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NOVEL VARIANT
- HYPROCREA JECORINA CBH1 CELLULASES

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT

[02] Portions of this work were funded by Subcontract No. ZC0O-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 to variant cellobiohydrcjlase enzymes and isolated
nucieic acid sequences which encode polypeptides having cellobiohydrolase activity. The
iInvention also relates to nucleic acid constructs, vectors, and host cells comprising‘the
nucleic acid sequences as well as methods for producing recombinant variant CBH

polypeptides.
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BACKGROUND OF THE INVENTION

[04] Cellulose and hemicellulose are the most abundant plant materials produced by
photosynthesis. They can be degraded and used as an energy source by numerous

10 microorganisms, including bacteria, yeast and fungi, that produce extracellular enzymes
capable of hydrolysis of the polymeric substrates to monomeric sugars (Aro et al., J. Biol.
Chem., vol. 276, no. 26, pp. 24309-24314, June 29, 2001). As the limits of non-renewable
resources approach, the potential of cellulose to become a major renewable energy
resource is enormous (Krishna et al., Bioresource Tech. 77:193-196, 2001). The effective

15 utilization of cellulose through biological processes is one approach to overcoming the
shortage of foods, feeds, and fuels (Ohmiya et al., Biotechnol. Gen. Engineer. Rev. voi.
14, pp. 365-414, 1997). ' '
[05] Cellulases are enzymes that hydrolyze cellulose (beta-1,4-glucan or beta D-
glucosidic linkages) resulting in the formation of glucose, cellobiose,

20  cellooligosaccharides, and the like. Cellulases have been traditionally divided into three
major classes: endoglucanases (EC 3.2.1.4) ("EG"), exoglucanases or cellobiohydrolases
(EC 3.2.1.91) ("CBH") and beta-glucosidases ([beta] -D-glucoside glucohydrolaée; EC
3.2.1.21) ("BG"). (Knowles et al., TIBTECH 5, 255-261, 1987, Shulein, Methods
Enzymol., 160, 25, pp. 234-243, 1988). Endoglucanases act mainly on the amorphous

25  parts of the cellulose fibre, whereas cellobiohydrolases are also able to degrade crystalline
cellulose (Nevalainen and Penttila, Mycota, 303-319, 1995). Thus, the presence of a |
cellobiohydrolase in a cellulase system is required for efficient solubilization 6f crystalline
cellulose (Suurnakki, et al, Cellulose 7:189-209, 2000). Beta-glucosidase acts to liberate
D-glucose units from cellobiose, cello-oligosaccharides, and other glucosides (Freer, J.

30  Biol. Chem. vol. 268, no. 13, pp. 9337-9342, 1993).
[06] Cellulases are known to be produced by a large number of bacteria, yeast and
fungi. Certain fungi produce a complete cellulase system capable of degrading crystalline
forms of cellulo.se, such that the cellulases are readily produced in large quantities via
fermentation. Filamentous fungi play a special role since many yeast, such as

35  Saccharomyces cerevisiae, lack the ability to hydrolyze cellulose. See, e.g., Aro et al.,
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2001; Aubert ef al., 1988; Wood et al., Methods in Enzymology, vol. 160, no. 9, pp. 87-
116, 1988, and Coughlan, ef al., "Comparative Biochemistry of Fungal and Bacterial
Cellulolytic Enzyme Systems" Biochemistry and Genetics of Cellulose Degradation, pp.
11-30 1988..

[07] The fungal cellulase classifications of CBH, EG and BG can be further expanded to

include multiple components within each classification. For example, multiple CBHs, EGs

 and BGs have been isolated from a variety of fungal sources including Trichoderma reesei

which contains known genes for 2 CBHs, i.e., CBH | and CBH Il, at least 8 EGs, i.e., EG |,
EG I, EG I, EGIV, EGV, EGVI, EGVIl and EGVIII, and at least 5 BGs, i.e., BG1, BG2,
BG3, BG4 and BGS. |

[08] Inorderto efficiéntly convert crystalline cellulose to glucose the complete cellulase
system comprising components from each of the CBH, EG and BG classifications is
required, with isolated components less effective in hydrolyzing crystalline cellulose (Filho
et al., Can. J. Microbiol. 42:1-5, 1996). A synergistic relationship has been observed
between cellulase components from different classifications. In particular, the EG-type
cellulases and CBH- type cellulases synergistically interact to more efficiently degrade
cellulose. See, e.g., Wood, Biochemical Society Transactions, 611" Meeting, Galway, vol.
13, pp. 407-410, 1985.

[09] Cellulases are known in the art to be useful in the treatment of textiles for the
purposes of enhancing the cleaning ability of detergent compositions, for use as a
softening agent, for improving the feel and appearance of cotton fabrics, and the like
(Kumar et al., Textile Chemist and Colorist, 29:37-42, 1997).

[10] Cellulase-containing detergent compositions with improved cleaning performance
(US Pat. No. 4,435,307, GB App. Nos. 2,095,275 and 2,094,826) and for use in the
treatment of fabric to improve the feel and appearance of the textile (US Pat. Nos.
5,648,263, 5,691,178, and 5,776,757; GB App. No. 1,358,599; The Shizuoka Prefectural
Hammamatsu Textile Industrial Research Institute Report, Vol. 24, pp. 54-61, 1986), have
been described. |

[11] Hence, cellulases produced in fungi and bacteria have received significant
attention. In particular, fermentation of Trichoderma spp. (e.g., Trichoderma
longibrachiatum or Trichoderma reesei) has been shown to produce a complete cellulase
system capable of degrading crystalline forms of cellulose.

[12] Although cellulase compositions have been previously described, there remains a

need for new and improved cellulase compositions for use in household detergents,
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stonewashing compositions or laundry detergents, etc. Cellulases that exhibit improved

performance are of particular interest.

BRIEF SUMMARY OF THE INVENTION

[13] The invention provides an isolated cellulase protein, identified herein as variant
CBH I, and nucleic acids which encode a variant CBH |.

[14] In one embodiment the invention is directed to a variant CBH | cellulase, wherein
said variant comprises a substitution or deletion at a position corresponding to one or
more of residues S8, Q17, G22, T41, N49, S57, N64, A68, A77, N89, S92. N103, A112,
S113, E193, S196, M213, L225, T226, P227, T246, D249, R251, Y252, T255, D257,
D259, S278, S279, K286, 1.288, E295, T296, S297, A299, N301, E325, T332, F338, S342,
F352, T356, Y371, T380, Y381, V393, R394, S398, V403, S411, G430, G440, T445,
T462, T484, Q487, and P491 in CBH | from Hypocrea jecorina (SEQ ID NO: 2). In first
aspect, the invention encompasses an isolated nucleic acid encoding a polypeptide having
cellobiohydrolase activity, which polypeptide is a variant of a glycosyl hydrolase of family
7, and wherein said nucleic acid encodes a substitution at a residue which is sensitive o

temperature stress in the polypeptide encoded by said nucleic acid, wherein said variant

~ cellobiohydrolase is derived from H. jecorina cellobiohydrolase. In second aspect, the

invention encompasses an isolated nucleic acid encoding a polypeptide having
cellobiohydrolase activity, which polypeptide is a variant of a glycosyl hydrolase of family
7, and wherein said nucleic acid encodes a substitution at a residue which is effects ;
enzyme processitivity in the polypeptide encoded byﬁ said nucleic acid, wherein said
variant cellobiohydrolase IS derived from H. jecorina cellobiohydrolase. In third aspect, the
invention encompasses an isolated nucleic acid encoding a polypeptide having
cellobiohydrolase activity, which polypeptide is a variant of a glycosyl hydrolase of family
7, and wherein said nucleic acid encodes a substitution at a residue which is effects |
product inhibition in the polypeptide encoded by said nucleic acid, wherein said variant
cellobiohydrolase is derived from H. jecorina cellobiohydrolase.

[15] In a second embodiment the invention is directed to a variant CBH | cellulose
comprising a substitution at a position corresponding to one or more of residues S8P,
Q17L, G22D, T411, N49S, S57N, N64D, AG8T, A77D, N89D, S92T, N103l, A112E,
S113(T/N/D), E193V, S196T, M213I, L225F, T226A, P227(L/T/A), T246(C/A), D249K,
R251A, Y252(A/Q), T255P, D257E, D259W, S278P, S279N, K286M, L288F, E295K,
T296P, S297T, A299E, N301(R/K), E325K, T332(K/Y/H), F338Y, S342Y, F352L, T356L,
Y371C, T380G, Y381D, V393G, R394A, S398T, V403D, S411F, G430F, G440R, T462l,
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T484S, Q487L and/or P491L in CBH | from Hypocrea jecorina (SEQ ID NO: 2). .In one
aspect of this embodiment the variant CBH | cellulase further comprises a deletion at a
position corresponding to T445 in CBH | from Hypocrea jecorina (SEQ 1D NO: 2). Ina
second aspect of this embodiment the variant CBH | cellulase further comprises the
deletion of residues corresponding to residues 382-393 in CBH | of Hypocrea jecorina
(SEQ ID NO: 2). |

[16] In a third embodiment the invention is directed to a variant CBH 1 cellulase,
wherein said variant comprises a substitution at a position corresponding o a residue
selected from the group consisting of S8P, N49S, A68T, A77D, N89D, S92T, S113(N/D),
L225F, P227(A/LIT), D249K, T255P, D257E, S279N, L288F, E295K, S297T, A299E,
N301K, T332(K/Y/H), F338Y, T356L, V393G, G430F in CBH | from Hypocrea jecorina
(SEQ ID NO: 2).

[17] In a fourth embodiment the invention is directed to a variant CBH | consists

essentially of the mutations selected from the group consisting of

15

20

25

30

35

V.

VI.
VII.
Viii.

IX.

A112E/T226A;
S196T/S411F;
E295K/S398T;
T246C/Y371C;

T41l plus deletion at T445
AG8T/G440R/P491L;
G22D/S278P/T296P;
T246A/R251AIY252A;
T380G/Y381D/R394A;

X. T380G/Y381D/R394A plus deletion of 382-393, inclusive;
Xi. Y252Q/D259W/S342Y;

Xil. S113T/T255P/K286M,;

xiii. —P227L/E325K/Q487L,;

xiv.  P227T/T484S/F352L,;

XV. Q17L/E193V/M213I/F352L,

xvi.  S8P/N49S/A68T/S113N;

xvii. S8P/N49S/A68T/S113N/P227L,;

xviii. T41I/A112E/P227L/S278P/T296P;
xix. S8P/N49S/AG8T/A112E/T226A;

XX. S8P/N49S/AG8T/A112E/P227L;

xxi.  S8P/T411/N49S/AG8T/A112E/P227L,;




CA 02495664 2005-02-15
WO 2004/016760 PCT/US2003/025625

-6 -

xxii. G22D/N49S/A68T/P227L/S278P/T296P;

xxiii.  S8P/G22D/T411/N49S/A68T/N1031/S113N/P2271L/S278P/T296P;
xxiv. G22D/N49S/A68T/N103I/S113N/P227L/S278P/T296P;

xxv. G22D/N49S/AG68T/N103I/A112E/P227LIS278P/T296P;

5 xxvi. G22D/N49S/N64D/A68T/N1031/S113N/S278P/T296P;

xxvii. S8P/G22D/T411/N49S/A68T/N1031/S113N/P227L/D249K/S278P/T2
O6P;

xxviii. S8P/G22D/T411/N49S/AG8T/N1031/S1 13N/P227L/S278P/T296P/N3
01R;

10 xxix. S8P/G22D/T411/N49S/A68T/N103I/S113N/P227L/D249K/S278P/T2

96P/N301R

XxX. S8P/G22D/T411/N49S/AG8T/S113N/P2271./D249 K/IS278P/T296P/N
301R;

xxxi. S8P/T411/IN49S/S57N/AGBT/S113N/P227L/D249K/S278P/T296P/N
15 301R; |
xxxii. S8P/G22D/T411/N49S/A68T/S113N/P227L/D249K/S278P/N301R;
xxxiii. S8P/T411/N49S/A68T/SO2T/S113N/P2271/D249K/V403D/T462I;
xxxiv. S8P/G22D/T411/N49S/AG8T/S92T/S1 13N/P227L/D249KN403D/T4
621;
20 xxxv. S8P/T41I/N49S/AG68T/SO2T/S113N/P227L/D249K/S411F;
xxxvi. S8P/G22D/T411/N49S/AG8T/S92T/S113N/P227L/D249K/S411F;
xxxvii. S8P/G22D/T411/N49S/AG8T/S92T/S113N/S196T/P227L/D249K/T25
5P/ S278P/T296P/N301R/E325K/S411F;
xxxviii. S8P/T411/N49S/AG8T/S92T/S113N/S196T/P2271L./D249K/T255P/S2
25 78P/T296P/N301R/E325K/V403D/S411 F/T462I;
xxxix. S8P/G22D/T411/N49S/AG8T/S92T/S113N/S196T/P227L/D249K/T25
5P/ S278P/T296P/N301R/E325K/V403D/S411F/T4621;
in CBH | from Hypocrea jecorina (SEQ 1D NO:2).
[18] In an fifth embodiment the invention is directed to a vector compris_ing a nucleic
30 acid encoding a variant CBH I. In another aspect there is a construct comprising the
nucleic acid of encoding the variant CBH | operably linked to a regulatory sequence.
[19] In a sixth embodiment the invention is directed fo a host cell transformed with the
vector comprising a nucleic acid encoding a CBH | variant. |
[20] In a seventh embodiment the invention is directed to a method of producing a CBH
35 | variant comprising the steps of:
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(a) culturing a host cell transformed with the vector comprising a nucleic acid
encoding a CBH | variant in a suitable culture medium under suitable |
conditions to produce CBH | variant;

(b) obtaining said produced CBH | variant.

[21] In an eighth embodiment the invention is directed to a detergent composition
comprising a surfactant and a CBH | variant. In one aspect of this embodiment the
detergent is a laundry detergent. In a second aspect of this embodiment the detergent is
a dish detergent. In third aspect of this invehtion, the variant CBH | cellulase is used in the
treatment of a cellulose containing textile, in particular, in the stonewashing or indigo dyed
denim.

[22] In a ninth embodiment the invention is directed to a feed additive comprising a
CBH | variant. :

[23] In a tenth embodiment the invention is directed to a method of treating wood pulp
comprising contacting said wood pulp with a CBH | variant.

[24] In a eleventh embodiment the invention is directed to a method of converting
biomass to sugars comprising contacting said biomass with a CBH | variant.

[25] In an embodiment, the cellulase is derived from a fungus, bacteria or
Actinomycete. In another aspect, the cellulase is derived from a fungus. In a most
preferred embodiment, the fungus is a filamentous fungus. It is preferred the filamentous
fungus belong to Euascomycete, in particular, Aspergillus spp., Gliocladium spp.,
Fusarium spp., Acremonium spp., Myceliophtora spp., Verticillium spp., Myrothecium spp.,
or Penicillium spp. In a further aspect of this embodiment, the cellulase is a
cellobiohydrolase.

[26]  Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however, that
the detailed description and specific examples, while indicating preferred embodiments of
the invention, are given by way of llustration only, since various changes and
modifications within the scope and spirit of the invention will become apparent to one
skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[27]  Figure 1 is the nucleic acid (lower line; SEQ ID NO: 1) and amino acid (upper line;
SEQ ID NO: 2) sequence of the wild type Cel7A (CBH |) from H. jecorina.
[28] Figure 2 is the 3-D structure of H. jecorina CBH |I.
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[29] Figure 3 shows the amino acid alignment of the Cel7 family members for which there
were crystal structures available. The sequences are: 20VW - Fusarium oxysporum
Cel7B (SEQ ID NO:32), 1A39 - Humicola insolens Cel7B (SEQ ID NO:33), 6CEL -
Hypocrea jecorina Cel7A (SEQ 1D NO:34), 1EG1 - Hypocrea jecorina Cel7B (SEQ ID
NO:35), and the consensus (SEQ 1D NO:77).

[30] Figure 4 illustrates the crystal structures from the catalytic domains of these four
Cel7 homologues aligned and overlayed as described herein.

[31] Figure 5 A-M is the nucleic acid sequence and deduced amino acid sequence for
eight single residue mutations and five multiple mutation variants (SEQ ID NO:5-30).

[32] Figure 6 A-D is the nucleic acid sequence for pTrex2 (SEQ ID NO:31).

[33] Figure 7 A & B depicts the construction of the expression plasmid pTEX.

[34] Figure 8 A-J is the amino acid alignment of all 42 members of the Cel7 family (SEQ
ID NO:32-74).

[35] Figure 9A is a representation of the thermal profiles of the wild type and eight single
residue variants. Figure 9B is a representation of the thermal profiles of the wild type and
five variants. Legend for Figure 9B: Cel7A = wild-type H. jecorina CBH |; N301K =
N301K variant; 334 = P227L variant; 340 = S8P/N49S/A68T/S113N variant; 350 =
S8P/N49S/AB8T/S113N/ P227L variant; and 363 =
S8P/G22D/T411/N49S/AG8T/N1031/ST113N/P227L/S278P/T296P variant.

[36] Figure 10 is the pRAX1 vector. 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.

[37] Figure 11 is the pRAXdes2 vector backbone. This vector is based on the plasmid
vector pPRAX1. 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 50pg/mi 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 pPRAXCBH?1 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.

[38] Figure 12 provides an illustration of the pRAXdes2cbh1 vector which was used for
expression of the nucleic acids encoding the CBH1 variants in Aspergillus. A nucleic acid
encoding a CBH1 enzyme homolog or variant was cloned into the vector by homologous

recombination of the att sequences.

DETAILED DESCRIPTION

[39] The invention will now be described in detail by way of reference only using the

following definitions and examples.

[40] 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 (1 994), 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.,, MOLECULAR CLONING: A
LABORATORY MANUAL (Second Edition), Cold Spring Harbor Press, Plainview, N.Y,, 1989,
and Ausubel FM et al., Current Protocols in Molecular Biology, John Wiley & Sons, New
York, NY, 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.
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[41] 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.

. DEFINITIONS

[43] The term "polypeptide" as used herein refers to a compound made up of a single
chain of amino acid residues linked by peptide bonds. The term "protein” as used herein
may be synonymous with the term “polypeptide" or may refer, in addition, to a complex of
two or more polypeptides.

[44] “Variant” means a protein which is derived from a precursor protein (e.g., the native
protein) by addition of one or more amino acids to either or both the C- and N-terminal
end, substitution of one or more amino acids at one or a number of different sites in the

~ amino acid sequence, or deletion of one or more amino acids at either or both ends of the

protein or at one or more sites in the amino acid sequence. The preparation of an enzyme
variant is preferably achieved by modifying a DNA sequence which encodes for the native
protein, transformation of that DNA sequence into a suitable host, and expression of the
modified DNA sequence to form the derivative enzyme. The variant CBH | enzyme of the
invention includes peptides comprising altered amino acid sequences in comparison with
a precursor enzyme amino acid sequence wherein the variant CBH enzyme retains the
characteristic cellulolytic nature of the precursor enzyme but which may have altered
properties in some specific aspect. For example, a variant CBH enzyme may have an
increased pH optimum or increased temperature or oxidati\}e stability but will retain its
characteristic cellulolytic éctivity. It is contemplated that the variants according to the
present invention may be derived from a DNA fragment encoding a cellulase variant CBH
enzyme wherein the functional activity of the expressed cellulase derivative is retained.
For example, a DNA fragment encoding a cellulase may further include a DNA sequence
or portion thereof encoding a hinge or linker attached to the cellulase DNA sequence at
either the &' or 3' end wherein the functional activity of the encoded celiulase domain is

retained.

[45] “Equivalent residues” may also be defined by determining homology at the level of
tertiary structure for a precursor cellulase whose tertiary structure has been determined by
x-ray crystaliography. Equivalent residues are defined as those for which the atomic
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coordinates of two or more of the main chain atoms of a particular amino acid residue of a
cellulase and Hypocrea jecorina CBH (N on N, CAon CA, Con Cand O on O) are within-
0.13nm and preferably 0.1nm after alignment". Alighment is achieved after the best model
has been oriented and positioned to give the maximum overlap of atomic coordinates of
non-hydrogen protein atoms of the cellulase in question to the H. jecorina CBH I. The

best model is the crystallographic model giving the lowest R factor for experimental
diffraction data at the highest resolution available.

}Lﬂ!ﬁoﬁ@ﬂ-LFbﬂ@ﬂ_
Zy| Fo(h)|

R factor =

[46] Equivalent residues which are functionally analogous to a specific residue of H.
Jecorina CBH | are defined as those amino acids of a cellulase which may adopt a
conformation such that they either alter, modify or contribute to protein structure, substrate
binding or catalysis in a manner defined and attributed to a specific residue of the H.
jecorina CBH |. Further, they are those residues of the cellulase (for which a tertiary
structure has been obtained by x-ray crystallography) which occupy an analogous position
to the extent that, although the main chain atoms of the given residue may not satisfy the
criteria of equivalence on the basis of occupying a homologous position, the atomic
coordinates of at least two of the side chain atoms of the residue lie with 0.13nm of the
corresponding side chain atoms of H. jecorina CBH. The crystal structure of H. jecorina
CBH | is shown in Figure 2.

[47]  The term "nucleic acid molecule” includes RNA, DNA and cDNA molecules. It will
be understood that, as a result of the degeneracy of the genetic code, a multitude of
nucleotide sequences encoding a given protein such as CBH | may be produced. The
preseht Invention contemplates every possible variant nucleotide sequence, encoding
CBH |, all of which are possible given the degeneracy of the genetic code.

[48] A "heterologous” nucleic acid construct or sequence has a portion of the sequence
which is not native to the cell in which it is expressed. Heterologous, with respect to a
control sequence refers to a control sequence (i.e. promoter or enhancer) that does not
function in nature to regulate the same gene the expression of which it is currently
regulating. Generally, heterologous nucleic acid sequences are not endogenous to the
cell or part of the genome in which they are present, and have been added to the cell, by
infection, transfection, transformation, microinjection, electroporation, or the like. A

"heterologous” nucleic acid construct may contain a control sequence/DNA‘Coding
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sequence combination that is the same as, or diﬁerent from a control sequence/DNA
coding sequence combination found in the native cell.

[49] AsS used herein. the term "vector" refers to a nucleic acid construct designed for
transfer between different host cells. An "expression vector” refers to a vector that has the
ability to incorporate and express heterologous DNA fragments in a foreign cell. Many
prokaryotic and eukaryotic expression vectors are commercially available. Selection of
appropriate expression vectors is within the knowledge of those having skill in the art.

[50] Accordingly, an “expression cassette” or “expression vector” is a nuclei¢ acid

construct generated recombinantly or synthetically, with a series of specified nucleic acid

" elements that permit transcription of a particular nucleic acid in a target cell. The

recombinant expression cassette can be incorporated into a plasmid, chromosome,
mitochQndrial DNA, plastid DNA, virus, or nucleic acid fragment. Typically, the
recombinant expression cassette portion of an expression vector includes, among other
sequences, a nucleic acid sequence to be transcribed and a promoter.

[51] As used herein, the term "plasmid” refers to a circular double-stranded (ds) DNA

construct used as a cloning vector, and which forms an extrachromosomal self-replicating
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