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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to compositions useful for hydrolyzing biomass, methods
of using such compositions to hydrolyze biomass materials, and methods for reducing viscosity
of biomass saccharification mixtures.

BACKGROUND OF THE INVENTION

[0002] Bioconversion of renewable lignocellulosic biomass to a fermentable sugar that is
subsequently fermented to produce alcohol (e.g., ethanol) as an alternative to liquid fuels has
attracted the intensive attention of researchers since the1970s, when the oil crisis occurred
(Bungay, H. R., "Energy: the biomass options”. NY: Wiley; 1981; Olsson L, Hahn-Hagerdal B.
Enzyme Microb Technol 1996,18:312-31; Zaldivar, J et al., Appl Microbiol Biotechnol 2001, 56:
17-34; Galbe, M et al., Appl Microbiol Biotechnol 2002, 59:618-28). The production of sugars
from lignocellulosic biomass materials has been known for some time, as has the subsequent
fermentation and distillation of the sugars into ethanol. Much of the prior development occurred
around the time of World War Il when fuels were at a premium in such countries as Germany,
Japan and the Soviet Union. These early processes were primarily directed to acid hydrolysis,
which were complex in engineering and design, and were typically sensitive to small variations
in the processes, such as to temperature, pressure and/or acid concentrations. A
comprehensive discussion of these early processes is found in "Production of Sugars from
Wood Using High-pressure Hydrogen Chloride"”, Biotechnology and Bioengineering, Volume
XXV, at 2757-2773 (1983).

[0003] The abundant supply of petroleum in the period from World War Il through the early
1970s slowed ethanol conversion research. However, due to the oil crisis of 1973, researchers
increased their efforts to develop processes for the utilization of wood and agricultural
byproducts for the production of ethanol. This research was especially important for
development of ethanol as a gasoline additive to reduce the dependency of the United States
upon foreign oil production, to increase the octane rating of fuels, and to reduce exhaust
pollutants as an environmental measure.

[0004] Concurrently with the "oil crisis,” the U.S. Environmental Protection Agency promulgated
regulations requiring reduced lead additives. Insofar as ethanol is virtually a replacement of
lead, some refineries have selected ethanol as the substitute for its capability of easy
introduction into a refinery's operation without costly capital equipment investment.

[0005] The high pressure and high temperature gas saccharification processes developed
decades ago continue to be improved. New and current research focuses greatly on enzymatic
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conversion processes, which employ enzymes from a variety of organisms, such as mesophilic
and thermophilic fungi, yeast and bacteria, degrading cellulose into fermentable sugars.
Uncertainty remains with these processes, mainly on their ability to be scaled up for
commercialization and on the efficiency of ethanol production.

[0006] Cellulose and hemicellulose are the most abundant plant materials produced by
photosynthesis. They can be degraded for use as an energy source by numerous
microorganisms, including bacteria, yeast and fungi, which produce enzymes capable of
hydrolysis of the polymeric substrates to monomeric sugars (Aro et al., 2001). Organisms are
often restrictive with regard to which sugars they use, and this dictates which sugars are best
to produce during conversion. As we approach the limits of non-renewable resources, we
recognize the enormous potential of cellulose to become a major renewable energy resource
(Krishna et al., 2001). The effective utilization of cellulose through biological processes can
potentially overcome the shortage of foods, feeds, and fuels (Ohmiya et al., 1997).

[0007] Cellulases are enzymes that hydrolyze cellulose (beta-l,4-glucan or beta D-glucosidic
linkages) resulting in the formation of glucose, cellobiose, cellooligosaccharides, and the like.
Cellulases have been traditionally divided into 3 major classes: endoglucanases (EC 3.2.1.4)
("EG"), exoglucanases or cellobiohydrolases (EC 3.2.1.91) ("CBH") and beta-glucosidases
([beta] -D-glucoside glucohydrolase; EC 3.2.1.21) ("BG") (Knowles et al., 1987 and Shulein,
1988). Endoglucanases act mainly on the amorphous parts of the cellulose fiber, whereas
cellobiohydrolases are also able to degrade crystalline cellulose.

[0008] Cellulases have also been shown to be useful in degradation of cellulose biomass to
ethanol (wherein the cellulases degrade cellulose to glucose, and yeast or other microbes
further ferment the glucose into ethanol), in the treatment of mechanical pulp (Pere et al,
1996), for use as a feed additive (WO 91/04673) and in grain wet milling. Separate
saccharification and fermentation is a process whereby cellulose present in biomass, e.g., corn
stover, is converted to glucose and subsequently yeast strains convert glucose into ethanol.
Simultaneous saccharification and fermentation is a process whereby cellulose present in
biomass, e.g., corn stover, is converted to glucose and, at the same time and in the same
reactor, yeast strains convert glucose into ethanol. Ethanol production from readily available
sources of cellulose provides a stable, renewable fuel source.

[0009] Cellulases are produced by a number of bacteria, yeast and fungi. Certain fungi
produce a complete cellulase system (i.e., a whole cellulase) capable of degrading crystalline
forms of cellulose. A whole cellulase, especially one that is naturally occurring, is, however, not
necessarily capable of achieving efficient degradation because it may not include all the
components/activities required for this efficiency, for example, activities from each of the CBH,
EG and BG classifications. (Filho et al., 1996). It is known that individual CBH, EG, and BG
components alone do not bring about efficienct hydrolysis, but the combination of EG-type
cellulases and CBH- type cellulases interact to more efficiently degrade cellulose than either
enzyme used alone (Wood, 1985; Baker et al., 1994; and Nieves et al., 1995).
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[0010] Cellulases are known in the art to be useful in the treatment of textiles, for enhancing
the cleaning ability of detergent compositions, for use as a softening agent, for improving the
feel and appearance of cotton fabrics, and the like (Kumar et al., 1997). Cellulase-containing
detergent compositions with improved cleaning performance (US Pat. No. 4,435,307; GB App.
Nos. 2,095,275 and 2,094,826) and for use in the treatment of fabric to improve the feel and
appearance of the textile (US Pat. Nos. 5,648,263, 5,691,178, and 5,776,757, and GB App.
No. 1,358,599), have been described.

[0011] Hence, cellulases produced in fungi and bacteria have received significant attention. In
particular, fermentation of Trichoderma spp. (e.g., T. longibrachiatum or T. reesei) has been
shown to produce a complete cellulase system capable of degrading crystalline forms of
cellulose. Over the years, Trichoderma cellulase production has been improved by classical
mutagenesis, screening, selection and development of highly refined, large scale inexpensive
fermentation conditions. While the multi-component cellulase system of Trichoderma spp. is
able to hydrolyze cellulose to glucose, there are cellulases from other microorganisms,
particularly bacterial strains, with different properties for efficient cellulose hydrolysis, and it
would be advantageous to express these proteins in a filamentous fungus for industrial scale
cellulase production. However, the results of many studies demonstrate that the yield of
expressing bacterial enzymes from filamentous fungi is low (Jeeves et al., 1991).

[0012] Soluble sugars such as glucose and cellobiose have many uses for the production of
chemicals and biological products. The optimization of cellulose hydrolysis allows for the use of
less enzymes and improved cost effectiveness for the production of soluble sugars.

[0013] An efficient conversion of lignocellulosic biomass into fermentable sugars is key to
producing bioethanol in a cost-effective and environmentally-friendly way. To reduce energy
and processing cost, particularly for distillation, the minimum ethanol concentration produced
by a viable process should be at least 4% (w/v). Such an increased ethanol concentration can
be achieved by processing substrates having high dry matter of solids. However a common
problem associated with saccharifying a high dry matter biomass is the high viscosity of the
slurry, resulting in a slurry that is not pumpable or requires large energy input during handling.
When dealing with handling of high solids, problems such as 1) insufficient mixing with limited
mass transfer, 2) increasing concentration of inhibitors, such as acetic acid, furfural, 5-
hydroxymethyl furfural, phenolic lignin degradation, 3) production inhibition, such as glucose,
cellobiose, ethanol, and 4) fermentation microorganism viability, will occur. High viscosity limits
the dry substance level in the process, increasing energy and water consumption, reducing the
separation efficiency, evaporation and heat exchange, and ultimately, the ethanol vyield.
Reduction of viscosity is therefore beneficial, and enzymes play a key role in breaking down
the soluble/insoluble compounds causing high viscosity.

[0014] Studies to increase solid loading and/or reduce viscosity of saccharification processes
have taken place. For example, a number of studies utilized fed-batch operations in order to
increase the solids level in the biomass substrate loading. A gravimetric mixing reactor design
was used, which allowed batch enzymatic liquefaction and hydrolysis of pretreated wheat straw



DK/EP 2686434 T3

at up to 40% solids concentration. This fed-batch strategy sequentially loads the biomass
substrate or substrate plus enzymes during enzymatic hydrolysis in order to achieve hydrolysis
of a large amount of substrate, a relatively low viscosity during hydrolysis, and a relatively high
glucose concentration during the process. Alternatively, enzymatic pre-hydrolysis of a
lignocellulosic biomass for a period of time at the enzymes' optimum temperature, e.g., 50°C,
can be carried out to reduce the viscosity of the slurry, enabling pumping and stirring. The
decrease in viscosity during pre-hydrolysis makes the subsequent fermentation or SSF
possible.

[0015] Despite the development of numerous approaches, there remains a need in the art for
additional ways to reduce viscosity and improve yield of desirable fermentable sugars.

SUMMARY OF THE INVENTION

[0016] Accordingly, the present invention provides methods of hydrolyzing a biomass material
and biomass saccharification mixtures as set out in the claims.

[0017] The present disclosure is based, in part, on the surprising discovery that inclusion of a
certain endoglucanase enzyme (e.g., a polypeptide having glycosyl hydrolase family 61
("GH61")/endoglucanase activity, such as the T. reesei endoglucanase ("Eg4")) in a biomass
saccharification mixture substantially reduces the viscosity of the mixture. The disclosure also
pertains to the inclusion of such enzyme(s) to substantially improve the saccharification and
the yields of desirable fermentable sugars from a given biomass substrate.

[0018] Provided herein are polypeptides having glycosyl hydrolase family 61 ("GH61")/
endoglucanase activity. By "GH61/endoglucanase activity" it is meant that the polypeptide has
a GH61 activity and/or an endoglucanase activity. In some aspects, the polypeptide is isolated.
In some aspects, the polypeptide having GH61/endoglucanase activity (e.g., an isolated
polypeptide) is a GH61 endoglucanase or an endoglucanase IV ("EG IV") from various species,
or a polypeptide corresponding to (e.g., sharing homology with, sharing functional domains,
sharing GH61 motif(s), and/or sharing conservative residues with) a GH61 endoglucanase
(e.g., a T. reesei Eg4 polypeptide). Such species include Trichoderma, Humicola, Fusarium,
Aspergillus, Neurospora, Penicillium, Cephalosporium, Achlya, Podospora, Endothia, Mucor,
Cochliobolus, Pyricularia, Chrysosporium, Aspergillus awamori, Aspergillus fumigatus,
Aspergillus foetidus, Aspergillus japonicus, Aspergillus nidulans, Aspergillus niger, Aspergillus
oryzae, Chrysosporium lucknowense, Fusarium bactridioides, Fusarium cerealis, Fusarium
crookwellense, Fusarium culmorum, Fusarium graminearum, Fusarium graminum, Fusarium
heterosporum, Fusarium negundi, Fusarium oxysporum, Fusarium reticulatum, Fusarium
roseum, Fusarium sambucinum, Fusarium sarcochroum, Fusarium sporotrichioides, Fusarium
sulphureum, Fusarium torulosum, Fusarium trichothecioides, Fusarium venenatum,
Bjerkandera adusta, Ceriporiopsis aneirina, Ceriporiopsis aneirina, Ceriporiopsis caregiea,
Ceriporiopsis gilvescens, Ceriporiopsis pannocinta, Ceriporiopsis rivulosa, Ceriporiopsis
subrufa, Ceriporiopsis subvermispora, Coprinus cinereus, Coriolus hirsutus, Humicola insolens,
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Humicola lanuginosa, Mucor miehei, Myceliophthora thermophila, Neurospora crassa,
Neurospora intermedia, Penicillium purpurogenum, Penicillium canescens, Penicillium solitum,
Penicillium funiculosum Phanerochaete chrysosporium, Phlebia radiate, Pleurotus eryngii,
Talaromyces flavus, Thielavia terrestris, Trametes villosa, Trametes versicolor, Trichoderma
harzianum, Trichoderma koningii, Trichoderma Jlongibrachiatum, Trichoderma reesei,
Trichoderma viride, Geosmithia emersonii, or G. stearothermophilus.

[0019] In some aspects, the polypeptide having GH61/endoglucanase activity (e.g., an isolated
polypeptide) is a GH61 endoglucanase selected from the group consisting of the polypeptides
with amino acid sequences shown in FIG. 1 of the present disclosure. For example, suitable
GH61 endoglucanases include those that are are represented by their GenBank Accession
Numbers CAB97283.2, CAD70347.1, CAD21296.1, CAE81966.1, CAF05857.1, EAA26873.1,
EAA29132.1, EAA30263.1, EAA33178.1, EAA33408.1, EAA34466.1, EAA36362.1,
EAA29018.1, and EAA29347.1, or those that are named St61 from S. thermophilum 24630,
St61A from S. thermophilum 23839c, St61B from S.thermophilum 46583, St61D from S.
thermophilum 80312, Afu61a from A.fumigatus Afu3g03870 (NCBI Ref: XP_748707), an
endoglucanase of NCBI Ref: XP_750843.1 from A. fumigatus Afu6g09540, an endoglucanase
of A. fumigatus EDP47167, an endoglucanase of T.terrestris 16380, an endoglucanase of T.
terrestris 155418, an endoglucanase of T.terrestris 68900, Cg61A (EAQ86340.1) from C.
globosum, T. reesei Eg7, T. reesei Eg4, and an endoglucanase with GenBank Accession:
XP_752040 from A. fumigatus Af293. In some aspects, the polypeptide having
GH61/endoglucanase activity (e.g., isolated polypeptide) comprises an amino acid sequence
that is at least about 60% (e.g., at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%) sequence identity to any one of SEQ ID NOs: 1-
29 and 148. In certain aspects, the polypeptide having GH61/endoglucanase activity (e.g.,
isolated polypeptide) comprises an amino acid sequence that comprises one or more
sequence motif(s) selected from the group consisting of: (1) SEQ ID NOs:84 and 88; (2) SEQ
ID NOs:85 and 88; (3) SEQ ID NO:86; (4) SEQ ID NO:87; (5) SEQ ID NOs:84, 88 and 89; (6)
SEQ ID NOs:85, 88, and 89; (7) SEQ ID NOs: 84, 88, and 90; (8) SEQ ID NOs: 85, 88 and 90;
(9) SEQ ID NOs:84, 88 and 91; (10) SEQ ID NOs: 85, 88 and 91; (11) SEQ ID NOs: 84, 88, 89
and 91; (12) SEQ ID NOs: 84, 88, 90 and 91; (13) SEQ ID NOs: 85, 88, 89 and 91: and (14)
SEQ ID NOs: 85, 88, 90 and 91. In some embodiments, the polypeptide is at least about 100
(e.g., at least about 120, 130, 140, 150, 160, 170, 180, 190, 200, 220, 240, or more) amino
acid residues in length.

[0020] In some aspects, the polypeptide having GH61/endoglucanase activity is a variant of a
GH61 endoglucanase such as, for example, one selected from those listed in FIG. 1. Sutiable
polypeptide include, e.g, GenBank Accession Number CAB97283.2, CAD70347.1,
CAD21296.1, CAE81966.1, CAF05857.1, EAA26873.1, EAA29132.1, EAA30263.1,
EAA33178.1, EAA33408.1, EAA34466.1, EAA36362.1, EAA29018.1, or EAA29347.1, or St61 of
S. thermophilum 24630, St61A of S. thermophilum 23839c, St61B of S. thermophilum 46583,
St61D of S. thermophilum 80312, Afub1a of A. fumigatus Afu3g03870 (NCBI Ref: XP_748707),
an enzyme of A. fumigatus Afu6g09540 (NCBI Ref: XP_750843.1), an enzyme of A. fumigatus
EDP47167, an enzyme of T. terrestris 16380, an enzyme of T. terrestris 155418, an enzyme of
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T.terrestris 68900, and C.globosum Cg61A (EAQ86340.1), T. reesei Eg7, T. reesei Eg4, and
an enzyme of A.fumigatus Af293 (with GenBank Accession: XP_752040). In some aspects, the
polypeptide having GH61/. endoglucanase activity is a variant of an enzyme comprising any
one of SEQ ID NOs: 1-29 and 148. The poloypeptide having GH61/endoglucanase activity may
be a variant of an enzyme having at least about 100 (e.g., at least about 110, 120, 130, 140,
150, 160, 170, 180, 190, 200, 220, 240 or more) amino acid residues in length, comprising one
or more of the sequence motifs selected from: (1) SEQ ID NOs:84 and 88; (2) SEQ ID NOs:85
and 88; (3) SEQ ID NO:86; (4) SEQ ID NO:87; (5) SEQ ID NOs:84, 88 and 89; (6) SEQ ID
NOs:85, 88, and 89; (7) SEQ ID NOs: 84, 88, and 90; (8) SEQ ID NOs: 85, 88 and 90; (9) SEQ
ID NOs:84, 88 and 91; (10) SEQ ID NOs: 85, 88 and 91; (11) SEQ ID NOs: 84, 88, 89 and 91;
(12) SEQ ID NOs: 84, 88, 90 and 91; (13) SEQ ID NOs: 85, 88, 89 and 91: and (14) SEQ ID
NOs: 85, 88, 90 and 91 . The polypeptide having GH61/endoglucanase activity may be a
variant of a GH61 endoglucanase, wherein the variant has an amino acid sequence having at
least about 60% (e.g., at least about any of 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99%) identity to any one of SEQ ID NOs:1-18.

[0021] In some aspects, the polypeptide having GH61/endoglucanase activity (e.g., an isolated
polypeptide, including a variant of GH61 endoglucanase) has endoglucanase activity. The
variant may comprise at least one motif (at least 1, 2, 3, 4, 5, 6, 7, or 8 motifs) selected from
SEQ ID NOs:84-91. For the purpose of the present disclosure enzymes can be referred to by
their functionalities. For example, an eodnglucanse polypeptide can also be referred as
polypeptide having endoglucanase activity, or vise versa.

[0022] In some aspects, the polypeptide having GH61/endoglucanase activity (including a
variant of GH61 endoglucanase) comprises one or more sequence motif(s) selected from: (1)
SEQ ID NOs:84 and 88; (2) SEQ ID NOs:85 and 88; (3) SEQ ID NO:86; (4) SEQ ID NO:87; (5)
SEQ ID NOs:84, 88 and 89; (6) SEQ ID NOs:85, 88, and 89; (7) SEQ ID NOs: 84, 88, and 90;
(8) SEQ ID NOs: 85, 88 and 90; (9) SEQ ID NOs:84, 88 and 91; (10) SEQ ID NOs: 85, 88 and
91; (11) SEQ ID NOs: 84, 88, 89 and 91; (12) SEQ ID NOs: 84, 88, 90 and 91; (13) SEQ ID
NOs: 85, 88, 89 and 91: and (14) SEQ ID NOs: 85, 88, 90 and 91.

[0023] In some aspects, the polypeptide having GH61/endoglucanase activity (including a
variant) comprises a CBM domain (e.g., functional CBM domain). In some aspects, the
polypeptide having GH61/endoglucanase activity (including a variant of GH61 endoglucanase)
comprises a catalytic domain (e.g., functional catalytic domain).

[0024] Also provided herein are variants of EG IV polypeptides. For example, such variants
can have at least about 60% (e.g., at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%) sequence identity to any one of SEQ ID NOs: 1-
29 and 148, or to a mature polypeptide thereof. For example, provided herein are variants of
T. reesei Eg4 polypeptide. Such variants may have at least about 60% (e.g., at least about
60%, 65%, 70%, 75%, 80%, 85%, 88%, 90%, 92.5%, 95%, 96%, 97%, 98%, or 99%) sequence
identity to residues 22 to 344 of SEQ ID NO:27. In some aspects, the polypeptide or a variant
thereof is isolated. In some aspects, the polypeptide or a variant thereof has endoglucanase
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activity. In some aspects, the polypeptide or a variant thereof comprises residues
corresponding to at least about 5 residues (e.g., at least about any of 6, 7, 8, 9, 10, 11, or 12)
of H22, D61, G63, C77, H107, R177, E179, H184, Q193, C198, Y195, and Y232 of SEQ ID
NO:27, or any corresponding conserved residues in any of the other polypeptides. In some
aspects, the polypeptide or a variant thereof comprises residues corresponding to H22, D61,
G63, C77, H107, R177, E179, H184, Q193, C198, Y195, and Y232 of SEQ ID NO:27. The
polypeptide or a variant thereof may comprise residues corresponding to at least 5 residues
(e.g., at least about any of 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, or 19) of G313, Q314,
C315, G316, G317, S321, G322, P323, T324, C326, A327, T331, C332, N336, Y338, Y339,
Q341, C342, and L343 of SEQ ID NO:27. In some aspects, the polypeptide or a variant thereof
comprises residues corresponding to G313, Q314, C315, G316, G317, S321, G322, P323,
T324, C326, A327, T331, C332, N336, Y338, Y339, Q341, C342, and L343 of SEQ ID NO:27.
The polypeptide or a variant thereof may comprise a CBM domain (e.g., a functional CBM
domain). In some aspects, the polypeptide or a variant thereof comprises a catalytic domain
(e.g., a functional catalytic domain).

[0025] Also provided herein are nucleic acids or polynucleotides encoding any one of the
polypeptides herein. For example, the disclosure provides polynucleotide encoding a
polypeptide having at least about 60% (e.g., at least about 60%, 65%, 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%) sequence identity to any one of SEQ
ID NOs: 1-29 and 148. For example, the disclosure provides herein isolated nucleic acids
having at least about 60% (e.g., at least about 60%, 65%, 70%, 75%, 80%, 85%, 88%, 90%,
92.5%, 95%, 96%, 97%, 98%, or 99%) identity to SEQ ID NO:30. Also provided are expression
cassettes, vectors, and cells comprising the nucleic acids described above.

[0026] Also provided herein are enzyme compositions (e.g., non-naturally occurring
compositions) comprising a polypeptide having GH61/endoglucanase activity. In some aspects,
the composition comprises a whole cellulase comprising the polypeptide having
GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof). The polypeptide having
GH61/ endoglucanase activity is, e.g., T. reesei endoglucanase IV ("T. reesei Eg4") or a variant
thereof. A variant of T. reesei Eg4 can be any of the variants provided herein.

[0027] In some aspects, the enzyme composition is a cellulase composition. The enzyme
composition may further comprise one or more hemicellulases, and thus can also be a
hemicellulase composition. In some aspects, the enzyme composition comprises at least one
(e.g., at least 2, 3, 4, 5, 6, 7, or 8) cellulase polypeptide(s). In some aspects, the at least one
cellulase polypeptide is a polypeptide having endoglucanase activity, a polypeptide having
cellobiohydrolase activity, or a polypeptide having p-glucosidase activity. In some aspects, the
composition further comprises at least one (e.g., at least 2, 3, 4, 5, 6, 7, or 8) hemicellulase
polypeptide(s). In some aspects, the at least one hemicellulase polypeptide is a polypeptide
having xylanase activity, a polypeptide having B-xylosidase activity, or a polypeptide having L-
a,-arabinofuranosidase activity, or a polypeptide having combined xylanase/pB-xylosidase
activity, combined B-xylosidase/L-a-arabinofuranosidase activity, or combined xylanase/ L-o-
arabinofuranosidase activity activity. In some aspects, the composition comprises at least one
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(e.g., at least 2, 3, 4, 5, 6, 7, or 8) cellulase polypeptide(s) and at least one (e.g., at least 2, 3,
4,5,6, 7, or 8) hemicellulase polypeptide(s).

[0028] In some aspects, the enzyme composition comprises a polypeptide having GH61/
endoglucanase activity and further comprises at least 1 (e.g., at least 2, 3, 4, or 5) polypeptide
having endoglucanase activity, at least 1 (e.g., at least 2, 3, 4, or 5) polypeptide having
cellobiohydrolase activity, at least 1 (e.g., at least 2, 3, 4, or 5) polypeptide having B-
glucosidase activity, at least 1 (e.g., at least 2, 3, 4, or 5) polypeptide having xylanase activity,
atleast 1 (e.g., at least 2, 3, 4, or 5) polypeptide having B-xylosidase activity, and/or at least 1
(e.qg., atleast 2, 3, 4, or 5) polypeptide having L-a-arabinofuranosidase activity.

[0029] In some aspects, the composition comprises a polypeptide having GH61/
endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and at least one polypeptide
having xylanase activity (e.g., 7. reesei Xyn3, T. reesei Xyn2, AfuXyn2, AfuXyn5, or a variant
thereof). In some aspects, the composition further comprises at least one polypeptide having
B-glucosidase activity (e.g., Fv3C, Pa3D, Fv3G, Fv3D, Tr3A, Tr3B, Te3A, An3A, Fo3A, Gz3A,
Nh3A, Vd3A, Pa3G, Tn3B, or a variant thereof). In some aspects, the composition further
comprises at least one polypeptide having cellobiohydrolase activity (e.g., T. reesei CBH1, A.
fumigatus 7A, 7B, C. globosum TA, 7B, T. terrestris TA, 7B, T. reesei CBH2, T. terrestris 6A, S.
thermophile 6A, 6B, or a variant thereof). In some aspects, the composition further comprises
at least one polypeptide having endoglucanase activity other than the GH61 enzyme (e.g., T.
reesei EG1, T. reesei EG2, or a variant thereof).

[0030] The composition may comprise a polypeptide having GH61/endoglucanase activity
(e.g., T. reesei Eg4 or a variant thereof) and at least 1 polypeptide having B-glucosidase
activity (e.g., Fv3C, Pa3D, Fv3G, Fv3D, Tr3A, Tr3B, Te3A, An3A, Fo3A, Gz3A, Nh3A, Vd3A,
Pa3G, Tn3B or a variant thereof). The composition may comprise a polypeptide having
GH61/endoglucanase activity and at least 1 polypeptide having cellobiohydrolase activity (e.g.,
T. reesei CBH1, A. fumigatus 7TA, 7B, C. globosum 7A, 7B, T. terrestris 7TA, 7B, T. reesei CBH2,
T. terrestris 6A, S. thermophile 6A, 6B or a variant thereof). The composition may comprise a
polypeptide having GH61/ endoglucanase activityy, and at least 1 polypeptide having
endoglucanase activity (e.g., T. reesei EG1, T. reesei EG2 or a variant thereof). The
composition may comprise a polypeptide having GH61/endoglucanase activity and at least 1
polypeptide having B-xylosidase activity (e.g., Fv3A, Fv43A, Pf43A, Fv43D, Fv39A, Fv43E,
Fo43A, Fv43B, Pa51A, Gz43A, T. reesei Bxll or a variant thereof). The composition may
comprise a polypeptide having GH61/endoglucanase activity and at least 1 polypeptide having
L-a-arabinofuranosidase activity (e.g., Af43A, Fv43B, Pf51A, Pa51A, Fv51A or a variant
thereof).

[0031] Any one of the compositions described herein may comprise a whole cellulase. For
example, a composition is provided comprising a whole cellulase comprising a polypeptide
having GH61/endoglucanase activity. Alternatively, a composition is provided comprising a
whole cellulase plus a polypeptide having GH61/endoglucanase activity. In some aspecits, a
composition comprising a polypeptide having GH61/endoglucanase activity, and a polypeptide
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having endoglucanase activity other than the polypeptide having GH61/ endoglucanase
activity, a polypeptide having cellobiohydrolase activity, and a polypeptide having B-glucosidase
activity is provided. The composition further comprises one or more hemicellulase
polypeptides. For example, the composition may comprise one or more polypeptides having
xylanase activity, one or more polypeptides having B-xylosidase activity, and/or one or more
polypeptides having L-a-arabinofuranosidase activity. A composition may comprise a
polypeptide having GH61/endoglucanase activity, at least one polypeptide having xylanase
activity (e.qg., T. reesei Xyn3, T. reesei Xyn2, AfuXyn2, AfuXyn5, or a variant thereof), and a
whole cellulase. In some aspects, a composition comprising a polypeptide having GH61/
endoglucanase activity, at least one polypeptide having xylanase activity (e.g., T. reesei Xyn3,
T. reesei Xyn2, AfuXyn2, AfuXyn5, or a variant thereof), and at least one other polypeptide
having hemicellulase activity is provided.

[0032] In some aspects, the whole cellulase comprises at least one polypeptide having
endoglucanase activity (e.g., T. reesei EG1, T. reesei EG2, or a variant thereof) that is not the
polypeptide having GH61/endoglucanase activity. The whole cellulase can comprise at least
one polypeptide having cellobiohydrolase activity (e.qg., T. reesei CBH1, A. fumigatus 7A, 7B, C.
globosum TA, 7B, T. terrestris TA, 7B, T. reesei CBH2, T. terrestris 6A, S. thermophile 6A, 6B,
or a variant thereof). The whole cellulase can comprise at least one polypeptide having B-
glucosidase activity (e.g., Fv3C , Pa3D, Fv3G, Fv3D, Tr3A, Tr3B, Te3A, An3A, Fo3A, Gz3A,
Nh3A, Vd3A, Pa3G, Tn3B, or a variant thereof).

[0033] In some aspects, in any one of the compositions described herein, the at least one
polypeptide having endoglucanase activity but is not the one having GH61/endoglucanase
activity is, e.g., T. reesei EG1 (or a variant thereof) and/or T. reesei EG2 (or a variant thereof).
In some aspects, the at least one polypeptide having cellobiohydrolase activity is, e.g., T.
reesei CBH1, A. fumigatus 7TA, 7B, C. globosum 7A, 7B, T. terrestris 7TA, 7B, T. reesei CBH2, T.
terrestris 6A, S. thermophile 6A, 6B, or a variant thereof. In some aspects, the at least one
polypeptide having B-glucosidase activity is, e.g., Fv3C, Pa3D, Fv3G, Fv3D, Tr3A, Tr3B, Te3A,
An3A, Fo3A, Gz3A, Nh3A, Vd3A, Pa3G, and/or Tn3B, or variants thereof. In some aspects, the
at least one polypeptide having xylanase activity is, e.g., T. reesei Xyn3, T. reesei Xyn2,
AfuXyn2, and/or AfuXynb, or variants thereof. In some aspects, the at least one polypeptide
having B-xylosidase activity is, e.g., a Group 1 B-xylosidase or a Group 2 B-xylosidase, wherein
the Group 1 B-xylosidase may be Fv3A, Fv43A polypeptide, or a variant thereof, and the
Group 2 B-xylosidase may be Pf43A, Fv43D, Fv39A, Fv43E, Fo43A, Fv43B, Pa51A, Gz43A, T.
reesei Bxl1 polypeptide, or a variant thereof. In some aspects, the at least one polypeptide
having B-xylosidase activity is, e.g., Fv3A (or a variant thereof) and/or Fv43D (or a variant
thereof). In some aspects, the at least one polypeptide having L-a-arabinofuranosidase activity
may be Af43A, Fv43B, Pf51A, Pa51A, and/or Fv51A, or variants thereof.

[0034] In some aspects, a composition comprising an isolated polypeptide having GH61/
endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) is provided. In some aspects,
the polypeptide having GH61/endoglucanase activity (e.g., 7. reesei Eg4 or a variant thereof) is
expressed by a host cell, wherein the nucleic acid encoding the polypeptide having GH61/
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endoglucanase activity has been engineered into the host cell. For example, the polypeptide
having GH61/endoglucanase activity is expressed by a host cell, and the nucleic acid encoding
that polypeptide is heterologous to the host cell.

[0035] In some aspects, a composition is provided comprising a polypeptide having GH61/
endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof), and further comprising one or
more cellulase polypeptides and/or one or more hemicellulase polypeptides, wherein the
cellulase polypeptide and/or the hemicellulase polypeptide is expressed by a host cell, and the
cellulase polypeptide and/or hemicellulase polypeptide is heterologous to the host cell. In some
aspects, a composition comprising a polypeptide having GH61/endoglucanase activity and
further comprising at least one cellulase polypeptide and/or at least one hemicellulase
polypeptide is provided, and the cellulase polypeptide and/or the hemicellulase polypeptide is
expressed by a host cell, and the cellulase polypeptide and/or hemicellulase polypeptide is
endogenous to the host cell. In some aspects, the cellulase polypeptide comprises a
polypeptide having endoglucanase activity (e.g., 7. reesei EG1, T. reesei EG2, or a variant
thereof) that is different from the polypeptide having GH61/endoglucanase activity, a
polypeptide having cellobiohydrolase activity (e.g., T. reesei CBH1, A. fumigatus 7A, 7B, C.
globosum TA, 7B, T. terrestris TA, 7B, T. reesei CBH2, T. terrestris 6A, S. thermophile 6A, 6B,
or a variant thereof), or a polypeptide having p-glucosidase activity (e.g., Fv3C, Pa3D, Fv3G,
Fv3D, Tr3A, Tr3B, Te3A, An3A, Fo3A, Gz3A, Nh3A, Vd3A, Pa3G, Tn3B, or a variant thereof).
In some aspects, the hemicellulase polypeptide comprises a polypeptide having xylanase
activity (e.g., T. reesei Xyn3, T. reesei Xyn2, AfuXyn2, AfuXynb, or a variant thereof), a
polypeptide having B-xylosidase activity (e.g., Fv3A, Fv43A, Pf43A, Fv43D, Fv39A, Fv43E,
Fo43A, Fv43B, Pab51A, Gz43A, T. reesei Bx11, or a variant thereof), or a polypeptide having L-
a-arabinofuranosidase activity (e.g., Af43A, Fv43B, Pf51A, Pab51A, Fv51A, or a variant thereof).

[0036] In some aspects, the composition is prepared from a fermentation broth. In some
aspects, the composition is prepared from the fermentation broth of an integrated strain (e.g.,
H3A/Eg4, #27, as described herein in the Examples), wherein the GH61 endoglucanase gene
is integrated into the genetic materials of the host strain. In some aspects, the composition is
prepared from the fermentation broth of a strain, wherein a nucleic acid encoding a
polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) is
heterologous to the host cell, wherein the GH61 endoglucanase has been, e.g., integrated into
the strain, or expressed by a vector introduced into the host strain.

[0037] Any one of the compositions or methods provided herein comprising a polypeptide
having GH61/endoglucanase activity (e.g., 7. reesei Eg4 or a variant thereof) may be a whole
cellulase. The composition may be a fermentation broth subject to minimum post-production
processing (e.g., purification, filtration, a cell kill step, and/or ultrafiltration, etc), and is used as
a whole broth formulation.

[0038] In some aspects, a composition (e.g., a non-naturally occurring composition) is
provided comprising T. reesei Eg4, T. reesei Bgll, T. reesei xyn3, Fv3A, Fv43D, and Fv51A, or
respective variants thereof. The composition may be a whole cellulase. The composition may
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be a fermentation broth subject to minimum post-production processing (e.g., filtration,
purification, ultrafiltration, a cell-kill step, etc), and is thus used as a whole broth formulation. In
some aspects, the composition comprises an isolated T. reesei Eg4 or a variant thereof. In
some aspects, the composition comprises at least one of an isolated T. reesei Bgll, an isolated
T. reesei xyn3, an isolated Fv3A, an isolated Fv43D, and an isolated Fv51A. For example, any
of the above-mentioned polypeptides can be introduced into the composition by simple
addition or mixing of purified or isolated polypeptides. Alternatively, the polypeptides herein can
be expressed by the host strain using suitable recombinant techniques, and certain of the
above-mentioned polypeptides may be overexpressed or underexpressed, as compared to
their naturally-occurring levels in the host cell. In some aspects, genes encoding any one of the
above-mentioned polypeptides can be integrated into the host strain. In some aspects, the
composition of the present disclosure is prepared from a fermentation broth of the host strain.
In some aspects, the composition is from the fermentation broth of an integrated strain (e.g.,,
H3A/Eg4, #27, as described herein in the Examples). In some embodiments, the fermentation
broth is subject to minimum post-production processing, and is used as a whole broth
formulation. In some aspects, the nucleic acid encoding the GH61 endoglucanase is
heterologous to the host cell. In some aspects, at least one of the nucleic acids encoding T.
reesei Bgl 1, T. reesei xyn3, Fv3A, Fv43D, or Fv51Ais heterologous to the host cell expressing
the GH61 endoglucanase of the invention. In some aspects, at least one nucleic acid encoding
T. reesei Bgl1, T. reesei xyn3, Fv3A, Fv43D, or Fv51A is endogenous to the host cell
expressing the GH61 endoglucanase.

[0039] The polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant
thereof) may be present in an enzyme composition or in a biomass saccharification mixture in
an amount sufficient to increase the yield of fermentable sugar(s) from hydrolysis of a biomass
material (e.g., by at least about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%,
70%, 80%, or 90%) as compared to the yield achieved by a control enzyme composition or a
control biomass saccharification mixture that is comparable in terms of the types and
concentrations of enzymatic or other components therein, but without the polypeptide(s)
having GH61/endoglucanase activity. The polypeptide having GH61/ endoglucanase activity
may be present in the enzyme composition or in a biomass saccharification mixture in an
amount sufficient to reduce the viscosity of the biomass saccharification mixture during
hydrolysis of the biomass material therein (e.g., by at least about 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, or 90%) as compared to the viscosity of a control
mixture that is comparable in terms of the types and concentrations of enzymatic or other
components therein, but without the polypeptide having GH61/endoglucanase activity. In some
aspects, the enzyme composition or the biomass saccharification mixture comprises at least 1
polypeptide having endoglucanase activity, at least 1 polypeptide having cellobiohydrolase
activity, at least 1 polypeptide having p-glucosidase activity, in total amounts that are sufficient
to cause hydrolysis of the biomass material to which the polypeptides come into contact. The
enzyme composition or the biomass saccharification mixture may further comprise at least 1
polypeptide having xylanase activity, at least 1 polypeptide having B-xylosidase activity, at least
1 polypeptide having L-a-arabinofuranosidase activity, and/or a whole cellulase, or a mixture
thereof, in total amounts that are sufficient to cause hydrolysis of the biomass material to which
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the polypeptides come into contact.

[0040] In some aspects, the polypeptide having GH61/endoglucanase activity (e.g., T. reesei
Eg4 or a variant thereof) is present in an amount that is about 0.1 wt.% to about 50 wt.% (e.g.,
about 0.5 wt.% to about 30 wt.%, about 1 wt.% to about 20 wt.%, about 5 wt.% to about 20
wt.%, about 7 wt.% to about 20 wt.%, or about 8 to about 15 wt.%) of the total weight of
proteins in the enzyme composition or in the biomass saccharification mixture. For example
the polypeptide having GH61/endoglucanase activity is present in an amount that is about 8
wt.%, about 10 wt.%, or about 12 wt.% of the total weight of proteins in the enzyme
composition or in the biomass saccharification mixture. The enzyme composition or the
biomass saccharification mixture may comprise more than one polypeptides having GH61/
endoglucanase activity. For example, the enzyme composition or biomass saccharification
mixture can comprise a T. reesei Eg4 or a variant thereof, as well as a T. reesei Eg7 (or a
variant thereof), wherein the total amount of polypeptides having GH61/endoglucanase (Eg4 +
Eg7) activity is about 0.1 wt.% to about 50 wt.% (e.g., about 0.5 wt.% to about 30 wt.%, about 2
wt.% to about 20 wt.%, about 5 wt.% to about 20 wt.%, about 7 wt.% to about 20 wt.%, or about
8 wt.% to about 15 wt.%) of the total weight of proteins in the enzyme composition or in the
biomass saccharification mixture. The polypeptide(s) having GH61/endoglucanase activity may
be expressed from polynucleotides that are heterologous or endogenous to the host cell.
Alternatively the polypeptide having GH61/endoglucanase activity can be introduced into the
enzyme composition or the biomass saccharification mixture in an isolated or purified form.

[0041] In some aspects, a polypeptide having cellobiohydrolase activity (e.g., T. reesej CBH1,
A. fumigatus TA, 7B, C. globosum 7A, 7B, T. terrestris TA, 7B, T. reesei CBH2, T. terrestris 6A,
S. thermophile 6A, 6B, or a variant thereof) is present in an amount that is about 0.1 wt.% to
about 80 wt.% (e.g., about 5 wt.% to about 70 wt.%, about 10 wt.% to about 60 wt.%, about 20
wt.% to about 50 wt.%, or about 25 wt.% to about 50 wt.%) of the total weight of proteins in the
enzyme composition or the biomass saccharification mixture. The enzyme composition or
biomass saccharification mixture may comprise more than one polypeptide having
cellobiohydrolase activity (e.g., T. reesei CBH1, A. fumigatus 7A, 7B, C. globosum 7A, 7B, T.
terrestris TA, 7B, T. reesei CBH2, T. terrestris 6A, S. thermophile 6A, 6B, or a variant thereof),
wherein the total amount of polypeptides having cellobiohydrolase activity is about 0.1 wt.% to
about 80 wt.% (e.g., about 5 wt.% to about 70 wt.%, about 10 wt.% to about 60 wt.%, about 20
wt.% to about 50 wt.%, or about 25 wt.% to about 50 wt.%) of the total weight of proteins in the
enzyme composition or the biomass saccharification mixture. The polypeptide having
cellobiohydrolase activity is, in some aspects, expressed from a nucleic acid heterologous or
endogenous to the host cell. In some aspects, the polypeptide having cellobiohydrolase activity
can be introduced into the enzyme composition or biomass saccharification mixture in an
isolated or purified form.

[0042] The enzyme composition or the biomass saccharification mixture may comprise one or
more polypeptides having B-glucosidase activity (e.g., Fv3C, Pa3D, Fv3G, Fv3D, Tr3A, Tr3B,
Te3A, An3A, Fo3A, Gz3A, Nh3A, Vd3A, Pa3G, Tn3B or a variant thereof), wherein the total
amount of polypeptides having p-glucosidase activity is about 0.1 wt.% to about 50 wt.% (e.g.,
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about 1 wt.% to about 30 wt.%, about 2 wt.% to about 20 wt.%, about 5 wt.% to about 20 wt.%,
or about 8 wt.% to about 15 wt.%) of the total weight of proteins in the enzyme composition or
biomass saccharification mixture. The polypeptide having B-glucosidase activity may be
expressed from a nucleic acid heterologous or endogenous to the host cell. The polypeptide
having B-glucosidase activity may alternatively be introduced into the enzyme composition or
biomass saccharification mixture in an isolated or purified form.

[0043] In some aspects, the enzyme composition or biomass saccharification mixture can
comprise one or more the polypeptides having xylanase activity (e.g., T. reesei Xyn3, T. reeseij
Xyn2, AfuXyn2, AfuXyn5, or a variant thereof), wherein the total amount of polypeptides having
xylanase activity is about 0.1 wt.% to about 50 wt.% (e.g., about 1 wt.% to about 40 wt.%,
about 4 wt.% to about 30 wt.%, about 5 wt.% to about 20 wt.%, or about 8 wt.% to about 15
wt.%) of the total weight of proteins in the enzyme composition or the biomass saccharification
mixture. The polypeptide having xylanase activity can be expressed from a nucleic acid
heterologous or endogenous to the host cell. In some aspects, the polypeptide having
xylanase activity can be introduced or mixed into the enzyme composition or the biomass
saccharification mixture in an isolated or purified form.

[0044] The enzyme composition or biomass saccharification mixture may comprise one or
more polypeptides having L-a-arabinofuranosidase activity (e.g., Af43A, Fv43B, Pf51A, Pa51A,
Fvb1A, or a variant thereof), wherein the total amount of polypeptides having L-a-
arabinofuranosidase activity is about 0.1 wt.% to about 50 wt.% (e.g., about 1 wt.% to about 40
wt.%, about 2 wt.% to about 30 wt.%, about 4 wt.% to about 20 wt.%, or about 5 wt.% to about
15 wt.%) of the total weight of proteins in the enzyme composition or the biomass
saccharification mixture. The polypeptide having L-a-arabinofuranosidase activity may be
expressed from a nucleic acid heterologous or endogenous to the host cell. In some aspects,
the polypeptide having L-a-arabinofuranosidase activity can be introduced or mixed into the
enzyme composition or the biomass saccharification mixture in an isolated or purified form.

[0045] The enzyme composition or the biomass saccharification mixture may comprise one or
more polypeptides having B-xylosidase activity(e.g.,Fv3A, Fv43A, Pf43A, Fv43D, Fv39A,
Fv43E, Fo43A, Fv43B, Pa51A, Gz43A, T. reesei Bx11 or a variant thereof), wherein the total
amount of the polypeptides having B-xylosidase activity is about 0.1 wt.% to about 50 wt.%
(e.g., about 1 wt.% to about 40 wt.%, about 4 wt.% to about 35 wt.%, about 5 wt.% to about 25
wt.%, or about 5 wt.% to about 20 wt.%) of the total weight of proteins in the enzyme
composition or the biomass saccharification mixture. The polypeptide having B-xylosidase
activity may be expressed from a nucleic acid heterologous or endogenous to the host cell.
The polypeptide having B-xylosidase activity may alternatively be introduced into the enzyme
composition or the biomass saccharification mixture in an isolated or purified form.

[0046] In some aspects, the enzyme composition provided herein may be a whole cellulase.
The whole cellulase may comprise one or more polypeptides having endoglucanase activity
(such as, e.g, T. reesei Eg4, Egl, Eg2, Eg7, or a variant thereof) expressed from a nucleic acid
heterologous or endogenous to the host cell. The whole cellulase may also comprise one or
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more polypeptides having cellobiohydrolase activity (e.g., T. reesei CBH1, A. fumigatus 7A, 7B,
C. globosum TA, 7B, T. terrestris TA, 7B, T. reesei CBH2, T. terrestris 6A, S. thermophile 6A,
6B, or a variant thereof) expressed from a nucleic acid heterologous or endogenous to the
host cell. The whole cellulase may further comprise one or more polypeptide having B-
glucosidase activity (e.g., Fv3C, Pa3D, Fv3G, Fv3D, Tr3A, Tr3B, Te3A, An3A, Fo3A, Gz3A,
Nh3A, Vd3A, Pa3G, Tn3B, or a variant thereof) expressed from a nucleic acid heterologous or
endogenous to the host cell. The whole cellulase may be used in the form of a fermentation
broth of the host cell. The broth can be subject to minimum post-production processing,
including, e.g., filtration, purification, ultrafiltration, a cell-kill step, etc, and thus the broth may
be used for biomass hydrolysis in a whole broth formulation.

[0047] In some aspects, the enzyme composition provided herein is capable of converting a
biomass material into fermentable sugar(s) (e.g., glucose, xylose, arabinose, and/or
cellobiose). In some aspects, the enzyme composition is capable of achieving at least about
0.1 (e.g., 0.1 to 0.4) fraction product as determined by the calcofluor assay described herein.

[0048] In some aspects, the enzyme composition can be a cellulase composition or a
hemicellulase composition. The enzyme composition may comprise the polypeptide having
GH61/endoglucanase activity and further may comprise one or more cellulase polypeptides
and/or one or more hemicellulase polypeptides, wherein the one or more polypeptides having
GH61/endoglucanase activity and the one or more cellulase polypeptides, and/or the one or
more hemicellulase polypeptides are blended into a mixture before the mixture is used to
contact and hydrolyze a biomass substrate in a biomass saccharification mixture.

[0049] In some aspects, the one or more polypeptides having GH61/endoglucanase activity,
one or more cellulase polypeptides, and one or more hemicellulase polypeptide, are added to
a biomass material, at different times. For example, a polypeptide having GH61/
endoglucanase activity is added to a biomass material before, or after, a cellulase polypeptide
and/or a hemicellulase polypeptide is added to the same biomass material.

[0050] In some aspects, a composition of the invention comprises at least one polypeptide
having GH61/endoglucanase activity and a biomass material in, e.g., a mixture. For example,
the composition may be a hydrolysis mixture, a fermentation broth/mixture, or a biomass
saccharification mixture. The mixture may comprise one or more fermentable sugar(s).

[0051] Also provided herein are methods of hydrolyzing a biomass material comprising
contacting the biomass material with an enzyme composition (e.g., a non-naturally occurring
composition) comprising a polypeptide having GH61/endoglucanase activity, in an amount
sufficient to hydrolyze the biomass material in the resulting biomass saccharification mixture.

[0052] Also provided herein are methods of reducing the viscosity of a biomass mixture, and/or
a biomass saccharification mixture comprising contacting the mixture with an enzyme
composition (e.g.,a non-naturally occurring composition) comprising a polypeptide having
GH61/endoglucanase activity, which is present in the composition in an amount sufficient to
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reduce the viscosity of the mixture. In some aspects, the biomass mixture or the biomass
saccharification mixture comprises a biomass material, optionally also fermentable sugar(s), a
whole cellulase and/or a composition comprising a polypeptide having cellulase activity and/or
a polypeptide having hemicellulase activity. The viscosity of the mixture may be reduced by at
least about 5%, (e.g., at least about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
60%, 70%, 80%, or 90%) as compared to the viscosity of a control mixture comprising the
same components at the same concentrations except that the polypeptide having
GH61/endoglucanase activity is absent from the mixture. The biomass material may comprise
hemicellulose, cellulose, or a mixture thereof. The biomass material may comprises glucan,
xylan and/or lignin, or a mixture thereof.

[0053] In some aspects, the biomass material can suitably be treated or pre-treated with an
acid or a base. In some aspects, the base is ammonia. The method of the invention may
further comprise adjusting the pH of the biomass mixture to a pH of about 4.0 to about 6.5
(e.g., pH of about 4.5 to about 5.5). In some aspects, the method is performed at a pH of
about 4.0 to about 6.5 (e.g., pH of about 4.5 to about 5.5). In some aspects, the method is
performed for about 2 h to about 7 d (e.g., about 4 h to about 6 d, about 8 h to about 5 d, or
about 8 h to about 3 d). This pH adjustment can suitably be made before putting the biomass
mixture in contact with the polypeptides or the enzyme compositions.

[0054] In some aspects, the biomass material is present in a saccharification mixture in a high
solids level, e.g., the biomass material in its solid state constitutes at least about 5 wt.% to
about 60 wt.% (e.g., about 10 wt.% to about 50 wt.%, about 15 wt.% to about 40 wt.%, about
15 wt.% to about 30 wt.%, or about 20 wt.% to about 30 wt.%) of the total weight of enzymes
plus biomass materials in the saccharification mixture. By the weight of the biomass material in
its solid state, it is meant the weight of the biomass material in its dry state, its dry solid state,
its natural state, or its unprocessed state, or before the biomass is contacted with the
polypeptides in the enzyme composition. Preferably the biomass material in its solid state
constitutes at least about 15 wt.%, and even more preferably at least about 20 wt.% or 25 wt.%
of the total weight of enzymes plus biomass materials in the saccharification mixture.

[0055] In some aspects, the method comprises producing fermentable sugar(s). The amount
of fermentable sugar(s) may be produced at an increased level using the method of the
invention. For example, the amount of the fermentable sugar(s) produced using the methods
or the compositions herein is increased by at least about 5% (e.g., at least about 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, or 90%) as compared to the
amount of the fermentable sugar(s) produced when the same biomass material is hydrolyzed
by an enzyme composition comprising the same polypeptide components at the same
concentrations, except that polypeptide having GH61/endoglucanase activity is absent.

[0056] In some aspects, the amount of the enzyme composition comprising a polypeptide
having GH61/endoglucanase activity is sufficient to increase the yield of fermentable sugar(s)
by at least about 5%, (e.g., at least about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 60%, 70%, 80%, or 90%), as compared to the yield of fermentable sugar(s) from the
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same biomass material by an enzyme composition having the same components at the same
concentrations, except that the polypeptide having GH61/endoglucanase activity is absent. In
some aspects, the amount of the polypeptide having GH61/endoglucanase activity in the
biomass saccharification mixture is sufficient to reduce the viscosity of the mixture by at least
about 5% (e.g., at least about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%,
70%, 80%, or 90%) as compared to the viscosity of a control biomass saccharification mixture
comprising the same biomass and the same panel of polypeptides at the same concentrations,
except that the polypeptide having GH61/endoglucanase activity is absent.

[0057] In some aspects, the amount of the composition comprising a polypeptide having
GH61/endoglucanase activity used in a saccharification or hydrolysis process is about 0.1 mg
to about 50 mg protein (e.g., about 0.2 mg to about 40 mg protein, about 0.5 mg to about 30
mg protein, about 1 mg to about 20 mg protein, or about 5 mg to about 15 mg protein) per
gram of cellulose, hemicellulose, or a mixture of cellulose and hemicelluloses in the biomass
material. The protein amount described herein refers to the weight of total protein in the
enzyme composition or the biomass saccharification mixture. The proteins include a
polypeptide having GH61/endoglucanase activity and may include other enzymes such as
cellulase polypeptide(s) and/or hemicellulase polypeptide(s). In some aspects, the amount of
the polypeptide having GH61/endoglucanase activity used in the hydrolysis or saccharification
process is about 0.2 mg to about 30 mg (e.g., about 0.2 mg to about 20 mg, about 0.5 mg to
about 10 mg, or about 1 mg to about 5 mg) protein per gram of cellulose, hemicellulose, or
cellulose and hemicelluloses contained in the biomass material.

[0058] The enzyme composition or biomass saccharification mixture comprising a polypeptide
having GH61/endoglucanase activity and at least 1 polypeptide having endoglucanase activity
(e.g., T. reesei Eg1, T. reesei Eg2, and/or a variant thereof) in the hybrolysis or saccharification
process may contain about 0.2 mg to about 30 mg (e.g., about 0.2 mg to about 20 mg, about
0.5 mg to about 10 mg, or about 1 mg to about 5 mg) protein per gram of cellulose,
hemicellulose, or cellulose and hemicellulose in the biomass material.

[0059] The enzyme composition or biomass saccharification mixture comprising a polypeptide
having GH61/ endoglucanase activity and at least 1 polypeptide having cellobiohydrolase
activity (e.g., T. reesei CBH1, A. fumigatus 7A, 7B, C. globosum 7TA, 7B, T. terrestris TA, 7B, T.
reesei CBH2, T. terrestris 6A, S. thermophile 6A, 6B, or a variant thereof) in the hydrolysis or
saccharification process may contain about 0.2 mg to about 30 mg (e.g., about 0.2 mg to
about 20 mg, about 0.5 mg to about 10 mg, or about 1 mg to about 5 mg) protein per gram of
cellulose, hemicellulose, or cellulose and hemicellulose in the biomass material.

[0060] In some aspects, the enzyme composition or biomass saccharification mixture
comprising a polypeptide having GH61/endoglucanase activity and at least 1 polypeptide
having B-glucosidase activity (e.g., Fv3C, Pa3D, Fv3G, Fv3D, Tr3A, Tr3B, Te3A, An3A, Fo3A,
Gz3A, Nh3A, Vd3A, Pa3G, Tn3B, or a variant thereof) in the hydrolysis or saccharification
process may contain about 0.2 mg to about 30 mg (e.g., about 0.2 mg to about 20 mg, about
0.5 mg to about 10 mg, or about 0.5 mg to about 5 mg) protein per gram of cellulose,
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hemicellulose, or cellulose and hemicellulose in the biomass material.

[0061] The enzyme composition or biomass saccharification mixture comprising a polypeptide
having GH61/endoglucanase activity and at least 1 polypeptide having xylanase activity (e.g., T.
reesei Xyn3, T. reesei Xyn2, AfuXyn2, AfuXyn5 or a variant thereof) in the hydrolysis or
saccharification process may contain about 0.2 mg to about 30 mg (e.g., about 0.2 mg to
about 20 mg, about 0.5 mg to about 10 mg, about 0.5 mg to about 5 mg) protein per gram of
cellulose, hemicellulose, or cellulose and hemicellulose in the biomass material.

[0062] The enzyme composition or the biomass saccharification mixture comprising a
polypeptide having GH61/ endoglucanase activity and at least 1 polypeptide having B-
xylosidase activity (e.g., Fv3A, Fv43A, Pf43A, Fv43D, Fv39A, Fv43E, Fo43A, Fv43B, Pa51A,
Gz43A, T. reesei Bx11, and/or a variant thereof) used in the hydrolysis or saccharification
process may contain about 0.2 mg to about 30 mg (e.g., about 0.2 mg to about 20 mg, about
0.5 mg to about 10 mg, or about 0.5 mg to about 5 mg) protein per gram of cellulose,
hemicellulose, or cellulose and hemicellulose in the biomass material.

[0063] The enzyme composition or the biomass saccharification mixture comprising a
polypeptide having GH61/endoglucanase activity and at least 1 polypeptide having L-o-
arabinofuranosidase activity (e.g., Af43A, Fv43B, Pf51A, Pa51A, Fv51A, and/or a variant
thereof) used in the hydrolysis or saccharification process may contain about 0.2 mg to about
30 mg (e.g., about 0.2 mg to about 20 mg, about 0.5 mg to about 10 mg, or about 0.5 mg to
about 5 mg) protein per gram of cellulose, hemicellulose, or cellulose and hemicellulose in the
biomass material.

[0064] In some aspects, the method of the invention is performed at a temperature of about
30°C to about 65°C (e.g., about 35°C to about 60°C, about 40°C to about 60°C, or about 45°C
to about 55°C).

[0065] The method of the invention may further comprise the step of contacting the biomass
material with an enzyme composition comprising a whole cellulase. In some aspects, the step
of further contacting the biomass material with a composition comprising a whole cellulase is
performed before, after, or concurrently with contacting the biomass material with an enzyme
composition comprising a polypeptide having GH61/endoglucanase activity.

[0066] In some aspects, the method of the invention further comprises the step contacting the
biomass material with an enzyme composition comprising a polypeptide having cellulase
activity and/or a polypeptide having hemicellulase activity. The step of contacting the biomass
material with a composition comprising a polypeptide having cellulase activity and/or a
polypeptide having hemicellulase activity may be performed before, after, or concurrently with
contacting the biomass material with an enzyme composition comprising a polypeptide having
GH61/endoglucanase activity.

[0067] In some aspect, the composition comprises the polypeptide having GH61/
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endoglucanase activity and further comprises at least 1 cellulase polypeptide and/or at least
one hemicellulase polypeptide, wherein the polypeptide having GH61/endoglucanase activity
and at least one cellulase polypeptide and/or at least 1 hemicellulase polypeptide are blended
into a mixture before the mixture is used to contact the biomass material.

[0068] In some aspects, the composition comprises the polypeptide having GH61/
endoglucanase activity and further comprises 1 or more cellulase polypeptides and/or 1 or
more hemicellulase polypeptides, wherein the polypeptide having GH61/endoglucanase activity
and 1 or more cellulase polypeptides and/or 1 or more hemicellulase polypeptides are added
to the biomass material at different times. For example, the polypeptide having GH61/
endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) is added before or after the 1
or more cellulase polypeptides and/or the 1 or more hemicellulase polypeptides are added.

[0069] In some aspects, methods of applying the invention in both an industrial setting and/or
a commercial setting are contemplated. Accordingly a method or a method of manufacturing,
marketing, or otherwise commercializing the instant compositions comprising suitable GH61
endoglucanases is within the purview of the disclosure. The method includes, for example, the
application of the compositions or the GH61 endoglucanase polypeptides or variants thereof in
a merchant enzyme supply model, wherein the enzymes and variants, as well as the
compositions of the invention are supplied or sold to cellulosic sugar producers, certain ethanol
(bioethanol) refineries or other bio-chemical or bio-material manufacturers. The method can
also be, in some aspects, the application of the compositions or the GH61 endoglucanase
polypeptides or variants thereof in an on-site bio-refinery model, wherein the polypeptides or
variants, or the non-naturally occurring cellulase and hemicellulase compositions of the
invention are produced in an enzyme production system that is built by the enzyme
manufacturer at a site that is located at or in the vicinity of the cellulosic sugar plant, bioethanol
refineries or the bio-chemical/biomaterial manufacturers. In some aspects, suitable biomass
substrates, preferably subject to appropriate pretreatments as described herein, can be
hydrolyzed using the saccharification methods and the enzymes and/or enzyme compositions
herein at or near the bioethanol refineries or the bio-chemical/biomaterial manufacturing
facilities. The resulting fermentable sugars can then be subject to fermentation at the same
facilities or at facilities in the vicinity.

[0070] It is to be understood that one, some, or all of the properties of the embodiments
described herein may be combined to form other embodiments of the present invention. These
and other aspects of the invention will become apparent to one of skill in the art.

BRIEF DESCRIPTION OF THE FIGURES

[0071] The skilled artisan will understand that the drawings are for illustration purposes only
and are not intended to limit the scope of the present teachings in anyway.

FIG. 1: depicts certain amino acid sequences of various polypeptides having
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GH61/endoglucanase activity.

FIG. 2: depicts percent identity and divergence using ClustalV (PAM250) comparing a number
of amino acid sequences of various polypeptides having GH61/ endoglucanase activity, such
as those presented in FIG. 1 (SEQ ID NOs: 1-28).

FIG. 3: depicts the alignment of various polypeptides having GH61/endoglucanase activity
such as those presented in FIG. 1 (SEQ ID NOs: 1-28).

FIGs. 4A-4B: FIG. 4A depicts nucleotide sequence of T. reesei Eg4 (SEQ ID NO:30). FIG. 4B
depicts amino acid sequence of T. reesei Eg4 (SEQ ID NO:27). The predicted signal sequence
is underlined, the predicted conserved domains are in bold, and the predicted linker is in italic.

FIG. 5: depicts an amino acid sequence alignment of T. reesei Eg4 (TrEG4) (SEQ ID NO:27)
with T. reesei Eg7 (TrEG7, or TrEGb) (SEQ ID NO:26) and TtEG (SEQ ID NO:29).

FIGs. 6A-6B: FIG. 6A provides conserved residues of T. reesei Eg4 (TrEg4), inferred from
sequence alignment and the known structures of TrEG7 (crystal structure at Protein Data Bank
Accession: pdb:2vtc) and TtEG (crystal structure at Protein Data Bank Accession: pdb:3EIl).
FIG. 6B provides conserved CBM domain residues inferred from sequence alignment with
known sequences of Tr6A, and Tr7A.

FIG. 7 lists a number of amino acid sequence motifs of GH61 endoglucanases. Each of the
"a"s in the sequence motifs represents an amino acid that may be any one of alanine, arginine,
asparagine, aspartic acid, cysteine, glutamic acid, glutamine, glycine, histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, or
valine.

FIGs. 8A-8l: FIG. 8A depicts pENTR-TOPO-Bgl1-943/942 plasmid. FIG. 8B depicts pTrex3g
943/942 expression vector. FIG. 8C depicts pENTR/ T. reesei Xyn3 plasmid. FIG. 8D depicts
pTrex3g/T. reesei Xyn3 expression vector. FIG. 8E depicts pENTR-Fv3A plasmid. FIG. 8F
depicts the pTrex6g plasmid. FIG. 8G depicts pTrex6g/Fv3A expression vector. FIG. 8H
depicts TOPO Blunt/Pegl1-Fv43D plasmid. FIG. 81 depicts TOPO Blunt/Pegl1-Fv51A plasmid.

FIG. 9: provides the enzyme composition of T. reesei integrated strain H3A.

FIG. 10: lists the enzymes (purified or unpurified) that were individually added to each of the
samples in Example 2, and the stock protein concentrations of these enzymes.

FIG. 11A-11D: FIG. 11A depicts glucose release following saccharification of dilute ammonia
pretreated corncob by adding enzyme compositions comprising various purified or non-purified
enzymes of FIG. 10, which were added to T. reese/ integrated strain H3A, in accordance with
Example 2. FIG. 11B depicts cellobiose release following saccharification of dilute ammonia
pretreated corncob by adding enzyme compositions comprising various purified or non-purified
enzymes of FIG. 10, which were added to T. reese/ integrated strain H3A, in accordance with
Example 2; FIG. 11C depicts xylobiose release following saccharification of dilute ammonia
pretreated corncob by adding enzyme compositions comprising various purified or non-purified
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enzymes of FIG. 10, which were added to T. reese/ integrated strain H3A, in accordance with
Example 2; FIG. 11D depicts xylose release following saccharification of dilute ammonia
pretreated corncob by adding enzyme compositions comprising various purified or non-purified
enzymes of FIG. 10, which were added to T. reese/ integrated strain H3A, in accordance with
Example 2.

FIGs. 12A-12B: FIG. 12A depicts the expression cassette Pegl/f-eg4-sucA, as described in
Example 3; FIG. 12B depicts the plasmid map of pCR Blunt |l TOPO containing expression
cassette pEG1-EG4-sucA, as described in Example 3.

FIG. 13: depicts the amount or percentage of glucan and xylan conversion to cellobiose,
glucose, xylobiose and xylose by an enzyme composition comprising enzymes produced by
the T. reeseij integrated strain H3A transformants expressing T. reesei Eg4, in accordance with
Example 3.

FIG. 14: depicts the increased percent glucan conversion observed using an increasing
amount of an enzyme composition produced by H3A transformants expressing T. reesei Eg4.
The experimental details are described in Example 3.

FIG. 15: provides a T. reesei Eg4 dosing chart for Example 4 (experiment 1). The sample
"#27" is an H3A/Eg4 integrated strain as described in Example 4. The amounts of purified T.
reesei Eg4 that were added were listed under "Sample Description” either by wt.% or by mass
(in mg protein/g G+X).

FIGs. 16A-16B: FIG. 16A depicts the effect of 7. reesei Eg4 on glucose release in
saccharification of dilute ammonia pretreated corncob according to Example 4. FIG. 16B
depicts the effect of T. reesei Eg4 on xylose release in saccharification of dilute ammonia
pretreated corncob. The Y-axes of these figures refer to the concentrations of glucose or
xylose released in the reaction mixtures. The X axes list the names/brief descriptions of the
enzyme composition samples. This is according to Example 4 (experiment 1).

FIGs. 17A-17B: FIG. 17A provides another T. reesei Eg4 dosing chart for Example 4
(experiment 2). The samples are described similarly to those in FIG. 15. The amounts of
purified T. reesei Eg4 that were added varied by smaller increments than those of Example 4,
experiment 1 (above). FIG. 17B provides another T. reesei Eg4 dosing chart for Example 4
(experiment 3). The samples are described similarly to those in FIGs. 16 and 17A. The
amounts of purified T. reesei Eg4 that were added varied by even finer increments than those
of Example 4, experiments 1 and 2 (above)

FIGs. 18A-18B: FIG. 18A depicts the effect of T. reesei Eg4 in various amounts (0.05 mg/g to
1.0 mg/g) on glucose release from saccharification of dilute ammonia pretreated corncob, as
described in Example 4. FIG. 18B depicts the effect of T. reesei Eg4 in various amounts (0.1
mg/g to 0.5 mg/g) on glucose release from saccharification of dilute ammonia pretreated
corncob, as described in Example 4.

FIG. 19: depicts the effect of T. reesei Eg4 in an enzyme composition on glucose/ xylose
release from saccharification of different solid loadings of dilute ammonia pretreated corn
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stover, as described in Example 5. The solid loading is listed on the x-axis as #%.

FIG. 20: provides percentage yield of xylose monomers released from dilute ammonia
pretreated corncob using an enzyme composition comprising 7. reesei Eg4, in accordance with
Example 6.

FIG. 21: provides percentage yield of glucose monomer released from dilute ammonia
pretreated corncob using an enzyme composition comprising 7. reesei Eg4, in accordance with
Example 6.

FIG. 22: provides yield (mg/ml) of total fermentable monomers released from dilute ammonia
pretreated corncob using an enzyme composition comprising 7. reesei Eg4, in accordance with
Example 6.

FIG. 23: compares the amounts of glucose released as a result of hydrolysis by an enzyme
composition without 7. reesei Eg4 vs. one comprising 7. reesei Eg4 at 0.53 mg/g. The
experiment is described in Example 7.

FIG. 24: depicts the glucose monomer release as a result of treating ammonia pretreated
corncob using purified T. reesei Eg4 alone, according to Example 7.

FIG. 25: depicts and compares the saccharification performance of the enzyme compositions
produced by the T. reeseij integrated strain H3A and the integrated strain H3A/Eg4 (strain #27),
at an enzyme dosage of 14 mg/g. This is according to the description of Example 8.

FIG. 26: depicts the saccharification performance of the enzyme compositions produced by the
T. reesei integrated strain H3A and the integrated strain H3A/Eg4 (strain #27), at various
enzyme dosages, on acid pretreated corn stover. This is according to the description of
Example 9.

FIG. 27: depicts the saccharification performance of the enzyme compositions produced by the
T. reesei integrated strain H3A and the integrated strain H3A/Eg4 (strain #27) on dilute
ammonia pretreated corn leaves, stalks, or cobs, according to Example 10.

FIG. 28: compares saccharification performance, in terms the amounts of glucose or xylose
released, of enzyme compositions produced by the T. reesei integrated strain H3A and the
integrated strain H3A/Eg4 (strain #27). This is according to Example 11.

FIG. 29: depicts the change in percent glucan and xylan conversion at increasing amounts of
an enzyme composition produced by the T. reesei integrated strain H3A/Eg4 (strain #27). This
is in accordance with the description of Example 12.

FIG. 30: is a table listing the effect of T. reesei Eg4 addition on dilute ammonia pretreated
corncob saccharification. Experimental conditions are described in Example 13.

FIG. 31: depicts CMC hydrolysis by T. reesei Eg4. Experimental conditions are described in
Example 13.
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FIG. 32: depicts cellobiose hydrolysis by T. reesei Eg4. Experimental conditions are described
in Example 13.

FIG. 33: depicts amounts for various enzyme compositions for saccharification. Experimental
conditions are described in Example 14.

FIG. 34: depicts the amount of glucose, glucose + cellobiose, or xylose produced with each
enzyme composition corresponding to FIG. 33. Experimental conditions are described in
Example 14.

FIG. 35: depicts various ratios of CBH1, CBH2 and T. reesei Eg2 mixtures, as described in
Example 15.

FIG. 36: depicts glucan conversion (%) using various enzyme compositions. Experimental
conditions are described in Example 15.

FIG. 37depicts the effect of ascorbic acid when a composition comprising 7. reesei Eg4 is used
to treat Avicel in the presence or absence of CBH |, acording to Example 22.

FIG. 38: depicts the effect of ascorbic acid on a composition comprising T. reesei Eg4 is used
to treat Avicel in the presence/absence of CBH Il, according to Example 22

FIGs. 39A-39B: FIG. 39A depicts the amount of substrate and various enzymes used in the
experiment of Example 22, with the result depicted in FIG. 37. FIG. 39B depicts the amount of
substrate and various enzymes used in the experiment of Example 22, with the result depicted
in FIG. 38.

FIG. 40: depicts glucose production from corncob hydrolysis using various enzyme
compositions, in accordance with the experiments described in Example 16.

FIG. 41: depicts xylose production from corncob hydrolysis using various enzyme compositions
in accordance with the description of Example 16.

FIG. 42: depicts viscosity of saccharification mixture using H3A and H3A added with purified
Eg4 over time in accordance with the description of Example 17.

FIG. 43: depicts viscosity of saccharification mixture using H3A and H3A/Eg4#27 over time in
accordance with the description of Example 18.

FIG. 44: depicts viscosity of saccharification of dilute ammonia pretreated corncob at 25% and
30% solids, using fermentation broths of H3A or of H3A/Eg4#27 broth at 14 mg/g cellulose, in
accordance with the description of Example 19.

FIG. 45: depicts glucose concentration in 6-h saccharification, 25% dry matter, 50°C, pH5.0
using various enzyme compositions according to Example 20.

FIG. 46: depicts glucose concentration in 24-hour saccharification, 25% dry matter, 50°C,
pH5.0 using various enzyme compositions according to Example 20.
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FIG. 47: depicts glucose concentration in saccharification over time, 25% dry matter, 50°C,
pH5.0 using various enzyme compositions according to Example 20.

FIG. 48: depicts glucan conversion in saccharification over time, 25% dry matter, 50°C, pH5.0
using various enzyme compositions according to Example 20.

FIG. 49 provides a summary of the sequence identifies in the present disclosure.

FIGs. 50A-50B: FIG. 50A depicts nucleotide sequence encoding Fv3A (SEQ ID NO:35). FIG.
50B depicts FVv3A amino acid sequence (SEQ ID NO:36), The predicted signal sequence is
underlined, and the predicted conserved domain is in bold.

FIGs. 51A-51B: FIG. 51A depicts nucleotide sequence encoding Pf43A (SEQ ID NO:37). FIG.
51B depicts Pf43A amino acid sequence (SEQ ID NO:38). The predicted signal sequence is
underlined, the predicted conserved domain is in bold, the predicted carbohydrate binding
module ("CBM") is in uppercase, and the predicted linker separating the CD and CBM is in
italics.

FIG. 52A-52B: FIG. 52A depicts nucleotide sequence encoding Fv43E (SEQ ID NO:39). FIG.
52B depicts FVv43E amino acid sequence (SEQ ID NO:40). The predicted signal sequence is
underlined, and the predicted conserved domain is in bold.

FIGs. 53A-53B: FIG. 53A depicts nucleotide sequence encoding Fv39A (SEQ ID NO:41). FIG.
53B depicts FV39A amino acid sequence (SEQ ID NO:42). The predicted signal sequence is
underlined, and the predicted conserved domain is in bold.

FIGs. 54A-54B: FIG. 54A depicts nucleotide sequence encoding Fv43A (SEQ ID NO:43). FIG.
54B depicts Fv43A amino acid sequence (SEQ ID NO:44). The predicted signal sequence is
underlined, the predicted conserved domain in bold, the predicted CBM in uppercase, and the
predicted linker connecting the conserved domain and CBM in italics.

FIGs. 55A-55B: FIG. 55A depicts nucleotide sequence encoding Fv43B (SEQ ID NO:45). FIG.
55B depicts Fv43B amino acid sequence (SEQ ID NO:46). The predicted signal sequence is
underlined. The predicted conserved domain is in boldface type.

FIGs. 56A-56B: FIG. 56A depicts nucleotide sequence encoding Pa51A (SEQ ID NO:47). FIG.
56B depicts Pa51A amino acid sequence (SEQ ID NO:48). The predicted signal sequence is
underlined. The predicted L-a-arabinofuranosidase conserved domain is in bold. For
expression in T. reesej, the genomic DNA was codon optimized (see FIG. 73C).

FIGs. 57A-57B: FIG. 57A depicts nucleotide sequence encoding Gz43A (SEQ ID NO:49). FIG.
57B depicts Gz43A amino acid sequence (SEQ ID NO:50). The predicted signal sequence is
underlined, and the predicted conserved domain is in bold. For expression in T. reesei, the
predicted signal sequence was replaced by T. reesei CBH1 signal sequence (myrklavisaflatara
(SEQ ID NO: 120)).

FIGs. 58A-58B: FIG. 58A depicts nucleotide sequence encoding Fo43A (SEQ ID NO:51). FIG.
58B depicts Fo43A amino acid sequence (SEQ ID NO:52). The predicted signal sequence is
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underlined, and the predicted conserved domain is in bold. For expression in T. reesei, the
predicted signal sequence was replaced by T. reesei CBH1 signal sequence (myrklavisaflatara
(SEQ ID NO:120))

FIGs. 59A-59B: FIG. 59A depicts nucleotide sequence encoding Af43A (SEQ ID NO:53). FIG.
59B depicts Af43A amino acid sequence (SEQ ID NO:54). The predicted conserved domain is
in bold.

FIGs. 60A-60B: FIG. 60A depicts nucleotide sequence encoding Pf51A (SEQ ID NO:55). FIG.
60B depicts Pf51A amino acid sequence (SEQ ID NO:56). The predicted signal sequence is
underlined, and the predicted L-a-arabinofuranosidase conserved domain in bold. For
expression in T. reesei, the predicted signal sequence was replaced by a codon optimized the
T. reesei CBH1 signal sequence (myrklavisaflatara (SEQ ID NO: 120)) (underlined) and the
Pf51A nucleotide sequence was codon optimized for expression.

FIGs. 61A-61B: FIG. 61A depicts nucleotide sequence encoding AfuXyn2 (SEQ ID NO:57).
FIG. 61B depicts AfuXyn2 amino acid sequence (SEQ ID NO:58). The predicted signal
sequence is underlined, and the predicted GH11 conserved domain in bold.

FIGs. 62A-62B: FIG. 62A depicts nucleotide sequence encoding AfuXyn5 (SEQ ID NO:59).
FIG. 62B depicts AfuXyn5 amino acid sequence (SEQ ID NO:60). The predicted signal
sequence is underlined, and the predicted GH11 conserved domain in bold. FIGs. 63A-63B:
FIG. 63A depicts nucleotide sequence encoding Fv43D (SEQ ID NO:61). FIG. 63B depicts
Fv43D amino acid sequence (SEQ ID NO:62). The predicted signal sequence is underlined.
The predicted conserved domain is in bold.

FIGs. 64A-64B: FIG. 64A depicts nucleotide sequence encoding Pf43B (SEQ ID NO:63).
FIG. 64B depicts Pf43B amino acid sequence (SEQ ID NO:64). The predicted signal sequence
is underlined, and the predicted conserved domain is in bold.

FIGs. 65A-65B: FIG. 65A depicts nucleotide sequence encoding Fv51A (SEQ ID NO:65). FIG.
65B depicts Fv51A amino acid sequence (SEQ ID NO:66). The predicted signal sequence is
underlined, and the predicted L-a-arabinofuranosidase conserved domain is in bold.

FIGs. 66A-66B: FIG. 66A depicts nucleotide sequence encoding Cg51B (SEQ ID NO:67). FIG.
66B depicts Cg51B amino acid sequence (SEQ ID NO:68). The predicted signal sequence
corresponding is underlined, and the predicted conserved domain is in bold.

FIGs. 67A-67B: FIG. 67A depicts nucleotide sequence encoding Fv43C (SEQ ID NO:69). FIG.
67B depicts Fv43C amino acid sequence (SEQ ID NO:70). The predicted signal sequence is
underlined, and the predicted conserved domain is in bold.

FIGs. 68A-68B: FIG. 68A depicts nucleotide sequence encoding Fv30A (SEQ ID NO:71). FIG.
68B depicts Fv30A amino acid sequence (SEQ ID NO:72). The predicted signal sequence is
underlined.

FIGs. 69A-69B: FIG. 69A depicts nucleotide sequence encoding Fv43F (SEQ ID NO:73). FIG.
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69B depicts Fv43F amino acid sequence (SEQ ID NO:74). The predicted signal sequence is
underlined.

FIGs. 70A-70B: FIG. 70A depicts nucleotide sequence encoding T. reesei Xyn3 (SEQ ID
NO:75). FIG. 70B depicts Xyn3 amino acid sequence (SEQ ID NO:76). The predicted signal
sequence is underlined, and the predicted conserved domain is in bold.

FIGs. 71A-71B: FIG. 71A depicts amino acid sequence of T. reesei Xyn2 (SEQ ID NO:77).
The signal sequence is underlined. The predicted conserved domain is in bold. The coding
sequence can be found in Térrénen et al. Biotechnology, 1992, 10:1461-65. FIG. 71B depicts
the nucleotide sequence encoding Xyn2 (SEQ ID NO:160).

FIGs. 72A-72B: FIG. 72A depicts amino acid sequence of T. reesei Bxll (SEQ ID NO:78). The
signal sequence is underlined. The predicted conserved domain is in bold. The coding
sequence can be found in Margolles-Clark et al. Appl. Environ. Microbiol. 1996, 62(10):3840-
46. FIG. 72B depicts nucleotide sequence encoding Bxll (SEQ ID NO: 159)

FIGs. 73A-73F: FIG. 73A depicts amino acid sequence of T. reesei Bgl1 (SEQ ID NO:79). The
signal sequence is underlined. The predicted conserved domain is in bold. The coding
sequence can be found in Barnett et al. Bio-Technology, 1991, 9(6):562-567. FIG. 73B depicts
deduced cDNA for Pa51A (SEQ ID NO:80). FIG. 73C depicts codon optimized cDNA for Pa51A
(SEQ ID NO:81). FIG. 73D: depicts coding sequence for a construct comprising a CBH1 signal
sequence (underlined) upstream of genomic DNA encoding mature Gz43A (SEQ ID NO:82).
FIG. 73E: depicts coding sequence for a construct comprising a CBH1 signal sequence
(underlined) upstream of genomic DNA encoding mature Fo43A (SEQ ID NO:83). FIG. 73F:
depicts codon optimized coding sequence for a construct comprising a CBH1 signal sequence
(underlined) upstream of codon optimized DNA encoding mature Pf51A (SEQ ID NO:92).

FIGs. 74A-74B: FIG. 74A depicts nucleotide sequence encoding Pa3D (SEQ ID NO:93). FIG.
74B depicts amino acid sequence of Pa3D (SEQ ID NO:94). The predicted signal sequence is
underlined, and the predicted conserved domains are in bold.

FIGs. 75A-75B: FIG. 75A depicts nucleotide sequence encoding Fv3G (SEQ ID NO:95). FIG.
75B depicts amino acid sequence of Fv3G (SEQ ID NO:96). The predicted signal sequence is
underlined, and the predicted conserved domains are in bold.

FIGs. 76 A-76B: FIG. 76A depicts nucleotide sequence encoding Fv3D (SEQ ID NO:97). FIG.
76B depicts amino acid sequence of Fv3D (SEQ ID NO:98). The predicted signal sequence is
underlined, and the predicted conserved domains are in bold.

FIGs. 77A-77B: FIG. 77A depicts nucleotide sequence encoding Fv3C (SEQ ID NO:99). FIG.
77B depicts amino acid sequence of Fv3C (SEQ ID NO:100). The predicted signal sequence is
underlined, and the predicted conserved domains are in bold.

FIGs. 78A-78B: FIG. 78A depicts nucleotide sequence encoding Tr3A (SEQ ID NO:101). FIG.
78B depicts amino acid sequence of Tr3A (SEQ ID NO:102). The predicted signal sequence is
underlined, and the predicted conserved domains are in bold.
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FIGs. 79A-79B: FIG. 79A depicts nucleotide sequence encoding Tr3B (SEQ ID NO:103). FIG.
79B depicts amino acid sequence of Tr3B (SEQ ID NO:104). The predicted signal sequence is
underlined, and the predicted conserved domains are in bold.

FIGs. 80A-80B: FIG. 80A depicts nucleotide sequence encoding Te3A (SEQ ID NO: 105). FIG.
80B depicts amino acid sequence of Te3A (SEQ ID NO: 106). The predicted signal sequence
is underlined, and the predicted conserved domains are in bold.

FIGs. 81A-81B: FIG. 81A depicts nucleotide sequence encoding An3A (SEQ ID NO:107). FIG.
81B depicts amino acid sequence of An3A (SEQ ID NO:108). The predicted signal sequence is
underlined, and the predicted conserved domains are in bold.

FIGs. 82A-82B: FIG. 82A depicts nucleotide sequence encoding Fo3A (SEQ ID NO:109). FIG.
82B depicts amino acid sequence of Fo3A (SEQ ID NO:110). The predicted signal sequence is
underlined, and the predicted conserved domains are in bold.

FIGs. 83A-83B: FIG. 83A depicts nucleotide sequence encoding Gz3A (SEQ ID NO:111). FIG.
83B depicts amino acid sequence of Gz3A(SEQ ID NO:112). The predicted signal sequence is
underlined, and the predicted conserved domains are in bold.

FIGs. 84A-84B: FIG. 84A depicts nucleotide sequence encoding Nh3A (SEQ ID NO:113). FIG.
84B depicts amino acid sequence of Nh3A (SEQ ID NO:114). The predicted signal sequence is
underlined, and the predicted conserved domains are in bold.

FIGs. 85A-85B: FIG. 85A depicts nucleotide sequence encoding Vd3A (SEQ ID NO: 115). FIG.
85B depicts amino acid sequence of Vd3A (SEQ ID NO: 116). The predicted signal sequence
is underlined, and the predicted conserved domains are in bold.

FIGs. 86A-86B: FIG. 86A depicts nucleotide sequence encoding Pa3G(SEQ ID NO:117). FIG.
86B depicts amino acid sequence of Pa3G (SEQ ID NO:118). The predicted signal sequence is
underlined, and the predicted conserved domains are in bold.

FIG. 87: depicts amino acid sequence encoding Tn3B (SEQ ID NO:119). The standard signal
prediction program, Signal P (www.cbs.dtu.dk/services/ SignalP/) provided no predicted signal.

FIG. 88: depicts a partial amino acid sequence alignment of the CBM domains of T. reese/ Eg4
(SEQ ID NO:27) with Tr6A (SEQ ID NO:31) and with Tr7A (SEQ ID NO:32).

FIGs. 89A-89C: FIG. 89A depicts amino acid sequence of Eg6 (SEQ ID NO:33) from T. reesei.
The bolded amino acid sequence is the predicted signal peptide sequence. FIG. 89B depicts
amino acid sequence of S. coccosporum endoglucanase SEQ ID NO:34; FIG. 89C depicts the
nucleotide sequence encoding a GH61A from Thermoascus aurantiacus, SEQ 1D NO:149.

FIGs 90A-90I: FIG. 90A depicts amino acid sequence of Afu7A (SEQ ID NO: 150), a homolog
of CBH1 of T. reesei. FIG. 90B depicts amino acid sequence of Afu7B (SEQ ID NO:151), a
homolog of CBH1 of T. reesei. FIG. 90C depicts amino acid sequence of Cg7A(SEQ ID NO:
152), a homolog of CBH1 of T. reesei. FIG. 90D depicts amino acid sequence of Cg7B(SEQ ID
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NO: 153), a homolog of CBH1 of T. reesei. FIG. 90E depicts amino acid sequence of
Tt7A(SEQ ID NO: 154), a homolog of CBH1 of T. reesei. FIG. 90F depicts amino acid
sequence of Tt7B(SEQ ID NO: 155), a homolog of CBH1 of T. reesei. FIG. 90G depicts amino
acid sequence of St6A (SEQ ID NO: 156), a homolog of CBH2 of T. reesei. FIG. 90H depicts
amino acid sequence of St6B (SEQ ID NO: 157), a homolog of CBH2 of T. reesei FIG. 90l
amino acid sequence of Tt6A (SEQ ID NO: 158), a homolog of CBH2 of T. reesei.

DETAILED DESCRIPTION OF THE INVENTION

[0072] Unless defined otherwise, all technical and scientific terms used herein have the
meaning as commonly understood by a skilled person in the art to which this invention
belongs. Singleton, et al., DICTIONARY OF MICROBIOLOGY AND MOLECULAR BIOLOGY,
2D ED., John Wiley and Sons, New York (1994), and Hale & Marham, THE HARPER COLLINS
DICTIONARY OF BIOLOGY, Harper Perennial, N.Y. (1991) provide one of skill with a general
dictionary of many of the terms used in this invention. Although any methods and materials
similar or equivalent to those described herein can be used in the practice of the present
invention, the preferred methods and materials are described. Numeric ranges are inclusive of
the numbers defining the range. The invention is not limited to the particular methodology,
protocols, and reagents described, as these may vary.

[0073] The headings provided herein do not limit the various aspects or embodiments of the
invention that can be had by reference to the specification as a whole. Accordingly the terms
defined below are more fully defined by reference to the specification as a whole.

[0074] The present disclosure provides compositions comprising a polypeptide having glycosyl
hydrolase family 61 ("GH61")/endoglucanase activity, polypeptides having
GH61/endoglucanase activity, nucleotides encoding a polypeptide provided herein, vectors
containing nucleotide provided herein, and cells containing nucleotide and/or vector provided
herein. The present disclosure further provides methods of hydrolyzing a biomass material and
methods of reducing the viscosity of a biomass-containing mixture using a composition
provided herein.

[0075] The term "isolated" as used herein with respect to nucleic acids, such as DNA or RNA,
refers to molecules separated from other DNAs or RNAs, respectively, which are present in the
natural source of the nucleic acid. Moreover, by an "isolated nucleic acid" is meant to include
nucleic acid fragments, which are not naturally occurring as fragments and would not be found
in the natural state. The term "isolated" is also used herein to refer to polypeptides, which are
isolated from other cellular proteins and is meant to encompass both purified and recombinant
polypeptides. The term "isolated" as used herein also refers to a nucleic acid or polypeptide
that may be substantially free of cellular material, viral material, or culture medium when
produced by recombinant DNA techniques. The term “isolated" as used herein additionally
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refers to a nucleic acid or polypeptide that may be substantially free of chemical precursors or
other chemicals when chemically synthesized.

[0076] As used herein, a "variant" of polypeptide X refers to a polypeptide having the amino
acid sequence of polypeptide X with one or more altered amino acid residues. The variant may
have conservative or nonconservative changes. Guidance in determining which amino acid
residues may be substituted, inserted, or deleted without affecting biological activity may be
found using computer programs known in the art, e.g., LASERGENE software (DNASTAR). A
variant of the invention includes polypeptides comprising altered amino acid sequences in
comparison with a precursor enzyme amino acid sequence, wherein the variant enzyme
retains the characteristic cellulolytic nature of the precursor enzyme but may have altered
properties in some specific aspects, e.g., an increased or decreased pH optimum, an
increased or decreased oxidative stability; an increased or decreased thermostability, and
increased or decreased level of specific activity towards one or more substrates, as compared
to the precursor enzyme.

[0077] As used herein, a polypeptide or nucleic acid that is "heterologous” to a host cell refers
to a polypeptide or nucleic acid that does not naturally occur in a host cell.

[0078] Reference to "about" a value or parameter herein includes (and describes) variations
that are directed to that value or parameter per se. For example, description referring to "about
X" includes description of "X".

[0079] As used herein and in the appended claims, the singular forms "a,” "or," and "the"
include plural referents unless the context clearly dictates otherwise.

[0080] It is understood that aspects and variations of the methods and compositions described
herein include "consisting” and/or "consisting essentially of" aspects and variations.

Polypeptides

[0081] The disclosure provides polypeptides (e.g., isolated, synthetic, or recombinant
polypeptides) having GH61/endoglucanase activity. For example, the present disclosure
provides GH61 endoglucanases from various species or variants thereof, endoglucanase IV
(or endoglucanase 4) polypeptides (also described herein as "Eg4" or "EG4", which are used
interchangeably herein) from various species or variants thereof, and Trichoderma reesei Eg4
polypeptide or variants thereof. In some aspects, the polypeptide is isolated.

Glycoside hydrolase family 61 ("GH61 ") enzymes

[0082] Glycoside hydrolase family 61 ("GH61") enzymes have been identified in Eukaryota. A
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weak endoglucanase activity has been observed for Cel61A from Hypocrea jecorina (Karlsson
et al, Eur J Biochem, 2001, 268(24):6498-6507), which is thus said to have
GH61/endoglucanase activityy GH61 polypeptides potentiate enzymatic hydrolysis of
lignocellulosic substrates by cellulases (Harris et al, 2010, Biochemistry, 49(15) 3305-16).
Studies on homologous polypeptides involved in chitin degradation predict that GH61
polypeptides may employ an oxidative hydrolysis mechanism that requires an electron donor
substrate and in which divalent metal ions are involved (Vaaje-Kolstad, 2010, Science,
330(6001), 219-22). This agrees with the observation that the synergistic effect of GH61
polypeptides on lignocellulosic substrate degradation is dependent on divalent ions (Harris et
al, 2010, Biochemistry, 49(15) 3305-16). A number of available structures of GH61
polypeptides have divalent atoms bound by a number of conserved amino acid residues
(Karkehabadi, 2008, J. Mol. Biol., 383(1) 144-54; Harris et al, 2010, Biochemistry, 49(15) 3305-
16). It has been reported that the GH61 polypeptides have a flat surface at the metal binding
site that is formed by conserved residues and might be involved in substrate binding
(Karkehabadi, 2008, J. Mol. Biol., 383(1), 144-54).

[0083] The present disclosure provides polypeptides having GH61/endoglucanase activity
(e.g., isolated polypeptide) which can be a GH61 endoglucanase or endoglucanase IV ("EG
IV") from various species, or can also be a polypeptide from various species corresponding to
(sharing homology with, sharing functional domains, sharing GH61 motif(s), and/or sharing
conservative residues with) a GH61 endoglucanase (e.g., a Trichoderma reesei Eg4
polypeptide). Such species include Trichoderma, Humicola, Fusarium, Aspergillus,
Neurospora, Penicillium, Cephalosporium, Achlya, Podospora, Endothia, Mucor, Cochliobolus,
Pyricularia, Chrysosporium, Aspergillus awamori, Aspergillus fumigatus, Aspergillus foetidus,
Aspergillus  japonicus, Aspergillus nidulans, Aspergillus niger, Aspergillus oryzae,
Chrysosporium  lucknowense, Fusarium bactridioides, Fusarium cerealis, Fusarium
crookwellense, Fusarium culmorum, Fusarium graminearum, Fusarium graminum, Fusarium
heterosporum, Fusarium negundi, Fusarium oxysporum, Fusarium reticulatum, Fusarium
roseum, Fusarium sambucinum, Fusarium sarcochroum, Fusarium sporotrichioides, Fusarium
sulphureum, Fusarium torulosum, Fusarium trichothecioides, Fusarium venenatum,
Bjerkandera adusta, Ceriporiopsis aneirina, Ceriporiopsis aneirina, Ceriporiopsis caregiea,
Ceriporiopsis gilvescens, Ceriporiopsis pannocinta, Ceriporiopsis rivulosa, Ceriporiopsis
subrufa, Ceriporiopsis subvermispora, Coprinus cinereus, Coriolus hirsutus, Humicola insolens,
Humicola lanuginosa, Mucor miehei, Myceliophthora thermophila, Neurospora crassa,
Neurospora intermedia, Penicillium purpurogenum, Penicillium canescens, Penicillium solitum,
Penicillium funiculosum Phanerochaete chrysosporium, Phlebia radiate, Pleurotus eryngii,
Talaromyces flavus, Thielavia terrestris, Trametes villosa, Trametes versicolor, Trichoderma
harzianum, Trichoderma koningii, Trichoderma Jlongibrachiatum, Trichoderma reesei,
Trichoderma viride, Geosmithia emersonii, or G. stearothermophilus.

[0084] Polypeptides having GH61/endoglucanase activity include a number of GH61
endoglucanases listed in FIG. 1. For example, suitable GH61 endoglucanases include those
comprising amino acid sequences that are at least about 60% identical to the various
sequences listed in FIG. 1, including, for example, those represented by their GenBank
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Accession Numbers CAB97283.2, CAD70347.1, CAD21296.1, CAE81966.1, CAF05857.1,
EAA26873.1, EAA29132.1, EAA30263.1, EAA33178.1, EAA33408.1, EAA34466.1,
EAA36362.1, EAA29018.1, and EAA29347.1, or St61 from S. thermophilum 24630, St61A from
S. thermophilum 23839c, St61B from S. thermophilum 46583, St61D from S. thermophilum
80312, Afu61a from A. fumigatus Afu3g03870 (NCBI Ref. XP_748707), an endoglucanase
having NCBI Ref: XP_750843.1 from A. fumigatus Afu6g09540, an endoglucanase from A.
fumigatus EDP47167, an endoglucanase from T. terrestris 16380, an endoglucanase from T.
terrestris 155418, an endoglucanase from T. terrestris 68900, Cg61A (Accession Number
EAQ86340.1) from C. globosum, T. reesei Eg7, T. reesei Eg4, and an endoglucanase with
GenBank Accesssion Number XP_752040 from A. fumigatus Af293. The GH61 endoglucanase
polypeptide of the invention comprises an amino acid sequence of at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%) sequence identity to any one of SEQ ID NO:27. In
some aspects, a suitable GH61 endoglucanase polypeptide of the invention comprises one or
more of the amino acid sequence motifs selected from: (1) SEQ ID NOs:84 and 88; (2) SEQ ID
NOs:85 and 88; (3) SEQ ID NO:86; (4) SEQ ID NO:87; (5) SEQ ID NOs:84, 88 and 89; (6) SEQ
ID NOs:85, 88, and 89; (7) SEQ ID NOs: 84, 88, and 90; (8) SEQ ID NOs: 85, 88 and 90; (9)
SEQ ID NOs:84, 88 and 91; (10) SEQ ID NOs: 85, 88 and 91; (11) SEQ ID NOs: 84, 88, 89 and
91; (12) SEQ ID NOs: 84, 88, 90 and 91; (13) SEQ ID NOs: 85, 88, 89 and 91:(14) SEQ ID
NOs: 85, 88, 90 and 91 and (15) SEQ ID NOs 1-26, 28 and 148. The polypeptide may be at
least 100 (e.g., 110, 120, 130, 140, 150, 160, 170, 180, 200, 220, 250 or more) residues in
length.

[0085] Polypeptides having GH61/endoglucanase activity (e.g., isolated polypeptide) provided
herein may also be a variant of a GH61 endoglucanase, e.g., any of the polypeptides with
amino acid sequences shown FIG. 1 of the present disclosure. For example, suitable GH61
endoglucanases include those represented by their GenBank Accession Numbers
CAB97283.2, CAD70347.1, CAD21296.1, CAE81966.1, CAF05857.1, EAA26873.1,
EAA29132.1, EAA30263.1, EAA33178.1, EAA33408.1, EAA34466.1, EAA36362.1,
EAA29018.1, and EAA29347.1, or Si61 from S. thermophilum 24630, St61A from S.
thermophilum 23839c, St61B from S. thermophilum 46583, St61D from S. thermophilum
80312, Afub1a from A. fumigatus Afu3g03870 (NCBI Ref. XP_748707), an endoglucanase with
NCBI Ref: XP_750843.1 from A. fumigatus Afu6g09540, an endoglucanase from A. fumigatus
EDP47167, an endoglucanase from T. terrestris 16380, an endoglucanase from T. terrestris
155418, an endoglucanase from T. terrestris 68900, Cg61A (EAQ86340.1) from C. globosum |,
T. reesei Eg7, T. reesei Eg4, and an endoglucanase with GenBank Accession: XP_752040
from A. fumigatus Af293. In some aspects, the polypeptide having GH61/endoglucanase
activity (e.g., isolated polypeptide) is a variant of EG IV. In some aspects, the polypeptide
having GH61/ endoglucanase activity (e.g., isolated polypeptide) is a variant of a GH61
endoglucanase, wherein the variant has an amino acid sequence having at least about 60%
(e.g., at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%)
identity as any one of the amino acid sequences SEQ ID NOs: 1-29 and 148.

[0086] An alignment using amino acid sequences SEQ ID NOs:1-29 and 148 was performed
and the alignment result is shown in FIG. 3. FIG.2 shows the percent identity and divergence
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results from comparison of the amino acid sequences of the polypeptides. The alignment
indicated that the GH61 endoglucanase polypeptides share certain sequence motifs, and such
motifs are shown in FIG. 7 of the present disclosure.

[0087] Accordingly, the present disclosure provides polypeptides (e.g., isolated, synthetic, or
recombinant polypeptides) having GH61/endoglucanase activity, which may be a GH61
endoglucanase or a variant thereof, and the variant may comprise at least one motif (at least
any of 2, 3, 4, 5, 6, 7, or 8) selected from SEQ ID NOs:84-91. Each of the "a"s in sequence
motifs with SEQ ID NOs:84-91 (described in FIG.7) represents an amino acid that may be any
one of alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine, glycine,
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine, or valine. For example, in some aspects, the disclosure provides
polypeptides (e.g., isolated, synthetic, or recombinant polypeptides) comprising at least one
sequence motif, such as at least one (e.g., 2, 3,4, 5, 6, 7, or 8) of SEQ ID NOs: 84, 85, 86, 87,
88, 89, 90, and 91. In some aspects, the disclosure provides polypeptides (e.g., isolated,
synthetic, or recombinant polypeptides) comprising one or more of the sequence motifs
selected from the group consisting of: (1) SEQ ID NOs:84 and 88; (2) SEQ ID NOs:85 and 88;
(3) SEQ ID NO:86; (4) SEQ ID NO:87; (5) SEQ ID NOs:84, 88 and 89; (6) SEQ ID NOs:85, 88,
and 89; (7) SEQ ID NOs: 84, 88, and 90; (8) SEQ ID NOs: 85, 88 and 90; (9) SEQ ID NOs:84,
88 and 91; (10) SEQ ID NOs: 85, 88 and 91; (11) SEQ ID NOs: 84, 88, 89 and 91; (12) SEQ ID
NOs: 84, 88, 90 and 91, (13) SEQ ID NOs: 85, 88, 89 and 91: and (14) SEQ ID NOs: 85, 88,
90 and 91, , over a region of at least about 10, e.g., at least about any of 15, 20, 25, 30, 35,
40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 125, 150, 175, 200, 225, 250, 275, 300,
325, or 350 residues, or over the full length of the immature polypeptide, the full length mature
polypeptide, the full length of the conserved domain, and/or the full length CBM. The
conserved domain can be a predicted catalytic domain ("CD"). Exemplary polypeptides also
include fragments of at least about 10, e.g., at least about any of 15, 20, 25, 30, 35, 40, 45, 50,
75, 80, 85, 90, 95, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, or 600 residues in length.
The fragments can comprise a conserved domain and/or a CBM. Where a fragment comprises
a conserved domain and a CBM of an enzyme, the fragment optionally includes a linker
separating the two. The linker can be a native linker or a heterologous linker. In some aspects,
the polypeptide has GH61/endoglucanase activity.

[0088] In some aspects, the polypeptide having GH61/endoglucanase activity is a GH61
endoglucanase or a variant thereof, an enzyme comprising any one of SEQ ID NOs: 1-29 and
148, or a variant thereof, an EG IV or a variant thereof, or a 7. reesei Eg4 or a variant thereof.
A variant described here has endoglucanase activityy The polypeptide having GH61/
endoglucanase activity (including a variant) may comprise a CBM domain (e.g., functional CBM
domain). The polypeptide having GH61/ endoglucanase activity (including a variant) may
comprise a catalytic domain (e.g., function catalytic domain).

[0089] T. reesei Eg4 is a GH61 endoglucanase polypeptide. The amino acid sequence of T.
reesei Eg4 (SEQ ID NO:27) is shown in FIGs. 1, 4B and 5. SEQ ID NO:27 is the sequence of
the immature T. reesei Eg4. T. reesei Eg4 has a predicted signal sequence corresponding to
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residues 1 to 21 of SEQ ID NO:27 (underlined); cleavage of the signal sequence is predicted to
yield a mature polypeptide having a sequence corresponding to residues 22 to 344 of SEQ ID
NO:27. The predicted conserved domains correspond to residues 22-256 and 307-343 of SEQ
ID NO:27, with the latter being the predicted carbohydrate-binding domain (CBM). T. reesei
Eg4 was shown to have endoglucanse activity in, for example, an enzymatic assay using
carboxy methyl cellulose as substrates. Methods of measuring endoglucanse activity are also
known to one skilled in the art.

[0090] The disclosure further provides a variant of Trichoderma reesei Eg4 polypeptide, which
may comprise a sequence having at least about 60% (e.g., at least about 65%, 70%, 71%,
72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%) sequence identity to at
least about 50 (e.g., at least about 55, 60, 65, 70, 75, 100, 125, 150, 175, 200, 250, or 300)
contiguous amino acid residues among residues 22 to 344 of SEQ ID NO:27. For example, the
disclosure provides variants of T. reesei Eg4 polypeptide. Such variants may have at least
about 70% (e.g., at least about 70%, 75%, 80%, 85%, 88%, 90%, 92.5%, 95%, 96%, 97%,
98%, or 99%) identity to residues 22 to 344 of SEQ ID NO:27. The polypeptide or a variant
thereof may be isolated. The polypeptide or a variant thereof may have endoglucanase activity.

[0091] T. reesei Eg4 residues H22, H107, H184, Q193, and Y195 were predicted to function as
metal coordinator residues; residues D61 and G63 were predicted to be conserved surface
residues; and residue Y232 were predicted to be involved in activity, based on an amino acid
sequence alignment of a number of known endoglucanases, e.g., an endoglucanase from T.
terrestris (Accession No. ACE10234, also termed "TtEG" herein) (SEQ ID NO:29), and another
endoglucanse Eg7 (Accession No. ADA26043.1) from T. reesei (also termed "TrEGb"or
"TrEG7" herein), with T. reesei Eg4 (see, FIG. 5). The predicted conserved residues in T.
reesei Eg4 A are shown in FIGs. 6A and 6B. A variant of T. reesei Eg4 polypeptide may be
unaltered, as compared to a native T. reesei Eg4, at residues H22, H107, H184, Q193, Y195,
D61, G63, and Y232. A variant of T. reesei Eg4 polypeptide may be unaltered in at least 60%,
70%, 80%, 90%, 95%, 98%, or 99% of the amino acid residues that are conserved among
TrEGb, TtEG, and T. reesei Eg4, as shown in the alignment of FIG. 5. A variant of T. reesei
Eg4 polypeptide may comprise the entire predicted conserved domains of native T.reesej Eg4.
See FIGs. 5 and 6. An exemplary variant of T.reesei Eg4 polypeptide comprises a sequence
having at least about any of 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the mature T.reesei Eg4 sequence
shown in FIG. 4B (e.g., residues 22 to 344 of SEQ ID NO:27). In some aspects, the variant of
T.reesei Eg4 polypeptide has endoglucanse (e.g., endoglucanse IV (EGIV)) activity.

[0092] In some aspects, a variant of T. reesei Eg4 polypeptide has endoglucanase activity and
comprises an amino acid sequence with at least about any of 60%, 65%, 70%, 75%, 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the amino acid sequence of SEQ ID NO:27, or to residues (i) 22-255, (ii)
22-343, (iii) 307-343, (iv) 307-344, or (v) 22-344 of SEQ ID NO:27.
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[0093] In some aspects, the polypeptide or a variant thereof comprises residues
corresponding to at least about 3 residues (e.g., at least about any of 4, 5,6, 7, 8,9, 10, 11, or
12) of H22, D61, G63, C77, H107, R177, E179, H184, Q193, C198, Y195, and Y232 of SEQ ID
NO:27. In some aspects, the polypeptide or a variant thereof comprises residues
corresponding to H22, D61, G63, C77, H107, R177, E179, H184, Q193, C198, Y195, and
Y232 of SEQ ID NO:27. In some aspects, the polypeptide or a variant thereof comprises
residues corresponding to at least 3 residues (e.g., at least about any of 4, 5,6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, or 19) of G313, Q314, C315, G316, G317, S321, G322, P323,
T324, C326, A327, T331, C332, N336, Y338, Y339, Q341, C342, and L343 of SEQ ID NO:27.
In some aspects, the polypeptide or a variant thereof comprises residues corresponding to
G313, Q314, C315, G316, G317, S321, G322, P323, T324, C326, A327, T331, C332, N3386,
Y338, Y339, Q341, C342, and L343 of SEQ ID NO:27. In some aspects, the polypeptide or a
variant thereof comprises a CBM domain (e.g., functional CBM domain). In some aspects, the
polypeptide or a variant thereof comprises a catalytic domain (e.g., functional catalytic
domain). The polypeptide suitably has endoglucanase activity.

[0094] A variant of GH61 endoglucanase, an endoglucanase comprising any one of SEQ ID
NOs:1-29 and 148, an EG |V, or Trichoderma reesei Eg4 polypeptide may be made using
amino acid substitution. Conservative substitutions are shown in the table below under the
heading of "conservative substitutions". Substitutions may also be exemplary substitution
shown in the table below.

Table 1: Amino Acid Substitutions.

Original Residue jConservative Substitutions {Exemplary Substitutions

Ala (A) Val Val; Levu; lle

Arg (R) Lys Lys; GIn; Asn

Asn (N) GIn GIn; His; Asp, Lys; Arg

Asp (D) Glu Glu; Asn

Cys (C) Ser Ser; Ala

GIn (Q) Asn Asn; Glu

Glu (E) Asp Asp; GIn

Gly (G) Ala Ala

His (H) Arg Asn; GIn; Lys; Arg

lle (1) Leu Leu; Val; Met; Ala; Phe; Norleucine
Leu (L) lle Norleucine; lle; Val: Met; Ala; Phe
Lys (K) Arg Arg; GIn; Asn

Met (M) Leu Leu; Phe; lle

Phe (F) Tyr Leu; Val; lle; Ala; Tyr

Pro (P) Ala Ala

Ser (S) Thr Thr

Thr (T) Ser Ser
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Original Residue jConservative Substitutions {Exemplary Substitutions

Trp (W) Tyr Tyr; Phe

Tyr (Y) Phe Trp; Phe; Thr; Ser

Val (V) Leu lle; Leu; Met; Phe; Ala; Norleucine

[0095] Substantial modifications in the enzymatic properties of the polypeptide are
accomplished by selecting substitutions that differ significantly in their effect on maintaining (a)
the structure of the polypeptide backbone in the area of the substitution, for example, as a
sheet or helical conformation, (b) the charge or hydrophobicity of the molecule at the target
site, or (c) the bulk of the side chain. Naturally occurring residues are divided into groups
based on common side-chain properties:

. (1) Non-polar: Norleucine, Met, Ala, Val, Leu, He;

. (2) Polar without charge: Cys, Ser, Thr, Asn, GIn;

. (3) Acidic (negatively charged): Asp, Glu;

. (4) Basic (positively charged): Lys, Arg;

. (5) Residues that influence chain orientation: Gly, Pro; and
. (6) Aromatic: Trp, Tyr, Phe, His.

(o2 &) B - NG I S

[0096] Non-conservative substitutions are made by exchanging a member of one of these
classes for another class. Any cysteine residue not involved in maintaining the proper
conformation of the polypeptide also may be substituted, generally with serine, to improve the
oxidative stability of the molecule and prevent aberrant cross-linking. Conversely, cysteine
bond(s) may be added to the polypeptide to improve its stability.

[0097] In some aspects, a polypeptide (e.g., isolated, synthetic, or recombinant polypeptide)
having GH61/endoglucanase activity is a fusion or chimeric polypeptide that includes a domain
of a polypeptide of the present disclosure attached to one or more fusion segments, which are
typically heterologous to the polypeptide (e.g., derived from a different source than the
polypeptide of the disclosure). Suitable fusion or chimeric segments include, without limitation,
segments that can enhance a polypeptide's stability, provide other desirable biological activity
or enhanced levels of desirable biological activityy, and/or facilitate purification of the
polypeptide (e.g., by affinity chromatography). A suitable fusion segment can be a domain of
any size that has the desired function (e.g., imparts increased stability, solubility, action or
biological activity; and/or simplifies purification of a polypeptide). A fusion or hybrid polypeptide
can be constructed from two or more fusion or chimeric segments, each of which or at least
two of which are derived from a different source or microorganism. Fusion or hybrid segments
can be joined to amino and/or carboxyl termini of the domain(s) of a polypeptide of the present
disclosure. The fusion segments can be susceptible to cleavage. There may be some
advantage in having this susceptibility, for example, it may enable straight-forward recovery of
the polypeptide of interest. Fusion polypeptides may be produced by culturing a recombinant
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cell transfected with a fusion nucleic acid that encodes a polypeptide, which includes a fusion
segment attached to either the carboxyl or amino terminal end, or fusion segments attached to
both the carboxyl and amino terminal ends, of a polypeptide, or a domain thereof.

[0098] Accordingly, polypeptides of the present disclosure also include expression products of
gene fusions (e.g., an overexpressed, soluble, and active form of expression product), of
mutagenized genes (e.g., genes having codon modifications to enhance gene transcription
and translation), and of truncated genes (e.g., genes having signal sequences removed or
substituted with a heterologous signal sequence).

[0099] Glycosyl hydrolases that utilize insoluble substrates are often modular enzymes. They
may comprise catalytic modules appended to one or more non-catalytic carbohydrate-binding
domains (CBMs). In nature, CBMs are thought to promote the glycosyl hydrolase's interaction
with its target substrate polysaccharide. Thus, the disclosure provides chimeric enzymes
having altered substrate specificity; including, for example, chimeric enzymes having multiple
substrates as a result of "spliced-in" heterologous CBMs. The heterologous CBMs of the
chimeric enzymes of the disclosure can also be designed to be modular, such that they are
appended to a catalytic module or catalytic domain (a "CD", e.g., at an active site), which can
likewise be heterologous or homologous to the glycosyl hydrolase.

[0100] Thus, the disclosure provides peptides and polypeptides consisting of, or comprising,
CBM/CD modules, which can be homologously paired or joined to form chimeric
(heterologous) CBM/CD pairs. Thus, these chimeric polypeptides/peptides can be used to
improve or alter the performance of an enzyme of interest.

[0101] In some aspects, there is provided a polypeptide having GH61/endoglucanase activity,
which comprises at least one CD and/or CBM of any one of the polypeptides with sequences
shown in FIG 1 of the present disclosure. For example, suitable GH61 endoglucanase
polypeptides of FIG. 1 includes those that are represented by their GenBank Accession
Numbers CAB97283.2, CAD70347.1, CAD21296.1, CAE81966.1, CAF05857.1, EAA26873.1,
EAA29132.1, EAA30263.1, EAA33178.1, EAA33408.1, EAA34466.1, EAA36362.1,
EAA29018.1, and EAA29347.1, or St61 from S. thermophilum 24630, St61A from S.
thermophilum 23839c, St61B from S. thermophilum 46583, St61D from S. thermophilum
80312, Afub1a from A. fumigatus Afu3g03870 (NCBI Ref: XP_748707), an endoglucanase of
NCBI Ref: XP_750843.1 from A. fumigatus Afu6g09540, an endoglucanase of A. fumigatus
EDP47167, an endoglucanase of T. terrestris 16380, an endoglucanase of T. terrestris
155418, an endoglucanase of T. terrestris 68900, Cg61A (EAQ86340.1) from C. globosum, T.
reesei Eg7, T. reesei Eg4, and an endoglucanase with GenBank Accession: XP_752040 from
A. fumigatus Af293. The polypeptide may suitably be a fusion polypeptide comprising
functional domains from two or more different polypeptides (e.g., a CBM from one polypeptide
linked to a CD from another polypeptide).

[0102] The polypeptides of the disclosure can suitably be obtained and/or used in
"substantially pure" form. For example, a polypeptide of the disclosure constitutes at least
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about 80 wt.% (e.g., at least about any of 85 wt.%, 90 wt.%, 91 wt.%, 92 wt.%, 93 wt.%, 94
wt.%, 95 wt%, 96 wt.%, 97 wt.%, 98 wt.%, or 99 wt.%) of the total protein in a given
composition, which also includes other ingredients such as a buffer or solution.

[0103] Also the polypeptides of the disclosure may suitably be obtained and/or used in culture
broths (e.g., a filamentous fungal culture broth). The culture broth may be an engineered
enzyme composition, e.g., the culture broth may be produced by a recombinant host cell
engineered to express a heterologous polypeptide of the disclosure, or by a recombinant host
cell engineered to express an endogenous polypeptide of the disclosure in greater or lesser
amounts than the endogenous expression levels (e.g., in an amount that is 1-, 2-, 3-, 4-, 5-, or
more- fold greater or less than the endogenous expression levels). Furthermore, the culture
broths may be produced by certain "integrated" host cell strains that are engineered to express
a plurality of the polypeptides of the disclosure in desired ratios.

Nucleic acids, expression cassettes, vectors, and host cells

[0104] The disclosure provides nucleic acids (e.g., isolated, synthetic or recombinant nucleic
acids) encoding polypeptides provided above, e.g., polypeptides having GH61/endoglucanase
activity, GH61 endoglucanase or a variant thereof, EG IV or a variant thereof, T. reesei Eg4 or
a variant thereof. In certain aspects, the disclosure provides nucleic acids (e.g., isolated,
synthetic or recombinant nucleic acids) encoding a polypeptide comprising any one of SEQ ID
NOs:1-29 and 148, or a polypeptide having at least about 60%, 65%, 70%, 75%, 80%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identity to any one of SEQ ID NOs: 1-29 and 148.

[0105] In certain aspects, the disclosure provides nucleic acids (e.g., isolated, synthetic or
recombinant nucleic acids) encoding any one of the polypeptides having GH61/
endoglucanase activity (including a variant of a GH61 endoglucanase) comprising one or more
sequence motif selected from: (1) SEQ ID NOs:84 and 88; (2) SEQ ID NOs:85 and 88; (3) SEQ
ID NO:86; (4) SEQ ID NO:87; (5) SEQ ID NOs:84, 88 and 89; (6) SEQ ID NOs:85, 88, and 89;
(7) SEQ ID NOs: 84, 88, and 90; (8) SEQ ID NOs: 85, 88 and 90; (9) SEQ ID NOs:84, 88 and
91; (10) SEQ ID NOs: 85, 88 and 91; (11) SEQ ID NOs: 84, 88, 89 and 91; (12) SEQ ID NOs:
84, 88, 90 and 91; (13) SEQ ID NOs: 85, 88, 89 and 91: and (14) SEQ ID NOs: 85, 88, 90 and
91. The disclosure further provides nucleic acids (e.g., isolated, synthetic or recombinant
nucleic acids) encoding a polypeptide having GH61/endoglucanase activity (including a variant
of a GH61 endoglucanase) that comprises a CBM domain (e.g., functional CBM domain)
and/or catalytic domain (e.g., functional catalytic domain).

[0106] The disclosure further provides nucleic acids (e.g., isolated, synthetic or recombinant
nucleic acids) encoding variants of T. reesei Eg4 polypeptide. Such variants may have at least
about 60% (e.g., at least about any of 60%, 65%, 70%, 75%, 80%, 85%, 88%, 90%, 92.5%,
95%, 96%, 97%, 98%, or 99%) sequence identity to residues 22 to 344 of SEQ ID NO:27. In
some aspects, the polypeptide or a variant thereof has endoglucanase activity. The
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polypeptide or a variant thereof may comprise residues corresponding to at least about 5
residues (e.g., at least about any of 6, 7, 8, 9, 10, 11, or 12) of H22, D61, G63, C77, H107,
R177, E179, H184, Q193, C198, Y195, and Y232 of SEQ ID NO:27. The polypeptide or a
variant thereof may comprise residues corresponding to H22, D61, G63, C77, H107, R177,
E179, H184, Q193, C198, Y195, and Y232 of SEQ ID NO:27. The polypeptide or a variant
thereof may comprise residues corresponding to at least 5 residues (e.g., at least about any of
6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, or 19) of G313, Q314, C315, G316, G317, S321,
G322, P323, T324, C326, A327, T331, C332, N336, Y338, Y339, Q341, C342, and L343 of
SEQ ID NO:27. In some aspects, the polypeptide or a variant thereof comprises residues
corresponding to G313, Q314, C315, G316, G317, S321, G322, P323, T324, C326, A327,
T331, C332, N336, Y338, Y339, Q341, C342, and L343 of SEQ ID NO:27.

[0107] The disclosure provides nucleic acids (e.g., isolated, synthetic or recombinant nucleic
acids) comprising a nucleic acid sequence having at least about 70%, e.g., at least about any
of 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%; 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, or complete
(100%) identity to nucleic acid sequence SEQ ID NO:30, over a region of at least about 10,
e.g., at least about any of 15, 20, 25, 30, 35, 40, 45, 50, 75, 100, 150, 200, 250, 300, 350, 400,
450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, or 1050 nucleotides. In some
aspects, the disclosure provides nucleic acids encoding any one of the polypeptides provided
herein. Also provided herein are isolated nucleic acids having at least about 80% (e.g., at least
about any of 85%, 88%, 90%, 92.5%, 95%, 96%, 97%, 98%, or 99%) identity to SEQ ID NO:30.

[0108] In some aspects, there is provided a nucleic acid (e.g., isolated, synthetic or
recombinant nucleic acid) encoding a polypeptide comprising an amino acid sequence with at
least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the amino acid sequence of SEQ ID NO:27, or to residues (i) 22-255, (ii)
22-343, (iii) 307-343, (iv) 307-344, or (v) 22-344 of SEQ ID NO:27. In some aspects, there is
provided a nucleic acid (e.g., isolated, synthetic or recombinant nucleic acid) having at least
70% (e.g., at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or more) sequence identity to SEQ ID NO:30, or a nucleic acid that is capable of
hybridizing under high stringency conditions to a complement of SEQ ID NO:30, or to a
fragment thereof. As used herein, the term "hybridizes under low stringency, medium
stringency, high stringency, or very high stringency conditions" describes conditions for
hybridization and washing. Guidance for performing hybridization reactions can be found in
Current Protocols in Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1 - 6.3.6. Aqueous
and nonaqueous methods are described in that reference and either method can be used.
Specific hybridization conditions referred to herein are as follows: 1) low stringency
hybridization conditions in 6X sodium chloride/sodium citrate (SSC) at about 45°C, followed by
two washes in 0.2X SSC, 0.1% SDS at least at 50°C (the temperature of the washes can be
increased to 55°C for low stringency conditions); 2) medium stringency hybridization conditions
in 6X SSC at about 45°C, followed by one or more washes in 0.2X SSC, 0.1% SDS at 60°C; 3)
high stringency hybridization conditions in 6X SSC at about 45°C, followed by one or more
washes in 0.2.X SSC, 0.1% SDS at 65°C; and preferably 4) very high stringency hybridization
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conditions are 0.5M sodium phosphate, 7% SDS at 65°C, followed by one or more washes at
0.2X SSC, 1% SDS at 65°C. Very high stringency conditions (4) are the preferred conditions
unless otherwise specified.

[0109] The disclosure also provides expression cassettes and/or vectors comprising any of the
above-described nucleic acids. The nucleic acid encoding a polypeptide such as an enzyme of
the disclosure may be operably linked to a promoter. Specifically where recombinant
expression in a filamentous fungal host is desired, the promoter can be a filamentous fungal
promoter. The nucleic acids can be, e.g., under the control of heterologous promoters. The
nucleic acids can also be expressed under the control of constitutive or inducible promoters.
Examples of promoters that can be used include, but are not limited to, a cellulase promoter, a
xylanase promoter, the 1818 promoter (previously identified as a highly expressed protein by
EST mapping Trichoderma). For example, the promoter can suitably be a cellobiohydrolase,
endoglucanase, or B-glucosidase promoter. A particularly suitable promoter can be, for
example, a T. reesei cellobiohydrolase, endoglucanase, or B-glucosidase promoter. For
example, the promoter is a cellobiohydrolase | (cbh1) promoter. Non-limiting examples of
promoters include a cbh1, cbh2, egll, egl2, egl3, egld, egld5, pkil, gpd1, xyni, or xyn2
promoter. Additional non-limiting examples of promoters include a 7. reesei cbh1, chh2, egll,
egl2, egl3, egl4, eglb, pkil, gpd1, xyn1, or xyn2 promoter.

[0110] As used herein, the term "operably linked" means that selected nucleotide sequence
(e.g., encoding a polypeptide described herein) is in proximity with a promoter to allow the
promoter to regulate expression of the selected DNA. In addition, the promoter is located
upstream of the selected nucleotide sequence in terms of the direction of transcription and
translation. By "operably linked" is meant that a nucleotide sequence and a regulatory
sequence(s) are connected in such a way as to permit gene expression when the appropriate
molecules (e.g., transcriptional activator proteins) are bound to the regulatory sequence(s).

[0111] The present disclosure further provides host cells containing any of the polynucleotides
vectors, or expression cassettes described herein. The present disclosure also provides host
cells that can be used to express one or more polypeptides of the disclosure. Suitable host
cells include cells of any microorganism (e.g., cells of a bacterium, a protist, an alga, a fungus
(e.g., a yeast or filamentous fungus), or other microbe), and are preferably cells of a
bacterium, a yeast, or a filamentous fungus.

[0112] Suitable host cells of the bacterial genera include, but are not limited to, cells of
Escherichia, Bacillus, Lactobacillus, Pseudomonas, and Streptomyces. Suitable cells of
bacterial species include, e.g., cells of Escherichia coli, Bacillus subtilis, Bacillus licheniformis,
Lactobacillus brevis, Pseudomonas aeruginosa, or Streptomyces lividans.

[0113] Suitable host cells of the genera of yeast include, but are not limited to, cells of
Saccharomyces, Schizosaccharomyces, Candida, Hansenula, Pichia, Kluyveromyces, and
Phaffia. Suitable cells of yeast species include, but are not limited to, cells of Saccharomyces
cerevisiae, Schizosaccharomyces pombe, Candida albicans, Hansenula polymorpha, Pichia
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pastoris, P canadensis, Kluyveromyces marxianus, and Phaffia rhodozyma.

[0114] Suitable host cells of filamentous fungi include all filamentous forms of the subdivision
Eumycotina. Suitable cells of filamentous fungal genera include, but are not limited to, cells of
Acremonium, Aspergillus, Aureobasidium, Bjerkandera, Ceriporiopsis, Chrysoporium,
Coprinus, Coriolus, Corynascus, Chaertomium, Cryptococcus, Filobasidium, Fusarium,
Gibberella, Humicola, Magnaporthe, Mucor, Myceliophthora, Mucor, Neocallimastix,
Neurospora, Paecilomyces, Penicillium, Phanerochaete, Phlebia, Piromyces,
Pleurotus, Scytaldium, Schizophyllum, Sporotrichum, Talaromyces, Thermoascus, Thielavia,
Tolypocladium, Trametes, and Trichoderma. Suitable cells of filamentous fungal species
include, but are not limited to, cells of Aspergillus awamori, Aspergillus fumigatus, Aspergillus
foetidus, Aspergillus japonicus, Aspergillus nidulans, Aspergillus niger, Aspergillus oryzae,
Chrysosporium  lucknowense, Fusarium bactridioides, Fusarium cerealis, Fusarium
crookwellense, Fusarium culmorum, Fusarium graminearum, Fusarium graminum, Fusarium
heterosporum, Fusarium negundi, Fusarium oxysporum, Fusarium reticulatum, Fusarium
roseum, Fusarium sambucinum, Fusarium sarcochroum, Fusarium sporotrichioides, Fusarium
sulphureum, Fusarium torulosum, Fusarium trichothecioides, Fusarium venenatum,
Bjerkandera adusta, Ceriporiopsis aneirina, Ceriporiopsis aneirina, Ceriporiopsis caregiea,
Ceriporiopsis gilvescens, Ceriporiopsis pannocinta, Ceriporiopsis rivulosa, Ceriporiopsis
subrufa, Ceriporiopsis subvermispora, Coprinus cinereus, Coriolus hirsutus, Humicola insolens,
Humicola lanuginosa, Mucor miehei, Myceliophthora thermophila, Neurospora crassa,
Neurospora intermedia, Penicillium purpurogenum, Penicillium canescens, Penicillium solitum,
Penicillium funiculosum Phanerochaete chrysosporium, Phlebia radiate, Pleurotus eryngii,
Talaromyces flavus, Thielavia terrestris, Trametes villosa, Trametes versicolor, Trichoderma
harzianum, Trichoderma koningii, Trichoderma longibrachiatum, Trichoderma reesei, and
Trichoderma viride.

[0115] The disclosure provides a host cell, e.g., a recombinant fungal host cell or a
recombinant filamentous fungus, engineered to recombinantly express a polypeptide having
GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof).

[0116] The present disclosure also provides a recombinant host cell e.g., a recombinant fungal
host cell or a recombinant microorganism, e.g., a filamentous fungus, such as a recombinant
T. reesei, that is engineered to recombinantly express T. reesei Xyn3, T. reesei Bgll (also
termed "Tr3A"), Fv3A, Fv43D, and Fv51A polypeptides. For example, the recombinant host
cell is suitably a 7. reesei host cell. The recombinant fungus is suitably a recombinant T. reese;.
The disclosure provides, for example, a 7. reesei host cell engineered to recombinantly
express T. reesei Eg4, T. reesei Xyn3, T. reesei Bgll, Fv3A, Fv43D, and Fv51A polypeptides.
Alternatively the present disclosure also provides a recombinant host cell or a recombinant
microorganism that is, e.g., an Aspergillus (such as an A. oryzae, A. niger) host cell or a
recombinant Aspergillus engineered to recombinantly express the polypeptides described
herein.

[0117] Additionally the disclosure provides a recombinant host cell or recombinant organism
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that is engineered to express an enzyme blend comprising suitable enzymes in ratios suitable
for saccharification. The recombinant host cell is, for example, a fungal host cell or a bacterial
host cell. The recombinant fungus is, e.g., a recombinant 7. reesei, A. oryzae, A. niger, or
yeast. The recombinant fungal host cell may be, e.g., a T. reesei, A. oryzae, A. niger, or yeast
cell. The recombinant bacterial host cell may be, e.g., a Bascillus subtilis, or an E.coli cell. The
recombinant bacterial organism may be, e.g., a Bascillus subtilis or an E.coli Examples of
enzyme ratios/amounts present in suitable enzyme blends are described herein such as below.

Compositions

[0118] The disclosure also provides compositions (e.g., non-naturally occurring compositions)
such as enzyme compositions containing cellulase(s) and/or hemicellulase(s), which can be
used to hydrolyze biomass material and/or reduce the viscosity of biomass mixture (e.g.,
biomass saccharification mixture containing enzyme and substrate).

[0119] Cellulases include enzymes capable of hydrolyzing cellulose (beta-1,4-glucan or beta
D-glucosidic linkages) polymers to glucose, cellobiose, cellooligosaccharides, and the like.
Cellulases have been traditionally divided into three major classes: endoglucanases (EC
3.2.1.4) ("EG"), exoglucanases or cellobiohydrolases (EC 3.2.1.91) ("CBH") and B-
glucosidases (B-D-glucoside glucohydrolase; EC 3.2.1.21) ("BG") (Knowles et al., 1987, Trends
in Biotechnology 5(9):255-261; Shulein, 1988, Methods in Enzymology, 160:234-242).
Endoglucanases act mainly on the amorphous parts of the cellulose fiber, whereas
cellobiohydrolases are also able to degrade crystalline cellulose. Hemicellulases include, for
example, xylanases, B-xylosidases, and L-a-arabinofuranosidases.

[0120] The composition of the invention is a multi-enzyme blend, comprising more than one
enzyme as set out in the claims. The enzyme composition of the invention can suitably include
one or more additional enzymes derived from other microorganisms, plants, or organisms.
Synergistic enzyme combinations and related methods are contemplated. The disclosure
includes methods for identifying the optimum ratios of the enzymes included in the enzyme
compositions for degrading various types of biomass materials. These methods include, e.g.,
tests to identify the optimum proportion or relative weights of enzymes to be included in the
enzyme composition of the invention in order to effectuate efficient conversion of various
substrates (e.g., lignocellulosic substrates) to their constituent fermentable sugars.

[0121] The cell walls of higher plants are comprised of a variety of carbohydrate polymer (CP)
components. These CP interact through covalent and non-covalent means, providing the
structural integrity required to form rigid cell walls and resist turgor pressure in plants. The
major CP found in plants is cellulose, which forms the structural backbone of the cell wall.
During cellulose biosynthesis, chains of poly-B-1,4-D-glucose self associate through hydrogen
bonding and hydrophobic interactions to form cellulose microfibrils, which further self-associate
to form larger fibrils. Cellulose microfibrils are often irregular structurally and contain regions of
varying crystallinity. The degree of crystallinity of cellulose fibrils depends on how tightly
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ordered the hydrogen bonding is between and among its component cellulose chains. Areas
with less-ordered bonding, and therefore more accessible glucose chains, are referred to as
amorphous regions. The general model for cellulose depolymerization to glucose involves a
minimum of three distinct enzymatic activities. Endoglucanases cleave cellulose chains
internally to shorter chains in a process that increases the number of accessible ends, which
are more susceptible to exoglucanase activity than the intact cellulose chains. These
exoglucanases (e.g., cellobiohydrolases) are specific for either reducing ends or non-reducing
ends, liberating, in most cases, cellobiose, the dimer of glucose. The accumulating cellobiose
is then subject to cleavage by cellobiases (e.g., B-1,4-glucosidases) to glucose. Cellulose
contains only anhydro-glucose. In contrast, hemicellulose contains a number of different sugar
monomers. For instance, aside from glucose, sugar monomers in hemicellulose can also
include xylose, mannose, galactose, rhamnose, and arabinose. Hemicelluloses mostly contain
D-pentose sugars and occasionally small amounts of L-sugars. Xylose is typically present in
the largest amount, but mannuronic acid and galacturonic acid also tend to be present.
Hemicelluloses include xylan, glucuronoxylan, arabinoxylan, glucomannan, and xyloglucan.

[0122] The compositions (e.g., enzymes and multi-enzyme compositions) of the disclosure can
be used for saccharification of cellulose materials (e.g., glucan) and/or hemicellulose materials
(e.g., xylan, arabinoxylan, and xylan- or arabinoxylan-containing substrates). The enzyme
blend/composition is suitably a non-naturally occurring composition.

[0123] The enzyme compositions provided herein may comprise a mixture of xylan-
hydrolyzing, hemicellulose- and/or cellulose-hydrolyzing enzymes, which include at least one,
several, or all of a cellulase, including a glucanase; a cellobiohydrolase; an L-a-
arabinofuranosidase; a xylanase; a B-glucosidase; and a B-xylosidase. The present disclosure
also provides enzyme compositions that may be non-naturally occurring compositions. As used
herein, the term "enzyme compositions" refers to: (1) a composition made by combining
component enzymes, whether in the form of a fermentation broth or partially or completely
isolated or purified; (2) a composition produced by an organism modified to express one or
more component enzymes; in certain embodiments, the organism used to express one or
more component enzymes can be modified to delete one or more genes; in certain other
embodiments, the organism used to express one or more component enzymes can further
comprise proteins affecting xylan hydrolysis, hemicellulose hydrolysis, and/or cellulose
hydrolysis; (3) a composition made by combining component enzymes simultaneously,
separately, or sequentially during a saccharification or fermentation reaction; (4) an enzyme
mixture produced in situ, e.g., during a saccharification or fermentation reaction; (5) a
composition produced in accordance with any or all of the above (1)-(4).

[0124] The term "fermentation broth" as used herein refers to an enzyme preparation
produced by fermentation that undergoes no or minimal recovery and/or purification
subsequent to fermentation. For example, microbial cultures are grown to saturation,
incubated under carbon-limiting conditions to allow protein synthesis (e.g., expression of
enzymes). Then, once the enzyme(s) are secreted into the cell culture media, the fermentation
broths can be used. The fermentation broths of the disclosure can contain unfractionated or
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fractionated contents of the fermentation materials derived at the end of the fermentation. For
example, the fermentation broths of the invention are unfractionated and comprise the spent
culture medium and cell debris present after the microbial cells (e.g., filamentous fungal cells)
undergo a fermentation process. The fermentation broth can suitably contain the spent cell
culture media, extracellular enzymes, and live or killed microbial cells. Alternatively, the
fermentation broths can be fractionated to remove the microbial cells. In those cases, the
fermentation broths can, for example, comprise the spent cell culture media and the
extracellular enzymes.

[0125] The enzyme compositions such as cellulase compositions provided herein may be
capable of achieving at least 0.1 (e.g. 0.1 to 0.4) fraction product as determined by the
calcofluor assay. All chemicals used were of analytical grade. Avicel PH-101 was purchased
from FMC BioPolymer (Philadelphia, PA). Cellobiose and calcofluor white were purchased from
Sigma (St. Louise, MO). Phosphoric acid swollen cellulose (PASC) was prepared from Avicel
PH-101 using an adapted protocol of Walseth, TAPPI 1971, 35:228 and Wood, Biochem. J.
1971, 121:353-362. In short, Avicel was solubilized in concentrated phosphoric acid then
precipitated using cold deionized water. After the cellulose is collected and washed with more
water to neutralize the pH, it was diluted to 1% solids in 50 mM sodium acetate pH5. All
enzyme dilutions were made into 50 mM sodium acetate buffer, pH5.0. GC220 Cellulase
(Danisco US Inc., Genencor) was diluted to 2.5, 5, 10, and 15 mg protein/G PASC, to produce
a linear calibration curve. Samples to be tested were diluted to fall within the range of the
calibration curve, i.e. to obtain a response of 0.1 to 0.4 fraction product. 150 uL of cold 1%
PASC was added to 20 uL of enzyme solution in 96-well microtiter plates. The plate was
covered and incubated for 2 h at 50°C, 200 rpm in an Innova incubator/shaker. The reaction
was quenched with 100 yL of 50 ug/mL Calcofluor in 100 mM Glycine, pH10. Fluorescence
was read on a fluorescence microplate reader (SpectraMax M5 by Molecular Devices) at
excitation wavelength Ex = 365 nm and emission wavelength Em = 435 nm. The result is

expressed as the fraction product according to the equation:

FP = - (FI sample - Fl buffer w/ cellobiose)/(Fl zero enzyme - Fl buffer
w/cellobiose),
wherein FP is fraction product, and Fl = fluorescence units.

[0126] Any of the enzymes described specifically herein can be combined with any one or
more of the enzymes described herein or with any other available and suitable enzymes, to
produce a suitable multi-enzyme blend/composition. The disclosure is not restricted or limited
to the specific exemplary combinations listed below.

Exemplary compositions

[0127] There are provided non-naturally occurring compositions comprising a polypeptide
having GH61/endoglucanase activityy The invention provides a non-naturally occurring
composition comprising whole cellulase comprising a polypeptide having GH61/
endoglucanase activity (e.g., whole cellulase enriched with a polypeptide having GH61/
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endoglucanase activity such as endoglucanase IV (e.g., T. reesei Eg4 polypeptide-enriched
whole cellulase), having at least 90% in amino acid identity to residues 22-344 of SEQ ID N 27.
In some aspects, the polypeptide having GH61/endoglucanase activity is 7. reesei Eg4 or a
variant thereof. A variant of T. reesei Eg4 can be any of the variants provided above.

[0128] Endoglucanase is referred to herein as "Eg" or "Egl," interchangeably, in the present
disclosure including figures.

[0129] As used herein, the term "naturally occurring composition” refers to a composition
produced by a naturally occurring source, comprising one or more enzymatic components or
activities, wherein each of the components or activities is found at the ratio and level produced
by the naturally-occurring source as it is found in nature, untouched, unmodified by the human
hand. Accordingly, a naturally occurring composition is, e.g., one that is produced by an
organism unmodified with respect to the cellulolytic or hemicelluloytic enzymes such that the
ratio or levels of the component enzymes are unaltered from that produced by the native
organism in its native environment. A "non-naturally occurring composition," on the other hand,
refers to a composition produced by: (1) combining component cellulolytic or hemicelluloytic
enzymes either in a naturally occurring ratio or a non-naturally occurring, i.e., altered, ratio; or
(2) modifying an organism to express, overexpress or underexpress one or more
endogeneous or exogenous enzymes; or (3) modifying an organism such that at least one
endogenous enzyme is deleted. A "non-naturally occurring composition" also refers to a
composition produced by a naturally-occurring, unmodified organism, but cultured in a
manmade medium or environment that is different from the organism's native environment
such that the amounts of enzymes in the composition differ from those existing in a
composition made by a native organism grown in its native habitat.

[0130] Any one of GH61 endoglucanase polypeptides or a variant thereof may be used in any
of the compositions described herein. A suitable GH61 endoglucanase may include one of the
polypeptides shown in FIG.1 of the present disclosure. Suitable GH61 endoglucanases include
those that are represented by their GenBank Accession Numbers CAB97283.2, CAD70347.1,
CAD21296.1, CAE81966.1, CAF05857.1, EAA26873.1, EAA29132.1, EAA30263.1,
EAA33178.1, EAA33408.1, EAA34466.1, EAA36362.1, EAA29018.1, and EAA29347.1, or St61
from S.thermophilum 24630, St61A from S.thermophilum 23839c, St61B from S.thermophilum
46583, St61D from S.thermophilum 80312, Afu61a from A. fumigatus Afu3g03870 (NCBI Ref:
XP_748707), an endoglucanase of NCBI Ref: XP_750843.1 from A.fumigatus Afu6g09540, an
endoglucanase of A. fumigatus EDP47167, an endoglucanase of T. terrestris 16380, an
endoglucanase of Tterrestris 155418, an endoglucanase of T.terrestris 68900, Cg61A
(EAQ86340.1) from C.globosum, T. reesei Eg7, T. reesei Eg4, and an endoglucanase with
GenBank Accession: XP_752040 from A.fumigatus Af293. In some aspects, the polypeptide
having GH61/ endoglucanase activity (e.g., isolated polypeptide) is a variant of GH61
endoglucanase or EG IV.

[0131] In some aspects, the polypeptide having GH61/endoglucanase activity (including a
variant of GH61 endoglucanase) is one comprising any one of SEQ ID NOs: 1-29 and 148, or
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one that comprises a polypeptide having at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%,
92.5%, 95%, 96%, 97%, 98%, or 99% sequence identity to any one of SEQ ID NOs: 1-26,28
and 148. In some aspects, the polypeptide having GH61/endoglucanase activity (including a
variant of GH61 endoglucanase) may comprise at least one motif (at least any of 2, 3, 4, 5, 6,
7, or 8) selected from SEQ ID NOs:84-91. It may comprise one or more sequence motif(s)
selected from the group consisting of: (1) SEQ ID NOs:84 and 88; (2) SEQ ID NOs:85 and 88;
(3) SEQ ID NO:86; (4) SEQ ID NO:87; (5) SEQ ID NOs:84, 88 and 89; (6) SEQ ID NOs:85, 88,
and 89; (7) SEQ ID NOs: 84, 88, and 90; (8) SEQ ID NOs: 85, 88 and 90; (9) SEQ ID NOs:84,
88 and 91; (10) SEQ ID NOs: 85, 88 and 91; (11) SEQ ID NOs: 84, 88, 89 and 91; (12) SEQ ID
NOs: 84, 88, 90 and 91; (13) SEQ ID NOs: 85, 88, 89 and 91: and (14) SEQ ID NOs: 85, 88,
90 and 91 .

[0132] In some aspects of any one of the compositions or methods described herein, the
polypeptide having GH61/endoglucanase activity (including a variant of GH61 endoglucanase)
may have at least about 60% (e.g., at least about any of 60%, 65%, 70%, 75%, 80%, 85%,
88%, 90%, 92.5%, 95%, 96%, 97%, 98%, or 99%) sequence identity to residues 22 to 344 of
SEQ ID NO:27. In some aspects, the polypeptide or a variant thereof comprises residues
corresponding to at least about 5 residues (e.g., at least about any of 6, 7, 8, 9, 10, 11, or 12)
of H22, D61, G63, C77, H107, R177, E179, H184, Q193, C198, Y195, and Y232 of SEQ ID
NO:27. In some aspects, the polypeptide or a variant thereof comprises residues
corresponding to H22, D61, G63, C77, H107, R177, E179, H184, Q193, C198, Y195, and
Y232 of SEQ ID NO:27. In some aspects, the polypeptide or a variant thereof comprises
residues corresponding to at least 5 residues (e.g., at least about any of 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, or 19) of G313, Q314, C315, G316, G317, S321, G322, P323, T324,
C326, A327, T331, C332, N336, Y338, Y339, Q341, C342, and L343 of SEQ ID NO:27. In
some aspects, the polypeptide or a variant thereof comprises residues corresponding to G313,
Q314, C315, G316, G317, S321, G322, P323, T324, C326, A327, T331, C332, N336, Y338,
Y339, Q341, C342, and L343 of SEQ ID NO:27. In some aspects, the polypeptide or a variant
thereof comprises a CBM domain (e.g., functional CBM domain). In some aspects, the
polypeptide or a variant thereof comprises a catalytic domain (e.g., functional catalytic
domain). In some aspects, the polypeptide or a variant thereof is isolated. In some aspects, the
polypeptide or a variant thereof has endoglucanase activity.

[0133] In some aspects, the polypeptide having GH61/endoglucanase activity is
endoglucanase |V, for example, a T. reesei Eg4 polypeptide or a variant thereof. For example,
the disclosure provides non-naturally occurring compositions comprising a 7. reesei Eg4
polypeptide or a variant thereof. A variant of 7. reesei Eg4 polypeptide can be any one of the
variants of T. reesei Eg4 polypeptide described herein. In some aspects, the polypeptide
having GH61/endoglucanase activity includes amino acid sequence SEQ ID NO:27 or residues
22 to 344 of SEQ ID NO:27.

[0134] In some aspects, there is provided a composition comprising an isolated (or
substantially purified) polypeptide having glycosyl hydrolase family 61 ("GH61")/
endoglucanase activity (e.g., 7. reesei Eg4 or a variant thereof). Methods of producing
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polypeptide, recovering the polypeptide, and isolating or purifying the polypeptide are known to
one of skill in the art.

[0135] In some aspects of any of the compositions or methods described herein, the
polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) is
expressed from a host cell, wherein the nucleic acid encoding the polypeptide having GH61/
endoglucanase activity has been engineered into the host cell. In some aspects, the
polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) is
heterologous to the host cell expressing the polypeptide having GH61/endoglucanase activity.

[0136] The present disclosure provides compositions comprising a polypeptide having
GH61/endoglucanase activity and comprising at least one cellulase polypeptide and/or at least
one hemicellulase polypeptide, or a mixture thereof. The enzyme composition of the invention
comprises :(1) at least one polypeptide having GH61/endoglucanase activity which has at least
90% in sequence identity to residues 22-344 of SEQ ID NO: 27 (Trichoderma reesei Eg4) (2)
at least one polypeptide having beta-glucosidase activity which has at least 90% in sequence
identity to residues 20-744 of SEQ ID NO: 102 (T. reesei Tr3A); (3) at least one polypeptide
having beta-xylosidase activity which has at least 90% in sequence identity to residues 16-347
of SEQ ID NO: 36 (Fusarium verticillioides fv3A) and/or the polypeptide having beta-xylosidase
activity which has at least 90% in sequence identity to residues 21-350 of SEQ ID NO: 62 (F.
verticillioides fv43D); (4) at least one polypeptide having xylanase activity which has at least
90% in sequence identity to residues 16-347 of SEQ ID NO: 76 (T. reesei Xyn3), and (5) at
least one polypeptide having L-alpha-arabinofuranosidase activity which has at least 90% in
sequence identity to residues 20-660 of SEQ ID NO: 66 (F. verticillioides fv51A). In some
aspects, the composition comprises at least one (e.g., at least 2, 3, 4, 5, 6, 7, or 8) cellulase
polypeptide(s). In some aspects, the cellulase polypeptide is a polypeptide having
endoglucanase activity, a polypeptide having cellobiohydrolase activity, or a polypeptide having
B-glucosidase activity. In some aspects, the composition comprises at least one (e.g., at least
2, 3, 4, 5, 6, 7, or 8) hemicellulase polypeptide(s). In some aspects, the hemicellulase
polypeptide is a polypeptide having xylanase activity, a polypeptide having B-xylosidase activity,
or a polypeptide having L-a-arabinofuranosidase activity. In some aspects, the composition
further comprises at least one (e.g., at least 2, 3, 4, 5, 6, 7, or 8) cellulase polypeptide(s) and
at least one (e.g., atleast 2, 3, 4, 5, 6, 7, or 8) hemicellulase polypeptide(s). Varying amounts
for polypeptide(s) included in the compositions provided herein are provided below in "Amount
of component(s) in compositions" section.

[0137] Cellulases and hemicellulases for use in accordance with the methods and
compositions of the disclosure can be obtained from, or produced recombinantly from, inter
alia, one or more of the following organisms: Crinipellis scapella, Macrophomina phaseolina,
Myceliophthora thermophila, Sordaria fimicola, Volutella colletotrichoides, Thielavia terrestris,
Acremonium sp., Exidia glandulosa, Fomes fomentarius, Spongipellis sp., Rhizophlyctis rosea,
Rhizomucor pusillus, Phycomyces niteus, Chaetostylumfresenii, Diplodia gossypina, Ulospora
bilgramii, Saccobolus dilutellus, Penicillium verruculosum, Penicillium chrysogenum,
Thermomyces verrucosus, Diaporthe syngenesia, Colletotrichum lagenarium, Nigrospora sp.,
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Xylaria hypoxylon, Nectria pinea, Sordaria macrospora, Thielavia thermophila, Chaetomium
mororum, Chaetomium virscens, Chaetomium brasiliensis, Chaetomium cunicolorum,
Syspastospora boninensis, Cladorrhinum foecundissimum, Scytalidium thermophila,
Gliocladium catenulatum, Fusarium oxysporum Ssp. lycopersici, Fusarium oxysporum ssp.
passiflora, Fusarium solani, Fusarium anguioides, Fusarium poae, Humicola nigrescens,
Humicola grisea, Panaeolus retirugis, Trametes sanguinea, Schizophyllum commune,
Trichothecium roseum, Microsphaeropsis sp., Acsobolus stictoideus spej., Poronia punctata,
Nodulisporum sp., Trichoderma sp. (e.g., Trichoderma reesei) and Cylindrocarpon sp.

[0138] In the present disclosure, the cellulase or hemicellulase may be prepared from any
known microorganism cultivation method(s), resulting in the expression of enzymes capable of
hydrolyzing a cellulosic material. Fermentation may include shake flask cultivation, small- or
large-scale fermentation, such as continuous, batch, fed-batch, or solid state fermentations in
laboratory or industrial fermenters performed in a suitable medium and under conditions
allowing the cellulase to be expressed or isolated. Generally, the microorganism is cultivated in
a cell culture medium suitable for production of enzymes capable of hydrolyzing a cellulosic
material. The cultivation takes place in a suitable nutrient medium comprising carbon and
nitrogen sources and inorganic salts, using procedures known in the art. Suitable culture
media, temperature ranges and other conditions suitable for growth and cellulase production
are known in the art. As a non-limiting example, the normal temperature range for the
production of cellulases by T. reeseiis 24°C to 28°C.

[0139] The present disclosure provides non-naturally occurring compositions comprising a
polypeptide having GH61/endoglucanase activity (e.g., endoglucanase IV polypeptide such as
T. reesei Eg4 polypeptide or a variant thereof), wherein the composition further comprises at
least 1 polypeptide having endoglucanase activity (e.g., at least 2, 3, 4, or 5 polypeptides
having endoglucanase activity), at least 1 polypeptide having cellobiohydrolase activity (e.g., at
least 2, 3, 4, or 5 polypeptides having cellobiohydrolase activity), at least 1 polypeptide having
glucosidase activity (e.g., B-glucosidase) (e.g., at least 2, 3, 4, or 5 polypeptides having B-
glucosidase activity), at least 1 polypeptide having xylanase activity (e.g., at least 2, 3, 4, or 5
polypeptides having xylanase activity), at least 1 polypeptide having xylosidase activity (e.g., B-
xylosidase) (e.g., at least 2, 3, 4, or 5 polypeptides having B-xylosidase activity), and/or at least
1 polypeptide having arabinofuranosidase activity (e.g., L-a-arabinofuranosidase) (e.g., at least
2, 3, 4, or 5 polypeptides having L-a-arabinofuranosidase activity). Varying amounts for
polypeptide(s) included in the compositions provided herein are provided below in "Amount of
component(s) in compositions" section.

[0140] The present disclosure provides non-naturally occurring compositions comprising whole
cellulase comprising a polypeptide having GH61/endoglucanase activity (e.g., whole cellulase
enriched with endoglucanase IV polypeptide, such as, e.g., T. reesei Eg4 polypeptide or a
variant thereof), wherein the composition further comprises at least 1 polypeptide having
endoglucanase activity (e.g., at least 2, 3, 4, or 5 polypeptides having endoglucanase activity),
at least 1 polypeptide having cellobiohydrolase activity (e.g., at least 2, 3, 4, or 5 polypeptides
having cellobiohydrolase activity), at least 1 polypeptide having glucosidase activity (e.g., B-
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glucosidase) (e.g., at least 2, 3, 4, or 5 polypeptides having B-glucosidase activity), at least 1
polypeptide having xylanase activity (e.g., at least 2, 3, 4, or 5 polypeptides having xylanase
activity), at least one polypeptide having xylosidase activity (e.g., B-xylosidase) (e.g., at least 2,
3, 4, or 5 polypeptides having B-xylosidase activity), and/or at least one polypeptide having
arabinofuranosidase activity (e.g., L-a-arabinofuranosidase) (e.g., at least 2, 3, 4, or 5
polypeptides having L-a-arabinofuranosidase activity). Varying amounts for polypeptide(s)
included in the compositions provided herein are provided below in "Amount of component(s)
in compositions" section.

[0141] In some aspects, the composition comprises a polypeptide having GH61/
endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and at least 1 polypeptide
having xylanase activity (e.g., 7. reesei Xyn3, T. reesei Xyn2, AfuXyn2, AfuXyn5, or a variant
thereof). In some aspects, the polypeptide having xylanase activity is T. reesei Xyn3. The
composition may further comprise at least 1 polypeptide having B-glucosidase activity (e.g.,
Fv3C, Pa3D, Fv3G, Fv3D, Tr3A, Tr3B, Te3A, An3A, Fo3A, Gz3A, Nh3A, Vd3A, Pa3G, and/or
Tn3B). The composition may further comprise at least 1 polypeptide having B-glucosidase
activity (e.g., Fv3C, Pa3D, Fv3G, Fv3D, Tr3A, Tr3B, Te3A, An3A, Fo3A, Gz3A, Nh3A, Vd3A,
Pa3G, Tn3B, and/or a variant thereof). The composition may further comprise at least 1
polypeptide having cellobiohydrolase activity (e.g., T. reesei CBH1, A. fumigatus 7A, 7B, C.
globosum TA, 7B, T. terrestris TA, 7B, T. reesei CBH2, T. terrestris 6A, S. thermophile 6A, 6B,
or a variant thereof). The composition may further comprise at least 1 polypeptide having
endoglucanase activity (e.g., T. reesei EG1 (or a variant thereof) and/or T. reesei EG2 (or a
variant thereof)).

[0142] In some aspects, the composition comprises a polypeptide having GH61/
endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and at least 1 polypeptide
having B-glucosidase activity (e.g., Fv3C, Pa3D, Fv3G, Fv3D, Tr3A, Tr3B, Te3A, An3A, Fo3A,
Gz3A, Nh3A, Vd3A, Pa3G, Tn3B, or a variant thereof). The composition may comprise a
polypeptide having GH61/ endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and
at least 1 polypeptide (or at least 2 polypeptides) having cellobiohydrolase activity (e.g., T.
reesei CBH1, A. fumigatus 7TA, 7B, C. globosum 7A, 7B, T. terrestris 7TA, 7B, T. reesei CBH2, T.
terrestris 6A, S. thermophile 6A, 6B, or a variant thereof). The composition may comprise a
polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and
further comprises at least 1 polypeptide (or at least 2 polypeptides) having endoglucanase
activity (e.g., T. reesei EG1 (or a variant thereof) and/or T. reesei EG2 (or a variant thereof)).
The composition may comprise a polypeptide having GH61/endoglucanase activity (e.g., T.
reesei Eg4 or a variant thereof) and at least 1 polypeptide (or at least two polypeptides) having
B-xylosidase activity (e.g., FV3A, Fv43A, Pf43A, Fv43D, Fv39A, FV43E, Fo43A, Fv43B, Pa51A,
Gz43A, and/or T. reesei Bxll). The composition may comprise a polypeptide having
GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and at least 1
polypeptide (or at least 2 polypeptides) having B-xylosidase activity (e.g., Fv3A, Fv43A, Pf43A,
Fv43D, Fv39A, Fv43E, Fo43A, Fv43B, Pa51A, Gz43A, T. reesei Bx11, and/or a variant
thereof). The composition may comprise a polypeptide having GH61/endoglucanase activity
(e.g., T. reesei Eg4 or a variant thereof) and at least one polypeptide (at least 2 polypeptides)
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having L-a-arabinofuranosidase activity (e.g., Af43A, Fv43B, Pf51A, Pa51A, Fv51A, or a
variant thereof).

[0143] In some aspects, any of the polypeptides described herein (e.g., polypeptide having
endoglucanase activity, polypeptide having cellobiohydrolase activity, polypeptide having
glucosidase activity (e.g., B-glucosidase), polypeptide having xylanase activity, polypeptide
having xylosidase activity (e.g., B-xylosidase), or polypeptide having arabinofuranosidase
activity (e.g., L-a-arabinofuranosidase)) may be a component of a whole cellulase such as a
whole cellulase described herein. Any of the polypeptides described herein may be produced
by expressing an endogenous or exogenous gene encoding the corresponding polypeptide(s).
The polypeptide(s) can be, in some circumstances, overexpressed or underexpressed.

[0144] Regarding any of the compositions described above, varying amounts for
polypeptide(s) included in the compositions are provided below in "Amount of component(s) in
compositions” section.

Polypeptide having endoglucanase activity

[0145] A polypeptide having endoglucanase activity includes a polypeptide that catalyzes the
cleavage of internal B-1,4 linkages. Endoglucanase ("EG") refers to a group of cellulase
enzymes classified as EC 3.2.1.4. An EG enzyme hydrolyzes internal beta-1,4 glucosidic bonds
of the cellulose. EG catalyzes endohydrolysis of 1,4-beta-D-glycosidic linkages in cellulose,
cellulose derivatives (for example, carboxy methyl 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. EG activity can be determined using carboxymethyl cellulose
(CMC) hydrolysis according to the procedure of Ghose, 1987, Pure and Appl. Chem. 59: 257-
268. In some aspects, at least one polypeptide having endoglucanase activity includes T.
reesei EG1 (GenBank Accession No. HM641862.1) and/or T. reesei EG2 polypeptide
(GenBank Accession No. ABA64553.1).

[0146] A thermostable T. terrestris endoglucanase (Kvesitadaze et al., Applied Biochem.
Biotech. 1995, 50:137-143) is, in another example, used in the methods and compositions of
the present disclosure. Moreover, a T. reesei EG3 (GenBank Accession No. AAA34213.1)
(Okada et al. Appl. Environ. Microbiol. 1988, 64:555-563), EG5 (GenBank Accession No.
AAP57754) (Saloheimo et al. Molecular Microbiology 1994, 13:219-228), EG6 (FIG. 89A) (U.S.
Patent Publication No. 20070213249), or EG7 (GenBank Accession No. AAP57753) (U.S.
Patent Publication No. 20090170181), an A. cellulolyticus El endoglucanase (Swiss-Prot entry
P54583.1) (U.S. Pat. No. 5,536,655), a H. insolens endoglucanase V (EGV) (Protein Data Bank
entry 4ENG), a S. coccosporum endoglucanase (FIG. 89B) (U.S. Patent Publication No.
20070111278), an A. aculeatus endoglucanase F1-CMC (Swiss-Prot entry P22669.1) (Ooi et
al. Nucleic Acid Res. 1990, 18:5884), an A. kawachii IFO 4308 endoglucanase CMCase-1
(Swiss-Prot entry Q96WQ8.1) (Sakamoto et al. Curr. Genet. 1995, 27:435-439), an E.
carotovara endoglucanase CelS (GenBank Accession No. AAA24817.1) (Saarilahti et al. Gene
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1990, 90:9-14); or an A. thermophilum ALKO4245 endoglucanase (U.S. Patent Publication No.
20070148732) can also be used. Additional suitable endoglucanases are described in, e.g.,
WO 91/17243, WO 91/17244, WO 91/10732, U.S. Patent No. 6,001,639. A polypeptide having
endoglucanase activity may be a variant of any one of the endoglucases provided herein.

Polypeptide having cellobiohydrolase activity

[0147] A polypeptide having cellobiohydrolase activity includes a polypeptide having 1,4-D-
glucan cellobiohydrolase (E.C. 3.2.1.91) activity which catalyzes the hydrolysis of 1,4-beta-D-
glucosidic linkages in cellulose, cellotetriose, or any beta-1,4-linked glucose containing
polymer, releasing cellobiose from the ends of the chain. For purposes of the present
invention, cellobiohydrolase activity can be determined by release of water-soluble reducing
sugar from cellulose as measured by the PHBAH method of Lever et al., 1972, Anal. Biochem.
47: 273-279. A distinction between the exoglucanase mode of attack of a cellobiohydrolase
and the endoglucanase mode of attack can be made by a similar measurement of reducing
sugar release from substituted cellulose such as carboxymethyl cellulose or hydroxyethyl
cellulose (Ghose, 1987, Pure & Appl. Chem. 59: 257-268). A true cellobiohydrolase will have a
very high ratio of activity on unsubstituted versus substituted cellulose (Bailey et al, 1993,
Biotechnol. Appl. Biochem. 17: 65-76).

[0148] Suitable CBHs can be selected from A. bisporus CBH1 (Swiss Prot Accession No.
Q92400), A. aculeatus CBH1 (Swiss Prot Accession No. 0O59843), A.nidulans CBHA (GenBank
Accession No. AF420019) or CBHB (GenBank Accession No. AF420020), A.niger CBHA
(GenBank Accession No. AF156268) or CBHB (GenBank Accession No. AF156269), C.
purpurea CBH1 (Swiss Prot Accession No. 000082), C. carbonarum CBH1 (Swiss Prot
Accession No. Q00328), C.parasitica CBH1 (Swiss Prot Accession No. Q00548), Foxysporum
CBH1 (Cel7A) (Swiss Prot Accession No. P46238), H.grisea CBH1.2 (GenBank Accession No.
U50594), H.grisea var. thermoidea CBH1 (GenBank Accession No. D63515), CBHI.2
(GenBank Accession No. AF123441), or exo1l (GenBank Accession No. AB003105), M.
albomyces Cel7B (GenBank Accession No. AJ515705), N. crassa CBHI (GenBank Accession
No. X77778), Pfuniculosum CBHI (Cel7A) (GenBank Accession No. AJ312295) (U.S. Patent
Publication No. 20070148730), Pjanthinellum CBHI (GenBank Accession No. S56178),
Pchrysosporium CBH (GenBank Accession No. M22220), or CBHI-2 (Cel7D) (GenBank
Accession No. L22656), T. emersonii CBH1A (GenBank Accession No. AF439935), T. viride
CBH1 (GenBank Accession No. X53931), or V. volvacea V14 CBH1 (GenBank Accession No.
AF156693). A polypeptide having cellobiohydrolase activity may be a variant of any one of
CBHs provided herein.

[0149] In some aspects, at least one polypeptide having cellobiohydrolase activity includes
T.reesei CBH 1 (Swiss-Prot entry P62694.1) (or a variant thereof) and/or 7. reesei CBH2
(Swiss-Prot entry P07987.1) (or a variant thereof) polypeptide. See Shoemaker et al.
Bio/Technology 1983, 1.691-696; see also Teeri et al. Bio/Technology 1983, 1:696-699, A.
fumigatus 7A, 7B, C. globosum 7A, 7B, T terrestris 7TA, 7B, which are T. reesei CBH1
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homologs; T. terrestris 6A, S. thermophile 6A, 6B, which are T. reesei CBH2 homologs, or a
variant thereof.

Polypeptide having glucosidase activity

[0150] A polypeptide having glucosidase activity includes a polypeptide having beta-D-
glucoside glucohydrolase (E.C. 3.2.1.21) activity which catalyzes the hydrolysis of cellobiose
with the release of beta-D-glucose. For purposes of the present invention, B-glucosidase
activity may be measured by methods known in the art, e.g., HPLC. A polypeptide having
glucosidase activity includes members of certain GH families, including, without limitation,
members of GH families 1, 3, 9 or 48, which catalyze the hydrolysis of cellobiose to release B-
D-glucose. A polypeptide having glucosidase activity includes B-glucosidase such as pB-
glucosidase obtained from a number of microorganisms, by recombinant means, or be
purchased from commercial sources. Examples of B-glucosidases from microorganisms
include, without limitation, ones from bacteria and fungi. For example, a B-glucosidase is
suitably obtained from a filamentous fungus. In some aspects, at least one polypeptide having
glucosidase activity (e.g., B-glucosidase activity) is a 7. reesei Bgll polypeptide.

[0151] The B-glucosidases can be obtained, or produced recombinantly, from, inter alia, A.
aculeatus (Kawaguchi et al. Gene 1996, 173: 287-288), A. kawachi (Iwashita et al. Appl.
Environ. Microbiol. 1999, 65: 5546-5553), A. oryzae (WO 2002/095014), C. biazotea (Wong et
al. Gene, 1998, 207:79-86), P. funiculosum (WO 2004/078919), S. fibuligera (Machida et al.
Appl. Environ. Microbiol. 1988, 54: 3147-3155), S. pombe (Wood et al. Nature 2002, 415: 871-
880), or T. reesei (e.g., B-glucosidase 1 (U.S. Patent No. 6,022,725), B-glucosidase 3 (U.S.
Patent No0.6,982,159), B- glucosidase 4 (U.S. Patent No. 7,045,332), B-glucosidase 5 (US
Patent No. 7,005,289), B-glucosidase 6 (U.S. Publication No. 20060258554), B-glucosidase 7
(U.S. Publication No. 20060258554)). A polypeptide having B-glucosidases activity may be a
variant of any one of B-glucosidases provided herein.

[0152] The B-glucosidase can be produced by expressing an endogenous or exogenous gene
encoding a B-glucosidase. For example, B-glucosidase can be secreted into the extracellular
space e.g., by Gram-positive organisms (e.g., Bacillus or Actinomycetes), or a eukaryotic hosts
(e.qg., Trichoderma, Aspergillus, Saccharomyces, or Pichia). The B-glucosidase can be, in some
circumstances, overexpressed or underexpressed.

[0153] The B-glucosidase can also be obtained from commercial sources. Examples of
commercial B-glucosidase preparation suitable for use include, e.g., T. reesei B-glucosidase in
Accellerase® BG (Danisco US Inc., Genencor); NOVOZYM™ 188 (a B-glucosidase from A.
niger); Agrobacterium sp. B-glucosidase, and T. maritima B-glucosidase from Megazyme
(Megazyme International Ireland Ltd., Ireland.).

[0154] B-glucosidase activity can be determined by a number of suitable means known in the
art, such as the assay described by Chen et al., in Biochimica et Biophysica Acta 1992, 121:54-
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60, wherein 1 pNPG denotes 1 umoL of Nitrophenol liberated from 4-nitrophenyl-p-D-
glucopyranoside in 10 min at 50°C (122°F) and pH 4.8.

Polypeptide having xylanase activity

[0155] Xylanase activity may be measured by using colorimetric azo-birchwood xylan assay
(S-AXBL, Megazyme International Ireland Ltd., Ireland).

[0156] A polypeptide having xylanase activity may include Group A xylanases, selected from,
e.g., Xyn, Xyn2, AfuXyn2, and/or AfuXyn5 polypeptide, or a variant thereof.

[0157] Any of the compositions described herein may optionally comprise one or more
xylanases in addition to or in place of the one or more Group A xylanases. Any xylanase (EC
3.2.1.8) can be used as the additional one or more xylanases. Suitable xylanases include, e.g.,
C. saccharolyticum xylanase (Luthi et al. 1990, Appl. Environ. Microbiol. 56(9):2677-2683),
T.maritima xylanase (Winterhalter & Liebel, 1995, Appl. Environ. Microbiol. 61(5):1810-1815),
Thermatoga Sp. Strain FJSS-B.1 xylanase (Simpson et al. 1991, Biochem. J. 277, 413-417),
B.circulans xylanase (BcX) (U.S. Patent No. 5,405,769), A. niger xylanase (Kinoshita et al.
1995, Journal of Fermentation and Bioengineering 79(5):422-428), S.lividans xylanase
(Shareck et al. 1991, Gene 107:75-82; Morosoli et al. 1986 Biochem. J. 239:587-592; Kluepfel
et al. 1990, Biochem. J. 287:45-50), B. subtilis xylanase (Bernier et al. 1983, Gene 26(1):59-
65), C.fimi xylanase (Clarke et al., 1996, FEMS Microbiology Letters 139:27-35), Pfluorescens
xylanase (Gilbert et al. 1988, Journal of General Microbiology 134:3239-3247),
C.thermocellum xylanase (Dominguez et al.,, 1995, Nature Structural Biology 2:569-576),
B.pumilus xylanase (Nuyens et al. Applied Microbiology and Biotechnology 2001, 56:431-434;
Yang et al. 1998, Nucleic Acids Res. 16(14B):7187), C.acetobutylicum P262 xylanase (Zappe
et al. 1990, Nucleic Acids Res. 18(8):2179), or T.harzianum xylanase (Rose et al. 1987, J. Mol.
Biol.194(4):755-756). A polypeptide having xylanase activity may be a variant of any one of the
xylanases provided herein.

Polypeptide having xylosidase (e.g., B-xylosidase) activity

[0158] Xylosidase (e.g., B-xylosidase) activity may be measured by using chromogenic
substrate 4-nitrophenyl beta-D-xylopyranoside (pNPX, Sigma-Aldrich N2132).

[0159] A polypeptide having xylosidase (e.g., B-xylosidase) activity may be a Group 1 B-
xylosidase enzyme (e.g., Fv3A or Fv43A) or a Group 2 B-xylosidase enzyme (e.g., Pf43A,
Fv43D, Fv39A, Fv43E, Fo43A, Fv43B, Pab1A, Gz43A, T. reesei BxI1, or a variant thereof). In
some aspects, any of the composition provided herein may suitably comprise one or more
Group 1 B-xylosidases and one or more Group 2 B-xylosidases.



DK/EP 2686434 T3

[0160] Any of the compaosition provided herein such as the enzyme blends/compositions of the
disclosure can optionally comprise one or more B-xylosidases, in addition to or in place of the
Group 1 and/or Group 2 B-xylosidases above. Any B-xylosidase (EC 3.2.1.37) can be used as
the additional B-xylosidases. Suitable B-xylosidases include, for example, T.emersonii BxI1
(Reen et al. 2003, Biochem Biophys Res Commun. 305(3):579-85), G. stearothermophilus B-
xylosidases (Shallom et al. 2005, Biochemistry 44:387-397), S. thermophilum B-xylosidases
(Zanoelo et al. 2004, J. Ind. Microbiol. Biotechnol. 31:170-176), T.lignorum B-xylosidases
(Schmidt, 1998, Methods Enzymol. 160:662-671), A. awamori B-xylosidases (Kurakake et al.
2005, Biochim. Biophys. Acta 1726:272-279), A. versicolor B-xylosidases (Andrade et al. 2004,
Process Biochem. 39:1931-1938), Streptomyces sp. B-xylosidases (Pinphanichakarn et al.
2004, World J. Microbiol. Biotechnol. 20:727-733), T. maritima B-xylosidases (Xue and Shao,
2004, Biotechnol. Lett. 26:1511-1515), Trichoderma sp. SY B-xylosidases (Kim et al. 2004, J.
Microbiol. Biotechnol. 14:643-645), A. niger P-xylosidases (Oguntimein and Reilly, 1980,
Biotechnol. Bioeng. 22:1143-1154), or Pwortmanni B-xylosidases (Matsuo et al. 1987, Agric.
Biol. Chem. 51:2367-2379). A polypeptide having xylosidase (e.g., B-xylosidase) activity may
be a variant of any one of the xylosidases provided herein.

[0161] Arabinofuranosidase activity may be measured by chromogenic substrate 4-nitrophenyl
alpha-L-arabinofuranoside (pNPA, Sigma-Aldrich N3641).

[0162] Any one of the compositions provided herein such as the enzyme blends/ compositions
of the disclosure can, for example, suitably comprise at least one polypeptide having
arabinofuranosidase activity (e.g., L-a-arabinofuranosidase activity) such as L-o-
arabinofuranosidases. The L-a-arabinofuranosidase may be, for example, Af43A, Fv43B,
Pf51A, Pa51A, Fv51A, or a variant thereof.

[0163] The enzyme blends/compositions of the disclosure may optionally comprise one or
more L-a-arabinofuranosidases in addition to or in place of the foregoing L-0-
arabinofuranosidases. L-a-arabinofuranosidases (EC 3.2.1.55) from any suitable organism can
be used as the additional L-a-arabinofuranosidases. Suitable L-a-arabinofuranosidases
include, e.g., L-a-arabinofuranosidases of A.oryzae (Numan & Bhosle, J. Ind. Microbiol.
Biotechnol. 2006, 33:247-260), A.sojae (Oshima et al. J. Appl. Glycosci. 2005, 52:261-265),
B.brevis (Numan & Bhosle, J. Ind. Microbiol. Biotechnol. 2006, 33:247-260), B.
stearothermophilus (Kim et al., J. Microbiol. Biotechnol. 2004, 14:474-482), B. breve (Shin et
al., Appl. Environ. Microbiol. 2003, 69:7116-7123), B.longum (Margolles et al., Appl. Environ.
Microbiol. 2003, 69:5096-5103), C.thermocellum (Taylor et al., Biochem. J. 2006, 395:31-37),
Foxysporum (Panagiotou et al.,, Can. J. Microbiol. 2003, 49:639-644), F. oxysporum f. sp.
dianthi (Numan & Bhosle, J. Ind. Microbiol. Biotechnol. 2006, 33:247-260),
G.stearothermophilus T-6 (Shallom et al., J. Biol. Chem. 2002, 277:43667-43673), H. vulgare
(Lee et al., J. Biol. Chem. 2003, 278:5377-5387), Pchrysogenum (Sakamoto et al., Biophys.
Acta 2003, 1621:204-210), Penicillium sp. (Rahman et al., Can. J. Microbiol. 2003, 49:58-64),
Pcellulosa (Numan & Bhosle, J. Ind. Microbiol. Biotechnol. 2006, 33:247-260), R.pusillus
(Rahman et al., Carbohydr. Res. 2003, 338:1469-1476), S.chartreusis, S.thermoviolacus,
T.ethanolicus, T.xylanilyticus (Numan & Bhosle, J. Ind. Microbiol. Biotechnol. 2006, 33:247-
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260), T.fusca (Tuncer and Ball, Folia Microbiol. 2003, (Praha) 48:168-172), T.maritima
(Miyazaki, Extremophiles 2005, 9:399-406), Trichoderma sp. SY (Jung et al. Agric. Chem.
Biotechnol. 2005, 48:7-10), A.kawachii (Koseki et al., Biochim. Biophys. Acta 2006, 1760:1458-
1464), Foxysporum f sp. dianthi (Chacon-Martinez et al., Physiol.Mol. Plant Pathol.
2004,64:201-208), T.xylanilyticus (Debeche et al., Protein Eng. 2002, 15:21-28), H.insolens,
M.giganteus (Sorensen et al., Biotechnol. Prog. 2007, 23:100-107), or R.sativus (Kotake et al.
J. Exp. Bot. 2006, 57:2353-2362). A polypeptide having arabinofuranosidase activity may be a
variant of any one of the arabinofuranosidases described herein.

[0164] In some aspects of any one of the compositions described herein, the at least one
polypeptide having endoglucanase activity comprises 7. reesei EG1 (or a variant thereof)
and/or T. reesei EG2 (or a variant thereof). In some aspects of any one of the compositions
described herein, the at least one polypeptide having cellobiohydrolase ("CBH") activity
comprises T. reesei CBH1, A. fumigatus 7A, 7B, C. globosum 7A, 7B, T. terrestris 7TA, 7B, T.
reesei CBH2, T. terrestris 6A, S. thermophile 6A, 6B, or a variant thereof. In some aspects of
any one of the compositions described herein, the at least one polypeptide having B-
glucosidase activity comprises Fv3C, Pa3D, Fv3G, Fv3D, Tr3A, Tr3B, Te3A, An3A, Fo3A,
Gz3A, Nh3A, Vd3A, Pa3G, and/or Tn3B. In some aspects of any one of the compositions
described herein, the at least one polypeptide having p-glucosidase activity comprises Fv3C,
Pa3D, Fv3G, Fv3D, Tr3A, Tr3B, Te3A, An3A, Fo3A, Gz3A, Nh3A, Vd3A, Pa3G, Tn3B, and/or a
variant thereof. In some aspects of any one of the compositions described herein, the at least
one polypeptide having xylanase activity comprises T. reesei Xyn3, T. reesei Xyn2, AfuXyn2,
and/or AfuXyn5. In some aspects of any one of the compositions described herein, the at least
one polypeptide having xylanase activity comprises T. reesei Xyn3, T. reesei Xyn2, AfuXyn2,
AfuXynb, and/or a variant thereof. In some aspects of any one of the compositions described
herein, the at least one polypeptide having B-xylosidase activity is a Group 1 B-xylosidase or a
Group 2 B-xylosidase, wherein the Group 1 B-xylosidase comprises Fv3A, Fv43A, or a variant
thereof, and the Group 2 PB-xylosidase comprises Pf43A, Fv43D, Fv39A, Fv43E, Fo43A,
Fv43B, Pab51A, Gz43A, T. reesei Bxl1, or a variant thereof. In some aspects, the at least one
polypeptide having B-xylosidase activity comprises F. verticillioides Fv3A, F. verticillioides
Fv43D, or a variant thereof. In some aspects of any one of the compositions described herein,
the at least one polypeptide having L-a-arabinofuranosidase activity comprises Af43A, Fv43B,
Pf51A, Pa51A, and/or Fv51A. In some aspects of any one of the compositions described
herein, the at least one polypeptide having L-a-arabinofuranosidase activity comprises Af43A,
Fv43B, Pf51A, Pa51A, Fv51A, and/or a variant thereof.

Whole cellulase

[0165] Any of the compositions provided here such as enzyme blends/compositions of the
disclosure may comprise whole cellulase.

[0166] As used herein, a "whole cellulase” refers to either a naturally occurring or a non-
naturally occurring cellulase-containing composition comprising at least 3 different enzyme
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types: (1) an endoglucanase, (2) a cellobiohydrolase, and (3) a B-glucosidase, or comprising at
least 3 different enzymatic activities: (1) an endoglucanase activity, which catalyzes the
cleavage of internal B-1,4 linkages, resulting in shorter glucooligosaccharides, (2) a
cellobiohydrolase activity, which catalyzes an "exo"-type release of cellobiose units (B-1,4
glucose-glucose disaccharide), and (3) a B-glucosidase activity, which catalyzes the release of
glucose monomer from short cellooligosaccharides (e.g., cellobiose). The whole cellulase may
comprise at least one polypeptide having endoglucanase activity (e.g., EG2 (or a variant
thereof) and/or EG4 (or a variant thereof)), at least one polypeptide having cellobiohydrolase
activity (e.g., CBH1 (or a variant thereof) and/or CBH2 (or a variant thereof)), and at least one
polypeptide having B-glucosidase activity (e.g., Bgll or a variant thereof).

[0167] A "naturally occurring cellulase-containing” composition is one produced by a naturally
occurring source, which comprises one or more cellobiohydrolase-type, one or more
endoglucanase-type, and one or more B-glucosidase-type components or activities, wherein
each of these components or activities is found at the ratio and level produced in nature,
untouched by the human hand. Accordingly, a naturally occurring cellulase-containing
composition is, for example, one that is produced by an organism unmodified with respect to
the cellulolytic enzymes such that the ratio or levels of the component enzymes are unaltered
from that produced by the native organism in nature. A "non-naturally occurring cellulase-
containing composition” refers to a composition produced by: (1) combining component
cellulolytic enzymes either in a naturally occurring ratio or a non-naturally occurring, ie.,
altered, ratio; or (2) modifying an organism to overexpress or underexpress one or more
cellulolytic enzymes; or (3) modifying an organism such that at least one cellulolytic enzyme is
deleted. A "non-naturally occurring cellulase containing" composition can also refer to a
composition resulting from adjusting the culture conditions for a naturally-occurring organism,
such that the naturally-occurring organism grows under a non-native condition, and produces
an altered level or ratio of enzymes. Accordingly, in some embodiments, the whole cellulase
preparation of the present disclosure can have one or more EGs and/or CBHs and/or B-
glucosidases deleted and/or overexpressed.

[0168] In some aspects, there is provided a non-naturally occurring composition comprising a
polypeptide having GH61/endoglucanase activity (e.g., endoglucanase IV polypeptide such as
T. reesei Eg4 polypeptide or a variant thereof) or a non-naturally occurring composition
comprising a polypeptide having GH61/ endoglucanase activity (e.g., whole cellulase enriched
with endoglucanase IV polypeptide such as T. reesei Eg4 polypeptide or a variant thereof),
wherein the composition further comprises a whole cellulase, at least 1 polypeptide having
endoglucanase activity (e.g., at least 2, 3, 4, or 5 polypeptides having endoglucanase activity),
at least 1 polypeptide having cellobiohydrolase activity (e.g., at least 2, 3, 4, or 5 polypeptides
having cellobiohydrolase activity), at least 1 polypeptide having glucosidase activity (e.g., B-
glucosidase) (e.g., at least 2, 3, 4, or 5 polypeptides having B-glucosidase activity), at least 1
polypeptide having xylanase activity (e.g., at least 2, 3, 4, or 5 polypeptides having xylanase
activity), at least 1 polypeptide having xylosidase activity (e.g., B-xylosidase) (e.g., at least 2, 3,
4, or 5 polypeptides having B-xylosidase activity), and/or at least 1 polypeptide having
arabinofuranosidase activity (e.g., L-a-arabinofuranosidase) (e.g., at least 2, 3, 4, or 5
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polypeptides having L-a-arabinofuranosidase activity). The polypeptides having various
enzyme activities are described above.

[0169] In some aspects, the whole cellulase comprises at least 1 polypeptide having
endoglucanase activity such as 7. reesei EG1, T. reesei EG2, or a variant thereof. In some
aspects, the whole cellulase comprises at least one polypeptide having cellobiohydrolase
activity such as T. reesei CBH1, T. reesei CBH2, or a variant thereof. In some aspects, the
whole cellulase comprises at least 1 polypeptide having B-glucosidase activity such as Fv3C,
Pa3D, Fv3G, Fv3D, Tr3A, Tr3B, Te3A, An3A, Fo3A, Gz3A, Nh3A, Vd3A, Pa3G, Tn3B, or a
variant thereof.

[0170] In the present disclosure, a whole cellulase preparation can be from any microorganism
that is capable of hydrolyzing a cellulosic material. In some embodiments, the whole cellulase
preparation is a fungal or bacterial whole cellulase. For example, the whole cellulase
preparation can be from an Acremonium, Aspergillus, Chrysosporium, Emericella, Fusarium,
Humicola, Mucor, Myceliophthora, Neurospora, Penicillium, Scytalidium, Thielavia,
Tolypocladium, Trichoderma, or yeast species.

[0171] The whole cellulase preparation may be, e.g., an Aspergillus aculeatus, Aspergillus
awamori, Aspergillus foetidus, Aspergillus japonicus, Aspergillus nidulavs, Aspergillus niger, or
Aspergillus oryzae whole cellulase. Moreover, the whole cellulase preparation may be a
Fusarium bactridioides, Fusarium cerealis, Fusarium crookwellence, Fusarium culmorum,
Fusarium graminearum, Fusarium graminum, Fusarium heterosporum, Fusarium negundi,
Fusarium oxysporum, Fusarium reticulatum, Fusarium roseum, Fusarium sambucinum,
Fusarium sarcochroum, Fusarium sporotrichioides, Fusarium sulphureum, Fusarium
torulosum, Fusarium trichothecioides, or Fusarium venenatum whole cellulase preparation.
The whole cellulase preparation may also be a Chrysosporium Ilucknowence, Humicola
insolens, Humicola lanuginosa, Mucor miehei, Myceliophthora thermophila, Neurospora
crassa, Penicillium purpurogenum, Penicillium funiculosum, Scytalidium thermophilum, or
Thielavia terrestris whole cellulase preparation. The whole cellulase preparation may also be a
Trichoderma harzianum, Trichoderma koningii, Trichoderma longibrachiatum, Trichoderma
reesei (e.g., RL-P37 (Sheir-Neiss G et al. Appl. Microbiol. Biotechnology, 1984, 20, pp.46-53),
QM9414 (ATCC No. 26921), NRRL 15709, ATCC 13631, 56764, 56466, 56767), or a
Trichoderma viride (e.g., ATCC 32098 and 32086) whole cellulase preparation.

[0172] The whole cellulase preparation can be integrated strain T.reesei H3A or H3A/Eg4 #27
(as described in the Examples herein) preparation.

[0173] The whole cellulase preparation can suitably be a T.reesei RutC30 whole cellulase
preparation, which is available from the American Type Culture Collection as T.reesei ATCC
56765. For example, the whole cellulase preparation can also suitably be a whole cellulase of
P, funiculosum, which is available from the American Type Culture Collection as P. funiculosum
ATCC Number: 10446.
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[0174] The whole cellulase preparation can also be obtained from commercial sources.
Examples of commercial cellulase preparations suitable for use in the methods and
compositions of the present disclosure include, for example, CELLUCLAST™ and Cellic™
(Novozymes A/S) and LAMINEX™ BG, IndiAge™ 44L, Primafast™ 100, Primafast™ 200,
Spezyme™ CP, Accellerase® 1000 and Accellerase® 1500 (Danisco US. Inc., Genencor).

[0175] Suitable whole cellulase preparations can be made using any known microorganism
cultivation methods, especially fermentation, resulting in the expression of enzymes capable of
hydrolyzing a cellulosic material. As used herein, "fermentation” refers to shake flask
cultivation, small- or large-scale fermentation, such as continuous, batch, fed-batch, or solid
state fermentations in laboratory or industrial fermenters performed in a suitable medium and
under conditions that allow the cellulase and/or enzymes of interest to be expressed and/or
isolated. Generally the microorganism is cultivated in a cell culture medium suitable for
production of enzymes capable of hydrolyzing a cellulosic material. The cultivation takes place
in a nutrient medium comprising carbon and nitrogen sources and inorganic salts, using known
procedures and variations. Culture media, temperature ranges and other conditions for growth
and cellulase production are known. As a non-limiting example, a typical temperature range for
the production of cellulases by T. reeseiis 24°C to 28°C.

[0176] The whole cellulase preparation can be used as it is produced by fermentation with no
or minimal recovery and/or purification. In that sense, the whole cellulase preparation can be
used in a whole broth formulation. For example, once cellulases are secreted into the cell
culture medium, the cell culture medium containing the cellulases can be used directly. The
whole cellulase preparation can comprise the unfractionated contents of fermentation material,
including the spent cell culture medium, extracellular enzymes and cells. On the other hand,
the whole cellulase preparation can also be subject to further processing in a number of
routine steps, e.g., precipitation, centrifugation, affinity chromatography, filtration, or the like.
For example, the whole cellulase preparation can be concentrated, and then used without
further purification. The whole cellulase preparation can, e.g., be formulated to comprise
certain chemical agents that decrease cell viability or kill the cells after fermentation. The cells
can for example be lysed or permeabilized using known methods.

[0177] The endoglucanase activity of the whole cellulase preparation can be determined using
carboxymethyl cellulose (CMC) as a substrate. A suitable assay measures the production of
reducing ends created by the enzyme mixture acting on CMC wherein 1 unit is the amount of
enzyme that liberates 1 ymoL of product/min (Ghose, T. K., Pure & Appl. Chem. 1987, 59, pp.
257-268).

[0178] The whole cellulase may be enriched with a polypeptide having GH61/ endoglucanase
activity, e.g., an EG IV-enriched (such as, e.g., enriched with 7. reesei Eg4 polypeptide or a
variant thereof) cellulase. The EG IV-enriched whole cellulase generally comprises an EG IV
polypeptide (such as, e.g., T. reesei Eg4 polypeptide or a variant thereof) and a whole
cellulase preparation. The EG IV-enriched whole cellulase compositions can be produced by
recombinant means. For example, such a whole cellulase preparation can be achieved by
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expressing an EG IV in a microorganism capable of producing a whole cellulase. The EG V-
enriched whole cellulase composition can also, e.g., comprise a whole cellulase preparation
and an EG IV (such as, e.g., T. reesei Eg4 polypeptide or a variant thereof). For instance, the
EG IV-enriched (e.g., enriched with T. reesei Eg4 polypeptide or a variant thereof) whole
cellulase composition can suitably comprise at least 0.1 wt.%, 1 wt.%, 2 wt.%, 5 wt.%, 7 wt.%,
10 wt.%, 15 wt.% or 20 wt.%, and up to 25 wt.%, 30 wt.%, 35 wt.%, 40 wt.%, or 50 wt.% EG IV
based on the total weight of proteins in that blend/composition.

[0179] The whole cellulase can be a B-glucosidase-enriched cellulase. The B-glucosidase-
enriched whole cellulase generally comprises a B-glucosidase and a whole cellulase
preparation. The B-glucosidase-enriched whole cellulase compositions can be produced by
recombinant means. For example, such a whole cellulase preparation can be achieved by
expressing a B-glucosidase in a microorganism capable of producing a whole cellulase The B-
glucosidase-enriched whole cellulase composition can also, e.g., comprise a whole cellulase
preparation and a B-glucosidase. For instance, the B-glucosidase-enriched whole cellulase
composition can suitably comprise at least 0.1 wt.%, 1 wt.%, 2 wt.%, 5 wt.%, 7 wt.%, 10 wt.%,
15 wt.% or 20 wt.%, and up to 25 wt.%, 30 wt.%, 35 wt.%, 40 wt.%, or 50 wt.% B-glucosidase
based on the total weight of proteins in that blend/composition.

[0180] Certain fungi produce complete cellulase systems, including exo-cellobiohydrolases or
CBH-type cellulases, endoglucanases or EG-type cellulases and B-glucosidase or BG-type
cellulases (Schulein, 1988). However, sometimes these systems lack CBH-type cellulases,
e.g., bacterial cellulases also typically include little or no CBH-type cellulases. In addition, it has
been shown that the EG components and CBH components synergistically interact to more
efficiently degrade cellulose. See, e.g., Wood, 1985. The different components, i.e., the various
endoglucanases and exocellobiohydrolases in a multi-component or complete cellulase
system, generally have different properties, such as isoelectric point, molecular weight, degree
of glycosylation, substrate specificity and enzymatic action patterns.

[0181] In some aspects, the cellulase is used as is produced by fermentation with no or
minimal recovery and/or purification. For example, once cellulases are secreted by a cell into
the cell culture medium, the cell culture medium containing the cellulases can be used. In
some aspects, the whole cellulase preparation comprises the unfractionated contents of
fermentation material, including cell culture medium, extracellular enzymes and cells.
Alternatively, the whole cellulase preparation can be processed by any convenient method,
e.g., by precipitation, centrifugation, affinity, filtration or any other method known in the art. In
some aspects, the whole cellulase preparation can be concentrated, for example, and then
used without further purification. In some aspects, the whole cellulase preparation comprises
chemical agents that decrease cell viability or kills the cells. In some aspects, the cells are
lysed or permeabilized using methods known in the art.

[0182] A composition is provided comprising a polypeptide having GH61/endoglucanase
activity (e.g., T. reesei Eg4 or a variant thereof) and further comprising at least one cellulase
polypeptide and/or at least one hemicellulase polypeptide, wherein the cellulase polypeptide
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and/or the hemicellulase polypeptide is heterologous to the host cell expressing the cellulase
polypeptide and/or the hemicellulase polypeptide. In some aspects, there is provided a
composition comprising a polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4
or a variant thereof) and further comprising at least 1 cellulase polypeptide and/or at least 1
hemicellulase polypeptide, wherein the cellulase polypeptide and/or the hemicellulase
polypeptide is expressed from a host cell, and wherein cellulase polypeptide and/or a
hemicellulase polypeptide is endogenous to the host cell. The cellulase polypeptide may
comprise a polypeptide having endoglucanase activity (e.g., T. reesei EG1 or a variant thereof,
T. reesei EG2 or a variant thereof), a polypeptide having cellobiohydrolase activity (e.g., T.
reesei CBH1, A. fumigatus 7TA, 7B, C. globosum 7A, 7B, T. terrestris 7TA, 7B, T. reesei CBH2, T.
terrestris 6A, S. thermophile 6A, 6B, or a variant thereof), or a polypeptide having B-
glucosidase activity (e.g., Fv3C, Pa3D, Fv3G, Fv3D, Tr3A, Tr3B, Te3A, An3A, Fo3A, Gz3A,
Nh3A, Vd3A, Pa3G, Tn3B, or a variant thereof). The hemicellulase polypeptide may comprise
a polypeptide having xylanase activity (e.g., T. reesei Xyn3, T. reesei Xyn2, AfuXyn2, AfuXyn5,
or a variant thereof), a having B-xylosidase activity (e.g., Fv3A, Fv43A, Pf43A, Fv43D, Fv39A,
Fv43E, Fo43A, Fv43B, Pab51A, Gz43A, T. reesei BxI1, or a variant thereof), or a polypeptide
having L-a-arabinofuranosidase activity (e.g., Af43A, Fv43B, Pf51A, Pa51A, Fv51A, or a
variant thereof).

[0183] In some aspects, the composition is from fermentation broth. The composition may be
from the fermentation broth of a strain, wherein a nucleic acid encoding a polypeptide having
GH61/ endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) is heterologous to the
host cell expressing the polypeptide having GH61/endoglucanase activity (e.g., integrated into
the strain or expressed from a vector in the host strain). The composition may be from the
fermentation broth of an integrated strain (e.g., H3A/Eg4, #27 as in Examples).

[0184] The composition comprising a polypeptide having GH61/ endoglucanase activity (e.g.,
T. reesei Eg4 or a variant thereof) may comprise whole cellulase. Thus, a composition is
provided (e.g., a non-naturally occurring composition) comprising 7. reesei Eg4 (or a variant
thereof), T. reesei Bgl1 (or a variant thereof), T. reesei xyn3 (or a variant thereof), Fv3A (or a
variant thereof), Fv43D (or a variant thereof), and Fv51A (or a variant thereof).

[0185] In some aspects, the composition comprises isolated 7. reesei Eg4. In some aspects,
the composition comprises at least one (at least 2, 3, 4, or 5) of isolated T. reesei Bgl1, isolated
T. reesei xyn3, isolated Fv3A, isolated Fv43D, and isolated Fv51A.

[0186] In some aspects, the composition is from fermentation broth. In some aspects, the
composition is from the fermentation broth of an integrated strain (e.g., H3A/Eg4, #27 as
described herein in the Examples). The T. reesei Eg4 or the nucleic acid encoding T. reesej
Eg4 may be heterologous to the host cell expressing 7. reesei Eg4. At least one nucleic acid
encoding T. reesei Bgl1l, T. reesei xyn3, Fv3A, Fv43D, Fv51A, or a variant thereof may be
heterologous to the host cell such as the host cell expressing T. reesei Eg4. In some aspects,
at least one nucleic acid encoding T. reesei Bgl1, T. reesei xyn3, Fv3A, Fv43D, Fv51A, or a
variant thereof is endogenous to the host cell such as the host cell expressing T. reesei Eg4.
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[0187] Regarding any of the compositions described above, varying amounts of the
polypeptide(s) included in the compositions are described below in "Amount of component(s) in
compositions” section.

Amount of component(s) in compositions

[0188] A non-naturally occurring composition comprising a polypeptide having GH61/
endoglucanase activity (or a non-naturally occurring composition comprising whole cellulase
comprising a polypeptide having GH61/endoglucanase activity) provided herein may comprise
various components as described herein, wherein each component is present in the
composition in various amount.

[0189] In some aspects of any one of the compositions or methods provided herein, the
polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) is
present in the composition in an amount sufficient to increase the yield of fermentable sugar(s)
from hydrolysis of biomass material (e.g., by at least about any of 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, or 90%) compared to the yield in the absence of
the polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof).
Any one of the compositions or methods provided herein, the polypeptide having
GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) may be present in the
composition in an amount sufficient to reduce the viscosity of a biomass mixture during
hydrolysis of a biomass material (e.g., by at least about any of 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 60%, 70%, 80%, or 90%) compared to the viscosity of the biomass
mixture during hydrolysis in the absence of the polypeptide having GH61/ endoglucanase
activity (e.g., T. reesei Eg4 or a variant thereof). The composition may further comprise at least
1 polypeptide having endoglucanase activity, at least 1 polypeptide having cellobiohydrolase
activity, at least 1 polypeptide having B-glucosidase activity, at least 1 polypeptide having
xylanase activity, at least 1 polypeptide having B-xylosidase activity, at least 1 polypeptide
having L-a-arabinofuranosidase activity, and/or whole cellulase, or a mixture thereof. The
amount of polypeptide(s) having endoglucanase activity, the amount of polypeptide(s) having
cellobiohydrolase activity, the amount of polypeptide(s) having B-glucosidase activity, the
amount of polypeptide(s) having xylanase activity, the amount of polypeptide(s) having B-
xylosidase activity, the amount of polypeptide(s) having L-a-arabinofuranosidase activity, or the
amount of whole cellulase is sufficient to increase the yield of fermentable sugar(s) from
hydrolysis of biomass material (e.g., by at least about any of 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 60%, 70%, 80%, or 90%) compared to the yield in the absence of the
polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof), the
polypeptide(s) having endoglucanase activity, the polypeptide(s) having cellobiohydrolase
activity, the polypeptide(s) having B-glucosidase activity, the polypeptide(s) having xylanase
activity, the polypeptide(s) having B-xylosidase activity, the polypeptide(s) having L-o-
arabinofuranosidase activity, or the whole cellulase. In some aspects, the amount of
polypeptide(s) having endoglucanase activityy the amount of polypeptide(s) having
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cellobiohydrolase activity, the amount of polypeptide(s) having B-glucosidase activity, the
amount of polypeptide(s) having xylanase activity, the amount of polypeptide(s) having B-
xylosidase activity, the amount of polypeptide(s) having L-a-arabinofuranosidase activity, or the
amount of whole cellulase is sufficient to reduce the viscosity of a biomass mixture during
hydrolysis of a biomass material (e.g., by at least about any of 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 60%, 70%, 80%, or 90%) compared to the viscosity of a biomass
mixture in the absence of the polypeptide having GH61/endoglucanase activity (e.g., T. reesei
Eg4 or a variant thereof), the polypeptide(s) having endoglucanase activity, the polypeptide(s)
having cellobiohydrolase activity, the polypeptide(s) having B-glucosidase activity, the
polypeptide(s) having xylanase activity, the polypeptide(s) having B-xylosidase activity, the
polypeptide(s) having L-a-arabinofuranosidase activity, or the whole cellulase.

[0190] A polypeptide having GH61/endoglucanase activity (such as EG IV including T. reesei
Eg4 polypeptide or a variant thereof) may be present in any of the compositions described
herein (such as in any of the enzyme blends/compositions provided herein) in an amount that
is at least about any of 5 wt.%, 6 wt.% 7 wt.%, 8 wt.%, 9 wt.%, 10 wt.%, 11 wt.%, 12 wt.%, 15
wt.%, 20 wt.%, 25 wt.%, 30 wt.%, 40 wt.%, 45 wt.%, or 50 wt.% of the total weight of proteins in
the composition. In some aspects, a polypeptide having GH61/endoglucanase activity (such as
EG IVincluding, e.g., T. reesei Eg4 polypeptide or a variant thereof) may be present in any of
the compositions described herein (such as in any of the enzyme blends/compositions
provided herein) in an amount that is no more than about any of 5 wt.%, 6 wt.% 7 wt.%, 8 wt.%,
9 wt.%, 10 wt.%, 11 wt.%, 12 wt.%, 15 wt.%, 20 wt.%, 25 wt.%, 30 wt.%, 40 wt.%, 45 wt.%, or
50 wt.% of the total weight of proteins in the composition. A polypeptide having
GH61/endoglucanase activity (such as EG IV including, e.g., T. reesei Eg4 polypeptide or a
variant thereof) may be present in any of the compositions described herein (such as in any of
the enzyme blends/ compositions provided herein) in an amount that has a range having upper
limit and lower limit. For example, lower limit for a polypeptide having GH61/endoglucanase
activity is about any of 5 wt.%, 6 wt.% 7 wt.%, 8 wt.%, 9 wt.%, 10 wt.%, 12 wt.%, 15 wt.%, 20
wt.%, 25 wt.%, 30 wt.%, 40 wt.%, 45 wt.%, or 50 wt.% of the total weight of proteins in the
composition. Upper limit for a polypeptide having GH61/ endoglucanase activity may be about
any of 10 wt,%, 15 wt,%, 20 wt.%, 25 wt.%, 30 wt.%, 35 wt.%, 40 wt.%, or 50 wt.%, of the total
weight of proteins in the composition. In some aspects, a polypeptide having GH61/
endoglucanase activity (such as EG IV including, e.g., T. reesei Eg4 polypeptide or a variant
thereof) may be present in any of the compositions described herein (such as in any of the
enzyme blends/ compositions provided herein) in an amount that is about any of 5 wt.%, 6
wt.% 7 wt.%, 8 wt.%, 9 wt.%, 10 wt.%, 11 wt.%, 12 wt.%, 15 wt.%, 20 wt.%, 25 wt.%, 30 wt.%,
40 wt.%, 45 wt.%, or 50 wt.% of the total weight of proteins in the composition. The polypeptide
having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) may be present
in about 10 wt.% or 12 wt.% of the total weight of proteins in the composition. The compaosition
may have at least two polypeptides having endoglucanase activity (e.g., 7. reesej Eg4, T.
reesei Eg1, and/or T. reesei Eg2, or a variant thereof), where the total amount of polypeptides
having endoglucanase activity is about 0.1 to about 50 wt.% (e.g.,about 0.5 to about 45 wt.%,
about 1 to about 30 wt.%, about 2 to about 20 wt.%, about 5 to about 20 wt.%, or about 8 to
about 15 wt.%) of the total weight of proteins in the composition. The polypeptide having
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GH61/endoglucanase activity may be heterologous or endogenous to the host cell expressing
the polypeptide having GH61/endoglucanase activity The polypeptide having GH61/
endoglucanase activity included in the composition may be isolated.

[0191] In some aspects, the enzyme composition (e.g., the enzyme composition) described
herein is whole cellulase composition comprising a polypeptide having GH61/endoglucanase
activity. In some aspects, a polypeptide having GH61/endoglucanase activity (such as EG IV
including, e.g., T. reesei Eg4 polypeptide or a variant thereof) may be present in an amount
that is at least about any of 5 wt.%, 6 wt.% 7 wt.%, 8 wt.%, 9 wt.%, 10 wt.%, 11 wt.%, 12 wt.%,
15 wt.%, 20 wt.%, 25 wt.%, 30 wt.%, 40 wt.%, 45 wt.%, or 50 wt.% of the total weight of the
whole cellulase. In some aspects, a polypeptide having GH61/endoglucanase activity (such as
EG IV including, e.g., T. reesei Eg4 polypeptide or a variant thereof) may be present in an
amount that is no more than about any of 5 wt.%, 6 wt.% 7 wt.%, 8 wt.%, 9 wt.%, 10 wt.%, 11
wt.%, 12 wt.%, 15 wt.%, 20 wt.%, 25 wt.%, 30 wt.%, 40 wt.%, 45 wt.%, or 50 wt.% of the total
weight of the whole cellulase. In some aspects, a polypeptide having GH61/endoglucanase
activity (such as EG IV including, e.g., T. reesei Eg4 polypeptide or a variant thereof) may be
present in an amount that has a lower limit of about any of 5 wt.%, 6 wt.% 7 wt.%, 8 wt.%, 9
wt.%, 10 wt.%, 12 wt.%, 15 wt.%, 20 wt.%, 25 wt.%, 30 wt.%, 40 wt.%, 45 wt.%, or 50 wt.% of
the total weight of the whole cellulase and a upper limit of about any of 10 wt,%, 15 wt,%, 20
wt.%, 25 wt.%, 30 wt.%, 35 wt.%, 40 wt.%, or 50 wt.%; of the total weight of the whole cellulase.
In some aspects, a polypeptide having GH61/endoglucanase activity (such as EG IV including,
e.g., T. reesei Eg4 polypeptide or a variant thereof) may be present in an amount that is about
any of 5 wt.%, 6 wt.% 7 wt.%, 8 wt.%, 9 wt.%, 10 wt.%, 11 wt.%, 12 wt.%, 13 wt.%, 14 wt.%, 15
wt.%, 20 wt.%, 25 wt.%, 30 wt.%, 40 wt.%, 45 wt.%,or 50 wt.% of the total weight of the whole
cellulase. In some aspects, a polypeptide having GH61/endoglucanase activity (such as EG IV
including, e.g., T. reesei Eg4 polypeptide or a variant thereof) is present in an amount that is
about 10 wt.% or 12 wt.% of the total weight of the whole cellulase.

[0192] In some aspects, any of the compostions provided herein may comprise one or more
polypeptide with various enzyme activity, such as polypeptide(s) having cellobiohydrolase
activity, polypeptide(s) having glucosidase activity (e.g., B-glucosidase), polypeptide(s) having
xylanase activity, polypeptide(s) having xylosidase activity, and/or polypeptide(s) having
arabinofuranosidase activity. In some aspects, there may be multiple polypeptides having the
same enzyme activity. Each of the polypeptides mentioned above (or the total amount of the
polypeptides having a specific enzyme activity, e.g., total amount of the polypeptides having
cellobiohydrolase activity, glucosidase activity (e.g., PB-glucosidase), xylanase activity,
xylosidase activity, or arabinofuranosidase activity) may be present in any of the compositions
described herein (such as in any of the enzyme blends/compositions provided herein) in an
amount that is at least about any of 1 wt.%, 2 wt.%, 3 wt.%, 4 wt.%, 5 wt.%, 6 wt.% 7 wt.%, 8
wt.%, 9 wt.%, 10 wt.%, 11 wt.%, 12 wt.%, 15 wt.%, 20 wt.%, 25 wt.%, 30 wt.%, 40 wt.%, 45
wt.%, or 50 wt.% of the total weight of proteins in the composition. In some aspects, each of
the polypeptides mentioned above (or the total amount of the polypeptides having a specific
enzyme activity, e.g., total amount of the polypeptides having cellobiohydrolase activity,
glucosidase activity (e.g., PB-glucosidase), xylanase activity, xylosidase activity, or
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arabinofuranosidase activity) may be no more than about any of 1 wt.%, 2 wt.%, 3 wt.%, 4
wt.%, 5 wt.%, 6 wt.% 7 wt.%, 8 wt.%, 9 wt.%, 10 wt.%, 11 wt.%, 12 wt.%, 15 wt.%, 20 wt.%, 25
wt.%, 30 wt.%, 40 wt.%, 45 wt.%, 50 wt.%, 55 wt.%, 60 wt.%, 65 wt.%, 70 wt.%, 75 wt.%, or 80
wt.% of the total weight of proteins in the composition. Each of the polypeptides mentioned
above (or the total amount of the polypeptides having a specific enzyme activity, e.g., total
amount of the polypeptides having cellobiohydrolase activity, glucosidase activity (e.g., B-
glucosidase), xylanase activity, xylosidase activity, or arabinofuranosidase activity) may be
present in any of the compositions described herein (such as in any of the enzyme
blends/compositions provided herein) in an amount that has a range having upper and lower
limits. For example, lower limit for the total amount of the polypeptide(s) having endoglucanase
activity is about any of 0.01 wt.%, 1 wt.%, 2 wt.%, 3 wt.%, 4 wt.%, 5 wt.%, 6 wt.% 7 wt.%, 8
wt.%, 9 wt.%, 10 wt.%, 12 wt.%, 15 wt.%, 20 wt.%, 25 wt.%, 30 wt.%, 40 wt.%, 45 wt.%, or 50
wt.% of the total weight of proteins in the composition. Upper limit may be about any of 10
wt,%, 15 wt,%, 20 wt.%, 25 wt.%, 30 wt.%, 35 wt.%, 40 wt.%, 50 wt.%, 55 wt.%, 60 wt.%, 65
wt.% or 70 wt.% of the total weight of proteins in the composition. In some aspects, each of the
polypeptides mentioned above (or the total amount of the polypeptides having a specific
enzyme activity, e.g., total amount of the polypeptides having cellobiohydrolase activity,
glucosidase activity (e.g., PB-glucosidase), xylanase activity, xylosidase activity, or
arabinofuranosidase activity) may be present in any of the compositions described herein
(such as in any of the enzyme blends/compositions provided herein) in an amount that is about
any of 1 wt.%, 2 wt.%, 3 wt.%, 4 wt. %, 5 wt.%, 6 wt.% 7 wt.%, 8 wt.%, 9 wt.%, 10 wt.%, 11 wt.%,
12 wt.%, 15 wt.%, 20 wt.%, 25 wt.%, 30 wt.%, 40 wt.%, 45 wt.%, 50 wt.%, 55 wt.%, 60 wt.%, 65
wt.%, 70 wt.%, 75 wt.%, or 80 wt.% of the total weight of proteins in the composition.

[0193] In some aspects, any of the compostions provided herein may further comprise whole
cellulase. The whole cellulase may be present in any of the compositions described herein
(such as in any of the enzyme blends/compositions provided herein) in an amount that is at
least about any of 1 wt.%, 2 wt.%, 3 wt.%, 4 wt.%, 5 wt.%, 6 wt.% 7 wt.%, 8 wt.%, 9 wt.%, 10
wt.%, 11 wt.%, 12 wt.%, 15 wt.%, 20 wt.%, 25 wt.%, 30 wt.%, 40 wt.%, 45 wt.%, 50 wt.%, 55
wt.%, 60 wt.%, 65 wt.%, 70 wt.%, 75 wt.%, 80 wt.%, 85 wt.%, 90 wt.%, or 95 wt.% of the total
weight of proteins in the composition. The whole cellulase may be present in any of the
compositions described herein (such as in any of the enzyme blends/ compositions provided
herein) in an amount that is no more than about any of 10 wt.%, 11 wt.%, 12 wt.%, 15 wt.%, 20
wt.%, 25 wt.%, 30 wt.%, 40 wt.%, 45 wt.%, 50 wt.%, 55 wt.%, 60 wt.%, 65 wt.%, 70 wt.%, 75
wt.%, 80 wt.%, 85 wt.%, 90 wt.%, or 95 wt.% of the total weight of proteins in the composition.
The whole cellulase may be present in any of the compositions described herein (such as in
any of the enzyme blends/compositions provided herein) in an amount that is about any of 1
wt.%, 2 wt.%, 3 wt.%, 4 wt.%, 5 wt.%, 6 wt.% 7 wt.%, 8 wt.%, 9 wt.%, 10 wt.%, 11 wt.%, 12
wt.%, 15 wt.%, 20 wt.%, 25 wt.%, 30 wt.%, 40 wt.%, 45 wt.%, 50 wt.%, 55 wt.%, 60 wt.%, 65
wt.%, 70 wt.%, 75 wt.%, 80 wt.%, 85 wt.%, 90 wt.%, or 95 wt.% of the total weight of proteins in
the composition.

[0194] In some aspects of any one of the compositions or methods provided herein, the
polypeptide having cellobiohydrolase activity (e.g., T. reesei CBH1, T. reesei CBH2, or a variant
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thereof) is present in an amount that is about 0.1 to about 70 wt.% (e.g., about 0.5 to about 60
wt.%, about 5 to about 70 wt.%, about 10 to about 60 wt.%, about 20 to about 50 wt.%, or
about 30 to about 50 wt.%) of the total weight of proteins in the composition. In some aspects,
the composition has at least two polypeptides having cellobiohydrolase activity (e.g., T. reesei
CBH1 (or a variant thereof) and T. reesei CBH2 (or a variant thereof)), wherein the total
amount of polypeptides having cellobiohydrolase activity is about 0.1 to about 70 wt.% (e.g.,
about 0.5 to about 60 wt.%, about 5 to about 70 wt.%, about 10 to about 60 wt.%, about 20 to
about 50 wt.%, or about 30 to about 50 wt.%) of the total weight of proteins in the composition.
The polypeptide having cellobiohydrolase activity may be expressed from a nucleic acid
heterologous or endogenous to the host cell. In some aspects, the polypeptide having
cellobiohydrolase activity included in the composition is isolated.

[0195] In some aspects of any one of the compositions or methods provided herein, the
polypeptide having B-glucosidase activity (e.g., an Fv3C, a Pa3D, an Fv3G, an Fv3D, a Tr3A, a
Tr3B, a Te3A, an An3A, an Fo3A, a Gz3A, an Nh3A, a Vd3A, a Pa3G, a Tn3B, or a variant
thereof) is present in an amount that is about 0.1 to about 50 wt.% (e.g., about 0.5 to about 40
wt.%, about 1 to about 30 wt.%, about 2 to about 20 wt.%, about 5 to about 20 wt.%, or about 8
to about 15 wt.%) of the total weight of proteins in the composition. In some aspects, the
composition has at least two polypeptides having B-glucosidase activity, wherein the total
amount of polypeptides having B-glucosidase activity is about 0.1 to about 50 wt.% (e.g., about
0.5 to about 40 wt.% about 1 to about 30 wt.%, about 2 to about 20 wt.%, about 5 to about 20
wt.%, or about 8 to about 15 wt.%) of the total weight of proteins in the composition. The
polypeptide having B-glucosidase activity may be expressed from a nucleic acid heterologous
or endogenous to the host cell. In some aspects, the polypeptide having B-glucosidase activity
included in the composition is isolated.

[0196] Any one of the compositions or methods provided herein, the polypeptide having
xylanase activity (e.g., T. reesei Xyn3, T. reesei Xyn2, an AfuXyn2, an AfuXynb, or a variant
thereof) may be present in an amount that is about 0.1 to about 50 wt.% (e.g., about 0.5 to
about 40 wt.%, about 1 to about 40 wt.%, about 4 to about 30 wt.%, about 5 to about 20 wt.%,
or about 8 to about 15 wt.%) of the total weight of proteins in the composition. The compaosition
may have at least 2 polypeptides having xylanase activity, wherein the total amount of
polypeptides having xylanase activity is about 0.1 to about 50 wt.% (e.g., about 0.5 to about 40
wt.%, about 1 to about 40 wt.%, about 4 to about 30 wt.%, about 5 to about 20 wt.%, or about 8
to about 15 wt.%) of the total weight of proteins in the composition. The polypeptide having
xylanase activity may be expressed from a nucleic acid heterologous or endogenous to the
host cell. The polypeptide having xylanase activity included in the composition may be isolated.

[0197] Any one of the compositions or methods provided herein, the polypeptide having L-a-
arabinofuranosidase activity (e.g., an Af43A, an Fv43B, a Pf51A, a Pa51A, an Fv51A, or a
variant thereof) may be present in an amount that is about 0.1 to about 50 wt.% (e.g., about
0.5 to about 45 wt.%, about 1 to about 40 wt.%, about 2 to about 30 wt.%, about 4 to about 20
wt.%, or about 5 to about 15 wt.%) of the total weight of enzymes in the composition. The
composition may have at least 2 polypeptides having L-a-arabinofuranosidase activity, wherein
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the total amount of polypeptides having L-a-arabinofuranosidase activity is about 0.1 to about
50 wt.% (e.g., about 0.5 to about 45 wt.%, about 1 to about 40 wt.%, about 2 to about 30 wt.%,
about 4 to about 20 wt.%, or about 5 to about 15 wt.%) of the total weight of proteins in the
composition. The polypeptide having L-a-arabinofuranosidase activity may be expressed from
a nucleic acid heterologous or heterologous to the host cell. The polypeptide having L-o-
arabinofuranosidase activity included in the composition may be isolated.

[0198] Any one of the compositions or methods provided herein, the polypeptide having B-
xylosidase activity (e.g., FV3A, Fv43A, a Pf43A, an Fv43D, an Fv39A, an FV43E, an Fo43A, an
Fv43B, a Pa51A, a Gz43A, a T. reesei Bxl1, or a variant thereof) may be present in an amount
that is about 0.1 to about 50 wt.% (e.g., about 0.5 to about 45 wt.%, about 1 to about 40 wt.%,
about 4 to about 35 wt.%, about 5 to about 25 wt.%, or about 5 to about 20 wt.%) of the total
weight of enzymes in the composition. The composition may have at least 2 polypeptides
having B-xylosidase activity, wherein the total amount of polypeptides having B-xylosidase
activity is about 0.1 to about 50 wt.% (e.g., about 0.5 to about 45 wt.%, about 1 to about 40
wt.%, about 4 to about 35 wt.%, about 5 to about 25 wt.%, or about 5 to about 20 wt.%) of the
total weight of proteins in the composition. The polypeptide having B-xylosidase activity may be
expressed from a nucleic acid heterologous or endogenous to the host cell. The polypeptide
having B-xylosidase activity included in the composition may be isolated.

[0199] Any one of the compositions or methods provided herein, the whole cellulase in the
composition may be about 0.1 to about 100 wt.% (e.g., about 1 to about 95 wt.%, about 5 to
about 90 wt.%, about 10 to about 85 wt.%, about 20 to about 80 wt.%, or about 30 to about 75
wt.%) of the total weight of proteins in the composition. The whole cellulase may comprise at
least 1 polypeptide having endoglucanase activity (such as T. reesei Eg4 or a variant thereof,
T. reesei Eg1 or a variant thereof, T. reesej Eg2 or a variant thereof) expressed from a nucleic
acid heterologous or endogenous to the host cell. The whole cellulase may comprise at least 1
polypeptide having cellobiohydrolase activity (e.g., T. reesei CBH1 or a variant thereof, T.
reesei CBH2 or a variant thereof) expressed from a nucleic acid heterologous or endogenous
to the host cell. The whole cellulase may comprise at least one polypeptide having B-
glucosidase activity (e.g., an Fv3C, a Pa3D, an Fv3G, an Fv3D, a Tr3A, a Tr3B, a Te3A, an
An3A, an Fo3A, a Gz3A, an Nh3A, a Vd3A, a Pa3G, a Tn3B, or a variant thereof) expressed
from a nucleic acid heterologous or endogenous to the host cell.

[0200] In some aspects, the composition of the invention is capable of converting a biomass
material into fermentable sugar(s) (e.g., glucose, xylose, arabinose, and/or cellobiose). In
some aspects, the composition is capable of achieving at least 0.1 (e.g., 0.1 to 0.4) fraction
product as determined by the calcofluor assay.

[0201] In some aspects, the composition comprises the polypeptide having GH61/
endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and further comprises at least
one cellulase polypeptide and/or at least one hemicellulase polypeptide, wherein the
polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and
at least one cellulase polypeptide and/or at least one hemicellulase polypeptide are mixed
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together before contacting a biomass material.

[0202] In some aspects, the composition comprises a polypeptide having GH61/
endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and further comprises at least
one cellulase polypeptide and/or at least one hemicellulase polypeptide, wherein the
polypeptide having GH61/ endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and
at least one cellulase polypeptide and/or at least one hemicellulase polypeptide are added to a
biomass material at different times (e.g., a polypeptide having GH61/endoglucanase activity is
added to a biomass material before or after the at least one cellulase polypeptide and/or at
least one hemicellulase polypeptide is added to the biomass material).

[0203] In some aspects, the composition comprising a polypeptide having GH61/
endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) is a mixture comprising a
biomass material, e.g., the composition is a hydrolysis mixture, a fermentation mixture, or a
saccharification mixture. Such mixture may further include fermentable sugar(s).

Other components

[0204] The enzyme compositions of the disclosure may suitably further comprise 1 or more
accessory proteins. Examples of accessory proteins include, without limitation, mannanases
(e.g., endomannanases, exomannanases, and B-mannosidases), galactanases (e.g., endo-
and exo-galactanases), arabinases (e.g., endo-arabinases and exo-arabinases), ligninases,
amylases, glucuronidases, proteases, esterases (e.g., ferulic acid esterases, acetyl xylan
esterases, coumaric acid esterases or pectin methyl esterases), lipases, other glycoside
hydrolases, xyloglucanases, CIP1, CIP2, swollenins, expansins, and cellulose disrupting
proteins. For example, the cellulose disrupting proteins are cellulose binding modules.

Methods and processes

[0205] The disclosure provides methods and processes for biomass saccharification, using
enzymes, enzyme blends/compositions of the disclosure. In particular, the disclosure provides
methods and processes for using any one of the polypeptides or compositions provided herein
for hydrolyzing a biomass material. Further, the disclosure provides methods of using any one
of the polypeptides or compositions provided herein for reducing the viscosity of a biomass
mixture (e.g., a biomass mixture containing biomass substrate and enzyme during
saccharification process). In some aspects, there are provided methods of hydrolyzing a
biomass material comprising contacting the biomass material with a non-naturally occurring
composition comprising a polypeptide having GH61/endoglucanase activity. In some aspects,
the polypeptide is in an amount sufficient to hydrolyze the biomass material.

[0206] The term "biomass," as used herein, refers to any composition comprising cellulose
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and/or hemicellulose (including lignin in lignocellulosic biomass materials). As used herein,
biomass includes, without limitation, seeds, grains, tubers, plant waste or byproducts of food
processing or industrial processing (e.g., stalks), corn (including, e.g., cobs, stover, and the
like), grasses (including, e.g., Indian grass, such as Sorghastrum nutans; or, switchgrass, e.g.,
Panicum species, such as Panicum virgatum), perennial canes (e.g., giant reeds), wood
(including, e.g., wood chips, processing waste), paper (including paper waste), pulp, and
recycled paper (including, e.g., newspaper, printer paper, and the like). Other biomass
materials include, without limitation, potatoes, soybean (e.g., rapeseed), barley, rye, oats,
wheat, beets, and sugar cane bagasse. Suitable lignocellulosic biomass materials include,
without limitation, seeds, grains, tubers, plant waste or byproducts of food processing or
industrial processing (e.g., stalks), corn (including, e.g., cobs, stover, and the like), grasses
(e.g., Indian grass, such as Sorghastrum nutans; or, switchgrass, e.g., Panicum species, such
as Panicum virgatum), perennial canes, e.g., giant reeds, wood (including, e.g., wood chips,
processing waste), paper, pulp, recycled paper (e.g., newspaper), wood pulp, or sawdust.
Examples of grasses include, without limitation, Indian grass or switchgrass. Examples of reeds
include, without limitation, certain perennial canes such as giant reeds. Examples of paper
waste include, without limitation, discarded or used photocopy paper, computer printer paper,
notebook paper, notepad paper, typewriter paper, newspapers, magazines, cardboard and
paper-based packaging materials.

[0207] The saccharified biomass can be made into a number of bio-based products, via
processes such as, e.g., microbial fermentation and/or chemical synthesis. As used herein,
"microbial fermentation” refers to a process of growing and harvesting fermenting
microorganisms under suitable conditions. The fermenting microorganism can be any
microorganism suitable for use in a desired fermentation process for the production of bio-
based products. Suitable fermenting microorganisms include, without limitation, filamentous
fungi, yeast, and bacteria. The saccharified biomass can, e.g., be made it into a fuel (e.g., a
biofuel such as a bioethanol, biobutanol, biomethanol, a biopropanol, a biodiesel, a jet fuel, or
the like) via fermentation and/or chemical synthesis. The saccharified biomass can, e.g., also
be made into a commodity chemical (e.g., ascorbic acid, isoprene, 1,3-propanediol), lipids,
amino acids, proteins, and enzymes, via fermentation and/or chemical synthesis.

[0208] Biomass material may include cellulose, hemicellulose, or a mixture thereof. For
example, a biomass material may include glucan and/or xylan.

[0209] In some aspects, there are provided methods of reducing the viscosity of a biomass
mixture comprising contacting the biomass mixture with non-naturally occurring composition
comprising a polypeptide having GH61/endoglucanase activity. The polypeptide is in an
amount sufficient to reduce the viscosity. The biomass mixture may comprise biomass material
(e.g., pretreated biomass material). The biomass mixture may comprise an enzyme
composition such as any of the enzyme compositions provided herein or a mixture thereof.

[0210] In some aspects, any of the polypeptides, compositions provided herein may be used to
hydrolyze substrate such as a biomass material or reduce the viscosity of a substrate-enzyme
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mixture during saccharification process. The substrate may be a biomass material. The
substrate may be isolated cellulose or isolated hemicellulose. The substrate may be glucan
and/or xylan. In some aspects, the biomass material is pretreated biomass material.

Pretreatment of biomass material

[0211] Prior to saccharification, a biomass material is preferably subject to one or more
pretreatment step(s) in order to render xylan, hemicellulose, cellulose and/or lignin material
more accessible or susceptable to enzymes and thus more amenable to hydrolysis by the
enzyme(s) and/or enzyme blends/compositions of the disclosure.

[0212] Pretreatment may include chemical, physical, and biological pretreatment. For example,
physical pretreatment techniques can include without limitation various types of milling,
crushing, steaming/steam explosion, irradiation and hydrothermolysis. Chemical pretreatment
techniques can include without limitation dilute acid, alkaline, organic solvent, ammonia, sulfur
dioxide, carbon dioxide, and pH-controlled hydrothermolysis. Biological pretreatment
techniques can include without limitation applying lignin-solubilizing microorganisms. The
pretreatment can occur from several minutes to several hours, such as from about 1 hour to
about 120.

[0213] In some aspects, any of the methods or processes provided herein may further
comprise pretreating the biomass material, such as pretreating the biomass with acid or base.
The acid or base may be ammonia, sodium hydroxide, or phosphoric acid. The method may
further comprise pretreating the biomass material with ammonia. The pretreatment may be
steam explosion, pulping, grinding, acid hydrolysis, or combinations thereof.

[0214] In one embodiment, the pretreatment may be by elevated temperature and the addition
of either of dilute acid, concentrated acid or dilute alkali solution. The pretreatment solution can
added for a time sufficient to at least partially hydrolyze the hemicellulose components and
then neutralized

[0215] In an exemplary embodiment, the pretreatment entails subjecting biomass material to a
catalyst comprising a dilute solution of a strong acid and a metal salt in a reactor. The biomass
material can, e.g., be a raw material or a dried material. This pretreatment can lower the
activation energy, or the temperature, of cellulose hydrolysis, ultimately allowing higher yields
of fermentable sugars. See, e.g., U.S. Patent Nos. 6,660,506; 6,423,145.

[0216] Another exemplary pretreatment method entails hydrolyzing biomass by subjecting the
biomass material to a first hydrolysis step in an aqueous medium at a temperature and a
pressure chosen to effectuate primarily depolymerization of hemicellulose without achieving
significant depolymerization of cellulose into glucose. This step yields a slurry in which the
liquid aqueous phase contains dissolved monosaccharides resulting from depolymerization of
hemicellulose, and a solid phase containing cellulose and lignin. The slurry is then subject to a
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second hydrolysis step under conditions that allow a major portion of the cellulose to be
depolymerized, yielding a liquid aqueous phase containing dissolved/soluble depolymerization
products of cellulose. See, e.g., U.S. Patent No. 5,536,325.

[0217] A further example of method involves processing a biomass material by one or more
stages of dilute acid hydrolysis using about 0.4% to about 2% of a strong acid; followed by
treating the unreacted solid lignocellulosic component of the acid hydrolyzed material with
alkaline delignification. See, e.g., U.S. Patent No. 6,409,841.

[0218] Another example of pretreatment method comprises prehydrolyzing biomass (e.g.,
lignocellulosic materials) in a prehydrolysis reactor; adding an acidic liquid to the solid
lignocellulosic material to make a mixture; heating the mixture to reaction temperature;
maintaining reaction temperature for a period of time sufficient to fractionate the lingo-cellulosic
material into a solubilized portion containing at least about 20% of the lignin from the
lignocellulosic material, and a solid fraction containing cellulose; separating the solubilized
portion from the solid fraction, and removing the solubilized portion while at or near reaction
temperature; and recovering the solubilized portion. The cellulose in the solid fraction is
rendered more amenable to enzymatic digestion. See, e.g., U.S. Patent 5,705,369.

[0219] Further pretreatment methods can involve the use of hydrogen peroxide H,O,. See
Gould, 1984, Biotech, and Bioengr. 26:46-52.

[0220] Pretreatment can also comprise contacting a biomass material with stoichiometric
amounts of sodium hydroxide and ammonium hydroxide at a very low concentration. See
Teixeira et al., 1999, Appl. Biochem.and Biotech. 77-79:19-34. Pretreatment can also comprise
contacting a lignocellulose with a chemical (e.g., a base, such as sodium carbonate or
potassium hydroxide) at a pH of about 9 to about 14 at moderate temperature, pressure, and
pH. See PCT Publication W02004/081185.

[0221] Ammonia may be used in a pretreatment method. Such a pretreatment method
comprises subjecting a biomass material to low ammonia concentration under conditions of
high solids. See, e.g., U.S. Patent Publication 20070031918, PCT publication WO 06110901.

Saccharification process and viscosity reduction

[0222] The present disclosure provides methods of reducing the viscosity of a biomass mixture
comprising contacting the biomass mixture with a composition (e.g., a non-naturally occurring
composition) comprising a polypeptide having glycosyl hydrolase family 61 ("GH61")
endoglucanase activity in an amount sufficient to reduce the viscosity of the biomass mixture.
In some aspects, the biomass mixture comprises a biomass material, fermentable sugar(s),
whole cellulase, a composition comprising a polypeptide having cellulase activity, and/or a
polypeptide having hemicellulase activity. In some aspects, the viscosity is reduced by at least
about 5%, (e.g., at least about any of 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
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60%, 70%, 80%, or 90%) compared to the viscosity of a biomass mixture in the absence of a
polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof). In
some aspects of any of the methods described herein, the biomass material comprises
hemicellulose, cellulose, or a mixture thereof. In some aspects, the biomass material
comprises glucan, xylan and/or lignin.

[0223] The methods and processes provided herein may be performed under various
conditions. For example, any of the methods provided herein may be performed at a pH in the
range of pH of about 3.5 to about 7.0, for example, pH of about 4.0 to about 6.5, pH of about
4.4 to about 6.0, pH of about 4.8 to about 5.6, or about 4.5 to about 5.5. The saccharification
mixture containing biomass material may be adjusted to the desired pH using base or acid
(such as sulfuric acid) according to any of the methods known to one of ordinary skill in the art.
For example, the pretreated biomass material may be added with base or acid (such as
sulfuric acid) to achieve the desired pH for saccharification. Any of the methods for hydrolyzing
a biomass material or reducing the viscosity of the biomass mixture may be conducted at a pH
of about 4.8 to about 5.6 (e.g., pH of about any of 4.8, 4.9, 5.0, 5.1, 5.2, 5.3, 54, 5.5, or 5.6).
In some aspects, the method further comprises adjusting the pH of the biomass mixture to a
pH of about 4.0 to about 6.5 (e.g., pH of about 4.5 to about 5.5).

[0224] The methods and processes provided herein may be performed for any length of time,
e.g., 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 18 hours, 24 hours, 2 days, 3 days, 4 days, 5
days, 6 days, 7 days, 8 days, 10 days, 14 days, 3 weeks, or 4 weeks. After any of the
saccharification time described herein, the amount of fermentable sugar(s) is increased and/or
the viscosity of the saccharification mixture is reduced. In some aspects, the method is
performed for about 2 hours to about 7 days (e.g., about 4 hours to about 6 days, about 8
hours to about 5 days, or about 8 hours to about 3 days).

[0225] A composition (e.g., a non-naturally occurring composition) comprising polypeptide
having GH61/endoglucanase activity (e.g., EG IV such as T. reesei Eg4 or a variant thereof)
may be added after the biomass material is pretreated. A composition (e.g., a non-naturally
occurring composition) comprising polypeptide having GH61/endoglucanase activity (e.g., EG
IV such as T. reesei Eg4 or a variant thereof) may be added to the biomass material before or
after another enzyme compaosition (such as an enzyme composition comprising hemicellulose,
cellulase, or whole cellulase) is added to the biomass material. A composition (e.g., a non-
naturally occurring composition) comprising polypeptide having GH61/endoglucanase activity
(e.g., EG IV such as T. reesei Eg4 or a variant thereof) may be added to the biomass mixture
containing (a) biomass material and/or fermentable sugars and (b) enzyme (such as
hemicellulase or cellulase including whole cellulase). In some aspects, a composition (e.g., a
non-naturally occurring composition) comprising polypeptide having GH61/endoglucanase
activity (e.g., EG IV such as T. reesei Eg4 or a variant thereof) is added to the biomass
mixture, wherein the biomass material has been hydrolyzed for a period of time (such as about
any of 5 minutes, 10 minutes, 30 minutes, 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 18
hours, 24 hours, 2 days, 3 days, 4 days, or 5 days).
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[0226] A composition (e.g., a non-naturally occurring composition) comprising isolated
polypeptide having GH61/endoglucanase activity (e.g., EG IV such as T reesei Eg4 or a
variant thereof) may be added to biomass material during saccharification. A compaosition (e.g.,
a non-naturally occurring composition) comprising whole cellulase may be added to biomass
material during saccharification, where the whole cellulase comprises a polypeptide having
GH61/endoglucanase activity (e.g., EG IV such as T. reesei Eg4 or a variant thereof).

[0227] A biomass material used in any one of the methods may be in liquid form, solid form, or
a mixture thereof. A biomass material used in any one of the methods may be wet form, dry
form, a material having various degree of moisture, or a mixture thereof. A biomass material
used in any one of the methods may be in a dry solid form (such as a dry solid form as a
starting material). The biomass material may be processed into any of the following forms: wet
form, dry form, solid form, liquid form, or a mixture thereof according to any method known to
one skilled in the art.

[0228] A biomass material used in any of the methods may be present in the saccharification
mixture in an amount of at least about any of 0.5 wt.%, 1 wt.%, 5 wt.%, 10 wt.%, 15 wt.%, 20
wt.%, 25 wt.%, 30 wt.%, 35 wt.%, 40 wt.%, 45 wt.%, 50 wt.%, 55 wt.%, or 60 wt.% of total
weight of hydrolysis mixture or saccharification mixture, wherein the amount of the biomass
material refers to the weight amount of the biomass material in its solid state (or the biomass
material in its dry state, its dry solid state, its natural state, or its unprocessed state). The
biomass material may also be in an amount of about 0.5 wt.% to about 55 wt.%, 1 wt.% to
about 40 wt.%, 5 wt.% to about 60 wt.%, about 10 wt.% to about 55 wt.%, about 10 wt.% to
about 50 wt.%, about 15 wt.% to about 50 wt.%, about 15 wt.% to about 40 wt.%, about 15
wt.% to about 35 wt.%, about 15 wt.% to about 30 wt.%, about 20 wt.% to about 35 wt.%, or
about 20 wt.% to about 30 wt.% of a hydrolyzing mixture containing biomass material, wherein
the amount of the biomass material refers to the weight amount of the biomass material in its
solid state (or the biomass material in its dry state, its dry solid state, its natural state, or its
unprocessed state). A biomass material used in any of the methods may be present in the
saccharification mixture in an amount of about any of 0.5 wt.%, 1 wt.%. 5 wt.%, 10 wt.%, 15
wt.%, 20 wt.%, 25 wt.%, 30 wt.%, 35 wt.%, 40 wt.%, 45 wt.%, 50 wt.%, 55 wt.%, or 60 wt.% of
total weight of hydrolysis mixture or saccharification mixture, wherein the amount of the
biomass material refers to the weight amount of the biomass material in its solid state (or the
biomass material in its dry state, its dry solid state, its natural state, or its unprocessed state).

[0229] The hydrolysis mixture or saccharification mixture includes biomass material,
enzyme(s) (e.g., any one of polypeptides provided herein), enzyme compaosition (e.g., any one
of the compositions provided herein), and/or other components such as components
necessary for saccharification.

[0230] Any of the compositions provided herein may be used in the methods described herein
such as any one of the compositions provided above in the "Exemplary compositions" section.
The amount of any of the compositions described herein used in any one of the methods
provided herein may be in the range of about 0.05 mg to about 50 mg, about 0.1 mg to about
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40 mg, about 0.2 mg to about 30 mg, about 0.5 mg to about 25 mg, about 1 mg to about 25
mg, about 2 mg to about 25 mg, about 5 mg to about 25 mg, or about 10 mg to about 25 mg
protein per gram of cellulose, hemicellulose, or a mixture of cellulose and hemicellulose
contained in the biomass material. A non-naturally occurring composition comprising a
polypeptide having GH61/endoglucanase activity (e.g., EG IV such as T reesei Eg4 or a
variant thereof) used in any one of the methods for hydrolyzing a biomass material and/or
methods for reducing the viscosity of the biomass mixture may be in an amount of about 0.05
mg to about 50 mg, about 0.1 mg to about 40 mg, about 0.2 mg to about 30 mg, about 0.5 mg
to about 25 mg, about 1 mg to about 25 mg, about 2 mg to about 25 mg, about 5 mg to about
25 mg, or about 10 mg to about 25 mg protein per gram of cellulose, hemicellulose, or a
mixture of cellulose and hemicellulose contained in the substrate such as biomass material.

[0231] In some aspects, a non-naturally occurring composition comprising a polypeptide
having GH61/endoglucanase activity (e.g., EG IV such as T. reesei Eg4 or a variant thereof)
used in any of the methods for hydrolyzing a biomass material and/or methods for reducing the
viscosity of the biomass mixture is in an amount of at least about any of 0.05 mg, 0.1 mg, 0.2
mg, 0.5 mg, 1 mg, 2 mg, 5 mg, 7.5 mg, 10 mg, 12 mg, 14 mg, 15 mg, 16 mg, 17.5 mg, 18 mg,
20 mg, 22.5 mg, 25 mg, 27.g mg, 30 mg, 35 mg, 40 mg, 45 mg, or 50 mg protein per gram of
cellulose, hemicellulose, or a mixture of cellulose and hemicellulose contained in the substrate
such as biomass material. In some aspects, a non-naturally occurring composition comprising
a polypeptide having GH61/endoglucanase activity (e.g., EG IV such as T. reesej Eg4 or a
variant thereof) used in any of the methods for hydrolyzing a biomass material and/or methods
for reducing the viscosity of the biomass mixture is in an amount of no more than about any of
0.1 mg, 0.2 mg, 0.5 mg, 1 mg, 2 mg, 5 mg, 7.5 mg, 10 mg, 12 mg, 14 mg, 15 mg, 16 mg, 17.5
mg, 18 mg, 20 mg, 22.5 mg, 25 mg, 27.5 g mg, 30 mg, 35 mg, 40 mg, 45 mg, 50 mg, 55 mg,
60 mg, 65 mg, 75 mg, or 100 mg protein per gram of cellulose, hemicellulose, or a mixture of
cellulose and hemicellulose contained in the substrate such as biomass material. In some
aspects, a non-naturally occurring composition comprising a polypeptide having
GH61/endoglucanase activity (e.g., EG IV such as T. reesei Eg4 or a variant thereof) used in
any of the methods for hydrolyzing a biomass material and/or methods for reducing the
viscosity of the biomass mixture is in an amount of about any of 0.05 mg, 0.1 mg, 0.2 mg, 0.5
mg, 1 mg, 2 mg, 5 mg, 7.5 mg, 10 mg, 12 mg, 14 mg, 15 mg, 16 mg, 17.5 mg, 18 mg, 20 mg,
22.5 mg, 25 mg, 27.5 g mg, 30 mg, 35 mg, 40 mg, 45 mg, or 50 mg protein per gram of
cellulose, hemicellulose, or a mixture of cellulose and hemicellulose contained in the substrate
such as biomass material. The amount of cellulose, hemicellulose, or a mixture of cellulose
and hemicellulose contained in the substrate such as biomass material may be calculated
using any methods known to one skilled in the art. The biomass material may comprise glucan,
xylan, and/or lignin.

[0232] In some aspects of any of the methods described herein, the amount of the
composition comprising a polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4
or a variant thereof) is about 0.1 mg to about 50 mg protein (e.g., about 0.2 mg to about 40 mg
protein, about 0.5 mg to about 30 mg protein, about 1 mg to about 20 mg protein, or about 5
mg to about 15 mg protein) per gram of cellulose, hemicellulose, or a mixture of cellulose and
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hemicellulose contained in the biomass material. The protein amount described herein refers
to the weight of total protein in the composition. The proteins include a polypeptide having
GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and may also include
other enzymes such as cellulase polypeptide(s) and/or hemicellulase polypeptide(s) in the
composition.

[0233] In some aspects of any of the methods described herein, the amount of the polypeptide
having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) is about 0.2 mg
to about 30 mg (e.g., about 0.2 mg to about 20 mg protein, about 0.5 mg to about 10 mg
protein, or about 1 mg to about 5 mg protein) per gram of cellulose, hemicellulose, or a mixture
of cellulose and hemicellulose contained in the biomass material.

[0234] In some aspects of any of the methods described herein, the composition comprises a
polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and
at least one polypeptide having endoglucanase activity (e.g., 7. reesei Eg1, T. reesei Eg2,
and/or a variant thereof), wherein the total amount of the polypeptides having endoglucanase
activity is about 0.2 mg to about 30 mg (e.g., about 0.2 mg to about 20 mg protein, about 0.5
mg to about 10 mg protein, or about 1 mg to about 5 mg protein) per gram of cellulose,
hemicellulose, or a mixture of cellulose and hemicellulose contained in the biomass material.

[0235] In some aspects, the composition comprises a polypeptide having GH61/
endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and at least one polypeptide
having cellobiohydrolase activity (e.g., T. reesei CBH1, T. reesei CBH2, and/or a variant
thereof), wherein the amount of the polypeptide(s) having cellobiohydrolase activity is about
0.2 mg to about 30 mg (e.g., about 0.2 mg to about 20 mg protein, about 0.5 mg to about 10
mg protein, or about 1 mg to about 5 mg protein) per gram of cellulose, hemicellulose, or a
mixture of cellulose and hemicellulose contained in the biomass material.

[0236] In some aspects of any of the methods described herein, the composition comprises a
polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and
at least one polypeptide having B-glucosidase activity (e.g., an Fv3C, a Pa3D, an Fv3G, an
Fv3D, a Tr3A, a Tr3B, a Te3A, an An3A, an Fo3A, a Gz3A, an Nh3A, a Vd3A, a Pa3G, a Tn3B,
or a variant thereof), wherein the amount of the polypeptide(s) having B-glucosidase activity is
about 0.2 mg to about 30 mg (e.g., about 0.2 mg to about 20 mg protein, about 0.5 mg to
about 10 mg protein, or about 0.5 mg to about 5 mg protein) per gram of cellulose,
hemicellulose, or a mixture of cellulose and hemicellulose contained in the biomass material.

[0237] In some aspects, the composition comprises a polypeptide having GH61/
endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and at least one polypeptide
having xylanase activity (e.g., T. reesei Xyn3, T. reesei Xyn2, an AfuXyn2, an AfuXynb, or a
variant thereof), wherein the amount of the polypeptide(s) having xylanase activity is about 0.2
mg to about 30 mg (e.g., about 0.2 mg to about 20 mg protein, about 0.5 mg to about 10 mg
protein, or about 0.5 mg to about 5 mg protein) per gram of cellulose, hemicellulose, or a
mixture of cellulose and hemicellulose contained in the biomass material.
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[0238] In some aspects, the composition comprises a polypeptide having GH61/
endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and at least one polypeptide
having B-xylosidase activity (e.g., Fv3A, Fv43A, a Pf43A, an Fv43D, an Fv39A, an Fv43E, an
Fo43A, an Fv43B, a Pa51A, a Gz43A, a T. reesei Bxll, or a variant thereof), wherein the
amount of the polypeptide(s) having B-xylosidase activity is about 0.2 mg to about 30 mg (e.g.,
about 0.2 mg to about 20 mg protein, about 0.5 mg to about 10 mg protein, or about 0.5 mg to
about 5 mg protein) per gram of cellulose, hemicellulose, or a mixture of cellulose and
hemicellulose contained in the biomass material.

[0239] In some aspects, the composition comprises a polypeptide having GH61/
endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and at least one polypeptide
having L-a-arabinofuranosidase activity (e.g., an Af43A, an Fv43B, a Pf51A, a Pa51A, an
Fvb1A, or a variant thereof), wherein the amount of the polypeptide(s) having L-a-
arabinofuranosidase activity is about 0.2 mg to about 30 mg (e.g., about 0.2 mg to about 20
mg protein, about 0.5 mg to about 10 mg protein, or about 0.5 mg to about 5 mg protein) per
gram of cellulose, hemicellulose, or a mixture of cellulose and hemicellulose contained in the
biomass material.

[0240] In any one of the methods provided herein, the viscosity of the biomass mixture may be
reduced by at least about any of 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% compared to the viscosity of the biomass
mixture in the absence of an enzyme composition provided herein. For example, there are
provided methods of reducing the viscosity of a biomass mixture comprising contacting the
biomass mixture with a non-naturally occurring composition comprising a polypeptide having
GH61/endoglucanase activity (e.g., EG IV such as T. reesei Eg4 or a variant thereof), wherein
the viscosity is reduced by at least about any of 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% compared to the viscosity of
the biomass mixture in the absence of a polypeptide having GH61/endoglucanase activity
(e.g., EG IV such as T. reesei Eg4 or a variant thereof). In some aspects, the viscosity is
reduced by about any of 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, or 95% compared to the viscosity of the biomass mixture in
the absence of a polypeptide having GH61/endoglucanase activity (e.g., EG IV such as T.
reesei Eg4 or a variant thereof). The reduction of viscosity described herein is seen after a
certain period of saccharification. For example, the reduction of viscosity is seen after 30
minutes, 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 18 hours, 24 hours, 2 days, 3 days, 4
days, or 5 days saccharification. Methods of measuring viscosity are known in the art. For
example, viscosity may be measured by human eyes, or be measured by a viscometer such as
Brookfield viscometer (Brookfield Engineering, Inc). For example, viscosity of saccharification
reaction mixture can be measured using a viscosity meter with ammonia-pretreated corncob
as substrates. A viscosity meter can measure the resistance (torque) it takes to turn a spindle
at a constant rate in the slurry.

[0241] The methods provided herein may be conducted at a temperature that is suitable for
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saccharification. For example, any one of the methods described herein may be performed at
about 20°C to about 75°C, about 25°C to about 70°C, about 30°C to about 65°C, about 35°C
to about 60°C, about 37°C to about 60°C, about 40°C to about 60°C, about 40°C to about
55°C, about 40°C to about 50°C, or about 45°C to about 50°C. In some aspects, any one of
the methods described herein may be performed at about 20°C, about 25°C, about 30°C,
about 35°C, about 37°C, about 40°C, about 45°C, about 48°C, about 50°C, about 55°C, about
60°C, about 65°C, about 70°C, or about 75°C.

[0242] In some aspects of any of the methods described herein, the method comprises
producing fermentable sugar(s), wherein the amount of the fermentable sugar(s) is increased
by at least about 5% (e.g., at least about any of 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 60%, 70%, 80%, or 90%) compared to the amount of the fermentable sugar(s)
produced in the absence of a polypeptide having GH61/endoglucanase activity (e.g., T. reesei
Eg4 or a variant thereof).

[0243] Also provided herein are methods of increasing the amount of fermentable sugar(s)
(and/or increasing the conversion from a biomass material to fermentable sugar(s) such as
glucan conversion) by using a composition (e.g., a non-naturally occurring composition)
comprising a polypeptide having GH61/endoglucanase activity (e.g., EG IV such as T. reesei
Eg4 or a variant thereof) during hydrolysis of biomass material. There are various fermentable
sugars produced from hydrolysis of biomass material, including but are not limited to, glucose,
xylose, and/or cellobiose. In some aspects, the amount of fermentable sugar(s) produced from
hydrolysis of biomass material may be increased by at least about any of 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%
compared to the amount of fermentable sugar(s) in the absence of an enzyme composition
provided herein. For example, there are provided methods of increasing the amount of
fermentable sugar(s) comprising contacting the biomass material with a non-naturally
occurring composition comprising a polypeptide having GH61/endoglucanase activity (e.g., EG
IV such as T. reesei Eg4 or a variant thereof) (to start or further a saccharification process),
wherein the amount of fermentable sugar(s) from saccharification is increased by at least
about any of 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, or 95% compared to the amount of fermentable sugar(s) from
saccharification in the absence of a polypeptide having GH61/endoglucanase activity (e.g., EG
IV such as T. reesei Eg4 or a variant thereof). In some aspects, the amount of fermentable
sugar(s) from saccharification is increased by about any of 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% compared to the
amount of fermentable sugar(s) from saccharification in the absence of a polypeptide having
GH61/endoglucanase activity (e.g., EG IV such as T. reesei Eg4 or a variant thereof). The
increase in amount of fermentable sugar(s) produced from hydrolysis of biomass material
described herein is seen after a certain period of saccharification. For example, the increase in
amount of fermentable sugar(s) is seen after 30 minutes, 1 hour, 2 hours, 4 hours, 8 hours, 12
hours, 18 hours, 24 hours, 2 days, 3 days, 4 days, or 5 days saccharification. Methods of
measuring amount of fermentable sugar(s) and/or glucan conversion are known to a person
skilled in the art.
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[0244] The reduction in viscosity of saccharification mixture may correlate with improved yield
of desirable fermentable sugars.

[0245] In some aspects, the method further comprises the step of contacting the biomass
material with a composition comprising whole cellulase. In some aspects, the step of further
contacting the biomass material with a composition comprising whole cellulase is performed
before, after, or concurrently with contacting the biomass material with composition comprising
a polypeptide having glycosyl hydrolase family 61 ("GH61") endoglucanase activity (e.g., T.
reesei Eg4 or a variant thereof).

[0246] In some aspects of any of the methods described herein, the method comprises the
step of further contacting the biomass material with a composition comprising a polypeptide
having cellulase activity and/or a polypeptide having hemicellulase activity. In some aspects,
the step of further contacting the biomass material with a composition comprising a polypeptide
having cellulase activity and/or a polypeptide having hemicellulase activity is performed before,
after, or concurrently with contacting the biomass material with composition comprising a
polypeptide having glycosyl hydrolase family 61 ("GH61") endoglucanase activity (e.g., T
reesei Eg4 or a variant thereof).

[0247] In some aspects, the composition comprises the polypeptide having GH61/
endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and further comprises at least
one cellulase polypeptide and/or at least one hemicellulase polypeptide, wherein the
polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and
at least one cellulase polypeptide and/or at least one hemicellulase polypeptide are mixed
together before contacting the biomass material with a composition comprising the polypeptide
having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof).

[0248] In some aspects, the composition comprises the polypeptide having GH61/
endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and further comprises at least
one cellulase polypeptide and/or at least one hemicellulase polypeptide, wherein the
polypeptide having GH61/endoglucanase activity (e.g., T. reesei Eg4 or a variant thereof) and
at least one cellulase polypeptide and/or at least one hemicellulase polypeptide are added to
the biomass material at different times (e.g., the polypeptide having GH61/endoglucanase
activity (e.g., T. reesei Eg4 or a variant thereof) is added before or after at least one cellulase
polypeptide and/or at least one hemicellulase polypeptide is added to the biomass material).

[0249] Enhanced cellulose conversion may be achieved at higher temperatures using the CBH
polypeptides described in, for example, any one of the following US Patent Publications
US20050054039, US20050037459, US20060205042, US20050048619A1 and
US20060218671. Methods of overexpressing p-glucosidase are known in the art. See, e.g,
U.S. Patent 6,022,725. See also, e.g., US Patent Publication 20050214920.

[0250] The methods of the present disclosure can be used in the production of
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monosaccharides, disaccharides, and polysaccharides as chemical, fermentation feedstocks
for microorganism, and inducers for the production of proteins, organic products, chemicals
and fuels, plastics, and other products or intermediates. In particular, the value of processing
residues (dried distillers grain, spent grains from brewing, sugarcane bagasse, etc.) can be
increased by partial or complete solubilization of cellulose or hemicellulose. In addition to
ethanol, chemicals that can be produced from cellulose and hemicellulose include, acetone,
acetate, glycine, lysine, organic acids (e.g., lactic acid), 1,3-propanediol, butanediol, glycerol,
ethylene glycol, furfural, polyhydroxyalkanoates, cis, cis-muconic acid, animal feed and xylose.

Business Methods

[0251] The cellulase and/or hemicellulase compositions of the disclosure can be further used
in industrial and/or commercial settings. Accordingly a method or a method of manufacturing,
marketing, or otherwise commercializing the instant non-naturally occurring cellulase and/or
hemicellulase compositions is also contemplated.

[0252] In a specific embodiment, the non-naturally occurring cellulase and/or hemicellulase
compositions of the invention, for example, comprising one or more of the GH61
endoglucanases or variants thereof as described herein, can be supplied or sold to certan
ethanol (bioethanol) refineries or other bio-chemical or bio-material manufacturers. In a first
example, the non-naturally occurring cellulase and/or hemicellulase compositions can be
manufactured in an enzyme manufacturing facility that is specialized in manufacturing
enzymes at an industrial scale. The non-naturally occurring cellulase and/or hemicellulase
compositions can then be packaged or sold to customers of the enzyme manufacturer. This
operational strategy is termed the "merchant enzyme supply model" herein.

[0253] In another operational strategy, the non-naturally occurring cellulase and hemicellulase
compositions of the invention can be produced in a state of the art enzyme production system
that is built by the enzyme manufacturer at a site that is located at or in the vicinity of the
bioethanol refineries or the bio-chemical/biomaterial manufacturers ("on-site"). In some
embodiments, an enzyme supply agreement is executed by the enzyme manufactuer and the
bioethanol refinerie or the bio-chemical/biomaterial manufacturer. The enzyme manufacturer
designs, controls and operates the enzyme production system on site, utilizing the host cell,
expression, and production methods as described herein to produce the non-naturally-
occurring cellulase and/or hemicellulase compositions. In certain embodiments, suitable
biomass, preferably subject to appropriate pretreatments as described herein, can be
hydrolyzed using the saccharification methods and the enzymes and/or enzyme compositions
herein at or near the bioethanol refineries or the bio-chemical/biomaterial manufacturing
facilities. The resulting fermentable sugars can then be subject to fermentation at the same
facilities or at facilities in the vicinity. This operational strategy is termed the "on-site biorefinery
model" herein.

[0254] The on-site biorefinery model provides certain advantages over the merchant enzyme
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supply model, incuding, e.g., the provision of a self-sufficient operation, allowing minimal
reliance on enzyme supply from merchant enzyme suppliers. This in turn allows the bioethanol
refineries or the bio-chemical/biomaterial manufacturers to better control enzyme supply based
on real-time or nearly real-time demand. In certain embodiments, it is contemplated that an on-
site enzyme production facility can be shared between two or among two or more bioethanol
refineries and/or the bio-chemical/biomaterial manufacturers who are located near to each
other, reducing the cost of transporting and storing enzymes. Moreover, this allows more
immediate "drop-in" technology improvements at the enzyme production facility on-site,
reducing the time lag between the improvements of enzyme compositions to a higher yield of
fermentable sugars and ultimately, bioethanol or biochemicals.

[0255] The on-site biorefinery model has more general applicability in the industrial production
and commercialization of bioethanols and biochemicals, in that it can be used to manufacture,
supply, and produce not only the cellulase and non-naturally occurring hemicellulase
compositions of the present disclosure but also those enzymes and enzyme compositions that
process starch (e.g., corn) to allow for more efficient and effective direct conversion of starch
to bioethanol or bio-chemicals. The starch-processing enzymes can, in certain embodiments,
be produced in the on-site biorefinery, then quickly and easily integrated into the bioethanol
refinery or the biochemical/biomaterial manufacturing facility in order to produce bioethanol.

[0256] Thus the present disclosure also describes a certain business method of applying the
enzymes (e.g., certain GH61 endoglucanases, xylanases, beta-xylosidases activity, L-alpha-
arabinofuranosidases and variants thereof), cells, compositions (e.g., comprising a suitable
GH61 endoglucanase, xylanases, beta-xylosidases activity, L-alpha-arabinofuranosidases or a
variant thereof), and processes herein in the manufacturing and marketing of certain
bioethanol, biofuel, biochemicals or other biomaterials. In some embodiments, the invention
prertains to the application of such enzymes, cells, compositions and processes in an on-site
biorefinery model. In other embodiments, the invention pertains to the application of such
enzymes, cells, compositions and processes in a merchant enzyme supply model.

[0257] Relatedly, the disclosure provides the use of the enzyme compositions of the invention
in a commercial setting. For example, the enzyme compositions of the disclosure can be sold
in a suitable market place together with instructions for typical or preferred methods of using
the compositions. Accordingly the enzyme compositions of the disclosure can be used or
commercialized within a merchant enzyme supplier model, where the enzyme compositions of
the disclosure are sold to a manufacturer of bioethanol, a fuel refinery, or a biochemical or
biomaterials manufacturer in the business of producing fuels or bio-products. In some aspects,
the enzyme composition of the disclosure can be marketed or commercialized using an on-site
bio-refinery model, wherein the enzyme composition is produced or prepared in a facility at or
near to a fuel refinery or biochemical/biomaterial manufacturer's facility, and the enzyme
composition of the invention is tailored to the specific needs of the fuel refinery or
biochemical/biomaterial manufacturer on a real-time basis. Moreover, the disclosure relates to
providing these manufacturers with technical support and/or instructions for using the enzyme
compositions such that the desired bio-product (e.g., biofuel, bio-chemcials, bio-materials, etc)
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can be manufactured and marketed.

[0258] The following are examples of the methods and compositions of the invention. It is
understood that various other embodiments may be practiced, given the general description
provided above.

EXAMPLES

Example 1: AssaysiMethods

[0259] The following assays/methods were generally used in the Examples described below.
Any deviations from the protocols provided below are indicated in specific Examples.

A. Pretreatment of biomass substrates

[0260] Corncob, corn stover and switch grass were pretreated prior to enzymatic hydrolysis
according to the methods and processing ranges described in International Patent Publication
WO06110901A (unless otherwise noted). These references for pretreatment are also included
in the disclosures of US Patent Application Publications 20070031918-A1, 20070031919-A1,
20070031953-A1, and/or 20070037259-A1.

[0261] Ammonia fiber explosion treated (AFEX) corn stover was obtained from Michigan
Biotechnology Institute International (MBI). The composition of the corn stover was determined
by MBI (Teymouri, F et al. Applied Biochemistry and Biotechnology, 2004, 113:951-963) using
the National Renewable Energy Laboratory (NREL) procedure, NREL LAP-002. NREL
procedures are available at: http://www.nrel.gov/ biomass/analytical_procedures.html.

[0262] The FPP pulp and paper substrates were obtained from SMURFIT KAPPA CELLULOSE
DU PIN, France.

[0263] Steam Expanded Sugar-cane Bagasse (SEB) was obtained from SunOpta (Glasser,
WG et al. Biomass and Bioenergy 1998, 14(3): 219-235; Jollez, P et al. Advances in
thermochemical biomass conversion, 1994, 2:1659-1669).

B. Compositional analysis of biomass

[0264] The 2-step acid hydrolysis method described in Determination of structural
carbohydrates and lignin in the biomass (National Renewable Energy Laboratory, Golden, CO
2008 http://www.nrel.gov/biomass/pdfs/42618.pdf) was used to measure the composition of



DK/EP 2686434 T3

biomass substrates. Using this method, enzymatic hydrolysis results were reported herein in
terms of percent conversion with respect to the theoretical yield from the starting glucan and
xylan content of the substrate.

C. Total protein assay

[0265] The BCA protein assay is a colorimetric assay that measures protein concentration with
a spectrophotometer. The BCA Protein Assay Kit (Pierce Chemical, Product #23227) was used
according to the manufacturer's suggestion. Enzyme dilutions were prepared in test tubes
using 50 mM sodium acetate pH 5 buffer. Diluted enzyme solution (0.1 mL) was added to 2 mL
Eppendorf centrifuge tubes containing 1 mL 15% tricholoroacetic acid (TCA). The tubes were
vortexed and placed in an ice bath for 10 min. The samples were then centrifuged at 14,000
rpm for 6 min. The supernatant was poured out, the pellet was resuspended in 1 mL 0.1 N
NaOH, and the tubes vortexed until the pellet dissolved. BSA standard solutions were prepared
from a stock solution of 2 mg/mL. BCA working solution was prepared by mixing 0.5 mL
Reagent B with 25 mL Reagent A. 0.1 mL of the enzyme resuspended sample was added to 3
Eppendorf centrifuge tubes. Two (2) mL Pierce BCA working solution was added to each
sample and BSA standard Eppendorf tubes. All tubes were incubated in a 37°C waterbath for
30 min. The samples were then cooled to room temperature (15 min) and the absorbance
measured at 562 nm in a spectrophotometer.

[0266] Average values for the protein absorbance for each standard were calculated. The
average protein standard was plotted, absorbance on x-axis and concentration (mg/mL) on the

y-axis. The points were fit to a linear equation:
y=mx +b

[0267] The raw concentration of the enzyme samples was calculated by substituting the
absorbance for the x- value. The total protein concentration was calculated by multiplying with
the dilution factor.

[0268] The total protein of purified samples was determined by A280 (Pace, CN, et al. Protein
Science, 1995, 4:2411-2423).

[0269] The total protein content of fermentation products was sometimes measured as total
nitrogen by combustion, capture and measurement of released nitrogen, either by Kjeldahl
(rtech laboratories, www.rtechlabs.com) or in-house by the DUMAS method (TruSpec CN,
www.leco.com) (Sader, A.P.O. et al., Archives of Veterinary Science, 2004, 9(2):73-79). For
complex protein-containing samples, e.g. fermentation broths, an average 16% N content, and
the conversion factor of 6.25 for nitrogen to protein was used. In some cases, total precipitable
protein was measured to remove interfering non-protein nitrogen. A 12.5% final TCA
concentration was used and the protein-containing TCA pellet was resuspended in 0.1 M
NaOH.
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[0270] In some cases, Coomassie Plus- the Better Bradford Assay (Thermo Scientific,
Rockford, IL product #23238) was used according to manufacturer recommendation. In other
cases, total protein was measured using the Biuret method as modified by Weichselbaum and
Gornall using Bovine Serum Albumin as a calibrator (Weichselbaum, T. Amer. J. Clin. Path.
1960,16:40; Gornall, A. et al. J. Biol. Chem. 1949, 177:752).

D. Glucose detemination using ABTS

[0271] The ABTS (2,2'-azino-bis(3-ethylenethiazoline-6)-sulfonic acid) assay for glucose
determination is based on the principle that in the presence of O,, glucose oxidase catalyzes

the oxidation of glucose while producing stoichiometric amounts of hydrogen peroxide (H>O5).

This reaction is followed by the horse radish peroxidase (HRP) catalyzed oxidation of ABTS
which linearly correlates to the concentration of H,O,. The emergence of oxidized ABTS is

indicated by the evolution of a green color, which is quantified at an OD of 405 nm. A mixture
of ABTS powder (Sigma, #A1888-5g 2.74 mg/mL), 0.1 U/mL HRP (100 U/mL, Sigma, #P8375)
and 1 U/mL Glucose Oxidase, (OxyGO® HP L5000, 5000 U/mL, Genencor Division, Danisco
USA) was prepared in 50 mM Na Acetate Buffer, pH 5.0 and kept in the dark (substrate).
Glucose standards (0, 2, 4, 6, 8, 10 nmol) were prepared in 50 mM Na Acetate Buffer, pH 5.0
and 10 pL of each standard was added to a 96-well flat bottom MTP in triplicate. Ten (10) uL of
serially diluted samples were also added to the MTP. One hundred (100) pL of ABTS substrate
solution was added to each well and the plate was placed on a spectrophotometric plate
reader to kinetically read oxidation of ABTS for 5 min at 405 nm.

[0272] Alternately absorbance at 405 nm was measured after 15-30 min of incubation followed
by quenching of the reaction with 50 mM Na Acetate Buffer, pH 5.0 containing 2% SDS.

E. Sugar analysis by HPLC

[0273] Samples from biomass saccharification were prepared by centrifugation to clear
insoluble material, filtration through a 0.22 uym nylon filter (Spin-X centrifuge tube filter, Corning
Incorporated, Corning, NY) and dilution to an appropriate concentration of soluble sugars with
distilled water. Monomer sugars were determined on a Shodex Sugar SH-G SH1011, 8x300
mm with a 6x50 mm SH-1011P guard column (www.shodex.net). Solvent was 0.01 N H>SO4

run at 0.6 mL/min. Column temperature was 50°C and detection was by refractive index.
Alternately, sugars were analyzed using a Biorad Aminex HPX-87H column with a Waters 2410
refractive index detector. The analysis time was 20 min, the injection volume was 20 pL of
diluted sample, the mobile phase was 0.01 N sulfuric acid, 0.2 um filtered and degassed, the
flow rate was 0.6 mL/min and the column temperature was 60°C. External standards of
glucose, xylose and arabinose were run with each sample set.
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[0274] Oligomeric sugars were separated by size exclusion chromatography in HPLC using a
Tosoh Biosep G2000PW column 7.5 mmx60 cm (www.tosohbioscience.de). The solvent was
distilled water at 0.6 mL/min and the column was run at room temperature. Six carbon sugar
standards used for size calibration were: stachyose, raffinose, cellobiose and glucose; and 5
carbon sugars were: xylohexose, xylopentose, xylotetrose, xylotriose, xylobiose and xylose.
Xylo-oligomers were obtained from Megazyme (www.megazyme.com). Detection was by
refractive index and when reported quantitatively results are either as peak area units or
relative peak areas by percent.

[0275] Total soluble sugars were determined by hydrolysis of the centrifuged and filter clarified
samples described above. The clarified sample was diluted 1 to 1 with 0.8 N H>SO4 and the

resulting solution was autoclaved in a capped vial for a total cycle time of 1 h at 121°C. Results
are reported without correction for loss of monomer sugar during the hydrolysis.

F. Oligomer Preparation from Cob and Enzyme Assays

[0276] Oligomers from T. reesei Xyn3 hydrolysis of corncobs were prepared by incubating 8
mg 7. reesei Xyn3 per g Glucan + Xylan with 250 g dry weight of dilute ammonia pretreated
corncob in 50 mM pH 5.0 Na Acetate buffer (pH adjusted with 1 N sulfuric acid). The reaction
proceeded for 72 h at 48°C, 180 rpm rotary shaking. The supernatant was centrifuged 9,000 x
G, then filtered through 0.22 um Nalgene filters to recover the soluble sugars. For subsequent
enzyme assays, 100 uL aliquots of the T. reesei Xyn3 oligomer-containing supernatant were
incubated with 1 ug/pL of either T. reesei integrated strain H3A, 1 ug/uL of T. reesei integrated
strain H3A/JEG4#27 or water control in Eppendorf tubes at 48°C for 2.5 h. The supernatants
were then diluted 4X with ice cold MilliQ water, filtered, and analyzed by HPLC for sugar
release from the oligomers.

G. Corncob Saccharification Assay

[0277] For a typical example herein, unless otherwise specifically described with the particular
examples, corncob saccharification was performed in a microtiter plate format in accordance
with the following procedures. The biomass substrate, e.g., a dilute ammonia pretreated
corncob, was diluted in water and pH-adjusted with sulfuric acid to create a pH 5, 7% cellulose
slurry that was then used directly without further processing in the assays. Enzyme samples
were loaded based on mg total protein per g of cellulose (as determined using conventional
compositional analysis methods, such as, for example, using the method described in Example
1A above) in the substrate (e.g., the corncob). The enzymes were then diluted in 50 mM
sodium acetate, pH 5.0, to obtain the desired loading concentration. Forty (40) uL of enzyme
solution were added to 70 mg of dilute-ammonia pretreated corncob at 7% cellulose per well
(equivalent to 4.5% cellulose final per well). The assay plates were covered with aluminum
plate sealers, mixed at room temperature and incubated at 50°C, 200 rpm, for 3 days ("3d"). At
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the end of the incubation period, the saccharification reaction was quenched by adding to each
well 100 pL of a 100 mM glycine buffer, pH10.0. The plate was centrifuged for 5 min at 3,000
rpm. Ten (10) uL of the supernatant was then added to 200 pL of MilliQ water in a 96-well
HPLC plate and the soluble sugars were measured using HPLC.

Example 2: Construction of an Integrated Expression Strain of Trichoderma reesei

[0278] An integrated expression strain of Trichoderma reesei was constructed that co-
expressed five genes: T. reesei B-glucosidase gene bgl1, T. reesei endoxylanase gene xyn3, F.
verticillioides B-xylosidase gene f3A, F verticillioides B-xylosidase gene fv43D, and F.
verticillioides a-arabinofuranosidase gene fv571A.

[0279] The construction of the expression cassettes for these different genes and the
transformation of 7. reesei are described below.

A. Construction of the B-glucosidase expression vector

[0280] The N-terminal portion of the native T. reesei B-glucosidase gene bgl/1 was codon
optimized by DNA 2.0 (Menlo Park, USA). This synthesized portion comprised of the first 447
bases of the coding region. This fragment was PCR amplified using primers SK943 and SK941.
The remaining region of the native bg/?1 gene was PCR amplified from a genomic DNA sample
extracted from T. reesei strain RL-P37 (Sheir-Neiss, G et al. Appl. Microbiol. Biotechnol. 1984,
20:46-53), using primer SK940 and SK942. These two PCR fragments of the bg/T gene were
fused together in a fusion PCR reaction, using primers SK943 and SK942: Forward Primer
SK943: (5'-CACCATGAGATATAGAACAGCTGCCGCT-3") (SEQ ID NO:121)

Reverse Primer SK941: (5'-CGACCGCCCTGCGGAGTCTTGCCCAGTGGTCCCGCGACAG-3)
(SEQ ID NO: 122)

Forward Primer (SK940): (5'-CTGTCGCGGGACCACTGGGCAAGACTCCGCAGGG CGGTCG-
3') (SEQ ID NO:123)

Reverse Primer (SK942): (5'-CCTACGCTACCGACAGAGTG-3") (SEQ ID NO:124)

[0281] The resulting fusion PCR fragments were cloned into the Gateway ® Entry vector
PpENTR™/D-TOPO®, and transformed into E. coli One Shot® TOP10 Chemically Competent
cells (Invitrogen) resulting in the intermediate vector, pENTR-TOPO-Bgl1-(943/942) (FIG. 8A).
The nucleotide sequence of the inserted DNA was determined. The pENTR-943/942 vector
with the correct bg/71 sequence was recombined with pTrex3g using a LR clonase® reaction
protocol outlined by Invitrogen. The LR clonase reaction mixture was transformed into E. coli
One Shot® TOP10 Chemically Competent cells (Invitrogen), resulting in the final expression
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vector, pTrex3g 943/942 (FIG. 8B). The vector also contains the Aspergillus nidulans amdS
gene, encoding acetamidase, as a selectable marker for transformation of 7. reesei. The
expression cassette was amplified by PCR with primers SK745 and SK771 to generate product
for transformation of T. reese/.

Forward Primer SK771: (6'-GTCTAGACTGGAAACGCAAC -3') (SEQ ID NO:125)

Reverse Primer SK745: (5'-GAGTTGTGAAGTCGGTAATCC -3") (SEQ ID NO:126)

B. Construction of the endoxylanase expression cassette

[0282] The native T. reesei endoxylanase gene xyn3 was PCR amplified from a genomic DNA
sample extracted from T. reeseij, using primers xyn3F-2 and xyn3R-2.

Forward Primer xyn3F-2; (5'-CACCAT GAAAGCAAACGTCATCTTGTGCCTCCTGG-3") (SEQ ID
NO:127)

Reverse Primer (xyn3R-2): (5'-CTATTGTAAGATGCCAACAATGCTGTTATATGC
CGGCTTGGGG-3') (SEQ ID NO:128)

[0283] The resulting PCR fragments were cloned into the Gateway® Entry vector pENTR™/D-
TOPO®, and transformed into E. coli One Shot® TOP10 Chemically FIG. 8C). The nucleotide
sequence of the inserted DNA was determined. The pENTR/Xyn3 vector with the correct xyn3
sequence was recombined with pTrex3g using a LR clonase® reaction protocol outlined by
Invitrogen. The LR clonase reaction mixture was transformed into E. coli One Shot® TOP10
Chemically Competent cells (Invitrogen), resulting in the final expression vector, pTrex3g/Xyn3
(FIG. 8D). The vector also contains the Aspergillus nidulans amdS gene, encoding
acetamidase, as a selectable marker for transformation of 7. reesei. The expression cassette
was amplified by PCR with primers SK745 and SK822 to generate product for transformation of
T. reesei.

Forward Primer SK745: (5-GAGTTGTGAAGTCGGTAATCC-3") (SEQ ID NO:129)

Reverse Primer SK822: (5'-CACGAAGAGCGGCGATTC-3") (SEQ ID NO:130)

C. Construction of the B-xylosidase Fv3A expression vector

[0284] The F. verticillioides B-xylosidase fv3A gene was amplified from a F. verticillioides
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genomic DNA sample using the primers MH124 and MH125.
Forward Primer MH124: (5'-CAC CCATGC TGC TCA ATC TTC AG -3") (SEQ ID NO:131)

Reverse Primer MH125: (5'-TTA CGC AGACTT GGG GTC TTG AG -3') (SEQ ID NO:132)

[0285] The PCR fragments were cloned into the Gateway ® Entry vector pPENTR™/D-TOPO®,
and transformed into E. coli One Shot® TOP10 Chemically Competent cells (Invitrogen)
resulting in the intermediate vector, pPENTR-Fv3A (FIG. 8E). The nucleotide sequence of the
inserted DNA was determined. The pENTR-FV3A vector with the correct fv3A sequence was
recombined with pTrex6g (FIG. 8F) using a LR clonase® reaction protocol outlined by
Invitrogen. The LR clonase reaction mixture was transformed into E. coli One Shot® TOP10
Chemically Competent cells (Invitrogen), resulting in the final expression vector, pTrex6g/Fv3A
(FIG. 8G). The vector also contains a chlorimuron ethyl resistant mutant of the native T.reesei
acetolactate synthase (als) gene, designated al/sR, which is used together with its native
promoter and terminator as a selectable marker for transformation of T. reesei
(WO2008/039370 A1). The expression cassette was PCR amplified with primers SK1334,
SK1335 and SK1299 to generate product for transformation of T. reesei.

Forward Primer SK1334: (6'-GCTTGAGTGTATCGTGTAAG -3') (SEQ ID NO:133)
Forward Primer SK1335: (6'-GCAACGGCAAAGCCCCACTTC -3') (SEQ ID NO:134)

Reverse Primer SK1299: (5-GTAGCGGCCGCCTCATCTCATCTCATCCATCC -3') (SEQ ID
NO:135)

D. Construction of the B-xylosidase Fv43D expression cassette

[0286] For the construction of the F. verticillioides B-xylosidase Fv43D expression cassette, the
v43D gene product was amplified from a Fverticillioides genomic DNA sample using the
primers SK1322 and SK1297. A region of the promoter of the endoglucanase gene eg/f was
amplified by PCR from a T. reesei genomic DNA sample extracted from strain RL-P37, using
the primers SK1236 and SK1321. These two PCR amplified DNA fragments were subsequently
fused together in a fusion PCR reaction using the primers SK1236 and SK1297. The resulting
fusion PCR fragment was cloned into pCR-Blunt II-TOPO vector (Invitrogen) to give the
plasmid TOPO Blunt/Pegl1-Fv43D (FIG. 8H) and E. coli One Shot® TOP10 Chemically
Competent cells (Invitrogen) were transformed using this plasmid. Plasmid DNA was extracted
from several E. coli clones and confirmed by restriction digest.

Forward Primer SK1322: (5'-CACCATGCAGCTCAAGTTTCTGTC-3") (SEQ ID NO: 136)

Reverse Primer SK1297: (5'-GGTTACTAGTCAACTGCCCGTTCTGTAGCGAG-3') (SEQ ID
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NO:137)

Forward Primer SK1236: (5'-CATGCGATCGCGACGTTTTGGTCAGGTCG-3') (SEQ ID
NO:138)

Reverse Primer SK1321: (5'-GACAGAAACTTGAGCTGCATGGTGTGGGACA ACAAGAAGG-3))
(SEQ ID NO:139)

[0287] The expression cassette was PCR amplified from TOPO Blunt/Pegl1-Fv43D with
primers SK1236 and SK1297 to generate product for transformation of T. reesei.

E. Construction of the a-arabinofuranosidase expression cassette

[0288] For the construction of the F. verticillioides a-arabinofuranosidase gene f/571A
expression cassette, the fv51A gene product was amplified from F verticillioides genomic DNA
using the primers SK1159 and SK1289. A region of the promoter of the endoglucanase gene
egl1 was amplified by PCR from a T. reesei genomic DNA sample extracted from strain RL-
P37, using the primers SK1236 and SK1262. These two PCR amplified DNA fragments were
subsequently fused together in a fusion PCR reaction using the primers SK1236 and SK1289.
The resulting fusion PCR fragment was cloned into pCR-Blunt II-TOPO vector (Invitrogen) to
give the plasmid TOPO Blunt/Pegl1-Fv51A (FIG. 81) and E. coli One Shot® TOP10 Chemically
Competent cells (Invitrogen) were transformed using this plasmid. Forward Primer SK1159: (5'-
CACCATGGTTCGCTTCAGTTCAATCCTAG-3") (SEQ ID NO: 140)

Reverse Primer SK1289: (5'-GTGGCTAGAAGATATCCAACAC-3') (SEQ ID NO:141)

Forward Primer SK1236: (5-CATGCGATCGCGACGTTTTGGTCAGGTCG-3) (SEQ ID NO:
142)

Reverse Primer SK1262: (5-GAACTGAAGCGAACCATGGTGTGGGACAACAAGAA GGAC-3')
(SEQ ID NO:143)

[0289] The expression cassette was PCR amplified with primers SK1298 and SK1289 to
generate product for transformation of T. reesei.

Forward Primer SK1298: (5'-GTAGTTATGCGCATGCTAGAC-3") (SEQ ID NO:144)

Reverse Primer SK1289: (5'-GTGGCTAGAAGATATCCAACAC-3') (SEQ ID NO:145)

F. Co-Transfommation ofI. reesei expression cassettes for f-glucosidase and
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endoxylanase

[0290] A Trichoderma reesei mutant strain, derived from RL-P37 (Sheir-Neiss, G et al. Appl.
Microbiol. Biotechnol. 1984, 20:46-53), and selected for high cellulase production was co-
transformed with the pB-glucosidase expression cassette (cbh1 promoter, T.reesei B-
glucosidase1 gene, cbh1 terminator, and amdS marker), and the endoxylanase expression
cassette (cbh1 promoter, T.reesei xyn3, and cbhl terminator) using PEG-mediated
transformation (Penttila, M et al. Gene 1987, 61(2): 155-64). Numerous transformants were
isolated and examined for B-glucosidase and endoxylanase production. One transformant
called T. reesej strain #229 was used for transformation with the other expression cassettes.

G. Co-transformation of T. reesei strain #229 with expression cassettes for two -
xylosidases and an a-arabinofuranosidase

[0291] T. reesei strain #229 was co-transformed with the PB-xylosidase fv3A expression
cassette (cbh1 promoter, v3A gene, cbhl terminator, and alsR marker), the B-xylosidase 43D
expression cassette (eg/?7 promoter, fv43D gene, native fv43D terminator), and the 57A a-
arabinofuranosidase expression cassette (eg/7 promoter, fv51A gene, fv571A native terminator)
using electroporation (see e.g. WO 08153712). Transformants were selected on Vogels agar
plates containing chlorimuron ethyl (80 ppm). Vogels agar was prepared as follows, per liter.

50 x Vogels Stock Solution (recipe below) 20 mL
BBL Agar 20g
With deionized H»0 bring to post-sterile addition: 980 mL
50% Glucose 20 mL

50 x Vogels Stock Solution, per liter:

In 750 mL deionized H20, dissolve successively:

NajCitrate*2H,0 1259
KH5PO4 (Anhydrous) 250¢
NH4NO3 (Anhydrous) 100 g
MgSQO4*7H>0 109
CaCl>*2H50 59

Vogels Trace Element Solution (recipe below) 5mL
d-Biotin 019

With deionized H50, bringto 1L

Vogels Trace Element Solution:

Citric Acid

50¢g
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ZnS0,4.*7H50 S0g
Fe(NH4)2S04."6H,0 1049
CuS04.5H50 25¢g
MnSO4.4H50 05¢g
H3BO3 059
NasMoO4.2H,0 05¢

[0292] Numerous transformants were isolated and examined for B- xylosidase and L-a-
arabinofuranosidase production. Transformants were also screened for biomass conversion
performance according to the cob saccharification assay described in Example 1 (supra).
Examples of T. reesei integrated expression strains described herein are H3A, 39A, A10A, 1A,
and G9A, which express all of the genes for T. reesei beta-glucosidase 1, T. reesei Xyn3,
Fv3A, Fv51A, and Fv43D, at different ratios. Other integrated T. reese/ strains include those
wherein most of the genes for T. reesej beta-glucosidase 1, T. reesei Xyn3, Fv3A, Fv51A, and
Fv43D, were expressed at different ratios. For example, one lacked overexpressed T. reesei
Xyn3; another lacked Fv51A, as determined by Western Blot; two others lacked Fv3A, one
lacked overexpressed Bgll (e.g. strain H3A-5).

H. Composition of T. reesei integrated strain H3A

[0293] Fermentation of the T.reeseiintegrated strain H3A yields the following proteins 7. reesej
Xyn3, T. reesei Bgl 1, Fv3A, Fv51A, and Fv43D, at ratios determined as described herein and
shown in FIG. 9.

I. Protein Analysis by HPLC

[0294] Liquid chromatography (LC) and mass spectroscopy (MS) were performed to separate,
identify, and quantify the enzymes contained in fermentation broths. Enzyme samples were
first treated with a recombinantly expressed endoH glycosidase from S. plicatus (e.g., NEB
P0O702L). EndoH was used at a ratio of 0.01-0.03 ug endoH protein per ug sample total protein
and incubated for 3 h at 37°C, pH 4.5-6.0 to enzymatically remove N-linked gycosylation prior
to HPLC analysis. Approximately 50 ug of protein was then injected for hydrophobic interaction
chromatography using an Agilent 1100 HPLC system with an HIC-phenyl column and a high-to-
low salt gradient over 35 min. The gradient was achieved using high salt buffer A: 4 M
ammonium sulphate containing 20 mM potassium phosphate pH 6.75 and low salt buffer B: 20
mM potassium phosphate pH 6.75. Peaks were detected with UV light at 222 nm and fractions
were collected and identified by mass spectroscopy. Protein concentrations are reported as the
percent of each peak area relative to the total integrated area of the sample.
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J. Effect of addition of purified proteins to the fermentation broth of T. reesei integrated
strain H3A on saccharification of dilute ammonia pretreated cormcob

[0295] Purified proteins (and one unpurified protein) were serially diluted from stock solution
and added to a fermentation broth of T. reesej integrated strain H3A to determine their benefit
to saccharification of pretreated biomass. Dilute ammonia pretreated corncob was loaded into
microtiter plate (MTP) wells at 20% solids (w/w) (~5 mg of cellulose per well), pH 5. H3A
protein (in the form of fermentation broth) was added to each well at 20 mg protein/g cellulose.
Volumes of 10, 5, 2, and 1 yL of each of the diluted proteins (FIG. 10) were added into
individual wells, and water was added such that the liquid addition to each well was a total of
10 uL. Reference wells included additions of either 10 yL water or dilutions of additional H3A
fermentation broth. The MTP were sealed with foil and incubated at 50°C with 200 RPM
shaking in an Innova incubator shaker for three days. The samples were quenched with 100
pL of 100 mM glycine pH 10. The quenched samples were covered with a plastic seal and
centrifuged 3000 RPM for 5 min at 4°C. An aliquot (5 L) of the quenched reactions was
diluted with 100 uL of water and the concentration of glucose produced in the reactions was
determined using HPLC. The glucose data was plotted as a function of the protein
concentration added to the 20 mg/g of H3A (the concentrations of the protein additions were
variable due to different starting concentrations and additions by volume). Results are shown in
FIGs. 11A-11D.

Example 3: Construction of T. reesei strains

A. Construction of and screening for T. reesei strain H3AIEG4#27

[0296] An expression cassette containing the T. reesei egl1 (also termed "Cel 7B") promoter, T.
reesei eg4 (also termed "TrEG4", or "Cel 61A") open reading frame, and cbh/ (Cel 7A)
terminator sequence (FIG. 12A) from Trichoderma reesei, and sucA selectable marker (see,
Boddy et al., Curr. Genet. 1993, 24:60-66) from Aspergillus niger was cloned into pCR Blunt Il
TOPO (Invitrogen) (FIG. 12B).

[0297] The expression cassette Peglf-eg4-sucA was amplified by PCR with the primers:
SK1298: 5'-GTAGTTATGCGCATGCTAGAC-3' (SEQ ID NO:146)

214 5-CCGGCTCAGTATCAACCACTAAGCACAT-3' (SEQ ID NO:147)

[0298] Pfu Ulira |l (Stratagene) was used as the polymerase for the PCR reaction. The
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products of the PCR reaction were purified with the QIAquick PCR purification kit (Qiagen) as
per the manufacturer's protocol. The products of the PCR reaction were then concentrated
using a speed vac to 1-3 pg/uL. The T. reesei host strain to be transformed (H3A) was grown
to full sporulation on potato dextrose agar plates for 5 d at 28°C. Spores from 2 plates were
harvested with MilliQ water and filtered through a 40 uM cell strainer (BD Falcon). Spores were
transferred to a 50 mL conical tube and washed 3 times by repeated centrifugation with 50 mL
water. A final wash with 1.1 M sorbitol solution was carried out. The spores were resuspended
in a small volume (less than 2 times the pellet volume) using 1.1 M sorbitol solution. The spore
suspension was then kept on ice. Spore suspension (60 uL) was mixed with 10-20 ug of DNA,
and transferred into the electroporation cuvette (E-shot, 0.1 cm standard electroporation
cuvette from Invitrogen). The spores were electroporated using the Biorad Gene Pulser Xcell
with settings of 16 kV/cm, 25 uF, 400 Q. After electroporation, 1 mL of 1.1.M sorbitol solution
was added to the spore suspension. The spore suspension was plated on Vogel's agar (see
example 2G), containing 2% sucrose as the carbon source.

[0299] The transformation plates were incubated at 30°C for 5-7 d. The initial transformants
were restreaked onto secondary Vogel's agar plates with sucrose and grown at 30°C for an
additional 5-7 d. Single colonies growing on secondary selection plates were then grown in
wells of microtiter plates using the method described in WO/2009/114380. The supernatants
were analyzed on SDS-PAGE to check for expression levels prior to saccharification
performance screening.

[0300] A total of 94 transformants overexpressed EG4 in strain H3A. Two H3A control strains
were grown in microtiter plates along with the H3A/EG4 strains. Performance screening of T.
reesej strains expressing EG4 protein was performed using ammonia pretreated corncob. The
dilute ammonia pretreated corncob was suspended in water and adjusted to pH 5.0 with
sulfuric acid to achieve 7% cellulose. The slurry was dispensed into a flat bottom 96 well
microtiter plate (Nunc, 269787) and centrifuged at 3,000 rpm for 5 min.

[0301] Corncob saccharification reactions were initiated by adding 20 uL of H3A or H3A/EG4
strain culture broth per well of substrate. The corncob saccharification reactions were sealed
with aluminum (E&K scientific) and mixed for 5 min at 650 rpm, 24°C. The plate was then
placed in an Innova incubator at 50°C and 200 rpm for 72 h. At the end of 72-h
saccharification, the reactions were quenched by adding 100 yL of 100 mM glycine, pH 10.0.
The plate was then mixed thoroughly and centrifuged at 3,000 rpm for 5 min. Supernatant (10
ML) was added to 200 pL of water in an HPLC 96-well microtiter plate (Agilent, 5042-1385).
Glucose, xylose, cellobiose and xylobiose concentrations were measured by HPLC using an
Aminex HPX-87P column (300 mm x 7.8 mm, 125-0098) pre-fitted with guard column.

[0302] The screening on corncob identified the following H3A/EG4 strains as having improved
glucan and xylan conversion compared to the H3A control strains: 1, 2, 3, 4, 5, 6, 14, 22, 27,

43, and 49 (FIG. 13).

[0303] Select H3A/EG4 strains were re-grown in shake flasks. A total of 30 mL of protein
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culture filtrate was collected per shake flask per strain. The culture filirates were concentrated
10-fold using 10 kDa membrane centrifugal concentrators (Sartorious, VS2001) and the total
protein concentration was determined by BCA as described in Example 1C. A corncob
saccharification reaction was performed using 2.5, 5, 10, or 20 mg protein from H3A/EG4
strain samples per g of cellulose per well of corncob substrate. An H3A strain produced at 14 L
fermentation scale and a previously identified low performance sample (H3A/EG4 strain #20)
produced at shake flask scale were included as controls. The saccharification reactions were
carried out as described in Example 4 (below). Increased glucan conversion with increased
protein dose was observed with culture supernatant from all of the EG4 expressing strains
(FIG. 14). T. reesei integrated strain H3A/EG4#27 was used in additional saccharification
reactions, and the strain was purified by streaking a single colony onto a potato dextrose plate
from which a single colony was isolated.

Example 4: Range of T. reesei EG4 concentrations for improved saccharification of
dilute ammonia pretreated corncob

[0304] To determine preferred dosing, hydrolysis of dilute ammonia pretreated corncob (25%
solids, 8.7% cellulose, 7.3% xylan) was conducted at pH 5.3 using fermentation broth from
either T. reeseij integrated strain H3A/EG4 #27 or H3A with purified EG4 added to the reaction
mix. The total loading of T. reesei integrated strain H3A/EG4 #27 or H3A was 14 mg protein
per gram of glucan (G) and xylan (X).

[0305] The reaction mix (total mass 5 g) was loaded into 20 mL scintillation vials in a total
reaction volume of 5 mL according to the dosing chart in FIGs. 15, 17A and 17B.

[0306] The set up for experiment 1 is shown in FIG. 15. MilliQ Water and 6 N Sulfuric acid
were mixed in a conical tube and added to the respective vials and the vials were swirled to
mix the contents. Enzymes samples were added to the vials and the vials incubated for 6 d at
50°C. At various time points, 100uL of sample was removed from the vialss diluted with 900 pL
5mM sulfuric acid, vortexed, centrifuged and the supernatant was used to measure the
concentrations of soluble sugars using HPLC. The results of glucan and xylan conversion are
shown in FIGs. 16A and 16B, respectively.

[0307] The set up for experiment 2 is shown in FIG. 17A. To further determine the preferred
EG4 concentration, saccharification of dilute ammonia corncob (25% solids, 8.7% cellulose,
7.3% xylan) was conducted at pH 5.3 using fermentation broth from either T. reesei integrated
strain H3A/JEG4 #27 or H3A with purified EG4 added (ranging from 0.05 to 1.0 mg protein/g
G+X) to the reaction mix. The total loading of T. reesei integrated strain H3A/EG4 #27 or H3A
was 14 mg protein/g glucan + xylan. The experimental results are shown in FIG. 18A.

[0308] The set up for experiment 3 is shown in FIG. 17B. To pinpoint the preferred
concentration range of T. reesei Eg4 yet further, dilute ammonia corncob (25% solids, 8.7%
cellulose, and 7.3% xylan) was hydrolyzed at pH 5.3 using T. reese/ integrated strain H3A/EG4
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#27 or H3A with purified EG4 added at concentrations ranging from 0.1-0.5 mg protein/g G+X.
The total loading of T. reesei integrated strain HSA/EG4 #27 or H3A was 14 mg protein per g of
glucan and xylan.

[0309] Results are shown in FIG. 18B.

Example 5: Effect of T. reesei Eq4 on saccharification of dilute ammonia pretreated corn
stover at different solid loadings

[0310] Dilute ammonia pre-treated corn stover was incubated with fermentation broth from T.
reesej integrated strain H3A or H3A/EG4#27 (14 mg protein/g glucan and xylan) at 7, 10, 15,
20 and 25% solids (%S) for three days at 50°C, pH 5.3 (5 g total wet biomass in 20 mL vials).
The reactions were carried out as described in Example 4 above. Glucose and xylose were
analyzed by HPLC. Results are shown in FIG. 19. All samples up to 20% solids were visibly
liquefied on day 1.

Example 6: Effect of overexpression of T. reesei EG4 on hydrolysis of dilute ammonia
pretreated cormcob

[0311] The effect of overexpression of T. reesei Eg4 in strain H3A on saccharification of dilute
ammonia pretreated corncob was tested using fermentation broths from strains H3A/EG4 # 27
and H3A. Corncob saccharification at 3 g scale was performed in 20 mL glass vials as follows.
Enzyme preparation, 1 N sulfuric acid and 50 mM pH 5.0 sodium acetate buffer (with 0.01%
sodium azide and 5 mM MnCl,) were added to give a final slurry of 3 g total reaction, 22% dry

solids, pH 5.0 with enzyme loadings varying between 1.7 and 21.0 mg total protein per gram
Glucan + Xylan. All saccharification vials were incubated at 48°C with 180 rpm rotation. After
72 h, 12 mL of filtered MilliQ water was added to each vial to dilute the entire saccharification
reaction 5-fold. The samples were centrifuged at 14,000 x g for 5 min, then filtered through a
0.22 um nylon filter (Spin-X centrifuge tube filter, Corning Incorporated, Corning, NY) and
further diluted 4-fold with filtered MilliQ water to create a final 20X dilution. 20 pL injections
were analyzed by HPLC to measure the sugars released.

[0312] Overexpression or addition of 7. reesei Eg4 led to enhanced xylose and glucose
monomer release as compared to H3A alone (FIGs. 20 and 21). Addition of H3A/EG4#27 at
different doses led to an increased yield of xylose as compared to strain H3A, or compared to
Eg4 + a constant 1.12 mg Xyn3 per g Glucan + Xylan (FIG. 20).

[0313] Addition of H3A/EG4#27 at different doses led to an increased yield of glucose
compared to strain H3A or compared to Eg4 + a constant 1.12 mg Xyn3 per g Glucan + Xylan
(FIG. 21).
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[0314] The effect of T. reesei Eg4 on total fermentable monomer (xylose, glucose and
arabinose) release by integrated strains H3A/EG4# 27 or H3A is illustrated in the FIG. 22. The
H3A/EG4#27 integrated strain led to enhanced total fermentable monomer release compared
to the integrated strain H3A, or compared to Eg4 + 1.12 mg Xyn3/g Glucan + Xylan.

Example 7: Purified T. reesei EG4 leads to glucose release in dilute ammonia pretreated
corncob

[0315] The effect of purified T. reesei Eg4 on the concentration of sugars released was tested
using 1.05 g dilute ammonia pretreated corncob in the presence or absence of 0.53 mg Xyn3
per g Glucan + Xylan. The experiments were performed as described in Example 6. Results
are shown in FIG. 23. The data indicate that purified T. reesej Eg4 leads to release of glucose
monomer without the action of other cellulases such as endoglucanases, cellobiohydrolases
and B-glucosidases.

[0316] Saccharification experiments were also conducted using dilute ammonia pretreated
corncob with purified Eg4 added alone (no Xyn3 added). 3.3 pL of purified Eg4 (15.3 mg/mL)
was added to 872 yL 50 mM, pH 5.0 sodium acetate buffer (included 0.01% sodium azide and
5 mM MnCly), 165 mg of dilute ammonia pretreated corncob (67.3% dry solids, 111 mg dry

solids added) and 16.5 uL of 1 N sulfuric acid in 5 mL vials. The vials were incubated at 48°C
and rotated at 180 rpm. Periodically, 20 yL aliquots were removed, diluted 10-fold with filter
sterilized double distilled water and filtered through a nylon filter before analysis for glucose
released on a Dionex lon Chromatography system. Authentic glucose solutions were used as
external standards. Results are shown in FIG. 24, indicating that addition of purified Eg4 leads
to release of glucose monomer from dilute ammonia pretreated corncobs over 72 h incubation
at 48°C in the absence of other cellulases or endoxylanase.

Example 8: Saccharification performance of T. reesei integrated strains H3A and
H3AIEG4 #27 on various substrates

[0317] In this experiment, fermentation broth from T. reesei integrated strain H3A or
H3A/EG4#27, dosed at 14 mg protein per g of glucan + xylan, was tested for saccharification
performance on different substrates including: dilute ammonia pretreated corncob, washed
dilute ammonia pretreated corncob, ammonia fiber expanded corn stover (AFEX CS), Steam
Expanded Sugarcane Bagasse (SEB), and Kraft-pretreated paper pulps FPP27 (Softwood
Industrial Unbleached Pulp delignified-Kappa 13.5, Glucan 81.9%, Xylan 8.0%, Klason Lignin
1.9%), FPP-31 (Hardwood Unbleached Pulp delignified-Kappa 10.1, Glucan 75.1%, Xylan
19.1%, Klason Lignin 2.2%), and FPP-37 (Softwood Unbleached Pulp air dried-Kappa 82,
Glucan 71.4%, Xylan 8.7%, Klason Lignin 11.3%).

[0318] The saccharification reactions were set up in 25 mL glass vials with final mass of 10 g in
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0.1 M Sodium Citrate Buffer, pH 5.0 and incubated at 50°C, 200 rpm for 6 d. At the end of 6 d,
100 uL aliquots were diluted 1:10 in 5 mM sulfuric acid and the samples analyzed by HPLC to
determine glucose and xylose formation. Results are shown in FIG. 25.

Example 9: Effect of T. reesei EG4 on saccharification of acid pretreated corn stover

[0319] The effect of Eg4 on saccharification of acid pretreated corn stover was tested. Corn
stover pretreated with dilute sulfuric acid (Schell, DJ, et al., Appl. Biochem. Biotechnol. 2003,
105(1-3):69-85) was obtained from NREL, adjusted to 20% solids and conditioned to a pH 5.0
with the addition of soda ash solution. Saccharification of the pretreated substrate was
performed in a microtiter plate using 20% total solids. Total protein in the fermentation broths
was measured by the Biuret assay (see Example 1 above). Increasing amounts of
fermentation broth from T. reesei integrated strains H3A/EG4 #27 and H3A were added to the
substrate and saccharification performance was measured following incubation at 50°C, 5 d,
200 RPM shaking. Glucose formation (mg/g) was measured using HPLC. Results are shown in
FIG. 26.

Example 10: Saccharification performance of T. reesei integrated strains H3A and
H3AIEG4#27 on dilute ammonia pretreated corn leaves, stalks, and cobs

[0320] Saccharification performance of T. reeseij integrated strains H3A and H3A/EG4#27 was
compared on dilute ammonia pretreated corn stover leaves, stalks, or cobs. Pretreatment was
performed as described in WO06110901A. Five (5) g total mass (7% solids) was hydrolyzed in
20 mL vials at pH 5.3 (pH adjusted with 6 N H>SOy4) using14 mg protein per g of glucan+xylan.

Saccharification reactions were carried out at 50°C and samples analyzed by HPLC for glucose
and xylose released on day 4. Results are shown in FIG. 27.

Example 11: Saccharification Performance on dilute ammonia pretreated corncob in
response to overexpressed EG4 from T. reesei

[0321] Saccharification reactions at 3 g scale were performed using dilute ammonia pretreated
corncob. Sufficient pretreated cob preparation was measured into 20 mL glass vials to give
0.75 g dry solid. Enzyme preparation, 1 N sulfuric acid and 50 mM pH 5.0 sodium acetate
buffer (with 0.01% sodium azide) were added to give final slurry of 3 g total reaction, 25% dry
solids, pH 5.0. Extra cellular protein (fermentation broth) from the T. reesei integrated strain
H3A was added at 14 mg protein/ g (glucan+xylan) either with or without an additional 5% of
the 14 mg protein load as the unpurified culture supernatant from a 7. reesei strain (Acbh1
Acbh2 Aeg1 Aeg2) (See International publication WO 05/001036) over expressing Eg4. The
saccharification reactions were incubated for 72 h at 50°C. Following incubation, the reaction
contents were diluted 3-fold, filtered and analyzed by HPLC for glucose and xylose
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concentration. The results are shown in FIG. 28. Addition of Eg4 protein in the form of
extracelluar protein from a T. reesej strain over expressing Eg4 to H3A substantially increased
the release of monomer glucose and slightly increased the release of monomer xylose.

Example 12: Saccharification performance of strain H3AIEG4#27 on ammonia pretreated
switchgrass

[0322] The saccharification performance of strain H3A/EG4#27 on ammonia pretreated
switchgrass (International Patent Publication WO06110901A) at increasing protein doses was
compared to that of strain H3A (18.5% solids). Pretreated switchgrass preparations were
measured into 20 mL glass vials to give 0.925 g of dry solid. 1 N sulfuric acid and 50 mM pH
5.3 sodium acetate buffer (with 0.01% sodium azide) were added to give final slurry of 5 grams
total reaction. The enzyme dosages of H3A tested were 14, 20, and 30 mg/g (glucan + xylan);
and the dosages of H3A-EG4 #27 were 5, 8, 11, 14, 20, and 30 mg/g (glucan + xylan). The
reactions were incubated at 50°C for 3 d. Following incubation, the reaction contents were
diluted 3-fold, filtered and analyzed by HPLC for glucose and xylose concentration. The
conversion of glucan and xylan were calculated based on the composition of the switchgrass
substrate. The results (FIG. 29) indicate that the performance of H3A-EG4 #27 is more
effective for glucan conversion than H3A at the same enzyme dosages.

Example 13: Effect of T. reesei EG4 additions on corncob saccharification and on CMC
and cellobiose hydrolysis

A. Cormcob saccharification:

[0323] Dilute ammonia pretreated corncob was adjusted to 20% solids, 7% cellulose and 65
mg was dispensed per well in a microtiter plate. Saccharification reactions were initiated by
adding 35 pL of 50 mM sodium acetate (pH 5.0) buffer containing 7. reesei CBH1 at 5 mg
protein/g glucan (final) and the relevant enzymes (CBH1 or Eg4), at final concentrations of O,
1, 2, 3, 4 and 5 mg/g glucan. An Eg4 control received only EG4 at the same doses and as
such, the total added protein in these wells was less. The microtiter plates were sealed with an
aluminum plate seal (E&K scientific) and mixed for 2 min at 600 rpm, 24°C. The plate was then
placed in an Innova incubator at 50°C and 200 rpm for 72 h.

[0324] At the end of 72-h saccharification, the plate was quenched by adding 100 uL of 100
mM glycine, pH 10.0. The plate was then centrifuged at 3000 rpm for 5 min. Supernatant (20
ML) was added to 100 pL of water in HPLC 96 well microtiter plate (Agilent 5042-1385).
Glucose and cellobiose concentrations were measured by HPLC using Aminex HPX-87P
column (300 mm x 7.8 mm, 125-0098) pre-fitted with guard column. %glucan conversion was
calculated by 100 x (mg cellobiose + mg glucose)/total glucan in substrate (FIG. 30).
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B. CMC hydrolysis:

[0325] Carboxymethylcellulose (CMC, Sigma C4888) was diluted to 1% with 50 mM Sodium
Acetate, pH 5.0. Hydrolysis reactions were initiated by separately adding each of three T.
reesei purified enzymes - EG4, EG1 and CBH1 at final concentrations of 20, 10, 5, 2.5, 1.25
and 0 mg/g to 100 pL of 1% CMC in a 96-well microtiter plate (NUNC #269787). Sodium
acetate, pH 5.0 50 mM was added to each well to a final volume of 150 pL. The CMC
hydrolysis reactions were sealed with an aluminum plate seal (E&K scientific) and mixed for 2
min at 600 rpm, 24°C. The plate was then placed in an Innova incubator at 50°C and 200 rpm
for 30 min.

[0326] At the end of 30 min. incubation, the plate was put in ice water for 10 min. to stop the
reaction, and samples were transferred to eppendorf tubes. To each tube was added 375 pL of
dinitrosalicylic acid (DNS) solution (see below). Samples were then boiled for 10 min and O.D
was measured at 540 nm by SpectraMAX 250 (Molecular Devices). Results are shown in FIG.
31.

DNS SOLUTION:

[0327] 40 g 3.5-Dinitrosalicylic acid (Sigma, D0550)
8 g Phenol
2 g Sodium sulfite (Na;SO3)

800 g Na-K tartarate (Rochelle salt)

Add all the above to 2 L of 2% NaOH

Stir overnight, covered with aluminum foil

Add distilled deionized water to a final volume of 4 L
Mix well

Store in a dark bottle, refrigerated

C. Cellobiose hydrolysis

[0328] Cellobiose was diluted to 5 g/L with 50 mM Sodium Acetate, pH 5.0. Hydrolysis
reactions were initiated by separately adding each of two enzymes - EG4 and BGL1 at final
concentrations of 20, 10, 5, 2.5, and 0 mg/g to 100 L cellobiose solution at 5 g/L. Sodium
acetate, pH 5.0 was added to each well to a final volume of 120 pL. The reaction plates were
sealed with an aluminum plate seal (E&K scientific) and mixed for 2 min at 600 rpm, 24°C. The
plate was then placed in an Innova incubator at 50°C and 200 rpm for 2 h.

[0329] At the end of the 2 h hydrolysis step, the plate was quenched by adding 100 uL of 100
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mM glycine, pH 10.0. The plate was then centrifuged at 3000 rpm for 5 min. Glucose
concentration was measured by ABTS (2,2'-azino-bis 3-ethylbenzothiazoline-6-sulfonic acid)
assay (Example 1). Ten (10) pL of supernatant was added to 90 pyL ABTS solution in a 96-well
microtiter plate (Corning costar 9017 EIA/RIA plate, 96 well flat bottom, medium binding). OD
420 nm was measured by SpectraMAX 250, Molecular Devices. Results are shown in FIG. 32.

Example 14: Purified EG4 improves glucose production from dilute ammonia pretreated
corncob when mixed with various cellulase mixtures

[0330] The effect of purified Eg4 combined with purified cellulases (T. reesei EG1, EG2, CBH1,
CBH2, and Bgl1) on the concentration of sugars released was tested using 1.05 g dilute
ammonia pretreated corncob in the presence of 0.53 mg T. reesei Xyn3 per g of Glucan +
Xylan. 1.06-g reactions were set up in 5 mL vials containing 0.111 g dry cob solids (10.5%
solids). Enzyme preparation (FIG. 33), 1 N sulfuric acid and 50 mM pH 5.0 sodium acetate
buffer (with 0.01% sodium azide and 5 mM MnCly) were added to give the final reaction

weight. The reaction vials were incubated at 48°C with 180 rpm rotation. After 72 h, filtered
MilliQ water was added to dilute each saccharification reaction by 5-fold. The samples were
centrifuged at 14,000xg for 5 min, then filtered through a 0.22 uym nylon filter (Spin-X centrifuge
tube filter, Corning Incorporated, Corning, NY) and further diluted 4-fold with filtered Milli-Q
water to create a final 20X dilution. Twenty (20) uL injections were analyzed by HPLC to
measure the sugars released (glucose, cellobiose, and xylose).

[0331] FIG. 34 shows glucose (A), glucose + cellobiose (B), or xylose (C) produced with each
combination. Purified Eg4 improved the performance of individual cellulases and mixtures.
When all of the purified cellulases were present, addition of 0.53 mg Eg4 per g Glucan + Xylan
improved the conversion by almost 40%. Improvement was also seen when Eg4 was added to
a combination of CBH1, Egl1 and Bgl1. When individual cellulases were present with the cob,
the absolute amounts of total glucose release were substantially lower than resulted from the
experiment wherein combinations of cellulases were present with the cob, but in each case,
the percent improvement in the presence of Eg4 was significant. Addition of T. reesej Eg4 to
purified cellulases resulted in the following percent improvements in total Glucose release-Bgl1
(121%), Egl2 (112%), CBH2 (239%) and CBH1 (71%). This shows that Eg4 had a significant
and broad effect to improve cellulase performance on biomass.

Example 15: Effects Observed When EG4 was Mixed with CBH1, CBH2, and EG2 -
Substrate: Dilute Ammonia Pretreated Corncob

[0332] Dilute ammonia pretreated corncob saccharification reactions were prepared by adding
enzyme mixtures as follows to corncob (65 mg per well of 20% solids, 7% cellulose) in 96-well
MTPs (VWR). Eighty (80) pL of 50 mM sodium acetate (pH 5.0), 1 mg Bgl1/g glucan, and 0.5
mg Xyn3/g glucan background were also added to all wells.
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[0333] To test the effect of mixing Eg4 individually with CBH1, CBH2 and EG2, each of CBH1,
CBH2, and EG2 was added at 0, 1.25, 2.5, 5, 10 and 20 mg/g glucan, and EG4 was added at
concentrations of 20, 18.75, 17.5, 15, 10 and 0 mg/g glucan to the respective wells, making the
total proteins in individual wells 20 mg/g glucan. The control wells received only CBH1 or CBH2
or EG2 or EG4 at the same doses, as such the total added proteins in these wells were less
than 20 mg/g.

[0334] To test the effect of Eg4 on combinations of cellulases, mixtures of CBH1, CBH2 and
EG2 at different ratios (see, FIG. 35) were added at 0, 1.25, 2.5, 5, 10 and 20 mg protein/g
glucan, and EG4 was added to the mixtures at concentrations of 20, 18.75, 17.5, 15, 10 and 0
mg protein/g glucan, such that the total proteins in individual wells was 20 mg protein/g glucan.
As above, control wells received only one added protein so the total protein addition was less
than 20 mg protein/g.

[0335] The corncob saccharification reactions were sealed with an aluminum plate seal (E&K
scientific) and mixed for 2 min at 600 rpm, 24°C. The plate was then placed in an Innova 44
incubator shaker (New Brunswick Scientific) at 50 °C and 200 rpm for 72 h. At the end of the
72-h saccharification step, the plate was quenched by adding 100 pyL of 100 mM glycine, pH
10.0. The plate was then centrifuged at 3000 rpm for 5 min (Rotanta 460R Centrifuge, Hettich
Zentrifugen). Twenty (20) uL of supernatant was added to 100 uL of water in an HPLC 96-well
microtiter plate (Agilent, 5042-1385). Glucose and cellobiose concentrations were measured
by HPLC using an Aminex HPX-87P column (300 mm x 7.8 mm, 125-0098) and guard column
(BioRad).

[0336] The results were indicated in the table of FIG. 36, wherein the glucan conversion (%) is
defined as 100 x (glucose + cellulobiose) / total glucan.

[0337] This experiment indicates that Eg4, when added to a CBH1, CBH2 and/or EG2, was
beneficial in improving saccharification of dilute ammonia pretreated corncob. Moreover, the
highest improvement was observed when Eg4 and the other enzyme (CBH1, CBH2, or EG2)
were added to the saccharification mixture in an equal amount. It was also observed that the
effect of Eg4 is substantial on the CBH1 and CBH2 mixture. The optimum improvement by Eg4
was observed when the amount of Eg4 to CBH1 and CBH2 was 1:1.

Example 16: EG4 Improves Saccharification Performance of Various Cellulase
Compositions

[0338] The total protein concentration of commercial cellulase enzyme preparations
Spezyme® CP, Accellerase®1500, and Accellerase®DUET (Genencor Division, Danisco US)
were determined by the modified Biuret assay (described herein).

[0339] Purified T. reesei EG4 was added to each enzyme preparation, and the samples were
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then assayed for saccharification performance using a 25% solids loading of ammonia
pretreated corncob, at a dose of 14 mg of total protein per g of substrate glucan and xylan (5
mg EG4 per g of glucan and xylan, plus 9 mg whole cellulase per g of glucan and xylan). The
saccharification reaction was carried out using 5 g of total reaction mixture in a 20 mL vial at
pH 5, with incubation at 50°C in a rotary shaker set to 200 rpm for 7 d. The saccharification
samples were diluted 10x with 5 mM sulfuric acid, filtered through a 0.2 um filter before
injection into the HPLC. HPLC analysis was performed using a BioRad Aminex HPX-87H ion
exclusion column (300 mmx7.8 mm).

[0340] Substitution of purified EG4 into whole cellulases improved glucan conversion in all
tested cellulase products as illustrated in FIG. 40. As illustrated in FIG. 41, xylan conversion did
not appear to be affected by the Eg4 substitution.

Example 17: Reduction of Viscosity in Biomass Saccharification

[0341] Biomass used in this experiment was Inbicon acidified steam-expansion pretreated
wheat straw, with the following composition (Table 2):

Component ID Inbicon wheat straw

Mean

Glucan 55.0%

Xylan 5.0%
Galactan
Arabinan
Mannan

Klason Lignin
Acid soluble lignin 31.0%
Ash 4.0%
Starch
Mass Balance Closure 95.0%

[0342] The pre-treated wheat straw was diluted into water and pH-adjusted with sulfuric acid to
pH5.0, and a solid level of 10.5% of that was mixed with, in a first sample, a fermentation broth
of a T. reesei H3A strain (FIG. 9) at a total protein concentration of 20.5 mg protein/g cellulose
in the biomass substrate at 50°C, or in a second sample, the fermentation broth of T. reesei
H3A (FIG. 9) at a total protein concentration of 18.5 mg protein/g cellulose in the biomass
substrate, and 2 mg/g cellulose of purified T. reesei Eg4. Viscosity reduction was measured
using a Brookfield viscometer (Brookfield Engineering, Inc), monitoring viscosity change up to
about 6 h. Results are indicated in FIG. 42.
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Example 18: Reduction of Viscosity in Biomass Saccharification

[0343] Biomass used in this experiment was dilute acid pretreated corn stover from NREL
(unwashed PCS).

[0344] The unwashed pretreated corn stover was mixed, at a temperature of 50°C, pH of 5.0,
and a solid level of 20% dry solids with, in a first sample, a fermentation broth of a T. reesei
H3A strain (FIG. 9) at a total protein concentration of 20 mg/g cellulose in the biomass
substrate, and in a second sample, a fermentation broth of 7. reesei H3A/Eg4 #27 integrated
strain, also at 20 mg/g cellulose. Viscosity reduction was measured using a Brookfield
viscometer (Brookfield Engineering, Inc.), monitoring viscosity change for up to over 160 h.
The results are indicated in FIG. 43.

Example 19: Reduction of Viscosity in Biomass Saccharification

[0345] Biomass used in this experiment was dilute ammonia pretreated corncob.

[0346] The dilute ammonia pretreated corncob was mixed with enzyme compositions at two
solid loading conditions: 25% dry solids and 30% dry solids. Specifically, the pretreated
biomass was mixed at 50°C and pH 5.0 with 14 mg protein/g cellulose from a fermentation
broth of either a T. reesei H3A (FIG. 9) or H3A/Eg4 #27 strain. Viscosity reduction was
measured using a Brookfield Viscometer (Brookfield Engineering, Inc.). The results are
indicated in FIG. 44.

Example 20: Determining the effects of various cellulases on viscosity reduction and
glucose production in saccharification process

[0347] This study used various viscosity reducing enzymes, such as OPTIMASH™ BG,
OPTIMASH™ TBG, OPTIMASH™ VR; or beta-glucosidase such as Accellerase® BG, in the
presence of Accellerase® DUETIn the saccharification process and determined the effects of
these viscosity reducing enzymes in glucose production and viscosity reduction. Enzyme
composition produced from H3A/EG4 integrated strain #27 was also included. Accellerase®
1500, Accellerase® DUET, Accellerase® BG, OPTIMASH™ BG, OPTIMASH™ TBG, and
OPTIMASH™ VR were products available from Danisco US Inc., Genencor.

[0348] Pretreated wheat straw as described above was used. The composition analysis was
performed and is listed in Table 2 (see Example 17).

[0349] The saccharification process was performed by incubating the pretreated wheat straw
(25% dry matter) with various enzymes in reaction chambers. See, Larsen et al.,, The IBUS
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Process- Lignocellulosic Bioethanol Close to A commercial Reality, (2008) Chem. Eng. Tech.
31(5):765-772. The experimental conditions are shown in Tables 3 and 4. In each chamber,
the total mass was 10 kg. The initial pH of the wheat straw was about 3.50 and was adjusted
by adding Na,CO3; to pH 5.0. Glucose concentration was measured over time and cellulose

conversion was calculated.

Table 3.
Experimental Enzymes Cellulase Viscosity
condition Loading Enzyme
mL/g cellulose g/kg dry
matter
1 Accellerase® 1500batch 1 0.22 0
Accellerase® DUET 0.15 0
Accellerase® DUET 0.25 0
Accellerase® DUET +
4 Optimash™ BG 0.15 6
Accellerase® DUET +
5 Optimash™ TBG 0.15 6
Accellerase® DUET +
6 Optimash™ VR 0.15 6
Table 4.
Experimental Enzymes Cellulase Viscosity
condition Loading Enzyme
mL/g cellulose g/kg dry
matter
7 Accellerase® 1500 (batch 1) 0.22 0
Accellerase® 1500 (batch 2) 0.22 0
9 Accellerase® DUET 0.15 0
Accellerase® DUET +
10 Accellerase® BG 0.15 0.1
Accellerase® DUET +
11 Accellerase® BG 0.15 6
12 H3A/Eg4#27 0.15 0

[0350] Experimental conditions 1-6 were conducted on the first day ("Day 1"), and
experimental conditions 7-12 were conducted on the second day ("Day 2").

[0351] The glucose concentration was measured after 6 hour saccharification for each
experimental condition. Accellerase® DUET at 0.25 mlL/g cellulose resulted in 40.8 g
glucose/kg after 6-h saccharification. See FIG. 45. The glucose concentration for Accellerase®
DUET + OPTIMASH BG (or TBG) (0.15 + 6) (i.e., 0.15 mL Accellerase® DUET/g cellulose +6 g
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OPTIMASH BG (or TBG) / kg dry matter) was similar to the glucose concentration for
Accellerase® 1500 at 0.22 mL/g cellulose. See FIG. 45. The glucose concentration for
Accellerase® DUET + Accellerase BG at 0.15 + 6 (i.e., 0.15 mL Accellerase® DUET/g cellulose
+ 6 g Accellerase BG / kg dry matter) was similar to the glucose concentration for Accellerase®
1500 at 0.22 mL/g cellulose and higher than the glucose concentration for Accellerase® DUET
at 0.15 mL/g cellulose. See FIG. 45. High concentration of Accellerase® BG was able to
reduce the viscosity of the saccharification reaction mixture. Using the enzyme composition
produced from fermentingH3A/EG4 #27, at an amount of 0.15 mL/g cellulose yielded 37.5 g/kg
glucose after 6-h saccharification, which was substantially higher than the glucose production
for Accellerase® 1500 at 0.22 mL/g cellulose and Accellerase® DUET at 0.15 mL/g cellulose.
See FIG. 45.

[0352] Glucose concentrations for various experimental conditions of Day 1's experiment were
measured again after 24-h saccharification. See FIG. 46. The glucose concentration and
cellulose conversion were measured over time for experimental conditions 7-12 on Day 2's
experiment and results are shown in FIGs. 47 and 48.

[0353] Viscosity was observed by eye on Day 1's experiment after 6-h saccharification and is
summarized in Table 6. More "+" indicates less viscous saccharification reaction mixture. In
general, less viscous saccharification reaction mixture (e.g., thinner slurry) correlated with
more glucose production.

Table 6. Viscosity observation for Day 1's experiment at 6-h

Experimental Enzymes Viscosity Glucose
condition Observation (g/kg)
1 Accellerase® 1500, 0.22 ++ 321
2 Accellerase® DUET, 0.15 + 27
3 Accellerase® DUET, 0.25 ++++ 40.8
Accellerase® DUET +
4 Optimash BG ++ 31.4
Accellerase® DUET +
5 Optimash TBG + 30.6
Accellerase® DUET +
6 Optimash VR +++ 26.7

[0354] Viscosity of the saccharification reaction mixtures in various chambers on Day 2's
experiment was observed by eye with reference to the visibility of the metal parts in each
chamber. After 6-day of saccharification at 50°C, the saccharification mixture in chamber 3
(Experimental condition 9, Accellerase® DUET at 0.15 mL/g cellulose) was more viscous than
the saccharification mixture in chamber 1 (Experimental condition 7) or 2 (Experimental
condition 8, Accellerase® 1500 at 0.22 mL/g cellulose). Metal parts in chamber 3 could not be
seen. The viscosity of the saccharification mixture in chamber 4 (Experimental condition 10,
Accellerase DUET® at 0.15 mL/g cellulose + Accellerase® BG at 0.1 g/kg dry matter) was
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reduced compared to the viscosity of the saccharification mixture in chamber 3 (Accellerase®
DUET at 0.15 mL/g cellulose). The viscosity of the saccharification mixture in chamber 5
(Experimental condition 11, Accellerase DUET® at 0.15 mL/g cellulose + Accellerase BG at 6
g/kg dry matter) was more reduced compared to the viscosity of the saccharification mixture in
chamber 4 (Accellerase® DUET at 0.15 mL/g cellulose + Accellerase BG at 0.1 g/kg dry
matter). Even with a high amount of Accellerase BG, the saccharification mixture (chamber 5,
Accellerase DUET® at 0.15 mL/g cellulose + Accellerase BG at 6 g/kg dry matter) was still
more viscous than Accellerase® 1500 at 0.22 mL/g cellulose (chambers 1 and 2). However,
with the addition of the enzyme composition produced from fermenting H3A/EG4 #27, it was
surprisingly found that the viscosity of the saccharification mixture (chamber 6) was
substantially reduced compared to the viscosity of the saccharification mixture in chamber 4 or
5. Metal parts in chamber 6 could be seen.

Example 21: Determining the effects of various cellulases on viscosity reduction and
glucose production in saccharification process

[0355] Asaccharification process was performed by incubating Inbicon pretreated wheat straw
(25% dry matter) with various enzymes in reaction chambers. The experimental conditions are
shown in Table 7. In each chamber, the total mass is 10 kg. The initial pH of the wheat straw
was about 3.50 and was adjusted by adding NayCOs; to pH 5.0. Accellerase® 1500,

Accellerase® DUET, Accellerase® BG, Optimash™ BG, and Primafast® LUNA are products
available from Genecor.

Table 7
Experimental Enzymes Cellulase Loading Viscosity
condition Enzyme
mL/g cellulose g/kg dry matter
Accellerase® DUET 0.15 0
2 Accellerase® 1500 0.22 0
Accellerase® DUET +
3 Optimash BG 0.15 1
Accellerase® DUET +
4 Optimash BG 0.15 2
Accellerase® DUET +
5 Primafast LUNA 0.15 1
Accellerase® DUET +
6 Primafast LUNA 0.15 2
Accellerase® DUET +
7 Accellerase® BG 0.15 1
Accellerase® DUET +
8 Accellerase® BG 0.15 2
1 for Optimash
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Experimental Enzymes Cellulase Loading Viscosity
condition Enzyme
mL/g cellulose g/kg dry matter
Accellerase® DUET + BG; 1 for
Optimash BG + Accellerase®
9 Accellerase® BG 0.15 BG
0.15 for Accellerase®
Accellerase® DUET + DUET, 0.22 for
10 Accellerase® 1500 Accellerase® 1500 0
H3A/EQ4#27 +
11 Optimash BG 0.15 1
H3A/EQ4#27 +
12 Optimash BG 0.15 2
H3A/EQ4#27 +
13 Primafast Luna 0.15 1
H3A/EQ4#27 +
14 Primafast Luna 0.15 2
H3A/Eg4 #27
15 +Accellerase® BG 0.15 1
H3A/Eg4#27
16 +Accellerase® BG 0.15 2

[0356] Glucose concentration was measured after 6 h, 24 h, 50 h, and 6 d of saccharification.
Viscosity of saccharification reaction mixture was observed by eye and measured by a viscosity
meter using methods known to one skilled in the art after 6 h, 24 h, 50 h, and 6 d of
saccharification.

[0357] It was found that the glucose production of each of the experimental conditions 3-16
was increased compared to the glucose production of experimental condition 1. It was further
found that the viscosity of each of the experimental conditions 3-16 was reduced compared to
the viscosity of experimental condition 1.

[0358] This study also examined the glucose production and viscosity reduction in a
saccharification process with the same experimental conditions as above but after a prolonged
pre-hydrolysis time (such as 6 h, 9 h, 12 h, 24 h).

Example 22: Ascorbic acid effect on Avicel hydrolysis by CBH1 and EG4

[0359] Crystalline cellulose (50 uL of 10% Avicel in 50mM Sodium Acetate, pH 5.0) reactions
were initiated by mixing together combinations of purified 7. reesei CBH1 (5 mg/g final
concentration), purified T. reesei Eg4 (10 mg/g final concentration), ascorbic acid (50 mM
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stock, 8.8 g/L final concentration) and manganese solution (10 mM final concentration) as
described listed in FIG. 39A. Fifty (50) mM sodium acetate buffer, pH 5.0, was added to each
sample to a final volume of 300 pL.

[0360] Reaction eppendorf tubes were vortexed and then placed in an Innova 44 incubator
(New Brunswick Scientific) at 50°C, 200 rpm. Fifty (50) uL samples were taken from each tube
at three time points (2.5, 4.5, 24 h) and quenched with 50 yL of 100 mM glycine buffer, pH
10.0. Samples were centrifuged at 3000 rpm for 5 minutes (Rotanta 460R Centrifuge, Hettich
Zentrifugen) and supernatant (20 plL) was added to 100 pL of water in an HPLC 96-well
microtiter plate (Agilent, 5042-1385). Glucose and cellobiose concentrations were measured
by HPLC using Aminex HPX-87P column (300mm x 7.8mm, 125-0098) pre-fitted with guard
column. The results are shown in FIG. 37.

[0361] Next ascorbic acid effect on Avicel hydrolysis by CBH2 and EG4 was measured.
Crystalline cellulose (80 yL of 10% Avicel in 50mM Sodium Acetate, pH 5.0) reactions were
initiated by mixing together combinations of purified 7. reesei CBH2 (5 mg/g final
concentration), purified T. reesei Eg4 (10 mg/g final concentration), ascorbic acid (50 mM
stock, 8.8 g/l final concentration) and manganese solution (10 mM final concentration) as listed
in FIG. 39B. Fifty (50) mM sodium acetate buffer, pH 5.0, was added to each sample to a final
volume of 500 L.

[0362] Reaction eppendorf tubes were vortexed and then placed in an Innova 44 incubator
(New Brunswick Scientific) at 50°C, 200 rpm. Fifty (50) uL samples were taken from each tube
at three time points (5, 24, 48 h) and quenched with 50 yL of 100 mM glycine buffer, pH 10.0.
Samples were centrifuged at 3000 rpm for 5 minutes (Rotanta 460R Centrifuge, Hettich
Zentrifugen) and supernatant (20 plL) was added to 100 pL of water in an HPLC 96-well
microtiter plate (Agilent, 5042-1385). Glucose and cellobiose concentrations were measured
by HPLC using Aminex HPX-87P column (300mm x 7.8mm, 125-0098) pre-fitted with guard
column. Results are shown in FIG. 38.
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FREMGANGSMADE TIL REDUKTION AF VISKOSITET 1 SACCHARIFICERINGSPROCES
PATENTKRAV

1. Fremgangsmade til hydrolyse af et biomassemateriale, hvilken fremgangsmade omfatter inkubation
af biomassesaccharificeringsblandingen under forhold, der er egnede til hydrolyse af biomassematerialerne i
biomassesaccharificeringsblandingen og i et tilstreekkeligt tidsrum, hvor

biomassesaccharificeringsblandingen omfatter:
a. et biomassemateriale;

b. en enzymsammens®tning, der omfatter (1) mindst ét polypeptid med
GH61/endoglucanaseaktivitet, der har mindst 90 % aminosyresekvensidentitet med resterne 22-344 ifglge
SEQ ID NO: 27 (T. reesei Eg4), (2) mindst ét polypeptid med beta-glucosidaseaktivitet, der har mindst 90 %
aminosyresekvensidentitet med resterne 20-744 ifglge SEQ ID NO: 102 (7. reesei Tr3A); (3) mindst ét
polypeptid med beta-xylosidaseaktivitet, der har mindst 90 % aminosyresekvensidentitet med resterne 16-
347 ifglge SEQ ID NO: 36 (Fv3A) og/eller polypeptidet med beta-xylosidaseaktivitet har mindst 90 %
aminosyresekvensidentitet med resterne 21-350 ifglge SEQ ID NO: 62 (Fv43D); (4) mindst ét polypeptid
med xylanaseaktivitet, der har mindst 90 % aminosyresekvensidentitet med resterne 16-347 ifglge SEQ ID
NO: 76 (Xyn3); og (5) mindst ét polypeptid med alpha-arabinofuranosidaseaktivitet, der har mindst 90 %
aminosyresekvensidentitet med resterne 20-660 ifglge SEQ ID NO: 66 (Fv51A);

hvor polypeptidet med GH61/endoglucanaseaktivitet er til stede i fuldcellulase i en m&ngde a mindst

5 veegt-% og ikke mere end 50 vaegt-% baseret pa totalvaegten af protein i fuldcellulasen;

hvor fremgangsmaden tilvejebringer en biomassesaccharificeringsblanding med en lavere viskositet
end en biomassesaccharificeringsblanding uden polypeptidet med GH61/endoglucanaseaktivitet og/eller er i
stand til at heve saccharificeringsniveauet i blandingen sammenlignet med saccharificeringsniveauet i en

blanding uden eller med et lavere niveau af polypeptidet medGH61/endoglucanaseaktivitet.

2. Fremgangsmade til hydrolyse af et biomassemateriale ifglge krav 1, hvor saccharificeringsniveauet
males ved udbyttet af fermenterbart sukker, efter at blandingen har veret inkuberet i et tidsrum, der er

tilstreekkeligt til at bevirke saccharificering af biomassen.

3. Fremgangsmade til hydrolyse af et biomassemateriale ifglge et hvilket som helst af kravene 1-2,
hvor enzymsammensatningen endvidere omfatter mindst ét polypeptid med cellobiohydrolaseaktivitet og
mindst ét polypeptid med beta-glucosidaseaktivitet, eventuelt hvor det mindst ene polypeptid med
cellobiohydrolaseaktivitet er et 7. reesei CBH1, Af 7A (SEQ ID NO: 150), Af7B (SEQ ID NO: 151), Cg7A
(SEQ ID NO: 152), Cg7B (SEQ ID NO: 153), Tt7A (SEQ ID NO: 154), Tt7B (SEQ ID NO: 155), T. reesei
CBH2, Tt6A (SEQ ID NO: 156), St6A (SEQ ID NO: 157), St6B (SEQ ID NO: 158), eller en variant deraf

med mindst 90 % sekvensidentitet dermed.

4. Fremgangsmade til hydrolyse af et biomassemateriale ifglge et hvilket som helst af de foregaende
krav, hvor:
a. enzymsammensa&tningen omfatter (1) 0,1 vagt-% til 50 vaegt-%, 1 vagt-% til 20 vegt-%,

5 vaegt-% til 15 vegt-% of polypeptidet med GH61/endoglucanaseaktivitet, hvor der henvises til totalvaegten

af proteiner i enzymsammensatningen; eller (2) 0,2 mg til 30 mg, 0,2 mg til 20 mg, 0,5 mg til 10 mg eller 1
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mg til 5 mg af polypeptidet med GH61/endoglucanaseaktivitet pr. gram cellulose, hemicelluloser eller en

blanding af cellulose og hemicelluloser indeholdt i biomassematerialet; og/eller

b. enzymsammensa&tningen omfatter cellulobiohydrolase i en mangde, der er (1) 0,1 vaegt-%
til 80 vaegt-%, 5 vegt-% til 70 vaegt-%, 10 vaegt-% til 60 vegt-%, 20 vegt-% til 50 vaegt-%, eller 25 vagt-%
til 50 vaegt-% af totalvaegten af proteiner i enzymsammens®tningen; eller (2) 0,2 mg til 30 mg, 0,2 mg til 20
mg, 0,5 mg til 10 mg eller 0,5 mg til 5 mg pr. gram cellulose, hemicelluloser, eller en blanding af cellulose
og hemicelluloser i biomassesaccharificeringsblandingen; og omfatter beta-glucosidase i en ma&ngde, der er
(1) 0,1 vaegt-% til 50 vegt-%, 1 vegt-% til 30 vegt-%, 2 vegt-% til 20 vagt-%, 5 vaegt-% til 20 vagt-%,
eller 8 vaegt-% til 15 vegt-% af totalvaegten af proteiner i enzymsammens&tningen; eller (2) 0,2 mg til 30
mg, 0,2 mg til 20 mg, 0,5 mg til 10 mg eller 0,5 mg til 5 mg pr. gram cellulose, hemicelluloser, eller en

blanding af cellulose og hemicelluloser i biomassesaccharificeringsblandingen; og/eller

c. enzymsammensa&tningen omfatter (1) 0,1 vagt-% til 50 vaegt-%, 1 vagt-% til 40 vegt-%,
4 vaegt-% til 30 vegt-%, 5 vagt-% til 20 vagt-%, eller 8 vaegt-% til 15 vagt-% af polypeptidet med
xylanaseaktivitet, hvor der henvises til totalvagten af proteiner i enzymsammensatningen; eller (2) 0,2 mg
til 30 mg, 0,2 mg til 20 mg, 0,5 mg til 10 mg, eller 0,5 mg til 5 mg af polypeptidet med xylanaseaktivitet pr.
gram cellulose, hemicelluloser, eller en blanding af cellulose og hemicelluloser i
biomassesaccharificeringsblandingen;

d. enzymsammensa&tningen omfatter (1) 0,1 vaegt-% til 50 vaegt-% , 1 vagt-% til 40 vegt-%,
2 vagt-% til 30 vegt-%, 4 vegt-% til 20 vagt-% eller 5 vagt-% til 15 vaegt-% af polypeptidet med beta-
xylosidaseaktivitet, hvor der henvises til totalvegten af proteiner i enzymsammensa&tningen; eller (2) 0,2 mg
til 30 mg, 0,2 mg til 20 mg, 0,5 mg til 10 mg eller 0,5 mg til 5 mg af polypeptidet med beta-xylosidaseaktivitet
pr. gram cellulose, hemicelluloser, eller en blanding af cellulose og hemicelluloser i
biomassesaccharificeringsblandingen; og/eller

e. enzymsammensgtningen omfatter (1) 0,1 vegt-% til 50 vaegt-%, 0,1 vaegt-% til 50 vegt-
%, 1 vegt-% til 40 vegt-%, 2 vegt-% til 30 vaegt-%, 4 vegt-% til 20 vaegt-% eller 5 vaegt-% til 15 vegt-%
af polypeptidet med L-alpha-arabinofuranosidaseaktivitet, hvor der henvises til totalvegten af proteiner i
enzymsammensa&tningen; eller (2) 0,2 mg til 30 mg, 0,2 mg til 20 mg, 0,5 mg til 10 mg eller 0,5 mg til 5 mg
af polypeptidet med L-alpha-arabinofuranosidaseaktivitet pr. gram cellulose, hemicelluloser, eller en

blanding af cellulose og hemicelluloser i biomassesaccharificeringsblandingen.

5. Fremgangsmade til hydrolyse af et biomassemateriale ifglge et hvilket som helst af de foregaende
krav, hvor enzymsammensa&tningen er en fuldcellulasesammens®tning, sdsom en
fuldcellulasesammens®tning, der er afledt af en vartscelle, som udtrykker et polynukleotid, der koder for et
polypeptid med GH61/endoglucanaseaktivitet.

6. Fremgangsmade til hydrolyse af et biomassemateriale ifglge krav 5, hvor polynukleotidet, der koder
for polypeptidet med GH61-familieenzymaktivitet, er heterologt med vartscellen.

7. Fremgangsmade til hydrolyse af et biomassemateriale ifglge et hvilket som helst af de foregaende
krav, hvor enzymsammens®tningen er fuldbouillonformulering.

8. Fremgangsmade til hydrolyse af et biomassemateriale ifglge et hvilket som helst af de foregaende
krav, hvor &t eller flere eller samtlige af: (1) genet, der koder for polypeptidet med

GH61/endoglucanaseaktivitet; (2) genet, der koder for polypeptidet med cellobiohydrolaseaktivitet; (3) genet,



10

15

20

25

30

35

DK/EP 2686434 T3

-3-
der koder for polypeptidet med beta-glucosidaseaktivitet; (4) genet, der koder for polypeptidet med beta-

xylosidaseaktivitet; (5) genet, der koder for polypeptidet med xylanaseaktivitet; og (6) genet, der koder for

polypeptidet med L-alpha-arabinofuranosidaseaktivitet, er integreret i vaertscellens genetiske materiale.

9. Fremgangsmade til hydrolyse af et biomassemateriale ifglge et hvilket som helst af de foregaende
krav, hvor vertscellen er en bakterievartscelle, gervartscelle eller en svampevartscelle, eventuelt hvor
vertscellen er en filamentgs svampevertscelle, sisom en celle af Aspergillus niger, Aspergillus oryzae,
Chrysosporium lucknowense, Trichoderma reesei, Aspergillus awamori, Aspergillus fumigatus, Aspergillus
foetidus, Aspergillus japonicus, Aspergillus nidulans, Fusarium bactridioides, Fusarium cerealis, Fusarium
crookwellense, Fusarium culmorum, Fusarium graminearum, Fusarium graminum, Fusarium heterosporum,
Fusarium negundi, Fusarium oxysporum, Fusarium reticulatum, Fusarium roseum, Fusarium sambucinum,
Fusarium sarcochroum, Fusarium sporotrichioides, Fusarium sulphureurn, Fusarium torulosum, Fusarium
trichothecioides, Fusarium venenatum, Bjerkandera adusta, Ceriporiopsis aneirina, Ceriporiopsis aneirina,
Ceriporiopsis caregiea, Ceriporiopsis gilvescens, Ceriporiopsis pannocinta, Ceriporiopsis rivulosa,
Ceriporiopsis subrufa, Ceriporiopsis subvermispora, Coprinus cinereus, Coriolus hirsutus, Humicola
insolens, Humicola lanuginosa, Mucor miehei, Myceliophthora thermophila, Neurospora crassa,
Neurospora intermedia, Penicillium purpurogenum, Penicillium canescens, Penicillium solitum, Penicillium
funiculosum Phanerochaete chrysosporium, Phlebia radiate, Pleurotus eryngii, Talaromyces flavus,
Thielavia terrestris, Trametes villosa, Trametes versicolor, Trichoderma harzianum, Trichoderma koningii,

Trichoderma longibrachiaturn eller Trichoderma viride.

10. Fremgangsmade til hydrolyse af et biomassemateriale ifglge et hvilket som helst af de foregaende
krav, hvor saccharificeringsblandingen fremstilles fgrst af blanding af enzymsammensatningen omfattende
polypeptidet med GH61/endoglucanaseaktivitet, efterfulgt af blanding af enzymsammens®tningen med

biomassen.

11. Fremgangsmade til hydrolyse af et biomassemateriale ifglge et hvilket som helst af de foregaende
krav, hvor biomassematerialet omfatter hemicellulose, cellulose eller en blanding af hemicelluloser og
cellulose og/eller, hvor biomassematerialet omfatter glucan, xylan og/eller lignin og/eller biomassematerialet
er udvalgt fra frg, korn, rodknolde, planteaffald, biprodukter fra f@devareforarbejdning eller industriel
forarbejdning, majskolber, majsblade og -stilke, greesser, Sorghastrum nutans, preriehirse, flerarige
sukkerrgr, tre, treflis, treforarbejdningsaffald, savsmuld, papir, papiraffald, papirmasse og genbrugspapir,

kartofler, sojabgnner, byg, rug, havre, hvede, roer, sukkerrgrsbagasse og halm.

12. Fremgangsmade til hydrolyse af et biomassemateriale ifglge et hvilket som helst af de foregaende
krav, hvor:
a. biomassematerialet udsattes for forbehandling med en syre eller en base, eventuelt hvor

den forbehandlede biomasse justeres til pH pa 4,0 til 6,5 fgr blanding med enzymsammenszatningen; og/eller

b. biomassematerialet er til stede i blandingen i en m&ngde a 5 vaegt-% til 60 vaegt-%, 10
vaegt-% til 50 vaegt-%, 15 vegt-% til 40 vegt-%, 15 vagt-% til 30 vagt-%, eller 20 vagt-% til 30 vaegt-%,
hvor der refereres til mangden af biomassemateriale i dets faststoftilstand i forhold til blandingens totalvaegt;

og/eller
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c. de forhold, der er egnede til hydrolyse af biomassematerialerne i
biomassesaccharificeringsblandingen omfatter: (1) et pH pa 3,5 til 7,0; (2) en varighed pa 2 timer eller
lengere og/eller (3) en temperatur pa 20 °C til 75 °C; og/eller
d. det tilstrekkelige tidsrum omfatter et tidsrum pa 8 timer til 72 timer.

13. Fremgangsmade til hydrolyse af et biomassemateriale ifglge et hvilket som helst af de foregaende
krav, hvor pa et hvilket som helst givent tidspunkt over 2 timer, mangden af fermenterbare sukkere, der er
fremstillet af biomassesaccharificeringsblandingen, gges med mindst 5 % sammenlignet med mangden af
fermenterbare sukkere, der er fremstillet af en kontrolbiomassesaccharificeringsblanding, der omfatter den
samme mangde og type af biomassemateriale, og den samme sammens®tning af enzymbestanddele, men i
fravaer af GH61/endoglucanasen, og eventuelt hvor ma@ngden af fermenterbare sukkere, der er fremstillet ved
biomassesaccharificeringen, gges med mindst 10 %, sammenlignet med de fermenterbare sukkere, der er

fremstillet af kontrolbiomassesaccharificeringsblandingen.

14. Fremgangsmade til hydrolyse af et biomassemateriale ifglge et hvilket som helst af de foregaende

krav, hvor biomassematerialet er til stede i en mangde a 10 vegt-% til 50 vegt-% i dets faststoftilstand.

15. Fremgangsmade til hydrolyse af et biomassemateriale ifglge et hvilket som helst af de foregaende
krav, hvor biomassesaccharificeringsblandingens viskositet reduceres med mindst 5 %, 10 %, 15 %, 20 %,
25 % eller mere, sammenlignet med kontrolbiomasseviskositetssaccharificeringsblandingen omfattende den
samme mangde og type af biomassemateriale, og den samme sammens®tning af enzymbestanddele i fravaer

af GH61/endoglucanasen.

16. Biomassesaccharificeringsblanding, der omfatter:
a. et biomassemateriale;
b. en enzymsammenstning, der omfatter D et polypeptid med

GH61/endoglucanaseaktivitet, der har mindst 90 % i aminosyresekvensidentitet med resterne 22-344 ifglge
SEQ ID NO: 27 (T. reesei Eg4), (2) et polypeptid med betaglucosidaseaktivitet, der har mindst 90 %
aminosyresekvensidentitet med resterne 20-744 ifglge SEQ ID NO: 102 (T. reesei Tt3A); (3) et polypeptid
med xylanaseaktivitet, der har mindst 90 % aminosyresekvensidentitet med resterne 16-347 ifglge SEQ ID
NO: 76 (Xyn3); (4) et polypeptid med beta-xylosidaseaktivitet, der har mindst 90 %
aminosyresekvensidentitet med resterne 16-347 ifplge SEQ ID NO: 36 (Fv3A); (5) et polypeptid med beta-
xylosidaseaktivitet, der har mindst 90 % aminosyresekvensidentitet med resterne 21-350 ifplge SEQ ID NO:
62 (Fv43D); og (6) et polypeptid med alpha-arabinofuranosidaseaktivitet, der har mindst 90 %
aminosyresekvensidentitet med resterne 20-660 ifglge SEQ ID NO: 66 (Fv51A);

hvor polypeptidet med GH61/endoglucanaseaktivitet er til stede i fuldcellulase i en m&ngde a mindst

5 veegt-% og ikke mere end 50 vaegt-% baseret pa den totale proteinveaegt i fuldcellulasen;

hvor  biomassesaccharificeringsblandingen =~ har en  lavere  viskositet end en
biomassesaccharificeringsblanding uden polypeptidet med GH61/endoglucanaseaktivitet og/eller er i stand
til at haeve saccharificeringsniveauet i blandingen sammenlignet med saccharificeringsniveauet i en blanding

uden eller med et lavere niveau af polypeptidet med GH61/endoglucanaseaktivitet.
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DRAWINGS

GHE1 Endoglucanase homologs and seqguences:

GenBank Accession No. GABQ“&M 2 {Neumspwa crassa} {SEQ i NO: ‘E}

IS T
YOPROgrvw

GenBank Accession No. CAD21286. ‘E {Neyrospam CTES&S} (SEQ i NO: 2)
‘N vlasaasahti ,E » -

wppvEs vtvuqq vite

GenBank Accessaan Neo. CAD70347.1 [Neurospora crassa) (SEQ 1D NO:3)
ndkvtlynvﬂﬂysdt'm(quJv‘ﬂka]rrhi dnvnsgoi
] ‘VpdqquJS kivhegpt

mlpsisll
olevda><

ar ¥
cgavwe

GenBank Acces&mn N0
mkssllvvlta

cnag LLCv”qk
?fsqawskksg
ECERE
gsspsavap

POYVYSIC

wvdgvdygstonrlptsnap:
ahwgpvgliylskvsdas
:alalhtage
yveapgpavvaggvthkoay
»'sapjaceva:vrqbqggq'“‘:1

gq%pas

apts

GenBank Aﬁcessnmn Na CAF%BS

ﬂk_koul

oy

1 [Neurospora reessa] (SEQ ID NO:5)

GenBank Accession No. EAAZ9132.1 [Newrospora crassa) (SEQ ID NO:T)

myralrl akbdais
] akuAd~a¥»qdkiqiqwnﬁﬂp'~

wlviiingggyrofnprapdaltnesiowatsavddgivtpsnysnp
o?aﬂttdgcaswdkfklswtkf' S
rhelia

tavist:

;rwm,d»limqql wl]dJ( dlepgpyvl
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GenBank Accession No. EAA30263.1 [Newrospora crassal (SEQ 1D NG:B)
mkvlsliazasaasahtitfvgleadgttypvsygirtpsydgpizdvisnd_acnggenpttosdkii
. hkgptlavlkkvddaltdogiggowt} /:
alhaasstagaglymecagini
~viipgeakftopagngggaggggsttiaky
agfsgcttcaspytokkmnd

tynagstvikaiw
tvitnggigyi
givk s1llvniys
]k;svvarqpk

Yysqos

adsap j

Lanvi

dhuvlw v £ r]
Qx:AqquGVf
“tgdy lYLexlarqnvbtﬁf
pghv hDadlq;lL

.(i_gcy

nmy

1L*ssrap%Kp“

GenBank Accessmn No. EAABM%S 1 {Neumspora crassa] (SEQ D NG: 11)
mklsva E ‘*3qLu,onvLyL:Anqunopxbﬂi cnvygas
tlsva s
ipscip

sninnyt

&

sedsabyilgy

vpr\p/w ++ feds

1

Ltssasssg sqn_bp,,JKVdKVUquq qy'gvtwﬁ'v/ ervc

GenBank Accession No. EAA3E362.1 [Neurospora m'ama} {SEQD NOU1Z)

mkw,ﬁl

dlwd:"sahtifq‘vsvmqauoqcxkq1¢npa anpvidvmssdiicnavimkdsnvity
1 i v d nag ]

veagdap

GenBank Accession No. EAAZS018.1 (Neurospora crassal (SEQ 1D NG:13)

marmsil

talegaslivaabghvskvivagveygoydpts fpyns rpp+VLuw:louk(quvo;ﬂﬂfd
kpagghat ‘quuN agukq aiﬂvlaaf dktalkt i

sgdiichi agaks

dydcesye

St61 Sporetrichum thermophilum 24830 >jgiSpoth1]24830|gw1.4.2027 1
{(SEQ 1D NO:14)
ALGHSHLGYTTINGEVYQGFDPR
PYRAGDRVEVORNG
LIEANNSWQVE L
HEPLDZG LNV

ICHIEGASPFAHA
JRWTEVDDSLPAMELREATIV

QAQNYPLCVL VEGGDGSMELDEEDATORY

NLSSARADGLPY LVUREY A

s
VGERV

LGE

IVERLAA
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St614 Sporotrichum thermophilum 2383%¢
>jg;§$pcth1§23$39§gw1 5.2084.1 {SEQ D NO: '35)

N
DCGIAGC

St618 Sporotrichum thermophilum 46583
>jgi§$path’i§46583ﬁewgw1 3.7258.1 (SEQID NO:18)

Vz’%ﬂPf ihV LVVNGVY

BSA]

PTAT 7"J ARTSARPSTT
CL*

St610 Sporotrichum thermophilum 80312
>jgilSpoth1]80312jestExt_Genewise1Plus.C_40585 (SEQ ID NG:17)
MESFTLTTLAALAGNARAHATF: WEAGCART. PASNS PUTHVTSNE
VEAGSTVTVENMEQQPGDRST Sme 7GF ﬂun ,{?/fir\\ SDAASADGESG

YWGETKDLNSCCGRMNY LHTAGSAGGAD

NN
It P bl

N

GCTVOKYOUCEGOG

GonBank Accession No. EAAZS347.1 [Neurospora crassa ORT4A] {SEQ 1D NO:18)
ingeyvrgidselnymanppavvewks
kgpvidylano

mpsits <ELMVia aaﬁvaabqh“ﬂ 5

gvsyrgwnideadpyr
it awpd:,hnqpv.ldjl.:

My
aygtng !
qvql vdgsn

Seantkvygvap
kdedwotwgkd
povykpdcepnvhi
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Aspergifius fumigatus EDP«:@?‘S 67 (SEQ L) NG:Q‘!}
magtkilsllaallsatry £
aynspdiichgnatns

a—

gwglvdnsavpgtwgddel
Lysgtdsps
dst LEVEPSE S
ApggLy
Thielavia terrastris 16380 »jgiiThite1]16380)gw1.5.932.1 (SEQ ID NO22)
LLSTLAGRASYVAAHGHV. TINGV ~VQC1°\P”CHP1”“NPPI VWGWTAADTDNGEVE L
CHENATNAKGHAVVARGDK 3 DY LASCGSASCETVDKTKLEFFEIDEY

SSAPGVWGSDOLIAN LREEITALHSAENADGAONY POCENLOITGTGTAT

PSGVEGTSLYTPTDRGII ~#P’mvm”PPuaLI\UAVSIAQSSCXIngng'hGSTmAPA&A

Thiclavia terresiris 155418 >3ga§Thzte 1 554‘E$igenemark.4336_g (SEQ 0D NG:ZS)
GKLYQGEDP
‘vngGw PVGHIGEVLS
I LIAANNSWOVAVPAGLETGAYVLR
AYDARGFYKENDPGVLY,
TAPYTGAMTETVAARMKGRGYDERG

*tdtvqsga
aaplpta

ot +
g -.,QJL.}' Tes

pq}auzivdv !
fvtspapt ioVFSLSb,JVtSLv

EASE

KIBDSS D‘I‘\’ "\

GAGNYFL
TVRAGATPVEY AL

Thielavia terrestris 68300
>jaiiThite1]68900jesiExt_GenswiseiPlus.C_15411 (BEQ D NQ:E%}
MRTTFAAALAAFAAQEVAGIAIFQOLWVDGTDY IRAPLFLFCKIDVEAGGTVTVEMA
ALGGAHWGRVOVY LSKVEDASTADGS TCW R FADTWS KL AQ&:J‘J&“[ DNWSTRDLNACCGRMOVE LR
ADIPSGDY LLRAEALALHETAGOVEGAOFYMSCY I TVSGGESASPATVRE FPGAYSANDPGIHINIHAR

VENYVAPGRPAVYSGOTTEVAGSCCQOG CRVGESPTATAPSCGREGAGEDGGACTDGGESESERDTE
o

NT

ORIV A VEMA O GDRE

(2SS iy Sl Lot

SACSVOAYGQCGGNGY SGCTQUAPGYTCKAVSPPY Y SOCARSSY

ABC2132 Chaetomium globosum CgB1A [ EAQSG340.1] (SEQ 1D NO:25)
TSKdSﬁll&tltgd&lVdiJOﬂvLT*L’”q””V‘ﬂVbttLQw”q}IprVLSW&dﬂ‘ i
gtsdiichksgspoggghatvaagdkisivwdpewpes
grwaadti fangg i pad ‘Pagﬂszrucl‘%l

! aspayevegpa Liac
sUststsagvipppls

jfvepnnt

r))
K
roofis
8}
7]

T. reesel Bg7 (SEQ ID NO:26)
MESCAILAALGCLAGSVLGAGOVORITING
DOYT NAAPGA! G
IVLUQINYNTﬂMNAOUDLIXOPYYY
GSGTKALPAGTPATQLYKP

7. reesel Egd (SEQ ID NG:2T)
MIQKLSNLLVT \LZ‘NZ‘ATGV\/GEGHILJ‘ IVINGVRYQAYDETTE PYESNPPIVVGRTAADLDHGFVSED
AYGNFPDITCHENATNAK SVKAGDT LﬁQWVPJPM'ﬁPbPIVDYLANbeDL ]
GUGLLSGODPGTWASD GNYVLREEITA DA}QANEA‘

GSGSLOPSGVLGTDLYHA PG PTVVSC OGSSAATATAS
WRITO

YV VREZSGEC
ANG

M‘ \n\r T

SEPTSR CAPPATCS
QCLN
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Aspergfiius fumigatus AT293, CenBank Accession: XP_752040 (SEQ 1D NO: 28)
mtlskitsiagll
gyaspdiichrda

kgEV~g*v«ququkylvnqyyzm nppctiawsttat
vaagsgiefgwhtwpeshhgpli deoat
nontatvti O L"qﬁjiﬁlkfn nlngagnypgefnigl
Uysdlsggypipgpalina

agclidg srppﬁvmaﬂcﬂ"

tgogsaggsetagtsiv

TEG, from Thielavia ferrestris (SEQ 1D NO:29)

NTHNGAT‘”}hﬂﬂlGvﬁcPVTWPRUGWijn¥AM9K DNWODNGYVGDVTSPOIRCEOZ
N A3TVTYWAN JOFYMAR JTI\IQVH‘\T‘“ CAVWERVYED FGuOuT‘W
“A‘FTQ““TRDG\TLXFHEQ’GUHVAD?VLFAWFYTCF DLIVIGGGESTEPPNRVAFPGA
LINIYYPVPTSYQONPGPAVESC

Tab1A, a GHE1A polypeptide from Thermoascus aurantiacus (SEQ 1D NO:148)

MSFSKIIATAGVLASASLVACHGEVONIVID

GREYYGOYLVNQY PYMENPEPEVIAWSTTATDLGEVDG

TCYQTPRIIC IPCAI“G“’”AW\QPGGTﬁ_ WIPWPDSHHGPVINYLAPCNGDCSTVDRTQLEFEFKT
AESGLINDD ¥ N ITTIAPCGNYVLREEIZALHSACNODGAONYPQCINLG
VTGGGSDNPAGTLG ALYLDTDPGETT“T”OKLLSYIIP BPLYTG

FiG. 1E
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SEQID NO:3D
Nucleic acid sequence of Eg4, an endoglucanase from Trichoderma reesef

gececatagty ”qqr GUas aletet Aquﬂdpqq”Lf\“tFi“\C“ﬁ’ :
caudqcccqgacatcmLctgccaCJaﬁ JCQACCAACYCCaAs cgauaqugtccgtonacccf”uau

tattcccctccaqtggq:qcca

> jccacgagatea thc*t tefél:
acaqchqacqqpqcthJ ctacectecagt ‘1Lbdv<,\qc»qt,v aqutf
Pfqdchq >gltcaaggygaac :
C acaccatt
ctc;gccgcgduggccactoca
actacgacgacyggeygac
- goc

Gacgacala

icocagtgecttaactac

FIG. 4A

SEQID HO:27
Protein sequence of Egd, an endoglucanase from Trichoderma reesef

MIOKLSNLILVTALAVATCVY Chghindivingwwygaydpttifpvesnppivegwtaadldngfvspday
gopdiichknatnakghasvkagdtilfgwypvpwphpgpivdylancngdeetvdkttleffkidgvgl
isggdﬁgtwa$dvlisnnntwvvkipdﬁlapgnylehei4alhsagqangaqnypqcfniavsgsgslq
nsgvlgtdlyhatdpgvl1m1ytsp1nyl19gptvv&glmtsvaqn:*
ttartt tppatt wqaoptqtlygchgsgysgptxcapnatcstlnpyyaqclﬂ

FIG. 4

vpgggsgplsrit

Loalt [

ST




DK/EP 2686434 T3

Alignment of T. recsei Egd with TrEGD {or TrEGTY, or T reesef Eg7) (BEQ D NO:8D) and
TG from Thislavia fervestiis (SEQ 1D NO:B1).  Alignment was made in Muscle (Edgar
R.C. BMC Bioinformatics, 2004, 5: 113) using defaull parameters.

* f * B3
~MLANGATVFLAAALG-VSGHY THPRVNDGADNQOVRRADNH -~~~ & &1
: KLSNLLVTALAVATG-VVGHG! VINGVWYQAYDPTTFRYESNE :  £9
MESCAT LAALGCLAGSVLGHGOVORT QYNOGFILDYYYQRCNT 47

60 X 80 100
CFQATPSPAPSVINTTAGST @ 73

* 129 * 140 *

TLEG @ VOY-WANPDVY~ED-G y : 2182
ILEQWV~DVPWPED ~GPIVDYLANC - ~NCD DGVGLL @ 141
g4l 14

& 180 5 200
Seww - TGKSSFAVP I PPCIKSGYYLLRAEQIGLHVAQSVGE @ 167
36 DVL IALHSAGQANG : 191
7 5

EN“QVm“mA“/LLIM

%
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Conserved residues inferred from alignment and structures
of TrEGD {or T. reese! Eg7, or TrEGT) (pdie 2vic) and THEG (pdb: 3EH)

Protein

Metal coordination
Conserved surface paich
Conserved surface pateh
Metal coordination
Buried salt bridge
Buried salf bridge

Metal coordination

Metal coordination

Matal coordination
involved in activity
Disulfide

Disulfide

TEG
H19
D42
G44
HES
R153
E155
H160
Q169
Y171
Y210
<58
C174

TrEGD
H20
D62
64
H108
R177
E170
H184
Q1983
Y195
Y233
77
187

TrEgd
H22
D61
GE3
H107
R177
E178
H184
Q193
Y185
Y232
C77
C188

FIG. 6A

Conserved amino acids of CBM1 domains of TrEg4, TrHA and TrfA
{Full length numbering)

inferred from alignment

CBM1 TrEgd

G313
314
G318
G316
G317
8321

G322
P323
T324
€326
A327
1331

C332
N336
Y338
Y338
Q341
C342
L343

TiEA

G32
Q33
C34
G35
G336
$40
G41
F42
T43
045
A4B
150
C51
NGS5
Y57
Y58
QB0
o6
Le2

Tr7A

G483
0484
485
G488
G487
8491
G492
P493
T494
496
A4G7
T501
G502
NB0G
Y508
Y508
Q511
o512

1513




DK/EP 2686434 T3

AR INDHEAFE O e AT L8 ON G DES ™

:saseusoniBopusy Allwey LM 10 8 JO0R

(AW WA B-8--d-08-14 106° ON 31 O3S
reaseusonjBopul Aed LMD IO 4 IO

INWIAN - Al e-ere-g-5-e-e-H 680 ON Q) DES
ssaseusoniBopug Aluied LOHD 0 O JHOW
{7 L-(ad) (880N G 038
rsaspueInBopud AllWEL LOHS IO § JBOR

(OINH)--e-e-e-(Dy3-e-w-e-{ VN - A-e-D-e-e-g-e-a-d- A/ 1) 148 ON 41 0F8
rsoseuzonBopuy AlwEed LMD IO P iBoY

(/N/H)-e-e-e-{0y/ake-y-e-{ AW/ - A-er-e-e-e-a-d-(AZW/ 1) 1080 ON Q1 DES
rsaseueonBopun Al d LGNS 10 © IB0R

(oiNm-ee-e-e-(0/ae-y-e- (AN A-e-o-e-e-ee-e-d- (AN [S8ION QI DES
rsaseusonBopus Ajluue 4 LOHD IO 7 IBOW

(DyNH)-e-e-g-e- (/A e-d-e- (AN A-B-Oe-e-a-2-d-( AN/ /) P8 ON Q) D38
rsaseueoniBopuy Alwed L9HD 10 | JI0W

RINSCPSID B4 10 siow eseussmBopue LgHDY L/

rd Ol




DK/EP 2686434 T3

B T2
1B T1
— M13 Forward {-20}

pUC Ol

atti i

pENTR-TOPC-Bgl1 (943/942)
Resistance

Gene

Bgit (943/842)
13 Reverse
Priming Site

Recognition
Bite 2

attB1

pTrex3g 943/942
10867 bp

pSL1180 / T Bgi1 (943/942)

Polylinker

amdd Marke;’/



DK/EP 2686434 T3

e PETIE T2
el T

13 Forward (-20)

UL Ol

PENTR-Xyn3
3934 bp

Kanamycin
Resistance

Xynd
Gene v

W13 Reverse

Priming Site NN/
atth.2 Mgy FII
TORO
Recognition
Site 2
/pSL’HS(} Polylinker
e ST Promoter
attB1
p*{'rex:sg/xyﬂg AAAAAAAA
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e TAB T2
B T4

pucori~__ 813 Forward (-20}
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pENTR-Fv3A
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M13 Reverse
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. pSBL1180 Polylinker

N\ __..—cbh1 Promoter

pSLi180

Polylinker pTrextg-Fv3iA

12383 by
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(Forward Primer)
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ORF

TOPO BluntiPegl1-Fv43D ©
5810 bp

Kanamycin
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fac Promoter/Operator
M3 Reverse
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o~

8K1298
{Forward Primer)

Zeosin . .
egit Promoter
Resigtance\ g

ORF

TORO Blunt/Pegll-Fviia
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codB Lethal Y
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M13 (-20)~ D
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Protein composition of T.reesed
Integrated strain H3A
3
Protein Tatgﬁ ?fma
Fv3A 9.6
FvBtA+Fv43D 14.8
Xyn 3 12.6
Bgl 1 7.5
CBH1 3684
EGLs 58
CBH2 9.5
Other 4.0

FIiG. 9

Froteins added to T. recsed integrated strain H3A

Stock Protein
Protein Concentration
{mgimi}
1 Purified 7. reesel CBHA 7.4
2 Purified 7. ressei CBHZ 3.0
3 Purified 7. reessl EGI 39
4 — -
5 Water
8 Purified 7. reesal EG4 1.1
7 H3A UF concentrate 102.8
8 Purified 7. reesei Bghl 3.9
9 Purified T. reesei Xyn2 26
10 Purified 7. reesei Xyn3 4.8
11 Purified F. verticilioides Fv43D 6.8
12 Purified F. verticiiioides FvB1A 7.8

FIG. 10
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Expression Cassette pEG1-EG4-such
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Effect of EG4 on Glucose released from saccharification

of dilute ammonia prefreated corncob
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Effect of EG4 {0.05-1.0mgl/g) on Glucose released from saccharification
of dilute ammonia pretreated comaooh
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Effact of EG4 (0.1-0.5mglg) on Glucose released from saccharification

of dilute ammonia pretreated corncob

ENNRAERNRARRRNRRERRNANNY

AN

NN NN AN S ANV A

NN

NN

ENANRINERANCRNOINNS

00

100

AN RN
(1/6) "ouo0)

WEH Bl

=R AR
WEH bl

Effect of EG4 on Glucese and Xylose formation from saccharification

of dilute ammonia pretreated corn stover

LCHPOANEH
RRNETRNERNN R4

: LCHPIANEH
ANNNNNNANNANENNRNNN NN Eyild

AERYTEIYEH

AN

&1

e ——

LCHFDANCH

DA

b

ACEP AN CH
Yol

INANSSNRNNNN

YEH %5

i
AR NN

e

TR

YEH %51

YEH %l

60~

50+ Xylaﬂ

]
-
<+

Jebng jswouoyy juw/buw

FiG. 19



Yield of Xyiose Monomer released by EG4 on hydrolysis
of dilute ammonia pretreated corncob

miglg Enzyme EG4 +

added per gram 1.42 mgly H3A/EG4

Glucan + Xylan H2A Xyn3 #27
1.7 30.1% 21.9% 36.1%
8.0 85.7% 23.0% 73.8%
8.0 70.1% 24.1% 79.9%
14.0 78.1% 23.5% 88.1%
21.0 80.5% 257% 92.0%

FIG. 20

Percent Yield of Glucose Monomer relessed by EG4 on
hydrolysis of dilute ammonia pretreated cormncob

mg/g Enzyme BG4 #

added per gram 1.12 mgly H3AEGY

Glucan + Xylan H3a Xyn3 #27
1.7 22.4% 11.0% 25.0%
8.0 45.7% 12.7% a7 .8%
8.0 52.7% 13.2% 75.5%
14.0 65.4% 14.1% 890.4%
21.0 74.2% 15.4% a97.9%

FIG. 21
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Total Fermentable Monomers {mg/mi) released by EG4 on
hydrolysis of diluts ammonia pretreated corncob.

mglig Enzyme £G4 +

added per gram 1.42 mgly H3A/EG4

Glucan + Xylan H3a Ayn3 #27
17 45 27 52
8.0 g5 30 122
8.0 105 31 134
4.0 12 132 158
21.0 132 35 164

FIG. 22

Tabile 6-1: Effect of addition of purified EG4 on glucose
release from dilute ammonia pretreated comceob

Mag/mL Glucose

EG4 added Xynd added monomsyr
{mg/g) {malg) released
0.53 0.53 3.4
0 (.53 0.77

Fi

23
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[Glucose] (mg/mi)

Sugar (g/h)

Saccharification performance of HIA/EGY #27
and HIA on acid pretreated com stover

{3 H3A
10 —O—HINEGAR27
1 r v . :
0 50 100 180 200

Celluiase Dose (Mmg/g)

FIG. 26

Saccharification performance of T, reesef
integrated strains H3A/EG4#27 or H3A on
dilute ammonia prefreated com leaves, stalks, or cobs

30 £ Glucose g/l
55 [ Txylose (g
20 ?fm ;f;_
iIZ 7 /
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/ A xS
B 77 1 s 77 e ¥ Zuen 7y
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FIG. 28
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Saccharification performancs in response {0

addition of overexpressed EG4 from T reesei
— a0 DGiuwse
S 70 A%
- B0
% 50- {/ /
& 40 f‘f
30 /
e 20 /
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- Y
o 0 <t g

H3A +EG4 H:

FiGs. 28 Enzyme Mix

Percent glucan and xylan conversion by Increasing doses of HIAEGA#2ZT,

Saccharification of dilute ammonia pretreated
switchgrass with increasing doses of H3IAEGY
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Effect of 7. reesei EG4 additions on corncob saccharification

Without CBHT
Protein Added | “BH1T background (S mg/g)| background
(mglg) CBH1 EG4 EG4
% glucan conversion

f] 2.7 2.8 2.7

1 3.1 8.6 5.0

2 3.5 7.8 8.8

3 3.4 8.2 7.3

4 3.4 8.8 8.2

Fi@a §§ 5 3.6 7.8 8.8




0.0.540 nm

Vimax

CMC hydrolysis by 7. reeseil EG4

0.8,
0.7+
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FIG. 32
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CBH1 CEH2 EG2 EG4 Glucan
{mygly {mglg {mygly {mglg Conversion (%)
glucan glucan) glucan) giucan)
20 18.6
1.25 18.75 427
2.5 175 46.9
5 15 501
10 10 74.8
20 68.7
20 18.3
1.25 18.78 32.1
25 17.5 38.2
5 15 35.8
10 10 41.7
20 249
20 17.6
1.25 18.75 24.3
2.5 17.5 268.3
5 15 24.3
10 10 282
20 23.1
12.4
1.25 28.1
2.5 34.1
5 40.0
10 52.9
20 68.2
12.5
1.25 15.9
2.5 17.3
5 19.9
10 221
20 26.2
12.4
1.25 15.0
25 16.6
5 17.0
10 18.8
20 22.1
Z0 16.3
18.75 17.4
17.5 17.4
15 16.2
10 15.4
L 11.1

FIG. 36A
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Glucan
Conversion {%)

22.8
56.6
67.0
774
102.0
65.5
23.1
51.5
73.8
82.5
106.7
76.1
30.5
58.0
60.7
74.5
85.6
60.4
28.5
551
711
86.3
80.3
54.2
30.3
51.7
66.4
73.1
726
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{units: pl. of each added to the reaction mixture}

1 2 3 4 5 8

Avicel 50 50 50 50 50 56

CBH1 24 ¢ 0 3.4 0 3.4

EG4 0 50 0 50 50 50

Asc.Acid 0 0 8 6 &

Mn?* 8 8 6 6

Buffer 2408 184 238 1008 186 184.6

Total 300 360 300 300 300 300

FIG. 39A
{units: gl of each added to the reaction miture)

1 2 3 4 5 6 7 8 g
Avicel 80 80 a0 50 80 80 8¢ 80 80
CBH2 16.2 g 0 16.2 16.2 O 16.2 16.2 0
BG4 0 21.3 4] 21.3 0 21.3 21.3 21.3 0
Asc.Acid 0 G 10 { 10 10 10 10 10
Mni* 10 10 10 10 10 10 10 0 10
Butfier 3938 38R 400 3725 3838 37BY 3625 3725 400
Total 500 500 500 500 500 500 500 500 500

FIG. 39




Glucose (g/L)

Kylose {gfl)

—@— AccelieraseDUET (14)

~ Lk - DUET {9) + BG4 (5)
g Accellergse1500 (14)
& = A1500 (9) + EG4 (B)
e Spe2ymeCP (14)

- SpezymelP (9) + EG4 (5)

Glucan Hydrolysis

DK/EP 2686434 T3

Corncob hydrolysis (glucan) by purified
EG4 substitution into whole cellulase

backgrounds (25% dry solids, 14 mg/
O+5 myglg G+X, pH 5, 500, 200 rpm)

o]
£

Xylan Hydrolysis

Comeob hydrolysis (xvlan) by purified £G4

substitution into whole cellulase

backgrounds {(25% dry solids, 14 mg/gor
8+5 molg G+X, pH 5, 50C, 200 rpm)

. 40

g or

—&—— AccelieraseDUET (14)
- £k = DUET{9) + EG4 (5)
g Accelierase 1500 (14)
— g5 ~ A1500 (9) + EG4 (5)
e SpEZYMECE (14)
ey SpezymMeCP (8) +

EG4 (5)




Viscosity {cP)
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Wheat Straw, 10.5% dry solids, 20.5 mg protein/g glucan, pH 5.0, at 50°C

400
150 =mee H3A 20.5 mg proteinfg glucan
— H3A 18.5 mg prolein +

%00 purified Eg4 2mgfg glucan
.
L
=
@
(o]
2
2
=

e Sttt
50 )
D $ ] ¥ 1 ] ¥ ]
{0 50 100 150 200 250 300 350 400
Time {min)
Viscosity vs. Time
Unwashed PCS 20% dry solids, 20 mg / glucan
9001
~& - H3A 20 mgfy glucan
800- - HIAEGH#27 20 mg/g glucan
7004
600 4
5004
4004 %
300
2050+
1(}0" “““““ P e e e e e ma e ax 2
G ] ) L] X X
{ 20 40 80 80 100 120 140 160 180

Time (hours)

FIG. 43
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Viscometer Measurements {Brookfield) of Saccharification of Dilute Ammonia Pre-treated
Corncab {at 25% and 30% solids} using H34 {14 mg/g) or H3A-EG4 #27 {14 mgig)

700 .
f\\ g 25% solids, H3A (14 mglo)

600 —& 30% solids, H3A (14 mgfg)

500 // \\ i 35% sofids, H3A-EG4 #27 (14 mgig)
%) /) \\ s 30% solids, H3A-EG4 #27 (14 mglg)
< 400
B 300
2
?
<200

100

0 10 20 30 40 50 80
Time (hours)
Hydrolysis of Inbicon wheat straw af 258% DU, pH 5.0, 50C
45
40 s A6 hr
-
35 ] 4“
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Glucose Concentration after 24 H

800

Pl W o R W e R o O R o
S oo Ooao
S I R S R

{6w/6} asoonin

HA yseuwndQ +
L3N0 8823|390y

oL Hsewnds +
1300 ssessiaacy

g yseundo +
13N 9sesaa00y

(esoinfjan 66w ¢z°0)
1= DQ mwm{umm_muu{

(esoingag B/6u 61g)
13007 oseslassy

(ssoingen B/Buw 2z7°0)
006 | oselapioy

FIG. 46



Glucose {grkg)

Cellulose Conversion (%)
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Concentration of glucoss as a function of time

140

120 J}fﬁwwymf¢”yfﬂfil_
100

— & - 1500 (0.22 mlg celivlose)
--o£%== 1500 (0.22 mil/g cellulose)
--------- —DUET {0.15 mi/g callidose)

- -3 = DUET (0.15 /g cellulose) +
low BG (0.1 g/kg dry matier)

Time (Hours)

FIG. 47

Calluloss Conversion (%)

vt T gy e s BUET (6,15 milig callulose) +
. MM‘""‘{& high BG (6 g/kg dry matier)
. -0 Experimental enzyme
{0.15 milg cellulose)
] ]
100 150 200

- &= = 1500 (0.22 milfq celluiose)
=3 1500 {(.22 mlig cellulose)
—a&— DUET {0.15 ml/g cellviose)

=== = DUET (0,15 mifg cellulose) +
low BG (0.1 g/kg dry matter)

------ e DUET {0.15 milfg celluiose) +
high BG (6 g/kg dry matter)

—— Experimental enzyme
(0.15 mlig cellulose)

Time (Hours)

50 100 150 200
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"Ro: | Amine Acid Description

1. Amino acid Proteir sequence of a N, crassa GHE1 endoglucanase [Accession
#OABAT283.7]

2 Aniine acid Protein sequence of a 2nd N ¢rasse GHET endogiucanse fAccession #
CADZ21296.1)

3. Aming acid Protein sequence of a 3rd N. crasse GHE1 endogiucanase [Accession #
CADT(347 1]

4, Aming acid Protein sequence a 4th N, ¢rasse GHB1 endoglucanase [Accession
HOAES1966.1]

5. Amino acid Proteir saguence of a 8th N. crassa GHE1 endoglucanase [Actassion #
CAF03857 1]

6, Amino acid Protein sequence of a 6th N, crassa GHE 1 endoglucanase [Accession #
EAAZGE73.1]

7. Aming acid Proteir sequence of a 7Tth N, crassa GHB1 endoglucanass [Accession #
EAA20132.1]

8. Arning acld Protein sequence of an 8th N crassa GHB1 endoglucanse [Accession #
EAA3D263.1]

8. Amino acid Protein sequence of a 9th N. crassa GHE1 endoglucanase [Accession #
FAA33178.1]

13, Amine acid Protein sequence of a 10th M. crassa GHGT endoglucanase [Accession #
EAAJ3408.1]

1. Amino acid Protein sequence of an 11th M. crassa (GHE1 endoglucanase [Accession #
EAA34466.1]

12, Aming acid Protein sequenice of a 12th M. crassa GHE1 endoglucanase [Accession #
EAA3B362.1]

13. Amino acid Proteir sequence of a 13th M. crassa GHB1 endoglucanase [Accession #
EAAZG018.1]

14, Amino acid Frotein sequence of a Sporolrichum thermophium 24630 GHBE1 endoglucanase

15. Aming acid Protein saguence of a Sporatrichum thermophilum 23639¢ GHEY
gndoglucanase

18. Amino acld Protein sequence of a Sporofrichum thermophilum 46583 GHB1 endoglucanass

17. Aming acid Protein sequernce for Sporctrichum thermophilum 80312 GHE1 endogiucanase

18. Aming acid Protein sequence of Newrospora crassa ORT4A [Accession Number
EAAR9347 1]

19. Amine acid Protein sequence of Aspergifus fumigatus Alu3gl3870 GHB1 endogiucanase

28, Aming acid Protein sequernce of Aspergilius furmjgatus AfuBg09540 GHB1 endoglucanase

21 Aming acid Protein sequence of Aspergillus fumigatus EDP4T167 GHB1 endogiucanase

Fi

. 49A
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SEQ ‘ED Nucleotide/ Description

NG: | Amino Acld
22 Amino acid Protein sequence of Thislavia ferrestris 16380 GHE1 endoglucanase
23, Aming acid Protein sequence of Thislavia ferrestis 155418 GHB1 endoglucanase
24, Amiino acid Protein sequence of Thiefavis terrestris 88900 GHB1 endoglucanase
25. Amine acid Protein sequence of C. globosum Cgb1A [Accession Nurmber EAQBB34C.7]
25. Aming acid Protein sequence of 7. reesei EGT (or TrEGD)
27, Amino acid Pratein sequence of T. reesel Egd (or TrEG4)

28, Aming acid Protein sequence of A, fumigatus AR293 GHET endoglucanase JAccession
Number XP_752040]

28, Amino acid Proteir ssquence of Thislavia ferrestris GHB 1 endogiucanass TIEG

30 huclectide Nuclectide sequence encoding T. reese/ EG4

31 Aming acid Proteirn sequance of TreA from T, reesel

32. Amino acid Protein sequence of TriAfrom 7. ressei

33. Amino acid Protein sequence of Egb from T. rogsei

34, Aming acid Protein sequence of S, coceosporum endogiucanase

35, Nuclectide Nuclectide sequence of Fv3A a GH3 family enzyme fom F. verliciioides
36. Amine acid Protein sequence of Fv3A

37, Nucleotide Nuclsotide sequence of PH3A, a GH43 family enzyme from P. funicuicsum
38. Aming acid Proteirn sequence of PI43A

39 Nuclectide Musieotide sequence of Fvq3E, 5 GH43 family enzyme from Fverticilioides
40. Amine acid Protein sequence of Fvd3E

41 Nucleotide Nuclentide sequence of Fv3BA, a GHAS family enzyme from E verticifioides
42, Aming acid Protein sequence of FY38A

43, Muclectide Mucleotide sequence of Fvd3A, g GH43 family enzyme from F. verticlfioides
44, Amine acid Protein sequence of Fvd3A

45, Nuclgotide Nucieotide sequence of Fvd3B, a GH43 family enzyme from F, verticiffioides
48. Amino acid Proteirn sequence of Fvd3B

47, Nuclectide Nucleotide sequence of Pa81A, a GHS1 family enzyme from P, anserina
48, Aming acid Protein sequence of Pai1A

49, Nucleotide Mucleotide sequence of Gz43A, a GH43 family enzyme from G. zeae

50, Amino acid Protein saquence of Gz43A

51, Nuclectide Nuclectide sequence of Fod3A, a GHAS family enzyme from F.oxysporum
52. Aming acid Protein sequence of Fod3A

53 Nucleotide Nurleotide sequence of AM3A, a GH42 family enzyme from A, fumigalus
54, Amine acid Protein sequence of AM3A

55, Mucleotide Nucleotide sequence of PI51A, a GHB1 family enzyme from P, funicilosum
58, Aming acid Protein sequence of PI51A

FIq

491
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SEQ D] Nucieotide/

Aming Acid Description

57. Nuclegtide Nucleotide sequence of AfuXyn2, a GH11 family enzyme from Afumigaius

58. Amino acid Protein sequence of AfuXynZ

59, Nucleotide Nicleotide sequence of AfuXynd, a GH11 family enzyme from A.fumigaius
80. Aming acd Frotein sequence of AluXyns

g1, Nucleotide Nucleotide sequence of Fvd3D, a GH43 family enzyme from F. verficilioides
2. Amina acid Protein sequence of Fvd3D

63, Nucleotide Nucleotide sequencs of P38, a GH43 family enzyme from F. funicufosum
84, Aming deid Protein sequence of PI43B

65, Nucieotide Nuclectide sequence of FyE1A, & GHET family enzyme F, verficillicides

66. Amino acld Protein sequence of FYA1A

a7, Nucleotide Nucleotide sequence of CgbiB, a GHE1 family enzyme from C. globosum

68. Amino acid Protein sequence of Cg518

9. Nusleotide Nuclectide sequence of Fyd3C, a GH43 family anzyme from F. verticilioides
70. Amino acid Fv43C protein sequence

7. Mucieotide Nucleotide sequence of FvaDA, a GHI0 family enzyme from £, verticifioides
72, Amino acid Fy30A protein sequence

73. Nucieolide ucleotide sequence of Fvd3F, a GH43 family enzyme from F. verticlivides
74 Amino acld Fv43F protein sequence

74 Nucieotide Nuclectide sequence of Xynd, a GH10 family xylanase from 7. reeser

76. Aming acid Xyn3d protein sequence

77, Aming acid Protein sequence of Xyn2, a GH11 xvianase from Trichoderma reesei

78. Amino acid Protein sequence of Bx(1, 8 GH3 f-xylosidase from Trichoderma reesei
74 Amino acd Protein sequance of Bglt, a GH3 f-glucosidase from Trichoderma reesef
a0, Nucleotids Daduced cDNA of Pabi1A,

81 Nucieolide Codon eptimized cDNA for PabiA.

82, Nucleotide Coding sequence of CBH1 signal sequence upstream of gencric DNA

encoding mature Gz43A.

(]

Nucieotide Coding sequence of CBH1 signal sequence upstream ¢f genomic BNA
enceding mature Fe43A.

54 Amino acid Motif 1 of GHE1 family endoglucanses

83. Aming acid Motif 2 of GHE1 family endoglucanses
86, Aming acid Motif 3 of GHE1 family endoglucanses
87, Amino acid Motif 4 of GHE1 family endoglucanses
a8. Amino acid Motif 5 of GHE1 family endoglucanses
89. Amino acid Motif & of GHG1 family endoglucanses

g0, Amino acid Motif 7 of GHE1 family endoglucanses

49C
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“No: | Amine Acid Description

a1 Amino acid Molif 8 of GHE1 family endoglucanses

yz. Mucleotide Codon optimized nuclectide sequence for CBH1 signal sequence upstream
of codon optimized DNA encoding mature PA1A

3. Nudleolide Nuclsotide seguence of Pa3l, a GHI family f-glucosidase from P, ansering

94. Amino acid Protein sequence of Fa3b

5. Nucleotide Nucleotide sequence of Fv3G, a GH3 family B-glucosidase from F. verdiides

86. Aming acid Protein sequence of FV3G

a7. Nucleotids Nuclsotide sequence of FvaD, a GH3 family B-giucosidase from £,
verlicillfoides

g8, Aming acid Protein sequence of FvaD

99, Nucleotide Nucleotide sequence of Fv3C, a GH3 family -glucosidase from F
verticillioides

100, 1 Aming acid Protein sequence of Fv3C

101, | Nudeotide Nucleotide sequence of Tr3A, a GH3 family B-glucosidase from 7. reesef

102. | Amino acid Protein sequence of Tr3A

103, 1 Nuclectide Nucleotide sequence of Tr3B, a GH3 family B-glucosidase from 7. regse/

104, § Aming acld Protein sequence of Tr3B

105, § HNucleotide Nucleotide sequenced of TeSA, a GH3 {amily p-glucosidase from
Tataromyces smersonil, optimized for expression in T.reesei

108, § Amino acid Protein sequence of Te3A

107, | Nucleotids Nucleotide sequencs of An3A, a GH3 family B-glucosidass from A, niger

108. | Amino acid Protein sequence of An3A

109, | Nucleotide Muclectide sequence of Fo3A, a GH3 family f-glucosidase from F.
OXYEPOIM

110, ¢ Amino acid Protein sequence of Fo3A

111, & Nucleotids Nucleotide sequence of Gz3A, a GH3 family p-glucesidase from G. zege

112. 1 Amino acid Protein sequence of Gz3A

113, | Nudeotide Nucleotide sequence of Nh34, a GH3 family §-glucosidase from N.
haematococes

114. | Amino acid Protein sequence of Nh3A

115, | Nucleolide Nucleotide sequence of Vd34, a GH3 family f-glucosidase from V. dahliae

118, 1 Aming acld Protein sequence of VA3A

117, | Nucleotide Nucleotide sequence of Pa3G, a GH3 family -glucosidase from P. ansering

118. 1 Amino acid Protsin sequence of PaiG

118. | Amino acid Protein sequence of Tn3B, a GH3 family 8-glucosidase from T.neapolifana
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i1 NMucleotidef

Amino Agid Description

Amino acid Protein sequence of Tab1, a GHB1A polypeptide Trom T. avrantiacus

Mucleotide Nucleotide sequence of Tal14, a GHB1A polypeptida from T, auranfiacus

Amino acid Protein sequence of Alu7 Aa celliobichydrolase 1 polypeptide from A fumigalus

Aring acid Proteln sequence of AlUTE, a callobichydrolase 1 palypeptide from A. fumigafus

Amino acid Protein sequence of CgT7A, a cellobichydrolase 1 polypeptide from C. globosum

Amino acid Protein sequence of Cg7B, a celiobishydrolase 1 polypeptide from €. globosum

Aming acid Protein saquence of TITA, a cellobiohydrolase 1 golypeptide from 7. terrestris

Amino acid Proteln sequence of TI7B, a celichiohydrolase 1 polypeptide from 7. ferresivis

Amino acid Protein sequence of SH8A, 3 cellobiohydrolase 2 polypeptide from S. thermopills

Amino acid Profein sequence of Si8B, a callobiohydrolase 2 polypeptide from 3. themmophile

Aming aci Protein sequence of TI6A, a cellobichydrolase 2 polypeptide from T ferresins

o

Nucleotide Nuclentide sequence encoding 7. reesei Bxi1, a GH3 B-wylosidase

Nucleotide Nucleotide sequence encoding T. reesei Xyn2, a GH11 xylanase

49
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SEQ D NO:35
Nucleotide sequencs for Fv3A, a GH3 family enzyme from Fusarium verticillioides

gotgaggotg
Cacttegtt
aatotggte
atgcaaclty
C ~cgotggatoeteo
,pbcfavgacqu\ ’ at ctecatggceo

Cgctdt(cq >

"quqqtbq
aggggtete
ttgaggact

*tchgatqt
. 3 gt aagaatgac
aga;c;atvgt\“ 7- : gg aacgatactt
gacgltgcteegttocte ’ ragotgagaagoet

t ataactggaccacs
toctgctgety
cagagygctctctay

O

[ie]

(9]

[ O ST

tgooooce VLLa,Cd
caagagtgaagtt
Fsocthcatoga

Lgklaqtu{’“tf“oatu C
attzcctcocoyga Ctttqtkbktcu

ttocgataac
. . g‘LqudLgquELapqﬁ
tgyataagtggectizagaceads

FIG. 5@&

‘uccagﬁVLdCHVtgdyigua

tet

SEQID NO:36

Frotein sequence of Fv3A

mllnlgvaasa_slisl gglacastpvtipdothgplskngled spakraaalvaalitpeekvgnlv
snATGAPRIGLPRYNWWNEALHGLAGS PGGRFADT PPYDAATSFPHPLIMARAFDDDLINDIGNVVGTEA
RAFTNGGHRGVDEW T PNVHPEFKDPRAGRGSETPGEDALEVERYARY IVRGLEGDREQRR IVATCEEYAGH
DFEDWGGFTRHDFDAKI”FQDLAEYYVRPFQECTRDAKVGSIMCAYNAVNGIPAQANS¥LQET1LRGHWN
W”RDNNWITSDCGAMQDaWQNHKVVKT&AEaAQVAFENGMD9n”'V tisdvsdsy o
kr _vhit cgakagwnslsfadvrnt kha%ﬂlalr°~@ﬂ_AVLLKNDGTLPLKLKKKDSVAMIGFh
AﬁDTSKLQGQSSGRAPFLHSPLE&AEKLGLB”NJAW PTLONSSSHDNWN T THAVARARKSDYILYFGGLD
ASAAGEDRDRENLDWPESQLTLLQKLSSLGK?LVVIQLGDQVDDTALLKNKKINSILWVNYQGQDQGTAv

skl

LSevgD: k

thqaxlqm;

Fﬁ& 501




DK/EP 2686434 T3

SEQID NO:27
Nucleotide seguence for PI43A, a GH43 family enzyime from Penicillium funiculosum

ttttaccactggetotattgactgt

cgotgateceggee

gacaaccect
tteatgga
C atatggcy
yegaatgegtggoc
sacacaacgatggittctatgge
getatcggeaaacegetagtagayg

uv.*acctqta chalaatbhag

cetactacs

quudﬁhﬁaf,

tategototy

A4Cd<

alaguayga

ncactcac
catgggta

LS‘ togotacteea

o athatqatat\'
Coaacgggeaatc
:dbquatgq ol

SOUACOE

s LT

qc%gctt@ac

cttecocgge

al]tqtqqaq(,u Cloazat
attgys

qrafkautacgqaqgtt'

A3

ttoccgacga

Cgacaggaageogeaadac

totzaacoot

o dg cte

qqofitmtpaAP

q@qqﬂttq

CPJt_q(”

ACTO A

togeatan

FIG. 51A

SEQ D NGO:38
Frotein sequence of PI43A

mlgrfavilplall svgvkadnpfvgsiytadpapmvyndrvyvimdhdntgatyynmtdwhlifssadma
nwgdhgipmslanftwananawapgvipraggfyfvapvrhndgsmaigvgvsstitgpyhdaigkplve
nneidptviidddggaylywgnpdlwyvklngdmisysgsptgiplitagfgtrtgnagqrptticeapwy
vhkrngiyyiayaadocsedirystgtsatgpwlyrgvinmptyagssfinhegiidfgqnunsyffyhngalpg
ggovgrsvevegfkynadgtiptientiagragi gt InpyvrgEAETARWNSSSITIEVISEGGIDVGFIN
NGDYIRVREGVAPGSGARITSARVASANSGCTIATHLGETTCTLVGTCTVESTGCHWOTWITVICSVIGASG

TOOVYFVFGESGTEYLE YWOFa
FIG. 51
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SEQ D NG:39
Nucleotide sequence for Fv43E, a GHA43 family enzyme from Fusarium verticillicides
atgaagotatactggotogtgygegtyggecacttetttgacge cactggctggettgattggacace
gtog coacctteaacaatectatecatetactecagactitecagataacgatgrattacteggtec
ag taactactactacttctcotgetiiccaacttecactteagecoagga
gggatctocateggecattc

G

rcacccgTtittgaagtetaaa
Cteocecogectgaactitiggogacgootatgatette

gttattaccgtggaggtacttggyeateatoo:
T 1=

¥ tragatacagaaagage aatggaca
caacttctggcagacetgggtatacs

atocggetgoat
Jyaaacticggtyataacaattgctactacgacas
cgtatacgottecggtgaggtcaaagtetetogactatot:
gtagtitttca ajaabactqut“ttngqfcc;a"acvLraa‘Lg aac cucatqtag
aagaucgauﬁﬂ totactatatectaaacgatageccaagtgocagteagacs
gatcaces ccttatga}t faagthStP3FCjc”'l yg,vtatctctggtggtaa
ctcataaagactcecocaatgatgyc tcacttgggcec
cygrtctthaCCJattaCthq ictageg a*fpftqtba
gggatcatettacecaacacttectggeac gacauaqaaftq
cgoggaacctecacttgcteegton aat Cﬂgqabgfb
felofula LC
acte
ggot
tacy
cita

FIG. 52A

SEQID NO:40
Protein sequence of Fv43E

mkvywlvawatsltpa

aglignrrattfnnpiiysdfedndvilgpdnyyyfsasnfhfspgapvlksk
dlinwdlighsiprinfgdgydlippgsryyrggtwassleyrksnggwywigeinfwgtwrytasspegp
wynkgnfgdnneyydngiliddddimyveygsgevkesgl sqdgfsgrksgrvfintdigvgdlegnrmy
klnglyyllndspsgsth1wkskspwgpyeskvladkvtpplsggnsphqgsl1ktpnggwyfmsftwa
ypagrlpvlapitwgsdgfp: lvkganggwgssypt lpgtdgviknwirtdifrat wewnnnpdy
nsftvnngltlrrasitkdivgarntlshrthgdhptgivkidfspm Frdgsayigihrd
ngkfitiatkhe wrmcequ*L*quJ kdtdﬂap37rtk1Nlrlu]dtwpdct*nt:

genfklyngwaffiayrfgifnfastalggs

kdgdrag

rewdgvkyet

resftaa

FIG. 52
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SEQID NO:41
Nucleotide seguence for FvaBa, a GHIO family enzyme from Fusarium verticillivides

atygcactacgctacectcaccactttggtgetggete
o caaaaatcatggeccggoga
Udvdbhtcbﬁtdbbdjattp,LLJVLdQVL

icatoaaattcaacteeaac
teeoatcactgggtty:
hccaactauchdccqu"ﬂcwu

"“ngtt¢ua¢cLL0quttigft”

qqgatd;cfcgqccgct
gttgecteetga
q4ba__tqga\tgaq
Loettgtgatty
ytibtettgagtattacaa
qtgdgctoactqgtha
tcotgtecgatyg
*a;t,,‘qqcctb
cecacettgrgggegeaatatygge
scagocaacteegtet
HngCdLLanbCT
actaccoctaatggt
:caaagcaacqtcgqact

Lvi:utvMi“vyu

gadgy
aty

tCJ“OCCaQCdadV

attagaaaaacactt futel
atzaatogus
gatt
gttocooags
actac

yaaaptcttctcathQLccaqVca el

“CC

gocactaagcasggeoygt
-dga+_4aaa cageggtitggaagtageaggacttc
ctgggotogggccgaatyggaaaggttgac

racggtgagcageccctetacttga

FIG. 53A

,ugqcacoaqqaccgttca

gtacggtaaaggtce
Lgygggageaga

cggact

agtat

SEQID NO:42

Protein sequencs of Fy384

mhyvatletlvlaltinvaaag 3wpdﬁ”*f ratgipdfivtdikfnsn
rgggadqipslowarggyegyvig : : Ti Irhdlwgadgggosnspfpgongnwte

me Lwnqlvsdlkahnm;eglv;densmdldﬂfwdrpwsqfl@yynratkllrkt;pkt;lsgpamahs

pilsddkwhtwlgsvagnktvpdivswhqigawerepdstipdftitlragygvpekpidvneyvaardegn

pansvyyisqlerhnirglranwgsgsdlhnwngnlivsttgtsegtyypngewgavkyyaanaggrly
kassdlifdviatkggrkikiiagtrtvgakvaikisglevaglpkmgtvkvrtyridwagpngkvdgny

dlgekkyviysantvaspst
FIG. 53
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SEQID NQ:42
Nucleotide seguence for Fvd3A, a GH43 family enzyme from Fusarium verficillivides

agcagaca
de@tbtf

Ca cagcegac
atygg cagagect
ggge aadgacydy
tggs tggaaageca
Ltgy t;tdc1gqg
Jeaa
atog ~cagcgtcctactacht-ugaggaaqu
cegt g tgttcecgaguacatte
tgaacaaggcgggteyg
ttac

cracaatggeget
cggacgygtetya
g

atatgtcaagcayga
caacgttget

{gcaaagacyttca

gecgeocgoty : GCagCygyayyc: j%ttﬁéﬂcp
ggtts cetgoacggth ”Uacfacgqgaacucgqpcga
ggt Cctattctttgtcticacgygy

FIG. 54A

SEQID NG44

Protein sequence of Fv434A

mwllsp 1r ligiigvaladoplvgdiytadpapmvyngrvylfighdndgstdfnmtdwrlissad

mvnwghhgvpmslktfswansravagguvarngkfvfyvevrnaktggmaigvgvsinilogpytdalokp

lvenneidptvyidtdggaylywgnpglyyvklngdmlsysgsinkvslittagfgsrpnnagrpttfaesg

pwlykrgnlyymiyaanccsedirystgpsatgpwtyrgvvmnkagxsftnhmgiidfennsyffyhnga
iR ] SEARTIANSECIETEVCSEGGLNVA

P CTVET JTYETVDCEVE

FLONGDRY TRVEGYDEGS

GATGTSRLEFVETGEG

FIG. 54
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SEQID NO:45
Nucleotide sequence for Fvd3B, a GHAS family enzyme from Fusarium verticillioides

raaa,baauacggafg

cct

cetgecgaata

tagctggagt

a aggtttatt

uagqaqa;tq ttg asac cttaatat
tatggcctgagggteccoatat ctatctc
r .gaagacbacgctat aCCggco
C arutancwﬁuccg actgtcygyg
accaagggcaactgotayg tcacagca
gtjaanfgftfuwttca atggccca

Fi@ 5§£§

SEQ ID NO:46
Protein sequence of Fv43B

mrfswl_cpllamgsaloetktdvstytnpvipgwhsdpscigkdglfiovtstiisfpglpryasrdly
nwrlishvwnrekglpgiswktagguegmyaptizvhkgtyyviceylgvgdiigvifkttopwdessws
dpvitfkpnhldpdl fwdddgkvycathgitlqeidletgelspelnivngtggvwpegphiyvkedgyyyl
miaeggtaedhaitiararkitgpyeaynnﬂpiltnrgtseyfqtvghgdlfthkgnwwglclatrita
qgvspmgreavlfngtwnkg@wn gpvrgrmpgnllipkptynvpgdopf &
Aﬁrv}Ld,ﬂ‘gl ! 4*f‘rxqvtqo'i?qdélﬂquQTJIM;.j*
; ‘Lnﬁq“m]f \J]\lg_v

FIG. §5
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SEQ ID NO47
Nucleotide seguence for PaS1A, a GH51 family enzyme from Podospora anserina

acgraatgtgtggetattgatttygt
totratgeacgacgtatgtgtitt
raacacgatatcaacaactecygyge

agaagttcos cote

-

_CcaccvvaJJVCJOVCJ:Lqqucqt*gttqj,qk
,,afq
Vt\,upgvabpqhigaﬁatoq ac

ccaacce

; ) coaagoocctttoctetyge
gttagectt t”“_v~?';; CAGCCCaaggagye foloF: -caaqqacacc aggggaay

: ; clLggatgtca ava:huqtaqcttcc
L‘chJ gttagcttgege: tacoggogagacetttgy

ttggtgecttte

ttgatat
ygatctcaact
goagacgat

iqtaagaagggqaagt‘
ddcacgtttqtvd,qc >
trgecatgatytggtgeas
attcaagggaa

G cgagacc
idaaCLCtLU_Qtthth
tcccar,vtctqqquq
ctegttegtte

'cgatgctaa
gggttgayg

gcv\quqrctqutqgtqt auts Loy
yggccgatgacatgaacttgys
~gteggtgtottog

caccaceaadn

atcettogacaa
teglttgagega
acgcatecta
goetgaggetal
ggtcttogeage

alare

':gc gqtqa* Caed
ngatad qtq€

actcgetega
gatgecoogge
sgtatcticaay
aacgayygygagcyyg
,‘tthﬂ‘qudubdd
,:ccc:gccqqqc
caagggaa

ceagLt
Cggaaylelas

Q|1”CthCtd’dJ

. - QIJquqongL
Lol casycdac aagaccaccuL(chaaggCL

Ltggagacggcocgacgegytoas
. gyygcogdegegd

FIG. 56A
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SEQID NO:438
Protein sequance of PabiA

mihlkpal
snldnwspv

slanagfwgmdvkragkytyg
damnsnntﬁvvqwdaeqakd
wwyetigplkdrpgm
tgdakttk
spsifdnmti
s “agdhhpylLQQC¢v@:tgkfdn;akanvtquca::tnp QLawegdlmplpwwggsvaeaifli
sterngdkiigatyapglrsidrwewsmiwvghaadpalttrstswyvwrilahhiiretipvdapagkp
nfdplfyvagksesgtgifkaavynstesipvslkidglnegavanltvligpedpygyndpftginvvk
ekttfikagkggkftftipglsvavietadavkagkgkgkgkagkan

FIG. 56.

SEQ D NO:49
Nucleotide sequence for Gz43A, a GH43 family enzyme from Gibberslia zeae

cgacy
ggetotacec

octgta

qt?vdc

gf”qatgdtthgd a
aagaacaagtacaa

a aggac
tggoaagocygctoottt

cagettcecago

yagoecoate

1t @”a"*dadg“cqupﬁaﬁafJOtf1ftPtha”C‘C
ctygs cgacgettottegaaggaccetggatica a titactacoteac
cta Cdbdé%Cﬂ*CtdtCtﬁq cta fgtg«bft z ycceoctatgutocttacacotac

o
({9
GO

b oGl

ot

ot

(O R
[CO IR
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SEQ 1D NO:5D
Protein sequence of Gz434

mkskllfpllsfvaogslatnddeplitsrwtadpsahvindt lwlypshdidagfendpdgggyamedyh
vysidkiygslpvdhgtalsvedvpwasrgnwapdaabhkngkyylyfpakdkddifrigvavspipggpf
vpdkswiphtfsidpasfvddddraylawggimggalarwgdknkynesgtepgngtaalspgiakliskd
mhtlaekprdmlildpkigkpllisededrrifegpwibkenkiyylivetgtthylvyvatskipygpyty
ggrilepvdgwtthesivhygggwwlfvhdaktegkdylrgrkakkivwydskgkiltkkp

578

SEQ D NO:51

Nucleotide sequence for FodlA, a GH43 faméiy enzyme from Fusarium oxysporum

ggcgetcaatacgecatyg
—gtcgaccacggegtegete
JYICL getcataagaadggcaa
cacggacaaggatogagatctica Tecaacaay
jacaagagetggateocctggea gotagotacy
iccteatetgggg
cotggattggagacaagyotgr e caccaatgooctatetect
. itcattetegece

ttggatccataa
évtavttcvadq

ggacatgcacaaga
caggctgaggacaacaaycgacg
catgtactecaccggtygat
e} Ltetitgata

sggacagtggtggettitoctttgetga
gegaggadgatctggtatgacaagaacgygc

FIG. 58A

taaggattacct

tegacaggtga cegbocttag

=

SEQ D NO:52
Protein sequsnce of Fo4lA

mylkflssall dipplitdiwsadpsanhviegklwvvpshcieanvyngtaggagyam
rdyvhtysmikaiye g vddvewakggnwapdaahkngkyylyfpakdkdeifrigravsnk
psgpfkadkswmpgtys1dpasyvdtdneayllwgglwggqlqawqdkknfnesw;gdkaapngtnalsp
giaklskdmhkitetprdivilapetgkplgaednkrrffegpwihkrgklyylmystgdthfivyatsk
nivgpvivrghkildpvdgwtthgsivevkagguwlffadahtsghdylrgvkarkiwydkngkil _hro

FIG. 581

LS
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SEQ D NO:53
Nucleotide sequence for Af43A, a GH43 family enzyme from Aspergilius fumigatus

ot
2

L CCTgggooeg

w3 oun
W
(9]

W
(@R
[Co

acy gga
gggggcgatt
agy tacaagagag
ggooa ggogogats
tettgt caccteggayg caggatgggaa
cggoaac tqgcgttgagca toceatgggtegyg
gagaccy rtgagaggccaaa
tgcagogs tcaagcaacccega
caaagty ccaagacagaqg
gattttas g “cttttdcaabcfgac‘g
gaact -ggaLgatqucrgtugc tgttatgegeaaacagaccgacaccttgttceac
gtaca i ttqac ccaaggttgcegatgaagaggeyg j:qtgactgtfttcptwa c
CagCacoal atcttggtattgtecttotcea aggaggetgtogttgtocttoeggt
toogest '4ggta ctacgaaggtectetteczy & g aaqgaafg
gtgtgca .cgg gaqattcaochqtj 1gtga CGAagt tj*ctttgcqqc gococyg
gctogy cca rtecagrggtgatacgggac
ggtttas ccacgocogeatatat
cag tocoogagotactga

SEQ ID NO:54
Protein sequence of Afd3A

maapslsyptglgsytnplfpgwhsdpscayvasqdtffovistfiafpglplvasrdlanwklasnifn
rpsgipdlrvitdgagsgivaptirvheggfyliveylgpgtkgll ftssdpyddaavwsdplefavhgidp
difwdhdgtvyvisaedgmikgytldlktgaigpvdylwngtggvwpegphivkrdgyyyimiaeggtel
ghsetmarsrivigpwepyphnpllenkgtseyfgtvghadlfgdgngnwwaval stregpavknypmgr
etviapaavekgew viqpvrqqmqqpfpppnkrvprqeqgwfqudkvdﬁrpqs ipahfgywrypkte
ditvsprghpntlritost gtacfkpddglslvmrkgtc '**V*VJ vadesagvtviit
wvegrgnyecplpe:

sgetgr frgsivgvyatasnggagstpayisrwryvegrggmidfgrvvpsy

FiG. 59

VS

eyvfaaap

tvpvpheaweg

gaohidlgivl]
arhpagrgiis
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SEQ ID NO:ES
Mucleotide sequence for PIS1A, a GHS1 family enzyme from Penicillium funicufosum

;uova,kvq¢v»LfqutqtoLLq* chtat ;*“*, rggeatgecatcactatea
cagtecttet

Ceaag

ctiataccacat

rocaaatgaagqu “thqqqqa
atcaaggagatilbcgecat
'ccthqgcaaacacgag
gecca

ggcaac
3

tacgeygggeteatict sfetute
aajaagtcticgraacyggeaaaagtos

‘L,C'dua

aacaccaaTaacactetr

Lac qut“gqtchcauw sfe
attttgggtttagttegat
gadacttce tt

-”caattotc?'acgaqaaac

izgac (/”i+\,\,[.' atcagoetatttooc

adUAtcb

1o}

ctttatat o)

ggtatacs

~EJgc
catgaatzggtgtgatgecat
taatcacacacatcagttct
cagoeatatatcgac

ey

gtyggaat
cgtacgaagaaaccaatyggaalt
’anquLqCJLLCC&LLLdU“QLQ&L&tLC&O

gcgtgegtete
atacgggggact

Eralele!
CCCS

Lacgacoo atcccocatatyg arq
“tqqicboq(QM;_ﬂA as ttaccaTcaatatbeteact
accfabh tgat-agaty groact adnaqaauabuuaurquiaf
cocecaotnt atgctittaat oqtuttau‘_abb,A caggagagattygcaaccgt

attecece tggtogattggyg
gtgctagetacyg
QJCCuudaLdpﬂqg‘TLhddtqtt

gtogegtaceagt

iaubatcaavddtk;o:aggqcactC”
cgtitcgacaagctggcatgtgatcaaggtatget aa\ubqu jatgtgaget
aactititoogasd :cqacaat.aaaatcagqcaa togagtggeggtgaca
tgugtagchggacgaaacgacaatacaggatcgascataticaagycecgetgttta
cgttcaatttgcagga cocaaagagegcaaatttgaco
gaagactgagatce
“goctgttoteaa
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SEQ 1D NO:56
Protein sequence of PI51A

eivrnrafdgstvyp
ragstyvggdyg

»9W}ﬂvakgsnnqsiﬁLdneqw

rgvkyalvpkkaasninntl dgslnfnlis
qﬂvequap }

| gpyiddnl ¢

yvehmbvmesloempgpaaaasdyhgystpdy

11eq P‘[Jﬁ?» ] Ly clypwwigsvaeaviligesrnspkiigas

yawmfxninanwsntL13fdadsgrtsrstswhv1kllstnk1tqnlpttwgggdlgphywvagrndnt

ganifkaavynstsdvpvitvgfagenaksanltilssddpnasnypggpevvkteigsvitanzshgafefs

aotee FIG. 60B

awtyees

P

atiete svgswrasligy

Tl r)o"lS‘JAW"’Q} N

SEQID NO:ET
Nucleotide sequence for AfuXyn2, & GH11 family enzyme from Aspergilius fumigatus

qvtqq q qutcc ceattgoagetery

ACOgogne
Loy

gtraa g%4qa%kquqg0“‘ tth

gctttg‘&aa groeggatgtgcagacetge
cqgeaatggetaecetggetgoetas
,batgqtacatacaaccccggcagh
acatchacacggccgttcgetacas
tgtgogeaccetecasaqe qf~fﬁﬂ - Jto
gbatqaaLOquj actcacaagtaccagatte
catcactgtetactag

FIG. ﬁ’?ﬁé

‘J <

SEQID NO:58
Protein sequence of AfuXyn2

uvsisv.llacsaigalaapvepettsinetalhefaeragtpsstgwnngyyyvsfiwtdgggdviyinga
ggsysvawrnvgnivggkgwnpgsartinyggsnpsgngvlavygwitnplieyyvvesygtynpgsgg
tfrgtentdggtyniviavrynapsiegthtftgywsvrtskrtggtvinanhfnavsrlgonlgthnyyg

ivategygssgsasitvyy
FiG. 61
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SEQ ID NG5S
Nuclsotide seguence for AfuXynS, a GH11 family enzyme from Aspergiifus fumigaius

tggt jfxttcttcb
tggcteocggeagtat
gvt tygtat j’NC

SEQID NO:8O
Protein sequence of AfuXyns

MISISOSLOFQLAATAGAYATLPSDKEVELAERQT ITTSOTCTHNGY Y SFWTNGAGEVQY TNGAGGEY BVT
HANQNGGRETOCKGHNPGSDHD ITF»GSW ?S@Q&YLSV‘H GRTTHPLVEYY ILENYGSYNPGECHMTERGT
VISDGETYDIVERQQVRNQPSIVGTAL FNQYWS .MRQNKRS SETVITANHFRAHAS LOMNLGTHNYQIVETE
GYERSSGTETIITVISGGEISSGGE5ES! ; : ALRGQCGGIGHEERTCCEBGTCOVENS
YESQCL
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SEQ I NO:61
Nucleotide sequence for Fv43D, GH43 family enzyme from Fusarium verticiilioides

tgogeaagacacta

acgecatyg
jcgtegete
aagaacggeaa
gocholctecaacaay
-cyatectgetagetatyg

ttea ‘bLggtagga
tatcteoct
atccthccc

La,aﬁaf

L(\ W”‘a\AV\.A\ LR

carn

*gagq»auabcipd*""' et
dfqu,pU\qgvtlQQCQ”C38MQ'TjLTCv

dagoagaggacasts
ictaccteatgtactetace JdLLvadag
*ataccta(,C.agggcaaqfw't' bt
aagogacagtgytggtig
sycgacggaagatetggtatyga

acgcatggasa
gaaaggattatct
,L(Elt}.@] att

SEQ ID NO:82
Protein sequence of Fv43D

; : cgklwvyoshdieanvvngtggagyam
rdvhtysmktiygkdpvidhc vowakggqnwapdaavkngkyvlyfpakdkdeifrigvavsnk
psgpfkadksw1pgtysidpasyvdtngeayliwggiwggqlqawqdhktfneswlgdkaapngtnalsp
giaklskdmhkitetprdlvilapetgkplgaednkrrffegpuvhkrgklyyimystgdthflvyatsk
nivgpytygokildpvdgwithgsivevkgawwlffadahtsgkdylrgvkarkiwydkdgkiilorpkl

FIG. 63
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SEQID NO:63
Nucieotide segquence for Pi43B, GH43 family enzyme from Penicillum funicuiosum

3CWaahchttt
cattcggtac
ctttcecygge
geccagatgttt
1caaaattataa
goaaacactgegttyg
teccattaga
tatacaaaatt
ot ?adudaQEQQLQQqu

coggaccetttoatega

,tacg:cfﬂ'qfttthccctc

fvaccqgaaggaucutucgcuc
gatgoeaatggatttattgacaccys
accacacatectacc
iCCOO”HQ‘V tecaactcattgacega
CLoctoteraatggaatctactacctcagrt
cgoctatgoetegtegattactggtocty
ttactggaaccgagactagcaatgacgge {
ccaagatgttgbitecacy
gaggccagegatct

FIG. 64A

ractactacaacactaat
‘sa¢c11+ctq:qccttatg
: q+oquccqattt
Jogoggacygegaec

SEQ D NO:84
Protein sequence of PI43B

msrsilpvasvialiggaiaepflvingdfpdpslietssgyvafgttgngvnagrasspdintwtlisg
tdalpgpfpewvasspgiwapdvivkadgtyvmyfsasaasdsgkhovgaatatspegpytprdsavacp
ldgggaidangfidtdgtiyvvyvkidgnsldgdgtthptpinlggmeadgttptgspiglidrsdlidgpl
ieapslllsngivylsfssnyyntnyydtsyayassitgpwtkgsapyapllvtgtetsndgalsapgga
dfsvdgtkmlfhanlnggdisggralfaasitezsdvvtlyg
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SEQ ID NGBS
Nucleotide sequence of Fvi1A, s GHS1 family enzyme from Fuserium verticillioides

Lecagheaacatcaaygy
aggttggtattgacac
Loatggtggeatctac

tetatcetggetggagac
ctoetcooegtttecat
tactyggugaatggat

OJYnggdcitqgc
gtgetiitcragtac
coateascd caaccgte
gaacgtgaagociggaaagogeaagyccaaggagattggtittectecaacy

ancact

getgacclbeateogea

sctaacotetoce

gtca geaazagtacactggetetttetgygottaaggocgetiacasgegcecactttacagetett
thO&YCLﬂaidu(du(bdeﬁTQLCT(iQQCaq(JL‘A&thLa\OtC raaggecaacaagaageagty
ggttgageatc tocttactectaacaagastgococtaacageaacaacactbigectatcace

tahgaCCCQaa, tgagtaacaatcaaaactgggasgrgatgtatactcacaattzgtagggcegetgaty
acttcaaccteattagettgttecctoocacotacasy egeaacaacggtettegagt
"”a”DCLLL£vdﬁqth‘CCaCCUthaﬁqqtttﬁdCQtCubk atcgtgaacagte
1ACACCaACaAadac
stohggaactac
taauatcaqtl
EVQthQuC1

ﬁQHLlV

laagagectgetycgettece

,_aabtptfl
acegteatcteo
ctggaatcggty
;adcaataagtatgg
taaccttatgeet
aacgocegatogta
catgatceca
togecaggocac
aagaacgagyg
gtgtectet
Jaccaacaaggagaaggatcect
actotictcaaggecgaty
Lgagacoctcaagaagggaaa

ic:cgtt gtaagaa

sttygcgaggaed
ctatoctcaagaa

FIG. 65A
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SEQ ID NGBS

Protein sequeme of Fv514
JVvdsquﬂatsghquflhedinnsGdnﬁivaelirrr"fqy~PRJLW
_uuaL“v:mﬂvkpgkgkakeigflne dvkkagkvtgsfwrkgavk
s_renluddvigsvkvksk enreivltpnknapns
pr,j<~rKr"l1va geaiegihpslicrfpggnml ﬁthlkaUdJ{d 1
Livgvyaglsidgsvipkdalarliddaldeiafi-ory
cogwnsykevrfomfleaikkashpdlevissgasicprgkkdagfdipapyg
igdyhpvrepdvive fdnnkyghiigevasthpnggtgwegnlmpypwwisgvgeavalcgyerna
dripgtfyapilknenrwagwaltmigfaadsamttratswyvwslfaghpmthtlipttadfdplyvyvagk
nedkgtlivkgasyntikgadvpvslsfkgvkpgagasltlltnkekdpfafndphkgnnverdtkktvlk
adgkgafnfklipnlavavier kkgkpyss

FiG. 65B

ankkawy

yitydpkgadgaldinlisd
lrr‘oofoo vaath
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SEQ D NO:67, Nucleotide sequence for Cg51B, a GHS1 family enzyme from
Chaetomium globosum

atggecgecectttegettogggoaotat Lcacagygagccgecagccygegd
cgatogog atggcatcatgttcegagyga
gago gacaagcttgcatgatget
Toot aatagetecoctecaggects
GCGQ atcggatgcocctgectogoteyd
acga tac:qgQLaatg(acgtccata
agtata jbgqcagvt amg tttaccctetetetggt
;a;aaatgaganctg scaccacea qLQuagcafj ctggac
ttcraqcftbtbcvgauza ctggag

accagacggagetocagtte
gocgoogagagetecataygs
ctgtaagtgettecggogeaac vg:

goaa cfafgbtqgvmecvwctvge:

ffcfrrqa\ abtq]q qucq]

(elelels
caaqtacacccgqccgqacL;ch
t cotas Cgﬂqqqatcg gagct

atcatcatcyggagagtyaylye
accecaggtatgegac

caagtggtocaactggaleygeoloogl
cgggtetggggcaccazoo

Luudgadu

acatacataccgceacccce
aactacctagctaacc gCLopaiadupdifCM
accacgac CdngTCEI tacceyg

2
(i8]
{3
0
[ie}
(‘f
r‘V’
[\}]
]
¥
)
A
(i)
LD

atgtaccggtgagyg qtq:aatt_q

C T
qqtg?tjjtgitqqt~qbqug L Sisfetate ctngaagqqqmqqut“’aqgga,gg
Jagaggagggtggtgagggtytyaad cg agftqaCthqttjacqchc*gj Tateley
geoctgggogeataatacgocgga aagecgacagtgacgacgttga: ; g
agggotggggtgtttgagtitagt Gtggcggty thq_qqtqgcqng~aﬁaagt

za
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SEQID NO:68, Protein sequence of Cg81B

laltgaaaav
vvitsaplsdalprsviky
lattkiksrsvehawtsah
tadlkpsflripgonnl
hwaedldvevvlavaaglylngdvves ] ; kownikiv
vgnednlwggldsyvksyrlk L+V13LKaerﬂ*b*l Fvykesggdy ‘Lrpdvcvsqfdlfdn
wadghpiiigeyatignntgkledtdwdapknkwsnwigsvaeaviilgaerngdrvwgttfapilignin
sygwapdlisftanpadttpsvsypiigllashrithtipvssadafgpaywvagrgaddgsyilkaavy
nstggadvpvrvgfeagggggggggogggagdakgkgkgkggeggegvkigdragltvl tapegpwahnt
penkgavktbvttlkagrggviefslpdlsvavlivvegek

FIG. 66

vsaitne

+igol tf‘]rn

SRORIE RO B!

aflimgdvst

SEQ D NO:6Y, Nucieotide sequence for Fvd3C, a GH43 family enzyme from Fusarium
verficillicides

ttVLLquqciaba rgtaa Tyt
tagt qquaatadtpcgtutq

1auaqtat<quq_quqq quLq itcatee
ttetgatgaggagattgteagesacos
,ngTdLP dkbng:wudwf

tggacatat
atcaetcaaca

gtataatasg

acceeattggac
cgggacataacte

SEQ ID NG:70, Protein sequence for Fv43C

nrllefpahllvaflilleass]lal shrdspvipglwadpniaivdktyyvifpttdgfegwggny
fywwkakdlvswiksdkpfitingtngnvpwatgnawapafaarggkyyEvhsgnnpsavsdghks
igaavadhpegpwkaqgdkpmikgtsdesivengaidpaafedpetghwyiywgngvpivaelndd
mvsliagwhkitglanfreglfvnyrdgtvhliysiddigsenyrvgyvatadnpigpwiyrgell
ekdeskgilatghnsiinipgtdewyviayhrfhipdgngynrettidevpidkdigl fokvipt]

agav wv\rr 1
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SEQ D NG T, Nucleotide sequence for Fyv30A, a GH30 family enzyme from Fusarium
verticiiioides

gacygoeote

gega

aygetiateeat [CaCldaanacey
ybLtageaaaca
atgaagtcageo
agacaltcegttacy
tggattcect
atteoctetteta

igtecaagggecttgge acatcggttggaagt
caagelggetgagetitgaggtggagac Q;atcva ubqupdtcacatccva
yLocgagggagetgee

G Lgggeagtoa
Lgagaccaacaa
tltetoltoggeo
ttuggcaagata
quab getge
ggatgetgay
,,cvcmgtg;avgng
ctgogeaatotyge

Lgatg

,JJOqLLCdCLLJU
cctetectactacaage
ygcteggactttatgeteteaact

ctat

cgagltacteeage qucvbdaVCJgchai4aupwptacabtacuaa¢u
accaggeatt Q“CJ» gegtggtacgbcaacgyoeggltioccaacy:
sbcaatgecgaccteteagegtatatetac
colboacgtoatcogacacggacgglaccaaghiiacd

ccabatt qcbbiqg goge

atajauvftccacttcagc

cacaacagraaaaagciras

Ltaaccacacctltgacte Lcaacagcactotegacegee
cagactacctetgtagtigaglecagecaag:y _gaaatacoecebgtecece
ctegaagagtgetee ccactacgaagaadgyy
aggegcatagtgectactecategteyg cogecatggdagltacegtegtgyge

FIG. 68A

oot e
cCooactas:

celtaal

agratorcaag

raccaactad

SEQ 1D NO:72, Protein sequence of Fv30A

rvseavghakgfgnligp:

pakegldllintttg

<

nifsiv L,-diqaul~ gdtsvivdisgklguidgt
i sitstntdnpdkgavyhfdgd ~qaqsmg‘

vy J vQ*l‘ gdgsd£ wlabanﬁaa tvipillhsalgskglgdikmtocdnigwiosgnd
ytaklaei;vek§ wtgnwr°”~fn0pmfv 1 msegaandgafatawvvnggsnegitwavkiag
: tﬂnkguLQFVLd ol sgvvgdtivy

Legtpgvscessgdwrhryvemi

Kii f*akﬂﬂmv
kgsskuanPkg#
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SEQ D NO:73, Nucleotide ssquence for Fv43F, a GH43 family enzyme from Fusarium
verticiliivides

]

ggaaactcctegtcageggtet

. Cctcageggogigaacgotgott
accctggtoccgteacocgy tacto

1ng‘TOLCdaC1LtLLLagCgu
tgatcgaactgettgya

acaagaacctetgggooo

cttgotggctecatactggegataald

Jgtgogoo
aahcgcca

aCdeadOgg

ctgttitecceas
atatctcctacca

ot o
tacctc

catccaactogaccoccaac

! "11gqtigganjqrc_ E g 2 J*:
tﬁo*g?aqq‘anjq gatt arq; T o catggaccggyacataatc
gataacgatgeggacgttctigtotateatiactac <Mahgbtggbabagcgctgt'

FIG. 69A

SEQHID NO:74, Protein seguence for Fv4d3F

fgsfwsg

vcsdgkww],f gikl

sty flmvsf, ceggaastyrvavgressity

@ngaovlz hvvdnagtalleinllrydngwpvay

FIG. 69
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SEQ ID NQ:75, Nucleotide sequence for Xyn3, a GH10 xylanase from Trichoderma
reesef

atgas ctectggecococetggtogaec aaccatccace
Leogac quvgbmudbCLCQCLgajbg 3G
ctelcas ) 2 jetatact ACCYATCYCygye
cteeted 1 ‘; Lcgeggecateatecaqge ot 5 Lgacgecgyagaacagea
tgaa gtcaactt

Lgceoc ctgoegtgggtyg

acogocaaqe

~

facgcqgccacuuvctgatc
ctucggeaagtecatcogoact

aaca
aczag

ctolt

cclbegyegaggagtitgteteogattgee

A caacgactacaatctegacogegocaac
cteraagtggatctetcaaggagteceat

CL*ﬁ?Ldnggvdaqg»tL

atcagtgacaagol
t ZaLCda‘thOﬁQ“ agcaacaactg tectgtbetittacctagy
gtgocagcaccaaccctettetgtitgacygceaacticaaccocaagecggcatataacay

ycatottacaatag
FIG. 70A

SEQ D NOI76, Protein sequence for Xynd

mkenvilecllaplvaalp hidpelaalranltertadlwdrgasosidglikrkgkly€gtatdrg
llgreknaaiigadiggvtpensmkwgslennggglinwgdadylvnfaggngksirghtlivhsglpawy
nninnadtlrqvirthvstvvgrykgkirawdvvneifnedgtlrssvisrlligeefvsiafraardadp
sarlyindynidranygkvnglktyvskwisqgvpidglgsgshlsggggsgtigalgglatvpvtelal
teldiggapttdytqvvgaclsyskovgitveglisdkdswrastnpllfdanfnpkpaynsivgila

SEQ ID NO:77, Protein sequence of Xyn2, a GH11 family xylanase from Trichoderma
reesel

mvsftsilaasppsrascreasevesvavekrgtigpatgynngyfyvsywndghggvivingpgggfewn
wsnsgnivggkgwgpgtknkvinfsgsynpagnsylsvygwsrnplieyyivenfgtynpstgatklgev
tedgsvydiyrigqrvngpsiigtatfygywsvrrnhrssgsvntanhfnavaquglitlgtmdygivareg
yEgssgsasitys

Fi

71A
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SEQ ID NQ:160, Nucleotide sequence encoding T, reesel Xyn2

T TCACCTOCOTCCTORCON

ATGOTOTCCTTCACCTCCCTOC! GCOTCG
AGGT f\;mrc::um:;c*”cr:;;ufx GAAGTE
CTACTCGTALTGGAACCATUGCUACGH
ABCTGGTCCAACTCOGGCARCT
ACCTACTOTTACCCCO T GACC!

COOATOTR AL AT
CGGATCTAACAGLT

COLCOATCTCOCOnG o
A N

STGGCCECTCCTGLCGLCe

SATTCAGCCCGHCACGGLUTACARCAACGGLTACTY

el ¥alal
COTACACCAA

Aa

Lozt

Tslalalalaialalal u'rlr'v»u']r*(".

STCOCGGUEGETAL L

C AAGG&ZML,flf\lAL—;-i,\Ti,\ SGACCAAGAACAAGTAAGE
.EA“‘ CAATACAACACATGY .%’l’ &,CA&"“CA”F B,
- COECARCGE

A“T\ 1¢‘ﬂAr‘T
CEAGAACT

AISUTSIaI o Al¢ COCOTOATCR
SGTCCCGCAACCT Clz
PO AT COACGOOARC GO A .
LLAL CLACGLCAGCGTCTACGALY

OIS P T ~
AGCTACCTCTCCGIGTACGECT

COTAD

n e g
ACTACATCGT

OGO

N R Y

CAACCCGTUCACGEGCGCLACTAAL .

el et N elarelaletit N COTOCATOATC Neclo o v

ACGCAGCGLGTCAACCAGCCGTCCATCAY ol ACTGGETCCE]

A ACCAC OGO TOGAGCGROT \\;\*/\7“ ACCACT TOALCGOG CLGaCTCAGUARGECOTRA
RAWAN N NT v i BRSPS Nk AL Tk

CGLAACCACCGCTCGAGCGECTCCE
L'CGGGA"GA‘I GCATTAUCAGATTGT CTTTAGCTCTGGCTCTGCTYCCATCAL

FIG. 71B

Mellele

TalaraUtIaral
,Eufw\)‘

SEQID NO:TE, Protein sequence of Bxl1, a GH3 family f-xyilosidase from Trichoderma
reesei

mvnnaallazlsa 1ot nnivedssagyv

erzgalislftliesliin ¢nsgpgvpr1glpnyqvwnaalhgldxanfatkggqf@watgfpmpiltta
alnrtlihgiadiistgarafsnsgrygldvyapnvangfrsplvgrggetpgedafflssaytyeyitgl
gggvdpehlkvaatvkhfagydienwvnngsrligfdaiitggdliseyvipgflasarysksrsimcaynsy
ngvpscan%fflqtllreswgﬁpawgyvgsdcdavynvfnphdyaanssaaass ragtdicogr
xvsrogeiersviriyvantvrigyfdkkngyrslgwkdvvikTdawni syeaavegiv
gtlplskkvrs1a¢1gpwanattqmqgnyygpapyl1splaaakkagyhvnfelgte1agn$ttgfakal
anakksdaliylggidntieqegadrtdiavpgngldlikglsevgkplvvlgmggggvdsssliksnkkv
nelvwggypggsggvalfdils gkrapagrlvt tqypaayvhqf?qndmnlrpdgksnﬁgqtyiwyi' gkp
vyefgsglfytoiketiashpkslikints phpgytysegipvitieaniknsogktaspytami fu
rtsnagpapypnkwlvgfdrladikpgd MJ\J 5 ,mp salarvdshonrivypgkyeliain

hilnesfvag

relvqee\vrﬁ enwpleaggikdatpda

FIG. 72A
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SEQ D NO:159, Nucleotide sequence encoding T, reesel Bxl1
gocy *hctqfcng:ctCW”qcccai

g rqegragaacaatce
"aqqgccaqcc—

~cacgetcacact
cggetatgta
cgoaasactogygce

ratectetacece

gagcaatotogt t@tcactcatcgqc

g

tggaccygcyc
tcactacygygcy
at--aqcaacw

cangggeatc
atacgacctcy
:;adtdcfa
acgeag stecgte
._aquf“ﬂthﬁt cagacqct +m
ghf(ﬂcgprtawa‘cqtt

gactacgocageaa
acttacocgtagg
accogtotgt
*arthqu raga tggaagygatgt
gaacgat

catctacetc ggf CUBCaACADTS Gaacagyagygycy
‘gqtdatcaqftqj oLe tggeea
1gagoaacaagaaggte

ancatt“‘ ctggca
coagaa

gocagtogggagyogt

.guLcaccactc;qtdcz

Cacoggadadcco
coocadagagee
gqudUstCCth
*ﬂtrtqtf

(3 qC‘.CC("‘

el

:caagcrcagcatcccaﬂ;

ttghataceocogdoaagtatygagotagecttyg

acgaagaggtaacgattgagaactggeegttgas aac d;d*”dd jgat g”td

FIG. 72
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SEQID NOTE, Proteln sequence of Balt, a GH3 family S-glucosidase from Trichoderma
regsef
mrvrigaslalatopfaradshstagasacavvppagtpwatavdikakaalaklnigdkvglivagvgwnyg
gpovgnispaskisypslolgdgplgvrystgstaftpgrgaastwdvnlirerggfigesvkasgihvi
lgpvagploktpgggrnwegfgvdpyltglamggtingigsvgvgatakhyilnegelnretissnpddr
tlhalvtwpfadavqmnvasvmcsynkthtwacedqythtvlkdqlgfpgyvmtdwnaqht tvgsans
gldmesmpgtdfngnnyly ¥
ktnvraiardoivlikndanilplkkpasisvvgsaaiignharnspesendkgeddgalgmgwgsgavny
pyfvapydaintrassggtgrilsntdnissgasaargkdvaiviitadsgegyitvegnagdrnnldpw
hngnalvgavagansnvivvvhsvgaiileqgilalpgrkavewaglpsgesgnalvdviwgdvepsgklv
yt;akspndyntxlvsggsdsfﬂeglf:dykhfddanltprye&gyglsyt<t:ysr sv1
gavvpgapsdlignvatvivdiansggvtgaevaglyitypssapripphol
nirrrdlsyw gsfgisvgassrdirltstlsva

FIG. 73A

SEQ D NO:86, Nucleotide sequencs for PaS1A, a GHET family enzyme from Podospora
anserina

gpalt gvptsrvddmvtrilaawyltogdoagypsinisravaggnh

atgatooac

thjftjj ghLo Cigan

2
1
]
W
r,u

e}
{3
e}
o3}
O
(.
o)
(9]
ct
O
O
_.g

trytocaagte gggggggaat G agygatatcas
CtCCUﬂ”uaCCﬂ'gqcat@taCQquaiCtaatCtCCBi gvquVbtccaajg Jtgagaagttce
actgg ] ©

chtqq gcta
1 -

Dt O

2
ot
g u

te)
A

G

gr

aaﬁqg_qqqaqLaaqﬂaqqqquaqu
acaqyaacaacabctttqttgtjcaobﬁ
dgct cgttecctocgacatteass
ragctcaagecgacottettgege

O
(‘1

ot
~
M’ ;1)

A
e
w
fe

cttgg gyaagtggtacgagaceattggoa:
CCAgraasaceo rqq:rtqqgth* g Sgagt
gtctt

ggoct
cccgog
tegat
cygct
ageac
ggc

*T“qga gk”}qu““rhg

tgtetgge: qccqqcaaqccc
Loccggaaagagega agycrgeeygtct

gththfggaqtttq cggtigoca +

rgatecgtatggatac: caatgttgtcaag

cqaaang nga ggcttgagtotty

gaaagggtaacty

ﬁ G ?3
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SEQID NO:81
Codon optimized cDNA for Pa514, a2 GH51 family enzyme from Podospora anserina

oy ey
doeoda

gcac:aqqacatL
agegagaagttecec

Y S

,'qux "_",‘ + "ﬂxik:f({»

cc*m*ﬂic,Uccvgtactccgtcaacgt

aq%cgrccthccaacccci_?

./\qc

u\aa~+qaa¢cqagdcqqaqt1"qaq” qql

CGCCCCCaacaygc
zaccteate
agaccatggtc
;caacacctqqtu

bLuaJoqQVcacaaqaacgq,
-trocecggeyggeaacat
,dta A aubuhcqwcccv,,quoqacVQuhk

sgtogagtacatggagt

1CCL+CCuCCQCi

q,wp./

caccggegacgocad

Tofeleletnty

gaagotcaaatgggtcegs qatp Jgoada
o : ~gat
queagecectecateticgs aacatgaccatt

CAACTHCCY

gocggtgaceac
rcageaaggacaacgtecacecteattggad
+g06*@cﬂ10g&‘ﬁaﬁ

acccctaceteaccocogacgaatt

goegeecagea

ccageghbogecgaggecatetbceteat

cggegecacelLacged
thCEQQLQ(awxvtbQLdede” g
ttctacqtcgctgc “tteoaaggeegecgtat

ot

ccaceticatcaagyge

Jc
}

o

#AUgUAaagggCaagy qtaaqq,

icctcgagdgcqccqvaccgtgq;qqqtqq

FIG. 73C
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SEQ D NO:82
Nucleotide sequence for Gz434, a GH4Z family enzyme from Gibberells zege

*‘tathqaaqttquC(tca
\%tcactaqtaga ggaectygc
tcatgacategatgotggatt tq\ qCC!
tacteotategacaagatctacogiteootgooggicgatcacyggtacgycectgticagtggaggatgter
cotgggectetogaca “tgtqq&€?€“**"“qctgc:ca aagadacggcaaatactacctatacttecc
tgdraa gacaaguatgatatcttcagas { ctoacceacecceggocgyaccattog
cocogacaagagttggatoocteacactiicay
ﬂ“*arftqqka gqqqtqqtmtﬁi“ﬂ

<8
¢

o+

_tduq&wdtjﬂjajdL Etetar:

ot

agtttcgtecgatgatgatgacagag

Tels:
gatggcegyataay
cagattgccaagce
ad gauwgqﬁ.—wcc
caacaagatttact:
vtat{jtc:ttw.

CxCxabtogbabaacc
ggcagaattctgygage . 8 :t cteact cvag
ggclaftrtatcacqct gc gadatotggeaagoactat
gtacgatagcaaaggas

ctt

SEQ I NG:83
Nucleotide sequence for Fod3A, a GH43Z family enzyme from Fusarium oxysporuim

9“(*:fc1qdautqug qLhca
sgacchtehe

'qqufa =

atg gqq(
gtac ftCCCFqccaa Utfgﬁtqtﬁtc*a
cetttecaaggocygdces atcgateoctgoet Mg

ataacgagucc TdbCL‘ﬁtC,QgQG@
cttrtaacgagtegtggat C
asgcrtaage adqqacafgo“*“aqatC’
geaagectetteaggetgaggacas
getttactacoteatygtacte
gugtocttatacctaceygyygyc

agtatzagggdcagtggtggett
gaaggegaggaagatctyggtatgad

aQCT’“%dJPLT’

ko)

kS
Q

ggoaccaatgocot
*atctcgtcatfcqu
gagggooottgyga
tftabqvfaﬁttb

g qtq&dpfihtcgrg
iwcrtotggtaaggattace
cgtocttag

w w
[
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SEG Y NO:B2
Nucleotide sequence for PIS1A, a GH51 family enzyme from Penicillium funiculosum

atgtaccggaidgchogeoghgatoa
agagcggcggcaacaaqaccagcc“qcLx

cggoggectotacgocgagelygie ngqudgcaccqtctaccm
gacggctacgapfgqqf«~4ﬁjqccc LCEC Aeler:1s ﬁt“%ﬁcaAf:rqctr*g*
tgcectegtogotgaacgtegecaa 1ol UwqcttCﬁcca%"“ac
gggeategaggtcasgocgcageggtas cgtecagggegactacc J(’
gacatcagcntecagagraacetcaccrag Togogacggegaaggbeeggtegayges
acgaggactgggtceoe Cgaagaaggecyccagtaatactaacasd
CaceE fgacwttbqqc: & Jootoe '.A'ML;. %dbftfadblt“fbmgc
cogacctacadacaace !

agtteotoecgetteoecygygey

gaccgteggegacchcaagyga gagoege ﬂfcqavmracgagqaqaqvaacgb
};ﬂ”t@ ‘cuaqtacatqaacT ggootol cegetectogcrghehgggacgygcee
ac = +

tacctecage ;idu/{nqgl‘ cé
C"ajtfp0+0%qu0‘ﬁc fele

otocago qududtﬁqd
Jutot fﬁq%ngb ”qcct:@;

ij&iCCCt(* aagc

ggavc;tfadbfarngQ\
Jdccoggrtocaggecta

; qu'w/ﬂrwg(

cgagatgoooggecocyctgecygegga ¢ CtaCCaC““CTi“t(]dQQV””\H
cagttcasctacticgaccagatas teac accgcacgctq:acqchdqatcgbcaccqb@g
CCaacAacocgage Caccogtgygt gcatcgcqtccgt

ggctgaggcagteticotc qcccqaagatcathgcgccagc aogoeoes

atgttcegcaacatt delotefc)
cotegegetetacttoct CaCe PAq Qg(tg CoET

o

ﬁtqqtcthﬁggggn

i 3

atgttcaaggooc

guhogocggecggaacgacaacacoggeageaac
*"N"OGLUACff‘;:‘gﬂtcgﬁcqgctaca

slatelototelotelatel folei

<]

2Ccaagagcy
gotegtcaagace
ctgtoggtggotygtyet

qtf(agrcf cogaac
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SEQID NO:83
Nuclelc acid sequence of Pa3D, a GH3 family B-glucosidase from Podospora ansering

dvrbhcdgqu goo q
pfgqupdgmg4gr

dO“U”gthLftd ctgi Jeogs . @c‘tt'qﬁ'
{ :cfgqgh*agatfc:ccacggc%gt:gcaactgqqa*q atttgngCCﬂhCLCC”L_,
‘Cdtq%agq~;: spclet Teagt caggegt

.WYQQ1fqdpFJC;PtPaJ

s CgaacAAgAYTT
T

Letggeoettnge cagegteatgtgeagtta Jeoea
Wqu cacgtgggetzge gatchtgaagaaggayotoggattesaggy
ctacgttcteagegact ‘*gfbfgctda agtyggtetyggacatgact
atgoccggtacegatttcaac geoctcaactgaacaacgetgteaasgecg
geoaggtteagaga Tp@‘q c tggctggtacttgetogatca
gaaccaggyctatooccgecateasc ~ataaggagaacgtacgtgct
gtf agdgduqﬁﬁ’fuqtcttGC

goe
gt qtngCTC”CaCTp

gqactcgtqctc‘-gck
"aﬁgttqfqtﬂ TGACTCT

Tgocgattotggt
acaatyggegaccaactt
agtgttggecagateaccotggaga
gotcttcogggecas q%q%atqgvu,
! 3 ! saccattgocazgagy
agcegtty cgatascttcags a,gﬁcftftrgftq
o ey ggtotttgtaagttoesa
gettacacoaatttoacc r*ﬁtr:g
ascatteooggeggacehgecys
getgtegagggegetgaggtigeccayot
aagcagotgogtggattthccaaget
cgcagagateteagetattgygga

ok
ot

"”dafqrvdgq quAQbC”C
ttgatttcaagetttoot
ttccaatgtcaanCQC
ttlpqa”‘qt”d”
cggectgecgtoc
Cccqggtgucagpqgc;,'L' { tcaga
caqaactaggtcg'qpbcag(gﬁbdvvy“‘J~ o
cgggeeccatcacgyeygt

.f

g
t
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SEQ 1D NO:B4
Protein sequence of Pa3D, a GH3I family P-ghucosidase from Podospora anserina

malgtffliasamlanaettgekvsrgapsyagavaaahsgaasatlarmsggdkinnvtgigwdrgpovy
ntaaissinypgiclgdgplgirigtgttaitpgvqaastwdvdlivrgrgayligasakgegihillgpva
galghiphggrowegfgadpylagianketiegigsagvganakhyianegelinretmssnvddrighel
yilwpfadavhanvasvmesynklngtwacendkalngilkkelgfggyvisdunaghstalsansgidmt
mpgtdfngrovywgpglnnavoaggvgrsriddmeckriiagwyl lggnggypainiranvggnhkenvra
vardgivllkndgilplskprkiavvgshsvanpgginacvdkgonvgtlgmgwgsgsvnypylivspyda
lrtragadgtgislhntdstngvsnvysdadavvvvitadsgegyitveghagdrshlidpwhngngivga
aaganknvivvvhsvggitlietilntngvraivwaglpggengnalvdviyglvspsgklpytigkresd
ygtavvrgddnfreglfvdyrhfdnariepryefgfglsytnftisdikitsnvkpgpatggtipggpad
lwedvatvtatitnsgavegasvaglyiglpssapasppkglrgfskliklapgasgtatfnlrrrdlisyw
dtrlgnwvvpsgnivvsvgassrdirltgtita

FIG. 74
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SEQ ID NO:95
Nucleotide sequence of Fv3G, a GH3 family B-glucosidase from Fusarium verticillioides

atgtttoecticticc

N NEE

,vu,dacacaaat

gactgtgtttag&agaagctQQCGdcqg

teatgte 1ACC dvduv\cdquLdp{a"aqu” getgagoocaaa
geaeaaqge Jggecgagta ac

qqqcatgdag “gheyge
,tcaaqaqcaqaaqaccc@,oqx

actgqqagqqqtut;

] 'ttqttgoa"gcggauaagwst

vpactqqqqctgg.;' 1beTcateas
atcatatettagge

;dacacccgaactqqqcﬁ1" ~egoet
aacagagcaaacaatt ’:ecqcctqcc
thecagggttttgtegteteggactgygas
{ yteatgeccagetegatetigt
,(:cgaqﬁcacaqqttqacaw gyt
actgacaategtgtaggetoectitgecaactt
cggactegetgecaagettbgygagecteacea
%CC{dLidi“foQquthLd*+

- L uk\«k\x\/
age ddihiqqtatq Cttoagad

caaccttaccctigotgtos

JgiLca

ACgCaagoLely

Ccgagggceat
Lgttoggatactetc

ttaagaacaceas cgeacls Licaggoecaacatgass . !
't:CJdqud\qtkptbﬁq",tqgt(tut(qg
cte anddultqdqtb.vataia?t\FICC

‘cigCCdccch qqdﬂ

]

e
gecea

acaaagetedctc
atcocgocaacat

cecaacggaaccateatotegggt

gagetygaacotogy

o
ACoT

ctacatotygs
geaacctatgatygaect

Lt ,tcacaatqctqqaaCh‘cck

e
R

cadac

C;Atq7h“a,wn;aac;c;
tgctgaagecagactigacic

iC?LC&VL,deV\tTLCLQdQLQVdLEI cattgactaccgaca

“qatgctaaqaacat
getagtetcecagateto éaaqfc Helete:
geogtteage f{tqt”'qdn
caaguaggttgea
ceagetattaagy
J{,'tddL“PQhoqq qucaacr',
“geaaagtacettgages

gctggtyge Cttuc”oa"qaq
gtcaggaac 3
bzaqacagctacqtgqc;;

yettactegeogegactigaglgiciggy
gutatetacgtt cgaaglagtcegaga
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SEGID NO:96
Protein sequence of Fv3G, a GH3 family P-glucosidase from Fusarium verticillivides

nfpssisclaalsimsggllagsgpenvitddiyivagsppvypthtgswaaavakaknlvegltleekv
nlttggatttgesgfipgiprvgipgleladagngventdyvssipsgibvgasunpeliysreayyngas
akakgvnillgpvigplorvveggrnwegfsndpylagkligheavagigdagvvacgkhilagegethrl
assvigadaissnlddkilbhelylovmesyarannshacguskllngllkgelgfggfvvedugagqgsgm
asalagldvvmpssilwganltigvnngtipesgrdnmvtrllatwyglngdgdteapghglaaklveph
pvvdarnasskptivdgaveghvivintonalpfhpomkivslfgyshkapdhnipdpaggmisawsiga
gsanitelnlgflgnlsitysalapngtiisggysgasawtlfsspfdatvsrakkegtaliwdfeswdp
yynptseacivagnawasegwdrpatydaytdelinnvadkcantivvlhnagtrlvdgfighpuviail
yvahlpggdsgdalvsliliygdenpsgripytvarnetdyghllkpdlitlapngyghipgsdisegifidyr
hfdaknitprfefgfglsyttfeyaslgisksqagtpeypagalteggrsdiwdvvatvtasvrntgsvd
gkevaglyvgvpggpmrglrgftkpaikagetatvtfeltrrdisvwdvnagewglqggnyaiyvgrssy

dlplgstlisi Fg@' ?ﬁ
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SEQID NO:97
Nuclestide sequence of Fv3D, a GH3 family B-glucosidase from Fusarium verficiliioides

atgget goggy fqtcaatgcccaagcc;
gaa‘abCactwttcttgqa &

aqtqacrc*ﬁmqggtq
aaggctcaaaactttgtet
ttygcgte gqca‘catfq
ctiogod tccqaqtagca‘a
ctoctectaccagoged

1()
%
dooWwoul
9
g
1

4,3uabaatqct;c
coctogaggaszaaggccgacetyy
cecgtoteaacttcaacggtetetgoet

a Tcececgctggtgtatcagacgote Agoac g
t'ggL caagagt : SGUCCCCgLeygC oy tc_tuttgj cgoto
ggeatactectyggtegtas oF; cecttacctcact ggtattchatq; Fgag
acta :cafquacatC“?gat ct gogaagcactttat bvgtuatq:oc
teatgcgaaaccetacttttgtca gtda Tt

cttt

cat gdt@dquddCcathanau
agcatguatgtygctegtaccagegta
ttotgegtgatyagettggtttoea
fg Ldt&uuhdgbgthtCudCit
cttoettogycggcaacctoarn

goot jbvaqaocfcaa
cagattggggtgccac
taugaqtqbbtabgc
[ofe

cchecgacgaca

ygcac
Tgatca cbgpafuatq“ctccctaCF‘ JOLC aggacaaggactatcecc g
cageggtygatotoaacaccticagecoraagagetectggttocgogagtcas cctcac:gchagcgc
ageg jodbgiLLngqthCLG( ol cgcaagoacggaogoeaogagtctaccs ok
agad cgaydagaacygcectboooe caagtacatcuchghat
tatcactgagggtticlaca ast *qfagrgrtqffgctq~f

atcaztgctecgtigotaagecaga:
caccaacgtcactgateteotggatec

Wl
@l
Q

actggtcgtttga;
tigttcageagtygalyaacaacacl
tocoogetgtotgoctegtt-tetiga

N

e

‘.

ke
o

[t
>

Tgagcacoto

gactgggacyggtaatgatg-tgtt agtactgca rZaLa“tthchchbaul
cttoctggtatcaacactcoctzectt craacgtcaccgectatictogetgooccantioon
oggtcaggagtctggecaacToootoy tCtacggogatgtcaacocctoTygteytoiteoe
tacaccatcgecttcaacggoaccgacac ccococaccactgecglteaacaccaccggoaagyg
aggactggoagtotTggttogacyagaagotegagattgactaccyctacticgacgegeacaacatord
cgtocgaetacgaatTeggetteggtototoctactoracettogaaatetecgacatetoo
ctogeatcegacatTacctoccagooor toooegtgeagoeccgygeyggeaaceoega
agaccgtotacaacgtaac cacgggraaggtegacggeyetactygt
atacgtgacarttococgac accacccaageagetocgtgygytte
ttcottgagge gq¢ getgatgcegocgtgatetgaget
tcatttctcagaagrt: actattcgtuttggattcageay
gaaggaggagacaaa
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SEQID NO:9B
Protein sequence of Fv3D, a GH3 family B-glucosidase from Fusarivm verticillicides

magirsvivsgllaagvnagavdasdraedafswvgpknttilggyghsphypannatgkgwedafaka
gnivsgltleskadovigtpgpevanivaiprinfaglelhdgplairvadyasvipagvsaasswdkd
llygqrglamggefkakgahillgpvagplorsaysgrawegfspdpyligianeetinghgdagvgata
khfignegevmrnptivkdgyigevdkealssumddrinhelylwpfanavhakassmmesygrlingsy
ascgnskvingilrdelgfggyvmsdwgathagvaainsgldmdmpogigaygtyftkef fggnlitravt
ngtldetrvndmitrimtpyfwlggdkdypsvdpssgdlint fapksswfrafnltgersrdvrgnhgdl
irkhgasstvilineknalplkkpksiavfgndagditegfyngndyefgtlvaggysgtgrltylvsp
laainarakgdgtlvgguwamntliatinvidlwipatpdvelvilkiwaseaadrehlisvdudgndvve
svakyoantvvvthssgintipwadhpnvtailaabfpggesonslvdllygdvnpsgripytiafngt
dynappttavntigkedwygswidekleidyryfdahnisvryefgfglisystfeisdisaeplasdits
gpadlpvgpggnpalwetvynvtvavaentgkvdgatvpglyvifpdsapagtppkglrgfdkvileage
sksvsfelmrrdlsywdiisgkwlipegeftirvgfasrdlkeetkvtvvea

FIG. 76
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SEQID NQG:99
Muclestide sequence of Fy3C, & GH3 family P-glucosidase from Fusarium verticillioides
Ltgggtegecgoagoecty

etataggtgotgot
X feRnRalzle
rcocttgtn antpqqavj

czotgacagegeagttgetetzyg
{ togtetaatenc
sgatcgegatcatitectecaettge
ACACAARZAACLCCCYA]
qocrgrc cttet
Ctttattogag
tgtggcggttgat
tcattatecticac
Cttgtygtcocaact
“qqq‘atctwa
atcaattccte

gt bqactugaw(aqhqvm
tgagagacgtcteetyatgy

chggacctotbggtogeactyc

atcococteas

ggcorogecacgocatyggeogaggee
‘thVMLVQ\d&ac”aqb&qqqtaaqc
tagagracttoegacagagtygcgagy
“,ﬁtbthfquﬂCvLL atgacaagactatgeacgagaot
u:bcggcqtvu catgtgctogtacaaccagate
cecaagetoctecaangy a;cc;caacqaccaeatqggcttccagg
cagcataccyggtys togetggtetegatatygay
Legacageggatacagelt : Gad getgtoatc
**qug gttgatgscatggetoe catQCCEGC“ttcttcaaqmttg
| ct(cr““ ;ccc:budvavv,quqctL,qiqpo
cacgaccacaagagcecac
8 tCaagaacaoecaa
tggtgaccgtge
Ctgatcaccoce

rrgaccaacaacgaart

,cattgp'

aCT,‘gat“"L,t(, TG

t@aoqaaff(

3(_ja;3ggi,ct;ﬁgtcdq’“ ‘afjf clas aatgecgactotyy

ggrageagggagac

rcegtoggeoctygt
qcfgqtcttCF gJgccasgagsce
cggeaagql Laqcuc' yecgatcetoeeticacttgggge
ctttatgaggegaacaacggocgtogogetecteaggatygact
3 : gteacttegacogacgateiccaageaceygatggaaagageto
acaacacocgetgetecoteotetacgagttoggtoacggTet ctggtocaccthtgagtactet
: ,dqaagddlqirqaqaa~“ccrnctﬁtﬂ~f:“ ctggecagaccatoc
ggcaactt ag”aaqaaubtbdacrwctacgtgt“FCF::aﬂgﬂCGf”c atacatctac aaqtt
cgeragey ceaacgatgorgyceagttizggtaay
cgguLC“ﬂ:ccagcc?cqtcttcccgcctctggtq
Jtgy gtacace Eacacaggcaa
ttecccagetgtatgtoageote ﬁagaaCGaqcc”atbcqtqtabtu
aacat tqckokoqqcﬂaqaacacca*
coccagaactogygtoatoactgaccateocaagactgtetggat
qoyge gttggagtaagaadgecaaacaagegtgtottt
aaqala aqtdjbﬁjuqbqug Jttac

FIG. 77A
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SEQ ID NG00
Protein sequence of Fv3C, a GH3 family §-glucosidase from Fusarium verficillivides

mklnwvasalsicaagtdgsavalasavpdtlagvkkadagkvvirdtlayspphypspwndpnavgwaed
vakaksfvaglilmekvalttgvgwggercvgnvgsiprlanrglelgdgplairlsdynsafpagtiag
aswskslwvergllngtefkekgidialgpatgplgriaaggrowegftvdpymaghanasavikgigdag
viacakhyianeqehfrgsgevgsrkyniseslssnlddkimhelyawpfadavragvgsvmesynginn
sygegnskiloagilhkdemgfggivamsdwaaghtgaasavagldmsmpydtalfdsgysfwggnitiaving
tvpawrvddmalrimsaffkvoktiedlpdinfsswirdtfgfvhtfagenregvnfovnvghdhkshir
eaaakgsvvlhntgslplinpkflavigedagpnpagpungsgdrgcdngt laniawgsgtsafpylitpdyg
glsnratgdgtryesiltnnewasvgalvsgpnviaivianadsgegyievdgnfgdrknltlvgggdel
iknvesicpntivvlhtvgpvlladyeknpniteivwaglpggesgnaiadlilygkvapgrapftwgriy
esygteviyeanngrgapagddfsegviidyrhfdrrspstdgksspnntasplyefoghglswstfeysdl
nigknvenpysppaggtipaptfgnfsknlndyvipkgvryvivkfiypfintsssaseasndgggfakta

fdrieniapegsaifnagltrrdlsnwdtnagnwvitdhpkivwvgsssrkiplsakle

FiG. 77
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SEGQ D NO:101
Mucleotide sequence of Tr3A, a GH3 family B-glucosidase from Trichoderma reesei

tagggcagacagtoagtata

@agcaqctchcfgqcac tgeceact
] quqat tgtatectyga 1aa*caaqqxaqmcG
gaggcagtbgtaccteez jC ractooatggagas gfaxgacaavq
aqctcadvb_bua:q Laagd
amvauotbt quCCtPC“ajét
ta

a
tactcgacaggcagcacagectt
c

geoctoga cqbggg
gegaacgtggacagttcatey ﬁtg iggattcatgteet
Vtggu bgbyqqgaa qwctccqu gggcttegygtygte

*’caaﬂgag aqgagctc:atC"aﬂaa
P*tughgatftjPCJacch,
ataccachgchrfjcgan
atgtcatgacgga
gteaatgcectggeacagactica
tagcaa Cagqt CcCCcacgas
gaccaggcaggcet
aat*g cagggaccgcat Al
agcattgeegtgttggatetecegeaateatigygtaaccacgccagaaactege
getgegacgacggggocttggacatayg
taaqachcatcmatacca
tcaggcgeaTctgcadgc
acatcaccygyggagggcaacgd
tocaggeggtgycocggtiged
qcaqa*fcftQLtpt oletorets
tgogetegtegacgtygetyt
chaafﬁaCr“’aa"(tbvu

Lo Ry

<
9
]

Jat]

caacctggateoygty
gttgttgtccactee
tetgggegggtette
ttetggcaagetgot
“jabaq ttcage
agttcggctatyg
g ggaatgatag
ctgcgactyggygygce
‘at”qcaaacfc
cocecaggaccceete
graacygttecaacat
ngtbgft1gqﬁ

]

[@ IRt I

aggc aqtqatu,gtt cajas tgt g
ggtge ;pagqtaglcbaq tytacatcac

a ttgccaagetya arctxwgg:~
jcLactygggacacggettoge

('" ‘Q

FIG. 78A
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SEQ 1D NO:102
Proteln sequence of Tr3a, a GHI family B-glucosidase from Trichoderma reesed
MRYRTAAALALATGPFARADSHSTSGASAEAVY PPAGTPHGTAY DEAKAALAKLNLOURVGIVIGVEWNG
GPC JGNTSE’ASKISYPSLCLQDGPLGVRYSTGSTAE’T?GVQMSTWEVNLIREREQFIGEEVKASGIHVI
LGPVAGPLGKTPQGGRNWEGE‘GVDPYLTGIAMGQTINGIQSVGVQATAKHYELNEQELNRETISSNPDDR
TLEE LY TR FADAVOANVAS VMG S YNRVN T THACEDO Y TLO TV LR DO LEF PEYVMTDWNAQRT TV S ANS
GLOMSMP 7D FNGNNRLWGPAL TNAVNSNQVETSRVDDMY TR LAAWY L TGODOAGY PSENT SENVOGNH
KTNVRATARDGIVLLKNDANTLPLRKPASTAVVGSAAT ICNHARNS PECNDRGODDOALGMOHGS GAVNY
PYWAPYDAINTRA";SQ{"TQV’I‘LSNTDNTSSGASAAR"’KDVAIVFITAD‘ECECVITVEGNAC‘DRNN&DPw
HNGNALVQAVA{;ANSW WVHSVGAI ILEQILALPQVKAWWAGLPSQESuNALVDVLWGDVSP$GKLV
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SEQ 1D NO:103
Nucleotide sequence of Tr3B, a GH3I family f-glucosidase from Trichoderms reesef

qocegtagetgaggecaatecotacocgectoe

gatggaccecaghtgotecagygety

geeta L:TC(”\J aq"tdaqqaqt

Stogotgyge

jcgttqqc
qggetocgagacanag

/\'(\/\V\(\ ot

caacceecaacggaggoecyta
‘ cggaateed
raagoacthcectoct aaCquca,' geatttocgccaggtegge
gataccccatcace Qan"“"q+*t;CC@aﬂt fie aagacgatteacy
geootteraggat cgtacaacca

gol
gecaaaactoes

slefelvte

gtacggttbc
tgeecggtetegata
,dacftqchqcttqctqt

atgagcgactygraggocea
gtgacaccegectieaacacey

vl

gqeacoedgtoccegagtgygcges

gca@abqqughcchtcu

=

sratelalotalel

Mrete! ,\,MK,L,Q:L&,d' ,'Z JCQ’(JQCC(;dC(‘,EitC}'ana

agaaqg

qb aaqqquf
;quvdttqqiqdqqath”4¢C"
gacggeactettgeratgya qtqngavﬂ,

reLgeagageecaggetelecagy

chcqh‘hq'b

ETerelo e Tole
ACCCLOCT

;cuicqutqp ygtgace
tacctogtcac
tgtceaactac

IR Re e ]
CLacdad

Teratele

[eZstetele; ctacgag

,ucthaccaacthqa

=

A

uccanCC(c

g oot or s
oLy

JACCYCaag yetgtggaagaacgy
Qd,pvdvtvquQQQCCFL
cheotggecagy
C C dpctqqfq
,caof“*ﬁﬁLpudvquc¢dvqucqﬂLCngduq

“thcaqct
ceancetoca

Lhtctq

;caauqctqttqﬁ”

gegtgy
ctgtec

gﬁﬁ@ 79A
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SEQID NO:1104

Protein sequence of TraB, a GH3 family p-giucosidase from Trichoderma reesef
mkitlsvfaaallaavacanpyppphsngaysppfvpspwmdpsapgwegayagakefvegltilakvnl
trgvgwmgekevanvgtvprignrsicmgdgplgirfntynsafsvgltaaaswsrhivwvdrgtalgse
akghkgvdvllgpvagplgrnpnggrnvegfysdpylaglaladtvegignagtiacakhflineqehfr
gvgeangygyplitealssnvddktihevygwpigdavkagvgsimosyngvansyvacgnsklinglike
eygfqgfvmsdwgaqhtgvasavagldmimpgdtafntgasyfysnltlavingtvpewriddmvmrim

iiplkkpkfltvigedagynpagpngogdrgeddgt lamewgsgtinfpylvipdaalgsqalgdgtry
esilsnyaisgtgalvsqpdaiaivfansdsgegyinvignegdrinitivkngddliktvaavapkti
vvibhstgpvilkdyanhpnisailwagapggesgnslvdilyghgspgripftwgpsliesygvsvmttp
nngngapgdnfnegafidyryfdivapgkprssdkaptyefgfgliswstfkisnlihigknnvgpmsppn
gktiaapslgsfsknlkdygfpknvrrikefivpylsttisgkeasgdahyggtakeflpagaldgspg
prsaasgepyggnrglydilytvtatitntgsvmddavpglylshggpneppkvlrgfdrieriapggsy
tfkadltrrdlsnwdtkkggwvitdypktvyvgsssrdiplisarlp

FIG. 79
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SEQID NG 10S
Nucleotide ssquence of Te3A, a GH3 family f-glucosidase from Talaromyces
emersonii, codon-optimized for expression in T.reesel

cageygoecytecaacygyoygagaacete
qgcgactgggcccagacctaccag

tycgeaacyyeetbectoa

3

acagccccccct:ctac*
-ccagttegtcagec
gaccgetyegteggeca
ggogtocegeqg

C‘COC&E‘LCtt&lﬂ'CCtﬁCC:{C

gotcacoo

caaccltcaccaccgeeac
;cttccccqgcctct"
_gecggegttaaccta
catgggogaggaacacogeggcaayg
tgcoggecgoaactgogay
auquﬂat uugﬁat:LLq
cgcccaggacagy
¢gca»ga'utaL\CuLth coott
caaccacg Ltkad.dacach;Lth
: . taggottecagggcettegtecatgacoga
CafCaCag;qNCqLqu totovectegecggootogacata anALgcbcggvadﬁay
COcqtbLva efstetole : jccgtoctcaac gqctcbwtrucngug watefe
'fc@quqCQ&LC ctacagogtocoocate

catooo pmum

goe :
gchttg““0+@ﬁau
qu LL(\C’-\rﬂr\(‘qﬁq‘
{el

cragaccaags

ctoogoe

;chcthQdcaa haPCPLPCFN
yLcacooocgagecaggecatocagogogagygte
L;acczacaxcchc:citdqbcquqaiJqPLJKLQP”gdCt

tCAacy aActCo

caggecgacacctgeetogte
ggcgaccgeaagaaccte
caacaccotegtegtettacacace
gtcaccegecatectetygggeoggtt

gecegegtecaaccocggeaagacoceocettcacetal

'poo‘aabquvaqu achccycudcq
|gageccgegacgactatyggegeeccteteat
tihcaccegaggocatetteatocgactaccge

jogeoeeoceageag

[olons

agecteacaacyggee
jotu QprQJcawqcaﬁauvutudhgccudtctac dQ‘LLQUAbeQJLbLLaqf tacaccaccticgact

i aOpcagiLcaac"tmsdqchubua@vu¢:ccrcc:z cageeeegecagecgettiacgaagaoege
ceagagetteggecage zatdelagegacaadetectacectagegacatcgagegegedoocio

aTel
celtecoea

ca
tac Lc,achc*gﬁhi“du,Mqha
ccgagaagtacgteeced
. caaccecagectetancy
cgaggteoce
C accgcatcacertogeooedt
CJQCcdhng4dP»CL]L“aCCCd

agcagcecgcascctecersctecaggecoeeccteaagece

ccagegeeaacgaccetgacltacyg
’ﬂcccattuaccctqcc»_

'bQEybciguuqapgpcuhpuggﬂtg,VLCQC“
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SEQ 1D NO: 108
Proteln sequence of TelA, a GH3J family B-glucosidase from Talaromyces emersoni!

mrngllikvaalaaagsavngenlaysppfypspwangqgdwaeaygkavgfvsgltlaskvnlttgtgweg
drovggvgsiprlgfpglengdsplgvrdtdynsafpagvavaatwdrnlayrrgvangeehrgkgvdvyg
lgpvagplgrspdagrnwegfapdpvitgnmmastiggigdagviacakhiilyegehfrggagdgydis
dsisanaddktnbhelyviwpfadavragvgsvnosyngvansyacsnsytmnklikselgfqgofvmtdwgy
hhsgvgsalagldmsmpodiafdsgtsfwgtnltvavingsipewrvddmavrimsayykvgrdrysvpd
nfdswtldtygpehyavggggthkinehvdvrgnhasiiheigaasaviiknkgylpltgterfvgviokd
agsapwgvagesdrgedngtlangwgsgtanfpylvipegqaigqrevisrngt frgitdngalaenaaaas
gqadtolvianadsgegyitvdgnegdrknltlvggadgvibavsanenntvyvlihtvgpyvliddwydhpn
vtallwaglpggesgnslvdviygrvapgktpftwgrarddygaplivipangkgapggdftegifidyr
rfdkynitpivefgfglsyttfafsglnvgpinappytpasgftkaagsfggpsnasdnlypsdiervpl
yivpwinstdlkasandpdyglptekyvppnatngdpapidpaggapggnpsivepvarvitiltntgky
tgdevpglyvslggpddapkvlirgfdritlapggoylwtttlirrdisnwdpvtgnuwvvinytktiyvgn
ssrniplgaplkpypgi

FiG. 80
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SEQ 1D NO107
Nucleotide seguence of An3A, a GH3 family f-glucosidase from Aspergilius niger

tecacogoogteagectc

=

ngd%ngnda,bfbdb

CC””T”’bUfﬁﬁaLv(L<qQLdtthC”“
Lgocyygegleaacgtogoegeracetguga

yaattcage:

LLaygooooge quig01_ﬁdi“‘45'

rt

acceegetoto: chgcgtcct:ttchCﬁagactat,dduqccdlu<aqut]:

‘iag‘dftubd ute Fbt”(}d caggaacacttoeogeoaggoeccoogaggeoca
dacatcdcecgegageggeagoges cgaQgancaagac "atacacgagttatac
ttugog(tqg””r gart cctth‘*Ut¢“dU@.acaaccagato

fJJ,p,,chcqaq tagygcttc

caggyc

MIH”C‘QGC”t(QQpaLJAQLaLgC”

gacagegoge
ghtggcgcgtegacgac felefotel

caactte ek Rafelalofator: s ahtaCf afbd%qtdu aoLﬁcqt
GOGCAsCe dpaquagttaaecchCCCathgcgc

cotenoec Ccp”qQCd%qU cgcct

etcuq@gdgqﬂhjc*qgﬂ“f ~BAC
ctogecatygyonay

Ctoey ?ta"pxgqt '1ccccgaL

caacgeggtoctcaa ol agocacogacaactggygeea
CCC;tEgCC“ag&CCJC‘fCtgtCSCC”ELgtCtTt

tc;acggcaacctc
cgccageaact

g

cgcaEacggoyac

aa
to qrwﬂﬂgtv tcgt:
CgY

JC’NL,(‘A

e ”"afpfaqug

acaccacoett «QrCCuQprpCtQL” avga~cc GUCAagegy

c i a rcaacgocagegactactta
ﬂhqhatud;ﬁr gttcatctacccptggctcaacagca*'~a0rquaqgrpvjc
oTLe quvﬁiqu*g

tgcoggtyggegygty
aa cggraagyt e
agatcgtoctc coagoocagcaaygaaactecaygt
cactogecygegacct agqactoaggactgggagatcaccsy

5
%bc‘tfgCnggac ac cagccgcaaq:tccccctca

gacggeagogoteacce
‘qat@uquqtc“3cqtca:catcaaq

fhd@“**iﬁgfg” cechaacgagoosa

olerere d*PbTvFCC:h‘th zactygatga
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SEQID NOG0S
Protein sequence of An3A, a GH3 family B-glucosidase from Aspergiffus niger

mrftsieavaltavslasadelaysppyypspwangggdwasaygravdivegmtlaskvnlitgtgwel
elovggtggvprlgipgncagdsplyvedsdynsafpagvavaatwdknlaylrgganggefsdkgadiq
lgpaagplgrspdyggrawegfspdpalsgvlfaetikygigdagvvatakhyiayegehirgapeaqyygf
nitesgsanlddktmbelyviwpfadairagagavmcesynginnsygogusytlnkilhaelgfggfvmsd
waahhagvsgalagldusnpgdvdydsgtsywgtnltisvingtvpgwrvddmavrimaayykvgrdrivw
tppnfsswirdeygfkyvyyvsegpyekvngfvnvgrnhselirrigadstvllkadgalpltgkerival
igedagsnpygangesdrgedngtlangwysytanipylvipegaisneviknkngvitatdnwaidgie
alaktasvslvivnadsgegvinvdgnlgdrrnitlwrngdnvikasasnonntiviihsvgpvivoewy
dupnvtailwgglpggesgnsladviygrvnpgakspftwgktreaygdylytepungngapgedfvegy
fidyrgfdkrnetpiyefgyglsytifnysnlgvevisapayepasgeteaaptfgevygnasdylypdgl
gritkfiypwlinstdleassgdasyggdasdylpegatdgsagpilpagggaggnprlydelirvsviik
ntgkvagdevpglyvslggpnepkivlirgferitlgpsketgwsttltrrdlanwnvetgdweltsypkm

viagsssrkiplraslptvh
FIG. 81
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SEQID NO:108
Nucleotide sequence of Fo3A, a GH3 famaiy B-glucosidase from Fusarium oxysporum

gtgcagttooty

aqt atel d’]’ ‘:'t't:g c:*t'\ s t cacobaatotos
”cttqttgcbatafcq(cc*tattccc_ch gotacga Luaaa‘cngafﬁatttc(tLC“

cottgttttettitttegatoticoctcegrs Jecdageacecttagectacacaaaaace
vaatrt”artqaoLftq:cqccabbaaﬁ Tgettetcaa gtgtqgatttchtngtqtctac:ty
tgticgaataagecttittattocagacal
aatac ﬁa-qt*atchcqguguthctqbtgtﬁa g

. qﬁ‘atqui
cag t;&ftfthcqotqu
tggtoct
;ccttatatggctggCu

‘daquuabauangdccc, e p,tq»q»taaqcattacathcaaacgs
auaaaqaactgaccc cttgtagageactto gauajaﬂt
ggag aqub“aqiﬂcoqoaaq acaacatetecgagtetote "tLCuaac»,qgacqag

-LagutpLdLQCCtQQCCCttL
gatraacaactogtaocgat

Qbﬁtpgqtuhugtbutq‘?btﬂ

)

Jgacecgcygacs ‘C‘C’,L\,( :
ctthggagttaacgtocagcacgacca
:ctcaagaacaccggetocciteegoteasc
Teccaaccectgetggacceaatyggttge
toggyaactieteaattececttasy §
anaLquarutgdjdngVyttClC: ac
gacgaatgggeccagacacagycte \Cdduhicﬁ(LQb\atcgtrLlugcp o
actotggtgagggttacatTgaagt cLteggtgatogcaagaaccto FCﬁtutﬁQ\,QCl
gggagangagetoatcaagaacygotd U* ceatetgecccaacaccattgtogtintygcatacogtc
;bgpc;tgctcgccgactavgagaaCaac craacatcaccgecategtetgggety
aagagtobggcaatgecaltegotgateect u:; C,dJGC} taagecctggecgatobeocticac:
qyccgcaccegtgagagenIcgat tgaggcgaacaacggecgtggagotas
gatgactteteggaggygtygLettcait : Jatcgacgatoteocageaccgat
agagug:tccbaacaaiaccgczqctc< io¢ caggteatggtetgtottggactac
4 becaacatee a y tecotgetogtoagacos
t foquwct,vax aadq .,i,r”ﬁ,_- cgtgttcoectaagggtgtecygatacatet
ctgaacac rateogecagegaggcatetaacgacggegeeea
gagotcoctacoteca caacggetcaygcecagectegtotioow
TAACOCTOAAT :tarah'q cacanoeacast
scgecacctecgacgagaticoce ugqtgqugrca;
cgeggtttcga Ul aF;
accegtogegatetyg
tgtgggttggaagtagticlc

,aayatt;jc*nougu\u&

laToF
CCEs

9y

cacacc:gaL uadgth ccagaace

S oTels
LCCU

Jtubcsaoad

gca

FiG. 82@%



DK/EP 2686434 T3

SEQ ID NO:110
Protein sequence of Fo3A, a GH3 family B-glucosidase from Fusarium oxysporum

mklnwvaaalsigaagtdgavalasevpgtlagvkntdackvvtrdtlahapphypespwndpnaigwesa
yvakaknfvagltllekvnlttgvgwggercvygnvgsiprlgmrglelgdgplgirisdynsafpagttag
aswskslwyerglimgtefkgkgidialgpatgplgrtaaggrnvwegfivdpymaghanaeavkgigdag
viacakhyianegehfrgsgevgsrhyniseslssulddktlhelyawpfadavragvgsvacsyngingn
sygoguskllingilhdengfiquivmsdwaaghtgaasavagldmsmpgdtalfdsgysfwggnltlaving
tvpawrvddmalrimsaf fhvoktvedlpdinfsewtrdt fofvgt fagenregvnfgvnvghdhknhiy
esaakgevilhntgsliplonpkflavigedagpnpagpugegdrgodngtlamawysgtsgipylitpdyg
glygaraagdgtryesilinnewagtgalvsgpuvtaivianadsgegyievdgnigdrhnltlvgggdel
iknvssicpntivylhtvgpvlladyeknpoitaivwaglpggesgnaiadllyghvsporspftwgrty
esygtevlyeanngrgapgddfsegvfidyrhfdrrapstdgksapnntaaplyefaghglswttfeysdl
nigknvnatysppaggtipaptfgnfsknlndyvipkgvryivkfiypfintasssaseasndgogfgkta
eeflppnalngsagprlpssgapgonpglwdilytviatitntgnatsdeipglyvslggenepvrvirg
fdrienilapggsaifnagltrrdlsnwdvdagnwyitdhpktvwvgsssrkiplaakle
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SEQ D NOMTH
Nucleotide sequence of Gz3A, a GHS family P-glucosidase from Gibberella zeae

CTTGOCRIGGCCGTTTATT ,JHT”ﬁfTUAﬂ\ “TT
GTAAGCTACTCOTTCAARTTTCAT
CTTTTCACCATAAACGCARCAGT
TACATCA COTTETTAT
TOTOTACRTTTTOGACTEGCTGTTTAGCO TTGAGATTCTTOTY CTAGATOADTOTS
TEAGEED PTGTGRTOGOTAGTOGCHATAGTTGOTGEA
;:D.TTGCA' N AT A,‘T/”.CC. c

INT L Iu SRR §
CGCCAALCGA

TGGECAG TAGTCAAT

EGAGATEOGOOTOTCR
RIS S NRG I I Lodh,

TG \(AC'.“CAF‘;, AAGCTCGET

ACCCTAACO ‘”C”CJC\,_
T\JZV“T T"‘"IA-SAA&AG-JT,AZ\C”‘r“w;AerZ—\.CTGGTG
thnC CTAACARCGATCTCTAGATGGCAGEGIGAAC
ATC CC" [CTCCAGGATECTCCTCTC
ACAGCECITTCCTTACTGE CCGUTGET TTGEAGT ‘_“CL, cCC
ATTGATGGGTACCGAGTTTAAGSAGRAGGGTATCGATA TCG C"‘CUWL’ ACTGGETCCTCTCGET

CGCCACGCTGCTGGTG ;CCATGCTATGG

Ak

o7

CTCACT

CTTTET

lalslatay)
LG UA

TGGGTAAGTARCGAGIGAC
T3GIATCT
JCGACTACA

STab S et el

GACG

GACGARACTGGGAAGS

olie

TGAGACTGTCAAL ."CA VGAT ARACGAGCA
AGGTATGTACAGECCCATY LWCCGAAAACTAACT STCARCG
AGGCGATGTCATETC TLZ&AA; (““T"Zm ATTTCCGAGTCTCTGETCTTC LF\’ CCTTG TATG
CACGAGCTCTACAACTGRCOTTTCECOGACGCEGTCOGCGLCGGTETTGGCTCCAT L”'ZE

ACCAL TCATATGCTTGCCAGAACTCCAAGCTCCTCAACG BCGA CAr.f GG
TTTC TCA"IGA SCCATTGOCAGGCTCAGCACACCCETIGCCOCCTCLGLTOT ;TCTT

LEXCASC’ GAGTTCAACACTGGCTICAGCTTCTGCGETGEGAAACCTGACLCTCS
COADGACATGGOTER TGCTTTOTT
TCECAGCT GTATGHT

IS e
(S LYy

O
e lhT L

v AT

CEUCTGEGAGAR
LGOAACCCGACATCAACT

DO R
ALTUGTGA

ADALDGGTCAACTTTG ! TCCh ACCACA
SCARAAGGGATCCETOGTCCT TCTTAA
TTCGAGAGGACGCT GG TGO

aACel CARTTOOCL

AN LS

TG CA'J
CCAGGCT TCCTCAACAA
CA "Z‘ATC CTTGTCAGCCAGCT CGTCAC CTTTGCCARTHOC
CTCTG quh\A“"
CACACCGTTOG
T HCCTOGA
”'T‘ '“T"‘”""TTCACCT
[GCCECTCA
(CCCAGCACCAACOGA
CTACCTTTG
ABACACCATTCC
GTCCGATALL

CTACC

GOUATGGEGT

TSIk
Lo,

l’ AT

C T G L,’ CI

i “'?”7\’3”3(?( GGTAACGCCATCG
GACAGCTATGGCA
SCAACTTCAT FC(‘.A(J'J'” ”(,u\,li,,v
CACTC TGCTCCTCTCTACGAGTICGETTTC

RAAGTOGAS T“Tw?r»u“&ArC“F”””ﬁ?@wCFCFLWC
ACACATT 'CCT]

~R

AGAAC

COACT

CTACCC

TACOTR
CALL

N AT N e F e
\ L2 @

i'C

POCTCCECTGEAGAA
TCCTCCOTCCCAACGOTCTCARL
CTCCCGECEGTARCCCTCAGCTCTCGGACATTATGTA CZ\CCCTC%’“T""”WC}\D ACC

GC A ‘“"T”GCATUAGST’TC CCAGUTGTACTTC GAGGGUGAGCCTG

GAGGLEUGALUL
AR AR T
AABACAT

A ey P % e ESE
R L Lt i AL CA

NN R = L
L(u TA_- Ti AG SCAGAAC

AAG ‘AT"T(~ -GTCGGCAGCAGCTCTCGCAATCTGCCCCTCACCEC
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SEQID NOGs 112
Protein sequence of G234, a GHJI family P-glucosidase from Gibberelia zoae

nkanwliaaavyiaagtdaavpdtlagvnlvardtlahspphypspwmdpnavgwedayakakdfvagmtl
lekvnlittgvgwggercvgnvgsiprigmrglelgqdgplgirfsdynsafptgvtagaswskaluyergr
Imgtefkekgidialgpatgplorhaaggrnwegftvdpyaaghamaetvkgligdsgviacakhylianeqg
ehfrgrgdvasgkinisesissnlidditmhelynwpfadavragvysimosyngvnnsyacgnskilngd
lkdemgfygfvmsdwqaghtgaasavagldutmpodtefntgfs fwggnltlavingtvpawriddmaty
imaaffkvgrsvesepdinfsawtrdeygfvgtyagenrekvnfavavghdhkrhireagakygsvyvlknt
gsliplhkpgflavigedagsnpagpngcadrgedngt lamawgsgtsgfpylvipdagisligaiqgdgtry
esilnnngqwpgtgalvsgpnviaivianadsgegyievdgnygdrknlt lukggdeliknvsalopntiy
vihtvgpvlltewhnnpnitaivwagvpggesgnaiadilygktspgrspftuwgriydsygtkvivkann
gegapgedivegnfidyrhidrgspstngksatndssaplyefgfglswtrfeyadlivesvsnasysps
vgntipaptvgnisknlddytfpsgvrylyvkfivpylintsssaekasgdvkgrigetgdeflppnalngs
sgpripssgapggnpglwdimytvtatitntgdatsdevpglyvslggegepvrvirgferleniapges
atftagitrrdisnwdvnvgnwvitdhakkiwvgsssrniplsadl

FIG. 83
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SEQID NG:113
Nucleotide sequence of Nh3A, a GH3I family §-glucosidase from Neciria haemafococea

gtte angt“cttut
aaccact ?aqcthﬂfg
coctygctgete qqct:

‘tqqc tgctteoctatatogtctac
gteggcaacgtggottcacts ?Ct\,' ¢
cat cgurtgt tgactataactetoogtttanta
ctrtyggtaceaacgtggoctectgatgugoacogagcat o
*“Gﬂtaquqtﬂquftqgf qta< o}

ctgg attac aqctqatgcctcttqgaqca
tgaaaaaggcatcgacgttngcac
tac‘gqqanurtfttccqrt

1
LQ

cgttygctggegttgeca ! aagatggtggtactatogocty
cactacatcggeaac q%acau i 3¢ ~tca togetgataaatotgetcacaac
agageaccategecaagoae toca [efefelsted ctaqaacqtgagcqaut Ctgt

gttgatgacaagaccctcoca ttcgeca qatthgf
ctatcatgtgttectaccagecagectiogacasctod J
tctcaagyacgagetagyga ttc:aggﬂc-thtcatﬂagtg ctCJpaach oF!
cggtgacact tqftpaaLaijq acaget
ctggcgtattgacgaca
Lcttg(tq catcgactttt
deduLng&uquithaCttO

cgtecteetta

x‘i

accge tqtch=qucttqacatgaccat@cc

QULQ

‘.Q
o

Q

cadad

o »J 1]

@]

Lol

9]

[e Nt

o1}

@
[

togttotgecacactgttgygcectgt

toggcetyggtgtacetggacaggay

gtecgetcetoccttecacatgggygta e G ol

tggtcagggtgetecteaagatyga otef-Tste} tat ]dCt rcqtc*tt tgaccaggtt
toctoctagcacogacggoagcas Ruteluief
cotgygaccacgtttgagtactct

tggogagacgattgecgetocygy

ggaattcgctacatctaccagtt

gogatceccgactacggaaaga

gcTacctccatcctctqqtqc

atcatcaccaacactgc

acgageca q*c Mol

G ]

acaa F*Ja(ﬁfkaququqC]BP”
racgagaaygaccgtatatygtcgggas

ot
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SEQID NG:114
Protein sequence of Nh3A, a GH3 family S-glucosidase from Nectria haemalococca

mritvilaafesgivpnvygsgadgkplglgvnnntiahspphypspwindpaapgweeaylkakdfvegltl
lekvnlttgvgwmgercvynvgslprfgmrglomgdgplgirlsdynsafptgitagaswsralwygrgl
Imgtehrekgidvalgpatgplariptggravegisvdpyvagvamasetvegigdggtiacakhyigneg
ehhrgapesigrgyniteslssnvddktlhelylwpfadavkagvgainesygglnnsygognskilingd
lkdelgfagfvmsdwgaghagaatavagldmtmpydtl Fatgysfwggnltlavvngtvpdwriddmanr
Imaaffivegktvedlpdinfsswsrdtfoyvgaaagenweginfovdvrhdhsehirlsaakgtvilkns
gslplkkpkilavvgedagpnpagpngendrgonngtlamswgsgtagipylvipdsalgngavidgtey
esvlrnnguegtrslisqgpnvitaivianansgegyidvdgnegdrknltivnegddliknvssiopntiy
vihtvgpviltewydnpnitaivwagvpggesgnalvdilygktspgrspftwgrtrksygtdviyepnn
gggapgddftegvfidyrhfdgvepstdgsksndessoivefahglswitfeyselnigahnkipfdppl
gatiaapvlenystdladytfpdgiryivgfivpwlntsssyreasgdpdyvgktaeeflpogaldgsaap
rppssgapggnphlwdvlytvsalitntgnatsdeipgliyvalggenepvrvivgfdrieniapggsvrf
trditrrdlsnwdvvsgnwvitdyektvyvgsssrnlplik
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SEQID NG5
Nucleotide sequencs of Vd3A, a GHI family pB-glucosidase from Verticillium dablias

ATGARGOTGACCHT

‘TACbTﬂ"”mQF

CTTACTGGCAGCCAGCGEET
TTTTTCRCXYGGPAACTAAAUT‘GCAL
7

¢ T G T Jalaral
ACCCATGCCGTETTLGT

TR
FOA

e
ACTGE

SGEACAANCCAAL

AGCAGTCGETGCT
TCTGTT‘TCTuTGAACCC

GUOGUAGAGA
COGCAGAGAGCG
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I
=
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'»»
w
h

BCGOTCTT
CTACTIC
GGACTCTCTTTCCCTTGS
GAGCTCGOOTTT
COTACGLLCELG

TAAGCTTC

CrmﬂbbLPATCTTTwTCG%CAT
AACAATGCTGACCAGE! ‘,ZXL;CL”‘CAIJZ CTAACAC
ATGGATGAAUCCCCAAGCGACYGGETGE
CTCTGCTCGAANLGGTCAACCTGAC
\AAAu'VFT”””ﬁT“( ATCCTAG CTGCGTCGGARA
SCCCOCAATCGOUTGLALGEGE TCCAGCATE TATCCGTTIT
CGTACTTCAC TT(GPGF”“” WCAGCCGHCGCTACCTGGGACCGAGGGUTTLTGTAC
“”ﬁ%GJﬂ” AGCCAAGLGUGTYCGACGTCGTCCTOGLECCCGUCATTG

GGTCG! ULAuuunuGﬁme ACCCTTACCTCAGTGS
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e
\TCO

GCCCTF

CEETGE

VAT G 1.;;( feTelele

R
AmE A AT : T T r Watatar COCAACGTT P alle AN AR
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TATCGTCCAA GUATGAGCTTTACCTTICGGET TGCAGACGCTGTLCGTET

TGEGAGC T”QAFEG"”SG“73CAA“EP
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N
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JlCAFKf’Ll”lG
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CTCAGCAACTGCGATTATGAGCGCACAGAGGCCTIGCTT
[GCARACTOTCGCGAAGGATATAT
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CPATC?TFA C‘T””AT CGC TGGT CCCGTTC”A7TCnCmC?CTTC.
CTATCATCTGCLUCELUTITACCCLGACAGLAGTCTGGUAACTCTATCG
GA%”FF”F””?CFﬂA”AhL““TTT”ﬁﬂ” ‘GGGETCCAACTETT
ATGGCAATGGTGCTCCCCAGAGEGAT GACGA
CGGETSTTCATARACRATGCATCAGCGCTUGAGGALC
CTTCGAGTTTGGCTATGGCCTTTCGTACACAACCTE AL"LCTCCALLyE;
GUICACGATTACCGTCCCTALC ALTbGGCT”R””“bC\ CTGCGOC ,“FAT”TLP_”LTHA ACAQTAVqﬁ
ACGACGACTACCTCTTTCCCCAGGGUGAARTCCG TACCTCARA
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T e P el alataint Nalalaiz CRACACGEOTA et Nal el R R
TCACGGTCACDCGOGACCGTGACT ACGGGETA GGGACGAAGTGGECACA

T R W
a \J"'[X../\., \n"\ SGATCCGA!

COORARRS
TCGCAAA

FCGAGTCCTCCG

f&p CGC

304

FIG. 85A



DK/EP 2686434 T3

SEQ D NO:118
Protein sequence of Yd3A, a GH3 family B-glucosidase from Verlicillium dahlize

mkitlatallaasgevsaggpklkhpgrgtnssselafspphypspwmnpgatgwedayararevvegmt
llekvnlttgvgwsgdlevgnvgsiprigwrgliclgdgpggivfadyvsyftssqtagatwdrglivara
halgaegvakgvdvvigpaigplaripaggrawegfavdpylsgvavaesvrgigdagaianvkhyivne
gqebfrgageaqgygydvdealssnvddktmbelvivpfadavragagsvmesygginnsygognshliing
likdslgfqgfvisdwgaghagaatavagldmampgdtr fantgvafwganltnallngtvpeyriddman
rimaaffkvgktiddvpdinfsswthkdtigplhwaagdavgvinghvdvrgdhgalirtiaargtvllkn
agslplakphfvavigedagprpvgpnocpdygonngtlaagwgsgtasfpylitpdsalgfgavsdgsy
yesilsnwdvertealvsgadatalvivnansgegyisvdgnegdrknlitlwnggdeligrvaaannnti
viihsvgpvlvtdwyenpnitaliwaglpggqesgnsiadilygrvapggktpftwgptvesygvdvirep
nngagapgsdfdegvfidyrwidrgsgvdnnasaprnsssshapifefgyvglisyttfefsnlgierhdvh
dyvptrtygtaspaprfganystavddyvipagelryiyaghiypylnssdpkealadpkyggtasafipega
ldaspgpripasggpggnpmiwdvifivtatvintgkvagdevaglyvslggpddpirvirgfdrihiap
gasgtfraeltrrdlsnwdvvtgnwiiscyektvivgsssrnlplistrie
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SEQID NGO
Nucleotide sequence of Pa3G, a GH3 family B-glucesidase from Podospors anserina

GUTTCGAARACTLCK

CATTCOTRGLCATTTATTTGGCT

ATCAAACT CAACTTGGECUGAL

ATTGCCATCA TCCGCTGGCABAGACCTTGGCATEY ’ATAC ARCGECGTCACCTCCTGUGCOAGCAGT
GCTTTAAATATCACGGRAAAAG CT";"G'Y.‘GAA”‘C.,AG”FL AGTATETCAAGTC! PL;A Al

ATAGCATGAGCCT
S

GCCGC

PTGOGARTACTATTAC

~a lalale
;L‘\ . \J [ ANER

“”FT”AU\T RTCACTOC AGAAR
OAACGAAGE TCTTCAT GERGT
CACGCTACTTONT
ACCATCAGCACTEAAGCGCGAG
ATCARCCCGTACARAGA
COGT F”AGTTGCTSLJAAC“
SCACTTOTCOAGGGT CTAGRAGET
CCTATGATTTGGAGAGATGICARG
GATCTTICGGAGTACTACCTCOAACCGITTICA
CTCATATA ﬁfQCGCFCQHQSSA“LH(CFﬁCATQ
ACGACATCCTTCGAMAACACTGRARTTGGACCCAGCACAACARCTATAT]
COTCOCCARCTTTCACAACTTCAGUCARACTCCAGT
CCGATACAGACACCGTCTGTGAGR TRCCTAE
AGTCTCTCCTGTCAGAGGAAATIATCGACCGAGCAC
TCCA
CARGCCCTGE GTCCGCCACCHACTG
A CTOACCAACAAMACCATAGCCCTCATAGGCCACT
BGCGOTA COOTTACTACGOCAACCCAATCT]
VCNHPA“ Nncﬁ¢ PO AL

AL AL S
ey

9 CCAARA

[TCRAT

el
oA

CAAT

Pl W ala il alalalile
A aALLLTCLU LG

GCTAGCAGCOS
J

GCAGCCC
TN A LT
STTCAGCAAT

;SC”‘AI

etls

CTTTG

TCCGGETA

AGAGATAAG 7&‘ AAGGTGATTG
GGG JTTT’T uﬁl}’f Al CRATGE

AN O T R TR TR
C] SAGACAG \17\*1{:1

CGTATTTGATGS
TGTEATGCTAT
SATGOTTATAAC

TC
ATCCGAGCTGE

TA'\A’”A’”YTC(TA AGCC

CCTCOTTCCCCTAG

v
ALCE

AARAGAL

Al

-

N

CTATCTCEACTCAGCCTCCCAL

~ NeGUUsINer V- V-V - V-Yor Y
C TCTCAAARRCAA

o TR =Y

ARCCCGUCAAATGCTAGGCGGCTA

i (wcn CAACOTCADTT ~

1\\u
SO GCOTOTCOG T
Sdavtaolo i Uirtiaga

eer e siartels
LLUALULATLD

ORI
AL

R Y R ~
\GACCGAGACAG

P e 2
CTACCTCLGLGGCACCGA

T P T L T T R I, L £
.le FCCGCTCAACTTTCCTTGITAACTTCCC

~ o alelslalent
CCC

CEACCAAGTABACGACATCC

GATGEORARACTCAD]
ATGGGAARACCCACA
TOOTOOATOC

Lol AL LG

A
TAGG

O RATCAGGC COAACACCCOTCTTCAACE
AATUAL CAGCCCTCTTCGAAC

NGETad: eloliNelalete
CALGLUGLAA -

AL i

Ll

GGAGT

ACCC

NP T x\,x/\ 5
LA

AU A

T AL m(j,)\;“;l ‘A»m-—n-w (1Af1rwr'1(\»~(wri1r:<:r\y'\'\L (\',‘V{V(‘("h""vﬁ;\’ oo J'rwrr1(1

LA ot LATOANG AT

OTCCCCTTOGHEC

CTCCGCOTA ACT

ralalalel fs,—xrs/_lmm(«mraw’l\m TTACAGS

s (AR Laiialy ol
1latel TR ol TROCRCET ST ARG OGR
ACCGCCTUCACTACACAACCTTITACCGCCARATTCGG! (_ TGAL AACATTGLCGA
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SGOTAGGETGGEA

PR e T
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A Firn e T T AR
ACTCHTYICCAACTGTAL e
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GACTAC
SGTTTT
ATCGAGT
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OO TORGO
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SEQID NG118
Protein sequence of Pa3(, a GH3 family B-glucosidase from Podospors ansering

meinkpflaivliafnlasasktpdeisgplaktlacdtiaspparaaalvgalniteklvnlveyvksre
aplgisiglitphsimelgaeriglpavawwnealbygvaaspovsingaggefshatsfantitlaaafdn
dlvyevadtistearafsnaclagldywipninpyhdprworgheveylsllfravglivigktipgedpy
hikgyvgalleglegrdkivkviatekbfsaydlerwggalvyvinavvisgdlseyvlgpfgyeardsk
vgsincsynalngtpacastyladdilvkhwnwitebanyitsdenaiqdflipnfhnisgtpagaaadayn
agtdtveevogyprlidvigayngsllseeiidralrriyvegliragyldsasphpytkiswesgvntpka
galalgsatdyiviliknngllipldltnktialighwanatrgulggysgippyyvanpiyvaatginvifhh
apgpvhgsspstndtwispalsaasksdiilvigytdisiasaedrdrdsiavwpsaglslilislaqugkpt
ivarlgdgvddtplisnpnissilwvgypggsggtallniitgvsspaarlpvivypetyislipltams
lrptsarpgriyrwypspvipfghglhyttftakfgvfesltiniaelvsneneryldlorfpgvsvwys
ntgelkadyvalvivrgeygpepypiktlvgykrirdiepgttgaapvgvvvgdlarvdlggnrvlipgk
yeflldveggrdrvvielvgeevvlekfpgppaag

FIG. 86

SEQID NO:1e
Protein seguence of TndB, a GH3 family 3-glucosidase from Thermofoga nespolitana

LNFPTRE
Vv

FEGEVMSDWYAGCDNPVEQLRAGNDLIME
YRYSNKPDLERHARVAYERAG

PAYEFGYGLSYTTE .
LEAFRRTRLLNPGESEEVVLEIPVRDLAS

FIG. 87
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Partial amino acid alignment of the CBM1 domains of £g4 with TrBA from T, reess! (SEQ
I NG:82): and Tr7A from T, reesei (SEQ 1D NO:83). Partial aming acid slignment was

made in Muscle (Edgar R.C. (2004) MUSCLE: a multiple ssquence alignment method with
reduced time and space complexity. BMC Bioinformatics 51 113) using default parameters.

SEQID NO:31
Protein sequence of TréA from T, reese/

MIVGT

VIGPL

NAETTaY
¥ \1'-1\/‘. l"

SEQID NO:32
Protein sequence of TrTA from T, reesel

ATARAL ‘SA"T L Q

r)b [ N\ uQAP VEGT

I TaTans

Y WA i

FIG.
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Protein seqguence of Egb from T. reesef (SEQ 1D NO:33)

MEVSRVIALVLEGAVIPAHAAF SWENVK GGEEFVEGT RGVAYARTDIGGLYRLNADDSWTAYT
DGIADNAGWHNWG ZDAVALDPQDDORVY \PVVJNV VDESNGATTRSEDRGATWSFTNLPFAVEENMPG
RGAGERLAVEDPANSNT LW “LAVS°FTATGTYI?-? SDENGYNSDXQGLMWYT
FRSTSETTGGATSR TRGOP 7AEKALKLT(SDG’3
PYDGTLGSVRRYDIAGGT ‘LVVASLNLNWP

WSPIWAWASYRT IKRLGHE

[FHPRT

TIPSO
i ;) N} (:: &k

STOESPODOT

R0

PTWATSTSVDYAGNEVESVVRVGH
SCCVCP”F'”v“LA”””Q*”ALA”WA" GSTEYVSK PT”S”“E%F”KQ
HETTAGTLYVSTDVGLEFRSTDSGTTE TALGYGSGENWNL LAPGTGP"QARM¢AC
ASWRTDIQUEQUECSIDETEVACSE bCTAL;VtVPmNLnbMFlA“’LJuUG’JGTS°STKQ SSE5TER]
TTLRSEVVSTTRASTVTESRTSSAACETC AYADCCCICWTORPTQUVARYVCQRONDYY Y QU

. 89A

TWOIDYAADTSMNGGTVAYRA

Protein sequence of S. coccosporim sndoglucanase (SEQ 1D NO:34)

GRASVNOPVE
SESSWCCACY
GLPGAQYGEI
RDDDASYPRVE

VaaETT
VSGT

i MRSSP

| RAA
1 DFNAKSGCDG
GRTMVVOSTS
APLOPGCOWR

TSTTTSSPOG

<y

et
]
ot

[N
o)
s

[
N

Nucleotide sequence of Ta61A, a GH61A polypeptide from Thermoascus aurantiacus
{SEQ D NO:149)

ATCTCCTTTTCCAAGATRATTGCTACTY GTTCTTGCCTCTGCTTCTCTAGTGLCTEGUCA
TTCA

GATGGTARAAAG] Tb VATTC‘HﬂuﬁmGpﬂwﬂT“AGQGHQAJCAGC¢“.

NORAD /JT(‘I“F‘l(‘ﬂT\m

IR Yl

CGACAGLT T?”GFF“C STATCTAG CATACATGTCCAATCCTICCAGAGGTCAT
CTACTACGGCARCTGATCTIGEAT G ﬁT“C‘CGATACCAhAC’”CHGA”AT”TTC C
GGGCECCA ACTCm%:“HC”chPC e CCAGUHUGhdw GTTGAGCTTCAATGGA

A
qu»”CﬁthmCAC”T“CFL”C WGT TATCARCTA CTTGCTCCGTGCAATGETGATTGTTCCAC
A GAG‘CV~QTQT” TCAATGATGACAATCCT
ﬂT“”A”T”T“A“”“””?CAA, 'AA
TvAUAthHULﬁLUC GC
?LTT” ““TEACTC”G TGEAACTCTT

ACATCTATCAGABACTTTCCAGLTATAT

BGA -
THA COCRR
Lol

T\IJJ\,T TC

R R R T ST TN A (OO B T
thﬁ'T‘ﬂﬁ'*u AR

SATOTA A

GAAL ,/f-‘\T'/j CCCAGTGCATCAATCTGEC

ACGEOACTOTACC ACGATACCGATC
ACGGCACTCTACCACGATACCGATCCT

TCCOTGETCCTCCTCTGTATACTGGTT

¢
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Amino acid sequence of Afu7A (SEQ 1D NQ:150)

MLASTESYRMYKTALILAALLGEGRAQOVCTSCAEVHPSMTWOSCTAGGSCTTNNGEVV IDANWRNVHEY
GEYTNCYTGNTWDR I TICEDLATCASNCALEGANYESTYCVTASGNS LRUNEVIT TS QUEN LCERLY MMEDD
STYEMET QEETEDVDVENLE NGALYS A MSRYPTNEAGAKYGTGYCDEQUPRD
GUANVEGWRPSSNDANACTGNHGSCC -}Ll D ) TPHPCDTPGOVMUTGDACG

TCOFEGE TEYGRPGMIVDTK ) TSSGTLEELKRE 1‘\'Q GRVLIP
TEVEGNEITTIEY RS LEQDONVE LVMSL

l FNSGEENPGEE

TR T AL

Amino acid sequence of Afu7B (SEQ 1D NO:151)

MHORALLESALAVAANAQOVGTQTPETHPPLTWOKCTAAGSCSOQOGSVVIDANWRWLHESTRDTTNCY T
NTWNTELCPONESCAQNCALDGADYAGTYGVTT SGEELELSFVTGANVGERLY LMOQDDETYQEFNLLNE
FTEDVDVSNLPCGLNGALY FVAMDADGGMSEY FSNKAGARYGTGYCDSQUPRDLKF INGMANVEG
SDENAGVGGHGSCCPEMDIWEANSISTAVIPHECDDVIOTMCSCDACGGTY SESRYAGTCDPDGCDENEE
RMGNESEFYGPGRIVDTREKMTVVTOF I TADGTDSGALSE TRRLYVONGEVIANSYSNVAGVSGNSTT D
'“TL\Q%R—W\:UFDT'PZ\I HCGLSGMGAALSEMVLIMS TWDDHHES SMMWLDSTY PTRDALPSKPCVARGTICEH
ENVESQHPDASVTFSNIKFGEIGSTY

ﬁé" 90

Aumnino acid sequence of CgTA {BEQ 1D NG:182)
MECY L

OYLAAALPLMSLVSAQGVGETSTSETHRE I WEECSSGGSCSTVNAEVY IDANWRWLHNADS I\'CC ¥
DGHEWTLCACTSSDL (""‘"wl‘ VLEGAEYGKTYGAET LTKHEYGTNIGSREYLMNGA SMETE
LMNNEFAFDVDLSTVECGLNSALYEFVAMEEDGGMAS Y STNRKAGAKY GTGYH
WIPSENCANAGVGALGGCCAEIDVRESNAHAPART PHACENNNYHVCEDTTCGGTYSEDRFACDED
DYNPYRVGNTDEYGRGMTVDTSKRRETVVSQEFQENKLTQPEVONGRKRIEZ T PGPRHEG X
! 3 A E WIMVLVMS IWDDHYANMLWLDS SY P PERAG
STVRV

FIG. 90C

CDAOCT
Ly

DPGGDRCPTAGDSG

Amino acld sequence of Cg78 {S8EQ 1D NO:153)

ASLVLGCOVGETLTAETHP

LGOOVGTLTA TAPGSCTKEDTTVVLDANWRWTEVIDG

DGKTCAANCAIDGAEYEKT LGALRLNEVTESNVGSRVY JMAGEDEYRLE
VENLPCGLNGAVYFSEMDEDGGMSRPEGNKAGAKYGTGYCESQCPRDIKFINGEA
K CCAEMDIWEANLDATAYTPH ' ATECGAGDARYEGLCDREG

T‘]DTSKPFTL‘JTQFE CTVIPNSETVVEGY Lf;‘
NNEFKTIGGLPAMGKSLERMVLY PTKPGVARGRCDPEA
PDAYVIYENIKIGA

*t‘

o

GVFETVESZ
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>

mino acid sequence of Tt7A (SEQ ID NO:154)

AAQOACTL IPULEWSKC TSGRSOTSVE

ﬂ\_’\rx}gv/\'\, T

QURCEGDDCGGET

R FYVONGVY I PNSNS]

[YSTDRYAGECD=ZDGCL 'N"%ZL\JCK\.
TDESCGHLSE NGV NIAGVSGNSITOAFCDAD v<T’%FF
T‘QRGG;‘ \\MG?AT.AQDI\T\’ MMESLWDDHAVNMIWLDS Y ETDAACKPGAARGTUPTY

NIGGOSSSTTTTTRDAT L4
FIG. 90E

Amino acid sequence of TITB (SEQ 1D NG:155)

/w;;»r—r“

M LALGALAGARVAQQRGT) FMEWQ GGSCTTVY
WNTTLCSDAKSCY ALDG SEIYGVITEGNALTLREPVIKGSY STNI MASSTRY

,"T‘D‘JDV:\‘( 5 ALYPVAMDEDGGMEKYSANKASAKYGTGYCDAQCE [NGQA JSL u.fT”’P“‘"

BENSCERETYS
s \_‘Jo‘ 1o

“VI"LVEV‘LSLW YANMIWLDSTYPVDADL

Fi@. @@F

Amino acid sequence of S18A (SEQ 1D NO:158)

LFITAALAAAVLAAPYIEE
i
STEORS

NCYT T ‘Y
_Q\%g,uf NSC

PHEN

)CTN TKGTS F;‘ FVIRVKE

Amino asid sequance of SI8B (SEQ 1D Nx ’55?}

MEFVO) LAAPSRTTPORPROASA AV TLDASTNYFQQY T YRABVEAAARALSDS

ALAIKARKVADYGTFLULDTIZNIGRLE2ALEDVE
- TRF2 POST PNILVTNS LY

TAT
LSVYKSAGSPSGVRGISTNVE
NGVTE EWCEDWONVNGAGE

EAGTWNQAYFEMLLKNANPSF
FIG. 90H

Aming aeid séquence of TI6A (SEQ 1D NG:158)
MAQELLLAZ ASAL SOATCCASGNT

u’ﬂ"TC‘mr"

V '

1{2 ACMEN

Peyot

DSFCGKPLAFKE

SYVEERONL ‘G"‘ /"J“/\H'“G TG

48]

VELNPYYSQCLPNSQVITETE

LAYV R O QT
(/\46_‘]\ DYYASEVIEL

VOV L

WL

(z—s_ll*“ FA
N
GHAGWL

Tmng
AN

N

;3
=
o
g
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