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TITLE: SWEET-TASTING POLYPEPTIDE FROM GRAM-POSITIVE BACTERIA

Reference to sequence listing
This application contains a Sequence Listing in computer readable form. The computer

readable form is incorporated herein by reference.

FIELD OF THE INVENTION
The present invention relates to recombinant Gram-positive bacteria that efficiently
produces and secretes a heterologous sweet-tasting polypeptide as well as methods for

producing said polypeptide using said bacteria.

BACKGROUND OF THE INVENTION

Due to increasing attention to the negative health effects of obesity, a market demand
for food and beverage products having alternative nutritional characteristics, including, for
example, reduced calorie content, has increased as well. There is a market demand to replace
the high-calorie sweeteners typically used in food and beverage products, such as sucrose and
high fructose corn syrup (HFCS), with non-nutritive sweeteners. A number of such non-nutritive
sweeteners have been identified. Some of these are small proteins which are naturally found in
plants. Such proteins are often referred to as sweet proteins.

Brazzein is a sweet protein which can be extracted from the fruit of the West African
climbing plant Pentadiplandra brazzeana Baillon (W09531547). It has been characterized as a
monomer protein having a 3-dimensional structure with four evenly spaced disulfide bonds.
Three forms of the protein seem to exist in nature differing only at the N-terminal amino acid
residue. One corresponds to the predicted 54-amino acid translation product containing a
glutamine at its N-terminus. This form has been shown to be short lived as the N-terminal
glutamine undergoes natural conversion to pyroglutamate, resulting in the second form. The
loss of the N-terminal glutamine or pyroglutamate yields the 53-amino acid form which has been
reported to be twice as sweet as the form having an N-terminal pyroglutamate (Lamphear, Barry
J. et al. (2005) Plant Biotechnology Journal 3(1): 103-114).

On weight basis, Brazzein is 500 to 2,000 times sweeter than sugar. Its sweet
perception is quite similar to that of sucrose with a clean sweet taste with lingering aftertaste.
Further, it has been shown to be stable over a broad pH range (2.5 to 8) and it can withstand
heat which makes it suitable for many industrial food manufacturing processes. As a protein it is
safe for diabetics and very soluble in water (>50 mg/ml). Brazzein thus represents a very good
alternative to other available low calorie sweeteners.

Natural sourcing from P. brazzeana is difficult and expensive, though, and therefore

alternatives for sourcing of the protein are being searched for. Brazzein can be chemically
1



10

15

20

25

30

35

WO 2012/127002 PCT/EP2012/055123
synthesised, which is useful for production of, e.g., variants in small scale, but not suitable for

large scale production. Heterologous production in E. coli of Brazzein or variants of Brazzein
has been described (see, e.g., Assadi-Porter, F. M. ef al. (2000) Arch. Biochem. Biophys.
376(2): 252-258; W0O2008112475). The bacterial system is ideal for structural investigations
because it is easy to manipulate genetically and well suited for isotopic labelling. Expression of
plant proteins from E. coli may be performed using the advantage of forming inclusion bodies
inside the cell that can quite easily be separated from host proteins. However, proteins unfold
and precipitate in inclusion bodies, and controlling correct S-S bond formation after
resolubilization and refolding is not always easy (see, e.g., Tamas and Shewry (2006) Journal of
Cereal Science 43. 259-274). Also, heterologous protein expression using inclusion bodies
normally requires a number of purification steps which make such systems less suitable for
industrial scale production.

Genetic engineering into plants, such as maize or wheat, has also been described.
Brazzein-containing germ flour from maize has been demonstrated useful as a low-intensity
sweetener providing a low-calorie alternative to sucrose, which also gives the intrinsic bulking
properties necessary to replace the volume lost on removal of sugar. Also, a high-intensity
sweetener based on corn-expressed Brazzein could potentially be provided from enrichment of
such material, which would extend the range of product applications (Lamphear, Barry J. et al.
(2005) Piant Biotechnology Journal 3(1): 103-114).

Commercial-scale production of purified Brazzein to be used as high-intensity sweetener
may be more economic from a microbial system, though. But, in general, industrial production of
plant proteins from microbial systems is not straightforward, and obtaining a correctly folded
plant protein in high yield from a microorganism may be challenging and is not always possible.
One factor which may complicate heterologous expression of Brazzein from a microbial system
is the small size of the protein. Another factor is the existence of numerous cysteine residues
because of, e.g., the possibility of non-native S-S bond formation, possibly leading to loss of
function or to intermolecular aggregation, e.g., during secretion. Thaumatin, which is another
sweet protein originating from a plant, has been successfully expressed intracellularly in yeast in
considerable quantities; however the yeast cells lacked the ability to process this molecule into
a functional protein having sweet taste (Lee, J.-H. et al. (1988) Biochemistry 27: 5101-5107).

Plasmid-carried Brazzein-encoding genes have been expressed in Lactococcus lactis
and Lactococcus reuteri to produce sweet-tasting lactic acid bacteria. (Berlec A. et a/, 2006,
Appl Microbiol Biotechnol 73:158-165; Berlec A. et al/, 2008, Lett Appl Microbiol 46: 227-231,
Berlec and Strukelj, 2009, Lett Appl Microbiol 48(6): 750-755; as well as published Korean
patent application KR 2011135728).

Brazzein has been expressed both with and without a signal peptide in E. coli but only

the form without the signal peptide was sweet. A single amino-acid substitution (His31>Ala)
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mutant and non-secreted form of Brazzein was expressed without a signal peptide in Bacillus

subtilis, it was necessary to break the cells by sonication to release the Brazzein (Zhang Y. et
al., (2009) J Fudan University (Natural Science) 48(1): 135-141).

Brazzein has been expressed in a filamentous fungal Aspergillus host cell (WO
2011/015633; Novozymes A/S). However, attempts to express genetically optimized synthetic
Brazzein in yeast were unsuccessful (Guan, Z., Hellekant, G., and Yan, W. 1995. Chem.
Senses 20, 701).

The full-length amino acid sequence of Brazzein is available from Uniprot Accession
number: P56552.

One purpose for the present inventors has been to identify a method for production of
Brazzein to be used as a high-intensity sweetener which can be performed in industrial scale.
Industrial scale production at low cost requires that the protein is expressed in high yield and
can easily be purified in a functionally folded 3-dimensional form possessing at least the same
sweetness as the natural product.

New methods for efficient improved production of Brazzein remain desirable.

SUMMARY OF THE INVENTION
The invention provides, in a first aspect, a Gram-positive host cell transformed with a
polynucleotide encoding a sweet-tasting polypeptide, selected from the group consisting of:

(a) a polypeptide comprising an amino acid sequence having at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to the mature polypeptide of SEQ ID NO:48;

(b) a polypeptide encoded by a polynucleotide that hybridizes under medium stringency
conditions, medium-high stringency conditions, high stringency conditions, or very high
stringency conditions with (i) the mature polypeptide coding sequence of SEQ ID NO:47, or
(ii) the full-length complement of (i);

(c) a polypeptide encoded by a polynucleotide comprising a nucleotide sequence having at
least 70%, at least 75%, at least 80%, at least 85%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to the mature polypeptide coding
sequence of SEQ ID NO:47,

(d) a variant of the mature polypeptide of SEQ ID NO:48 comprising a substitution, deletion,
and/or insertion at one or more positions; and

(e) fragment of the polypeptide of (a), (b), (¢) or (d) that is sweet-tasting.

In a second aspect, the invention relates to a method of producing a sweet tasting

polypeptide, comprising:
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(a) cultivating the host cell of the first aspect under conditions conducive for production of the

polypeptide; and
(b) recovering the polypeptide.

DEFINITIONS

Coding sequence: The term “coding sequence” means a polynucleotide, which directly
specifies the amino acid sequence of a polypeptide. The boundaries of the coding sequence are
generally determined by an open reading frame, which begins with a start codon such as ATG,
GTG, or TTG and ends with a stop codon such as TAA, TAG, or TGA. The coding sequence
may be a genomic DNA, cDNA, synthetic DNA, or a combination thereof.

Control sequences: The term “control sequences” means nucleic acid sequences
necessary for expression of a polynucleotide encoding a mature polypeptide of the present
invention. Each control sequence may be native (i.e., from the same gene) or foreign (i.e., from
a different gene) to the polynucleotide encoding the polypeptide or native or foreign to each
other. Such control sequences include, but are not limited to, a leader, polyadenylation
sequence, propeptide sequence, promoter, signal peptide sequence, and transcription
terminator. At a minimum, the control sequences include a promoter, and transcriptional and
translational stop signals. The control sequences may be provided with linkers for the purpose
of introducing specific restriction sites facilitating ligation of the control sequences with the
coding region of the polynucleotide encoding a polypeptide.

Expression: The term “expression” includes any step involved in the production of a
polypeptide including, but not limited to, transcription, post-transcriptional modification,
translation, post-translational modification, and secretion.

Expression vector: The term “expression vector” means a linear or circular DNA
molecule that comprises a polynucleotide encoding a polypeptide and is operably linked to
control sequences that provide for its expression.

Fragment: The term “fragment” means a polypeptide having one or more (e.g., several)
amino acids deleted from the amino and/or carboxyl terminus of a mature polypeptide; wherein
the fragment is sweet tasting.

PrsA protein: The PrsA protein of the secretion machinery of B. subtilis was disclosed
in Kontinen, V.P. and Sarvas, M. (1988, J. Gen. Microbiol., 134:2333-2344) and Kontinen, V.P.,
et al. (1991, Mol. Microbiol. 5:1273 1283) as well as in WO 94/019471 (Novozymes A/S). The
prsA gene, which encodes the PrsA protein, was initially defined by nonlethal mutations that
decreased the secretion of several exoproteins (Kontinen, V.P. and Sarvas, M., (1988) J. Gen.
Microbiol., 134:2333-2344). Based on the DNA sequence of the cloned prsA gene and
subsequent work with this gene and protein, it was asserted that prsA encodes a protein (PrsA)

that acts as a chaperone, and is translocated across the cytoplasmic membrane. The PrsA
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protein has been found to possess a limited amount of sequence homology (about 30%) with

the PrtM protein of Lactococcus lactis, a protein proposed to assist the maturation of an
exported serine protease (Haandrikman, A.J., et al, (1989) J. Bacteriol., 171:2789-2794; Vos,
P., etal., (1989) J. Bacteriol., 171:2795 2802).

Host cell: The term "host cell" means any cell type that is susceptible to transformation,
transfection, transduction, or the like with a nucleic acid construct or expression vector
comprising a polynucleotide of the present invention. The term “host cell” encompasses any
progeny of a parent cell that is not identical to the parent cell due to mutations that occur during
replication.

Isolated or purified: The term ‘“isolated” or “purified” means a polypeptide or
polynucleotide that is removed from at least one component with which it is naturally associated.
For example, a polypeptide may be at least 1% pure, e.g., at least 5% pure, at least 10% pure,
at least 20% pure, at least 40% pure, at least 60% pure, at least 80% pure, at least 90% pure,
or at least 95% pure, as determined by SDS-PAGE, and a polynucleotide may be at least 1%
pure, e.g., at least 5% pure, at least 10% pure, at least 20% pure, at least 40% pure, at least
60% pure, at least 80% pure, at least 90% pure, or at least 95% pure, as determined by
agarose electrophoresis.

Mature polypeptide: The term “mature polypeptide” means a polypeptide in its final
form following translation and any post-translational modifications, such as N-terminal
processing. In one aspect, the mature polypeptide is the 1-53 of SEQ ID NO:48. It is known in
the art that a host cell may produce a mixture of two of more different mature polypeptides (i.e.,
with a different C-terminal and/or N-terminal amino acid) expressed by the same polynucleotide.

Mature polypeptide coding sequence: The term “mature polypeptide coding
sequence” means a polynucleotide that encodes a mature sweet-tasting polypeptide.

Nucleic acid construct: The term "nucleic acid construct' means a nucleic acid
molecule, either single- or double-stranded, which is isolated from a naturally occurring gene or
is modified to contain segments of nucleic acids in a manner that would not otherwise exist in
nature or which is synthetic, which comprises one or more control sequences.

Operably linked: The term “operably linked” means a configuration in which a control
sequence is placed at an appropriate position relative to the coding sequence of a
polynucleotide such that the control sequence directs the expression of the coding sequence.

Sequence identity: The relatedness between two amino acid sequences or between
two nucleotide sequences is described by the parameter “sequence identity”.

For purposes of the present invention, the sequence identity between two amino acid
sequences is determined using the Needleman-Wunsch algorithm (Needleman and Wunsch,
1970, J. Mol. Biol. 48: 443-453) as implemented in the Needle program of the EMBOSS
package (EMBOSS: The European Molecular Biology Open Software Suite, Rice et al., 2000,
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Trends Genet. 16: 276-277), preferably version 5.0.0 or later. The parameters used are gap

open penalty of 10, gap extension penalty of 0.5, and the EBLOSUM62 (EMBOSS version of
BLOSUMG2) substitution matrix. The output of Needle labeled “longest identity” (obtained using
the —nobrief option) is used as the percent identity and is calculated as follows:

(Identical Residues x 100)/(Length of Alignment — Total Number of Gaps in Alignment)

For purposes of the present invention, the sequence identity between two
deoxyribonucleotide sequences is determined using the Needleman-Wunsch algorithm
(Needleman and Wunsch, 1970, supra) as implemented in the Needle program of the EMBOSS
package (EMBOSS: The European Molecular Biology Open Software Suite, Rice ef al., 2000,
supra), preferably version 5.0.0 or later. The parameters used are gap open penalty of 10, gap
extension penalty of 0.5, and the EDNAFULL (EMBOSS version of NCBI NUC4.4) substitution
matrix. The output of Needle labeled “longest identity” (obtained using the —nobrief option) is
used as the percent identity and is calculated as follows:

(Identical Deoxyribonucleotides x 100)/(Length of Alignment — Total Number of Gaps in
Alignment)

Subsequence: The term “subsequence” means a polynucleotide having one or more
(e.qg., several) nucleotides deleted from the 5' and/or 3' end of a mature polypeptide coding
sequence; wherein the subsequence encodes a sweet-tasting fragment.

Variant: The term “variant” means a sweet-tasting polypeptide comprising an alteration,
i.e., a substitution, insertion, and/or deletion of one or more (e.g., several) amino acid residues
at one or more positions. A substitution means a replacement of the amino acid occupying a
position with a different amino acid; a deletion means removal of the amino acid occupying a
position; and an insertion means adding an amino acid adjacent to the amino acid occupying a

position.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 shows the outline of the various PCR constructs made in the Examples section

with a reference to the relevant Example no. for each construct.

DETAILED DESCRIPTION OF THE INVENTION

Sweet-Tasting Polypeptides
The first aspect of the invention relates to a Gram-positive host cell transformed with a
polynucleotide encoding a sweet-tasting polypeptide, selected from the group consisting of:
(a) a polypeptide comprising an amino acid sequence having at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
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94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%

sequence identity to the mature polypeptide of SEQ ID NO:48;

(b) a polypeptide encoded by a polynucleotide that hybridizes under medium stringency
conditions, medium-high stringency conditions, high stringency conditions, or very high
stringency conditions with (i) the mature polypeptide coding sequence of SEQ ID NO:47, or
(ii) the full-length complement of (i);

(c) a polypeptide encoded by a polynucleotide comprising a nucleotide sequence having at
least 70%, at least 75%, at least 80%, at least 85%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to the mature polypeptide coding
sequence of SEQ ID NO:47,

(d) a variant of the mature polypeptide of SEQ ID NO:48 comprising a substitution, deletion,
and/or insertion at one or more positions; and

(e) afragment of the polypeptide of (a), (b), (c) or (d) that is sweet-tasting.

A preferred embodiment relates to the host cell of the first aspect, wherein the
polypeptide comprises the amino acid sequence of the mature polypeptide shown in SEQ ID
NO:48; preferably the polypeptide consists of the amino acid sequence of the mature
polypeptide shown in SEQ ID NO:48 which is also known as des-Brazzein or des-pGin1
Brazzein, where the N-terminal Glutamine amino acid is missing compared to SEQ ID NO:33.
Des-Brazzein is what is produced, after maturation, from the synthetic construct of SEQ ID
NO:47 and it is sweeter than full-length Brazzein.

Even more preferably, the polypeptide comprises the amino acid sequence shown in
SEQ ID NO:33 or consists of the amino acid sequence shown in SEQ ID NO:33 which is the
full-length form of Brazzein.

In another preferred embodiment, the polypeptide comprises the amino acid substitution
(His31>Ala).

Another preferred embodiment relates to the host cell of the first aspect, wherein the
expression of at least one endogenous protease enzyme has been reduced or inactivated;
preferably the expression of at least one intracellular, extracellular or cell-wall-associated
protease has been reduced or inactivated; more preferably the expression of intracellular serine
protease, IspA, has been reduced or inactivated and/or the expression of one or more
extracellular protease selected from the group of AprE, NprE, Bpf, Mpr, Epr, NprB, Bpr and Vpr,
has been reduced or inactivated and/or the expression of at least the cell-wall-associated
protease, WprA, has been reduced or inactivated.

Further, in a preferred embodiment, the expression of at least one of the following

endogenous gene-products have been reduced or inactivated: SigF, AmyE and surfactin.
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One very well-known way of reducing or inactivating the expression of a polypeptide in a

host cell is to partially or fully delete the corresponding encoding gene(s). Accordingly, it is
preferred, that said expression of the above-mentioned activities has been reduced or
inactivated by partial or full deletion of the respective encoding gene(s).

A preferred embodiment relates to the host cell of the first aspect, wherein the
chaperone protein, PrsA, is expressed; preferably the chaperone protein, PrsA, is over-
expressed, such as, outlined in the Examples below.

In an embodiment, the present invention relates to isolated polypeptides having a
sequence identity to the mature polypeptide of SEQ ID NO:48 of at least 60%, e.g., at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100%, which are sweet-tasting. In one aspect, the polypeptides differ by no more than
ten amino acids, e.g., nine amino acids, eight amino acids, seven amino acids, six amino acids,
five amino acids, four amino acids, three amino acids, two amino acids, or one amino acid from
the mature polypeptide of SEQ ID NO:48.

A polypeptide of the present invention preferably comprises or consists of the amino acid
sequence of SEQ ID NO:48 or an allelic variant thereof; or is a sweet-tasting fragment thereof.
In another aspect, the polypeptide comprises or consists of the mature polypeptide of SEQ ID
NO:48.

In another embodiment, the present invention relates to isolated sweet-tasting
polypeptides that are encoded by a polynucleotide that hybridizes under very low stringency
conditions, low stringency conditions, medium stringency conditions, medium-high stringency
conditions, high stringency conditions, or very high stringency conditions with (i) the mature
polypeptide coding sequence of SEQ ID NO:47, or (i) the full-length complement of (i)
(Sambrook et al., 1989, Molecular Cloning, A Laboratory Manual, 2d edition, Cold Spring
Harbor, New York).

The polynucleotide of SEQ ID NO:47 or a subsequence thereof, as well as the mature
polypeptide of SEQ ID NO:48 or a fragment thereof, may be used to design nucleic acid probes
to identify and clone DNA encoding sweet-tasting polypeptides from strains of different genera
or species according to methods well known in the art. In particular, such probes can be used
for hybridization with the genomic DNA or cDNA of a cell of interest, following standard
Southern blotting procedures, in order to identify and isolate the corresponding gene therein.
Such probes can be considerably shorter than the entire sequence, but should be at least 15,
e.g., at least 25, at least 35, or at least 70 nucleotides in length. Preferably, the nucleic acid
probe is at least 100 nucleotides in length, e.g., at least 200 nucleotides, at least 300
nucleotides, at least 400 nucleotides, at least 500 nucleotides, at least 600 nucleotides, at least

700 nucleotides, at least 800 nucleotides, or at least 900 nucleotides in length. Both DNA and
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RNA probes can be used. The probes are typically labeled for detecting the corresponding gene

(for example, with **P, °H, **S, biotin, or avidin). Such probes are encompassed by the present
invention.

A genomic DNA or cDNA library prepared from such other strains may be screened for
DNA that hybridizes with the probes described above and encodes a sweet-tasting polypeptide.
Genomic or other DNA from such other strains may be separated by agarose or polyacrylamide
gel electrophoresis, or other separation techniques. DNA from the libraries or the separated
DNA may be transferred to and immobilized on nitrocellulose or other suitable carrier material.
In order to identify a clone or DNA that is homologous with the mature peptide-encoding part of
SEQ ID NO:47 or a subsequence thereof, the carrier material is preferably used in a Southern
blot.

For purposes of the present invention, hybridization indicates that the polynucleotide
hybridizes to a labeled nucleic acid probe corresponding to (i) SEQ ID NO:1; (ii) the mature
polypeptide coding sequence of SEQ ID NO:47; (iii) the full-length complement thereof; or (v) a
subsequence thereof; under very low to very high stringency conditions. Molecules to which the
nucleic acid probe hybridizes under these conditions can be detected using, for example, X-ray
film.

In one aspect, the nucleic acid probe is a polynucleotide that encodes the polypeptide of
SEQ ID NO:48; the mature polypeptide thereof; or a fragment thereof. In another aspect, the
nucleic acid probe is mature polypeptide-encoding part of SEQ ID NO:47.

For probes of at least 100 nucleotides in length, very low stringency conditions are
defined as prehybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS, 200
micrograms/ml sheared and denatured salmon sperm DNA, and 25% formamide, following
standard Southern blotting procedures for 12 to 24 hours optimally. The carrier material is finally
washed three times each for 15 minutes using 2X SSC, 0.2% SDS at 45°C.

For probes of at least 100 nucleotides in length, low stringency conditions are defined as
prehybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS, 200 micrograms/ml sheared
and denatured salmon sperm DNA, and 25% formamide, following standard Southern blotting
procedures for 12 to 24 hours optimally. The carrier material is finally washed three times each
for 15 minutes using 2X SSC, 0.2% SDS at 50°C.

For probes of at least 100 nucleotides in length, medium stringency conditions are
defined as prehybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS, 200
micrograms/ml sheared and denatured salmon sperm DNA, and 35% formamide, following
standard Southern blotting procedures for 12 to 24 hours optimally. The carrier material is finally
washed three times each for 15 minutes using 2X SSC, 0.2% SDS at 55°C.

For probes of at least 100 nucleotides in length, medium-high stringency conditions are

defined as prehybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS, 200
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micrograms/ml sheared and denatured salmon sperm DNA, and either 35% formamide,

following standard Southern blotting procedures for 12 to 24 hours optimally. The carrier
material is finally washed three times each for 15 minutes using 2X SSC, 0.2% SDS at 60°C.

For probes of at least 100 nucleotides in length, high stringency conditions are defined
as prehybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS, 200 micrograms/ml
sheared and denatured salmon sperm DNA, and 50% formamide, following standard Southern
blotting procedures for 12 to 24 hours optimally. The carrier material is finally washed three
times each for 15 minutes using 2X SSC, 0.2% SDS at 65°C.

For probes of at least 100 nucleotides in length, very high stringency conditions are
defined as prehybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS, 200
micrograms/ml sheared and denatured salmon sperm DNA, and 50% formamide, following
standard Southern blotting procedures for 12 to 24 hours optimally. The carrier material is finally
washed three times each for 15 minutes using 2X SSC, 0.2% SDS at 70°C.

In another embodiment, the present invention relates to isolated sweet-tasting
polypeptides encoded by polynucleotides having a sequence identity to the mature polypeptide
coding sequence of SEQ ID NO:47 of at least 60%, e.g., at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%.

In another embodiment, the present invention relates to variants of the mature
polypeptide of SEQ ID NO:48 comprising a substitution, deletion, and/or insertion at one or
more (e.g., several) positions. Preferably, amino acid changes are of a minor nature, that is
conservative amino acid substitutions or insertions that do not significantly affect the folding
and/or activity of the protein; small deletions, typically of one to about 30 amino acids; small
amino- or carboxyl-terminal extensions, such as an amino-terminal methionine residue; a small
linker peptide of up to about 20-25 residues; or a small extension that facilitates purification by
changing net charge or another function, such as a poly-histidine tract, an antigenic epitope or a
binding domain.

Examples of conservative substitutions are within the groups of basic amino acids
(arginine, lysine and histidine), acidic amino acids (glutamic acid and aspartic acid), polar amino
acids (glutamine and asparagine), hydrophobic amino acids (leucine, isoleucine and valine),
aromatic amino acids (phenylalanine, tryptophan and tyrosine), and small amino acids (glycine,
alanine, serine, threonine and methionine). Amino acid substitutions that do not generally alter
specific activity are known in the art and are described, for example, by H. Neurath and R.L. Hill,
1979, In, The Proteins, Academic Press, New York. Common substitutions are Ala/Ser, Val/lle,
Asp/Glu, Thr/Ser, Ala/Gly, Ala/Thr, Ser/Asn, Ala/Val, Ser/Gly, Tyr/Phe, Ala/Pro, Lys/Arg,
Asp/Asn, Leu/lle, Leu/Val, Ala/Glu, and Asp/Gly.
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Alternatively, the amino acid changes are of such a nature that the physico-chemical

properties of the polypeptides are altered. For example, amino acid changes may improve the
thermal stability of the polypeptide, alter the substrate specificity, change the pH optimum, and
the like.

Essential amino acids in a polypeptide can be identified according to procedures known
in the art, such as site-directed mutagenesis or alanine-scanning mutagenesis (Cunningham
and Wells, 1989, Science 244: 1081-1085). In the latter technique, single alanine mutations are
introduced at every residue in the molecule, and the resultant mutant molecules are tested for
sweetness to identify amino acid residues that are critical to the activity of the molecule. See
also, Hilton et al., 1996, J. Biol. Chem. 271: 4699-4708. The active site of the enzyme or other
biological interaction can also be determined by physical analysis of structure, as determined by
such techniques as nuclear magnetic resonance, crystallography, electron diffraction, or
photoaffinity labeling, in conjunction with mutation of putative contact site amino acids. See, for
example, de Vos et al., 1992, Science 255: 306-312; Smith ef a/., 1992, J. Mol. Biol. 224: 899-
904; Wlodaver et al., 1992, FEBS Lett. 309: 59-64. The identity of essential amino acids can
also be inferred from an alignment with a related polypeptide.

Single or multiple amino acid substitutions, deletions, and/or insertions can be made and
tested using known methods of mutagenesis, recombination, and/or shuffling, followed by a
relevant screening procedure, such as those disclosed by Reidhaar-Olson and Sauer, 1988,
Science 241: 53-57; Bowie and Sauer, 1989, Proc. Natl. Acad. Sci. USA 86: 2152-2156;
WO 95/17413; or WO 95/22625. Other methods that can be used include error-prone PCR,
phage display (e.g., Lowman et al., 1991, Biochemistry 30: 10832-10837; U.S. Patent No.
5,223,409; WO 92/06204), and region-directed mutagenesis (Derbyshire et al., 1986, Gene 46:
145; Ner et al., 1988, DNA 7: 127).

Mutagenesis/shuffling methods can be combined with high-throughput, automated
screening methods to detect activity of cloned, mutagenized polypeptides expressed by host
cells (Ness et al., 1999, Nature Biotechnology 17: 893-896). Mutagenized DNA molecules that
encode active polypeptides can be recovered from the host cells and rapidly sequenced using
standard methods in the art. These methods allow the rapid determination of the importance of
individual amino acid residues in a polypeptide.

In an embodiment, the number of amino acid substitutions, deletions and/or insertions
introduced into the mature polypeptide of SEQ ID NO:48 is not more than 10, e.g., 1, 2, 3, 4, 5,
6,7,80r9.

The polypeptide may be a hybrid polypeptide in which a region of one polypeptide is
fused at the N-terminus or the C-terminus of a region of another polypeptide.

The polypeptide may be a fusion polypeptide or cleavable fusion polypeptide in which

another polypeptide is fused at the N-terminus or the C-terminus of the polypeptide of the
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present invention. A fusion polypeptide is produced by fusing a polynucleotide encoding another

polypeptide to a polynucleotide of the present invention. Techniques for producing fusion
polypeptides are known in the art, and include ligating the coding sequences encoding the
polypeptides so that they are in frame and that expression of the fusion polypeptide is under
control of the same promoter(s) and terminator. Fusion polypeptides may also be constructed
using intein technology in which fusion polypeptides are created post-translationally (Cooper et
al., 1993, EMBO J. 12: 2575-2583; Dawson et al., 1994, Science 266: 776-779).

A fusion polypeptide can further comprise a cleavage site between the two polypeptides.
Upon secretion of the fusion protein, the site is cleaved releasing the two polypeptides.
Examples of cleavage sites include, but are not limited to, the sites disclosed in Martin et al.,
2003, J. Ind. Microbiol. Biotechnol. 3: 568-576; Svetina ef al., 2000, J. Biotechnol. 76: 245-251;
Rasmussen-Wilson et al., 1997, Appl. Environ. Microbiol. 63. 3488-3493; Ward et al., 1995,
Biotechnology 13: 498-503; and Contreras et al., 1991, Biotechnology 9: 378-381; Eaton et al.,
1986, Biochemistry 25: 505-512; Collins-Racie ef al., 1995, Biotechnology 13:. 982-987; Carter
et al., 1989, Proteins: Structure, Function, and Genetics 6. 240-248; and Stevens, 2003, Drug
Discovery World 4: 35-48.

In a preferred embodiment, the host cell of the present invention is not a Lactococcus
lactis cell, a Lactobacillus reuteri cell or a Bacillus subtilis cell transformed with at least one

extrachromosomal element or plasmid comprising a polynucleotide encoding Brazzein.

Sources of Sweet-Tasting Polypeptides

A sweet-tasting polypeptide of the present invention may be obtained from plants or
other organisms or microorganisms of any genus. For purposes of the present invention, the
term “obtained from” as used herein in connection with a given source shall mean that the
polypeptide encoded by a polynucleotide is produced by the source or by a strain in which the
polynucleotide from the source has been inserted. In one aspect, the polypeptide obtained from
a given source is secreted extracellularly.

The polypeptide may be a bacterial polypeptide. For example, the polypeptide may be a
Gram-positive bacterial polypeptide such as a Bacillus, Clostridium, Enterococcus, Geobacillus,
Lactobacillus, Lactococcus, Oceanobacillus, Staphylococcus, Streptococcus, or Streptomyces
polypeptide, or a Gram-negative bacterial polypeptide such as a Campylobacter, E. coli,
Flavobacterium, Fusobacterium, Helicobacter, llyobacter, Neisseria, Pseudomonas, Salmonella,
or Ureaplasma polypeptide.

In one aspect, the polypeptide is a Bacillus alkalophilus, Bacillus amyloliquefaciens,
Bacillus brevis, Bacillus circulans, Bacillus clausii, Bacillus coagulans, Bacillus firmus, Bacillus
lautus, Bacillus lentus, Bacillus licheniformis, Bacillus megaterium, Bacillus pumilus, Bacillus

stearothermophilus, Bacillus subtilis, or Bacillus thuringiensis polypeptide.
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In another aspect, the polypeptide is a Streptococcus equisimilis, Streptococcus

pyogenes, Streptococcus uberis, or Streptococcus equi subsp. Zooepidemicus polypeptide.

In another aspect, the polypeptide is a Streptomyces achromogenes, Streptomyces
avermitilis, Streptomyces coelicolor, Streptomyces griseus, or Streptomyces lividans
polypeptide.

The polypeptide may also be a fungal polypeptide. For example, the polypeptide may be
a yeast polypeptide such as a Candida, Kluyveromyces, Pichia, Saccharomyces,
Schizosaccharomyces, or Yarrowia polypeptide; or a filamentous fungal polypeptide such as an
Acremonium, Agaricus, Alternaria, Aspergillus, Aureobasidium, Botryospaeria, Ceriporiopsis,
Chaetomidium, Chrysosporium, Claviceps, Cochliobolus, Coprinopsis, Coptotermes,
Corynascus, Cryphonectria, Cryptococcus, Diplodia, Exidia, Filibasidium, Fusarium, Gibberella,
Holomastigotoides, Humicola, Irpex, Lentinula, Leptospaeria, Magnaporthe, Melanocarpus,
Meripilus, Mucor, Myceliophthora, Neocallimastix, Neurospora, Paecilomyces, Penicillium,
Phanerochaete, Piromyces, Poitrasia, Pseudoplectania, Pseudotrichonympha, Rhizomucor,
Schizophyllum,  Scytalidium, Talaromyces, Thermoascus, Thielavia, Tolypocladium,
Trichoderma, Trichophaea, Verticillium, Volvariella, or Xylaria polypeptide.

In another aspect, the polypeptide is a Saccharomyces carisbergensis, Saccharomyces
cerevisiae, Saccharomyces diastaticus, Saccharomyces douglasii, Saccharomyces kluyveri,
Saccharomyces norbensis, or Saccharomyces oviformis polypeptide.

In another aspect, the polypeptide is an Acremonium cellulolyticus, Aspergillus
aculeatus, Aspergillus awamori, Aspergillus foetidus, Aspergillus fumigatus, Aspergillus
Japonicus, Aspergillus nidulans, Aspergillus niger, Aspergillus oryzae, Chrysosporium inops,
Chrysosporium  keratinophilum, Chrysosporium [lucknowense, Chrysosporium merdarium,
Chrysosporium  pannicola, Chrysosporium queenslandicum, Chrysosporium  tropicum,
Chrysosporium zonatum, Fusarium bactridioides, Fusarium cerealis, Fusarium crookwellense,
Fusarium culmorum, Fusarium graminearum, Fusarium graminum, Fusarium heterosporum,
Fusarium negundi, Fusarium oxysporum, Fusarium reticulatum, Fusarium roseum, Fusarium
sambucinum, Fusarium sarcochroum, Fusarium sporotrichioides, Fusarium sulphureum,
Fusarium torulosum, Fusarium ftrichothecioides, Fusarium venenatum, Humicola grisea,
Humicola insolens, Humicola lanuginosa, Irpex lacteus, Mucor miehei, Myceliophthora
thermophila, Neurospora crassa, Penicillium funiculosum, Penicillium purpurogenum,
Phanerochaete chrysosporium, Thielavia achromatica, Thielavia albomyces, Thielavia
albopilosa, Thielavia australeinsis, Thielavia fimeti, Thielavia microspora, Thielavia ovispora,
Thielavia peruviana, Thielavia setosa, Thielavia spededonium, Thielavia subthermophila,
Thielavia  terrestris, Trichoderma  harzianum, Trichoderma  koningii,  Trichoderma

longibrachiatum, Trichoderma reesei, or Trichoderma viride polypeptide.
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It will be understood that for the aforementioned species the invention encompasses

both the perfect and imperfect states, and other taxonomic equivalents, e.g., anamorphs,
regardless of the species name by which they are known. Those skilled in the art will readily
recognize the identity of appropriate equivalents.

Strains of these species are readily accessible to the public in a number of culture
collections, such as the American Type Culture Collection (ATCC), Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH (DSMZ), Centraalbureau Voor Schimmelcultures
(CBS), and Agricultural Research Service Patent Culture Collection, Northern Regional
Research Center (NRRL).

The polypeptide may be identified and obtained from other sources including
microorganisms or plants isolated from nature (e.g., soil, composts, water, etc.) using the
above-mentioned probes. Techniques for isolating microorganisms from natural habitats are
well known in the art. A polynucleotide encoding the polypeptide may then be obtained by
similarly screening a genomic DNA or cDNA library of another microorganism or plant or of a
mixed DNA sample. Once a polynucleotide encoding a polypeptide has been detected with the
probe(s), the polynucleotide can be isolated or cloned by utilizing techniques that are well

known to those of ordinary skill in the art (see, e.g., Sambrook et al., 1989, supra).

Polynucleotides

The present invention also relates to isolated polynucleotides encoding a sweet-tasting
polypeptide of the present invention, as described above.

The techniques used to isolate or clone a polynucleotide encoding a polypeptide are
known in the art and include isolation from genomic DNA or cDNA, or a combination thereof.
The cloning of the polynucleotides from genomic DNA can be effected, e.g., by using the well
known polymerase chain reaction (PCR) or antibody screening of expression libraries to detect
cloned DNA fragments with shared structural features. See, e.g., Innis ef al., 1990, PCR: A
Guide to Methods and Application, Academic Press, New York. Other nucleic acid amplification
procedures such as ligase chain reaction (LCR), ligation activated transcription (LAT) and
polynucleotide-based amplification (NASBA) may be used. The polynucleotides may be cloned
from a plant, or a related organism and thus, for example, may be an allelic or species variant of
the polypeptide encoding region of the polynucleotide.

Modification of a polynucleotide encoding a polypeptide of the present invention may be
necessary for synthesizing polypeptides substantially similar to the polypeptide. The term
“substantially similar’ to the polypeptide refers to non-naturally occurring forms of the
polypeptide. These polypeptides may differ in some engineered way from the polypeptide
isolated from its native source, e.g., variants that differ in specific activity, thermostability, pH

optimum, or the like. The variants may be constructed on the basis of the polynucleotide
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presented as the mature polypeptide coding sequence of SEQ ID NO:47, e.g., a subsequence

thereof, and/or by introduction of nucleotide substitutions that do not result in a change in the
amino acid sequence of the polypeptide, but which correspond to the codon usage of the host
organism intended for production of the enzyme, or by introduction of nucleotide substitutions
that may give rise to a different amino acid sequence. For a general description of nucleotide

substitution, see, e.qg., Ford et al., 1991, Protein Expression and Purification 2: 95-107.

Nucleic Acid Constructs

The present invention also relates to nucleic acid constructs comprising a polynucleotide
of the present invention operably linked to one or more control sequences that direct the
expression of the coding sequence in a suitable host cell under conditions compatible with the
control sequences.

A polynucleotide may be manipulated in a variety of ways to provide for expression of
the polypeptide. Manipulation of the polynucleotide prior to its insertion into a vector may be
desirable or necessary depending on the expression vector. The techniques for modifying
polynucleotides utilizing recombinant DNA methods are well known in the art.

The control sequence may be a promoter sequence, a polynucleotide that is recognized
by a host cell for expression of a polynucleotide encoding a polypeptide of the present
invention. The promoter sequence contains transcriptional control sequences that mediate the
expression of the polypeptide. The promoter may be any polynucleotide that shows
transcriptional activity in the host cell of choice including mutant, truncated, and hybrid
promoters, and may be obtained from genes encoding extracellular or intracellular polypeptides
either homologous or heterologous to the host cell.

Examples of suitable promoters for directing transcription of the nucleic acid constructs
of the present invention in a bacterial host cell are the promoters obtained from the Bacillus
amyloliquefaciens alpha-amylase gene (amyQ), Bacillus licheniformis alpha-amylase gene
(amyL), Bacillus licheniformis penicillinase gene (penP), Bacillus stearothermophilus maltogenic
amylase gene (amyM), Bacillus subtilis levansucrase gene (sacB), Bacillus subtilis xylA and
xylB genes, E. coli lac operon, E. coli trc promoter (Egon et al., 1988, Gene 69: 301-315),
Streptomyces coelicolor agarase gene (dagA), and prokaryotic beta-lactamase gene (Villa-
Kamaroff et al., 1978, Proc. Natl. Acad. Sci. USA 75: 3727-3731), as well as the fac promoter
(DeBoer et al., 1983, Proc. Natl. Acad. Sci. USA 80: 21-25). Further promoters are described in
"Useful proteins from recombinant bacteria" in Gilbert ef al., 1980, Scientific American, 242: 74-
94; and in Sambrook et al., 1989, supra.

A preferred embodiment relates to the host cell of the first aspect, wherein the
polypeptide is expressed from an endogenous or an exogenous promoter; preferably the

polypeptide is expressed from a synthetic promoter.
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The control sequence may also be a suitable transcription terminator sequence, which is

recognized by a host cell to terminate transcription. The terminator sequence is operably linked
to the 3’-terminus of the polynucleotide encoding the polypeptide. Any terminator that is
functional in the host cell of choice may be used in the present invention.

The control sequence may also be a suitable leader sequence, when transcribed is a
nontranslated region of an mMRNA that is important for translation by the host cell. The leader
sequence is operably linked to the 5’-terminus of the polynucleotide encoding the polypeptide.
Any leader sequence that is functional in the host cell of choice may be used.

The control sequence may also be a polyadenylation sequence, a sequence operably
linked to the 3’-terminus of the polynucleotide and, when transcribed, is recognized by the host
cell as a signal to add polyadenosine residues to transcribed mRNA. Any polyadenylation
sequence that is functional in the host cell of choice may be used.

The control sequence may also be a signal peptide coding region that encodes a signal
peptide linked to the N-terminus of a polypeptide and directs the polypeptide into the cell’'s
secretory pathway. The 5-end of the coding sequence of the polynucleotide may inherently
contain a signal peptide coding sequence naturally linked in translation reading frame with the
segment of the coding sequence that encodes the polypeptide. Alternatively, the 5-end of the
coding sequence may contain a signal peptide coding sequence that is foreign to the coding
sequence. A foreign signal peptide coding sequence may be required where the coding
sequence does not naturally contain a signal peptide coding sequence. Alternatively, a foreign
signal peptide coding sequence may simply replace the natural signal peptide coding sequence
in order to enhance secretion of the polypeptide. However, any signal peptide coding sequence
that directs the expressed polypeptide into the secretory pathway of a host cell of choice may
be used.

Effective signal peptide coding sequences for bacterial host cells are the signal peptide
coding sequences obtained from the genes for Bacillus NCIB 11837 maltogenic amylase,
Bacillus  licheniformis  subtilisin, Bacillus  licheniformis  beta-lactamase, Bacillus
stearothermophilus alpha-amylase, Bacillus stearothermophilus neutral proteases (nprT, nprS,
nprM), and Bacillus subtilis prsA. Further signal peptides are described by Simonen and Palva,
1993, Microbiological Reviews 57: 109-137.

A preferred embodiment relates to the host cell of the first aspect, wherein the
polypeptide is expressed with a heterologous secretion signal peptide; preferably the secretion
signal peptide is the native Savinase secretion signal peptide shown in positions 1-27 of SEQ ID
NO:42, the synthetic LQ2 secretion signal peptide shown in positions 1-29 of SEQ ID NO:36 or
the altered Savinase signal peptide encoded by SEQ ID NO:49.

The control sequence may also be a propeptide coding sequence that encodes a

propeptide positioned at the N-terminus of a polypeptide. The resultant polypeptide is known as
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a proenzyme or propolypeptide (or a zymogen in some cases). A propolypeptide is generally

inactive and can be converted to an active polypeptide by catalytic or autocatalytic cleavage of
the propeptide from the propolypeptide. The propeptide coding sequence may be obtained from
the genes for Bacillus subtilis alkaline protease (aprE) or Bacillus subtilis neutral protease
(nprT).

Where both signal peptide and propeptide sequences are present at the N-terminus of a
polypeptide, the propeptide sequence is positioned next to the N-terminus of a polypeptide and
the signal peptide sequence is positioned next to the N-terminus of the propeptide sequence.

It may also be desirable to add regulatory sequences that regulate expression of the
polypeptide relative to the growth of the host cell. Examples of regulatory systems are those that
cause expression of the gene to be turned on or off in response to a chemical or physical
stimulus, including the presence of a regulatory compound. Regulatory systems in prokaryotic
systems include the /ac, tac, and trp operator systems. Other examples of regulatory sequences

are those that allow for gene amplification.

Expression Vectors

The present invention also relates to recombinant expression vectors comprising a
polynucleotide of the present invention, a promoter, and transcriptional and translational stop
signals. The various nucleotide and control sequences may be joined together to produce a
recombinant expression vector that may include one or more convenient restriction sites to
allow for insertion or substitution of the polynucleotide encoding the polypeptide at such sites.
Alternatively, the polynucleotide may be expressed by inserting the polynucleotide or a nucleic
acid construct comprising the sequence into an appropriate vector for expression. In creating
the expression vector, the coding sequence is located in the vector so that the coding sequence
is operably linked with the appropriate control sequences for expression.

The recombinant expression vector may be any vector (e.g., a plasmid or virus) that can
be conveniently subjected to recombinant DNA procedures and can bring about expression of
the polynucleotide. The choice of the vector will typically depend on the compatibility of the
vector with the host cell into which the vector is to be introduced. The vector may be a linear or
closed circular plasmid.

The vector may be an autonomously replicating vector, i.e., a vector that exists as an
extrachromosomal entity, the replication of which is independent of chromosomal replication,
e.g., a plasmid, an extrachromosomal element, a minichromosome, or an artificial chromosome.
The vector may contain any means for assuring self-replication. Alternatively, the vector may be
one that, when introduced into the host cell, is integrated into the genome and replicated

together with the chromosome(s) into which it has been integrated. Furthermore, a single vector
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or plasmid or two or more vectors or plasmids that together contain the total DNA to be

introduced into the genome of the host cell, or a transposon, may be used.

The vector preferably contains one or more selectable markers that permit easy
selection of transformed, transfected, transduced, or the like cells. A selectable marker is a
gene the product of which provides for biocide or viral resistance, resistance to heavy metals,
prototrophy to auxotrophs, and the like.

Examples of bacterial selectable markers are the da/ genes from Bacillus subtilis or
Bacillus licheniformis, or markers that confer antibiotic resistance such as ampicillin,
chloramphenicol, kanamycin, or tetracycline resistance.

The vector preferably contains an element(s) that permits integration of the vector into
the host cell's genome or autonomous replication of the vector in the cell independent of the
genome.

For integration into the host cell genome, the vector may rely on the polynucleotide’s
sequence encoding the polypeptide or any other element of the vector for integration into the
genome by homologous or non-homologous recombination. Alternatively, the vector may
contain additional polynucleotides for directing integration by homologous recombination into
the genome of the host cell at a precise location(s) in the chromosome(s). To increase the
likelihood of integration at a precise location, the integrational elements should contain a
sufficient number of nucleic acids, such as 100 to 10,000 base pairs, 400 to 10,000 base pairs,
and 800 to 10,000 base pairs, which have a high degree of sequence identity to the
corresponding target sequence to enhance the probability of homologous recombination. The
integrational elements may be any sequence that is homologous with the target sequence in the
genome of the host cell. Furthermore, the integrational elements may be non-encoding or
encoding polynucleotides. On the other hand, the vector may be integrated into the genome of
the host cell by non-homologous recombination.

For autonomous replication, the vector may further comprise an origin of replication
enabling the vector to replicate autonomously in the host cell in question. The origin of
replication may be any plasmid replicator mediating autonomous replication that functions in a
cell. The term “origin of replication” or “plasmid replicator” means a polynucleotide that enables
a plasmid or vector to replicate in vivo.

Examples of bacterial origins of replication are the origins of replication of plasmids
pBR322, pUC19, pACYC177, and pACYC184 permitting replication in E. coli, and pUB110,
pE194, pTA1060, and pAMR1 permitting replication in Bacillus.

More than one copy of a polynucleotide of the present invention may be inserted into a
host cell to increase production of a polypeptide. An increase in the copy number of the
polynucleotide can be obtained by integrating at least one additional copy of the sequence into

the host cell genome or by including an amplifiable selectable marker gene with the
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polynucleotide where cells containing amplified copies of the selectable marker gene, and

thereby additional copies of the polynucleotide, can be selected for by cultivating the cells in the
presence of the appropriate selectable agent.

Accordingly, a preferred embodiment relates to the host cell of the first aspect, which
comprises multiple polynucleotides encoding the sweet-tasting polypeptide; preferably the
multiple polynucleotides are identical copies; more preferably, the multiple polynucleotides
employ different codon usages and therefore have different nucleotide sequences while still
encoding the same polypeptide; this will improve their genomic stability since the will have a
reduced tendency to recombine with each other via homologous recombination.

It is preferred in the host cell of the first aspect, that the polynucleotide(s) encoding the
sweet-tasting polypeptide is/are comprised in the genome of the cell or located on an
extrachromosomal replicative expression vector.

The procedures used to ligate the elements described above to construct the
recombinant expression vectors of the present invention are well known to one skilled in the art

(see, e.g., Sambrook et al., 1989, supra).

Host Cells

The present invention also relates to recombinant host cells, comprising a polynucleotide
of the present invention operably linked to one or more control sequences that direct the
production of a polypeptide of the present invention. A construct or vector comprising a
polynucleotide is introduced into a host cell so that the construct or vector is maintained as a
chromosomal integrant or as a self-replicating extra-chromosomal vector as described earlier.
The term "host cell" encompasses any progeny of a parent cell that is not identical to the parent
cell due to mutations that occur during replication. The choice of a host cell will to a large extent
depend upon the gene encoding the polypeptide and its source.

The host cell may be any cell useful in the recombinant production of a polypeptide of
the present invention, e.g., a Gram-positive bacterium. Gram-positive bacteria include, but not
limited to, Bacillus, Clostridium, Enterococcus, Geobacillus, Lactobacillus, Lactococcus,
Oceanobacillus, Staphylococcus, Streptococcus, and Streptomyces.

The bacterial host cell may be any Bacillus cell including, but not limited to, Bacillus
alkalophilus, Bacillus amyloliquefaciens, Bacillus brevis, Bacillus circulans, Bacillus clausii,
Bacillus coagulans, Bacillus firmus, Bacillus lautus, Bacillus lentus, Bacillus licheniformis,
Bacillus megaterium, Bacillus pumilus, Bacillus stearothermophilus, Bacillus subtilis, and
Bacillus thuringiensis cells.

The bacterial host cell may also be any Streptococcus cell including, but not limited to,
Streptococcus equisimilis, Streptococcus pyogenes, Streptococcus uberis, and Streptococcus

equi subsp. Zooepidemicus cells.
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The bacterial host cell may also be any Streptomyces cell including, but not limited to,

Streptomyces achromogenes, Streptomyces avermitilis, Streptomyces coelicolor, Streptomyces
griseus, and Streptomyces lividans cells.

The introduction of DNA into a Bacillus cell may be effected by protoplast transformation
(see, e.g., Chang and Cohen, 1979, Mol. Gen. Genet. 168: 111-115), using competent cells
(see, e.g., Young and Spizizen, 1961, J. Bacteriol. 81: 823-829, or Dubnau and Davidoff-
Abelson, 1971, J. Mol. Biol. 56: 209-221), electroporation (see, e.g., Shigekawa and Dower,
1988, Biotechniques 6. 742-751), or conjugation (see, e.g., Koehler and Thorne, 1987, J.
Bacteriol. 169: 5271-5278). The introduction of DNA into a Streptomyces cell may be effected
by protoplast transformation and electroporation (see, e.g., Gong et al., 2004, Folia Microbiol.
(Praha) 49: 399-405), conjugation (see, e.g., Mazodier et al., 1989, J. Bacteriol. 171: 3583-
3585), or transduction (see, e.g., Burke et al., 2001, Proc. Natl. Acad. Sci. USA 98: 6289-6294).
The introduction of DNA into a Pseudomonas cell may be effected by electroporation (see, e.g.,
Choi et al., 2006, J. Microbiol. Methods 64: 391-397) or conjugation (see, e.g., Pinedo and
Smets, 2005, Appl. 