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ABSTRACT

The present invention provides various GH61 protein vari-
ants comprising various amino acid substitutions. The GH61
protein variants have an improved ability to synergize with
cellulase enzymes, thereby increasing the yield of ferment-
able sugars obtained by saccharification of biomass. In some
embodiments, sugars obtained from saccharification are
fermented to produce numerous end-products, including but
not limited to alcohol.
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Figure 3.
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Figure 4.
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Figure 6.
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GH61 GLYCOSIDE HYDROLASE PROTEIN
VARIANTS AND COFACTORS THAT
ENHANCE GH61 ACTIVITY

[0001] The present application is a Continuation of co-
pending U.S. patent application Ser. No. 14/496,979, filed
Sep. 25, 2014, which is a Divisional of U.S. patent appli-
cation Ser. No. 13/592,024, filed Aug. 22, 2012, now U.S.
Pat. No. 8,951,758, which claims priority to previously filed
U.S. patent application Ser. No. 13/215,193, filed Aug. 22,
2011, now U.S. Pat. No. 8,298,795, which claims priority to
U.S. Prov. Appln. Ser. No. 61/526,224, filed Aug. 22, 2011,
and U.S. Prov. Appln. Ser. No. 61/601,997, filed Feb. 22,
2012, all of which are hereby incorporated in their entireties
for all purposes.

REFERENCE TO A “SEQUENCE LISTING,” A
TABLE, OR A COMPUTER PROGRAM LISTING
APPENDIX SUBMITTED AS AN ASCII TEXT
FILE

[0002] The Sequence Listing written in file CX35-
101US2A_ST25.TXT, created on Aug. 20, 2012, 416,766
bytes, machine format IBM-PC, MS-Windows operating
system, is hereby incorporated by reference.

FIELD OF THE INVENTION

[0003] The invention relates generally to the field of
glycolytic enzymes and their use, and to the field of directed
enzyme evolution or modification. More specifically, the
present invention provides GH61 protein variants, and meth-
ods for the use of such protein variants in production of
fermentable sugars and ethanol from cellulosic biomass.

BACKGROUND

[0004] Cellulosic biomass is a significant renewable
resource for the generation of fermentable sugars. These
sugars can be used as substrates for fermentation and other
metabolic processes to produce biofuels, chemical com-
pounds and other commercially valuable end-products.
[0005] The conversion of cellulosic biomass to ferment-
able sugars may begin with chemical, mechanical, enzy-
matic or other pretreatments to increase the susceptibility of
cellulose to hydrolysis. Such pretreatment may be followed
by the enzymatic conversion of cellulose to cellobiose,
cello-oligosaccharides, glucose, and other sugars and sugar
polymers, using enzymes that break down cellulose. These
enzymes are collectively referred to as “cellulases” and
include endoglucanases, beta-glucosidases and cellobiohy-
drolases.

SUMMARY OF THE INVENTION

[0006] The invention provides numerous variants of
GHO61 proteins. In some embodiments, these variants com-
prise amino acid substitutions as set forth herein. In some
embodiments, these variants exhibit an improved ability to
synergize with cellulase enzymes, thereby increasing the
yield of fermentable sugars obtained by saccharification of
cellulose-containing biomass. Sugars obtained from saccha-
rification can be fermented to produce alcohol and other
end-products. Thus, the GH61 variant proteins of this inven-
tion have important commercial applicability in the produc-
tion of biofuels and other end-products. In some embodi-
ments, the present invention provides GH61 variant proteins
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comprising an amino acid sequence that is substantially
identical (for example, at least about 70%, about 75%, about
80%, about 85%, about 90%, about 91%, about 92%, about
93%, about 94%, about 95%, about 96%, about 97%, about
98%, about 99%, or about 100% identical) to SEQ ID NO:2
or a fragment of SEQ ID NO:2 having GH61 activity as
defined below. In some embodiments, the variant protein has
one or more amino acid substitutions with respect to SEQ ID
NO:2 or a fragment of SEQ ID NO:2. In some embodiments,
the GH61 is at least 95% identical to SEQ ID NO:2 or a
fragment of SEQ ID NO:2 having GH61 activity. In some
embodiments, the GH61 variant proteins have increased
thermoactivity compared with the GH61 wild-type protein
of SEQ ID NO:2. In some further embodiments, the GH61
variant proteins have increased thermostability compared
with the GH61 wild-type protein of SEQ ID NO:2.

[0007] In some embodiments, the present invention pro-
vides GH61 variants comprising substitution(s) in at least
one of the positions as indicated herein. In some embodi-
ments, the substitution(s) provide GH61 variants that have
increased activity as compared to wild-type GH61. In some
embodiments, the GH61 variants comprise at least one
substitution selected from those listed in Table 1 and/or
Table 2 in any combination, wherein the positions are
numbered with reference to SEQ ID NO:2.

[0008] In some further embodiments, the GH61 variants
provided herein comprise the any one or more of the
mutations listed in Table 1 and/or Table 2 in any combina-
tion. It is not intended that the present invention be limited
to the specific substitutions. Any two, three, four, or more
than four substitutions find use in any combination that
improves GH61 activity. Non-limiting illustrations of effec-
tive combinations are provided herein.

[0009] In some embodiments, a substitution or combina-
tion of substitutions in the amino acid sequence as provided
herein results in the variant protein having increased GH61
activity in a saccharification reaction. In some embodiments,
crystalline cellulose undergoes saccharification by cellulase
enzymes that are contained in culture broth from M. ther-
mophila cells. When measured in this manner, a GH61
variant protein of this invention causes increase in yield of
fermentable sugars (e.g., glucose) to a degree that is about
1.5-fold, about 2-fold, about 3-fold, about 5-fold, about
8-fold, about 10-fold or more compared with the parental
GH61 sequence (SEQ ID NO:2) or biologically active
fragment, compared with a reference protein comprising
SEQ ID NO:2 or the fragment, without any substitutions. It
is not intended that the present invention be limited to the
production of any particular fermentable sugar(s). It is also
not intended that the present invention be limited to any
specific level of improvement in the yield of fermentable
sugar using at least one of the variants provided herein.
[0010] This invention also provides GH61 protein variants
that are more resistant to the presence of enzyme inhibitors
that may be present in commercial sources of biomass, or be
generated as a result of pretreatment of the biomass sub-
strate.

[0011] In some embodiments, the present invention pro-
vides GH61 wvariant proteins comprising amino acid
sequences that are at least about at least about 60%, at least
about 65%, at least about 70%, 75%, at least 80%, at least
about 85%, at least about 90%, at least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least
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about 98%, at least about 99%, or at least about 100%
identical to SEQ ID NO:2 or a fragment of SEQ ID NO:2
having GH61 activity, wherein the amino acid sequence of
the variant protein has one or more amino acid substitutions
with respect to SEQ ID NO:2 or the fragment.

[0012] In some embodiments, the present invention pro-
vides GH61 wvariant proteins comprising amino acid
sequences that are at least about at least about 60%, at least
about 65%, at least about 70%, at least about 75%, at least
about 80%, at least about 85%, at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, or at least about 99%
identical to SEQ ID NO:2 or a fragment of SEQ ID NO:2
having GH61 activity, wherein the amino acid sequence of
the variant protein has one or more amino acid substitutions
with respect to SEQ ID NO:2 or the fragment, and wherein
the substitution(s) in the amino acid sequence result in the
variant protein having increased GH61 activity in a reaction
where crystalline cellulose undergoes saccharification by
cellulase enzymes that are contained in culture broth from
M. thermophila cells, compared with a reference protein
comprising SEQ ID NO:2 or the fragment, without any
substitutions.

[0013] In some embodiments, the present invention pro-
vides GH61 wvariant proteins comprising amino acid
sequences that are at least about 60%, at least about 65%, at
least about 75%, at least about 80%, at least about 85%, at
least about 90%, at least about 91%, at least about 92%, at
least about 93%, at least about 94%, at least about 95%, at
least about 96%, at least about 97%, at least about 98%, at
least about 99%, or at least about 100% identical to SEQ ID
NO:2 or a fragment of SEQ ID NO:2 having GH61 activity,
wherein the amino acid sequence of the variant protein has
one or more amino acid substitutions with respect to SEQ ID
NO:2 or the fragment, and wherein the polynucleotide
encoding the GH61 variant protein comprises at least one
mutation and/or mutation set selected from those listed in
Table 1 and/or Table 2 in any combination, wherein the
nucleotide positions of the substitutions are determined by
alignment with SEQ ID NO:1.

[0014] In some embodiments, the present invention pro-
vides enzyme compositions comprising at least one GH61
variant of the present invention and/or at least one wild-type
GH61 protein. In some embodiments, the present invention
provides enzyme compositions comprising at least one
GHG61 variant protein of this invention is combined with one
or more cellulase enzyme(s), including but not limited to
endoglucanases (EG), beta-glucosidases (BGL), cellobiohy-
drolases (e.g., CBH1 and/or CBH2), and/or at least one
wild-type GH61 protein. In some embodiments, the enzyme
compositions further comprise one or more enzymes
selected from cellulases, hemicellulases, xylanases, amy-
lases, glucoamylases, proteases, esterases xylosidases, and
lipases.

[0015] The invention also includes polynucleotides encod-
ing GH61 variant proteins, recombinant cells expressing
such polynucleotides and optionally one or more cellulase
enzymes, and methods for increasing yield of fermentable
sugars in a saccharification reaction by conducting the
reaction in the presence of at least one GH61 protein of this
invention.

[0016] In some embodiments, the present invention pro-
vides at least one polynucleotide comprising at least one
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nucleic acid sequence encoding at least one GH61 variant
protein; at least one polynucleotide that hybridizes under
stringent hybridization conditions to at least one polynucle-
otide encoding at least one GH61 variant protein; and/or at
least one polynucleotide that hybridizes under stringent
hybridization conditions to the complement of at least one
polynucleotide encoding at least one polypeptide compris-
ing at least one GH61 variant protein.

[0017] The present invention also provides recombinant
nucleic acid constructs comprising at least one polynucle-
otide sequence encoding at least one GH61 protein, wherein
the polynucleotide is selected from: (a) a polynucleotide that
encodes a polypeptide comprising an amino acid sequence
having at least 60%, at least 65%, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or at least 100%
identity to SEQ ID NO:2, wherein the amino acid sequence
comprises at least one substitution and/or substitution set
provided herein; (b) a polynucleotide that hybridizes under
stringent hybridization conditions to at least a fragment of a
polynucleotide that encodes a polypeptide having the amino
acid sequence of SEQ ID NO:2, and wherein the amino acid
sequence comprises at least one substitution and/or at least
one substitution set provided herein; and/or (c) a polynucle-
otide that hybridizes under stringent hybridization condi-
tions to the complement of at least a fragment of a poly-
nucleotide that encodes a polypeptide having the amino acid
sequence of SEQ ID NO:2, and wherein the amino acid
sequence comprises at least one substitution and/or at least
one substitution set provided herein.

[0018] The present invention further provides recombi-
nant nucleic acid constructs comprising at least one poly-
nucleotide sequence encoding at least one GH61 protein,
wherein the polynucleotide is selected from: (a) a polynucle-
otide that encodes a polypeptide comprising an amino acid
sequence having at least about 60%, at least about 65%, at
least about 70%, at least about 75%, at least about 80%, at
least about 85%, at least about 90%, at least about 91%, at
least about 92%, at least about 93%, at least about 94%, at
least about 95%, at least about 96%, at least about 97%, at
least about 98%, at least about 99%, or at least about 100%
identity to SEQ ID NO:2, wherein the amino acid sequence
comprises at least one substitution and/or substitution set
provided herein; (b) a polynucleotide that hybridizes under
stringent hybridization conditions to a polynucleotide that
encodes a polypeptide having the amino acid sequence of
SEQ ID NO:2, and wherein the amino acid sequence com-
prises at least one substitution and/or at least one substitu-
tion set provided herein; and/or (c) a polynucleotide that
hybridizes under stringent hybridization conditions to the
complement of a polynucleotide that encodes a polypeptide
having the amino acid sequence of SEQ ID NO:2, and
wherein the amino acid sequence comprises at least one
substitution and/or at least one substitution set provided
herein. In some embodiments of the nucleic acid constructs,
the polynucleotide sequence is at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least
about 99% identical to SEQ ID NO:1, and wherein the
polynucleotide sequence comprises at least one mutation
and/or at least one mutation set provided herein. Exemplary
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are those shown in Table 1 and Table 2, which may be
incorporated into the polynucleotide in any combination.
[0019] In some embodiments, the present invention pro-
vides polynucleotides and nucleic acid constructs compris-
ing polynucleotides encoding at least one GH61 variant
and/or wild-type protein (e.g., any of SEQ ID NOS:2, 3, 5,
6,8,9,11, 12, 14, 15, 17, 18, 20, 21, 23, 24, 26, 27, 29, 30,
32,133, 35, 36, 38, 39, 41, 42, 44, 45, 47, 48, 50, 51, 53, 54,
56, 57, 59, 60, 62, 64, 65, 67, 68, 70,71, 73, 74, 76,77, 79,
80, 82, 83, 85, 86, 88, 89, 91, 93, 95, 96, 98, 99, 101, 102,
104, 105, 107, 108), operably linked to promoters. In some
embodiments, the promoters are heterologous promoters. In
some embodiments, the present invention provides expres-
sion constructs comprising polynucleotides and/or nucleic
acid constructs that comprise polynucleotides encoding at
least one GH61 variant and/or wild-type protein. In some
embodiments, the expression constructs comprise at least
one nucleic acid sequence operably linked to at least one
additional regulatory sequence.

[0020] The present invention also provides recombinant
host cells that express at least one polynucleotide sequence
encoding at least one GH61 variant protein. In some
embodiments, the host cell also expresses at least one
polynucleotide sequence encoding at least one GH61 wild-
type protein. In some embodiments, the expressed GH61
variant and/or wild-type protein is secreted from the host
cell. In some embodiments, the host cell also produces at
least one cellulase enzyme selected from endoglucanases
(EG), beta-glucosidases (BGL), cellobiohydrolases (e.g.,
CBHI1 and/or CBH2), xylanases, xylosidases, etc. In some
embodiments, the host cell is a yeast, while in some other
embodiments, the host cell is a filamentous fungal cell. In
some further embodiments, the filamentous fungal cell is a
Myceliophthora, a Thielavia, a Trichoderma, or an Asper-
gillus cell. In some embodiments, the filamentous fungal cell
is Myceliophthora thermophila. In some additional embodi-
ments, the host cell also produces at least one additional
enzyme (e.g., esterase, protease, amylase, laccase, etc.).
[0021] In some additional embodiments, the present
invention provides methods for producing at least one
end-product from at least one cellulosic substrate. The
substrate is contacted with at least one GH61 variant protein
of the invention, and one or more cellulase enzymes. The
fermentable sugars that are produced as a result are con-
tacted with a microorganism in a fermentation to produce an
end-product (e.g., an alcohol such as ethanol). The fermen-
tation may be simultaneous with the saccharification, or may
occur subsequently. It is not intended that the fermentation
end-product be limited to any specific composition, as
various end-products may be obtained from the fermentation
reaction, including but not limited to alcohols.

[0022] The present invention also provides methods for
producing fermentable sugars from cellulosic substrates,
comprising contacting at the cellulosic substrate with at least
one enzyme composition provided herein, under culture
conditions whereby fermentable sugars are produced. In
some embodiments the enzyme composition comprises a
plurality of enzymes seclected from at least one GH61
variant, at least one wild-type GH61, at least one endoglu-
canase (EG), at least one beta-glucosidase (BGL), at least
one cellobiohydrolase (e.g., CBH1 and/or CBH2), at least
one xylanase, at least one xylosidase, and/or at least one
esterase. In some embodiments, the CBHI1 is CBHla. In
further embodiments, the CBH2 is CHB2b. In some embodi-
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ments, the methods further comprise the step of pretreating
the cellulosic substrate prior to the contacting step. In some
embodiments, the enzyme composition is added concur-
rently with the pretreating step.

[0023] In some embodiments, the cellulosic substrate
comprises wheat grass, wheat straw, barley straw, sorghum,
rice grass, sugarcane, sugarcane straw, bagasse, switchgrass,
corn stover, corn fiber, grains, or a combination thereof. In
further embodiments, the fermentable sugars comprise glu-
cose and/or xylose. In some embodiments, the methods
further comprise the step of recovering the fermentable
sugars. In some embodiments, the methods further comprise
the step of contacting the fermentable sugars with a micro-
organism under conditions such that the microorganism
produces at least one fermentation end product. In further
embodiments, the fermentation end product is selected from
alcohols, fatty alcohols, fatty acids, lactic acid, acetic acid,
3-hydroxypropionic acid, acrylic acid, succinic acid, citric
acid, malic acid, fumaric acid, amino acids, 1,3-propanediol,
ethylene, glycerol, butadiene, and/or beta-lactams. In some
still further embodiments, the fermentation end product is an
alcohol selected from ethanol and butanol. In some embodi-
ments, the alcohol is ethanol. It is not intended that the
fermentation end-product be limited to any specific compo-
sition(s), as various end-products can be produced using the
present invention.

[0024] The present invention also provides methods for
producing an end product from a cellulosic substrate, com-
prising: contacting the cellulosic substrate with at any
enzyme composition provided herein, under conditions
whereby fermentable sugars are produced from the sub-
strate; and contacting the fermentable sugars with a micro-
organism in a fermentation to produce an end-product. In
some embodiments, the methods comprise simultaneous
saccharification and fermentation reactions (SSF). In some
alternative embodiments, the methods comprise saccharifi-
cation of the cellulosic substrate and fermentation in sepa-
rate reactions (SHF). In some additional embodiments, the
methods comprise production of at least one enzyme simul-
taneously with hydrolysis and/or fermentation (e.g., “con-
solidated bioprocessing”).

[0025] The present invention also provides methods for
producing a fermentation end product from a cellulosic
substrate, comprising obtaining fermentable sugars pro-
duced according to any method provided herein, and con-
tacting the fermentable sugars with a microorganism in a
fermentation to produce a fermentation end product. In some
embodiments, the fermentation end product is selected from
alcohols, fatty alcohols, fatty acids, lactic acid, acetic acid,
3-hydroxypropionic acid, acrylic acid, citric acid, malic
acid, fumaric acid, succinic acid, amino acids, 1,3-propane-
diol, ethylene, glycerol, butadiene, and/or beta-lactams. In
some embodiments, the fermentation end product is at least
one alcohol selected from ethanol and butanol. In further
embodiments, the alcohol is ethanol. In some still further
embodiments, the microorganism is a yeast. In some
embodiments, the methods further comprise the step of
recovering the fermentation end product. It is not intended
that the fermentation end-product be limited to any specific
composition(s), as various end-products can be produced
using the present invention. It is also not intended that the
present invention be limited to any particular microorgan-
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ism. It is further not intended that the present invention be
limited to any particular yeast, as any suitable yeast finds use
in the present invention.

[0026] The present invention also provides for use of at
least one GH61 variant protein as provided herein to pro-
duce at least one fermentation end product. The present
invention also provides for use of at least one GH61 variant
protein provided herein to produce at least one fermentation
end product selected from alcohols, fatty alcohols, fatty
acids, lactic acid, acetic acid, 3-hydroxypropionic acid,
acrylic acid, citric acid, malic acid, fumaric acid, succinic
acid, amino acids, 1,3-propanediol, ethylene, glycerol, buta-
diene, and/or beta-lactams. In some embodiments, the fer-
mentation end product is an alcohol selected from ethanol
and butanol. In some embodiments, the alcohol is ethanol. It
is not intended that the fermentation end-product be limited
to any specific composition(s), as various end-products can
be produced using the present invention.

[0027] A further embodiment of the invention is a com-
position comprising a GH61 protein, one or more cellulase
enzymes, a cellulosic substrate, and an effective concentra-
tion of Cu** and/or gallic acid, as further described and
illustrated below. The GH61 protein may be any GH61
protein disclosed herein, such as a protein comprising an
amino acid sequence at least about 60%, at least about 65%,
at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 91%,
at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%,
at least about 98%, at least about 99%, or about 100%
identical to SEQ ID NO:2, or a fragment thereof with GH61
activity. In some embodiments, the GH61 protein is a variant
protein comprising all or part of SEQ ID NO:2 having GH61
activity, wherein the variant comprises one or more of the
amino acid substitutions provided herein. In some embodi-
ments, the cellulase enzyme(s) are selected from endoglu-
canases (EQG), beta-glucosidases (BGL), cellobiohydrolases
(e.g., CBH1 and/or CBH2), xylanases, xylosidases, etc. In
some embodiments, the presence of Cu™, gallic acid, or
both enhances activity of the GH61 protein, thereby increas-
ing the rate of glucose production or reducing the amount of
GH61 protein needed to supply GH61 activity in a saccha-
rification reaction.

[0028] In another embodiment, the present invention pro-
vides methods for producing fermentable sugars from cel-
Iulosic substrate(s), in which a composition comprising at
least one GH61, at least one cofactor, at least one additional
cellulase enzyme, and at least one cellulosic substrate is
cultured or maintained under conditions whereby ferment-
able sugars are produced from the substrate(s). The ferment-
able sugars can then be contacted with a microorganism
under conditions such that the microorganism produces at
least one fermentation end product, such as ethanol. A
further embodiment of the invention is use of Cu** to
increase production of fermentable sugars from a sacchari-
fication reaction where cellulase activity is enhanced in the
presence of a protein or protein variant with GH61 activity.
[0029] The present invention provides GH61 variant pro-
teins comprising amino acid sequences that are at least about
75%, at least about 80%, at least about 85%, at least about
86%, at least about 87%, at least about 88%, at least about
89%, at least about 90%, at least about 91%, at least about
92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at least about
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98%, or at least about 99% identical to SEQ ID NO:2 or a
fragment of SEQ ID NO:2 having GH61 activity, wherein
the amino acid sequence of the variant protein has one or
more amino acid substitutions with respect to SEQ ID NO:2
or the fragment. In some embodiments, the GH61 variant
proteins comprise an amino acid sequence that is at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% identical to SEQ
ID NO:2 or a fragment of SEQ ID NO:2 having GH61
activity, wherein the amino acid sequence of the variant
protein has one or more amino acid substitutions with
respect to SEQ ID NO:2 or the fragment. In some embodi-
ments, the GH61 variant proteins are at least 95% identical
to SEQ ID NO:2 or a fragment of SEQ ID NO:2 having
GHG61 activity. In some embodiments, the GH61 variant
proteins have increased thermoactivity, thermostability, and/
or activity, as compared to the GH61 wild-type protein of
SEQ ID NO:2. In some further embodiments, the GH61
variant proteins comprise at least one substitution(s) at one
or more of the following amino acid positions: 20, 35, 42,
44, 45, 68, 87, 97, 103, 104, 127, 131, 132, 133, 134, 137,
139, 142, 143, 162, 163, 164, 165, 166, 167, 168, 169, 170,
171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 190,
191, 192, 192, 205, 212, 215, 218, 232, 236, 239, 244, 246,
258,270, 273,317,322, 323, 328, 330, and/or 341, wherein
the amino acid positions are numbered with reference to
SEQ ID NO:2. In some embodiments, the GH61 variant
proteins comprise at least one substitution(s) at one or more
of'the following amino acid positions: H20, N35, W42, Q44,
P45, F68,T87,V97,P103, E104, S127, W131, F132, K133,
1134. A137, Y139, A142, A143, 1162, P163, S164, D165,
L166, K167, A168, G169, N170,Y171, V172, 1173, R174,
H175, E176, 1177, 1178, A179, 1180, H181, Q190, A191,
Y192, Y192, S205, A212, S215, K218, S232, T236, G239,
A244, A246, T258, G270, P273, N317, P322, T323, G328,
S330, and/or C341, wherein the amino acid positions are
numbered with reference to SEQ ID NO:2. In some further
embodiments, the GH61 variant proteins comprise at least
one substitution(s) at one or more of the following amino
acid positions: H20, N35, W42, E104, 1134, S164, K167,
A168, V172, 1177, A179, and/or A191, wherein the amino
acid positions are numbered with reference to SEQ ID NO:2.
In some additional embodiments, the GH61 variant proteins
comprise at least two amino acid substitutions. In still some
further embodiments, the GH61 variant proteins comprise at
least one substitution set selected from: N35/E104/A168;
W42/E104/K167; N35/W42/V97/A191; W42/E104; E104/
K167, W42/A191; N35/W42/A191; V97/A191; and N35/
E104/A191, wherein the amino acid positions are numbered
with reference to SEQ ID NO:2. In some embodiments, the
GHG61 variant proteins comprise at least one amino acid
substitution comprising one or more of the following sub-
stitutions numbered with reference to SEQ ID NO:2: H20C/
D, N35G, W42P, Q44V, P45T, F68Y, T87P, V97Q, P103E/
H, E104C/D/H/Q, S127T, W131X, F132X, K133X, 134X,
A137P, Y1391, A142W, A143P, 1162X, P163X, S164X,
D165X, L166X, K167A/X, A168P/X, G169X, N170X,
Y171A/R, V172X, L173X, R174X, H175X, E176X, 1177X,
1178X, A179X, L18OM/W, H181X, Q190E/H, A191N/T,
Y192H, Y192Q, S205N, A212P, S215W, K218T, S232A,
T236P, G239D, A244D, A246T, T2581, G270S, P273S,
N317K, P322L, T323P, G328A, 5330R, and/or C341R,
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wherein the amino acid positions are numbered with refer-
ence to SEQ ID NO:2. In some additional embodiments, the
GHG61 variant proteins comprise one or more of the follow-
ing substitutions: N35G, W42P, V97Q, E104H, K167A,
A168P, and/or A191N, wherein the amino acid positions are
numbered with reference to SEQ ID NO:2. In some embodi-
ments, the GH61 variant proteins comprise one or more of
the following substitution sets: N35G/E104H/A168P;
W42P/E104H/K167A; N35G/W42P/VI7Q/A191N; W42P/
E104H; E104H/K167A; W42P/A19IN; N35G/W42P/
A19IN; V97Q/A191IN; and/or N35G/E104H/A191N,
wherein the amino acid positions are numbered with refer-
ence to SEQ ID NO:2. In some additional embodiments, the
GHG61 variant proteins comprise the substitutions N35G/
E104H/A168P, wherein the amino acid positions are num-
bered with reference to SEQ ID NO:2. In some further
embodiments, the GH61 variant proteins comprise the
sequence set forth in any of SEQ ID NOS:4, 6, and/or 8. In
some additional further embodiments, the GH61 variant
proteins are encoded by at least one polynucleotide sequence
set forth in SEQ ID NOS:3, 5, and/or 7. In some embodi-
ments, the GH61 variant proteins comprise at least one
substitution(s) at one or more of the following amino acid
positions: 24, 28, 32, 34, 35, 40, 44, 45, 46, 49, 51, 54, 55,
56, 58, 64, 66, 67, 69, 70, 71, 78, 80, 82, 83, 88, 93, 95, 101,
104, 116, 118, 128, 130, 136, 137, 141, 142, 144, 145, 150,
155, 161, 164, 168, 184, 187, 199, 203, 205, 212, 218, 219,
230, 231, 232, 233, 234, 236, 237, 245, 253, 263, 266, 267,
268, 269, 270, 271, 280, 281, 282, 290, 295, 297, 303, 305,
310, 317, 320, 324, 326, 327, 329, 330, 332, 333, 336, 337,
and/or 339, wherein the amino acid positions are numbered
with reference to SEQ ID NO:2. In some further embodi-
ments, the GH61 variant proteins, comprise at least one
substitution(s) at one or more of the following amino acid
positions: S24, V28, Y32, R34, N335, T40, Q44, P45, N46,
T49, 151, T54, AS55, A56, Q58, E64, N66, S67, G69, T70,
P71, S78, T80, G82, G83, V88, K93, N95, E101, E104,
Al116,N118, S128, R130, G136, A137, K141, A142, G144,
R145, A150, G155, Q161, S164, A168, Q184, N187, R199,
G203, S205, A212, K218, A219, V230, S231, S232, P233,
D234, T236, V237, G245, S253, A263, P266, G267, G268,
G269, G270, A271, A280, T281, S282, R290, S295, A297,
P303, G305, K310, N317, T320, V324, A326, P327, S329,
S330, S332, V333, E336, W337, and/or 5339, wherein the
amino acid positions are numbered with reference to SEQ
ID NO:2. In some further embodiments, the GH61 variant
proteins comprise a plurality of amino acid substitutions as
set forth herein. In some embodiments, the GH61 variant
proteins comprise at least one substitution set selected from:
N35/T40/E104/A168/P327;  N35/P45/E104/A168/N317,
N35/E104/A168/N317; N35/E104/A168/N317/S329; N35/
E104/A137/A168/S232; N35/E104/A168/N317/T320; N35/
E104/A168/D234; N35/T40/E104/A142/A168; N35/E104/
R145/A168; N35/T40/S78N88/E104/S128K/A168/D234;
N35/E104/A168/S330; N35/E104/A168/G203/P266; N35/
E104/A168/D234; N35/E104/A168/S330; N35/E104/A168/
W337; R34/N35/E104/R145/A168; Y32/N35/E64/E104/
A168; V28/N35/P45/E104/A168; N35/E104/G144/A168/
V333; N35/N66/E104/A168; N35/E104/A168/P327; N35/
E104/A168/G203; N35/E104/A168/S339; N35/P45/N46/
E104/A150/A168; N35/E104/A168/S231; N35/T40/E104/
A168/D234/P327;, N35/E104/A168/S231; N35/E104/A168/
N317; N35/E104/A168/S330; N35/E104/A168/S329; N35/
E104/A168/P327; N35/P45/E104/A168; N35/E104/A116/
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A168; N35/T40/E104/A168N230/P327; N35/E104/A168/
S332; N35/E104/A168/G203; N35/E104/R145/A168/S329;
N35/T40/T49/E104/A168/D234; /P327; N35/A56/E104/
A168; N35/E104/Q161/A168; N35/E104/A168/S332; N35/
P45/T49/E104/A168/N317/T320; N35/E104/A168/V237;
N35/E104/A168/E336; N35/E104/A168/P233; N35/E104/
R130/A168; N35/E104/A168/P327;, N35/E104/A168/N317;
N35/Q44/E104/A168; N35/E104/A168/A326; N35/E104/
A168/N317; N35/T40/E104/S128/A168; N35/T80/E104/
A168/P303; N35/E104/A116/A168; N35/E104/A168/S231/
S295; N35/T40/E101/E104/A168/P327, N35/P45/E104/
A168/A219/8232; N35/N46/E104/A168; N35/E104/A168/
A326; N35/E104/A168/G203/T281; N35/E104/A168/E336;
N35/T40/E104/S128/A142/A168; N35/E104/N118/A168;
N35/E104/G155/A168; S24/N35/E104/A168/V237/P303;
N35/E104/Q161/A168; N35/Q44/S67/E104/A168; V28/
N35/E104/A168; N35/E104/A168/Q184; N35/T54/E104/
A168; N35/N66/E104/A168; N35/E64/E104/A168; N35/
E104/S164/A168/A271; N35/N66/E104/A168; N35/G83/
E104/A168; N35/E104/K141/A168; N35/E104/A168/
N317/T320; N35/E104/R130/A168; N35/E104/R145/A168;
N35/T70/E104/A168; N35/E104/R130/A168; N35/E104/
A168/Q184; N35/E104/A168/S329; N35/T49/E104/A168;
Y32/N35/E104/A168; N35/E104/A168/S330; N35/Q58/
E104/A168; Y32/N35/P71/E104/A168; N35/E104/A168/
S330; N35/T80/E104/A168; N35/G82/E104/A168; N35/
E104/A168/S295; N35/N66/E104/A168; N35/T54/E104/
A168; N35/P45/E104/A168; N35/E104/S128/A168; N35/
N66/N95/E104/S164/A168; /G267; N35/T54/E104/A168;
N35/P45/E104/K141/A168; N35/E104/A168/S332; N35/
E104/A168/A297; N35/E104/K141/R145/A168; N35/Q44/
E104/A168/S231; N35/T40/T49/S78/E104/A142; /A168;
N35/E104/S164/A168/5295; N35/E104/A168/N317; N35/
P45/E104/A168; N35/G82/E104/A168; N35/N46/E104/
A168/G203/A263; N35/Q58/E104/A168; N35/G69/E104/
A168; N35/S67/E104/A168; N35/E104/A168/R199; N35/
E104/A168/G203/G268/G269/G270; N35/E104/A168/
V324; N35/E104/A168/P266; N35/E104/A168/G245; N35/
N66/E104/A168;  S24/N35/Q44/T80/E104/A168; N35/
E104/A168/T236; N35/E104/A168/K310; N35/E104/R130/
A168; N35/N66/S78/E104/A168/S253; N35/N66/E104/
S164/A168/S282; N35/E104/A142/A168; N35/E104/R145/
A168; N35/E104/A168/S231; N35/E104/A168/Q184; N35/
E104/A168/K218; N35/E104/A168/P233; N35/T49/E104/
A168/Q184; N35/T40/E104/A168/P327; N35/T54/E104/
A168; N35/N66/E104/S164/A168/S231/8253; N35/E104/
A168/G203; N35/T49/E104/A168; N35/E104/A168/P266/
G267, N35/Q44/N66/E104/A168; N35/867/E104/A168;
N35/E104/A137/A168; N35/T49/E104/S128/A168; N35/
T49/E104/A168/K218/N317; N35/151/E104/A168; N35/
E104/A168/A326; N35/P45/E104/A168/T320; N35/N66/
E104/A168; N35/E104/A168N237/P303; N35/P45/E104/
A168/K218/N317; N35/T80/E104/A168; N35/AS55/E104/
A168; N35/E104/K141/A168/P266; N35/E104/A168/S330;
N35/N66/E104/A168/R290; N35/E104/N118/A168; N35/
E104/A168/A212; N35/K93/E104/R130/A168; N35/E104/
A168/G267; N35/P45/T49/E104/A168/N317;, N35/E104/
A168/V230; N35/E104/A168/S329; N35/PAS/E104/A168/
A219; N35/S78/E104/S164/A168; N35/E104/A168/S205;
N35/E104/A168/Q184;  V28/N35/N46/Q58/E104/A168;
N35/E104/A142/A168; N35/E104/A168/E336; N35/E104/
A168/A280; N35/E104/A168/A219; N35/E104/A168/
P303/G305; R34/N35/E104/A168/A280; N35/E104/A168/
N187; N35/E104/G136/A168; N35/E104/A168/Q184; N35/
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T49/E104/A168/N317, N35/T40/T49/S78/E104/A168,;
R34/N35/K93/E104/R130/R145/A168/R199/K218/A280;

N35/T40/E104/A142/A168; and N35/N66/E104/A168,
wherein the amino acid positions are numbered with refer-
ence to SEQ ID NO:2. In some further embodiments, the
GHG61 variant proteins comprise at least one amino acid
substitution comprising one or more of the following sub-
stitutions numbered with reference to SEQ ID NO:2: S24Q);
V28H; Y32S; R34E; N35G; T40A/G/L/S; Q44K; P4SD/E/
K/R/S; N46E/R; T4A9A/Q/R/Y; I51A; T54G/M/S/W; AS55G;
A3568S; Q358H/P; E64L/S; N66A/D/G/L/M/Q/RN; S67G/H/
T, G69T, T70A; P71A; S78C/D; T8OH/L/V; G82A/S;
G83R; V88I;, K93N/T; N95E; E101T; E104H; A116Q/S;
N118E/S; S128K/L/N; R130E/G/H/K/Y; G136H; A137M/
S; K141A/N/P/R; A142D/G/L; G144S; R145H/L/N/Q/T;
A150Y; G155N; Q161E/R; S164E; A168P; Q184E/H/L/N/
R; N187D; R199E; G203E/V/Y; S205T; A212M; K218L/T;
A219R/T, V2301/Q; S231A/H/K/I; S232E; P233F/T,
D234E/M/N; T236E; V2371, G245A; S253D/T; A263V,
P266S; G267D/V; G268A; G269A; G270A; A271T,
A280D/T; T281A; S282D; R290K; S295D/L/T; A297T,
P303T; G305D; K310I; N317D/H/I/M/Q/R; T320A,;
V324M;  A326C/Q/V, P327F/K/L/M;  S329H/T/Q/T/Y,
S330A/H/I/TN; S332C/F/R; V333Q; E336L/R/S; W337R;
and/or S339W, wherein the amino acid positions are num-
bered with reference to SEQ ID NO:2. In some embodi-
ments, the GH61 variant proteins comprise a plurality of
substitutions and/or substitution sets as provided therein. In
some additional embodiments, the GH61 variant proteins
comprise one or more of the following substitution sets:
N35G/T40A/E104H/A168P/P327M; N35G/P45D/E104H/

A168P/N317R; N35G/E104H/A168P/N317R;  N35G/
E104H/A168P/N317D/S329Y; N35G/E104H/A137S/
A168P/S232E; N35G/E104H/A168P/N317R/T320A;

N35G/E104H/A168P/D234E; N35G/T40S/E104H/A142G/
A168P; N35G/E104H/R145L/A168P; N35G/T40S/S78C/
V88I/E104H/S128K/A168P/D234M, N35G/E104H/
A168P/S330V, N35G/E104H/A168P/G203E/P266S;
N35G/E104H/A168P/D234N; N35G/E104H/A168P/
S330H;  N35G/E104H/A168P/W337R;  R34E/N35G/
E104H/R145T/A168P; Y32S/N35G/E64S/E104H/A168P;
V28H/N35G/P45K/E104H/A168P; N35G/E104H/G144S/
A168P/V333Q;  N35G/N66Q/E104H/A168P;  N35G/
E104H/A168P/P327K; N35G/E104H/A168P/G203E;
N35G/E104H/A168P/S339W; N35G/P45K/N46E/E104H/
A150Y/A168P; N35G/E104H/A168P/S231K; N35G/T40A/
E104H/A168P/D234E/P327M, N35G/E104H/A168P/
S231H; N35G/E104H/A168P/N317M; N35G/E104H/
A168P/S330Y; N35G/E104H/A168P/S3291; N35G/E104H/
A168P/P327F; N35G/P45D/E104H/A168P; N35G/E104H/
A116S/A168P; N35G/T40A/E104H/A168P/V2301/P327M;
N35G/E104H/A168P/S332R; N35G/E104H/A168P/
G203V; N35G/E104H/R145N/A168P/S329H; N35G/T40S/
T49R/E104H/A168P/D234E;  /P327M;  N35G/A56S/
E104H/A168P;  N35G/E104H/Q161R/A168P;  N35G/
E104H/A168P/S332F; N35G/P45R/T49A/E104H/A168P/
N317R/T320A;  N35G/E104H/A168P/V2371;  N35G/
E104H/A168P/E3368S; N35G/E104H/A168P/P233T;
N35G/E104H/R130H/A168P; N35G/E104H/A168P/
P327L; N35G/E104H/A168P/N3171; N35G/Q44K/E104H/
A168P;, N35G/E104H/A168P/A326V;,  N35G/E104H/
A168P/N317H; N35G/T40L/E104H/S128K/A168P; N35G/
T80V/E104H/A168P/P303T; N35G/E104H/A116Q/A168P;
N35G/E104H/A168P/S231A/S295L; N35G/T40S/E101T/
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E104H/A168P/P327M; N35G/P45K/E104H/A168P/
A219R/S232E; N35G/N46R/E104H/A168P; N35G/E104H/
A168P/A326Q); N35G/E104H/A168P/G203E/T281A,;
N35G/E104H/A168P/E336R; N35G/T40S/E104H/S128K/
A142G/A168P;  N35G/E104H/N118S/A168P;  N35G/
E104H/G155N/A168P; S24Q/N35G/E104H/A168P/V2371/
P303T; N35G/E104H/Q161E/A168P; N35G/Q44K/S67T/
E104H/A168P; V28H/N35G/E104H/A168P; N35G/E104H/
A168P/Q184L; N35G/T54G/E104H/A168P; N35G/N66M/
E104H/A168P; N35G/E64L/E104H/A168P; N35G/E104H/
S164E/A168P/A271T; N35G/N66A/E104H/A168P; N35G/
G83R/E104H/A168P; N35G/E104H/K141A/A168P;
N35G/E104H/A168P/N317Q/T320A,; N35G/E104H/
R130G/A168P; N35G/E104H/R145Q/A168P;  N35G/
T70A/E104H/A168P; N35G/E104H/R130K/A168P; N35G/
E104H/A168P/Q184E; N35G/E104H/A168P/S329T;
N35G/T49A/E104H/A168P;  Y32S/N35G/E104H/A168P;
N35G/E104H/A168P/S3301; N35G/Q58H/E104H/A168P;
Y32S/N35G/P71A/E104H/A168P; N35G/E104H/A168P/
S330T; N35G/T80V/E104H/A168P; N35G/G82A/E104H/
A168P; N35G/E104H/A168P/S295T; N35G/N66G/E104H/
A168P; N35G/T54S/E104H/A168P; N35G/P45S/E104H/
A168P; N35G/E104H/S128L/A168P; N35G/N66D/NISE/
E104H/S164E/A168P;  /G267D;  N35G/T54W/E104H/
A168P; N35G/PASE/E104H/K141R/A168P; N35G/E104H/
A168P/S332C;  N35G/E104H/A168P/A297T,  N35G/
E104H/K141P/R145Q/A168P; N35G/Q44K/E104H/
A168P/S231T;  N35G/T40G/T49R/S78C/E104H/A142G;
/A168P;  N35G/E104H/S164E/A168P/S295D;  N35G/
E104H/A168P/N317Q; N35G/P45R/E104H/A168P; N35G/
G82S/E104H/A168P; N35G/N46R/E104H/A168P/G203E/
A263V; N35G/Q58P/E104H/A168P; N35G/G69T/E104H/
A168P; N35G/S67G/E104H/A168P; N35G/E104H/A168P/
R199E; N35G/E104H/A168P/G203E/G268A/G269A/
G270A; N35G/E104H/A168P/V324M; N35G/E104H/
A168P/P2668S; N35G/E104H/A168P/G245A; N35G/NG66R/
E104H/A168P; S24Q/N35G/Q44K/T80H/E104H/A168P;
N35G/E104H/A168P/T236E; N35G/E104H/A168P/K310I;
N35G/E104H/R130Y/A168P; N35G/N66D/S78D/E104H/
A168P/S253D; N35G/N66D/E104H/S164E/A168P/S282D;
N35G/E104H/A1421./A168P; N35G/E104H/R145H/
A168P;  N35G/E104H/A168P/S231T;  N35G/E104H/
A168P/Q184R;  N35G/E104H/A168P/K218L;  N35G/
E104H/A168P/P233F; N35G/T49A/E104H/A168P/Q184H;
N35G/T40S/E104H/A168P/P327M; N35G/T54M/E104H/
A168P; N35G/N66D/E104H/S164E/A168P/S231T/S253T;
N35G/E104H/A168P/G203Y; N35G/T49Q/E104H/A168P;
N35G/E104H/A168P/P2668/G267V, N35G/Q44K/N66V/
E104H/A168P; N35G/S67H/E104H/A168P; N35G/E104H/
A137M/A168P; N35G/T49A/E104H/S128N/A168P;
N35G/T49R/E104H/A168P/K218L/N317Q; N35G/IS1A/
E104H/A168P; N35G/E104H/A168P/A326C; N35G/P45R/
E104H/A168P/T320A; N35G/N66L/E104H/A168P; N35G/
E104H/A168P/V2371/P303T; N35G/P45R/E104H/A168P/
K218L/N317Q; N35G/T80L/E104H/A168P; N35G/AS55G/
E104H/A168P; N35G/E104H/K141N/A168P/P266S;
N35G/E104H/A168P/S330A; N35G/N66D/E104H/A168P/
R290K; N35G/E104H/N118E/A168P;  N35G/E104H/
A168P/A212M; N35G/K93N/E104H/R130Y/A168P;
N35G/E104H/A168P/G267D; N35G/P45SR/T49Y/E104H/
A168P/N317D;  N35G/E104H/A168P/V230Q; N35G/
E104H/A168P/S329Q; N35G/P45K/E104H/A168P/
A219R; N35G/S78D/E104H/S164E/A168P; N35G/E104H/
A168P/S205T; N35G/E104H/A168P/Q184H; V28H/N35G/
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N46E/Q58H/E104H/A168P; N35G/E104H/A142D/A168P;
N35G/E104H/A168P/E336L; N35G/E104H/A168P/
A280T; N35G/E104H/A168P/A219T; N35G/E104H/
A168P/P303T/G305D; R34E/N35G/E104H/A168P/A280T;
N35G/E104H/A168P/N187D; N35G/E104H/G136H/
A168P; N35G/E104H/A168P/Q184N; N35G/T49Y/
E104H/A168P/N317R; N35G/T40A/T49Q/S78C/E104H/
A168P; R34E/N35G/K93T/E104H/R130E/R145T/A168P/
R199E/K218T/A280D; N35G/T40L/E104H/A142G/
A168P; and/or N35G/N66G/E104H/A168P, wherein the
amino acid positions are numbered with reference to SEQ
ID NO:2. In some further embodiments, the GH61 variant
proteins comprise a plurality of substitutions as provided
herein. In some additional embodiments, the GH61 variant
proteins comprise polypeptide sequences that are at least
about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, at least
about 99%, or 100% identical to any of SEQ ID NOS:2, 3,
5, 6, 8, and/or 9, and/or a biologically active fragment of any
of SEQID NOS: 2,3, 5, 6, 8, and/or 9, wherein the fragment
has GH61 activity. In still some additional embodiments, the
GHG61 variant proteins comprise polypeptide sequences that
are at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical to any of SEQ ID
NOS:2, 3, 5, 6, 8, and/or 9, and/or a biologically active
fragment of any of SEQ ID NOS: 2, 3, 5, 6, 8, and/or 9,
wherein the fragment has GH61 activity.

[0030] The present invention also provides GH61 variant
proteins comprising amino acid sequences that are at least
about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least
about 99% identical to any of SEQ ID NOS:2, 3, 5, 6, 8,
and/or 9, or a fragment of SEQ ID NOS:2, 3, 5, 6, 8, and/or
9 having GH61 activity, wherein the amino acid sequence of
the variant protein has one or more amino acid substitutions
with respect to SEQ ID NOS:2, 3, 5, 6, 8, and/or 9 or the
fragment, and wherein the substitution(s) in the amino acid
sequences result in the variant proteins having increased
GHG61 activity in a reaction where crystalline cellulose
undergoes saccharification by cellulase enzymes that are
contained in culture broth from M. thermophila cells, com-
pared with a reference protein comprising SEQ ID NO:2, 3,
5, 6, 8, and/or 9 or the fragment, without any substitutions.
In some embodiments, the GH61 variant proteins comprise
amino acid sequences that are at least 75%, at least 80%, at
least 85%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%,
at least 98%, or at least 99% identical to any of SEQ ID
NOS:2, 3,5, 6, 8, and/or 9, or a fragment of SEQ ID NOS:2,
3,5, 6,8, and/or 9 having GH61 activity, wherein the amino
acid sequence of the variant protein has one or more amino
acid substitutions with respect to SEQ ID NOS:2, 3, 5, 6, 8,
and/or 9 or the fragment, and wherein the substitution(s) in
the amino acid sequences result in the variant proteins
having increased GH61 activity in a reaction where crystal-
line cellulose undergoes saccharification by cellulase
enzymes that are contained in culture broth from M. ther-
mophila cells, compared with a reference protein comprising
SEQ ID NO:2, 3, 5, 6, 8, and/or 9 or the fragment, without
any substitutions. In some further embodiments, the present
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invention provides GH61 variant proteins encoded by poly-
nucleotides, wherein the proteins comprise amino acid
sequences that are at least about 75%, at least about 80%, at
least about 85%, at least about 90%, at least about 91%, at
least about 92%, at least about 93%, at least about 94%, at
least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% identical to any of
SEQID NOS:2, 3, 5, 6, 8, and/or 9 or a fragment of SEQ ID
NO:2, 3,5, 6, 8, and/or 9 having GH61 activity, wherein the
amino acid sequence of the variant protein has one or more
amino acid substitutions with respect to SEQ ID NO:2, 3, 5,
6, 8, and/or 9 or the fragment, and wherein the polynucle-
otide encoding the GH61 variant protein comprises at least
one mutation and/or mutation set selected from t60c/c573g,
160c/c573g/g1026a, ¢573g, t60c/c291a/c573g, 160c/c291a,
t60c/c876t, a312g, 160c, t379a/c380g/g381c, c300t, 1204c/
1379a/c380g/g381c/c385t, gl026a, c246t, c597g, c72t,
c732g/c843t/c882t, c909t, c912¢g, g921a, c792t, g972t,
g921a, t379a/c380g/g381c/c454a/c456a/c732t/c8431/c849t,
¢520a/c522g, t60c/c573g; 160c/c288t/c573g; t60c/c198t/
¢573g; and/or t60c/g399a/c573g; wherein the nucleotide
positions are numbered with reference to SEQ ID NO:1. In
still some further embodiments, the present invention pro-
vides GH61 variant proteins encoded by polynucleotides,
wherein the proteins comprise amino acid sequences that are
at least 75%, at least 80%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, or at least 99%
identical to any of SEQ ID NOS:2, 3, 5, 6, 8, and/or 9 or a
fragment of SEQ ID NO:2, 3, 5, 6, 8, and/or 9 having GH61
activity, wherein the amino acid sequence of the variant
protein has one or more amino acid substitutions with
respect to SEQ ID NO:2, 3, 5, 6, 8, and/or 9 or the fragment,
and wherein the polynucleotide encoding the GH61 variant
protein comprises at least one mutation and/or mutation set
selected from t60c/c573g, t60c/c573g/21026a, ¢573g, t60c/
c291a/c573g, t60c/c291a, t60c/c876t, a312g, t60c, t379a/
c380g/g381c, c300t, t204c¢/t379a/c380g/g381c/c385t,
gl1026a, c246t, c597g, c72t, c732g/c843t/c882t, c909t,
c912g, g921a, ¢792t, g972t, g921a, t379a/c380g/g381c/
c454a/c456a/c732t/c8431/c849t, ¢520a/c522g, t60c/c573g;
t60c/c288t/c573g; t60c/c198t/c573g; and/or 1t60c/g399a/
¢573g; wherein the nucleotide positions are numbered with
reference to SEQ ID NO:1.

[0031] The present invention also provides polynucle-
otides comprising a nucleic acid sequences encoding the
GHG61 variant proteins provided herein, as well as poly-
nucleotides that hybridize under stringent hybridization con-
ditions to at least one polynucleotide and/or a complement
of at least one polynucleotide encoding GH61 variant pro-
teins provided herein. In some embodiments, the present
invention provides polynucleotide sequences encoding
GH61 variant proteins, wherein the polynucleotide
sequences are at least about 75%, at least about 80%, at least
about 85%, at least about 90%, at least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% identical to any of SEQ ID
NOS:1, 4, 7, and/or 10, or at least one polynucleotide that
hybridizes under stringent hybridization conditions to at
least one polynucleotide and/or complement of any of SEQ
ID NOS:1, 4, 7, and/or 10. In some additional embodiments,
the present invention provides polynucleotide sequences
encoding GH61 variant proteins, wherein the polynucleotide
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sequences are at least 75%, at least 80%, at least 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99%, or 100% identical to any of SEQ ID NOS:1, 4,
7, and/or 10, or at least one polynucleotides that hybridizes
under stringent hybridization conditions to at least one
polynucleotide and/or complement of any of SEQ ID NOS:
1, 4, 7, and/or 10.

[0032] The present invention also provides recombinant
nucleic acid constructs comprising at least one polynucle-
otide sequence encoding at least one GH61 protein, wherein
the polynucleotide is selected from: (a) a polynucleotide that
encodes a polypeptide comprising an amino acid sequence
having at least about 70%, at least about 75%, at least about
80%, at least about 85%, at least about 90%, at least about
91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% identity to
SEQ ID NO:2, 3, 5, 6, 8, and/or 9, wherein the amino acid
sequence comprises at least one substitution and/or substi-
tution set provided herein; (b) a polynucleotide that hybrid-
izes under stringent hybridization conditions to at least a
fragment of a polynucleotide that encodes a polypeptide
having the amino acid sequence of SEQ ID NO:2, 3,5, 6, 8,
and/or 9, and wherein the amino acid sequence comprises at
least one substitution and/or at least one substitution set
provided herein; and/or (c¢) a polynucleotide that hybridizes
under stringent hybridization conditions to the complement
of at least a fragment of a polynucleotide that encodes a
polypeptide having the amino acid sequence of SEQ ID
NO:2, 3, 5, 6, 8, and/or 9, and wherein the amino acid
sequence comprises at least one substitution and/or at least
one substitution set provided herein. In some embodiments,
the recombinant nucleic acid constructs comprise at least
one polynucleotide sequence encoding at least one GH61
protein, wherein the polynucleotide is selected from: (a) a
polynucleotide that encodes a polypeptide comprising an
amino acid sequence having at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% identity to SEQ
ID NO:2, wherein the amino acid sequence comprises at
least one substitution and/or substitution set provided
herein; (b) a polynucleotide that hybridizes under stringent
hybridization conditions to a polynucleotide that encodes a
polypeptide having the amino acid sequence of SEQ ID
NO:2, and wherein the amino acid sequence comprises at
least one substitution and/or at least one substitution set
provided herein; and/or (c¢) a polynucleotide that hybridizes
under stringent hybridization conditions to the complement
of a polynucleotide that encodes a polypeptide having the
amino acid sequence of SEQ ID NO:2, and wherein the
amino acid sequence comprises at least one substitution
and/or at least one substitution set provided herein. In some
additional embodiments, the recombinant nucleic acid con-
structs comprise at least one polynucleotide sequence at
least about 70%, at least about 75%, at least about 80%, at
least about 85%, at least about 90%, at least about 91%, at
least about 92%, at least about 93%, at least about 94%, at
least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% identical to any of
SEQ ID NOS:1, 4, 7, and/or 10, and wherein the polynucle-
otide sequence comprises at least one mutation and/or at
least one mutation set provided herein. In some further
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additional embodiments, the recombinant nucleic acid con-
structs comprise polynucleotide sequences that are at least
70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%,
or 100% identical to any of SEQ ID NOS:1, 4, 7, and/or 10,
and wherein the polynucleotide sequence comprises at least
one mutation and/or at least one mutation set provided
herein. In some embodiments, the polynucleotides and/or
nucleic acid constructs provided herein comprise at least one
polynucleotide sequence comprising at least one mutation or
mutation set selected from t60c/c573g, t60c/c573g/g1026a,
c573g, 160c/c291a/c573g, t60c/c291a, t60c/c876t, a312g,
t60c, t379a/c380g/g381c¢, c300t, 1204c/t379a/c380g/g381c/
c385t, gl026a, c246t, c597g, c72t, c732g/c843t/c882t,
c909t, c912g, g921a, c792t, g972t, g921a, t379a/c380g/
g381c/c454a/cd56a/c732t/c8431/c849t, ¢520a/c522g; 160c/
c573g; t60c/c288t/c573g; t60c/c198t/c573g; and/or t60c/
£399a/c573g. In some additional embodiments, the
polynucleotide and/or nucleic acid construct comprise at
least one nucleic acid sequence operably linked to a pro-
moter. In some additional embodiments, the promoter is a
heterologous promoter. In some further embodiments, the
nucleic acid constructs further encode at least one enzyme in
addition to the GH61 variant protein. In some embodiments,
the nucleic acid constructs comprise at least one additional
enzyme is selected from wild-type GH61 enzymes, endog-
lucanases (EG), beta-glucosidases (BGL), Type 1 cellobio-
hydrolases (CBH1), Type 2 cellobiohydrolases (CBH2),
cellulases, hemicellulases, xylanases, xylosidases, amylases,
glucoamylases, proteases, esterases, and lipases. In some
further embodiments, at least one additional enzyme is
selected from wild-type GH61 enzymes, endoglucanases
(EG), beta-glucosidases (BGL), Type 1 cellobiohydrolases
(CBH1), Type 2 cellobiohydrolases (CBH2), xylanases, and
xylosidases.

[0033] The present invention also provides expression
constructs comprising at least one polynucleotide or nucleic
acid construct as provided herein. In some expression con-
struct embodiments, the nucleic acid construct and/or the
polynucleotide is operably linked to a promoter. In some
embodiments, the promoter is heterologous. In some further
embodiments of the expression constructs provided herein,
the nucleic acid sequence is operably linked to at least one
additional regulatory sequence.

[0034] The present invention also provides host cells that
express at least one polynucleotide sequence encoding at
least one GH61 variant protein provided herein. In some
embodiments, the host cells produce at least one GH61
variant protein provided herein. In some additional embodi-
ments, at least one GH61 variant protein is secreted from the
host cells. In some further embodiments, the host cells
further produce at least one enzyme selected from wild-type
GH61 enzymes, endoglucanases (EG), beta-glucosidases
(BGL), Type 1 cellobiohydrolases (CBH1), Type 2 cello-
biohydrolases  (CBH2), cellulases, hemicellulases,
xylanases, xylosidases, amylases, glucoamylases, proteases,
esterases, and lipases. In some additional embodiments, the
host cell further produces at least one enzyme selected from
wild-type GH61 enzymes, endoglucanases (EG), beta-glu-
cosidases (BGL), Type 1 cellobiohydrolases (CBH1), and
Type 2 cellobiohydrolases (CBH2). In some embodiments,
the host cell is a yeast or filamentous fungal cell. In some
embodiments, the filamentous fungal cell is a Mycelio-
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phthora, a Chrysosporium a Thielavia, a Trichoderma, or an
Aspergillus cell. In some further embodiments, the filamen-
tous fungal cell is Myceliophthora thermophila. In some
additional embodiments, the host cell is a yeast cell. In some
further additional embodiments, the host cell is Saccharo-
myces. In some further embodiments, the host cells further
comprise at least one polynucleotide, polynucleotide con-
struct, and/or expression construct as provided herein.

[0035] The present invention also provides methods of
producing at least one GH61 variant protein comprising
culturing the host cell set forth herein under conditions such
that the host cell produces at least one GH61 variant proteins
as provided herein. In some embodiments of the methods,
the host cell further produces at least one additional enzyme
selected from wild-type GH61 enzymes, endoglucanases
(EG), beta-glucosidases (BGL), Type 1 cellobiohydrolases
(CBH1), Type 2 cellobiohydrolases (CBH2), cellulases,
hemicellulases, xylanases, xylosidases, amylases, glu-
coamylases, proteases, esterases, and lipases. In some
embodiments of the methods, the host cell further produces
at least one EG, at least one BGL, at least one CBH1, at least
one CBH2, and/or at least one wild-type GH61 enzyme. In
some further embodiments of the methods, the conditions
comprise culturing at about pH 5, while in some alternative
embodiments of the methods, the conditions comprise cul-
turing at about pH 6.7. In some embodiments of the meth-
ods, the filamentous fungal cell is a Myceliophthora, a
Chrysosporium, a Thielavia, a Trichoderma, or an Asper-
gillus cell. In some further embodiments of the methods, the
filamentous fungal cell is a Myceliophthora thermophila. In
some additional embodiments of the methods, the host cell
is a yeast cell. In some further additional embodiments of the
methods, the host cell is Saccharomyces.

[0036] The present invention also provides enzyme com-
positions comprising at least one GH61 variant protein as
provided herein. In some embodiments, the enzyme com-
positions further comprise one or more enzymes selected
from wild-type GH61 enzymes, endoglucanases (EG), beta-
glucosidases (BGL), Type 1 cellobiohydrolases (CBH1),
and/or Type 2 cellobiohydrolases (CBH2), cellulases, hemi-
cellulases, xylanases, xylosidases, amylases, glucoamylases,
proteases, esterases, and lipases. In some additional embodi-
ments, the enzyme compositions further comprise at least
two additional enzymes selected from wild-type GH61
enzymes, endoglucanases (EG), beta-glucosidases (BGL),
Type 1 cellobiohydrolases (CBH1), and/or Type 2 cellobio-
hydrolases (CBH2), cellulases, hemicellulases, xylanases,
xylosidases, amylases, glucoamylases, proteases, esterases,
and lipases. In some embodiments, the enzyme composi-
tions are produced by the host cells provided herein. In some
additional embodiments, the enzyme compositions further
comprise a microorganism. In some further embodiments,
the microorganism comprises M. thermophila. In some
embodiments, the enzyme compositions further comprise at
least one adjunct composition. In some additional embodi-
ments, the enzyme compositions comprise at least one
adjunct composition selected from divalent metal cations,
reductants, surfactants, buffers, culture media, and enzyme
stabilizing systems. In some further embodiments, the
enzyme compositions comprise adjunct composition com-
prising copper and/or gallic acid. In some additional
embodiments, the enzyme compositions find use in saccha-
rification reactions.
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[0037] The present invention also provides compositions
comprising at least one GH61 protein, one or more cellulase
enzymes, a cellulosic substrate, and Cu**, wherein the
GHG61 protein is at least about 70%, about 75%, about 80%,
about 85%, about 86%, about 87%, about 88%, about 89%,
about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, about 99%,
or about 100% identical to any of SEQ ID NOS:2, 5, 6, 8,
9, 11, and/or 12, and/or a biologically fragment thereof with
GHG61 activity. In some embodiments, the present invention
provides compositions comprising at least one GH61 pro-
tein, one or more cellulase enzymes, a cellulosic substrate,
and Cu™*, wherein the GH61 protein is at least 70%, 75%,
80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ
ID NO:2, 5, 6, 8, 9, 11, and/or 12, and/or a biologically
fragment thereof with GH61 activity. In some embodiments,
the concentration of Cu*™* is at least about 4 uM. In some
embodiments, the concentration of Cu*™* is between about 1
uM and about 100 uM, between about 4 M and about 100
uM, or between about 5 uM and about 100 pM.

[0038] The present invention also provides compositions
comprising at least one GH61 protein, one or more cellulase
enzymes, a cellulosic substrate, and gallic acid, wherein the
GHG61 protein is at least about 70%, about 80%, about 85%,
about 86%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%,
about 96%, about 97%, about 98%, about 99%, or about
100% identical to any of SEQ ID NO:2, 5, 6, 8, 9, 11, and/or
12, and/or a biologically fragment thereof with GH61 activ-
ity. The present invention also provides compositions com-
prising at least one GH61 protein, one or more cellulase
enzymes, a cellulosic substrate, and gallic acid, wherein the
GHG61 protein is at least 70%, 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to any of SEQ ID NO:2, 5, 6, 8, 9,
11, and/or 12, and/or a biologically fragment thereof with
GH61 activity. In some embodiments, the concentration of
gallic acid in the compositions is at least about 0.1 mM. In
some embodiments, the compositions comprise gallic acid at
a concentration between about 1 mM and about 5 mM. In
some embodiments, the concentration of gallic acid in the
composition is at least 0.1 mM. In some embodiments, the
compositions comprise gallic acid at a concentration
between 1 mM and 5 mM. In some embodiments, the
compositions comprise at least one GH61 protein compris-
ing SEQ ID NO:2, 5, 6, 8, 9, 11, and/or 12, and/or a
biologically active fragment thereof with GH61 activity. In
some embodiments, the compositions comprise at least one
GHG61 variant protein as provided herein. In some embodi-
ments, the compositions comprise at least one cellulase
enzyme selected from endoglucanases (EG), beta-glucosi-
dases (BGL), Type 1 cellobiohydrolases (CBH1), and/or
Type 2 cellobiohydrolases (CBH2). In some embodiments,
the compositions comprise at least one BGL, CBH1, and
CBH2. In some additional embodiments, the compositions
further comprise at least one additional enzyme. In some
further embodiments, at least one additional enzyme is
selected from hemicellulases, xylanases, xylosidases, amy-
lases, glucoamylases, proteases, esterases, and lipases. In
still some further embodiments of the compositions, the
cellulosic substrate is selected from wheat grass, wheat
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straw, barley straw, sorghum, rice grass, sugarcane straw,
bagasse, switchgrass, corn stover, corn fiber, grains, or any
combination thereof.

[0039] The present invention also provides methods for
producing fermentable sugars from a cellulosic substrate,
comprising contacting the cellulosic substrate with at least
one enzyme composition as provided herein under condi-
tions whereby fermentable sugars are produced. In some
embodiments, the methods further comprise pretreating the
cellulosic substrate prior to the contacting. In some addi-
tional embodiments of the methods, the enzyme composi-
tion is added concurrently with pretreating. In some further
embodiments of the methods, the cellulosic substrate com-
prises wheat grass, wheat straw, barley straw, sorghum, rice
grass, sugarcane, sugarcane straw, bagasse, switchgrass,
corn stover, corn fiber, grains, or any combination thereof. In
some additional embodiments of the methods, the ferment-
able sugars comprise glucose and/or xylose. In some
embodiments, the methods further comprise recovering the
fermentable sugars. In some embodiments of the methods,
the conditions comprise using continuous, batch, and/or
fed-batch culturing conditions. In some further embodi-
ments, the method is a batch process, while in some alter-
native embodiments, the method is a continuous process,
and in some still further embodiments, the method is a
fed-batch process. In some embodiments, the methods com-
prise any combination of batch, continuous, and/or fed-batch
processes conducted in any order. In still some further
embodiments, the methods are conducted in a reaction
volume of at least 10,000 liters, while in some other embodi-
ments, the methods are conducted in a reaction volume of at
least 100,000 liters. In some embodiments, the methods
further comprise use of at least one adjunct composition. In
some embodiments, the adjunct composition is selected
from at least one divalent metal cation, gallic acid, and/or at
least one surfactant. In some embodiments, the divalent
metal cation comprises copper and/or gallic acid. In some
additional embodiments, the surfactant is selected from
TWEEN®-20 non-ionic detergent and polyethylene glycol.
In some further embodiments, the methods are conducted at
about pH 5.0, while in some alternative embodiments, the
methods are conducted at about pH 6.0. In some additional
embodiments, the pH is in the range of about 4.5 to about 7.
In some embodiments, the methods further comprise con-
tacting the fermentable sugars with a microorganism under
conditions such that the microorganism produces at least one
fermentation end product. In some embodiments, the fer-
mentation end product is selected from alcohols, fatty acids,
lactic acid, acetic acid, 3-hydroxypropionic acid, acrylic
acid, succinic acid, citric acid, malic acid, fumaric acid,
amino acids, 1,3-propanediol, ethylene, glycerol, fatty alco-
hols, butadiene, and beta-lactams. In some further embodi-
ments, the fermentation product is an alcohol selected from
ethanol and butanol. In some still further embodiments, the
alcohol is ethanol.

[0040] The present invention also provides methods for
increasing production of fermentable sugars from a saccha-
rification reaction comprising combining at least one cellu-
lase substrate, one or more cellulase enzymes, and at least
one GH61 protein wherein the protein is at least about 70%,
about 75%, about 80%, about 85%, about 86%, about 87%,
about 88%, about 89%, about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%,
about 98%, about 99%, or about 100% identical to SEQ ID
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NO:2, and an adjunct composition in a saccharification
reaction, wherein the adjunct composition comprises Cu** at
a concentration of at least about 4 uM and/or gallic acid at
a concentration of at least about 0.5 mM. The present
invention also provides methods for increasing production
of fermentable sugars from a saccharification reaction com-
prising combining at least one cellulase substrate, one or
more cellulase enzymes, and at least one GH61 protein
wherein the protein is at least 70%, 75%, 80%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to SEQ ID NO:2, and an
adjunct composition in a saccharification reaction, wherein
the adjunct composition comprises Cu** at a concentration
of at least about 4 uM and/or gallic acid at a concentration
of at least about 0.5 mM. In some embodiments, at least one
GH61 protein comprises SEQ ID NO:2, 5, 6, 8, 9, 11, and/or
a biologically active fragment thereof. In some embodi-
ments of the methods, the GH61 protein is at least one GH61
protein variant as provided herein. In some embodiments,
the methods further comprise use of at least one surfactant
selected from TWEEN®-20 non-ionic detergent and poly-
ethylene glycol. In some additional embodiments, the meth-
ods are conducted at about pH 5.0, while in some other
embodiments, the methods are conducted at about pH 6.0.

[0041] The present invention also provides methods of
producing at least one end product from at least one cellu-
losic substrate, comprising: a) providing at least one cellu-
losic substrate and at least one enzyme composition as
provided herein; b) contacting the cellulosic substrate with
the enzyme composition under conditions whereby ferment-
able sugars are produced from the cellulosic substrate in a
saccharification reaction; and c¢) contacting the fermentable
sugars with a microorganism under fermentation conditions
such that at least one end product is produced. In some
embodiments, the method comprises simultaneous saccha-
rification and fermentation reactions (SSF), while in some
alternative embodiments of the methods, saccharification of
the cellulosic substrate and fermentation are conducted in
separate reactions (SHF). In some additional embodiments,
the methods comprise production of at least one enzyme
simultaneously with hydrolysis and/or fermentation (e.g.,
“consolidated bioprocessing”; CBP). In some embodiments,
the enzyme composition is produced simultaneously with
the saccharification and fermentation reactions. In some
additional embodiments at least one enzyme of said com-
position is produced simultaneously with the saccharifica-
tion and fermentation reactions. In some embodiments, in
which at least one enzyme and/or the enzyme composition
is produced simultaneously with the saccharification and
fermentation reactions, the methods are conducted in a
single reaction vessel. In some embodiments, the methods
further comprise use of at least one adjunct composition in
the saccharification reaction. In some embodiments of the
methods, at least one adjunct composition is selected from
at least one divalent metal cation, gallic acid, and/or at least
one surfactant. In some further embodiments of the methods,
the divalent metal cation comprises copper. In some further
embodiments of the methods, the adjunct composition com-
prises gallic acid. In some additional embodiments of the
methods, the surfactant is selected from TWEEN®-20 non-
ionic detergent and polyethylene glycol. In some embodi-
ments, the method is conducted at about pH 5.0. In some
embodiments, the method is conducted at about pH 6.0. In
some further embodiments, the method is conducted at a pH



US 2017/0159035 Al

in the range of about 4.5 to about 7.0. In some embodiments,
the methods further comprise recovering at least one end
product. In some embodiments of the methods the end
product comprises at least one fermentation end product. In
some further embodiments of the methods, the fermentation
end product is selected from alcohols, fatty acids, lactic acid,
acetic acid, 3-hydroxypropionic acid, acrylic acid, succinic
acid, citric acid, malic acid, fumaric acid, an amino acid,
1,3-propanediol, ethylene, glycerol, fatty alcohols, butadi-
ene, and beta-lactams. In some embodiments of the meth-
ods, the fermentation end product is at least one alcohol
selected from ethanol and butanol. In some embodiments of
the methods, the alcohol is ethanol. In some additional
embodiments of the methods, the microorganism is a yeast.
In some further embodiments, the yeast is Saccharomyces.
In some further additional embodiments, the methods fur-
ther comprise recovering at least one fermentation end
product.

[0042] The present invention also provides for use of at
least one GH61 variant protein provided herein to produce
at least one fermentation end product. In some embodi-
ments, at least one GH61 variant protein provided herein is
used to produce at least one fermentation end product
selected from alcohols, fatty acids, lactic acid, acetic acid,
3-hydroxypropionic acid, acrylic acid, citric acid, malic
acid, fumaric acid, succinic acid, amino acids, 1,3-propane-
diol, ethylene, glycerol, butadiene, fatty alcohols, and beta-
lactams. In some embodiments, the fermentation end prod-
uct is at least one alcohol selected from ethanol and butanol.
In some further embodiments, the alcohol is ethanol.

[0043] Additional embodiments of the invention are
apparent from the present description.

DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 provides results of an experiment using
recombinantly produced GH6la protein having the
sequence shown in SEQ ID NO:2. The protein was tested for
its ability to promote the activity of cellulases present in
culture broth of M. thermophila. The graph shows the
improvement in the yield of the fermentable sugar glucose
that is attained by adding GH61 to the reaction.

[0045] FIG. 2 shows specific GH61 activity observed in a
reaction where a wheat straw substrate was hydrolyzed by
cellulase enzymes CBH1, CBH2, and beta-glucosidase. The
results show that GH61a Variants 5 and 9 have a 2.0 to 2.9
fold improvement over the parental GH61 sequence (SEQ
1D NO:2); and Variant 1 has a 3.0 to 3.9 fold improvement.

[0046] FIG. 3 shows the increase in glucose production in
the presence of GH61 protein when Cu** is included the
reaction. In this Figure, n=4; and mean+SD. Panel A shows
the increase with a GH61 variant protein “Variant 5,” while
Panel B shows the increase with the wild-type GH6la
protein (SEQ ID NO:2).

[0047] FIG. 4 shows activity of GH61a pre-incubated with
0 or 50 uM CuSO,, copper(1]) ion at either saccharification
pH 5.0 or pH 6.0. Panel A shows glucose production, while
Panel B shows the total production of C5 sugars.

[0048] FIG. 5 shows activity of M. thermophila-produced
GH61a Variant 1 on cellulosic substrates. Panel A shows the
results on AVICEL® PH microcrystalline cellulose, and
Panel B shows the results on phosphoric acid swollen
cellulose (PASC), in the presence of ascorbic acid, gallic
acid and pretreatment filtrate.
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[0049] FIG. 6 provides results showing the effects of
surfactants on saccharification. Panel A shows enzymatic
hydrolysis activity of a cellulase mixture in the presence of
TWEEN®-20, while Panel B shows the enzymatic hydro-
lysis activity of a cellulase mixture in the presence of
PEG-4000.

DETAILED DESCRIPTION OF THE
INVENTION

[0050] As described herein, the present invention provides
GH61 proteins of the filamentous fungus Myceliophthora
thermophila that have been genetically modified. These
GHG61 protein variants exhibit improved activity and other
benefits, as compared to wild-type GH61 proteins.

[0051] Before modification, the GH61 protein having the
sequence shown in SEQ ID NO:2 improves the yield of
fermentable sugars produced from a cellulosic substrate
through the activity of cellulase enzymes (e.g., endogluca-
nase, beta-glucosidase (BGL), cellobiohydrolase, and com-
binations of such enzymes; See, FIG. 1). The GH61 variant
proteins of this invention have certain amino acid substitu-
tions in relation to SEQ ID NO:2, either alone or in various
combinations. GH61 variant proteins that have gone through
one round of optimization, when included in a saccharifi-
cation assay, improve the yield of fermentable sugars in such
reactions by at least about 2-fold, about 3-fold, or more, in
relation to the improvement in yield when wild-type GH61a
(SEQ ID NO:2) is used instead. (See, FI1G. 2). After multiple
rounds of optimization, the GH61 activity can be improved
by a further 1.5-fold, 2-fold, 3-fold or more.

[0052] The GH61 variant proteins of the present invention
have important industrial applicability in the processing of
cellulosic biomass to produce fermentable sugars, which in
turn can be fermented or processed to produce commercially
important fermentation products (e.g., “fermentation end-
products” or “end-products”), including but not limited to, at
least one alcohol, fatty acid, lactic acid, acetic acid, 3-hy-
droxypropionic acid, acrylic acid, succinic acid, citric acid,
malic acid, fumaric acid, amino acid, 1,3-propanediol, eth-
ylene, glycerol, fatty alcohol, butadiene, and/or beta-lactam.
In further embodiments, the alcohol is ethanol, butanol,
and/or a fatty alcohol. In some embodiments, the fermen-
tation product is ethanol. In some still further embodiments,
the fermentation product is a fatty alcohol that is a C8-C20
fatty alcohol. In some embodiments, the fermentation
medium comprises at least one product from a saccharifi-
cation process.

[0053] GH61 proteins, their production and use are gen-
erally described in PCT/US11/488700. This application
claims priority to U.S. Ser. No. 61/375,788, both of which
are incorporated herein by reference in their entirety. Pro-
teins, procedures, and uses described in these applications
find use with the GH61 variant proteins of the present
invention.

DEFINITIONS

[0054] All patents and publications, including all
sequences disclosed within such patents and publications,
referred to herein are expressly incorporated by reference.
Unless otherwise indicated, the practice of the present
invention involves conventional techniques commonly used
in molecular biology, fermentation, microbiology, and
related fields, which are known to those of skill in the art.
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Unless defined otherwise herein, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of the present invention, the
preferred methods and materials are described. Indeed, it is
intended that the present invention not be limited to the
particular methodology, protocols, and reagents described
herein, as these may vary, depending upon the context in
which they are used. The headings provided herein are not
limitations of the various aspects or embodiments of the
present invention.

[0055] Nonetheless, in order to facilitate understanding of
the present invention, a number of terms are defined below.
Numeric ranges are inclusive of the numbers defining the
range. Thus, every numerical range disclosed herein is
intended to encompass every narrower numerical range that
falls within such broader numerical range, as if such nar-
rower numerical ranges were all expressly written herein. It
is also intended that every maximum (or minimum) numeri-
cal limitation disclosed herein includes every lower (or
higher) numerical limitation, as if such lower (or higher)
numerical limitations were expressly written herein.
[0056] As used herein, the term “comprising” and its
cognates are used in their inclusive sense (i.e., equivalent to
the term “including” and its corresponding cognates).
[0057] As used herein and in the appended claims, the
singular “a”, “an” and “the” include the plural reference
unless the context clearly dictates otherwise. Thus, for
example, reference to a “host cell” includes a plurality of
such host cells.

[0058] Unless otherwise indicated, nucleic acids are writ-
ten left to right in 5' to 3' orientation; amino acid sequences
are written left to right in amino to carboxy orientation,
respectively. The headings provided herein are not limita-
tions of 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.

[0059] As used herein, the term “produces™ refers to the
production of proteins (polypeptides) and/or other com-
pounds by cells. It is intended that the term encompass any
step involved in the production of polypeptides including,
but not limited to, transcription, post-transcriptional modi-
fication, translation, and post-translational modification. In
some embodiments, the term also encompasses secretion of
the polypeptide from a cell.

[0060] As used in this disclosure, the term “GH61 protein”
means a protein that has GH61 activity, including GH61
variants and wild-type GH61 enzymes. In some embodi-
ments, the GH61 proteins have been purified from M.
thermophila cells, while in other embodiments, they are
structurally related to the amino acid sequences shown in
Tables 1 and 2. The terms also encompasses species and
strain homologs and orthologs comprising protein sequences
listed in Tables 1 and 2, as well as variants, and fragments
of such sequences (produced using any suitable means
known in the art), having GH61 activity.

[0061] As used herein, the terms “variant,” “GH61 vari-
ant,” refer to a GH61 polypeptide or polynucleotide encod-
ing a GH61 polypeptide comprising one or more modifica-
tions relative to wild-type GH61 or the wild-type
polynucleotide encoding GH61 (such as substitutions, inser-
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tions, deletions, and/or truncations of one or more amino
acid residues or of one or more specific nucleotides or
codons in the polypeptide or polynucleotide, respectively),
and biologically active fragments thereof. In some embodi-
ments, the variant is derived from a M. thermophila poly-
peptide and comprises one or more modifications relative to
wild-type M. thermophila GH61 or the wild-type polynucle-
otide encoding wild-type M. thermophila GH61, or a bio-
logically active fragment thereof. In some embodiments, a
“GH61 variant protein” (“GH61 variant polypeptide™) of the
present invention is a protein that is structurally related to a
reference protein comprising SEQ ID NO:2 or a fragment of
SEQ ID NO:2 that has GH61 activity, but has one or more
amino acid substitutions in relation to the reference protein.
In some embodiments, the GH61 variant is a GH61a variant
(i.e., a variant of GH61a enzyme). In some embodiments,
the GH61 variant polypeptide is a “polypeptide of interest.”
In some additional embodiments, the GH61 variant poly-
peptide is encoded by a “polynucleotide of interest.”

[0062] The terms “improved” or “improved properties,” as
used in the context of describing the properties of a GH61
variant, refers to a GH61 variant polypeptide that exhibits an
improvement in a property or properties as compared to the
wild-type GH61 (e.g., SEQ ID NO:2) or a specified refer-
ence polypeptide. Improved properties may include, but are
not limited to increased protein expression, increased ther-
moactivity, increased thermostability, increased pH activity,
increased stability (e.g., increased pH stability or pH toler-
ance at various pH levels), increased product specificity,
increased specific activity, increased substrate specificity,
increased resistance to substrate or end-product inhibition,
increased chemical stability, reduced inhibition by glucose,
increased resistance to inhibitors (e.g., acetic acid, lectins,
tannic acids, and phenolic compounds), and altered pH/tem-
perature profile.

[0063] The term “biologically active fragment,” as used
herein, refers to a polypeptide that has an amino-terminal
and/or carboxy-terminal deletion and/or internal deletion,
but where the remaining amino acid sequence is identical to
the corresponding positions in the sequence to which it is
being compared (e.g., a full-length GH61 variant of the
invention) and that retains substantially all of the activity of
the full-length polypeptide. A biologically active fragment
can comprise about 60%, about 65%, about 70%, about
75%, about 80%, about 85%, at about 90%, about 91%,
about 92%, about 93%, about 94%, about 95%, about 96%,
about 97%, about 98%, or about 99% of a full-length GH61
polypeptide.

[0064] A GHO61 variant protein of this invention having
“increased GH61 activity” has more GH61 activity when
that protein is present in a saccharification reaction with a
specified substrate and specified cellulase enzyme(s), com-
pared with a saccharification reaction conducted with the
same substrate and enzyme(s) under the same conditions in
the presence of a reference protein (e.g., including but not
limited to wild-type GH61). The increase is determined by
measuring the amount of fermentable sugar produced in the
reaction in the presence of the GH61 variant protein, in the
presence of the reference protein (Positive Control), and in
the absence of either protein (Negative Control). The
Improvement Over Positive Control (FIOPC) is calculated
as ([Glucose production of the GH61 Variant Protein]-
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[Glucose production of the Negative Control])/([Glucose
production of the Positive Control]-[Glucose production of
the Negative Control]).

[0065] As used herein, “GH61 activity” is the functional
activity of a GH61 protein that results in production of more
fermentable sugar from a polysaccharide substrate when the
GHO61 protein is present in a saccharification reaction, com-
pared with a saccharification reaction conducted under the
same conditions in the absence of the GH61 protein.
[0066] A GHO61 variant protein of this invention having
“increased GH61 thermoactivity” has more GH61 activity in
a saccharification reaction conducted at an elevated tem-
perature (about 50° C., about 55° C., about 60° C., or higher)
with a specified substrate and specified cellulase enzyme(s),
compared with a saccharification reaction conducted under
the same conditions in the presence of the reference protein
(e.g., including but not limited to wild-type GH61).

[0067] GH61 proteins of this invention may be said to
“enhance”, “promote”, or “facilitate” activity of one or more
cellulase enzymes during hydrolysis of sugar polymers (e.g.,
cellulosic and/or lignocellulosic biomass) such that the
enzyme(s) produce(s) more product over a particular time
period, hydrolysis proceeds more rapidly, or goes further to
completion when the GH61 protein is present, compared
with a similar reaction mixture in which the GH61 protein
is absent. This invention may be practiced by following
GHO61 activity in an empirical fashion using assay methods
provided in this disclosure, without knowing the mechanism
of operation of the GH61 variant protein being used. How-
ever, it is not intended that the present invention be limited
to any particular assay system and/or method, as any suitable
method known in the art finds use.

[0068] The terms “transform” or “transformation,” as used
in reference to a cell, mean a cell has a non-native nucleic
acid sequence integrated into its genome and/or as an
episome (e.g., plasmid) that is maintained through multiple
generations.

[0069] The term “introduced,” as used in the context of
inserting a nucleic acid sequence into a cell, means that the
nucleic acid has been conjugated, transfected, transduced or
transformed (collectively “transformed”) or otherwise incor-
porated into the genome of and/or maintained as an episome
in the cell. Thus, the term encompasses transformation,
transduction, conjugation, transfection, and/or any other
suitable method(s) known in the art for inserting nucleic acid
sequences into host cells. Any suitable means for the intro-
duction of nucleic acid into host cells find use in the present
invention.

[0070] The terms “percent identity,” “% identity”, “per-
cent identical”, and “% identical” are used interchangeably
to refer to a comparison of two optimally aligned sequences
over a comparison window. The comparison window may
include additions or deletions in either sequence to optimize
alignment. The percentage of identity is the number of
positions that are identical between the sequences, divided
by the total number of positions in the comparison window
(including positions where one of the sequences has a gap).
For example, a protein with an amino acid sequence that
matches at 310 positions a sequence of GH61a (which has
323 amino acids in the secreted form), would have 310/
323=95.9% identity to the reference. Similarly, a protein
variant that has 300 residues (i.e., less than full-length) and
matches the reference sequence at 280 positions would have
280/300=93.3% identity. Computer-implemented alignment
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algorithms useful in determining the degree of identity are
known in the art, including the BLAST and BLAST 2.0
algorithms (See e.g., Altschul et al., J. Mol. Biol., 215:
403-410 [1990]; and Altschul et al., Nucl. Acids Res.,
3389-3402 [1977]).

[0071] As used herein, “polynucleotide” refers to a poly-
mer of deoxyribonucleotides or ribonucleotides in either
single- or double-stranded form, and complements thereof.

[0072] As used herein, the term “allelic variant” refers to
any of two or more (e.g., several) alternative forms of a gene
occupying the same chromosomal locus. In some embodi-
ments, allelic variation arises naturally through mutation and
results in genetic polymorphism within populations. In some
embodiments, gene mutations are silent (i.e., there is no
change in the encoded polypeptide), while in some other
embodiments the genes encode polypeptides that have
altered amino acid sequences. An “allelic variant of a
polypeptide” is a polypeptide encoded by an allelic variant
of a gene.

[0073] As used herein, “cDNA” refers to a DNA molecule
that can be prepared by reverse transcription from a mature,
spliced, mRNA molecule obtained from a eukaryotic or
prokaryotic cell. cDNA sequences lack intron sequences that
may be present in the corresponding genomic DNA. The
initial, primary RNA transcript is a precursor to mRNA that
is processed through a series of steps, including splicing,
before appearing as mature spliced mRNA.

[0074] As used herein, the term “coding sequence” refers
to a polynucleotide that directly specifies the amino acid
sequence of a polypeptide. The boundaries of the coding
sequence are generally determined by an open reading
frame, which begins with a start codon (e.g., ATG, GTG, or
TTG) and ends with a stop codon (e.g., TAA, TAG, or TGA).
In some embodiments, a coding sequence comprises
genomic DNA, while in some alternative embodiments, the
coding sequence comprises cDNA, synthetic DNA, and/or a
combination thereof.

[0075] As used herein, the terms “control sequences” and
“regulatory sequences” refer to nucleic acid sequences nec-
essary and/or useful for expression of a polynucleotide
encoding a polypeptide. In some embodiments, control
sequences are native (i.e., from the same gene) or foreign
(i.e., from a different gene) to the polynucleotide encoding
the polypeptide. Control sequences include, but are not
limited to leaders, polyadenylation sequences, propeptide
sequences, promoters, signal peptide sequences, and tran-
scription terminators. In some embodiments, at a minimum,
control sequences include a promoter, and transcriptional
and translational stop signals. In some embodiments, control
sequences are provided with linkers for the purpose of
introducing specific restriction sites facilitating ligation of
the control sequences with the coding region of the poly-
nucleotide encoding the polypeptide.

[0076] A nucleic acid construct, nucleic acid (e.g., a
polynucleotide), polypeptide, or host cell is referred to
herein as “recombinant” when it is non-naturally occurring,
artificial or engineered. The present invention also provides
recombinant nucleic acid constructs comprising at least one
GH61 variant polynucleotide sequence that hybridizes under
stringent hybridization conditions to the complement of a
polynucleotide which encodes a polypeptide comprising the
amino acid sequence of any of SEQ ID NOS:2, 3, 5,6, 8, 9,
11, and/or 12.
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[0077] The term “recombinant nucleic acid” has its con-
ventional meaning. A recombinant nucleic acid, or equiva-
lently, “polynucleotide,” is one that is inserted into a heter-
ologous location such that it is not associated with
nucleotide sequences that normally flank the nucleic acid as
it is found in nature (for example, a nucleic acid inserted into
a vector or a genome of a heterologous organism). Likewise,
a nucleic acid sequence that does not appear in nature, for
example a variant of a naturally occurring gene, is recom-
binant. A cell containing a recombinant nucleic acid, or
protein expressed in vitro or in vivo from a recombinant
nucleic acid are also “recombinant.” Examples of recombi-
nant nucleic acids include a protein-encoding DNA
sequence that is (i) operably linked to a heterologous pro-
moter and/or (ii) encodes a fusion polypeptide with a protein
sequence and a heterologous signal peptide sequence.

[0078] For purposes of this disclosure, a promoter is
“heterologous™ to a gene sequence if the promoter is not
associated in nature with the gene. A signal peptide is
“heterologous” to a protein sequence when the signal pep-
tide sequence is not associated with the protein in nature. In
some embodiments, “hybrid promoters” find use. Hybrid
promoters are promoters comprising portions of two or more
(e.g., several) promoters that are linked together to generate
a sequence that is a fusion of the portions of the two or more
promoters, which when operably linked to a coding
sequence, mediates the transcription of the coding sequence
into mRNA.

[0079] In relation to regulatory sequences (e.g., promot-
ers), the term “operably linked” refers to a configuration in
which a regulatory sequence is located at a position relative
to a polypeptide encoding sequence such that the regulatory
sequence influences the expression of the polypeptide. In
relation to a signal sequence, the term “operably linked”
refers to a configuration in which the signal sequence
encodes an amino-terminal signal peptide fused to the
polypeptide, such that expression of the gene produces a
pre-protein.

[0080] Nucleic acids “hybridize” when they associate,
typically in solution. Nucleic acids hybridize due to a variety
of well-characterized physico-chemical forces, such as
hydrogen bonding, solvent exclusion, base stacking and the
like. As used herein, the term “stringent hybridization wash
conditions” in the context of nucleic acid hybridization
experiments, such as Southern and Northern hybridizations,
are sequence dependent, and are different under different
environmental parameters. An extensive guide to the hybrid-
ization of nucleic acids is found in Tijssen, 1993, “Labora-
tory Techniques in Biochemistry and Molecular Biology-
Hybridization with Nucleic Acid Probes,” Part 1, Chapter 2
(Elsevier, New York), which is incorporated herein by
reference. For polynucleotides of at least 100 nucleotides in
length, low to very high stringency conditions are defined as
follows: prehybridization and hybridization at 42° C. in
5xSSPE, 0.3% SDS, 200 pg/ml sheared and denatured
salmon sperm DNA, and either 25% formamide for low
stringencies, 35% formamide for medium and medium-high
stringencies, or 50% formamide for high and very high
stringencies, following standard Southern blotting proce-
dures. For polynucleotides of at least 100 nucleotides in
length, the carrier material is finally washed three times each
for 15 minutes using 2xSSC, 0.2% SDS 50° C. (low

Jun. &, 2017

stringency), at 55° C. (medium stringency), at 60° C. (me-
dium-high stringency), at 65° C. (high stringency), or at 70°
C. (very high stringency).

[0081] As used herein, a “vector” and “nucleic acid con-
struct” comprise nucleic acid (e.g., DNA) constructs for
introducing a DNA sequence into a cell. In some embodi-
ments, the vector is an expression vector that is operably
linked to a suitable control sequence capable of effecting the
expression in a suitable host of the polypeptide encoded in
the DNA sequence. The term “expression vector” refers to a
DNA molecule, linear or circular, that comprises a segment
encoding a polypeptide of the invention, and which is
operably linked to additional segments that provide for its
transcription (e.g., a promoter, a transcription terminator
sequence, enhancers, etc.) and optionally a selectable
marker.

[0082] As used herein, the term “isolated” refers to a
nucleic acid, polypeptide, or other component that is par-
tially or completely separated from components with which
it is normally associated in nature. Thus, the term encom-
passes a substance in a form or environment that does not
occur in nature. Non-limiting examples of isolated sub-
stances include, but are not limited to: any non-naturally
occurring substance; any substance including, but not lim-
ited to, any enzyme, variant, polynucleotide, protein, peptide
or cofactor, that is at least partially removed from one or
more or all of the naturally occurring constituents with
which it is associated in nature; any substance modified by
the hand of man relative to that substance found in nature;
and/or any substance modified by increasing the amount of
the substance relative to other components with which it is
naturally associated (e.g., multiple copies of a gene encod-
ing the substance; and/or use of a stronger promoter than the
promoter naturally associated with the gene encoding the
substance). In some embodiments, a polypeptide of interest
is used in industrial applications in the form of a fermenta-
tion broth product (i.e., the polypeptide is a component of a
fermentation broth) used as a product in industrial applica-
tions such as ethanol production. In some embodiments, in
addition to the polypeptide of interest (e.g., a GH61 variant
polypeptide), the fermentation broth product further com-
prises ingredients used in the fermentation process (e.g.,
cells, including the host cells containing the gene encoding
the polypeptide of interest and/or the polypeptide of inter-
est), cell debris, biomass, fermentation media, and/or fer-
mentation products. In some embodiments, the fermentation
broth is optionally subjected to one or more purification
steps (e.g., filtration) to remove or reduce at least one
components of a fermentation process. Accordingly, in some
embodiments, an isolated substance is present in such a
fermentation broth product.

[0083] As used herein, the terms “peptide,” “polypeptide,”
and “protein” are used interchangeably herein to refer to a
polymer of amino acid residues.

[0084] As used herein, the term “amino acid” refers to
naturally occurring and synthetic amino acids, as well as
amino acid analogs. Naturally occurring amino acids are
those encoded by the genetic code, as well as those amino
acids that are later modified (e.g., hydroxyproline, y-car-
boxyglutamate, and O-phosphoserine) Amino acid analogs
refers to compounds that have the same basic chemical
structure as a naturally occurring amino acid, (i.e., an
a-carbon that is bound to a hydrogen, a carboxyl group, an
amino group, and an R group, such as homoserine, norleu-
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cine, methionine sulfoxide, and methionine methyl sulfo-
nium). Such analogs have modified R groups (e.g., norleu-
cine) or modified peptide backbones, but retain the same
basic chemical structure as a naturally occurring amino acid.
[0085] An “amino acid substitution” in a protein sequence
is replacement of a single amino acid within that sequence
with another amino acid. Unless indicated otherwise, variant
GHG61 proteins of this invention have substitutions as spe-
cifically indicated. In some embodiments, the variant GH61
proteins of the present invention also have other substitu-
tions and/or alterations at any position in any combination
with the substitutions specifically indicated.

[0086] Amino acids are referred to herein by either their
commonly known three letter symbols or by the one-letter
symbols recommended by the ITUPAC-IUB Biochemical
Nomenclature Commission. Nucleotides, likewise, may be
referred to by their commonly accepted single-letter codes.
[0087] An amino acid or nucleotide base “position” is
denoted by a number that sequentially identifies each amino
acid (or nucleotide base) in the reference sequence based on
its position relative to the N-terminus (or 5'-end). Due to
deletions, insertions, truncations, fusions, and the like that
must be taken into account when determining an optimal
alignment, the amino acid residue number in a test sequence
determined by simply counting from the N-terminus will not
necessarily be the same as the number of its corresponding
position in the reference sequence. For example, in a case
where a test sequence has a deletion relative to an aligned
reference sequence, there will be no amino acid in the
variant that corresponds to a position in the reference
sequence at the site of deletion. Where there is an insertion
in an aligned reference sequence, that insertion will not
correspond to a numbered amino acid position in the refer-
ence sequence. In the case of truncations or fusions there can
be stretches of amino acids in either the reference or aligned
sequence that do not correspond to any amino acid in the
corresponding sequence.

[0088] As used herein, the terms “numbered with refer-
ence t0” or “corresponding to,” when used in the context of
the numbering of a given amino acid or polynucleotide
sequence, refers to the numbering of the residues of a
specified reference sequence when the given amino acid or
polynucleotide sequence is compared to the reference
sequence.

[0089] As used herein, the term “reference enzyme” refers
to an enzyme to which another enzyme of the present
invention (e.g., a “test” enzyme) is compared in order to
determine the presence of an improved property in the other
enzyme being evaluated. In some embodiments, a reference
enzyme is a wild-type enzyme (e.g., wild-type GH61). In
some embodiments, the reference enzyme is an enzyme with
which a test enzyme of the present invention is compared in
order to determine the presence of an improved property in
the test enzyme being evaluated, including but not limited to
improved thermoactivity, improved thermostability,
improved activity, and/or improved stability. In some
embodiments, a reference enzyme is a wild-type enzyme
(e.g., wild-type GH61).

[0090] Amino acid substitutions in a GH61 protein are
referred to in this disclosure using the following notation:
The single-letter abbreviation for the amino acid being
substituted; its position in the reference sequence (e.g., the
wild-type “parental sequence” set forth in SEQ ID NO:2);
and the single-letter abbreviation for the amino acid that
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replaces it. Thus, the following nomenclature is used herein
to describe substitutions in a reference sequence relative to
a reference sequence or a variant polypeptide or nucleic acid
sequence: “R-#-V,” where # refers to the position in the
reference sequence, R refers to the amino acid (or base) at
that position in the reference sequence, and V refers to the
amino acid (or base) at that position in the variant sequence.
In some embodiments, an amino acid (or base) may be
called “X,” by which is meant any amino acid (or base). As
a non-limiting example, for a variant polypeptide described
with reference to a wild-type GH61 polypeptide (e.g., SEQ
1D NO:2), “N35G” indicates that in the variant polypeptide,
the asparagine at position 35 of the reference sequence is
replaced by glycine, with amino acid position being deter-
mined by optimal alignment of the variant sequence with
SEQ ID NO:2. Similarly, “H20C/D” describes two variants:
a variant in which the histidine at position 20 of the
reference sequence is replaced by cysteine and a variant in
which the serine at position 20 of the reference sequence is
replaced by aspartic acid. In the example “W141X” indi-
cates that the tryptophan at position 131 has been replaced
with any amino acid.

[0091] As used herein in reference to nucleotide and
amino acid sequences, the term “mutation” refers to any
change in the sequence, as compared to a reference nucleo-
tide or amino acid sequence, including but not limited to
substitutions, deletions, additions, truncations, modifica-
tions, etc. Indeed, it is intended that any change in a
reference (or “parent” or “starting”) nucleotide or amino
acid sequence comprises a mutation in the sequence.
[0092] As used herein, the terms “amino acid mutation
set”, “mutation set” when used in the context of amino acid
sequences (e.g., polypeptides) refer to a group of amino acid
substitutions, insertions, deletions and/or other modifica-
tions to the sequence. In some embodiments, “mutation set”
refers to the nucleic acid mutation sets present in some of the
GHG61 variants provided in Table 1 and Table 2.

[0093] The term “amino acid substitution set,” “substitu-
tion set,” and “combination of amino acid substitutions”
refer to a group (i.e., set of combinations) of amino acid
substitutions. A substitution set can have about 1, 2, 3, 4, 5,
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, or more amino acid
substitutions. In some embodiments, a substitution set refers
to the set of amino acid substitutions that is present in any
of the variant GH61 enzymes provided herein.

[0094] As used herein, the terms “nucleic acid substitution
set” and “substitution set” when used in the context of
nucleotide sequences (e.g., polynucleotides) refer to a group
of nucleic acid substitutions. In some embodiments, muta-
tion set refers to the nucleic acid substitution sets present in
some of the variant GH61 proteins provided in Table 1 and
Table 2.

[0095] As used herein, the terms “nucleic acid mutation
set” and “mutation set” when used in the context of nucleo-
tide sequences (e.g., polynucleotides) refer to a group of
nucleic acid substitutions, insertions, deletions, and/or other
modifications to the sequence. In some embodiments,
“mutation set” refers to the amino acid mutation sets present
in some of the GH61 variants provided in Table 1 and Table
2.

[0096] A “cellulase-engineered” cell is a cell comprising
at least one, at least two, at least three, or at least four
recombinant sequences encoding a cellulase or cellulase
variant, and in which expression of the cellulase(s) or
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cellulase variant(s) has been modified relative to the wild-
type form. Expression of a cellulase is “modified” when a
non-naturally occurring cellulase variant is expressed or
when a naturally occurring cellulase is over-expressed. One
exemplary means to over-express a cellulase is to operably
link a strong (optionally constitutive) promoter to the cel-
Iulase encoding sequence. Another exemplary way to over-
express a cellulase is to increase the copy number of a
heterologous, variant, or endogenous cellulase gene. The
cellulase-engineered cell may be any suitable fungal cell,
including, but not limited to Myceliophthora, Trichoderma,
Aspergillus, cells, etc.

[0097] As used herein, the terms “host cell” and “host
strain” refer to suitable hosts for expression vectors com-
prising DNA provided herein. In some embodiments, the
host cells are prokaryotic or eukaryotic cells that have been
transformed or transfected with vectors constructed using
recombinant DNA techniques as known in the art. Trans-
formed hosts are capable of either replicating vectors encod-
ing at least one protein of interest and/or expressing the
desired protein of interest. In addition, reference to a cell of
a particular strain refers to a parental cell of the strain as well
as progeny and genetically modified derivatives. Genetically
modified derivatives of a parental cell include progeny cells
that contain a modified genome or episomal plasmids that
confer for example, antibiotic resistance, improved fermen-
tation, etc. In some embodiments, host cells are genetically
modified to have characteristics that improve protein secre-
tion, protein stability or other properties desirable for
expression and/or secretion of a protein. For example,
knockout of Alpl function results in a cell that is protease
deficient. Knockout of pyr5 function results in a cell with a
pyrimidine deficient phenotype. In some embodiments, host
cells are modified to delete endogenous cellulase protein-
encoding sequences or otherwise eliminate expression of
one or more endogenous cellulases. In some embodiments,
expression of one or more endogenous cellulases is inhibited
to increase production of cellulases of interest. Genetic
modification can be achieved by any suitable genetic engi-
neering techniques and/or classical microbiological tech-
niques (e.g., chemical or UV mutagenesis and subsequent
selection). Using recombinant technology, nucleic acid mol-
ecules can be introduced, deleted, inhibited or modified, in
a manner that results in increased yields of GH61 variant(s)
within the organism or in the culture. For example, knockout
of Alpl function results in a cell that is protease deficient.
Knockout of pyr5 function results in a cell with a pyrimidine
deficient phenotype. In some genetic engineering
approaches, homologous recombination is used to induce
targeted gene modifications by specifically targeting a gene
in vivo to suppress expression of the encoded protein. In an
alternative approach, siRNA, antisense, and/or ribozyme
technology finds use in inhibiting gene expression.

[0098] As used herein, the term “C1” refers to strains of
Myceliophthora thermophila, including the fungal strain
described by Garg (See, Garg, Mycopathol., 30: 3-4 [1966]).
As used herein, “Chrysosporium lucknowense” includes the
strains described in U.S. Pat. Nos. 6,015,707, 5,811,381 and
6,573,086; US Pat. Pub. Nos. 2007/0238155, US 2008/
0194005, US 2009/0099079; International Pat. Pub. Nos.,
WO 2008/073914 and WO 98/15633, all of which are
incorporated herein by reference, and include, without limi-
tation, Chrysosporium lucknowense Garg 27K, VKM-F
3500 D (Accession No. VKM F-3500-D), C1 strain UV13-6
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(Accession No. VKM F-3632 D), C1 strain NG7C-19 (Ac-
cession No. VKM F-3633 D), and C1 strain UV18-25 (VKM
F-3631 D), all of which have been deposited at the All-
Russian Collection of Microorganisms of Russian Academy
of Sciences (VKM), Bakhurhina St. 8, Moscow, Russia,
113184, and any derivatives thereof. Although initially
described as Chrysosporium lucknowense, C1 may currently
be considered a strain of Myceliophthora thermophila. Other
C1 strains include cells deposited under accession numbers
ATCC 44006, CBS (Centraalbureau voor Schimmelcul-
tures) 122188, CBS 251.72, CBS 143.77, CBS 272.77,
CBS122190, CBS122189, and VKM F-3500D. Exemplary
Cl1 derivatives include but are not limited to modified
organisms in which one or more endogenous genes or
sequences have been deleted or modified and/or one or more
heterologous genes or sequences have been introduced.
Derivatives include, but are not limited to UV18#100f
Aalpl, UV18#100f ApyrS Aalpl, UV18#100.f Aalpl Apepd
Aalp2, UV18#1001 Apyr5S Aalpl Apep4 Aalp2 and
UV18#100.f Apyrd Apyr5 Aalpl Apep4 Aalp2, as described
in W02008073914 and W02010107303, each of which is
incorporated herein by reference.

[0099] As used herein, the term “culturing” refers to
growing a population of microbial cells under suitable
conditions in a liquid, semi-solid, or solid medium.

[0100] In general, “saccharification™ refers to the process
in which substrates (e.g., cellulosic biomass and/or ligno-
cellulosic biomass) are broken down via the action of
cellulases to produce fermentable sugars (e.g. monosaccha-
rides, including but not limited to glucose and/or xylose). In
particular, “saccharification” is an enzyme-catalyzed reac-
tion that results in hydrolysis of a complex carbohydrate to
produce shorter-chain carbohydrate polymers and/or fer-
mentable sugar(s) that are more suitable for fermentation or
further hydrolysis. In some embodiments, the enzymes
comprise cellulase enzyme(s) such as endoglucanases, beta-
glucosidases, cellobiohydrolases (e.g., CBH1 and/or
CBH1), a synthetic mixture of any of such enzymes, and/or
cellulase enzymes contained in culture broth from an organ-
ism that produces cellulase enzymes, such as M. thermo-
phila or recombinant yeast cells. Products of saccharifica-
tion may include disaccharides, and/or monosaccharides
such as glucose or xylose.

[0101] In some embodiments, the fermentable sugars pro-
duced by the methods of the present invention are used to
produce an alcohol (e.g., including but not limited to etha-
nol, butanol, etc.). The variant GH61 proteins of the present
invention find use in any suitable method to generate alco-
hols and/or other biofuels from cellulose and/or lignocellu-
lose, and are not limited necessarily to those described
herein. Two methods commonly employed are the separate
saccharification and fermentation (SHF) method (See, Wilke
et al., Biotechnol. Bioengin. 6:155-75 [1976]) or the simul-
taneous saccharification and fermentation (SSF) method
(See e.g., U.S. Pat. Nos. 3,990,944 and 3,990,945). An
additional method that finds use with the present invention
is consolidated bioprocessing (CBP), which encompasses
the combination of the biological steps used in the conver-
sion of lignocellulosic biomass to bioethanol (e.g., produc-
tion of cellulase(s), hydrolysis of the polysaccharides in the
biomass, and fermentation of hexose and pentose sugars) in
one reactor (See e.g., Vertes et al., Biomass to Biofuels:
Strategies for Global Industries, John Wiley & Sons, Ltd.,
[2010], Hoboken, N.J., pp. 324-325).
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[0102] The SHF method of saccharification comprises the
steps of contacting cellulase with a cellulose-containing
substrate to enzymatically break down cellulose into fer-
mentable sugars (e.g., monosaccharides such as glucose),
contacting the fermentable sugars with an alcohol-producing
microorganism to produce alcohol (e.g., ethanol or butanol)
and recovering the alcohol. In some embodiments, the
method of consolidated bioprocessing (CBP) can be used, in
which the cellulase production from the host is simultaneous
with saccharification and fermentation either from one host
or from a mixed cultivation.

[0103] In addition to SHF methods, a SSF method may be
used. In some cases, SSF methods result in a higher effi-
ciency of alcohol production than is afforded by the SHF
method (See e.g., Drissen et al., Biocat. Biotransform.,
27:27-35[2009]). One disadvantage of SSF over SHF is that
higher temperatures are required for SSF than for SHF. In
some embodiments, the present invention provides GH61
polypeptides that have higher thermostability than a wild-
type GH61s. Thus, it is contemplated that the present
invention will find use in increasing ethanol production in
SSF, as well as SHF methods.

[0104] As used herein “fermentable sugars” refers to fer-
mentable sugars (e.g., monosaccharides, disaccharides and
short oligosaccharides), including but not limited to glucose,
xylose, galactose, arabinose, mannose and sucrose. In gen-
eral, the term “fermentable sugar” refers to any sugar that a
microorganism can utilize or ferment.

[0105] As used herein, the terms “adjunct material,”
“adjunct composition,” and “adjunct compound” refer to
any composition suitable for use in the compositions and/or
saccharification reactions provided herein, including but not
limited to cofactors, surfactants, builders, buffers, enzyme
stabilizing systems, chelants, dispersants, colorants, preser-
vatives, antioxidants, solublizing agents, carriers, processing
aids, pH control agents, etc. In some embodiments, divalent
metal cations are used to supplement saccharification reac-
tions and/or the growth of host cells producing GH61 variant
proteins. Any suitable divalent metal cation finds use in the
present invention, including but not limited to Cu™*, Mn**,
Co**, Mg**, Ni**, Zn™*, and Ca*". In addition, any suitable
combination of divalent metal cations finds use in the
present invention. Furthermore, divalent metal cations find
use from any suitable source.

[0106] In some embodiments, the host cells producing
GHG61 variant proteins of the present invention are grown
under culture conditions comprising about pH 5, while in
some other embodiments, the host cells are grown at about
pH 6.7. In some embodiments, the host cells cultured at pH
5 provide improved saccharification in the presence of
supplemented copper, when saccharification is conducted at
about pH 5 or about pH 6.7. In some alternative embodi-
ments, the host cells cultured at about pH 6.7 provide
improved saccharification in the absence of supplemented
copper when saccharification is conducted at about pH 5 or
about pH 6.

[0107] As used herein, the terms “biomass,” “biomass
substrate,” “cellulosic biomass,” “cellulosic feedstock,” and
“cellulosic substrate” refer to any materials that contain
cellulose. Biomass can be derived from plants, animals, or
microorganisms, and may include, but is not limited to
agricultural, industrial, and forestry residues, industrial and
municipal wastes, and terrestrial and aquatic crops grown for
energy purposes. Examples of cellulosic substrates include,
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but are not limited to, wood, wood pulp, paper pulp, corn
fiber, corn grain, corn cobs, crop residues such as corn husks,
corn stover, grasses, wheat, wheat straw, barley, barley
straw, hay, rice, rice straw, switchgrass, waste paper, paper
and pulp processing waste, woody or herbaceous plants,
fruit or vegetable pulp, corn cobs, distillers grain, grasses,
rice hulls, cotton, hemp, flax, sisal, sugar cane bagasse,
sorghum, soy, switchgrass, components obtained from mill-
ing of grains, trees, branches, roots, leaves, wood chips,
sawdust, shrubs and bushes, vegetables, fruits, and flowers
and any suitable mixtures thereof. In some embodiments, the
cellulosic biomass comprises, but is not limited to cultivated
crops (e.g., grasses, including C4 grasses, such as switch
grass, cord grass, rye grass, miscanthus, reed canary grass,
or any combination thereof), sugar processing residues, for
example, but not limited to, bagasse (e.g., sugar cane
bagasse, beet pulp [e.g., sugar beet], or a combination
thereof), agricultural residues (e.g. soybean stover, corn
stover, corn fiber, rice straw, sugar cane straw, rice, rice
hulls, barley straw, corn cobs, wheat straw, canola straw, oat
straw, oat hulls, corn fiber, hemp, flax, sisal, cotton, or any
combination thereof), fruit pulp, vegetable pulp, distillers’
grains, forestry biomass (e.g., wood, wood pulp, paper pulp,
recycled wood pulp fiber, sawdust, hardwood, such as aspen
wood, softwood, or a combination thereof). Furthermore, in
some embodiments, the cellulosic biomass comprises cel-
Iulosic waste material and/or forestry waste materials,
including but not limited to, paper and pulp processing
waste, newsprint, cardboard and the like. In some embodi-
ments, the cellulosic biomass comprises one species of fiber,
while in some alternative embodiments, the cellulosic bio-
mass comprises a mixture of fibers that originate from
different cellulosic biomasses. In some embodiments, the
biomass may also comprise transgenic plants that express
ligninase and/or cellulase enzymes (US 2008/0104724 Al).

[0108] The terms “lignocellulosic biomass” and “ligno-
cellulosic feedstock™ refer to plant biomass that is composed
of cellulose and hemicellulose, bound to lignin. The biomass
may optionally be pretreated to increase the susceptibility of
cellulose to hydrolysis by chemical, physical and biological
pretreatments (such as steam explosion, pulping, grinding,
acid hydrolysis, solvent exposure, and the like, as well as
combinations thereof). Various lignocellulosic feedstocks
find use, including those that comprise fresh lignocellulosic
feedstock, partially dried lignocellulosic feedstock, fully
dried lignocellulosic feedstock, and/or any combination
thereof. In some embodiments, lignocellulosic feedstocks
comprise cellulose in an amount greater than about 20%,
more preferably greater than about 30%, more preferably
greater than about 40% (w/w). For example, in some
embodiments, the lignocellulosic material comprises from
about 20% to about 90% (w/w) cellulose, or any amount
therebetween, although in some embodiments, the lignocel-
Iulosic material comprises less than about 19%, less than
about 18%, less than about 17%, less than about 16%, less
than about 15%, less than about 14%, less than about 13%,
less than about 12%, less than about 11%, less than about
10%, less than about 9%, less than about 8%, less than about
7%, less than about 6%, or less than about 5% cellulose
(Wiw).

[0109] Furthermore, in some embodiments, the lignocel-
Iulosic feedstock comprises lignin in an amount greater than
about 10%, more typically in an amount greater than about
15% (w/w). In some embodiments, the lignocellulosic feed-
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stock comprises small amounts of sucrose, fructose and/or
starch. The lignocellulosic feedstock is generally first sub-
jected to size reduction by methods including, but not
limited to, milling, grinding, agitation, shredding, compres-
sion/expansion, or other types of mechanical action. Size
reduction by mechanical action can be performed by any
type of equipment adapted for the purpose, for example, but
not limited to, hammer mills, tub-grinders, roll presses,
refiners and hydrapulpers. In some embodiments, at least
90% by weight of the particles produced from the size
reduction have lengths less than between about %is and
about 4 in (the measurement may be a volume or a weight
average length). In some embodiments, the equipment used
to reduce the particle size reduction is a hammer mill or
shredder. Subsequent to size reduction, the feedstock is
typically slurried in water, as this facilitates pumping of the
feedstock. In some embodiments, lignocellulosic feedstocks
of particle size less than about 6 inches do not require size
reduction.

[0110] As used herein, the term “pretreated lignocellulosic
feedstock,” refers to lignocellulosic feedstocks that have
been subjected to physical and/or chemical processes to
make the fiber more accessible and/or receptive to the
actions of cellulolytic enzymes, as described above.

[0111] A cellulosic substrate or lignocellulosic substrate is
said to be “pretreated” when it has been processed by some
physical and/or chemical means to facilitate saccharifica-
tion. As described further herein, in some embodiments, the
biomass substrate is “pretreated,” or treated using methods
known in the art, such as chemical pretreatment (e.g.,
ammonia pretreatment, dilute acid pretreatment, dilute alkali
pretreatment, or solvent exposure), physical pretreatment
(e.g., steam explosion or irradiation), mechanical pretreat-
ment (e.g., grinding or milling) and biological pretreatment
(e.g., application of lignin-solubilizing microorganisms) and
combinations thereof, to increase the susceptibility of cel-
Iulose to hydrolysis. Thus, the term “cellulosic biomass”
encompasses any living or dead biological material that
contains a polysaccharide substrate, including but not lim-
ited to cellulose, starch, other forms of long-chain carbohy-
drate polymers, and mixtures of such sources. It may or may
not be assembled entirely or primarily from glucose or
xylose, and may optionally also contain various other pen-
tose or hexose monomers. Xylose is an aldopentose con-
taining five carbon atoms and an aldehyde group. It is the
precursor to hemicellulose, and is often a main constituent
of biomass. In some embodiments, the substrate is slurried
prior to pretreatment. In some embodiments, the consistency
of the slurry is between about 2% and about 30% and more
typically between about 4% and about 15%. In some
embodiments, the slurry is subjected to a water and/or acid
soaking operation prior to pretreatment. In some embodi-
ments, the slurry is dewatered using any suitable method to
reduce steam and chemical usage prior to pretreatment.
Examples of dewatering devices include, but are not limited
to pressurized screw presses (See e.g., WO 2010/022511,
incorporated herein by reference) pressurized filters and
extruders.

[0112] In some embodiments, the pretreatment is carried
out to hydrolyze hemicellulose, and/or a portion thereof
present in the cellulosic substrate to monomeric pentose and
hexose sugars (e.g., xylose, arabinose, mannose, galactose,
and/or any combination thereof). In some embodiments, the
pretreatment is carried out so that nearly complete hydro-
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lysis of the hemicellulose and a small amount of conversion
of cellulose to glucose occurs. In some embodiments, an
acid concentration in the aqueous slurry from about 0.02%
(w/w) to about 2% (w/w), or any amount therebetween, is
typically used for the treatment of the cellulosic substrate.
Any suitable acid finds use in these methods, including but
not limited to, hydrochloric acid, nitric acid, and/or sulfuric
acid. In some embodiments, the acid used during pretreat-
ment is sulfuric acid. Steam explosion is one method of
performing acid pretreatment of biomass substrates (See
e.g., U.S. Pat. No. 4,461,648). Another method of pretreat-
ing the slurry involves continuous pretreatment (i.e., the
cellulosic biomass is pumped though a reactor continu-
ously). This methods are well-known to those skilled in the
art (See e.g., U.S. Pat. No. 7,754,457).

[0113] In some embodiments, alkali is used in the pre-
treatment. In contrast to acid pretreatment, pretreatment with
alkali may not hydrolyze the hemicellulose component of
the biomass. Rather, the alkali reacts with acidic groups
present on the hemicellulose to open up the surface of the
substrate. In some embodiments, the addition of alkali alters
the crystal structure of the cellulose so that it is more
amenable to hydrolysis. Examples of alkali that find use in
the pretreatment include, but are not limited to ammonia,
ammonium hydroxide, potassium hydroxide, and sodium
hydroxide. One method of alkali pretreatment is Ammonia
Freeze Explosion, Ammonia Fiber Explosion or Ammonia
Fiber Expansion (“AFEX” process; See e.g., U.S. Pat. Nos.
5,171,592, 5,037,663; 4,600,590, 6,106,888; 4,356,196;
5,939,544, 6,176,176; 5,037,663 and 5,171,592). During
this process, the cellulosic substrate is contacted with
ammonia or ammonium hydroxide in a pressure vessel for a
sufficient time to enable the ammonia or ammonium hydrox-
ide to alter the crystal structure of the cellulose fibers. The
pressure is then rapidly reduced, which allows the ammonia
to flash or boil and explode the cellulose fiber structure. In
some embodiments, the flashed ammonia is then recovered
using methods known in the art. In some alternative meth-
ods, dilute ammonia pretreatment is utilized. The dilute
ammonia pretreatment method utilizes more dilute solutions
of ammonia or ammonium hydroxide than AFEX (See e.g.,
W02009/045651 and US 2007/0031953). This pretreatment
process may or may not produce any monosaccharides.

[0114] Additional pretreatment processes for use in the
present invention include chemical treatment of the cellu-
losic substrate with organic solvents, in methods such as
those utilizing organic liquids in pretreatment systems (See
e.g., U.S. Pat. No. 4,556,430; incorporated herein by refer-
ence). These methods have the advantage that the low
boiling point liquids easily can be recovered and reused.
Other pretreatments, such as the Organosolv™ process, also
use organic liquids (See e.g., U.S. Pat. No. 7,465,791, which
is also incorporated herein by reference). Subjecting the
substrate to pressurized water may also be a suitable pre-
treatment method (See e.g., Weil et al., Appl. Biochem.
Biotechnol., 68(1-2): 21-40 [1997], which is incorporated
herein by reference). In some embodiments, the pretreated
cellulosic biomass is processed after pretreatment by any of
several steps, such as dilution with water, washing with
water, buffering, filtration, or centrifugation, or any combi-
nation of these processes, prior to enzymatic hydrolysis, as
is familiar to those skilled in the art. The pretreatment
produces a pretreated feedstock composition (e.g., a “pre-
treated feedstock slurry”) that contains a soluble component
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including the sugars resulting from hydrolysis of the hemi-
cellulose, optionally acetic acid and other inhibitors, and
solids including unhydrolyzed feedstock and lignin. In some
embodiments, the soluble components of the pretreated
feedstock composition are separated from the solids to
produce a soluble fraction.

[0115] In some embodiments, the soluble fraction, includ-
ing the sugars released during pretreatment and other soluble
components (e.g., inhibitors), is then sent to fermentation.
However, in some embodiments in which the hemicellulose
is not effectively hydrolyzed during the pretreatment one or
more additional steps are included (e.g., a further hydrolysis
step(s) and/or enzymatic treatment step(s) and/or further
alkali and/or acid treatment) to produce fermentable sugars.
In some embodiments, the separation is carried out by
washing the pretreated feedstock composition with an aque-
ous solution to produce a wash stream and a solids stream
comprising the unhydrolyzed, pretreated feedstock. Alter-
natively, the soluble component is separated from the solids
by subjecting the pretreated feedstock composition to a
solids-liquid separation, using any suitable method (e.g.,
centrifugation, microfiltration, plate and frame filtration,
cross-flow filtration, pressure filtration, vacuum filtration,
etc.). Optionally, in some embodiments, a washing step is
incorporated into the solids-liquids separation. In some
embodiments, the separated solids containing cellulose, then
undergo enzymatic hydrolysis with cellulase enzymes in
order to convert the cellulose to glucose. In some embodi-
ments, the pretreated feedstock composition is fed into the
fermentation process without separation of the solids con-
tained therein. In some embodiments, the unhydrolyzed
solids are subjected to enzymatic hydrolysis with cellulase
enzymes to convert the cellulose to glucose after the fer-
mentation process. In some embodiments, the pretreated
cellulosic feedstock is subjected to enzymatic hydrolysis
with cellulase enzymes.

[0116] As used herein, the term “recovered” refers to the
harvesting, isolating, collecting, or recovering of protein
from a cell and/or culture medium. In the context of sac-
charification, it is used in reference to the harvesting the
fermentable sugars produced during the saccharification
reaction from the culture medium and/or cells. In the context
of fermentation, it is used in reference to harvesting the
fermentation product from the culture medium and/or cells.
Thus, a process can be said to comprise “recovering” a
product of a reaction (such as a soluble sugar recovered from
saccharification) if the process includes separating the prod-
uct from other components of a reaction mixture subsequent
to at least some of the product being generated in the
reaction.

[0117] As used herein, the term “slurry” refers to an
aqueous solution in which are dispersed one or more solid
components, such as a cellulosic substrate.

[0118] “Increasing” yield of a product (such as a ferment-
able sugar) from a reaction occurs when a particular com-
ponent present during the reaction (such as a GH61 protein)
causes more product to be produced, compared with a
reaction conducted under the same conditions with the same
substrate and other substituents, but in the absence of the
component of interest.

[0119] “Hydrolyzing” cellulose or other polysaccharide
occurs when at least some of the glycosidic bonds between
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two monosaccharides present in the substrate are hydro-
lyzed, thereby detaching from each other the two monomers
that were previously bonded.

[0120] A reaction is said to be “substantially free” of a
particular enzyme if the amount of that enzyme compared
with other enzymes that participate in catalyzing the reaction
is less than about 2%, about 1%, or about 0.1% (wt/wt).

[0121] “Fractionating” a liquid (e.g., a culture broth)
means applying a separation process (e.g., salt precipitation,
column chromatography, size exclusion, and filtration) or a
combination of such processes to provide a solution in
which a desired protein (e.g., GH61 protein, cellulase
enzyme, or combination thereof) comprises a greater per-
centage of total protein in the solution than in the initial
liquid product.

GHG61 Variant Proteins with Improved Activity

[0122] GH61 variant proteins of the present invention
have certain amino acid substitutions in relation to wild-type
GH61a protein. In saccharification reactions, wild-type
GH61a protein increases the yield of fermentable sugars. An
equivalent amount of GH61 variant proteins instead of the
wild type increases the yield of fermentable sugars still
further. The present invention provides numerous GH61
variants, as indicated herein. Substitutions that have been
shown to improve GH61 activity are included in Table 1,
below.

TABLE 1

GH61 Variants with Improved Activity

Var. Silent Nucleotide
No. Amino Acid Changes Changes
1 N35G/E104H/A168P t60c/c573g
(SEQ ID NO: 5)
2 W42P/E104H/K167A t60c/c573g/g1026a
3 N35G/W42P/VITQ/AI9IN
4 W42P/E104H ¢573g
5 E104H/K167A t60c/c291a/c573g
6 W42P/A19IN t60c/c291a
7 N35G/W42P/A191N t60c/c291a
8 H20D
9 V97Q/A19IN
10 N35G/E104H/A191IN t60c/c876t
11 E104H
12 E104Q
13 H20D/E104D/Q190H/Y192H
14 H20D/Q190E/Y192Q a3l2g

15 H20D/E104C

16 H20D/P103H/E104C

17 H20D/P103H a3l2g

18 N35G/E104H t60c/c573g

19 H20D/P103H/E104Q/Q190E

20 H20D/P103H/E104C/Y192Q

21 E104D t60c

22 N35G/W42p t60c/c573g

23 Al137P

24 H20D/P103H/E104Q

25 PI103E/E104D t60c

26 N35G/F68Y/AI9IN t379a/c380g/g381c

27 W42P/A168P

28 H20D/E104C/Q190E/Y192Q

29 Al42W

30 N35G

31 H20C/Q190E

32 WA42P/A212P/T236P

33 N35G/W42P/VITQ/K167A/
Al168P

34 V97Q/A168P c573g

35 S232A

t60c/c573g
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TABLE 1-continued TABLE 1-continued
GH61 Variants with Improved Activity GH61 Variants with Improved Activity
Var. Silent Nucleotide Var. Silent Nucleotide
No. Amino Acid Changes Changes No. Amino Acid Changes Changes
36 W42P/E104H/K167A/A168P/ c573g 106 H175M
QI190E 107 Al68N
37 W42P/A168P/A212P/T236P 108 Al179W
38 N35G/VITQ/K167A 109 WI131K/H175Q g1026a
39 N35G/V97Q 110 Y171A
40 N35G/A19IN 111 N170H
41 S127T/K167A/A191N 112 P163R
42 W42P 113 Al168C
43 W42P/E104C/K167A/A168P t60c/c291a/c573g 114 G169T
44 K167Q 115 R174F
45 WI131Vv 116 WI131Y
46 E176C 117 I134L
47 K1671/P273S c300t 118 1177V
48 W42P/T87P 119 K167E
49 W42P/A212P 120 H175C
50 K133H 121 WI131I
51 DI165N 122 W42P/A143P
52 DI165A 123 1178G c72t
53 Al168D 124 N170P
54 K218T 125 Al179D/N317K ¢732g/c843t/c8R2t/c909t/
55 P45T c912g
56 Q44V 126 1162V
57 S164W 127 1178M
58 I177F 128 VI172A
59 Al9IN 129 K167A/A19IN t60c/c291a
60 1134P 130 F132A
61 KI133F 131 P163E
62 1134D 132 F132M
63 N35G/K167A t60c/c291a/c573g 133 A179G
64 I162R 134 11778
65 N35G/K167A t204¢/t379a ¢380g/g381¢/ 135 K167A g921a
c385t 136 K167F
66 DI165W/A246T 137 Al68I
67 1162L 138 Al179N
68 S164M 139 T134A c792t
69 F132D/A244D 140 K167E g972t
70 H181Q 141 R174K
71 1177G gl1026a 142 S164F
72 L166W 143 V172L
73 I162F 144 Al68H
74 1134V 145 T1134T
75 E176Q 146 K167H
76 HI181S 147 L166A
77 I178A 148 S164R
78 KI167A 149 R174C
79 V172K 150 A179P
80 I177H 151 G169R g1026a
81 I134N 152 L173M
82 KI133Y 153 D165K
83 N35G/Y139L 154 E1768
84 Al168G 155 F132L
85 TI12A/1162G c246t 156 F132I/A1791
86 DI165E 157 F132P
87 D165M 158 S164Q
88 I134M 159 V172Q
89 Al168P 160 W131D
90 I177D 161 W131Q
91 S164pP 162 Al79H
92 H175T 163 I134H/G270S
93 N187K/S330R c597g 164 N170G
94 H175R 165 Al168T
95 L166H 166 A179C
96 I178L 167 K133N
97 L173H 168 K167L
98 I177T 169 L180M
99 N170Y 170 WI131F
100 H1758 171 I134W g1026a
101 K167T 172 1178H
102 L166R 173 N170A
103 V172Y 174 V172H
'104 P163S/E176D 175 Al168H/S205N

105 S1641 176 1134H g921a
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TABLE 1-continued

GH61 Variants with Improved Activity

Var. Silent Nucleotide
No. Amino Acid Changes Changes

177 8164C

178 S164K

179 1177C

180 I178Q

181 L180W

182 I177M

183 R174D

184 V172M

185 Al79M

186 HI175Y

187 I178P

188 L173A

189 N170E

190 N170F

191 N35G/AI19IN/T2581/T323P/G328A/ t379a/c380g/g381c/c454a/
C341R c456a/c732t/c843t/c849t

192 Al68R

193 D165I

194 1162M

195 K167V

196 Al1798

197 E176N

198 I1134L/P322L

199 P163L

200 H181D

201 N1708

202 R174G

203 I177R

204 K167C

205 L166Q

206 P1631

207 S164L/L1661

208 Y171R

209 F132P/QI190E/A191T

210 F132Q

211 I134C

212 T177A

213 E176R

214 G169A

215 G169K

216 HIBIA

217 1177L

218 Al68G

219 Al79R

220 D165T

221 K167R

222 L166V

223 N170C

224 T178R

225 RI174H

226 S164H

227 WI31R/L1661

228 I162A/AI191T

229 L173F

230 N170Q

231 1177P

232 RI174N

233 V172K/S215W

234 DI165R

235 G239D

236 HI175V

237 HI18IR

238 1134Y

239 VI172F

240 V172G

¢520a/c522¢g

[0123] Positions that were changed in variants with
improved GH61 activity listed in Table 1 include 20, 34, 35,
42, 44, 45, 68, 87, 97, 103, 104, 127, 131, 132, 133, 137,
139, 142, 143, 162, 163, 164, 165, 166, 167, 168, 169, 170,
171,172,173, 174, 175, 176, 177, 178, 179, 180, 181, 190,
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191, 192, 192, 205, 212, 215, 218, 232, 236, 239, 244, 246,
258, 270,273,317,322,323,328, 330, and 341, wherein the
amino acid positions are numbered with reference to SEQ
ID NO:2.

[0124] Residues that were changed in variants with
improved GH61 activity listed in Table 1 include H20, 1134,
N335, W42, Q44, P45, F68, T87, V97, P103, E104, S127,
W131, F132, K133, A137, Y139, A142, A143, 1162, P163,
S164, D165, L.166, K167, A168, G169, N170, Y171, V172,
173, R174, H175, E176, 1177, 1178, A179, L180, H181,
Q190, A191,Y192, Y192, S205, A212, S215, K218, S232,
T236, G239, A244, A246, T258, G270, P273, N317, P322,
T323, G328, S330, and C341, wherein the amino acid
positions are numbered with reference to SEQ ID NO:2.

[0125] Substitutions occurring in variants with improved
GHG61 activity listed in Table 1 include H20C/D, 1134X,
N35G, W42P, Q44V, P45T, F68Y, T87P, V97Q, P103E/H,
E104C/D/H/Q, S127T, W131X, F132X, K133X, A137P,
Y139L, A142W, A143P, 1162X, P163X, S164X, D165X,
L166X, K167A/X, A168P/X, G169X, N170X, Y171A/R,
V172X, L173X, R174X, H175X, E176X, 1177X, 1178%,
A179X, L18OM/W, H181X, Q190E/H, A191N/T, Y192H,
Y192Q, S205N, A212P, S215W, K218T, S232A, T236P,
G239D, A244D, A246T, T2581, G270S, P273S, N317K,
P322L, T323P, G328A, 5330R, and C341R, wherein the
amino acid positions are numbered with reference to SEQ
ID NO:2.

[0126] As shown herein, the changed residues and substi-
tutions of the GH61 variants of this invention may be
combined in a manner that produces an effect that is cumu-
lative or synergistic. Cumulative effects occur when adding
an additional mutation increases the effect beyond those of
the mutations already present. Synergistic effects occur
when having two more mutations in a variant produces an
effect than is more than the product of the mutations when
incorporated by themselves. This invention includes without
limitation any and all combinations of any two, three, four,
five, six, seven, eight, nine, ten, or more than ten of the
mutations listed in this disclosure.

[0127] Useful combinations include but are not limited to
the mutations and mutation sets: N35G/E104H/A168P (SEQ
ID NO:5); W42P/E104H/K167A; N35G/W42P/V97Q)/
A19IN; W42P/E104H; E104H/K167A; W42P/A191N;
N35G/W42P/A191IN;  VI97Q/A19IN;  N35G/E104H/
A19IN; H20D/E104D/Q190H/Y192H; H20D/Q190E/
Y192Q; H20D/E104C; H20D/P103H/E104C; H20D/
P103H; N35G/E104H; H20D/P103H/E104Q/Q190E;
H20D/P103H/E104C/Y 192Q; N35G/W42P; H20D/P103H/
E104Q; PI103E/E104D; N35G/F68Y/A191IN; W42P/
A168P;, H20D/E104C/Q190E/Y192Q);  H20C/Q190E;
W42P/A212P/T236P; N35G/W42P/VI7Q/K167A/V97Q/
A168P;, WA42P/E104H/K167A/A168P/Q190E;  W42P/
A168P/A212P/T236P; N35G/VI7Q/K167A; N35G/VITQ;
N35G/A19IN;  5127T/K167A/A191N;  WA42P/E104C/
K167A/A168P; K1671/P273S; W42P/T87P; W42P/A212P;
N35G/K167A; N35G/K167A; DI165W/A246T, F132D/
A244D; N35G/Y139L; TI12A/1162G; N187K/S330R;
P163S/E176D; WI131K/H175Q; W42P/A143P; A179D/
N317K; KI167A/A191IN; F1321/A1791; I1134H/G270S;
A168H/S205N; N35G/A191IN/T2581/T323P/G328A/
C341R; 1134L/P322L; S164L/L1661; F132P/Q190E/
A191T; W131R/L1661; 1162A/A191T; and V172K/S215W,
wherein the amino acid positions are numbered with refer-
ence to SEQ ID NO:2.
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GH61 Variant Proteins Made with Multiple Rounds of
Activity Enhancement

[0128] GH61 variant proteins can be generated that have
been further optimized by subjecting to multiple rounds of
variation and selection. In some embodiments, additional
rounds of optimization increase saccharification reaction
yields beyond what is achieved with one round of variation
and selection. Substitutions improving GH61 activity are
compiled in Table 2 below.

[0129] Table 2 shows GH61la variants derived from the
GH61a protein designated “Variant 1” (SEQ ID NO:5) in
Table 1 with improved thermoactivity. The second-round
variants usually retained the alterations of Variant 1 com-
pared with wild-type GH61a (N35G/E104H/A168P), along
with additional modifications.

TABLE 2

GH61 Variants with Improved Activity Compared to Variant 1

Var. Silent Nucleotide

No. Amino Acid Changes Changes

241 N35G/TA0A/E104H/A168P/ t60c/c573g
P327M

242 N35G/P45D/E104H/A168P/ t60c/c573g
N317R

243 N35G/E104H/A168P/N317R t60c/c573g

244 N35G/E104H/A168P/N317L t60c/c573g

245 N35G/T54H/E104H/A168P t60c/c573g

246 N35G/E104H/A168P/N317D/ t60c/c573g
$329Y

247 N35G/E104H/A137S/A168P/ t60c/c573g
S232E

248 N35G/E104H/A168P/N317R/ t60c/c573g
T320A

249 N35G/E104H/A168P/D234E t60c/c573g

250 N35G/T40S/E104H/A142G/ t60c/c573g
A168P

251 N35G/T40S/S78C/V8RY/ t60c/c573g
E104H/S128K/A168P/D234M

252 N35G/E104H/A168P/S330V t60c/c573g

253 N35G/E104H/A168P/G203E/ t60c/c573g
P266S

254 N35G/E104H/A168P/D234N t60c/c573g

255 N35G/E104H/A168P/S286N/ t60c/c573g
S329H

256 N35G/E104H/A168P/S330H t60c/c573g

257 N35G/E104H/A168P/W337R t60c/c573g

258 N35G/N66D/E104H/S164E/ t60c/c573g
A168P/G267T

259 N35G/E104H/A168P/P233V t60c/c573g

260 R34E/N35G/E104H/R145T/ t60c/c573g
A168P

261 S24Q/N35G/E104H/A168P/ t60c/c573g
V2371

262 Y32S/N35G/E64S/E104H/ t60c/c573g
A168P

263 N35G/E104H/A168P/V333R t60c/c573g

264 N35G/E104H/G144S/A168P/ t60c/c573g
V333Q

265 V28H/N35G/P45K/E104H/ t60c/c573g
A168P

266 N35G/E104H/A168P/P327K t60c/c573g

267 N35G/N66Q/E104H/A168P t60c/c573g

268 N35G/E104H/A168P/G203E t60c/c573g

269 N35G/E104H/A168P/S339W t60c/c573g

270 N35G/P45K/N46E/E104H/ t60c/c573g
Al50Y/A168P

271 N35G/E104H/R130S/A168P t60c/c573g

272 N35G/E104H/R145T/A168P t60c/c573g/g891a

273 N35G/E104H/A168P/S231K t60c/c573g

274 N35G/TA0A/E104H/A168P/ t60c/c573g
D234E/P327M

TABLE 2-continued

Jun. &, 2017

GH61 Variants with Improved Activity Compared to Variant 1

Var. Silent Nucleotide
No. Amino Acid Changes Changes
275 N35G/E104H/A168P/S231H t60c/c573g
276 N35G/E104H/A168P/N317M t60c/c573g
277 N35G/E104H/A168P/S330Y t60c/c573g
278 N35G/E104H/A168P/S3291 t60c/c573g
279 N35G/E104H/A168P/S329R t60c/c573g
280 N35G/N66D/E104H/A168P/ t60c/c573g
P322R/S329L
281 N35G/E104H/A168P/P327F t60c/c288t/c573g
282 N35G/P45D/E104H/A168P t60c/c573g
283 N35G/E104H/A168P/S332R t60c/c573g
284 N35G/E104H/A116S/A168P t60c/c573g
285 N35G/TA0A/E104H/A168P/ t60c/c573g
V230I/P327TM
286 N35G/TA9A/E104H/A168P t60c/c573g
287 N35G/E104H/A168P/N317T t60c/c573g
288 N35G/N46Y/E104H/A168P t60c/c573g
289 N35G/E104H/A168P/G203V t60c/c573g
290 N35G/E104H/A168P/S329L t60c/c573g
291 N35G/E104H/R145N/A168P/ t60c/c573g
S329H
292 N35G/A56S/E104H/A168P t60c/c573g
293 N35G/T40S/TA9R/E104H/ t60c/c573g
A168P/D234E/P327M
294 N35G/E104H/Q161R/A168P t60c/c573g
295 N35G/E104H/A168P/S332F t60c/c573g
296 N35G/PASR/TA9A/E104H/ t60c/c573g
A168P/N317R/T320A
297 N35G/E104H/A168P/V2371 t60c/c573g
298 N35G/Q44K/T8OV/E104H/ t60c/c573g
A168P
299 N35G/E104H/A168P/E336S t60c/c573g
300 N35G/E104H/A168P/P233T t60c/c573g
301 N35G/E104H/A168P/S329Y t60c/c573g
302 N35G/E104H/A168P/P327L t60c/c573g
303 N35G/E104H/A168P/N3171 t60c/c573g
304 N35G/E104H/R130H/A168P t60c/c573g
305 N35G/Q44K/E104H/A168P t60c/c573g
306 N35G/N66D/E104H/A168P t60c/c573g
307 N35G/E104H/A168P/S329V t60c/c573g
308 N35G/E104H/A168P/W337F t60c/c573g
309 N35G/E104H/A168P/N317H t60c/c573g
310 N35G/T40L/E104H/S128K/ t60c/c573g
A168P
311 N35G/E104H/A168P/A326V t60c/c573g
312 N35G/T80V/E104H/A168P/ t60c/c573g
P303T
313 N35G/E104H/A168P/S231A/ t60c/c573g
S295L
314 N35G/E104H/A116Q/A168P t60c/c573g
315 N35G/E104H/A168P/S330C t60c/c573g
316 N35G/T40S/E101T/E104H/ t60c/c573g
A168P/P327M
317 N35G/E104H/A168P/A326Q t60c/c573g
318 N35G/N46R/E104H/A168P t60c/c573g
319 N35G/P4SK/E104H/A168P/ t60c/c573g
A219R/S232E
320 S24Q/N35G/E104H/A168P/ t60c/c573g
V2371/P303T
321 N35G/E104H/A168P/G203E/ t60c/c573g
T281A
322 N35G/A56N/E104H/A168P t60c/c573g
323 N35G/E104H/A168P/E336G t60c/c573g
324 N35G/E104H/A168P/E336R t60c/c573g
325 N35G/T40S/E104H/S128K/ t60c/c573g
Al42G/A168P
326 N35G/Q44K/S67T/E104H/ t60c/c198t/c573g
A168P
327 N35G/E104H/A168P/N317A t60c/c573g
328 N35G/E104H/G155N/A168P t60c/c573g
329 N35G/E104H/Q161E/A168P t60c/c573g
330 N35G/E104H/N118S/A168P t60c/c573g
331 N35G/P45T/VOTQ/E104H/ t60c/c573g

A168P/G267S
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TABLE 2-continued
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GH61 Variants with Improved Activity Compared to Variant 1

GH61 Variants with Improved Activity Compared to Variant 1

Var. Silent Nucleotide Var. Silent Nucleotide
No. Amino Acid Changes Changes No. Amino Acid Changes Changes
332 V28H/N35G/E104H/A168P t60c/c573g 390 N35G/N46R/E104H/A168P/ t60c/c573g
333 N35G/E104H/A168P/Q184L t60c/c573g G203E/A263V
334 N35G/E104H/A168P/N317V t60c/c573g 391 N35G/PASR/E104H/A168P t60c/c573g
335 N35G/Q44L/E104H/A168P t60c/c573g 392 N35G/S67G/E104H/A168P t60c/c573g
336 N35G/E104H/A168P/S330G t60c/c573g 393 N35G/E104H/A168P/R199E t60c/c573g
337 N35G/E104H/A168P/T320A/ t60c/c573g 394 N35G/G69T/E104H/A168P t60c/c573g
V333W 395 N35G/E104H/A168P/G203E/ t60c/c573g
338 N35G/E104H/A168P/E336A t60c/c573g G268A/G269A/G270A
339 N35G/E104H/A168P/N3358 t60c/c573g 396 N35G/E104H/A168P/P266S t60c/c573g
340 N35G/N66M/E104H/A168P t60c/c573g 397 N35G/E104H/A168P/V324M t60c/c573g
341 N35G/T54G/E104H/A168P t60c/c573g 398 N35G/E104H/A168P/G245 A t60c/c573g
342 N35G/E104H/A168P/N3178 t60c/c573g 399 N35G/N66R/E104H/A168P t60c/c573g
343 N35G/E64L/E104H/A168P t60c/c573g 400 N35G/E104H/A168P/T236E t60c/c573g
344 N35G/E104H/S164E/A168P/ t60c/c573g 401 S24Q/N35G/Q44K/T8OH/ t60c/c573g
A271T E104H/A168P
345 N35G/N66A/E104H/A168P t60c/c573g 402 N35G/E104H/S128D/A168P t60c/c573g
346 N35G/G83R/E104H/A168P t60c/c573g 403 N35G/N66D/S78D/E104H/ t60c/c573g
347 N35G/E104H/A168P/N317Q/ t60c/c573g A168P/S253D
T320A 404 N35G/E104H/R130Y/A168P t60c/c573g
348 N35G/E104H/K141A/A168P t60c/c573g 405 N35G/E104H/A168P/K3101 t60c/c573g
349 N35G/P71T/E104H/A168P t60c/c573g 406 N35G/E104H/R145E/A168P t60c/c573g
350 N35G/P71S/E104H/A168P t60c/c573g 407 N35G/N66D/E104H/S164E/ t60c/c573g
351 N35G/E104H/R130G/A168P t60c/c573g A168P/S282D
352 N35G/E104H/R145Q/A168P t60c/c573g 408 N35G/E104H/K141P/A168P t60c/c573g
353 N35G/T7T0A/E104H/A168P t60c/c573g 409 N35G/E104H/A168P/Q184R t60c/c573g
354 N35G/E104H/A168P/K218R t60c/c573g 410 N35G/E104H/A168P/S231T t60c/c573g
355 N35G/E104H/A168P/Q184E t60c/c573g 411 N35G/N66V/E104H/A168P t60c/c573g
356 N35G/E104H/R130K/A168P t60c/c573g 412 N35G/E104H/A1421/A168P t60c/c573g
357 N35G/Q58H/E104H/A168P t60c/c573g 413 N35G/E104H/R145H/A168P t60c/c573g
358 Y32S/N35G/E104H/A168P t60c/c573g 414 N35G/E104H/A168P/K218L t60c/c573g
359 N35G/E104H/A168P/S329T t60c/c573g 415 N35G/E104H/K141T/A168P t60c/c573g
360 N35G/E104H/A168P/S3301 t60c/c573g 416 N35G/E104H/A168P/P233F t60c/c573g
361 Y328/N35G/P71A/E104H/ t60c/c573g 417 N35G/T40S/E104H/A168P/ t60c/c573g
A168P P327M
362 N35G/E104H/A168P/S330T t60c/c573g 418 N35G/T54M/E104H/A168P t60c/c573g
363 N35G/G82A/E104H/A168P t60c/c573g 419 S24T/N35G/E104H/S164E/ t60c/c573g
364 N35G/T80V/E104H/A168P t60c/c573g A168P
365 N35G/E104H/A168P/S295T t60c/c573g 420 N35G/P45T/E104H/A168P t60c/c573g
366 N35G/N66G/E104H/A168P t60c/c573g 421 N35G/N66D/E104H/S164E/ t60c/c573g
367 N35G/E104H/R1451/A168P t60c/c573g A168P/S231T/S253T
368 N35G/S67H/E104H/A168P/ t60c/c573g 422 N35G/G69H/E104H/A168P t60c/c573g
V230M 423 N35G/E104H/S128Y/A168P t60c/c573g
369 N35G/E104H/G136E/A168P t60c/c573g 424 N35G/T49Q/E104H/A168P t60c/c573g
370 N35G/T54S/E104H/A168P t60c/c573g 425 N35G/TA9A/E104H/A168P/ t60c/c573g
371 N35G/P45S/E104H/A168P t60c/c573g Q184H
372 N35G/E104H/A168P/A326M t60c/c573g/c882t 426 N35G/E104H/A168P/G203Y t60c/c573g
373 N35G/N66D/NISE/E104H/ t60c/c573g 427 N35G/Q44K/N66V/E104H/ t60c/c573g
S164E/A168P/G267D A168P
374 N35G/E104H/A168P/S332C t60c/c573g 428 N35G/E104H/A137M/A168P t60c/c573g
375 N35G/E104H/S128L/A168P t60c/c573g 429 N35G/E104H/A168P/P327C t60c/c573g
376 N35G/T54W/E104H/A168P t60c/c573g 430 N35G/E104H/A168P/T236R t60c/c573g
377 N35G/E104H/A168P/G268A/ t60c/c573g 431 N35G/I51A/E104H/A168P t60c/c573g
G269A/G270A 432 N35G/S67TH/E104H/A168P t60c/c573g
378 N35G/Q44K/E104H/A168P/ t60c/c573g 433 N35G/E104H/A168P/A326C t60c/c573g
S231T 434 N35G/TA9A/E104H/S128N/ t60c/c573g
379 R34E/N35G/E104H/A168P/ t60c/c573g A168P
A280D 435 N35G/TA9R/E104H/A168P/ t60c/c573g
380 N35G/E104H/A168P/A297T t60c/g399a/c573g K218L/N317Q
381 N35G/E104H/K141P/R145Q/ t60c/c573g 436 N35G/E104H/A168P/P266S/ t60c/c573g
A168P G267V
382 N35G/P45SE/E104HVK141R/ t60c/c573g 437 N35G/E104H/A168P/V2371/ t60c/c573g
A168P P303T
383 N35G/N66T/E104H/A168P t60c/c573g 438 N35G/TA9E/E104H/A168P t60c/c573g
384 N35G/E104H/S164E/A168P/ t60c/c573g 439 N35G/P4SR/E104H/A168P/ t60c/c573g
$295D T320A
385 N35G/E104H/A168P/N317F t60c/c573g 440 N35G/N66L/E104H/A168P t60c/c573g
386 N35G/E104H/A168P/N317Q t60c/c573g 441 N35G/P4SR/E104H/A168P/ t60c/c573g
387 N35G/T40G/T49R/S78C/ t60c/c573g K218L/N317Q
E104H/A142G/A168P 442 N35G/E104H/R145V/A168P t60c/c573g
388 N35G/G82S/E104H/A168P t60c/c573g 443 N35G/N66D/E104H/A168P/ t60c/c573g
389 N35G/Q58P/E104H/A168P t60c/c573g R290K
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TABLE 2-continued

GH61 Variants with Improved Activity Compared to Variant 1

Var. Silent Nucleotide

No. Amino Acid Changes Changes

444 N35G/T80L/E104H/A168P t60c/c573g

445 N35G/AS5G/E104H/A168P t60c/c573g

446 N35G/E104H/A168P/S330A t60c/c573g

447 N35G/E104H/K141N/A168P/ t60c/c573g
P266S

448 N35G/E104H/A142S/A168P t60c/c573g

449 N35G/E104H/A168P/Q184G t60c/c573g

450 N35G/E104H/N118E/A168P t60c/c573g

451 N35G/E104H/A168P/A212M t60c/c573g

452 N35G/E104H/A168P/G267D t60c/c573g

453 N35G/K93N/E104H/R130Y/ t60c/c573g
Al68P

454 N35G/P45R/T49Y/E104H/ t60c/c573g
Al168P/N317D

455 N35G/E104H/A168P/S329Q t60c/c573g

456 N35G/E104H/A168P/V230Q t60c/c573g

457 N35G/P45K/E104H/A168P/ t60c/c573g
A219R

458 N35G/E104H/A142G/A168P t60c/c573g

459 N35G/E104H/A168P/S205T t60c/c573g

460 N35G/S78D/E104H/S164E/ t60c/c573g
Al68P

461 N35G/E104H/R130E/A168P t60c/c573g

462 N35G/E104H/A168P/Q184H t60c/c573g

463 N35G/E104H/A116P/A168P t60c/c573g

464 N35G/E104H/A142D/A168P t60c/c573g

465 V28H/N35G/N46E/Q58H/ t60c/c573g
E104H/A168P

466 N35G/E104H/A168P/A280T t60c/c573g

467 R34E/N35G/E104H/A168P/ t60c/c573g
A280T

468 N35G/E104H/A168P/E336L t60c/c573g

469 N35G/T49D/E104H/A168P t60c/c573g

470 N35G/E104H/A168P/A219T t60c/c573g

471 N35G/E104H/A142W/A168P t60c/c573g

472 N35G/E104H/A168P/P303T/ t60c/c573g
G305D

473 N35G/Q44V/E104H/A168P t60c/c573g

474 N35G/E104H/A168P/N187D t60c/c573g

475 N35G/E104H/G136H/A168P t60c/c573g

476 S24Q/N35G/Q44K/E104H/ t60c/c573g
A168P/P303T/S332D

477 N35G/E104H/A168P/Q184N t60c/c573g

478 N35G/E104H/A168P/S332L t60c/c573g

479 S24T/N35G/N66D/S78D/ t60c/c573g
E104H/A168P/S205T/S253T

480 N35G/E104H/A168P/P327A t60c/c573g

481 N35G/T40A/T49Q/ST78C/ t60c/c573g
E104H/A168P

482 N35G/T40L/E104H/A142G/ t60c/c573g
Al68P

483 N35G/T49Y/E104H/A168P/ t60c/c573g
N317R

484 R34E/N35G/K93T/E104H/ t60c/c573g
R130E/R145T/A168P/R199E/
K218T/A280D

[0130] Positions that were changed in variants with

improved GH61 activity listed in Table 2 include 24, 28, 32,
34,35, 40, 44, 45, 46, 49, 51, 54, 55, 56, 58, 64, 66, 67, 69,
70, 71, 78, 80, 82, 83, 88, 93, 95, 101, 104, 116, 118, 128,
130, 136, 137, 141, 142, 144, 145, 150, 155, 161, 164, 168,
184, 187, 199, 203, 205, 212, 218, 219, 230, 231, 232, 233,
234, 236, 237, 245, 253, 263, 266, 267, 268, 269, 270, 271,
280, 281, 282, 290, 295, 297, 303, 305, 310, 317, 320, 324,
326,327,329, 330,332, 333,336,337, and 339, wherein the
amino acid positions are numbered with reference to SEQ
ID NO:2.

[0131] Residues that were changed in variants with
improved GH61 activity listed in Table 2 include S24, V28,
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Y32, R34, N35, T40, Q44, P45, N46, T49, 151, T54, ASS,
AS6, Q58, E64, N66, S67, G69, T70, P71, S78, T80, G82,
G83,V88,K93,N95, E101, E104, A116,N118, S128, R130,
G136, A137, K141, A142, G144, R145, A150, G155, Q161,
S164, A168, Q184, N187, R199, G203, S205, A212, K218,
A219, V230, S231, S232, P233, D234, T236, V237, G245,
S253, A263, P266, G267, G268, G269, G270, A271, A280,
T281, S282, R290, S295, A297, P303, G305, K310, N317,
T320, V324, A326, P327, S329, S330, S332, V333, E336,
W337, and 5339, wherein the amino acid positions are
numbered with reference to SEQ ID NO:2.

[0132] Substitutions occurring in variants with improved
GHO61 activity listed in Table 2 include S24Q, V28H, Y328,
R34E, N35G, T40A/G/L/S, Q44K, P45D/E/K/R/S, N46E/R,
T49A/Q/R/Y, I51A, T54G/M/S/W, AS55G, A56S, Q58H/P,
E64L/S, N66A/D/G/L/M/Q/R/V, S67G/H/T, G69T, T70A,
P71A, S78C/D, T80H/L/V, G82A/S, G83R, V88I, K93N/T,
NO9SE, E101T, E104H, A116Q/S, N118E/S, S128K/L/N,
RI130E/G/H/K/Y, GI136H, Al137M/S, KI141A/N/P/R,
Al42D/G/L, G144S, RI45H/L/N/Q/T, A150Y, G155N,
QI61E/R, S164E, A168P, Q184E/H/L/N/R, N187D, R199E,
G203E/V/Y, S205T, A212M, K218L/T, A219R/T, V2301/Q,
S231A/H/K/I, S232E, P233F/T, D234E/M/N, T236E,
V2371, G245A, S253D/T, A263V, P266S, G267D/V,
G268A, G269A, G270A, A271T, A280D/T, T281A, S282D,
R290K, S295D/L/T, A297T, P303T, G305D, K310I,
N317D/H/I/M/Q/R, T320A, V324M, A326C/Q/V, P327F/
K/L/M, S329H/T/Q/T/Y, S330A/H/U/T/V, S332C/F/R,
V333Q, E336L/R/S, W337R, and S339W.

[0133] In some embodiments, the changed residues and
substitutions of the GH61 variants of this invention may be
combined in a manner that produces an effect that is cumu-
lative or synergistic. Cumulative effects occur when adding
an additional mutation increases the effect beyond those of
the mutations already present. Synergistic effects occur
when having two more mutations in a variant produces an
effect than is greater than the product of the mutations when
incorporated by themselves. This invention includes without
limitation any and all combinations of any two, three, four,
five, six, seven, eight, nine, ten, or more than ten of the
mutations listed in Table 1, Table 2, or both Tables.

[0134] Useful combinations of mutated positions include
but are not limited to N35/T40/E104/A168/P327; N35/P45/
E104/A168/N317; N35/E104/A168/N317, N35/E104/
A168/N317/S329; N35/E104/A137/A168/S232; N35/E104/
A168/N317/T320; N35/E104/A168/D234; N35/T40/E104/
Al142/A168; N35/E104/R145/A168; N35/T40/S78N88/
E104/S128K/A168/D234; N35/E104/A168/S330; N35/
E104/A168/G203/P266; N35/E104/A168/D234; N35/E104/
A168/S330; N35/E104/A168/W337; R34/N35/E104/R145/
A168; Y32/N35/E64/E104/A168;, V28/N35/P45/E104/
A168; N35/E104/G144/A168/V333; N35/N66/E104/A168,;
N35/E104/A168/P327;, N35/E104/A168/G203; N35/E104/
A168/S339; N35/P45/N46/E104/A150/A168; N35/E104/
A168/S231; N35/T40/E104/A168/D234/P327, N35/E104/
A168/S231; N35/E104/A168/N317; N35/E104/A168/S330;,
N35/E104/A168/S329; N35/E104/A168/P327;, N35/P45/
E104/A168;  N35/E104/A116/A168;  N35/T40/E104/
A168N230/P327; and N35/E104/A168/S332.

[0135] Useful combinations of mutated residues further
include but are not limited to N35/E104/A168/G203; N35/
E104/R145/A168/S329; N35/T40/T49/E104/A168/D234/
P327; N35/A56/E104/A168; N35/E104/Q161/A168; N35/
E104/A168/8332; N35/P45/T49/E104/A168/N317/T320;
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N35/E104/A168/V237; N35/E104/A168/E336; N35/E104/
A168/P233; N35/E104/R130/A168; N35/E104/A168/P327,
N35/E104/A168/N317; N35/Q44/E104/A168; N35/E104/
A168/A326; N35/E104/A168/N317; N35/T40/E104/S128/
A168; N35/T80/E104/A168/P303; N35/E104/A116/A168;
N35/E104/A168/S231/5295;  N35/T40/E101/E104/A168/
P327; N35/P45/E104/A168/A219/8232; N35/N46/E104/
A168; N35/E104/A168/A326; N35/E104/A168/G203/
T281; N35/E104/A168/E336; N35/T40/E104/S128/A142/
A168; N35/E104/N118/A168; N35/E104/G155/A168; S24/
N35/E104/A168/V237/P303; N35/E104/Q161/A168; N35/
Q44/S67/E104/A168; V28/N35/E104/A168; N35/E104/
A168/Q184; N35/TS54/E104/A168; N35/N66/E104/A168;
N35/E64/E104/A168; N35/E104/S164/A168/A271; N35/
N66/E104/A168; N35/G83/E104/A168; N35/E104/K141/
A168; and N35/E104/A168/N317/T320.

[0136] Useful combinations of mutated residues include
but are not limited to N35/E104/R130/A168; N35/E104/
R145/A168; N35/T70/E104/A168; N35/E104/R130/A168;
N35/E104/A168/Q184; N35/E104/A168/S329; N35/T49/
E104/A168; Y32/N35/E104/A168; N35/E104/A168/S330;
N35/Q58/E104/A168;  Y32/N35/P71/E104/A168; N35/
E104/A168/S330; N35/T80/E104/A168; N35/G82/E104/
A168; N35/E104/A168/S295; N35/N66/E104/A168; N35/
T54/E104/A168; N35/P45/E104/A168; N35/E104/S128/
A168; N35/N66/NIS/E104/S164/A168; /G267, N35/T54/
E104/A168; N35/P45/E104/K141/A168; N35/E104/A168/
S332; N35/E104/A168/A297; N35/E104/K141/R145/A168;
N35/Q44/E104/A168/S231; N35/T40/T49/S78/E104/A142;
/A168; N35/E104/S164/A168/S295; N35/E104/A168/
N317; N35/P45/E104/A168; N35/G82/E104/A168; N35/
N46/E104/A168/G203/A263; N35/Q58/E104/A168; N35/
G69/E104/A168; N35/S67/E104/A168; N35/E104/A168/
R199; N35/E104/A168/G203/G268/G269/G270; N335/
E104/A168/V324; N35/E104/A168/P266; N35/E104/A168/
(G245; N35/N66/E104/A168; and S24/N35/Q44/T80/E104/
Al68.

[0137] Useful combinations of mutated residues further
include but are not limited to N35/E104/A168/T236; N35/
E104/A168/K310; N35/E104/R130/A168; N35/N66/S78/
E104/A168/S253; N35/N66/E104/S164/A168/S282; N335/
E104/A142/A168; N35/E104/R145/A168; N35/E104/
A168/8231; N35/E104/A168/Q184; N35/E104/A168/
K218; N35/E104/A168/P233; N35/T49/E104/A168/Q184;
N35/T40/E104/A168/P327;, N35/T54/E104/A168; N35/
N66/E104/S164/A168/S231/S253; N35/E104/A168/G203;
N35/T49/E104/A168; N35/E104/A168/P266/G267; N35/
Q44/N66/E104/A168; N35/S67/E104/A168; N35/E104/
A137/A168; N35/T49/E104/S128/A168; N35/T49/E104/
A168/K218/N317; N35/151/E104/A168; N35/E104/A168/
A326; N35/P45/E104/A168/T320; N35/N66/E104/A168;
N35/E104/A168/V237/P303; N35/P45/E104/A168/K218/
N317; N35/T80/E104/A168; N35/A55/E104/A168; N35/
E104/K141/A168/P266; N35/E104/A168/S330; N35/N66/
E104/A168/R290; N35/E104/N118/A168; N35/E104/A168/
A212; N35/K93/E104/R130/A168; N35/E104/A168/G267,
N35/P45/T49/E104/A168/N317;,  N35/E104/A168/V230;
N35/E104/A168/S329; N35/P45/E104/A168/A219; N35/
S78/E104/S164/A168; N35/E104/A168/S205; N35/E104/
A168/Q184; V28/N35/N46/Q58/E104/A168; N3S5/E104/
Al142/A168; N35/E104/A168/E336; N35/E104/A168/
A280; N35/E104/A168/A219; N35/E104/A168/P303/
G305; R34/N35/E104/A168/A280; N35/E104/A168/N187;
N35/E104/G136/A168; N35/E104/A168/Q184; N35/T49/
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E104/A168/N317; N35/T40/T49/S78/E104/A168; R34/
N35/K93/E104/R130/R145/A168/R199/K218/A280; N35/
T40/E104/A142/A168; and N35/N66/E104/A168.

[0138] Useful combinations of mutations further include
but are not limited to N35G/T40A/E104H/A168P/P327M,
N35G/P45D/E104H/A168P/N317R; N35G/E104H/A168P/
N317R; N35G/E104H/A168P/N317D/S329Y;  N35G/
E104H/A137S/A168P/S232E; N35G/E104H/A168P/
N317R/T320A; N35G/E104H/A168P/D234E; N35G/T40S/
E104H/A142G/A168P; N35G/E104H/R145L/A168P;
N35G/T40S/S78C/V88I/E104H/S128K/A168P/D234M;

N35G/E104H/A168P/S330V; N35G/E104H/A168P/
G203E/P266S;  N35G/E104H/A168P/D234N;  N35G/
E104H/A168P/S330H; N35G/E104H/A168P/W337R;
R34E/N35G/E104H/R145T/A168P; Y32S/N35G/E64S/
E104H/A168P; V28H/N35G/P45K/E104H/A168P; N35G/
E104H/G144S/A168P/V333Q; N35G/N66Q/E104H/
A168P; N35G/E104H/A168P/P327K;  N35G/E104H/
A168P/G203E; N35G/E104H/A168P/S339W; N35G/P45K/

N46E/E104H/A150Y/A168P; N35G/E104H/A168P/
S231K; N35G/T40A/E104H/A168P/D234E/P327M,
N35G/E104H/A168P/S231H; N35G/E104H/A168P/

N317M;  N35G/E104H/A168P/S330Y; N35G/E104H/
A168P/S3291; N35G/E104H/A168P/P327F; N35G/P45D/
E104H/A168P; N35G/E104H/A116S/A168P; N35G/T40A/
E104H/A168P/V230I/P327M; and N35G/E104H/A168P/
S332R.

[0139] Useful combinations of mutations further include
but are not limited to N35G/E104H/A168P/G203V; N35G/
E104H/R145N/A168P/S329H; N35G/T40S/T49R/E104H/
A168P/D234E; /P327M; N35G/A56S/E104H/A168P;
N35G/E104H/Q161R/A168P; N35G/E104H/A168P/
S332F; N35G/P45R/T49A/E104H/A168P/N317R/T320A,;
N35G/E104H/A168P/V2371; N35G/E104H/A168P/E336S;
N35G/E104H/A168P/P233T,; N35G/E104H/R130H/
A168P;  N35G/E104H/A168P/P327L;  N35G/E104H/
A168P/N3171; N35G/Q44K/E104H/A168P; N35G/E104H/
A168P/A326V; N35G/E104H/A168P/N317H; N35G/T40L/
E104H/S128K/A168P; N35G/T80V/E104H/A168P/P303T;
N35G/E104H/A116Q/A168P; N35G/E104H/A168P/
S231A/8295L; N35G/T40S/E101T/E104H/A168P/P327M;
N35G/P45K/E104H/A168P/A219R/S232E;  N35G/N46R/
E104H/A168P; N35G/E104H/A168P/A326Q; N35G/
E104H/A168P/G203E/T281A,; N35G/E104H/A168P/
E336R; N35G/T40S/E104H/S128K/A142G/A168P; N35G/
E104H/N118S/A168P; N35G/E104H/G155N/A168P;
S24Q/N35G/E104H/A168P/V2371/P303T;, N35G/E104H/
QI161E/A168P; N35G/Q44K/S67T/E104H/A168P; V28H/
N35G/E104H/A168P; N35G/E104H/A168P/Q184L;
N35G/T54G/E104H/A168P; N35G/N66M/E104H/A168P;
N35G/E64L/E104H/A168P; N35G/E104H/S164E/A168P/
A271T; N35G/N66A/E104H/A168P; N35G/G83R/E104H/
A168P; N35G/E104H/K141A/A168P; and N35G/E104H/
A168P/N317Q/T320A.

[0140] Useful combinations of mutations further include
but are not limited to N35G/E104H/R130G/A168P; N35G/
E104H/R145Q/A168P; N35G/T70A/E104H/A168P; N35G/
E104H/R130K/A168P; N35G/E104H/A168P/Q184E;
N35G/E104H/A168P/S329T; N35G/T49A/E104H/A168P;
Y32S/N35G/E104H/A168P; N35G/E104H/A168P/S3301,
N35G/Q58H/E104H/A168P;  Y32S/N35G/P71A/E104H/
A168P; N35G/E104H/A168P/S330T; N35G/T80V/E104H/
A168P; N35G/G82A/E104H/A168P; N35G/E104H/A168P/
S295T; N35G/N66G/E104H/A168P; N35G/T54S/E104H/
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A168P; N35G/P45S/E104H/A168P; N35G/E104H/S128L/
A168P; N35G/N66D/NISE/E104H/S164E/A168P/G267D;
N35G/T54W/E104H/A168P; N35G/P45E/E104H/K141R/
A168P;  N35G/E104H/A168P/S332C;  N35G/E104H/
A168P/A297T, N35G/E104H/K141P/R145Q/A168P;
N35G/Q44K/E104H/A168P/S231T;  N35G/T40G/T49R/
S78C/E104H/A142G;  /A168P; N35G/E104H/S164E/
A168P/S295D; N35G/E104H/A168P/N317Q; N35G/P45R/
E104H/A168P; N35G/G82S/E104H/A168P; N35G/N46R/
E104H/A168P/G203E/A263V; N35G/Q58P/E104H/
A168P; N35G/G69T/E104H/A168P; N35G/S67G/E104H/
A168P; N35G/E104H/A168P/R199E;  N35G/E104H/
A168P/G203E/G268A/G269A/G270A,; N35G/E104H/
A168P/V324M; N35G/E104H/A168P/P266S;  N35G/
E104H/A168P/G245A; N35G/N66R/E104H/A168P; and
S24Q/N35G/Q44K/T80H/E104H/A168P.

[0141] Useful combinations of mutations further include
but are not limited to N35G/E104H/A168P/T236E; N35G/
E104H/A168P/K3101; N35G/E104H/R130Y/A168P;
N35G/N66D/S7T8D/E104H/A168P/S253D;  N35G/N66D/
E104H/S164E/A168P/S282D; N35G/E104H/A142L/
A168P; N35G/E104H/R145H/A168P; N35G/E104H/
A168P/S231T;  N35G/E104H/A168P/Q184R;  N35G/
E104H/A168P/K218L; N35G/E104H/A168P/P233F,;
N35G/T49A/E104H/A168P/Q184H; N35G/T40S/E104H/
A168P/P327M; N35G/T54M/E104H/A168P; N35G/N66D/
E104H/S164E/A168P/S231T/S253T,; N35G/E104H/
A168P/G203Y; N35G/T49Q/E104H/A168P; N35G/E104H/
A168P/P266S/G267V; N35G/Q44K/N66V/E104H/A168P;
N35G/S67H/E104H/A168P; N35G/E104H/A137M/A168P;
N35G/T49A/E104H/S128N/A168P; N35G/T49R/E104H/
A168P/K218L/N317Q; N35G/I51A/E104H/A168P; N35G/
E104H/A168P/A326C; N35G/P45R/E104H/A168P/
T320A; N35G/N66L/E104H/A168P; N35G/E104H/A168P/
V2371/P303T;, N35G/P45R/E104H/A168P/K218L/N317Q;
N35G/T80L/E104H/A168P; N35G/AS5G/E104H/A168P;
N35G/E104H/K141N/A168P/P266S; N35G/E104H/
A168P/S330A,; N35G/N66D/E104H/A168P/R290K;
N35G/E104H/N118E/A168P; N35G/E104H/A168P/
A212M;  N35G/K93N/E104H/R130Y/A168P;  N35G/
E104H/A168P/G267D; N35G/P45R/T49Y/E104H/A168P/
N317D; N35G/E104H/A168P/V230Q; N35G/E104H/
A168P/S329Q; N35G/P45K/E104H/A168P/A219R; N35G/
S78D/E104H/S164E/A168P; N35G/E104H/A168P/S205T;
N35G/E104H/A168P/Q184H; V28H/N35G/N46E/QS58H/
E104H/A168P; N35G/E104H/A142D/A168P;  N35G/
E104H/A168P/E336L; N35G/E104H/A168P/A280T;
N35G/E104H/A168P/A219T; N35G/E104H/A168P/P303T/
G305D; R34E/N35G/E104H/A168P/A280T; N35G/E104H/
A168P/N187D; N35G/E104H/G136H/A168P;  N35G/
E104H/A168P/Q184N; N35G/T49Y/E104H/A168P/
N317R; N35G/T40A/T49Q/S78C/E104H/A168P; R34E/
N35G/K93T/E104H/R130E/R145T/A168P/R199E/K218T/

A280D; N35G/T40L/E104H/A142G/A168P; and N35G/
N66G/E104H/A168P.

Production of GH61 Variant Proteins

[0142] In some embodiments, the GH61 variant proteins
of'this invention are produced by recombinant expression in
a host cell. Any suitable method for recombinant expression
in any suitable host cell finds use in the present invention. In
some embodiments, a nucleotide sequence encoding the
protein is obtained, and introduced into a suitable host cell
by way of a suitable transfer vector or expression vector. In
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some embodiments, the nucleotide sequence is operably
linked to a promoter that promotes expression in the host
cell. The promoter sequence is often selected to optimize in
a cell that is not M. thermophila, in which case the promoter
is typically heterologous to the GH61 variant protein encod-
ing sequence. In some embodiments, the host cell is a
eukaryotic cell and the GH61 variant protein comprises a
heterologous signal peptide at the N-terminus.

[0143] Optionally, in some embodiments, the encoding
sequence is codon-optimized for the host cell (e.g., a par-
ticular species of yeast cell). Any suitable method for
obtaining codon-optimized sequences find use in the present
invention (e.g., GCG CodonPreference, Genetics Computer
Group Wisconsin Package; Codon W, John Peden, Univer-
sity of Nottingham; and Mclnerney, Bioinform., 14:372-73
[1998]).

[0144] General reference texts relating to gene expression
include but are not limited to the most recent editions of
Protocols in Molecular Biology (Ausubel et al. eds.);
Molecular Cloning: A Laboratory Manual (Sambrook et al.
eds.); Advances In Fungal Biotechnology For Industry,
Agriculture, And Medicine (Tkacz and Lange, 2004); and
Fungi: Biology and Applications (K. Kavanagh ed., 2005).
[0145] In some embodiments, culture broth from GH61
protein-producing cells is collected and combined directly
with cellulase enzymes in a saccharification reaction. In
some alternative embodiments, the broth is fractionated to
any extent desired to provide partially or substantially
purified GH61 protein, following the activity during the
separation process using a GH61 activity assay, using stan-
dard protein separation techniques, and following GH61
activity during fractionation with a suitable GH61 activity
assay. Such protocols may combine one or more of the
following methods (but are not limited to these particular
methods): salt precipitation, solid phase binding, affinity
chromatography, ion exchange chromatography, molecular
size separation, and/or filtration. Protein separation tech-
niques are generally described in Protein Purification: Prin-
ciples, High Resolution Methods, and Applications, (J. C.
Janson, ed., 2011); High Throughput Protein Expression and
Purification: Methods and Protocols (S. A. Doyle ed.,
2009).

[0146] The present invention provides GH61 variant pro-
tein having an amino acid sequence that is at least about
60%, at least about 65%, at least about 70%, about 75%,
about 80%, about 85%, about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%,
about 98%, or about 99% identical to SEQ ID NO:2 or a
fragment of SEQ ID NO:2 having GH61 activity. In some
embodiments, the amino acid sequence of the variant pro-
teins have one or more amino acid substitutions with respect
to SEQ ID NO:2 or said fragment. In some embodiments,
the substitution(s) that are present in the amino acid
sequence result in the variant protein having increased
GHG61 activity in a saccharification reaction by certain
cellulase enzymes under specified conditions, compared
with a reference protein comprising SEQ ID NO:2 or said
fragment, without any of the substitutions.

[0147] In some embodiments, GH61 variant proteins of
this invention comprise one or more of SEQ ID NOS:5, 6,
8, 9,11, and/or 12, or biologically-active fragments of these
sequences having GH61 activity. These correspond to Vari-
ants 1 (SEQ ID NOS:5 and 6), Variant 5 (SEQ ID NOS: 8
and 9), and Variant 9 (SEQ ID NOS: 11 and 12). In some
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embodiments, the variants have more than about 2-fold,
3-fold, or more than 3-fold GH61 activity compared with
wild-type GH61a (i.e., SEQ ID NO:2). The combined effect
of multiple rounds of optimization yield GH61 variant
proteins that have about 3-fold, about 5-fold, about 8-fold,
or about 10-fold activity compared with the original parental
sequence (SEQ ID NO:2).

[0148] Also provided are polynucleotides encoding such
GHG61 variant proteins, expression vectors comprising such
polynucleotides, and host cells that have been transfected
with such vectors so as to express the GH61 variant proteins
that are encoded.

Fragments and Variants

[0149] GH61 variant proteins of this invention may com-
prise one or more substitutions, deletions, or additions in the
sequence in addition to the substitutions highlighted above.
By way of illustration, the GH61 protein may be longer or
shorter by at least about 5, 10, 20, 40, 75, 100, 125, 150, or
200 amino acids; or by about 1%, 2%, 3%, 4%, 5%, 6%, 7%,
8%, 9%, 10%, 15%, 20%, 15%, 30%, 35%, 40%, 45%, 50%,
60%, 70%, or 80% of the total number of amino acids in the
polypeptide, compared with SEQ ID NO:2. The variant or
any of these fragments may also be part of a fusion protein
in which a portion having GH61 activity is joined to one or
more other sequences. Providing the protein retains a degree
of GH61 activity or other commercial applicability, the
variations may comprise any combination of amino acid
substitutions at any position that is not specifically indicated
otherwise. Depending on the circumstances, a conservative
amino acid substitution may be preferred over other types of
substitutions.

[0150] Where an amino acid substitution is a “conserva-
tive” substitution, the substituted amino acid that shares one
or more chemical property with the amino acid it is replac-
ing. Shared properties include the following: Basic amino
acids: arginine (R), lysine (K), histidine (H); acidic amino
acids: glutamic acid (F) and aspartic acid (D); uncharged
polar amino acids: glutamine (Q) and asparagine (N); hydro-
phobic amino acids: leucine (L), isoleucine (1), valine (V);
aromatic amino acids: phenylalanine (F), tryptophan (W),
and tyrosine (Y); sulphur-containing amino acids: cysteine
(C), methionine (M); small amino acids: glycine (G), alanine
(A), serine (S), threonine (T), proline (P), cysteine (C), and
methionine (M).

Obtaining Functional Fragments and Variants

[0151] Functional fragments of GH61 protein variants of
this invention can be identified by standard methodology for
mapping function within a polypeptide. In some embodi-
ments, recombinant protein is expressed that has effectively
been trimmed at the N- or C-terminus, and then tested in a
GHO61 activity assay. Trimming can continue until activity is
lost, at which point the minimum functional unit of the
protein would be identified. Fragments containing any por-
tion of the protein down to the identified size would typically
be functional, as would be fusion constructs containing at
least the functional core of the protein.

[0152] To generate further variants that incorporate one or
more amino acid changes in a GH61 encoding sequence, the
skilled artisan can change particular nucleotides, and then
retest the expressed protein for GH61 activity.
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[0153] An effective way to generate a large collection of
functional variants is to use a random mutation strategy. The
standard texts Protocols in Molecular Biology (Ausubel et
al. eds.) and Molecular Cloning: A Laboratory Manual
(Sambrook et al. eds.) describe techniques employing
chemical mutagenesis, cassette mutagenesis, degenerate oli-
gonucleotides, mutually priming oligonucleotides, linker-
scanning mutagenesis, alanine-scanning mutagenesis, and
error-prone PCR. Other efficient methods include the E. cofi
mutator strains of Stratagene (See e.g., Greener et al.,
Methods Mol. Biol. 57:375 [1996]) and the DNA shuffling
technique of Maxygen (See e.g., Patten et al., Curr. Opin.
Biotechnol., 8:724 [1997]; Harayama, Tr. Biotechnol., 16:76
[1998]; U.S. Pat. Nos. 5,605,793 and 6,132,970). To
increase variation, a technology can be used that generates
more abrupt changes, such as DNA shuffling techniques.

[0154] Mutagenesis may be performed in accordance with
any of the techniques known in the art, including random
and site-specific mutagenesis. Directed evolution can be
performed with any of the techniques known in the art to
screen for production of variants including shuffling. Muta-
genesis and directed evolution methods are well known in
the art (See e.g., U.S. Pat. Nos. 5,605,793, 5,830,721,
6,132,970, 6,420,175, 6,277,638, 6,365,408, 6,602,986,
7,288,375, 6,287,861, 6,297,053, 6,576,467, 6,444,468,
5,811238, 6,117,679, 6,165,793, 6,180,406, 6,291,242,
6,995,017, 6,395,547, 6,506,602, 6,519,065, 6,506,603,
6,413,774, 6,573,098, 6,323,030, 6,344,356, 6,372,497,
7,868,138, 5,834,252, 5,928,905, 6,489,146, 6,096,548,
6,387,702, 6,391,552, 6,358,742, 6,482,647, 6,335,160,
6,653,072, 6,355,484, 6,03,344, 6,319,713, 6,613,514,
6,455,253, 6,579,678, 6,586,182, 6,406,855, 6,946,296,
7,534,564, 7,776,598, 5,837,458, 6,391,640, 6,309,883,
7,105,297, 7,795,030, 6,326,204, 6,251,674, 6,716,631,
6,528,311, 6,287,862, 6,335,198, 6,352,859, 6,379,964,
7,148,054, 7,629,170, 7,620,500, 6,365,377, 6,358,740,
6,406,910, 6,413,745, 6,436,675, 6,961,664, 7,430,477,
7,873,499, 7,702,464, 7,783,428, 7,747,391, 7,747,393,
7,751,986, 6,376,246, 6,426,224, 6,423,542, 6,479,652,
6,319,714, 6,521,453, 6,368,861, 7,421,347, 7,058,515,
7,024,312, 7,620,502, 7,853,410, 7,957,912, 7,904,249, and
all related US and non-US counterparts; Ling et al., Anal.
Biochem., 254(2):157-78 [1997]; Dale et al., Meth. Mol.
Biol., 57:369-74 [1996]; Smith, Ann. Rev. Genet., 19:423-
462 [1985]; Botstein et al., Science, 229:1193-1201 [1985];
Carter, Biochem. J., 237:1-7 [1986]; Kramer et al., Cell,
38:879-887 [1984]; Wells et al., Gene, 34:315-323 [1985];
Minshull et al., Curr. Op. Chem. Biol., 3:284-290 [1999];
Christians et al., Nat. Biotechnol., 17:259-264 [1999]; Cra-
meri et al., Nature, 391:288-291 [1998]; Crameri, et al., Nat.
Biotechnol., 15:436-438 [1997]; Zhang et al., Proc. Nat.
Acad. Sci. U.S.A., 94:4504-4509 [1997]; Crameri et al., Nat.
Biotechnol., 14:315-319 [1996]; Stemmer, Nature, 370:389-
391 [1994]; Stemmer, Proc. Nat. Acad. Sci. USA, 91:10747-
10751 [1994]; WO 95/22625; WO 97/0078; WO 97/35966;
WO 98/27230; WO 00/42651; WO 01/75767; and WO
2009/152336, all of which are incorporated herein by ref-
erence).

[0155] There are commercially available services and kits
available to the skilled reader to use in obtaining variants of
the claimed proteins. By way of illustration, systems spe-
cifically designed for mutagenesis projects include the fol-
lowing: the GeneTailor™ Site-Directed Mutagenesis Sys-
tem sold by InVitrogen™ Life Technologies; the BD
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Diversity™ PCR Random Mutagenesis Kit™, sold by BD
Biosciences/Clontech; the Template Generation System™,
sold by MJ Research Inc., the XI.1-Red™ mutator strain of
E. coli, sold by Stratagene; and the GeneMorph® Random
Mutagenesis Kit, also sold by Stratagene. By employing any
of these systems in conjunction with a suitable GH61
activity assay, variants can be generated and tested in a high
throughput manner.

[0156] Alternatively or in addition, the user may conduct
further evolution of the encoded protein (See e.g., U.S. Pat.
No. 7,981,614; US Pat. Appln. Publ. No. 2011/0034342;
U.S. Pat. No. 7,795,030; U.S. Pat. No. 7,647,184; U.S. Pat.
No. 6,939,689; and U.S. Pat. No. 6,773,900).

[0157] After each iteration of mutagenesis, the user can
test and select the desired clones retaining GH61 activity.
Optionally, the selected clones can be subject to further
rounds of mutagenesis, until the desired degree of variation
from the original sequence has been achieved.

Cellulase Enzymes and Compositions

[0158] The GH61 proteins of this invention are useful for
increasing the yield of fermentable sugars in a saccharifi-
cation reaction with one or more cellulase enzymes. The
cellulase enzymes can be produced in the same cell as the
GHG61 protein or in a different cell. In either case, the
cellulase enzymes can be expressed from a recombinant
encoding region or from a constitutive gene. The cellulase
enzymes can be provided in the form of a culture broth (with
or without the microorganism producing the enzyme(s)) or
supernatant, or purified to any extent desired.

[0159] The terms “cellulase” and “cellulase enzyme”
broadly refer to enzymes that catalyze the hydrolysis of the
beta-1,4-glycosidic bonds joining individual glucose units in
a cellulose containing substrate. Examples of cellulase
enzymes suitable for use with the GH61 proteins of this
invention are described in more detail later in this section.
[0160] Endoglucanases (EGs), comprise a group of cellu-
lase enzymes classified as E.C. 3.2.1.4. These enzymes
catalyze the hydrolysis of internal beta-1,4 glycosidic bonds
of cellulose. In some embodiments, the present invention
comprises an endogenous M. thermophila endoglucanase
such as M. thermophila EG2 (See, WO 2007/109441) or a
variant thereof. In some additional embodiments, the EG is
from S. avermitilis, having a sequence set forth in GenBank
accession NP_821730, or a variant thereof (See e.g., US Pat.
Appln. Publ. No. 2010/0267089 Al). In some additional
embodiments, the EG is a Thermoascus aurantiacus EG or
variant thereof. In some further embodiments, the EG is an
endogenous EG from a bacteria, a yeast, or a filamentous
fungus other than M. thermophila. Indeed, it is contemplated
that any suitable EG will find use in combination with the
GHG61 proteins provided herein. It is not intended that the
present invention be limited to any specific EG.

[0161] Beta-glucosidases (BGL), comprise a group of
cellulase enzymes classified as E.C. 3.2.1.21. These
enzymes hydrolyze cellobiose to glucose. In some embodi-
ments, the BGL is an endogenous M. thermophila enzyme,
or a variant thereof (See e.g., US Pat. Appln. Publ. No.
2011/0129881 Al; and US Pat. Appln. Publ. No. 2011/
0124058 Al). In some alternative embodiments, the BGL is
from Azospirillum irakense (CelA), or a variant thereof (See
e.g., US Pat. Appln. Publ. No. 2011/0114744 Al; and
PCT/US2010/038902). Indeed, it is contemplated that any
suitable BGL will find use in combination with the GH61
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proteins provided herein. It is not intended that the present
invention be limited to any specific BGL.

[0162] Cellobiohydrolases comprise a group of cellulase
enzymes classified as E.C. 3.2.1.91. Type 1 cellobiohydro-
lase (CBH1) hydrolyzes cellobiose processively from the
reducing end of cellulose chains. Type 2 cellobiohydrolase
(CBH2) hydrolyzes cellobiose processively from the nonre-
ducing end of cellulose chains. In some embodiments, the
CBHI1 and/or CBH2 enzymes used in the present invention
are endogenous to M. thermophila, while in some other
embodiments, the CBH1 and/or CBH2 enzymes used in the
present invention are obtained from bacteria, yeast, and/or a
filamentous fungus other than M. thermophila. Indeed, it is
contemplated that any suitable CBHs will find use in com-
bination with the GH61 proteins provided herein. It is not
intended that the present invention be limited to any specific
CBHs. The invention provides compositions comprising a
GHG61 variant protein in combination with at least one, at
least two, at least three, or more than three cellulases
selected from EG, BGL, CBH1, CBH2, xylosidase, and/or
xylanase. In some embodiments, enzymes are purified or
partly purified before combining them, so that the combined
mass of the GH61, EG, BGL, CBH1 and CBH2 is at least
about 50% or at least about 70% of the total cell-free protein
in compositions.

[0163] In addition to one or more cellulase enzymes such
as those listed above, in some embodiments, GH61 variant
enzymes are combined with other enzymes to produce
mixtures with industrial applicability. Such combinations
are useful, for example, in rendering a cellulose-containing
source into an intermediate that is more amenable to hydro-
lysis by the cellulase enzymes in the mixture. For example,
in some embodiments, enzymes are selected to digest or
hydrolyze other components of a particular cellulosic bio-
mass, such as hemicellulose, arabinogalactan, pectin, rham-
nogalacturonan and/or lignin.

[0164] In some embodiments, the compositions comprise
enzymes selected from endoxylanases (EC 3.2.1.8); f-xy-
losidases (EC 3.2.1.37); alpha-L-arabinofuranosidases (EC
3.2.1.55); alpha-glucuronidases (EC 3.2.1.139); acetylxy-
lanesterases (EC 3.1.1.72); feruloyl esterases (EC 3.1.1.73);
coumaroyl esterases (EC 3.1.1.73); alpha-galactosidases
(EC 3.2.1.22); beta-galactosidases (EC 3.2.1.23); beta-man-
nanases (EC 3.2.1.78); beta-mannosidases (EC 3.2.1.25);
endo-polygalacturonases (EC 3.2.1.15); pectin methyl
esterases (EC 3.1.1.11); endo-galactanases (EC 3.2.1.89);
pectin acetyl esterases (EC 3.1.1.6); endo-pectin lyases (EC
4.2.2.10); pectate lyases (EC 4.2.2.2); alpha rhamnosidases
(EC 3.2.1.40); exo-poly-alpha-galacturonosidase (EC 3.2.1.
82); 1,4-alpha-galacturonidase (EC 3.2.1.67); exopolygalac-
turonate lyases (EC 4.2.2.9); rhamnogalacturonan endo-
lyases EC (4.2.2.B3); rhamnogalacturonan acetylesterases
(EC 3.2.1.B11); rhamnogalacturonan galacturonohydrolases
(EC 3.2.1.B11); endo-arabinanases (EC 3.2.1.99); laccases
(EC 1.10.3.2); manganese-dependent peroxidases (EC 1.10.
3.2); amylases (EC 3.2.1.1), glucoamylases (EC 3.2.1.3),
proteases, lipases, and lignin peroxidases (EC 1.11.1.14).
Any combination of one, two, three, four, five, or more than
five enzymes find use in the compositions of the present
invention.

[0165] Cellulase mixtures for efficient enzymatic hydro-
lysis of cellulose are known (See e.g., Viikari et al., Adv.
Biochem. Eng. Biotechnol., 108:121-45 [2007]; and US Pat.
Publns. 2009/0061484; US 2008/0057541; and US 2009/
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0209009, each of which is incorporated herein by reference).
In some embodiments, mixtures of purified naturally occur-
ring or recombinant enzymes are combined with cellulosic
feedstock or a product of cellulose hydrolysis. In some
embodiments, one or more cell populations, each producing
one or more naturally occurring or recombinant cellulases,
are combined with cellulosic feedstock or a product of
cellulose hydrolysis.

[0166] In some embodiments, the GH61 variant polypep-
tides of the present invention are present in mixtures com-
prising enzymes other than cellulases that degrade cellulose,
hemicellulose, pectin, and/or lignocellulose.

[0167] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one endoxy-
lanase. Endoxylanases (EC 3.2.1.8) catalyze the endo hydro-
lysis of 1,4-beta-D-xylosidic linkages in xylans. This
enzyme may also be referred to as endo-1,4-beta-xylanase or
1,4-beta-D-xylan xylanohydrolase. In some embodiments,
an alternative is EC 3.2.1.136, a glucuronoarabinoxylan
endoxylanase, an enzyme that is able to hydrolyze 1,4
xylosidic linkages in glucuronoarabinoxylans.

[0168] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one beta-
xylosidase. Beta-xylosidases (EC 3.2.1.37) catalyze the
hydrolysis of 1,4-beta-D-xylans, to remove successive
D-xylose residues from the non-reducing termini. This
enzyme may also be referred to as xylan 1,4-beta-xylosi-
dase, 1,4-beta-D-xylan xylohydrolase, exo-1,4-beta-xylosi-
dase or xylobiase.

[0169] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one a-L-
arabinofuranosidase. Alpha-L-arabinofuranosidases (EC
3.2.1.55) catalyze the hydrolysis of terminal non-reducing
alpha-L-arabinofuranoside residues in alpha-L-arabino-
sides. The enzyme acts on alpha-I-arabinofuranosides,
alpha-L-arabinans containing (1,3)- and/or (1,5)-linkages,
arabinoxylans, and arabinogalactans. Alpha-L.-arabinofura-
nosidase is also known as arabinosidase, alpha-arabinosi-
dase, alpha-L-arabinosidase, alpha-arabinofuranosidase,
arabinofuranosidase, polysaccharide alpha-L.-arabinofura-
nosidase, alpha-L-arabinofuranoside hydrolase, L-arab-
inosidase and alpha-L-arabinanase.

[0170] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one alpha-
glucuronidase. Alpha-glucuronidases (EC 3.2.1.139) cata-
lyze the hydrolysis of an alpha-D-glucuronoside to
D-glucuronate and an alcohol.

[0171] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one acetylxy-
lanesterase. Acetylxylanesterases (EC 3.1.1.72) catalyze the
hydrolysis of acetyl groups from polymeric xylan, acety-
lated xylose, acetylated glucose, alpha-napthyl acetate, and
p-nitrophenyl acetate.

[0172] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one feruloyl
esterase. Feruloyl esterases (EC 3.1.1.73) have 4-hydroxy-
3-methoxycinnamoyl-sugar hydrolase activity (EC 3.1.1.73)
that catalyzes the hydrolysis of the 4-hydroxy-3-methoxy-
cinnamoy] (feruloyl) group from an esterified sugar, which
is usually arabinose in “natural” substrates, to produce
ferulate (4-hydroxy-3-methoxycinnamate). Feruloyl
esterase is also known as ferulic acid esterase, hydroxycin-
namoyl esterase, FAE-III, cinnamoyl ester hydrolase,
FAEA, cinnAE, FAE-], or FAE-IL
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[0173] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one coumaroyl
esterase. Coumaroyl esterases (EC 3.1.1.73) catalyze a reac-
tion of the form: coumaroyl-saccharide+H,O=coumarate+
saccharide. In some embodiments, the saccharide is an
oligosaccharide or a polysaccharide. This enzyme may also
be referred to as trans-4-coumaroyl esterase, trans-p-cou-
maroyl esterase, p-coumaroyl esterase or p-coumaric acid
esterase. The enzyme also falls within EC 3.1.1.73; it may
also be referred to as a “feruloyl esterase.”

[0174] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one alpha-
galactosidase. Alpha-galactosidases (EC 3.2.1.22) catalyze
the hydrolysis of terminal, non-reducing alpha-D-galactose
residues in alpha-D-galactosides, including galactose oli-
gosaccharides, galactomannans, galactans and arabinogalac-
tans. This enzyme may also be referred to as “melibiase.”
[0175] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one beta-
galactosidase. Beta-galactosidases (EC 3.2.1.23) catalyze
the hydrolysis of terminal non-reducing beta-D-galactose
residues in beta-D-galactosides. In some embodiments, the
polypeptide is also capable of hydrolyzing alpha-I.-arabino-
sides. This enzyme may also be referred to as exo-(1->4)-
beta-D-galactanase or lactase.

[0176] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one beta-
mannanase. Beta-mannanases (EC 3.2.1.78) catalyze the
random hydrolysis of 1,4-beta-D-mannosidic linkages in
mannans, galactomannans and glucomannans. This enzyme
may also be referred to as “mannan endo-1,4-beta-mannosi-
dase” or “endo-1,4-mannanase.”

[0177] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one beta-
mannosidase. Beta-mannosidases (EC 3.2.1.25) catalyze the
hydrolysis of terminal, non-reducing beta-D-mannose resi-
dues in beta-D-mannosides. This enzyme may also be
referred to as mannanase or mannase.

[0178] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one glucoamy-
lase. Glucoamylases (EC 3.2.1.3) catalyzes the release of
D-glucose from non-reducing ends of oligo- and poly-
saccharide molecules. Glucoamylase is also generally con-
sidered a type of amylase known as amylo-glucosidase.
[0179] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one amylase.
Amylases (EC 3.2.1.1) are starch cleaving enzymes that
degrade starch and related compounds by hydrolyzing the
alpha-1,4 and/or alpha-1,6 glucosidic linkages in an endo- or
an exo-acting fashion. Amylases include alpha-amylases
(EC 3.2.1.1); beta-amylases (3.2.1.2), amylo-amylases (EC
3.2.1.3), alpha-glucosidases (EC 3.2.1.20), pullulanases (EC
3.2.1.41), and isoamylases (EC 3.2.1.68). In some embodi-
ments, the amylase is an alpha-amylase.

[0180] In some embodiments one or more enzymes that
degrade pectin are included in enzyme mixtures that com-
prise at least one GH61 variant of the present invention.
Pectinases catalyze the hydrolysis of pectin into smaller
units such as oligosaccharide or monomeric saccharides. In
some embodiments, the enzyme mixtures comprise any
pectinase, for example an endo-polygalacturonase, a pectin
methyl esterase, an endo-galactanase, a pectin acetyl
esterase, an endo-pectin lyase, pectate lyase, alpha rham-
nosidase, an exo-galacturonase, an exo-polygalacturonate
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lyase, a rhamnogalacturonan hydrolase, a rhamnogalactur-
onan lyase, a rhamnogalacturonan acetyl esterase, a rham-
nogalacturonan galacturonohydrolase and/or a xylogalactu-
ronase.

[0181] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one endo-
polygalacturonase. Endo-polygalacturonases (EC 3.2.1.15)
catalyze the random hydrolysis of 1,4-alpha-D-galactosi-
duronic linkages in pectate and other galacturonans. This
enzyme may also be referred to as “polygalacturonase pectin
depolymerase,” “pectinase,” “endopolygalacturonase,”
“pectolase,” “pectin hydrolase,” “pectin polygalacturonase,”
“poly-alpha-1,4-galacturonide glycanohydrolase,” “endoga-
lacturonase,” “endo-D-galacturonase” or “poly(1,4-alpha-
D-galacturonide) glycanohydrolase.”

[0182] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one pectin
methyl esterase. Pectin methyl esterases (EC 3.1.1.11) cata-
lyze the reaction: pectin+n H,O=n methanol+pectate. The
enzyme may also been known as “pectin esterase,” “pectin
demethoxylase,” “pectin methoxylase,” “pectin methyl-
esterase,” “pectase,” “pectinoesterase,” or “pectin pectylhy-
drolase.”

[0183] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one endo-
galactanase. Endo-galactanases (EC 3.2.1.89) catalyze the
endohydrolysis of 1,4-beta-D-galactosidic linkages in ara-
binogalactans. The enzyme may also be known as “arabi-
nogalactan endo-1,4-beta-galactosidase,” “endo-1,4-beta-
galactanase,” “galactanase,” “arabinogalactanase,” or
“arabinogalactan 4-beta-D-galactanohydrolase.”

[0184] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one pectin acetyl
esterase. Pectin acetyl esterases catalyze the deacetylation of
the acetyl groups at the hydroxyl groups of GalUA residues
of pectin.

[0185] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one endo-pectin
lyase. Endo-pectin lyases (EC 4.2.2.10) catalyze the elimi-
native cleavage of (1—4)-alpha-D-galacturonan methyl
ester to give oligosaccharides with 4-deoxy-6-O-methyl-a.-
D-galact-4-enuronosyl groups at their non-reducing ends.
The enzyme may also be known as “pectin lyase,” “pectin
trans-eliminase,” “endo-pectin lyase,” “polymethylgalactur-
onic transeliminase,” “pectin methyltranseliminase,” “pec-
tolyase,” “PL,” “PNL,” “PMGL,” or “(1—4)-6-O-methyl-
alpha-D-galacturonan lyase.”

[0186] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one pectate
lyase. Pectate lyases (EC 4.2.2.2) catalyze the eliminative
cleavage of (1—4)-alpha-D-galacturonan to give oligosac-
charides with 4-deoxy-alpha-D-galact-4-enuronosyl groups
at their non-reducing ends. The enzyme may also be known
“polygalacturonic transeliminase,” “pectic acid transelimi-
nase,” “polygalacturonate lyase,” “endopectin methyltranse-
liminase,” “pectate transeliminase,” “endogalacturonate
transeliminase,” “pectic acid lyase,” “pectic lyase,” alpha-
1,4-D-endopolygalacturonic acid lyase,” “PGA lyase,”
“PPase-N,” “endo-alpha-1,4-polygalacturonic acid lyase,”
“polygalacturonic acid lyase,” “pectin trans-eliminase,”
“polygalacturonic acid trans-eliminase,” or “(1—4)-alpha-
D-galacturonan lyase.”

[0187] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one alpha-
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rhamnosidase. Alpha-rhamnosidases (EC 3.2.1.40) catalyze
the hydrolysis of terminal non-reducing alpha-I.-rhamnose
residues in alpha-L-rhamnosides or alternatively in rham-
nogalacturonan. This enzyme may also be known as “alpha-
L-rhamnosidase T,” “alpha-L-rhamnosidase N,” or “alpha-
L-rhamnoside rhamnohydrolase.”

[0188] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one exo-
galacturonase. Exo-galacturonases (EC 3.2.1.82) hydrolyze
pectic acid from the non-reducing end, releasing digalac-
turonate. The enzyme may also be known as “exo-poly-
alpha-galacturonosidase,” “exopolygalacturonosidase,” or
“exopolygalacturanosidase.”

[0189] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one 3-galacturan
1,4-alpha galacturonidase. Exo-galacturonases (EC 3.2.1.
67) catalyze a reaction of the following type: (1,4-a-D-
galacturonide)n+H,0=(1,4-a-D-galacturonide)n-i+D-ga-
lacturonate. The enzyme may also be known as “poly [1->4)
alpha-D-galacturonide] galacturonohydrolase,” “exopolyga-
lacturonase,” “poly(galacturonate) hydrolase,” “exo-D-ga-
lacturonase,” “exo-D-galacturonanase,” “exopoly-D-galac-
turonase,” or “poly(1,4-alpha-D-galacturonide)
galacturonohydrolase.”

[0190] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one exopoly-
galacturonate lyase. Exopolygalacturonate lyases (EC 4.2.
2.9) catalyze eliminative cleavage of 4-(4-deoxy-alpha-D-
galact-4-enuronosyl)-D-galacturonate from the reducing
end of pectate (i.e., de-esterified pectin). This enzyme may
be known as “pectate disaccharide-lyase,” “pectate exo-
lyase,” “exopectic acid transeliminase,” “exopectate lyase,”
“exopolygalacturonic acid-trans-eliminase,” “PATE,” “exo-
PATE,” “exo-PGL,” or “(1-—+4)-alpha-D-galacturonan
reducing-end-disaccharide-lyase.”

[0191] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one rhamnoga-
lacturonanase. Rhamnogalacturonanases hydrolyze the link-
age between galactosyluronic acid and rhamnopyranosyl in
an endo-fashion in strictly alternating rhamnogalacturonan
structures, consisting of the disaccharide [(1,2-alpha-1-
rhamnoyl-(1,4)-alpha-galactosyluronic acid].

[0192] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one rhamnoga-
lacturonan lyase. Rhamnogalacturonan lyases cleave alpha-
L-Rhap-(1—4)-alpha-D-GalpA linkages in an endo-fashion
in rhamnogalacturonan by beta-elimination.

[0193] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one rhamnoga-
lacturonan acetyl esterase. Rhamnogalacturonan acetyl
esterases catalyze the deacetylation of the backbone of
alternating rhamnose and galacturonic acid residues in
rhamnogalacturonan.

[0194] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one rhamnoga-
lacturonan  galacturonohydrolase. Rhamnogalacturonan
galacturonohydrolases hydrolyze galacturonic acid from the
non-reducing end of strictly alternating rhamnogalacturonan
structures in an exo-fashion. This enzyme may also be
known as “xylogalacturonan hydrolase.”

[0195] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one endo-
arabinanase. Endo-arabinanases (EC 3.2.1.99) catalyze
endohydrolysis of 1,5-alpha-arabinofuranosidic linkages in
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1,5-arabinans. The enzyme may also be known as “endo-
arabinase,” “arabinan endo-1,5-alpha-L-arabinosidase,”
“endo-1,5-alpha-L-arabinanase,” “endo-alpha-1,5-araban-
ase,” “endo-arabanase,” or ““1,5-alpha-L-arabinan 1,5-alpha-
L-arabinanohydrolase.”

[0196] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one enzyme that
participates in lignin degradation in an enzyme mixture.
Enzymatic lignin depolymerization can be accomplished by
lignin peroxidases, manganese peroxidases, laccases, and/or
cellobiose dehydrogenases (CDH), often working in syn-
ergy. These extracellular enzymes are often referred to as
“lignin-modifying enzymes” or “LMEs.” Three of these
enzymes comprise two glycosylated heme-containing per-
oxidases, namely lignin peroxidase (LIP), Mn-dependent
peroxidase (MNP), and copper-containing phenoloxidase
laccase (LCC).

[0197] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one laccase.
Laccases are copper containing oxidase enzymes that are
found in many plants, fungi and microorganisms. Laccases
are enzymatically active on phenols and similar molecules
and perform a one electron oxidation. Laccases can be
polymeric and the enzymatically active form can be a dimer
or trimer.

[0198] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one Mn-
dependent peroxidase. The enzymatic activity of Mn-depen-
dent peroxidase (MnP) in is dependent on Mn2+. Without
being bound by theory, it has been suggested that the main
role of this enzyme is to oxidize Mn2+ to Mn3+(See e.g,
Glenn et al, Arch. Biochem. Biophys., 251:688-696
[1986]). Subsequently, phenolic substrates are oxidized by
the Mn3+ generated.

[0199] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one lignin
peroxidase. Lignin peroxidase is an extracellular heme per-
oxidase that catalyses the oxidative depolymerization of
dilute solutions of polymeric lignin in vitro. Some of the
substrates of LiP, most notably 3,4-dimethoxybenzyl alcohol
(veratryl alcohol, VA), are active redox compounds that have
been shown to act as redox mediators. VA is a secondary
metabolite produced at the same time as LiP by ligninolytic
cultures of P. chrysosporium and without being bound by
theory, has been proposed to function as a physiological
redox mediator in the LiP-catalyzed oxidation of lignin in
vivo (See e.g., Harvey, et al.,, FEBS Lett., 195:242-246
[1986]).

[0200] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one protease,
amylase, glucoamylase, and/or a lipase that participates in
cellulose degradation.

[0201] As used herein, the term “protease” includes
enzymes that hydrolyze peptide bonds (peptidases), as well
as enzymes that hydrolyze bonds between peptides and other
moieties, such as sugars (glycopeptidases). Many proteases
are characterized under EC 3.4, and are suitable for use in
the invention. Some specific types of proteases include,
cysteine proteases including pepsin, papain and serine pro-
teases including chymotrypsins, carboxypeptidases and met-
alloendopeptidases.

[0202] As used herein, the term “lipase” includes enzymes
that hydrolyze lipids, fatty acids, and acylglycerides, includ-
ing phospoglycerides, lipoproteins, diacylglycerols, and the
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like. In plants, lipids are used as structural components to
limit water loss and pathogen infection. These lipids include
waxes derived from fatty acids, as well as cutin and suberin.
[0203] In some additional embodiments, the present
invention provides at least one GH61 variant and at least one
expansin or expansin-like protein, such as a swollenin (See
e.g., Salheimo et al., Eur. J. Biochem., 269:4202-4211
[2002]) or a swollenin-like protein. Expansins are impli-
cated in loosening of the cell wall structure during plant cell
growth. Expansins have been proposed to disrupt hydrogen
bonding between cellulose and other cell wall polysaccha-
rides without having hydrolytic activity. In this way, they are
thought to allow the sliding of cellulose fibers and enlarge-
ment of the cell wall. Swollenin, an expansin-like protein
contains an N-terminal Carbohydrate Binding Module Fam-
ily 1 domain (CBD) and a C-terminal expansin-like domain.
In some embodiments, an expansin-like protein or swolle-
nin-like protein comprises one or both of such domains
and/or disrupts the structure of cell walls (such as disrupting
cellulose structure), optionally without producing detectable
amounts of reducing sugars.

[0204] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one polypeptide
product of a cellulose integrating protein, scaffoldin or a
scaffoldin-like protein, for example CipA or CipC from
Clostridium thermocellum or Clostridium cellulolyticum,
respectively. Scaffoldins and cellulose integrating proteins
are multi-functional integrating subunits which may orga-
nize cellulolytic subunits into a multi-enzyme complex. This
is accomplished by the interaction of two complementary
classes of domains (i.e. a cohesion domain on scaffoldin and
a dockerin domain on each enzymatic unit). The scaffoldin
subunit also bears a cellulose-binding module that mediates
attachment of the cellulosome to its substrate. A scaffoldin
or cellulose integrating protein for the purposes of this
invention may comprise one or both such domains.

[0205] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one cellulose
induced protein or modulating protein, for example as
encoded by a cipl or cip2 gene or similar genes from
Trichoderma reesei (See e.g., Foreman et al., J. Biol. Chem.,
278:31988-31997 [2003]).

[0206] In some embodiments, the present invention pro-
vides at least one GH61 variant and at least one member of
each of the classes of the polypeptides described above,
several members of one polypeptide class, or any combina-
tion of these polypeptide classes to provide enzyme mixtures
suitable for various uses.

[0207] In some embodiments, the enzyme mixture com-
prises other types of cellulases, selected from but not limited
to cellobiohydrolase, endoglucanase, beta-glucosidase, and
glycoside hydrolase 61 protein (GH61) cellulases. These
enzymes may be wild-type or recombinant enzymes. In
some embodiments, the cellobiohydrolase is a type 1 cello-
biohydrolase (e.g., a 1. reesei cellobiohydrolase I). In some
embodiments, the endoglucanase comprises a catalytic
domain derived from the catalytic domain of a Strepromyces
avermitilis endoglucanase (See e.g., US Pat. Appln. Pub.
No. 2010/0267089; U.S. Pat. No. 8,206,960, and U.S. Pat.
No. 8,088,608, each of which is incorporated herein by
reference). In some embodiments, at least one cellulase in
the mixtures of the present invention is derived from Aci-
dothermus cellulolyticus, Thermobifida fusca, Humicola gri-
sea, Myceliophthora thermophila, Chaetomium thermophi-
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lum, Acrvemonium sp., Thielavia sp, Trichoderma reesei,
Aspergillus sp., or a Chrysosporium sp. In some embodi-
ments, cellulase enzymes of the cellulase mixture work
together resulting in decrystallization and hydrolysis of the
cellulose from a biomass substrate to yield fermentable
sugars, such as but not limited to glucose.

[0208] Some cellulase mixtures for efficient enzymatic
hydrolysis of cellulose are known (See e.g., Viikari et al.,
Adv. Biochem. Eng. Biotechnol., 108:121-45 [2007]; and
US Pat. Appln. Publn. Nos. US 2009/0061484, US 2008/
0057541, and US 2009/0209009, each of which is incorpo-
rated herein by reference in their entireties). In some
embodiments, mixtures of purified naturally occurring or
recombinant enzymes are combined with cellulosic feed-
stock or a product of cellulose hydrolysis. Alternatively or in
addition, one or more cell populations, each producing one
or more naturally occurring or recombinant cellulase, are
combined with cellulosic feedstock or a product of cellulose
hydrolysis.

[0209] In some embodiments, the enzyme mixture com-
prises commercially available purified cellulases. Commer-
cial cellulases are known and available (e.g., C2730 cellu-
lase from Irichoderma reesei ATCC No. 25921 available
from Sigma-Aldrich, Inc.) Any suitable commercially avail-
able enzyme finds use in the present invention.

[0210] In some embodiments, the enzyme mixture com-
prises at least one isolated GH61 variant as provided herein
and at least one or more isolated enzymes, including but not
limited to at least one isolated CBHIla, isolated CBH2b,
isolated endoglucanase (EG) (e.g., EG2 and/or EG1), and/or
isolated beta-glucosidase (BGL). In some embodiments, at
least 5%, at least 10%, at last 15%, at least 20%, at least
25%, at least 30%, at least 35%, at least 40%, at least 45%,
or at least 50% of the enzyme mixture is GH61. In some
embodiments, the enzyme mixture further comprises a cel-
lobiohydrolase type la (e.g., CBH1a), and GH61, wherein
the enzymes together comprise at least 25%, at least 30%, at
least 35%, at least 40%, at least 45%, at least 50%, at least
55%, at least 60%, at least 65%, at least 70%, at least 75%,
or at least 80% of the enzyme mixture. In some embodi-
ments, the enzyme mixture further comprises a beta-glu-
cosidase (BGL), GH61, and CBH, wherein the three
enzymes together comprise at least 30%, at least 35%, at
least 40%, at least 45%, at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%,
or at least 85% of the enzyme mixture. In some embodi-
ments, the enzyme mixture further comprises an endoglu-
canase (EG), GH61, CBH2b, CBH1a, BGL, wherein the five
enzymes together comprise at least 35%, at least 40%, at
least 45%, at least 50%, at least 55%, at least 60%, at least
65%, at least 70%, at least 75%, at least 80%, at least 85%,
or at least 90% of the enzyme mixture. In some embodi-
ments, the enzyme mixture comprises GH61, CBH2b,
CBHI1, BGL, and at least one EG, in any suitable proportion
for the desired reaction.

[0211] In some embodiments, the enzyme mixture com-
position comprises isolated cellulases in the following pro-
portions by weight (wherein the total weight of the cellu-
lases is 100%): about 20%-10% of GH61, about 20%-10%
of BGL, about 30%-25% of CBHla, about 10%-30% of
GH61, about 20%-10% of EG, and about 20%-25% of
CBH2b. In some embodiments, the enzyme mixture com-
position comprises isolated cellulases in the following pro-
portions by weight: about 20%-10% of GH61, about 25%-
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15% of BGL, about 20%-30% of CBH1a, about 10%-15%
of EG, and about 25%-30% of CBH2b. In some embodi-
ments, the enzyme mixture composition comprises isolated
cellulases in the following proportions by weight: about
30%-20% of GH61, about 15%-10% of BGL, about 25%-
10% of CBHla, about 25%-10% of CBH2b, about 15%-
10% of EG. In some embodiments, the enzyme mixture
composition comprises isolated cellulases in the following
proportions by weight: about 40-30% of GH61, about 15%-
10% of BGL, about 20%-10% of CBH1a, about 20%-10%
of CBH2b, and about 15%-10% of EG.

[0212] In some embodiments, the enzyme mixture com-
position comprises isolated cellulases in the following pro-
portions by weight: about 50-40% of GH61, about 15%-
10% of BGL, about 20%-5% of CBH1a, about 15%-10% of
CBH2b, and about 10%-5% of EG. However, in some
embodiments, the enzyme mixture composition comprises
no EG (e.g., EG2). In some embodiments, the enzyme
mixture composition comprises isolated cellulases in the
following proportions by weight: about 10%-15% of GH61,
about 20%-25% of BGL, about 30%-20% of CBH1a, about
15%-5% of EG, and about 25%-35% of CBH2b. In some
embodiments, the enzyme mixture composition comprises
isolated cellulases in the following proportions by weight:
about 15%-5% of GH61, about 15%-10% of BGL, about
45%-30% of CBHIla, about 25%-5% of EG, and about
40%-10% of CBH2b. In some embodiments, the enzyme
mixture composition comprises isolated cellulases in the
following proportions by weight: about 10% of GH61, about
15% of BGL, about 40% of CBH1a, about 25% of EG, and
about 10% of CBH2b.

[0213] In some embodiments, the enzyme mixtures pro-
vided herein further comprise at least one xylan-active
enzyme and/or at least one ester-active enzyme. In some
embodiments, the enzyme mixture compositions comprise
about 0-25% xylanase (e.g., about 2%-5%, about 1%-10%,
about 10%-15%, about 15%-25%, about 1%, about 2%,
about 3%, about 4%, about 5%, about 6%, about 7%, about
8%, about 9%, about 10%, about 11%, about 12%, about
13%, about 14%, or about 15% xylanase) by weight. In
some embodiments, the enzyme mixture compositions com-
prise about 0-15% xylosidase (e.g., about 2%-5%, about
1%-10%, about 10%-15%, about 1%, about 2%, about 3%,
about 4%, about 5%, about 6%, about 7%, about 8%, about
9%, about 10%, about 11%, about 12%, about 13%, about
14%, or about 15% xylosidase) by weight. In some embodi-
ments, the enzyme mixture compositions comprise about
0-15% esterase (e.g., about 2%-5%, about 1%-10%, about
10%-15%, about 1%, about 2%, about 3%, about 4%, about
5%, about 6%, about 7%, about 8%, about 9%, about 10%,
about 11%, about 12%, about 13%, about 14%, or about
15% esterase) by weight. It is contemplated that any suitable
combination of enzymes and suitable enzyme concentra-
tions will find use in the present invention, as applied using
various saccharification reactions and conditions.

[0214] In some embodiments, the enzyme component
comprises more than one CBH1a, CBH2b, EG, BGL, and/or
GH61 variant enzyme (e.g., 2, 3 or 4 different enzymes), in
any suitable combination. In some embodiments, an enzyme
mixture composition of the invention further comprises at
least one additional protein and/or enzyme. In some embodi-
ments, enzyme mixture compositions of the present inven-
tion further comprise at least one additional enzyme other
than at least one GH61 variant, BGL, CBHla, wild-type
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GH61, and/or CBH2b. In some embodiments, the enzyme
mixture compositions of the invention further comprise at
least one additional cellulase, other than at least one GH61
variant, BGL, CBH1a, GH61, and/or CBH2b as described
herein. In some embodiments, the GH61 polypeptide variant
of the invention is also present in mixtures with non-
cellulase enzymes that degrade cellulose, hemicellulose,
pectin, and/or lignocellulose.

[0215] In some embodiments, GH61 polypeptide variant
of the present invention is used in combination with other
optional ingredients such as at least one buffer, surfactant,
and/or scouring agent. In some embodiments, at least one
buffer is used with the GH61 polypeptide variant of the
present invention (optionally combined with other enzymes)
to maintain a desired pH within the solution in which the
GH61 variant is employed. The exact concentration of buffer
employed depends on several factors which the skilled
artisan can determine. Suitable buffers are well known in the
art. In some embodiments, at least one surfactant is used in
with the GH61 variant of the present invention. Suitable
surfactants include any surfactant compatible with the GH61
variant and, optionally, with any other enzymes being used
in the mixture. Exemplary surfactants include, but are not
limited to anionic, non-ionic, and ampholytic surfactants.
Suitable anionic surfactants include, but are not limited to,
linear or branched alkylbenzenesulfonates; alkyl or alkenyl
ether sulfates having linear or branched alkyl groups or
alkenyl groups; alkyl or alkenyl sulfates; olefinsulfonates;
alkanesulfonates, and the like. Suitable counter ions for
anionic surfactants include, for example, alkali metal ions,
such as sodium and potassium; alkaline earth metal ions,
such as calcium and magnesium; ammonium ion; and
alkanolamines having from 1 to 3 alkanol groups of carbon
number 2 or 3. Ampholytic surfactants suitable for use in the
practice of the present invention include, for example,
quaternary ammonium salt sulfonates, betaine-type ampho-
Iytic surfactants, and the like. Suitable nonionic surfactants
generally include polyoxalkylene ethers, as well as higher
fatty acid alkanolamides or alkylene oxide adduct thereof,
fatty acid glycerine monoesters, and the like. Mixtures of
surfactants also find use in the present invention, as is known
in the art.

Exemplary Mixtures of Cellulolytic Enzymes and Cofactors

[0216] As a further guide to the reader, yet without imply-
ing any limitation in the practice of the present invention,
exemplary mixtures of components that may be used as
catalysts in a saccharification reaction to generate ferment-
able sugars from a cellulosic substrate are provided herein.
Concentrations are given in wt/vol of each component in the
final reaction volume with the cellulose substrate. Also
provided are percentages of each component (wt/wt) in
relation to the total mass of the components that are listed for
addition into each mixture (the “total protein™). This may be
a mixture of purified enzymes and/or enzymes in a culture
supernatant.

[0217] By way of example, the invention embodies mix-
tures that comprise at least four, at least five, or all six of the
following components. In some embodiments, cellobiohy-
drolase 1 (CBH1) finds use; in some embodiments CBH1 is
present at a concentration of about 0.14 to about 0.23 g/LL
(about 15% to about 25% of total protein). Exemplary CBH1
enzymes include, but are not limited to 7. emersonii CBH1
(wild-type) (e.g., SEQ ID NO:125), M. thermophila CBH1a

Jun. &, 2017

(wild-type) (e.g., SEQ ID NO:128), and the variants
CBH1a-983 (SEQ ID NO:134) and CBHla-145 (SEQ ID
NO:131). In some embodiments, cellobiohydrolase 2
(CBH2) finds use; in some embodiments, CBH2 is present
at a concentration of about 0.14 to about 0.23 g/I. (about
15% to about 25% of total protein). Exemplary CBH2
enzymes include but are not limited to CBH2b from M.
thermophila (wild-type) (e.g., SEQ ID NO:137). In some
embodiments, endoglucanase 2 (EG2) finds use; in some
embodiments, EG2 is present at a concentration of 0 to about
0.05 g/L. (0 to about 5% of total protein). Exemplary EGs
include, but are not limited to M. thermophila EG2 (wild-
type) (e.g., SEQ ID NO:113). In some further embodiments,
endoglucanase 1 (EG1) finds use; in some embodiments,
EG1 is present at a concentration of about 0.05 to about 0.14
g/L (about 5% to about 15% of total protein). Exemplary
EG1s include, but are not limited to M. thermophila EG1b
(wild-type) (e.g., SEQ ID NO:110). In some embodiments,
beta-glucosidase (BGL) finds use in the present invention; in
some embodiments, BGL is present at a concentration of
about 0.05 to about 0.09 g/LL (about 5% to about 10% of total
protein). Exemplary beta-glucosidases include, but are not
limited to M. thermophila BGL1 (wild-type) (e.g., SEQ ID
NO:116), variant BGL-900 (SEQ ID NO:122), and variant
BGL-883 (SEQ ID NO:119). In some further embodiments,
GH61 protein and/or protein variants find use; in some
embodiments, GH61 enzymes are present at a concentration
of'about 0.23 to about 0.33 g/LL (about 25% to about 35% of
total protein). Exemplary GH61s include, but are not limited
to M. thermophila GH61a wild-type (SEQ ID NO:2), Vari-
ant 1 (SEQ ID NO:5), Variant 5 (SEQ ID NO:8) and/or
Variant 9 (SEQ ID NO:11), and/or any other GH61a variant
proteins, as well as any of the other GH61 enzymes (e.g.,
GH61b, GH61c, GH61d, GH61e, GH61f, GH61g, GH61h,
GH161i, GH61j, GH61k, GH611, GH61m, GH61n, GH610,
GH61p, GH61q, GH61r, GH61s, GH61t, GH61u, GH61v,
GH61w, GH61x, and/or GH61y) as provided herein.

[0218] In some embodiments, one, two or more than two
enzymes are present in the mixtures of the present invention.
In some embodiments, GH61p is present at a concentration
of'about 0.05 to about 0.14 g/L. (e.g, about 1% to about 15%
of total protein). Exemplary M. thermophila GHG61p
enzymes include those set forth in SEQ ID NOS:70 and 73.
In some embodiments, GH61f is present at a concentration
of about 0.05 to about 0.14 g/L (about 1% to about 15% of
total protein). An exemplary M. thermophila GH61f is set
forth in SEQ ID NO:29. In some additional embodiments, at
least one additional GH61 enzyme provided herein (e.g.,
GH61b, GH61c, GH61d, GH61e, GH61g, GH61h, GH61i,
GH61j, GH61k, GH611, GH61m, GH61n, GH61n, GH610,
GH61q, GH61r, GH61s, GH61t, GH61u, GH61v, GH61w,
GH61x, and/or GH61y, finds use at an appropriate concen-
tration (e.g., about 0.05 to about 0.14 g/L. [about 1% to about
15% of total protein]).

[0219] In some embodiments, at least one xylanase at a
concentration of about 0.05 to about 0.14 g/L. (about 1% to
about 15% of total protein) finds use in the present inven-
tion. Exemplary xylanases include but are not limited to the
M. thermophila xylanase-3 (SEQ ID NO:149), xylanase-2
(SEQ ID NO:152), xylanase-1 (SEQ ID NO:155),
xylanase-6 (SEQ ID NO:158), and xylanase-5 (SEQ ID
NO:161).

[0220] In some additional embodiments, at least one beta-
xylosidase at a concentration of about 0.05 to about 0.14 g/L,
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(e.g., about 1% to about 15% of total protein) finds use in the
present invention. Exemplary beta-xylosidases include but
are not limited to the M. thermophila beta-xylosidase (SEQ
ID NO:164).

[0221] In still some additional embodiments, at least one
acetyl xylan esterase at a concentration of about 0.05 to
about 0.14 g/L. (e.g., about 1% to about 15% of total protein)
finds use in the present invention. Exemplary acetylxylan
esterases include but are not limited to the M. thermophila
acetylxylan esterase (SEQ ID NO:167).

[0222] In some further additional embodiments, at least
one ferulic acid esterase at a concentration of about 0.05 to
about 0.14 g/L. (e.g., about 1% to about 15% of total protein)
finds use in the present invention. Exemplary ferulic
esterases include but are not limited to the M. thermophila
ferulic acid esterase (SEQ ID NO:170).

[0223] In some embodiments, the enzyme mixtures com-
prise at least one GH61 variant protein as provided herein
and at least one cellulase, including but not limited to any of
the enzymes described herein. In some embodiments, the
enzyme mixtures comprise at least one GH61 variant protein
and at least one wild-type GH61 protein. In some embodi-
ments, the enzyme mixtures comprise at least one GH61
variant protein and at least one non-cellulase enzyme.
Indeed, it is intended that any combination of enzymes will
find use in the enzyme compositions comprising at least one
GHG61 variant of the present invention.

[0224] The concentrations listed above are appropriate for
a final reaction volume with the biomass substrate in which
all of the components listed (the “total protein™) is about
0.75 g/1., and the amount of glucan is about 93 g/, subject
to routine optimization. The user may empirically adjust the
amount of each component and total protein for cellulosic
substrates that have different characteristics and/or are pro-
cessed at a different concentration. Any one or more of the
components may be supplemented or substituted with vari-
ants with common structural and functional characteristics,
as described below.

[0225] Without implying any limitation, the following
mixtures further describe some embodiments of the present
invention.

[0226] Some mixtures comprise CBH1a within a range of
about 15% to about 30% total protein, typically about 20%
to about 25%; CBH2 within a range of about 15% to about
30%, typically about 17% to about 22%; EG2 within a range
of'about 1% to about 10%, typically about 2% to about 5%;
BGL1 within a range of about 5% to about 15%, typically
about 8% to about 12%; GH61a within a range of about 10%
to about 40%, typically about 20% to about 30%; EG1b
within a range of about 5% to about 25%, typically about
10% to about 18%; and GH61f within a range of 0% to about
30%; typically about 5% to about 20%.

[0227] In some mixtures, exemplary BGL1s include the
BGL1 variant 900 (SEQ ID NO:122) and/or variant 883
(SEQ ID NO:119). In some embodiments, other enzymes are
M. thermophila wild-type: CBHla (SEQ ID NO:128),
CBH2b (SEQ ID NO:137), EG2 (SEQ ID NO:113), GH61a
(SEQ ID NO:2), EG1b (SEQ ID NO:110) and GH61f (SEQ
1D NO:29). Any one or more of the components may be
supplemented or substituted with variants having common
structural and functional characteristics with the component
being substituted or supplemented, as described below. In a
saccharification reaction, the amount of glucan is generally
about 50 to about 300 g/L, typically about 75 to about 150
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g/L. The total protein is about 0.1 to about 10 g/L, typically
about 0.5 to about 2 g/[, or about 0.75 g/L.

[0228] Some mixtures comprise CBH1 within a range of
about 10% to about 30%, typically about 15% to about 25%;
CBH2b within a range of about 10% to about 25%, typically
about 15% to about 20%; EG2 within a range of about 1%
to about 10%, typically about 2% to about 5%; EG1b within
a range of about 2% to about 25%, typically about 6% to
about 14%; GH61a within a range of about 5% to about
50%, typically about 10% to about 35%; and BGL1 within
a range of about 2% to about 15%, typically about 5% to
about 12%. Also included is copper sulfate to generate a
final concentration of Cu™ of about 4 uM to about 200 pM,
typically about 25 uM to about 60 uM. However, it is not
intended that the added copper be limited to any particular
concentration, as any suitable concentration finds use in the
present invention and will be determined based on the
reaction conditions.

[0229] In an additional mixture, an exemplary CBHI is
wild-type CBH1 from 7. emersonii (SEQ ID NO:125), as
well as wild-type M. thermophila CBHla (SEQ ID
NO:128), Variant 983 (SEQ ID NO:134), and Variant 145
(SEQ ID NO:131); exemplary CBH2 enzymes include the
wild-type (SEQ ID NO:137), Variant 962 (SEQ ID NO:146),
Variant 196 (SEQ ID NO:140), and Variant 287 (SEQ ID
NO:143); an exemplary EG2 is the wild-type M. thermo-
phila (SEQ ID NO:113); an exemplary EG1b is the wild-
type (SEQ ID NO: 110); exemplary GH61a enzymes include
wild-type M. thermophila (SEQ 1D NO:2), Variant 1 (SEQ
ID NO:5), Variant 5 (SEQ ID NO:11), and Variant 9 (SEQ
ID NO:11); and exemplary BGLs include wild-type M.
thermophila BGL (SEQ ID NO:116), Variant 883 (SEQ ID
NO:119), and Variant 900 (SEQ ID NO:122). Any one or
more of the components may be supplemented or substituted
with other variants having common structural and functional
characteristics with the component being substituted or
supplemented, as described below. In a saccharification
reaction, the amount of glucan is generally about 50 to about
300 g/L, typically about 75 to about 150 g/L.. The total
protein is about 0.1 to about 10 g/L, typically about 0.5 to
about 2 g/L, or about 0.75 g/L..

[0230] Any or all of the components listed in the mixtures
referred to above may be supplemented or substituted with
variant proteins that are structurally and functionally related,
as described herein.

[0231] In some embodiments, the CBHI1 cellobiohydro-
lase used in mixtures of the present invention comprises at
least about 80%, at least about 85%, at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, at least about 99%, or
100% identical to either SEQ ID NO:128 (M. thermophila),
SEQ ID NO:125 (T emersonii), or a fragment of either SEQ
ID NO:128 or SEQ ID NO:125 having cellobiohydrolase
activity, as well as variants of M. thermophila CBHla (e.g.,
SEQ ID NO:131 and/or SEQ ID NO:133), and variant
fragment(s) having cellobiohydrolase activity. Exemplary
CBH1 enzymes include, but are not limited to those
described in US Pat. Appln. Publn. No. 2012/0003703 Al,
which is hereby incorporated herein by reference in its
entirety for all purposes.

[0232] In some embodiments, the CBH2b cellobiohydro-
lase used in the mixtures of the present invention comprises
at least about 80%, at least about 85%, at least about 90%,
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at least about 91%, at least about 92%, at least about 93%,
at least about 94%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, at least about 99%,
or 100% identical to SEQ ID NO:127 or a fragment of SEQ
1D NO:127, as well as at least one variant M. thermophila
CBH2b enzyme (e.g., SEQ ID NO:140, 143, and/or 146)
and/or variant fragment(s) having cellobiohydrolase activ-
ity. Exemplary CBH2b enzymes are described in U.S. Patent
Appln. Ser. Nos. 61/479,800, 13/459,038, both of which are
hereby incorporated herein by reference in their entirety for
all purposes.

[0233] In some embodiments, the EG2 endoglucanase
used in the mixtures of the present invention comprises at
least about 80%, at least about 85%, at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, at least about 99%, or
100% identical to SEQ ID NO:113 or a fragment of SEQ ID
NO:113 having endoglucanase activity. Exemplary EG2
enzymes are described in U.S. patent application Ser. No.
13/332,114, and WO 2012/088159, both of which are hereby
incorporated herein by reference in their entirety for all
purposes.

[0234] In some embodiments, the EG1b endoglucanase
used in the mixtures of the present invention comprises at
least about 80%, at least about 85%, at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, at least about 99%, or
100% identical to SEQ ID NO:110 or a fragment of SEQ ID
NO:110 having endoglucanase activity.

[0235] In some embodiments, the BGL1 beta-glucosidase
used the mixtures of the present invention comprises at least
about 80%, at least about 85%, at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, at least about 99%, or 100%
identical to SEQ ID NOS:116, 119, and/or 122, or a frag-
ment of SEQ ID NOS:116, 119, and/or 122 having beta-
glucosidase activity. Exemplary BGL1 enzymes include, but
are not limited to those described in US Pat. Appln. Publ.
No. 2011/0129881, WO 2011/041594, and US Pat. Appln.
Publ. No. 2011/0124058 A1, all of which are hereby incor-
porated herein by reference in their entireties for all pur-
poses.

[0236] In some embodiments, the GH61f protein used in
the mixtures of the present invention comprises at least
about 80%, at least about 85%, at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, at least about 99%, or 100%
identical to SEQ ID NO:29, or a fragment of SEQ ID NO:29
having GH61 activity, assayed as described elsewhere in this
disclosure.

[0237] In some embodiments, the GH61p protein used in
the mixtures of the present invention comprises at least
about 80%, at least about 85%, at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, at least about 99%, or 100%
identical to SEQ ID NO:70, SEQ ID NO:73, or a fragment
of such sequence having GH61p activity.

[0238] In some embodiments, the xylanase used in the
mixtures of the present invention comprises at least about
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80%, at least about 85%, at least about 90%, at least about
91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, at least about 99%, or 100%
identical to SEQ ID NO:149, SEQ ID NO:151, or a fragment
of such sequence having xylanase activity.

GHG61 Activity Assays

[0239] The cellulase enhancing activity of GH61 proteins
of the invention can be determined using any suitable GH61
activity assay. For example, in some embodiments, a puri-
fied and/or recombinant GH61 protein of this invention is
obtained, and then assayed for GH61 activity by combining
it with cellulase enzymes in a saccharification reaction, and
determining if there is an increase in glucose yield, as
compared to the same saccharification reaction conducted
without the GH61.

[0240] In one approach, GH61 activity can be assayed by
combining a cellulosic substrate with cellulase enzymes
(e.g., 5-10 mg total weight of cellulase enzymes per gram of
substrate) in the presence and absence of GH61 protein. In
some embodiments, the cellulase enzymes comprise a
defined set of recombinant cellulase enzymes from M.
thermophila.

[0241] In another approach, broth from a culture of wild-
type M. thermophila is used (with and without supplemen-
tation with GH61 protein and/or GH61 variants). GH61
activity is evidenced by enhanced glucose yield in the
presence of exogenous GH61 (i.e., beyond any enhancement
resulting from endogenous GH61 in the broth). It is also
possible to use a broth supplemented with one or more
purified enzymes.

[0242] Suitable enzymes include isolated recombinant
enzymes cloned from M. thermophila, including but not
limited to EG, BGL, CBHI1, and/or CBH2, in any combi-
nation suitable for the chosen substrate to yield a measurable
product.

[0243] Inone exemplary assay for measuring GH61 activ-
ity from M. thermophila derived GH61 proteins and variant
proteins, the cellulase enzymes used are M. thermophila
BGL1 (e.g., SEQ ID NOS:116, 119, and/or 122); See e.g.,
Badhan et al., Biores. Technol., 98:504-10 [2007]); M.
thermophila CBHI1 (SEQ ID NOS:128, 131, and/or 134);
and M. thermophila CBH2 (SEQ ID NOS:137, 140, 143
and/or 146). In some embodiments, endoglucanase is also
used, such as M. thermophila EG2 (SEQ ID NO:113; See
e.g., Rosgaard et al., Prog., 22:493-8 [2006]; and Badhan et
al., supra).

[0244] Alternatively, commercially available preparations
comprising a mixture of cellulase enzymes may be used,
such as Laminex™ and Spezyme™ (Genencor), Roha-
ment™ (Rohm GmbH), and Celluzyme™, Cereflo™ and
Ultraflo™ (Novozymes).

[0245] Assays with cellulose enzymes are typically done
at 50° C., but in some embodiments, other temperatures find
use (e.g., 35, 45, 55, 60, or 65° C.). In some embodiments,
the GH61 enzymes and any other desired enzymes are
combined with the substrate and incubated so as to produce
fermentable sugars. The sugars are then recovered and
quantitated for yield of glucose. One suitable substrate is
wheat straw (e.g., pre-treated wheat straw). Other cellulosic
substrates listed in this disclosure may be used as an
alternative, including corn stover pretreated with sulfuric
acid (See e.g., U.S. Pat. No. 7,868,227). Assay methods are
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known in the art. For example, the method of Harris et al.,
(Harris et al., Biochem., 49:3305-3316 [2010], incorporated
herein by reference) finds use. In this method, corn stover is
pretreated with sulfuric acid, washed, incubated with cellu-
lase enzymes and GH61 for several days, and then the yield
of sugars quantitated by refraction. Another method is
described in U.S. Pat. No. 7,868,227 (incorporated herein by
reference). In this method, the cellulosic substrate is PCS
(corn stover pretreated with heat and dilute sulfuric acid, as
described in WO 2005/074647; and a cellulose enzyme
mixture is Cellucast®, a blend of cellulase enzymes from the
fungus Trichoderma reesei (Sigma-Aldrich). Hydrolysis of
PCS is conducted in a total reaction volume of 1.0 mL and
a PCS concentration of 50 mg/ml in 1 mM manganese
sulfate, 50 mM sodium acetate buffer pH 5.0. The test
protein is combined with the base cellulase mixture at
relative concentrations between 0 and 100% total protein.
The protein composition is incubated with the PCS at 65° C.
for 7 days. The combined yield of glucose and cellobiose is
measured by refractive index detection.

[0246] GH61 activity is calculated as an increase in glu-
cose production from the substrate by the cellulase(s) in the
presence of GH61 protein, in comparison with the same
reaction mixture in the absence of GH61 protein. Typically,
the increase is dose-dependent within at least a 3-fold range
of concentrations. GH61 activity can be expressed as a
degree of “synergy”.

Use of GH61 Variant Protein to Promote Saccharification

[0247] The GH61 variant proteins of the present invention
can be used industrially to promote or otherwise modulate
the activity of cellulase enzymes.

[0248] In some embodiments, suitably prepared lignocel-
Iulose is subjected to enzymatic hydrolysis using one or
more cellulase enzymes in the presence of one or more
GH61 variant proteins or preparations according to this
invention. Thus, in some embodiments, saccharification
reactions are carried out by exposing biomass to GH61
variant protein and cellulases, which work in concert to
break down the biomass. Typically, the cellulases include at
least one endoglucanase (EG), at least one beta-glucosidase
(BGL), at least one Type 1 cellobiohydrolase (CBHI),
and/or at least one Type 2 cellobiohydrolase (CBH2). In
some alternative embodiments, a minimum enzyme mixture
is used, for example, comprising GH61 protein in combi-
nation with BGL and either CBH1 or CBH2, or both, but
with substantially no EG.

[0249] Hydrolysis of the hemicellulose and cellulose com-
ponents of a lignocellulosic feedstock yields a lignocellu-
losic hydrolysate comprising xylose and glucose. Other
sugars typically present include galactose, mannose, arab-
inose, fucose, rhamnose, or a combination thereof. Regard-
less of the means of hydrolyzing the lignocellulosic feed-
stock (e.g., full acid hydrolysis or chemical pretreatment
with or without subsequent enzymatic hydrolysis), the
xylose and glucose generally make up a large proportion of
the sugars present. In some embodiments, if the lignocellu-
losic hydrolysate is a hemicellulose hydrolysate resulting
from acid pretreatment, xylose will likely be the predomi-
nant sugar and lesser amounts of glucose will be present.
The relative amount of xylose present in the lignocellulosic
hydrolysate will depend on the feedstock and the pretreat-
ment that is employed.
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[0250] The cells and compositions of the present invention
(including culture broth and/or cell lysates) find use in the
production of fermentable sugars from cellulosic biomass.
The biomass substrate may be converted to a fermentable
sugar by (a) optionally pretreating a cellulosic substrate to
increase its susceptibility to hydrolysis; (b) contacting the
optionally pretreated cellulosic substrate of step (a) with a
composition, culture medium or cell lysate containing at
least one GH61 variant and any additional cellulases under
conditions suitable for the production of cellobiose and
fermentable sugars such as glucose.

[0251] In some embodiments, each of the at least one
GH61 variant and additional cellulase enzymes described
herein are partially or substantially purified, and the purified
proteins are added to the biomass. Alternatively or in addi-
tion, the various individual enzymes are recombinantly
expressed in different cells, and the media containing the
secreted proteins are added to the biomass. The GH61
variant protein(s) and cellulase enzymes are then reacted
with the biomass at a suitable temperature for a suitable
period.

[0252] In some embodiments, sugars produced by meth-
ods of'this invention are used to produce an end product such
as an alcohol, such as ethanol. Other end-products may be
produced, such as acetone, amino acid(s) (e.g., glycine, or
lysine), organic acids (e.g., lactic acid, acetic acid, formic
acid, citric acid, oxalic acid, or uric acid), glycerol, diols
(e.g., 1,3 propanediol or butanediol), or at least one hydro-
carbon with 1 to 20 carbon atoms. In some embodiments,
cellulosic biomass is treated with at least one composition of
the present invention to prepare an animal feed.

[0253] In some embodiments, when GH61 protein (e.g., at
least one GH61 variant) is used to increase the yield of
fermentable sugars in a saccharification reaction, at least one
divalent metal cation or additional cofactor or adjunct com-
pound is added to the reaction at a concentration of about 1
to 100 uM. In some embodiments, the divalent metal cation
(e.g., copper) is included at a concentration of about 1 to 90
uM, about 10 to 80 uM, about 15 to 75 uM, about 20 to 70
uM, about 30 to 60 uM, about 40 to 50 uM, about 5 to 10
uM, about 10 to 20 uM, about 15 to 25 uM, about 20 to 30
uM, about 25 to 35 uM, about 30 to 40 uM, about 35 to 45
uM, about 40 to 50 uM, about 45 to 55 uM, about 50 to 60
uM, about 55 to 65 uM, about 60 to 70 uM, about 65 to 75
uM, about 70 to 80 uM, about 75 to 85 uM, about 80 to 90
uM, about 85 to 95 uM, about 90 to 100 uM, about 95 to 100
uM, or about 1 uM, about 2 uM, about 3 uM, about 4 uM,
about 5 uM, about 6 uM, about 7 uM, about 8 uM, about 9
uM, about 10 uM, about 11 uM, about 12 uM, about 13 uM,
about 14 uM, about 15 uM, about 16 uM, about 17 uM,
about 18 uM, about 19 uM, about 20 uM, about 25 uM,
about 30 uM, about 35 uM, about 40 uM, about 45 uM,
about 50 uM, about 55 uM, about 60 uM, about 65 uM,
about 70 uM, about 75 uM, about 80 uM, about 85 uM,
about 90 uM, about 95 uM, or about 100 uM. Divalent
cations present in the reaction include, but are not limited to
Cu*™*, Mn™*, Co™, Mg*™*, Ni**, Zn**, and Ca** at concen-
trations of 0.001 to 50 mM, 1 uM to 1 mM, or 10-50 pM.
Indeed, it is not intended that the concentration of divalent
metal cation(s) be limited to any particular value, as any
suitable concentration finds use in the present invention and
will depend upon the reaction conditions, as known in the
art.
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Fermentation of Sugars

[0254] In some embodiments, once a suitable cellulosic
biomass substrate has been treated with cellulase(s) and at
least one GH61 variant protein(s) according to this inven-
tion, sugars and other components in the product are fer-
mented to produce various fermentation end products,
including but not limited to biofuels, such as ethanol or
alcohol mixtures. Depending on the substrate used, other
components (e.g., long-chain esters) may also be present.
[0255] Fermentation is the process of extracting energy
from the oxidation of organic compounds, such as carbo-
hydrates, using an endogenous electron acceptor. Alcoholic
fermentation is a process in which sugars such as xylulose,
glucose, fructose, and sucrose are converted into a fermen-
tation end product, including but not limited to biofuel. For
example, the fermentation product may comprise alcohol
(such as ethanol or butanol) and/or a sugar alcohol, such as
xylitol.

[0256] In some embodiments, enzyme compositions com-
prising at least one GH61 variant of the present invention is
reacted with a biomass substrate in the range of about 25° C.
to 100° C., about 30° C. to 90° C., about 30° C. to 80° C.,
and about 30° C. to 70° C. In some embodiments, the
biomass is reacted with the enzyme compositions at about
25° C., at about 30° C., at about 35° C., at about 40° C., at
about 45° C., at about 50° C., at about 55° C., at about 60°
C., at about 65° C., at about 70° C., at about 75° C., at about
80° C., at about 85° C., at about 90° C., at about 95° C. and
at about 100° C. In general, the pH range is from about pH
3.0t0 8.5, pH3.5t0 8.5, pH 4.0t0 7.5, pH 4.0 to 7.0 and pH
4.0 to 6.5. The incubation time may vary for example from
1.0 to 240 hours, from 5.0 to 180 hrs and from 10.0 to 150
hrs. For example, the incubation time is generally at least 1
h, at least 5 hrs, at least 10 hrs, at least 15 hrs, at least 25 hrs,
at least 50 h, at least 100 hrs, at least 180, or longer.
Incubation of the cellulase under these conditions and sub-
sequent contact with the substrate may result in the release
of substantial amounts of fermentable sugars from the
substrate (e.g., glucose when the cellulase is combined with
beta-glucosidase). For example at least 20%, at least 30%, at
least 40%, at least 50%, at least 60%, at least 70%, at least
80%, at least 90% or more fermentable sugar may be
available as compared to the release of sugar by a wild-type
polypeptide.

[0257] Any suitable micro-organism finds use in convert-
ing sugar in the sugar hydrolysate to ethanol or other
fermentation products. These include yeast from the genera
Saccharomyces, Hansenula, Pichia, Kluyveromyces, and
Candida. Commercially available yeasts also find use,
including but not limited to ETHANOLRED® SAFDIS-
TIL®, THERMOSACC®, FERMIOL®, FERMIVIN®, or
Superstart™.

[0258] In some embodiments, the yeast is genetically
engineered to ferment both hexose and pentose sugars to at
least one end-product, including but not limited to ethanol.
Alternatively, in some embodiments, the yeast is a strain that
has been made capable of xylose and glucose fermentation
by one or more non-recombinant methods, such as adaptive
evolution or random mutagenesis and selection. For
example, in some embodiments, the fermentation is per-
formed with recombinant Saccharomyces. In some embodi-
ments, the recombinant yeast is a strain that has been made
capable of xylose fermentation by recombinant incorpora-
tion of genes encoding xylose reductase (XR) and xylitol
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dehydrogenase (XDH) (See e.g., U.S. Pat. Nos. 5,789,210,
5,866,382, 6,582,944 and 7,527,927, and EP 450 530)
and/or gene(s) encoding one or more xylose isomerase (XI)
(See e.g., U.S. Pat. Nos. 6,475,768 and 7,622,284). In some
additional embodiments, the modified yeast strain overex-
presses an endogenous and/or heterologous gene encoding
xylulokinase (XK). Other yeast can ferment hexose and
pentose sugars to at least one end-product, including but not
limited to ethanol, such as yeast of the genera Hansenula,
Pichia, Kluyveromyces and Candida (See e.g., WO 2008/
130603).

[0259] A typical temperature range for the fermentation of
xylose to ethanol using Saccharomyces spp. is between
about 25° C. to about 37° C., although the temperature may
be higher (up to 55° C.) if the yeast is naturally or genetically
modified to be thermostable. The pH of a typical fermenta-
tion employing Saccharomyces spp. is between about 3 and
about 6, depending on the pH optimum of the fermentation
microorganism. The sugar hydrolysate may also be supple-
mented with additional nutrients required for growth and
fermentation performance of the fermentation microorgan-
ism. For example, yeast extract, specific amino acids, phos-
phate, nitrogen sources, salts, trace elements and vitamins
(See e.g., Verduyn et al., Yeast 8:501-170 [1992]; Jorgensen,
Appl. Biochem. Biotechnol., 153:44-57 [2009]; and Zhao et
al., J. Biotechnol., 139:55-60 [2009]). In some embodi-
ments, the fermentation is conducted under anaerobic con-
ditions, although aerobic or microaerobic conditions also
find use.

Use of Copper, Gallic Acid, and Biomass Pretreatment
Filtrate to Enhance GH61 Activity

[0260] In some embodiments, GH61 proteins and variants
exhibit increased activity in a saccharification reaction when
Cu**, gallic acid, and/or pretreatment filtrate are added. In
some embodiments, wild-type GH61a (SEQ ID NO:2) and/
or Variant 1 (SEQ ID NO:5) are used. Similarly, in some
embodiments, the present invention encompasses the
supplemental addition of Cu**, gallic acid, and/or pretreat-
ment filtrate as an enhancing agent in saccharification reac-
tions conducted using any of the GH61a variants shown in
Tables 1 and 2, any of the other GH61 proteins described
herein, and any active variant or fragment thereof such as
may be obtained using any suitable method, including but
not limited to the methods provided herein. In some embodi-
ments, enhancing GH61 activity allows saccharification
reactions to proceed more quickly and/or with less GH61 or
cellulase enzyme.

[0261] In some embodiments, Cu™*, gallic acid, and other
potential cofactors are tested by titrating into a saccharifi-
cation reaction comprising a GH61 protein, one or more
cellulase enzymes (e.g., CBH1, CBH2, and/or BGL), and a
cellulosic substrate, and measuring the relative rate of glu-
cose production. Controls may include the combination of
GH61 protein, cellulase enzymes, and substrate in the
absence of the putative cofactor (to test the relative enhance-
ment), and combinations of cellulase enzymes and substrate
with or without cofactor in the absence of GH61 protein (to
determine the effect of the putative cofactor on other
enzymes in the reaction).

[0262] As shown herein, in some embodiments, Cu** can
enhance the activity of GH61a Variant 1 (SEQ ID NO:5).
The source of Cu*™ used in the example was CuSO,,
although any effective copper source can be used as an
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alternative. Effective supplemental copper sources include
copper salts and metallic copper, or mixtures thereof. Cop-
per salts include copper(I1) (Cu*) salts and copper(I) (Cu*)
salts. Copper in metallic copper(0) and copper(]) salts can be
oxidized to Cu™ in water by oxygen (e.g., by oxygen
present in air). Suitable copper(Il) and copper(I) salts
include sulfates, chlorides, oxides, hydroxides, nitrates, car-
bonates, hydroxycarbonates (basic carbonates), oxychlo-
rides, and acetates. Suitable sources of metallic copper
include metallic copper refined from copper ores, including
copper vessels and piping in contact with water and oxygen
(e.g., in air).

[0263] Insome embodiments, as shown herein, gallic acid
and/or pretreated biomass filtrate can also be used to
enhance the activity of GH61 protein. In some embodi-
ments, the gallic acid and/or pretreated biomass filtrate are
titrated to the optimal dose for the reaction conditions used.
Thus, an effective concentration of gallic acid can be deter-
mined empirically by titrating it into the reaction mixture,
depending on the enzymes being used and the total biomass.
In some embodiments, in which gallic acid is utilized, an
effective concentration of gallic acid is within the range of
about 0.1 to 20 mM, about 0.5 to 5 mM, or about 1 to 2 mM.
However, it is not intended that the present invention be
limited to any particular concentration of gallic acid, as any
suitable concentration finds use in the present invention,
depending upon the reaction conditions.

[0264] A cofactor of GH61 in a reaction volume such as
Cu™*™* is said to be “supplemented” if it has been added into
the reaction volume as a separate reagent, which is in
addition to any metal ions that may be bound to GH61 or
other reactants beforehand. Depending on the amount or
molar ratio of cofactors such as Cu** already present in a
GHG61 preparation, addition of such cofactors into the reac-
tion may increase the amount of glucose produced per
weight of GH61 by 25%, 50%, 2-fold, or more.

[0265] Effective concentrations of supplemented Cu*™* in
the reaction volume may be readily determined empirically
as described herein. Depending on reaction conditions,
effective supplemented concentrations include but are not
limited to 1 uM to 200 uM, 4 uM to 100 uM, 10 uM to 100
uM, or at least 1 uM, 4 uM, 10 uM, 20 uM, 30 uM, 40 uM,
or 50 uM in the reaction volume (i.e., the concentration of
supplemented copper in the reaction volume). However, it is
not intended that the present invention be limited to any
particular copper concentration or range of concentrations,
as any suitable concentration finds use and will depend upon
the reaction conditions used. In some embodiments, prior to
or without copper supplementation, copper is present in the
GH61 protein preparation, the other enzymes, the cellulase
fermentation production media, the pretreated biomass, and/
or any other component of the reaction volume (i.e., in some
embodiments, there are other sources of copper present in
the reaction than any copper added to the reaction as a
supplement). Thus, in some embodiments, the reaction is
conducted without the supplemental addition of copper as
described herein.

[0266] In some embodiments, inclusion of copper and/or
gallic acid in the reaction mixture at an effective concen-
tration or ratio, less GH61 protein is needed to produce the
same amount of fermentable sugars from the same cellulase
enzymes. In some embodiments, this provides a cost reduc-
tion associated with saccharification reactions.
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Vectors, Promoters, Other Expression Elements, Host Cells,
and Signal Peptides.

[0267] There are numerous general texts that describe
molecular biological techniques including the use of vectors,
promoters, in vitro amplification methods including the
polymerase chain reaction (PCR) and the ligase chain reac-
tion (LCR) (See e.g., Berger and Kimmel, Guide to Molecu-
lar Cloning Techniques, Methods in Enzymology, Volume
152 Academic Press, Inc., San Diego, Calif. (Berger); Sam-
brook et al., Molecular Cloning—A Laboratory Manual
(2nd Ed.), Vol. 1-3, Cold Spring Harbor Laboratory, Cold
Spring Harbor, N.Y., 1989; and Current Protocols in
Molecular Biology, F. M. Ausubel et al., eds., Current
Protocols [as supplemented through 2009]). Introduction of
a vector or a DNA construct into a host cell can be effected
by any suitable method, including but not limited to calcium
phosphate transfection, DEAE-Dextran mediated transfec-
tion, electroporation, or other common techniques (See
Davis et al., 1986, Basic Methods in Molecular Biology).
General references on cell culture techniques and nutrient
media for fungal host cells include Gere Manipulations in
Fungi, Bennett, J. W. et al., Ed., Academic Press, 1985;
More Gene Manipulations in Fungi, Bennett, J. W. et al.,
Ed., Academic Press, 1991; and The Handbook of Micro-
biological Media, CRC Press, Boca Raton, Fla., 1993.

Vectors

[0268] The present invention makes use of recombinant
constructs comprising at least one sequence encoding at
least one GH61 variant as described above. In some embodi-
ments, the present invention provides expression vectors
comprising at least one GH61 variant polynucleotide oper-
ably linked to a heterologous promoter. Expression vectors
of the present invention may be used to transform an
appropriate host cell to permit the host to express the GH61
variant protein. Methods for recombinant expression of
proteins in fungi and other organisms are well known in the
art, and a number expression vectors are available or can be
constructed using routine methods (See, e.g., Tkacz and
Lange, 2004, Advances in fungal biotechnology for industry,
agriculture, and medicine, Kluwer Academic/Plenum Pub-
lishers, New York; Zhu et al., Plasmid 6:128-33 [2009]; and
Kavanagh, K. 2005, Fungi: biology and applications, Wiley,
all of which are incorporated herein by reference).

[0269] Nucleic acid constructs of the present invention
comprise a vector, such as, a plasmid, a cosmid, a phage, a
virus, a bacterial artificial chromosome (BAC), a yeast
artificial chromosome (YAC), and the like, into which a
nucleic acid sequence of the invention has been inserted.
Polynucleotides of the present invention can be incorporated
into any one of a variety of expression vectors suitable for
expressing a polypeptide. Suitable vectors include, but are
not limited to chromosomal, nonchromosomal and synthetic
DNA sequences (e.g., derivatives of SV40); bacterial plas-
mids; phage DNA; baculovirus; yeast plasmids; vectors
derived from combinations of plasmids and phage DNA,
viral DNA such as vaccinia, adenovirus, fowl pox virus,
pseudorabies, adenovirus, adeno-associated virus, retrovi-
ruses and many others. Any vector that transduces genetic
material into a cell, and, if replication is desired, which is
replicable and viable in the relevant host can be used.
[0270] In some embodiments, the construct further com-
prises regulatory sequences, including, for example, a pro-
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moter, operably linked to the protein encoding sequence.
Large numbers of suitable vectors and promoters are known
to those of skill in the art.

Promoters

[0271] In order to obtain high levels of expression in a
particular host it is often useful to express the GH61 variant
of the present invention under the control of a heterologous
promoter. A promoter sequence may be operably linked to
the 5' region of the GH61 variant coding sequence using
routine methods.

[0272] Examples of useful promoters for expression of
GH61 enzymes include promoters from fungi. In some
embodiments, a promoter sequence that drives expression of
a gene other than a GH61 gene in a fungal strain may be
used. As a non-limiting example, a fungal promoter from a
gene encoding an endoglucanase may be used. In some
embodiments, a promoter sequence that drives the expres-
sion of a GH61 gene in a fungal strain other than the fungal
strain from which the GH61 variant was derived may be
used. As a non-limiting example, if the GH61 variant is
derived from C1, a promoter from a 7. reesei GH61 gene
may be used or a promoter as described in WO 2010/
107303, such as but not limited to the sequences identified
as SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID
NO:28, or SEQ ID NO:29 in WO 2010/107303.

[0273] Examples of other suitable promoters useful for
directing the transcription of the nucleotide constructs of the
present invention in a filamentous fungal host cell are
promoters obtained from the genes for Aspergillus oryzae
TAKA amylase, Rhizomucor miehei aspartic proteinase,
Aspergillus niger neutral alpha-amylase, Aspergillus niger
acid stable alpha-amylase, Aspergillus niger or Aspergillus
awamori glucoamylase (glaA), Rhizomucor miehei lipase,
Aspergillus oryzae alkaline protease, Aspergillus oryzae
triose phosphate isomerase, Aspergillus nidulans acetami-
dase, and Fusarium oxysporum trypsin-like protease (WO
96/00787, which is incorporated herein by reference), as
well as the NA2-tpi promoter (a hybrid of the promoters
from the genes for Aspergillus niger neutral alpha-amylase
and Aspergillus oryzae triose phosphate isomerase), promot-
ers such as cbhl, cbh2, egll, egl2, pepA, hibl, hfb2, xynl,
amy, and glaA (Nunberg et al., Mol. Cell Biol., 4:2306-2315
[1984]; Boel et al., EMBO 1., 3:1581-85 [1984]; and Euro-
pean Pat. Publ. 137280, all of which are incorporated herein
by reference), and mutant, truncated, and hybrid promoters
thereof. In a yeast host, useful promoters can be from the
genes for Saccharomyces cerevisiae enolase (eno-1), Sac-
charomyces cerevisiae galactokinase (gall), Saccharomyces
cerevisiae alcohol dehydrogenase/glyceraldehyde-3-phos-
phate dehydrogenase (ADH2/GAP), and S. cerevisiae
3-phosphoglycerate kinase. Other useful promoters for yeast
host cells are known (See e.g., Romanos et al., Yeast
8:423-488 [1992], incorporated herein by reference. Pro-
moters associated with chitinase production in fungi may be
used (See, e.g., Blaiseau and Lafay, Gene 120243-248
[1992] (filamentous fungus Aphanocladium album); Limon
et al., Curr. Genet, 28:478-83 (Trichoderma harzianum),
both of which are incorporated herein by reference).
[0274] Promoters known to control expression of genes in
prokaryotic or eukaryotic cells or their viruses and which
can be used in some embodiments of the invention include
SV40 promoter, E. coli lac or trp promoter, phage lambda P,
promoter, tac promoter, T7 promoter, and the like. In bac-
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terial host cells, suitable promoters include the promoters
obtained from the E. coli lac operon, Streptomyces coeli-
color agarase gene (dagA), Bacillus subtilis levansucranse
gene (sacB), Bacillus licheniformis a-amylase gene (amyl),
Bacillus  stearothermophilus maltogenic amylase gene
(amyM), Bacillus amyloliquefaciens o-amylase gene
(amyQ), Bacillus subtilis xylA and xylB genes and prokary-
otic beta-lactamase gene.

[0275] Any other promoter sequence that drives expres-
sion in a suitable host cell may be used. Suitable promoter
sequences can be identified using well known methods. In
one approach, a putative promoter sequence is linked 5' to a
sequence encoding a reporter protein, the construct is trans-
fected into the host cell (e.g., M. thermophila) and the level
of expression of the reporter is measured. Expression of the
reporter can be determined by measuring, for example,
mRNA levels of the reporter sequence, an enzymatic activity
of the reporter protein, or the amount of reporter protein
produced. For example, promoter activity may be deter-
mined by using the green fluorescent protein as coding
sequence (See e.g., Henriksen et al, Microbiol., 145:729-34
[1999], incorporated herein by reference) or a lacZ reporter
gene (Punt et al., Gene, 197:189-93 [1997], incorporated
herein by reference). Functional promoters may be derived
from naturally occurring promoter sequences by directed
evolution methods (See, e.g. Wright et al., Human Gene
Therapy, 16:881-892 [2005], incorporated herein by refer-
ence.

[0276] Additional promoters include those from M. ther-
mophila, provided in U.S. Prov. Patent Appln. Ser. Nos.
61/375,702, 61/375,745, 61/375,753, 61/375,755, and
61/375,760, all of which were filed on Aug. 20, 2010, and
are hereby incorporated by reference in their entireties, as
well as WO 2010/107303.

Other Expression Elements

[0277] Cloned GH61 variants may also have a suitable
transcription terminator sequence, a sequence recognized by
a host cell to terminate transcription. The terminator
sequence is operably linked to the 3' terminus of the nucleic
acid sequence encoding the polypeptide. Any terminator that
is functional in the host cell of choice may be used in the
present invention.

[0278] For example, exemplary transcription terminators
for filamentous fungal host cells can be obtained from the
genes for Aspergillus oryzae TAKA amylase, Aspergillus
niger glucoamylase, Aspergillus nidulans anthranilate syn-
thase, Aspergillus niger alpha-glucosidase, and Fusarium
oxysporum trypsin-like protease. Suitable transcription ter-
minators are known in the art (See e.g., U.S. Pat. No.
7,399,627, incorporated herein by reference).

[0279] Exemplary terminators for yeast host cells include
those obtained from the genes for Saccharomyces cerevisiae
enolase, Saccharomyces cerevisiae cytochrome C (CYC1),
and Saccharomyces cerevisiae glyceraldehyde-3-phosphate
dehydrogenase. Other useful terminators for yeast host cells
are known in the art (See e.g., Romanos et al., Yeast
8:423-88 [1992]).

[0280] A suitable leader sequence may be part of a cloned
GHG61 variant sequence, which is a nontranslated region of
an mRNA that is important for translation by the host cell.
The leader sequence is operably linked to the 5' terminus of
the nucleic acid sequence encoding the polypeptide. Any
leader sequence that is functional in the host cell of choice
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may be used. Exemplary leaders for filamentous fungal host
cells are obtained from the genes for Aspergillus oryzae
TAKA amylase and Aspergillus nidulans triose phosphate
isomerase. Suitable leaders for yeast host cells are obtained
from the genes for Saccharomyces cerevisiae enolase (ENO-
1), Saccharomyces cerevisiae 3-phosphoglycerate kinase,
Saccharomyces cerevisiae alpha-factor, and Saccharomyces
cerevisiae alcohol dehydrogenase/glyceraldehyde-3-phos-
phate dehydrogenase (ADH2/GAP).

[0281] In some embodiments, sequences also contain a
polyadenylation sequence, which is a sequence operably
linked to the 3' terminus of the nucleic acid sequence and
which, when transcribed, is recognized by the host cell as a
signal to add polyadenosine residues to transcribed mRNA.
Any polyadenylation sequence which is functional in the
host cell of choice may be used in the present invention.
Exemplary polyadenylation sequences for filamentous fun-
gal host cells can be from the genes for Aspergillus oryzae
TAKA amylase, Aspergillus niger glucoamylase, Aspergil-
lus nidulans anthranilate synthase, Fusarium oxysporum
trypsin-like protease, and Aspergillus niger alpha-glucosi-
dase. Useful polyadenylation sequences for yeast host cells
are known in the art (See e.g., Guo and Sherman, Mol. Cell.
Biol., 15:5983-5990 [1995]).

[0282] The expression vector of the present invention
optionally contains one or more selectable markers, which
facilitate easy selection of transformed cells. A selectable
marker is a typically gene, the product of which provides for
biocide or viral resistance, resistance to heavy metals, pro-
totrophy to auxotrophs, and the like. Selectable markers for
use in a filamentous fungal host cell include, but are not
limited to, amdS (acetamidase), argB (ornithine carbamoyl-
transferase), bar (phosphinothricin acetyltransferase), hph
(hygromycin phosphotransferase), niaD (nitrate reductase),
pyrG (orotidine-5'-phosphate decarboxylase), sC (sulfate
adenyltransferase), and trpC (anthranilate synthase), as well
as equivalents thereof. Embodiments for use in an Asper-
gillus cell include the amdS and pyrG genes of Aspergillus
nidulans or Aspergillus oryzae and the bar gene of Strepto-
myces hygroscopicus. Suitable markers for yeast host cells
include but are not limited to ADE2, HIS3, LEU2, LYS2,
MET3, TRP1, and URA3.

Host Cells

[0283] In some embodiments, at least one GH61 variant
protein of the present invention is expressed from a nucleic
acid that has been recombinantly introduced into a suitable
host cell line. In some embodiments, the host cell also
expresses other proteins of interest, particularly one or more
cellulase enzymes that work in concert with at least one
GHG61 variant protein in the process of saccharification. The
cellulase enzymes may be constitutively expressed by the
parent strain of the host cell, or they may be expressed from
other recombinant nucleic acids that were introduced seri-
ally or simultaneously with the GH61 variant encoding
sequence.

[0284] Rather than expressing at least one GH61 variant
protein and at least one additional cellulase enzyme in the
same cell, in some embodiments, the invention is practiced
by producing at least one GH61 variant protein in one host
cell, and producing one or more cellulases together in
another host cell, or in a plurality of host cells. Once such
cells have been engineered, cells expressing GH61 protein
and cells expressing cellulase enzymes can be combined and
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cultured together to produce compositions of this invention
containing both GH61 variant proteins and other cellulase
enzymes. Alternatively, the culture supernatant or broth
from each cell line can be collected separately, optionally
fractionated to enrich for the respective activities, and then
mixed together to produce the desired combination.

[0285] Suitable fungal host cells include, but are not
limited to Ascomycota, Basidiomycota, Deuteromycota,
Zygomycota, and Fungi imperfecti. In some embodiments,
preferred fungal host cells are yeast cells, and filamentous
fungal cells, including all filamentous forms of the subdi-
vision Eumycotina and Oomycota. Filamentous fungi are
characterized by a vegetative mycelium with a cell wall
composed of chitin, cellulose and other complex polysac-
charides, and are morphologically distinct from yeast. In
some embodiments, Trichoderma is a source of one or more
cellulases for use in combination with GH61 variant pro-
teins.

[0286] Any suitable host cell finds use in the present
invention, including but not limited to host cells that are
species of Achlya, Acremonium, Aspergillus, Aureoba-
sidium, Azospirillum, Bjerkandera, Cellulomonas, Cepha-
losporium, Ceriporiopsis, Chrysosporium, Clostridium,
Coccidioides, Cochliobolus, Coprinus, Coriolus, Coryna-
scus, Cryphonectria, Cryptococcus, Dictyostelium, Diplo-
dia, Elizabethkingia, Endothia, Erwinia, Escherichia,
Fusarium, Gibberella, Gliocladium, Gluconacetobacter,
Humicola, Hypocrea, Kuraishia, Mucor, Myceliophthora,
Neurospora, Nicotiana, Paenibacillus, Penicillium, Perico-
nia, Phaeosphaeria, Phlebia, Piromyces, Podospora, Pre-
votella, Pyricularia, Rhizobium, Rhizomucor, Rhizopus,
Ruminococcus, Saccharomycopsis, Salmonella, Schizophyl-
lum, Scytalidium, Septoria, Sporotrichum, Streptomyces,
Talaromyces, Thermoanaerobacter, Thermoascus, Thermo-
toga, Thielavia, Tolypocladium, Trametes, Trichoderma,
Tropaeolum, Uromyces, Verticillium, Volvariella, Wicker-
hamomyces, or corresponding teleomorphs, or anamorphs,
and synonyms or taxonomic equivalents thereof.

[0287] An exemplary host cell is yeast, including but not
limited to Candida, Hansenula, Saccharomyces, Schizosac-
charomyces, Pichia, Kluyveromyces, or Yarrowia. In some
embodiments, the yeast cell is Hansenula polymorpha,
Saccharomyces cerevisiae, Saccharomyces carlsbergensis,
Saccharomyces diastaticus, Saccharomyces norbensis, Sac-
charomyces kluyveri, Schizosaccharomyces pombe, Pichia
pastoris, Pichia finlandica, Pichia trehalophila, Pichia
kodamae, Pichia membranaefaciens, Pichia opuntiae,
Pichia thermotolerans, Pichia salictaria, Pichia quercuum,
Pichia pijperi, Pichia stipitis, Pichia methanolica, Pichia
angusta, Kluyveromyces lactis, Candida albicans, or Yar-
rowia lipolytica.

[0288] Another exemplary host cell is a Myceliophthora
species, such as M. thermophila. As used herein, the term
“C1” refers to Myceliophthora thermophila, including a
fungal strain described by Garg (See, Garg, Mycopathol.,
30: 3-4 [1966]). As used herein, “Chrysosporium lucknow-
ense” includes the strains described in U.S. Pat. Nos. 6,015,
707, 5,811,381 and 6,573,086; US Pat. Pub. Nos. 2007/
0238155, US  2008/0194005, US  2009/0099079;
International Pat. Pub. Nos., WO 2008/073914 and WO
98/15633, all of which are incorporated herein by reference,
and include, without limitation, Chrysosporium lucknow-
ense Garg 27K, VKM-F 3500 D (Accession No. VKM
F-3500-D), C1 strain UV13-6 (Accession No. VKM F-3632
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D), C1 strain NG7C-19 (Accession No. VKM F-3633 D),
and C1 strain UV18-25 (VKM F-3631 D), all of which have
been deposited at the All-Russian Collection of Microor-
ganisms of Russian Academy of Sciences (VKM),
Bakhurhina St. 8, Moscow, Russia, 113184, and any deriva-
tives thereof. Although initially described as Chrysosporium
lucknowense, C1 may currently be considered a strain of
Myceliophthora thermophila. Other C1 strains include cells
deposited under accession numbers ATCC 44006, CBS
(Centraalbureau voor Schimmelcultures) 122188, CBS 251.
72, CBS 143.77, CBS 272.77, CBS122190, CBS122189,
and VKM F-3500D. Exemplary C1 derivatives include
modified organisms in which one or more endogenous genes
or sequences have been deleted or modified and/or one or
more heterologous genes or sequences have been intro-
duced. Derivatives include, but are not limited to
UVI8#100f Aalpl, UV18#100f ApyrS5 Aalpl, UV18#100.f
Aalpl Apep4 Aalp2, UV18#100.f ApyrS Aalpl Apepd Aalp2
and UV18#100.f Apyrd ApyrS Aalpl Apepd Aalp2, as
described in W0O2008073914 and W02010107303, each of
which is incorporated herein by reference.

[0289] In some embodiments, the host cell is a
Trichoderma species, such as T. longibrachiatum, T. viride,
Hypocrea jecorina or 1. reesei, 1. koningii, and 1. har-
zianum.

[0290] In some embodiments, the host cell is a Aspergillus
species, such as A. awamori, A. funigatus, A. japonicus, A.
nidulans, A. niger, A. aculeatus, A. foetidus, A. oryzae, A.
sojae, and A. kawachi.

[0291] In some additional embodiments, the host cell is a
Fusarium species, such as F bactridioides, F. cerealis, F.
crookwellense, F. culmorum, E graminearum, . graminum.
F oxysporum, E roseum, and F. venenatum.

[0292] The host cell may also be a Neurospora species,
such as N. crassa. Alternatively, the host cell is a Humicola
species, such as H. insolens, H. grisea, and H. lanuginosa.
Alternatively, the host cell is a Mucor species, such as M.
miehei and M. circinelloides. Alternatively, the host cell is a
Rhizopus species, such as R. oryzae and R. niveus. Alterna-
tively, the host cell is a Penicillum species, such as P,
purpurogenum, P. chrysogenum, and P. verruculosum.

[0293] In some embodiments, the host cell is a Thielavia
species, such as 7. terrestris. Alternatively, the host cell is a
Tolypocladium species, such as 1. inflatum and T. geodes.
Alternatively, the host cell is a the Trametes species, such as
T. villosa and 1. versicolor.

[0294] In some embodiments, the host cell is of a Chrys-
osporium species, such as C. lucknowense, C. keratinophi-
lum, C. tropicum, C. merdarium, C. inops, C. pannicola, and
C. zonatum. In a particular embodiment the host is C.
lucknowense. Alternatively, the host cell is an algae such as
Chlamydomonas (e.g., C. reinhardtii) or Phormidium (P. sp.
ATCC29409).

[0295] In some alternative embodiments, the host cell is a
prokaryotic cell. Suitable prokaryotic cells include Gram-
positive, Gram-negative and Gram-variable bacterial cells.
Examples of bacterial host cells include, but are not limited
to Bacillus (e.g., B. subtilis, B. licheniformis, B. megaterium,
B. stearothermophilus and B. amyloliquefaciens), Strepto-
myces (e.g., S. ambofaciens, S. achromogenes, S. avermitilis,
S. coelicolor, S. aureofaciens, S. aureus, S. fungicidicus, S.
griseus, and S. lividans), and Streptococcus (e.g., S. equi-
similes, S. pyogenes, and S. uberis) species.
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[0296] Any suitable eukaryotic or prokaryotic species
finds use as host cells, including but not limited to Asper-
gillus aculeatus, Azospirillum irakense KBC1, Bacillus sp.
GL1, Cellulomonas biazotea, Clostridium thermocellum,
Thermoanaerobacter brockii, Coccidioides posadasii, Dic-
tyostelium discoideum, Elizabethkingia meningoseptica,
Erwinia chrysanthemi, Escherichia coli, Gluconacetobacter
xylinus, Hypocrea jecorina, Kuraishia capsulata, Nicotiana
tabacum, Paenibacillus sp. C7, Penicillium brasilianum,
Periconia sp. BCC 2871, Phaeosphaeria avenaria, Pre-
votella albensis, Rhizobium leguminosarum, Rhizomucor
miehei, Ruminococcus albus, Saccharomycopsis fibuligera,
Salmonella typhimurium, Septoria lycopersici, Streptomyces
coelicolor, Talaromyces emersonii, Thermotoga maritima,
Tropaeolum majus, Uromyces viciae-fabae, and Wicker-
hamomyces anomalus.

[0297] Strains that may be used in the practice of the
invention (both prokaryotic and eukaryotic strains) may be
obtained from any suitable source, including but not limited
to the American Type Culture Collection (ATCC), or other
biological depositories such as Deutsche Sammlung von
Mikroorganismen and Zellkulturen GmbH (DSM), Cen-
traalbureau Voor Schimmelcultures (CBS), and the Agricul-
tural Research Service Patent Culture Collection, Northern
Regional Research Center (NRRL).

[0298] In some embodiments, host cells are genetically
modified to have characteristics that improve genetic
manipulation, protein secretion, protein stability or other
properties desirable for expression or secretion of a protein.
For example, knock-out of Alp1 function results in a cell that
is protease deficient. Knock-out of pyr5 function results in
a cell with a pyrimidine deficient phenotype. Host cells may
be modified to delete endogenous cellulase protein-encoding
sequences or otherwise eliminate expression of one or more
endogenous cellulases. Expression of one or more unwanted
endogenous cellulases may be inhibited to increase the
proportion of cellulases of interest, for example, by chemical
or UV mutagenesis and subsequent selection. Homologous
recombination can be used to induce targeted gene modifi-
cations by specifically targeting a gene in vivo to suppress
expression of the encoded protein.

Signal Peptides

[0299] In general, polypeptides are secreted from the host
cell after being expressed as a pre-protein including a signal
peptide (i.e., an amino acid sequence linked to the amino
terminus of a polypeptide which directs the encoded poly-
peptide into the cell’s secretory pathway).

[0300] In some embodiments, the secreted part of a GH61
variant is linked at the N-terminal to a heterologous signal
peptide, depending on the host cell and other factors. Effec-
tive signal peptide coding regions for filamentous fungal
host cells include but are not limited to signal peptide coding
regions obtained from Aspergillus oryzae TAKA amylase,
Aspergillus niger neutral amylase, Aspergillus niger glu-
coamylase, Rhizomucor miehei aspartic proteinase, Humi-
cola insolens cellulase, Humicola lanuginosa lipase, and T.
reesei cellobiohydrolase II (TrCBH2).

[0301] Effective signal peptide coding regions for bacte-
rial host cells include but are not limited to signal peptide
coding regions obtained from the genes for Bacillus NCIB
11837 maltogenic amylase, Bacillus stearothermophilus
alpha-amylase, Bacillus licheniformis subtilisin, Bacillus
licheniformis beta-lactamase, Bacillus stearothermophilus
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neutral proteases (nprT, nprS, nprM), and Bacillus subtilis
prsA. Further signal peptides are known in the art (See e.g.,
described by Simonen and Palva, Microbiol. Rev., 57:109-
137 [1993]).

[0302] Useful signal peptides for yeast host cells also
include those from the genes for Saccharomyces cerevisiae
alpha-factor, Saccharomyces cerevisiae SUC2 invertase (see
Taussig and Carlson, Nucl. Acids Res., 11:1943-54 [1983];
SwissProt Accession No. P00724; and Romanos et al., Yeast
8:423-488 [1992]). Variants of these signal peptides and
other signal peptides are suitable. In addition, the signal
peptides provided herein find use in the present invention.

EXPERIMENTAL

[0303] The present invention is described in further detail
in the following Examples, which are not in any way
intended to limit the scope of the invention as claimed.
[0304] Inthe experimental disclosure below, the following
abbreviations apply: ppm (parts per million); M (molar);
mM (millimolar), uM and uM (micromolar); nM (nanomo-
lar); mol (moles); gm and g (gram); mg (milligrams); ug and
ng (micrograms); [ and 1 (liter); ml and mL (milliliter); cm
(centimeters); mm (millimeters); um and pm (micrometers);
sec. (seconds); min(s) (minute(s)); h(s) and hr(s) (hour(s));
U (units); MW (molecular weight); rpm (rotations per min-
ute); © C. (degrees Centigrade); DNA (deoxyribonucleic
acid); RNA (ribonucleic acid); HPLC (high pressure liquid
chromatography); MES (2-N-morpholino ethanesulfonic
acid); FIOPC (fold improvements over positive control);
YPD (10 g/IL yeast extract, 20 g/ peptone, and 20 g/LL
dextrose); SOE-PCR (splicing by overlapping extension
PCR); PEG (polyethylene glycol); TWEEN®-20
(TWEEN® non-ionic surfactant; Sigma-Aldrich); ARS
(ARS Culture Collection or NRRL Culture Collection, Peo-
ria, I11.); Axygen (Axygen, Inc., Union City, Calif.); Lalle-
mand (Lallemand Ethanol Technology, Milwaukee, Wis.);
Dual Biosystems (Dual Biosystems AG, Schlieven, Swit-
zerland); US Biological (United States Biological, Swamp-
scott, Mass.); Megazyme (Megazyme International Ireland,
Ltd., Wicklow, Ireland); Genetix (Genetix USA, Inc., Bea-
verton, Oreg.); Sigma-Aldrich (Sigma-Aldrich, St. Louis,
Mo.); Dasgip (Dasgip Biotools, LLC, Shrewsbury, Mass.);
Difco (Difco Laboratories, BD Diagnostic Systems, Detroit,
Mich.); PCRdiagnostics (PCRdiagnostics, by E. coli SRO,
Slovak Republic); Agilent (Agilent Technologies, Inc.,
Santa Clara, Calif.); Molecular Devices (Molecular Devices,
Sunnyvale, Calif.); Symbio (Symbio, Inc., Menlo Park,
Calif.); Newport (Newport Scientific, Australia); and Bio-
Rad (Bio-Rad Laboratories, Hercules, Calif.).

[0305] The M. thermophila strains included in the devel-
opment of the present invention included a “Strain CF-400”
(Acdhl), which is a derivative of Cl strain
(“UV18#100fAalp1ApyrS™), modified by deletion of cdhl,
wherein cdhl comprises the polynucleotide sequence of
SEQ ID NO:5 of U.S. Pat. No. 8,236,551. “Strain CF-401”
(Acdhl Acdh2) (ATCC No. PTA-12255), is a derivative of
the C1 strain modified by deletion of both a cdhl and a cdh2,
wherein cdh2 comprises the polynucleotide sequence of
SEQ ID NO:7 of U.S. Pat. No. 8,236,551. “Strain CF-402”
(+Bgll) is a derivative of the C1 strain further modified for
overexpression of an endogenous beta-glucosidase 1
enzyme (Bgll). “Strain CF-403” is a derivative of the C1
strain modified with a deletion of cdhl and further modified
to overexpress bgll. “Strain CF-404” is a derivative of the
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C1 strain further modified to overexpress bgll with a
deletion of both cdhl and cdh2. “Strain CF-416" is a
derivative of the CF-404 strain, further modified to overex-
press wild-type GH61a enzyme.

[0306] The following sequences are referred to herein and
find use in the present invention

Wild-type M. thermophila Cl1 GHéla cDNA sequence:

(SEQ ID NO: 1)
ATGTCCAAGGCCTCTGCTCTCCTCGCTGGCCTGACGGGCGCGGCCCTCGT
CGCTGCACATGGCCACGTCAGCCACATCGTCGTCAACGGCGTCTACTACA
GGAACTACGACCCCACGACAGACTGGTACCAGCCCAACCCGCCAACAGTC
ATCGGCTGGACGGCAGCCGATCAGGATAATGGCTTCGTTGAACCCAACAG
CTTTGGCACGCCAGATATCATCTGCCACAAGAGCGCCACCCCCGGCGGLG
GCCACGCTACCGTTGCTGCCGGAGACAAGATCAACATCGTCTGGACCCCC
GAGTGGCCCGAATCCCACATCGGCCCCGTCATTGACTACCTAGCCGCCTG
CAACGGTGACTGCGAGACCGTCGACAAGTCGTCGCTGCGCTGGTTCAAGA
TTGACGGCGCCGGCTACGACAAGGCCGCCGGCCGCTGGGCCGCCGACGLT
CTGCGCGCCAACGGCAACAGCTGGCTCGTCCAGATCCCGTCGGATCTCAA
GGCCGGCAACTACGTCCTCCGCCACGAGATCATCGCCCTCCACGGTGCTC
AGAGCCCCAACGGCGCCCAGGCCTACCCGCAGTGCATCAACCTCCGCGTC
ACCGGCGGCGGCAGCAACCTGCCCAGCGGCGTCGCCGGCACCTCGCTGTA
CAAGGCGACCGACCCGGGCATCCTCTTCAACCCCTACGTCTCCTCCCCGG
ATTACACCGTCCCCGGCCCGGCCCTCATTGCCGGCGCCGCCAGCTCGATC
GCCCAGAGCACGTCGGTCGCCACTGCCACCGGCACGGCCACCGTTCCCGG
CGGCGGCGGCGCCAACCCTACCGCCACCACCACCGCCGCCACCTCCGCCG
CCCCGAGCACCACCCTGAGGACGACCACTACCTCGGCCGCGCAGACTACC
GCCCCGCCCTCCGGCGATGTGCAGACCAAGTACGGCCAGTGTGGTGGCAA
CGGATGGACGGGCCCGACGGTGTGCGCCCCCGGCTCGAGCTGCTCCGTCC
TCAACGAGTGGTACTCCCAGTGTTTGTAA
Wild-type M. thermophila Cl1 GHéla
polypeptide sequence:

(SEQ ID NO: 2)
MSKASALLAGLTGAALVAAHGHVSHIVVNGVYYRNYDPTTDWYQPNPPTV
IGWTAADQDNGFVEPNSFGTPDI ICHKSATPGGGHATVAAGDKINIVWTP
EWPESHIGPVIDYLAACNGDCETVDKSSLRWFKIDGAGYDKAAGRWAADA
LRANGNSWLVQIPSDLKAGNYVLRHEIIALHGAQSPNGAQAYPQCINLRV
TGGGSNLPSGVAGTSLYKATDPGILFNPYVSSPDYTVPGPALIAGAASST
AQSTSVATATGTATVPGGGGANPTATTTAATSAAPSTTLRTTTTSAAQTT
APPSGDVQTKYGQCGGNGWTGPTVCAPGSSCSVLNEWYSQCL
Wild-type M. thermophila Cl GHéla polypeptide
sequence without the signal sequence:

(SEQ ID NO: 3)
HGHVSHIVVNGVYYRNYDPTTDWYQPNPPTVIGWTAADQDNGFVEPNSFG

TPDIICHKSATPGGGHATVAAGDKINIVWTPEWPESHIGPVIDYLAACNG

DCETVDKSSLRWFKIDGAGYDKAAGRWAADALRANGNSWLVQIPSDLKAG
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-continued
NYVLRHEI IALHGAQSPNGAQAYPQCINLRVTGGGSNLPSGVAGTSLYKA
TDPGILFNPYVSSPDYTVPGPALIAGAASSIAQSTSVATATGTATVPGGG
GANPTATTTAATSAAPSTTLRTTTTSAAQTTAPPSGDVQTKYGQCGGNGW
TGPTVCAPGSSCSVLNEWYSQCL
GH6la Variant 1 cDNA sequence:

(SEQ ID NO: 4)
ATGTCCAAGGCCTCTGCTCTCCTCGCTGGCCTGACGGGCGCGGCCCTCGT
CGCTGCACACGGCCACGTCAGCCACATCGTCGTCAACGGCGTCTACTACA
GGGGCTACGACCCCACGACAGACTGGTACCAGCCCAACCCGCCAACAGTC
ATCGGCTGGACGGCAGCCGATCAGGATAATGGCTTCGTTGAACCCAACAG
CTTTGGCACGCCAGATATCATCTGCCACAAGAGCGCCACCCCCGGCGGLG
GCCACGCTACCGTTGCTGCCGGAGACAAGATCAACATCGTCTGGACCCCC
GAGTGGCCCCACTCCCACATCGGCCCCGTCATTGACTACCTAGCCGCCTG
CAACGGTGACTGCGAGACCGTCGACAAGTCGTCGCTGCGCTGGTTCAAGA
TTGACGGCGCCGGCTACGACAAGGCCGCCGGCCGCTGGGCCGCCGACGLT
CTGCGCGCCAACGGCAACAGCTGGCTCGTCCAGATCCCGTCGGATCTCAA
GCCCGGCAACTACGTCCTCCGCCACGAGATCATCGCCCTCCACGGTGCTC
AGAGCCCCAACGGCGCCCAGGCGTACCCGCAGTGCATCAACCTCCGCGTC
ACCGGCGGCGGCAGCAACCTGCCCAGCGGCGTCGCCGGCACCTCGCTGTA
CAAGGCGACCGACCCGGGCATCCTCTTCAACCCCTACGTCTCCTCCCCGG
ATTACACCGTCCCCGGCCCGGCCCTCATTGCCGGCGCCGCCAGCTCGATC
GCCCAGAGCACGTCGGTCGCCACTGCCACCGGCACGGCCACCGTTCCCGG
CGGCGGCGGCGCCAACCCTACCGCCACCACCACCGCCGCCACCTCCGCCG
CCCCGAGCACCACCCTGAGGACGACCACTACCTCGGCCGCGCAGACTACC
GCCCCGCCCTCCGGCGATGTGCAGACCAAGTACGGCCAGTGTGGTGGCAA
CGGATGGACGGGCCCGACGGTGTGCGCCCCCGGCTCGAGCTGCTCCGTCC
TCAACGAGTGGTACTCCCAGTGTTTGTAA
GH6la Variant 1 polypeptide sequence:

(SEQ ID NO: 5)
MSKASALLAGLTGAALVAAHGHVSHIVVNGVYYRGYDPTTDWYQPNPPTV

IGWTAADQDNGFVEPNSFGTPDI ICHKSATPGGGHATVAAGDKINIVWTP
EWPHSHIGPVIDYLAACNGDCETVDKS SLRWFKIDGAGYDKAAGRWAADA
LRANGNSWLVQIPSDLKPGNYVLRHEI IALHGAQSPNGAQAYPQCINLRV
TGGGSNLPSGVAGTSLYKATDPGILFNPYVSSPDYTVPGPALIAGAASST
AQSTSVATATGTATVPGGGGANPTATTTAATSAAPSTTLRTTTTSAAQTT
APPSGDVQTKYGQCGGNGWTGPTVCAPGSSCSVLNEWY SQCL
GH6la Variant 1 polypeptide sequence
without the signal sequence:

(SEQ ID NO: 6)
HGHVSHIVVNGVYYRGYDPTTDWYQPNPPTVIGWTAADQDNGFVEPNSFG

TPDIICHKSATPGGGHATVAAGDKINIVWTPEWPHSHIGPVIDYLAACNG

DCETVDKSSLRWFKIDGAGYDKAAGRWAADALRANGNSWLVQIPSDLKPG
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-continued
NYVLRHEI IALHGAQSPNGAQAYPQC INLRVTGGGSNLPSGVAGTSLYKA

TDPGILFNPYVSSPDYTVPGPALIAGAASSIAQSTSVATATGTATVPGGG
GANPTATTTAATSAAPSTTLRTTTTSAAQTTAPPSGDVQTKYGQCGGNGW
TGPTVCAPGSSCSVLNEWYSQCL
GH6la Variant 5 cDNA sequence

(SEQ ID NO: 7)
ACACAAATGTCCAAGGCCTCTGCTCTCCTCGCTGGCCTGACGGGCGCGGC
CCTCGTCGCTGCACACGGCCACGTCAGCCACATCGTCGTCAACGGCGTCT
ACTACAGGAACTACGACCCCACGACAGACTGGTACCAGCCCAACCCGCCA
ACAGTCATCGGCTGGACGGCAGCCGATCAGGATAATGGCTTCGTTGAACC
CAACAGCTTTGGCACGCCAGATATCATCTGCCACAAGAGCGCCACCCCCG
GCGGCGGCCACGCTACCGTTGCTGCCGGAGACAAGATCAACATCGTATGG
ACCCCCGAGTGGCCCCACTCCCACATCGGCCCCGTCATTGACTACCTAGC
CGCCTGCAACGGTGACTGCGAGACCGTCGACAAGTCGTCGCTGCGCTGGT
TCAAGATTGACGGCGCCGGCTACGACAAGGCCGCCGGCCGCTGGGCCGLC
GACGCTCTGCGCGCCAACGGCAACAGCTGGCTCGTCCAGATCCCGTCGGA
TCTCGCGGCCGGCAACTACGTCCTCCGCCACGAGATCATCGCCCTCCACG
GTGCTCAGAGCCCCAACGGCGCCCAGGCGTACCCGCAGTGCATCAACCTC
CGCGTCACCGGCGGCGGCAGCAACCTGCCCAGCGGCGTCGCCGGCACCTC
GCTGTACAAGGCGACCGACCCGGGCATCCTCTTCAACCCCTACGTCTCCT
CCCCGGATTACACCGTCCCCGGCCCGGCCCTCATTGCCGGCGCCGCCAGT
TCGATCGCCCAGAGCACGTCGGTCGCCACTGCCACCGGCACGGCCACCGT
TCCCGGCGGCGGCGGCGCCAACCCTACCGCCACCACCACCGCCGCCACCT
CCGCCGCCCCGAGCACCACCCTGAGGACGACCACTACCTCGGCCGCGCAG
ACTACCGCCCCGCCCTCCGGCGATGTGCAGACCAAGTACGGCCAGTGTGG
TGGCAACGGATGGACGGGCCCGACGGTGTGCGCCCCCGGCTCGAGCTGCT
CCGTCCTCAACGAGTGGTACTCCCAGTGTTTGTAA
GH6la Variant 5 polypeptide sequence:

(SEQ ID NO: 8)
MSKASALLAGLTGAALVAAHGHVSHIVVNGVYYRNYDPTTDWYQPNPPTV

IGWTAADQDNGFVEPNSFGTPDI ICHKSATPGGGHATVAAGDKINIVWTP
EWPHSHIGPVIDYLAACNGDCETVDKSSLRWFKIDGAGYDKAAGRWAADA
LRANGNSWLVQIPSDLAAGNYVLRHEIIALHGAQSPNGAQAYPQCINLRV
TGGGSNLPSGVAGTSLYKATDPGILFNPYVSSPDYTVPGPALIAGAASST
AQSTSVATATGTATVPGGGGANPTATTTAATSAAPSTTLRTTTTSAAQTT
APPSGDVQTKYGQCGGNGWTGPTVCAPGSSCSVLNEWYSQCL
GH6la Variant 5 polypeptide sequence
without the signal sequence:

(SEQ ID NO: 9)
HGHVSHIVVNGVYYRNYDPTTDWYQPNPPTVIGWTAADQDNGFVEPNSFG
TPDIICHKSATPGGGHATVAAGDKINIVWTPEWPHSHIGPVIDYLAACNG

DCETVDKSSLRWFKIDGAGYDKAAGRWAADALRANGNSWLVQIPSDLAAG

NYVLRHEI IALHGAQSPNGAQAYPQCINLRVTGGGSNLPSGVAGTSLYKA
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-continued
TDPGILFNPYVSSPDYTVPGPALIAGAASSIAQSTSVATATGTATVPGGG
GANPTATTTAATSAAPSTTLRTTTTSAAQTTAPPSGDVQTKYGQCGGNGW
TGPTVCAPGSSCSVLNEWYSQCL
GH6la Variant 9 cDNA sequence:

(SEQ ID NO: 10)
ACAAACATGTCCAAGGCCTCTGCTCTCCTCGCTGGCCTGACGGGCGCGGC
CCTCGTCGCTGCACATGGCCACGTCAGCCACATCGTCGTCAACGGCGTCT
ACTACAGGAACTACGACCCCACGACAGACTGGTACCAGCCCAACCCGCCA
ACAGTCATCGGCTGGACGGCAGCCGATCAGGATAATGGCTTCGTTGAACC
CAACAGCTTTGGCACGCCAGATATCATCTGCCACAAGAGCGCCACCCCCG
GCGGCGGCCACGCTACCGTTGCTGCCGGAGACAAGATCAACATCCAGTGG
ACCCCCGAGTGGCCCGAATCCCACATCGGCCCCGTCATTGACTACCTAGC
CGCCTGCAACGGTGACTGCGAGACCGTCGACAAGTCGTCGCTGCGCTGGT
TCAAGATTGACGGCGCCGGCTACGACAAGGCCGCCGGCCGCTGGGCCGLC
GACGCTCTGCGCGCCAACGGCAACAGCTGGCTCGTCCAGATCCCGTCGGA
TCTCAAGGCCGGCAACTACGTCCTCCGCCACGAGATCATCGCCCTCCACG
GTGCTCAGAGCCCCAACGGCGCCCAGAACTACCCGCAGTGCATCAACCTC
CGCGTCACCGGCGGCGGCAGCAACCTGCCCAGCGGCGTCGCCGGCACCTC
GCTGTACAAGGCGACCGACCCGGGCATCCTCTTCAACCCCTACGTCTCCT
CCCCGGATTACACCGTCCCCGGCCCGGCCCTCATTGCCGGCGCCGCCAGT
TCGATCGCCCAGAGCACGTCGGTCGCCACTGCCACCGGCACGGCCACCGT
TCCCGGCGGCGGCGGCGCCAACCCTACCGCCACCACCACCGCCGCCACCT
CCGCCGCCCCGAGCACCACCCTGAGGACGACCACTACCTCGGCCGCGCAG
ACTACCGCCCCGCCCTCCGGCGATGTGCAGACCAAGTACGGCCAGTGTGG
TGGCAACGGATGGACGGGCCCGACGGTGTGCGCCCCCGGCTCGAGCTGCT
CCGTCCTCAACGAGTGGTACTCCCAGTGTTTGTAA
GH6la Variant 9 polypeptide sequence:

(SEQ ID NO: 11)
MSKASALLAGLTGAALVAAHGHVSHIVVNGVYYRNYDPTTDWYQPNPPTV

IGWTAADQDNGFVEPNSFGTPDI ICHKSATPGGGHATVAAGDKINIQWTP
EWPESHIGPVIDYLAACNGDCETVDKS SLRWFKIDGAGYDKAAGRWAADA
LRANGNSWLVQIPSDLKAGNYVLRHEI IALHGAQSPNGAQNYPQCINLRV
TGGGSNLPSGVAGTSLYKATDPGILFNPYVSSPDYTVPGPALIAGAASST
AQSTSVATATGTATVPGGGGANPTATTTAATSAAPSTTLRTTTTSAAQTT
APPSGDVQTKYGQCGGNGWTGPTVCAPGSSCSVLNEWY SQCL

GH6la Variant 9 polypeptide sequence

without the signal sequence:

(SEQ ID NO: 12)
MSKASALLAGLTGAALVAAHGHVSHIVVNGVYYRNYDPTTDWYQPNPPTV

IGWTAADQDNGFVEPNSFGTPDI ICHKSATPGGGHATVAAGDKINIQWTP

EWPESHIGPVIDYLAACNGDCETVDKS SLRWFKIDGAGYDKAAGRWAADA

LRANGNSWLVQIPSDLKAGNYVLRHEI IALHGAQSPNGAQNYPQCINLRV
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-continued
TGGGSNLPSGVAGTSLYKATDPGILENPYVSSPDYTVPGPALIAGAASS T

AQSTSVATATGTATVPGGGGANPTATTTAATSAAPSTTLRTTTTSAAQTT

APPSGDVQTKYGQCGGNGWTGPTVCAPGSSCSVLNEWYSQCL

[0307] The polynucleotide (SEQ ID NO:13) and amino
acid (SEQ ID NO:14) sequences of an M. thermophila
GHG61b are provided below. The signal sequence is shown
underlined in SEQ ID NO:14. SEQ ID NO:15 provides the
sequence of this GH61b without the signal sequence.

(SEQ ID NO: 13)
ATGAAGCTCTCCCTCTTTTCCGTCCTGGCCACTGCCCTCACCGTCGAGGG

GCATGCCATCTTCCAGAAGGTCTCCGTCAACGGAGCGGACCAGGGCTCCC
TCACCGGCCTCCGCGCTCCCAACAACAACAACCCCGTGCAGAATGTCAAC
AGCCAGGACATGATCTGCGGCCAGTCGGGATCGACGTCGAACACTATCAT
CGAGGTCAAGGCCGGCGATAGGATCGGTGCCTGGTATCAGCATGTCATCG
GCGGTGCCCAGTTCCCCAACGACCCAGACAACCCGATTGCCAAGTCGCAC
AAGGGCCCCGTCATGGCCTACCTCGCCAAGGTTGACAATGCCGCAACCGC
CAGCAAGACGGGCCTGAAGTGGTTCAAGATTTGGGAGGATACCTTTAATC
CCAGCACCAAGACCTGGGGTGTCGACAACCTCATCAACAACAACGGCTGG
GTGTACTTCAACCTCCCGCAGTGCATCGCCGACGGCAACTACCTCCTCCG
CGTCGAGGTCCTCGCTCTGCACTCGGCCTACTCCCAGGGCCAGGCTCAGT
TCTACCAGTCCTGCGCCCAGATCAACGTATCCGGCGGCGGCTCCTTCACG
CCGGCGTCGACTGTCAGCTTCCCGGGTGCCTACAGCGCCAGCGACCCCGG
TATCCTGATCAACATCTACGGCGCCACCGGCCAGCCCGACAACAACGGLCC
AGCCGTACACTGCCCCTGGGCCCGCGCCCATCTCCTGC

(SEQ ID NO: 14)
MKLSLFSVLATALTVEGHAIFQKVSVNGADQGSLTGLRAPNNNNPVQONVN

SQDMICGQSGSTSNTIIEVKAGDRIGAWYQHVIGGAQFPNDPDNPIAKSH
KGPVMAYLAKVDNAATASKTGLKWFKIWED TFNPSTKTWGVDNLINNNGW
VYFNLPQCIADGNYLLRVEVLALHSAYSQGQAQFYQSCAQINVSGGGSFT
PASTVSFPGAYSASDPGILINIYGATGQPDNNGQPYTAPGPAPISC

(SEQ ID NO: 15)
IFQKVSVNGADQGSLTGLRAPNNNNPVONVNSQDMICGQSGSTSNTIIEV

KAGDRIGAWYQHVIGGAQFPNDPDNPIAKSHKGPVMAYLAKVDNAATASK
TGLKWFKIWEDTFNPSTKTWGVDNLINNNGWVYFNLPQCIADGNYLLRVE
VLALHSAYSQGQAQFYQSCAQINVSGGGSFTPASTVSFPGAYSASDPGIL

INIYGATGQPDNNGQPYTAPGPAPISC

[0308] The polynucleotide (SEQ ID NO:16) and amino
acid (SEQ ID NO:17) sequences of an M. thermophila
GH61c are provided below. The signal sequence is shown
underlined in SEQ ID NO:17. SEQ ID NO:18 provides the
sequence of this GH61c without the signal sequence.
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(SEQ ID NO: 16)
ATGGCCCTCCAGCTCTTGGCGAGCTTGGCCCTCCTCTCAGTGCCGGCCCT

TGCCCACGGTGGCTTGGCCAACTACACCGTCGGTGATACTTGGTACAGAG
GCTACGACCCAAACCTGCCGCCGGAGACGCAGCTCAACCAGACCTGGATG
ATCCAGCGGCAATGGGCCACCATCGACCCCGTCTTCACCGTGTCGGAGCC
GTACCTGGCCTGCAACAACCCGGGCGCGCCGCCGCCCTCGTACATCCCCA
TCCGCGCCGGTGACAAGATCACGGCCGTGTACTGGTACTGGCTGCACGCC
ATCGGGCCCATGAGCGTCTGGCTCGCGCGGTGCGGCGACACGCCCGCGGT
CGACTGCCGCGACGTCGACGTCAACCGGGTCGGCTGGTTCAAGATCTGGG
AGGGCGGCCTGCTGGAGGGTCCCAACCTGGCCGAGGGGCTCTGGTACCAA
AAGGACTTCCAGCGCTGGGACGGCTCCCCGTCCCTCTGGCCCGTCACGAT
CCCCAAGGGGCTCAAGAGCGGGACCTACATCATCCGGCACGAGATCCTGT
CGCTTCACGTCGCCCTCAAGCCCCAGTTTTACCCGGAGTGTGCGCATCTG
AATATTACTGGGGGCGGAGACTTGCTGCCACCCGAAGAGACTCTGGTGCG
GTTTCCGGGGGTTTACAAAGAGGACGATCCCTCTATCTTCATCGATGTCT
ACTCGGAGGAGAACGCGAACCGGACAGATTATACGGTTCCGGGAGGGCCA
ATCTGGGAAGGG

(SEQ ID NO: 17)
MALQLLASLALLSVPALAHGGLANY TVGDTWYRGYDPNLPPETQLNQTWM

IQROQWATIDPVFTVSEPYLACNNPGAPPPSYIPIRAGDKITAVYWYWLHA
IGPMSVWLARCGDTPAADCRDVDVNRVGWFKIWEGGLLEGPNLAEGLWYQ
KDFQRWDGSPSLWPVTIPKGLKSGTYIIRHEILSLHVALKPQFYPECAHL
NITGGGDLLPPEETLVRFPGVYKEDDPSIFIDVYSEENANRTDYTVPGGP
IWEG

(SEQ ID NO: 18)
NYTVGDTWYRGYDPNLPPETQLNQTWMIQRQWAT IDPVFTVSEPYLACNN

PGAPPPSYIPIRAGDKI TAVYWYWLHAIGPMSVWLARCGDTPAADCRDVD
VNRVGWFK IWEGCGLLEGPNLAEGLWYQKDFQRWDGS PSLWPVTIPKGLKS
GTYIIRHEILSLHVALKPQFYPECAHLNITGGGDLLPPEETLVRFPGVYK
EDDPSIFIDVYSEENANRTDYTVPGGPIWEG

[0309] The polynucleotide (SEQ ID NO:19) and amino
acid (SEQ ID NO:20) sequences of an M. thermophila
GHG61d are provided below. The signal sequence is shown

underlined in SEQ ID NO:20. SEQ ID NO:21 provides the
sequence of this GH61d without the signal sequence.

(SEQ ID NO: 19)
ATGAAGGCCCTCTCTCTCCTTGCGGCTGCCGGGGCAGT CTCTGCGCATAC

CATCTTCGTCCAGCTCGAAGCAGACGGCACGAGGTACCCGGTTTCGTACG
GGATCCGGGACCCAACCTACGACGGCCCCATCACCGACGTCACATCCAAC
GACGTTGCTTGCAACGGCGGTCCGAACCCGACGACCCCCTCCAGCGACGT
CATCACCGTCACCGCGGGCACCACCGTCAAGGCCATCTGGAGGCACACCC

TCCAATCCGGCCCGGACGATGTCATGGACGCCAGCCACAAGGGCCCGACC
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CTGGCCTACATCARAGAAGGTCGGCGATGCCACCAAGGACTCGGGCGTCGG
CGGTGGCTGGTTCAAGATCCAGGAGGACGGTTACAACAACGGCCAGTGGG
GCACCAGCACCGTTATCTCCAACGGCGGCGAGCACTACATTGACATCCCGE
GCCTGCATCCCCGAGGGTCAGTACCTCCTCCGCGCCGAGATGATCGCCCT
CCACGCGGCCGEGTCCCCCGGCEECGCT CAGCTCTACATGGAATGTGCCC
AGATCAACATCGTCGGCGGCT CCGECTCGETGCCCAGCTCGACGGTCAGE
TTCCCCGGCGCETATAGCCCCAACGACCCGGGTCTCCTCATCAACATCTA
TTCCATGTCGCCCTCGAGCTCGTACACCATCCCGGGCCCGCCCETTTTCA
AGTGC

(SEQ ID NO: 20)
MKALSLLAAAGAVSAHTIFVQLEADGTRYPVSYGIRDPTYDGPITDVTSN

DVACNGGPNPTTPSSDVITVTAGTTVKAIWRHTLQSGPDDVMDASHKGPT
LAYIKKVGDATKDSGVGGGWFKIQEDGYNNGOWGTSTVISNGGEHYIDIP
ACIPEGQYLLRAEMIALHAAGSPGGAQLYMECAQINIVGGSGSVPSSTVS
FPGAYSPNDPGLLINIYSMSPSSSYTIPGPPVFKC

(SEQ ID NO: 21)
HTIFVQLEADGTRYPVSYGIRDPTYDGPITDVTSNDVACNGGPNPTTPSS

DVITVTAGTTVKAIWRHTLQSGPDDVMDASHKGPTLAYIKKVGDATKDSG
VGGGWFKIQEDGYNNGOWGTS TV ISNGGEHYIDIPACIPEGQYLLRAEMI
ALHAAGSPGGAQLYMECAQINIVGGSGSVPSSTVSFPGAYSPNDPGLLIN
IYSMSPSSSYTIPGPPVFKC

[0310] The polynucleotide (SEQ ID NO:22) and amino
acid (SEQ ID NO:23) sequences of an M. thermophila
GH61le are provided below. The signal sequence is shown

underlined in SEQ ID NO:23. SEQ ID NO:24 provides the
sequence of this GH61d without the signal sequence.

(SEQ ID NO: 22)
ATGAAGTCGTCTACCCCGGCCTTGTTCGCCGCTGGGCTCCTTGCTCAGCA

TGCTGCGGCCCACTCCATCTTCCAGCAGGCGAGCAGCGGCTCGACCGACT
TTGATACGCTGTGCACCCGGATGCCGCCCAACAATAGCCCCGTCACTAGT
GTGACCAGCGGCGACATGACCTGCAAAGTCGGCGGCACCAAGGGGGTGTC
CGGCTTCTGCGAGGTGAACGCCGGCGACGAGTTCACGGTTGAGATGCACG
CGCAGCCCGGCGACCGCTCGTGCGCCAACGAGGCCATCGGCGGGAACCALC
TTCGGCCCGGTCCTCATCTACATGAGCAAGGTCGACGACGCCTCCACCGL
CGACGGGTCCGGCGACTGGTTCAAGGTGGACGAGTTCGGCTACGACGCAA
GCACCAAGACCTGGGGCACCGACAAGCTCAACGAGAACTGCGGCAAGCGC
ACCTTCAACATCCCCAGCCACATCCCCGCGGGCGACTATCTCGTCCGGGC
CGAGGCTATCGCGCTACACACTGCCAACCAGCCAGGCGGCGCGCAGTTCT
ACATGAGCTGCTATCAAGTCAGGATTTCCGGCGGCGAAGGGGGCCAGCTG
CCTGCCGGAGTCAAGATCCCGGGCGCGTACAGTGCCAACGACCCCGGCAT

CCTTGTCGACATCTGGGGTAACGATTTCAACGACCCTCCAGGACACTCGG
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CCCGTCACGCCATCATCATCATCAGCAGCAGCAGCAACAACAGCGGCGLCC
AAGATGACCAAGAAGATCCAGGAGCCCACCATCACATCGGTCACGGACCT
CCCCACCGACGAGGCCAAGTGGATCGCGCTCCAAAAGATCTCGTACGTGG
ACCAGACGGGCACGGCGCGGACATACGAGCCGGCGTCGCGCAAGACGCGG
TCGCCAAGAGTCTAG

(SEQ ID NO: 23)
MKSSTPALFAAGLLAQHAAAHSIFQQASSGSTDFDTLCTRMPPNNSPVTS

VTSGDMTCKVGGTKGVSGFCEVNAGDEFTVEMHAQPGDRS CANEATGGNH
FGPVLIYMSKVDDASTADGSGDWFKVDEFGYDASTKTWGTDKLNENCGKR
TFNIPSHIPAGDYLVRAEAIALHTANQPGGAQFYMSCYQVRISGGEGGQL
PAGVKIPGAYSANDPGILVDIWGNDFNDPPGHSARHAITIIISSSSNNSGA
KMTKKIQEPTITSVTDLPTDEAKWIALQKISYVDQTGTARTYEPASRKTR
SPRV

(SEQ ID NO: 24)
HSIFQQASSGSTDFDTLCTRMPPNNSPVTSVTSGDMTCKVGGTKGVSGFC

EVNAGDEFTVEMHAQPGDRSCANEAIGGNHFGPVLIYMSKVDDASTADGS
GDWFKVDEFGYDASTKTWGTDKLNENCGKRTFNIPSHIPAGDYLVRAEAT
ALHTANQPGGAQFYMSCYQVRISGGEGGQLPAGVKIPGAYSANDPGILVD
IWGNDFNDPPGHSARHAIIIISSSSNNSGAKMTKKIQEPTITSVTDLPTD

EAKWIALQKISYVDQTGTARTYEPASRKTRSPRV

[0311] The polynucleotide (SEQ ID NO:25) and amino
acid (SEQ ID NO:26) sequences of an alternative M. ther-
mophila GH61e are provided below. The signal sequence is
shown underlined in SEQ ID NO:26. SEQ ID NO:27
provides the sequence of this GH6le without the signal
sequence.

(SEQ ID NO: 25)
ATGAAGTCGTCTACCCCGGCCTTGTTCGCCGCTGGGCTCCTTGCTCAGCA

TGCTGCGGCCCACTCCATCTTCCAGCAGGCGAGCAGCGGCTCGACCGACT
TTGATACGCTGTGCACCCGGATGCCGCCCAACAATAGCCCCGTCACTAGT
GTGACCAGCGGCGACATGACCTGCAACGTCGGCGGCACCAAGGGGGTGTC
GGGCTTCTGCGAGGTGAACGCCGGCGACGAGTTCACGGTTGAGATGCACG
CGCAGCCCGGCGACCGCTCGTGCGCCAACGAGGCCATCGGCGGGAACCALC
TTCGGCCCGGTCCTCATCTACATGAGCAAGGTCGACGACGCCTCCACTGC
CGACGGGTCCGGCGACTGGTTCAAGGTGGACGAGTTCGGCTACGACGCAA
GCACCAAGACCTGGGGCACCGACAAGCTCAACGAGAACTGCGGCAAGCGC
ACCTTCAACATCCCCAGCCACATCCCCGCGGGCGACTATCTCGTCCGGGC
CGAGGCTATCGCGCTACACACTGCCAACCAGCCAGGCGGCGCGCAGTTCT

ACATGAGCTGCTATCAAGTCAGGATTTCCGGCGGCGAAGGGGGCCAGCTG
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CCTGCCGGAGTCAAGATCCCGGGCGCGTACAGTGCCAACGACCCCGGCAT
CCTTGTCGACATCTGGGGTAACGATTTCAACGAGTACGTTATTCCGGGCC
CCCCGGTCATCGACAGCAGCTACTTC

(SEQ ID NO: 26)
MKSSTPALFAAGLLAQHAAAHSIFQQASSGSTDFDTLCTRMPPNNSPVTS

VTSGDMTCNVGGTKGVSGFCEVNAGDEF TVEMHAQPGDRSCANEATIGGNH
FGPVLIYMSKVDDAS TADGSGDWFKVDEFGYDAS TKTWGTDKLNENCGKR
TFNIPSHIPAGDYLVRAEAIALHTANQPGGAQFYMSCYQVRISGGEGGQL
PAGVKIPGAYSANDPGILVDIWGNDFNEYVIPGPPVIDSSYF

(SEQ ID NO: 27)
HSIFQQASSGSTDFDTLCTRMPPNNSPVTSVTSGDMTCNVGGTKGVSGFC

EVNAGDEFTVEMHAQPGDRSCANEAI GGNHFGPVLI YMSKVDDASTADGS
GDWFKVDEFGYDASTKTWGTDKLNENCGKRTFNIPSHIPAGDYLVRAEAT
ALHTANQPGGAQFYMSCYQVRISGGEGGQLPAGVKI PGAYSANDPGILVD
IWGNDFNEYVIPGPPVIDSSYF

[0312] The polynucleotide (SEQ ID NO:28) and amino
acid (SEQ ID NO:29) sequences of a M. thermophila GH61f
are provided below. The signal sequence is shown under-

lined in SEQ ID NO:29. SEQ ID NO:30 provides the
sequence of this GH61f without the signal sequence.

(SEQ ID NO: 28)
ATGAAGTCCTTCACCCTCACCACTCTGGCCGCCCTGGCTGGCAACGCCGC

CGCTCACGCGACCTTCCAGGCCCTCTGGGTCGACGGCGTCGACTACGGCG
CGCAGTGTGCCCGTCTGCCCGCGTCCAACTCGCCGGTCACCGACGTGACC
TCCAACGCGATCCGCTGCAACGCCAACCCCTCGCCCGCTCGGGGCAAGTG
CCCGGTCAAGGCCGGCTCGACCGTTACGGTCGAGATGCATCAGCAACCCG
GTGACCGCTCGTGCAGCAGCGAGGCGATCGGCGGGGCGCACTACGGCCCC
GTGATGGTGTACATGTCCAAGGTGTCGGACGCGGCGTCGGCGGACGGGTC
GTCGGGCTGGTTCAAGGTGTTCGAGGACGGCTGGGCCAAGAACCCGTCCG
GCGGGTCGGGCGACGACGACTACTGGGGCACCAAGGACCTGAACTCGTGC
TGCGGGAAGATGAACGTCAAGATCCCCGCCGACCTGCCCTCGGGCGACTA
CCTGCTCCGGGCCGAGGCCCTCGCGCTGCACACGGCCGGCAGCGLCGGGLG
GCGCCCAGTTCTACATGACCTGCTACCAGCTCACCGTGACCGGCTCCGGC
AGCGCCAGCCCGCCCACCGTCTCCTTCCCGGGCGCCTACAAGGCCACCGA
CCCGGGCATCCTCGTCAACATCCACGCCCCGCTGTCCGGCTACACCGTGC
CCGGCCCGGCCGTCTACTCGGGCGGCTCCACCAAGAAGGCCGGCAGCGLTC
TGCACCGGCTGCGAGTCCACTTGCGCCGTCGGCTCCGGCCCCACCGCCALC
CGTCTCCCAGTCGCCCGGTTCCACCGCCACCTCGGCCCCCGGCGGLGGLG
GCGGCTGCACCGTCCAGAAGTACCAGCAGTGCGGCGGCCAGGGCTACACC
GGCTGCACCAACTGCGCGTCCGGCTCCACCTGCAGCGCGGTCTCGCCGCC

CTACTACTCGCAGTGCGTC
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(SEQ ID NO: 29)
MKSFTLTTLAALAGNAAAHATFQALWVDGVDYGAQCARLPASNSPVTDVT

SNAIRCNANPSPARGKCPVKAGS TVTVEMHQQPGDRSCSSEAIGGAHYGP
VMVYMSKVSDAASADGS SGWFKVFEDGWAKNPSGGSGDDDYWGTKDLNSC
CGKMNVKIPADLPSGDYLLRAEALALHTAGSAGGAQFYMTCYQLTVTGSG
SASPPTVSFPGAYKATDPGILVNIHAPLSGYTVPGPAVYSGGSTKKAGSA
CTGCESTCAVGSGPTATVSQSPGSTATSAPGGGGGCTVQKYQQCGGQGYT
GCTNCASGSTCSAVSPPYYSQCV

(SEQ ID NO: 30)
HATFQALWVDGVDYGAQCARLPASNSPVTDVTSNAIRCNANPSPARGKCP

VKAGSTVTVEMHQQPGDRS CSSEATGGAHY GPVMVYMSKVSDAASADGS S
GWFKVFEDGWAKNP SGGSGDDDYWGTKDLNSCCGKMNVKI PADLPSGDYL
LRAEALALHTAGSAGGAQFYMTCYQLTVTGSGSASPPTVSFPGAYKATDP
GILVNIHAPLSGYTVPGPAVYSGGSTKKAGSACTGCES TCAVGSGPTATV
SQSPGSTATSAPGGGGECTVQKYQQCGEQGYTGC TNCASGSTCSAVS PPY
YsQev

[0313] The polynucleotide (SEQ ID NO:31) and amino
acid (SEQ ID NO:32) sequences of an M. thermophila
GH61g are provided below. The signal sequence is shown

underlined in SEQ ID NO:32. SEQ ID NO:33 provides the
sequence of this GH61g without the signal sequence.

(SEQ ID NO: 31)
ATGAAGGGACTCCTCGGCGCCGCCGCCCTCTCGCTGGCCGTCAGCGATGT

CTCGGCCCACTACATCTTTCAGCAGCTGACGACGGGCGGCGTCAAGCACG
CTGTGTACCAGTACATCCGCAAGAACACCAACTATAACTCGCCCGTGACC
GATCTGACGTCCAACGACCTCCGCTGCAATGTGGGTGCTACCGGTGCGGG
CACCGATACCGTCACGGTGCGCGCCGGCGATTCGTTCACCTTCACGACCG
ATACGCCCGTTTACCACCAGGGCCCGACCTCGATCTACATGTCCAAGGCC
CCCGGCAGCGCGTCCGACTACGACGGCAGCGGCGGCTGGTTCAAGATCAA
GGACTGGGCTGACTACACCGCCACGATTCCGGAATGTATTCCCCCCGGCG
ACTACCTGCTTCGCATCCAGCAACTCGGCATCCACAACCCTTGGCCCGCG
GGCATCCCCCAGTTCTACATCTCTTGTGCCCAGATCACCGTGACTGGTGG
CGGCAGTGCCAACCCCGGCCCGACCGTCTCCATCCCAGGCGCCTTCAAGG
AGACCGACCCGGGCTACACTGTCAACATCTACAACAACTTCCACAACTAC
ACCGTCCCTGGCCCAGCCGTCTTCACCTGCAACGGTAGCGGCGGCAACAA
CGGCGGCGGCTCCAACCCAGTCACCACCACCACCACCACCACCACCAGGT
CGTCCACCAGCACCGCCCAGTCCCAGCCGTCGTCGAGCCCGACCAGCCCC
TCCAGCTGCACCGTCGCGAAGTGGGGCCAGTGCGGAGGACAGGGTTACAG
CGGCTGCACCGTGTGCGCGGCCGGGTCGACCTGCCAGAAGACCAACGACT

ACTACAGCCAGTGCTTGTAG

Jun. &, 2017

-continued

(SEQ ID NO: 32)
MKGLLGAAALSLAVSDVSAHY IFQOLTTGGVKHAVYQYIRKNTNYNSPVT

DLTSNDLRCNVGATGAGTDTVTVRAGDSFTFTTDTPVYHQGPTSIYMSKA
PGSASDYDGSGGWFKIKDWADYTATIPECIPPGDYLLRIQQLGIHNPWPA
GIPQFYISCAQITVTGGGSANPGPTVSIPGAFKETDPGY TVNIYNNFHNY
TVPGPAVFTCNGSGGNNGGGSNPVTTTTTTTTRPSTSTAQSQPSSSPTSP
SSCTVAKWGQCGGQGYSGCTVCAAGSTCQKTNDYYSQCL

(SEQ ID NO: 33)
HYIFQQLTTGGVKHAVYQYIRKNTNYNSPVTDLTSNDLRCNVGATGAGTD

TVTVRAGDSFTFTTDTPVYHQGPTSIYMSKAPGSASDYDGSGGWFKIKDW

ADYTATIPECIPPGDYLLRIQQLGIHNPWPAGIPQFYISCAQITVTGGGS

ANPGPTVSIPGAFKETDPGYTVNIYNNFHNYTVPGPAVEF TCNGSGGNNGG
GSNPVTTTTTTTTRPSTSTAQSQPSSSPTSPSSCTVAKWGQCGGQGYSGC

TVCAAGSTCQKTNDYYSQCL

[0314] The polynucleotide (SEQ ID NO:34) and amino
acid (SEQ ID NO:35) sequences of an alternative M. ther-
mophila GH61g are provided below. The signal sequence is
shown underlined in SEQ ID NO:35. SEQ ID NO:36
provides the sequence of this GH61g without the signal
sequence.

(SEQ ID NO: 34)
CTGACGACGGGCGGCGTCAAGCACGCTGTGTACCAGTACATCCGCAAGAA

CACCAACTATAACTCGCCCGTGACCGATCTGACGTCCAACGACCTCCGCT
GCAATGTGGGTGCTACCGGTGCGGGCACCGATACCGTCACGGTGCGCGCC
GGCGATTCGTTCACCTTCACGACCGATACGCCCGTTTACCACCAGGGCCC
GACCTCGATCTACATGTCCAAGGCCCCCGGCAGCGCGTCCGACTACGACG
GCAGCGGCGGCTGGTTCAAGATCAAGGACTGGGGTGCCGACTTTAGCAGC
GGCCAGGCCACCTGGACCTTGGCGTCTGACTACACCGCCACGATTCCGGA
ATGTATTCCCCCCGGCGACTACCTGCTTCGCATCCAGCAACTCGGCATCC
ACAACCCTTGGCCCGCGGGCATCCCCCAGTTCTACATCTCTTGTGCCCAG
ATCACCGTGACTGGTGGCGGCAGTGCCAACCCCGGCCCGACCGTCTCCAT
CCCAGGCGCCTTCAAGGAGACCGACCCGGGCTACACTGTCAACATCTACA
ACAACTTCCACAACTACACCGTCCCTGGCCCAGCCGTCTTCACCTGCAAC
GGTAGCGGCGGCAACAACGGCGGCGGCTCCAACCCAGTCACCACCACCAC
CACCACCACCACCAGGCCGTCCACCAGCACCGCCCAGTCCCAGCCGTCGT
CGAGCCCGACCAGCCCCTCCAGCTGCACCGTCGCGAAGTGGGGCCAGTGC
GGAGGACAGGGTTACAGCGGCTGCACCGTGTGCGCGGCCGGGTCGACCTG
CCAGAAGACCAACGACTACTACAGCCAGTGCTTG

(SEQ ID NO: 35)
MKGLLGAAALSLAVSDVSAHY IFQOLTTGGVKHAVYQYIRKNTNYNSPVT

DLTSNDLRCNVGATGAGTDTVTVRAGDSFTFTTDTPVYHQGPTSIYMSKA

PGSASDYDGSGGWFKIKDWGADFSSGQATWTLASDY TATIPECIPPGDYL
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LRIQQLGIHNPWPAGIPQFYISCAQITVTGGGSANPGPTVS IPGAFKETD
PGYTVNIYNNFHNY TVPGPAVFTCNGSGGNNGGGSNPYTTTTTTTTRPST
STAQSQPSSSPTSPSSCTVAKWGQCGGQGY SGCTVCARGS TCQKTNDYYS
QcL

(SEQ ID NO: 36)
HYIFQQLTTGGVKHAVYQYIRKNTNYNSPVTDLT SNDLRCNVGATGAGTD

TVTVRAGDSFTFTTDTPVYHQGPTSIYMSKAPGSASDYDGSGGWFKIKDW

GADFSSGQATWTLASDYTATIPECIPPGDYLLRIQQLGIHNPWPAGIPQF

YISCAQITVTGGGSANPGPTVSIPGAFKETDPGY TVNIYNNFHNY TVPGP
AVFTCNGSGGNNGGGSNPVTTTTTTTTRPSTSTAQSQPSSSPTSPSSCTV

AKWGQCGGQGYSGCTVCAAGSTCQKTNDYYSQCL

[0315] The polynucleotide (SEQ ID NO:37) and amino
acid (SEQ ID NO:38) sequences of an M. thermophila
GHG61h are provided below. The signal sequence is shown
underlined in SEQ ID NO:38. SEQ ID NO:39 provides the
sequence of this GH61h without the signal sequence.

(SEQ ID NO: 37)
ATGTCTTCCTTCACCTCCAAGGGTCTCCTTTCCGCCCTCATGGGCGCGGC

AACGGTTGCCGCCCACGGTCACGTCACCAACATCGTCATCAACGGCGTCT
CATACCAGAACTTCGACCCATTCACGCACCCTTATATGCAGAACCCTCCG
ACGGTTGTCGGCTGGACCGCGAGCAACACGGACAACGGCTTCGTCGGCCC
CGAGTCCTTCTCTAGCCCGGACATCATCTGCCACAAGTCCGCCACCAACG
CTGGCGGCCATGCCGTCGTCGCGGCCGGCGATAAGGTCTTCATCCAGTGG
GACACCTGGCCCGAGTCGCACCACGGTCCGGTCATCGACTATCTCGCCGA
CTGCGGCGACGCGGGCTGCGAGAAGGT CGACAAGACCACGCTCAAGTTCT
TCAAGATCAGCGAGTCCGGCCTGCTCGACGGCACTAACGCCCCCGGCAAG
TGGGCGTCCGACACGCTGATCGCCAACAACAACTCGTGGCTGGTCCAGAT
CCCGCCCAACATCGCCCCGGGCAACTACGTCCTGCGCCACGAGATCATCG
CCCTGCACAGCGCCGGCCAGCAGAACGGCGCCCAGAACTACCCTCAGTGC
TTCAACCTGCAGGTCACCGGCTCCGGCACTCAGAAGCCCTCCGGCGTCCT
CGGCACCGAGCTCTACAAGGCCACCGACGCCGGCATCCTGGCCAACATCT
ACACCTCGCCCGTCACCTACCAGATCCCCGGCCCGGCCATCATCTCGGGC
GCCTCCGCCGTCCAGCAGACCACCTCGGCCATCACCGCCTCTGCTAGCGC
CATCACCGGCTCCGCTACCGCCGCGCCCACGGCTGCCACCACCACCGCCG
CCGCCGCCGCCACCACTACCACCACCGCTGGCTCCGGTGCTACCGCCACG
CCCTCGACCGGCGGCTCTCCTTCTTCCGCCCAGCCTGCTCCTACCACCGL
TGCCGCTACCTCCAGCCCTGCTCGCCCGACCCGCTGCGCTGGTCTGAAGA
AGCGCCGTCGCCACGCCCGTGACGTCAAGGTTGCCCTC

(SEQ ID NO: 38)
MSSFTSKGLLSALMGAATVAAHGHVTNIVINGVS YQNFDPFTHPYMQNPP

TVVGWTASNTDNGFVGPESFSSPDIICHKSATNAGGHAVVAAGDKVFIQW
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DTWPESHHGPVIDYLADCGDAGCEKVDKTTLKFFKI SESGLLDGTNAPGK
WASDTLIANNNSWLVQIPPNIAPGNYVLRHEI IALHSAGQQONGAQNYPQC
FNLQVTGSGTQKPSGVLGTELYKATDAGILANIYTSPVTYQIPGPAIISG
ASAVQOTTSAITASASAITGSATAAPTAATTTAAAAATTTTTAGSGATAT
PSTGGSPS SAQPAPTTAAATS SPARPTRCAGLKKRRRHARDVKVAL

(SEQ ID NO: 39)
AHGHVTNIVINGVSYQNFDPFTHPYMONPPTVVGWTASNTDNGFVGPESF

SSPDIICHKSATNAGGHAVVAAGDKVFIQWDTWPESHHGPVIDYLADCGD
AGCEKVDKTTLKFFKISESGLLDGTNAPGKWASDTLIANNNSWLVQIPPN
IAPGNYVLRHEIIALHSAGQONGAQNYPQCFNLQVTGSGTQKPSGVLGTE
LYKATDAGILANIYTSPVTYQIPGPAIISGASAVQQOTTSAITASASAITG
SATAAPTAATTTAAAAATTTTTAGSGATATPSTGGSPSSAQPAPTTAAAT

SSPARPTRCAGLKKRRRHARDVKVAL

[0316] The polynucleotide (SEQ ID NO:40) and amino
acid (SEQ ID NO:41) sequences of an M. thermophila
GHG61i are provided below. The signal sequence is shown
underlined in SEQ ID NO:41. SEQ ID NO:42 provides the
sequence of this GH61i without the signal sequence.

(SEQ ID NO: 40)
ATGAAGACGCTCGCCGCCCTCGTGGTCTCGGCCGCCCTCGTGGCCGCGCA

CGGCTATGTTGACCACGCCACGATCGGTGGCAAGGATTATCAGTTCTACC
AGCCGTACCAGGACCCTTACATGGGCGACAACAAGCCCGATAGGGTTTCC
CGCTCCATCCCGGGCAACGGCCCCGTGGAGGACGTCAACTCCATCGACCT
CCAGTGCCACGCCGGTGCCGAACCGGCCAAGCTCCACGCCCCCGLCGCCG
CCGGCTCGACCGTGACGCTCTACTGGACCCTCTGGCCCGACTCCCACGTC
GGCCCCGTCATCACCTACATGGCTCGCTGCCCCGACACCGGCTGCCAGGA
CTGGTCCCCGGGAACTAAGCCCGTTTGGTTCAAGATCAAGGAAGGCGGCC
GTGAGGGCACCTCCAATACCCCGCTCATGACGGCCCCCTCCGCCTACACC
TACACGATCCCGTCCTGCCTCAAGAGCGGCTACTACCTCGTCCGCCACGA
GATCATCGCCCTGCACTCGGCCTGGCAGTACCCCGGCGCCCAGTTCTACC
CGGGCTGCCACCAGCTCCAGGTCACCGGCGGCGGCTCCACCGTGCCCTCT
ACCAACCTGGTCTCCTTCCCCGGCGCCTACAAGGGGAGCGACCCCGGCAT
CACCTACGACGCTTACAAGGCGCAACCTTACACCATCCCTGGCCCGGCCG
TGTTTACCTGCTGA

(SEQ ID NO: 41)
MKTLAALVVSAALVAAHGYVDHATIGGKDYQFYQPYQDPYMGDNKPDRVS

RSIPGNGPVEDVNSIDLQCHAGAEPAKLHAPAAAGS TVTLYWTLWPDSHV

GPVITYMARCPDTGCQDWSPGTKPVWFKIKEGGREGTSNTPLMTAPSAYT

YTIPSCLKSGYYLVRHEITALHSAWQYPGAQFYPGCHQLQVTGGGSTVPS

TNLVSFPGAYKGSDPGITYDAYKAQPYTIPGPAVFTC
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(SEQ ID NO: 42)
YVDHATIGGKDYQFYQPYQDPYMGDNKPDRVSRSIPGNGPVEDVNSIDLQ

CHAGAEPAKLHAPAAAGSTVTLYWTLWPDSHVGPVITYMARCPDTGCQDW
SPGTKPVWFKIKEGGREGTSNTPLMTAPSAYTYTIPSCLKSGYYLVRHEI
JTALHSAWQYPGAQFYPGCHQLQVTGGGSTVPSTNLVSFPGAYKGSDPGIT

YDAYKAQPYTIPGPAVFETC

[0317] The polynucleotide (SEQ ID NO:43) and amino
acid (SEQ ID NO:44) sequences of an alternative M. ther-
mophila GH611 are provided below. The signal sequence is
shown underlined in SEQ ID NO:44. SEQ ID NO:45
provides the sequence of this GH61i without the signal
sequence.

(SEQ ID NO: 43)
ATGAAGACGCTCGCCGCCCTCGTGGTCTCGGCCGCCCTCGTGGCCGCGCA

CGGCTATGTTGACCACGCCACGATCGGTGGCAAGGATTATCAGTTCTACC
AGCCGTACCAGGACCCTTACATGGGCGACAACAAGCCCGATAGGGTTTCC
CGCTCCATCCCGGGCAACGGCCCCGTGGAGGACGTCAACTCCATCGACCT
CCAGTGCCACGCCGGTGCCGAACCGGCCAAGCTCCACGCCCCCGLCGCCG
CCGGCTCGACCGTGACGCTCTACTGGACCCTCTGGCCCGACTCCCACGTC
GGCCCCGTCATCACCTACATGGCTCGCTGCCCCGACACCGGCTGCCAGGA
CTGGTCCCCGGGAACTAAGCCCGTTTGGTTCAAGATCAAGGAAGGCGGCC
GTGAGGGCACCTCCAATGTCTGGGCTGCTACCCCGCTCATGACGGCCCCC
TCCGCCTACACCTACACGATCCCGTCCTGCCTCAAGAGCGGCTACTACCT
CGTCCGCCACGAGATCATCGCCCTGCACTCGGCCTGGCAGTACCCCGGCG
CCCAGTTCTACCCGGGCTGCCACCAGCTCCAGGTCACCGGCGGCGGCTCC
ACCGTGCCCTCTACCAACCTGGTCTCCTTCCCCGGCGCCTACAAGGGGAG
CGACCCCGGCATCACCTACGACGCTTACAAGGCGCAACCTTACACCATCC
CTGGCCCGGCCGTGTTTACCTGC

(SEQ ID NO: 44)
MKTLAALVVSAALVAAHGYVDHATIGGKDYQFYQPYQDPYMGDNKPDRVS

RSIPGNGPVEDVNSIDLQCHAGAEPAKLHAPAAAGSTVTLYWTLWPDSHV
GPVITYMARCPDTGCQDWSPGTKPVWFKIKEGGREGTSNVWAATPLMTAP
SAYTYTIPSCLKSGYYLVRHEIIALHSAWQYPGAQFYPGCHQLQVTGGGS
TVPSTNLVSFPGAYKGSDPGITYDAYKAQPYTIPGPAVFTC

(SEQ ID NO: 45)
YVDHATIGGKDYQFYQPYQDPYMGDNKPDRVSRSIPGNGPVEDVNSIDLQ

CHAGAEPAKLHAPAAAGSTVTLYWTLWPDSHVGPVITYMARCPDTGCQODW
SPGTKPVWFKIKEGGREGTSNVWAATPLMTAPSAYTYTIPSCLKSGYYLV
RHET TALHSAWQYPGAQFYPGCHQLOVTGGGS TVPS TNLVSFPGAYKGSD
PGITYDAYKAQPYTIPGPAVFTC

[0318] The polynucleotide (SEQ ID NO:46) and amino

acid (SEQ ID NO:47) sequences of an M. thermophila
GHG61j are provided below. The signal sequence is shown
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underlined in SEQ ID NO:47. SEQ ID NO:48 provides the
sequence of this GH61j without the signal sequence.

(SEQ ID NO: 46)
ATGAGATACTTCCTCCAGCTCGCTGCGGCCGCGGCCTTTGCCGTGAACAG

CGCGGCGGGTCACTACATCTTCCAGCAGTTCGCGACGGGCGGGTCCAAGT
ACCCGCCCTGGAAGTACATCCGGCGCAACACCAACCCGGACTGGCTGCAG
AACGGGCCGGTGACGGACCTGTCGTCGACCGACCTGCGCTGCAACGTGGG
CGGGCAGGTCAGCAACGGGACCGAGACCATCACCTTGAACGCCGGCGACG
AGTTCAGCTTCATCCTCGACACGCCCGTCTACCATGCCGGCCCCACCTCG
CTCTACATGTCCAAGGCGCCCGGAGCTGTGGCCGACTACGACGGCGGCGG
GGCCTGGTTCAAGATCTACGACTGGGGTCCGTCGGGGACGAGCTGGACGT
TGAGTGGCACGTACACTCAGAGAATTCCCAAGTGCATCCCTGACGGCGAG
TACCTCCTCCGCATCCAGCAGATCGGGCTCCACAACCCCGGCGCCGLCGLT
ACAGTTCTACATCAGCTGCGCTCAAGTCAAGGTCGTCGATGGCGGCAGCA
CCAATCCGACCCCGACCGCCCAGATTCCGGGAGCCTTCCACAGCAACGAC
CCTGGCTTGACTGTCAATATCTACAACGACCCTCTCACCAACTACGTCGT
CCCGGGACCTAGAGTTTCGCACTGG

(SEQ ID NO: 47)
MRYFLQLAAAAAFAVNSAAGHYIFQQFATGGSKYPPWKY IRRNTNPDWLQ

NGPVTDLSSTDLRCNVGGQVSNGTETITLNAGDEFSFILDTPVYHAGPTS
LYMSKAPGAVADYDGGGAWFKIYDWGPSGTSWTLSGTYTQRIPKCIPDGE
YLLRIQQIGLHNPGAAPQFYISCAQVKVVDGGSTNPTPTAQIPGAFHSND
PGLTVNIYNDPLTNYVVPGPRVSHW

(SEQ ID NO: 48)
HYIFQQFATGGSKYPPWKYIRRNTNPDWLONGPVTDLSSTDLRCNVGGQV

SNGTETITLNAGDEFSFILDTPVYHAGPTSLYMSKAPGAVADYDGGGAWFE
KIYDWGPSGTSWTLSGTYTQRIPKCIPDGEYLLRIQQIGLHNPGAAPQFY
ISCAQVKVVDGGSTNPTPTAQIPGAFHSNDPGLTVNIYNDPLTNYVVPGP
RVSHW

[0319] The polynucleotide (SEQ ID NO:49) and amino
acid (SEQ ID NO:50) sequences of an M. thermophila
GHG61k are provided below. The signal sequence is shown
underlined in SEQ ID NO:50. SEQ ID NO:51 provides the
sequence of this GH61k without the signal sequence.

(SEQ ID NO: 49)
ATGCACCCCTCCCTTCTTTTCACGCTTGGGCTGGCGAGCGTGCTTGTCCC

CCTCTCGTCTGCACACACTACCTTCACGACCCTCTTCGTCAACGATGTCA
ACCAAGGTGATGGTACCTGCATTCGCATGGCGAAGAAGGGCAATGTCGCC
ACCCATCCTCTCGCAGGCGGTCTCGACTCCGAAGACATGGCCTGTGGTCG
GGATGGTCAAGAACCCGTGGCATTTACGTGTCCGGCCCCAGCTGGTGCCA
AGTTGACTCTCGAGTTTCGCATGTGGGCCGATGCTTCGCAGTCCGGATCG

ATCGATCCATCCCACCTTGGCGTCATGGCCATCTACCTCAAGAAGGTTTC
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-continued
CGACATGARATCTGACGCGGCCGCTGECCCGEGCTGETTCAAGATTTGGG

ACCAAGGCTACGACTTGGCGGCCAAGAAGTGGGCCACCGAGAAGCTCATC
GACAACAACGGCCTCCTGAGCGTCAACCTTCCAACCGGCTTACCAACCGG
CTACTACCTCGCCCGCCAGGAGATCATCACGCTCCAAAACGTTACCAATG
ACAGGCCAGAGCCCCAGTTCTACGTCGGCTGCGCACAGCTCTACGTCGAG
GGCACCTCGGACTCACCCATCCCCTCGGACAAGACGGTCTCCATTCCCGG
CCACATCAGCGACCCGGCCGACCCGGGCCTGACCTTCAACGTCTACACGG
GCGACGCATCCACCTACAAGCCGCCCGGCCCCGAGGTTTACTTCCCCACC
ACCACCACCACCACCTCCTCCTCCTCCTCCGGAAGCAGCGACAACAAGGG
AGCCAGGCGCCAGCAAACCCCCGACGACAAGCAGGCCGACGGCCTCGTTC
CAGCCGACTGCCTCGTCAAGAACGCGAACTGGTGCGCCGCTGCCCTGCCG
CCGTACACCGACGAGGCCGGCTGCTGGGCCGCCGCCGAGGACTGCAACAA
GCAGCTGGACGCGTGCTACACCAGCGCACCCCCCTCGGGCAGCAAGGGGT
GCAAGGTCTGGGAGGAGCAGGTGTGCACCGTCGTCTCGCAGAAGTGCGAG
GCCGGGGATTTCAAGGGGCCCCCGCAGCTCGGGAAGGAGCTCGGCGAGGG
GATCGATGAGCCTATTCCGGGGGGAAAGCTGCCCCCGGCGGTCAACGCGG
GAGAGAACGGGAATCATGGCGGAGGTGGTGGTGATGATGGTGATGATGAT
AATGATGAGGCCGGGGCTGGGGCAGCGTCGACTCCGACTTTTGCTGCTCC
TGGTGCGGCCAAGACTCCCCAACCAAACTCCGAGAGGGCCCGGCGCCGTG
AGGCGCATTGGCGGCGACTGGAATCTGCTGAG

(SEQ ID NO: 50)
MHPSLLFTLGLASVLVPLSSAHTTF TTLFVNDVNQGDGTC IRMAKKGNVA

THPLAGGLDSEDMACGRDGQEPVAF TCPAPAGAKLTLEFRMWADASQSGS
IDPSHLGVMAIYLKKVSDMKSDAAAGPGWFKIWDQGYDLAAKKWATEKLI
DNNGLLSVNLPTGLPTGYYLARQEI ITLONVTNDRPEPQFYVGCAQLYVE
GTSDSPIPSDKTVSIPGHISDPADPGLTFNVYTGDASTYKPPGPEVYFPT
TTTTTSSSSSGSSDNKGARRQQTPDDKQADGLVPADCLVKNANWCAAALP
PYTDEAGCWAAAEDCNKQLDACYTSAPPSGSKGCKVWEEQVCTVVSQKCE
AGDFKGPPQLGKELGEGIDEPIPGGKLPPAVNAGENGNHGGGGGDDGDDD
NDEAGAGAASTPTFAAPGAAKTPQPNSERARRREAHWRRLESAE

(SEQ ID NO: 51)
HTTFTTLFVNDVNQGDGTCIRMAKKGNVATHPLAGGLD SEDMACGRDGQE

PVAFTCPAPAGAKLTLEFRMWADASQSGSIDPSHLGVMAIYLKKVSDMKS

DAAAGPGWFKIWDQGYDLAAKKWATEKLIDNNGLLSVNLPTGLPTGYYLA

RQEIITLONVTNDRPEPQFYVGCAQLYVEGTSDSPIPSDKTVSIPGHISD

PADPGLTFNVYTGDASTYKPPGPEVYFPTTTTTTSSSSSGSSDNKGARRQ

QTPDDKQADGLVPADCLVKNANWCAAALPPYTDEAGCWAAAEDCNKQLDA

CYTSAPPSGSKGCKVWEEQVCTVVSQKCEAGDFKGPPQLGKELGEGIDEP

IPGGKLPPAVNAGENGNHGGGGGDDGDDDNDEAGAGAASTPTFAAPGAAK

TPQPNSERARRREAHWRRLESAE
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[0320] The polynucleotide (SEQ ID NO:52) and amino
acid (SEQ ID NO:53) sequences of a M. thermophila GH611
are provided below. The signal sequence is shown under-
lined in SEQ ID NO:53. SEQ ID NO:54 provides the
sequence of this GH611 without the signal sequence.

(SEQ ID NO: 52)
ATGTTTTCTCTCAAGTTCTTTATCTTGGCCGGTGGGCTTGCTGTCCTCAC

CGAGGCTCACATAAGACTAGTGTCGCCCGCCCCTTTTACCAACCCTGACC
AGGGCCCCAGCCCACTCCTAGAGGCTGGCAGCGACTATCCCTGCCACAAC
GGCAATGGGGGCGGTTATCAGGGAACGCCAACCCAGATGGCAAAGGGTTC
TAAGCAGCAGCTAGCCTTCCAGGGGTCTGCCGTTCATGGGGGTGGCTCCT
GCCAAGTGTCCATCACCTACGACGAAAACCCGACCGCTCAGAGCTCCTTC
AAGGTCATTCACTCGATTCAAGGTGGCTGCCCCGCCAGGGCCGAGACGAT
CCCGGATTGCAGCGCACAAAATATCAACGCCTGCAATATAAAGCCCGATA
ATGCCCAGATGGACACCCCGGATAAGTATGAGTTCACGATCCCGGAGGAT
CTCCCCAGTGGCAAGGCCACCCTCGCCTGGACATGGATCAACACTATCGG
CAACCGCGAGTTTTATATGGCATGCGCCCCGGTTGAGATCACCGGCGACG
GCGGTAGCGAGTCGGCTCTGGCTGCGCTGCCCGACATGGTCATTGCCAAC
ATCCCGTCCATCGGAGGAACCTGCGCGACCGAGGAGGGGAAGTACTACGA
ATATCCCAACCCCGGTAAGTCGGTCGAAACCATCCCGGGCTGGACCGATT
TGGTTCCCCTGCAAGGCGAATGCGGTGCTGCCTCCGGTGTCTCGGGCTCC
GGCGGAAACGCCAGCAGTGCTACCCCTGCCGCAGGGGCCGCCCCGACTCC
TGCTGTCCGCGGCCGCCGTCCCACCTGGAACGCC

(SEQ ID NO: 53)
MFSLKFFILAGGLAVLTEAHIRLVSPAPFTNPDQGPSPLLEAGSDYPCHN

GNGGGYQGTPTQMAKGSKQQLAFQGSAVHGGGSCQVSITYDENPTAQSSF
KVIHSIQGGCPARAETIPDCSAQNINACNIKPDNAQMDTPDKYEFTIPED
LPSGKATLAWTWINTIGNREFYMACAPVEI TGDGGSESALAALPDMVIAN
IPSIGGTCATEEGKYYEYPNPGKSVETIPGWTDLVPLQGECGAASGVSGS
GGNASSATPAAGAAPTPAVRGRRPTWNA

(SEQ ID NO: 54)
HIRLVSPAPFTNPDQGPSPLLEAGSDYPCHNGNGGGYQGTPTOMAKGSKQ

QLAFQGSAVHGGGSCQVSITYDENPTAQSSFKVIHSIQGGCPARAETIPD
CSAQNINACNIKPDNAQMDTPDKYEFTIPEDLPSGKATLAWTWINTIGNR
EFYMACAPVEITGDGGSESALAALPDMVIANIPSIGGTCATEEGKYYEYP
NPGKSVETIPGWTDLVPLQGECGAASGVSGSGGNASSATPAAGAAPTPAV

RGRRPTWNA

[0321] The polynucleotide (SEQ ID NO:55) and amino
acid (SEQ ID NO:56) sequences of a M. thermophila
GH61m are provided below. The signal sequence is shown
underlined in SEQ ID NO:56. SEQ ID NO:57 provides the
sequence of this GH61m without the signal sequence.
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(SEQ ID NO: 55)
ATGAAGCTCGCCACGCTCCTCGCCGCCCTCACCCTCGGGGTGGCCGACCA

GCTCAGCGTCGGGTCCAGAAAGTTTGGCGTGTACGAGCACATTCGCAAGA
ACACGAACTACAACTCGCCCGTTACCGACCTGTCGGACACCAACCTGCGC
TGCAACGTCGGCGGGGGCTCGGGCACCAGCACCACCGTGCTCGACGTCAA
GGCCGGAGACTCGTTCACCTTCTTCAGCGACGTTGCCGTCTACCACCAGG
GGCCCATCTCGCTGTGCGTGGACCGGACCAGTGCAGAGAGCATGGATGGA
CGGGAACCGGACATGCGCTGCCGAACTGGCTCACAAGCTGGCTACCTGGC
GGTGACTGACTACGACGGGTCCGGTGACTGTTTCAAGATCTATGACTGGG
GACCGACGTTCAACGGGGGCCAGGCGTCGTGGCCGACGAGGAATTCGTAC
GAGTACAGCATCCTCAAGTGCATCAGGGACGGCGAATACCTACTGCGGAT
TCAGTCCCTGGCCATCCATAACCCAGGTGCCCTTCCGCAGTTCTACATCA
GCTGCGCCCAGGTGAATGTGACGGGCGGAGGCACCGTCACCCCGAGATCA
AGGCGACCGATCCTGATCTATTTCAACTTCCACTCGTATATCGTCCCTGG
GCCGGCAGTGTTCAAGTGCTAG

(SEQ ID NO: 56)
MKLATLLAALTLGVADQLSVGSRKFGVYEHIRKNTNYNSPVTDLSDTNLR

CNVGGGSGTSTTVLDVKAGDSFTFFSDVAVYHQGPISLCVDRTSAESMDG
REPDMRCRTGSQAGYLAVTDYDGSGDCFKIYDWGPTFNGGQASWPTRNSY
EYSILKCIRDGEYLLRIQSLATHNPGALPQFYISCAQVNVTGGGTVTPRS
RRPILIYFNFHSYIVPGPAVFKC

(SEQ ID NO: 57)
DQLSVGSRKFGVYEHIRKNTNYNSPVTDLSDTNLRCNVGGGSGTSTTVLD

VKAGDSFTFFSDVAVYHQGPISLCVDRTSAESMDGREPDMRCRTGSQAGY
LAVTDYDGSGDCFKIYDWGPTFNGGQASWPTRNSYEYSILKCIRDGEYLL
RIQSLATHNPGALPQFYISCAQVNVTGGGTVTPRSRRPILIYFNFHSYIV

PGPAVFKC

[0322] The polynucleotide (SEQ ID NO:58) and amino
acid (SEQ ID NO:59) sequences of an alternative M. ther-
mophila GH61m are provided below. The signal sequence is
shown underlined in SEQ ID NO:59. SEQ ID NO:60
provides the sequence of this GH61m without the signal
sequence.

(SEQ ID NO: 58)
ATGAAGCTCGCCACGCTCCTCGCCGCCCTCACCCTCGGGCTCAGCGTCGG

GTCCAGAAAGTTTGGCGTGTACGAGCACATTCGCAAGAACACGAACTACA
ACTCGCCCGTTACCGACCTGTCGGACACCAACCTGCGCTGCAACGTCGGC
GGGGGCTCGGGCACCAGCACCACCGTGCTCGACGTCAAGGCCGGAGACTC
GTTCACCTTCTTCAGCGACGTTGCCGTCTACCACCAGGGGCCCATCTCGC
TGTGCGTGGACCGGACCAGTGCAGAGAGCATGGATGGACGGGAACCGGAC
ATGCGCTGCCGAACTGGCTCACAAGCTGGCTACCTGGCGGTGACTGTGAT

GACTGTGACTGACTACGACGGGTCCGGTGACTGTTTCAAGATCTATGACT
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-continued
GGGGACCGACGTTCAACGGGGGCCAGGCGTCETGGC CGACGAGCAATTCE

TACGAGTACAGCATCCTCAAGTGCATCAGGGACGGCGAATACCTACTGCG
GATTCAGTCCCTGGCCATCCATAACCCAGGTGCCCTTCCGCAGTTCTACA
TCAGCTGCGCCCAGGTGAATGTGACGGGCGGAGGCACCATCTATTTCAAC
TTCCACTCGTATATCGTCCCTGGGCCGGCAGTGTTCAAGTGC

(SEQ ID NO: 59)
MKLATLLAALTLGLSVGSRKFGVYEHIRKNTNYNSPVTDLSDTNLRCNVG

GGSGTSTTVLDVKAGDSFTFFSDVAVYHQGPISLCVDRTSAESMDGREPD
MRCRTGSQAGYLAVTVMTVTDYDGSGDCFKIYDWGPTENGGQASWPTRNS
YEYSILKCIRDGEYLLRIQSLATHNPGALPQFYISCAQVNVTGGGTIYFN
FHSYIVPGPAVFKC

(SEQ ID NO: 60)
RKFGVYEHIRKNTNYNSPVTDLSDTNLRCNVGGGSGTSTTVLDVKAGDSF

TFFSDVAVYHQGPISLCVDRTSAESMDGREPDMRCRTGS QAGY LAVTVMT
VTDYDGSGDCFKI YDWGPTFNGGQASWPTRNSYEYS ILKCIRDGEYLLRI
QSLATHNPGALPQFYISCAQVNVTGGGT IVFNFHSY IVPGPAVEFKC
[0323] The polynucleotide (SEQ ID NO:61) and amino

acid (SEQ ID NO:62) sequences of a M. thermophila
GH61n are provided below.

(SEQ ID NO: 61)
ATGACCAAGAATGCGCAGAGCAAGCAGGGCGT TGAGAACCCAACAAGCGG

CGACATCCGCTGCTACACCTCGCAGACGGCGGCCAACGTCGTGACCGTGC
CGGCCGGCTCGACCATTCACTACATCTCGACCCAGCAGATCAACCACCCC
GGCCCGACTCAGTACTACCTGGCCAAGGTACCCCCCGGCTCGTCGGCCAA
GACCTTTGACGGGTCCGGCGCCGTCTGGTTCAAGATCTCGACCACGATGC
CTACCGTGGACAGCAACAAGCAGATGTTCTGGCCAGGGCAGAACACTTAT
GAGACCTCAAACACCACCATTCCCGCCAACACCCCGGACGGCGAGTACCT
CCTTCGCGTCAAGCAGATCGCCCTCCACATGGCGTCTCAGCCCAACAAGG
TCCAGTTCTACCTCGCCTGCACCCAGATCAAGATCACCGGTGGTCGCAAC
GGCACCCCCAGCCCGCTGGTCGCGCTGCCCGGAGCCTACAAGAGCACCGA
CCCCGGCATCCTGGTCGACATCTACTCCATGAAGCCCGAATCGTACCAGC
CTCCCGGGCCGCCCGTCTGGCGCGGCTAA

(SEQ ID NO: 62)
MTKNAQSKQGVENPTSGDIRCYTSQTAANVVTVPAGSTIHYISTQQINHP

GPTQYYLAKVPPGSSAKTFDGSGAVWFKISTTMPTVDSNKOMFWPGONTY
ETSNTTIPANTPDGEYLLRVKQIALHMASQPNKVQFYLACTQIKITGGRN

GTPSPLVALPGAYKSTDPGILVDIYSMKPESYQPPGPPVWRG

[0324] The polynucleotide (SEQ ID NO:63) and amino
acid (SEQ ID NO:64) sequences of an alternative M. ther-
mophila GH61n are provided below. The signal sequence is
shown underlined in SEQ ID NO:64. SEQ ID NO:65
provides the sequence of this GH61n without the signal
sequence.
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(SEQ ID NO: 63)
ATGAGGCTTCTCGCAAGCTTGTTGCTCGCAGCTACGGCTGTTCAAGCTCA

CTTTGTTAACGGACAGCCCGAAGAGAGTGACTGGTCAGCCACGCGCATGA
CCAAGAATGCGCAGAGCAAGCAGGGCGTTGAGAACCCAACAAGCGGCGAC
ATCCGCTGCTACACCTCGCAGACGGCGGCCAACGTCGTGACCGTGCCGGC
CGGCTCGACCATTCACTACATCTCGACCCAGCAGATCAACCACCCCGGLCC
CGACTCAGTACTACCTGGCCAAGGTACCCCCCGGCTCGTCGGCCAAGACC
TTTGACGGGTCCGGCGCCGTCTGGTTCAAGATCTCGACCACGATGCCTAC
CGTGGACAGCAACAAGCAGATGTTCTGGCCAGGGCAGAACACTTATGAGA
CCTCAAACACCACCATTCCCGCCAACACCCCGGACGGCGAGTACCTCCTT
CGCGTCAAGCAGATCGCCCTCCACATGGCGTCTCAGCCCAACAAGGTCCA
GTTCTACCTCGCCTGCACCCAGATCAAGATCACCGGTGGTCGCAACGGCA
CCCCCAGCCCGCTGGTCGCGCTGCCCGGAGCCTACAAGAGCACCGACCCC
GGCATCCTGGTCGACATCTACTCCATGAAGCCCGAATCGTACCAGCCTCC
CGGGCCGCCCGTCTGGCGCGGC

(SEQ ID NO: 64)
MRLLASLLLAATAVQAHFVNGQPEESDWSATRMT KNAQSKQGVENPTSGD

IRCYTSQTAANVVTVPAGSTIHYISTQQINHPGPTQYYLAKVPPGSSAKT
FDGSGAVWFKISTTMPTVDSNKOQMFWPGONTYETSNTTIPANTPDGEYLL
RVKQIALHMASQPNKVQFYLACTQIKI TGGRNGTPSPLVALPGAYKSTDP
GILVDIYSMKPESYQPPGPPVWRG

(SEQ ID NO: 65)
HFVNGQPEESDWSATRMTKNAQSKQGVENPTSGDIRCY TSQTAANVVTVP

AGSTIHYISTQQINHPGPTQYYLAKVPPGSSAKTFDGSGAVWFKISTTMP
TVDSNKQMFWPGONTYETSNTTIPANTPDGEYLLRVKQIALHMASQPNKV
QFYLACTQIKITGGRNGTPSPLVALPGAYKSTDPGILVDIYSMKPESYQP

PGPPVWRG

[0325] The polynucleotide (SEQ ID NO:66) and amino
acid (SEQ ID NO:67) sequences of an alternative M. ther-
mophila GH610 are provided below. The signal sequence is
shown underlined in SEQ ID NO:67. SEQ ID NO:68
provides the sequence of this GH6lo without the signal
sequence.

(SEQ ID NO: 66)
ATGAAGCCCTTTAGCCTCGTCGCCCTGGCGACTGCCGTGAGCGGCCATGC

CATCTTCCAGCGGGTGTCGGTCAACGGGCAGGACCAGGGCCAGCTCAAGG
GGGTGCGGGCGCCGTCGAGCAACTCCCCGATCCAGAACGTCAACGATGCC
AACATGGCCTGCAACGCCAACATTGTGTACCACGACAACACCATCATCAA
GGTGCCCGCGGGAGCCCGCGTCGGCGCETGGTGGCAGCACGTCATCGGCG
GGCCGCAGGGCGCCAACGACCCGGACAACCCGATCGCCGCCTCCCACAAG
GGCCCCATCCAGGTCTACCTGGCCAAGGTGGACAACGCGGCGACGGCGTC

GCCGTCGGGCCTCAAGTGGTTCAAGGTGGCCGAGCGCGGCCTGAACAACG
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GCGTGTGGGECCTACCTGATGCGCGTCGAGCTGCTCGCCCTGCACAGCGCC

TCGAGCCCCGGCGGCGCCCAGTTCTACATGGGCTGTGCACAGATCGAAGT
CACTGGCTCCGGCACCAACTCGGGCTCCGACTTTGTCTCGTTCCCCGGCG
CCTACTCGGCCAACGACCCGGGCATCTTGCTGAGCATCTACGACAGCTCG
GGCAAGCCCAACAATGGCGGGCGCTCGTACCCGATCCCCGGCCCGCGLCC
CATCTCCTGCTCCGGCAGCGGCGGCGGCGGCAACAACGGCGGCGACGGLG
GCGACGACAACAACGGTGGTGGCAACAACAACGGCGGCGGCAGCGTCCCC
CTGTACGGGCAGTGCGGCGGCATCGGCTACACGGGCCCGACCACCTGTGC
CCAGGGAACTTGCAAGGTGTCGAACGAATACTACAGCCAGTGCCTCCCC

(SEQ ID NO: 67)
MKPFSLVALATAVSGHAIFQRVSVNGQODQGQLKGVRAPS SNSPIQNVNDA

NMACNANIVYHDNTIIKVPAGARVGAWWQHVIGGPQGANDPDNPIAASHK
GPIQVYLAKVDNAATASPSGLKWFKVAERGLNNGVWAYLMRVELLALHSA
SSPGGAQFYMGCAQIEVTGSGTNSGSDFVSFPGAYSANDPGILLSIYDSS
GKPNNGGRSYPIPGPRPISCSGSGGGGNNGGDGGDDNNGGGNNNGGGSVP
LYGQCGGIGYTGPTTCAQGTCKVSNEYYSQCLP

(SEQ ID NO: 68)
HAIFQRVSVNGQDQGQLKGVRAPSSNSPIQNVNDANMACNANIVYHDNT I

IKVPAGARVGAWWQHVIGGPQGANDPDNPIAASHKGPIQVYLAKVDNAAT
ASPSGLKWFKVAERGLNNGVWAYLMRVELLALHSASSPGGAQFYMGCAQI
EVTGSGTNSGSDFVSFPGAYSANDPGILLSIYDSSGKPNNGGRSYPIPGP
RPISCSGSGGGGNNGGDGGDDNNGGGNNNGGGSVPLYGQCGGIGYTGPTT

CAQGTCKVSNEYYSQCLP

[0326] The polynucleotide (SEQ ID NO:69) and amino
acid (SEQ ID NO:70) sequences of a M. thermophila
GHG61p are provided below. The signal sequence is shown
underlined in SEQ ID NO:70. SEQ ID NO:71 provides the
sequence of this GH61p without the signal sequence.

(SEQ ID NO: 69)
ATGAAGCTCACCTCGTCCCTCGCTGTCCTGGCCGCTGCCGGCGCCCAGGC

TCACTATACCTTCCCTAGGGCCGGCACTGGTGGTTCGCTCTCTGGCGAGT
GGGAGGTGGTCCGCATGACCGAGAACCATTACTCGCACGGCCCGGTCACC
GATGTCACCAGCCCCGAGATGACCTGCTATCAGTCCGGCGTGCAGGGTGC
GCCCCAGACCGTCCAGGTCAAGGCGGGCTCCCAATTCACCTTCAGCGTGG
ATCCCTCCATCGGCCACCCCGGCCCTCTCCAGTTCTACATGGCTAAGGTG
CCGTCGGGCCAGACGGCCGCCACCTTTGACGGCACGGGAGCCGTGTGGTT
CAAGATCTACCAAGACGGCCCGAACGGCCTCGGCACCGACAGCATTACCT
GGCCCAGCGCCGGCAAAACCGAGGTCTCGGTCACCATCCCCAGCTGCATC

GAGGATGGCGAGTACCTGCTCCGGGTCGAGCACACCCCCCTCCCTACAGC
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GCCAGCAGCGCARAACCGAGCTCGCTCGTCACCATCCCCAGCTGCATACA
AGGCCACCGACCCGGGECATCCTCTTCCAGCTCTACTGGCCCATCCCGACT

GAGTACATCAACCCCGGCCCGGCCCCCGTCTCTTGCTAA

(SEQ ID NO: 70)
MKLTSSLAVLAAAGAQAHY TFPRAGTGGSLSGEWEVVRMT ENHYSHGPVT

DVTSPEMTCYQSGVQGAPQTVQVKAGSQFTFSVDPSIGHPGPLQFYMAKV
PSGQTAATFDGTGAVWFKIYQDGPNGLGTDSITWPSAGKTEVSVTIPSCI
EDGEYLLRVEHTPLPTAPAAQNRARSSPSPAAYKATDPGILFQLYWPIPT
EYINPGPAPVSC

(SEQ ID NO: 71)
HYTFPRAGTGGSLSGEWEVVRMTENHY SHGPVTDVTSPEMTCYQSGVQGA

PQTVQVKAGSQF TFSVDPS IGHPGPLOFYMAKVP SGQTAATFDGTGAVIWE
KIYQDGPNGLGTDS ITWPSAGKTEVSVTIPSCIEDGEYLLRVEHTPLPTA
PARQNRARSSPSPAAYKATDPGILFQLYWPIPTEYINPGPAPVSC

[0327] The polynucleotide (SEQ ID NO:72) and amino
acid (SEQ ID NO:73) sequences of an alternative M. ther-
mophila GH61p are provided below. The signal sequence is
shown underlined in SEQ ID NO:73. SEQ ID NO:74

provides the sequence of this GH61p without the signal
sequence.

(SEQ ID NO: 72)
ATGAAGCTCACCTCGTCCCTCGCTGTCCTGGCCGCTGCCGGCGCCCAGGC

TCACTATACCTTCCCTAGGGCCGGCACTGGTGGTTCGCTCTCTGGCGAGT
GGGAGGTGGTCCGCATGACCGAGACCATTACTCGCACGGCCCGGTCACCG
ATGTCACCAGCCCCGAGATGACCTGCTATCAGTCCGGCGTGCAGGGTGCG
CCCCAGACCGTCCAGGTCAAGGCGGGCTCCCAATTCACCTTCAGCGTGGA
TCCCTCCATCGGCCACCCCGGCCCTCTCCAGTTCTACATGGCTAAGGTGC
CGTCGGGCCAGACGGCCGCCACCTTTGACGGCACGGGAGCCGTGTGGTTC
AAGATCTACCAAGACGGCCCGAACGGCCTCGGCACCGACAGCATTACCTG
GCCCAGCGCCGGCAAAACCGAGGTCTCGGTCACCATCCCCAGCTGCATCG
AGGATGGCGAGTACCTGCTCCGGGTCGAGCACATCGCGCTCCACAGCGCC
AGCAGCGTGGGCGGCGCCCAGTTCTACATCGCCTGCGCCCAGCTCTCCGT
CACCGGCGGCTCCGGCACCCTCAACACGGGCTCGCTCGTCTCCCTGCCCG
GCGCCTACAAGGCCACCGACCCGGGCATCCTCTTCCAGCTCTACTGGCCC
ATCCCGACCGAGTACATCAACCCCGGCCCGGCCCCCGTCTCTTGC

(SEQ ID NO: 73)
MKLTSSLAVLAAAGAQAHY TFPRAGTGGSLSGEWEVVRMTENHYSHGPVT

DVTSPEMTCYQSGVQGAPQTVQVKAGSQFTFSVDPSIGHPGPLQFYMAKV
PSGQTAATFDGTGAVWFKIYQDGPNGLGTDSITWPSAGKTEVSVTIPSCI
EDGEYLLRVEHIALHSASSVGGAQFYIACAQLSVTGGSGTLNTGSLVSLP

GAYKATDPGILFQLYWPIPTEYINPGPAPVSC
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(SEQ ID NO: 74)
HYTFPRAGTGGSLSGEWEVVRMTENHYSHGPVTDVTSPEMTCYQSGVQGA

PQTVQVKAGSQFTFSVDPSIGHPGPLQFYMAKVPSGQTAATFDGTGAVWE
KIYQDGPNGLGTDSITWPSAGKTEVSVTIPSCIEDGEYLLRVEHIALHSA
SSVGGAQFYIACAQLSVTGGSGTLNTGSLVSLPGAYKATDPGILFQLYWP

IPTEYINPGPAPVSC

[0328] The polynucleotide (SEQ ID NO:75) and amino
acid (SEQ ID NO:76) sequences of an alternative M. ther-
mophila GH61q are provided below. The signal sequence is
shown underlined in SEQ ID NO:76. SEQ ID NO:77
provides the sequence of this GH61q without the signal
sequence.

(SEQ ID NO: 75)
ATGCCGCCACCACGACTGAGCACCCTCCTTCCCCTCCTAGCCTTAATAGC

CCCCACCGCCCTGGGGCACTCCCACCTCGGGTACATCATCATCAACGGCG
AGGTATACCAAGGATTCGACCCGCGGCCGGAGCAGGCGAACTCGCCGTTG
CGCGTGGGCTGGTCGACGGGGGCAAT CGACGACGGGTTCGTGGCGCCGGT
CAACTACTCGTCGCCCGACATCATCTGCCACATCGAGGGGGCCAGCCCGL
CGGCGCACGCGCCCGTCCGGGCGGGCGACCGGGTGCACGTGCAATGGAAC
GGCTGGCCGCTCGGACACGTGGGGCCGGTGCTGTCGTACCTGGCGCCCTG
CGGCGGGCTGGAGGGGTCCGAGAGCGGGTGCGCCGGGGTGGACAAGCGGL
AGCTGCGGTGGACCAAGGTGGACGACTCGCTGCCGGCGATGGAGCTG

(SEQ ID NO: 76)
MPPPRLSTLLPLLALIAPTALGHSHLGYIIINGEVYQGFDPRPEQANSPL

RVGWSTGAIDDGFVAPANYSSPDIICHIEGASPPAHAPVRAGDRVHVQWN
GWPLGHVGPVLSYLAPCGGLEGSESGCAGVDKRQLRWTKVDDSLPAMEL

(SEQ ID NO: 77)
HSHLGYIIINGEVYQGFDPRPEQANSPLRVGWSTGAIDDGFVAPANYSSP

DIICHIEGASPPAHAPVRAGDRVHVQWNGWPLGHVGPVLSYLAPCGGLEG

SESGCAGVDKRQLRWTKVDDSLPAMEL

[0329] The polynucleotide (SEQ ID NO:78) and amino
acid (SEQ ID NO:79) sequences of an alternative M. ther-
mophila GH61q are provided below. The signal sequence is
shown underlined in SEQ ID NO:79. SEQ ID NO:80
provides the sequence of this GH61q without the signal
sequence.

(SEQ ID NO: 78)
ATGCCGCCACCACGACTGAGCACCCTCCTTCCCCTCCTAGCCTTAATAGC

CCCCACCGCCCTGGGGCACTCCCACCTCGGGTACATCATCATCAACGGCG
AGGTATACCAAGGATTCGACCCGCGGCCGGAGCAGGCGAACTCGCCGTTG
CGCGTGGGCTGGTCGACGGGGGCAAT CGACGACGGGTTCGTGGCGCCGGT
CAACTACTCGTCGCCCGACATCATCTGCCACATCGAGGGGGCCAGCCCGL

CGGCGCACGCGCCCGTCCGGGCGGGCGACCGGGTGCACGTGCAATGGAAA
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CGGCTEGECCECTCGGACACGTGEGECCEETECTGTCGTACCTGGCGCCCT

GCGGCGGGCTGGAGGGGTCCGAGAGCGGGTGGACGACTCGCTGCCGGCGA
TGGAGCTGGTCGGGGCCGCGGGEEEGECGCEEEEGECGAGGACGACGGCAGT
GGCAGCGACGGCAGCGGCAGCGGCGGCAGCGGACGCGTCGGCETGCCCGG
GCAGCGCTGGGCCACCGACGTGTTGATCGCGGCCAACAACAGCTGGCAGG
TCGAGATCCCGCGCGGGCTGCGGGACGGGCCGTACGTGCTGCGCCACGAG
ATCGTCGCGCTGCACTACGCGGCCGAGCCCGGCGGCGCGCAGAACTACCC
GCTCTGCGTCAACCTGTGGGTCGAGGGCGGCGACGGCAGCATGGAGCTGG
ACCACTTCGACGCCACCCAGTTCTACCGGCCCGACGACCCGGGCATCCTG
CTCAACGTGACGGCCGGCCTGCGCTCATACGCCGTGCCGGGCCCGACGCT
GGCCGCGGGGGCGACGCCGGTGCCGTACGCGCAGCAGAACATCAGCTCGG
CGAGGGCGGATGGAACCCCCGTGATTGTCACCAGGAGCACGGAGACGGTG
CCCTTCACCGCGGCACCCACGCCAGCCGAGACGGCAGAAGCCARAGGGGG
GAGGTATGATGACCAAACCCGAACTAAAGACCTAAATGAACGCTTCTTTT
ATAGTAGCCGGCCAGAACAGAAGAGGCTGACAGCGACCTCAAGAAGGGAA
CTAGTTGATCATCGTACCCGGTACCTCTCCGTAGCTGTCTGCGCAGATTT
CGGCGCTCATAAGGCAGCAGAAACCAACCACGAAGCTTTGAGAGGCGGCA
ATAAGCACCATGGCGGTGTTTCAGAG

(SEQ ID NO: 79)
MPPPRLSTLLPLLALIAPTALGHSHLGYIIINGEVYQGFDPRPEQANSPL

RVGWSTGAIDDGFVAPANYSSPDIICHIEGASPPAHAPVRAGDRVHVQWK
RLAARTRGAGAVVPGALRRAGGVRERVDDSLPAMELVGAAGGAGGEDDGS
GSDGSGSGGSGRVGVPGORWATDVLIAANNSWQVEI PRGLRDGPYVLRHE
IVALHYAAEPGGAQNYPLCVNLWVEGGDGSMELDHFDATQFYRPDDPGIL
LNVTAGLRSYAVPGPTLAAGATPVPYAQONISSARADGTPVIVTRSTETV
PFTAAPTPAETAEAKGGRYDDQTRTKDLNERFFYSSRPEQKRLTATSRRE
LVDHRTRYLSVAVCADFGAHKAAETNHEALRGGNKHHGGVSE

(SEQ ID NO: 80)
HSHLGYIIINGEVYQGFDPRPEQANSPLRVGWSTGAIDDGFVAPANYSSP

DIICHIEGASPPAHAPVRAGDRVHVQWKRLAARTRGAGAVVPGALRRAGG
VRERVDDSLPAMELVGAAGGAGGEDDGSGSDGSGSGGSGRVGVPGQRWAT
DVLIAANNSWQVEIPRGLRDGPYVLRHEIVALHYAAEPGGAQNYPLCVNL
WVEGGDGSMELDHFDATQFYRPDDPGILLNVTAGLRSYAVPGPTLAAGAT
PVPYAQONISSARADGTPVIVTRSTETVPFTAAPTPAETAEAKGGRYDDQ
TRTKDLNERFFYSSRPEQKRLTATSRRELVDHRTRYLSVAVCADFGAHKA

AETNHEALRGGNKHHGGVSE

[0330] The polynucleotide (SEQ ID NO:81) and amino
acid (SEQ ID NO:82) sequences of an M. thermophila
GHO61r are provided below. The signal sequence is shown
underlined in SEQ ID NO:82. SEQ ID NO:83 provides the
sequence of this GH61r without the signal sequence.
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(SEQ ID NO: 81)
ATGAGGTCGACATTGGCCGGTGCCCTGGCAGCCATCGCTGCTCAGAAAGT

AGCCGGCCACGCCACGTTTCAGCAGCTCTGGCACGGCTCCTCCTGTGTCC
GCCTTCCGGCTAGCAACTCACCCGTCACCAATGTGGGAAGCAGAGACTTC
GTCTGCAACGCTGGCACCCGCCCCGTCAGTGGCAAGTGCCCCGTGAAGGC
TGGCGGCACCGTCACCATCGAGATGCACCAGCAACCCGGCGACCGCAGCT
GCAACAACGAAGCCATCGGAGGGGCGCATTGGGGCCCCGTCCAGGTGTAC
CTGACCAAGGTTCAGGACGCCGCGACGGCCGACGGCTCGACGGGCTGGTT
CAAGATCTTCTCCGACTCGTGGTCCAAGAAGCCCGGGGGCAACTTGGGCG
ACGACGACAACTGGGGCACGCGCGACCTGAACGCCTGCTGCGGGAAGATG
GAC

(SEQ ID NO: 82)
MRSTLAGALAATIAAQKVAGHATFQQOLWHGS SCVRLPASNSPVTNVGSRDF

VCNAGTRPVSGKCPVKAGGTVTI EMHQQPGDRSCNNEAIGGAHWGPVQVY
LTKVQDAATADGS TGWFKI FSDSWSKKPGGNLGDDDNWGTRDLNACCGKM
D

(SEQ ID NO: 83)
HATFQQLWHGSSCVRLPASNS PVTNVGSRDFVCNAGTRPVSGKCPVKAGG

TVTIEMHQQPGDRSCNNEAIGGAHWGPVQVYLTKVQDAATADGSTGWFKI
FSDSWSKKPGGNLGDDDNWGTRDLNACCGKMD

[0331] The polynucleotide (SEQ ID NO:84) and amino
acid (SEQ ID NO:85) sequences of an alternative M. ther-
mophila GH61r are provided below. The signal sequence is
shown underlined in SEQ ID NO:85. SEQ ID NO:86
provides the sequence of this GH61r without the signal
sequence.

(SEQ ID NO: 84)
ATGAGGTCGACATTGGC CGGTGCCCTGGCAGCCATCGCTGCTCAGAAAGT

AGCCGGCCACGCCACGTTTCAGCAGCTCTGGCACGGCTCCTCCTGTGTCC
GCCTTCCGGCTAGCAACTCACCCGTCACCAATGTGGGAAGCAGAGACTTC
GTCTGCAACGCTGGCACCCGCCCCGTCAGTGGCAAGTGCCCCGTGAAGGC
TGGCGGCACCGTCACCATCGAGATGCACCAGCAACCCGGCGACCGCAGCT
GCAACAACGAAGCCATCGGAGGGGCGCATTGGGGCCCCGTCCAGGTGTAC
CTGACCAAGGTTCAGGACGCCGCGACGGCCGACGGCTCGACGGGCTGGTT
CAAGATCTTCTCCGACTCGTGGTCCAAGAAGCCCGGGGGCAACTCGGGCG
ACGACGACAACTGGGGCACGCGCGACCTGAACGCCTGCTGCGGGAAGATG
GACGTGGCCATCCCGGCCGACATCGCGTCGGGCGACTACCTGCTGCGGGC
CGAGGCGCTGGCCCTGCACACGGCCGGACAGGCCGGCGGCGCCCAGTTCT
ACATGAGCTGCTACCAGATGACGGTCGAGGGCGGCTCCGGGACCGCCAAC
CCGCCCACCGTCAAGTTCCCGGGCGCCTACAGCGCCAACGACCCGGGCAT
CCTCGTCAACATCCACGCCCCCCTTTCCAGCTACACCGCGCCCGGCCCGG
CCGTCTACGCGGGCGGCACCATCCGCGAGGCCGGCTCCGCCTGCACCGGL
TGCGCGCAGACCTGCAAGGTCGGGTCGTCCCCGAGCGCCGTTGCCCCCGG

CAGCGGCGCGGGCAACGGCGGCGGGTTCCAACCCCGA
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(SEQ ID NO: 85)
MRSTLAGALAAIAAQKVAGHATFQQLWHGS SCVRLPASNS PVTNVGSRDF

VCNAGTRPVSGKCPVKAGGTVTIEMHQQPGDRSCNNEAIGGAHWGPVQVY
LTKVQDAATADGSTGWFKIFSDSWSKKPGGNSGDDDNWGTRDLNACCGKM
DVAIPADIASGDYLLRAEALALHTAGQAGGAQFYMSCYQMTVEGGSGTAN
PPTVKFPGAYSANDPGILVNIHAPLSSYTAPGPAVYAGGTIREAGSACTG
CAQTCKVGSSPSAVAPGSGAGNGGGFQPR

(SEQ ID NO: 86)
HATFQQLWHGSSCVRLPASNS PVTNVGSRDFVCNAGTRPVSGKCPVKAGG

TVTIEMHQQPGDRSCNNEAIGGAHWGPVQVYLTKVQDAATADGSTGWFKI
FSDSWSKKPGGNSGDDDNWGTRDLNACCGKMDVAIPADIASGDYLLRAEA
LALHTAGQAGGAQFYMSCYQMTVEGGSGTANPPTVKFPGAYSANDPGILV
NIHAPLSSYTAPGPAVYAGGTIREAGSACTGCAQTCKVGSSPSAVAPGSG

AGNGGGFQPR

[0332] The polynucleotide (SEQ ID NO:87) and amino
acid (SEQ ID NO:88) sequences of an M. thermophila
GH61s are provided below. The signal sequence is shown
underlined in SEQ ID NO:88. SEQ ID NO:89 provides the
sequence of this GH61s without the signal sequence.

(SEQ ID NO: 87)
ATGCTCCTCCTCACCCTAGCCACACTCGTCACCCTCCTGGCGCGCCACGT

CTCGGCTCACGCCCGGCTGTTCCGCGTCTCTGTCGACGGGAAAGACCAGG
GCGACGGGCTGAACAAGTACATCCGCTCGCCGGCGACCAACGACCCCGTG
CGCGACCTCTCGAGCGCCGCCATCGTGTGCAACACCCAGGGGTCCAAGGT
CGCCCCGGACTTCGTCAGGGCCGCGGCCGGCGACAAGCTGACCTTCCTCT
GGGCGCACGACAACCCGGACGACCCGGTCGACTACGTCCTCGACCCGTCC
CACAAGGGCGCCATCCTGACCTACGTCGCCGCCTACCCCTCCGGGGACCT
GACCGGCCCCATCTGGAGCAAGCTTGCCGAGGAAGGATTCACCGGCGGGT
AGTGGGCGACCATCAAGATGATCGACAACGGCGGCAAGGTCGACGTGACG
CTGCCCGAGGCCCTTGCGCCGGGAAAGTACCTGATCCGCCAGGAGCTGCT
GGCCCTGCACCGGGCCGACTTTGCCTGCGACGACCCGGCCCACCCCAACC
GCGGCGCCGAGTCGTACCCCAACTGCGTCCAGGTGGAGGTGTCGGGCAGC
GGCGACAAGAAGCCGGACCAGAACTTTGACTTCAACAAGGGCTATACCTG
CGATAACAAAGGACTCCACTTTAAGATCTACATCGGTCAGGACAGCCAGT
ATGTGGCCCCGGGGCCGCGGCCTTGGAATGGGAGC

(SEQ ID NO: 88)
MLLLTLATLVTLLARHVSAHARLFRVSVDGKDQGDGLNKYIRSPATNDPV

RDLSSAATIVCNTQGSKAAPDFVRAAAGDKLTFLWAHDNPDDPVDYVLDPS

HKGAILTYVAAYPSGDPTGPIWSKLAEEGF TGGQWATIKMIDNGGKVDVT

LPEALAPGKYLIRQELLALHRADFACDDPAHPNRGAESYPNCVQVEVSGS

GDKKPDONFDFNKGYTCDNKGLHFKIYIGQDSQYVAPGPRPWNGS
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(SEQ ID NO: 89)
HARLFRVSVDGKDQGDGLNKYIRSPATNDPVRDLSSAAIVCNTQGSKAAP

DFVRAAAGDKLTFLWAHDNPDDPVDYVLDPSHKGAILTYVAAYPSGDPTG
PIWSKLAEEGFTGGOWATIKMIDNGGKVDVTLPEALAPGKYLIRQELLAL
HRADFACDDPAHPNRGAESYPNCVQVEVSGSGDKKPDONFDEFNKGYTCDN
KGLHFKIYIGQDSQYVAPGPRPWNGS

[0333] The polynucleotide (SEQ ID NO:90) and amino
acid (SEQ ID NO:91) sequences of an M. thermophila
GHG61t are provided below.

(SEQ ID NO: 90)
ATGTTCACTTCGCTTTGCATCACAGATCATTGGAGGACTCTTAGCAGCCA

CTCTGGGCCAGTCATGAACTATCTCGCCCATTGCACCAATGACGACTGCA
AGTCTTTCAAGGGCGACAGCGGCAACGTCTGGGTCAAGATCGAGCAGCTC
GCGTACAACCCGTCAGCCAACCCCCCCTGGGCGTCTGACCTCCTCCGTGA
GCACGGTGCCAAGTGGAAGGTGACGATCCCGCCCAGTCTTGTCCCCGGCG
AATATCTGCTGCGGCACGAGATCCTGGGGTTGCACGTCGCAGGAACCGTG
ATGGGCGCCCAGTTCTACCCCGGCTGCACCCAGATCAGGGTCACCGAAGG
CGGGAGCACGCAGCTGCCCTCGGGTATTGCGCTCCCAGGCGCTTACGGCC
CACAAGACGAGGGTATCTTGGTCGACTTGTGGAGGGTTAACCAGGGCCAG
GTCAACTACACGGCGCCTGGAGGACCCGTTTGGAGCGAAGCGTGGGACAC
CGAGTTTGGCGGGTCCAACACGACCGAGTGCGCCACCATGCTCGACGACC
TGCTCGACTACATGGCGGCCAACGACGAGTGGATCGGCTGGACGGCCTAG

(SEQ ID NO: 91)
MFTSLCITDHWRTLSSHSGPVMNYLAHCTNDDCKSFKGDSGNVWVKIEQL

AYNPSANPPWASDLLREHGAKWKVTIPPSLVPGEYLLRHEILGLHVAGTV
MGAQFYPGCTQIRVTEGGS TQLPSGIALPGAYGPQDEGILVDLWRVNQGQ
VNYTAPGGPVWSEAWDTEFGGSNTTECATMLDDLLDYMAANDEWIGWTA

[0334] The polynucleotide (SEQ ID NO:92) and amino
acid (SEQ ID NO:93) sequences of an alternative M. ther-
mophila GH61t are provided below.

(SEQ ID NO: 92)
ATGAACTATCTCGCCCATTGCACCAATGACGACTGCAAGTCTTTCAAGGG

CGACAGCGGCAACGTCTGGGTCAAGATCGAGCAGCTCGCGTACAACCCGT
CAGCCAACCCCCCCTGGGCGTCTGACCTCCTCCGTGAGCACGGTGCCAAG
TGGAAGGTGACGATCCCGCCCAGTCTTGTCCCCGGCGAATATCTGCTGCG
GCACGAGATCCTGGGGTTGCACGTCGCAGGAACCGTGATGGGCGCCCAGT
TCTACCCCGGCTGCACCCAGATCAGGGTCACCGAAGGCGGGAGCACGCAG
CTGCCCTCGGGTATTGCGCTCCCAGGCGCTTACGGCCCACAAGACGAGGG
TATCTTGGTCGACTTGTGGAGGGTTAACCAGGGCCAGGTCAACTACACGG
CGCCTGGAGGACCCGTTTGGAGCGAAGCGTGGGACACCGAGTTTGGCGGG

TCCAACACGACCGAGTGCGCCACCATGCTCGACGACCTGCTCGACTACAT
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GGCGGCCAACGACGACCCATGCTGCACCGACCAGAACCAGTTCGGGAGTC
TCGAGCCGGGGAGCAAGGCGGCCGGCEECTCGCCGAGCCTGTACGATACT
GTCTTGGTCCCCGTTCTCCAGAAGARAGTGCCGACARAGC TGCAGTGCAG
CGGACCGGCGAGCGTCAACGGGGATGAGTTGACAGAGAGGCCC

(SEQ ID NO: 93)
MNYLAHCTNDDCKSFKGDSGNVWVKIEQLAYNPSANPPWASDLLREHGAK

WKVTIPPSLVPGEYLLRHEILGLHVAGTVMGAQFYPGCTQIRVTEGGSTQ
LPSGIALPGAYGPQDEGILVDLWRVNQGQOVNY TAPGGPVWSEAWDTEFGG
SNTTECATMLDDLLDYMAANDDPCCTDONQFGSLEPGSKAAGGSPSLYDT

VLVPVLQKKVPTKLOWSGPASVNGDELTERP

[0335] The polynucleotide (SEQ ID NO:94) and amino
acid (SEQ ID NO:95) sequences of an M. thermophila
GH61u are provided below. The signal sequence is shown
underlined in SEQ ID NO:95. SEQ ID NO:96 provides the
sequence of this GH61u without the signal sequence.

(SEQ ID NO: 94)
ATGAAGCTGAGCGCTGCCATCGCCGTGCTCGCGGCCGCCCTTGCCGAGGG

GCACTATACCTTCCCCAGCATCGCCAACACGGCCGACTGGCAATATGTGC
GCATCACGACCAACTTCCAGAGCAACGGCCCCGTGACGGACGTCAACTCG
GACCAGATCCGGTGCTACGAGCGCAACCCGGGCACCGGCGCCCCCGGCAT
CTACAACGTCACGGCCGGCACAACCATCAACTACAACGCCAAGTCGTCCA
TCTCCCACCCGGGACCCATGGCCTTCTACATTGCCAAGGTTCCCGCCGGTC
CAGTCGGCCGCCACCTGGGACGGTAAGGGCGCCGTCTGGTCCAAGATCCA
CCAGGAGATGCCGCACTTTGGCACCAGCCTCACCTGGGACTCCAACGGCC
GCACCTCCATGCCCGTCACCATCCCCCGCTGTCTGCAGGACGGCGAGTAT
CTGCTGCGTGCAGAGCACATTGCCCTCCACAGCGCCGGCAGCCCCGGCGG
CGCCCAGTTCTACATTTCTTGTGCCCAGCTCTCAGTCACCGGCGGCAGCG
GGACCTGGAACCCCAGGAACAAGGTGTCGTTCCCCGGCGCCTACAAGGCC
ACTGACCCGGGCATCCTGATCAACATCTACTACCCCGTCCCGACTAGCTA
CACTCCCGCTGGTCCCCCCGTCGACACCT

GC

(SEQ ID NO: 95)
MKLSAAIAVLAAALAEGHYTFPS IANTADWQYVRITTNFQSNGPVTDVNS

DQIRCYERNPGTGAPGIYNVTAGTTINYNAKSSISHPGPMAFYIAKVPAG
QSAATWDGKGAVWSKIHQEMPHFGTSLTWDSNGRTSMPVTIPRCLQDGEY
LLRAEHIALHSAGSPGGAQFYISCAQLSVTGGSGTWNPRNKVSFPGAYKA
TDPGILINIYYPVPTSYTPAGPPVDTC

(SEQ ID NO: 96)
HYTFPSIANTADWQYVRITTNFQSNGPVTDVNSDQIRCYERNPGTGAPGI

YNVTAGTTINYNAKSSISHPGPMAFYIAKVPAGQSAATWDGKGAVWSKIH
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QEMPHFGTSLTWDSNGRTSMPVTIPRCLQDGEYLLRAEHIALHSAGSPGG
AQFYISCAQLSVTGGSGTWNPRNKVSFPGAYKATDPGILINIYYPVPTSY

TPAGPPVDTC

[0336] The polynucleotide (SEQ ID NO:97) and amino
acid (SEQ ID NO:98) sequences of an M. thermophila
GHG61v are provided below. The signal sequence is shown
underlined in SEQ ID NO:98. SEQ ID NO:99 provides the
sequence of this GH61v without the signal sequence.

(SEQ ID NO: 97)
ATGTACCGCACGCTCGGTTCCATTGCCCTGCTCGCGGGGGGCGCTGCCGC

CCACGGCGCCGTGACCAGCTACAACATTGCGGGCAAGGACTACCCTGGAT
ACTCGGGCTTCGCCCCTACCGGCCAGGATGTCATCCAGTGGCAATGGCCC
GACTATAACCCCGTGCTGTCCGCCAGCGACCCCAAGCTCCGCTGCAACGG
CGGCACCGGGGCGGCGCTGTATGCCGAGGCGGCCCCCGGCGACACCATCA
CGGCCACCTGGGCCCAGTGGACGCACTCCCAGGGCCCGATCCTGGTGTGG
ATGTACAAGTGCCCCGGCGACTTCAGCTCCTGCGACGGCTCCGGCGCGGGE
TTGGTTCAAGATCGACGAGGCCGGCTTCCACGGCGACGGCACGACCGTCT
TCCTCGACACCGAGACCCCCTCGGGCTGGGACATTGCCAAGCTGGTCGGC
GGCAACAAGTCGTGGAGCAGCAAGATCCCTGACGGCCTCGCCCCGGGCAA
TTACCTGGTCCGCCACGAGCTCATCGCCCTGCACCAGGCCAACAACCCGC
AATTCTACCCCGAGTGCGCCCAGATCAAGGTCACCGGCTCTGGCACCGCC
GAGCCCGCCGCCTCCTACAAGGCCGCCATCCCCGGCTACTGCCAGCAGAG
CGACCCCAACATTTCGTTCAACATCAACGACCACTCCCTCCCGCAGGAGT
ACAAGATCCCCGGTCCCCCGGTCTTCAAGGGCACCGCCTCCGCCAAGGCT
CGCGCTTTCCAGGCC

(SEQ ID NO: 98)
MYRTLGSIALLAGGAAAHGAVTSYNIAGKDYPGYSGFAPTGQDVIQWQWP

DYNPVLSASDPKLRCNGGTGAALYAEAAPGDT I TATWAQWTHSQGPILVW
MYKCPGDFSSCDGSGAGWFKIDEAGFHGDGTTVFLDTETPSGWDIAKLVG
GNKSWSSKIPDGLAPGNYLVRHELIALHQANNPQFYPECAQIKVTGSGTA
EPAASYKAAIPGYCQQSDPNISFNINDHSLPQEYKIPGPPVFKGTASAKA
RAFQA

(SEQ ID NO: 99)
AVTSYNIAGKDYPGYSGFAPTGQDVIQWQWPDYNPVLSASDPKLRCNGGT

GAALYAEAAPGDTITATWAQWTHSQGPILVWMYKCPGDFSSCDGSGAGWF
KIDEAGFHGDGTTVFLDTETPSGWDIAKLVGGNKSWSSKIPDGLAPGNYL
VRHELIALHQANNPQFYPECAQIKVTGSGTAEPAASYKAAIPGYCQQSDP

NISFNINDHSLPQEYKIPGPPVFKGTASAKARAFQA

[0337] The polynucleotide (SEQ ID NO:100) and amino
acid (SEQ ID NO:101) sequences of an M. thermophila
GH61w are provided below. The signal sequence is shown
underlined in SEQ ID NO:101. SEQ ID NO:102 provides
the sequence of this GH61w without the signal sequence.
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(SEQ ID NO: 100)
ATGCTGACAACAACCTTCGCCCTCCTGACGGCCGCTCTCGGCGTCAGCGC

CCATTATACCCTCCCCAGGGTCGGGACCGGTTCCGACTGGCAGCACGTGC
GGCGGGCTGACAACTGGCAAAACAACGGCTTCGTCGGCGACGTCAACTCG
GAGCAGATCAGGTGCTTCCAGGCGACCCCTGCCGGCGCCCAAGACGTCTA
CACTGTTCAGGCGGGATCGACCGTGACCTACCACGCCAACCCCAGTATCT
ACCACCCCGGCCCCATGCAGTTCTACCTGGCCCGCGTTCCGGACGGACAG
GACGTCAAGTCGTGGACCGGCGAGGGTGCCGTGTGGTTCAAGGTGTACGA
GGAGCAGCCTCAATTTGGCGCCCAGCTGACCTGGCCTAGCAACGGCAAGA
GCTCGTTCGAGGTTCCTATCCCCAGCTGCATTCGGGCGGGCAACTACCTC
CTCCGCGCTGAGCACATCGCCCTGCACGTTGCCCAAAGCCAGGGCGGCGL
CCAGTTCTACATCTCGTGCGCCCAGCTCCAGGTCACTGGTGGCGGCAGCA
CCGAGCCTTCTCAGAAGGTTTCCTTCCCGGGTGCCTACAAGTCCACCGAC
CCCGGCATTCTTATCAACATCAACTACCCCGTCCCTACCTCGTACCAGAA
TCCGGGTCCGGCTGTCTTCCGTTGC

(SEQ ID NO: 101)
MLTTTFALLTAALGVSAHY TLPRVGTGSDWQHVRRADNWQNNGFVGDVNS

EQIRCFQATPAGAQDVYTVQAGSTVTYHANPS IYHPGPMQFYLARVPDGQ
DVKSWTGEGAVWFKVYEEQPQFGAQLTWPSNGKSSFEVPIPSCIRAGNYL
LRAEHIALHVAQSQGGAQFYISCAQLOVTGGGSTEPSQKVSFPGAYKSTD
PGILININYPVPTSYQNPGPAVFRC

(SEQ ID NO: 102)
HYTLPRVGTGSDWQHVRRADNWQNNGFVGDVNSEQIRCFQATPAGAQDVY

TVQAGS TV TYHANPSIYHPGPMQFYLARVPDGODVKSWTGEGAVWFKVYE
EQPQFGAQLTWPSNCGKS SFEVPIPS CIRAGNYLLRAEHIALHVAQSQGGA
QFYISCAQLQVTGGGSTEPSQKVSFPGAYKSTDPGILININYPVPTSYON
PGPAVFRC

[0338] The polynucleotide (SEQ ID NO:103) and amino
acid (SEQ ID NO:104) sequences of a M. thermophila
GH61x are provided below. The signal sequence is shown

underlined in SEQ ID NO:104. SEQ ID NO:105 provides
the sequence of this GH61x without the signal sequence.

(SEQ ID NO: 103)
ATGAAGGTTCTCGCGCCCCTGATTCTGGCCGGTGCCGCCAGCGCCCACAC

CATCTTCTCATCCCTCGAGGTGGGCGGCGTCAACCAGGGCATCGGGCAGG
GTGTCCGCGTGCCGTCGTACAACGGTCCGATCGAGGACGTGACGTCCAAC
TCGATCGCCTGCAACGGGCCCCCCAACCCGACGACGCCGACCAACAAGGT
CATCACGGTCCGGGCCGGCGAGACGGTGACGGCCGTCTGGCGGTACATGC
TGAGCACCACCGGCTCGGCCCCCAACGACATCATGGACAGCAGCCACAAG
GGCCCGACCATGGCCTACCTCAAGAAGGTCGACAACGCCACCACCGACTC
GGGCGTCGGCGGCGGCTGGTTCAAGAT CCAGGAGGACGGCCTTACCAACG

GCGTCTGGGGCACCGAGCGCGTCATCAACGGCCAGGGCCGCCACAACATC
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ARGATCCCCGAGTGCAT CGCCCCCGGCCAGTACCTCCTCCGCGCCGAGAT
GCTTGCCCTGCACGGAGCTTCCAACTACCCCGGCGCTCAGTTCTACATGGE
AGTGCGCCCAGCT CAATATCGTCGGCGGCACCGGCAGCARGACGCCGTCC
ACCGTCAGCTTCCCGGGCGCT TACAAGGGTACCGACCCCGGAGTCAAGAT
CAACATCTACTGGCCCCCCGTCACCAGCTACCAGAT TCCCGGCCCCGECG
TGTTCACCTGC

(SEQ ID NO: 104)
MKVLAPLILAGAASAHTIFSSLEVGGVNQGIGQGVRVPSYNGPIEDVTSN

SIACNGPPNPTTPTNKVITVRAGETVTAVWRYMLSTTGSAPNDIMDSSHK
GPTMAYLKKVDNATTDSGVGGGWFKIQEDGLTNGVWGTERV INGQGRHN I
KIPECIAPGQYLLRAEMLALHGASNYPGAQFYMECAQLNIVGGTGSKTPS
TVSFPGAYKGTDPGVKINIYWPPVTSYQIPGPGVFTC

(SEQ ID NO: 105)
HTIFSSLEVGGVNQGIGQGVRVPSYNGPIEDVTSNSIACNGPPNPTTPTN

KVITVRAGETVTAVWRYMLSTTGSAPND IMDS SHKGPTMAYLKKVDNATT
DSGVGGGWFKIQEDGLTNGVWGTERVINGQGRHNIKIPECIAPGQYLLRA
EMLALHGASNYPGAQFYMECAQLNIVGGTGSKTPSTVSFPGAYKGTDPGV

KINIYWPPVTSYQIPGPGVFTC

[0339] The polynucleotide (SEQ ID NO:106) and amino
acid (SEQ ID NO:107) sequences of an M. thermophila
GH61y are provided below. The signal sequence is under-
lined in SEQ ID NO:107. SEQ ID NO:108 provides the
sequence of GH61y, without the signal sequence.

(SEQ ID NO: 106)
ATGATCGACAACCTCCCTGATGACTCCCTACAACCCGCCTGCCTCCGCCC

GGGCCACTACCTCGTCCGCCACGAGATCATCGCGCTGCACTCGGCCTGGG
CCGAGGGCGAGGCCCAGTTCTACCCCTTCCCCCTTTTTCCTTTTTTTCCC
TCCCTTCTTTTGTCCGGTAACTACACGATTCCCGGTCCCGCGATCTGGAA
GTGCCCAGAGGCACAGCAGAACGAG

(SEQ ID NO: 107)
MIDNLPDDSLQPACLRPGHYLVRHEI IALHSAWAEGEAQFYPFPLFPFFP

SLLLSGNYTIPGPAIWKCPEAQQONE

(SEQ ID NO: 108)
HYLVRHEIIALHSAWAEGEAQFYPFPLFPFFPSLLLSGNYTIPGPAIWKC

PEAQONE

[0340] Additional enzymes (i.e., non-GH61 enzymes) that
find us in the present invention include, but are not limited
to the following enzymes.

[0341] Wild-type EG1b ¢cDNA (SEQ ID NO:109) and
amino acid (SEQ ID NO:110) sequences are provided
below. The signal sequence is underlined in SEQ ID
NO:110. SEQ ID NO:111 provides the sequence of EG1b,
without the signal sequence.
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(SEQ ID NO: 109)
ATGGGGCAGAAGACTCTCCAGGGGCTGGTGGCGGCGGCGGCACTGGCAGC

CTCGGTGGCGAACGCGCAGCAACCGGGCACCTTCACGCCCGAGGTGCATC
CGACGCTGCCGACGTGGAAGTGCACGACGAGCGGCGGGTGCGTCCAGCAG
GACACGTCGGTGGTGCTCGACTGGAACTACCGCTGGTTCCACACCGAGGA
CGGTAGCAAGTCGTGCATCACCTCTAGCGGCGTCGACCGGACCCTGTGCC
CGGACGAGGCGACGTGCGCCAAGAACTGCTTCGTCGAGGGCGTCAACTAC
ACGAGCAGCGGGGTCGAGACGTCCGGCAGCTCCCTCACCCTCCGCCAGTT
CTTCAAGGGCTCCGACGGCGCCATCAACAGCGTCTCCCCGCGCGTCTACC
TGCTCGGGGGAGACGGCAACTATGTCGTGCTCAAGCTCCTCGGCCAGGAG
CTGAGCTTCGACGTGGACGTATCGTCGCTCCCGTGCGGCGAGAACGCGGTC
CCTGTACCTGTCCGAGATGGACGCGACGGGAGGACGGAACGAGTACAACA
CGGGCGGGGCCGAGTACGGGTCGGGCTACTGTGACGCCCAGTGCCCCGTG
CAGAACTGGAACAACGGGACGCTCAACACGGGCCGGGTGGGCTCGTGCTG
CAACGAGATGGACATCCTCGAGGCCAACTCCAAGGCCGAGGCCTTCACGC
CGCACCCCTGCATCGGCAACTCGTGCGACAAGAGCGGGTGCGGCTTCAAC
GCGTACGCGCGCGGTTACCACAACTACTGGGCCCCCGGCGGCACGCTCGA
CACGTCCCGGCCTTTCACCATGATCACCCGCTTCGTCACCGACGACGGCA
CCACCTCGGGCAAGCTCGCCCGCATCGAGCGCGTCTACGTCCAGGACGGT
AAGAAGGTGCCCAGCGCGGCGCCCGGGGGGGACGTCATCACGGCCGACGG
GTGCACCTCCGCGCAGCCCTACGGCGGCCTTTCCGGCATGGGCGACGCCC
TCGGCCGCGGCATGGTCCTGGCCCTGAGCATCTGGAACGACGCGTCCGGG
TACATGAACTGGCTCGACGCCGGCAGCAACGGCCCCTGCAGCGACACCGA
GGGTAACCCGTCCAACATCCTGGCCAACCACCCGGACGCCCACGTCGTGC
TCTCCAACATCCGCTGGGGCGACATCGGCTCCACCGTCGACACCGGCGAT
GGCGACAACAACGGCGGCGGCCCCAACCCGTCATCCACCACCACCGCTAC
CGCTACCACCACCTCCTCCGGCCCGGCCGAGCCTACCCAGACCCACTACG
GCCAGTGTGGAGGGAAAGGATGGACGGGCCCTACCCGCTGCGAGACGCCC
TACACCTGCAAGTACCAGAACGACTGGTACTCGCAGTGCCTGTAG

(SEQ ID NO: 110)
MGOKTLQGLVAAAATLAASVANAQQPGTFTPEVHPTLPTWKCTTSGGCVQQ

DTSVVLDWNYRWFHTEDGSKSCITSSGVDRTLCPDEATCAKNCFVEGVNY

TSSGVETSGSSLTLRQFFKGSDGAINSVSPRVYLLGGDGNYVVLKLLGQE

LSFDVDVSSLPCGENAALYLSEMDATGGRNEYNTGGAEYGSGYCDAQCPV

QONWNNGTLNTGRVGSCCNEMDILEANSKAEAFTPHPCIGNSCDKSGCGFN

AYARGYHNYWAPGGTLDTSRPFTMITRFVTDDGTTSGKLARIERVYVQDG

KKVPSAAPGGDVITADGCTSAQPYGGLSGMGDALGRGMVLALSIWNDASG

YMNWLDAGSNGPCSDTEGNPSNILANHPDAHVVLSNIRWGDIGSTVDTGD

GDNNGGGPNPSSTTTATATTTSSGPAEPTQTHYGQCGGKGWTGPTRCETP

YTCKYQNDWYSQCL
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(SEQ ID NO: 111)
QQPGTFTPEVHPTLPTWKC TTSGGCVQQODTSVVLDWNYRWEFHTEDGSKS C
ITSSGVDRTLCPDEATCAKNCEVEGVNY TSSGVETSGSSLTLRQFFKGSD
GAINSVSPRVYLLGGDGNYVVLKLLGQELSFDVDVS SLPCGENAALYLSE
MDATGGRNEYNTGGAEYGSGY CDAQCPVONWNNGTLNTGRVGS CCNEMD T
LEANSKAEAFTPHPCIGNSCDKSGCGFNAYARGYHNYWAPGGTLDTSRPF
TMITRFVTDDGTTSGKLARIERVYVQODGKKVPSAAPGGDVITADGCTSAQ
PYGGLSGMGDALGRGMVLALS IWNDASGYMNWLDAGSNGPCSDTEGNPSN

ILANHPDAHVVLSNIRWGDIGSTVDTGDGDNNGGGPNPSSTTTATATTTS

SGPAEPTQTHYGQCGGKGWTGPTRCETPYTCKYQNDWYSQCL

[0342] Wild-type M. thermophila EG2 polynucleotide
(SEQ ID NO:112) and amino acid (SEQ ID NO:113)
sequences are provided below. The signal sequence is under-
lined in SEQ ID NO:113. SEQ ID NO:114 provides the
sequence of EG2, without the signal sequence.

(SEQ ID NO: 112)
ATGAAGTCCTCCATCCTCGCCAGCGTCTTCGCCACGGGCGCCGTGGCTCA

AAGTGGTCCGTGGCAGCAATGTGGTGGCATCGGATGGCAAGGATCGACCG
ACTGTGTGTCGGGTTACCACTGCGTCTACCAGAACGATTGGTACAGCCAG
TGCGTGCCTGGCGCGGCGTCGACAACGCTCCAGACATCTACCACGTCCAG
GCCCACCGCCACCAGCACCGCCCCTCCGTCGTCCACCACCTCGCCTAGCA
AGGGCAAGCTCAAGTGGCTCGGCAGCAACGAGTCGGGCGCCGAGTTCGGG
GAGGGCAACTACCCCGGCCTCTGGGGCAAGCACTTCATCTTCCCGTCGAC
TTCGGCGATTCAGACGCTCATCAATGATGGATACAACATCTTCCGGATCG
ACTTCTCGATGGAGCGTCTGGTGCCCAACCAGTTGACGTCGTCCTTCGAC
GAGGGCTACCTCCGCAACCTGACCGAGGTGGTCAACTTCGTGACGAACGC
GGGCAAGTACGCCGTCCTGGACCCGCACAACTACGGCCGGTACTACGGCA
ACGTCATCACGGACACGAACGCGTTCCGGACCTTCTGGACCAACCTGGCC
AAGCAGTTCGCCTCCAACTCGCTCGTCATCTTCGACACCAACAACGAGTA
CAACACGATGGACCAGACCCTGGTGCTCAACCTCAACCAGGCCGCCATCG
ACGGCATCCGGGCCGCCGGCGCGACCTCGCAGTACATCTTCGTCGAGGGC
AACGCGTGGAGCGGGGCCTGGAGCTGGAACACGACCAACACCAACATGGC
CGCCCTGACGGACCCGCAGAACAAGATCGTGTACGAGATGCACCAGTACC
TCGACTCGGACAGCTCGGGCACCCACGCCGAGTGCGTCAGCAGCAACATC
GGCGCCCAGCGCGTCGTCGGAGCCACCCAGTGGCTCCGCGCCAACGGCAA
GCTCGGCGTCCTCGGCGAGTTCGCCGGCGGCGCCAACGCCGTCTGCCAGC
AGGCCGTCACCGGCCTCCTCGACCACCTCCAGGACAACAGCGACGTCTGG
CTGGGTGCCCTCTGGTGGGCCGCCGGTCCCTGGTGGGGCGACTACATGTA
CTCGTTCGAGCCTCCTTCGGGCACCGGCTATGTCAACTACAACTCGATCC

TAAAGAAGTACTTGCCGTAA
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(SEQ ID NO: 113)
MKSSILASVFATGAVAQSGPWQQCGGIGWQGS TDCVSGYHCVYQNDWYSQ

CVPGAASTTLQTSTTSRPTATSTAPPSSTTSPSKGKLKWLGSNESGAEFG
EGNYPGLWGKHFIFPSTSAIQTLINDGYNIFRIDFSMERLVPNQLTSSFD
EGYLRNLTEVVNFVTNAGKYAVLDPHNYGRYYGNVITDTNAFRTFWTNLA
KQFASNSLVIFDTNNEYNTMDQTLVLNLNQAAIDGIRAAGATSQYIFVEG
NAWSGAWSWNTTNTNMAALTDPONKIVYEMHQYLDSDSSGTHAECVSSNI
GAQRVVGATQWLRANGKLGVLGEFAGGANAVCQQAVTGLLDHLODNSEVW
LGALWWAAGPWWGDYMYSFEPPSGTGYVNYNSILKKYLP

(SEQ ID NO: 114)
QSGPWQQCGGIGWQGSTDCVSGYHCVYQNDWY SQCVPGAASTTLQTSTTS

RPTATSTAPPSSTTSPSKGKLKWLGSNESGAEFGEGNYPGLWGKHFIFPS
TSAIQTLINDGYNIFRIDFSMERLVPNQLTSSFDEGYLRNLTEVVNFVTN
AGKYAVLDPHNYGRYYGNVITDTNAFRTFWTNLAKQFASNSLVIFDTNNE
YNTMDQTLVLNLNQAAIDGIRAAGATSQYIFVEGNAWSGAWSWNT TNTNM
AALTDPONKIVYEMHQYLDSDSSGTHAECVSSNIGAQRVVGATQWLRANG
KLGVLGEFAGGANAVCQQAVTGLLDHLODNSEVWLGALWWAAGPWWGDYM

YSFEPPSGTGYVNYNSILKKYLP

[0343] The polynucleotide (SEQ ID NO:115) and amino
acid (SEQ ID NO:116) sequences of a wild-type BGL are
provided below. The signal sequence is underlined in SEQ
ID NO:116. SEQ ID NO:117 provides the polypeptide
sequence without the signal sequence.

(SEQ ID NO: 115)
ATGAAGGCTGCTGCGCTTTCCTGCCTCTTCGGCAGTACCCTTGCCGTTGC

AGGCGCCATTGAATCGAGAAAGGTTCACCAGAAGCCCCTCGCGAGATCTG
AACCTTTTTACCCGTCGCCATGGATGAATCCCAACGCCGACGGCTGGGCG
GAGGCCTATGCCCAGGCCAAGTCCTTTGTCTCCCAAATGACTCTGCTAGA
GAAGGTCAACTTGACCACGGGAGTCGGCTGGGGGGCTGAGCAGTGCGTCG
GCCAAGTGGGCGCGATCCCTCGCCTTGGACTTCGCAGTCTGTGCATGCAT
GACTCCCCTCTCGGCATCCGAGGAGCCGACTACAACTCAGCGTTCCCCTC
TGGCCAGACCGTTGCTGCTACCTGGGATCGCGGTCTGATGTACCGTCGCG
GCTACGCAATGGGCCAGGAGGCCAAAGGCAAGGGCATCAATGTCCTTCTC
GGACCAGTCGCCGGCCCCCTTGGCCGCATGCCCGAGGGCGGTCGTAACTG
GGAAGGCTTCGCTCCGGATCCCGTCCTTACCGGCATCGGCATGTCCGAGA
CGATCAAGGGCATTCAGGATGCTGGCGTCATCGCTTGTGCGAAGCACTTT
ATTGGAAACGAGCAGGAGCACTTCAGACAGGTGCCAGAAGCCCAGGGATA
CGGTTACAACATCAGCGAAACCCTCTCCTCCAACATTGACGACAAGACCA
TGCACGAGCTCTACCTTTGGCCGTTTGCCGATGCCGTCCGGGCCGGCGTC
GGCTCTGTCATGTGCTCGTACCAGCAGGTCAACAACTCGTACGCCTGCCA

GAACTCGAAGCTGCTGAACGACCTCCTCAAGAACGAGCTTGGGTTTCAGG
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GCTTCGTCATGAGCGACTGGCAGGCACAGCACACTGGCGCAGCAAGCGCC
GTGGCTGGETCTCGATATGTCCATGCCGGGCGACACCCAGTTCAACACTGG
CGTCAGTTTCTGGGGCGCCAATCTCACCCTCGCCGTCCTCAACGGCACAG
TCCCTGCCTACCGTCTCGACGACATGGCCATGCGCATCATGGCCGCCCTC
TTCAAGGTCACCAAGACCACCGACCTGGAACCGATCAACTTCTCCTTCTG
GACCGACGACACTTATGGCCCGATCCACTGEGCCGCCAAGCAGGGCTACC
AGGAGATTAATTCCCACGTTGACGTCCGCGCCGACCACGGCAACCTCATC
CGGGAGATTGCCGCCAAGGGTACGETGCTGCTGAAGAATACCGGCTCTCT
ACCCCTGAACAAGCCAAAGTTCGTGGCCGTCATCGGCGAGGATGC TGGET
CGAGCCCCAACGGGCCCAACGGCTGCAGCGACCGCGECTGTAACGAAGGC
ACGCTCGCCATGGGCTGEGGATCCGGCACAGCCAACTATCCGTACCTCGT
TTCCCCCGACGCCGCGC TCCAGGCCCGEGCCATCCAGGACGGCACGAGGT
ACGAGAGCGTCCTGTCCAACTACGCCGAGGAAAAGACAAAGGCTCTGGTC
TCGCAGGCCAATGCAACCGCCATCGTCTTCGT CAATGCCGACTCAGGCGA
GGGCTACATCAACGTGGACGGTAACGAGGECGACCGTAAGAACCTGACTC
TCTGGAACAACGGTGATACTCTGGTCAAGAACGT CTCGAGC TGGTGCAGC
AACACCATCGTCGTCATCCACTCGETCGGCCCGGTCCTCCTGACCGATTG
GTACGACAACCCCAACATCACGGCCATTCTCTGGGCTGGTCTTCCGGGCC
AGGAGTCGGGCAACT CCATCACCGACGTGC TTTACGGCAAGGT CAACCCC
GCCGCCCGCTCGCCCTTCACT TGEGGCAAGACCCGCGAAAGCTATGGCGC
GGACGTCCTGTACAAGCCGAATAATGGCAATGGTGCGCCCCAACAGGACT
TCACCGAGGGCGTCTTCATCGACTACCGCTACTTCGACAAGGTTGACGAT
GACTCGGTCATCTACGAGT TCGECCACGGCCTGAGCTACACCACCTTCGA
GTACAGCAACATCCGCGTCGTCAAGT CCAACGTCAGCGAGTACCGGCCCA
CGACGGGCACCACGGCCCAGECCCCGACGTTTGGCAACT TCTCCACCGAC
CTCGAGGACTATCTCTTCCCCAAGGACGAGTTCCCCTACATCTACCAGTA
CATCTACCCGTACCTCAACACGACCGACCCCCGGAGEGCCTCGGCCGATC
CCCACTACGGCCAGACCGCCGAGGAGTTCCTCCCGCCCCACGCCACCGAT
GACGACCCCCAGCCGCTCCTCCGETCCTCGEGCGGARACTCCCCCGECGE
CAACCGCCAGCTGTACGACATTGTCTACACAATCACGGCCGACATCACGA
ATACGGGCTCCGT TGTAGGCGAGGAGGTACCGCAGCTCTACGTCTCGCTG
GGCGGTCCCGAGGATCCCAAGGTGCAGC TGCGCGAC TTTGACAGGATGCG
GATCGAACCCGGCGAGACGAGGCAGT TCACCGGCCGCCTGACGCGCAGAG
ATCTGAGCAACTGGGACGTCACGGTGCAGGACTGGGTCATCAGCAGGTAT
CCCAAGACGGCATATGT TGGGAGGAGCAGCCGGAAGTTGGATCTCAAGAT
TGAGCTTCCTTGA

(SEQ ID NO: 11le)
MKAAALSCLFGSTLAVAGAIESRKVHQKPLARSEPFYPSPWMNPNADGWA

EAYAQAKSFVSOMTLLEKVNLTTGVGWGAEQCVGQVGAI PRLGLRSLCMH
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DSPLGIRGADYNSAFPSGQTVAATWDRGLMYRRGYAMGQEAKGKGINVLL

GPVAGPLGRMPEGGRNWEGFAPDPVLTGIGMSETIKGIQDAGVIACAKHF
IGNEQEHFRQVPEAQGYGYNISETLSSNIDDKTMHELY LWPFADAVRAGV
GSVMCSYQQVNNSYACONSKLLNDLLKNELGFQGFVMSDWQAQHTGAASA
VAGLDMSMPGDTQFNTGVSFWGANLTLAVLNGTVPAYRLDDMAMRIMAAL
FKVTKTTDLEPINFSFWTDDTYGPIHWAAKQGYQEINSHVDVRADHGNL I
REIAAKGTVLLKNTGSLPLNKPKFVAVIGEDAGS SPNGPNGCSDRGCNEG
TLAMGWGSGTANYPYLVSPDAALQARATIQDGTRYESVLSNYAEEKTKALV
SQANATAIVFVNADSGEGY INVDGNEGDRKNL TLWNNGDTLVKNVSSWCS
NTIVVIHSVGPVLLTDWYDNPNITAILWAGLPGQESGNSITDVLYGKVNP
AARSPFTWGKTRESYGADVLYKPNNGNGAPQQDFTEGVFIDYRYFDKVDD
DSVIYEFGHGLSYTTFEYSNIRVVKSNVSEYRPTTGTTAQAPTFGNFSTD
LEDYLFPKDEFPYIYQYIYPYLNTTDPRRASADPHYGQTAEEFLPPHATD
DDPQPLLRSSGGNSPGGNRQLYDIVYTITADI TNTGSVVGEEVPQLYVSL
GGPEDPKVQLRDFDRMRIEPGETRQFTGRLTRRDLSNWDVTVQDWVISRY
PKTAYVGRSSRKLDLKIELP

(SEQ ID NO: 117)
IESRKVHQKPLARSEPFYPSPWMNPNADGWAEAYAQAKSFVSQMTLLEKV

NLTTGVGWGAEQCVGQVGAIPRLGLRSLCMHDSPLGIRGADYNSAFPSGQ
TVAATWDRGLMYRRGYAMGQEAKGKGINVLLGPVAGPLGRMPEGGRNWEG
FAPDPVLTGIGMSETIKGIQDAGVIACAKHFIGNEQEHFRQVPEAQGYGY
NISETLSSNIDDKTMHELYLWPFADAVRAGVGSVMCSYQQVNNSYACQONS
KLLNDLLKNELGFQGFVMSDWQAQHTGAASAVAGLDMSMPGDTQFNTGVS
FWGANLTLAVLNGTVPAYRLDDMAMRIMAALFKVTKTTDLEPINFSFWTD
DTYGPIHWAAKQGYQEINSHVDVRADHGNLIREIAAKGTVLLKNTGSLPL
NKPKFVAVIGEDAGSSPNGPNGCSDRGCNEGTLAMGWGSGTANYPYLVSP
DAALQARAIQDGTRYESVLSNYAEEKTKALVSQANATAIVFVNADSGEGY
INVDGNEGDRKNLTLWNNGDTLVKNVSSWCSNTIVVIHSVGPVLLTDWYD
NPNITAILWAGLPGQESGNSITDVLYGKVNPAARSPFTWGKTRESYGADV
LYKPNNGNGAPQODFTEGVFIDYRYFDKVDDDSVIYEFGHGLSYTTFEYS
NIRVVKSNVSEYRPTTGTTAQAPTFGNFSTDLEDYLFPKDEFPYIYQYIY
PYLNTTDPRRASADPHYGQTAEEFLPPHATDDDPQPLLRSSGGNSPGGNR
QLYDIVYTITADITNTGSVVGEEVPQLYVSLGGPEDPKVQLRDFDRMRIE
PGETRQFTGRLTRRDLSNWDVTVQDWVISRYPKTAYVGRSSRKLDLKIEL

P

[0344] The polynucleotide (SEQ ID NO:118) and amino
acid (SEQ ID NO:119) sequences of a BGL variant (“Variant
883”) are provided below. The signal sequence is underlined
in SEQ ID NO:119. SEQ ID NO:120 provides the sequence
of this BGL variant, without the signal sequence.

60
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(SEQ ID NO: 118)
ATGAAGGCTGCTGCGCTTTCCTGCCTCTTCGGCAGTACCCTTGCCGTTGC

AGGCGCCATTGAATCGAGAAAGGTTCACCAGAAGCCCCTCGCGAGATCTG
AACCTTTTTACCCGTCGCCATGGATGAATCCCAACGCCGACGGCTGGGCG
GAGGCCTATGCCCAGGCCAAGTCCTTTGTCTCCCAAATGACTCTGCTAGA
GAAGGTCAACTTGACCACGGGAGTCGGCTGGGGGGCTGAGCAGTGCGTCG
GCCAAGTGGGCGCGATCCCTCGCCTTGGACTTCGCAGTCTGTGCATGCAT
GACTCCCCTCTCGGCATCCGAGGAGCCGACTACAACTCAGCGTTCCCCTC
TGGCCAGACCGTTGCTGCTACCTGGGATCGCGGTCTGATGTACCGTCGCG
GCTACGCAATGGGCCAGGAGGCCAAAGGCAAGGGCATCAATGTCCTTCTC
GGACCAGTCGCCGGCCCCCTTGGCCGCATGCCCGAGGGCGGTCGTAACTG
GGAAGGCTTCGCTCCGGATCCCGTCCTTACCGGCATCGGCATGTCCGAGA
CGATCAAGGGCATTCAGGATGCTGGCGTCATCGCTTGTGCGAAGCACTTT
ATTGGAAACGAGCAGGAGCACTTCAGACAGGTGCCAGAAGCCCAGGGATA
CGGTTACAACATCAGCGAAACCCTCTCCTCCAACATTGACGACAAGACCA
TGCACGAGCTCTACCTTTGGCCGTTTGCCGATGCCGTCCGGGCCGGCGTC
GGCTCTGTCATGTGCTCGTACAACCAGGTCAACAACTCGTACGCCTGCCA
GAACTCGAAGCTGCTGAACGACCTCCTCAAGAACGAGCTTGGGTTTCAGG
GCTTCGTCATGAGCGACTGGTGGGCACAGCACACTGGCGCAGCAAGCGCC
GTGGCTGGTCTCGATATGTCCATGCCGGGCGACACCATGTTCAACACTGG
CGTCAGTTTCTGGGGCGCCAATCTCACCCTCGCCGTCCTCAACGGCACAG
TCCCTGCCTACCGTCTCGACGACATGGCCATGCGCATCATGGCCGCCCTC
TTCAAGGTCACCAAGACCACCGACCTGGAACCGATCAACTTCTCCTTCTG
GACCCGCGACACTTATGGCCCGATCCACTGGGCCGCCAAGCAGGGCTACC
AGGAGATTAATTCCCACGTTGACGTCCGCGCCGACCACGGCAACCTCATC
CGGAACATTGCCGCCAAGGGTACGGTGCTGCTGAAGAATACCGGCTCTCT
ACCCCTGAACAAGCCAAAGTTCGTGGCCGTCATCGGCGAGGATGCTGGGC
CGAGCCCCAACGGGCCCAACGGCTGCAGCGACCGCGGCTGTAACGAAGGT
ACGCTCGCCATGGGCTGGGGATCCGGCACAGCCAACTATCCGTACCTCGT
TTCCCCCGACGCCGCGCTCCAGTTGCGGGCCATCCAGGACGGCACGAGGT
ACGAGAGCGTCCTGTCCAACTACGCCGAGGAAAATACAAAGGCTCTGGTC
TCGCAGGCCAATGCAACCGCCATCGTCTTCGTCAATGCCGACTCAGGCGA
GGGCTACATCAACGTGGACGGTAACGAGGGCGACCGTAAGAACCTGACTC
TCTGGAACAACGGTGATACTCTGGTCAAGAACGTCTCGAGCTGGTGCAGC
AACACCATCGTCGTCATCCACTCGGTCGGCCCGGTCCTCCTGACCGATTG
GTACGACAACCCCAACATCACGGCCATTCTCTGGGCTGGTCTTCCGGGCC
AGGAGTCGGGCAACTCCATCACCGACGTGCTTTACGGCAAGGTCAACCCC
GCCGCCCGCTCGCCCTTCACTTGGGGCAAGACCCGCGAAAGCTATGGCGC
GGACGTCCTGTACAAGCCGAATAATGGCAATTGGGCGCCCCAACAGGACT

TCACCGAGGGCGTCTTCATCGACTACCGCTACTTCGACAAGGTTGACGAT
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GACTCGGTCATCTACGAGTTCGGCCACGGCCTGAGCTACACCACCTTCGA
GTACAGCAACATCCGCGTCGTCAAGTCCAACGTCAGCGAGTACCGGCCCA
CGACGGGCACCACGATTCAGGCCCCGACGTTTGGCAACTTCTCCACCGAC
CTCGAGGACTATCTCTTCCCCAAGGACGAGTTCCCCTACATCCCGCAGTA
CATCTACCCGTACCTCAACACGACCGACCCCCGGAGGGCCTCGGCCGATC
CCCACTACGGCCAGACCGCCGAGGAGTTCCTCCCGCCCCACGCCACCGAT
GACGACCCCCAGCCGCTCCTCCGGTCCTCGGGCGGAAACTCCCCCGGCGG
CAACCGCCAGCTGTACGACATTGTCTACACAATCACGGCCGACATCACGA
ATACGGGCTCCGTTGTAGGCGAGGAGGTACCGCAGCTCTACGTCTCGCTG
GGCGGTCCCGAGGATCCCAAGGTGCAGCTGCGCGACTTTGACAGGATGCG
GATCGAACCCGGCGAGACGAGGCAGTTCACCGGCCGCCTGACGCGCAGAG
ATCTGAGCAACTGGGACGTCACGGTGCAGGACTGGGTCATCAGCAGGTAT
CCCAAGACGGCATATGTTGGGAGGAGCAGCCGGAAGTTGGATCTCAAGAT
TGAGCTTCCTTGA

(SEQ ID NO: 119)
MKAAALSCLEFGSTLAVAGAIESRKVHQKPLARSEPFYPSPWMNPNADGWA

EAYAQAKSFVSQMTLLEKVNLTTGVGWGAEQCVGQVGAIPRLGLRSLCMH
DSPLGIRGADYNSAFPSGQTVAATWDRGLMYRRGYAMGQEAKGKGINVLL
GPVAGPLGRMPEGGRNWEGFAPDPVLTGIGMSETIKGIQDAGVIACAKHF
IGNEQEHFRQVPEAQGYGYNISETLSSNIDDKTMHELY LWPFADAVRAGV
GSVMCSYNQVNNSYACQONSKLLNDLLKNELGFQGFVMSDWWAQHTGAASA
VAGLDMSMPGDTMFNTGVSFWGANLTLAVLNGTVPAYRLDDMAMRIMAAL
FKVTKTTDLEPINFSFWTRDTYGPIHWAAKQGYQEINSHVDVRADHGNL I
RNIAAKGTVLLKNTGSLPLNKPKFVAVIGEDAGPSPNGPNGCSDRGCNEG
TLAMGWGSGTANYPYLVSPDAALQLRAIQDGTRYESVLSNYAEENTKALV
SQANATAIVFVNADSGEGY INVDGNEGDRKNL TLWNNGDTLVKNVSSWCS
NTIVVIHSVGPVLLTDWYDNPNITAILWAGLPGQESGNSITDVLYGKVNP
AARSPFTWGKTRESYGADVLYKPNNGNWAPQQDFTEGVFIDYRYFDKVDD
DSVIYEFGHGLSYTTFEYSNIRVVKSNVSEYRPTTGTTIQAPTFGNFSTD
LEDYLFPKDEFPYIPQYIYPYLNTTDPRRASADPHYGQTAEEFLPPHATD
DDPQPLLRSSGGNSPGGNRQLYDIVYTITADI TNTGSVVGEEVPQLYVSL
GGPEDPKVQLRDFDRMRIEPGETRQFTGRLTRRDLSNWDVTVQDWVISRY
PKTAYVGRSSRKLDLKIELP

(SEQ ID NO: 120)
IESRKVHQKPLARSEPFYPSPWMNPNADGWAEAYAQAKSFVSQMTLLEKV

NLTTGVGWGAEQCVGQVGAIPRLGLRSLCMHDSPLGIRGADYNSAFPSGQ
TVAATWDRGLMYRRGYAMGQEAKGKGINVLLGPVAGPLGRMPEGGRNWEG
FAPDPVLTGIGMSETIKGIQDAGVIACAKHFIGNEQEHFRQVPEAQGYGY
NISETLSSNIDDKTMHELYLWPFADAVRAGVGSVMCSYNQVNNSYACQONS

KLLNDLLKNELGFQGFVMSDWWAQHTGAASAVAGLDMSMPGDTMFNTGV S
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FWGANLTLAVLNGTVPAYRLDDMAMR IMAALFKVTKTTDLEPINFSFWTR
DTYGPIHWAAKQGYQEINSHVDVRADHGNLIRNIAAKGTVLLKNTGSLPL
NKPKFVAVIGEDAGPSPNGPNGCSDRGCNEGTLAMGWGSGTANYPYLVSP
DAALQLRAIQDGTRYESVLSNYAEENTKALVSQANATAIVFVNADSGEGY
INVDGNEGDRKNL TLWNNGDTLVKNVSSWCSNTIVVIHSVGPVLLTDWYD
NPNITAILWAGLPGQESGNSITDVLYGKVNPAARSPFTWGKTRES YGADV
LYKPNNGNWAPQQDF TEGVFIDYRYFDKVDDDSVIYEFGHGLSYTTFEYS
NIRVVKSNVSEYRPTTGTTIQAPTFGNFSTDLEDYLFPKDEFPYIPQYIY
PYLNTTDPRRASADPHYGQTAEEFLPPHATDDDPQPLLRSSGGNSPGGNR
QLYDIVYTITADITNTGSVVGEEVPQLYVSLGGPEDPKVQLRDFDRMRIE
PGETRQFTGRLTRRDLSNWDVTVQDWVISRYPKTAYVGRSSRKLDLKIEL
P
[0345] The polynucleotide (SEQ ID NO:121) and amino
acid (SEQ ID NO:122) sequences of a BGL variant (“Vari-
ant 900”) are provided below. The signal sequence is under-

lined in SEQ ID NO:122. SEQ ID NO:123 provides the
sequence of this BGL variant, without the signal sequence.

(SEQ ID NO: 121)
ATGAAGGCTGCTGCGCTTTCCTGCCTCTTCGGCAGTACCCTTGCCGTTGC

AGGCGCCATTGAATCGAGAAAGGTTCACCAGAAGCCCCTCGCGAGATCTG
AACCTTTTTACCCGTCGCCATGGATGAATCCCAACGCCATCGGCTGGGCG
GAGGCCTATGCCCAGGCCAAGTCCTTTGTCTCCCAAATGACTCTGCTAGA
GAAGGTCAACTTGACCACGGGAGTCGGCTGGGGGGAGGAGCAGTGCGTCG
GCAACGTGGGCGCGATCCCTCGCCTTGGACTTCGCAGTCTGTGCATGCAT
GACTCCCCTCTCGGCGTGCGAGGAACCGACTACAACTCAGCGTTCCCCTC
TGGCCAGACCGTTGCTGCTACCTGGGATCGCGGTCTGATGTACCGTCGCG
GCTACGCAATGGGCCAGGAGGCCAAAGGCAAGGGCATCAATGTCCTTCTC
GGACCAGTCGCCGGCCCCCTTGGCCGCATGCCCGAGGGCGGTCGTAACTG
GGAAGGCTTCGCTCCGGATCCCGTCCTTACCGGCATCGGCATGTCCGAGA
CGATCAAGGGCATTCAGGATGCTGGCGTCATCGCTTGTGCGAAGCACTTT
ATTGGAAACGAGCAGGAGCACTTCAGACAGGTGCCAGAAGCCCAGGGATA
CGGTTACAACATCAGCGAAACCCTCTCCTCCAACATTGACGACAAGACCA
TGCACGAGCTCTACCTTTGGCCGTTTGCCGATGCCGTCCGGGCCGGCGTC
GGCTCTGTCATGTGCTCGTACAACCAGGGCAACAACTCGTACGCCTGCCA
GAACTCGAAGCTGCTGAACGACCTCCTCAAGAACGAGCTTGGGTTTCAGG
GCTTCGTCATGAGCGACTGGTGGGCACAGCACACTGGCGCAGCAAGCGCC
GTGGCTGGTCTCGATATGTCCATGCCGGGCGACACCATGGTCAACACTGG
CGTCAGTTTCTGGGGCGCCAATCTCACCCTCGCCGTCCTCAACGGCACAG
TCCCTGCCTACCGTCTCGACGACATGTGCATGCGCATCATGGCCGCCCTC

TTCAAGGTCACCAAGACCACCGACCTGGAACCGATCAACTTCTCCTTCTG
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GACCCGCGACACTTATGGCCCGATCCACTGGGCCGCCAAGCAGGGCTACC
AGGAGATTAATTCCCACGTTGACGTCCGCGCCGACCACGGCAACCTCATC
CGGAACATTGCCGCCAAGGGTACGGTGCTGCTGAAGAATACCGGCTCTCT
ACCCCTGAACAAGCCAAAGTTCGTGGCCGTCATCGGCGAGGATGCTGGGC
CGAGCCCCAACGGGCCCAACGGCTGCAGCGACCGCGGCTGTAACGAAGGT
ACGCTCGCCATGGGCTGGGGATCCGGCACAGCCAACTATCCGTACCTCGT
TTCCCCCGACGCCGCGCTCCAGGCGCGGGCCATCCAGGACGGCACGAGGT
ACGAGAGCGTCCTGTCCAACTACGCCGAGGAAAATACAAAGGCTCTGGTC
TCGCAGGCCAATGCAACCGCCATCGTCTTCGTCAATGCCGACTCAGGCGA
GGGCTACATCAACGTGGACGGTAACGAGGGCGACCGTAAGAACCTGACTC
TCTGGAACAACGGTGATACTCTGGTCAAGAACGTCTCGAGCTGGTGCAGC
AACACCATCGTCGTCATCCACTCGGTCGGCCCGGTCCTCCTGACCGATTG
GTACGACAACCCCAACATCACGGCCATTCTCTGGGCTGGTCTTCCGGGCC
AGGAGTCGGGCAACTCCATCACCGACGTGCTTTACGGCAAGGTCAACCCC
GCCGCCCGCTCGCCCTTCACTTGGGGCAAGACCCGCGAAAGCTATGGCGC
GGACGTCCTGTACAAGCCGAATAATGGCAATTGGGCGCCCCAACAGGACT
TCACCGAGGGCGTCTTCATCGACTACCGCTACTTCGACAAGGTTGACGAT
GACTCGGTCATCTACGAGTTCGGCCACGGCCTGAGCTACACCACCTTCGA
GTACAGCAACATCCGCGTCGTCAAGTCCAACGTCAGCGAGTACCGGCCCA
CGACGGGCACCACGATTCAGGCCCCGACGTTTGGCAACTTCTCCACCGAC
CTCGAGGACTATCTCTTCCCCAAGGACGAGTTCCCCTACATCCCGCAGTA
CATCTACCCGTACCTCAACACGACCGACCCCCGGAGGGCCTCGGGCGATC
CCCACTACGGCCAGACCGCCGAGGAGTTCCTCCCGCCCCACGCCACCGAT
GACGACCCCCAGCCGCTCCTCCGGTCCTCGGGCGGAAACTCCCCCGGCGG
CAACCGCCAGCTGTACGACATTGTCTACACAATCACGGCCGACATCACGA
ATACGGGCTCCGTTGTAGGCGAGGAGGTACCGCAGCTCTACGTCTCGCTG
GGCGGTCCCGAGGATCCCAAGGTGCAGCTGCGCGACTTTGACAGGATGCG
GATCGAACCCGGCGAGACGAGGCAGTTCACCGGCCGCCTGACGCGCAGAG
ATCTGAGCAACTGGGACGTCACGGTGCAGGACTGGGTCATCAGCAGGTAT
CCCAAGACGGCATATGTTGGGAGGAGCAGCCGGAAGTTGGATCTCAAGAT
TGAGCTTCCTTGA

(SEQ ID NO: 122)
MKAAALSCLFGSTLAVAGAIESRKVHQKPLARSEPFYPSPWMNPNAIGWA

EAYAQAKSFVSQMTLLEKVNLTTGVGWGEEQCVGNVGAIPRLGLRSLCMH

DSPLGVRGTDYNSAFPSGQTVAATWDRGLMYRRGYAMGQEAKGKGINVLL

GPVAGPLGRMPEGGRNWEGFAPDPVLTGIGMSETIKGIQDAGVIACAKHF

IGNEQEHFRQVPEAQGYGYNISETLSSNIDDKTMHELY LWPFADAVRAGV

GSVMCSYNQGNNSYACQONSKLLNDLLKNELGFQGFVMSDWWAQHTGAASA

VAGLDMSMPGDTMVNTGVSFWGANLTLAVLNGTVPAYRLDDMCMRIMAAL
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FKVTKTTDLEPINFSFWTRDTYGPIHWAAKQGYQEINSHVDVRADHGNL I

RNIAAKGTVLLKNTGSLPLNKPKFVAVIGEDAGPSPNGPNGCSDRGCNEG
TLAMGWGSGTANYPYLVSPDAALQARATIQDGTRYESVLSNYAEENTKALV
SQANATAIVFVNADSGEGY INVDGNEGDRKNLTLWNNGD TLVKNVSSWCS
NTIVVIHSVGPVLLTDWYDNPNITAILWAGLPGQESGNSITDVLYGKVNP
AARSPFTWGKTRESYGADVLYKPNNGNWAPQQDFTEGVFIDYRYFDKVDD
DSVIYEFGHGLSYTTFEYSNIRVVKSNVSEYRPTTGTTIQAPTFGNFSTD
LEDYLFPKDEFPYIPQYIYPYLNTTDPRRASGDPHYGQTAEEFLPPHATD
DDPQPLLRSSGGNSPGGNRQLYDIVYTITADI TNTGSVVGEEVPQLYVSL
GGPEDPKVQLRDFDRMRIEPGETRQF TGRLTRRDLSNWDVTVQDWVISRY
PKTAYVGRSSRKLDLKIELP

(SEQ ID NO: 123)
IESRKVHQKPLARSEPFYPSPWMNPNAIGWAEAYAQAKSFVSQMTLLEKV

NLTTGVGWGEEQCVGNVGAIPRLGLRSLCMHDSPLGVRGTDYNSAFPSGQ
TVAATWDRGLMYRRGYAMGQEAKGKGINVLLGPVAGPLGRMPEGGRNWEG
FAPDPVLTGIGMSETIKGIQDAGVIACAKHFIGNEQEHFRQVPEAQGYGY
NISETLSSNIDDKTMHELYLWPFADAVRAGVGSVMCSYNQGNNSYACQONS
KLLNDLLKNELGFQGFVMSDWWAQHTGAASAVAGLDMSMPGDTMVNTGVS
FWGANLTLAVLNGTVPAYRLDDMCMRIMAALFKVTKTTDLEPINFSFWTR
DTYGPIHWAAKQGYQEINSHVDVRADHGNLIRNIAAKGTVLLKNTGSLPL
NKPKFVAVIGEDAGPSPNGPNGCSDRGCNEGTLAMGWGSGTANYPYLVSP
DAALQARAIQDGTRYESVLSNYAEENTKALVSQANATAIVFVNADSGEGY
INVDGNEGDRKNLTLWNNGDTLVKNVSSWCSNTIVVIHSVGPVLLTDWYD
NPNITAILWAGLPGQESGNSITDVLYGKVNPAARSPFTWGKTRESYGADV
LYKPNNGNWAPQODFTEGVFIDYRYFDKVDDDSVIYEFGHGLSYTTFEYS
NIRVVKSNVSEYRPTTGTTIQAPTFGNFSTDLEDYLFPKDEFPYIPQYIY
PYLNTTDPRRASGDPHYGQTAEEFLPPHATDDDPQPLLRSSGGNSPGGNR
QLYDIVYTITADITNTGSVVGEEVPQLYVSLGGPEDPKVQLRDFDRMRIE
PGETRQFTGRLTRRDLSNWDVTVQDWVISRYPKTAYVGRSSRKLDLKIEL

P

[0346] The polynucleotide (SEQ ID NO:124) and amino
acid (SEQ ID NO:125) sequences of wild-type Talaromyces
emersonii CBH1 are provided below. The signal sequence is
shown underlined in SEQ ID NO:125. SEQ ID NO:126
provides the sequence of this CBHI1, without the signal
sequence.

(SEQ ID NO: 124)
ATGCTTCGACGGGCTCTTCTTCTATCCTCTTCCGCCATCCTTGCTGTCAA

GGCACAGCAGGCCGGCACGGCGACGGCAGAGAACCACCCGCCCCTGACAT
GGCAGGAATGCACCGCCCCTGGGAGCTGCACCACCCAGAACGGGGCGGTC

GTTCTTGATGCGAACTGGCGTTGGGTGCACGATGTGAACGGATACACCAA
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CTGCTACACGGGCAATACCTGGGACCCCACGTACTGCCCTGACGACGARA

CCTGCGCCCAGAACTGTGCGCTGGACGGCGCGGATTACGAGGGCACCTAC
GGCGTGACTTCGTCGGGCAGCTCCTTGAAACTCAATTTCGTCACCGGGTC
GAACGTCGGATCCCGTCTCTACCTGCTGCAGGACGACTCGACCTATCAGA
TCTTCAAGCTTCTGAACCGCGAGTTCAGCTTTGACGTCGATGTCTCCAAT
CTTCCGTGCGGATTGAACGGCGCTCTGTACTTTGTCGCCATGGACGCCGA
CGGCGGCGTGTCCAAGTACCCGAACAACAAGGCTGGTGCCAAGTACGGAA
CCGGGTATTGCGACTCCCAATGCCCACGGGACCTCAAGTTCATCGACGGC
GAGGCCAACGTCGAGGGCTGGCAGCCGTCTTCGAACAACGCCAACACCGG
AATTGGCGACCACGGCTCCTGCTGTGCGGAGATGGATGTCTGGGAAGCAA
ACAGCATCTCCAATGCGGTCACTCCGCACCCGTGCGACACGCCAGGCCAG
ACGATGTGCTCTGGAGATGACTGCGGTGGCACATACTCTAACGATCGCTA
CGCGGGAACCTGCGATCCTGACGGCTGTGACTTCAACCCTTACCGCATGG
GCAACACTTCTTTCTACGGGCCTGGCAAGATCATCGATACCACCAAGCCC
TTCACTGTCGTGACGCAGTTCCTCACTGATGATGGTACGGATACTGGAAC
TCTCAGCGAGATCAAGCGCTTCTACATCCAGAACAGCAACGTCATTCCGC
AGCCCAACTCGGACATCAGTGGCGTGACCGGCAACTCGATCACGACGGAG
TTCTGCACTGCTCAGAAGCAGGCCTTTGGCGACACGGACGACTTCTCTCA
GCACGGTGGCCTGGCCAAGATGGGAGCGGCCATGCAGCAGGGTATGGTCC
TGGTGATGAGTTTGTGGGACGACTACGCCGCGCAGATGCTGTGGTTGGAT
TCCGACTACCCGACGGATGCGGACCCCACGACCCCTGGTATTGCCCGTGG
AACGTGTCCGACGGACTCGGGCGTCCCATCGGATGTCGAGTCGCAGAGCC
CCAACTCCTACGTGACCTACTCGAACATTAAGTTTGGTCCGATCAACTCG
ACCTTCACCGCTTCGTGA

(SEQ ID NO: 125)
MLRRALLLSSSATLAVKAQQAGTATAENHPPLTWQECTAPGSCTTONGAV

VLDANWRWVHDVNGYTNCYTGNTWDPTYCPDDETCAQNCALDGADYEGTY
GVTSSGSSLKLNFVTGSNVGSRLYLLODDSTYQIFKLLNREFSFDVDVSN
LPCGLNGALYFVAMDADGGVSKYPNNKAGAKYGTGYCDSQCPRDLKFIDG
EANVEGWQPSSNNANTGIGDHGS CCAEMDVWEANSISNAVTPHPCDTPGQ
TMCSGDDCGGTYSNDRYAGTCDPDGCDFNPYRMGNTSFYGPGKIIDTTKP
FTVVTQFLTDDGTDTGTLSEIKRFYIQNSNVIPQPNSDISGVTGNSITTE
FCTAQKQAFGDTDDFSQHGGLAKMGAAMOQGMVLVMSLWDDYAAQMLWLD
SDYPTDADPTTPGIARGTCPTDSGVPSDVESQSPNSYVTYSNIKFGPINS
TFTAS

(SEQ ID NO: 126)
QOAGTATAENHPPLTWQECTAPGSCTTQNGAVVLDANWRWVHDVNGY TNC

YTGNTWDPTYCPDDETCAQNCALDGADYEGTYGVTSSGSSLKLNFVTGSN
VGSRLYLLQDDSTYQIFKLLNREFSFDVDVSNLPCGLNGALYFVAMDADG

GVSKYPNNKAGAKYGTGYCDSQCPRDLKFIDGEANVEGWQPSSNNANTGI
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GDHGSCCAEMDVWEANS ISNAVTPHPCDTPGQTMCSGDDCGGTYSNDRYA

GTCDPDGCDFNPYRMGNTSFYGPGKIIDTTKPFTVVTQFLTDDGTDTGTL
SEIKRFYIQNSNVIPQPNSDISGVTGNSITTEFCTAQKQAFGDTDDFSQH
GGLAKMGAAMQQGMVLVMS LWDDYAAQMLWLDSDYPTDADPTTPGIARGT

CPTDSGVPSDVESQSPNSYVTYSNIKFGPINSTFTAS

[0347] The polynucleotide (SEQ ID NO:127) and amino
acid (SEQ ID NO:128) sequences of wild-type M. thermo-
phila CBH1a are provided below. The signal sequence is
shown underlined in SEQ ID NO:128. SEQ ID NO:129
provides the sequence of this CBHla, without the signal
sequence.

(SEQ ID NO: 127)
ATGTACGCCAAGTTCGCGACCCTCGCCGCCCTTGTGGCTGGCGCCGCTGC

TCAGAACGCCTGCACTCTGACCGCTGAGAACCACCCCTCGCTGACGTGGT
CCAAGTGCACGTCTGGCGGCAGCTGCACCAGCGTCCAGGGTTCCATCACC
ATCGACGCCAACTGGCGGTGGACTCACCGGACCGATAGCGCCACCAACTG
CTACGAGGGCAACAAGTGGGATACTTCGTACTGCAGCGATGGTCCTTCTT
GCGCCTCCAAGTGCTGCATCGACGGCGCTGACTACTCGAGCACCTATGGC
ATCACCACGAGCGGTAACTCCCTGAACCTCAAGTTCGTCACCAAGGGCCA
GTACTCGACCAACATCGGCTCGCGTACCTACCTGATGGAGAGCGACACCA
AGTACCAGATGTTCCAGCTCCTCGGCAACGAGTTCACCTTCGATGTCGAC
GTCTCCAACCTCGGCTGCGGCCTCAATGGCGCCCTCTACTTCGTGTCCAT
GGATGCCGATGGTGGCATGTCCAAGTACTCGGGCAACAAGGCAGGTGCCA
AGTACGGTACCGGCTACTGTGATTCTCAGTGCCCCCGCGACCTCAAGTTC
ATCAACGGCGAGGCCAACGTAGAGAACTGGCAGAGCTCGACCAACGATGC
CAACGCCGGCACGGGCAAGTACGGCAGCTGCTGCTCCGAGATGGACGTCT
GGGAGGCCAACAACATGGCCGCCGCCTTCACTCCCCACCCTTGCACCGTG
ATCGGCCAGTCGCGCTGCGAGGGCGACTCGTGCGGCGGTACCTACAGCAC
CGACCGCTATGCCGGCATCTGCGACCCCGACGGATGCGACTTCAACTCGT
ACCGCCAGGGCAACAAGACCTTCTACGGCAAGGGCATGACGGTCGACACG
ACCAAGAAGATCACGGTCGTCACCCAGTTCCTCAAGAACTCGGCCGGCGA
GCTCTCCGAGATCAAGCGGTTCTACGTCCAGAACGGCAAGGTCATCCCCA
ACTCCGAGTCCACCATCCCGGGCGTCGAGGGCAACTCCATCACCCAGGAC
TGGTGCGACCGCCAGAAGGCCGCCTTCGGCGACGTGACCGACTTCCAGGA
CAAGGGCGGCATGGTCCAGATGGGCAAGGCCCTCGCGGGGCCCATGGTCC
TCGTCATGTCCATCTGGGACGACCACGCCGTCAACATGCTCTGGCTCGAC
TCCACCTGGCCCATCGACGGCGCCGGCAAGCCGGGCGCCGAGCGLCGGTGL
CTGCCCCACCACCTCGGGCGTCCCCGCTGAGGTCGAGGCCGAGGCCCCCA
ACTCCAACGTCATCTTCTCCAACATCCGCTTCGGCCCCATCGGCTCCACC
GTCTCCGGCCTGCCCGACGGCGGCAGCGGCAACCCCAACCCGCCCGTCAG

CTCGTCCACCCCGGTCCCCTCCTCGTCCACCACATCCTCCGGTTCCTCCG
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GCCCGACTGGCGGCACGGGTGTCGCTAAGCACTATGAGCAATGCGGAGGA
ATCGGGTTCACTGGCCCTACCCAGTGCGAGAGCCCCTACACTTGCACCAA
GCTGAATGACTGGTACTCGCAGTGCCTGTAA

(SEQ ID NO: 128)
MYAKFATLAALVAGAAAQNACTLTAENHPSLTYSKCTSGGSCTSVQGSIT

IDANWRWTHRTDSATNCYEGNKWDTSWCSDGPSCASKCCIDGADYSSTYG
ITTSGNSLNLKFVTKGQYSTNIGSRTYLMESDTKYQMFQLLGNEFTFDVD
VSNLGCGLNGALYFVSMDADGGMSKYSGNKAGAKYGTGYCDSQCPRDLKF
INGEANVENWQS STNDANAGTGKYGSCCSEMDVWEANNMAAAFTPHPCTV
IGQSRCEGDSCGGTYSTDRYAGICDPDGCDEFNSYRQGNKTFYGKGMTVDT
TKKITVVTQFLKNSAGELSEIKRFYVQONGKVIPNSESTIPGVEGNSITQD
WCDRQKAAFGDVTDFQDKGGMVQMGKALAGPMVLVMSIWDDHAVNMLWLD
STWPIDGAGKPGAERGACPTTSGVPAEVEAEAPNSNVIFSNIRFGPIGST
VSGLPDGGSGNPNPPVSSSTPVPSSSTTSSGSSGPTGGTGVAKHYEQCGG
IGFTGPTQCESPYTCTKLNDWYSQCL

(SEQ ID NO: 129)
ONACTLTAENHPSLTYSKCTSGGSCTSVQGSITIDANWRWTHRTDSATNC

YEGNKWDTSWCSDGPSCASKCCIDGADYSSTYGITTSGNSLNLKFVTKGQ
YSTNIGSRTYLMESDTKYQMFQLLGNEFTFDVDVSNLGCGLNGALYFVSM
DADGGMSKYSGNKAGAKYGTGYCDSQCPRDLKFINGEANVENWQSSTNDA
NAGTGKYGSCCSEMDVWEANNMAAAFTPHPCTVIGQSRCEGDSCGGTYST
DRYAGICDPDGCDFNSYRQGNKTFYGKGMTVDTTKKITVVTQFLKNSAGE
LSEIKRFYVQNGKVIPNSESTIPGVEGNSITQDWCDRQKAAFGDVTDFQD
KGGMVQMGKALAGPMVLVMSIWDDHAVNMLWLDS TWPIDGAGKPGAERGA
CPTTSGVPAEVEAEAPNSNVIFSNIRFGPIGSTVSGLPDGGSGNPNPPVS
SSTPVPSSSTTSSGSSGPTGGTGVAKHYEQCGGIGFTGPTQCESPYTCTK

LNDWYSQCL

[0348] The polynucleotide (SEQ ID NO:130) and amino
acid (SEQ ID NO:131) sequences of a M. thermophila
CBHla variant (“Variant 145”) are provided below. The
signal sequence is shown underlined in SEQ ID NO:131.
SEQ ID NO:132 provides the sequence of this CBHla,
without the signal sequence.

(SEQ ID NO: 130)
ATGTACGCCAAGTTCGCGACCCTCGCCGCCCTTGTGGCTGGCGCCGCTGC

TCAGAACGCCTGCACTCTGACCGCTGAGAACCACCCCTCGCTGACGTGGT
CCAAGTGCACGTCTGGCGGCAGCTGCACCAGCGTCCAGGGTTCCATCACC
ATCGACGCCAACTGGCGGTGGACTCACCGGACCGATAGCGCCACCAACTG
CTACGAGGGCAACAAGTGGGATACTTCGTGGTGCAGCGATGGTCCTTCTT
GCGCCTCCAAGTGCTGCATCGACGGCGCTGACTACTCGAGCACCTATGGC

ATCACCACGAGCGGTAACTCCCTGAACCTCAAGTTCGTCACCAAGGGCCA
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GTACTCGACCAACATCGGCTCGCGTACC TACC TGATGGAGAGCGACACCA

AGTACCAGATGTTCCAGCTCCTCGGCAACGAGTTCACCTTCGATGTCGAC
GTCTCCAACCTCGGCTGCGGCCTCAATGGCGCCCTCTACTTCGTGTCCAT
GGATGCCGATGGTGGCATGTCCAAGTACTCGGGCAACAAGGCAGGTGCCA
AGTACGGTACCGGCTACTGTGATTCTCAGTGCCCCCGCGACCTCAAGTTC
ATCAACGGCGAGGCCAACGTAGAGAACTGGCAGAGCTCGACCAACGATGC
CAACGCCGGCACGGGCAAGTACGGCAGCTGCTGCTCCGAGATGGACGTCT
GGGAGGCCAACAACATGGCCGCCGCCTTCACTCCCCACCCTTGCACCGTG
ATCGGCCAGTCGCGCTGCGAGGGCGACTCGTGCGGCGGTACCTACAGCAC
CGACCGCTATGCCGGCATCTGCGACCCCGACGGATGCGACTTCAACTCGT
ACCGCCAGGGCAACAAGACCTTCTACGGCAAGGGCATGACGGTCGACACG
ACCAAGAAGATCACGGTCGTCACCCAGTTCCTCAAGAACTCGGCCGGCGA
GCTCTCCGAGATCAAGCGGTTCTACGTCCAGAACGGCAAGGTCATCCCCA
ACTCCGAGTCCACCATCCCGGGCGTCGAGGGCAACTCCATCACCCAGGAC
TGGTGCGACCGCCAGAAGGCCGCCTTCGGCGACGTGACCGACTTCCAGGA
CAAGGGCGGCATGGTCCAGATGGGCAAGGCCCTCGCGGGGCCCATGGTCC
TCGTCATGTCCATCTGGGACGACCACGCCGTCAACATGCTCTGGCTCGAC
TCCACCTGGCCCATCGACGGCGCCGGCAAGCCGGGCGCCGAGCGLCGGTGL
CTGCCCCACCACCTCGGGCGTCCCCGCTGAGGTCGAGGCCGAGGCCCCCA
ACTCCAACGTCATCTTCTCCAACATCCGCTTCGGCCCCATCGGCTCCACC
GTCTCCGGCCTGCCCGACGGCGGCAGCGGCAACCCCAACCCGCCCGTCAG
CTCGTCCACCCCGGTCCCCTCCTCGTCCACCACATCCTCCGGTTCCTCCG
GCCCGACTGGCGGCACGGGTGTCGCTAAGCACTATGAGCAATGCGGAGGA
ATCGGGTTCACTGGCCCTACCCAGTGCGAGAGCCCCTACACTTGCACCAA
GCTGAATGACTGGTACTCGCAGTGCCTGTAA

(SEQ ID NO: 131)
MYAKFATLAALVAGAAAQNACTLTAENHPSLTWSKCTSGGSCTSVQGSIT

IDANWRWTHRTDSATNCYEGNKWDTSWCSDGPSCASKCCIDGADYSSTYG
ITTSGNSLNLKFVTKGQYSTNIGSRTYLMESDTKYQMFQLLGNEFTFDVD
VSNLGCGLNGALYFVSMDADGGMSKY SGNKAGAKYGTGYCDSQCPRDLKF
INGEANVENWQSS TNDANAGTGKYGS CCSEMDVWEANNMAAAFTPHPCTV
IGQSRCEGDSCGGTYSTDRYAGICDPDGCDEFNSYRQGNKTFYGKGMTVDT
TKKITVVTQFLKNSAGELSEIKRFYVONGKVIPNSESTIPGVEGNSITQD
WCDRQKAAFGDVTDFQDKGGMVQOMGKALAGPMVLVMSIWDDHAVNMLWLD
STWPIDGAGKPGAERGACPTTSGVPAEVEAEAPNSNVIFSNIRFGPIGST
VSGLPDGGSGNPNPPVSSSTPVPSSSTTSSGSSGPTGGTGVAKHYEQCGG
IGFTGPTQCESPYTCTKLNDWYSQCL

(SEQ ID NO: 132)
ONACTLTAENHPSLTWSKCTSGGSCTSVQGSITIDANWRWTHRTDSATNC

YEGNKWDTSWCSDGPSCASKCCIDGADYSSTYGITTSGNSLNLKFVTKGQ
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YSTNIGSRTYLMESDTKYQMFQLLGNEFTFDVDVSNLGCGLNGALYFVSM

DADGGMSKYSGNKAGAKYGTGYCDSQCPRDLKFINGEANVENWQSSTNDA
NAGTGKYGSCCSEMDVWEANNMAAAFTPHPCTVIGQSRCEGDSCGGTYST
DRYAGICDPDGCDFNSYRQGNKTFYGKGMTVDTTKKITVVTQFLKNSAGE
LSEIKRFYVQNGKVIPNSESTIPGVEGNSITQDWCDRQKAAFGDVTDFQD
KGGMVQMGKALAGPMVLVMSIWDDHAVNMLWLDS TWPIDGAGKPGAERGA
CPTTSGVPAEVEAEAPNSNVIFSNIRFGPIGSTVSGLPDGGSGNPNPPVS
SSTPVPSSSTTSSGSSGPTGGTGVAKHYEQCGGIGFTGPTQCESPYTCTK

LNDWYSQCL

[0349] The polynucleotide (SEQ ID NO:133) and amino
acid (SEQ ID NO:134) sequences of a M. thermophila
CBHla variant (“Variant 983”) are provided below. The
signal sequence is shown underlined in SEQ ID NO:134.
SEQ ID NO:135 provides the sequence of this CBHla
variant, without the signal sequence.

(SEQ ID NO: 133)
ATGTACGCCAAGTTCGCGACCCTCGCCGCCCTTGTGGCTGGCGCCGCTGC

TCAGAACGCCTGCACTCTGAACGCTGAGAACCACCCCTCGCTGACGTGGT
CCAAGTGCACGTCTGGCGGCAGCTGCACCAGCGTCCAGGGTTCCATCACC
ATCGACGCCAACTGGCGGTGGACTCACCGGACCGATAGCGCCACCAACTG
CTACGAGGGCAACAAGTGGGATACTTCGTACTGCAGCGATGGTCCTTCTT
GCGCCTCCAAGTGCTGCATCGACGGCGCTGACTACTCGAGCACCTATGGC
ATCACCACGAGCGGTAACTCCCTGAACCTCAAGTTCGTCACCAAGGGCCA
GTACTCGACCAACATCGGCTCGCGTACCTACCTGATGGAGAGCGACACCA
AGTACCAGATGTTCCAGCTCCTCGGCAACGAGTTCACCTTCGATGTCGAC
GTCTCCAACCTCGGCTGCGGCCTCAATGGCGCCCTCTACTTCGTGTCCAT
GGATGCCGATGGTGGCATGTCCAAGTACTCGGGCAACAAGGCAGGTGCCA
AGTACGGTACCGGCTACTGTGATTCTCAGTGCCCCCGCGACCTCAAGTTC
ATCAACGGCGAGGCCAACGTAGAGAACTGGCAGAGCTCGACCAACGATGC
CAACGCCGGCACGGGCAAGTACGGCAGCTGCTGCTCCGAGATGGACGTCT
GGGAGGCCAACAACATGGCCGCCGCCTTCACTCCCCACCCTTGCACCGTG
ATCGGCCAGTCGCGCTGCGAGGGCGACTCGTGCGGCGGTACCTACAGCAC
CGACCGCTATGCCGGCATCTGCGACCCCGACGGATGCGACTTCAACTCGT
ACCGCCAGGGCAACAAGACCTTCTACGGCAAGGGCATGACGGTCGACACG
ACCAAGAAGATCACGGTCGTCACCCAGTTCCTCAAGAACTCGGCCGGCGA
GCTCTCCGAGATCAAGCGGTTCTACGTCCAGAACGGCAAGGTCATCCCCA
ACTCCGAGTCCACCATCCCGGGCGTCGAGGGCAACTCCATCACCCAGGAG
TACTGCGACCGCCAGAAGGCCGCCTTCGGCGACGTGACCGACTTCCAGGA
CAAGGGCGGCATGGTCCAGATGGGCAAGGCCCTCGCGGGGCCCATGGTCC
TCGTCATGTCCATCTGGGACGACCACGCCGACAACATGCTCTGGCTCGAC

TCCACCTGGCCCATCGACGGCGCCGGCAAGCCGGGCGCCGAGCGCGGTGC
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CTGCCCCACCACCTCGGGCGTCCCCGCTGAGGTCGAGGCCGAGGCCCCCA
ACTCCAACGTCATCTTCTCCAACATCCGCTTCGGCCCCATCGGCTCCACC
GTCTCCGGCCTGCCCGACGGCGGCAGCGGCAACCCCAACCCGCCCGTCAG
CTCGTCCACCCCGGTCCCCTCCTCGTCCACCACATCCTCCGGTTCCTCCG
GCCCGACTGGCGGCACGGGTGTCGCTAAGCACTATGAGCAATGCGGAGGA
ATCGGGTTCACTGGCCCTACCCAGTGCGAGAGCCCCTACACTTGCACCAA
GCTGAATGACTGGTACTCGCAGTGCCTGTAA

(SEQ ID NO: 134)
MYAKFATLAALVAGAAAQNACTLNAENHPSLTWSKCTSGGSCTSVQGSIT

IDANWRWTHRTDSATNCYEGNKWDTSYCSDGPSCASKCCIDGADYSSTYG
ITTSGNSLNLKFVTKGQYSTNIGSRTYLMESDTKYQMFQLLGNEFTFDVD
VSNLGCGLNGALYFVSMDADGGMSKY SGNKAGAKYGTGYCDSQCPRDLKF
INGEANVENWQSS TNDANAGTGKYGS CCSEMDVWEANNMAAAFTPHPCTV
IGQSRCEGDSCGGTYSTDRYAGICDPDGCDEFNSYRQGNKTFYGKGMTVDT
TKKITVVTQFLKNSAGELSEIKRFYVONGKVIPNSESTIPGVEGNSITQE
YCDRQKAAFGDVTDFQDKGGMVQMGKALAGPMVLVMS IWDDHADNMLWLD
STWPIDGAGKPGAERGACPTTSGVPAEVEAEAPNSNVIFSNIRFGPIGST
VSGLPDGGSGNPNPPVSSSTPVPSSSTTSSGSSGPTGGTGVAKHYEQCGG
IGFTGPTQCESPYTCTKLNDWYSQCL

(SEQ ID NO: 135)
ONACTLNAENHPSLTWSKCTSGGSCTSVQGSITIDANWRWTHRTDSATNC

YEGNKWDTSYCSDGPSCASKCCIDGADYSSTYGITTSGNSLNLKFVTKGQ
YSTNIGSRTYLMESDTKYQMFQLLGNEF TFDVDVSNLGCGLNGALYFVSM
DADGGMSKYSGNKAGAKYGTGYCDSQCPRDLKFINGEANVENWQSSTNDA
NAGTGKYGSCCSEMDVWEANNMAAAFTPHPCTVIGQSRCEGDSCGGTYST
DRYAGICDPDGCDFNSYRQGNKTFYGKGMTVDTTKKITVVTQFLKNSAGE
LSEIKRFYVQONGKVIPNSESTIPGVEGNSITQEYCDRQKAAFGDVTDFQD
KGGMVQMGKALAGPMVLVMSIWDDHADNMLWLDS TWPIDGAGKPGAERGA
CPTTSGVPAEVEAEAPNSNVIFSNIRFGPIGSTVSGLPDGGSGNPNPPVS
SSTPVPSSSTTSSGSSGPTGGTGVAKHYEQCGGIGFTGPTQCESPYTCTK

LNDWYSQCL

[0350] The polynucleotide (SEQ ID NO:136) and amino
acid (SEQ ID NO:137) sequences of wild-type M. thermo-
phila CBH2b are provided below. The signal sequence is
shown underlined in SEQ ID NO:137. SEQ ID NO:138
provides the sequence of this CBH2b, without the signal
sequence.

(SEQ ID NO: 136)
ATGGCCAAGAAGCTTTTCATCACCGCCGCGCTTGCGGCTGCCGTGTTGGC

GGCCCCCGTCATTGAGGAGCGCCAGAACTGCGGCGCTGTGTGGACTCAAT

GCGGCGGTAACGGGTGGCAAGGTCCCACATGCTGCGCCTCGGGCTCGACC
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TGCGTTGCGCAGAACCAGTGGTACT CTCAGTGCCTGCCCAACAGCCAGGT

GACGAGTTCCACCACTCCGTCGTCGACTTCCACCTCGCAGCGCAGCACCA
GCACCTCCAGCAGCACCACCAGGAGCGGCAGCTCCTCCTCCTCCTCCACC
ACGCCCCCGCCCGTCTCCAGCCCCGTGACCAGCATTCCCGGCGGTGCGAC
CTCCACGGCGAGCTACTCTGGCAACCCCTTCTCGGGCGTCCGGCTCTTCG
CCAACGACTACTACAGGTCCGAGGTCCACAATCTCGCCATTCCTAGCATG
ACTGGTACTCTGGCGGCCAAGGCTTCCGCCGTCGCCGAAGTCCCTAGCTT
CCAGTGGCTCGACCGGAACGTCACCATCGACACCCTGATGGTCCAGACTC
TGTCCCAGGTCCGGGCTCTCAATAAGGCCGGTGCCAATCCTCCCTATGCT
GCCCAACTCGTCGTCTACGACCTCCCCGACCGTGACTGTGCCGCCGCTGC
GTCCAACGGCGAGTTTTCGATTGCAAACGGCGGCGCCGCCAACTACAGGA
GCTACATCGACGCTATCCGCAAGCACATCATTGAGTACTCGGACATCCGG
ATCATCCTGGTTATCGAGCCCGACTCGATGGCCAACATGGTGACCAACAT
GAACGTGGCCAAGTGCAGCAACGCCGCGTCGACGTACCACGAGTTGACCG
TGTACGCGCTCAAGCAGCTGAACCTGCCCAACGTCGCCATGTATCTCGAC
GCCGGCCACGCCGGCTGGCTCGGCTGGCCCGCCAACATCCAGCCCGCCGTC
CGAGCTGTTTGCCGGCATCTACAATGATGCCGGCAAGCCGGCTGCCGTCC
GCGGCCTGGCCACTAACGTCGCCAACTACAACGCCTGGAGCATCGCTTCG
GCCCCGTCGTACACGTCGCCTAACCCTAACTACGACGAGAAGCACTACAT
CGAGGCCTTCAGCCCGCTCTTGAACTCGGCCGGCTTCCCCGCACGCTTCA
TTGTCGACACTGGCCGCAACGGCAAACAACCTACCGGCCAACAACAGTGG
GGTGACTGGTGCAATGTCAAGGGCACCGGCTTTGGCGTGCGCCCGACGGT
CAACACGGGCCACGAGCTGGTCGATGCCTTTGTCTGGGTCAAGCCCGGCG
GCGAGTCCGACGGCACAAGCGACACCAGCGCCGCCCGCTACGACTACCAC
TGCGGCCTGTCCGATGCCCTGCAGCCTGCCCCCGAGGCTGGACAGTGGTT
CCAGGCCTACTTCGAGCAGCTGCTCACCAACGCCAACCCGCCCTTCTAA

(SEQ ID NO: 137)
MAKKLFITAALAAAVLAAPVIEERQNCGAVWTQCGGNGWQGPTCCASGST

CVAQNEWYSQCLPNSQVTSSTTPSSTSTSQRSTSTSSSTTRSGSSSSSST
TPPPVSSPVTSIPGGATSTASYSGNPFSGVRLFANDYYRSEVHNLAIPSM
TGTLAAKASAVAEVPSFQWLDRNVTIDTLMVQTLSQVRALNKAGANPPYA
AQLVVYDLPDRDCAAAASNGEFSIANGGAANYRSYIDAIRKHIIEYSDIR
IILVIEPDSMANMV TNMNVAKCSNAASTYHELTVYALKQLNLPNVAMYLD
AGHAGWLGWPANIQPAAELFAGIYNDAGKPAAVRGLATNVANYNAWSIAS
APSYTSPNPNYDEKHYIEAFSPLLNSAGFPARFIVDTGRNGKQPTGQQQW
GDWCNVKGTGFGVRPTANTGHELVDAFVWVKPGGESDGTSDTSAARYDYH
CGLSDALQPAPEAGOWFQAYFEQLLTNANPPF

(SEQ ID NO: 138)
APVIEERQNCGAVWTQCGGNGWQGPTCCASGSTCVAQNEWYSQCLPNSQV

TSSTTPSSTSTSQRSTSTSSSTTRSGSSSSSSTTPPPVSSPVTSIPGGAT
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STASYSGNPFSGVRLFANDYYRSEVHNLAI PSMTGTLAAKASAVAEVPSE

OWLDRNVTIDTLMVQTLSQVRALNKAGANPPYAAQLVVYDLPDRDCAAAA
SNGEFSIANGGAANYRSYIDAIRKHIIEYSDIRIILVIEPDSMANMVTNM
NVAKCSNAASTYHELTVYALKQLNLPNVAMYLDAGHAGWLGWPANIQPAA
ELFAGIYNDAGKPAAVRGLATNVANYNAWSIASAPSYTSPNPNYDEKHY I
EAFSPLLNSAGFPARFIVDTGRNGKQPTGQQOWGDWCNVKGTGFGVRPTA
NTGHELVDAFVWVKPGGESDGTSDTSAARYDYHCGLSDALQPAPEAGOWF

QAYFEQLLTNANPPF

[0351] The polynucleotide (SEQ ID NO:139) and amino
acid (SEQ ID NO:140) sequences of a M. thermophila
CBH2b variant (“Variant 196”) are provided below. The
signal sequence is shown underlined in SEQ ID NO:140.
SEQ ID NO:141 provides the sequence of this CBH2b
variant, without the signal sequence.

(SEQ ID NO: 139)
ATGGCCAAGAAGCTTTTCATCACCGCCGCGCTTGCGGCTGCCGTGTTGGC

GGCCCCCGTCATTGAGGAGCGCCAGAACTGCGGCGCTGTGTGGACTCAAT
GCGGCGGTAACGGGTGGCAAGGTCCCACATGCTGCGCCTCGGGCTCGACC
TGCGTTGCGCAGAACGAGTGGTACTCTCAGTGCCTGCCCAACAGCCAGGT
GACGAGTTCCACCACTCCGTCGTCGACTTCCACCTCGCAGCGCAGCACCA
GCACCTCCAGCAGCACCACCAGGAGCGGCAGCTCCTCCTCCTCCTCCACC
ACGCCCACCCCCGTCTCCAGCCCCGTGACCAGCATTCCCGGCGGTGCGAC
CTCCACGGCGAGCTACTCTGGCAACCCCTTCTCGGGCGTCCGGCTCTTCG
CCAACGACTACTACAGGTCCGAGGTCCACAATCTCGCCATTCCTAGCATG
ACTGGTACTCTGGCGGCCAAGGCTTCCGCCGTCGCCGAAGTCCCTAGCTT
CCAGTGGCTCGACCGGAACGTCACCATCGACACCCTGATGGTCCCGACTC
TGTCCCGCGTCCGGGCTCTCAATAAGGCCGGTGCCAATCCTCCCTATGCT
GCCCAACTCGTCGTCTACGACCTCCCCGACCGTGACTGTGCCGCCGCTGC
GTCCAACGGCGAGTTTTCGATTGCAAACGGCGGCGCCGCCAACTACAGGA
GCTACATCGACGCTATCCGCAAGCACATCATTGAGTACTCGGACATCCGG
ATCATCCTGGTTATCGAGCCCGACTCGATGGCCAACATGGTGACCAACAT
GAACGTGGCCAAGTGCAGCAACGCCGCGTCGACGTACCACGAGTTGACCG
TGTACGCGCTCAAGCAGCTGAACCTGCCCAACGTCGCCATGTATCTCGAC
GCCGGCCACGCCGGCTGGCTCGGCTGGCCCGCCAACATCCAGCCCGCCGC
CGAGCTGTTTGCCGGCATCTACAATGATGCCGGCAAGCCGGCTGCCGTCC
GCGGCCTGGCCACTAACGTCGCCAACTACAACGCCTGGAGCATCGCTTCG
GCCCCGTCGTACACGTCGCCTAACCCTAACTACGACGAGAAGCACTACAT
CGAGGCCTTCAGCCCGCTCTTGAACTCGGCCGGCTTCCCCGCACGCTTCA
TTGTCGACACTGGCCGCAACGGCAAACAACCTACCGGCCAACAACAGTGG
GGTGACTGGTGCAATGTCAAGGGCACCGGCTTTGGCGTGCGCCCGACGGT

CAACACGGGCCACGAGCTGGTCGATGCCTTTGTCTGGGTCAAGCCCGGCG
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GCGAGTCCGACGGCACAAGCGACACCAGCGCCGCCCGCTACGACTACCAC
TGCGGCCTGTCCGATGCCCTGCAGCCTGCCCCCGAGGCTGGACAGTGGTT
CCAGGCCTACTTCGAGCAGCTGCTCACCAACGCCAACCCGCCCTTCTAA

(SEQ ID NO: 140)
MAKKLFITAALAAAVLAAPVIEERQNCGAVWTQCGGNGWQGPTCCASGST

CVAQNEWYSQCLPNSQVTSSTTPSSTSTSQRSTSTSSSTTRSGSSSSSST
TPTPVSSPVTSIPGGATSTASYSGNPFSGVRLFANDYYRSEVHNLAIPSM
TGTLAAKASAVAEVPSFQWLDRNVTIDTLMVPTLSRVRALNKAGANPPYA
AQLVVYDLPDRDCAAAASNGEFSIANGGAANYRSYIDAIRKHIIEYSDIR
IILVIEPDSMANMV TNMNVAKCSNAASTYHELTVYALKQLNLPNVAMYLD
AGHAGWLGWPANIQPAAELFAGIYNDAGKPAAVRGLATNVANYNAWSIAS
APSYTSPNPNYDEKHYIEAFSPLLNSAGFPARFIVDTGRNGKQPTGQQQW
GDWCNVKGTGFGVRPTANTGHELVDAFVWVKPGGESDGTSDTSAARYDYH
CGLSDALQPAPEAGOWFQAYFEQLLTNANPPF

(SEQ ID NO: 141)
APVIEERQNCGAVWTQCGGNGWQGPTCCASGSTCVAQNEWYSQCLPNSQV

TSSTTPSSTSTSQRSTSTSSSTTRSGSSSSSSTTPTPVSSPVTSIPGGAT
STASYSGNPFSGVRLFANDYYRSEVHNLAIPSMTGTLAAKASAVAEVPSFE
QWLDRNVTIDTLMVPTLSRVRALNKAGANPPYAAQLVVYDLPDRDCAAAA
SNGEFSIANGGAANYRSYIDAIRKHIIEYSDIRIILVIEPDSMANMVTNM
NVAKCSNAASTYHELTVYALKQLNLPNVAMYLDAGHAGWLGWPANIQPAA
ELFAGIYNDAGKPAAVRGLATNVANYNAWSIASAPSYTSPNPNYDEKHY I
EAFSPLLNSAGFPARFIVDTGRNGKQP TGQQOWGDWCNVKGTGFGVRPTA
NTGHELVDAFVWVKPGGESDGTSDTSAARYDYHCGLSDALQPAPEAGOWF

QAYFEQLLTNANPPF

[0352] The polynucleotide (SEQ ID NO:142) and amino
acid (SEQ ID NO:143) sequences of a M. thermophila
CBH2b variant (“Variant 287”) are provided below. The
signal sequence is shown underlined in SEQ ID NO:143.
SEQ ID NO:144 provides the sequence of this CBH2b
variant, without the signal sequence.

(SEQ ID NO: 142)
ATGGCCAAGAAGCTTTTCATCACCGCCGCGCTTGCGGCTGCCGTGTTGGC

GGCCCCCGTCATTGAGGAGCGCCAGAACTGCGGCGCTGTGTGGACTCAAT
GCGGCGGTAACGGGTGGCAAGGTCCCACATGCTGCGCCTCGGGCTCGACC
TGCGTTGCGCAGAACGAGTGGTACTCTCAGTGCCTGCCCAACAGCCAGGT
GACGAGTTCCACCACTCCGTCGTCGACTTCCACCTCGCAGCGCAGCACCA
GCACCTCCAGCAGCACCACCAGGAGCGGCAGCTCCTCCTCCTCCTCCACC
ACGCCCCCGCCCGTCTCCAGCCCCGTGACCAGCATTCCCGGCGGTGCGAC
CTCCACGGCGAGCTACTCTGGCAACCCCTTCTCGGGCGTCCGGCTCTTCG

CCAACGACTACTACAGGTCCGAGGTCCACAATCTCGCCATTCCTAGCATG
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ACTGGTACTCTGGCGGCCAAGGCTTCCGCCGTCGCCGAAGTCCCTAGCTT

CCAGTGGCTCGACCGGAACGTCACCATCGACACCCTGATGGTCCCGACTC
TGTCCCGCGTCCGGGCTCTCAATAAGGCCGGTGCCAATCCTCCCTATGCT
GCCCAACTCGTCGTCTACGACCTCCCCGACCGTGACTGTGCCGCCGCTGC
GTCCAACGGCGAGTTTTCGATTGCAAACGGCGGCGCCGCCAACTACAGGA
GCTACATCGACGCTATCCGCAAGCACATCAAGGAGTACTCGGACATCCGG
ATCATCCTGGTTATCGAGCCCGACTCGATGGCCAACATGGTGACCAACAT
GAACGTGGCCAAGTGCAGCAACGCCGCGTCGACGTACCACGAGTTGACCG
TGTACGCGCTCAAGCAGCTGAACCTGCCCAACGTCGCCATGTATCTCGAC
GCCGGCCACGCCGGCTGGCTCGGCTGGCCCGCCAACATCCAGCCCGCCGC
CGAGCTGTTTGCCGGCATCTACAATGATGCCGGCAAGCCGGCTGCCGTCC
GCGGCCTGGCCACTAACGTCGCCAACTACAACGCCTGGAGCATCGCTTCG
GCCCCGTCGTACACGTCGCCTAACCCTAACTACGACGAGAAGCACTACAT
CGAGGCCTTCAGCCCGCTCTTGAACGACGCCGGCTTCCCCGCACGCTTCA
TTGTCGACACTGGCCGCAACGGCAAACAACCTACCGGCCAACAACAGTGG
GGTGACTGGTGCAATGTCAAGGGCACCGGCTTTGGCGTGCGCCCGACGGT
CAACACGGGCCACGAGCTGGTCGATGCCTTTGTCTGGGTCAAGCCCGGCG
GCGAGTCCGACGGCACAAGCGACACCAGCGCCGCCCGCTACGACTACCALC
TGCGGCCTGTCCGATGCCCTGCAGCCTGCCCCCGAGGCTGGACAGTGGTT
CCAGGCCTACTTCGAGCAGCTGCTCACCAACGCCAACCCGCCCTTCTAA

(SEQ ID NO: 143)
MAKKLFITAALAAAVLAAPVIEERQNCGAVWTQCGGNGWQGPTCCASGST

CVAQNEWYSQCLPNSQVTSSTTPSSTSTSQRSTSTSSSTTRSGSSSSSST
TPPPVSSPVTSIPGGATSTASYSGNPFSGVRLFANDYYRSEVHNLAIPSM
TGTLAAKASAVAEVPSFQWLDRNVTIDTLMVPTLSRVRALNKAGANPPYA
AQLVVYDLPDRDCAAAASNGEFSIANGGAANYRSYIDAIRKHIKEYSDIR
IILVIEPDSMANMVTNMNVAKCSNAASTYHELTVYALKQLNLPNVAMYLD
AGHAGWLGWPANIQPAAELFAGIYNDAGKPAAVRGLATNVANYNAWSIAS
APSYTSPNPNYDEKHYIEAFSPLLNDAGFPARFIVDTGRNGKQPTGQQQW
GDWCNVKGTGFGVRPTANTGHELVDAFVWVKPGGESDGTSDTSAARYDYH
CGLSDALQPAPEAGOWFQAYFEQLLTNANPPF

(SEQ ID NO: 144)
APVIEERQNCGAVWTQCGGNGWQGPTCCASGSTCVAQNEWY SQCLPNSQV

TSSTTPSSTSTSQRSTSTSSSTTRSGSSSSSSTTPPPVSSPVTSIPGGAT
STASYSGNPFSGVRLFANDYYRSEVHNLAIPSMTGTLAAKASAVAEVPSFE
OWLDRNVTIDTLMVPTLSRVRALNKAGANPPYAAQLVVYDLPDRDCAAAA
SNGEFSIANGGAANYRSYIDAIRKHIKEYSDIRIILVIEPDSMANMV TNM
NVAKCSNAASTYHELTVYALKQLNLPNVAMYLDAGHAGWLGWPANIQPAA
ELFAGIYNDAGKPAAVRGLATNVANYNAWSIASAPSYTSPNPNYDEKHY I

EAFSPLLNDAGFPARFIVDTGRNGKQPTGQQOWGDWCNVKGTGFGVRPTA
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NTGHELVDAFVWVKPGGESDGTSDTSAARYDYHCGLSDALQPAPEAGOWF

QAYFEQLLTNANPPF

[0353] The polynucleotide (SEQ ID NO:145) and amino
acid (SEQ ID NO:146) sequences of a M. thermophila
CBH2b variant (“Variant 962”) are provided below. The
signal sequence is shown underlined in SEQ ID NO:146.
SEQ ID NO:147 provides the sequence of this CBH2b
variant, without the signal sequence.

(SEQ ID NO: 145)
ATGGCCAAGAAGCTTTTCATCACCGCCGCGCTTGCGGCTGCCGTGTTGGC

GGCCCCCGTCATTGAGGAGCGCCAGAACTGCGGCGCTGTGTGGACTCAAT
GCGGCGGTAACGGGTGGCAAGGTCCCACATGCTGCGCCTCGGGCTCGACC
TGCGTTGCGCAGAACGAGTGGTACTCTCAGTGCCTGCCCAACAGCCAGGT
GACGAGTTCCACCACTCCGTCGTCGACTTCCACCTCGCAGCGCAGCACCA
GCACCTCCAGCAGCACCACCAGGAGCGGCAGCTCCTCCTCCTCCTCCACC
ACGCCCACCCCCGTCTCCAGCCCCGTGACCAGCATTCCCGGCGGTGCGAC
CTCCACGGCGAGCTACTCTGGCAACCCCTTCTCGGGCGTCCGGCTCTTCG
CCAACGACTACTACAGGTCCGAGGTCATGAATCTCGCCATTCCTAGCATG
ACTGGTACTCTGGCGGCCAAGGCTTCCGCCGTCGCCGAAGTCCCTAGCTT
CCAGTGGCTCGACCGGAACGTCACCATCGACACCCTGATGGTCACCACTC
TGTCCCAGGTCCGGGCTCTCAATAAGGCCGGTGCCAATCCTCCCTATGCT
GCCCAACTCGTCGTCTACGACCTCCCCGACCGTGACTGTGCCGCCGCTGC
GTCCAACGGCGAGTTTTCGATTGCAAACGGCGGCAGCGCCAACTACAGGA
GCTACATCGACGCTATCCGCAAGCACATCATTGAGTACTCGGACATCCGG
ATCATCCTGGTTATCGAGCCCGACTCGATGGCCAACATGGTGACCAACAT
GAACGTGGCCAAGTGCAGCAACGCCGCGTCGACGTACCACGAGTTGACCG
TGTACGCGCTCAAGCAGCTGAACCTGCCCAACGTCGCCATGTATCTCGAC
GCCGGCCACGCCGGCTGGCTCGGCTGGCCCGCCAACATCCAGCCCGCCGTC
CGAGCTGTTTGCCGGCATCTACAATGATGCCGGCAAGCCGGCTGCCGTCC
GCGGCCTGGCCACTAACGTCGCCAACTACAACGCCTGGAGCATCGCTTCG
GCCCCGTCGTACACGCAGCCTAACCCTAACTACGACGAGAAGCACTACAT
CGAGGCCTTCAGCCCGCTCTTGAACTCGGCCGGCTTCCCCGCACGCTTCA
TTGTCGACACTGGCCGCAACGGCAAACAACCTACCGGCCAACAACAGTGG
GGTGACTGGTGCAATGTCAAGGGCACCGGCTTTGGCGTGCGCCCGACGGT
CAACACGGGCCACGAGCTGGTCGATGCCTTTGTCTGGGTCAAGCCCGGCG
GCGAGTCCGACGGCACAAGCGACACCAGCGCCGCCCGCTACGACTACCAC
TGCGGCCTGTCCGATGCCCTGCAGCCTGCCCCCGAGGCTGGACAGTGGTT
CCAGGCCTACTTCGAGCAGCTGCTCACCAACGCCAACCCGCCCTTCTAA

(SEQ ID NO: 146)
MAKKLFITAALAAAVLAAPVIEERQNCGAVWTQCGGNGWQGPTCCASGST

CVAQNEWYSQCLPNSQVTSSTTPSSTSTSQRSTSTSSSTTRSGSSSSSST
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TPTPVSSPVTSIPGGATSTASYSGNPFSGVRLFANDYYRSEVMNLAIPSM

TGTLAAKASAVAEVPSFQWLDRNVTIDTLMVTTLSQVRALNKAGANPPYA
AQLVVYDLPDRDCAAAASNGEFSIANGGSANYRSYIDAIRKHIIEYSDIR
IILVIEPDSMANMVTNMNVAKCSNAASTYHELTVYALKQLNLPNVAMYLD
AGHAGWLGWPANIQPAAELFAGIYNDAGKPAAVRGLATNVANYNAWSIAS
APSYTQPNPNYDEKHYIEAFSPLLNSAGFPARFIVDTGRNGKQPTGQQQW
GDWCNVKGTGFGVRPTANTGHELVDAFVWVKPGGESDGTSDTSAARYDYH
CGLSDALQPAPEAGOWFQAYFEQLLTNANPPF

(SEQ ID NO: 147)
APVIEERQNCGAVWTQCGGNGWQGPTCCASGSTCVAQNEWY SQCLPNSQV

TSSTTPSSTSTSQRSTSTSSSTTRSGSSSSSSTTPTPVSSPVTSIPGGAT
STASYSGNPFSGVRLFANDYYRSEVMNLAIPSMTGTLAAKASAVAEVPSFE
OWLDRNVTIDTLMVTTLSQVRALNKAGANPPYAAQLVVYDLPDRDCAAAA
SNGEFSIANGGSANYRSYIDAIRKHIIEYSDIRIILVIEPDSMANMVTNM
NVAKCSNAASTYHELTVYALKQLNLPNVAMYLDAGHAGWLGWPANIQPAA
ELFAGIYNDAGKPAAVRGLATNVANYNAWSIASAPSYTQPNPNYDEKHY I
EAFSPLLNSAGFPARFIVDTGRNGKQPTGQQOWGDWCNVKGTGFGVRPTA
NTGHELVDAFVWVKPGGESDGTSDTSAARYDYHCGLSDALQPAPEAGOWF

QAYFEQLLTNANPPF

[0354] The polynucleotide (SEQ ID NO:148) and amino
acid (SEQ ID NO:149) sequences of another wild-type M.
thermophila xylanase (“Xyl3”) are provided below. The
signal sequence is shown underlined in SEQ ID NO:149.
SEQ ID NO:150 provides the sequence of this xylanase
without the signal sequence.

(SEQ ID NO: 148)
ATGCACTCCAAAGCTTTCTTGGCAGCGCTTCTTGCGCCTGCCGTCTCAGG

GCAACTGAACGACCTCGCCGTCAGGGCTGGACTCAAGTACTTTGGTACTG
CTCTTAGCGAGAGCGTCATCAACAGTGATACTCGGTATGCTGCCATCCTC
AGCGACAAGAGCATGTTCGGCCAGCTCGTCCCCGAGAATGGCATGAAGTG
GGATGCTACTGAGCCGTCCCGTGGCCAGTTCAACTACGCCTCGGGCGACA
TCACGGCCAACACGGCCAAGAAGAATGGCCAGGGCATGCGTTGCCACACC
ATGGTCTGGTACAGCCAGCTCCCGAGCTGGGTCTCCTCGGGCTCGTGGAC
CAGGGACTCGCTCACCTCGGTCATCGAGACGCACATGAACAACGTCATGG
GCCACTACAAGGGCCAATGCTACGCCTGGGATGTCATCAACGAGGCCATC
AATGACGACGGCAACTCCTGGCGCGACAACGTCTTTCTCCGGACCTTTGG
GACCGACTACTTCGCCCTGTCCTTCAACCTAGCCAAGAAGGCCGATCCCG
ATACCAAGCTGTACTACAACGACTACAACCTCGAGTACAACCAGGCCAAG
ACGGACCGCGCTGTTGAGCTCGTCAAGATGGTCCAGGCCGCCGGCGCGCC
CATCGACGGTGTCGGCTTCCAGGGCCACCTCATTGTCGGCTCGACCCCGA

CGCGCTCGCAGCTGGCCACCGCCCTCCAGCGCTTCACCGCGCTCGGCCTC



US 2017/0159035 Al

-continued
GAGGTCGCCTACACCGAGCTCGACATCCGCCACTCGAGCCTGCCGGCCTC

TTCGTCGGCGCTCGCGACCCAGGGCAACGACTTCGCCAACGTGGTCGGCT
CTTGCCTCGACACCGCCGGCTGCGTCGGCGTCACCGTCTGGGGCTTCACC
GATGCGCACTCGTGGATCCCGAACACGTTCCCCGGCCAGGGCGACGCCCT
GATCTACGACAGCAACTACAACAAGAAGCCCGCGTGGACCTCGATCTCGT
CCGTCCTGGCCGCCAAGGCCACCGGCGCCCCGCCCGCCTCGTCCTCCACC
ACCCTCGTCACCATCACCACCCCTCCGCCGGCATCCACCACCGCCTCCTC
CTCCTCCAGTGCCACGCCCACGAGCGTCCCGACGCAGACGAGGTGGGGAC
AGTGCGGCGGCATCGGATGGACGGGGCCGACCCAGTGCGAGAGCCCATGG
ACCTGCCAGAAGCTGAACGACTGGTACTGGCAGTG

CCTG

(SEQ ID NO: 149)
MHSKAFLAALLAPAVSGQOLNDLAVRAGLKYFGTALSESVINSDTRYAAIL

SDKSMFGQLVPENGMKWDATEPSRGQFNYASGDI TANTAKKNGQGMRCHT
MVWYSQLPSWVS SGSWTRDSLTSVI ETHMNNVMGHY KGQCYAWDV INEAT
NDDGNSWRDNVFLRTFGTDYFALSFNLAKKADPDTKLYYNDYNLEYNQAK
TDRAVELVKMVQAAGAP IDGVGFQGHLIVGSTPTRSQLATALQRFTALGL
EVAYTELDIRHS SLPAS SSALATQGNDFANVVGS CLDTAGCVGVTVWGE T
DAHSWIPNTFPGQGDALIYDSNYNKKPAWTSISSVLAAKATGAPPASSST
TLVTITTPPPASTTASS SSSATPTSVPTQTRWGQCGGIGWTGPTQCESPW
TCQKLNDWYWQCL

(SEQ ID NO: 150)
QLNDLAVRAGLKYFGTALSESVINSDTRYAAILSDKSMFGQLVPENGMKW

DATEPSRGQFNYASGDI TANTAKKNGQGMRCHTMVWYSQLPSWVSSGSWT
RDSLTSVIETHMNNVMGHYKGQCYAWDVINEAINDDGNSWRDNVFLRTFG
TDYFALSFNLAKKADPDTKLYYNDYNLEYNQAKTDRAVELVKMVQAAGAP
IDGVGFQGHLIVGSTPTRSQLATALQRFTALGLEVAYTELDIRHSSLPAS
SSALATQGNDFANVVGSCLDTAGCVGVTVWGF TDAHSWIPNTFPGQGDAL
IYDSNYNKKPAWTSISSVLAAKATGAPPASSSTTLVTITTPPPASTTASS

SSSATPTSVPTQTRWGQCGGIGWTGPTQCESPWT CQKLNDWYWQCL

[0355] The polynucleotide (SEQ ID NO:151) and amino
acid (SEQ ID NO:152) sequences of a wild-type M. ther-
mophila xylanase (“Xyl2”) are provided below. The signal
sequence is shown underlined in SEQ ID NO:152. SEQ ID
NO:153 provides the sequence of this xylanase without the
signal sequence.

(SEQ ID NO: 151)
ATGGTCTCGTTCACTCTCCTCCTCACGGTCATCGCCGCTGCGGTGACGAC

GGCCAGCCCTCTCGAGGTGGTCAAGCGCGGCATCCAGCCGGGCACGGGCA
CCCACGAGGGGTACTTCTACTCGTTCTGGACCGACGGCCGTGGCTCGGTC
GACTTCAACCCCGGGCCCCGCGGCTCGTACAGCGTCACCTGGAACAACGT

CAACAACTGGGTTGGCGGCAAGGGCTGGAACCCGGGCCCGCCGCGCARGA
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TTGCGTACAACGGCACCTGGAACAACTACAACGTGAACAGCTACCTCGCC
CTGTACGGCTGGACTCGCAACCCGCTGGTCGAGTAT TACAT CGTGGAGGT
ATACGGCACGTACAACCCCTCGTCGGGCACGGCGCGECTGGGCACCATCG
AGGACGACGGCGGCGTGTACGACATC TACAAGACGACGCGGTACAACCAG
CCGTCCATCGAGGGGACCTCCACCTTCGACCAGTACTGGTCCGTCCGCCG
CCAGARGCGCGTCGGCGGCAC TATCGACACGGGCAAGCACT TTGACGAGT
GGAAGCGCCAGGGCAACCTCCAGCTCGGCACCTGGAACTACATGATCATG
GCCACCGAGGGCTACCAGAGCTCTGGTT CGGCCACTATCCAGGTCCGGGA
felelele:

(SEQ ID NO: 152)
MVSFTLLLTVIAAAVTTASPLEVVKRGIQPGTGTHEGYFYSFWTDGRGSV

DFNPGPRGSYSVTWNNVNNWVGGKGWNPGPPRKIAYNGTWNNYNVNSYLA
LYGWTRNPLVEYYIVEAYGTYNPSSGTARLGTIEDDGGVYDIYKTTRYNQ
PSIEGTSTFDQYWSVRRQKRVGGTIDTGKHFDEWKRQGNLQLGTWNYMIM
ATEGYQSSGSATIEVREA

(SEQ ID NO: 153)
MVSFTLLLTVIAAAVTTASPLEVVKRGIQPGTGTHEGYFYSFWTDGRGSV

DFNPGPRGSYSVTWNNVNNWVGGKGWNPGPPRKIAYNGTWNNYNVNSYLA
LYGWTRNPLVEYYIVEAYGTYNPSSGTARLGTIEDDGGVYDIYKTTRYNQ
PSIEGTSTFDQYWSVRRQKRVGGTIDTGKHFDEWKRQGNLQLGTWNYMIM

ATEGYQSSGSATIEVREA

[0356] The polynucleotide (SEQ ID NO:154) and amino
acid (SEQ ID NO:155) sequences of another wild-type M.
thermophila xylanase (“Xyll”) are provided below. The
signal sequence is shown underlined in SEQ ID NO:155.
SEQ ID NO:156 provides the sequence of this xylanase
without the signal sequence.

(SEQ ID NO: 154)
ATGCGTACTCTTACGTTCGTGCTGGCAGCCGCCCCGGTGGCTGTGCTTGC

CCAATCTCCTCTGTGGGGCCAGTGCGGCGGTCAAGGCTGGACAGGTCCCA
CGACCTGCGTTTCTGGCGCAGTATGCCAATTCGTCAATGACTGGTACTCC
CAATGCGTGCCCGGATCGAGCAACCCTCCTACGGGCACCACCAGCAGCAC
CACTGGAAGCACCCCGGCTCCTACTGGCGGCGGCGGCAGCGGAACCGGLTC
TCCACGACAAATTCAAGGCCAAGGGCAAGCTCTACTTCGGAACCGAGATC
GATCACTACCATCTCAACAACAATGCCTTGACCAACATTGTCAAGAAAGA
CTTTGGTCAAGTCACTCACGAGAACAGCTTGAAGTGGGATGCTACTGAGC
CGAGCCGCAATCAATTCAACTTTGCCAACGCCGACGCGGTTGTCAACTTT
GCCCAGGCCAACGGCAAGCTCATCCGCGGCCACACCCTCCTCTGGCACTC
TCAGCTGCCGCAGTGGGTGCAGAACATCAACGACCGCAACACCTTGACCC
AGGTCATCGAGAACCACGTCACCACCCTTGTCACTCGCTACAAGGGCAAG

ATCCTCCACTGGGACGTCGTTAACGAGATCTTTGCCGAGGACGGCTCGCT



US 2017/0159035 Al

-continued
CCGCGACAGCGTCTTCAGCCGCGTCCTCGGCGAGGACTTTGTCGGCATCG

CCTTCCGCGCCGCCCGCGCCGCCGATCCCAACGCCAAGCTCTACATCAAC
GACTACAACCTCGACATTGCCAACTACGCCAAGGTGACCCGGGGCATGGT
CGAGAAGGTCAACAAGTGGATCGCCCAGGGCATCCCGATCGACGGCATCG
GCACCCAGTGCCACCTGGCCGGGCCCGGCGGGTGGAACACGGCCGCCGGT
GTCCCCGACGCCCTCAAGGCCCTCGCCGCGGCCAACGTCAAGGAGATCGC
CATCACCGAGCTCGACATCGCCGGCGCCTCCGCCAACGACTACCTCACCG
TCATGAACGCCTGCCTCCAGGTCTCCAAGTGCGTCGGCATCACCGTCTGG
GGCGTCTCTGACAAGGACAGCTGGAGGTCGAGCAGCAACCCGCTCCTCTT
CGACAGCAACTACCAGCCAAAGGCGGCATACAATGCTCTGATTAATGCCT
TGTAA

(SEQ ID NO: 155)
MRTLTFVLAAAPVAVLAQSPLWGQCGGQGWTGPTTCVSGAVCQFVNDWY S

QCVPGSSNPPTGTTSSTTGSTPAPTGGGGSGTGLHDKFKAKGKLYFGTET
DHYHLNNNALTNIVKKDFGQVTHENSLKWDATEPSRNQFNFANADAVVNF
AQANGKLIRGHTLLWHSQLPQWVONINDRNTLTQVIENHVTTLVTRYKGK
ILHWDVVNEIFAEDGSLRDSVFSRVLGEDFVGIAFRAARAADPNAKLYIN
DYNLDIANYAKVTRGMVEKVNKWIAQGIPIDGIGTQCHLAGPGGWNTAAG
VPDALKALAAANVKEIAITELDIAGASANDYLTVMNACLQVSKCVGITVW
GVSDKDSWRSSSNPLLFDSNYQPKAAYNALINAL

(SEQ ID NO: 156)
QSPLWGQCGGQGWTGPTTCVSGAVCQFVNDWY SQCVPGSSNPPTGTTSST

TGSTPAPTGGGGSGTGLHDKFKAKGKLYFGTEIDHYHLNNNALTNIVKKD
FGQVTHENSLKWDATEPSRNQFNFANADAVVNFAQANGKLIRGHTLLWHS
QLPOWVQONINDRNTLTQVIENHVTTLVTRYKGKILHWDVVNEIFAEDGSL
RDSVFSRVLGEDFVGIAFRAARAADPNAKLYINDYNLDIANYAKVTRGMV
EKVNKWIAQGIPIDGIGTQCHLAGPGGWNTAAGVPDALKALAAANVKEIA
ITELDIAGASANDYLTVMNACLQVSKCVGI TVWGVSDKDSWRSSSNPLLF

DSNYQPKAAYNALINAL

[0357] The polynucleotide (SEQ ID NO:157) and amino
acid (SEQ ID NO:158) sequences of another wild-type M.
thermophila xylanase (“Xyl6”) are provided below. The
signal sequence is shown underlined in SEQ ID NO:158.
SEQ ID NO:159 provides the sequence of this xylanase
without the signal sequence.

(SEQ ID NO: 157)
ATGGTCTCGCTCAAGTCCCTCCTCCTCGCCGCGGCGGCGACGTTGACGGC

GGTGACGGCGCGCCCGTTCGACTTTGACGACGGCAACTCGACCGAGGCGC
TGGCCAAGCGCCAGGTCACGCCCAACGCGCAGGGCTACCACTCGGGCTAC
TTCTACTCGTGGTGGTCCGACGGCGGCGGCCAGGCCACCTTCACCCTGCT
CGAGGGCAGCCACTACCAGGTCAACTGGAGGAACACGGGCAACTTTGTCG

GTGGCAAGGGCTGGAACCCGGGTACCGGCCGGACCATCAACTACGGCGGC

70
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TCGTTCAACCCGAGCGGCAACGGCTACCTGGCCGTCTACGGCTGGACGCA
CAACCCGCTGATCGAGTACTACGTGGTCGAGT CGTACGGGACCTACAACC
CGGGECAGCCAGGCCCAGTACAAGGGCAGCT TCCAGAGCGACGECGGCACT
TACAACATCTACGTCTCGACCCGCTACAACGCGCCCTCGATCGAGGGCAC
CCGCACCTTCCAGCAGTACTGGTCCATCCGCACC TCCAAGCGCGTCGGCG
GCTCCGTCACCATGCAGAACCACTTCAACGCCTGGGCCCAGCACGGCATG
CCCCTCGGCTCCCACGACTACCAGAT CGTCGCCACCGAGGGCTACCAGAG
CAGCGGCTCCTCCGACATCTACGTCCAGACTCACTAG

(SEQ ID NO: 158)
MVSLKSLLLAAAATLTAVTARPFDFDDGNS TEALAKRQVTPNAQGYHSGY

FYSWWSDGGGQATFTLLEGSHYQVNWRNTGNFVGGKGWNPGTGRTINYGG
SFNPSGNGYLAVYGWTHNPLIEYYVVESYGTYNPGSQAQYKGSFQSDGGT
YNIYVSTRYNAPSIEGTRTFQQYWSIRTSKRVGGSVTMOQNHFNAWAQHGM
PLGSHDYQIVATEGYQSSGSSDIYVQTH

(SEQ ID NO: 159)
RPFDFDDGNSTEALAKRQVTPNAQGYHSGYFYSWWSDGGGQATFTLLEGS

HYQVNWRNTGNFVGGKGWNPGTGRTINYGGSFNPSGNGYLAVYGWTHNPL
IEYYVVESYGTYNPGSQAQYKGSFQSDGGTYNIYVSTRYNAPSIEGTRTF
QQYWSIRTSKRVGGSVTMONHFNAWAQHGMPLGSHDYQIVATEGYQSSGS

SDIYVQTH

[0358] The polynucleotide (SEQ ID NO:160) and amino
acid (SEQ ID NO:161) sequences of another wild-type M.
thermophila xylanase (“Xyl5”) are provided below. The
signal sequence is shown underlined in SEQ ID NO:161.
SEQ ID NO:162 provides the sequence of this xylanase,
without the signal sequence.

(SEQ ID NO: 160)
ATGGTTACCCTCACTCGCCTGGCGGTCGCCGCGGCGGCCATGATCTCCAG

CACTGGCCTGGCTGCCCCGACGCCCGAAGCTGGCCCCGACCTTCCCGACT
TTGAGCTCGGGGTCAACAACCTCGCCCGCCGCGCGCTGGACTACAACCAG
AACTACAGGACCAGCGGCAACGTCAACTACTCGCCCACCGACAACGGCTA
CTCGGTCAGCTTCTCCAACGCGGGAGATTTTGTCGTCGGGAAGGGCTGGA
GGACGGGAGCCACCAGAAACATCACCTTCTCGGGATCGACACAGCATACC
TCGGGCACCGTGCTCGTCTCCGTCTACGGCTGGACCCGGAACCCGCTGAT
CGAGTACTACGTGCAGGAGTACACGTCCAACGGGGCCGGCTCCGCTCAGG
GCGAGAAGCTGGGCACGGT CGAGAGCGACGGGGGCACGTACGAGATCTGG
CGGCACCAGCAGGTCAACCAGCCGTCGATCGAGGGCACCTCGACCTTCTG
GCAGTACATCTCGAACCGCGTGTCCGGCCAGCGGCCCAACGGCGGCACCG
TCACCCTCGCCAACCACTTCGCCGCCTGGCAGAAGCTCGGCCTGAACCTG
GGCCAGCACGACTACCAGGTCCTGGCCACCGAGGGCTGGGGCAACGCCGG

CGGCAGCTCCCAGTACACCGTCAGCGGCTGA
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-continued
(SEQ ID NO: 161)
MVTLTRLAVAAAAMISS TGLAAPTPEAGPDLPDFELGVNNLARRALDYNQ

NYRTSGNVNYSPTDNGYSVSFSNAGDFVVGKGWRTGATRNITFSGSTQHT
SGTVLVSVYGWTRNPLIEYYVQEYTSNGAGSAQGEKLGTVESDGGTYEIW
RHQOQVNQPSIEGTSTFWQYISNRVSGQRPNGGTVTLANHFAAWQKLGLNL
GOHDYQVLATEGWGNAGGSSQYTVSG

(SEQ ID NO: 162)
APTPEAGPDLPDFELGVNNLARRALDYNQNYRTSGNVNYSPTDNGYSVSF

SNAGDFVVGKGWRTGATRNITFSGSTQHTSGTVLVSVYGWTRNPLIEYYV
QEYTSNGAGSAQGEKLGTVESDGGTYEIWRHQQVNQPSIEGTSTFWQYIS
NRVSGQORPNGGTVTLANHFAAWQKLGLNLGQHDYQVLATEGWGNAGGSSQ

YTVSG

[0359] The polynucleotide (SEQ ID NO:163) and amino
acid (SEQ ID NO:164) sequences of a wild-type M. ther-
mophila beta-xylosidase are provided below. The signal
sequence is shown underlined in SEQ ID NO:164. SEQ ID
NO:165 provides the sequence of this xylanase without the
signal sequence.

(SEQ ID NO: 163)
ATGTTCTTCGCTTCTCTGCTGCTCGGTCTCCTGGCGGGCGTGTCCGCTTC

ACCGGGACACGGGCGGAATTCCACCTTCTACAACCCCATCTTCCCCGGCT
TCTACCCCGATCCGAGCTGCATCTACGTGCCCGAGCGTGACCACACCTTC
TTCTGTGCCTCGTCGAGCTTCAACGCCTTCCCGGGCATCCCGATTCATGC
CAGCAAGGACCTGCAGAACTGGAAGTTGATCGGCCATGTGCTGAATCGCA
AGGAACAGCTTCCCCGGCTCGCTGAGACCAACCGGTCGACCAGCGGCATC
TGGGCACCCACCCTCCGGTTCCATGACGACACCTTCTGGTTGGTCACCAC
ACTAGTGGACGACGACCGGCCGCAGGAGGACGCTTCCAGATGGGACAATA
TTATCTTCAAGGCAAAGAATCCGTATGATCCGAGGTCCTGGTCCAAGGCC
GTCCACTTCAACTTCACTGGCTACGACACGGAGCCTTTCTGGGACGAAGA
TGGAAAGGTGTACATCACCGGCGCCCATGCTTGGCATGTTGGCCCATACA
TCCAGCAGGCCGAAGTCGATCTCGACACGGGGGCCGTCGGCGAGTGGCGTC
ATCATCTGGAACGGAACGGGCGGCATGGCTCCTGAAGGGCCGCACATCTA
CCGCAAAGATGGGTGGTACTACTTGCTGGCTGCTGAAGGGGGGACCGGCA
TCGACCATATGGTGACCATGGCCCGGTCGAGAAAAATCTCCAGTCCTTAC
GAGTCCAACCCAAACAACCCCGTGTTGACCAACGCCAACACGACCAGTTA
CTTTCAAACCGTCGGGCATTCAGACCTGTTCCATGACAGACATGGGAACT
GGTGGGCAGTCGCCCTCTCCACCCGCTCCGGTCCAGAATATCTTCACTAC
CCCATGGGCCGCGAGACCGTCATGACAGCCGTGAGCTGGCCGAAGGACGA
GTGGCCAACCTTCACCCCCATATCTGGCAAGATGAGCGGCTGGCCGATGC
CTCCTTCGCAGAAGGACATTCGCGGAGTCGGCCCCTACGTCAACTCCCCC
GACCCGGAACACCTGACCTTCCCCCGCTCGGCGCCCCTGCCGGCCCACCT

CACCTACTGGCGATACCCGAACCCGTCCTCCTACACGCCGTCCCCGCCCG
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GGCACCCCAACACCCTCCGCCTGACCCCGTCCCGCCTGAACCTGACCGCC
CTCAACGGCAACTACGCGGGGGCCGACCAGACCTTCGTCTCGCGCCGGCA
GCAGCACACCCTCTTCACCTACAGCGTCACGCTCGACTACGCGCCGCGGA
CCGCCGGGGAGGAGGCCGGCGETGACCGCCTTCCTGACGCAGAACCACCAC
CTCGACCTGGGCGTCGTCCTGCTCCCTCGCGGCTCCGCCACCGCGCCCTC
GCTGCCGGGCCTGAGTAGTAGTACAACTACTACTAGTAGTAGTAGTAGTC
GTCCGGACGAGGAGGAGGAGCGCGAGGCGGGCGAAGAGGAAGAAGAGGGC
GGACAAGACTTGATGATCCCGCATGTGCGGTTCAGGGGCGAGTCGTACGT
GCCCGTCCCGGCGCCCGTCGTGTACCCGATACCCCGGGCCTGGAGAGGCG
GGAAGCTTGTGTTAGAGATCCGGGCTTGTAATTCGACTCACTTCTCGTTC
CGTGTCGGGCCGGACGGGAGACGGTCTGAGCGGACGGTGGTCATGGAGGC
TTCGAACGAGGCCGTTAGCTGGGGCTTTACTGGAACGCTGCTGGGCATCT
ATGCGACCAGTAATGGTGGCAACGGAACCACGCCGGCGTATTTTTCGGAT
TGGAGGTACACACCATTGGAGCAGTTTAGGGAT

(SEQ ID NO: 164)
MFFASLLLGLLAGVSASPGHGRNSTFYNPIFPGFYPDPSCIYVPERDHTF

FCASSSFNAFPGIPIHASKDLONWKLIGHVLNRKEQLPRLAETNRSTSGI
WAPTLRFHDDTFWLVTTLVDDDRPQEDASRWDNI IFKAKNPYDPRSWSKA
VHFNFTGYDTEPFWDEDGKVYITGAHAWHVGPYIQQAEVDLDTGAVGEWR
IIWNGTGGMAPEGPHIYRKDGWYYLLAAEGGTGIDHMVTMARSRKISSPY
ESNPNNPVLTNANTTSYFQTVGHSDLFHDRHGNWWAVALSTRSGPEYLHY
PMGRETVMTAVSWPKDEWPTFTPISGKMSGWPMPPSQKDIRGVGPYVNSP
DPEHLTFPRSAPLPAHLTYWRYPNPSSYTPSPPGHPNTLRLTPSRLNLTA
LNGNYAGADQTFVSRRQOHTLFTYSVTLDYAPRTAGEEAGVTAFLTQNHH
LDLGVVLLPRGSATAPSLPGLSSSTTTTSSSSSRPDEEEEREAGEEEEEG
GQDLMIPHVRFRGESYVPVPAPVVYPIPRAWRGGKLVLEIRACNSTHFSF
RVGPDGRRSERTVVMEASNEAVSWGFTGTLLGIYATSNGGNGTTPAYFSD
WRYTPLEQFRD

(SEQ ID NO: 165)
SPGHGRNSTFYNPIFPGFYPDPSCIYVPERDHTFFCASSSFNAFPGIPIH

ASKDLONWKLIGHVLNRKEQLPRLAETNRSTSGIWAPTLRFHDDTFWLVT
TLVDDDRPQEDASRWDNIIFKAKNPYDPRSWSKAVHFNFTGYDTEPFWDE
DGKVYITGAHAWHVGPYIQQAEVDLDTGAVGEWRIIWNGTGGMAPEGPHI
YRKDGWYYLLAAEGGTGIDHMVTMARSRKISSPYESNPNNPVLTNANTTS
YFQTVGHSDLFHDRHGNWWAVALSTRSGPEYLHYPMGRETVMTAVSWPKD
EWPTFTPISGKMSGWPMPPSQKDIRGVGPYVNSPDPEHLTFPRSAPLPAH
LTYWRYPNPSSYTPSPPGHPNTLRLTPSRLNLTALNGNYAGADQTFVSRR

QQHTLFTYSVTLDYAPRTAGEEAGVTAFLTOQNHHLDLGVVLLPRGSATAP
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-continued
SLPGLSSSTTTTSSSSSRPDEEEEREAGEEEEEGGQDLMI PHVRFRGESY
VPVPAPVVYPIPRAWRGGKLVLEIRACNS THF SFRVGPDGRRSERTVVME

ASNEAVSWGFTGTLLGIYATSNGGNGTTPAYFSDWRYTPLEQFRD

[0360] The polynucleotide (SEQ ID NO:166) and amino
acid (SEQ ID NO:167) sequences of a wild-type M. ther-
mophila acetylxylan esterase (“Axe3”) are provided below.
The signal sequence is shown underlined in SEQ ID
NO:167. SEQ ID NO:168 provides the sequence of this
acetylxylan esterase without the signal sequence.

(SEQ ID NO: 166)
ATGAAGCTCCTGGGCAAACTCTCGGCGGCACTCGCCCTCGCGGGCAGCAG

GCTGGCTGCCGCGCACCCGGTCTTCGACGAGCTGATGCGGCCGACGGCGT
CGCTGGTGCGCCCGCGGGCGGCCCTGCAGCAGGTGACCAACTTTGGCAGC
AACCCGTCCAACACGAAGATGTTCATCTACGTGCCCGACAAGCTGGCCCC
CAACCCGCCCATCATAGTGGCCATCCACTACTGCACCGGCACCGCCCAGG
CCTACTACTCGGGCTCCCCTTACGCCCGCCTCGCCGACCAGAAGGGCTTC
ATCGTCATCTACCCGGAGTCCCCCTACAGCGGCACCTGTTGGGACGTCTC
GTCGCGCGCCGCCCTGACCCACAACGGCGGCGGCGACAGCAACTCGATCG
CCAACATGGTCACCTACACCCTCGAAAAGTACAATGGCGACGCCAGCAAG
GTCTTTGTCACCGGCTCCTCGTCCGGCGCCATGATGACGAACGTGATGGC
CGCCGCGTACCCGGAACTGTTCGCGGCAGGAATCGCCTACTCGGGCGTGC
CCGCCGGCTGCTTCTACAGCCAGTCCGGAGGCACCAACGCGTGGAACAGC
TCGTGCGCCAACGGGCAGATCAACTCGACGCCCCAGGTGTGGGCCAAGAT
GGTCTTCGACATGTACCCGGAATACGACGGCCCGCGCCCCAAGATGCAGA
TCTACCACGGCTCGGCCGACGGCACGCTCAGACCCAGCAACTACAACGAG
ACCATCAAGCAGTGGTGCGGCGTCTTCGGCTTCGACTACACCCGCCCCGA
CACCACCCAGGCCAACTCCCCGCAGGCCGGCTACACCACCTACACCTGGG
GCGAGCAGCAGCTCGTCGGCATCTACGCCCAGGGCGTCGGACACACGGTC
CCCATCCGCGGCAGCGACGACATGGCCTTCTTTGGCCTGTGA

(SEQ ID NO: 167)
MKLLGKLSAALALAGSRLAAAHPVFDELMRPTAPLVRPRAALQQVTNFEFGS

NPSNTKMFIYVPDKLAPNPPIIVAIHYCTGTAQAYYSGSPYARLADQKGF
IVIYPESPYSGTCWDVSSRAALTHNGGGDSNS IANMVTYTLEKYNGDASK
VFVTGSSSGAMMTNVMAAAYPELFAAGIAYSGVPAGCFYSQSGGTNAWNS
SCANGQINSTPQVWAKMVFDMYPEYDGPRPKMQIYHGSADGTLRPSNYNE
TIKQWCGVFGFDYTRPDTTQANSPQAGYTTYTWGEQQLVGIYAQGVGHTV
PIRGSDDMAFFGL

(SEQ ID NO: 168)
HPVFDELMRPTAPLVRPRAALQQVTNFGSNPSNTKMFIYVPDKLAPNPPI

IVATHYCTGTAQAYYSGSPYARLADQKGFIVIYPESPYSGTCWDVSSRAA

LTHNGGGDSNSIANMVTYTLEKYNGDASKVFVTGSS SGAMMTNVMAAAYP
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ELFAAGIAYSGVPAGCFYSQSGGTNAWNSS CANGQINS TPQVWAKMVEDM

YPEYDGPRPKMQIYHGSADGTLRPSNYNETIKQWCGVFGFDYTRPDTTQA
NSPQAGYTTYTWGEQQLVGIYAQGVGHTVPIRGSDDMAFFGL

[0361] The polynucleotide (SEQ ID NO:169) and amino
acid (SEQ ID NO:170) sequences of a wild-type M. ther-
mophila ferulic acid esterase (“FAE”) are provided below.
The signal sequence is shown underlined in SEQ ID
NO:170. SEQ ID NO:171 provides the sequence of this
xylanase without the signal sequence

(SEQ ID NO: 169)
ATGATCTCGGTTCCTGCTCTCGCTCTGGCCCTTCTGGCCGCCGTCCAGGT

CGTCGAGTCTGCCTCGGCTGGCTGTGGCAAGGCGCCCCCTTCCTCGGGCA
CCAAGTCGATGACGGTCAACGGCAAGCAGCGCCAGTACATTCTCCAGCTG
CCCAACAACTACGACGCCAACAAGGCCCACAGGGTGGTGATCGGGTACCA
CTGGCGCGACGGATCCATGAACGACGTGGCCAACGGCGGCTTCTACGATC
TGCGGTCCCGGGCGGGCGACAGCACCATCTTCGTTGCCCCCAACGGCCTC
AATGCCGGATGGGCCAACGTGGGCGGCGAGGACATCACCTTTACGGACCA
GATCGTAGACATGCTCAAGAACGACCTCTGCGTGGACGAGACCCAGTTCT
TTGCTACGGGCTGGAGCTATGGCGGTGCCATGAGCCATAGCGTGGCTTGT
TCTCGGCCAGACGTCTTCAAGGCCGTCGCGGTCATCGCCGGGGCCCAGCT
GTCCGGCTGCGCCGGCGGCACGACGCCCGTGGCGTACCTAGGCATCCACG
GAGCCGCCGACAACGTCCTGCCCATCGACCTCGGCCGCCAGCTGCGCGAC
AAGTGGCTGCAGACCAACGGCTGCAACTACCAGGGCGCCCAGGACCCCGC
GCCGGGCCAGCAGGCCCACATCAAGACCACCTACAGCTGCTCCCGCGCGC
CCGTCACCTGGATCGGCCACGGGGGCGGCCACGTCCCCGACCCCACGGGL
AACAACGGCGTCAAGTTTGCGCCCCAGGAGACCTGGGACTTCTTTGATGC
CGCCGTCGGAGCGGCCGGCGCGCAGAGCCCGATGACATAA

(SEQ ID NO: 170)
MISVPALALALLAAVOVVESASAGCGKAPPSSGTKSMTVNGKQRQYILQL

PNNYDANKAHRVVIGYHWRDGSMNDVANGGFYDLRSRAGDSTIFVAPNGL
NAGWANVGGEDITFTDQIVDMLKNDLCVDETQFFATGWSYGGAMSHSVAC
SRPDVFKAVAVIAGAQLSGCAGGTTPVAYLGIHGAADNVLPIDLGRQLRD
KWLQTNGCNYQGAQDPAPGQQAHIKTTYSCSRAPVTWIGHGGGHVPDPTG
NNGVKFAPQETWDFFDAAVGAAGAQSPMT

(SEQ ID NO: 171)
ASAGCGKAPPSSGTKSMTVNGKQRQYILQLPNNYDANKAHRVVIGYHWRD

GSMNDVANGGFYDLRSRAGDS TIFVAPNGLNAGWANVGGEDITFTDQIVD
MLKNDLCVDETQFFATGWSYGGAMSHSVACSRPDVFKAVAVIAGAQLSGC
AGGTTPVAYLGIHGAADNVLPIDLGRQLRDKWLQTNGCNYQGAQDPAPGQ
QAHIKTTYSCSRAPVTWIGHGGGHVPDP TGNNGVKFAPQETWDFFDAAVG

AAGAQSPMT
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Example 1

Gene Acquisition and Construction of Expression
Vectors

[0362] A protein from a strain of M. thermophila having
the amino acid sequence provided in SEQ ID NO:2 was
previously identified as having GH61 activity. It was des-
ignated “GH61a”. FIG. 1 shows the improvement in glucose
yield resulting from having GH61a present in a reaction
where crystalline cellulose undergoes saccharification by
cellulase enzymes that are contained in culture broth from
M. thermophila cells.

[0363] In this Example, the wild type GH61a gene from
M. thermophila was isolated from the genome and the DNA
sequence verified. The gene was cloned into a Saccharomy-
ces cerevisiae/M. thermophila shuttle vector pYTDX60
using Pml1 cloning sites, using standard methods known in
the art. The signal peptide and gene were under the control
of a yeast transcription elongation factor 1 promoter
(pTEF1). The vector contained the REP2, repl and protein
D (partial) origin of replication for S. cerevisiae and a URA3
resistance marker.

[0364] The resulting plasmid (pYTDX60-GH61a) was
transformed into S. cerevisiae INVSC1 strain and the trans-
formed host cells were grown in Costar 96 deep well plates
for GH61a protein production. The GH61a sequence from
the transformants were verified as the wild type GH61a
DNA sequence (SEQ ID NO:1) and the encoded polypeptide
(SEQ ID NO:2).

Example 2

Shake Flask Procedure

[0365] A single colony of S. cerevisiae containing a plas-
mid with the GH61a gene was inoculated into 3 mL syn-
thetic defined-uracil (SD-ura) broth (2 g/IL synthetic drop-
out minus uracil without yeast nitrogen base (US
Biological), 5 g/l. ammonium sulfate, 0.1 g/ calcium
chloride, 2 mg/L. inositol, 0.5 g/L. magnesium sulfate, 1 g/L.
potassium phosphate monobasic (KH-2PO4), 0.1 g/LL
sodium chloride) containing 6% glucose. Cells were grown
overnight (at least 21 hrs) in an incubator at 30° C. with
shaking at 250 rpm. Then, 500 pL of the overnight culture
was diluted into either 50 mL SD-ura medium or modified
galactose expression medium (30 g/I. galactose, 6.7 g/l
yeast nitrogen base without amino acids, 5 g/[. ammonium
sulfate, 24 g/[. amino acid mix minus uracil, 10 g/ potas-
sium phosphate monobasic (KH,PO,) and 0.38% vitamin
mix) containing 2% glucose in a 250 mL baffled sterile shake
flask and incubated at 37° C. (for SD-ura medium) or 30° C.
(for modified galactose expression medium) for 48 hours.
Cells were pelleted by centrifugation (4000 rpm, 15 min, 4°
C.). The clear media supernatant containing the secreted
GH61a enzyme was collected and stored at 4° C. until used.

Example 3

GHG61 Activity Assays

[0366] In some experiments, GH61 activity was deter-
mined using a biomass assay. The substrate was wheat straw
that had been pretreated under acidic conditions (hereinafter
referred to as “pretreated wheat straw”). The reaction was
carried out in a total volume of 77 pL in the presence of 10
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mg of pre-treated wheat straw, with 62 pl, of 1x-20x
concentrated clear media supernatant (“broth”) containing S.
cerevisiae-produced M. thermophila GH61a enzyme and 15
pul of sodium acetate buffer (pH 5.0), M. thermophila-
produced cellobiohydrolase 1a (CBH1a), cellobiohydrolase
2b (CBH2b) and beta-glucosidase. The final concentration
of sodium acetate was 150 mM and the enzyme loads of
CBHs and beta-glucosidase were approximately 0.0025%-
0.0125% (CBHla and CBH2b in 1:1 ratio) and 0.01 to
0.02% with respect to substrate glucan mass in the biomass
substrate, respectively.

[0367] Some experiments were also performed in the
presence of inhibitors that may arise through the routine
preparation or pre-treatment of a cellulose substrate. In this
way, GH61 protein variants can be identified that are more
resistant to the presence of such inhibitors, and therefore find
use with a wider range of feedstocks and have wider
applicability in the processing of biomass from different
sources.

[0368] In some experiments, the pretreatment filtrate was
obtained by washing pretreated substrate solids with water.
The GH61 activity assay was carried out with 50 pl of
GHo61a containing supernatant, 12 pl. of pretreatment fil-
trate, and 15 pL. of sodium acetate buffer mixed with CBH1a,
CBH2b and beta-glucosidase isolated from M. thermophila.
Background negative controls were obtained by using media
supernatant from cultures of cells without the GH61a gene
in the plasmid. Thus, the negative controls represent activi-
ties of CBH1a, CBH2b and beta-glucosidase in the absence
of GH61a. The reaction was incubated at 50 to 60° C. for 24
to 72 hours with shaking, and then quenched by adding 130
ul. H,O at room temperature.

[0369] Some experiments were carried out in a total
volume of 360 ulL in the presence of 10 mg of pre-treated
wheat straw and 40 pL filtrate (11% total volume), with 262
pul of clear media supernatant containing S. cerevisiae-
produced M. thermophila GH6la enzyme and 48 pl of
sodium acetate buffer (pH 5; supplemented with CuSO,)
mixed with M. thermophila-produced CBH1a, CBH2b and
p-glucosidase. The final concentrations of sodium acetate
and CuSO, were 128 mM and 15 pM, respectively, and the
enzyme loads of CBH’s and beta-glucosidase were 0.01%
(CBH1a and CBH2b in 1:1 ratio) and 0.02% with respect to
substrate glucan mass in the biomass substrate, respectively.
Background negative controls were obtained by using media
supernatant from cultures of S. cerevisiae cells without the
GHo61a gene in the plasmid. Thus, the negative controls
represent glucose production by CBH1a, CBH2b and beta-
glucosidase in the absence of GH6la. The reaction was
incubated at 55° C. for 72 hours with shaking.

[0370] The GH61 activity in the reaction mixture was
measured by monitoring glucose production, as determined
using an enzymatic glucose assay kit (K-GLUC, Mega-
zyme). In a total volume of 200 uL., 20 pL. of GH61a reaction
mixture was added to 180 pL. of 2x concentrated glucose
determination reagent (GOPOD Reagent™, supplied as part
of the K-GLUC assay kit). The reaction was incubated at
room temperature for 30 minutes and the absorbance of the
solution was measured at 510 nm. The glucose oxidase
enzyme in the GOPOD reagent reacts with glucose and
produces hydrogen peroxide, which then reacts with the
4-aminoantipyrine in the reagent to produce a quinoneimine
dye. The amount of quinoneimine dye was measured spec-
trophotometrically at 510 nm to calculate the total amount of
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D-glucose in the reaction mixture. The total amount of
glucose in the reaction mixture was also measured using an
AGILENT® HPLC 1200 equipped with an AMINEX™
HPX-87H ion exclusion column (300 mmx7.8 mm+Bio-
Rad) with 5 mM sulfuric acid in water as eluent at a flow rate
of 0.6 mL/min at 65° C. The retention time of glucose was
9.5 minutes.

[0371] Detectable amounts of glucose, as a measure of
GHO61 activity, were observed under high throughput screen-
ing conditions (pH 5, 55° C.). GH61a specific activity in the
reaction mixture (which also comprised CBHla, CBH2b
and beta-glucosidase) was determined by subtracting the
amount of glucose in the negative control reaction (com-
prising CBH1a, CBH2b and BGL, but not GH61a) from the
total glucose measurement.

Example 4

High Throughput Assays to Identify Improved
GH61a Variants

[0372] Plasmid libraries containing variant GH61a genes
were transformed into S. cerevisiae INVSCI1 strain and
plated on SD-ura agar plate containing 2% glucose. After
incubation for at least 48 hours at 30° C., colonies were
picked using a Q-bot® robotic colony picker (Genetix) into
shallow, 96-well well microtiter plates containing 200 pul.
SD-ura media and 6% glucose. Cells were grown for at least
21 hours at 30° C. with shaking at 250 rpm and 85%
humidity. Then, 20 pL of the overnight culture was trans-
ferred into 96-deep well microtiter plates containing 380 pl.
SD-ura medium with 2% glucose as described in Example 2.
In some cases, 15 pL. of the overnight culture was transferred
into 96-deep well microtiter plates containing 285 pul. modi-
fied galactose expression medium with 2% glucose as
described in Example 2. The plates were incubated at 37° C.
(for SD-ura medium) or 30° C. (for modified galactose
expression medium) with shaking at 250 rpm and 85%
humidity for 48 hours. The deep well plates were centri-
fuged at 4000 rpm for 15 minutes and the clear media
supernatant containing the secreted GH6la enzyme was
used for the high throughput biomass assay.

[0373] The GH61a libraries were screened for thermoac-
tivity using a biomass-based high throughput method using
the assays described in Example 3.

Example 5

Improved GH61 Activity of Engineered GH61a
Variants

[0374] Improved GH61a variants were identified from the
high throughput screening of various GH61a variant librar-
ies as described in the previous Example. The screening was
done by measuring thermoactivity of these variants com-
pared with that of the parental GH61a enzyme (expressed
from GH61a DNA; SEQ ID NO:1). The high throughput
(HTP) saccharification reactions were conducted at pH 5,
55° C. for 24-72 hrs, using 50 g/L. pretreated wheat straw,
0.0025-0.01% of mixture of CBH1a and CBH2b (1:1 ratio),
and 0.01 to 0.02% of beta-glucosidase.

Example 6

Shake Flask Validation of Improved GH61a
Variants

[0375] Improved GH6la variants identified in the high
throughput screening (as described in the previous Example)
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were prepared using the shake flask procedure described
above. GH61 activities were determined using a biomass
assay as described above, in which normalized concentra-
tions of GH61a variants were used for direct comparison of
the specific activities of the GH61a variants. Reactions were
quenched at different time points between 24 to 72 hours and
glucose levels measured for time-course analysis. FIG. 2
shows time course results for three GH61a variants. FIG. 2
also shows specific activities observed under the following
assay conditions: pH 5.0, and 55° C., utilizing 50 g/L.
pretreated wheat straw, 0.0025%-0.0125% of mixture of
CBHla and CBH2b (1:1 ratio) and 0.01 to 0.02% of
beta-galactosidase. The protein concentration was normal-
ized in reactions. In this Figure, N=3; error bars represent +1
standard deviation. GH61 activity is shown as the increase
in glucose production by the enzyme combination [CBH1a+
CBH2b+BGL1] supplemented by the GH61 protein, minus
the glucose production by the same enzyme combination in
the absence of the GH61 protein.

[0376] The results show that Variants 5 and 9 (SEQ ID
NOS:6 and 8) have a 2.0 to 2.9 fold improvement over the
native GH61a (SEQ ID NO:2); and Variant 1 has a3.0t0 3.9
fold improvement over GH61a (SEQ ID NO:2).

[0377] Substitutions improving GH61 activity are com-
piled in Table 6-1 below. This table shows GH61a variants
derived from the native GH61a enzyme (SEQ ID NO:2) that
were shown to have improved thermoactivity. Improvement
in GH61 activity in relation to the parental GH61a protein
(SEQ ID NO:2) is indicated with the following scale:
[0378] +=1.1 to 1.9 fold improvement compared with
wild-type (SEQ ID NO:2)

[0379] ++=2.0 to 2.9 fold improvement compared with
wild-type
[0380] +++=3.0 to 3.9 fold improvement compared with
wild-type
TABLE 6-1
GH61 Variants with Improved Activity
Improve-
ment in
Var. Silent Nucleotide GH61
No. Amino Acid Changes Changes Activity
1 N35G/E104H/A168P t60c/c573g +++
(SEQ ID NO: 4)
2 WA42P/E104H/K167A t60c/c573g/g1026a ++
3 N35G/W42P/V97Q/A191IN ++
4  W42P/E104H c573g ++
5 E104H/K167A t60c/c291a/c573g ++
6  W42P/A191IN t60c/c291a ++
7 N35G/W42P/A191IN t60c/c291a ++
8 H20D ++
9  V97Q/AI9IN ++
10 N35G/E104H/A191N t60c/c876t ++
11 E104H ++
12 E104Q +
13 H20D/E104D/Q190H/Y192H +
14 H20D/QI90E/Y192Q a3l2g +
15 H20D/E104C +
16  H20D/P103H/E104C +
17  H20D/P103H a3l2g +
18 N353G/E104H t60c/c573g +
19  H20D/P103H/E104Q/Q190E +
20  H20D/P103H/E104C/Y192Q +
21 E104D t60c +
22 N35G/W42p t60c/c573g +
23 Al137P +
24 H20D/P103H/E104Q +
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TABLE 6-1-continued TABLE 6-1-continued
GH61 Variants with Improved Activity GH61 Variants with Improved Activity
Improve- Improve-
ment in ment in

Var. Silent Nucleotide GH61 Var. Silent Nucleotide GH61
No.  Amino Acid Changes Changes Activity No. Amino Acid Changes Changes Activity
25  P103E/E104D t60¢ + 92 HI175T +
26  N35G/F68Y/A191N t379a/c380g/g381c + 93 NI187K/S330R ¢397g +
27  W42P/A1638P + 94 HI175R +
28  H20D/E104C/Q190E/Y192Q + 95 L166H +
29 Al42wW + 96 I178L +
30 N35G + 97 L173H +
31  H20C/Q190E + 98 I1177T +
32 W42P/A212P/T236P + 99 N170Y +
33 N35G/W42P/V97Q/K167A/  t60c/c573g + 100 H175S8 +

A168P 101 K167T +
34 V9TQ/A168P ¢373g + 102 L166R +
35 S232A + 103 VI72Y +
36  W42P/E104H/K167A/A168P/ ¢573g + '104  P163S/E176D +

QI190E 105  S1641 +
37  W42P/A168P/A212P/T236P + 106 H175M +
38  N35G/VITQ/K167A + 107  Al68N +
39 N35G/V9TQ + 108  Al79W +
40  N35G/A191IN + 109  WI131K/H175Q gl026a +
41 S127T/K167A/A191N + 110 Y171A +
42 W42p + 111 N170H +
43 W42P/E104C/K167A/A168P  t60c/c291a/c573g + 112 P163R +
44 K167Q + 113 Al168C +
45 W131V + 114 G169T +
46 E176C + 115 RI174F +
47  K167U/P273S €300t + 116 WI131Y +
48  W42P/T87P + 117 1134L +
49  W42P/A212P + 118 1177V +
50 KI133H + 119 KI167E +
51 DI65N + 120 H175C +
52 DI65A + 121 W131I +
53 Al68D + 122 'W42P/A143P +
54 K218T + 123 1178G c72t +
55 P45T + 124 N170P +
56  Q44V + 125 Al179D/N317K ¢732g/c843t/c882t/ +
57  S164W + c909t/c912g
58 I177F + 126 1162V +
59  AI9IN + 127  1178M +
60  I134P + 128  VIT2A +
61  KI33F + 129 KI167A/A191IN t60c/c291a +
62 I134D + 130 F132A +
63 N35G/K167A t60¢/c291a/c573g + 131 P163E +
64 I162R + 132 F132M +
65 N35G/K167A t204¢/t3792a/c380g/ + 133 A179G +

g381c/c385t 134 11778 +

66  D165W/A246T + 135 KI167A g921a +
67 I162L + 136 KI167F +
68  S164M + 137  Al1681 +
69  F132D/A244D + 138  Al79N +
70  HIR1Q + 139 I134A c792t +
71 177G gl026a + 140 KI167E 2972t +
72 L166W + 141 R174K +
73 1162F + 142 S164F +
74 1134V + 143  VI172L +
75 E176Q + 144  Al68H +
76  HI181S + 145 1134T +
77 I178A + 146 KI167H +
78  KI167A + 147 L166A +
79 V172K + 148 S164R +
80 I177H + 149 R174C +
81 I134N + 150  A179P +
82  KI133Y + 151 G169R gl026a +
83  N35G/Y139L + 152 L173M +
84  Al68G + 153 DI165K +
85  TI12A/1162G c246t + 154 E176S +
86 DI65E + 155 F132L +
87 D165M + 156 F132I/A1791 +
88  I134M + 157 F132P +
89  AlL68P + 158 S164Q +
90 1177D + 159 V172Q +
91  S164P + 160 W131D +
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TABLE 6-1-continued

GH61 Variants with Improved Activity

GH61 Variants with Improved Activity

Improve- Improve-
ment in ment in
Var. Silent Nucleotide GH61 Var. Silent Nucleotide GH61
No.  Amino Acid Changes Changes Activity No. Amino Acid Changes Changes Activity
161 WI131Q + 229 L173F +
162 Al79H + 230  N170Q +
163 1134H/G270S + 231 1177P +
164 N170G + 232 R174N +
165 Al68T + 233 VI72K/S215W +
166 Al79C + 234 DI165R +
167 KI133N + 235 G239D c520a/c522g +
168 K167L + 236 HI175V +
169 L180M + 237 HI8IR +
170  WI131F + 238 1134Y +
171 1134W gl026a + 239 VI172F +
172 1178H + 240 V172G +
173 N170A +
174  V172H +
};2 ?1133%}1/52051‘1 o1 + [0381] Table 6-2 shows GH61a variants derived from the
177 Si64C gela : GH61a protein designated “Variant 1” in Table 6-1 with
178 S164K " improved thermoactivity. The second-round variants usually
179 1177C + retained the alterations of Variant 1 compared with wild-type
}g? 51750%\7 + GH61a (N35G/E104H/A168P), along with additional altera-
18 LM : tions. Improvement in GH61 activity in relation to Variant 1
183 R174D " (SEQ ID NO:4) is indicated in Table 6-2 according to the
184 V172M + following scale:
122 ggig : [0382] *=0.5 to 1.0 fold improvement compared with
187 I178P + Variant 1 (SEQ ID NO:4)
188 L173A + . :
18 NI7OE N [0383] +=1.1 to 1.9 fold improvement compared with
190 NI70F + Variant 1;
191 N35G/A191N/T258I/T323P/  1379a/c380g/g381¢/ + [0384] ++=2.0 to 2.9 fold improvement compared with
G328A/C341R c454a/c456a/cT32t/ .
C8431/c849t Variant 1
192  Al68R +
193  DI165I + TABLE 6-2
194 1162M +
195 K167V + GH61 Variants with Improved Activity Compared to Variant 1
196 Al179S +
197 E176N + Vari- GH61
198 I134L/P322L + ant Silent Nucleotide Activity
199 P163L + Number Amino Acid Changes Changes Improvement
200 H181D +
201 N1708 + 241 N35G/T40A/E104H/A168P/  t60c/c573g ++
202 R174G + P327M
203 I177R + 242 N35G/P45D/E104H/A168P/  t60c/c573g ++
204 K167C + N317R
205 L166Q + 243  N35G/E104H/A168P/N317R  t60c/c573g +
206 P1631 + 244  N35G/E104H/A168P/N317L  t60c/c573g +
207  S164L/L1661 + 245  N35G/T54H/E104H/A168P t60c/c573g +
208 Y171R + 246  N35G/E104H/A168P/N317D/ t60c/c573g +
209  F132P/Q190E/A191T + S329Y
210 F132Q + 247 N35G/E104H/A137S/A168P/ t60c/c573g +
211 1134C + S232E
212 I77A + 248 N35G/E104H/A168P/N317R/  t60c/c573g +
213 El76R + T320A
214 G169A + 249 N35G/E104H/A168P/D234E  t60c/c573g +
215  Gl169K + 250  N35G/T40S/E104H/A142G/  t60c/c573g +
216 HI81A + Al68P
217 1177L + 251 N35G/T40S/S78C/V8RL/ t60c/c573g +
218  A168G + E104H/S128K/A168P/D234M
219  Al179R + 252  N35G/E104H/A168P/S330V  t60c/c573g +
220 D165T + 253 N35G/E104H/A168P/G203E/ t60c¢/c573g +
221 KI167R + P266S
222 L166V + 254 N35G/E104H/A168P/D234N  t60c/c573g +
223 N170C + 255 N35G/E104H/A168P/S286N/  t60c¢/c573g +
224  I178R + S329H
225 R174H + 256 N35G/E104H/A168P/S330H  t60c/c573g +
226 S164H + 257 N35G/E104H/A168P/W337R  t60c/c573g +
227  WI131R/L1661 + 258 N35G/N66D/E104H/S164E/  t60c¢/c573g +
228 I162A/A191T + A168P/G267T
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GH61 Variants with Improved Activity Compared to Variant 1

GH61 Variants with Improved Activity Compared to Variant 1

Vari- GH61 Vari- GH61
ant Silent Nucleotide Activity ant Silent Nucleotide Activity
Number Amino Acid Changes Changes Improvement Number Amino Acid Changes Changes Improvement
259  N35G/E104H/A168P/P233V  t60c¢/c573g + 314 N35G/E104H/A116Q/A168P  t60c¢/c573g +
260 R34E/N35G/E104H/R145T/  t60c/c573g + 315 N35G/E104H/A168P/S330C  t60c¢/c573g +
A168P 316 N35G/T40S/E101T/E104H/  t60c¢/c573g +
261  S24Q/N35G/E104H/A168P/  t60c/c573g + A168P/P327M
V2371 317 N35G/E104H/A168P/A326Q  t60c/c573g +
262 Y32S/N35G/E64S/E104H/ t60c/c573g + 318 N35G/N46R/E104H/A168P  t60c¢/c573g +
A168P 319 N35G/PASK/E104H/A168P/  t60c¢/c573g +
263 N35G/E104H/A168P/V333R  t60c/c573g + A219R/S232E
264 N35G/E104H/G144S/A168P/  t60c/c573g + 320 S24Q/N35G/E104H/A168P/  t60c¢/c573g +
V333Q V2371/P303T
265  V28H/N35G/PASK/E104H/  t60c/c573g + 321 N35G/E104H/A168P/G203E/  t60¢/c573g +
A168P T281A
266 N35G/E104H/A168P/P327K  t60c¢/c573g + 322 N35G/A56N/E104H/A168P  t60c¢/c573g +
267 N35G/N66Q/E104H/A168P  t60c¢/c573g + 323 N35G/E104H/A168P/E336G  t60c/c573g +
268 N35G/E104H/A168P/G203E  t60c¢/c573g + 324 N35G/E104H/A168P/E336R  t60c¢/c573g +
269 N35G/E104H/A168P/S339W  t60¢/c573g + 325 N35G/T40S/E104H/S128K/  t60¢/c573g +
270 N35G/PA5SK/N46E/E104H/ t60c/c573g + A142G/A168P
A150Y/A168P 326  N35G/Q44K/S67T/E104H/ t60c/c198t/c573g +
271 N35G/E104H/R130S8/A168P  t60c¢/c573g + Al68P
272  N35G/E104H/R145T/A168P  t60c/c573g/g891a + 327 N35G/E104H/A168P/N317A  t60c/c573g +
273  N35G/E104H/A168P/S231K  t60c¢/c573g + 328 N35G/E104H/G155N/A168P  t60¢/c573g +
274 N35G/T40A/E104H/A168P/  t60c/c573g + 329 N35G/E104H/Q161E/A168P  t60c/c573g +
D234E/P327M 330 N35G/E104H/N118S/A168P  t60c¢/c573g +
275 N35G/E104H/A168P/S231H  t60c¢/c573g + 331 N35G/PA5T/VIT7Q/E104H/ t60c/c573g +
276 N35G/E104H/A168P/N317M  t60c¢/c573g + A168P/G267S
277 N35G/E104H/A168P/S330Y  t60c¢/c573g + 332 V28H/N35G/E104H/A168P  t60c¢/c573g +
278 N35G/E104H/A168P/S3291  t60c¢/c573g + 333 N35G/E104H/A168P/Q184L  t60c¢/c573g +
279 N35G/E104H/A168P/S329R  t60c¢/c573g + 334 N35G/E104H/A168P/N317V  t60¢/c573g +
280 N35G/N66D/E104H/A168P/  t60c/c573g + 335 N35G/Q44L/E104H/A168P  t60c¢/c573g +
P322R/S329L 336 N35G/E104H/A168P/S330G  t60¢/c573g +
281 N35G/E104H/A168P/P327F  t60c¢/c288t/c573g + 337 N35G/E104H/A168P/T320A/  t60¢/c573g +
282 N35G/PASD/E104H/A168P  t60c/c573g + V333W
283 N35G/E104H/A168P/S332R t60¢/c573g + 338 N35G/E104H/A168P/E336A  t60c/c573g +
284 N35G/E104H/A116S/A168P  t60c/c573g + 339  N35G/E104H/A168P/N335S  t60c¢/c573g +
285 N35G/T40A/E104H/A168P/  t60c/c573g + 340 N35G/N66M/E104H/A168P  t60c/c573g +
V230I/P327TM 341 N35G/T54G/E104H/A168P  t60c¢/c573g +
286 N35G/T49A/E104H/A168P  t60c¢/c573g + 342 N35G/E104H/A168P/N317S  t60c/c573g +
287 N35G/E104H/A168P/N317T  t60c/c573g + 343  N35G/E64L/E104H/A168P t60c/c573g +
288 N35G/N46Y/E104H/A168P  t60c/c573g + 344 N35G/E104H/S164E/A168P/  t60c¢/c573g +
289 N35G/E104H/A168P/G203V  t60c¢/c573g + A271T
290 N35G/E104H/A168P/S329L  t60c¢/c573g + 345 N35G/N66A/E104H/A168P  t60¢/c573g +
291 N35G/E104H/R145N/A168P/  t60c/c573g + 346 N35G/GR3R/E104H/A168P  t60c¢/c573g +
S329H 347 N35G/E104H/A168P/N317Q/ t60c/c573g +
292 N35G/A56S/E104H/A168P  t60c¢/c573g + T320A
293 N35G/T40S/T49R/E104H/ t60c/c573g + 348 N35G/E104H/K141A/A168P  t60c/c573g +
A168P/D234E/P327M 349  N35G/P71T/E104H/A168P t60c/c573g +
294 N35G/E104H/Q161R/A168P  t60c/c573g + 350 N35G/P71S/E104H/A168P t60c/c573g +
295  N35G/E104H/A168P/S332F  t60c¢/c573g + 351 N35G/E104H/R130G/A168P  t60c¢/c573g +
296  N35G/PA5R/T49A/E104H/ t60c/c573g + 352 N35G/E104H/R145Q/A168P  t60c/c573g +
A168P/N317R/T320A 353 N35G/T70A/E104H/A168P  t60c¢/c573g +
297 N35G/E104H/A168P/V2371  t60c/c573g + 354 N35G/E104H/A168P/K218R  t60c¢/c573g +
298 N35G/Q44K/T8OV/EL04H/  t60c¢/c573g + 355 N35G/E104H/A168P/QI84E  t60c¢/c573g +
A168P 356 N35G/E104H/R130K/A168P  t60c¢/c573g +
299 N35G/E104H/A168P/E336S  t60c/c573g + 357 N35G/Q58H/E104H/A168P  t60c¢/c573g +
300 N35G/E104H/A168P/P233T  t60c¢/c573g + 358  Y32S/N35G/E104H/A168P  t60c¢/c573g +
301 N35G/E104H/A168P/S329Y  t60c¢/c573g + 359 N35G/E104H/A168P/S329T  t60c¢/c573g +
302 N35G/E104H/A168P/P327L  t60c¢/c573g + 360 N35G/E104H/A168P/S3301  t60c¢/c573g +
303  N35G/E104H/A168P/N3171  t60c/c573g + 361 Y32S8/N35G/P71A/E104H/ t60c/c573g +
304 N35G/E104H/R130H/A168P  t60c/c573g + Al68P
305 N35G/Q44K/E104H/A168P  t60c¢/c573g + 362 N35G/E104H/A168P/S330T  t60c¢/c573g +
306 N35G/N66D/E104H/A168P  t60c¢/c573g + 363 N35G/G82A/E104H/A168P  t60c¢/c573g +
307 N35G/E104H/A168P/S329V  t60¢/c573g + 364 N35G/T80V/E104H/A168P  t60c¢/c573g +
308 N35G/E104H/A168P/W337F  t60c/c573g + 365 N35G/E104H/A168P/S295T  t60¢/c573g +
309 N35G/E104H/A168P/N317H  t60c/c573g + 366 N35G/N66G/E104H/A168P  t60¢/c573g +
310 N35G/T40L/E104H/S128K/  t60c¢/c573g + 367 N35G/E104H/R145L/A168P  t60c¢/c573g +
A168P 368 N35G/S67TH/E104H/A168P/  t60¢/c573g +
311 N35G/E104H/A168P/A326V  t60¢/c573g + V230M
312 N35G/T80V/E104H/A168P/  t60c/c573g + 369 N35G/E104H/G136E/A168P  t60c¢/c573g +
P303T 370 N35G/T54S/E104H/A168P t60c/c573g +
313 N35G/E104H/A168P/S231A/  t60c/c573g + 371 N35G/P45S/E104H/A168P t60c/c573g +
S295L 372 N35G/E104H/A168P/A326M  t60c/c573g/c882t +
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GH61 Variants with Improved Activity Compared to Variant 1

Vari- GH61 Vari- GH61
ant Silent Nucleotide Activity ant Silent Nucleotide Activity
Number Amino Acid Changes Changes Improvement Number Amino Acid Changes Changes Improvement
373 N35G/N66D/N9SE/E104H/  t60c/c573g + 427  N35G/Q44K/N66V/E104H/  t60c/c573g +
S164E/A168P/G267D Al68P
374 N35G/E104H/A168P/S332C  t60c¢/c573g + 428 N35G/E104H/A137M/A168P  t60c/c573g +
375 N35G/E104H/S128L/A168P  t60c¢/c573g + 429 N35G/E104H/A168P/P327C  t60c/c573g +
376 N35G/T54W/E104H/A168P  t60c¢/c573g + 430 N35G/E104H/A168P/T236R  t60c/c573g +
377 N35G/E104H/A168P/G268A/ t60c/c573g + 431  N35G/I51A/E104H/A168P t60c/c573g +
G269A/G270A 432 N35G/S6TH/E104H/A168P  t60c/c573g +
378 N35G/Q44K/E104H/A168P/  t60c/c573g + 433 N35G/E104H/A168P/A326C  t60c/c573g +
S231T 434 N35G/T49A/E104H/S128N/  t60c/c573g +
379  R34E/N35G/E104H/A168P/  t60c/c573g + Al68P
A280D 435 N35G/T49R/E104H/A168P/  t60c/c573g +
380 N35G/E104H/A168P/A297T  t60c/g399a/c573g + K218L/N317Q
381 N35G/E104H/K141P/R145Q/ t60c¢/c573g + 436 N35G/E104H/A168P/P266S/  t60c/c573g +
A168P G267V
382 N35G/PASE/E104H/K141R/  t60c¢/c573g + 437 N35G/E104H/A168P/V2371  t60c/c573g +
A168P P303T
383 N35G/N66T/E104H/A168P  t60c¢/c573g + 438 N35G/T49E/E104H/A168P t60c/c573g +
384 N35G/E104H/S164E/A168P/  t60c/c573g + 439 N35G/P45R/E104H/A168P/  t60c/c573g +
$295D T320A
385 N35G/E104H/A168P/N317F  t60c/c573g + 440  N35G/N66L/E104H/A168P  t60c/c573g +
386 N35G/E104H/A168P/N317Q  t60c/c573g + 441 N35G/P45R/E104H/A168P/  t60c/c573g +
387 N35G/T40G/T49R/ST78C/ t60c/c573g + K218L/N317Q
E104H/A142G/A168P 442 N35G/E104H/R145V/A168P  t60c/c573g +
388 N35G/G82S/E104H/A168P  t60c/c573g + 443 N35G/N66D/E104H/A168P/  t60c/c573g +
389  N35G/QS58P/E104H/A168P  t60c¢/c573g + R290K
390 N35G/N46R/E104H/A168P/  t60c/c573g + 444 N35G/T80L/E104H/A168P t60c/c573g +
G203E/A263V 445 N35G/A55G/E104H/A168P  t60c/c573g +
391 N35G/PA5R/E104H/A168P t60c/c573g + 446 N35G/E104H/A168P/S330A  t60c/c573g +
392  N35G/S67G/E104H/A168P  t60c/c573g + 447  N35G/E104H/K141N/A168P/ t60c/c573g +
393 N35G/E104H/A168P/R199E  t60c¢/c573g + P266S
394  N35G/G69T/E104H/A168P  t60c¢/c573g + 448  N35G/E104H/A142S8/A168P  t60c/c573g +
395  N35G/E104H/A168P/G203E/ t60c/c573g + 449  N35G/E104H/A168P/Q184G  t60c/c573g +
G268A/G269A/G270A 450 N35G/E104H/N118E/A168P  t60c/c573g +
396 N35G/E104H/A168P/P266S  t60c/c573g + 451  N35G/E104H/A168P/A212M  t60c/c573g +
397 N35G/E104H/A168P/V324M  t60c/c573g + 452 N35G/E104H/A168P/G267D  t60c/c573g +
398 N35G/E104H/A168P/G245A  t60c/c573g + 453 N35G/K93N/E104H/R130Y/  t60c/c573g +
399  N35G/N66R/E104H/A168P  t60c/c573g + Al68P
400 N35G/E104H/A168P/T236E  t60c/c573g + 454 N35G/P45R/T49Y/E104H/ t60c/c573g +
401 S24Q/N35G/Q44K/T80OH/ t60c/c573g + A168P/N317D
E104H/A168P 455 N35G/E104H/A168P/S329Q  t60c/c573g +
402 N35G/E104H/S128D/A168P  t60c/c573g + 456  N35G/E104H/A168P/V230Q  t60c/c573g +
403  N35G/N66D/S78D/E104H/  t60c/c573g + 457 N35G/P45K/E104H/A168P/  t60c/c573g +
A168P/S253D A219R
404 N35G/E104H/R130Y/A168P  t60c/c573g + 458 N35G/E104H/A142G/A168P  t60c/c573g +
405 N35G/E104H/A168P/K3101  t60c/c573g + 459  N35G/E104H/A168P/S205T  t60c/c573g +
406 N35G/E104H/R145E/A168P  t60c/c573g + 460 N35G/S78D/E104H/S164E/  t60c/c573g +
407 N35G/N66D/E104H/S164E/  t60c/c573g + Al68P
A168P/S282D 461  N35G/E104H/R130E/A168P  t60c/c573g +
408 N35G/E104H/K141P/A168P  t60c/c573g + 462  N35G/E104H/A168P/Q184H  t60c/c573g +
409 N35G/E104H/A168P/Q184R  t60c/c573g + 463 N35G/E104H/A116P/A168P  t60c/c573g +
410 N35G/E104H/A168P/S231T  t60c/c573g + 464  N35G/E104H/A142D/A168P  t60c/c573g +
411  N35G/N66V/E104H/A168P  t60c¢/c573g + 465 V28H/N35G/N46E/Q58H/ t60c/c573g +
412 N35G/E104H/A1421/A168P  t60c/c573g + E104H/A168P
413  N35G/E104H/R145H/A168P  t60c/c573g + 466 N35G/E104H/A168P/A280T  t60c/c573g +
414 N35G/E104H/A168P/K218L  t60c/c573g + 467 R34E/N35G/E104H/A168P/  t60c/c573g +
415 N35G/E104H/K141T/A168P  t60c/c573g + A280T
416  N35G/E104H/A168P/P233F  t60c/c573g + 468 N35G/E104H/A168P/E336L  t60c/c573g +
417 N35G/T40S/E104H/A168P/  t60c/c573g + 469  N35G/T49D/E104H/A168P  t60c/c573g +
P327M 470  N35G/E104H/A168P/A219T  t60c/c573g +
418  N35G/T54M/E104H/A168P  t60c/c573g + 471  N35G/E104H/A142W/A168P t60c/c573g +
419 S24T/N35G/E104H/S164E/  t60c/c573g + 472 N35G/E104H/A168P/P303T/  t60c/c573g +
A168P G305D
420 N35G/P45T/E104H/A168P t60c/c573g + 473 N35G/Q44V/E104H/A168P  t60c/c573g +
421 N35G/N66D/E104H/S164E/  t60c/c573g + 474 N35G/E104H/A168P/N187D  t60c/c573g +
A168P/S231T/S253T 475 N35G/E104H/G136H/A168P  t60c/c573g +
422 N35G/G69H/E104H/A168P  t60c/c573g + 476 S24Q/N35G/Q44K/E104H/  t60c/c573g +
423 N35G/E104H/S128Y/A168P  t60c/c573g + A168P/P303T/S332D
424  N35G/TA9Q/E104H/A168P  t60c/c573g + 477  N35G/E104H/A168P/Q184N  t60c/c573g +
425 N35G/TA9A/E104H/A168P/  t60c/c573g + 478 N35G/E104H/A168P/S332L  t60c/c573g +
Q184H 479 S24T/N35G/N66D/S78D/ t60c/c573g +
426  N35G/E104H/A168P/G203Y  t60c/c573g + E104H/A168P/S205T/S253T
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TABLE 6-2-continued
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TABLE 7-1

GH61 Variants with Improved Activity Compared to Variant 1

Fold Improvement

Vari- GH61 Fold Improvement Fold Improvement
ant Silent Nucleotide Activity Over Whole Cellulase Over Whole Cellulase
Number Amino Acid Changes Changes Improvement Broth Tested on PCS  Broth Tested on PWS
480 N35G/E104H/A168P/P327A  t60c/c573g + Whole broth cellulases 1 1
481  N35G/TA0A/T49Q/ST8C/ t60c/c573g + from CF-416
E104H/A168P CBHla 1 3
482  N35G/TA0L/E104H/A142G/  t60c/c573g + CBH2b 1 1
A168P GHé6la 2 3
483  N35G/T49Y/E104H/A168P/  t60c/c573g + GH61p 3 2
N317R GH61f 1 1
484  R34E/N35G/K93T/E104H/ t60c/c573g + GH61n 1 1
RI130E/R145T/A168P/R199E/ AXE3 0 1
K218T/A280D FAE 1 1
Xyl3 0 1
Example 7
Example 8

Selection of Further GH61 Candidates for Strain
Improvement

[0385] This example illustrates the selection of potential
candidates to further improve whole cellulase broth activity
of M. thermophila cultures on different types of pretreated
substrates like pretreated corn stover and pretreated wheat
straw.

[0386] In this Example, M. thermophila-produced and
purified GH61a, GH61p, GH61f, GH61n, CBHla, CBH2b,
AXEFE3, FAE, and Xyl3, were used to supplement the activity
present in culture broths (i.e., “whole broth cellulase base™)
of'the M. thermophila strain CF-416 prepared using standard
methods known in the art. The broth cellulase base was fixed
to 0.5% protein and the single purified enzyme was added at
0.4% (wt added protein/wt glucan) to the saccharification
reactions. The whole cellulase broth base and individual
enzymes were characterized by standard BCA assays for
total protein quantification.

[0387] The saccharification reactions were carried out at
74 g/l glucan load of pretreated wheat straw (PWS) or
pretreated corn stover (PCS) at pH 5.0, 55° C. at 950 rpm in
the presence of 50 uM copper in high throughput (HTP) 96
deep well plates. Glucose analysis was carried out by the
glucose oxidase assay as described above. In each case, the
fold improvement was calculated using the formula Fold
Improvement=[Total Glucose Production with addition of
0.4% single enzyme to the whole cellulase broth base]/
[glucose production from the 0.5% whole cellulase broth
base]. The results are provided in Table 10-1. In this Table,
the fold improvements were ranked from O to 3; fold
improvements less than 1.2x are indicated by “0,” fold
improvements of >1.2 to <1.5 are indicated by “1,” fold
improvements of >1.5x to <1.7x improvements are indi-
cated by “2,” and fold improvements>1.7 are indicated by
w3y

[0388] As indicated by the results in the Table, the greatest
benefit was observed using GH61p on pre-treated corn
stover (PCS), and GH61a on pre-treated wheatstraw (PWS),
indicating that GH61 activity is increases the cellulolytic
activity of the reaction mix. In addition to the enzymes listed
in Table 10-1, EGlb, Xyll, Xyl6, beta-xylosidase, and
another xylanase were also tested, but did not show any
improvement under the test conditions.

Improvement of GH61 Activity by Copper(Il) Ions

[0389] This example illustrates the enhancement in GH61
activity with the addition of copper(Il) ion to the sacchari-
fication reaction.

[0390] Purified M. thermophila-produced GH6la or S.
cerevisiae supernatant containing M. thermophila-GH61a
was pre-incubated with different amounts of copper(Il)
(CuSO,) at concentrations of 0 to 100 uM at ambient
temperature for 30 min. The biomass assay was then per-
formed in a total volume of 300 pL, in the presence of 10 mg
of pre-treated wheat straw, using 261 pl. of copper-treated
GH61 samples, 39 L. of sodium acetate buffer (pH 5), M.
thermophila-produced CBHla, CBH2b and f-glucosidase.
The final concentration of sodium acetate was 120 mM and
the enzyme loads of CBHs and f-glucosidase (CBH1a and
CBH2b in 1:1 ratio) were 0.01% and 0.02% with respect to
substrate glucan mass in the biomass substrate, respectively.
Background (negative) controls were obtained by using
either water or media supernatant from cultures of S. cer-
evisiae cells without the GH61a gene in the plasmid. Thus,
the negative controls represent activities of CBH1a, CBH2b
and beta-glucosidase in the absence of GH61a. The reaction
was incubated at 55° C. for 72 hours with shaking. The
GHo61a activity in the reaction mixture was measured by
monitoring glucose production using a glucose oxidase/
peroxidase-based glucose assay.

[0391] Some experiments were also performed without
pre-incubating GH61 with copper(Il), but instead, by
directly adding different amounts of copper(Il) (CuSO,) to
the biomass assay reactions as described herein.

[0392] FIG. 3 shows activity of M. thermophila-GH61a
pre-incubated with different amounts of copper(Il) ion.
Biomass assays were performed with (A) S. cerevisiae-
produced M. thermophila GH6la Variant 5, and (B) M.
thermophila-produced wild-type GH61a. Glucose produc-
tion after 72 h incubation at pH 5, 55° C. was determined by
the glucose assay. The data in this Figure indicate GH61a-
only activity, in which the amount of glucose produced in
control reaction containing CBH and p-glucosidase was
subtracted from the total amount of glucose produced in the
reactions with GH61a. In this Figure, N=4; and the error bars
represent +1 standard deviation. Copper concentrations
shown are with respect to the total reaction volume.
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[0393] The results indicate that the activities of M. ther-
mophila-produced GH6la and S. cerevisiae supernatant
containing M. thermophila-GH6la are improved by pre-
incubation with copper(Il) ions under the conditions tested.
Similar results were obtained when copper(Il) was directly
added to the biomass assay reactions.

Example 9

Further Evaluation of Copper Requirements in
Saccharification Reactions

[0394] This Example describes experiments designed to
determine the effects of added copper in saccharification
reactions. The saccharification reactions were run in 30 g
shake flasks (250 ml flasks) using 82 g/kg glucan of
acid-pretreated corn stover and whole broth enzymes pro-
duced by M. thermophila strain CF-416 (produced using
standard methods known in the art) at a 0.81% total enzyme
load with respect to glucan. The reactions were conducted at
pH 5.0 or pH 6.0, 55° C. and 250 rpm mixing, with
supplementation of either 0 or 50 pM CuSO,, copper(1l)
with respect to the total reaction volume. A pH trim was also
performed using 2M NaOH at time intervals of 1, 4, 7, 22,
24 29, 46, 52,70, 75 and 96 hrs, to maintain the pH at the
desired value of pH 5.0 or pH 6.0. Samples were removed
at 72 hours and the total amount of glucose in the reaction
mixture was determined using standard HPL.C methods and
equipment as known in the art. The results indicated that
under the conditions described herein, the effect of copper is
dependent on saccharification pH. As shown in FIG. 4, Panel
A, at a saccharification pH of pH 5.0, the addition of copper
caused an increase in glucose yields by ~3.5% while this
effect was not observed when the saccharification was
carried out at pH 6.0. Also, the addition of copper may cause
a decrease in the total amounts of C5 sugars that are
produced as shown in FIG. 4, Panel B.

Example 10

Effect of Reducing Agents on the Cellulolytic
Activity of GH61a

[0395] This Example provides experiments conducted to
determine the effect of adding reducing agents (e.g., gallic
acid and ascorbic acid) to saccharification reactions. In these
experiments, enhancement of GH61 activity was tested
using Variant 1 (SEQ ID NO:5) in the presence of reducing
agents (specifically, ascorbic acid or gallic acid) and pre-
treatment filtrate, which contains various reducing agents
from lignin degradation. Reactions were performed on cel-
Iulosic substrates, AVICEL® PH microcrystalline cellulose
and phosphoric acid swollen cellulose (PASC), with purified
M. thermophila-produced GH61 Variant 1 and beta-glucosi-
dase at 0.3% and 0.08% respectively, with respect to sub-
strate glucan mass, and 128 mM sodium acetate buffer (pH
5) supplemented with 30 uM CuSO,. Thus, reactions were
performed with 0.3% GH61a and 0.08% BGL, where %
enzyme loads are with respect to substrate glucan mass (36
g/l AVICEL® cellulose and 5 g/I. PASC). Background
(negative) controls were beta-glucosidase-only reactions
tested in the absence of GH61a. Glucose production after 48
h incubation at pH 5, 55° C. was determined by glucose
oxidase/peroxidase-based or HPLC-based glucose assay
glucose assay, using methods known in the art.
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[0396] FIG. 5 shows the activity of M. thermophila-
produced GH61a Variant 1 on cellulosic substrates in the
presence of ascorbic acid, gallic acid and pretreatment
filtrate. Panel A shows the results for AVICEL® PH micro-
crystalline cellulose and Panel B shows the results for
PASC. GH61-only activity is also shown, these results were
obtained by subtracting the amount of glucose produced in
the beta-glucosidase-only control reaction from the total
amount of glucose produced in the reaction that included
GH61a. Filtrate dilutions are indicated in this Figure, where
undiluted filtrate equals 72% of the total reaction volume. In
this Figure, N=4; and the error bars represent =1 standard
deviation.

[0397] The results indicate that supplementing the GH61a
reaction with gallic acid improved the GH61 activity in
generating soluble sugars from AVICEL® cellulose and
PASC, which were then hydrolyzed by beta-glucosidase to
generate glucose monomers. The improvement was also
observed with diluted pretreatment filtrate, which suggests
that the filtrate may contain gallic acid or gallic acid-like
reductants that can beneficially impact GH61 activity.

Example 11

Evaluation of Oxygen Limitation in
Saccharification Reactions

[0398] This example describes experiments conducted to
determine if oxygen is a limiting factor in saccharification
reactions. To investigate the level of oxygen required in the
overall saccharification efficiency, two shake flask reactions
were performed, in which one was left closed throughout the
72 hour reaction, while the other was opened at 4 hrs and 24
hrs for 10 seconds to provide fresh air. The reactions were
run in 30 g shake flasks (250 ml. flasks) using 87 g/kg glucan
and M. thermophila CF-416 whole broth cellulases. The
total protein content in each reaction was 0.81% total
enzyme load with respect to glucan. The reactions were
conducted at pH 5.0, 55° C. and 250 rpm mixing, with
supplementation of 50 pM CuSO,. Samples were removed
at 72 hours and glucose yields were measured by monitoring
glucose production using a glucose oxidase/peroxidase-
based glucose assay. The results indicated that under the
reaction conditions tested, oxygen was not a limiting factor
as the two reactions (control vs. the reaction with air
supplemented) yielded similar levels of glucose.

Example 12

Enhancement of Saccharification Efficiency by
Addition of Surfactants

[0399] This example illustrates the enhancement of over-
all saccharification yield with the addition of surfactants
such as TWEEN®-20 and PEG-4000. Experiments were
designed to monitor the enhancement in cellulase activity
with different concentrations of TWEEN®-20 or PEG-4000
in the biomass assay. The biomass assay was performed in
a total volume of 90 pl., including 10 mg of pre-treated
wheat straw, 64.8 uL. (72% by volume) of filtrate (or H,O for
no filtrate conditions), and 11.6 ul. of a mixture of sodium
acetate buffer (pH 5.0, supplemented with CuSO,), M.
thermophila-produced cellobiohydrolase 1a (CBH1a), cel-
lobiohydrolase 2b (CBH2b), beta-glucosidase (BGL), and
glycoside hydrolase type 61 (GH61a). The final concentra-
tion of sodium acetate was 128 mM (with 30 uM CuSO,)
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and the enzyme loads of CBH1a, CBH2b, BGL and GH61a
were 0.15%, 0.15%, 0.08% and 0.3% with respect to the
substrate glucan mass in the biomass substrate, respectively.
Water was used in place of the enzymes as a negative
control. Herein, “Ix filtrate” indicates 72% of filtrate (i.e., the
filtered liquid portion of pre-treated substrate) in the total
reaction volume. The amount of glucose in the filtrate
background was subtracted from the test data (N=2; Error
bars in the Figures represent +1 standard deviation). The
reaction was incubated at 55° C. for 72 hours at pH 5, with
shaking at 950 rpm, then was quenched by adding 180 pL of
water. The total cellulase activity in the reaction mixture was
measured by monitoring glucose production using a glucose
oxidase/peroxidase-based glucose assay as known in the art.
The results indicate that the total glucose production in the
saccharification reaction was enhanced with the addition of
TWEEN®-20 or PEG-4000.

[0400] FIG. 6, Panel A, shows enzymatic hydrolysis activ-
ity of the cellulase mixture in the presence of TWEEN®-20.
Data shown are total glucose produced by a mixture of
GH61a, CBHla, CBH2b, and BGL at 0.3%, 0.15%, 0.15%,
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and 0.08% with respect to the substrate glucan mass in the
biomass substrate, respectively. In this Figure, TWEEN®-
20 concentrations are expressed as % total reaction volume.
[0401] FIG. 6, Panel B, shows enzymatic hydrolysis activ-
ity of the cellulase mixture in the presence of PEG-4000. In
this Figure, PEG-4000 concentrations are expressed as %
total reaction volume.

[0402] While the invention has been described with ref-
erence to the specific embodiments, various changes can be
made and equivalents can be substituted to adapt to a
particular situation, material, composition of matter, pro-
cess, process step or steps, thereby achieving benefits of the
invention without departing from the scope of what is
claimed.

[0403] For all purposes in the United States of America,
each and every publication and patent document cited in this
disclosure is incorporated herein by reference as if each such
publication or document was specifically and individually
indicated to be incorporated herein by reference. Citation of
publications and patent documents is not intended as an
indication that any such document is pertinent prior art, nor
does it constitute an admission as to its contents or date.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 171

<210> SEQ ID NO 1

<211> LENGTH: 1029

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 1

atgtccaagyg cctetgetet cetegetgge ctgacgggeg cggecctegt cgetgcacat 60
ggccacgtca gccacatcegt cgtcaacgge gtctactaca ggaactacga ccccacgaca 120
gactggtacc agcccaaccce gccaacagtce atcggetgga cggcagecga tcaggataat 180
ggcttegttyg aacccaacag ctttggcacyg ccagatatca tetgecacaa gagegecace 240
ceeggeggeyg gecacgetac cgttgetgee ggagacaaga tcaacategt ctggacccce 300
gagtggcceg aatcccacat cggeccegte attgactacce tagecgectyg caacggtgac 360
tgcgagaceyg tcgacaagte gtegetgege tggttcaaga ttgacggege cggctacgac 420
aaggccgeeyg gecgetggge cgecgacget ctgegegeca acggcaacag ctggetegte 480
cagatccegt cggatctcaa ggecggcaac tacgtcectece gecacgagat catcgeccte 540
cacggtgete agagecccaa cggegeccag gectacccege agtgcatcaa ccteegegte 600
accggeggeyg gecagcaacct geccagegge gtegecggea ccetegetgta caaggcegace 660
gacccgggca tcctettcaa cccctacgte tecteccegg attacacegt ccecggeceg 720
gcecteattyg ceggegecge cagctegate geccagagea cgteggtege cactgecace 780
ggcacggceca ccgttecegg cggeggegge gccaaccecta cegecaccac caccgecgec 840
accteegeeyg ccecgageac caccctgagg acgaccacta ccteggecge gcagactace 900
gceceegeect cceggegatgt gcagaccaayg tacggecagt gtggtggecaa cggatggacg 960

ggceccgacgg tgtgcgcecece cggctcegagce tgctceccgtece tcaacgagtg gtactcccag 1020

tgtttgtaa

<210> SEQ ID NO 2

1029
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-continued

<211> LENGTH: 342
<212> TYPE: PRT
<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 2

Met Ser Lys Ala Ser Ala Leu Leu Ala Gly Leu Thr Gly Ala Ala Leu
1 5 10 15

Val Ala Ala His Gly His Val Ser His Ile Val Val Asn Gly Val Tyr
20 25 30

Tyr Arg Asn Tyr Asp Pro Thr Thr Asp Trp Tyr Gln Pro Asn Pro Pro
35 40 45

Thr Val Ile Gly Trp Thr Ala Ala Asp Gln Asp Asn Gly Phe Val Glu
50 55 60

Pro Asn Ser Phe Gly Thr Pro Asp Ile Ile Cys His Lys Ser Ala Thr
65 70 75 80

Pro Gly Gly Gly His Ala Thr Val Ala Ala Gly Asp Lys Ile Asn Ile
85 90 95

Val Trp Thr Pro Glu Trp Pro Glu Ser His Ile Gly Pro Val Ile Asp
100 105 110

Tyr Leu Ala Ala Cys Asn Gly Asp Cys Glu Thr Val Asp Lys Ser Ser
115 120 125

Leu Arg Trp Phe Lys Ile Asp Gly Ala Gly Tyr Asp Lys Ala Ala Gly
130 135 140

Arg Trp Ala Ala Asp Ala Leu Arg Ala Asn Gly Asn Ser Trp Leu Val
145 150 155 160

Gln Ile Pro Ser Asp Leu Lys Ala Gly Asn Tyr Val Leu Arg His Glu
165 170 175

Ile Ile Ala Leu His Gly Ala Gln Ser Pro Asn Gly Ala Gln Ala Tyr
180 185 190

Pro Gln Cys Ile Asn Leu Arg Val Thr Gly Gly Gly Ser Asn Leu Pro
195 200 205

Ser Gly Val Ala Gly Thr Ser Leu Tyr Lys Ala Thr Asp Pro Gly Ile
210 215 220

Leu Phe Asn Pro Tyr Val Ser Ser Pro Asp Tyr Thr Val Pro Gly Pro
225 230 235 240

Ala Leu Ile Ala Gly Ala Ala Ser Ser Ile Ala Gln Ser Thr Ser Val
245 250 255

Ala Thr Ala Thr Gly Thr Ala Thr Val Pro Gly Gly Gly Gly Ala Asn
260 265 270

Pro Thr Ala Thr Thr Thr Ala Ala Thr Ser Ala Ala Pro Ser Thr Thr
275 280 285

Leu Arg Thr Thr Thr Thr Ser Ala Ala Gln Thr Thr Ala Pro Pro Ser
290 295 300

Gly Asp Val Gln Thr Lys Tyr Gly Gln Cys Gly Gly Asn Gly Trp Thr
305 310 315 320

Gly Pro Thr Val Cys Ala Pro Gly Ser Ser Cys Ser Val Leu Asn Glu
325 330 335

Trp Tyr Ser Gln Cys Leu
340

<210> SEQ ID NO 3
<211> LENGTH: 323
<212> TYPE: PRT
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-continued

<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 3

His Gly His Val Ser His Ile Val Val Asn Gly Val Tyr Tyr Arg Asn
1 5 10 15

Tyr Asp Pro Thr Thr Asp Trp Tyr Gln Pro Asn Pro Pro Thr Val Ile
20 25 30

Gly Trp Thr Ala Ala Asp Gln Asp Asn Gly Phe Val Glu Pro Asn Ser
35 40 45

Phe Gly Thr Pro Asp Ile Ile Cys His Lys Ser Ala Thr Pro Gly Gly
50 55 60

Gly His Ala Thr Val Ala Ala Gly Asp Lys Ile Asn Ile Val Trp Thr
65 70 75 80

Pro Glu Trp Pro Glu Ser His Ile Gly Pro Val Ile Asp Tyr Leu Ala
85 90 95

Ala Cys Asn Gly Asp Cys Glu Thr Val Asp Lys Ser Ser Leu Arg Trp
100 105 110

Phe Lys Ile Asp Gly Ala Gly Tyr Asp Lys Ala Ala Gly Arg Trp Ala
115 120 125

Ala Asp Ala Leu Arg Ala Asn Gly Asn Ser Trp Leu Val Gln Ile Pro
130 135 140

Ser Asp Leu Lys Ala Gly Asn Tyr Val Leu Arg His Glu Ile Ile Ala
145 150 155 160

Leu His Gly Ala Gln Ser Pro Asn Gly Ala Gln Ala Tyr Pro Gln Cys
165 170 175

Ile Asn Leu Arg Val Thr Gly Gly Gly Ser Asn Leu Pro Ser Gly Val
180 185 190

Ala Gly Thr Ser Leu Tyr Lys Ala Thr Asp Pro Gly Ile Leu Phe Asn
195 200 205

Pro Tyr Val Ser Ser Pro Asp Tyr Thr Val Pro Gly Pro Ala Leu Ile
210 215 220

Ala Gly Ala Ala Ser Ser Ile Ala Gln Ser Thr Ser Val Ala Thr Ala
225 230 235 240

Thr Gly Thr Ala Thr Val Pro Gly Gly Gly Gly Ala Asn Pro Thr Ala
245 250 255

Thr Thr Thr Ala Ala Thr Ser Ala Ala Pro Ser Thr Thr Leu Arg Thr
260 265 270

Thr Thr Thr Ser Ala Ala Gln Thr Thr Ala Pro Pro Ser Gly Asp Val
275 280 285

Gln Thr Lys Tyr Gly Gln Cys Gly Gly Asn Gly Trp Thr Gly Pro Thr
290 295 300

Val Cys Ala Pro Gly Ser Ser Cys Ser Val Leu Asn Glu Trp Tyr Ser
305 310 315 320

Gln Cys Leu

<210> SEQ ID NO 4

<211> LENGTH: 1029

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide.

<400> SEQUENCE: 4
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-continued
atgtccaagg cctctgetcet cctegetgge ctgacgggeg cggecctegt cgctgcacac 60
ggccacgtca gccacatcgt cgtcaacggc gtctactaca ggggctacga ccccacgaca 120
gactggtacc agcccaaccce gccaacagtc atcggctgga cggcagccga tcaggataat 180
ggcttcegttyg aacccaacag ctttggcacg ccagatatca tctgccacaa gagcgccacc 240
cececggeggeg gccacgctac cgttgetgec ggagacaaga tcaacatcgt ctggaccccce 300
gagtggccce actcccacat cggccccgtce attgactacce tagccgectg caacggtgac 360
tgcgagacceg tcgacaagtce gtecgctgcge tggttcaaga ttgacggcege cggctacgac 420
aaggccgcceg gccgetggge cgccgacgcet ctgegegceca acggcaacag ctggetegte 480
cagatccegt cggatctcaa gcccggcaac tacgtcctece gcecacgagat catcgecctce 540
cacggtgctc agagccccaa cggcegcccag gcgtacccege agtgcatcaa cctecgegtce 600
accggeggeg gcagcaacct gceccagegge gtcecgcecggea cctegetgta caaggcgacce 660
gacccgggca tcctcttcaa cecctacgte tectcccegg attacaccgt ccccggeccg 720
gccctcattyg cecggegeege cagctcgatc geccagagca cgtceggtege cactgecacc 780
ggcacggcca ccgttcocegg cggeggeggce gccaacccta ccgcecaccac caccgacgec 840
accteccgeeg ccccgagcac caccctgagg acgaccacta ccteggecge gcagactacce 900
gcccecgecct cecggegatgt gcagaccaag tacggccagt gtggtggcaa cggatggacg 960

ggccecgacgg tgtgcegecce cggctcgage tgctcecgtece tcaacgagtg gtactccecag 1020

tgtttgtaa 1029

<210> SEQ ID NO 5

<211> LENGTH: 342

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 5

Met Ser Lys Ala Ser Ala Leu Leu Ala Gly Leu Thr Gly Ala Ala Leu
1 5 10 15

Val Ala Ala His Gly His Val Ser His Ile Val Val Asn Gly Val Tyr
20 25 30

Tyr Arg Gly Tyr Asp Pro Thr Thr Asp Trp Tyr Gln Pro Asn Pro Pro
35 40 45

Thr Val Ile Gly Trp Thr Ala Ala Asp Gln Asp Asn Gly Phe Val Glu
Pro Asn Ser Phe Gly Thr Pro Asp Ile Ile Cys His Lys Ser Ala Thr
65 70 75 80

Pro Gly Gly Gly His Ala Thr Val Ala Ala Gly Asp Lys Ile Asn Ile
85 90 95

Val Trp Thr Pro Glu Trp Pro His Ser His Ile Gly Pro Val Ile Asp
100 105 110

Tyr Leu Ala Ala Cys Asn Gly Asp Cys Glu Thr Val Asp Lys Ser Ser
115 120 125

Leu Arg Trp Phe Lys Ile Asp Gly Ala Gly Tyr Asp Lys Ala Ala Gly
130 135 140

Arg Trp Ala Ala Asp Ala Leu Arg Ala Asn Gly Asn Ser Trp Leu Val
145 150 155 160
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Gln Ile Pro Ser Asp Leu Lys Pro Gly Asn Tyr Val Leu Arg His Glu
165 170 175

Ile Ile Ala Leu His Gly Ala Gln Ser Pro Asn Gly Ala Gln Ala Tyr
180 185 190

Pro Gln Cys Ile Asn Leu Arg Val Thr Gly Gly Gly Ser Asn Leu Pro
195 200 205

Ser Gly Val Ala Gly Thr Ser Leu Tyr Lys Ala Thr Asp Pro Gly Ile
210 215 220

Leu Phe Asn Pro Tyr Val Ser Ser Pro Asp Tyr Thr Val Pro Gly Pro
225 230 235 240

Ala Leu Ile Ala Gly Ala Ala Ser Ser Ile Ala Gln Ser Thr Ser Val
245 250 255

Ala Thr Ala Thr Gly Thr Ala Thr Val Pro Gly Gly Gly Gly Ala Asn
260 265 270

Pro Thr Ala Thr Thr Thr Ala Ala Thr Ser Ala Ala Pro Ser Thr Thr
275 280 285

Leu Arg Thr Thr Thr Thr Ser Ala Ala Gln Thr Thr Ala Pro Pro Ser
290 295 300

Gly Asp Val Gln Thr Lys Tyr Gly Gln Cys Gly Gly Asn Gly Trp Thr
305 310 315 320

Gly Pro Thr Val Cys Ala Pro Gly Ser Ser Cys Ser Val Leu Asn Glu
325 330 335

Trp Tyr Ser Gln Cys Leu
340

<210> SEQ ID NO 6

<211> LENGTH: 323

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 6

His Gly His Val Ser His Ile Val Val Asn Gly Val Tyr Tyr Arg Gly
1 5 10 15

Tyr Asp Pro Thr Thr Asp Trp Tyr Gln Pro Asn Pro Pro Thr Val Ile
20 25 30

Gly Trp Thr Ala Ala Asp Gln Asp Asn Gly Phe Val Glu Pro Asn Ser
35 40 45

Phe Gly Thr Pro Asp Ile Ile Cys His Lys Ser Ala Thr Pro Gly Gly
50 55 60

Gly His Ala Thr Val Ala Ala Gly Asp Lys Ile Asn Ile Val Trp Thr
65 70 75 80

Pro Glu Trp Pro His Ser His Ile Gly Pro Val Ile Asp Tyr Leu Ala
85 90 95

Ala Cys Asn Gly Asp Cys Glu Thr Val Asp Lys Ser Ser Leu Arg Trp
100 105 110

Phe Lys Ile Asp Gly Ala Gly Tyr Asp Lys Ala Ala Gly Arg Trp Ala
115 120 125

Ala Asp Ala Leu Arg Ala Asn Gly Asn Ser Trp Leu Val Gln Ile Pro
130 135 140

Ser Asp Leu Lys Pro Gly Asn Tyr Val Leu Arg His Glu Ile Ile Ala
145 150 155 160
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Leu His Gly Ala Gln Ser Pro Asn Gly Ala Gln Ala Tyr Pro Gln Cys
165 170 175

Ile Asn Leu Arg Val Thr Gly Gly Gly Ser Asn Leu Pro Ser Gly Val
180 185 190

Ala Gly Thr Ser Leu Tyr Lys Ala Thr Asp Pro Gly Ile Leu Phe Asn
195 200 205

Pro Tyr Val Ser Ser Pro Asp Tyr Thr Val Pro Gly Pro Ala Leu Ile
210 215 220

Ala Gly Ala Ala Ser Ser Ile Ala Gln Ser Thr Ser Val Ala Thr Ala
225 230 235 240

Thr Gly Thr Ala Thr Val Pro Gly Gly Gly Gly Ala Asn Pro Thr Ala
245 250 255

Thr Thr Thr Ala Ala Thr Ser Ala Ala Pro Ser Thr Thr Leu Arg Thr
260 265 270

Thr Thr Thr Ser Ala Ala Gln Thr Thr Ala Pro Pro Ser Gly Asp Val
275 280 285

Gln Thr Lys Tyr Gly Gln Cys Gly Gly Asn Gly Trp Thr Gly Pro Thr
290 295 300

Val Cys Ala Pro Gly Ser Ser Cys Ser Val Leu Asn Glu Trp Tyr Ser
305 310 315 320

Gln Cys Leu

<210> SEQ ID NO 7

<211> LENGTH: 1035

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide.

<400> SEQUENCE: 7

acacaaatgt ccaaggccte tgctctecte getggectga cgggegegge cctegteget 60
gecacacggcee acgtcagcca catcgtegte aacggegtcet actacaggaa ctacgaccec 120
acgacagact ggtaccagcce caacccgeca acagtcateg getggacgge agecgatcag 180
gataatggct tcgttgaacc caacagcttt ggcacgccag atatcatctyg ccacaagagce 240
gecacceeeg geggeggeca cgctaccegtt getgcecggag acaagatcaa catcgtatgg 300
accccegagt ggecccacte ccacategge ccegtcattg actacctage cgectgcaac 360
ggtgactgceg agaccgtcga caagtegteg ctgegetggt tcaagattga cggegecgge 420
tacgacaagg ccgceggecog ctgggecgee gacgetetge gegecaacgg caacagetgg 480
ctcgtecaga tccegtegga tetegeggee ggcaactacg tectcegeca cgagatcate 540
gecectecacyg gtgctcagag ceccaacgge geccaggegt acccgcagtyg catcaaccte 600
cgegteaceg geggeggeag caacctgece ageggegteg ceggcaccte getgtacaag 660
gegaccgace cgggcatcet cttcaaccce tacgtctect ceccggatta caccgteccc 720
ggcceggece tcattgecgg cgcegecage tcgatcgece agagcacgtce ggtegecact 780
gecaccggea cggccaccgt teceggegge ggceggcegeca accctaccge caccaccace 840
gecgecacct cegeegecee gagcaccace ctgaggacga ccactaccte ggecgegeag 900
actaccgecee cgeccteegg cgatgtgeag accaagtacg gecagtgtgg tggcaacgga 960

tggacgggcce cgacggtgtg cgccccecgge tcgagctget cecgtcectcaa cgagtggtac 1020
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tceccagtgtt tgtaa 1035

<210> SEQ ID NO 8

<211> LENGTH: 342

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 8

Met Ser Lys Ala Ser Ala Leu Leu Ala Gly Leu Thr Gly Ala Ala Leu
1 5 10 15

Val Ala Ala His Gly His Val Ser His Ile Val Val Asn Gly Val Tyr
20 25 30

Tyr Arg Asn Tyr Asp Pro Thr Thr Asp Trp Tyr Gln Pro Asn Pro Pro
35 40 45

Thr Val Ile Gly Trp Thr Ala Ala Asp Gln Asp Asn Gly Phe Val Glu
Pro Asn Ser Phe Gly Thr Pro Asp Ile Ile Cys His Lys Ser Ala Thr
65 70 75 80

Pro Gly Gly Gly His Ala Thr Val Ala Ala Gly Asp Lys Ile Asn Ile
85 90 95

Val Trp Thr Pro Glu Trp Pro His Ser His Ile Gly Pro Val Ile Asp
100 105 110

Tyr Leu Ala Ala Cys Asn Gly Asp Cys Glu Thr Val Asp Lys Ser Ser
115 120 125

Leu Arg Trp Phe Lys Ile Asp Gly Ala Gly Tyr Asp Lys Ala Ala Gly
130 135 140

Arg Trp Ala Ala Asp Ala Leu Arg Ala Asn Gly Asn Ser Trp Leu Val
145 150 155 160

Gln Ile Pro Ser Asp Leu Ala Ala Gly Asn Tyr Val Leu Arg His Glu
165 170 175

Ile Ile Ala Leu His Gly Ala Gln Ser Pro Asn Gly Ala Gln Ala Tyr
180 185 190

Pro Gln Cys Ile Asn Leu Arg Val Thr Gly Gly Gly Ser Asn Leu Pro
195 200 205

Ser Gly Val Ala Gly Thr Ser Leu Tyr Lys Ala Thr Asp Pro Gly Ile
210 215 220

Leu Phe Asn Pro Tyr Val Ser Ser Pro Asp Tyr Thr Val Pro Gly Pro
225 230 235 240

Ala Leu Ile Ala Gly Ala Ala Ser Ser Ile Ala Gln Ser Thr Ser Val
245 250 255

Ala Thr Ala Thr Gly Thr Ala Thr Val Pro Gly Gly Gly Gly Ala Asn
260 265 270

Pro Thr Ala Thr Thr Thr Ala Ala Thr Ser Ala Ala Pro Ser Thr Thr
275 280 285

Leu Arg Thr Thr Thr Thr Ser Ala Ala Gln Thr Thr Ala Pro Pro Ser
290 295 300

Gly Asp Val Gln Thr Lys Tyr Gly Gln Cys Gly Gly Asn Gly Trp Thr
305 310 315 320

Gly Pro Thr Val Cys Ala Pro Gly Ser Ser Cys Ser Val Leu Asn Glu
325 330 335

Trp Tyr Ser Gln Cys Leu
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340

<210> SEQ ID NO 9

<211> LENGTH: 323

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 9

His Gly His Val Ser His Ile Val Val Asn Gly Val Tyr Tyr Arg Asn
1 5 10 15

Tyr Asp Pro Thr Thr Asp Trp Tyr Gln Pro Asn Pro Pro Thr Val Ile
20 25 30

Gly Trp Thr Ala Ala Asp Gln Asp Asn Gly Phe Val Glu Pro Asn Ser
35 40 45

Phe Gly Thr Pro Asp Ile Ile Cys His Lys Ser Ala Thr Pro Gly Gly
50 55 60

Gly His Ala Thr Val Ala Ala Gly Asp Lys Ile Asn Ile Val Trp Thr
65 70 75 80

Pro Glu Trp Pro His Ser His Ile Gly Pro Val Ile Asp Tyr Leu Ala
85 90 95

Ala Cys Asn Gly Asp Cys Glu Thr Val Asp Lys Ser Ser Leu Arg Trp
100 105 110

Phe Lys Ile Asp Gly Ala Gly Tyr Asp Lys Ala Ala Gly Arg Trp Ala
115 120 125

Ala Asp Ala Leu Arg Ala Asn Gly Asn Ser Trp Leu Val Gln Ile Pro
130 135 140

Ser Asp Leu Ala Ala Gly Asn Tyr Val Leu Arg His Glu Ile Ile Ala
145 150 155 160

Leu His Gly Ala Gln Ser Pro Asn Gly Ala Gln Ala Tyr Pro Gln Cys
165 170 175

Ile Asn Leu Arg Val Thr Gly Gly Gly Ser Asn Leu Pro Ser Gly Val
180 185 190

Ala Gly Thr Ser Leu Tyr Lys Ala Thr Asp Pro Gly Ile Leu Phe Asn
195 200 205

Pro Tyr Val Ser Ser Pro Asp Tyr Thr Val Pro Gly Pro Ala Leu Ile
210 215 220

Ala Gly Ala Ala Ser Ser Ile Ala Gln Ser Thr Ser Val Ala Thr Ala
225 230 235 240

Thr Gly Thr Ala Thr Val Pro Gly Gly Gly Gly Ala Asn Pro Thr Ala
245 250 255

Thr Thr Thr Ala Ala Thr Ser Ala Ala Pro Ser Thr Thr Leu Arg Thr
260 265 270

Thr Thr Thr Ser Ala Ala Gln Thr Thr Ala Pro Pro Ser Gly Asp Val
275 280 285

Gln Thr Lys Tyr Gly Gln Cys Gly Gly Asn Gly Trp Thr Gly Pro Thr
290 295 300

Val Cys Ala Pro Gly Ser Ser Cys Ser Val Leu Asn Glu Trp Tyr Ser
305 310 315 320

Gln Cys Leu

<210> SEQ ID NO 10
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<211> LENGT.
<212> TYPE:

H: 1035
DNA

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 10

acaaacatgt

gcacatggee

acgacagact

gataatggcet

gecacccecy

accceccgagt

ggtgactgcg

tacgacaagg

ctegtecaga

geectecacy

cgegteaceyg

gegaccgace

ggcceggece

gccaccggcea

geegecacct

actaccgecec

tggacgggec
tcccagtgtt
<210> SEQ I

<211> LENGT.
<212> TYPE:

ccaaggecte
acgtcageca
ggtaccagce
tcgttgaace
geggeggeca
ggceccgaate
agaccgtega
cegecggecyg
tccegtegga
gtgctcagag
geggeggeag
cgggcatect
tcattgecegyg
cggecacegt
cegecgeced
cgcecteagy
cgacggtgtyg
tgtaa

D NO 11

H: 342
PRT

tgctctecte

catcgtegte

caacccgcca

caacagcttt

cgctacegtt

ccacatecgge

caagtecgteg

ctgggeegec

tctcaaggec

ccccaacgge

caacctgecee

cttcaacccce

cgcegecage

tcceggegge

gagcaccace

cgatgtgcag

cgeeeceaegge

getggectga
aacggegtet
acagtcatcg
ggcacgccag
getgecggag
ccegteattyg
ctgegetggt
gacgctetge
ggcaactacyg
gcccagaact
agcggegteg
tacgtctect
tcgategece
ggcggegeca
ctgaggacga
accaagtacg

tcgagetget

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 11

Met Ser Lys
1

Val Ala Ala

Tyr Arg Asn
35

Thr Val Ile
50

Pro Asn Ser
65
Pro Gly Gly

Gln Trp Thr

Tyr Leu Ala

Ala Ser Ala Leu Leu

His Gly His Val Ser

20

Tyr Asp Pro Thr Thr

40

Gly Trp Thr Ala Ala

55

Phe Gly Thr Pro Asp

70

Gly His Ala Thr Val

85

Pro Glu Trp Pro Glu

100

Ala Cys Asn Gly Asp

Ala Gly Leu

His Ile Val
25

Asp Trp Tyr

Asp Gln Asp

Ile Ile Cys

75

Ala Ala Gly
90

Ser His Ile
105

Cys Glu Thr

Synthetic polynucleotide.

cgggegegge
actacaggaa
getggacgge
atatcatctg
acaagatcaa
actacctage
tcaagattga
gegecaacgg
tccteegeca
acccgcagty
cecggeaccte
ccceggatta
agagcacgtce
accctaccge
ccactaccte
gccagtgtgg

ccgtectceaa

Synthetic polypeptides.

Thr Gly Ala

Val Asn Gly
30

Gln Pro Asn
45

Asn Gly Phe
60

His Lys Ser

Asp Lys Ile

Gly Pro Val

110

Val Asp Lys

cctegteget
ctacgaccce
agccgatcag
ccacaagagce
catccagtygyg
cgectgcaac
cggegecgge
caacagctgg
cgagatcatce
catcaacctce
getgtacaag
caccgtecece
ggtegecact
caccaccace
ggcegegeag
tggcaacgga

cgagtggtac

Ala Leu

Val Tyr

Pro Pro

Val Glu

Ala Thr
80

Asn Ile
95

Ile Asp

Ser Ser

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1035
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115 120 125

Leu Arg Trp Phe Lys Ile Asp Gly Ala Gly Tyr Asp Lys Ala Ala Gly
130 135 140

Arg Trp Ala Ala Asp Ala Leu Arg Ala Asn Gly Asn Ser Trp Leu Val
145 150 155 160

Gln Ile Pro Ser Asp Leu Lys Ala Gly Asn Tyr Val Leu Arg His Glu
165 170 175

Ile Ile Ala Leu His Gly Ala Gln Ser Pro Asn Gly Ala Gln Asn Tyr
180 185 190

Pro Gln Cys Ile Asn Leu Arg Val Thr Gly Gly Gly Ser Asn Leu Pro
195 200 205

Ser Gly Val Ala Gly Thr Ser Leu Tyr Lys Ala Thr Asp Pro Gly Ile
210 215 220

Leu Phe Asn Pro Tyr Val Ser Ser Pro Asp Tyr Thr Val Pro Gly Pro
225 230 235 240

Ala Leu Ile Ala Gly Ala Ala Ser Ser Ile Ala Gln Ser Thr Ser Val
245 250 255

Ala Thr Ala Thr Gly Thr Ala Thr Val Pro Gly Gly Gly Gly Ala Asn
260 265 270

Pro Thr Ala Thr Thr Thr Ala Ala Thr Ser Ala Ala Pro Ser Thr Thr
275 280 285

Leu Arg Thr Thr Thr Thr Ser Ala Ala Gln Thr Thr Ala Pro Pro Ser
290 295 300

Gly Asp Val Gln Thr Lys Tyr Gly Gln Cys Gly Gly Asn Gly Trp Thr
305 310 315 320

Gly Pro Thr Val Cys Ala Pro Gly Ser Ser Cys Ser Val Leu Asn Glu
325 330 335

Trp Tyr Ser Gln Cys Leu
340

<210> SEQ ID NO 12

<211> LENGTH: 342

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 12

Met Ser Lys Ala Ser Ala Leu Leu Ala Gly Leu Thr Gly Ala Ala Leu
1 5 10 15

Val Ala Ala His Gly His Val Ser His Ile Val Val Asn Gly Val Tyr
20 25 30

Tyr Arg Asn Tyr Asp Pro Thr Thr Asp Trp Tyr Gln Pro Asn Pro Pro
35 40 45

Thr Val Ile Gly Trp Thr Ala Ala Asp Gln Asp Asn Gly Phe Val Glu
50 55 60

Pro Asn Ser Phe Gly Thr Pro Asp Ile Ile Cys His Lys Ser Ala Thr
65 70 75 80

Pro Gly Gly Gly His Ala Thr Val Ala Ala Gly Asp Lys Ile Asn Ile
85 90 95

Gln Trp Thr Pro Glu Trp Pro Glu Ser His Ile Gly Pro Val Ile Asp
100 105 110

Tyr Leu Ala Ala Cys Asn Gly Asp Cys Glu Thr Val Asp Lys Ser Ser
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115 120 125

Leu Arg Trp Phe Lys Ile Asp Gly Ala Gly Tyr Asp Lys Ala Ala Gly
130 135 140

Arg Trp Ala Ala Asp Ala Leu Arg Ala Asn Gly Asn Ser Trp Leu Val
145 150 155 160

Gln Ile Pro Ser Asp Leu Lys Ala Gly Asn Tyr Val Leu Arg His Glu
165 170 175

Ile Ile Ala Leu His Gly Ala Gln Ser Pro Asn Gly Ala Gln Asn Tyr
180 185 190

Pro Gln Cys Ile Asn Leu Arg Val Thr Gly Gly Gly Ser Asn Leu Pro
195 200 205

Ser Gly Val Ala Gly Thr Ser Leu Tyr Lys Ala Thr Asp Pro Gly Ile
210 215 220

Leu Phe Asn Pro Tyr Val Ser Ser Pro Asp Tyr Thr Val Pro Gly Pro
225 230 235 240

Ala Leu Ile Ala Gly Ala Ala Ser Ser Ile Ala Gln Ser Thr Ser Val
245 250 255

Ala Thr Ala Thr Gly Thr Ala Thr Val Pro Gly Gly Gly Gly Ala Asn
260 265 270

Pro Thr Ala Thr Thr Thr Ala Ala Thr Ser Ala Ala Pro Ser Thr Thr
275 280 285

Leu Arg Thr Thr Thr Thr Ser Ala Ala Gln Thr Thr Ala Pro Pro Ser
290 295 300

Gly Asp Val Gln Thr Lys Tyr Gly Gln Cys Gly Gly Asn Gly Trp Thr
305 310 315 320

Gly Pro Thr Val Cys Ala Pro Gly Ser Ser Cys Ser Val Leu Asn Glu
325 330 335

Trp Tyr Ser Gln Cys Leu
340

<210> SEQ ID NO 13

<211> LENGTH: 738

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 13

atgaagctct ccctetttte cgtectggee actgecctea cegtegaggg gcatgecate 60
ttccagaagg tcteegtcaa cggageggac cagggctceece tcaccggect cegegetecce 120
aacaacaaca accccgtgca gaatgtcaac agecaggaca tgatctgegg ccagtceggga 180
tcgacgtega acactatcat cgaggtcaag gecggegata ggatcggtge ctggtatcag 240
catgtcatcg gcggtgecca gttecccaac gacccagaca accegattge caagtcegcac 300
aagggcccceg tcatggecta cctegecaag gttgacaatg cegcaaccege cagcaagacg 360
ggcctgaagt ggttcaagat ttgggaggat acctttaate ccagcaccaa gacctggggt 420
gtcgacaace tcatcaacaa caacggctgg gtgtacttca accteccgea gtgeategec 480
gacggcaact acctectceg cgtegaggte ctegetetge acteggecta cteccaggge 540
caggctcagt tctaccagte ctgegeccag atcaacgtat ceggeggegg ctecttcacg 600
ceggegtega ctgtcagett ceegggtgee tacagegeca gegaccecegg tatcctgate 660

aacatctacg gcgccaccgg ccageccgac aacaacggec agceegtacac tgecccetggg 720
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ccegegecca tetectge 738

<210> SEQ ID NO 14

<211> LENGTH: 246

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 14

Met Lys Leu Ser Leu Phe Ser Val Leu Ala Thr Ala Leu Thr Val Glu
1 5 10 15

Gly His Ala Ile Phe Gln Lys Val Ser Val Asn Gly Ala Asp Gln Gly
20 25 30

Ser Leu Thr Gly Leu Arg Ala Pro Asn Asn Asn Asn Pro Val Gln Asn
35 40 45

Val Asn Ser Gln Asp Met Ile Cys Gly Gln Ser Gly Ser Thr Ser Asn
50 55 60

Thr Ile Ile Glu Val Lys Ala Gly Asp Arg Ile Gly Ala Trp Tyr Gln
65 70 75 80

His Val Ile Gly Gly Ala Gln Phe Pro Asn Asp Pro Asp Asn Pro Ile
85 90 95

Ala Lys Ser His Lys Gly Pro Val Met Ala Tyr Leu Ala Lys Val Asp
100 105 110

Asn Ala Ala Thr Ala Ser Lys Thr Gly Leu Lys Trp Phe Lys Ile Trp
115 120 125

Glu Asp Thr Phe Asn Pro Ser Thr Lys Thr Trp Gly Val Asp Asn Leu
130 135 140

Ile Asn Asn Asn Gly Trp Val Tyr Phe Asn Leu Pro Gln Cys Ile Ala
145 150 155 160

Asp Gly Asn Tyr Leu Leu Arg Val Glu Val Leu Ala Leu His Ser Ala
165 170 175

Tyr Ser Gln Gly Gln Ala Gln Phe Tyr Gln Ser Cys Ala Gln Ile Asn
180 185 190

Val Ser Gly Gly Gly Ser Phe Thr Pro Ala Ser Thr Val Ser Phe Pro
195 200 205

Gly Ala Tyr Ser Ala Ser Asp Pro Gly Ile Leu Ile Asn Ile Tyr Gly
210 215 220

Ala Thr Gly Gln Pro Asp Asn Asn Gly Gln Pro Tyr Thr Ala Pro Gly
225 230 235 240

Pro Ala Pro Ile Ser Cys
245

<210> SEQ ID NO 15

<211> LENGTH: 227

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 15

Ile Phe Gln Lys Val Ser Val Asn Gly Ala Asp Gln Gly Ser Leu Thr
1 5 10 15

Gly Leu Arg Ala Pro Asn Asn Asn Asn Pro Val Gln Asn Val Asn Ser
20 25 30

Gln Asp Met Ile Cys Gly Gln Ser Gly Ser Thr Ser Asn Thr Ile Ile
35 40 45

Glu Val Lys Ala Gly Asp Arg Ile Gly Ala Trp Tyr Gln His Val Ile
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50 55 60

Gly Gly Ala Gln Phe Pro Asn Asp Pro Asp Asn Pro Ile Ala Lys Ser
65 70 75 80

His Lys Gly Pro Val Met Ala Tyr Leu Ala Lys Val Asp Asn Ala Ala
85 90 95

Thr Ala Ser Lys Thr Gly Leu Lys Trp Phe Lys Ile Trp Glu Asp Thr
100 105 110

Phe Asn Pro Ser Thr Lys Thr Trp Gly Val Asp Asn Leu Ile Asn Asn
115 120 125

Asn Gly Trp Val Tyr Phe Asn Leu Pro Gln Cys Ile Ala Asp Gly Asn
130 135 140

Tyr Leu Leu Arg Val Glu Val Leu Ala Leu His Ser Ala Tyr Ser Gln
145 150 155 160

Gly Gln Ala Gln Phe Tyr Gln Ser Cys Ala Gln Ile Asn Val Ser Gly
165 170 175

Gly Gly Ser Phe Thr Pro Ala Ser Thr Val Ser Phe Pro Gly Ala Tyr
180 185 190

Ser Ala Ser Asp Pro Gly Ile Leu Ile Asn Ile Tyr Gly Ala Thr Gly
195 200 205

Gln Pro Asp Asn Asn Gly Gln Pro Tyr Thr Ala Pro Gly Pro Ala Pro
210 215 220

Ile Ser Cys
225

<210> SEQ ID NO 16

<211> LENGTH: 762

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 16

atggcectee agetettgge gagettggee ctecteteag tgceggeect tgeccacggt 60
ggcttggeca actacaccgt cggtgatact tggtacagag gctacgaccce aaacctgecg 120
ccggagacge agctcaacca gacctggatg atccagegge aatgggcecac catcgacccce 180
gtcttecaceyg tgtcggagece gtacctggece tgcaacaacce cgggegegeco geegeccteg 240
tacatcccca tcegegecgg tgacaagate acggecgtgt actggtactg getgcacgece 300
atcgggecca tgagegtetg getegegegg tgeggegaca cgeccgegge cgactgecge 360

gacgtcgacyg tcaaccgggt cggetggtte aagatctggg agggeggect getggagggt 420

cccaacctgg ccgaggggct ctggtaccaa aaggacttece agegetggga cggctccccg 480
tcectetgge ccegtcacgat ccccaagggg ctcaagageg ggacctacat catccggcac 540
gagatcctgt cgcttcacgt cgcectcaag ccccagtttt acccggagtg tgegeatctg 600
aatattactg ggggcggaga cttgctgeca cecgaagaga ctetggtgeg gtttecgggg 660
gtttacaaag aggacgatcc ctctatcttce atcgatgtcet actcggagga gaacgcgaac 720
cggacagatt atacggttcc gggagggcca atctgggaag gg 762

<210> SEQ ID NO 17

<211> LENGTH: 254

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 17
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Met Ala Leu Gln Leu Leu Ala Ser Leu Ala Leu Leu Ser Val Pro Ala
Leu Ala His Gly Gly Leu Ala Asn Tyr Thr Val Gly Asp Thr Trp Tyr
20 25 30

Arg Gly Tyr Asp Pro Asn Leu Pro Pro Glu Thr Gln Leu Asn Gln Thr
35 40 45

Trp Met Ile Gln Arg Gln Trp Ala Thr Ile Asp Pro Val Phe Thr Val
50 55 60

Ser Glu Pro Tyr Leu Ala Cys Asn Asn Pro Gly Ala Pro Pro Pro Ser
65 70 75 80

Tyr Ile Pro Ile Arg Ala Gly Asp Lys Ile Thr Ala Val Tyr Trp Tyr
85 90 95

Trp Leu His Ala Ile Gly Pro Met Ser Val Trp Leu Ala Arg Cys Gly
100 105 110

Asp Thr Pro Ala Ala Asp Cys Arg Asp Val Asp Val Asn Arg Val Gly
115 120 125

Trp Phe Lys Ile Trp Glu Gly Gly Leu Leu Glu Gly Pro Asn Leu Ala
130 135 140

Glu Gly Leu Trp Tyr Gln Lys Asp Phe Gln Arg Trp Asp Gly Ser Pro
145 150 155 160

Ser Leu Trp Pro Val Thr Ile Pro Lys Gly Leu Lys Ser Gly Thr Tyr
165 170 175

Ile Ile Arg His Glu Ile Leu Ser Leu His Val Ala Leu Lys Pro Gln
180 185 190

Phe Tyr Pro Glu Cys Ala His Leu Asn Ile Thr Gly Gly Gly Asp Leu
195 200 205

Leu Pro Pro Glu Glu Thr Leu Val Arg Phe Pro Gly Val Tyr Lys Glu
210 215 220

Asp Asp Pro Ser Ile Phe Ile Asp Val Tyr Ser Glu Glu Asn Ala Asn
225 230 235 240

Arg Thr Asp Tyr Thr Val Pro Gly Gly Pro Ile Trp Glu Gly
245 250

<210> SEQ ID NO 18

<211> LENGTH: 231

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 18

Asn Tyr Thr Val Gly Asp Thr Trp Tyr Arg Gly Tyr Asp Pro Asn Leu
1 5 10 15

Pro Pro Glu Thr Gln Leu Asn Gln Thr Trp Met Ile Gln Arg Gln Trp
20 25 30

Ala Thr Ile Asp Pro Val Phe Thr Val Ser Glu Pro Tyr Leu Ala Cys
35 40 45

Asn Asn Pro Gly Ala Pro Pro Pro Ser Tyr Ile Pro Ile Arg Ala Gly
50 55 60

Asp Lys Ile Thr Ala Val Tyr Trp Tyr Trp Leu His Ala Ile Gly Pro
65 70 75 80

Met Ser Val Trp Leu Ala Arg Cys Gly Asp Thr Pro Ala Ala Asp Cys
85 90 95

Arg Asp Val Asp Val Asn Arg Val Gly Trp Phe Lys Ile Trp Glu Gly
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100 105 110

Gly Leu Leu Glu Gly Pro Asn Leu Ala Glu Gly Leu Trp Tyr Gln Lys
115 120 125

Asp Phe Gln Arg Trp Asp Gly Ser Pro Ser Leu Trp Pro Val Thr Ile
130 135 140

Pro Lys Gly Leu Lys Ser Gly Thr Tyr Ile Ile Arg His Glu Ile Leu
145 150 155 160

Ser Leu His Val Ala Leu Lys Pro Gln Phe Tyr Pro Glu Cys Ala His
165 170 175

Leu Asn Ile Thr Gly Gly Gly Asp Leu Leu Pro Pro Glu Glu Thr Leu
180 185 190

Val Arg Phe Pro Gly Val Tyr Lys Glu Asp Asp Pro Ser Ile Phe Ile
195 200 205

Asp Val Tyr Ser Glu Glu Asn Ala Asn Arg Thr Asp Tyr Thr Val Pro
210 215 220

Gly Gly Pro Ile Trp Glu Gly
225 230

<210> SEQ ID NO 19

<211> LENGTH: 705

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 19

atgaaggcce tctetetect tgcggetgee ggggcagtet ctgegcatac catcttegte 60
cagctegaag cagacggcac gaggtaccceg gtttegtacyg ggatccggga cccaacctac 120
gacggccceca tcaccgacgt cacatccaac gacgttgett geaacggegg tcecgaacceg 180
acgaccccct ccagegacgt catcaccgte accgegggea ccaccgtcaa ggccatcetgg 240
aggcacacce tccaatcecgg cccggacgat gtcatggacyg ccagccacaa gggceccgace 300
ctggectaca tcaagaaggt cggcgatgece accaaggact cgggegtegyg cggtggetgg 360
ttcaagatce aggaggacgg ttacaacaac ggccagtggg gcaccagcac cgttatctce 420
aacggcggeg agcactacat tgacatcceg gectgcatee cecgagggtca gtacctecte 480
cgegecgaga tgatcgecct ccacgeggece gggtecceeyg geggegcetca gctctacatg 540
gaatgtgcee agatcaacat cgteggegge teeggetegg tgcccagetce gacggtcage 600
ttecceeggeyg cgtatagece caacgaccceg ggtctectea tcaacatcta ttccatgteg 660
ccetegaget cgtacaccat cccgggeccg ccegtttteca agtge 705

<210> SEQ ID NO 20

<211> LENGTH: 235

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 20

Met Lys Ala Leu Ser Leu Leu Ala Ala Ala Gly Ala Val Ser Ala His
1 5 10 15

Thr Ile Phe Val Gln Leu Glu Ala Asp Gly Thr Arg Tyr Pro Val Ser
20 25 30

Tyr Gly Ile Arg Asp Pro Thr Tyr Asp Gly Pro Ile Thr Asp Val Thr
35 40 45

Ser Asn Asp Val Ala Cys Asn Gly Gly Pro Asn Pro Thr Thr Pro Ser
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50 55 60

Ser Asp Val Ile Thr Val Thr Ala Gly Thr Thr Val Lys Ala Ile Trp
65 70 75 80

Arg His Thr Leu Gln Ser Gly Pro Asp Asp Val Met Asp Ala Ser His
85 90 95

Lys Gly Pro Thr Leu Ala Tyr Ile Lys Lys Val Gly Asp Ala Thr Lys
100 105 110

Asp Ser Gly Val Gly Gly Gly Trp Phe Lys Ile Gln Glu Asp Gly Tyr
115 120 125

Asn Asn Gly Gln Trp Gly Thr Ser Thr Val Ile Ser Asn Gly Gly Glu
130 135 140

His Tyr Ile Asp Ile Pro Ala Cys Ile Pro Glu Gly Gln Tyr Leu Leu
145 150 155 160

Arg Ala Glu Met Ile Ala Leu His Ala Ala Gly Ser Pro Gly Gly Ala
165 170 175

Gln Leu Tyr Met Glu Cys Ala Gln Ile Asn Ile Val Gly Gly Ser Gly
180 185 190

Ser Val Pro Ser Ser Thr Val Ser Phe Pro Gly Ala Tyr Ser Pro Asn
195 200 205

Asp Pro Gly Leu Leu Ile Asn Ile Tyr Ser Met Ser Pro Ser Ser Ser
210 215 220

Tyr Thr Ile Pro Gly Pro Pro Val Phe Lys Cys
225 230 235

<210> SEQ ID NO 21

<211> LENGTH: 220

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 21

His Thr Ile Phe Val Gln Leu Glu Ala Asp Gly Thr Arg Tyr Pro Val
1 5 10 15

Ser Tyr Gly Ile Arg Asp Pro Thr Tyr Asp Gly Pro Ile Thr Asp Val
20 25 30

Thr Ser Asn Asp Val Ala Cys Asn Gly Gly Pro Asn Pro Thr Thr Pro
35 40 45

Ser Ser Asp Val Ile Thr Val Thr Ala Gly Thr Thr Val Lys Ala Ile
50 55 60

Trp Arg His Thr Leu Gln Ser Gly Pro Asp Asp Val Met Asp Ala Ser
65 70 75 80

His Lys Gly Pro Thr Leu Ala Tyr Ile Lys Lys Val Gly Asp Ala Thr
85 90 95

Lys Asp Ser Gly Val Gly Gly Gly Trp Phe Lys Ile Gln Glu Asp Gly
100 105 110

Tyr Asn Asn Gly Gln Trp Gly Thr Ser Thr Val Ile Ser Asn Gly Gly
115 120 125

Glu His Tyr Ile Asp Ile Pro Ala Cys Ile Pro Glu Gly Gln Tyr Leu
130 135 140

Leu Arg Ala Glu Met Ile Ala Leu His Ala Ala Gly Ser Pro Gly Gly
145 150 155 160

Ala Gln Leu Tyr Met Glu Cys Ala Gln Ile Asn Ile Val Gly Gly Ser
165 170 175
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Gly Ser Val Pro Ser Ser Thr Val Ser Phe Pro Gly Ala Tyr Ser Pro
180 185 190

Asn Asp Pro Gly Leu Leu Ile Asn Ile Tyr Ser Met Ser Pro Ser Ser
195 200 205

Ser Tyr Thr Ile Pro Gly Pro Pro Val Phe Lys Cys
210 215 220

<210> SEQ ID NO 22

<211> LENGTH: 915

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 22

atgaagtcgt ctacccegge cttgttegee getgggetece ttgetcagea tgetgeggece 60
cactccatcet tccagecagge gagcagegge tcgaccgact ttgatacget gtgcaccegg 120
atgccgecca acaatagecce cgtcactagt gtgaccageg gegacatgac ctgcaaagte 180

ggcggcacca agggggtgte cggettetge gaggtgaacg ccggegacga gttcacggtt 240

gagatgcacyg cgcagcccgg cgaccgeteg tgcgcecaacyg aggccategg cgggaaccac 300
tteggecegg tectcatcta catgagcaag gtegacgacyg cctecaccge cgacgggtece 360
ggcgactggt tcaaggtgga cgagttcgge tacgacgcaa gcaccaagac ctggggcacce 420
gacaagctca acgagaactg cggcaagcgc accttcaaca tccccageca catccccgeg 480
ggcgactate tegtecggge cgaggetatce gegctacaca ctgccaacca gecaggcegge 540
gegecagttet acatgagetg ctatcaagtc aggatttcceg geggcgaagg gggcecagetg 600
cctgecggag tcaagatccce gggcgegtac agtgccaacyg accccggceat ccttgtcgac 660
atctggggta acgatttcaa cgaccctcca ggacactegyg cccegtcacge catcatcate 720
atcagcagca gcagcaacaa cagcggcegece aagatgacca agaagatcca ggagcccace 780
atcacatcgg tcacggacct ccccaccgac gaggccaagt ggatcgceget ccaaaagatce 840
tegtacgtgg accagacggg cacggegegg acatacgage cggegtcegeyg caagacgcegg 900
tcgccaagag tctag 915

<210> SEQ ID NO 23

<211> LENGTH: 304

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 23

Met Lys Ser Ser Thr Pro Ala Leu Phe Ala Ala Gly Leu Leu Ala Gln
1 5 10 15

His Ala Ala Ala His Ser Ile Phe Gln Gln Ala Ser Ser Gly Ser Thr
20 25 30

Asp Phe Asp Thr Leu Cys Thr Arg Met Pro Pro Asn Asn Ser Pro Val
35 40 45

Thr Ser Val Thr Ser Gly Asp Met Thr Cys Lys Val Gly Gly Thr Lys
50 55 60

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

Glu Met His Ala Gln Pro Gly Asp Arg Ser Cys Ala Asn Glu Ala Ile
85 90 95

Gly Gly Asn His Phe Gly Pro Val Leu Ile Tyr Met Ser Lys Val Asp
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100 105 110

Asp Ala Ser Thr Ala Asp Gly Ser Gly Asp Trp Phe Lys Val Asp Glu
115 120 125

Phe Gly Tyr Asp Ala Ser Thr Lys Thr Trp Gly Thr Asp Lys Leu Asn
130 135 140

Glu Asn Cys Gly Lys Arg Thr Phe Asn Ile Pro Ser His Ile Pro Ala
145 150 155 160

Gly Asp Tyr Leu Val Arg Ala Glu Ala Ile Ala Leu His Thr Ala Asn
165 170 175

Gln Pro Gly Gly Ala Gln Phe Tyr Met Ser Cys Tyr Gln Val Arg Ile
180 185 190

Ser Gly Gly Glu Gly Gly Gln Leu Pro Ala Gly Val Lys Ile Pro Gly
195 200 205

Ala Tyr Ser Ala Asn Asp Pro Gly Ile Leu Val Asp Ile Trp Gly Asn
210 215 220

Asp Phe Asn Asp Pro Pro Gly His Ser Ala Arg His Ala Ile Ile Ile
225 230 235 240

Ile Ser Ser Ser Ser Asn Asn Ser Gly Ala Lys Met Thr Lys Lys Ile
245 250 255

Gln Glu Pro Thr Ile Thr Ser Val Thr Asp Leu Pro Thr Asp Glu Ala
260 265 270

Lys Trp Ile Ala Leu Gln Lys Ile Ser Tyr Val Asp Gln Thr Gly Thr
275 280 285

Ala Arg Thr Tyr Glu Pro Ala Ser Arg Lys Thr Arg Ser Pro Arg Val
290 295 300

<210> SEQ ID NO 24

<211> LENGTH: 284

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 24

His Ser Ile Phe Gln Gln Ala Ser Ser Gly Ser Thr Asp Phe Asp Thr
1 5 10 15

Leu Cys Thr Arg Met Pro Pro Asn Asn Ser Pro Val Thr Ser Val Thr
20 25 30

Ser Gly Asp Met Thr Cys Lys Val Gly Gly Thr Lys Gly Val Ser Gly
35 40 45

Phe Cys Glu Val Asn Ala Gly Asp Glu Phe Thr Val Glu Met His Ala
50 55 60

Gln Pro Gly Asp Arg Ser Cys Ala Asn Glu Ala Ile Gly Gly Asn His
65 70 75 80

Phe Gly Pro Val Leu Ile Tyr Met Ser Lys Val Asp Asp Ala Ser Thr
85 90 95

Ala Asp Gly Ser Gly Asp Trp Phe Lys Val Asp Glu Phe Gly Tyr Asp
100 105 110

Ala Ser Thr Lys Thr Trp Gly Thr Asp Lys Leu Asn Glu Asn Cys Gly
115 120 125

Lys Arg Thr Phe Asn Ile Pro Ser His Ile Pro Ala Gly Asp Tyr Leu
130 135 140

Val Arg Ala Glu Ala Ile Ala Leu His Thr Ala Asn Gln Pro Gly Gly
145 150 155 160



US 2017/0159035 Al Jun. &, 2017
99

-continued

Ala Gln Phe Tyr Met Ser Cys Tyr Gln Val Arg Ile Ser Gly Gly Glu
165 170 175

Gly Gly Gln Leu Pro Ala Gly Val Lys Ile Pro Gly Ala Tyr Ser Ala
180 185 190

Asn Asp Pro Gly Ile Leu Val Asp Ile Trp Gly Asn Asp Phe Asn Asp
195 200 205

Pro Pro Gly His Ser Ala Arg His Ala Ile Ile Ile Ile Ser Ser Ser
210 215 220

Ser Asn Asn Ser Gly Ala Lys Met Thr Lys Lys Ile Gln Glu Pro Thr
225 230 235 240

Ile Thr Ser Val Thr Asp Leu Pro Thr Asp Glu Ala Lys Trp Ile Ala
245 250 255

Leu Gln Lys Ile Ser Tyr Val Asp Gln Thr Gly Thr Ala Arg Thr Tyr
260 265 270

Glu Pro Ala Ser Arg Lys Thr Arg Ser Pro Arg Val
275 280

<210> SEQ ID NO 25

<211> LENGTH: 726

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 25

atgaagtcgt ctacccegge cttgttegee getgggetece ttgetcagea tgetgeggece 60
cactccatcet tccagecagge gagcagegge tcgaccgact ttgatacget gtgcaccegg 120
atgccgecca acaatagecce cgtcactagt gtgaccageg gegacatgac ctgcaacgte 180

ggcggcacca agggggtgte gggettetge gaggtgaacg ccggcgacga gttcacggtt 240

gagatgcacg cgcagccecgg cgaccgctceg tgegccaacg aggccatcgg cgggaaccac 300
ttcggecegg tectcatcta catgagcaag gtcgacgacg cctccactge cgacgggtcece 360
ggcgactggt tcaaggtgga cgagttcggc tacgacgcaa gcaccaagac ctggggcacc 420
gacaagctca acgagaactg cggcaagcgc accttcaaca tccccageca catccccgeg 480
ggcgactatc tcgtccggge cgaggctatc gegctacaca ctgccaacca gccaggcegge 540
gcgcagttcet acatgagetg ctatcaagtc aggatttccg geggcgaagg gggccagcetg 600
cctgecggag tcaagatcce gggegegtac agtgccaacg accccggcat ccttgtegac 660
atctggggta acgatttcaa cgagtacgtt attccgggec cccecggtcat cgacagcagc 720
tacttce 726

<210> SEQ ID NO 26

<211> LENGTH: 242

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 26

Met Lys Ser Ser Thr Pro Ala Leu Phe Ala Ala Gly Leu Leu Ala Gln
1 5 10 15

His Ala Ala Ala His Ser Ile Phe Gln Gln Ala Ser Ser Gly Ser Thr
20 25 30

Asp Phe Asp Thr Leu Cys Thr Arg Met Pro Pro Asn Asn Ser Pro Val
35 40 45

Thr Ser Val Thr Ser Gly Asp Met Thr Cys Asn Val Gly Gly Thr Lys
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50 55 60

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

Glu Met His Ala Gln Pro Gly Asp Arg Ser Cys Ala Asn Glu Ala Ile
85 90 95

Gly Gly Asn His Phe Gly Pro Val Leu Ile Tyr Met Ser Lys Val Asp
100 105 110

Asp Ala Ser Thr Ala Asp Gly Ser Gly Asp Trp Phe Lys Val Asp Glu
115 120 125

Phe Gly Tyr Asp Ala Ser Thr Lys Thr Trp Gly Thr Asp Lys Leu Asn
130 135 140

Glu Asn Cys Gly Lys Arg Thr Phe Asn Ile Pro Ser His Ile Pro Ala
145 150 155 160

Gly Asp Tyr Leu Val Arg Ala Glu Ala Ile Ala Leu His Thr Ala Asn
165 170 175

Gln Pro Gly Gly Ala Gln Phe Tyr Met Ser Cys Tyr Gln Val Arg Ile
180 185 190

Ser Gly Gly Glu Gly Gly Gln Leu Pro Ala Gly Val Lys Ile Pro Gly
195 200 205

Ala Tyr Ser Ala Asn Asp Pro Gly Ile Leu Val Asp Ile Trp Gly Asn
210 215 220

Asp Phe Asn Glu Tyr Val Ile Pro Gly Pro Pro Val Ile Asp Ser Ser
225 230 235 240

Tyr Phe

<210> SEQ ID NO 27

<211> LENGTH: 222

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 27

His Ser Ile Phe Gln Gln Ala Ser Ser Gly Ser Thr Asp Phe Asp Thr
1 5 10 15

Leu Cys Thr Arg Met Pro Pro Asn Asn Ser Pro Val Thr Ser Val Thr
20 25 30

Ser Gly Asp Met Thr Cys Asn Val Gly Gly Thr Lys Gly Val Ser Gly
35 40 45

Phe Cys Glu Val Asn Ala Gly Asp Glu Phe Thr Val Glu Met His Ala
50 55 60

Gln Pro Gly Asp Arg Ser Cys Ala Asn Glu Ala Ile Gly Gly Asn His
65 70 75 80

Phe Gly Pro Val Leu Ile Tyr Met Ser Lys Val Asp Asp Ala Ser Thr
85 90 95

Ala Asp Gly Ser Gly Asp Trp Phe Lys Val Asp Glu Phe Gly Tyr Asp
100 105 110

Ala Ser Thr Lys Thr Trp Gly Thr Asp Lys Leu Asn Glu Asn Cys Gly
115 120 125

Lys Arg Thr Phe Asn Ile Pro Ser His Ile Pro Ala Gly Asp Tyr Leu
130 135 140

Val Arg Ala Glu Ala Ile Ala Leu His Thr Ala Asn Gln Pro Gly Gly
145 150 155 160

Ala Gln Phe Tyr Met Ser Cys Tyr Gln Val Arg Ile Ser Gly Gly Glu
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165 170 175

Gly Gly Gln Leu Pro Ala Gly Val Lys Ile Pro Gly Ala Tyr Ser Ala
180 185 190

Asn Asp Pro Gly Ile Leu Val Asp Ile Trp Gly Asn Asp Phe Asn Glu
195 200 205

Tyr Val Ile Pro Gly Pro Pro Val Ile Asp Ser Ser Tyr Phe
210 215 220

<210> SEQ ID NO 28

<211> LENGTH: 969

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 28

atgaagtcct tcaccctcac cactetggece geectggetg gecaacgeege cgetcacgeg 60
accttecagg ccctetgggt cgacggegte gactacggeg cgcagtgtge cegtetgecce 120
gegtcecaact cgecggtcac cgacgtgacce tccaacgcga tccgetgcaa cgecaaccec 180
tcgecegete ggggcaagtg cecggtcaag gecggetega cegttacggt cgagatgeat 240
cagcaacceg gtgaccgete gtgcagecage gaggegateg geggggegea ctacggeccce 300

gtgatggtgt acatgtccaa ggtgtcggac geggegtegg cggacgggtce gtegggetgg 360

ttcaaggtgt tcgaggacgg ctgggccaag aacccgteeyg gegggtceggyg cgacgacgac 420
tactggggca ccaaggacct gaactcgtge tgcgggaaga tgaacgtcaa gatccccgece 480
gacctgecect cgggcgacta cctgetcegg gecgaggece tegegetgca cacggcecgge 540
agcgegggeg gcegeccagtt ctacatgacce tgetaccage tcaccgtgac cggctccgge 600
agcgecagee cgcccaccegt ctectteceg ggegectaca aggcecaccga cccgggeate 660
ctegtcaaca tccacgecce getgteegge tacaccgtge ceggeccgge cgtctacteg 720
ggecggeteca ccaagaagge cggcagcgece tgcaccegget gegagtcecac ttgegccgte 780
ggcteceggee ccaccgccac cgtcteccag tegeceggtt ccaccgecac cteggcccee 840
ggeggeggeyg geggetgcac cgtcecagaag taccagcagt geggceggeca gggctacacce 900
ggctgcacca actgcgegte cggcetcecace tgcagegegg tcetegecgec ctactacteg 960
cagtgcgtce 969

<210> SEQ ID NO 29

<211> LENGTH: 323

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 29

Met Lys Ser Phe Thr Leu Thr Thr Leu Ala Ala Leu Ala Gly Asn Ala
1 5 10 15

Ala Ala His Ala Thr Phe Gln Ala Leu Trp Val Asp Gly Val Asp Tyr
20 25 30

Gly Ala Gln Cys Ala Arg Leu Pro Ala Ser Asn Ser Pro Val Thr Asp
35 40 45

Val Thr Ser Asn Ala Ile Arg Cys Asn Ala Asn Pro Ser Pro Ala Arg
50 55 60

Gly Lys Cys Pro Val Lys Ala Gly Ser Thr Val Thr Val Glu Met His
65 70 75 80
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Gln Gln Pro Gly Asp Arg Ser Cys Ser Ser Glu Ala Ile Gly Gly Ala
85 90 95

His Tyr Gly Pro Val Met Val Tyr Met Ser Lys Val Ser Asp Ala Ala
100 105 110

Ser Ala Asp Gly Ser Ser Gly Trp Phe Lys Val Phe Glu Asp Gly Trp
115 120 125

Ala Lys Asn Pro Ser Gly Gly Ser Gly Asp Asp Asp Tyr Trp Gly Thr
130 135 140

Lys Asp Leu Asn Ser Cys Cys Gly Lys Met Asn Val Lys Ile Pro Ala
145 150 155 160

Asp Leu Pro Ser Gly Asp Tyr Leu Leu Arg Ala Glu Ala Leu Ala Leu
165 170 175

His Thr Ala Gly Ser Ala Gly Gly Ala Gln Phe Tyr Met Thr Cys Tyr
180 185 190

Gln Leu Thr Val Thr Gly Ser Gly Ser Ala Ser Pro Pro Thr Val Ser
195 200 205

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

His Ala Pro Leu Ser Gly Tyr Thr Val Pro Gly Pro Ala Val Tyr Ser
225 230 235 240

Gly Gly Ser Thr Lys Lys Ala Gly Ser Ala Cys Thr Gly Cys Glu Ser
245 250 255

Thr Cys Ala Val Gly Ser Gly Pro Thr Ala Thr Val Ser Gln Ser Pro
260 265 270

Gly Ser Thr Ala Thr Ser Ala Pro Gly Gly Gly Gly Gly Cys Thr Val
275 280 285

Gln Lys Tyr Gln Gln Cys Gly Gly Gln Gly Tyr Thr Gly Cys Thr Asn
290 295 300

Cys Ala Ser Gly Ser Thr Cys Ser Ala Val Ser Pro Pro Tyr Tyr Ser
305 310 315 320

Gln Cys Val

<210> SEQ ID NO 30

<211> LENGTH: 305

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 30

His Ala Thr Phe Gln Ala Leu Trp Val Asp Gly Val Asp Tyr Gly Ala
1 5 10 15

Gln Cys Ala Arg Leu Pro Ala Ser Asn Ser Pro Val Thr Asp Val Thr
20 25 30

Ser Asn Ala Ile Arg Cys Asn Ala Asn Pro Ser Pro Ala Arg Gly Lys
35 40 45

Cys Pro Val Lys Ala Gly Ser Thr Val Thr Val Glu Met His Gln Gln
50 55 60

Pro Gly Asp Arg Ser Cys Ser Ser Glu Ala Ile Gly Gly Ala His Tyr
65 70 75 80

Gly Pro Val Met Val Tyr Met Ser Lys Val Ser Asp Ala Ala Ser Ala
85 90 95

Asp Gly Ser Ser Gly Trp Phe Lys Val Phe Glu Asp Gly Trp Ala Lys
100 105 110
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Asn Pro Ser Gly Gly Ser Gly Asp Asp Asp Tyr Trp Gly Thr Lys Asp
115 120 125

Leu Asn Ser Cys Cys Gly Lys Met Asn Val Lys Ile Pro Ala Asp Leu
130 135 140

Pro Ser Gly Asp Tyr Leu Leu Arg Ala Glu Ala Leu Ala Leu His Thr
145 150 155 160

Ala Gly Ser Ala Gly Gly Ala Gln Phe Tyr Met Thr Cys Tyr Gln Leu
165 170 175

Thr Val Thr Gly Ser Gly Ser Ala Ser Pro Pro Thr Val Ser Phe Pro
180 185 190

Gly Ala Tyr Lys Ala Thr Asp Pro Gly Ile Leu Val Asn Ile His Ala
195 200 205

Pro Leu Ser Gly Tyr Thr Val Pro Gly Pro Ala Val Tyr Ser Gly Gly
210 215 220

Ser Thr Lys Lys Ala Gly Ser Ala Cys Thr Gly Cys Glu Ser Thr Cys
225 230 235 240

Ala Val Gly Ser Gly Pro Thr Ala Thr Val Ser Gln Ser Pro Gly Ser
245 250 255

Thr Ala Thr Ser Ala Pro Gly Gly Gly Gly Gly Cys Thr Val Gln Lys
260 265 270

Tyr Gln Gln Cys Gly Gly Gln Gly Tyr Thr Gly Cys Thr Asn Cys Ala
275 280 285

Ser Gly Ser Thr Cys Ser Ala Val Ser Pro Pro Tyr Tyr Ser Gln Cys
290 295 300

305

<210> SEQ ID NO 31

<211> LENGTH: 870

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 31

atgaagggac tccteggege cgecgeccte tegetggeeg tcagegatgt cteggeccac 60
tacatcttte agcagectgac gacgggegge gtcaagecacg ctgtgtacca gtacatccge 120
aagaacacca actataactc gecegtgace gatctgacgt ccaacgacct ccgetgcaat 180
gtgggtgcta ccggtgeggg caccgatacce gtcacggtge gegecggega ttegttcacce 240
ttcacgaccg atacgeccegt ttaccaccag ggeccgacct cgatctacat gtccaaggece 300
cceggecageg cgtecgacta cgacggcage ggeggetggt tcaagatcaa ggactggget 360
gactacaccg ccacgattcc ggaatgtatt ccccceggeg actacctget tegeatccag 420
caactcggca tccacaacce ttggecegeg ggeatcecece agttctacat ctettgtgece 480
cagatcaccg tgactggtgg cggcagtgee aaccecggec cgaccgtete catcccagge 540
gecttcaagg agaccgaccee gggctacact gtcaacatct acaacaactt ccacaactac 600
accgtecctyg geccageegt cttceacctge aacggtageg geggcaacaa cggeggegge 660
tccaacccag tcaccaccac caccaccace accaccagge cgtecaccag caccgceccag 720
tcccageegt cgtegagece gaccagecce tccagetgea cegtcegegaa gtggggecag 780

tgcggaggac agggttacag cggctgecace gtgtgegegg cegggtcegac ctgccagaag 840

accaacgact actacagcca gtgcttgtag 870
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<210> SEQ ID NO 32

<211> LENGTH: 289

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 32

Met Lys Gly Leu Leu Gly Ala Ala Ala Leu Ser Leu Ala Val Ser Asp
1 5 10 15

Val Ser Ala His Tyr Ile Phe Gln Gln Leu Thr Thr Gly Gly Val Lys
20 25 30

His Ala Val Tyr Gln Tyr Ile Arg Lys Asn Thr Asn Tyr Asn Ser Pro
35 40 45

Val Thr Asp Leu Thr Ser Asn Asp Leu Arg Cys Asn Val Gly Ala Thr
50 55 60

Gly Ala Gly Thr Asp Thr Val Thr Val Arg Ala Gly Asp Ser Phe Thr
Phe Thr Thr Asp Thr Pro Val Tyr His Gln Gly Pro Thr Ser Ile Tyr
85 90 95

Met Ser Lys Ala Pro Gly Ser Ala Ser Asp Tyr Asp Gly Ser Gly Gly
100 105 110

Trp Phe Lys Ile Lys Asp Trp Ala Asp Tyr Thr Ala Thr Ile Pro Glu
115 120 125

Cys Ile Pro Pro Gly Asp Tyr Leu Leu Arg Ile Gln Gln Leu Gly Ile
130 135 140

His Asn Pro Trp Pro Ala Gly Ile Pro Gln Phe Tyr Ile Ser Cys Ala
145 150 155 160

Gln Ile Thr Val Thr Gly Gly Gly Ser Ala Asn Pro Gly Pro Thr Val
165 170 175

Ser Ile Pro Gly Ala Phe Lys Glu Thr Asp Pro Gly Tyr Thr Val Asn
180 185 190

Ile Tyr Asn Asn Phe His Asn Tyr Thr Val Pro Gly Pro Ala Val Phe
195 200 205

Thr Cys Asn Gly Ser Gly Gly Asn Asn Gly Gly Gly Ser Asn Pro Val
210 215 220

Thr Thr Thr Thr Thr Thr Thr Thr Arg Pro Ser Thr Ser Thr Ala Gln
225 230 235 240

Ser Gln Pro Ser Ser Ser Pro Thr Ser Pro Ser Ser Cys Thr Val Ala
245 250 255

Lys Trp Gly Gln Cys Gly Gly Gln Gly Tyr Ser Gly Cys Thr Val Cys
260 265 270

Ala Ala Gly Ser Thr Cys Gln Lys Thr Asn Asp Tyr Tyr Ser Gln Cys
275 280 285

Leu

<210> SEQ ID NO 33

<211> LENGTH: 270

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 33

His Tyr Ile Phe Gln Gln Leu Thr Thr Gly Gly Val Lys His Ala Val
1 5 10 15
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Tyr Gln Tyr Ile Arg Lys Asn Thr Asn Tyr Asn Ser Pro Val Thr Asp
20 25 30

Leu Thr Ser Asn Asp Leu Arg Cys Asn Val Gly Ala Thr Gly Ala Gly
35 40 45

Thr Asp Thr Val Thr Val Arg Ala Gly Asp Ser Phe Thr Phe Thr Thr
50 55 60

Asp Thr Pro Val Tyr His Gln Gly Pro Thr Ser Ile Tyr Met Ser Lys
Ala Pro Gly Ser Ala Ser Asp Tyr Asp Gly Ser Gly Gly Trp Phe Lys
85 90 95

Ile Lys Asp Trp Ala Asp Tyr Thr Ala Thr Ile Pro Glu Cys Ile Pro
100 105 110

Pro Gly Asp Tyr Leu Leu Arg Ile Gln Gln Leu Gly Ile His Asn Pro
115 120 125

Trp Pro Ala Gly Ile Pro Gln Phe Tyr Ile Ser Cys Ala Gln Ile Thr
130 135 140

Val Thr Gly Gly Gly Ser Ala Asn Pro Gly Pro Thr Val Ser Ile Pro
145 150 155 160

Gly Ala Phe Lys Glu Thr Asp Pro Gly Tyr Thr Val Asn Ile Tyr Asn
165 170 175

Asn Phe His Asn Tyr Thr Val Pro Gly Pro Ala Val Phe Thr Cys Asn
180 185 190

Gly Ser Gly Gly Asn Asn Gly Gly Gly Ser Asn Pro Val Thr Thr Thr
195 200 205

Thr Thr Thr Thr Thr Arg Pro Ser Thr Ser Thr Ala Gln Ser Gln Pro
210 215 220

Ser Ser Ser Pro Thr Ser Pro Ser Ser Cys Thr Val Ala Lys Trp Gly
225 230 235 240

Gln Cys Gly Gly Gln Gly Tyr Ser Gly Cys Thr Val Cys Ala Ala Gly
245 250 255

Ser Thr Cys Gln Lys Thr Asn Asp Tyr Tyr Ser Gln Cys Leu
260 265 270

<210> SEQ ID NO 34

<211> LENGTH: 834

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 34

ctgacgacgg gcggcegtcaa geacgetgtg taccagtaca tecgcaagaa caccaactat 60
aactcgeceg tgaccgatct gacgtccaac gaccteeget gecaatgtggg tgctacceggt 120
gegggeacceg ataccgtcac ggtgcegegee ggcegattegt tcaccttcac gaccgatacg 180
ccegtttace accagggecce gacctegate tacatgtcca aggecccegg cagegegtece 240
gactacgacg gcagceggcegg ctggttcaag atcaaggact ggggtgccga ctttageage 300
ggccaggeca cctggacctt ggegtetgac tacaccgcca cgattccgga atgtatteece 360
cceggegact acctgetteg catccagcaa cteggeatece acaaccecttyg geccgeggge 420
atcccccagt tctacatcte ttgtgeccag atcaccgtga ctggtggegyg cagtgccaac 480
cceggecaga cegtetecat cecaggegece ttcaaggaga cegacceceggg ctacactgte 540

aacatctaca acaacttcca caactacacce gteccctggece cagecgtett cacctgcaac 600
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ggtagcggeg gcaacaacgg cggcggctcec aacccagtca ccaccaccac caccaccacc 660
accaggccgt ccaccagcac cgcccagtcce cagccgtegt cgagcccgac cageccctcec 720

agctgcacceg tcgcgaagtg gggecagtge ggaggacagg gttacagegg ctgcaccegtg 780
tgcgeggeeg ggtcgacctyg ccagaagace aacgactact acagccagtg cttg 834
<210> SEQ ID NO 35

<211> LENGTH: 303

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 35

Met Lys Gly Leu Leu Gly Ala Ala Ala Leu Ser Leu Ala Val Ser Asp
1 5 10 15

Val Ser Ala His Tyr Ile Phe Gln Gln Leu Thr Thr Gly Gly Val Lys
20 25 30

His Ala Val Tyr Gln Tyr Ile Arg Lys Asn Thr Asn Tyr Asn Ser Pro
35 40 45

Val Thr Asp Leu Thr Ser Asn Asp Leu Arg Cys Asn Val Gly Ala Thr
50 55 60

Gly Ala Gly Thr Asp Thr Val Thr Val Arg Ala Gly Asp Ser Phe Thr
65 70 75 80

Phe Thr Thr Asp Thr Pro Val Tyr His Gln Gly Pro Thr Ser Ile Tyr
85 90 95

Met Ser Lys Ala Pro Gly Ser Ala Ser Asp Tyr Asp Gly Ser Gly Gly
100 105 110

Trp Phe Lys Ile Lys Asp Trp Gly Ala Asp Phe Ser Ser Gly Gln Ala
115 120 125

Thr Trp Thr Leu Ala Ser Asp Tyr Thr Ala Thr Ile Pro Glu Cys Ile
130 135 140

Pro Pro Gly Asp Tyr Leu Leu Arg Ile Gln Gln Leu Gly Ile His Asn
145 150 155 160

Pro Trp Pro Ala Gly Ile Pro Gln Phe Tyr Ile Ser Cys Ala Gln Ile
165 170 175

Thr Val Thr Gly Gly Gly Ser Ala Asn Pro Gly Pro Thr Val Ser Ile
180 185 190

Pro Gly Ala Phe Lys Glu Thr Asp Pro Gly Tyr Thr Val Asn Ile Tyr
195 200 205

Asn Asn Phe His Asn Tyr Thr Val Pro Gly Pro Ala Val Phe Thr Cys
210 215 220

Asn Gly Ser Gly Gly Asn Asn Gly Gly Gly Ser Asn Pro Val Thr Thr
225 230 235 240

Thr Thr Thr Thr Thr Thr Arg Pro Ser Thr Ser Thr Ala Gln Ser Gln
245 250 255

Pro Ser Ser Ser Pro Thr Ser Pro Ser Ser Cys Thr Val Ala Lys Trp
260 265 270

Gly Gln Cys Gly Gly Gln Gly Tyr Ser Gly Cys Thr Val Cys Ala Ala
275 280 285

Gly Ser Thr Cys Gln Lys Thr Asn Asp Tyr Tyr Ser Gln Cys Leu
290 295 300

<210> SEQ ID NO 36
<211> LENGTH: 284



US 2017/0159035 Al Jun. &, 2017
107

-continued

<212> TYPE: PRT
<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 36

His Tyr Ile Phe Gln Gln Leu Thr Thr Gly Gly Val Lys His Ala Val
1 5 10 15

Tyr Gln Tyr Ile Arg Lys Asn Thr Asn Tyr Asn Ser Pro Val Thr Asp
Leu Thr Ser Asn Asp Leu Arg Cys Asn Val Gly Ala Thr Gly Ala Gly
35 40 45

Thr Asp Thr Val Thr Val Arg Ala Gly Asp Ser Phe Thr Phe Thr Thr
50 55 60

Asp Thr Pro Val Tyr His Gln Gly Pro Thr Ser Ile Tyr Met Ser Lys
65 70 75 80

Ala Pro Gly Ser Ala Ser Asp Tyr Asp Gly Ser Gly Gly Trp Phe Lys
85 90 95

Ile Lys Asp Trp Gly Ala Asp Phe Ser Ser Gly Gln Ala Thr Trp Thr
100 105 110

Leu Ala Ser Asp Tyr Thr Ala Thr Ile Pro Glu Cys Ile Pro Pro Gly
115 120 125

Asp Tyr Leu Leu Arg Ile Gln Gln Leu Gly Ile His Asn Pro Trp Pro
130 135 140

Ala Gly Ile Pro Gln Phe Tyr Ile Ser Cys Ala Gln Ile Thr Val Thr
145 150 155 160

Gly Gly Gly Ser Ala Asn Pro Gly Pro Thr Val Ser Ile Pro Gly Ala
165 170 175

Phe Lys Glu Thr Asp Pro Gly Tyr Thr Val Asn Ile Tyr Asn Asn Phe
180 185 190

His Asn Tyr Thr Val Pro Gly Pro Ala Val Phe Thr Cys Asn Gly Ser
195 200 205

Gly Gly Asn Asn Gly Gly Gly Ser Asn Pro Val Thr Thr Thr Thr Thr
210 215 220

Thr Thr Thr Arg Pro Ser Thr Ser Thr Ala Gln Ser Gln Pro Ser Ser
225 230 235 240

Ser Pro Thr Ser Pro Ser Ser Cys Thr Val Ala Lys Trp Gly Gln Cys
245 250 255

Gly Gly Gln Gly Tyr Ser Gly Cys Thr Val Cys Ala Ala Gly Ser Thr
260 265 270

Cys Gln Lys Thr Asn Asp Tyr Tyr Ser Gln Cys Leu
275 280

<210> SEQ ID NO 37

<211> LENGTH: 1038

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 37

atgtcttect tcacctecaa gggtctectt teegecctea tgggegegge aacggttgece 60
geccacggte acgtcaccaa catcgtcatce aacggegtcet cataccagaa cttegaccca 120
ttcacgcacce cttatatgca gaacccteeg acggttgteg getggacege gagcaacacg 180
gacaacggct tcgteggece cgagtectte tctagecegg acatcatctg ccacaagtec 240

gecaccaacyg ctggeggeca tgcegtegte geggcecggeg ataaggtcett catccagtgg 300
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gacacctgge ccgagtcgca ccacggtcceg gtcatcgact atctcgcecga ctgcggegac 360
gcgggcetgeg agaaggtcga caagaccacg ctcaagttct tcaagatcag cgagtccgge 420
ctgctcgacg gcactaacgce ccccggcaag tgggcgtceeg acacgctgat cgccaacaac 480
aactcgtgge tggtccagat cccgcccaac atcgcccegg gcaactacgt cctgegecac 540
gagatcatcg ccctgcacag cgccggccag cagaacggcg cccagaacta ccctcagtge 600
ttcaacctgc aggtcaccgg ctccggcact cagaagccct ccggegtcect cggcaccgag 660
ctctacaagg ccaccgacgc cggcatcctg gccaacatct acacctegec cgtcacctac 720
cagatccceg geccggcecat catcteggge gectcegeeg tccagcagac caccteggec 780
atcaccgcct ctgctagege catcaccgge tcecgctaceg ccegegeccac ggctgcecacce 840
accaccgcceg ccgccgecge caccactacce accaccgcetg gctceggtge taccgccacyg 900
cectegaceg geggcetctee ttettecegec cagectgcete ctaccaccge tgccgctacce 960

tccagecctyg ctegeccgac ccgctgeget ggtcetgaaga agegecgteg ccacgeccegt 1020
gacgtcaagg ttgcccte 1038
<210> SEQ ID NO 38

<211> LENGTH: 346

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 38

Met Ser Ser Phe Thr Ser Lys Gly Leu Leu Ser Ala Leu Met Gly Ala
1 5 10 15

Ala Thr Val Ala Ala His Gly His Val Thr Asn Ile Val Ile Asn Gly
20 25 30

Val Ser Tyr Gln Asn Phe Asp Pro Phe Thr His Pro Tyr Met Gln Asn
35 40 45

Pro Pro Thr Val Val Gly Trp Thr Ala Ser Asn Thr Asp Asn Gly Phe
50 55 60

Val Gly Pro Glu Ser Phe Ser Ser Pro Asp Ile Ile Cys His Lys Ser
65 70 75 80

Ala Thr Asn Ala Gly Gly His Ala Val Val Ala Ala Gly Asp Lys Val
85 90 95

Phe Ile Gln Trp Asp Thr Trp Pro Glu Ser His His Gly Pro Val Ile
100 105 110

Asp Tyr Leu Ala Asp Cys Gly Asp Ala Gly Cys Glu Lys Val Asp Lys
115 120 125

Thr Thr Leu Lys Phe Phe Lys Ile Ser Glu Ser Gly Leu Leu Asp Gly
130 135 140

Thr Asn Ala Pro Gly Lys Trp Ala Ser Asp Thr Leu Ile Ala Asn Asn
145 150 155 160

Asn Ser Trp Leu Val Gln Ile Pro Pro Asn Ile Ala Pro Gly Asn Tyr
165 170 175

Val Leu Arg His Glu Ile Ile Ala Leu His Ser Ala Gly Gln Gln Asn
180 185 190

Gly Ala Gln Asn Tyr Pro Gln Cys Phe Asn Leu Gln Val Thr Gly Ser
195 200 205

Gly Thr Gln Lys Pro Ser Gly Val Leu Gly Thr Glu Leu Tyr Lys Ala
210 215 220



US 2017/0159035 Al Jun. &, 2017
109

-continued

Thr Asp Ala Gly Ile Leu Ala Asn Ile Tyr Thr Ser Pro Val Thr Tyr
225 230 235 240

Gln Ile Pro Gly Pro Ala Ile Ile Ser Gly Ala Ser Ala Val Gln Gln
245 250 255

Thr Thr Ser Ala Ile Thr Ala Ser Ala Ser Ala Ile Thr Gly Ser Ala
260 265 270

Thr Ala Ala Pro Thr Ala Ala Thr Thr Thr Ala Ala Ala Ala Ala Thr
275 280 285

Thr Thr Thr Thr Ala Gly Ser Gly Ala Thr Ala Thr Pro Ser Thr Gly
290 295 300

Gly Ser Pro Ser Ser Ala Gln Pro Ala Pro Thr Thr Ala Ala Ala Thr
305 310 315 320

Ser Ser Pro Ala Arg Pro Thr Arg Cys Ala Gly Leu Lys Lys Arg Arg
325 330 335

Arg His Ala Arg Asp Val Lys Val Ala Leu
340 345

<210> SEQ ID NO 39

<211> LENGTH: 326

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 39

Ala His Gly His Val Thr Asn Ile Val Ile Asn Gly Val Ser Tyr Gln
1 5 10 15

Asn Phe Asp Pro Phe Thr His Pro Tyr Met Gln Asn Pro Pro Thr Val
20 25 30

Val Gly Trp Thr Ala Ser Asn Thr Asp Asn Gly Phe Val Gly Pro Glu
35 40 45

Ser Phe Ser Ser Pro Asp Ile Ile Cys His Lys Ser Ala Thr Asn Ala
50 55 60

Gly Gly His Ala Val Val Ala Ala Gly Asp Lys Val Phe Ile Gln Trp
Asp Thr Trp Pro Glu Ser His His Gly Pro Val Ile Asp Tyr Leu Ala
85 90 95

Asp Cys Gly Asp Ala Gly Cys Glu Lys Val Asp Lys Thr Thr Leu Lys
100 105 110

Phe Phe Lys Ile Ser Glu Ser Gly Leu Leu Asp Gly Thr Asn Ala Pro
115 120 125

Gly Lys Trp Ala Ser Asp Thr Leu Ile Ala Asn Asn Asn Ser Trp Leu
130 135 140

Val Gln Ile Pro Pro Asn Ile Ala Pro Gly Asn Tyr Val Leu Arg His
145 150 155 160

Glu Ile Ile Ala Leu His Ser Ala Gly Gln Gln Asn Gly Ala Gln Asn
165 170 175

Tyr Pro Gln Cys Phe Asn Leu Gln Val Thr Gly Ser Gly Thr Gln Lys
180 185 190

Pro Ser Gly Val Leu Gly Thr Glu Leu Tyr Lys Ala Thr Asp Ala Gly
195 200 205

Ile Leu Ala Asn Ile Tyr Thr Ser Pro Val Thr Tyr Gln Ile Pro Gly
210 215 220

Pro Ala Ile Ile Ser Gly Ala Ser Ala Val Gln Gln Thr Thr Ser Ala
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225 230 235 240

Ile Thr Ala Ser Ala Ser Ala Ile Thr Gly Ser Ala Thr Ala Ala Pro
245 250 255

Thr Ala Ala Thr Thr Thr Ala Ala Ala Ala Ala Thr Thr Thr Thr Thr
260 265 270

Ala Gly Ser Gly Ala Thr Ala Thr Pro Ser Thr Gly Gly Ser Pro Ser
275 280 285

Ser Ala Gln Pro Ala Pro Thr Thr Ala Ala Ala Thr Ser Ser Pro Ala
290 295 300

Arg Pro Thr Arg Cys Ala Gly Leu Lys Lys Arg Arg Arg His Ala Arg
305 310 315 320

Asp Val Lys Val Ala Leu
325

<210> SEQ ID NO 40

<211> LENGTH: 714

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 40

atgaagacgce tcgeegecct cgtggteteg geegeccteg tggecgegea cggetatgtt 60
gaccacgcca cgatcggtgg caaggattat cagttctacce ageccgtacca ggacccttac 120
atgggcgaca acaagcccga tagggtttee cgetecatece cgggcaacgg ccccgtggag 180
gacgtcaact ccatcgacct ccagtgccac gecceggtgeeg aaccggccaa gctccacgec 240
cecegeageceg ceggctegac cgtgacgete tactggacee tetggecega cteccacgte 300
ggcccegtea tcacctacat ggctegetge cccgacacceg getgecagga ctggtecceg 360
ggaactaagc ccgtttggtt caagatcaag gaaggcggee gtgagggcac ctecaatacc 420
ccgetecatga cggeccecte cgectacace tacacgatece cgtectgect caagagegge 480
tactacctecg tccgecacga gatcategee ctgcactegg cetggeagta ccceggegece 540
cagttctace cgggctgeca ccagetecag gtecaccggeg geggcetccac cgtgecctet 600
accaacctgg tctecttece cggegectac aaggggageg accecggeat cacctacgac 660
gettacaagg cgcaacctta caccatccct ggeceggeeg tgtttacctyg ctga 714

<210> SEQ ID NO 41

<211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 41

Met Lys Thr Leu Ala Ala Leu Val Val Ser Ala Ala Leu Val Ala Ala
1 5 10 15

His Gly Tyr Val Asp His Ala Thr Ile Gly Gly Lys Asp Tyr Gln Phe
20 25 30

Tyr Gln Pro Tyr Gln Asp Pro Tyr Met Gly Asp Asn Lys Pro Asp Arg
35 40 45

Val Ser Arg Ser Ile Pro Gly Asn Gly Pro Val Glu Asp Val Asn Ser
50 55 60

Ile Asp Leu Gln Cys His Ala Gly Ala Glu Pro Ala Lys Leu His Ala
65 70 75 80

Pro Ala Ala Ala Gly Ser Thr Val Thr Leu Tyr Trp Thr Leu Trp Pro
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85 90 95

Asp Ser His Val Gly Pro Val Ile Thr Tyr Met Ala Arg Cys Pro Asp
100 105 110

Thr Gly Cys Gln Asp Trp Ser Pro Gly Thr Lys Pro Val Trp Phe Lys
115 120 125

Ile Lys Glu Gly Gly Arg Glu Gly Thr Ser Asn Thr Pro Leu Met Thr
130 135 140

Ala Pro Ser Ala Tyr Thr Tyr Thr Ile Pro Ser Cys Leu Lys Ser Gly
145 150 155 160

Tyr Tyr Leu Val Arg His Glu Ile Ile Ala Leu His Ser Ala Trp Gln
165 170 175

Tyr Pro Gly Ala Gln Phe Tyr Pro Gly Cys His Gln Leu Gln Val Thr
180 185 190

Gly Gly Gly Ser Thr Val Pro Ser Thr Asn Leu Val Ser Phe Pro Gly
195 200 205

Ala Tyr Lys Gly Ser Asp Pro Gly Ile Thr Tyr Asp Ala Tyr Lys Ala
210 215 220

Gln Pro Tyr Thr Ile Pro Gly Pro Ala Val Phe Thr Cys
225 230 235

<210> SEQ ID NO 42

<211> LENGTH: 219

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 42

Tyr Val Asp His Ala Thr Ile Gly Gly Lys Asp Tyr Gln Phe Tyr Gln
1 5 10 15

Pro Tyr Gln Asp Pro Tyr Met Gly Asp Asn Lys Pro Asp Arg Val Ser
20 25 30

Arg Ser Ile Pro Gly Asn Gly Pro Val Glu Asp Val Asn Ser Ile Asp
Leu Gln Cys His Ala Gly Ala Glu Pro Ala Lys Leu His Ala Pro Ala
50 55 60

Ala Ala Gly Ser Thr Val Thr Leu Tyr Trp Thr Leu Trp Pro Asp Ser
65 70 75 80

His Val Gly Pro Val Ile Thr Tyr Met Ala Arg Cys Pro Asp Thr Gly
85 90 95

Cys Gln Asp Trp Ser Pro Gly Thr Lys Pro Val Trp Phe Lys Ile Lys
100 105 110

Glu Gly Gly Arg Glu Gly Thr Ser Asn Thr Pro Leu Met Thr Ala Pro
115 120 125

Ser Ala Tyr Thr Tyr Thr Ile Pro Ser Cys Leu Lys Ser Gly Tyr Tyr
130 135 140

Leu Val Arg His Glu Ile Ile Ala Leu His Ser Ala Trp Gln Tyr Pro
145 150 155 160

Gly Ala Gln Phe Tyr Pro Gly Cys His Gln Leu Gln Val Thr Gly Gly
165 170 175

Gly Ser Thr Val Pro Ser Thr Asn Leu Val Ser Phe Pro Gly Ala Tyr
180 185 190

Lys Gly Ser Asp Pro Gly Ile Thr Tyr Asp Ala Tyr Lys Ala Gln Pro
195 200 205
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Tyr Thr Ile Pro Gly Pro Ala Val Phe Thr Cys

210 215
<210> SEQ ID NO 43
<211> LENGTH: 723
<212> TYPE: DNA
<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 43
atgaagacgc tcgecgeect cgtggteteg gecgeccteg tggecgcegea cggcetatgtt 60
gaccacgcca cgatcggtgg caaggattat cagttctacce agccgtacca ggacccttac 120
atgggcgaca acaagcccga tagggtttce cgetccatee cgggcaacgyg ccccgtggag 180
gacgtcaact ccatcgacct ccagtgccac gecggtgeceg aaccggcecaa gctccacgece 240
ccegecgeceg cceggetegac cgtgacgete tactggaccee tcetggceccega ctceccacgte 300
ggecccegtea tcacctacat ggctegetge cccgacaccg getgcecagga ctggtcececg 360
ggaactaage ccgtttggtt caagatcaag gaaggcggcece gtgagggcac ctccaatgte 420
tgggctgcta cccegetcat gacggeccece tecgectaca cctacacgat cccgtectge 480
ctcaagageg gctactacct cgtccgecac gagatcateg cectgcacte ggectggcag 540
taccececggeg cccagtteta cccgggetge caccagetece aggtcaccegyg cggeggetcece 600
accgtgccct ctaccaacct ggtctectte ceecggegect acaaggggag cgaccccgge 660
atcacctacg acgcttacaa ggcgcaacct tacaccatce ctggeccgge cgtgtttace 720
tgc 723

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 44
H: 241
PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 44

Met Lys Thr
1

His Gly Tyr
Tyr Gln Pro
35

Val Ser Arg
50

Ile Asp Leu
65

Pro Ala Ala

Asp Ser His

Thr Gly Cys

115

Ile Lys Glu
130

Pro Leu Met
145

Leu Lys Ser

Leu Ala Ala Leu Val

Val Asp His Ala Thr

20

Tyr Gln Asp Pro Tyr

40

Ser Ile Pro Gly Asn

Gln Cys His Ala Gly

70

Ala Gly Ser Thr Val

85

Val Gly Pro Val Ile

100

Gln Asp Trp Ser Pro

120

Gly Gly Arg Glu Gly

135

Thr Ala Pro Ser Ala
150

Gly Tyr Tyr Leu Val

Val

Ile

25

Met

Gly

Ala

Thr

Thr

105

Gly

Thr

Tyr

Arg

Ser

10

Gly

Gly

Pro

Glu

Leu

90

Tyr

Thr

Ser

Thr

His

Ala

Gly

Asp

Val

Pro

75

Tyr

Met

Lys

Asn

Tyr
155

Glu

Ala Leu Val
Lys Asp Tyr
30

Asn Lys Pro
45

Glu Asp Val
60

Ala Lys Leu

Trp Thr Leu

Ala Arg Cys
110

Pro Val Trp
125

Val Trp Ala
140

Thr Ile Pro

Ile Ile Ala

Ala Ala

Gln Phe

Asp Arg

Asn Ser

His Ala

80

Trp Pro
95

Pro Asp

Phe Lys

Ala Thr

Ser Cys

160

Leu His
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165 170 175

Ser Ala Trp Gln Tyr Pro Gly Ala Gln Phe Tyr Pro Gly Cys His Gln
180 185 190

Leu Gln Val Thr Gly Gly Gly Ser Thr Val Pro Ser Thr Asn Leu Val
195 200 205

Ser Phe Pro Gly Ala Tyr Lys Gly Ser Asp Pro Gly Ile Thr Tyr Asp
210 215 220

Ala Tyr Lys Ala Gln Pro Tyr Thr Ile Pro Gly Pro Ala Val Phe Thr
225 230 235 240

Cys

<210> SEQ ID NO 45

<211> LENGTH: 223

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 45

Tyr Val Asp His Ala Thr Ile Gly Gly Lys Asp Tyr Gln Phe Tyr Gln
1 5 10 15

Pro Tyr Gln Asp Pro Tyr Met Gly Asp Asn Lys Pro Asp Arg Val Ser
20 25 30

Arg Ser Ile Pro Gly Asn Gly Pro Val Glu Asp Val Asn Ser Ile Asp
35 40 45

Leu Gln Cys His Ala Gly Ala Glu Pro Ala Lys Leu His Ala Pro Ala
50 55 60

Ala Ala Gly Ser Thr Val Thr Leu Tyr Trp Thr Leu Trp Pro Asp Ser
65 70 75 80

His Val Gly Pro Val Ile Thr Tyr Met Ala Arg Cys Pro Asp Thr Gly
85 90 95

Cys Gln Asp Trp Ser Pro Gly Thr Lys Pro Val Trp Phe Lys Ile Lys
100 105 110

Glu Gly Gly Arg Glu Gly Thr Ser Asn Val Trp Ala Ala Thr Pro Leu
115 120 125

Met Thr Ala Pro Ser Ala Tyr Thr Tyr Thr Ile Pro Ser Cys Leu Lys
130 135 140

Ser Gly Tyr Tyr Leu Val Arg His Glu Ile Ile Ala Leu His Ser Ala
145 150 155 160

Trp Gln Tyr Pro Gly Ala Gln Phe Tyr Pro Gly Cys His Gln Leu Gln
165 170 175

Val Thr Gly Gly Gly Ser Thr Val Pro Ser Thr Asn Leu Val Ser Phe
180 185 190

Pro Gly Ala Tyr Lys Gly Ser Asp Pro Gly Ile Thr Tyr Asp Ala Tyr
195 200 205

Lys Ala Gln Pro Tyr Thr Ile Pro Gly Pro Ala Val Phe Thr Cys
210 215 220

<210> SEQ ID NO 46

<211> LENGTH: 675

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 46

atgagatact tcctecaget cgetgeggee geggectttg cegtgaacag cgeggegggt 60
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cactacatct tccagcagtt cgcgacggge gggtccaagt acccgccctyg gaagtacate 120
cggcgcaaca ccaacccgga ctggctgecag aacgggcecgyg tgacggacct gtcegtcegace 180
gacctgeget gcaacgtggg cgggcaggtce agcaacggga ccgagaccat caccttgaac 240
geeggegacyg agttcagett catcctcgac acgccegtet accatgecgg ceccaccteg 300
ctctacatgt ccaaggcgcece cggagetgtg gecgactacyg acggeggegyg ggcectggtte 360
aagatctacg actggggtcce gtcggggacg agetggacgt tgagtggcac gtacactcag 420
agaattccca agtgcatcce tgacggegag tacctcectece gecatccagea gatcgggcete 480
cacaaccceg gcegecgegece acagttctac atcagetgeg ctcaagtcaa ggtcegtcgat 540
ggcggcagea ccaatccgac cccgaccgece cagattccegg gagectteca cagcaacgac 600
cctggettga ctgtcaatat ctacaacgac cctctcacca actacgtegt cccgggacct 660
agagtttcge actgg 675

<210> SEQ ID NO 47

<211> LENGTH: 225

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 47

Met Arg Tyr Phe Leu Gln Leu Ala Ala Ala Ala Ala Phe Ala Val Asn
1 5 10 15

Ser Ala Ala Gly His Tyr Ile Phe Gln Gln Phe Ala Thr Gly Gly Ser
20 25 30

Lys Tyr Pro Pro Trp Lys Tyr Ile Arg Arg Asn Thr Asn Pro Asp Trp
35 40 45

Leu Gln Asn Gly Pro Val Thr Asp Leu Ser Ser Thr Asp Leu Arg Cys
50 55 60

Asn Val Gly Gly Gln Val Ser Asn Gly Thr Glu Thr Ile Thr Leu Asn
65 70 75 80

Ala Gly Asp Glu Phe Ser Phe Ile Leu Asp Thr Pro Val Tyr His Ala
85 90 95

Gly Pro Thr Ser Leu Tyr Met Ser Lys Ala Pro Gly Ala Val Ala Asp
100 105 110

Tyr Asp Gly Gly Gly Ala Trp Phe Lys Ile Tyr Asp Trp Gly Pro Ser
115 120 125

Gly Thr Ser Trp Thr Leu Ser Gly Thr Tyr Thr Gln Arg Ile Pro Lys
130 135 140

Cys Ile Pro Asp Gly Glu Tyr Leu Leu Arg Ile Gln Gln Ile Gly Leu
145 150 155 160

His Asn Pro Gly Ala Ala Pro Gln Phe Tyr Ile Ser Cys Ala Gln Val
165 170 175

Lys Val Val Asp Gly Gly Ser Thr Asn Pro Thr Pro Thr Ala Gln Ile
180 185 190

Pro Gly Ala Phe His Ser Asn Asp Pro Gly Leu Thr Val Asn Ile Tyr
195 200 205

Asn Asp Pro Leu Thr Asn Tyr Val Val Pro Gly Pro Arg Val Ser His
210 215 220

Trp
225
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<210> SEQ ID NO 48

<211> LENGTH: 205

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 48

His Tyr Ile Phe Gln Gln Phe Ala Thr Gly Gly Ser Lys Tyr Pro Pro
Trp Lys Tyr Ile Arg Arg Asn Thr Asn Pro Asp Trp Leu Gln Asn Gly
Pro Val Thr Asp Leu Ser Ser Thr Asp Leu Arg Cys Asn Val Gly Gly

35 40 45

Gln Val Ser Asn Gly Thr Glu Thr Ile Thr Leu Asn Ala Gly Asp Glu
50 55 60

Phe Ser Phe Ile Leu Asp Thr Pro Val Tyr His Ala Gly Pro Thr Ser
65 70 75 80

Leu Tyr Met Ser Lys Ala Pro Gly Ala Val Ala Asp Tyr Asp Gly Gly
85 90 95

Gly Ala Trp Phe Lys Ile Tyr Asp Trp Gly Pro Ser Gly Thr Ser Trp
100 105 110

Thr Leu Ser Gly Thr Tyr Thr Gln Arg Ile Pro Lys Cys Ile Pro Asp
115 120 125

Gly Glu Tyr Leu Leu Arg Ile Gln Gln Ile Gly Leu His Asn Pro Gly
130 135 140

Ala Ala Pro Gln Phe Tyr Ile Ser Cys Ala Gln Val Lys Val Val Asp
145 150 155 160

Gly Gly Ser Thr Asn Pro Thr Pro Thr Ala Gln Ile Pro Gly Ala Phe
165 170 175

His Ser Asn Asp Pro Gly Leu Thr Val Asn Ile Tyr Asn Asp Pro Leu
180 185 190

Thr Asn Tyr Val Val Pro Gly Pro Arg Val Ser His Trp
195 200 205

<210> SEQ ID NO 49

<211> LENGTH: 1332

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 49

atgcacccct cecttetttt cacgettggg ctggegageg tgettgtece cctetegtet 60
gcacacacta ccttcacgac cctettegte aacgatgtca accaaggtga tggtacctge 120
attcgcatgg cgaagaaggg caatgtegec acccatecte tegeaggegg tcetcegactece 180
gaagacatgg cctgtggtceg ggatggtcaa gaacccgtgg catttacgtyg teeggeccca 240
getggtgeca agttgactcet cgagtttege atgtgggeceg atgettegea gtecggateg 300
atcgatccat cccaccttgg cgtcatggee atctaccteca agaaggttte cgacatgaaa 360
tctgacgegyg ccgetggecoe gggetggtte aagatttggg accaaggeta cgacttggeg 420
gccaagaagt gggccaccga gaagctcatce gacaacaacg gectcectgag cgtcaacctt 480
ccaaccgget taccaaccgg ctactaccte geccgecagg agatcatcac gcetccaaaac 540
gttaccaatg acaggccaga gccccagtte tacgtcegget gegcacaget ctacgtegag 600

ggcacctegg actcacccat ccccteggac aagacggtcet ccattecegg ccacatcage 660
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gacccggeeg acccgggect gaccttcaac gtctacacgg gecgacgcatc cacctacaag 720
cecgcececggec ccgaggttta cttccccacce accaccacca ccacctecte ctectectece 780
ggaagcagcg acaacaaggg agccaggcgc cagcaaaccc ccgacgacaa gcaggccgac 840
ggcctegtte cageccgactg cctegtcaag aacgcgaact ggtgcgcecge tgccctgecg 900
cegtacacceg acgaggccgg ctgcetgggece gceccgccgagg actgcaacaa gcagctggac 960

gegtgctaca ccagegcace cccecteggge agcaaggggt gcaaggtcetg ggaggagceag 1020
gtgtgcaccg tcgtctecgca gaagtgcgag gccggggatt tcaaggggcece cccgcagcetce 1080
gggaaggagce tcggcgaggg gatcgatgag cctattecegg ggggaaaget geccccggeg 1140
gtcaacgcgg gagagaacgg gaatcatggce ggaggtggtyg gtgatgatgg tgatgatgat 1200
aatgatgagg ccggggctgg ggcagcegtcg actccgactt ttgctgctece tggtgcggcece 1260
aagactcccee aaccaaactc cgagagggece cggegcecgtyg aggegcattyg gceggegactg 1320
gaatctgcetg ag 1332
<210> SEQ ID NO 50

<211> LENGTH: 444

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 50

Met His Pro Ser Leu Leu Phe Thr Leu Gly Leu Ala Ser Val Leu Val
1 5 10 15

Pro Leu Ser Ser Ala His Thr Thr Phe Thr Thr Leu Phe Val Asn Asp
20 25 30

Val Asn Gln Gly Asp Gly Thr Cys Ile Arg Met Ala Lys Lys Gly Asn
35 40 45

Val Ala Thr His Pro Leu Ala Gly Gly Leu Asp Ser Glu Asp Met Ala
50 55 60

Cys Gly Arg Asp Gly Gln Glu Pro Val Ala Phe Thr Cys Pro Ala Pro
65 70 75 80

Ala Gly Ala Lys Leu Thr Leu Glu Phe Arg Met Trp Ala Asp Ala Ser
85 90 95

Gln Ser Gly Ser Ile Asp Pro Ser His Leu Gly Val Met Ala Ile Tyr
100 105 110

Leu Lys Lys Val Ser Asp Met Lys Ser Asp Ala Ala Ala Gly Pro Gly
115 120 125

Trp Phe Lys Ile Trp Asp Gln Gly Tyr Asp Leu Ala Ala Lys Lys Trp
130 135 140

Ala Thr Glu Lys Leu Ile Asp Asn Asn Gly Leu Leu Ser Val Asn Leu
145 150 155 160

Pro Thr Gly Leu Pro Thr Gly Tyr Tyr Leu Ala Arg Gln Glu Ile Ile
165 170 175

Thr Leu Gln Asn Val Thr Asn Asp Arg Pro Glu Pro Gln Phe Tyr Val
180 185 190

Gly Cys Ala Gln Leu Tyr Val Glu Gly Thr Ser Asp Ser Pro Ile Pro
195 200 205

Ser Asp Lys Thr Val Ser Ile Pro Gly His Ile Ser Asp Pro Ala Asp
210 215 220

Pro Gly Leu Thr Phe Asn Val Tyr Thr Gly Asp Ala Ser Thr Tyr Lys
225 230 235 240
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Pro Pro Gly Pro Glu Val Tyr Phe Pro Thr Thr Thr Thr Thr Thr Ser
245 250 255

Ser Ser Ser Ser Gly Ser Ser Asp Asn Lys Gly Ala Arg Arg Gln Gln
260 265 270

Thr Pro Asp Asp Lys Gln Ala Asp Gly Leu Val Pro Ala Asp Cys Leu
275 280 285

Val Lys Asn Ala Asn Trp Cys Ala Ala Ala Leu Pro Pro Tyr Thr Asp
290 295 300

Glu Ala Gly Cys Trp Ala Ala Ala Glu Asp Cys Asn Lys Gln Leu Asp
305 310 315 320

Ala Cys Tyr Thr Ser Ala Pro Pro Ser Gly Ser Lys Gly Cys Lys Val
325 330 335

Trp Glu Glu Gln Val Cys Thr Val Val Ser Gln Lys Cys Glu Ala Gly
340 345 350

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

Asp Glu Pro Ile Pro Gly Gly Lys Leu Pro Pro Ala Val Asn Ala Gly
370 375 380

Glu Asn Gly Asn His Gly Gly Gly Gly Gly Asp Asp Gly Asp Asp Asp
385 390 395 400

Asn Asp Glu Ala Gly Ala Gly Ala Ala Ser Thr Pro Thr Phe Ala Ala
405 410 415

Pro Gly Ala Ala Lys Thr Pro Gln Pro Asn Ser Glu Arg Ala Arg Arg
420 425 430

Arg Glu Ala His Trp Arg Arg Leu Glu Ser Ala Glu
435 440

<210> SEQ ID NO 51

<211> LENGTH: 423

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 51

His Thr Thr Phe Thr Thr Leu Phe Val Asn Asp Val Asn Gln Gly Asp
1 5 10 15

Gly Thr Cys Ile Arg Met Ala Lys Lys Gly Asn Val Ala Thr His Pro
20 25 30

Leu Ala Gly Gly Leu Asp Ser Glu Asp Met Ala Cys Gly Arg Asp Gly

Gln Glu Pro Val Ala Phe Thr Cys Pro Ala Pro Ala Gly Ala Lys Leu
50 55 60

Thr Leu Glu Phe Arg Met Trp Ala Asp Ala Ser Gln Ser Gly Ser Ile
65 70 75 80

Asp Pro Ser His Leu Gly Val Met Ala Ile Tyr Leu Lys Lys Val Ser
85 90 95

Asp Met Lys Ser Asp Ala Ala Ala Gly Pro Gly Trp Phe Lys Ile Trp
100 105 110

Asp Gln Gly Tyr Asp Leu Ala Ala Lys Lys Trp Ala Thr Glu Lys Leu
115 120 125

Ile Asp Asn Asn Gly Leu Leu Ser Val Asn Leu Pro Thr Gly Leu Pro
130 135 140

Thr Gly Tyr Tyr Leu Ala Arg Gln Glu Ile Ile Thr Leu Gln Asn Val
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145 150 155 160

Thr Asn Asp Arg Pro Glu Pro Gln Phe Tyr Val Gly Cys Ala Gln Leu
165 170 175

Tyr Val Glu Gly Thr Ser Asp Ser Pro Ile Pro Ser Asp Lys Thr Val
180 185 190

Ser Ile Pro Gly His Ile Ser Asp Pro Ala Asp Pro Gly Leu Thr Phe
195 200 205

Asn Val Tyr Thr Gly Asp Ala Ser Thr Tyr Lys Pro Pro Gly Pro Glu
210 215 220

Val Tyr Phe Pro Thr Thr Thr Thr Thr Thr Ser Ser Ser Ser Ser Gly
225 230 235 240

Ser Ser Asp Asn Lys Gly Ala Arg Arg Gln Gln Thr Pro Asp Asp Lys
245 250 255

Gln Ala Asp Gly Leu Val Pro Ala Asp Cys Leu Val Lys Asn Ala Asn
260 265 270

Trp Cys Ala Ala Ala Leu Pro Pro Tyr Thr Asp Glu Ala Gly Cys Trp
275 280 285

Ala Ala Ala Glu Asp Cys Asn Lys Gln Leu Asp Ala Cys Tyr Thr Ser
290 295 300

Ala Pro Pro Ser Gly Ser Lys Gly Cys Lys Val Trp Glu Glu Gln Val
305 310 315 320

Cys Thr Val Val Ser Gln Lys Cys Glu Ala Gly Asp Phe Lys Gly Pro
325 330 335

Pro Gln Leu Gly Lys Glu Leu Gly Glu Gly Ile Asp Glu Pro Ile Pro
340 345 350

Gly Gly Lys Leu Pro Pro Ala Val Asn Ala Gly Glu Asn Gly Asn His
355 360 365

Gly Gly Gly Gly Gly Asp Asp Gly Asp Asp Asp Asn Asp Glu Ala Gly
370 375 380

Ala Gly Ala Ala Ser Thr Pro Thr Phe Ala Ala Pro Gly Ala Ala Lys
385 390 395 400

Thr Pro Gln Pro Asn Ser Glu Arg Ala Arg Arg Arg Glu Ala His Trp
405 410 415

Arg Arg Leu Glu Ser Ala Glu
420

<210> SEQ ID NO 52

<211> LENGTH: 834

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 52

atgttttecte tcaagttett tatcttggee ggtgggettg ctgtcectcac cgaggctcac 60
ataagactag tgtcgecege cecttttace aaccctgace agggccccag cccactecta 120
gaggctggca gcgactatce ctgccacaac ggcaatgggg geggttatca gggaacgeca 180
acccagatgg caaagggttce taagcagecag ctagecttece aggggtcetge cgttcatggg 240
ggtggcetect geccaagtgte catcacctac gacgaaaacc cgaccgctca gagetectte 300
aaggtcattc actcgattca aggtggetge ccegecaggg cegagacgat cceggattge 360
agcgcacaaa atatcaacge ctgcaatata aagcccgata atgeccagat ggacacccceg 420

gataagtatg agttcacgat cccggaggat ctccccagtg gcaaggecac cctegectgg 480
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acatggatca acactatcgg caaccgcgag ttttatatgg catgcgcccce ggttgagatc 540
accggcegacg gcggtagcga gtcggcectctg getgcegetge ccgacatggt cattgccaac 600
atccegtcca tcggaggaac ctgcegcgacce gaggagggga agtactacga atatcccaac 660
ccecggtaagt cggtcgaaac catccecggge tggaccgatt tggttcccct gcaaggcgaa 720
tgcggtgetg ccteeggtgt ctegggetce ggeggaaacg ccagcagtgce tacccctgec 780
gcaggggceg ccccgactcee tgetgtcege ggecgeccegte ccacctggaa cgec 834

<210> SEQ ID NO 53

<211> LENGTH: 278

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 53

Met Phe Ser Leu Lys Phe Phe Ile Leu Ala Gly Gly Leu Ala Val Leu
1 5 10 15

Thr Glu Ala His Ile Arg Leu Val Ser Pro Ala Pro Phe Thr Asn Pro
20 25 30

Asp Gln Gly Pro Ser Pro Leu Leu Glu Ala Gly Ser Asp Tyr Pro Cys
35 40 45

His Asn Gly Asn Gly Gly Gly Tyr Gln Gly Thr Pro Thr Gln Met Ala
50 55 60

Lys Gly Ser Lys Gln Gln Leu Ala Phe Gln Gly Ser Ala Val His Gly
65 70 75 80

Gly Gly Ser Cys Gln Val Ser Ile Thr Tyr Asp Glu Asn Pro Thr Ala
85 90 95

Gln Ser Ser Phe Lys Val Ile His Ser Ile Gln Gly Gly Cys Pro Ala
100 105 110

Arg Ala Glu Thr Ile Pro Asp Cys Ser Ala Gln Asn Ile Asn Ala Cys
115 120 125

Asn Ile Lys Pro Asp Asn Ala Gln Met Asp Thr Pro Asp Lys Tyr Glu
130 135 140

Phe Thr Ile Pro Glu Asp Leu Pro Ser Gly Lys Ala Thr Leu Ala Trp
145 150 155 160

Thr Trp Ile Asn Thr Ile Gly Asn Arg Glu Phe Tyr Met Ala Cys Ala
165 170 175

Pro Val Glu Ile Thr Gly Asp Gly Gly Ser Glu Ser Ala Leu Ala Ala
180 185 190

Leu Pro Asp Met Val Ile Ala Asn Ile Pro Ser Ile Gly Gly Thr Cys
195 200 205

Ala Thr Glu Glu Gly Lys Tyr Tyr Glu Tyr Pro Asn Pro Gly Lys Ser
210 215 220

Val Glu Thr Ile Pro Gly Trp Thr Asp Leu Val Pro Leu Gln Gly Glu
225 230 235 240

Cys Gly Ala Ala Ser Gly Val Ser Gly Ser Gly Gly Asn Ala Ser Ser
245 250 255

Ala Thr Pro Ala Ala Gly Ala Ala Pro Thr Pro Ala Val Arg Gly Arg
260 265 270

Arg Pro Thr Trp Asn Ala
275
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<210> SEQ ID NO 54

<211> LENGTH: 259

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 54

His Ile Arg Leu Val Ser Pro Ala Pro Phe Thr Asn Pro Asp Gln Gly
1 5 10 15

Pro Ser Pro Leu Leu Glu Ala Gly Ser Asp Tyr Pro Cys His Asn Gly
20 25 30

Asn Gly Gly Gly Tyr Gln Gly Thr Pro Thr Gln Met Ala Lys Gly Ser
35 40 45

Lys Gln Gln Leu Ala Phe Gln Gly Ser Ala Val His Gly Gly Gly Ser
50 55 60

Cys Gln Val Ser Ile Thr Tyr Asp Glu Asn Pro Thr Ala Gln Ser Ser
65 70 75 80

Phe Lys Val Ile His Ser Ile Gln Gly Gly Cys Pro Ala Arg Ala Glu
85 90 95

Thr Ile Pro Asp Cys Ser Ala Gln Asn Ile Asn Ala Cys Asn Ile Lys
100 105 110

Pro Asp Asn Ala Gln Met Asp Thr Pro Asp Lys Tyr Glu Phe Thr Ile
115 120 125

Pro Glu Asp Leu Pro Ser Gly Lys Ala Thr Leu Ala Trp Thr Trp Ile
130 135 140

Asn Thr Ile Gly Asn Arg Glu Phe Tyr Met Ala Cys Ala Pro Val Glu
145 150 155 160

Ile Thr Gly Asp Gly Gly Ser Glu Ser Ala Leu Ala Ala Leu Pro Asp
165 170 175

Met Val Ile Ala Asn Ile Pro Ser Ile Gly Gly Thr Cys Ala Thr Glu
180 185 190

Glu Gly Lys Tyr Tyr Glu Tyr Pro Asn Pro Gly Lys Ser Val Glu Thr
195 200 205

Ile Pro Gly Trp Thr Asp Leu Val Pro Leu Gln Gly Glu Cys Gly Ala
210 215 220

Ala Ser Gly Val Ser Gly Ser Gly Gly Asn Ala Ser Ser Ala Thr Pro
225 230 235 240

Ala Ala Gly Ala Ala Pro Thr Pro Ala Val Arg Gly Arg Arg Pro Thr
245 250 255

Trp Asn Ala

<210> SEQ ID NO 55

<211> LENGTH: 672

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 55

atgaagctcg ccacgetect cgecgeccte accctegggg tggecgacca getcagegte 60
gggtccagaa agtttggegt gtacgagcac attcgcaaga acacgaacta caactcgecc 120
gttaccgace tgtcggacac caacctgege tgcaacgteg gegggggetce gggcaccage 180
accaccgtge tcgacgtcaa ggccggagac tcgttcacet tettcagega cgttgecegte 240
taccaccagg ggcccatcte getgtgegtyg gaccggacca gtgcagagag catggatgga 300

cgggaaccgyg acatgegetg ccgaactgge tcacaagetg getaccetgge ggtgactgac 360
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tacgacgggt ccggtgactg tttcaagatc tatgactggg gaccgacgtt caacgggggce 420
caggcgtegt ggccgacgag gaattcgtac gagtacagea tcectcaagtyg catcagggac 480
ggcgaatacce tactgcggat tcagtccctg gecatccata acccaggtge ccttecgeag 540
ttctacatca gctgegecca ggtgaatgtyg acgggcggag gcaccgtcac cccgagatca 600
aggcgaccga tcctgatcta tttcaactte cactcgtata tegteccctgyg gcecggeagtyg 660
ttcaagtgct ag 672

<210> SEQ ID NO 56

<211> LENGTH: 223

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 56

Met Lys Leu Ala Thr Leu Leu Ala Ala Leu Thr Leu Gly Val Ala Asp
1 5 10 15

Gln Leu Ser Val Gly Ser Arg Lys Phe Gly Val Tyr Glu His Ile Arg
20 25 30

Lys Asn Thr Asn Tyr Asn Ser Pro Val Thr Asp Leu Ser Asp Thr Asn
35 40 45

Leu Arg Cys Asn Val Gly Gly Gly Ser Gly Thr Ser Thr Thr Val Leu
50 55 60

Asp Val Lys Ala Gly Asp Ser Phe Thr Phe Phe Ser Asp Val Ala Val
Tyr His Gln Gly Pro Ile Ser Leu Cys Val Asp Arg Thr Ser Ala Glu
85 90 95

Ser Met Asp Gly Arg Glu Pro Asp Met Arg Cys Arg Thr Gly Ser Gln
100 105 110

Ala Gly Tyr Leu Ala Val Thr Asp Tyr Asp Gly Ser Gly Asp Cys Phe
115 120 125

Lys Ile Tyr Asp Trp Gly Pro Thr Phe Asn Gly Gly Gln Ala Ser Trp
130 135 140

Pro Thr Arg Asn Ser Tyr Glu Tyr Ser Ile Leu Lys Cys Ile Arg Asp
145 150 155 160

Gly Glu Tyr Leu Leu Arg Ile Gln Ser Leu Ala Ile His Asn Pro Gly
165 170 175

Ala Leu Pro Gln Phe Tyr Ile Ser Cys Ala Gln Val Asn Val Thr Gly
180 185 190

Gly Gly Thr Val Thr Pro Arg Ser Arg Arg Pro Ile Leu Ile Tyr Phe
195 200 205

Asn Phe His Ser Tyr Ile Val Pro Gly Pro Ala Val Phe Lys Cys
210 215 220

<210> SEQ ID NO 57

<211> LENGTH: 208

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 57

Asp Gln Leu Ser Val Gly Ser Arg Lys Phe Gly Val Tyr Glu His Ile
1 5 10 15

Arg Lys Asn Thr Asn Tyr Asn Ser Pro Val Thr Asp Leu Ser Asp Thr
20 25 30
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Asn Leu Arg Cys Asn Val Gly Gly Gly Ser Gly Thr Ser Thr Thr Val
35 40 45

Leu Asp Val Lys Ala Gly Asp Ser Phe Thr Phe Phe Ser Asp Val Ala
50 55 60

Val Tyr His Gln Gly Pro Ile Ser Leu Cys Val Asp Arg Thr Ser Ala
65 70 75 80

Glu Ser Met Asp Gly Arg Glu Pro Asp Met Arg Cys Arg Thr Gly Ser
Gln Ala Gly Tyr Leu Ala Val Thr Asp Tyr Asp Gly Ser Gly Asp Cys
100 105 110

Phe Lys Ile Tyr Asp Trp Gly Pro Thr Phe Asn Gly Gly Gln Ala Ser
115 120 125

Trp Pro Thr Arg Asn Ser Tyr Glu Tyr Ser Ile Leu Lys Cys Ile Arg
130 135 140

Asp Gly Glu Tyr Leu Leu Arg Ile Gln Ser Leu Ala Ile His Asn Pro
145 150 155 160

Gly Ala Leu Pro Gln Phe Tyr Ile Ser Cys Ala Gln Val Asn Val Thr
165 170 175

Gly Gly Gly Thr Val Thr Pro Arg Ser Arg Arg Pro Ile Leu Ile Tyr
180 185 190

Phe Asn Phe His Ser Tyr Ile Val Pro Gly Pro Ala Val Phe Lys Cys
195 200 205

<210> SEQ ID NO 58

<211> LENGTH: 642

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 58

atgaagcteg ccacgcetect cgeccgeccte acccteggge tcagegtegyg gtccagaaag 60
tttggegtgt acgagcacat tcgcaagaac acgaactaca actcgccegt taccgacctg 120
tcggacacca acctgegetg caacgtegge gggggctegyg gcaccagcac caccgtgcete 180
gacgtcaagyg ccggagactce gttcacctte ttcagegacg ttgccgtcecta ccaccagggyg 240
cccatetege tgtgegtgga ccggaccagt gcagagagea tggatggacyg ggaaccggac 300
atgcgetgee gaactggetce acaagetgge tacctggegyg tgactgtgat gactgtgact 360
gactacgacyg ggtccggtga ctgtttcaag atctatgact ggggaccgac gttcaacggg 420
ggccaggegt cgtggccgac gaggaattcg tacgagtaca gcatcctcaa gtgcatcagg 480
gacggcgaat acctactgeg gattcagtcce ctggccatce ataacccagg tgcccttecg 540
cagttctaca tcagctgcge ccaggtgaat gtgacgggeyg gaggcaccat ctatttcaac 600
ttccactegt atatcgtececce tgggecggca gtgttcaagt ge 642

<210> SEQ ID NO 59

<211> LENGTH: 214

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 59

Met Lys Leu Ala Thr Leu Leu Ala Ala Leu Thr Leu Gly Leu Ser Val
1 5 10 15

Gly Ser Arg Lys Phe Gly Val Tyr Glu His Ile Arg Lys Asn Thr Asn



US 2017/0159035 Al Jun. &, 2017
123

-continued

20 25 30

Tyr Asn Ser Pro Val Thr Asp Leu Ser Asp Thr Asn Leu Arg Cys Asn
35 40 45

Val Gly Gly Gly Ser Gly Thr Ser Thr Thr Val Leu Asp Val Lys Ala
50 55 60

Gly Asp Ser Phe Thr Phe Phe Ser Asp Val Ala Val Tyr His Gln Gly
Pro Ile Ser Leu Cys Val Asp Arg Thr Ser Ala Glu Ser Met Asp Gly
85 90 95

Arg Glu Pro Asp Met Arg Cys Arg Thr Gly Ser Gln Ala Gly Tyr Leu
100 105 110

Ala Val Thr Val Met Thr Val Thr Asp Tyr Asp Gly Ser Gly Asp Cys
115 120 125

Phe Lys Ile Tyr Asp Trp Gly Pro Thr Phe Asn Gly Gly Gln Ala Ser
130 135 140

Trp Pro Thr Arg Asn Ser Tyr Glu Tyr Ser Ile Leu Lys Cys Ile Arg
145 150 155 160

Asp Gly Glu Tyr Leu Leu Arg Ile Gln Ser Leu Ala Ile His Asn Pro
165 170 175

Gly Ala Leu Pro Gln Phe Tyr Ile Ser Cys Ala Gln Val Asn Val Thr
180 185 190

Gly Gly Gly Thr Ile Tyr Phe Asn Phe His Ser Tyr Ile Val Pro Gly
195 200 205

Pro Ala Val Phe Lys Cys
210

<210> SEQ ID NO 60

<211> LENGTH: 196

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 60

Arg Lys Phe Gly Val Tyr Glu His Ile Arg Lys Asn Thr Asn Tyr Asn
1 5 10 15

Ser Pro Val Thr Asp Leu Ser Asp Thr Asn Leu Arg Cys Asn Val Gly
20 25 30

Gly Gly Ser Gly Thr Ser Thr Thr Val Leu Asp Val Lys Ala Gly Asp
35 40 45

Ser Phe Thr Phe Phe Ser Asp Val Ala Val Tyr His Gln Gly Pro Ile
50 55 60

Ser Leu Cys Val Asp Arg Thr Ser Ala Glu Ser Met Asp Gly Arg Glu
65 70 75 80

Pro Asp Met Arg Cys Arg Thr Gly Ser Gln Ala Gly Tyr Leu Ala Val
85 90 95

Thr Val Met Thr Val Thr Asp Tyr Asp Gly Ser Gly Asp Cys Phe Lys
100 105 110

Ile Tyr Asp Trp Gly Pro Thr Phe Asn Gly Gly Gln Ala Ser Trp Pro
115 120 125

Thr Arg Asn Ser Tyr Glu Tyr Ser Ile Leu Lys Cys Ile Arg Asp Gly
130 135 140

Glu Tyr Leu Leu Arg Ile Gln Ser Leu Ala Ile His Asn Pro Gly Ala
145 150 155 160
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Leu Pro Gln Phe Tyr Ile Ser Cys Ala Gln Val Asn Val Thr Gly Gly

Gly Thr Ile

Val Phe Lys
195

165

170

175

Tyr Phe Asn Phe His Ser Tyr Ile Val Pro Gly Pro Ala

180

Cys

<210> SEQ ID NO 61
<211> LENGTH: 579

<212> TYPE:

DNA

185

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 61

atgaccaaga
tgctacacct
tacatctcga
cceceeegget
accacgatge
gagacctcaa
aagcagatcg
acccagatca
ggagcctaca
tcgtaccage
<210> SEQ I

<211> LENGT.
<212> TYPE:

atgcgcagag
cgcagacgge
cccagcagat
cgteggecaa
ctaccgtgga
acaccaccat
ccctecacat
agatcaccgg
agagcaccga
cteceegggec
D NO 62

H: 192
PRT

caagcagggc
ggccaacgte
caaccacccec
gacctttgac
cagcaacaag
tccegecaac
ggcgtetcag
tggtcgcaac

cceceggeate

gecegtetygyg

gttgagaacc

gtgaccgtge

ggcecgacte

gggtceggeg

cagatgttct

accccggacyg

cccaacaagg

ggcaccccca

ctggtecgaca

cgcggcetaa

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 62

Met Thr Lys
1

Gly Asp Ile
Val Pro Ala
35

His Pro Gly
50

Ser Ala Lys
65

Thr Thr Met

Gln Asn Thr

Asp Gly Glu

115

Ser Gln Pro
130

Ile Thr Gly
145

Gly Ala Tyr

Asn Ala Gln Ser Lys

Arg Cys Tyr Thr Ser

20

Gly Ser Thr Ile His

40

Pro Thr Gln Tyr Tyr

55

Thr Phe Asp Gly Ser

70

Pro Thr Val Asp Ser

85

Tyr Glu Thr Ser Asn

100

Tyr Leu Leu Arg Val

120

Asn Lys Val Gln Phe

135

Gly Arg Asn Gly Thr
150

Lys Ser Thr Asp Pro

Gln

Gln

25

Tyr

Leu

Gly

Asn

Thr

105

Lys

Tyr

Pro

Gly

Gly

Thr

Ile

Ala

Ala

Lys

90

Thr

Gln

Leu

Ser

Ile

Val

Ala

Ser

Lys

Val

75

Gln

Ile

Ile

Ala

Pro

155

Leu

190

caacaagcgg

cggecggete

agtactacct

cegtetggtt

ggccagggca

gegagtacct

tccagttceta

gecegetggt

tctactccat

Glu Asn Pro

Ala Asn Val

30

cgacatcege

gaccattcac

ggccaaggta

caagatctcg

gaacacttat

ccttegegte

cctegectge

cgegetgece

gaagcccgaa

Thr Ser
15

Val Thr

Thr Gln Gln Ile Asn

45

Val Pro Pro

60

Trp Phe Lys

Met Phe Trp

Gly Ser
Ile Ser
80

Pro Gly
95

Pro Ala Asn Thr Pro

110

Ala Leu His

125

Met Ala

Cys Thr Gln Ile Lys

140

Leu Val Ala

Val Asp Ile

Leu Pro
160

Tyr Ser

60

120

180

240

300

360

420

480

540

579
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165 170 175

Met Lys Pro Glu Ser Tyr Gln Pro Pro Gly Pro Pro Val Trp Arg Gly
180 185 190

<210> SEQ ID NO 63

<211> LENGTH: 672

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 63

atgaggctte tcgcaagett gttgctegea getacggetyg ttcaagcetca ctttgttaac 60
ggacagcceyg aagagagtga ctggtcagcece acgcgcatga ccaagaatgce gcagagcaag 120
cagggegttyg agaacccaac aagcggcegac atccgcetget acacctcegea gacggeggece 180
aacgtcgtga ccgtgecgge cggctcgacce attcactaca tctcgaccca gcagatcaac 240
cacceeggee cgactcagta ctacctggec aaggtacccee ceggetcegte ggccaagace 300
tttgacgggt ccggegeegt ctggttcaag atctcgacca cgatgcctac cgtggacage 360
aacaagcaga tgttctggcce agggcagaac acttatgaga cctcaaacac caccattcce 420
gccaacaccee cggacggcga gtacctectt cgegtcaage agatcgecct ccacatggeg 480
tctcagecca acaaggtcca gttctaccte gectgcacce agatcaagat caccggtggt 540
cgcaacggca cccccagece getggtegeg ctgecceggag cctacaagag caccgaccce 600
ggcatcctygyg tcgacatcta ctccatgaag cccgaatcegt accagectcec cgggecgece 660
gtctggcgeg gce 672

<210> SEQ ID NO 64

<211> LENGTH: 224

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 64

Met Arg Leu Leu Ala Ser Leu Leu Leu Ala Ala Thr Ala Val Gln Ala
1 5 10 15

His Phe Val Asn Gly Gln Pro Glu Glu Ser Asp Trp Ser Ala Thr Arg
20 25 30

Met Thr Lys Asn Ala Gln Ser Lys Gln Gly Val Glu Asn Pro Thr Ser
35 40 45

Gly Asp Ile Arg Cys Tyr Thr Ser Gln Thr Ala Ala Asn Val Val Thr

Val Pro Ala Gly Ser Thr Ile His Tyr Ile Ser Thr Gln Gln Ile Asn
65 70 75 80

His Pro Gly Pro Thr Gln Tyr Tyr Leu Ala Lys Val Pro Pro Gly Ser
85 90 95

Ser Ala Lys Thr Phe Asp Gly Ser Gly Ala Val Trp Phe Lys Ile Ser
100 105 110

Thr Thr Met Pro Thr Val Asp Ser Asn Lys Gln Met Phe Trp Pro Gly
115 120 125

Gln Asn Thr Tyr Glu Thr Ser Asn Thr Thr Ile Pro Ala Asn Thr Pro
130 135 140

Asp Gly Glu Tyr Leu Leu Arg Val Lys Gln Ile Ala Leu His Met Ala
145 150 155 160

Ser Gln Pro Asn Lys Val Gln Phe Tyr Leu Ala Cys Thr Gln Ile Lys
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165 170 175

Ile Thr Gly Gly Arg Asn Gly Thr Pro Ser Pro Leu Val Ala Leu Pro
180 185 190

Gly Ala Tyr Lys Ser Thr Asp Pro Gly Ile Leu Val Asp Ile Tyr Ser
195 200 205

Met Lys Pro Glu Ser Tyr Gln Pro Pro Gly Pro Pro Val Trp Arg Gly
210 215 220

<210> SEQ ID NO 65

<211> LENGTH: 208

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 65

His Phe Val Asn Gly Gln Pro Glu Glu Ser Asp Trp Ser Ala Thr Arg
1 5 10 15

Met Thr Lys Asn Ala Gln Ser Lys Gln Gly Val Glu Asn Pro Thr Ser
20 25 30

Gly Asp Ile Arg Cys Tyr Thr Ser Gln Thr Ala Ala Asn Val Val Thr
35 40 45

Val Pro Ala Gly Ser Thr Ile His Tyr Ile Ser Thr Gln Gln Ile Asn
50 55 60

His Pro Gly Pro Thr Gln Tyr Tyr Leu Ala Lys Val Pro Pro Gly Ser
65 70 75 80

Ser Ala Lys Thr Phe Asp Gly Ser Gly Ala Val Trp Phe Lys Ile Ser
85 90 95

Thr Thr Met Pro Thr Val Asp Ser Asn Lys Gln Met Phe Trp Pro Gly
100 105 110

Gln Asn Thr Tyr Glu Thr Ser Asn Thr Thr Ile Pro Ala Asn Thr Pro
115 120 125

Asp Gly Glu Tyr Leu Leu Arg Val Lys Gln Ile Ala Leu His Met Ala
130 135 140

Ser Gln Pro Asn Lys Val Gln Phe Tyr Leu Ala Cys Thr Gln Ile Lys
145 150 155 160

Ile Thr Gly Gly Arg Asn Gly Thr Pro Ser Pro Leu Val Ala Leu Pro
165 170 175

Gly Ala Tyr Lys Ser Thr Asp Pro Gly Ile Leu Val Asp Ile Tyr Ser
180 185 190

Met Lys Pro Glu Ser Tyr Gln Pro Pro Gly Pro Pro Val Trp Arg Gly
195 200 205

<210> SEQ ID NO 66

<211> LENGTH: 849

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 66

atgaagccect ttagectegt cgecctggeg actgecgtga geggecatge catcttecag 60
cgggtgtegy tcaacgggca ggaccaggge cagctcaagg gggtgeggge gecgtcegage 120
aactccccga tccagaacgt caacgatgece aacatggect gcaacgccaa cattgtgtac 180

cacgacaaca ccatcatcaa ggtgccegeg ggagecegeg teggegegtyg gtggcageac 240

gtcatcggeg ggcecgcaggg cgccaacgac ccggacaacce cgatcgecge cteccacaag 300
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ggccccatce aggtctacct ggccaaggtg gacaacgegg cgacggcegtce gcececgteggge 360
ctcaagtggt tcaaggtggce cgagcgcegge ctgaacaacg gcegtgtgggce ctacctgatg 420
cgecgtegage tgctcecgecect gcacagegec tcgagecceg geggcegecca gttcetacatg 480
ggctgtgcac agatcgaagt cactggctcc ggcaccaact cgggctccga ctttgtcecteg 540
ttcceceggeg cctactcegge caacgacceg ggcatcttge tgagcatcta cgacagetcg 600
ggcaagccca acaatggegg gegctcegtac ccgatccceg geccgegecc catctectge 660

tceggcageg goeggoeggegg caacaacgge ggegacggeg gegacgacaa caacggtggt 720

ggcaacaaca acggcggcgg cagegtcecce ctgtacggge agtgceggegg catcggctac 780
acgggcccga ccacctgtge ccagggaact tgcaaggtgt cgaacgaata ctacagccag 840
tgcctecce 849

<210> SEQ ID NO 67

<211> LENGTH: 283

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 67

Met Lys Pro Phe Ser Leu Val Ala Leu Ala Thr Ala Val Ser Gly His
1 5 10 15

Ala Ile Phe Gln Arg Val Ser Val Asn Gly Gln Asp Gln Gly Gln Leu
20 25 30

Lys Gly Val Arg Ala Pro Ser Ser Asn Ser Pro Ile Gln Asn Val Asn
35 40 45

Asp Ala Asn Met Ala Cys Asn Ala Asn Ile Val Tyr His Asp Asn Thr
50 55 60

Ile Ile Lys Val Pro Ala Gly Ala Arg Val Gly Ala Trp Trp Gln His
65 70 75 80

Val Ile Gly Gly Pro Gln Gly Ala Asn Asp Pro Asp Asn Pro Ile Ala
85 90 95

Ala Ser His Lys Gly Pro Ile Gln Val Tyr Leu Ala Lys Val Asp Asn
100 105 110

Ala Ala Thr Ala Ser Pro Ser Gly Leu Lys Trp Phe Lys Val Ala Glu
115 120 125

Arg Gly Leu Asn Asn Gly Val Trp Ala Tyr Leu Met Arg Val Glu Leu
130 135 140

Leu Ala Leu His Ser Ala Ser Ser Pro Gly Gly Ala Gln Phe Tyr Met
145 150 155 160

Gly Cys Ala Gln Ile Glu Val Thr Gly Ser Gly Thr Asn Ser Gly Ser
165 170 175

Asp Phe Val Ser Phe Pro Gly Ala Tyr Ser Ala Asn Asp Pro Gly Ile
180 185 190

Leu Leu Ser Ile Tyr Asp Ser Ser Gly Lys Pro Asn Asn Gly Gly Arg
195 200 205

Ser Tyr Pro Ile Pro Gly Pro Arg Pro Ile Ser Cys Ser Gly Ser Gly
210 215 220

Gly Gly Gly Asn Asn Gly Gly Asp Gly Gly Asp Asp Asn Asn Gly Gly
225 230 235 240

Gly Asn Asn Asn Gly Gly Gly Ser Val Pro Leu Tyr Gly Gln Cys Gly
245 250 255
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Gly Ile Gly Tyr Thr Gly Pro Thr Thr Cys Ala Gln Gly Thr Cys Lys
260 265 270

Val Ser Asn Glu Tyr Tyr Ser Gln Cys Leu Pro
275 280

<210> SEQ ID NO 68

<211> LENGTH: 268

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 68

His Ala Ile Phe Gln Arg Val Ser Val Asn Gly Gln Asp Gln Gly Gln
1 5 10 15

Leu Lys Gly Val Arg Ala Pro Ser Ser Asn Ser Pro Ile Gln Asn Val
20 25 30

Asn Asp Ala Asn Met Ala Cys Asn Ala Asn Ile Val Tyr His Asp Asn
Thr Ile Ile Lys Val Pro Ala Gly Ala Arg Val Gly Ala Trp Trp Gln
50 55 60

His Val Ile Gly Gly Pro Gln Gly Ala Asn Asp Pro Asp Asn Pro Ile
65 70 75 80

Ala Ala Ser His Lys Gly Pro Ile Gln Val Tyr Leu Ala Lys Val Asp
85 90 95

Asn Ala Ala Thr Ala Ser Pro Ser Gly Leu Lys Trp Phe Lys Val Ala
100 105 110

Glu Arg Gly Leu Asn Asn Gly Val Trp Ala Tyr Leu Met Arg Val Glu
115 120 125

Leu Leu Ala Leu His Ser Ala Ser Ser Pro Gly Gly Ala Gln Phe Tyr
130 135 140

Met Gly Cys Ala Gln Ile Glu Val Thr Gly Ser Gly Thr Asn Ser Gly
145 150 155 160

Ser Asp Phe Val Ser Phe Pro Gly Ala Tyr Ser Ala Asn Asp Pro Gly
165 170 175

Ile Leu Leu Ser Ile Tyr Asp Ser Ser Gly Lys Pro Asn Asn Gly Gly
180 185 190

Arg Ser Tyr Pro Ile Pro Gly Pro Arg Pro Ile Ser Cys Ser Gly Ser
195 200 205

Gly Gly Gly Gly Asn Asn Gly Gly Asp Gly Gly Asp Asp Asn Asn Gly
210 215 220

Gly Gly Asn Asn Asn Gly Gly Gly Ser Val Pro Leu Tyr Gly Gln Cys
225 230 235 240

Gly Gly Ile Gly Tyr Thr Gly Pro Thr Thr Cys Ala Gln Gly Thr Cys
245 250 255

Lys Val Ser Asn Glu Tyr Tyr Ser Gln Cys Leu Pro

260 265

<210> SEQ ID NO 69

<211> LENGTH: 639

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 69

atgaagctca cctegteect cgetgtectyg geegetgeeg gegeccagge tcactatace 60

ttcectaggyg ccggcactgg tggttegete tetggegagt gggaggtggt ccgecatgace 120
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gagaaccatt actcgcacgg cccggtcacce gatgtcacca gecccgagat gacctgctat 180
cagtcecggeg tgcagggtge gecccagacce gtecaggtea aggegggetce ccaattcace 240
ttcagegtgg atcectecat cggccaccee ggecctctece agttctacat ggctaaggtg 300
cegtegggee agacggecge cacctttgac ggcacgggag cegtgtggtt caagatctac 360
caagacggce cgaacggcect cggcaccgac agcattacct ggeccagege cggcaaaacce 420
gaggtctegyg tcaccatccee cagetgcatce gaggatggeg agtacctget cegggtcegag 480
cacacccccee tccectacage gecagcageg caaaaccgag ctegetcegte accatcccca 540
gctgcataca aggccaccga cccgggeatce ctettecage tctactggec catcccgacce 600
gagtacatca accccggcce ggeccccegte tettgectaa 639

<210> SEQ ID NO 70

<211> LENGTH: 212

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 70

Met Lys Leu Thr Ser Ser Leu Ala Val Leu Ala Ala Ala Gly Ala Gln
1 5 10 15

Ala His Tyr Thr Phe Pro Arg Ala Gly Thr Gly Gly Ser Leu Ser Gly
20 25 30

Glu Trp Glu Val Val Arg Met Thr Glu Asn His Tyr Ser His Gly Pro
35 40 45

Val Thr Asp Val Thr Ser Pro Glu Met Thr Cys Tyr Gln Ser Gly Val
50 55 60

Gln Gly Ala Pro Gln Thr Val Gln Val Lys Ala Gly Ser Gln Phe Thr
65 70 75 80

Phe Ser Val Asp Pro Ser Ile Gly His Pro Gly Pro Leu Gln Phe Tyr
85 90 95

Met Ala Lys Val Pro Ser Gly Gln Thr Ala Ala Thr Phe Asp Gly Thr
100 105 110

Gly Ala Val Trp Phe Lys Ile Tyr Gln Asp Gly Pro Asn Gly Leu Gly
115 120 125

Thr Asp Ser Ile Thr Trp Pro Ser Ala Gly Lys Thr Glu Val Ser Val
130 135 140

Thr Ile Pro Ser Cys Ile Glu Asp Gly Glu Tyr Leu Leu Arg Val Glu
145 150 155 160

His Thr Pro Leu Pro Thr Ala Pro Ala Ala Gln Asn Arg Ala Arg Ser
165 170 175

Ser Pro Ser Pro Ala Ala Tyr Lys Ala Thr Asp Pro Gly Ile Leu Phe
180 185 190

Gln Leu Tyr Trp Pro Ile Pro Thr Glu Tyr Ile Asn Pro Gly Pro Ala
195 200 205

Pro Val Ser Cys
210

<210> SEQ ID NO 71

<211> LENGTH: 195

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 71
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His Tyr Thr Phe Pro Arg Ala Gly Thr Gly Gly Ser Leu Ser Gly Glu
1 5 10 15

Trp Glu Val Val Arg Met Thr Glu Asn His Tyr Ser His Gly Pro Val
20 25 30

Thr Asp Val Thr Ser Pro Glu Met Thr Cys Tyr Gln Ser Gly Val Gln
35 40 45

Gly Ala Pro Gln Thr Val Gln Val Lys Ala Gly Ser Gln Phe Thr Phe
Ser Val Asp Pro Ser Ile Gly His Pro Gly Pro Leu Gln Phe Tyr Met
65 70 75 80

Ala Lys Val Pro Ser Gly Gln Thr Ala Ala Thr Phe Asp Gly Thr Gly
85 90 95

Ala Val Trp Phe Lys Ile Tyr Gln Asp Gly Pro Asn Gly Leu Gly Thr
100 105 110

Asp Ser Ile Thr Trp Pro Ser Ala Gly Lys Thr Glu Val Ser Val Thr
115 120 125

Ile Pro Ser Cys Ile Glu Asp Gly Glu Tyr Leu Leu Arg Val Glu His
130 135 140

Thr Pro Leu Pro Thr Ala Pro Ala Ala Gln Asn Arg Ala Arg Ser Ser
145 150 155 160

Pro Ser Pro Ala Ala Tyr Lys Ala Thr Asp Pro Gly Ile Leu Phe Gln
165 170 175

Leu Tyr Trp Pro Ile Pro Thr Glu Tyr Ile Asn Pro Gly Pro Ala Pro
180 185 190

Val Ser Cys
195

<210> SEQ ID NO 72

<211> LENGTH: 695

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 72

atgaagctca cctegtecct cgetgtectg gecgetgeeyg gegeccagge tcactatace 60
ttecectaggg cceggecactgg tggttegete tetggcegagt gggaggtggt ccegecatgace 120
gagaccatta ctcgcacgge ccggtcaccg atgtcaccag ccccgagatg acctgctatce 180
agtceggegt gcagggtgceg ccccagacceg tcecaggtcaa ggegggcetee caattcacct 240
tcagegtgga tccctecate ggccaccceg gecctcteca gttcectacatg gctaaggtge 300
cgtegggeca gacggecgece acctttgacg geacgggage cgtgtggtte aagatctace 360
aagacggccee gaacggectce ggcaccgaca geattacctyg geccagegece ggcaaaaccyg 420
aggtctceggt caccatccce agectgcatceg aggatggega gtacctgete cgggtcgage 480
acatcgeget ccacagegcece agcagegtgg geggegcecca gttcectacate gectgegece 540
agctctcegt caccggegge tccggcaccece tcaacacggg ctegetegte tcecctgeceg 600
gegectacaa ggcecaccgac ccgggeatce tettcecaget ctactggecce atcccgaceg 660
agtacatcaa ccccggceceg geccccegtet cttge 695

<210> SEQ ID NO 73
<211> LENGTH: 232
<212> TYPE: PRT
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<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 73

Met Lys Leu Thr Ser Ser Leu Ala Val Leu Ala Ala Ala Gly Ala Gln
1 5 10 15

Ala His Tyr Thr Phe Pro Arg Ala Gly Thr Gly Gly Ser Leu Ser Gly
20 25 30

Glu Trp Glu Val Val Arg Met Thr Glu Asn His Tyr Ser His Gly Pro
35 40 45

Val Thr Asp Val Thr Ser Pro Glu Met Thr Cys Tyr Gln Ser Gly Val
50 55 60

Gln Gly Ala Pro Gln Thr Val Gln Val Lys Ala Gly Ser Gln Phe Thr
65 70 75 80

Phe Ser Val Asp Pro Ser Ile Gly His Pro Gly Pro Leu Gln Phe Tyr
85 90 95

Met Ala Lys Val Pro Ser Gly Gln Thr Ala Ala Thr Phe Asp Gly Thr
100 105 110

Gly Ala Val Trp Phe Lys Ile Tyr Gln Asp Gly Pro Asn Gly Leu Gly
115 120 125

Thr Asp Ser Ile Thr Trp Pro Ser Ala Gly Lys Thr Glu Val Ser Val
130 135 140

Thr Ile Pro Ser Cys Ile Glu Asp Gly Glu Tyr Leu Leu Arg Val Glu
145 150 155 160

His Ile Ala Leu His Ser Ala Ser Ser Val Gly Gly Ala Gln Phe Tyr
165 170 175

Ile Ala Cys Ala Gln Leu Ser Val Thr Gly Gly Ser Gly Thr Leu Asn
180 185 190

Thr Gly Ser Leu Val Ser Leu Pro Gly Ala Tyr Lys Ala Thr Asp Pro
195 200 205

Gly Ile Leu Phe Gln Leu Tyr Trp Pro Ile Pro Thr Glu Tyr Ile Asn
210 215 220

Pro Gly Pro Ala Pro Val Ser Cys
225 230

<210> SEQ ID NO 74

<211> LENGTH: 215

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 74

His Tyr Thr Phe Pro Arg Ala Gly Thr Gly Gly Ser Leu Ser Gly Glu
1 5 10 15

Trp Glu Val Val Arg Met Thr Glu Asn His Tyr Ser His Gly Pro Val
20 25 30

Thr Asp Val Thr Ser Pro Glu Met Thr Cys Tyr Gln Ser Gly Val Gln
35 40 45

Gly Ala Pro Gln Thr Val Gln Val Lys Ala Gly Ser Gln Phe Thr Phe
50 55 60

Ser Val Asp Pro Ser Ile Gly His Pro Gly Pro Leu Gln Phe Tyr Met
65 70 75 80

Ala Lys Val Pro Ser Gly Gln Thr Ala Ala Thr Phe Asp Gly Thr Gly
85 90 95

Ala Val Trp Phe Lys Ile Tyr Gln Asp Gly Pro Asn Gly Leu Gly Thr
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100 105 110

Asp Ser Ile Thr Trp Pro Ser Ala Gly Lys Thr Glu Val Ser Val Thr
115 120 125

Ile Pro Ser Cys Ile Glu Asp Gly Glu Tyr Leu Leu Arg Val Glu His
130 135 140

Ile Ala Leu His Ser Ala Ser Ser Val Gly Gly Ala Gln Phe Tyr Ile
145 150 155 160

Ala Cys Ala Gln Leu Ser Val Thr Gly Gly Ser Gly Thr Leu Asn Thr
165 170 175

Gly Ser Leu Val Ser Leu Pro Gly Ala Tyr Lys Ala Thr Asp Pro Gly
180 185 190

Ile Leu Phe Gln Leu Tyr Trp Pro Ile Pro Thr Glu Tyr Ile Asn Pro
195 200 205

Gly Pro Ala Pro Val Ser Cys
210 215

<210> SEQ ID NO 75

<211> LENGTH: 447

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 75

atgcecgcecac cacgactgag caccctectt ceectectag ccettaatage ccccaccgece 60
ctggggcact cccacctegg gtacatcatce atcaacggeg aggtatacca aggattcgac 120
cegeggecgg agcaggcegaa ctegeegttg cgegtggget ggtegacggyg ggcaatcgac 180
gacgggtteyg tggcgeccgge caactactceg tegcecegaca tcatctgeca catcgagggyg 240
geecagecege cggegcacge gcecegteegg gegggegace gggtgcacgt gcaatggaac 300
ggctggecege teggacacgt ggggecggtg ctgtegtace tggegecctyg cggegggetyg 360
gaggggtceeyg agagegggtyg cgceggggtg gacaagegge agetgeggtg gaccaaggtyg 420
gacgactcge tgccggcgat ggagcetg 447
<210> SEQ ID NO 76

<211> LENGTH: 149

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 76

Met Pro Pro Pro Arg Leu Ser Thr Leu Leu Pro Leu Leu Ala Leu Ile
1 5 10 15

Ala Pro Thr Ala Leu Gly His Ser His Leu Gly Tyr Ile Ile Ile Asn
20 25 30

Gly Glu Val Tyr Gln Gly Phe Asp Pro Arg Pro Glu Gln Ala Asn Ser
35 40 45

Pro Leu Arg Val Gly Trp Ser Thr Gly Ala Ile Asp Asp Gly Phe Val
50 55 60

Ala Pro Ala Asn Tyr Ser Ser Pro Asp Ile Ile Cys His Ile Glu Gly
65 70 75 80

Ala Ser Pro Pro Ala His Ala Pro Val Arg Ala Gly Asp Arg Val His
85 90 95

Val Gln Trp Asn Gly Trp Pro Leu Gly His Val Gly Pro Val Leu Ser
100 105 110
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Tyr Leu Ala Pro Cys Gly Gly Leu Glu Gly Ser Glu Ser Gly Cys Ala
115 120 125

Gly Val Asp Lys Arg Gln Leu Arg Trp Thr Lys Val Asp Asp Ser Leu
130 135 140

Pro Ala Met Glu Leu
145

<210> SEQ ID NO 77

<211> LENGTH: 127

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 77

His Ser His Leu Gly Tyr Ile Ile Ile Asn Gly Glu Val Tyr Gln Gly
Phe Asp Pro Arg Pro Glu Gln Ala Asn Ser Pro Leu Arg Val Gly Trp

20 25 30

Ser Thr Gly Ala Ile Asp Asp Gly Phe Val Ala Pro Ala Asn Tyr Ser
35 40 45

Ser Pro Asp Ile Ile Cys His Ile Glu Gly Ala Ser Pro Pro Ala His
50 55 60

Ala Pro Val Arg Ala Gly Asp Arg Val His Val Gln Trp Asn Gly Trp
65 70 75 80

Pro Leu Gly His Val Gly Pro Val Leu Ser Tyr Leu Ala Pro Cys Gly
85 90 95

Gly Leu Glu Gly Ser Glu Ser Gly Cys Ala Gly Val Asp Lys Arg Gln
100 105 110

Leu Arg Trp Thr Lys Val Asp Asp Ser Leu Pro Ala Met Glu Leu
115 120 125

<210> SEQ ID NO 78

<211> LENGTH: 1176

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 78

atgccgecac cacgactgag caccctectt ccectectag cettaatage ccccaccgec 60
ctggggcact cccacctegg gtacatcate atcaacggeg aggtatacca aggattcgac 120
cegeggeagyg agcaggcegaa ctegeegttyg cgegtggget ggtegacggg ggcaatcgac 180
gacgggtteg tggcgcegge caactacteg tcgeccgaca tcatctgeca catcgagggg 240
gecagecege cggcegcacge gecegteegyg gegggcegace gggtgcacgt geaatggaaa 300
cggetggeceg cteggacacg tggggecggt getgtegtac ctggegeect geggeggget 360
ggaggggtce gagagcegggt ggacgacteg ctgcceggega tggagetggt cggggecgeg 420
gggggegegg ggggegagga cgacggcage ggcagcgacg gcageggceag cggeggeagce 480

ggacgegteg gegtgceccegg gcagegetgyg gecaccgacg tgttgatcege ggecaacaac 540

agctggcagyg tcgagatccee gegegggetyg cgggacggge cgtacgtget gegecacgag 600

atcgtegege tgcactacge ggccgagece ggeggegege agaactacce getcetgegte 660
aacctgtggyg tcgagggegg cgacggcage atggagetgg accacttega cgecacccag 720
ttctaccgge ccgacgaccece gggcatcetg ctcaacgtga cggecggect gegcetcatac 780

geegtgeegyg geccgacget ggeegegggy gcegacgcecegg tgccegtacge geageagaac 840
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atcagctcgg cgagggcgga tggaacccece gtgattgtca ccaggagcac ggagacggtg 900
ceccttecaceg cggcacccac gccagccgag acggcagaag ccaaaggggg gaggtatgat 960

gaccaaaccc gaactaaaga cctaaatgaa cgcttcectttt atagtageccg gccagaacag 1020
aagaggctga cagcgacctc aagaagggaa ctagttgatc atcgtacccg gtacctctcece 1080
gtagctgtet gegcagattt cggcgctcat aaggcagcag aaaccaacca cgaagctttg 1140
agaggcggca ataagcacca tggcggtgtt tcagag 1176
<210> SEQ ID NO 79

<211> LENGTH: 392

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 79

Met Pro Pro Pro Arg Leu Ser Thr Leu Leu Pro Leu Leu Ala Leu Ile
1 5 10 15

Ala Pro Thr Ala Leu Gly His Ser His Leu Gly Tyr Ile Ile Ile Asn
20 25 30

Gly Glu Val Tyr Gln Gly Phe Asp Pro Arg Pro Glu Gln Ala Asn Ser
35 40 45

Pro Leu Arg Val Gly Trp Ser Thr Gly Ala Ile Asp Asp Gly Phe Val
50 55 60

Ala Pro Ala Asn Tyr Ser Ser Pro Asp Ile Ile Cys His Ile Glu Gly
65 70 75 80

Ala Ser Pro Pro Ala His Ala Pro Val Arg Ala Gly Asp Arg Val His
85 90 95

Val Gln Trp Lys Arg Leu Ala Ala Arg Thr Arg Gly Ala Gly Ala Val
100 105 110

Val Pro Gly Ala Leu Arg Arg Ala Gly Gly Val Arg Glu Arg Val Asp
115 120 125

Asp Ser Leu Pro Ala Met Glu Leu Val Gly Ala Ala Gly Gly Ala Gly
130 135 140

Gly Glu Asp Asp Gly Ser Gly Ser Asp Gly Ser Gly Ser Gly Gly Ser
145 150 155 160

Gly Arg Val Gly Val Pro Gly Gln Arg Trp Ala Thr Asp Val Leu Ile
165 170 175

Ala Ala Asn Asn Ser Trp Gln Val Glu Ile Pro Arg Gly Leu Arg Asp
180 185 190

Gly Pro Tyr Val Leu Arg His Glu Ile Val Ala Leu His Tyr Ala Ala
195 200 205

Glu Pro Gly Gly Ala Gln Asn Tyr Pro Leu Cys Val Asn Leu Trp Val
210 215 220

Glu Gly Gly Asp Gly Ser Met Glu Leu Asp His Phe Asp Ala Thr Gln
225 230 235 240

Phe Tyr Arg Pro Asp Asp Pro Gly Ile Leu Leu Asn Val Thr Ala Gly
245 250 255

Leu Arg Ser Tyr Ala Val Pro Gly Pro Thr Leu Ala Ala Gly Ala Thr
260 265 270

Pro Val Pro Tyr Ala Gln Gln Asn Ile Ser Ser Ala Arg Ala Asp Gly
275 280 285

Thr Pro Val Ile Val Thr Arg Ser Thr Glu Thr Val Pro Phe Thr Ala
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290 295 300

Ala Pro Thr Pro Ala Glu Thr Ala Glu Ala Lys Gly Gly Arg Tyr Asp
305 310 315 320

Asp Gln Thr Arg Thr Lys Asp Leu Asn Glu Arg Phe Phe Tyr Ser Ser
325 330 335

Arg Pro Glu Gln Lys Arg Leu Thr Ala Thr Ser Arg Arg Glu Leu Val
340 345 350

Asp His Arg Thr Arg Tyr Leu Ser Val Ala Val Cys Ala Asp Phe Gly
355 360 365

Ala His Lys Ala Ala Glu Thr Asn His Glu Ala Leu Arg Gly Gly Asn
370 375 380

Lys His His Gly Gly Val Ser Glu
385 390

<210> SEQ ID NO 80

<211> LENGTH: 370

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 80

His Ser His Leu Gly Tyr Ile Ile Ile Asn Gly Glu Val Tyr Gln Gly
1 5 10 15

Phe Asp Pro Arg Pro Glu Gln Ala Asn Ser Pro Leu Arg Val Gly Trp
20 25 30

Ser Thr Gly Ala Ile Asp Asp Gly Phe Val Ala Pro Ala Asn Tyr Ser
35 40 45

Ser Pro Asp Ile Ile Cys His Ile Glu Gly Ala Ser Pro Pro Ala His
50 55 60

Ala Pro Val Arg Ala Gly Asp Arg Val His Val Gln Trp Lys Arg Leu
65 70 75 80

Ala Ala Arg Thr Arg Gly Ala Gly Ala Val Val Pro Gly Ala Leu Arg
Arg Ala Gly Gly Val Arg Glu Arg Val Asp Asp Ser Leu Pro Ala Met
100 105 110

Glu Leu Val Gly Ala Ala Gly Gly Ala Gly Gly Glu Asp Asp Gly Ser
115 120 125

Gly Ser Asp Gly Ser Gly Ser Gly Gly Ser Gly Arg Val Gly Val Pro
130 135 140

Gly Gln Arg Trp Ala Thr Asp Val Leu Ile Ala Ala Asn Asn Ser Trp
145 150 155 160

Gln Val Glu Ile Pro Arg Gly Leu Arg Asp Gly Pro Tyr Val Leu Arg
165 170 175

His Glu Ile Val Ala Leu His Tyr Ala Ala Glu Pro Gly Gly Ala Gln
180 185 190

Asn Tyr Pro Leu Cys Val Asn Leu Trp Val Glu Gly Gly Asp Gly Ser
195 200 205

Met Glu Leu Asp His Phe Asp Ala Thr Gln Phe Tyr Arg Pro Asp Asp
210 215 220

Pro Gly Ile Leu Leu Asn Val Thr Ala Gly Leu Arg Ser Tyr Ala Val
225 230 235 240

Pro Gly Pro Thr Leu Ala Ala Gly Ala Thr Pro Val Pro Tyr Ala Gln
245 250 255
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Gln Asn Ile Ser Ser Ala Arg Ala Asp Gly Thr Pro Val Ile Val Thr
260 265 270

Arg Ser Thr Glu Thr Val Pro Phe Thr Ala Ala Pro Thr Pro Ala Glu
275 280 285

Thr Ala Glu Ala Lys Gly Gly Arg Tyr Asp Asp Gln Thr Arg Thr Lys
290 295 300

Asp Leu Asn Glu Arg Phe Phe Tyr Ser Ser Arg Pro Glu Gln Lys Arg
305 310 315 320

Leu Thr Ala Thr Ser Arg Arg Glu Leu Val Asp His Arg Thr Arg Tyr
325 330 335

Leu Ser Val Ala Val Cys Ala Asp Phe Gly Ala His Lys Ala Ala Glu
340 345 350

Thr Asn His Glu Ala Leu Arg Gly Gly Asn Lys His His Gly Gly Val
355 360 365

Ser Glu
370

<210> SEQ ID NO 81

<211> LENGTH: 453

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 81

atgaggtcga cattggeccgg tgccctggea gecatcegetyg ctcagaaagt agcecggecac 60
gecacgttte agcagctctg gcacggetcee tectgtgtee gecttecgge tagcaactca 120
ccegtecacca atgtgggaag cagagacttce gtetgcaacyg ctggcacceyg ccccgtcagt 180
ggcaagtgee ccgtgaagge tggeggcace gtcaccatceg agatgcacca gcaacccgge 240
gaccgcaget gcaacaacga agccatcgga ggggcegeatt ggggceccegt ccaggtgtac 300
ctgaccaagg ttcaggacgc cgcgacggece gacggctega cgggctggtt caagatctte 360
tcecgactegt ggtccaagaa geccggggge aacttgggeyg acgacgacaa ctggggcacyg 420
cgcgacctga acgcctgetg cgggaagatg gac 453

<210> SEQ ID NO 82

<211> LENGTH: 151

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 82

Met Arg Ser Thr Leu Ala Gly Ala Leu Ala Ala Ile Ala Ala Gln Lys
1 5 10 15

Val Ala Gly His Ala Thr Phe Gln Gln Leu Trp His Gly Ser Ser Cys
20 25 30

Val Arg Leu Pro Ala Ser Asn Ser Pro Val Thr Asn Val Gly Ser Arg
35 40 45

Asp Phe Val Cys Asn Ala Gly Thr Arg Pro Val Ser Gly Lys Cys Pro
50 55 60

Val Lys Ala Gly Gly Thr Val Thr Ile Glu Met His Gln Gln Pro Gly
65 70 75 80

Asp Arg Ser Cys Asn Asn Glu Ala Ile Gly Gly Ala His Trp Gly Pro
85 90 95

Val Gln Val Tyr Leu Thr Lys Val Gln Asp Ala Ala Thr Ala Asp Gly
100 105 110



US 2017/0159035 Al Jun. &, 2017
137

-continued

Ser Thr Gly Trp Phe Lys Ile Phe Ser Asp Ser Trp Ser Lys Lys Pro
115 120 125

Gly Gly Asn Leu Gly Asp Asp Asp Asn Trp Gly Thr Arg Asp Leu Asn
130 135 140

Ala Cys Cys Gly Lys Met Asp
145 150

<210> SEQ ID NO 83

<211> LENGTH: 132

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 83

His Ala Thr Phe Gln Gln Leu Trp His Gly Ser Ser Cys Val Arg Leu
1 5 10 15

Pro Ala Ser Asn Ser Pro Val Thr Asn Val Gly Ser Arg Asp Phe Val
20 25 30

Cys Asn Ala Gly Thr Arg Pro Val Ser Gly Lys Cys Pro Val Lys Ala
35 40 45

Gly Gly Thr Val Thr Ile Glu Met His Gln Gln Pro Gly Asp Arg Ser
50 55 60

Cys Asn Asn Glu Ala Ile Gly Gly Ala His Trp Gly Pro Val Gln Val
65 70 75 80

Tyr Leu Thr Lys Val Gln Asp Ala Ala Thr Ala Asp Gly Ser Thr Gly
85 90 95

Trp Phe Lys Ile Phe Ser Asp Ser Trp Ser Lys Lys Pro Gly Gly Asn
100 105 110

Leu Gly Asp Asp Asp Asn Trp Gly Thr Arg Asp Leu Asn Ala Cys Cys
115 120 125

Gly Lys Met Asp
130

<210> SEQ ID NO 84

<211> LENGTH: 837

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 84

atgaggtcga cattggecgg tgccctggea gecatcgetg ctcagaaagt agecggecac 60
gecacgttte agcagctctg gcacggetee tectgtgtee gecttecgge tagcaactca 120
ccegteacca atgtgggaag cagagactte gtetgecaacg ctggcaccceg ccccegtcagt 180
ggcaagtgce ccgtgaagge tggeggcace gtcaccatceg agatgcacca gcaaccegge 240
gaccgcaget gcaacaacga agccatcgga ggggcegcatt ggggeccegt ccaggtgtac 300
ctgaccaagg ttcaggacge cgcgacggece gacggctega cgggetggtt caagatctte 360
tcegactegt ggtccaagaa geceggggge aactegggeg acgacgacaa ctggggcacg 420
cgcgacctga acgectgetyg cgggaagatg gacgtggeca teceggeega catcgegteg 480

ggcgactace tgctgeggge cgaggegcetyg gecctgcaca cggecggaca ggecggegge 540
geccagttet acatgagetg ctaccagatg acggtcgagg geggetcegyg gaccgcecaac 600
ccgeccacceg tcaagtteee gggegectac agegecaacg accegggeat cctegtcaac 660

atccacgece ccctttecag ctacaccgeg cceggecegg cegtctacge gggeggeace 720
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atccgegagg ccggctcecge ctgcaccegge tgcgcegcaga cctgcaaggt cgggtegtcece 780
ccgagegeeg ttgccccegg cageggcegeg ggcaacggeg gcogggttcca acccecga 837

<210> SEQ ID NO 85

<211> LENGTH: 279

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 85

Met Arg Ser Thr Leu Ala Gly Ala Leu Ala Ala Ile Ala Ala Gln Lys
1 5 10 15

Val Ala Gly His Ala Thr Phe Gln Gln Leu Trp His Gly Ser Ser Cys
20 25 30

Val Arg Leu Pro Ala Ser Asn Ser Pro Val Thr Asn Val Gly Ser Arg
35 40 45

Asp Phe Val Cys Asn Ala Gly Thr Arg Pro Val Ser Gly Lys Cys Pro
50 55 60

Val Lys Ala Gly Gly Thr Val Thr Ile Glu Met His Gln Gln Pro Gly
65 70 75 80

Asp Arg Ser Cys Asn Asn Glu Ala Ile Gly Gly Ala His Trp Gly Pro
85 90 95

Val Gln Val Tyr Leu Thr Lys Val Gln Asp Ala Ala Thr Ala Asp Gly
100 105 110

Ser Thr Gly Trp Phe Lys Ile Phe Ser Asp Ser Trp Ser Lys Lys Pro
115 120 125

Gly Gly Asn Ser Gly Asp Asp Asp Asn Trp Gly Thr Arg Asp Leu Asn
130 135 140

Ala Cys Cys Gly Lys Met Asp Val Ala Ile Pro Ala Asp Ile Ala Ser
145 150 155 160

Gly Asp Tyr Leu Leu Arg Ala Glu Ala Leu Ala Leu His Thr Ala Gly
165 170 175

Gln Ala Gly Gly Ala Gln Phe Tyr Met Ser Cys Tyr Gln Met Thr Val
180 185 190

Glu Gly Gly Ser Gly Thr Ala Asn Pro Pro Thr Val Lys Phe Pro Gly
195 200 205

Ala Tyr Ser Ala Asn Asp Pro Gly Ile Leu Val Asn Ile His Ala Pro
210 215 220

Leu Ser Ser Tyr Thr Ala Pro Gly Pro Ala Val Tyr Ala Gly Gly Thr
225 230 235 240

Ile Arg Glu Ala Gly Ser Ala Cys Thr Gly Cys Ala Gln Thr Cys Lys
245 250 255

Val Gly Ser Ser Pro Ser Ala Val Ala Pro Gly Ser Gly Ala Gly Asn
260 265 270

Gly Gly Gly Phe Gln Pro Arg
275

<210> SEQ ID NO 86

<211> LENGTH: 260

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 86

His Ala Thr Phe Gln Gln Leu Trp His Gly Ser Ser Cys Val Arg Leu
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1 5 10 15

Pro Ala Ser Asn Ser Pro Val Thr Asn Val Gly Ser Arg Asp Phe Val
20 25 30

Cys Asn Ala Gly Thr Arg Pro Val Ser Gly Lys Cys Pro Val Lys Ala
35 40 45

Gly Gly Thr Val Thr Ile Glu Met His Gln Gln Pro Gly Asp Arg Ser
Cys Asn Asn Glu Ala Ile Gly Gly Ala His Trp Gly Pro Val Gln Val
65 70 75 80

Tyr Leu Thr Lys Val Gln Asp Ala Ala Thr Ala Asp Gly Ser Thr Gly
85 90 95

Trp Phe Lys Ile Phe Ser Asp Ser Trp Ser Lys Lys Pro Gly Gly Asn
100 105 110

Ser Gly Asp Asp Asp Asn Trp Gly Thr Arg Asp Leu Asn Ala Cys Cys
115 120 125

Gly Lys Met Asp Val Ala Ile Pro Ala Asp Ile Ala Ser Gly Asp Tyr
130 135 140

Leu Leu Arg Ala Glu Ala Leu Ala Leu His Thr Ala Gly Gln Ala Gly
145 150 155 160

Gly Ala Gln Phe Tyr Met Ser Cys Tyr Gln Met Thr Val Glu Gly Gly
165 170 175

Ser Gly Thr Ala Asn Pro Pro Thr Val Lys Phe Pro Gly Ala Tyr Ser
180 185 190

Ala Asn Asp Pro Gly Ile Leu Val Asn Ile His Ala Pro Leu Ser Ser
195 200 205

Tyr Thr Ala Pro Gly Pro Ala Val Tyr Ala Gly Gly Thr Ile Arg Glu
210 215 220

Ala Gly Ser Ala Cys Thr Gly Cys Ala Gln Thr Cys Lys Val Gly Ser
225 230 235 240

Ser Pro Ser Ala Val Ala Pro Gly Ser Gly Ala Gly Asn Gly Gly Gly
245 250 255

Phe Gln Pro Arg
260

<210> SEQ ID NO 87

<211> LENGTH: 735

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 87

atgctectee tcaccctage cacactegte accctectgg cgegecacgt cteggetcac 60
geceggetgt teegegtete tgtegacggyg aaagaccagg gcegacggget gaacaagtac 120
atccgetege cggcgaccaa cgacceegtg cgegacctet cgagegeege catcegtgtge 180
aacacccagg ggtccaagge cgecccggac ttegtcaggg cegeggeegg cgacaagetg 240
accttectet gggegecacga caacccggac gacceggteg actacgtect cgaccegtece 300
cacaagggcg ccatcctgac ctacgtegee gectacceet ceggggacce gaccggeccce 360
atctggagca agcttgecga ggaaggatte accggeggge agtgggcegac catcaagatg 420
atcgacaacg gcggcaaggt cgacgtgacg ctgcccgagg cecttgegee gggaaagtac 480

ctgatccgee aggagetget ggecctgeac cgggecgact ttgectgega cgacceggec 540
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caccecaace gcggegecga gtegtaccece aactgegtec aggtggaggt gtcegggcage 600
ggcgacaaga agccggacca gaactttgac ttcaacaagg gctatacctg cgataacaaa 660
ggactccact ttaagatcta catcggtcag gacagccagt atgtggeccce ggggecgegyg 720
ccttggaatg ggagce 735

<210> SEQ ID NO 88

<211> LENGTH: 245

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 88

Met Leu Leu Leu Thr Leu Ala Thr Leu Val Thr Leu Leu Ala Arg His
1 5 10 15

Val Ser Ala His Ala Arg Leu Phe Arg Val Ser Val Asp Gly Lys Asp
20 25 30

Gln Gly Asp Gly Leu Asn Lys Tyr Ile Arg Ser Pro Ala Thr Asn Asp
35 40 45

Pro Val Arg Asp Leu Ser Ser Ala Ala Ile Val Cys Asn Thr Gln Gly
50 55 60

Ser Lys Ala Ala Pro Asp Phe Val Arg Ala Ala Ala Gly Asp Lys Leu
65 70 75 80

Thr Phe Leu Trp Ala His Asp Asn Pro Asp Asp Pro Val Asp Tyr Val
85 90 95

Leu Asp Pro Ser His Lys Gly Ala Ile Leu Thr Tyr Val Ala Ala Tyr
100 105 110

Pro Ser Gly Asp Pro Thr Gly Pro Ile Trp Ser Lys Leu Ala Glu Glu
115 120 125

Gly Phe Thr Gly Gly Gln Trp Ala Thr Ile Lys Met Ile Asp Asn Gly
130 135 140

Gly Lys Val Asp Val Thr Leu Pro Glu Ala Leu Ala Pro Gly Lys Tyr
145 150 155 160

Leu Ile Arg Gln Glu Leu Leu Ala Leu His Arg Ala Asp Phe Ala Cys
165 170 175

Asp Asp Pro Ala His Pro Asn Arg Gly Ala Glu Ser Tyr Pro Asn Cys
180 185 190

Val Gln Val Glu Val Ser Gly Ser Gly Asp Lys Lys Pro Asp Gln Asn
195 200 205

Phe Asp Phe Asn Lys Gly Tyr Thr Cys Asp Asn Lys Gly Leu His Phe
210 215 220

Lys Ile Tyr Ile Gly Gln Asp Ser Gln Tyr Val Ala Pro Gly Pro Arg
225 230 235 240

Pro Trp Asn Gly Ser

245

<210> SEQ ID NO 89

<211> LENGTH: 226

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 89

His Ala Arg Leu Phe Arg Val Ser Val Asp Gly Lys Asp Gln Gly Asp
1 5 10 15

Gly Leu Asn Lys Tyr Ile Arg Ser Pro Ala Thr Asn Asp Pro Val Arg
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20 25 30

Asp Leu Ser Ser Ala Ala Ile Val Cys Asn Thr Gln Gly Ser Lys Ala
35 40 45

Ala Pro Asp Phe Val Arg Ala Ala Ala Gly Asp Lys Leu Thr Phe Leu
50 55 60

Trp Ala His Asp Asn Pro Asp Asp Pro Val Asp Tyr Val Leu Asp Pro
Ser His Lys Gly Ala Ile Leu Thr Tyr Val Ala Ala Tyr Pro Ser Gly
85 90 95

Asp Pro Thr Gly Pro Ile Trp Ser Lys Leu Ala Glu Glu Gly Phe Thr
100 105 110

Gly Gly Gln Trp Ala Thr Ile Lys Met Ile Asp Asn Gly Gly Lys Val
115 120 125

Asp Val Thr Leu Pro Glu Ala Leu Ala Pro Gly Lys Tyr Leu Ile Arg
130 135 140

Gln Glu Leu Leu Ala Leu His Arg Ala Asp Phe Ala Cys Asp Asp Pro
145 150 155 160

Ala His Pro Asn Arg Gly Ala Glu Ser Tyr Pro Asn Cys Val Gln Val
165 170 175

Glu Val Ser Gly Ser Gly Asp Lys Lys Pro Asp Gln Asn Phe Asp Phe
180 185 190

Asn Lys Gly Tyr Thr Cys Asp Asn Lys Gly Leu His Phe Lys Ile Tyr
195 200 205

Ile Gly Gln Asp Ser Gln Tyr Val Ala Pro Gly Pro Arg Pro Trp Asn
210 215 220

Gly Ser
225

<210> SEQ ID NO 90

<211> LENGTH: 600

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 90

atgttcactt cgctttgecat cacagatcat tggaggactc ttagcageca ctetgggeca 60
gtcatgaact atctcgccca ttgcaccaat gacgactgca agtctttcaa gggcgacagce 120
ggcaacgtct gggtcaagat cgagcagctce gegtacaacce cgtcagccaa cceccectgg 180
gegtcetgace tcectecegtga gcacggtgee aagtggaagg tgacgatccce geccagtett 240
gtceceggeg aatatctget geggcacgag atcctggggt tgcacgtege aggaacegtg 300
atgggcgece agttctacce cggetgecace cagatcaggg tcaccgaagg cgggagcacg 360
cagctgeect cgggtattge geteccagge gettacggece cacaagacga gggtatcttg 420
gtcgacttgt ggagggttaa ccagggccag gtcaactaca cggegectgyg aggaccegtt 480
tggagcgaag cgtgggacac cgagtttgge gggtccaaca cgaccgagtyg cgccaccatg 540
ctcgacgace tgctcgacta catggeggece aacgacgagt ggatcggetg gacggectag 600

<210> SEQ ID NO 91

<211> LENGTH: 199

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 91
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Met Phe Thr Ser Leu Cys Ile Thr Asp His Trp Arg Thr Leu Ser Ser

His Ser Gly Pro Val Met Asn Tyr Leu Ala His Cys Thr Asn Asp Asp
20 25 30

Cys Lys Ser Phe Lys Gly Asp Ser Gly Asn Val Trp Val Lys Ile Glu
35 40 45

Gln Leu Ala Tyr Asn Pro Ser Ala Asn Pro Pro Trp Ala Ser Asp Leu
50 55 60

Leu Arg Glu His Gly Ala Lys Trp Lys Val Thr Ile Pro Pro Ser Leu
65 70 75 80

Val Pro Gly Glu Tyr Leu Leu Arg His Glu Ile Leu Gly Leu His Val
85 90 95

Ala Gly Thr Val Met Gly Ala Gln Phe Tyr Pro Gly Cys Thr Gln Ile
100 105 110

Arg Val Thr Glu Gly Gly Ser Thr Gln Leu Pro Ser Gly Ile Ala Leu
115 120 125

Pro Gly Ala Tyr Gly Pro Gln Asp Glu Gly Ile Leu Val Asp Leu Trp
130 135 140

Arg Val Asn Gln Gly Gln Val Asn Tyr Thr Ala Pro Gly Gly Pro Val
145 150 155 160

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

Cys Ala Thr Met Leu Asp Asp Leu Leu Asp Tyr Met Ala Ala Asn Asp
180 185 190

Glu Trp Ile Gly Trp Thr Ala
195

<210> SEQ ID NO 92

<211> LENGTH: 693

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 92

atgaactatc tcgcccattg caccaatgac gactgcaagt ctttcaaggyg cgacagcggce 60
aacgtctggg tcaagatcga gcagctegeg tacaaccegt cagcecaacce cccectgggeg 120
tctgacctee tccgtgagca cggtgccaag tggaaggtga cgatcccgece cagtettgte 180
cceggegaat atctgetgceg gcacgagatce ctggggttge acgtegcagyg aaccgtgatg 240
ggegeccagt tctaccccegg ctgcacccag atcagggtca ccgaaggegg gagcacgcag 300
ctgcectegg gtattgeget cccaggeget tacggceccac aagacgaggyg tatcttggte 360
gacttgtgga gggttaacca gggccaggtc aactacacgg cgectggagg accegtttgg 420
agcgaagcegt gggacaccga gtttggeggg tcecaacacga ccgagtgege caccatgete 480
gacgacctyge tcgactacat ggcggccaac gacgacccat getgcaccga ccagaaccag 540
ttegggagte tcgagecggg gagcaaggeg gecggegget cgecgagect gtacgatace 600
gtettggtee cegttetceca gaagaaagtg ccgacaaage tgcagtggag cggaccggeg 660
agcgtcaacg gggatgagtt gacagagagg ccc 693

<210> SEQ ID NO 93
<211> LENGTH: 231
<212> TYPE: PRT
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<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 93

Met Asn Tyr Leu Ala His Cys Thr Asn Asp Asp Cys Lys Ser Phe Lys
1 5 10 15

Gly Asp Ser Gly Asn Val Trp Val Lys Ile Glu Gln Leu Ala Tyr Asn
20 25 30

Pro Ser Ala Asn Pro Pro Trp Ala Ser Asp Leu Leu Arg Glu His Gly
Ala Lys Trp Lys Val Thr Ile Pro Pro Ser Leu Val Pro Gly Glu Tyr
50 55 60

Leu Leu Arg His Glu Ile Leu Gly Leu His Val Ala Gly Thr Val Met
65 70 75 80

Gly Ala Gln Phe Tyr Pro Gly Cys Thr Gln Ile Arg Val Thr Glu Gly
85 90 95

Gly Ser Thr Gln Leu Pro Ser Gly Ile Ala Leu Pro Gly Ala Tyr Gly
100 105 110

Pro Gln Asp Glu Gly Ile Leu Val Asp Leu Trp Arg Val Asn Gln Gly
115 120 125

Gln Val Asn Tyr Thr Ala Pro Gly Gly Pro Val Trp Ser Glu Ala Trp
130 135 140

Asp Thr Glu Phe Gly Gly Ser Asn Thr Thr Glu Cys Ala Thr Met Leu
145 150 155 160

Asp Asp Leu Leu Asp Tyr Met Ala Ala Asn Asp Asp Pro Cys Cys Thr
165 170 175

Asp Gln Asn Gln Phe Gly Ser Leu Glu Pro Gly Ser Lys Ala Ala Gly
180 185 190

Gly Ser Pro Ser Leu Tyr Asp Thr Val Leu Val Pro Val Leu Gln Lys
195 200 205

Lys Val Pro Thr Lys Leu Gln Trp Ser Gly Pro Ala Ser Val Asn Gly
210 215 220

Asp Glu Leu Thr Glu Arg Pro
225 230

<210> SEQ ID NO 94

<211> LENGTH: 681

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 94

atgaagctga gcgctgecat cgeegtgete geggecgeee ttgecgaggg gcactatace 60
ttccccagea tcgecaacac ggccgactgg caatatgtge geatcacgac caacttccag 120
agcaacggece ccgtgacgga cgtcaacteg gaccagatece ggtgctacga gegcaaccceg 180
ggcaccggeg cccceggcat ctacaacgte acggccggca caaccatcaa ctacaacgec 240
aagtcgteca tcteccacce gggacccatg gecttctaca ttgecaaggt tccegecgge 300
cagtcggeeg ccacctggga cggtaaggge geegtetggt ccaagatcca ccaggagatg 360
ccgcactttyg gcaccagect cacctgggac tccaacggec geacctccat geccgtcace 420
atccceeget gtetgecagga cggegagtat ctgetgegtg cagagcacat tgecctccac 480
agcgeaggea gecceggegg cgeccagtte tacatttett gtgeccaget ctcagtcace 540

ggcggcageg ggacctggaa ccccaggaac aaggtgtegt tecceggege ctacaaggec 600
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actgacccgg gcatcctgat caacatctac taccccegtece cgactageta cactcccget 660
ggtceccceeg tecgacacctg ¢ 681
<210> SEQ ID NO 95

<211> LENGTH: 227

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 95

Met Lys Leu Ser Ala Ala Ile Ala Val Leu Ala Ala Ala Leu Ala Glu
1 5 10 15

Gly His Tyr Thr Phe Pro Ser Ile Ala Asn Thr Ala Asp Trp Gln Tyr
20 25 30

Val Arg Ile Thr Thr Asn Phe Gln Ser Asn Gly Pro Val Thr Asp Val
35 40 45

Asn Ser Asp Gln Ile Arg Cys Tyr Glu Arg Asn Pro Gly Thr Gly Ala
50 55 60

Pro Gly Ile Tyr Asn Val Thr Ala Gly Thr Thr Ile Asn Tyr Asn Ala
65 70 75 80

Lys Ser Ser Ile Ser His Pro Gly Pro Met Ala Phe Tyr Ile Ala Lys
85 90 95

Val Pro Ala Gly Gln Ser Ala Ala Thr Trp Asp Gly Lys Gly Ala Val
100 105 110

Trp Ser Lys Ile His Gln Glu Met Pro His Phe Gly Thr Ser Leu Thr
115 120 125

Trp Asp Ser Asn Gly Arg Thr Ser Met Pro Val Thr Ile Pro Arg Cys
130 135 140

Leu Gln Asp Gly Glu Tyr Leu Leu Arg Ala Glu His Ile Ala Leu His
145 150 155 160

Ser Ala Gly Ser Pro Gly Gly Ala Gln Phe Tyr Ile Ser Cys Ala Gln
165 170 175

Leu Ser Val Thr Gly Gly Ser Gly Thr Trp Asn Pro Arg Asn Lys Val
180 185 190

Ser Phe Pro Gly Ala Tyr Lys Ala Thr Asp Pro Gly Ile Leu Ile Asn
195 200 205

Ile Tyr Tyr Pro Val Pro Thr Ser Tyr Thr Pro Ala Gly Pro Pro Val
210 215 220

Asp Thr Cys
225

<210> SEQ ID NO 96

<211> LENGTH: 210

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 96

His Tyr Thr Phe Pro Ser Ile Ala Asn Thr Ala Asp Trp Gln Tyr Val
1 5 10 15

Arg Ile Thr Thr Asn Phe Gln Ser Asn Gly Pro Val Thr Asp Val Asn
20 25 30

Ser Asp Gln Ile Arg Cys Tyr Glu Arg Asn Pro Gly Thr Gly Ala Pro
35 40 45

Gly Ile Tyr Asn Val Thr Ala Gly Thr Thr Ile Asn Tyr Asn Ala Lys
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50 55 60

Ser Ser Ile Ser His Pro Gly Pro Met Ala Phe Tyr Ile Ala Lys Val
65 70 75 80

Pro Ala Gly Gln Ser Ala Ala Thr Trp Asp Gly Lys Gly Ala Val Trp
85 90 95

Ser Lys Ile His Gln Glu Met Pro His Phe Gly Thr Ser Leu Thr Trp
100 105 110

Asp Ser Asn Gly Arg Thr Ser Met Pro Val Thr Ile Pro Arg Cys Leu
115 120 125

Gln Asp Gly Glu Tyr Leu Leu Arg Ala Glu His Ile Ala Leu His Ser
130 135 140

Ala Gly Ser Pro Gly Gly Ala Gln Phe Tyr Ile Ser Cys Ala Gln Leu
145 150 155 160

Ser Val Thr Gly Gly Ser Gly Thr Trp Asn Pro Arg Asn Lys Val Ser
165 170 175

Phe Pro Gly Ala Tyr Lys Ala Thr Asp Pro Gly Ile Leu Ile Asn Ile
180 185 190

Tyr Tyr Pro Val Pro Thr Ser Tyr Thr Pro Ala Gly Pro Pro Val Asp
195 200 205

Thr Cys
210

<210> SEQ ID NO 97

<211> LENGTH: 765

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 97

atgtaccgca cgcteggtte cattgeectg ctegeggggyg gegetgeege ccacggegee 60
gtgaccagcet acaacattgce gggcaaggac taccctggat actcgggett cgeccctace 120
ggccaggatyg tcatccagtg gcaatggcce gactataacce cegtgcetgtce cgecagcgac 180
cccaagetee getgcaacgg cggcacceggg geggcegetgt atgecgagge ggcccccgge 240
gacaccatca cggccacctg ggcccagtgg acgcactcce agggceccgat cetggtgtgg 300
atgtacaagt gccceggega cttcagetece tgegacgget ceggegeggyg ttggttcaag 360
atcgacgagg ccggcetteca cggcgacgge acgaccgtet tectegacac cgagacccce 420
tegggetggg acattgcecaa getggtegge ggcaacaagt cgtggagcag caagatccct 480
gacggecteg cccegggcaa ttacctggte cgccacgage tcatcgecct gcaccaggece 540
aacaacccge aattctaccce cgagtgegece cagatcaagyg tcaccggete tggcaccgece 600
gagcccgeeyg cctectacaa ggecgecate cccggctact gecagcagag cgaccccaac 660
atttcgttca acatcaacga ccactcecte cegcaggagt acaagatccce cggteccccg 720
gtcttcaagg gcaccgecte cgccaaggcet cgcgetttec aggcece 765

<210> SEQ ID NO 98

<211> LENGTH: 255

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 98

Met Tyr Arg Thr Leu Gly Ser Ile Ala Leu Leu Ala Gly Gly Ala Ala
1 5 10 15
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Ala His Gly Ala Val Thr Ser Tyr Asn Ile Ala Gly Lys Asp Tyr Pro
20 25 30

Gly Tyr Ser Gly Phe Ala Pro Thr Gly Gln Asp Val Ile Gln Trp Gln
35 40 45

Trp Pro Asp Tyr Asn Pro Val Leu Ser Ala Ser Asp Pro Lys Leu Arg
50 55 60

Cys Asn Gly Gly Thr Gly Ala Ala Leu Tyr Ala Glu Ala Ala Pro Gly
65 70 75 80

Asp Thr Ile Thr Ala Thr Trp Ala Gln Trp Thr His Ser Gln Gly Pro
85 90 95

Ile Leu Val Trp Met Tyr Lys Cys Pro Gly Asp Phe Ser Ser Cys Asp
100 105 110

Gly Ser Gly Ala Gly Trp Phe Lys Ile Asp Glu Ala Gly Phe His Gly
115 120 125

Asp Gly Thr Thr Val Phe Leu Asp Thr Glu Thr Pro Ser Gly Trp Asp
130 135 140

Ile Ala Lys Leu Val Gly Gly Asn Lys Ser Trp Ser Ser Lys Ile Pro
145 150 155 160

Asp Gly Leu Ala Pro Gly Asn Tyr Leu Val Arg His Glu Leu Ile Ala
165 170 175

Leu His Gln Ala Asn Asn Pro Gln Phe Tyr Pro Glu Cys Ala Gln Ile
180 185 190

Lys Val Thr Gly Ser Gly Thr Ala Glu Pro Ala Ala Ser Tyr Lys Ala
195 200 205

Ala Ile Pro Gly Tyr Cys Gln Gln Ser Asp Pro Asn Ile Ser Phe Asn
210 215 220

Ile Asn Asp His Ser Leu Pro Gln Glu Tyr Lys Ile Pro Gly Pro Pro
225 230 235 240

Val Phe Lys Gly Thr Ala Ser Ala Lys Ala Arg Ala Phe Gln Ala
245 250 255

<210> SEQ ID NO 99

<211> LENGTH: 236

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 99

Ala Val Thr Ser Tyr Asn Ile Ala Gly Lys Asp Tyr Pro Gly Tyr Ser
1 5 10 15

Gly Phe Ala Pro Thr Gly Gln Asp Val Ile Gln Trp Gln Trp Pro Asp
20 25 30

Tyr Asn Pro Val Leu Ser Ala Ser Asp Pro Lys Leu Arg Cys Asn Gly
35 40 45

Gly Thr Gly Ala Ala Leu Tyr Ala Glu Ala Ala Pro Gly Asp Thr Ile
50 55 60

Thr Ala Thr Trp Ala Gln Trp Thr His Ser Gln Gly Pro Ile Leu Val
65 70 75 80

Trp Met Tyr Lys Cys Pro Gly Asp Phe Ser Ser Cys Asp Gly Ser Gly
85 90 95

Ala Gly Trp Phe Lys Ile Asp Glu Ala Gly Phe His Gly Asp Gly Thr
100 105 110

Thr Val Phe Leu Asp Thr Glu Thr Pro Ser Gly Trp Asp Ile Ala Lys
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115 120 125

Leu Val Gly Gly Asn Lys Ser Trp Ser Ser Lys Ile Pro Asp Gly Leu
130 135 140

Ala Pro Gly Asn Tyr Leu Val Arg His Glu Leu Ile Ala Leu His Gln
145 150 155 160

Ala Asn Asn Pro Gln Phe Tyr Pro Glu Cys Ala Gln Ile Lys Val Thr
165 170 175

Gly Ser Gly Thr Ala Glu Pro Ala Ala Ser Tyr Lys Ala Ala Ile Pro
180 185 190

Gly Tyr Cys Gln Gln Ser Asp Pro Asn Ile Ser Phe Asn Ile Asn Asp
195 200 205

His Ser Leu Pro Gln Glu Tyr Lys Ile Pro Gly Pro Pro Val Phe Lys
210 215 220

Gly Thr Ala Ser Ala Lys Ala Arg Ala Phe Gln Ala
225 230 235

<210> SEQ ID NO 100

<211> LENGTH: 675

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 100

atgctgacaa caaccttege cctectgacg geegeteteg gegtcagege ccattatace 60
ctceccaggyg tegggaccegg ttecgactgg cagcacgtge ggegggetga caactggcaa 120
aacaacggct tecgteggega cgtcaacteg gagcagatca ggtgetteca ggegaccect 180
gecggegece aagacgtcta cactgttcag gegggatcga cegtgaccta ccacgecaac 240
cccagtatet accacccegg ceccatgeag ttetacctgg cecgegttee ggacggacag 300

gacgtcaagt cgtggaccgg cgagggtgce gtgtggttca aggtgtacga ggagecagect 360

caatttggeg cccagetgac ctggectage aacggcaaga gcetegttega ggttectate 420
cccagetgea ttegggeggg caactaccte ctecgegetyg agcacatcege cctgcacgtt 480
geecaaagece agggcggcege ccagttctac atctegtgeg cecagetceca ggtcactggt 540
ggcggcagea ccgagectte tcagaaggtt tectteccegg gtgcctacaa gtccaccgac 600
cceggeatte ttatcaacat caactacccce gteectacct cgtaccagaa tccgggtcecg 660
gctgtettee gttge 675

<210> SEQ ID NO 101

<211> LENGTH: 225

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 101

Met Leu Thr Thr Thr Phe Ala Leu Leu Thr Ala Ala Leu Gly Val Ser
1 5 10 15

Ala His Tyr Thr Leu Pro Arg Val Gly Thr Gly Ser Asp Trp Gln His
20 25 30

Val Arg Arg Ala Asp Asn Trp Gln Asn Asn Gly Phe Val Gly Asp Val
35 40 45

Asn Ser Glu Gln Ile Arg Cys Phe Gln Ala Thr Pro Ala Gly Ala Gln
50 55 60

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

Pro Ser Ile Tyr His Pro Gly Pro Met Gln Phe Tyr Leu Ala Arg Val
85 90 95

Pro Asp Gly Gln Asp Val Lys Ser Trp Thr Gly Glu Gly Ala Val Trp
100 105 110

Phe Lys Val Tyr Glu Glu Gln Pro Gln Phe Gly Ala Gln Leu Thr Trp
115 120 125

Pro Ser Asn Gly Lys Ser Ser Phe Glu Val Pro Ile Pro Ser Cys Ile
130 135 140

Arg Ala Gly Asn Tyr Leu Leu Arg Ala Glu His Ile Ala Leu His Val
145 150 155 160

Ala Gln Ser Gln Gly Gly Ala Gln Phe Tyr Ile Ser Cys Ala Gln Leu
165 170 175

Gln Val Thr Gly Gly Gly Ser Thr Glu Pro Ser Gln Lys Val Ser Phe
180 185 190

Pro Gly Ala Tyr Lys Ser Thr Asp Pro Gly Ile Leu Ile Asn Ile Asn
195 200 205

Tyr Pro Val Pro Thr Ser Tyr Gln Asn Pro Gly Pro Ala Val Phe Arg
210 215 220

Cys
225

<210> SEQ ID NO 102

<211> LENGTH: 208

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 102

His Tyr Thr Leu Pro Arg Val Gly Thr Gly Ser Asp Trp Gln His Val
1 5 10 15

Arg Arg Ala Asp Asn Trp Gln Asn Asn Gly Phe Val Gly Asp Val Asn
20 25 30

Ser Glu Gln Ile Arg Cys Phe Gln Ala Thr Pro Ala Gly Ala Gln Asp
35 40 45

Val Tyr Thr Val Gln Ala Gly Ser Thr Val Thr Tyr His Ala Asn Pro
50 55 60

Ser Ile Tyr His Pro Gly Pro Met Gln Phe Tyr Leu Ala Arg Val Pro
65 70 75 80

Asp Gly Gln Asp Val Lys Ser Trp Thr Gly Glu Gly Ala Val Trp Phe
85 90 95

Lys Val Tyr Glu Glu Gln Pro Gln Phe Gly Ala Gln Leu Thr Trp Pro
100 105 110

Ser Asn Gly Lys Ser Ser Phe Glu Val Pro Ile Pro Ser Cys Ile Arg
115 120 125

Ala Gly Asn Tyr Leu Leu Arg Ala Glu His Ile Ala Leu His Val Ala
130 135 140

Gln Ser Gln Gly Gly Ala Gln Phe Tyr Ile Ser Cys Ala Gln Leu Gln
145 150 155 160

Val Thr Gly Gly Gly Ser Thr Glu Pro Ser Gln Lys Val Ser Phe Pro
165 170 175

Gly Ala Tyr Lys Ser Thr Asp Pro Gly Ile Leu Ile Asn Ile Asn Tyr
180 185 190
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Pro Val Pro Thr Ser Tyr Gln Asn Pro Gly Pro Ala Val Phe Arg Cys
195 200 205

<210> SEQ ID NO 103

<211> LENGTH: 711

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 103

atgaaggttc tcgegeccct gattectggee ggtgecgeca gegeccacac catcttetca 60
tcectegagyg tgggeggegt caaccaggge ategggeagg gtgtcegegt geegtegtac 120
aacggtccga tcgaggacgt gacgtccaac tcgatcgect gecaacgggece ccccaaccceg 180
acgacgccga ccaacaaggt catcacggte cgggecggeg agacggtgac ggcecgtetgg 240
cggtacatge tgagcaccac cggcteggece cccaacgaca tcatggacag cagccacaag 300
ggcccgacca tggectacct caagaaggtce gacaacgcca ccaccgacte gggegtegge 360
ggeggetggt tcaagatcca ggaggacgge cttaccaacg gegtetgggyg caccgagege 420
gtcatcaacg gccagggcceg ccacaacatc aagatccceg agtgcatcge ccecggecag 480
tacctectee gegecgagat gettgecetyg cacggagett ccaactacce cggegetcag 540
ttctacatgg agtgcgecca getcaatate gteggeggea ceggcagcaa gacgecgtece 600
accgtcaget tccegggege ttacaagggt accgaccceg gagtcaagat caacatctac 660
tggccccceg tcaccageta ccagatteee ggecceggeg tgttcaccetg ¢ 711

<210> SEQ ID NO 104

<211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 104

Met Lys Val Leu Ala Pro Leu Ile Leu Ala Gly Ala Ala Ser Ala His
1 5 10 15

Thr Ile Phe Ser Ser Leu Glu Val Gly Gly Val Asn Gln Gly Ile Gly
20 25 30

Gln Gly Val Arg Val Pro Ser Tyr Asn Gly Pro Ile Glu Asp Val Thr
35 40 45

Ser Asn Ser Ile Ala Cys Asn Gly Pro Pro Asn Pro Thr Thr Pro Thr
50 55 60

Asn Lys Val Ile Thr Val Arg Ala Gly Glu Thr Val Thr Ala Val Trp
65 70 75 80

Arg Tyr Met Leu Ser Thr Thr Gly Ser Ala Pro Asn Asp Ile Met Asp
85 90 95

Ser Ser His Lys Gly Pro Thr Met Ala Tyr Leu Lys Lys Val Asp Asn
100 105 110

Ala Thr Thr Asp Ser Gly Val Gly Gly Gly Trp Phe Lys Ile Gln Glu
115 120 125

Asp Gly Leu Thr Asn Gly Val Trp Gly Thr Glu Arg Val Ile Asn Gly
130 135 140

Gln Gly Arg His Asn Ile Lys Ile Pro Glu Cys Ile Ala Pro Gly Gln
145 150 155 160

Tyr Leu Leu Arg Ala Glu Met Leu Ala Leu His Gly Ala Ser Asn Tyr
165 170 175
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Pro Gly Ala Gln Phe Tyr Met Glu Cys Ala Gln Leu Asn Ile Val Gly
180 185 190

Gly Thr Gly Ser Lys Thr Pro Ser Thr Val Ser Phe Pro Gly Ala Tyr
195 200 205

Lys Gly Thr Asp Pro Gly Val Lys Ile Asn Ile Tyr Trp Pro Pro Val
210 215 220

Thr Ser Tyr Gln Ile Pro Gly Pro Gly Val Phe Thr Cys
225 230 235

<210> SEQ ID NO 105

<211> LENGTH: 222

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 105

His Thr Ile Phe Ser Ser Leu Glu Val Gly Gly Val Asn Gln Gly Ile
1 5 10 15

Gly Gln Gly Val Arg Val Pro Ser Tyr Asn Gly Pro Ile Glu Asp Val
20 25 30

Thr Ser Asn Ser Ile Ala Cys Asn Gly Pro Pro Asn Pro Thr Thr Pro
35 40 45

Thr Asn Lys Val Ile Thr Val Arg Ala Gly Glu Thr Val Thr Ala Val
50 55 60

Trp Arg Tyr Met Leu Ser Thr Thr Gly Ser Ala Pro Asn Asp Ile Met
65 70 75 80

Asp Ser Ser His Lys Gly Pro Thr Met Ala Tyr Leu Lys Lys Val Asp
85 90 95

Asn Ala Thr Thr Asp Ser Gly Val Gly Gly Gly Trp Phe Lys Ile Gln
100 105 110

Glu Asp Gly Leu Thr Asn Gly Val Trp Gly Thr Glu Arg Val Ile Asn
115 120 125

Gly Gln Gly Arg His Asn Ile Lys Ile Pro Glu Cys Ile Ala Pro Gly
130 135 140

Gln Tyr Leu Leu Arg Ala Glu Met Leu Ala Leu His Gly Ala Ser Asn
145 150 155 160

Tyr Pro Gly Ala Gln Phe Tyr Met Glu Cys Ala Gln Leu Asn Ile Val
165 170 175

Gly Gly Thr Gly Ser Lys Thr Pro Ser Thr Val Ser Phe Pro Gly Ala
180 185 190

Tyr Lys Gly Thr Asp Pro Gly Val Lys Ile Asn Ile Tyr Trp Pro Pro
195 200 205

Val Thr Ser Tyr Gln Ile Pro Gly Pro Gly Val Phe Thr Cys
210 215 220

<210> SEQ ID NO 106

<211> LENGTH: 225

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 106

atgatcgaca accteectga tgactcccta caacccgect gectcegece gggccactac 60

ctegtecgee acgagatcat cgegetgeac teggectggg cegagggega ggceccagtte 120

tacceccttee cectttttec tttttttecce tceecttettt tgtccggtaa ctacacgatt 180
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cceggteceg cgatctggaa gtgeccagag gcacagcaga acgag 225

<210> SEQ ID NO 107

<211> LENGTH: 75

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 107

Met Ile Asp Asn Leu Pro Asp Asp Ser Leu Gln Pro Ala Cys Leu Arg
1 5 10 15

Pro Gly His Tyr Leu Val Arg His Glu Ile Ile Ala Leu His Ser Ala
20 25 30

Trp Ala Glu Gly Glu Ala Gln Phe Tyr Pro Phe Pro Leu Phe Pro Phe
35 40 45

Phe Pro Ser Leu Leu Leu Ser Gly Asn Tyr Thr Ile Pro Gly Pro Ala
50 55 60

Ile Trp Lys Cys Pro Glu Ala Gln Gln Asn Glu
65 70 75

<210> SEQ ID NO 108

<211> LENGTH: 57

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 108

His Tyr Leu Val Arg His Glu Ile Ile Ala Leu His Ser Ala Trp Ala
1 5 10 15

Glu Gly Glu Ala Gln Phe Tyr Pro Phe Pro Leu Phe Pro Phe Phe Pro
20 25 30

Ser Leu Leu Leu Ser Gly Asn Tyr Thr Ile Pro Gly Pro Ala Ile Trp
35 40 45

Lys Cys Pro Glu Ala Gln Gln Asn Glu
50 55

<210> SEQ ID NO 109

<211> LENGTH: 1395

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 109

atggggcaga agactctecca ggggetggtyg geggeggegg cactggcage cteggtggeg 60
aacgcgcage aaccgggcac cttcacgece gaggtgeatce cgacgetgee gacgtggaag 120
tgcacgacga gcggcegggtyg cgtcecageag gacacgtegg tggtgetega ctggaactac 180
cgectggttee acaccgagga cggtagcaag tcgtgcatca cetetagegg cgtcgaccegg 240
accctgtgee cggacgagge gacgtgegece aagaactget tegtcgaggg cgtcaactac 300
acgagcageg gggtcegagac gtccggeage tcectcacee tecgecagtt cttcaaggge 360
tccgacggeg ccatcaacag cgtcteceeg cgegtctace tgeteggggg agacggcaac 420
tatgtcegtge tcaagetect cggecaggag ctgagetteg acgtggacgt atcegtegete 480
cegtgeggeg agaacgegge cctgtacctyg tecgagatgg acgegacggg aggacggaac 540
gagtacaaca cgggcgggge cgagtacggyg tcgggctact gtgacgecca gtgeccegtyg 600
cagaactgga acaacgggac gctcaacacg ggecgggtgg getegtgetyg caacgagatg 660

gacatccteg aggccaactce caaggccgag gecttcacge cgcacccctyg catcggeaac 720
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tcegtgcegaca agagcgggtg cggcttcaac gegtacgcege geggttacca caactactgg 780
gccececoggeg gcacgctega cacgtccegg cctttcacca tgatcacceg cttegtcacc 840
gacgacggca ccacctecggg caagctcgec cgecatcgage gegtctacgt ccaggacgge 900
aagaaggtgc ccagcgcgge gcccegggggg gacgtcatca cggecgacgg gtgcacctcece 960

gegeagecect acggeggect ttceeggecatg ggcgacgecce teggecegegg catggtectg 1020
geectgagea tctggaacga cgcegtcceggg tacatgaact ggctcgacge cggcagcaac 1080
ggecectgea gegacaccga gggtaaccceg tcecaacatce tggccaacca cecggacgec 1140
cacgtcgtge tctccaacat ccgcectgggge gacatcggcet ccaccgtcga caccggcgat 1200
ggcgacaaca acggcggcgg ccccaaccceg tcatccacca ccaccgcetac cgctaccacce 1260
acctecteeg geceggecga gectacccag acccactacyg gcecagtgtgyg agggaaagga 1320
tggacgggcee ctaccegetg cgagacgecce tacacctgea agtaccagaa cgactggtac 1380
tcgcagtgece tgtag 1395
<210> SEQ ID NO 110

<211> LENGTH: 464

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 110

Met Gly Gln Lys Thr Leu Gln Gly Leu Val Ala Ala Ala Ala Leu Ala
1 5 10 15

Ala Ser Val Ala Asn Ala Gln Gln Pro Gly Thr Phe Thr Pro Glu Val
20 25 30

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

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

Thr Glu Asp Gly Ser Lys Ser Cys Ile Thr Ser Ser Gly Val Asp Arg
65 70 75 80

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

Gly Val Asn Tyr Thr Ser Ser Gly Val Glu Thr Ser Gly Ser Ser Leu
100 105 110

Thr Leu Arg Gln Phe Phe Lys Gly Ser Asp Gly Ala Ile Asn Ser Val
115 120 125

Ser Pro Arg Val Tyr Leu Leu Gly Gly Asp Gly Asn Tyr Val Val Leu
130 135 140

Lys Leu Leu Gly Gln Glu Leu Ser Phe Asp Val Asp Val Ser Ser Leu
145 150 155 160

Pro Cys Gly Glu Asn Ala Ala Leu Tyr Leu Ser Glu Met Asp Ala Thr
165 170 175

Gly Gly Arg Asn Glu Tyr Asn Thr Gly Gly Ala Glu Tyr Gly Ser Gly
180 185 190

Tyr Cys Asp Ala Gln Cys Pro Val Gln Asn Trp Asn Asn Gly Thr Leu
195 200 205

Asn Thr Gly Arg Val Gly Ser Cys Cys Asn Glu Met Asp Ile Leu Glu
210 215 220

Ala Asn Ser Lys Ala Glu Ala Phe Thr Pro His Pro Cys Ile Gly Asn
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225 230 235 240

Ser Cys Asp Lys Ser Gly Cys Gly Phe Asn Ala Tyr Ala Arg Gly Tyr
245 250 255

His Asn Tyr Trp Ala Pro Gly Gly Thr Leu Asp Thr Ser Arg Pro Phe
260 265 270

Thr Met Ile Thr Arg Phe Val Thr Asp Asp Gly Thr Thr Ser Gly Lys
275 280 285

Leu Ala Arg Ile Glu Arg Val Tyr Val Gln Asp Gly Lys Lys Val Pro
290 295 300

Ser Ala Ala Pro Gly Gly Asp Val Ile Thr Ala Asp Gly Cys Thr Ser
305 310 315 320

Ala Gln Pro Tyr Gly Gly Leu Ser Gly Met Gly Asp Ala Leu Gly Arg
325 330 335

Gly Met Val Leu Ala Leu Ser Ile Trp Asn Asp Ala Ser Gly Tyr Met
340 345 350

Asn Trp Leu Asp Ala Gly Ser Asn Gly Pro Cys Ser Asp Thr Glu Gly
355 360 365

Asn Pro Ser Asn Ile Leu Ala Asn His Pro Asp Ala His Val Val Leu
370 375 380

Ser Asn Ile Arg Trp Gly Asp Ile Gly Ser Thr Val Asp Thr Gly Asp
385 390 395 400

Gly Asp Asn Asn Gly Gly Gly Pro Asn Pro Ser Ser Thr Thr Thr Ala
405 410 415

Thr Ala Thr Thr Thr Ser Ser Gly Pro Ala Glu Pro Thr Gln Thr His
420 425 430

Tyr Gly Gln Cys Gly Gly Lys Gly Trp Thr Gly Pro Thr Arg Cys Glu
435 440 445

Thr Pro Tyr Thr Cys Lys Tyr Gln Asn Asp Trp Tyr Ser Gln Cys Leu
450 455 460

<210> SEQ ID NO 111

<211> LENGTH: 442

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 111

Gln Gln Pro Gly Thr Phe Thr Pro Glu Val His Pro Thr Leu Pro Thr
1 5 10 15

Trp Lys Cys Thr Thr Ser Gly Gly Cys Val Gln Gln Asp Thr Ser Val
20 25 30

Val Leu Asp Trp Asn Tyr Arg Trp Phe His Thr Glu Asp Gly Ser Lys
35 40 45

Ser Cys Ile Thr Ser Ser Gly Val Asp Arg Thr Leu Cys Pro Asp Glu
50 55 60

Ala Thr Cys Ala Lys Asn Cys Phe Val Glu Gly Val Asn Tyr Thr Ser
65 70 75 80

Ser Gly Val Glu Thr Ser Gly Ser Ser Leu Thr Leu Arg Gln Phe Phe
85 90 95

Lys Gly Ser Asp Gly Ala Ile Asn Ser Val Ser Pro Arg Val Tyr Leu
100 105 110

Leu Gly Gly Asp Gly Asn Tyr Val Val Leu Lys Leu Leu Gly Gln Glu
115 120 125
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Leu Ser Phe Asp Val Asp Val Ser Ser Leu Pro Cys Gly Glu Asn Ala
130 135 140

Ala Leu Tyr Leu Ser Glu Met Asp Ala Thr Gly Gly Arg Asn Glu Tyr
145 150 155 160

Asn Thr Gly Gly Ala Glu Tyr Gly Ser Gly Tyr Cys Asp Ala Gln Cys
165 170 175

Pro Val Gln Asn Trp Asn Asn Gly Thr Leu Asn Thr Gly Arg Val Gly
180 185 190

Ser Cys Cys Asn Glu Met Asp Ile Leu Glu Ala Asn Ser Lys Ala Glu
195 200 205

Ala Phe Thr Pro His Pro Cys Ile Gly Asn Ser Cys Asp Lys Ser Gly
210 215 220

Cys Gly Phe Asn Ala Tyr Ala Arg Gly Tyr His Asn Tyr Trp Ala Pro
225 230 235 240

Gly Gly Thr Leu Asp Thr Ser Arg Pro Phe Thr Met Ile Thr Arg Phe
245 250 255

Val Thr Asp Asp Gly Thr Thr Ser Gly Lys Leu Ala Arg Ile Glu Arg
260 265 270

Val Tyr Val Gln Asp Gly Lys Lys Val Pro Ser Ala Ala Pro Gly Gly
275 280 285

Asp Val Ile Thr Ala Asp Gly Cys Thr Ser Ala Gln Pro Tyr Gly Gly
290 295 300

Leu Ser Gly Met Gly Asp Ala Leu Gly Arg Gly Met Val Leu Ala Leu
305 310 315 320

Ser Ile Trp Asn Asp Ala Ser Gly Tyr Met Asn Trp Leu Asp Ala Gly
325 330 335

Ser Asn Gly Pro Cys Ser Asp Thr Glu Gly Asn Pro Ser Asn Ile Leu
340 345 350

Ala Asn His Pro Asp Ala His Val Val Leu Ser Asn Ile Arg Trp Gly
355 360 365

Asp Ile Gly Ser Thr Val Asp Thr Gly Asp Gly Asp Asn Asn Gly Gly
370 375 380

Gly Pro Asn Pro Ser Ser Thr Thr Thr Ala Thr Ala Thr Thr Thr Ser
385 390 395 400

Ser Gly Pro Ala Glu Pro Thr Gln Thr His Tyr Gly Gln Cys Gly Gly
405 410 415

Lys Gly Trp Thr Gly Pro Thr Arg Cys Glu Thr Pro Tyr Thr Cys Lys
420 425 430

Tyr Gln Asn Asp Trp Tyr Ser Gln Cys Leu
435 440

<210> SEQ ID NO 112

<211> LENGTH: 1170

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 112

atgaagtcct ccatcctege cagegtette gecacgggeg cegtggetca aagtggteceg 60
tggcagcaat gtggtggcat cggatggcaa ggatcgaceg actgtgtgte gggttaccac 120
tgcgtctace agaacgattg gtacagecag tgegtgectg gegeggegte gacaacgcete 180

cagacatcta ccacgtccag geccaccgece accagcaceg cecctecgte gtecaccacce 240
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tcegcctagea agggcaagct caagtggctce ggcagcaacg agtcgggcegce cgagtteggg 300
gagggcaact accccggect ctggggcaag cacttcatct tcccegtcegac ttcecggegatt 360
cagacgctca tcaatgatgg atacaacatc ttccggatcg acttctegat ggagegtcetg 420
gtgcccaace agttgacgtc gtccttecgac gagggctacce tccgcaacct gaccgaggtg 480
gtcaactteg tgacgaacgc gggcaagtac gccgtcctgg acccgcacaa ctacggcecegg 540
tactacggca acgtcatcac ggacacgaac gcgttccgga ccttetggac caacctggec 600
aagcagttcg cctccaactc gctcegtcatce ttcgacacca acaacgagta caacacgatg 660
gaccagaccce tggtgctcaa cctcaaccag geccgccatceg acggcatccg ggccgecgge 720
gcgacctege agtacatctt cgtcgagggce aacgcgtgga geggggcectg gagctggaac 780
acgaccaaca ccaacatggc cgccctgacg gacccgcaga acaagatcgt gtacgagatg 840
caccagtacc tcgactcgga cagctcggge acccacgcecg agtgcgtcag cagcaacatc 900
ggcgcccage gcegtegtegg agccacccag tggctccgeg ccaacggcaa gcteggegte 960

cteggegagt tegeeggegg cgccaacgece gtetgccage aggecgtcac cggectecte 1020
gaccacctee aggacaacag cgacgtcetgg ctgggtgece tetggtggge cgecggtecce 1080
tggtggggcg actacatgta ctecgttcgag cctecttegg gcaccggcta tgtcaactac 1140
aactcgatcc taaagaagta cttgccgtaa 1170
<210> SEQ ID NO 113

<211> LENGTH: 389

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 113

Met Lys Ser Ser Ile Leu Ala Ser Val Phe Ala Thr Gly Ala Val Ala
1 5 10 15

Gln Ser Gly Pro Trp Gln Gln Cys Gly Gly Ile Gly Trp Gln Gly Ser
20 25 30

Thr Asp Cys Val Ser Gly Tyr His Cys Val Tyr Gln Asn Asp Trp Tyr
35 40 45

Ser Gln Cys Val Pro Gly Ala Ala Ser Thr Thr Leu Gln Thr Ser Thr
50 55 60

Thr Ser Arg Pro Thr Ala Thr Ser Thr Ala Pro Pro Ser Ser Thr Thr
65 70 75 80

Ser Pro Ser Lys Gly Lys Leu Lys Trp Leu Gly Ser Asn Glu Ser Gly
Ala Glu Phe Gly Glu Gly Asn Tyr Pro Gly Leu Trp Gly Lys His Phe
100 105 110

Ile Phe Pro Ser Thr Ser Ala Ile Gln Thr Leu Ile Asn Asp Gly Tyr
115 120 125

Asn Ile Phe Arg Ile Asp Phe Ser Met Glu Arg Leu Val Pro Asn Gln
130 135 140

Leu Thr Ser Ser Phe Asp Glu Gly Tyr Leu Arg Asn Leu Thr Glu Val
145 150 155 160

Val Asn Phe Val Thr Asn Ala Gly Lys Tyr Ala Val Leu Asp Pro His
165 170 175

Asn Tyr Gly Arg Tyr Tyr Gly Asn Val Ile Thr Asp Thr Asn Ala Phe
180 185 190
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Arg Thr Phe Trp Thr Asn Leu Ala Lys Gln Phe Ala Ser Asn Ser Leu
195 200 205

Val Ile Phe Asp Thr Asn Asn Glu Tyr Asn Thr Met Asp Gln Thr Leu
210 215 220

Val Leu Asn Leu Asn Gln Ala Ala Ile Asp Gly Ile Arg Ala Ala Gly
225 230 235 240

Ala Thr Ser Gln Tyr Ile Phe Val Glu Gly Asn Ala Trp Ser Gly Ala
245 250 255

Trp Ser Trp Asn Thr Thr Asn Thr Asn Met Ala Ala Leu Thr Asp Pro
260 265 270

Gln Asn Lys Ile Val Tyr Glu Met His Gln Tyr Leu Asp Ser Asp Ser
275 280 285

Ser Gly Thr His Ala Glu Cys Val Ser Ser Asn Ile Gly Ala Gln Arg
290 295 300

Val Val Gly Ala Thr Gln Trp Leu Arg Ala Asn Gly Lys Leu Gly Val
305 310 315 320

Leu Gly Glu Phe Ala Gly Gly Ala Asn Ala Val Cys Gln Gln Ala Val
325 330 335

Thr Gly Leu Leu Asp His Leu Gln Asp Asn Ser Glu Val Trp Leu Gly
340 345 350

Ala Leu Trp Trp Ala Ala Gly Pro Trp Trp Gly Asp Tyr Met Tyr Ser
355 360 365

Phe Glu Pro Pro Ser Gly Thr Gly Tyr Val Asn Tyr Asn Ser Ile Leu
370 375 380

Lys Lys Tyr Leu Pro
385

<210> SEQ ID NO 114

<211> LENGTH: 373

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 114

Gln Ser Gly Pro Trp Gln Gln Cys Gly Gly Ile Gly Trp Gln Gly Ser
1 5 10 15

Thr Asp Cys Val Ser Gly Tyr His Cys Val Tyr Gln Asn Asp Trp Tyr
20 25 30

Ser Gln Cys Val Pro Gly Ala Ala Ser Thr Thr Leu Gln Thr Ser Thr
35 40 45

Thr Ser Arg Pro Thr Ala Thr Ser Thr Ala Pro Pro Ser Ser Thr Thr
50 55 60

Ser Pro Ser Lys Gly Lys Leu Lys Trp Leu Gly Ser Asn Glu Ser Gly
65 70 75 80

Ala Glu Phe Gly Glu Gly Asn Tyr Pro Gly Leu Trp Gly Lys His Phe
85 90 95

Ile Phe Pro Ser Thr Ser Ala Ile Gln Thr Leu Ile Asn Asp Gly Tyr
100 105 110

Asn Ile Phe Arg Ile Asp Phe Ser Met Glu Arg Leu Val Pro Asn Gln
115 120 125

Leu Thr Ser Ser Phe Asp Glu Gly Tyr Leu Arg Asn Leu Thr Glu Val
130 135 140

Val Asn Phe Val Thr Asn Ala Gly Lys Tyr Ala Val Leu Asp Pro His
145 150 155 160
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Asn Tyr Gly Arg Tyr Tyr Gly Asn Val Ile Thr Asp Thr Asn Ala Phe
165 170 175

Arg Thr Phe Trp Thr Asn Leu Ala Lys Gln Phe Ala Ser Asn Ser Leu
180 185 190

Val Ile Phe Asp Thr Asn Asn Glu Tyr Asn Thr Met Asp Gln Thr Leu
195 200 205

Val Leu Asn Leu Asn Gln Ala Ala Ile Asp Gly Ile Arg Ala Ala Gly
210 215 220

Ala Thr Ser Gln Tyr Ile Phe Val Glu Gly Asn Ala Trp Ser Gly Ala
225 230 235 240

Trp Ser Trp Asn Thr Thr Asn Thr Asn Met Ala Ala Leu Thr Asp Pro
245 250 255

Gln Asn Lys Ile Val Tyr Glu Met His Gln Tyr Leu Asp Ser Asp Ser
260 265 270

Ser Gly Thr His Ala Glu Cys Val Ser Ser Asn Ile Gly Ala Gln Arg
275 280 285

Val Val Gly Ala Thr Gln Trp Leu Arg Ala Asn Gly Lys Leu Gly Val
290 295 300

Leu Gly Glu Phe Ala Gly Gly Ala Asn Ala Val Cys Gln Gln Ala Val
305 310 315 320

Thr Gly Leu Leu Asp His Leu Gln Asp Asn Ser Glu Val Trp Leu Gly
325 330 335

Ala Leu Trp Trp Ala Ala Gly Pro Trp Trp Gly Asp Tyr Met Tyr Ser
340 345 350

Phe Glu Pro Pro Ser Gly Thr Gly Tyr Val Asn Tyr Asn Ser Ile Leu
355 360 365

Lys Lys Tyr Leu Pro
370

<210> SEQ ID NO 115

<211> LENGTH: 2613

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 115

atgaaggctyg ctgcgettte ctgectette ggecagtacee ttgecgttge aggegecatt 60
gaatcgagaa aggttcacca gaagccccte gcegagatctg aaccttttta ccegtegeca 120
tggatgaatc ccaacgccga cggctgggeg gaggectatg ceccaggccaa gtectttgte 180
tcccaaatga ctetgetaga gaaggtcaac ttgaccacgg gagtceggetyg gggggctgag 240
cagtgcegteg gccaagtggg cgcgatcect cgecttggac ttegecagtet gtgcatgeat 300
gactccecte teggcatceg aggagcecgac tacaactcag cgttecccte tggecagacce 360
gttgctgeta cctgggateg cggtctgatyg taccgtegeg gctacgcaat gggecaggag 420
gccaaaggca agggcatcaa tgtcecttete ggaccagteg ceggeccect tggecgeatg 480
ccegagggeg gtegtaactg ggaaggette getceggate cegtecttac cggcatcegge 540
atgtccgaga cgatcaaggg cattcaggat getggegtea tegettgtge gaagcacttt 600
attggaaacg agcaggagca cttcagacag gtgccagaag cccagggata cggttacaac 660
atcagcgaaa ccctcetecte caacattgac gacaagacca tgcacgaget ctacctttgg 720

cegtttgeeg atgeegteeg ggeccggegte ggetetgtea tgtgetegta ccagcaggte 780
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aacaactcgt acgcctgcca gaactcgaag ctgctgaacg acctcctcaa gaacgagett 840
gggtttcagg gcttegtcat gagcgactgg caggcacagce acactggegce agcaagcgcec 900
gtggctggte tcgatatgtc catgccggge gacacccagt tcaacactgg cgtcagtttce 960

tggggcgcca atctcacccet cgccgtecte aacggcacag tccctgecta cegtctegac 1020
gacatggcca tgcgcatcat ggccgeccte ttcaaggtca ccaagaccac cgacctggaa 1080
ccgatcaact tctecttetg gaccgacgac acttatggcece cgatccactg ggccgccaag 1140
cagggctacc aggagattaa ttcccacgtt gacgtccecgeg ccgaccacgg caacctcatce 1200
cgggagattg ccgccaaggg tacggtgctg ctgaagaata ccggctctet acccctgaac 1260
aagccaaagt tcgtggecgt catcggegag gatgetgggt cgagccccaa cgggeccaac 1320
ggctgcageyg accgeggcetyg taacgaaggce acgctegeca tgggcetgggg atccggcaca 1380
gccaactate cgtacctegt ttceccccgac gecgegetee aggcceggge catccaggac 1440
ggcacgaggt acgagagcgt cctgtccaac tacgccgagg aaaagacaaa ggctctggte 1500
tcgcaggcca atgcaaccge catcgtectte gtcaatgecg actcaggcga gggctacatce 1560
aacgtggacg gtaacgaggg cgaccgtaag aacctgactc tctggaacaa cggtgatact 1620
ctggtcaaga acgtctcgag ctggtgcagce aacaccatcg tcgtcatcca cteggteggce 1680
ccggtectee tgaccgattg gtacgacaac cccaacatca cggccattcet ctgggetggt 1740
cttcegggece aggagtcggg caactccatce accgacgtge tttacggcaa ggtcaacccce 1800
geegeceget cgeccttcac ttggggcaag acccgegaaa getatggege ggacgtectg 1860
tacaagccga ataatggcaa tggtgcgccce caacaggact tcaccgaggg cgtcttcatce 1920
gactaccgct acttcgacaa ggttgacgat gactcggtca tctacgagtt cggccacggce 1980
ctgagctaca ccaccttcga gtacagcaac atccgcgteg tcaagtccaa cgtcagcgag 2040
taccggecca cgacgggcac cacggceccag gecccgacgt ttggcaactt ctccaccgac 2100
ctcgaggact atctcttececc caaggacgag ttcccctaca tctaccagta catctacccg 2160
tacctcaaca cgaccgaccce ccggagggece teggecgate cccactacgyg ccagaccgece 2220
gaggagttce tcccgeccca cgccaccgat gacgacccce agecgcetect ceggtecteg 2280
ggcggaaact ccceecggegg caaccgecag ctgtacgaca ttgtctacac aatcacggec 2340
gacatcacga atacgggctc cgttgtaggc gaggaggtac cgcagctcta cgtcectcgetg 2400
ggecggtceceyg aggatcccaa ggtgcagetg cgcgactttyg acaggatgeg gatcgaacce 2460
ggcgagacga ggcagttcac cggecgectg acgcgcagag atctgagcaa ctgggacgte 2520
acggtgcagg actgggtcat cagcaggtat cccaagacgg catatgttgg gaggagcagc 2580

cggaagttgg atctcaagat tgagcttcct tga 2613

<210> SEQ ID NO 116

<211> LENGTH: 870

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 116

Met Lys Ala Ala Ala Leu Ser Cys Leu Phe Gly Ser Thr Leu Ala Val
1 5 10 15

Ala Gly Ala Ile Glu Ser Arg Lys Val His Gln Lys Pro Leu Ala Arg
20 25 30
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Ser Glu Pro Phe Tyr Pro Ser Pro Trp Met Asn Pro Asn Ala Asp Gly
35 40 45

Trp Ala Glu Ala Tyr Ala Gln Ala Lys Ser Phe Val Ser Gln Met Thr
50 55 60

Leu Leu Glu Lys Val Asn Leu Thr Thr Gly Val Gly Trp Gly Ala Glu
65 70 75 80

Gln Cys Val Gly Gln Val Gly Ala Ile Pro Arg Leu Gly Leu Arg Ser
85 90 95

Leu Cys Met His Asp Ser Pro Leu Gly Ile Arg Gly Ala Asp Tyr Asn
100 105 110

Ser Ala Phe Pro Ser Gly Gln Thr Val Ala Ala Thr Trp Asp Arg Gly
115 120 125

Leu Met Tyr Arg Arg Gly Tyr Ala Met Gly Gln Glu Ala Lys Gly Lys
130 135 140

Gly Ile Asn Val Leu Leu Gly Pro Val Ala Gly Pro Leu Gly Arg Met
145 150 155 160

Pro Glu Gly Gly Arg Asn Trp Glu Gly Phe Ala Pro Asp Pro Val Leu
165 170 175

Thr Gly Ile Gly Met Ser Glu Thr Ile Lys Gly Ile Gln Asp Ala Gly
180 185 190

Val Ile Ala Cys Ala Lys His Phe Ile Gly Asn Glu Gln Glu His Phe
195 200 205

Arg Gln Val Pro Glu Ala Gln Gly Tyr Gly Tyr Asn Ile Ser Glu Thr
210 215 220

Leu Ser Ser Asn Ile Asp Asp Lys Thr Met His Glu Leu Tyr Leu Trp
225 230 235 240

Pro Phe Ala Asp Ala Val Arg Ala Gly Val Gly Ser Val Met Cys Ser
245 250 255

Tyr Gln Gln Val Asn Asn Ser Tyr Ala Cys Gln Asn Ser Lys Leu Leu
260 265 270

Asn Asp Leu Leu Lys Asn Glu Leu Gly Phe Gln Gly Phe Val Met Ser
275 280 285

Asp Trp Gln Ala Gln His Thr Gly Ala Ala Ser Ala Val Ala Gly Leu
290 295 300

Asp Met Ser Met Pro Gly Asp Thr Gln Phe Asn Thr Gly Val Ser Phe
305 310 315 320

Trp Gly Ala Asn Leu Thr Leu Ala Val Leu Asn Gly Thr Val Pro Ala
325 330 335

Tyr Arg Leu Asp Asp Met Ala Met Arg Ile Met Ala Ala Leu Phe Lys
340 345 350

Val Thr Lys Thr Thr Asp Leu Glu Pro Ile Asn Phe Ser Phe Trp Thr
355 360 365

Asp Asp Thr Tyr Gly Pro Ile His Trp Ala Ala Lys Gln Gly Tyr Gln
370 375 380

Glu Ile Asn Ser His Val Asp Val Arg Ala Asp His Gly Asn Leu Ile
385 390 395 400

Arg Glu Ile Ala Ala Lys Gly Thr Val Leu Leu Lys Asn Thr Gly Ser
405 410 415

Leu Pro Leu Asn Lys Pro Lys Phe Val Ala Val Ile Gly Glu Asp Ala
420 425 430
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Gly Ser Ser Pro Asn Gly Pro Asn Gly Cys Ser Asp Arg Gly Cys Asn
435 440 445

Glu Gly Thr Leu Ala Met Gly Trp Gly Ser Gly Thr Ala Asn Tyr Pro
450 455 460

Tyr Leu Val Ser Pro Asp Ala Ala Leu Gln Ala Arg Ala Ile Gln Asp
465 470 475 480

Gly Thr Arg Tyr Glu Ser Val Leu Ser Asn Tyr Ala Glu Glu Lys Thr
485 490 495

Lys Ala Leu Val Ser Gln Ala Asn Ala Thr Ala Ile Val Phe Val Asn
500 505 510

Ala Asp Ser Gly Glu Gly Tyr Ile Asn Val Asp Gly Asn Glu Gly Asp
515 520 525

Arg Lys Asn Leu Thr Leu Trp Asn Asn Gly Asp Thr Leu Val Lys Asn
530 535 540

Val Ser Ser Trp Cys Ser Asn Thr Ile Val Val Ile His Ser Val Gly
545 550 555 560

Pro Val Leu Leu Thr Asp Trp Tyr Asp Asn Pro Asn Ile Thr Ala Ile
565 570 575

Leu Trp Ala Gly Leu Pro Gly Gln Glu Ser Gly Asn Ser Ile Thr Asp
580 585 590

Val Leu Tyr Gly Lys Val Asn Pro Ala Ala Arg Ser Pro Phe Thr Trp
595 600 605

Gly Lys Thr Arg Glu Ser Tyr Gly Ala Asp Val Leu Tyr Lys Pro Asn
610 615 620

Asn Gly Asn Gly Ala Pro Gln Gln Asp Phe Thr Glu Gly Val Phe Ile
625 630 635 640

Asp Tyr Arg Tyr Phe Asp Lys Val Asp Asp Asp Ser Val Ile Tyr Glu
645 650 655

Phe Gly His Gly Leu Ser Tyr Thr Thr Phe Glu Tyr Ser Asn Ile Arg
660 665 670

Val Val Lys Ser Asn Val Ser Glu Tyr Arg Pro Thr Thr Gly Thr Thr
675 680 685

Ala Gln Ala Pro Thr Phe Gly Asn Phe Ser Thr Asp Leu Glu Asp Tyr
690 695 700

Leu Phe Pro Lys Asp Glu Phe Pro Tyr Ile Tyr Gln Tyr Ile Tyr Pro
705 710 715 720

Tyr Leu Asn Thr Thr Asp Pro Arg Arg Ala Ser Ala Asp Pro His Tyr
725 730 735

Gly Gln Thr Ala Glu Glu Phe Leu Pro Pro His Ala Thr Asp Asp Asp
740 745 750

Pro Gln Pro Leu Leu Arg Ser Ser Gly Gly Asn Ser Pro Gly Gly Asn
755 760 765

Arg Gln Leu Tyr Asp Ile Val Tyr Thr Ile Thr Ala Asp Ile Thr Asn
770 775 780

Thr Gly Ser Val Val Gly Glu Glu Val Pro Gln Leu Tyr Val Ser Leu
785 790 795 800

Gly Gly Pro Glu Asp Pro Lys Val Gln Leu Arg Asp Phe Asp Arg Met
805 810 815

Arg Ile Glu Pro Gly Glu Thr Arg Gln Phe Thr Gly Arg Leu Thr Arg
820 825 830

Arg Asp Leu Ser Asn Trp Asp Val Thr Val Gln Asp Trp Val Ile Ser
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835 840 845

Arg Tyr Pro Lys Thr Ala Tyr Val Gly Arg Ser Ser Arg Lys Leu Asp
850 855 860

Leu Lys Ile Glu Leu Pro
865 870

<210> SEQ ID NO 117

<211> LENGTH: 851

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 117

Ile Glu Ser Arg Lys Val His Gln Lys Pro Leu Ala Arg Ser Glu Pro
1 5 10 15

Phe Tyr Pro Ser Pro Trp Met Asn Pro Asn Ala Asp Gly Trp Ala Glu
20 25 30

Ala Tyr Ala Gln Ala Lys Ser Phe Val Ser Gln Met Thr Leu Leu Glu
35 40 45

Lys Val Asn Leu Thr Thr Gly Val Gly Trp Gly Ala Glu Gln Cys Val
50 55 60

Gly Gln Val Gly Ala Ile Pro Arg Leu Gly Leu Arg Ser Leu Cys Met
65 70 75 80

His Asp Ser Pro Leu Gly Ile Arg Gly Ala Asp Tyr Asn Ser Ala Phe
85 90 95

Pro Ser Gly Gln Thr Val Ala Ala Thr Trp Asp Arg Gly Leu Met Tyr
100 105 110

Arg Arg Gly Tyr Ala Met Gly Gln Glu Ala Lys Gly Lys Gly Ile Asn
115 120 125

Val Leu Leu Gly Pro Val Ala Gly Pro Leu Gly Arg Met Pro Glu Gly
130 135 140

Gly Arg Asn Trp Glu Gly Phe Ala Pro Asp Pro Val Leu Thr Gly Ile
145 150 155 160

Gly Met Ser Glu Thr Ile Lys Gly Ile Gln Asp Ala Gly Val Ile Ala
165 170 175

Cys Ala Lys His Phe Ile Gly Asn Glu Gln Glu His Phe Arg Gln Val
180 185 190

Pro Glu Ala Gln Gly Tyr Gly Tyr Asn Ile Ser Glu Thr Leu Ser Ser
195 200 205

Asn Ile Asp Asp Lys Thr Met His Glu Leu Tyr Leu Trp Pro Phe Ala
210 215 220

Asp Ala Val Arg Ala Gly Val Gly Ser Val Met Cys Ser Tyr Gln Gln
225 230 235 240

Val Asn Asn Ser Tyr Ala Cys Gln Asn Ser Lys Leu Leu Asn Asp Leu
245 250 255

Leu Lys Asn Glu Leu Gly Phe Gln Gly Phe Val Met Ser Asp Trp Gln
260 265 270

Ala Gln His Thr Gly Ala Ala Ser Ala Val Ala Gly Leu Asp Met Ser
275 280 285

Met Pro Gly Asp Thr Gln Phe Asn Thr Gly Val Ser Phe Trp Gly Ala
290 295 300

Asn Leu Thr Leu Ala Val Leu Asn Gly Thr Val Pro Ala Tyr Arg Leu
305 310 315 320
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Asp Asp Met Ala Met Arg Ile Met Ala Ala Leu Phe Lys Val Thr Lys
325 330 335

Thr Thr Asp Leu Glu Pro Ile Asn Phe Ser Phe Trp Thr Asp Asp Thr
340 345 350

Tyr Gly Pro Ile His Trp Ala Ala Lys Gln Gly Tyr Gln Glu Ile Asn
355 360 365

Ser His Val Asp Val Arg Ala Asp His Gly Asn Leu Ile Arg Glu Ile
370 375 380

Ala Ala Lys Gly Thr Val Leu Leu Lys Asn Thr Gly Ser Leu Pro Leu
385 390 395 400

Asn Lys Pro Lys Phe Val Ala Val Ile Gly Glu Asp Ala Gly Ser Ser
405 410 415

Pro Asn Gly Pro Asn Gly Cys Ser Asp Arg Gly Cys Asn Glu Gly Thr
420 425 430

Leu Ala Met Gly Trp Gly Ser Gly Thr Ala Asn Tyr Pro Tyr Leu Val
435 440 445

Ser Pro Asp Ala Ala Leu Gln Ala Arg Ala Ile Gln Asp Gly Thr Arg
450 455 460

Tyr Glu Ser Val Leu Ser Asn Tyr Ala Glu Glu Lys Thr Lys Ala Leu
465 470 475 480

Val Ser Gln Ala Asn Ala Thr Ala Ile Val Phe Val Asn Ala Asp Ser
485 490 495

Gly Glu Gly Tyr Ile Asn Val Asp Gly Asn Glu Gly Asp Arg Lys Asn
500 505 510

Leu Thr Leu Trp Asn Asn Gly Asp Thr Leu Val Lys Asn Val Ser Ser
515 520 525

Trp Cys Ser Asn Thr Ile Val Val Ile His Ser Val Gly Pro Val Leu
530 535 540

Leu Thr Asp Trp Tyr Asp Asn Pro Asn Ile Thr Ala Ile Leu Trp Ala
545 550 555 560

Gly Leu Pro Gly Gln Glu Ser Gly Asn Ser Ile Thr Asp Val Leu Tyr
565 570 575

Gly Lys Val Asn Pro Ala Ala Arg Ser Pro Phe Thr Trp Gly Lys Thr
580 585 590

Arg Glu Ser Tyr Gly Ala Asp Val Leu Tyr Lys Pro Asn Asn Gly Asn
595 600 605

Gly Ala Pro Gln Gln Asp Phe Thr Glu Gly Val Phe Ile Asp Tyr Arg
610 615 620

Tyr Phe Asp Lys Val Asp Asp Asp Ser Val Ile Tyr Glu Phe Gly His
625 630 635 640

Gly Leu Ser Tyr Thr Thr Phe Glu Tyr Ser Asn Ile Arg Val Val Lys
645 650 655

Ser Asn Val Ser Glu Tyr Arg Pro Thr Thr Gly Thr Thr Ala Gln Ala
660 665 670

Pro Thr Phe Gly Asn Phe Ser Thr Asp Leu Glu Asp Tyr Leu Phe Pro
675 680 685

Lys Asp Glu Phe Pro Tyr Ile Tyr Gln Tyr Ile Tyr Pro Tyr Leu Asn
690 695 700

Thr Thr Asp Pro Arg Arg Ala Ser Ala Asp Pro His Tyr Gly Gln Thr
705 710 715 720

Ala Glu Glu Phe Leu Pro Pro His Ala Thr Asp Asp Asp Pro Gln Pro
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725 730 735

Leu Leu Arg Ser Ser Gly Gly Asn Ser Pro Gly Gly Asn Arg Gln Leu
740 745 750

Tyr Asp Ile Val Tyr Thr Ile Thr Ala Asp Ile Thr Asn Thr Gly Ser
755 760 765

Val Val Gly Glu Glu Val Pro Gln Leu Tyr Val Ser Leu Gly Gly Pro
770 775 780

Glu Asp Pro Lys Val Gln Leu Arg Asp Phe Asp Arg Met Arg Ile Glu
785 790 795 800

Pro Gly Glu Thr Arg Gln Phe Thr Gly Arg Leu Thr Arg Arg Asp Leu
805 810 815

Ser Asn Trp Asp Val Thr Val Gln Asp Trp Val Ile Ser Arg Tyr Pro
820 825 830

Lys Thr Ala Tyr Val Gly Arg Ser Ser Arg Lys Leu Asp Leu Lys Ile
835 840 845

Glu Leu Pro
850

<210> SEQ ID NO 118

<211> LENGTH: 2613

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide.

<400> SEQUENCE: 118

atgaaggctyg ctgcgettte ctgectette ggecagtacee ttgecgttge aggegecatt 60
gaatcgagaa aggttcacca gaagccccte gcegagatctg aaccttttta ccegtegeca 120
tggatgaatc ccaacgccga cggctgggeg gaggectatg ceccaggccaa gtectttgte 180
tcccaaatga ctetgetaga gaaggtcaac ttgaccacgg gagtceggetyg gggggctgag 240
cagtgcegteg gccaagtggg cgcgatcect cgecttggac ttegecagtet gtgcatgeat 300
gactccecte teggcatceg aggagcecgac tacaactcag cgttecccte tggecagacce 360
gttgctgeta cctgggateg cggtctgatyg taccgtegeg gctacgcaat gggecaggag 420
gccaaaggca agggcatcaa tgtcecttete ggaccagteg ceggeccect tggecgeatg 480
ccegagggeg gtegtaactg ggaaggette getceggate cegtecttac cggcatcegge 540
atgtccgaga cgatcaaggg cattcaggat getggegtea tegettgtge gaagcacttt 600
attggaaacg agcaggagca cttcagacag gtgccagaag cccagggata cggttacaac 660
atcagcgaaa ccctcetecte caacattgac gacaagacca tgcacgaget ctacctttgg 720
cegtttgeeg atgeegteeg ggeccggegte ggetetgtea tgtgetegta caaccaggte 780
aacaactcgt acgcctgeca gaactcgaag ctgctgaacg acctcectcaa gaacgagcett 840
gggtttcagg gcttegtcat gagegactgg tgggcacage acactggege agcaagegec 900
gtggctggte tcgatatgtce catgceggge gacaccatgt tcaacactgg cgtcagttte 960

tggggcgcca atctcacccet cgccgtecte aacggcacag tccctgecta cegtctegac 1020

gacatggcca tgcgcatcat ggcegeccte ttcaaggtca ccaagaccac cgacctggaa 1080

ccgatcaact tctecttetg gacccecgegac acttatggece cgatccactg ggccgccaag 1140

cagggctacc aggagattaa ttcccacgtt gacgtccecgeg ccgaccacgg caacctcatce 1200
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cggaacattg ccgccaaggg tacggtgctg ctgaagaata ccggctctet acccctgaac 1260
aagccaaagt tcgtggecgt catcggegag gatgetggge cgagecccaa cgggeccaac 1320
ggctgcageyg accgeggcetyg taacgaaggce acgctegeca tgggcetgggg atccggcaca 1380
gccaactatc cgtacctcegt tteccccgac gecgegcectee agttgcecgggce catccaggac 1440
ggcacgaggt acgagagcgt cctgtccaac tacgccgagg aaaatacaaa ggctctggte 1500
tcgcaggcca atgcaaccge catcgtectte gtcaatgecg actcaggcga gggctacatce 1560
aacgtggacg gtaacgaggg cgaccgtaag aacctgactc tctggaacaa cggtgatact 1620
ctggtcaaga acgtctcgag ctggtgcagce aacaccatcg tcgtcatcca cteggteggce 1680
ccggtectee tgaccgattg gtacgacaac cccaacatca cggccattcet ctgggetggt 1740
cttcegggece aggagtcggg caactccatce accgacgtge tttacggcaa ggtcaacccce 1800
geegeceget cgeccttcac ttggggcaag acccgegaaa getatggege ggacgtectg 1860
tacaagccga ataatggcaa ttgggcgccce caacaggact tcaccgaggg cgtcttcatce 1920
gactaccgct acttcgacaa ggttgacgat gactcggtca tctacgagtt cggccacggce 1980
ctgagctaca ccaccttcga gtacagcaac atccgcgteg tcaagtccaa cgtcagcgag 2040
taccggecca cgacgggcac cacgattcag gecccgacgt ttggcaactt ctccaccgac 2100
ctcgaggact atctcecttecece caaggacgag ttcccctaca tcecccgcagta catctaccceg 2160
tacctcaaca cgaccgaccce ccggagggece teggecgate cccactacgyg ccagaccgece 2220
gaggagttce tcccgeccca cgccaccgat gacgacccce agecgcetect ceggtecteg 2280
ggcggaaact ccceecggegg caaccgecag ctgtacgaca ttgtctacac aatcacggec 2340
gacatcacga atacgggctc cgttgtaggc gaggaggtac cgcagctcta cgtcectcgetg 2400
ggecggtceceyg aggatcccaa ggtgcagetg cgcgactttyg acaggatgeg gatcgaacce 2460
ggcgagacga ggcagttcac cggecgectg acgcgcagag atctgagcaa ctgggacgte 2520
acggtgcagg actgggtcat cagcaggtat cccaagacgg catatgttgg gaggagcagc 2580
cggaagttgg atctcaagat tgagcttcct tga 2613
<210> SEQ ID NO 119

<211> LENGTH: 870

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 119

Met Lys Ala Ala Ala Leu Ser Cys Leu Phe Gly Ser Thr Leu Ala Val
1 5 10 15

Ala Gly Ala Ile Glu Ser Arg Lys Val His Gln Lys Pro Leu Ala Arg
20 25 30

Ser Glu Pro Phe Tyr Pro Ser Pro Trp Met Asn Pro Asn Ala Asp Gly
35 40 45

Trp Ala Glu Ala Tyr Ala Gln Ala Lys Ser Phe Val Ser Gln Met Thr
50 55 60

Leu Leu Glu Lys Val Asn Leu Thr Thr Gly Val Gly Trp Gly Ala Glu
65 70 75 80

Gln Cys Val Gly Gln Val Gly Ala Ile Pro Arg Leu Gly Leu Arg Ser
85 90 95
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Leu Cys Met His Asp Ser Pro Leu Gly Ile Arg Gly Ala Asp Tyr Asn
100 105 110

Ser Ala Phe Pro Ser Gly Gln Thr Val Ala Ala Thr Trp Asp Arg Gly
115 120 125

Leu Met Tyr Arg Arg Gly Tyr Ala Met Gly Gln Glu Ala Lys Gly Lys
130 135 140

Gly Ile Asn Val Leu Leu Gly Pro Val Ala Gly Pro Leu Gly Arg Met
145 150 155 160

Pro Glu Gly Gly Arg Asn Trp Glu Gly Phe Ala Pro Asp Pro Val Leu
165 170 175

Thr Gly Ile Gly Met Ser Glu Thr Ile Lys Gly Ile Gln Asp Ala Gly
180 185 190

Val Ile Ala Cys Ala Lys His Phe Ile Gly Asn Glu Gln Glu His Phe
195 200 205

Arg Gln Val Pro Glu Ala Gln Gly Tyr Gly Tyr Asn Ile Ser Glu Thr
210 215 220

Leu Ser Ser Asn Ile Asp Asp Lys Thr Met His Glu Leu Tyr Leu Trp
225 230 235 240

Pro Phe Ala Asp Ala Val Arg Ala Gly Val Gly Ser Val Met Cys Ser
245 250 255

Tyr Asn Gln Val Asn Asn Ser Tyr Ala Cys Gln Asn Ser Lys Leu Leu
260 265 270

Asn Asp Leu Leu Lys Asn Glu Leu Gly Phe Gln Gly Phe Val Met Ser
275 280 285

Asp Trp Trp Ala Gln His Thr Gly Ala Ala Ser Ala Val Ala Gly Leu
290 295 300

Asp Met Ser Met Pro Gly Asp Thr Met Phe Asn Thr Gly Val Ser Phe
305 310 315 320

Trp Gly Ala Asn Leu Thr Leu Ala Val Leu Asn Gly Thr Val Pro Ala
325 330 335

Tyr Arg Leu Asp Asp Met Ala Met Arg Ile Met Ala Ala Leu Phe Lys
340 345 350

Val Thr Lys Thr Thr Asp Leu Glu Pro Ile Asn Phe Ser Phe Trp Thr
355 360 365

Arg Asp Thr Tyr Gly Pro Ile His Trp Ala Ala Lys Gln Gly Tyr Gln
370 375 380

Glu Ile Asn Ser His Val Asp Val Arg Ala Asp His Gly Asn Leu Ile
385 390 395 400

Arg Asn Ile Ala Ala Lys Gly Thr Val Leu Leu Lys Asn Thr Gly Ser
405 410 415

Leu Pro Leu Asn Lys Pro Lys Phe Val Ala Val Ile Gly Glu Asp Ala
420 425 430

Gly Pro Ser Pro Asn Gly Pro Asn Gly Cys Ser Asp Arg Gly Cys Asn
435 440 445

Glu Gly Thr Leu Ala Met Gly Trp Gly Ser Gly Thr Ala Asn Tyr Pro
450 455 460

Tyr Leu Val Ser Pro Asp Ala Ala Leu Gln Leu Arg Ala Ile Gln Asp
465 470 475 480

Gly Thr Arg Tyr Glu Ser Val Leu Ser Asn Tyr Ala Glu Glu Asn Thr
485 490 495

Lys Ala Leu Val Ser Gln Ala Asn Ala Thr Ala Ile Val Phe Val Asn
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500 505 510

Ala Asp Ser Gly Glu Gly Tyr Ile Asn Val Asp Gly Asn Glu Gly Asp
515 520 525

Arg Lys Asn Leu Thr Leu Trp Asn Asn Gly Asp Thr Leu Val Lys Asn
530 535 540

Val Ser Ser Trp Cys Ser Asn Thr Ile Val Val Ile His Ser Val Gly
545 550 555 560

Pro Val Leu Leu Thr Asp Trp Tyr Asp Asn Pro Asn Ile Thr Ala Ile
565 570 575

Leu Trp Ala Gly Leu Pro Gly Gln Glu Ser Gly Asn Ser Ile Thr Asp
580 585 590

Val Leu Tyr Gly Lys Val Asn Pro Ala Ala Arg Ser Pro Phe Thr Trp
595 600 605

Gly Lys Thr Arg Glu Ser Tyr Gly Ala Asp Val Leu Tyr Lys Pro Asn
610 615 620

Asn Gly Asn Trp Ala Pro Gln Gln Asp Phe Thr Glu Gly Val Phe Ile
625 630 635 640

Asp Tyr Arg Tyr Phe Asp Lys Val Asp Asp Asp Ser Val Ile Tyr Glu
645 650 655

Phe Gly His Gly Leu Ser Tyr Thr Thr Phe Glu Tyr Ser Asn Ile Arg
660 665 670

Val Val Lys Ser Asn Val Ser Glu Tyr Arg Pro Thr Thr Gly Thr Thr
675 680 685

Ile Gln Ala Pro Thr Phe Gly Asn Phe Ser Thr Asp Leu Glu Asp Tyr
690 695 700

Leu Phe Pro Lys Asp Glu Phe Pro Tyr Ile Pro Gln Tyr Ile Tyr Pro
705 710 715 720

Tyr Leu Asn Thr Thr Asp Pro Arg Arg Ala Ser Ala Asp Pro His Tyr
725 730 735

Gly Gln Thr Ala Glu Glu Phe Leu Pro Pro His Ala Thr Asp Asp Asp
740 745 750

Pro Gln Pro Leu Leu Arg Ser Ser Gly Gly Asn Ser Pro Gly Gly Asn
755 760 765

Arg Gln Leu Tyr Asp Ile Val Tyr Thr Ile Thr Ala Asp Ile Thr Asn
770 775 780

Thr Gly Ser Val Val Gly Glu Glu Val Pro Gln Leu Tyr Val Ser Leu
785 790 795 800

Gly Gly Pro Glu Asp Pro Lys Val Gln Leu Arg Asp Phe Asp Arg Met
805 810 815

Arg Ile Glu Pro Gly Glu Thr Arg Gln Phe Thr Gly Arg Leu Thr Arg
820 825 830

Arg Asp Leu Ser Asn Trp Asp Val Thr Val Gln Asp Trp Val Ile Ser
835 840 845

Arg Tyr Pro Lys Thr Ala Tyr Val Gly Arg Ser Ser Arg Lys Leu Asp
850 855 860

Leu Lys Ile Glu Leu Pro
865 870

<210> SEQ ID NO 120

<211> LENGTH: 851

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 120

Ile Glu Ser Arg Lys Val His Gln Lys Pro Leu Ala Arg Ser Glu Pro
1 5 10 15

Phe Tyr Pro Ser Pro Trp Met Asn Pro Asn Ala Asp Gly Trp Ala Glu
20 25 30

Ala Tyr Ala Gln Ala Lys Ser Phe Val Ser Gln Met Thr Leu Leu Glu
35 40 45

Lys Val Asn Leu Thr Thr Gly Val Gly Trp Gly Ala Glu Gln Cys Val
50 55 60

Gly Gln Val Gly Ala Ile Pro Arg Leu Gly Leu Arg Ser Leu Cys Met
65 70 75 80

His Asp Ser Pro Leu Gly Ile Arg Gly Ala Asp Tyr Asn Ser Ala Phe
85 90 95

Pro Ser Gly Gln Thr Val Ala Ala Thr Trp Asp Arg Gly Leu Met Tyr
100 105 110

Arg Arg Gly Tyr Ala Met Gly Gln Glu Ala Lys Gly Lys Gly Ile Asn
115 120 125

Val Leu Leu Gly Pro Val Ala Gly Pro Leu Gly Arg Met Pro Glu Gly
130 135 140

Gly Arg Asn Trp Glu Gly Phe Ala Pro Asp Pro Val Leu Thr Gly Ile
145 150 155 160

Gly Met Ser Glu Thr Ile Lys Gly Ile Gln Asp Ala Gly Val Ile Ala
165 170 175

Cys Ala Lys His Phe Ile Gly Asn Glu Gln Glu His Phe Arg Gln Val
180 185 190

Pro Glu Ala Gln Gly Tyr Gly Tyr Asn Ile Ser Glu Thr Leu Ser Ser
195 200 205

Asn Ile Asp Asp Lys Thr Met His Glu Leu Tyr Leu Trp Pro Phe Ala
210 215 220

Asp Ala Val Arg Ala Gly Val Gly Ser Val Met Cys Ser Tyr Asn Gln
225 230 235 240

Val Asn Asn Ser Tyr Ala Cys Gln Asn Ser Lys Leu Leu Asn Asp Leu
245 250 255

Leu Lys Asn Glu Leu Gly Phe Gln Gly Phe Val Met Ser Asp Trp Trp
260 265 270

Ala Gln His Thr Gly Ala Ala Ser Ala Val Ala Gly Leu Asp Met Ser
275 280 285

Met Pro Gly Asp Thr Met Phe Asn Thr Gly Val Ser Phe Trp Gly Ala
290 295 300

Asn Leu Thr Leu Ala Val Leu Asn Gly Thr Val Pro Ala Tyr Arg Leu
305 310 315 320

Asp Asp Met Ala Met Arg Ile Met Ala Ala Leu Phe Lys Val Thr Lys
325 330 335

Thr Thr Asp Leu Glu Pro Ile Asn Phe Ser Phe Trp Thr Arg Asp Thr
340 345 350

Tyr Gly Pro Ile His Trp Ala Ala Lys Gln Gly Tyr Gln Glu Ile Asn
355 360 365

Ser His Val Asp Val Arg Ala Asp His Gly Asn Leu Ile Arg Asn Ile
370 375 380
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Ala Ala Lys Gly Thr Val Leu Leu Lys Asn Thr Gly Ser Leu Pro Leu
385 390 395 400

Asn Lys Pro Lys Phe Val Ala Val Ile Gly Glu Asp Ala Gly Pro Ser
405 410 415

Pro Asn Gly Pro Asn Gly Cys Ser Asp Arg Gly Cys Asn Glu Gly Thr
420 425 430

Leu Ala Met Gly Trp Gly Ser Gly Thr Ala Asn Tyr Pro Tyr Leu Val
435 440 445

Ser Pro Asp Ala Ala Leu Gln Leu Arg Ala Ile Gln Asp Gly Thr Arg
450 455 460

Tyr Glu Ser Val Leu Ser Asn Tyr Ala Glu Glu Asn Thr Lys Ala Leu
465 470 475 480

Val Ser Gln Ala Asn Ala Thr Ala Ile Val Phe Val Asn Ala Asp Ser
485 490 495

Gly Glu Gly Tyr Ile Asn Val Asp Gly Asn Glu Gly Asp Arg Lys Asn
500 505 510

Leu Thr Leu Trp Asn Asn Gly Asp Thr Leu Val Lys Asn Val Ser Ser
515 520 525

Trp Cys Ser Asn Thr Ile Val Val Ile His Ser Val Gly Pro Val Leu
530 535 540

Leu Thr Asp Trp Tyr Asp Asn Pro Asn Ile Thr Ala Ile Leu Trp Ala
545 550 555 560

Gly Leu Pro Gly Gln Glu Ser Gly Asn Ser Ile Thr Asp Val Leu Tyr
565 570 575

Gly Lys Val Asn Pro Ala Ala Arg Ser Pro Phe Thr Trp Gly Lys Thr
580 585 590

Arg Glu Ser Tyr Gly Ala Asp Val Leu Tyr Lys Pro Asn Asn Gly Asn
595 600 605

Trp Ala Pro Gln Gln Asp Phe Thr Glu Gly Val Phe Ile Asp Tyr Arg
610 615 620

Tyr Phe Asp Lys Val Asp Asp Asp Ser Val Ile Tyr Glu Phe Gly His
625 630 635 640

Gly Leu Ser Tyr Thr Thr Phe Glu Tyr Ser Asn Ile Arg Val Val Lys
645 650 655

Ser Asn Val Ser Glu Tyr Arg Pro Thr Thr Gly Thr Thr Ile Gln Ala
660 665 670

Pro Thr Phe Gly Asn Phe Ser Thr Asp Leu Glu Asp Tyr Leu Phe Pro
675 680 685

Lys Asp Glu Phe Pro Tyr Ile Pro Gln Tyr Ile Tyr Pro Tyr Leu Asn
690 695 700

Thr Thr Asp Pro Arg Arg Ala Ser Ala Asp Pro His Tyr Gly Gln Thr
705 710 715 720

Ala Glu Glu Phe Leu Pro Pro His Ala Thr Asp Asp Asp Pro Gln Pro
725 730 735

Leu Leu Arg Ser Ser Gly Gly Asn Ser Pro Gly Gly Asn Arg Gln Leu
740 745 750

Tyr Asp Ile Val Tyr Thr Ile Thr Ala Asp Ile Thr Asn Thr Gly Ser
755 760 765

Val Val Gly Glu Glu Val Pro Gln Leu Tyr Val Ser Leu Gly Gly Pro
770 775 780



US 2017/0159035 Al Jun. &, 2017
169

-continued

Glu Asp Pro Lys Val Gln Leu Arg Asp Phe Asp Arg Met Arg Ile Glu
785 790 795 800

Pro Gly Glu Thr Arg Gln Phe Thr Gly Arg Leu Thr Arg Arg Asp Leu
805 810 815

Ser Asn Trp Asp Val Thr Val Gln Asp Trp Val Ile Ser Arg Tyr Pro
820 825 830

Lys Thr Ala Tyr Val Gly Arg Ser Ser Arg Lys Leu Asp Leu Lys Ile
835 840 845

Glu Leu Pro
850

<210> SEQ ID NO 121

<211> LENGTH: 2613

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide.

<400> SEQUENCE: 121

atgaaggctyg ctgcgettte ctgectette ggecagtacee ttgecgttge aggegecatt 60
gaatcgagaa aggttcacca gaagccccte gcegagatctg aaccttttta ccegtegeca 120
tggatgaatc ccaacgccat cggetgggeg gaggectatg ceccaggccaa gtectttgte 180
tcccaaatga ctetgectaga gaaggtcaac ttgaccacgg gagtceggetyg gggggaggag 240
cagtgcegteg gcaacgtggg cgcgatcect cgecttggac ttegecagtet gtgcatgeat 300
gactccecte teggegtgeg aggaaccgac tacaactcag cgttecccte tggecagacce 360
gttgctgeta cctgggateg cggtctgatyg taccgtegeg gctacgcaat gggecaggag 420
gccaaaggca agggcatcaa tgtcecttete ggaccagteg ceggeccect tggecgeatg 480
ccegagggeg gtegtaactg ggaaggette getceggate cegtecttac cggcatcegge 540
atgtccgaga cgatcaaggg cattcaggat getggegtea tegettgtge gaagcacttt 600
attggaaacg agcaggagca cttcagacag gtgccagaag cccagggata cggttacaac 660
atcagcgaaa ccctcetecte caacattgac gacaagacca tgcacgaget ctacctttgg 720
cegtttgeeg atgeegteeg ggeccggegte ggetetgtea tgtgetegta caaccaggge 780
aacaactcgt acgcctgeca gaactcgaag ctgctgaacg acctcectcaa gaacgagcett 840
gggtttcagg gcttegtcat gagegactgg tgggcacage acactggege agcaagegec 900
gtggctggte tcgatatgtce catgceggge gacaccatgg tcaacactgyg cgtcagttte 960

tggggcgcca atctcacccet cgccgtecte aacggcacag tccctgecta cegtctegac 1020

gacatgtgca tgcgcatcat ggccgccectce ttcaaggtca ccaagaccac cgacctggaa 1080

ccgatcaact tctecttetg gacccecgegac acttatggece cgatccactg ggccgccaag 1140

cagggctacc aggagattaa ttcccacgtt gacgtccecgeg ccgaccacgg caacctcatce 1200

cggaacattg ccgccaaggg tacggtgctg ctgaagaata ccggctctet acccctgaac 1260

aagccaaagt tcgtggeegt catcggegag gatgetggge cgagecccaa cgggeccaac 1320

ggctgcageg accgeggetg taacgaagge acgctcegeca tgggetgggyg atccggeaca 1380

gccaactate cgtacctegt ttccceccgac gecgegetee aggcegeggge catccaggac 1440

ggcacgaggt acgagagcgt cctgtccaac tacgccgagg aaaatacaaa ggetetggte 1500

tcgcaggcca atgcaaccge catcgtectte gtcaatgecg actcaggcga gggctacatce 1560
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aacgtggacg gtaacgaggg cgaccgtaag aacctgactc tctggaacaa cggtgatact 1620
ctggtcaaga acgtctcgag ctggtgcagce aacaccatcg tcgtcatcca cteggteggce 1680
ccggtectee tgaccgattg gtacgacaac cccaacatca cggccattcet ctgggetggt 1740
cttcegggece aggagtcggg caactccatce accgacgtge tttacggcaa ggtcaacccce 1800
geegeceget cgeccttcac ttggggcaag acccgegaaa getatggege ggacgtectg 1860
tacaagccga ataatggcaa ttgggcgccce caacaggact tcaccgaggg cgtcttcatce 1920
gactaccgct acttcgacaa ggttgacgat gactcggtca tctacgagtt cggccacggce 1980
ctgagctaca ccaccttcga gtacagcaac atccgcgteg tcaagtccaa cgtcagcgag 2040
taccggecca cgacgggcac cacgattcag gecccgacgt ttggcaactt ctccaccgac 2100
ctcgaggact atctcecttecece caaggacgag ttcccctaca tcecccgcagta catctaccceg 2160
tacctcaaca cgaccgaccce ccggagggece tegggcegate cccactacgyg ccagaccgece 2220
gaggagttce tcccgeccca cgccaccgat gacgacccce agecgcetect ceggtecteg 2280
ggcggaaact ccceecggegg caaccgecag ctgtacgaca ttgtctacac aatcacggec 2340
gacatcacga atacgggctc cgttgtaggc gaggaggtac cgcagctcta cgtcectcgetg 2400
ggecggtceceyg aggatcccaa ggtgcagetg cgcgactttyg acaggatgeg gatcgaacce 2460
ggcgagacga ggcagttcac cggecgectg acgcgcagag atctgagcaa ctgggacgte 2520
acggtgcagg actgggtcat cagcaggtat cccaagacgg catatgttgg gaggagcagc 2580
cggaagttgg atctcaagat tgagcttcct tga 2613
<210> SEQ ID NO 122

<211> LENGTH: 870

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 122

Met Lys Ala Ala Ala Leu Ser Cys Leu Phe Gly Ser Thr Leu Ala Val
1 5 10 15

Ala Gly Ala Ile Glu Ser Arg Lys Val His Gln Lys Pro Leu Ala Arg
20 25 30

Ser Glu Pro Phe Tyr Pro Ser Pro Trp Met Asn Pro Asn Ala Ile Gly
35 40 45

Trp Ala Glu Ala Tyr Ala Gln Ala Lys Ser Phe Val Ser Gln Met Thr

Leu Leu Glu Lys Val Asn Leu Thr Thr Gly Val Gly Trp Gly Glu Glu
65 70 75 80

Gln Cys Val Gly Asn Val Gly Ala Ile Pro Arg Leu Gly Leu Arg Ser
85 90 95

Leu Cys Met His Asp Ser Pro Leu Gly Val Arg Gly Thr Asp Tyr Asn
100 105 110

Ser Ala Phe Pro Ser Gly Gln Thr Val Ala Ala Thr Trp Asp Arg Gly
115 120 125

Leu Met Tyr Arg Arg Gly Tyr Ala Met Gly Gln Glu Ala Lys Gly Lys
130 135 140

Gly Ile Asn Val Leu Leu Gly Pro Val Ala Gly Pro Leu Gly Arg Met
145 150 155 160
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Pro Glu Gly Gly Arg Asn Trp Glu Gly Phe Ala Pro Asp Pro Val Leu
165 170 175

Thr Gly Ile Gly Met Ser Glu Thr Ile Lys Gly Ile Gln Asp Ala Gly
180 185 190

Val Ile Ala Cys Ala Lys His Phe Ile Gly Asn Glu Gln Glu His Phe
195 200 205

Arg Gln Val Pro Glu Ala Gln Gly Tyr Gly Tyr Asn Ile Ser Glu Thr
210 215 220

Leu Ser Ser Asn Ile Asp Asp Lys Thr Met His Glu Leu Tyr Leu Trp
225 230 235 240

Pro Phe Ala Asp Ala Val Arg Ala Gly Val Gly Ser Val Met Cys Ser
245 250 255

Tyr Asn Gln Gly Asn Asn Ser Tyr Ala Cys Gln Asn Ser Lys Leu Leu
260 265 270

Asn Asp Leu Leu Lys Asn Glu Leu Gly Phe Gln Gly Phe Val Met Ser
275 280 285

Asp Trp Trp Ala Gln His Thr Gly Ala Ala Ser Ala Val Ala Gly Leu
290 295 300

Asp Met Ser Met Pro Gly Asp Thr Met Val Asn Thr Gly Val Ser Phe
305 310 315 320

Trp Gly Ala Asn Leu Thr Leu Ala Val Leu Asn Gly Thr Val Pro Ala
325 330 335

Tyr Arg Leu Asp Asp Met Cys Met Arg Ile Met Ala Ala Leu Phe Lys
340 345 350

Val Thr Lys Thr Thr Asp Leu Glu Pro Ile Asn Phe Ser Phe Trp Thr
355 360 365

Arg Asp Thr Tyr Gly Pro Ile His Trp Ala Ala Lys Gln Gly Tyr Gln
370 375 380

Glu Ile Asn Ser His Val Asp Val Arg Ala Asp His Gly Asn Leu Ile
385 390 395 400

Arg Asn Ile Ala Ala Lys Gly Thr Val Leu Leu Lys Asn Thr Gly Ser
405 410 415

Leu Pro Leu Asn Lys Pro Lys Phe Val Ala Val Ile Gly Glu Asp Ala
420 425 430

Gly Pro Ser Pro Asn Gly Pro Asn Gly Cys Ser Asp Arg Gly Cys Asn
435 440 445

Glu Gly Thr Leu Ala Met Gly Trp Gly Ser Gly Thr Ala Asn Tyr Pro
450 455 460

Tyr Leu Val Ser Pro Asp Ala Ala Leu Gln Ala Arg Ala Ile Gln Asp
465 470 475 480

Gly Thr Arg Tyr Glu Ser Val Leu Ser Asn Tyr Ala Glu Glu Asn Thr
485 490 495

Lys Ala Leu Val Ser Gln Ala Asn Ala Thr Ala Ile Val Phe Val Asn
500 505 510

Ala Asp Ser Gly Glu Gly Tyr Ile Asn Val Asp Gly Asn Glu Gly Asp
515 520 525

Arg Lys Asn Leu Thr Leu Trp Asn Asn Gly Asp Thr Leu Val Lys Asn
530 535 540

Val Ser Ser Trp Cys Ser Asn Thr Ile Val Val Ile His Ser Val Gly
545 550 555 560
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Pro Val Leu Leu Thr Asp Trp Tyr Asp Asn Pro Asn Ile Thr Ala Ile
565 570 575

Leu Trp Ala Gly Leu Pro Gly Gln Glu Ser Gly Asn Ser Ile Thr Asp
580 585 590

Val Leu Tyr Gly Lys Val Asn Pro Ala Ala Arg Ser Pro Phe Thr Trp
595 600 605

Gly Lys Thr Arg Glu Ser Tyr Gly Ala Asp Val Leu Tyr Lys Pro Asn
610 615 620

Asn Gly Asn Trp Ala Pro Gln Gln Asp Phe Thr Glu Gly Val Phe Ile
625 630 635 640

Asp Tyr Arg Tyr Phe Asp Lys Val Asp Asp Asp Ser Val Ile Tyr Glu
645 650 655

Phe Gly His Gly Leu Ser Tyr Thr Thr Phe Glu Tyr Ser Asn Ile Arg
660 665 670

Val Val Lys Ser Asn Val Ser Glu Tyr Arg Pro Thr Thr Gly Thr Thr
675 680 685

Ile Gln Ala Pro Thr Phe Gly Asn Phe Ser Thr Asp Leu Glu Asp Tyr
690 695 700

Leu Phe Pro Lys Asp Glu Phe Pro Tyr Ile Pro Gln Tyr Ile Tyr Pro
705 710 715 720

Tyr Leu Asn Thr Thr Asp Pro Arg Arg Ala Ser Gly Asp Pro His Tyr
725 730 735

Gly Gln Thr Ala Glu Glu Phe Leu Pro Pro His Ala Thr Asp Asp Asp
740 745 750

Pro Gln Pro Leu Leu Arg Ser Ser Gly Gly Asn Ser Pro Gly Gly Asn
755 760 765

Arg Gln Leu Tyr Asp Ile Val Tyr Thr Ile Thr Ala Asp Ile Thr Asn
770 775 780

Thr Gly Ser Val Val Gly Glu Glu Val Pro Gln Leu Tyr Val Ser Leu
785 790 795 800

Gly Gly Pro Glu Asp Pro Lys Val Gln Leu Arg Asp Phe Asp Arg Met
805 810 815

Arg Ile Glu Pro Gly Glu Thr Arg Gln Phe Thr Gly Arg Leu Thr Arg
820 825 830

Arg Asp Leu Ser Asn Trp Asp Val Thr Val Gln Asp Trp Val Ile Ser
835 840 845

Arg Tyr Pro Lys Thr Ala Tyr Val Gly Arg Ser Ser Arg Lys Leu Asp
850 855 860

Leu Lys Ile Glu Leu Pro
865 870

<210> SEQ ID NO 123

<211> LENGTH: 851

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 123

Ile Glu Ser Arg Lys Val His Gln Lys Pro Leu Ala Arg Ser Glu Pro
1 5 10 15

Phe Tyr Pro Ser Pro Trp Met Asn Pro Asn Ala Ile Gly Trp Ala Glu
20 25 30



US 2017/0159035 Al Jun. &, 2017
173

-continued

Ala Tyr Ala Gln Ala Lys Ser Phe Val Ser Gln Met Thr Leu Leu Glu
35 40 45

Lys Val Asn Leu Thr Thr Gly Val Gly Trp Gly Glu Glu Gln Cys Val
50 55 60

Gly Asn Val Gly Ala Ile Pro Arg Leu Gly Leu Arg Ser Leu Cys Met
65 70 75 80

His Asp Ser Pro Leu Gly Val Arg Gly Thr Asp Tyr Asn Ser Ala Phe
85 90 95

Pro Ser Gly Gln Thr Val Ala Ala Thr Trp Asp Arg Gly Leu Met Tyr
100 105 110

Arg Arg Gly Tyr Ala Met Gly Gln Glu Ala Lys Gly Lys Gly Ile Asn
115 120 125

Val Leu Leu Gly Pro Val Ala Gly Pro Leu Gly Arg Met Pro Glu Gly
130 135 140

Gly Arg Asn Trp Glu Gly Phe Ala Pro Asp Pro Val Leu Thr Gly Ile
145 150 155 160

Gly Met Ser Glu Thr Ile Lys Gly Ile Gln Asp Ala Gly Val Ile Ala
165 170 175

Cys Ala Lys His Phe Ile Gly Asn Glu Gln Glu His Phe Arg Gln Val
180 185 190

Pro Glu Ala Gln Gly Tyr Gly Tyr Asn Ile Ser Glu Thr Leu Ser Ser
195 200 205

Asn Ile Asp Asp Lys Thr Met His Glu Leu Tyr Leu Trp Pro Phe Ala
210 215 220

Asp Ala Val Arg Ala Gly Val Gly Ser Val Met Cys Ser Tyr Asn Gln
225 230 235 240

Gly Asn Asn Ser Tyr Ala Cys Gln Asn Ser Lys Leu Leu Asn Asp Leu
245 250 255

Leu Lys Asn Glu Leu Gly Phe Gln Gly Phe Val Met Ser Asp Trp Trp
260 265 270

Ala Gln His Thr Gly Ala Ala Ser Ala Val Ala Gly Leu Asp Met Ser
275 280 285

Met Pro Gly Asp Thr Met Val Asn Thr Gly Val Ser Phe Trp Gly Ala
290 295 300

Asn Leu Thr Leu Ala Val Leu Asn Gly Thr Val Pro Ala Tyr Arg Leu
305 310 315 320

Asp Asp Met Cys Met Arg Ile Met Ala Ala Leu Phe Lys Val Thr Lys
325 330 335

Thr Thr Asp Leu Glu Pro Ile Asn Phe Ser Phe Trp Thr Arg Asp Thr
340 345 350

Tyr Gly Pro Ile His Trp Ala Ala Lys Gln Gly Tyr Gln Glu Ile Asn
355 360 365

Ser His Val Asp Val Arg Ala Asp His Gly Asn Leu Ile Arg Asn Ile
370 375 380

Ala Ala Lys Gly Thr Val Leu Leu Lys Asn Thr Gly Ser Leu Pro Leu
385 390 395 400

Asn Lys Pro Lys Phe Val Ala Val Ile Gly Glu Asp Ala Gly Pro Ser
405 410 415

Pro Asn Gly Pro Asn Gly Cys Ser Asp Arg Gly Cys Asn Glu Gly Thr
420 425 430

Leu Ala Met Gly Trp Gly Ser Gly Thr Ala Asn Tyr Pro Tyr Leu Val
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435 440 445

Ser Pro Asp Ala Ala Leu Gln Ala Arg Ala Ile Gln Asp Gly Thr Arg
450 455 460

Tyr Glu Ser Val Leu Ser Asn Tyr Ala Glu Glu Asn Thr Lys Ala Leu
465 470 475 480

Val Ser Gln Ala Asn Ala Thr Ala Ile Val Phe Val Asn Ala Asp Ser
485 490 495

Gly Glu Gly Tyr Ile Asn Val Asp Gly Asn Glu Gly Asp Arg Lys Asn
500 505 510

Leu Thr Leu Trp Asn Asn Gly Asp Thr Leu Val Lys Asn Val Ser Ser
515 520 525

Trp Cys Ser Asn Thr Ile Val Val Ile His Ser Val Gly Pro Val Leu
530 535 540

Leu Thr Asp Trp Tyr Asp Asn Pro Asn Ile Thr Ala Ile Leu Trp Ala
545 550 555 560

Gly Leu Pro Gly Gln Glu Ser Gly Asn Ser Ile Thr Asp Val Leu Tyr
565 570 575

Gly Lys Val Asn Pro Ala Ala Arg Ser Pro Phe Thr Trp Gly Lys Thr
580 585 590

Arg Glu Ser Tyr Gly Ala Asp Val Leu Tyr Lys Pro Asn Asn Gly Asn
595 600 605

Trp Ala Pro Gln Gln Asp Phe Thr Glu Gly Val Phe Ile Asp Tyr Arg
610 615 620

Tyr Phe Asp Lys Val Asp Asp Asp Ser Val Ile Tyr Glu Phe Gly His
625 630 635 640

Gly Leu Ser Tyr Thr Thr Phe Glu Tyr Ser Asn Ile Arg Val Val Lys
645 650 655

Ser Asn Val Ser Glu Tyr Arg Pro Thr Thr Gly Thr Thr Ile Gln Ala
660 665 670

Pro Thr Phe Gly Asn Phe Ser Thr Asp Leu Glu Asp Tyr Leu Phe Pro
675 680 685

Lys Asp Glu Phe Pro Tyr Ile Pro Gln Tyr Ile Tyr Pro Tyr Leu Asn
690 695 700

Thr Thr Asp Pro Arg Arg Ala Ser Gly Asp Pro His Tyr Gly Gln Thr
705 710 715 720

Ala Glu Glu Phe Leu Pro Pro His Ala Thr Asp Asp Asp Pro Gln Pro
725 730 735

Leu Leu Arg Ser Ser Gly Gly Asn Ser Pro Gly Gly Asn Arg Gln Leu
740 745 750

Tyr Asp Ile Val Tyr Thr Ile Thr Ala Asp Ile Thr Asn Thr Gly Ser
755 760 765

Val Val Gly Glu Glu Val Pro Gln Leu Tyr Val Ser Leu Gly Gly Pro
770 775 780

Glu Asp Pro Lys Val Gln Leu Arg Asp Phe Asp Arg Met Arg Ile Glu
785 790 795 800

Pro Gly Glu Thr Arg Gln Phe Thr Gly Arg Leu Thr Arg Arg Asp Leu
805 810 815

Ser Asn Trp Asp Val Thr Val Gln Asp Trp Val Ile Ser Arg Tyr Pro
820 825 830

Lys Thr Ala Tyr Val Gly Arg Ser Ser Arg Lys Leu Asp Leu Lys Ile
835 840 845
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Glu Leu Pro

850
<210> SEQ ID NO 124
<211> LENGTH: 1368
<212> TYPE: DNA
<213> ORGANISM: Talaromyces emersonii
<400> SEQUENCE: 124
atgcttcgac gggctcettet tctatcctet tecgecatee ttgctgtcaa ggcacagcag 60
geeggcacygyg cgacggcaga gaaccaccceg cccctgacat ggcaggaatg caccgccect 120
gggagctgea ccacccagaa cggggeggte gttettgatg cgaactggeg ttgggtgeac 180
gatgtgaacyg gatacaccaa ctgctacacg ggcaatacct gggaccccac gtactgcect 240
gacgacgaaa cctgcgccca gaactgtgeg ctggacggeg cggattacga gggcacctac 300
ggegtgactt cgtcgggcag ctcecttgaaa ctcaattteg tcaccgggtce gaacgtcegga 360
tceegtetet acctgetgca ggacgactceg acctatcaga tcettcaaget tctgaaccge 420
gagttcaget ttgacgtcga tgtctccaat ctteegtgeg gattgaacgg cgetctgtac 480
tttgtegeca tggacgccga cggcggegtyg tecaagtacce cgaacaacaa ggctggtgece 540
aagtacggaa ccgggtattg cgactcccaa tgeccacggg acctcaagtt catcgacgge 600
gaggccaacyg tcgagggctg gcagecgtcet tcgaacaacyg ccaacaccgg aattggcgac 660
cacggctect getgtgegga gatggatgte tgggaagcaa acagcatctce caatgeggte 720
actcegcace cgtgegacac gecaggecag acgatgtget ctggagatga ctgeggtgge 780
acatactcta acgatcgcta cgcgggaacce tgegatcctyg acggetgtga cttcaaccct 840
taccgcatgg gcaacacttc tttctacggg cctggcaaga tcatcgatac caccaagccce 900
ttcactgteg tgacgcagtt cctcactgat gatggtacgg atactggaac tctcagcgag 960
atcaagcgct tctacatcca gaacagcaac gtcattccege agcccaactce ggacatcagt 1020
ggcgtgaccg gcaactcgat cacgacggag ttctgcactg ctcagaagca ggectttgge 1080
gacacggacyg acttctctca gcacggtgge ctggccaaga tgggageggce catgcagcag 1140
ggtatggtcc tggtgatgag tttgtgggac gactacgccg cgcagatgct gtggttggat 1200
tcecgactace cgacggatge ggaccccacg accectggta ttgccegtgg aacgtgtecg 1260
acggactcgg gecgtecccate ggatgtcgag tcgcagagece ccaactccta cgtgacctac 1320
tcgaacatta agtttggtcc gatcaactcg accttcaccg cttegtga 1368

<210> SEQ ID NO 125
<211> LENGTH: 455

<212> TYPE:
<213> ORGANISM: Talaromyces

PRT

<400> SEQUENCE: 125

Met Leu Arg Arg Ala Leu Leu Leu

1

5

Lys Ala Gln Gln Ala Gly Thr Ala

20

Thr Trp Gln Glu Cys Thr Ala Pro

35

40

Ala Val Val Leu Asp Ala Asn Trp

Ser
Thr
25

Gly

Arg

emersonii

Ser

10

Ala

Ser

Trp

Ser

Glu

Cys

Val

Ala Ile Leu
Asn His Pro
30

Thr Thr Gln
45

His Asp Val

Ala Val
15
Pro Leu

Asn Gly

Asn Gly
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50 55 60

Tyr Thr Asn Cys Tyr Thr Gly Asn Thr Trp Asp Pro Thr Tyr Cys Pro
65 70 75 80

Asp Asp Glu Thr Cys Ala Gln Asn Cys Ala Leu Asp Gly Ala Asp Tyr
85 90 95

Glu Gly Thr Tyr Gly Val Thr Ser Ser Gly Ser Ser Leu Lys Leu Asn
100 105 110

Phe Val Thr Gly Ser Asn Val Gly Ser Arg Leu Tyr Leu Leu Gln Asp
115 120 125

Asp Ser Thr Tyr Gln Ile Phe Lys Leu Leu Asn Arg Glu Phe Ser Phe
130 135 140

Asp Val Asp Val Ser Asn Leu Pro Cys Gly Leu Asn Gly Ala Leu Tyr
145 150 155 160

Phe Val Ala Met Asp Ala Asp Gly Gly Val Ser Lys Tyr Pro Asn Asn
165 170 175

Lys Ala Gly Ala Lys Tyr Gly Thr Gly Tyr Cys Asp Ser Gln Cys Pro
180 185 190

Arg Asp Leu Lys Phe Ile Asp Gly Glu Ala Asn Val Glu Gly Trp Gln
195 200 205

Pro Ser Ser Asn Asn Ala Asn Thr Gly Ile Gly Asp His Gly Ser Cys
210 215 220

Cys Ala Glu Met Asp Val Trp Glu Ala Asn Ser Ile Ser Asn Ala Val
225 230 235 240

Thr Pro His Pro Cys Asp Thr Pro Gly Gln Thr Met Cys Ser Gly Asp
245 250 255

Asp Cys Gly Gly Thr Tyr Ser Asn Asp Arg Tyr Ala Gly Thr Cys Asp
260 265 270

Pro Asp Gly Cys Asp Phe Asn Pro Tyr Arg Met Gly Asn Thr Ser Phe
275 280 285

Tyr Gly Pro Gly Lys Ile Ile Asp Thr Thr Lys Pro Phe Thr Val Val
290 295 300

Thr Gln Phe Leu Thr Asp Asp Gly Thr Asp Thr Gly Thr Leu Ser Glu
305 310 315 320

Ile Lys Arg Phe Tyr Ile Gln Asn Ser Asn Val Ile Pro Gln Pro Asn
325 330 335

Ser Asp Ile Ser Gly Val Thr Gly Asn Ser Ile Thr Thr Glu Phe Cys
340 345 350

Thr Ala Gln Lys Gln Ala Phe Gly Asp Thr Asp Asp Phe Ser Gln His
355 360 365

Gly Gly Leu Ala Lys Met Gly Ala Ala Met Gln Gln Gly Met Val Leu
370 375 380

Val Met Ser Leu Trp Asp Asp Tyr Ala Ala Gln Met Leu Trp Leu Asp
385 390 395 400

Ser Asp Tyr Pro Thr Asp Ala Asp Pro Thr Thr Pro Gly Ile Ala Arg
405 410 415

Gly Thr Cys Pro Thr Asp Ser Gly Val Pro Ser Asp Val Glu Ser Gln
420 425 430

Ser Pro Asn Ser Tyr Val Thr Tyr Ser Asn Ile Lys Phe Gly Pro Ile
435 440 445

Asn Ser Thr Phe Thr Ala Ser
450 455
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<210> SEQ ID NO 126

<211> LENGTH: 437

<212> TYPE: PRT

<213> ORGANISM: Talaromyces emersonii

<400> SEQUENCE: 126

Gln Gln Ala Gly Thr Ala Thr Ala Glu Asn His Pro Pro Leu Thr Trp
1 5 10 15

Gln Glu Cys Thr Ala Pro Gly Ser Cys Thr Thr Gln Asn Gly Ala Val
20 25 30

Val Leu Asp Ala Asn Trp Arg Trp Val His Asp Val Asn Gly Tyr Thr
35 40 45

Asn Cys Tyr Thr Gly Asn Thr Trp Asp Pro Thr Tyr Cys Pro Asp Asp
50 55 60

Glu Thr Cys Ala Gln Asn Cys Ala Leu Asp Gly Ala Asp Tyr Glu Gly
65 70 75 80

Thr Tyr Gly Val Thr Ser Ser Gly Ser Ser Leu Lys Leu Asn Phe Val
85 90 95

Thr Gly Ser Asn Val Gly Ser Arg Leu Tyr Leu Leu Gln Asp Asp Ser
100 105 110

Thr Tyr Gln Ile Phe Lys Leu Leu Asn Arg Glu Phe Ser Phe Asp Val
115 120 125

Asp Val Ser Asn Leu Pro Cys Gly Leu Asn Gly Ala Leu Tyr Phe Val
130 135 140

Ala Met Asp Ala Asp Gly Gly Val Ser Lys Tyr Pro Asn Asn Lys Ala
145 150 155 160

Gly Ala Lys Tyr Gly Thr Gly Tyr Cys Asp Ser Gln Cys Pro Arg Asp
165 170 175

Leu Lys Phe Ile Asp Gly Glu Ala Asn Val Glu Gly Trp Gln Pro Ser
180 185 190

Ser Asn Asn Ala Asn Thr Gly Ile Gly Asp His Gly Ser Cys Cys Ala
195 200 205

Glu Met Asp Val Trp Glu Ala Asn Ser Ile Ser Asn Ala Val Thr Pro
210 215 220

His Pro Cys Asp Thr Pro Gly Gln Thr Met Cys Ser Gly Asp Asp Cys
225 230 235 240

Gly Gly Thr Tyr Ser Asn Asp Arg Tyr Ala Gly Thr Cys Asp Pro Asp
245 250 255

Gly Cys Asp Phe Asn Pro Tyr Arg Met Gly Asn Thr Ser Phe Tyr Gly
260 265 270

Pro Gly Lys Ile Ile Asp Thr Thr Lys Pro Phe Thr Val Val Thr Gln
275 280 285

Phe Leu Thr Asp Asp Gly Thr Asp Thr Gly Thr Leu Ser Glu Ile Lys
290 295 300

Arg Phe Tyr Ile Gln Asn Ser Asn Val Ile Pro Gln Pro Asn Ser Asp
305 310 315 320

Ile Ser Gly Val Thr Gly Asn Ser Ile Thr Thr Glu Phe Cys Thr Ala
325 330 335

Gln Lys Gln Ala Phe Gly Asp Thr Asp Asp Phe Ser Gln His Gly Gly
340 345 350

Leu Ala Lys Met Gly Ala Ala Met Gln Gln Gly Met Val Leu Val Met
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355 360 365

Ser Leu Trp Asp Asp Tyr Ala Ala Gln Met Leu Trp Leu Asp Ser Asp
370 375 380

Tyr Pro Thr Asp Ala Asp Pro Thr Thr Pro Gly Ile Ala Arg Gly Thr
385 390 395 400

Cys Pro Thr Asp Ser Gly Val Pro Ser Asp Val Glu Ser Gln Ser Pro
405 410 415

Asn Ser Tyr Val Thr Tyr Ser Asn Ile Lys Phe Gly Pro Ile Asn Ser
420 425 430

Thr Phe Thr Ala Ser
435

<210> SEQ ID NO 127

<211> LENGTH: 1581

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 127

atgtacgcca agttegegac cctegecgee cttgtggetg gegecgetge tcagaacgece 60
tgcactctga ccgctgagaa ccaccecteg ctgacgtggt ccaagtgcac gtetggegge 120
agctgcacca gcgtecaggg ttecatcace atcgacgeca actggeggtyg gactcaccegg 180
accgatageg ccaccaactg ctacgaggge aacaagtggg atacttcegta ctgcagcegat 240
ggtccttett gegectecaa gtgetgecate gacggegetg actactegag cacctatgge 300
atcaccacga gcggtaacte cctgaaccte aagttegtea ccaagggeca gtactcgace 360
aacatcggcet cgegtaccta cctgatggag agegacacca agtaccagat gttccagete 420
ctcggcaacyg agttcacctt cgatgtegac gtetecaace teggetgegg cctcaatgge 480
gecctetact tegtgtecat ggatgecgat ggtggcatgt ccaagtactce gggcaacaag 540
gcaggtgcca agtacggtac cggctactgt gattctcagt geccccgega cctcaagtte 600
atcaacggceg aggccaacgt agagaactgg cagagctcga ccaacgatge caacgcecgge 660
acgggcaagt acggcagetg ctgctecgag atggacgtet gggaggccaa caacatggec 720
gecgecttea ctecccacce ttgcaccegtyg atceggecagt cgegetgega gggegacteg 780
tgcggeggta cctacagecac cgaccgctat geeggeatet gegacccega cggatgegac 840
ttcaactegt accgccaggg caacaagace ttctacggea agggcatgac ggtcgacacg 900
accaagaaga tcacggtegt cacccagtte ctcaagaact cggecggega getctcecgag 960

atcaagcggt tctacgtcca gaacggcaag gtcatcccca actccgagte caccatccecg 1020

ggcgtegagg gcaactccat cacccaggac tggtgcgacce gecagaaggce cgecttegge 1080

gacgtgaccg acttccagga caagggcgge atggtccaga tgggcaagge cctegegggg 1140

cccatggtece tecgtcatgte catctgggac gaccacgcecg tcaacatgcet ctggctcecgac 1200

tccacctgge ccatcgacgg cgccggcaag ccgggegeeg agegeggtge ctgcecccace 1260

acctecgggeg teccecgctga ggtcgaggcee gaggcccececa actccaacgt catcttetcee 1320

aacatccget teggecccat cggcetecace gteteeggece tgcccgacgg cggcagegge 1380

aaccccaacce cgeccgtecag ctegtecace ceggteccect cetegtcecac cacatcctece 1440

ggtteccteeg geccgactgg cggcacgggt gtcgctaage actatgagca atgcggagga 1500

atcgggttca ctggccctac ccagtgcgag agcccctaca cttgcaccaa gctgaatgac 1560
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tggtactcge agtgcctgta a 1581

<210> SEQ ID NO 128

<211> LENGTH: 526

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 128

Met Tyr Ala Lys Phe Ala Thr Leu Ala Ala Leu Val Ala Gly Ala Ala
1 5 10 15

Ala Gln Asn Ala Cys Thr Leu Thr Ala Glu Asn His Pro Ser Leu Thr
20 25 30

Tyr Ser Lys Cys Thr Ser Gly Gly Ser Cys Thr Ser Val Gln Gly Ser
35 40 45

Ile Thr Ile Asp Ala Asn Trp Arg Trp Thr His Arg Thr Asp Ser Ala
50 55 60

Thr Asn Cys Tyr Glu Gly Asn Lys Trp Asp Thr Ser Trp Cys Ser Asp
65 70 75 80

Gly Pro Ser Cys Ala Ser Lys Cys Cys Ile Asp Gly Ala Asp Tyr Ser
85 90 95

Ser Thr Tyr Gly Ile Thr Thr Ser Gly Asn Ser Leu Asn Leu Lys Phe
100 105 110

Val Thr Lys Gly Gln Tyr Ser Thr Asn Ile Gly Ser Arg Thr Tyr Leu
115 120 125

Met Glu Ser Asp Thr Lys Tyr Gln Met Phe Gln Leu Leu Gly Asn Glu
130 135 140

Phe Thr Phe Asp Val Asp Val Ser Asn Leu Gly Cys Gly Leu Asn Gly
145 150 155 160

Ala Leu Tyr Phe Val Ser Met Asp Ala Asp Gly Gly Met Ser Lys Tyr
165 170 175

Ser Gly Asn Lys Ala Gly Ala Lys Tyr Gly Thr Gly Tyr Cys Asp Ser
180 185 190

Gln Cys Pro Arg Asp Leu Lys Phe Ile Asn Gly Glu Ala Asn Val Glu
195 200 205

Asn Trp Gln Ser Ser Thr Asn Asp Ala Asn Ala Gly Thr Gly Lys Tyr
210 215 220

Gly Ser Cys Cys Ser Glu Met Asp Val Trp Glu Ala Asn Asn Met Ala
225 230 235 240

Ala Ala Phe Thr Pro His Pro Cys Thr Val Ile Gly Gln Ser Arg Cys
245 250 255

Glu Gly Asp Ser Cys Gly Gly Thr Tyr Ser Thr Asp Arg Tyr Ala Gly
260 265 270

Ile Cys Asp Pro Asp Gly Cys Asp Phe Asn Ser Tyr Arg Gln Gly Asn
275 280 285

Lys Thr Phe Tyr Gly Lys Gly Met Thr Val Asp Thr Thr Lys Lys Ile
290 295 300

Thr Val Val Thr Gln Phe Leu Lys Asn Ser Ala Gly Glu Leu Ser Glu
305 310 315 320

Ile Lys Arg Phe Tyr Val Gln Asn Gly Lys Val Ile Pro Asn Ser Glu
325 330 335

Ser Thr Ile Pro Gly Val Glu Gly Asn Ser Ile Thr Gln Asp Trp Cys
340 345 350
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Asp Arg Gln Lys Ala Ala Phe Gly Asp Val Thr Asp Phe Gln Asp Lys
355 360 365

Gly Gly Met Val Gln Met Gly Lys Ala Leu Ala Gly Pro Met Val Leu
370 375 380

Val Met Ser Ile Trp Asp Asp His Ala Val Asn Met Leu Trp Leu Asp
385 390 395 400

Ser Thr Trp Pro Ile Asp Gly Ala Gly Lys Pro Gly Ala Glu Arg Gly
405 410 415

Ala Cys Pro Thr Thr Ser Gly Val Pro Ala Glu Val Glu Ala Glu Ala
420 425 430

Pro Asn Ser Asn Val Ile Phe Ser Asn Ile Arg Phe Gly Pro Ile Gly
435 440 445

Ser Thr Val Ser Gly Leu Pro Asp Gly Gly Ser Gly Asn Pro Asn Pro
450 455 460

Pro Val Ser Ser Ser Thr Pro Val Pro Ser Ser Ser Thr Thr Ser Ser
465 470 475 480

Gly Ser Ser Gly Pro Thr Gly Gly Thr Gly Val Ala Lys His Tyr Glu
485 490 495

Gln Cys Gly Gly Ile Gly Phe Thr Gly Pro Thr Gln Cys Glu Ser Pro
500 505 510

Tyr Thr Cys Thr Lys Leu Asn Asp Trp Tyr Ser Gln Cys Leu
515 520 525

<210> SEQ ID NO 129

<211> LENGTH: 509

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 129

Gln Asn Ala Cys Thr Leu Thr Ala Glu Asn His Pro Ser Leu Thr Tyr
1 5 10 15

Ser Lys Cys Thr Ser Gly Gly Ser Cys Thr Ser Val Gln Gly Ser Ile
20 25 30

Thr Ile Asp Ala Asn Trp Arg Trp Thr His Arg Thr Asp Ser Ala Thr
35 40 45

Asn Cys Tyr Glu Gly Asn Lys Trp Asp Thr Ser Trp Cys Ser Asp Gly
50 55 60

Pro Ser Cys Ala Ser Lys Cys Cys Ile Asp Gly Ala Asp Tyr Ser Ser
65 70 75 80

Thr Tyr Gly Ile Thr Thr Ser Gly Asn Ser Leu Asn Leu Lys Phe Val
85 90 95

Thr Lys Gly Gln Tyr Ser Thr Asn Ile Gly Ser Arg Thr Tyr Leu Met
100 105 110

Glu Ser Asp Thr Lys Tyr Gln Met Phe Gln Leu Leu Gly Asn Glu Phe
115 120 125

Thr Phe Asp Val Asp Val Ser Asn Leu Gly Cys Gly Leu Asn Gly Ala
130 135 140

Leu Tyr Phe Val Ser Met Asp Ala Asp Gly Gly Met Ser Lys Tyr Ser
145 150 155 160

Gly Asn Lys Ala Gly Ala Lys Tyr Gly Thr Gly Tyr Cys Asp Ser Gln
165 170 175

Cys Pro Arg Asp Leu Lys Phe Ile Asn Gly Glu Ala Asn Val Glu Asn
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180 185 190

Trp Gln Ser Ser Thr Asn Asp Ala Asn Ala Gly Thr Gly Lys Tyr Gly
195 200 205

Ser Cys Cys Ser Glu Met Asp Val Trp Glu Ala Asn Asn Met Ala Ala
210 215 220

Ala Phe Thr Pro His Pro Cys Thr Val Ile Gly Gln Ser Arg Cys Glu
225 230 235 240

Gly Asp Ser Cys Gly Gly Thr Tyr Ser Thr Asp Arg Tyr Ala Gly Ile
245 250 255

Cys Asp Pro Asp Gly Cys Asp Phe Asn Ser Tyr Arg Gln Gly Asn Lys
260 265 270

Thr Phe Tyr Gly Lys Gly Met Thr Val Asp Thr Thr Lys Lys Ile Thr
275 280 285

Val Val Thr Gln Phe Leu Lys Asn Ser Ala Gly Glu Leu Ser Glu Ile
290 295 300

Lys Arg Phe Tyr Val Gln Asn Gly Lys Val Ile Pro Asn Ser Glu Ser
305 310 315 320

Thr Ile Pro Gly Val Glu Gly Asn Ser Ile Thr Gln Asp Trp Cys Asp
325 330 335

Arg Gln Lys Ala Ala Phe Gly Asp Val Thr Asp Phe Gln Asp Lys Gly
340 345 350

Gly Met Val Gln Met Gly Lys Ala Leu Ala Gly Pro Met Val Leu Val
355 360 365

Met Ser Ile Trp Asp Asp His Ala Val Asn Met Leu Trp Leu Asp Ser
370 375 380

Thr Trp Pro Ile Asp Gly Ala Gly Lys Pro Gly Ala Glu Arg Gly Ala
385 390 395 400

Cys Pro Thr Thr Ser Gly Val Pro Ala Glu Val Glu Ala Glu Ala Pro
405 410 415

Asn Ser Asn Val Ile Phe Ser Asn Ile Arg Phe Gly Pro Ile Gly Ser
420 425 430

Thr Val Ser Gly Leu Pro Asp Gly Gly Ser Gly Asn Pro Asn Pro Pro
435 440 445

Val Ser Ser Ser Thr Pro Val Pro Ser Ser Ser Thr Thr Ser Ser Gly
450 455 460

Ser Ser Gly Pro Thr Gly Gly Thr Gly Val Ala Lys His Tyr Glu Gln
465 470 475 480

Cys Gly Gly Ile Gly Phe Thr Gly Pro Thr Gln Cys Glu Ser Pro Tyr
485 490 495

Thr Cys Thr Lys Leu Asn Asp Trp Tyr Ser Gln Cys Leu
500 505

<210> SEQ ID NO 130

<211> LENGTH: 1581

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide.

<400> SEQUENCE: 130
atgtacgcca agttegegac cctegecgee cttgtggetg gegecgetge tcagaacgece 60

tgcactctga ccgctgagaa ccaccecteg ctgacgtggt ccaagtgcac gtetggegge 120
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agctgcacca gcgtccaggg ttccatcacce atcgacgcca actggeggtyg gactcaccgg 180
accgatagceg ccaccaactg ctacgagggc aacaagtggg atacttegtg gtgcagcgat 240
ggtccttett gecgectccaa gtgctgcatc gacggcegetg actactcegag cacctatgge 300
atcaccacga gcggtaactc cctgaacctc aagttcgtca ccaagggcca gtactcgacce 360
aacatcggcet cgegtaccta cctgatggag agcgacacca agtaccagat gttcecagetce 420
ctcggecaacg agttcacctt cgatgtcgac gtctccaacce tceggectgegyg cctcaatgge 480
gccctctact tecgtgtccat ggatgccgat ggtggcatgt ccaagtactc gggcaacaag 540
gcaggtgcca agtacggtac cggctactgt gattctcagt gcccccgega cctcaagttce 600
atcaacggcg aggccaacdt agagaactgg cagagctcga ccaacgatgc caacgccggce 660
acgggcaagt acggcagctg ctgctccgag atggacgtct gggaggccaa caacatggcec 720
gccgecttea ctcocccacce ttgcacegtg atcggccagt cgegctgega gggcgacteg 780
tgcggeggta cctacagcac cgaccgctat gcecggcatct gegaccccga cggatgcgac 840
ttcaactcgt accgccaggg caacaagacc ttctacggca agggcatgac ggtcgacacg 900
accaagaaga tcacggtcgt cacccagttc ctcaagaact cggccggcga gctctccgag 960

atcaagcggt tctacgtcca gaacggcaag gtcatcccca actccgagte caccatccecg 1020
ggegtcegagyg gcaactccat cacccaggac tggtgcgacce gecagaaggce cgecttegge 1080
gacgtgaccyg acttccagga caagggcggce atggtcecaga tgggcaaggce cctegegggyg 1140
cccatggtece tecgtcatgte catctgggac gaccacgcecg tcaacatgcet ctggctcecgac 1200
tccacctgge ccatcgacgg cgccggcaag cegggcegecyg agegeggtge ctgecccace 1260
acctecgggeg teccecgctga ggtcgaggcee gaggcccececa actccaacgt catcttetcee 1320
aacatccget tcggecccat cggctcecace gteteeggee tgcccgacgyg cggcagegge 1380
aaccccaace cgcccegtcag ctegtecace ceggtcecect ccetegtcecac cacatcectece 1440
ggtteccteeg geccgactgg cggcacgggt gtcgctaage actatgagca atgcggagga 1500
atcgggttca ctggccctac ccagtgcgag agcccctaca cttgcaccaa gctgaatgac 1560
tggtactcge agtgcctgta a 1581
<210> SEQ ID NO 131

<211> LENGTH: 526

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 131

Met Tyr Ala Lys Phe Ala Thr Leu Ala Ala Leu Val Ala Gly Ala Ala
1 5 10 15

Ala Gln Asn Ala Cys Thr Leu Thr Ala Glu Asn His Pro Ser Leu Thr
20 25 30

Trp Ser Lys Cys Thr Ser Gly Gly Ser Cys Thr Ser Val Gln Gly Ser
35 40 45

Ile Thr Ile Asp Ala Asn Trp Arg Trp Thr His Arg Thr Asp Ser Ala
50 55 60

Thr Asn Cys Tyr Glu Gly Asn Lys Trp Asp Thr Ser Trp Cys Ser Asp
65 70 75 80

Gly Pro Ser Cys Ala Ser Lys Cys Cys Ile Asp Gly Ala Asp Tyr Ser
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85 90 95

Ser Thr Tyr Gly Ile Thr Thr Ser Gly Asn Ser Leu Asn Leu Lys Phe
100 105 110

Val Thr Lys Gly Gln Tyr Ser Thr Asn Ile Gly Ser Arg Thr Tyr Leu
115 120 125

Met Glu Ser Asp Thr Lys Tyr Gln Met Phe Gln Leu Leu Gly Asn Glu
130 135 140

Phe Thr Phe Asp Val Asp Val Ser Asn Leu Gly Cys Gly Leu Asn Gly
145 150 155 160

Ala Leu Tyr Phe Val Ser Met Asp Ala Asp Gly Gly Met Ser Lys Tyr
165 170 175

Ser Gly Asn Lys Ala Gly Ala Lys Tyr Gly Thr Gly Tyr Cys Asp Ser
180 185 190

Gln Cys Pro Arg Asp Leu Lys Phe Ile Asn Gly Glu Ala Asn Val Glu
195 200 205

Asn Trp Gln Ser Ser Thr Asn Asp Ala Asn Ala Gly Thr Gly Lys Tyr
210 215 220

Gly Ser Cys Cys Ser Glu Met Asp Val Trp Glu Ala Asn Asn Met Ala
225 230 235 240

Ala Ala Phe Thr Pro His Pro Cys Thr Val Ile Gly Gln Ser Arg Cys
245 250 255

Glu Gly Asp Ser Cys Gly Gly Thr Tyr Ser Thr Asp Arg Tyr Ala Gly
260 265 270

Ile Cys Asp Pro Asp Gly Cys Asp Phe Asn Ser Tyr Arg Gln Gly Asn
275 280 285

Lys Thr Phe Tyr Gly Lys Gly Met Thr Val Asp Thr Thr Lys Lys Ile
290 295 300

Thr Val Val Thr Gln Phe Leu Lys Asn Ser Ala Gly Glu Leu Ser Glu
305 310 315 320

Ile Lys Arg Phe Tyr Val Gln Asn Gly Lys Val Ile Pro Asn Ser Glu
325 330 335

Ser Thr Ile Pro Gly Val Glu Gly Asn Ser Ile Thr Gln Asp Trp Cys
340 345 350

Asp Arg Gln Lys Ala Ala Phe Gly Asp Val Thr Asp Phe Gln Asp Lys
355 360 365

Gly Gly Met Val Gln Met Gly Lys Ala Leu Ala Gly Pro Met Val Leu
370 375 380

Val Met Ser Ile Trp Asp Asp His Ala Val Asn Met Leu Trp Leu Asp
385 390 395 400

Ser Thr Trp Pro Ile Asp Gly Ala Gly Lys Pro Gly Ala Glu Arg Gly
405 410 415

Ala Cys Pro Thr Thr Ser Gly Val Pro Ala Glu Val Glu Ala Glu Ala
420 425 430

Pro Asn Ser Asn Val Ile Phe Ser Asn Ile Arg Phe Gly Pro Ile Gly
435 440 445

Ser Thr Val Ser Gly Leu Pro Asp Gly Gly Ser Gly Asn Pro Asn Pro
450 455 460

Pro Val Ser Ser Ser Thr Pro Val Pro Ser Ser Ser Thr Thr Ser Ser
465 470 475 480

Gly Ser Ser Gly Pro Thr Gly Gly Thr Gly Val Ala Lys His Tyr Glu
485 490 495
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Gln Cys Gly Gly Ile Gly Phe Thr Gly Pro Thr Gln Cys Glu Ser Pro
500 505 510

Tyr Thr Cys Thr Lys Leu Asn Asp Trp Tyr Ser Gln Cys Leu
515 520 525

<210> SEQ ID NO 132

<211> LENGTH: 509

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 132

Gln Asn Ala Cys Thr Leu Thr Ala Glu Asn His Pro Ser Leu Thr Trp
1 5 10 15

Ser Lys Cys Thr Ser Gly Gly Ser Cys Thr Ser Val Gln Gly Ser Ile
20 25 30

Thr Ile Asp Ala Asn Trp Arg Trp Thr His Arg Thr Asp Ser Ala Thr
35 40 45

Asn Cys Tyr Glu Gly Asn Lys Trp Asp Thr Ser Trp Cys Ser Asp Gly
50 55 60

Pro Ser Cys Ala Ser Lys Cys Cys Ile Asp Gly Ala Asp Tyr Ser Ser
65 70 75 80

Thr Tyr Gly Ile Thr Thr Ser Gly Asn Ser Leu Asn Leu Lys Phe Val
85 90 95

Thr Lys Gly Gln Tyr Ser Thr Asn Ile Gly Ser Arg Thr Tyr Leu Met
100 105 110

Glu Ser Asp Thr Lys Tyr Gln Met Phe Gln Leu Leu Gly Asn Glu Phe
115 120 125

Thr Phe Asp Val Asp Val Ser Asn Leu Gly Cys Gly Leu Asn Gly Ala
130 135 140

Leu Tyr Phe Val Ser Met Asp Ala Asp Gly Gly Met Ser Lys Tyr Ser
145 150 155 160

Gly Asn Lys Ala Gly Ala Lys Tyr Gly Thr Gly Tyr Cys Asp Ser Gln
165 170 175

Cys Pro Arg Asp Leu Lys Phe Ile Asn Gly Glu Ala Asn Val Glu Asn
180 185 190

Trp Gln Ser Ser Thr Asn Asp Ala Asn Ala Gly Thr Gly Lys Tyr Gly
195 200 205

Ser Cys Cys Ser Glu Met Asp Val Trp Glu Ala Asn Asn Met Ala Ala
210 215 220

Ala Phe Thr Pro His Pro Cys Thr Val Ile Gly Gln Ser Arg Cys Glu
225 230 235 240

Gly Asp Ser Cys Gly Gly Thr Tyr Ser Thr Asp Arg Tyr Ala Gly Ile
245 250 255

Cys Asp Pro Asp Gly Cys Asp Phe Asn Ser Tyr Arg Gln Gly Asn Lys
260 265 270

Thr Phe Tyr Gly Lys Gly Met Thr Val Asp Thr Thr Lys Lys Ile Thr
275 280 285

Val Val Thr Gln Phe Leu Lys Asn Ser Ala Gly Glu Leu Ser Glu Ile
290 295 300

Lys Arg Phe Tyr Val Gln Asn Gly Lys Val Ile Pro Asn Ser Glu Ser
305 310 315 320
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Thr Ile Pro Gly Val Glu Gly Asn Ser Ile Thr Gln Asp Trp Cys Asp
325 330 335

Arg Gln Lys Ala Ala Phe Gly Asp Val Thr Asp Phe Gln Asp Lys Gly
340 345 350

Gly Met Val Gln Met Gly Lys Ala Leu Ala Gly Pro Met Val Leu Val
355 360 365

Met Ser Ile Trp Asp Asp His Ala Val Asn Met Leu Trp Leu Asp Ser
370 375 380

Thr Trp Pro Ile Asp Gly Ala Gly Lys Pro Gly Ala Glu Arg Gly Ala
385 390 395 400

Cys Pro Thr Thr Ser Gly Val Pro Ala Glu Val Glu Ala Glu Ala Pro
405 410 415

Asn Ser Asn Val Ile Phe Ser Asn Ile Arg Phe Gly Pro Ile Gly Ser
420 425 430

Thr Val Ser Gly Leu Pro Asp Gly Gly Ser Gly Asn Pro Asn Pro Pro
435 440 445

Val Ser Ser Ser Thr Pro Val Pro Ser Ser Ser Thr Thr Ser Ser Gly
450 455 460

Ser Ser Gly Pro Thr Gly Gly Thr Gly Val Ala Lys His Tyr Glu Gln
465 470 475 480

Cys Gly Gly Ile Gly Phe Thr Gly Pro Thr Gln Cys Glu Ser Pro Tyr
485 490 495

Thr Cys Thr Lys Leu Asn Asp Trp Tyr Ser Gln Cys Leu
500 505

<210> SEQ ID NO 133

<211> LENGTH: 1581

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide.

<400> SEQUENCE: 133

atgtacgcca agttegegac cctegecgee cttgtggetg gegecgetge tcagaacgece 60
tgcactctga acgctgagaa ccaccecteg ctgacgtggt ccaagtgcac gtetggegge 120
agctgcacca gcgtecaggg ttecatcace atcgacgeca actggeggtyg gactcaccegg 180
accgatageg ccaccaactg ctacgaggge aacaagtggg atacttcegta ctgcagcegat 240
ggtccttett gegectecaa gtgetgecate gacggegetg actactegag cacctatgge 300
atcaccacga gcggtaacte cctgaaccte aagttegtea ccaagggeca gtactcgace 360
aacatcggcet cgegtaccta cctgatggag agegacacca agtaccagat gttccagete 420
ctcggcaacyg agttcacctt cgatgtegac gtetecaace teggetgegg cctcaatgge 480
gecctetact tegtgtecat ggatgecgat ggtggcatgt ccaagtactce gggcaacaag 540
gcaggtgcca agtacggtac cggctactgt gattctcagt geccccgega cctcaagtte 600
atcaacggceg aggccaacgt agagaactgg cagagctcga ccaacgatge caacgcecgge 660
acgggcaagt acggcagetg ctgctecgag atggacgtet gggaggccaa caacatggec 720
gecgecttea ctecccacce ttgcaccegtyg atceggecagt cgegetgega gggegacteg 780
tgcggeggta cctacagecac cgaccgctat geeggeatet gegacccega cggatgegac 840

ttcaactegt accgccaggg caacaagace ttctacggea agggcatgac ggtcgacacg 900
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accaagaaga tcacggtcgt cacccagttce ctcaagaact cggccggega gctctcecgag 960
atcaagcggt tctacgtcca gaacggcaag gtcatcccca actccgagte caccatccecg 1020
ggegtcegagyg gcaactccat cacccaggag tactgcgacce gecagaaggce cgecttegge 1080
gacgtgaccyg acttccagga caagggcggce atggtcecaga tgggcaaggce cctegegggyg 1140
cccatggtece tecgtcatgte catctgggac gaccacgecg acaacatgcet ctggctcecgac 1200
tccacctgge ccatcgacgg cgccggcaag cegggcegecyg agegeggtge ctgecccace 1260
acctecgggeg teccecgctga ggtcgaggcee gaggcccececa actccaacgt catcttetcee 1320
aacatccget tcggecccat cggctcecace gteteeggee tgcccgacgyg cggcagegge 1380
aaccccaace cgcccegtcag ctegtecace ceggtcecect ccetegtcecac cacatcectece 1440
ggtteccteeg geccgactgg cggcacgggt gtcgctaage actatgagca atgcggagga 1500
atcgggttca ctggccctac ccagtgcgag agcccctaca cttgcaccaa gctgaatgac 1560
tggtactcge agtgcctgta a 1581
<210> SEQ ID NO 134

<211> LENGTH: 526

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 134

Met Tyr Ala Lys Phe Ala Thr Leu Ala Ala Leu Val Ala Gly Ala Ala
1 5 10 15

Ala Gln Asn Ala Cys Thr Leu Asn Ala Glu Asn His Pro Ser Leu Thr
20 25 30

Trp Ser Lys Cys Thr Ser Gly Gly Ser Cys Thr Ser Val Gln Gly Ser
35 40 45

Ile Thr Ile Asp Ala Asn Trp Arg Trp Thr His Arg Thr Asp Ser Ala
50 55 60

Thr Asn Cys Tyr Glu Gly Asn Lys Trp Asp Thr Ser Tyr Cys Ser Asp
65 70 75 80

Gly Pro Ser Cys Ala Ser Lys Cys Cys Ile Asp Gly Ala Asp Tyr Ser
85 90 95

Ser Thr Tyr Gly Ile Thr Thr Ser Gly Asn Ser Leu Asn Leu Lys Phe
100 105 110

Val Thr Lys Gly Gln Tyr Ser Thr Asn Ile Gly Ser Arg Thr Tyr Leu
115 120 125

Met Glu Ser Asp Thr Lys Tyr Gln Met Phe Gln Leu Leu Gly Asn Glu
130 135 140

Phe Thr Phe Asp Val Asp Val Ser Asn Leu Gly Cys Gly Leu Asn Gly
145 150 155 160

Ala Leu Tyr Phe Val Ser Met Asp Ala Asp Gly Gly Met Ser Lys Tyr
165 170 175

Ser Gly Asn Lys Ala Gly Ala Lys Tyr Gly Thr Gly Tyr Cys Asp Ser
180 185 190

Gln Cys Pro Arg Asp Leu Lys Phe Ile Asn Gly Glu Ala Asn Val Glu
195 200 205

Asn Trp Gln Ser Ser Thr Asn Asp Ala Asn Ala Gly Thr Gly Lys Tyr
210 215 220
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Gly

225

Ala

Glu

Ile

Lys

Thr

305

Ile

Ser

Asp

Gly

385

Ser

Ala

Pro

Ser

Pro

465

Gly

Gln

Tyr

<210>
<211>
<212>
<213>
<220>
<223>

Ser

Ala

Gly

Cys

Thr

290

Val

Lys

Thr

Arg

Gly

370

Met

Thr

Cys

Asn

Thr

450

Val

Ser

Cys

Thr

Cys

Phe

Asp

Asp

275

Phe

Val

Arg

Ile

Gln

355

Met

Ser

Trp

Pro

Ser

435

Val

Ser

Ser

Gly

Cys
515

Cys

Thr

Ser

260

Pro

Tyr

Thr

Phe

Pro

340

Lys

Val

Ile

Pro

Thr

420

Asn

Ser

Ser

Gly

Gly

500

Thr

PRT

<400> SEQUENCE:

Ser

Pro

245

Cys

Asp

Gly

Gln

Tyr

325

Gly

Ala

Gln

Trp

Ile

405

Thr

Val

Gly

Ser

Pro

485

Ile

Lys

SEQ ID NO 135
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

509

135

Glu

230

His

Gly

Gly

Lys

Phe

310

Val

Val

Ala

Met

Asp

390

Asp

Ser

Ile

Leu

Thr

470

Thr

Gly

Leu

Met

Pro

Gly

Cys

Gly

295

Leu

Gln

Glu

Phe

Gly

375

Asp

Gly

Gly

Phe

Pro

455

Pro

Gly

Phe

Asn

Synthetic polypeptides.

Asp

Cys

Thr

Asp

280

Met

Lys

Asn

Gly

Gly

360

Lys

His

Ala

Val

Ser

440

Asp

Val

Gly

Thr

Asp
520

Val

Thr

Tyr

265

Phe

Thr

Asn

Gly

Asn

345

Asp

Ala

Ala

Gly

Pro

425

Asn

Gly

Pro

Thr

Gly

505

Trp

Trp

Val

250

Ser

Asn

Val

Ser

Lys

330

Ser

Val

Leu

Asp

Lys

410

Ala

Ile

Gly

Ser

Gly

490

Pro

Tyr

Glu

235

Ile

Thr

Ser

Asp

Ala

315

Val

Ile

Thr

Ala

Asn

395

Pro

Glu

Arg

Ser

Ser

475

Val

Thr

Ser

Ala

Gly

Asp

Tyr

Thr

300

Gly

Ile

Thr

Asp

Gly

380

Met

Gly

Val

Phe

Gly

460

Ser

Ala

Gln

Gln

Gln Asn Ala Cys Thr Leu Asn Ala Glu Asn His Pro

1

5

10

Ser Lys Cys Thr Ser Gly Gly Ser Cys Thr Ser Val

20

25

Thr Ile Asp Ala Asn Trp Arg Trp Thr His Arg Thr

35

40

Asn

Gln

Arg

Arg

285

Thr

Glu

Pro

Gln

Phe

365

Pro

Leu

Ala

Glu

Gly

445

Asn

Thr

Lys

Cys

Cys
525

Ser

Gln

Asp
45

Asn

Ser

Tyr

270

Gln

Lys

Leu

Asn

Glu

350

Gln

Met

Trp

Glu

Ala

430

Pro

Pro

Thr

His

Glu

510

Leu

Leu

Gly
30

Ser

Met Ala
240

Arg Cys
255

Ala Gly

Gly Asn

Lys Ile

Ser Glu
320

Ser Glu
335

Tyr Cys

Asp Lys

Val Leu

Leu Asp
400

Arg Gly
415

Glu Ala

Ile Gly

Asn Pro

Ser Ser
480

Tyr Glu
495

Ser Pro

Thr Trp
15

Ser Ile

Ala Thr
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Asn Cys Tyr Glu Gly Asn Lys Trp Asp Thr Ser Tyr Cys Ser Asp Gly
50 55 60

Pro Ser Cys Ala Ser Lys Cys Cys Ile Asp Gly Ala Asp Tyr Ser Ser
65 70 75 80

Thr Tyr Gly Ile Thr Thr Ser Gly Asn Ser Leu Asn Leu Lys Phe Val
85 90 95

Thr Lys Gly Gln Tyr Ser Thr Asn Ile Gly Ser Arg Thr Tyr Leu Met
100 105 110

Glu Ser Asp Thr Lys Tyr Gln Met Phe Gln Leu Leu Gly Asn Glu Phe
115 120 125

Thr Phe Asp Val Asp Val Ser Asn Leu Gly Cys Gly Leu Asn Gly Ala
130 135 140

Leu Tyr Phe Val Ser Met Asp Ala Asp Gly Gly Met Ser Lys Tyr Ser
145 150 155 160

Gly Asn Lys Ala Gly Ala Lys Tyr Gly Thr Gly Tyr Cys Asp Ser Gln
165 170 175

Cys Pro Arg Asp Leu Lys Phe Ile Asn Gly Glu Ala Asn Val Glu Asn
180 185 190

Trp Gln Ser Ser Thr Asn Asp Ala Asn Ala Gly Thr Gly Lys Tyr Gly
195 200 205

Ser Cys Cys Ser Glu Met Asp Val Trp Glu Ala Asn Asn Met Ala Ala
210 215 220

Ala Phe Thr Pro His Pro Cys Thr Val Ile Gly Gln Ser Arg Cys Glu
225 230 235 240

Gly Asp Ser Cys Gly Gly Thr Tyr Ser Thr Asp Arg Tyr Ala Gly Ile
245 250 255

Cys Asp Pro Asp Gly Cys Asp Phe Asn Ser Tyr Arg Gln Gly Asn Lys
260 265 270

Thr Phe Tyr Gly Lys Gly Met Thr Val Asp Thr Thr Lys Lys Ile Thr
275 280 285

Val Val Thr Gln Phe Leu Lys Asn Ser Ala Gly Glu Leu Ser Glu Ile
290 295 300

Lys Arg Phe Tyr Val Gln Asn Gly Lys Val Ile Pro Asn Ser Glu Ser
305 310 315 320

Thr Ile Pro Gly Val Glu Gly Asn Ser Ile Thr Gln Glu Tyr Cys Asp
325 330 335

Arg Gln Lys Ala Ala Phe Gly Asp Val Thr Asp Phe Gln Asp Lys Gly
340 345 350

Gly Met Val Gln Met Gly Lys Ala Leu Ala Gly Pro Met Val Leu Val
355 360 365

Met Ser Ile Trp Asp Asp His Ala Asp Asn Met Leu Trp Leu Asp Ser
370 375 380

Thr Trp Pro Ile Asp Gly Ala Gly Lys Pro Gly Ala Glu Arg Gly Ala
385 390 395 400

Cys Pro Thr Thr Ser Gly Val Pro Ala Glu Val Glu Ala Glu Ala Pro
405 410 415

Asn Ser Asn Val Ile Phe Ser Asn Ile Arg Phe Gly Pro Ile Gly Ser
420 425 430

Thr Val Ser Gly Leu Pro Asp Gly Gly Ser Gly Asn Pro Asn Pro Pro
435 440 445
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Val Ser Ser

450

Ser Ser Gly

465

Cys Gly Gly

Thr Cys Thr

Ser Thr Pro Val Pro

455

Pro Thr Gly Gly Thr
470

Ile Gly Phe Thr Gly

485

Lys Leu Asn Asp Trp

500

<210> SEQ ID NO 136
<211> LENGTH: 1449

<212> TYPE:

DNA

Ser Ser Ser
Gly Val Ala
475

Pro Thr Gln
490

Tyr Ser Gln
505

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 136

atggccaaga

attgaggagc

ggtcccacat

tgcctgecca

cgcagcacca

acgcceeage

agctactctg

gaggtccaca

gtcgecgaag

gtccagacte

gcccaacteyg

gagttttcga

aagcacatca

gccaacatgg

gagttgaccyg

geeggecacy

geeggeatet

gccaactaca

tacgacgaga

gcacgcettea

ggtgactggt

cacgagctygg

gacaccagcg

ccegaggetyg

cccttectaa

agetttteat

gccagaactyg

getgegecte

acagccaggt

gcacctecag

cegtetecag

gcaaccectt

atctecgecat

tccctagett

tgtcccaggt

tcgtctacga

ttgcaaacgyg

ttgagtactc

tgaccaacat

tgtacgeget

ceggetgget

acaatgatge

acgcctggag

agcactacat

ttgtcgacac

gcaatgtcaa

tcgatgectt

cecgecegeta

gacagtggtt

<210> SEQ ID NO 137
<211> LENGTH: 482

<212> TYPE:

PRT

caccgecgeg

cggcgctgtg

gggetegace

gacgagttce

cagcaccacc

ccecegtgace

ctegggegte

tcctageatg

ccagtggete

cegggetete

cctececgac

cggegeeged

ggacatccgg

gaacgtggce

caagcagcetyg

cggetggece

cggcaagecg

catcgetteg

cgaggectte

tggccgcaac

gggcaccggc

tgtctgggte

cgactaccac

ccaggectac

cttgeggetyg

tggactcaat

tgcgttgege

accactcegt

aggagcggca

agcattceceg

cggetetteg

actggtactce

gaccggaacyg

aataaggcceg

cgtgactgtyg

aactacagga

atcatcctygg

aagtgcagca

aacctgececa

gccaacatce

getgeegtee

geceegtegt

agccegetet

ggcaaacaac

tttggegtge

aagcceggeyg

tgcggectgt

ttcgagcage

<213> ORGANISM: Myceliophthora thermophila

Thr Thr Ser Ser Gly

460

Lys His Tyr Glu Gln

480

Cys Glu Ser Pro Tyr

Cys Leu

cegtgttgge
geggeggtaa
agaacgagtyg
cgtegactte
gcetectecte
geggtgegac
ccaacgacta
tggcggecaa
tcaccatcga
gtgccaatce
cegecgetge
gctacatcga
ttatcgagee
acgccgegte
acgtcgecat
agcccgecge
geggectgge
acacgtcgee
tgaactcgge
ctaccggeca
gecegacgge
gegagtceega
ccgatgeect

tgctcaccaa

495

ggccceegte

cgggtggcaa

gtactctcag

cacctegeag

ctcctecace

ctccacggeyg

ctacaggtcce

ggcttecgee

caccctgatyg

tcecctatget

gtccaacgge

cgctatcege

cgactcgatg

gacgtaccac

gtatctcgac

cgagctgttt

cactaacgtce

taaccctaac

cggettecee

acaacagtgg

caacacgggce

cggcacaage

gcagcctgece

cgccaacccyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1449
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<400> SEQUENCE: 137

Met Ala Lys Lys Leu Phe Ile Thr Ala Ala Leu Ala Ala Ala Val Leu
1 5 10 15

Ala Ala Pro Val Ile Glu Glu Arg Gln Asn Cys Gly Ala Val Trp Thr
20 25 30

Gln Cys Gly Gly Asn Gly Trp Gln Gly Pro Thr Cys Cys Ala Ser Gly
Ser Thr Cys Val Ala Gln Asn Glu Trp Tyr Ser Gln Cys Leu Pro Asn
50 55 60

Ser Gln Val Thr Ser Ser Thr Thr Pro Ser Ser Thr Ser Thr Ser Gln
65 70 75 80

Arg Ser Thr Ser Thr Ser Ser Ser Thr Thr Arg Ser Gly Ser Ser Ser
85 90 95

Ser Ser Ser Thr Thr Pro Pro Pro Val Ser Ser Pro Val Thr Ser Ile
100 105 110

Pro Gly Gly Ala Thr Ser Thr Ala Ser Tyr Ser Gly Asn Pro Phe Ser
115 120 125

Gly Val Arg Leu Phe Ala Asn Asp Tyr Tyr Arg Ser Glu Val His Asn
130 135 140

Leu Ala Ile Pro Ser Met Thr Gly Thr Leu Ala Ala Lys Ala Ser Ala
145 150 155 160

Val Ala Glu Val Pro Ser Phe Gln Trp Leu Asp Arg Asn Val Thr Ile
165 170 175

Asp Thr Leu Met Val Gln Thr Leu Ser Gln Val Arg Ala Leu Asn Lys
180 185 190

Ala Gly Ala Asn Pro Pro Tyr Ala Ala Gln Leu Val Val Tyr Asp Leu
195 200 205

Pro Asp Arg Asp Cys Ala Ala Ala Ala Ser Asn Gly Glu Phe Ser Ile
210 215 220

Ala Asn Gly Gly Ala Ala Asn Tyr Arg Ser Tyr Ile Asp Ala Ile Arg
225 230 235 240

Lys His Ile Ile Glu Tyr Ser Asp Ile Arg Ile Ile Leu Val Ile Glu
245 250 255

Pro Asp Ser Met Ala Asn Met Val Thr Asn Met Asn Val Ala Lys Cys
260 265 270

Ser Asn Ala Ala Ser Thr Tyr His Glu Leu Thr Val Tyr Ala Leu Lys
275 280 285

Gln Leu Asn Leu Pro Asn Val Ala Met Tyr Leu Asp Ala Gly His Ala
290 295 300

Gly Trp Leu Gly Trp Pro Ala Asn Ile Gln Pro Ala Ala Glu Leu Phe
305 310 315 320

Ala Gly Ile Tyr Asn Asp Ala Gly Lys Pro Ala Ala Val Arg Gly Leu
325 330 335

Ala Thr Asn Val Ala Asn Tyr Asn Ala Trp Ser Ile Ala Ser Ala Pro
340 345 350

Ser Tyr Thr Ser Pro Asn Pro Asn Tyr Asp Glu Lys His Tyr Ile Glu
355 360 365

Ala Phe Ser Pro Leu Leu Asn Ser Ala Gly Phe Pro Ala Arg Phe Ile
370 375 380

Val Asp Thr Gly Arg Asn Gly Lys Gln Pro Thr Gly Gln Gln Gln Trp
385 390 395 400
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Gly Asp Trp Cys Asn Val Lys Gly Thr Gly Phe Gly Val Arg Pro Thr
405 410 415

Ala Asn Thr Gly His Glu Leu Val Asp Ala Phe Val Trp Val Lys Pro
420 425 430

Gly Gly Glu Ser Asp Gly Thr Ser Asp Thr Ser Ala Ala Arg Tyr Asp
435 440 445

Tyr His Cys Gly Leu Ser Asp Ala Leu Gln Pro Ala Pro Glu Ala Gly
450 455 460

Gln Trp Phe Gln Ala Tyr Phe Glu Gln Leu Leu Thr Asn Ala Asn Pro
465 470 475 480

Pro Phe

<210> SEQ ID NO 138

<211> LENGTH: 465

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 138

Ala Pro Val Ile Glu Glu Arg Gln Asn Cys Gly Ala Val Trp Thr Gln
1 5 10 15

Cys Gly Gly Asn Gly Trp Gln Gly Pro Thr Cys Cys Ala Ser Gly Ser
20 25 30

Thr Cys Val Ala Gln Asn Glu Trp Tyr Ser Gln Cys Leu Pro Asn Ser
Gln Val Thr Ser Ser Thr Thr Pro Ser Ser Thr Ser Thr Ser Gln Arg
50 55 60

Ser Thr Ser Thr Ser Ser Ser Thr Thr Arg Ser Gly Ser Ser Ser Ser
65 70 75 80

Ser Ser Thr Thr Pro Pro Pro Val Ser Ser Pro Val Thr Ser Ile Pro
85 90 95

Gly Gly Ala Thr Ser Thr Ala Ser Tyr Ser Gly Asn Pro Phe Ser Gly
100 105 110

Val Arg Leu Phe Ala Asn Asp Tyr Tyr Arg Ser Glu Val His Asn Leu
115 120 125

Ala Ile Pro Ser Met Thr Gly Thr Leu Ala Ala Lys Ala Ser Ala Val
130 135 140

Ala Glu Val Pro Ser Phe Gln Trp Leu Asp Arg Asn Val Thr Ile Asp
145 150 155 160

Thr Leu Met Val Gln Thr Leu Ser Gln Val Arg Ala Leu Asn Lys Ala
165 170 175

Gly Ala Asn Pro Pro Tyr Ala Ala Gln Leu Val Val Tyr Asp Leu Pro
180 185 190

Asp Arg Asp Cys Ala Ala Ala Ala Ser Asn Gly Glu Phe Ser Ile Ala
195 200 205

Asn Gly Gly Ala Ala Asn Tyr Arg Ser Tyr Ile Asp Ala Ile Arg Lys
210 215 220

His Ile Ile Glu Tyr Ser Asp Ile Arg Ile Ile Leu Val Ile Glu Pro
225 230 235 240

Asp Ser Met Ala Asn Met Val Thr Asn Met Asn Val Ala Lys Cys Ser
245 250 255

Asn Ala Ala Ser Thr Tyr His Glu Leu Thr Val Tyr Ala Leu Lys Gln
260 265 270
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Leu Asn Leu Pro Asn Val Ala Met Tyr Leu Asp Ala Gly His Ala Gly
275 280 285

Trp Leu Gly Trp Pro Ala Asn Ile Gln Pro Ala Ala Glu Leu Phe Ala
290 295 300

Gly Ile Tyr Asn Asp Ala Gly Lys Pro Ala Ala Val Arg Gly Leu Ala
305 310 315 320

Thr Asn Val Ala Asn Tyr Asn Ala Trp Ser Ile Ala Ser Ala Pro Ser
325 330 335

Tyr Thr Ser Pro Asn Pro Asn Tyr Asp Glu Lys His Tyr Ile Glu Ala
340 345 350

Phe Ser Pro Leu Leu Asn Ser Ala Gly Phe Pro Ala Arg Phe Ile Val
355 360 365

Asp Thr Gly Arg Asn Gly Lys Gln Pro Thr Gly Gln Gln Gln Trp Gly
370 375 380

Asp Trp Cys Asn Val Lys Gly Thr Gly Phe Gly Val Arg Pro Thr Ala
385 390 395 400

Asn Thr Gly His Glu Leu Val Asp Ala Phe Val Trp Val Lys Pro Gly
405 410 415

Gly Glu Ser Asp Gly Thr Ser Asp Thr Ser Ala Ala Arg Tyr Asp Tyr
420 425 430

His Cys Gly Leu Ser Asp Ala Leu Gln Pro Ala Pro Glu Ala Gly Gln
435 440 445

Trp Phe Gln Ala Tyr Phe Glu Gln Leu Leu Thr Asn Ala Asn Pro Pro
450 455 460

Phe
465

<210> SEQ ID NO 139

<211> LENGTH: 1449

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide.

<400> SEQUENCE: 139

atggccaaga agcttttecat caccgecgeg cttgeggetg cegtgttgge ggecccegte 60
attgaggagce gccagaactg cggegetgtg tggactcaat geggeggtaa cgggtggcaa 120
ggtcccacat getgegecte gggetegace tgegttgege agaacgagtyg gtactctceag 180
tgcctgecca acagecaggt gacgagttee accacteegt cgtegactte cacctegeag 240
cgcagcacca gcacctecag cagcaccace aggageggea getecteete ctectccace 300
acgcccacce cegtetecag cecegtgace ageatteceg geggtgegac ctecacggeg 360
agctactetyg gcaaccectt ctegggegte cggetctteg ccaacgacta ctacaggtece 420
gaggtccaca atctegecat tcectagecatg actggtacte tggeggecaa ggetteegec 480
gtcgecgaag tccectagett ccagtggete gaccggaacg tcaccatcga caccctgatg 540
gtcecgacte tgtcccegegt cegggetete aataaggceceg gtgccaatcce tcectatget 600
geccaacteg tegtctacga cctecccgac cgtgactgtg cegecgetge gtecaacgge 660
gagttttcga ttgcaaacgg cggcgecgee aactacagga gctacatcga cgetateege 720

aagcacatca ttgagtactc ggacatcegg atcatcetgg ttatcgagee cgactcgatg 780
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gccaacatgg tgaccaacat gaacgtggcc aagtgcagca acgccgcegtc gacgtaccac 840
gagttgaccg tgtacgcgct caagcagctg aacctgccca acgtcgccat gtatctcgac 900
gccggecacg ccggetgget cggctggecce gecaacatce ageccgcecgce cgagcetgttt 960

geeggcatet acaatgatge cggcaagecg getgeegtee geggectgge cactaacgtce 1020
gccaactaca acgcctggag catcgctteg geccegtegt acacgtcgec taaccctaac 1080
tacgacgaga agcactacat cgaggccttce agcccgcetet tgaactcgge cggcecttceccce 1140
gcacgctteca ttgtcgacac tggeccgcaac ggcaaacaac ctaccggceca acaacagtgg 1200
ggtgactggt gcaatgtcaa gggcaccgge tttggegtge geccgacggce caacacggge 1260
cacgagctgg tcgatgccectt tgtctgggte aageccggceg gcgagtccga cggcacaagc 1320
gacaccageyg ccgeccgcta cgactaccac tgceggectgt cecgatgecct gecagectgece 1380
ccegaggetyg gacagtggtt ccaggectac ttegagcage tgctcaccaa cgccaacccyg 1440
cccttetaa 1449
<210> SEQ ID NO 140

<211> LENGTH: 482

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 140

Met Ala Lys Lys Leu Phe Ile Thr Ala Ala Leu Ala Ala Ala Val Leu
1 5 10 15

Ala Ala Pro Val Ile Glu Glu Arg Gln Asn Cys Gly Ala Val Trp Thr
20 25 30

Gln Cys Gly Gly Asn Gly Trp Gln Gly Pro Thr Cys Cys Ala Ser Gly
35 40 45

Ser Thr Cys Val Ala Gln Asn Glu Trp Tyr Ser Gln Cys Leu Pro Asn
50 55 60

Ser Gln Val Thr Ser Ser Thr Thr Pro Ser Ser Thr Ser Thr Ser Gln
65 70 75 80

Arg Ser Thr Ser Thr Ser Ser Ser Thr Thr Arg Ser Gly Ser Ser Ser
85 90 95

Ser Ser Ser Thr Thr Pro Thr Pro Val Ser Ser Pro Val Thr Ser Ile
100 105 110

Pro Gly Gly Ala Thr Ser Thr Ala Ser Tyr Ser Gly Asn Pro Phe Ser
115 120 125

Gly Val Arg Leu Phe Ala Asn Asp Tyr Tyr Arg Ser Glu Val His Asn
130 135 140

Leu Ala Ile Pro Ser Met Thr Gly Thr Leu Ala Ala Lys Ala Ser Ala
145 150 155 160

Val Ala Glu Val Pro Ser Phe Gln Trp Leu Asp Arg Asn Val Thr Ile
165 170 175

Asp Thr Leu Met Val Pro Thr Leu Ser Arg Val Arg Ala Leu Asn Lys
180 185 190

Ala Gly Ala Asn Pro Pro Tyr Ala Ala Gln Leu Val Val Tyr Asp Leu
195 200 205

Pro Asp Arg Asp Cys Ala Ala Ala Ala Ser Asn Gly Glu Phe Ser Ile
210 215 220
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-continued

Ala Asn Gly Gly Ala Ala Asn Tyr Arg Ser Tyr Ile Asp Ala Ile Arg
225 230 235 240

Lys His Ile Ile Glu Tyr Ser Asp Ile Arg Ile Ile Leu Val Ile Glu
245 250 255

Pro Asp Ser Met Ala Asn Met Val Thr Asn Met Asn Val Ala Lys Cys
260 265 270

Ser Asn Ala Ala Ser Thr Tyr His Glu Leu Thr Val Tyr Ala Leu Lys
275 280 285

Gln Leu Asn Leu Pro Asn Val Ala Met Tyr Leu Asp Ala Gly His Ala
290 295 300

Gly Trp Leu Gly Trp Pro Ala Asn Ile Gln Pro Ala Ala Glu Leu Phe
305 310 315 320

Ala Gly Ile Tyr Asn Asp Ala Gly Lys Pro Ala Ala Val Arg Gly Leu
325 330 335

Ala Thr Asn Val Ala Asn Tyr Asn Ala Trp Ser Ile Ala Ser Ala Pro
340 345 350

Ser Tyr Thr Ser Pro Asn Pro Asn Tyr Asp Glu Lys His Tyr Ile Glu
355 360 365

Ala Phe Ser Pro Leu Leu Asn Ser Ala Gly Phe Pro Ala Arg Phe Ile
370 375 380

Val Asp Thr Gly Arg Asn Gly Lys Gln Pro Thr Gly Gln Gln Gln Trp
385 390 395 400

Gly Asp Trp Cys Asn Val Lys Gly Thr Gly Phe Gly Val Arg Pro Thr
405 410 415

Ala Asn Thr Gly His Glu Leu Val Asp Ala Phe Val Trp Val Lys Pro
420 425 430

Gly Gly Glu Ser Asp Gly Thr Ser Asp Thr Ser Ala Ala Arg Tyr Asp
435 440 445

Tyr His Cys Gly Leu Ser Asp Ala Leu Gln Pro Ala Pro Glu Ala Gly
450 455 460

Gln Trp Phe Gln Ala Tyr Phe Glu Gln Leu Leu Thr Asn Ala Asn Pro
465 470 475 480

Pro Phe

<210> SEQ ID NO 141

<211> LENGTH: 465

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 141

Ala Pro Val Ile Glu Glu Arg Gln Asn Cys Gly Ala Val Trp Thr Gln
1 5 10 15

Cys Gly Gly Asn Gly Trp Gln Gly Pro Thr Cys Cys Ala Ser Gly Ser
20 25 30

Thr Cys Val Ala Gln Asn Glu Trp Tyr Ser Gln Cys Leu Pro Asn Ser
35 40 45

Gln Val Thr Ser Ser Thr Thr Pro Ser Ser Thr Ser Thr Ser Gln Arg
50 55 60

Ser Thr Ser Thr Ser Ser Ser Thr Thr Arg Ser Gly Ser Ser Ser Ser
65 70 75 80

Ser Ser Thr Thr Pro Thr Pro Val Ser Ser Pro Val Thr Ser Ile Pro
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-continued

85 90 95

Gly Gly Ala Thr Ser Thr Ala Ser Tyr Ser Gly Asn Pro Phe Ser Gly
100 105 110

Val Arg Leu Phe Ala Asn Asp Tyr Tyr Arg Ser Glu Val His Asn Leu
115 120 125

Ala Ile Pro Ser Met Thr Gly Thr Leu Ala Ala Lys Ala Ser Ala Val
130 135 140

Ala Glu Val Pro Ser Phe Gln Trp Leu Asp Arg Asn Val Thr Ile Asp
145 150 155 160

Thr Leu Met Val Pro Thr Leu Ser Arg Val Arg Ala Leu Asn Lys Ala
165 170 175

Gly Ala Asn Pro Pro Tyr Ala Ala Gln Leu Val Val Tyr Asp Leu Pro
180 185 190

Asp Arg Asp Cys Ala Ala Ala Ala Ser Asn Gly Glu Phe Ser Ile Ala
195 200 205

Asn Gly Gly Ala Ala Asn Tyr Arg Ser Tyr Ile Asp Ala Ile Arg Lys
210 215 220

His Ile Ile Glu Tyr Ser Asp Ile Arg Ile Ile Leu Val Ile Glu Pro
225 230 235 240

Asp Ser Met Ala Asn Met Val Thr Asn Met Asn Val Ala Lys Cys Ser
245 250 255

Asn Ala Ala Ser Thr Tyr His Glu Leu Thr Val Tyr Ala Leu Lys Gln
260 265 270

Leu Asn Leu Pro Asn Val Ala Met Tyr Leu Asp Ala Gly His Ala Gly
275 280 285

Trp Leu Gly Trp Pro Ala Asn Ile Gln Pro Ala Ala Glu Leu Phe Ala
290 295 300

Gly Ile Tyr Asn Asp Ala Gly Lys Pro Ala Ala Val Arg Gly Leu Ala
305 310 315 320

Thr Asn Val Ala Asn Tyr Asn Ala Trp Ser Ile Ala Ser Ala Pro Ser
325 330 335

Tyr Thr Ser Pro Asn Pro Asn Tyr Asp Glu Lys His Tyr Ile Glu Ala
340 345 350

Phe Ser Pro Leu Leu Asn Ser Ala Gly Phe Pro Ala Arg Phe Ile Val
355 360 365

Asp Thr Gly Arg Asn Gly Lys Gln Pro Thr Gly Gln Gln Gln Trp Gly
370 375 380

Asp Trp Cys Asn Val Lys Gly Thr Gly Phe Gly Val Arg Pro Thr Ala
385 390 395 400

Asn Thr Gly His Glu Leu Val Asp Ala Phe Val Trp Val Lys Pro Gly
405 410 415

Gly Glu Ser Asp Gly Thr Ser Asp Thr Ser Ala Ala Arg Tyr Asp Tyr
420 425 430

His Cys Gly Leu Ser Asp Ala Leu Gln Pro Ala Pro Glu Ala Gly Gln
435 440 445

Trp Phe Gln Ala Tyr Phe Glu Gln Leu Leu Thr Asn Ala Asn Pro Pro
450 455 460

Phe
465

<210> SEQ ID NO 142
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-continued

Jun. &, 2017

<211> LENGTH: 1449

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 142

atggccaaga

attgaggagc

ggtcccacat

tgcctgecca

cgcagcacca

acgcceeage

agctactctg

gaggtccaca

gtcgecgaag

gtceccgacte

gcccaacteyg

gagttttcga

aagcacatca

gccaacatgg

gagttgaccyg

geeggecacy

geeggeatet

gccaactaca

tacgacgaga

gcacgcettea

ggtgactggt

cacgagctygg

gacaccagcg

ccegaggetyg

cccttectaa

agetttteat

gccagaactyg

getgegecte

acagccaggt

gcacctecag

cegtetecag

gcaaccectt

atctecgecat

tccctagett

tgtccegegt

tcgtctacga

ttgcaaacgyg

aggagtactc

tgaccaacat

tgtacgeget

ceggetgget

acaatgatge

acgcctggag

agcactacat

ttgtcgacac

gcaatgtcaa

tcgatgectt

cecgecegeta

gacagtggtt

<210> SEQ ID NO 143
<211> LENGTH: 482

<212> TYPE:

PRT

caccgecgeg

cggcgctgtg

gggetegace

gacgagttce

cagcaccacc

ccecegtgace

ctegggegte

tcctageatg

ccagtggete

cegggetete

cctececgac

cggegeeged

ggacatccgg

gaacgtggce

caagcagcetyg

cggetggece

cggcaagecg

catcgetteg

cgaggectte

tggccgcaac

gggcaccggc

tgtctgggte

cgactaccac

ccaggectac

cttgeggetyg

tggactcaat

tgcgttgege

accactcegt

aggagcggca

agcattceceg

cggetetteg

actggtactce

gaccggaacyg

aataaggcceg

cgtgactgtyg

aactacagga

atcatcctygg

aagtgcagca

aacctgececa

gccaacatce

getgeegtee

geceegtegt

agccegetet

ggcaaacaac

tttggegtge

aagcceggeyg

tgcggectgt

ttcgagcage

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 143

Met Ala Lys Lys Leu

1

Ala Ala Pro Val Ile

Gln Cys Gly Gly Asn

35

5

20

40

Phe Ile Thr Ala Ala Leu Ala

10

Glu Glu Arg Gln Asn Cys Gly

25

Gly Trp Gln Gly Pro Thr Cys

Synthetic polynucleotide.

cegtgttgge
geggeggtaa
agaacgagtyg
cgtegactte
gcetectecte
geggtgegac
ccaacgacta
tggcggecaa
tcaccatcga
gtgccaatce
cegecgetge
gctacatcga
ttatcgagee
acgccgegte
acgtcgecat
agcccgecge
geggectgge
acacgtcgee
tgaacgacgce
ctaccggeca
gecegacgge
gegagtceega
ccgatgeect

tgctcaccaa

Synthetic polypeptides.

30

45

ggccceegte

cgggtggcaa

gtactctcag

cacctegeag

ctcctecace

ctccacggeyg

ctacaggtcce

ggcttecgee

caccctgatyg

tcecctatget

gtccaacgge

cgctatcege

cgactcgatg

gacgtaccac

gtatctcgac

cgagctgttt

cactaacgtce

taaccctaac

cggettecee

acaacagtgg

caacacgggce

cggcacaage

gcagcctgece

cgccaacccyg

Ala Ala Val Leu

15

Ala Val Trp Thr

Cys Ala Ser Gly

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1449
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Ser Thr Cys Val Ala Gln Asn Glu Trp Tyr Ser Gln Cys Leu Pro Asn
50 55 60

Ser Gln Val Thr Ser Ser Thr Thr Pro Ser Ser Thr Ser Thr Ser Gln
65 70 75 80

Arg Ser Thr Ser Thr Ser Ser Ser Thr Thr Arg Ser Gly Ser Ser Ser
85 90 95

Ser Ser Ser Thr Thr Pro Pro Pro Val Ser Ser Pro Val Thr Ser Ile
100 105 110

Pro Gly Gly Ala Thr Ser Thr Ala Ser Tyr Ser Gly Asn Pro Phe Ser
115 120 125

Gly Val Arg Leu Phe Ala Asn Asp Tyr Tyr Arg Ser Glu Val His Asn
130 135 140

Leu Ala Ile Pro Ser Met Thr Gly Thr Leu Ala Ala Lys Ala Ser Ala
145 150 155 160

Val Ala Glu Val Pro Ser Phe Gln Trp Leu Asp Arg Asn Val Thr Ile
165 170 175

Asp Thr Leu Met Val Pro Thr Leu Ser Arg Val Arg Ala Leu Asn Lys
180 185 190

Ala Gly Ala Asn Pro Pro Tyr Ala Ala Gln Leu Val Val Tyr Asp Leu
195 200 205

Pro Asp Arg Asp Cys Ala Ala Ala Ala Ser Asn Gly Glu Phe Ser Ile
210 215 220

Ala Asn Gly Gly Ala Ala Asn Tyr Arg Ser Tyr Ile Asp Ala Ile Arg
225 230 235 240

Lys His Ile Lys Glu Tyr Ser Asp Ile Arg Ile Ile Leu Val Ile Glu
245 250 255

Pro Asp Ser Met Ala Asn Met Val Thr Asn Met Asn Val Ala Lys Cys
260 265 270

Ser Asn Ala Ala Ser Thr Tyr His Glu Leu Thr Val Tyr Ala Leu Lys
275 280 285

Gln Leu Asn Leu Pro Asn Val Ala Met Tyr Leu Asp Ala Gly His Ala
290 295 300

Gly Trp Leu Gly Trp Pro Ala Asn Ile Gln Pro Ala Ala Glu Leu Phe
305 310 315 320

Ala Gly Ile Tyr Asn Asp Ala Gly Lys Pro Ala Ala Val Arg Gly Leu
325 330 335

Ala Thr Asn Val Ala Asn Tyr Asn Ala Trp Ser Ile Ala Ser Ala Pro
340 345 350

Ser Tyr Thr Ser Pro Asn Pro Asn Tyr Asp Glu Lys His Tyr Ile Glu
355 360 365

Ala Phe Ser Pro Leu Leu Asn Asp Ala Gly Phe Pro Ala Arg Phe Ile
370 375 380

Val Asp Thr Gly Arg Asn Gly Lys Gln Pro Thr Gly Gln Gln Gln Trp
385 390 395 400

Gly Asp Trp Cys Asn Val Lys Gly Thr Gly Phe Gly Val Arg Pro Thr
405 410 415

Ala Asn Thr Gly His Glu Leu Val Asp Ala Phe Val Trp Val Lys Pro
420 425 430

Gly Gly Glu Ser Asp Gly Thr Ser Asp Thr Ser Ala Ala Arg Tyr Asp
435 440 445
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Tyr His Cys Gly Leu Ser Asp Ala Leu Gln Pro Ala Pro Glu Ala Gly
450 455 460

Gln Trp Phe Gln Ala Tyr Phe Glu Gln Leu Leu Thr Asn Ala Asn Pro
465 470 475 480

Pro Phe

<210> SEQ ID NO 144

<211> LENGTH: 465

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 144

Ala Pro Val Ile Glu Glu Arg Gln Asn Cys Gly Ala Val Trp Thr Gln
1 5 10 15

Cys Gly Gly Asn Gly Trp Gln Gly Pro Thr Cys Cys Ala Ser Gly Ser
20 25 30

Thr Cys Val Ala Gln Asn Glu Trp Tyr Ser Gln Cys Leu Pro Asn Ser
35 40 45

Gln Val Thr Ser Ser Thr Thr Pro Ser Ser Thr Ser Thr Ser Gln Arg
50 55 60

Ser Thr Ser Thr Ser Ser Ser Thr Thr Arg Ser Gly Ser Ser Ser Ser
65 70 75 80

Ser Ser Thr Thr Pro Pro Pro Val Ser Ser Pro Val Thr Ser Ile Pro
85 90 95

Gly Gly Ala Thr Ser Thr Ala Ser Tyr Ser Gly Asn Pro Phe Ser Gly
100 105 110

Val Arg Leu Phe Ala Asn Asp Tyr Tyr Arg Ser Glu Val His Asn Leu
115 120 125

Ala Ile Pro Ser Met Thr Gly Thr Leu Ala Ala Lys Ala Ser Ala Val
130 135 140

Ala Glu Val Pro Ser Phe Gln Trp Leu Asp Arg Asn Val Thr Ile Asp
145 150 155 160

Thr Leu Met Val Pro Thr Leu Ser Arg Val Arg Ala Leu Asn Lys Ala
165 170 175

Gly Ala Asn Pro Pro Tyr Ala Ala Gln Leu Val Val Tyr Asp Leu Pro
180 185 190

Asp Arg Asp Cys Ala Ala Ala Ala Ser Asn Gly Glu Phe Ser Ile Ala
195 200 205

Asn Gly Gly Ala Ala Asn Tyr Arg Ser Tyr Ile Asp Ala Ile Arg Lys
210 215 220

His Ile Lys Glu Tyr Ser Asp Ile Arg Ile Ile Leu Val Ile Glu Pro
225 230 235 240

Asp Ser Met Ala Asn Met Val Thr Asn Met Asn Val Ala Lys Cys Ser
245 250 255

Asn Ala Ala Ser Thr Tyr His Glu Leu Thr Val Tyr Ala Leu Lys Gln
260 265 270

Leu Asn Leu Pro Asn Val Ala Met Tyr Leu Asp Ala Gly His Ala Gly
275 280 285

Trp Leu Gly Trp Pro Ala Asn Ile Gln Pro Ala Ala Glu Leu Phe Ala
290 295 300

Gly Ile Tyr Asn Asp Ala Gly Lys Pro Ala Ala Val Arg Gly Leu Ala
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305 310 315 320

Thr Asn Val Ala Asn Tyr Asn Ala Trp Ser Ile Ala Ser Ala Pro Ser
325 330 335

Tyr Thr Ser Pro Asn Pro Asn Tyr Asp Glu Lys His Tyr Ile Glu Ala
340 345 350

Phe Ser Pro Leu Leu Asn Asp Ala Gly Phe Pro Ala Arg Phe Ile Val
355 360 365

Asp Thr Gly Arg Asn Gly Lys Gln Pro Thr Gly Gln Gln Gln Trp Gly
370 375 380

Asp Trp Cys Asn Val Lys Gly Thr Gly Phe Gly Val Arg Pro Thr Ala
385 390 395 400

Asn Thr Gly His Glu Leu Val Asp Ala Phe Val Trp Val Lys Pro Gly
405 410 415

Gly Glu Ser Asp Gly Thr Ser Asp Thr Ser Ala Ala Arg Tyr Asp Tyr
420 425 430

His Cys Gly Leu Ser Asp Ala Leu Gln Pro Ala Pro Glu Ala Gly Gln
435 440 445

Trp Phe Gln Ala Tyr Phe Glu Gln Leu Leu Thr Asn Ala Asn Pro Pro
450 455 460

Phe
465

<210> SEQ ID NO 145

<211> LENGTH: 1449

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide.

<400> SEQUENCE: 145

atggccaaga agcttttecat caccgecgeg cttgeggetg cegtgttgge ggecccegte 60
attgaggagce gccagaactg cggegetgtg tggactcaat geggeggtaa cgggtggcaa 120
ggtcccacat getgegecte gggetegace tgegttgege agaacgagtyg gtactctceag 180
tgcctgecca acagecaggt gacgagttee accacteegt cgtegactte cacctegeag 240
cgcagcacca gcacctecag cagcaccace aggageggea getecteete ctectccace 300
acgcccacce cegtetecag cecegtgace ageatteceg geggtgegac ctecacggeg 360
agctactetyg gcaaccectt ctegggegte cggetctteg ccaacgacta ctacaggtece 420
gaggtcatga atctcgccat tcectagecatg actggtacte tggeggecaa ggetteegec 480
gtcgecgaag tccectagett ccagtggete gaccggaacg tcaccatcga caccctgatg 540
gtcaccacte tgtcccaggt cegggetete aataaggcceg gtgccaatcce tcectatget 600
geccaacteg tegtctacga cctecccgac cgtgactgtg cegecgetge gtecaacgge 660
gagttttcga ttgcaaacgg cggcagcegee aactacagga gctacatcga cgetatcege 720
aagcacatca ttgagtactc ggacatcegg atcatcetgg ttatcgagee cgactcgatg 780
gccaacatgg tgaccaacat gaacgtggcece aagtgcagca acgccgegtce gacgtaccac 840
gagttgaccyg tgtacgeget caagcagctyg aacctgccca acgtegecat gtatctegac 900
gecggecacyg ceggetgget cggetggece gecaacatce ageccgecge cgagetgttt 960

gecggeatcet acaatgatge cggcaagccg getgccgtee geggectgge cactaacgte 1020
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gccaactaca acgectggag catcgetteg geccegtegt acacgcagec taaccctaac 1080
tacgacgaga agcactacat cgaggccttce agcccgcetet tgaactcgge cggcecttceccce 1140
gcacgctteca ttgtcgacac tggeccgcaac ggcaaacaac ctaccggceca acaacagtgg 1200
ggtgactggt gcaatgtcaa gggcaccgge tttggegtge geccgacggce caacacggge 1260
cacgagctgg tcgatgccectt tgtctgggte aageccggceg gcgagtccga cggcacaagc 1320
gacaccageyg ccgeccgcta cgactaccac tgceggectgt cecgatgecct gecagectgece 1380
ccegaggetyg gacagtggtt ccaggectac ttegagcage tgctcaccaa cgccaacccyg 1440
cccttetaa 1449
<210> SEQ ID NO 146

<211> LENGTH: 482

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 146

Met Ala Lys Lys Leu Phe Ile Thr Ala Ala Leu Ala Ala Ala Val Leu
1 5 10 15

Ala Ala Pro Val Ile Glu Glu Arg Gln Asn Cys Gly Ala Val Trp Thr
20 25 30

Gln Cys Gly Gly Asn Gly Trp Gln Gly Pro Thr Cys Cys Ala Ser Gly
Ser Thr Cys Val Ala Gln Asn Glu Trp Tyr Ser Gln Cys Leu Pro Asn
50 55 60

Ser Gln Val Thr Ser Ser Thr Thr Pro Ser Ser Thr Ser Thr Ser Gln
65 70 75 80

Arg Ser Thr Ser Thr Ser Ser Ser Thr Thr Arg Ser Gly Ser Ser Ser
85 90 95

Ser Ser Ser Thr Thr Pro Thr Pro Val Ser Ser Pro Val Thr Ser Ile
100 105 110

Pro Gly Gly Ala Thr Ser Thr Ala Ser Tyr Ser Gly Asn Pro Phe Ser
115 120 125

Gly Val Arg Leu Phe Ala Asn Asp Tyr Tyr Arg Ser Glu Val Met Asn
130 135 140

Leu Ala Ile Pro Ser Met Thr Gly Thr Leu Ala Ala Lys Ala Ser Ala
145 150 155 160

Val Ala Glu Val Pro Ser Phe Gln Trp Leu Asp Arg Asn Val Thr Ile
165 170 175

Asp Thr Leu Met Val Thr Thr Leu Ser Gln Val Arg Ala Leu Asn Lys
180 185 190

Ala Gly Ala Asn Pro Pro Tyr Ala Ala Gln Leu Val Val Tyr Asp Leu
195 200 205

Pro Asp Arg Asp Cys Ala Ala Ala Ala Ser Asn Gly Glu Phe Ser Ile
210 215 220

Ala Asn Gly Gly Ser Ala Asn Tyr Arg Ser Tyr Ile Asp Ala Ile Arg
225 230 235 240

Lys His Ile Ile Glu Tyr Ser Asp Ile Arg Ile Ile Leu Val Ile Glu
245 250 255

Pro Asp Ser Met Ala Asn Met Val Thr Asn Met Asn Val Ala Lys Cys
260 265 270
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Ser Asn Ala Ala Ser Thr Tyr His Glu Leu Thr Val Tyr Ala Leu Lys
275 280 285

Gln Leu Asn Leu Pro Asn Val Ala Met Tyr Leu Asp Ala Gly His Ala
290 295 300

Gly Trp Leu Gly Trp Pro Ala Asn Ile Gln Pro Ala Ala Glu Leu Phe
305 310 315 320

Ala Gly Ile Tyr Asn Asp Ala Gly Lys Pro Ala Ala Val Arg Gly Leu
325 330 335

Ala Thr Asn Val Ala Asn Tyr Asn Ala Trp Ser Ile Ala Ser Ala Pro
340 345 350

Ser Tyr Thr Gln Pro Asn Pro Asn Tyr Asp Glu Lys His Tyr Ile Glu
355 360 365

Ala Phe Ser Pro Leu Leu Asn Ser Ala Gly Phe Pro Ala Arg Phe Ile
370 375 380

Val Asp Thr Gly Arg Asn Gly Lys Gln Pro Thr Gly Gln Gln Gln Trp
385 390 395 400

Gly Asp Trp Cys Asn Val Lys Gly Thr Gly Phe Gly Val Arg Pro Thr
405 410 415

Ala Asn Thr Gly His Glu Leu Val Asp Ala Phe Val Trp Val Lys Pro
420 425 430

Gly Gly Glu Ser Asp Gly Thr Ser Asp Thr Ser Ala Ala Arg Tyr Asp
435 440 445

Tyr His Cys Gly Leu Ser Asp Ala Leu Gln Pro Ala Pro Glu Ala Gly
450 455 460

Gln Trp Phe Gln Ala Tyr Phe Glu Gln Leu Leu Thr Asn Ala Asn Pro
465 470 475 480

Pro Phe

<210> SEQ ID NO 147

<211> LENGTH: 465

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptides.

<400> SEQUENCE: 147

Ala Pro Val Ile Glu Glu Arg Gln Asn Cys Gly Ala Val Trp Thr Gln
1 5 10 15

Cys Gly Gly Asn Gly Trp Gln Gly Pro Thr Cys Cys Ala Ser Gly Ser
20 25 30

Thr Cys Val Ala Gln Asn Glu Trp Tyr Ser Gln Cys Leu Pro Asn Ser
35 40 45

Gln Val Thr Ser Ser Thr Thr Pro Ser Ser Thr Ser Thr Ser Gln Arg
50 55 60

Ser Thr Ser Thr Ser Ser Ser Thr Thr Arg Ser Gly Ser Ser Ser Ser
65 70 75 80

Ser Ser Thr Thr Pro Thr Pro Val Ser Ser Pro Val Thr Ser Ile Pro
85 90 95

Gly Gly Ala Thr Ser Thr Ala Ser Tyr Ser Gly Asn Pro Phe Ser Gly
100 105 110

Val Arg Leu Phe Ala Asn Asp Tyr Tyr Arg Ser Glu Val Met Asn Leu
115 120 125
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Ala Ile Pro Ser Met Thr Gly Thr Leu Ala Ala Lys Ala Ser Ala Val
130 135 140

Ala Glu Val Pro Ser Phe Gln Trp Leu Asp Arg Asn Val Thr Ile Asp
145 150 155 160

Thr Leu Met Val Thr Thr Leu Ser Gln Val Arg Ala Leu Asn Lys Ala
165 170 175

Gly Ala Asn Pro Pro Tyr Ala Ala Gln Leu Val Val Tyr Asp Leu Pro
180 185 190

Asp Arg Asp Cys Ala Ala Ala Ala Ser Asn Gly Glu Phe Ser Ile Ala
195 200 205

Asn Gly Gly Ser Ala Asn Tyr Arg Ser Tyr Ile Asp Ala Ile Arg Lys
210 215 220

His Ile Ile Glu Tyr Ser Asp Ile Arg Ile Ile Leu Val Ile Glu Pro
225 230 235 240

Asp Ser Met Ala Asn Met Val Thr Asn Met Asn Val Ala Lys Cys Ser
245 250 255

Asn Ala Ala Ser Thr Tyr His Glu Leu Thr Val Tyr Ala Leu Lys Gln
260 265 270

Leu Asn Leu Pro Asn Val Ala Met Tyr Leu Asp Ala Gly His Ala Gly
275 280 285

Trp Leu Gly Trp Pro Ala Asn Ile Gln Pro Ala Ala Glu Leu Phe Ala
290 295 300

Gly Ile Tyr Asn Asp Ala Gly Lys Pro Ala Ala Val Arg Gly Leu Ala
305 310 315 320

Thr Asn Val Ala Asn Tyr Asn Ala Trp Ser Ile Ala Ser Ala Pro Ser
325 330 335

Tyr Thr Gln Pro Asn Pro Asn Tyr Asp Glu Lys His Tyr Ile Glu Ala
340 345 350

Phe Ser Pro Leu Leu Asn Ser Ala Gly Phe Pro Ala Arg Phe Ile Val
355 360 365

Asp Thr Gly Arg Asn Gly Lys Gln Pro Thr Gly Gln Gln Gln Trp Gly
370 375 380

Asp Trp Cys Asn Val Lys Gly Thr Gly Phe Gly Val Arg Pro Thr Ala
385 390 395 400

Asn Thr Gly His Glu Leu Val Asp Ala Phe Val Trp Val Lys Pro Gly
405 410 415

Gly Glu Ser Asp Gly Thr Ser Asp Thr Ser Ala Ala Arg Tyr Asp Tyr
420 425 430

His Cys Gly Leu Ser Asp Ala Leu Gln Pro Ala Pro Glu Ala Gly Gln
435 440 445

Trp Phe Gln Ala Tyr Phe Glu Gln Leu Leu Thr Asn Ala Asn Pro Pro
450 455 460

Phe
465

<210> SEQ ID NO 148

<211> LENGTH: 1239

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 148

atgcactcca aagctttett ggcagegett cttgegectg cegtctcagg gcaactgaac 60
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gacctcgeeg tcagggetgg actcaagtac tttggtactg ctecttagega gagcgtcatc 120
aacagtgata ctcggtatgc tgccatcctce agcgacaaga gcatgttcgg ccagetegtce 180
cccgagaatg gcatgaagtg ggatgctact gagccgtceee gtggccagtt caactacgcce 240
tcgggegaca tcacggccaa cacggccaag aagaatggec agggcatgceg ttgccacacce 300
atggtctggt acagccagct cccgagetgg gtctectegg getegtggac cagggactceg 360
ctcacctecgg tcatcgagac gcacatgaac aacgtcatgg gccactacaa gggccaatgce 420
tacgcctggg atgtcatcaa cgaggccatc aatgacgacg gcaactcctyg gcgcgacaac 480
gtctttectee ggacctttgg gaccgactac ttegccctgt ccttcaacct agccaagaag 540
gccgatcceg ataccaagct gtactacaac gactacaacc tcgagtacaa ccaggccaag 600
acggaccgceg ctgttgagcet cgtcaagatg gtccaggceg cceggcegegece catcgacggt 660
gtcggettee agggecacct cattgtegge tcgacccecga cgegctcegea gcetggecacc 720
gccctcocage gecttcaccge geteggectce gaggtcegect acaccgaget cgacatccge 780
cactcgagec tgeccggecte ttegteggeg ctecgcgacce agggcaacga cttegcecaac 840
gtggtcgget cttgectega caccgcegge tgegtceggeg tcaccgtetg gggcttcacc 900
gatgcgcact cgtggatccce gaacacgttc ccecggccagg gcgacgccct gatctacgac 960

agcaactaca acaagaagcc cgcgtggacce tegatctegt cegtectgge cgccaaggece 1020
accggegece cgcccgecte gtectecace accctegtea ccatcaccac ccctecgecyg 1080
gcatccacca ccgectecte ctectecagt gecacgecca cgagcegtecce gacgcagacyg 1140
aggtggggac agtgcggegg catcggatgg acggggccga cccagtgcega gageccatgg 1200
acctgccaga agctgaacga ctggtactgg cagtgcctg 1239
<210> SEQ ID NO 149

<211> LENGTH: 413

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 149

Met His Ser Lys Ala Phe Leu Ala Ala Leu Leu Ala Pro Ala Val Ser
1 5 10 15

Gly Gln Leu Asn Asp Leu Ala Val Arg Ala Gly Leu Lys Tyr Phe Gly
20 25 30

Thr Ala Leu Ser Glu Ser Val Ile Asn Ser Asp Thr Arg Tyr Ala Ala
35 40 45

Ile Leu Ser Asp Lys Ser Met Phe Gly Gln Leu Val Pro Glu Asn Gly
50 55 60

Met Lys Trp Asp Ala Thr Glu Pro Ser Arg Gly Gln Phe Asn Tyr Ala
65 70 75 80

Ser Gly Asp Ile Thr Ala Asn Thr Ala Lys Lys Asn Gly Gln Gly Met
85 90 95

Arg Cys His Thr Met Val Trp Tyr Ser Gln Leu Pro Ser Trp Val Ser
100 105 110

Ser Gly Ser Trp Thr Arg Asp Ser Leu Thr Ser Val Ile Glu Thr His
115 120 125

Met Asn Asn Val Met Gly His Tyr Lys Gly Gln Cys Tyr Ala Trp Asp
130 135 140

Val Ile Asn Glu Ala Ile Asn Asp Asp Gly Asn Ser Trp Arg Asp Asn
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145 150 155 160

Val Phe Leu Arg Thr Phe Gly Thr Asp Tyr Phe Ala Leu Ser Phe Asn
165 170 175

Leu Ala Lys Lys Ala Asp Pro Asp Thr Lys Leu Tyr Tyr Asn Asp Tyr
180 185 190

Asn Leu Glu Tyr Asn Gln Ala Lys Thr Asp Arg Ala Val Glu Leu Val
195 200 205

Lys Met Val Gln Ala Ala Gly Ala Pro Ile Asp Gly Val Gly Phe Gln
210 215 220

Gly His Leu Ile Val Gly Ser Thr Pro Thr Arg Ser Gln Leu Ala Thr
225 230 235 240

Ala Leu Gln Arg Phe Thr Ala Leu Gly Leu Glu Val Ala Tyr Thr Glu
245 250 255

Leu Asp Ile Arg His Ser Ser Leu Pro Ala Ser Ser Ser Ala Leu Ala
260 265 270

Thr Gln Gly Asn Asp Phe Ala Asn Val Val Gly Ser Cys Leu Asp Thr
275 280 285

Ala Gly Cys Val Gly Val Thr Val Trp Gly Phe Thr Asp Ala His Ser
290 295 300

Trp Ile Pro Asn Thr Phe Pro Gly Gln Gly Asp Ala Leu Ile Tyr Asp
305 310 315 320

Ser Asn Tyr Asn Lys Lys Pro Ala Trp Thr Ser Ile Ser Ser Val Leu
325 330 335

Ala Ala Lys Ala Thr Gly Ala Pro Pro Ala Ser Ser Ser Thr Thr Leu
340 345 350

Val Thr Ile Thr Thr Pro Pro Pro Ala Ser Thr Thr Ala Ser Ser Ser
355 360 365

Ser Ser Ala Thr Pro Thr Ser Val Pro Thr Gln Thr Arg Trp Gly Gln
370 375 380

Cys Gly Gly Ile Gly Trp Thr Gly Pro Thr Gln Cys Glu Ser Pro Trp
385 390 395 400

Thr Cys Gln Lys Leu Asn Asp Trp Tyr Trp Gln Cys Leu
405 410

<210> SEQ ID NO 150

<211> LENGTH: 396

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 150

Gln Leu Asn Asp Leu Ala Val Arg Ala Gly Leu Lys Tyr Phe Gly Thr
1 5 10 15

Ala Leu Ser Glu Ser Val Ile Asn Ser Asp Thr Arg Tyr Ala Ala Ile
20 25 30

Leu Ser Asp Lys Ser Met Phe Gly Gln Leu Val Pro Glu Asn Gly Met
35 40 45

Lys Trp Asp Ala Thr Glu Pro Ser Arg Gly Gln Phe Asn Tyr Ala Ser
50 55 60

Gly Asp Ile Thr Ala Asn Thr Ala Lys Lys Asn Gly Gln Gly Met Arg
65 70 75 80

Cys His Thr Met Val Trp Tyr Ser Gln Leu Pro Ser Trp Val Ser Ser
85 90 95
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Gly Ser Trp Thr Arg Asp Ser Leu Thr Ser Val Ile Glu Thr His Met
100 105 110

Asn Asn Val Met Gly His Tyr Lys Gly Gln Cys Tyr Ala Trp Asp Val
115 120 125

Ile Asn Glu Ala Ile Asn Asp Asp Gly Asn Ser Trp Arg Asp Asn Val
130 135 140

Phe Leu Arg Thr Phe Gly Thr Asp Tyr Phe Ala Leu Ser Phe Asn Leu
145 150 155 160

Ala Lys Lys Ala Asp Pro Asp Thr Lys Leu Tyr Tyr Asn Asp Tyr Asn
165 170 175

Leu Glu Tyr Asn Gln Ala Lys Thr Asp Arg Ala Val Glu Leu Val Lys
180 185 190

Met Val Gln Ala Ala Gly Ala Pro Ile Asp Gly Val Gly Phe Gln Gly
195 200 205

His Leu Ile Val Gly Ser Thr Pro Thr Arg Ser Gln Leu Ala Thr Ala
210 215 220

Leu Gln Arg Phe Thr Ala Leu Gly Leu Glu Val Ala Tyr Thr Glu Leu
225 230 235 240

Asp Ile Arg His Ser Ser Leu Pro Ala Ser Ser Ser Ala Leu Ala Thr
245 250 255

Gln Gly Asn Asp Phe Ala Asn Val Val Gly Ser Cys Leu Asp Thr Ala
260 265 270

Gly Cys Val Gly Val Thr Val Trp Gly Phe Thr Asp Ala His Ser Trp
275 280 285

Ile Pro Asn Thr Phe Pro Gly Gln Gly Asp Ala Leu Ile Tyr Asp Ser
290 295 300

Asn Tyr Asn Lys Lys Pro Ala Trp Thr Ser Ile Ser Ser Val Leu Ala
305 310 315 320

Ala Lys Ala Thr Gly Ala Pro Pro Ala Ser Ser Ser Thr Thr Leu Val
325 330 335

Thr Ile Thr Thr Pro Pro Pro Ala Ser Thr Thr Ala Ser Ser Ser Ser
340 345 350

Ser Ala Thr Pro Thr Ser Val Pro Thr Gln Thr Arg Trp Gly Gln Cys
355 360 365

Gly Gly Ile Gly Trp Thr Gly Pro Thr Gln Cys Glu Ser Pro Trp Thr
370 375 380

Cys Gln Lys Leu Asn Asp Trp Tyr Trp Gln Cys Leu
385 390 395

<210> SEQ ID NO 151

<211> LENGTH: 654

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 151

atggtctegt tcactectect cctcacggte ategecgetg cggtgacgac ggecagecct 60
ctcgaggtgyg tcaagegegg catccagecg ggcacgggea ccecacgaggg gtacttctac 120
tegttetgga ccgacggecg tggeteggte gacttcaace cegggececg cggctegtac 180
agcgtcacct ggaacaacgt caacaactgg gttggeggea agggctggaa ccegggecceg 240
ccgegcaaga ttgcgtacaa cggcacctgg aacaactaca acgtgaacag ctacctegec 300

ctgtacgget ggactegecaa cecgetggte gagtattaca tegtggagge atacggcacg 360
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tacaacccct cgtcgggcac ggegcggctg ggcaccateg aggacgacgg cggcgtgtac 420
gacatctaca agacgacgcg gtacaaccag ccgtccatcg aggggacctc caccttcgac 480
cagtactggt ccgtcecgecg ccagaagcge gtcggeggca ctatcgacac gggcaagcac 540
tttgacgagt ggaagcgcca gggcaacctce cagctcggca cctggaacta catgatcatg 600
gccaccgagg gctaccagag ctectggttceg gecactatcg aggtceggga ggec 654

<210> SEQ ID NO 152

<211> LENGTH: 218

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 152

Met Val Ser Phe Thr Leu Leu Leu Thr Val Ile Ala Ala Ala Val Thr
1 5 10 15

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

Gly Thr His Glu Gly Tyr Phe Tyr Ser Phe Trp Thr Asp Gly Arg Gly
35 40 45

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

Asn Asn Val Asn Asn Trp Val Gly Gly Lys Gly Trp Asn Pro Gly Pro
65 70 75 80

Pro Arg Lys Ile Ala Tyr Asn Gly Thr Trp Asn Asn Tyr Asn Val Asn
85 90 95

Ser Tyr Leu Ala Leu Tyr Gly Trp Thr Arg Asn Pro Leu Val Glu Tyr
100 105 110

Tyr Ile Val Glu Ala Tyr Gly Thr Tyr Asn Pro Ser Ser Gly Thr Ala
115 120 125

Arg Leu Gly Thr Ile Glu Asp Asp Gly Gly Val Tyr Asp Ile Tyr Lys
130 135 140

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

Gln Tyr Trp Ser Val Arg Arg Gln Lys Arg Val Gly Gly Thr Ile Asp
165 170 175

Thr Gly Lys His Phe Asp Glu Trp Lys Arg Gln Gly Asn Leu Gln Leu
180 185 190

Gly Thr Trp Asn Tyr Met Ile Met Ala Thr Glu Gly Tyr Gln Ser Ser
195 200 205

Gly Ser Ala Thr Ile Glu Val Arg Glu Ala
210 215

<210> SEQ ID NO 153

<211> LENGTH: 218

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 153

Met Val Ser Phe Thr Leu Leu Leu Thr Val Ile Ala Ala Ala Val Thr
1 5 10 15

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

Gly Thr His Glu Gly Tyr Phe Tyr Ser Phe Trp Thr Asp Gly Arg Gly
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35 40 45

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

Asn Asn Val Asn Asn Trp Val Gly Gly Lys Gly Trp Asn Pro Gly Pro
65 70 75 80

Pro Arg Lys Ile Ala Tyr Asn Gly Thr Trp Asn Asn Tyr Asn Val Asn
85 90 95

Ser Tyr Leu Ala Leu Tyr Gly Trp Thr Arg Asn Pro Leu Val Glu Tyr
100 105 110

Tyr Ile Val Glu Ala Tyr Gly Thr Tyr Asn Pro Ser Ser Gly Thr Ala
115 120 125

Arg Leu Gly Thr Ile Glu Asp Asp Gly Gly Val Tyr Asp Ile Tyr Lys
130 135 140

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

Gln Tyr Trp Ser Val Arg Arg Gln Lys Arg Val Gly Gly Thr Ile Asp
165 170 175

Thr Gly Lys His Phe Asp Glu Trp Lys Arg Gln Gly Asn Leu Gln Leu
180 185 190

Gly Thr Trp Asn Tyr Met Ile Met Ala Thr Glu Gly Tyr Gln Ser Ser
195 200 205

Gly Ser Ala Thr Ile Glu Val Arg Glu Ala
210 215

<210> SEQ ID NO 154

<211> LENGTH: 1155

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 154

atgcegtacte ttacgttegt getggeagee gecceggtgg ctgtgettge ccaatctect 60
ctgtggggee agtgceggegg tcaaggetgg acaggtecca cgacctgegt ttetggegea 120
gtatgccaat tcgtcaatga ctggtactce caatgegtge ccggatcgag caaccctect 180
acgggcacca ccagcagcac cactggaage accceggete ctactggegg cggeggeage 240
ggaaccggee tccacgacaa attcaaggece aagggcaage tctacttegg aaccgagatc 300
gatcactacc atctcaacaa caatgccttyg accaacattg tcaagaaaga ctttggtcaa 360
gtcactcacg agaacagctt gaagtgggat gctactgage cgagccgcaa tcaattcaac 420
tttgccaacyg ccgacgeggt tgtcaacttt geccaggeca acggcaaget catccegegge 480
cacaccctee tectggeacte tcagetgeeg cagtgggtge agaacatcaa cgaccgcaac 540
accttgacce aggtcatcga gaaccacgte accacccettg tcactegeta caagggcaag 600
atcctecact gggacgtegt taacgagate tttgecgagg acggcetceget ccgegacage 660
gtcttecagee gegtectegg cgaggacttt gteggcateg cctteegege cgecegeged 720
gecgatccca acgccaaget ctacatcaac gactacaacce tcgacattge caactacgec 780
aaggtgacce ggggcatggt cgagaaggte aacaagtgga tegeccaggg catcccgate 840
gacggcatcg gcacccagtg ccacctggee gggecceggeg ggtggaacac ggecgeegge 900
gtcecegacyg ccectcaagge cctegecgeg gecaacgtca aggagatcge catcaccgag 960

ctcgacateg ccggegecte cgccaacgac tacctcaceg tcatgaacge ctgcctcecag 1020
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gtctccaagt gegtcecggcat caccgtetgg ggcgtcectcectyg acaaggacag ctggaggtceg 1080
agcagcaacc cgctectett cgacagcaac taccagccaa aggcggcata caatgetcetg 1140
attaatgcct tgtaa 1155
<210> SEQ ID NO 155

<211> LENGTH: 384

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 155

Met Arg Thr Leu Thr Phe Val Leu Ala Ala Ala Pro Val Ala Val Leu
1 5 10 15

Ala Gln Ser Pro Leu Trp Gly Gln Cys Gly Gly Gln Gly Trp Thr Gly
20 25 30

Pro Thr Thr Cys Val Ser Gly Ala Val Cys Gln Phe Val Asn Asp Trp
35 40 45

Tyr Ser Gln Cys Val Pro Gly Ser Ser Asn Pro Pro Thr Gly Thr Thr
50 55 60

Ser Ser Thr Thr Gly Ser Thr Pro Ala Pro Thr Gly Gly Gly Gly Ser
65 70 75 80

Gly Thr Gly Leu His Asp Lys Phe Lys Ala Lys Gly Lys Leu Tyr Phe
85 90 95

Gly Thr Glu Ile Asp His Tyr His Leu Asn Asn Asn Ala Leu Thr Asn
100 105 110

Ile Val Lys Lys Asp Phe Gly Gln Val Thr His Glu Asn Ser Leu Lys
115 120 125

Trp Asp Ala Thr Glu Pro Ser Arg Asn Gln Phe Asn Phe Ala Asn Ala
130 135 140

Asp Ala Val Val Asn Phe Ala Gln Ala Asn Gly Lys Leu Ile Arg Gly
145 150 155 160

His Thr Leu Leu Trp His Ser Gln Leu Pro Gln Trp Val Gln Asn Ile
165 170 175

Asn Asp Arg Asn Thr Leu Thr Gln Val Ile Glu Asn His Val Thr Thr
180 185 190

Leu Val Thr Arg Tyr Lys Gly Lys Ile Leu His Trp Asp Val Val Asn
195 200 205

Glu Ile Phe Ala Glu Asp Gly Ser Leu Arg Asp Ser Val Phe Ser Arg
210 215 220

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

Ala Asp Pro Asn Ala Lys Leu Tyr Ile Asn Asp Tyr Asn Leu Asp Ile
245 250 255

Ala Asn Tyr Ala Lys Val Thr Arg Gly Met Val Glu Lys Val Asn Lys
260 265 270

Trp Ile Ala Gln Gly Ile Pro Ile Asp Gly Ile Gly Thr Gln Cys His
275 280 285

Leu Ala Gly Pro Gly Gly Trp Asn Thr Ala Ala Gly Val Pro Asp Ala
290 295 300

Leu Lys Ala Leu Ala Ala Ala Asn Val Lys Glu Ile Ala Ile Thr Glu
305 310 315 320

Leu Asp Ile Ala Gly Ala Ser Ala Asn Asp Tyr Leu Thr Val Met Asn
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325 330 335

Ala Cys Leu Gln Val Ser Lys Cys Val Gly Ile Thr Val Trp Gly Val
340 345 350

Ser Asp Lys Asp Ser Trp Arg Ser Ser Ser Asn Pro Leu Leu Phe Asp
355 360 365

Ser Asn Tyr Gln Pro Lys Ala Ala Tyr Asn Ala Leu Ile Asn Ala Leu
370 375 380

<210> SEQ ID NO 156

<211> LENGTH: 367

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 156

Gln Ser Pro Leu Trp Gly Gln Cys Gly Gly Gln Gly Trp Thr Gly Pro
1 5 10 15

Thr Thr Cys Val Ser Gly Ala Val Cys Gln Phe Val Asn Asp Trp Tyr
20 25 30

Ser Gln Cys Val Pro Gly Ser Ser Asn Pro Pro Thr Gly Thr Thr Ser
35 40 45

Ser Thr Thr Gly Ser Thr Pro Ala Pro Thr Gly Gly Gly Gly Ser Gly
50 55 60

Thr Gly Leu His Asp Lys Phe Lys Ala Lys Gly Lys Leu Tyr Phe Gly
65 70 75 80

Thr Glu Ile Asp His Tyr His Leu Asn Asn Asn Ala Leu Thr Asn Ile
85 90 95

Val Lys Lys Asp Phe Gly Gln Val Thr His Glu Asn Ser Leu Lys Trp
100 105 110

Asp Ala Thr Glu Pro Ser Arg Asn Gln Phe Asn Phe Ala Asn Ala Asp
115 120 125

Ala Val Val Asn Phe Ala Gln Ala Asn Gly Lys Leu Ile Arg Gly His
130 135 140

Thr Leu Leu Trp His Ser Gln Leu Pro Gln Trp Val Gln Asn Ile Asn
145 150 155 160

Asp Arg Asn Thr Leu Thr Gln Val Ile Glu Asn His Val Thr Thr Leu
165 170 175

Val Thr Arg Tyr Lys Gly Lys Ile Leu His Trp Asp Val Val Asn Glu
180 185 190

Ile Phe Ala Glu Asp Gly Ser Leu Arg Asp Ser Val Phe Ser Arg Val
195 200 205

Leu Gly Glu Asp Phe Val Gly Ile Ala Phe Arg Ala Ala Arg Ala Ala
210 215 220

Asp Pro Asn Ala Lys Leu Tyr Ile Asn Asp Tyr Asn Leu Asp Ile Ala
225 230 235 240

Asn Tyr Ala Lys Val Thr Arg Gly Met Val Glu Lys Val Asn Lys Trp
245 250 255

Ile Ala Gln Gly Ile Pro Ile Asp Gly Ile Gly Thr Gln Cys His Leu
260 265 270

Ala Gly Pro Gly Gly Trp Asn Thr Ala Ala Gly Val Pro Asp Ala Leu
275 280 285

Lys Ala Leu Ala Ala Ala Asn Val Lys Glu Ile Ala Ile Thr Glu Leu
290 295 300
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Asp Ile Ala
305

Cys Leu Gln

Asp Lys Asp

Asn Tyr Gln
355

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Ala Ser Ala Asn
310

Val Ser Lys Cys Val

325

Ser Trp Arg Ser Ser

340

Pro Lys Ala Ala Tyr

D NO 157
H: 687
DNA

360

Asp

Gly

Ser

345

Asn

Tyr
Ile
330

Asn

Ala

Leu

315

Thr

Pro

Leu

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 157

atggtctege
cgeeegtteg
cccaacgege
caggccacct
aactttgteg
tcgttcaace
atcgagtact
aagggcagct
gegecctega
cgegteggeyg
ccectegget
tccgacatct
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

tcaagtcect
actttgacga
agggctacca
tcaccetget
gtggcaaggg
cgagcggcaa
acgtggtega
tccagagega
tcgagggeac
getecgtcac
cccacgacta
acgtccagac
D NO 158

H: 228
PRT

cctectegee

cggcaacteg

ctcegggetac

cgagggcagc

ctggaacceyg

cggctaccetyg

gtcgtacggg

cggeggeace

cecgeacctte

catgcagaac

ccagategte

tcactag

gcggeggcega

accgaggege

ttctactegt

cactaccagg

ggtaccggece

geegtcetacy

acctacaacc

tacaacatct

cagcagtact

cacttcaacg

gecaccgagyg

ISM: Myceliophthora thermophila

<400> SEQUENCE: 158

Met Val Ser
1

Ala Val Thr
Ala Leu Ala
35

Gly Tyr Phe
50

Thr Leu Leu
65

Asn Phe Val

Asn Tyr Gly

Tyr Gly Trp
115

Leu Lys Ser Leu Leu

5

Ala Arg Pro Phe Asp

Lys Arg Gln Val Thr

40

Tyr Ser Trp Trp Ser

55

Glu Gly Ser His Tyr

70

Gly Gly Lys Gly Trp

85

Gly Ser Phe Asn Pro

100

Thr His Asn Pro Leu

120

Leu

Phe

25

Pro

Asp

Gln

Asn

Ser
105

Ile

Ala

10

Asp

Asn

Gly

Val

Pro
90

Gly

Glu

Ala

Asp

Ala

Gly

Asn

75

Gly

Asn

Tyr

Thr Val Met

Val Trp Gly

Leu Leu Phe

350

Ile Asn Ala
365

cgttgacgge
tggccaageg
ggtggtcega
tcaactggag
ggaccatcaa
getggacgca
cgggcageca
acgtctcgac
ggtccatceg
cctgggecca

gctaccagag

Ala Ala Thr
Gly Asn Ser
30

Gln Gly Tyr
45

Gly Gln Ala
60

Trp Arg Asn

Thr Gly Arg

Gly Tyr Leu
110

Tyr Val Val
125

Asn Ala
320

Val Ser
335

Asp Ser

Leu

ggtgacggeg
ccaggtcacyg
cggeggegge
gaacacgggce

ctacggegge

caaccegetyg
ggcccagtac
ccgetacaac
cacctecaag

gcacggcatg

cagecggetee

Leu Thr
15

Thr Glu

His Ser

Thr Phe
Thr Gly
80

Thr Ile
95

Ala Val

Glu Ser

60

120

180

240

300

360

420

480

540

600

660

687
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Tyr Gly Thr Tyr Asn Pro Gly Ser Gln Ala Gln Tyr Lys Gly Ser Phe
130 135 140

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

Ala Pro Ser Ile Glu Gly Thr Arg Thr Phe Gln Gln Tyr Trp Ser Ile
165 170 175

Arg Thr Ser Lys Arg Val Gly Gly Ser Val Thr Met Gln Asn His Phe
180 185 190

Asn Ala Trp Ala Gln His Gly Met Pro Leu Gly Ser His Asp Tyr Gln
195 200 205

Ile Val Ala Thr Glu Gly Tyr Gln Ser Ser Gly Ser Ser Asp Ile Tyr
210 215 220

Val Gln Thr His
225

<210> SEQ ID NO 159

<211> LENGTH: 208

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 159

Arg Pro Phe Asp Phe Asp Asp Gly Asn Ser Thr Glu Ala Leu Ala Lys
1 5 10 15

Arg Gln Val Thr Pro Asn Ala Gln Gly Tyr His Ser Gly Tyr Phe Tyr
20 25 30

Ser Trp Trp Ser Asp Gly Gly Gly Gln Ala Thr Phe Thr Leu Leu Glu
35 40 45

Gly Ser His Tyr Gln Val Asn Trp Arg Asn Thr Gly Asn Phe Val Gly
50 55 60

Gly Lys Gly Trp Asn Pro Gly Thr Gly Arg Thr Ile Asn Tyr Gly Gly
65 70 75 80

Ser Phe Asn Pro Ser Gly Asn Gly Tyr Leu Ala Val Tyr Gly Trp Thr
His Asn Pro Leu Ile Glu Tyr Tyr Val Val Glu Ser Tyr Gly Thr Tyr
100 105 110

Asn Pro Gly Ser Gln Ala Gln Tyr Lys Gly Ser Phe Gln Ser Asp Gly
115 120 125

Gly Thr Tyr Asn Ile Tyr Val Ser Thr Arg Tyr Asn Ala Pro Ser Ile
130 135 140

Glu Gly Thr Arg Thr Phe Gln Gln Tyr Trp Ser Ile Arg Thr Ser Lys
145 150 155 160

Arg Val Gly Gly Ser Val Thr Met Gln Asn His Phe Asn Ala Trp Ala
165 170 175

Gln His Gly Met Pro Leu Gly Ser His Asp Tyr Gln Ile Val Ala Thr
180 185 190

Glu Gly Tyr Gln Ser Ser Gly Ser Ser Asp Ile Tyr Val Gln Thr His
195 200 205

<210> SEQ ID NO 160

<211> LENGTH: 681

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 160
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atggttacce tcactcgect ggcggtegee geggeggeca tgatctcecag cactggectg 60
getgecceega cgeccgaage tggecccgac ctteccgact ttgagetegg ggtcaacaac 120
ctegeccgee gegegetgga ctacaaccag aactacagga ccagcggcaa cgtcaactac 180
tegeccaceyg acaacggcta cteggtcage ttetccaacyg cgggagattt tgtegteggg 240
aagggctgga ggacgggagc caccagaaac atcaccttet cgggatcgac acagcatacce 300
tegggeaceg tgctegtete cgtctacgge tggacccegga acccegctgat cgagtactac 360
gtgcaggagt acacgtccaa cggggcecgge tccgcetcagg gegagaaget gggcacggte 420
gagagcgacyg ggggcacgta cgagatctgg cggcaccagce aggtcaacca gecgtcgatce 480
gagggcacct cgaccttcetg gcagtacatc tcgaaccgeg tgtccggeca geggcccaac 540
ggeggcaceyg tcaccctcege caaccacttce gecgectgge agaagcetegg cctgaacctg 600
ggccagcacyg actaccaggt cctggcecace gagggctggg gcaacgecgg cggcagetece 660
cagtacaccg tcagcggctg a 681

<210> SEQ ID NO 161

<211> LENGTH: 226

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 161

Met Val Thr Leu Thr Arg Leu Ala Val Ala Ala Ala Ala Met Ile Ser
1 5 10 15

Ser Thr Gly Leu Ala Ala Pro Thr Pro Glu Ala Gly Pro Asp Leu Pro
20 25 30

Asp Phe Glu Leu Gly Val Asn Asn Leu Ala Arg Arg Ala Leu Asp Tyr
35 40 45

Asn Gln Asn Tyr Arg Thr Ser Gly Asn Val Asn Tyr Ser Pro Thr Asp
50 55 60

Asn Gly Tyr Ser Val Ser Phe Ser Asn Ala Gly Asp Phe Val Val Gly
65 70 75 80

Lys Gly Trp Arg Thr Gly Ala Thr Arg Asn Ile Thr Phe Ser Gly Ser
85 90 95

Thr Gln His Thr Ser Gly Thr Val Leu Val Ser Val Tyr Gly Trp Thr
100 105 110

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

Ala Gly Ser Ala Gln Gly Glu Lys Leu Gly Thr Val Glu Ser Asp Gly
130 135 140

Gly Thr Tyr Glu Ile Trp Arg His Gln Gln Val Asn Gln Pro Ser Ile
145 150 155 160

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

Gln Arg Pro Asn Gly Gly Thr Val Thr Leu Ala Asn His Phe Ala Ala
180 185 190

Trp Gln Lys Leu Gly Leu Asn Leu Gly Gln His Asp Tyr Gln Val Leu
195 200 205

Ala Thr Glu Gly Trp Gly Asn Ala Gly Gly Ser Ser Gln Tyr Thr Val
210 215 220

Ser Gly
225
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<210> SEQ ID NO 162

<211> LENGTH: 205

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 162

Ala Pro Thr Pro Glu Ala Gly Pro Asp Leu Pro Asp Phe Glu Leu Gly
1 5 10 15

Val Asn Asn Leu Ala Arg Arg Ala Leu Asp Tyr Asn Gln Asn Tyr Arg
20 25 30

Thr Ser Gly Asn Val Asn Tyr Ser Pro Thr Asp Asn Gly Tyr Ser Val
35 40 45

Ser Phe Ser Asn Ala Gly Asp Phe Val Val Gly Lys Gly Trp Arg Thr
50 55 60

Gly Ala Thr Arg Asn Ile Thr Phe Ser Gly Ser Thr Gln His Thr Ser
Gly Thr Val Leu Val Ser Val Tyr Gly Trp Thr Arg Asn Pro Leu Ile
85 90 95

Glu Tyr Tyr Val Gln Glu Tyr Thr Ser Asn Gly Ala Gly Ser Ala Gln
100 105 110

Gly Glu Lys Leu Gly Thr Val Glu Ser Asp Gly Gly Thr Tyr Glu Ile
115 120 125

Trp Arg His Gln Gln Val Asn Gln Pro Ser Ile Glu Gly Thr Ser Thr
130 135 140

Phe Trp Gln Tyr Ile Ser Asn Arg Val Ser Gly Gln Arg Pro Asn Gly
145 150 155 160

Gly Thr Val Thr Leu Ala Asn His Phe Ala Ala Trp Gln Lys Leu Gly
165 170 175

Leu Asn Leu Gly Gln His Asp Tyr Gln Val Leu Ala Thr Glu Gly Trp
180 185 190

Gly Asn Ala Gly Gly Ser Ser Gln Tyr Thr Val Ser Gly
195 200 205

<210> SEQ ID NO 163

<211> LENGTH: 1833

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 163

atgttctteg cttetetget geteggtete ctggegggeg tgtecgette accgggacac 60
gggcggaatt ccaccttcta caaccccate tteccegget tctaccccga teecgagetge 120
atctacgtge ccgagegtga ccacacctte ttetgtgect cgtegagett caacgectte 180
cegggcatee cgattcatge cagcaaggac ctgcagaact ggaagttgat cggccatgtg 240
ctgaatcgca aggaacagcet tccccggete getgagacca accggtcegac cageggeatce 300
tgggcaccca cccteeggtt ccatgacgac accttetggt tggtcaccac actagtggac 360
gacgaccgge cgcaggagga cgcttccaga tgggacaata ttatcttcaa ggcaaagaat 420
cegtatgate cgaggtectg gtccaaggee gtecacttea acttcactgg ctacgacacg 480
gagcctttet gggacgaaga tggaaaggtyg tacatcaccg gegeccatge ttggeatgtt 540

ggcccataca tccagcagge cgaagtcgat ctcgacacgg gggecgtegyg cgagtggege 600
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atcatctgga acggaacggg cggcatggct cctgaaggge cgcacatcta ccgcaaagat 660
gggtggtact acttgctggce tgctgaaggg gggaccggca tcgaccatat ggtgaccatg 720
gcccggtega gaaaaatctce cagtccttac gagtccaacc caaacaaccc cgtgttgacc 780
aacgccaaca cgaccagtta ctttcaaacc gtcgggcatt cagacctgtt ccatgacaga 840
catgggaact ggtgggcagt cgccctctec acccgctceeg gtccagaata tcttcactac 900
cccatgggec gcgagaccdgt catgacagcc gtgagetgge cgaaggacga gtggccaacce 960

ttcacceccca tatctggcaa gatgagcggce tggccgatge ctcecttcecgca gaaggacatt 1020
cgeggagteg gecectacgt caactcceccece gacccggaac acctgacctt cccecgeteg 1080
gegeccctyge cggeccacct cacctactgg cgatacccga acccgtectce ctacacgecyg 1140
tcecegeceg ggcacccecaa caccctecge ctgaccceegt cecgectgaa cctgaccgece 1200
ctcaacggca actacgeggg ggccgaccag accttegtet cgegecggea gcagcacace 1260
ctettecacct acagegtcac getcgactac gegecgegga cegecgggga ggaggecgge 1320
gtgaccgect tcectgacgca gaaccaccac ctcgacctgg gegtcegtect gctecectege 1380
ggcteccgeca cecgegeecte gctgecggge ctgagtagta gtacaactac tactagtagt 1440
agtagtagtc gtccggacga ggaggaggag cgcgaggcegyg gcgaagagga agaagagggce 1500
ggacaagact tgatgatccc gcatgtgegg ttcaggggceg agtcgtacgt gccecgtececyg 1560
gcgeecgteg tgtacccgat accceccgggece tggagaggceg ggaagcttgt gttagagatce 1620
cgggcttgta attcgactca cttcectegtte cgtgtcggge cggacgggag acggtctgag 1680
cggacggtgg tcatggaggc ttcgaacgag gccgttaget ggggctttac tggaacgetg 1740
ctgggcatct atgcgaccag taatggtggce aacggaacca cgccggcgta tttttceggat 1800
tggaggtaca caccattgga gcagtttagg gat 1833
<210> SEQ ID NO 164

<211> LENGTH: 611

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 164

Met Phe Phe Ala Ser Leu Leu Leu Gly Leu Leu Ala Gly Val Ser Ala
1 5 10 15

Ser Pro Gly His Gly Arg Asn Ser Thr Phe Tyr Asn Pro Ile Phe Pro
20 25 30

Gly Phe Tyr Pro Asp Pro Ser Cys Ile Tyr Val Pro Glu Arg Asp His
35 40 45

Thr Phe Phe Cys Ala Ser Ser Ser Phe Asn Ala Phe Pro Gly Ile Pro
50 55 60

Ile His Ala Ser Lys Asp Leu Gln Asn Trp Lys Leu Ile Gly His Val
65 70 75 80

Leu Asn Arg Lys Glu Gln Leu Pro Arg Leu Ala Glu Thr Asn Arg Ser
85 90 95

Thr Ser Gly Ile Trp Ala Pro Thr Leu Arg Phe His Asp Asp Thr Phe
100 105 110

Trp Leu Val Thr Thr Leu Val Asp Asp Asp Arg Pro Gln Glu Asp Ala
115 120 125

Ser Arg Trp Asp Asn Ile Ile Phe Lys Ala Lys Asn Pro Tyr Asp Pro
130 135 140
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Arg Ser Trp Ser Lys Ala Val His Phe Asn Phe Thr Gly Tyr Asp Thr
145 150 155 160

Glu Pro Phe Trp Asp Glu Asp Gly Lys Val Tyr Ile Thr Gly Ala His
165 170 175

Ala Trp His Val Gly Pro Tyr Ile Gln Gln Ala Glu Val Asp Leu Asp
180 185 190

Thr Gly Ala Val Gly Glu Trp Arg Ile Ile Trp Asn Gly Thr Gly Gly
195 200 205

Met Ala Pro Glu Gly Pro His Ile Tyr Arg Lys Asp Gly Trp Tyr Tyr
210 215 220

Leu Leu Ala Ala Glu Gly Gly Thr Gly Ile Asp His Met Val Thr Met
225 230 235 240

Ala Arg Ser Arg Lys Ile Ser Ser Pro Tyr Glu Ser Asn Pro Asn Asn
245 250 255

Pro Val Leu Thr Asn Ala Asn Thr Thr Ser Tyr Phe Gln Thr Val Gly
260 265 270

His Ser Asp Leu Phe His Asp Arg His Gly Asn Trp Trp Ala Val Ala
275 280 285

Leu Ser Thr Arg Ser Gly Pro Glu Tyr Leu His Tyr Pro Met Gly Arg
290 295 300

Glu Thr Val Met Thr Ala Val Ser Trp Pro Lys Asp Glu Trp Pro Thr
305 310 315 320

Phe Thr Pro Ile Ser Gly Lys Met Ser Gly Trp Pro Met Pro Pro Ser
325 330 335

Gln Lys Asp Ile Arg Gly Val Gly Pro Tyr Val Asn Ser Pro Asp Pro
340 345 350

Glu His Leu Thr Phe Pro Arg Ser Ala Pro Leu Pro Ala His Leu Thr
355 360 365

Tyr Trp Arg Tyr Pro Asn Pro Ser Ser Tyr Thr Pro Ser Pro Pro Gly
370 375 380

His Pro Asn Thr Leu Arg Leu Thr Pro Ser Arg Leu Asn Leu Thr Ala
385 390 395 400

Leu Asn Gly Asn Tyr Ala Gly Ala Asp Gln Thr Phe Val Ser Arg Arg
405 410 415

Gln Gln His Thr Leu Phe Thr Tyr Ser Val Thr Leu Asp Tyr Ala Pro
420 425 430

Arg Thr Ala Gly Glu Glu Ala Gly Val Thr Ala Phe Leu Thr Gln Asn
435 440 445

His His Leu Asp Leu Gly Val Val Leu Leu Pro Arg Gly Ser Ala Thr
450 455 460

Ala Pro Ser Leu Pro Gly Leu Ser Ser Ser Thr Thr Thr Thr Ser Ser
465 470 475 480

Ser Ser Ser Arg Pro Asp Glu Glu Glu Glu Arg Glu Ala Gly Glu Glu
485 490 495

Glu Glu Glu Gly Gly Gln Asp Leu Met Ile Pro His Val Arg Phe Arg
500 505 510

Gly Glu Ser Tyr Val Pro Val Pro Ala Pro Val Val Tyr Pro Ile Pro
515 520 525

Arg Ala Trp Arg Gly Gly Lys Leu Val Leu Glu Ile Arg Ala Cys Asn
530 535 540
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Ser Thr His Phe Ser Phe Arg Val Gly Pro Asp Gly Arg Arg Ser Glu
545 550 555 560

Arg Thr Val Val Met Glu Ala Ser Asn Glu Ala Val Ser Trp Gly Phe
565 570 575

Thr Gly Thr Leu Leu Gly Ile Tyr Ala Thr Ser Asn Gly Gly Asn Gly
580 585 590

Thr Thr Pro Ala Tyr Phe Ser Asp Trp Arg Tyr Thr Pro Leu Glu Gln
595 600 605

Phe Arg Asp
610

<210> SEQ ID NO 165

<211> LENGTH: 595

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 165

Ser Pro Gly His Gly Arg Asn Ser Thr Phe Tyr Asn Pro Ile Phe Pro
1 5 10 15

Gly Phe Tyr Pro Asp Pro Ser Cys Ile Tyr Val Pro Glu Arg Asp His
20 25 30

Thr Phe Phe Cys Ala Ser Ser Ser Phe Asn Ala Phe Pro Gly Ile Pro
35 40 45

Ile His Ala Ser Lys Asp Leu Gln Asn Trp Lys Leu Ile Gly His Val
Leu Asn Arg Lys Glu Gln Leu Pro Arg Leu Ala Glu Thr Asn Arg Ser
65 70 75 80

Thr Ser Gly Ile Trp Ala Pro Thr Leu Arg Phe His Asp Asp Thr Phe
85 90 95

Trp Leu Val Thr Thr Leu Val Asp Asp Asp Arg Pro Gln Glu Asp Ala
100 105 110

Ser Arg Trp Asp Asn Ile Ile Phe Lys Ala Lys Asn Pro Tyr Asp Pro
115 120 125

Arg Ser Trp Ser Lys Ala Val His Phe Asn Phe Thr Gly Tyr Asp Thr
130 135 140

Glu Pro Phe Trp Asp Glu Asp Gly Lys Val Tyr Ile Thr Gly Ala His
145 150 155 160

Ala Trp His Val Gly Pro Tyr Ile Gln Gln Ala Glu Val Asp Leu Asp
165 170 175

Thr Gly Ala Val Gly Glu Trp Arg Ile Ile Trp Asn Gly Thr Gly Gly
180 185 190

Met Ala Pro Glu Gly Pro His Ile Tyr Arg Lys Asp Gly Trp Tyr Tyr
195 200 205

Leu Leu Ala Ala Glu Gly Gly Thr Gly Ile Asp His Met Val Thr Met
210 215 220

Ala Arg Ser Arg Lys Ile Ser Ser Pro Tyr Glu Ser Asn Pro Asn Asn
225 230 235 240

Pro Val Leu Thr Asn Ala Asn Thr Thr Ser Tyr Phe Gln Thr Val Gly
245 250 255

His Ser Asp Leu Phe His Asp Arg His Gly Asn Trp Trp Ala Val Ala
260 265 270

Leu Ser Thr Arg Ser Gly Pro Glu Tyr Leu His Tyr Pro Met Gly Arg
275 280 285
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Glu Thr Val Met Thr Ala Val Ser Trp Pro Lys Asp Glu Trp Pro Thr
290 295 300

Phe Thr Pro Ile Ser Gly Lys Met Ser Gly Trp Pro Met Pro Pro Ser
305 310 315 320

Gln Lys Asp Ile Arg Gly Val Gly Pro Tyr Val Asn Ser Pro Asp Pro
325 330 335

Glu His Leu Thr Phe Pro Arg Ser Ala Pro Leu Pro Ala His Leu Thr
340 345 350

Tyr Trp Arg Tyr Pro Asn Pro Ser Ser Tyr Thr Pro Ser Pro Pro Gly
355 360 365

His Pro Asn Thr Leu Arg Leu Thr Pro Ser Arg Leu Asn Leu Thr Ala
370 375 380

Leu Asn Gly Asn Tyr Ala Gly Ala Asp Gln Thr Phe Val Ser Arg Arg
385 390 395 400

Gln Gln His Thr Leu Phe Thr Tyr Ser Val Thr Leu Asp Tyr Ala Pro
405 410 415

Arg Thr Ala Gly Glu Glu Ala Gly Val Thr Ala Phe Leu Thr Gln Asn
420 425 430

His His Leu Asp Leu Gly Val Val Leu Leu Pro Arg Gly Ser Ala Thr
435 440 445

Ala Pro Ser Leu Pro Gly Leu Ser Ser Ser Thr Thr Thr Thr Ser Ser
450 455 460

Ser Ser Ser Arg Pro Asp Glu Glu Glu Glu Arg Glu Ala Gly Glu Glu
465 470 475 480

Glu Glu Glu Gly Gly Gln Asp Leu Met Ile Pro His Val Arg Phe Arg
485 490 495

Gly Glu Ser Tyr Val Pro Val Pro Ala Pro Val Val Tyr Pro Ile Pro
500 505 510

Arg Ala Trp Arg Gly Gly Lys Leu Val Leu Glu Ile Arg Ala Cys Asn
515 520 525

Ser Thr His Phe Ser Phe Arg Val Gly Pro Asp Gly Arg Arg Ser Glu
530 535 540

Arg Thr Val Val Met Glu Ala Ser Asn Glu Ala Val Ser Trp Gly Phe
545 550 555 560

Thr Gly Thr Leu Leu Gly Ile Tyr Ala Thr Ser Asn Gly Gly Asn Gly
565 570 575

Thr Thr Pro Ala Tyr Phe Ser Asp Trp Arg Tyr Thr Pro Leu Glu Gln
580 585 590

Phe Arg Asp
595

<210> SEQ ID NO 166

<211> LENGTH: 942

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 166

atgaagctce tgggcaaact cteggeggea ctegeccteg cgggcageag getggetgece 60
gegecaccegg tettegacga getgatgegyg ccgacggege cgetggtgeg ceegegggeg 120

gecctgcage aggtgaccaa ctttggcage aacccgtcca acacgaagat gttcatctac 180

gtgcccgaca agetggecce caaccegece atcatagtgg ccatccacta ctgeacegge 240
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accgeccagg cctactactce gggctecect tacgeccgee tegecgacca gaagggette 300
atcgtcatcet acceggagtce cccctacage ggcacctgtt gggacgtcete gtcegegegece 360
geectgacee acaacggcgg cggcgacagce aactcgatcg ccaacatggt cacctacacce 420
ctcgaaaagt acaatggcga cgccagcaag gtetttgtea ceggetcecte gtceeggegece 480
atgatgacga acgtgatggc cgccgegtac ceggaactgt tegeggcagyg aatcgectac 540
tegggegtge ccegeeggetyg cttctacage cagtcecggag gcaccaacgce gtggaacage 600
tegtgegeca acgggcagat caactcgacg ceccaggtgt gggecaagat ggtcttcgac 660
atgtacccgg aatacgacgg cccgcgeccece aagatgcaga tctaccacgg ctceggecgac 720
ggcacgctca gacccagcaa ctacaacgag accatcaagce agtggtgegg cgtettegge 780
ttcgactaca cccgecccga caccacccag gecaactceee cgcaggcecgyg ctacaccace 840
tacacctggg gcgagcagca gectcegtegge atctacgece agggcegtegyg acacacggte 900
ccecateegeg gcagcgacga catggectte tttggectgt ga 942

<210> SEQ ID NO 167

<211> LENGTH: 313

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 167

Met Lys Leu Leu Gly Lys Leu Ser Ala Ala Leu Ala Leu Ala Gly Ser
1 5 10 15

Arg Leu Ala Ala Ala His Pro Val Phe Asp Glu Leu Met Arg Pro Thr
20 25 30

Ala Pro Leu Val Arg Pro Arg Ala Ala Leu Gln Gln Val Thr Asn Phe
35 40 45

Gly Ser Asn Pro Ser Asn Thr Lys Met Phe Ile Tyr Val Pro Asp Lys
50 55 60

Leu Ala Pro Asn Pro Pro Ile Ile Val Ala Ile His Tyr Cys Thr Gly
65 70 75 80

Thr Ala Gln Ala Tyr Tyr Ser Gly Ser Pro Tyr Ala Arg Leu Ala Asp
85 90 95

Gln Lys Gly Phe Ile Val Ile Tyr Pro Glu Ser Pro Tyr Ser Gly Thr
100 105 110

Cys Trp Asp Val Ser Ser Arg Ala Ala Leu Thr His Asn Gly Gly Gly
115 120 125

Asp Ser Asn Ser Ile Ala Asn Met Val Thr Tyr Thr Leu Glu Lys Tyr
130 135 140

Asn Gly Asp Ala Ser Lys Val Phe Val Thr Gly Ser Ser Ser Gly Ala
145 150 155 160

Met Met Thr Asn Val Met Ala Ala Ala Tyr Pro Glu Leu Phe Ala Ala
165 170 175

Gly Ile Ala Tyr Ser Gly Val Pro Ala Gly Cys Phe Tyr Ser Gln Ser
180 185 190

Gly Gly Thr Asn Ala Trp Asn Ser Ser Cys Ala Asn Gly Gln Ile Asn
195 200 205

Ser Thr Pro Gln Val Trp Ala Lys Met Val Phe Asp Met Tyr Pro Glu
210 215 220

Tyr Asp Gly Pro Arg Pro Lys Met Gln Ile Tyr His Gly Ser Ala Asp
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225 230 235 240

Gly Thr Leu Arg Pro Ser Asn Tyr Asn Glu Thr Ile Lys Gln Trp Cys
245 250 255

Gly Val Phe Gly Phe Asp Tyr Thr Arg Pro Asp Thr Thr Gln Ala Asn
260 265 270

Ser Pro Gln Ala Gly Tyr Thr Thr Tyr Thr Trp Gly Glu Gln Gln Leu
275 280 285

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

Ser Asp Asp Met Ala Phe Phe Gly Leu
305 310

<210> SEQ ID NO 168

<211> LENGTH: 292

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 168

His Pro Val Phe Asp Glu Leu Met Arg Pro Thr Ala Pro Leu Val Arg
1 5 10 15

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

Asn Thr Lys Met Phe Ile Tyr Val Pro Asp Lys Leu Ala Pro Asn Pro
35 40 45

Pro Ile Ile Val Ala Ile His Tyr Cys Thr Gly Thr Ala Gln Ala Tyr
50 55 60

Tyr Ser Gly Ser Pro Tyr Ala Arg Leu Ala Asp Gln Lys Gly Phe Ile
65 70 75 80

Val Ile Tyr Pro Glu Ser Pro Tyr Ser Gly Thr Cys Trp Asp Val Ser
85 90 95

Ser Arg Ala Ala Leu Thr His Asn Gly Gly Gly Asp Ser Asn Ser Ile
100 105 110

Ala Asn Met Val Thr Tyr Thr Leu Glu Lys Tyr Asn Gly Asp Ala Ser
115 120 125

Lys Val Phe Val Thr Gly Ser Ser Ser Gly Ala Met Met Thr Asn Val
130 135 140

Met Ala Ala Ala Tyr Pro Glu Leu Phe Ala Ala Gly Ile Ala Tyr Ser
145 150 155 160

Gly Val Pro Ala Gly Cys Phe Tyr Ser Gln Ser Gly Gly Thr Asn Ala
165 170 175

Trp Asn Ser Ser Cys Ala Asn Gly Gln Ile Asn Ser Thr Pro Gln Val
180 185 190

Trp Ala Lys Met Val Phe Asp Met Tyr Pro Glu Tyr Asp Gly Pro Arg
195 200 205

Pro Lys Met Gln Ile Tyr His Gly Ser Ala Asp Gly Thr Leu Arg Pro
210 215 220

Ser Asn Tyr Asn Glu Thr Ile Lys Gln Trp Cys Gly Val Phe Gly Phe
225 230 235 240

Asp Tyr Thr Arg Pro Asp Thr Thr Gln Ala Asn Ser Pro Gln Ala Gly
245 250 255

Tyr Thr Thr Tyr Thr Trp Gly Glu Gln Gln Leu Val Gly Ile Tyr Ala
260 265 270
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Gln Gly Val Gly His Thr Val Pro Ile Arg Gly Ser Asp Asp Met Ala
275 280 285

Phe Phe Gly Leu
290

<210> SEQ ID NO 169

<211> LENGTH: 840

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 169

atgatctegg ttectgetet cgetetggee cttetggeeg cegtccaggt cgtcegagtet 60
gecteggetyg getgtggcaa ggcegeccect tectegggea ccaagtegat gacggtcaac 120
ggcaagcagce gccagtacat tctcecagetyg cccaacaact acgacgccaa caaggeccac 180
agggtggtga tcgggtacca ctggegegac ggatccatga acgacgtgge caacggegge 240
ttctacgate tgceggteceg ggcgggegac agecaccatet tegttgecce caacggecte 300
aatgccggat gggccaacgt gggeggegag gacatcacct ttacggacca gatcgtagac 360
atgctcaaga acgacctetg cgtggacgag acccagttet ttgetacggg ctggagetat 420
ggcggtgeca tgagccatag cgtggettgt tceteggecag acgtettcaa ggecgtegeg 480
gtcatcgecg gggcccaget gtceggetge geceggeggca cgacgeccegt ggegtaccta 540
ggcatccacyg gagccgecga caacgtectyg cccatcgace teggecgeca getgegegac 600
aagtggctge agaccaacgg ctgcaactac cagggcgecece aggacccege gecgggecag 660
caggcccaca tcaagaccac ctacagetge tcecgegege cegtcaccetyg gatcggecac 720
gggggeggee acgtccccga ceccacggge aacaacggeg tcaagtttge gecccaggag 780
acctgggact tctttgatge cgecegtegga geggecggeg cgcagagece gatgacataa 840

<210> SEQ ID NO 170

<211> LENGTH: 279

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 170

Met Ile Ser Val Pro Ala Leu Ala Leu Ala Leu Leu Ala Ala Val Gln
1 5 10 15

Val Val Glu Ser Ala Ser Ala Gly Cys Gly Lys Ala Pro Pro Ser Ser
20 25 30

Gly Thr Lys Ser Met Thr Val Asn Gly Lys Gln Arg Gln Tyr Ile Leu
35 40 45

Gln Leu Pro Asn Asn Tyr Asp Ala Asn Lys Ala His Arg Val Val Ile
50 55 60

Gly Tyr His Trp Arg Asp Gly Ser Met Asn Asp Val Ala Asn Gly Gly
65 70 75 80

Phe Tyr Asp Leu Arg Ser Arg Ala Gly Asp Ser Thr Ile Phe Val Ala
85 90 95

Pro Asn Gly Leu Asn Ala Gly Trp Ala Asn Val Gly Gly Glu Asp Ile
100 105 110

Thr Phe Thr Asp Gln Ile Val Asp Met Leu Lys Asn Asp Leu Cys Val
115 120 125

Asp Glu Thr Gln Phe Phe Ala Thr Gly Trp Ser Tyr Gly Gly Ala Met
130 135 140
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Ser His Ser Val Ala Cys Ser Arg Pro Asp Val Phe Lys Ala Val Ala
145 150 155 160

Val Ile Ala Gly Ala Gln Leu Ser Gly Cys Ala Gly Gly Thr Thr Pro
165 170 175

Val Ala Tyr Leu Gly Ile His Gly Ala Ala Asp Asn Val Leu Pro Ile
180 185 190

Asp Leu Gly Arg Gln Leu Arg Asp Lys Trp Leu Gln Thr Asn Gly Cys
195 200 205

Asn Tyr Gln Gly Ala Gln Asp Pro Ala Pro Gly Gln Gln Ala His Ile
210 215 220

Lys Thr Thr Tyr Ser Cys Ser Arg Ala Pro Val Thr Trp Ile Gly His
225 230 235 240

Gly Gly Gly His Val Pro Asp Pro Thr Gly Asn Asn Gly Val Lys Phe
245 250 255

Ala Pro Gln Glu Thr Trp Asp Phe Phe Asp Ala Ala Val Gly Ala Ala
260 265 270

Gly Ala Gln Ser Pro Met Thr
275

<210> SEQ ID NO 171

<211> LENGTH: 259

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 171

Ala Ser Ala Gly Cys Gly Lys Ala Pro Pro Ser Ser Gly Thr Lys Ser
1 5 10 15

Met Thr Val Asn Gly Lys Gln Arg Gln Tyr Ile Leu Gln Leu Pro Asn
20 25 30

Asn Tyr Asp Ala Asn Lys Ala His Arg Val Val Ile Gly Tyr His Trp
35 40 45

Arg Asp Gly Ser Met Asn Asp Val Ala Asn Gly Gly Phe Tyr Asp Leu
Arg Ser Arg Ala Gly Asp Ser Thr Ile Phe Val Ala Pro Asn Gly Leu
65 70 75 80

Asn Ala Gly Trp Ala Asn Val Gly Gly Glu Asp Ile Thr Phe Thr Asp
85 90 95

Gln Ile Val Asp Met Leu Lys Asn Asp Leu Cys Val Asp Glu Thr Gln
100 105 110

Phe Phe Ala Thr Gly Trp Ser Tyr Gly Gly Ala Met Ser His Ser Val
115 120 125

Ala Cys Ser Arg Pro Asp Val Phe Lys Ala Val Ala Val Ile Ala Gly
130 135 140

Ala Gln Leu Ser Gly Cys Ala Gly Gly Thr Thr Pro Val Ala Tyr Leu
145 150 155 160

Gly Ile His Gly Ala Ala Asp Asn Val Leu Pro Ile Asp Leu Gly Arg
165 170 175

Gln Leu Arg Asp Lys Trp Leu Gln Thr Asn Gly Cys Asn Tyr Gln Gly
180 185 190

Ala Gln Asp Pro Ala Pro Gly Gln Gln Ala His Ile Lys Thr Thr Tyr
195 200 205

Ser Cys Ser Arg Ala Pro Val Thr Trp Ile Gly His Gly Gly Gly His
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210 215 220

Val Pro Asp Pro Thr Gly Asn Asn Gly Val Lys Phe Ala Pro Gln Glu

225 230 235

240

Thr Trp Asp Phe Phe Asp Ala Ala Val Gly Ala Ala Gly Ala Gln Ser

245 250

Pro Met Thr

255

We claim:

1. A non-naturally occurring polynucleotide sequence
encoding a glycoside hydrolase 61 (GH61) variant protein
that is at least about 90% identical to SEQ ID NO:4.

2. A non-naturally occurring polynucleotide sequence of
claim 1, wherein said non-naturally occurring polynucle-
otide encodes a GH61 variant protein, wherein said GH61
variant protein is at least 90% identical to SEQ ID NO:5.

3. A recombinant nucleic acid construct comprising the
non-naturally occurring polynucleotide sequence of claim 1.

4. The recombinant nucleic acid construct of claim 3,
wherein said non-naturally occurring polynucleotide
sequence encoding a glycoside hydrolase (GH61) variant
protein is operably linked to a promoter.

5. The recombinant nucleic acid construct of claim 3,
wherein said construct further encodes at least one enzyme
in addition to said GH61 variant protein.

6. The nucleic acid construct of claim 5, wherein said at
least one additional enzyme is selected from wild-type
GH61 enzymes, endoglucanases (EG), beta-glucosidases
(BGL), Type 1 cellobiohydrolases (CBH1), Type 2 cello-
biohydrolases  (CBH2), cellulases, hemicellulases,
xylanases, xylosidases, amylases, glucoamylases, proteases,
esterases, and lipases.

7. A host cell comprising the nucleic acid construct of
claim 3.

8. The host cell of claim 7, wherein said host cell further
produces at least one enzyme selected from wild-type GH61
enzymes, endoglucanases (EG), beta-glucosidases (BGL),
Type 1 cellobiohydrolases (CBH1), Type 2 cellobiohydro-
lases (CBH2), cellulases, hemicellulases, xylanases, xylosi-
dases, amylases, glucoamylases, proteases, esterases, and
lipases.

9. The host cell of claim 7, wherein said host cell is a yeast
or filamentous fungal cell.

10. The host cell of claim 9, wherein said host cell is
Myceliophthora thermophila.

11. A method of producing a GH61 variant protein com-
prising culturing the host cell set forth in claim 7, under
conditions such that said host cell produces said GH61
variant proteins.

12. The method of claim 11, wherein said host cell further
produces at least one additional enzyme selected from
wild-type GH61 enzymes, endoglucanases (EG), beta-glu-
cosidases (BGL), Type 1 cellobiohydrolases (CBH1), Type
2 cellobiohydrolases (CBH2), cellulases, hemicellulases,
xylanases, xylosidases, amylases, glucoamylases, proteases,
esterases, and lipases.
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