hemicellulose, and/or lignin from the cellulosic material. Biological pretreatment techniques can involve
applying lignin-solubilizing microorganisms and/or enzymes (see, for example, Hsu, T.-A., 1996, Pretreatment of biomass, in Handbook
on Bioethanol: Production and Utilization, Wyman, C. E., ed., Taylor & Francis, Washington, DC, 179-212; Ghosh and Singh, 1993,
Physicochemical and biological treatments for enzymatic/microbial conversion of cellulosic biomass, Adv. Appl. Microbiol. 39: 295-333 ;
McMillan, J. D., 1994, Pretreating lignocellulosic biomass: a review, in Enzymatic Conversion of Biomass for Fuels Production, Himmel,
M. E., Baker, J. O., and Overend, R. P, eds., ACS Symposium Series 566, American Chemical Society, Washington, DC, chapter 15 ;
Gong, C. S, Cao, N. J,, Du, J,, and Tsao, G. T., 1999, Ethanol production from renewable resources, in Advances in Biochemical

Engineering/Biotechnology, Scheper, T., ed., Springer-Verlag Berlin Heidelberg, Germany, 65: 207-241 ; Olsson and Hahn-Hagerdal,
1996, Fermentation of lignocellulosic hydrolysates for ethanol production, Enz Microb. Tech. 18: 312-331; and Vallander and
Eriksson, 1990, Production of ethanol from lignocellulosic materials: State of the art, Adv. Biochem. Eng./Biotechnol. 42: 63-95).

[0204] Saccharification. In the hydrolysis step, also known as saccharification, the cellulosic material, e.g., pretreated, is hydrolyzed
to break down cellulose and/or hemicellulose to fermentable sugars, such as glucose, cellobiose, xylose, xylulose, arabinose,
mannose, galactose, and/or soluble oligosaccharides. The hydrolysis is performed enzymatically by an enzyme composition
comprising a recovered fermentation broth of the present invention.

[0205] Enzymatic hydrolysis is preferably carried out in a suitable aqueous environment under conditions that can be readily

determined by one skilled in the art. In one aspect, hydrolysis is performed under conditions suitable for the activity of the enzyme(s),
i.e., optimal for the enzyme(s). The hydrolysis can be carried out as a fed batch or continuous process where the cellulosic material is
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fed gradually to, for example, an enzyme containing hydrolysis solution.

[0206] The saccharification is generally performed in stirred-tank reactors or fermentors under controlled pH, temperature, and
mixing conditions. Suitable process time, temperature and pH conditions can readily be determined by one skilled in the art. For
example, the saccharification can last up to 200 hours, but is typically performed for preferably about 12 to about 120 hours, e.g.,
about 16 to about 72 hours or about 24 to about 48 hours. The temperature is in the range of preferably about 25°C to about 70°C,
e.g., about 30°C to about 65°C, about 40°C to about 60°C, or about 50°C to about 55°C. The pH s in the range of preferably about 3
to about 8, e.g., about 3.5 to about 7, about 4 to about 6, or about 5.0 to about 5.5. The dry solids content is in the range of
preferably about 5 to about 50 wt %, e.g., about 10 to about 40 wt % or about 20 to about 30 wt %.

[0207] In the processes of the present invention, the enzyme composition comprising a recovered fermentation broth of the present
invention can be added prior to or during fermentation, e.g., during saccharification or during or after propagation of the fermenting
microorganism(s).

[0208] The enzyme composition comprising a recovered fermentation broth of the present invention may be in any form suitable for
use, such as, for example, a crude fermentation broth with or without cells removed, a cell lysate with or without cellular debris, a
semipurified or purified enzyme preparation, or a Trichoderma host cell as a source of the enzymes. The enzyme composition may be
a dry powder or granulate, a non-dusting granulate, a liquid, a stabilized liquid, or a stabilized protected enzyme. Liquid enzyme
preparations may, for instance, be stabilized by adding stabilizers such as a sugar, a sugar alcohol or another polyol, and/or lactic
acid or another organic acid according to established processes.

[0209] The optimum amount of Aspergillus fumigatus cellulases or hemicellulases depends on several factors including, but not
limited to, the mixture of component cellulolytic and/or hemicellulolytic enzymes, the cellulosic material, the concentration of cellulosic
material, the pretreatment(s) of the cellulosic material, temperature, time, pH, and inclusion of fermenting organism (e.g., yeast for
Simultaneous Saccharification and Fermentation).

[0210] In one aspect, an effective amount of cellulolytic or hemicellulolytic enzyme to the cellulosic material is about 0.01 to about
50.0 mg, e.g., about 0.01 to about 40 mg, about 0.01 to about 30 mg, about 0.01 to about 20 mg, about 0.01 to about 10 mg, about
0.01 to about 5 mg, about 0.025 to about 1.5 mg, about 0.05 to about 1.25 mg, about 0.075 to about 1.25 mg, about 0.1 to about
1.25 mg, about 0.15 to about 1.25 mg, or about 0.25 to about 1.0 mg per g of the cellulosic material.

[0211] In another aspect, the GHB81 polypeptide having cellulolytic enhancing activity is used in the presence of a soluble activating
divalent metal cation according to WO 2008/151043, e.g., manganese sulfate.

[0212] In another aspect, a GH61 polypeptide having cellulolytic enhancing activity is used in the presence of a dioxy compound, a
bicylic compound, a heterocyclic compound, a nitrogen-containing compound, a quinone compound, a sulfur-containing compound, or
a liquor obtained from a pretreated cellulosic material such as pretreated corn stover (PCS).

[0213] The dioxy compound may include any suitable compound containing two or more oxygen atoms. In some aspects, the dioxy
compounds contain a substituted aryl moiety as described herein. The dioxy compounds may comprise one or more (e.g., several)
hydroxyl and/or hydroxyl derivatives, but also include substituted aryl moieties lacking hydroxyl and hydroxyl derivatives. Non-limiting
examples of the dioxy compounds include pyrocatechol or catechol; caffeic acid; 3,4-dihydroxybenzoic acid; 4-tert-butyl-5-methoxy-
1,2-benzenediol; pyrogallol; gallic acid; methyl-3,4,5-trihydroxybenzoate; 2,3 ,4-trihydroxybenzophenone; 2,6-dimethoxyphenol;
sinapinic acid; 3,5-dihydroxybenzoic acid; 4-chloro-1,2-benzenediol; 4-nitro-1,2-benzenediol; tannic acid; ethyl gallate; methyl
glycolate; dihydroxyfumaric acid; 2-butyne-1,4-diol; (croconic acid; 1,3-propanediol; tartaric acid; 2,4-pentanediol; 3-ethyoxy-1,2-
propanediol; 2,4,4'-trihydroxybenzophenone; cis-2-butene-1,4-diol;  3,4-dihydroxy-3-cyclobutene-1,2-dione; dihydroxyacetone;
acrolein acetal; methyl-4-hydroxybenzoate; 4-hydroxybenzoic acid; and methyl-3,5-dimethoxy-4-hydroxybenzoate; or a salt or solvate
thereof.

[0214] The bicyclic compound may include any suitable substituted fused ring system as described herein. The compounds may
comprise one or more (e.g., several) additional rings, and are not limited to a specific number of rings unless otherwise stated. In one
aspect, the bicyclic compound is a flavonoid. In another aspect, the bicyclic compound is an optionally substituted isoflavonoid. In
another aspect, the bicyclic compound is an optionally substituted flavylium ion, such as an optionally substituted anthocyanidin or
optionally substituted anthocyanin, or derivative thereof. Non-limiting examples of the bicyclic compounds include epicatechin;
quercetin; myricetin; taxifolin; kaempferol; morin; acacetin; naringenin; isorhamnetin; apigenin; cyanidin; cyanin; kuromanin;
keracyanin; or a salt or solvate thereof.

[0215] The heterocyclic compound may be any suitable compound, such as an optionally substituted aromatic or non-aromatic ring
comprising a heteroatom, as described herein. In one aspect, the heterocyclic is a compound comprising an optionally substituted
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heterocycloalkyl moiety or an optionally substituted heteroaryl moiety. In another aspect, the optionally substituted heterocycloalkyl
moiety or optionally substituted heteroaryl moiety is an optionally substituted 5-membered heterocycloalkyl or an optionally substituted
5-membered heteroaryl moiety. In another aspect, the optionally substituted heterocycloalkyl or optionally substituted heteroaryl
moiety is an optionally substituted moiety selected from pyrazolyl, furanyl, imidazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrrolyl, pyridyl,
pyrimidyl, pyridazinyl, thiazolyl, triazolyl, thienyl, dihydrothieno-pyrazolyl, thianaphthenyl, carbazolyl, benzimidazolyl, benzothienyl,
benzofuranyl, indolyl, quinolinyl, benzotriazolyl, benzothiazolyl, benzooxazolyl, benzimidazolyl, isoquinclinyl, isoindolyl, acridinyl,
benzoisazolyl, dimethylhydantoin, pyrazinyl, tetrahydrofuranyl, pyrrolinyl, pyrrolidinyl, morpholinyl, indolyl, diazepinyl, azepinyl,
thiepinyl, piperidinyl, and oxepinyl. In another aspect, the optionally substituted heterocycloalkyl moiety or optionally substituted
heteroaryl moiety is an optionally substituted furanyl. Non-limitihg examples of the heterocyclic compounds include (1,2-
dihydroxyethyl)-3,4-dihydroxyfuran-2(5H)-one; 4-hydroxy-5-methyl-3-furanone; 5-hydroxy-2(5H)-furanone; [1,2-dihydroxyethyl]furan-
2,3,4(5H)-trione; a-hydroxy-y-butyrolactone; ribonic y-lactone; aldohexuronicaldohexuronic acid y-lactone; gluconic acid d-lactone; 4-
hydroxycoumarin; dihydrobenzofuran; 5-(hydroxymethyl)furfural; furoin; 2(5H)-furanone; 5,6-dihydro-2H-pyran-2-one; and 5,6-
dihydro-4-hydroxy-6-methyl-2H-pyran-2-one; or a salt or solvate thereof.

[0216] The nitrogen-containing compound may be any suitable compound with one or more (e.g., several) nitrogen atoms. In one
aspect, the nitrogen-containing compound comprises an amine, imine, hydroxylamine, or nitroxide moiety. Non-limiting examples of the
nitrogen-containing compounds include acetone oxime; violuric acid; pyridine-2-aldoxime; 2-aminophenol; 1,2-benzenediamine;
2,2,6,6-tetramethyl-1-piperidinyloxy; 5,6,7,8-tetrahydrobiopterin; 6,7-dimethyl-5,6,7,8-tetrahydropterine; and maleamic acid; or a salt
or solvate thereof.

[0217] The quinone compound may be any suitable compound comprising a quinone moiety as described herein. Non-limiting
examples of the quinone compounds include 1,4-benzoquinone; 1,4-naphthoquinone; 2-hydroxy-1,4-naphthoquinone; 2,3-dimethoxy-
5-methyl-1,4-benzoquinone or coenzyme Qgq; 2,3,5,6-tetramethyl-1,4-benzoquinone or duroquinone; 1,4-dihydroxyanthraquinone; 3-
hydroxy-1-methyl-5,6-indolinedione or adrenochrome; 4-tert-butyl-5-methoxy-1,2-benzoquinone; pyrrologuinoline quinone; or a salt or
solvate thereof.

[0218] The sulfur-containing compound may be any suitable compound comprising one or more (e.g., several) sulfur atoms. In one
aspect, the sulfur-containing comprises a moiety selected from thionyl, thioether, sulfinyl, sulfonyl, sulfamide, sulfonamide, sulfonic
acid, and sulfonic ester. Non-limiting examples of the sulfur-containing compounds include ethanethiol; 2-propanethiol; 2-propene-1-
thiol; 2-mercaptoethanesulfonic acid; benzenethiol, benzene-1,2-dithiol; cysteine; methionine; glutathione; cystine; or a salt or solvate
thereof.

[0219] In one aspect, an effective amount of such a compound described above to cellulosic material as a molar ratio to glucosyl
units of cellulose is about 106 to about 10, e.g., about 106 to about 7.5, about 107 to about 5, about 106 to about 2.5, about 106 to
about 1, about 1075 to about 1, about 1073 to about 101, about 104 to about 107, about 103 to about 10-1, or about 103 to about

102, In another aspect, an effective amount of such a compound described above is about 0.1 pM to about 1 M, e.g., about 0.5 pM to
about 0.75 M, about 0.75 pM to about 0.5 M, about 1 uM to about 0.25 M, about 1 uM to about 0.1 M, about 5 uM to about 50 mM,
about 10 pM to about 25 mM, about 50 uM to about 25 mM, about 10 pM to about 10 mM, about 5 pM to about 5 mM, or about 0.1 mM
to about 1 mM.

[0220] The term "liquor" means the solution phase, either aqueous, organic, or a combination thereof, arising from treatment of a
lignocellulose and/or hemicellulose material in a slurry, or monosaccharides thereof, e.g., xylose, arabinose, mannose, efc., under
conditions as described herein, and the soluble contents thereof. A liquor for cellulolytic enhancement of a GH61 polypeptide can be
produced by treating a lignocellulose or hemicellulose material (or feedstock) by applying heat and/or pressure, optionally in the
presence of a catalyst, e.g., acid, optionally in the presence of an organic solvent, and optionally in combination with physical
disruption of the material, and then separating the solution from the residual solids. Such conditions determine the degree of
cellulolytic enhancement obtainable through the combination of liquor and a GH61 polypeptide during hydrolysis of a cellulosic
substrate by a cellulase preparation. The liquor can be separated from the treated material using a method standard in the art, such
as filtration, sedimentation, or centrifugation.

[0221] In one aspect, an effective amount of the liquor to cellulose is about 106 to about 10 g per g of cellulose, e.g., about 10 to
about 7.5 g, about 10 to about 5, about 10 o about 2.5 g, about 106 to about 1 g, about 10" to about 1 g, about 1075 to about
101 g, about 10 to about 10°1 g, about 103 to about 10°1 g, or about 103 to about 102 g per g of cellulose.

[0222] Eermentation. The fermentable sugars obtained from the hydrolyzed cellulosic material can be fermented by one or more
(e.g., several) fermenting microorganisms capable of fermenting the sugars directly or indirectly into a desired fermentation product.
"Fermentation" or "fermentation process" refers to any fermentation process or any process comprising a fermentation step.
Fermentation processes also include fermentation processes used in the consumable alcohol industry (e.g., beer and wine), dairy
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industry (e.g., fermented dairy products), leather industry, and tobacco industry. The fermentation conditions depend on the desired
fermentation product and fermenting organism and can easily be determined by one skilled in the art.

[0223] In the fermentation step, sugars, released from the cellulosic material as a result of the pretreatment and enzymatic hydrolysis
steps, are fermented to a product, e.g., ethanol, by a fermenting organism, such as yeast. Hydrolysis (saccharification) and
fermentation can be separate or simultaneous, as described herein.

[0224] Any suitable hydrolyzed cellulosic material can be used in the fermentation step in practicing the present invention. The
material is generally selected based on the desired fermentation product, i.e., the substance to be obtained from the fermentation,
and the process employed, as is well known in the art.

[0225] The term "fermentation medium” is understood herein to refer to a medium before the fermenting microorganism(s) is(are)
added, such as, a medium resulting from a saccharification process, as well as a medium used in a simultaneous saccharification and
fermentation process (SSF).

[0226] "Fermenting microorganism" refers to any microorganism, including bacterial and fungal organisms, suitable for use in a
desired fermentation process to produce a fermentation product. The fermenting organism can be hexose and/or pentose fermenting
organisms, or a combination thereof. Both hexose and pentose fermenting organisms are well known in the art. Suitable fermenting
microorganisms are able to ferment, i.e., convert, sugars, such as glucose, xylose, xylulose, arabinose, maltose, mannose, galactose,
and/or oligosaccharides, directly or indirectly into the desired fermentation product. Examples of bacterial and fungal fermenting
organisms producing ethanol are described by Lin et al., 2006, Appl. Microbiol. Biotechnol. 69: 627-642.

[0227] Examples of fermenting microorganisms that can ferment hexose sugars include bacterial and fungal organisms, such as
yeast. Preferred yeast includes strains of Candida, Kluyveromyces, and Saccharomyces, e.g., Candida sonorensis, Kluyveromyces
marxianus, and Saccharomyces cerevisiae.

[0228] Examples of fermenting organisms that can ferment pentose sugars in their native state include bacterial and fungal
organisms, such as some yeast. Preferred xylose fermenting yeast include strains of Candida, preferably C. sheatae or C. sonorensis;
and strains of Pichia, preferably P. stipitis, such as P. stipitis CBS 5773. Preferred pentose fermenting yeast include strains of
Pachysolen, preferably P. tannophilus. Organisms not capable of fermenting pentose sugars, such as xylose and arabinose, may be
genetically modified to do so by methods known in the art.

[0229] Examples of bacteria that can efficiently ferment hexose and pentose to ethanol include, for example, Bacillus coagulans,
Clostridium acetobutylicum, Clostridium thermocellum, Clostridium phytofermentans, Geobacillus  sp., Thermoanaerobacter
saccharolyticum, and Zymomonas mobilis (Philippidis, 1996, supra).

[0230] Other fermenting organisms include strains of Bacillus, such as Bacillus coagulans; Candida, such as C. sonorensis, C.
methanosorbosa, C. diddensiae, C. parapsilosis, C. naedodendra, C. blankii, C. entomophilia, C. brassicae, C. pseudotropicalis, C.
boidinii, C. utilis, and C. scehatae; Clostridium, such as C. acetobutylicum, C. thermocellum, and C. phytofermentans, E. coli,
especially E. coli strains that have been genetically modified to improve the yield of ethanol; Geobacillus sp.; Hansenula, such as
Hansenula anomala; Klebsiella, such as K. oxytoca; Kluyveromyces, such as K. marxianus, K. lactis, K. thermotolerans, and K. fraqgilis;
Schizosaccharomyces, such as S. pombe; Thermoanaerobacter, such as Thermoanaerobacter saccharolyticum; and Zymomonas,
such as Zymomonas mobilis.

[0231] In a preferred aspect, the yeast is a Bretannomyces. In a more preferred aspect, the yeast is Brefannomyces clausenii. In
another preferred aspect, the yeast is a Candida. In another more preferred aspect, the yeastis Candida sonorensis. In another more
preferred aspect, the yeast is Candida boidinii. In another more preferred aspect, the yeast is Candida blankii. In another more
preferred aspect, the yeast is Candida brassicae. In another more preferred aspect, the yeast is Candida diddensii. In another more
preferred aspect, the yeast is Candida entomophiliia. In another more preferred aspect, the yeast is Candida pseudotropicalis. In
another more preferred aspect, the yeast is Candida scehatae. In another more preferred aspect, the yeast is Candida utilis. In
another preferred aspect, the yeast is a Clavispora. In another more preferred aspect, the yeast is Clavispora lusitaniae. In another
more preferred aspect, the yeast is Clavispora opuntiae. In another preferred aspect, the yeast is a Kluyveromyces. In another more
preferred aspect, the yeast is Kluyveromyces fragilis. In another more preferred aspect, the yeast is Kluyveromyces marxianus. In
another more preferred aspect, the yeast is Kluyveromyces thermotolerans. In another preferred aspect, the yeast is a Pachysolen. In
another more preferred aspect, the yeast is Pachysolen tannophilus. In another preferred aspect, the yeast is a Pichia. In another
more preferred aspect, the yeast is a Pichia stipitis. In another preferred aspect, the yeast is a Saccharomyces spp. In another more
preferred aspect, the yeast is Saccharomyces cerevisiae. In another more preferred aspect, the yeast is Saccharomyces distaticus. In
another more preferred aspect, the yeast is Saccharomyces uvarum.
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[0232] In a preferred aspect, the bacteriumis a Bacillus. In a more preferred aspect, the bacterium is Bacillus coagulans. In another
preferred aspect, the bacterium is a Clostridium. In another more preferred aspect, the bacterium is Clostridium acetobutylicum. In
another more preferred aspect, the bacterium is Clostridium phytofermentans. In another more preferred aspect, the bacterium is
Clostridium thermocellum. In another more preferred aspect, the bacterium is Geobacilus sp. In another more preferred aspect, the
bacterium is a Thermoanaerobacter. In another more preferred aspect, the bacterium is Thermoanaerobacter saccharolyticum. In
another preferred aspect, the bacterium is a Zymomonas. In another more preferred aspect, the bacteriumis Zymomonas mobilis.

[0233] Commercially available yeast suitable for ethanol production include, e.g., BIOFERM™ AFT and XR (NABC - North American
Bioproducts Corporation, GA, USA), ETHANOL RED™ vyeast (Fermentis/Lesaffre, USA), FALI™ (Fleischmann's Yeast, USA),
FERMIOL™ (DSM Specialties), GERT STRAND™ (Gert Strand AB, Sweden), and SUPERSTART™ and THERMOSACC™ fresh yeast
(Ethanol Technology, WI, USA).

[0234] In a preferred aspect, the fermenting microorganism has been genetically modified to provide the ability to ferment pentose
sugars, such as xylose utilizing, arabinose utilizing, and xylose and arabinose co-utilizing microorganisms.

[0235] The cloning of heterologous genes into various fermenting microorganisms has led to the construction of organisms capable
of converting hexoses and pentoses to ethanol (co-fermentation) (Chen and Ho, 1993, Cloning and improving the expression of Pichia
stipitis xylose reductase gene in Saccharomyces cerevisiae, Appl. Biochem. Biotechnol. 39-40: 135-147; Ho et al., 1998, Genetically
engineered Saccharomyces yeast capable of effectively cofermenting glucose and xylose, Appl. Environ. Microbiol. 84: 1852-1859;
Kotter and Ciriacy, 1993, Xylose fermentation by Saccharomyces cerevisiae, Appl. Microbiol. Biotechnol. 38: 776-783 ; Walfridsson et
al., 1995, Xylose-metabolizing Saccharomyces cerevisiae strains overexpressing the TKL1 and TAL1 genes encoding the pentose
phosphate pathway enzymes transketolase and transaldolase, Appl. Environ. Microbiol. 61: 4184-4190; Kuyper et al., 2004, Minimal
metabolic engineering of Saccharomyces cerevisiae for efficient anaerobic xylose fermentation: a proof of principle, FEMS Yeast
Research 4: 655-664; Beall et al., 1991, Parametric studies of ethanol production from xylose and other sugars by recombinant
Escherichia coli, Biotech. Bioeng. 38: 296-303; Ingram et al., 1998, Metabolic engineering of bacteria for ethanol production,
Biotechnol. Bioeng. 58: 204-214; Zhang et al., 1995, Metabolic engineering of a pentose metabolism pathway in ethanclogenic
Zymomonas mobilis, Science 267: 240-243; Deanda et al., 1996, Development of an arabinose-fermenting Zymomonas mobilis strain
by metabolic pathway engineering, Appl. Environ. Microbiol. 62: 4465-4470; WO 2003/062430, xylose isomerase).

[0236] In a preferred aspect, the genetically modified fermenting microorganism is Candida sonorensis. In another preferred aspect,
the genetically modified fermenting microorganism is Escherichia coli. In another preferred aspect, the genetically modified fermenting
microorganism is Klebsiella oxytoca. In another preferred aspect, the genetically modified fermenting microorganism is Kiuyveromyces
marxianus. In another preferred aspect, the genetically modified fermenting microorganism is Saccharomyces cerevisiae. In another
preferred aspect, the genetically modified fermenting microorganism is Zymomonas mobilis.

[0237] It is well known in the art that the organisms described above can also be used to produce other substances, as described
herein.

[0238] The fermenting microorganism is typically added to the degraded cellulosic material or hydrolysate and the fermentation is
performed for about 8 to about 96 hours, e.g., about 24 to about 60 hours. The temperature is typically between about 26°C to about
60°C, e.g., about 32°C or 50°C, and about pH 3 to about pH 8, e.g., pH4-5, 6, or 7.

[0239] In one aspect, the yeast and/or another microorganism are applied to the degraded cellulosic material and the fermentation is
performed for about 12 to about 96 hours, such as typically 24-60 hours. In another aspect, the temperature is preferably between
about 20°C to about 60°C, e.g., about 25°C to about 50°C, about 32°C to about 50°C, or about 32°C to about 50°C, and the pH is
generally from about pH 3 to about pH 7, e.g., about pH 4 to about pH 7. However, some fermenting organisms, e.g., bacteria, have

higher fermentation temperature optima. Yeast or another microorganism is preferably applied in amounts of approximately 109 to

1012, preferably from approximately 107 to 1010, especially approximately 2 x 108 viable cell count per ml of fermentation broth.
Further guidance in respect of using yeast for fermentation can be found in, e.g., "The Alcohol Textbook" (Editors K. Jacques, T.P.
Lyons and D.R. Kelsall, Nottihngham University Press, United Kingdom 1999).

[0240] A fermentation stimulator can be used in combination with any of the processes described herein to further improve the
fermentation process, and in particular, the performance of the fermenting microorganism, such as, rate enhancement and ethanol
yield. A "fermentation stimulator” refers to stimulators for growth of the fermenting microorganisms, in particular, yeast. Preferred
fermentation stimulators for growth include vitamins and minerals. Examples of vitamins include multivitamins, biotin, pantothenate,
nicotinic acid, meso-inositol, thiamine, pyridoxine, para-aminobenzoic acid, folic acid, riboflavin, and Vitamins A, B, C, D, and E. See,
for example, Alfenore et al., Improving ethanol production and viability of Saccharomyces cerevisiae by a vitamin feeding strategy
during fed-batch process, Springer-Verlag (2002). Examples of minerals include minerals and mineral salts that can supply nutrients
comprising P, K, Mg, S, Ca, Fe, Zn, Mn, and Cu.
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[0241] Eermentation products: A fermentation product can be any substance derived from the fermentation. The fermentation
product can be, without limitation, an alcohol (e.g., arabinitol, n-butanol, isobutanol, ethanol, glycerol, methanol, ethylene glycol, 1,3-
propanediol [propylene glycol], butanediol, glycerin, sorbitol, and xylitol); an alkane (e.g., pentane, hexane, heptane, octane, nonane,
decane, undecane, and dodecane), a cycloalkane (e.g., cyclopentane, cyclohexane, cycloheptane, and cyclooctane), an alkene (e.g.
pentene, hexene, heptene, and octene); an amino acid (e.g., aspartic acid, glutamic acid, glycine, lysine, serine, and threonine); a
gas (e.g., methane, hydrogen (Hp), carbon dioxide (CO2), and carbon monoxide (CO)); isoprene; a ketone (e.g., acetone); an organic
acid (e.g., acetic acid, acetonic acid, adipic acid, ascorbic acid, citric acid, 2,5-diketo-D-gluconic acid, formic acid, fumaric acid,
glucaric acid, gluconic acid, glucuronic acid, glutaric acid, 3-hydroxypropionic acid, itaconic acid, lactic acid, malic acid, malonic acid,
oxalic acid, oxaloacetic acid, propionic acid, succinic acid, and xylonic acid); and polyketide. The fermentation product can also be
protein as a high value product.

[0242] In a preferred aspect, the fermentation product is an alcohol. It will be understood that the term "alcohol" encompasses a
substance that contains one or more (e.g., several) hydroxyl moieties. In a more preferred aspect, the alcohol is n-butanol. In another
more preferred aspect, the alcohol is isobutanal. In another more preferred aspect, the alcohol is ethanol. In another more preferred
aspect, the alcohol is methanoal. In another more preferred aspect, the alcohol is arabinitol. In another more preferred aspect, the
alcohol is butanediol. In another more preferred aspect, the alcohol is ethylene glycol. In another more preferred aspect, the alcohol is
glycerin. In another more preferred aspect, the alcohol is glycerol. In another more preferred aspect, the alcohol is 1,3-propanediol. In
another more preferred aspect, the alcohol is sorbitol. In another more preferred aspect, the alcohal is xylitol. See, for example, Gong,
C. S, Cao, N. J, Du, J, and Tsao, G. T., 1999, Ethanol production from renewable resources, in Advances in Biochemical
Engineering/Biotechnology, Scheper, T., ed., Springer-Verlag Berlin Heidelberg, Germany, 65: 207-241 ; Silveira, M. M., and Jonas,
R., 2002, The biotechnological production of sorbitol, Appl. Microbiol. Biotechnol. 59: 400-408; Nigam, P, and Singh, D., 1995,
Processes for fermentative production of xylitol - a sugar substitute, Process Biochemistry 30 (2): 117-124; Ezeji, T. C., Qureshi, N.
and Blaschek, H. P, 2003, Production of acetone, butanol and ethanol by Clostridium beijerinckii BA101 and in situ recovery by gas
stripping, World Journal of Microbiology and Biotechnology 19 (6): 595-603.

[0243] In another preferred aspect, the fermentation product is an alkane. The alkane can be an unbranched or a branched alkane.
In another more preferred aspect, the alkane is pentane. In another more preferred aspect, the alkane is hexane. In another more
preferred aspect, the alkane is heptane. In another more preferred aspect, the alkane is octane. In another more preferred aspect,
the alkane is nonane. In another more preferred aspect, the alkane is decane. In another more preferred aspect, the alkane is
undecane. In another more preferred aspect, the alkane is dodecane.

[0244] In another preferred aspect, the fermentation product is a cycloalkane. In another more preferred aspect, the cycloalkane is
cyclopentane. In another more preferred aspect, the cycloalkane is cyclohexane. In another more preferred aspect, the cycloalkane is
cycloheptane. In another more preferred aspect, the cycloalkane is cyclooctane.

[0245] In another preferred aspect, the fermentation product is an alkene. The alkene can be an unbranched or a branched alkene.
In another more preferred aspect, the alkene is pentene. In another more preferred aspect, the alkene is hexene. In another more
preferred aspect, the alkene is heptene. In another more preferred aspect, the alkene is octene.

[0246] In another preferred aspect, the fermentation product is an amino acid. In another more preferred aspect, the organic acid is
aspartic acid. In another more preferred aspect, the amino acid is glutamic acid. In another more preferred aspect, the amino acid is
glycine. In another more preferred aspect, the amino acid is lysine. In another more preferred aspect, the amino acid is serine. In
another more preferred aspect, the amino acid is threonine. See, for example, Richard, A., and Margaritis, A., 2004, Empirical
modeling of batch fermentation kinetics for poly(glutamic acid) production and other microbial biopolymers, Biotechnology and
Bioengineering 87 (4): 501-515.

[0247] In another preferred aspect, the fermentation product is a gas. In another more preferred aspect, the gas is methane. In
another more preferred aspect, the gas is Hp. In another more preferred aspect, the gas is CO». In another more preferred aspect,
the gas is CO. See, for example, Kataoka, N., A. Miya, and K. Kiriyama, 1997, Studies on hydrogen production by continuous culture
system of hydrogen-producing anaerobic bacteria, Water Science and Technology 36 (6-7): 41-47 ; and Gunaseelan V.N. in Biomass
and Bioenergy, Vol. 13 (1-2), pp. 83-114, 1997, Anaerobic digestion of biomass for methane production: A review.

[0248] In another preferred aspect, the fermentation product is isoprene.
[0249] In another preferred aspect, the fermentation product is a ketone. It will be understood that the term "ketone" encompasses a

substance that contains one or more (e.g., several) ketone moieties. In another more preferred aspect, the ketone is acetone. See,
for example, Qureshi and Blaschek, 2003, supra.
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[0250] In another preferred aspect, the fermentation product is an organic acid. In another more preferred aspect, the organic acid is
acetic acid. In another more preferred aspect, the organic acid is acetonic acid. In another more preferred aspect, the organic acid is
adipic acid. In another more preferred aspect, the organic acid is ascorbic acid. In another more preferred aspect, the organic acid is
citric acid. In another more preferred aspect, the organic acid is 2,5-diketo-D-gluconic acid. In another more preferred aspect, the
organic acid is formic acid. In another more preferred aspect, the organic acid is fumaric acid. In another more preferred aspect, the
organic acid is glucaric acid. In another more preferred aspect, the organic acid is gluconic acid. In another more preferred aspect,
the organic acid is glucuronic acid. In another more preferred aspect, the organic acid is glutaric acid. In another preferred aspect, the
organic acid is 3-hydroxypropionic acid. In another more preferred aspect, the organic acid is itaconic acid. In another more preferred
aspect, the organic acid is lactic acid. In another more preferred aspect, the organic acid is malic acid. In another more preferred
aspect, the organic acid is malonic acid. In another more preferred aspect, the organic acid is oxalic acid. In another more preferred
aspect, the organic acid is propionic acid. In another more preferred aspect, the organic acid is succinic acid. In another more
preferred aspect, the organic acid is xylonic acid. See, for example, Chen, R., and Lee, Y. Y., 1997, Membrane-mediated extractive
fermentation for lactic acid production from cellulosic biomass, Appl. Biochem. Biotechnol. 63-65: 435-448.

[0251] In another preferred aspect, the fermentation product is polyketide.

[0252] Recovery. The fermentation product(s) can be optionally recovered from the fermentation medium using any method known in
the art including, but not limited to, chromatography, electrophoretic procedures, differential solubility, distillation, or extraction. For
example, alcohol is separated from the fermented cellulosic material and purified by conventional methods of distillation. Ethanol with
a purity of up to about 96 vol.% can be obtained, which can be used as, for example, fuel ethanol, drinking ethanol, i.e., potable
neutral spirits, or industrial ethanol.

[0253] The present invention is further described by the following examples that should not be construed as limiting the scope of the
invention.

Examples

Strains

[0254] Trichoderma reesei strain 981-0-8 (D4) is a mutagenized strain of Trichoderma reesei RutC30 (ATCC 56765; Montenecourt
and Eveleigh, 1979, Adv. Chem. Ser. 181: 289-301).

[0255] Trichoderma reesei strain AgJg115-104-7B1 (PCT/US2010/061105, WO 2011/075677) is a ku70- derivative of T. reesei
strain 981-0-8 (D4).

Media and Buffer Solutions

[0256] 2XYT plus ampicillin plates were composed of 16 g of tryptone, 10 g of yeast extract, 5 g of sodium chloride, 15 g of Bacto
agar, and deionized water to 1 liter. One ml of a 100 mg/ml solution of ampicillin was added after the autoclaved medium was cooled to
55°C.

[0257] SOC medium was composed of 20 g of Bacto-tryptone, 5 g of Bacto yeast extract, 0.5 g of NaCl, 2.5 ml of 1 M KCI, and
deionized water to 1 liter. The pH was adjusted to 7.0 with 10 N NaOH before autoclaving. Then 20 ml of sterile 1 M glucose was

added immediately before use.

[0258] LB plates were composed of 10 g of tryptone, 5 g of yeast extract, 5 g of NaCl, 15 g of Bacto agar, and deionized water to 1
liter.

[0259] COVE salt solution was composed of 26 g of KCI, 26 g of MgSO4-7H20, 76 g of KHoPO4, 50 ml of COVE trace metals
solution, and deionized water to 1 liter.

[0260] COVE trace metals solution was composed of 0.04 g of NaB4O7-10H20, 0.4 g of CuSO4-5H20, 1.2 g of FeS04-7H20, 0.7 g
of MnSO4-H20, 0.8 g of NapMoO2:2H20, 10 g of ZnSO4-7H20, and deionized water to 1 liter.

[0261] COVE plates were composed of 342.3 g of sucrose, 20 ml of COVE salt solution, 10 ml of 1 M acetamide, 10 ml of 1.5 M CsCl,
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25 g of Noble agar (Difco), and deionized water to 1 liter.

[0262] COVE2 plates were composed of 30 g of sucrose, 20 ml of COVE salt solution, 10 ml of 1 M acetamide, 25 g of Noble agar
(Difco), and deionized water to 1 liter.

[0263] Trichoderma trace metals solution was composed of 216 g of FeCl3-6H0, 58 g of ZnSO4-7HYO, 27 g of MnSO4-Hp0, 10 g of
CuS04-5H0, 2.4 g of H3BO3, 336 g of citric acid, and deionized water to 1 liter.

[0264] CIM medium was composed of 20 g of cellulose, 10 g of corn steep solids, 1.45 g of (NHg)2S04, 2.08 g of KH2PO4, 0.28 g of
CaCly, 0.42 g of MgSQO4-7H20, 0.42 ml of Trichoderma trace metals solution, 1-2 drops of antifoam, and deionized water to 1 liter; pH
adjusted to 6.0.

[0265] YP medium was composed of 10 g of yeast extract, 20 g of Bacto peptone, and deionized water to 1 liter.

[0266] YPG medium was composed of 4 g of yeast extract, 1 g of KpHPOy4, 0.5 g of MgSQOy, 15.0 g of glucose, and deionized water to
1 liter (pH 6.0).

[0267] PEG buffer was composed of 500 g of polyethylene glycol 4000 (PEG 4000), 10 mM CaClp, 10 mM Tris-HCI pH 7.5, and
deionized water to 1 liter; filter sterilized.

[0268] PDA plates were composed of 39 g of Potato Dextrose Agar (Difco) and deionized water to 1 liter.

[0269] PDA overlay medium was composed of 39 g of Potato Dextrose Agar (Difco), 2.44 g of uridine, and deionized water to 1 liter.
The previously autoclaved medium was melted in a microwave and then cooled to 55°C before use.

[0270] STC was composed of 1 M sorbitol, 10 mM mM CaClp, and 10 mM Tris-HCI, pH 7.5; filter sterilized.

[0271] TE buffer was composed of 1 M Tris pH8.0 and 0.5 M EDTA pH 8.0.
[0272] 20X SSC was composed of 175.3 g of NaCl, 88.2 g of sodium citrate, and deionized water to 1 liter.

[0273] TrMM-G medium was composed of 20 ml of COVE salt solution, 6 g of (NH4)2SQ4, 0.6 g of CaCly, 25 g of Nobel agar (Difco),
20 g of glucose, and deionized water to 1 liter.

[0274] NZY+ medium was composed of 5 g of NaCl, 3 g of MgSO4-7H20, 5 g of yeast extract, 10 g of NZ amine, 1.2 g of MgClp, 4 g
of glucose, and deionized water to 1 liter.

[0275] NNCYPO7-PCS medium was composed of 5.0 g of NaNO3, 3.0 g of NH4Cl, 2.0 g of MES (free acid), 2.5 g of citric acid, 0.2 g of
CaClp 2Hp0, 1.0 g of Bacto Peptone, 5.0 g of yeast extract, 0.2 g of MgSO4 7H20, 4.0 g of KoHPO4, 1.0 ml of COVE trace metals

solution, 80.0 g of pretreated corn stover (PCS), and deionized water to 1 liter.

Example 1: Construction of a Trichoderma reesei cbhi-Aspergillus fumigatus cbhl

replacement construct pJfyS139

[0276] The Aspergillus fumigatus cellobiohydrolase | (cbhl) coding sequence (SEQ ID NO: 1 [DNA sequence] and SEQ ID NO: 2
[deduced amino acid sequence]) was amplified from pEJG93 (WO 2011/057140) using the gene-specific forward and reverse primers
shown below. The region in italics represents vector homology to the site of insertion for an INFUSION® reaction and the underlined
portion is an introduced Pac | site.

Forward primer:
5'-cgeggactgegeaccATGCTGGCCTCCACCTTCTCCTACC-3' (SEQ ID NO: 43)
Reverse primer:

5'-ctttcgecacggagettaattaa CTACAGGCACTGAGAGTAATAATCA-3' (SEQ ID NO: 44)
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[0277] The amplification reaction was composed of 20 ng of pEJG93, 200 yM dNTP's, 0.4 pM primers, 1X HERCULASE® Reaction
Buffer (Stratagene, La Jolla, CA, USA), and 1.875 units of HERCULASE® Hot Start High-Fidelity DNA Polymerase (Stratagene, La
Jolla, CA, USA) in a final volume of 50 pl. The amplification reaction was incubated in an EPPENDORF® MASTERCYCLER® 5333
epgradient S (Eppendorf Scientific, Inc., Westbury, NY, USA) programmed for 1 cycle at 95°C for 2 minutes; 30 cycles each at 95°C
for 30 seconds, 55°C for 30 seconds, and 72°C for 1 minute; and 1 cycle at 72°C for 7 minutes. The PCR products were separated by
1% agarose gel electrophoresis using 40 mM Tris base, 20 mM sodium acetate, 1 mM disodium EDTA (TAE) buffer where a 1.6 kb
fragment was excised from the gel and extracted using a MINELUTE® Gel Extraction Kit (QIAGEN Inc., Valencia, CA, USA) according
to the manufacturer's protocol.

[0278] The 1.6 kb PCR product was inserted into Nco I/Pac |-digested pSMai155 (WO 05/074647) using an IN-FUSION® Advantage
PCR Cloning Kit (Clontech, Palo Alto, CA, USA) according to the manufacturer's protocol. The IN-FUSION® reaction was composed of
1X IN-FUSION® Reaction Buffer (Clontech, Palo Alto, CA, USA), 125 ng of Nco I/Pac I-digested pSMai155, 100 ng of the 1.6 kb PCR
product, and 1 pl of IN-FUSION® Enzyme (Clontech, Palo Alto, CA, USA) in a 10 pl reaction volume. The reaction was incubated for 15
minutes at 37°C followed by 15 minutes at 50°C. After the incubation period 40 pl of TE buffer were added to the reaction. A 2 pl
aliquot was used to transform ONE SHOT@ TOP10 competent cells (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's
protocol. The cells were heat shocked at 42°C for 30 seconds and 250 pl of SOC medium were added. The tubes were incubated at
37°C, 200 rpm for 1 hour and 250 pl were plated onto 150 mm diameter 2XYT plus ampicillin plates and incubated at 37°C overnight.
The resulting transformants were screened by sequencing and one clone containing the insert with no PCR errors was identified and
designated pJfyS139-A. Plasmid pJfyS139-A was used for insertion of the Herpes simplex virus thymidine kinase (tk) gene.

[0279] The Herpes simplex virus tk coding sequence (SEQ ID NO: 45 [DNA sequence] and SEQ ID NO: 46 [deduced amino acid
sequence]) was liberated from pJfyS1579-8-6 (WO 2010/039840) by digesting the plasmid with Bg/ Il and Bam HI. The digestion was
subjected to 1% agarose gel electrophoresis using TAE buffer where a 2.3 kb band was excised from the gel and extracted using a
MINELUTE® Gel Extraction Kit. The tk gene cassette was inserted into Bam Hi-digested, calf intestine phosphatase-treated pJfyS139-
Ausing a QUICK LIGATION™ Kit (New England Biolabs, Inc., Ipswich, MA USA) according to the manufacturer's protocol. The ligation
reaction was composed of 50 ng of the Bam Hi-digested, calf intestine phosphatase-treated pJfyS139-A, 50 ng of the 2.3 kb tk gene
insert, 1X QUICK LIGATION™ Buffer (New England Biclabs, Inc., Ipswich, MA USA), and 5 units of QUICK LIGASE™ (New England
Biolabs, Inc., Ipswich, MA USA) in a final volume of 20 pl. The reaction was incubated at room temperature for 5 minutes and 2 pl of
the reaction were used to transform ONE SHOT@ TOP10 competent cells according to the manufacturer's protocol. The cells were
heat shocked at 42°C for 30 seconds and 250 pl of SOC medium were added. The tubes were incubated at 37°C, 200 rpm for 1 hour
and 250 pl were plated onto 150 mm diameter 2XYT plus ampicilin plates and incubated at 37°C overnight. The resulting
transformants were screened by restriction digestion analysis with Xma | to determine the presence and orientation of the insert and a
clone containing the insert was identified and designated pJfyS139-B. Plasmid pJfyS139-B was used for insertion of a 7. reesei 3' cbhl
gene flanking sequence.

[0280] The 3' cbh/ gene flanking sequence was amplified from T. reesei RutC30 genomic DNA using the forward and reverse primers
below. The underlined portion represents an introduced Nof | site for cloning.

Forward Primer:
5'-ttagactgcggecacGTGGCGAAAGCCTGACGCACCGGTAGAT-3' (SEQ ID NO: 47)
Reverse Primer:

5'-agtagttagcggccgcACGGCACGGTTAAGCAGGGTCTTGC-3' (SEQ ID NO: 48)

[0281] Trichoderma reesei RutC30 was grown in 50 ml of YP medium supplemented with 2% glucose (w/v) in a 250 ml baffled shake
flask at 28°C for 2 days with agitation at 200 rpm. Mycelia were harvested by filtration using MIRACLOTH® (Calbiochem, La Jolla, CA,
USA), washed twice in deionized water, and frozen under liquid nitrogen. Frozen mycelia were ground by mortar and pestle to a fine
powder. Total DNA was isolated using a DNEASY® Plant Maxi Kit (QIAGEN Inc., Valencia, CA, USA) with the lytic incubation extended
to 2 hours.

[0282] The amplification reaction was composed of 150 ng of 7. reesei RutC30 genomic DNA, 200 uM dNTP's, 0.4 pM primers, 1X
HERCULASE® Reaction Buffer, and 1.875 units of HERCULASE® Hot Start High-Fidelity DNA Polymerase in a final volume of 50 pl.
The amplification reaction was incubated in an EPPENDORF® MASTERCYCLER® 5333 epgradient S programmed for 1 cycle at 95°C
for 2 minutes; 30 cycles each at 95°C for 30 seconds, 60°C for 30 seconds, and 72°C for 1 minute 30 seconds; and 1 cycle at 72°C
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for 7 minutes.

[0283] The PCR reaction was subjected to a MINELUTE® Nucleotide Removal Kit (QIAGEN Inc., Valencia, CA, USA) according to the
manufacturer's protocol. The resulting PCR mixture was digested with Not | and the digested PCR products were separated by 1%
agarose gel electrophoresis using TAE buffer. A 1.3 kb fragment containing the 3' c¢bh/ gene flanking sequence was excised from the
gel and extracted using a MINELUTE® Gel Extraction Kit. The 1.3 kb fragment was inserted into Not |-linearized, calf intestine
phosphatase-treated pJfyS139-B using a QUICK LIGATION™ Kit. The QUICK LIGATION™ reaction was composed of 100 ng of the
Not I-linearized, calf intestine phosphatase-treated pJfyS139-B, 20 ng of the 1.3 kb fragment, 1X QUICK LIGATION™ Buffer, and 5
units of QUICK LIGASE™ in a final volume of 20 pl. The reaction was incubated at room temperature for 5 minutes and 2 pl of the
reaction was used to transform ONE SHOT@ TOP10 competent cells according to the manufacturer's protocol. The cells were heat
shocked at 42°C for 30 seconds and 250 pl of SOC medium were added. The tubes were incubated at 37°C, 200 rpm for 1 hour and
250 pl were plated onto 150 mm diameter 2XYT plus ampicillin plates and incubated at 37°C overnight. The resulting transformants
were screened by restriction digestion analysis with Xma | to determine the presence and orientation of the insert and positive clones
were sequenced. A clone containing the 3' cbh/ gene flanking sequence with no PCR errors was designated pJfyS139 (Figure 1).
Plasmid pJfyS139 was used as the vector to replace the T. reesei cbhi gene.

Example 2: Trichoderma reesei protoplast generation and transformation

[0284] Protoplast preparation and transformation were performed using a modified protocol by Penttila et al., 1987, Gene 61: 155-
164. Briefly, Trichoderma reesei strain AgJg115-104-7B1 (PCT/US2010/061105, WO 2011/075677) was cultivated in 25 ml of YP
medium supplemented with 2% (w/v) glucose and 10 mM uridine at 27°C for 17 hours with gentle agitation at 90 rpm. Mycelia were
collected by filtration using a Vacuum Driven Disposable Filtration System (Millipore, Bedford, MA, USA) and washed twice with
deionized water and twice with 1.2 M sorbitol. Protoplasts were generated by suspending the washed mycelia in 20 ml of 1.2 M sorbitol
containing 15 mg of GLUCANEX® 200 G (Novozymes A/S, Bagsvaerd, Denmark) per ml and 0.36 units of chitinase (Sigma Chemical
Co., St. Louis, MO, USA) per ml for 15-25 minutes at 34°C with gentle shaking at 90 rpm. Protoplasts were collected by centrifuging
for 7 minutes at 400 x g and washed twice with cold 1.2 M sorbitol. The protoplasts were counted using a haemocytometer and re-

suspended to a final concentration of 1x108 protoplasts per ml in STC. Excess protoplasts were stored in a Cryo 1°C Freezng
Container (Nalgene, Rochester, NY, USA) at -80°C.

[0285] Approximately 100 pg of a transforming plasmid described in the following Examples were digested with Pme |. The digestion
reaction was purified by 1% agarose gel electrophoresis using TAE buffer. A DNA band was excised from the gel and extracted using
a QIAQUICK® Gel Extraction Kit (QIAGEN Inc., Valencia, CA, USA). The resulting purified DNA was added to 100 pl of the protoplast
solution and mixed gently. PEG buffer (250 pl) was added, mixed, and incubated at 34°C for 30 minutes. STC (3 ml) was then added,
mixed, and spread onto PDA plates supplemented with 1 M sucrose. After incubation at 28°C for 16 hours, 20 ml of an overlay PDA
medium supplemented with 35 ug of hygromycin B per ml were added to each plate. The plates were incubated at 28°C for 4-7 days.

Example 3: Replacement of the native Trichoderma reesei cbhl gene with the Aspergillus fumigatus cbhl coding sequence

[0286] In order to replace the Trichoderma reesei native cbh/ gene (SEQ ID NO: 23 [DNA sequence] and SEQ ID NO: 24 [deduced
amino acid sequence]) with the Aspergillus fumigatus cbhl coding sequence (SEQ ID NO: 1 [DNA sequence] and SEQ ID NO: 2
[deduced amino acid sequence]), Trichoderma reesei ku70- strain AgJg115-104-7B1 ( PCT/US2010/061105, WO 2011/075677) was
transformed with 4 x 2 pg of Pme Hinearized pJfyS139 (Example 1) according to the procedure described in Example 2. Seven
transformants were obtained and each one was picked and transferred to a PDA plate and incubated for 7 days at 28°C. Genomic
DNA was isolated from the transformants according to the procedure described in Example 1 and each transformant submitted to
Southern analysis.

[0287] For Southern analysis, 2 ug of genomic DNA was digested with 33 units of Bg/ Il in a 50 pl reaction volume and subjected to
1% agarose electrophoresis in TAE buffer. The DNA in the gel was depurinated with one 10 minute wash in 0.25 N HCI, denatured
with two 15 minute washes in 0.5 N NaOH-1.5 M NaCl, neutralized with one 30 minute wash in 1 M Tris pH 8-1.5 M NaCl, and incubated
in 20X SSC for 5 minutes. The DNA was transferred to a NYTRAN® Supercharge membrane (Whatman, Inc., Florham Park, NJ, USA)
using a TURBOBLOTTER™ System (Whatman, Inc., Florham Park, NJ, USA) according to the manufacturer's protocol. The DNA was
UV crosslinked to the membrane using a STRATALINKER™ UV Crosslinker (Stratagene, La Jolla, CA, USA) and prehybridized for 1
hour at 42°C in 20 ml of DIG Easy Hyb (Roche Diagnostics Corporation, Indianapolis, IN, USA).

[0288] A probe hybridizing to the 3' cbhl/ gene flanking sequence was generated using a PCR Dig Probe Synthesis Kit (Roche

Diagnostics Corporation, Indianapolis, IN, USA) according to the manufacturer's instructions with the forward and reverse primers
shown below. The PCR reaction was composed of 1X HERCULASE® Reaction Buffer, 400 nM of each primer, 200 pM DIG-labeled

34



DK/EP 2748314 T3

dUTP-containing dNTPs, 20 ng of pJfyS139, and 1.5 units of HERCULASE® Hot Start High-Fidelity DNA Polymerase. The amplification
reaction was incubated in an EPPENDORF® MASTERCYCLER® 5333 epgradient S programmed for 1 cycle at 95°C for 2 minutes; 25
cycles each at 95°C for 30 seconds, 55°C for 30 seconds, and 72°C for 40 seconds; and 1 cycle at 72°C for 7 minutes.

Forward primer:
5'-AAAAAACAAACATCCCGTTCATAAC-3' (SEQ ID NO: 49)
Reverse primer:

5-AACAAGGTTTACCGGTTTCGAAAAG-3' (SEQ ID NO: 50)

[0289] The probe was purified by 1% agarose gel electrophoresis using TAE buffer where a 0.5 kb band corresponding to the probe
was excised from the gel and extracted using a MINELUTE® Gel Extraction Kit. The probe was boiled for 5 minutes, chilled on ice for 2
minutes, and added to 10 ml of DIG Easy Hyb to produce the hybridization solution. Hybridization was performed at 42°C for 15-17
hours. The membrane was then washed under low stringency conditions in 2X SSC plus 0.1% SDS for 5 minutes at room temperature
followed by two high stringency washes in 0.5X SSC plus 0.1% SDS for 15 minutes each at 65°C. The probe-target hybrids were
detected by chemiluminescent assay (Roche Diagnostics, Indianapolis, IN, USA) according to the manufacturer's instructions.
Southern analysis indicated that 3 of the 7 transformants contained the replacement cassette at the cbh/ locus and one transformant,
T. reesei JiyS139-8, was chosen for curing the hpt and tk markers.

[0290] A fresh plate of spores was generated by transferring spores of a 7 day old PDA plate grown at 28°C to a PDA plate and
incubating for 7 days at 28°C. Spores were collected in 10 ml of 0.01% TWEEN® 20 using a sterile spreader. The concentration of

spores was determined using a hemocytometer and 109 spores were spread onto 150 mm plates containing TrMM-G medium
supplemented with 1 pM 5-fluoro-2'-deoxyuridine (FdU).

[0291] Three hundred FdU-resistant spore isolates were obtained and DNA was extracted from 2 of the spore isolates as described
above. The isolates were analyzed by Southern analysis as described above and the results indicated that both spore isolates had
excised the hpt/tk region between the homologous repeats of the replacement cassette. One strain designated T. reesei JiyS139-8A
was chosen for replacing the cbhll gene.

Example 4: Construction of an empty Trichoderma reesei cbhil replacement construct pJfyS142

[0292] To generate a construct to replace the Trichoderma reesei cbhil gene (SEQ ID NO: 25 [DNA sequence] and SEQ ID NO: 26
[deduced amino acid sequence]) with the Aspergillus fumigatus cbhli coding sequence (SEQ ID NO: 3 [DNA sequence] and SEQ ID
NO: 4 [deduced amino acid sequence]), the T. reesei cbhll promoter was first amplified from 7. reesei RutC30 genomic DNA using the
gene-specific forward and reverse primers shown below. The region in italics represents vector homology to the site of insertion in an
INFUSION® reaction. T. reesei RutC30 genomic DNA was prepared according to the procedure described in Example 1.

Forward primer:
5'-acgaattgtttaaacqtcgacCCAAGTATCCAGAGGTGTATGGAAATATCAGAT-3' (SEQ ID NO: 51)
Reverse primer:

5'-cgcgtagatctgeggecatGGTGCAATACACAGAGGGTGATCTT-3' (SEQ ID NO: 52)

[0293] The amplification reaction was composed of 20 ng of 7. reesei RutC30 genomic DNA, 200 uM dNTP's, 0.4 uM primers, 1X
HERCULASE® Reaction Buffer, and 1.875 units of HERCULASE® Hot Start High-Fidelity DNA Polymerase in a final volume of 50 l.
The amplification reaction was incubated in an EPPENDORF® MASTERCYCLER® programmed for 1 cycle at 95°C for 2 minutes; 25
cycles each at 95°C for 30 seconds, 55°C for 30 seconds, and 72°C for 1 minute 30 seconds; and 1 cycle at 72°C for 7 minutes. The
PCR products were separated by 1% agarose gel electrophoresis using TAE buffer where a 1.6 kb fragment was excised from the gel
and extracted using a MINELUTE® Gel Extraction Kit.

[0294] The 1.6 kb PCR product was inserted into Nco I/Sal I-digested pSMai155 (WO 05/074647) using an IN-FUSION® Advantage

PCR Cloning Kit according to the manufacturer's protocol. The IN-FUSION® reaction was composed of 1X IN-FUSION® Reaction
Buffer, 125 ng of the Nco I/Sal I-digested pSMai155, 100 ng of the 1.6 kb PCR product, and 1 pl of IN-FUSION® Enzyme in a 10 pl
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reaction volume. The reaction was incubated for 15 minutes at 37°C and 15 minutes at 50°C. After the incubation period 40 pl of TE
were added to the reaction. A 2 pl aliquot was used to transform ONE SHOT@ TOP10 competent cells according to the
manufacturer's protocol. The cells were heat shocked at 42°C for 30 seconds and 250 pl of SOC medium were added. The tubes
were incubated at 37°C, 200 rpm for 1 hour and 250 pl were plated onto 150 mm diameter 2XYT plus ampicillin plates and incubated
at 37°C overnight. The resulting transformants were screened by restriction digestion analysis with Pci | and positive clones
sequenced to ensure the absence of PCR errors. One clone containing the insert with no PCR errors was identified and designated
pJfyS142-A. Plasmid pJfyS142-A was used to insert the T. reesei cbhil terminator.

[0295] The cbhil terminator was amplified from 7. reesei RutC30 genomic DNA using the gene-specific forward and reverse primers
shown below. The region in italics represents vector homology to the site of insertion in an IN-FUSION® reaction.

Forward primer:
5'-atctacgegtactagtiaattaaGGCTTTCGTGACCGGGCTTCAAACA-3' (SEQ ID NO: 53)
Reverse primer:

5'-gcggccegttactagtggatccACTCGGAGTTGTTATACGCTACTCG-3' (SEQ ID NO: 54)

[0296] The amplification reaction was composed of 150 ng of T. reesei RutC30 genomic DNA, 200 uM dNTP's, 0.4 uM primers, 1X
HERCULASE® Reaction Buffer, and 1.875 units of HERCULASE® Hot Start High-Fidelity DNA Polymerase in a final volume of 50 pl.
The amplification reaction was incubated in an EPPENDORF® MASTERCYCLER® programmed for 1 cycle at 95°C for 2 minutes; 25
cycles each at 95°C for 30 seconds, 54°C for 30 seconds, and 72°C for 50 seconds; and 1 cycle at 72°C for 7 minutes. PCR products
were separated by 1% agarose gel electrophoresis using TAE buffer where a 0.3 kb fragment was excised from the gel and extracted
using a MINELUTE® Gel Extraction Kit.

[0297] The 0.3 kb PCR product was inserted into Pac /Bam HI-digested pJfyS142-A using an IN-FUSION® Advantage PCR Cloning
Kit according to the manufacturer's protocol. The INFUSION® reaction was composed of 1X IN-FUSION® Reaction Buffer, 150 ng of
the PacliBam HI-digested pJfyS142-A, 50 ng of the 0.3 kb PCR product, and 1 pl of INFUSION® Enzyme in a 10 pl reaction volume.
The reaction was incubated for 15 minutes at 37°C and 15 minutes at 50°C. After the incubation period 40 pl of TE were added to the
reaction. A 2 pl aliquot was used to transform ONE SHOT@ TOP10 competent cells according to the manufacturer's protocol. The
cells were heat shocked at 42°C for 30 seconds and 250 pl of SOC medium were added. The tubes were incubated at 37°C, 200 rpm
for 1 hour and 250 pl were plated onto 150 mm diameter 2XYT plus ampicillin plates and incubated at 37°C overnight. The
transformants were screened by sequence analysis to identify positive clones and to ensure the absence of PCR errors. One clone
containing the insert with no PCR errors was identified and designated pJfyS142-B. Plasmid pJfyS142-B was used for insertion of the
Herpes simplex tk gene.

[0298] The Herpes simplex tk gene was liberated from pJfyS1579-8-6 (WO 2010/039840) by digesting the plasmid with Bg/ Il and
Bam HI. The digestion was submitted to 1% agarose gel electrophoresis using TAE buffer where a 2.3 kb band was excised from the
gel and extracted using a MINELUTE® Gel Extraction Kit. The tk cassette was inserted into Bam Hi-digested, calf Intestine
phoshatase-dephosphorylated pJfyS142-B using a QUICK LIGATION™ Kit according to the manufacturer's protocol. The ligation
reaction was composed of 50 ng of the Bam HI-digested, calf Intestine phoshatase-dephosphorylated pJfyS142-B, 50 ng of the 2.3 kb
tk gene insert, 1X QUICK LIGATION™ Buffer, and 5 units of QUICK LIGASE™ in a 20 pl ligation volume. The reaction was incubated
at room temperature for 5 minutes and 2 pl of the reaction was used to transform ONE SHOT@ TOP10 competent cells according to
the manufacturer's protocol. The cells were heat shocked at 42°C for 30 seconds and 250 pl of SOC medium were added. The tubes
were incubated at 37°C, 200 rpm for 1 hour and 250 ul were plated onto 150 mm diameter 2XYT plus ampicillin plates and incubated
at 37°C overnight. The resulting transformants were screened by restriction digestion analysis with Xma [ and Bam Hl to determine the
presence and orientation of the insert and a clone containing the insert was identified and designated pJfyS142-C. Plasmid pJfyS142-
C was used for insertion of the T. reesei 3' cbhil gene flanking sequence.

[0299] The 3' cbhil gene flanking sequence was amplified from 7. reesei RutC30 genomic DNA using the forward and reverse primers
shown below. The region in italics represents vector homology to the site of insertion in an IN-FUSION® reaction.

Forward primer:
§'-atccatcacactggeggccgcGCTTCAAACAATGATGTGCGATGGT-3' (SEQ ID NO: 55)
Reverse primer:

5'-gatgcatgctcgageggecgcCTACCTTGGCAGCCCTACGAGAGAG-3' (SEQ ID NO: 56)
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[0300] The amplification reaction was composed of 150 ng of 7. reesei RutC30 genomic DNA, 200 uM dNTP's, 0.4 pM primers, 1X
HERCULASE® Reaction Buffer, and 1.875 units of HERCULASE® Hot Start High-Fidelity DNA Polymerase in a final volume of 50 pl.
The amplification reaction was incubated in an EPPENDORF® MASTERCYCLER® programmed for 1 cycle at 95°C for 2 minutes; 30
cycles each at 95°C for 30 seconds, 56°C for 30 seconds, and 72°C for 1 minute 50 seconds; and 1 cycle at 72°C for 7 minutes. The
PCR reaction was subjected to 1% agarose gel electrophoresis using TAE buffer where a 1.5 kb band was excised from the gel and
extracted using a MINELUTE® Gel Extraction Kit. The 3' cbhll gene flanking sequence was inserted into Not -linearized pJfyS142-C
using an INFUSION® Advantage PCR Cloning Kit according to the manufacturer's protocol. The INFUSION® reaction was composed of
1X IN-FUSION® Reaction Buffer, 150 ng of pJyS142-C, 80 ng of the 1.5 kb PCR product, and 1 pl of IN-FUSION® Enzyme in a 10 pl
reaction volume. The reaction was incubated for 15 minutes at 37°C and 15 minutes at 50°C. After the incubation period 40 pl of TE
were added to the reaction. A 2 pl aliqguot was used to transform ONE SHOT@ TOP10 competent cells according to the
manufacturer's protocol. The cells were heat shocked at 42°C for 30 seconds and 250 pl of SOC medium were added. The tubes
were incubated at 37°C, 200 rpm for 1 hour and 250 pl were plated onto 150 mm diameter 2XYT plus ampicillin plates and incubated
at 37°C overnight. The resulting transformants were screened by restriction digestion analysis with Bg/ Il and positive clones were
sequenced to ensure the absence of PCR errors. One clone containing the insert with no PCR errors was identified and designated
pJfyS142 (Figure 2). Plasmid pJfyS142 was used to insert the A. fumigatus cbhil coding sequence.

Example 5: Construction of a Trichoderma reesei cbhll-Aspergillus fumigatus cbhil replacement construct pJfyS144

[0301] The Aspergillus fumigatus cbhil coding sequence (SEQ ID NO: 3 [DNA sequence] and SEQ ID NO: 4 [deduced amino acid
sequence]) was amplified from pAlLo33 (WO 2011/057140) using the forward and reverse primers shown below. The region in italics
represents vector homology to the site of insertion for an IN-FUSION® reaction.

Forward primer:
5'-ctetgtgtattgcaccATGAAGCACCTTGCATCTTCCATCG-3' (SEQ ID NO: 57)
Reverse primer:

5'-ccggtcacgaaagecT TAATTAAAAGGACGGGTTAGCGTT-3' (SEQ ID NO: 58)

[0302] The amplification reaction was composed of 20 ng of pAlLo33, 200 uM dNTP's, 0.4 uM primers, 1 mM HERCULASE® Reaction
Buffer, and 1.875 units of HERCULASE® Hot Start High-Fidelity DNA Polymerase in a final volume of 50 ul. The amplification reaction
was incubated in an EPPENDORF® MASTERCYCLER® programmed for 1 cycle at 95°C for 2 minutes; 30 cycles each at 95°C for 30
seconds, 55°C for 30 seconds, and 72°C for 2 minutes; and 1 cycle at 72°C for 7 minutes.

[0303] The PCR reaction was subjected to 1% agarose gel electrophoresis using TAE buffer where a 1.7 kb band was excised from
the gel and extracted using a MINELUTE® Gel Extraction Kit. The 1.7 kb PCR product was inserted into Nco I/Pac I-digested pJfyS142
(Example 4) using an IN-FUSION® Advantage PCR Cloning Kit according to the manufacturer's protocol. The IN-FUSION® reaction
was composed of 1X IN-FUSION® Reaction Buffer, 120 ng of the Nco l/Pac |-digested pJfyS142, 70 ng of the 1.7 kb PCR product, and
1 pl of INFUSION® Enzyme in a 10 pl reaction volume. The reaction was incubated for 15 minutes at 37°C and 15 minutes at 50°C.
After the incubation period 40 ul of TE were added to the reaction. A 2 pl aliquot was used to transform ONE SHOT@ TOP10
competent cells according to the manufacturer's protocol. The cells were heat shocked at 42°C for 30 seconds and 250 pl of SOC
medium were added. The tubes were incubated at 37°C, 200 rpm for 1 hour and 250 pl were plated onto 150 mm diameter 2XYT plus
ampicillin plates and incubated at 37°C overnight. The resulting transformants were sequenced to ensure the absence of PCR errors
and determine the presence of the insert. One clone with error-free sequence was identified and designated pJfyS144 (Figure 3).
Plasmid pJfyS144 was used to replace the native cbhll gene with the cbhil coding sequence from A. fumigatus.

Example 6: Replacement of the native Trichoderma reesei cbhll gene with the Aspergillus fumigatus cbhil coding
sequence

[0304] In order to replace the native T. reesei chbhil gene (SEQ ID NO: 25 [DNA sequence] and SEQ ID NO: 26 [deduced amino acid
sequence]) with the Aspergillus fumigatus cbhlf coding sequence (SEQ ID NO: 3 [DNA sequence] and SEQ ID NO: 4 [deduced amino
acid sequence]), Trichoderma reesei JiyS139-8A (Example 3) was transformed according to the procedure described in Example 2
with 2 pg of Pme I-linearized and gel purified pJfyS144 (Example 5). Seven transformants were obtained and each one was picked and
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transferred to a PDA plate and incubated for 7 days at 28°C. A fungal spore PCR method described below was used to screen for
transformants bearing gene replacement using the forward primer shown below annealing to a region upstream of the 5' cbhll gene
flanking sequence beyond the region of integration, and the reverse primer shown below annealing in the A. fumigatus cbhil coding
sequence.

Forward primer:
5'-AGCCACATGCCGCATATTGACAAAG-3' (SEO ID NO: 59)
Reverse primer:

5-AGGGATTCAGTGTGCTACAGGCTGC-3' (SEQ ID NO: 60)

[0305] A 1.8 kb PCR product would be generated only upon the occurrence of a precise gene replacement at the cbhll locus. If the
cassette had integrated elsewhere in the genome, no amplification would resuilt.

[0306] A small amount of spores from each transformant was suspended in 25 pl of TE buffer and heated on high in a microwave
oven for 1 minute. Each microwaved spore suspension was used as a template in the PCR reaction. The reaction was composed of 1
ul of the microwaved spore suspension, 1 pl of a 10 mM dNTPs, 12.5 pl of 2X ADVANTAGE® GC-Melt LA Buffer (Clontech, Mountain
View, CA, USA), 25 pmol of forward primer, 25 pmol of reverse primer, 1.25 units of ADVANTAGE® GC Genomic LA Polymerase Mix
(Clontech, Mountain View, CA, USA), and 9.25 pl of water. The reaction was incubated in an EPPENDORF® MASTERCYCLER® 5333
epgradient S programmed for 1 cycle at 95°C for 10 minutes; 35 cycles each at 95°C for 30 seconds, 56°C for 30 seconds, and 72°C
for 1 minute 40 seconds; 1 cycle at 72°C for 7 minutes; and a 4°C hold. The PCR reactions were subjected to 1% agarose gel
electrophoresis using TAE buffer. The spore PCR indicated that four of the seven transformants contained the replacement cassette
at the targeted locus and three of them were submitted to Southern analysis to confirm the replacement cassette was in a single copy.

[0307] Genomic DNA was isolated from the three transformants according to the procedure described in Example 1 and each
transformant submitted to Southern analysis. For Southern analysis, 2 pg of genomic DNA was digested with 50 units of Dra | in a 50
ul reaction volume and subjected to 1% agarose electrophoresis in TAE buffer. The DNA in the gel was depurinated with one 10
minute wash in 0.25 N HCI, denatured with two 15 minute washes in 0.5 N NaOH-1.5 M NaCl, neutralized with one 30 minute wash in 1
M Tris pH 8-1.5 M NaCl, and incubated in 20X SSC for 5 minutes. The DNA was transferred to a NYTRAN® Supercharge membrane.
The DNAwas UV crosslinked to the membrane using a STRATALINKER™ UV crosslinker and prehybridized for 1 hour at 42°C in 20
ml of DIG Easy Hyb.

[0308] Aprobe hybridizing to the 3' cbhll gene flanking sequence was generated using a PCR Dig Probe Synthesis Kit according to
the manufacturer's instructions with the forward and reverse primers indicated below. The PCR reaction was composed of 1X
HERCULASE® Reaction Buffer, 400 nM each primer, 200 pM DIG-labeled dUTP-containing dNTPs, 150 ng of T. reesei RutC30
genomic DNA, and 1.5 units of HERCULASE® Hot Start High-Fidelity DNA Polymerase. The reaction was incubated in an
EPPENDORF® MASTERCYCLER® 5333 epgradient S programmed for 1 cycle at 95°C for 2 minutes; 30 cycles each at 95°C for 30
seconds, 51°C for 30 seconds, and 72°C for 40 seconds; and 1 cycle at 72°C for 7 minutes.

Forward primer:
5'-AAAAAACAAACATCCCGTTCATAAC-3' (SEQ ID NO: 61)
Reverse primer:

5'-AACAAGGTTTACCGGTTTCGAAAAG-3' (SEQ ID NO: 62)

[0309] The probe was purified by 1% agarose gel electrophoresis using TAE buffer where a 0.5 kb band corresponding to the probe
was excised from the gel and extracted using a QIAQUICK® Gel Extraction Kit. The probe was boiled for 5 minutes, chilled on ice for 2
minutes, and added to 10 ml of DIG Easy Hyb to produce the hybridization solution. Hybridization was performed at 42°C for
approximately 17 hours. The membrane was then washed under low stringency conditions in 2X SSC plus 0.1% SDS for 5 minutes at
room temperature followed by two high stringency washes in 0.5X SSC plus 0.1% SDS for 15 minutes each at 65°C. The probe-target
hybrids were detected by chemiluminescent assay (Roche Diagnostics, Indianapolis, IN, USA) according to the manufacturer's
instructions. Southern analysis indicated that the three transformants contained the replacement cassette at the cbh/l locus and all
three (designated JfyS139/144-5, -6, and -10) were chosen for curing the hpt and tk markers.

[0310] A fresh plate of spores for each transformant was generated by transferring a plug of a 7 day old culture grown on a PDA
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plate at 28°C to a new PDA plate and incubating for 7 days at 28°C. Spores were collected in 10 ml of 0.01% TWEEN® 20 using a

sterile spreader. The concentration of spores was determined using a hemacytometer and 105 and 104 spores were spread onto 150
mm plates containing TrMM-G medium supplemented with 1 uM FdU.

[0311] Approximately 500 FdU-resistant spore isolates for each transformant were obtained from the plate containing 1038 spores and

approximately 100 FdU-resistant spore isclates for each transformant from the plate containing 104 spores. Eight spore isolates were
picked for strains JfyS139/144-5 and -6 and four were picked for strain JfyS139/144-10. Each isolate 1 to 8 from primary transformant
5 was designated JfyS139/144-5A to -5H. Isolates 1 to 8 from primary transformant 6 were designated JfyS139/144-6A to 6H. Isolates
from primary transformant 10 were designated JfyS139/144-10A to 10D for isolates 1 to 4. Spore PCR was conducted as described
above, using the forward and reverse primers shown below, to confirm the hpt and tk markers had been correctly excised.

Forward primer:
5'-GTTAAGCATACAATTGAACGAGAATGG-3' (SEQ ID NO: 63)
Reverse primer:

5'-GATGATATAATGGAGCAAATAAGGG-3' (SEQ ID NO: 64)

[0312] The PCR reactions were performed as described above with the following cycling parameters: 1 cycle at 95°C for 2 minutes;
30 cycles each at 95°C for 30 seconds, 55°C for 30 seconds, and 72°C for 6 minutes seconds; and 1 cycle at 72°C for 7 minutes.

[0313] The primers annealed to the 5' (forward) and 3' (reverse) flanking sequences used for the cbhil gene replacement. Strains
from which the hpt/tk cassette had been correctly excised would display a 3.5 kb fragment while those with the markers intact would
display an 8 kb fragment. The PCR screen indicated that all of the spore isolates had correctly excised the hpt/tk cassette.

[0314] DNA was extracted from the A and B spore isolates from each primary transformant and submitted to Southern analysis as
described above. The Southern analysis confirmed that each spore isolate had correctly excised the hpt/tk cassette. Spore isolate 7.
reesei SyS139/144-10B was chosen to represent the strain containing both the 7. reesei cbhl and cbhil genes replaced with the
respective homologs from Aspergillus fumigatus.

Example 7: Generation of Trichoderma reesei ku70 gene repair plasmid pTH239

[0315] Four DNA segments were combined using an IN-FUSION® Advantage PCR Cloning Kit to generate a construct to replace the
disrupted Trichoderma reesei ku70 coding sequence with the native Trichoderma reesei ku70 coding sequence (SEQ ID NO: 65 [DNA
sequence] and SEQ ID NO: 66 [deduced amino acid sequence]). The ampicillin resistance marker region including the prokaryotic
origin of replication was amplified from pJfyS139-B (Example 1) using the sequence-specific forward and reverse primers shown below
(SEQ ID NOs: 67 and 68). The T. reesei ku70 gene upstream sequence (consisting of 989 bp from upstream of the ku70 coding
sequence and the first 1010 bp of the ku70 coding sequence) was amplified from 7. reesei 981-0-8 genomic DNA using the
sequence-specific forward and reverse primers shown below (SEQ ID NOs: 69 and 70). The T. reesei ku70 gene downstream
sequence (consisting of a 500 bp segment repeated from the 3' end of the 1010 bp segment of the ku70 coding sequence amplified
in the upstream PCR product, and a 1067 bp segment containing the remainder of the ku70 coding sequence, and 461 bp from
downstream of the ku70 coding sequence) was amplified from 7. reesei 981-0-8 genomic DNA using the sequence-specific forward
and reverse primers shown below (SEQ ID NOs: 71 and 72). T. reesei 981-0O-8 genomic DNA was prepared according to the
procedure described in Example 1.

Forward primer:

5-GTGTGCGGCCGCTCGAGCATGCATGTTTAAACAGCTTGGCACTGGCCGTCGTTTT-3' (SEQ ID NO: 67)
Reverse primer:

5-ATCAGCCCCGAGACGGCGCCGCGTTTAAACAATTCGTAATCATGGTCATAGCTGT-3' (SEQ ID NO: 68)
Forward primer:

5'-CATGATTACGAATTGTTTAAACGCGGCGCCGTCTCGGGGCTGATCTTGTCGAGGA-3' (SEQ ID NO: 69)

Reverse primer:
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5'-GGCGGCCGTTACTAGTGGATCCAGCCCTTGACAGTGATCTTGAGTCCAGGTGCAA-3' (SEQ ID NO: 70)

Forward primer:
&-TGCAGATATCCATCACACTGGCGGCCGCAGTTTCCATGTCCAACGTGTTGTTTTGCG

C-3' (SEQ ID NO: 71)

Reverse primer:
5-GCCAGTGCCAAGCTGTTTAAACATGCATGCTCGAGCGGCCGCACACGCCCTCTCCT

CG-3' (SEQ ID NO: 72)

[0316] For amplification of the ampicillin resistance marker and prokaryotic origin of replication region, the reaction was composed of
100 ng of T. reesei 981-0-8 genomic DNA, 200 pM dNTPs, 1 uM of each primer (SEQ ID NO: 67 and 70), 1X PHUSION® High-Fidelity
Hot Start DNA Polymerase Buffer (New England Biolabs, Inc., Ipswich, MA, USA), and 1.0 unit of PHUSION® Hgh-Fidelity Hot Start
DNA Polymerase (New England Biolabs, Inc., Ipswich, MA, USA) in a final volume of 50 pl. The amplification reaction was incubated in
an EPPENDORF® MASTERCYCLER® 5333 epgradient S programmed for 1 cycle at 98°C for 30 seconds; 30 cycles each at 98°C for
10 seconds, 55°C for 30 seconds, and 72°C for 1 minute 30 seconds; and 1 cycle at 72°C for 7 minutes. The PCR product was
separated by 1% agarose gel electrophoresis using TAE buffer where a 2.692 kb fragment was excised from the gels and extracted
using a MINELUTE® Gel Extraction Kit.

[0317] For amplification of the ku70 gene upstream sequence or downstream sequence, the reactions were composed of 100 ng of
pJfyS139-B, 200 uM dNTPs, 1 uM of each primer (SEQ ID NOs: 69 and 70 or 71 and 72, respectively), 1X PHUSION® High-Fidelity Hot
Start DNA Polymerase Buffer, and 1.0 unit of PHUSION® High-Fidelity Hot Start DNA Polymerase in a final volume of 50 ul. The
amplification reactions were incubated in an EPPENDORF® MASTERCYCLER® 5333 epgradient S programmed for 1 cycle at 98°C
for 30 seconds; 30 cycles each at 98°C for 10 seconds, 55°C for 30 seconds, and 72°C for 1 minute 30 seconds; and 1 cycle at 72°C
for 7 minutes. The PCR products were separated by 1% agarose gel electrophoresis using TAE buffer where 1.999 kb and 2.028 kb
fragments were separately excised from the gels and extracted using a MINELUTE® Gel Extraction Kit.

[0318] The fourth DNA segment was generated from a restriction enzyme digestion of pJfyS139-B with Not | and Bam HI. The reaction
was composed of 5 pg of pJfyS139-B, 10 units of Not |, 20 units of Bam HI, and 20 ul of Restriction Enzyme Buffer 2 (New England
Biolabs, Inc., Ipswich, MA, USA) in a total volume of 50 pl. The reaction was incubated for 1 hour at 37°C and then separated by 1%
agarose gel electrophoresis using TAE buffer where a 4.400 kb fragment was excised from the gel and extracted using a MINELUTE®
Gel Extraction Kit.

[0319] The three PCR products of 2,028 bp, 1,999 bp and 2,692 bp were inserted into Not | and Bam HI-digested pJfyS139-B using
an IN-FUSION® Advantage PCR Cloning Kit according to the manufacturer's protocol. The IN-FUSION® reaction was composed of 1X
IN-FUSION® Reaction Buffer, 50 ng of the Not If Bam Hi-digested pJfyS139-B, 50 ng of the 1.999 kb ku70 gene upstream PCR
product, 50 ng of the 2.028 kb ku70 gene downstream PCR product, 50 ng of the 2.692 kb ampicillin resistance marker and
prokaryotic origin of replication PCR product, and 1 pl of INFUSION® Enzyme in a 10 pl reaction volume. The reaction was incubated
for 15 minutes at 37°C followed by 15 minutes at 50°C. After the incubation period 40 pl of TE were added to the reaction. A3 pl
aliquot was used to transform E. coli XL10 GOLD® competent cells (Stratagene, La Jolla, CA, USA) according to the manufacturer's
protocol. The cells were heat shocked at 42°C for 30 seconds and then 500 pl of NZY+ medium, pre-heated to 42°C, were added.
The tubes were incubated at 37°C with shaking at 200 rpm for 40 minutes and then plated onto 150 mm diameter 2XYT plus ampicillin
plates and incubated at 37°C overnight. The resulting transformants were screened by restriction digestion analysis with Hind Ill and
Xba | and positive clones sequenced to ensure the absence of PCR errors. One clone containing the insert with no PCR errors was
identified and designated pTH239.

Example 8: Repair of the ku70 gene in the A. fumigatus cbh1 and cbh2 replacement strain JfyS139/144-10B

[0320] The native Trichoderma reesei ku70 gene was repaired in strain 7. reesei JfiyS139/144-10B (Example 6) in order to facilitate
strain manipulation steps requiring the function of the ku70 gene in non-homologous end-joining. T. reesei JfiyS129/144-10B was
transformed with 23 x 2 pg of Pme I-linearized pTH239 (Example 7) according to the procedure described in Example 2. Nineteen
transformants were obtained and each one was separately transferred to a PDA plate and incubated for 7 days at 28°C.

[0321] All nineteen transformants were screened by PCR to confirm homologous integration of the pTH239 Pme | fragment at the
disrupted ku70 gene locus. For each of the transformants a sterile inoculation loop was used to collect spores from a 7 day old PDA
plate. The spores were transferred to a tube containing 25 pl of 1 mM EDTA-10 mM Tris buffer and microwaved on high for 1 minute.
A1l aliquot of the microwaved spore mixture was added directly to the PCR reaction as template DNA. A set of PCR primers shown
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below were designed to amplify across the disrupted region of the ku70 coding sequence to distinguish between the host genome with
the disruption in the ku70 coding sequence (848 bp) and the pTH239 targeted strain of interest (606 bp). The PCR reaction was
composed of 1X ADVANTAGE® Genomic LA Polymerase Reaction Buffer (Clontech, Mountain View, CA, USA), 400 nM of each
primer, 200 pM dNTPs, 1 ul of microwaved TE-spore mixture (described above), and 1.0 unit of ADVANTAGE® Genomic LA
Polymerase (Clontech, Mountain View, CA, USA). The amplification reaction was incubated in an EPPENDORF® MASTERCYCLER®
5333 epgradient S programmed for 1 cycle at 95°C for 10 minutes; 30 cycles each at 95°C for 30 seconds, 55°C for 30 seconds, and
72°C for 60 seconds; and 1 cycle at 72°C for 7 minutes.

Forward primer:
5'-CAATGACGATCCGCACGCGT-3' (SEQ ID NO: 73)
Reverse primer:
5'- CAATGACGATCCGCACGCGT-3' (SEQ ID NO: 74)

Only one of the nineteen transformants (#19) was positive for the 606 bp PCR product and negative for the 848 bp PCR product
indicative of a strain containing the pTH239 Pmel fragment homologously integrated at the ku70 locus.

[0322] Spores from the 7 day old PDA plate of transformant #19 were collected in 10 ml of 0.01% TWEEN® 20 using a sterile

spreader. The concentration of spores was determined using a hemocytometer and 106 spores were spread onto 150 mm plates
containing TrMM-G medium supplemented with 1 pM 5-flucro-2'-deoxyuridine (FdU) and cultured for 5 days at 28°C. Twenty-two FdU-
resistant spore isolates were obtained and transferred to PDA plates and cultivated at 28°C for five days.

[0323] All twenty-two spore isolates (#19A-V) were screened by PCR for excision of the hpt/tk marker region present between the
homologous repeats of the ku70 coding sequence within the repair cassette. For each of the spore isolates a sterile inoculating loop
was used to collect spores from a 7 day old PDA plate. The spores were transferred to a tube containing 25 pl of 1 mM EDTA-10 mM
Tris buffer and microwaved on high for 1 minute. A 1 pl aliquot of the spore mixture was added directly to the PCR reaction as
template genomic DNA. A set of PCR primers shown below were designed to amplify across the hpt/tk region to distinguish between
the presence (6 kb) or absence (1.1 kb) of the hptitk region. The PCR reaction was composed of 1X ADVANTAGE® Genomic LA
Polymerase Reaction Buffer, 400 nM of each primer (below), 200 pM dNTPs, 1 ul of microwaved TE-spore mixture (described above),
and 1.0 unit of ADVANTAGE® Genomic LA Polymerase. The amplification reaction was incubated in an EPPENDORF®
MASTERCYCLER® 5333 epgradient S programmed for 1 cycle at 95°C for 10 minutes; 30 cycles each at 95°C for 30 seconds, 50°C
for 30 seconds, and 72°C for 6 minutes; and 1 cycle at 72°C for 7 minutes.

Forward primer:

5'-GACACTCTTTTCTCCCATCT-3' (SEQ ID NO: 75)
Reverse primer:

5'-GAGGAGCAGAAGAAGCTCCG-3' (SEQ ID NO: 76)

All twenty-two spore isolates were negative for the 6 kb PCR product corresponding to the hpt/tk marker region.

[0324] Spores from the 7 day old PDA plates of isolates #19A and #19L were collected in 10 ml of 0.01% TWEEN® 20 using a sterile

spreader. The concentration of spores was determined using a hemocytometer and 103,102, and 107 spores were spread onto 150
mm PDA plates containing 1 M sucrose and cultured for 3 days at 28°C. Ten spore isolates were selected from the PDA plates for
both strains #19A and #19L and transferred to fresh PDA plates and placed at 28°C.

[0325] Genomic DNA was extracted from 6 spore isolates of both #19L and #19A, according to the procedure described in Example 1
and submitted to Southern analysis.

[0326] For Southern analysis, 2 ug of genomic DNA was digested with (1) 5 units and 10 units, respectively, of Asc | and Xho | or (2)
5 units and 25 units, respectively, of Asc | and Apa | in a 50 pl reaction volume and subjected to 1% agarose electrophoresis using
TAE buffer. The DNAin the gel was depurinated with one 10 minute wash in 0.25 N HCI, denatured with two 15 minute washes in 0.5 N
NaOH-1.5 M NaCl, neutralized with one 30 minute wash in 1 M Tris pH 8-1.5 M NaCl, and incubated in 20X SSC for 5 minutes. The
DNA was transferred to a NYTRAN® Supercharge membrane using a TURBOBLOTTER™ System according to the manufacturer's
protocol. The DNA was UV crosslinked to the membrane using a STRATALINKER™ UV Crosslinker and prehybridized for 1 hour at
42°C in 20 ml of DIG Easy Hyb.

[0327] A probe hybridizing to the 3' end of the ku70 coding sequence was generated using a PCR Dig Probe Synthesis Kit (Roche
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Diagnostics Corporation, Indianapolis, IN, USA) according to the manufacturer's instructions with the forward and reverse primers
shown below: In order to generate a pure template for the probe PCR reaction, the 3' end of the ku70 coding sequence was amplified
from T. reesei 981-0-8 genomic DNA. The PCR reaction was composed of 1X PHUSION® High-Fidelity Hot Start DNA Polymerase
Buffer, 1 uM of each primer, 200 yM dNTPs, 165 ng of T. reesei 981-O-8 genomic DNA, and 1.0 unit of PHUSION® High-Fidelity Hot
Start DNA Polymerase. The amplification reaction was incubated in an EPPENDORF® MASTERCYCLER® 5333 epgradient S
programmed for 1 cycle at 98°C for 30 seconds; 35 cycles each at 98°C for 10 seconds, 60°C for 30 seconds, and 72°C for 15
seconds; and 1 cycle at 72°C for 10 minutes.

Forward primer:
5'-gcatatataacccactcaagta-3' (SEQ ID NO: 77)
Reverse primer:

5'-attatcttggaccggecgcagg-3' (SEQ ID NO: 78)

[0328] The 0.5 kb probe template was purified by 1% agarose gel electrophoresis using TAE buffer and excised from the gel and
extracted using a MINELUTE® Gel Extraction Kit. The purified PCR product was used to generate a DIG-labeled probe as specified by
the manufacturer's instructions using the primers and amplification conditions specified above. The 0.5 kb DIG-labeled probe was
purified by 1% agarose gel electrophoreseis using TAE buffer and excised from the gel and extracted using a MINELUTE® Gel
Extraction Kit. The probe was boiled for 5 minutes, chilled on ice for 2 minutes, and added to 10 ml of DIG Easy Hyb to produce the
hybridization solution. Hybridization was performed at 42°C for 15-17 hours. The membrane was then washed under low stringency
conditions in 2X SSC plus 0.1% SDS for 5 minutes at room temperature followed by two high stringency washes in 0.5XSSC plus 0.1%
SDS for 15 minutes each at 65°C. The probe-target hybrids were detected by chemiluminescent assay (Roche Diagnostics,
Indianapoalis, IN, USA) according to the manufacturer's instructions. Southern analysis indicated that all spore isolates contained the
repair/replacement cassette at the ku70 locus and were cured of the hpt and tk markers. One strain designated 7. reesei 981-O-
8.5#10B+Ku70#19L3 was chosen for further transformations.

Example 9: Cloning of an Aspergillus fumigatus GH61 B polypeptide gene

[0329] A tblastn search (Altschul et al., 1997, Nucleic Acids Res. 25: 3389-3402) of the Aspergillus fumigatus partial genome
sequence (The Institute for Genomic Research, Rockville, MD, USA) was performed using as query several known GH61 polypeptides
including the Thermoascus aurantiacus GHB1A polypeptide (GeneSeqP Accession Number AEC05922). Several genes were
identified as putative GH61 Family homologs based upon a high degree of similarity to the query sequences at the amino acid level.
One genomic region of approximately 850 bp with greater than 70% sequence identity to the Thermoascus aurantiacus GH81A
polypeptide sequence at the amino acid level was chosen for further study.

[0330] A. fumigatus NNO51616 was grown and harvested as described in U.S. Patent No. 7,244,605. Frozen mycelia were ground, by
mortar and pestle, to a fine powder and genomic DNA was isolated using a DNEASY® Plant Maxi Kit according to manufacturer's
instructions.

[0331] Two synthetic oligonucleotide primers shown below were designed to PCR amplify the A fumigatus Family GH61 B
polypeptide coding sequence from the genomic DNA. An INFUSION® Cloning Kit (Clontech, Palo Alto, CA, USA) was used to clone the
fragment directly into the expression vector pAlLo2 (WO 2004/099228), without the need for restriction digestion and ligation.

Forward primer:
5-ACTGGATTTACCATGACTTTGTCCAAGATCACTTCCA-3' (SEQ ID NO: 79)
Reverse primer:

5'-TCACCTCTAGTTAATTAAGCGTTGAACAGTGCAGGACCAG-3' (SEQ ID NO: 80) Bold letters represent coding sequence. The
remaining sequences are homologous to insertion sites of pAlLo2.

[0332] Fifty picomoles of each of the primers above were used in a PCR reaction composed of 204 ng of A. fumigatus genomic DNA,
1X Pfx Amplification Buffer (Invitrogen, Carlsbad, CA, USA), 1.5 ul of a 10 mM blend of dATP, dTTP, dGTP, and dCTP, 2.5 units of
PLATINUM® Pfx DNA Polymerase (Invitrogen Corp., Carlsbad, CA, USA), and 1 pl of 50 mM MgSOy4 in a final volume of 50 pl. The
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amplification was performed using an EPPENDORF® MASTERCYCLER® 5333 epgradient S programmed for 1 cycle at 94°C for 3
minutes; and 30 cycles each at 94°C for 30 seconds, 56°C for 30 seconds, and 72°C for 1 minutes. The heat block was then held at
72°C for 15 minutes followed by a 4°C soak cycle. The reaction products were isolated by 1.0% agarose gel electrophoresis using
TAE buffer where an approximately 850 bp product band was excised from the gel and purified using a MINELUTE® Gel Extraction Kit
according to the manufacturer's instructions.

[0333] The 850 bp fragment was then cloned into pAlLo2 using an IN-FUSION® Cloning Kit. Plasmid pAlLo2 was digested with Nco |
and Pac |. The plasmid fragment was purified by gel electrophoresis as above and a QIAQUICK® Gel Purification Kit. The gene
fragment and the digested vector were combined together in a reaction described below resulting in the expression plasmid pAG43
(Figure 4) in which transcription of the A. fumigatus GH61B polypeptide coding sequence was under the control of the NA2-tpi
promoter. The NA2-tpi promoter is a modified promoter from the Aspergillus niger neutral alpha-amylase gene in which the
untranslated leader has been replaced by an untranslated leader from the Aspergillus nidulans triose phosphate isomerase gene.
The recombination reaction (20 pl) was composed of 1X IN-FUSION® Reaction Buffer, 1X BSA (Clontech, Palo Alto, CA, USA), 1 ul of
IN-FUSION® Enzyme (diluted 1:10), 166 ng of pAlLo2 digested with Nco | and Pac |, and 110 ng of the A. fumigatus GH61 B
polypeptide purified PCR product. The reaction was incubated at 37°C for 15 minutes followed by 15 minutes at 50°C. The reaction
was diluted with 40 pl of 10 mM Tris-0.1 M EDTA buffer and 2.5 pl of the diluted reaction was used to transform E. coli XL10
SOLOPACK® Gold Competent Cells (Stratagene, La Jolla, CA, USA). An E. coli transformant containing pAG43 (GH61 B polypeptide
coding sequence) was identified by restriction enzyme digestion and plasmid DNA was prepared using a BIOROBOT® 9600 (QIAGEN
Inc., Valencia, CA, USA).

[0334] DNA sequencing of the 862 bp PCR fragment was performed with an Applied Biosystems Model 377 XL Automated DNA
Sequencer (Applied Biosystems, Carlsbad, CA, USA) using dye-terminator chemistry (Giesecke et al., 1992, Journal of Virology
Methods 38: 47-60) and primer walking strategy. The following vector specific primers were used for sequencing:

pAllo2 5 Seq:
5-TGTCCCTTGTCGATGCG 3' (SEQ ID NO: 81)
pAllo2 3 Seq:

5'-CACATGACTTGGCTTCC 3' (SEQ ID NO: 82)

[0335] Nuclectide sequence data were scrutinized for quality and all sequences were compared to each other with assistance of
PHRED/PHRAP software (University of Washington, Seattle, WA, USA).

[0336] Agene model for the A fumigatus sequence was constructed based on similarity of the encoded protein to the Thermoascus
aurantiacus GH61A protein (GeneSeqP Accession Number AEC05922). The nucleotide sequence and deduced amino acid sequence
of the A. fumigatus GH61B polypeptide coding sequence are shown in SEQ ID NO: 7 and SEQ ID NO: 8, respectively. The genomic
fragment encodes a polypeptide of 250 amino acids, interrupted by 2 introns of 53 and 56 bp. The % G+C content of the coding
sequence and the mature coding sequence are 53.9% and 57%, respectively. Using the SignalP software program (Nielsen et al.,
1997, Protein Engineering 10: 1-8), a signal peptide of 21 residues was predicted. The predicted mature protein contains 221 amino
acids with a predicted molecular mass of 23.39 kDa.

Example 10: Construction of pSMai214 for expression of the Aspergillus fumigatus GH61B polypeptide

[0337] The Aspergillus fumigatus GH61 B polypeptide coding sequence was amplified from plasmid pAG43 (Example 9) using the
gene-specific forward and reverse primers shown below. The region in italics represents vector homology to the site of insertion for an
INFUSION® reaction.

Forward primer:
5'-GGACTGCGCACCATGACTTTGTCCAAGATCACTTCCA-3' (SEQ ID NO: 83)
Reverse primer:

5'-GCCACGGAGCTTAATTAATTAAGCGTTGAACAGTGCAG-3' (SEQ ID NO: 84)
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[0338] Fifty picomoles of each of the primers above were used in a PCR reaction composed of 10 ng of pAG43 DNA, 1XPfx
Amplification Buffer, 1.5 pl of a 10 mM blend of dATP, dTTP, dGTP, and dCTP, 2.5 units of PLATINUM® Pfx DNA Polymerase, and 1 pl
of 50 mM MgSQO4 in a final volume of 50 pl. The anplification was performed using an EPPENDORF® MASTERCYCLER® 5333
epgradient S programmed for 1 cycle at 98°C for 3 minutes; and 30 cycles each at 98°C for 30 seconds, 56°C for 30 seconds, and
72°C for 1 minute. The heat block was then held at 72°C for 15 minutes. The PCR products were separated by 1% agarose gel
electrophoresis using TAE buffer where an approximately 0.9 kb fragment was excised from the gel and extracted using a MINELUTE®
Gel Extraction Kit according to the manufacturer's protocol.

[0339] Plasmid pMJ09 (WO 2005/047499) was digested with Nco | and Pac |, isolated by 1.0% agarose gel electrophoresis in 1 mM
disodium EDTA-50 mM Tris base-50 mM boric acid (TBE) buffer, excised from the gel, and extracted using a QIAQUICK® Gel
Extraction Kit according to the manufacturer's instructions.

[0340] The 0.9 kb PCR product was inserted into the gel-purified Nco l/Pac | digested pMJO9 using an IN-FUSION® PCR Cloning Kit
(Clontech, Palo Alto, CA, USA) according to the manufacturer's protocol. The IN-FUSION® reaction was composed of 1X IN-FUSION®
Reaction Buffer, 100 ng of the gel-purified Nco I/Pac | digested pMJ09, 37 ng of the 0.9 kb PCR product, 2 pl of 500 pg/ml BSA, and 1
Hl of IN-FUSION® Enzyme in a 20 pl reaction volume. The reaction was incubated for 15 minutes at 37°C and 15 minutes at 50°C.
After the incubation period 30 pl of TE buffer were added to the reaction. A 2.5 pl aliquot was used to transform SOLOPACK® Gold
Supercompetent Cells according to the manufacturer's protocol. Transformants were screened by sequencing and one clone
containing the insert with no PCR errors was identified and designated pSMai214 (Figure 5). Plasmid pSMai214 can be digested with
Pme | to generate an approximately 5.4 kb fragment for 7. reesei transformation. The 5.4 kb fragment contains the expression
cassette composed of the T. reesei Cel7A cellobiohydrolase | gene promoter, A. fumigatus GH61B polypeptide coding sequence, T.
reesei Cel7A cellobiohydrolase | gene terminator, and Aspergillus nidulans acetamidase (amdS) gene.

Example 11: Construction of a tandem construct pDM287 for expression of both Aspergillus fumigatus CEL3A beta-
glucosidase and Aspergillus fumigatus GH61B polypeptide

[0341] An A fumigatus GHB81 B polypeptide expression cassette was amplified from plasmid pSMai214 using the gene-specific
forward and reverse primers shown below The region in italics represents vector homology to the site of insertion for an IN-FUSION®
reaction.

Forward primer:
5'-CGCGGTAGTGGCGCGGTCGACCGAATGTAGGATTGTT-3' (SEQ ID NO: 85)
Reverse primer:

5-TTACCAATTGGCGCGCCACTACCGCGTTCGAGAAGA-3' (SEQ ID NO: 86)

[0342] Fifty picomoles of each of the primers above were used in a PCR reaction composed of 25 ng of pSMai214 DNA, 1X
PHUSION™ High-Fidelity Hot Start DNA Polymerase Buffer, 1 ul of a 10 mM blend of dATP, dTTP, dGTP, and dCTP, and 1 unit of

PHUSION™ High-Fidelity Hot Start DNA Polymerase in a final volume of 50 pl. The amplification was performed using an
EPPENDORF® MASTERCYCLER® 5333 epgradient S programmed for 1 cycle at 98°C for 30 seconds; 35 cycles each at 98°C for 10
seconds, 60°C for 30 seconds, and 72°C for 1 minute 30 seconds; and 1 cycle at 72°C for 10 minutes. PCR products were separated
by 0.8% agarose gel electrophoresis using TAE buffer where an approximately 2.33 kb fragment was excised from the gel and
extracted using a NUCLEOSPIN® Extract Il Kit (Macherey-Nagel, Inc., Bethlehem, PA, USA) according to the manufacturer's protocol.

[0343] The approximately 2.3 kb PCR product was inserted into Asc I-digested pEJG107 (WO 2005/047499) using an IN-FUSION®
Advantage PCR Cloning Kit according to the manufacturer's protocol. Plasmid pEJG107 comprises an Aspergillus fumigatus CEL3A
beta-glucosidase encoding sequence (SEQ ID NO: 5 [DNA sequence] and SEQ ID NO: 6 [deduced amino acid sequence]). The IN-
FUSION® reaction was composed of 1X INFUSION® Reaction Buffer, 125 ng of the Asc l-digested pEJG107, 90 ng of the 2.33 kb PCR
product, and 1 pl of IN-FUSION® Enzyme in a 10 ul reaction volume. The reaction was incubated for 15 minutes at 37°C followed by
15 minutes at 50°C. After the incubation period 40 ul of TE were added to the reaction. A 2 pl aliquot was used to transform ONE
SHOT® TOP10 competent cells according to the manufacturer's protocol. The E. coli transformation reactions were spread onto 2XYT
plus ampicillin plates. The transformants were screened by sequencing and one clone containing the insert with no PCR errors was
identified and designated pDM287 (Figure 6). Plasmid pDM287 can be digested with Pme | to generate an approximately 9.9 kb
fragment for T. reesei transformation. The 9.9 kb fragment contains two expression cassettes composed of (1) the T. reesei Cel7A
cellobiohydrolase | gene promoter, A. fumigatus CEL3A beta-glucosidase coding sequence, and T. reesei Cel7A cellobiohydrolase |
gene terminator; and (2) the T. reesei Cel7A cellobiohydrolase | gene promoter, A. fumigatus GH61B polypeptide coding sequence,
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and T. reesei Cel7A cellobiohydrolase | gene terminator. The 9.9 kb fragment also contains the Aspergillus nidulans acetamidase
(amdS) gene.

Example 12: Expression of Aspergillus fumigatus beta-glucosidase and GH61B polypeptide in ku70+ Aspergillus fumigatus
cbh1 and cbh2 replacement strain T. reesei 981-0-8.5#10B+Ku70#19L3

[0344] In order to express the A. fumigatus beta-glucosidase and A. fumigatus GH61B polypeptide, protoplasts of Trichoderma reesei
strain 981-0-8.5#10B+Ku70#19L3 (described in Example 8) were generated as described in Example 2 and transformed with 2 ug of
Pme | linearized pDM287. For transformation 100 pl of protoplasts were transferred to a 14 ml polypropylene tube to which 2 pg of
Pme | linearized, gel-purified pDM287 was added. Two hundred and fifty pl of PEG buffer were added and the tubes mixed gently by
inverting 6 times. The tubes were incubated at 34°C for 30 minutes after which 3 ml of STC were added. The contents of the tube
were split and plated onto 2 separate 150 mm diameter COVE plates and incubated at 28°C for 11 days. Transformants were picked
using a sterile 1 pl inoculation loop and transferred to a fresh 75 mm diameter COVE2 + 10 mM uridine plate and incubated for 6 days
at 28°C.

[0345] Transformants were each grown in shake flasks by inoculating 25 ml of CIM medium in a 125 ml polycarbonate non-baffled
shake flask with spores collected using a 10 pl inoculation loop. The flasks were incubated at 28°C with shaking at 200 rpm for 5 days.
The shake flasks were harvested by pouring the entire culture into a 50 ml conical bottom tube and centrifuging the samples for 10
minutes at 2500 rpm in a SORVALL® Legend RT+ swing-bucket centrifuge (Thermo Fisher Scientific, Waltham, MA, USA). Ten ml of
each supernatant were transferred to a 15 ml conical bottom tube. Five pl of supernatant were combined with 5 pl of Laemelli sample
buffer (Bio-Rad Laboratories, Hercules, CA, USA) with 5% beta-mercaptoethanol (Sigma Aldrich, St. Louis, MO, USA) in a 0.2 ml
microcentrifuge tube and boiled for 5 minutes at 95°C in an EPPENDORF® MASTERCYCLER® 5333 epgradient S. Samples were
analyzed by SDS-PAGE using a CRITERION® 8-16% Tris-HCI Gel (Bio-Rad Laboratories, Hercules, CA, USA) according to the
manufacturer's instructions using 10 pl of PRECISION PLUS™ All Blue Protein Standards (Bio-Rad Laboratories, Hercules, CA, USA).
Gels were stained and de-stained using BIO-SAFE™ Coomassie (Bio-Rad Laboratories, Hercules, CA, USA). One strain (7. reesei
JyS-DM287-23) was selected based on high expression of the A. fumigatus beta-glucosidase and A. fumigatus GH61B polypeptide.
Ten ml of T. reesei JSfyS-DM287-23 shake flask broth was sterilized using a sterile 30 ml syringe and a MILLEX® GP 0.22 pm syringe
filter (Millipore, Bedford, MA, USA), transferred to a new 15 ml conical tube, and stored at -20°C. Protein concentration was
determined using a Microplate BCA™ Protein Assay Kit (Thermo Fischer Scientific, Waltham, MA, USA) in which bovine serum albumin
was used as a protein standard.

Example 13: Pretreated corn stover hydrolysis assay

[0346] Corn stover was pretreated at the U.S. Department of Energy National Renewable Energy Laboratory (NREL) using 1.4 wt %
sulfuric acid at 165°C and 107 psi for 8 minutes. The water-insoluble solids in the pretreated corn stover (PCS) contained 56.5%
cellulose, 4.6% hemicelluloses, and 28.4% lignin. Cellulose and hemicellulose were determined by a two-stage sulfuric acid hydrolysis
with subsequent analysis of sugars by high performance liquid chromatography using NREL Standard Analytical Procedure #002.
Lignin was determined gravimetrically after hydrolyzing the cellulose and hemicellulose fractions with sulfuric acid using NREL
Standard Analytical Procedure #003.

[0347] Milled unwashed PCS (dry weight 32.35%) was prepared by milling whole slurry PCS in a Cosmos ICMG 40 wet multi-utility
grinder (EssEmm Corporation, Tamil Nadu, India).

[0348] The hydrolysis of PCS was conducted using 2.2 ml deep-well plates (Axygen, Union City, CA, USA) in a total reaction volume
of 1.0 ml. The hydrolysis was performed with 50 mg of insoluble PCS solids per ml of 50 mM sodium acetate pH 5.0 buffer containing 1
mM manganese sulfate and various protein loadings of various enzyme compositions (expressed as mg protein per gram of cellulose).
Enzyme compositions were prepared and then added simultaneously to all wells in a volume ranging from 50 pl to 200 pl, for a final
volume of 1 ml in each reaction. The plates were then sealed using an ALPS-300™ plate heat sealer (Abgene, Epsom, United
Kingdom), mixed thoroughly, and incubated at a specific temperature for 72 hours. All experiments reported were performed in
triplicate.

[0349] Following hydrolysis, samples were filtered using a 0.45 ym MULTISCREEN® 96-well filter plate (Millipore, Bedford, MA, USA)
and filirates analyzed for sugar content as described below. When not used immediately, filtered aliquots were frozen at -20°C. The
sugar concentrations of samples diluted in 0.005 M HpSO4 were measured using a 4.6 x 250 mm AMINEX® HPX-87H column (Bio-Rad

Laboratories, Inc., Hercules, CA, USA) by elution with 0.05% w/w benzoic acid-0.005 M HxSO4 at 65°C at a flow rate of 0.6 ml per

minute, and quantitation by integration of the glucose, cellobiose, and xylose signals from refractive index detection
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(CHEMSTATION®, AGILENT® 1100 HPLC, Agilent Technologies, Santa Clara, CA, USA) calibrated by pure sugar samples. The
resultant glucose and cellobiose equivalents were used to calculate the percentage of cellulose conversion for each reaction.

[0350] Glucose, cellobiose, and xylose were measured individually. Measured sugar concentrations were adjusted for the
appropriate dilution factor. In case of unwashed PCS, the net concentrations of enzymatically-produced sugars were determined by
adjusting the measured sugar concentrations for corresponding background sugar concentrations in unwashed PCS at zero time
points. All HPLC data processing was performed using MICROSOFT EXCEL™ software (Microsoft, Richland, WA, USA).

[0351] The degree of cellulose conversion to glucose was calculated using the following equation: % conversion = (glucose
concentration / glucose concentration in a limit digest) x 100. In order to calculate % conversion, a 100% conversion point was set
based on a cellulase control (100 mg of Trichoderma reesei cellulase per gram cellulose), and all values were divided by this number
and then multiplied by 100. Triplicate data points were averaged and standard deviation was calculated.

Example 14: Preparation of Aspergillus oryzae beta-glucosidase

[0352] Aspergillus oryzae beta-glucosidase (SEQ ID NO: 87 [DNA sequence] and SEQ ID NO: 88 [deduced amino acid sequence])
was prepared recombinantly according to WO 02/095014 using Aspergillus oryzae as a host.

[0353] The filtered broth of Aspergillus oryzae beta-glucosidase was concentrated and buffer exchanged using a tangential flow
concentrator (Pall Filtron, Northborough, MA, USA) equipped with a 10 kDa polyethersulfone membrane (Pall Filtron, Northborough,
MA, USA) with 20 mM Tris-HCI pH 8.0. The buffer exchanged sample was loaded onto a MonoQ® column (GE Healthcare, Piscataway,
NJ, USA) equilibrated with 20 mM Tris-HCI pH 8.0, and the bound protein was eluted with a linear gradient from 0 to 1000 mM sodium
chloride. Protein fractions were pooled and concentrated using 10 kDa MW-CO Amicon Ultra centrifuge concentrator (Millipore,
Bedford, MA, USA) into 20 mM Tris-HCI pH 8.0. Protein concentration was determined using a Microplate BCA™ Protein Assay Kit with
bovine serum albumin as a protein standard.

Example 15: Preparation of Aspergillus fumigatus enzyme composition

[0354] Preparation of Aspergillus fumigatus Cel7A cellobiohydrolase I. The Aspergillus fumigatus Cel7A cellobiohydrolase | (SEQ ID
NO: 1 [DNA sequence] and SEQ ID NO: 2 [deduced amino acid sequence]) was prepared recombinantly in Aspergillus oryzae as
described in WO 2011/057140. The Aspergilius fumigatus Cel7A cellobiohydrolase | was purified according to WO 2011/057140.

[0355] Preparation of Aspergillus fumigatus cellobiohydrolase Il. The Aspergillus fumigatus GHBA cellobiohydrolase Il (SEQ ID NO: 3
[DNA sequence] and SEQ ID NO: 4 [deduced amino acid sequence]) was prepared recombinantly in Aspergillus oryzae as described
in WO 2011/057140. The filtered broth of Aspergillus fumigatus GHBA cellobiohydrolase Il was buffer exchanged into 20 mM Tris pH
8.0 using a 400 ml SEPHADEX™ G-25 column (GE Healthcare, United Kingdom) according to the manufacturer's instructions.
Fractions were collected, pooled, and adjusted to 1.2 M ammonium sulphate-20 mM Tris pH 8.0. The equilibrated protein was loaded
onto a PHENYL SEPHAROSE™ 6 Fast Flow column (high sub) (GE Healthcare, Piscataway, NJ, USA) equilibrated in 20 mM Tris pH
8.0 with 1.2 M ammonium sulphate, and bound proteins were eluted with 20 mM Tris pH 8.0 with no ammonium sulphate. The fractions
were pooled.

[0356] Preparation of Aspergillus fumigatus strain GH5 endoglucanase Il. The Aspergillus fumigatus GH5 endoglucanase Il (SEQ ID
NO: 11 [DNA sequence] and SEQ ID NO: 12 [deduced amino acid sequence]) was prepared recombinantly in Aspergillus oryzae as
described in WO 2011/057140. The Aspergillus fumigatus GH5 endoglucanase Il was purified according to WO 2011/057140.

[0357] Preparation of Aspergillus fumigatus GH61B polypeptide having cellulolytic enhancing activity. The Aspergillus fumigatus
GHB1B polypeptide having cellulolytic enhancing activity (SEQ ID NO: 7 [DNA sequence] and SEQ ID NO: 8 [deduced amino acid
sequence]) was prepared recombinantly in Aspergillus oryzae as described in WO 2011/057140. The Aspergillus fumigatus GH61B
polypeptide having cellulolytic enhancing activity was purified according to WO 2011/057140.

[0358] Preparation of Aspergillus fumigatus GH10 xylanase. The Aspergillus fumigatus GH10 xylanase (xyn3) (SEQ ID NO: 17 [DNA
sequence] and SEQ ID NO: 18 [deduced amino acid sequence]) was prepared recombinantly according to WO 2006/078256 using
Aspergillus oryzae BECh2 (WO 2000/39322) as a host. The filtered broth of Aspergiffus fumigatus NNO55679 GH10 xylanase (xyn3)
was desalted and buffer-exchanged into 50 mM sodium acetate pH 5.0 using a HIPREP® 26/10 Desalting Column according to the
manufacturer's instructions.

[0359] Preparation of Aspergiflus fumigatus Cel3A beta-glucosidase. Aspergillus fumigatus Cel3A beta-glucosidase (SEQ ID NO: 5
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[DNA sequence] and SEQ ID NO: 6 [deduced amino acid sequence]) was recombinantly prepared according to WO 2005/047499
using Aspergillus oryzae as a host. The filtered broth of Aspergillus fumigatus Cel3A beta-glucosidase was concentrated and buffer
exchanged using a tangential flow concentrator equipped with a 10 kDa polyethersulfone membrane with 20 mM Tris-HCI pH 8.5. The
sample was loaded onto a Q SEPHAROSE® High Performance column (GE Healthcare, Piscataway, NJ, USA) equilibrated in 20 mM
Tris pH 8.5, and bound proteins were eluted with a linear gradient from 0-600 mM sodium chloride. The fractions were concentrated
and loaded onto a SUPERDEX® 75 HR 26/60 column equilibrated with 20 mM Tris-150 mM sodium chloride pH 8.5. Alternatively, the
filtered broth was adjusted to pH 8.0 with 20% sodium acetate, which made the solution turbid. To remove the turbidity, the solution
was centrifuged at 20,000 x g for 20 minutes, and the supernatant was filtered though a 0.2 ym filtration unit (Nalgene, Rochester, NY,
USA). The filtrate was diluted with deionized water to reach the same conductivity as 50 mM Tris/HCI, pH 8.0. The adjusted enzyme
solution was applied to a Q SEPHAROSE® Fast Flow column (GE Healthcare, Piscataway, NJ, USA) equilibrated in 50 mM Tris-HCI, pH
8.0 and eluted with a linear gradient from O to 500 mM sodium chloride. Fractions were pooled and treated with 1% (wiv) activated
charcoal to remove color from the beta-glucosidase pool. The charcoal was removed by filtration of the suspension through a 0.2 pm
filtration unit (Nalgene, Rochester, NY, USA). The filtrate was adjusted to pH 5.0 with 20% acetic acid and diluted 10 times with
deionized water. The adjusted filirate was applied to SP SEPHAROSE® Fast Flow column (GE Healthcare, Piscataway, NJ, USA)
equilibrated in 10 mM succinic acid pH 5.0 and eluted with a linear gradient from 0 to 500 mM sodium chloride. Fractions were
analyzed by SDS-PAGE. Fractions, where only one band was seen on a Coomassie stained SDS-PAGE gel, were pooled as the
purified product and used for further experiments.

[0360] Preparation of Aspergillus fumigatus strain GH3 beta-xylosidase. The Aspergillus fumigatus GH3 beta-xylosidase (SEQ ID NO:
19 [DNA sequence] and SEQ ID NO: 20 [deduced amino acid sequence]) was prepared recombinantly in Aspergillus oryzae as
described in WO 2011/057140. The Aspergilius fumigatus GH3 beta-xylosidase was purified according to WO 2011/057140.

[0361] The protein concentration for each of the monocomponents described above was determined using a Microplate BCA™
Protein Assay Kit in which bovine serum albumin was used as a protein standard. An Asperqillus fumigatus enzyme composition was
composed of each monocomponent, prepared as described above, as follows: 37% Aspergillus fumigatus Cel7A cellobiohydrolase |,
25% Asperdgillus fumigatus Cel6A cellobiohydrolase Il, 10% Aspergillus fumigatus Cel5A endoglucanase I, 15% Aspergillus fumigatus
GHB61B polypeptide having cellulolytic enhancing activity, 5% Aspergillus fumigatus GH10 xylanase (xyn3), 5% Aspergillus fumigatus
beta-glucosidase, and 3% Aspergillus fumigatus beta-xylosidase. The Aspergillus fumigatus enzyme composition is designated herein
as "Aspergillus fumigatus enzyme composition (monocomponent mixture)”.

Example 16: Expression of Aspergillus fumigatus wild-type composition

[0362] Aspergillus fumigatus strain NN051616 (EXT2007-00107) was inoculated onto a PDA plate and incubated for 4 days at 45°C
in the darkness. Several mycelia-PDA plugs were inoculated into 500 ml shake flasks containing 100 ml of NNCYPO7-PCS medium.
The flasks were incubated for 5 days at 45°C with shaking at 160 rpm. The culture broth was filtered using a 0.45 ym DURAPORE®
Membrane (Millipore, Bedford, MA, USA).

[0363] A 3 ml volume of the filtrate was desalted and buffer exchanged into 50 mM sodium acetate pH 5.0 using an ECONO-PAC®
10-DG desalting column (Bio-Rad Laboratories, Inc., Hercules, CA, USA) according to the manufacturer's instructions. Protein
concentration was determined by SDS-PAGE densitometry using a CRITERION® 8-16% Tris-HCI Gel, staining with GELCODE™ Blue
Stain Reagent (Pierce, Rockford, IL, USA), and software analysis by ImagedJ (National Institutes of Health, Bethesda, Maryland, USA).

[0364] The Aspergillus fumigatus enzyme composition is designated herein as "Aspergillus fumigatus wild-type enzyme composition".

Example 17: PCS hydrolysis assay comparing the enzyme composition of the T. reesei strain expressing Aspergillus
fumigatus enzymes with a Trichoderma reesei-based cellulase composition and an Aspergillus fumigatus enzyme
composition

[0365] The enzyme composition of 7. reesei JfyS-DM287-23 expressing Aspergillus fumigatus cellobiohydrolase |, A. fumigatus
cellobiohydrolase I, A. fumigatus beta-glucosidase, and A. fumigatus GH61 B polypeptide was evaluated relative to a Trichoderma
reesei-based cellulase composition (CELLUCLAST™ 1.5L FG; Novozymes A/S, Bagsvaerd, Denmark replaced with 5% Aspergillus
oryzae beta-glucosidase), and the Aspergillus fumigatus enzyme composition (monocomponent mixture) (Example 15) using milled
unwashed PCS at 50°C. The results were compared with the results for the Trichoderma reesei-based cellulase composition and the
Aspergillus fumigatus enzyme composition (monocomponent mixture). All compositions were used at 2.0, 4.0, and 6.0 mg protein per g
cellulose.

[0366] The assay was performed as described in Example 13. The 1 ml reactions with 5% milled unwashed PCS were conducted for
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72 hours in 50 mM sodium acetate pH 5.0 buffer containing 1 mM manganese sulfate. All reactions were performed in triplicate and
involved single mixing at the beginning of hydrolysis.

[0367] The results shown in Figure 7 demonstrated that the enzyme composition of 7. reesei JSfyS-DM-23 expressing A. fumigatus
cellobiohydrolase |, A. fumigatus cellobiohydrolase I, A. fumigatus beta-glucosidase, and A. fumigatus GH61B polypeptide and the
Aspergillus fumigatus enzyme composition (monocomponent mixture) produced significantly higher hydrolysis than the Trichoderma
reesei-based cellulase composition at all three loadings. In addition, the enzyme composition of T. reesei JfyS-DM-23 expressing A.
fumigatus cellobiohydrolase |, A. fumigatus cellobiohydrolase I, A. fumigatus beta-glucosidase, and A. fumigatus GH61B polypeptide
produced higher hydrolysis than the Aspergillus fumigatus enzyme composition (monocomponent mixture) at all enzyme loadings.

Example 18: PCS hydrolysis assay comparing an Aspergillus fumigatus wild-type enzyme composition with a Trichoderma
reesei-based cellulase composition

[0368] The Aspergillus fumigatus wild-type enzyme composition (Example 18) was was compared to the Trichoderma reesei-based
cellulase composition (CELLUCLAST™ 1.5L FG; Novozymes A/S, Bagsvaerd, Denmark replaced with 5% Aspergiflus oryzae beta-
glucosidase) using milled unwashed PCS at 50°C. In addition, the Aspergillus fumigatus wild-type enzyme composition was replaced
with 5% Aspergillus fumigatus beta-glucosidase. The Aspergillus fumigatus wild-type enzyme composition and Trichoderma reesei-
based cellulase composition were used at 2.0, 4.0, and 6.0 mg protein per g cellulose, and the Asperqillus fumigatus wild-type enzyme
composition replaced with 5% Aspergillus fumigatus beta-glucosidase was used at 2.0 and 4.0 mg protein per g cellulose.

[0369] The assay was performed as described in Example 13. The 1 ml reactions with 5% milled unwashed PCS were conducted for
72 hours in 50 mM sodium acetate pH 5.0 buffer containing 1 mM manganese sulfate. All reactions were performed in triplicate and
involved single mixing at the beginning of hydrolysis.

[0370] The results shown in Figure 8 demonstrated that the Trichoderma reesei-based cellulase composition had significantly higher
hydrolysis than the Aspergillus fumigatus wild-type composition and the Aspergillus fumigatus wild-type composition replaced with 5%
Aspergillus fumigatus beta-glucosidase. The replacement of the Aspergillus fumigatus wild-type composition with Aspergillus fumigatus
beta-glucosidase significantly increased cellulose hydrolysis above that of the Aspergillus fumigatus wild-type composition alone but
both mixtures produced significantly less hydrolysis than the Trichoderma reesei-based cellulase composition.

[0371] The present disclosure is further described by the following numbered paragraphs:

1. [1] Arecombinant Trichoderma host cell, comprising polynucleotides encoding: (i) an Aspergillus fumigatus cellobiohydrolase I;
(i) an Aspergillus fumigatus cellobiohydrolase II; (ii) an Aspergillus fumigatus beta-glucosidase; and (iv) an Aspergillus
fumigatus GH61 polypeptide having cellulolytic enhancing activity; or homologs thereof.

2. [2] The recombinant Trichoderma host cell of paragraph 1, wherein the Aspergillus fumigatus cellobiohydrolase | or homolog
thereof is selected from the group consisting of: (i) a cellobiohydrolase | comprising or consisting of the mature polypeptide of
SEQ ID NO: 2; (ii) a cellobiohydrolase | comprising or consisting of an amino acid sequence having at least 70%, e.g., at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 2; (iii) a cellobiohydrolase |
encoded by a polynuclectide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 1; and (iv) a
cellobiohydrolase | encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., at least very
high stringency conditions, with the mature polypeptide coding sequence of SEQ ID NO: 1 or the full-length complement thereof.

3. [3] The recombinant Trichoderma host cell of paragraph 1 or 2, wherein the Aspergillus fumigatus cellobiohydrolase Il or
homolog thereof is selected from the group consisting of: (i) a cellobiohydrolase Il comprising or consisting of the mature
polypeptide of SEQ ID NO: 4; (ii) a cellobiohydrolase Il comprising or consisting of an amino acid sequence having at least 70%,
e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87 %,
at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97 %, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 4; (iii) a cellobiohydrolase II
encoded by a polynuclectide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 3; and (iv) a
cellobiohydrolase Il encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., at least very
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high stringency conditions, with the mature polypeptide coding sequence of SEQ ID NO: 3 or the full-length complement thereof.
. [4] The recombinant Trichoderma host cell of any of paragraphs 1-3, wherein the Asperqillus fumigatus beta-glucosidase or
homolog thereof is selected from the group consisting of: (i) a beta-glucosidase comprising or consisting of the mature
polypeptide of SEQ ID NO: 6; (ii) a beta-glucosidase comprising or consisting of an amino acid sequence having at least 70%,
e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97 %, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 6; (iii) a beta-glucosidase
encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 5; and (iv) a beta-
glucosidase encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., at least very high
stringency conditions, with the mature polypeptide coding sequence of SEQ ID NO: 5 or the full-length complement thereof.

. [6] The recombinant Trichoderma host cell of any of paragraphs 1-4, wherein the Aspergillus fumigatus GH61 polypeptide
having cellulolytic enhancing activity or homolog thereof is selected from the group consisting of: (i) a GH81 polypeptide having
cellulolytic enhancing activity comprising or consisting of the mature polypeptide of SEQ ID NO: 8; (i) a GH61 polypeptide
having cellulolytic enhancing activity comprising or consisting of an amino acid sequence having at least 70%, e.g., at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, sequence identity to the mature polypeptide of SEQ ID NO: 8; (ii) a GHB1 polypeptide having cellulolytic enhancing
activity encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 7; and (iv) a GH61
polypeptide having cellulolytic enhancing activity encoded by a polynucleotide that hybridizes under at least high stringency
conditions, e.g., at least very high stringency conditions, with the mature polypeptide coding sequence of SEQ ID NO: 7 or the
full-length complement thereof.

. [6] The recombinant Trichoderma host cell of any of paragraphs 1-5, which further comprises one or more polynucleotides
encoding one or more enzymes selected from the group consisting of: (i) an Aspergillus fumigatus endoglucanase [; (i) an
Aspergillus fumigatus endoglucanase II; (i) an Aspergillus fumigatus xylanase; (iv) an Aspergillus fumigatus beta-xylosidase;
and (v) an Aspergillus fumigatus swollenin.

. [7] The recombinant Trichoderma host cell of paragraph 6, wherein the Aspergillus fumigatus endoglucanase | or homolog
thereof is selected from the group consisting of: (i) an endoglucanase | comprising or consisting of the mature polypeptide of
SEQ ID NO: 10; (ii) an endoglucanase | comprising or consisting of an amino acid sequence having at least 70%, e.g., at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 10; (iii) an endoglucanase |
encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 9; and (iv) an
endoglucanase | encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., at least very high
stringency conditions, with the mature polypeptide coding sequence of SEQ ID NO: 9 or the full-length complement thereof.

. [8] The recombinant Trichoderma host cell of paragraph 6 or 7, wherein the Aspergillus fumigatus endoglucanase Il or homolog
thereof is selected from the group consisting of: (i) an Aspergillus fumigatus endoglucanase Il comprising or consisting of the
mature polypeptide of SEQ ID NO: 12; (ii) an endoglucanase Il comprising or consisting of an amino acid sequence having at
least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 12; (iii) an
endoglucanase Il encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 11; and
(iv) an endoglucanase Il encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., at least
very high stringency conditions, with the mature polypeptide coding sequence of SEQ ID NO: 11 or the full-length complement
thereof.

. [9] The recombinant Trichoderma host cell of any of paragraphs 6-8, wherein the Aspergillus fumigatus xylanase or homolog
thereof is selected from the group consisting of: (i) an Aspergillus fumigatus xylanase comprising or consisting of the mature
polypeptide of SEQ ID NO: 14, SEQ ID NO: 16, or SEQ ID NO: 18; (ii) a xylanase comprising or consisting of an amino acid
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sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of
SEQ ID NO: 14, SEQ ID NO: 16, or SEQ ID NO: 18; (iii) a xylanase encoded by a polynucleotide comprising or consisting of a
nucleotide sequence having at least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature
polypeptide coding sequence of SEQ ID NO: 13, SEQ ID NO: 15, or SEQ ID NO: 17; and (iv) a xylanase encoded by a
polynucleotide that hybridizes under at least high stringency conditions, e.g., at least very high stringency conditions, with the
mature polypeptide coding sequence of SEQ ID NO: 13, SEQ ID NO: 15, or SEQ ID NO: 17; or the full-length complement
thereof.

10. [10] The recombinant Trichoderma host cell of any of paragraphs 6-9, wherein the Aspergillus fumigatus beta-xylosidase or
homolog thereof is selected from the group consisting of: (i) a beta-xylosidase comprising or consisting of the mature
polypeptide of SEQ ID NO: 20; (ii) a beta-xylosidase comprising or consisting of an amino acid sequence having at least 70%,
e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 20; (iii) a beta-xylosidase
encoded by a polynuclectide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 19; and (iv) a beta-
xylosidase encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., at least very high
stringency conditions, with the mature polypeptide coding sequence of SEQ ID NO: 19 or the full-length complement thereof.

11. [11] The recombinant Trichoderma host cell of any of paragraphs 6-10, wherein the Aspergillus fumigatus swollenin or homolog
thereof is selected from the group consisting of: (i) a swollenin comprising or consisting of the mature polypeptide of SEQ ID
NO: 22; (ii) a swollenin comprising or consisting of an amino acid sequence having at least 70%, e.g., at least 75%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 22; (ii) a swollenin encoded by a
polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 21; and (iv) a swollenin encoded by a
polynucleotide that hybridizes under at least high stringency conditions, e.g., at least very high stringency conditions, with the
mature polypeptide coding sequence of SEQ ID NO: 21 or the full-length complement thereof.

12. [12] The recombinant Trichoderma host cell of any of paragraphs 1-11, which is selected from the group consisting of
Trichoderma harzianum, Trichoderma koningii, Trichoderma longibrachiatum, Trichoderma reesei, and Trichoderma viride.

13. [13] The recombinant Trichoderma host cell of any of paragraphs 1-11, which is Trichoderma reesei.

14. [14] The recombinant Trichoderma host cell of any of paragraphs 1-13, wherein one or more of the cellulase genes, one or
more of hemicellulase genes, or a combination thereof, endogenous to the Trichoderma host cell have been inactivated.

15. [15] The recombinant Trichoderma host cell of paragraph 14, wherein a Trichoderma cellobiohydrolase | gene or a homolog
thereof has been inactivated.

16. [16] The recombinant Trichoderma host cell of paragraph 15, wherein the Trichoderma cellobiohydrolase | gene encodes the
mature polypeptide of SEQ ID NO: 24 or a homolog thereof.

17. [17] The recombinant Trichoderma host cell of paragraph 16, wherein the Trichoderma cellobiohydrolase | gene homolog is
selected from the group consisting of: (i) a cellobiohydrolase | comprising or consisting of an amino acid sequence having at
least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 24; (ii) a
cellobiohydrolase | encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 23; and
(iii) a cellobiohydrolase | encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., at least
very high stringency conditions, with the mature polypeptide coding sequence of SEQ ID NO: 23 or the full-length complement
thereof.

18. [18] The recombinant Trichoderma host cell of any of paragraphs 14-17, wherein a Trichoderma cellobiohydrolase Il gene or a
homolog thereof has been inactivated.

19. [19] The recombinant Trichoderma host cell of paragraph 18, wherein the Trichoderma cellobiohydrolase Il gene encodes the
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mature polypeptide of SEQ ID NO: 26 or a homolog thereof.

[20] The recombinant Trichoderma host cell of paragraph 19, wherein the Trichoderma cellobiohydrolase Il gene homolog is
selected from the group consisting of: (i) a cellobiohydrolase Il comprising or consisting of an amino acid sequence having at
least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 26; (ii) a
cellobiohydrolase Il encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g.,
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 25; and
(iii) a cellobiohydrolase Il encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., at least
very high stringency conditions, with the mature polypeptide coding sequence of SEQ ID NO: 25 or the full-length complement
thereof.

[21] The recombinant Trichoderma host cell of any of paragraphs 14-20, wherein a Trichoderma beta-glucosidase gene or a
homolog thereof has been inactivated.

[22] The recombinant Trichoderma host cell of paragraph 21, wherein the Trichoderma beta-glucosidase gene encodes the
mature polypeptide of SEQ ID NO: 28 or a homolog thereof.

[23] The recombinant Trichoderma host cell of paragraph 22, wherein the Trichoderma beta-glucosidase gene homolog is
selected from the group consisting of: (i) a beta-glucosidase comprising or consisting of an amino acid sequence having at
least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 28; (ii) a
beta-glucosidase encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 27; and
(iii) a beta-glucosidase encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., at least very
high stringency conditions, with the mature polypeptide coding sequence of SEQ ID NO: 27 or the full-length complement
thereof.

[24] The recombinant Trichoderma host cell of any of paragraphs 14-23, wherein a Trichoderma endoglucanase | gene or a
homolog thereof has been inactivated.

[25] The recombinant Trichoderma host cell of paragraph 24, wherein the Trichoderma endoglucanase | gene encodes the
mature polypeptide of SEQ ID NO: 30 or a homolog thereof.

[26] The recombinant Trichoderma host cell of paragraph 25, wherein the Trichoderma endoglucanase | gene homolog is
selected from the group consisting of: (i) an endoglucanase | comprising or consisting of an amino acid sequence having at
least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 30; (ii) an
endoglucanase | encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 29; and
(iii) an endoglucanase | encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., at least very
high stringency conditions, with the mature polypeptide coding sequence of SEQ ID NO: 29 or the full-length complement
thereof.

[27] The recombinant Trichoderma host cell of any of paragraphs 14-26, wherein a Trichoderma endoglucanase Il gene or a
homolog thereof has been inactivated.

[28] The recombinant Trichoderma host cell of paragraph 27, wherein the Trichoderma endoglucanase Il gene encodes the
mature polypeptide of SEQ ID NO: 32 or a homolog thereof.

[29] The recombinant Trichoderma host cell of paragraph 28, wherein the Trichoderma endoglucanase Il gene homolog is
selected from the group consisting of: (i) an endoglucanase Il comprising or consisting of an amino acid sequence having at
least 70%, e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 32; (ii) an
endoglucanase Il encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 31; and
(iii) an endoglucanase Il encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., at least
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very high stringency conditions, with the mature polypeptide coding sequence of SEQ ID NO: 31 or the full-length complement
thereof.

[30] The recombinant Trichoderma host cell of any of paragraphs 14-29, wherein a Trichoderma xylanase | gene or a homolog
thereof has been inactivated.

[31] The recombinant Trichoderma host cell of paragraph 30, wherein the Trichoderma xylanase | gene encodes the mature
polypeptide of SEQ ID NO: 34 or a homolog thereof.

[32] The recombinant Trichoderma host cell of paragraph 31, wherein the Trichoderma beta xylanase | gene homolog is
selected from the group consisting of: (i) a xylanase | comprising or consisting of an amino acid sequence having at least 70%,
e.g., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87 %,
at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 34; (ii) a xylanase |
encoded by a polynuclectide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 33; and (iii) a xylanase |
encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., at least very high stringency
conditions, with the mature polypeptide coding sequence of SEQ ID NO: 33 or the full-length complement thereof.

[33] The recombinant Trichoderma host cell of any of paragraphs 14-32, wherein a Trichoderma xylanase Il gene or a homolog
thereof has been inactivated.

[34] The recombinant Trichoderma host cell of paragraph 33, wherein the Trichoderma xylanase Il gene encodes the mature
polypeptide of SEQ ID NO: 36 or a homolog thereof.

[35] The recombinant Trichoderma host cell of paragraph 34, wherein the Trichoderma xylanase Il gene homolog is selected
from the group consisting of: (i) a xylanase Il comprising or consisting of an amino acid sequence having at least 70%, e.g., at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 36; (ii) a xylanase |l
encoded by a polynuclectide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 35; and (iii) a xylanase Il
encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., at least very high stringency
conditions, with the mature polypeptide coding sequence of SEQ ID NO: 35 or the full-length complement thereof.

[36] The recombinant Trichoderma host cell of any of paragraphs 14-35, wherein a Trichoderma xylanase Ill gene or a homolog
thereof has been inactivated.

[387] The recombinant Trichoderma host cell of paragraph 36, wherein the Trichoderma xylanase Il gene encodes the mature
polypeptide of SEQ ID NO: 38 or a homolog thereof.

[38] The recombinant Trichoderma host cell of paragraph 37, wherein the Trichoderma xylanase Ill gene homolog is selected
from the group consisting of: (i) a xylanase Il comprising or consisting of an amino acid sequence having at least 70%, e.g., at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 38; (ii) a xylanase I
encoded by a polynuclectide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 37; and (iii) a xylanase Il
encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., at least very high stringency
conditions, with the mature polypeptide coding sequence of SEQ ID NO: 37 or the full-length complement thereof.

[39] The recombinant Trichoderma host cell of any of paragraphs 14-38, wherein a Trichoderma beta-xylosidase gene or a
homolog thereof has been inactivated.

[40] The recombinant Trichoderma host cell of paragraph 39, wherein the Trichoderma beta-xylosidase gene encodes the
mature polypeptide of SEQ ID NO: 40 or a homolog thereof.

[41] The recombinant Trichoderma host cell of paragraph 40, wherein the Trichoderma beta-xylosidase gene homolog is
selected from the group consisting of: (i) a beta-xylosidase comprising or consisting of an amino acid sequence having at least
70%, e.q., at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 40; (ii) a beta-
xylosidase encoded by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
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97%, at least 98%, or at least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 39; and (iii) a
beta-xylosidase encoded by a polynucleotide that hybridizes under at least high stringency conditions, e.g., at least very high
stringency conditions, with the mature polypeptide coding sequence of SEQ ID NO: 39 or the full-length complement thereof.

42. [42] The recombinant Trichoderma host cell of any of paragraphs 14-41, wherein a Trichoderma swollenin gene or a homolog
thereof has been inactivated.

43. [43] The recombinant Trichoderma host cell of paragraph 42, wherein the Trichoderma swollenin gene encodes the mature
polypeptide of SEQ ID NO: 42 or a homolog thereof.

44, [44] The recombinant Trichoderma host cell of paragraph 43, wherein the Trichoderma swollenin gene homolog is selected
from the group consisting of: (i) a swollenin comprising or consisting of an amino acid sequence having at least 70%, e.g., at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to the mature polypeptide of SEQ ID NO: 42; (ii) a swollenin encoded
by a polynucleotide comprising or consisting of a nucleotide sequence having at least 70%, e.g., at least 75%, at least 80%, at
least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% sequence identity to the mature polypeptide coding sequence of SEQ ID NO: 41; and (iii) a swollenin encoded by a
polynucleotide that hybridizes under at least high stringency conditions, e.g., at least very high stringency conditions, with the
mature polypeptide coding sequence of SEQ ID NO: 41 or the full-length complement thereof.

45. [45] A method of producing an enzyme composition, comprising: cultivating the host cell of any of paragraphs 1-44 under
conditions conducive for production of the enzyme composition.

46. [46] The method of paragraph 45, further comprising recovering the enzyme composition.

47. [47] An enzyme composition comprising a recovered fermentation broth of the recombinant Trichoderma host cell of any of
paragraphs 1-44.

48. [48] The enzyme composition of paragraph 47, which has one or more components of the fermentation broth removed.

49. [49] The enzyme composition of paragraph 47, which has no components of the fermentation broth removed.

50. [50] A process for degrading a cellulosic material, comprising: treating the cellulosic material with the enzyme composition of
any of paragraphs 47-49.

51. [51] The process of paragraph 50, wherein the cellulosic material is pretreated.

52. [562] The process of paragraph 50 or 51, further comprising recovering the degraded cellulosic material.

53. [53] The process of paragraph 52, wherein the degraded cellulosic material is a sugar.

54. [54] The process of paragraph 53, wherein the sugar is selected from the group consisting of glucose, xylose, mannose,
galactose, and arabinose.

55. [55] A process for producing a fermentation product, comprising: (a) saccharifying a cellulosic material with the enzyme
composition of any of paragraphs 46-48; (b) fermenting the saccharified cellulosic material with one or more fermenting
microorganisms to produce the fermentation product; and (c) recovering the fermentation product from the fermentation.

56. [56] The process of paragraph 55, wherein the cellulosic material is pretreated.

57. [67] The process of paragraph 55 or 56, wherein steps (a) and (b) are performed simultaneously in a simultaneous
saccharification and fermentation.

58. [58] The process of any of paragraphs 55-57, wherein the fermentation product is an alcohol, an alkane, a cycloalkane, an
alkene, an amino acid, a gas, isoprene, a ketone, an organic acid, or polyketide.

59. [59] A process of fermenting a cellulosic material, comprising: fermenting the cellulosic material with one or more fermenting
microorganisms, wherein the cellulosic material is saccharified with the enzyme composition of any of paragraphs 47-49.

60. [60] The process of paragraph 59, wherein the fermenting of the cellulosic material produces a fermentation product.

61. [61] The process of paragraph 60, further comprising recovering the fermentation product from the fermentation.

62. [62] The process of paragraph 60 or 681, wherein the fermentation product is an alcohol, an alkane, a cycloalkane, an alkene,
an amino acid, a gas, isoprene, a ketone, an organic acid, or polyketide.

63. [63] The process of any of paragraphs 59-62, wherein the cellulosic material is pretreated before saccharification.

64. [64] The enzyme composition of paragraphs 47-49, further comprising a Trichoderma endoglucanase |, a Trichoderma
endoglucanase I, or a Trichoderma endoglucanase | and a a Trichoderma endoglucanase Il.

65. [65] The enzyme composition of paragraph 64, wherein the Trichoderma endoglucanase | is a Trichoderma reesei
endoglucanase |.

66. [66] The enzyme composition of paragraph 64, wherein the Trichoderma endoglucanase Il is a Trichoderma reesei
endoglucanase |l.
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<210>1

<211>1599

<212>DNA

<213> Aspergillus fumigatus

<400>1

atgctggeet ccaccttete ctacegeatg tacaagaccg cgetcatect ggcegeectt 60
ctgggetetyg gocaggetca geaggtoggt acttcccagg cggaagtgea tecgteocatg 120
acctggeaga gotgcacgge tggeggoage tgeaccacca acaacggcaa ggtggtcate 180
gacgcgaact ggegttgggt geacaaagte ggegactaca ccaactgeta caceggeaac 240
acctgggaca cgactatctg ccctgacgat gegacctgeg catccaactg cgeecttgag 300
ggtgccaact acgaatccac ctatggtgtg accgecageg geaattecct cegectezac 360
ttegtcacca ccagocagea gaagaacatt ggetcegegte tgtacatgat gaaggacgac 420
tcgacctacg agatgtttaa getgetgaac caggagttca cettegatgt cgatgtetce 480
aacctcccct geggtctcaa cggtgetetyg tactttgteg ccatggacge cgacggtoge 540
atgtccaagt acccaaccaa caaggccggt geccaagtacg gtactggata ctgtgacteg 600
cagtgccctc gcgacctcaa gttcatcaac ggtcaggecca acgtcgaagg gtggcagece 660
tcctecaacg atgecaatge gggtaccgge aaccacgggt cetgetgege ggagatggat 720
atctgggagg ccaacagcat ctcocacggece ttcaccccce atccgtgega cacgecocegge 780
caggtgatgt gcaccggtga tgcctgcggt ggecacctaca gectccgaceg ctacggegge 840
acctgegace ccgacggatg tgatttraae teettecegec agggeaacaa gacettetac 800
ggcectggea tgaccgtega caccaagage aagtttaccg togtcaccca gttcatcace 960
gacgacggca cctccagcgg caccctcaag gagatcaagc gcecttctacgt gcagaacggce 1020
aaggtgatcc ccaactcgga gtcgacctgg accggogtca gecggcaactc catcaccace 1080
gagtactgca ccgcccagaa gagectgttc caggaccaga acgtcttcga aaagcacggc 1140
ggcctcgagyg gcatgggtge tgecctogec cagggtatgg ttcotegtcat gtcectgtgg 1200
gatgatcact cggccaacat gcotetggcte gacagcaact acccgaccac tgectcottcee 1260
accactcceg gegtcgeceg tggtacctge gacatctcect ccggegtece tgeggatgtce 1320
gaggcgaacc accccgacgce ctacgtcegtce tactccaaca tcaaggtcgg ccccatcgge 1380
tecgaccttea acageggtgg ctegaacccee ggtggeggaa ccaccacgac aactaccace 1440
cagcctacta ccaccacgac cacggctgga aaccctggcg gcaccggagt cgcacagcac 1500
tatggccagt gtggtggaat cggatggacc ggacccacaa cctgtgccag cccttatacc 1560
tgccagaage tgaatgatta ttactcectecag tgectgtag 1599
<210>2

<211>532

<212>PRT

<213> Aspergillus fumigatus

<400>2
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Ala Asp Gly

Tyr Gly Thr
195

Ile Asn Gly
210

Ala Asn Ala
225

Ile Trp Glu

Asp Thr Pro

Tyr Ser Ser
275

Phe Asn Ser
230

Thr Val Asp
305

Asp Asp Gly

val Ser Gly
355

Leu Phe Gln
370

Met Gly Ala

385

Asp Asp His

Thr Ala Ser

Ser Ser Gly

Vval val Tyr

450

Ser Gly Gly

465

Gln Pro Thr

Thr Thr Cys
515

Ser Gln Cys

530

<210>3

<211>1713

<212>DNA

Gly
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Gln
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Ala
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Phe

Thr

Thr
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Asn

Asp
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Ser
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420

Val

Ser
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Thr
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3390
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vVal Glu
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Asn His
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Met Cys
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Gly Asn
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Lys Phe

Gly Thr

Ile Pro

Thr Thr
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Val Phe
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Gln Gly
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Pro Gly

Asp Val
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Gln
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Thr
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Leu
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Met

Trp

Val
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Glu
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Ile Lys Val
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Pro Gly Gly

470
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Ser
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Gly Gln Cys

Pro Tyr Thr
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<213> Aspergillus fumigatus
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Thr

320

Tyr

Gly

Ser

Gly

Trp
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atgaagcacc
cagaccgtat
tgatatgett
agcetgtage
acttccttag
acgacgacgg
actacatceg
gccaaccccet
ctgcagecca
ttatcccaat
actatgggaa
atcgctggta
aatggcgagt
atccgtgectce
tacaccteeg

cctggtgace

tgtcgactat
tatgcctcac
ctggctegga
cgacgagggt
ctggtcgctc
gtacatcaac
ggatacctgt
cggaatggeg
accggctteg
tggatcaage
gcgecactgeg
gtatgtcatc
cagettetga
<210>4

<211>454
<212> PRT

ttgcatctte
ggggccaatg
ctaggtggeq
acactgaata
actacgctca
cggcgacgac
cacccaccgt
actactcctce
aggctagtge
actgagacca
cctacctgge
tettegtggt
actcaattge
agctggtgaa
ttgegegeeg

aacctcaacy

gctctgaage
ttcccgeatt
tggecegeca
toccccgegg
agtacctgcc
gccatggcgc
aagtgcttat
tccagceccac
gtgttcgece
ceggtggaga
gatatagtga
cattagccag

ccaacgctaa

catcgcattg
tatgttctgg
gacaaggetg
cctgtatgtt
gtgtatcceg
gacatceocag
gaccgeatce
cgaggtccat
tgttgectgaa
actctctgac
cgacattcag
ctacgacttg
caacaacggt
gtactctgac
cetttetetg

togecaaaty

agctcaacct
ctgtatccct
acttgggeee
ctgttegtgg
cctcctacac
ctcttctcaa
tcocaategee
gaagcaaaac
ctcgactaac
gagtgatgge
tgctetgeag
atgagggata

ceegtecttt

<213> Aspergillus fumigatus

<400>4

Met Lys His
1

actctactgt

ctgtcactgg

gtetggeceg

agatatcgte

ggagccaccg

accaccacca

ggtaacccett
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actggtgcaa
cgctccagga
cgactteocce
aggctggtac

ggacctagge

gcaggceeccag
tatcaactgc
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gactggteca
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tetggecagt
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<210>5
<211> 3080
<212>DNA
<213> Aspergillus fumigatus
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Cys Ala Asn Ala
245

Lys Gln Leu Asn
260

Ala Gly Trp Leu

Phe Ala Lys Val
295

Leu Ala Thr Asn
310

Pro Ser Tyr Thr
325

Asn Ala Met Ala
340

Ile Met Asp Thr

Trp Gly Asp Trp
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405

Asp Ala His Cys
420

Gly Thr Trp Phe

Pro Ser Phe

Glu

Met

Asn

Asp

Gly

200

Val

Leu
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atgagattcg
gtttgtgatg
aggaattggce
gggcagatge
ttaaccttac
actgaccate
aggtaagctt
acttggtatc
gctatacceg
tgacctcaac
cgcctacctt
gctggggect
cttetetect
agacgcgggt
acaggttgge
ggatgacaag
ccttgattga
tttteogtag
ggcgctgtca

actctcaaca

gttggctcga
cttteocegte
tttctctcca
ccategacge
aacgggtact
tacacagatg
gcaattctge
aactggggtc
cggagtettt
teegecttee
cgtggcaagg
gctgctggte
gatccggtte
gtgattgcta
gaggcccagyg
accatgcacg
tttgactgac
acttgaccte
tgtgttccta

agctcctcaa

ggtggccget
attgtttegg
ccattctacc
gecgtegaga
gggtgggttyg
ggaaatggac
aacaacgtgc
tttgtggcca
cagtecttgt
ctgetggtac
ccatgggtga
ctctecggecaa
tcactggtgt
ctgccaagea
gatatggtta
agttgtacct
ctggaatgca
gcgacgaaga
caatcaaatc

ggctgagetg

ctgacggccg
atatagttga
cttcgecttg
tegtttetea
cgactttttt
cgatgegteg
aagtgtagtt
ggattcccct
attatgtgct
taatgtcgee
ggaattcaac
atacccggac
acttttegee
ttacattctyg
caacatcacg
ttggtgagta
ggccctttge
aatcgetgac
aacaacagct

ggcttcocaag

cttctgtage
caatagtcat
ggctgatgge
gatgacactg
gttgacagtg
gtcaaacagy
gctaaaacgc
ttgggtatcc
gatgattgte
gegacatggg
gacaagggcyg
ggcggcagaa
gaaactatca
aatgaacagg
gagacgatca
gttgacactg
agatgctgtg
gaaccatcgt
acggttgtca

gettegteat

caatgcccag
ggaaataate
cagggagagt
gcggagaagyg
agetttette
cagagtteoce
ggtggtgcag
gtttctgtga
tetgtatage
acaagacact
tggacatttt
tctgggaagg
agggtatcca
agcatttceg
gctccaacgt
caaatgagga
cgcggtaaga
agctggegtt
aaacagtcaa

gagtgactgg

59
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180

240
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360

420
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540
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720
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900
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1080
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agcgetcace
gacatttcct
aacggcaccg
tacaaggttg
gagtacgget
gtcaatgtge
ctcttgaaga
ggtgaagacg
aacggcactc
cccgageagyg
gataacgggg
cttagaaaaa
gtgtttgtea
cgcaaaaatc
tgcaacaaca
gataacccca
tecetggteg
ggcaagactc
gctcecceagg
aatgagaccc
caccttcggg
accaagectg
ggtctcaaaa
tcttctgacg
gatgggtete
tatcaggatc
gaagtcccte
ttctagtatg
cgaatcttec
ctcgccaatt
cacgtcggea
<210>6

<211>863
<212> PRT

acageggtgt
tcgacgacgg
ttecagectg
gtegtgaccg
gggageatte
agegeagtca
acacgggtge
ctggttecaa
ttgctatgge
ctatccageg
ctetcageca
gaacgttcte
acgccgacte
tcactctgtg
cgattgtggt
acgtcactge
acgtgeteta
gggagtctta
atgatttcaa
ccatttatga
ttcaggcect
cgecaaccta
gaattaccaa
acccgaacta
cteaaccect
ttgttagggt
aattggtgag
tttcactggg
tggeteoctgg
gggatgtgga

gctectegeg

cggegetgee
actctectte
gegtgtegat
tettegtatt
tgctgtetece
ctetcagate
tettectttg
ccegtggggt
ctggggtagt
agaggtcatc
gatggecagat
tgaatgaagt
tggagagggt
gaagaacggce
tattcacagt
catcatctgg
tggeegegte
cggggctece
cgagggegte
gtttggecat
caatagttcg
tggtgagatc
gtttatttac
cggctgggag
ccetgaagget
gtecggecace
tgaceegeat
cggaccgaac
ggagcaaaag
ggctcaggac

taagetgect

<213> Aspergillus fumigatus

<400>6

ctegetgggt
tggggcacga
gacatggctg
ccccctaact
gagggagect
atcegtgaga
accggcaagg
getaacgget
ggtactgcca
agcaacggeg
gttgeatete
tttttaacca
ttcatcagtyg
gaggccgtca
gttgggecceg
gecggettge
aaccccageg
ttgetcaceq
ttcattgact
ggcttgaget
agttcggecat
ggtagtgceg
ccttggetca
gactcggagt
ggeggegete
ataaccaaca
gttecttgey
gagceteggg
gtttggacca
tgggtcatca

ctgagagege

tggatatgte
acctaactgt
ttegtatcat
tcagetectg
ggaccaaggt
ttggtgeege
aggttaaagt
gecccgacog
acttccctta
goaatgtett
aatccaggtyg
ttgcgaacag
tecgacggcaa
ttgacactgt
tcttgatcga
ccggteagga
ccaagaccce
agcctaacaa
accgtcactt
acaccacctt
atgtccecgac
ccgactacct
actcgaccga
acattccecga
ctggtggtaa
ctggtaacgt
ttgcaatttg
tcgttetgeg
cgactettaa
caaagtaccc

ctetgeceeg

gatgcctgga
cagtgttctt
gaccgcegtac
gaccegggat
gaacgactte
tagtacagtg
gggtgttcte
eggctgtgat
ccttgtecace
tgotgtgact
agtgeggget
cgtgtetttyg
cgagggtgac
tgtcagccac
ccggtggtat
gagtggcaac
gttcacctgyg
tggcaatggt
tgacaagcge
tggttactet
tagcggagag
gtatccegag
cctcgaggat
aggcgctagg
ccctacectt
cgecggttat
gctaactege
caagttcgac
cegtagtgat
caagaaagtg

tgtctactag

60

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060
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Met

Ala

Trp

Glu

Gly

65

Pro

Gly

Val

Met

Ala

145

Gly

Ile

Ile

Tyr

Thr
225

Arg

Asn

Ala

Ile

50

Thr

Arg

Ile

Ala

Gly

130

Ala

Phe

Lys

Leu

Gly

210

Met

Phe

Ala

Asp

35

Val

Gly

Leu

Ala

115

Glu

Gly

Ser

Gly

Asn

195

Tyr

His

Gly

Gln

20

Gly

Ser

Trp

Gly

Phe

100

Thr

Glu

Pro

Pro

Ile

180

Glu

Asn

Glu

Glu

Gln

Gln

Glu

Ile

85

Ser

Trp

Phe

Leu

Asp

165

Gln

Gln

Ile

Leu

Leu

Leu

Gly

Met

Met

70

Asn

Asp

Asp

Asn

Gly

150

Pro

Asp

Glu

Thr

Tyr
230

Glu

Ala

Glu

Thr

Asp

Trp

Leu

Lys

Asp

135

Lys

val

Ala

His

Glu

215

Leu

val

Phe

Trp

40

Leu

Arg

Gly

Asn

Thr

120

Lys

Tyr

Leu

Gly

Phe

200

Thr

Trp

Ala

Ser

25

Ala

Ala

Cys

Leu

Ser

105

Leu

Gly

Pro

Thr

Val

185

Arg

Ile

Pro

Ala

10

Pro

Asp

Glu

Val

Cys

90

Ala

Ala

Vval

Asp

Gly

170

Ile

Gln

Ser

Phe

Leu

Pro

Ala

Lys

Gly

75

Gly

Phe

Tyr

Agp

Gly

155

Val

Ala

Val

Ser

Ala
235

Thr

Phe

His

Val

60

Gln

Gln

Pro

Leu

Ile

140

Gly

Leu

Thr

Gly

Asn

220

Asp

Ala

Tyr

Arg

45

Asn

Thr

Asp

Ala

Arg

125

Leu

Arg

Phe

Ala

Glu

205

val

Ala

Ala

Pro

30

Arg

Leu

Gly

Ser

Gly

110

Gly

Leu

Ile

ala

Lys

190

Ala

Asp

Val

Ser

15

Ser

Ala

Thr

Ser

Pro

95

Thr

Lys

Gly

Trp

Glu

175

His

Gln

Asp

Arg

val

Pro

Val

Thr

val

80

Leu

Asn

Ala

Pro

Glu

160

Thr

Tyr

Gly

Lys

Ala
240

61
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Gly Vval

Gly Cys

Gly Phe

Val Gly
290

Ser Phe
305

Val Leu

Arg Ile

Pro Pro

Ser Ala
370

Val Gln
385

Thr Val

Val Lys

Ala Asn

Ala Trp
450

Gln ala
465

val Thr

Gly

Gln

Gln

275

Ala

Asp

Asn

Met

Asn

355

Val

Arg

Leu

val

cly

435

Gly

Ile

Asp

Ala

Asn

260

Ala

Asp

Gly

Thr

340

Phe

Ser

Ser

Leu

Gly

420

Cys

Ser

Gln

Asn

Val

245

Phe

Leu

Gly

Thr

325

Ala

Ser

Glu

His

Lys

405

val

Pro

Gly

Arg

Gly
485

Met

Gln

Val

Ala

Leu

310

Val

Tyr

Ser

Gly

Ser

33%0

Asn

Leu

Asp

Thr

Glu

470

ala

Cys

Thr

Met

Gly

295

Pro

Tyr

Trp

Ala

375

Gln

Thr

Gly

Arg

Ala

455

val

Leu

Ser

Leu

Ser

280

Leu

Phe

Ala

Lys

Thr

360

Trp

Ile

Gly

Glu

Gly

440

Asn

Ile

Ser

Tyr

Asn

265

Asp

Asp

Trp

Trp

Val

345

Arg

Thr

Ile

Ala

Asp

425

Cys

Phe

Ser

Gln

Asn

250

Lys

Trp

Met

Gly

Arg

330

Gly

Asp

Lys

Arg

Leu

410

Ala

Asp

Pro

Agn

Met
490

Gln

Leu

Ser

Ser

Thr

315

Val

Arg

Glu

Val

Glu

395

Pro

Gly

Asn

Tyr

cly

475

Ala

Ile

Leu

Ala

Met

300

Asn

Asp

Asp

Tyr

Asn

380

Ile

Leu

Ser

Gly

Leu

460

Gly

Asn

Lys

Hie

285

Pro

Leu

Asp

Arg

Gly

365

Asp

Gly

Thr

Asn

Thr

445

val

val

Asn

Ala

270

His

Gly

Thr

Met

Leu

350

Trp

Phe

Ala

Gly

Pro

430

Leu

Thr

val

Ala

Ser

255

Glu

Ser

Asp

val

Ala

335

Arg

Glu

val

Ala

Lys

415

Trp

Ala

Pro

Phe

Ser
495

Tyr

Leu

Gly

Ile

Ser

320

val

Ile

His

Asn

Ser

400

Glu

Gly

Met

Glu

2la

480

Gln

62
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Ile Ser

Lys Asn
530

Thr Ile
545

Tyr AsSp

Gln Glu

Gly Ala
610

Asp Asp
625

Arg Asn

Ser Ala

Gly Glu
630

Arg Ile
705

Asp Ser

Pro Glu

Gly Ala

Ser Ala
770

Gln Leu
785

Arg Lys

Thr Thr

Gln Asp

Ser Ser
850

<210>7

Vval

Val

515

Gly

val

Asn

Ser

Ala

595

Pro

Phe

Glu

Gly

Tyr

675

Ile

Thr

Ser

Gly

Pro

Thr

Tyr

Phe

Thr

Trp

Ser

500

Asp

Glu

val

Pro

Gly

580

Lys

Leu

Asn

Thr

Tyr

660

val

Gly

Lys

Asp

Ala

740

Gly

Leu Val

Gly Asn

Ala Val

Ile His

Phe Val

Glu Gly

520

Ile Asp

535

550

Asn Val

565

Asn Ser

Thr Pro

Leu Thr

Glu Gly

Ser val

Thr Ala

Leu Val

Phe Thr

600

Glu Pro

615

630

Pro Ile

645

Ser His

Pro Thr

Ser Ala

FPhe Ile

val Phe

Tyr Glu

Leu Arg

S8er Gly

680

Ala Asp

695

710

Asp Pro

725

Arg Asp

Gly Asn

Ile Thr

Val Ser

Asp Arg

805

Leu Asn
820

Val Ile

835

Arg

<211>862
<212>DNA
<213> Aspergillus fumigatus

<400>7

Lys Leu

Asn

Leu

790

Ile

Arg

Thr

Pro

Tyr Pro

Asn Tyr

Gly Ser

Pro Thr

Thr Gly

775

Asn

505

Asp

Thr

Gly

Ile

Asp

585

Trp

Asn

Ile

Phe

Val

665

Glu

Tyr

Trp

Gly

Pro

745

Leu

Gly Gly

Phe Leu

Arg Asp

Lys Tyr
840

Leu Arg

855

Ala

Arg

val

Pro

Ile

570

vVal

Gly

Asn

Asp

Gly

650

Gln

Thr

Leu

Leu

Trp

730

Gln

Tyr

Asn

Pro

Ala

Leu

825

Pro

Ala

Asp

Lys

val

val

555

Trp

Leu

Lys

Gly

TYyr

635

His

Ala

Lys

Tyr

Asn

715

Glu

Pro

Gln

val

Asn

Pro

810

Ala

Lys

Pro

Ser

Asn

Ser

540

Leu

ala

Tyr

Thr

Asn

620

Arg

Gly

Leu

Pro

Pro

700

Ser

asp

Leu

Asp

ala

Glu

795

Gly

Asn

Lys

Leu

Gly

Leu

525

His

Ile

Gly

Gly

Arg

605

Gly

His

Leu

Asn

Ala

685

Glu

Thr

Ser

Leu

Leu

Gly

780

Pro

Glu

Trp

val

Pro
860

Glu
510

Thr

Leu

arg

590

Glu

Ala

Phe

Ser

Ser

670

Pro

Gly

Glu

Lys
750

val

Tyr

Arg

Gln

Asp

His

845

Arg

Gly

Leu

Asn

Arg

Pro

575

Ser

Pro

Asp

Tyxr

655

Ser

Thr

Leu

Leu

Tyr

735

Arg

Glu

Val

Lys

val

830

val

val

Phe

Trp

Asn

Trp

560

Gly

Asn

Tyr

Gln

Lys

640

Thr

Ser

Tyr

Lys

Glu

720

Gly

Val

val

Vval

Val

815

Glu

Gly

Tyr

Pro

Leu

800

Trp

Ala

Ser

63
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atgactttgt
ggccacggct
aaatgacagce
accectacat
gctttgtgga
atggcaagtt
ggccagagte
ataggctaac
cgtggacaag
caacccacct
gaccattcct
tcactctgeg
caccggtgge
tgatecctgge
tcotgeactyg
<210>8

<211>250
<212>PRT

ccaagatcac
ttgtttctgg
tgcaacaget
gagcaaccct
cggcaccggc
gaccgeaace
tcaccatgga
atagcatagt
accaccctga
ggtgtttggy
gcctectatg
ggtaacctga
ggcagtgete
atcaagtttg

ttcaacgett

ttccattget
cattgttgct
aacttctatt
cccgacacca
taccagtcte
gttgecageeg
ccggtacgac
tgattactta
agtttgtcaa
ctgatgatga
ccecceggaaa

acggcgcgea

ggeccttctgg
gatgggaaat
ccagttacgg
ttgectggte
cggatattat
gttoacagat
gccgaagaga
cctegeteca
gatcgccgcet
aatgatcgec
ctacgtectt

gaactacccc

agggatctgg caccgetgge

acatctacte

aa

<213> Aspergillus fumigatus

<400>8

Met Thr Leu Ser Lys Il

1

Ser Leu Val

Ala Gly Hi
20

e Thr

s Gly

Lys Tyr Tyr Gly Gly Tyr Leu

35

Pro Pro Asp Thr Ile Al

50

a Trp
55

Val Asp Gly Thr Gly Tyr Gln

65

70

Ala Lys Asn Gly Lys Leu Thr

85

Glu Phe Gln Trp Thr Thr Trp

100

Thr Tyr Leu Ala Pro Cys Asn
115

Thr Leu Lys

130

Phe Val Lys Ile

135

Asn Pro Pro Gly val Trp Ala

145

15

Thr Ala Thr val Thr Il

165

Glu Ile Il
180

Ala Gln Asn Tyr Pro Gl
195

Ser Ala Gln Gly Ser Gl

210

0

e Pro

e Ala

n Cys

y Thr
215

Asp Pro Gly Ile Lys Phe Asp

225

23

0

Ser

Phe

val

40

Ser

Ser

Ala

Pro

Gly

120

Ala

Asp

ala

Leu

Phe

200

ala

Ile

ggatctgage

Ile Ala Gly
10

Val Ser Gly
25

Asn Gln Tyr

Thr Thr Ala

Pro Asp Ile
75

Thr Val Ala
90

Glu Ser His
105

Asp Cys Ala

Ala Gln Gly

Asp Glu Met
155

Ser Tyr Ala
170

His Ser Ala
185

Asn Ile Gln

Gly Thr Ser

Tyr Ser Asp
235

cctcagegte
agtatgtgct
agggtacctt
caccaccgec
ctgccacaga
cgaattecag
agagaacata
tgcaacggeg
caaggcttga
aacaacaaca
cgecacgaga
cagtgtttca
acgtccctgt

ggtggatace

tctegtgget
tgaaccacac
gttaaccaat
accgaccteg
gacgcaaaga
tggacgacgt
ttgtgaccag
actgtgccac
tcgacggete
cggecacagt
tecatcgeect
acatccazaat
acaagaatac

ctattecctgg

Leu Leu Ala Ser Ala

15

Ile Val Ala Asp Gly

30

Pro Tyr Met

45

Ser Asn

Thr Asp Leu Gly Phe

60

Ile Cys His

Arg Asp
80

Ala Gly Ser Gln Ile

95

His Gly Pro Leu Ile
110

Thr Val Asp Lys Thr

125

Leu Ile Asp Gly Ser

140

Ile Ala Asn Asn Asn

160

Pro Gly Asn Tyr Val

175

Gly Asn Leu Asn Gly
190

Ile Thr Gly Gly Gly

205

Leu Tyr Lys

220

Asn Thr

Leu Ser Gly Gly Tyr

240

64

60
120
180
240
300
360
420
480
540
600
660
720
780
840

862
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Pro Ile Pro Gly Pro Ala Leu Phe Asn Ala

<210>9

<211>1254
<212>DNA

245

<213> Aspergillus fumigatus

<400>9
actggattta

actgcgeage
ggttectcagyg
tggatacacce
ctetgecceyg
agtagctteg
aacggccaga
tacagcaagc
ccetgeggea
gccctcaacce
cceggtecet
atggacctct
gccggectgt
acctacaacc
accgccaage
actetggeeg
gtcgccatga
cagcgtatgg
ccgagectgt
ggagatcctg
aggtggggyyg
<210>10

<211>407
<212>PRT

ccatggetca
agatcgggte
ctggctgegt
aaatgggage
acaaggtgac
gcegtgcagaa
tcaagacact
tgcagetcct
tgaacggege
ccegetggtge
ggatcaacgg
gggaggccaa
acgcegtgeac
cctacgagct
cgataaccgt
agatccgecag
cggaggcttt
gcgaggetct
ggatgcattg
ctttcatcca

atattgacag

aacactggeca
categetgag
tgcacaaage
ccaaacgtca
ctgeagocag
ctcaggeogac
gaggccgege
caaccaagag
cctetacete
aacctacgge
cgaggccaac
ctegegetee
cggcgeeogaa
cggcgcaaag
cgtcatgcag
gctgtacgtg
ctgctcgtceg
g999aggggc
gcttgatagt
ggctaactat

tacctactet

<213> Aspergillus fumigatus

<400> 10

250

geegectege
aaccacccgg
acctcagtgg
tgcaccacga
aactgegtag
gccataacce
gtgtacctec
ttcacctteg
tcegaaatgg
acaggctact
acccteggeg
acaattttct
tgctactceca
gattactatg
ttcgtgacgg
caggagggta
tcgaggacgt
atggtgcctg
gacggtgecg
cccaatacgg

gtttagttaa

tggttcetegt
agctcaaaac
ttettgacat
gtagtggect
tggaaggcat
tecegecaata
tcgecgagga
acgttgacge
acgcctcagg
gcgacgegca
caggtgectg
ccccgeacce
tctgegacgg
gctacggtct
ccgataacac
tggtgatcgg
tcgaggcgcet
tgttcagtat
ggccgtgegyg
cggtgacttt

ttaactagag

cccecttagtyg
atacaggtge
caacgcacac
cgacecegtet
caccgactac
ccaagtacaa
tggcatcaac
ctccaagete
cggccgoage
gtgctteaac
ctgccaggag
gtgcaccaca
gtatggctge
caccgttgac
cgcgacagga
caattecggce
gggtgggttg
ctgggatgat
tagcactgag
ttcgaaggtc

gtga

Met Ala Gln Thr Leu Ala Ala Ala Ser Leu Val Leu Val Pro Leu Val

1

5

10

15

65

60

120

240

300

360

420

480

540

600

660

720

840

900

960

1020

1080

1140

1200

1254
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Thr Ala Gln Gln
20

Thr Tyr Arg Cys
35

Val Val Leu Asp
50

Thr Ser Cys Thr
65

Lys Val Thr Cys

Ser Ser Phe Gly
100

Tyr Gln Val Gln
115

Leu Leu Ala Glu
130

Gln Glu Phe Thr
145

Ala Leu Asn Pro
180

Gln Cys Phe Asn
195

Gly Ala Gly Ala
210

Arg Ser Thr Ile
225

Ala Cys Thr Gly

Thr Tyr Asn Pro
260

Leu Thr Val Asp

275

Thr Ala Asp Asn

280

Tyr Val Gln Glu

305

Glu Ala Phe Cys

Gln Arg Met Gly

Ile

Gly

Ile

Thr

Ser

85

Val

Asn

Asp

Phe

Tyxr

165

Ala

Pro

Cys

FPhe

2ala

245

Tyr

Thr

Gly Se.

Ser Gl

Asn Al
55

Ser Se
70

Gln As:

Gln As

Gly GL

Gly Il

13

Asp va.
150

Leu Se

Gly Al

Gly Pr

Cys GL:

21

Ser Pry

230

Glu Cy:

Glu Le

Ala Ly

Thr Ala

Gly Met

310

Ser Ser

325

340

Ile Trp Asp Asp

355

Ala Gly Pro Cys

370

Asn Tyr Pro Asn

385

Ile Asp Ser Thr

<210>11
<211>1263

Glu Ala

Pro Ser

Gly Ser

Thr Ala

390

Tyr Ser

405

r Ile

n Ala

40

a His

n Cys

n Ser

n Ile

120

e Asn

5

1 Asp

r Glu

a Thr

o Trp
200

n Glu

5

o His

s Tyr

u Gly

s Pro

Thr Gly

295

Val Ile

Ser Arg

Leu Gly

Leu Trp

Ala

25

Gly

Trp

Leu

val

Gly

105

Lys

Tyr

Ala

Met

Tyr

185

Ile

Met

Pro

Ser

Ala

265

Ile

Glu

Cys

Ile

Asp

val

90

Asp

Thr

Ser

Ser

Asp

170

Gly

Asn

Asp

Cys

Ile

250

Lys

Thr

Thr

Gly

Thr

Arg

345

360

Thr Glu

375

Val Thr

val

Met

Gly

Phe

Asn

val

His

Pro

75

Glu

Ala

Leu

Lys

Lys

155

ala

Thr

Gly

Leu

Thr

235

Asp

Val

Leu

Asn

Phe

330

Gly

Asp

Ser

His

Ala

Gln

60

Ser

Gly

Ile

Arg

Leu

140

Leu

Ser

cly

Glu

Trp

220

Thr

asp

Tyr

Val

Ala

Ser

315

Glu

Met

Trp

Pro

Lys
395

Pro

Gln

45

Met

Leu

Ile

Thr

Pro

125

Gln

Pro

Gly

Tyr

Ala

205

Glu

Ala

Gly

Tyr

Met

Glu

300

Ala

Ala

Val

Leu

Ala

380

val

Glu
30

Ser

Gly

Thr

Leu

110

Arg

Leu

Cys

Gly

Cys

190

Asn

Ala

Gly

Tyr

Gly

270

Gln

Ile

Val

Leu

Pro

Asp

365

Phe

Arg

Leu

Thr

Ala

Pro

Asp

95

Arg

Leu

Gly

Arg

175

Asp

Thr

Asn

Leu

Gly

255

Tyr

Phe

Lys

Ser

Gln

Asp

80

Tyr

Gln

Tyr

Asn

Met

160

Ser

Ala

Leu

Ser

Tyr

240

Cys

Gly

Val

Arg Arg

Ala

Gly

val

350

Ser

Ile

Met

Gly

335

Phe

Asp

Gln

Trp Gly

Leu

Thr

320

Leu

Ser

Gly

Ala

Asp
400

66

DK/EP 2748314 T3



<212>DNA

<213> Aspergillus fumigatus

<400> 11
actggattta

gtggctgete
gattaaaagg
gcgaaaatac
tgacaacatc
cgggaagggce
tatgacaggc
cagcatgttg
gatcttatge
tgtggacttg
aagaccttet

actagtatgg

gagtatcacg
atccgcgetg
gcctggacct
atcgtctacg
gtgtectaceca
ggcaaggttg
atttcaggaa
tgggcggetyg
gcttatgtgg
tga
<210>12

<211>329
<212> PRT

ccatgaaatt
ctgcaaagag
acactaacat
cattcetgge
aaggggaaag
atgaacatct
tecctataacg
gactgtatga
tattttggac
ttctaacgee
ggcagaatcet

ctaactcatt

acatggacca
caggagccac
gggccgacgt
agatgcacca
cgattggtaa
gcatcattgg
tgctggagta
gcecctggtg

goatgttgga

cggtageatt
agcttcggta
actgcagggt
tcttatgtat
aattcatctt
tccggattea
aggagtacct
ggctgacteg
ccacacaact
actcagcaat
ggctggaaag

tggttctgat

gacactggta
ctcgcaatac
caatgacaac
gtatctcgac
ggagegggtt
tgagttcgcet
cttggctcag
gggaaactat

catcttggag

<213> Aspergillus fumigatus

<400>12

Met Lys Phe Gly Ser Il

1

e Val Leu

val Ala Ala Pro Ala Lys Arg Ala

20

Asn Glu Ser Gly Ala Gl

35

u Phe Gly
40

Gly Lys Glu Phe Ile Phe Pro Asp

50

Gly Lys Gly Met Asn Il

65

70

55

e Phe Arg

Val Pro Ser Ser Met Thr Gly Ser

85

Leu Thr Ser Vval Vval As

100

p Ala val

Leu Asp Pro His Asn Phe Gly Arg
115

120

Thr Asp Asp Phe Lys Thr Phe Trp

130

Ser Asn Asn Leu Val Il

135

e Phe Asp

gtgetecattg
tttcaatgtt
tcggaagcaa
gttgtgecate
ceceggacect
attcctecatg
tgccaatctg
accaggttgt
ttggcagata
ggtcagatta
ttcaagtcca

gagcttcact

ctgaacctca
atctttgtgg
ctgaaggctc
tcggatggat
tcggeageaa
ggtggcgtca
aacacagacg
atgttcaaca

cectacctgg

Ile Ala Ala
10

Ser Val Phe
25

Glu Asn Thr

Pro Ser Thr

Ile Gln Phe
75

Tyr Asn Glu
20

Thr Lys Ala

105

Tyr Asn Gly

Gln Asn Leu

Thr Asn Asn

ctgctgegge
ggttcecetgt
tgagtctgga
tgagagaagt
tctacaatca
gagagactgg
acatcggtgg
ggacgctgte
gtgagtaatg
tctccageac
acaatctegt

gacccceggat

accaggecge
agggcaactc
tgaccgacce
ccggcacecge
caaagtggcet
atgatcagtg
tgtggaaggy
tggagcctece

gttgattaat

aggcetteogeg
ggtaaagttg
gcagagtttg
atactgectge
gcacattgat
tgccaagete
gtttgagcag
accaaggcag
ceeggeatac
cgacgacttc
catectttgat

gttagaczaat

tatcaacggt
ctggaccggce
ccaggataag
ggagagctge
caaggataac
ccggaccgct
agctctetgg
gageggtgea

taactagagg

Ala Ala Gly Phe Ala

15

Gln Trp Phe Gly Ser

30

Ile Pro Gly Ser Tyr

45

Ile Ser Thr Leu Ile

60

Leu Met Glu Arg Leu

80

Glu Tyr Leu Ala Asn

95

Gly Ser Tyr Ala Ile
110

Gln Ile Ile Ser Ser

125

Ala Gly Lys

140

Glu Tyr His

Phe Lys

Asp Met

67
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180
240
300
360

420

540
600
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720

780
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1080
1140
1200
1260

1263

DK/EP 2748314 T3



145

Asp Gln Thr

Arg Ala Ala

Trp Thr Gly

195

Leu Thr Asp

210

Asp Ser Asp

225

Gly Lys Glu

Lys Val Gly

Arg Thr Ala
275

290

Tyr Met Phe

305

150

155

Leu Val Leu Asn Leu Asn Gln Ala

165

Gly Ala Thr Ser Gln

180

170

Tyr Ile Phe
185

Ala Trp Thr Trp Ala Asp Val Asn

200

Pro Gln Asp Lys Ile Val Tyr Glu

215

Gly Ser Gly Thr Ala
230

Arg Val Ser Ala Ala

245

Glu Ser Cys

235

Thr Lys Trp

250

Ile Ile Gly Glu Phe Ala Gly Gly
265

260

Ile Ser Gly Met Leu

280

Glu Tyr Leu

Gly Ala Leu Trp Trp Ala Ala Gly

295

Asn Met Glu Pro Pro
310

Leu Asp Ile Leu Glu Pro Tyr Leu

<210>13

<211>1145
<212>DNA

325

<213> Aspergillus fumigatus

<400>13
atgegtttet

agcaacaaga
ggcactgcag
ctgegeaage
agtacacctc

ccgageccga

atcactatgg
gggtcacctc
tecaagaccgt
ttaatgggga
tctaccttge
agctttacta
agctagtcge
acttcatcgt
tecgaggecgy
tctacaccge
gcaagcatge
cgtggattec
aggtgaagec
gctag

<210>14
<211>364

ccettgeege
acaacgtcaa
ccgatatccc
agttecggega
atctcgtgtce

gcagaatgtc

tecacgeegtyg
caggaactgg
ccaacatttt
cgggaccttt
attccagtat
taacgactat
cgagttgegg
cggcgagact
acttgaggte
cgaggcccaa
cggaccgege
gggtacctte

ggecttetat

caccegetett
tcttgataag
tggtacctca
aatgacacce
ggcgetgace

ttcaacttca

cgetgoecata
accgccacag
ggcaagaget
toctecagtg
gcccaggaag
ggcattgaga
aageggggea
ccttegetgg
gccatcaceg
aagcagcagg
tgtgttggty
gagggacagg

gctgetgeeg

Ser Gly Ala

315

Gly

ctegetggece
cttgctcgge
gaaacaaccg
gcaaacgcat
agacgatgtt

ctcaagggga

acctegtetg
aactcaaaga
gctacgegtyg
tgtggtacga
ccctggegea
accccggecce
ttcgecattga
ctgaccagcet
aacttgacgt
ctgccgacta
ttgtagtetg
gtggegeetg

aggcgttgga

160

Ala Ile Asn Gly Ile

175

Val Glu Gly Asn Ser

1380

Asp Asn Leu Lys Ala

205

Met His Gln Tyr Leu

220

Val Ser Thr Thr Ile

240

Leu Lys Asp Asn Gly

255

Val Asn Asp Gln Cys

270

Ala Gln Asn

285

Thr Asp

Pro Trp Trp Gly Asn

300

Ala Tyr Val

tggeccacgge
gtaatggcat
acaagcctta
tgaaggtgag
attcacatag

ctacttcatg

ggccagccaa
agtgatgaag
ggacgtegte
cacaattgge
gattcacgcec
caaggcagat
cggagtcggt
cgccaccaag
cegettttet
ctatgctagce
ggatttegat
tetatataat

gaacaagccc

Gly Met
320

agcgectteg
gctttggtte
tctgagcatc
ccagagtgat
ttcatgtata

gacttggccg

gtgtccgact
aaccacatat
aatgaagcta
gaggaatact
aaccaggtca
gctgttctga
ctcgagtcee
aaggcttata
caggececcgt
gtcgccagtt
gacgectact
gagacacteg

tgcactgtat

68
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<212> PRT
<213> Aspergillus fumigatus

<400> 14
Met Arg Phe Ser Leu Ala Ala Thr Ala Leu Leu Ala Gly Leu Ala Thr
1 5 10 15

Ala Ala Pro Ser Ser Asn Lys Asn Asn Val Asn Leu Asp Llys Leu Ala
20 25 30

Arg Arg Asn Gly Met Leu Trp Phe Gly Thr Ala Ala Asp Ile Pro Gly
35 40 45

Thr Ser Glu Thr Thr Asp Lys Pro Tyr Leu Ser Ile Leu Arg Lys Gln
50 55 60

Phe Gly Glu Met Thr Pro Ala Asn Ala Leu Lys Val Ser Gln Ser Asp
65 70 75 80

Phe Met Tyr Thr Glu Pro Glu Gln Asn Val Phe Asn Phe Thr Gln Gly
85 90 95

Asp Tyr Phe Met Asp Leu Ala Asp His Tyr Gly His Ala Val Arg Cys
100 105 110

His Asn Leu Val Trp Ala Ser Gln Val Ser Asp Trp Val Thr Ser Arg

115 120 125

Asn Trp Thr Ala Thr Glu Leu lys Glu Val Met Lys Asn His Ile Phe
130 135 140

Lys Thr Val Gln His Phe Gly lys Arg Cys Tyr Ala Trp Asp Val Val
145 150 155 160

Asn Glu Ala Ile Asn Gly Asp Gly Thr Phe Ser Ser Ser Val Trp Tyr
165 170 175

Asp Thr Ile Gly Glu Glu Tyr Phe Tyr Leu Ala Phe Gln Tyr Ala Gln
180 185 190

Glu Ala Leu Ala Gln Ile His Ala Asn Gln Val Lys Leu Tyr Tyr Asn
195 200 205

Asp Tyr Gly Ile Glu Asn Pro Gly Pro Lys Ala Asp Ala Val Leu Lys
210 215 220

Leu Val Ala Glu Leu Arg Lys Arg Gly Ile Arg Ile Asp Gly Val Gly
225 230 235 240

Leu Glu Ser His Phe Ile Val Gly Glu Thr Pro Ser Leu Ala Asp Gln
245 250 255

Leu Ala Thr Lys Lys Ala Tyr Ile Glu Ala Gly Leu Glu Val Ala TIle
260 265 270

Thr Glu Leu Asp Val Arg Phe Ser Gln Ala Pro Phe Tyr Thr Ala Glu
275 280 285

Ala Gln Lys Gln Gln Ala Ala Asp Tyr Tyr Ala Ser Val Ala Ser Cys
290 295 300

Lys His Ala Gly Pro Arg Cys val Gly val val Val Trp Asp Phe aAsp
305 310 315 320

Asgp Ala Tyr Ser Trp Ile Pro Gly Thr Phe Glu Gly Gln Gly Gly Ala
325 330 335

Cys Leu Tyr Asn Glu Thr Leu Glu Val Lys Pro Ala Phe Tyr Ala Ala
340 345 350

Ala Glu Ala Leu Glu Asn Lys Pro Cys Thr Vval Cys
355 360

69
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<210>15

<211>1400

<212>DNA

<213> Aspergillus fumigatus

<400> 15

atggtcgtcc tcagcaaget cgtcagecage attctctttg tctccoctggt ttceggegege 60
gtgatcgacg aacgccagge ageeggeatce aaccaggegt ttacctecca tggeaagaag 120
tactttggea ccgecagtga ccaagetctg cteccagaagt cgecagaatga ggccattgtg 180
cgcaaagact ttggccaget gacgecggag aatagcatga agtgggatge gactgagegt 240
aggtctcteg gccactgtgg ctgacgttaa cttgttgaca tgactgtctg tgtagcatcg 300
caaggaagat tcaacttcgec tggtgctgat ttecctggtat gecaatctget catcteggtce 360
gagctcctge tgaaggacaa taaataggtc aactatgcaa aacagaatgg caagaaggtc 420
cgeggacaca ccttaggtat tcatgegece tcacggeatt tegaggatac agccaagetg 480
acagtgtagt ctggcactcc caactcocgt cctgggtgtce ggctatcage gacaaaaaca 540
ccctgaccte ggtgctgaag aaccacatca ccaccgtcat gaccocgghtac aagggccaga 600
tctacgectg ggtattttge ccotetatcce acacaatgoc agocccaget aatagetgea 660
aaggacgteg tcaacgagat cttcaacgag gacggctccce tcecgegacag cgtettotce 720
cgcegtgetgg gegaggactt tgtgeggatt geccttcgaga cggegegete tgtggatccce 780
tcggcgaage tgtacatcaa cgattacaag taagettgtg gttttgtcga gagatgtact 840
cecgtectgga tetgaccate acagtctega cteggetage tatggeaaaa cccagggoat 900
ggtgagatat gtcaagaagt ggctggcetge gggcattcct atcgatggaa teggtgagea 960
caggtegegg agetgtgtgt gatgattgta cgetgactet tectgaagge actcaaacce 1020
accttggtge gggtgetteg tcocagegtca aaggataagt ctecttggtt ttettgeocta 1080
cgtaacgetyg acccccegtg tacagecattyg actgetettg cgtettecgg cgtetcetgag 1140
gtcgccatta ccgagctgga tatcgegggt gcgagctccce aggactacgt caatgtatgt 1200
ctcctgattg ccagtggcag ggtcatcgat actaatagaa acaggtcgtc aaggcatgcec 1260
tggatgtcce caagtgtgtg ggaatcaceg tctggggggt gtcggacagg gactcegtgge 1320
gcteeggete gtetcegetg ctgttegaca geaactacca geccaaggeg gegtataatg 1380
ccatcattge tgetctetga 1400
<210>16

<211>323

<212>PRT

<213> Aspergillus fumigatus

<400> 16
Met Val Val Leu Ser Lys Leu Val Ser Ser Ile Leu Phe Val Ser Leu
1 5 10 15

Val Ser Ala Gly Val Ile Asp Glu Arg Gln Ala Ala Gly Ile Asn Gln

70



Ala Phe

50

Ala Lys

Gln Leu

Ser val
130

Gln Ile
145

Ser Leu

Tyr Ile

Gly Met
210

Asp Gly
225

Lys Gly

val val

Thr

35

Leu

Leu

Gly

Gln

Pro

115

Leu

Tyr

Arg

Ala

Asn

195

val

Ile

Ala

Glu

Lys
275

20

Ser

Gln

Thr

Arg

Asn

100

Ser

Lys

Ala

Asp

Phe

180

Asp

Arg

Gly

Leu

Leu

260

Ala

His

Lys

Pro

Phe

85

Gly

Trp

Asn

Trp

Ser

165

Glu

Tyr

Tyr

Gln

Thr

245

Asp

Cys

Gly

Ser

Glu

70

Asn

Lys

val

His

Asp

150

Val

Thr

Lys

Vval

Thr

230

Ala

Ile

Leu

Lys Lys
40

Gln Asn
55

Asn Ser

Phe Ala

Lys Val

Ser ala

129

Ile Thr
135

Val val

Phe Ser

Ala Arg

Leu Asp

200

Lys Lys

215

His Leu

Leu Ala

Ala Gly

Asp Val
280

25

Glu

Met

Gly

arg

105

Ile

Thr

Asn

Arg

Ser

185

Ser

Trp

Gly

Ser

Ala

265

Pro

Phe

Ala

Lys

Ala

90

Gly

Ser

Glu

Val

170

Vval

Ala

Leu

Ala

Ser

250

Ser

Lys

Gly

Ile

Trp

75

Asp

His

Asp

Met

Ile

155

Leu

Asp

Ser

Ala

Gly

235

Gly

Ser

Cys

Thr

val

60

Asp

Phe

Thr

Lys

Thr

140

Gly

Pro

Tyr

Ala

220

Ala

Val

Gln

val

Trp Gly Val Ser Asp Arg Asp Ser Trp Arg Ser

290

295

Leu Phe Asp Ser Asn Tyr Gln Pro Lys Ala Ala
310

305

Ala Ala Leu

<210>17

<211>1415

<212>DNA
<213> Aspergillus fumigatus

<400>17

315

Ala

45

Arg

Ala

Leu

Teu

Asn

125

Arg

Asn

Glu

Ser

Gly

205

Gly

Ser

Ser

Asp

Gly
285

Gly
300

Tyr

30

Ser

Lys

Thr

Val

Trp

110

Thr

Tyr

Glu

Asp

Ala

190

Lys

Ile

Ser

Glu

Tyr

270

Tle

Asn

Asp

Asp

Glu

Asn

95

His

Leu

Lys

Asp

Phe

175

Lys

Thr

Pro

Ser

val

255

val

Thr

Ser

Ala

Gln

Phe

Ala

80

Tyr

Ser

Thr

Gly

Gly

160

Val

Leu

Gln

Ile

Val

240

Ala

Asn

Val

Pro Leu

Ile Ile

320

71
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atggtccatc
ctcacgagag
agcagccaaa
ggactctgeg
aaactccatg
gttgttttgt
aatggagacyg
ctggtetgge
actctctaac
atgaagaatc
gttgtcaatg
ctgtcaatct
teggececage
aactctacta
atatcgtcaa
actttategt
ctgctctegg
ccgccgcaaa
gcaccactgg
ccagcegtgtt
cagcgtacga
ctactactac

gacagtgtyg

tatcttcatt
gaggaacagce
gccaaaggac
tatgtegege
aaggtttgcet
ttggatagtg
cegtggtcaa
acagtcaget
agttgacagt
atatcaccaa
aaggtttgtt
agccctgaac
atacattcct
caacgactac
gatgatcaag
cggcagcact
cgttgaggty
gctggeccag
ctgcgtgggt
ccaaggctac
tggectgatyg
ttetactacg

cggtattgge

ggcagcagec
tttgacattg
taaagtactt
aactgagcaa
tacgtctgee
ggatgecace
tcetggegaac
accgaactgg
ctctageggg
tgtggttact
gctccatcta
gaggacggta
attgegtteg
aacattgaat
gcctacggeg
ccgagteaat
gcctatacceg
cagtccactg
gtcactatct
ggcgeccceat
gogggtetty
acaggaggta

tggaccggge

ctggctgcecte
ctatagtgta
tggttccgee
caccgatgat
tccetggage
gagecttete
aagaatggcc
ggtatgtaaa
tcatggacca
cactacaagg
tcctcaatag
ctttccgtaa
ccacggetge
actcaggcge
cgaagatcga
cggatetgac
aacttgacat
acttccaagg
gggactggac
tgccttggga
gagcaagegg
cggaccctac

caacaacttg

aaaagctgaa tgactggtac tcacagtgec tgtaa

<210>18
<211>397
<212>PRT

<213> Aspergillus fumigatus

<400>18

tgcctctgta
tatggagctg
acggacaatc
tttggtcaaa
attgecctcaa
agaattettt
agctgatgey
cgtettgtet
atgcgaccct
ggaagtgcta
ttcttttgaa
ctctgtcette
tgecgeagat
caaagcgact
cggegtegge
gaccgtettg
ccgcatgeag
cgtggcecgea
cgacaagtac
tgagaactat
cteeggeace
tggagteget

tgtcagtggt

tgtttaccca
gectgaacac
cagagctcac
tcacaccegg
aagctaattg
ttegttegea
atgccatact
attctcaaat
tttggeggee
cgeetgggat
actgacaagc
taccagatca
cccgacgtga
gctgegeaga
ctececaggeac
aagggctaca
ctgcecctega
gcatgegtta
tectgggtee
gtgaagaagc
acaacgacca
cagaaatggg

accacttgee

72
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Met

Val

Tyr

Asn

65

Phe

Leu

Vval

Trp

145

Ser

Ala

Tyr

val

Gln

225

Thr

Glu

Gln

Thr

Trp

305

Glu

Gly

Thr

Cys

Thr
385

Val

Tyr

Phe

Ala

50

Ser

Ala

Met

Ser

His

130

Asp

val

Thr

Asn

Lys
210

Ala

Vval

Leu

Gln

Gly

290

Val

Asn

Ala

Thr

Gly

370

Cys

His

Gly

35

Gln

Met

Asn

Arg

Ser

115

Ile

val

Phe

Ala

Ile

195

Met

His

Leu

Asp

Ser

275

Cys

Pro

Tyr

Ser

Gly

355

Gly

Gln

Leu

Ala

20

Ser

Leu

Lys

Gly

Cys

100

Gly

Thr

val

Tyr

Ala

180

Glu

Ile

Phe

Lys

Ile

260

Thr

val

Ser

val

Gly

340

Gly

Ile

Lys

Ser

Gly

Ala

Ser

Trp

Asp

85

His

Ser

Asn

Asn

Gln

165

Ala

Tyr

Lys

Ile

Gly

245

Arg

Asp

Gly

Val

Lys

325

Ser

Thr

Gly

Leu

Ser

Leu

Thr

Asn

Asp

70

Ala

Thr

Trp

val

Glu

150

Ala

Ser

Ala

Val

230

Tyr

Met

Phe

val

Phe

310

Lys

Gly

Asp

Trp

Asn
390

Leu

Asn

Asp

Thr

55

Ala

Val

Leu

Thr

val

135

Ala

Ile

Asp

Gly

Tyr
215

Gly

Thr

Gln

Gln

Thr

295

Gln

Pro

Thr

Pro

Thr

375

Asp

Ala

Thr

Asn

40

Asp

Thr

val

val

Asn

120

Thr

Leu

Gly

Pro

Ala

200

Gly

Ser

aAla

Leu

Gly

280

Ile

Gly

Ala

Thr

Thr

360

Gly

Trp

Ala

Ala

25

Pro

Asp

Glu

Asn

Trp

105

Ala

His

Asn

Pro

Asp

185

Lys

Ala

Thr

Leu

Pro

265

val

Trp

Tyr

Tyr

Thr

345

Gly

Pro

Tyr

Ala

10

Ala

Glu

Phe

Pro

Leu

920

Thr

Tyr

Glu

Ala

170

Vval

Ala

Lys

Pro

Gly

250

Ser

Ala

Asp

Gly

Asp

330

Thr

Val

Thr

Ser

Leu

Lys

Leu

Gly

Ser

75

Ala

Ser

Leu

Lys

Asp

155

Tyr

Lys

Thr

Ile

Ser

235

Val

Thr

Ala

Trp

Ala

315

Gly

Thr

Ala

Thr

Gln
395

Ala

Thr

Gln

60

Gln

Asn

Gln

Leu

Gly

140

Gly

Ile

Leu

Ala

Asp
220

Gln

Glu

Ala

Ala

Thr

300

Pro

Leu

Thr

Gln

Cys

380

Cys

Ala

Lys

Asp

45

Ile

Asn

Lys

Leu

Ala

125

Lys

Thr

Pro

Tyr

Ala

205

Gly

Ser

val

Ala

Cys

285

Leu

Met

Thr

Lys

365

Val

Leu

Leu

Gly

30

Ser

Thr

Ser

Asn

Pro

110

Ala

Cys

Phe

Ile

Tyr

190

Gln

val

Asp

aAla

Lys

270

val

Lys

Pro

Ala

Thr

350

Trp

Ser

Pro

15

Leu

Ala

Pro

Phe

Gly

95

Asn

Met

Tyr

Arg

Ala

175

Asn

Asn

Gly

Leu

Tyr

255

Leu

Ser

Tyr

Trp

Gly

335

Ser

Gly

Gly

Leu

Lys

Tyr

Gly

Ser

80

Gln

Trp

Lys

Ala

Asn

160

Phe

Asp

Ile

Leu

Thr

240

Thr

Ala

Thr

Ser

Asp

320

Leu

Thr

Gln

Thr
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<210>19
<211>2376
<212>DNA

<213> Aspergillus fumigatus

<400>19
atggeggtty

caggcgaata
tcggtcgeta
ctcgtttgeg
accttcgagg
ctecctecgt

aacgagggaqg

ttgaaccgaa
aataacgttg
gctatgtggg
tatgcgtacg
gtggccactyg
ttgggcaacg
cttgttgcag
ggggtgccca
ttegtegagg
cacgagtttyg
attgattgeg
acccgtgcag
tatttcgatg
gatgcetgga
ggaaccttgc
gtgacgactc
aatgeccttec
cactccacag
ttegegggeg
tggeccggea
gtcctccaga

aactcoctga

ccaaatctat
caagctatgt
cgattgacct
acacgtcggc

agctggtgaa

accaagtatg

agtacagctg

ccctgatcaa
ggcggtatgg
gaagaggtca
agtatatcac
ccaaacacta
atatgaacat
ccagagacgc
gctgegcaaa
atggttatgt
cggccaacat
gcactactta
aaatcgaaag
gcaatggaag
atatctcata
ctctcgccaa
agcttcaggg
agaattctga
atgggtttte
ggattgacaa
atcagctaca
tgggeggegg

tetggggtgg

tgctgeegty
tgattacaat
gtecetttcee
tcggecegeat

caacacaggc

ccagategeg
gctggacgty
agagaccccc
tggcatccag
tgegggctac
tacacagcag
caaagtgcac
ctegttotte
atccagegac
cacgggggcec
tcaatactat
aggtgtgatc
cgtgtategg
cgaageeget
gteggtcege
caactacttt
cttcegacgtg
cgaggegttg
cactttggaa
gctcatcgac
ccaagtcgac

atacccegga

atcaccggca
gcaacccagt
acctacatgt
accttocacg
cteoetcacge
accgtgacga
aacaccaccg
gcgagectgg
gctegtacgg

aacaatgagc

agcgeg C
tcceocgecac
gogtacacegg
ccteoceteoe
agacgeateac
tcaccaatac
cgggacctgc
aaccgcacag
atgaggcegg

ggtcggttgt

cgacatgagce
caccecegte
tggcaccgge
gggcttegea
cggcaaggtc
tccatacccg
gtecgecagact
caatcgggtt

ccttcagttt

gagegagget

ggccaccteyg

accatcateg
tacgeccaga
ggagaagacg
ggtggtgttg
gatcttgaga
gaactttccg
agtgtcatgt
ctccagacce
tgegactegyg
getgeagact
tteggcgaag
cgcctgtaca
gacctgacgt
gtagaaggca
agtgttgcat
ggaccggcge
aactacgett
tetgetgega
gcagaagcca
cagttgagce
tecctectege
caateccoggeg
ctcgtggtca
ctgcggecte
tacgagtttg
aaggacaaga
aacgtcgage
gcttccgact
aacaagtggc
atgaccatcc
ctctacccgg

gtgctgacag

aagtggcctg tagagcagca gcagattteg tctgeg

<210>20
<211>792
<212>PRT

<213> Aspergillus fumigatus

<400> 20

ctggtagcac
gtggaggcga
gactgcgaga
gaccgagctg
aacactagcc
ctecatggac

ttccecatge

caactcaagg
atataaatgc
cttactgcct
atccggaaca
actgggacgg
aastactacac
gctcctacaa
tccteegtga
cgtacaatgt
ctatceggge
cctttgacga
gcaacttggt
ggaatgatgt
ttgtectact
tgattgggcc
cttatctgat
tcggeacgaa
agaaatccga
tggatcgeat
aactcggcaa
tcaagtccaa
ggcaggetct
cgcagtacce
acggcaataa
gccacgggct
cctecttoaa
aaatgccttt
acactgctat
tcgteggett
ccgtgactat
gaaagtacga

gccgagagge

tgttgeetgg tgcgettget
atccggatct cacccctcag
atggaccgct cagcaagact
ctgccctggt ttccatgttce
ctggtgttce aagacttggt
ttgaccgege caacttcaca

ctatcctgac aatgteggee

acgagcttte
attcagateg
ggcatcggeg
cctcaagttg
tcactecegt
ccctcagtte
cgcggtaaat
cacattcggc
ctggaacceg
ggggacggac
gcaagaggtc
gcgtctcgge
cgtgaccacg
gaagaacgat
ctggatgaat
tagtccgttyg
catttcatcc
cgtcatcata
gaatatcaca
accgctgate
caagaatgtc
cctagacate
ggccgaatac
tcccggecag
cttctacacy
catccaagac
gctcaactte
gctcttegeg
cgaccggctg
cgacagcgtg
gttggcectg

tgtgattttc

74

480

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280

2340

60
120
180
240
300
360

420

2376
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Met

Gly

Ala

Thr
65

Thr

Gly

Thr

Leu

145

Asn

Ala

Asp

Ile

Ala

Ala

Asn

Pro

50

Ser

Phe

Arg

Leu

Ser

130

Ile

Asn

Phe

Ala

Gln
210

vVal

Leu

Pro

35

Asp

Ala

Glu

Leu

Asp

115

Phe

Asn

Val

Tyr
195

Gly

Ala

Ala

20

Asp

Cys

Arg

Glu

Gly

100

Arg

Pro

Gln

Gly

Ser

180

Cys

Gly

Lys

Gln

Leu

Glu

Pro

Leu

85

Leu

Ala

Met

Ile

Arg

165

Ala

Leu

Val

Ser

Ala

Thr

Asn

His

70

Val

Pro

Asn

Pro

Ala

150

Tyr

Met

Ala

Asp

Ile

Asn

Pro

Gly

55

Asp

Asn

Pro

Phe

Ile

135

Thr

Gly

Trp

Ser

Pro
215

Ala

Thr

Gln

40

Pro

Arg

Asn

Tyr

Thr

120

Leu

Ile

Leu

Gly

Ala

200

Glu

Ala

Ser

25

Ser

Leu

Ala

Thr

Gln

105

Asn

Thr

Ile

Asp

Arg

185

Tyr

His

val

10

Tyr

val

Ser

Ala

Gly

920

Vval

Glu

Met

Ala

Vval

170

Gly

Ala

Leu

Leu

val

Ala

Lys

Ala

75

Asn

Trp

Gly

Ser

Thr

155

Tyr

Gln

Tyr

Lys

val

Asp

Thr

Thr

60

Leu

Thr

Ser

Glu

Ala

140

Gln

Ala

Glu

Glu

Leu
220

Ala

Tyr

Ile

45

Leu

Val

Ser

Glu

Tyr

125

Leu

Gly

Pro

Thr

Tyr

205

Val

Leu

Asn

30

Asp

val

Ser

Pro

Ala

110

Ser

Asn

Arg

Asn

Pro

190

Ile

Ala

Leu

15

val

Leu

Cys

Met

Gly

95

Leu

Trp

Arg

Ala

Ile

175

Gly

Thr

Thr

Pro

Glu

Ser

Asp

Phe

80

Val

His

Ala

Thr

Phe

160

Asn

Glu

Gly

Ala

75
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Lys
225

Leu

Thr

Phe

Gly

305

Ala

Glu

Agn
385

Asp

Tyr

Asn
465

His

Gly

Pro

Cys

Phe

290

Tyr

Glu

Gly

Ala

Ile

370

Gly

ala

Lys

Leu

Phe

450

Ser

Tyr

Asn

Gln

Ser

275

Leu

Val

Phe

Thr

Phe

355

Arg

Ser

Trp

Asn

Ile

435

Gly

Asp

Ala

Asp

Phe

260

Tyr

Gln

Ser

Ala

Asp

340

Asp

Leu

val

Asn

Asp

420

Gly

Pro

Phe

Gly

Met

245

Asn

Thr

Ser

Ala

325

Glu

Tyr

Tyr

Ile

405

Gly

Pro

Ala

Asp

Tyr

230

Val

Ala

Leu

Asp

310

Asn

Gln

Ser

Arg

390

Thr

Trp

Pro

val
470

Asp

Ile

Ala

Val

Leu

295

Cys

Ile

Cys

Glu

Asn

375

Asp

Tyr

Leu

Met

Tyr

455

Asn

Leu

Thr

Ala

Asn

280

Arg

Asp

Thr

Gly

Val

360

Leu

Leu

Glu

Pro

Asn

440

Leu

Tyr

Glu

Gln

Arg

265

Gly

Asp

Ser

Gly

Thr

345

Thr

Val

Thr

Ala

Leu

425

Val

Ile

Ala

Asn

Gln

250

Asp

Val

Thr

Ala

ala

330

Thr

Arg

Trp

ala

410

Ala

Thr

Ser

Phe

Trp

235

Glu

Ala

Pro

Phe

Tyr

315

Ala

Tyr

Ala

Leu

Asn

395

val

Thr

Pro

Gly
475

Asp

Leu

Lys

Ser

Gly

300

Asn

ala

Gln

Glu

Gly

380

Asp

Glu

Ser

Gln

Leu

460

Thr

Gly

Ser

val

Cys

285

Phe

val

Asp

Tyr

Ile

365

Tyr

Val

Gly

Val

Leu

445

Asn

His

Glu

His

270

Ala

val

Trp

Ser

Tyr

350

Glu

Phe

Val

Ile

Arg

430

Gln

Ala

Ile

Ser

Tyr

255

Ser

Asn

Glu

Asn

Ile

335

Phe

Arg

Asp

Thr

val

415

Ser

Gly

Phe

Ser

Arg

240

Tyr

Val

Ser

Asp

Pro

320

Arg

Gly

cly

cly

Thr

400

Leu

val

Asn

Gln

Ser
480

76
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Asp Val Ile

Ala Met Asp
515

Ile Asp Gln
530

Gly Gly Gly
545

Val Thr Gln
595

Met Ser Leu
610

Tyr Thr Gly
625

Thr Phe His

Asn Ile Gln

Glu Gln Met
675

Lys Val Ala
630

Gly Pro Ala
705

Ala Ser Leu

Ile Asp Ser

Asp

Tle

500

Leu

Gln

Ile

Ile

580

Tyr

Arg

Thr

Ala

Asp

660

Pro

Ser

Pro

Glu

Val

Gly

485

Phe

Met

Ser

val

Trp

565

Ile

Pro

Pro

Pro

Ser

645

Leu

Leu

Asp

Pro
725

Ala

740

Phe Ser Glu

Ala Gly Gly

Asn Ile Thr
520

Gln Leu Gly
535

Asp Ser Ser
550

Gly Gly Tyr

Thr Gly Lys

Ala Glu Tyr
600

Hig Gly Asn
615

VvVal Tyr Glu
630

Leu Pro Gly

Leu Thr Gln

Leu Asn Phe
680

Tyr Thr Ala
695

Pro Asn Lys
710

His Arg Ser

Arqg Thr Asp

Ala

Ile

505

Trp

Lys

Ser

Pro

Arg

585

Ala

Asn

Phe

Thr

Pro

665

Thr

Met

Trp

Gln

Glu

Leu

490

Asp

Pro

Pro

Leu

Gly

570

Ala

Thr

Pro

Gly

Gly

650

His

val

Leu

Leu

Thr

730

Ala

745

Ser

Asn

Gly

Leu

Lys

555

Gln

Pro

Gln

Gly

His

635

Lys

Pro

Thr

Phe

val

715

Met

Gly

Pro Gly Lys Tyr Glu Leu Ala Leu Asn Asn
760

755

Gln Phe Val Leu Thr Gly Arg Glu Ala Val

770

775

Glu Gln Gln Gln Ile Ser Ser Ala

785

<210>21
<211> 1660
<212>DNA

790

<213> Aspergillus fumigatus

<400> 21

Ala

Thr

Asn

Ile

540

Ser

Ser

Ala

Phe

Gln

620

Gly

asp

Gly

Ile

Ala

700

Gly

Thr

Asn

Glu

Ile

Ala

Leu

Gln

525

Asn

Gly

Gly

Pro

605

Thr

Leu

Lys

Phe

Thr

685

Asn

Phe

Ile

Arg

Arg

Phe
780

Lys Lys
495

Glu Ala
510

Leu Gln

Leu Gln

Lys Asn

Gly Gln
575

Arg Leu
590

Ala Thr

Tyr Met

Phe Tyr

Thr Ser
655

Ala Asn
670

Asn Thr

Thr Thr

Asp Arg

Pro Val

735

Val Leu

750

Ser Val Val Leu

765

Lys Trp Pro Val

Ser

Glu

Leu

Met

val

560

Ala

val

Asp

Trp

Thr

640

Phe

val

Gly

Ala

Leu

720

Thr

Tyr

77
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atgactcttc
tgcgtctegg
gtcaatgtgg
ccgagattaa
ecececceeeg
catctceccte
tcttgeeccag
gatcgtggge
ccgagtectyg
agtccgggac
gggggagage
catcctgect
ggtggegect
tggacagacc
tgcaaagacc
tacactcagyg
ggcctteect
aggtcatccg
accccatagt
gtaagcgcac
tcacaagacc

gtcctetgee

agggaaacgg
ccaagccggg
tgagcgeggt
gctecgggece
agcggtatgg
tgaggctgac
<210> 22

<211>470
<212>PRT

tatttggtat
cttggtgagt
cggtatttct
ctecgtactac
agtggtttgt
tagctctggt
tcccacagea
tctegttgat
cacgagcage
gatgtgtatg
aacacaccgt
cggattcata
gegggttegy
caatgetggy
ccgetaacgt
taagcacaca
ggctgecatcc
caccaagcce
cctegaggta
ccecceecee
aggcggeage

ggaaggatce

cagtctcgcc
gaacatctac
caataccaac
atgggttgce
ctettgggte

ggcegcccaat

atttcttgec
cttectcatg
tataccgggt
taccagtgca
actggtcata
tegtettcetg
acacagaacc
aacgtttgcet
tgtaceggeg
tgtgecacctt
aacttccaac
ctgacgactg
tctgtacgge
ctctacctge
cactcteoege
cacaggttet
ggcaatceeg
gacgggacag
gtagacagct
cceettecee
ggcgcagacc

catcacatgg

gacggtgtga
atctggectte
gggcecgget
ctcgagcacg
ctcecegragg

ggttaattaa

<213> Aspergillus fumigatus

<400> 22

cggcttgegg
ctagagcctg
ctacctgectg
taccagcaac
acgcagagta
ccaacacgtc
cttatcctce
gcccatacta
gctgeggeag
cgaagegtga
gaggactgge
cagcgctcaa
ctetgeacca
gacgecettet
gggaactttg
ccaagcgaca
acaactacct
actacgccgt
gtccctgeaa
ttttttcece
actgcggega

acctctccga

ttcccatccg
atgatgggge
ccgtaatcag
atccgaacta
gcaagggace

ctagaggtga

tggctgecge
cattttgcta
tcagagtggg
agctgtgagt
gacttcaact
aggttataca
ggccaatgee
ctgtctetcg
tectgattee
gcacggetga
attacagegt
cacactttgg
agaacagtgt
gcaccgegta
ctgcccegaa
actcctaagt
ctcttgeggg
cggcgagage
tgccaattca
gccttecaac
aatcgacttc

tattgccatg

ctaccggcgt
gggaccgtat
tatcgaagte
caccagtagc

cattactgtg

ccagagcagce
agagtcaggg
aatacctgcg
gttatcceece
accacagtga
acgacgactg
agctcatgtg
gataatgaat
teccatgtgea
tacaaccaca
gagcaattet
tetgaccage
caccgegage
teecgetecte
cggagactac
caatagttct
gagtgttteg
ggatataccg
aaatggtget
ggacaaaatc
aagtacggct

ggccgactce

gtcccctgte
tattttgcge
caggctggtyg
cggccgeagyg

cetgtttega

78

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260

1320

1380

1440

1500

1560

1620

1660
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Met

Ala

Tyr

Thr

65

Thr

Gln

Leu

Ser

Ser

145

Thr

Thr

Thr

Gln

Thr

Ser

50

Thr

Ser

Asn

Val

Glu

130

Ser

Ser

Ser

Leu

Ser

Gly

35

Tyr

Thr

Gly

Pro

Asp

115

Ser

Met

Asn

Gly

Leu

Ser

20

Ser

Tyr

Vval

Tyr

Tyr

100

Asn

Cys

Cys

Glu

Gly

Phe

Cys

Thr

Tyr

Thr

Thr

85

Pro

val

Thr

Lys

Asp

165

Ala

Gly

Val

Cys

Gln

Ser

70

Thr

Pro

Cys

Ser

Ser

150

Trp

Cys

Ile

Ser

Cys

Cys

55

Pro

Thr

Ala

Cys

Ser

135

Gly

His

Gly

Phe

Ala

Gln

40

Ile

Ser

Thr

Asn

Pro

120

Cys

Thr

Tyr

Phe

Leu

Trp

25

Ser

Pro

Ser

Val

Ala

105

Tyr

Thr

Met

Ser

Gly

Ala

10

Gly

Gly

Ala

Ser

Leu

920

Ser

Tyr

Gly

Trp

Arg

170

Leu

Arg

Gln

Asn

Thr

Gly

Pro

Ser

Cys

Gly

Gly

155

Ser

Tyr

Leu

Cys

Thr

Ala

60

Ser

Ser

Cys

Leu

Cys

140

Glu

Thr

Gly

Ala

Gly

Cys

45

Val

Ser

Pro

Gly

Ser

125

Gly

Gln

His

Leu

val

Gly

30

Ala

Ser

Ser

Thr

Ser

110

Asp

Ser

His

Phe

Cys

Ala

15

Glu

Thr

Ala

Ala
95

Trp

Asn

Pro

Thr

Gly

175

Thr

Ala

Ser

Ile

Ser

Asn

80

Thr

Ala

Glu

Asp

val

160

Leu

Lys

79
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Asp Ala
210

val Thr

225

Gln Phe

Ser Cys

Asp Tyr

Vval val
290

305

Gln Asn

Ile Asp

Asp Leu

Ala Asp

370

Pro Gly
385

Phe Ala

Asp Pro

Vval

185

Phe

Leu

Trp

Gly

Ala

275

Asp

Pro

Leu

Phe

Ser

355

Gly

Asn

Leu

val

Asn
435

Thr

Cys

Pro

Glu

260

val

Ser

Pro

Thr

Lys

340

Asp

val

Ile

Ser

Gln

420

Tyr

Ala

Thr

Gly

Ser

245

Cys

Gly

Cys

Pro

Arg

325

Tyr

Ile

Ile

Ala
405

Ala

Thr

Ser

Ala

Asn

230

Leu

Phe

Glu

Pro

Pro

310

Pro

Gly

Ala

Pro

Ile

390

Vval

Gly

Ser

Trp

Tyr

215

FPhe

Ala

Glu

Ser

Cys

295

Leu

Gly

Cys

Met

Ile

375

Trp

Asn

Gly

Ser

Thr

200

Pro

Ala

Ala

Val

Gly

280

Asn

Pro

Gly

Pro

Gly

360

Arg

Leu

Thr

Ser

Arg
440

Asp

Leu

Ala

Ser

Ile

265

Tyr

Ala

Leu

Ser

Leu

345

Arg

Tyr

His

Asn

Gly

425

Pro

Pro

Leu

Pro

Gly

250

Arg

Thr

Asn

Phe

Gly

330

Pro

Leu

Arg

Asp

Gly

410

Gln

Met

Cys

Asn

235

Asn

Thr

Asp

Ser

Ser

315

Ala

Glu

Gln

Arg

Gly

395

Pro

Trp

Glu

Leu

Lys

220

Gly

Pro

Lys

Pro

Lys

300

Asp

Gly

Gly

Vval

380

Ala

Gly

Val

Arg

Gly

205

Asp

Asp

Asp

Pro

Ile

285

Trp

Pro

His

Ser

Asn

365

Pro

Gly

Ser

Ala

Tyr
445

Val Leu Pro Gln Gly Lys Gly Pro Ile Thr Val Pro
455

450

Leu Thr Ala Pro Asn Gly
470

465

<210>23

<211> 1545

<212>DNA
<213> Trichoderma reesei

<400> 23

460

Ser

Pro

Tyr

Aen

Asp

270

val

Cys

Ser

His

350

Gly

Cys

Pro

val

Leu

430

Gly

val

Thr

Ala

Tyr

Tyr

255

Gly

Leu

Cys

aAsn

Gly

335

His

Ser

Pro

Tyr

Ile

415

Glu

Ser

Ser

Cys

Asn

Thr

240

Leu

Thr

Glu

Lys

Gly

320

Glu

Met

Leu

Lys

Tyr

400

Ser

His

Trp

Met Arg

80
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atgtatcgga
tgcactctcc
acgtgeacte
acgaacagea
aacgagacct
gttaccacga
gttggcgctc
ggcaacgagt
ctetactteg
ggcgccaagt
aatggccagg
ggaggacacg
gctcttacce
ggcggaactt
aacccatace
accaccaaga
tatgtccaga
aacgagctca
tcagacaagg
atgagtctgt
aacgagacct
cctgctcagg
ggacccattg
ggcaccacca

tectecactacyg

acaacttgee

<210>24
<211>514
<212> PRT

agttggccgt
aatcggagac
aacagacagqg
gcacgaactg
gogegaagaa
gcggtaacag
gcctttacct
tctetttoga
tgtccatgga
acggcacggg
ccaacgttga
gaagctgetyg
ccecacccttg
actccgataa
gcctgggeaa
aattgaccgt
atggcgtcac
acgatgatta
gceggectgac
gggatgatta
cctccacace
tcgaatctca
gcagcaccgg
ccaccegecy

gacagtgegyg

aggtcctgaa

catctcggec
tcacccgect
cteegtggte
ctacgatgge
ctgetgtetg
cctetecatt
tatggcgagce
tgttgatgtt
cgeggatggt
gtactgtgac
gggetgggag
ctetgagatg
cacgactgtc
cagatatgge
caccagctte
tgtcaccceag
tttccagecag
ctgeacaget
tcagttcaag
ctacgccaac
cggtgeegty
gtctecccaac
caaccctage
cccagecact

cggtattgge

cecttactac

<213> Trichoderma reesei

<400> 24

ttcttggcca
ctgacatggc
ategacgeca
aacacttgga
gacggtgecg
ggetttgtca
gacacgacct
tcgecagetge
ggcgtgagea
agccagtgte
cegtcateca
gatatctggg
ggccaggaga
ggcacttgeg
tacggccctg
ttcgagacgt
cccaacgccg
gaggaggcag
aaggctacct
atgctgtgge
cgcggaagcet
gccaaggtca
ggeggcaace
accactggaa

tacagcggece

tcteagtgee

cagctcgtge
agaaatgctc
actggegetg
getegaccect
cctacgegte
ccecagtetge
accaggaatt
cgtgcggett
agtatcecac
ceegegatet
acaacgcegaa
aggccaacte
tctgegaggg
atecccgatgg
gctcaagett
cgggtgecat
agcttggtag
aattcggegg
ctggceggeat
tggactccac
gctccaccag
ccttctccaa
cteceggegy
gcetctecegg

ccacggtctg

tgtaa

tcagtcggee
gtctggtgge
gactcacget
atgtectgac
cacgtacgga
gcagaagaac
caccctgett
gaacggagct
caacaccget
gaagttcate
cacgggeatt
catctecegag
tgatgggtge
ctgegactgg
taccctegat
caaccgatac
ttactctgge
atcetettte
ggttctggte
ctacccgaca
ctcecggtote
catcaagttc
aaaccecgect
acctacccag

cgccagegge

81

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440

1500

1545
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tcgacgtget
gccccaatga
tgttcatcga
atggactgtg
tgtggaatga
aagtctggte
gtcgegacag
cagctgtaca
tttgccaage
cgagatctea
ggcatcageg
tagcgcegagg
<210>28

<211>744
<212> PRT

gccgcaatgc
caagagggaqg
ctatataact
accattctgt
cactgggcce
tatcctggag
tgaggcagtt
cgeattggea
cggcggtect
ccttcaagac
cgttcaageg
tgaggaggtyg
aaagactceg
cattgecatg
gcactatatc
ccgaactctc
ttectgtcatg
gctgcagact
cgcacagcac
agacttcaac
teaggtecee
gacaggccag
ccacaagace
caacatcctg
tggtaaccac
gggcatggat

catcaatace

gtcctcagge
ctegggtgaa
gtggcacaac
tgttgtccac
ggcegttgte
gtggggagat
ctataacact
ctataagcac
taagtttget
tagcttacac
ctgecgactgg
tcacegttga
tcacctacce
tgaacctcac
gctactggga
tgggagcgag

agggtgaagg

tgcecgagece
ttgacgggga
togtggacaag
tgagecccaat
tttgetaggg
acaccatgct
gtacctectyg
aagctcaate
tgcgttggaa
ggacececoteg
gcctegacgt
aaggectegg
cagggeggte
ggtcaaacca
ctcaacgagc
catgagctgt
tgctegtaca
gtgctgaaag
acgactgtec
ggtaacaatc
acgagcagag
gaccaggcag
aatgtcaggg
ccgetcaaga
gccagaaact
tggggttceg

agagcgtett

gcatctgcag
ggctacatca
ggcaatgeee
tcegttggeg
tgggegggte
gtcageccett
cgeategttt
ttecgacgacy
aacctgaaca
caagtteaac
ggcegttgtg
catcgcaaac
atcttcagca
gcectggtceag
cacggetteg
cagccgggat

cggttgacct

<213> Trichoderma reesei

<400>28

gagtgtttct
gagtcccaac
actctgettt
cagaaatgcg
cagacagtca
gactcttgaa
cagggactec
tccaagataa
acacatctcc
gtgttcgata
gggatgtcaa
ggattcatgt
gcaactggga
tcaacggcat
aggagctcaa
atacttggcc
acaaggtcaa
accagctggg
aaagcgcgaa
ggctctgggg
tcgacgatat
gctatcegte
caattgccag
agcccgctag
cgecctegtg
gcgccgtcaa

cgeagggeac

caagaggaaa
ccgtggaggg
tggtccagge
ccatcattct
ttccttetea
ctggcaagct
ccggeggeag
ccaatatcac
atctattaga
tactcacgcce
ccgggaggec
tctggecaag
cccaggacce
agcggaacag
cagaaatggg
atcaggctga

gtgac

gcaacgttat
tggttcecttce
gttgagttct
ttaccgaaca
gtatagcetgg
tcaaggtagce
atggggaace
ggtcggeate
ggcctccaag
ctegacagge
tttgatccge
catacttggt
gggctteggt
ccagtcggta
tcgagaaacc
atttgecegac
taccacctgg
gttcccagge
ttetgggett
teccagetete
ggtgactegt
gttcaacatce
ggacggcatc
cattgcegte
caacgacaaa
ctatccgtac

ccaggttace

ggacgtcgce
caacgcggge
ggtggceggt
ggagcagatt
ggagagegge
ggtgtacacc
tgacagette
gccgeggtac
caggttgact
teteoegtett
cgagtgatct
tgactggtge
ctccgaagca
caacgttcaa
tggtgeegte

cgagcactct

ccaggagatt
agtaacgcca
tectaccagt
gcagctgege
tccatactgg
tcaacatcgg
gcogtacgaca
gtgagcgetyg
atcagctatc
agcacagcct
gaacgtggac
cetgtggetyg
gtcgatcacat
ggcgtgcagg
atttcgagca
gcggttcagg
gcctgegagg
tatgtcatga
gacatgtcaa
accaatgcgg
atcctegeeg
agcagaaatg
gttctgctca
gttggatctg
ggctgegacyg
ttcgtcgege

ttgagcazaca

atcgtcttca
gatcgcaaca
gccaacagea
cttgctctte
aatgcgeteg
attgcgaaga
agcgagggac
gagttegget
gacggatgac
gtecgacegee
gttccagaat
cgaggtagee
gctgegagge
catccgacga
ggggtegttt

gtcggtageg

87

60

120

240
300
360
420
480
540
600
660

720

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560

1620

1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580

2615

DK/EP 2748314 T3



Ala

Gly
65

val

Ala

Gly

Ala

145

Phe

Asp

Gln

225

Thr

Gln

Thr

Thr

Ala

305

Thr

Tyr

Arg

Arg

Pro

Ala

50

val

Lys

Arg

Ser

Glu

130

Gly

Gly

Gly

Asn

Arg

210

Ala

Trp

Leu

Thr

Asp

290

val

Pro

Tyr

Ala

Pro

Leu

Gly

Ile

Tyr

Thr

115

Glu

Pro

Val

Ile

Glu

195

Thr

Asn

Ala

Gly

Val

275

Phe

Asn

Ile

Ser

Arg Thr Ala
5

Asp Ser His
20

Ala Gly Thr
Ala Lys Leu

Trp Asn Gly
70

Ser Tyr Pro
85

Ser Thr Gly
100

Trp Asp Val
Val Lys Ala

Leu Gly Lys
150

Asp Pro Tyr
165

Gln Ser Vval
180

Gln Glu Leu
Leu His Glu

val Ala Ser
230

Cys Glu Asp
245

Phe Pro Gly
260

Gln Ser Ala
Asn Gly Asn

Ser Asn Gln
310

Leu Ala Ala
325

Phe Asn Ile
340

Ala

Ser

Pro

Asn

55

Gly

Ser

Ser

Asn

Ser

135

Leu

Gly

Asn

Leu

215

val

Gln

Tyr

Asn

Asn

295

Vval

Trp

Ser

Ala

Thr

Trp

40

Leu

Pro

Leu

Thr

Leu

120

Gly

Pro

Thr

val

Arg

200

Tyr

Met

Tyr

val

Ser

280

Arg

Pro

Tyr

Arg

Leu

Ser

25

Gly

Gln

Cys

Cys

Ala

105

Ile

Gln

Gly

Gln

185

Glu

Thr

Cys

Thr

Met

265

Gly

Leu

Thr

Leu

Asn
345

Ala Leu Ala

10

Gly Ala Ser

Thr Ala Tyr

val Gly Asn

Leu Gln Asp

20

Phe

Arg

His

Gly

Ile

170

ala

Thr

TIp

Ser

Leu

250

Thr

Leu

Trp

Ser

Thr

330

val

Asp Lys Val
60

75

Thr Pro

Glu Arg

Val Ile
140

Gly Arg
155

Ala Met

Thr Ala

Ile ser

Pro Phe
220

Tyr Asn
235

Gln Thr

Asp Trp

Asp Met

Gly Pro

300

Arg Vval
315

Gly Gln

Gln Gly

45

Gly

Gly

125

Leu

Gly

Lys

Ser

205

Ala

Lys

Val

Asn

Ser

285

Ala

Asp

Asp

Asn

Thr

Ala

Asp

Gly

Thr

30

Gly Pro

val

110

Gln

Gly

Trp

Gln

His

190

Asn

Asp

val

Leu

Ala

270

Met

Leu

Asp

Gly

Glu

Lys

Ser

15

Ile Va

95

Gln

Phe

Pro

Glu

Thr

175

Tyr

Pro

ala

Asn

Lys

255

Gln

Pro

Thr

Met

Pro Phe

Ala val

Ala Lys

1l Ser

Pro Ala

80

Leu Gly

Ala

Ile

Val

Gly

160

Ile

Ile

Asp

val

Thr

240

Asp

His

Gly

Asn

val
320

Gln Ala Gly

His
350

335

Lys

Thr

88
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Ala

Ser

385

Asp

Ala

Thr

Phe

465

Ala

Lys

545

Tyr

Gly

Phe

Ser

Lys

625

Gln

Ser

Arg
705

Ser

Val

Asn

370

Ala

Lys

val

Ala

Ser

450

Gly

Gln

Val

ala

530

Vval

Thr

cly

Asp

Tyr

610

Ser

Phe

val

Ala

Leu

630

Asp

Gly

Thr

Arg

355

Ile

Ala

Gly

Asn

Ser

435

Ser

Thr

Asp

Ala

Gly

515

val

Asp

Ile

Ser

Asp
595

Thr

Gly

Gln

Thr

Pro

675

Leu

Ser

Ser

<210>29

Ala

Leu

Ile

Cys

Tyr

420

Gly

Ala

Arg

Val

500

Ala

val

val

Ala

Asp

580

Ala

Lys

Pro

Asgn

Gly

660

Arg

Pro

Ser

Phe

Thr
740

Ile

Pro

Ile

Asp

405

Gln

Ala

Asn

485

Ala

Ile

Trp

Leu

Lys

565

Asn

Phe

Ala

val

645

ala

Thr

Gly

Tyr

Gly

725

Leu

Ala Arg Asp
360

Leu Lys Lys
375

Gly Asn His
3%0

Asp Gly Ala

Tyr Phe Vval

Gly Thr Gln
440

Ser Ala Ala
455

Ser Gly Glu
470

Asn Leu Asp

Gly Ala Asn

Ile Leu Glu
520

Ala Gly Leu
535

Trp Gly Asp
550

Ser Pro Asn

Phe Ser Glu

Ile Thr Pro
600

Asn Tyr Ser
615

Thr Gly Ala
630

Ala Thr Val

Glu Vval Ala

Pro Pro Lys
680

Gln Ser Gly
695

Trp Asp Thr
710

Ile Ser Val

Ser Val Ala

Pro

Ala

Leu

Ala

425

val

Gly

Pro

Ser

505

Gln

Pro

Vval

Asp

Gly

585

Arg

Arg

val

Thr

Gln

Ile

Ala

Arg

Gly

410

Pro

Thr

Gly

Tyr

Trp

430

Asn

Ile

Ser

Ser

Tyr

570

Leu

Tyr

Val

Leu

Val

Ser

Asn

395

Met

Tyr

Leu

Lys

Ile

475

His

val

Leu

Gln

Pro

555

Asn

Phe

Glu

Ser

Pro

Leu

Ile

380

Ser

Gly

Ser

Asp

460

Thr

Asn

Ile

Ala

Glu

540

Ser

Thr

Ile

Phe

Vval

Leu

365

Ala

Pro

Trp

Ala

Asn

445

val

Val

Gly

val

Leu

525

Ser

cly

Arg

Asp

Gly
605

620

635

650

Leu

665

Gln

Thr

Ala

Gly

Leu

Ala

Ser

Ala

Asp

Tyr

Arg

Thr

Gln

Gly

Ile

Ile

Gly

Phe

Leu

Gly

Ala

Thr

Phe

Lys

val

Ser

Gly

Ile

430

Thr

Ala

Glu

Asn

Val

510

Pro

Gly

Lys

Ile

Tyr

590

Tyr

Ser

Pro

Aszn

Tyr

Asn

val

Cys

Ser

415

Asn

Asp

Ile

Gly

Ala

495

val

Gln

Asn

Leu

val

575

Lys

Gly

Asp

Gly

Asn

400

Gly

Thr

Asn

Val

Asn

480

Leu

His

Val

Ala

Val

560

Ser

His

Leu

Thr Ala

Ser Asp

640

Ser Gly

655

670

685

700

715

730

Ser

Lys

Ser

Asn

Trp

Arg

Ala

Ile

val

Asp

Pro Ser

Lys Leu

Arg Arg

Vval Pro

720

Ile Arg

735

89
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<211>1377
<212>DNA
<213> Trichoderma reesei

<400> 29

atggcgccct cagttacact gocgttgace acggeccatcce tggecattge ceggetegte 60
gccgecccage aaccgggtac cagcacccec gaggtccatc ccaagttgac aacctacaag 120
tgtacaaagt ccggggggtg cgtggcccag gacacctegg tggtecttga ctggaactac 180
cgetggatge acgacgcaaa ctacaacteg tgeaccgtca acggeggegt caacaccacg 240
ctetgeoecetg acgaggegac ctgtggraag aactgettea tegagggegt cgactacgee 300
gectegggeg tecacgaccte gggeageage ctcaccatga accagtacat goccageage 360
tctggegget acagcagegt ctctectegg ctgtatctece tggactetga cggtgagtac 420
gtgatgctga agctcaacgg ccaggagctg agcttcgacg tcgacctctc tgctctgecg 480
tgtggagaga acggctcget ctacctgtet cagatggacg agaacggggg cgccaaccag 540
tataacacgg ccggtgccaa ctacgggagc ggctactgcg atgctcagtg ccccgtccag 600
acatggagga acggcaccct caacactage caccaggget tetgotgeaa cgagatggat 660
atcctggagg geaactegag ggcgaatgec ttgaccccte actettgeac ggccacggee 720
tgcgactctg ccggttgegg cttcaaccee tatggcageg getacaaaag ctactacgge 780
cccggagata cegttgacac ctccaagacce ttcaccatca tcacccagtt caacacggac 840
aacggctcege cctegggcaa ccttgtgage atcacccgea agtaccageca aaacggegte 200
gacatccceca gogoccagee cggeggcgac accatctegt cetgocegte cgectcoagece 960
tacggoggee tcgecaccat gggcaaggec ctgagcageg geatggtget cgtgttoage 1020
atttggaacg acaacagceca gtacatgaac tggetcgaca geggeaacge cggeccotge 1080
agcagcaceg agggcaaccce atccaacatc ctggocaaca acceccaacac gecacgtogte 1140
ttcotccaaca tcegetgggg agacattggg tctactacga actcgactge gecccccgece 1200
ccgectgegt ccagcacgac gttttegact acacggagga getcgacgac ttcgageage 1260
ccgagctgca cgcagactca ctgggggcag tgcggtggca ttgggtacag cgggtgcaag 1320
acgtgcacgt cgggcactac gtgcocagtat agcaacgact actactcgca atgectt 1377
<210> 30

<211>459

<212>PRT

<213> Trichoderma reesei

<400> 30
Met Ala Pro Ser Val Thr Leu Pro Leu Thr Thr Ala Ile Leu Ala Ile
1 5 10 15

Ala Arg Leu Val Ala Ala Gln Gln Pro Gly Thr Ser Thr Pro Glu Val
20 25 30

His Pro Lys Leu Thr Thr Tyr Lys Cys Thr Lys Ser Gly Gly Cys Val
35 40 45

Ala Gln Asp Thr Ser Val Val Leu Asp Trp Asn Tyr Arg Trp Met His
50 55 60

Asp Ala Asn Tyr Asn Ser Cys Thr Val Asn Gly Gly Val Asn Thr Thr
65 70 75 80

Leu Cys Pro Asp Glu Ala Thr Cys Gly Lys Asn Cys Phe Ile Glu Gly
85 90 95

Val Asp Tyr Ala Ala Ser Gly Val Thr Thr Ser Gly Ser Ser Leu Thr
100 105 110

Met Asn Gln Tyr Met Pro Ser Ser Ser Gly Gly Tyr Ser Ser Val Ser
115 120 125

Pro Arg Leu Tyr Leu Leu Asp Ser Asp Gly Glu Tyr Val Met Leu Lys
130 135 140

90



Leu

145

Cys

Gly

Cys

Thr

Asn

225

Cys

Ser

Ile

val

Ala

305

Tyr

Leu

Asp

Thr

Gly

Gln

Asn

Gly

Ala

Asp

Ser

210

Ser

Asp

Tyr

Ile

Ser

290

Gln

Gly

val

Ser

Ile

370

Trp

Pro

Ser

Ile

Tyr
450

Gly

Glu

Asn

Ala

195

His

Arg

Ser

Tyr

Thr

275

Ile

Pro

Gly

Phe

Gly

355

Leu

Gly

Ala

Ser

Gly

435

Ser

<210> 31

<211> 1254
<212>DNA
<213> Trichoderma reesei

<400> 31

Gln Glu Leu Ser
150

Asn Gly Ser Leu
165

Gln Tyr Asn Thr
180

Gln Cys Pro Val

Gln Gly Phe Cys
215

Ala Asn Ala Leu
230

Ala Gly Cys Gly
245

Gly Pro Gly Asp
260

Thr Arg Lys Tyr
295

Gly Gly Asp Thr
310

Leu Ala Thr Met
325

Ser Ile Trp Asn
340

Asn Ala Gly Pro

Ala Asn Asn Pro
375

Asp Ile Gly Ser
3%0

Ser Ser Thr Thr
405

Ser Pro Ser Cys
420

Tyr Ser Gly Cys

Agn Asp Tyr Tyr
455

Phe

Tyr

Ala

Gln

200

Cys

Thr

Phe

Thr

Asp

280

Gln

Ile

Gly

Asp

Cys

360

Asn

Thr

Phe

Thr

Lys
440

Ser

Asp

Leu

Gly

185

Thr

Asn

Pro

Asn

val

265

Asn

Gln

Ser

Lys

Asn

345

Ser

Thr

Thr

Ser

Gln
425

Thr

Gln

val

Ser

170

ala

Trp

Glu

His

Pro

250

Asp

Gly

Asn

Ser

Ala

330

Ser

Ser

His

Asn

Thr

Asp

155

Gln

Asn

Arg

Met

Ser

235

Tyr

Thr

Ser

Gly

Cys

315

Leu

Gln

Thr

Val

Ser
395

410

Thr

Cys

Cys

Thr

His

Thr

Leu

Tyr

Asn

Asp

220

Cys

Gly

Ser

Pro

val

300

Pro

Ser

Tyr

Glu

val
380

Leu

Ser

Asp

Gly

Gly

205

Ile

Thr

Ser

Lys

Ser

285

Asp

Ser

Ser

Met

Gly

365

Phe

Ala

Ala

Glu

Ser

190

Thr

Leu

Ala

Gly

Thr

270

Gly

Ile

Ala

Gly

Asn

350

Asn

Ser

Pro

445

Leu

Asn

175

Gly

Leu

Glu

Thr

Tyr

255

Asn

Pro

Ser

Met

335

Trp

Pro

Asn

Pro

Pro

160

Gly

Tyr

Asn

Gly

Ala

240

Lys

Thr

Ser

Ala

320

Val

Leu

Ser

Ile

Pro
400

Arg Arg Ser Ser Thr

415

Trp Gly Gln Cys Gly
430

Ser Gly Thr Thr Cys

91
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atgaacaagt
gcacagcaga
getectgget
actactatcea
tcaacaaget
gegggttttg
ccgttgaaga
ttcgtcaacyg
aacaacaatt
caggggtgec
aacggtggga
cagttggcat
cacgacgtga
aacgctggtg
gctttcatat
acaacgaatc
gccgaatgta
cagaacaatc
caagacatgt
gttggttggg
agtggtaact
<210> 32

<211>418
<212>PRT

ccgtggetcee
ctgtctggag
cagettgtte
coacttegac
catcaactce
actttggetg
acttcacecgyg
aggacgggat
tgggcggcaa
tgtctctggg
tecattggtca
caaagtacgc
acatcaacac
ctacgtegea
cegatggeag
tgatttttga
ctacaaataa
gccaggctat
gccagcaaat
gtgccggate

catggacgga

attgectgett
ccagtgtgga
gacecctcaat
coggacacaa
acccacgage
taccacagat
ctcaaacaac
gactatttte
tcttgattce
cgcatactge
gggeggeccet
atctcagtcg
ctgggctgee
atteatectet
tgecageegee
cgtgcacaaa
cattgacgge
cctgacagaa
ccaatatctc
atttgatage

cacatcottg

<213> Trichoderma reesei

<400> 32

gcagcgtcca
ggtattggtt
cettattatg
teeggtecaa
tctggggtce
ggcacttgeg
taccccgatg
cgettacctg
acgagcattt
atcgtcgaca
actaatgctc
agggtgtggt
acggtccaag
ttgecctggaa
ctgtctcaag
tacttggact
gecettttete
accggtyggty
aaccagaact
acgtatgtce

gtecagetegt

tactatatgg
ggagcggace
cgcaatgtat
ccaccaccac
gatttgeecgg
ttacctcgaa
gcatcggeca
tcggatggcea
ccaagtatga
tccacaatta
aattcacgag
tcggecatcat
aggttgtaac
atgattggca
tcacgaaccee
cagacaactc
cgettgecac
gcaacgttca
cagatgtcta
tgacggaaac

gtctegeaag

cggegecegte
tacgaattgt
tecgggagec
cagggetace
cgttaacatc
ggtttatcct
gatgcagcac
gtacctegte
tcagecttgtt
tgctcgatgg
cetttggteg
gaatgagccc
cgcaatccge
atctgetogg
ggatgggtca
cggtactcac
ttggecteega
gtcctgeoata
tcttggetat
accgactage

aaag

92

60
120
180
240
300
360

420

540
600
660
720
780
840
900
960
1020
1080
1140
1200

1254
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Met

Gly

Gly

Gly

Cys

Asp

145

Asp

Asp

Gly

Lys

Asn

Gly

Trp

Asn

50

Ser

Thr

Val

Val

Asn

130

Gly

Asn

Gln

Ile

Pro

210

Tyxr

Lys

Ala

Ser

35

Pro

Thr

Ser

Asn

Thr

115

Tyr

Met

Asn

Leu

His

195

Thr

Ala

Ser

Val

20

Gly

Tyr

Arg

Ser

Ile

100

Ser

Pro

Thr

Leu

Val

180

Asn

Asn

Ser

val

Ala

Pro

Tyr

Pro

Ser

85

Ala

Lys

Asp

Ile

Gly

165

Gln

Tyr

Ala

Gln

Ala

Gln

Thr

Ala

Pro

70

Thr

Gly

Val

Gly

Phe

150

Gly

Ala

Gln

Ser

Pro

Gln

Asn

Gln

55

Ser

Pro

Phe

Tyr

Ile

135

Arg

Asn

Cys

Phe
215

Arg

Leu

Thr

Cys

40

Gly

Pro

Asp

Pro

120

Gly

Leu

Leu

Leu

Trp

200

Thr

val

Leu

Val

25

Ala

Ile

Pro

Thr

Phe

105

Pro

Gln

Pro

Asp

Ser

185

Asn

Ser

Trp

Leu

10

Trp

Pro

Pro

Thr

Ser

90

Gly

Leu

Met

val

Ser

170

Leu

Gly

Leu

Phe

Ala

Gly

cly

Gly

Thr

75

Ser

Cys

Lys

Gln

Gly

155

Thr

Gly

Gly

Trp

Gly

Ala

Gln

Ser

Ala

60

Thr

Gly

Thr

Asn

His

140

Trp

Ser

Ala

Ile

Ser

220

Ile

Ser

Cys

Ala

45

Thr

Thr

val

Thr

Phe

125

Phe

Gln

Ile

Tyr

Ile

205

Gln

Met

Ile

Gly

30

Cys

Thr

Arg

Arg

Asp

110

Thr

val

Tyr

Ser

Cys

190

Gly

Leu

Asn

Leu

15

Gly

Ser

Ile

Ala

Phe

95

Gly

Gly

Asn

Leu

Lys

175

Ile

Gln

Ala

Glu

Tyr

Ile

Thr

Thr

Thr

80

Ala

Thr

Ser

Glu

val

160

Tyr

val

Gly

Ser

Pro

93
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vVal

Phe

Ser

Ser

300

Asn

Phe

Leu

Cys

Tyr

380

Glu

Ser

Gln

Ile

Asp

285

Thr

Ser

Ser

Thr

Gln

365

val

Thr

Ser

Glu

Ser

270

Gly

Thr

Gly

Pro

Glu

350

Gln

Gly

Pro

Cys

val

255

Leu

Ser

Asn

Thr

Leu

335

Thr

Ile

Trp

Thr

Leu

240

val

Pro

Ala

Leu

His

320

Ala

Gly

Gln

Gly

Ser

400

Ala

225 230 235

His Asp Val Asn Ile Asn Thr Trp Ala Ala Thr
245 250

Thr Ala Ile Arg Asn Ala Gly Ala Thr Ser Gln

260 265
Gly Asn Asp Trp Gln Ser Ala Gly Ala Phe Ile
275 280
Ala Ala Leu Ser Gln Val Thr Asn Pro Asp Gly
230 295

Ile Phe Asp Val His Lys Tyr Leu Asp Ser Asp

305 310 315

Ala Glu Cys Thr Thr Asn Asn Ile Asp Gly Ala
325 330

Thr Trp Leu Arg Gln Asn Asn Arg Gln Ala Ile

340 345
Gly Gly Asn Val Gln Ser Cys Ile Gln Asp Met
355 360
Tyr Leu Asn Gln Asn Ser Asp Val Tyr Leu Gly
370 375

Ala Gly Ser Phe Asp Ser Thr Tyr Vval Leu Thr

385 390 395

Ser Gly Asn Ser Trp Thr Asp Thr Ser Leu Val
405 410

Arg Lys

<210>33

<211>752

<212>DNA

<213> Trichoderma reesei

<400> 33

atggttgcet tttccagcct catctgeget ctcaccagca

cccacaggec tcgagectga gagcagtgtce aacgtcacag

gttcttggag ctcacaatga tcatcgeegt cgtgctagca

caaactggeg gacaagtcag ctattegeet tccaacactg

actcaagatg actttgttgt gggegttggt tggacgactg

tecctecatcat totgcacttt gaaagecatet tetgaccaaa

actttggegg ctettttagt gtcaacageg gaactggect

gcaccaaccc actggttgag tactacatca tggaggacaa

gtaccgtcaa gggaaccgtc accagcgacg gagccactta

gtgtcaacga gocttccatc cagggcacag cgaccttcaa

actcgcccag gaccagcgga actgttactg tgecagaacca

ttggcctgeca ccttgggecag atgaactacc aggttgtcege

gtggttctge ctcacagagt gtcagcaact ag

<210>34

<211>229

<212>PRT

<213> Trichoderma reesei

<400> 34

tcgcecagtac
agcgtggcat
tcaactacga

getteteagt

gatcttetge
agettetett
gettteegte
ccacaactac
caccatctgg
ccagtacatt
cttcaatgct

tgtcgaagge

415

tctggegatg
gtacgacttt
ccaaaactac

gaactggaac

gtaggaggac
agtcccatca
tatggcetoga
ccagcacagyg
gagaataccc
teccgtgogga
tgggecctcege

tggggtggta

94

60

120

180

240

300

360

420

480

540

600

660

720

752
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Met Val Ala Phe Ser Se

Thr Leu Ala Met Pro Th

20

r Leu Ile

r Gly Leu

Thr Glu Arg Gly Met Tyr Asp Phe

35

Arg Arg Arg Ala Ser Il

50

40

e Asn Tyr
55

Gln Val Ser Tyr Ser Pro Ser Asn

65

70

Thr Gln Asp Asp Phe Val Val Gly

Ala Pro Ile

85

Asn Phe Gl
100

Leu Leu Ser Val Tyr Gl

115

Ile Met Glu Asp Asn Hi

130

Thr Vval Thr Ser Asp Gl

145

15

Val Asn Glu Pro Ser Il

165

y Gly Ser

y Trp Ser
120

s Asn Tyr
135

y Ala Thr
0

e Gln Gly

Ser Val Arg Asn Ser Pro Arg Thr

180

His Phe Asn Ala Trp Al
195

Tyr Gln Val

210

Gln Ser val

225

<210>35
<211>796

<212>DNA

a Ser Leu
200

Val Ala Val Glu Gly

Ser Asn

215

<213> Trichoderma reesei

<400> 35

caagaagaca
ggcgtettgyg
attcagcceg
ggcggegtga
ggcaactttg
ctettaccee
ggaatcggat
caaccccaac
gtactacatc
cgaggtcacc
gtccatcate
gagcggetec
cgggacgatg
catcacegte

<210>36
<211>223

tcaacatggt
cagetacege
gcacgggcta
cgtacaccaa
tcggcggcaa
ctttgaccaa
ctaacagetg
ggcaacagct
gtcgagaact
tccgacggea
ggcaccgeca
gtcaacacgg
gattaccaga

agctaa

ctcetteace
cgceagaggte
caacaacggc
tggteoccgge
gggatggcag
cacagcacaa
tgttttcaaa
acctcteocegt
ttggcaccta
gcgtctacga
ccttttacca
cgaaccactt

ttgttgeegt

Cys Ala Leu
10

Glu Pro Glu
25

Val Leu Gly

Asp Gln Asn

Thr Gly Phe
75

Val Gly Trp
920

Phe Ser Val
105

Thr Asn Pro

Pro Ala Gln

Tyr Thr Ile
155

Thr Ala Thr
170

Ser Gly Thr
185

Gly Leu His

Trp Gly Gly

tccctecteg
gaatccegtgg
tacttctact
gggcagttct
cccggcacca
cacaatacaa
aaaaagggtc
gtacggetgg
caacccgtce
catttaccgc
gtactggtce
caacgcgtgg

ggagggttac

Thr Ser Ile

Ser Ser Val

30

Ala Ser
15

Asn Val

Ala Hig Asn Asp His

Tyr Gln Thr

60

Gly Gly

Ser Val Asn Trp Asn

Thr Thr Gly

80

Ser Ser
95

Asn Ser Gly Thr Gly

110

Leu Val Glu Tyr Tyr

125

Gly Thr val

140

Lys Gly

Trp Glu Asn Thr Arg

160

Phe Asn Gln Tyr Ile

Val Thr val

175

Gln Asn

190

Leu Gly Gln Met Asn

205

Ser Gly Ser Ala Ser

220

ccggegtage
ctgtggagaa
cgtactggaa
ccgteaactg
agaacaagta
cacatgtgac
atcaacttct
tececcgeaace
acgggcgeca
acgcagegceg
gteecgeegea
gctcagecaag

tttagetetg

cgccatcteg
gcgecagacg
cgatggeccac
gtccaacteg
agactaccta
taccaatcat
cgggcagcta
cectgatcga
ccaagctggg
tcaaccagcc
accaccgete
gactgacget

gcetetgette

95

60

120

240

300

360

420

480

540

600

660

720

780

796
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<212>PRT
<213> Trichoderma reesei

<400> 36
Met val Ser Phe Thr Ser Leu Leu Ala Gly Val Ala Ala Ile Ser Gly
1 5 10 15

Val Leu Ala Ala Pro Ala Ala Glu Val Glu Ser Val Ala Val Glu Lys
20 25 30

Arg Gln Thr Ile Gln Pro Gly Thr Gly Tyr Asn Asn Gly Tyr Phe Tyr
35 40 45

Ser Tyr Trp Asn Asp Gly His Gly Gly Val Thr Tyr Thr Asn Gly Pro
50 55 60

Gly Gly Gln Phe Ser Val Asn Trp Ser Asn Ser Gly Asn Phe Val Gly
65 70 75 80

Gly Lys Gly Trp Gln Pro Gly Thr Lys Asn Lys Val Ile Asn Phe Ser
85 90 95

Gly Ser Tyr Asn Pro Asn Gly Asn Ser Tyr Leu Ser Val Tyr Gly Trp
100 105 110

Ser Arg Asn Pro Leu Ile Glu Tyr Tyr Ile Val Glu Asn Phe Gly Thr
115 120 125

Tyr Asn Pro Ser Thr Gly Ala Thr Lys Leu Gly Glu Val Thr Ser Asp
130 135 140

Gly Ser Val Tyr Asp Ile Tyr Arg Thr Gln Arg Val Asn Gln Pro Ser
145 150 155 160

Ile Ile Gly Thr Ala Thr Phe Tyr Gln Tyr Trp Ser Val Arg Arg Asn
165 170 175

His Arg Ser Ser Gly Ser Val Asn Thr Ala Asn His Phe Asn Ala Trp
180 185 190

2ala Gln Gln Gly Leu Thr Leu Gly Thr Met Asp Tyr Gln Ile Val Ala
195 200 205

Val Glu Gly Tyr Phe Ser Ser Gly Ser Ala Ser Ile Thr Val Ser
210 215 220

<210>37

<211>1352

<212>DNA

<213> Trichoderma reesei

<400> 37

atgaaagcaa acgtcatctt gtgactcctg geccccectgg tegecegetet ceccaccgaa 60
accatccacc tcgaccccga getcegecget cteccgegeca acctcaccga gegaacagec 120
gacctetggg accgccaage ctctecaaage ategaccage tcatcaagag aaaaggeaag 180

96



ctctactttg
atccaggeag
aacaaccaag
aacggcaagt
aacaatatca
gttgggeggt
ttettagtce
gacaggaaat
ggtcaatgaa
cggcgaggag
tctttacate
gacttacgtc
acccctaaat
actgacacga
ggtacgetgyg
gagctggaca
agcgtctcca
ccetgtetgt
actcgtggeg
catataacag
<210>38

<211> 347
<212>PRT

gcaccgccac
accteoggeca
gccagctgaa
cgatacgegg
acaacgegga
acaagggcaa
gctcectcctce
ttaggatgac
atctteaacyg
tttgtectega
aacgactaca
tccaagtgga
gteacceceatt
gagccttcete
gtgcgetceca
ttcaggggge
agtgcgtcgg
gettatcaac
tgccagcacc

cattgttgge

cgaccgegge
ggtgacgceg
ctggggagac
ccacactetyg
tactetgegg
gattegtget
ctcttggaac
aactactgac
aggatggaac
ttgeettteg
atctcgaceg
tctetcaagg
agagtctett
tacaggaagce
gcagctggea
accgacgacg
catcaccgtg
tgtaagcage
aaccctette

atcttacaat

<213> Trichoderma reesei

<400> 38

Met Lys Ala Asn Val Ile Leu Cys

1

5

ctcctecaac
gagaacagca
gcecgactatc
atctggcact
caagtcatece
tgggtgagtt
ttctcacagt
tgacttgtgt
gctgegetet
tgetgetega
cgccaactat
agttcccatt
tctagageca
cagtcccate
acggtacccg
gattacaccc
tggggcatca
aacaactgat
tgtttgacge

ag

Leu Leu Ala
10

Leu Pro Thr Glu Thr Ile His Leu Asp Pro Glu

20

25

Ala Asn Leu Thr Glu Arg Thr Ala Asp Leu Trp

35

Gln Ser Tle

50

40

Asp Gln Leu TIle Lys

55

Arg Lys Gly

gggaaaagaa
tgaagtggca
tcgtcaactt
cgeagetgea
geaccacatgt
ttgaacacca
tatagccgta
gtgtgatggc
tecagtotttt
gatgctgace
ggcaaggtca
gacggtattg
aggcttgaag
tcageggegy
tcaccgagct
aagttgttca
gtgacaaggt
getgtetgte

aaacttcaac

cgecggecate
gtcgectegag
tgcccagcaa
tgcgtgggty
ctctactgtyg
catgeoceoctt
tacaacattc
gataggacgt
cecaggctect
cttetgeceg
acgggttgaa
gtgagccacg
ceattcaggyg
cggaggetet
ggccattacce
agcatgectg
aagttgctte
tttacctagg

cccaagcegg

Pro Leu Val Ala Ala

15

Leu Ala Ala Leu Arg

30

Asp Arg Gln Ala Ser

45

Lys Leu Tyr Phe Gly

60

97

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1352

DK/EP 2748314 T3



Thr Ala
65

Ile Gln

Gln Ser

Tyr Leu

Thr Leu
130

Asn Ala
145

Val Gly

Ile Phe

Asp Pro
210

Asn Tyr
225

Ser Gln

Gly Gly

val Pro

Pro Thr
230

Lys Cys
305

Arg Ala

Thr

Ala

Leu

val

115

Ile

Asp

Arg

Asn

Glu

195

Ser

Gly

Gly

Gly

val

275

Thr

Val

Ser

Asp

Glu

100

Asn

Trp

Thr

Tyr

Glu

180

Glu

Ala

Lys

val

Gly

260

Thr

Gly

Thr

Arg

Leu

85

Asn

FPhe

His

Leu

Lys

165

Asp

Phe

Arg

Val

Pro

245

Ser

Glu

Tyr

Ile

Asn

Gly

70

Gly

Asn

Ala

Ser

Arg

150

Gly

Gly

val

Leu

Asn

230

Ile

Gly

Leu

Thr

Thr

310

Pro

325

Leu

Gln

Gln

Gln

Gln

135

Gln

Lys

Thr

Ser

Tyxr

215

Gly

Asp

Thr

Ala

Gln

295

Val

Leu

Leu

Val

Gly

Gln

120

Leu

Val

Ile

Leu

Ile

200

Ile

Leu

Gly

Leu

Ile

280

Val

Trp

Leu

Gln

Thr

Gln

105

Asn

Pro

Ile

Arg

185

Ala

Asn

Lys

Ile

Gly

265

Thr

val

Gly

Phe

Arg

Pro

20

Leu

Gly

Ala

Arg

Ala

170

Ser

Phe

Asp

Thr

Gly

250

Ala

Glu

Gln

Ile

Asp

Glu Lys
75

Glu Asn

Asn Trp

Lys Ser

Trp Val
140

Thr His
155

Trp Asp

Ser Val

Arg Ala

Tyr Asn
220

Tyr Val
235

Ser Gln

Leu Gln

Leu Asp

Ala Cys
300

Ser Asp
315

Ala Asn

330

Pro Ala Tyr Asn Ser Ile Val Gly Ile Leu Gln
345

<210>39

<211>2564

<212>DNA
<213> Trichoderma reesei

<400> 39

340

Asn

Ser

Gly

Ile

125

Asn

Val

Val

Phe

Ala

205

Leu

Ser

Ser

Gln

Ile

285

Leu

Lys

Phe

ala

Met

Asp

110

Arg

Asn

Ser

val

Ser

190

Arg

Asp

Lys

His

Leu

270

Gln

Ser

Asp

Asn

Ala

Lys

25

Ala

Gly

Ile

Thr

Asn

175

Arg

Asp

Arg

Trp

Leu

255

Ala

Gly

Val

Ser

Pro

Ile

80

Trp

Asp

His

Asn

Val

160

Glu

Leu

Ala

Ala

Ile

240

Ser

Thr

Ala

Ser

Trp

320

Lys

335

98
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ggacagccgg
cccacggeec
gatctctacc
cccctcaaga
ctecateotege
gtgectegece
cgcgecaact
atcctcacta
acccaagctc
gtcaatgget
tttttcectea
cctgageace
tggaacaacc
tactacacte
gcatacaact
ttgegegaga
tacaacgttt
ctgegageeg
tttgtggeeg
aacctcgtece
gatgtcgtca
ctgctcaaga
ggaccatggg
ctcatcagcc
acagagatcg

tcggatgecca

cgcacggaca
ggcaaacccee
agcaacaaga
gccctetteg
tacceggetyg
aagtcaaacc
agtggtctet
ttcaacacct
ccegtettea
gccatgetgt
gtcggatteg
atccctgtea
aagtatgagc
gaagaggtaa
gacgcataag
taggaagagg
aaaaaaaaaa
<210>40

<211>780
<212> PRT

acgcaatggt
tggcgecagaa
ccgagacact
acaatctcgt
tettcacect
tgggtettec
tcgeccaccaa
cggcggcecct
gagcattcag
tecgaagece
gctccgecta
tcaaggttge
agtcecegtet
cccagttect
ccegtcaacgg
getggggett
tcaaccctea
gcaccgatat
gcgaagtctce
gtctcggata
agactgatgc
acgatggcac
ccaatgccac
ctctggaage
ccggcaacag

tcatctacct

ttgcttggee
ttgtegtect
aggtcaactc
acattctctc
agtatgtteca
ctggacagac
tetacaccac
catcgatcct
ccttecgagge
ttgttegeac
accgacttge
gtgctetege
tagccttgaa
cgattgagaa
ggttttaatg
ccatagtttt

aaaaaaaaaa

gaataacgca
caatcaaaca
tgccacgete
ctgtgactca
cgaggagete
gaactaccaa
gggeggecag
caaccgcaca
caacagcggc
cectetgggge
tacttacgag
cgecacggty
cggtttegac
cgetgeggee
cgtgeccage
ccecegaatgg
tgactacgee
cgactgeggt
ccgeggegag
cttcgacaag
ctggaacatc
tctecctetyg
aacccaaatg
tgctaagaag
caccactgge

cggtggaatt

cggtaatcag
gcaaatggge
cctegtetgg
tggcaagcgt
ccaattecee
ttacatcetgg
cttecaaggag
ctctgctcct
caacatcaag
aagcaacget
cgacatcaag
cegtgttgat
caccgacgaqg
ctggeegttg
atgttgttat
ctgtttgcaa

aaaaaaaaaa

<213> Trichoderma reesei

<400>40

gctetteteg
tacgccaact
acactctegt
tcggeccogget
attetcaaca
gtetggaatg
ttcgaatggg
ttgatccacc
cgttacggtc
cgtggecagy
tacatcacgg
aagcactttyg
gccatcataa
cgttatgcaa
tgtgccaaca
ggatacgtct
agcaaccagt
cagacttacc
atcgagcggt
aagaaccagt
tcgtacgagg
tccaagaagg
caaggcaact
gccggetatc
tttgecaagg

gacaacacca

ctggatctca
ggtggtcagg
ggcggatatc
gctcctgeeg
cagaatgaca
tacaccggca
actctegeca
caccccggat
aactcgggca
ggeccagece
cctggtecact
tctcacggaa
tctgtgaage
gaggagcaac
gacaaacggg
accatttttg

aaaaaaaaaa

ccgeectgte
actctgetca
tecccegactg
atgtagagcg
cgeaaaacte
aggctcotgea
cgacctegtt
agattgccga
tcgacgtcta
agacgcecgy
gcatccaggg
ceggatacga
ctcagcagga
agtcacgcag
gettettect
cgtcegattg
cgtcagecge
cgtggeacct
ccgtcacceg
accgctcgcet
ctgctgttga
tgegecageat
actatggcce
acgtcaactt
ccattgetge

ttgaacagga

tcaagcaget
tagactcatc
ccggecagte
gccgactggt
tgaacctcecg
aaccegteta
gccaccecaa
acacttacag
agacggagtc
cgtaccegaa
cttccaaget
accggattgt
ttgagtttga
agatcaagga
tagagtagtt
ccattgcgaa

aaaa

ggctctectg
gggccagect
cgaacatgge
agcccaggece
gggcccogge
cggettggac
ccccatgece
catcatctcg
tgcgccaaac
cgaagacgec
tggecgtcgac
cctegagaac
cctetocgaa
cttgatgtge
gecagacgcett
cgatgeegte
cgeccagetea
caacgagtce
tctgtacgee
cggttggaag
gggcatcgte
tgctetgate
tgccccatac
tgaactcgge
cgccaagaag

gggcgetgac

cagcgaggte
ctecgeteaag
gggaggeott
caccactcag
acccgatgga
cgagtttoge
gagcectcaag
cgagcagatt
cccatatacg
caagtggcete
cagcatcecee
atacccegge
gttagtggga
tgctacacct
aatgatggaa

aadaaaazaa

99

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500

1560

1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520

2564
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Gly

Phe

Ser

65

Thr

Gly

145

Phe

Glu

Gly

val

225

Tyr

Leu

Ser

Trp
305

Val

Ala

Gln

Pro

50

Ser

Leu

Arg

Leu

Thr

130

Leu

Ser

Gly

Asp

Ile

210

Lys

Leu

Thr

Met

Phe

290

Gly

His

Ala

Asn

Leu

Pro

35

Asp

Ala

Glu

Leu

Asp

115

Ser

Ile

Asn

Phe

Ala

195

Gln

His

Gly

Pro

Cys

275

Phe

Tyr

Asp

Gly

Asn Ala Ala
5

Ala Gln Asn

20

Asp Leu Tyr

Cys Glu His

Gly Tyr Val

Glu Leu Ile

Gly

100

Arg

Phe

His

Ser

Arg

180

Gly

Phe

Phe

Gln

260

Ala

Leu

val

Tyr

Thr
340

70

85

Leu FPro

Ala Asn

Pro Met

Gln Ile
150

Gly Arg
165

Ser Pro

Phe Leu

Gly val

Ala Gly
230

Asp Ala
245

Phe Leu

Tyr Asn

Gln Thr

Ser Ser
310

Ala Ser
325

Asp Ile

Leu

Pro

Gly

55

Glu

Leu

Asn

Phe

Pro

135

Ala

Tyr

Leu

Ser

Asp

215

Tyr

Ile

Ala

Ser

Leu

295

Asp

Asn

Asp

Leu Ala

Gln Thr

25

Glu Thr

40

Pro Leu

Arg Ala

Asn Thr

Tyr Gln
105

Ala Thr
120

Ile Leu

Asp Ile

Gly Leu

Trp Gly

185

Ser Ala
200

Pro Glu

Asp Leu

Ile Thr

Ala Ala

265

Val Asn

280

Leu Arg

Cys Asp

Gln Ser

Cys Gly
345

Ala

10

Tyr

Leu

Lys

Gln

20

Val

Lys

Thr

Ile

Asp

170

Arg

Tyr

His

Glu

Gln

250

Arg

Gly

Glu

ala

Ser

330

Gln

Gln

Trp

Gly

Thx

Ser

155

Vval

Gly

Thr

Leu

Asn

235

Gln

Tyr

Val

Ser

val

315

Ala

Thr

Leu

Ala

Ala

Asn

Ala

Asn

Asn

Gly

Ala

140

Thr

Tyx

Gln

Tyr

Lys

220

Trp

Asp

Ala

Pro

Trp

300

Tyr

Ala

Tyr

Ser

Asn

Thr

Asn

60

Leu

Ser

45

Glu

Gln

125

Ala

Gln

Ala

Glu

Glu

205

val

Asn

Leu

Lys

Ser

285

Gly

Aszn

Ala

Pro

Ala

Tyr

Leu

Leu

Ile

Gly

30

Ala

110

Phe

Leu

Ala

Pro

Thr

190

Tyr

Ala

Asn

Ser

Ser

270

Cys

Phe

val

Ser

Trp
350

Leu

Ser

Thr

Ser

15

Val Cy

Pro Gl

95

Leu

Glu

Asn

Arg

Asn

175

Pro

Ile

Ala

Gln

Glu

255

Arg

Ala

Pro

Phe

Ser

335

His

Leu Pro

Ala Gln

Leu Ser

s Asp

Leu Phe

80

y Val

His

Trp

Arg

Ala

160

val

Gly

Thr

Ser

240

Tyr

Ser

Asn

Glu

Asn

320

Leu

Leu

100
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Lys
385

Asp

Ala

Tyr

Lys

465

Asp

Gly

Ile

Gly

545

Leu

Thr

Glu

Vval

370

Lys

ala

Lys

Leu

Tyr

450

Ala

ser

Ala

Ala

Lys

530

Gly

Ser

Phe

Thr

Asn

Ser

355

Thr

Asn

Trp

Asn

Ile

435

Gly

Gly

Thr

Ile

Asp

515

Gln

Gly

Leu

Asp

Gln

595

Leu

Phe

Gln

Asn

Asp

420

Gly

Pro

Tyr

Thr

Ile

500

Arg

Leu

Gln

Val

Ile

580

Tyr

Arg

Val

Leu

Tyr

Ile

405

Gly

Pro

Ala

His

Gly

485

Tyr

Thr

Ser

val

Trp

565

Leu

Pro

Pro

Ala

Tyr

Arg

390

Ser

Thr

Trp

Pro

Val

470

Phe

Leu

Asp

Glu

Asp

550

Gly

Ser

Ala

Asp

Gly

Ala

375

Ser

Leu

Ala

Tyr

435

Asn

Ala

Gly

Ile

val

535

Ser

Gly

Gly

Glu

Gly

Glu

360

Asn

Leu

Glu

Pro

Asn

440

Leu

Phe

Lys

Gly

Ala

520

Gly

Ser

Tyr

Lys

Tyr

600

Lys

Val

Teu

Gly

Ala

Leu

425

Ala

Ile

Glu

Ala

Ile

505

Lys

Ser

Pro

Arg

585

val

Ser

Ser

val

Trp

Ala

410

Ser

Thr

Ser

Leu

Ile

490

asp

Pro

Pro

Leu

Gly

570

Ala

His

Asn

Arg

Arg

Lys

395

Lys

Thr

Pro

Gly

475

Ala

Asn

Gly

Leu

Lys

555

Gln

Pro

Gln

Pro

Gly

Leu

380

Asp

Glu

Lys

Gln

Leu

460

Thr

Ala

Thr

Asn

val

540

Ser

Ser

Ala

Phe

Gly

Glu

365

Gly

val

Gly

val

Met

445

Glu

Glu

Ala

Ile

Gln

525

val

Asn

Gly

Gly

Pro

605

Gln

Ile

Tyr

val

Ile

Arg

430

Gln

Ala

Ile

Lys

Glu

510

Leu

Leu

Lys

Gly

Arg

590

Gln

Thr

Glu

Phe

val

415

Gly

Ala

Ala

Lys

435

Asp

Gln

Lys

val

575

Asn

Tyr

Arg

Asp

Thr

400

Leu

Ile

Asn

Lys

Gly

480

ser

Glu

Leu

Met

val

560

Ala

val

Asp

Ile

101
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610

615

Trp Tyr Thr Gly Lys Pro Val Tyr
630

625

Thr Thr Phe Lys Glu Thr Leu Ala

645

Asn Thr Ser Ser Ile Leu Ser Ala

660

Glu Gln Ile Pro Val Phe Thr Phe
675

680

Lys Thr Glu Ser Pro Tyr Thr Ala

630

695

Ala Gly Pro Ala Pro Tyr Pro Asn
710

705

Leu Ala Asp Ile Lys Pro Gly His

725

Pro Val Ser Ala Leu Ala Arg Val

740

Tyr Pro Gly Lys Tyr Glu Leu Ala
755

760

Leu Glu Phe Glu Leu Val Gly Glu

770

<210>41

<211>2779
<212>DNA

775

<213> Trichoderma reesei

<400> 41
atgtcegegt

acatgcaaaa
gcaaggttac
gctggttgta
gctgetacat
ggccgttteg
taatcagtge

ccaacatgeca

ctagtgattt
agcectaacyg
accacaatge
gagagattaa
ttecctettt
gaagagcttt
tecaataggga

ttttcctteca

atatgtagaa
tgagactgag
agctcaacga
gaagagaatg
cectetttee
tctgettate
aaccecraac

gtccgcagea

Glu Phe Gly
635

Ser His Pro
650

Pro His Pro
665

Glu Ala Asn

Met Leu Phe

Lys Trp Leu
715

Ser Ser Lys
730

Asp Ser His
745

Leu Asn Thr

Glu Vval Thr

tgatcacaat
ccacttecta
gacaacgetg
ctgtttcaga
atcccttaat
ctaaccacct
tgeagcatat

ggctatagag

620

Ser Gly Leu Phe Tyr

640

Lys Ser Leu Lys Phe

655

Gly Tyr Thr Tyr Ser

€70

Ile Lys Asn Ser Gly

685

Val Arg Thr Ser Asn

700

Val Gly Phe

Leu Ser Ile

Asp Arg
720

Pro Ile
735

Gly Asn Arg Ile Val

750

Asp Glu Ser Val Lys

765

Ile
780

tcatgtaact
gttttegtat
ccagcccata
aggaagacta
agatacgtac
acgccagaat
aagcctatta

agtaggcaat

gegttttege
catgtcagtt
ataatggata
tatcatagca
ccttgeaatt
accggtggaa
acaagacgte

ttacacacca

102

60

120

180

240

300

360

420

480
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cttttagecet
ttggcacctg
ttaaatccgt
accctcagtc
ttcagtaatt
gtgggctaag
gttagacggg
tattcagcag
atcgttgeta
atgttgegtt
gtcaaccgta
cggaaaccac
ctcatcegtc
cacaaccaca
cgcatccagt
taatgatgac
ggactgecaaa
gcactacagt
tgaccttgge
tttggectgt
cttggegega
ggcactacee
gaccccgaga
ctegttgeea
aacaaagccc
tctagagatt
cccgtegata
caggtggteoc
ctgctgacag
gatcactaac
ggaacgecta
tcaacaccaa

actgggttge

gcagttgggt
ctagcccaac
ccacaggtga
ggcaagcatt
gcttcaagta
cacatccttt
<210>42

<211>493
<212> PRT

ctgcacatat ctcaccacat
atggctttge tctacccata
ggtggagcag aacgaccage
gaacccttceg tgatactcag
tttgtggggt aatggtcaga
gaaattcogtg gttcgcttat
atggctggta agcttatcct
aattgcgcag cattattgta
acgtaggctt ttagtggcca
getggegece agtgcagttt
tgagctccga tccgggecgt
ccaaacggaa caacttecte
ggctcgtett cacccggegg
gatacagcta cegtggetee
tgcggatcgt ggaccctegt
acatccgagt catgctcagg
tceggaacca tgtatccaga
gtaagatgac caacgctggg
gcatttagag atcaacccac
acggtetetyg cacaaaggge
cgtgtgacge tttttgtaca
ttegtggeaa cttogeaget
ggcaatcatt ttctggtgta
ggageecteg ataactacet
gatgggaccg attatgctgt
gtggacagct gacogtgoag
cogtcoattg tactacatge
gggegeagat cattgoggag
cattcatctc gacctgtcag
caatggegtc atcccgactce
catttggett cgaaatggeyg
cggaccggge tcagtcacca

cttggtccat gacccaaact

aatcccacag ggatcagggce
gggggaacag attgtgaatg
ccecaatttt tactacattg
gggcaatggg cttettgetg

tgtggtgtac gtcttegtgt

ggtacgttg

<213> Trichoderma reesei

<400>42

ttgcattacg gcatccacta ttacaaccac 540
tcggttttta cgtteegetg tgttcagteg 600
ttctegtate gggaactceg cttatcecgat 660
cctaaataac atcgcatcgt agcagacaac 720
tcgetectet tatatataaa gcagaggtta 780
agtagagctg tcagttgcce ttcccgaact 840
cgtggctcta gcaagccttg tatcactcte 900
agagtgttga gegtgttgag taccatctgt 360
atgtggagge atagggtggt ccggcaccac 1020
tgtcaatgac tggtactcee agtgeccttge 1080
caatatcttc taactccaga ctgtacaggg 1140
tagettggtt tcacggacgt cgtcageate 1200
caactcacca actggcagtg cttccaccta 1260
tcattegeag tetecttace ccageattge 1320
ggataatgtt tgctgcccat catattgtgc 1380
ctgeggtace tgcactacge cgoccectegge 1440
ggtccatcac gtatccagea acgagagcety 1500
gtatctaatc ctttgtcttc ctcggegtge 1560
tttggectaa cgageoggegyg ggocctgtgge 1620
agtgttacag ccagetggae ggatcccatg 1680
gegtatecee tgetttgeaa agaccctace 1740
ccaaacggeg attactacac ccaagttogy 1800
gtattcactg acagtgcgat agttctggtc 1860
gtcetgegge gagtgeattg agetgataca 1920
cggagaagcc ggctacacgg atccaattac 1980
cgogaactec aagtggtget gteagagage 2040
gccaaccgaa tggecctgge taacatcteg 2100
agatcgactt caaatacgge tgtccteotte 2160
acattgccat gggccgtttg cagggcaatg 2220
gatatagaag agtccaatgc cccaaagttg 2280
gagggectta ctattttget cteacggeag 2340
aaatcgagat caagggcegea gacaccgaca 2400
atacgagtag ccgeccacaa gaacgctatg 2460
cctttaactt gcctgttgga attcgtctga
aacaggccat caagacattc actcctccgg
acattggtgt gcagtttage cagaattgat
tgggacaatg atgtaggcta gattctcaat
gtatagatag gtatgctgtt cacttaaata
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2520

2580

2640

2700

2760

2779
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Gly

val

Pro

65

Ser

Ser

Thr

Thr
145

ala

Ala

Ile

Trp

Asn

50

Asn

Ser

Ala

Gln

Leu

130

Ser

Asp

Gly

Gln

Ser

35

Asp

Gly

Ser

Ser

Ser

115

val

Glu

Cys

Lys

Gln

20

Gly

Trp

Thr

val

Thr

100

Pro

Asp

Ser

Lys

Leu

Asn

Thr

Tyr

Thr

Gly

85

Tyr

Tyr

Asn

Cys

Ser
165

Ile

Cys

Thr

Ser

Ser

70

Ser

Thr

Pro

Val

Ser

150

Gly

Leu

Ala

Cys

Gln

55

Ser

Ser

Thr

Ser

Cys

135

Gly

Thr

val

ala

Cys

40

Ser

Ser

Thr

Ile

120

Cys

Cys

Met

Ala

Leu

25

Val

Leu

Leu

Pro

Asp

105

Ala

Pro

Gly

Tyr

Leu

10

Phe

Ala

Ala

val

Gly

920

Thr

Ala

Ser

Thr

Pro
170

Ala

Gly

Gly

Ser

ser

75

Gly

Ala

Ser

Tyr

Cys

155

Glu

Ser

Gln

Ala

Thr

60

Arg

Asn

Thr

Ser

Cys

140

Thr

val

Leu

Cys

Gln

45

Gly

Thr

Ser

val

Cys

125

Ala

Thr

His

val

Gly

30

Cys

Gly

Ser

Pro

Ala

110

Gly

Asn

Pro

His

Ser

15

Gly

Ser

Asn

Ser

Thr

95

Pro

Ser

Asp

Pro

val
175

Leu

Ile

Phe

Pro

Ala

80

Gly

His

Trp

Asp

Ser

160

Ser

104
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Ser Asn

Ser Val
210

Ala Phe
225

Thr Leu

Phe Trp

Glu Cys

Val Gly

230

Ser Cys
305

Asp His

Asp Ser

Gly Asn

Val Gln

370

Gly Gly

385

Gly Ser

Val Ala

Arg Tyr

Pro Val Gly Ile Arg Leu Thr Ser

450

Glu Gln Ala Ile Lys Thr Phe Thr

465

Phe Tyr Tyr Ile Asp Ile Gly Val

Glu

Gly

195

Thr

Cys

Arg

Ser

Ile

275

Glu

Pro

Cys

Ile

Gly

355

Pro

val

Leu

Gly

Ser

180

Ala

Ala

Thr

Gly

Ser

260

Glu

Ala

Cys

Gly

His

340

Ser

Pro

Tyr

Thr

val

420

Ser

435

<210>43
<211>40
<212>DNA

<213> Aspergillus fumigatus

<400>43
cgcggactge geaccatgct ggectecace ttctectace 40

<210>44
<211>48
<212>DNA

<213> Aspergillus fumigatus

<400> 44
ctttcgccac ggagcttaat taactacagg cactgagagt aataatca 48

Trp

Cys

Ser

Ala

Asn

245

Leu

Leu

Gly

Ser

Glu

325

Leu

Leu

Lys

Tyr

Lys

405

His

Trp

His

Gly

Trp

Tyr

230

Phe

Pro

Ile

Tyr

Ala

310

Ile

Asp

Thr

Val

Phe

390

Asp

Val

Tyr

Phe

Thr

215

Ala

Gly

Gln

Thr

235

Asn

Asp

Leu

Asn

Gly

375

Ala

Glu

Pro

Ile

Ser

Gly

200

Asp

Leu

Ala

Ala

Thr

280

Asp

Ser

Phe

Ser

Gly

360

Asn

Leu

Ile

Asn

Pro

Arg

185

Teu

Pro

Leu

Pro

Leu

265

Lys

Pro

Lys

Lys

Asp

345

val

Ala

Thr

Lys

Tyr

425

Gln

440

455

470

485

Ser

Tyr

Met

Cys

Asn

250

Asp

Pro

Ile

Trp

Tyr

330

Ile

Ile

Tyr

Ala

Gly

410

Thr

Gly

Thr

Gly

Leu

Lys

235

Gly

Asn

Asp

Thr

Cys

315

Gly

Ala

Pro

Ile

Val

395

Ala

Ser

Ser

Pro Thr

Pro Pro

Gln Phe

490

His

Leu

Gly

220

Asp

Asp

Tyr

Gly

Leu

300

Cys

Cys

Met

Thr

Trp

380

asp

Ser

Gly

Gly

Ala
475

Phe

Cys

205

Ala

Pro

Tyr

Leu

Thr

285

Glu

Gly

Pro

cly

Arg

365

Leu

Thr

Thr

Arg

Pro

Glu
460

Thr

Gln

Gly

190

Thr

Thr

Thr

Tyr

Ser

270

Asp

Ile

Pro

Leu

Arg

350

Tyr

Arg

Asn

Asp

Pro

430

Phe

445

Gln Ile Val Asn

Gly Asp Pro Asn

Asn

Leu

1ys

Cys

Thr

255

Cys

Tyr

Val

Gly

Pro

335

Leu

Asn

Gly

Asn

415

Gln

Asn

Thr

Gly

Asp

Thr

240

Gln

Gly

Ala

Asp

Ala

320

Ala

Gln

Arg

Gly

Pro

400

Glu

Leu

480

105
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<210>45

<211>1131

<212>DNA

<213> Herpes simplex virus

<400> 45
atggcttcegt accccggeca tcaacacgeg tctgegtteg accaggetge gegttetege 60
ggccatageca accgacgtac ggegttgege ccectecgocgge agcaagaagce cacggaagtce 120
cgcccggagc agaaaatgcc cacgctactg cgggtttata tagacggtcce ccacgggatg 180
gggaaaacca ccaccacgca actgetggtg gecctgggtt cgegegacga tatcgtetac 240
gtaccegage cgatgactta ctggegggtg ctgggggett cegagacaat cgegaacate 300
tacaccacac aacaccgcct cgaccagggt gagatatcgg cecggggacge ggcggtggta 360
atgacaagcg cccagataac aatgggcatg ccttatgeccg tgaccgacge cgttctgget 420
ccteatateg ggggggagge tgggagotca catg gc cc t caccctecate 480
ttcgaccgec atcccatcgc cgcecctoctg tgctaccegg ccgcgeggta cecttatggge 540
agcatgaccc cccaggcecgt getggegtte gtggeccctca tcccgecgac cttgecccgge 600
accaacateg tgettgggge cctteeggag gacagacaca tcegaccgect ggccaaacgce 660
cagcgecceg gegagegget ggacctgget atgetggetg cgattegecg cgtttacggg 720
ctacttgcca atacggtgcg gtatctgcag tgeggegggt cgtggcggga ggactgggga 780
cagctttegg ggacggecgt geegecccag ggtgecgage cccagageaa cgcgggecca 840
cgaccccata tcggggacac gttatttace ctgttteggg geccecgagtt getggeoccce 900
aacggcgacc tgtataacgt gtttgcectgg gecttggacg tettggecaa acgectcegt 960
tccatgcacg tctttatcct ggattacgac caatcgcccg ccggetgecg ggacgcecctg 1020
ctgeaactta ccteccgggat ggtcoccagacc cacgtcacca cececceggete cataccgacg 1080
atatgcgace tggegegeoac gtttgoocegg gagatggggg aggctaactg a 1131
<210>46

<211>376

<212>PRT

<213> Herpes simplex virus

<400> 46

106



Met

Ala

Arg

Thr

65

val

Ile

Ser

Gly

Gly

145

Phe

Tyr

Pro

Glu

225

Leu

Glu

Glu

Phe

Tyr

305

Arg

Thr

Ala

Ala

Arg

Gln

Leu

50

Thr

Pro

Ala

Ala

Met

130

Glu

Asp

Leu

Ile

Glu

210

Arg

Leu

Asp

Pro

Thr

230

Asn

Met

Asp

Thr

Arg
370

Ser

Ser

Gln

35

Arg

Gln

Glu

Asn

Gly

115

Pro

Ala

Arg

Met

Pro

195

Asp

Leu

Ala

Trp

Gln

275

Leu

val

His

Ala

Pro

355

Glu

<210>47

Tyr

Arg

20

Glu

Val

Leu

Pro

Ile

100

Asp

Tyr

Gly

His

Gly

180

Pro

Arg

Asp

Asn

Gly

260

Ser

Phe

Phe

Val

Leu

340

Gly

Met

Pro

Gly

Ala

Tyr

Leu

Met

85

Tyr

Ala

Ala

Ser

Pro

165

Ser

Thr

His

Leu

Thr

245

Gln

Asn

Arg

ala

Phe

325

Leu

Ser

Gly

Gly

His

Thr

Ile

Val

70

Thr

Thr

Ala

Val

Ser

150

Ile

Met

Leu

Ile

Ala

230

val

Leu

Ala

Gly

Trp

310

Ile

Gln

Ile

Glu

His

Ser

Glu

Asp

55

Ala

Tyr

Thr

Val

Thr

135

His

Ala

Thr

Pro

Asp

215

Met

Arg

Ser

Gly

Pro

295

Ala

Leu

Leu

Pro

Ala
375

Gln

Asn

val

40

Gly

Leu

Trp

Gln

Vval

120

Asp

Ala

Ala

Pro

Gly

200

Arg

Leu

Tyr

Gly

Pro

280

Glu

Leu

Asp

Thr

Thr

360

Asn

His

Arg

25

Arg

Pro

Gly

Arg

His

105

Met

Ala

Pro

Leu

Gln

185

Thr

Leu

Ala

Leu

Thr

265

Arg

Leu

Asp

Tyr

Ser

345

Ile

Ala

10

Arg

Pro

Hisg

Ser

Val

90

Arg

Thr

Val

Pro

Leu

170

Ala

Asn

Ala

Ala

Gln

250

Ala

Pro

Leu

val

Asp

330

Gly

Cys

Ser

Thr

Glu

Gly

Arg

Leu

Leu

Ser

Leu

Pro

155

Cys

Val

Ile

Lys

Ile

235

Cys

val

His

Ala

Leu

315

Gln

Met

Asp

Ala

Ala

Gln

Met

60

Asp

Gly

Asp

Ala

Ala

140

Ala

Tyr

Leu

Val

Arg

220

Arg

Gly

Pro

Ile

Pro

300

ala

Ser

val

Leu

Phe

Leu

Lys

45

Gly

Asp

Ala

Gln

Gln

125

Pro

Leu

Pro

Ala

Leu

205

Gln

Arg

Gly

Pro

Gly

285

Asn

Lys

Pro

Gln

Ala
365

Asp

Arg

30

Met

Lys

Ile

Ser

Gly

110

Ile

His

Thr

Ala

Phe

130

Gly

Arg

Val

Ser

Gln

270

Asp

Gly

Arg

Ala

Thr

350

Arg

Gln

15

Pro

Pro

Thr

val

Glu

95

Glu

Thr

Ile

Leu

Ala

175

val

Ala

Pro

Tyr

Trp

255

Gly

Thr

aAsp

Leu

Gly

335

His

Thr

Ala

Arg

Thr

Thr

TYyr

80

Thr

Ile

Met

Gly

Ile

160

Arg

Ala

Leu

Gly

Gly

240

Arg

Ala

Leu

Leu

Arg

320

Cys

val

Phe

107
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<211>43
<212>DNA
<213> Trichoderma reesei

<400> 47
ttagactgcg gecegegtgge gaaagectga cgcaccggta gat 43

<210>48

<211>41

<212>DNA

<213> Trichoderma reesei

<400> 48
agtagttagc ggccgeacgg cacggttaag cagggtcttg ¢ 41

<210>49

<211>25

<212>DNA

<213> Trichoderma reesei

<400> 49
aaaaaacaaa catcecgttc ataac 25

<210> 50

<211>25

<212>DNA

<213> Trichoderma reesei

<400> 50
aacaaggttt accggtttcg aaaag 25

<210>51

<211>54

<212>DNA

<213> Trichoderma reesei

<400> 51
acgaattgtt taaacgtcga cccaagtatc cagaggtgta tggaaatatc agat

<210>52

<211>44

<212>DNA

<213> Trichoderma reesei

<400> 52
cgcgtagate tgcggecatg gtgcaataca cagagggtga tett 44

<210>53

<211>48

<212>DNA

<213> Trichoderma reesei

<400> 53
atctacgegt actagttaat taaggctttc gtgaccgggce ttcaaaca 48

<210>54

<211>486

<212>DNA

<213> Trichoderma reesei

<400> 54
geggecgtta ctagtggate cactcggagt tgttatacge tactcg 46

<210>55
<211>46

54

108
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<212>DNA
<213> Trichoderma reesei

<400> 55
atccatcaca ctggeggecg cgcticaaac aatgatgtge gatggt 46

<210> 56

<211>486

<212>DNA

<213> Trichoderma reesei

<400> 56
gatgcatgct cgageggecg cctaccttgg cagecctacg agagag 46

<210>57

<211>41

<212>DNA

<213> Aspergillus fumigatus

<400> 57
ctetgtgtat tgcaccatga agcaccttgce atcttccatc g 41

<210>58

<211>40

<212>DNA

<213> Aspergillus fumigatus

<400> 58
ccggtcacga aagccttaat taaaaggacg ggttagegtt 40

<210>59

<211>25

<212>DNA

<213> Aspergillus fumigatus

<400> 59
agccacatgce cgcatattga caaag 25

<210>60

<211>25

<212>DNA

<213> Aspergillus fumigatus

<400> 60
agggattcag tgtgctacag getge 25

<210>61

<211>25

<212>DNA

<213> Aspergillus fumigatus

<400>61
aaaaaacaaa catcccgtlc ataac 25

<210>62

<211>25

<212>DNA

<213> Aspergillus fumigatus

<400> 62
aacaaggttt accggtticg aaaag 25

<210>63
<211>27
<212>DNA

109
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<213> Aspergillus fumigatus

<400>63
gttaagcata caattgaacg agaatgg 27

<210>64

<211>25

<212>DNA

<213> Aspergillus fumigatus

<400> 64
gatgatataa tggagcaaat aaggg 25

<210>65

<211> 2077

<212>DNA

<213> Trichoderma reesei

<400> 65

atgacggatg cacaaaagaa ttggaggaga gacgaaaacg acgaggacga tgaagcagag 60
caggagcteg atgaggetgt aagtcegoege gagtcgcatce tggtctgaca agegtegtet 120
gacactcttt tctcccatct agagcctcaa ggcgcagaaa gatgcaattc ttctagecat 180
tgaagtcagt ccgtcgatge ttgagectee gecagtctecc agetctagga aagetgatceg 240
ggacagecee gttcaagetg cgectgaaatg cgeccgccac ctgatggage agcgcatcat 300
ctccaacccc aaagacatga tgggaatcct cctcotttggg acagaaaaga ccaagttccg 360
ggacgacaat ggccgcagtg ggctcgggta tccgaattge tacctcttta tggacctcga 420
cattcecggea gotgaagacg tcaaagogtt gaaggegetg accgaggacg aagacgaaga 480
cgaagtgctyg aagcccgecca ccaccgacac agtttccatg tccaacgtgt tgttttgege 540
caaccagata ttcaccacaa aggcggccaa ctttggcagce cggcgacttt tcattgtgac 600
ggacaatgac gatccgcacg cgtcggacaa ggeggegagg tetgetgecg ctgttoggge 660
aaaggacttg tacgatctgg gecatcacgat cgacttgttt ccaatcacca caggagactce 720
caagtttgat ctcagcaaat tttacgatgt aagctatatt tcttcgtttc ttcgctctaa 780
aatcacccac cctecgtegt gacatagact gacaaggaac taggatattg tetatcgega 840
cccgaatgec gaggccaate gecaccgaagt gegagecteca aaategggeg atggacteote 900
tecttetcaac tegetcattt caaacatcaa ttccaagecag acgeccaage gagecattgtt 960
ccatctgeca tttgagattg cacetggact caagatcact gtcaaggget acaacattgt 1020
gcatcggcaa acgccggcga gaacgtgcta catctggetg gaaggggaga aggctcagat 1080
tgcaacagge gaaacgacgc gagttgcaga ggattctgoc agaacagtcg aaaagcaaga 1140
gataaaaaag gcctacaagt ttggtggcga atacgtatac tttacgcccg aggagcagaa 1200
gaagctccgg gattttggeg cgcccacgat ccggatcatt ggattcaaga agcgcagcat 1260
gattecegte tgggccageg tcaagaagte gacctttate ttteoccageg aagaggatta 1320
categgateg acacgegtct ttteageect atggeagaag cttctaaagg atgacaagat 1380
cggecteget tggtgegtge ttcogatctaa cgegecagecce atgtttgecg ctetgattece 1440
atcaagagag cagtccgaag acgacgcggg gacaccatat ctaccagctg gecctgtgget 1500
gtatcctctc cctacggetg acgacctgeg agatataaat gtcgaacgaa agctcgactg 1560
ctcggaggac ctaaaaacca aaatgagagt cattgtacaa cagctcaatc tccccaaggg 1620
catatataac ccactcaagt acccgaacce ggetctgcaa tggcactaca agatcctcca 1680
gaccctegee ttggaggagg agatgeccgga agaacccgaa gacttgacgg agcccaazaa 1740
caaggcgata agcaaacgcg tcggaggtta cttggaggag tggtccgaga ctctgaaaga 1800
cgaggcggac agggccactce gatccaggte cttgaagega gagattgaag atgatgecce 1860
ggagcgcccc gcaaagcaga gaaaggtagc tggagagcgg cccagcggat cgaatcttag 1920
catggegecag cttagggatg ccattgagag cgggagcatc tcgaagatga cagtggcaca 1980
gctgaaggat gtcgctggeg ccagaggact cagcacgggt ggtaagaagg ctgatttget 2040
ggagcggata gagcagtggg ttgaggagaa cagctga 2077
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<210>66

<211>649

<212> PRT

<213> Trichoderma reesei

<400> 66

Met Thr Asp Ala Gln Lys Asn Trp Arg Arg Asp Glu Asn Asp Glu Asp
1

Asp Glu Ala Glu Gln Glu Leu Agp Glu Ala Val Ser Arg Arg Asp Leu
20 25 30

Lys Ala Gln Lys Asp Ala Ile Leu Leu Ala Ile Glu Val Ser Pro Ser
35 40 45

Met Leu Glu Pro Pro Pro Val Ser Ser Ser Arg Lys Ala Asp Arg Asp
50 55 60

Ser Pro Val Gln Ala Ala Leu Lys Cys Ala Arg His Leu Met Glu Gln
65 70 75 80

Arg Ile Ile Ser Asn Pro Lys Asp Met Met Gly Ile Leu Leu Phe Gly
85 90 95

Thr Glu Lys Thr Lys Phe Arg Asp Asp Asn Gly Arg Ser Gly Leu Gly
100 105 110

Tyr Pro Asn Cys Tyr Leu Phe Met Asp Leu Asp Ile Pro Ala Ala Glu
115 120 125

Asp Val Lys Ala leu Lys Ala Leu Thr Glu Asp Glu Asp Glu Asp Glu
130 135 140

Val Leu Lys Pro Ala Thr Thr Rsp Thr Val Ser Met Ser Asn Val Leu
145 150 155 160

Phe Cys Ala Asn Gln Ile Phe Thr Thr Lys Ala Ala Asn Phe Gly Ser
165 170 175

Arg Arg Leu Phe Ile Val Thr Asp Asn Asp Asp Pro His Ala Ser Asp
180 185 190

Lys Ala Ala Arg Ser Ala Ala Ala Val Arg Ala Lys Asp Leu Tyr Asp
195 200 205

Leu Gly Ile Thr Ile Asp Leu Phe Pro Ile Thr Thr Gly Asp Ser Lys
210 215 220

Phe Asp Leu Ser Lys Phe Tyr Asp Asp Ile Val Tyr Arg Asp Pro Asn
225 230 235 240

Ala Glu Ala Asn Arg Thr Glu Val Arg Ala Ser Lys Ser Gly Asp Gly
245 250 255

Leu Ser Leu Leu Asn Ser Leu Ile Ser Asn Ile Asn Ser Lys Gln Thr
260 265 270

Pro Lys Arg Ala Leu Phe His Leu Pro Phe Glu Ile Ala Pro Gly Leu
275 280 285

Lys Ile Thr Val Lys Gly Tyr Asn Ile Val His Arg Gln Thr Pro Ala
290 295 300

Arg Thr Cys Tyr Ile Trp Leu Glu Gly Glu Lys Ala Gln Ile Ala Thr
305 310 315 320

Gly Glu Thr Thr Arg Val Ala Glu Asp Ser Ala Arg Thr val Glu Lys
325 330 335

Gln Glu Ile Lys Lys Ala Tyr Lys Phe Gly Gly Glu Tyr Val Tyr Phe
340 345 350

Thr Pro Glu Glu Gln Lys Lys Leu Arg Asp Phe Gly Ala Pro Thr Ile
355 360 365

Arg Ile Ile Gly Phe Lys Lys Arg Ser Met Ile Pro Val Trp Ala Ser



370 375 380

Val Lys Lys Ser Thr Phe Ile Phe Pro Ser Glu Glu Asp Tyr Ile Gly
385 390 395 400

Ser Thr Arg Val Phe Ser Ala Leu Trp Gln Lys Leu Leu Lys Asp Asp
405 410 415

Lys Ile Gly Leu Ala Trp Cys Val Leu Arg Ser Asn Ala Gln Pro Met
420 425 430

Phe Ala Ala Leu Ile Pro Ser Arg Glu Gln Ser Glu Asp Asp Ala Gly
435 440 445

Thr Pro Tyr Leu Pro Ala Gly Leu Trp Leu Tyr Pro Leu Pro Thr Ala
450 455 460

Asp Asp Leu Arg Asp Ile Asn Val Glu Arg Lys Leu Asp Cys Ser Glu
465 470 475 480

Asp Leu Lys Thr Lys Met Arg Val Ile Val Gln Gln Leu Asn Leu Pro
485 490 495

Lys Gly Ile Tyr Asn Pro Leu Lys Tyr Pro Asn Pro Ala Leu Gln Trp
500 505 510

His Tyr Lys Ile Leu Gln Thr Leu Ala Leu Glu Glu Glu Met Pro Glu
515 520 525

Glu Pro Glu Asp Leu Thr Glu Pro Lys Asn Lys Ala Ile Ser Lys Arg
530 535 540

Val Gly Gly Tyr Leu Glu Glu Trp Ser Glu Thr Leu Lys Asp Glu Ala
545 550 555 560

Asp Arg Ala Thr Arg Ser Arg Ser Leu Lys Arg Glu Ile Glu Asp Asp
565 570 575

Ala Pro Glu Arg Pro Ala Lys Gln Arg Lys Val Ala Gly Glu Arg Pro
580 585 590

Ser Gly Ser Asn Leu Ser Met Ala Gln Leu Arg Asp Ala Ile Glu Ser
585 600 605

Gly Ser Ile Ser Lys Met Thr Val Ala Gln Leu Lys Asp Val Ala Gly
610 615 620

Ala Arg Gly Leu Ser Thr Gly Gly Lys Lys Ala Asp Leu Leu Glu Arg
625 630 635 640

Ile Glu Gln Trp Val Glu Glu Asn Ser
645

<210>67

<211>55

<212>DNA

<213> Trichoderma reesei

<400> 67
gtgtgcggec getcgagceat geatgtttaa acagettgge actggecgte gtttt 55

<210>68

<211>55

<212>DNA

<213> Trichoderma reesei

<400> 68
atcagcceeg agacggegcec gegtttaaac aattcgtaat catggtcata getgt 55

<210>69

<211>55

<212>DNA

<213> Trichoderma reesei
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<400> 69
catgattacg aattgtttaa acgeggegcec gteteggggce tgatcttgtc gagga 55

<210>70

<211>55

<212>DNA

<213> Trichoderma reesei

<400>70
ggcggcecgtt actagtggat ccageccttg acagtgatct tgagtccagg tgcaa 55

<210>71

<211>58

<212>DNA

<213> Trichoderma reesei

<400> 71
tgcagatatc catcacactg gcggecgceag tttccatgte caacgtgttg ttttgege 58

<210>72

<211>58

<212>DNA

<213> Trichoderma reesei

<400>72
gccagtgceca agcetgtttaa acatgcatgce tcgageggece geacacgcecc tetecteg 58

<210>73

<211>20

<212>DNA

<213> Trichoderma reesei

<400>73
caatgacgat ccgcacgcegt 20

<210>74

<211>20

<212>DNA

<213> Trichoderma reesei

<400>74
caatgacgat ccgcacgegt 20

<210>75

<211>20

<212>DNA

<213> Trichoderma reesei

<400> 75
gacactcttt tcteccatet 20

<210>76

<211>20

<212>DNA

<213> Trichoderma reesei

<400>76
gaggagcaga agaagctceg 20

<210>77

<211>22

<212>DNA

<213> Trichoderma reesei

<400>77
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gcatatataa cccactcaag ta 22

<210>78

<211>22

<212>DNA

<213> Trichoderma reesei

<400>78
attatcttgg accggcecegcea gg 22

<210>79

<211>37

<212>DNA

<213> Aspergillus fumigatus

<400> 79
actggattta ccatgacttt gtccaagatc acttcca 37

<210>80

<211>40

<212>DNA

<213> Aspergillus fumigatus

<400> 80
tcacctctag ttaattaage gttgaacagt gcaggaccag 40

<210>81

<211>17

<212>DNA

<213> Aspergillus fumigatus

<400> 81
tgtcecttgt cgatgeg 17

<210>82

<211>17

<212>DNA

<213> Aspergillus fumigatus

<400> 82
cacatgactt ggcttcc 17

<210>83

<211>37

<212>DNA

<213> Aspergillus fumigatus

<400>83
ggactgcgcea ccatgacttt gtccaagate acttcca 37

<210>84

<211>38

<212>DNA

<213> Aspergillus fumigatus

<400> 84
gccacggagc ttaattaatt aagegttgaa cagtgcag 38

<210>85

<211>37

<212>DNA

<213> Aspergillus fumigatus

<400> 85
cgcggtagtg gegeggtega ccgaatgtag gattgtt 37
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<210>86

<211>36

<212>DNA

<213> Aspergillus fumigatus

<400> 86
ttaccaattg gcgcgecact acegegtteg agaaga 36
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Patentkrav

1. Rekombinant Trichoderma-vaertscelle, som omfatter polynukleotider, der koder for: (i) en
Aspergillus fumigatus-cellobiohydrolase [; (ii) en Aspergillus fumigatus-cellobiohydrolase II; (iii)
en Aspergillus fumigatus-beta-glucosidase og (iv) et Aspergillus fumigatus-GH6G1-polypeptid
med cellulolytisk forbedrende aktivitet.

2. Rekombinant Trichoderma-veertscelle ifglge krav 1, hvor naevnte Aspergillus fumigatus-
cellobiohydrolase | er valgt fra gruppen bestaende af:

(i) en cellobiohydrolase |, som omfatter eller bestar af det modne polypeptid ifalge
SEQ ID NO: 2;

(ii) en cellobiohydrolase I, som omfatter eller bestér af en aminosyresekvens, der
udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst
84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst
91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98%
eller mindst 99% sekvensidentitet med det modne polypeptid ifslge SEQ ID NO: 2;

(iii) en cellobiohydrolase |, der kodes for af et polynukleotid, som omfatter eller
bestar af en nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%,
mindst 82%, mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%,
mindst 89%, mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%,
mindst 96%, mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne
polypeptids kodningssekvens ifalge SEQ ID NO: 1; og

(iv) en cellobiohydrolase |, der kodes for af et polynukleotid, som under mindst
betingelser med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer
med det modne polypeptids kodningssekvens ifalge SEQ ID NO: 1 eller komplementet dertil i
fuld leengde;
hvor neevnte Aspergilius fumigatus -cellobiohydrolase Il er valgt fra gruppen bestaende af:

(i) en cellobiohydrolase I, som omfatter eller bestar af det modne polypeptid ifalge
SEQ ID NO: 4;

(i) en cellobiohydrolase Il, som omfatter eller bestar af en aminosyresekvens, der
udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst
84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst
91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98%
eller mindst 99% sekvensidentitet med det modne polypeptid ifalge SEQ ID NO: 4;

(ii) en cellobiohydrolase Il, der kodes for af et polynukleotid, som omfatter eller
bestar af en nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%,
mindst 82%, mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%,
mindst 89%, mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%,
mindst 96%, mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne
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polypeptids kodningssekvens ifglge SEQ ID NO: 3; og

(iv) en cellobiohydrolase Il, der kodes for af et polynukleotid, som under mindst
betingelser med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer
med det modne polypeptids kodningssekvens ifglge SEQ ID NO: 3 eller komplementet dertil i
fuld leengde;
hvor naevnte Aspergillus fumigatus-beta-glucosidase er valgt fra gruppen bestaende af:

(i) en beta-glucosidase, som omfatter eller bestér af det modne polypeptid ifalge
SEQ ID NO: 6;

(i) en beta-glucosidase, som omfatter eller bestar af en aminosyresekvens, der
udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst
84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst
91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98%
eller mindst 99% sekvensidentitet med det modne polypeptid ifslge SEQ ID NO: 6;

(iii) en beta-glucosidase, der kodes for af et polynukleotid, som omfatter eller
bestar af en nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%,
mindst 82%, mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%,
mindst 89%, mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%,
mindst 96%, mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne
polypeptids kodningssekvens ifalge SEQ ID NO: 5; og

(iv) en beta-glucosidase, der kodes for af et polynukleotid, som under mindst
betingelser med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer
med det modne polypeptids kodningssekvens ifalge SEQ ID NO: 5 eller komplementet dertil i
fuld leengde; og
hvor naevnte Aspergillus fumigatus-GH61-polypeptid med cellulolytisk forbedrende aktivitet er
valgt fra gruppen bestiende af:

(i) et GH61-polypeptid med cellulolytisk forbedrende aktivitet, som omfatter eller
bestar af det modne polypeptid ifalge SEQ ID NO: 8;

(i) et GH61-polypeptid med cellulolytisk forbedrende aktivitet, som omfatter eller
bestar af en aminosyresekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%,
mindst 82%, mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%,
mindst 89%, mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%,
mindst 96%, mindst 97%, sekvensidentitet med det modne polypeptid ifalge SEQ ID NO: §;

(iii) et GH61-polypeptid med cellulolytisk forbedrende aktivitet, der kodes for af et
polynukleotid, som omfatter eller bestar af en nukleotidsekvens, der udviser mindst 70%, mindst
75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst 84%, mindst 85%, mindst
86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst 91%, mindst 92%, mindst
93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98% eller mindst 99%
sekvensidentitet med det modne polypeptids kodningssekvens ifglge SEQ ID NO: 7; og

(iv) et GH61-polypeptid med cellulolytisk forbedrende aktivitet, der kodes for af et
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polynukleotid, som under mindst betingelser med hgj stringens eller mindst betingelser med
meget hgj stringens hybridiserer med det modne polypeptids kodningssekvens ifalge SEQ 1D
NO: 7 eller komplementet dertil i fuld laengde.

3. Rekombinant Trichoderma-veertscelle ifglge krav 1 eller 2, som endvidere omfatter et eller
flere polynukleotider, der koder for et eller flere enzymer valgt fra gruppen bestadende af: (i) en
Aspergillus fumigatus-endoglucanase |; (i) en Aspergillus fumigatus-endoglucanase Il; (iii) en
Aspergillus fumigatus-xylanase; (iv) en Aspergillus fumigatus-beta-xylosidase og (v) et
Aspergillus fumigatus-swollenin.

4. Rekombinant Trichoderma-veertscelle ifglge krav 3, hvor naevnte Aspergillus fumigatus-
endoglucanase | er valgt fra gruppen bestaende af:

(i) en endoglucanase |, som omfatter eller bestar af det modne polypeptid ifalge
SEQ ID NO: 10;

(i) en endoglucanase |, som omfatter eller bestar af en aminosyresekvens, der
udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst
84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst
91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98%
eller mindst 99% sekvensidentitet med det modne polypeptid ifalge SEQ ID NO: 10;

(iii) en endoglucanase |, der kodes for af et polynukleotid, som omfatter eller
bestar af en nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%,
mindst 82%, mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%,
mindst 89%, mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%,
mindst 96%, mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne
polypeptids kodningssekvens ifalge SEQ ID NO: 9; og

(iv) en endoglucanase |, der kodes for af et polynukleotid, som under mindst
betingelser med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer
med det modne polypeptids kodningssekvens ifglge SEQ ID NO: 9 eller komplementet dertil i
fuld leengde;
hvor neevnte Aspergilius fumigatus -endoglucanase Il er valgt fra gruppen bestaende af:

(i) en Aspergillus fumigatus-endoglucanase Il, som omfatter eller bestar af det
modne polypeptid ifalge SEQ ID NO: 12;

(i) en endoglucanase Il, som omfatter eller bestar af en aminosyresekvens, der
udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst
84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst
91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98%
eller mindst 99% sekvensidentitet med det modne polypeptid ifalge SEQ ID NO: 12;

(iii) en endoglucanase I, der kodes for af et polynukleotid, som omfatter eller
bestar af en nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%,
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mindst 82%, mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%,
mindst 89%, mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%,
mindst 96%, mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne
polypeptids kodningssekvens ifglge SEQ ID NO: 11; og

(iv) en endoglucanase Il, der kodes for af et polynukleotid, som under mindst
betingelser med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer
med det modne polypeptids kodningssekvens ifalge SEQ ID NO: 11 eller komplementet dertil i
fuld leengde;
hvor naevnte Aspergillus fumigatus -xylanase er valgt fra gruppen bestdende af:

(i) en Aspergillus fumigatus-xylanase, som omfatter eller bestar af det modne
polypeptid ifglge SEQ ID NO: 14, SEQ ID NO: 16 eller SEQ ID NO: 18;

(i) en xylanase, som omfatter eller bestar af en aminosyresekvens, der udviser
mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst 84%,
mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst 91%,
mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98% eller
mindst 99% sekvensidentitet med det modne polypeptid ifelge SEQ ID NO: 14, SEQ ID NO: 16
eller SEQ ID NO: 18;

(iii) en xylanase, der kodes for af et polynukleotid, som omfatter eller bestar af en
nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%,
mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%,
mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%,
mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne polypeptids
kodningssekvens ifglge SEQ ID NO: 13, SEQ ID NO: 15 eller SEQ ID NO: 17; og

(iv) en xylanase, der kodes for af et polynukleotid, som under mindst betingelser
med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer med det
modne polypeptids kodningssekvens ifelge SEQ ID NO: 13, SEQ ID NO: 15 eller SEQ ID NO:
17 eller komplementet dertil i fuld leengde;
hvor naevnte Aspergillus fumigatus-beta-xylosidase er valgt fra gruppen bestaende af:

(i) en beta-xylosidase, som omfatter eller bestar af det modne polypeptid ifglge
SEQ ID NO: 20;

(i) en beta-xylosidase, som omfatter eller bestar af en aminosyresekvens, der
udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst
84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst
91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98%
eller mindst 99% sekvensidentitet med det modne polypeptid ifelge SEQ ID NO: 20;

(iii) en beta-xylosidase, der kodes for af et polynukleotid, som omfatter eller bestar
af en nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst
82%, mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst
89%, mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst
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96%, mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne polypeptids
kodningssekvens ifglge SEQ ID NO: 19; og

(iv) en beta-xylosidase, der kodes for af et polynukleotid, som under mindst
betingelser med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer
med det modne polypeptids kodningssekvens ifglge SEQ ID NO: 19 eller komplementet dertil i
fuld leengde; og
hvor naevnte Aspergillus fumigatus -swollenin er valgt fra gruppen bestaende af:

(i) et swollenin, som omfatter eller bestar af det modne polypeptid ifglge SEQ ID
NO: 22;

(i) et swollenin, som omfatter eller bestar af en aminosyresekvens, der udviser
mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst 84 %,
mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst 91%,
mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98% eller
mindst 99% sekvensidentitet med det modne polypeptid ifalge SEQ ID NO: 22;

(iii) et swollenin, der kodes for af et polynukleotid, som omfatter eller bestar af en
nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%,
mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%,
mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%,
mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne polypeptids
kodningssekvens ifglge SEQ ID NO: 21; og

(iv) et swollenin, der kodes for af et polynukleotid, som under mindst betingelser
med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer med det
modne polypeptids kodningssekvens ifalge SEQ ID NO: 21 eller komplementet dertil i fuld
leengde.

5. Rekombinant Trichoderma-veertscelle ifelge et hvilket som helst af kravene 1-4, som er valgt
fra gruppen bestdende af Trichoderma harzianum, Trichoderma koningii, Trichoderma
fongibrachiatum, Trichoderma reesei og Trichoderma viride.

6. Rekombinant Trichoderma-veertscelle ifglge et hvilket som helst af kravene 1-4, som er
Trichoderma reesei.

7. Rekombinant Trichoderma-veertscelle ifglge et hvilket som helst af kravene 1-6, hvor et eller
flere af cellulasegenerne, et eller flere af hemicellulasegenerne eller en kombination deraf, som
er endogene for Trichoderma-veertscellen, er blevet inaktiveret.
8. Rekombinant Trichoderma-veertscelle ifglge krav 7, hvor et Trichoderma-cellobiohydrolase I-
gen er blevet inaktiveret; hvor Trichoderma-cellobiohydrolase I-genet koder for en
cellobiohydrolase | valgt fra gruppen bestadende af:

(i) en cellobiohydrolase |, som omfatter eller bestar af det modne polypeptid ifglge
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SEQ ID NO: 24;

(i) en cellobiohydrolase |, som omfatter eller bestar af en aminosyresekvens, der
udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst
84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst
91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98%
eller mindst 99% sekvensidentitet med det modne polypeptid ifalge SEQ ID NO: 24;

(iii) en cellobiohydrolase |, der kodes for af et polynukleotid, som omfatter eller
bestar af en nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%,
mindst 82%, mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%,
mindst 89%, mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%,
mindst 96%, mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne
polypeptids kodningssekvens ifalge SEQ ID NO: 23; og

(iv) en cellobiohydrolase |, der kodes for af et polynukleotid, som under mindst
betingelser med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer
med det modne polypeptids kodningssekvens ifglge SEQ ID NO: 23 eller komplementet dertil i
fuld leengde.

9. Rekombinant Trichoderma-veertscelle ifelge krav 7 eller 8, hvor et Trichoderma-
cellobiohydrolase Il-gen er blevet inaktiveret; hvor Trichoderma-cellobiohydrolase ll-genet koder
for en cellobiohydrolase |l valgt fra gruppen bestaende af:

(i) en cellobiohydrolase Il, som omfatter eller bestar af det modne polypeptid ifalge
SEQ ID NO: 26.

(i) en cellobiohydrolase Il, som omfatter eller bestar af en aminosyresekvens, der
udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst
84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst
91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98%
eller mindst 99% sekvensidentitet med det modne polypeptid ifalge SEQ ID NO: 26;

(iii) en cellobiohydrolase Il, der kodes for af et polynukleotid, som omfatter eller
bestar af en nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%,
mindst 82%, mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%,
mindst 89%, mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%,
mindst 96%, mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne
polypeptids kodningssekvens ifglge SEQ ID NO: 25; og

(iv) en cellobiohydrolase Il, der kodes for af et polynukleotid, som under mindst
betingelser med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer
med det modne polypeptids kodningssekvens ifalge SEQ ID NO: 25 eller komplementet dertil i
fuld leengde.

10. Rekombinant Trichoderma-veertscelle ifelge et hvilket som helst af kravene 7-9, hvor et
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Trichoderma-beta-glucosidasegen  er  blevet inaktiveret; hvor  Trichoderma-beta-
glucosidasegenet koder for en beta-glucosidase valgt fra gruppen bestaende af:

(i) en beta-glucosidase, som omfatter eller bestar af det modne polypeptid ifalge
SEQ ID NO: 28;

(if) en beta-glucosidase, som omfatter eller bestar af en aminosyresekvens, der
udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst
84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst
91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98%
eller mindst 99% sekvensidentitet med det modne polypeptid ifalge SEQ ID NO: 28;

(iii) en beta-glucosidase, der kodes for af et polynukleotid, som omfatter eller
bestar af en nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%,
mindst 82%, mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%,
mindst 89%, mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%,
mindst 96%, mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne
polypeptids kodningssekvens ifalge SEQ ID NO: 27; og

(iv) en beta-glucosidase, der kodes for af et polynukleotid, som under mindst
betingelser med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer
med det modne polypeptids kodningssekvens ifglge SEQ ID NO: 27 eller komplementet dertil i
fuld laengde.

11. Rekombinant Trichoderma-veertscelle ifglge et hvilket som helst af kravene 7-10, hvor et
Trichoderma-endoglucanase I-gen er blevet inaktiveret; hvor Trichoderma-endoglucanase I-
genet koder for en endoglucanase | valgt fra gruppen bestdende af:

(i) en endoglucanase |, som omfatter eller bestar af det modne polypeptid ifalge
SEQ ID NO: 30;

(il) en endoglucanase |, som omfatter eller bestar af en aminosyresekvens, der
udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst
84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst
91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98%
eller mindst 99% sekvensidentitet med det modne polypeptid ifalge SEQ ID NO: 30;

(ii) en endoglucanase |, der kodes for af et polynukleotid, som omfatter eller
bestar af en nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%,
mindst 82%, mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%,
mindst 89%, mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%,
mindst 96%, mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne
polypeptids kodningssekvens ifglge SEQ ID NO: 29; og

(iv) en endoglucanase |, der kodes for af et polynukleotid, som under mindst
betingelser med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer
med det modne polypeptids kodningssekvens ifglge SEQ ID NO: 29 eller komplementet dertil i
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fuld leengde.

12. Rekombinant Trichoderma-veertscelle ifglge et hvilket som helst af kravene 7-11, hvor et
Trichoderma-endoglucanase ll-gen er blevet inaktiveret; hvor Trichoderma-endoglucanase Il-
genet koder for en endoglucanase Il valgt fra gruppen bestaende af:

(i) en endoglucanase Il, som omfatter eller bestér af det modne polypeptid ifglge
SEQ ID NO: 32;

(i) en endoglucanase Il, som omfatter eller bestar af en aminosyresekvens, der
udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst
84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst
91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98%
eller mindst 99% sekvensidentitet med det modne polypeptid ifalge SEQ ID NO: 32;

(iii) en endoglucanase I, der kodes for af et polynukleotid, som omfatter eller
bestar af en nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%,
mindst 82%, mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%,
mindst 89%, mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%,
mindst 96%, mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne
polypeptids kodningssekvens ifalge SEQ ID NO: 31; og

(iv) en endoglucanase Il, der kodes for af et polynukleotid, som under mindst
betingelser med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer
med det modne polypeptids kodningssekvens ifglge SEQ ID NO: 31 eller komplementet dertil i
fuld laengde.

13. Rekombinant Trichoderma-veertscelle ifglge et hvilket som helst af kravene 7-12, hvor et
Trichoderma-xylanasegen er blevet inaktiveret; hvor Trichoderma-xylanasegenet koder for en
xylanase | valgt fra gruppen bestdende af:

(i) en xylanase, som omfatter eller bestar af det modne polypeptid ifelge SEQ ID
NO: 34, SEQ ID NO: 36 eller SEQ ID NO: 38;

(i) en xylanase, som omfatter eller bestdr af en aminosyresekvens, der udviser
mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst 84%,
mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst 91%,
mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98% eller
mindst 99% sekvensidentitet med det modne polypeptid ifslge SEQ ID NO: 34, SEQ ID NO: 36
eller SEQ ID NO: 38;

(iii) en xylanase, der kodes for af et polynukleotid, som omfatter eller bestar af en
nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%,
mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%,
mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%,
mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne polypeptids
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kodningssekvens ifglge SEQ ID NO: 33, SEQ ID NO: 35 eller SEQ ID NO: 37; og

(iv) en xylanase, der kodes for af et polynukleotid, som under mindst betingelser
med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer med det
modne polypeptids kodningssekvens ifslge SEQ ID NO: 33, SEQ ID NO: 35 eller SEQ ID NO:
37 eller komplementet dertil i fuld leengde.

14. Rekombinant Trichoderma-veertscelle ifglge et hvilket som helst af kravene 7-13, hvor et
Trichoderma-beta-xylosidasegen er blevet inaktiveret; hvor Trichoderma-beta-xylosidasegenet
koder for en beta-xylosidase valgt fra gruppen bestaende af:

(i) en beta-xylosidase, som omfatter eller bestar af det modne polypeptid ifalge
SEQ ID NO: 40;

(i) en beta-xylosidase, som omfatter eller bestar af en aminosyresekvens, der
udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst
84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst
91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98%
eller mindst 99% sekvensidentitet med det modne polypeptid ifalge SEQ ID NO: 40;

(iii) en beta-xylosidase, der kodes for af et polynukleotid, som omfatter eller bestar
af en nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst
82%, mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst
89%, mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst
96%, mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne polypeptids
kodningssekvens ifalge SEQ ID NO: 39; og

(iv) en beta-xylosidase, der kodes for af et polynukleotid, som under mindst
betingelser med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer
med det modne polypeptids kodningssekvens ifalge SEQ ID NO: 39 eller komplementet dertil i
fuld leengde.

15. Rekombinant Trichoderma-veertscelle ifglge et hvilket som helst af kravene 7-14, hvor et
Trichoderma-swolleningen er blevet inaktiveret; hvorTrichoderma-swolleningenet koder for et
swollenin valgt fra gruppen bestaende af:

(i) et swollenin, som omfatter eller bestar af det modne polypeptid ifalge SEQ ID
NO: 42;

(i) et swollenin, som omfatter eller bestar af en aminosyresekvens, der udviser
mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%, mindst 83%, mindst 84%,
mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%, mindst 90%, mindst 91%,
mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%, mindst 97%, mindst 98% eller
mindst 99% sekvensidentitet med det modne polypeptid ifalge SEQ ID NO: 42;

(iii) et swollenin, der kodes for af et polynukleotid, som omfatter eller bestar af en
nukleotidsekvens, der udviser mindst 70%, mindst 75%, mindst 80%, mindst 81%, mindst 82%,
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mindst 83%, mindst 84%, mindst 85%, mindst 86%, mindst 87%, mindst 88%, mindst 89%,
mindst 90%, mindst 91%, mindst 92%, mindst 93%, mindst 94%, mindst 95%, mindst 96%,
mindst 97%, mindst 98% eller mindst 99% sekvensidentitet med det modne polypeptids
kodningssekvens ifglge SEQ ID NO: 41; og

(iv) et swollenin, der kodes for af et polynukleotid, som under mindst betingelser
med hgj stringens eller mindst betingelser med meget hgj stringens hybridiserer med det
modne polypeptids kodningssekvens ifslge SEQ ID NO: 41 eller komplementet dertil i fuld
leengde.

16. Fremgangsmade til fremstiling af en enzymsammenseaetning, hvilken fremgangsmade
omfatter: dyrkning af veertscellen ifalge et hvilket som helst af kravene 1-15 under betingelser,
som er befordrende for fremstilling af enzymsammensastningen.

17. Fremgangsmade ifelge krav 16, som endvidere omfatter indvinding af
enzymsammensaetningen.

18. Enzymsammenseetning, som omfatter et indvundet medium fra fermentering af den

rekombinante Trichoderma-vaertscelle ifalge et hvilket som helst af kravene 1-15.

19. Fremgangsmade til nedbrydning af et celluloseholdigt materiale, hvilkken fremgangsmade
omfatter: behandling af det celluloseholdige materiale med enzymsammenseaetningen ifglge
krav 18.

20. Fremgangsmade til fremstiling af et fermenteringsprodukt, hvilken fremgangsmade
omfatter:

(a) forsukring af et celluloseholdigt materiale med enzymsammensaetningen ifelge
krav 18;

(b) fermentering af det forsukrede celluloseholdige materiale med en eller flere
fermenterende mikroorganismer for at fremstille fermenteringsproduktet; og

(¢) indvinding af fermenteringsproduktet fra fermenteringen.
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