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ABSTRACT OF THE DISCLOSURE

Disclosed are variants of Humicola grisea Cel7A (CBHI1.1), H. jecorina CBHI1
variant or S. thermophilium CBHI1, nucleic acids encoding the same and methods for
producing the same. The variant celiulases have the amino acid sequence of a

glycosyl hydrolase of family 7A wherein one or more amino acid residues are

substituted.



i
CA 02771875 2012-01-31

DEMANDES OU BREVETS VOLUMINEUX

I.A PRESENTE PARTIE DE CETTE DEMANDE OU CE BREVETS
COMPREND PLUS D’UN TOME.

CECLESTLETOME | DE &

NOTE: Pour les tomes additionels, veillez contacter le Bureau Canadien des Brevets.

JUMBO APPLICATIONS / PATENTS

THIS SECTION OF THE APPLICATION / PATENT CONTAINS MIORE
THAN ONE YOLUME.

THISIS VOLUME | OF oU

NOTE: For additional volumes please contact the Canadian Patent Office.



i

CA 02771875 2012-01-31

WO 2005/001065 PCT/US2004/009296

VARIANT HUMICOLA GRISEA CBH1.1

CROSS-REFERENCE TO RELATED APPLICATIONS

[01] This application claims priority to U.S. Provisional Application No. 60/459,734 filed
April 1, 2003 (Attorney Docket No. GC794P) herein incorporated by reference.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT
[02] Portions of this work were funded by Subcontract No. ZCO-0-30017-01 with the
National Renewable Energy Laboratory under Prime Contract No. DE-AC36-99G010337
with the U.S. Department of Energy. Accordingly, the United States Government may

have certain rights in this invention.

FIELD OF THE INVENTION

[03] The present invention relates fo polypeptides having cellobiohydrolase | (also
referred to as CBH | or CBH1) activity and polynucleotides having a nucleotide sequence
~ which encodes for the polypeptides. The invention also relates to nucleic acid constructs,
vectors, and host cells comprising the nucleic acid constructs as well as methods for

producing and using the polypeptides.

BACKGROUND OF THE INVENTION

[04] Cellulose is an important industrial raw material and a source of renewable energy.
The physical structure ahd morphology of native cellulose are complex and the fine details
of its structure have been difficult to determine experimentally. However, the chemical
composition of cellulose is simple, consisting of D-glucose residues linked by beta-1 4-

glycosidic bonds to form linear chains.
[05] In order to be efficient, the digestion of cellulose requires several types of enzymes

acting cooperatively. At least three categories of enzymes are necessary to convert
cellulose into glucose: endo (1,4)-beta-D-glucanases (EC 3 1.4) that cut the cellulose
chains at random; cellobiohydrolases (EC 3 1.91) which cleave cellobiosyl units from the
cellulose chain ends and beta-glucosidases (EC 3 1.21) that convert cellobiose and
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soluble cellodextrins into glucose. Among these three categories of enzymes involved in
the biodegradation of cellulose, celiobiohydrolases are the key enzymes for the
degradation of native crystalline cellulose.

[06] EXxo-cellobiohydrolases (Cellobiohydrolase 1, or CBH 1) refer fo the
cellobiohydrolases which degrade cellulose by hydrolyzing the cellobiose from the non-
reducing end of the cellulose polymer chains.

[07] It is an object of the present invention to provide improved polypeptides having
cellobiohydrolase | activity and polynucleotides encoding the polypeptides. The improved
polypeptides may have improved specific activity and/or improved stability - in particular
improved thermostability.

[08] Although cellulase compositions have been previously described, there remains a
need for new and improved cellulase compaositions for use in household detergents,
stonewashing compositions or laundry detergents, etc. Cellulases that exhibit improved
performance are of particular interest.
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BRIEF SUMMARY OF THE INVENTION

[09] In a first aspect, the present invention relates to a polypeptide having
cellobiohydrolase | activity, selected from the group consisting of

a) H. grisea CBH1.1 variant derived from CBS 225.63

b) H. grisea CBH1.1 variant having the sequence given in Figure 3

C) H. grisea CBH1.1 variant having the sequence given in Figure 4

d) Hypocrea jecorina CBH1 variant as described herein; and

e) Scytalidium thermophilium CBH1 derived from CBS 671.88.
[10] In second aspect the present invention relates to a polynucleotide encoding an H.
grisea CBH1.1 variant, a H. jecorina CBH1 variant or a S. thermophilium CBH1. In one
embodiment, the polynucleotide encodes an H. grisea CBH1.1 variant is derived from
CBS 225.63. In another embodiment, the polynucleotide encodes an H. grisea CBH1.1
variant shown in Figure 3. In another embodiment, the polynucleotide encodes an H.
grisea CBH1.1 variant shown in Figure 4.
[11]  In one general embodiment, polynucleotide encoding an H. grisea CBH1.1 variant,
a H. jecorina CBH1 variant or a S. thermophilium CBH1 has at least 90%, preferably 95%,
08%, or more sequence identity to the H. grisea CBH1.1 variant, a H. jecorina CBH1
variant or a S. thermophilium CBH1 coding sequences presented herein using a sequence
alighment program.
[12] In athird aspect the present invention relates to a nucleic acid construct
comprising the nucleotide sequence, which encodes for the inventive CBH1.1 variant, a H.
jecorina CBH1 variant or a S. thermophilium CBH1, operably linked to one or more contro!
sequences that direct the production of the CBH1.1 variant, H. jecorina CBH1 variant or S.
thermophilium CBH1 in a suitable host.
[13] In a fourth aspect the present invention relates to a recombinant expression vector
comprising the nucleic acid construct of the invention.
[14] In a fifth aspect the present invention relates to a recombinant host cell comprising

the nucleic acid construct of the invention.
[15] In a sixth aspect the present invention relates to a method for producing a CBH1,

the method comprising
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a) transforming a host cell with a nucleic acid encoding a H. grisea CBH1.1
variant, a H. jecorina CBH1 variant or a S. thermophilium CBH1 described
herein;

b) culturing the host cell under conditions to produce the polypeptide; and

c) recovering the polypeptide.

BRIEF DESCRIPTION OF THE DRAWINGS

[16] Figure 1 is the genomic DNA sequence for H. grisea CBH1.1 (SEQ ID NO:1). The
putative intron is in bold and underlined.

[17] Figure 2 is the cDNA sequence for H. grisea CBH1.1 (SEQ ID NO:2). The putative
intron sequence (nucleotides 413-472 in Figure 1) has been deleted.

[18] Figure 3 is the sighal sequence and mature amino acid sequence for H. grisea
CBH1.1 (SEQ ID NO:3). The signal sequence is in bold and underlined.

[19] Figure 4 is the mature amino acid sequence for H. grisea CBH1.1 (SEQ ID NO:4).
[20] Figure 5 shows an alignment of two public and a variant Humicola grisea CBH1.1
mature sequences. The two public sequences are X17258 (SEQ ID NO:5) and D63515
(SEQ ID NO:6). '

[21] Figure 6 is the pRAX1 plasmid. This vector is based on the plasmid pGAPT2
except a 5259bp Hindlll fragment of Aspergillus nidulans genomic DNA fragment AMA1
sequence (Molecular Microbiology 1996 19:565-574) was inserted. Base 1 to 1134
contains Aspergillus niger glucoamylase gene promoter. Base 3098 to 3356 and 4950 to
4971 contains Aspergillus niger glucoamylase terminator. Aspergillus nidulans pyrG gene
was inserted from 3357 to 4949 as a marker for fungal transformation. There is a multiple
cloning site (MCS) into which genes may be inserted.

[22] Figure 7 is the pRAXdes2 vector backbone. This vector is based on the plasmid
vector pRAX1. A Gateway cassette has been inserted into pRAX1 vector (indicated by
the arrow on the interior of the circular plasmid). This cassette contains recombination
sequence attR1 and attR2 and the selection marker catH and ccdB. The vector has been
made according to the manual given in Gateway™ Cloning Technology: version 1 page
34-38 and can only replicate in E. coli DB3.1 from Invitrogen; in other E. coli hosts the
ccdB gene is lethal. First a PCR fragment is made with primers containing attB1/2
recombination sequences. This fragment is recombined with pDONR201 (commercially
available from Invitrogen); this vector contains attP1/2 recombination sequences with catH
and ccdB in between the recombination sites. The BP clonase enzymes from Invitrogen
are used to recombine the PCR fragment in this so-called ENTRY vector, clones with the
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PCR fragment inserted can be selected at 50ug/ml kanamycin because clones expressing
ccdB do not survive. Now the att sequences are altered and called attL1 and attL2. The
second step is to recombine this clone with the pRAXdes2 vector (containing attR1 and
attR2 catH and ccdB in between the recombination sites). The LR clonase enzymes from
Invitrogen are used to recombine the insert from the ENTRY vector in the destination
vector. Only pPRAXCBH1 vectors are selected using 100ug/mi ampicillin because ccdB is
lethal and the ENTRY vector is sensitive to ampicillin. By this method the expression
vector is now prepared and can be used to transform A. niger. The H. grisea CBH1.1
expression is under the Aspergillus glucoamylase promoter and terminator control. The
transformation marker pyrG gene and the AMA 1 sequence are from Aspergillus nidulans.
[23] Figure 8 provides an illustration of the pPRAXdes2cbh1 vector which was used for
expression of the nucleic acids encoding the CBH1.1 variants in Aspergillus. A nucleic
acid encoding a CBH1.1 enzyme variant was cloned into the vector by homologous
recombination of the att sequences.

[24] Figure 9 illustrates the activity of various CBH1 cellulases in a cellulose conversion
assay at one day, 38°C, and 15 mg of total enzyme /g cellulose using pretreated corn
stover (PCS) as a substrate. This assay combines at about a 50:50 mass ratio the
CBH1.1 sample to be tested with supernatant from growths of a T. reesei strain which has
been deleted for CBH1. At 38°C the H grisea CBH1.1 is unremarkable in this assay.

[25] Legend: delCBHI is a strain that has had its endogenous CBH1 deleted; it is
CBH1 deficient. rCBH1 is a purified enzyme from an A. niger strain that has had a 7.
reesei CBH1 gene inserted. A. niger is a purified CBHB from an A. niger strain -
overexpressing its endogenous cellulase CBHB;. Hschweinitzii/An is a purified CBH1
from an A. niger strain expressing an inserted heterologous CBH1 gene from Hypocrea
schweinitzii. Tpseudokoni/An is a purified CBH1 from an A. niger strain expressing an
inserted heterologous CBH1 gene from Trichoderma pseudokoningii. Hgrisea/An-1is a
purified CBH1.1 from a first A. niger clone expressing an inserted heterologous CBH1.1
gene from H. grisea. Hgrisea/An-2 is a purified CBH1.1 from a second A. niger clone
expressing an inserted heterologous CBH1.1 gene from H. grisea. Hgrisea/An-1 and
Hgrisea/An-2 are two clones from the same transformation of A. niger with the . grisea

variant CBH1.1 gene.
[26] Figure 10 shows the activity CBHI cellulases in a cellulose conversion assay at

one day, 65°C, and 15 mg of total enzyme /g cellulose using pretreated com stover as a
substrate. This assay combines at about a 50:50 mass ratio the CBHI sample to be tested

with supernatant from growths of a 7. reesej strain which has been deleted for CBHI.
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Unlike the 38°C result both H grisea CBH1.1 samples are clearly better than other
samples. Legend:. same as for Figure 9.

[27] Figure 11 illustrates the activity of H. grisea CBH1.1 and 7. reese/ CBH1 cellulases
in a cellulose conversion assay at one day, 38°C, and 15 mg of total enzyme /g cellulose
using pretreated corn stover (PCS) as a substrate. This assay combines at about a 50:50
mass ratio the CBH1.1 sample to be tested with supernatant from the growth of a 7. reesei
strain which has been deleted for CBH1. At 38°C the H grisea CBH1.1 is unremarkable in
this assay. Native CBH1 (nCBH1) was purified from a T. reesei whole cellulase using
methods known in the art (see Methods for Purifying CBH, below)..

[28] Figure 12 shows the activity results for the H. grisea and T. reesei rCBH1 enzymes

only in a cellulose conversion assay at one day, 65°C, and 15 mg of total enzyme /g
cellulose using pretreated corn stover as a substrate. This assay combines at about a

50:50 mass ratio the CBHI sample to be tested with supernatant from the growth of a 7.
reesei strain which has been deleted for CBHI. Unlike the 38°C result the H grisea
CBH1.1 sample are is better than T. reese.

[29] Figure 13A - C shows the activity CBHI cellulases in a cellulose conversion assay
on Phosphoric acid swollen cellulose (PASC) at various time points. in panel A, the
temperature is 38°C with measurements being taken over a period of 120 minutes. In
panel B, measurements were taken at the temperature 65°C. In panel C, measurements
were taken at the temperature 70°C. It can be seen that the variant H. grisea CBH1.1
releases more cellobiose than the T. reesei CBH1 at any time point measured.

[30] Figure 14A — 14C shows the genomic DNA (SEQ ID NO:7),. the cDNA (SEQ ID
NO:8) and amino acid (SEQ ID NO:9) sequences of the Scytalidium thermophilium CBR1.
The amino acid sequence includes the signal sequence.

[31] Figure 15 shows the alignment of the mature forms (i.e., without a signal
sequence) of H. grisea CBH 1.1, H. jecorina CBH1 (SEQ ID NO: 10) and Scytalidium
thermophilium CBH1 (SEQ ID NO:11). Also shown is the consensus sequence (SEQ 1D
NO:12). Six residues in the H. jecorina CBH1 catalytic domain are bold and underlined

indicating the sites may be important for enhanced stability.
[32] Figure 16A and B show the thermostability profiles for H. grisea CBH1.1 and S.

thermophilium CBH1.

DETAILED DESCRIPTION

133] The invention will now be described in detail by way of reference only using the
following definitions and examples. All patents and publications, including all sequences
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disclosed within such patents and publications, referred to herein are expressly
incorporated by reference.

[34] Unless defined otherwise herein, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. Singleton, et al., DICTIONARY OF MICROBIOLOGY AND
MOLECULAR BIOLOGY, 2D ED., John Wiley and Sons, New York (1994), and Hale &
Marham, THE HARPER COLLINS DICTIONARY OF BIOLOGY, Harper Perennial, NY (1991)
provide one of skill with a general dictionary of many of the terms used in this invention.
Although any methods and materials similar or equivalent to those described herein can
be used in the practice or testing of the present invention, the preferred methods and
materials are described. Numeric ranges are inclusive of the numbers defining the range.
Unless otherwise indicated, nucleic acids are written left to right in &' to 3' orientation;
amino acid sequences are written left to right in amino to carboxy orientation, respectively.
Practitioners are particularly directed to Sambrook et al., 1989, and Ausubel FM et al.,
1993, for definitions and terms of the art. It is to be understood that this invention is not
limited to the particular methodology, protocols, and reagents described, as these may
vary.

[35] The headings provided herein are not limitations of the various aspects or
embodiments of the invention which can be had by reference to the specification as a
whole. Accordingly, the terms defined immediately below are more fully defined by
reference to the specification as a whole.

[36] All publications cited herein are expressly incorporated herein by reference for the
purpose of describing and disclosing compositions and methodologies which might be

used in connection with the invention.

. DEFINITIONS
[37] "Cellulase,” "cellulolytic enzymes" or "cellulase enzymes" means bacterial, or

fungal exoglucanases or exocellobiohydrolases, and/or endoglucanases, and/or {3~

glucosidases.
[38] The term "cellulase" refers to a category of enzymes capable of hydrolyzing
cellulose polymers to shorter cello-oligosaccharide oligomers, cellobiose and/or glucose.

Numerous examples of cellulases, such as exoglucanases, exocellobiohydrolases,
endoglucanases, and glucosidases have been obtained from celiuloiytic organisms,
particularly including fungi, and bacteria. The enzymes made by these microbes are
mixtures of proteins with three types of actions useful in the conversion of cellulose to
glucose: endoglucanases (EG), cellobiohydrolases (CBH), and beta-glucosidase. These
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three different types of cellulase enzymes act synergistically to convert cellulose and its
derivatives to glucose.

[39] Many microbes make enzymes that hydrolyze cellulose, including the fungus
Trichoderma, the compost bacteria Thermomonospora, Bacillus, and Cellulomonas;
Streptomyces; and the fungi Humicola, Aspergillus and Fusarium.

[40] “Cellobiohydrolase 1 activity” means a cellulose 1,4-beta-cellobiosidase (also
called Exo-glucanase, Exo-cellobiohydrolase, CBH1 or 1,4-beta-cellobiohydrolase)
activity, as defined in the enzyme class EC3.2.1.91 which catalyzes the hydrolysis of 1,4-
beta-D-glucosidic linkages in cellulose and cellotetraose, releasing cellobiose from the
non-reducing ends of the cellulose chains. For the present invention, the CBH1 activity
may be determined according to the procedure described in Example 4.

[41] By the term "host cell” is meant a cell that contains a vector and supports the
replication, and/or transcription or transcription and translation (expression) of the
expression construct. Host cells for use in the present invention can be prokaryotic cells,
such as E. coli, or eukaryotic cells such as yeast, plant, insect, amphibian, or mammalian
cells. In general,' host cells are filamentous fungi.

[42] The term “recombinant” when used with reference, e.g., to a cell, or nucleic acid,
protein, or vector, indicates that the cell, nucleic acid, protein or vector, has been modified
by the introduction of a heterologous nucleic acid or protein or the alteration of a native
nucleic acid or protein, or that the cell is derived from a cell so modified. Thus, for
example, recombinant cells express genes that are not found within the native (non-
recombinant) form of the cell or express native genes that are otherwise abnormaily
expressed, under expressed or not expressed at all.

[43] The term "secretory signal sequence” denotes a DNA sequence that encodes a
polypeptide (a "secretory peptide" or “secretory signal peptide”) that, as a component of a

larger polypeptide, directs the larger polypeptide through a secretory pathway of a cell in
which it is synthesized. The larger peptide is commonly cleaved to remove the secretory

peptide during transit through the secretory pathway to yield the secretory signal peptide
and a smaller peptide commonly referred to as the mature polypeptide.

[44] As used herein, the phrases “whole cellulase preparation” and “whole cellulase
composition” are used interchangeably and refer to both naturally occurring and non-
naturally occurring compositions. A “naturally occurring” composition is one produced by
a naturally occurring source and which comprises one or more cellobiohydrolase-type, one
or more endoglucanase-type, and one or more B-glucosidase components wherein each
of these components is found at the ratio produced by the source. A naturally occurring
composition is one that is produced by an organism unmodified with respect to the
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cellulolytic enzymes such that the ratio of the component enzymes is unaltered from that
produced by the native organism.

[45] A “non-naturally occurring” composition encompasses those compositions
produced by: (1) combining component cellulolytic enzymes either in a naturally occurring
ratio or non-naturally occurring, i.e., altered, ratio; or (2) modifying an organism to
overexpress or underexpress one or more cellulolytic enzyme; or (3) modifying an
organism such that at least one cellulolytic enzyme is deleted or (4) modifying an
organism {o express a heterologous component cellulolytic enzyme.

[46] As used herein, the term "promoter” refers to a nucleic acid sequence that
functions to direct transcription of a downstream gene. The promoter will generaily be
appropriate to the host cell in which the target gene is being expressed. The promoter
together with other transcriptional and translational regulatory nucleic acid sequences
(also termed "control sequences") are necessary to express a given gene. In general, the
transcriptional and translational regulatory sequences include, but are not limited to,
promoter sequences, ribosomal binding sites, transcriptional start and stop sequences,

: trénslationél start and stop sequences, and enhancer or activator sequences. The
promoter may be the promoter normally associated with the downstream gene or it may
be heterologous, i.e., from another gene or another microorganism as long as it function to
direct the gene. In one aspect the promoter is an inducible promoter. In one aspect the
promoter is the T. reesei cbh1 promoter which is deposited in GenBank under Accession
Number D86235. In another aspect the promoter is a cbh /I or Xylanase promoter from T.
reesei.

[47] Examples include the promoter from the A. awamori or A. niger glucoamylase
genes (Nunberg, J. H. et al. (1984) Mol. Cell. Biol. 4, 2306-2315; Boel, E. et al. (1984)
EMBO J. 3, 15681-1585), the Mucor miehei carboxyl protease gene herein, the
Trichoderma reesei cellobiohydrolase | gene (Shoemaker, S. P. et al. (1984) European
Patent Application No. EPO0137280A1), the A. nidulans trpC gene (Yelton, M. et al.
(1984) Proc. Natl. Acad. Sci. USA 81, 1470-1474; Mullaney, E. J. et al. (1985) Mol. Gen.
Genet. 199, 37-45) the A. nidulans alcA gene (Lockington, R. A. et al. (1986) Gene 33,
137-149), the A. nidulans tpiA gene (McKnight, G. L. et al. (1986) Cell 46, 143-147), the A.
nidulans amdS gene (Hynes, M. J. et al. (1983) Mol. Cell Biol. 3, 1430-1439), the 7. reesei
xin1 gene, the T. reesei cbh2 gene, the T. reesei egi1 gene, the T, reesei egl2 gene, the
T. reesei egl3 gene, and higher eukaryotic promoters such as the SV40 early promoter
(Barélay, S. L. and E. Meller (1983) Molecular and Cellular Biology 3, 2117-2130).

[48] A nucleic acid is "operably linked" when it is placed into a functional relationship
with another nucleic acid sequence. For example, DNA encoding a secretory leader, i.e.,
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a signal peptide, Is operat;ly linked to DNA for a polypeptide if it is expressed as a
preprotein that participates in the secretion of the polypeptide; a promoter or enhancer is
operably linked to a coding sequence if it affects the transcription of the sequence; or a
ribosome binding site is operably linked to a coding sequence if it is positioned so as to
facilitate translation. Generally, "operably linked” means that the DNA sequences being
linked are contiguous, and, in the case of a secretory leader, contiguous and in reading
phase. However, enhancers do not have o be contiguous. Linking is accomplished by
ligation at convenient restriction sites. If such sites do not exist, the synthetic
oligonucleotide adaptors or linkers are used in accordance with conventional practice.
[49] As used herein, the term "gene" means the segment of DNA involved in producing

a polypeptide chain, that may or may not include regions preceding and following the
coding region, e.g. 5' untranslated (5' UTR) or "leader" sequences and 3' UTR or "trailer”

sequences, as well as intervening sequences (introns) between individual coding
segments (exons).

[50] The gene may encode therapeutically significant proteins or peptides, such as
grbwth factors, cytokines, ligands, receptors and inhibitors, as well as vaccines and
antibodies. The gene may encode commercially important industrial proteins or peptides,
such as enzymes, e.g., cellulases such as an H. grisea CBH1.1 variant, a H. jecorina
CBH1 variant or a S. thermophilium CBH1. The gene of interest may be a naturally
occurring gene, a mutated gene or a synthetic gene. |

[51] The “filamentous fungi” of the present invention are eukaryotic microorganisms and
include all filamentous forms of the subdivision Eumycotina (see Alexopouilos, C. J.
(1962), Introductory Mycology, New York: Wiley). These fungi are characterized by a
vegetative mycelium with a cell wall composed of chitin, cellulose, and other complex
polysaccharides. The filamentous fungi of the present invention are morphologically,
physiologically, and genetically distinct from yeasts. Vegetative growth by filamentous
fungi is by hyphal elongation and carbon catabolism is obligately aerobic. In contrast,
vegetative growth by yeasts such as S. cerevisiae is by budding of a unicellular thallus,
and carbon catabolism may be fermentative. S. cerevisiae has a prominent, very stable
diploid phase, whereas diploids exist only briefly prior to meiosis in filamentous fungi, e.g.,
Aspergilli and Neurospora. S. cervisiae has 17 chromosomes as opposed to 8 and 7 for
A. nidulans and N. crassa respectively. Recent illustrations of differences between S.
cerevisiae and filamentous fungi include the inability of S. cerevisiae to process
Aspergillus and Trichoderma introns and the inability to recognize many transcriptional
regulators of filamentous fungi (Innis, M. A. et al. (1985) Science, 228, 21-20).
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[52) The term "heterologous” when used with reference to portions of a nucleic acid
indicates that the nucleic acid comprises two or more subsequences that are not normally
found in the same relationship to each other in nature. For instance, the nucleic acid is
typically recombinantly produced, having two or more sequences, e.g., from unrelated
genes arranged to make a new functional nucleic acid, e.g., a promoter from one source
and a coding region from another source. Similarly, a heterologous protein will often refer
to two or more subsequences that are not found in the same relationship to each other in
nature (e.g., a fusion protein).

53] The terms "isolated” or "purified" as used herein refer to a nucleic acid or amino
acid that is removed from at least one component with which it is naturally associated.
[54] In the present context, the term "substantially pure polypeptide” means a
polypeptide preparation which contains at the most 10% by weight of other polypeptide
material with which it is natively associated (lower percentages of other polypeptide
material are preferred, e.g. at the most 8% by weight, at the most 6% by weight, at the
most 5% by weight, at the most 4% at the most 3% by weight, at the most 2% by weight,
af the most 1% by weight, and at the most 1/2% by weight). Thus, it is preferred that the
substantially pure polypeptide is at least 92% pure, i.e. that the polypeptide constitutes at
least 92% by weight of the total polypeptide material present in the preparation, and higher
percentages are preferred such as at least 94% pure, at least 95% pure, at least 96%
pure, at least 96% pure, at least 97% pure, at least 98% pure, at least 99%, and at the
most 99.5% pure. The polypeptides disclosed herein are preferably in a substantially pure
form. In particular, it is preferred that the polypeptides disclosed herein are in "essentially
pure form", i.e. that the polypeptide preparation is essentially free of other polypeptide
material with which it is natively associated. This can be accomplished, for example, by
preparing the polypeptide by means of well-known recombinant methods. Herein, the
term "substantially pure polypeptide” is synonymous with the terms "isolated polypeptide”

and "polypeptide in isolated form".
[55] in general, nucleic acid molecules which encode the variant H. grisea CBH1.1 will

hybridize, under moderate to high stringency conditions to the sequence provided herein
as SEQ ID NO:1 (the variant H. grisea CBH1.1). However, in some cases a CBH1-
encoding nucleotide sequence is employed that possesses a substantially different codon
usage, while the protein encoded by the CBH1-encoding nucleotide sequence has the
same or substantially the same amino acid sequence as the native protein. For example,
the coding sequence may be modified to facilitate faster expression of CBH1 in a
particular prokaryotic or eukaryotic expression system, in accordance with the frequency
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with which a particular codon is utilized by the host. Te'o, et al. (2000), for example,
describes the optimization of genes for expression in filamentous fungi.

[56] A nucleic acid sequence is considered to be "selectively hybridizable” {o a
reference nucleic acid sequence if the two sequences specifically hybridize to one another
under moderate to high stringency hybridization and wash conditions. Hybridization
conditions are based on the melting temperature (Tm) of the nucleic acid binding complex
or probe. For example, "maximum stringency" typically occurs at about Tm-5°C (5°C
below the Tm of the probe); "high stringency" at about 5-10°C below the Tm; "moderate “
or "intermediate stringency” at about 10-20°C below the Tm of the probe; and "low
stringency® at about 20-25°C below the Tm. Functionally, maximum stringency conditions
may be used to identify sequences having strict identity or near-strict identity with the
hybridization probe; while high stringency conditions are used to identify sequences
having about 80% or more sequence identity with the probe.

[571 Moderate and high stringency hybridization conditions are well known in the art
(ses, for example, Sambrook, et al, 1989, Chapters 9 and 11, and in Ausubel, F.M., et al.,
"1993, expressly ihCorporated by reference herein). An example of high stringency
conditions includes hybridization at about 42°C in 50% formamide, 5X SSC, 5X Denhardt's

solution, 0.5% SDS and 100 pg/m! denatured carrier DNA followed by washing two times
in 2X SSC and 0.5% SDS at room temperature and two additional times in 0.1X SSC and
0.5% SDS at 42°C.

[58] The term "% homology" is used interchangeably herein with the term "% identity”
herein and refers to the level of nucleic acid or amino acid sequence identity between the
nucleic acid sequence that encodes an H. grisea CBH1.1 variant, a H. jecorina CBH1
variant or a S. thermophilium CBH1 amino acid sequence, when aligned using a sequence

alignment program.

[59] For example, as used herein, 80% homology means the same thing as 80%
sequence identity determined by a defined algorithm, and accordingly a homologue of a
given sequence has greater than 80% sequence identity over a length of the given
sequence. ‘Exemplary levels of sequence identity include, but are not limited to, 80, 85, 90,
05, 98% or more sequence identity to a given sequence, e.g., the coding sequence foran H.
grisea CBH1.1 variant, a H. jecorina CBH1 variant or a S. thermophilium CBH1, as
described herein.

[60] Exemplary computer programs which can be used to determine identity between
two sequences include, but are not limited to, the suite of BLAST programs, e.g.,
BLASTN, BLASTX, and TBLASTX, BLASTP and TBLASTN, publicly available on the
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Internet at www.ncbi.nim.nih.gov/BLAST/. See also, Altschul, et al., 1990 and Altschul, et
al., 1997.

[61] Sequence searches are typically carried out using the BLASTN program when
evaluating a given nucleic acid sequence relative to nucleic acid sequences in the
GenBank DNA Sequences and other public databases. The BLASTX program is
preferred for searching nucleic acid sequences that have been translated in all reading
frames against amino acid sequences in the GenBank Protein Sequences and other
public databases. Both BLASTN and BLASTX are run using default parameters of an
open gap penalty of 11.0, and an extended gap penalty of 1.0, and utilize the BLOSUM-62
matrix. (See, e.g., Altschul, et al., 1997.)

[62] A preferred alignment of selected sequences in order to determine "% identity”
between two or more sequences, is performed using for example, the CLUSTAL-W
program in MacVector version 6.5, operated with default parameters, including an open
gap penalty of 10.0, an extended gap penalty of 0.1, and a BLOSUM 30 similarity matrix.
[63] As used herein, the terms "transformed", "stably transformed" or “transgenic” with
reference to a cell means the cell has a non-native (heterologous) nucleic acid sequence
integrated into its genome or as an episomal plasmid that is maintained through mulitiple

generations.
[64] As used herein, the term "expression" refers to the process by which a polypeptide

is produced based on the nucleic acid sequence of a gene. The process includes both
transcription and franslation.

[65] The term “introduced” in the context of inserting a nucleic acid sequence into a cell,
means “transfection”, or “transformation” or “transduction” and includes reference to the
incorporation of a nucleic acid sequence into a eukaryotic or prokaryotic cell where the
nucleic acid sequence may be incorporated into the genome of the cell (for example,
chromosome, plasmid, plastid, or mitochondrial DNA), converted into an autonomous

replicon, or transiently expressed (for example, fransfected mRNA).
[66] It follows that the term "CBH1.1 expression” refers to transcription and translation

of the variant CBH1.1 cellulase gene, the products of which include precursor RNA,

mRNA, polypeptide, post-transiationally processed polypeptides. By way of example,
assays for CBH1.1 expression include Western biot for CBH1.1 protein, Northern blot

analysis and reverse transcriptase polymerase chain reaction (RT-PCR) assays for CBH
mRNA, and endoglucanase activity assays as described in Shoemaker S.P. and Brown
R.D.Jr. (Biochim. Biophys. Acta, 1978, 523:133-146) and Schulein (1988). Similarly, as
used herein, "CBH1 expression” refers to transcription and translation of a H. jecorina
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CBH1 variant or a S. thermophilium CBH1 cellulase gene, the products of which include
precursor RNA, mRNA, polypeptide, post-translationally processed polypeptides.

[67] As used herein, the term "surfactant® refers to any compound generally recognized
in the art as having surface active qualities. Thus, for example, surfactants comprise
anionic, cationic and-nonionic surfactants such as those commonly found in detergents.
Anionic surfactants include linear or branched alkylbenzenesulfonates; alkyl or alkenyl
ether sulfates having linear or branched alkyl groups or alkenyl groups; alkyl or alkenyl
sulfates; olefinsuifonates; and alkanesuifonates. Ampholytic surfactants include
quaternary ammonium salt sulfonates, and betaine-type ampholytic surfactants. Such
ampholytic surfactants have both the positive and negative charged groups in the same
molecule. Nonionic surfactants may comprise polyoxyalkylene ethers, as well as higher
fatty acid alkanolamides or alkylene oxide adduct thereof, fatty acid glycerine monoesters,
and the like.

[68] As used herein, the term "cellulose containing fabric” refers to any sewn or unsewn
fabrics, yarns or fibers made of cotton or non-cotton containing cellulose or cotton or non-
cotton containing'cellulose blends including natural cellulosics and manmade cellulosics
(such as jute, flax, ramie, rayon, and lyocell).

[69] As used herein, the term "cotton-containing fabric” refers to sewn or unsewn
fabrics, yarns or fibers made of pure cotton or cotton blends including cotton woven
fabrics, cotton knits, cotton denims, cotton yarns, raw cotton and the like.

[70] As used herein, the term "stonewashing composition” refers to a formulation tor
use in stonewashing cellulose containing fabrics. Stonewashing compositions are used to
modify cellulose containing fabrics prior to sale, i.e., during the manufacturing process. In
contrast, detergent compositions are intended for the cleaning of soiled garments and are

not used during the manufacturing process.
[71] As used herein, the term "detergent composition” refers to a mixture which Is

intended for use in a wash medium for the laundering of soiled cellulose containing
fabrics. In the context of the present invention, such compositions may include, in addition
to cellulases and surfactants, additional hydrolytic enzymes, builders, bleaching agents,
bleach activators, bluing agents and fluorescent dyes, caking inhibitors, masking agents,
cellulase activators, antioxidants, and solubilizers.

[72] As used herein, the term "decrease or elimination in expression of the cbh1.1
gene" means that either that the cbh?,7 gene has been deleted from the genome and
therefore cannot be expressed by the recombinant host microorganism,; or that the cbn1.1
gene has been modified such that a functional CBH1.1 enzyme is not produced by the

host microorganism.
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[73] The term "variant cbh1.7 gene” or "variant CBH1.1" means, respectively, that the
nucleic acid sequence of the cbh1.1 gene from H. grisea has been altered by removing,
adding, and/or manipulating the coding sequence or the amino acid sequence of the
expressed protein has been modified consistent with the invention described herein.

[74] The term "variant cbh1 gene” or "variant CBH1" means, respectively, that the
nucleic acid sequence of the cbh7 gene from H. jecorina has been altered by removing,
adding, and/or manipulating the coding sequence or the amino acid sequence of the
expressed protein has been modified consistent with the invention described herein.

[75] As used herein, the terms "active” and "biologically active” refer to a biological
activity associated with a particular protein and are used interchangeably herein. For
example, the enzymatic activity associated with a protease is proteolysis and, thus, an
active protease has proteolytic activity. It follows that the biological activity of a given
protein refers to any biological activity typically attribufed to that protein by those of skill in
the art.

[76] When employed in enzymatic solutions, the homolog or variant CBH1.1, H.
Jjecorina CBH1 variant or S. thermophilium CBH1 component is generally added in an
amount sufficient to allow the highest rate of release of soluble sugars from the biomass.
The amount of homolog or variant CBH1.1, H. jecorina CBH1 variant or S. thermophilium
CBH1 component added depends upon the type of biomass to be saccharified which can
be readily determined by the skilled artisan. However, when employed, the weight percent
of the variant CBH1.1, H. jecorina CBH1 variant or S. thermophilium CBH1 component
relative to any EG type components present in the cellulase composition is from preferably
about 1, preferably about 5, preferably about 10, preferably about 15, or preferably about
20 weight percent to preferably about 25, preferably about 30, preferably about 35,
preferably about 40, preferably about 45 or preferably about 50 weight percent.
Furthermore, preferred ranges may be about 0.5 to about 15 weight percent, about 0.5 to
about 20 weight percent, from about 1 to about 10 weight percent, from about 1 to about
15 weight percent, from about 1 to about 20 weight percent, from about 1 {o about 25
weight percent, from about 5 to about 20 weight percent, from about 5 to about 25 weight
percent, from about 5 to about 30 weight percent, from about 5 to about 35 weight
percent, from about 5 to about 40 weight percent, from about 5 to about 45 weight
percent, from about 5 to about 50 weight percent, from about 10 to about 20 weight
percent, from about 10 to about 25 weight percent, from about 10 to about 30 weight
percent, from about 10 to about 35 weight percent, from about 10 to about 40 weight
percent, from about 10 to about 45 weight percent, from about 10 to about 50 weight
percent, from about 15 to about 20 weight percent, from about 15 to about 25 weight
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percent, from about 15 to about 30 weight percent, from about 15 to about 35 weight
percent, from about 15 to about 30 weight percent, from about 15 to about 45 weight

percent, from about 15 to about 50 weight percent.

. HOST ORGANISMS

[77)  Filamentous fungi include all filamentous forms of the subdivision Eumycota and
Oomycota. The filamentous fungi are characterized by vegetative mycelium having a cell
wall composed of chitin, glucan, chitosan, mannan, and other complex polysaccharides,
with vegetative growth by hyphal elongation and carbon catabolism that is obligately

aerobic.

[78] In the present invention, the filamentous fungal parent cell may be a cell of a
species of, but not limited fo, Trichoderma, e.g., Trichoderma longibrachiatum,
Trichoderma viride, Trichoderma koningii, Trichoderma harzianum; Penicillium sp.;
Humicola sp., including Humicola insolens and Humicola grisea; Chrysosporium sp.,
including C. lucknowense; Gliocladium sp.; Aspergillus sp.; Fusarium sp., Neurospora sp.,
Hypocrea sp.; and Emericella sp. As used herein, the term "Trichoderma" or
“Trichoderma sp." refers to any fungal strains which have previously been classified as
Trichoderma or are currently classified as Trichoderma.

[79] In one preferred embodiment, the filamentous fungal parent cell is an Aspergillus
niger, Aspergillus awamori, Aspergillus aculeatus, or Aspergillus nidulans cell.

[80] In another preferred embodiment, the filamentous fungal parent celi is a

Trichoderma reesei cell.

ill. CELLULASES

[81] Cellulases are known in the art as enzymes that hydrolyze cellulose (beta-1,4-
glucan or beta D-glucosidic linkages) resulting in the formation of glucose, cellobiose,
cellooligosaccharides, and the like. As set forth above, cellulases have been traditionally
divided into three major classes: endogiucanases (EC 3.2.1.4) ("EG"), exoglucanases or
cellobiohydrolases (EC 3.2.1.91) ("CBH") and beta-glucosidases (EC 3.2.1.21) ("BG").
(Knowles, et al., 1987; Schulein, 1988) ‘

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

[83] Cellulase compositions have also been shown to degrade cotton-containing
fabrics, resulting in reduced strength loss in the fabric (U.S. Patent No. 4,822,516),
~contributing to reluctance to use cellulase compositions in commercial detergent
applications. Cellulase compaositions comprising endoglucanase components have been
suggested to exhibit reduced strength loss for cotton-containing fabrics as compared to
compositions comprising a complete cellulase system.

[84] Cellulases have also been shown to be useful in degradation of cellulase biomass
to ethanol (wherein the cellulase degrades cellulose to glucose and yeast or other
microbes further ferment the glucose into ethanol), in the treatment of mechanical pulp
(Pere et al., 1996), for use as a feed additive (WO 91/04673) and in grain wet milling.

'[85] Most CBHs and EGs have a multidomain structure consistihg of a core domain
separated from a cellulose binding domain (CBD) by a linker peptide (Suurnakki et al.,
2000). The core domain contains the active site whereas the CBD interacts with cellulose
by binding the enzyme to it (van Tilbeurgh ef al., 1986; Tomme et al., 1988). The CBDs
are particﬁlarly important in the hydrolysis of crystalline cellulose. It has been shown that
the ability of cellobiohydrolases to degrade crystalline cellulose clearly decreases when
the CBD is absent (Linder and Teeri, 1997). However, the exact role and action
mechanism of CBDs is still a matter of speculation. It has been suggested that the CBD
enhances the enzymatic activity merely by increasing the effective enzyme concentration
at the surface of cellulose (Stahlberg et al., 1991), and/or by loosening single cellulose
chains from the cellulose surface (Tormo ef al., 1996). Most studies concerning the
effects of cellulase domains on different substrates have been carried out with core
proteins of cellobiohydrolases, as their core proteins can easily be produced by limited
proteolysis with papain (Tomme et al., 1988). Numerous celiulases have been described
in the scientific literature, examples of which include: from Trichoderma reeser:
Shoemaker, S. et al., Bio/Technology, 1:691-696, 1983, which discloses CBHYI; Teeri, T. et

al., Gene, 51:43-52, 1987, which discloses CBHIl. Cellulases from species other than
Trichoderma have also been described e.g., Ooi et al., 1990, which discloses the cDNA
sequence coding for endoglucanase F1-CMC produced by Aspergillus aculeatus,
Kawaguchi T et al., 1996, which discloses the cloning and sequencing of the cDNA
encoding beta-glucosidase 1 from Aspergillus aculeatus; Sakamoto et al., 1999, which
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discloses the cDNA sequence encoding the endoglucanase CMCase-1 from Aspergillus
kawachii IFO 4308; Saarilahti et al., 1990 which discloses an endoglucanase from Erwinia
carofovara; Spilliaert R, ef al., 1994, which discloses the cloning and sequencing of bgiA,

. coding for a thermostable beta-glucanase from Rhodothermus marinus; and Halldorsdoftir
S et al., 1998, which discloses the cloning, sequencing and overexpression of a
Rhodothermus marinus gene encoding a thermostable cellulase of glycosyl hydrolase
family 12. However, there remains a need for identification and characterization of novel
cellulases, with improved properties, such as improved performance under conditions of
thermal stress or in the presence of surfactants, increased specific activity, altered
substrate cleavage pattern, and/or high level expression in vitro.

[86] The development of new and improved cellulase compositions that comprise
varying amounts CBH-type cellulase is of interest for use: (1) in detergent compositions
that exhibit enhanced cleaning ability, function as a softening agent and/or improve the
feel of cotton fabrics (e.g., “stone washing” or “biopolishing”); (2) in compositions for
degrading wood pulp or other biomass into sugars (e.g., for bio-ethanol production);
and/or (3) in feed compositions.

IV, MOLECULAR BIOLOGY

871 In one embodiment this invention provides for the expression of variant H. grisea
CBH1.1 cellulase genes under the control of a promoter functional in a filamentous
fungus. Therefore, this invention relies on routine techniques in the field of recombinant
genetics. Basic texts disclosing the general methods of use in this invention include
Sambrook et al., Molecular Cloning, A Laboratory Manual (2nd ed. 1989); Kriegler, Gene
Transfer and Expression: A Laboratory Manual (1990); and Ausubel et al., eds., Current
 Protocols in Molecular Biology (1994)).

A. Methods for ldentifying Variant CBH1.1 Genes
[88] Two publically available H. grisea CBH1.1 nucleic acid sequences are shown in
Figure 5. The invention, in one aspect, encompasses a nucleic acid molecule encoding a
variant H. grisea CBH1.1 described herein. The nucleic acid may be a DNA molecule.
[891 Techniques that can be used to isolate variant CBH1.1-encoding DNA sequences
are well known in the art and include, but are not limited to, cDNA and/or genomic library
screening with a homologous DNA probes and expression screening with activity assays
or antibodies against CBH1. Any of these methods can be found in Sambrook, et al. orin
CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, F. Ausubel, et al., ed. Greene Publishing

and Wiley-Interscience, New York (1987).(“Ausubel”).
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B. Nucleic Acid Constructs/Expression Vectors.
[90] Natural or synthetic polynucleotide fragments encoding a variant H. grisea CBH1.1
cellulase (“variant H. grisea CBH1.1 cellulase-encoding nucleic acid sequences”) may be
Incorporated into heterologous nucleic acid constructs or vectors, capable of introduction
into, and replication in, a filamentous fungal or yeast cell. The vectors and methods
disclosed herein are suitable for use in host cells for the expression of a variant CBH1.1
celiulase. Any vector may be used as long as it is replicable and viable in the cells into
which it is introduced. Large numbers of suitable vectors and promoters are known to
those of skill in the art, and are commercially available. Cloning and expression vectors
are also described in Sambrook ef al., 1989, Ausubel FM et al., 1989, and Strathem et al.,
1981, each of which is expressly incorporated by reference herein. Appropriate expression
vectors for fungi are described in van den Hondel, C.A.M.J.J. et al. (1991) in: Bennett,
J.W. and Lasure, L..L.. (eds.) More Gene Manipulations in Fungi. Academic Press, pp. 396-
428. The appropriate DNA sequence may be inserted into a plasmid or vector (collectively
referred to herein as “vectors”) by a variety of procedures. In general, the DNA sequence
is inserted into an apbropriate restriction endonuclease site(s) by standard procedures.
Such procedures and related sub-cloning procedures are deemed to be within the scope
of knowledge of those skilled in the art.
[91] Recombinant filamentous fungi comprising the coding sequence for a variant
CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium CBH1 cellulase may be
produced by introducing a heterologous nucleic acid construct comprising the variant
CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium CBH1 cellulase coding
sequence into the cells of a selected strain of the filamentous fungi.
[92] Once the desired form of a variant CBH1.1, a H. jecorina CBH1 variant or a S.
thermophilium CBH1 cellulase nucleic acid sequence is obtained, it may be modified in a
variety of ways. Where the sequence invoives non-coding flanking regions, the flanking
regions may be subjected to resection, mutagenesis, etc. Thus, transitions, transversions,
deletions, and insertions may be performed on the nhaturally occurring sequence.
[93] A selected variant CBH1.1, a H. fecorina CBH1 variant or a S. thermophilium
CBH1 cellulase coding sequence may be inserted info a suitable vector according to well-
known recombinant techniques and used to transform filamentous fungi capable of
cellulase expression. Due to the inherent degeneracy of the genetic code, other nucleic
acid sequences which encode substantially the same or a functionally equivalent amino
acid sequence may be used to clone and express a variant CBH1.1, a H. jecorina CBH1
variant or a S. thermophilium CBH1 celiulase. Therefore it is appreciated that suéh
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substitutions in the coding region fall within the sequence variants covered by the present
invention.

[94] The present invention also includes recombinant nucleic acid constructs
comprising one or more of the variant CBH1.1, a H. jecorina CBH1 variantor a S.
thermophilium CBH1 cellulase-encoding nucleic acid sequences as described above. The
consfructs comprise a vector, such as a plasmid or viral vector, into which a sequence of
the invention has been inserted, in a forward or reverse orientation.

[95) Heterologous nucleic acid constructs may include the coding sequence for a

. variant CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium CBH1 cellulase: (i) in
isolation; (ii) in combination with additional coding sequences; such as fusion protein or
signal peptide coding sequences, where the desired cellulase coding sequence is the
dominant coding sequence; (iii) in combination with non-coding sequences, such as
introns and control elements, such as promoter and terminator elements or 5' and/or 3'
untranslated regions, effective for expression of the coding sequence in a suitable host;
and/or (iv) in a vector or host environment in which the variant CBH1.1, a H. jecorina
CBH1 variantor a S. thermophilium CBH1 cellulase coding sequence is a heterologous
gene.

[96] In one aspect of the present invention, a heterologous nucleic acid construct is
employed to transfer a variant CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium
CBH1 cellulase-encoding nucleic acid sequence into a cell in vitro, with established
filamentous fungal and yeast lines preferred. For long-term, production of a variant
CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium CBH1 cellulase, stable
expression is preferred. It follows that any method effective to generate stable
transformants may be used in practicing the invention.

[97]  Appropriate vectors are typically equipped with a selectable marker-encoding
nucieic acid sequence, insertion sites, and suitable control elements, such as promoter
and termination sequences. The vector may comprise regulatory sequences, including,
for example, non-coding sequences, such as introns and control elements, i.e., promoter
and terminator elements or 5' and/or 3' untranslated regions, effective for expression of
the coding sequence in host cells (and/or in a vector or host cell environment in which a
modified soluble protein antigen coding sequence is not normally expressed), operably
linked to the coding sequence. Large numbers of suitable vectors and promoters are
known to those of skill in the art, many of which are commercially available and/or are
described in Sambrook, et al., (supra).

[98] Exemplary promoters include both constitutive promoters and inducible promoters,
examples of which include a CMV promoter, an SV40 early promoter, an RSV promoter,
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an EF-1a promoter, a promoter containing the tet responsive element (TRE) in the tet-on
or tet-off system as described (ClonTech and BASF), the beta actin promoter and the
metallothionine promoter that can upregulated by addition of certain metal salts. A
promoter sequence is a DNA sequence which is recognized by the particular filamentous
fungus for expression purposes. ltis operably linked to DNA sequence encoding a variant
CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium CBH1 polypeptide. Such
linkage comprises positioning of the promoter with respect to the initiation codon of the
DNA sequence encoding the variant CBH1.1, a H. jecorina CBH1 variant or a S.
thermophilium CBH1 polypeptide in the disclosed expression vectors. The promoter
sequence contains transcription and translation control sequence which mediate the
expression of the variant CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium CBH1
polypeptide. Examples include the promoters from the Aspergillus niger, A awamori or A.
oryzae glucoamylase, alpha-amylase, or alpha-glucosidase encoding genes, the A.
nidulans gpdA or froC Genes; the Neurospora crassa cbh1 or trp1 genes; the A. niger or
Rhizomucor miehei aspartic proteinase encoding genes; the H. jecorina cbh1, cbh2, egl1,
egl2, or other cellulase encoding genes.

[99] The choice of the proper selectable marker will depend on the host cell, and
appropriate markers for different hosts are well known in the art. Typical selectable
marker genes include argB from A. nidulans or H. jecorina, amdS from A. nidulans, pyr4
from Neurospora crassa or H. jecorina, pyrG from Aspergillus niger or A. nidulans.
Additional exemplary selectable markers include, but are not limited to trpc, rp1, oliC31,
niaD or leu2, which are included in heterologous nucleic acid constructs used to transform
a mutant strain such as trp-, pyr-, leu- and the like.

[100] Such selectable markers confer to transformants the ability to utilize a metabolite
that is usually not metabolized by the filamentous fungi. For example, the amdS gene
from H. jecorina which encodes the enzyme acetamidase that allows transformant cells to
grow on acetamide as a nitrogen source. The selectable marker (e.g. pyrG) may restore
the ability of an auxotrophic mutant strain to grow on a selective minimal medium or the
selectable marker (e.g. olic31) may confer to transformants the ability to grow in the
presence of an inhibitory drug or antibiotic.

[101] The selectable marker coding sequence is cloned into any suitable plasmid using
methods generally employed in the art. Exemplary plasmids include pUC18, pBR322,
pRAX and pUC100. The pRAX plasmid contains AMA1 sequences from A. nidulans,

which make it possible to replicate in A. niger.
[102] The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of molecular biology, microbiology, recombinant DNA, and
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immunology, which are within the skill of the art. Such techniques are explained fully in

the literature. See, for example, Sambrook et al., 1989; Freshney, 1987; Ausubel, et al.,
1993; and Coligan et al., 1991. All patents, patent applications, articles and publications
mentioned herein, are hereby expressly incorporated herein by reference.

C. Methods for Transforming a Host Cell
[103] In the present invention, the filamentous fungal parent cell may be a cell of a
species of, but not limited to, Trichoderma, e.g., Trichoderma longibrachiatum (reesei),
Trichoderma viride, Trichoderma koningii, Trichoderma harzianum, Penicillium sp.,
Humicola sp., including Humicola insolens; Chrysosporium sp., including C. lucknowense;
Gliocladium sp.; Aspergillus sp.; Fusarium sp., Neurospora sp., Hypocrea sp., and
Emericella sp. As used herein, the term "“Trichoderma" or " Trichoderma sp." refers to any
fungal strains which have previously been classified as Trichoderma or are currently

classified as Trichoderma.
[104] Examples of parental cell lines which may be treated and/or modified for variant H.

grisea CBH1.1, H. jecorina CBH1 variant or S. thermophilium CBH1 expression include,
but are not limited to, filamentous fungal cells. Examples of appropriate primary cell types
for use in practicing the invention include, but are not limited to, Aspergillus and
Trichoderma.

[105] In one embodiment, the filamentous fungal parent cell is an Aspergilius niger,
Aspergillus awamori, Aspergillus aculeatus, or Aspergillus nidulans cell.

106] In a second embodiment, the filamentous fungal parent cell is a Hypocrea jecorina

cell. This cell was previously referred to as 7. reesei.
[107] After DNA sequences that encode the CBH1.1 variants, H. jecorina CBH1 variant

or S. thermophilium CBH1 have been cloned into DNA constructs, the DNA is used to

transform microorganisms. The microorganism to be transformed for the purpose of
expressing a variant CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium CBH1
according to the present invention may advantageously comprise a strain derived from
Trichoderma sp. Thus, a preferred mode for preparing variant CBH1.1, a H. jecorina
CBH1 variant or a S. thermophilium CBH1 cellulases according to the present invention

comprises transforming a Trichoderma sp. host cell with a DNA construct comprising at
least a fragment of DNA encoding a portion or all of the variant CBH1.1, a H. jecorina
CBH1 variant or a S. thermophilium CBH1. The DNA construct will generally be
functionally attached, i.e., operably linked, to a promoter. The transformed host cell is
then grown under conditions so as to express the variant H. grisea CBH1.1, a H. jecorina
CBH?1 variant or a S. thermophilium CBH1. Subsequently, the variant H. grisea CBH1.1, a
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H. jecorina CBH1 variant or a S. thermophilium CBH1 may be isolated. It may be
desirable to have the variant H. grisea CBH1.1, a H. jecorina CBH1 variant or a S.
thermophilium CBH1 in a substantially pure form. Similarly, it may be desirable to have
the variant H. grisea CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium CBH1 in
an essentially pure form.

[108] However, it may in fact be that the best expression vehicle for a given DNA
encoding a variant CBH1.1 may differ from H. jecor}'na (i.e., T. reesei). Thus, it may be
that it will be most advantageous to express a protein in a transformation host that bears
phylogenetic similarity to the source organism for the variant CBH1.1. [n an alternative
embodiment, Aspergillus niger can be used as an expression vehicle. For a description of
transformation techniques with A. niger, see WO 98/31821, the disclosure of which is
incorporated by reference in its entirety.

[109] Accordingly, the present description of a Trichoderma spp. expression system is
provided for illustrative purposes only and as one option for expressing the variant CBH1.1
of the invention. One of skill in the art, however, may be inclined to express the DNA
encoding variant CBH1.1 in a different host cell if appropriate and it should be understood
that the source of the variant CBH1.1 should be considered in determining the optimal
expression host. Additionally, the skilled worker in the field will be capable of selecting the
best expression system for a particular gene through routine techniques utilizing the tools

available in the art.

- D. Methods for Expressing a Variant CBH1.1, a H. jecorina CBH1 variant
or a S. thermophilium CBH1

[110] The methods of the invention rely on the use cells to express a variant CBH1.1
celiulase, with no particular method of expression required.
[111] The invention provides host cells that have been transduced, transformed or
transfected with an expression vector comprising a variant CBH1.1, a H. jecorina CBH1
variant or a S. thermophilium CBH1 cellulase-encoding nucleic acid sequence. The
culture conditions, such as temperature, pH and the like, are those previously used for the
parental host cell prior to transduction, transformation or transfection and wili be apparent
to those skilled in the art.
[112] In one approach, a filamentous fungal cell or yeast cell is transfected with an
e;<pression vector having a promoter or biologically active promoter fragment or one or
more (e.g., a series) of enhancers which functions in the host cell line, operably linked to a
DNA segment encoding a variant CBH1.1, a H. jecorina CBH1 variant or a S.
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thermophilium CBH1 cellulase, such that the variant CBH1.1, a H. jecorina CBH1 variant

or a S. thermophilium CBH1 cellulase is expressed in the cell line.

[113] Thus, the present invention provides filamentous fungi comprising cells which have
been modified, selected and cultured in a manner effective to resulit in variant CBH1.1, a
H. jecorina CBH1 variant or a S. thermophilium CBH1 cellulase production or expression
relative to the corresponding non-transformed parental fungi.

[114] Examples of species of parental filamentous fungi that may be treated and/or
modified for desired cellulase expression include, but are not limited to Trichoderma,
Penicillium sp., Humicola sp., including Humicola insolens; Aspergillus sp., including
Aspergillus niger, Chrysosporium sp., Fusarium sp., Hypocrea sp., and Emericella sp.
[115] Cells expressing a variant CBH1.1,"a H. jecorina CBH1 variant or a S.
thermophilium CBH1 cellulase are cultured under conditions typically employed to cuiture
the parental fungal line. Generally, cells are cultured in a standard medium containing
physiological salts and nutrients, such as described in Pourquie, J. et al., Biochemistry
and Genetics of Cellulose Degradation, eds. Aubert, J. P. et al., Academic Press, pp. 71-
86, 1988 and Ilrhen, M. et al., Appl. Environ. Microbiol. 63:1298-1306, 1997. Culture
conditions are also standard, e.g., cultures are incubated at 28°C in shaker cultures or
fermenters until desired levels of variant CBH1.1 cellulase expression are achieved.

[116] Preferred culture conditions for a given filamentous fungus may be found in the
scientific literature and/or from the source of the fungi such as the American Type Culture
Collection (ATCC; <www.atcc.org>). After fungal growth has been established, the cells
are exposed to conditions effective to cause or permit the expression of a variant CBH1.1
cellulase.

[117] [In cases where a variant CBH1.1, a H. jecorina CBH1 variant or a S.
thermophilium CBH1 celiulase coding sequence is under the control of an inducible
promoter, the inducing agent, e.g., a sugar, metal salt or antibiotics, is added to the
medium at a concentration effective to induce variant CBH1.1, a H. fecorina CBH1 variant
or a S. thermophilium CBH1 cellulase expression.

[118] In one embodiment, the strain comprises Aspergillus niger, which is a useful strain
for obtaining overexpressed protein. For example A. niger var awamori dgr246 Is known
to secrete elevated amounts of secreted cellulases (Goedegebuur et al, Curr. Genet
(2002) 41: 89-98). Other strains of Aspergillus niger var awamori such as GCDAP3,
GCDAP4 and GAP3-4 are known Ward et al (Ward, M, Wilson, L.J. and Kodama, K.H.,

1993, Appl. Microbiol. Biotechnol. 39:738-743).
[119] In another embodiment, the strain comprises Trichoderma reesei, which is a useful

strain for obtaining overexpressed protein. For example, RL-P37, described by Sheir-
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Neiss, ef al., Appl. Microbiol. Biotechnol. 20:46-53 (1984) is known to secrete elevated
amounts of cellulase enzymes. Functional equivalents of RL-P37 include Trichoderma
reesei strain RUT-C30 (ATCC No. 56765) and strain QM9414 (ATCC No. 26921). ltis
contemplated that these strains would also be useful in overexpressing variant CBH1.1, a
H. jecorina CBH1 variant or a S. thermophilium CBHA1.

[120] Where it is desired to obtain the desired cellulase in the absence of potentially
detrimental native cellulolytic activity, it is useful to obtain a host cell strain which has had
one or more cellulase genes deleted prior to introduction of a DNA construct or plasmid
containing the DNA fragment encoding the variant CBH1.1, a H. jecorina CBH1 variant or
a S. thermophilium CBH1 cellulase. Such strains may be prepared by the method
disclosed in U.S. Patent No. 5,246,853 and WO 92/06209, which disclosures are hereby
incorporated by reference. By expressing a variant CBH1.1, a H. jecorina CBH1 variant or
a S. thermophilium CBH1 cellulase in a host microorganism that is missing one or more
cellulase genes, the identification and subsequent purification procedures are simplified.
Any gene from Trichoderma sp. which has been cloned can be deleted, for example, the
cbh1, cbh2, egl1, and egl2 genes as well as those encoding a variant CBH1.1, a H.
jecorina CBH1 variant or a S. thermophilium CBH1 protein (see e.g., U.S. Patent No.
5,475,101 and WO 94/28117, respectively).

[121) Gene deletion may be accomplished by inserting a form of the desired gene to be
deleted or disrupted into a plasmid by methods known in the art. The deletion plasmid is
then cut at an appropriate restriction enzyme site(s), internal to the desired gene coding
region, and the gene coding sequence or part thereof replaced with a selectable marker.
Flanking DNA sequences from the locus of the gene to be deleted or disrupted, preferably
between about 0.5 to 2.0 kb, remain on either side of the selectable marker gene. An
app‘ropriate deletion plasmid will generally have unique restriction enzyme sites present
therein to enable the fragment containing the deleted gene, including flanking DNA

sequences, and the selectable marker gene to be removed as a single linear piece.

[122] A selectable marker must be chosen so as to enable detection of the transformed
microorganism. Any selectable marker gene that is expressed in the selected
microorganism will be suitable. For example, with Aspergillus sp., the selectable marker is
chosen so that the presence of the selectable marker in the transformants will not

significantly affect the properties thereof. Such a selectable marker may be a gene that

encodes an assayable product. For example, a functional copy of a Aspergillus sp. gene
may be used which if lacking in the host strain resuits in the host strain displaying an

auxotrophic phenotype.



CA 02771875 2012-01-31

WO 2005/001065 PCT/US2004/009296
-27 -

[123] In one embodiment, a pyrG derivative strain of Aspergillus sp. is transformed with
a functional pyrG gene, which thus provides a selectable marker for transformation. A

pyrG derivative strain may be obtained by selection of Aspergillus sp. strains that are

resistant to fluoroorotic acid (FOA). The pyrG gene encodes orotidine-5'-monophosphate
decarboxylase, an enzyme required for the biosynthesis of uridine. Strains with an intact
pyrG gene grow in a medium lacking uridine but are sensitive to fluoroorotic acid. Itis

possible to select pyrG derivative strains that lack a functional orotidine monophosphate

decarboxylase enzyme and require uridine for growth by selecting for FOA resistance.
Using the FOA selection technique it is also possible to obtain uridine-requiring strains
which lack a functional orotate pyrophosphoribosyl transferase. It is possible to transform
these cells with a functional copy of the gene encoding this enzyme (Berges & Barreau,
Curr. Genet. 19:359-365 (1991), and van Hartingsveldte et al., (1986) Development of a
homologous transformation system for Aspergillus niger based on the pyrG gene. Mol.
Gen. Genet. 206:71-75). Selection of derivative strains is easily performed using the FOA
resistance technique referred fo above, and thus, the pyrG gene is preferably employed as

a selectable marker. In another embodiment, a pyr4 derivative strain of Trichoderma sp.

is transformed with a functional pyr4 gene, which thus provides a selectable marker for
transformation. Although the following discusses the Aspergillus system, similar
procedures for Trichoderma and other fungal systems may be used as will be appreciated

by one skilled in the art.

[124] To transform pyrG Aspergillus sp. so as to be lacking in the ability to express one
or more cellulase genes, a single DNA fragment comprising a disrupted or deleted
cellulase gene is then isolated from the deletion plasmid and used to transform an

appropriate pyr Aspergillus host. Transformants are then identified and selected based

on their ability to express the pyrG gene product and thus combliment the uridine
auxotrophy of the host strain. Southern blot analysis is then carried out on the resultant
transformants to identify and confirm a double crossover integration event that replaces
part or all of the coding region of the genomic copy of the gene to be deleted with the pyr4
selectable markers.

[125] Although the specific plasmid vectors described above relate to preparation of pyr
transformants, the present invention is not limited to these vectors. Various genes can be

deleted and replaced in the Aspergillus sp. strain using the above techniques. In addition,
any available selectable markers can be used, as discussed above. In fact, any
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Aspergillus sp. gene that has been cloned, and thus identified, can be deleted from the
genome using the above-described strategy.

[126] As stated above, the host strains used are derivatives of Aspergilius sp. that lack
or have a nonfunctional gene or genes corresponding to the selectable marker chosen.

For example, if the selectable marker of pyrG is chosen, then a specific pyrG derivative

strain is used as a recipient in the transformation procedure. Similarly, selectable markers
comprising Aspergillus sp. genes equivalent to the Aspergillus nidulans genes amds,
argB, trpC, niaD may be used. The corresponding recipient strain must therefore be a

derivative strain such as argB, trpC, niaD ", respectively.:

[127] DNA encoding the variant CBH1.1 cellulase is then prepared for insertion into an
appropriate microorganism. According to the present invention, DNA encoding a variant
CBH1.1 cellulase comprises the DNA necessary to encode for a protein that has
functional celiuloiytic activity. The DNA fragment encoding the variant CBH1.1, a H.
jecorina CBH1 variant or a S. thermophilium CBH1 cellulase may be functionally attached
to a fungal promoter sequence, for example, the promoter of the glaA gene.

[128] It is also contemplated that more than one copy of DNA encoding a variant
CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium CBH1 cellulase may be
recombined into the strain to facilitate overexpression. The DNA encoding the variant
CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium CBH1 cellulase may be
prepared by the construction of an expression vector carrying the DNA encoding the
cellulase. The expression vector carrying the inserted DNA fragment encoding the variant
CBH1.1 cellulase may be any vector which is capable of replicating autonomously in a
given host organism or of integrating into the DNA of the host, typically a plasmid. In
preferred embodiments two types of expression vectors for obtaining expression of genes
are contemplated. The first contains DNA sequences in which the promoter, gene-coding
region, and terminator sequence all originate from the gene to be expressed. Gene
truncation may be obtained where desired by deleting undesired DNA sequences (e.g.,
coding for unwanted domains) to leave the domain to be expressed under control of its
own transcriptional and transiational regulatory sequences. A selectable marker Is also
contained on the vector allowing the selection for integration into the host of muitiple
copies of the novel gene sequences.

[129] The second type of expression vector is preassembled and contains sequences
required for high-level transcription and a selectable marker. Itis contemplated that the
coding region for a gene or part thereof can be inserted into this general-purpose
expression vector such that it is under the transcriptional control of the expression
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cassettes promoter and terminator sequences. For example, pRAX is such a general-
purpose expression vector. Genes or part thereof can be inserted downstream of the
strong g/aA promoter. An example of an integrative expression vector is the pTrex vector.
Genes or part thereof can be inserted downstream of the strong cbh1 promoter.

[130] In the vector, the DNA sequence encoding the variant CBH1.1, a H. jecorina CBH1
variant or a S. thermophilium CBH1 cellulase of the present invention should be operably
linked to transcriptional and translational sequences, /.e., a suitable promoter sequence
and signal sequence in reading frame to the structural gene. The promoter may be any
DNA sequence that shows transcriptional activity in the host cell and may be derived from
genes encoding proteins either homologous or heterologous to the host cell. An optional
signal peptide provides for extracellular production of the vanant CBH1.1, a H. jecorina
CBH1 variant or a S. thermophilium CBH1 cellulase. The DNA encoding the signal
sequence is preferably that which is naturally associated with the gene to be expressed,
however the signal sequence from any suitable source is contemplated in the present
invention.

[131] The procedures used to fuse the DNA sequences coding for the variant CBH1.1, a
H. jecorina CBH1 variant or a S. thermophilium CBH1 cellulase of the present invention
with the promoter into suitable vectors are well known in the art.

[132] Various methods may be employed for delivering an expression vector, DNA
vector or construct described above into cells in vitro. Methods of introducing nucleic
acids into cells for expression of heterologous nucleic acid sequences are also known to
the ordinarily skilled artisan, including, but not limited to electroporation; nuclear
microinjection or direct microinjection into single cells; bacterial protoplast fusion with
intact cells; use of polycations, e.g., polybrene or polyornithine; membrane fusion with
liposomes, lipofectamine or lipofection-mediated transfection; high velocity bombardment
with DNA-coated microprojectiles; incubation with calcium phosphate-DNA precipitate;
DEAE-Dextran mediated transfection; infection with modified viral nucleic acids;
Agrobacterium-mediated transfer of DNA; and the like. In addition, heterologous nucleic
acid constructs comprising a variant CBH1.1-encoding nucleic acid sequence can be
transcribed in vitro, and the resulting RNA introduced into the host cell by well-known
methods, e.g., by injection.

[133] The preferred method in the present invention to prepare Aspergilius sp. for
transformation involves the preparation of protoplasts from fungal mycelium. See
Campbell et al. Improved transformation efficiency of A.niger using homologous niaD gene
for nitrate reductase. Curr. Genet. 16:53-56; 1989. The mycelium can be obtained from
germinated vegetative spores. The mycelium is treated with an enzyme that digests the
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cell wall resulting in protoplasts. The protoplasts are then protected by the presence of an
osmotic stabilizer in the suspending medium. These stabilizers include sorbitol, mannitol,
potassium chloride, magnesium sulfate and the like. Usually the concentration of these
stabilizers varies between 0.8 M and 1.2 M. It is preferable to use about a 1.2 M solution
of sorbitol in the suspension medium.

[134] Uptake of the DNA into the host Aspergillus sp. strain is dependent upon the
calcium ion concentration. Generally between about 10 mM CaCl, and 50 mM CaCl, is
used in an uptake solution. Besides the need for the calcium ion in the uptake solution,
other items generally included are a buffering system such as TE buffer (10 Mm Tris, pH
7.4; 1 mM EDTA) or 10 mM MOPS, pH 6.0 buffer (morpholinepropanesulfonic acid) and
polyethylene glycol (PEG). It is believed that the polyethylene glycol acts to fuse the cell
membranes thus permitting the contents of the medium to be delivered into the cytoplasm
of the Aspergillus sp. strain and the plasmid DNA is transferred to the nucleus. This fusion
frequently leaves muiltiple copies of the plasmid DNA tenderly integrated into the host
chromosome.

[135] Usually a suspension containing the Aspergillus Sp. brotoplasts or cells that have
been subjected to a permeability treatment at a density of 10° to 10°/mL, preferably 2 x
10°/mL are used in transformation. A volume of 100 L of these protoplasts or cells in an
appropriate solution (e.g., 1.2 M sorbitol; 50 mM CaCl,) are mixed with the desired DNA.
Generally a high concentration of PEG is added to the uptake solution. From 0.1 o 1
volume of 256% PEG 4000 can be added to the protoplast suspension. However, it is
preferable to add about 0.25 volumes to the protoplast suspension. Additives such as
dimethyl sulfoxide, heparin, spermidine, potassium chloride and the like may also be
added to the uptake solution and aid in transformation. Similar procedures are available
for other fungal host cells. See, for example, U.S. Patent No. 6,268,328, the contents of
which are hereby incorporated by reference.

[136] Generally, the mixture is then incubated at approximately 0°C for a period of
between 10 to 30 minutes. Additional PEG is then added to the mixture to further
enhance the uptake of the desired gene or DNA sequence. The 25% PEG 4000 is
generally added in volumes of 5 to 15 times the volume of the transformation mixture;
however, greater and lesser volumes may be suitable. The 25% PEG 4000 is preferably
about 10 times the volume of the transformation mixture. After the PEG is added, the
transformation mixture is then incubated either at room temperature or on ice before the
addition of a sorbitol and CaCl, solution. The protoplast suspension is then further added
to molten aliquots of a growth medium. This growth medium permits the growth of
transformants only. Any growth medium can be used in the present invention that is
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suitable to grow the desired transformants. However, if Pyr” transformants are being
selected it is preferable to use a growth medium that contains no uridine. The subsequent
colonies are transferred and purified on a growth medium depleted of uridine.

[137] At this stage, stable transformants may be distinguished from unstable
transformants by their faster growth rate and the formation of circular colonies with a
smooth, rather than ragged outline on solid culture medium lacking uridine. Additionally,
in some cases a further test of stability may made by growing the transformants on solid
non-selective medium (i.e. containing uridine), harvesting spores from this culture medium
and determining the percentage of these spores which will subsequently germinate and
grow on selective medium lacking uridine. Alternatively, ofher methods known in the art
may be used to select transformants.

[138] In a particular embodiment of the above method, the variant CBH1.1, a H. jecorina
CBH1 variant or a S. thermophilium CBH1 cellulase(s) are recovered in active form from
the host cell after growth in liquid media either as a result of the appropriate post
translational processing of the variant CBH1.1, a H. jecorina CBH1 variant or a S.

thermophilium CBH1 cellulase,

E. Methods of Analysis For CBH1 Nucleic Acid Coding Sequences and/or
Protein Expression.

[(139] In order to evaluate the expression of a variant CBH1.1, a H. jecorina CBH
variant or a S. thermophilium CBH1 cellulase by a cell line that has been transformed with
a variant CBH1.1, a H. jecorina CBH1 variant or a S. thermophifium CBH1 cellulase-
encoding nucleic acid construct, assays can be carried out at the protein level, the RNA
level or by use of functional bioassays particular to cellobiohydrolase activity and/or

production. -
[140] In one exemplary application of the variant CBH1.1, a H. jecorina CBH1 variant or

a S. thermophilium CBH1 cellulase nucleic acid and protein sequences described herein,
a genetically modified strain of filamentous fungi, e.g., Trichoderma reesei, is engineered
to produce an increased amount of a variant CBH1.1, a H. jecorina CBH1 variant or a S.
thermophilium CBH1 cellulase. Such genetically modified filamentous fungi would be
useful to produce a cellulase product with greater increased cellulolytic capacity. In one
approach, this is accomplished by introducing the coding sequence for a variant CBH1.1,
a H. jecorina CBH1 variant or a S. thermophilium CBH1 cellulase into a suitable host, e.g.,

a filamentous fungi such as Aspergillus niger.
[141] Accordingly, the invention includes methods for expressing a variant CBH1.1, a H.

jecorina CBH1 variant or a S. thermophilium CBH1 cellulase in a filamentous fungus or
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other suitable host by introducing an expression vector containing the DNA sequence
encoding a variant CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium CBH?
cellulase into cells of the filamentous fungus or other suitable host.

[142] In another aspect, the invention includes methods for modifying the expression of a
variant CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium CBH1 cellulase in a
filamentous fungus or other suitable host. Such modification includes a decrease or
elimination in expression of the endogenous CBH.

[143] In general, assays employed to analyze the expression of a variant CBH1.1, a H.
fecorina CBH1 variant or a S. thermophilium CBH1 cellulase include, Northern blotting, dot
blofting (DNA or RNA analysis), RT-PCR (reverse transcriptase polymerase chain
reaction), or in situ hybridization, using an appropriately labeled probe (based on the
nucleic acid coding sequence) and conventional Southern biotting and autoradiography.
[144] In addition, the production and/or expression of a variant CBH1.1, a H. jecorina
CBH1 variant or a S. thermophilium CBH1 cellulase may be measured in a sample
directly, for example, by assays for cellobiohydrolase activity, expression and/or
production. Such assays are described, for example, in Becker et al., Biochem J. '(2001)
356:19-30 and Mitsuishi et al., FEBS (1990) 275:135-138, each of which is expressly
incorporated by reference herein. The ability of CBH1 to hydrolyze isolated soluble and
insoluble substrates can be measured using assays described in Srisodsuk et al., J.
Biotech. (1997) 57:49-57 and Nidetzky and Claeyssens Biotech. Bioeng. (1994) 44:961-
966. Substrates useful for assaying cellobiohydrolase, endoglucanase or 3-glucosidase
activities include crystalline cellulose, filter paper, phosphoric acid swollen cellulose,
cellooligosaccharides, methylumbelliferyl lactoside, methylumbeliiferyl cellobioside,
orthonitrophenyl lactoside, paranitrophenyl lactoside, orthonitrophenyl cellobioside,
paranitrophenyl cellobioside. '

[145] In addition, protein expression, may be evaluated by immunological methods, such
as immunohistochemical staining of cells, tissue sections or immunoassay of tissue
culture medium, e.g., by Western blot or ELISA. Such immunoassays can be used to
qualitatively and quantitatively evaluate expression of a variant CBH1.1, a H. jecorina
CBH1 variant or a S. thermophilium CBH1 cellulase. The details of such methods are
known to those of skill in the art and many reagents for practicing such methods are

commercially available.

[146] A purified form of a variant CBH1.1, a H. jecorina CBH1 variant or a S.
thermophilium CBH1 cellulase may be used to produce either monoclional or polycional
antibodies specific to the expressed protein for use in various immunoassays. (See, e.g.,
Hu ef al., 1991). Exemplary assays include ELISA, competitive immunoassays,
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radioimmunoassays, Western blot, indirect immunofluorescent assays and the like. In
general, commercially available antibodies and/or kits may be used for the quantitative
immunoassay of the expression level of cellobiohydrolase proteins.

F. Methods for Purifying a CBH1
[147] In general, a variant CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium
CBH1 cellulase protein produced in cell culture is secreted into the medium and may be
purified or isolated, e.g., by removing unwanted components from the cell cuiture medium.
However, in some cases, a variant CBH1.1, a H. jecorina CBH1 variant or a S.
thermophilium CBH1 cellulase protein may be produced in a cellular form necessitating
recovery from a cell lysate. In such cases the variant CBH1.1, a H. jecorina CBH1 variant
or a S. thermophilium CBH1 cellulase protein is purified from the cells in which it was
produced using techniques routinely employed by those of skill in the art. Examples
include, but are not limited to, affinity chromatography (Tilbeurgh et al., 1984), ion-
exchange chromatographic methods (Goyal et al., 1991; Fliess ef al., 1983; Bhikhabhai et
al., 1984, Ellouz ef al., 1987), including ion-exchange using materials with higH resolution
power (Medve et al., 1998), hydrophobic interaction chromatography (Tomaz and Queiroz,
1999), and two-phase partitioning (Brumbauer, et al., 1999).
[148] Typically, the variant CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium
CBH1 cellulase protein is fractionated to segregate proteins having selected properties,
such as binding affinity to particular binding agents, e.g., antibodies or receptors; or which
have a selected molecular weight range, or range of isoelectric points. '
[149] Once expression of a given variant CBH1.1, a H. jecorina CBH1 variant or a S.
thermophilium CBH1 cellulase protein is achieved, the variant CBH1.1, a H. jecorina
CBH1 variant or a S. thermophilium CBH1 cellulase protein thereby produced is purified
from the cells or cell culture. Exemplary procedures suitable for such purification include
the following: antibody-affinity column chromatography, ion exchange chromatography;
ethanol precipitation; reverse phase HPLC; chromatography on sitica or on a cation-
exchange resin such as DEAE; chromatofocusing; SDS-PAGE; ammonium sulfate
precipitation; and gel filtration using, e.g., Sephadex G-75. Various methods of protein
purification may be employed and such methods are known in the art and described e.g.
in Deutscher, 1990; Scopes, 1982. The purification step(s) selected will depend, e.g., on
the nature of the production process used and the particular protein produced.
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V. Utility of cbh7 and CBH1

[150] It can be appreciated that the variant CBH1.1, a H. jecorina CBH1 variant or a S.
thermophilium CBH1 cellulase nucleic acids, the variant CBH1.1, a H. jecorina CBH1
variant or a S. thermophilium CBH1 cellulase protein and compositions comprising varant
CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium CBH1 cellulase protein activity
find utility in a wide variety applications, some of which are described below.

[151] New and improved cellulase compositions that comprise varying amounts of a
variant CBH1.1, a H. jecorina CBH1 variant or a S. thermophilium CBH1 cellulase find
utility in detergent compositions that exhibit enhanced cleaning ability, function as a
softening agent and/or improve the feel of cotton fabrics (e.g., “stone washing” or
“biopolishing”), in compositions for degrading wood pulp into sugars (e.g., for bio-ethanol
production), and/or in feed compositions. The isolation and characterization of cellulase of
each type provides the ability to control the aspects of such compositions.

[152] Variant CBH1.1, H. jecorina CBH1 variant or S. thermophilium CBH1 cellulases
with decreased thermostability find uses, for example, in areas where the enzyme activity
is required to be neutralized at lower temperatures so that other enzymes that may be
present are left unaffected. In addition, the enzymes may find utility in the limited
conversion of cellulosics, for example, in controlling the degree of crystallinity or of
cellulosic chain-length. After reaching the desired extent of conversion the saccharifying
temperature can be raised above the survival temperature of the de-stabilized CBH1.1, a
H. jecorina CBH1 variant or a S. thermophilium CBH1. As the CBH1 activity is essential
for hydrolysis of crystalline cellulose, conversion of crystalline cellulose will cease at the
elevated temperature.

[153] In one approach, the variant CBH1.1, a H. jecorina CBH1 variant or a S.
thermophilium CBH1 cellulase of the invention finds utility in detergent compositions or in
the treatment of fabrics to improve the feel and appearance.

[154] Since the rate of hydrolysis of cellulosic products may be increased by using a
transformant having at least one additional copy of the variant CBH1.1, a H. Jecorina
CBH1 variant or a S. thermophilium CBH1 cellulase gene, either as a replicative plasmid
or inserted into the genome, products that contain cellulose or heteroglycans can be
degraded at a faster rate and to a greater extent. Products made from cellulose such as
paper, cotton, cellulosic diapers and the like can be degraded more efficiently in a landfill.
Thus, the fermentation product obtainable from the transformants or the transformants
alone may be used in compositions to help degrade by liquefaction a variety of cellulose
products that add to the overcrowded landiills.
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[155] Separate saccharification and fermentation is a process whereby cellulose present
in biomass, e.g., corn stover, is converted to glucose and subsequently yeast strains
convert glucose into ethanol. Simultaneous saccharification and fermentation is a process
whereby cellulose present in biomass, e.g., corn stover, is converted to glucose and, at
the same time and in the same reactor, yeast strains convert glucose into ethanol. Thus,
in another approach, the desired cellulase of the invention finds utility in the degradation of
biomass to ethanol. Ethanol production from readily available sources of cellulose
provides a stable, renewable fuel source.

[156] Cellulose-based feedstocks are comprised of agricultural wastes, grasses and
woods and other low-value biomass such as municipal waste (e.g., recycled paper, yard
clippings, etc.). Ethanol may be produced from the fermentation of any of these cellulosic
feedstocks. However, the cellulose must first be converted to sugars before there can be
conversion to ethanol. Thus, the CBH1 cellulase described herein find use in the
conversion of biomass {0 sugars.

[157] A large variety of feedstocks may be used with the inventive variant CBH1.1, a H.
jecorina CBH1 variént or a S. thermophilium CBH1 cellulase(s) and the one selected for
use may depend on the region where the conversion is being done. For example, in the
Midwestern United States agricuitural wastes such as wheat straw, corn stover and
bagasse may predominate while in California rice straw may predominate. However, it
should be understood that any available cellulosic biomass may be used in any region.
[158] A cellulase composition containing an enhanced amount of cellobiohydrolase finds
~ utility in ethanol production. Ethanol from this process can be further used as an octane
enhancer or directly as a fuel in lieu of gasoline which is advantageous because ethanol
as a fuel source is more environmentally friendly than petroleum derived products. ltis

~ known that the use of ethanol will improve air quality and possibly reduce local ozone
levels and smog. Moreover, utilization of ethanol in lieu of gasoline can be of strategic
importance in buffering the impact of sudden shifts in non-renewable energy and petro-
chemical supplies.

[159] Ethanol can be produced via saccharification and fermentation processes from
cellulosic biomass such as trees, herbaceous plants, municipal solid waste and
agricultural and forestry residues. However, the ratio of individual cellulase enzymes
within a naturally occurring cellulase mixture produced by a microbe may not be the most
efficient for rapid conversion of cellulose in biomass to glucose. It is known that
endoglucanases act to produce new cellulose chain ends which themselves are
substrates for the action of cellobiohydrolases and thereby improve the efficiency of
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hydrolysis of the entire cellulase system. Therefore, the use of increased or optimized
cellobiohydrolase activity may greatly enhance the production of ethanol.

[160] Thus, the inventive cellobiohydrolase(s) finds use in the hydrolysis of cellulose to
its sugar components. In one embodiment, a variant CBH1.1, a H. jecorina CBH1 variant
or a S. thermophifium CBH1 cellulase is added to the biomass prior to the addition of a
fermentative organism. In a second embodiment, a variant CBH1.1, a H. jecorina CBH1
variant or a S. thermophilium CBH1 cellulase is added to the biomass at the same time as
a fermentative organism. Optionally, there may be other cellulase components present in
either embodiment. Enhanced cellulose conversion may be achieved at higher
temperatures using the CBH1 polypeptides described herein.

[161] |In another embodiment the cellulosic feedstock may be pretreated. Pretreatment
may be by elevated temperature and the addition of either of dilute acid, concentrated acid
or dilute alkali solution. The pretreatment solution is added for a time sufficient to at least
partially hydrolyze the hemicellulose components and then neutralized.

[162] The detergent compositions of this invention may employ besides the cellulase
composition (irrespective of the celiobiohydrolase content, i.e., cellobiohydrolase-free,
substantially cellobiohydrolase-free, or cellobiohydrolase enhanced), a surfactant,
including anionic, non-ionic and ampholytic surfactants, a hydrolase, building agents,
bleaching agents, bluing agents and fluorescent dyes, caking inhibitors, solubilizers,
cationic surfactants and the like. All of these components are known in the detergent art.
The cellulase composition as described above can be added to the detergent composition
either in a liquid diluent, in granules, in emulsions, in gels, in pastes, and the like. Such
forms are well known to the skilled artisan. When a solid detergent composition is
employed, the cellulase composition is preferably formulated as granules. Preferably, the
granules can be formulated so as to contain a cellulase protecting agent. For a more
thorough discussion, see US Patent Number 6,162,782 entitled "Detergent compositions
containing cellulase compositions deficient in CBH1 type components,” which is

incorporated herein by reference.
[163] Preferably the cellulase compositions are employed from about 0.00005 weight

percent to about 5 weight percent relative to the total detergent composition. More
preferably, the cellulase compositions are employed from about 0.0002 weight percent to

about 2 weight percent relative to the total detergent composition.

[164] In addition the desired cellulase nucleic acid sequence finds utility in the
identification and characterization of related nucleic acid sequences. A number of
techniques useful for determining (predicting or confirming) the function of related genes
or gene products include, but are not limited to, (A) DNA/RNA analysis, such as (1)
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overexpression, ectopic expression, and expression in other species; (2) gene knock-out
(reverse genetics, targeted knock-out, viral induced gene silencing (VIGS, see
Baulcombe, 1999); (3) analysis of the methylation status of the gene, especially flanking
regulatory regions; and (4) in situ hybridization; (B) gene product analysis such as (1)
recombinant protein expression; (2) antisera production, (3) immunolocalization; (4)
biochemical assays for catalytic or other activity; (5) phosphorylation status; and (6)
interaction with other proteins via yeast two-hybrid analysis; (C) pathway analysis, such as
placing a gene or gene product within a particular biochemical or signaling pathway based
on its overexpression phenotype or by sequence homology with related genes; and (D)
other analyses which may also be performed to determine or confirm the participation of
the isolated gene and its product in a particular metabolic or sighaling pathway, and help

determine gene function.

EXAMPLES

[165] The present invention is described in further detail in the following examples which
are not in any way intended to limit the scope of the invention as claimed. The attached
Figures are meant to be considered as integral parts of the specification and description of
the invention. All references cited are herein specifically incorporated by reference for alil

that is described therein.

Example 1
Identification of CBH1.1 variants

[166] This example illustrates the isolation and characterization of the nucleic acid

encoding a variant H. grisea CBH1.1.

Isolation of Genomic DNA
[167] Genomic DNA may be isolated using any method known in the art. In this set of

experiments a sample of Humicola grisea var thermoidea (CBS 225.63) was obtained.

However, the following protocol may be used:
[168] Celis are grown at 45°C in 20 ml Potato Dextrose Broth (PDB) for 24 hours. The

cells are diluted 1:20 in fresh PDB medium and grown overnight. Two milliliters of cells
are centrifuged and the pellet washed in 1 ml KC (60g KCI, 2g citric acid per liter, pH
adjusted to 6.2 with 1M KOH). The cell pellet is resuspended in 900 pl KC. 100 ul (20
mg/ml) Novozyme® is added, mixed gently and the protoplastation followed
microscopically at 37°C until greater than 95% protoplasts are formed for a maximum of 2
hours. The cells are centrifuged at 1500 rpm (460g) for 10 minutes. 200 pi TES/SDS
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(10mM Tris, 50mM EDTA, 150mM NaCl, 1% SDS) is added, mixed and incubated at raom
temperature for 5 minutes. DNA is isolated using a Qiagen mini-prep isolation kit
(Qiagen). The column is eluted with 100 ul milli-Q water and the DNA collected.

[169] This is the method used for the isolation of genomic DNA of H. grisea var
thermoidea from PDA plates grown at 45°C. An alternative method using the FastPrep®
method may be desirable. The system consists of the FastPrep® Instrument as well as
FastPrep® kits for nucleic acid isolation. FastPrep® is available from Qbiogene, inc,
Qbiogene, Inc., 2251 Rutherford Road, Carisbad, CA 92008.

Construction of primers

[170] PCR was performed on a standard PCR machine such as the PTC-200 Peltier
Thermal Cycler from MJ Research Inc. under the following conditions:

1) 1 minute at 96°C for 1 cycle
2) 30 seconds at 94°C
60 seconds at §56°C
2 minutes at 72°C
3) Repeat step 2 for 30 cycles
4) 7 minutes at 72°C for 1 cycle, and
5) lower temperature to 15°C for storage and further analysis.
[171] The following DNA primers were constructed for use in amplification of
homologous CBH1 genes from genomic DNA's isolated from various microorganisms. All
symbols used herein for protein and DNA sequences correspond to IUPAC {UB
Biochemical Nomenclature Commission codes.
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