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DESCRIPTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application Serial No.
62/449,496, filed January 23, 2017.

FIELD OF THE INVENTION

[0002] The present disclosure is generally related to the fields of bacteriology, microbiology,
genetics, molecular biology, enzymology and the like. Certain embodiments are directed to
modified Bacillus licheniformis host cells comprising enhanced transformation efficiency and
methods thereof for obtaining genetic competence in Bacillus licheniformis host cells.

BACKGROUND OF THE INVENTION

[0003] The production of proteins (e.g., enzymes, antibodies, receptors, efc.) in microbial host
cells is of particular interest in the biotechnological arts. Likewise, the optimization of microbial
host cells for the production and secretion of one or more protein(s) of interest is of high
relevance, particularly in the industrial biotechnology setting, wherein small improvements in
protein yield are quite significant when the protein is produced in large industrial quantities.

[0004] Gram-positive bacteria such as Bacillus subtilis, Bacillus licheniformis and Bacillus
amyloliquefaciens are frequently used as microbial factories for the production of industrial
relevant proteins, due to their excellent fermentation properties and high yields (up to 25 grams
per liter culture; Van Dijl and Hecker, 2013). For example, B. subtilis is well known for its
production of a-amylases (Jensen ef al., 2000; Raul ef al, 2014) and proteases (Brode ef al,,
1996) necessary for food, textile, laundry, medical instrument cleaning, pharmaceutical industries
and the like (Westers ef al., 2004). Because these non-pathogenic Gram-positive bacteria
produce proteins that completely lack toxic by-products (e.g., lipopolysaccharides; LPS, also
known as endotoxins) they have obtained the "Qualified Presumption of Safety” (QPS) status of
the European Food Safety Authority, and many of their products gained a "Generally Recognized
As Safe" (GRAS) status from the US Food and Drug Administration (Olempska-Beer et al., 2006;
Earl ef al., 2008; Caspers ef al., 2010).

[0005] Genetic competence (or "natural genetic competence") is a physiological state in which
exogenous DNA can be internalized, leading to a transformation event (Berka et al., 2002).
Natural competence/transformation is a distinct process from "artificial transformation”, which
involves methods such as electroporation, protoplasts, heat shock or CaCl, treatment. Natural

competence has been observed in both Gram-positive and Gram-negative bacterial species
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(Dubnau, 1999), wherein the process requires more than a dozen proteins whose expression is
precisely choreographed to the needs of each organism. Thus, in terms of practical utility,
transformation via natural competence is an extremely useful tool for constructing genetically
modified bacterial strains (e.g., constructing genetically modified Bacillus host cells, constructing
Bacillus mutant libraries for protein engineering and the like). Although transformation of certain
bacterial species with plasmids, chromosomal DNA and the like may be achieved via "artificial
transformation" means, the introduction of DNA by "natural competence" offers clear advantages
of simplicity, convenience, speed, and efficiency.

[0006] In Bacillus subtilis, approximately 5-10% of the cells in a population will differentiate to a
competent state (termed the "K-state") by means of a process that involves quorum-sensing,
signal transduction, and a cascade of gene expression (Avery, 2005). At least 50 genes are
known to be involved directly in competence, and as many as 165 genes are regulated (directly
or indirectly) by the central transcription factor ComK (Berka et al, 2002). For example, the
competence cascade/process in Bacillus subtilis consists of two regulatory modules punctuated
by a molecular switch that involves ComS binding to the adaptor molecule MecA, thereby
interfering with degradation of the transcription factor ComK by the CIpC/ClpP protease (Turgay
et al, 1998).

[0007] However, much less is known about natural competence in the closely related species
Bacillus licheniformis. For example, it is known in the art that most B. licheniformis isolates do not
manifest natural competence, but the reasons for the apparent lack of a competent state in
Bacillus licheniformis are generally unknown or contradictory. Furthermore, as stated briefly
above, Bacillus licheniformis is a Bacillus species host cell of high industrial importance, and as
such, the ability to modify and engineer B. licheniformis host cells via natural competence
(natural transformation) is highly desirable for construction of new and improved Bacillus
licheniformis production strains.

[0008] Thus, certain embodiments of the present disclosure are related to the highly desirable
and unmet needs for obtaining natural competence in Bacillus spp. host cells (e.g., B.
licheniformis) host cells, increased transformation efficiency thereof and methods thereof.

SUMMARY OF THE INVENTION

[0009] Certain embodiments of the instant disclosure are directed to modified Bacillus
licheniformis host cells comprising enhanced transformation and methods thereof for obtaining
genetic competence in Bacillus licheniformis host cells. Thus, in certain embodiments, the
disclosure is directed to a method for enhancing transformation efficiency of a Bacillus
licheniformis host cell comprising (a) introducing into a parental Bacillus licheniformis host cell at
least one copy of an exogenous nucleic acid construct comprising a promoter region operably
linked to a polynucleotide encoding a ComS1 polypeptide, wherein the ComS1 polypeptide
comprises an amino acid sequence comprising at least 90% sequence identity to SEQ ID NO: 2,
and (b) isolating a daughter Bacillus licheniformis host cell comprising the polynucleotide
encoding the ComS1 polypeptide.
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[0010] In another embodiment, the polynucleotide encoding the ComS1 polypeptide comprises
at least 90% sequence identity to nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 21. In
another embodiment, the Bacillus licheniformis host cell further comprises at least one copy of
an exogenously introduced nucleic acid construct comprising a promoter region operably linked
to a polynucleotide encoding a ComK polypeptide. In certain embodiments, the ComK
polypeptide comprises an amino acid sequence comprising 90% sequence identity to SEQ ID
NO: 17 or SEQ ID NO: 18.

[0011] In another embodiment, the competent Bacillus licheniformis host cell is transformed with
an exogenously introduced polynucleotide encoding a protein of interest (POI). In other
embodiments, the POl is selected from the group -consisting of acetyl esterases,
aminopeptidases, amylases, arabinases, arabinofuranosidases, carbonic anhydrases,
carboxypeptidases, catalases, cellulases, chitinases, chymosins, cutinases, deoxyribonucleases,
epimerases, esterases, a-galactosidases, p-galactosidases, a-glucanases, glucan lysases, endo-
B-glucanases, (glucoamylases, (glucose oxidases, a-glucosidases, [-glucosidases,
glucuronidases, glycosyl hydrolases, hemicellulases, hexose oxidases, hydrolases, invertases,
isomerases, laccases, lipases, lyases, mannosidases, oxidases, oxidoreductases, pectate
lyases, pectin acetyl esterases, pectin depolymerases, pectin methyl esterases, pectinolytic
enzymes, perhydrolases, polyol oxidases, peroxidases, phenoloxidases, phytases,
polygalacturonases, proteases, peptidases, rhamno-galacturonases, ribonucleases,
transferases, transport proteins, transglutaminases, xylanases, hexose oxidases, and
combinations thereof.

[0012] Certain other embodiments are directed to the competent Bacillus licheniformis host cell
obtained from the methods described above.

[0013] In other embodiments, the disclosure is directed to a method for obtaining a Bacillus
licheniformis transformant comprising (a) providing a Bacillus licheniformis host cell in which
transformation efficiency has been enhanced by introducing into the host cell at least one copy of
a nucleic acid construct comprising a promoter region operably linked to a polynucleotide
encoding a ComS1 polypeptide, wherein the ComS1 polypeptide comprises an amino acid
sequence comprising at least 90% sequence identity to SEQ ID NO: 2, (b) transforming an
exogenous polynucleotide into a Bacillus licheniformis host cell provided in step (a), and (c)
isolating a transformant of the Bacillus licheniformis host cell comprising the exogenously
introduced polynucleotide. In certain embodiments, the method for enhancing transformation
efficiency, or for obtaining, the parental Bacillus licheniformis host cell, does not natively
comprise a ComS1 polypeptide comprising an amino acid sequence comprising at least 90%
sequence identity to SEQ ID NO: 2. In other embodiments, the polynucleotide encoding the
ComS1 polypeptide comprises at least 90% sequence identity to nucleotide sequence of SEQ ID
NO: 1 or SEQ ID NO: 21. In certain other embodiments, the Bacillus licheniformis host cell further
comprises at least one copy of an exogenously introduced nucleic acid construct comprising a
promoter region operably linked to a polynucleotide encoding a ComK polypeptide. In yet other
embodiments, the ComK polypeptide comprises an amino acid sequence comprising 90%
sequence identity to SEQ ID NO: 17 or SEQ ID NO: 18. In other embodiments, the exogenous
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polynucleotide of step (b) encodes a protein of interest (POIl) selected from the group consisting
of acetyl esterases, aminopeptidases, amylases, arabinases, arabinofuranosidases, carbonic
anhydrases, carboxypeptidases, catalases, cellulases, chitinases, chymosins, cutinases,
deoxyribonucleases, epimerases, esterases, a-galactosidases, p-galactosidases, a-glucanases,
glucan lysases, endo-B-glucanases, glucoamylases, glucose oxidases, a-glucosidases, B-
glucosidases, glucuronidases, glycosyl hydrolases, hemicellulases, hexose oxidases, hydrolases,
invertases, isomerases, laccases, lipases, lyases, mannosidases, oxidases, oxidoreductases,
pectate lyases, pectin acetyl esterases, pectin depolymerases, pectin methyl esterases,
pectinolytic enzymes, perhydrolases, polyol oxidases, peroxidases, phenoloxidases, phytases,
polygalacturonases, proteases, peptidases, rhamno-galacturonases, ribonucleases,
transferases, transport proteins, transglutaminases, xylanases, hexose oxidases, and
combinations thereof.

[0014] Certain other embodiments are directed to the transformed Bacillus licheniformis host cell
obtained from the methods described above.

[0015] In another embodiment, the disclosure is directed to a method for enhancing
transformation efficiency of a Bacillus licheniformis (daughter) host cell derived from a parental
Bacillus licheniformis host cell, wherein the parental Bacillus licheniformis host cell comprises a
native gene encoding a ComS2 polypeptide comprising 90% sequence identity to the ComS2
polypeptide of SEQ ID NO: 4, the method comprising: (a) identifying a parental Bacillus
licheniformis host cell which comprises a native gene encoding a ComS2 polypeptide comprising
90% sequence identity to the ComS2 polypeptide of SEQ ID NO: 4, (b) deleting or disrupting the
native ComS2 gene identified in the parental Bacillus licheniformis host cell of step (a), wherein
the deletion or disruption of the native ComS2 gene enhances the transformation efficiency of
the Bacillus licheniformis daughter host cell derived therefrom, and (c) isolating the daughter
Bacillus licheniformis host cell of step (b). In certain embodiments, the Bacillus licheniformis
daughter host cell isolated in step (c) is further modified by introducing at least one copy of an
exogenously introduced nucleic acid construct comprising a promoter region operably linked to a
polynucleotide sequence encoding a ComS1 polypeptide, wherein the ComS1 polypeptide
comprises at least 90% sequence identity to SEQ ID NO: 2. In other embodiments, the
polynucleotide encoding the ComS1 polypeptide comprises at least 90% sequence identity to
nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 21. In another embodiment, the Bacillus
licheniformis host cell further comprises at least one copy of an exogenously introduced nucleic
acid construct comprising a promoter region operably linked to a polynucleotide encoding a
ComK polypeptide. In certain embodiments, the ComK polypeptide comprises an amino acid
sequence comprising 90% sequence identity to SEQ ID NO: 17 or SEQ ID NO: 18. In yet other
embodiments, the competent Bacillus licheniformis host cell is transformed with an exogenously
introduced polynucleotide encoding a protein of interest (POI).

In certain embodiments, the POI is selected from the group consisting of acetyl esterases,
aminopeptidases, amylases, arabinases, arabinofuranosidases, carbonic anhydrases,
carboxypeptidases, catalases, cellulases, chitinases, chymosins, cutinases, deoxyribonucleases,
epimerases, esterases, a-galactosidases, p-galactosidases, a-glucanases, glucan lysases, endo-
B-glucanases, (glucoamylases, (glucose oxidases, a-glucosidases, [-glucosidases,
glucuronidases, glycosyl hydrolases, hemicellulases, hexose oxidases, hydrolases, invertases,
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isomerases, laccases, lipases, lyases, mannosidases, oxidases, oxidoreductases, pectate
lyases, pectin acetyl esterases, pectin depolymerases, pectin methyl esterases, pectinolytic
enzymes, perhydrolases, polyol oxidases, peroxidases, phenoloxidases, phytases,
polygalacturonases, proteases, peptidases, rhamno-galacturonases, ribonucleases,
transferases, transport proteins, transglutaminases, xylanases, hexose oxidases, and
combinations thereof.

[0016] In other embodiments, the disclosure is directed to the competent Bacillus licheniformis
host cell obtained from the method described above.

[0017] In other embodiments, the disclosure is directed to a competent Bacillus licheniformis
host cell comprising at least one copy of an exogenously introduced nucleic acid construct
comprising a promoter region operably linked to a polynucleotide sequence encoding a ComS1
polypeptide, wherein the ComS1 polypeptide comprises at least 90% sequence identity to SEQ
ID NO: 2In another embodiment, the competent host cell is transformed with an exogenous
polynucleotide encoding a protein of interest (POI). In yet other embodiments, the polynucleotide
encoding the ComS1 polypeptide comprises at least 90% sequence identity to nucleotide
sequence of SEQ ID NO: 1 or SEQ ID NO: 21. In another embodiment, the competent host cell
further comprises at least one copy of an exogenously introduced nucleic acid construct
comprising a promoter region operably linked to a polynucleotide encoding a ComK polypeptide.
In certain embodiments, the ComK polypeptide comprises an amino acid sequence comprising
90% sequence identity to SEQ ID NO: 17 or SEQ ID NO: 18. Also described is a promoter region
operably linked to the polynucleotide sequence encoding the ComS1 polypeptide is a constitutive
promoter or an inducible promoter. In a certain disclosure, the exogenously introduced nucleic
acid encoding a POI is comprised in an expression vector. In another certain disclosure, the
exogenously introduced nucleic acid construct encoding a POl is integrated into the chromosome
of the host cell. In still other disclosures, the exogenously introduced nucleic acid construct
comprising a promoter region operably linked to a polynucleotide encoding a

comK polypeptide is comprised in an expression vector. In certain disclosures, the exogenously
introduced nucleic acid encoding a comK polypeptide is integrated into the chromosome of the
host cell.

[0018] Certain other disclosures are directed to a protein of interest produced by the competent
host cell of the disclosure.

[0019] In another embodiment, the disclosure is directed to a transformed Bacillus licheniformis
host cell made competent by at least one copy of an exogenously introduced nucleic acid
construct comprising a promoter region operably linked to a polynucleotide encoding a ComS1
polypeptide comprising 90% sequence identity to SEQ ID NO: 2, wherein the Bacillus
licheniformis host cell is transformed with a polynucleotide encoding a protein of interest (POIl). In
certain embodiments, the transformed host cell comprises a polynucleotide encoding the ComS1
polypeptide, wherein the polynucleotide comprises at least 90% sequence identity to nucleotide
sequence of SEQ ID NO: 1 or SEQ ID NO: 21. In other embodiments, the transformed host cell
further comprises at least one copy of an exogenously introduced nucleic acid construct
comprising a promoter region operably linked to a polynucleotide encoding a ComK polypeptide.
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In certain embodiments, the ComK polypeptide comprises an amino acid sequence comprising
90% sequence identity to SEQ ID NO: 17 or SEQ ID NO: 18. In another disclosure, the promoter
region operably linked to the polynucleotide sequence encoding the ComS1 polypeptide is a
constitutive promoter or an inducible promoter. In still another disclosure, the polynucleotide
encoding a POl is comprised in an expression vector , or the polynucleotide encoding the POI is
an expression cassette integrated into the chromosome of the host cell.

[0020] Certain other embodiments of the disclosure are directed to one or more proteins of
interest produced by such transformed Bacillus licheniformis host cells.

BRIEF DESCRIPTION OF DRAWINGS

[0021]

Figure 1 is a nucleic acid sequence alignment plot comparing the B. licheniformis (parental)
strain Bra7 "IchAA" gene and "IchAB" gene. The numbers presented indicate the base pairs of
the gene alignment. The green bars represent a 100% identity of the base pairs between the two
genes (i.e., IchAA and IchAB). Green/Brown bars represent at least 30%, but lower than 100%,
identity of the base pairs between the two genes. Red indicates less than 30% identity of the
base pairs between the two genes.

Figure 2 shows a physical map of the homology of the /ch locus of the (parental) B. licheniformis
Bra7 strain host cell (FIG. 2, upper locus) compared to the physical map of the Ich locus of a
(daughter) B. licheniformis host cell (FIG. 2; lower locus) (i.e., a daughter cell derived from the
parental B. licheniformis Bra7 strain), wherein the numbers presented indicate the base pairs of
the locus. The comS1 and comS2 annotated genes are located within the /chAB gene present in
the parental B. licheniformis host cell (strain Bra7), but are absent in the (daughter) B.
licheniformis host cells derived from the (parental) B. licheniformis Bra7 strain.

Figure 3 shows the amino acid sequences of certain ComS polypeptides. FIG. 3A shows the
amino acid sequences of B. licheniformis Bra7 strain ComS1 and ComS2 polypeptides, which
share approximately 50% sequence identity between residues 36-69 of ComS1 and residues 21-
54 of ComS2. FIG. 3B shows an amino acid sequence alignment of ComS polypeptides from B.
subtilis (i.e., FIG. 3B, SEQ ID NO: 2), B. amyloliquefaciens (i.e., FIG. 3B, SEQ ID NO: 4), B.
subtilis natto (i.e., FIG. 3B, SEQ ID NO: 6) and B. licheniformis (i.e., FIG. 3B, SEQ ID NO: 8 and
SEQ ID NO: 10) as disclosed in PCT Publication No. WO02008/079895 relative to the B.
licheniformis Bra7 strain ComS1 polypeptide (i.e., SEQ ID NO: 2 of instant disclosure) and B.
licheniformis Bra7 strain ComS2 polypeptide (ie., SEQ ID NO: 4 of instant disclosure) As
presented in FIG. 3B, the B. licheniformis ComS1 polypeptide from B. licheniformis Bra7 strain
(SEQ ID NO: 2 of instant disclosure) shares approximately 40-50% sequence identity with the
ComS polypeptides disclosed in PCT Publication No. WO02008/079895 and the ComS2
polypeptide from B. licheniformis Bra7 strain (SEQ ID NO: 4 of instant disclosure) shares
approximately 40-50% sequence identity with the B. subtiis (SEQ ID NO: 2), B
amyloliquefaciens (SEQ ID NO: 4) and B. subtilis natfo (SEQ ID NO: 6) ComS polypeptides
disclosed in PCT Publication No. WO2008/079895. More particularly, FIG. 3B shows that the
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ComS2 polypeptide from B. licheniformis Bra7 strain (SEQ ID NO: 4 of instant disclosure) shares
100% sequence identity to the B. licheniformis ComS polypeptides (SEQ ID NO: 8 and SEQ ID
NO: 10) disclosed in PCT Publication No. WO2008/079895.

Figure 4 shows a plasmid map of vector pCZ105, containing various restriction enzyme (RE)
sites, amongst which are the RE sites Xho/ and Notl. Also comprised in plasmid vector pCZ105 is
a pE194 temperature sensitive replicon (Ts replicon), a kanamycin coding sequence (Kan), a
kanamycin promoter (pKan marker), a ribosomal terminator sequence (Term rrnB), a B-
lactamase ("bla") gene, an /-Sce site and a pBR322 origin of replication.

Figure 5 shows a plasmid map of vector pBLcomK. Plasmid pBLcomK includes DNA sequences
encoding the pBR322 origin of replication, the Enterococcus faecalis Spectinomycin resistance

(Spech) gene spc (also called aad9), the B. subfilis (nafto) plasmid pTA1060 rep gene for
replication in Bacilli, the B. licheniformis comK gene controlled by the B. subfilis xylA promoter,
and the B. subtfilis xyIR gene.

Figure 6 shows the transformation efficiency and ODggg of B. licheniformis host cells cultured
and transformed during a competence assay. The black line indicates the ODggg, wherein the
results presented are an average of duplicate experiments. FIG. 6A-6C show the ODggg and

transformation efficiency of B. licheniformis daughter cells derived from the parental B
licheniformis (Bra7 strain) host cell. More particularly, the B. licheniformis Daughter Cell 2
presented in FIG. 6A was transformed with the comS2 construct (i.e., Construct #2; Example 1),
wherein the grey line indicates the CFU fold difference compared to the same B. licheniformis
Daughter Cell 2 which has not been transformed with the comS2 construct (Construct #2). The
B. licheniformis Daughter Cell 1 presented in FIG. 6B was transformed with the comS1comS2
construct (i.e., Construct #3; Example 1), wherein the grey line indicates the CFU fold difference
compared to the same B. licheniformis Daughter Cell 1 which has not been transformed with the
comST1comS2 construct (Construct # 3). The B. licheniformis Daughter Cell 1 presented in FIG.
6C was transformed with the comS7 construct (i.e., Construct # 1; Example 1), wherein the grey
line indicates the CFU fold difference compared to the same B. licheniformis Daughter Cell 1
which has not been transformed with the comS7 construct (Construct # 3).

Figure 7 shows the transformation efficiency and ODgqg of the B. licheniformis Daughter Cell 1

transformed with the comS1 construct (Construct # 1), wherein the grey line indicates the CFU
fold difference compared vis-a-vis to the parental B. licheniformis (Bra7 strain) host cell which
natively comprises both a comS71 gene (SEQ ID NO: 21) encoding a ComS1 polypeptide (SEQ ID
NO: 2) and a comS2 gene (SEQ ID NO: 22) encoding an ComS2 polypeptide (SEQ ID NO: 4).

BRIEF DESCRIPTION OF THE BIOLOGICAL SEQUENCES

[0022]

SEQ ID NO: 1 is a nucleic acid sequence encoding a Bacillus licheniformis ComS1 polypeptide of
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SEQ ID NO: 2.
SEQ ID NO: 2 is the amino acid sequence of a Bacillus licheniformis ComS1 polypeptide.

SEQ ID NO: 3 is a nucleic acid sequence encoding a Bacillus licheniformis ComS2 polypeptide of
SEQ ID NO: 4.

SEQ ID NO: 4 is the amino acid sequence of a Bacillus licheniformis ComS2 polypeptide.

SEQ ID NO: 5 is a nucleic acid sequence comprising a promoter region. More specifically, the
nucleic acid sequence of SEQ ID NO: 5 comprises a promoter and a 5' UTR, which promoter
region can be operably linked to a polynucleotide sequence encoding a ComS polypeptide of the
disclosure.

SEQ ID NO: 6 is a nucleic acid sequence comprising a 3' terminator sequence, which terminator
sequence can be operably linked to a polynucleotide sequence encoding a ComS polypeptide of
the disclosure.

SEQ ID NO: 7 is a nucleic acid sequence comprising ribosomal binding site (RBS).
SEQ ID NO: 8 is a primer sequence.

SEQ ID NO: 9 is a primer sequence.

SEQ ID NO: 10 is a primer sequence.

SEQ ID NO: 11 is a primer sequence.

SEQ ID NO: 12 is a primer sequence.

SEQ ID NO: 13 is a primer sequence.

SEQ ID NO: 14 is a primer sequence.

SEQ ID NO: 15 is a primer sequence.

SEQ ID NO: 16 is a primer sequence.

SEQ ID NO: 17 is the amino acid sequence of a B. licheniformis ComK polypeptide.
SEQ ID NO: 18 is the amino acid sequence of a B. licheniformis ComK polypeptide.

SEQ ID NO: 19 is a nucleic acid sequence with homology to upstream (5') regions of the parental
B. licheniformis (host cell) amyL locus.

SEQ ID NO: 20 is a nucleic acid sequence with homology to downstream (3') regions of the
parental B. licheniformis (host cell) amyL locus.

SEQ ID NO: 21 is a nucleic acid sequence encoding a Bacillus licheniformis ComS1 polypeptide
of SEQ ID NO: 2.

SEQ ID NO: 22 is a nucleic acid sequence encoding a Bacillus licheniformis ComS2 polypeptide
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of SEQ ID NO: 4

DETAILED DESCRIPTION

[0023] In certain embodiments, the present disclosure is directed to methods and compositions
for increasing, enhancing and/or obtaining transformational efficiency in a parental Bacillus
licheniformis host cell. Thus, certain embodiments of the disclosure are related to competent
(daughter) Bacillus licheniformis host cells derived from non-competent or poorly competent
(parental) B. licheniformis host cells. In certain other embodiments, a non-competent parental
Bacillus licheniformis host cell is made competent by the introduction of at least one copy of an
exogenously introduced polynucleotide encoding a B. licheniformis ComS1 polypeptide. In
another embodiment, the at least one copy of the exogenously introduced polynucleotide
encoding a B. licheniformis ComS1 polypeptide encodes a ComS1 polypeptide comprising at
least 90% sequence identity to the B. licheniformis ComS1 polypeptide of SEQ ID NO: 2. In other
embodiments, a competent B. licheniformis host cell is transformed with a polynucleotide
encoding a protein of interest (POI). In certain embodiments, a polynucleotide encoding a
ComS1 polypeptide comprises a nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 21,
wherein nucleotide sequences of SEQ ID NO: 1 and SEQ ID NO: 21 differ only at the first 5'
nucleotide, wherein the first 5' nucleotide of SEQ ID NO: 1 is an adenine (A) and the first 5'
nucleotide of SEQ ID NO: 21 is a thymine (T). In certain embodiments, a polynucleotide
encoding a ComS2 polypeptide comprises a nucleotide sequence of SEQ ID NO: 3 or SEQ ID
NO: 22, wherein nucleotide sequences of SEQ ID NO: 3 and SEQ ID NO: 22 differ only at the
second to last 3' nucleotide, wherein the second to last 3' nucleotide of SEQ ID NO: 3 is an
adenine (A) and the second to last 3' nucleotide of nucleotide of SEQ ID NO: 22 is a guanine (G).

l. Definitions

[0024] In view of the modified Bacillus licheniformis host cells, competent host cells thereof,
transformed host cells thereof and methods thereof as described herein, the following terms and
phrases are defined. Terms not defined herein should be accorded their ordinary meaning as
used in the art.

[0025] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the present
compositions and methods apply. Although any methods and materials similar or equivalent to
those described herein can also be used in the practice or testing of the present compositions
and methods, representative illustrative methods and materials are now described.

[0026] It is further noted that the claims may be drafted to exclude any optional element. As
such, this statement is intended to serve as antecedent basis for use of such exclusive
terminology as "solely," "only", "excluding”, "not including”" and the like, in connection with the
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recitation of claim elements, or use of a "negative" limitation or proviso thereof.

[0027] As will be apparent to those of skill in the art upon reading this disclosure, each of the
individual embodiments described and illustrated herein has discrete components and features
which may be readily separated from or combined with the features of any of the other several
embodiments without departing from the scope or spirit of the present compositions and
methods described herein. Any recited method can be carried out in the order of events recited
or in any other order which is logically possible.

[0028] As defined herein, the terms "competence™ and "natural competence"” are used
interchangeably, and refer to a natural physiological state in which exogenous (extracellular)
DNA can be taken up and internalized into a Bacillus licheniformis host cell, leading to a
"transformation” event. In contrast, the term "artificial competence" as used herein refers to an
artificial transformation event involving methods/techniques such as electroporation, protoplasts,
heat shock, or CaCl, treatment and the like.

[0029] As defined herein, terms such as "competence mechanism™ and "competence
cascade™” are used interchangeably and refer to a cellular differentiation process that converts
Bacillus cells into naturally transformable cells (i.e., via natural competence) that can take up and
incorporate exogenous (extracellular) DNA using specific transport proteins encoded by the late
competence genes comprising the comC, comE, comF, and comG operons.

[0030] As defined herein, the terms "non-competent™ cell, "poorly competent™ cell and
"poorly transformable™ cell are used interchangeably, and these terms mean that the number
of transformants per microgram of DNA is less than twice the spontaneous mutation frequency
when using the methods for competence-mediated transformation in Bacillus subtilis or Bacillus
licheniformis as described previously (Anagnostopoulos and Spizizen, 1961; Thome and Skill,
1966).

[0031] As defined herein, a Bacillus licheniformis strain Bra7 (or Bra7 strain) is a B.
licheniformis host cell developed/derived from a wild-type B. licheniformis parent strain using
classical genetic improvements methods. Although certain embodiments and descriptions of the
present disclosure are related to B. licheniformis strain Bra7, the compositions and methods of
the instant disclosure are not limited to a specific Bacillus species. More particularly, although
certain embodiments and descriptions of the present disclosure are related to B. licheniformis
strain Bra7, the compositions and methods of the instant disclosure are not limited to a specific
strain of Bacillus licheniformis host cells. For example, as disclosed herein, the introduction of a
nucleic acid construct (comprising a promoter region operably linked to a polynucleotide
encoding a ComS1 polypeptide comprising 90% sequence identity to SEQ ID NO: 2) into a non-
competent (poorly transformable) Bacillus licheniformis host cell is used to obtain competent
Bacillus host cells thereof. Thus, as presented in the Examples herein, introducing a nucleic acid
construct encoding a ComS1 polypeptide into a non-competent Bacillus licheniformis host cell
(i.e., which host cell does not natively comprise a gene encoding a ComS1 polypeptide) renders
such Bacillus licheniformis host cell competent. In addition, as described herein, introducing a
nucleic acid construct encoding a ComS1 polypeptide into a poorly competent or low
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competency Bacillus licheniformis host cell which comprises a native gene encoding a ComS1
polypeptide, significantly increases (enhances) the competency (transformability) of such Bacillus
licheniformis host cells comprising a native gene encoding ComS1.

[0032] As used herein, the term "Daughter Cell 1" or in the abbreviated form "DC1",
specifically refers to a B. licheniformis (daughter) cell derived from a parental B. licheniformis
Bra7 (strain) host cell. More particularly, as used herein, the B. licheniformis "Daughter Cell 1" or
"DC1" derived from the B. licheniformis Bra7 parent comprises a five (5) gene deletion (Acat,
AamyL, Aspo, AaprL, AendoGluC) as described in PCT International Publication No.
W02008/024372.

[0033] As used herein, the term "Daughter Cell 2" or in the abbreviated form "DC2",
specifically refers to a B. licheniformis (daughter) cell derived from a parental B. licheniformis
Bra7 (strain) host cell. More particularly, as used herein, the B, licheniformis "Daughter Cell 2"or
"DC2" derived from the B. licheniformis Bra7 parent comprises the same five (5) gene deletions
as described for "“Daughter Cell 1" above (i.e., Acat, AamyL, Aspo, AaprL, AendoGIuC; see, PCT
International Publication No. W0O2008/024372) and further comprises a modified rpoC gene
encoding a rpoC polypeptide comprising an aspartic acid (D) to glycine (G) substitution at
residue position 796 of the rpoC polypeptide, as generally described in PCT International
Application No. PCT/US2016/059078, filed October 27, 2016.

[0034] As used herein, the term "ComK polypeptide” is defined as the product of a comK
gene; a transcription factor that acts as the final auto-regulatory control switch prior to
competence development; involved with activation of the expression of late competence genes
involved in DNA-binding and uptake and in recombination (Liu and Zuber, 1998, Hamoen ef al.,
1998). Exemplary ComK polypeptides are set forth in SEQ ID NO: 17 and SEQ ID NO: 18.

[0035] As used herein, the term "foreign polynucleotide™ and variations thereof are defined as
(A) a polynucleotide that is not native to a Bacillus licheniformis cell, (B) a polynucleotide that is
native to the Bacillus licheniformis cell, but which polynucleotide has been modified through the
use of genetic elements which are not natively associated with the polynucleotide (e.g.,
heterologous promoters, 5' UTRs, 3' UTRs and the like) as isolated from the Bacillus
licheniformis cell, or (C) the use of native elements that have been manipulated to function in a
manner that does not normally occur in the Bacillus licheniformis cell.

[0036] As used herein, the term "exogenous DNA" is defined herein as DNA that is external to
a Bacillus licheniformis cell.

[0037] As used herein, the term "nucleic acid construct” refers to a nucleic acid molecule
(e.g., a polynucleotide molecule), either single-stranded 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 is synthetic. The term nucleic acid construct is
synonymous with the term "expression cassette”" when the nucleic acid construct contains the
control sequences required for expression of a coding sequence.
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[0038] As used herein, the term "control sequences™ is defined to include all components,
which are necessary or advantageous for the expression of a polynucleotide encoding a
polypeptide of the present invention. Each control sequence may be native or foreign 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 nucleotide
sequence encoding a polypeptide.

[0039] As used herein, the term "promoter” is defined as a DNA sequence that binds RNA
polymerase and directs the polymerase to the correct downstream transcriptional start site of a
polynucleotide encoding a polypeptide. RNA polymerase effectively catalyzes the assembly of
messenger RNA complementary to the appropriate DNA strand of the coding region. The term
"promoter” will also be understood to include the 5' non-coding region (between promoter and
translation start) for translation after transcription into mRNA, cis-acting transcription control
elements such as enhancers, and/or other nucleotide sequences capable of interacting with
transcription factors. The promoter can be a wild-type, variant, hybrid, or a consensus promoter.

[0040] As used herein, the term "promoter region” is defined as a nucleotide sequence
comprising one or more (several) promoter sequences (e.g., a dual promoter, a triple promoter
and the like).

[0041] As used herein, the term "operably linked" denotes a configuration in which a control
sequence (e.g., a promoter sequence) is placed at an appropriate position relative to the coding
sequence of the polynucleotide sequence such that the control sequence directs the expression
of the coding sequence of a polypeptide. Coding sequence: When used herein the term "coding
sequence”" means a nucleotide sequence, which directly specifies the amino acid sequence of its
protein product. The boundaries of the coding sequence are generally determined by an open
reading frame, which usually begins with the ATG start codon or alternative start codons such as
GTG and TTG and ends with a stop codon such as TAA, TAG and TGA. The coding sequence
may be a DNA, cDNA, synthetic, or recombinant nucleotide sequence.

[0042] For purposes of the present disclosure, the degree of identity between two amino acid
sequences can be 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 at, 2000,
Trends in Genetics 16: 276-277), preferably version 3.0.0 or later. The optional parameters used
are gap open penalty of 10, gap extension penalty of 0.5, and the EBLOSUM62 (EMBOSS
version of BLOSUM®62) substitution matrix.

[0043] For purposes of the present disclosure, the degree of identity between two nucleic acid
sequences can be determined using the Needleman-Wunsch algorithm (Needleman and
Wunsch, 1970, supra) as implemented in the Needle program of the EMBOSS package
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(EMBOSS: The European Molecular Biology Open Software Suite, Rice et al., 2000, supra),
preferably version 3.0.0 or later. The optional 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.

[0044] As used herein, an "isolated polynucleotide” refers to a polynucleotide that is isolated
from a source. In certain aspects of the disclosure, the polynucleotide is at least 1% pure,
preferably at least 5% pure, more preferably at least 10% pure, more preferably at least 20%
pure, more preferably at least 40% pure, more preferably at least 60% pure, even more
preferably at least 80% pure, and most preferably at least 90% pure, as determined by agarose
electrophoresis.

[0045] As used herein, a "substantially pure polynucleotide” refers to a polynucleotide
preparation free of other extraneous or unwanted nucleotides and in a form suitable for use
within genetically engineered protein production systems. Thus, a substantially pure
polynucleotide contains at most 10%, preferably at most 8%, more preferably at most 6%, more
preferably at most 5%, more preferably at most 4%, more preferably at most 3%, even more
preferably at most 2%, most preferably at most 1%, and even most preferably at most 0.5% by
weight of other polynucleotide material with which it is natively or recombinantly associated. A
substantially pure polynucleotide may, however, include naturally occurring 5' and 3' untranslated
regions, such as promoters and terminators. It is preferred that the substantially pure
polynucleotide is at least 90% pure, preferably at least 92% pure, more preferably at least 94%
pure, more preferably at least 95% pure, more preferably at least 96% pure, more preferably at
least 97% pure, even more preferably at least 98% pure, most preferably at least 99%, and even
most preferably at least 99.5% pure by weight. The polynucleotides of the present invention are
preferably in a substantially pure form (i.e., that the polynucleotide preparation is essentially free
of other polynucleotide material with which it is natively or recombinantly associated). The
polynucleotides may be of genomic, cDNA, RNA, semisynthetic, synthetic origin, or any
combinations thereof.

[0046] As used herein, an "isolated polypeptide” refers to a polypeptide that is isolated from a
source. In a preferred aspect, the polypeptide is at least 1% pure, preferably at least 5% pure,
more preferably at least 10% pure, more preferably at least 20% pure, more preferably at least
40% pure, more preferably at least 60% pure, even more preferably at least 80% pure, and most
preferably at least 90% pure, as determined by SDS-PAGE.

[0047] As used herein, a "substantially pure polypeptide™ denotes herein a polypeptide
preparation that contains at most 10%, preferably at most 8%, more preferably at most 6%, more
preferably at most 5%, more preferably at most 4%, more preferably at most 3%, even more
preferably at most 2%, most preferably at most 1%, and even most preferably at most 0.5% by
weight of other polypeptide material with which it is natively or recombinantly associated. It is,
therefore, preferred that the substantially pure polypeptide is at least 92% pure, preferably at
least 94% pure, more preferably at least 95% pure, more preferably at least 96% pure, more
preferably at least 96% pure, more preferably at least 97% pure, more preferably at least 98%
pure, even more preferably at least 99%, most preferably at least 99.5% pure, and even most
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preferably 100% pure by weight of the total polypeptide material present in the preparation. The
polypeptides of the present invention are preferably in a substantially pure form (i.e., that the
polypeptide preparation is essentially free of other polypeptide material with which it is natively or
recombinantly associated). This can be accomplished, for example, by preparing the polypeptide
by well-known recombinant methods or by classical purification methods.

[0048] As used herein, a "coding sequence” means a nucleotide sequence (e.g., a
polynucleotide), which directly specifies the amino acid sequence of its protein product. The
boundaries of the coding sequence are generally determined by an open reading frame (ORF),
which usually begins with the ATG start codon or alternative start codons such as GTG and TTG
and ends with a stop codon such as TAA, TAG and TGA. The coding sequence may be a DNA,
cDNA, synthetic, or recombinant nucleotide sequence.

[0049] As used herein, "expression"” includes any step involved in the production of a
polypeptide of interest (POI) including, but not limited to, transcription, post-transcriptional
modification, translation, post-translational modification and secretion.

[0050] As used herein, an "expression vector' and "expression construct” are used
interchangeably and refer to a linear or circular DNA molecule that comprises a polynucleotide
encoding a polypeptide of interest, and is operably linked to additional nucleotides that provide
for its expression.

[0051] As used herein, a "host cell” includes any cell type that is susceptible to transformation,
transfection, transduction, conjugation, and the like with a nucleic acid construct or expression
vector.

[0052] As used herein, "transformation” is defined as introducing an exogenous DNA into a
Bacillus cell so that the DNA is maintained as a chromosomal integrant or as a self-replicating
extra-chromosomal vector.

[0053] As used herein, a "transformant” generally encompass any Bacillus host cell into which
an exogenous DNA has been introduced by transformation. The term "transformant" does not
include transfectants, conjugants, and transformants generated by an artificial method such as
electroporation, protoplasts, heat shock, or CaCl, treatment.

Il. ComS Polypeptides and Genes Encoding the Same

[0054] As briefly set forth above in the Background Section of the disclosure, many Bacillus
licheniformis strains and host cells thereof are poorly competent. Recently, certain processes
have been developed to improve B. licheniformis transformation competency. For example, the
overexpression of the transcription factor ComK (i.e., expressed from an introduced plasmid
containing the B. licheniformis comK gene operably linked to an inducible promoter) have been
able to partly overcome this poor competence, but transformation efficiencies are still very low
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(typically less than 20 transformants/transformation). Currently, inefficient B. licheniformis DNA
transformation (low competency) is still the main bottleneck for the construction of DNA libraries
in B. licheniformis using direct chromosomal integration. More particularly, the identification of
factors that are limiting or inhibiting natural competence is crucial to improve the transformation
efficiencies in B. licheniformis host cells.

[0055] In Bacilli, natural competence is a highly complex system of genetic regulation that can be
triggered by many external stimuli, such as cell density, stress and quorum sensing (e.g., see
Hamoen ef al., 2003; Jakobs et al., 2015). The early onset of competence is the triggered by the
pheromone "ComX" and the competence stimulating factor ("CSF"). These factors accumulate in
the culture medium and induce the membrane bound histidine kinase "ComP" and subsequently
its response regulator "ComA". The phosphorylation of the ComA results in a fine-tuned genetic
response of the Bacillus cell to prepare the cell for competence. Ultimately, the key auto
stimulatory competence regulator "ComK" is triggered, which subsequently induces a variety of
late competence genes involved in DNA binding and uptake, as well as chromosomal integration
(Hamoen ef al., 2003; Jakobs ef al., 2015). Additionally, the phosphorylated ComA also induces
the biotenside surfactin srf operon in Bacillus subfilis (Roggiani and Dubnau, 1993). More
particularly, within the srf operon in B. subtilis sits a small gene encoding the "ComS" peptide
(D'Souza, 1994). This peptide (i.e., ComS) is decisive for competence formation since it interacts
with "MecA", which recruits ComK towards proteolysis by the CIpCP complex (D'Souza, 1994,
Hamoen et al., 1995). In B. subtilis, the function of ComS, as well as its induction by the
ComP/ComA has been shown to be vital for competence state of the cell (Ashikaga ef al., 2000;
Nakano and Zuber, 1991).

[0056] In contrast to B. subfilis, in Bacillus licheniformis two putative ComS peptides, named
"ComS1" and "ComS2", have been described in the /ch (lichenysin synthase) operon (Hoffmann
ef al., 2010; Jakobs 2015). In addition, the B. licheniformis DSM13 type strain can develop a
genetic competent state even though the ComP (histidine kinase) is not functional (i.e., due to an
insertion in the ComP gene), which is opposite (in contrast) to what is observed in B. subtilis,
(Lapidus ef al.,, 2002). Furthermore, neither the expression of a B. subtilis ComS polypeptide in
B. licheniformis, nor the expression of a B. licheniformis ComS1 polypeptide or ComS2
polypeptide in a comS1 or comS2 negative B. licheniformis background, yielded improved
transformation efficiencies (Jakobs, 2015). This result directly conflicts with the surprising and
unexpected results described in present disclosure, wherein the expression of the native comS1
(encoding a comS1 polypeptide of SEQ ID NO: 2) shows a clear competence improvement in B.
licheniformis host cells (e.g., see, Example 1). Furthermore, as presented in Example 1 below,
the expression of native comS2 (encoding a ComS2 polypeptide of SEQ ID NO: 4) in B
licheniformis results in reduced competency (i.e., in the presence and absence of comS7).

[0057] Additionally, a comparison of the B. licheniformis genomes from a parental B.
licheniformis (Bra7 strain) host cell and daughter B. licheniformis host cells derived therefrom
(i.e., Daughter Cell 1 or Daughter Cell 2), revealed that the B. licheniformis daughter host cells
(i.e., Daughter Cell 1 and Daughter Cell 2) have an approximately 10 kb fragment deleted in the
LchAB gene of the /ch operon. Without wishing to be bound by a particular theory or mechanism,
it is contemplated herein that a recombination event appears to have occurred on the 3'-end of
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the LchAA and LchAB genes, since there is a region of high homology (e.g., see FIG. 1). More
particularly, the genes encoding the ComS1 and ComS2 peptides are located at the 5'-region of
the LchAB gene, which in the B. licheniformis daughter cells (i.e., Daughter Cell 1 and Daughter
Cell 2) is looped out (see, FIG. 2).

[0058] Certain methods for obtaining genetic competence in Bacillus spp. host cells have been
disclosed in PCT Publication No. WO0O2008/079895. More particularly, the WO2008/079895
reference describes the use of a comS gene encoding a ComS polypeptide which is allegedly
useful for rendering a non-competent Bacillus cells genetically competent. For example, as
disclosed in the WO2008/079895 publication, polynucleotides encoding a ComS polypeptide can
be obtained from Bacillus amyloliquefaciens, Bacillus subfilis or Bacillus licheniformis, wherein
such encoded ComS polypeptides comprise an amino acid sequence of SEQ ID NO: 2 (ie.,
ComS polypeptide from B. subtilis), SEQ ID NO: 4 (ie., ComS polypeptide from B.
amyloliquefaciens), SEQ ID NO: 6 (i.e., ComS polypeptide from B. subfilis natto), SEQ ID NO: 8
(i.e., ComS polypeptide from B. licheniformis) or SEQ ID NO: 10 (i.e., ComS polypeptide from B.
licheniformis).

[0059] As is presented in FIG. 3A, the ComS1 and ComS2 polypeptides from the parental B.
licheniformis (Bra7 strain) comprise approximately 50% sequence identity between amino acid
residues 36-69 of ComS1 and amino acid residues 21-54 of ComS2. In addition, Applicants of
the instant disclosure compared the Bacillus spp. amino acid sequences of the ComS
polypeptides described in PCT Publication No. WO02008/079895 versus the amino acid
sequences of B. licheniformis Bra7 strain ComS1 and ComS2 polypeptides of the instant
disclosure. As shown in FIG. 3B, the B. licheniformis ComS polypeptides disclosed in the
WO2008/079895 reference (i.e., SEQ ID NO: 8 and SEQ ID NO: 10 in FIG. 1B) correlate to the
ComS2 polypeptide from the parental B. licheniformis (Bra7 strain) host cells. More particularly,
as set forth below in Example 1 of the instant disclosure, the expression of a comS2 polypeptide
(i.e., comprising SEQ ID NO: 4) in B. licheniformis host cells significantly reduced the
transformation efficiency of the B. licheniformis host cells.

[0060] In contrast, the B. licheniformis Bra7 strain ComS1 polypeptide of the instant disclosure
(i.e., comprising SEQ ID NO: 2) shares about 45-50% sequence identity to the B. subtilis, B.
amyloliquefaciens, B. subfilis natto and B. licheniformis ComS polypeptides disclosed in the
WO02008/079895 reference (see, FIG. 3B). More particularly, as set forth below in Example 1,
the expression of only the ComS1 polypeptide (SEQ ID NO: 2) in B. licheniformis (daughter) host
cells dramatically improved competency by a factor 31.5 at peak competence relative to the
same B. licheniformis (daughter) host cells which do not comprise (or express) the ComS1
polypeptide.

[0061] Thus, in certain embodiments the disclosure is directed to non-competent Bacillus spp.
host cells which are made competent by the introduction of at least one copy of an exogenous
(i.e., a foreign polynucleotide) nucleic acid construct comprising a promoter region operably
linked to a polynucleotide encoding a ComS1 polypeptide. In certain other embodiments, the
disclosure is directed to non-competent Bacillus licheniformis host cells which are made
competent by the introduction of at least one copy of an exogenous (ie., a foreign
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polynucleotide) nucleic acid construct comprising a promoter region operably linked to a
polynucleotide encoding a ComS1 polypeptide.

[0062] In certain embodiments, the ComS1 polypeptide comprises an amino acid sequence
comprising at least 90% sequence identity to SEQ ID NO: 2. In other embodiments, a ComS1
polypeptide of SEQ ID NO: 2 is encoded by a comS7 polynucleotide of SEQ ID NO: 1 or SEQ ID
NO: 21.

[0063] Certain other embodiments of the disclosure are directed to transforming such B.
licheniformis host cells made competent by the introduction at least one copy of an exogenous
nucleic acid construct comprising a promoter region operably linked to a polynucleotide encoding
a ComS1 polypeptide. In certain embodiments, such competent B. licheniformis host cells are
transformed with a polynucleotide encoding a protein of interest (POI).

[0064] In certain other embodiments, the genome of a putative B. licheniformis host cell of the
disclosure is first analyzed for the presence of a gene encoding a ComS2 polypeptide comprising
at least 90% sequence identity to SEQ ID NO: 4. For example, as generally described above and
set forth in Example 1, it was observed that the expression of the comS2 polypeptide (ie.,
comprising SEQ ID NO: 4) in B. licheniformis host cells significantly reduced the transformation
efficiency of the B. licheniformis host cells. Thus, in certain embodiments, a putative B.
licheniformis host cell which has been analyzed (and found to comprise a genomic copy of a
gene encoding a ComS2 polypeptide comprising at least 90% sequence identity to SEQ ID NO:
4) is genetically modified to reduce ComS2 activity or abolish ComS2 activity. Methods for
genetically modifying (e.g., deleting, disrupting, interfering, and the like) a coms2 gene (e.g.,
SEQ ID NO: 3 and SEG ID NO:22) in a B. licheniformis host cell are well known to one skilled in
the art.

lll. ComK Polypeptides and Genes Encoding the Same

[0065] As set forth above, a first nucleic acid construct comprising a promoter region operably
linked to a polynucleotide encoding a ComS1 polypeptide comprising 90% sequence identity to
SEQ ID NO: 2 is used to render a non-competent Bacillus licheniformis host cell genetically
competent. In addition, any isolated polynucleotide encoding a ComK polypeptide may be used
to render a competent Bacillus licheniformis cell genetically more competent (i.e., ComK further
enhances/increases natural competency). In certain embodiments, a polynucleotide encoding a
ComK polypeptide may be introduced into a non-competent Bacillus licheniformis host cell before
introducing the ComS1 construct or a polynucleotide encoding a comK polypeptide and a
polynucleotide encoding comS1 can be introduced into a non-competent Bacillus licheniformis
host cell at the same time.

[0066] Polynucleotides encoding a ComK polypeptide can be obtained from, for example,
Bacillus subtilis 168 (Accession No. P40396), Bacillus licheniformis (DSM 13/ATCC 14580;
(Accession No. Q65LN7), Bacillus licheniformis (Accession No. Q8VQ66), Bacillus sp. Bt 24
(Accession No. Q2HQ42), Bacillus weihenstephanensis KBA84 (Accession No. Q2AUN4),
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Bacillus thuringiensis subsp. Konkukian (Accession No. Q6HMS51), Bacillus cereus (ATCC 10987,
(Accession No. Q73C31), Bacillus cereus (strain ZK/E33L; (Accession No. Q63EM6), Bacillus
cereus G9241 (Accession No. Q4MPH9) and the like.

[0067] In certain embodiments, a ComK polynucleotide encodes a ComK polypeptide of SEQ ID
NO: 17 or SEQ ID NO: 18. The construction of an integrative plasmid comprising a xyIR-PxylA-
ComK cassette and its transformation into Bacillus cells has been described in PCT International
Publication No. W0O2002/14490.

IV. Bacillus licheniformis Host Cells

[0068] In the compositions and methods of the present disclosure, the Bacillus licheniformis host
cell may be any non-competent or poorly transformable Bacillus licheniformis cell. It is
understood that the term “Bacillus” herein also encompasses synonyms of Bacillus and genera
formerly classified as Bacillus such Geobacillus and Paenibacillus.

[0069] In a further aspect of the present disclosure, the Bacillus licheniformis host cells may
additionally contain one or more (several) modifications (e.g., deletions or disruptions of other
genes that may be detrimental to the production, recovery, or application of a polypeptide or
biochemical of interest. Thus, in certain embodiments, the Bacillus licheniformis host cell is a
protease-deficient cell, an amylase-deficient cell, efc. For example, in certain embodiments, the
Bacillus licheniformis host cell comprises a disruption or deletion of aprE, nprE, amyE, amyL, and
the like. In another embodiment, the Bacillus host cell does not produce spores (e.g., comprising
a disruption or deletion of spollAC). In other embodiments, the Bacillus licheniformis host cell
comprises a disruption or deletion of one or more genes involved in the biosynthesis of
surfactin/lichenysin (e.q., srfA, srfB, srfC, srfD, IchAA, IchAB, IchAC and the like) or complete
deletion of the srf operon or /ch operon. In other embodiments, particularly when complementing
the Bacillus licheniformis host cell with a ComS1 polypeptide (SEQ ID NO: 2) of the disclosure,
the srf operon or the Ich operon is deleted in the host cell.

[0070] Thus, certain embodiments of the disclosure relate to competent Bacillus licheniformis
host cells comprising at least one copy of an introduced nucleic acid construct comprising a
promoter region operably linked to a polynucleotide encoding a ComS1 polypeptide comprising
90% sequence identity to SEQ ID NO: 2. wherein the Bacillus licheniformis host cell was non-
competent prior to introduction of the ComS1 nucleic acid construct.

[0071] For example, as contemplated herein, in certain embodiments, a Bacillus licheniformis
host cell which does not natively comprise a gene encoding a ComS1 polypeptide comprising
90% sequence identity to SEQ ID NO: 2, is modified by introducing at least one copy a nucleic
acid construct comprising a promoter region operably linked to a polynucleotide encoding a
ComS1 polypeptide comprising 90% sequence identity to SEQ ID NO: 2. More particularly, as
described herein, the introduction of the above ComS1 construct into a Bacillus spp. host cell
lacking a native gene encoding a ComS1 polypeptide enhances natural competence of the
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Bacillus licheniformis host cell.

[0072] Likewise, in certain other embodiments, a Bacillus licheniformis host cell comprising a
native gene encoding a ComS1 polypeptide (e.qg., Bacillus licheniformis Bra7 strain) or
comprising a truncated or deleted ComS1 gene (e.g., daughter cells of Bacillus licheniformis
Bra7 strain) is modified by introducing at least one copy a nucleic acid construct comprising a
promoter region operably linked to a polynucleotide encoding a ComS1 polypeptide comprising
90% sequence identity to SEQ ID NO: 2. For example, as presented in Example 1 below, the
introduction of a ComS1 construct into a non-competent (or poorly transformable) B.
licheniformis host cell lacking a native gene encoding a ComS1 polypeptide (e.g., B. licheniformis
daughter cells derived from parental B. licheniformis Bra7 strain) renders such non-competent
host cells competent.

[0073] Thus, as contemplated and disclosed herein, a nucleic acid construct of the present
disclosure, comprising a promoter region operably linked to a polynucleotide encoding a ComS1
polypeptide comprising 90% sequence identity to SEQ ID NO: 2, finds particular utility for rending
non-competent Bacillus licheniformis host cells competent. Likewise, a nucleic acid construct of
the present disclosure, comprising a promoter region operably linked to a polynucleotide
encoding a ComS1 polypeptide comprising 90% sequence identity to SEQ ID NO: 2 finds utility in
enhancing/increasing competence in Bacillus licheniformis host cells which comprise an
endogenous gene encoding a ComS1 polypeptide. In certain embodiments, the Bacillus
licheniformis host cells made competent by introducing the nucleic acid construct comprising a
promoter region operably linked to a polynucleotide encoding a ComS1 polypeptide comprising
90% sequence identity to SEQ ID NO: 2 increases the number of Bacilli transformants by at least
1.5-fold, or at least 2-fold, or at least 5-fold, or at least 10-fold, or at least 50-fold or higher.

[0074] In other embodiments, a Bacillus licheniformis host cell made competent as described
above, further comprises at least one copy of an introduced second nucleic acid construct
comprising a promoter region operably linked to a polynucleotide encoding a ComK polypeptide
to render the Bacillus licheniformis host cell even further competent above the competence
obtained by expression of a ComS1 polypeptide.

[0075] In certain other embodiments, a B. licheniformis host cell of the disclosure comprises a
genetic modification which reduces ComS2 activity or abolishes ComS2 activity, which genetic
modification methods are well known to one skilled in the art.

[0076] In particular embodiments, the competent Bacillus licheniformis host cells further
comprise a nucleic acid construct or recombinant expression vector comprising a DNA or gene of
interest encoding a protein of interest.

V. Expression of ComS1 and ComK Polynucleotides in Bacillus licheniformis Host Cells

[0077] A polynucleotide encoding a ComS1 polypeptide or a ComK polypeptide can be
manipulated in a variety of ways to provide for expression of the polynucleotide in a Bacillus
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licheniformis host cell. Manipulation of the polynucleotide sequence prior to its insertion into a
nucleic acid construct or vector may be desirable or necessary depending on the nucleic acid
construct or the Bacillus licheniformis host cell. The techniques for modifying nucleotide
sequences utilizing cloning methods are well known in the art.

[0078] A nucleic acid construct comprising a polynucleotide encoding a ComS1 polypeptide or a
ComK polypeptide may be operably linked to one or more control sequences capable of directing
the expression of the coding sequence in a Bacillus host cell under conditions compatible with
the control sequences.

[0079] Each control sequence may be native or foreign to the polynucleotide encoding a ComS1
polypeptide or a ComK polypeptide. Such control sequences include, but are not limited to, a
leader sequence, a promoter sequence, a signal sequence, and a transcription terminator
sequence. 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 the ComS1 polypeptide or the ComK polypeptide.

[0080] The control sequence may be an appropriate promoter region, a nucleotide sequence
that is recognized by a Bacillus licheniformis host cell for expression of the polynucleotide
encoding a ComS1 polypeptide or a ComK polypeptide. The promoter region contains
transcription control sequences that mediate the expression of a ComS1 polypeptide or a ComK
polypeptide. The promoter region may be any nucleotide sequence that shows transcriptional
activity in the Bacillus licheniformis host cell of choice and may be obtained from genes directing
synthesis of extracellular or intracellular polypeptides having biological activity either homologous
or heterologous to the Bacillus licheniformis host cell.

[0081] The promoter region may comprise a single promoter or a combination of promoters.
Where the promoter region comprises a combination of promoters, the promoters are preferably
in tandem. A promoter of the promoter region can be any promoter that can initiate transcription
of a polynucleotide encoding a polypeptide having biological activity in a Bacillus licheniformis
host cell of interest. The promoter may be native, foreign, or a combination thereof, to the
nucleotide sequence encoding a polypeptide having biological activity. Such a promoter can be
obtained from genes directing synthesis of extracellular or intracellular polypeptides having
biological activity either homologous or heterologous to the Bacillus licheniformis host cell.

[0082] Thus, in certain embodiments, the promoter region comprises a promoter obtained from
a bacterial source. In other embodiments, the promoter region comprises a promoter obtained
from a Gram positive or Gram negative bacterium. Gram positive bacteria include, but are not
limited to, Bacillus, Streptococcus, Streptomyces, Staphylococcus, Enterococcus, Lactobacillus,
Lactococcus, Clostridium, Geobacillus, and Oceanobacillus. Gram negative bacteria include, but
are not limited to, E. coli Pseudomonas, Salmonella, Campylobacter, Helicobacter,
Flavobacterium, Fusobacterium, llyobacter, Neisseria, and Ureaplasma.

[0083] In certain embodiments, the promoter region comprises a promoter obtained from a
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Bacillus species or strain thereof (e.g., Bacillus agaradherens, Bacillus alkalophilus, Bacillus
amyloliquefaciens, Bacillus brevis, Bacillus circulans, Bacillus clausii, Bacillus coagulans, Bacillus
firm us, Bacillus lautus, Bacillus lentus, Bacillus licheniformis, Bacillus megaterium, Bacillus
pumilus, Bacillus stearothermophilus, Bacillus subtilis, or Bacillus thuringiensis; or from a
Streptomyces strain (e.q., Streptomyces lividans or Strepfomyces murinus).

[0084] Examples of suitable promoters for directing transcription of a polynucleotide encoding a
polypeptide having biological activity in the methods of the present disclosure are the promoters
obtained from the E. coli lac operon, Streptomyces coelicolor agarase gene (dagA), Bacillus
lentus or Bacillus clausii alkaline protease gene (aprH), Bacillus licheniformis alkaline protease
gene (subtilisin Carlsberg gene), Bacillus subfilis levansucrase gene (sacB), Bacillus subtfilis
alpha-amylase gene (amyE), Bacillus licheniformis alpha-amylase gene (amyL), Bacillus
stearothermophilus maltogenic amylase gene (amyM), Bacillus amyloliquefaciens alpha-amylase
gene (amyQ), Bacillus licheniformis penicilinase gene (penP), Bacillus subtilis xylA and xyiB
genes, Bacillus thuringiensis subsp. tenebfionis CryllA gene (crylllA) or portions thereof,
prokaryotic beta-lactamase gene (Villa-Kamaroff ef al., 1978), and Bacillus megaterium xylA
gene (Rygus and Hillen, 1992; Kim ef al., 1996). Other examples are the promoter of the spot
bacterial phage promoter and the tac promoter (DeBoer et al, 1983). Further promoters are
described in Sambrook, Fritsch, and Maniatus (1989).

[0085] In certain embodiments, a nucleic acid construct of the present disclosure, comprising a
promoter region operably linked to a polynucleotide encoding a ComS1 polypeptide comprising
90% sequence identity to SEQ ID NO: 2. In certain embodiments, a polynucleotide encoding a
ComS1 polypeptide comprises a promoter region set forth in SEQ ID NO: 5. In certain other
embodiments, a polynucleotide encoding a ComS1 polypeptide comprises a nucleic acid
terminator sequence of SEQ ID NO: 6.

[0086] In another embodiment, the promoter region comprises a promoter that is a "consensus”
promoter having the sequence TTGACA for the "-35" region and TATAAT for the "-10" region.
The consensus promoter may be obtained from any promoter that can function in a Bacillus
licheniformis host cell. The construction of a "consensus”" promoter may be accomplished by site-
directed mutagenesis using methods well known in the art to create a promoter that conforms
more perfectly to the established consensus sequences for the "-10" and "-35" regions of the
vegetative "sigma A-type" promoters for Bacillus subtilis (Voskuil ef al., 1995).

[0087] In certain other embodiments, a control sequence may also be a suitable transcription
terminator sequence, such as a sequence recognized by a Bacillus licheniformis host cell to
terminate transcription (e.g., SEQ ID NO; 6). The terminator sequence is operably linked to the 3'
terminus of the nucleotide sequence encoding a ComS1 polypeptide or a ComK polypeptide. Any
terminator that is functional in the Bacillus licheniformis host cell may be used in the present
invention.

[0088] The control sequence may also be a suitable leader sequence, a non-translated region of
a mRNA that is important for translation by a Bacillus licheniformis host cell. The leader
sequence is operably linked to the 5' terminus of the nucleotide sequence directing synthesis of
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the polypeptide having biological activity. Any leader sequence that is functional in a Bacillus
licheniformis host cell of choice may be used in the present invention.

[0089] The control sequence may also be a mRNA stabilizing sequence. The term "mRNA
stabilizing sequence” is defined herein as a sequence located downstream of a promoter region
and upstream of a coding sequence of a polynucleotide encoding a ComS1 polypeptide or ComK
polypeptide to which the promoter region is operably linked, such that all mMRNAs synthesized
from the promoter region may be processed to generate mRNA transcripts with a stabilizer
sequence at the 5' end of the transcripts. For example, the presence of such a stabilizer
sequence at the 5' end of the mRNA transcripts increases their half-life (Hue ef al., 1995). The
MRNA processing/stabilizing sequence is complementary to the 3' extremity of bacterial 16S
ribosomal RNA. In certain embodiments, the mRNA processing/stabilizing sequence generates
essentially single-size transcripts with a stabilizing sequence at the 5' end of the transcripts. The
MRNA processing/stabilizing sequence is preferably one, which is complementary to the 3'
extremity of a bacterial 16S ribosomal RNA (e.g., see, U.S. Patent No. 6,255,076 and U.S.
Patent No. 5,955,310).

[0090] The nucleic acid construct can then be introduced into a Bacillus licheniformis host cell
using methods known in the art or those methods described herein for introducing and
expressing the ComS1 polypeptide or ComK polypeptide.

[0091] Likewise, a nucleic acid (polynucleotide) construct comprising a DNA of interest encoding
a protein of interest (POI) can also be constructed similarly as described above.

[0092] For obtaining secretion of the protein of interest of encoded by the introduced DNA of
interest, the control sequence may also comprise a signal peptide coding region, which codes for
an amino acid sequence linked to the amino terminus of a polypeptide that can direct the
expressed polypeptide into the cell's secretory pathway. The signal peptide coding region may
be native to the polypeptide or may be obtained from foreign sources. The 5' end of the coding
sequence of the nucleotide sequence may inherently contain a signal peptide coding region
naturally linked in translation reading frame with the segment of the coding region that encodes
the secreted polypeptide. Alternatively, the 5' end of the coding sequence may contain a signal
peptide coding region that is foreign to that portion of the coding sequence that encodes the
secreted polypeptide. The foreign signal peptide coding region may be required where the
coding sequence does not normally contain a signal peptide coding region. Alternatively, the
foreign signal peptide coding region may simply replace the natural signal peptide coding region
in order to obtain enhanced secretion of the polypeptide relative to the natural signal peptide
coding region normally associated with the coding sequence. The signal peptide coding region
may be obtained from an amylase or a protease gene from a Bacillus species. However, any
signal peptide coding region capable of directing the expressed polypeptide into the secretory
pathway of a Bacillus licheniformis host cell of choice may be used in the present invention.

[0093] An effective signal peptide coding region for a Bacillus licheniformis host cell, is the signal
peptide coding region obtained from the maltogenic amylase gene from Bacillus NCIB 11837, the
Bacillus stearothermophilus alpha-amylase gene, the Bacillus licheniformis subtilisin gene,
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Bacillus licheniformis amyL gene, the Bacillus licheniformis B-lactamase gene, the Bacillus
stearothermophilus neutral proteases genes (npr7, nprS, nprM), and the Bacillus subtilis prsA
gene.

[0094] Thus, in certain embodiments, a polynucleotide construct comprising a nucleic acid
encoding a ComS1 polypeptide, or a polynucleotide construct comprising a nucleic acid encoding
a ComK polypeptide or a polynucleotide construct comprising a nucleic acid encoding a
polypeptide of interest (POI) of the disclosure, can be constructed such that it is expressed by a
Bacillus host cell. Because of the known degeneracies in the genetic code, different
polynucleotides encoding an identical amino acid sequence can be designed and made with
routine skills in the art. For example, codon optimizations can be applied to optimize production
in a Bacillus host cell.

[0095] Nucleic acids encoding a ComS1 polypeptide, a ComK polypeptide and/or a protein of
interest (see, Section VI below) can be incorporated into a vector, wherein the vector can be
transferred into a host cell using well-known transformation techniques, such as those disclosed
herein.

[0096] The vector may be any vector that can be transformed into and replicated within a host
cell. For example, a vector comprising a nucleic acid encoding a POl can be transformed and
replicated in a bacterial host cell as a means of propagating and amplifying the vector. The
vector also may be transformed into a Bacillus licheniformis expression host of the disclosure, so
that the protein encoding nucleic acid (e.g., an ORF) can be expressed as a functional protein.

[0097] A representative vector which can be modified with routine skill to comprise and express
a nucleic acid encoding a POl is vector p2JM103BBI (see, Vogtentanz, 2007).

[0098] As stated briefly above, a polynucleotide encoding a ComS1 polypeptide, a comK
polypeptide or a POl can be operably linked to a suitable promoter, which allows transcription in
the host cell. The promoter may be any nucleic acid sequence that shows transcriptional activity
in the host cell of choice and may be derived from genes encoding proteins either homologous
or heterologous to the host cell. Means of assessing promoter activity/strength are routine for the
skilled artisan.

[0099] Examples of suitable promoters for directing the transcription of a polynucleotide
sequence encoding ComS1 polypeptide, a ComK polypeptide and/or a POl of the disclosure,
especially in a bacterial host, include the promoter of the lac operon of E. coli, the Streptomyces
coelicolor agarase gene dagA or celA promoters, the promoters of the Bacillus licheniformis
alpha-amylase gene (amylL), the promoters of the Bacillus stearothermophilus maltogenic
amylase gene (amyM), the promoters of the Bacillus amyloliquefaciens alpha-amylase (amyQ),
the promoters of the Bacillus subtilis xylA and xyIB genes, and the like.

[0100] In certain embodiments, a promoter for directing the transcription of a polynucleotide
sequence encoding a POl is a wild-type aprE promoter, a mutant aprE promoter or a consensus
aprE promoter set forth in PCT International Publication No. WO2001/51643. In certain other
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embodiments, a promoter for directing the transcription of a polynucleotide sequence encoding a
POl is a wild-type spoVG promoter, a mutant spoVG promoter, or a consensus spoVG promoter
(Frisby and Zuber, 1991).

[0101] In other embodiments, a promoter for directing the transcription of the polynucleotide
sequence encoding ComS1 polypeptide, a ComK polypeptide or a POl is a ribosomal promoter
such as a ribosomal RNA promoter or a ribosomal protein promoter. More particularly, in certain
embodiments, the ribosomal RNA promoter is a rrn promoter derived from B. subfilis, more
particularly, the rrn promoter is a rrnB, rrnl or rrnE ribosomal promoter from B. subfilis. In certain
embodiments, the ribosomal RNA promoter is a P2 rrn/ promoter from B. subtilis set forth in PCT
International Publication No. W02013/086219.

[0102] A suitable vector may further comprise a nucleic acid sequence enabling the vector to
replicate in the host cell. Examples of such enabling sequences include the origins of replication
of plasmids pUC19, pACYC177, pUB110, pE194, pAMB1, plJ702, and the like.

[0103] A suitable vector may also comprise a selectable marker, e.g., a gene the product of
which complements a defect in the isolated host cell, such as the dal genes from B. subtilis or B.
licheniformis; or a gene that confers antibiotic resistance such as, e.g., ampicillin resistance,
kanamycin resistance, chloramphenicol resistance, tetracycline resistance and the like.

[0104] A suitable expression vector typically includes components of a cloning vector, such as,
for example, an element that permits autonomous replication of the vector in the selected host
organism and one or more phenotypically detectable markers for selection purposes. Expression
vectors typically also comprise control nucleotide sequences such as, for example, promoter,
operator, ribosome binding site, translation initiation signal and optionally, a repressor gene, one
or more activator genes sequences, or the like.

[0105] Additionally, a suitable expression vector may further comprise a sequence coding for an
amino acid sequence capable of targeting the protein of interest to a host cell organelle such as
a peroxisome, or to a particular host cell compartment. Such a targeting sequence may be, for
example, the amino acid sequence "SKL". For expression under the direction of control
sequences, the nucleic acid sequence of the protein of interest can be operably linked to the
control sequences in a suitable manner such that the expression takes place.

[0106] Protocols, such as described herein, used to ligate the DNA construct encoding a protein
of interest, promoters, terminators and/or other elements, and to insert them into suitable vectors
containing the information necessary for replication, are well known to persons skilled in the art
(see, e.qg., Sambrook ef al., 1989, and 3rd edition 2001).

[0107] An isolated cell, either comprising a polynucleotide construct or an expression vector, is
advantageously used as a host cell in the recombinant production of a POI. The cell may be
transformed with the DNA construct encoding the POI, conveniently by integrating the construct
(in one or more copies) into the host chromosome. Integration is generally deemed an
advantage, as the DNA sequence thus introduced is more likely to be stably maintained in the
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cell. Integration of the DNA constructs into the host chromosome may be performed applying
conventional methods, for example, by homologous or heterologous recombination. For
example, PCT International Publication No. WO02002/14490 describes methods of Bacillus
transformation, transformants thereof and libraries thereof. Alternatively, the cell may be
transformed with an expression vector as described above in connection with the different types
of host cells.

[0108] It is, in other embodiments, advantageous to delete genes from expression hosts, where
the gene deficiency can be cured by an expression vector. Known methods may be used to
obtain a bacterial host cell having one or more inactivated genes. Gene inactivation may be
accomplished by complete or partial deletion, by insertional inactivation or by any other means
that renders a gene nonfunctional for its intended purpose, such that the gene is prevented from
expression of a functional protein. For example, in certain embodiments, a Bacillus licheniformis
host cell of the disclosure comprises either a disrupted or deleted comS2 gene encoding a
ComS2 polypeptide comprising at least 90% sequence identity to the Bacillus licheniformis
ComS2 polypeptide of SEQ ID NO: 4. Thus, in certain embodiments, a non-competent (or poorly
transformable) Bacillus licheniformis host cell is made competent by a reduction in the activity of
a ComS2 polypeptide in the host cell. In other embodiments, a Bacillus licheniformis host cell
comprising a deleted or disrupted comS2 gene further comprises an introduced nucleic acid
construct comprising a polynucleotide construct encoding a ComS1 polypeptide comprising 90%
sequence identity to SEQ ID NO: 2 and/or an introduced nucleic acid construct comprising a
polynucleotide construct encoding a ComK polypeptide (e.g., SEQ ID NO: 17 or SEQ ID NO: 18).

[0109] Techniques for transformation of bacteria and culturing the bacteria are standard and well
known in the art. They can be used to transform the improved hosts of the present invention for
the production of a recombinant protein of interest (POI). Introduction of a DNA construct or
vector into a host cell includes techniques such as transformation, electroporation, nuclear
microinjection, transduction, transfection (e.g., lipofection mediated and DEAE-Dextrin mediated
transfection), incubation with calcium phosphate DNA precipitate, high velocity bombardment
with DNA-coated microprojectiles, gene gun or biolistic transformation and protoplast fusion, and
the like. Transformation and expression methods for bacteria are also disclosed in Brigidi ef al.
(1990). A general transformation and expression protocol for protease deleted Bacillus strains is
described in Ferrari et al. (U.S. Patent No. 5, 264,366).

VL. Proteins of Interest (POI) Produced by Bacillus licheniformis Cells

[0110] In certain embodiments, the present disclosure provides methods for producing one or
more proteins of interest in one or more Bacillus licheniformis host cells made competent
according to the instant disclosure. Thus, certain embodiments are directed to Bacillus
licheniformis host cells made competent via introducing a nucleic acid construct encoding a
ComS1 polypeptide therein, wherein the competent Bacillus licheniformis host cells are
transformed with a nucleic acid construct encoding a protein of interest.

[0111] The protein of interest (POI) can be any endogenous or heterologous protein, and it may
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be a variant of such a POI. The protein can contain one or more disulfide bridges or is a protein
whose functional form is a monomer or a multimer, i.e., the protein has a quaternary structure
and is composed of a plurality of identical (homologous) or non-identical (heterologous) subunits,
wherein the POI or a variant POI thereof is preferably one with properties of interest.

[0112] In certain embodiments, a POl or a variant POl thereof is selected from the group
consisting of acetyl esterases, aryl esterases, aminopeptidases, amylases, arabinases,
arabinofuranosidases, carbonic anhydrases, carboxypeptidases, catalases, cellulases,
chitinases, chymosins, cutinases, deoxyribonucleases, epimerases, esterases, a-galactosidases,
B-galactosidases, a-glucanases, glucan lysases, endo-B-glucanases, glucoamylases, glucose
oxidases, a-glucosidases, p-glucosidases, glucuronidases, glycosyl hydrolases, hemicellulases,
hexose oxidases, hydrolases, invertases, isomerases, laccases, lipases, lyases, mannosidases,
oxidases, oxidoreductases, pectate lyases, pectin acetyl esterases, pectin depolymerases, pectin
methyl esterases, pectinolytic enzymes, perhydrolases, polyol oxidases, phenol oxidases,
peroxidases, phenoloxidases, phytases, polygalacturonases, proteases, peptidases, rhamno-
galacturonases, ribonucleases, transferases, transport proteins, transglutaminases, xylanases,
hexose oxidases, and combinations thereof.

[0113] The POI or variant POl may also be a peptide, a peptide hormone, a growth factor, a
clotting factor, a chemokine, a cytokine, a lymphokine, an antibody, a receptor, an adhesion
molecule, a microbial antigen (e.g., HBV surface antigen, HPV E7, efc.), and variants thereof or
fragments thereof.

VIl. FERMENTATION

[0114] In certain embodiments, the disclosure is directed to compositions and methods of
producing a POl comprising fermenting a Bacillus licheniformis host cell made competent
according to the instant disclosure, wherein the competent Bacillus licheniformis host cell secrets
the POI into the culture medium. Fermentation methods well known in the art can be applied to
ferment the Bacillus licheniformis host cells of the disclosure.

[0115] In some embodiments, the Bacillus licheniformis host cells are cultured under batch or
continuous fermentation conditions. A classical batch fermentation is a closed system, where the
composition of the medium is set at the beginning of the fermentation and is not altered during
the fermentation. At the beginning of the fermentation, the medium is inoculated with the desired
organism(s). In this method, fermentation is permitted to occur without the addition of any
components to the system. Typically, a batch fermentation qualifies as a "batch" with respect to
the addition of the carbon source, and attempts are often made to control factors such as pH
and oxygen concentration. The metabolite and biomass compositions of the batch system
change constantly up to the time the fermentation is stopped. Within typical batch cultures, cells
can progress through a static lag phase to a high growth log phase, and finally to a stationary
phase, where growth rate is diminished or halted. If untreated, cells in the stationary phase
eventually die. In general, cells in log phase are responsible for the bulk of production of product.
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[0116] A suitable variation on the standard batch system is the "fed-batch fermentation" system.
In this variation of a typical batch system, the substrate is added in increments as the
fermentation progresses. Fed-batch systems are useful when catabolite repression likely inhibits
the metabolism of the cells and where it is desirable to have limited amounts of substrate in the
medium. Measurement of the actual substrate concentration in fed-batch systems is difficult and
is therefore estimated on the basis of the changes of measurable factors, such as pH, dissolved
oxygen and the partial pressure of waste gases, such as CO,. Batch and fed-batch

fermentations are common and known in the art.

[0117] Continuous fermentation is an open system where a defined fermentation medium is
added continuously to a bioreactor, and an equal amount of conditioned medium is removed
simultaneously for processing. Continuous fermentation generally maintains the cultures at a
constant high density, where cells are primarily in log phase growth. Continuous fermentation
allows for the modulation of one or more factors that affect cell growth and/or product
concentration. For example, in one embodiment, a limiting nutrient, such as the carbon source or
nitrogen source, is maintained at a fixed rate and all other parameters are allowed to moderate.
In other systems, a number of factors affecting growth can be altered continuously while the cell
concentration, measured by media turbidity, is kept constant. Continuous systems strive to
maintain steady state growth conditions. Thus, cell loss due to medium being drawn off should
be balanced against the cell growth rate in the fermentation. Methods of modulating nutrients
and growth factors for continuous fermentation processes, as well as techniques for maximizing
the rate of product formation, are well known in the art of industrial microbiology.

[0118] Thus, in certain embodiments, a POI produced by a transformed Bacillus licheniformis cell
may be recovered from the culture medium by conventional procedures including separating the
host cells from the medium by centrifugation or filtration, or if necessary, disrupting the cells and
removing the supernatant from the cellular fraction and debris. Typically, after clarification, the
proteinaceous components of the supernatant or filtrate are precipitated by means of a salt (e.g.,
ammonium sulfate). The precipitated proteins are then solubilized and may be purified by a
variety of chromatographic procedures (e.g., ion exchange chromatography, gel filtration).

EXAMPLES

[0119] Certain aspects of the present invention may be further understood in light of the
following examples, which should not be construed as limiting. Modifications to materials and
methods will be apparent to those skilled in the art.

EXAMPLE 1

NON-COMPETENT B. LICHENIFORMIS HOST CELLS MADE COMPETENT BY INTRODUCING
AN EXPRESSION CONSTRUCT ENCODING NATIVE COMS1 PEPTIDE



DK/EP 3571217 T5

[0120] The present example evaluates the influence/role that ComS peptides have on the
development of natural competence in B. licheniformis host cells.

Materials and Methods

Plasmid construction

[0121] To evaluate the role that the ComS1 (SEQ ID NO: 2) and ComS2 (SEQ ID NO: 4)
peptides from B. licheniformis (Bra7 strain) play in the development of natural competence in
Bacillus licheniformis host cells, the following three constructs were prepared: (1) Construct #1:
a comS1 construct driven by a promotor and 5' UTR of SEQ ID NO: 5 and a terminator of SEQ
ID NO: 6, (2) Construct #2: a comS2 construct driven by a promotor and 5' UTR of SEQ ID NO:
5 and a terminator of SEQ ID NO: 6 and (3) Construct #3: a comS1comS2 construct driven by a
promotor and 5' UTR of SEQ ID NO: 5, a terminator of SEQ ID NO: 6, with an additional
ribosomal binding (RBS) site of SEQ ID NO: 7 operably linking the comS71 and comS2 genes.

[0122] All three constructs set forth above were flanked upstream and downstream by a &'
flanking sequence (SEQ ID NO: 19) and a 3' flanking sequence (SEQ ID NO: 20), which are
homologous regions of the amyL locus of the parental B. licheniformis host cell, and ordered
synthetically flanked by a “Xho/” and a "Not/" restriction site (IDT, Leuven, Belgium).

[0123] The three (3) synthetic constructs (i.e., Construct #1, Construct #2 and Construct #3)
were digested using ‘Xho!/" and "Not/" (BIOKE, Leiden The Netherland), for two (2) hours at
37°C, and subsequently gel purified (BIOKE, Leiden The Netherland). The isolated digested
fragment was ligated into a “Xho/" and “Not!" digested and gel purified plasmid vector "pCZ1 05"

(see, FIG. 3). The ligation was performed using the quick IigationTM kit (BIOKE, Leiden The
Netherland), and the ligate was purified using the PCR cleanup kit (BIOKE, Leiden The
Netherland) and rolling circle amplified (GE Healthcare Europe GmbH, Eindhoven, the
Netherlands).

[0124] The rolling circle amplified ("RCA") mix of the pCZ105 plasmid harboring comS7
Construct #1) and the pCZ105 plasmid harboring comS7TcomS2 (i.e., Construct #3) were
transformed into competent B. licheniformis (daughter) host cells (i.e., "Daughter Cell 1"), which
daughter host cells do not comprise endogenous functional genes encoding either ComS1 or
ComS2. Similarly, the pCZ105 plasmid harboring comS2 (i.e., Construct #2) was transformed
into competent B. licheniformis (daughter) host cells (i.e., "Daughter Cell 2"), which daughter
host cells do not comprise functional genes encoding either ComS1 or ComS2. More particularly,
the pCZ105 plasmids harboring Construct #1, Construct #2 and Construct #3, were transformed
into competent B, licheniformis (daughter) cells comprising (harboring) a pBLcomK plasmid (see,
FIG. 5) as generally described in International PCT Application No. PCT/US2016/059078 (filed
October 27, 2016), and International PCT Publication Nos. W02002/14490 and WO2008/79895.
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[0125] All transformations were plated on Luria agar containing 30 mg/l kanamycin and
incubated at 37°C. Formed colonies were inoculated in Luria broth containing 30 mg/l kanamycin
and incubated overnight at 42°C to promote single crossover integration in the genome, followed
by plating on Luria agar containing 30 mg/l kanamycin. Single colonies were checked for correct
integration in the genome using the following forward primer and one of the two reverse primers
set forth below:

Forward primer: AAGCTGCTGTCCCTTCAAGA (SEQ ID NO: 8);

Reverse primer: CTTCGAGCTGATTGAGGATGTAC (SEQ ID NO: 9); was used for comS7 and
comS1comS2; and

Reverse primer: CATGAGAACAGACGGCATGTT (SEQ ID NO: 10); was used for comS2.

[0126] Double crossover integration was obtained by culturing the correct single crossover
integrants in Luria broth overnight at 37°C followed by plating onto Luria agar. Colonies unable
to grow in the presence of 30 mg/L Kanamycin were tested by PCR for double crossover
integration using primers:

Forward primer: AAGCTGCTGTCCCTTCAAGA (SEQ ID NO: 11)

Reversed primer: CGGCGGTAACAGGAACAATC (SEQ ID NO: 12)

[0127] After verification, three (3) different modified B. licheniformis host cells were obtained
from the daughter B. licheniformis host cells transformed as described above: (1) "Daughter Cell
1" comprising Construct #1 (comS1); (2) "Daughter Cell 1" comprising Construct #3
(comS1comS2) and (3) "Daughter Cell 2" comprising Construct # 2 (comS2). These three (3)
modified (daughter) cells were cultured to obtain protoplasts and re-transformed with the
pBLComK plasmid (see, PCT International Publication No. WO2005/111203 and PCT
International Application No. PCT/US2016/059078). The DNA and protoplasts mixture were
plated on a B. Licheniformis regeneration media plate with 100 ppm of spectinomycin as
selection. After (3) three days of growth on the regeneration plate, a sample from an individual
transformant colony was picked and re-streaked on LB plate with 100 ppm of spectinomycin.
Verification of the presence of the pBLComK plasmid was performed using the following primers:

Forward primer 1: TCTCCAAGATAACTACGAACTGC (SEQ ID NO: 13)

Reverse primer 1: CCATAAACCGCCGATCATGG (SEQ ID NO: 14)

Forward primer 2: CGTACGGAGATTGGGGCAT (SEQ ID NO: 15)

Reverse primer 2: ACTCGTGAACATGCGCAT (SEQ ID NO: 16)




DK/EP 3571217 T5

Transformation Efficiency Assay

[0128] In the present example, the transformation efficiency of the modified B. licheniformis
(daughter) host cells described above (i.e., comprising Construct #1, Construct #2 or Construct
#3) were analyzed for their ability to take up a replicating plasmid comprising a gene of interest
encoding a G. stearothermophilus a-amylase variant GC358 (as described in U.S. Patent No.
8,361,755 and U.S. Patent No. 5,958,739).

[0129] Thus, from a -80°C stock, the following host cells were evaluated: (A) a B. licheniformis
host cell (Daughter Cell 1) comprising plasmid pBLComK, (B) a B. licheniformis host cell
(Daughter Cell 2) comprising plasmid pBLComK, (C) a B. licheniformis host cell (Daughter Cell 1)
comprising comS71 (Construct #1) and plasmid pBLComK, (D) a B. licheniformis host cell
(Daughter Cell 1) comprising comS1comS2 (Construct #3) and plasmid pBLComK and (E) a B.
licheniformis host cell (Daughter Cell 2) comprising comS2 (Construct #2) and plasmid
pBLComK.

[0130] The B. licheniformis host cells (A)-(E) described above were plated onto LB plates
containing 100mg/L spectinomycin and cultured overnight at 37°C for analysis of competence.
More particularly, competence of B. licheniformis host cells (A)-(E) was assayed (as described in
PCT International Application No. PCT/US2016/059078) at the 3, 4, 5, 6, 7 and 8-hour time
points.

Results

[0131] As depicted in FIG. 6A, the expression of the ComS2 peptide (Construct #2) in the B.
licheniformis host cell (Daughter Cell 2) significantly reduced the transformation efficiency of
Daughter Cell 2 relative to the same B. licheniformis host cell (Daughter Cell 2) which does not
comprise Construct #2 (see, FIG. 6A, right y-axis). As presented in FIG. 6B, the expression of
the combination of the ComS1 and ComS2 peptides (Construct #3) improved competency of B.
licheniformis host cell (Daughter Cell 1) by a factor of 11 at peak competence, relative to the
same B. licheniformis host cell (Daughter Cell 1) which does not comprise Construct #3 (see,
FIG. 6B, right y-axis). Most surprisingly, as presented in FIG. 6C, the expression of only the
ComS1 peptide (Construct #1) in the B. licheniformis host cell (Daughter Cell 1) dramatically
improved competency by a factor 31.5 at peak competence, relative to the same B. licheniformis
host cell (Daughter Cell 1) which does not comprise Construct #1 (ComS1).

[0132] Thus, the results presented herein show that the ComS2 peptide (SEQ ID NO: 4), which
was annotated based on homology with the comS gene from B. subfilis, has a negative impact
on competency in B. licheniformis host cells. In contrast, the expression of only the comS7 gene
in B. licheniformis daughter cells significantly enhances B. licheniformis competency.

[0133] More particularly, the increased competency observed for the expression of the ComS1
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peptide (SEQ ID NO: 2) in B. licheniformis host cells (Daughter Cell 1) is even slightly higher at
time point 7, relative to the competency observed for the parental B. licheniformis (Bra7 strain)
host cell (FIG. 7, right y-axis "Bra7 parent"), which wild-type Bra7 strain natively comprises both
genes encoding the ComS1 and ComS2 peptides.
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Patentkrav

1. Fremgangsmade til forggelse af
transformationseffektiviteten for en Bacillus licheniformis-
vertscelle, som omfatter:

(a) indfegrelse 1 en Bacillus licheniformis-modervartscelle af
mindst én kopi af en exogen nukleinsyrekonstruktion, der
omfatter en promotorregion, der er operabelt koblet til et
polynukleotid, der koder for et ComSl-polypeptid, hvor ComS1l-
polypeptidet omfatter en aminosyresekvens, der omfatter mindst
90 % sekvensidentitet med SEQ ID NO: 2, og

(b) isolering af en Bacillus licheniformis-dattervartscelle, der

omfatter polynukleotidet, der koder for ComSl-polypeptidet.

2. Fremgangsmade til opnaelse af en Bacillus licheniformis-
transformant, som omfatter:

(a) tilvejebringelse af en Bacillus licheniformis-vaertscelle,
hvor transformationseffektiviteten er blevet gget ved indforelse
i en BRacillus licheniformis-modervaertscelle af mindst én kopi
af en nukleinsyrekonstruktion, der omfatter en promotorregion,
der er operabelt koblet til et polynukleotid, der koder for et
ComSl-polypeptid, hvor ComSl-polypeptidet omfatter en
aminosyresekvens, der omfatter mindst 90 % sekvensidentitet med
SEQ ID NO: 2,

(b) transformering af et exogent polynukleotid i en Bacillus
licheniformis-vaertscelle, der er tilvejebragt i trin (a), og
(c¢) 1isolering af en transformant af Bacillus licheniformis-

vaertscellen, der omfatter det exogent indferte polynukleotid.

3. Fremgangsmade 1felge krav 1 eller krav 2, hvor Bacillus
licheniformis-modervertscellen ikke nativt omfatter et ComSl-
polypeptid, der omfatter en aminosyresekvens, der omfatter
mindst 90 % sekvensidentitet med SEQ ID NO: 2.

4, Kompetent Bacillus licheniformis-vartscelle, som omfatter
mindst én kopi af en exogent indfert nukleinsyrekonstruktion,
der omfatter en promotorregion, der er operabelt koblet til en

polynukleotidsekvens, der koder for et ComSl-polypeptid, hvor
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ComSl-polypeptidet omfatter mindst 90 % sekvensidentitet med SEQ
ID NO: 2.

5. Transformeret Bacillus 1licheniformis-vaertscelle ifglge
krav 4, hvor Bacillus licheniformis-vartscellen er transformeret
med et polynukleotid, der koder for et protein af interesse
(POI) .

6. Fremgangsmade ifelge kravene 1-3 eller Bacillus
licheniformis-vaertscelle ifglge kravene 4-5, hvor
polynukleotidet, der koder for ComSl-polypeptidet, omfatter
mindst 90 % sekvensidentitet med nukleotidsekvensen ifglge SEQ
ID NO: 1 eller SEQ ID NO: 21.

7. Fremgangsmade ifglge kravene 1-3 eller Bacillus
licheniformis-vaertscelle ifglge kravene 4-5, hvor wvartscellen
yderligere omfatter mindst én kopi af en exogent indfert
nukleinsyrekonstruktion, der omfatter en promotorregion, der er
operabelt koblet til et polynukleotid, der koder for et ComK-
polypeptid, eventuelt hvor ComK-polypeptidet omfatter en
aminosyresekvens, der omfatter 90 % sekvensidentitet med SEQ ID
NO: 17 eller SEQ ID NO: 18.

8. Fremgangsmade til forggelse af
transformationseffektiviteten for en Bacillus 1licheniformis
(datter)-vartscelle, der er afledt fra en Bacillus
licheniformis-modervartscelle, hvor Bacillus 1licheniformis-
modervartscellen omfatter et nativt gen, der koder for et ComS2-
polypeptid, der omfatter 90 % sekvensidentitet med ComS2-
polypeptidet ifglge SEQ ID NO: 4, hvilken fremgangsmade
omfatter:

(a) identificering af en Bacillus licheniformis-
modervaertscelle, der omfatter et nativt gen, der koder for et
ComS2-polypeptid, der omfatter 90 % sekvensidentitet med ComS2-
polypeptidet ifwlge SEQ ID NO: 4,

(b) deletion eller gdelaggelse af det native ComS2-gen, der er
identificeret i BRacillus licheniformis-modervaertscellen 1 trin

(a), hvor deletionen eller gdelaggelsen af det native ComS2-gen
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gger transformationseffektiviteten for Bacillus licheniformis-
dattervaertscellen opnaet derfra, og

(c¢) isolering af Bacillus licheniformis-dattervaertscellen i trin
(b) .

9. Fremgangsmade ifglge krav 8, hvor Bacillus licheniformis-
dattervartscellen, der isoleres i  trin (c), modificeres
yderligere ved indfgrelse af mindst én kopi af en exogent indfert
nukleinsyrekonstruktion, der omfatter en promotorregion, der er
operabelt koblet til en polynukleotidsekvens, der koder for et

ComSl-polypeptid, hvor ComSl-polypeptidet omfatter mindst 90
sekvensidentitet med SEQ ID NO: 2.

o

10. Fremgangsmade ifglge krav 1 eller 8, hvor Bacillus
licheniformis-dattervaertscellen transformeres med et exogent
indfert polynukleotid, der koder for et protein af interesse
(POI) .

11. Fremgangsmade ifglge krav 9, hvor polynukleotidet, der

oo

koder for ComSl-polypeptidet, omfatter mindst 90
sekvensidentitet med nukleotidsekvensen ifglge SEQ ID NO: 1
eller SEQ ID NO: 21.

12. Fremgangsmade ifglge krav 11, hvor vertscellen yderligere
omfatter mindst én kopi af en exogent indfert
nukleinsyrekonstruktion, der omfatter en promotorregion, der er
operabelt koblet til et polynukleotid, der koder for et ComK-
polypeptid, eventuelt hvor ComK-polypeptidet omfatter en
aminosyresekvens, der omfatter 90 % sekvensidentitet med SEQ ID
NO: 17 eller SEQ ID NO: 18.

13. Kompetent Bacillus-vertscelle opnaet ved hjelp at

fremgangsmaden ifglge krav 8.

14. Transformeret vartscelle ifwglge krav 5 eller fremgangsmade
if@glge krav 10, hvor POI’et er valgt fra gruppen, der bestar af
acetylesteraser, aminopeptidaser, amylaser, arabinaser,

arabinofuranosidaser, carbonanhydraser, carboxypeptidaser,
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catalaser, cellulaser, chitinaser, chymosiner, cutinaser,
deoxyribonucleaser, epimeraser, esteraser, agalactosidaser, 13-
galactosidaser, o—glucanaser, glucanlysaser, endo-13-
glucanaser, glucoamylaser, glucoseoxidaser, o-glucosidaser, 13-
glucosidaser, glucuronidaser, glycosylhydrolaser,
hemicellulaser, hexoseoxidaser, hydrolaser, invertaser,
isomeraser, laccaser, lipaser, lyaser, mannosidaser, oxidaser,
oxidoreductaser, pectatlyaser, pectinacetylesteraser,
pectindepolymeraser, pectinmethylesteraser, pectinolytiske
enzymer, perhydrolaser, polyoloxidaser, peroxidaser,
phenoloxidaser, phytaser, polygalacturonaser, proteaser,
peptidaser, rhamno-galacturonaser, ribonucleaser, transferaser,
transportproteiner, transglutaminaser, xylanaser,

hexoseoxidaser og kombinationer deraf.

15. Fremgangsmade til frembringelse af et protein af interesse,
som omfatter indvinding af proteinet af interesse fra den

transformerede Bacillus licheniformis-celle ife@lge krav 5.
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FIG. 4
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FIG. 6B
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SEKVENSLISTE

Sekvenslisten er udeladt af skriftet og kan hentes fra det Europeaeiske Patent Register.

The Sequence Listing was omitted from the document and can be downloaded from the European
Patent Register.

Sidste side
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