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ENGINEERED RIBOSOMAL PROMOTERS FOR PROTEIN
PRODUCTION IN MICROORGANISMS

FIELD OF THE INVENTION
[0001] The present invention is generally related to the fields of molecular biology and genetic
engineering. In certain embodiments, the present invention is directed to the use of engineered
promoters, and more particularly, engineered hybrid ribosomal promoters for the expression

and production of one or more proteins of interest in a host microorganism.

CROSS-REFERENCE TO RELATED APPLICATION
[0002] This application claims the benefit of U.S. Provisional Application No. 62/304,061,
filed on March 04, 2016, which is hereby incorporated by reference in its entirety.

REFERENCE TO THE SEQUENCE LISTING
[0003] The contents of the electronic submission of the text file Sequence Listing, named
“NB40928 WOPCT-SequenceListing.txt” was created on March 06, 2017 and is 72 KB in size,

is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0004] Genetic engineering has facilitated various improvements in host microorganisms used
as industrial bioreactors or cell factories. For example, Gram-positive Bacillus species produce
and secrete a large number of useful proteins and metabolites. The most common Bacillus
species used in industry are B. licheniformis, B. amyloliquefaciens, and B. subtilis. Because of
their generally recognized as safe (GRAS) status, strains of Bacillus species are natural
candidates for the production of proteins utilized in the food and pharmaceutical industries.
For example, important production enzymes include a-amylases, neutral proteases, alkaline (or
serine) proteases, and the like. However, in spite of advances in the knowledge of production
of proteins in Bacillus host cells, there remains a need for methods and compositions thereof
which improve the expression and production of these proteins by microorganisms.

[0005] Recombinant production of a protein of interest (POI) encoded by a gene (or ORF) of
interest is typically accomplished by constructing expression vectors suitable for use in a
desired host cell, wherein the nucleic acid encoding the desired POI is placed under the
expression control of a promoter. Thus, the expression vector is introduced into a host cell by

various techniques (e.g., via transformation), and production of the desired protein product is
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achieved by culturing the transformed host cell under conditions suitable for the expression
and production of the protein product. For example, Bacillus promoters (and associated
elements thereof) for the homologous and/or heterologous expression of functional
polypeptides have been described in the art (e.g., see, PCT International Publication No.
W02013086219; U.S Patent Nos. 4,559,300; Kim et al., 2008, etc.).

[0006) While numerous promoters are known, there remains a need in the art for novel
promoters which improve the expression of homologous and/or heterologous nucleic acids
encoding proteins of interest. For example, in the industrial biotechnology arts, even small
increases in the expression levels of an industrially relevant protein (e.g., an enzyme, an
antibody, a receptor, and the like) translate into significant cost, energy and time savings of the
POI produced. The novel and surprisingly effective engineered hybrid promoters of the present

invention address such long felt needs in the art.

SUMMARY OF THE INVENTION

[0007] In certain embodiments, the present invention is directed to the use of engineered
promoters, and more particularly, engineered hybrid ribosomal promoters for the expression
and production of one or more proteins of interest in a host microorganism.

[0008] In particular embodiments, the present invention is directed to an isolated nucleic acid
comprising an engineered hybrid promoter operably linked to a nucleic acid encoding a protein
of interest (POI), wherein the hybrid promoter comprisgs the nucleotide sequence of any one
of SEQ ID NO: 65, SEQ ID NO: 66, SEQ ID NO: 67, SEQ ID NO: 68, SEQ ID NO: 69, SEQ
ID NO: 70, SEQ ID NO: 71 SEQ ID NO: 72, SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO:
75, SEQID NO: 77, SEQ ID NO: 78, SEQ ID NO: 79, SEQ ID NO: 80, SEQ ID NO: 90, SEQ
ID NO: 91, SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 95, SEQ ID NO:
96 and SEQ ID NO: 97. In other embodiments, a nucleic acid of the invention comprises a
subsequence of SEQ ID NOs: 65-80 and 90-97 that retains promoter activity. In other
embodiments, a nucleic acid sequence of the invention is a nucleic acid that is at least 60%
homologous to any one of SEQ ID NOs: 65-80 and 90-97, or a nucleic acid that hybridizes
under medium stringency conditions with any one of SEQ ID NOs: 65-80 and 90-97 (or a
suhsequence thereof that retains promoter activity).

[0009] In certain embodiments, the hybrid promoter comprises the nucleotide sequence of SEQ
ID NO: 65 or SEQ ID NO: 71. In certain other embodiments, the protein of interest (POI)
encoded by the isolated nucleic acid is an enzyme. I[n particular embodiments, the enzyme is

selected from the group consisting of acetyl esterases, aryl esterases, aminopeptidases,
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amylases, arabinases, arabinofuranosidases, carboxypeptidases, catalases, cellulases,
chitinases, chymosin, cutinase, deoxyribonucleases, epimerases, esterases, a-galactosidases, 8
galactosidases, a-glucanases, glucan lysases, endo-B-glucanases, glucoamylases, glucose
oxidases, a-glucosidases, B-glucosidases, glucuronidases, 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, pullulanases, mannanases, rhamno-galacturonases,
ribonucleases, thaumatin, transferases, transport proteins, transglutaminases, xylanases and
hexose oxidases.

[0010] In certain other embodiments, the present invention is directed to an isolated nucleic
acid comprising an engineered complete promoter operably linked to a nucleic acid encoding

a protein of interest, the isolated nucleic acid comprising the formula selected from:

@D 5'—UP—1stPro—ORF—3’;

I  5—UP—IstPro—UI'R—ORF—3;

dm  5S—UP—I1stPro—2ndPro—ORF—3’;

av) 5'—UP—IstPro—2ndPro—UTR—ORF—3’;

) 5'—UP—IstPro—UTR—2ndPro—UTR—ORF—3’;

(VD)  5—UP—IstPro—2ndPro—3rdPro—ORF—3’;

(V1) 5'—UP—I1stPro—2ndPro—3rdPro—UTR—ORF—3’; and
(VII) 5'—UP—IstPro—2ndPro—UTR—3rdPro—UTR—ORF—3’,

[0011] wherein UP is a nucleic acid comprising a promoter upstream element, 1stPro, 2ndPro
and 3rdPro are the same or different nucleic acids comprising at least a -35/-10 core promoter
sequence, UTR is a nucleic acid comprising an untranslated region and ORF is a nucleic acid
open reading frame encoding a protein of interest, wherein the UP element comprises any one
of SEQ ID NOs: 45-61, a subsequence of SEQ ID NOs: 45-61 that retains promoter activity, a
nucleic acid that is at least 60% homologous to any one of SEQ ID NOs: 45-61 that retains
promoter activity or a nucleic acid that hybridizes under medium stringency conditions with
any one of SEQ ID NOs: 45-61 or a subsequence thereof that retains promoter activity and
wherein the 1stPro, 2ndPro and 3rdPro comprises any one of SEQ ID NOs: 1-39 and 101-154,
a subsequence of SEQ ID NOs: 1-39 and 101-154 that retains promoter activity, a nucleic acid
that is at least 60% homologous to any one of SEQ ID NOs: 1-39 and 101-154 that retains
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promoter activity, or a nucleic acid that hybridizes under medium stringency conditions with
any one of SEQ ID NOs: 1-39 and 101-154 or a subsequence thereof that retains promoter
activity.

[0012] In particular embodiments, the UTR comprises the nucleotide sequence of SEQ ID NO:
155. In certain other embodiments, the UP element comprises the nucleotide sequence of SEQ
1D NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO: 48, SEQ ID NO: 49, SEQ ID NO:
50, SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 57 or
SEQ ID NO: 58.

[0013] In other embodiments, the 1stPro comprises a nucleotide sequence of SEQ ID NO: 3,
SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO:
9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 15, SEQ
ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 26, SEQ ID NO:
85, SEQ ID NO: 89, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 104
or SEQ ID NO: 105.

[0014] In certain other embodiments, the 2ndPro comprises a nucleotide sequence of SEQ ID
NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ
ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO:
15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 26, SEQ
ID NO: 85, SEQ ID NO: 89, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID
NO: 104 or SEQ ID NO: 105.

[0015] In yet other embodiments, the 3rdPro comprises a nucleotide sequence of SEQ ID NO:
3, SEQID NO: 4, SEQID NO: 5, SEQ ID NO: 6, SEQ IDNO: 7, SEQ ID NO: 8, SEQ ID NO:
9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 15, SEQ
ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 26, SEQ ID NO:
85, SEQ ID NO: 89, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 104
or SEQ ID NO: 105.

[0016] In particular embodiments, the POI encoded by the ORF is an enzyme. In certain other
embodiments, the enzyme is selected from the group consisting of acetyl esterases, aryl
esterases, aminopeptidases, amylases, arabinases, arabinofuranosidases, carboxypeptidases,
catalases, cellulases, chitinases, chymosin, cutinase, deoxyribonucleases, ebimerases,
esterases, o-galactosidases, B-galactosidases, a-glucanases, glucan lysases, endo-B-glucanases,
glucoamylases, glucose oxidases, a-glucosidases, B-glucosidases, glucuronidases,
hemicellulases, hexose oxidases, hydrolases, invertases, isomerases, laccases, lipases, lyases,

mannosidases, oxidases, oxidoreductases, pectate lyases, pectin acetyl esterases, pectin
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depolymerases, pectin methyl esterases, pectinolytic enzymes, perhydrolases, polyol oxidases,
peroxidases, phenoloxidases, phytases, polygalacturonases, proteases, pullulanases,
mannanases, rhamno-galacturonases, ribonucleases, thaumatin, transferases, transport
proteins, transglutaminases, xylanases, hexose oxidases.

[0017] In another embodiment, the invention is directed to an expression vector comprising a
nucleic acid of the present disclosure. In other embodiments, the invention is directed to a
bacterial host cell comprising an expression comprising a nucleic acid of the present disclosure.
[0018] In certain embodiments, a bacterial host cell of the present disclosure is a member of
the genus Bacillus. In particular embodiments, the Bacillus host cell is selected from the group
consisting of B. subtilis, B. licheniformis, B. lentus, B. brevis, B. alkalophilus, B.
amyloliquefaciens, B. coagulans, B. circulans, B. lautus, B. megatherium, B. thuringiensis and
Geobacillus stearothermophilus. In another embodiment, the Bacillus host cell is B. subtilis
or B. licheniformis.

[0019] In certain other embodiments, the invention is directed to a Bacillus host cell
comprising at least one copy of a nucleic acid of the present disclosure, wherein the at least
one copy of the nucleic acid is comprised within an integration vector. In certain embodiments,
the at least one copy of the nucleic acid is integrated into the chromosome or genome of the
host cell.

[0020] In certain other embodiments, an integration vector comprising a nucleic acid of the
instant disclosure is flanked at both the 5 and 3’ ends with nucleic acid sequence homologous
to a chromosomal loci of a host cell. In one particular embodiment, the host cell is a Bacillus
cell and the 5' and 3’ nucleic acid sequences are homologous to a B. subtilis aprE chromosomal
loci yhfO comprising a nucleic acid of SEQ ID NO: 87 and B. subtilis aprE chromosomal loci
yhfN comprising a nucleic acid of SEQ ID NO: 88. Thus, in particular embodiments, a Bacillus
host cell comprising at least one copy of the nucleic acid of the present disclosure is integrated
into the chromosome or episome of the Bacillus host cell.

[0021] In other embodiments, a protein of interest produced by a host cell of the disclosure is
isolated from the host cell. In other embodiments, the isolated POI is purified.

[0022] In particular embodiments, a POI of the disclosure is an enzyme. In certain
embodiments, the enzyme is selected from the group consisting of acetyl esterases, aryl
esterases, aminopeptidases, amylases, arabinases, arabinofuranosidases, carboxypeptidases,
catalases, cellulases, chitinases, chymosin, cutinase, deoxyribonucleases, epimerases,
esterases, a-galactosidases, B-galactosidases, a-glucanases, glucan lysases, endo-B-glucanases,

glucoamylases, glucose oxidases, a-glucosidases, P-glucosidases, glucuronidases,
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hemicellulases, hexose oxidases, hydrolases, invertases, isomerases, laccases, lipases, lyases,
mannosidases, oxidases, oxidoreductases, pectate lyases, pectin acetyl esterases, pectin
depolymerases, pullulanases, mannanases, pectin methy! esterases, pectinolytic enzymes,
perhydrolases, polyol oxidases, peroxidases, phenoloxidases, phytases, polygalacturonases,
proteases, pullulanases, mannanases, rhamno-galacturonases, ribonucleases, thaumatin,
transferases, transport proteins, transglutaminases, xylanases, hexose oxidases.

[0023] In other embodiments, the invention is directed to a method for screening transformed
(modified) host cells for increased expression of a POI comprising: (i) transforming a host cell
with an isolated nucleic acid comprising a heterologous engineered hybrid promoter operably
linked to a nucleic acid encoding a protein of interest (POI), wherein the hybrid promoter
comprises the nucleotide sequence of any one of SEQ ID NO: 65, SEQ ID NO: 66, SEQ ID
NO: 67, SEQ ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 71 SEQ ID NO: 72,
SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID NO: 78, SEQ ID
NO: 79, SEQ ID NO: 80, SEQ ID NO: 90, SEQ ID NO: 91, SEQ ID NO: 92, SEQ ID NO: 93,
SEQ ID NO: 94, SEQ ID NO: 95, SEQ ID NO: 96 and SEQ ID NO: 97, (ii) transforming a
host cell with an isolated nucleic acid comprising its native (wild-type) promoter operably
linked to a nucleic acid encoding the same POI as step (i), wherein the host cells transformed
in steps (i) and (ii) are host cells of the same Genus species and genetic background, and (iii)
culturing the modified cells under conditions such that the POI is expressed, wherein an
increase in the expression of the POI coding sequence in step (i), relative to the expression of
the same POI coding sequence in step (ii), indicates increased expression of the POL

[0024] In certain other embodiments, the invention is directed to a method for screening
transformed (modified) host cells for increased expression of a POI comprising: (i)
transforming a 15 host cell with an isolated nucleic acid of the disclosure , (ii) transforming a
2nd host cell with an isolated nucleic acid comprising its native (wild-type) promoter operably
linked to a nucleic acid encoding the same POI as step (i), wherein the host cells transformed
in steps (i) and (ii) are host cells of the same Genus species and genetic background, and (iii)
culturing the modified cells under conditions such that the POI is expressed, wherein an
increase in the expression of the POI coding sequence in step (i), relative to the expression of
the same POI coding sequence in step (ii), indicatcs incrcascd expression of the POL

[0025] In another embodiments, the inventions is directed to a method for increasing the
expression of a POI in a host cell comprising: (i) modifying a host cell by introducing into the
host cell a nucleic acid comprising an engineered hybrid promoter operably linked to a nucleic

acid encoding a protein of interest (POI), wherein the hybrid promoter comprises the nucleotide
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sequence of any one of SEQ ID NO: 65, SEQ ID NO: 66, SEQ ID NO: 67, SEQ ID NO: 68,
SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 71 SEQ ID NO: 72, SEQ ID NO: 73, SEQ ID
NO: 74, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID NO: 78, SEQ ID NO: 79, SEQ ID NO: 80,
SEQ ID NO: 90, SEQ ID NO: 91, SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID
NO: 95, SEQ ID NO: 96 and SEQ ID NO: 97, and (ii) culturing the modified host cell under
conditions such that the POI is expressed.

[0026] In certain other embodiments, the invention is directed to a method for increasing the
expression of a POI in a host cell comprising: (i) modifying a host cell by introducing into the
host cell a nucleic acid of the present disclosure, and (ii) culturing the modified host cell under
conditions such that the POI is expressed.

[0027] In particular embodiments of these methods, the host cell is selected from the group
consisting of B. subtilis, B. licheniformis, B. lentus, B. brevis, B. alkalophilus, B.
amyloliquefaciens, B. coagulans, B. circulans, B. lautus, B. megatherium, B. thuringiensis and

Geobacillus stearothermophilus.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028] Figure 1 shows a schematic representation of a homologous promoter (FIG. 1;
Promoter Type 1), a single (engineered) hybrid promoter (FIG. 1; Promoter Type 2) and a
double (engineered) hybrid promoter (FIG. 1; Promoter Type 3) of the instant disclosure. As
depicted in FIG. 1, Promoter Type 1 comprises a promoter region designated “Px” and an
upstream (UP) element designated “UP element of (promoter) Px”, wherein the promoter Px
and UP element of (promoter) Px are derived from the same (homologous) native promoter. In
contrast, as depicted in FIG. 1, Promoter Type 2 (single hybrid) comprises a promoter region
designated “Py” and an upstream (UP) element designated “UP element of (promoter) Px”,
wherein the promoter Py and the UP element of (promoter) Px are not derived from the same
(homologous) native promoter, and as such, is a hybrid (combination) of a UP element and
. promoter derived from different (non-homologous) promoters. Similarly, as depicted in FIG.
1, Promoter Type 3 (double hybrid) comprises two promoter regions designated “Py” and “Pz”
and a upstream (UP) element designated “UP element of (promoter) Px”, wherein the two
(double) promoters Py and Pz may comprise (i) the same nucleotide sequence (ie., two
identical promoter nucleic acid sequences; i.e., Py = Pz) or (ii) two different nucleotide
sequences (i.e., the two promoters are derived from different promoter sources comprising .
different nucleic acid sequences, i.e., Py # Pz), wherein the promoters Py and Pz are not derived

from the same (homologous) native promoter as the UP element of (promoter) Px.

7



WO 2017/152169 PCT/US2017/020913

[0029] Figure 2 shows the cell densities of B. subtilis cells expressing the protease BPN'
(Y217L), the expression of which is driven from the following native (wild-type) and
engineered (hybrid) promoters: PaprE (SEQ ID NO: 28), Pssr4 (SEQ ID NO: 25), Pscr (SEQ
ID NO: 26), PspoVG (SEQ ID NO: 28), Prrnl-2 (SEQ 1D NO: 15), hybrid promoter 1 (SEQ
ID NO: 65) and hybrid promoter 7 (SEQ ID NO: 71).

[0030] Figure 3 shows the protease activity profiles of B. subtilis cultures expressing subtilisin
BPN' (Y217L) under the control of the following native (wild-type) and engineered (hybrid)
promoters: PaprE (SEQ ID NO: 28), Pssrd (SEQ ID NO: 25), Pscr (SEQ ID NO: 26), PspoVG
(SEQ ID NO: 28), Prrnl-2 (SEQ ID NO: 15), hybrid promoter 1 (SEQ ID NO: 65) and hybrid
promoter 7 (SEQ ID NO: 71).

[0031) Figure 4 shows the relative expression of Cytophaga sp variant amylase expressed in
B. licheniformis using the following native (wild-type) and engineered (hybrid) promoters:
Prrnl-2 (wild-type; SEQ ID NO: 15); Variant 2 (hybrid promoter 1; SEQ ID NO: 65); Variant
3 (hybrid promoter 23; SEQ ID NO: 96); Variant 4 (hybrid promoter 24; SEQ ID NO: 97);
Variant 6 (hybrid promoter 20; SEQ ID NO: 93); Variant 10 (hybrid promoter 22; SEQID NO:
95); Variant 11 (hybrid promoter 19; SEQ ID NO: 92); Variant 12 (hybrid promoter 18; SEQ
ID NO: 91) and Variant 13 (hybrid promoter 17; SEQ ID NO: 90).

[0032] Figure 5 shows the production of three bacterial amylases (i.e., Amyl, Amy3 and
Amy4) in B. licheniformis using various native ribosomal promoters relative to the endogenous
PamyL promoter of B. licheniformis amylase L. As depicted in FIG. 5, Amyl is a native B.
licheniformis a-amaylase (SEQ ID NO: 43); Amy3 is Geobacillus stearothermophilus a-
amylase variant (SEQ ID NO: 64) and Amy4 is a Cytophaga sp a-amylase variant (SEQ ID
NO: 63).

[0033] Figure 6 shows multiple sequence alignments of various B. subtilis ribosomal RNA
(rrn) promoters, displaying a sequence logo banner and the “consensus” sequence derived from
the alignment of rrn promoters.

[0034) Figure 7 shows multiple sequencé alignments of various B. licheniformis ribosomal
RNA (rrn) promoters, displaying a sequence logo for upstream elements and promoter

sequences; and a “consensus” sequence derived from the alignment of the rrn promoters.

DETAILED DESCRIPTION OF THE INVENTION
[0035] The present invention provides novel compositions (and methods thereof) for the
expression and production of one or more proteins of interest in a microbial host cell. In certain

embodiments, the compositions (and methods thereot) comprise and are directed to engineered
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(modified) promoters. In particular embodiments, the engineered (modified) promoters of the
present invention are derived from one or more Bacillus species ribosomal RNA promoter
precursors and/or one or more Bacillus species ribosomal protein promoter precursors,
collectively referred to herein as Bacillus species “ribosomal promoters”. In certain
embodiments, an engineered ribosomal promoter of the present disclosure may further
comprise promoter nucleic acid sequence fragments derived from a Bacillus species promoter
which is not a ribosomal RNA promoter or a ribosomal protein promoter.

[0036] In certain embodiments, the engineered ribosomal promoters of the present disclosure
include, but are not limited to, engineered (hybrid) ribosomal RNA promoters, engineered
(hybrid) ribosomal protein promoters and engineered (hybrid) combinations thereof. In further
embodiments, novel production microorganism host cells and methods for producing one or
more proteins of interest using one or more engineered (hybrid) ribosomal promoters are

disclosed.

A. Definitions

[0037] Unless defined otherwise herein, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs (See e.g., Singleton, et al., 1994, Hale & Marham, 1991). Although any
methods and materials similar or equivalent to those described herein can be used in the
practice or testing of the present invention, the preferred methods and materials are described.
[0038] All patents, published patent applications and scientific references, including all
sequences disclosed within such patents and publications, referred to herein are expressly
incorporated by reference.

[0039] Numeric ranges are inclusive of the numbers defining the range. Unless otherwise
indicated, nucleic acids are written left to right in 5' to 3' orientation; amino acid sequences are
written left to right in amino to carboxy orientation, respectively.

[0040] The headings provided herein are not limitations of the various aspects or embodiments
of the invention. Accordingly, the terms defined immediately below are more fully defined by
reference to the spccification as a whole.

[0041] As used herein, the terms “nucleic acid” and “nucleic acid sequence” refer to a
nucleotide or polynucleotide sequence, and fragments or portions thereof, as well as to DNA,
¢DNA, and RNA of genomic or synthetic origin, which may be double-stranded or single-

stranded, whether representing the sense or antisense strand. It will be understood that as a



WO 2017/152169 PCT/US2017/020913

result of the degeneracy of the genetic code, a multitude of nucleotide sequences may encode
a given protein.

[0042] As used herein, “polypeptide”, “peptide” and “protein” are used interchangeably and
include reference to a polymer of amino acid residues. The terms apply to amino acid polymers
in which one or more amino acid residues are an artificial chemical analog of a corresponding
naturally occurring amino acid, as well as to naturally occurring amino acid polymers. The
terms also apply to polymers containing conservative amino acid substitutions such that the
polypeptide remains functional.

[0043] As used herein, the phrase a “gene of interest” may be abbreviated “GOI”, wherein the
two terms are inte:rchangeable. As used herein, the phrase a “protein of interest” may be
abbreviated “POI”, wherein the two terms are interchangeable. As used herein, the phrase an
“open reading frame” may be abbreviated “ORF, wherein the two terms are interchangeable.
[0044] As used herein, the term “host cell” refers to a cell that has the capacity to act as a host
and expression vehicle for an incoming sequence (i.e., a sequence introduced into the cell), as
described herein. In certain embodiments, the host cell is a microorganism. In certain
embodiments, the microorganism (host cell) is a Gram positive bacterial cell which is a
Bacillaceae family member. In certain other embodiments, the microorganism (host cell)isa
Gram positive bacterial cell which is a Bacillus genus member. In particular embodiments, the
Bacillus host cell is selected from B. subtilis, B. licheniformis, B. lentus, B. brevis, Geobacillus
stearothermophilus, B. alkalophilus, B. amyloliquefaciens, B. clausii, B. sonorensis,
B. halodurans, B. pumilus, B. lautus, B. pabuli, B. cereus, B. agaradhaerens, B akibai, B.
clarkii, B. pseudofirmus, B. lehensis, B. megaterium, B. coagulans, B. circulans, B. gibsonii
and B. thuringiensis.

[0045] As used herein, the term “DNA construct” or “expression construct” refers to a nucleic
acid sequence, which comprises at least two DNA (polynucleotide) fragments. A DNA or
expression construct can be used to introduce nucleic acid sequences into a host cell. The DNA
may be generated in vitro (e.g., by PCR) or any other suitable techniques. In certain
embodiments, the DNA construct comprises a nucleic acid sequence of interest (e.g., a GOI or
ORF) encoding a protein of interest. In particular embodiments, a DNA construct comprising
a GOI or ORF is operably linked to an engineered promoter of the instant disclosure. Insome
embodiments, the DNA construct further comprises at least one selectable marker. In further
embodiments, the DNA construct comprises sequences homologous to the host cell

chromosome. In other embodiments, the DNA construct includes non-homologous sequences.
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[0046] As used herein, the terms “nucleic acid encoding a protein of interest” or “coding
sequence of interest” are used interchangeably and mean a nucleic acid sequence that encodes
a protein of interest when translated into the protein. In some embodiments, the coding region
is present in a cDNA form or ORF, while in other embodiments, it is present in genomic DNA
or RNA form. When present in a DNA form, the oligonucleotide may be single-stranded (i.e.,
the sense strand) or double-stranded. In some embodiments, suitable control elements (e.g.,
enhancers, promoters, splice junctions, polyadenylation signals, efc.) are placed in close
proximity to the coding region of the gene if needed to permit proper initiation of transcription
and/or correct processing of the primary RNA transcript. Alternatively, in some embodiments,
the coding region utilized in the expression vectors of the present invention contain endogenous
enhancers, splice junctions, intervening sequences, polyadenylation signals, or a combination
of both endogenous and exogenous control elements.

[0047] As defined herein, an “endogenous gene” refers to a gene in its natural location in the
genome of an organism.

[0048] As defined herein, a “heterologous” gene, a “non-endogenous” gene, an “exogenous”
gene, or a “foreign” gene refer to a gene (or open reading frame (ORF)) not normally found in
the host organism, but rather is introduced into the host organism by gene transfer. Foreign
(heterologous) genes comprise native genes (or ORFs) inserted into a non-native organism
and/or chimeric genes inserted into a native or non-native organism. Thus, as used herein, the
term “heterologous” in general refers to a polynucleotide or polypeptide that does not naturally
occur in a host cell (i.e., exogenous to the host cell), or refers toa polynucleotide or polypeptide
that is derived from the same genetic source or species as the host cell, but is in a location that
is not native to the heterologous sequence. In some embodiments, a heterologous sequence is
a non-host cell sequence, while in other embodiments, a heterologous sequence is a modified
sequence, a sequence from a different host cell strain, or a homologous sequence from a
different chromosomal location of the host cell.

[0049] As used herein, the terms “promoter”, “promoter element”, “promoter sequence” and
“promoter region” refer to a DNA sequence which is capable of controlling the transcription
of an oligonucleotide/polynucleotide sequence into mMRNA when the promoter is placed at the
5" end of (i.e., precedes) an oligonucleotide/polynucleotide (coding) sequence. Thus, a
promoter is typically located 5' (i.e, upstream) of an oligonucleotide sequence whose
transcription into mRNA it controls, and provides a site for specific binding by RNA

polymerase and for initiation of transcription.
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[0050] The term “operably linked” refers to juxtaposition, wherein elements are in an
arrangement allowing them to be functionally related. For example, a promoter is operably
linked to a coding sequence of interest if it controls the transcription of the sequence.

[0051] As defined herein, the phrases “promoter”, “promoter element”, “promoter region”
and/or “promoter sequence” refer to the minimal portion of the promoter nucleic acid sequence
required to initiate transcription (i.e., comprising RNA polymerase binding sites). For
example, a promoter of the instant disclosure comprises a -10 (consensus sequence) element
and a -35 (consensus sequence) element, which are upstream (5) and relative to the +1
transcription start site of the gene or ORF to be transcribed. The core promoter -10 and -35
elements are generally referred to in the art as the “TATAAT” (Pribnow box) consensus region
and the “TTGACA” consensus region, respectively. The spacing of the core promoter -10 and
-35 sequence regions are generally separated (or spaced) by 15-20 intervening base pairs
(nucleotides).

[0052] As further defined herein, a “promoter” sequence of the disclosure may additionally
comprise nucleotides which are 5' (i.e., upstream) and natively associated with the promoter as
found in nature (e.g., a natively associated UP element sequence which is 5 to the promoter
sequence. For example, certain promoters set forth below in Tables 3-10 comprise (in addition
to the -10/-35 minimal promoter region) natively associated UP element sequence. Thus, as
defined herein, a “promoter” of the instant disclosure may comprise one or more nucleotides
of a UP element sequence which are 5' to the promoter sequence as found in nature.

[0053]) As used herein, an “upstream element”, a “promoter upstream element”, a “UP
element” and a “UP sequence” are used interchangeably, and refer to an “A+T” rich nucleic
acid sequence region located upstream (5°) of the -35 core promoter region. The UP element
may be further defined as a nucleic acid sequence region located upstream (5') of the -35 core
promoter element which interacts directly with the C-terminal domain of the a-subunit of RNA
polymerase. Set forth below in Table 2 are UP element sequences which are combined with
one or more heterologous promoter sequences (set forth in Tables 3-10) to form one or more
engineered hybrid “complete” promoters of the present invention.

[0054] As used herein a “ribosomal promoter” includes, for example, a ribosomal RNA
promoter or a ribosomal protein promoter.

[0055] As used herein, a “complete promoter” or “hybrid promoter” refer to engineered
promoters comprising at least a “UP element” and a “promoter”, wherein the UP element is
located upstream (5') of the promoter and wherein the promoter is located downstream (3" of

the UP element and upstream (5') of the +1 transcription start site. The hybrid (complete)
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promoters of the instant disclosure are generally derived from Bacillus subtilis or Bacillus
licheniformis ribosomal promoter sequences, wherein the UP element sequence and promoter
sequence of the hybrid (complete) promoter are operably linked. For example, in certain
embodiments, a hybrid (complete) promoter of the disclosure is engineered by combining a UP
element sequence set forth in Table 2 with one or more heterologous promoter elements set
forth in Tables 3-10. In certain other embodiments, these one or more heterologous promoter
elements (sequences) include one or more nucleotides of a natively associated UP element
sequence upstream (5') of the minimal promoter (-10/-35) element. For example, in certain
embodiments, a hybrid (complete) promoter of the disclosure is engineered by combining a UP
element sequence set forth in Table 2 with one or more heterologous promoter elements set
forth in Tables 3-10 (wherein the one or more heterologous promoter elements optionally
comprise one or more nucleotides of natively associated and operably linked UP element
sequence.

[0056] As further defined herein, a “hybrid (complete) promoter” is an engineered promoter
(i.e., comprising both a UP element sequence and a promoter element sequence), wherein the
UP element and the promoter element of the hybrid promoter are constructed or derived from
different nucleic sequences which are not found in nature operably linked or associated with
each other. By way of example, a non-hybrid “complete promoter” is derived or constructed
from a native (wild-type) Bacillus ribosomal promoter (e.g., a P1-rrnl (promoter element)) and
a native (wild-type) UP element (e.g., a UP-rrnl element), wherein the promoter element (P1-
rrnl) and the UP element (UP-rrnl) are operably linked as found in nature (i.e., the promoter
element and the UP element are operably linked as isolated or identified from the genomic
DNA source).

[0057] In contrast, the engineered “hybrid (complete) promoters” of the instant disclosure, are
not found operably linked or associated with each other as found in nature (i.e., the promoter
element and the UP element are not operably linked or associated as isolated or identified from
the genomic DNA source). Thus, by way of example, an engineered “hybrid (complete)
promoter” of the disclosure is derived or constructed from a native (wild-type) Bacillus
ribosomal promoter (e.g., a P1-rrnl (promoter element)) and a native (wild-type) UP element
(e.g., a UP-rrnO element), wherein the promoter element (P1-rrnl) and the UP element (UP-
rrnO) are not operably linked as found in nature (i.e., the promoter element and the UP element
are not operably linked as isolated or identified from the genomic DNA source). As used

herein, the term “promoter activity” when made in reference to a nucleic acid sequence refers
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to the ability of the nucleic acid sequence to initiate transcription of an oligonucleotide
sequence into mRNA.

[0058] The term “vector” is defined herein as a polynucleotide designed to carry nucleic acid
sequences to be introduced into one or more cell types. Vectors include cloning vectors,
expression vectors, shuttle vectors, plasmids, phage or virus particles, DNA constructs,
cassettes and the like. Typical expression vectors, which also include plasmids, include
regulatory sequences such as promoters, signal sequences, a gene of interest and transcription
terminators.

[0059] The term “isolated” as defined herein, refers to a compound, protein, cell, nucleic acid
sequence, or amino acid that is separated from at least one other compound, protein, cell,
nucleic acid sequence, amino acid, or other biological substance with which it is ordinarily
associated in its natural source.

[0060] As used herein the term “coding region” is defined herein as a nucleic acid sequence
that is transcribed into mRNA which is translated into a polypeptide when placed under the
control of appropriate control sequences including a promoter. A coding sequence may include
cDNA, genomic DNA, synthetic DNA and recombinant DNA.

[0061] As used herein, a 5’ untranslated region (hereinafter, “a 5" UTR”) refers to a nucleic
acid sequence which is 5’ to (i.e., precedes) the coding sequence on a strand of mRNA. As
used herein, a 3' untranslated region (hereinafter, “a 3’ UTR”) refers to a nucleic acid sequence
which is 3' to (i.e., follows) the coding sequence on a strand of mRNA. Thus, untranslated
regions (UTRs) of the transcribed mRNA are non-protein coding nucleic acid sequence.
[0062] As used herein, the term “wild-type” gene, gene product, or cell refers to a gene, gene
product, or cell which has the characteristics of that gene, gene product, or cell when found in
a naturally occurring source. A wild-type gene, gene product, or cell is that which is most
frequently observed in a population and is thus designated the “native” or “wild-type” form.
As used herein, the terms “wild-type sequence,” and “wild-type gene” are used interchangeably
and refer to a sequence that is native or naturally occurring in a host cell.

[0063] In contrast, the term “modified,” “mutant,” or “variant” gene, gene product, or cell
refers to a gene, gene product, or cell which displays modifications in sequence and/or
functional properties (i.e., altered characteristics) when compared to the wild-type form.
Sequence modifications can occur by, for example, substitutions, insertions, deletions, or any
other modification that results in an altered sequence or characteristic. It is noted that naturally-
occurring mutants can be isdlated; these are identified by the fact that they have altered

characteristics when compared to the wild-type gene or gene product.
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[0064] As used herein, the terms “modified sequence” and “modified genes” are used
interchangeably and refer to a substitution, insertion, deletion, interruption, or any other
modification of naturally occurring nucleic acid sequence. In some embodiments, the
expression product of the modified sequence is a truncated protein (e.g., if the modification is
a deletion or interruption of the sequence). In some embodiments, the truncated protein retains
biological activity. In other embodiments, the expression product of the modified sequence is
an elongated protein (e.g., if the modification is an insertion into the nucleic acid sequence). In
other embodiments, an insertion results in the production of a truncated protein as the
expression product (e.g., if the insertion results in the formation of a stop codon).

[0065] As used herein, an “incoming sequence” means a DNA sequence that is introduced into
the host cell chromosome or genome. The sequence may encode one or more proteins of
interest. The incoming sequence may comprise a promoter operably linked to a sequence
encoding a protein of interest. In some embodiments, incoming sequences comprise sequence
that is already present in the genome of the cell to be transformed, while in other embodiments,
it is not already present in the genome of the cell to be transformed (i.e., in some embodiments,
it is homalogous, while in other embodiments, it is heterologous sequence).

[0066] In some embodiments, the incoming sequence encodes at least one homologous or
heterologous protein, including, but not limited to a hormone, enzyme, growth factor, or
cytokine. In certain embodiments, the incoming sequence encodes at least one enzyme
including, but not limited to a acetyl esterases, aryl esterases, aminopeptidases, amylases,
arabinases, arabinofuranosidases, carboxypeptidases, catalases, cellulases, chitinases,
chymosin, cutinase, deoxyribonucleases, epimerases, esterases, a-galactosidases, B-
galactosidases, a-glucanases, glucan lysases, endo-B-glucanases, glucoamylases, glucose
oxidases, a-glucosidases, B-glucosidases, glucuronidases, 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, rhamno-galacturonases, ribonucleases, thaumatin,
transferases, transport proteins, transglutaminases, xylanases, hexose oxidases, and
combinations thereof,

[0067] In some embodiments, the incoming sequence encodes a functional wild-type gene or

operon, a functional mutant gene or operon, or a non-functional gene or operon.
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[0068] As used herein, the term “reporter gene” refers to a nucleotide sequence, which is
capable of expression in cells and where expression of the reporter confers to cells containing
the expressed gene, the ability to be easily detected and measured.

[0069] As used herein, the term “flanking sequence”, refers to any sequence that is either
upstream or downstream of the sequence being discussed (e.g., for sequences A B C, sequence
B is flanked by the A and C sequences). In some embodiments, the incoming sequence is
flanked by a homology box on each side.

[0070] As used herein, the term “homology box” refers to sequences that are homologous to
another nucleic acid sequence. For example, a homology box can be homologous to a nucleic
acid sequence in genomic DNA. In such instance, the homology box is useful for directing
where in a new construct is integrated into the genomic DNA.

[0071] As used herein, the term “homologous recombination” refers to the exchange of DNA
fragments between two DNA molecules or paired chromosomes (i.e., during crossing over) at
the site of identical nucleotide sequences. In one embodiment, chromosomal integration is
accomplished via homologous recombination.

[0072] The terms “transfection” and “transformation” as used herein both refer to methods for
introducing DNA into cells.

[0073] As used herein, the terms “complementary” or “complementarity” are used in reference
to “polynucleotides” and “oligonucleotides™ (which are interchangeable terms that refer to a
sequence of nucleotides) related by the base-pairing rules. For example, the sequence “S'-
CAGT-3", is complementary to the sequence “5'-ACTG-3". Complementarity can be
“partial” or “total”. “Partial” complementarity is where one or more nucleic acid bases is not
matched according to the base pairing rules. “Total” or “complete” complementarity between
nucleic acids is where each and every nucleic acid base is matched with another base under the
base pairing rules.

[0074] As used herein, the term “chromosomal integration” refers to the process whereby the
incoming sequence is introduced into the chromosome (i.e., genome) of a host cell.

[0075] As used herein, the term “selectable marker” refers to the use of any “marker” (ie.,
indicator), which indicates the presence or absence of a protein or gene of interest. In some
embodiments, the term encompasses genes which encode an enzymatic activity that confers
the ability to grow in medium lacking what would otherwise be essential. In other
embodiments, a selectable marker confers resistance to an antibiotic or drug upon the cell in

which the selectable marker is expressed.
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[0076] As used herein, the term “signal sequence” or “signal peptide” refers to a sequence of
amino acids at the N-terminal portion of a protein, which facilitates the secretion of the mature
form of the protein outside the cell. The “mature form” of the extracellular protein lacks the
signal sequence which is cleaved off during the secretion process.

[0077] “Amplification” is generally defined herein as the production of additional copies of a
nucleic acid sequence. Amplification of a nucleic acid can be performed by, for example,
polymerase chain reaction or other technologies that are well known in the art. As used herein,
the term “polymerase chain reaction” (“PCR”) refers to the methods of U.S. Patent Nos.
4,683,195, 4,683,202, and 4,965,188, all of which are hereby incorporated by reference, which
describe a method for increasing the concentration of a segment of a target sequence in a DNA
sample (e.g., genomic DNA) without cloning or purification.

[0078] In certain other embodiments, a nucleic acid (polynucleotide) sequence of the
disclosure is amplified in vivo. In particular embodiments, a nucleic acid (polynucleotide)
sequence comprising (i) a gene (or ORF) encoding a protein of interest and (ii) an antibiotic
resistance marker are amplified in vivo.

[0079] With PCR, it is possible to amplify a single copy of a specific target sequence in
genomic DNA to a level detectable by several different methodologies (e.g., hybridization with
a labeled probe; incorporation of biotinylated primers followed by avidin-enzyme conjugate
detection; or incorporation of 3?P-labeled deoxynucleotide triphosphates, such as dCTP or
dATP, into the amplified segment). In addition to genomic DNA, any oligonucleotide sequence
can be amplified with the appropriate set of primer molecules. In particular, the amplified
segments created by the PCR process itself are, themselves, efficient templates for subsequent
PCR amplifications.

[0080] As used herein, the term “primer” refers to an oligonucleotide, whether occurring
naturally as in a purified restriction digest or produced synthetically, which is capable of acting
as a point of initiation of synthesis when placed under conditions in which synthesis of a primer
extension product which is complementary to a nucleic acid strand is induced. The primer is
preferably single stranded for maximum efficiency in amplification, but may alternatively be
double stranded.

[0081] As used herein, the term “probe” refers to an oligonucleotide, whether occurring
naturally as in a purified restriction digest or produced synthetically, which is capable of
hybridizing to another oligonucleotide of interest. A probe may be single-stranded or double-
stranded. Probes are useful in the detection, identification and isolation of particular gene

sequences. It is contemplated that any probe used in the present invention will be labeled with
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any “reporter molecule”, so that it is detectable in any detection system, including, but not
limited to enzyme (e.g., ELISA, as well as enzyme-based histochemical assays), fluorescent,
radioactive, and luminescent systems. It is not intended that the present invention be limited to
any particular detection system or label.

[0082] As used herein, the terms “restriction endonucleases™ and “restriction enzymes” refer
to bacterial enzymes, each of which cut double- or single-stranded DNA at or near a specific
nucleotide sequence.

[0083] As used herein, the phrase an “AmyL amylase” may be used interchangeably with
“LAT amylase”.

B. Ribosomal Promoters

[0084] Ribosomal RNA (rRNA) synthesis is the rate-limiting step in ribosome synthesis in
Escherichia coli and Bacillus subtilis. The regulation of ribosomal RNA transcription from
ribosomal RNA promoters has been studied previously (Samarrai et al., 2011; Natori et al.,
2009; Turnbough, 2008; Krasny ef al., 2008; Krasny and Gourse, 2004). Ribosomal RNA
promoters are tightly regulated with nutritional conditions so that ribosomal RNA and
ribosomes are not overproduced in times when translational requirements are lower.

[0085] In E. coli, there are seven rRNA (rrn) operons, each of which comprises two promoters
designated P1 and P2. The core -10/-35 promoter region in the E. coli rrn P1 promoters are
preceded by promoter upstream (UP) elements that increase promoter activity by up to 20-50
fold by binding RNA polymerase. Bacillus subtilis, contains 10 rRNA (rrn) operons (Krasny
and Gourse, 2004), which are also preceded by promoter upstream (UP) elements that increase
promoter activity.

[0086] The regulation of the genes that encode ribosomal proteins has been studied previously
in Escherichia coli and Bacillus subtilis (Grundy and Henkin, 1991). In many cases, the
ribosomal proteins have been found to act as an autogenous repressor, controlling the
expression of the operon in which they are encoded.

[0087] The regulation of ribosomal RNA promoters has been studied for the production of
native ribosomal RNAs, and more recently, the expression levels of nucleic acid sequences
coding for heterologous proteins of interest when using ribosomal RNA (rRNA) promoters has
been described (see, PCT Publication No. W02013/086219).

[0088] As set forth herein, the present invention demonstrates that novel engineered ribosomal
promoters, comprising a hybrid combination of Bacillus species promoter elements and UP

elements, are unexpectedly effective at producing heterologous proteins of interest when
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expressed in a host microorganism. For example, as set forth in Example 2, the expression of
the subtilisin protease BPN' (Y217L) from native (heterologous) promoters (e.g., PaprE,
PssrA, Pscr, PspoVG), native (heterologous) ribosomal promoters (e.g., Prml-2) and
engineered (heterologous) ribosomal promoters (e.g., hybrid promoter~1 and hybrid promoter
7) were tested in a B. subtilis host cell. The results (see, FIG. 3) demonstrate that the Pssr4
promoter, Pscr promoter, Prrnl-2 promoter, hybrid promoter 1 and hybrid promoter 7 provide
higher protein (BPN') productivity than the PaprE promoter and the PspoVG promoter. In
particular, as presented in FIG. 3, hybrid promoter 1 (SEQ ID NO: 65) and hybrid promoter 7
(SEQ ID NO: 71) clearly demonstrate the highest levels of subtilisin BPN' production under
the conditions tested.

[0089] Similarly, as set forth in Example 3, the expression of a Cytophaga sp amylase variant
(SEQ ID NO:63) from the native (heterologous) promoter Prrnl-2 (SEQ ID NO: 15) and
engineered (heterologous) variant Prrni-2 promoters thereof (i.e., Variant 2 (hybrid promoter
1); Variant 3 (hybrid promoter 23); Variant 4 (hybrid promoter 24); Variant 6 (hybrid promoter
20); Variant 10 (hybrid promoter 22); Variant 11 (hybrid promoter 19); Variant 12 (hybrid
promoter 18) and Variant 13 (hybrid promoter 17)) were tested in a B. licheniformis host cell.
In particular, as presented in FIG. 4, the amylase expression/productivity from the engineered
(variant) Prnl-2 promoters, (i.e., FIG. 4; Variant 2, Variant 3, Variant 10, Variant 11, Variant
12 and Variant 13), resulted in increased production of the amylase protein when compared to
the native (heterologous) Prrni-2 promoter.

[0090] Furthermore, as set forth in Example 4, a series of native (wild-type) promoters from
B. subtilis and B. licheniformis were evaluated for the expression of 3 different bacterial
amylases in a B. licheniformis host. The following promoters for driving the expression of the
amylase proteins were evaluated: PamyL promoter of the amyL Bacillus licheniformis native
amylase gene (SEQ ID NO: 116); Prrnl-2 promoter of the Bacillus subtilis ribosomal RNA rrnl
(SEQ ID NO: 15); Bacillus licheniformis Prrl promoter (SEQ ID NO: 101); Bacillus
licheniformis Prrn2 promoter (SEQ ID NO: 102); Bacillus licheniformis Prrn4 promoter (SEQ
ID NO: 103); Bacillus licheniformis Prrn5 promoter (SEQ ID NO: 104) and Bacillus
licheniformis Prrn6é promoter (SEQ ID NO: 105).

[0091] The native (wild-type) ribosomal promoter nucleic acid séquences set forth in SEQ ID
NOS: 15, 101, 102, 103, 104 and 105 each comprise the native (-35/-10) ribosomal promoter
and the native promoter upstream (UP) element nucleic acid sequences operably linked, as
found or isolated in nature. The expression/productivity of polynucleotides encoding the 3

bacterial amylases (i.e., B. lichenifomis a-amylase L (SEQ ID NO: 43; Amy1); Geobacillus
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stearothermophilus a-amylase variant (SEQ ID NO: 64; Amy3) and Cytophaga sp amylase
variant (SEQ ID NO:63; Amy4)), were operably linked (3') to the above-referenced promoters
(i.e., promoters of SEQ ID NOs: 15 and 101-105). As presented in FIG. 5, the relative
expression of the 3 bacterial amylases (i.e., Amy 1, Amy 3 and Amy 4) driven by the various
native (wild-type) promoters (i.e., PamyL, Prrnl-2, Prrnl, Prrn2, Prrn4, Prrn5 and Prrm6)
demonstrates that the use of these heterologous ribosomal promoters, instead of the endogenous
native B. licheniformis amylase promoter (PamyL), provide increased protein
expression/productivity in most instances.

[0092] Thus, in certain embodiments, the present disclosure is directed to engineered
(modified) heterologous promoters for use in expressing a nucleic acid sequence (or ORF)
encoding a protein of interest (POI). In certain embodiments, the engineered promoters
comprise at least a promoter upstream (UP) element nucleic acid sequence operably linked to
a promoter nucleic acid sequence, wherein the operably linked combination of the UP element
and promoter element are referred to herein as a heterologous “complete promoters” or
heterologous hybrid “complete promoters”. More particularly, as defined above in section A,
a heterologous hybrid “complete promoter” is an engineered promoter (i.e., comprising both a
UP element sequence and a promc()ter element sequence), wherein the UP element and the
promoter element of the heterologous hybrid “complete promoter” are constructed or derived
from different nucleic sequences which are not found in nature (e.g., genomic/chromosomal
DNA) operably linked or associated with each other.

[0093] Thus, in certain embodiments, a heterologous hybrid complete promoter of the present
disclosure comprises a nucleic acid sequence set forth below in Table 1 as SEQ ID NOS: 65-
97.

TABLE 1
Heterologous Hybrid (Complete) Promoters

SIEDQ H])Qt:::'d Hybrid Promoter Nucleic Acid Sequence

GTCGCTGATAAACAGCTGACATCAATATCCTATTTTTTCAAAAAATATTTTAAAA

65 ! GTTGTTGACTTAAAAGAAGCTAAATGTTATAGTAATAAA

" .| GTCGCTGATAAACAGCTGACATCAATATCCTATITTTICAAAAAATATTTTAAAA
AGTTGTTGACTTAAAAGAAGCTAAATGTTATAGTAATAAA

e ; GTCGCTGATAAACAGCTGACATCAATATCCTATTTTITTCAAAAAATATTTTAAAA
AGTTGTTGCAATTTTTAGGGGAAACAGATATACTTAAGTGT

o + | GTCGCTGATAAACAGCTGACATCAATATCCTATTTTAAAAACTTTTTCAAAAAAG
TGTTGTTGCAATTTTTAGGGGAAACAGATATACTTAAGTGT

o S GTCGCTGATAAACAGCTGACATCAATATCCTATTTTTTCAAAAAATATTTTAAAA
AGTTGTTGAAAAGAGCCGTGATCATGTTATAATAAGACTA

70 6 | AAAAATATTAAAAAGAAAAGCTTGACTTTGAAGAAGTGACATTGTATACT
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GTCGCTGATAAACAGCTGACATCAATATCCTATTTTTTCAAAAAATATTTTAAAA
GTTGTTGACTTAAAAGAAGCTAAATGTTATAGTAATAAAACAGAATAGTCTTTTA
71 7 AGTAAGTCTACTCTGAATTTTTTTAAAAGGAGAGGGTAAAGAAAGCCGCCAGGA
AAAACTTGTCTGAATAGTACGGTTGCAATTTTTAGGGGAAACAGATATACTTAA
GTGT

AAAAAAAATGTGATATAAAAGTTGACTTTGAAGAAGTGACATTGTATACTAATA

AAGTACAGAATAGTCTTTTAAGTAAGTCTACTCTGAATTTTTTTAAAAGGAGAGG
GTAAAGAAAGCCGCCAGGAAAAACTTGTCTGAATAGTACGGTTGCAATTTTTAG

GGGAAACAGATATACT

72 8

AACGTCGCTGATGAACAGCGTGAAACAAAACAGAAAAACAAAAAAGTTTTCCT
AAATCCTATTTTTTCAAAAAATATTTTAAAAAGGTGTTTACAAGATTTTAAAAAT
73 9 GTGTATAATAAGAAAAGTCGAATTGAAAAAGATTCGAAAAAACATTAAAAAAC
TTCTTGACTTCAACATCAAATGATAGTATGATAGTTAA

CTGCGCTTTTTTGTGTCATAACCCTTTACAGTCATAAAAATTATGGTATAATCATT
74 10 TCTGTTGTCTTTTTAAAGACACAAGCATGACCATTATGACTAGTAAAAACTTTTT
CAAAAAAGTATAATTGACATGTATTGAATGATATAGAATAATTGGTTTATATTA

GTCGCTGATAAACAGCTGACATCAATGTTTTTTTATCCCAATATTACAAAAATAT
75 11 TTTTAATTATGCAGGAAAACAAAAAAAGTTGTTGACTTAAAAGAAGCTAAATGT
TATAGTAATAAA

TGTTTTTTTATCCCAATATTACAAAAATATTTTTAATTATGCAGGAAAACAAAAA
AAGTTGTTGACGACATCACGATTAAATGTTAAGATATTATAACAGAATAGTCTTT
76 12 TAAGTAAGTCTACTCTGAATTTTTTTAAAAGGAGAGGGTAAAGAAAGCCGCCAG
GAAAAACTTGTCTGAATAGTACGGTTGCAATTTTTAGGGGAAACAGATATACTT
AAGTGT

GTCGCTGATAAACAGCTGACATCAATATCCTATTTTTTCAAAAAATATTTTAAAA
AGTTGTTGACGACATCACGATTAAATGTTAAGATATTATAACAGAATAGTCTTTT
77 13 AAGTAAGTCTACTCTGAATTTTTTTAAAAGGAGAGGGTAAAGAAAGCCGCCAGG
AAAAACTTGTCTGAATAGTACGGTTGCAATTTTTAGGGGAAACAGATATACTTA
AGTGT

GTCGCTGATAAACAGCTGACATCAATGTTTTTTTATCCCAATATTACAAAAATAT
TTTTAATTATGCAGGAAAACAAAAAAAGTTATTGACAAATACGTGAGCTTGATG
78 14 TTATATTATTAAAACAGAATAGTCTTTTAAGTAAGTCTACTCTGAATTTTTTTAAA
AGGAGAGGGTAAAGAAAGCCGCCAGGAAAAACTTGTCTGAATAGTACGGTTGC
AATTTTTAGGGGAAACAGATATACTTAAGTGT

GTCGCTGATAAACAGCTGACATCAATATCCTATTTTTTCAAAAAATATTTTAAAA
AGTTATTGACAAATACGTGAGCTTGATGTTATATTATTAAAACAGAATAGTCTTT
79 15 TAAGTAAGTCTACTCTGAATTTTTTTAAAAGGAGAGGGTAAAGAAAGCCGCCAG
GAAAAACTTGTCTGAATAGTACGGTTGCAATTTTTAGGGGAAACAGATATACTT
AAGTGT

GTCGCTGATAAACAGCTGACATCAATATCCTATTTTTTCAAAAAATATTTTAAAA
AGTTGTTGACTTAAAAGAAGCTAAATGTTATAGTAATAAAACAGAATAGTCTTTT
80 16 AAGTAAGTCTACTCTGAATTTTTTTAAAAGGAGAGGGTAAAGAGCTTTTCTTTTG
GAAGAAAATATAGGGAAAATGGTACTTGTTAAAAATTCGGAATATTTATACAAT
ATCATAT

GTCGCTGATAAACAGCTGACATCAATGTTTTTTTATCCCAATATTACAAAAATAT
TTTTAATTATGCAGGAAAACAAAAAAAGTTATTGACAAATACGTGAGCTTGATG
90 17 TTATATTATTAAAACAGAATAGTCTTTTAAGTAAGTCTACTCTGAATTTTTTTAAA
AGGAGAGGGTAAAGAAAGCCGCCAGGAAAAACTTGTCTGAATAGTACGGTTGC
AATTTTTAGGGGAAACAGATATACTTAAGTGT

GTCGCTGATAAACAGCTGACATCAATGTTTTTTTATCCCAATATTACAAAAATAT
TTTTAATTATGCAGGAAAACAAAAAAAGTTGTTGACGACATCACGATTAAATGT
91 18 TAAGATATTATAACAGAATAGTCTTTTAAGTAAGTCTACTCTGAATTTTTTTAAA
AGGAGAGGGTAAAGAAAGCCGCCAGGAAAAACTTGTCTGAATAGTACGGTTGC
AATTTTTAGGGGAAACAGATATACTTAAGTGT

GTCGCTGATAAACAGCTGACATCAATATCCTATTTTTTCAAAAAATATTTTAAAA
AGTTATTGACAAATACGTGAGCTTGATGTTATATTATTAAAACAGAATAGTCTTT
92 19 TAAGTAAGTCTACTCTGAATTTTTTTAAAAGGAGAGGGTAAAGAAAGCCGCCAG
GAAAAACTTGTCTGAATAGTACGGTTGCAATTTTTAGGGGAAACAGATATACTT
AAGTGT
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GTCGCTGATAAACAGCTGACATCAATATCCTATTTTTTCAAAAAATATTTTAAAA
AGTTGTTGACTTAAAAGAAGCTAAATGTTATAGTAATAAAACAGAATAGTCTTTT
93 20 AAGTAAGTCTACTCTGAATTTTTTTAAAAGGAGAGGGTAAAGAAAGCCGCCAGG
AAAAACTTGTCTGAATAGTACGGTTGCAATTTTTAGGGGAAACAGATATACTTA
AGTGT

AGCTCGTCGCTGATAAACAGCTGACATCAATATCCTATTTTTTCAAAAAATATTT
TAAAAAGTTGTTGACTTAAAAGAAGCTAAATGTTATAGTAATAAAACAGAATAG
94 21 TCTTTTAAGTAAGTCTACTCTGAATTTTTTTAAAAGGAGAGGGTAAAGAGCTTTT
CTTTTGGAAGAAAATATAGGGAAAATGGTACTTGTTAAAAATTCGGAATATTTA

TACAATATCATAT

AGCTCGTCGCTGATAAACAGCTGACATCAATATCCTATTTTTTCAAAAAATATTT
TAAAAAGTTGTTGACTTAAAAGAAGCTAAATGTTATAGTAATAAAACAGAATAG

95 22 TCTTTTAAGTAAGTCTACTCTGAATTTTTTTAAAAGGAGAGGGTAAAGAGCTTTT
CTTTTGGAAGAAAATATAGGGAAAATGGTACTTGTTAAAAATTCGGAATATTTA
TACAATATCATAT
GTCGCTGATAAACAGCTGACATCAATATCCTATTTTTTCAAAAAATATTTTAAAA

96 23 AGTTGTTGACTTAAAAGAAGCTAAATGTTATAGTAATAAAACAGAATAGTCTTTT

AAGTAAGTCTACTCTGAATTTTTTTAAAAGGAGAGGGTAAAGA

GTCGCTGATAAACAGCTGACATCAATGTTTTTTTATCCCAATATTACAAAAATAT
97 24 TTTTAATTATGCAGGAAAACAAAAAAAGTTGTTGACTTAAAAGAAGCTAAATGT
TATAGTAATAAA

[0094] In certain other embodiments, the present disclosure is directed to engineered
(modified) heterologous hybrid complete promoters for use in expressing a nucleic acid
sequence (or ORF) encoding a protein of interest (POI), wherein the heterologous hybrid
complete promoters are constructed or derived by combining and operably linking a promoter
UP element comprising a nucleic acid sequence set forth in Table 2 with: (1) a B. subtilis
ribosomal RNA promoter element comprising a nucleic acid sequence set forth in Table 3, (2)
a B. subtilis ribosomal protein promoter comprising a nucleic acid sequence set forth in Table
4, (3) a B. subtilis transfer message RNA (tmRNA) promoter comprising a nucleic acid
sequence set forth in Table 5, (4) a B. subtilis small cytoplasmic RNA (scRNA) promoter
comprising a nucleic acid sequence set forth in Table 6, (5) a B. subtilis protein promoter
comprising a nucleic acid sequence set forth in Table 7, (6) a B. licheniformis ribosomal RNA
promoter element comprising a nucleic acid sequence set forth in Table 8, (7) a B. subtilis Prrn
Ribosomal RNA Promoter Consensus Sequence set forth in Table 9 and/or (8) a B.

licheniformis Prrn Ribosomal RNA Promoter Consensus Sequence set forth in Table 10.

TABLE 2
B. subtilis and B. licheniformis Promoter UP Elements
SEQID UP Element Name UP Element Nucleic Acid Sequence
45 rrnQ TAAAAACTTTTTCAAAAAAGT
46 rrnA AAAAGAAAATGCTAAAAAGTT
47 rrn) AAAAGAACTTCAAAAAAAGTT
48 rrni TTAAATACTTTGAAAAAAGTT
49 rrnE CGAAAAAACATTAAAAAACTT
50 renD GGAAAATAAATCAAAAAAACA
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51 spoVG 5'-extended ATTTTTTCAAAAAATATTTTAAAA

52 spoVG SHORT AAAAATATTTTAAAA

53 spoVG 5' & 3’ extended ATTTTTTCAAAAAATATTTTAAAAACGAGC

54 spoVG 3'-extended AAAAATATTTTAAAAACGAGC

55 spoVS SHORT AAAAATATTAAAAAG

56 spoVs 5'-extended TTATTTTATAAAAATATTAAAAAG

57 ftsA SHORT AAAAAAAATGTGATA

58 ftsA 5'-extended AAAAAAAATAAAAAAAATGTGATA

59 Consensus SHORT oH-dependent AAAAAWAWTDWRAWR
promoters

60 Consensus LONG oH-dependent WWWWWWWMWAAAAAWAWTDWRAWR
promoters

61 spoVG CAAAAATATTTTTAATTATGC

**SEQ ID NO: 59 and SEQ ID NO: 60 are consensus sequences and are presented using [IUPAC
codes defined as: N = any nucleotide, R=A/G, Y =C/T, S=G/C, W= A/T,K=G/T,M = A/C,
B = C/G/T, D = A/G/T, H = A/C/T and V = A/C/G. SEQ ID NO: 59 is the consensus nucleic
acid sequence derived from the top three short B. subtilis cH-dependent promoter sequences and
SEQ ID NO: 60 is the consensus nucleic acid sequence derived from the top three long B. subtilis
oH-dependent promoter sequences.

TABLE 3
B. subtilis Ribosomal RNA Pramoters

SEQ

Promoter Nucleic Acid Sequence

D Promoter
1 oA | TTGACANNNNNNNNNNNNNNNNNTATAAT
**2 oH RNAGGAWWWNNNNNNNNNNNNRNGAAT
Pl rmA
LA te:ge '\ | ATATTATGTATTGACTTAGACAACTGAAGGTGTTATTCTAATATAC
P2 A
4 ext;;ge . | TAAAAAGTTGTTGACAGTAGCGGCGGTAAATGTTATGATAATAAA
P ol mp | ATAGATTTTTTTTAAAAAACTATTGCAATAAATAAATACAGGTGTTATATTAT
TAAAC
P2 rmB
6 | ternrze ' | AAAAAAGTTGTTGACAAAAAAGAAGCTGAATGTTATATTAGTA
P1rmD
7 exte:ge | AAAAAGGTGTTGACTCTGATTCTTGACCGTGTTATATTATTAAAC
P2 rmD )
8 Cxte:ze | AAAAAAACATTTGACAAAAGAAAGTCAAAATGTTATATTAATAAA
P ATAAAAAAATACAGGAAAAGTGTTGACCAAATAAAACAGGCATGGTATATT
PImE | ATTAAAC
0 AACAAAAAAGTTTTCCTAAGGTGTTTACAAGATTTTAAAAATGTGTATAATA
P2 rrnE AGAAA
0 TCGAAAAAACATTAAAAAACTTICTTGACTCAACATCAAATGATAGTATGATA
P3 rrnE GTTAA
12 | p1omg | GTGTAATTTITTAAAAAAGTTATTGACTTTGAAGAAGTGACATTGTATACTAA
TAAAGTTGCTTTAA
3 | p1omm | AGTTTTTAAAAAAGGTTATTGACTITGAAGAAGTGACATTGTATACTAATAAA
GTTGCTTTA
” o | CACATACAGCCTAAATTGGGTGTTGACCTTTTGATAATATCCGTGATATATTA

TTATTCGTCGCTG
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consensus

s | pzrml | TTAAATACTTTGAAAAAAGTTGTTGACTTAAAAGAAGCTAAATGTTATAGTA
ATAAAGCTGCTT
P1rmO
16 | . | TGTCATAACCCTTTACAGTCATAAAAATTATGGTATAATCATTTCTG
17 P2 rmO
ey | CAAAAAAGTATTGACCTAGTTAACTAAAAATGTTACTATTAAGTAG
ACGCCGCCAAGCAATTGCACATTAGTGTAATTTTTTAAAAAAGTTATTGACTT
s | PG | TGAAGAAGTGACATTGTATACTAATAAAGTTGCTTTAACAAAGCGGACAAAC
extended | AAAATGATCTTTGAAAACTAAACAAGACAAAACGTACCTGTTAATTCAGTTT
TTAAAAATCGCACAGCGATGTGCGTAGTCAGTCAAACTAC
ow | AAAAGTTTTTAAAAAAGTTGTTCACTTTGAAGAAGTGACGTTGTATACTAATA
19 AAGTTGCTTTAACAAAGCGGACAAACAAAATGATCTTTGAAAACTAAACAAG
extended | ACAAAACGTACCTGTTAATTCAGTTTTTAAAAATCGCACAGCGATGTGCGTA
GTCAGTCAAACTAC
o | AGTTTTTAAAAAAGGTTATTGACTTTGAAGAAGTGACATIGTATACTAATAAA
20 GTTGCTTTAACAAAGCGGACAAACAAAATGATCTTTGAAAACTAAACAAGAC
extended | AAAACGTACCTGTTAATTCAGTTTTTAAAAATCGC
ACAGCGATGTGCGTAGTCAGTCAAACTAC
25 | Prmo P1 | GCGCTTTTTTGTGTCATAACCCTTTACAGTCATAAAAATTATGGTATAATCAT
- | TTCTG
55 | PO P2 | TAAAAACTTTTTCAAAAAAGTATTGACCTAGTTAACTAAAAATGTTACTATTA
— " | aGTA
12 | poon p1 | ATCATTTAATTGATATTATGTATTGACTTAGACAACTGAAGGTGTTATTCTAA
=P tATA
15 | poen pa | AAAAGAAAATGCTAAAAAGTTGTTGACAGTAGCGGCGGTAAATGTTATGATA
MATS | ATAAAG
144 | oy p1_ | TAGTATTTCTTCAAAAAAACTATTGCACTATTATTTACTAGGTGGTATATTATT
P ] aTrce
145 | ooy py | AAAAGAACTTCAAAAAAAGTTATIGACTTCACTGAGTCAACGAGTTATAATA
M ATAAAG
146 | o pa | TTAAATACTTTGAAAAAAGTTGTTGACTTAAAAGAAGCTAAATGTTATAGTA
i ATAAAG
147 | s pa | ACAAAAAAGTTTTCCTAAGGTGTITACAAGATTTTAAAAATGTGTATAATAA
MEL2 ] GaAAA
148 | porp b3 | COAAAAAACATTAAAAAACTTCTTGACTTCAACATCAAATGATAGTATGATA
MES | GTTAAG v
195 | oD p1_ | COATATTCTTTTAAAAAAGGTGTTGACTCTGATTCTTGACCGTGTTATATTATT
P11 aaa
10 | oD 7y | COAAAATAAATCAAAAAAACATTTGACAAAAGAAAGTCAAAATGTTATATTA
mb_"e | ATAAAG -
151 | oG o1 | GTGTAATTTTTTAAAAAAGTTATTGACTTTGAAGAAGTGACATTGTATACTAA
U 1 TAAAG
152 | prmw 1 | CCAAAAGTTTTTAAAAAAGTTGTTGACTTTGAAGAAGTGACGTTGTATACTAA
MY TAAAG
##128 | PIMO-P) | r A CNINNNNNNNNNNNNNNNNTATAAT
**129 CP;L“S?n‘:qu TTGACNNNNNNNNNNNNNNNNNNTACTAT
**130 | PIAP] | T7GACNNNNNNNNNNNNNNNNNNTATTCT
*131 | PrmAP2 | TTGACNNNNNNNNNNNNNNNNNNTATGAT
#4132 | PP - 1760 ANNNNNNNNNNNNNNNNNNTATATT
+*133 CP(:;"SL':ZUS TTGACNNNNNNNNNNNNNNNNNNTATAAT
*+134 | Prmnl TTGACNNNNNNNNNNNNNNNNNNTATAGT
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**+135 | PrmE-P2

TTTACNNNNNNNNNNNNNNNNNTATAAT
consensus

#7136 | PrrnE-P3

TTGACNNNNNNNNNNNNNNNNNTATGAT
consensus

##137 | PrrnD-P1

TTGACNNNNNNNNNNNNNNNNNNTATATT
consensus

*x138 | PrrmD-P2

TTGACNNNNNNNNNNNNNNNNNNTATATT
consensus

*+139 | PrmG-Pl

TTGACNNNNNNNNNNNNNNNNNNTATACT
consensus

*x140 | PrrnW-P1

TTGACNNNNNNNNNNNNNNNNNNTATACT
consensus

**SEQ ID NO: 1, SEQ ID NO: 2 and SEQ ID NOs: 128-140 are consensus sequences and are
presented using IUPAC codes defined as: N = any nucleotide, R = A/G, Y = C/T,S=G/C,W=
A/T,K=G/T,M = A/C,B=C/G/T,D=A/G/T,H=A/C/T and V = A/C/G.

TABLE 4
B. subtilis Ribosomal Protein Promoters
SIEDQ Promoter Promoter Nucleic Acid Sequence

TTTCGAAGCATGTTCATGCCTGCGAGAAAGAATAATATAAGAGCAGTAAAGC
PI1+P2 | TAATCAGAATTAACATCCTATTCACCAACCCCTTTCTTTCATTATATAGACAG
21 U GCAGTCGCACTCATGACGGAAAAGTGAACTCACTTAGTTGACCTGACTGATG
ps GCTTATATTATAATGTCAAAGTACATGTTTATATGTGTAACTTAAAGGTAGTC
GATTGGTGTATTCGGAGGGAGGGAAAGAGA

CGAGCGGAAATTCAATGGCATCAAAGAATTAACTGAGCAAATTGAGAAAGA

P1+P2 | TAAGCAGGAAGCCATCCGTTATTTCAGCAATTTGCGGAAATAACTTGCAACG

22 o CACGCAAATTTTATTCTAAAATATTTGCATATAGGCACGATTTTTAGTATGAT
ps AGTTTTCGTAGTCTTAAAACCATTGCTTGGCAATCCGAAGTCACCGACGGTTG
CTAGGTAACTGGGGCTAAATATGATTTGGAGGTGAAACAGG

GTTTTTATCACCTAAAAGTTTACCACTAATTTTTGTTTATTATATCATAAACGG
23 PrpsD | TGAAGCAATAATGGAGGAATGGTTGACTTCAAAACAAATAAATTATATAATG
ACCTTT

GTACCGTGTGTTTTCATTTCAGGGAAACATGACTTAATTGTTCCTGCAGAAAT
ATCGAAACAGTATTATCAAGAACTTGAGGCACCTGAAAAGCGCTGGTTTCAA
24 PI+P2 | TTTGAGAATTCAGCTCACACCCCGCATATTGAGGAGCCATCATTATTCGCGAA
rps] CACATTAAGTCGGCATGCACGCAACCATTTATGATAGATCCTTGATAAATAA
GAAAAACCCCTGTATAATAAAAAAAGTGTGCAAATGATGCATATTTTAAATA
AGTCTTGCAACATGCGCCTATTTTCTGTATAATGGTGTATA

TABLE 5
B. subtilis Transfer Message RNA (tmRNA) Promoters

SIEDQ Promoter Promoter Nucleic Acid Sequence

' TAAAGGCATAGTGCTTGATTCGAAAATCAGGCCTGTGCTATACTGTGTTCACG
25 PssrA ATCAGATCACGACGCCATTCATTTGAAGGATTTGACAATTGAAAAGAGCCGT
GATCATGTTATAATAAGACTA

£33 PssrA

ATTGAAANNNNNNNNNNNNNNNNTATAAT
Consensus
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TABLE 6

B. subtilis Small Cytoplasmic RNA (scRNA) Promoters

SEQ
ID

Promoter

Promoter Nucleic Acid Sequence

26

Pscr

AAGCCGCCAGGAAAAACTTGTCTGAATAGTACGGTTGCAATTTTTAGGGGAA
ACAGATATACTTAAGTGT

++37

Pscr
Consensus

GTTGCAANNNNNNNNNNNNNNNNNTATACT

TABLE 7
B. subtilis Protein Promoters

SEQ

Promoter

Promoter Nucleic Acid Sequence

29

Pvpr

AGCTGAAAGAATTGAAATGAAAATTGGAGAACCGCTTTGAAAACTTTATACA
CAAGTTATCCCAAAGATAAGAACAACTTAATCACAAGAGATATCCACATGTC
CACAAACTCTATCTATATTTTGTATACGAACGTATATTCCTAACTATATATAT
ACACAGGTTTATTCACTTATACACAGGGTTCTGTGTATAACTCCTTCGTTATA
CACAAACAAAATCCAATAAATGGTCCAAATGACACAAGGATTTTTTTGAATT
TTCAAGAAATATATACTAGATCTTTCACATTTTTTCTAAATACAAAGGGGGAA
ACACA

**34

Pvpr
Consensus

ATCCACNNNNNNNNNNNNNNNNNNTATATT

30

Pmpr

GTTGAAACGGCAAGAGAGAATGCAAAGAAAGCGTTGGACCAGCTAATTTTA
AAATAGAGTTTGAACAGGTCTTGTCATGGGACAAGGCCTGTTTTTTTCTTTCT
CCGTAAAAGTTTTATCATAAGAATCAGAAACCTGATTATAATGTAAAAGTCTT
CCATCGATACGGGTGGTTGACACTAAAGGAGGGAGATGACAAA

¥%35

Pmpr
Consensus

TTTATCANNNNNNNNNNNNNNNNNNNTATAAT

31

Pbpr

TAAAGGACAAAATCGTTTTCGATTTTGTCCTTTTTTGTTTTTCTCTTCACACTT
TCCTTCTTATAAAGTCTTTTTCCCTATTGCTTCCTTCGCTTAGTAACAAAACAG
ATAATTAGACCCATTTATTTTTGTGACATTTTTATCATTTTCATATATATGGAA
ATTGAATGACATGAAACGACAATATCTGTAATTCAGATTGTCTACAGTTAATA
TACAGCGATGTTCTGACAAACCATTCATTATTAAAAGGAGGGACGACACTTT
TTTTAAAAAGCATGTTGAAAAAGGGGGATGAAA

**36

Pbpr
Consensus

ACAATANNNNNNNNNNNNNNNNNNTACAGT

28

PaprE

CATTTTCTTCTGCTATCAAAATAACAGACTCGTGATTTTCCAAACGAGCTTTC
AAAAAAGCCTCTGCCCCTTGCAAATCGGATGCCTGTCTATAAAATTCCCGATA
TTGGTTAAACAGCGGCGCAATGGCGGCCGCATCTGATGTCTTTGCTTGGCGA
ATGTTCATCTTATTTCTTCCTCCCTCTCAATAATTTTTTCATTCTATCCCTTTTC
TGTAAAGTTTATTTTTCAGAATACTTTTATCATCATGCTTTGAAAAAATATCA
CGATAATATCCATTGTTCTCACGGAAGCACACGCAGGTCATTTGAACGAATTT
TTTCGACAGGAATTTGCCGGGACTCAGGAGCATTTAACCTAAAAAAGCATGA
CATTTCAGCATAATGAACATTTACTCATGTCTATTTTCGTTCTTTTCTGTATGA
AAATAGTTATTTCGAGTCTCTACGGAAATAGCGAGAGATGATATACCTAAAT
AGAGATAAAATCATCTCAAAAAAATGGGTCTACTAAAATATTATTCCATCTA
TTACAATAAATTC

%38

FPaprE
Consensus

GTCTACTNNNNNNNNNNNNNNNNNNNTACAAT

32

PispA

CTATTATAACTTGACTTACAGTTGAATCCCAGTCATACATGTTGAAGCCATCC
AATATTTTGAAGATTACTAATTCTTTGGTGTGTATCCTATTTTTTCAAAATGCT
TCAAATGGCTCTGTCCGAGCGCTTGCTTTTTTCATATAATATGAGGCAACACC
CTTGAATCCACTTGCAAGCATAAAAAAGGAGGGCTTTTTT
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*¥*39 PISPA | 1 GTCCGNNNNNNNNNNNNNNNNNTATAAT
Consensus
PspoVG | TAAGAAAAGTGATTCTGGGAGAGCCGGGATCACTTTTTTATTTACCTTATGCC
27 oH- CGAAATGAAAGCTTTATGACCTAATTGTGTAACTATATCCTATTTTTTCAAAA
dependent | AATATTTTAAAAACGAGCAGGATTTCAGAAAAAATCGTGGAATTGATACAC
117 PftsA [ AAAAAAAATGTGATATAAAAGAGGATATACATAGGATATAACGAATATTTTC
(cH) A
141 PspoV'S TTATTTTATAAAAATATTAAAAAGAAAAGCAGGAATATAGCAACTCCTTAGT

GAATATAGTAAA

*SEQ ID NOS: 33-39, are consensus sequences and are presented using IUPAC codes defined
as: N = any nucleotide, R=A/G, Y =C/T,S=G/C, W=A/T,K=G/T,M= A/C,B=C/G/T,D
=A/G/T,H=A/C/T and V = A/C/G.

TABLE 8
B. licheniformis Ribosomal RNA Promoters

SEQ
ID

Promoter

Promoter Nucleic Acid Sequence

101

Prrnl

TCGCTTATAAAAGCAACAACAAAAACTTTTTCAAAAAAAGTATTGACCGCTT
GTCTTATAAATGTTATATTTAAGTGTCGCTTATAAAAGCAACAACAAAAACTT
TTTTTAAAAAAGTATTGACCGCTTGTCTTATAAATGTTATATTTAAGTG

102

Prrn2

TCGCTAATGACGAATAATTTTTTGAAAAAAGTTGTTGACGACATCACGATTAA
ATGTTAAGATATTATATCGCTAATGACGAATAATTTTTTTGAAAAAAAGTTGT
TGACGACATCACGATTAAATGTTAAGATATTATAG

103

Prr4

TCGCTGTTAGCGGAACGGTTTTTGAACAGAAAGCAGCAGCGACGAAAAATCA
AAAAAACATTTGACACTTCTCGTTGAAAATGTTATACTAATAAATCGCTGTTA
GCGGAACGGTTTTTGAACAGAAAGCAGCAGCGACGAAAAATCAAAAAAACA
TTTGACACTTCTCGTTGAAAATGTTATACTAATAAAG

104

Prrn5

TTGCCGCAAAACGGCGGCGAAAGAAAAAAAGAACTTCAAAAAAAGTTCTTG

ACTTAATATCTGAGATTGGATATAATATAAAATTGCCGCAAAACGGCGGCGA
AAGAAAAAAAGAACTTCAAAAAAAGTTCTTGACTTAATATCTGAGATTGGAT
ATAATATAAAAG

105

Prrn6é

TCGCTGATAAACAGCTGACATGAAAAAGCTCCAAAAAATAATTTTGAGAAAA
GTTATTGACAAATACGTGAGCTTGATGTTATATTATTAAATCGCTGATAAACA
GCTGACATGAAAAAGCTCCAAAAAATAATTTTGAGAAAAGTTATTGACAAAT
ATGTGAGCTTGATGTTATATTATTAAAG

106

Pl-rrml

AAAAACTTTTTTTAAAAAAGTATTGACCGCTTGTCTTATAAATGTTATATTTA
AGTG

107

Pl-rrn2

TTTATCGCAATATAATTTTTTGTTGACAAATATATTTAAAGGTGTTAAATTAA
TATTTG

108

P2-rrn2

TAATTTTTTTGAAAAAAAGTTGTTGACGACATCACGATTAAATGTTAAGATAT
TATA

109

Pl-rrn3

CAGAAAAACTTCAAAAAACTTCTTGACTTTAACTGATATTCATAGTATTATAG
TTAAGATTCAATCTTTCAAATATAATCTTTTCATCAGGAACATAATGTGCTAT
AATTTCTCTTGG

110

Pl-rrm4

GGATATTTTATTAAAAAAAGTGTTGACACTAATTTATAACGGTGATATATTAT
TAAGCG

111

P2.rm4

CGACGAAAAATCAAAAAAACATTTGACACTTCTCGTTGAAAATGTTATACTA
ATAAAG

112

Pl-rmS5

TAAATTTTTTCTCAAAAAAGTATTGCACAATCATAAATACGGTGGTATATTAT
TATTCG

113

P2-rrn$S

AAAAGAACTTCAAAAAAAGTTCTTGACTTAATATCTGAGATTGGATATAATA
TAAAAG

114

Pl-rmé

AAGAAAAAAATTAAAAAGAGGGTTGACCGGAATTAAATAAACATGTTATATT
GTTATTCG
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0s AAAATAATTITGAGAAAAGTTATTGACAAATATGTGAGCTTGATGTTATATTA
P2-rm6é | rTAAAG
116 | pamyL | CCTTITCTTTIOGAAGAAAATATAGGGAAAATGGTACTTGTTAAARATTCGG

AATATTTATACAATATCATAT

*%118 | Prml-Pl TTGACNNNNNNNNNNNNNNNNNNNNTATATTTTTTCANNNNNNNNNNNNNN
Consensus | NNNTATAAT

*x119 | Prm2-Pl TTGACNNNNNNNNNNNNNNNNNNNNTAAATTTTGACANNNNNNNNNNNNNN
consensus | NNNTAAATT

xx120 | Prm2-P2 | ) 0 GNNNNNNNNNNNNNNNNNTAAGAT
consensus

*#¢121 | Prm3-P2  pr s ) CNNNNNNNNNNNNNNNNNNNNTATATAT
consensus

*+122 | Prm4-Pl TTGACNNNNNNNNNNNNNNNNNNNNTATATTTTGACANNNNNNNNNNNNNN
consensus | NNNTATATT

*%123 | Prmd-P2 TTGACNNNNNNNNNNNNNNNNNNNNTATACTTTGACANNNNNNNNNNNNNN
consensus | NNNTATACT

¥x124 | Prm5-Pl TTGCANNNNNNNNNNNNNNNNNNNNTATATTTTGCACNNNNNNNNNNNNNN
consensus | NNNTATATT

4125 c‘:;:g‘;;’fs TTGACTNNNNNNNNNNNNNNNNNNNNTATAAT

*x126 | Prm6-Pl TTGACNNNNNNNNNNNNNNNNNNNNTATATTTTGACCNNNNNNNNNNNNNN
consensus | NNNTTATAT

*%127 | Prmé6-P2 TTGACNNNNNNNNNNNNNNNNNNNNTATATTTTGACANNNNNNNNNNNNNN
consensus | NNNTTATAT

*“SEQ ID NOS: 118-127 are consensus sequences and are presented using IUPAC codes defined
as: N = any nucleotide, R = A/G, Y =C/T,S =G/C, W= AT, K=G/T,M=A/C,B=C/G/T,D
= A/G/T,H=A/C/T and V = A/C/G.

TABLE 9
B. subtilis Prrn Ribosomal RNA Promoter Consensus Sequence
SS)Q Promoter Promoter Nucleic Acid Sequence

*%153 Prrn DNRWDWWWWTTYWAAAAARKTRTTGACWDWRWWRWNDVWAVRTKKTA
Consensus | TDHTAATAN-WR

**SEQ ID NO: 153 is a consensus sequences and is presented using TUPAC codes defined as: N
= any nucleotide, R = A/G, Y =C/T, § =G/C, W = A/T, K=G/T, M = A/C,B=C/G/T,D=
A/G/T,11= A/C/T and V = A/C/G.

TABLE 10
B. licheniformis Prrn Ribosomal RNA Promoter Consensus Sequence
SIEDQ Promoter Promoter Nucleic Acid Sequence

**|54 Prrn HRRWWWWWWWYHWAAAAARKTVTITGACHNHWWHWNWDWWHVRTGDT
Consensus | ATAWTAWTAWNHG

**SEQ ID NO: 154 is a consensus sequences and is presented using [UPAC codes defined as: N
= any nucleotide, R = A/G, Y =C/T, S =G/C, W= A/T,K=G/T,M = A/C,B=C/G/T,D=
A/G/T,H=A/C/T and V = A/C/G.
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[0095] Thus, in certain embodiments, the disclosure provides engineered heterologous hybrid
complete promoters for use in expressing a nucleic acid sequence encoding a protein of interest
(POI), wherein the hybrid promoter comprises at least one UP element (Table 2) operably
linked to at least one promoter element (Tables 3-10). For example, in certain embodiments,
an engineered heterologous hybrid complete promoter comprises the following generic
formula: 5'—UP—I1%'Pro—ORF—3’;
wherein UP is a nucleic acid comprising a promoter upstream element, 15'Pro is nucleic acid
comprising at least a -35/-10 core promoter sequence and ORF is a nucleic acid sequence
encoding a POL.
[0096] In other embodiments, the disclosure is directed to engineered heterologous hybrid
complete promoters for use in expressing a nucleic acid sequence (or ORF) encoding a protein
of interest (POI), wherein the hybrid promoter comprises at least one UP element (Table 2)
operably linked to at least two promoter elements (Tables 3-10). For example, in certain
embodiments, an engineered heterologous hybrid complete promoter comprises the following
generic formula: 5'—UP—15Pro—2"Pro—ORF—13';
wherein UP is a nucleic acid comprising a promoter upstream element, 1¥Pro, and 2"Pro are
the same or different nucleic acids comprising at least a -35/-10 core promoter sequence and
ORF is a nucleic acid encoding a POI.
[0097] In other embodiments, the disclosure is directed to engineered heterologous hybrid
‘complete promoters for use in expressing a nucleic acid sequence (or ORF) encoding a protein
of interest (POI), wherein the hybrid promoter comprises at least one UP element (Table 2)
operably linked to at least one or two promoter elements (Tables 3-10). For example, in certain
embodiments, an engineered heterologous hybrid complete promoter comprises the following
generic formulae:
5'—UP—I18Pro—UTR—ORF—3’;
5'—UP—15Pro—2"Pro—UTR—ORF—3';
5'—UP—15Pro—UTR—2"Pro—UTR—ORF—3;
wherein UP is a nucleic acid comprising a promoter upstream element, 1%Pro and 2MPro are
the same or different nucleic acids comprising at least a -35/-10 core promoter sequence, UTR
is a nucleic acid comprising a 5’ untranslated region and ORF is a nucleic acid encoding POI.
[0098] The unexpectedly high protein productivity levels obtained via the expression of
nucleic acid sequences encoding heterologous POIs when using the engineered promoters of
the instant disclosure have several benefits. For example, expressing a coding sequence of

interest (e.g., an ORF of interest encoding a POI) with an engineered heterologous hybrid
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complete promoter of the disclosure provides increased expression of the ORF coding sequence
and/or increased POI produced, when compared to expression or protein productivity of the
same ORF being expressed from its native promoter. In particular embodiments, the
engineered promoters of the instant disclosure provide for increased levels of mRNA
expression, which is particularly useful for unstable transcripts.

[0099] In another embodiment, expressing a coding sequence of interest with an engineered
promoter allows for increased level of expression of a coding sequence of interest, without
amplification of an expression construct comprising the engineered promoter. When using
other expression constructs in the art, in order to achieve high expression levels of a coding
sequence of interest, amplification of the expression construct is often required. The expression
levels achieved with the engineered promoters described herein, however, are high enough that
amplification of the expression construct is generally not necessary. Instead, high expression
levels may be achieved with a single integrant of the expression construct comprising the
engineered promoter, which provides several benefits. First, host cells are typically more stable
because they do not undergo the loss of the amplified expression construct. Also, if an
expression construct does not need to be amplified, host cell construction is more efficient, thus
saving time, money and materials.

[0100] In certain other embodiments, the nucleotide located at the +1 transcriptional start site
of an engineered promoter described herein is modified from a guanine to adenine. For
example, certain embodiments of the invention contemplate that the modification of the +1
transcriptional start site (e.g., an A to G substitution at +1) site allows consistent production
from a promoter described herein, and therefore, results in better overall productivity from the
promoter (see, e.g., PCT International Publication No. W02013/086219).

[0101] In certain embodiments, an engineered heterologous hybrid complete promoter of the
present disclosure comprises a nucleic acid sequence set forth in SEQ ID NOS: 65-97, 0r a
subsequence thereof. The subsequence will retain promoter activity and comprise at least about
10 nucleotides, at least about 20 nucleotides; at least about 30 nucleotides; at least about 40
nucleotides; at least about 50 nucleotides; at least about 60 nucleotides; at least about 70
nucleotides; at least about 80 nucleotides; at least about 90 nucleotides or at least about 100
nucleotides. The subsequence of any one of SEQ ID NOs: 65-97 should minimally comprise
the -35 and -10 consensus regions (i.e., the core promoter element) and the UP element.
[0102] In certain other embodiments, an engineered heterologous hybrid complete promoter
of the present disclosure is constructed or derived from at least one UP element set forth in

Table 2, which is combined and operably linked with a promoter element set forth in any one
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of Tables 3-10, or subsequences thereof. The subsequence will retain promoter activity and
comprise at least about 10 nucleotides, at least about 20 nucleotides; at least about 30
nucleotides; at least about 40 nucleotides; at least about 50 nucleotides; at least about 60
nucleotides; at least about 70 nucleotides; at least about 80 nucleotides; at least about 90
nucleotides or at least about 100 nucleotides. The subsequence of any one of the promoter
element nucleic acid sequences set forth Tables 3-10 in should minimally comprise the -35 and
-10 consensus regions (i.e., the core promoter element).

[0103] In other embodiments, the engineered promoters of the present disclosure comprise
nucleic acid sequences (or subsequences thereof) which hybridize with any one of the nucleic
acid sequences set forth in Tables 1-10, which will have at least about 20%, at least about 30%,
at least about 40%, least about 50%, at least about 60%, at least about 80%, and at least about
100% of the promoter activity of its corresponding parent promoter nucleic acid sequence. In
some embodiments, the promoter activity will be greater, for example more than about 100%,
more than about 150%, more than about 200% and more than about 250%. In some
embodiments, the promoter will include a nucleic acid sequence that hybridizes under medium,
high or very high stringency conditions,

[0104] In a particular embodiment, hybridization is used to analyze whether a given nucleic
acid fragment corresponds to a promoter nucleic acid sequence described herein and thus falls
within the scope of the present invention (see, Sambrook et al., 1989, which describes general
hybridization methods).

[0105] “Hybridization conditions” refer to the degree of “stringency” of the conditions under
which hybridization is measured. Hybridization conditions can be based on the melting
temperature (Tm) of the nucleic acid binding complex, as taught in Berger and Kimmel (1987).
Hybridization conditions can also be based on the washing conditions employed after
hybridization as known in the art. Merely for purposes of illustration, “Low-stringency”
conditions can refer to washing with a solution of 0.2x SSC/0.1% SDS at 20°C for 15 minutes.
“Medium-stringency” conditions can refer to washing with a solution of 0.2x SSC/0.1% SDS
at 37°C for 30 minutes. “High-stringency” conditions can refer to washing with a solution of
0.2x SSC/0.1% SDS at 37°C for 45 minutes. “Very high-stringency” conditions can refer to
washing with a solution of 0.2x SSC/0.1% SDS at 37°C for 60 minutes. However, the
stringency associated with the particular solution ingredients, temperature, and wash time can
vary depending on the particular nucleic acids and other conditions involved. The skilled
person would be able to determine the hybridization conditions associated with a desired degree

of stringency.
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[0106] Another aspect of the invention is use of hybridization conditions based on the melting
temperature (Tm) of the nucleic acid binding complex, as taught in Berger and Kimmel (1987).
For purposes of illustration, “very high stringency” typically occurs at about Tm -5°C (5°C
below the Tm of the probe); “high stringency” typically occurs at about 5°C to 10°C below Tm;
“medium stringency” at about 10°C to 20°C below Tm; and “low stringency” at about 20°C to
25°C below Tm.

[0107] The term “identity” in the context of two nucleic acid sequences or two polypeptides
refers to nucleotides or amino acid residues in the two sequences that are the same when aligned
for maximum correspondence, as measured using one of the following “sequence comparison
algorithms”. Optimal alignment of sequences for comparison can be conducted, e.g., by the
local homology algorithm of Smith & Waterman, 1981; by the homology alignment algorithm
of Needleman & Wunsch, 1970; by the search for similarity method of Pearson & Lipman,
1988; by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575
Science Dr., Madison, Wisconsin) or by visual inspection.

[0108] In certain other embodiments, the sequences of Bacillus subtilis promoters PrrnO_P1
(SEQ ID NO: 85), PrrnO_P2 (SEQ ID NO: 89) PrrnA_P1 (SEQID NO: 142), PrnA_P2 (SEQ
ID NO: 143), PrrnJ_P1 (SEQ ID NO: 144), PrrnJ_P2 (SEQ ID NO: 145), Prrnl_P1 (SEQ ID
NO: 146), PrrnE_P2 (SEQ 1D NO: 147), PrmE_P3 (SEQ ID NO: 148), PrmD_P1 (SEQ ID
NO: 149), PrrnD_P2 (SEQ ID NO: 150), PrrnG_P1 (SEQ ID NO: 151) and PrrnW_P1 (SEQ
ID NO: 152) were aligned with default parameters using the Geneious software (Biomatters
Ltd.) as shown in FIG. 6. Using the alignment, a consensus sequence for the B. subtilis rmn
promoters was generated (SEQ ID NO: 153) and is shown at the top of FIG. 6. The consensus
sequence of SEQ ID NO: 153 uses I[UPAC codes defined as: N=any nucleotide, R=A/G,
Y=C/T, S=G/C, W=A/T K=G/T, M=A/C, B=C/G/T, D=A/G/T, H=A/C/T, V=A/C/G.

[0109] In certain other embodiments, the promoter sequence and upstream element sequences
of the Bacillus licheniformis ribosomal promoters rrn1-P1 (SEQ ID NO: 106), rr2-P1 (SEQ
ID NO: 107), rrn2-P2 (SEQ ID NO: 108), rr3-P1 (SEQ ID NO: 109), rrn4-P1 (SEQ ID NO:
110), rrn4-P2 (SEQ ID NO: 111), rm5-P1 (SEQ ID NO: 112), rr5-P2 (SEQ ID NO: 113),
rm6-P1 (SEQ ID NO: 114), and rm6-P2 (SEQ ID NO: 115) were aligned with default
parameters using the Geneious software, as depicted in FIG 7. Using this alignment, a
consensus sequence was generated (SEQ ID NO: 154) using a threshold of 75% to generate

the consensus (bases matching at least 75% of all sequences). The consensus sequence of SEQ
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IDNO: 154 uses IUPAC codes defined as: N=any nucleotide, R=A/G, Y=C/T, S=G/C, W=A/T '
K=G/T, M=A/C, B=C/G/T, D=A/G/T, H=A/C/T, V=A/C/G.

[0110] In certain other embodiments, one or more engineered promoters (e.g., an engineered
double promoter, an engineered triple promoter, an engineered quad promoter, efc.) of the
disclosure may further comprises other promoters with activity in a host cell, and includes
mutant promoters, truncated promoters and the like which may or may not be native to the host
cell. Examples of other promoters, which may be useful in a hybrid promoter of the invention,
include fungal and bacterial promoters.

[0111] Some specific non-limiting examples include; the aprE promoter or a mutant aprE
promoter (PCT International Publication No. WO 2001/51643); the aph promoter of the
Streptomyces fradiae aminoglycoside 3'-phosphotransferase gene; an Aspergillus niger
glucoamylase (glad) promoter; the glucose isomerase (GI) promoter of Actinoplanes
missouriensis and the derivative GI (GIT) promoter (U.S. 6,562,612 and EP 351029); the
glucose isomerase (GI) promoter from Streptomyces lividans, the short wild-type GI promoter,
the 1.5 GI promoter, the 1.20 GI promoter, or any of the variant GI promoters as disclosed in
WO 20303/089621; the cbhl, cbh2, egll and egl2 promoters from filamentous fungi and
specifically the Trichoderma reesei cellobiohydrolase promoter (GenBank Accession No.
D86235); the lacZ and tac promoters (Bagdasarion et al., 1983); the ermE promoter (Ward et
al., 1986 and Schmitt-John et al., 1992); and the Bacillus subtilis phage 029 promoters (Pulido
et al., 1986). Promoters effective in-Streptomyces are listed in Hopwood et al., 1986.
Streptomyces phage promoters are also disclosed in Labes et al., 1997. Other promoters which
may be effective for use in the hybrid promoters herein are promoters listed in Deuschle et al.,

1986 and WO1996/00787.

C. Proteins of Interest

[0112] In certain embodiments, the engineered promoters of the present disclosure are
operably linked to a nucleic acid (e.g., a polynucleotide or ORF) encoding a protein of interest
(POI). In one or more embodiments, the POI is an enzyme, a hormone, a growth factor, a
cytokine, an antibody or a fragment thereof, a receptor or a portion thereof, a reporter gene
(e.g., green fluorescent protein) or other secondary metabolites.

[0113] In certain embodiments, the enzyme is a acetyl esterases, aryl esterases,
aminopeptidases, amylases, arabinases, arabinofuranosidases, carboxypeptidases, catalases,
cellulases, chitinases, chymosin, cutinase, deoxyribonucleases, epimerases, esterases, -

galactosidases, P-galactosidases, a-glucanases, glucan lysases, endo-B-glucanases,

33



WO 2017/152169 PCT/US2017/020913

glucoamylases, glucose oxidases, a-glucosidases, B-glucosidases, glucuronidases,
hemicellulases, hexose oxidases, hydrolases, invertases, isomerases, laccases, lipases, lyases,
mannosidases, oxidases, oxidoreductases, pectate lyases, pectin acetyl esterases, pectin
depolymerases, pectin methy| esterases, pectinolytic enzymes, perhydrolases, polyol oxidases,
peroxidases, phenoloxidases, phytases, polygalacturonases, proteases, rhamno-galacturonases,
ribonucleases, thaumatin, transferases, transport proteins, transglutaminases, xylanases, hexose
oxidases, and the like originating from bacteria or fungi.

[0114] In certain embodiments, the enzyme is a protease, such as a serine protease,
metalloprotease, thiol or acid protease. In some embodiments, the protease will be a serine
protease (e.g., a subtilisin). Serine proteases are described in Markland et al., 1983; Drenth et
al., 1972; U.S. Patent Nos. 4,760,025 (RE 34,606), 5,182,204 and 6,312,936 and EP No. EP
323,299). Proteases contemplated for use are also described in U.S. Patent Publication No.
2010/0152088 and PCT International Publication NOs: W02010/056635, W0200/8010925,
W02003/62380, W02010/56640, WO2011/72099 and the like. Means for measuring
proteolytic activity are disclosed in Kalisz, 1988.

[0115] In another embodiment, the protease to be expressed by an engineered promoter of the
invention is a mature BPN' (Y217L variant) protease comprising an amino acid sequence of
SEQ ID NO: 40 or a precursor (full-length) BPN' (Y217L variant) protease comprising an
amino acid sequence of SEQ ID NO: 41.

[0116] In other embodiments, the enzyme is an amylase, such as an amylase derived from
Trichoderma (such as T. reesei), a Trichoderma glucoamylase, an amylase derived from
Bacillus (such as B. subtilis), or an amylase derived from Geobacillus (such as G.
stearothermophilus). Bacterial and fungal amylases are described in, for example, U.S. Patent
No. 8,058,033, U.S. Patent Publication No. 2010/0015686, U.S. Patent Publication No.
2009/0314286, UK application No. 1011513.7, PCT International Application No.
PCT/IB2011/053018 and PCT International Pnublication NOs: WO2008/112459,
WO02008/118377, WO2008/153805, W02008/153815, W02010/133644, W02014/9952,
W0201499525 and the like.

[0117] In certain embodiments, the amylase to be expressed by an engineered promoter of the
invention is a B. subtilis AmyE amylase comprising an amino acid sequence of SEQ ID NO:
42, a B. licheniformis AmyL amylase comprising an amino acid sequence of SEQ ID NO: 43,
a Geobacillus. stearothermophilus AmyS amylase comprising an amino acid sequence of SEQ

ID NO: 64 or a Cytophaga sp. amylase comprising an amino acid sequence of SEQ ID NO: 63.
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[0118] In other embodiments, the enzyme is a xylanase. In certain embodiments, the xylanase
is derived from Trichoderma (such as T. reesei). Bacterial and fungal xylanases are generally
described in U.S. Patent No. 7,718,411 and PCT International Publication NOs:
W02001/027252 WOQ2001/66711, W02004/97001, WO02010/72225, W02013/127069,
W02013/37933, WO2015/114108 and the like.

[0119] In other embodiments, the enzyme is a phytase. In certain embodiments, the phytase is
derived from Citrobacter (such as C freundii) or E. coli. In other embodiments, the phytase
may be a Buttiauxella phytase such as a Buttiauxella agrestis phytase. Phytases are described
in, for example, PCT International Publication Nos. WO 006/043178, W02006/038062,
W02008/097619, W02009/129489, W02006/038128, W02008/092901, W0O2009/129489,
W02010/122532, WO2003/38035, W0O2004/15084, WO2003/38111 and the like.

[0120] In certain other embodiments, the enzyme is a cellulase. Cellulases are (cellulolytic)
enzymes that hydrolyze the B-D-glucosidic linkages in cellulose. Cellulolytic enzymes have
been traditionally divided into three major classes: endoglucanases, exoglucanases (or
cellobiohydrolases) and B-glucosidases (Knowles et al., 1987).

[0121] Numerous cellulases have been described in the scientific literature, examples of which
include: from Trichoderma reesei: Shoemaker et al., 1983, which discloses CBHI; Teeri et al.,
1987, which discloses CBHII; Penttila er al., 1986, which discloses EGI; Saloheimo et al.,
1988, which discloses EGII; Okada et al., 1988, which discloses EGIII; Saloheimo et al., 1997,
which discloses EGIV; and Saloheimo er al, 1994, which discloses EGV. Exo-
cellobiohydrolases and endoglucanases from species other than Trichoderma have also been
described in the art.

[0122] In a particular embodiment, a cellulase to be expressed by an engineered promoter of
the invention is a cellulase disclosed in U.S. Patent Nos. 6,2,87,839 and 6,562,612. In certain
embodiments, the cellulase to be expressed is a cellulase comprising an amino acid sequence
of SEQ ID NO: 1 of U.S. Patent No. 6,562,612, or a fragment or a derivative thereof having’
cellulolytic activity and greater than 70% sequence identity to an active portion of SEQID NO:
1 of U.S. Patent No. 6,562,612. Cellulases are generally disclosed in PCT International
Publication NOs: W02004/97001, W02005/93050, W02004/99370, W02004/99369,
W02009/149202, WO02008/45214, WO2006/71598, WO02009/35537, WO2013/37933,
W02010/141779, W02008/153903, W02000/37614 and U.S. Patent Publication No.
US2010/0048417.

[0123] In other embodiments, the enzyme is a mannanase (f-mannosidase). Mannanase

enzymes hydrolyze the terminal, non-reducing B-D-mannose residues in B-D-mannosides (e.g.,
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see, PCT International Publication NOs: W0200198462, W02012149325, W02012149333,
Canadian Patent Application No. CA2891519 and the like).

[0124] In other embodiments, the enzyme is a pullulanase. Pullulanase enzymes are a specific
kind of glucanase enzymes (i.e., an amylolytic exoenzyme) that degrade pullulan (e.g., see,
PCT International Publication NOs: W02008024372, W0200151620, W09419468 and the
like). Forexample, in certain embodiments a pullulanase is produced as an extracellular, cell
surface-anchored lipoprotein by Gram-negative bacteria (e.g., Klebsiella). In certain
embodiments, a pullulanase is a “type I pullulanase”, which specifically attacks a-1,6 linkages.
In other embodiments, a pullulanase is a “type II pullulanase” which in addition to cleaving a-
1,6 linkages, is further able to hydrolyze (cleave) a-1,4 linkages.

[0125] A nucleic acid encoding a POI of the disclosure (e.g., an enzyme, a hormone, a growth
factor, a cytokine, an antibody and the like) may be either a native (endogenous) POI or a
heterologous (exogenous) POI relative to the host cell in which the POl is expressed. In certain
embodiments, a nucleic acid encoding a POI may encode a full-length protein, or a truncated
form of a full-length protein. In other embodiments, a nucleic acid encoding a POI encodes a
full-length “mature” form of a POI (i.e., the mature form of the POI, lacking a signal or leader
peptide sequence). In other embodiments, a nucleic acid encoding a POI encodes a full-length
pre-protein comprising a nucleic acid encoding an N-terminal leader or signal sequence 5' and
operably linked to a nucleic acid encoding the mature form of the POIL (e.g., see, Section D
below). The invention is not limited to a particular coding sequence but encompasses
numerous coding sequences, which are operably linked to a promoter of the invention.

[0126] Thus, in certain embodiments, a modified host cell produces an increased level of a
POI, wherein various methods of screening can be applied to determine increased levels of POI
produced. For example, a POl may be encoded as a polypeptide fusion and serve as a
detectable label, or alternatively, the target protein itself may serve as the selectable or
screenable marker. The labeled protein can also be detected using Western blotting, dot
blotting (detailed descriptions of such methods are available at the website of the Cold Spring
Harbor Protocols), ELISA, or, if the label is a GFP, whole cell fluorescence or FACS.

[0127] For example, a 6-histidine tag can be included to make a fusion to the target protein,
and Western blots can be used to detect such a tag. Moreover, if the target protein expresses
at sufficiently high levels, SDS-PAGE combined with Coomassie/silver staining, may be
performed to adequately detect increases in mutant expression over wild type; and in such a

case, no labeling of any molecules would be necessary.
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[0128] In other embodiments, the expression of the POI in a modified (host) cell versus an
unmodified (parental) cell is correlated with mRNA transcript levels. For example, certain
embodiments are related to the molecular characterization of a gene or ORF encoding a POI,
which usually includes a thorough analysis of the temporal and spatial distribution of RNA
expression. A number of widely used procedures exist and are known in the art for detecting
and determining the abundance of a particular mRNA in a total or poly(A) RNA sample. Non-
limiting examples include such methods as Northern blot analysis, nuclease protection assays
(NPA), in situ hybridization, and reverse transcription-polymerase chain reaction (RT-PCR).
[0129] Other methods can be employed to confirm the improved level of a protein of interest,
including, for example, the detection of the increase of protein activity or amount per cell,
protein activity or amount per milliliter of medium, allowing cultures or fermentations to
continue efficiently for longer periods of time, or through a combination of these methods.
[0130] The detection of specific productivity is another suitable method for evaluating protein
production. Specific productivity (Qp) can be determined using the following equation:

Qp = gP/gDCW+hr
wherein, “gP” is grams of protein produced in the tank; “gDCW?” is grams of dry cell weight
(DCW) in the tank and “hr” is fermentation time in hours from the time of inoculation, which
includes the time of production as well as growth time.
In certain embodiments, a modified host cell of the disclosure produces at least about 5%, at
least about 6%, at least about 7%, at least about 8%, at least about 9%, or at least about 10%

or more of a POI, as compared to its unmodified (parental) cell.

D. Signal Sequences

[0131] In certain embodiments, especially when the nucleic acid encoding a POI codes for an
extracellular enzyme, such as a cellulase, protease, a xylanase, and the like, a signal sequence
may be linked to the N-terminal portion of the coding sequence. The signal may be used to
facilitate the extracellular secretion of a POI of the disclosure. The signal sequence may be
endogenous to the host organism in which the POI is expressed or exogenous (heterologous)
to the host organism in which the POI is expressed.

[01132] In certain embodiments, a gene (or ORF) encoding a POI of the disclosure further
comprises (and is operably linked to) an N-terminal signal sequence derived from the B. subtilis
subtilisin aprE gene signal sequence or a variant signal sequence thereof. In other

embodiments, the signal sequence is derived from a B. subtilis (amyE) a-amylase gene signal

37



WO 2017/152169 PCT/US2017/020913

sequence or a B. subtilis BgIC (i.e., Aryl-phospho-beta-D-glucosidase (EC: 3.2.1.86)) signal
sequence or variants thereof. '

[0133] In certain other embodiments, a gene (or ORF) encoding a POI of the disclosure
comprises an N-terminal signal sequence derived from the B. licheniformis (amyL) a-amylase
gene signal sequence or a variant signal sequence thereof.

[0134] In some embodiments, the signal sequence may be altered or modified as described in
PCT International Patent Publication NOs: WO2011/014278 and W0O2010/123754. In certain
other embodiments, the signal sequence comprises a signal sequence from a Streptomyces
cellulase gene. In one embodiment, a preferred signal sequence is a S. lividans cellulase, celA
(Bently et al., 2002). However, one skilled in the art is aware of numerous signal peptides, any
of which are contemplated for use and are selected according to the host cell and polypeptide

(POI) to be expressed in said host cell.

E. DNA Constructs and Vectors

[0135] The nucleic acid constructs of the invention, comprising an engineered promoter
operably linked to a nucleic acid encoding a POI may be prepared synthetically by established
standard methods in the art (e.g., the phosphoramidite method described by Beaucage and
Caruthers, 1981, or the method described by Matthes et al., 1984). The nucleic acid construct
may be of mixed synthetic and genomic origin and may be prepared by ligating fragments of
synthetic or genomic DNA. The nucleic acid construct may also be prepared by polymerase
chain reaction using specific primers, for instance as described in U.S. Patent No. 4,683,202 or
as described in Saiki ef al., 1988.

[0136] A DNA construct of the invention may be inserted into a vector, such as an expression
vector. A variety of vectors suitable for the cloning, transformation and expression of
polypeptides in fungus, yeast and bacteria are known by those of skill in the art. Typically, the
vector or cassette will comprise an engineered promoter of the invention, optionally a signal
sequence, a coding region of interest and a terminator sequence.

[0137] In certain embodiments, suitable vectors 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, pUBI10, pE194, pAMBI, plJ702,
and the like.

[0138] In other embodiments, a 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
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resistance, spectinomycin resistance, kanamycin resistance, chloramphenicol resistance,
tetracycline resistance and the like).

[0139] In certain embodiments, an expression vector 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.

[0140] 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.g., Sambrook et al., 1989, and Sambrook et al., 1989 3" edition 2001).
[0141] 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 cell. Integration of the DNA constructs into the host chromosome may be performed
applying conventional methods, for example, by homologous or heterologous recombination.
Alternatively, the cell may be transformed with an expression vector as described above in
connection with the different types of host cells.

[0142] 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 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.

F. Transformation

[0143] A vector of the invention will be transformed into a host cell. General transformation
techniques are known in the art (Ausubel ef al., 1994; Campbell et al., 1989). Some of these
general techniques include, but are not limited to the use of a particle or gene gun (biolistics),
permeabilization of filamentous fungi cells walls prior to the transformation process (e.g., by

use of high concentrations of alkali, e.g., 0.05 M to 0.4 M CaClz or lithium acetate), protoplast
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fusion, electroporation, or agrobacterium mediated transformation (U.S. Patent No. 6,255,115)
and the treatment of protoplasts or spheroplasts with polyethylene glycol and CaCl, as
described in Campbell ez al., 1989 and Penttila et al., 1988.

[0144] Transformation and expression methods for bacteria are disclosed in Brigidi et al.,
1990. A preferred general transformation and expression protocol for protease deleted Bacillus
strains is provided in Ferrari et al., U.S. Patent No. 5,264,366. A representative vector which
can be modified with routine skill to comprise and express a nucleic acid encoding a POl is
vector p2JM103BBI (Vogtentanz, 2007).

[0145] In general, DNA-mediated transformation of Bacillus competent cells is known in the
art. For example, most of information on this process of genetic exchange originated from
physicochemical studies, which resulted in the establishment of the following sequence of
events leading to a transformed cell: (1) binding of the transforming DNA to competent cells,
resulting in double-stranded fragmentation of the donor DNA, (2) entry of one strand of the
bound DNA, accompanied by simultaneous degradation of the complementary strand, (3)
integration of pieces of the single-stranded DNA into the recipient DNA and (4) expression of
the newly acquired information (see, e.g., Dubnay, 1976; Venema, 1979). Bacillus
transformation methods are further disclosed in PCT International Publication NO:

W0200214490.

G. Host cells

[0146] Host cells that may be used according to the invention include both bacterial and fungal
cells. Preferred fungal host cells include filamentous fungal cells such as Aspergillus and
Trichoderma cells. Preferred bacterial host cells include both gram positive and gram negative
cells, including Bacillus, Mycobacterium, Actinomyces and Streptomyces host cells. Host cells
also include, without limitation, E. coli, Pseudomonas spp. (e.g., P. aeruginoa and P.
alcaligenes), Streptomyces spp., (e.g., Streptomyces lividans), Bacillus  subtilis, B.
licheniformis, B. lentus, B. brevis, Geobacillus stearothermophilus, B. alkalophilus, B.

amyloliquefaciens, B. coagulans, B. circulans, B. lautus, B. megatherium and B. thuringiensis.

H. Cell Culture
[0147] Host cells and transformed cells of the disclosure are generally cultured in conventional
nutrient media. The culture media for transformed host cells may be modified as appropriate

for activating promoters and for selecting transformants. The specific cuiture conditions, such
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as temperature, pH and the like, may be those that are used for the host cell selected for
expression, and will be apparent to those skilled in the art.

[0148] In addition, preferred culture conditions may be found in the scientific literature such
as Sambrook, 1989; Kieser et al., 2000 and Harwood et al., 1990 and/or from the American
Type Culture Collection (ATCC; Manassas, VA). Stable transformants of fungal host cells,
such as Trichoderma cells can generally be distinguished from unstable transformants by their
. faster growth rate or the formation of circular colonies with a smooth, rather than ragged outline

on solid culture medium.

L Recovery of Expressed Polypeptides of Intérest

[0149] A polypeptide of interest produced by a transformed host cell of the disclosure may be
recovered from the culture medium by conventional procedures known to one of skill in the
art, 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 precipitation (e.g., ammonium sulphate). The
precipitated proteins are then-solubilized and may be purified by a variety of chromatographic
procedures, e.g., ion exchange chromatography, gel filtration chromatography, affinity
chromatography, and other art-recognized procedures. Thus, in certain embodiments, a POI
expressed from an engineered promoter of the present disclosure is an isolated POI, a recovered

POI and/or a purified POI.

J. Construct Assembly

[0150] In certain general embodiments, the present invention involves assembling
(constructing) a nucleic acid construct in vitro, followed by direct cloning of such construct
into competent host cells (e.g., Bacillus host cells) such that the construct becomes integrated
into the host genome. For example, in certain embodiments PCR fusion, Gibson assembly
and/or ligation are employed to assemble a DNA construct in vitro. In certain other
embodiments, the DNA (nucleic acid) construct is a non-plasmid DNA construct. In other
embodiments, the DNA construct comprises a DNA into which a mutation has been introduced.
This construct is then used to transform host cells. In this regard, highly competent mutants of
a host cell (e.g., Bacillus) are preferably employed to facilitate the direct cloning of the
constructs into the cells. For example, Bacillus carrying the comK gene under the control of a

xylose-inducible promoter (Pxyl-comK) can be reliably transformed with very high efficiency.
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[0151] Any suitable method known in the art may be used to transform the cells. The DNA
construct may be inserted into a vector (i.e., a plasmid), prior to transformation. In some
embodiments, a circular plasmid is cut using an appropriate restriction enzyme (i.e., one that
does not disrupt the DNA construct). Thus, in some embodiments, circular plasmids find use
with the present invention. However, in alternative embodiments, linear plasmids are used. In
some embodiments, the DNA construct (i.e., the PCR product) is used without the presence of
plasmid DNA.

EXAMPLES
[0152] In order to further illustrate the present invention and advantages thereof, the following
specific examples are given with the understanding that they are being offered to illustrate the

present invention and should not be construed in any way as limiting its scope.

Example 1
Generation of DNA Constructs with Hybrid Promoters or Heterologous Promoters for
Expression in Bacillus

A. DNA Constructs with Hybrid Promoters

[0153] Various DNA constructs with single heterologous promoters, single hybrid promoters,
multiple (two or more) heterologous promoters, multiple (two or more) hybrid promoters, and
combinations thereof, were generated for transcribing genes encoding proteins of interest ina
Bacillus expression host. These single heterologous promoters, single hybrid promoters,
multiple heterologous promoters, multiple hybrid promoters and combinations thereof are
further defined as having at least one upstream promoter element (UP element) 5’ and operably
linked to at least one promoter element, wherein the at least one UP element and the at least
one promoter element are not natively associated (i.e., operably linked) with each other nor are
they derived from the same native “complete” promoter.

[0154] For example, nucleic acids with a single hybrid promoter of SEQ ID NO: 65 (Hybrid
Promoter 1) or a double hybrid promoter of SEQ ID NO: 71 (Double Hybrid Promoter 7) were
synthesized and ligated to a gene of interest which encodes the B. amyloliquefaciens BPN’
(Y217L) subtilisin (SEQ ID NO: 41). The resulting DNA constructs have nucleotide sequences
of SEQ ID NOS: 81 (Hybrid Promoter 1 + BPN' (Y217L)) and 82 (Hybrid Promoter 7+ BPN’
(Y217L)), respectively. In addition, nucleic acids of single hybrid promoter with the sequence
of SEQ ID NO: 65 (Hybrid Promoter 1), SEQ ID NO: 96 (Hybrid Promoter 23), and SEQ ID
NO: 97 (Hybrid Promoter 24) or double hybrid promoters with the sequence of SEQ ID NO:
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71 (Double Hybrid Promoter 7), SEQ ID NO: 90 (Double Hybrid Promoter 17), SEQ ID NO:
91 (Double Hybrid Promoter 18), SEQ ID NO: 92 (Double Hybrid Promoter 19), SEQ 1D NO:
93 (Double Hybrid Promoter 20), SEQ ID NO: 94 (Double Hybrid Promoter 21), or SEQ ID
NO: 95 (Double Hybrid Promoter 22), were synthesized and ligated to a gene of interest which
encodes a Cytophaga sp mature amylase variant (SEQ ID NO: 63). Set forth above in Table
2 are hybrid promoters tested in the instant disclosure.

[0155] DNA fragments encompassing the desired promoter sequences were synthetically '
generated as gBlocks (IDT, Integrated DNA Technologies) and ligated to a gene of interest,
such as BPN’ Y217L, by methods known in the art. These nucleic acid constructs were inserted
into DNA cassettes or amplified for transformation of suitable B. subtilis or B. licheniformis
strains by methods known in the art. Suitable B. subtilis host cells were transformed with the
resulting DNA cassettes using the protocol of Spizizen (Anagnostopoulos & Spizizen, 1961).
For example, a DNA cassette used for transformation of B. subtilis contains a spectinomycin
resistance marker (spcR, SEQ ID NO: 86) and two aprE homologous regions (SEQ ID NO: 87
and 88) for integration at the aprE locus of B. subtilis chromosome, and the wild-type aprE
UTR (SEQ ID NO: 62). Hybrid promoters with the sequence of SEQ ID NOs: 65 (Hybrid
Promoter 1), 66 (Hybrid Promoter 2), 71 (Hybrid Promoter 7), 75 (Hybrid Promoter 11), 76
(Hybrid Promoter 12), 77 (Hybrid Promoter 13), 78 (Hybrid Promoter 14), 79 (Hybrid
Promoter 15), 80 (Hybrid Promoter 16), 90 (Hybrid Promoter 17), 91 (Hybrid Promoter 18),
92 (Hybrid Promoter 19), 93 (Hybrid Promoter 20), 94 (Hybrid Promoter 21), 95 (Hybrid
Promoter 22), 96 (Hybrid Promoter 23), or 97 (Hybrid Promoter 24) were synthesized and
ligated to a gene of interest which encodes (1) an AprE signal sequence of SEQ ID NO: 156
operably linked to a B. subtilis amylase E (AmyE) variant of SEQ ID NO: 42), (2) an AprE
signal sequence of SEQ ID NO: 156 operably linked to a B. licheniformis alpha-amylase
(AmyL) of SEQ ID NO: 43, (3) a B. licheniformis AmyL signal sequence operably linked to a
B. licheniformis AmyL mature sequence, wherein the AmyL signal sequence and the AmyL
mature sequence are operably linked as set forth in SEQ ID NO: 44, (4) an AprE signal
sequence of SEQ ID NO: 156 operably linked to a Geobacillus stearothermophilus amylase
(AmyS) variant of SEQ ID NO:64, and (5) an AprE signal sequence of SEQ ID NO: 156
operably linked to a Cytophaga sp amylase variant of SEQ ID NO:63. As set forth above in
the preceding paragraph, in certain embodiments the expression of AmyE and AmyL in B,
subtilis utilized the AprE signal sequence of SEQ ID NO: 156, instead of the native AmyE and

AmyL signal sequences.
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[0156] In addition, nucleic acid constructs with other hybrid promoters which combrise an UP
element sequence selected from SEQ ID NOS: 45-61 (see, Table 1) and one, two, or three
promoter sequences selected from SEQ ID NOS: 1-8, 15-18, 37, 105-115 and 118-140 were
also synthesized and ligated to a gene of interest described above or to other genes of interest.
The promoter sequences of SEQ ID NOs: 1-8, 15-18, 37, 105-115 and 118-140 arc presented
above in Tables 3-10.

[0157] These nucleic acid constructs are made in DNA cassettes or expression vectors,
amplified, or used directly for transformation of various Bacillus species. Some of these
nucleic acid constructs, cassettes, or amplification products contain the spcR marker, a
chloramphenicol resistance marker, or other selectable markers. Some contain an alanine
racemase gene. In certain embodiments, the nucleic acid constructs are non-integration
constructs or cassettes. In other embodiments, the nucleic acid constructs are chromosomally
integrated by means of specific homologous regions for integration at various sites of
chromosomes of various Bacillus species. In other embodiments, the nucleic acid constructs
are integrated into a plasmid by means of specific homologous regions for integration into
naturally occurring plasmids of various Bacillus species.

[0158] In other embodiments, nucleic acid constructs of additional hybrid promoters of
sequence of SEQ ID NOS: 67 (Hybrid Promoter 3), 68 (Hybrid Promoter 4), 69 (Hybrid
Promoter 5), 70 (Hybrid Promoter 6), 72 (Hybrid Promoter 8), 73 (Hybrid Promoter 9), and 74
(Hybrid Promoter 10) are synthesized and ligated to a gene of interest which encodes BPN’
Y217L subtilisin (comprising SEQ ID NO: 40 or 41), B. subtilis amylase E (AmyE, comprising
SEQ ID NO: 42), a B. licheniformis alpha-amylase (AmyL, SEQ ID NO: 43 or 44), a
Geobacillus stearothermophilus amylase (AmyS, SEQ ID NO: 64) variant, a Cytophaga sp
amylase (SEQ ID NO :63) variant, or other amylase, pullulanase, cellulase, or protease, wild-
type or variants thereof. These nucleic acid constructs are made in DNA cassettes or expression
vectors, amplified, or used directly for transformation of various Bacillus species. In certain
embodiments, the nucleic acid constructs, cassettes, or amplification products contain a spcR
marker, a chloramphenicol resistance marker, or other selectable markers. In certain other
embodiments, the nucleic acid constructs, cassettes, or amplification products comprise an
alanine racemase gene. In certain other embodiments, the nucleic acid constructs, cassettes, or
amplification products are non-integration nucleic acid constructs, cassettes, or amplification
products thereof. In other embodiments, the nucleic acid constructs, cassettes, or amplification
products are chromosomally integrated by means of specific homologous regions for

integration at various sites of chromosomes of various Bacillus species. In another
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embodiment, the nucleic acid constructs, cassettes, or amplification products are integrated into
a plasmid by means of specific homologous regions for integration into naturally occurring
plasmids of various Bacillus species. In other embodiments, the promoter sequences of SEQ
ID NOs: 185, 65, 71, 96, 97, and 101-105 have the aprE wild-type UTR of SEQ ID NO: 62
operably linked at the 3’end of the promoter sequence, while promoter sequences of SEQ ID
NOs: 90, 91, 92, 93, 94 and 95 have the LAT wild-type UTR (SEQ ID NO: 155) operably

linked at the 3’end of the promoter sequence.

B. Nucleic Acid Constructs with Heterologous or Homologous Complete Promoters

[0159] In this example, nucleic acid constructs with heterologous or homologous Bacillus
promoters were generated for transcribing genes encoding proteins of interest in a Bacillus
expression host. These promoters each have at least one native (wild-type) “complete
promoter” comprising a UP element §' and operably linked to a promoter, wherein the UP
element and the promoter of the native (wild-type) “complete promoter” are natively associated
and operably linked together or derived from the same native “complete promoter”.

[0160] For example, nucleic acids of homologous promoters with a complete promoter
sequence of B. subtilis rrnl (SEQ ID NO: 15), ssr4 (SEQ ID NO: 25), scr (SEQ ID NO: 26),
spoVG (SEQ ID NO: 27), aprE (SEQ ID NO: 28), vpr (SEQ ID NO: 29), mpr (SEQ ID NO:
30), bpr (SEQ ID NO: 31 ), or ispA (SEQ ID NO: 32) were synthesized and ligated to a gene of
interest which encodes BPN’ Y217L subtilisin (SEQ ID NO: 41). The resulting nucleic acid
constructs were inserted into a DNA cassette for transformation of suitable B. subtilis strains.
The complete promoter sequence of the B. subtilis rrnl of SEQ 1D NO: 15 (described above)
is set forth above in Table 3. The “complete” promoter sequences of SEQ ID NOs: 25-32
(described above) are presented in Tables 5, 6, and 7.

[0161] In addition, nucleic acids of heterologous or homologous promoters with a “complete
promoter” sequence of B. subtilis rrnl (SEQ ID NO: 15), B. licheniformis PamyL (SEQ ID
NO: 116), or B. licheniformis ribosomal promoters Prrn1(SEQ ID NO: 101), Prrm2 (SEQ ID
NO: 102), Prm4 (SEQ ID NO: 103), Prrn5 (SEQ ID NO: 104), or Prm6 (SEQ ID NO: 105)
were synthesized and ligated to a gene of interest which encodes B. licheniformis AmyL (SEQ
ID NO: 43 or 44) or a G. stearothermophilus AmyS (SEQ ID NO: 64) variant. The resulting
nucleic acid constructs were used for transformation of suitable B. licheniformis strains. The
complete promoter sequence of the B. subtilis rrnl of SEQ ID NO: 15 (described above) is set

forth in Table 3. The “complete” promoter sequences of B. licheniformis PamyL and B.
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licheniformis ribosomal promoters Prrnl, Prrn2, Prrn4, PrmS and Prm6, described above, are
set forth below in Table 8.

[0162] Nucleic acids of heterologous promoters with one, two, or three “complete” promoter
sequences from SEQ ID NOs: 5, 9-15, 18-32, 100-117, and 141 are synthesized and ligated to
a gene of interest which encodes BPN’ Y217L subtilisin (comprising SEQ ID NO: 40), B.
subtilis amylase E (AmyE, comprising SEQ ID NO: 42), B. licheniformis amylase L (AmyL,
comprising SEQ ID NO: 43), Geobacillus stearothermophilus amylase (AmyS, comprising
SEQ ID NO: 64) S variant or other amylase or protease variants. The heterologous “complete”
promoter sequences of SEQ ID NO: 5, SEQ ID NO: 15, SEQ ID NO: 18 and SEQ ID NOs:
105-115 are presented above in Tables 3-10. The heterologous complete promoters of SEQ ID
NOs: 9-14, 19-32, 100-104, 116, 117 and 141 are presented above in Tables 3-10.

[0163] In addition, nucleic acid constructs with other complete native heterologous promoters
which comprise a sequence selected from SEQ ID NOs: 1-4, 6-8, 16-17, 33-39, 118-140 are
also synthesized and ligated to a gene of interest described above or other genes of interest.
The promoter sequences of SEQ ID NOs: 1-4, 6-8, 16-17, 33-39and 118-140 are presented
above in Tables 3-10. Additional sequences present in the constructs included the AmyL signal
sequence (SEQ ID NO: 83) and the AmyL terminator sequence (SEQ ID NO: 84).

[0164] These nucleic acid constructs are made in DNA cassettes or expression vectors,
amplified, or used directly for transformation of various Bacillus species.  In certain
embodiments, the nucleic acid constructs, cassettes, or amplification products contain a spcR
marker, a chloramphenicol resistance marker, or other selectable markers.

[0165] In other embodiments, the nucleic acid constructs, cassettes, or amplification products
contain an alanine racemase gene as a non-antibiotic-resistance marker. In certain other
embodiments, the nucleic acid constructs, cassettes, or amplification products are non-
chromosomal integration constructs or cassettes. In other embodiments, the nucleic acid
constructs, cassettes, or amplification products are chromosomally integrated by means of
specific homologous regions for integration at various sites of chromosomes of various
Bacillus species. In certain embodiments, a nucleic acid construct or a vector thereof of the
disclosure (i.e., a nucleic acid comprising an engineered promoter operably linked to a nucleic
acid encoding a POI) is integrated into a homologous chromosomal region of a Bacillus host
cell. In one particular example, a nucleic acid construct of the disclosure is incorporated into
the B. subtilis aprE loci yhfO and yhfN.

[0166] Thus, in certain embodiments, a nucleic acid construct (or vector thereof) to be

integrated into a host cell genome is flanked by 5' and 3’ nucleic acid sequence comprising a
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B. subtilis aprE locus yhfO comprising a nucleic acid sequence of SEQ ID NO: 87 and a B.
subtilis aprE yhfN locus comprising a nucleic acid sequence of SEQ ID NO: 88.

[0167] In certain other embodiments, the nucleic acid constructs, cassettes, or amplification
products are integrated into a plasmid by means of specific homologous regions for integration
into naturally accurring plasmids of various Bacillus spccics.

[0168] FIG. 1 of the instant disclosure shows a schematic representation of the composition of
various types of promoter configurations: promoter type 1 (homologous promoter), promoter
type 2 (single hybrid promoter), promoter type 3 (double hybrid promoter), which were
designed and tested in these studies. Promoter typel is any homologous promoter where the
UP element and promoter regions originate from the same original (complete) promoter
(designated “Px™). Promoter type 2 is any hybrid promoter where the UP element is from one
promoter (designated “Px”), and the promoter is from any other promoter (designated “Py”).
Promoter type 3 is any (double) hybrid promoter where the UP element is from one promoter
(designated “Px™), and two promoter regions from two different promoters designated “Py”
and “Pz”), wherein the “Py” and “Pz” promoters are operably linked with an intervening UTR
(i.e., the UTR is placed between the “Py” and “Px” promoters or vice versa) and optionally an
additional UTR at the 3’ end.

[0169] As set forth above, the 3 configurations of the “Px”, “Py” and “Pz” promoter sequences
can be selected from among the promoters in SEQ ID NOs: 3-20, SEQ ID NO:26, SEQ ID
NO:37, and/or from the promoters in SEQ ID NOs: 101-105. An upstream (UP) element can
be chosen from among the upstream element sequences in SEQ ID NO: 45-61. Upstream (UP)
elements and promoter sequences can be combined using methods known in the art to create
constitutive artificial promoters such as the hybrid promoters corresponding to nucleic acid

sequences of SEQ ID NO 65, SEQ ID NO 67 and SEQ ID NO 71.

Example 2
Protein Expression from Native and Engineered Promoters in Bacillus subtilis
[0170] Native and synthetic promoters driving the expression of subtilisin BPN” Y217L were
tested in a shake flasks cultures. The promoter sequences tested were as follows: (1) Paprk
(SEQ ID NO 28), (2) PssrA4 (SEQ ID NO 25), (3) Pscr (SEQ ID NO 26), (4) PspoV'G (SEQ ID
NO 27), (5) Prrnl-2 (SEQ ID NO 15), (6) hybrid single promoter 1 (P1;SEQ ID NO 65), and
(7) hybrid double promoter 7 (P7;SEQ ID NO 71). B. subtilis cells transformed with each of
the above mentioned constructs were grown overnight in 5 mL of Luria broth. One (1) mL of

each pre-culture was used to inoculate 25 mL of Brain-Heart Infusion (BHI) medium in shake
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flasks, incubating for 12 hours with shaker speed set at 250 rpm. Whole broth was collected
hourly and diluted 10 fold to measure absorbance at 600 nm using a SpectraMax
spectrophotometer (Molecular Devices, Downington, PA, USA). The absorbance at 600nm
was plotted for each sample as a function of time and the results are shown in FIG. 2. As
shown in FIG. 2, the increases in cell densities observed over time were similar for all the
strains, indicating that the differences in expression of subtilisin BPN’ Y217L (e.g., see FIG.
2) are not due to differences in the culture densities among the samples. In parallel, relative
protein expression was monitored from the B. subtilis cells carrying one of the following
promoter sequences: (1) PaprE (SEQ ID NO: 28), (2) Pssr4 (SEQ ID NO: 25), (3) Pscr (SEQ
ID NO: 26), (4) PspoVG (SEQ ID NO: 27), (5) Prrnl-2 (SEQ ID NO: 15), (6) hybrid single
promoter 1 (P1; SEQ ID NO 65), and (7) hybrid double promoter 7 (P7; SEQ ID NO 71), using
the N-suc-AAPF-pNA substrate (Sigma Chemical Co.) as described in WO 2010/144283. This
substrate is routinely used to monitor the activity of subtilisin proteases such as BPN” Y217L.
Briefly, culture broth was collected during the cultivation period, diluted 40 fold in the assay
buffer (100 mM Tris, 0.005% Tween 80, pH 8.6) and 10 uL of the diluted samples were arrayed
in microtiter plates. The AAPF substrate stock was diluted and the assay buffer (100 X dilution
of 100 mg/ml AAPF stock in DMSO) and 190 uL of this solution were added to the microtiter
plates. The increasing absorbance of the solution was measured at 405 nm in 20s time
increments up to 5 minutes at 25°C degrees using a SpectraMax spectrophotometer. The
absorbance at 405 nm was plotted as a function of time and the results are shown in FIG. 3.
The results indicate that the promoters in SEQ ID NO: 25 (2; Pssr4), SEQ ID NO: 26 (3; Pscr),
SEQ ID NO: 15 (5; Prrnl-2), SEQ ID NO: 65 (6; hybrid single promoter 1) and SEQ ID NO:
71 (7; hybrid double promoter) deliver higher productivity than the promoters in SEQ ID NO:
28 (1; PaprE) and SEQ ID NO 27 (4; PspoVG). In particular, as presented in FIG. 3, hybrid
promoter 1 (6; SEQ ID NO: 65) and hybrid promoter 7 (7; SEQ ID NO: 71) demonstrate the
highest levels of subtilisin BPN’ Y217L production under the conditions tested.

Example 3
Protein Expression from Heterologous and Engincercd Promoters in Bacillus
licheniformiy
[0171] The heterologous promoter Prrnl-2 (SEQ ID NO: 15) and engineered variant promoters
thereof, i.e., Variant 2 (hybrid promoter 1, SEQ ID NO: 65); Variant 3 (hybrid promoter 23,
SEQ ID NO: 96); Variant 10 (hybrid promoter 22, SEQ ID NO: 95); Variant 11 (hybrid
promoter 19, SEQ ID NO: 92); Variant 12 (hybrid promoter 18, SEQ ID NO: 91) and Variant
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13 (hybrid promoter 17, SEQ ID NO: 90), were used to drive the expression of a Cytophaga
sp amylase variant (SEQ ID NO:63) in B. licheniformis. Following B. licheniformis
transformation, using methods known in the art, cell cultures were grown in a MOPS base
medium pH 6.8, supplemented with soytone and CaClz. After 64 hours of growth in an Infors
incubator at 37°C and vigorous shaking, the amylase activity was measured in culture broth
samples using the Ceralpha a-amylase assay kit (Megazyme, Wicklow, Ireland) following the
manufacturer’s instructions. The Ceralpha substrate is a mixture of the defined oligosaccharide
nonreducing-end blocked p-nitrophenyl maltoheptaoside (BPNPG7) and excess levels of
glucoamylase and B-glucosidase (which have no action on the native substrate due to the
presence of the blocking group). On hydrolysis of the oligosaccharide by an endoacting a-
amylase, the excess quantities of a-glucosidase and glucoamylase present in the mixture give
instantaneous and quantitative hydrolysis of the p-nitrophenyl maltosaccharide fragment to
glucose and free p-nitrophenol.

[0172] Thus, samples of substrate and culture supernantants were incubated for 8 minutes at
25°C. The reaction was terminated and the absorbance was measured at 405 nm using a MTP
spectrophotometer. A no-enzyme control was used to correct for background absorbance. The
release of the p-nitrophenol was quantified by measuring the absorbance at 405 nm, which
directly relates to the level of amylase activity in the samples analyzed. The relative amylase
activity detected in samples from this study are shown on FIG. 4. As shown on this graph,
amylase (SEQ ID NO:63) expression from any of the engineered (variant) rrn promoters,
(i.e.,Variant 2 (hybrid promoter 1; SEQ ID NO: 65); Variant 3 (hybrid promoter 23; SEQ ID
NO: 96); Variant 10 (hybrid promoter 22; SEQ ID NO: 95); Variant 11 (hybrid promoter 19;
SEQ ID NO: 92); Variant 12 (hybrid promoter 18; SEQ ID NO: 91)and Variant 13 (hybrid
promoter 17; SEQ ID NO: 90)), resulted in increased production of the amylase protein when

compared to the heterologous, non-engineered rrni-2 promoter (SEQ ID NO: 15).

Example 4
Expression of Various Amylases Using Native Bacillus subtilis and Bacillus licheniformis
'Ribosomal Promoters
[0173] A series of nativc (wild-type) promoters [rom B. subtills and B. licheniformis were
evaluated for the expression of several bacterial amylases in a B. licheniformis host. The
promoters evaluated were: PamyL (SEQ ID NO: 116) promoter of the amyL Bacillus
licheniformis native amylase gene; Prrnl-2 Bsu (SEQ ID NO: 15) second promoter of the
Bacillus subtilis ribosomal RNA rrnl, Bacillus licheniformis Prrn1 (SEQ ID NO: 101); Bacillus
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licheniformis Prm2 (SEQ ID NO: 102); Bacillus licheniformis Prrmn4 (SEQ ID NO: 103);
Bacillus licheniformis Prm5 (SEQ ID NO: 104) and Bacillus licheniformis Prrn6 (SEQ ID NO:
105).

[0174] The ribosomal sequences of SEQ ID NOs: 15, 101, 102, 103,104 and 105 contain the
promoter and the native upstream (UP) element sequences. Thus, in the present example,
polynucleotides encoding bacterial amylases Amy1, B. lichenifomis alpha-amylase L (SEQID
NO: 43); Amy3, Geobacillus stearothermophilus amylase S variant (SEQ ID NO:64) and
Amy4, Cytophaga sp amylase variant (SEQ ID NO:63), were fused (3) to the above-
referenced promoters (i.e., promoters of SEQ ID NOs: 15 and 101-105) . Suitable B.
licheniformis cells transformed with these various constructs using methods known in the art.
Subsequently, bacterial cultures were grown in a MOPS base medium pH 6.8, supplemented
with soytone and CaClz. Cultures were incubated for 64 hours in an Infors incubator at 37°C
with vigorous agitation. The amylase activity in the cultures was then measured using the
Ceralpha a-amylase assay kit (Megazyme, Wicklow, Ireland) following the manufacturer’s
instructions, essentially as described above in Example 3. The relative expression of the 3
bacterial amylases (i.e, Amy 1, Amy 2 and Amy 3) driven by the various native (wild-type)
promoters (i.e., PamyL (SEQ ID NO: 116); Prrnl-2 Bsu (SEQ ID NO: 15); Prrn1(SEQ ID NO:
101); Prrn2 (SEQ ID NO: 102); Prrn4 (SEQ ID NO: 103); Prrn5 (SEQ ID NO: 104) and Prrn6
(SEQ ID NO: 105) was determined. As set forth in FIG. 5, the relative amylase production
was reported as a percent of the total observed when using promoter “PAmyL” as a reference.
As seen on this graph, the use of ribosomal promoters instead of the endogenous Bacillus
licheniformis amylase promoter (PamyL), resulted in increased protein expression in most

instances.

Example 5
Comparison of Various Bacillus subtilis and Bacillus licheniformis Ribosomal Promoter
Sequences
[0175] The sequences of Bacillus subtilis promoters PrrnO_P1 (SEQ ID NO: 85), PrmO_P2
(SEQ ID NO: 89) PrrnA_P1 (SEQ ID NO: 142), PrrnA_P2 (SEQ ID NO: 143), PrrnJ_P1 (SEQ
ID NO: 144), PrrnJ_P2 (SEQ ID NO: 145), Prmi_P1 (SEQ ID NO: 146), PrrnE_P2 (SEQID
NO: 147), PrrnE_P3 (SEQ ID NO: 148), PrrnD_P1 (SEQ ID NO: 149), PrrnD P2 (SEQ ID
NO: 150), PrrnG_P1 (SEQ ID NO: 151) and PrrnW_P1 (SEQ ID NO: 152) were aligned with
default parameters using Geneious software (Biomatters Ltd.) as shown on FIG. 6. The options

to display Consensus sequence and Sequence Logo were selected. The Sequence Logo is a
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display of the relative frequency of a nucleotide at each position, and it is represented by the
size of the single letter code above each position, shown above the multiple sequence alignment
in FIG. 7. Using the alignment, a consensus sequence for the B. subtilis rrn promoters was
generated (SEQ ID NO: 153) and is shown at the top of FIG. 2. Consensus sequence uses
IUPAC codes defined as: N=any nucleotide, R=A/G, Y=C/T, §=G/C, W=A/T K=G/T, M-A/C,
B=C/G/T, D=A/G/T, H=A/C/T, V=A/C/G.

[0176] The promoter and upstream element sequences of the Bacillus licheniformis ribosomal
promoters rrn1-P1 (SEQ ID NO: 106), rrn2-P1 (SEQ ID NO: 107), rrn2-P2 (SEQ ID NO: 108),
rm3-P1 (SEQ ID NO: 109), rrn4-P1 (SEQ ID NO: 110), rrn4-P2 (SEQ ID NO: 111), rm5-P1
(SEQ IDNO: 112), rm5-P2 (SEQ ID NO: 113), rrn6-P1 (SEQ ID NO: 114), and rrn6-P2 (SEQ
ID NO: 115) were aligned with default parameters using the Geneious software. The options
to display Consensus sequence and Sequence Logo were selected. The relative frequency of a
nucleotide is represented by the size of the single letter code above each position, as seen in
FIG 7.

[0177] Using this alignment, a consensus sequence was generated (SEQ ID NO: 154) using a
threshold of 75% to generate the consensus (bases matching at least 75% of all sequences).
Consensus sequence uses IUPAC codes defined as: N=any nucleotide, R=A/G, Y=C/T, S=G/C,
W=A/T K=G/T, M=A/C, B=C/G/T, D=A/G/T, H=A/CIT, V=A/C/G.
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CLAIMS

1. An isolated nucleic acid comprising an engineered hybrid promoter operably linked to
a nucleic acid encoding a protein of interest (POI), wherein the hybrid promoter
comprises the nucleotide sequence of any one of SEQ ID NO: 65, SEQ ID NO: 66,
SEQ ID NO: 67, SEQ ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 71
SEQ ID NO: 72, SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO: 75, SEQ ID NO: 77,
SEQ ID NO: 78, SEQ ID NO: 79, SEQ ID NO: 80, SEQ ID NO: 90, SEQ ID NO: 91,
SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 95, SEQ ID NO: 96
and SEQ ID NO: 97, a subsequence of SEQ ID NOs: 65-80 and 90-97 that retains
promoter activity, a nucleic acid that is at least 60% homologous to any one of SEQ
ID NOs: 65-80 and 90-97, or a nucleic acid that hybridizes under medium stringency
conditions with any one of SEQ ID NOs: 65-80 and 90-97 or a subsequence thereof

that retains promoter activity.

2. The isolated nucleic acid of claim 1, wherein the POI is an enzyme.

3. The isolated nucleic acid of claim 2, wherein the enzyme is selected from the group
consisting of acetyl esterases, aryl esterases, aminopeptidases, amylases, arabinases,
arabinofuranosidases, carboxypeptidases, catalases, cellulases, chitinases, chymosin,
cutinase, deoxyribonucleases, epimerases, esterases, a-galactosidases,
B-galactosidases, o-glucanases, glucan lysases, endo-fB-glucanases, glucoamylases,
glucose oxidases, a-glucosidases, B-glucosidases, glucuronidases, 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,
rhamno-galacturonases, ribonucleases, thaumatin, transferases, transport proteins,

transglutaminases, xylanases and hexose oxidases.

4. An isolated nucleic acid comprising an engineered complete promoter operably linked
to anucleic acid encoding a protein of interest, the isolated nucleic acid comprising the
formula selected from:

1  5—UP—I1%Pro—ORF—3'";
) 5—UP—I1Pro—UTR—ORF—3';
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aan  5—UP—1%Pro—2"Pro—ORF—3;

av) 5—UP—1Pro—2"Pro—UTR—ORF—3’;

V) 5'—UP—1%Pro—UTR—2"Pro—UTR—ORF—3’;

(V)  5—UP—1%Pro—2"Pro—3"Pro—ORF—3';

(VID) 5—UP—1%Pro—2"Pro—3"“Pro—UTR—ORF—3’; and
(VIII) 5—UP—1Pro—2"Pro—UTR—3"“Pro—UTR—ORF—3’,

wherein UP is a nucleic acid comprising a promoter upstream element, 15Pro, 2"Pro
and 3"Pro are the same or different nucleic acids comprising at least a -35/-10 core
promoter sequence, UTR is a nucleic acid comprising an untranslated region and ORF
is a nucleic acid open reading frame encoding a protein of interest, wherein the UP
element comprises any one of SEQ ID NOs: 45-61, a subsequence of SEQ ID NOs: 45-
61 that retains promoter activity, a nucleic acid that is at least 60% homologous to any
one of SEQ ID NOs: 45-61 that retains promoter activity or a nucleic acid that
hybridizes under medium stringency conditions with any one of SEQ ID NOs: 45-61
or a subsequence thereof that retains promoter activity and wherein the 1Pro, 2™Pro
and 3Pro comprises any one of SEQ ID NOs: 1-39 and 101-154, a subsequence of
SEQ ID NOs: 1-39 and 101-154 that retains promoter activity, a nucleic acid that is at
least 60% homologous to any one of SEQ ID NOs: 1-39 and 101-154 that retains
promoter activity, or a nucleic acid that hybridizes under medium stringency conditions
with any one of SEQ ID NOs: 1-39 and 101-154 or a subsequence thereof that retains

promoter activity.

5. The isolated nucleic acid of claim 4, wherein the POI encoded by the ORF is an enzyme.
6. A vector comprising a nucleic acid of claim 1.
7. The vector of claim 6, wherein the vector is an expression vector or a chromosomal

integration vector.

8. A bacterial host cell comprising a vector of claim 6.

9. The host cell of claim 8, wherein the host cell is a Bacillus host cell selected from the

group consisting of B. subtilis, B. licheniformis, B. lentus, B. brevis, B. alkalophilus, B.
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10.

11.

12.

13.

amyloliquefaciens, B. coagulans, B. circulans, B. lautus, B. megatherium, B.

thuringiensis and Geobacillus stearothermophilus.

An integration vector comprising a nucleic acid of claim 1, wherein the nucleic acid of
claim 1 is flanked both 5’ and 3' with nucleic acid sequence homologous to a

chromosomal loci of the host cell.

The vector of claim 10, wherein the host cell is a Bacillus cell and the 5’ and 3’ nucleic
acid sequences are homologous to a B. subtilis aprE chromosomal loci y2fO comprising
a nucleic acid of SEQ ID NO: 87 and B. subtilis aprE chromosomal loci yAfN
comprising a nucleic acid of SEQ ID NO: 88.

A protein of interest (POI) isolated from a host cell of claim 8.

A method for screening transformed host cells for increased expression of a POI

comprising:

® transforming a host cell with an isolated nucleic acid comprising a heterologous
engineered hybrid promoter operably linked to a nucleic acid encoding a protein
of interest (POI), wherein the hybrid promoter comprises the nucleotide
sequence of any one of SEQ ID NO: 65, SEQ ID NO: 66, SEQ ID NO: 67, SEQ
ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 71 SEQ ID NO: 72,
SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID
NO: 78, SEQ ID NO: 79, SEQ ID NO: 80, SEQ ID NO: 90, SEQ ID NO: 91,
SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 95, SEQ ID
NO: 96 and SEQ ID NO: 97,

(i)  transforming a host cell with an isolated nucleic acid comprising its native
promoter operably linked to a nucleic acid encoding the same POI as step (i),
wherein the host cells transformed in steps (i) and (ii) are host cells of the same
Genus species and genetic background, and

(iii)  culturing the modified cells under conditions such that the POI is expressed,

wherein an increase in the expression of the POI coding sequence in step (i), relative to
the expression of the same POI coding sequence in step (ii), indicates increased

expression of the POL.
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14.

15.

16.

17.

A method for increasing the expression of a POI in a host cell comprising:

® modifying a host cell by introducing into the host cell a nucleic acid comprising
an engineered hybrid promoter operably linked to a nucleic acid encoding a
protein of interest (POI), wherein the hybrid promoter comprises the nucleotide
sequence of any one of SEQ ID NO: 65, SEQ ID NO: 66, SEQ ID NO: 67, SEQ
ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 71 SEQ ID NO: 72,
SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID
NO: 78, SEQ ID NO: 79, SEQ ID NO: 80, SEQ ID NO: 90, SEQ ID NO: 91,
SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 95, SEQ ID
NO: 96 and SEQ ID NO: 97, a subsequence of SEQ ID NOs: 65-80 and 90-97
that retains promoter activity, and

(i) culturing the modified host cell under conditions such that the POI is expressed.

The method of claim 14, wherein the host cell is selected from the group consisting of
B. subtilis, B. licheniformis, B. lentus, B. brevis, B. alkalophilus, B. amyloliquefaciens,
B. coagulans, B. circulans, B. lautus, B. megatherium, B. thuringiensis and Geobacillus

stearothermophilus.

The method according of claim 15, wherein the POI is an enzyme selected from the
group consisting of acetyl esterases, aryl esterases, aminopeptidases, amylases,
arabinases, arabinofuranosidases, carboxypeptidases, catalases, cellulases, chitinases,
chymosin, cutinase, deoxyribonucleases, epimerases, esterases, o-galactosidases, [3-
galactosidases, a-glucanases, glucan lysases, endo-B-glucanases, glucoamylases,
glucose oxidases, a-glucosidases, B-glucosidases, glucuronidases, hemicellulases,
hexose oxidases, hydrolases, invertases, isomerases, laccases, lipases, lyases,
mannosidases, oxidases, oxidoreductases, pectate lyases, pectin acetyl esterases, pectin
depolymerases, pullulanases, mannanases, pectin methyl esterases, pectinolytic
enzymes, perhydrolases, polyol oxidases, peroxidases, phenoloxidases, phytases,
polygalacturonases, proteases, rhamno-galacturonases, ribonucleases, thaumatin,

transferases, transport proteins, transglutaminases, xylanases, hexose oxidases.

The method of claim 16, further comprising isolating and purifying the POI produced.
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/020913

A. CLASSIFICATION OF SUBJECT MATTER

INV. CO7K14/32 C12N15/75
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Co7K CI2N

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, BIOSIS, Sequence Search, EMBASE, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*”

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

figures 2,3
example 6

X WO 20137086219 Al (DANISCO US INC [US];
BONGIORNI CRISTINA [US]; FOX BRYAN P [US];
VAN KI) 13 June 2013 (2013-06-13)

1-3,6-17

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the interational filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannotbe
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

12 May 2017

Date of mailing of the international search report

07/07/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Tudor, Mark
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C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

NIJLAND ET AL: "Heterologous production
and secretion of Clostridium perfringens
beta-toxoid in closely related
Gram-positive hosts",

JOURNAL OF BIOTECHNOLOGY, ELSEVIER,
AMSTERDAM, NL,

vol. 127, no. 3,

1 December 2006 (2006-12-01), pages
361-372, XP005787028,

ISSN: 0168-1656, DOI:
10.1016/J.JBIOTEC.2006.07.014

abstract

page 366, left-hand column, paragraph 2 -
right-hand column, Tine 2

table 1

1-3,6-17

Form PCT/ISA/210 (co

ntinuation of second shest) (April 2005)
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International application No.
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BoxNo.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to paris of the international application that do not comply with the preseribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-3, 6-17

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ US2017/ 020913

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-3, 6-17

An isolated nucleic acid comprising an engineered hybrid
promoter operably linked to a nucleic acid encoding a POI,
wherein the hybrid promoter comprises the nucleotide
sequence of any one of SEQ ID NO: 65-80 or 90-97, or a
subsequence of said sequences that retains promoter
activity, or a nucleic acid that is at least 60% homologous
to any one of said sequences, or a nucleic acid that
hybridizes under medium stringency conditions with any one
of said sequences; a vector comprising said nucleic acid; a
bacterial host cell comprising said vector; an integration
vector comprising said nucleic acid; a POI obtained from
said cell; a method of screening a transformed host cell
comprising said nucleic acid for increased expression of a
POI; and, a method for increasing the expression of a POI in
a host cell using said nucleic acid.

2. claims: 4, 5

An isolated nucleic acid comprising an engineered complete
Bacillus ribosomal promoter (defined by SEQ ID NOs: 1-39 and
101-154) operably linked to a nucleic acid encoding a POI,
said nucleic acid further comprising a promoter upstream
element (UP; defined by SEQ ID NOs: 45-61), an untranslated
region (UTR) and an open reading frame (ORF) encoding said
POI.
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Information on patent family members

International application No

PCT/US2017/020913
Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2013086219 Al  13-06-2013 CN 104053780 A 17-09-2014
EP 2788491 Al 15-10-2014
JP 2015500032 A 05-01-2015
US 2014329309 Al 06-11-2014
WO 2013086219 Al 13-06-2013
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