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DESCRIPTION

FIELD

[0001] The present disclosure is generally related to the fields of bacteriology, microbiology,
genetics, molecular biology, enzymology, probiotics, dairy food products and the like. Certain
embodiments of the disclosure are directed to genetically modified Bacillus host cells
expressing/producing p-galactosidase and/or lactase enzymes. More particularly, certain
embodiments are directed to expressing/producing such p-galactosidase and/or lactase
enzymes in modified Bacillus host cells, wherein such enzymes produced and purified from the
modified Bacillus host cells are free of unwanted/undesirable enzymatic side activities including,
but not limited to, unwanted/undesirable lipase side activities, phospholipase side activities,
cellulase side activities, pectinase side activities, amylase side activities, protease side activities,
mannanase side activities and the like.

REFERENCE TO A SEQUENCE LISTING

[0002] The contents of the electronic submission of the text file Sequence Listing, named
"NB41138-WO-PCT_Sequencelisting.txt", was created on April 02, 2018 and is 139 KB in size.

BACKGROUND

[0003] The use of enzymes to enhance and/or improve the chemical nature of food products is
widely used and accepted in the art. In particular, the processing of cow's milk and other animal
derived substrates adds significant value to these dairy related end-products. For example,
galactooligosaccharides (GOSs) are carbohydrates which are non-digestible in humans (and
animals), comprising two or more galactose molecules (typically up to nine) linked by glycosidic
bonds. A particularly beneficial effect of such galactooligosaccharides is their ability to act as
pre-biotic compounds, by selectively stimulating the proliferation of beneficial (colonic)
microorganisms (e.g., bacteria) that provide physiological benefits to the consumer of such GOS
compositions. Thus, the established health benefits of such GOS compositions have resulted in
a growing interest of galactooligosaccharides as ingredients for various types of food.

[0004] The enzyme p-galactosidase (EC 3.2.1.23) generally hydrolyzes lactose to the
monosaccharides D-glucose and D-galactose. In the enzymatic reaction of p-galactosidases,
the enzyme hydrolyzes lactose and transiently binds the galactose monosaccharide in a
galactose-enzyme complex. Subsequently, water is used to hydrolyze the covalent galactose-
enzyme intermediate, thereby resulting in the liberation of D-galactose and D-glucose. However,
at high lactose concentrations, some B-galactosidases are able to transfer galactose to the
hydroxyl groups of D-galactose or D-glucose, in a process called transgalactosylation, wherein
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galactooligosaccharides (GOSs) are thereby produced. Thus, at high lactose concentrations,
most B-galactosidases are able to transfer galactose to the hydroxyl groups of lactose and/or
higher order oligosaccharides.

[0005] The genus Bifidobacterium is commonly used in the dairy industry, wherein the ingestion
of Bifidobacterium-containing products furthermore has a health-promoting effect. This effect is
not only achieved by a lowered pH of the intestinal contents, but also by the ability of
Bifidobacterium to repopulate the intestinal flora in individuals who have had their intestinal flora
disturbed (e.g., via the intake of antibiotics). Bifidobacterium furthermore has the potential of
outcompeting potentially harmful intestinal microorganisms.

[0006] Thus, as briefly stated above, galactooligosaccharides (GOSs) are known to enhance
the growth of beneficial microorganisms such as Bifidobacterium. This effect is likely achieved
through the unique ability of Bifidobacterium to exploit galactooligosaccharides as a carbon
source. For example, dietary supplements of galactooligosaccharides are thought to have a
number of long-term disease protecting effects. Thus, there is a high level of interest in the art
for developing inexpensive and efficient methods for producing galactooligosaccharides for use
in the industry for improving dietary supplements and dairy products.

[0007] For example, an extracellular lactase from Bifidobacterium bifidum DSM20215, truncated
with approximately 580 amino acids (BIF3-d3) has been described as a transgalactosylating
enzyme in solutions containing lactose solubilized in water (Jorgensen et al, 2007).
International PCT Publication No. WO2001/90317 describes a truncation variant (OLGA347) as
being a transgalactosylating enzyme, and International PCT Publication No. WO02012/010597
shows that the truncation variant OLGA347 transfers a galactose moiety to D-fucose, N-acetyl-
galactosamine and xylose. U.S. Patent Publication No. US2012/0040051 describes a process
for preparing easily absorbable milk products with high galactooligosaccharide (GOS) content
and low lactose content, and a galactooligosaccharide-enhanced milk product prepared with the
process using for example lactases from any origin, including, lactases from Aspergillus,
Saccharomyces and Kluyveromyces. Galactooligosaccharide (GOS) synthesis from a lactose
solution or skim milk, using a pB-galactosidase from Baccilus circulans, is described by
Rodriguez-Colinas ef al. (2012). International PCT Publication No. W0O2008/037839 discloses a
process for producing products containing galactooligosaccharides by treating a milk-based raw
material after addition of fructose, and optionally lactose, with a B-galactosidase and terminating
the enzymatic reaction of the reaction mixture. European Patent Application No. EP0458358
discloses a skim milk powder containing galactooligosaccharide (GOS) and a process for
producing the same, wherein the process comprises adding B-galactosidase to concentrated
milk to give rise to an enzymatic reaction and heating the reaction mixture to 75-80°C to
terminate the enzymatic reaction, followed by spray drying of the reaction mixture.

[0008] Thus, as generally disclosed above, there is a high level of interest and ongoing
research in the use of such B-galactosidases, lactases and transgalactosylating enzymes
thereof for the production of galactooligosaccharides (GOS) in dairy related foods products
(e.g., milk, yoghurt and the Ilike). For example, International PCT Publication No.
WO2015/086746 describes six (6) Bifidobacterium bifidum B-galactosidase truncation variants
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(derived from a full length B. bifidum B-galactosidase), which are expressed and produced in
Bacillus host cells (which are known to be capable of high levels of heterologous protein
production).

[0009] However, dairy related food products and applications thereof are highly sensitive
towards numerous "non-target" (i.e., unwanted/undesirable) enzyme activities, which are also
referred to in the art as "enzyme side activity" or "enzymatic side activity". For example, small
amounts of cellulase, pectinase, amylase, protease, mannanase and the like enzymatic
activities are undesirable in most dairy related products (i.e., unwanted/undesirable enzymatic
side activities), as many dairy products are formulated/stabilized with hydrocolloids such as
carboxymethyl cellulose (CMC), guar (GUAR gum), starch, carrageenan, pectin and the like. In
addition, other (unwanted/undesirable) enzymatic side activities to be mentioned are protease,
lipase and phospholipase activities, which can produce a foul off flavor or smell in the end
product. Furthermore, these (unwanted/undesirable) enzymatic side activities often originate as
byproducts from the production host cell during fermentation. It is therefore highly critical to
identify such unwanted/undesirable enzymatic side activities early in the GOS/dairy product
development cycle, in order to assess the severity that these unwanted enzymatic side activities
impart on the end-product.

[0010] Thus, as set forth below in the Detailed Description, the present disclosure addresses an
ongoing need in the art for efficiently and inexpensively producing high quantities of B-
galactosidases and lactases in microbial host cells, wherein such B-galactosidases and lactases
produced therefrom are added to dairy products for the production of galactooligosaccharide
(GOS) compositions therein. More particularly, the instant disclosure addresses the ongoing and
unmet need for efficiently and inexpensively producing high quantities of B-galactosidases and
lactases in Bacillus spp. host cells, wherein such enzymes produced and purified from the
Bacillus spp. host cells are free of unwanted/undesirable enzymatic side activities including, but
not limited to, lipase side activities, phospholipase side activities, cellulase side activities,
pectinase side activities, amylase side activities, protease side activities, mannanase side
activities and the like.

[0011] WO2016/071504 discloses a host cell capable of expressing a polypeptide having B-
galactosidase and/or transgalactosylating activity. The host cell described in WO2016/071504 is
modified to be cellulase, mannanase and pectinase deficient.

SUMMARY

[0012] A first aspect of the invention provides a Bacillus sp. host cell expressing a polypeptide
comprising B-galactosidase activity or transgalactosylating activity, wherein the host cell
comprises a genetic modification which reduces or eliminates para-nitrobenzylesterase (p-NBE)
activity, wherein the modification comprises a deletion or disruption of an endogenous Bacillus
gene which encodes a para-nitrobenzylesterase and wherein the Bacillus sp. host cell
comprises an expression vector comprising a polynucleotide encoding the polypeptide
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comprising B-galactosidase activity or transgalactosylating activity.

[0013] The disclosure relates to Bacillus (host) cells expressing a polypeptide comprising B-
galactosidase activity or transgalactosylating activity, wherein the host cell comprises a genetic
modification which reduces or eliminates para-nitrobenzylesterase (p-NBE) activity. In certain
embodiments, a genetic modification (i.e., which reduces or eliminates p-NBE activity in the
modified cell) comprises a deletion or disruption of a gene encoding a p-NBE polypeptide
comprising at least 60% sequence identity to the p-NBE polypeptide of SEQ ID NO: 2. In certain
embodiments, a genetic modification comprises a complete or partial deletion of a gene
encoding a p-NBE polypeptide comprising at least 60% sequence identity to the p-NBE
polypeptide of SEQ ID NO: 2. In certain other embodiments, a partial deletion comprises
deleting one or more codons encoding the p-NBE active site amino acids Serqgg, Gluzig and/or

Hissgg. In other embodiments, a partial deletion comprises a nucleotide frameshift deletion in the

gene encoding the p-NBE, wherein the frameshift deletion results in an encoded protein thereof
lacking p-NBE activity. In another embodiment, a partial deletion of a gene encoding a p-NBE
polypeptide comprises deleting nucleotides of the p-NBE gene encoding amino acid residues 1-
163 of SEQ ID NO: 2, deleting nucleotides of the p-NBE gene encoding amino acid residues
164-326 of SEQ ID NO: 2, deleting nucleotides of the p-NBE gene encoding amino acid
residues 327-489 of SEQ ID NO: 2 or a combination thereof. In certain other embodiments, a
partial deletion of a gene encoding a p-NBE polypeptide comprises deleting the acetyl esterase
(AE) domain encoded by the p-NBE gene. In certain other embodiments, the AE domain is
comprised within amino acid residues 85-211 of SEQ ID NO: 2. In another embodiment, the AE
domain is comprised within amino acid residues 85-211 of a polypeptide comprising at least
60% sequence identity to SEQ ID NO: 2. In yet other embodiments, a partial deletion of a gene
encoding a p-NBE polypeptide comprises deleting one or more codons of the gene which
encode the p-NBE substrate binding pocket.

[0014] In other embodiments, the genetic modification (i.e., which reduces or eliminates p-NBE
activity in the modified cell) comprises a disruption of a gene encoding a p-NBE polypeptide
comprising at least 60% sequence identity to the p-NBE polypeptide of SEQ ID NO: 2. In certain
embodiments, a p-NBE gene disruption comprises the insertion of a selectable marker into the
p-NBE gene, thereby disrupting the p-NBE gene coding sequence. In certain embodiments, a
gene encoding a p-NBE polypeptide comprising at least 60% sequence identity to SEQ ID NO: 2
is disrupted by insertion of a selectable marker. In certain embodiments, the endogenous gene
encoding the p-NBE polypeptide is disrupted (e.g., via a disruption cassette comprising a
selectable marker) at a nucleotide position encoding a p-NBE substrate binding pocket residue,
a p-NBE active site catalytic triad residue, a region of the p-NBE AE domain, at the -1, 0, +1
transcription start site, in the 5' promoter region, and the like.

[0015] In certain embodiments, the polypeptide comprising pB-galactosidase activity or
transgalactosylating activity is selected from the group consisting of a Bifidobacterium bifidum
polypeptide comprising 90% sequence identity to SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8,
SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14 or SEQ ID NO: 16, a Kluyveromyces lactis
polypeptide comprising 90% sequence identity to SEQ ID NO: 17, an Aspergillus oryzae
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polypeptide comprising 90% sequence identity to SEQ ID NO: 18 or a Lacfobacillus delbrueckii
polypeptide comprising 90% sequence identity to SEQ ID NO: 26. In other embodiments, the
polypeptide comprising p-galactosidase activity or transgalactosylating activity is encoded by a
polynucleotide comprising 90% sequence identity to SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO:
7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15 or SEQ ID NO: 25.

[0016] In another embodiment, the Bacillus host cell is selected from the group consisting of B.
subtilis, B. licheniformis, B. lentus, B. brevis, B. 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. In a particular embodiment, the
Bacillus host cell is Bacillus subtilis. In certain other embodiments, the host cell is further
modified to be deficient in detectable lipase side activities, phospholipase side activities,
cellulase side activities, pectinase side activities, amylase side activities, protease side activities
and/or mannanase side activities.

[0017] The Bacillus host cell comprises an expression vector encoding a polypeptide comprising
B-galactosidase activity or transgalactosylating activity. In certain embodiments, the Bacillus host
cell is transformed with the expression vector/construct prior to performing the genetic
modification which reduces or eliminates the endogenous p-NBE activity, while in other
embodiments, the Bacillus host cell is transformed with the expression vector/construct
after/subsequent to performing the genetic modification which reduces or eliminates the
endogenous p-NBE activity.

[0018] A second aspect of the invention provides a method for producing a polypeptide
composition having p-galactosidase activity or transgalactosylating activity, wherein the
polypeptide composition does not comprise detectable para-nitrobenzylesterase (p-NBE) activity
therein, the method comprising: (a) providing a parental Bacillus host cell comprising and
expressing a polynucleotide construct encoding a polypeptide having B-galactosidase activity or
transgalactosylating activity, (b) modifying the Bacillus host cell of step (a) by deleting, disrupting
or down-regulating a gene encoding a p-NBE polypeptide comprising at least 60% sequence
identity to the p-NBE polypeptide of SEQ ID NO: 2, (c¢) culturing the modified host cell of step (b)
under conditions suitable to express the polypeptide having B-galactosidase activity or
transgalactosylating activity, and (d) isolating the polypeptide having p-galactosidase activity or
transgalactosylating activity, wherein the isolated polypeptide composition having B-
galactosidase activity or transgalactosylating activity does not comprise detectable p-NBE
activity.

[0019] A third aspect of the invention provides a method for producing a polypeptide
composition having p-galactosidase activity or transgalactosylating activity, wherein the
polypeptide composition does not comprise detectable para-nitrobenzylesterase (p-NBE) activity
therein, the method comprising: (a) obtaining a parental Bacillus host cell and modifying the
parental cell by deleting, disrupting or down-regulating a gene encoding a p-NBE polypeptide
comprising at least 60% sequence identity to the p-NBE polypeptide of SEQ ID NO: 2, (b)
introducing into the modified cell of step (a) an expression construct encoding a polypeptide
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having B-galactosidase activity or transgalactosylating activity, (c) culturing the host cell of step
(b) under conditions suitable to express the polypeptide having B-galactosidase activity or
transgalactosylating activity, and (d) isolating the polypeptide having p-galactosidase activity or
transgalactosylating activity, wherein the isolated polypeptide composition having B-
galactosidase activity or transgalactosylating activity does not comprise detectable p-NBE
activity.

[0020] A fourth aspect of the invention provides a method for producing a polypeptide
composition having p-galactosidase activity or transgalactosylating activity, wherein the
polypeptide composition does not comprise detectable para-nitrobenzylesterase (p-NBE) activity
therein, the method comprising: (a) providing a host cell as described herein, (b) culturing the
host cell of step (a) under conditions suitable to express the polypeptide having p-galactosidase
activity or transgalactosylating activity, and (c) isolating the polypeptide having p-galactosidase
activity or transgalactosylating activity, wherein the isolated polypeptide composition having B-
galactosidase activity or transgalactosylating activity does not comprise detectable p-NBE
activity.

[0021] In certain embodiments of the methods, the modification comprises a deletion disruption
or down-regulation of a gene encoding a p-NBE polypeptide comprising at least 60% sequence
identity to the p-NBE polypeptide of SEQ ID NO: 2. In other embodiments, the modification
comprises the complete or partial deletion a gene encoding a p-NBE polypeptide comprising at
least 60% sequence identity to the p-NBE polypeptide of SEQ ID NO: 2. In other embodiments,
the partial deletion comprises deleting one or more codons encoding the p-NBE active site
amino acids Serqgg, Gluzig and/or Hissgg. In certain other embodiments, the partial deletion

comprises a nucleotide frameshift deletion in the gene encoding the p-NBE, wherein the
frameshift deletion results in an encoded protein thereof lacking p-NBE activity. In another
embodiment, the partial deletion of a gene encoding a p-NBE polypeptide comprises deleting
nucleotides of the p-NBE gene encoding amino acid residues 1-163 of SEQ ID NO: 2, deleting
nucleotides of the p-NBE gene encoding amino acid residues 164-326 of SEQ ID NO: 2,
deleting nucleotides of the p-NBE gene encoding amino acid residues 327-489 of SEQ ID NO: 2
or a combination thereof. In certain other embodiments, the partial deletion of a gene encoding
a p-NBE polypeptide comprises deleting the acetyl esterase (AE) domain encoded by the p-NBE
gene. In certain embodiments, in the AE domain is comprised within amino acid residues 85-211
of SEQ ID NO: 2. In other embodiments, the partial deletion of a gene encoding a p-NBE
polypeptide comprises deleting one or more codons of the gene which encode the p-NBE
substrate binding pocket. In another embodiment, the modification comprises a disruption of a
gene encoding a p-NBE polypeptide comprising at least 60% sequence identity to the p-NBE
polypeptide of SEQ ID NO: 2. In certain embodiment, the p-NBE gene disruption comprises the
insertion of a selectable marker into the p-NBE gene. In other embodiments, the modification is
a down-regulation of a gene encoding a p-NBE polypeptide comprising at least 60% sequence
identity to the p-NBE polypeptide of SEQ ID NO: 2. In certain other embodiments, down-
regulation of a gene encoding a p-NBE comprises introducing and expressing in the host cell an
RNA molecule complementary to a gene encoding a p-NBE. In other embodiments, down-
regulation of a gene encoding a p-NBE comprises (a) complete or partial deletion of the



DK/EP 3607097 T3

endogenous p-NBE promoter nucleic acid sequence, (b) complete or partial deletion of the
endogenous p-NBE terminator nucleic acid sequence, combinations thereof, and optionally
deletion of other 5' UTRs and/or 3' UTR nucleic acid sequence associated with a gene encoding
a p-NBE polypeptide comprising at least 60% sequence identity to the p-NBE polypeptide of
SEQ ID NO: 2.

[0022] In another embodiment, the polypeptide comprising pB-galactosidase activity or
transgalactosylating activity is selected from the group consisting of a Bifidobacterium bifidum
polypeptide comprising 90% sequence identity to SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8,
SEQ ID NO:10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, a Kluyveromyces lactis
polypeptide comprising 90% sequence identity to SEQ ID NO: 17, an Aspergillus oryzae
polypeptide comprising 90% sequence identity to SEQ ID NO: 18 and a Lacfobacillus delbrueckii
polypeptide comprising 90% sequence identity to SEQ ID NO: 26.

[0023] In other embodiments, the polypeptide comprising p-galactosidase activity or
transgalactosylating activity is encoded by a polynucleotide comprising 90% sequence identity to
SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13,
SEQ ID NO: 15 or SEQ ID NO: 25.

[0024] In other embodiments, the Bacillus host cell is selected from the group consisting of B.
subtilis, B. licheniformis, B. lentus, B. brevis, B. 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. In certain embodiments, the host cell is
Bacillus subtilis.

[0025] In other embodiments of the methods, the host cell is further modified to be deficient in
detectable lipase side activities, phospholipase side activities, cellulase side activities, pectinase
side activities, amylase side activities, protease side activities and/or mannanase side activities.

[0026] In another embodiment the disclosure is directed to a polypeptide comprising B-
galactosidase activity or transgalactosylating activity produced by the methods of the disclosure.

BRIEF DESCRIPTION OF DRAWINGS

[0027]

Figure 1 shows the results of agar spot plate assays for detecting lipase and phospholipase
activity, wherein yellow haloes represent a drop in pH resulting from the cleavage of a lipase or

phospholipase substrate, resulting in free fatty acids and an equivalent proton (H). FIG. 1A
shows the spot plate assay results using only a phospholipase substrate (i.e., lecithin substrate).
FIG. 1B shows the spot plate assay results using both a lipase substrate (ie., tributyrin
substrate) and a phospholipase substrate (i.e., lecithin substrate).
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Figure 2 shows a lipase/phospholipase zymogram. FIG. 2, panel A is a picture of the
zymogram gel showing "clear" zones where the lipase activity is located. FIG. 2, panel B and
FIG. 2, panel C are the Isoelectric gel parts, where panel B was overlaid and incubated with
panel A and panel C were Coomassie stained. Arrows in panel B and panel C indicate the
location of the lipase activity which was cut out for mass spectroscopy analysis.

Figure 3 Supporting picture while the IEF gel was still placed on the agar gel with substrate
(FIG. 2, panel B and panel C together after 1hour). The clear yellow bands represent a drop in

pH from cleavage of lipase substrate, resulting in free fatty acids and an equivalent H*.

Figure 4 shows CP as the powder control and p20, p40 and p60 are the powder incubated at
53°C for 20, 40, and 60 minutes. CB is the UFC sample A and B20, B40 and B60 is sample A
incubated for 20, 40 and 60 minutes.

Figure 5 shows esterase activity semi-quantified by evaluation of haloes sizes on the mixed
substrate spot plates. Halo sizes were compared to the dilution row shown in FIG. 1B and
presented as relative to the activity of Sample C stored at 4°C

Figure 6 shows residual lactase activity after heat treatment.

Figure 7 shows off-flavor profile of yoghurts treated with sample C. Levels of each component
were quantified by Solid Phase Micro Extraction - GC/MS-analysis.

Figure 8 shows off flavor profile of UHT milk treated with sample C. Levels of each component
were quantified by Solid Phase Micro Extraction - GC/MS-analysis.

Figure 9 shows off flavor development in UHT milk over time treated with Sample C.

Figure 10 is a spot plate assay showing results of sample A incubated at 53°C for 20 minutes
and a UCF sample from small scale fermentation of B-galactosidase in a new Bacillus host cell
where the p-nitrobenzylesterase gene was knocked out. The 53°C sample was therefore
positive for lipase activity. All holes labeled "new" correspond to the p-nitrobenzylesterase knock
out sample having had no lipase activity, and as such have no halo.

Figure 11 shows the off-flavor profile of yoghurt treated with an UCF sample from small scale
fermentation of B-galactosidase in a new Bacillus host cell where the p-nitrobenzylesterase
gene was knocked out (green and purple) versus Sample C (red). Levels were quantified by
Solid Phase Micro Extraction - GC/MS-analysis.

Figure 12 shows the off-flavor profile of UHT milk treated with an UCF sample from small scale
fermentation of B-galactosidase in a new Bacillus host cell where the p-nitrobenzylesterase
gene was knocked out (green and purple) versus Sample C (red). Levels were quantified by
Solid Phase Micro Extraction - GC/MS-analysis.

Figure 13 shows the amino acid sequence of the B. subfilis para-Nitrobenzylesterase of SEQ ID
NO: 2, wherein double underlined residues 85-211 indicate the AE domain, lower case bold
residues (e.g., s-189, e-310 and h-399) indicate catalytic triad residues and BOLD upper case
residues indicate substrate binding pocket residues.
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BRIEF DESCRIPTION OF THE BIOLOGICAL SEQUENCES

[0028]

SEQ ID NO: 1 is a nucleic acid sequence encoding a Bacillus subtilis para-nitrobenzylesterase
(p-NBE) of SEQ ID NO: 2.

SEQ ID NO: 2 is the amino acid sequence of a Bacillus subtilis para-nitrobenzylesterase.

SEQ ID NO: 3 is a nucleic acid sequence encoding an extracellular lactase from Bifidobacterium
bifidum DSM20215.

SEQ ID NO: 4 is the amino acid sequence of an extracellular lactase from B. bifidum
DSM20215, encoded by SEQ ID NO: 3.

SEQ ID NO: 5§ is a nucleic acid sequence encoding a truncated B. bifidum lactase of SEQ ID
NO: 6 (referred to herein as "BIF _917").

SEQ ID NO: 6 is protein BIF_917, an 887 amino acid truncated fragment of SEQ ID NO: 4,
encoded by the nucleic acid of SEQ ID NO: 5.

SEQ ID NO: 7 is a nucleic acid sequence encoding a truncated B. bifidum lactase of SEQ ID
NO: 8 (referred to herein as "BIF _955").

SEQ ID NO: 8 is protein BIF_955, a 965 amino acid truncated fragment of SEQ ID NO: 4,
encoded by the nucleic acid of SEQ ID NO: 7.

SEQ ID NO: 9 is a nucleic acid sequence encoding a truncated B. bifidum lactase of SEQ ID
NO: 10 (referred to herein as "BIF_1068").

SEQ ID NO: 10 is protein BIF_1068, a 1,038 amino acid truncated fragment of SEQ ID NO: 4,
encoded by the nucleic acid of SEQ ID NO: 9.

SEQ ID NO: 11 is a nucleic acid sequence encoding a truncated B. bifidum lactase of SEQ ID
NO: 12 (referred to herein as "BIF_1172").

SEQ ID NO: 12 is protein BIF_1172, a 1,142 amino acid truncated fragment of SEQ ID NO: 4,
encoded by the nucleic acid of SEQ ID NO: 11.

SEQ ID NO: 13 is a nucleic acid sequence encoding a truncated B. bifidum lactase of SEQ ID
NO: 14 (referred to herein as "BIF _1241").

SEQ ID NO: 14 is protein BIF_1241, a 1,211 amino acid truncated fragment of SEQ ID NO: 4,
encoded by the nucleic acid of SEQ ID NO: 13.

SEQ ID NO: 15 is a nucleic acid sequence encoding a truncated B. bifidum lactase of SEQ ID



DK/EP 3607097 T3

NO: 16 (referred to herein as "BIF_1326").

SEQ ID NO: 16 is protein BIF_1326, a 1,296 amino acid truncated fragment of SEQ ID NO: 4,
encoded by the nucleic acid of SEQ ID NO: 15.

SEQ ID NO: 17 is the amino acid sequence of a lactase from Kluyveromyces lactis.
SEQ ID NO: 18 is the amino acid sequence of a lactase from Aspergillus oryzae.
SEQ ID NO: 19 is oligonucleotide primer I-Scel-1.

SEQ ID NO: 20 is oligonucleotide primer I-Scel-2.

SEQ ID NO: 21 is oligonucleotide primer sequence number 981.

SEQ ID NO: 22 is oligonucleotide primer sequence number 984.

SEQ ID NO: 23 is oligonucleotide primer sequence number 985.

SEQ ID NO: 24 is oligonucleotide primer sequence number 983.

SEQ ID NO: 25 is a nucleic acid sequence encoding a Lactobacillus delbrueckii
transgalactosylating polypeptide of SEQ ID NO: 26.

SEQ ID NO: 26 is the amino acid sequence of a Lactobacillus delbrueckii transgalactosylating
polypeptide.

DETAILED DESCRIPTION

[0029] The present disclosure is generally directed to modified Bacillus host cells
expressing/producing p-galactosidase enzymes and/or lactase enzymes and the use of such
enzymes for the production of galactooligosaccharide (GOS) compositions in one or more dairy
related end products. For example, in certain enzyme products (e.g., a B-galactosidase
product), small amounts of unwanted enzyme activity mainly originate from the production host
cell and are referred to as enzyme side activity. As described herein, the present disclosure is
directed to reducing/eliminating unwanted enzyme side activities in host cells used for the
production of p-galactosidase and/or lactase enzymes for use in dairy products
formulations/applications.

[0030] More particularly, the disclosure is directed to expressing/producing such B-
galactosidase and/or lactase enzymes in modified Bacillus host cells, wherein such enzymes
produced and purified from the modified Bacillus host cells are free of unwanted/undesirable
enzymatic side activities including, but not limited to, unwanted/undesirable lipase side activities,
phospholipase side activities, cellulase side activities, pectinase side activities, amylase side
activities, protease side activities, mannanase side activities and the like.
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[0031] Thus, the disclosure relates to genetically modifying a Bacillus host cell for the
production of B-galactosidase and/or lactase enzymes in the absence of unwanted enzymatic
side activities. A Bacillus host cell of the disclosure is genetically modified to produce B-
galactosidase and/or lactase enzymes in the absence of unwanted/undesirable para-
nitrobenzylesterase side activity. A Bacillus host cell of the disclosure is genetically modified by
deleting, disrupting or down-regulating an endogenous Bacillus gene which encodes a para-
nitrobenzylesterase enzyme. As described herein, such genetically modified Bacillus host cells
are particularly useful in the production of p-galactosidase and/or lactase enzymes, wherein
such p-galactosidase and/or lactase enzymes are particularly free of unwanted para-
nitrobenzylesterase enzymatic side-activity which causes highly undesirable off-flavors and
smells when used in dairy related end-products.

[0032] In some embodiments, a genetically modified Bacillus host cell of the disclosure
comprising a deleted, disrupted or down-regulated endogenous gene encoding a para-
nitrobenzylesterase enzyme, further comprises a deleted, disrupted or down-regulated gene
encoding at least one additional unwanted/undesirable enzymatic side activity selected from a
lipase side activity, a phospholipase side activity, a cellulase side activity, a pectinase side
activity, an amylase side activity, a protease side activity, a mannanase side activity and the like.

[0033] Thus, a genetically modified Bacillus host cell of the disclosure (i.e., comprising a genetic
modification which deletes, disrupts or down-regulates an endogenous gene encoding a para-
nitrobenzylesterase enzyme) is transformed with a polynucleotide (e.g., an expression
construct) encoding a p-galactosidase and/or lactase enzyme of the disclosure. More
particularly, as described herein, the p-galactosidase and/or lactase enzymes of the disclosure,
which are expressed/produced in the genetically modified Bacillus host cells of the disclosure
are particularly useful in dairy product applications.

[0034] As set forth in the Examples section below, the B-galactosidase and/or lactase enzymes
expressed/produced in such genetically modified Bacillus host cells, which B-galactosidase
and/or lactase enzymes are isolated and purified therefrom, are free of detectable para-
nitrobenzylesterase side activity. More particularly, as described in the Examples herein,
Applicants of the instant disclosure identified a para-nitrobenzylesterase as the enzymatic side
activity responsible for the foul off-flavor smells/tastes of dairy products which were formulated
with such B-galactosidase and/or lactase enzymes. Thus, the genetically modified Bacillus host
cells of the disclosure (i.e., comprising a genetic modification which deletes, disrupts or down-
regulates a gene encoding a para-nitrobenzylesterase) find particular utility for the production of
such p-galactosidase and/or lactase enzymes without the contaminating (ie,
unwanted/undesirable) para-nitrobenzylesterase side activity thereof.

I. DEFINITIONS

[0035] In view of the modified Bacillus spp. host cells expressing/producing p-galactosidases
and/or lactases in the absence of unwanted para-nitrobenzylesterase (hereinafter, "p-NBE")
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side activity and methods thereof described herein, the following terms and phrases are
defined. Terms not defined herein should be accorded their ordinary meaning as used in the art.

[0036] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the present
compositions and methods apply. Although any methods and materials similar or equivalent to
those described herein can also be used in the practice or testing of the present compositions
and methods, representative illustrative methods and materials are now described.

[0037] As used herein, the term "transgalactosylase" means an enzyme that, among other
things, is able to transfer galactose to the hydroxyl groups of D-galactose or D-glucose,
whereby galactooligosaccharides are produced. In one aspect, a transgalactosylase is identified
by reaction of the enzyme on lactose in which the amount of galactose generated is less than
the amount of glucose generated at any given time.

[0038] As used herein, the term "transgalactosylating activity" means the transfer of a galactose
moiety to a molecule other than water (H>O). The transgalactosylating activity can be measured

as [glucose] - [galactose] generated at any given time during the reaction, or by direct
quantification of the galactooligosaccharides (GOSs) generated at any given time during the
reaction. Such activity measurements may be performed by methods known in the art (e.g., an
HPLC method).

[0039] As used herein, the term "B-galactosidase activity" refers to the ability of an enzyme to
hydrolyze  B-galactoside molecules (e.g., hydrolyzing lactose disaccharides into
monosaccharides glucose and galactose).

[0040] As used herein, calculating the "transgalactosylating activity/B-galactosidase activity"
(ratio), the B -galactosidase activity is measured as [galactose] generated at any given time
during the reaction. Such activity ratio measurements may be performed by methods known in
the art (e.g., an HPLC method).

[0041] As used herein, the phrase "B-galactosidase having transgalactosylating activity" means
a B-galactosidase having a ratio of transgalactosylation activity above 100%, such as above
105%, 125%, 150%, 175%, 200% and the like. Examples of p-galactosidases having
transgalactosylating activity can be derived from, but are not limited to, Aspergillus oryzae,
Bacillus circulans, Ruminococcus, Bifidobacterium, Geobacillus stearothermophilus,
Lactobacillus delbrueckii, Bacillus stearothermophilus and Lactobacillus plantarum (Oliveira ef
al., 2011).

[0042] As used herein, the terms "[Glucose]" or "glucose concentration” means the glucose
concentration in % by weight and the terms "[Galactose]" or "galactose concentration” means

the galactose concentration in % by weight.

[0043] As used herein, the phrase "lactose has been transgalactosylated" means that a
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galactose molecule has been covalently linked to the lactose molecule, such as for example
covalently linked to any of the free hydroxyl groups in the lactose molecule, or as generated by
internal transgalatosylation (e.g., forming allolactose).

[0044] In the present context, the term "which polypeptide is spray-dried" means that the
polypeptide has been obtained by spray-drying a polypeptide which is in solution or suspension
at an appropriate temperature and for an appropriate period removing the water.

[0045] As used herein, the term "milk", in the context of the present disclosure, is to be
understood as the lacteal secretion obtained from any mammal, such as cows, sheep, goats,
buffaloes, camels and the like.

[0046] As used herein, the term "milk-based substrate” means any raw and/or processed milk
material, or a material derived from milk constituents. The milk-based substrate may be
homogenized and/or pasteurized according to methods known in the art.

[0047] "Homogenizing" as used herein means intensive mixing to obtain a soluble suspension
or emulsion. Homogenization may be performed so as to break up the milk fat into smaller
sizes, such that the milk fat no longer separates from the milk. This may be accomplished, for
example, by forcing the milk at high pressure through small orifices.

[0048] As used herein, "pasteurizing" means reducing or eliminating the presence of live
organisms, such as microorganisms, in the milk-based substrate. Pasteurization is attained by
maintaining a specified temperature and pressure for a specified period of time. The specified
temperature is usually attained by heating. The temperature and duration may be selected in
order to kill or inactivate certain bacteria, such as harmful bacteria, and/or to inactivate enzymes
in the milk. A rapid cooling step may follow.

[0049] As used herein, a "dairy product” in the context of the present disclosure may be any
food product wherein one of the major constituents is a milk-based substrate. Preferably, the
major constituent is milk-based. In the present context, "one of the major constituents" means a
constituent having a dry matter which constitutes more than 20%, preferably more than 30%, or
more than 40%, of the total dry matter of the dairy product, whereas "the major constituent”
means a constituent having a dry matter which constitutes more than 50%, preferably more
than 60%, or more than 70%, of the total dry matter of the dairy product.

[0050] As used herein, a "fermented dairy product” in present context is to be understood as
any dairy product wherein any type of fermentation forms part of the production process.
Examples of fermented dairy products include, but are not limited to, yoghurt, buttermilk, créme
fraiche, quark and fromage frais. Another example of a fermented dairy product is cheese. In
certain embodiments, a fermented yogurt dairy product is a set-type yoghurt, a stirred yoghurt
or a drinking yogurt. In other embodiments, a fermented dairy product is Acidophilus milk,
Leben milk, Ayran milk, Kefir milk or Sauermilch milk. Such fermented dairy products may be
produced by any method known in the art.
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[0051] As used herein, an "isolated polynucleotide" refers to a polynucleotide that is isolated
from a source. In certain aspects of the disclosure, the polynucleotide is at least 1% pure,
preferably at least 5% pure, more preferably at least 10% pure, more preferably at least 20%
pure, more preferably at least 40% pure, more preferably at least 60% pure, even more
preferably at least 80% pure, and most preferably at least 90% pure, as determined by agarose
electrophoresis.

[0052] As used herein, a "substantially pure polynucleotide" refers to a polynucleotide
preparation free of other extraneous or unwanted nucleotides and in a form suitable for use
within genetically engineered protein production systems. Thus, a substantially pure
polynucleotide contains at most 10%, preferably at most 8%, more preferably at most 6%, more
preferably at most 5%, more preferably at most 4%, more preferably at most 3%, even more
preferably at most 2%, most preferably at most 1%, and even most preferably at most 0.5% by
weight of other polynucleotide material with which it is natively or recombinantly associated. A
substantially pure polynucleotide may, however, include naturally occurring 5 and 3
untranslated regions, such as promoters and terminators. It is preferred that the substantially
pure polynucleotide is at least 90% pure, preferably at least 92% pure, more preferably at least
94% pure, more preferably at least 95% pure, more preferably at least 96% pure, more
preferably at least 97% pure, even more preferably at least 98% pure, most preferably at least
99%, and even most preferably at least 99.5% pure by weight. The polynucleotides are
preferably in a substantially pure form (i.e., that the polynucleotide preparation is essentially free
of other polynucleotide material with which it is natively or recombinantly associated). The
polynucleotides may be of genomic, cDNA, RNA, semisynthetic, synthetic origin, or any
combinations thereof.

[0053] As used herein, an "isolated polypeptide" refers to a polypeptide that is isolated from a
source. In a preferred aspect, the polypeptide is at least 1% pure, preferably at least 5% pure,
more preferably at least 10% pure, more preferably at least 20% pure, more preferably at least
40% pure, more preferably at least 60% pure, even more preferably at least 80% pure, and
most preferably at least 90% pure, as determined by SDS-PAGE.

[0054] As used herein, a "substantially pure polypeptide” denotes herein a polypeptide
preparation that contains at most 10%, preferably at most 8%, more preferably at most 6%,
more preferably at most 5%, more preferably at most 4%, more preferably at most 3%, even
more preferably at most 2%, most preferably at most 1%, and even most preferably at most
0.5% by weight of other polypeptide material with which it is natively or recombinantly
associated. It is, therefore, preferred that the substantially pure polypeptide is at least 92% pure,
preferably at least 94% pure, more preferably at least 95% pure, more preferably at least 96%
pure, more preferably at least 96% pure, more preferably at least 97% pure, more preferably at
least 98% pure, even more preferably at least 99%, most preferably at least 99.5% pure, and
even most preferably 100% pure by weight of the total polypeptide material present in the
preparation. The polypeptides are preferably in a substantially pure form (ie., that the
polypeptide preparation is essentially free of other polypeptide material with which it is natively
or recombinantly associated). This can be accomplished, for example, by preparing the
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polypeptide by well-known recombinant methods or by classical purification methods.

[0055] As used herein, a "substantially pure B-galactosidase polypeptide" and a "substantially
pure lactase polypeptide" refer to a polypeptide preparation that contains at most 10%,
preferably at most 8%, more preferably at most 6%, more preferably at most 5%, more
preferably at most 4%, more preferably at most 3%, even more preferably at most 2%, most
preferably at most 1%, and even most preferably at most 0.5% by weight of other polypeptide
material with which it is natively or recombinantly associated. It is, therefore, preferred that the
substantially pure polypeptide is at least 92% pure, preferably at least 94% pure, more
preferably at least 95% pure, more preferably at least 96% pure, more preferably at least 96%
pure, more preferably at least 97% pure, more preferably at least 98% pure, even more
preferably at least 99%, most preferably at least 99.5% pure, and even most preferably 100%
pure by weight of the total polypeptide material present in the preparation.

[0056] More particularly, with regard to the present disclosure, a "substantially pure B-
galactosidase polypeptide"” and a "substantially pure lactase polypeptide" refer to such
polypeptides which are essentially free of detectable "p-nitrobenzylesterase activity". More
specifically, as described herein, a substantially pure B-galactosidase polypeptide composition
and/or a substantially pure lactase polypeptide composition, which are completely free of
detectable "p-nitrobenzylesterase activity", can be obtained by expressing/producing such B-
galactosidase polypeptides and/or lactase polypeptides in the genetically modified Bacillus host
cell of the disclosure (i.e., a Bacillus host cell comprising a deletion, disruption or down-
regulation of a gene (e.g., SEQ ID NO: 1) encoding p-nitrobenzylesterase of SEQ ID NO: 2. In
certain other embodiments, a substantially pure "B-galactosidase polypeptide"” or a "substantially
pure lactase polypeptide” is essentially free of detectable p-nitrobenzylesterase activity and is
essentially free of at least one additional unwanted side activity selected from the group
consisting of cellulase activity, mannanase activity, pectinase activity, amylase activity, protease
activity and the like.

[0057] Thus, as used herein, the term "substantially free from cellulase" means a preparation
which contains at most 10%, preferably at most 8%, more preferably at most 6%, more
preferably at most 5%, more preferably at most 4%, at most 3%, even more preferably at most
2%, most preferably at most 1 %, and even most preferably at most 0.5% by weight of cellulase.
Herein, the term "substantially free from" can therefore be seen as being synonymous with the
terms "isolated polypeptide" and "polypeptide in isolated form."

[0058] As used herein, the term "substantially free from mannanase" means herein a
preparation which contains at most 10%, preferably at most 8%, more preferably at most 6%,
more preferably at most 5%, more preferably at most 4%, at most 3%, even more preferably at
most 2%, most preferably at most 1 %, and even most preferably at most 0.5% by weight of
mannanase. Herein, the term "substantially free from" can therefore be seen as being
synonymous with the terms "isolated polypeptide" and "polypeptide in isolated form."

[0059] As used herein, the term "substantially free from pectinase" means herein a preparation
which contains at most 10%, preferably at most 8%, more preferably at most 6%, more
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preferably at most 5%, more preferably at most 4%, at most 3%, even more preferably at most
2%, most preferably at most 1 %, and even most preferably at most 0.5% by weight of
pectinase. Herein, the term '"substantially free from" can therefore be seen as being
synonymous with the terms "isolated polypeptide" and "polypeptide in isolated form."

[0060] As used herein, the term "substantially free from amylase" means herein a preparation
which contains at most 10%, preferably at most 8%, more preferably at most 6%, more
preferably at most 5%, more preferably at most 4%, at most 3%, even more preferably at most
2%, most preferably at most 1 %, and even most preferably at most 0.5% by weight of amylase.
Herein, the term "substantially free from" can therefore be seen as being synonymous with the
terms "isolated polypeptide" and "polypeptide in isolated form."

[0061] As used herein, the term "stabilizer" means any stabilizer for stabilizing the polypeptide,
e.g., a polyol such as glycerol or propylene glycol, a sugar or a sugar alcohol, lactic acid, boric
acid, or a boric acid derivative (e.g., an aromatic borate ester). In one aspect, the stabilizer is
not a polyol, or the polyol is present at a level of 0.1 weight % or less.

[0062] As defined herein, an "endogenous gene” refers to a gene in its natural location in the
genome of an organism.

[0063] As defined herein, a "heterologous" gene, a "non-endogenous” gene, or a "foreign” gene
refer to a gene (or ORF) not normally found in the host organism, but that is introduced into the
host organism by gene transfer. As used herein, the term "heterologous" gene(s) comprise
native genes (or ORFs) inserted into a non-native organism and/or chimeric genes inserted into
a native or non-native organism.

[0064] As used herein, the terms "foreign polynucleotide" or "heterologous polynucleotide" (and
variations thereof) are defined as (A) a polynucleotide that is not native to the host cell, (B) a
polynucleotide that is native to the host cell, but which polynucleotide has been modified through
the use of genetic elements which are not natively associated with the polynucleotide (e.g.,
heterologous promoters, 5' UTRs, 3' UTRs and the like) as isolated from the host cell, or (C) the
use of native elements that have been manipulated to function in a manner that does not
normally occur in the host cell.

[0065] As defined herein, a "heterologous" nucleic acid construct or a "heterologous” nucleic
acid sequence has a portion of the sequence which is not native to the cell in which it is
expressed.

[0066] As used herein, a "transformed cell" includes bacterial cells (e.g., Bacillus cells) which
have been transformed by use of recombinant DNA techniques. Transformation generally
occurs via the introduction of one or more nucleotide sequences (e.g., polynucleotides) into a
cell. The introduced nucleotide sequence(s) may also be a heterologous nucleotide sequence
(i.e., a nucleic sequence not endogenous to the cell).
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[0067] As used herein, the term "nucleic acid construct” refers to a nucleic acid molecule (e.g.,
a polynucleotide molecule), either single-stranded or double-stranded, which is isolated from a
naturally occurring gene or is modified to contain segments of nucleic acids in a manner that
would not otherwise exist in nature or is synthetic. The term nucleic acid construct is
synonymous with the term "expression cassette” when the nucleic acid construct contains the
control sequences required for expression of a coding sequence.

[0068] As used herein, the term "control sequences" is defined to include all components, which
are necessary or advantageous for the expression of a polynucleotide encoding a polypeptide
of the present invention. Each control sequence may be native or foreign to the polynucleotide
encoding the polypeptide or native or foreign to each other. Such control sequences include, but
are not limited to, a leader, polyadenylation sequence, propeptide sequence, promoter, signal
peptide sequence, and transcription terminator. At a minimum, the control sequences include a
promoter, and transcriptional and translational stop signals. The control sequences may be
provided with linkers for the purpose of introducing specific restriction sites facilitating ligation of
the control sequences with the coding region of the nucleotide sequence encoding a
polypeptide.

[0069] As defined herein, a "heterologous control sequence”, refers to a gene expression
control sequence (e.g., a promoter or enhancer) which does not function in nature to regulate
(control) the expression of the gene of interest. Generally, heterologous nucleic acid sequences
are not endogenous (native) to the cell, or a part of the genome in which they are present, and
have been added to the cell, by infection, transfection, transformation, microinjection,
electroporation, and the like. A "heterologous" nucleic acid construct may contain a control
sequence/DNA coding (ORF) sequence combination that is the same as, or different, from a
control sequence/DNA coding sequence combination found in the native host cell.

[0070] As used herein, the term "promoter” is defined as a DNA sequence that binds RNA
polymerase and directs the polymerase to the correct downstream transcriptional start site of a
polynucleotide encoding a polypeptide. RNA polymerase effectively catalyzes the assembly of
messenger RNA complementary to the appropriate DNA strand of the coding region. The term
"promoter”" will also be understood to include the 5' non-coding region (between promoter and
translation start) for translation after transcription into mRNA, cis-acting transcription control
elements such as enhancers, and/or other nucleotide sequences capable of interacting with
transcription factors. The promoter can be a wild-type, variant, hybrid, or a consensus promoter.

[0071] As used herein, the term "promoter region" is defined as a nucleotide sequence
comprising one or more (several) promoter sequences (e.g., a dual promoter, a triple promoter
and the like).

[0072] As used herein, the term "operably linked" denotes a configuration in which a control
sequence (e.g., a promoter sequence) is placed at an appropriate position relative to the coding
sequence of the polynucleotide sequence such that the control sequence directs the expression
of the coding sequence of a polypeptide. Coding sequence: When used herein the term "coding
sequence" means a nucleotide sequence, which directly specifies the amino acid sequence of
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its protein product. The boundaries of the coding sequence are generally determined by an
open reading frame, which usually begins with the ATG start codon or alternative start codons
such as GTG and TTG and ends with a stop codon such as TAA, TAG and TGA. The coding
sequence may be a DNA, cDNA, synthetic, or recombinant nucleotide sequence.

[0073] As used herein, a "variant" or "variants" may refer to either polypeptides or nucleic acids.
The term "variant” may be used interchangeably with the term "mutant". Variants include
insertions, substitutions, transversions, truncations, deletions and/or inversions at one or more
locations in the amino acid or nucleotide sequence.

[0074] As used herein, "expression" includes any step involved in the production of a
polypeptide of interest (POI) including, but not limited to, transcription, post-transcriptional
modification, translation, post-translational modification and secretion.

[0075] As used herein, an "expression vector" and "expression construct" are used
interchangeably and refer to a linear or circular DNA molecule that comprises a polynucleotide
encoding a polypeptide of interest, and is operably linked to additional nucleotides that provide
for its expression.

[0076] In the present context, "one of the major constituents” means a constituent having a dry
matter which constitutes more than 20%, preferably more than 30% or more than 40% of the
total dry matter of the dairy product, whereas "the major constituent” means a constituent
having a dry matter which constitutes more than 50%, preferably more than 60% or more than
70% of the total dry matter of the dairy product.

[0077] As used herein, the term "host cell" refers to a cell or cell line into which a recombinant
expression vector for production of a polypeptide may be introduced for expression of the
polypeptide. For example, in certain embodiments, a host cell of the disclosure comprises an
expression construct encoding a B-galactosidase and/or lactase enzyme of the disclosure. Host
cells include progeny of a single host cell, and the progeny may not necessarily be completely
identical (in morphology or in total genomic DNA complement) to the original parent cell due to
natural, accidental, or deliberate mutation. A host cell includes cells transfected or transformed
in vivo with an expression vector.

[0078] As used herein, the terms a "modified host cell", an "altered host cell" and a "genetically
modified host cell" are used interchangeably and refer to recombinant host cells that comprise
at least a modification which deletes disrupts or down-regulates a gene encoding a p-
nitrobenzylesterase polypeptide comprising at least 60% sequence identity to the p-
nitrobenzylesterase polypeptide of SEQ ID NO: 2. For example, a "genetically modified" host cell
of the instant disclosure may be further defined as a "genetically modified (host) cell" which is
derived from a parental host cell, wherein the modified (daughter) cell comprises at least a
modification which deletes, disrupts or down-regulates a gene encoding a p-nitrobenzylesterase
polypeptide comprising at least 60% sequence identity to the p-nitrobenzylesterase polypeptide
of SEQ ID NO: 2.
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[0079] As defined herein, an "unmodified cell', an "unaltered cell", an "unmodified host cell",
and an "unaltered host cell" are used interchangeably and refer to "unmodified" (parental) host
cells that do not comprise a modification which deletes, disrupts or down-regulates a gene
encoding a p-nitrobenzylesterase polypeptide comprising at least 60% sequence identity to the
p-nitrobenzylesterase polypeptide of SEQ ID NO: 2. In certain embodiments, the "unmodified"
(parental) host cell may be referred to as a "control cell”, particularly when being compared with,
or relative to, a "modified" (daughter) host cell of the disclosure.

[0080] As used herein, when the expression and/or production of a POI in an "unmodified"
(parental) cell (i.e., a control cell) is being compared to the expression and/or production of the
same POI in a "modified" (daughter) cell, it will be understood that the "modified" and
"unmodified" cells are grown/cultured/fermented under essentially the same conditions (e.g., the
same conditions such as media, temperature, pH and the like).

[0081] As used herein, the terms "modification” and "genetic modification" are used
interchangeably and include: (a) the introduction, substitution, or removal of one or more
nucleotides in a gene (or an ORF thereof), or the introduction, substitution, or removal of one or
more nucleotides in a regulatory/control element required for the transcription or translation of
the gene or ORF thereof, (b) a gene disruption, (c) a gene conversion, (d) a gene deletion, (e)
the down-regulation of a gene, (f) specific mutagenesis and/or (g) random mutagenesis of any
one or more the genes disclosed herein.

[0082] As used herein, "disruption of a gene"”, "gene disruption”, "inactivation of a gene" and
"gene inactivation" are used interchangeably and refer broadly to any genetic modification that
substantially prevents a host cell from producing a functional gene product (e.g., a protein).
Exemplary methods of gene disruptions include complete or partial deletion of any portion of a
gene, including a polypeptide-coding sequence, a promoter, an enhancer, or another regulatory
element, or mutagenesis of the same, where mutagenesis encompasses substitutions,
insertions, deletions, inversions, and any combinations and variations thereof which
disrupt/inactivate the target gene(s) and substantially reduce or prevent the production of the
functional gene product (i.e., a protein).

[0083] As used herein, the terms "down-regulation” of gene expression include any method that
results in lower (down-regulated) expression of a gene. For example, the down-regulation of a
gene can be achieved by RNA-induced gene silencing, genetic modifications of control elements
such as the promoter, ribosomal binding site (RBS)/Shine-Dalgarno sequences, untranslated
regions (UTRs), codon changes, and the like. Thus, in certain embodiments, a Bacillus (host)
cell of the disclosure comprising a gene encoding an unwanted para-nitrobenzylesterase (p-
NBE) activity is genetically modified to down-regulate the expression of the p-NBE gene.

[0084] The term "recombinant" when used in reference to a cell, nucleic acid, protein or vector,
indicates that the cell, nucleic acid, protein or vector, has been modified by the introduction of a
heterologous nucleic acid or protein or the alteration of a native nucleic acid or protein, or that
the cell is derived from a cell so modified. Thus, for example, recombinant cells express genes
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that are not found within the native (non-recombinant) form of the cell or express native genes
that are otherwise abnormally expressed, under expressed or not expressed at all.

[0085] The term "culturing" refers to growing a population of microbial cells under suitable
conditions for growth, in a liquid or solid culture medium.

[0086] The term "culture medium" refers to the medium used in this process.

[0087] The term "introduced" in the context of inserting a nucleic acid sequence into a cell
includes "transfection", "transformation”, or "transduction"”, and refers to the incorporation of a
nucleic acid sequence into a eukaryotic or prokaryotic cell, wherein the nucleic acid sequence
may be incorporated into the genome of the cell (e.g., chromosome, plasmid, plastid, or
mitochondrial DNA), converted into an autonomous replicon, or transiently expressed.

[0088] As used herein, the terms "transformed" and "stably transformed" refer to a cell that has
an introduced (exogenous) nucleic acid sequence integrated into its genome or as an episomal
plasmid that is maintained through multiple generations.

[0089] Accordingly, the term "gene", refers to a polynucleotide that codes for a particular
sequence of amino acids, which comprise all, or part of a protein coding sequence, and may
include regulatory (non-transcribed) DNA sequences, such as promoter sequences, which
determine for example the conditions under which the gene is expressed. The transcribed
region of the gene may include untranslated regions (UTRS), including introns, 5'-untranslated
regions (UTRs), and 3'-UTRs, as well as the coding sequence.

[0090] As used herein, the term "coding sequence” refers to a nucleotide sequence, which
directly specifies the amino acid sequence of its (encoded) protein product. The boundaries of
the coding sequence are generally determined by an open reading frame (hereinafter, "ORF"),
which usually begins with an ATG start codon. The coding sequence typically includes DNA,
cDNA, and recombinant nucleotide sequences.

[0091] As defined herein, the term "open reading frame" (hereinafter, "ORF") means a nucleic
acid or nucleic acid sequence (whether naturally occurring, non-naturally occurring, or synthetic)
comprising an uninterrupted reading frame consisting of (i) an initiation codon, (i) a series of
two (2) or more codons representing amino acids, and (iii) a termination codon, the ORF being
read (or translated) in the 5' to 3' direction.

[0092] As used herein, a "targeting vector" is a vector that includes polynucleotide sequences
that are homologous to a region in the chromosome of a host cell into which the targeting vector
is transformed and that can drive homologous recombination at that region. For example,
targeting vectors find use in introducing mutations into the chromosome of a host cell through
homologous recombination. In some embodiments, the targeting vector comprises other non-
homologous sequences, e.g., added to the ends (i.e., stuffer sequences or flanking sequences).
The ends can be closed such that the targeting vector forms a closed circle, such as, for
example, insertion into a vector. Selection and/or construction of appropriate vectors is well
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within the knowledge of those having skill in the art.

[0093] As used herein, "homologous genes" refers to a pair of genes from different, but usually
related species, which correspond to each other and which are identical or very similar to each
other. The term encompasses genes that are separated by speciation (i.e., the development of
new species) (e.g., orthologous genes), as well as genes that have been separated by genetic
duplication (e.g., paralogous genes).

[0094] As used herein, "orthologue" and "orthologous genes" refer to genes in different species
that have evolved from a common ancestral gene (i.e., a homologous gene) by speciation.
Typically, orthologs retain the same function during the course of evolution. Identification of
orthologs finds use in the reliable prediction of gene function in newly sequenced genomes.

[0095] As used herein, "paralog” and "paralogous genes" refer to genes that are related by
duplication within a genome. While orthologs retain the same function through the course of
evolution, paralogs evolve new functions, even though some functions are often related to the
original one. Examples of paralogous genes include, but are not limited to genes encoding
trypsin, chymotrypsin, elastase, and thrombin, which are all serine proteinases and occur
together within the same species.

[0096] As used herein, "homology" refers to sequence similarity or identity, with identity being
preferred. This homology is determined using standard techniques known in the art (See e.g.,
Smith and Waterman, 1981; Needleman and Wunsch, 1970; Pearson and Lipman, 1988;
programs such as GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software
Package (Genetics Computer Group, Madison, WI) and Devereux ef. al., 1984).

[0097] As used herein, an "analogous sequence” is one wherein the function of the gene (e.g.,
a para-nitrobenzylesterase) is essentially the same as the para-nitrobenzylesterase gene
derived from a Bacillus cell of the disclosure. Additionally, analogous genes include at least 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% sequence identity with the
para-nitrobenzylesterase sequence of SEQ ID NO: 1. Analogous sequences are determined by
known methods of sequence alignment. A commonly used alignment method is BLAST,
although there are other methods that also find use in aligning sequences.

[0098] As used herein, the term "hybridization" refers to the process by which a strand of
nucleic acid joins with a complementary strand through base pairing, as known in the art. A
nucleic acid sequence is considered to be "selectively hybridizable" to a reference nucleic acid
sequence if the two sequences specifically hybridize to one another under moderate to high
stringency hybridization and wash conditions. Hybridization conditions are based on the melting
temperature (T, of the nucleic acid binding complex or probe. For example, "maximum

stringency" typically occurs at about T, '5°C (5°below the T, of the probe); "high stringency" at
about 5-10°C below the T.,; "intermediate stringency” at about 10-20°C below the T, of the
probe; and "low stringency" at about 20-25°C below the T,. Functionally, maximum stringency
conditions may be used to identify sequences having strict identity or near-strict identity with the
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hybridization probe; while an intermediate or low stringency hybridization can be used to identify
or detect polynucleotide sequence homologs. Moderate and high stringency hybridization
conditions are well known in the art. An example of high stringency conditions includes
hybridization at about 42°C in 50% formamide, 5X SSC, 5X Denhardt's solution, 0.5% SDS and
100 pg/ml denatured carrier DNA, followed by washing two times in 2X SSC and 0.5% SDS at
room temperature (RT) and two additional times in 0. 1X SSC and 0.5% SDS at 42°C. An
example of moderate stringent conditions including overnight incubation at 37°C in a solution
comprising 20% formamide, 5 x SSC (150mM NacCl, 15 mM trisodium citrate), 50 mM sodium
phosphate (pH 7.6), 5 x Denhardt's solution, 10% dextran sulfate and 20 mg/ml denaturated
sheared salmon sperm DNA, followed by washing the filters in 1x SSC at about 37-50°C. Those
of skill in the art know how to adjust the temperature, ionic strength, etc. as necessary to
accommodate factors such as probe length and the like.

[0099] As used herein, a "flanking sequence" refers to any sequence that is either upstream or
downstream of the sequence being discussed (e.g., for genes A-B-C, gene B is flanked by the A
and C gene sequences). In certain embodiments, the incoming sequence is flanked by a
homology box on each side. In another embodiment, the incoming sequence and the homology
boxes comprise a unit that is flanked by stuffer sequence on each side. In some embodiments,
a flanking sequence is present on only a single side (either 3' or 5", but in preferred
embodiments, it is on each side of the sequence being flanked. The sequence of each
homology box is homologous to a sequence in the Bacillus chromosome. These sequences
direct where in the Bacillus chromosome the new construct gets integrated and what part of the
Bacillus chromosome will be replaced by the incoming sequence. In other embodiments, the 5'
and 3' ends of a selective marker are flanked by a polynucleotide sequence comprising a
section of the inactivating chromosomal segment. In some embodiments, a flanking sequence is
present on only a single side (either 3' or 5", while in other embodiments, it is present on each
side of the sequence being flanked.

[0100] As used herein, the term "stuffer sequence" refers to any extra DNA that flanks
homology boxes (typically vector sequences). However, the term encompasses any non-
homologous DNA sequence. Not to be limited by any theory, a stuffer sequence provides a non-
critical target for a cell to initiate DNA uptake.

[0101] As used herein, the terms "plasmid", "vector" and "cassette" refer to extrachromosomal
elements, often carrying genes which are typically not part of the central metabolism of the cell,
and usually in the form of circular double-stranded DNA molecules. Such elements may be
autonomously replicating sequences, genome integrating sequences, phage or nucleotide
sequences, linear or circular, of a single-stranded or double-stranded DNA or RNA, derived
from any source, in which a number of nucleotide sequences have been joined or recombined
into a unique construction which is capable of introducing a promoter fragment and DNA
sequence for a selected gene product along with appropriate 3' untranslated sequence into a
cell.

[0102] As used herein, the terms "selectable marker" and "selective marker" refer to a nucleic
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acid (e.g., a gene) capable of expression in host cell which allows for ease of selection of those
hosts containing the vector. Examples of such selectable markers include, but are not limited to,
antimicrobials. Thus, the term "selectable marker" refers to genes that provide an indication that
a host cell has taken up an incoming DNA of interest or some other reaction has occurred.
Typically, selectable markers are genes that confer antimicrobial resistance or a metabolic
advantage on the host cell to allow cells containing the exogenous DNA to be distinguished from
cells that have not received any exogenous sequence during the transformation.

[0103] As used herein, the term "selectable marker-encoding nucleotide sequence” refers to a
nucleotide sequence which is capable of expression in the host cells and where expression of
the selectable marker confers to cells containing the expressed gene the ability to grow in the
presence of a corresponding selective agent or lack of an essential nutrient.

[0104] As used herein, "the genus Bacillus” includes all species within the genus "Bacillus™ as
known to those of skill in the art, including but not limited to B. subtilis, B. licheniformis, B. lentus,
B. brevis, B. stearothermophilus, B. alkalophilus, B. amyloliquefaciens, B. clausii, B. halodurans,
B. megaterium, B. coagulans, B. circulans, B. lautus, and B. thuringiensis. It is recognized that
the genus Bacillus continues to undergo taxonomical reorganization. Thus, it is intended that the
genus include species that have been reclassified, including but not limited to such organisms
as B. stearothermophilus, which is now named "Geobacillus stearothermophilus”,

[0105] The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant techniques), microbiology,
cell biology, and biochemistry, which are within the skill of the art. Such techniques are explained
fully in the literature, for example, Molecular Cloning: A Laboratory Manual, second edition
(Sambrook et al., 1989); Oligonucleotide Synthesis (M. J. Gait, ed., 1984); Current Protocols in
Molecular Biology (Ausubel et al., eds., 1994); PGR: The Polymerase Chain Reaction (Mullis et
al., eds., 1994); and Gene Transfer and Expression: A Laboratory Manual (Kriegler, 1990).

Il. B-GALACTOSIDASE/LACTASE POLYPEPTIDES

[0106] In enzyme products (e.g., a p-galactosidase product), small amounts of unwanted
enzyme activity mainly originate from the production host cell and are referred to as enzyme
side activity. As described herein, the present disclosure is directed to reducing unwanted
enzyme side activities in host cells used for the production of p-galactosidase and/or lactase
enzymes for use in dairy products formulations/applications. Thus, the enzyme activity in dairy
applications should preferably be measured at the appropriate pH and temperature for the
particular application. For example, in milk, the pH varies from 6.4 to 6.8, yoghurt pH is
approximately 4, infant formula pH ranges from 5.9 -7.3, mozzarella has a pH 5.2-5.5 and
mayonnaise pH 4. Optimally, the level of undesirable activity can be determined by application
tests in each intended application.

[0107] Described are genetically modified Bacillus host cells expressing/producing B-
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galactosidase and/or lactase enzymes, and the use of such enzymes for the production of
galactooligosaccharide (GOS) compositions in one or more dairy related end products. More
specifically, certain embodiments are directed to expressing/producing such p-galactosidase
and/or lactase enzymes in modified Bacillus host cells, wherein such enzymes produced and
purified from the modified Bacillus host cells are free of unwanted/undesirable enzymatic side
activities including, but not limited to, unwanted/undesirable lipase side activities, phospholipase
side activities, cellulase side activities, pectinase side activities, amylase side activities, protease
side activities, mannanase side activities and the like.

[0108] In certain embodiments, such B-galactosidase and/or lactase enzymes are produced in
genetically modified Bacillus host cells and purified therefrom, wherein such purified enzymes
are free of unwanted/undesirable p-nitrobenzylesterase activity. Thus, in particular
embodiments, a substantially pure p-galactosidase polypeptide composition and/or a
substantially pure lactase polypeptide composition, which are completely free of detectable "p-
nitrobenzylesterase activity", are obtained by expressing/producing such p-galactosidase
polypeptides and/or lactase polypeptides in a genetically modified Bacillus host cell of the
disclosure, wherein the modified Bacillus host cells comprises a deletion, disruption or down-
regulation of a gene (e.g., SEQ ID NO: 1) encoding a p-nitrobenzylesterase of SEQ ID NO: 2.
For example, as presented in the Examples section below, a modified Bacillus (daughter) cell of
the disclosure (i.e., comprising a deleted, disrupted or down-regulated gene (e.g., SEQ ID NO:
1) encoding a p-nitrobenzylesterase (e.g., SEQ ID NO: 2) completely eliminated the
unwanted/undesirable p-nitrobenzylesterase side activity from the p-galactosidase and/or
lactase products produced therefrom.

[0109] Furthermore, as described in the Examples section below, the elimination (e.g., deletion)
of the gene encoding the unwanted/undesirable p-nitrobenzylesterase side activity (i.e., in the
modified Bacillus host cells of the disclosure) completely eliminated the foul off flavor detected in
dairy products comprising/formulated with such the p-galactosidase and/or lactase enzymes.

[0110] Thus, certain embodiments of the disclosure are directed to the expression/production of
B-galactosidases and/or lactases in modified Bacillus host cells comprising a deleted, disrupted
or down-regulated gene encoding a p-nitrobenzylesterase comprising 60% sequence identity to
the p-nitrobenzylesterase of SEQ ID NO: 2. For example, in certain embodiments a modified
Bacillus host cell of the disclosure (i.e., comprising a deleted, disrupted or down-regulated gene
encoding a p-nitrobenzylesterase comprising 60% sequence identity to the p-
nitrobenzylesterase of SEQ ID NO: 2) is transformed with a polynucleotide encoding a B-
galactosidase enzyme or lactase enzyme, and the host cells grown/cultured under conditions
such that the host cell expresses/produces the encoded B-galactosidase or lactase. Thus, the
modified Bacillus host cells described herein are suitable for the expression/production of any B-
galactosidase or lactase enzyme, wherein the purified B-galactosidase or lactase enzyme
compositions and products thereof are free of detectable p-nitrobenzylesterase side activity.

[0111] For example, PCT International Publication Nos. WO02016/071504, WO2016/071500,
WO02015/086746 and WO2011/120993, disclose various B-galactosidase or lactase enzymes
having transgalactosylating activity (and variants thereof having transgalactosylating activity).
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Thus, as described herein, the enzymes disclosed in PCT International Publication Nos.
WO02016/071504, WO2016/071500, WO2015/086746 and WO2011/120993 (i.e., having
transgalactosylating activity) are particularly suitable for expression/production in the modified
Bacillus host cells of the present disclosure. Stated another way, the expression/production of a
p-galactosidase or lactase enzyme (having transgalactosylating activity) in a modified Bacillus
host cell of the disclosure is not intended to be limited to a particular p-galactosidase or lactase
amino acid sequence (or a particular gene/polynucleotide sequence encoding the same), so
long as the B-galactosidase or lactase enzyme (having transgalactosylating activity) can be
expressed/produced in the modified Bacillus host cell and is free of detectable p-
nitrobenzylesterase activity.

[0112] In certain embodiments, a p-galactosidase or lactase polypeptide to be expressed in a
modified Bacillus host cell of the disclosure comprises an amino acid sequence selected from
SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14,
SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18 and SEQ ID NO: 26. In other embodiments, a
B-galactosidase or lactase polypeptide to be expressed in a modified Bacillus host cell of the
disclosure comprises an amino acid sequence comprising about 80% sequence identity to any
one of SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID
NO: 14, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18 and SEQ ID NO: 2. In certain other
embodiments, a B-galactosidase or lactase polypeptide to be expressed in a modified Bacillus
host cell of the disclosure comprises a partial or truncated amino acid sequence of SEQ ID NO:
4.

[0113] Thus, in certain embodiments, the disclosure is directed to polypeptides having a ratio of
transgalactosylating activity/B-galactosidase activity of at least 0.5, at least 1, at least 2, at least
2.5, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at
least 11, or at least 12 at or above a concentration of 3% w/w initial lactose concentration.

[0114] In certain other embodiments, a polypeptide having transgalactosylating activity is
selected from the group consisting of (a) a polypeptide comprising an amino acid sequence
having at least 90% sequence identity with SEQ ID NO: 6, wherein the polypeptide consists of at
most 980 amino acid residues, (b) a polypeptide comprising an amino acid sequence having at
least 97% sequence identity with SEQ ID NO: 8, wherein the polypeptide consists of at most 975
amino acid residues, (c) a polypeptide comprising an amino acid sequence having at least
96.5% sequence identity with SEQ ID NO: 10, wherein the polypeptide consists of at most 1,300
amino acid residues, (d) a polypeptide encoded by a polynucleotide that hybridizes under at
least low stringency conditions with a nucleic acid sequence comprised in SEQ ID NO: 3, 5,7, 9
, 11, 13, 15 or 25 encoding the polypeptide of SEQ ID NO: 4, 6, 8, 10, 12, 14, 16 or 26; or the
complementary strand thereof, (e) a polypeptide encoded by a polynucleotide comprising a
nucleotide sequence having at least 70% identity to the nucleotide sequence encoding for the
polypeptide of SEQ ID NO: 4, 6, 8, 10, 12, 14, 16 or 26 the nucleotide sequence comprised in
SEQ ID NO: 3, 5,7, 9, 11, 13, 15 or 25 encoding a mature polypeptide, and (f) a polypeptide
comprising a deletion, insertion and/or conservative substitution of one or more amino acid
residues of SEQ ID NO: 4, 6, 8, 10, 12, 14, 16 or 26.
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[0115] In certain embodiments, a polypeptide of the disclosure comprises an amino acid
sequence having at least 68%, 70%, 72%, 74%, 76%, 78%, 80%%, 85%, 90%, 91 %, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99%, sequence identity to the mature amino acid sequence of
SEQ ID NO: 4, 6, 8, 10, 12, 14, 16, 17, 18 or 26.

[0116] In another embodiment, the disclosure is directed to a polypeptide having 90% sequence
identity to the mature amino acid sequence of SEQ ID NO: 6.

[0117] In another embodiment, the disclosure is directed to a polypeptide having 90% sequence
identity to the mature amino acid sequence of SEQ ID NO: 8.

[0118] In another embodiment, the disclosure is directed to a polypeptide having 96.5%
sequence identity to the mature amino acid sequence of SEQ ID NO: 10.

[0119] In another embodiment, the disclosure is directed to a polypeptide having 96.5%
sequence identity to the mature amino acid sequence of SEQ ID NO: 12.

[0120] In another embodiment, the disclosure is directed to a polypeptide having 96.5%
sequence identity to the mature amino acid sequence of SEQ ID NO: 14,

[0121] In another embodiment, the disclosure is directed to a polypeptide having 90% sequence
identity to the amino acid sequence of SEQ ID NO: 16.

[0122] In another embodiment, the disclosure is directed to a polypeptide having 90% sequence
identity to the amino acid sequence of SEQ ID NO: 17.

[0123] In another embodiment, the disclosure is directed to a polypeptide having 90% sequence
identity to the amino acid sequence of SEQ ID NO: 18.

[0124] In another embodiment, the disclosure is directed to a polypeptide having 90% sequence
identity to the amino acid sequence of SEQ ID NO: 26.

[0125] In another embodiment, the disclosure is directed to a transgalactosylating polypeptide
derived from Bifidobacterium bifidum. In another embodiment, the disclosure is directed to a
transgalactosylating polypeptide derived from Lactobacillus delbrueckii.

[0126] Thus, the polypeptides disclosed herein have activity on carbohydrate bonds which have
the B (1->4) conformation. This effectively put the enzymes into the IUBMB EC 3.2.1.23 class of
B-galactosidases. This activity may be determined, for example, by utilizing synthetic substrates
such as p-nitrophenol-B-D-galactopyranoside (PNPG), ortho-nitrophenol-p-D-galactopyranoside
(ONPG) or B-D-galactopyranoside with chromogenic aglycons (XGal).

[0127] As an alternative way of determining whether a particular enzyme belongs to the EC
3.2.1.23 class of B-galactosidases is to incubate the enzyme with a substrate such as lactose,
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and measure the release of glucose by a method such as enzymatic determination, HPLC, TLC
or other methods known to persons skilled in the art.

[0128] Thus, in certain embodiments, a polypeptide disclosed herein has a ratio of
transgalactosylating activity/galactosidase activity of at least 1, at least 2.5, at least 3, at least 4,
at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, or at least 12, as
measured at a concentration of 100 ppm in a milk-based assay at 37°C and 5% (w/w) lactose,
after 15, 30 or 180 minutes of reaction.

[0129] In other embodiments, polypeptide(s) of the disclosure have a transgalactosylating
activity such that more than 20%, more than 30%, more than 40%, up to 50% of the initial
lactose is transgalactosylated as measured at a concentration of 100 ppm in a milk-based assay
at 37°C and 5% (w/w) lactose after 15, 30 or 180 such as 180 minutes of reaction.

[0130] In a further embodiment, the polypeptide(s) have a B-galactosidase activity such that
less than 80%, less than 70%, less than 60%, less than 50%, less than 40%, less than 30%, less
than 20% of the lactose has been hydrolyzed as measured at a concentration of 100 ppm in a
milk-based assay at 37°C and 5% (w/w) lactose after 15, 30 or 180 such as 180 minutes of
reaction. In another embodiment, the B-galactosidase activity and/or the transgalactosylating
activity are measured at a concentration of 100 ppm corresponding to 2.13 LAU, as specified in
Method 4 of PCT International Publication No. WO2003/186286.

[0131] In certain embodiments, the polypeptides used herein have useful transgalactosylating
activity over a range of pH of 4-9, such as 5-8, such as 5.5-7.5, such as 6.5-7.5.

[0132] In other embodiments, a homologous sequence includes an amino acid sequence which
may be at least 66%, 70%, 75%, 78%, at least 80%, at least 85%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98% or at least 99%, identical to the subject sequence.
Typically, the homologues will comprise the same active sites, efc. as the subject amino acid
sequence. Although homology can also be considered in terms of similarity (i.e., amino acid
residues having similar chemical properties/functions), in the context of the present disclosure it
is preferred to express homology in terms of sequence identity.

[0133] Thus, the present disclosure also encompasses the use of variants, homologues and
derivatives of any amino acid sequence of a polypeptide as defined herein, particularly those of
SEQ IDNO: 4,6, 8,10, 12, 14,16, 17, 18 or 26.

[0134] In preferred embodiments, the transgalactosylating polypeptides of the disclosure are
expressed/produced in the modified host cells of the disclosure and are substantially isolated
and purified therefrom. In another preferred embodiment, such transgalactosylating
polypeptides expressed/produced in the modified host cells of the disclosure and purified
therefrom comprise no detectable p-nitrobenzylesterase side activity (i.e., the purified/isolated
transgalactosylating polypeptides are free of unwanted/undesirable p-nitrobenzylesterase
activity).
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[0135] To evaluate the expression of a particular wild-type or variant transgalactosylating
polypeptide (e.g., p-galactosidase) in a modified host cell of the disclosure, assays measuring
the expressed protein, the corresponding mRNA, or pB-galactosidase activity are readily
implemented. For example, suitable assays include Northern and Southern blotting, RT-PCR
(reverse transcriptase polymerase chain reaction), and in situ hybridization, using an
appropriately labeled hybridizing probe. Suitable assays also include measuring activity in a
sample. Suitable assays of the activity of the polypeptide, include, but are not limited to, ONPG
based assays or determining glucose concentration in reaction mixtures.

[0136] Thus, the polypeptides described herein for the expression/production in the modified
host cells of the disclosure comprise transgalactosylation activity. In certain embodiments, the
ratio of transgalactosylating activity/p-galactosidase activity is at least 0.5, such as at least 1, at
least 1.5, or at least 2, after 30 minutes of reaction, such as above a concentration of 3% (w/w)
initial lactose concentration.

[0137] Thus, the B-galactosidase and/or lactase polypeptides of the disclosure (i.e., comprising
transgalactosylating activity) and variants thereof are derivable from microbial sources, in
particular from a filamentous fungus, yeast, or bacteria. Thus, the B-galactosidase and/or
lactase polypeptides (comprising transgalactosylating activity) may be derived from a strain of
Agaricus, (e.g., A. bisporus), Ascovaginospora, Aspergillus (e.g., A. niger, A. awamon, A.
foetidus, A. japonicus, A. oryzae), Candida, Chaetomium, Chaetofomastia, Dictyostelium (e.qg.,
D. discoideum), Kluveromyces (e.g., K. fragilis. K. lactis) Mucor (e.g., M. javanicus, M. mucedo,
M. subtilissimus) Neurospora (e.g., N. crassa), Rhizomucor, Rhizopus (e.g., R. arrhizus, R.
japonicus, R. stolonifera), Sclerotini (e.g., S. libertiana), Torula, Torulopsis, Trichophyton (e.g., T.
rubrum) Whetzelinia (e.q., W. sclerotiorum), Bacillus (e.qg., B. coagulans, B. circulans, B.
megaterium, B. novalis, B. subltilis, B. pumilus, B. stearothermophilus, B. thuringiensis)
Bifidobacterium (e.qg., B. longum, B. bifidum, B. animalis), Chryseobactenum, Citrobacter (e.g.,
C. freundii) Clostridium (e.q., C. perfringens) Diplodia (e.g., D. gossypina), Enterobacter (e.g., E.
aerogenes, E. cloacae), Edwardsiella (e.g., E. tarda), Erwinia (e.g., E. herbicola), Escherichia
(e.g., E. coli), Klebsiella (e.q., K. pneumoniae) Minococcum, Myrothesium, Proteus (e.g., P
vulgaris), Providencia (e.g., P stuarti) Pycnoporus (e.g., P cinnabannus, P sanguineus)
Ruminococcus (e.g., R. forques), Salmonella (e.g., S. typhimurium) Serratia (e.g., S
liquefasciens, S. marcescens) Shigella (e.g., S. flexneri), Streptomyces (e.qg., S. antibioticus, S.
castaneoglobisporus, S. violeceoruber) Trametes, Trichoderma (e.q., T. reesei. T. viride),
Yersinia (e.g., Y. enterocolitica) and the like.

[0138] B-galactosidase and/or lactase polypeptides and variants thereof can be characterized
by their nucleic acid sequence and/or primary amino acid sequence, by three dimensional
structural modeling, and/or by specific activity. Additional characteristics of the polypeptide or
polypeptide variants as defined herein include stability, pH range, oxidation stability and
thermostability. Levels of expression and enzyme activity can be assessed using standard
assays known to the artisan skilled in this field.

[0139] Thus, in certain embodiments, the introduction of a DNA construct or vector into a host
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cell includes techniques such as transformation, electroporation, nuclear microinjection,
transduction, transfection (e.g., lipofection mediated and DEAE-Dextrin mediated transfection),
incubation with calcium phosphate DNA precipitate, high velocity bombardment with DNA-
coated micro-projectiles and protoplast fusion. General transformation techniques are well
known in the art (see, e.g., Ausubel ef al., 1987, Sambrook et al., 2001 and Campbell ef al,
1989). Likewise, methods known in the art may be used to select transformants.

[0140] In certain other embodiments, a transgalactosylating polypeptide composition may be
prepared in accordance with methods known in the art, and may be in the form of a liquid or a
dry composition. For instance, the polypeptide composition may be in the form of a granulate, or
a microgranulate, wherein the polypeptide in the composition may be stabilized in accordance
with methods well known in the art.

lll. GENETICALLY MODIFIED BACILLUS CELLS DEFICIENT IN P-NITROBENZYLESTERASE
ACTIVITY

[0141] As set forth above, the disclosure is directed to genetically modified host cells
expressing/producing p-galactosidase and/or lactase enzymes, and the use of such enzymes or
cells thereof for the production of galactooligosaccharide (GOS) compositions in one or more
dairy related end products. More specifically, certain embodiments are directed to
expressing/producing such B-galactosidase and/or lactase enzymes in modified Bacillus spp.
host cells, wherein such enzymes produced and/or purified from the modified Bacillus host cells
are free of unwanted/undesirable p-nitrobenzylesterase activity. For example, as presented in
the Example section below, Applicants of the instant disclosure have experimentally verified that
a foul off-flavor smell and taste in dairy products formulated with B-galactosidase and/or lactase
enzymes were caused by the unwanted/undesirable enzymatic side activity of a p-
nitrobenzylesterase enzyme.

[0142] More particularly, the nucleic acid sequence presented in SEQ ID NO: 1 encodes a p-
nitrobenzylesterase enzyme presented in SEQ ID NO: 2, which encoded p-nitrobenzylesterase
enzyme was originally identified in B. subtilis as an enzyme capable of hydrolyzing poly(ethylene
terephthalate; PET), which may have specific utility in breaking down/hydrolyzing PET polymers
in recycled materials (e.g., see, Ribitsch et al.,, 2011). Furthermore, as presented in Example 2,
deletion of the gene encoding the p-nitrobenzylesterase (SEQ ID NO: 2) in a (modified) Bacillus
subtilis (daughter) host cell expressing/producing a p-galactosidase of the disclosure,
completely eliminated the detectable p-nitrobenzylesterase side activity identified in B-
galactosidase compositions produced by the un-modified (parental) Bacillus cells.

[0143] Thus, in certain embodiments, a Bacillus spp. host cell of the disclosure is genetically
modified to delete, disrupt or down-regulate an endogenous gene encoding a p-
nitrobenzylesterase. In certain embodiments, a Bacillus spp. gene encoding a p-
nitrobenzylesterase encodes a p-nitrobenzylesterase comprising at least about 60% to 100%
amino acid sequence identity to the p-nitrobenzylesterase of SEQ ID NO: 2. In other
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embodiments, a Bacillus spp. gene encoding a p-nitrobenzylesterase encodes a p-
nitrobenzylesterase comprising at least about 70% amino acid sequence identity to the p-
nitrobenzylesterase of SEQ ID NO: 2. In another embodiment, a Bacillus spp. gene encoding a
p-nitrobenzylesterase encodes a p-nitrobenzylesterase comprising at least about 80% amino
acid sequence identity to the p-nitrobenzylesterase of SEQ ID NO: 2. In certain other
embodiments, a Bacillus spp. gene encoding a p-nitrobenzylesterase encodes a p-
nitrobenzylesterase comprising at least about 90% amino acid sequence identity to the p-
nitrobenzylesterase of SEQ ID NO: 2. In yet other embodiments, a Bacillus spp. gene encoding
a p-nitrobenzylesterase encodes a p-nitrobenzylesterase comprising about 100% amino acid
sequence identity to the p-nitrobenzylesterase of SEQ ID NO: 2.

[0144] For example, the Bacillus subfilis pnbA gene (SEQ ID NO: 1) encodes a 489 amino acid
p-nitrobenzylesterase (SEQ ID NO: 2, FIG. 13; Enzyme Commission No. 3.1.1.3) comprising a
pl of about 4.8 and a molecular weight of about 53 kDa. More particularly, primary (1°) amino
acid sequence analysis of the p-nitrobenzylesterase of SEQ ID NO: 2 (e.g., see, FIG. 13)
identifies this enzyme as a member of the a/p hydrolase superfamily, wherein the catalytic
apparatus involves a three residue catalytic triad comprising: serine (Ser), glutamate (Glu) or
aspartate (Asp) and histidine (His), and comprises an acetyl esterase (AES) domain therein
from about amino acid residue position 85 to 211 of SEQ ID NO: 2.

[0145] Thus, in certain embodiments, a genetically modified Bacillus subfilis host cell comprises
modified endogenous gene encoding a p-nitrobenzylesterase comprising at least 60%
sequence identity to the p-nitrobenzylesterase of SEQ ID NO: 2, wherein the gene encoding the
p-nitrobenzylesterase comprises a genetic modification which deletes, disrupts or down-
regulates at least the acetyl esterase domain of the encoded p-nitrobenzylesterase. In certain
other embodiments, a genetically modified Bacillus subfilis host cell comprises a modified
endogenous gene encoding a p-nitrobenzylesterase comprising at least 60% sequence identity
to the p-nitrobenzylesterase of SEQ ID NO: 2, wherein the gene encoding the p-
nitrobenzylesterase comprises a genetic modification which deletes, disrupts or substitutes at
least one of the catalytic triad amino acids selected from serine (Ser), glutamate (Glu) or
aspartate (Asp) and histidine (His). In other embodiments, the gene encoding the p-
nitrobenzylesterase comprises a genetic modification which deletes, disrupts or substitutes at
least two of the catalytic triad amino acids selected from serine (Ser), glutamate (Glu) or
aspartate (Asp) and histidine (His). In yet other embodiments, the gene encoding the p-
nitrobenzylesterase comprises a genetic modification which deletes, disrupts or substitutes all
three of the catalytic triad amino acids serine (Ser), glutamate (Glu) or aspartate (Asp) and
histidine (His). For example, the B. subtilis p-nitrobenzylesterase of SEQ ID NO: 2 comprises a
catalytic triad comprising Ser-189, Glu-310 and 399-His.

[0146] In other embodiments, a genetically modified Bacillus subtilis host cell comprises a
modified endogenous gene encoding a p-nitrobenzylesterase comprising at least 60%
sequence identity to the p-nitrobenzylesterase of SEQ ID NO: 2, wherein the gene encoding the
p-nitrobenzylesterase comprises a genetic modification which deletes, disrupts or down-
regulates the acetyl esterase domain of the encoded p-nitrobenzylesterase. Thus, in certain
embodiments, a gene encoding a p-nitrobenzylesterase comprising at least 60% sequence
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identity to the p-nitrobenzylesterase of SEQ ID NO: 2 comprises a genetic modification which
deletes, disrupts or down-regulates the acetyl esterase (AE) domain of the encoded p-
nitrobenzylesterase, wherein the AE domain comprises amino acid residue positions 85 to 211
of SEQ ID NO: 2. For example, in certain embodiments, the AE domain of a p-
nitrobenzylesterase is down-regulated by means of anti-sense RNA methodology (e.g., an RNA
molecule complementary to the endogenous gene encoding amino acid residue positions 85-
211 (or a sub-sequence thereof) of p-nitrobenzylesterase), wherein the complementary RNA
molecule down-regulates the expression/production of the p-nitrobenzylesterase in the modified
host cell. In other embodiments, the genetically modified AE domain is deleted or disrupted,
wherein the modified host cell exhibits reduced or eliminated p-nitrobenzylesterase thereof.

[0147] In other embodiments, a genetically modified Bacillus subtilis host cell comprises a
modified endogenous gene encoding a p-nitrobenzylesterase comprising at least 60%
sequence identity to the p-nitrobenzylesterase of SEQ ID NO: 2, wherein the modified gene
encoding the p-nitrobenzylesterase comprises a genetic modification which deletes, disrupts or
down-regulates the p-nitrobenzylesterase substrate binding pocket. For example, the p-
nitrobenzylesterase of SEQ ID NO: 2 comprises a substrate binding pocket comprising thirteen
(13) amino acid residue at positions 105-107, 188-190, 193, 326, 330, 331, 358, 400 and 403.
In certain embodiments, amino acid residues 105-107 of SEQ ID NO: 2 comprise the motif
"GGA" (G1po5:. Gios: A1o7), which forms part of the substrate binding pocket. In other

embodiments, amino acid residues 188-193 of SEQ ID NO: 2 comprise the motif "ESAXXM"
(E1ss, S1s9. A190. X191, X192, Mqg3; wherein X is any amino acid), which forms part of the

substrate binding pocket. In another embodiment, amino acid residue 326 is threonine (T30g),
which forms part of the substrate binding pocket, amino acid residue 330 is alanine (Assg),
which forms part of the substrate binding pocket, amino acid residue 331 is leucine (T331), which
forms part of the substrate binding pocket, amino acid residue 358 is methionine (Mzs5g), which
forms part of the substrate binding pocket, amino acid residue 400 is alanine (A4gg), which
forms part of the substrate binding pocket and amino acid residue 403 is leucine (T4g3), which

forms part of the substrate binding pocket.

[0148] Thus, in certain embodiments, the nucleic acid sequence of SEQ ID NO: 1 (or a
subsequence thereof), which encodes a Bacillus subtilis p-nitrobenzylesterase of SEQ ID NO: 2,
is used to screen other Bacillus spp. host cells (e.g., B. licheniformis, B. amyloliquefaciens, and
the like) for the presence of one or more genes encoding polypeptides comprising p-
nitrobenzylesterase activity. For example, in certain embodiments, the disclosure is directed to
genetically modified Bacillus subtilis host cells comprising a deleted, disrupted or down-
regulated gene encoding a p-nitrobenzylesterase comprising at least 60% sequence identity to
the p-nitrobenzylesterase of SEQ ID NO: 2. In certain other embodiments, the disclosure is
directed to genetically modified Bacillus amyloliquefaciens host cells comprising a deleted,
disrupted or down-regulated gene encoding a p-nitrobenzylesterase comprising about 483 to
484 amino acids and at least 62% sequence identity to the p-nitrobenzylesterase of SEQ ID NO:
2. In other embodiments, the disclosure is directed to genetically modified Bacillus licheniformis
host cells comprising a deleted, disrupted or down-regulated gene encoding a p-
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nitrobenzylesterase comprising about 490 to 492 amino acids and at least 58% sequence
identity to the p-nitrobenzylesterase of SEQ ID NO: 2.

[0149] For example, the B. subtilis p-nitrobenzylesterase of SEQ ID NO: 2 was BLAST-P
searched in the NCBI non-redundant reference sequence database (dafa not shown), wherein
more than twenty-eight (28) homologous B. subfilis p-nitrobenzylesterase proteins were
identified with sequence identities to SEQ ID NO: 2 ranging from 100% to about 80%. Likewise,
more than ten (10) homologous B. amyloliquefaciens p-nitrobenzylesterase proteins were
identified with sequence identities to SEQ ID NO: 2 ranging from 62% to about 65% and wherein
the encoded p-nitrobenzylesterase comprises about 483 to 484 amino acids. Furthermore,
more than eight (8) B. licheniformis p-nitrobenzylesterase proteins were identified with
sequence identities to SEQ ID NO: 2 ranging from 60% to about 65% and wherein the encoded
p-nitrobenzylesterase comprises about 490 to 492 amino acids.

[0150] Thus, certain embodiments of the disclosure are directed to modified Bacillus sp. host
cells comprising a deleted, disrupted or down-regulated p-nitrobenzylesterase protein
comprising at least 60% sequence identity to the p-nitrobenzylesterase amino acid sequence of
SEQ ID NO: 2. Related embodiments are therefore directed to expressing/producing B-
galactosidases and/or lactases in the modified Bacillus host cells of the disclosure, wherein the
p-galactosidases and/or lactases expressed/produced therefrom are free of detectable p-
nitrobenzylesterase activity, thereby eliminating the foul off-flavor smells and tastes observed
with dairy products contaminated with such p-nitrobenzylesterase side activity.

[0151] Thus, certain embodiments of the disclosure are directed to genetically modified Bacillus
host cells capable of expressing/producing one or more B-galactosidases and/or lactases of the
disclosure. For example, International PCT Publication No. WO02016/071504 discloses
recombinant Bacillus subtilis host cells transformed with polynucleotide constructs (e.g.,
expression constructs) encoding various B-galactosidases. Thus, Bacillus host cells are well
known in the art as expression hosts and are particularly suitable host cells for
expressing/producing one or more B-galactosidases and/or lactases of the disclosure.

[0152] In certain embodiments, the disclosure is therefore directed to methods for genetically
modifying Bacillus cells, wherein the modification comprises (a) the introduction, substitution, or
removal of one or more nucleotides in a gene (or an ORF thereof), or the introduction,
substitution, or removal of one or more nucleotides in a regulatory element required for the
transcription or translation of the gene or ORF thereof, (b) a gene disruption, (c) a gene
conversion, (d) a gene deletion, (e) a gene down-regulation, (f) site specific mutagenesis and/or
(g) random mutagenesis.

[0153] Thus, a modified Bacillus cell of the disclosure is constructed by reducing or eliminating
the expression of a p-nitrobenzylesterase gene set forth above, using methods well known in
the art, for example, insertions, disruptions, replacements, deletions, truncations, substitutions,
frame shift mutations and the like. The portion of the p-nitrobenzylesterase gene to be modified
or inactivated may be, for example, the coding region or a regulatory/control element required
for expression of the coding region. An example of such a regulatory or control sequence may
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be a promoter sequence or a functional part thereof, (i.e., a part which is sufficient for affecting
expression of the nucleic acid sequence). Other control sequences for modification include, but
are not limited to, a leader sequence, a pro-peptide sequence, a signal sequence, a
transcription terminator, a transcriptional activator and the like.

[0154] In certain other embodiments a modified Bacillus cell is constructed by gene deletion to
eliminate or reduce the expression of the p-nitrobenzylesterase gene. Gene deletion techniques
enable the partial or complete removal of the gene(s), thereby eliminating their expression, or
expressing a non-functional (or reduced activity) protein product. In such methods, the deletion
of the gene may be accomplished by homologous recombination using a plasmid that has been
constructed to contiguously contain the 5' and 3' regions flanking the gene. The contiguous 5'
and 3' regions may be introduced into a Bacillus cell, for example, on a temperature-sensitive
plasmid, such as pE194, in association with a second selectable marker at a permissive
temperature to allow the plasmid to become established in the cell. The cell is then shifted to a
non-permissive temperature to select for cells that have the plasmid integrated into the
chromosome at one of the homologous flanking regions. Selection for integration of the plasmid
is effected by selection for the second selectable marker. After integration, a recombination
event at the second homologous flanking region is stimulated by shifting the cells to the
permissive temperature for several generations without selection. The cells are plated to obtain
single colonies and the colonies are examined for loss of both selectable markers (see, e.g.,
Perego, 1993). Thus, a person of skill in the art (e.g., by reference to the p-nitrobenzylesterase
gene's (nucleic acid) sequence and the encoded protein sequence thereof), may readily identify
nucleotide regions in the gene's coding sequence and/or the gene's non-coding sequence
suitable for complete or partial deletion.

[0155] In other embodiments, a modified Bacillus cell of the disclosure is constructed by
introducing, substituting, or removing one or more nucleotides in the gene or a regulatory
element required for the p-nitrobenzylesterase transcription or translation thereof. For example,
nucleotides may be inserted or removed so as to result in the introduction of a stop codon, the
removal of the start codon, or a frame-shift of the open reading frame. Such a modification may
be accomplished by site-directed mutagenesis or PCR generated mutagenesis in accordance
with methods known in the art (e.g., see, Botstein and Shortle, 1985; Lo ef al., 1985; Higuchi ef
al., 1988; Shimada, 1996; Ho ef al., 1989; Horton ef al., 1989 and Sarkar and Sommer, 1990).
Thus, in certain embodiments, a p-nitrobenzylesterase gene of the disclosure is inactivated by
complete or partial deletion.

[0156] In another embodiment, a modified Bacillus cell is constructed by the process of gene
conversion (e.g., see lIglesias and Trautner, 1983). For example, in the gene conversion
method, a nucleic acid sequence corresponding to the gene is mutagenized in vitro to produce
a defective nucleic acid sequence, which is then transformed into the parental Bacillus cell to
produce a defective gene. By homologous recombination, the defective nucleic acid sequence
replaces the endogenous gene. It may be desirable that the defective gene or gene fragment
also encodes a marker which may be used for selection of transformants containing the
defective gene. For example, the defective gene may be introduced on a non-replicating or
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temperature-sensitive plasmid in association with a selectable marker. Selection for integration
of the plasmid is effected by selection for the marker under conditions not permitting plasmid
replication. Selection for a second recombination event leading to gene replacement is effected
by examination of colonies for loss of the selectable marker and acquisition of the mutated gene
(Perego, 1993). Alternatively, the defective nucleic acid sequence may contain an insertion,
substitution, or deletion of one or more nucleotides of the gene, as described below.

[0157] In other embodiments, a modified Bacillus cell is constructed by established anti-sense
techniques using a nucleotide sequence complementary to the nucleic acid sequence of the p-
nitrobenzylesterase gene (Parish and Stoker, 1997). More specifically, expression of the p-
nitrobenzylesterase gene by a Bacillus cell may be reduced (down-regulated) or eliminated by
introducing a nucleotide sequence complementary to the nucleic acid sequence of the p-
nitrobenzylesterase gene, which may be transcribed in the cell and is capable of hybridizing to
the p-nitrobenzylesterase  mRNA produced in the cell. Under conditions allowing the
complementary anti-sense nucleotide sequence to hybridize to the mRNA, the amount of p-
nitrobenzylesterase protein translated is thus reduced or eliminated. Such anti-sense methods
include, but are not limited to RNA interference (RNAI), small interfering RNA (siRNA),
microRNA (miRNA), antisense oligonucleotides, and the like, all of which are well known to the
skilled artisan.

[0158] In other embodiments, a modified Bacillus cell is produced/constructed via CRISPR-Cas9
editing. For example, a gene encoding p-nitrobenzylesterase can be disrupted (or deleted or
down-regulated) by means of nucleic acid guided endonucleases, that find their target DNA by
binding either a guide RNA (e.g., Cas9) and Cpf1 or a guide DNA (e.g., NgAgo), which recruits
the endonuclease to the target sequence on the DNA, wherein the endonuclease can generate
a single or double stranded break in the DNA. This targeted DNA break becomes a substrate for
DNA repair, and can recombine with a provided editing template to disrupt or delete the gene.
For example, the gene encoding the nucleic acid guided endonuclease (for this purpose Cas9
from S. pyogenes) or a codon optimized gene encoding the Cas9 nuclease is operably linked to
a promoter active in the Bacillus cell and a terminator active in Bacillus cell, thereby creating a
Bacillus Cas9 expression cassette. Likewise, one or more target sites unique to the p-
nitrobenzylesterase gene are readily identified by a person skilled in the art. For example, to
build a DNA construct encoding a gRNA-directed to a target site within the gene of interest, the
variable targeting (VT) domain will comprise nucleotides of the target site which are 5' of the
(PAM) proto-spacer adjacent motif (TGG), which nucleotides are fused to DNA encoding the
Cas9 endonuclease recognition domain for S. pyogenes Cas9 (CER). The combination of the
DNA encoding a VT domain and the DNA encoding the CER domain thereby generate a DNA
encoding a gRNA. Thus, a Bacillus expression cassette for the gRNA is created by operably
linking the DNA encoding the gRNA to a promoter active in Bacillus cells and a terminator active
in Bacillus cells.

[0159] In yet other embodiments, a modified Bacillus cell is constructed by random or specific
mutagenesis using methods well known in the art, including, but not limited to, chemical
mutagenesis (see, e.g., Hopwood, 1970) and transposition (see, e.g., Youngman et al., 1983).
Modification of the gene may be performed by subjecting the parental cell to mutagenesis and
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screening for mutant cells in which expression of the p-nitrobenzylesterase gene has been
reduced or eliminated. The mutagenesis, which may be specific or random, may be performed,
for example, by use of a suitable physical or chemical mutagenizing agent, use of a suitable
oligonucleotide, or subjecting the DNA sequence to PCR generated mutagenesis. Furthermore,
the mutagenesis may be performed by use of any combination of these mutagenizing methods.

[0160] Examples of a physical or chemical mutagenizing agent suitable for the present purpose
include ultraviolet (UV) irradiation, hydroxylamine, N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG), N-methyl-N'-nitrosoguanidine (NTG), O-methyl hydroxylamine, nitrous acid, ethyl
methane sulphonate (EMS), sodium bisulphite, formic acid, and nucleotide analogues. VWhen
such agents are used, the mutagenesis is typically performed by incubating the parental cell to
be mutagenized in the presence of the mutagenizing agent of choice under suitable conditions,
and selecting for mutant cells exhibiting reduced or no expression of the p-nitrobenzylesterase
gene.

[0161] In other embodiments, a modified Bacillus cell comprises a disruption of an endogenous
p-nitrobenzylesterase gene, wherein the polynucleotide disruption cassette comprises a marker
gene.

[0162] PCT Publication No. WO2003/083125 discloses methods for modifying Bacillus cells,
such as the creation of Bacillus deletion strains and DNA constructs using PCR fusion to bypass
E. coli.

[0163] PCT Publication No. WO02002/14490 discloses methods for modifying Bacillus cells
including (1) the construction and transformation of an integrative plasmid (pComK), (2) random
mutagenesis of coding sequences, signal sequences and pro-peptide sequences, (3)
homologous recombination, (4) increasing transformation efficiency by adding non-homologous
flanks to the transformation DNA, (5) optimizing double cross-over integrations, (6) site directed
mutagenesis and (7) marker-less deletion.

[0164] Those of skill in the art are well aware of suitable methods for introducing polynucleotide
sequences into bacterial cells (e.g., E. coli and Bacillus sp.) (e.g., Ferrari et al., 1989; Saunders
et al, 1984; Hoch ef al, 1967; Mann et al, 1986; Holubova, 1985; Chang ef al, 1979;
Vorobjeva ef al., 1980; Smith ef al., 1986; Fisher ef. al., 1981 and McDonald, 1984). Indeed,
such methods as transformation including protoplast transformation and congression,
transduction, and protoplast fusion are known and suited for use in the present disclosure.
Methods of transformation are particularly preferred to introduce a DNA construct of the present
disclosure into a host cell.

[0165] In addition to commonly used methods, in some embodiments, host cells are directly
transformed (i.e., an intermediate cell is not used to amplify, or otherwise process, the DNA
construct prior to introduction into the host cell). Introduction of the DNA construct into the host
cell includes those physical and chemical methods known in the art to introduce DNA into a host
cell, without insertion into a plasmid or vector. Such methods include, but are not limited to,
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calcium chloride precipitation, electroporation, naked DNA, liposomes and the like. In additional
embodiments, DNA constructs are co-transformed with a plasmid without being inserted into the
plasmid. In further embodiments, a selective marker is deleted or substantially excised from the
modified Bacillus strain by methods known in the art (e.g., Stahl ef al., 1984 and Palmeros ef al,,
2000). In some embodiments, resolution of the vector from a host chromosome leaves the
flanking regions in the chromosome, while removing the indigenous chromosomal region.

[0166] Thus, in certain embodiments, a suitable Bacillus host cell of the disclosure includes, but
is not limited to, Bacillus subtilis, B. licheniformis, B. lentus, B. brevis, B. stearothermophilus, B.
alkalophilus, B. amyloliquefaciens, B. coagulans, B. circulans. B. lautus and B. thuringiensis. In
one particular embodiment, the Bacillus host cell is a B. subtilis host cell, a B. licheniformis host
cell or a B. amyloliquefaciens host cell.

[0167] In certain other embodiments, expressing/producing such p-galactosidase and/or lactase
enzymes in genetically modified Bacillus host cells (i.e., Bacillus host cells comprising a deletion,
disruption or down-regulation of a gene encoding a p-nitrobenzylesterase), wherein such
enzymes produced and purified from the modified Bacillus host cells are free of
unwanted/undesirable enzymatic side activities including, but not limited to,
unwanted/undesirable p-nitrobenzylesterase side activity, unwanted/undesirable lipase side
activities, phospholipase side activities, cellulase side activities, pectinase side activities,
amylase side activities, protease side activities, mannanase side activities and the like. For
example, in certain embodiments the disclosure is directed to genetically modified Bacillus host
cells comprising a deletion, disruption or down-regulation of a gene encoding at least one
additional unwanted/undesirable enzymatic activity selected from a cellulase, a mannanase, a
pectinase, an amylase, a protease, a lipase and/or a phospholipase side activity.

[0168] For example, modified Bacillus host cells in which these enzymes are essentially inactive
may be obtained by genetic modification using recombinant genetic manipulation techniques as
generally set forth above with respect to the p-nitrobenzylesterase activity. Modification of the
genes coding for a cellulase, a mannanase, a pectinase, an amylase, a protease, a lipase,
and/or a phospholipase can be generated by subjecting the parent Bacillus cell to mutagenesis
and selecting for mutant Bacillus cells in which the ability to express these enzymes has been
reduced by direct comparison to the parental Bacillus cell. The mutagenesis, which may be
specific or random, may be performed, for example, by use of a suitable physical or chemical
mutagenizing agent, by use of a suitable oligonucleotide, by use of CRSIPR/Cas9 editing, or by
subjecting the DNA sequence to PCR-generated mutagenesis. Furthermore, the mutagenesis
may be performed by use of any combination of these mutagenizing agents.

[0169] The cellulase, mannanase, pectinase, amylase, protease, lipase, and/or phospholipase
deficient host cell may be selected by monitoring the expression level of the enzyme(s).
Optionally, the cellulase, mannanase, pectinase, amylase, protease, lipase and/or
phospholipase deficient host cell may be subsequently selected by measuring the expression
level of a given gene of interest to be expressed (e.g., a B-galactosidase/lactase enzyme of the
disclosure) in the host cell. Selection of host cells having reduced enzyme activity may be done
by directly measuring the enzyme activity in culture broth, in culture supernatant, in
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permeabilized cells, or cell lysate.

[0170] Alternatively, host cells that have a reduced amount of lipase, phospholipase, cellulase,
pectinase, amylase, protease, mannanase side activities (or a host cell in which these enzymes
are essentially inactive) may be constructed using recombinant DNA technology. Several
techniques for gene inactivation or gene disruption are described in the art, such as one-step
gene disruption, marker insertion, site directed mutagenesis, deletion, RNA interference, anti-
sense RNA, CRSIPS/Cas9 gene editing, TALEN gene editing, meganucleases (homing
endonuclease) editing and others, and may all be used to lower, inhibit, disturb or prevent the
synthesis of the lipase, phospholipase, cellulase, pectinase, amylase, protease and/or
mannanase activity in order to obtain an industrial production strain with decreased lipase,
phospholipase, cellulase, pectinase, amylase, protease and/or mannanase activity. Also, the
inactivation of lipase, phospholipase, cellulase, pectinase, amylase, protease and/or
mannanase activity by altering the control sequence(s) directing the expression of the lipase,
phospholipase, cellulase, pectinase, amylase, protease and/or mannanase gene are part of the
present invention. For example, methods such as gene disruption are readily available and
useful for lowering or eliminating promoter activity.

[0171] Thus, in certain embodiments, the genome of a host cell of the disclosure is modified to
be deficient in lipase, phospholipase, cellulase, pectinase, amylase, protease and/or
mannanase activity (e.g., by inserting a "marker gene" into a gene coding for the enzyme
activity). Thus, in certain embodiments, the inserted marker gene replaces part of the gene
coding for the enzyme from the genome (e.g., 25%, 50% or 75% of the gene) or all of the gene
coding for the enzyme from the genome.

[0172] Methods to perform such gene inactivation have been described for many different
microorganisms and are known to those skilled in the art. Expression of lipase, phospholipase,
cellulase, pectinase, amylase, protease and/or mannanase in the modified host cell may
thereby be reduced or eliminated. Dependent on the particular host cell that is modified using
these techniques, the procedure may be repeated several times to remove all or most of the
lipase, phospholipase, cellulase, pectinase, amylase, protease and/or mannanase coding
sequences.

[0173] Modification or inactivation of host genes such as lipase, phospholipase, cellulase,
pectinase, amylase, protease and/or mannanase may be performed by established antisense
techniques using a nucleotide sequence complementary to the nucleotide sequence of the
gene. Likewise, modification of a host cell gene may be obtained via RNA interference (RNAI)
techniques (FEMS Microb. Lett. 237:317-324, 2004). More specifically, expression of the gene
by a Bacillus host cell may be reduced or eliminated by cloning identical sense and antisense
portions of the nucleotide sequence, which expression is to be affected, behind each other with
a nucleotide spacer in between, inserting into an expression vector, and introducing the
expression vector into the cell where double-stranded RNA (dsRNA) may be transcribed and
then processed to shorter siRNA that is able to hybridize to target mRNA. After dsRNA is
transcribed, formation of small (21-23) nucleotide siRNA fragments will lead to a targeted
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degradation of the mRNA, which is to be affected. The elimination of the specific mMRNA can be
to various extents. The RNA interference techniques described in PCT Publication NOs: WO
2005/05672 and WO 2005/026356 may be used for modification of the host gene.

[0174] Thus, in certain embodiments, a modified host cell of the disclosure comprising
decreased lipase, phospholipase, cellulase, pectinase, amylase, protease and/or mannanase
activity is constructed by classical genetic techniques or recombinant DNA technology. In certain
preferred embodiments, these modified host cells are used for the production of the industrially
relevant enzymes having transgalactosylating activity. More preferably these modified host cells
are used for the production of enzymes that are used in the food industry, even more preferably
these enzymes are used in processing of dairy products. Most preferably, such industrial
production host cells with decreased lipase, phospholipase, cellulase, pectinase, amylase,
protease and/or mannanase activity are used for the production of galactooligosaccharides
(GOS) from lactose substrates.

[0175] Thus, in certain embodiments, the lipase, phospholipase, cellulase, pectinase, amylase,
protease and/or mannanase deficient host cells of the invention are modified host cells having
less than 50% of the detectable intracellular or extracellular lipase, phospholipase, cellulase,
pectinase, amylase, protease and/or mannanase activity as generally described in International
PCT Publication No. WO2016/071504. More preferably, in other embodiments, the lipase,
phospholipase, cellulase, pectinase, amylase, protease and/or mannanase deficient host cells
of the disclosure are modified host cells having less than 50% of the lipase, phospholipase,
cellulase, pectinase, amylase, protease and/or mannanase activity. In another embodiment, the
lipase, phospholipase, cellulase, pectinase, amylase, protease and/or mannanase deficient host
cells of the disclosure are modified host cells having lipase, phospholipase, cellulase, pectinase,
amylase, protease and/or mannanase activity, which is less than 25% of the lipase,
phospholipase, cellulase, pectinase, amylase, protease and/or mannanase activity of the
unmodified (parental) host cell. In another embodiment, less than 10%, more preferably less
than 5%, more preferably less than 1 % and most preferably the lipase, phospholipase,
cellulase, pectinase, amylase, protease and/or mannanase activity is undetectable in the
deficient (i.e., genetically modified) host cells of the invention.

[0176] A variety of systems and methods for the detection of polypeptides/enzymes are known
to the skilled artisan. Detection systems include any possible assay for detection of polypeptide
or enzymatic activity. By way of example, these assay systems include, but are not limited to,
assays based on colorimetric, photometric, fluorometric, turbidimetric, viscosimetric,
immunological, biological, chromatographic and other available assays. In certain embodiments,
the amount of active enzyme produced e.g., an active lipase, phospholipase, cellulase,
pectinase, amylase, protease and/or mannanase) is determined by measurement of its activity
in a model reaction.

[0177] In certain other embodiments, the lipase, phospholipase, cellulase, pectinase, amylase,
protease and/or mannanase deficient (i.e., modified) host cell of the disclosure is characterized
by the fact that when modified host cell has been transformed with an expression construct
comprising a gene coding for a polypeptide having transgalactosylating activity, the modified
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host cell produces at least the same amount of the polypeptide that the unmodified (parental)
host cell produces under the same culture conditions, when the unmodified (parental) host cell
has also been transformed with the same expression construct as the lipase, phospholipase,
cellulase, pectinase, amylase, protease and/or mannanase deficient modified host cell. In
preferred embodiments, lipase, phospholipase, cellulase, pectinase, amylase, protease and/or
mannanase deficient host cells of the disclosure are modified host cells that produce the same
amount or more of the polypeptide having transgalactosylating activity than the unmodified
(parental) host cell under the same culture conditions. In certain embodiments, the lipase,
phospholipase, cellulase, pectinase, amylase, protease and/or mannanase deficient host cells
produce more of a given polypeptide than the unmodified (parental) host cell under the same
culture conditions.

IV. B-GALACTOSIDASE POLYNUCLEOTIDES AND VECTORS THEREOF

[0178] The present disclosure describes isolated polypeptides having transgalactosylating
activity, as described above, which are encoded by polynucleotides which hybridize under very
low stringency conditions, preferably low stringency conditions, more preferably medium
stringency conditions, more preferably medium-high stringency conditions, even more
preferably high stringency conditions, and most preferably very high stringency conditions with
(i) a nucleic acid sequence comprised in SEQ ID NO: 3, 5, 7, 9, 11, 13, 15 or 25, encoding a
mature polypeptide of SEQ ID NO: 4, 6, 8, 10, 12, 15, 16 or 26, (ii) the cDNA sequence of (i), or
(iii) the complementary strand of (i) or (ii). In certain embodiments, a subsequence of SEQ ID
NO: 3, 5, 7, 9, 11, 13, 15 or 25 contains at least 100 contiguous nucleotides, or at least 200
contiguous nucleotides. Moreover, the subsequence may encode a polypeptide fragment which
has lactase or transgalactosylase activity.

[0179] The nucleotide sequence of SEQ ID NO: 3, 5,7, 9, 11, 13, 15 or 25 (or a subsequence
thereof), as well as the amino acid sequence of SEQ ID NO: 4, 6, 8, 10, 12, 14, 16 or 26 (or a
fragment thereof), may be used to design a nucleic acid probe to identify and clone DNA
encoding polypeptides having transgalactosylase activity from strains of different genera or
species, according to methods well known in the art.

[0180] In particular, such probes can be used for hybridization with the genomic or cDNA of the
genus or species of interest, following standard Southern blotting procedures, in order to identify
and isolate the corresponding gene therein. Such probes can be considerably shorter than the
entire sequence, but should be at least 14, preferably at least 25, more preferably at least 35,
and most preferably at least 70 nucleotides in length. It is, however, preferred that the nucleic
acid probe is at least 100 nucleotides in length. For example, a nucleic acid probe may be at
least 200 nucleotides, preferably at least 300 nucleotides, more preferably at least 400
nucleotides, or most preferably at least 500 nucleotides in length. Even longer probes may be
used (e.g., nucleic acid probes which are at least 600 nucleotides, at least preferably at least
700 nucleotides, more preferably at least 800 nucleotides, or most preferably at least 900
nucleotides in length). Both DNA and RNA probes can be used. The probes are typically labeled



DK/EP 3607097 T3

for detecting the corresponding gene (for example, with 32P, 3H, 35S, biotin, or avidin). Such
probes are encompassed by the present invention.

[0181] A genomic DNA library prepared from such organisms may, therefore, be screened for
DNA which hybridizes with the probes described above and which encodes a polypeptide having
lactase activity. Genomic or other DNA from such other organisms may be separated by
agarose or polyacrylamide gel electrophoresis, or other separation techniques. DNA from the
libraries or the separated DNA may be transferred to and immobilized on nitrocellulose or other
suitable carrier material. In order to identify a clone or DNA which is homologous with SEQ 1D
NO: 3, 5, 7, 9, 11, 13, 15 or 25 (or a subsequence thereof), the carrier material is used in a
Southern blot.

[0182] For purposes of the present disclosure, hybridization indicates that the nucleotide
sequence hybridizes to a labelled nucleic acid probe corresponding to the nucleotide sequence
shown in SEQ ID NO: 3, 5, 7, 9, 11, 13 or 15, its complementary strand, or a subsequence
thereof, under very low to very high stringency conditions. Molecules to which the nucleic acid
probe hybridizes under these conditions can be detected using X-ray film.

[0183] The nucleic acid probe may be the mature polypeptide coding region of SEQ ID NO: 3,
57,9, 11,13, 15 or 25.

[0184] For long probes of at least 100 nucleotides in length, very low to very high stringency
conditions are defined as pre-hybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS,
200 g/ml sheared and denatured salmon sperm DNA, and either 25% formamide (for very low
and low stringencies), 35% formamide (for medium and medium-high stringencies), or 50%
formamide (for high and very high stringencies), following standard Southern blotting
procedures for 12 to 24 hours optimally.

[0185] For long probes of at least 100 nucleotides in length, the carrier material is finally
washed three times each for 15 minutes using 2X SSC, 0.2% SDS preferably at least at 45°C
(very low stringency), more preferably at least at 50°C (low stringency), more preferably at least
at 55°C (medium stringency), more preferably at least at 60°C (medium-high stringency), even
more preferably at least at 65°C (high stringency), and most preferably at least at 70°C (very
high stringency).

[0186] The wash is conducted using 0.2 SSC, 0.2% SDS preferably at least at 45°C (very low
stringency), more preferably at least at 50°C (low stringency), more preferably at least at 55°C
(medium stringency), more preferably at least at 60°C (medium-high stringency), even more
preferably at least at 65°C (high stringency), and most preferably at least at 70°C (very high
stringency).

[0187] For short probes which are about 15 nucleotides to about 70 nucleotides in length,
stringency conditions are defined as pre-hybridization, hybridization, and washing post-
hybridization at about 5°C to about 10°C below the calculated T,, using the calculation
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according to Bolton and McCarthy (1962, Proceedings of the National Academy of Sciences
USA 48:1390) in 0.9 M NaCl, 0.09 M Tris-HCI (pH 7.6), 6 mM EDTA, 0.5% NP-40, 1X
Denhardt's solution, 1 mM sodium pyrophosphate, 1 mM sodium monobasic phosphate, 0.1
mM ATP and 0.2 mg of yeast RNA per ml following standard Southern blotting procedures.

[0188] For short probes which are about 15 nucleotides to about 70 nucleotides in length, the
carrier material is washed once in 6X SCC plus 0.1 % SDS for 15 minutes and twice each for 15
minutes using 6X SSC at 5°C to 10°C below the calculated T .

[0189] Under salt-containing hybridization conditions, the effective T, is what controls the

degree of identity required between the probe and the filter bound DNA for successful
hybridization. The effective T, may be determined using the formula below to determine the

degree of identity required for two DNAs to hybridize under various stringency conditions.

[0190] Effective T, = 81.5 + 16.6(log M[Na+]) + 0.41 (%G+C) - 0.72(% formamide).

[0191] Thus, variant nucleic acids of the disclosure include a polynucleotide having a certain
percent (e.g., 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99%) of sequence identity with
the nucleic acid encoding SEQ ID NO: 4, 6, 8, 10, 12, 15, 16 or 26. In certain embodiments, a
nucleic acid capable of encoding a polypeptide as disclosed herein is provided. In other
embodiments, the herein disclosed nucleic acid has a nucleic acid sequence which is at least
60%, such as at least 65%, such as at least 70%, such as at least 75%, such as at least 80%,
such as at least 85%, such as at least 90%, such as at least 95%, such as at least 99% identical
SEQIDNO: 3,5,7,9, 11,13, 15 or 25.

[0192] In certain embodiments, the disclosure provides a plasmid comprising a nucleic acid
encoding a B-galactosidase and/or lactase polypeptide of the disclosure. In certain other
embodiments, the disclosure provides an expression vector comprising a nucleic acid encoding
a B-galactosidase and/or lactase polypeptide of the disclosure.

[0193] Thus, in particular embodiments the B-galactosidase and/or lactase polypeptides (and
variants thereof) described herein are produced through recombinant expression in a host cell
according to procedures well known in the art. More particularly, in certain embodiments the B-
galactosidase and/or lactase polypeptides (and variants thereof) as described herein are
expressed/produced in a modified Bacillus host cell comprising at least a disruption or deletion
of a gene encoding a p-nitrobenzylesterase comprising at least 60% sequence identity to SEQ
IDNO: 2.

[0194] Methods of genetic modification and recombinant production of polypeptides are
described, for example, in U.S. Patent Nos. 7,371,552, 7,166,453, 6,890,572 and 6,667,065;
and U.S. Published Application Nos. 2007/0141693; 2007/0072270; 2007/0020731;
2007/0020727; 2006/0073583; 2006/0019347; 2006/0018997; 2006/0008890; 2006/0008888
and 2005/0137111.
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[0195] In certain embodiments, the instant disclosure is directed to one or more vectors
comprising a polynucleotide encoding a protein of interest. In certain preferred embodiments,
such proteins of interest include p-galactosidase/lactase polypeptides, such as the pB-
galactosidase/lactase polypeptides set forth as SEQ ID NOs: 4, 6, 8, 10, 12, 14, 16, 17, 18 or
26. Thus, in certain other embodiments, a recombinant host cell of the disclosure comprises
one or more vectors introduced therein. In certain other embodiments, a polynucleotide/DNA
construct encoding a B-galactosidase/lactase polypeptide of the disclosure is introduced into a
host cell as an "expression vector", which vector comprises regulatory sequences (e.g., a
promoter sequence, a terminator sequence, 5'UTRs, 3'UTRs and the like) operably linked to the
p-galactosidase and/or lactase encoding sequence. More particularly, in certain embodiments,
an expression vector comprising a nucleic acid sequence encoding a p-galactosidase/lactase
polypeptide of the disclosure is introduced into a genetically modified host cell (e.g., a Bacillus
cell), which genetically modified host cell comprises at least a deletion, disruption or down-
regulation of a gene encoding a p-nitrobenzylesterase comprising at least 60% sequence
identity to SEQ IDNO: 2.

[0196] Exemplary vectors include, but are not limited to, pBR322 and pUC19, which permit
replication in E. coli, and pE194, which permits replication in Bacillus.

[0197] In certain embodiments, a nucleic acid encoding a p-galactosidase/lactase polypeptide
of the disclosure is operably linked to a suitable promoter, which allows transcription in the host
cell. For example, the promoter may be derived from genes encoding proteins either
homologous or heterologous to the host cell. Promoters and promoter sequence regions for use
in the expression of genes, open reading frames (ORFs) thereof and/or variant sequences
thereof in Bacillus cells are generally known to one of skill in the art. Promoter sequences of the
disclosure are generally chosen so that they are functional in the Bacillus cells (e.g., B
licheniformis cells, B. subtilis cells and the like). Certain exemplary Bacillus promoter sequences
include, but are not limited to, the B. sublfilis alkaline protease (aprE) promoter, the a-amylase
promoter of B. subfilis, the a-amylase promoter of B. amyloliquefaciens, the neutral protease
(nprE) promoter from B. subtilis, a mutant aprE promoter (PCT Publication No. WO2001/51643)
or any other promoter from a related Bacilli. In certain other embodiments, the promoter is a
ribosomal protein promoter or a ribosomal RNA promoter (e.q., the rrnl promoter) disclosed in
U.S. Patent Publication No. 2014/0329309. Methods for screening and creating promoter
libraries with a range of activities (promoter strength) in Bacillus cells is describe in PCT
Publication No. WO2003/089604. In certain embodiments, the promoter is native to the Bacillus
host cell, whereas in other embodiments the promoter is heterologous (foreign) to the Bacillus
host cell.

[0198] In other embodiments, a polynucleotide sequence (e.g., comprised in a
vector/expression construct) encoding a B-galactosidase/lactase polypeptide is operably linked
to a nucleic acid sequence encoding a signal sequence (signal peptide). Thus, in certain
embodiments, a nucleic acid sequence encoding a signal sequence is derived B. bifidum or a
Bacillus spp. In certain other embodiments, the native signal sequence of B. subftilis aprE is
used, or alternatively, a nucleotide sequence encoding a signal sequence from other Bacillus
spp. secreted proteins. Thus, in certain embodiments, the polynucleotide sequence that
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encodes the signal sequence is place immediately upstream (5" and in-frame of the
polynucleotide (i.e., operably linked) that encodes the B-galactosidase/lactase polypeptide of the
disclosure.

[0199] Thus, in certain other embodiments, the disclosure includes a signal sequence and a
promoter sequence which are comprised in the vector to be introduced into the host cell. In
other embodiments, the expression vector also includes a termination sequence. In certain
embodiments, the termination sequence, the signal sequence and the promoter sequence are
derived from the same source or different sources.

[0200] In certain other embodiments, an expression vector includes a selectable marker.
Examples of suitable selectable markers include those that confer resistance to antimicrobial
agents (e.g., hygromycin, phleomycin and the like) and nutritional selective (auxotrophic)
markers.

[0201] Thus, a suitable expression vector comprising a DNA construct encoding a p-
galactosidase/lactase polypeptide of the disclosure may be any vector that is capable of
replicating autonomously in a Bacillus host cell, or integrating into the genome of the host cell.

V. PRODUCTION OF B-GALACTOSIDASES/LACTASES IN MODIFIED BACILLUS HOST
CELLS DEFICIENT IN UNWANTED ENZYMATIC SIDE ACTIVITIES

[0202] The present disclosure is directed to methods of transcribing a nucleotide sequence in a
modified host cell deficient in (unwanted/undesirable) para-nitrobenzylesterase activity. In yet
other embodiments, the present disclosure is directed to methods of transcribing a nucleotide
sequence in a modified host cell deficient in para-nitrobenzylesterase activity, wherein the
modified host cell is further engineered to be deficient is at least one additional
(unwanted/undesirable) enzymatic activity selected from lipase, phospholipase, cellulase,
pectinase, amylase, protease and/or mannanase activity, wherein the transcribed sequence
encodes the polypeptide having transgalactosylating activity comprising cultivating, in a culture
medium, the modified host cell of the disclosure comprising an expression construct encoding a
transgalactosylating polypeptide of the disclosure.

[0203] For example, in certain embodiments, a modified host cell deficient in para-
nitrobenzylesterase activity is (1) transformed with an expression construct comprising (a) a 5'
promoter region upstream and operably linked to (b) a downstream nucleotide sequence (e.g.,
an ORF) which encodes a transgalactosylating polypeptide of the disclosure and (c) a
translational stop signal which is 3' and operably linked to nucleic acid sequence encoding the
transgalactosylating polypeptide and (2) expressing the transgalactosylating polypeptide in the
modified host cell. In another embodiment, the transgalactosylating polypeptide
expressed/produced in the modified host cell of the disclosure is recovered from the culture
medium or from the modified host cell (e.g., via cell lysis).
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[0204] The modified host cells deficient in deficient para-nitrobenzylesterase, lipase,
phospholipase, cellulase, pectinase, amylase, protease and/or mannanase are produced
according to the methods of the present disclosure. Thus, in certain embodiments, the deficient
(modified) host cells are be grown or maintained in a nutrient medium suitable for production of
the desired polypeptide using methods known in the art. For example, cells may be plated on a
solid substrate, shaken in a flask, cultivated in small-scale or large-scale fermentation (including
continuous, batch, fed-batch, or solid-state fermentation) in laboratory or industrial fermenters in
a suitable medium and under conditions allowing the polypeptide to be expressed and/or
isolated.

[0205] Cultivation takes place in a suitable nutrient medium comprising carbon and nitrogen
sources and inorganic salts, using procedures known in the art. Suitable media are available
from commercial suppliers or may be prepared using published compositions (e.g., in
catalogues of the American Type Culture Collection). If the polypeptide is secreted into the
nutrient medium, the polypeptide can be recovered directly from the medium. If the polypeptide
is not secreted, it can be recovered from cell lysates.

[0206] The resulting polypeptide(s) may be isolated by methods known in the art. For example,
the polypeptide may be isolated from the nutrient medium by conventional procedures including,
but not limited to, centrifugation, filtration, extraction, spray drying, evaporation, or precipitation.
The isolated polypeptide may then be further purified by a variety of procedures well known in
the art including, but not limited to, chromatography (e.g., ion exchange, affinity, hydrophobic,
chromatofocusing or size exclusion), electrophoresis (e.g., preparative isoelectric focusing),
differential solubility (e.g., acetone or ammonium sulfate precipitation), or extraction (e.g.,
chaotrope, salt, or pH).

[0207] The polypeptide may be detected using methods known in the art that are specific for a
polypeptide having transgalactosylating activity. These detection methods may include use of
specific antibodies, formation of an enzyme product, disappearance of an enzyme substrate, or
SDS-PAGE. For example, an enzyme assay may be used to determine the activity of the
polypeptide. Procedures for determining enzyme activity are known in the art for many
enzymes. More particularly, the disclosures of International PCT Publications NOs:
WO02016/071504 and WO2015/086746, provide specific methods and compositions thereof for
assaying polypeptide having transgalactosylating activity (e.g., p-galactosidases/lactases).
Thus, in certain embodiments, a polypeptide having transgalactosylating activity (i.e., as
produced in a modified host cell of the disclosure) is assayed according to the methods and
compositions set forth in International PCT Publications NOs: WO02016/071504 and
W02015/086746.

[0208] Thus, in certain other embodiments, the disclosure is directed to compositions and
methods for expressing a transgalactosylating polypeptide as described herein, comprising
obtaining a modified host cell of the disclosure (i.e., comprising at least a deletion, disruption or
down-regulation of a gene encoding a para-nitrobenzylesterase), and expressing the
transgalactosylating polypeptide in the modified host cell, and optionally purifying the
transgalactosylating polypeptide. As set forth above, such transgalactosylating polypeptides
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expressed/produced in the modified host cells of the disclosure are free of detectable para-
nitrobenzylesterase activity, and as such, are particularly useful in the generation of
galactooligosaccharide (GOS) compositions via lactose substrates. More particularly, as
presented in the Examples section below, the expression/production of one or more
transgalactosylating polypeptides in the modified host cells of the disclosure (i.e., comprising a
deletion, disruption or down-regulation of the gene encoding the para-nitrobenzylesterase of
SEQ ID NO: 2) produce such transgalactosylating polypeptides in the absence of the
contaminating para-nitrobenzylesterase side activity, thereby eliminating the foul off-flavor tastes
and smells detected when using such transgalactosylating polypeptides which are
expressed/produced in unmodified (parental) host cells comprising the para-nitrobenzylesterase
side activity. Likewise, in other embodiments, the modified host cells of the disclosure are further
modified to be deficient in at least one additional unwanted/undesirable enzymatic side activity
selected from lipase, phospholipase, cellulase, pectinase, amylase, protease and/or mannanase
(e.g., see, WO2016/071504).

[0209] Thus, in certain embodiments, the introduction of an expression construct or vector into
a host cell includes techniques such as transformation, electroporation, nuclear microinjection,
transduction, transfection (e.g., lipofection mediated and DEAE-Dextrin mediated transfection),
incubation with calcium phosphate DNA precipitate, high velocity bombardment with DNA-
coated micro-projectiles and protoplast fusion. General transformation techniques are well
known in the art (see, e.g., Ausubel ef al., 1987, Sambrook et al., 2001, and Campbell et al,,
Curr. Genet. 16: 53-56 (1989). Likewise, methods known in the art may be used to select
transformants.

[0210] In certain embodiments, the instant disclosure is directed to methods of producing
transgalactosylating polypeptides in a modified host cell, comprising fermenting/cultivating the
modified host cell. Fermentation methods well known in the art can be applied to ferment the
modified (daughter) and unmodified (parental) Bacillus cells of the disclosure. In some
embodiments, the cells are cultured under batch or continuous fermentation conditions. A
classical batch fermentation is a closed system, where the composition of the medium is set at
the beginning of the fermentation and is not altered during the fermentation. At the beginning of
the fermentation, the medium is inoculated with the desired organism(s). In this method,
fermentation is permitted to occur without the addition of any components to the system.
Typically, a batch fermentation qualifies as a "batch" with respect to the addition of the carbon
source, and attempts are often made to control factors such as pH and oxygen concentration.
The metabolite and biomass compositions of the batch system change constantly up to the time
the fermentation is stopped. Within typical batch cultures, cells can progress through a static lag
phase to a high growth log phase, and finally to a stationary phase, where growth rate is
diminished or halted. If untreated, cells in the stationary phase eventually die. In general, cells in
log phase are responsible for the bulk of production of product.

[0211] A suitable variation on the standard batch system is the "fed-batch fermentation” system.
In this variation of a typical batch system, the substrate is added in increments as the
fermentation progresses. Fed-batch systems are useful when catabolite repression likely inhibits
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the metabolism of the cells and where it is desirable to have limited amounts of substrate in the
medium. Measurement of the actual substrate concentration in fed-batch systems is difficult and
is therefore estimated on the basis of the changes of measurable factors, such as pH, dissolved
oxygen and the partial pressure of waste gases, such as CO,. Batch and fed-batch

fermentations are common and known in the art.

[0212] Continuous fermentation is an open system where a defined fermentation medium is
added continuously to a bioreactor, and an equal amount of conditioned medium is removed
simultaneously for processing. Continuous fermentation generally maintains the cultures at a
constant high density, where cells are primarily in log phase growth. Continuous fermentation
allows for the modulation of one or more factors that affect cell growth and/or product
concentration. For example, in one embodiment, a limiting nutrient, such as the carbon source
or nitrogen source, is maintained at a fixed rate and all other parameters are allowed to
moderate. In other systems, a number of factors affecting growth can be altered continuously
while the cell concentration, measured by media turbidity, is kept constant. Continuous systems
strive to maintain steady state growth conditions. Thus, cell loss due to medium being drawn off
should be balanced against the cell growth rate in the fermentation. Methods of modulating
nutrients and growth factors for continuous fermentation processes, as well as techniques for
maximizing the rate of product formation, are well known in the art of industrial microbiology.

[0213] Thus, in certain embodiments, a transgalactosylating polypeptide produced by a
modified host cell may be recovered from the culture medium by conventional procedures
including separating the host cells from the medium by centrifugation or filtration, or if
necessary, disrupting the cells and removing the supernatant from the cellular fraction and
debris. Typically, after clarification, the proteinaceous components of the supernatant or filtrate
are precipitated by means of a salt, e.g., ammonium sulfate. The precipitated proteins are then
solubilized and may be purified by a variety of chromatographic procedures, e.g., ion exchange
chromatography, gel filtration.

VI. EXEMPLARY APPLICATIONS

[0214] Examples are given below of preferred uses of the host cells, polypeptides or
polypeptide compositions of the disclosure. For example, the disclosure provides a method for
producing a food product by treating a substrate comprising lactose with a transgalactosylating
polypeptide or a polypeptide composition thereof as described herein. In another example, the
disclosure provides a method for producing a dairy product by treating a milk-based substrate
comprising lactose with a transgalactosylating polypeptide or a polypeptide composition thereof
as described herein. In another example, the substrate comprising lactose is further treated with
a hydrolyzing B-galactosidase.

[0215] The enzyme preparation, such as in the form of a food ingredient prepared according to
the present disclosure, may be in the form of a solution or as a solid, depending on the use
and/or the mode of application and/or the mode of administration. The solid form can be either
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as a dried enzyme powder or as a granulated enzyme.

[0216] In certain examples, an enzyme composition may comprise at least 5%, such as, for
example, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50% w/w of one or more
transgalactosylating polypeptide(s) disclosed herein based on the total amount of polypeptides
in the composition. This may be evaluated by using the following techniques know to a person
skilled in the art. The samples to be evaluated are subjected to SDS-PAGE and visualized using
a dye appropriate for protein quantification, such as for example the Bio-Rad Criterion system.
The gelis then scanned using an appropriate densiometic scanner such as for example the Bio-
Rad Criterion system and the resulting picture is ensured to be in the dynamic range. The
bands corresponding to any transgalactosylating polypeptide are quantified and the percentage
of the polypeptides are calculated as: Percentage of polypeptide in question = polypeptide in
question/(sum of all polypeptides exhibiting transgalactosylating activity ) * 100. The total
number of polypeptides can be determined by western blotting using a polyclonal antibody with
specificity to a p-galactosidase/lactase polypeptide of SED ID NO: 4, 6, 8, 10, 12, 14, 16, 17, 18
or 26, by methods know to a person skilled in the art.

[0217] Thus, in certain examples, a composition according to the present disclosure comprises
one or more polypeptide(s) selected from the group consisting of a SEQ ID NO: 4, 6, 8, 10, 12,
14, 16, 17, 18 and 26.

[0218] In another example, the disclosure provides an enzyme complex preparation comprising
the enzyme complex according to the invention, an enzyme carrier and optionally a stabilizer
and/or a preservative. In certain examples, the enzyme carrier may be selected from the group
consisting of glycerol or water. In another example, the enzyme carrier may not comprise a
polyol (e.g., glycerol, propylene glycol or sorbitol).

[0219] In another example, the preparation/composition may comprise a stabilizer. In certain
examples, the stabilizer may be selected from the group consisting of inorganic salts, polyols,
sugars and combinations thereof. In certain examples, the stabilizer may be an inorganic salt
such as potassium chloride. In another example, the polyol may be glycerol, propylene glycol, or
sorbitol. In another example, the stabilizer may not be a polyol such as glycerol, propylene
glycol, or sorbitol. In yet another example, the stabilizer may be a small-molecule carbohydrate,
in particular any of several sweet-tasting ones such as glucose, galactose, fructose and
saccharose.

[0220] In other examples, the preparation may comprise a preservative. The preservative may
be methyl paraben, propyl paraben, benzoate, sorbate or other food approved preservatives or
a mixture thereof.

[0221] In certain examples, the methods of the disclosure can be practiced with immobilized
enzymes (e.g. an immobilized lactase or other GOS producing enzymes). The enzyme can be
immobilized on any organic or inorganic support. Exemplary inorganic supports include alumina,
celite, Dowex-1 -chloride, glass beads and silica gel. Exemplary organic supports include DEAE-
cellulose, alginate hydrogels or alginate beads or equivalents.
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[0222] In certain examples, immobilization of the B-galactosidase/lactase may be optimized by
physical adsorption on to the inorganic support. Enzymes used to practice the instant disclosure
can be immobilized in different media, including water, Tris-HCI buffer and phosphate buffered
solution. The enzyme can be immobilized to any type of substrate (e.g., filters, fibers, columns,
beads, colloids, gels, hydrogels, meshes and the like).

[0223] In another example, a method for producing a dairy product by treating a milk-based
substrate comprising lactose with a polypeptide or a polypeptide composition as described
herein is disclosed. For example, a method for producing a dairy product by treating a milk-
based substrate comprising lactose with a polypeptide having a relative transgalactosylation
activity above 60%, such as above 70%, such as above 75% after 15 minutes of reaction, is
provided. In one example, the relative transgalactosylation activity may be above 3 after 30
minutes of reaction. In a further example, the relative transgalactosylation activity may be above
6 after 30 minutes of reaction. In yet a further example, the relative transgalactosylation activity
may be above 12 after 30 minutes of reaction.

[0224] In another example, a method is described, wherein the treatment with a polypeptide or
a polypeptide composition as described herein takes place at an optimal temperature for the
activity of the enzyme. In a further example, the polypeptide or the polypeptide composition may
be added to the milk-based substrate at a concentration of 0.01-1000 ppm. In yet a further
example, the polypeptide or the polypeptide composition may be added to the milk-based
substrate at a concentration of 0.1-100 ppm. In a further example, the polypeptide or the
polypeptide composition may be added to the milk- based substrate at a concentration of 1-10
ppm. In one example, a method further comprising fermenting a substrate such as a dairy
product with a microorganism, is described. In a further example, the dairy product may be
yogurt. In a further example, the treatment with the polypeptide or the polypeptide composition
and the microorganism may be performed essentially at the same time. In one example, the
polypeptide or the polypeptide composition and the microorganism may be added to the milk-
based substrate essentially at the same time.

[0225] In one example, a dairy product comprising a cell or a polypeptide or a polypeptide
composition as described herein is disclosed. In one example, the polypeptide or the
polypeptide composition as defined herein may be added in a concentration of 0.01 -1000 ppm.

[0226] In one example, a dairy product comprising GOS formed in situ by a polypeptide or a
polypeptide composition as defined herein is disclosed. In one example, a dairy product
comprising a cell as defined herein is disclosed.

[0227] A dairy product as described herein may be, e.g., skim milk, low fat milk, whole milk,
cream, UHT milk, milk having an extended shelf life, a fermented milk product, cheese, yoghurt,
butter, dairy spread, butter milk, acidified milk drink, sour cream, whey based drink, ice cream,
condensed milk, dulce de leche or a flavoured milk drink. A dairy product may be manufactured
by any method known in the art.
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[0228] A dairy product may additionally comprise non-milk components (e.g., vegetable
components such as vegetable oil, vegetable protein, and/or vegetable carbohydrates). Dairy
products may also comprise further additives such as enzymes, flavouring agents, microbial
cultures such as probiotic cultures, salts, sweeteners, sugars, acids, fruit, fruit juices, or any
other component known in the art as a component of, or additive to, a dairy product. In one
example of the disclosure, one or more milk components and/or milk fractions may account for
at least 50% (weight/weight), such as at least 70%, e.g., at least 80%, preferably at least 90%,
of the dairy product.

[0229] In one example of the disclosure, one or more milk-based substrates having been
treated with an enzyme as defined herein having transgalactosylating activity may account for at
least 50% (weight/weight), such as at least 70%, e.g. at least 80%, preferably at least 90%, of
the dairy product.

[0230] In another example of the disclosure, the dairy product may be a dairy product which is
not enriched by addition of pre-produced galactooligosaccharides (GOSSs).

[0231] In another example of the disclosure, the polypeptide-treated milk-based substrate may
not be dried before being used as an ingredient in the dairy product.

[0232] In another example of the disclosure, the dairy product may be ice cream. In the present
context, ice cream may be any kind of ice cream such as full fat ice cream, low fat ice cream, or
ice cream based on yoghurt or other fermented milk products. Ice cream may be manufactured
by any method known in the art.

[0233] In another example of the disclosure, the dairy product may be milk or condensed milk.

[0234] In yet another example of the disclosure, the dairy product may be ultra-high
temperature (UHT) milk. UHT milk in the context of the present disclosure is milk which has
been subjected to a sterilization procedure which is intended to kill all microorganisms, including
the bacterial spores. Thus, UHT treatment includes a heat treatment for 30 seconds at 130°C,
or heat treatment for one second at 145°C.

[0235] In another example of the disclosure, the dairy product may be ESL milk. ESL milk in the
present context is milk which has an extended shelf life due to microfiltration and/or heat
treatment, and which is able to stay fresh for at least 15 days, preferably for at least 20 days, on
the store shelf at 2-5°C. In another example of the disclosure, the dairy product may be a
fermented dairy product (e.g., yoghurt).

[0236] The microorganisms used for most fermented milk products are selected from the group
of bacteria generally referred to as "lactic acid" bacteria. As used herein, the term "lactic acid
bacterium” designates a gram-positive, microaerophilic or anaerobic bacterium, which ferments
sugars with the production of acids, including lactic acid as the predominantly produced acid,
acetic acid and propionic acid. The industrially most useful lactic acid bacteria are found within
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the order "Lactobacillales”, which includes Lactococcus spp., Streptococcus spp., Lactobacillus
spp., Leuconostoc spp., Pseudoleuconostoc spp., Pediococcus spp., Brevibacterium spp.,
Enterococcus spp. and Propionibacterium spp. Additionally, lactic acid producing bacteria
belonging to the group of anaerobic bacteria, bifidobacteria (i.e., Bifidobacterium spp.), which
are frequently used as food cultures alone or in combination with lactic acid bacteria, are
generally included in the group of lactic acid bacteria.

[0237] Lactic acid bacteria are normally supplied to the dairy industry either as frozen or freeze-
dried cultures for bulk starter propagation or as so-called "Direct Vat Set" (DVS) cultures,
intended for direct inoculation into a fermentation vessel or vat for the production of a fermented
dairy product. Such cultures are in general referred to as "starter cultures” or "starters".

[0238] Commonly used starter culture strains of lactic acid bacteria are generally divided into
mesophilic organisms having optimum growth temperatures at about 30°C and thermophilic
organisms having optimum growth temperatures in the range of about 40°C to about 45°C.
Typical organisms belonging to the mesophilic group include Lacfococcus lactis, Lactococcus
lactis subsp. cremoris, Leuconostoc mesenteroides subsp. cremons, Pseudoleuconostoc
mesenteroides subsp. cremoris, Pediococcus pentosaceus, Lactococcus lactis, Lactobacillus
casei subsp. casei and Lactobacillus paracasei subsp. paracasei. Thermophilic lactic acid
bacterial species include as examples Streptococcus thermophilus, Enterococcus faecium,
Lactobacillus delbrueckii subsp. lactis, Lactobacillus helveticus, Lactobacillus delbrueckii subsp.
bulgaricus and Lactobacillus acidophilus.

[0239] Also the anaerobic bacteria belonging to the genus Bifidobacterium including
Bifidobacterium bifidum, Bifidobactenum animalis and Bifidobacterium longum are commonly
used as dairy starter cultures and are generally included in the group of lactic acid bacteria.
Additionally, species of Propionibacteria are used as dairy starter cultures, in particular in the
manufacture of cheese. Additionally, organisms belonging to the Brevibacterium genus are
commonly used as food starter cultures.

[0240] Another group of microbial starter cultures are fungal cultures, including yeast cultures
and cultures of filamentous fungi, which are particularly used in the manufacture of certain types
of cheese and beverage. Examples of fungi include Penicillium roqueforti, Penicillium candidum,
Geoftrichum candidum, Torula kefir, Saccharomyces kefir and Saccharomyces cerevisiae.

[0241] In one example of the present disclosure, the microorganism used for fermentation of
the milk-based substrate is Lacfobacillus casei or a mixture of Streptococcus thermophilus and
Lactobacillus delbrueckii subsp. bulgaricus.

[0242] Fermentation processes to be used in a method of the present disclosure are well known
and the person of skill in the art will know how to select suitable process conditions, such as
temperature, oxygen, amount and characteristics of microorganism, additives such as
carbohydrates, flavors, minerals, enzymes, and process time. Obviously, fermentation
conditions are selected so as to support the achievement of the present dislcosure.
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[0243] As a result of fermentation, pH of the milk-based substrate will be lowered. The pH of a
fermented dairy product of the disclosure may be in the pH range 3.5-6, such as in the pH
range 3.5-5, preferably in the pH range 3.8-4.8.

[0244] Thus, the disclosure relates to methods of using the polypeptides or the polypeptide
compositions or using any one or more of the above mentioned modified host cell types for
producing oligosaccharides are provided. The oligosaccharides comprise, but are not limited to
fructo-oligosaccharides, galactooligosaccharides, isomalto-oligosaccharides, malto-
oligosaccharides, lactosucrose and xylooligosaccharides.

[0245] In certain examples, the oligosaccharides may be produced by incubating a modified
host cell of the disclosure expressing the polypeptide in a medium that comprises a
disaccharide substrate such as for example lactulose, trehalose, rhamnose, maltose, sucrose,
lactose, or cellobiose. The incubation is carried out under conditions where oligosaccarides are
produced. The cells may be part of a product selected from the group consisting of yoghurt,
cheese, fermented milk products, dietary supplements, and probiotic comestible products.
Alternatively, the oligosaccharides can be recovered and subsequently be added to the product
of interest before or after its preparation.

[0246] In certain examples, the use of a herein disclosed modified host cell for producing a
product selected from the group consisting of yoghurt, cheese, fermented milk product, dietary
supplement and probiotic comestible product is described.

[0247] In another example, the use of a transgalactosylating polypeptide or a polypeptide
composition as disclosed herein (or a cell as disclosed herein), for producing
galactooligosaccharides (GOSs) is described. In one example, the use of a transgalactosylating
polypeptide or a polypeptide composition as disclosed herein or a cell as disclosed herein, for
producing galactooligosaccharides to be part of a product selected from the group consisting of
yoghurt, cheese, fermented dairy products, dietary supplements and probiotic comestible
products is described. In certain examples, the product is yoghurt, cheese, or a fermented dairy
product. In another example, the use of a transgalactosylating polypeptide, or a polypeptide
composition (or a modified host cell) as disclosed herein, for producing galactooligosaccharides
to enhance the growth of Bifidobacterium are described. In another example, the use of a
transgalactosylating polypeptide or a polypeptide composition or modified host cell as disclosed
herein for producing galactooligosaccharides to enhance the growth of Bifidobacterium in a
mixed culture fermentation is described.

[0248] In another example, a process for producing a transgalactosylating polypeptide or a
polypeptide composition as disclosed herein, comprising culturing a modified host cell as
disclosed herein in a suitable culture medium under conditions permitting expression of the
polypeptide, and recovering the resulting polypeptide from the culture is described. In an
example, a process for producing galactooligosaccharides, comprising contacting a polypeptide
or a polypeptide composition as disclosed herein or a cell as disclosed herein with a milk-based
solution comprising lactose is described.



DK/EP 3607097 T3

[0249] Addition of oligosaccharides may enhance growth of either Bifidobacterium alone or of
Bifidobacterium in a mixed culture.

[0250] In other examples, the transgalactosylating polypeptide or the polypeptide composition
thereof may be used together with other enzymes such as proteases, such as chymosin or
rennin, lipases such as phospholipases, amylases, transferases, and lactases. In one example,
the transgalactosylating polypeptide(s) as disclosed herein may be used together with lactase.
This may especially be useful when there is a desire to reduce residual lactose after treatment
with the transgalactosylating polypeptide(s) as disclosed herein, especially at low lactose levels.
In one example, the enzyme may be a lactase from a bacterium (e.g., from the family
Bifidobacteriaceae), such as from the genus Bifidobacterium and the lactase described in
International PCT Publication Nos: WO2009/071539 and WO02013/182686.

EXAMPLES

[0251] Certain aspects of the present invention may be further understood in light of the
following examples, which should not be construed as limiting. Modifications to materials and
methods will be apparent to those skilled in the art.

EXAMPLE 1

Identification of Undesirable para-Nitrobenzylesterase Enzymatic Side Activity in
Bacillus Host Cells Producing pB-Galactosidases and Lactases

[0252] Applicants of the present disclosure discovered a foul off flavor in yoghurt and UHT milk
when formulating these dairy products with a B-galactosidase enzyme produced in a Bacillus
host cell. For example, at day one (1) of the addition of the B-galactosidase enzyme to either a
yoghurt product or UHT milk product, one (1) of four (4) people could detect the off flavor in the
yoghurt, wherein the off flavor became significantly worse by day five (5). The off flavor
characterization was consistent with a lipase activity rendering short chain free fatty acids (e.g.
butyric acid) in the product.

[0253] Thus, to further evaluate the off flavor detected in these yoghurt and UHT milk products,
material from a small-scale production of B-galactosidase in the Bacillus host cell was screened
for lipase activity, wherein no lipase activity was detected. The lipase activity screen was
generally performed as follows: after ten (10) minutes incubation at 37°C of the glyceryl
trioctanoate substrate with a lipase containing sample, the amount of the formed free fatty acids
is determined by NEFA method. The principle of the NEFA C kit (MEGAZYME) is a three step
reaction where free fatty acids are esterificated with co-enzyme A, and then oxidized under the
formation of hydrogen peroxide. By enzymatic reaction, hydrogen peroxide causes a purple
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quinonimin coloring, wherein the ODgygnm is read immediately after incubation. In addition,

material "E" of the B-galactosidase produced in the Bacillus host (i.e., produced by small scale
food grade fermentation and spray dried), passed sensory analysis in yoghurt, further indicating
no risk of off flavor for the final product.

[0254] Several scenarios have been considered to explain the sudden detection of off flavor in
the end products (yoghurt and UHT milk). For example, the off-flavor could be a lipase
contamination of the UFC in the B-galactosidase production, a lipase contamination during
spray drying/blending, or a batch-to-batch variation of a lipase expressed from the host
organism (Bacillus subtilis).

Qualitative evaluation of esterasellipase side activity

[0255] To further evaluate the off-flavor in the yoghurt and UHT milk products described above,
several samples of spray dried B-galactosidase (i.e., originating from a full scale production of
the B-galactosidase) were applied on a newly developed agar spot plate with 1% tributyrin, 1.5%
lecithin, 0.05 M HEPES buffer (pH 7.4) with 0,01M CaCl, and phenol red. The

lipase/phospholipase activity was detected as yellow haloes on the plates around the wells,
wherein the three samples were all positively identified for lipase/phospholipase activity. Thus,
the lipase/phospholipase activity detected in these samples indicated that the
lipase/phospholipase activity was not a result of cross contamination from a lipase during spray
drying, as the lipase/phospholipase activity was present in several independent batches. For
example, the lipase activity in sample "C" was quantified to 0.41 LIPU/g using the LIPU-K (E117)
analysis and correcting for sample blank value.

[0256] However, because phospholipases often comprise lipase activity, and the above assay
used a mixture of lipase substrate (i.e., tributyrin) and phospholipase substrate (i.e., lecithin) in
the spot plates, it was decided to test whether the samples were positive on a phospholipase
substrate only spot plate assay (FIG. 1A). The sample did not test positive for phospholipase
activity (as no haloes were visible around well "A" or "B" in FIG. 1A), having applied sample "C".
Thus, this result indicated that the side activity was a triglyceride hydrolyzing lipase/esterase.

[0257] In addition, the sensitivity of the mixed substrate spot plates for this specific lipase
enzyme activity present in the spray dried materials was tested. Several dilutions were
performed on the sample "C", which was quantified as having 0.41 LIPU/g, and 10uL of each
dilution was applied on a mixed substrate spot plate (e.g., see TABLE 1 and FIG. 1B).

TABLE 1

LIPASE SENSITIVITY OF MIXED SUBSTRATE PLATES
Well | Activity | Weighing § Dilution Cone. Loaded on gel{ Result
[Lipu/d] [d] [ml] [Lipu/ml] [Lipu] PorN
A 0.41 1.0009 10 0.04100 0.00041 positive
B 0.41 1.0009 20 0.02050 0.00021 positive
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LIPASE SENSITIVITY OF MIXED SUBSTRATE PLATES

Well §{ Activity | Weighing §j Dilution Cone. Loaded on gel{ Result

[Lipu/d] [d] [ml] [Lipu/ml] [Lipu] PorN

Cc 0.41 1.0009 40 0.01025 0.00010 positive
D 0.41 1.0009 80 0.00513 0.00005 positive
E 0.41 1.0009 160 0.00256 0.00003 positive
F 0.41 1.0009 320 0.00128 0.00001 negative
G 0.41 1.0009 640 0.00064 0.00001 negative

[0258] Surprisingly, the sample could be diluted 160-fold and still detect a positive halo (see,
FIG. 1B), although the sample only held 0.41 LIPU/g, indicating that detection of as little as
0.0026 LIPU/g in a solution was possible when applying 10uL to the plate. Generally, it is not
possible to detect less than 0.1 LIPU/g in the LIPU-k E117 method (dafa nof shown). In
comparison, this could indicate that the lipase/esterase activity detected in the samples favor
the neutral pH and is specific towards short chain fatty acids, which are also known to result in a
"cheese like" off-flavor in dairy applications.

Esterase Side Activity in Fermentation

[0259] Two (2) stabilized ultra-filtration concentrate (UFC) intermediates of B-galactosidase
samples A and B produced in the Bacillus host were tested to confirm that the lipase activity was
present in the UFC samples, and therefore did not come from a route of contamination while
spray drying. For example, both UFC samples A and B originated from the same fermentation,
and as such, both should comprise lipase activity, unless a contamination event occurred after
the fermentation. More particularly, the powder B-galactosidase materials which tested positive
for lipase/esterase activity all originated from the sample A material. More specifically, the
ferment had been split in two and stabilized after two different specifications, depending on the
application it was intended to be used in. Specifications of A and B are presented below in Table
2.

TABLE 2

SAMPLE A AND SAMPLE B SPECIFICATIONS
Sample A Sample B
Activity: >1000 BLU/g Activity: >1000 BLU/g
B-galactosidase/DS ratio: >6000 BLU/g B-galactosidase/DS ratio: >2000
DS BLU/g DS
pH: 4.8-5.2 pH: 6.3-6.7
Potassium sorbate: 0.36-0.44% on final NaCl: 20% on final conc. (w/w)
conc. (w/w)
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[0260] Quantification of lipase activity (LIPU-k, E117) confirmed that both UFC materials had
lipase side activity, indicating that the lipase side activity originates from the Bacillus production
host cell. Additionally, the material stabilized at a lower pH and with potassium sorbate (Sample
A) had less lipase/esterase activity than the one stabilized at higher pH with Sodium chloride
(Sample B), even when normalizing to 1000 BLU (see, TABLE 3) correcting for dilution of the
UFC.

TABLE 3

LIPASE ACTIVITY IN ULTRA-FILTRATION CONCENTRATES
Product ID LIPU/g BLU/g LIPU/1000BLU
Sample A 0.42 1650 0.25
Sample B 0.90 1223 0.74

[0261] In order to better understand why the off-flavor was not detected in the initial sensory
trial, several samples were selected for quantification of esterase activity. The lipase level in
these samples were quantified using LIPU-k (E117), correcting for sample blank values and
normalized to 1000 BLU to compare the results. The samples compared were (A) the powder
material "C", originating from the UFC A (from a large scale fermentation), (B) a sample
representing spray dried material D (from a small scale fermentation) and (C) the actual sample
E used for the sensory trial (from a small scale fermentation). The quantified lipase levels are
shown in TABLE 4. Looking at the lipase/esterase levels normalized to the B-galactosidase
activity, it shows there was less lipase in sample D (small scale fermentation) and sample E
(used for sensory analysis).

TABLE 4

LIPASE ACTIVITY IN POWDER SAMPLES
Product ID LIPU/g BLU/g LIPU/1000BLU
Sample C 0.41 1625 0.25
Sample D 0.30 2576 0.12
Sample E 0.12 1050 0.1

[0262] More particularly, sample D and E from small scale fermentations show approximately
half the lipase level, compared to materials originating from the full scale fermentation sample
C. It does indicate that the lipase/esterase level had increased when going into full scale
(fermentation) production. Taking the above into consideration, it is not too surprising that
sample C from the large scale (fermentation) production shows increased lipase activity relative
to samples D and E from the small scale (fermentation) production, as the large scale
fermentation of sample C has a higher number of cell doublings (i.e., generations) than small
scale fermentation (i.e., samples D and E). Thus, the most probable explanation for a higher
level of (unwanted) lipase side activity is that the activity thereof originates from the Bacillus host
cell used to produce the pB-galactosidase enzyme. For example, the threshold limit of tasting this
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off-flavor in yoghurt was initially unknown, whereas the data presented herein indicates that
going from 0.11 LIPU/1000 BLU to 0.25 LIPU/1000 BLU shifted the off-flavor from below
detection limits to above detection limits by tasting within the first week.

Lipaselesterase Zymogram

[0263] In order to narrow the area of choice for identification by nano-LC-MSMS, a
lipase/phospholipase zymogram was run. The material C was symmetrically loaded on a (pH 3-
10) isoelectric focusing (IEF) gel. Afterwards the gel was cut in two (2). The first part (FIG. 2,
panel B) was placed on an agar gel (FIG. 2, panel A) containing 1% tributyrin, 0.75% lecithin,
0.2 M HEPES buffer (pH 7.4), 0.01M CaCl, and phenol red and incubated at 40°C for two (2)

hours. The second part was fixed and stained with coomassie (FIG. 2, panel C). From the agar
gel (FIG. 2, panel A) one can see where the lipase/esterase (from FIG. 2, panel B) through
overlay had degraded the substrate leaving clear holes in the gel. The band on the coomassie
blue stained gel (FIG. 2, panel C) indicated with the upper arrow, was located 13-14 mm from
the bottom of the gel, similar to were the lipase activity was located as indicated in the in the
agar gel (see, FIG. 3). Bands indicated by arrows in the gel presented in FIG. 2, panel C were
cut out for identification.

[0264] The result of nano-LC-MSMS identification showed an identified para-
nitrobenzylesterase (p-NBE; SEQ ID NO: 2) in the upper band (upper arrow in FIG. 2, panel C),
which is described in the literature as having lipase activity (Ribitsch et al., 2011). The result
further indicates that the p-NBE enzyme originates from the Bacillus subtfilis host cell (i.e., as
opposed to cross-contamination). Furthermore, a carboxyesterase was identified in the lower
band (lower arrow in FIG. 2, panel C), wherein the identified carboxyesterase has high
sequence homology to the p-NBE. However, sequence comparison revealed that the identified
carboxyesterase was an artifact of proteolytic cleavage of the para-nitrobenzylesterase.

[0265] The biochemical characteristics of the B. subfilis p-NBE has been described in the
literature (Chen ef al., 1995; Kaiser et al,, 2006; Ribitsch ef al., 2011). The enzyme is specific
towards short chain p-nitrophenyl esters and triacylglycerols. Furthermore, the p-NBE has a pH

optimum of 8 and is stimulated by Ca?*. In addition, the lipase/esterase spot plates used in the

present disclosure are pH 7.4 and contain Cca?*, providing further evidence of why these
particular spot plates are very sensitive towards the p-NBE enzyme. For example, the p-NBE
enzyme is almost inactive at pH 5 (~10% remaining activity), but retains approximately 50%
activity at pH 6.5, relative to its pH optimum of 8 (Kaiser ef al., 2006). Thus, the different pH
specifications on the UFC's might explain why more lipase activity is observed in the material B
compared to the material A, as the p-NBE is less stable at the low pH. Furthermore, the p-NBE
should be stable up to 50°C, but will be rapidly and irreversible inactivated at temperatures
above 50°C.

Putative Method for Inactivation of the LipaselEsterase Activity
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[0266] It was tested whether heat treatment above 50°C, but below the 55°C, could inactivate
the lipase/esterase activity, without affecting the p-galactosidase activity (i.e., it is contemplated
that a temperature above 55°C would compromise the pB-galactosidase activity severely). Thus,
material A and C were tested by incubation at 53°C for 20 minutes, 40 minutes and 60 minutes.
No physical change was observed in the powder material C, but severe aggregation was formed
in the UFC sample A. This aggregation was removed by centrifugation (5 minutes at 12,000
rom). Residual esterase activity was semiquantified on the agar spot plates (see, FIG. 4).

[0267] No difference in size of haloes from heat treating the powder was observed. Comparing
halo sizes in the experiment when determining the sensitivity of the lipase/esterase spot plate,
the estimated residual esterase activity of the UFC A as follows:

CB - 100%
B-20 minutes - 5%

B-40 minutes - 2.5%

[0268] Furthermore, the lactase activity was quantified according to a ten (10) minute hydrolysis
of a colorless substrate, 2-nitrophelyl p-D-galactopyranoside (ONPG) to a yellow 2-nitrophenol
(ONP) and galactose at 30°C. The reaction was stopped with 750 pyL 10% sodium carbonate,
and ONP was determined at ODypg. The activity was calculated against a standard curve

prepared by dilutions of sample C. Set forth in Table 5 are the p-galactosidase activities after
53°C heat treatment of the samples.

TABLE 5
B-GALACTOSIDASE ACTIVITY AFTER HEAT TREATMENT AT 53°C
ID Activity % relative to B-0 {% residual total units after
(BLU/g) minutes removal of aggregate
B-0 1593 100% 100%
minutes
B-20 1143 72% 54%
minutes
B-40 1018 64% 45%
minutes
B-60 744 47% 30%
minutes

[0269] From this the relation between Lipase and p-galactosidase activity can be calculated. As
presented in Table 6, the Lipase activity was significantly reduced after just twenty (20) minutes
incubation (i.e., sample B20; Table 6), and hence should be below detection limit for of off-flavor
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TABLE 6
LIPASE ACTIVITY NORMALIZED TO B-GALACTOSIDASE
ID LIPU/g BLU/g LIPU/1000BLU
BO 0.4100 1593 0.2574
B20 0.0205 1143 0.0179
B40 0.0102 1018 0.0100
B60 0.0102 744 0.0137

[0270] It was decided to further evaluate the stability of lactase and esterase activity at 48°C,
51°C and 53°C. Samples were aliquoted and incubated at various temperatures and times.
Afterwards the esterase (FIG. 5) and lactase (FIG. 6) activity was determined, wherein the
aggregation formed was removed by centrifugation as previously described.

[0271] As presented in FIG. 5, the esterase activity is not significantly reduced by the 48°C
incubation and one would need to incubate for 129 minutes or more to inactivate the esterase.
As presented in FIG. 5, the 53°C incubation is the most effective temperature, having reduced
the activity approximately 95 % after just 20 minutes. As presented in FIG. 6, after 20 minutes of
incubation, there is not much difference in recovery between temperatures used (ie., 48°C,
51°C and 53°C), and further incubation time will only lead to further reduction of lactase activity
at all temperatures tested. Thus, based on esterase stability, a temperature of 53°C for 20
minutes would be the recommended treatment of the UFC sample A (although longer
incubation times may be required for larger volumes).

Dose Dependent Application Trials

[0272] To determine the analytical fingerprint of the off-flavor in both UHT milk and yoghurt,
trials were run with various doses of material, which were dosed as shown in Tables 7 and 8
below. The UHT milk was processed as follows; indirect tubular heating, downstream
homogenization 200 bar at 75°C.

TABLE 7
YOGHURT TRIAL
Ingredients 61 62 63 64 65 66
Low fat milk 1.5 % 100 99.87{ 99.903; 99.935{ 99.968] 99.987
Fat
Sample C 0 0.13 0.098 0.065 0.033 0.013
100.000§ 100.000; 100.000; 100.000; 100.000; 100.000

TABLE 8
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UHT MILK TRIALS
Ingredients 51 52 53 54 55 56
Low fat milk 1.5 % 100 99.87{ 99.903{ 99.935; 99.968] 99.987
Fat
Sample C 0 0.13 0.098 0.065 0.033 0.,013
100.000; 100.000; 100.000; 100.000; 100.000; 100.000

[0273] After one (1) week of storage at either 5°C or ambient temperatures, the samples were
tasted and it was found that dosing above 0.033% resulted in off-flavor in both the yoghurts and
UHT milk, whereas dosing at 0.033% or below, the off-flavor could not be perceived after the
one week of storage (see, Tables 9 and 10 below).

TABLE 9
SENSORY EVALUATION OF YOGHURT - TASTING AFTER 7 DAYS OF

STORAGE AT 5°C

Trial no. Cold storage (5°C)

61 nothing

62 Off-flavor

63 Off-flavor

64 nothing

65 nothing

66 nothing

TABLE 10

SENSORY EVALUATION OF UHT MILK - TASTING AFTER 7 DAYS OF
STORAGE

Trial no. Ambient temp - dark

51 nothing

52 Bad taste

53 Smell

54 Slight Smell

55 nothing

56 nothing

[0274] In addition, after one (1) week storage of the yoghurts and UHT milk, samples were also
sent for analysis of flavor components, which mainly included ketones and free fatty acids. It
was clear that the off flavor profile was different in the two applications. For the yoghurts (FIG.
7), it was mainly free fatty acid levels that increased by increasing doses of the p-galactosidase
powder material C and to less degree the ketones. In the UHT milk (FIG. 8), both the free fatty
acids and the ketones, especially 2-heptanone, were increasing according to the dose.
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[0275] Thus, having processed the UHT milk by indirect tubular heating seemed to mask some
of the off-flavor. For example, another trial in UHT milk (which was processed by direct infusion),
appeared to be more sensitive to the off-flavor. For example, as presented in FIG. 9, it is clearly
shown that having dosed at 0.13%, there were increasing levels of free fatty acids (especially
the 2-heptanone and 2-nonanone) over storage time period.

EXAMPLE 2

BACILLUS HOST CELLS GENETICALLY MODIFIED TO BE DEFICIENT IN p-
NITROBENZYLESTERASE SIDE ACTIVITY

[0276] The Bacillus subtilis pnbA gene (SEQ ID NO: 1) encoding the para-nitrobenzylesterase
(SEQ ID NO: 2) was deleted using the marker-less method described by Janes and Stibitz
(2006). The construction of the integration plasmid pKSV-I-Sce-Km was performed as follows.
Twenty (20) picomoles of two 2 single-strand oligomers, [-Scel-1
(cgatTAGGGATAACAGGGTAATat; SEQ ID NO: 19, bold letters with underline are a homologous
sequence of |-Scel restriction enzyme site) and I-Scel-2 (cgatATTACCCTGTTATCCCTAat; SEQ
ID NO: 20), were incubated at 98°C for 7 minutes and then kept at 55°C for 5 minutes to anneal
the oligomers. The annealed fragment was phosphorylated with T4 polynucleotide kinase (New
England BioLabs) and was then ligated with the Clal site of pKSV7 (Smith and Youngman,
1992). To eliminate the chloramphenicol resistance gene present in pKSV7, the plasmid was
digested with Ncol and Mfel, and was blunted with T4 DNA polymerase (New England BioLabs).
The fragment containing repF and cop-6 had been separated from the chloramphenicol
resistance gene fragment by agarose gel electrophoresis, and purified with a gel extraction kit
(Qiagen), then self-ligated to originate the pKS vector. The pKS vector was digested with the
restriction endonuclease Hindlll and ligated to the kanamacyn resistant gene derived from the
plasmid pDG780 (Guérout-Fleury et al, 1995) after digestion with Hindlll restriction
endonuclease, wherein the resulting plasmid is "pKSV-1-Sce Km".

[0277] The loci upstream and downstream the pnbA gene were amplified by PCR from B.
subtilis 168 genomic DNA, using the following primers: Primer No. 981: 5'-
AACCAGCACTAGTGTCGACGCCTGGTAGGTCG-3' (SEQ ID NO: 21); Primer No. 984: 5'-
GCACCAATGTATCCTGTTTTCCCCATATCGTTAGCCCTTTAACCGATCATCATC-3' (SEQ ID NO:
22); Primer No. 985: 5'-ATATGGATCCGTTCTACTAGACATTTATGAAGTACAG-3' (SEQ ID NO:
23) and Primer No. 983: 5-GATGATGATCGGTTAAAGGGCTAACGATATGGGGAAAACAGG -3
(SEQ ID NO: 24).

[0278] The two PCR products were assembled by fusion PCR using Primer No. 981: 5'-
AACCAGCAC TAGTGTCGACGCCTGGTAGGCG-3' (SEQ ID NO: 21) and Primer No. 985: 5'-
ATATGGATCCGT TCTACTAGACATTTATGAAGTACAG-3' (SEQ ID NO: 23).
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[0279] The amplicon was digested with the restrictions sites Spel and BamHI, and ligated to the
pKSV-I-Sce-Km vector linearized with the restriction enzymes Xbal and BamHI, wherein the
resulting vector was named pKSV-ISce-pnbA.

[0280] The pKSV-ISce-pnbA vector was transformed and integrated into the genome of a
parental B. subtilis host cell. A second vector, called pKBJ233 (Janes and Stibitz, 2006),
containing the expression construct for the restriction enzyme [I-Sce was used to transform the
parental B. subtilis (pksV-1Sce-pnbA) host cell. The strain was grown for 72 hours by renewing
the media every 12 hours, then re-isolated on Luria agar plates. The kanamycin sensitive
clones were selected and tested by PCR for the deletion of the pnbA gene. The resulting B.
subtilis daughter cell (i.e., comprising a deletedpnbA gene) was named CB103.

EXAMPLE 3

EVALUATION OF UFC MATERIAL AFTER KNOCK OUT OF P-NITROBENZYLESTERASE
GENE IN THE HOST STRAIN

[0281] As set forth above in Example 2, the B. subtilis gene encoding the identified and
unwanted p-NBE enzyme activity (SEQ ID NO: 2) was deleted in the B. subtilis (B-galactosidase
and/or lactase producing) host cell of the instant disclosure. Thus, the resulting p-NBE deleted
B. subtilis host cell described in Example 2 was used for fermentation of the p-galactosidase. It
is noted herein that the deletion (knockingout) of particular a gene presents certain risks if the
deleted gene in question is either essential to the host cell or if the host cell compensates by
expressing another enzyme with similar characteristics. As described herein, the gene encoding
the p-NBE enzyme is not essential to the B. subfilis host cell, and as such, the UFC material
resulting from the fermentation of the p-NBE deleted B. subtilis host cell was therefore tested for
esterase activity by the spot plate analysis.

[0282] As a positive control 20 pL of a 53°C heat treated sample was applied. Similarly, 10 yL
and 20 yL of the new material (i.e., produced in the p-NBE deleted B. subtilis host cell) was
applied to the spot plate and incubated at 40°C for 24 hours. As presented in FIG. 10, no
esterase activity was detectable in the new material. As presented in FIG. 10, the yellow halo
represents lipase activity in the 53°C treated sample (labeled 53C in FIG. 10). In contrast, the
spot plate holes in FIG. 10, labeled "New" (i.e., lacking yellow haloes), which correspond to the
samples produced from the B. subtilis host cell in which the gene encoding p-NBE enzyme has
been deleted (Example 2), had no detectable lipase activity (FIG. 10).

[0283] Subsequently, both sample C (i.e., comprising the p-NBE side-activity) and the new p-
NBE free material (i.e., produced from the B. subfilis Ap-NBE host cell) were used in application
trials of both Yoghurt and UHT milk (processed by direct infusion) to confirm that the off-flavor
had been completely eliminated. Thus, to ensure that any slight changes of components were
clearly detectable in the assay, it was decided to overdose the new material at 0.207%.
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[0284] As presented in FIG. 11 (Yoghurt) and FIG. 12 (UHT milk), it is clearly observed that the
new UFC material is comparable to the control (i.e., FIG. 11 and 12; Reference, no enzyme
added) and as such, the new UFC material does not result in off-flavor in the specified
applications. Furthermore, FIG. 11 and FIG. 12 clearly show that the esterase containing
material (Old strain) has higher levels of free fatty acids and ketones than the other samples
(i.e., New strain), wherein the 2-heptanone in the UHT milk contributes significantly to the off-
flavor.

[0285] Thus, as described herein, the deletion of the gene encoding the p-NBE enzyme (SEQ
ID NO: 2) in the B. subtilis host cell (see, Example 2) used to produce B-galactosidases and/or
lactases of the disclosure completely eliminated the off-flavor caused by the p-NBE enzymatic
side activity present in the original (parental) B. subfilis host cell, which p-NBE activity has been
eliminated in the modified (daughter) B. subtilis host cell.
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Patentkrav

1. Bacillus sp.-vartcelle, som udtrykker et polypeptid, der
omfatter B-galactosidase-aktivitet eller transgalactosylerende
aktivitet, hvor vartscellen omfatter en genmodifikation, der
reducerer eller eliminerer para-nitrobenzylesterase (p-NBE)-
aktivitet, hvor modifikationen omfatter deletion eller
gdelaeggelse af et endogent Bacillus-gen, der koder for en para-
nitrobenzylesterase, og hvor Bacillus sp.-vertscellen omfatter
en ekspressionsvektor, der omfatter et polynukleotid, der koder
for polypeptidet, der omfatter B-galactosidase-aktivitet eller

transgalactosylerende aktivitet.

2. Vertscelle ifglge krav 1, hvor modifikationen omfatter
deletion eller wgdelaggelse af et gen, der koder for et p-NBE-

polypeptid, der omfatter mindst 60 % sekvensidentitet med p-NBE-
polypeptidet ifwlge SEQ ID NO: 2.

3. Vertscelle ifglge krav 1, hvor modifikationen omfatter
fuldstandig eller delvis deletion af et gen, der koder for et
p-NBE-polypeptid, der omfatter mindst 60 % sekvensidentitet med
p-NBE-polypeptidet ifwlge SEQ ID NO: 2.

4, Vaertscelle 1ifglge krav 3, hvor den delvise deletion
omfatter:

a) deletion af en eller flere kodoner, der koder for aminosyrerne
i p-NBE’s aktive sted Seriss, Gluszio og/eller Hiszgs, 1 forhold til
SEQ ID NO: 2;

b) en nukleotidlaserammeforskydningsdeletion i genet, der koder
for p-NBE, hvor laserammeforskydningsdeletionen resulterer i et
kodet protein deraf, der mangler p-NBE-aktivitet;

c) deletion af nukleotider 1 p-NBE-genet, der koder for
aminosyreresterne 1-163 ifglge SEQ ID ©NO: 2, deletion af
nukleotider i p-NBE-genet, der koder for aminosyreresterne 164-
326 ifglge SEQ ID NO: 2, eller deletion af nukleotider i1 p-NBE-
genet, der koder for aminosyreresterne 327-489 ifglge SEQ 1ID
NO: 2;

d) deletion of acetylesterase (AE)-domaznet, der kodes af p-NBE-
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genet, eventuelt hvor AF-domanet er indeholdt i
aminosyreresterne 85-211 ifglge SEQ ID NO: 2; eller
e) deletion af en eller flere kodoner af genet, der koder for

p-NBE-substratbindingslommen.

5. Vertscelle ifglge krav 2, hvor modifikationen omfatter
gdeleggelse af et gen, der koder for et p-NBE-polypeptid, der
omfatter mindst 60 % sekvensidentitet med p-NBE-polypeptidet
ifeglge SEQ ID NO: 2, eventuelt hvor p-NBE-gengdelaggelsen

omfatter insertion af en selekterbar marker i p-NBE-genet.

6. Vertscelle ifglge krav 1, hvor polypeptidet, der omfatter
B-galactosidase—-aktivitet eller transgalactosylerende

aktivitet, er valgt fra gruppen, der bestar af et

oo

Bifidobacterium bifidum-polypeptid, der omfatter 90
sekvensidentitet med SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8,
SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14 eller SEQ ID NO: 16,
et Kluyveromyces lactis-polypeptid, der omfatter 90 %
sekvensidentitet med SEQ ID NO: 17, et Aspergillus oryzae-
polypeptid, der omfatter 90 % sekvensidentitet med SEQ 1ID
NO: 18, og et Lactobacillus delbrueckii-polypeptid, der omfatter
90 % sekvensidentitet med SEQ ID NO: 26; eller hvor
polypeptidet, der omfatter (-galactosidase-aktivitet eller
transgalactosylerende aktivitet, kodes af et polynukleotid, der
omfatter 90 % sekvensidentitet med SEQ ID NO: 3, SEQ ID NO: 5,
SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ
ID NO: 15 eller SEQ ID NO: 25.

7. Vaertscelle ifeglge krav 1 valgt fra gruppen, der bestar af
B. subtilis, B. 1licheniformis, B. lentus, B. brevis, B.
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 og B. thuringiensis, f.eks. hvor

vertscellen er Bacillus subtilis.

8. Vertscelle ifglge krav 1, hvor vartscellen er yderligere
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modificeret, sd den er mangelfuld 1 ©paviselig lipase-
sideaktiviteter, phospholipase-sideaktiviteter, cellulase-
sideaktiviteter, pectinase-sideaktiviteter, amylase-
sideaktiviteter, protease-sideaktiviteter og/eller mannanase-

sideaktiviteter.

9. Vertscelle ifglge krav 1, hvor ekspressionsvektoren er

integreret i1 genomet 1 vertscellen.

10. Fremgangsmade til fremstilling at en
polypeptidsammensaetning, der har B-galactosidase—-aktivitet
eller transgalactosylerende aktivitet, hvor
polypeptidsammensatningen ikke omfatter paviselig para-
nitrobenzylesterase (p—NBE) —aktivitet deri, hvilken
fremgangsmade omfatter:

(a) tilvejebringelse af en Bacillus-modervartscelle, der
omfatter og udtrykker en polynukleotidkonstruktion, der koder
for et polypeptid, der har PB-galactosidase-aktivitet eller
transgalactosylerende aktivitet,

(b) modificering af Bacillus-vartscellen 1 trin (a) ved
deletion, @delaggelse eller nedregulering af et gen, der koder
for et pP-NBE-polypeptid, der omfatter mindst 60 2
sekvensidentitet med p-NBE-polypeptidet ifelge SEQ ID NO: 2,

(c¢) dyrkning af den modificerede wvartscelle i1 trin (b) under

o

betingelser, der er egnet til ekspression af polypeptidet, der
har B-galactosidase—-aktivitet eller transgalactosylerende
aktivitet, og

(d) isolering af polypeptidet, der har PB-galactosidase-aktivitet
eller transgalactosylerende aktivitet, hvor den isolerede
polypeptidsammensaetning, der har B-galactosidase—-aktivitet
eller transgalactosylerende aktivitet, ikke omfatter

paviselig p-NBE-aktivitet.

11. Fremgangsmade til fremstilling at en
polypeptidsammensaetning, der har B-galactosidase—-aktivitet
eller transgalactosylerende aktivitet, hvor
polypeptidsammensatningen ikke omfatter paviselig para-

nitrobenzylesterase (p—-NBE) —aktivitet deri, hvilken
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fremgangsmade omfatter:

(a) opnéaelse af en Bacillus-modervaertscelle og modificering af
modercellen ved deletion, @delaggelse eller nedregulering af et
gen, der koder for et p-NBE-polypeptid, der omfatter mindst 60 %
sekvensidentitet med p-NBE-polypeptidet ifelge SEQ ID NO: 2,

(b) indfgrelse 1 den modificerede celle i trin (a) af en
ekspressionskonstruktion, der koder for et polypeptid, der har
B-galactosidase—-aktivitet eller transgalactosylerende
aktivitet,

(c¢) dyrkning af vertscellen i trin (b) under betingelser, der
er egnet til ekspression af polypeptidet, der har (-
galactosidase-aktivitet eller transgalactosylerende aktivitet,
og

(d) isolering af polypeptidet, der har PB-galactosidase-aktivitet
eller transgalactosylerende aktivitet, hvor den isolerede
polypeptidsammensaetning, der har B-galactosidase—-aktivitet
eller transgalactosylerende aktivitet, ikke omfatter

paviselig p-NBE-aktivitet.

12. Fremgangsmade til fremstilling at en
polypeptidsammensaetning, der har B-galactosidase—-aktivitet
eller transgalactosylerende aktivitet, hvor
polypeptidsammensatningen ikke omfatter paviselig para-
nitrobenzylesterase (p—-NBE) —aktivitet deri, hvilken
fremgangsmade omfatter:

(a) tilvejebringelse af en vartscelle ifglge et hvilket som
helst af kravene 1 til 9,

(b) dyrkning af wvertscellen i trin (a) under betingelser, der
er egnet til <ekspression af ©polypeptidet, der har pB-
galactosidase-aktivitet eller transgalactosylerende aktivitet,
og

(c) isolering af polypeptidet, der har P-galactosidase-aktivitet
eller transgalactosylerende aktivitet, hvor den isolerede
polypeptidsammensaetning, der har B-galactosidase—-aktivitet
eller transgalactosylerende aktivitet, ikke omfatter paviselig
p-NBE-aktivitet.
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