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The present invention relates to production of fermentable sugars from lignocellulosic material by enzymatic conversion. The
fermentable sugars are useful e.g. in the production of bioethanol. Novel polypeptides having endoglucanase activity, polynucleotides
encoding them and vectors and host cells containing the polynucleotides are disclosed. A method for treating cellulosic material with the
novel endoglucanase as well as uses of the enzymes and enzyme preparations and a method of preparing them are described.

Esilla oleva keksintd koskee kdymisessa kaytettdvien sokerien tuotantoa lignoselluloosamateriaalista entsymaattisella muuntamisella.
Kaymisessa kaytettavat sokerit ovat kayttokelpoisia esimerkiksi bioetanolin tuotannossa. Keksinndssa esitetdan uusia polypeptideja,
joilla on endoglukanaasiaktiivisuutta, niitd koodaavia polynukleotideja, ja polynukleotideja sisdltéavia vektoreita ja isdntésoluja.
Menetelma selluloosapitoisen materiaalin kasittelemiseksi uusilla endoglukanaaseilla sekéd entsyymien ja entsyymivalmisteiden kaytto ja
menetelma niiden valmistamiseksi kuvataan.
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IMPROVED ENDOGLUCANASES FOR TREATMENT OF CELLULOSIC MATERIAL

The work leading to this invention has received funding from the Eu-
ropean Community’s Seventh Framework Programme FP7/2007-2013 under
grant agreement n° 2393417.

FIELD OF THE INVENTION

The present invention relates to production of fermentable sugars
from lignocellulosic material by enzymatic conversion. The fermentable sugars
are useful e.g. in the production of bioethanol, or for other purposes. In particu-
lar the invention relates to novel polypeptides, polynucleotides encoding them,
and to vectors and host cells containing the polynucleotides. The invention is
further directed to a method for treating cellulosic material with fungal endoglu-
canase or an enzyme preparation containing said enzyme. Still further the in-
vention is directed to uses of the polypeptides or enzyme preparations contain-
ing said polypeptides and to a method of preparing them.

BACKGROUND OF THE INVENTION

Limited resources of fossil fuels, and increasing amounts of CO, re-
leased from them and causing the greenhouse phenomenon have raised a
need for using biomass as a renewable and clean source of energy. Biomass
resources can be broadly categorized as agricultural or forestry-based, includ-
ing secondary sources derived from agro and wood industries, waste sources
and municipal solid wastes. One promising, alternative technology is the pro-
duction of biofuels i.e. (bio)ethanol from lignocellulosic materials. In the trans-
portation sector biofuels are for the time being the only option, which could re-
duce the CO, emissions by an order of magnitude. The ethanol can be used in
existing vehicles and distribution systems and thus it does not require expen-
sive infrastructure investments. Sugars derived from lignocellulosic renewable
raw materials can also be used as raw materials for a variety of chemical
products that can replace oil-based chemicals.

Lignocellulosic raw material comprises an abundant source of car-
bohydrates for a variety of biofuels, including bioethanol. Most of the carbohy-
drates in plants are in the form of lignocellulose, which essentially consists of
cellulose, hemicellulose, and lignin. Lignocellulose can be converted into bio-
ethanol and other chemical products via fermentation following hydrolysis to
fermentable sugars. In a conventional lignocellulose-to-ethanol process the
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lignocellulosic material is first pretreated either chemically or physically to
make the cellulose fraction more accessible to hydrolysis. The cellulose frac-
tion is then hydrolysed to obtain sugars that can be fermented by yeast into
ethanol and distilled to obtain pure ethanol. Lignin is obtained as a main co-
product that may be used as a solid fuel.

One barrier of production of biofuels from cellulosic and lignocellulo-
sic biomass is the robustness of the cell walls and the presence of sugar mon-
omers in the form of inaccessible polymers that require a great amount of pro-
cessing to make sugar monomers available to the micro-organisms that are
typically used to produce alcohol by fermentation. Enzymatic hydrolysis is con-
sidered the most promising technology for converting cellulosic biomass into
fermentable sugars. However, enzymatic hydrolysis is used only to a limited
amount at industrial scale, and especially when using strongly lignified material
such as wood or agricultural waste the technology is not satisfactory. The cost
of the enzymatic step is one of the major economic factors of the process. Ef-
forts have been made to improve the efficiency of the enzymatic hydrolysis of
the cellulosic material (Badger 2002).

WQ02001060752 describes a continuous process for converting solid
lignocellulosic biomass into combustible fuel products. After pretreatment by
wet oxidation or steam explosion the biomass is partially separated into cellu-
lose, hemicellulose and lignin, and is then subjected to partial hydrolysis using
one or more carbohydrase enzymes (EC 3.2).

W02002024882 concerns a method of converting cellulose to glu-
cose by treating a pretreated lignocellulosic substrate with an enzyme mixture
comprising cellulase and a modified cellobiohydrolase | (CBHI) obtained by
inactivating its cellulose binding domain (CBD).

US 20040005674 A1 describes novel enzyme mixtures that can be
used directly on lignocellulose substrate, whereby toxic waste products formed
during pretreatment processes may be avoided, and energy may be saved.
The synergistic enzyme mixture contains a cellulase and an auxiliary enzyme
such as xylanase, ligninase, amylase, protease, lipidase or glucuronidase, or
any combination thereof. Cellulase is considered to include endoglucanase,
beta-glucosidase and cellobiohydrolase. US 20050164355 describes a method
for degrading lignocellulosic material with one or more cellulolytic enzymes
selected from endoglucanase, beta-glucosidase and cellobiohydrolase and in
the presence of at least one surfactant. Additional enzymes such as hemicellu-
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lases, esterase, peroxidase, protease, laccase or mixture thereof may also be
used. The presence of surfactant increases the degradation of lignocellulosic
material compared to the absence of surfactant.

WO02011080317 describes a method of treating cellulosic material
with fungal CBHII/Cel6A cellobiohydrolase enzyme. The enzyme is useful in
various industrial applications, particularly in production of biofuels, where pro-
duction of fermentable sugars from lignocellulosic material at moderate to ele-
vated temperature is advantageous.

Cellulases from a number of bacterial and fungal sources have been
purified and characterized. The best investigated and most widely applied cel-
lulolytic enzymes of fungal origin have been derived from Trichoderma reesei
(the anamorph of Hypocrea jecorina). Cellulases from less known fungi have
also been disclosed. Hong et al. (2003a and 2003b) characterize EG and CBHI
of Thermoascus aurantiacus produced in yeast. Tuohy et al. (2002) describe
three forms of cellobiohydrolases from Talaromyces emersonii, a moderately
thermophilic fungus. The sequence and detailed biochemical characterization
of these T. emersonii cellobiohydrolases have shown comparable properties
with the cellobiohydrolases of T. reesei and P. chrysosporium. The cellulase
enzymes of another thermophilic fungus, Melanocarpus albomyces, include at
least two endoglucanases (Cel45A and Cel7A) and one cellobiohydrolase
(Cel7B). These enzymes have been cloned and characterized for their pH and
temperature behavior (Miettinen-Oinonen et al.,, 2004). W0O2007071818 de-
scribes enzymatic conversion of lignocellulosic material by enzymes including
cellobiohydrolase, endoglucanase, beta-glucosidase and optionally xylanase
derived from Thermoascus auranticus, Acremonium thermophilium or Chae-
tomium thermophilium. US 7,892,812 describes cellulose compositions com-
prising endoglucanase and their use in industrial applications, for example in
saccharification of lignocellulose biomass. The cellulases are from fungi
Chrysosporium lucknowense, which has been identified as Myceliophthora
thermophila (Visser et al., 2011).

Endoglucanases of the Cel7 family (EGs fam 7) are disclosed e.g. in
US 5,912,157, which pertains Myceliphthora endoglucanase and its homo-
logues and applications thereof in detergent, textile, and pulp. US 6,071,735
describes cellulases exhibiting high endoglucanase activity in alkaline condi-
tions. Uses as detergent, in pulp and paper, and textile applications are dis-
cussed. US 5,763,254 discloses enzymes from strains of Humicola, Fusarium
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and Myceliopthora degrading cellulose/hemicellulose and having a carbohy-
drate binding module homologous to the region A of T.reesei.

WO02004078919 discloses purified glycosyl hydrolase family 7
(Cel7A) enzymes from Penicillium funiculosum, which demonstrate a high level
of specific performance when formulated with an endoglucanase and tested on
pretreated corn stover.

Haakana et al., (2004) describes the cloning and sequencing of
three genes encoding cellulases Cel45A, Cel7A and Cel7B from Melanocarpus
albomyces. These cellulases work well in biostoning, with lower backstaining
compared to T. reesei. W0O9714804 discloses Cel7A family enzymes from
Melanocarpus albomyces and its applications in textile and detergent industry.
Voutilainen et al., (2008) describes novel GH7 family cellobiohydrolases from
the thermophilic fungi Acremonium thermophilum, Thermoascus auranticus
and Chaetomium thermophilum active on insoluble polymeric substrates and
participating in the rate limiting step in the hydrolysis of cellulose.

US 5,393,670 describes the DNA, vectors and transformed host en-
coding Trichoderma reesei endoglucanase |.

There is a continuous need for new methods of degrading cellulosic
substrates, in particular lignocellulosic substrates, and for new enzymes and
enzyme mixtures, which enhance the efficiency of the degradation. There is
also a need for enzymes and processes, which are versatile and which work
not only at moderate temperatures but also at high temperatures, thus increas-
ing the reaction rates and enabling the use of high biomass consistency lead-
ing to high sugar and ethanol concentrations. This approach may lead to signif-
icant savings in energy and investment costs. The high temperature also de-
creases the risk of contamination during hydrolysis. The present invention aims
to meet at least part of these needs.

BRIEF DESCRIPTION OF THE INVENTION

It is an object of the present invention to provide novel polypeptides
having endoglucanase activity and polynucleotides encoding the polypeptides.
The novel polypeptides may have improved specific activity and/or improved
thermostability. The novel polypeptides may also have versatile applications. A
further object of the present invention is to provide new enzymes and enzyme
preparations, which enhance the efficiency of the cellulosic degradation. Espe-
cially the object of the invention is to provide new enzymes having endoglu-
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canase activity. Another object of the present invention is to provide a method
for treating cellulose material with an improved enzyme or enzyme preparation.

The objects of the invention are achieved by novel polypeptides of
GH family 7 (Cel7) obtained from Acremonium thermophilium ALKO4245.

The present invention provides a polypeptide having endoglucanase
activity and comprising an amino acid sequence having at least 57% identity to
SEQ ID NO:7 (EG_A) or a fragment thereof having endoglucanase activity.

The invention further provides an isolated polynucleotide selected
from the group consisting of:

a) a polynucleotide comprising the coding sequence as shown in
SEQ ID NO: 5;

b) a polynucleotide encoding a polypeptide of claim 1;

c) a polynucleotide encoding a fragment of a polypeptide encoded
by a polynucleotide of a) or b), wherein said fragment has endoglucanase ac-
tivity; and

d) a polynucleotide comprising a nucleotide sequence which is de-
generate to the nucleotide sequence of a polynucleotide of a) or b);

or the complementary strand of such a polynucleotide.

The invention is also directed to a vector, which comprises said pol-
ynucleotide and a host cell comprising said vector. Escherichia coli strains hav-
ing accession number DSM 25492, DSM 25657 and DSM 25655 are also in-
cluded in the invention.

A further object of the invention is to provide a method of producing
said polypeptide having endoglucanase activity, the method comprising the
steps of transforming a host cell with an expression vector encoding said poly-
peptide, and culturing said host cell under conditions enabling expression of
said polypeptide, and optionally recovering and purifying said polypeptide.

Other objects of the invention are the enzyme preparations compris-
ing at least one of the novel polypeptides and the use of said enzyme prepara-
tions and polypeptides in biofuel, biomass hydrolysis, starch, textile, detergent,
pulp and paper, food, feed or beverage industry.

The invention also provides a method for treating cellulosic material
with an endoglucanase or an enzyme preparation comprising said endoglu-
canase, wherein the method comprises the following steps:

i) reacting the cellulosic material with said endoglucanase or the en-
zyme preparation comprising said endoglucanase
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i) obtaining at least partially hydrolyzed cellulosic material.

Specific embodiments of the invention are set forth in the dependent
claims. Other objects, details and advantages of the present invention will be-
come apparent from the following drawings, detailed description and exam-
ples.

The novel endoglucanase applicable in the method is capable of
hydrolysing cellulosic materials at moderate to elevated temperatures, particu-
larly in combination with other enzymes used in hydrolysis of cellulosic or lig-
nocellulosic materials.

Endoglucanases obtainable from Acremonium thermophilum
ALKO4245 are particularly useful in hydrolysing and degrading cellulosic mate-
rial. The enzymes are kinetically very effective over a broad range of tempera-
tures, and although they have high activity at standard hydrolysis tempera-
tures, they are also very efficient at high temperatures. This makes them ex-
tremely well suited for varying cellulosic substrate hydrolysis processes carried
out both at conventional temperatures and at elevated temperatures. In the
conventional separate hydrolysis and fermentation process (SHF) the tempera-
ture of enzymatic hydrolysis is typically higher than that of fermentation. The
use of thermostable enzymes in the hydrolysis offer potential benefits, such as
higher reaction rates at elevated temperatures, reduction of enzyme load due
to higher specific activity and stability of enzymes, increased flexibility with re-
spect to process configuration and decreased contamination risk. The general
robustness of thermostable enzymes compared to mesophilic ones also in-
creases the recyclability of enzymes in the industrial process.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the attached drawings, in
which

Figure 1 schematically shows the expression cassettes used in the
transformation of Trichoderma reesei protoplasts for overproducing the recom-
binant Acremonium thermophilum ALKQO4245 EG/Cel7 proteins (EG_A and
EG_B), Acremonium thermophilum ALKO4245 EG/Cel7 + Trichoderma reesei
EGI/Cel7B_linker-CBM (EG_A+EGI-CBM and EG_B+EGI-CBM) and Acremo-
nium  thermophilum  ALKO4245 EG/Cel7 +  Trichoderma reesei
CBHI/Cel7A_linker-CBM (EG_A+CBHI-CBM and EG_B+CBHI-CBM) fusion
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proteins. The Acremonium thermophilum ALKO4245 cel7/egl genes (egl A
and eg/_B) and cel7/egl-CBM fusion genes Acremonium thermophilum
ALKO4245 cel7/egl + Trichoderma reesei cel7B/egl1_linker-CBM (eg/_A+egl1-
CBM and eg/ B+eg/1-CBM) and Acremonium thermophilum ALKO4245
cel7/egl + Trichoderma reesei cel7A/cbh1_linker-CBM (eg/_A+cbh1-CBM and
egl_B+cbh1-CBM) were under the control of T. reesei cel7A/cbh1 promoter (p
cbht) and the termination of the transcription was ensured by using 7. reesei
cel7A/cbh1 terminator sequence (t cbh?). The amdS gene was included as a
transformation marker.

Figure 2 shows results from hydrolysis of steam exploded corn fibre
performed with enzyme mixtures comprising the EG/Cel7 endoglucanases of
the invention. The corn fibre substrate was hydrolyzed using different enzyme
mixtures at a dosage of 0.5 mg of protein per g of total solids all at 37°C and
55°C in high dry matter conditions. The compositions of the enzyme mixtures;
basis enzyme mixture (MIXTURE 1) and compositions comprising the EG_A
and EG_B, are described in more detail in Example 5. Samples from five dif-
ferent tubes were taken after 48 hours hydrolysis time and quantified by HPLC,
in which the concentration of glucose was determined. The concentration of
glucose is presented.

Figure 2A shows the hydrolysis results of steam exploded corn fibre
performed at 37°C with a basis enzyme mixture (MIXTURE 1) supplemented
with the EG_A (MIXTURE 1_EG_A) or EG_B (MIXTURE 1_EG_B).

Figure 2B shows the hydrolysis results of steam exploded corn fibre
performed at 55°C with a basis enzyme mixture (MIXTURE 1) supplemented
with the EG_A (MIXTURE 1_EG_A).

Figure 3 shows results from hydrolysis of steam exploded corn fibre
performed with enzyme mixtures comprising the EG_A+EGI-CBM and
EG_B+EGI-CBM fusion protein of the invention. The corn fibre substrate was
hydrolyzed using different enzyme mixtures at a dosage of 0.5 mg of protein
per g of total solids all at 37°C with both low and high dry matter conditions
and at 55°C with high dry matter conditions. The compositions of the enzyme
mixtures, a basis enzyme mixture (MIXTURE 1) and compositions comprising
the EG_A+EGI-CBM and EG_B+EGI-CBM, are described in more detail in Ex-
ample 5. Samples from five different tubes were taken after 48 hours hydroly-
sis time and quantified by HPLC, in which the concentration of glucose was
determined. The concentration of glucose is presented.
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Figure 3A shows the hydrolysis results of steam exploded corn fibre
performed at 37°C with low dry matter conditions and with a basis enzyme
mixture (MIXTURE 1) supplemented with the EG_A+EGI-CBM or EG_B+EGI-
CBM.

Figure 3B shows the hydrolysis results of steam exploded corn fibre
performed at 37°C with high dry matter conditions and with a basis enzyme
mixture (MIXTURE 1) supplemented with the EG_B+EGI-CBM.

Figure 3C shows the hydrolysis results of steam exploded corn fibre
performed at 55°C with high dry matter conditions and with a basis enzyme
mixture (MIXTURE 1) supplemented with the EG_B+EGI-CBM.

Figure 4 shows results from hydrolysis of steam exploded corn fibre
performed with enzyme mixtures comprising the EG_A+CBHI-CBM and
EG_B+CBHI-CBM fusion protein of the invention. The corn fibre substrate was
hydrolyzed using different enzyme mixtures at a dosage of 0.5 mg of protein
per g of total solids all at 37°C with both low and high dry matter conditions
and at 55°C with high dry matter conditions. The compositions of the enzyme
mixtures; a basis enzyme mixture (MIXTURE 1) and compositions comprising
the EG_A+CBHI-CBM and EG_B+CBHI-CBM, are described in more detail in
Example 5. Samples from five different tubes were taken after 48 hours hy-
drolysis time and quantified by HPLC, in which the concentration of glucose
was determined. The concentration of glucose is presented.

Figure 4A shows the hydrolysis results of steam exploded corn fibre
performed at 37°C with low dry matter conditions and with a basis enzyme
mixture (MIXTURE 1) supplemented with the EG_A+CBHI-CBM or
EG_B+CBHI-CBM.

Figure 4B shows the hydrolysis results of steam exploded corn fibre
performed at 37°C with high dry matter conditions and with a basis enzyme
mixture (MIXTURE 1) supplemented with the EG_A+CBHI-CBM or
EG_B+CBHI-CBM.

Figure 4C shows the hydrolysis results of steam exploded corn fibre
performed at 55°C with high dry matter conditions and with a basis enzyme
mixture (MIXTURE 1) supplemented with the EG_B+CBHI-CBM.

SEQUENCE LISTING

SEQ ID NO: 1 Sequence of the oligonucleotide primer egl9
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SEQ ID NO: 2 Sequence of the oligonucleotide primer egl11

SEQ ID NO: 3 Sequence of the PCR fragment obtained from Acre-
monium thermophilum ALKO4245 (CBS 116240) using the primers egl9 and
egl11.

SEQ ID NO: 4 Sequence of the PCR fragment obtained from Acre-
monium thermophilum ALKO4245 (CBS 116240) using primers egl9 and
egl11.

SEQ ID NO: 5 The nucleotide sequence of the Acremonium ther-
mophilum ALKO4245 (CBS 116240) eg/_A gene.

SEQ ID NO: 6 The nucleotide sequence of the Acremonium ther-
mophilum ALKO4245 (CBS 116240) eg/_B gene.

SEQ ID NO: 7 The deduced amino acid sequence of the Acremoni-
um thermophilum ALKO4245 (CBS 116240) EG_A.

SEQ ID NO: 8 The deduced amino acid sequence of the Acremoni-
um thermophilum ALKO4245 (CBS 116240) EG_B.

SEQ ID NO: 9 Sequence of the oligonucleotide primer egl50

SEQ ID NO: 10 Sequence of the oligonucleotide primer CBM_1

SEQ ID NO: 11 Sequence of the oligonucleotide primer CBM_2

SEQ ID NO: 12 Sequence of the oligonucleotide primer CBM_17

SEQ ID NO: 13 Sequence of the oligonucleotide primer egl64

SEQ ID NO: 14 Sequence of the oligonucleotide primer CBM_4

SEQ ID NO: 15 Sequence of the oligonucleotide primer CBM_5

SEQ ID NO: 16 Sequence of the oligonucleotide primer CBM_18

SEQ ID NO: 17 Sequence of the PCR fragment obtained from a
plasmid containing the full-length Acremonium thermophilum ALKO4245 egl A
gene using primers egl50 and CBM_1.

SEQ ID NO: 18 Sequence of the PCR fragment obtained from a
plasmid containing the full-length Acremonium thermophilum ALKO4245 eg/ B
gene using primers egl64 and CBM_4.

SEQ ID NO: 19 Sequence of the PCR fragment obtained from
plasmid containing the Trichoderma reesei egl1 gene using primers CBM_2
and CBM_17.

SEQ ID NO: 20 Sequence of the PCR fragment obtained from
plasmid containing the Trichoderma reesei egl1 gene using primers CBM_5
and CBM_18.

SEQ ID NO: 21 The nucleotide sequence of the Acremonium ther-
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mophilum ALKO4245 (CBS 116240) eg/_A + Trichoderma reesei egl/1-CBM
fusion gene.

SEQ ID NO: 22 The nucleotide sequence of the Acremonium ther-
mophilum ALKO4245 (CBS 116240) eg/_B + Trichoderma reesei egl/1-CBM
fusion gene.

SEQ ID NO: 23 The deduced amino acid sequence of the Acremo-
nium thermophilum ALKO4245 (CBS 116240) EG_A + Trichoderma reesei
EGI-CBM fusion protein.

SEQ ID NO: 24 The deduced amino acid sequence of the Acremo-
nium thermophilum ALKO4245 (CBS 116240) EG_B + Trichoderma reesei
EGI-CBM fusion protein.

SEQ ID NO: 25 The nucleotide sequence of the Acremonium ther-
mophilum ALKO4245 (CBS 116240) egl_A + Trichoderma reesei cbh1-CBM
fusion gene.

SEQ ID NO: 26 The nucleotide sequence of the Acremonium ther-
mophilum ALKO4245 (CBS 116240) egl_B + Trichoderma reesei cbh1-CBM
fusion gene.

SEQ ID NO: 27 The deduced amino acid sequence of the Acremo-
nium thermophilum ALKO4245 (CBS 116240) EG_A + Trichoderma reesei
CBHI-CBM fusion protein.

SEQ ID NO: 28 The deduced amino acid sequence of the Acremo-
nium thermophilum ALKO4245 (CBS 116240) EG_B + Trichoderma reesei
CBHI-CBM fusion protein.

DETAILED DESCRIPTION OF THE INVENTION

Cellulose is the major structural component of higher plants. It pro-
vides plant cells with high tensile strength helping them to resist mechanical
stress and osmotic pressure. Cellulose is a 3-1,4-glucan composed of linear
chains of glucose residues joined by B-1,4-glycosidic linkages. Cellobiose is
the smallest repeating unit of cellulose. In cell walls cellulose is packed in vari-
ously oriented sheets, which are embedded in a matrix of hemicellulose and
lignin. Hemicellulose is a heterogeneous group of carbohydrate polymers con-
taining mainly different glucans, xylans and mannans. Hemicellulose consists
of a linear backbone with (-1,4-linked residues substituted with short side
chains usually containing acetyl, glucuronyl, arabinosyl and galactosyl. Hemi-
cellulose can be chemically cross-linked to lignin. Lignin is a complex cross-
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linked polymer of variously substituted p-hydroxyphenylpropane units that pro-
vides strength to the cell wall to withstand mechanical stress, and it also pro-
tects cellulose from enzymatic hydrolysis.

“Cellulose” or “cellulosic material” as used herein, relates to any ma-
terial comprising cellulose, hemicellulose and/or lignocellulose as a significant
component. Examples of cellulosic material include textile fibers derived e.g.
from cotton, flax, hemp, jute and the man-made cellulosic fibers as modal, vis-
cose and lyocel.

“Lignocellulose” is a combination of cellulose and hemicellulose and
polymers of phenol propanol units and lignin. It is physically hard, dense, and
inaccessible and the most abundant biochemical material in the biosphere.
“Lignocellulosic material” means any material comprising lignocellulose. Such
materials are for example: hardwood and softwood chips, wood pulp, sawdust
and forestry and wood industrial waste; agricultural biomass as cereal straws,
sugar beet pulp, corn fibre, corn stover and corn cobs, sugar cane bagasse,
stems, leaves, hulls, husks, and the like; waste products as municipal solid
waste, newspaper and waste office paper, milling waste of e.g. grains; dedi-
cated energy crops (e.g., willow, poplar, swithcgrass or reed canarygrass, and
the like). Preferred examples are corn stover, switchgrass, cereal straw, sug-
arcane bagasse and wood derived materials.

Cellulosic material is degraded in nature by a number of various or-
ganisms including bacteria and fungi which produce enzymes capable of hy-
drolyzing carbohydrate polymers. Degradation usually requires different cellu-
lases acting sequentially or simultaneously. Degradation of more complex cel-
lulose containing substrates requires a broad range of various enzymes. For
example hemicellulose is degraded by hemicellulases, like xylanases and
mannanases. Hemicellulase is an enzyme hydrolysing hemicellulose.

“Cellulolytic enzymes” are enzymes having “cellulolytic activity”,
which means that they are capable of hydrolysing cellulosic substrates or de-
rivatives thereof into smaller saccharides. Cellulolytic enzymes thus include
both cellulases and hemicellulases. Cellulases as used herein include (1) en-
doglucanases (EG, EC 3.2.1.4) which cut internal beta-1,4-glucosidic bonds;
(2) exoglucanases or cellobiohydrolases (CBH, EC 3.2.1.91) that cut the di-
saccharide cellobiose from the reducing or non-reducing end of the crystalline
cellulose polymer chain; (3) beta-1,4-glucosidases (BG, EC 3.2.1.21) which
hydrolyze the cellobiose and other short cello-oligosaccharides to glucose. The
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CAZY (carbohydrate active enzymes) classification system collates glycosyl
hydrolase (GH) enzymes into families according to sequence similarity, which
have been shown to reflect shared structural features. In addition to this cellu-
lases can be classified to various glycosyl hydrolase families according their
primary sequence, supported by analysis of the three dimensional structure of
some members of the family (Henrissat 1991, Henrissat and Bairoch 1993,
1996).

T. reesei has a well-known and effective cellulase system containing
two CBH’s, two major and several minor EG’s and several BG's. T. reesei
CBHI (Cel7A) cuts sugar from the reducing end of the cellulose chain, has a C-
terminal cellulose binding module (CBM) and may constitute up to 60% of the
total secreted protein. 7. reesei CBHIlI (Cel6A) cuts sugar from the non-
reducing end of the cellulose chain, has an N-terminal cellulose binding mod-
ule and may constitute up to 20% of the total secreted protein. Endoglu-
canases EGI (Cel7B), and EGV (Cel45A) have a cellulose binding module
(CBM) in their C-terminus, EGII (Cel5A) has an N-terminal CBM and EGIII
(Cel12A) does not have a cellulose binding module at all. CBHI, CBHII, EGI
and EGII are so called “major cellulases” of Trichoderma comprising together
80-90% of total secreted proteins. It is known to a man skilled in the art that an
enzyme may be active on several substrates and enzymatic activities can be
measured using different substrates, methods and conditions. Identifying dif-
ferent cellulolytic activities is discussed for example in van Tilbeurgh et al.
1988.

Many fungal hydrolases are modular proteins, and all of them con-
tain a catalytic domain (CD)/core expressing cellulolytic activity. In addition to
the CD, hydrolases may contain a carbohydrate binding module, also named
as cellulose binding domain (CBD), which can be located either at the N- or C-
terminus of the catalytic domain. CBM mediates the binding of the cellulase to
crystalline cellulose but has little or no effect on cellulase hydrolytic activity of
the enzyme on soluble substrates. These two domains are typically connected
via a flexible and highly glycosylated linker region.

Glycoside hydrolase family 7 (GH7) comprises enzymes with sever-
al known activities, especially endoglucanase and cellobiohydrolase. “En-
doglucanases (EG)” are enzymes that cut internal glycosidic bonds of the cel-
lulose chain. They are 1,4-beta-D-glucan 4-glucanohydrolases and catalyze
endohydrolysis of 1,4-beta-D-glycosidic linkages in polymers of glucose such
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as cellulose and derivatives thereof. Some endoglucanases have a naturally
occurring cellulose binding domain, while others do not. Some endoglu-
canases have also xylanase activity (Bailey et al., 1993).

The present invention is based on studies, which attempted to find
novel GH7 family endoglucanases which would improve hydrolysis efficiency
of cellulosic substrates and which could be used for versatile applications. The
identification of the novel enzymes was done using known molecular biology
methods. The basic methods are described, for example, in Sambrook and
Russel, 2001. Two GH family 7 (Cel7) endoglucanases referred as EG_A and
EG_B were obtained (Table 1).

Table 1. The EG/Cel7 endoglucanases of the invention

Endoglucanase nucleic acid amino acid | accession nr for the
SEQ ID NO: SEQ ID NO: deposition
EG A 5 7 25492
EG B 6 8 25493

The novel EG/Cel7 endoglucanases according to the present inven-
tion are obtainable from Acremonium sp. preferably from Acremonium thermo-
philium and more preferably from strain having the characteristics of strain
ALKO4245 deposited as CBS 116240. “Obtainable from” means that they can
be obtained from said species, but it does not exclude the possibility of obtain-
ing them from other sources. In other words they may originate from any or-
ganism including plants. Preferably they originate from microorganisms e.g.
bacteria or fungi. The bacteria may be for example from a genus selected from
Bacillus, Azospirillum and Streptomyces. More preferably the enzyme origi-
nates from fungi (including filamentous fungi and yeasts), for example from a
genus selected from the group consisting of Thermoascus, Acremonium,
Chaetomium, Achaetomium, Thielavia, Aspergillus, Botrytis, Chrysosporium,
Collybia, Fomes, Fusarium, Humicola, Hypocrea, Lentinus, Melanocarpus,
Myceliophthora, Myriococcum, Neurospora, Penicillium, Phanerochaete, Phle-
bia, Pleurotus, Podospora, Polyporus, Rhizoctonia, Scytalidium, Pycnoporus,
Talaromyces, Trametes and Trichoderma.

The novel EG/Cel7 polypeptides of the invention having endoglu-
canase activity preferably comprise an amino acid sequence having at least
57% identity to SEQ ID NO:7 (EG_A) or at least 58% identity to SEQ ID NO:8
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(EG_B) or a fragment or variant thereof having endoglucanase activity. Ac-
cording to one embodiment of the invention, the polypeptide has at least 60,
65, 70, 75, 80, 85, 90, 95, 98 or 99% identity to SEQ ID NO: 7 or 8 or to its en-
zymatically active fragment. The EG/Cel7 polypeptides having endoglucanase
activity are also herein simply called endoglucanases.

By the term “identity” is here meant the global identity between two
amino acid sequences compared to each other from the first amino acid en-
coded by the corresponding gene to the last amino acid. The identity of the full-
length sequences is measured by using EMBOSS Needle Needleman-Wunsch
global alignment program at EBI (European Bioinformatics Institute)
http://www.ebi.ac.uk/Tools/psa/emboss _needle/ with the following parameters:
BLOSUMS0, Gap open 10.0, Gap extend 0.5. The algorithm is described in
Needleman and Wunsch (1970). The man skilled in the art is aware of the fact

that results using Needleman-Wunsch algorithm are comparable only when
aligning corresponding domains of the sequence and using the same parame-
ters in each comparison. Consequently comparison of e.g. cellulase sequenc-
es including CBM or signal sequences with sequences lacking those elements
cannot be done.

By the term “fragment having endoglucanase activity” is meant any
fragment of a defined sequence that has endoglucanase activity. In other
words a fragment having endoglucanase activity may be the mature protein
part of the defined sequence, or it may be only a fragment of the mature pro-
tein part, provided that it still has endoglucanase activity.

The novel polypeptides may also be variants of said polypeptides. A
“variant” may be a polypeptide that occurs naturally e.g. as an allelic variant
within the same strain, species or genus, or it may have been generated by
mutagenesis. It may comprise amino acid substitutions, deletions or insertions,
but it still functions in a substantially similar manner to the enzymes defined
above i.e. it comprises a fragment having endoglucanase activity.

The cellulolytic polypeptides are usually produced in the cell as pre-
polypeptides comprising a signal sequence that is cleaved off during secretion
of the protein. They may also be further processed during secretion both at the
N-terminal and/or C-terminal end to give a mature, enzymatically active pro-
tein. “A polypeptide having endoglucanase activity” thus denotes that the poly-
peptide may be either in immature or mature form, preferably it is in mature
form, i.e. the processing has taken place. In addition, the “mature form” means
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an enzyme which has been cleaved from its carrier protein in fusion construc-
tions.

The EG/Cel7 endoglucanases of the present invention are prefera-
bly recombinant enzymes, which may be produced in a generally known man-
ner. A polynucleotide fragment comprising the endoglucanase gene is isolated,
the gene is inserted under a strong promoter into an expression vector, the
vector is transformed into suitable host cells and the host cells are cultivated
under conditions provoking production of the enzyme. Methods for protein pro-
duction by recombinant technology in different host systems are well known in
the art (Sambrook et al., 1989; Coen, 2001; Gellissen, 2005). Preferably the
enzymes are produced as extracellular enzymes that are secreted into the cul-
ture medium, from which they can easily be recovered and isolated.

The recombinant polypeptide may be a fused polypeptide in which
another polypeptide is fused at the N-terminus or the C-terminus of the poly-
peptide of the present invention. A fused polypeptide is produced by fusing a
polynucleotide encoding another polypeptide to a polynucleotide of the present
invention. Techniques for producing fusion polypeptides are known in the art,
and include ligating the coding sequences encoding the polypeptides so that
they are in frame and that expression of the fused polypeptide is under control
of the same promoter(s) and terminator.

The polypeptide of the invention disclosed in SEQ ID NO: 7 natural-
ly contains a C-terminal CBM and a linker. “A linker” is a flexible and highly
glycosylated region which connects the catalytic domain and the CBM. As
used herein the CBM includes also the linker region. In one embodiment of the
invention this native linker and CBM region may be replaced by, e.g. a linker
and a CBM from a Trichoderma or Chaetomium species, preferably from
Trichoderma reesei. In a preferred embodiment the natural CBM of endoglu-
canase EG_A has been replaced with a CBM of T. reesei endoglucanase |
(EGI/Cel7B) or a CBM of T. reesei cellobiohydrolase | (CHBI/Cel7A) and pref-
erably the resulting fusion protein comprises an amino acid sequence having
SEQ ID NO: 23 (EG_A+EGI-CBM) or SEQ ID NO:27 (EG_A+CHBI-CBM) (Ta-
ble 2).

The polypeptide of the invention disclosed in SEQ ID NO: 8 does
not naturally contain a CBM and a linker. In one embodiment of the invention
this polypeptide may be attached by, e.g. a linker and a CBM regions from a
Trichoderma or Chaetomium species, preferably from Trichoderma reesei. In a
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preferred embodiment the linker and CBM of T. reesei EGI/Cel7B or T. reesei
CHBI/Cel7A has been genetically attached to the endoglucanase EG_B and
preferably the resulting fusion protein comprises an amino acid sequence hav-
ing SEQ ID NO: 24 (EG_B+EGI-CBM) or SEQ ID NO: 28 (EG_B+CHBI-CBM)
(Table 2).

Table 2. EG+CBM recombinant fusion proteins of the invention

EG+CBM fusion protein nucleic acid amino acid accession nr
SEQID NO: [ SEQID NO: | for the deposition
EG A+EGI-CBM 21 23 DSM 25657
EG B+EGI-CBM 22 24 DSM 25658
EG A+CBHI-CBM 25 27 DSM 25655
EG B+CBHI-CBM 26 28 DSM 25656

Further, within the scope of the invention are recombinant fusion
proteins comprising an amino acid sequence having at least 55% sequence
identity to SEQ ID NO: 23 (EG_A+EGI-CBM) or SEQ ID NO: 27 (EG_A+CHBI-
CBM), or at least 64% sequence identity to SEQ ID NO: 24 (EG_B+EGI-CBM)
or SEQ ID NO: 28 (EG_B+CHBI-CBM). According to one embodiment of the
invention the fusion protein comprises an amino acid sequence having at least
60, 65, 70, 75, 80, 85, 90, 95, 98 or 99% identity to SEQ ID NO: 23 or 27, or at
least 65, 70, 75, 80, 85, 90, 95, 98 or 99% identity SEQ ID NO: 24 or 28 or to
its enzymatically active fragment.

The EG/Cel7 endoglucanases of the invention may be used without
a signal sequence and/or CBM or the signal sequence and/or CBM may derive
from different enzymes of the above mentioned microorganisms or different
microorganism or be synthetically or recombinantly incorporated to the catalyt-
ic domain of the above enzymes.

The invention relates to novel polynucleotides which may comprise
a nucleotide sequence of SEQ ID NO: 5 or 6, or a sequence encoding a novel
polypeptide as defined above, including complementary strands thereof. “Poly-
nucleotide” as used herein refers to both RNA and DNA, and it may be single
stranded or double stranded. Further the polynucleotide may be degenerate as
a result of the genetic code to any one of the sequences as defined above.
This means that different codons may code for the same amino acid.

One embodiment of the invention is an EG/Cel7 endoglucanase
which is encoded by a polynucleotide sequence included in SEQ ID NO: 21,
22, 25 or 26.
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The polynucleotide may also be a fragment of said polynucleotides
comprising at least 17 nucleotides, preferably at least 20, 30, 40 or 50 nucleo-
tides. According to one embodiment of the invention the polynucleotide is hav-
ing a sequence set forth as SEQ ID NO 1, 2, 9, 10, 13 or 14.

According to another embodiment of the invention, the polynucleo-
tide comprises a gene similar to that included in a microorganism having ac-
cession number DSM 25492 DSM 25493, DSM 25657, DSM 25658, DSM
25655 or DSM 25656 (Table 1, Table 2).

The EG/Cel7 endoglucanase of the invention may be produced from
a recombinant expression “vector” comprising the nucleic acid molecule, which
encodes the endoglucanase as characterized above, operably linked to regula-
tory sequences capable of directing the expression of a gene encoding said
endoglucanase in a suitable host. Said regulatory sequences may be homolo-
gous or heterologous to the production organism or they may originate from
the organism, from which the gene encoding the endoglucanase polypeptide of
the invention is isolated. The expression vector may further comprise marker
genes for selection of the transformant strains or the selection marker may be
introduced to the host in another vector construct by co- transformation.

The production “host” can be any homologous or heterologous or-
ganism capable of expressing the cellulolytic enzyme. Preferably the host is a
microbial cell, more preferably a fungus. Most preferably the host is a filamen-
tous fungus. Preferred hosts for producing the cellulolytic enzymes are in par-
ticular strains from the genus Trichoderma or Aspergillus. Preferably the re-
combinant host is modified to express and secrete cellulolytic enzymes as its
main activity or one of its main activities. This can be done by deleting genes
encoding major homologous secreted enzymes e.g. the four major cellulases
of Trichoderma and by integrating heterologous genes to a locus with high ex-
pression and production levels.

The present invention relates also to a method for producing a poly-
peptide having endoglucanase activity, said method comprising the steps of
transforming a host cell with an expression vector encoding said polypeptide,
and culturing said host cell under conditions enabling expression of said poly-
peptide, and optionally recovering and purifying said polypeptide. The produc-
tion medium may be a medium suitable for growing the host organism and
containing inducers for efficient expression.
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The polypeptides of the present invention may be isolated, which
in the present context may simply mean that the cells and cell debris have
been removed from the culture medium containing the polypeptide. Conven-
iently the polypeptides are isolated e.g. by adding anionic and/or cationic pol-
ymers (flocculants) to the spent culture medium to enhance precipitation of
cells and cell debris. The medium is then filtrated using an inorganic filtering
agent and a filter to remove the precipitants formed. After this the filtrate is fur-
ther processed using a semi-permeable membrane to remove excess of salts,
sugars and metabolic products. The polypeptides can also be purified or con-
centrated by crystallization.

The novel EG/Cel7 polypeptides obtained by the method of the
present invention may be components of an enzyme preparation. The term
“‘enzyme preparation” denotes to a composition comprising at least one of the
novel polypeptides described herein. The polypeptide in the enzyme prepara-
tion may be a recombinant protein having endoglucanase activity and compris-
iNng an amino acid sequence having at least 57% sequence identity to EG_A
having SEQ ID NO: 7 or at least 58% sequence identity to EG_B having SEQ
ID NO: 8. In one embodiment the enzyme preparation comprises a polypeptide
which is a recombinant fusion protein having at least 55% sequence identity to
SEQ ID NO: 23 (EG_A+EGI-CBM) or SEQ ID NO: 27 (EG_A+CHBI-CBM), or
at least 64% sequence identity to SEQ ID NO: 24 (EG_B+EGI-CBM) or SEQ
ID NO: 28 (EG_B+CHBI-CBM). According to one embodiment of the invention
the enzyme preparation comprises a polypeptide having at least 60, 65, 70, 75,
80, 85, 90, 95, 98 or 99% identity to SEQ ID NO: 23 or 27, or at least 65, 70,
75, 80, 85, 90, 95, 98 or 99% identity SEQ ID NO: 24 or 28 or to its enzymati-
cally active fragment. Preferably the enzyme preparation comprises at least
cellobiohydrolase, endoglucanase, beta-glucosidase and optionally xylanase.

The enzyme preparation may also comprise at least one further en-
zyme selected from a group of cellobiohydrolase, endoglucanase, beta-glucos-
idase, beta-glucanase, xyloglucanase, xylanase, beta-xylosidase, mannanase,
beta-mannosidase, a-glucuronidase, acetyl xylan esterase, a-arabinofuranos-
idase, a-galactosidase, pectinase, involving endo- and exo-a-L-arabinases,
endo- and exo-galactoronase, endopectinlyase, pectate lyase, and pectin-
esterase, phenol esterase, ligninase involving lignin peroxidase, manganese-
dependent peroxidase, H,O»-generating enzyme and laccase with or without a
mediator. The enzyme preparation may contain any combination of these en-
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zymes and EG/Cel7 endoglucanases of the invention, but the enzymes are not
limited to those described herein. They can for example also be commercially
available enzyme preparations.

The enzyme preparation may be in the form of liquid, powder or
granulate. It may be a filtrate containing one or more cellulolytic enzymes.
Preferably the enzyme preparation is a spent culture medium. “Spent culture
medium” refers to the culture medium of the host comprising the produced en-
zymes. Preferably the host cells are separated from the said medium after the
production. The enzyme preparation or composition may also be a "whole cul-
ture broth" obtained, optionally after inactivating the production host(s) or mi-
croorganism(s) without any biomass separation, down-stream processing or
purification of the desired cellulolytic enzyme(s). In the consolidated biopro-
cess the enzyme composition or at least some of the enzymes of the enzyme
composition may be produced by the fermentative microorganism.

The enzyme preparation may contain the enzymes in at least par-
tially purified and isolated form. It may even essentially consist of the desired
enzyme or enzymes. The culture medium with or without host cells may be
utilized as an enzyme preparation as such without further purification, because
the endoglucanase proteins can be secreted into the culture medium, and they
display activity in the ambient conditions of the spent culture medium.

In addition to the endoglucanase proteins, the enzyme preparation
of the invention may contain additives, such as mediators, stabilizers, buffers,
preservatives, surfactants and/or culture medium components. Preferred addi-
tives are such, which are commonly used in enzyme preparations intended for
a particular application.

In the method of the present application for treating cellulosic mate-
rial the cellulosic material is reacted with the EG/Cel7 endoglucanase of the
invention or the enzyme preparation comprising said endoglucanase, whereby
at least partially hydrolyzed cellulosic material is obtained. The enzymes are
added in an enzymatically effective amount either simultaneously e.g. in the
form of an enzyme mixture, or sequentially, or are produced by the fermented
micro-organisms or as combination of these methods

The EG/Cel7 endoglucanases of the invention are capable of hydro-
lyzing cellulosic material at moderate to elevated temperatures. The term
"moderate temperature" or "conventional temperature" in context of the pre-
sent invention means temperatures commonly used in cellulose hydrolysis and
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corresponding to the optimal temperatures or thermal stabilities of the en-
zymes used in such processes. Thus, the terms refer to temperature ranges
from 30°C to 45°C. The term "elevated temperature" or "high temperature" re-
fers to temperature ranges from 45°C to 70°C. In short term hydrolysis pro-
cesses the enzymes may be effective even up to 80°C. Enzymes active or
stable at such elevated temperature ranges are also called "thermostable" or
"thermophilic" enzymes. The endoglucanases of the invention are used prefer-
ably at temperatures between 35°C and 60°C. More preferably they are used
at temperatures between 37°C and 55°C, most preferably at temperatures be-
tween 45°C and 55°C.

The EG/Cel7 endoglucanases of the invention show improved hy-
drolysis results both at moderate and elevated temperatures when compared
to the enzyme mixtures containing conventional T.reesei endoglucanase
EGI/Cel7B. Different enzyme mixtures and combinations may be used to suit
different process conditions. Elevated temperatures are known to enhance the
hydrolysis of crystalline cellulose present in cellulosic or lignocellulosic materi-
als, thus reducing the total amount of enzymes needed in hydrolysis or reduc-
ing the required hydrolysis time. Also, since at elevated temperatures the vis-
cosity of the lignocellulosic substrate is decreased, thermostable enzymes
make it possible to work at higher solid loadings and save in investment costs.

Particularly improved results at elevated temperatures may be ob-
tained when using an enzyme preparation comprising recombinant endoglu-
canase EG_A having at least 57% sequence identity to SEQ ID NO: 7. In one
preferred embodiment of the invention the enzyme preparation comprises
Acremonium thermophilum cellobiohydrolase CBHI/Cel7A, Acremonium ther-
mophilum cellobiohydrolase CBHII/Cel6A, Thermoascus aurantiacus endoglu-
canase EGII/Cel5A, Acremonium thermophilum beta-glucosidase BG/Cel3A,
Thermoascus aurantiacus xylanase Xyn10A and endoglucanase EG_A of the
present invention.

In one embodiment of the invention the enzyme preparation com-
prises recombinant EG_A or EG_B fusion proteins having SEQ ID NOs: 23,
24, 27 or 28. With these endoglucanases improved hydrolysis results also at
moderate and elevated temperatures with high dry matter conditions were ob-
tained.

In one preferred embodiment of the invention the enzyme prepara-
tion comprises cellobiohydrolase CBHI/Cel 7A, cellobiohydrolase CBHII/Cel6A,
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endoglucanase EGII/Cel5A, beta-glucosidase BG/Cel3A, xylanase Xyn10A
and endoglucanase fusion protein comprising an amino acid sequence having
SEQ ID NO: 24.

In another preferred embodiment of the invention the enzyme prep-
aration comprises cellobiohydrolase CBHI/Cel 7A, cellobiohydrolase
CBHII/Cel6A, endoglucanase EGII/Cel5A, beta-glucosidase BG/Cel3A, xy-
lanase Xyn10A and endoglucanase fusion protein comprising an amino acid
sequence having SEQ ID NO: 27.

In another preferred embodiment the enzyme preparation comprises
cellobiohydrolase CBHI/Cel 7A, cellobiohydrolase CBHII/Cel6A, endoglu-
canase EGII/Cel5A, beta-glucosidase BG/Cel3A, xylanase Xyn10A and en-
doglucanase fusion protein comprising an amino acid sequence having SEQ
ID NO: 28.

As will be understood by one skilled in the art, any quantity of the
cellulosic material may be used in the hydrolysis. The term “dry matter” as
used herein refers to total solids, both soluble and insoluble, of cellulosic mate-
rial. The hydrolysis of cellulosic material may be conducted at low dry matter
conditions, whereby by low dry matter is <15%. In other embodiments enzy-
matic hydrolysis may be conducted at high dry matter content, preferably >
15% dry matter.

The method for treating cellulosic material with the endoglucanases
of the invention is especially suitable for producing fermentable sugars from
lignocellulosic material. The fermentable sugars may then be fermented by
yeast into ethanol, and used as fuel. They can also be used as intermediates
or raw materials for the production of various chemicals or building blocks for
the processes of chemical industry, e.g. in so called biorefinery. The lignocellu-
losic material may be pretreated before the enzymatic hydrolysis to disrupt the
fiber structure of cellulosic substrates and make the cellulose fraction more
accessible to the cellulolytic enzymes. Current pretreatments include mechani-
cal, chemical or thermal processes and combinations thereof. The material
may for example be pretreated by steam explosion or acid hydrolysis.

The novel EG/Cel7 endoglucanases may be applied in any process
involving cellulolytic enzymes, such as in biofuel, biomass hydrolysis, starch,
textile, detergent, pulp and paper, food, feed or beverage industry, and espe-
cially in hydrolysing cellulosic material for the production of biofuel comprising
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ethanol. In the pulp and paper industry they may be used to modify cellulosic
fibre for example in treating kraft pulp, mechanical pulp, or recycled paper.

The invention is described by the following non-limiting examples. It
will be obvious to a person skilled in the art that, as the technology advances,
the inventive concept can be implemented in various ways. The invention and
its embodiments are not limited to the examples described but may vary within
the scope of the claims.

EXAMPLES

Example 1. Cloning of the endoglucanase (cel7/egl) genes

Standard molecular biology methods were used in the isolation and
enzyme treatments of DNA (e.g. isolation of plasmid DNA, digestion of DNA to
produce DNA fragments), in E. coli transformations, sequencing etc. The basic
methods used were either as described by the enzyme, reagent or kit manu-
facturer or as described in the standard molecular biology handbook, e. g.
Sambrook and Russell (2001). Isolation of genomic DNA was performed as
described in detail by Raeder and Broda (1985).

After screening of several strains from Roal Oy culture collection
one thermophilic fungal strain was selected for cloning. The probes for cloning
the cel7legl genes (eg/_A and egl _B) from Acremonium thermophilum
ALKO4245 were synthesized by PCR. Degenerate oligos were planned basing
on the alignment of the previously published amino acid sequences of GH fam-
ily 7 endoglucanase (EGI) proteins. The sequences of the primers are shown
in Table 3 (SEQ ID NOs: 1-2).

Table 3. The oligonucleotides used as PCR primers to amplify probes for
screening of eg/ genes from Acremonium thermophilum ALKO4245

Template, Oligonucleotides | Length | Sequence® SEQID NO:
genomic DNA (bp)

from

ALKO4245 egld s 20 TGYTGYAAYGARATGGAYAT (s) 1
ALKO4245 eglll as 17 SWRTCNARCCARTTCAT (as) 2

@N=AorGorTorC,Y=TorC,R=AorG, S=GorC, W=AorT, “s” in the parenthesis = sense
strand, “as” in the parenthesis = antisense strand.

The probes were amplified by PCR with primers described in Table
3 using the genomic DNA as a template in the reactions. The PCR mixtures of
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Acremonium thermophilum ALKO4245 contained 1x F-511 Buffer for
Dynazyme DNA Polymerase (Finnzymes, Finland), 0.2 mM dNTP Mix (Fer-
mentas, Finland), 1 uM each primer, 3% DMSO (Finnzymes, Finland) 2-4 units
of F-501L Dynazyme Il DNA Polymerase (Finnzymes, Finland) and 1-2 ug of
the corresponding genomic DNA. The conditions for the PCR reactions were
the following: 5 min initial denaturation at 95°C, followed by 28 cycles of 1 min
at 95°C, 30 sec annealing at 50°C, 30 sec extension at 72°C and a final exten-
sion at 72°C for 5 min.

Primer combinations described in Table 3 produced specific DNA
products having the expected sizes (according to calculations basing on pub-
lished cel7/egl sequences). The DNA products were isolated and purified from
the PCR reaction mixtures and cloned into pCR®4BIlunt-TOPO® vectors ac-
cording to the manufacturer’s instructions (Invitrogen, USA). The inserts were
characterized by sequencing and by performing Southern blot hybridizations to
the genomic DNA digested with several restriction enzymes. The PCR frag-
ments which were chosen to be used as probes for gene cloning from Acre-
monium thermophilum ALKO4245 strain are presented in Table 4.

Table 4. The primers used in the PCR reactions, probes chosen for
screening of the eg/ genes from Acremonium thermophilum ALKO4245 .
The genomic template DNA and the name of the plasmid containing the
probe fragment are shown.

Gene | Forward | Reverse | Genomic DNA used | Fragment Insert in SEQID NO:
primer primer as a template in obtained plasmid
PCR reactions (kb)
el A | egl9s | eglll as ALKO4245 0.6 pALK2698 3
egl B egl9 s eglll as ALKO4245 04 pALK2699 4

The deduced amino acid sequences from both of these PCR frag-
ments had similarity to the published EG/Cel7B sequences (BLAST program,
version 2.2.9 at NCBI, National Center for Biotechnology Information).

Acremonium thermophilum ALKO4245 genomic DNA was digested
with several restriction enzymes for Southern blot analysis. The probes for the
hybridization were the 566 bp (SEQ ID NO: 3 for gene eg/_A) and 431 bp
(SEQ ID NO: 4 for gene egl_B) EcoRI fragments, cut from the plasmids
pALK2698 and pALK2699, respectively. The above probes were labeled by
using digoxigenin according to supplier's instructions (Roche, Germany). Hy-
bridizations were performed over night at 65°C. After hybridization the filters
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were washed 2 x 5 min at RT using 2 x SSC — 0.1% SDS followed by 2 x 15
min at 65°C using 0.1 x SSC - 0.1% SDS. The E. coli strains RF8831 including
the plasmid pALK2698, and RF8832 including the plasmid pALK2699, were
deposited to the DSM collection under the accession numbers DSM 25490 and
DSM 25491, respectively.

From the genomic DNA of Acremonium thermophilum ALKQO4245,
approximate 6.6 kb Hindlll-digested fragment was hybridized using dioxigenin-
labeled 566 bp EcoRI fragment from the pALK2698 as a probe. Correspond-
ingly, about 9.5 kb EcoRlI-digested fragment was hybridized with dioxigenin-
labeled 431 bp EcoRI fragment of the pALK2699 also from the genomic DNA
of the Acremonium thermophilum ALKO4245. The hybridizing genomic DNA
fragments were isolated from the pool of the digested genomic fragments
based on their size. The genomic fragments were isolated from agarose gel
and were cloned into pBluescript || KS+ (Stratagene, USA) vectors cleaved
with either Hindlll (gene A) or EcoRI (gene B). Ligation mixtures were trans-
formed into Escherichia coli XL10-Gold cells (Stratagene) and plated on LB
(Luria-Bertani) plates containing 50-100 pg/ml ampicillin. The E. coli colonies
were screened for positive clones using colonial hybridization with the
pALK2698 and pALK2699 inserts as probes in the hybridization conditions cor-
respondingly to that described above for Southern blot analyses. Several posi-
tive clones were collected from the plates. They were shown by restriction di-
gestion to contain inserts of expected sizes. The full-length gene encoding the
Acremonium thermophilum ALKO4245 EG_A (eg/_A, SEQ ID NO: 5) was se-
quenced from the 6.6 kb Hindlll insert and the plasmid containing this insert
was named pALK3152. The E. coli strain RF8939 including the plasmid
pPALK3152 was deposited to the DSM collection under the accession number
DSM 25492. The gene encoding the Acremonium thermophilum ALKQO4245
protein A was named as eg/_A. Correspondingly, the full-length gene encoding
the another Acremonium thermophilum ALKO4245 EG_B (eg/_B. SEQ ID NO:
6) was sequenced from the 9.5 kb EcoRl insert and the plasmid containing this
insert was named pALK3153. The E. coli strain RF8974 including the plasmid
pALK3153 was deposited to the DSM collection under the accession number
DSM 25493. The gene encoding the Acremonium thermophilum ALKO4245
protein B was named as eg/_B. The relevant information on the genes and the
deduced protein sequences (SEQ ID NOs: 5-8) are summarized in Table 5 and
Table 6, respectively.
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Table 5. The summary on the eg/ genes isolated from Acremonium ther-

mophilum ALKO4245
Gene Length with Coding region | No of putative Lengths of SEQ ID NO:
introns (bp) @ hp) ® introns putative
introns (bp)
egl A 1520 1437 1 80 5
egl B 1206 1203 0 0 6

@ The STOP codon is included.
® The STOP codon is not included.

Table 6. The summary of the amino acid sequences deduced from the eg/
genes sequences from Acremonium thermophilum ALKO4245

EG protein | Noof | Length of CBM * Predicted | Predicted pI, | SEQ ID NO:
aas ss @ MW (Da), ss not incl
ss not incl
{
EG A 479 18 S434 to L479 48010 4.26 7
EG B 401 24 i 39063 4.80 8

@ The prediction on the signal sequence was made using the program SignalP v3.0, NN/HMM (Niclsen
et al., 1997; Nielsen & Krogh, 1998; Bendtsen ef a/., 2004).

® The cellulose-binding module (CBM) and linker region, the amino acids of the linker-CBM region are
indicated [M1 (Met #1) included in numbering].

 The predicted signal sequence was not included. The prediction was made using Clone Manager ver-
sion 9 for Windows, Sci-Ed Software

The comparison of the deduced EG sequences from Acremonium
thermophilum ALKO4245 to the databases are shown in Table 7.

Table 7. The highest identity sequences to the deduced EG_A and EG_B
amino acid sequences from Acremonium thermophilum ALKO4245. The
full-length amino acid sequences including the signal sequences were
aligned. The database searches were performed at
http://www.ebi.ac.uk/Tools/sss/fasta/ and
http://www.ebi.ac.uk/Tools/psa/emboss_needle/ using FASTA (EMBL-EBI, FAS-
TA - Protein Similarity Search, UniProt Knowledgebase + NR Patent Pro-
teins Level-1, BLOSUM50, Gap open -10, Gap extend -2), and EMBOSS
Needle (EMBL-EBI, EMBOSS-Needle — Pairwise Sequence Alignment,
BLOSUMS50, Gap open 10, Gap extend 0.5) for determining the degree of
identity.

Organism and accession number Identity (%)

EG A 100
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Podospora anserina, XP_001906344.1 56.1
EG B 100
Chaetomium globosum, EAQ91517.1 57.6
EG_A+EGI-CBM 100
Podospora anserina, XP_001906344.1 533
EG_B+EGI-CBM 100
Trichoderma reesei, EGR48251.1 63.3
EG_A+CBHI-CBM 100
Podospora anserina, XP_001906344.1 54.2
EG_B+CBHI-CBM 100
Thielavia terrestris, XP_003653757.1 63.0

Example 2. Production of recombinant EG/Cel7 proteins in Trichoderma
reeseij

Expression plasmids were constructed for production of recombi-
nant EG/Cel7 (EG_A and EG_B) proteins from Acremonium thermophilum
ALKO4245 in Trichoderma reesei. The expression plasmids constructed are
listed in Table 8. The recombinant cel/7/egl genes (eg/_A and eg/_B), including
their own signal sequences, were fused to the T. reesei cel7A/cbh1 promoter
by PCR. The transcription termination was ensured by the T. reesei
cel7A/cbh1 terminator and the A. nidulans amdS marker gene was used for
selection of the transformants as described in Paloheimo ef al. (2003). The
linear expression cassettes (Fig. 1) were isolated from the vector backbones
after Notl digestions and were transformed into 7. reesei protoplasts. The host
strain used does not produce any of the four major T. reesei cellulases (CBHI,
CBHIl, EGI, EGII). The transformations were performed as in Penttila et al.
(1987) with the modifications described in Karhunen et al. (1993), selecting
acetamide as a sole nitrogen source (amdS marker gene). The transformants
were purified on selection plates through single conidia prior to sporulating
them on PD.

Table 8. The expression cassettes constructed to produce EG_A and
EG_B recombinant proteins from Acremonium thermophilum ALKO4245
in Trichoderma reesei. The overall structure of the expression cassettes
was as described in Fig. 1.

Endoglucanase (Cel7) protein | Expression plasmid | Expression cassette ®

EG A pALK3156 6.9 kb Nofl

EG B pALK3157 6.5 kb Nofl

“ The expression cassette for 7. reesei transformation was isolated from the vector backbone
by using Nofl digestion.
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The EG/Cel7 production of the transformants was analyzed from the
culture supernatants of the shake flask cultivations. The transformants were
inoculated from the PD slants to shake flasks containing 50 ml of complex lac-
tose-based cellulase inducing medium (Joutsjoki ef al. 1993) buffered with 5%
KH,PQO4. The EG/Cel7 protein production of the transformants was analyzed
from the culture supernatants after growing them for 7 days at 30°C, 250 rpm.
Heterologous production of recombinant proteins was analyzed by SDS-PAGE
with subsequent Coomassie staining. The genotypes of the chosen trans-
formants were confirmed by using Southern blot analyses in which several ge-
nomic digests were included and the respective expression cassette was used
as a probe.

The best producing transformants were chosen to be cultivated in
laboratory scale bioreactors. The transformants were cultivated in lab bioreac-
tors at 28°C in cellulase inducing complex medium 3-4 days with pH control
4.2 £ 0.2 (NH3/H3PO4) to obtain material for the application tests. The superna-
tants were recovered by centrifugation and filtering through EK filters (Pall
SeitzSchenk Filtersystems GmbH, Bad Kreuznach, Germany).

Example 3. Production of the recombinant Acremonium thermophilum
ALKO4245 EG + Trichoderma reesei CBM fusion proteins in T. reesei

The atypical linker and CBM regions of Acremonium thermophilum
ALKO4245 EG/Cel7_A (EG_A) were removed and the core region of the pro-
tein was fused to linker and CBM of Trichoderma reesei EGI/Cel7B (= EGI-
CBM). Acremonium thermophilum ALKO4245 EG_B was also fused to linker
and CBM of Trichoderma reesei EGI/Cel7B. For that purpose, the coding se-
quence of the core regions of EG_A and EG_B and the coding sequence of
the linker and the CBM of Trichoderma reesei EGI/Cel7B were synthesized by
PCR using following primers:

SEQ ID NO: 9 (forward sequence for EG_A core primer)
SEQ ID NO: 10 (reverse sequence for EG_A core primer)
SEQ ID NO: 11 (forward sequence of EGI-CBM primer)
SEQ ID NO: 12 (reverse sequence of EGI-CBM primer)
SEQ ID NO: 13 (forward sequence of EG_B primer)

SEQ ID NO: 14 (reverse sequence of EG_B primer)

SEQ ID NO: 15 (forward sequence of EGI-CBM primer)
SEQ ID NO: 16 (reverse sequence of EGI-CBM primer).

P P N P N .
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The PCR reaction mixture for synthesizing the DNA sequence en-
coding for EG_A core contained 1x Phusion HF Reaction Buffer (Finnzymes,
Finland), 7.5 mM MgCl,, 0.2 mM dNTPs, 1 uM of each primer, 3% DMSO, 4
units of Phusion DNA Polymerase (Finnzymes, Finland), and approximately 50
ng / 200 pl of template DNA, containing full-length eg/_A gene from Acremoni-
um thermophilum ALKO4245. The conditions for the PCR reaction were the
following: 30 sec initial denaturation at 98°C, followed by 24 cycles of 10 sec at
98°C, 30 sec annealing at 52.5°C (+ 7.5°C gradient), 30 sec extension at 72°C
and final extension at 72°C for 7 min. The specific DNA fragment in PCR reac-
tion was obtained at annealing temperature range from 45°C to 60°C. The
compatible restriction sites were created to the synthesized core fragment of
Acremonium thermophilum ALKQO4245 egl A for the fusion to Trichoderma
reesei cel7/egl1 linker-CBM region and ligation to expression vector.

The PCR reaction mixtures for synthesizing the DNA sequences
encoding for EG_B and EGI-CBMs contained 1x F-511 Buffer for Dynazyme
DNA Polymerase (Finnzymes, Finland), 0.2 mM dNTP Mix (Fermentas, Fin-
land), 1 uM each primer, 3% DMSO (Finnzymes, Finland) 2-4 units of F-501L
Dynazyme Il DNA Polymerase (Finnzymes, Finland) and approximately 50 ng /
200 pl of template DNA, containing the full-length eg/_B gene from Acremoni-
um thermophilum ALKO4245 and the full-length cel7/egl1 gene from Tricho-
derma reesei. The conditions for the PCR reactions were the following: 5 min
initial denaturation at 95°C, followed by 28 cycles of 1 min at 95°C, 30 sec an-
nealing at 52.5°C (+7.5°C gradient), 30 sec extension at 72 °C and a final ex-
tension at 72°C for 5 min. The specific DNA fragments in PCR reactions were
obtained at annealing temperature range from 45°C to 60°C. The fragments
created by primer combinations described above were then digested with
compatible restriction enzymes and ligated together. The fragments amplified
by PCR, primer combinations and compatible restriction enzymes are de-
scribed in Table 9.
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Table 9. PCR fragments amplified from Acremonium thermophilum
ALKO4245 eg/ A and eg/_B and from Trichoderma reesei egl1 full length

genes
Fragment Primer pairs Restriction sites at the | Length (bp) | SEQID NO:
5°- and 3’- ends
egl Acore | SEQIDNO:9+ 10 Sacll + BsmBI 1330 17
egl Beore | SEQIDNO: 13 +14 | BamHI + Sacl 1272 18
egl/l-CBM | SEQIDNO: 11 +12 | BsmBI + Xhol 281 19
egll-CBM | SEQIDNO: 15+ 16 | Sacl+ Agel 212 20

The newly created fragments were then further ligated into expres-
sion vectors. The PCR amplified fragments in the expression plasmids were
confirmed by sequencing (SEQ ID NO: 17 for eg/l_A core, SEQ ID NO: 18 for
egl/_B core, SEQ ID NO: 19 for eg/7-CBM, SEQ ID NO: 20 for eg/7-CBM, SEQ
ID NO: 21 for eg/_A+eg/1-CBM and SEQ ID NO: 23 for EG_A+EGI-CBM, SEQ
ID NO: 22 for eg/_B+eg/1-CBM and SEQ ID NO: 24 for EG_B+EGI-CBM). The
fusion genes were also further cloned into pBluescript || KS+ vector for the pa-
tent deposition to DSM collection under following accession numbers: DSM
25657 = E. coli strain RF10076 including the plasmid pALK3179 which con-
tains the fusion gene eg/_A+eg/7-CBM. DSM 25658 = E. coli strain RF10077
including the plasmid pALK3180 which contains the fusion gene eg/ B+eg/1-
CBM.

Acremonium thermophilum ALKO4245 EG_A and EG_B were also
fused to linker and CBM of Trichoderma reesei CBHI/Cel7A (= CBHI-CBM).
The egl + cbh1-CBM fusion genes were designed such a way that the atypical
linker and CBM regions of Acremonium thermophilum ALKO4245 egl A would
be removed and the remaining core region will be fused to linker and CBM re-
gion of Trichoderma reesei cel7A/cbh1 (= cbh1-CBM). Trichoderma reesei
cel7A/cbh1 linker and CBM regions will be fused straight to Acremonium ther-
mophilum cel7/egl_B, since it did not contain natural CBM. The fusion genes
were ordered as synthetic constructs (from GenScript, USA). The synthetic
fusion genes in plasmids were confirmed by sequencing (SEQ ID NO: 25 for
egl_A+cbh1-CBM, SEQ ID NO: 26 for eg/_B+cbh1-CBM, SEQ ID NO: 27 for
EG_A+CBHI-CBM and SEQ ID NO: 28 for EG_B+CBHI-CBM). The E. coli
strains RF9587 including the plasmid pALK3167, which contains the fusion
gene egl_A+cbh1-CBM in pUC57, and RF9588 including the plasmid
PALK3168 which contains the fusion gene eg/ B+cbh1-CBM in pUCS57, were
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deposited to the DSM collection under the accession numbers DSM 25655 and
DSM 25656, respectively.

The expression plasmids were constructed for production of recom-
binant EG+EGI-CBM (EG_A+EGI-CBM and EG_B+EGI-CBM) and EG+CBHI-
CBM (EG_A+CBHI-CBM and EG_B+CBHI-CBM) fusion proteins (SEQ ID NO:
23-24 and 27-28 corresponding nucleic acid SEQ ID NO: 21-22 and 25-26).
The expression plasmids constructed are listed in Table 10. The constructed
egl_A+egl1-CBM, egl_B+egl/1-CBM, eg/_A+cbh1-CBM and eg/_B+cbh1-CBM
fusion genes were fused to the T. reesei cbh1 (cel7A) promoter in the expres-
sion vector. The transcription termination was ensured by the 7. reesei cel7A
terminator and A. nidulans amdS marker gene was used for selection of the
transformants as described in Paloheimo et al. (2003). The linear expression
cassettes (Fig.1) were isolated from the vector backbones after Notl digestions
and were transformed into T. reesei protoplasts. The host strain used does not
produce any of the four major T. reesei cellulases (CBHI, CBHII, EGI, EGII).
The transformations were performed as in Penttila et al. (1987) with the modifi-
cations described in Karhunen et al. (1993), selecting acetamide as a sole ni-
trogen source (amdS marker gene). The transformants were purified on selec-
tion plates through single conidia prior to sporulating them on PD.

Table 10. The expression cassettes constructed to produce EG+CBM fu-
sion proteins in Trichoderma reesei. The overall structure of the expres-
sion cassettes was as described in Fig. 1.

Fusion protein Expression plasmid | Expression cassette
EG_A+EGI-CBM pALK3158 6.9 Notl
EG_B+EGI-CBM pALK3159 6.7 Notl
EG_A+CBHI-CBM pALK3161 6.9 Notl
EG_B+CBHI-CBM pALK3162 6.7 Notl

“ The expression cassette for 7. reesei transformation was isolated from the vector backbone
by using Not digestion.

The EG+CBM fusion protein production of the transformants was
analyzed from the culture supernatant of the shake flask cultivations. The
transformants were inoculated from the PD slants to shake flasks containing
50 ml of complex lactose-based cellulase inducing medium Joutsjoki et al.
1993) buffered with 5% KH,PO4. The EG+CBM fusion protein production of the
transformants was analyzed from the culture supernatants after growing them



20125550 PrH 28 -05- 2014

10

15

20

25

30

35

31

for 7 days at 30°C, 250 rpm. Heterologous production of recombinant proteins
was analyzed by SDS-PAGE with subsequent Coomassie staining. The geno-
types of the chosen transformants were confirmed by using Southern blot
analyses in which several genomic digests were included and the respective
expression cassette was used as a probe.

The best producing transformants were chosen to be cultivated in
laboratory scale bioreactors. The transformants were cultivated in lab bioreac-
tors at 28°C in cellulase inducing complex medium 3-4 days with pH control
4.2 £ 0.2 (NH3/H3PO4) to obtain material for the application tests. The superna-
tants were recovered by centrifugation and filtering through EK filters (Pall
SeitzSchenk Filtersystems GmbH, Bad Kreuznach, Germany).

Example 4. Hydrolysis of corn fibre substrate with enzyme preparations
comprising a recombinant EG/Cel7 and EG/Cel7+CBM endoglucanases

Steam exploded corn fibre was suspended in 0.05 M sodium citrate
buffer, pH 4.8. The final weight of the hydrolysis mixture was 1 g of which the
total solids concentration was either 5% (w/w) or 17% (w/w). The substrate
was hydrolyzed using different enzyme mixtures at a dosage of 0.5 mg of pro-
tein per g of total solids in 2 ml reaction tubes. The protein contents of the en-
zyme components were determined using the Pierce BCA assay kit (Thermo
Scientific) with Bovine Serum Albumin (Thermo Scientific) as standard. The
reaction tubes were agitated in a linear-shaking water bath 1086 from GFL,
adjusted in different temperatures. For each sample point, a sample of 0.5 ml
was taken from duplicate reaction tubes, and centrifuged, the supernatant was
boiled for 20 minutes to terminate the enzymatic hydrolysis, and analyzed for
reaction products from the hydrolysis. Seven separate mixture combinations
were prepared (a basis mixture MIXTURE 1, MIXTURE 1_EG_A and MIX-
TURE 1_EG_B, MIXTURE 1_EG_A+EGI-CBM, MIXTURE 1_EG_B+EGI-
CBM, MIXTURE 1_EG_A+CBHI-CBM and MIXTURE 1_EG_B+CBHI-CBM)
with different EG/Cel7 replacements.

A basis mixture of different cellulases was prepared using the fol-
lowing components:

Mesophilic EGI/Cel7B preparation containing recombinant Tricho-
derma reesei EGI/Cel7B.

CBHI/Cel7A preparation containing recombinant Acremonium ther-
mophilum ALKO4245 CBHI/Cel7A (WO2007071818).
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CBHII/Cel6A preparation containing recombinant Acremonium
thermophilum ALKO4245 CBHII/Cel6A (W02011080317).

EGII/Cel5A preparation containing recombinant Thermoascus au-
rantiacus ALKO4242 EGII/Cel5A (WO2007071818) with genetically attached
CBM of Trichoderma reesei EGII/Cel5A.

B-glucosidase preparation containing Acremonium thermophilum
ALKO4245 B-glucosidase/Cel3A (WO2007071818).

Xylanase preparation containing Thermoascus aurantiacus
ALKO4242 Xyn10A xylanase (W02007071818).

All cellulases were heterologously produced as monocomponents in
Trichoderma reesei host strain having cellulase-free background (the genes
encoding the four major cellulases CBHI/Cel7A, CBHII/Cel6A, EGI/Cel7B and
EGII/Cel5A were deleted). Crude culture supernatants were used in the mix-
ture. The enzyme components were combined as follows to prepare a basis
mixture: cellobiohydrolase CBHI/Cel7A preparation 60%, cellobiohydrolase
CBHII/Cel6A preparation 15%, endoglucanase EGII/Cel5A preparation 10%,
endoglucanase EGI/Cel7B preparation 8%, B-glucosidase BG/Cel3A prepara-
tion 4% and xylanase Xyn10A preparation 3%. This enzyme mixture was des-
ignated as MIXTURE 1.

For testing EG endoglucanase performance in the hydrolysis with
MIXTURE 1, 8% of the EGI/Cel7B endoglucanase component of MIXTURE 1
was replaced by:

EG/Cel7 preparation containing recombinant Acremonium ther-
mophilum ALKO4245 EG_A or

EG/Cel7 preparation containing recombinant Acremonium ther-
mophilum ALKO4245 EG_B. The mixtures containing Acremonium thermophi-
lum ALKQO4245 EG/Cel7 proteins EG_A or EG_B were designated as MIX-
TURE 1_EG_A and MIXTURE 1_EG_B, respectively.

For testing EG+CBM fusion protein performance in the hydrolysis
with MIXTURE 1, 8% of the EGI/Cel7B endoglucanase component of MIX-
TURE 1 was replaced by:

EG+CBM preparation containing recombinant Acremonium ther-
mophilum ALKO4245 EG_A genetically fused to Trichoderma reesei EGI-CBM
(EG_A+EGI-CBM) or
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EG+CBM preparation containing recombinant Acremonium ther-
mophilum ALKO4245 EG_B genetically fused to Trichoderma reesei EGI-CBM
(EG_B+EGI-CBM) or

EG+CBM preparation containing recombinant Acremonium ther-
mophilum ALKO4245 EG_A genetically fused to Trichoderma reesei CBHI-
CBM (EG_A+CBHI-CBM) or

EG+CBM preparation containing recombinant Acremonium ther-
mophilum ALKO4245 EG_B genetically fused to Trichoderma reesei CBHI-
CBM (EG_B+CBHI-CBM).

The mixtures containing the fusion proteins EG_A+EGI-CBM,
EG_B+EGI-CBM, EG_A+CBHI-CBM or EG_B+CBHI-CBM were designated as
MIXTURE 1_EG_A+EGI-CBM, MIXTURE 1_EG_B+EGI-CBM, MIXTURE
1_EG_A+CBHI-CBM and MIXTURE 1_EG_B+CBHI-CBM, respectively.

For all the mixtures the hydrolysis was performed at 37°C and 55°C.
Samples were taken from the hydrolysis after 48 h, quantified by HPLC and
the concentration of glucose was determined (Fig. 2).

The results show better performance of the MIXTURE 1_EG_A and
MIXTURE 1_EG_B at 37°C with high (17%) dry matter content. The amount of
glucose released from corn fibre substrate was found to increase 9% for the
MIXTURE 1_EG_A and 7% for the MIXTURE 1_EG_B compared to the MIX-
TURE 1 (Fig. 2A). At 55°C and with high dry matter content MIXTURE
1_EG_A was found to increase glucose yield 34% compared to the enzyme
mix MIXTURE 1 (Fig. 2B).

For the EG+EGI-CBM (EG_A+EGI-CBM and EG_B+EGI-CBM) fu-
sion proteins the results show better performance of the MIXTURE
1_EG_A+EGI-CBM and MIXTURE 1_EG_B+EGI-CBM at 37°C in low (5%) dry
matter conditions. The amount of glucose released from corn fibre substrate
was found to increase 30% for the MIXTURE 1_EG_A+EGI-CBM and 35% for
the MIXTURE 1_EG_B+EGI-CBM compared to the MIXTURE 1 (Fig. 3A). In
high dry matter conditions MIXTURE 1_EG_B+EGI-CBM mix was found to
increase glucose yield 7% at both temperatures 37°C and 55°C compared to
the enzyme mix MIXTURE 1 (Fig. 3B and 3C).

For the EG+CBHI-CBM (EG_A+CBHI-CBM and EG_B+CBHI-CBM)
fusion proteins the results show better performance of the MIXTURE
1_EG_A+CBHI-CBM and MIXTURE 1_EG_B+CBHI-CBM at 37°C in both low
and high dry matter conditions. The amount of glucose released from corn fibre
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substrate was found to increase 22% in low dry matter conditions and 5% in
high dry matter conditions for the MIXTURE 1_EG_A+CBHI-CBM, and 8% in
low dry matter conditions and 5% in high dry matter conditions for the MIX-
TURE 1_EG_B+CBHI-CBM compared to the MIXTURE 1 (Fig. 4A and 4B). In
high dry matter conditions at 55°C MIXTURE 1_EG_B+CBHI-CBM was found
to increase glucose yield 4% compared to the MIXTURE 1 (Fig. 4C).
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CLAIMS

1. A polypeptide having endoglucanase activity and comprising an
amino acid sequence having at least 57% sequence identity to EG_A having
SEQ ID NO: 7, or a fragment thereof having endoglucanase activity.

2. The polypeptide of claim 1, wherein said polypeptide is obtainable
from Acremonium thermophilum, preferably from A. thermophilum CBS
116240.

3. The polypeptide of claim 1 or 2, wherein said polypeptide is a re-
combinant fusion protein further comprising a cellulose binding module (CBM)
of Trichoderma reesei.

4. The polypeptide of claim 3, wherein said CBM is a CBM derived
from T.reesei EGI/Cel7B or T.reesei CHBI/Cel7A.

5. The polypeptide of claim 4, wherein the natural CBM of endoglu-
canase EG_A has been replaced with a CBM of T. reesei EGI/Cel7B or T.
reesei CHBI/Cel7A and preferably the resulting fusion protein comprises an
amino acid sequence having at least 55% sequence identity to SEQ ID NO: 23
or 27, respectively.

6. The polypeptide of claim 5, wherein the fusion protein comprises
an amino acid sequence having SEQ ID NO: 23 or SEQ ID NO: 27.

7. An isolated polynucleotide selected from the group consisting of:

a) a polynucleotide comprising the coding sequence as shown in
SEQ ID NO: 5;

b) a polynucleotide encoding a polypeptide of claim 1;

c) a polynucleotide encoding a fragment of a polypeptide encoded
by a polynucleotide of a) or b), wherein said fragment has endoglucanase ac-
tivity; and

d) a polynucleotide comprising a nucleotide sequence which is de-
generate to the nucleotide sequence of a polynucleotide of a) or b);

or the complementary strand of such a polynucleotide.

8. The polynucleotide of claim 7, comprising a gene included in a
microorganism having accession number selected from the group consisting of
DSM 25492, DSM 25657 and DSM 25655.

9. A vector, which comprises a polynucleotide of claims 7 or 8 oper-
ably linked to regulatory sequences capable of directing expression of the pol-
ypeptide of claim 1.

10. A host cell comprising the vector of claim 9.
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11. A method of producing a polypeptide of claim 1, said method
comprising the steps of transforming a host cell with an expression vector en-
coding said polypeptide, and culturing said host cell under conditions enabling
expression of said polypeptide, and optionally recovering and purifying said
polypeptide.

12. An enzyme preparation comprising the polypeptide of any one of
claims 1-6.

13. The enzyme preparation of claim 12 comprising at least one fur-
ther enzyme selected from a group of cellobiohydrolase, endoglucanase, beta-
glucosidase, beta-glucanase, xyloglucanase, xylanase, beta-xylosidase, man-
nanase, beta-mannosidase, a-glucuronidase, acetyl xylan esterase, a-arabino-
furanosidase, a-galactosidase, pectinase, involving endo- and exo-a-L-arabin-
ases, endo- and exo-galactoronase, endopectinlyase, pectate lyase, and pec-
tinesterase, phenol esterase, ligninase involving lignin peroxidase, manga-
nese- dependent peroxidase, H,O,-generating enzyme and laccase with or
without a mediator.

14. The enzyme preparation of claim 13 comprising cellobiohydro-
lase CBHI/Cel 7A, cellobiohydrolase CBHII/Cel6A, endoglucanase EGII/Cel5A,
beta-glucosidase BG/Cel3A, xylanase Xyn10A and endoglucanase EG_A of
claim 1.

15. The enzyme preparation of claim 13 comprising cellobiohydro-
lase CBHI/Cel 7A, cellobiohydrolase CBHII/Cel6A, endoglucanase EGII/Cel5A,
beta-glucosidase BG/Cel3A, xylanase Xyn10A and endoglucanase fusion pro-
tein comprising an amino acid sequence having SEQ ID NO: 27.

16. A method for treating cellulosic material with an endoglucanase
of any one of claims 1-6 or an enzyme preparation of any one of claims 12—
15, wherein the method comprises the following steps:

i) reacting the cellulosic material with said endoglucanase or the en-
zyme preparation comprising said endoglucanase

i) obtaining at least partially hydrolyzed cellulosic material.

17. Use of a polypeptide according to any one of claims 1-6, or an
enzyme preparation according to any one of claims 12—15 in biofuel, biomass
hydrolysis, starch, textile, detergent, pulp and paper, food, feed or beverage
industry.

18. An Escherichia coli strain having accession number DSM
25492, DSM 25657 or DSM 25655.
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Patenttivaatimukset

1. Polypeptidi, jolla on endoglukanaasi aktiivisuutta ja joka kasittaa
aminohapposekvenssin, jolla on vahintaan 57 % identtisyys EG_A!lle, jolla on
sekvenssi nro 7, tai sen fragmentti, jolla on endoglukanaasiaktiivisuutta.

2. Patenttivaatimuksen 1 mukainen polypeptidi, jolloin mainittu poly-
peptidi saadaan Acremonium thermophiliumista, edullisesti A. thermophilium
CBS 116240:sta.

3. Patenttivaatimuksen 1 tai 2 mukainen polypeptidi, jolloin polypep-
tidi on rekombinatti fuusioproteiini, joka kasittda Trichoderma reesein selluloo-
saa sitovan modulin (CBM).

4. Patenttivaatimuksen 3 mukainen polypeptidi, jolloin mainittu CBM
on CBM, joka on saatu T. reesei EGI/Cel7B:sta tai T. reesei CHBI/Cel7A:sta.

5. Patenttivaatimuksen 4 mukainen polypeptidi, jolloin endoglu-
kanaasi EG_A:n luonnollinen CBM on korvattu T. reesei EGI/Cel7B:n tai T.
reesei CHBI/Cel7A:n CBM:lla ja edullisesti saatava fuusioproteiini kasittaa
aminohapposekvenssin, jolla on vahintdan 55 % sekvenssi-identtisyys sek-
venssiin nro 23 tai 27, vastaavasti.

6. Patenttivaatimuksen 5 mukainen polypeptidi, jolloin fuusioproteiini
kasittdd aminohapposekvenssin, jolla on sekvenssi nro 23 tai sekvenssi nro
27.

7. Eristetty polynukleotidi, joka valitaan ryhmasta, joka koostuu:

a) polynukleotidista, joka kasittdd koodaavan sekvenssin, kuten
sekvenssinumerossa 5;

b) polynukleoctidista, joka koodaa patenttivaatimuksen 1 mukaista
polypeptidia;

c) polynukleotidista, joka koodaa polynukleotidin a) tai b) koodaa-
man polypeptidin fragmenttia, jolloin mainitulla fragmentilla on endoglukanaasi-
aktiivisuutta; ja

d) polynukleotidista, joka kasittdad nukleotidisekvenssin, joka on de-
generoitunut polynukleotidien a) tai b) nukleotidisekvenssien suhteen tai sellai-
sen polynukleotidin komplementaarinen juoste.

8. Patenttivaatimuksen 7 mukainen polynukleotidi, joka kasittaa
geenin, joka on sisallytetty mikro-organismiin, jolla on talletusnumero, joka vali-
taan DSM 25492:sta, DSM 25657:sta ja DSM 25655:sta koostuvasta ryhmas-
ta.
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9. Vektori, joka kasittaa patenttivaatimusten 7 tai 8 mukaisen poly-
nukleotidin toiminnallisesti litettyn& regulatorisiin sekvensseihin, jotka kykene-
vat ohjaamaan patenttivaatimuksen 1 mukaisen polypeptidin ekspressiota.

10. Isantésolu, joka kasittaa patenttivaatimuksen 9 mukaisen vekto-
rin.

11. Menetelmé patenttivaatimuksen 1 mukaisen polypeptidin valmis-
tamiseksi, jolloin mainittu menetelma kasittda vaiheet, joissa transformoidaan
isantasolu mainittua polypeptidia koodaavalla ekspressiovektorilla, ja kasvate-
taan mainittua isantadsolua olosuhteissa, jotka sallivat mainitun polypeptidin
ekspression, ja mahdollisesti mainitun polypeptidin talteenottamisen ja puhdi-
tamisen.

12. Entsyymivalmiste, joka kasittéd& jonkin patenttivaatimuksen 1-6
mukaisen polypeptidin.

13. Patenttivaatimuksen 12 mukainen entsyymivalmiste, joka kasit-
taa vahintaan yhden lisaentsyymin, joka valitaan ryhmasta, joka koostuu sello-
biohydrolaasista, endoglukanaasista, beta-glukosidaasista, beta-glukanaasis-
ta, ksyloglukanaasista, ksylanaasista, beta-ksylosidaasista, mannanaasista,
beta-mannosidaasista, a-glukuronidaasista, asetyyliksylaaniesteraasista, o-
arabinofuranosidaasista, a-galaktosidaasista, pektinaasista, joka sisdltda en-
do- ja ekso-a-L-arabinaasit, endo- ja ekso-galaktoronaasin, endopektiinilyaa-
sin, pektaattilyaasin, ja pektiiniesteraasin, fenoliesteraasista, ligninaasista, joka
sisaltéda ligniiniperoksidaasin, manganeesi-riippuvaisen peroksidaasin, H,O,-
generoivan entsyymin ja lakkaasista ilman valittajaa tai valittdjan kanssa.

14. Patenttivaatimuksen 13 mukainen entsyymivalmiste, joka kasit-
téaa sellobiohydrolaasia CBHI/Cel 7A, sellobiohydrolaasia CBHII/Cel6A, endo-
glukanaasia EGII/Cel5A, beta-glukosidaasia BG/Cel3A, ksylanaasia Xyn10A ja
patenttivaatimuksen 1 mukaista sellobiohydrolaasia EG_A.

15. Patenttivaatimuksen 13 mukainen entsyymivalmiste, joka kasit-
téa sellobiohydrolaasia CBHI/Cel 7A, sellobiohydrolaasia CBHII/Cel6A, endo-
glukanaasia EGII/Cel5A, beta-glukosidaasia BG/Cel3A, ksylanaasia Xyn10A ja
endoglukanaasi fuusioproteiinia, joka kasittdd aminohapposekvenssin, jolla on
sekvenssinro 27.

16. Menetelma selloloosapitoisen materiaalin kasittelemiseksi jonkin
patenttivaatimuksen 1-6 mukaisella endoglukanaasilla tai jonkin patenttivaati-
muksen 12-15 mukaisella entsyymivalmisteella, jolloin menetelméa kasittaa
seuraavat vaiheet:
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i) annetaan selluloosapitoisen materiaalin reagoida mainitun endo-
glukanaasin tai mainittua endoglukanaasia siséltdvan entsyymivalmisteen
kanssa

i) saadaan vahintdan osittain hydrolysoitua selluloosapitoista mate-
riaalia.

17. Jonkin patenttivaatimuksen 1-6 mukaisen polypeptidin tai jonkin
patenttivaatimuksen 12—-15 mukaisen entsyymivalmisteen kaytté biopolttoai-
neissa, biomassan hydrolyysissa, tarkkelys-, tekstiili-, detergentti-, paperimas-
sa- ja paperi-, ruoka- tai juomateollisuudessa.

18. Escherichia coli-kanta, jolla on talletusnumero DSM 25492,
DSM 25657 tai DSM 25655.
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SEQUENCE LISTING

<110>
<120>
<130>
<160>
<170>
<210> 1

<211> 20

<212> DNA

<213> Artificial Sequence
<220>
<221>

<222>
<223>

Roal oy

Improved endoglucanases for treatment of cellulosic material
2112028F1

28

BiSSAP 1.0

source
1..20

/mol_type="DNA"

/note="primer"
Jorganism="Artificial Sequence"

<400> 1

tgytgyaayg aratggayat 20
<210> 2
<211> 17
<212> DNA
<213> Artificial Sequence
<220>
<221> source
<222> 1..17
<223> /mol_type="DNA"
/note="primer"
/organism="Artificial Sequence"
<400> 2
swrtcnarcc arttcat 17
<210> 3
<211> 566
<212> DNA
<213> Acremonium thermophilum
<220>
<221> source
<222> 1..566
<223> /mol_type="DNA"
/organism="Acremonium thermophilum"
<400> 3
aattcgccct tgtatcgagce cagttcatga agtcgeccgc cgagttccag atgctgaaga 60
Ccgagtaccat gccgcgctec agcgaggege ccatgccatc catgcctccc aggcggaggt 120
actgcgaggce attggcggeg gtgcagaagg cttgcgtcac ggatccgccg ctggegtegt 180
tcacgttggg cgacgtagag tcgagctggt tcgtgttcga ggggacggge tcgttctgga 240
tgaccttgce gtcctggacg tacaggcgac ggatctcgge gagcgtcccc gaaccggtag 300
aggcattgcc agagtcggtc aaaaactgag tcaccaccgt gaagggtttg gtggtgtcca 360

Page 1
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cggtcttgcc ggggccgtaa aagtctttga ggcccgegeg gaatgggttg acgccgcaac 420

cgtcgtggtc gcatacgccg gcgtcggtct tgccacactc gtcgccagag cacaagaagg 480
agcccacgcc gctgcaggta tgaggcgtca tggcggtagce catggecattt gcttcccaga 540

tgtccatctc attgcagcaa agggcg 566

<210> 4

<211> 431

<212> DNA~

<213> Acremonium thermophilum

<220>

<221> source

<222> 1..431

<223> /mol_type="DNA"
/organism="Acremonium thermophilum"”

EQSQZgﬁcct ttgctgcaat gagatggaca tcctggaggc caactcgcag gccaacgcct 60
tcaccccgea cccctgcagyg aacggcaact gcgacaagag cggetgcgge tacaaccect 120
acgccaaggg cttccgcaac tactggggcec ccggtatgac cgtcgacacg tccaagccct 180
tcaccatcac cacccagttc gtcgagagtg gcgggtccct cagccagatc gtgcgcaggt 240
acgcccaggg cgggcggccg atccccagcg cggcegtcggg cggcgacgtc atccaggeca 300
gcgectgegg cacggcgcag agcettcggeg ggctggecga gatgggegceg gegetggacce 360
gcggecatggt cctcgtcttc agcatctgga acgacccgge ccagaacatg aactggotcg 420
actgaagggc ¢ 431
<210> 5

<211> 1520

<212> DNA

<213> Acremonium thermophilum

<220>

<221> source

<222> 1..1520

<223> /mol_type="genomic DNA"
/organism="Acremonium thermophilum”

<400> 5

atggctttca gactggcagc tgcgctgect ttccttcttc tcctggcaca cgcacaaaag 60
attggcactg cggttcccga ggtccatccg aagctggtga cccagacctg caccacttceg 120
ggaggttgtg ttgaccgcca aacattgctc gtgacggatg ccctctcgeg tccgttccac 180
aaggttggag atccttcggt gccgtgcacg ccgttgaaca ccaccctctg cccggacgec 240
gccacttgtg cggcaaactyg cgagctcgaa ggggtggagt atggtagcct cggcgtgcett 300
accgecggee gagctgtcac tctgeggcag tacctctteg atggcgacgce cttcacctct 360
gtcagcccge gecctctacct getggeccgag gacggcatga actatgagct gctcaagcetg 420
aacggccaag agctctccta tgacgtcgac gtgtcgcagc tgggctgcgg catgaatgge 480
gccttgtacc tctccgagat ggacgcctcg gggtctagga gcgacctgaa cccagcaggt 540
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gcccagtatg
ctggtatgtg
cttcacacat
tggatatctg
tgggctectt
acgacggttg
agaccgtgga
atgcctctac
aggtcatcca
acgtgaacga
cgcagtacct
tactcgtctt
aggccggcecc
aagtctccegt
cgtcttcgec
gtacggcgcc
ccgcttatcet
<210> 6

<211> 1206
<212> DNA
<213>
<220>
<221>

<222>
<223>

~EG1l sequence 1isting.201205040131187752
gcacgggcta ctgcgatgcg cagtgcttta atgtgtcgtt tatcaacgga

ctcgtggaat tgaacgtatc cgtcatagcc aagtcaaaca tgaactaact

cttcctccga
ggaagcaaat
cttgtgctct
cggcgtcaac
caccaccaaa
cggttcgggg
gaacgagccc
cgccageggce
ccgcctggga
cagcatctygg
gtgcagcaac
caccttctec
gctgcgcaac
gcacactgct

ccttctctga

source
1..1206
/mol_type="genomic DNA"

cagccgaatc

gccatggcta
ggcgacgagt
ccattccgeg
cccttcacgg
acgctcgecg
gtcccctcga
ggatccgtga
ggcatggatg
aactcggcgg
acctccggeg
aacatccgct

gggacgaatg
gctgcgtctg

Acremonium thermophilum

tcaacaactc
ccgccatgac
gtggcaagac
cgggcctcaa
tggtgactca
agatccgtcg
acacgaacca
cgcaagcctt
gcatgggcge
gcgacttcat
acccggececg
ggggagatat
ccgctttett

taggtgtctg

/organism="Acremonium thermophilum"

<400> 6
atggcgcegece

ctggctcacg
tgcaccacgg
cgcgcecatcg
accggeggeg
gtccagccca
ctgtaccact
ctgggcccgg
gtcgacctgt
gccggcggeg

gacgcccagt

agactcattc
ctcagaaccc
c€gggcggttyg
tgccgtctgg
tcagtgccag
tcgccaacta
acgtgcgcat
acggcgacta
ccacgctgec
ggcgcaaccc

gccccaccct

ctacggcatc
agccgegecec
cgtgcagcag
€ggcggegge
cctetgtecc
cacggagcac
caacggccag
cgagatgctg
ctgcggegag
cgacaacacg

ggcgtggege

ttggccgtceg
gaggtgcatc
aacacgtccg
ggcggeggtyg
gacgaggcca
ggcgtgtcca
ctgtcggecec
cacctcctgg
aacggcgecc
ggcggegega

aacggcacca
Page 3

gggtgcctgce
gcctcatacc
cgacgceggce
agacttctac
gtttttgacc
cctgtacgtc
gctcgactct
ctgcaccgcee
ctcgctggag
gaactggctg
catcgtggcec
tgggtccacc
gagctcgaat

ggccatgcta

cccttgtctt
cgtcgcetgcec
tcgtgctcga
gcgggtcctg
cctgcgcecaa
ccgcgggega
agtcgecccy
gccgcgaget
tctacctctc
gctacggctc

tcaacaccgg

tgcaacgaga
tgcagcggcg
gtatgcgacc
ggccccggea

gactctggca

caggacggca

acgtcgeeca
gccaatgect
cgcggcatgg
gacagcggceg
gagacgcccg
ttcaacgcct
gcgaagagcg
gccgcagtct

ctggcgecag
cacctggaag
ctgggacgcg
caagacggcc
gaactgcgtc
cgccctgacc
cgtctacctg
cagcttcgac
cgagatgagc
gggctactgce

ccgccaggge

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1520

60
120
180
240
300
360
420
480
540
600
660



tactgctgeg
cacccctgea
ggcttcecgea
accacccagt
ggcgggeggc
ggcacggcge
gtcctcgtct
aCcgceggggo
gatacgcacg
tcgtag
<210> 7
<211> 479
<212> PRT
<213>
<220>
<221>

<222>
<223>

SOURC
1..47

~EG1 sequence listing.201205040131187752

acgagatgga
ggaacggcaa
actactgggg
tcgtcgégag
cgatccccag
agagcttcgg
tcagcatctg
cctgcageag

ttgtcttcte

catcctggag
ctgcgacaag
cccecggtatg
tggcgggtcc
cgcggcegtcg
cgggctggec
gaacgacccg
cgcggeggge

gaacatccgc

gccaactcgc aggccaacgc cttcaccccg

agcggcetgeg
accgtcgaca
ctcagccaga
ggcggegacg
gagatgggcg
gcccagaaca

agtccggeca

tggggcgaca

gctacaaccc
cgtccaagcc
tcgtgegeag
tcatccaggc
cggcgctgga
tgaactggct
cgatccaggce

ttggctcgac

ctacgccaag
cttcaccatc
gtacgcccag
cagcgectgce

ccgcggcatg

cgacagcggc

gcagcatccg

gacccagacg

E
9

/mol_type="protein”

/organism="Acremonium

<400> 7

Met Ala Phe
1

His Ala GIn

Gin
35
val

val Thr

Leu
50
Ser

Leu
Pro val
65

Ala

Thr Cys

Leu Gly val

Phe Gly
115

Asp

Asp

Glu
130
Ser

Ala

Leu
145
Ala

Tyr

Leu Tyr

Asn Pro Ala
val
195

Cys

Phe Asn

Ala Cys

210

Ala Met Thr

225

Gly Asp Glu

Cys Gly val

Arg
Lys
20

Thr
Thr
Pro
Ala
Leu
100
Asp
Gly
Asp
Leu
Gly
180
Ser
Asn
Pro
Cys

Asn
260

Leu Ala Ala
5

ITe Gly Thr

Cys Thr Thr

Ala Leu
55

Pro

Asp

Thr
70
Asn

cys

Ala
85
Thr

cys

Ala Gly

Ala Phe Thr

Met Asn Tyr

135

val Asp val

150
ser Glu Met
165

Ala
Phe
Glu

His

230
Gly
245
Pro

Acremonium thermophilum

thermophilum"

Ala Leu Pro
Ala
Ser

40

Ser Arg Pro

Leu Asn Thr
Glu Leu Glu
Arg
Ser
120
Glu Leu Leu
Ser Gln Leu

Asp. Ala Ser

Phe
Glu
Cys
Phe
Thr

75
Gly

Thr

Pro

Lys

Gly
155
Gly

170

200

Page 4

GIn Tyr Gly TEESG]y Tyr

Ile Asn Gly Leu Pro Asn

Met Asp Ile Trp Glu Ala
215

Thr Cys ser Gly val Gly

235

Lys Thr Asp Ala Gly val
250

Phe Arg Ala Gly Leu Lys
265

Leu
val
val
His

60
Leu
val
Leu
Arg
Leu
140
Cys
ser
cys
Leu
Asn
220
Ser
cys

Asp

Leu
His
Asp

45
Lys
Cys
Glu
Arg
Leu
125
Asn
Gly
Arg
ASp
ASnN
205
Ala
Phe
Asp

Phe

Leu
Pro

30
Arg
val
Pro
TYyr
Gln
110
Tyr
Gly
Met
ser
Ala
190
AsSn
Met
Leu
His

Tyr
270

Leu

15
LyS
GIn
Gly
Asp
Gly

95
Tyr
Leu
GIn
Asn
Asp
175
Gin
ser
Ala
Ccys
Asp

255
Gly

Ala
l.eu
Thr
Asp
Ala
80
Ser
Leu
Leu
Glu
Gly
160
Leu
Cys
Gly
Thr
Ser
240
Gly

Pro

720
780
840
- 900
960
1020
1080
1140
1200
1206



Gly
Leu
Ile
305
val
Asp
Ala
Leu
Asp
385
Thr
val
Ala
Ser

Gly
465

Lys
Thr
290
Arg
Pro
Ala
Ser
Glu
370
Phe
Ser
Thr
Ser
Asn

450
val

<210> 8

<211>
<212>

Thr
275
ASp
Arg
Ser
Ser
Gln
355
Arg
Met
Gly
Phe
Ser
435
Ala

Trp

401
PRT

val
Ser
Leu
Asn
Gly
340
Tyr
Gly
Asn
Asp
Ser
420
Ser
Lys

Ala

Asp
Gly
Tyr
Thr
325
Gly
Leu
Met
Trp
Pro
405
Asn
Pro
Ser

Met

~EG]l sequence 1isting.201205040131187752
Thr Thr Lys Pro Phe Thr

280

Asn Ala Ser Thr Gly Ser

295

val GIn Asp Gly Lys val

310

315

Asn GIn Leu Asp Ser Thr
330
Ser val Thr Gln Ala

345

Arg Leu Gly Gly Met
360

val Leu val Phe ser

375

Leu Asp Ser Gly Glu

390

Ala Arg Ile val Ala

410

ITe Arg Trp Gly Asp Ile
425

Phe
Asp
Ile
Ala

395
Glu

Leu Arg Asn Gly Thr Asn

440

Gly Thr Ala Pro His Thr

455

Leu Ala Ala val Ser Ala

470

<213> Acremonium thermophilum

<220>

<221>
<222>
<223>

Phe
His
Gln
Pro
65

Thr
Lys
Ser
Gly
Gly
145
val
Ser
Ala
Trp

Glu

SQURCE
1..401
/mol_type="protein"

/organism="Acremonium

<400> 8
Met Ala Arg
1

Trp
Pro
Gln
50

Ser
Gly
Asn
Thr
Gin
130
Asp
Asp
Glu
Ser
Arg

210
Met

Arg
Ser
35

ASn
Gly
Gly
Cys
Ala
115
Leu
Tyr
Leu
Met
Tyr
195
ASn

Asp

Gln
Gln
20

Leu
Thr
Gly
val
val
100
Gly
Ser
Glu
Ser
Ser
180
Gly
Gly

Ile

Thr
5
Leu
Pro
Ser
Gly
Ser
85
val
Asp
Ala
Met
Thr
165
Ala
Ser
Thr

Leu

His
Ala
Thr
val
Gly
Ala
Gln
Ala
Gln

Leu
150

Ser
His
Trp
val

55
Gly
Ser
Pro
Leu

Ser
135

475

thermophiTum"”

Tyr Gly

Ala Gln

25

Lys Cys
40

Leu Asp

Gly Gly
Leu Cys

ITe Ala

105

Thr Leu
120

Pro Arg

Ile
10
Asn
Thr
Trp
Gly
Pro
90
Asn
Tyr

val

Leu
Pro
Thr
Asp
Gly

75
Asp
Tyr
His

Tyr

His Leu Leu Gly Arg

Leu Pro Cys Gly Glu

170

155
Asn

Gly Gly Gly Arg Asn Pro
185

Gly Tyr Cys Asp Ala Gln
200

Ile Asn Thr Gly Arg GIn

215

Glu Ala Asn Ser GIn Ala
Page 5

val
Gly
300
Ile
Ser
Cys
Gly
Trp
380
Gly
Thr
Gly
Ala

Ala

460

Tyr

Ala
Ala
Ala
Ala

60
Ser
Glu
Thr
Tyr
L.eu
140
Glu
Gly
Asp
cys
Gly

220
Asn

val
285
Thr
Gln
Pro
Thr
Met
365
Asn
Pro
Pro
Ser
Ala
445
Ala

Leu

val
Ala
Gly

45
Arg
Cys
Ala
Glu
val
125
Leu
Leu
Ala
Asn
Pro
205
Tyr

Ala

Thr GIn Phe

Leu
Asn
Asn
Ala
350
Gly
Ser
Cys
Glu
Thr
430
Phe
Ala

Leu

Ala
Pro

30
Gly
Ala
Lys
Thr
His
110
Arg
Gly
Ser
Leu
Thr
190
Thr
Cys

Phe

Ala
Glu
val
335
Ala
Ala
Ala
Ser
val
415
Phe
Leu
Ser

Leu

Leu

15
Glu
Cys
Ile
Thr
Cys
Gly
Ile
Pro
Phe
Tyr
175
Gly
Leu
Ccys
Thr

Glu
Pro
320
Asn
Asn
Ser
Gly
AsSn
400
Ser
Asn
Ser

val

val
val
val
val
Ala
Ala
val
Asn
Asp
Asp
160
Leu
Gly
Ala
Asp

Pro



225
His
Pro
Asp
Gly
Ile
305
Gly
Asp
Asn
Ala
val

385
Ser

Pro
Tyr
Thr
ser
290
Pro
Thr
Arg
Met
Gly

370
Phe

<210> 9
<211> 50
<212> DN

<213>

<220>

<221>

<222> 1.

<223>

<400> 9
cgagccgcgg atggetttca gactggcage tgcgctgect ttecttcttc

<210> 10
<211> 40
<212> DNA

<213>

<220>

<221>

<222> 1.

<223>

<400> 10
cgggcgtcte ggccacgatg cgggecgggt cgccggaggt

<210> 11
<211> 12
<212> DN

<213>

<220>

<221>
<222>
<223>

Cys
Ala
Ser
275
Leu
Ser
Ala
Gly
Asn
355
ser

ser

A

source

.50

source

.40

0
A

source
1..120

/mol_type="DNA"
/note="primer"
/organism="Artificial Sequence”

Arg
Lys
260
Lys
ser
Ala
GIn
Met

340
Trp

Pro

Asn

Asn
245
Gly
Pro
Glin
Ala
ser
325
val
Leu
Ala

Ile

~EGl sequence 1listing.201205040131187752 540
4

230

235

Gly Asn Cys Asp Lys Ser
250

Phe Arg Asn Tyr Trp Gly
265

phe Thr Ile Thr Thr Gln

280

ITe val Arg Arg Tyr Ala
295

Ser Gly Gly Asp val Ile

310

315

Phe Gly Gly Leu Ala Glu
330

Leu val Phe Ser Ile Trp

345

Asp Ser Gly Thr Ala Gly
360

Thr Ile GIn Ala GIn His

390

/mo1_type="DNA"
/note="primer"
/organism="Artificial Sequence"

/moT_type="DNA"
/note="primer" -
/organism="Artificial Sequence”

375
Arg Trp Gly Asp Ile Gly
5

Artificial Sequence

Artificial Sequence

Artificial Sequence

39

Page 6

Gly
Pro
Phe
GlIn
300
Gln
Met
Asn
Pro
Pro

380
Ser

cys
Gly
val
285
Gly
Ala
Gly
Asp
Cys
365
Asp

Thr

Gly
Met
270
Glu
Gly
Ser
Ala
Pro
350
ser
Thr

Thr

Tyr
255
Thr
Ser
Arg
Ala
Ala
335
Ala
ser
His

Gln

Asn
val
Gly
Pro
Cys
320
Leu
GIn
Ala
val

Thr
400

50

40



~EGl sequence listing.201205040131187752
<400> 11
catcgtggcc gagacgcccg aagtctccgt caccttctce aacatccget ggggagatat

tgggtccacc ttcaacgccg cgcccccgee cccgectgcyg tccagcacga cgttttcgac

<210> 12

<211> 51

<212> DNA

<213> Artificial Sequence

<220>

<221> source

<222> 1..51

<223> /mol_type="DNA"
/note="primer"
/organism="Artificial Sequence"

<400> 12
cgtcctcgag ctaaaggcat tgcgagtagt agtcgttgct atactggcac g

<210> 13

<211> 50

<212> DNA

<213> Artificial Sequence

<220>

<221> source

<222> 1..50

<223> /mol_type="DNA"
/note="primer"
/organism="Artificial Sequence”

<400> 13 ,
cgagggatcc atggcgcgecc agactcattc ctacggcatc ttggccgtcg

<210> 14

<211> 95

<212> DNA

<213> Artificial Sequence

<220>

<221> source

<222> 1..95

<223> /mol_type="DNA"
/note="primer"
/organism="Artificial Sequence"

<400> 14
gtcgagctce tccgtgtagt cgaaaacgtc gtgctggacy caggcggggg €gggggcgec

gacgtctggg tcgtcgagcc aatgtcgccc cagceg

<210> 15

<211> 40

<212> DNA

<213> Artificial Sequence

<220>

<221> source

<222> 1..40

<223> /mol_type="DNA"
/note="primer"
/organism="Artificial Sequence”

Page 7

60
120

51

50

60
95



<400> 15

~EG1l sequence 1isting.201205040131187752

gaggagctcg acgacttcga gcagcccgag ctgcacgcag

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

16
55
DNA

source
1..55
/mol_

type="DNA"

/note="primer"
Jorganism="Artificial Sequence”

<400> 16

Artificial Sequence

ctcgaccggt ctaaaggcat tgcgagtagt agtcgttgct atactggcac gtagt

<210> 17
<211> 1330
<212> DNA

<213> Acremonium thermophilum

<220>
<221>
<222>
<223>

source
1..1330
/mol1_type="DNA"

/organism="Acremonium thermophilum"”

<400> 17
cgagccgegg

cgcacaaaag
caccacttcg
tcecgttecac
cccggacgcec
cggcgtgctt
cttcacctct
gctcaagcetg
catgaatggc
cccageaggt
tatcaacgga
tgaactaact
tgcaacgaga
tgcagcggceg
gtatgcgacc
ggccccggea
gactctggca

caggacggca

atggctttca
attggcactg
ggaggttgtg
aaggttggag
gccacttgtg
accgceggec
gtcagcccgce
aacggccaag
gccttgtacc
gcccagtatg
ctggtatgtg
cttcacacat
tggatatctyg
tgggctcctt
acgacggttg
agaccgtgga
atgcctctac

aggtcatcca

gactggcagc
cggttcccga
ttgaccgcca
atccttcggt
cggcaaactg
gagctgtcac
gcctctacct
agctctccta
tctccgagat
gcacgggcta
ctcgtggaat
cttcctccga
ggaagcaaat
cttgtgectct
cggcgtcaac
caccaccaaa

cggttcgggg

gaacgagccc

tgcgctgect
ggtccatccg
aacattgctc
gccgtgcacg
cgagctcgaa
tctgeggeag
gctggcecgag
tgacgtcgac
ggacgcctecg
ctgcgatgceg
tgaacgtatc
cagccgaatc
gccatggcta
ggcgacgagt
ccattccgeg
cccttcacgg
acgctcgecg

gtcccctega

page 8

ttccttcttc
aagctggtga
gtgacggatg
ccgttgaaca
ggggtggagt
tacctcttcg
gacggcatga
gtgtcgcagce
gggtctagga
cagtgcttta
cgtcatagcc
tcaacaactc
ccgccatgac
gtggcaagac
cgggcctcaa
tggtgactca
agatccgtcg

acacgaacca

tcctggcaca
cccagacctg
ccctetegeg
ccaccctctg
atggtagcct
atggcgacgc
actatgagct
tgggctgegg
gcgacctgaa
atgtgtcgtt
aagtcaaaca
gggtgcctgc
gcctcatacc
cgacgccggce
agacttctac
gtttttgacc
cctgtacgtc

gctcgactct

40

55

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

1020
1080



~EGl sequence listing.201205040131187752
acgtcgccca acgtgaacga cgccagcgge ggatccgtga cgcaagectt

gccaatgcct cgcagtacct ccgectggga ggcatggatyg gcatgggege

cgcggcatgg tactcgtctt cagcatctgg aactcggcgg gcgacttcat

gacagcggcg aggccggecc gtgcagcaac acctccggcg acccggeccg

gagacgcccg

<210> 18
<211> 1272
<212> DNA

<213> Acremonium thermophilum

<220>
<221>

source

<222> 1..1272

<223>

/mo’l_

type="DNA"

/organism="Acremonium thermophilum”

<400> 18
cgagggatcc

ctggcgccag
cacctggaag
ctgggacgcg
caagacggcc
gaactgcgtc
cgccctgacc
cgtctacctg
cagcttcgac
cgagatgagc
gggctactgc
ccgecaggge
cttcaccccg
ctacgccaag
cttcaccatc
gtacgcccag
cagcgectgce
ccgcggeatg
cgacagcggce
gcagcatccg

gacccagacg

gaggagctcyg

atggcgcgcec
ctggctcacg
tgcaccacgg
cgcgccatcg
accggceggceg
gtccagccca
ctgtaccact
ctgggcccgg
gtcgacctgt
gccggcggceg
gacgcccagt
tactgctgcg
cacccctgcea
ggcttccgea
accacccagt
ggcgggcggce
ggcacggcgc
gtcctegtct
accgegggygc
gatacgcacg
tcggcgececc

ac .

agactcattc
ctcagaaccc
cgggcggttg
tgccgtctgg
tcagtgccag
tcgccaacta
acgtgcgcat
acggcgacta
ccacgctgec
ggcgcaaccc
gccccaccct
acgagatgga
ggaacggcaa
actactgggg
tcgtcgagag
cgatccccag
agagcttcgg
tcagcatctg
cctgcagcag
ttgtcttcte

cgceceecgec

ctacggcatc
agccgcgecc
cgtgcagcag
€ggcggceggc
cctctgtecc
cacggagcac
caacggccag
cgagatgctg
ctgcggcgag
cgacaacacg
ggcgtggegc
catcctggag
ctgcgacaag
ccccggtatg
tggcgggtcec
cgcggegtceg
cgggctggec
gaacgacccg
€gcggcgggce
gaacatccgce

tgcgtccagce

Page 9

ttggccgteg
gaggtgcatc
aacacgtccg
ggcggcggtyg
gacgaggcca
ggcgtgtcca
ctgtcggcecc
cacctcctgg
aacggcgecc
ggcggcegega
aacggcacca
gccaactcgce
agcggctgeg
accgtcgaca
ctcagccaga
ggcggcgacg
gagatgggcg
gcccagaaca
agtccggcca

tggggcgaca
acgacgtttt

ctgcaccgec
ctcgetggag
gaactggctg

catcgtggcec

cccttgtett
cgtcgetgece
tcgtgcetega
gcgggtcctg
cctgcgecaa
ccgcgggega
agtcgccccg
gccgecgaget
tctacctctce
gctacggctc
tcaacaccgg
aggccaacgc
gctacaaccc
cgtccaagec
tcgtgegeag
tcatccaggce
cggcgctgga
tgaactggct
cgatccaggc
ttggctcgac

cgactacacg

1140
1200
1260
1320
1330

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

1020
1080
1140
1200
1260
1272



<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<400>

catcgtggcc gagacgcccg
tgggtccacc ttcaacgccg
tacacggagg agctcgacga
gtgcggtggc attgggtaca

tagcaacgac tactactcgc

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<400>

gaggagctcg acgacttcga
tggcattggg tacagcgggt
cgactgttcg tatccccatg

agactactcg caatgccttt

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<400>

atggctttca gactggcagc tgcgctgect
attggcactg cggttcccga ggtccatccg
ggaggttgtg ttgaccgcca aacattgctc
aaggttggag atccttcggt gccgtgeacg
gccacttgtg cggcaaactg cgagctcgaa

accgccggece gagctgtcac tctgeggcag

~EGL sequence 1isting.201205040131187752

19

281

DNA
null

source
1..281
/mo1_type="DNA"
Jorganism=null

19

20
212
DNA
null

source
1..212
/moT1_type="DNA"
Jorganism=null

20

21

1571

DNA

Acremonium thermophilum

source
1..1571
/moT_type="DNA"

aagtctccgt
cgccececgee
cttcgagcag
gcgggtgcaa
aatgccttta

gcagcccgag
gcaagacgtg
cctgacggga
agaccggtcg

caccttctcc aacatccgct ggggagatat
cccgectgeg tccagcacga cgttttcgac
cccgagetge acgcagactc actgggggea
gacgtgcacg tcgggcacta cgtgccagta

gctcgaggac g

ctgcacgcag actcactggg ggcagtgcgg
cacgtcgggec actacgtgcc agtatagcaa

gtgattttga gatgctaacc gctaaaatac

ag

/organism="Acremonium thermophilum"

21

ttccttcttc tcctggcaca cgcacaaaag
aagctggtga cccagacctg caccacttcg
gtgacggatg ccctctcgcg tccgttccac
ccgttgaaca ccaccctctg cccggacgcec
ggggtggagt atggtagcct cggcgtgett

tacctcttcg atggcgacgc cttcacctct

Page 10

60
120
180
240
281

60
120
180
212

60
120
180
240
300
360



gtcagcccge
aacggccaag
gccttgtacc
gcccagtatg
ctggtatgtg
cttcacacat
tggatatctg
tgggctectt
acgacggttyg
agaccgtgga
atgcctctac
aggtcatcca
acgtgaacga
cgcagtacct
tactcgtctt
aggccggecc
aagtctccgt
cgeceeecgec
cttcgagcag
gcgggtgcaa
aatgccttta
<210>
<211>
<212>
<213>
<220>
<221>

<222>
<223>

22
1395
DNA

~EG1 sequence listing.201205040131187752
gcctctacct gctggecgag gacggcatga

agctctccta tgacgtcgac gtgtcgcage

tctccgagat
gcacgggcta
ctcgtggaat
cttcctecga
ggaagcaaat
cttgtgctct
cggcgtcaac
caccaccaaa
cggttcggygg
gaacgagccc
cgccagcggce
ccgectggga
cagcatctgg
gtgcagcaac
caccttctcc
ccecgectgeg
cccgagcetgce
gacgtgcacg
g

source
1..1395
/mo1_type=”DNA"

ggacgcctcg

ctgcgatgcg

tgaacgtatc

cagccgaatc

gccatggcta

ggcgacgagt

ccattccgeg

cccttcacyg

acgctcgecg
gtcccctega

ggatccgtga

ggcatggatg

aactcggcgg
acctccggeg
aacatccgct

tccagcacga

acgcagactc

tcgggcacta

Acremonium thermophilum

gggtctagga
cagtgcttta

cgtcatagcc
tcaacaactc
ccgeecatgac
gtggcaagac
cgggcctcaa
tggtgactca
agatccgtcg
acacgaacca
cgcaagcctt
gcatgggcegce
gcgacttcat
acccggeccg
ggggagatat
cgttttcgac

actgggggca
cgtgccagta

/organism="Acremonium thermophilum"

<400> 22
atggcgcgcec

ctggctcacg
tgcaccacgg
cgcgecatcg
accggeggcg
gtccagccca

ctgtaccact

agactcattc
ctcagaaccc
€gggcggttg
tgccgtctgg
tcagtgccag
tcgccaacta

acgtgcgcat

ctacggcatc
agccgegecc
cgtgcagcag
cggcggegge
cctctgtecc
cacggagcac

caacggccag

ttggcegteg
gaggtgcatc
aacacgtccg
ggcggceggtg
gacgaggcca
ggcgtgtecca

ctgtcggecc
Page 11

actatgagct
tgggctgegg
gcgacctgaa
atgtgtcgtt
aagtcaaaca
gggtgcctgc
gcctcatacc
cgacgccgge
agacttctac
gtttttgacc
cctgtacgtc
gctcgactct
ctgcaccgec
ctcgctggag
gaactggctg
catcgtggcc
tgggtccacc
tacacggagg
gtgcggtgge

tagcaacgac

cccttgtett
cgtcgetgec
tcgtgctcga
gcgggtectg
cctgcgecaa
ccgcgggega

agtcgccccg

gctcaagctg
catgaatggc
cccagcaggt
tatcaacgga
tgaactaact
tgcaacgaga
tgcagcggeg
gtatgcgacc
ggccccggea
gactctggca
caggacggca
acgtcgccca
gccaatgect
cgcggcatgg
gacagcggcg
gagacgcccg
ttcaacgccg
agctcgacga
attgggtaca

tactactcgce

ctggcgecag
cacctggaag
ctgggacgcg
caagacggcc
gaactgcgtc
cgccctgacc

cgtctacctg

420
480
540
600
660
720
780
840
900
9260
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1571

60
120
180
240
300
360
420



ctgggecegg
gtcgacctgt
gccggeggeg
gacgcccagt
tactgctgeg
cacccctgcea
ggcttccgea
accacccagt
ggcgggegge
ggcacggege
gtcctcgtet
accgegggge
gatacgcacg
tcggegeocce
acgacttcga
tacagcgggt
tcgcaatgcec
<210> 23

<211> 496
<212> PRT

acggcgacta
ccacgctgec
ggcgcaaccc
gccccaccect
acgagatgga
ggaacggcaa
actactgggg
tcgtcgagag
cgatccccag
agagcttcgg
tcagcatctg
cctgcagcag
ttgtcttctc
cgccceegee
gcagcccgag
gcaagacgtg
tttag

~EG1 sequence 1isting.201205040131187752

cgagatgctg
ctgcggcgag
cgacaacacg
ggcgtggege
catcctggag
ctgcgacaag
ccceggtatg
tggcgggtec
cgcggegtceg
cgggctggee
gaacgacccg
cgcggcggge
gaacatccgc
tgcgtccage
ctgcacgcag

cacgtcgggce

<213> Acremonium thermophilum

<220>
<221>
<222>
<223>

SOURCE
1..496 _
/mol_type="protein”

cacctcctgg
aacggcgecc
ggcggcgcga
aacggcacca
gccaactecgce
agcggctgeg
accgtcgaca
ctcagccaga
ggcggegacy
gagatgggcg
gcccagaaca
agtccggeca
tggggcgaca
acgacgtttt
actcactggg

actacgtgcc

/organism="Acremonium thermophilum"

<400> 23
Met Ala Phe
1
His Ala GlIn
GlIn
35
val

val Thr

Leu
50
ser

Leu

Pro val

65
Ala

Thr Cys

Leu Gly val

Phe Asp Gly
115
Glu Asp
130

Ser

Ala

Leu
145

Tyr

Arg %eu
Lys Ile
20
Thr Cys

Thr Asp

Pro Cys
Ala
85

Thr

Ala
Leu
100
Asp Ala
Gly Met

Asp val

Ala Ala Ala Leu

Gly
Thr
Ala
Thr

70
Asn
Ala
Phe
Asn

Asp
150

Thr
Thr
Leu

55
Pro
cys
Gly
Thr
Tyr

135
val

Pro
10
val Pro
25

Gly

Ala
Ser Gly
40
Ser

Arg Pro

Leu Asn Thr
Glu

90
val

Glu Leu
Ala

105
val Ser

Arg
Ser

120
Glu Leu Leu

Ser GlIn Leu

Page 12

Phe
Glu
Cys
Phe
Thr
oty
Thr
Pro
Lys

Gly
155

gccgcgaget
tctacctctc
gctacggctc
tcaacaccgg
aggccaacgc
gctacaaccc
cgtccaagcc
tcgtgegeag
tcatccaggc
cggcgetgga
tgaactggct
cgatccaggc
ttggctcgac
cgactacacg
ggcagtgcgg

agtatagcaa

Leu Leu

val His

Leu

Pro

cagcttcgac
cgagatgagc
gggctactgce
ccgcecagggce
cttcaccccg
ctacgccaag
cttcaccatc
gtacgcccag
cagcgectgce
ccgcggeatg
cgacagcggc
gcagcatccg
gacccagacg
gaggagctcg
tggcattggg

cgactactac

Leu Ala
15

Lys Leu

30

val Asp
45
His Lys
60
Leu Cys

val Glu

Leu Arg

Arg
val
Pro
Tyr

Gln

Gin Thr

Gly Asp
Ala
80
Ser

Asp

Gly
95

Tyr Leu

110

Leu
125
Asn

Arg

Leu
140

Cys Gly

Tyr
Gly

Met

Leu Leu

Gln Glu

Gly
160

Asn

480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1395



Ala
Asn
Phe
Ala
Ala
225
Gly
Cys
Gly
Leu
Ile
305
val
Asp
Ala
Leu
Asp
385
Thr
val
Ala
Arg
Trp

465
Ser

<210>
<211>
<212>
<213>

Leu
Pro
Asn
Cys
210
Met
Asp
Gly
Lys
Thr
290
Arg
Pro
Ala
Ser
Glu
370
Phe
Ser
Thr
Ala
Arg
450
Gly

Gly

<220>

<221>
<222>
<223>

<400>

Met
1
Phe
His
Gln
Pro
65
Thr

Lys

TYyr
Ala
val
195
Ccys
Thr
Glu
val
Thr
275
Asp
Arg
Ser
Ser
GlIn
355
Arg
Met
Gly
Phe
Pro
435
Ser
Gln

Thr

24

464
PRT
Acremonium thermophilum

Leu
Gly
180
Ser
Asn
Pro
Cys
Asn
260
val
Ser
Leu
Asn
Gly
340
Tyr
Gly
Asn
ASp
ser
420
Pro
Ser
Cys

Thr

SOURCE
1..464
/mol_type="protein"

Ser
165
Ala
Phe
Glu
His
Gly
245
Pro
Asp
Gly
Tyr
Thr
325
Gly
Leu
Met
Trp
Pro
405
Asn
Pro
Thr
Gly

Cys
485

~EG1l sequence 1listing.201205040131187752
Glu Met Asp Ala Ser Gly Ser Arg
170

GIn Tyr Gly Thr Gly Tyr
185
Ile Asn Gly Leu Pro Ash
200
Met Asp Ile Trp Glu Ala
215

Thr Cys Ser Gly val Gly
230 235
Lys Thr aAsp Ala Gly val
250
Phe Arg Ala Gly Leu Lys
265

Thr Thr ngopro Phe Thr
Asn Ala Ser Thr Gly Ser
295
val GIn Asp Gly Lys val
310 315
Asn GIn Leu Asp Ser Thr
330
Ser val Thr GIn Ala Phe
345
Arg Leu Gly Gly Met Asp
360

val Leu val phe Ser Ile
375
Leu Asp Ser Gly Glu Ala
390 395
Ala Arg Ile val Ala Glu
410
Ile Arg Trp Gly Asp Ile
425

Pro Pro Ala Ser Ser Thr

Thr Ser Ser Ser Pro Ser
455

Gly Ile Gly Tyr Ser Gly

470 475

GIn Tyr Ser Asn Asp Tyr
490

/organism="Acremonium thermophilum"

Ala
Trp
Pro
Gln
50

Ser
Gly

Asn

24

Arg
Arg
Ser
35

Asn
Gly
Gly

Cys

Gln
Gln
20

Leu
Thr
Gly
val

val

Thr
5

Leu
Pro
Ser
Gly
Ser

85
val

His Ser Tyr Gly Ile Leu
Ala His Ala Gln ign Pro
Thr Trp Lys Cig Thr Thr
val val ng AsSp Trp Asp
Gly G%g Gly Gly Gly Gly

70 75

Ala Ser Leu Cys Pro Asp
90
Gin pro Ile Ala Asn Tyr

Page 13

Cys
Leu
Asn
220
Ser
Cys
Asp
val
Gly
300
Ile
Ser
Cys
Gly
Trp
380
Gly
Thr
Gly
Thr
Cys
460
Cys

Tyr

Ala
Ala
Ala
Ala

60
Ser
Glu

Thr

Asp
Asn
205
Ala
Phe
Asp
Phe
val
285
Thr
Glin
Pro
Thr
Met
365
Asn
Pro
Pro
Ser
Phe
445
Thr
Lys

Ser

val
Ala
Gly

45
Arg
Cys
Ala

Glu

Ser
Ala
190
Asn
Met
Leu
His
Tyr
270
Thr
Leu
AsSn
AsSn
Ala
350
Gly
Ser
Cys
Glu
Thr
430
ser
Gln
Thr

Gln

Ala
Pro

30
Gly
Ala
Lys
Thr

His

Asp
175
Gln
Ser
Ala
Cys
Asp
255
Gly
GlIn
Ala
Glu
val
335
Ala
Ala
Ala
Ser
val
415
Phe
Thr
Thr
cys

Cys
495

Leu

15
Glu
Ccys
Ile
Thr
cys

95
Gly

Leu
Cys
Gly
Thr
Ser
240
Gly
Pro
Phe
Glu
Pro
320
Asn
Asn
Ser
Gly
AsSnh
400
Ser
Asn
Thr
His
Thr

480
Leu

val
val
val
val
Ala

80
Ala

val



Ser
Gly
Gly
145
val
Ser
Ala
Trp
Glu
225
His
Pro
ASp
Gly
Ile
305
Gly
Asp
AsSn
Ala
val
385
ser
Arg
Trp

Ser

<210>

Thr
GlIn
130
Asp
Asp
Glu
Ser
Arg
210
Met
Pro
Tyr
Thr
Ser
290
Pro
Thr
Arg
Met
Gly
370
Phe
Ala
Arg
Gly

Gly
450

25

Ala
115
Leu
Tyr
Leu
Met
Tyr
195
Asn
Asp
Cys
Ala
Ser
275
Leu
Ser
Ala
Gly
Asn
355
ser
Ser
Pro
Ser

Gln

435

Thr

<211> 1568

<212>
<213>

<220>

<221>
<222>
<223>

<400> 25

DNA ' _
Acremonium thermophiTum

source
1..1568
/mol_type="DNA"

100
Gly

Ser
Glu
Ser
Ser
180
Gly
Gly
Ile
Arg
Lys
260
Lys
Ser
Ala
Gln
Met
340
Trp
Pro
ASn
Pro
ser
420
Ccys
Thr

Asp
Ala
Met
Thr
165
Ala
Ser
Thr
Leu
ASn
245
Gly
Pro
Gln
Ala
Ser
325
val
Leu
Ala
Ile
Pro
405
Thr
Gly

cys

~EG1 sequence T1isting.201205040131187752
105 110

Ala Leu Thr Leu Tyr His
120

Gln Ser Pro Arg val Tyr
135
Leu His Leu Leu Gly Arg
150 155
Leu Pro Cys Gly Glu Asn
170

Gly Gly Gly AigsAsn Pro
Gly Tyr Cys Asp Ala GlIn
200

ITe Asn Thr Gly Arg Gln
215
Glu Ala Asn Ser GIn Ala
230 235
Gly Asn Cys Asp Lys Ser
250

phe Arg Asn ngSTrp Gly
Phe Thr I%g Thr Thr Gln

0
Ile val Arg Arg Tyr Ala
295
Ser Gly Gly Asp val Ile
310 315
phe Gly Gly Leu Ala Glu
330

Leu val Phe Ser Ile Trp
345

Asp Ser G;%OThr Ala Gly
Thr Ile Gln Ala GIn His
375
Arg Trp Gly Asp Ile Gly
390 395
Pro Pro Ala Ser Ser Thr
410
Thr Ser Ser Ser Pro Ser
425
Gly 1le Gly Tyr Ser Gly
440

Gln Tyr Ser Asn Asp Tyr
455

/organism="Acremonium thermophilum”

atggctttca gactggcagc tgcgctgect ttecttette

attggcactg cggttcccga ggtccatccg aagctggtga

ggaggttgtg ttgaccgcca aacattgctc gtgacggatg

aaggttggag atccttcggt gccgtgcacg ccgttgaaca

Tyr
Leu
140
Glu
Gly
ASp
Ccys
Gly
220
Asn
Gly
Pro
Phe
Gln
300
Gln
Met
Ash
Pro
Pro
380
ser
Thr
Ccys
Cys

TYr
460

val
125
Leu
Leu
Ala
Asn
Pro
205
Tyr
Ala
Cys
Gly
val
285
Gly
Ala
Gly

Asp

cys

365
Asp

Thr
Phe
Thr
Lys

445
Ser

Arg
Gly
Ser
Leu
Thr
190
Thr
Cys
Phe
Gly
Met
270
Glu
Gly
Ser
Ala
Pro
350
Ser
Thr
Thr
Ser
GlIn
430
Thr

Gln

tcctggcaca

cccagacctg

ccctctegeg

ccaccctctg

gccacttgtg cggcaaactg cgagctcgaa ggggtggagt atggtagect

Page 14

Ile
Pro
Phe
Tyr
175
Gly
Leu
Cys
Thr
Tyr
255
Thr
Ser
Arg
Ala
Ala
335
Ala
Ser
His
Glin
Thr
415
Thr
cys

Cys

Asn
Asp
Asp
160
Leu
Gly
Ala
ASp
Pro
240
Asn
val
Gly
Pro
Cys
320
Leu
Gln
Ala
val
Thr
400
Thr
His
Thr

Leu

cgcacaaaag
caccacttcg
tcegttecac
cccggacgcec

cggcgtgett

60
120
180
240
300



accgeeggec
gtcagccege
dacggccaag
gccttgtacc
gcccagtatg
ctggtatgtyg
cttcacacat
tggatatctg
tgggctcctt
acgacggttg
agaccgtgga
atgcctctac
aggtcatcca
acgtgaacga
cgcagtacct
tactcgtctt
aggccggecc
aagtctcegt
gcaaccctcc
gaagctctcc
gccccacggt
gcctgtaa

<210> 26

<211> 1395
<212> DNA
<213>
<220>
<221>

<222>
<223>

~EG1l sequence listing.201205040131187752
gagctgtcac tctgcggcag tacctcttcg

gcctctacct gctggecgag gacggcatga

agctctccta
tctccgagat
gcacgggcta
ctcgtggaat
cttcctecga
ggaagcaaat
cttgtgctct
cggcgtcaac
caccaccaaa
cggttcgggg
gaacgagccc
cgccagcggce
ccgectggga
cagcatctgg
gtgcagcaac
caccttctec
cggcggaaac
cggacctacc

ctgcgecagce

source
1..1395
/mo’l_

type="DNA"

tgacgtcgac
ggacgcctcg
ctgcgatgcg
tgaacgtatc
cagccgaatc
gccatggcta
ggcgacgagt
ccattcecgeg
cccttcacgg
acgctcgecg
gtcccctcega
ggatccgtga
ggcatggatg
aactcggcgg
acctccggceg
aacatccgcet
cgtggcacca
cagtctcact

ggcacaactt

Acremonium thermophilum

gtgtcgcagce
gggtctagga
cagtgcttta
cgtcatagcec
tcaacaactc
ccgccatgac
gtggcaagac
cgggcctcaa
tggtgactca
agatccgtcg
acacgaacca
cgcaagcctt
gcatgggegce
gcgacttcat
acccggecceg
ggggagatat
ccaccacccg
acggccagtg

gccaggtect

/organism="Acremonium thermophilum”

<400> 26
atggcgcgcece

ctggctcacg
tgcaccacgg
cgcgecatceg
accggcggcg

gtccagcccea

agactcattc
ctcagaaccc
€gggcggttg
tgccgtctgg
tcagtgccag

tcgccaacta

ctacggcatc
agccgegecec
cgtgcagcag

€ggcggegge

cctectgtecc

cacggagcac

ttggccgteg
gaggtgcatc
aacacgtccg
ggcggcggty
gacgaggcca

ggcgtgtcca
pPage 15

atggcgacgc
actatgagct
tgggctgcgg
gcgacctgaa
atgtgtcgtt
aagtcaaaca
gggtgcctgce
gcctcatacc
cgacgccgge
agacttctac
gtttttgacc
cctgtacgtc
gctcgactct
ctgcaccgcc
ctcgctggag
gaactggctg
catcgtggec
tgggtccacc
ccgceccagec
cggcggtatt

gaacccttac

cccttgtett
cgtcgctgece
tcgtgctcga
gcgggtectyg

cctgcgcecaa

ccgcgggcga

cttcacctct
gctcaagctg
catgaatggc
cccagcaggt
tatcaacgga
tgaactaact
tgcaacgaga
tgcagcggceg
gtatgcgacc
ggccccggea
gactctggca
caggacggca
acgtcgeeca
gccaatgect
cgcggcatgg
gacagcggceg
gagacgcccg
ttcaacggceg
actaccactg
ggctacagcg

tactctcagt

ctggcgcecag
cacctggaag
ctgggacgcg
caagacggcc
gaactgcgtc

cgccctgacc

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1568

60
120
180
240
300
360



ctgtaccact
ctgggccegg
gtcgacctgt
gccggeggeg
gacgcccagt
tactgctgeg
cacccctgea
ggcttccgea
accacccagt
ggcgggeggc
ggcacggcegco
gtcctcgtct
accgeggggc
gatacgcacg
tcgggeggea
accactggaa
tacagcggcc
tctcagtgec
<210> 27

<211> 495
<212> PRT

acgtgcgecat
acggcgacta
ccacgctgcec
ggcgcaaccc
gccccaccct
acgagatgga
ggaacggcaa
actactgggg
tcgtcgagag
cgatccccag
agagcttcgg
tcagcatctg
cctgcagcag
ttgtcttctc
accctcecegg
gctctcecegg
ccacggtctg

tgtaa -

~EG1 sequence listing.201205040131187752

cgagatgctg
ctgcggcgag
cgacaacacg
ggcgtggege
catcctggag
ctgcgacaag
ccccggtatg
tggcgggtcc
cgcggegtcg
€gggctggcec
gaacgacccg
€gcggcgggc
gaacatccgc
cggaaaccgt
acctaéccag

cgccagcgge

<213> Acremonium thermophilum

<220>

<221> SOURCE

<222>
<223>

1..495
/mol_type="protein"

cacctcctgg
aacggcgecc
ggcggcgega
aacggcacca
gccaactcge
agcggcetgeg
accgtcgaca
ctcagccaga
ggcggegacg
gagatgggcg
gcccagaaca
agtccggcca
tggggcgaca
ggﬁaccacca
tctcactacg

acaacttgcc

/organism="Acremonium thermophilum”

<400> 27
Met
1

His Ala Gln
Gln
35

val

val Thr
Leu
50
Ser

Leu
Pro val
65

Ala

Thr Cys

Leu Gly val

Phe Gly
115
ASp

Asp

Glu
130

Ala

Lys
20

Thr
Thr
Pro
Ala
Leu
100
ASp

Gly

Ile
cys
Asp
Cys
Ala
85

Thr
Ala

Met

Ala Phe Arg Leu Ala Ala Ala Leu
5

Gly Thr

Thr Thr

Ala Leu
55
Thr Pro
70
Asn Cys

Ala Gly

phe Thr

Asn Tyr

135

Pro
10
val Pro
25

Gly

Ala
Ser Gly
40
Ser

Arg Pro

Leu Asn Thr
Glu
90

val

Glu Leu

Ala
105
val ser

Arg

Ser
120
Glu Leu Leu

page 16

Phe
Glu
Cys
Phe
Thr
o1y
Thr
Pro

Lys

caacggccag ctgtcggccc agtcgecccg

gccgegagcet
tctacctctc
gctacggctc
tcaacaccgg
aggccaacgc
gctacaaccc
cgtccaagcc
tcgtgcgeag
tcatccaggce
cggcgctgga
tgaactggct
cgatccaggc
ttggctcgac
ccacccgecg
gccagtgcgg
aggtcctgaa

Leu Leu Leu
Pro
30

Arg

val His
val Asp
45
His Lys val
60
Leu

Cys Pro

val Glu Tyr
Gln
110

Tyr

Leu Arg

Leu
125
Asn

Arg

Leu
140

Gly

cgtctacctg
cagcttcgac
cgagatgagc
gggctactgc
ccgccagggc
cttcaccccg
ctacgccaag
cttcaccatc
gtacgcccag
cagcgectge
ccgeggeatg
cgacagcggc
gcagcatccg
gacccagacg
cccagccact
cggtattggc

cccttactac

Leu Ala
15
Lys Leu

Gln Thr

Gly Asp

Ala
80
Ser

ASp

Gly
95
Tyr Leu

Leu Leu

GIn Glu

420
480
540
600
660
720
780
840
900
960
1620
1080
1140
1200
1260
1320
1380

1395



Leu
145
Ala
ASn
Phe
Ala
Ala
225
Gly
Cys
Gly
Leu
Ile
305
val
Asp
Ala
Leu
Asp
385
Thr
val
Gly
Pro
Gly

465
Gly

<210>

Ser
Leu
Pro
Asn
Cys
210
Met
Asp
Gly
Lys
Thr
290
Arg
Pro
Ala
Ser
Glu
370
Phe
Ser
Thr
Gly
Ala
450
Gln

Thr

28

Tyr
Tyr
Ala
val
195
cys
Thr
Glu
val
Thr
275
Asp
Arg
Ser
Ser
Gln
355
Arg
Met
Gly
Phe
Asn
435
Thr
Cys
Thr

<211> 464

<212>

PRT

Asp
Leu
Gly
180
Ser
Asn
Pro
Cys
Asn
260
val
ser
Leu
Asn
Gly
340
Tyr
Gly
Asn
ASp
Ser
420
Pro
Thr
Gly

Cys

val
Ser
165
Ala
Phe
Glu
His
Gly
245
Pro
Asp
Gly
Tyr
Thr
325
Gly
Leu
Met
Trp
Pro
405
Asn
Pro
Thr
Gly

Gln
485

~EGLl sequence Tlisting.201205040131187752

Asp val Ser GIn Leu Gly
150 155
Glu Met Asp Ala Ser Gly
170
GIn Tyr Gly Thr Gly Tyr
185

Ile Asn Gly Leu Pro Asn
200

Met Asp Ile Trp Glu Ala
215
Thr Cys Ser Gly val Gly
230 235
Lys Thr Asp Ala Gly val
250
Phe Arg Ala Gly Leu Lys
265

Thr Thr Lys Pro Phe Thr
280
Asn Ala Sser Thr Gly Ser

val GIn Asp Gly Lys val
310 315
Asn GIn Leu Asp Ser Thr
330
Ser val Thr Gln Ala Phe
345
Arg Leu Gly Gly Met Asp
360

val Leu val Phe Ser Ile
375
Leu Asp Ser Gly Glu Ala
390 395
Ala Arg Ile val Ala Glu
410
ITe Arg Trp Gly Asp Ile
425

Gly Gly Asn Arg Gly Thr
440
Gly Ser Ser Pro Gly Pro
455
ITle Gly Tyr Ser Gly Pro
470 475

val Leu Asn Pro Tyr Tyr
490

<213> Acremonium thermophilum

<220>
<221> SOURCE

<222>
<223>

1..464
/mol_type="protein"

/organism="Acremonium thermophilum"

<400> 28

Met
1

Phe
His
Gin
Pro

65
Thr

Ala
Trp
Pro
Gln
50

Ser

Gly

Arg
Arg
Ser
35

Asn
Gly

Gly

Gln
GIn
20

Leu
Thr
Gly

val

Thr
5

Leu
Pro
Ser
Gly

ser

His Ser Tyr Gly ITle Leu
10
Ala His Ala Gln Asn Pro
25
Thr Trp Lys Cys Thr Thr
40

val v?1 Leu Asp Trp Asp
5

Gly Gly Gly Gly Gly Gly

70 75

Ala Ser Leu Cys Pro Asp
Page 17

Cys
Ser
Cys
Leu
Asn
220
Ser
Cys
ASp
val
Gly
300
Ile
Ser
Cys
Gly
Trp
380
Gly
Thr
Gly
Thr
Thr
460
Thr

ser

Ala
Ala
Ala
Ala

60
Ser

Glu

Gly
Arg
Asp
AsSn
205
Ala
Phe
Asp
Phe
val
285
Thr
Gln
Pro
Thr
Met
365
Asn
Pro
Pro
Ser
Thr
445
Gln
val

Gln

val
Ala
Gly

45
Arg
Cys

Ala

Met
Ser
Ala
190
Asn
Met
Leu
His
TYyr
270
Thr
Leu
Asn
Asn
Ala
350
Gly
Ser
Cys
Glu
Thr
430
Thr
ser
Cys

Cys

Ala
Pro

30
Gly
Ala
Lys

Thr

Asn
Asp
175
GlIn
Ser
Ala
Cys
Asp
255
Gly
Gln
Ala
Glu
val
335
Ala
Ala
Ala
Ser
val
415
Phe
Arg
His
Ala

Leu
495

Leu

15
Glu
Cys
Ile
Thr

Cys

Gly
160
Leu
Cys
Gly
Thr
ser
240
Gly
Pro
Phe
Glu
Pro
320
Asn
Asn
Ser
Gly
Asn
400
Ser
Asn
Arg
Tyr

Ser
480

val
val
val
val
Ala

80
Ala



Lys
Ser
Gly
Gly
145
val
Ser
Ala
Trp
Glu
225
His
Pro
Asp
Gly
Ile
305
Gly
Asp
Asn
Ala
val
385
ser
Arg
Tyr

ser

Asn
Thr
Gln
130
ASD
Asp
Glu
Ser
Arg
210
Met
Pro
Tyr
Thr
Ser
290
Pro
Thr
Arg
Met
Gly
370
Phe
Gly
Pro
Gly

Gly
450

cys
Ala
115
Leu
TYr
Leu
Met
Tyr
195
Asn
Asp
Cys
Ala
ser
275
Leu
Ser
Ala
Gly
AsSn
355
Ser
Ser
Gly
Ala
Gln

435
Thr

val
100
Gly
Ser
Glu
Ser
ser
180
Gly
Gly
Ile
Arg
Lys
260
Lys
Ser
Ala
GlIn
Met
340
Trp
Pro
Asn
Asn
Thr
420
Cys

Thr

85
val

Asp
Ala
Met
Thr
165
Ala
Ser
Thr
Leu
Asn
245
Gly
Pro
Gin
Ala
ser
325
val
Leu
Ala
Ile
Pro
405
Thr
Gly

cys

~EGLl sequence 1isging.201205040131187752
0

Gln Pro Ile Ala Asn Tyr
105
Ala Leu Thr Leu Tyr His
120

Gln Ser Pro Arg val Tyr
135

Leu His Leu Leu Gly Arg

150 155

Leu Pro Cys Gly G}g Asn

Gly Gly Gly Arg Asn Pro
185
Gly Tyr Cys Asp Ala GIn
200

Ile Asn Thr Gly Arg Gln
215
Glu Ala Asn Ser Gln Ala
230 235
Gly Asn Cys Asp Lys Ser
250

Phe Arg Asn ngSTrp Gly
Phe Thr Ile Thr Thr Gln
2

ITe val Arg Arg Tyr Ala
295
ser Gly Gly Asp val Ile
310 315
Phe Gly Gly Leu Ala Glu
330
Leu val Phe Ser Ile Trp
345
Asp Ser Gly Thr Ala Gly
360

Thr Ile GIn Ala GlIn His
375
Arg Trp Gly Asp Ile Gly
390 395
Pro Gly Gly Asn Arg Gly
410
Thr Gly Ser Ser Pro Gly
425
Gly 11e Gly Tyr Ser Gly
440

GIn val Leu Asn Pro Tyr
455
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Thr
Tyr
Leu
140
Glu
Gly
Asp
cys
Gly
220
Asn
Gly
Pro
Phe
Gln
300
Gln
Met

Asn

Pro

Pro
380
Ser
Thr
Pro
Pro

Tyr
460

Glu
val
125
Leu
Leu
Ala
Asn
Pro
205
Tyr
Ala
cys
Gly
val
285
Gly
Ala
Gly
Asp
Cys
365
Asp
Thr
Thr
Thr
Thr

445
ser

His
110
Arg
Gly
Ser
Leu
Thr
190
Thr
Cys
Phe
Gly
Met
270
Glu
Gly
Ser
Ala
Pro
350
Ser
Thr
Thr
Thr
Gin
430
val

Glin

95
Gly

Ile
Pro
Phe
Tyr
175
Gly
Leu
cys
Thr
Tyr
255
Thr
Ser
Arg
Ala
Ala
335
Ala
Ser
His
Gln
Thr
415
ser
cys
cys

val
Asn
ASp
Asp
160
Leu
Gly
Ala
Asp
Pro
240
Asn
val
Gly
Pro
Cys
320
Leu
Gln
Ala
val
Thr
400
Arg
His
Ala

Leu
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