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TITLE

A method for preparing a dairy product having a stable content of galacto-oligosaccharide(s)

FIELD OF THE INVENTION

The present invention relates to a method for preparing a dairy product having a stable
content of galacto-oligosaccharide(s) (GOS), and to a galacto-oligosaccharide-enriched dairy

product prepared by the method.

BACKGROUND OF THE INVENTION

Galacto-oligosaccharides (or Galactooligosaccharides) (GOS) are carbohydrates which are
nondigestable in humans and animals comprising two or more galactose molecules, typically
up to nine, linked by glycosidic bonds. GOS’s may also include one or more glucose
molecules. One of the beneficial effects of GOS's is their ability of acting as prebictic
compounds by selectively stimulating the proliferation of beneficial colonic microorganisms to
give physiological benefits to the consumer. The established health effects have resulted in a

growing interest in GOSs as food ingredients for various types of food.

The enzyme B-galactosidase (EC 3.2.1.23) usually hydrolyses lactose to the monosaccharides
D-glucose and D-galactose. In the enzyme reaction of B-galactosidases, the enzyme
hydrolyses lactose and transiently binds the galactose monosaccharide in a galactose-enzyme
complex. Subsequently, water is used to hydrolyze the covalent galactose-enzyme
intermediate resuiting 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 whereby galacto-
oligosaccharides are produced. At high lactose concentrations most B -galactosidases are able

to transfer galactose to the hydroxyl groups of lactose or higher order oligosaccharides.

The genus Bifidobacterium is commonly used in the dairy industry. 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 abiiity of
Bifidobacterium to repopulate the intestinal flora in individuals who have had their intestinal
flora disturbed by for example intake of antibiotics. Bifidobacterium furthermore has the

potential of outcompeting potential harmful intestinal micro-organisms.

Galacto-cligosaccharides are known to enhance the growth of Bifidobacterium. This effect is
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likely achieved through the unique ability of Bifidobacterium to exploit galacto-
oligosaccharides as a carbon source. Dietary supplement of galacto-oligosaccharides is
furthermore thought to have a number of long-term disease protecting effects. For example,
galacto-oligosaccharide intake has been shown to be highly protective against development
of colorectal cancer in rats. There is a great interest in developing cheap and efficient
methods for producing galacto-oligosaccharides for use in the industry for improving dietary

supplements and dairy products.

An extracellular lactase from Bifidobacterium bifidum DSM20215 truncated with
approximately 580 amino acids (BIF3-d3) has been described as a transgalactosylating
enzyme in a solution containing lactose solubilised in water (Jgrgensen et al. (2001), Appl.
Microbiol. Biotechnol., 57: 647- 652). WO 01/90317 also describes a truncation variant
(OLGA347) as being a transgalactosylating enzyme and in WO 2012/010597 OLGA347 was

shown to transfer a galactose moity to D-fucose, N-acetyl-galactosamine and xylose.

US2012/0040051 describes a process for preparing easily absorbable milk products with high
galacto-oligosaccharide (GOS) content and low lactose content, and to a
galactooligosaccharide-enhanced milk product prepared with the process using for example
lactases from any origin, including, lactases from Aspergillus, Saccharomyces and

Kluyveromyces.

Galacto-oligosaccharide synthesis from a lactose solution or skim milk using the beta-
galactosidase from Baccilus circulans is described in The Journal of Agricultural and Food
Chemistry 2012, 60, 6391-6398.

WOQ2008/037839 discloses a process for producing products containing galacto-
oligosaccharides by treating a milk-based raw material after addition of fructose and
optionally lactose with a beta-galactosidase and terminating the enzymatic reaction of the

reaction mixture.

EP0458358 discloses a skim milk powder containing galacto-oligosaccharide and a process for
producing the same. The therein described process comprises adding beta-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 spraydrying of the reaction

mixture.

US2006/0223140 discloses a transglycosylation method and a glycosidase having
transglycosylation activity.
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CN101396048 relates to a production method used for milk rich in galacto-oligosaccharide,
comprising the steps as follows: heating milk, separating fat to get skim milk, pasteurizing,

cooling, hydrolyzing by immobilizing B-galactosidase, UHT sterilizing, cooling and packaging.

In the present invention an efficient /n situ conversion of low-concentration lactose te GOS is
presented by treatment of milk-based medias using B-galactosidase such as a truncated
lactase from Bifidobacterium bifidum DSM20215 consisting of 887 amino acids having SEQ ID

no 1.

In addition, it has been found that the content of galacto-oligosaccharide(s) (GOS) produced
in situ in a milk-based dairy application is not stable over time and is highly dependent on
very low amounts of residual B-galactosidase activity within the milk-based product under
normal storage conditions. This problem is also present in fermented dairy products such as
yogurt with lowered pH, where the residual p-galactosidase activity is reduced even further.
The B-galactosidase is highly stabilized in the milk matrix and a surprising high combination
of treatment time and temperature compared to a buffered solution is required in the
pasteurisation process to completely inactivate the B-galactosidase. Thus, the present
invention describes a process that enables the use of a transgalactosylating $-galactosidase
for in situ generation of stable GOS in different dairy products without negatively effecting
important dairy product quality attributes, such as texture and flavour, due to residual B-

galactosidase activity.

SUMMARY OF THE INVENTION

It has been found by the present inventor(s) that the B-galactosidase polypeptides such as
the Bifidobacterium derived B-galactosidase polypeptides disclosed herein are efficient
producers of galacto-oligosaccharides for example in situ when incubated in a low-
concentration lactose containing composition such as a dairy product, wherein they have an
efficient conversion of lactose into GOS resulting in a lower amount of free lactose. However,
it has also been found that the resulting content of GOS is not stable over time even after a
high temperature pasteurization step (95°C, 5 min) that normally is applied in for example
yogurt production. The presence of galacto-oligosaccharides in dairy products has the
advantage of enhancing the growth of beneficial microbial strains (probiotics) such as the
health-promoting Bifdobacterium sp. in the product itself and/or in the human or animal that

consumes the product.

It has been found that the GOS stability is related to the Bifidobacterium derived B-
galactosidase polypeptide activity and surpringly it has been found that even a small residual
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B-galactosidase polypeptide activity (as low as 1.1% of the initial activity used under current
conditions) is sufficient to degrade the GOS formed. This process happens even at a low
storage temperature and at a low pH for example in a yogurt, where Bifidobacterium derived
B-galactosidase polypeptide according to meassurements in buffer has no activity after a
“standard” yogurt pasteurization step (95°C, 6 min).

The present invention relates to a specific process condition that enables efficient in situ
generation of galacto-oligosaccharides from a low lactose concentration solution, such as milk
or milk-base used for yogurt production. In a second aspect of the present invention relates
to the specific inactivation conditions (relationship between pasteurization time and
temperature) needed to completely inactivate the B-galactosidase polypeptide, such as the
active Bifidobacterium derived B-galactosidase,and ensure stable GOS over time for the given

dairy product.

In an aspect the present invention relates to a method of treating a galacto-oligosaccharides
containing milk-based substrate, wherein said milk-based substrate comprises active B-
galactosidase, such as active Bifidobacterium derived B-galactosidase, having
transgalactosylating activity to obtain a dairy product having a stable content of galacto-
oligosaccharides comprising the step of heat treating said milk-based substrate in order to
have substantially no residual B-galactosidase polypeptide activity, such as below 0.0213,
such as below 0.0192, such as below 0.017, such as below 0.0149, such as below 0.0149,
such as below 0.0107, such as below 0.0085, such as below 0.0064, such as below 0.0043,
or more preferred such as below 0.00213 LAU/mi (for example determined as described in
method 2).

It is important to have an expedient industrial process, and at the same time have an
acceptable product quality. It has been found that heat treating said milk-based substrate at
a temperature of above 130°C may create offlavours, denaturation and browning of the
product, whereas heat treating at a temperature below 90°C results in a holding time which

may not be compatible with an industrial process.

In ancther aspect the present invention thus relates to a method of treating a galacto-
oligosaccharides containing milk-based substrate, wherein said milk-based substrate
comprises B-galactosidase, such as Bifidobacterium derived B-galactosidase, having
transgalactosylating activity, which method comprises the step of heat treating said milk-
based substrate at a temperature (T) in the range of 90 °C - 130 °C for a period of time of at

least x seconds,

wherein x is related to the temperature T by: x=153,377,215,802.625 ¢ 0-20378144T .
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to obtain a heat treated dairy product, wherein the variation in content of galacto-
oligosaccharides is within 0.4 % (w/v) in a period of at least 14 days In a further aspect, the
present invention relates to a heat-treated dairy product obtained by the method according
to the invention. In a further aspect, the present invention relates to milk-based substrate

treated according to the method according to the invention.

DESCRIPTION OF THE INVENTION

LEGENDS TO THE FIGURE

Figure 1 depicts residual LAU (described in method 2) activity of BIF_917 in a milk-base
(defined in example 1) as function of pasteurization time in seconds at: A) 60°C, B) 72°C and
C) 95°C.

Figure 2 depicts residual LAU (described in method 2) activity of BIF_917 in a Na-phosphate
buffer (defined in example 1) as function of pasteurization time in seconds at: A) 60°C, B)
72°C and C) 95°C.

Figure 3 depicts residual LAU (described in method 2) activity of BIF_917 in lactose-free milk
(defined in example 1) as function of pasteurization time in seconds at: A) 60°C, B) 72°C and
C) 95°C.

Figure 4 shows a plasmid map for the BIF_1326 variant for recombinant expression in

Bacillus subtilis.

Figure 5 shows SDS-PAGE showing truncation variants purified using HyperQ column eluted

with a NaCl gradient.

Figure 6 shows the ratio of transgalactosylation activity. Ratio Is calculated as ratio between
Abs420 with acceptor present divided by Abs420 without acceptor present times 100.
Variants at or below index 100 are purely hydrolytic variants, whereas the level above

reflects relative transgalactosylating activity.

Figure 7 shows Galacto-oligosaccharides (GOS) generating efficacy of selected variants in a
yoghurt matrix at 30°C for 3 hours. In this example GOS is the accumulative amount

oligosaccharides at and above DP3.
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Figure 8 shows SDS-PAGE gel showing the different variants from table 2 expressed and the
degradation fragments detected. Lower panel shows magnification and identification of

degradation bands.

Figure 9 shows a semi-logaritmic plot on the time needed for inactivation at 95°C and 121°C
of the BIF_917. The trendline equation describes the relation between temperature and

inactivation time.

SEQUENCE LISTING

SEQ ID NO: 1 (also named (BIF_917) herein) is a 887 amino acid truncated fragment of SEQ
ID NO: 22.

SEQ ID NO: 2 (also named (BIF_995) herein) is a 965 amino acid truncated fragment of SEQ
ID NO: 22.

SEQ ID NO: 3 (also named (BIF_1068) herein) is a 1038 amino acid truncated fragment of
SEQ ID NO: 22.

SEQ ID NO: 4 (also named (BIF_1172) herein) is a 1142 amino acid truncated fragment of
SEQ ID NO: 22.

SEQ ID NO: 5 (also named (BIF_1241) herein) is a 1211 amino acid truncated fragment of
SEQ ID NO: 22.

SEQ ID NO: 6 (also named (BIF_1326) herein) is a 1296 amino acid truncated fragment of
SEQ ID NO: 22.

SEQ ID NO: 7 is Bifidobacterium bifidum glycoside hydrolase catalytic core

SEQ ID NO: 8 is a nucleotide sequence encoding an extracellular lactase from Bifidobacterium
bifidum DSM20215

SEQ ID NO: 9 is nucleotide sequence encoding BIF_917

SEQ ID NO: 10 is nucleotide sequence encoding BIF_995

SEQ ID NO: 11 is nucleotide sequence encoding BIF_1068

SEQ ID NO: 12 is nucleotide sequence encoding BIF_1172

SEQ ID NO: 13 is nucleotide sequence encoding BIF_1241

SEQ ID NO: 14 is nucleotide sequence encoding BIF_1326

SEQ ID NO: 15 is forward primer for generation of above BIF variants

SEQ ID NO: 16 is reverse primer for BIF_917

SEQ ID NO: 17 is reverse primer for BIF_995

SEQ ID NO: 18 is reverse primer for BIF_1068

SEQ ID NO: 19 is reverse primer for BIF_1241

SEQ ID NO: 20 is reverse primer for BIF_1326

SEQ ID NO: 21 is reverse primer for BIF_1478
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SEQ ID NO: 22 is extraceliular lactase from Bifidobacterium bifidum DSM20215.
SEQ ID NO: 23 is signal sequence of extracellular lactase from Bifidobacterium bifidum
DSM20215

DETAILED DISCLOSURE OF THE INVENTION

Definitions

In accordance with this detailed description, the following abbreviations and definitions apply.
It should be noted that as used herein, the singular forms “a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to “a
polypeptide” includes a plurality of such polypeptides, and reference to “the formulation”
includes reference to one or more formulations and equivalents thereof known to those
skilled in the art, and so forth.

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. The following terms are

provided below.

In the present context, "in situ” shall mean the combination of active enzyme with a
milkbased substrate."Transgalactosylase” means an enzyme that, among other things, is able
to transfer galactose to the hydroxyl! groups of D-galactose or D-glucose whereby galacto-
oligosaccharides 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.

In the present context, the term “transgalactosylating activity” means the transfer of a
galactose moiety to a molecule other than water. The activity can be measured as [glucose]
- [galactose] generated at any given time during reaction or by direct quantification of the
GOS generated at any given time during the reaction. This measurement may be performed
in several ways such as by a HPLC method as shown in the examples. When comparing
measurements of transgalactosylating activity, they have been performed at a given initial
lactose concentration, such as e.g. 3, 4, 5, 6, 7, 8, 9 or 10% (w/w). In the present context,
the term “B-galactosidase activity” means the ability of an enzyme to hydrolyse B-
galactosides such as for example lactose into monosaccharides, glucose and galactose. In the
context of calculating transgalactosylating activity:p-galactosidase activity, the B-

galactosidase activity is measured as [galactose] generated at any given time during
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reaction. This measurement may be performed in several ways such as by a HPLC method as

shown in the examples.

In the present context, the term “B-galactosidase having transgalactosylating activity” means
a B-galactosidase having a ratio of transgalactosylation activity above 100% such as above
150%, 175% or 200%.

Examples of B-galactosidases having transgalactosylating activity can be derived from but are
not limited to Aspergillus orryzae, Bacillus circulans, Ruminococcus, Bifidobacterium,
Geobacillus stearothermophilus, Bacillus stearothermophilusa and Lactobacilius plantarum (C.
Oliveira et al. / Biotechnology Advances 29 (2011) 600-609).

In the present context, the term “ratio of transgalactosylation activity” using ortho-
nitrophenol-pB-D-galactopyranoside (ONPG) was calculated as follows: Ratio is calculated as
ratio between Abs420 with acceptor present divided by Abs420 without acceptor present
times 100. Variant at or below index 100 are purely hydrolytic variants, whereas the level
above depicts relative transgalactosylating activity. Ratio of transgalactosylation activity =
(Abs42(Q*Cellobiose/ pApg4 0 Celiobioseyx 1 009, where Abs4207 eV g the absorbance read at
420nm using the described method 3 below including cellobiose in the reaction and Abs420°
Celloblose i the absorbance read at 420nm using the described method 3 below but without
cellobiose in the reaction. The equation above is only valid for dilutions where the absorbance
is between 0.5 and 1.0.

In the present context, the term “ratio of transgalactosylating activity:B-galactosidase
activity” means ([Glucose]-[Galactose]/[Galactose])}. In the present context, the term
[Glucose] means the glucose concentration in % by weight as measured by HPLC. In the
present context, the term [Galactose] means the galactose concentration in % by weight as

measured by HPLC.

In the present context, the term “lactose has been transgalactosylated” means that a
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 for example forming allolactose.

In the present context, the evaluation of performance of polypeptides disclosed herein in

galacto-oligosaccharide (GOS) production was tested in milk-based assay.

Quantification of galacto-oligosaccharides (GOS), lactose, glucose and galactose were

performed by HPLC. Analysis of samples was carried out on a Dionex ICS 3000. IC
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parameters were as follows: Mobile phase: ddH20, Flow: Isochratic, 0,3ml/min, Column: RSO
oligosaccharide column, Ag* 4% crosslinked (Phenomenex, The Netherlands), Column
temperature: 70°C, Injection volume: 10 pl, Detector: RI, Integration: Manual, Sample
preparation: 20 times dilution in Milli-Q water (0.1 ml sample + 1.9 ml water) and filtration
through 0.2 ym syringe filters, Quantification: Peak areas in percent of peak area of the
standard. A GOS syrup (Vivinal GOS, Friesland Food Domo, The Netherlands) was used as
standard for GOS quantification. Resuits of such an evaluation is shown in table 3, and

further described in example 1.

In the present context, the term “which polypeptide is freeze-dried” means that the
polypeptide has been obtained by freeze-drying a liquid of the polypeptide at an appropriate

pressure and for an appropriate period removing the water.

In the present context, the term “which polypeptide is in solution” relates to a polypeptide
which is soluble in a solvent without precipitating out of solution. A solvent for this purpose
includes any milieu in which the polypeptide may occur, such as an aqueous buffer or salt

solution, a fermentation broth, or the cytopiasm of an expression host.

In the present context, the term “stabilizer” means any stabilizer for stabilizing the
polypeptide e.g., a polyol such as, e.g., 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 glycerol.

In the present context, the term “carbohydrate substrate” means an organic compound with
the general formula C,{H,0),, that is, consisting only of carbon, hydrogen and oxygen, the

last two in the 2:1 atom ratio such as a disaccharide.

In the present context, the term “disaccharide” is two monosaccharide units bound together
by a covalent bond known as a glycosidic linkage formed via a dehydration reaction, resulting
in the loss of a hydrogen atom from one monosaccharide and a hydroxyl group from the
other. The formula of unmodified disaccharides is C;;H,,0,,. In one aspect, the disaccharide
is lactulose, trehalose, rhamnose, maltose, sucrose, lactose, fucose or cellobiose. In a further
aspect, the disaccharide is lactose. The term “isolated” means that the polypeptide is at least
substantially free from at least one other component with which the sequence is naturally
associated in nature and as found in nature. In one aspect, “isolated polypeptide” as used
herein refers to a polypeptide which is at least 30% pure, at least 40% pure, at least 60%
pure, at least 80% pure, at least 90% pure, and at least 95% pure, as determined by SDS-
PAGE.
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The term “substantially pure polypeptide” means herein a polypeptide 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 other
polypeptide material with which it is natively 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 disclosed herein are preferably in a substantially pure form. In particular, it
is preferred that the polypeptides are in “essentially pure form”, i.e., that the polypeptide
preparation is essentially free of other polypeptide material with which it is natively
associated. This can be accomplished, for example, by preparing the polypeptide by means of
well-known recombinant methods or by classical purification methods. Herein, the term
“substantially pure polypeptide” is synonymous with the terms “isolated polypeptide” and
“polypeptide in isolated form”. The term “purified” or “"pure” means that a given component is
present at a high level state — e.g. at least about 51% pure, such as at least 51% pure, or at
least about 75% pure such as at least 75% pure, or at least about 80% pure such as at least
80% pure, or at least about 90% pure such as at least 90% pure, or at least about 95% pure
such as at least 95% pure, or at least about 98% pure such as at least 98% pure. The
component is desirably the predominant active component present in a composition. The
term "microorganism” in relation to the present invention includes any "microorganism” that
could comprise a nucleotide sequence according to the present invention or a nucleotide
sequence encoding for a polypeptide having the specific properties as defined herein and/or
products obtained therefrom. In the present context, "microorganism” may include any
bacterium or fungus being able to ferment a milk substrate. The term “host cell” - in relation
to the present invention includes any cell that comprises either a nucieotide sequence
encoding a polypeptide having the specific properties as defined herein or an expression
vector as described above and which is used in the production of a polypeptide having the
specific properties as defined herein. In one aspect, the production is recombinant

production.

The term "milk", in the context of the present invention, is to be understood as the lacteal

secretion obtained from any mammal, such as cows, sheep, goats, buffaloes or camels.

In the present context, 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.
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"Homogenizing" as used herein means intensive mixing to obtain a soluble suspension or
emulsion. It may be performed so as to break up the milk fat into smaller sizes so that it no
longer separates from the milk. This may be accomplished by forcing the milk at high
pressure through smali orifices. "Pasteurizing" as used herein means reducing or eliminating
the presence of live organisms, such as microorganisms, in the milk-based substrate.
Preferably, 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.

A "dairy product” in the context of the present invention may be any food product wherein
one of the major constituents is a milk-based substrate. Preferable, 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.

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 are products like yoghurt, buttermilk, créme fraiche, quark and
fromage frais. Another example of a fermented dairy product is cheese. In one aspect, the
yogurt is a set-type, stirred or drinking yogurt. In another aspect, a fermented dairy product

is Acidophilus milk, Leben, Ayran, Kefir or Sauermilch.

A fermented dairy product may be produced by any method known in the art.

The term "fermentation” means the conversion of carbohydrates into alcohols or acids
through the action of a microorganism such as a starter culture. In one aspect, fermentation

comprises conversion of lactose to lactic acid.

In the present context, "microorganism" may inciude any bacterium or fungus being able to

ferment a milk substrate.

In the present context the term “Pfam domains” means regions within a protein sequence

that are identified as either Pfam-A or Pfam-B based on multiple sequence alignments and
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the presence of Hidden Markov Motifs ("The Pfam protein families database”: R.D. Finn, J.

Mistry, J. Tate, P. Coggill, A, Heger, J.E. Pollington, O.L. Gavin, P. Gunesekaran, G. Ceric, K.
Forslund, L. Holm, E.L. Sonnhammer, S.R. Eddy, A. Bateman Nucleic Acids Research (2010)
Database Issue 38:D211-222.). As examples of Pfam domains mention may be made of
Glyco_hydro2N (PF02837), Glyco_hydro (PF00703), Glyco_hydro 2C (PF02836) and Bacterial
Ig-like domain (group 4) (PF07532).

As used herein “a position corresponding to position” means that an alignment as described
herein is made between a particular query pelypeptide and the reference polypeptide. The
position corresponding to a specific position in the reference polypeptide is then identified as
the corresponding amino acid in the alignment with the highest sequence identity.

A “variant” or “variants” refers to either polypeptides or nucleic acids. The term “variant”
may be used interchangeably with the term “mutant”. Variants include insertions,
substitutions, transversions, truncations, and/or inversions at one or more locations in the
amino acid or nucleotide sequence, respectively. The phrases “variant polypeptide”,
“polypeptide variant”, “polypeptide”, “variant” and “variant enzyme” mean a
polypeptide/protein that has an amino acid sequence that either has or comprises a selected
amino acid sequence of or is modified compared to the selected amino acid sequence, such
as for example SEQ ID NO: 1, 2, 3, 4 or 5.

As used herein, “reference enzymes,” “reference sequence,” “reference polypeptide” mean
enzymes and polypeptides from which any of the variant polypeptides are based, e.g., SEQ
ID NO: 1, 2, 3, 4 or 5. A “reference nucleic acid” means a nucleic acid sequence encoding the

reference polypeptide.

As used herein, the terms “reference sequence” and “subject sequence” are used

interchangeably.

As used herein, “query sequence” means a foreign sequence, which is aligned with a
reference sequence in order to see if it falls within the scope of the present invention.
Accordingly, such query sequence can for example be a prior art sequence or a third party
sequence. As used herein, the term “sequence” can either be referring to a polypeptide
sequence or a nucleic acid sequence, depending of the context. As used herein, the terms
“polypeptide sequence” and “amino acid sequence” are used interchangeably. The signal
sequence of a “variant” may be the same or may differ from the signal sequence of the wild-
type a Bacillus signal peptide or any signal sequence that will secrete the polypeptide. A
variant may be expressed as a fusion protein containing a heterologous polypeptide. For

example, the variant can comprise a signal peptide of another protein or a sequence



10

15

20

25

30

35

WO 2015/086746 PCT/EP2014/077380

13

designed to aid identification or purification of the expressed fusion protein, such as a His-
Tag sequence. To describe the various variants that are contemplated to be encompassed by
the present disclosure, the following nomenclature will be adopted for ease of reference.
Where the substitution includes a number and a letter, e.g., 592P, then this refers to
{position according to the numbering system/substituted amino acid}. Accordingly, for
example, the substitution of an amino acid to proline in position592 is designated as 592P.
Where the substitution includes a letter, a number, and a letter, e.g., D592P, then this refers

to {original amino acid/position according to the numbering system/substituted amino acid}.

Accordingly, for example, the substitution of alanine with proline in position 592 is designated
as A592P. Where two or more substitutions are possible at a particular position, this will be
designated by contiguous letters, which may optionally be separated by slash marks “/”, e.qg.,
G303ED or G303E/D. Position(s) and substitutions are listed with reference to for example
either SEQ ID NO: 1, 2, 3, 4 or 5. For example equivalent positions in another sequence may
be found by aligning this sequence with either SEQ ID NO: 1, 2, 3, 4 or 5 to find an
alignment with the highest percent identity and thereafter determining which amino acid
aligns to correspond with an amino acid of a specific position of either SEQ ID NO: 1, 2, 3, 4
or 5. Such alignment and use of one sequence as a first reference is simply a matter of
routine for one of ordinary skill in the art. As used herein, the term “expression” refers to the
process by which a polypeptide is produced based on the nucleic acid sequence of a gene.
The process includes both transcription and translation.As used herein, “polypeptide” is used
interchangeably with the terms “amino acid sequence”, “enzyme”, “peptide” and/or “protein”.
As used herein, “nucleotide sequence” or “nucleic acid sequence” refers to an oligonucleotide
sequence or polynucleotide sequence and variants, homologues, fragments and derivatives
thereof. The nucleotide sequence may be of genomic, synthetic or recombinant origin and
may be double-stranded or single-stranded, whether representing the sense or anti-sense
strand. As used herein, the term “nucleotide sequence” includes genomic DNA, cDNA,
synthetic DNA, and RNA. "Homologue” means an entity having a certain degree of identity or
“homology” with the subject amino acid sequences and the subject nucleotide sequences. In
one aspect, the subject amino acid sequence is SEQ ID NO: 1, 2, 3, 4 or 5, and the subject
nucleotide sequence preferably is SEQ ID NO: 9, 10, 11, 12 or 13.A “homologous sequence”
includes a polynucleotide or a polypeptide having a certain percent, e.g., 80%, 85%, 90%,
95%, or 99%, of sequence identity with another sequence. Percent identity means that,
when aligned, that percentage of bases or amino acid residues are the same when comparing
the two sequences. Amino acid sequences are not identical, where an amino acid is
substituted, deleted, or added compared to the subject sequence. The percent sequence
identity typically is measured with respect to the mature sequence of the subject protein,
i.e., following removal of a signal sequence, for example. Typically, homologues will comprise
the same active site residues as the subject amino acid sequence. Homologues also retain
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enzymatic activity, although the homologue may have different enzymatic properties than
the wild-type.As used herein, “hybridization” includes the process by which a strand of
nucleic acid joins with a complementary strand through base pairing, as well as the process
of amplification as carried out in polymerase chain reaction (PCR) technologies. The variant
nucleic acid may exist as single- or double-stranded DNA or RNA, an RNA/DNA heteroduplex
or an RNA/DNA copolymer. As used herein, “copolymer” refers to a single nucleic acid strand
that comprises both ribonucleotides and deoxyribonucleotides. The variant nucleic acid may

be codon-optimized to further increase expression.

As used herein, a "synthetic” compound is produced by in vitro chemical or enzymatic
synthesis. It includes, but is not limited to, variant nucleic acids made with optimal codon

usage for host organisms, such as a yeast cell host or other expression hosts of choice.

As used herein, “transformed cell” includes cells, including both bacterial and fungal cells,
which have been transformed by use of recombinant DNA techniques. Transformation
typically occurs by insertion of one or more nucleotide sequences into a cell. The inserted
nucleotide sequence may be a heterologous nucleotide sequence, i.e., is a sequence that is

not natural to the cell that is to be transformed, such as a fusion protein.

As used herein, “operably linked” means that the described components are in a relationship
permitting them to function in their intended manner. For example, a regulatory sequence
operably linked to a coding sequence is ligated in such a way that expression of the coding
sequence is achieved under condition compatible with the control sequences.As used herein,
the term "fragment" is defined herein as a polypeptide having one or more (several) amino
acids deleted from the amino and/or carboxyl terminus wherein the fragment has activity. In
one aspect, the term "fragment" is defined herein as a polypeptide having one or more
(several) amino acids deleted from the amino and/or carboxyl terminus of the polypeptide of
SEQ ID NO: 1, 2, 3, 4 or 5; wherein the fragment has transgalactosylating activity.

The term” Galactose Binding domain-like” as used herein is abbreviated to and

interchangeable with the term “GBD".

Degree of identity

The relatedness between two amino acid sequences or between two nucleotide sequences is

described by the parameter "identity".
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In one embodiment, the degree of sequence identity between a query sequence and a
reference sequence is determined by 1) aligning the two sequences by any suitable alignment
program using the default scoring matrix and default gap penalty, 2) identifying the number
of exact matches, where an exact match is where the alignment program has identified an
identical amino acid or nuclectide in the two aligned sequences on a given position in the
alignment and 3) dividing the number of exact matches with the length of the reference

seguence.

In one embodiment, the degree of sequence identity between a query sequence and a
reference seqguence is determined by 1) aligning the two sequences by any suitable alignment
program using the default scoring matrix and default gap penalty, 2) identifying the number
of exact matches, where an exact match is where the alignment program has identified an
identical amino acid or nucleotide in the two aligned sequences on a given position in the
alignment and 3) dividing the number of exact matches with the length of the longest of the

two sequences.

In another embodiment, the degree of sequence identity between the query sequence and
the reference sequence is determined by 1) aligning the two sequences by any suitable
alignment program using the default scoring matrix and default gap penailty, 2) identifying
the number of exact matches, where an exact match is where the alignment program has
identified an identical amino acid or nucleotide in the two aligned sequences on a given
position in the alignment and 3) dividing the number of exact matches with the “alignment
length”, where the alignment length is the length of the entire alignment including gaps and

overhanging parts of the sequences.

Sequence identity comparisons can be conducted by eye, or more usually, with the aid of
readily available sequence comparison programs. These commercially available computer
programs use complex comparison algorithms to align two or more sequences that best
reflect the evolutionary events that might have led to the difference(s) between the two or
more sequences. Therefore, these algorithms operate with a scoring system rewarding
alignment of identical or similar amino acids and penalising the insertion of gaps, gap
extensions and alignment of non-similar amino acids. The scoring system of the comparison

algorithms include:

i) assignment of a penalty score each time a gap is inserted (gap penalty score),

i assignment of a penalty score each time an existing gap is extended with an extra
position (extension penalty score),

iii) assignment of high scores upon alignment of identical amino acids, and

iv) assignment of variable scores upon alignment of non-identical amino acids.
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Most alignment programs allow the gap penalties to be modified. However, it is preferred to

use the default values when using such software for sequence comparisons.

The scores given for alignment of non-identical amino acids are assigned according to a
scoring matrix also called a substitution matrix. The scores provided in such substitution
matrices are reflecting the fact that the likelihood of one amino acid being substituted with
another during evolution varies and depends on the physical/chemical nature of the amino
acid to be substituted. For example, the likelihood of a polar amino acid being substituted
with another polar amino acid is higher compared to being substituted with a hydrophobic
amino acid. Therefore, the scoring matrix will assign the highest score for identical amino
acids, lower score for non-identical but similar amino acids and even lower score for non-
identical non-similar amino acids. The most frequently used scoring matrices are the PAM
matrices (Dayhoff et al. (1978), Jones et al. (1992)), the BLOSUM matrices (Henikoff and
Henikoff (1992)) and the Gonnet matrix (Gonnet et al. (1992)).

Suitable computer programs for carrying out such an alignment include, but are not limited
to, Vector NTI (Invitrogen Corp.) and the ClustalV, ClustalW and ClustalW2 programs
(Higgins DG & Sharp PM (1988), Higgins et al. (1992), Thompson et al. (1994), Larkin et al.
(2007). A selection of different alignment tools is available from the ExPASy Proteomics
server at www.expasy.org. Another example of software that can perform sequence
alignment is BLAST (Basic Local Alignment Search Tool), which is available from the webpage
of National Center for Biotechnology Information which can currently be found at

http://www.nebi.nlm.nih.gov/ and which was firstly described in Altschul et al. (1990) J. Mol.
Biol. 215; 403-410.

In a preferred embodiment of the present invention, the alignment program is performing a
global alignment program, which optimizes the alignment over the full-length of the
sequences. In a further preferred embodiment, the giobal alignment program is based on the
Needleman-Wunsch aligorithm (Needleman, Saul B.; and Wunsch, Christian D. (1970), "A
general method applicable to the search for similarities in the aming acid seguence of two
proteins”, Journal of Molecular Biology 48 (3): 443-53). Examples of current programs
performing global alignments using the Needleman-Wunsch algorithm are EMBOSS Needle
and EMBOSS Stretcher programs, which are both available at
http://www.ebi.ac.uk/Tools/psa/.

EMBOSS Needie performs an optimal global sequence alignment using the Needleman-
Wunsch alignment algorithm to find the optimum alignment (including gaps) of two

sequences along their entire length.
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EMBOSS Stretcher uses a modification of the Needleman-Wunsch algorithm that allows larger

sequences to be globally aligned.

In one embodiment, the sequences are aligned by a global alignment program and the
sequence identity is calculated by identifying the number of exact matches identified by the
program divided by the “alignment length”, where the alignment length is the length of the

entire alignment including gaps and overhanging parts of the sequences.

In a further embodiment, the global alignment program uses the Needleman-Wunsch
algorithm and the sequence identity is calculated by identifying the number of exact matches
identified by the program divided by the “alignment length”, where the alignment length is
the length of the entire alignment including gaps and overhanging parts of the sequences.

In yet a further embodiment, the global alignment program is selected from the group
consisting of EMBOSS Needle and EMBOSS stretcher and the sequence identity is calculated
by identifying the number of exact matches identified by the program divided by the
“alignment length”, where the alignment length is the length of the entire alignment including

gaps and overhanging parts of the sequences.

Once the software has produced an alignment, it is possible to calculate % similarity and %
sequence identity. The software typically does this as part of the sequence comparison and

generates a numerical result.

In one embodiment, it is preferred to use the ClustalW software for performing sequence
alignments. Preferably, alignment with ClustalW is performed with the following parameters

for pairwise alignment:

Substitution matrix: Gonnet 250
Gap open penalty: 20

Gap extension penalty: 0.2

Gap end penalty: None

ClustalW2 is for example made available on the internet by the European Bioinformatics
Institute at the EMBL-EBI webpage www.ebi.ac.uk under tools - sequence analysis -
ClustalW2. Currently, the exact address of the ClustalW2 tool is

www.ebi.ac.uk/Tools/clustalw2.
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In another embodiment, it is preferred to use the program Align X in Vector NTI (Invitrogen)
for performing sequence alignments. In one embodiment, Exp10 has been may be used with

default settings:

Gap opening penalty: 10

Gap extension penalty: 0.05

Gapseparation penalty range: 8

In a ancther embodiment, the alignment of one amino acid sequence with, or to, another
amino acid sequence is determined by the use of the score matrix: blosum62mt2 and the

VectorNTI Pair wise alignment settings

Settings K-tuple
Number of best diagonals
Window size
Gap Penalty
Gap opening Penalty 1
Gap extension Penalty g,

= O WU Ul

In one embodiment, the percentage of identity of one amino acid sequence with, or to,
another amino acid sequence is determined by the use of Biast with a word size of 3 and with
BLOSUM 62 as the substitution matrix

Description of the method according to the invention

Described herein is a method of treating a galacto-oligosaccharides containing milk-based
substrate, wherein said milk-based substrate comprises active B-galactosidase, such as
active Bifidobacterium derived B-galactosidase, having transgalactosylating activity to obtain
a dairy product having a stable content of galacto-oligosaccharides comprising the step of
heat treating said milk-based substrate in order to have substantially no residual B-
galactosidase polypeptide activity, such as below 0.0213, such as below 0.0192, such as
below 0.017, such as below 0.0149, such as below 0.0149, such as below 0.0107, such as
below 0.0085, such as below 0.0064, such as below 0.0043, or more preferred below
0.00213 LAU/mI (determined as described in method 2).

Described herein is a method of treating a galacto-oligosaccharides containing milk-based

substrate, wherein said milk-based substrate comprises active B-galactosidase, such as
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active Bifidobacterium derived B-galactosidase, having transgalactosylating activity, which
method comprises the step of heat treating said milk-based substrate at a temperature (T) in
the range of 90 °C - 130 °C for a period of time of at least x seconds,

wherein x is related to the temperature T by: x=153,377,215,802.625 ¢ 0203781447 ,

to obtain a heat treated dairy product wherein the variation in content of galacto-

oligosaccharides is within 0.4 % (w/v) in a period of at least 14 days.

The equation as also shown in Fig. 9 was obtained by the determination of the inactivation
kinetic of the BIF_917 p-galactosidase in a milk-based substrate. Initially GOS was generated
by incubating BIF_917 B-galactosidase with the milk-based substrate as described in the
following Example 1 for 20 hours at 4°C. Subsequently, the milk-based substrate was
homogenized and pasteurized at either 95°C or 121°C at different times. The GOS content of
the milk-based substrate was assayed at day 1, 1 week old and 2 weeks old milk-based
substrates. The degradation of the total GOS content was evaluated over two weeks by
statistical analysis on a 5% confidence interval using a one-sided student t-test. Inactivation
of the BIF_917 B-galactosidase may be determined by the LAU activity assay (as described in
method 2).

Heat treatment

Depending on the particular milk-based substrate the combination of temperature and
holding time may vary. Any apparatus typically applied for heat treatment of dairy products
may be used. In the present trials a self-assembled mini-UHT plant which was designed by
Service Teknisk (Randers, Denmark) was used. Different pasteurization plant differs in terms

of heat built up and chilling of the milk after the pasteurization.

In one aspect, said milk-based substrate is heat treated as described herein for a period of
time of at least 1300 seconds, more preferred of at least 800 seconds, most preferred of at

least 600 seconds.

In a further aspect, at a temperature from 90-120°C said period of time is at at most y,
wherein: y=(300 seconds + X seconds), wherein : x=153,377,215,802,625 ¢ 0:20378144T

In a further aspect, at a temperature from 121-130°C said period of time is at the most y1,
wherein: y1=(10 seconds + X seconds), wherein : x=153,377,215,802.625 ¢'0-20378144T
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In one aspect, said period of time is at the most 1800 seconds, such as at the most 1300

seconds.

In one aspect, said period of time is in the range of at least 0.01 second to at the most 1300
seconds, such as in the range of at least 0.1 second to at the most 1300 seconds, such as in

the range of at least 1 second to at the most 1300 seconds.

In one aspect, said milk-based substrate is heat treated at a temperature of at least 80°C,
more preferred at a temperature of at least 85°C, more preferred at a temperature of at least

90°C, most preferred at a temperature of at least 95°C.

In one aspect, said temperature is a temperature in the range of 80 °C - 150 °C, such as at a
temperature in the range of 85 °C - 150 °C, such as at a temperature in the range of 90 °C -
130 °C, such as in the range of 85 °C - 119°C, such as at a temperature in the range of 90
°C - 119 °C, such as in the range of 90 °C - 100 °C,

In one aspect, where a lower temperature is desired, for example when the milk-based
substrate is used in a yogurt, said temperature is a temperature in the range of 80 °C - 119
°C, such as at a temperature in the range of 90 °C - 119 °C, such as at a temperature in the
range of 90 °C - 100 °C.

In one aspect, the method comprises the step of heat treating a milk-based substrate such as
a yogurt, at a temperature of 85 °C for at least 4605 seconds, or at 90 °C for at least 1662
seconds or at 95 °C for at least 600 seconds, or at 100 °C for at least 217 seconds to obtain
a heat treated dairy product having a stable content of galactooligosaccharides.

The pressure used during the heat treating as described herein depends on the milk-based
substrate to be treated, however, when heat-treating at a temperature of up to 95°C this is
usually done without backpressure, whereas a backpressure of between 2-4 bar is ususally
applied when heat-treating as described herein between 121 and 142°C such as between 121
and 130°C.

Finally, the products obtained after heat treatment can be sterilized by the processes known
for treating dairy products. For example, the products can be pasteurizated for example by
Ultra High Temperature (UHT) treatment. Optionally, the end products can be packed in an

aseptic cool filling system.

Galacto-oligosaccharides containing milk-based substrate
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The galacto-oligosaccharides containing milk-based substrate, wherein said milk-based
substrate comprises active B-galactosidase, such as active Bifidobacterium derived -
galactosidase, having transgalactosylating activity may be obtained by a step of in situ
enzymatic treatment of said milk-based substrate with a B-galactosidase, such as a
Bifidobacterium derived B-galactosidase, to obtain said galacto-oligosaccharide containing

milk-based substrate.

In one aspect, the enzymatic reaction is carried out at a temperature between 1° C to below
70° C, such as between 4° C to below 70° C, or such as between 1° C to 65° C, or such as
between 4° C to 65° C, preferably, the enzymatic transgalactosyiation reaction is carried out
between 40° C to 60 °C. In one aspect, the enzymatic transgalactosylation reaction is carried
out for 30 minutes to 24 hours, such as for 30 minutes to 20 hours. Preferably, the
enzymatic reaction is carried out for 30 to 90 minutes. In one aspect, the reaction is carried
out for 40° C to 60° C such as at 50° C for 30 to 65 minutes such as at 45 minutes.

In one aspect, in order to ensure that inactivation of the active B-galactosidase, such as the
active Bifidobacterium derived B-galactosidase, having transgalactosylating activity is
completed no residual activity should be measured as described in method 2, for LAU

activity.

Useful milk-based substrates include, but are not limited to solutions/suspensions of any milk
or milk like products comprising lactose, such as whole or low fat milk, skim milk, buttermilk,
reconstituted milk powder, condensed milk, solutions of dried milk, UHT milk, whey, whey

permeate, acid whey, or cream.

Preferably, the milk-based substrate is cow's milk, goat's milk or sheep’'s milk. More
preferably, the milk materials are cow's milk. The milk used in the invention can be modified
before being treated by the method of the invention. For example, the milk materials can be
converted to skim milk, low-fat milk, whey proteins, whey, lactoferrin, or lactose. Therefore,
the term "milk-based substrate” can include skim milk, low-fat milk, whey proteins, whey,
lactoferrin, and lactose. In one aspect, the milk-based substrate used in the method of the
invention can be highly concentrated. In one embodiment of the invention, the milk materials
used in the method contain 14 % (w/w) of solid content. In another embodiment of the
invention, the milk materials used in the method contain 40% (w/w) of solid content. In one
aspect, the milk-based substrate used in the method of the invention contains about 13 to
60% (w/w), preferably 14 to 40% {w/w), of solid content. In one aspect, the milk-based
substrate may be processed to milk proteins, or milk powder by drying processes and
dissolved in water before being used as milk materials in the method of the invention. For

example, proteins, cow's milk or milk powder can be dissolved in water.
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Preferably, the milk-based substrate is milk or an aqueous solution of skim milk powder. The

milk-based substrate may be more concentrated than raw milk.

In one embodiment, the milk-based substrate has a ratio of protein to lactose of at least 0.2,
preferably at least 0.3, at least 0.4, at least 0.5, at least 0.6 or, most preferably, at least 0.7.
In one aspect, the milk-based substrate is lacteal secretion obtained from any mammal.

In one aspect, the milk-based substrate is lacteal secretion obtained from cow, sheep, goats,

buffaloes or camels.

In one aspect, the milk-based substrate comprises lactose in an amount of at least 1%(w/v),
more preferred of at least 2%(w/v), most preferred of at least 4%(w/v). In a further aspect,
the milk-based substrate comprises lactose in an amount of at least 1% (w/v), more
preferred of at least 2% (w/v), most preferred of at least 4 %(w/v) and at most in an
amount of 15% (w/v). The amount of lactose may be measured by HPLC as decribed in
method 3.

Optionally, additional enzymes can be used in the method of the invention to hydrolyze the
milk-based substrate which has been treated with the B-galactosidase, such as the
Bifidobacterium derived B-galactosidase, either simultaneously or sequentially so that the
dairy products can have additional functions. For example proteases can be used to convert
proteins in the milk materials to amino acids to promote absorption of milk proteins and limit
allergic reactions. Optionally a bi-enzymatic hydrolysis method comprising converting lactose
in milk-based substrate to galacto-oligosaccharide with B-galactosidase, such as the
Bifidobacterium derived B-galactosidase, and proteins to amino acids with proteases to obtain
milk products with high galacto-oligosaccharide content and reduced allergenic casein may be

used.

The treatment of a milk-based substrate with enzymes that converts lactose into
monosaccharides or GOS has several advantages. First the products can be consumed by
people with lactose intolerance that would otherwise exhibit symptoms such as flatulence and
diarreha. Secondly, dairy products treated with lactase will have a higher sweetness than
similar untreated products due to the higher perceived sweetness of glucose and galactose
compared to lactose. This effect is particularly interesting for applications such as yoghurt
and ice-cream where high sweetness of the end product is desired and this allows for a net
reduction of carbohydrates in the consumed product. Thirdly, in ice-cream production a
phenomenon termed sandiness is often seen, where the lactose molecules crystallizes due to
the relative iow solubility of the lactose. When lactose is converted into monosaccharides or

GOS the mouth feeling of the ice-cream is much improved over the non-treated products.
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The presence of a sandy feeling due to lactose crystallization can be eliminated and the raw
material costs can be decreased by replacement of skimmed milk powder by whey powder.

The main effects of the enzymatic treatment were increased sweetness,

In one aspect, the transgalactosylating polypeptide(s) as disclosed herein 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 aspect, 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. A
lactase in the context of the present invention is any glycoside hydrolase having the ability to
hydrolyse the disaccharide lactose into constituent galactose and glucose monomers. The
group of lactases comprises but is not limited to enzymes assigned to subclass EC 3.2.1.108.
Enzymes assigned to other subclasses, such as, e.g., EC 3.2.1.23, may also be lactases in
the context of the present invention. A lactase in the context of the invention may have other
activities than the lactose hydrolysing activity, such as for example a transgalactosylating
activity. In the context of the invention, the lactose hydrolysing activity of the lactase may be
referred to as its lactase activity or its beta-galactosidase activity. Enzymes having lactase
activity to be used in a method of the present invention may be of animal, of plant or of
microbial origin. Preferred enzymes are obtained from microbial sources, in particular from a
filamentous fungus or yeast, or from a bacterium. The enzyme may, e.g., be derived from a
strain of Agaricus, e.g. A. bisporus; Ascovaginospora; Aspergillus, e.g. A. niger, A, awamori,
A. foetidus, A. japonicus, A, oryzae; Candida; Chaetomium; Chaetotomastia; Dictyostelium,
e.g. D. discoideum; Kluveromyces, e.g. K. fragilis, K. lactis; Mucor, e.g. M. javanicus, M.
mucedo, M. subtilissimus; Neurospora, e.g. N. crassa; Rhizomucor, e.g. R. pusillus;
Rhizopus, e.g. R. arrhizus, R. japonicus, R. stolonifer; Sclerotinia, e.g. S. libertiana; Torula;
Torulopsis; Trichophyton, e.g. T. rubrum; Whetzelinia, e.g. W. sclerotiorum; Bacilius, e.g. B.
coagulans, B. circulans, B. megaterium, B. novalis, B. subtilis, B. pumilus, B.
stearothermophilus, B. thuringiensis; Bifidobacterium, e.g. B. longum, B. bifidum, B.
animalis; Chryseobacterium; Citrobacter, e.g. C. freundii; Clostridium, e.g. C. perfringens;
Diplodia, e.g. D. gossypina; Enterobacter, e.g. E. aerogenes, E. cloacae Edwardsiella, E.
tarda; Erwinia, e.g. E. herbicola; Escherichia, e.g. E. coli; Klebsiella, e.g. K. pneumoniae;
Miriococcum; Myrothesium; Mucor; Neurospora, e.g. N. crassa; Proteus, e.g. P. vulgaris;
Providencia, e.g. P. stuartii; Pycnoporus, e.g. Pycnoporus cinnabarinus, Pycnoporus
sanguineus; Ruminococcus, e.g. R. hansenii; Salmonella, e.g. S. typhimurium; Serratia, e.qg.
S. liquefasciens, S. marcescens; Shigella, e.g. S. flexneri; Streptomyces, e.g. S. antibioticus,
S. castaneoglobisporus, S. violeceoruber; Trametes; Trichoderma, e.g. T. reesei, T. viride;
Yersinia, e.g. Y. enterocolitica. In one embodiment, the lactase is an intracellular component

of microorganisms like Kluyveromyces and Bacillus. Kluyveromyces, especially K. fragilis and
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K. lactis, and other fungi such as those of the genera Candida, Torula and Torulopsis, are a
common source of fungal lactases, whereas B. coagulans and B circulans are well known
sources for bacterial lactases. Several commercial lactase preparations derived from these
organisms are available such as Lactozym.RTM. (available from Novozymes, Denmark), HA-
Lactase (available from Chr. Hansen, Denmark) and Maxilact.RTM. (available from DSM, the
Netheriands), all from K. lactis. All these lactases are so called neutral lactases having a pH
optimum between pH 6 and pH 8. When such lactases are used in the production of, e.g.,
low-lactose yoghurt, the enzyme treatment will either have to be done in a separate step
before fermentation or rather high enzyme dosages have to be used, because their activity
drop as the pH decreases during fermentation. Also, these lactases are not suitable for
hydrolysis of lactose in milk performed at high temperature, which would in some cases be

beneficial in order to keep the microbial count low and thus ensure good milk guality.

In one embodiment, the enzyme is a lactase from a bacterium, e.g. from the family
Bifidobacteriaceae, such as from the genus Bifidobacterium such as the lactase described in
WO 2009/071539.

In one aspect, the p-galactosidase, such as the Bifidobacterium derived B-galactosidase,
used has a reiative transgalactosylation activity above 60%, such as above 70%, such as
above 75% after 15 min. reaction. In one aspect, the relative transgalactosylation activity is
above 3 after 30 min. reaction. In a further aspect, the relative transgalactosylation activity
is above 6 after 30 min. reaction. In yet a further aspect, the relative transgalactosylation

activity is above 12 after 30 min. reaction.

In one aspect, a method is provided wherein the treatment with the, B-galactosidase
polypeptide, such as said Bifidobacterium derived B-galactosidase as described herein takes
place at an optimal temperature for the activity of the enzyme.

In one aspect, the milk-based substrate is enzymatic treated with said p-galactosidase, such
as said Bifidobacterium derived B-galactosidase in an amount of at least 0.0213 LAU, most

preferred of at least 1.065 LAU to obtain said galacto-cligosaccharides.

In one aspect, the milk-based substrate is enzymatic treated with said B-galactosidase, such
as said Bifidobacterium derived B-galactosidase by adding the enzyme in an amount of
0.0213 LAU to 4.26 LAU, more preferred of 0.213 LAU to 2.13 LAU, most preferred of 1.065
LAU to 2.13 LAU to obtain said galacto-oligosaccharides.

In a further aspect, B-galactosidase polypeptide, such as Bifidobacterium derived B-
galactosidase polypeptide is added to the milk-based substrate at a concentration of 0.01-
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1000 ppm. In yet a further aspect, the B-galactosidase polypeptide, such as the
Bifidobacterium derived B-galactosidase polypeptideis added to the milk-based substrate at a
concentration of 0.1-100 ppm. In a further aspect, B-galactosidase polypeptide, such as the
Bifidobacterium derived p-galactosidase polypeptide is added to the milk-based substrate at a

concentration of 1-10 ppm.

In one aspect, the enzymatic treatment results in a milk-based substrate comprising galacto-
oligosaccharides in an amount of 0.1 to 10% (w/v), more preferred 0.5 to 8% (w/v), most
preferred 1 to 4% (w/v).

In one aspect, the enzymatic treatment is performed by adding the B-galactosidase, such as

the Bifidobacterium derived B-galactosidase, as a solution or as a spraydried powder.

In one aspect, the method further comprises fermentation of the milk-based substrate with a

microorganism.

In one aspect, the milk-based substrate comprising lactose is further treated with a

hydrolysing B-galactosidase.

The B-galactosidase polypeptide, such as the Bifidobacterium derived B-galactosidase
polypeptide may be added in the form of a formulation as described below.

Formulations and methods for formulating the herein disclosed B-galactosidase

polypeptides (such as Bifidobacterium derived B-galactosidase polypeptides).

The B-galactosidase polypeptide, such as the Bifidobacterium derived B-galactosidase
polypeptide to be used in the method disclosed herein may be prepared in accordance with
methods known in the art and may be in the form of a liquid or a dry compaosition. For
instance, the polypeptide composition may be in the form of a granulate or a microgranulate.
The polypeptide to be included in the composition may be stabilized in accordance with
methods known in the art.In one aspect, disclosed herein is a method for producing a dairy
product by treating a milk-based substrate comprising lactose with a B-galactosidase, such as

a Bifidobacterium derived B-galactosidase polypeptide as described herein,

In one aspect, the substrate comprising lactose is further treated with a hydrolysing beta-

galactosidase.
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The B-galactosidase polypeptide, such as the Bifidobacterium derived B-galactosidase
polypeptide may be used in the form of an enzyme preparation. The enzyme preparation,
such as in the form of a dairy product ingredient 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 as a dried enzyme powder or as a granulated

enzyme.

Examples of dry enzyme formulations include spray dried products, mixer granulation
products, layered products such as fluid bed granules, extruded or pelletized granules-prilled
products, lyophilyzed products.The B-galactosidase, such as the Bifidobacterium derived B-
galactosidase polypeptide may be in the form of a composition comprising at least 5%, such
as e.g. 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50% w/w of one or more
polypeptide(s) as disclosed herein based on the total amount of polypeptides in the
composition having at least 70%,e.g. such as 72%, 74%, 74%, 78%, 80%, 82%, 84%,
86%, 88%, 90% sequence identity with SEQ ID NO: 22. This may be evaiuated 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 gel is then scanned using appropriate
densiometric 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
variant/fragment derived from SEQ ID NO: 8 are quantified and the percentage of the
polypeptides are calculated as: Percentage of polypeptide in question = polypeptide in
guestion/(sum of all polypeptides exhibiting transgalactosylating activity ) *100. The total
number of polypeptides variants/fragments derived from SEQ ID NO:8 in the composition can
be determined by detecting fragment derived from SEQ ID NO:8 by western blotting using a

polyclonal antibody by methods know to a person skilled in the art.

In one aspect, the composition to be used according to the present invention comprises one
or more Bifidobacterium derived B-galactosidase polypeptide(s) selected from the group
consisting of a polypeptide consisting of SEQ ID NO: 1, 2, 3, 4 and 5. In a further aspect, the
composition comprises one or more polypeptide(s) selected from the group consisting of a
polypeptide consisting of SEQ ID NO: 1, 2 and 3. In yet a further aspect, the composition
comprises one or more Bifidobacterium derived B-galactosidase polypeptide(s) selected from
the group consisting of a polypeptide consisting of SEQ ID NO: 1 and 2. In one aspect the
invention provides the use of an enzyme complex preparation comprising the Bifidobacterium
derived B-galactosidase enzyme complex, an enzyme carrier and optionally a stabilizer
and/or a preservative. In yet a further aspect of the invention, the enzyme carrier to be used
is selected from the group consisting of glycerol or water. In a further aspect, the

preparation/composition comprises a stabilizer. In one aspect, the stabilizer is selected from
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the group consisting of inorganic salts, polyols, sugars and combinations thereof. In one
aspect, the stabilizer is an inorganic salt such as potassium chloride. In another aspect, the
polyol is glycerol, propylene glycol, or sorbitol. In yet another aspect, the sugar is a small-
molecule carbohydrate, in particular any of several sweet-tasting ones such as giucose,
galactose, fructose and saccharose. In yet at further aspect, the preparation comprises a
preservative. In one aspect, the preservative is methyl paraben, propy! paraben, benzoate,

sorbate or other food approved preservatives or a mixture thereof.

Dairy product

In the present context, a dairy product in some embodiments is a milk-based substrate as

described herein having been heat-treated according to the invention.

In one aspect, a dairy product comprising GOS formed in situ by B-galactosidase polypeptide,
such as Bifidobacterium derived B-galactosidase polypeptide by the method according to the

invention, is provided.

In one aspect, the content of galacto-oligosaccharides in said heat treated dairy product is
stable for at least 14 days, for at least 3 weeks, for at least 4 weeks, for at least 5 weeks, for
at least 6 weeks, for at least 8 weeks, for at least 10 weeks, for at least 12 weeks, or for at
least 24 weeks. This may be measured by the described method for determination of LAU

activity (see method 2).

By “stable” content of galacto-oligosaccharides in the dairy product is meant that the
variation in content of galacto-oligosaccharide in said dairy product are within 0.25% (w/v),
more preferred within 0.2% (w/v), more preferred within 0.1% {(w/v), most preferred within
0.05% (w/v) for example as meausured over a period of at least 14 days, such as of at least
3 weeks, of at least 4 weeks, of at least 5 weeks, of at least 6 weeks, of at least 8 weeks, of
at least 10 weeks, of at least 12 weeks, or of at least 24 weeks as measured by any method
for measuring content of galacto-oligosaccharides known to the skilled person for example by

HPLC (for example as described in method 3).

In one asepct, the amount of galacto-oligosaccharides in said dairy product are within 0.5 to
10% (w/v), preferred 1 to 8% (w/v), more preferred 1.5 to 6% (w/v), most preferred 2 to

5% (w/v) for example as measured by HPLC.

In one aspect, the dairy product after the treatment according to the invention comprises at

the most 0.5 % residual B-galactosidase polypeptide activity, such as at the most 0.01 %
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residual B-galactosidase polypeptide activity, preferred 0.001 % residual B-galactosidase

polypeptide activity.

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.

In one aspect, the dairy product is drinking milk such as Chocolate or flavored milks, sweet
milk, condensed milk, whey, or a fermented dairy product.In one aspect, the dairy product is

a fermented dairy product.

In one aspect, the dairy product is a fermented dairy product selected from the group

consisting of yogurt, buttermilk, Riazhenka, cheese, créme fraiche, quark and fromage frais.

In one aspect, the dairy product is a yogurt such as a set-type, stirred or drinking yogurt.

A dairy product may additionally comprise non-milk components, e.g. vegetable components
such as, e.qg., vegetable oil, vegetable protein, and/or vegetable carbohydrates. Dairy
products may also comprise further additives such as, e.g., 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 embodiment of the invention, one or more milk components and/or milk fractions
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. In one embodiment of the invention, one or more milk-
based substrates having been treated with an enzyme as defined herein having
transgalactosylating activity 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. In one embodiment of the
invention, the dairy product is a dairy product which is not enriched by addition of pre-

produced galacto-oligosaccharides.

In one embodiment of the invention, the polypeptide-treated milk-based substrate is not
dried before being used as an ingredient in the dairy product. In one embodiment of the
invention, the dairy product is 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
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other fermented milk products. Ice cream may be manufactured by any method known in the

art. In ocne embodiment of the invention, the dairy product is milk or condensed milk.

In one embodiment of the invention, the dairy product is UHT milk. UHT milk in the context
of the present invention is milk which has been subjected to a sterilization procedure which is
intended to kill all microorganisms. UHT (ultra high temperature) treatment may be, e.g.,
heat treatment for 30 seconds at 130°C, or heat treatment for one to three seconds at
145°C, such as for one to two seconds at 145°C. In one preferred embodiment of the
invention, the dairy product is 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 ancther preferred embodiment of the invention, the dairy product is a fermented dairy
product, e.g., yoghurt. The microorganisms used for most fermented milk products usually
added after pasteurization 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 the order
"Lactobacillales” which includes Lactococcus spp., Streptococcus spp., Lactobacillus spp.,
Leuconostoc spp., Pseudoleuconostoc spp., Pediococcus spp., Brevibacterium spp.,
Enterococcus spp. and Propionibacterium spp. Additionaily, 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.

Lactic acid bacteria are normally supplied to the dairy industry either as frozen or freeze-
dried cuitures for buik 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”.

Commonly used starter cuiture strains of lactic acid bacteria are generaily 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 to about 45°C.
Typical organisms belonging to the mesophilic group include Lactococcus lactis, Lactococcus
lactis subsp. cremoris, Leuconostoc mesenteroides subsp. cremoris, Pseudoleuconostoc
mesenteroides subsp. cremoris, Pediococcus pentosaceus, Lactococcus lactis subsp. lactis

biovar. diacetylactis, Lactobacillus casei subsp. casei and Lactobacillus paracasei subsp.
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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.

Also the anaerobic bacteria belonging to the genus Bifidobacterium including Bifidobacterium
bifidurn, Bifidobacterium 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. 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, Geotrichum candidum, Torula kefir, Saccharomyces kefir
and Saccharomyces cerevisiae. In one embodiment of the present invention, the
microorganism used for fermentation of the milk-based substrate is Lactobacillus casei or a

mixture of Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus.

Fermentation processes to be used in a method of the present invention 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/s, additives such as e.g.
carbohydrates, flavours, minerals, enzymes, and process time. Obviously, fermentation

conditions are selected so as to support the achievement of the present invention.

As a result of fermentation, pH of the milk-based substrate will be lowered. The pH of a
fermented dairy product of the invention may be, e.g., in the range 3.5-6, such as in the
range 3.5-5, preferably in the range 3.8-4.8.

In one aspect, the method described herein may be used to prepare cheese products and in
methods for making the cheese products. Cheese products may e.g. be seiected from the
group consisting of cream cheese, cottage cheese, and process cheese. By adding
polypeptides the cheeses may contain significantly increased levels of galacto-
oligosaccharides and reduced levels of lactose. In one aspect, the lactose levels in the final
cheese product may be reduced by at least about 25 percent, preferably at least about 50
percent, and more preferably at least about 75 percent. The polypeptides may be used

to reduce lactose in cheese products to less than about 1 gram per serving, an amount that

can be tolerated by most lactose-intolerant individuals.

The cheese products provided herein are nutritionally-enhanced cheese products having

increased soluble fiber content, reduced caloric content, excellent organocleptic properties,
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improved texture, and flavor. Further, the polypeptides described herein may reduce the
glycemic index of the cheese products because GOS are more slowly absorbed than lactose
or its hydrolysis products. Finally, the polypeptides may reduce the cost of production of
cheese products, particularly cream cheese products, because GOS surprisingly provide
improved texture to the cream cheese product, thus permitting reduced use of stabilizers, or

by allowing for increased moisture content without syneresis.

In a further aspect, a composition comprising a polypeptide as described herein and a
carbohydrate substrate, is provided. In a further aspect, the carbohydrate substrate is a
disaccharide. In a further aspect, the disaccharide is for example lactulose, trehalose,
rhamnose, maltose, sucrose, lactose or cellobiose. In yet a further aspect, the carbohydrate
substrate is lactose. The composition is prepared such that oligosaccharides are produced.
The polypeptide as described herein may be part of a product selected from the group
consisting of yoghurt, cheese, fermented milk products, dietary supplements, and probictic
comestible products. In one aspect, a composition comprising a polypeptide as described
herein and a stabilizer, is provided. Examples of stabilizers is e.g., a polyol such as, e.g.,
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 use of a transgalactosylating polypeptide as disclosed herein or a cell as
disclosed herein, for producing galacto-oligosaccharides, is provided. In one aspect, the use
of a transgalactosylating polypeptide as disclosed herein or a cell as disclosed herein, for
producing galacto-oligosaccharides to be part of a product selected from the group consisting
of yoghurt, cheese, fermented dairy products, dietary supplements and probiotic comestible
products, is provided. In one aspect, the product is yoghurt, cheese, or fermented dairy
products. In one aspect, the use of a transgalactosylating polypeptide as disclosed herein or
a cell as disclosed herein, for producing galacto-oligosaccharides to enhance the growth of
Bifidobacterium, is provided. In one aspect, the use of a transgalactosylating polypeptide as
disclosed herein or a cell as disclosed herein, for producing galacto-oligosaccharides to

enhance the growth of Bifidobacterium in a mixed culture fermentation, is provided.

In one aspect, a process for producing a transgalactosylating polypeptide as disclosed herein,
comprising culturing a cell as disclosed herein in a suitable culture medium under conditions
permitting expression of said polypeptide, and recovering the resulting polypeptide from the
culture, is provided. A process for producing galacto-oligosaccharides, comprising contacting
of a polypeptide of as disclosed herein or a cell as disclosed herein with a milk-based solution

comprising lactose, is provided.
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Addition of oligosaccharides may enhance growth of either Bifidobacterium alone or of

Bifidobacterium in a mixed culture.

Bifidobacterium derived B-galactosidase polypeptides

Examples of Bifidobacterium derived B-galactosidase having transgalactosylating activity is

the following:

In one aspect, the Bifidobacterium derived B-galactosidase is a Bifidobacterium bifidum

derived B-galactosidase.

In a further aspect, the Bifidobacterium bifidum derived B-galactosidase is a Bifidobacterium
bifidum DSM20215 derived B-galactosidase.

In yet a further aspect, the Bifidobacterium derived 3-galactosidase is a polypeptide
comprising an amino acid sequence having at least 90% sequence identity with an amino
acid sequence selected from the group of SEQ ID NO: 1, SEQ ID NO: 2 and SEQ ID NO: 3,

In another aspect, the Bifidobacterium derived B-galactosidase is a polypeptide having the
amino acid sequence selected from the group of SEQ ID NO: 1, SEQ ID NO: 2and SEQ ID
NO: 3.

In another aspect, the Bifidobacterium derived B-galactosidase is a polypeptide having the

amino acid sequence of SEQ ID NO: 1.

In yet a further aspect, the Bifidobacterium derived B-galactosidase is a polypeptide
comprising any of the polypeptides selected from the group consisting of SEQ ID NO:1, SEQ
ID NO: 2, and SEQ ID NQO: 3.

In yet a further aspect, the Bifidobacterium derived B-galactosidase is a truncated fragment
of any of the polypeptides selected from the group consisting of SEQ ID NO:1, SEQ ID NO: 2,
and SEQ ID NO: 3, and having a minimum length of 850 amino acid residues.

In one aspect, disclosed herein the Bifidobacterium derived B-galactosidase is a polypeptide
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.
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In one aspect, disclosed herein the Bifidobacterium derived B-galactosidase is a polypeptide,

wherein the glycoside hydrolase catalytic core has an amino acid sequence of SEQ ID NO:7.

In one aspect, disclosed herein the Bifidobacterium derived B-galactosidase is a polypeptide
containing a Glyco_hydro2N (PF02837), a Glyco_hydro (PF00703) and/or a Glyco_hydro 2C
(PF02836) domains.

In one aspect, disclosed herein the Bifidobacterium derived B-galactosidase is a polypeptide

containing the Bacterial Ig-like domain (group 4) (PF07532).

In one aspect, disclosed herein the Bifidobacterium derived B-galactosidase is a polypeptide

having transgalactosylating activity selected from the group consisting of:

a.

a polypeptide comprising an amino acid sequence having at least 90%
sequence identity with SEQ ID NO: 1, wherein said polypeptide consists of at
most 980 amino acid residues,

a polypeptide comprising an amino acid sequence having at least 97%
sequence identity with SEQ ID NO: 2, wherein said polypeptide consists of at

most 975 amino acid residues,

a polypeptide comprising an amino acid sequence having at least 96.5%
sequence identity with SEQ ID NO: 3, wherein said polypeptide consists of at

most 1300 amino acid residues,

a polypeptide encoded by a polynucleotide that hybridizes under at least low
stringency conditions with i) the nucleic acid sequence comprised in SEQ ID
NO: 9, 10, 11, 12 or 13 encoding the polypeptide of SEQ ID NO: 1, 2, 3, 4 or
5; or ii) the complementary strand of i),

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: 1, 2, 3, 4 or 5 or the nucleotide sequence
comprised in SEQ ID NO: 9, 10, 11, 12 or 13 encoding a mature polypeptide,

and

a polypeptide comprising a deletion, insertion and/or conservative substitution

of one or more amino acid residues of SEQID NO: 1, 2, 3, 4 or 5.
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In another aspect disclosed herein the Bifidobacterium derived B-galactosidase is a

polypeptide having transgalactosylating activity selected from the group consisting of;

a.

a polypeptide comprising an amino acid sequence having at least 96.5%
sequence identity with SEQ ID NO: 3, wherein said polypeptide consists of at

most 1300 amino acid residues,

a polypeptide comprising an aming acid sequence having at least 90%
sequence identity with SEQ ID NO: 1, wherein said polypeptide consists of at

most 980 amino acid residues,

a polypeptide encoded by a polynucleotide that hybridizes under at least low
stringency conditions with i) the nucleic acid sequence comprised in SEQ ID
NO: 9, 10, 11, 12 or 13 encoding the polypeptide of SEQ ID NO: 1, 2, 3, 4, or
5; or ii) the complementary strand of i),

a polypeptide encoded by a polynucieotide comprising a nucleotide sequence
having at least 70% identity to the nucleotide sequence encoding for the
polypeptide of SEQ ID NO: 1, 2, 3, 4 or 5 or the nuclectide sequence
comprised in SEQ ID NO: 9, 10, i1, 12 or 13 encoding a mature polypeptide,
and

a polypeptide comprising a deletion, insertion and/or conservative substitution

of one or more amino acid residues of SEQ ID NO: 1, 2, 3, 4 or 5.

In one aspect, disclosed herein the Bifidobacteriurmn derived B-galactosidase is a polypeptide,
wherein the amino acid sequence has at least 68%, 70%, 72%, 74%, 76%, 78%, 80%%,

85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, S8%, or 99%, sequence identity to the
mature amino acid sequence of SEQ ID NO: 1, 2, 3, 4 or 5.

In one aspect, disclosed herein the Bifidobacterium derived B-galactosidase is a polypeptide

having 90% sequence identity to the mature amino acid sequence of SEQ ID NO:1.

In one aspect, disclosed herein the Bifidobacterium derived B-galactosidase is a polypeptide

having 90% sequence identity to the mature amino acid sequence of SEQ ID NO:2,

In one aspect, disclosed herein the Bifidobacterium derived B-galactosidase is a polypeptide

having 96.5% sequence identity to the mature amino acid sequence of SEQ ID NO:3.
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In one aspect, disclosed herein the Bifidobacterium derived B-galactosidase is a polypeptide
having 96.5% sequence identity to the mature amino acid sequence of SEQ ID NO:4.

In one aspect, disclosed herein the Bifidobacterium derived B-galactosidase is a polypeptide
having 96.5% sequence identity to the mature amino acid sequence of SEQ ID NO:5.

In one aspect, disclosed herein the Bifidobacterium derived B-galactosidase is a polypeptide

comprising or consisting of the amino acid sequence of SEQ ID NO:1, 2, 3, 4 or 5.

In one aspect, disclosed herein the Bifidobacterium derived B-galactosidase is a polypeptide,

which is derived from Bifidobacterium bifidum.

In one aspect, disclosed herein the Bifidobacterium derived B-galactosidase is a polypeptide

having a pH optimum of 6.5-7.5.

Polypeptides having activity on carbohydrates can be classified using either the JUBMB
system of classification based on their substrate specificity or on the CaZy assignment into
one of the current 125 glycoside hydrolase family. In the CaZy database the assignment is
based on both sequence and structural information combined with knowledge of

stereochemistry of the substrates and products

Disclosed herein are polypeptides which when being an expression product from a suitable
Baciflus sp. host of a nucleic acid sequence, which encodes said polypeptide, is the only
polypeptide expression product of said nucleic acid sequence that exhibits
transgalactosylating activity. 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 gel is then scanned using appropriate densiometric 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 variant/fragment derived from SEQ ID NO: 8
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 variants/fragments derived from SEQ ID NO:8 in the
composition can be determined by detecting fragment derived from SEQ ID NO:8 by western
bfotting using a polyclonal antibody by methods know to a person skilled in the art.

The polypeptide disclosed herein comprises at least two separate functional domains
contained within the enzyme. Firstly, the polypeptide should contain a glycoside hydrolase
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catalytic core as described in the following. The catalytic core should belong to the GH-A clan
of related glycoside hydrolase families. The GH-A clan is characterized by cleaving glycosidic
bonds via a retaining mechanism and possesses a catalytic domain which is based on a TIM
barrel fold (Wierenga, 2001, FEBS Letters, 492(3), p 193-8). The catalytic domain contains
two glutamic acid residues which act as proton donor and nucleophile, eminating from
strands 4 and 7 of the barrel domain (Jenkins, 1995, FEBS Letters, 362(3), p 281-5). The
overall structure of the TIM barrel is a (B/a) 8 fold consisting of 8 beta strands and 8 alpha-
helices. In one aspect, the glycoside hydrolase catalytic core disclosed herein beiong to either
of the glycoside hydrolase families GH-2, and -35 which are all TIM-barrel enzymes belonging
to the GH-A clan. In a further aspect, the glycoside hydrolase catalytic core belongs to family
GH-2 or GH-35. In a further aspect, the glycoside hydrolase catalytic core belongs to family
GH-2. A common denominator is that these enzymes are so called retaining enzymes, so that
the stereochemistry of the substrate is conserved in the product (Henrissat, 1997, Curr Opin
Struct Biol, 7(5), 637-44).

In one aspect, the polypeptides disclosed herein have activity on carbohydrates bonds which
has 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, but is not confined to, determined by utilizing
synthetic substrates such as para-nitrophenol-B-D-galactopyranoside (PNPG), ortho-
nitrophenol-B-D-galactopyranoside (ONPG) or B-D-galactopyranoside with chromogenic
aglycons (XGal). As an alternative way of determining whether an enzyme belong to the EC
3.2.1.23 class of B-galactosidases is to incubate with a substrate such as lactose 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.

In order to predict functional entities of polypeptides several available public repositories can
be applied such as for example Pfam (Nucl. Acids Res. (2010) 38 (suppl 1): D211-D222, doi:
10.1093/nar/gkp985) and Interpro (Nuci. Acids Res. (2009) 37 (suppl! 1): D211-D215. doi:
10.1093/nar/gkn785). It should be specified that when performing such analysis the analysis
should be performed on the full length sequence of the polypeptide available from public

repository databases.

In a further aspect, the Bifidobacterium derived B-galactosidase is a polypeptide containing
one or more Pfam domains selected from: Glyco_hydro2N (PF02837), Glyco_hydro
(PFO0703), Glyco_hydro 2C (PF02836) and Bacteriai Ig-like domain (group 4) (PF07532), is
provided. In yet a further aspect, a polypeptide containing the Pfam domains Glyco_hydro2N
(PF02837), Glyco_hydro (PF00703), Glyco_hydro 2C (PF02836) and Bacterial Ig-iike domain
(group 4) (PF07532), is provided. In yet a further aspect, the Bifidobacterium derived B-
galactosidase is a polypeptide containing the Glyco_hydro2N (PF02837), Glyco_hydro
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(PF00703), and Glyco_hydro 2C (PF02836) domains which constitutes the catalytic domain of
the polypeptide, is provided.

In a further aspect, the B-galactosidase, such as the Bifidobacterium derived B-galactosidase
has a ratio of transgalactosylating activity :B-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 100ppm in a milk-based assay at
37°C and 5 w/w% lactose after 15, 30 or 180 such as 180 minutes reaction. In a further

aspect, the Bifidobacterium derived B-galactosidase is derived from Bifidobacterium bifidum.

In one aspect, the herein disclosed B-galactosidase, such as the Bifidobacterium derived B-
galactosidase has 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 100ppm 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 a further aspect, the herein disclosed B-
galactosidase, such as the Bifidobacterium derived B-galactosidase, has 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 hydrolysed as measured at a
concentration of 100ppm 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 one aspect, the B-galactosidase activity and/or the
transgalactosylating activity are measured at a concentration of 100ppm corresponding to
2.13 LAU as specified in method 2.

In a further aspect, the herein disclosed B-galactosidase, such as the Bifidobacterium derived

B-galactosidase has one or more of the following characteristics:

a) a ratio of transgalactosylating activity:B-galactosidase activity of at least 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 100ppm in a milk-based
assay at 37°C and 5 w/w% lactose after 15, 30 or 180 such as 180 minutes reaction, and/or

b) has a transgalactosylating activity such that more than 20%, more than 30%, more than
40%, and up to 50% of the initial lactose has been transgalactosylated as measured at a
concentration of 100ppm 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 one aspect, the Bifidobacterium derived B-
galactosidase is a polypeptide comprising an amino acid sequence having at least 96.5%
sequence identity with SEQ ID NO: 3, wherein said polypeptide consists of at most 1300
amino acid residues. In a further aspect, the Bifidobacterium derived B-galactosidase is a

polypeptide comprising an amino acid sequence having at least 90% sequence identity with
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SEQ ID NO: 1 such as wherein said sequence identity is at least 95%, such as, e.g. at least
96%, at least 97%, at least 98%, at least 99% or at least 100% sequence identity, and
wherein said polypeptide consists of at most 980 amino acid residues. In a further aspect,
the Bifidobacterium derived B-galactosidase is a polypeptide comprising an amino acid
sequence having at least 90% sequence identity with SEQ ID NO: 1, wherein said
polypeptide consists of at most 980 aminc acid residues, is provided. In yet a further aspect,
a polypeptide wherein said polypeptide has at least 90% sequence identity with SEQ ID NO:
1, such as wherein said polypeptide has at least 90%, such as, e.g. at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% sequence identity with SEQ ID NO: 1. In another aspect, the Bifidobacterium
derived B-galactosidase is a polypeptide having at least 96,5% sequence identity to SEQ ID
NO: 2 such as wherein said polypeptide has at least 97%, such as, e.g. at least 98% or at
least 99% sequence identity with SEQ ID NO: 2. In one aspect, the Bifidobacterium derived
B-galactosidase consist of at the most 975 amino acid residues, such as, e.g. at most 970
amino acid residues, such as at most 950 amino acid residues, such as at most 940 amino
acid residues, at most 930 amino acid residues, at most 920 amino acid residues, at most
910 amino acid residues, at most 900 amino acid residues, at most 895 amino acid residues
or at most 890 amino acid residues. In one aspect, a particular the Bifidobacterium derived
B-galactosidase polypeptide consists of 887 or 965 amino acid residues. In one aspect, the
Bifidobacterium derived B-galactosidase is a polypeptide comprising an amino acid sequence
having at least 97% sequence identity with SEQ ID NO: 2 such as wherein said sequence
identity is at least 98%, such as, e.g. at least 99% or at least 100% sequence identity,
wherein said polypeptide consists of at most 975 amino acid residues, such as, e.g. at most
970 or at least 965 amino acid residues. In one aspect, the Bifidobacterium derived B-
galactosidase is a polypeptide comprising an amino acid sequence having at least 97%
sequence identity with SEQ ID NO: 2, wherein said polypeptide consists of at most 975 amino
acid residues.

In a further preferred aspect, the Bifidobacterium derived B-galactosidase is a polypeptide
which comprises SEQ ID NO:1, 2, 3, 4 or 5. In yet a preferred aspect, the Bifidobacterium
derived B-galactosidase is a polypeptide consisting of the amino acid sequence of SEQ ID NO:
1, 2, 3, 4, or 5, especially a polypeptide consisting of the amino acid sequence of SEQ ID NO:
1 or 2. In a further aspect, the Bifidobacterium derived B-galactosidase is a polypeptide
comprising an amino acid sequence having at least 96.5% sequence identity with SEQ ID NO:
3 such as wherein said sequence identity is at least 97%, such as, e.g. at least 98%, at least
99% or at least 100% sequence identity, wherein said polypeptide consists of at most 1300
amino acid residues.In a further aspect, the Bifidobacterium derived B-galactosidase is a
polypeptide wherein said polypeptide has at least 98.5%, such as at least 99% or at least
99.5% sequence identity with SEQ ID NO: 5. In one aspect, such a polypeptide consists of at
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most 1290 amino acid residues, such as, e.g. at most 1280, at most 1270, at most 1260, at
most 1250, at most 1240, at most 1230, at most 1220 or at most 1215 amino acid residues.
In a preferred aspect, the Bifidobacterium derived B-galactosidase is a polypeptide which

consists of 1211 amino acid residues.

In a further aspect, the Bifidobacterium derived B-galactosidase is a polypeptide wherein said
polypeptide has at least 96% such as at least at least 97%, such as, e.g., at least 98% or at
least 99% sequence identity with SEQ ID NO: 4. In one aspect, the Bifidobacterium derived
B-galactosidase is a polypeptide which consists of at most 1210 amino acid residues, such as,
e.g. at most 1200, at most 1190, at most 1180, at most 1170, at most 1160, at most 1150
or at most 1145 amino acid residues, such as 1142 amino acid residues. In a further aspect,
the Bifidobacterium derived B-galactosidase is a polypeptide wherein said polypeptide has at
least 96.5% such as at least 97%, such as, e.g., at least 98% or at least 99% sequence
identity with SEQ ID NO: 3. In one aspect, the Bifidobacterium derived B-galactosidase is a
polypeptide which consists of at most 1130 amino acid residues, such as, e.g. at the most
1120, at the most 1110, at the most 1100, at the most 1090, at the most 1080, at the most
1070, at the most 1060, at the most 1050, at the most 1055 or at the most 1040 amino acid
residues. In a preferred aspect, the Bifidobacterium derived B-galactosidase is a polypeptide

which consists of 1038 amino acid residues.

In a further aspect, the B-galactosidase polypeptides disclosed herein, such as the
Bifidobacterium derived (-galactosidase polypeptides, has a ratio of transgalactosylation
activity above 100% such as above 150%, 175% or 200%. In one aspect, the activity is
measured after 15 min. reaction, 30 min. reaction, 60 min. reaction, 90 min. reaction, 120
min. reaction or 180 min. reaction. Thus in one aspect, as an example the relative
transgalactosylation activity is measured 15 minutes after addition of enzyme, such as 30
minutes after addition of enzyme, such as 60 minutes after addition of enzyme, such as 90
minutes after addition of enzyme, such as 120 minutes after addition of enzyme or such as

180 minutes after addition of enzyme.

Proteins are generally comprised of one or more functional regions, cornmonly termed
domains. The presence of different domains in varying combinations in different proteins
gives rise to the diverse repertoire of proteins found in nature. One way of describing the
domains are by the help of the Pfam database which is a large collection of protein domain
families as described in “The Pfam protein families database”: R.D. Finn, J. Mistry, J. Tate, P,

Coggill, A. Heger, J.E. Pollington, O.L. Gavin, P. Gunesekaran, G. Ceric, K. Forslund, L, Holm,
E.L. Sonnhammer, S.R. Eddy, A. Bateman Nucleic Acids Research (2010) Database Issue
38:D211-222. Each family is represented by muitiple sequence alignments and hidden
Markov modeis (HMMs). In a further aspect, the present inventors have found that the herein
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provided polypeptide(s) contains one or more of the Pfam domains Glyco_hydro2N
(PF02837), Glyco_hydro (PF00703), Glyco_hydro 2C (PF02836) and Bacterial Ig-like domain
(group 4) (PF07532). In one aspect, the herein provided polypeptide(s) contains
Glyco_hydro2N (PF02837), Glyco_hydro (PF00703), Glyco_hydro 2C (PF02836) and Bacterial
1g-like domain (group 4) (PF07532).

In one aspect, the B-galactosidase polypeptides, such as the Bifidobacterium derived B-
galactosidase polypeptides 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.

The present invention encompasses the use of Bifidobacterium derived B-galactosidase
polypeptides having a certain degree of sequence identity or sequence homology with amino
acid sequence(s) defined herein or with a the Bifidobacterium derived B-galactosidase
polypeptide having the specific properties defined herein. The present invention
encompasses, in particular, the Bifidobacterium derived B-galactosidase peptides having a
degree of sequence identity with any one of SEQ ID NO: 1, 2, 3, 4 or 5, defined below, or

homologues thereof.

In one aspect, the homologous amino acid sequence and/or nucleotide sequence should
provide and/or encode a Bifidobacterium derived B-galactosidase polypeptide which retains
the functional transgalactosylating activity and/or enhances the transgalactosylating activity
compared to a polypeptide of SEQ ID NO: 1, 2, 3, 4 or 5.

In the present context, a homologous sequence is taken to include 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 etc. 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 invention it is preferred to express homology in terms of sequence identity.

Thus, the present invention also encompasses the use of variants, homologues and
derivatives of any amino acid sequence of a the Bifidobacterium derived B-galactosidase
protein or polypeptide as defined herein, particularly those of SEQ ID NO: 1, 2, 3,4 0r 5

defined below.

The sequences, particularly those of the Bifidobacterium derived B-galactosidase variants,
homologues and derivatives of SEQ ID NO: 1, 2, 3, 4 or 5 defined below, may also have
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deletions, insertions or substitutions of amino acid residues which produce a silent change
and result in a functionally equivalent substance. Deliberate amino acid substitutions may be
made on the basis of similarity in polarity, charge, solubility, hydrophobicity, hydrophilicity,
and/or the amphipathic nature of the residues as long as the secondary binding activity of
the substance is retained. For example, negatively charged amino acids include aspartic acid
and glutamic acid; positively charged amino acids include lysine and arginine; and amino
acids with uncharged polar head groups having similar hydrophilicity values include leucine,
isoleucine, valine, glycine, alanine, asparagine, glutamine, serine, threonine, phenylalanine,
and tyrosine.The present invention also encompasses conservative substitution (substitution
and replacement are both used herein to mean the interchange of an existing amino acid
residue, with an alternative residue) that may occur i.e. like-for-like substitution such as
basic for basic, acidic for acidic, polar for polar etc. Non-conservative substitution may also
occur i.e. from one class of residue to another or alternatively involving the inclusion of
unnatural amino acids such as ornithine (hereinafter referred to as Z), diaminobutyric acid
ornithine (hereinafter referred to as B), norleucine ornithine (hereinafter referred to as 0),

pyriylalanine, thienylalanine, naphthylalanine and phenylglycine.

Conservative substitutions that may be made are, for example within the groups of basic
amino acids (Arginine, Lysine and Histidine), acidic amino acids (glutamic acid and aspartic
acid), aliphatic amino acids (Alanine, Valine, Leucine, Isoleucine), polar amino acids
{Glutamine, Asparagine, Serine, Threonine)}, aromatic amino acids (Phenylalanine,
Tryptophan and Tyrosine), hydroxyl amino acids (Serine, Threonine), large amino acids

(Phenylalanine and Tryptophan) and small amino acids (Glycine, Alanine).

In one aspect, the Bifidobacterium derived B-galactosidase polypeptide sequence used in the

present invention is in a purified form.

In one aspect, the Bifidobacterium derived B-galactosidase polypeptide or protein for use in

the present invention is in an isolated form.

In one aspect, the Bifidobacterium derived B-galactosidase polypeptide of the present

invention is produced by means of recombinant technologies.

The Bifidobacterium derived B-galactosidase variant polypeptides include a polypeptide
having a certain percent, e.qg., at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99%, of sequence identity with SEQ ID NO: 1 or 2.
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The Bifidobacterium derived B-galactosidase variant polypeptides include a polypeptide
having a certain percent, e.g., at least 96%, 97%, 98%, or 99%, of sequence identity with
SEQ ID NO: 3, 4 or 5.

In one aspect, the Bifidobacterium derived B-galactosidase polypeptides disclosed herein
comprises an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% sequence identity to the amino acid sequence of the mature polypeptide
encoded by the nucleotide sequence encoding the transgalatosylase contained in
Bifidobacterium bifidum DSM20215 shown herein as SEQ ID NO: 22. All considerations and
limitations relating to sequence identities and functionality discussed in terms of the SEQ ID
NO: 1, 2, 3, 4 or 5 apply mutatis mutandis to sequence identities and functionality of these

polypeptides and nucleotides.

In one aspect, the subject amino acid sequence is SEQ ID NO: 1, 2, 3, 4 or 5, and the
subject nucleotide sequence preferably is SEQ ID NO: 9, 10, 11, 12 or 13.

In one aspect, the polypeptide is a fragment having one or more (several) amino acids
deleted from the amino and/or carboxyl terminus of the polypeptide of SEQ ID NO: 1, 2, 3, 4
or 5; wherein the fragment has transgalactosylating activity.In one aspect, a fragment
contains at least 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, or 1000 amino acid

residues

In a further aspect, the length of the Bifidobacterium derived B-galactosidase polypeptide
variant is 500 to 1300 amino acid residues. In a further aspect, the length of the polypeptide
variant is 600 to 1300 amino acids. In a further aspect, the length of the Bifidobacterium
derived B-galactosidase polypeptide variant is 700 to 1300 amino acids. In a further aspect,
the length of the Bifidobacterium derived B-galactosidase polypeptide variant is 800 to 1300
amino acids. In a further aspect, the length of the Bifidobacterium derived B-galactosidase

polypeptide variant is 800 to 1300 amino acids.

Bifidobacterium derived B-galactosidase polypeptide variants of SEQ ID NO: 1, 2, 3,
4or5

In one aspect, a Bifidobacterium derived B-galactosidase variant of SEQ ID NO: 1, 2, 3, 4 or
5 having a substitution at one or more positions which effects an altered property such as
improved transgalactosylation, relative to SEQ ID NO: 1, 2, 3, 4 or 5, is provided. Such
Bifidobacterium derived B-galactosidase variant polypeptides are also referred to in this
document for convenience as “variant polypeptide”, “polypeptide variant” or “variant”. In one
aspect, the Bifidobacterium derived B-galactosidase polypeptides as defined herein have an
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improved transgalactosylating activity as compared to the polypeptide of SEQ ID NO: 1, 2, 3,
4 or 5. In another aspect, the Bifidobacterium derived B-galactosidase polypeptides as
defined herein have an improved reaction velocity as compared to the polypeptide of SEQ ID
NO: 1,2, 3,40r5.

In one aspect, the Bifidobacterium derived B-galactosidase polypeptides and variants as
defined herein exhibit enzyme activity. In one aspect, the Bifidobacterium derived B3-
galactosidase polypeptides and the variant polypeptides described herein comprise

transgalactosylation activity.

In one aspect, the ratio of transgalactosylating activity:p-galactosidase activity is at least
0.5, such as at least 1, such as at least 1.5, or such as at least 2 after 30 min. reaction such

as above a concentration of 3% w/w initial lactose concentration.

In one aspect, the ratio of transgalactosylating activity:B-galactosidase activity is at least
2.5, such as at least 3, such as at least 4, such as at least 5, such as at least 6, such as at
least 7, such as at least 8, such as at least 9, such as at least 10, such as at least 11, or such
as at least 12 after 30 min. reaction such as above a concentration of 3% w/w initial lactose

concentration.

In one aspect, the Bifidobacterium derived B-galactosidase polypeptides and the variants as
defined herein are derivable from microbial sources, in particular from a filamentous fungus
or yeast, or from a bacterium. The enzyme may, e.g., be derived from a strain of
Lactobacillus; Agaricus, e.q. A. bisporus; Ascovaginospora; Aspergillus, e.g. A. niger, A.
awamori, A. foetidus, A. Japonicus, A. oryzae; Candida; Chaetomium,; Chaetotomastia;
Dictyostelium, e.g. D. discoideum; Kluveromyces, e.g. K. fragilis, K. lactis; Mucor, e.g. M.
Jjavanicus, M. mucedo, M. subtilissimus; Neurospora, e.g. N. crassa; Rhizomucor, e.g. R.
pusillus; Rhizopus, e.g. R. arrhizus, R. japonicus, R. stolonifer; Sclerotinia, e.qg. S. libertiana;
Torula; Torulopsis; Trichophyton, e.g. T. rubrum; Whetzelinia, e.g. W. sclerotiorum, Bacillus,
e.g. B. coagulans, B. circulans, B. megaterium, B. novalis, B. subtilis, B. pumilus, B.
stearothermophilus, B. thuringiensis; Bifidobacterium, e.q. B. longum, B. bifidum, B.
animalis; Chryseobacterium; Citrobacter, e.q. C. freundii; Clostridium, e.g. C. perfringens;
Diplodia, e.g. D. gossypina,; Enterobacter, e.g. E. aerogenes, E. cloacae Edwardsiella, E.
tarda; Erwinia, e.g. E. herbicola, Escherichia, e.g. E. coli; Klebsiella, e.g. K. pneumoniae;
Miriococcum; Myrothesium; Mucor; Neurospora, e.g. N. crassa; Proteus, e.g. P. vulgaris;
Providencia, e.g. P. stuartii; Pycnoporus, e.9. Pycnoporus cinnabarinus, Pycnoporus
sanguineus; Ruminococcus, e.q. R. hansenii; Salmcnella, e.g. S. typhimurium; Serratia, e.qg.

S. liquefasciens, S. marcescens; Shigella, e.qg. S. flexneri; Streptomyces, e.g.. S. antibioticus,
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S. castaneoglobisporus, S. violeceoruber; Trametes,; Trichoderma, e.g.. T. reesei, T. viride;

Yersinia, e.q. Y. enterocolitica.

An isolated and/or purified Bifidobacterium derived B-galactosidase polypeptide comprising a
polypeptide or a variant polypeptide as defined herein is provided. In one embodiment, the
the Bifidobacterium derived B-galactosidase variant polypeptide is a mature form of the
polypeptide (SEQ ID NO: 1, 2, 3, 4 or 5). In one aspect, the variants include a C-terminal

domain.

In one aspect, the Bifidobacterium derived B-galactosidase variant polypeptide as defined
herein includes variants wherein between one and about 25 amino acid residues have been
added or deleted with respect to SEQ ID NO: 1, 2, 3, 4 or 5. In one aspect, a variant
polypeptide as defined herein includes variants wherein between one and 25 amino acid
residues have been substituted, added or deleted with respect to SEQ ID NO: 1, 2, 3,4 or 5.
In one aspect, the variant has the amino acid sequence of SEQ ID NO: 1, 2, 3,4 or 5,
wherein any number between one and about 25 amino acids have been substituted. In a
further aspect, the variant has the amino acid sequence of SEQ ID NO: 1, 2, 3,4 or 5,
wherein any number between three and twelve amino acids has been substituted. In a
further aspect, the variant has the amino acid sequence of SEQ ID NO: 1, 2, 3,4 or 5,

wherein any number between five and nine amino acids has been substituted.

In one aspect, at least two, in another aspect at least three, and yet in another aspect at
least five amino acids of SEQ ID NO: 1, 2, 3, 4 or 5 have been substituted.

In one aspect, the herein disclosed polypeptide(s) has the sequence of 1, 2, 3, 4 or 5.

In one aspect, the herein disclosed polypeptide(s) has the sequence of SEQ ID NO: 1, 2, 3, 4
or 5, wherein the 10, such as 9, such as 8, such as 7, such as 6, such 5, such as 4, such as

3, such as 2, such as 1 amino acid in the N-terminal end are substituted and/or deleted.

Enzymes and enzyme variants thereof can be characterized by their nucleic acid and primary
polypeptide sequences, by three dimensional structural modeling, and/or by their specific
activity. Additional characteristics of the polypeptide or polypeptide variants as defined herein
include stability, pH range, oxidation stability, and thermostability, for example. Levels of
expression and enzyme activity can be assessed using standard assays known to the artisan
skilled in this field. In another aspect, variants demonstrate improved performance
characteristics relative to the polypeptide with SEQ ID NO: 1, 2, 3, 4 or 5, such as improved
stability at high temperatures, e.g., 65-85°C.
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A Bifidobacterium derived B-galactosidase polypeptide variant is provided as defined herein
with an amino acid sequence having at least about 66%, 68%, 70%, 72%, 74%, 78%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 100% identity with the
polypeptide of SEQ ID NO: 1, 2, 3, 4 or 5.

Nucleotides

In one aspect, the present invention relates to isolated Bifidobacterium derived p-
galactosidase polypeptides having transgalactosylating activity as stated 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} the nucleic acid sequence comprised
in SEQ ID NO: 9, 10, 11, 12 or 13 encoding the mature polypeptide of SEQ ID NO: 1, 2, 3, 4
or 5; ii) the cDNA sequence of i) or iii) the complementary strand of i) or ii), (3. Sambrook,
E.F. Fritsch, and T. Maniatis, 1989, Molecular Cloning, A Laboratory Manual, 2d edition, Cold
Spring Harbor, New York). A subsequence of SEQ ID NO: 9, 10, 11, 12 or 13 contains at
least 100 contiguous nucleotides or preferably at least 200 continguous nucleotides.
Moreover, the subsequence may encode a polypeptide fragment which has lactase activity.

The nucleotide sequence of SEQ ID NO: 9, 10, 11, 12 or 13 or a subsequence thereof, as well
as the amino acid sequence of SEQ ID NO: 1, 2, 3, 4 or 5 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. 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, the nucleic acid probe may be at least 200 nucleotides, preferably at least 300
nuclectides, 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 nuclectides in length. Both DNA and RNA
probes can be used. The probes are typically labeled for detecting the corresponding gene
(for example, with 32P, 3H, S, biotin, or avidin). Such probes are encompassed by the

present invention.
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A genomic DNA library prepared from such other 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 ID NO: 9, 10, 11, 12 or 13 or a subsequence thereof, the carrier material is used in a
Southern blot.

For purposes of the present invention, hybridization indicates that the nucleotide sequence
hybridizes to a labelled nucleic acid probe corresponding to the nucleotide sequence shown in
SEQ ID NO: 9, 10, 11, 12 or 13, 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.

In another preferred aspect, the nucleic acid probe is the mature polypeptide coding region of
SEQID NO: 9, 10, 11, 12 or 13.

For long probes of at least 100 nucleotides in length, very low to very high stringency
conditions are defined as prehybridization 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.

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).

In a particular embodiment, the wash is conducted using 0.2X 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). In another particular embodiment, the
wash is conducted using 0.1X 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
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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).

For short probes which are about 15 nucleotides to about 70 nucleotides in length, stringency
conditions are defined as prehybridization, hybridization, and washing post-hybridization at
about 5°C to about 10°C below the calculated T, using the calculation according to Bolton
and McCarthy (1962, Proceedings of the National Academy of Sciences USA 48:1390) in 0.9
M NacCl, 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.

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,,.

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.

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

(See www ndsu:nodak.edu/instruct/meclean/plsc7 31 /dna/dnab.htm)

The G+C content of SEQ ID NO: 10 is 42% and the G+C content of SEQ ID NO: 11 is 44%.
For medium stringency, the formamide is 35% and the Na* concentration for 5X SSPE is 0.75
M.

Another relevant relationship is that a 1% mismatch of two DNAs lowers the T,, by 1.4°C. To
determine the degree of identity required for two DNAs to hybridize under medium stringency

conditions at 42°C, the following formula is used:

% Homology = 100 - [(Effective T, — Hybridization Temperature)/1.4]
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The variant nucleic acids 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: 1, 2, 3, 4 or 5. In one aspect, a nucleic acid capable of encoding a
polypeptide as disclosed herein, is provided. In a further aspect, 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 SEQ ID NO: 9, 10, 11, 12 or 13.

In one aspect, a plasmid comprising a nucleic acid as described herein, is provided.

In one aspect, an expression vector comprising a nucleic acid as described herein, or capable

of expressing a polypeptide as described herein, is provided.

A nucleic acid complementary to a nucleic acid encoding any of the polypeptide variants as
defined herein set forth herein is provided. Additionally, a nucleic acid capable of hybridizing
to the complement is provided. In another embodiment, the sequence for use in the methods
and compositions described here is a synthetic sequence. It includes, but is not limited to,

sequences made with optimal codon usage for expression in host organisms, such as yeast.

The polypeptide variants as provided herein may be produced synthetically or through
recombinant expression in a host cell, according to procedures well known in the art. In one
aspect, the herein disclosed polypeptide(s) is recombinant polypeptide(s). The expressed
polypeptide variant as defined herein optionally is isolated prior to use.

In another embodiment, the polypeptide variant as defined herein is purified following
expression. Methods of genetic modification and recombinant production of polypeptide
variants 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. The relevant teachings of these
disclosures, including polypeptide-encoding polynuclectide sequences, primers, vectors,
selection methods, host cells, purification and reconstitution of expressed polypeptide
variants, and characterization of polypeptide variants as defined herein, including useful
buffers, pH ranges, Ca®* concentrations, substrate concentrations and enzyme concentrations

for enzymatic assays, are herein incorporated by reference.

A nucleic acid sequence is provided encoding the protein of SEQID NO: 1, 2, 3,4o0or50ra
nucleic acid sequence having at least about 66%, 68%, 70%, 72%, 74%, 78%, 80%, 85%,
90%, 95%, 96%, S7%, 98%, 99% or 100% sequence identity with a nucleic acid encoding
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the protein of SEQ ID NO: 1, 2, 3, 4 or 5. In one embodiment, the nucleic acid sequence has
at least about 60%, 66%, 68%, 70%, 72%, 74%, 78%, 80%, 85%, 90%, 95%, 96%, 97%,
98% or 99% sequence identity to the nucleic acid of SEQ ID NO: 9, 10, 11, 12 or 13.

Vectors

In one aspect, the invention relates to a vector comprising a polynucleotide. In one aspect, a
bacterial cell comprises the vector. In some embodiments, a DNA construct comprising a
nucleic acid encoding a variant is transferred to a host cell in an expression vector that
comprises regulatory sequences operably linked to an encoding sequence. The vector may be
any vector that can be integrated into a fungal host cell genome and replicated when
introduced into the host cell. The FGSC Catalogue of Strains, University of Missouri, lists
suitable vectors. Additional examples of suitable expression and/or integration vectors are
provided in Sambrook et al., MOLECULAR CLONING: A LABORATORY MANUAL, 3™ ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York {2001); Bennett et a/., MORE GENE
MANIPULATIONS IN FUNGI, Academic Press, San Diego (1991), pp. 396-428; and U.S. Patent No.
5,874,276. Exemplary vectors include pFB6, pBR322, PUC18, pUC100 and pENTR/D,
pDON™201, pDONR™221, pENTR™, pGEM®3Z and pGEM®4z, Exemplary for use in bacterial
cells include pBR322 and pUC19, which permit replication in E. coli, and pE194 or pUB110,

for example, which permits replication in Bacillus.

In some embodiments, a nucleic acid encoding a variant is operably linked to a suitable
promoter, which allows transcription in the host cell. The promoter may be derived from
genes encoding proteins either homologous or heterologous to the host cell. Suitable non-
limiting examples of promoters include cbhl1, cbh2, egli, and egl2 promoters. In one
embodiment, the promoter is one that is native to the host cell. For example, when A,
saccharophila is the host, the promoter is a native P. saccharophila promoter. An “inducible
promoter” is a promoter that is active under environmental or developmental regulation. In

another embodiment, the promoter is one that is heterologous to the host cell.

In some embodiments, the coding sequence is operably linked to a DNA sequence encoding a
signal sequence. In another aspect, a representative signal peptide is SEQ ID NO: 27. A
representative signal peptide is SEQ ID NO: 9 which is the native signal sequence of the
Bacillus subtilis aprE precursor. In other embodiments, the DNA encoding the signal sequence
is replaced with a nucleotide sequence encoding a signal sequence from other extra-cellular
Bacillus subtilis pre-cursors. In one embodiment, the polynucleotide that encodes the signal
sequence is immediately upstream and in-frame of the polynucleotide that encodes the
polypeptide. The signal sequence may be selected from the same species as the host cell.
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In additional embodiments, a signal sequence and a promoter sequence comprising a DNA
construct or vector to be introduced into a fungal host cell are derived from the same source.
In some embodiments, the expression vector also includes a termination sequence. In one
embodiment, the termination sequence and the promoter sequence are derived from the
same source. In another embodiment, the termination sequence is homologous to the host

cell.

In some embodiments, an expression vector includes a selectable marker. Examples of
suitable selectable markers include those that confer resistance to antimicrobial agents, e.qg.,
hygromycin or phleomycin. Nutritional selective markers also are suitable and include amds,
argB, and pyr4. In one embodiment, the selective marker is the amdS gene, which encodes
the enzyme acetamidase; it allows transformed cells to grow on acetamide as a nitrogen
source. The use of an A. nidulans amdS gene as a selective marker is described in Kelley et
al., EMBO J. 4: 475-479 (1985) and Penttila et a/., Gene 61: 155-164 (1987).

A suitable expression vector comprising a DNA construct with a polynucleotide encoding a
variant may be any vector that is capable of replicating autonomously in a given host
organism or integrating into the DNA of the host. In some embodiments, the expression
vector is a plasmid. In some embodiments, two types of expression vectors for obtaining
expression of genes are contemplated. The first expression vector comprises DNA sequences
in which the promoter, coding region, and terminator all originate from the gene to be
expressed. In some embodiments, gene truncation is obtained by deleting undesired DNA
sequences to leave the domain to be expressed under control of its own transcriptional and
translational regulatory sequences. The second type of expression vector is preassembled
and contains sequences required for high-level transcription and a selectable marker. In
some embodiments, the coding region for a gene or part thereof is inserted into this general-
purpose expression vector, such that it is under the transcriptional control of the expression
construct promoter and terminator sequences. In some embodiments, genes or part thereof

are inserted downstream of the strong cbhl promoter.

Expression hosts/host cells

In a further aspect, a host cell comprising, preferably transformed with, a plasmid as

described herein or an expression vector as described herein, is provided.

In a further aspect, a cell capable of expressing a Bifidobacterium derived -galactosidase

polypeptide as described herein, is provided.



10

15

20

25

30

35

WO 2015/086746 PCT/EP2014/077380

51

In one aspect, the host cell as described herein, or the cell as described herein is a bacterial,
fungal or yeast cell.In a further aspect, the host cell is selected from the group consisting of
Ruminococcus, Bifidobacterium, Lactococcus, Lactobacillus, Streptococcus, Leuconostoc,
Escherichia, Bacillus, Streptomyces, Saccharomyces, Kluyveromyces, Candida, Torula,
Torulopsis and Aspergillus.In a further aspect, the host cell is selected from the group
consisting of Ruminococcus hansenii, Bifidobacterium breve, Bifidobacterium longum,
Bifidobacterium infantis, Bifidobacterium bifidum and Lactococcus lactis. In another
embodiment, suitable host cells include a Gram positive bacterium selected from the group
consisting of Bacilius subtilis, B. licheniformis, B. lentus, B. brevis, B. stearothermophilus, B.
alkalophilus, B. amyloliquefaciens, B. coagulans, B. circulans, B. lautus, B. thuringiensis,
Streptomyces lividans, or S. murinus; or a Gram negative bacterium, wherein said Gram
negative bacterium is Escherichia coli or a Pseudomonas species. In one aspect, the host cell
is a B. subtilus or B. licheniformis. In one embodiment, the host cell is B. subtilis, and the
expressed protein is engineered to comprise a B. subtilis signal sequence, as set forth in

further detail below.

In some embodiments, a host cell is genetically engineered to express a polypeptide variant
as defined herein with an amino acid sequence having at least about 66%, 68%, 70%, 72%,
74%, 78%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 100%
identity with the polypeptide of SEQ ID NO: 1, 2, 3, 4 or 5. In some embodiments, the
polynuclectide encoding a polypeptide variant as defined herein will have a nucleic acid
sequence encoding the protein of SEQ ID NO: 1, 2, 3, 4 or 5 or a nucleic acid sequence
having at least about 66%, 68%, 70%, 72%, 74%, 78%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99% or 100% sequence identity with a nucleic acid encoding the protein of SEQ ID NO:
1, 2, 3, 4 or 5. In one embodiment, the nucleic acid sequence has at least about 60%, 66%,
68%, 70%, 72%, 74%, 78%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% sequence
identity to the nucleic acid of SEQ ID NO: 9, 10, 11, 12 or 13.

Methods for producing polypeptides

In a further aspect, a method of expressing a Bifidobacterium derived -galactosidase
polypeptide as described herein comprises obtaining a host cell or a cell as described herein
and expressing the polypeptide from the cell or host cell, and optionally purifying the
polypeptide.An expression characteristic means an altered level of expression of the variant,
when the variant is produced in a particular host cell. Expression generally relates to the
amount of active variant that is recoverable from a fermentation broth using standard
techniques known in this art over a given amount of time. Expression also can relate to the

amount or rate of variant produced within the host cell or secreted by the host cell.
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Expression also can relate to the rate of translation of the mRNA encoding the variant

polypeptide.

Transformation, expression and culture of host cells

Introduction of a DNA construct or vector into a host cell includes techniques such as
transformation; electroporation; nuclear microinjection; transduction; transfection, e.qg.,
lipofection mediated and DEAE-Dextrin mediated transfection; incubation with calcium
phosphate DNA precipitate; high velocity bombardment with DNA-coated microprojectiles;
and protoplast fusion. General transformation techniques are known in the art. See, e.g.,
Ausubel et al. (1987), supra, chapter 9; Sambrook et al. (2001), supra; and Campbell et a/.,
Curr. Genet. 16: 53-56 (1989). The expression of heterologous protein in Trichoderma is
described, for example, in U.S. Patent No. 6,022,725; U.S. Patent No. 6,268,328; Harkki et
al., Enzyme Microb. Technol. 13: 227-233 (1991); Harkki et al., BioTechnol. 7: 596-603
(1989); EP 244,234; and EP 215,594. In ocne embodiment, genetically stable transformants
are constructed with vector systems whereby the nucleic acid encoding a variant is stably
integrated into a host cell chromosome. Transformants are then purified by known

techniques.

In one non-limiting example, stable transformants including an amdS marker are
distinguished from unstable transformants by their faster growth rate and the formation of
circular colonies with a smooth, rather than ragged outline on solid culture medium
containing acetamide. Additionally, in some cases a further test of stability is conducted by
growing the transformants on solid non-selective medium, e.g., a medium that lacks
acetamide, harvesting spores from this culture medium and determining the percentage of
these spores that subsequently germinate and grow on selective medium containing

acetamide. Other methods known in the art may be used to select transformants.

Identification of activity

To evaluate the expression of a Bifidobacterium derived B-galactosidase variant in a host cell,
assays can measure the expressed protein, corresponding mRNA, or pB-galactosidase activity.
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 variant include, but are not limited to, ONPG based
assays or determining glucose in reaction mixtures such for example described in the

methods and examples herein.
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Methods for purifying herein disclosed polypeptides

In general, a Bifidobacterium derived B-galactosidase variant produced in cell culture is
secreted into the medium and may be purified or isolated, e.g., by removing unwanted
components from the cell cuiture medium. In some cases, a variant may be recovered from a
cell lysate. In such cases, the enzyme is purified from the cells in which it was produced
using techniques routinely employed by those of skill in the art. Examples include, but are
not limited to, affinity chromatography, ion-exchange chromatographic methods, including
high resolution ion-exchange, hydrophobic interaction chromatography, two-phase
partitioning, ethanol precipitation, reverse phase HPLC, chromatography on silica or on a
cation-exchange resin, such as DEAE, chromatofocusing, SDS-PAGE, ammonium sulfate
precipitation, and gel filtration using Sephadex G-75, for example. Depending on the
intended use the herein disclosed polypeptide(s) may for example be either freeze-dried or
prepared in a solution. In one aspect, the herein disclosed polypeptide(s) is freeze-dried

form. In another aspect, the herein disclosed polypeptide(s) is in solution.

The invention may be described by the following further specific embodiments of the

invention:

Embodiment 1. A method of treating a galacto-oligosaccharide containing milk-
based substrate, wherein said milk-based substrate comprises active B-galactosidase, such
as Bifidobacterium derived B-galactosidase, having transgalactosylating activity to obtain a
dairy product having a stable content of galacto-oligosaccharides comprising the step of heat
treating said milk-based substrate in order to have no substantial residual B-galactosidase
polypeptide activity, such as below 0.0213, such as below 0.0192, such as below 0.017, such
as below 0.0149, such as below 0.0149, such as below 0.0107, such as below 0.0085, such
as below 0.0064, such as below 0.0043, or more preferred such as below 0.00213 LAU/mI

(determined as described in method 2).

Embodiment 2. A method of treating a galacto-oligosaccharides containing milk-
based substrate, wherein said milk-based substrate comprises active B-galactosidase, such
as Bifidobacterium derived B-galactosidase, having transgalactosylating activity, which
method comprises the step of heat treating said milk-based substrate at a temperature (T) in
the range of 90 °C - 130 °C for a period of time of at least x seconds,

wherein x Is related to the temperature T by: x=153,377,215,802.625 ¢ %-203781447T .

to obtain a heat treated dairy product, wherein the variation in content of galacto-

oligosaccharides is within 0.4 % (w/v) in a period of at least 14 days.
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Embodiment 3. A method of treating a galacto-oligosaccharides containing milk-
based substrate, wherein said milk-based substrate comprises B-galactosidase having
transgalactosylating activity, which method comprises the step of heat treating said milk-
based substrate at a temperature (T) in the range of 90 °C - 130 °C for a period of time of at

least x seconds,
wherein x is related to the temperature T by: x=153,377,215,802.625 ¢ %-20378144T

to obtain a heat treated dairy product, wherein the variation in content of galacto-

oligosaccharides is within 0.4 % (w/v) in a period of at least 14 days.

Embodiment 4. A method for heat treatment of a galacto-oligosaccharides
containing milk-based substrate, wherein said milk-based substrate comprises active 3-
galactosidase, such as active Bifidobacterium derived B-galactosidase, having
transgalactosylating activity, which method comprises the step of heat treating said milk-
based substrate at a temperature (T) in the range of 70 °C - 150 °C, such as in the range of
90 °C - 130 °C, for a period of time of at least x seconds,

wherein x is related to the temperature T by: x=153,377,215,802.625 e 0-203781447
to obtain a heat treated dairy product having a stable content of galacto-oligosaccharides.

Embodiment 5. The method according to embodiment 1 comprising the step of
heat treating said milk-based substrate at a temperature (T) in the range of 70 °C - 150 °C,

such as in the range of 90 °C - 130 °C, for a period of time of at least x seconds,
wherein x is related to the temperature T by: x=153,377,215,802.625 ¢ 9203781447

Embodiment 6, The method according to any one of embodiments 1-5, wherein
said method before said heat treating step further comprises a step of in situ enzymatic
treatment of said milk-based substrate with said B-galactosidase, such as Bifidobacterium
derived B-galactosidase, to obtain said galacto-oligosaccharide containing milk-based

substrate.

Embodiment 7. The method according to any one of embodiments 1-6, wherein
said milk-based substrate is heat treated at a temperature of at least 80°C, more preferred at
a temperature of at least 85°C, more preferred at a temperature of at least 90°C, most

preferred at a temperature of at least 95°C.
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Embodiment 8. The method according to any one of embodiments 1-7, wherein
said temperature is a temperature in the range of 80 °C - 150 °C, such as at a temperature
in the range of 85 °C - 150 °C.

Embodiment 9. The method according to any one of embodiments 1-8, wherein
sald temperature is a temperature in the range of 80 °C - 120 °C, such as at a temperature
in the range of 90 °C - 100 °C.

Embodiment 10. The method according to any one of embodiments 1-9, wherein
said temperature is a temperature in the range of 85 °C - 119 °C, such as at a temperature
in the range of 90 °C - 100 °C.

Embodiment 11. The method according to any one of embodiments 1-10, wherein
said milk-based substrate is heat treated for a period of time of at least 1800 seconds, such
as of at least 1300 seconds, such as of at least 800 seconds, such as of at least 600

seconds.

Embodiment 12. The method according to any one of embodiments 1-11, wherein

said period of time is at the most 1300 seconds.

Embodiment 13. The method according to any one of embodiments 1-12, wherein
said period of time is in the range of at least 0.01 seconds to at the most 1300 seconds, such
as in the range of at least 0.1 seconds to at the most 1300 seconds, such as in the range of

at least 1 seconds to at the most 1300 seconds.

Embodiment 14. The method according to any one of embodiments 1-13, wherein
the content of galacto-oligosaccharides in said heat treated dairy product is stable for at least
14 days, for at least 3 weeks, for at least 4 weeks, for at least 5 weeks, for at least 6 weeks,

for at least 8 weeks, for at least 10 weeks, for at least 12 weeks, or for at least 24 weeks.

Embodiment 15. The method according to any one of embodiments 1-14, wherein
the variation in content of galacto-oligosaccharides is within 0.4 % (w/v) in a period of at
least 3 weeks, at least 4 weeks, at least 5 weeks, at least 6 weeks, at least 8 weeks, at least

10 weeks, at least 12 weeks, or at least 24 weeks.

Embodiment 16. The method according to any one of embodiments 1-15, wherein
said dairy product has substantially no residual B-galactosidase polypeptide activity, such as
below 0.0213, such as below 0.0192, such as below 0.017, such as below 0.0149, such as
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below 0.0149, such as below 0.0107, such as below 0.0085, such as below 0.0064, such as
below 0.0043, or more preferred such as below 0.00213 LAU/ml.

Embodiment 17. The method according to any one of embodiments 1-16, wherein
the amount of galacto-oligosaccharide in said dairy product are within 0.5 to 10% (w/v),

more preferred 1 to 8% (w/v), more preferred 1.5 to 6% (w/v), most preferred 2 to 5%
(w/v).

Embodiment 18. The method according to any one of embodiments 1-17, wherein
said B-galactosidase has a ratio of transgalactosylation activity above 100% such as above
150%, 175% or 200%.

Embodiment 19. The method according to any one of embodiments 1-18, wherein

said B-galactosidase is Bifidobacterium derived p-galactosidase.

Embodiment 20. The method according to any one of embodiments 1-19, wherein
the variation in content of galacto-oligosaccharide are within 0.25% (w/v), more preferred
within 0.2% (w/v), more preferred within 0.1% (w/v), most preferred within 0.05% (w/v)

measured over at least 14 days.

Embodiment 21. The method according to any one of embodiments 1-20, wherein
the variation in content are within at least 3 weeks, at least 4 weeks, at least 5 weeks, at

least 6 weeks, at least 8 weeks, at least 10 weeks, at least 12 weeks, or at least 24 weeks.

Embodiment 22. The method according to any one of embodiments 1-21, wherein
said milk-based substrate comprises lactose in an amount of at least 1% (w/v), more
preferred of at least 2% (w/v), most preferred of at least 4 %(w/v}, and at most in an

amount of 15% (w/v).

Embodiment 23. The method according to any one of embodiments 1-22, wherein
said milk-based substrate is enzymatic treated with said Bifidobacterium derived -
galactosidase in an amount of at least 0.0213 LAU, most preferred of at least 1.065 LAU to

obtain said galacto-oligosaccharides.

Embodiment 24. The method according to any one of embodiments 1-23, wherein
said milk-based substrate comprises galacto-oligosaccharides after the enzymatic treament in
an amount of 0.1 to 10% (w/v), more preferred in an amount of 0.5 to 8% (w/v), most

preferred in an amount of 1 to 4% (w/v).
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Embodiment 25. The method according to any one of embodiments 1-24, wherein
the Bifidobacterium derived B-galactosidase is a Bifidobacterium bifidum derived B-

galactosidase.

Embodiment 26. The method according to any one of embodiments 1-25, wherein
the Bifidobacterium bifidurm derived B-galactosidase is a Bifidobacterium bifidum DSM20215
derived $-galactosidase.

Embodiment 27. The method according to any one of embodiments 1-26, wherein
the Bifidobacterium derived B-galactosidase is a polypeptide comprising an amino acid
sequence having at least 90% sequence identity with an amino acid sequence selected from
the group of SEQ ID NO: 1, SEQ ID NO: 2, and SEQ ID NO: 3.

Embodiment 28. The method according to any one of embodiments 1-27, wherein
the Bifidobacterium derived B-galactosidase is a polypeptide having the amino acid sequence
selected from the group of SEQ ID NO: 1, SEQ ID NO: 2 and SEQ ID NO: 3

Embodiment 29. The method according to any one of embodiments 1-28, wherein
the Bifidobacterium derived B-galactosidase is a polypeptide comprising any of the
polypeptides selected from the group consisting of SEQ ID NO:1, SEQ ID NO: 2, and SEQ ID
NO: 3.

Embodiment 30. The method according to any one of embodiments 1-29, wherein
the Bifidobacterium derived B-galactosidase is a truncated fragment of any of the
polypeptides selected from the group consisting of SEQ ID NO:1, SEQ ID NO: 2, and SEQ ID
NO: 3, and having a minimum length of 850 amino acid residues.

Embodiment 31. The method according to any one of embodiments 1-30, wherein
the Bifidobacterium derived B-galactosidase comprises a polypeptide selected from the group

consisting of:

a. a polypeptide comprising an amino acid sequence having at least 90%
sequence identity with SEQ ID NO: 1, wherein said 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: 2, wherein said polypeptide consists of at

most 975 amino acid residues,
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¢. a polypeptide comprising an amino acid sequence having at least 96.5%
sequence identity with SEQ ID NO: 3, wherein said polypeptide consists of at

most 1300 amino acid residues

Embodiment 32. The method according to any one of embodiments 1-31, wherein
the Bifidobacterium derived B-galactosidase is a polypeptide 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.

Embodiment 33. The method according to any one of the preceding embodiments,

wherein the milk-based substrate is lacteal secretion obtained from any mammal.

Embodiment 34, The method according to any one of the preceding embodiments,
wherein the milk-based substrate is lacteal secretion obtained from cow, sheep, goats,

buffaloes or camels.

Embodiment 35. The method according to any one of the preceding embodiments,
wherein the milk-based substrate has a ratio of protein to lactose of at least 0.2, preferably

at least 0.3, at least 0.4, at least 0.5, at least 0.6 or, most preferably, at least 0.7.

Embodiment 36. The method according to any one of the preceding embodiments,
wherein the dairy product is drinking milk, sweet milk, condensed milk, whey, or a fermented

dairy product.

Embodiment 37. The method according to any one of the preceding embodiments,

wherein the dairy product is a fermented dairy product.

Embodiment 38. The method according to any one of the preceding embodiments,
wherein the dairy product is a fermented dairy product selected from the group consisting of
yogurt, buttermilk, Riazhenka, cheese, créme fraiche, quark, fromage frais, Acidophilus milk,

Leben, Ayran, Kefir, and Sauermilch.

Embodiment 39. The method according to any one of the preceding embodiments,

wherein the yogurt is a set-type, stirred or drinking yogurt.
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Embodiment 40. A dairy product obtained by the method according to any one of
embodiments 1-39.
Embodiment 41. A milk-based substrate treated according to the method of any

one of embodiments 1-39.

EXAMPLES

MATERIALS AND METHODS FOR PREPARING POLYPEPTIDES

Method 1a

Production of polypeptide

Synthetic genes designed to encode the Bifidobacterium bifidum full length (1752 residues)
gene with codons optimised for expression in Bacillus subtilis were purchased from GeneART
(Regensburg, Germany) SEQ ID No. 8

The Bifidobacterium bifidum truncation mutants were constructed using polymerase chain
reaction with reverse primers that allowed specific amplification of the selected region of the

synthetic gene.

Forward primer: GGGGTAACTAGTGGAAGATGCAACAAGAAG (Spel underlined) (SEQ ID NO:
15).

Reverse primers:

Truncation mutant Primer sequence

BIF_917 (SEQ ID NO: 9) GCGCTTAATTAATTATGTITITTCTGTGCTTGTIC SEQ
ID NO: 16

BIF_995 (SEQ ID NO: 10) GCGCTTAATTAATTACAGTGCGCCAATTTCATCAATCA
SEQ ID NO: 17

BIF_1068 (SEQ ID NO: 11) GCGCTTAATTAATTATTGAACTCTAATTGTCGCTG
SEQ ID NO: 18

BIF 1241 (SEQ ID NO: 12) GCGCTTAATTAATTATGTCGCTGTTTTCAGTTCAAT
SEQ ID NO: 19

BIF_1326 (SEQ ID NO: 13) GCGCTTAATTAATTAAAATTCTTGTTICTGTGCCCA
SEQ ID NO: 20

BIF_1478 (SEQ ID NO: 14) GCGCTTAATTAATTATCTCAGTCTAATTTCGCTTGCGC
SEQ ID NO: 21

The synthetic gene was cloned into the pBNspe Bacillus subtilis expression vector using the
unique restriction sites Spel and Pacl (Figure 4) and the isolated plasmids were transformed
into a suitable Bacillus sp. host . Transformants were restreaked onto LB plates containing 10

Hg/mL Neomycin as selection.
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A preculture was setup in LB media containing 10 pg/ml Neomycin and cultivated for 7 hours
at 37°C and 180 rpm shaking. 500 uL of this preculture was used to inoculate 50 mL Grant s
modified medium containing 10 pg/mL Neomycin at allowed to grow for 68 hours at 33°C and

180 rpm shaking.

Cells were lysed by addition directly to the culture media of 1 mg/ml Lysozyme (Sigma-
Aldrich) and 10 U/ml Benzonase (Merck) final concentrations and incubated for 1 hr at 33°C
at 180 RPM. Lysates were cleared by centrifugation at 10.000 x g for 20 minutes and
subsequently sterile filtered.

Grant s modified me
PART I (Autoclave)

Sovytone 10g

Bring to 500 mL per liter
PART II

iM K;HPO, 3mL

Glucose 75 ¢

Urea 3.64g

Grant's 10X MOPS 100 mL

Bring to 400 mL per liter

PART I (2 w/w % Soytone) was prepared, and autoclaved for 25 minutes at 121°C,
PART II was prepared, and mixed with PART 1 and pH was adjusted to pH to 7.3 with
HCI/NaOH.

The volume was brought to full volume and sterilized through 0.22-ym PES filter.

10 xMOPS Buffer was prepared according to the following directions:

83.72 g Tricine

7.17 g KOH Pellets

12 g NaCl

29.22 g 0.276M K2S04

10 mL 0.528M MgCl2

10 mL Grant's Micronutrients 100X

Bring to app. 900 mL with water and dissolve. Adjust pH to 7.4 with KOH, fill up to 1 L and
sterile filter the solution through 0.2 ym PES filter.

100 x Micronutrients was prepared according to the following directions:

Sodium Citrate.2H20 147 g
CaCl2.2H20 1.47 g
FeS04.7H20 0.4g
MnS04.H20 0.1g
ZnS04.H20 0.1g
CuCl2.2H20 0.05¢g
CoCl2.6H20 O01g
Na2Mo04.2H20 0.1g

Dissolve and adjust volume to 1 L with water.
Sterilization was through 0.2 um PES filter.
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Storing was at 49C avoid light.
Method 2a

Purification and enzyme preparations

The filtrated enzyme isolate was concentrated using a VivaSpin ultra filtration device with a
10 kDa MW cut off (Vivaspin 20, Sartorius, Lot#12VS2004) and the concentrate was loaded
onto a PD10 desalting column (GE healthcare, Lot# 6284601) and eluted in 20mM Tris-HCI
pH 8.6. Chromatography was carried out manually on an Akta FPLC system (GE Healthcare).
4mL of the desalted sample, containing aproximately 20mg protein, was loaded onto a 2 mL
HyperQ column (HyperCel™, Q sorbent) egillibrated with 20 mM Tris-HCI pH 8.6 at a flowrate
of 1ml/min. The column was thoroughly washed with 30 CV (column volumes) wash buffer
and the bound B-galactosidase was eluted with a 100CV long gradient into 20 mM Tris-HCI
pH 8.6 250 mM NaCl. Remaining impurities on the column were removed with a one-step
elution using 20 mM Tris-HCI pH 8.6 500 mM NacCl. Protein in the flow through and elution

was analyzed for B-galactosidase activity and by SDS-page.

SDS-page gels were run with the Invitrogen NuPage® Novex 4-12% Bis-Tris gel 1.0 mm, 10
well (Cat#NP0321box), See-Blue® Plus2 prestained Standard (Cat# LC5925) and NUuPAGE®
MES SDS Running Buffer (Cat# NP0002) according to the manufacturer’s protocol. Gels were
stained with Simply Blue Safestain (Invitrogen, Cat# LC6060) (Figure 5).

Method 3a

Measuring B-galactosidase activity
Enzymatic activity was measured using the commercially available substrate 2-Nitrophenyl-p-
D-Galactopyranoside (ONPG) (Sigma N1127).

ONPG w/o acceptor

100 mM KPO4 pH6.0
12,3 mM ONPG

ONPG supplemented with acceptor

100 mM KPO4 pH6.0
20 mM Cellobiose
12,3 mM ONPG

STOP Solution
10% Na,CO;
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10 pl dilution series of purified enzyme was added in wells of a microtiter plates containing

90 ul ONPG-buffer with or without acceptor. Samples were mixed and incubated for 10 min at
379C, subsequently 100 yl STOP Solution were added to each well to terminate reaction.
Absorbance measurements were recorded at 420 nm on a Molecular Device SpectraMax

platereader controiled by the Softmax software package.

The ratio of transgalactosyiation activity was calculated as follows
Ratio of transgalctosylation activity = (Abs420*Ce'blose/ahgq20 Celobioseyx 100, for dilutions
where the absorbance was between 0.5 and 1.0 (Figure 6).

Method 4a

Determination of LAU activity

Principle:

The principle of this assay method is that lactase hydrolyzes 2-o-nitrophenyl-8-D-
galactopyranoside {(ONPG) into 2-o-nitrophenocl (ONP) and galactose at 37°C. The reaction is
stopped with the sodium carbonate and the liberated ONP is measured in spectrophotometer

or colorimeter at 420 nm.

Reagents:
MES buffer pH 6.4 (100mM MES pH 6.4, 10mM Cacl,): Dissolve 19,52g MES hydrate (Mw:

195.2 g/mol, Sigma-aldrich #M8250-250G) and 1.470g CaCl, di-hydrate (Mw: 147.01g/mol,
Sigma-aldrich) in 1000 ml ddH,0, adjust pH to 6.4 by 10M NaOH. Filter the solution through
0.2 pm filter and store at 4°C up to 1 month.

ONPG substrate pH 6.4 (12.28mM ONPG, 100mM MES pH 6.4, 10mM CacCl,): Dissolve 0.370g
2-o-nitrophenyl-pB-D-galactopyranoside (ONPG, Mw: 301.55 g/mol, Sigma-aldrich #N1127) in
100 mi MES buffer pH 6.4 and store dark at 4°C for up to 7 days.

Stop reagent {10% Na,CO,): Dissolve 20.0g Na,CO; in 200ml ddH,0, Filter the solution
through 0.2 um filter and store at RT up to 1 month.

Procedure:

Dilution series of the enzyme sample was made in the MES buffer pH 6.4 and 10uL of each
sample dilution were transferred to the wells of a microtiter plate (96 well format) containing
90 pl ONPG substrate pH 6.4. The samples were mixed and incubated for 5 min at 37°C
using a Thermomixer (Comfort Thermomixer, Eppendorf) and subsequently 100 pl Stop

reagent was added to each well to terminate the reaction. A blank was constructed using
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MES buffer pH 6.4 instead of the enzyme sample. The increase in absorbance at 420 nm was
measured at an ELISA reader (SpectraMax platereader, Molecular Device) against the blank.

Calculation of enzyme activity:

The molar extinction coefficient of 2-o-nitrophenol (Sigma-aldrich #33444-25G) in MES
buffer pH 6.4 was determined (0.5998 x 102 M x cm™). One unit (U) of lactase activity
(LAU) was defined as that corresponding to the hydrolysis of 1 umol of ONPG per minute.

Using microtitre plates with a total reaction volume of 200uL. (light path of 0.52cm) the

lactase activity per mL of the enzyme sample may be calculated using the following equation:

umol ) AbSygq ¥ 200uL X dilution factor

LAU /ml ( = 05998 10-% - M1 -em—* x 0.52cm X 5min X 0.01mL

min mL

Determination of BIF_917 concentration:

Quantification of the target enzyme (BIF_917) and truncation products were determined
using the Criterion Stain free SDS-page system (BioRad). Any kD Stain free precast Gel 4-
20% Tris-HCI, 18 well (Comb #345-0418) was used with a Serva Tris - Glycine/SDS buffer
(BioRad cat. #42529). Gels were run with the following parameters: 200 V, 120 mA, 25 W,
50 min. BSA (1.43 mg/mi) (Sigma-Aldrich, cat. #500-0007) was used as protein standard
and Criterion Stain Free Imager (BioRad) was used with Image Lab software (BioRad) for

quantification using band intensity with correlation of the tryptophan content.
The specific LAU activity of BIF_917 was determined from crude ferment (ultra filtration
concentrate) of two independent fermentations (as described in method 1) and using 5

different dilutions (see table 1a).

The specific activity of BIF_917 was found to be 21.3 LAU/mg or 0.0213 LAU/ppm.

Table la: Determination of BIF_917 specific activity

Ferm Protein (

Sampl entati .| Dilution BIF_917) Protein ( BIF_917) | Specific Specific
e lID Enzyme | on factor | ‘Activity concentration concentration activity activity

LAU/ml mg/mil ppm LAU/mg LAU/ppm
1 BIF 917 | a 5 26.9 1.23 1232 21.9 0.0219
2 BIF 9171 a 10 53.9 2.44 2437 22.1 0.0221
3 BIF 9171a 10 75.4 3.56 3556 21.2 0.0212
4 BIF 917 | a 20 163.9 7.78 7778 21.1 0.0211
5 BIF 917 |a 30 233.6 11.06 11065 21.1 0.0211
6 BIF 917 | b 5 30.26825 1.34 1342 22.6 0.0226
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7 BIF_ 917 |b 10 55.91536 | 2.61 2607 21.4 0.0214
8 BIF 917 |b 10 76.96056 | 3.70 3697 20.8 0.0208
9 BIF_917|b 20 156.986 7.75 7755 20.2 0.0202
10 BIF_917!b 30 236.9734 | 11.45 11452 20.7 0.0207
Arg 21.3| 0.0213
Std 0.700976 | 0.000701

Example 1a

Determing B~galactosidase activity of BIF truncation variants

Eight different truncation variants: BIF_917, BIF_995, BIF_1068, BIF_1172, BIF_1241,
BIF1326, BIF_1400 and BIF_1478 were constructed as described using method 1a and
purified as described in method 2a (see Figure 6).

The B-galactosidase activity was determined of all truncation variants in presence and

absence of cellobiose using the described method 3a above.

Results

The ratio of transgalactosylation activity ((Abs4207CeioPiose/ppgqp Cellobioseyx1 00y was
calculated from the meassured B-galactosidase activity for each variant and is shown in
Figure 6. Variants having a length of 1241 residues (including their signal peptide) or less
shows a ratio of transgalactosylation activity above 100%, indicating that these variants are
predominantly transgalactosylating. The variants with a length that is more that 1241
residues show a ratio of transgalactosylation activity below 100%, indicating that these
variants are predominantly hydrolytic. BIF_917 and BIF_995 have the highest ratio of

transgalactosylation activity around 250%.
Example 2a

GOS generation in a yoghurt matrix

Evaluation of BIF enzymes in GOS production were tested in a yogurt application mimic.
Batch experiments with a volume of 100 pl were performed in 96 well MTP plates using a
yogurt mix, consisting of 98,60%(w/v) fresh pasteurized low-fat milk (Mini-maelk, Arla Foods,
Denmark) and 1.4% (w/v) Nutrilac YQ-5075 whey ingredient (Arla). To completely hydrate
Nutrilac YQ-5075 the mixture was left with agitation for 20h and afterwards added 20mM
NaPhosphate pH 6.5 to ensure a pH of 6.5, This milk-base was used plain and the lactose
concentration was determined to be 5.5% (w/v), corresponding to 5.3% (w/w) in this

solution. The following correlation is valid in the present example: 1% (w/v) lactose =
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0.9587% (w/w) lactose. 90 ul of the milk-base was mixed with 10 pl of the purified enzymes,
sealed with tape and incubated at 43°C for 3 hours. The reaction was stopped by 100 ul 10%
Na,CO;. Sampies stored at -20°C.

HPLC method

Quantification of galacto-oligosaccharides (GOS), lactose, glucose and galactose were
performed by HPLC. Analysis of samples was carried out on a Dionex ICS 3000. IC
parameters were as follows: Mobile phase: 150 mM NaOH, Flow: Isochratic, 0,25mi/min,
Column: Carbopac PA1, Column temperature: RT, Injection volume: 10 pL, Detector: PAD,
Integration: Manual, Sample preparation: 100 times dilution in Milli-Q water (0,1 ml sample
+ 9,9 ml water) and filtration through 0.45 im syringe filters, Quantification: Peak areas in
percent of peak area of the standard. A GOS syrup (Vivinal GOS, Friesland Campina) was
used as standard for GOS quantification. In this example, the term “GOS” is defined as

galacto-oligosaccharides with a degree of polymerization (DP) of 3 or above.

Resulis

The quantified amount of GOS generated in the milk-base by BIF_917, BIF_995 and
BIF_1326 is shown in Figure 7. It can be seen that the shorter variants BIF_917 and BIF_995
have a significantly (determined by a students T-test with 95% confidence) higher GOS
production around 1.2% (w/v) compared to BIF 1326 generating below 0.1% (w/v).

Example 3a

Degradation pattern of truncation variants

A library covering the region between BIF1230 and BIF1325 was ordered from GeneART
(Regensburg, Germany) (see table 2a). The truncation variants was produced as described in
method 1a. The resulting peptides were subjected to SDS_PAGE analysis and visualized with
Simply Blue Safestain (Invitrogen, Cat# LC6060) (Figure 8).

Results

Surprisingly, most of the variants were proteolytically modified in the final broth with varying
amounts of target band appearing at the end of fermentation. The variants generated three
distinct bands with varying intensities which was verified using mass spectrometry. The
variants have C-terminal truncation with BIF_917 corresponding to the termini of SEQ ID NO:
1, BIF995 corresponding to the termini of SEQ ID NO: 2 and BIF1068 corresponding to the
termini of SEQ ID NO: 3.

The protein bands cut from the gel (marked with arrows in Figure 8) are digested using three
different enzymes, as preparation for mass spectrometry analysis. Trypsin hydrolyzes peptide
bonds specifically at the carboxyl side of arginine (R) and lysine (K) residues except when a
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proline (P) is on the carboxyl side. a-Chymotrypsin hydrolyzes peptide bonds specifically at
the carboxy! side of tyrosine (Y), phenylalanine (F), tryptophan (W) and leucine (L) except
when a proline (P) is on the carboxyl side. Glu-C preferentially cleaves at the carboxyl side of
glutamyl (E) in ammonium bicarbonate buffer pH 8, but aiso cleaves at the carboxyl side of

aspartyl (D) if the hydrolysis is carried out in a phosphate buffer pH 8.

In order to detect the C-terminal, the protein of interest is prepared for analysis using our
basic procedure for protein characterisation (A2963), with one change using 40% ®0-water
in the digestion buffer. The theory is that the proteolytic cleavage will incorporate both **0-
water and '°0-water in the resulting peptides, which consequently will appear as doublets.
The protein C-terminal though will only appear as a single peptide with *0O-water, since it is
not cleaved but just the “last peptide” left of the protein. In this way the C-terminal is
mapped using MS/MS analysis.

Table 2a:

Variants

Name Fragment of SEQ ID NO: 6 WELL
BIF 1230} 1 1201 A01
BIF 1231} 1 1202 BO1
BIF 1232 1 1203 Cco1
BIF_1233] 1 1204

BIF 1234} 1 1205

BIF 1235, 1 1206 D01
BIF_1236] 1 1207

BIF 1237 1 1208 EQ1
BIF 12381 1 1209 FO1
BIF_1239| 1 1210 Go1
BIF 1240} 1 1211 AQ2
BIF 1241 1 1212 BO2
BIF 1242 1 1213 co2
BIF 1243 1 1214

BIF 1244 1 1215 EO2
BIF 1245 1 1216 Fo2
BIF 1246 1 1217 GO2
BIF 1247} 1 1218 HO2
BIF_1248| 1 1219 AO03
BIF 1249 1 1220 BO3
BIF 1250 1 1221 co3
BIF 1251} 1 1222 D03
BIF 1252} 1 1223 EQ3
BIF_1253| 1 1224

BIF 1254 1 1225 FO3
BIF _1255| 1 1226 GO3
BIF 1256 1 1227 HO3
BIF 12571 1 1228 A04
BIF 1258 1 1229 BO4
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BIF 1259 1 1230 co4
BIF 1260 1 1231 D04
BIF 1261} 1 1232

BIF 1262 1 1233 EQ4
BIF_1263; 1 1234 FO4
BIF 1264 1 1235 G04
BIF _1265| 1 1236 HO4
BIF 1266 1 1237 A0S
BIF_ 1267 1 1238 BO5
BIF 1268 1 1239 Co5
BIF 1269 1 1240 D05
BIF 1270} 1 1241 EOS
BIF 1271] 1 1242 FO5
BIF 1272 1 1243 GO05
BIF 1273 1 1244 HO5
BIF 1274 1 1245 AQ6
BIF 1275] 1 1246 BO6
BIF 1276 1 1247 C06
BIF 1277 1 1248 D06
BIF 1278 1 1249 EC6
BIF 1279 1 1250

BIF 1280 1 1251 FO6
BIF 1281 1 1252 GO6
BIF 1282 1 1253 HO6
BIF 1283 1 1254 AQ7
BIF 1284 1 1255

BIF_1285| 1 1256

BIF 1286 1 1257

BIF_ 1287 1 1258 BO7
BIF 1288 1 1259

BIF 1289 1 1260 co7
BIF_1290 1 1261 Do7
BIF 1291 1 1262

BIF 12927 1 1263 EQ7
BIF 12931 1 1264

BIF 1294 | 1 1265

BIF 1295 1 1266 Fo7
BIF_1296, 1 1267 GO7
BIF 12971 1 1268

BIF 1298 1 1269 HO7
BIF 1299 1 1270 AQ8
BIF_1300, 1 1271 BO8
BIF 1301 1 1272 cos
BIF_1302 1 1273 D08
BIF 1303 1 1274 EO8
BIF 13041 1 1275 FO8
BIF_1305 1 1276 GO08
BIF 1306 1 1277 HO8
BIF 1307, 1 1278 A0S
BIF_1308{ 1 1279 BO9
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BIF 1309 1 1280

BIF 1310, 1 1281

BIF 1311, 1 1282

BIF 1312 1 1283 Cos
BIF 1313 1 1284

BIF 1314 1 1285

BIF_1315] 1 1286 DOS
BIF 1316 1 1287 EOQS
BIF 1317 1 1288 Fo9
BIF 1318 1 1289 GO9
BIF 1319, 1 1290 HO9
BIF 1320 1 1291 Al0
BIF 1321 1 1292 B10
BIF 1322 1 1293 Cio
BIF 1323 1 1294 D10
BIF 1324 1 1295 E10
BIF 1325] 1 1296 F10

Example 4a

GOS generated enzymatically /n situ in milkbase and yoghurts

In this example, the term “"GOS” is defined as galacto-oligosaccharides with a degree of

polymerization (DP) of 3 or above.

Evaluation of GOS production by BIF_917 and BIF_995 were tested by in situ application in
different set-style yogurts. The B-glactosidase was added to the milk-base simultaneous with
addition of the specific yoghurt cultures, resulting in the transgalactosylation reaction running

together with the yoghurt fermention process.

Initial yoghurt (set-style) batch experiments were made with a 100 mL milkbase (yoghurt
mix). The milkbase consisted of 98.60%(w/v) fresh pasteurized conventional (not-organic)
low-fat milk (Mini-maelk 0.5% fat, Arla Foods Amba, Denmark) and 1.4% (w/v) Nutrilac YQ-
5075 whey ingredient (Arla Foods Ingredients, Denmark), resulting in a lactose concentration
of 5.5 %(w/v) corresponding to 5.3% (w/w) (1%(w/v) lactose = 0.9587 %(w/w) lactose in
this solution). To completely hydrate Nutrilac YQ-5075 the mixture was left with weak
agitation for 20 hr at 4°C. In the initial experiment a freeze-dried YO-MIX 485LYO culture was
used consisting of Lactobacillus delbriieckii subsp bulgaricus and Streptococcus thermophilus
(DuPont Nutrition Biosciences, Denmark). An initial dilution of the culture was made, adding
10g of YO-MIX 485LYO to 400 mL UHT conventional (not-organic) milk (Let-maelk 1.5% fat,
Arla Foods Amba, Denmark). 1.43 mL of the diluted culture was added per litre of milk-base,
100 mL milkbase were distributed in 250 mL biuecap bottles and enzymes were added in
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varying concentration (10, 20 and 40 ppm, corresponding to 0.213, 0.426 and 0.853 LAU as

described in method 4a) constitution 1% (v/v) of the final yogurt-mix. Yoghurt fermentation

was performed at 43°C and ended after 10hr by fast cooling on ice. Fermentations were

always run in duplicates and yoghurt sugar/oligosaccharide composition was analyzed by

HPLC on the day after fermentation (see HPLC method below). Fermented yoghurt samples

were always stored at 4°C.

The results of the initial yoghurt experiment are shown in table 3a. It can be seen that

increased dose of either BIF_917 or BIF_995 from 10 ppm to 40ppm lead to increased GOS

content and decreased amount of DP2 (including lactose) in the final yoghurt. The difference

in performance of the two variants is within the variance of the HPLC determination and it

may be concluded that they perform similar within the investigated dosages.

Table 3a. Content of DP2 saccharides (mainly lactose) and GOS (DP3+)ina

fermented yogurt treated with increasing dose of BIF_917 and BID995. All results

are calculated as an average of three independent measurements.

Amount Amount
w/v % w/iv%
DP2 incl. Lactose Std GOS (DP3+) | std
BIF_917_10 ppm 2.191 0.092 1.249 0.051
BIF_917_20 ppm 1.296 0.047 1.882 0.056
BIF_917_40 ppm 0.970 0.019 2.346 0.047
Yogurt | BIF_995_10ppm 2.787 0.139 1.158 0.035
BIF_995_20ppm 1.494 0.075 1.649 0.082
BIF_995_40ppm 0.931 0.028 2.392 0.063
H20 4.219 0.127 0.000 0.000
Milkbase 5.500 0.156 0.000 0.000

Set-style yoghurt was made with higher initial lactose concentration of 7.5% w/v

(corresponding to 7.1% w/w, as 1% w/v lactose = 0.9423 % w/w in this solution) to

investigate its effect on the GOS concentration achieved in the final yoghurt. The following

procedure was applied:

1. All powder ingredients (listed in table 4a) are mixed and the dry blend are added to

the milk / water under good agitation at 4-5°C, left to hydrate for 20 hours at 4°C.
The milkbase is preheated to 65°C (P1)
The milkbase is homogenised at 65°C / 200 bar
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4. The milkbase is pasteurised 95°C for 6 minutes (P3)
5. The milkbase is cooled to 5°C (K2)

Table 4a. SET yogurt ingredients list in %{(w/w)

Ingredients in % (w/w)

Ingredient Name

Skimmed milk (Skummet-maelk 0.1% fat, Arla Foods Amba, Denmark) 93.533
Cream 38 % fat (Arla Foods Amba, Denmark) 1.067
Nutrilac YQ5075 (Arla Foods Ingredients, Denmark) 1.400
Lactose (Variolac® 992 BG100, Arla Foods Amba, Denmark ) 3.000
Enzyme/H20 1.000
Total % i00

Following the above procedure, the milkbase is heated to 43°C (K1). Dilution of the culture
YO-MIX 495 consisting of Lactobacillus delbriieckii subsp bulgaricus and Streptococcus
thermophilus (DuPont Nutrition Biosciences, Denmark) was done at the fermentation
temperature. 250 mL milkbase were distributed in 500 mL bluecap bottles and enzymes were
added in varying concentration constitution 1% (v/v) of the final yogurt-mix The starter
culture, YO-Mix 495, is added in a dosage of 20 DCU (DuPont Culture Units) per 100 litre,
where one DCU is 100 billion cells measured as colony forming units. For each trial three
samples were made. Fermentation was carried out to pH 4.6 at 43°C and following stopped
by fast cooling to 5°C. Yoghurt sugar/oligosaccharide composition was analyzed by HPLC on
the day after fermentation (see HPLC method below). Fermented yoghurt samples were

always stored at 4°C.

The results of the yoghurt experiment are shown in table 5a. It can be seen that higher initial
lactose (7.5% w/v) increased the total GOS generated in the yoghurt compared to the GOS
achieved with 5.5% (w/v) initial lactose, as shown in table 3a. A final GOS concentration of
2.954% is achieved with the 50 ppm dose of BIF_917 tested, whereas 2.662% GOS was
produced with 25 ppm BIF_917. In comparison the conventional hydrolyzing B-
galactosidase from Kluyveromyces lactis (GODO-YNL2, GODO SHUSEI Co., Ltd., Japan)
produced 0,355% GOS at a dose of 25 ppm. A decrease in the lactose concentration of
2.127% was observed in the blank yogurt where the same amount of H20 was added instead

of enzyme.
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Table 5a. Content of DP2 saccharides (mainly lactose) and GOS (DP3+) in a
fermented yogurt treated with increasing dose of BIF_917 and K. /actis B-gal.

Amount Amount
w/v % wiv %
DP2 incl. Lactose Std DP3+ (GOS) Std
BIF_917_12,5 ppm 3.295 0.224 1.525 0.197
BIF_917_25 ppm 2.090 0.045 2.662|  0.003
Yogurt BIF_917_50 ppm 1.395 0.090 2.954 0.202
K. lactis B-Gal _25ppm 0.425 0.040 0.355 0.006
H20 5.431 0.099 0.000 0.000
Milkbase | H20 7.558 0.265 0.000 0.000

To test the influence of acidification in the yogurt fermentation on BIF_917 performance
studies were made with three different YO-mix cultures all consisting of Lactobacillus
delbrijeckii subsp bulgaricus and Streptococcus thermophilus (DuPont Nutrition Biosciences,
Denmark): YO-MIX 495 with a relative slow fermentation time; YO-MIX 495 with a relative
fast fermentation time and YO-MIX 601 with prolonged lagphase and a strong acidifying
fermentation. All fermentations were performed at 43°C with the same amount of BIF_917
(25 ppm).

In addition to test the influence of temperature on BIF_917 performance, fermentation with
YO-MIX 495 and 25 ppm BIF_917 were carried out at 43°C, 45°C and 47°C

The following procedure was applied to produce set-style yogurts with an initial lactose
concentration of 7.5% (w/v) (corresponding to 7.1% w/w, as 1% w/v lactose = 0.9423 %

w/w in this solution):

1. All powder ingredients (listed in table 6a) are mixed and the dry blend are added to
the milk / water under good agitation at 4-5°C, left to hydrate for 20 hours at 4°C.
The milkbase is preheated to 65°C (P1)

The milkbase is homogenised at 65°C / 200 bar

The milkbase is pasteurised 95°C for 6 minutes (P3)

The milkbase is cooled to 5°C (K2)

The milkbase is heated to 43°C (K1). Dilution of the cultures YO-MIX 495, 485 and

601 (DuPont Nutrition Biosciences, Denmark) was done at the fermentation

o v oA W

temperature.
7. 100 mL milkbase was distributed in 250 mL bluecap bottles and enzymes were added

in varying concentration constitution 1% (v/v) of the final yogurt-mix
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8. The starter culture, either YO-Mix 495, 485 or 601 was added in a dosage of 20 DCU
(DuPont Culture Units) per 100 litre. For each trial three samples were made.

9. Fermentation was carried out to pH 4.6 at 43°C (for teampurature studies at 43°C,
45°C and 47°C respectively) and following stopped by fast cooling to 5°C

10. Yoghurt sugar/oligosaccharide composition was analyzed by HPLC on the day after
fermentation (see HPLC method below). Fermented yoghurt samples were always
stored at 4°C.

Table 6a. SET yogurt ingredients list in % {(w/w)

Ingredients in % (w/w)

Ingredient Name

Skimmed milk (Skummet-maelk 0.1% fat, Arla Foods Amba, Denmark) 93.533
Cream 38 % fat (Arla Foods Amba, Denmark) 1.067
Nutrilac YQ5215 (Arla Foods Ingredients, Denmark) 1.400
Lactose (Variolac® 992 BG100, Arla Foods Amba, Denmark ) 3.000
Enzyme/H20 1.000
Total % 100

The results of the yoghurt experiment are shown in table 7a. It can be seen that the different
YO-mix cultures, having different acidification profiles, exert no significant effect on the final
GOS vield. On average 3.22 % (w/v) GOS is generated and the highest GOS concentration
(3.300%) found in the yoghurt produced with YO-mix 485 is being within the variance of
quantification. The change in fermentation temperature from 43°C to 45°C and 47°C do not
significantly (using a student T-test with 95% confidence limits) change the amount of GOS
produced in any of the yoghurts: 3,258% w/v at 43°C, 3,375% w/v at 45°C and 3,236% w/v
at 47°C. Thus, it may be concluded that the action of BIF_917 under the conditions
investigated are robust for in situ generation of GOS in yogurt using various culture and

temperature conditions.
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Table 7a. Content of DP2, DP3, DP4, DP5, DP6, glucose and galactose in a
5 fermented yogurt treated with BIF_917.

Amount
Amount
Amount
Amount
Amount
Amount
Amount
Amount

w/v%
w/v%
w/v%
w/v%
w/v%
w/v%
w/v%
w/iv%

DP2 incl. Lactose

Sample
Enzyme dose
Fermentation
culture
Fermentation
temperature
Glucose
Galactose
DP3 {GOS)
DP4 (GOS)
DP5 (GOS)
DP6 (GOS)
DP3+ (GOS)

Milkbase 7.259{ 0.000} 0.000{ 0.000{ 0.000} 0.000} 0.000} 0.000

BIF_917 25ppm |YM495 |43°C 5.466 | 0.000] 0.448| 0.000| 0.000| 0.000} 0.000| 0.000

BIF_917_25ppm |YM 495 43°C 1.7701 1.368] 0.648 | 2.067| 0.793| 0.260| 0.074] 3.194

BIF_917_25ppm |YM 485 43°C 1.860] 1.2591 0.609| 2.065¢ 0.830} 0.302 | 0.103{ 3.300

BIF_917_25ppm | YM 601 43°C 17121 1418 0.832| 2.094] 0.780| 0.248| 0.068| 3.189

Yogurt

BIF_917_25ppm | YM 495 43°C 1.761} 1.344] 0.642| 2.086| 0.813} 0.275}| 0.084| 3.258

BIF_917_25ppm |YM 485 45°C 1.838] 1.323] 0.625] 2.128 1 0.848 | 0.301| 0.099 3.375

BIF_917_25ppm |YM 495 47°C 1.739| 1.406| 0.722} 2.106} 0.799} 0.257} 0.074 3.236

STD

Milkbase 0.252} 0.000} 0.000} 0.000} 0.000} 0.000}| 0.000{ 0.000

BIF_917_25ppm |YM 495 43°C 0.225] 0.000 0.000} 0.0007] 0.000{ 0.000} 0.000{ 0.000

BIF_917 25ppm |YM495 | 43°C 0.075| 0.067| 0.039| 0.080| 0.031| 0.010| 0.002| 0.123

BIF_917_25ppm |YM 485 43°C 0.090] 0.063 ] 0.015] 0.084} 0.033| 0.012| 0.008| 0.136

BIF_917_25ppm |YM 601 43°C 0.013} 0.014} 0.017} 0.018] 0.010} 0.006| 0.002 | 0.037

Yogurt

BIF_917_25ppm | YM 495 43°C 0.042 0.0314 0.014 0.046] 0.016| 0.005} 0.001] 0.067

BIF_917 25ppm |YM 495 45°C 0.071| 0.050) 0.013] 0.061| 0.028 | 0.012{ 0.007| 0.108

BIF_917 25ppm |YM495 |47°C 0.009| 0.015| 0.004] 0.003| 0.002| 0.003| 0.003| 0.011

HPLC method

All chemicals used were of analytical grade. D-(+)-Lactose (min 99%, no.17814), D-(+)-
glucose (min 99.5%, no G8270-100G, batch# 036K0137), and D-(+)-galactose (min 99%,
10 no G0750-25G, batch# 031M0043V) were obtained from Sigma (St. Louis, Mo, USA). Vivinal
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GOS Syrup (Prod. No 502675 Batch#649566) was obtained from Friesland Campina Domo
(Amersfoort, The Netherlands) containing 57% on dry-matter (DM) galacto-oligosaccharides,
21% on DM anhydrous lactose, 20% on DM anhydrous glucose, and 0.8% on DM anhydrous

galactose.

Sample preparation

All standards: Lactose, Glucose, galactose and GOS were prepared in double distilled water
(ddH20) and filtered through 0.45 pm syringe filters. A set of each standard was prepared
ranging in concentration from 10 to 200000 ppm.

To evaluate quantification of the above set of sugars in a yogurt/milk matrix, the above
standards were spiked into a milk and yogurt sample as internal controls. All milk and yogurt
samples containing active p-galactosidase were inactivated by heating the sample to 95°C for
10 min. All milk samples were prepared in 96 well MTP plates (Corning, NY, USA) and diluted
minimum 20 times and filtered through 0.20 pm 96 well plate filters before analysis (Corning
filter plate, PVDF hydrophile membrane, NY, USA). Samples containing more than 50000
ppm (5% w/v) lactose were heated to 30°C to ensure proper solubilization. All yogurt
samples were weighted and diluted 10 times in ddH20 before homogenization of the sample
using of Ultra turrax TP18/10 for a few minutes (Janke & Kunkel Ika-labortechnik, Bie &
Berntsen, Denmark). p-galactosidase were inactivated by heat threatment and samples were
further diluted in 96 well MTP plates filtered through 0.20 uym 96 well plate filters before
analysis (Corning filter plate, PVDF hydrophile membrane, NY, USA). All samples were
analyzed in 96 well MTP plates sealed with tape.

Instrumentation

Quantification of galacto-oligosaccharides (GOS), Lactose, glucose and galactose were

performed by HPLC. Analysis of samples was carried out on a Dionex Ultimate 3000 HPLC
system (Thermo Fisher Scientific) equipped with a DGP-3600SD Dual-Gradient analytical pump,
WPS-3000TSL thermostated autosampler, TCC-3000SD thermostated column oven, and a RI-

101 refractive index detector (Shodex, JM Science). Chromeleon datasystem software
(Version 6.80, DU10A Build 2826, 171948) was used for data acquisition and analysis.

Chromatographic conditions
The samples were analyzed by HPLC using a RSO oligosaccharide column, Ag® 4%

crosslinked (Phenomenex, The Netherlands) equipped with an analytical guard column
(Carbo-Ag® neutral, AJ0-4491, Phenomenex, The Netherlands) at 70°C. The column was
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eluted with double distilled water (filtered through a regenerated cellulose membrane of 0.45
pm and purged with helium gas) at a flow rate of 0.3 mi/min.

Isocratic flow of 0.3 mli/min was maintained throughout analysis with a total run time of 37
min and injection volume was set to 10 pL. Samples were held at 30°C in the thermostated
autosampler compartment to ensure solubilisation of lactose. The eluent was monitored by
means of a refractive index detector and quantification was made by the peak area relative to
the peak area of the given standard. Peaks with a degree of three or higher (DP3+) in the
Vivinal GOS syrup (Friesland Food Domo, The Netherlands) were used as standard for GOS

quantification following manufactures declaration on GOS content in the product.

MATERIALS AND METHODS FOR THE FOLLOWING METHODS

Method 1
Production of B-galactosidase from Bifidobacterium bifidum

Production of the B-galactosidase BIF_917 (SEQ ID No. 1) was produced in a suitable
Bacillus sp. host with BIF_917 expressed from a replicating plasmid under control of the
aprE promoter as described in PCT application PCT/EP2013/061819.

Briefly, a preculture was setup in LB media containing 10 pg/mL Neomycin and cultivated for
7 hours at 37°C and 180 rpm shaking. 500 pL of this preculture was used to inoculate 50 mL
Grant’s modified medium containing 10 pg/mL Neomycin at allowed to grow for 68 hours at
33°C and 180 rpm shaking.

Cells were lysed by addition directly to the culture media of 1 mg/ml Lysozyme (Sigma-
Aldrich) and 10 U/ml Benzonase (Merck) final concentrations and incubated for 1 hr at 33°C
at 180 RPM. Lysates were cleared by centrifugation at 10.000 x g for 20min and
subsequently sterile filtered.

Grant’s modified media was prepared according to the following directions:

PART I (Autoclave)

Soytone 10 g

Bring to 500 mL per liter
PART II

iM K;HPO, 3mL

Glucose 75¢

Urea 36¢g
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Grant's 10X MOPS 100 mL

Bring to 400 mL per liter

PART I (2 w/w % Soytone) was prepared, and autoclaved for 25 minutes at 121°C,
PART II was prepared and mixed with PART 1 and pH was adjusted to pH to 7.3 with
HCI/NaOH.

The volume was brought to full volume and sterilized through 0.22-um PES filter,

10 xMOPS Buffer was prepared according to the following directions:

83.72 g Tricine

7.17 g KOH Pellets

i2 g NaCl

29.22 g 0.276M K2504

10 mL 0.528M MqgcCiz2

10 mL Grant's Micronutrients 100X

Bring to app. 900 mL with water and dissolve. Adjust pH to 7.4 with KOH, fill up to 1 L and
sterile filter the solution through 0.2 um PES fiiter.

100 x Micronutrients was. prepared according to the following directions:

Sodium Citrate.2H20 147 g
CaCl2.2H20 1.47 g
FeS04.7H20 0.4g
MnS04.H20 0.1g
ZnS04.H20 0.1g
CuCl2.2H20 0.05¢
CoCl2.6H20 0.1g
Na2Mo04.2H20 0.1g

Dissolve and adjust volume to 1 L with water.
Sterilization was through 0.2 um PES filter.
Storing was at 4°C avoid light.

Method 2

Determination of LAU activity

Principle:

The principle of this assay method is that lactase hydrolyzes 2-o-nitrophenyl-B-D-
galactopyranoside (ONPG) into 2-o-nitrophencl (ONP) and galactose at 37°C. The reaction is
stopped with the sodium carbonate and the liberated ONP is measured in spectrophotometer

or colorimeter at 420 nm.
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Reagents:

MES buffer pH 6.4 (100mM MES pH 6.4, 10mM CaCl,): Dissolve 19,52g MES hydrate (Mw:
195.2 g/mol, Sigma-aldrich #M8250-250G) and 1.470g CaCl, di-hydrate (Mw: 147.01g/mol,
Sigma-aldrich) in 1000 ml ddH,0, adjust pH to 6.4 by 10M NaOH. Filter the soiution through
0.2 um filter and store at 4°C up to 1 month.

ONPG substrate pH 6.4 (12.28mM ONPG, 100mM MES pH 6.4, 10mM CaCl,): Dissolve 0.370g
2-o-nitrophenyl-p-D-galactopyranoside (ONPG, Mw: 301.55 g/mol, Sigma-aldrich #N1127) in
100 m! MES buffer pH 6.4 and store dark at 4°C for up to 7 days.

Stop reagent (10% Na,CO3): Dissolve 20.0g Na,C0O; in 200ml ddH,0, Filter the solution
through a 0.2um filter and store at RT up to 1 month.

Procedure:

Dilution series of the enzyme sample were made in the MES buffer pH 6.4 and 10uL of each
sample dilution were transferred to the wells of a microtiter plate (96 well format) containing
90 ul ONPG substrate pH 6.4. The samples were mixed and incubated for 5 min at 37°C
using a Thermomixer (Comfort Thermomixer, Eppendorf) and subsequently 100 ul Stop
reagent was added to each well to terminate the reaction. A blank was constructed using
MES buffer pH 6.4 instead of the enzyme sample. The increase in absorbance at 420 nm was
measured in an ELISA reader (SpectraMax platereader, Molecular Device) against the blank.

Calculation of enzyme activity:

The molar extinction coefficient of 2-o-nitrophenol (Sigma-aldrich #33444-25G) in MES
buffer pH 6.4 was determined to be 0.5998 x 10> M™ x cm™. One unit (U) of lactase activity
{LAU) was defined as that corresponding to the hydrolysis of 1 pmol of ONPG per minute at
37°C. Using microtitre plates with a total reaction volume of 200uL (light path of 0.52cm) the

lactase activity per mL of the enzyme sample may be calculated using the following equation:

pmol ) Absype % 200l X dilution factor

LAU/ml ( = 0599810~ M- Vemt X 0.52cm X Bmin x 0.01mlL

min- mL

All activities are determined as an average of three independent measurements.

Calculation of specific activity for BIF 2917 shown herein as SEQ ID NO: 1.
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Determination of BIF_917 concentration:

Quantification of the target enzyme ( BIF_917) and truncation products were determined
using the Criterion Stain free SDS-page system (BioRad). Any kD Stain free precast Gel 4-
20% Tris-HCl, 18 well (Comb #345-0418) was used with a Serva Tris - Glycine/SDS buffer
(BioRad cat. #42529). Gels were run with the following parameters: 200 V, 120 mA, 25 W,
50 min. BSA (1,43 mg/ml) {(Sigma-Aldrich, cat. #500-0007) was used as a protein standard

and Criterion Stain Free Imager (BioRad) was used with Image Lab software (BioRad) for

gquantification using band intensity with correlation of the tryptophan content.

The specific LAU activity of BIF_917 was determined from crude ferment (ultrafiltration

concentrate) of two independent fermentations (as described in method 1) and using 5

different dilutions (see table 1).

The specific activity of BIF_917 was determined to be 21.3 LAU/mg or 0.0213 LAU/ppm.

Table 1: Determination of BIF_917 specific activity

Sample | Enzyme | Fermentation | Dilution Activity | Protein( Protein ( Specific | Specific
D factor BIF_917) BIF_917) activity | activity
concentration | concentration
LaU/ml | mg/ml ppm LAU/mg | LAU/ppm
1| BIF 917 i a 5 26.9 1.23 1232 21.9 0.0219
21 BIF 917 |a 10 53.9 2.44 2437 22.1 0.0221
BIF 917 a 10 75.4 3.56 3556 21.2 0.0212
4.1 BIF 917 ia 20 163.9 7.78 7778 21.1 0.0211
5] BIF 917 |a 30 233.6 11.06 11065 21.1 0.0211
6| BIF 917 | b 5 130.26825 1.34 1342 22.6 0.0226
71 BIF 917 |b 10 ] 55.91536 2.61 2607 214 0.0214
8] BIF 917 | b 10 ] 76.96056 3.70 3697 20.8 0.0208
9| BIF 917 | b 201 156.986 7.75 7755 20.2 0.0202
10| BIF 917 |b 301 236.9734 11.45 11452 20.7 0.0207
Avr, 21.3 0.0213
Std 0.700976 0.000701
Method 3

Sample preparation

Quantification of galacto-oligosaccharides by HPLC
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All standards: Lactose, Glucose, galactose and GOS were prepared in double distilled water
(ddH20) and filtered through 0.45 pm syringe filters. A set of each standard was prepared
ranging in concentration from 10 to 200,000 ppm.

To evaluate quantification of the above set of sugars in a yogurt/milk matrix, the above
standards were spiked into a milk and yogurt samples and used as internal controls. All milk
and yogurt samples containing active B-galactosidase were inactivated by heating the sample
to 95°C for 10 min. All milk samples were prepared in 96 well MTP plates {Corning, NY, USA)
and diluted minimum 20 times and filtered through 0.20 um 96 well plate filters before
analysis (Corning filter plate, PVDF hydrophile membrane, NY, USA). Samples containing
more than 50,000 ppm (5% w/v) lactose were heated to 30°C to ensure proper solubilization.
All yogurt samples were weighted and diluted 10 times in ddH20 before homogenization of
the sample using an Ultra turrax TP18/10 for a few minutes (Janke & Kunkel Ika-
labortechnik, Bie & Berntsen, Denmark). B-galactosidase were inactivated by heat treatment
and samples were further diluted in 96 well MTP plates and filtered through 0.20 pm 96 well
plate filters before analysis (Corning filter plate, PVDF hydrophile membrane, NY, USA). All
samples were analyzed in 96 well MTP plates sealed with tape.

Instrumentation

Quantification of galacto-oligosaccharides (GOS), lactose, glucose and galactose were
performed by HPLC. Analysis of samples was carried out on a Dionex Ultimate 3000 HPLC
system (Thermo Fisher Scientific) equipped with a DGP-3600SD Dual-Gradient analytical
pump, WPS-3000TSL thermostated autosampler, TCC-3000SD thermostated column oven,
and a RI-101 refractive index detector (Shodex, IJM Science). Chromeleon datasystem
software (Version 6.80, DU10A Build 2826, 171948) was used for data acquisition and

analysis.

Chromatographic conditions

The samples were analyzed by HPLC using a RSO oligosaccharide column, Ag® 4%
crosslinked (Phenomenex, The Netherlands) equipped with an analytical gquard column
(Carbo-Ag* neutral, AJ0-4491, Phenomenex, The Netherlands) operated at 70°C. The column
was eluted with double distilied water (filtered through a regenerated cellulose membrane of

0.45 ym and purged with helium gas) at a flow rate of 0.3 mi/min.

Isocratic flow of 0.3 ml/min was maintained throughout analysis with a total run time of 37
min and injection volume was set to 10 pL. Samples were heid at 30°C in the thermostated
autosampler compartment to ensure solubilisation of all components. The eluent was

monitored by means of a refractive index detector (RI-101, Shodex, JM Science) and
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quantification was made by the peak area relative to the peak area of the given standard.
Peaks with a degree of three or higher (DP3+) in the Vivinal GOS syrup (Friesland Food
Domo, The Netherlands) were wused as standard for quantification of all
galactooligosaccharides (DP3+), following manufactures declaration on the GOS content in
the product. The assumption of the same response for all DP3+ galacto-oligosaccharides

components was confirmed with mass balances.

Example 1

Stability of galactoligosaccharides generated /n situ in milk.

The stability of the in situ B-galactosidase generated GOS was compared to the addition of
manufactured and purified GOS to a milk-base over a 2 week period. In the current example
the BIF_917 B-galactosidase (prepared as described in above Method 1) was added to the
milk-base to generate galacto-oligosaccharides with no following pasteurization of the milk-

base, and hence no inactivation of the B-galactosidase.

MATERIALS AND METHODS:

All ingredients for the milk-base were mixed (IKA-Werke, Staufen, Germany) in metal vessels
(skimmed milk, cream, whey protein and lactose), with working volumes of 5 L, at 4-5 °C
(Service Teknik, Randers, Denmark) and hydrated for at least 20 hours at 4°C (Service
Teknik, Table 2).

Table 2:

_Ingredients and amounts applied to produce a pasteurized milk base

Ingredient Amount [g]

Skimmed milk (Skummet-maelk 0.1% fat, Arla Foods Amba, 233.47
Denmark)
Cream 38 % fat (Arla Foods Amba, Denmark) 2.03
Nutrilac YQ5215 (Arla Foods Ingredients, Denmark) 3.50
Lactose (Variolac® 992 BG100, Arla Foods Amba, Denmark ) 7.50
YO-MIX 495 LYO (DuPont, France) 1.00
B-Galactosidase or H,0 2.50

Subsequently, the mixed ingredients were preheated to 65°C in a self-assembled mini UHT-
plant (Service Teknik, Randers, Denmark) and homogenized (65°C / 200 bar) and then
heated to 80°C. The homogenized milk was pasteurized at 95 °C for 6 minutes and
afterwards cooled to 5 °C, Exact 250 mL of the pasteurized milk were collected for in-situ
generation of GOS. The pasteurized milk was heated to 45 °C and 2.5 g (1 % (w/v)) of the -
Galactosidase were added in order to initiate the GOS production (corresponding to 2.13
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LAU/mI). Water (2.5 g; 1 % (w/v)) was used instead of p-Galactosidase for the production of
a reference sample or in case of purified GOS the Vivinal GOS syrup (Friesland Food Domo,
The Netherlands) was used. The reaction was continued for 3 hours where after the milk

immediately was cooled to 4°C and stored until analyzed.

Results

The results of GOS storage stability are shown in table 3. It can be seen that no galacto-
oligosaccharides (GOS) were formed in the pasteurized milk-base during storage at 4°C (no
enzyme) and the applied purified GOS (reference) was stable in the milk-base over the 2
week storage period. Thus, as expected no apperant GOS production or degradation is

present in the milk-base system during storage.

However, the content of in situ generated galacto-oligosaccharides (GOS) by the 8-
Galactosidase in the milk-base decreased from 3.679% (w/v) measured on the first day of
storage to 0.438% (w/v) measured after 2 weeks (14 days), in total 88.1% decrease in the
GOS concentration. The decrease in GOS over storage must be subscribed the active 8-
Galactosidase which previously shown to facilitate the hydrolysis of the formed
galactooligosaccharides (Park et. al., Appl. Microbiol Biotechnol. 2010, 85, 1279-
1286)(Splechtna et al., J. Agric. Food Chem. 2006, 54, 4999-5006).

Table 3. GOS content (DP3+ oligosaccharides determined as described in method 3)
measured over 2 weeks storage at 4°C in milk-base. GOS is either produced in situ by
BIF_917 or added to the milk-base (purified GOS reference).

Amount Std Change’

% (w/v) in % (w/v)

GOS DP3+ GOS DP3+
Enzyme dose Time of storage
No 1 day 0 0 0.000
No 3 day 0 0 0.000
No 1 week 0 0 0.000
No 2 weeks 0 0 0.000
B-gal generated GOS 1 day 3.679| 0.037 0.000
B-gal generated GOS 1 week 1.334] 0.039 -2.345
B-gal generated GOS 2 weeks 0.438| 0.035 -3.241
GOS reference (purified) 1 day 1.956| 0.080 0.000
GOS reference (purified) 1 week 1.971) 0.052 0.015
GOS reference {purified) 2 weeks 1.933| 0.031 -0.023

*The change in GOS DP3+ concentration is calculated relative to day 1.
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Examplie 2

Stability of p-Galactosidase generated galacto-oligosaccharides in a batch heating step prior

to pasteurization of a milk-base.

In the current example, stability of the in situ B-galactosidase generated GOS was assessed
over a period of 2 weeks at 4°C. The BIF_917 B-galactosidase prepared as described in above
Method 1 was added to the milk-base in a batch heating vessel at 50°C for 45 minutes prior

to pasteurization at 95°C using extended holding time.

MATERIALS AND METHODS:

All ingredients were mixed (IKA-Werke, Staufen, Germany) in metal vessels (skimmed milk,
cream, whey protein and lactose) together with the B-galactosidase BIF_917 (corresponding
to 2.13 LAU/mI), with working volumes of 20 L, at 4-5°C (Service Teknik, Randers, Denmark)
and hydrated for at least 24 hours at 4 °C (Service Teknik, Table 4).

Table 4:
Ingredients and amounts applied to produce set yogurt

Ingredient Amount [g]
Skimmed milk (Skummet-meelk 0.1% fat, Arla Foods Amba, 18958.0
Denmark)
Cream 38 % fat (Arla Foods Amba, Denmark) 162
Nutrilac YQ5215 (Arla Foods Ingredients, Denmark) 280
Lactose (Variolac® 992 BG100, Arla Foods Amba, Denmark ) 600
YO-MIX 495 LYO (DuPont, France) 80.8*
Beta-Galactosidase or H,0O 200

*dissolved in previously pasteurized milk

After the GOS has been in-situ generated, the milk-base was weighted out into 6x2500 g
vats and pasteurized in a seif-asssembled mini UHT-plant (Service Teknik, Randers,
Denmark). In brief, the milk was heated to 65°C, homogenized at 200 bar and then heated
to 80 °C, pasteurized at 95°C for either 10 or 12 min. Then, the milk was chilled to 30°C and
finally to 5°C. Exactly 1,000 mL of the pasteurized GOS containing milk were collected and

stored until analysis (5°C).

Results

It may be seen from the resuits in table 5, that the galacto-oligosaccharides (GOS) content in
the yogurt generated by BIF_917 is stable over the 2 week period, when the milk-base is
pasteurised either 10 or 12 minutes at 95°C. The concentration of GOS found after 2 weeks
of storage is 3.491%(w/v) compared to 3.452%(w/v) found at day 1 (pasteurised at 10
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minutes) and 3.487% (w/v) compared to 3.451% (w/v) found at day 1 (pasteurised at 12
minutes). This variation is within the observed standard deviation of the measurements.

Table 5. GOS content (DP3+ oligosaccharides determined as described in method 3)
measured over 2 weeks storage at 4°C in 2 milk-base. GOS is produced in situ by the -
galactosidase BIF_917.

Amount Std Change”
w/v% in % (w/v)
GOS DP3+ GOS DP3+
Past.
Enzyme dose | Temp. Past. time | Time of storage
°C Minutes
no 95 51 day 0 0 0.000
no 95 5|3 day 0 0 0.000
no 95 511 week 0 0 0.000
no 95 5|2 weeks 0 0 0.000
2.13LAU 95 10| 1day 3.452} 0.0015 0.000
2.13LAU 95 10 {1 week 3.440| 0.057 -0.012
2.13 LAU 95 10| 2 weeks 3491} 0.057 0.039
2.13 LAU 95 12 i1 day 3451 0.023 0.000
2.13LAU 95 12 11 week 3.480| 0.160 0.029
2.13 LAU 95 12 | 2 weeks 3.487) 0.043 0.036

"The change in GOS DP3+ concentration is calculated relative to day 1.

Example 3

Inactivation of the BIF_917 B-galactosidase by extended pasteurization temperatures above
95°C.

In the current example, stability of the in situ B-galactosidase generated GOS was assessed
over a period of 2 weeks at 4°C. The BIF_917 B-galactosidase prepared as described in
Method 1 was added to the milk-base prior to pasteurization at 105°C and 110°C.

MATERIALS AND METHODS:

All ingredients were mixed (IKA-Werke, Staufen, Germany) in metal vessels (skimmed milk,
cream, whey protein and lactose) together with the pB-galactosidase BIF_917 (corresponding
to 2.13 LAU/mI), with working volumes of 20 L, at 4-5°C (Service Teknik, Randers, Denmark)
and hydrated for at least 24 hours at 4 °C (Service Teknik, Table 6).
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Table 6:
_Ingredients and amounts applied to produce set yogurt
Ingredient Amount [g]
Skimmed milk (Skummet-maelk 0.1% fat, Arla Foods Amba, 18958.0
Denmark)
Cream 38 % fat (Arla Foods Amba, Denmark) 162
Nutrilac YQ5215 (Arla Foods Ingredients, Denmark) 280
Lactose (Variolac® 992 BG100, Arla Foods Amba, Denmark ) 600
YO-MIX 495 LYO (DuPont, France) 80.8*
Beta-Galactosidase or H.0 200

*dissolved in previously pasteurized milk

After the GOS has been in-situ generated, the milk-base was weighted out into 6x2500 g
vats and pasteurized in a self-asssembled mini UHT-plant (Service Teknik, Randers,
Denamrk). In brief, the milk was heated to 65° C, homogenized at 200 bar and then heated
to 80° C, pasteurized either at 105°C for 8 minutes or 110 °C for 6 minutes. Then, the milk
was chilled to 30 °C and finally to 5 °C. Exactly 1,000 mL of the pasteurized GOS containing

milk were collected and stored until analysis (5°C).

Results

It may be seen from the results in table 7, that the galacto-oligosaccharides (GOS) content in
the yogurt generated by BIF_917 is stable over the 2 week period, when the milk-base is
pasteurised either 6 or 8 minutes at 105 °C or 110° C respectively. The concentration of GOS
found after 2 weeks of storage is 3.514% (w/v) compared to 3.329% (w/v) found at day 1
(pasteurised at 8 minutes at 105° C) and 3.556% (w/v) compared to 3.436% (w/v) found at
day 1 (pasteurised at 6 minutes at 110° C). This variation is within the observed standard

deviation of the measurements.

Table 7. GOS content (DP3+ oligosaccharides determined as described in method 3)
measured over 2 weeks storage at 4°C in a milk-base. GOS is produced in situ by the -
galactosidase BIF_917.

Amount Std Change”

w/v% in % (w/v)

GOS DP3+ GOS DP3+
Enzyme Past. Past.
dose Temp. time Time of storage

°C Minutes

No 95 511 day 0 0 0.000
No 95 513 day 0 0 0.000
No 95 511 week 0 0 0.000
No 95 5|2 weeks 0 0 0.000
No 95 5|4 weeks 0 0 0.000
No 95 5| 6 weeks 0 0 0.000
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2.13 LAU 105 811 day 3.329 0.217 0.000
2.131LAU 105 811 week 3.461 0.096 0.132
2.131LAU 105 8|2 weeks 3.514 0.005 0.185
2.13 LAU 110 6|1 day 3.436 0.077 0.000
2.131LAU 110 611 week 3.549 0.005 0.113
2.13LAU 110 6| 2 weeks 3.556 0.034 0.120

*The change in GOS DP3+ concentration is calculated relative to day 1.

Example 4

Inactivation of the BIF_917 B-galactosidase using direct tubular high-temperature

pasteurization.

In the current example, the stability of in situ generated GOS by the B-galactosidase
BIF_917 was measured over time in a milk-base that has been processed using direct high-

temperature pasteurisation at 121°C and 142°C.

MATERIALS AND METHODS:

All ingredients were mixed (IKA-Werke, Staufen, Germany) in metal vessels (skimmed milk,
cream, whey protein hydrolysate and lactose) together with the p-galactosidase BIF_917,
with working volumes of 20 L, at 4-5°C (Service Teknik, Randers, Denmark) and hydrated for
at least 24 hours at 4 °C (Service Teknik, Table 8).

Table 8:
Ingredients and amgunts applied to produce set yogurt

Ingredient Amount [g]
skimmed milk (Skummet-maelk 0.1% fat, Arla Foods Amba, 18958.0
Denmark)
Cream 38 % fat (Arla Foods Amba, Denmark) 162
Nutrilac YQ5215 (Arla Foods Ingredients, Denmark) 280
Lactose (Variolac® 992 BG100, Arla Foods Amba, Denmark ) 600
YO-MIX 495 LYO (DuPont, France) 80.8%*
Beta-Galactosidase or H,0 200

*dissolved in previously pasteurized milk

After the GOS have been in-situ generated, the milk-base was weighted out into 6x2500 g
vats and pasteurized in a self-asssembled mini UHT-plant (Service Teknik, Randers,
Denmark). In brief, the milk was heated to 55°C for 16 minutes, homogenized at 200 bar
and then heated to 80 °C, pasteurized at 121°C or 142°C for either 3 or 15 seconds. Then,
the milk was chilled to 30°C and finally to 5°C. Exactly 500 mL of the pasteurized GOS

containing milk were collected and stored until analysis (5°C).
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Resuits

The GOS containing samples were pasteurised by high-temperature pasteurisation in three
different ways: 1) 121°C in 3 seconds, 2) 121°C in 15 seconds and 3) 142°C in 3 seconds. It
can be seen from the results in table 9 that the galacto-oligosaccharides (GOS) content in the
milk-base is stable over the 2 week period. The observed variations in the measured GOS
concentration on day 1 compared to week 2 are within the standard deviation of the
measurements. However, severe Maillard reaction was detected (as browning and presence
of off-flavors) in the milk-base from tubular plasteurisation at 142°C, likely due to the
combination of high temperature, increased concentration of reducing sugars and milk

proteins.

Table 9. GOS content (DP3+, determined as described in method 3) measured in a milk-
base over 2 weeks storage (4° C). GOS is produced in situy by the 8-galactosidase BIF
917

Amount std Change’
w/v% in % (w/v)
GOS DP3+ GOS DP3+
Enzyme Past. Past.
dose Temp. time Time of storage
°C Seconds
2.13 LAU 121 31 1day 3.530 0.129 0.000
2.13LAU 121 311 week 3.583 0.024 0.053
2.13 LAY 121 312 weeks 3.510 0.009 -0.020
2.13 LAU 121 1511 day 3.440 0.053 0.000
2.13 LAV 121 15| 1 week 3.549 0.140 0.109
2.13 LAU 121 15| 2 weeks 3.480 0.018 0.040
2.13 LAU 142 311 day 3.415 0.072 0.000
2.13 LAU 142 311 week 3.411 0.063 -0.004
2.13 LAU 142 3|2 weeks 3.390 0.020 -0.025

*The change in GOS DP3+ concentration is calculated relative to day 1.

Example 5

Thermostability of the BIF_917 B-galactosidase in phosphate buffer, milk or lactose-free milk.
The ability to inactivate BIF_917 (produced as described in method 1) by pasteurization was
investigated in the current example. Lab-scale pasteurization experiments were carried out at
60°C, 72°C and 95°C respectively in three different solutions: phosphate buffer, milk or

lactose-free milk.

Material and Methods:
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Three different solutions was preheated to the given pasteurization temperature:1) 20mM
Na-Phosphate buffer pH 7.0, 2) Milk-base (identical to the milk-base used in example 1, see
ingredient list in table 2) and 3) Lactose-free milk (Laktose-fri, Mini-meaelk 0.5% fat, Arla

Foods Amba, Denmark).

The relative loss of LAU activity (see method 2) was determined in a lab-scale pasteurization
assay using an Eppendorf comfort thermomixer (Eppendorf AG, Germany). The sample was
diluted 1:10 in the given solution and transferred to thin glass cuvette and placed in at the
thermomixer at 60°C, 72°C or 95°C where time and temperature were measured. Samples
were withdrawn over time (0 to 600 sec) and hold on ice before determining the residual LAU
activity. Dilution and mixing were performed in 96 well ELISA plates manually or on a Biomek
3000 (Beckman Coulter). To calculate residual enzyme activity under the conditions used in
the present experiments, the LAU activity was determined before and after incubation of
enzymes. Milk or buffer without B-galactosidase was used as blank. Data is presented as

relative activity lost as function of time.

Results:

The results are shown for the milk-base in Fig. 1, Na-phosphate buffer in Fig. 2 and lactose-
free milk in Fig. 3. It can be seen that BIF_917 is more rapidly inactivated in buffer compared
to both the used milk-base and lactose free milk (containing less lactose and fat). Notably,
BIF_917 may be inactivated using 72°C and 600 second or only more than 20 seconds at
95°C in the buffer to ensure complete inactivation, whereas more than 300 seconds at 95°C
is required in the two milk-media tested. Comparing pasteurization profiles using the milk-
base and the lactose-free milk its seems that a higher pasteurization (higher temperature or
longer time) is needed to inactivate BIF_917 in the milk-base. After pasteurisation at 95°C for
5 min and 6 min we find 2% and 1.4% of residual LAU activity left in the milk-base,
respectively. Longer pasteurisation, e.g. 10 and 12 minuttes at 95° C, resulted in no
detectable LAU activity (Table 10).

Table 10. Residual LAU activity of BIF_917 in a fortified (lactose and whey-proteins)
milk-base pasteurized at 95°C.

Enzyme dose Pasteurisation Besidual activity
time at 95°C in %

2.13 LAU/mL 4 min 5.2

2.13 LAU/mL 5 min 2.0

2.13 LAU/mL 6 min 11

2.13 LAU/mL 10 min 0.0

2.13 LAU/mL 12 min 0.0
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LIST OF SEQUENCES

>SEQ ID NO: 1 (BIF_917)
vedatrsdsttqgmsstpevvyssavdskqgnrtsdfdanwkfmisdsvgaqdpafddsawqqvdiphdysitgkysgsneaesa
ylpggtgwyrksftidrdlagkriainfdgvymnatvwfngvkigthpygyspfsfditgnakfggentivvkvenripssrwysgsg
iyrdvtitvtdgvhvgnngvaiktpslatgnggdvtmnlttkvandteaaanitikqtvfpkggktdaaigtvttasksiaagasadvt
stitaaspkiwsiknpnlytvrtevinggkvidtydteygfrwtgfdatsgfsingekvkikgvsmhhdggslgavanrraierqveil
gkmgvnsirtthnpaakalidvcnekgvivveevfdmwnrskngntedygkwfgqaiagdnaviggdkdetwakfditstinrdr
napsvimwslgnemmegisgsvsgfpatsakivawtkaadstrpmtygdnkikanwnesntmgdnltanggvvgtnysdga
nydkirtthpswaiygsetasainsrgiynrttggagssdkgltsydnsavgwgavassawydvvgrdfvagtyvwtgfdylgept
pwngtgsgavgswpspknsyfgivdtagfpkdtyyfygsqwnddvhtihilpawnenvvakgsgnnvpvvvytdaakvklyft
pkgstekrligeksftkkttaagytygvyegsdkdstahknmyltwnvpwaegtisaeaydennrlipegstegnasvtttgkaak
Ikadadrktitadgkdisyievdvtdanghivpdaanrvtfdvkgagklvgvdngsspdhdsygadnrkafsgkviaivgstkeag
eitvtakadglgsstvkiattavpgtstekt

>SEQ ID NO: 2 (BIF_995)
vedatrsdsttgmsstpevvyssavdskqnrtsdfdanwkfmisdsvqagdpafddsawqqvdiphdysitgkysgsneaesa
ylpggtgwyrksftidrdlagkriainfdgvymnatvwfngvklgthpygyspfsfditgnakfggentivvkvenripssrwysgsg
iyrdvtitvtdgvhvgnngvaiktpslatgnggdvtmnlttkvandteaaanitikgtvfpkggktdaaigtvttasksiaagasadvt
stitaaspklwsiknpnlytvrtevinggkvidtydteygfrwtgfdatsgfsingekvklkgvsmhhdqgsigavanrraiergveil
gkmagvnsirtthnpaakalidvcnekgvivveevfdmwnrskngntedygkwfggaiagdnaviggdkdetwakfdltstinrdr
napsvimwslgnemmegisgsvsgfpatsakivawtkaadstrpmtygdnkikanwnesntmgdnitanggvvgtnysdga
nydkirtthpswaiygsetasainsrgiynrttggagssdkqltsydnsavgwgavassawydvvardfvagtyvwtgfdylgept
pwngtgsgavgswpspknsyfgivdtagfpkdtyyfygsqwnddvhtihilpawnenvvakgsgnnvpvvvytdaakvilyft
pkgstekrligeksftkkttaagytyqvyegsdkdstahknmyltwnvpwaegtisaeaydennrlipegstegnasvtttgkaak
Ikadadrktitadgkdlsyievdvtdanghivpdaanrvtfdvkgagklvgvdngsspdhdsyqadnrkafsgkvlaivgstkeag
eitvtakadglgsstvkiattavpgtstektvrsfyysrnyyvktgnkpilpsdvevrysdgtsdrqnvtwdavsddgiakagsfsva
gtvaggkisvrvtmideigal

>SEQ ID NO: 3 (BIF_1068)
Vedatrsdsttgmsstpevvyssavdskqnrtsdfdanwkfmisdsvgagdpafddsawqqvdlphdysitgkysgsneaesa
ylpggtgwyrksftidrdlagkriainfdgvymnatvwfngvklgthpygyspfsfditgnakfggentivvkvenripssrwysgsg
iyrdvtitvtdgvhvgnngvaiktpslatqgnggdvtmnittkvandteaaanitikqgtvfpkggktdaaigtvttasksiaagasadvt
stitaaspklwsiknpnlytvrtevinggkvidtydteygfrwtgfdatsgfsingekvkikgvsmhhdqgslgavanrraiergveil
gkmgvnsirtthnpaakalidvcnekgvlvveevfdmwnrskngntedygkwfgqaiagdnaviggdkdetwakfditstinrdr
napsvimwslgnemmegisgsvsgfpatsaklvawtkaadstrpmtygdnkikanwnesntmgdnltanggvvgtnysdga
nydkirtthpswaiygsetasainsrgiynrttggaqgssdkgitsydnsavgwgavassawydvvqrdfvagtyvwtgfdylgept
pwngtgsgavgswpspknsyfgivdtagfpkdtyyfygsqwnddvhtihilpawnenvvakgsgnnvpvvvytdaakvklyft
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pkgstekrligeksftkkttaagytyqvyegsdkdstahknmyltwnvpwaegtisaeaydennrlipegstegnasvtttgkaak
lkadadrktitadgkdlsyievdvtdanghivpdaanrvtfdvkgagklvgvdngsspdhdsyqadnrkafsgkvlaivgstkeag
eitvtakadglgsstvkiattavpgtstektvrsfyysrnyyvktgnkpilpsdvevrysdgtsdrgnvtwdavsddgiakagsfsva
gtvaggkisvrvtmideigalinysastpvgtpavipgsrpavipdgtvtsanfavhwtkpadtvyntagtvkvpgtatvfgkefkvt

atirvq

>SEQ ID NO: 4 (BIF_1172)
vedatrsdsttgmsstpevvyssavdskqnrtsdfdanwkfmlsdsvgaqdpafddsawqqvdiphdysitgkysgsneaesa
ylpggtgwyrksftidrdlagkriainfdgvymnatvwfngvkigthpygyspfsfditgnakfggentivvkvenrlpssrwysgsg
iyrdvtitvtdgvhvgnngvaiktpslatgnggdvtmnittkvandteaaanitikqtvfpkggktdaaigtvttasksiaagasadvt
stitaaspklwsiknpnlytvrtevinggkvldtydteygfrwtgfdatsgfsingekvklkgvsmhhdqgslgavanrraiergveil
gkmgvnsirtthnpaakalidvcnekgvivveevfdmwnrskngntedygkwfgqaiagdnaviggdkdetwakfditstinrdr
napsvimwslgnemmegisgsvsgfpatsaklvawtkaadstrpmtygdnkikanwnesntmgdnltanggvvgtnysdga
nydkirtthpswaiygsetasainsrgiynrttggagssdkqltsydnsavgwgavassawydvvgrdfvagtyvwtgfdylgept
pwngtgsgavgswpspknsyfgivdtagfpkdtyyfygsqwnddvhtlhilpawnenvvakgsgnnvpvvvytdaakvklyft
pkgstekrligeksftkkttaagytyqvyegsdkdstahknmyltwnvpwaegtisaeaydennrlipegstegnasvtttgkaak
Ikadadrktitadgkdlsyievdvtdanghivpdaanrvtfdvkgagklvgvdngsspdhdsyqadnrkafsgkvlaivgstkeag
eitvtakadglgsstvkiattavpgtstektvrsfyysrnyyvktgnkpilpsdvevrysdgtsdrgnvtwdavsddgiakagsfsva
gtvaggkisvrvtmideigallnysastpvgtpavipgsrpavipdgtvtsanfavhwtkpadtvyntagtvkvpgtatvfgkefkvt
atirvgrsqvtigssvsgnalritgnipadkgsdtldaikdgsttvdantggganpsawtnwayskaghntaeitfeyateqqlgqiv
myffrdsnavrfpdagktkiqi

>SEQ ID NO: 5 (BIF_1241)
vedatrsdsttgmsstpevvyssavdskqnrtsdfdanwkfmisdsvqagdpafddsawqqgvdiphdysitgkysgsneaesa
ylpggtgwyrksftidrdlagkriainfdgvymnatvwfngvkigthpygyspfsfditgnakfggentivvkvenripssrwysgsg
iyrdvtitvtdgvhvgnngvaiktpslatgnggdvtmnittkvandteaaanitikgtvfpkggktdaaigtvttasksiaagasadvt
stitaaspklwsiknpnlytvrtevinggkvidtydteygfrwtgfdatsgfsingekvklkgvsmhhdqgslgavanrraiergveil
gkmgvnsirtthnpaakalidvcnekgvivveevfdmwnrskngntedygkwfggaiagdnaviggdkdetwakfditstinrdr
napsvimwslgnemmegisgsvsgfpatsaklvawtkaadstrpmtygdnkikanwnesntmgdnltanggvvgtnysdga
nydkirtthpswaiygsetasainsrgiynrttggaqssdkgltsydnsavgwgavassawydvvqrdfvagtyvwtgfdylgept
pwngtgsgavgswpspknsyfgivdtagfpkdtyyfygsqwnddvhtihilpawnenvvakgsgnnvpvvvytdaakvkiyft
pkgstekrligeksftkkttaagytyqvyegsdkdstahknmyltwnvpwaegtisaeaydennrlipegstegnasvtttgkaak
Ikadadrktitadgkdlsyievdvtdanghivpdaanrvtfdvkgagklvgvdngsspdhdsyqgadnrkafsgkvlaivgstkeag
eitvtakadglgsstvkiattavpgtstektvrsfyysrnyyvktgnkpilpsdvevrysdgtsdrgnvtwdavsddqiakagsfsva
gtvaggkisvrvtmideigallnysastpvgtpavipgsrpavlpdgtvtsanfavhwtkpadtvyntagtvkvpgtatvfgkefkvt
atirvgrsqvtigssvsgnalritgnipadkgsdtidaikdgsttvdantggganpsawtnwayskaghntaeitfeyateqqlgqgiv
myffrdsnavrfpdagktkigisadgknwtdlaatetiaagessdrvkpytydfapvgatfvkvtvtnadtttpsgvvcagiteielkt
at
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>SEQ ID NO: 6 (BIF_1326)
vedatrsdsttgmsstpevvyssavdskqnrtsdfdanwkfmlisdsvgaqgdpafddsawqqvdiphdysitgkysgsneaesa
ylpggtgwyrksftidrdlagkriainfdgvymnatvwfngvkigthpygyspfsfdltgnakfggentivvkvenripssrwysgsg
iyrdvtltvtdgvhvgnngvaiktpsiatgnggdvtmnittkvandteaaanitikqtvfpkggktdaaigtvitasksiaagasadvt
stitaaspklwsiknpnlytvrtevinggkvidtydteygfrwtgfdatsgfsingekvkikgvsmhhdggsigavanrraiergveil
gkmgvnsirtthnpaakalidvcnekgvivveevfdmwnrskngntedygkwfgqaiagdnaviggdkdetwakfdltstinrdr
napsvimwslgnemmegisgsvsgfpatsakivawtkaadstrpmtygdnkikanwnesntmgdnltanggvvgtnysdga
nydkirtthpswaiygsetasainsrgiynrttggagssdkgltsydnsavgwgavassawydvvardfvagtyvwtgfdylgept
pwngtgsgavgswpspknsyfgivdtagfpkdtyyfygsqwnddvhtlhilpawnenvvakgsgnnvpvvvytdaakvkiyft
pkgstekrligeksftkkttaagytyqvyegsdkdstahknmyltwnvpwaegtisaeaydennrlipegstegnasvtttgkaak
Ikadadrktitadgkdisyievdvtdanghivpdaanrvtfdvkgagklvgvdngsspdhdsyqadnrkafsgkvlaivgstkeag
eitvtakadglgsstvkiattavpgtstektvrsfyysrnyyvktgnkpilpsdvevrysdgtsdrgnvitwdavsddgiakagsfsva
gtvaggkisvrvtmideigalinysastpvgtpavipgsrpavipdgtvtsanfavhwtkpadtvyntagtvkvpgtatvfgkefkvt
atirvgrsqvtigssvsgnalritgnipadkgsdtidaikdgsttvdantggganpsawtnwayskaghntaeitfeyateqglggiv
myffrdsnavrfpdagktkigisadgknwtdlaatetiaagessdrvkpytydfapvgatfvkvtvtnadtttpsgvvcagiteielkt
atskfvtntsaalssltvngtkvsdsviaagsyntpaiiadvkaegegnasvtvipahdnvirvitesedhvtrktftinlgtegef

>SEQ ID NO: 7 Bifidobacterium bifidum glycoside hydrolase catalytic core

gnrtsdfdanwkfmlsdsvqaqdpafddsawqqvdiphdysitgkysqsneaesaylpggtgwyrksftidrdlagkriainfdgv
ymnatvwfngvklgthpygyspfsfditgnakfggentivvkvenrlpssrwysgsgiyrdvtitvtdgvhvgnngvaiktpslatq
nggdvtmnlittkvandteaaanitikgtvfpkggktdaaigtvttasksiaagasadvtstitaaspklwsiknpnlytvrtevinggk
vidtydteygfrwtgfdatsgfsingekvklkgvsmhhdqgslgavanrraiergveilgkmgvnsirtthnpaakalidvcnekgvl
vveevfdmwnrskngntedygkwfggaiagdnaviggdkdetwakfditstinrdrnapsvimwsignemmegisgsvsgfp

atsaklvawtkaadstrpmty

>SEQ ID NO: 8 nucleotide sequence encoding full iength
gcagttgaagatgcaacaagaagcgatagcacaacacaaatgtcatcaacaccggaagttgtitattcatcagcggtcgatageaa
acaaaatcgcacaagcgattttgatgcgaactggaaatttatgctgtcagatagegttcaagcacaagatccggcatttgatgattca
gcatggcaacaagttgatctgccgcatgattatagcatcacacagaaatatagccaaagcaatgaagcagaatcagcatatctteeg
ggaggcacaggctggtatagaaaaagctttacaattgatagagatctggcaggcaaacgcattgcgattaatittgatggegtctat
atgaatgcaacagtctggtttaatggcgttaaactgggcacacatcecgtatggcetattcaccgttttcatttgatctgacaggcaatgea
aaatttggcggagaaaacacaattgtcgtcaaagttgaaaatagactgecgtcatcaagatggtattcaggcageggcatttataga
gatgttacactgacagttacagatggcgttcatgttggcaataatggegtcgcaattaaaacaccgtcactggcaacacaaaatgge
ggagatgtcacaatgaacctgacaacaaaagtcgcgaatgatacagaagcagcagcgaacattacactgaaacagacagtttttc
cgaaaggcggaaaaacggatgcagcaattggcacagttacaacagcatcaaaatcaattgcagcaggcegcatcagcagatgttac
aagcacaattacagcagcaagcccgaaactgtggtcaattaaaaacccgaacctgtatacagttagaacagaagttctgaacgga
ggcaaagttctggatacatatgatacagaatatggctitcgctggacaggctttgatgcaacatcaggcttttcactgaatggcgaaa
aagtcaaactgaaaggcgttagcatgcatcatgatcaaggcetcacttggegcagttgcaaatagacgcgcaattgaaagacaagtc
gaaatcctgcaaaaaatgggcgtcaatagcattcgcacaacacataatccggcagcaaaagceactgattgatgtctgcaatgaaaa
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aggcgttctggttgtcgaagaagtctttgatatgtggaaccgcagcaaaaatggcaacacggaagattatggcaaatggtttggceca
agcaattgcaggcgataatgcagtictgggaggcgataaagatgaaacatgggcgaaatttgatcttacatcaacaattaaccgeg
atagaaatgcaccgtcagttattatgtggtcactgggcaatgaaatgatggaaggcatttcaggctcagtttcaggctttceggceaac
atcagcaaaactggttgcatggacaaaagcagcagattcaacaagaccgatgacatatggcgataacaaaattaaagcgaactgg
aacgaatcaaatacaatgggcgataatctgacagcaaatggcggagttgttggcacaaattattcagatggcgcaaactatgataa
aattcgtacaacacatccgtcatgggceaatttatggctcagaaacagceatcagcgattaatagcecgtggcatttataatagaacaaca
ggcggagcacaatcatcagataaacagctgacaagctatgataattcagcagtiggctggggagceagttgcatcatcagcatggta
tgatgttgttcagagagattttgtcgcaggcacatatgtttggacaggatttgattatctgggcgaaccgacaccgtggaatggcaca
ggctcaggegeagttggetcatggecgtcaccgaaaaatagctattttggcategttgatacagcaggctttccgaaagatacatatt
atttttatcagagccagtggaatgatgatgticatacactgcatattcttccggcatggaatgaaaatgtigttgcaaaaggcetcagge
aataatgttccgattgtcgtttatacagatgcagcgaaagtgaaactgtattttacaccgaaaggctcaacagaaaaaagactgatc
ggcgaaaaatcatttacaaaaaaaacaacagcggcaggctatacatatcaagtctatgaaggcagcgataaagattcaacagegce
ataaaaacatgtatctgacatggaatgttccgtgggcagaaggceacaatttcagcggaagegtatgatgaaaataatcgcectgatte
cggaaggcagcacagaaggcaacgcatcagttacaacaacaggcaaagcagcaaaactgaaagcagatgcggatcgcaaaac
aattacagcggatggcaaagatctgtcatatattgaagtcgatgtcacagatgcaaatggcecatattgttccggatgcagcaaatag
agtcacatttgatgttaaaggcgcaggcaaactggttggegttgataatggctcatcaccggatcatgattcatatcaagcggataac
cgcaaagcattttcaggcaaagtectggcaattgttcagtcaacaaaagaagcaggcgaaattacagttacagcaaaagcagatgg
cctgcaatcaagcacagttaaaattgcaacaacagecagttccgggaacaagcacagaaaaaacagtcecgcagcttttattacagec
gcaactattatgtcaaaacaggcaacaaaccgattctgecgtcagatgttgaagttcgctaticagatggaacaagcgatagacaaa
acgttacatgggatgcagtitcagatgatcaaattgcaaaagcaggctcattttcagttgcaggcacagttgcaggccaaaaaatta
gcgttcgegtcacaatgattgatgaaattggcgcactgetgaattattcagcaagcacaccggttggcacaccggceagttcttccggg
atcaagaccggcagtcctgecggatggceacagtcacatcagcaaattttgcagtecattggacaaaaccggcagatacagtctataa
tacagcaggcacagtcaaagtaccgggaacagcaacagttittggcaaagaatttaaagtcacagcgacaattagagttcaaaga
agccaagttacaattggctcatcagtttcaggaaatgcactgagactgacacaaaatattccggcagataaacaatcagatacactg
gatgcgattaaagatggctcaacaacagttgatgcaaatacaggcggaggcegcaaatccgtcagcatggacaaattgggceatattc
aaaagcaggccataacacagcggaaattacatttgaatatgcgacagaacaacaactgggccagategtcatgtatttttttcgega
tagcaatgcagttagatttccggatgctggcaaaacaaaaattcagatcagegcagatggcaaaaattggacagatctggcagceaa
cagaaacaattgcagcgcaagaatcaagcgatagagtcaaaccgtatacatatgattttgcaccggttggcgcaacatttgttaaag
tgacagtcacaaacgcagatacaacaacaccgtcaggcgttgtitgcgcaggcectgacagaaattgaactgaaaacagcgacaag
caaatttgtcacaaatacatcagcagcactgtcatcacttacagtcaatggcacaaaagtttcagattcagttctggcagcaggctcat
ataacacaccggcaattatcgcagatgttaaagcggaaggcgaaggcaatgcaagcegttacagtccttccggceacatgataatgtt
attcgegtcattacagaaagcgaagatcatgtcacacgcaaaacatttacaatcaacctgggcacagaacaagaatttccggetgat
tcagatgaaagagattatccggcageagatatgacagtcacagttggcicagaacaaacatcaggcacagcaacagaaggaccg
aaaaaatttgcagtcgatggcaacacatcaacatattggcatagecaattggacaccgacaacagttaatgatctgtggategegtttg
aactgcaaaaaccgacaaaactggatgcactgagatatcticcgegteccggcaggctcaaaaaatggeagegtcacagaatataa
agttcaggtgtcagatgatggaacaaactggacagatgcaggctcaggcacatggacaacggattatggctggaaactggcggaa
tttaatcaaccggtcacaacaaaacatgttagactgaaagcggttcatacatatgcagatagcggcaacgataaatttatgagegea
agcgaaattagactgagaaaagcggtcgatacaacggatatttcaggegcaacagttacagttccggcaaaactgacagttgatag
agttgatgcagatcatccggceaacatttgcaacaaaagatgtcacagttacactgggagatgcaacactgagatatggcgtigatta
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tctgctggattatgcaggcaatacagcagttggcaaagcaacagtgacagttagaggcattgataaatattcaggcacagtcgega
aaacatttacaattgaactgaaaaatgcaccggcaccggaaccgacactgacatcagttagcgtcaaaacaaaaccgagcaaact
gacatatgttgtcggagatgcatttgatccggcaggectggtictgcaacatgatagacaagcagatagacctecgeaacegctggtt
ggcgaacaagcggatgaacgeggactgacatgcggcacaagatgcgatagagttgaacaactgcgcaaacatgaaaatagaga
agcgcatagaacaggectggatcatctggaatttgttggegcagcagatggcegceagttggagaacaagcaacatttaaagtecatg
tccatgcagatcagggagatggcagacatgatgatgcagatgaacgcgatattgatccgcatgttccggtcgatcatgcagttggeg
aactggcaagagcagcatgccatcatgttattggcctgagagtcgatacacatagacttaaagcaagcggctttcaaattcecggcetg
atgatatggcagaaatcgatcgcattacaggctttcatcgttttgaacgccatgtc

>SEQ ID NO: 9 nucleotide sequence encoding BIF_917
gttgaagatgcaacaagaagcgatagcacaacacaaatgtcatcaacaccggaagttgtttattcatcageggtcgatagcaaaca
aaatcgcacaagcgattttgatgcgaactggaaatttatgctgtcagatagegticaagcacaagatceggceatttgatgattcagea
tggcaacaagttgatctgccgcatgattatagcatcacacagaaatatagccaaagcaatgaagcagaatcagcatatcttccggga
ggcacaggctggtatagaaaaagctttacaattgatagagatctggcaggcaaacgcattgegattaattttgatggegtctatatga
atgcaacagtctggtttaatggcgttaaactgggcacacatcegtatggctattcacegttttcatttgatctgacaggcaatgcaaaat
ttggcggagaaaacacaattgtcgtcaaagttgaaaatagactgccgtcatcaagatggtattcaggcageggceatttatagagatg
ttacactgacagttacagatggcgttcatgttggcaataatggegtcgcaattaaaacaccgtcactggcaacacaaaatggcggag
atgtcacaatgaacctgacaacaaaagtcgcgaatgatacagaagcagcagcegaacattacactgaaacagacagtttttccgaaa
ggcggaaaaacggatgcagcaattggcacagttacaacagcatcaaaatcaattgcagcaggcegcatcagcagatgttacaagea
caattacagcagcaagcccgaaactgtggtcaattaaaaacccgaacctgtatacagttagaacagaagttctgaacggaggcaa
agttctggatacatatgatacagaatatggctttcgctggacaggctttgatgcaacatcaggcttttcactgaatggcgaaaaagtc
aaactgaaaggcgttagcatgcatcatgatcaaggctcacttggcgcagttgcaaatagacgcgcaattgaaagacaagtcgaaat
cctgcaaaaaatgggcegtcaatagcattcgcacaacacataatccggcagcaaaagceactgattgatgtctgcaatgaaaaaggeg
tictggttgtcgaagaagtctitgatatgtggaaccgcagcanaaatggcaacacggaagattatggcaaatggtttggccaagcaa
ttgcaggcgataatgcagtictgggaggcgataaagatgaaacatgggcgaaatttgatcttacatcaacaattaaccgcgataga
aatgcaccgtcagttattatgtggtcactgggcaatgaaatgatggaaggcatttcaggctcagtttcaggctttccggeaacatcag
caaaactggttgcatggacaaaagcagcagattcaacaagaccgatgacatatggcgataacaaaattaaagcgaactggaacg
aatcaaatacaatgggcgataatctgacagcaaatggcggagttgttggcacaaattattcagatggecgcaaactatgataaaattc
gtacaacacatccgtcatgggcaatttatggctcagaaacagcatcagcgattaatagecgtggcatttataatagaacaacaggceg
gagcacaatcatcagataaacagctgacaagctatgataattcagcagttggctggggagcagttgcatcatcagcatggtatgatg
ttgttcagagagattttgtcgcaggcacatatgtitggacaggatttgattatctgggcgaaccgacaccgtggaatggcacaggcetc
aggcgcagttggctcatggccgtcaccgaaaaatagctattttggcatcgttgatacagcaggctticcgaaagatacatattattttt
atcagagccagtggaatgatgatgttcatacactgcatattcttccggcatggaatgaaaatgttgttgcaaaaggctcaggcaataa
tgttccggttgtegtitatacagatgcagcgaaagtgaaactgtattttacaccgaaaggctcaacagaaaaaagactgatcggega
aaaatcatttacaaaaaaaacaacagcggcaggctatacatatcaagtctatgaaggcagcgataaagattcaacagcgcataaa
aacatgtatctgacatggaatgttccgtgggcagaaggeacaatttcageggaagegtatgatgaaaataategectgattccggaa
ggcagcacagaaggcaacgcatcagttacaacaacaggcaaagcagcaaaactgaaagcagatgcggatcgcaaaacaattac
agcggatggcaaagatctgtcatatattgaagtcgatgtcacagatgcaaatggcecatattgttccggatgcagcaaatagagtcac
atttgatgttaaaggcgcaggcaaactggttggegttgataatggctcatcaccggatcatgattcatatcaagcggataaccgcaa
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agcattttcaggcaaagtcctggcaattgticagtcaacaaaagaagcaggcgaaattacagttacagcaaaagcagatggectgce

aatcaagcacagttaaaattgcaacaacagcagticcgggaacaagcacagaaaaaaca

>SEQ ID NO: 10 nucleotide sequence encoding BIF_995
gttgaagatgcaacaagaagcgatagcacaacacaaatgtcatcaacaccggaagttgtttattcatcagcggtcgatagcaaaca
aaatcgcacaagcgattttgatgcgaactggaaatttatgctgtcagatagegttcaagcacaagatecggceatttgatgattcagea
tggcaacaagttgatctgccgeatgattatagcatcacacagaaatatagccaaagcaatgaagcagaatcagcatatcttceggga
ggcacaggctggtatagaaaaagctttacaattgatagagatctggcaggcaaacgcattgcgattaattttgatggcegtctatatga
atgcaacagtctggtttaatggcgttaaactgggcacacatccgtatggctattcaccgttttcatttgatctgacaggcaatgcaaaat
ttggcggagaaaacacaattgtcgtcaaagttgaaaatagactgcegtcatcaagatggtattcaggcagcggceatttatagagatg
ttacactgacagttacagatggcgttcatgttggcaataatggegtcgcaattaaaacaccgtcactggcaacacaaaatggeggag
atgtcacaatgaacctgacaacaaaagtcgcgaatgatacagaagcagcagcgaacattacactgaaacagacagtttttccgaaa
ggcggaaaaacggatgcagcaattggcacagttacaacagcatcaaaatcaattgcagcaggegcatcagcagatgttacaagcea
caattacagcagcaagcccgaaactgtggtcaattaaaaacccgaacctgtatacagttagaacagaagttctgaacggaggcaa
agttctggatacatatgatacagaatatggctttcgctggacaggcetttgatgcaacatcaggcttttcactgaatggcgaaaaagtc
aaactgaaaggcgttagcatgcatcatgatcaaggctcacttggcgcagttgcaaatagacgcgcaattgaaagacaagtcgaaat
cctgcaaaaaatgggcegtcaatageattcgcacaacacataatccggcagcaaaagcactgattgatgtcetgcaatgaaaaaggeg
ttctggttgtcgaagaagtctttgatatgtggaaccgcagcaaaaatggcaacacggaagattatggcaaatggtttggecaagceaa
ttgcaggcgataatgcagttctgggaggcgataaagatgaaacatgggcgaaatttgatcttacatcaacaattaaccgegataga
aatgcaccgtcagttattatgtggtcactgggcaatgaaatgatggaaggcatttcaggctcagtttcaggctttccggeaacatcag
Caaaactggttgcatggacaaaagcagcagattcaacaagaccgatgacatatggcgataacaaaattaaagcgaactggaacg
aatcaaatacaatgggcgataatctgacagcaaatggcggagttgttggcacaaattattcagatggcgcaaactatgataaaattce
gtacaacacatccgtcatgggcaatttatggctcagaaacagcatcagcegattaatageegtggceatttataatagaacaacaggeg
gagcacaatcatcagataaacagctgacaagctatgataattcagcagtiggctggggagcagttgcatcatcagcatggtatgatg
ttgttcagagagattttgtcgcaggcacatatgtttggacaggatttgattatctgggcgaaccgacaccgtggaatggcacaggcetc
aggcgcagttggctcatggceegtcaccgaaaaatagctattttggcategttgatacagcaggcttticcgaaagatacatattattttt
atcagagccagtggaatgatgatgttcatacactgcatattcttccggcatggaatgaaaatgtigttgcaaaaggctcaggcaataa
tgttccggtigtegtitatacagatgcagcgaaagtgaaactgtattttacaccgaaaggctcaacagaaaaaagactgatcggega
aaaatcatttacaaaaaaaacaacagcggcaggctatacatatcaagtctatgaaggcagegataaagattcaacagcgcataaa
aacatgtatctgacatggaatgttccgtgggcagaaggcacaatttcagcggaagcegtatgatgaaaataatcgectgattccggaa
ggcagcacagaaggcaacgcatcagttacaacaacaggcaaagcagcaaaactgaaagcagatgcggatcgcaaaacaattac
agcggatggcaaagatctgtcatatattgaagtcgatgtcacagatgcaaatggcecatattgttccggatgcagcaaatagagtcac
atttgatgttaaaggcgcaggcaaactggttggcgttgataatggctcatcaccggatcatgattcatatcaagcggataaccgcaa
agcattttcaggcaaagtcctggcaattgttcagtcaacaaaagaagcaggcgaaattacagttacagcaaaagcagatggectge
aatcaagcacagttaaaattgcaacaacagcagticcgggaacaagcacagaaaaaacagtccgceagcttttattacagccgceaac
tattatgtcaaaacaggcaacaaaccgattctgecgtcagatgttgaagttcgctattcagatggaacaagegatagacaaaacgtt
acatgggatgcagtttcagatgatcaaattgcaaaagcaggctcattttcagttgcaggcacagttgcaggccaaaaaattagegtte
gcgtcacaatgattgatgaaattggcegceactg
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>SEQ ID NO: 11 nucleoctide sequence encoding BIF_1068
gttgaagatgcaacaagaagcgatagcacaacacaaatgtcatcaacaccggaagtigtttattcatcageggtcgatagcaaaca
aaatcgcacaagcgattttgatgcgaactggaaatttatgctgtcagatagegticaagcacaagatccggeatttgatgattcagea
tggcaacaagttgatctgccgceatgattatagcatcacacagaaatatagccaaagcaatgaagcagaatcagceatatcttccggga
ggcacaggctggtatagaaaaaqctttacaattgatagagatctggcaggcaaacgcattgcgattaattttgatggcgtctatatga
atgcaacagtctggtttaatggcgttaaactgggcacacatccgtatggctattcacegttttcatttgatctgacaggcaatgcaaaat
ttggcggagaaaacacaattgicgtcaaagttgaaaatagactgccgtcatcaagatggtattcaggcageggeatttatagagatg
ttacactgacagttacagatggcgttcatgttggcaataatggcegtcgeaattaaaacaccgtcactggcaacacaaaatggcggag
atgtcacaatgaacctgacaacaaaagtcgcgaatgatacagaagcagcagcgaacattacactgaaacagacagtttttccgaaa
ggcggaaaaacggatgcagcaattggcacagttacaacagcatcaaaatcaattgcagcaggcegcatcagcagatgttacaagcea
caattacagcagcaagcccgaaactgtggtcaattaaaaacccgaacctgtatacagttagaacagaagttctgaacggaggcaa
agttctggatacatatgatacagaatatggctitcgctggacaggctttgatgcaacatcaggcttttcactgaatggcgaaaaagic
aaactgaaaggcgttagcatgcatcatgatcaaggctcacttggegcagttgcaaatagacgcgcaattgaaagacaagtcgaaat
cctgcaaaaaatgggcegtcaatagceattcgcacaacacataatccggcagcaaaagcactgattgatgtctgcaatgaaaaaggceg
ttctggttgtcgaagaagtctttgatatgtggaaccgcagcaaaaatggcaacacggaagattatggcaaatggtttggccaagcaa
ttgcaggcgataatgcagttctgggaggcgataaagatgaaacatgggcgaaatttgatcttacatcaacaattaaccgcegataga
aatgcaccgtcagttattatgtggtcactgggcaatgaaatgatggaaggcatttcaggctcagtttcaggcetttccggcaacatcag
caaaactggttgcatggacaaaagcagcagattcaacaagaccgatgacatatggcgataacaaaattaaagcgaactggaacg
aafcaaatacaatgggcgataatctgacagcaaatggcggagttgttggcacaaattattcagatggcgcaaactatgataaaattc
gtacaacacatccgtcatgggcaatttatggctcagaaacagcatcagcegattaatagecegtggceatttataatagaacaacaggceg
gagcacaatcatcagataaacagctgacaagctatgataattcagcagtiggctggggagcagttgcatcatcagecatggtatgatg
ttgttcagagagattttgtcgcaggcacatatgtttggacaggatitgattatctgggcgaaccgacaccgtggaatggcacaggctce
aggcgcagttggctcatggecgtcaccgaaaaatagctattttggeategttgatacageaggctticcgaaagatacatattattttt
atcagagccagtggaatgatgatgttcatacactgcatattcticcggcatggaatgaaaatgttgtigcaaaaggctcaggcaataa
tgttccggttgtcgtttatacagatgcagcgaaagtgaaactgtattttacaccgaaaggctcaacagaaaaaagactgatcggega
aaaatcatttacaaaaaaaacaacagcggcaggctatacatatcaagtctatgaaggcagcgataaagattcaacagegcataaa
aacatgtatctgacatggaatgttccgtgggcagaaggcacaatttcagcggaagcgtatgatgaaaataatcgectgattccggaa
ggcagcacagaaggcaacgcatcagttacaacaacaggcaaagcagcaaaactgaaagcagatgcggatcgcaaaacaattac
agcggatggcaaagatctgtcatatattgaagtcgatgtcacagatgcaaatggcecatattgttccggatgcagcaaatagagtcac
atttgatgttaaaggcgcaggcaaactggttggcgttgataatggctcatcaccggatcatgattcatatcaagcggataaccgeaa
agcattttcaggcaaagtcctggcaattgttcagtcaacaaaagaagcaggcgaaattacagttacagcaaaagcagatggcectge
aatcaagcacagttaaaattgcaacaacagcagttccgggaacaagcacagaaaaaacagtccgcagctittattacagecgeaac
tattatgtcaaaacaggcaacaaaccgattctgecgtcagatgttgaagttegetattcagatggaacaagcgatagacaaaacgtt
acatgggatgcagtttcagatgatcaaattgcaaaagcaggctcattticagttgcaggcacagttgcaggccaaaaaattagegttc
gcgtcacaatgattgatgaaattggcegcactgctgaattattcagcaagcacaccggttggcacaccggcagticttccgggatcaa
gaccggcagtcctgeccggatggcacagtcacatcagcaaattttgcagtecattggacaaaaccggcagatacagictataatacag
caggcacagtcaaagtaccgggaacagcaacagttittiggcaaagaatttaaagtcacagcgacaattagagticaa

>SEQ ID NO: 12 nucleotide sequence encoding BIF_1172
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gttgaagatgcaacaagaagcgatagcacaacacaaatgtcatcaacaccggaagttgtitattcatcageggtcgatagcaaaca
aaatcgcacaagcegattttgatgcgaactggaaatttatgetgtcagatagegttcaagcacaagatceggceatttgatgattcagea
tggcaacaagttgatctgccgeatgattatagcatcacacagaaatatagccaaagcaatgaagcagaatcagceatatcttccggga
ggcacaggctggtatagaaaaagctttacaattgatagagatctggcaggcaaacgcattgcegattaattttgatggegtctatatga
atgcaacagtctggtttaatggcgttaaactgggcacacatcegtatggctattcaccgttttcatttgatctgacaggcaatgcaaaat
ttggcggagaaaacacaattgtcgtcaaagtigaaaatagactgecgtcatcaagatggtaticaggcageggcatttatagagatg
ttacactgacagttacagatggcgttcatgttggcaataatggegtcgcaattaaaacaccgtcactggcaacacaaaatggcggag
atgtcacaatgaacctgacaacaaaagtcgcgaatgatacagaagcagcagcgaacattacactgaaacagacagtttttccgaaa
ggcggaaaaacggatgcagcaattggcacagttacaacagcatcaaaatcaattgcagcaggcegeatcagcagatgttacaagea
caattacagcagcaagcccgaaactgtggtcaattaaaaacccgaacctgtatacagttagaacagaagtictgaacggaggcaa
agttctggatacatatgatacagaatatggctttcgetggacaggctttgatgcaacatcaggcttttcactgaatggcgaaaaagte
aaactgaaaggcgttagcatgcatcatgatcaaggctcacttggegeagttgcaaatagacgcgcaattgaaagacaagtcgaaat
cctgcaaaaaatgggcgtcaatageattcgcacaacacataatccggcagcaaaagcactgattgatgtetgcaatgaaaaaggceg
ttctggttgtcgaagaagtctitgatatgtggaaccgcagcaaaaatggcaacacggaagattatggcaaatggttiggccaageaa
ttgcaggcgataatgcagttctgggaggegataaagatgaaacatgggcgaaatttgatcttacatcaacaattaaccgegataga
aatgcaccgtcagttattatgtggtcactgggcaatgaaatgatggaaggcatttcaggcetcagtttcaggctticcggcaacatcag
caaaactggttgcatggacaaaagcagcagattcaacaagaccgatgacatatggcgataacaaaattaaagcgaactggaacg
aatcasatacaatgggcgataatctgacagcaaatggceggagttgttggcacaaattattcagatggcgcaaactatgataaaattc
gtacaacacatccgtcatgggcaatttatggctcagaaacagcatcagegattaatageegtggcatttataatagaacaacaggcg
gagcacaatcatcagataaacagctgacaagctatgataattcagcagttggctggggagceagttgcatcatcagcatggtatgatg
ttgttcagagagattttgtcgcaggceacatatgtttggacaggatttgattatctgggegaaccgacaccgtggaatggcacaggcete
aggcgcagttggctcatggecgtcaccgaaaaatagctattttggeategttgatacagcaggctttccgaaagatacatattattttt
atcagagccagtggaatgatgatgttcatacactgcatattcttccggecatggaatgaaaatgttgtigcaaaaggctcaggcaataa
tgttccggttgtegtitatacagatgcagcgaaagtgaaactgtattttacaccgaaaggctcaacagaaaaaagactgatcggcega
aaaatcatttacaaaaaaaacaacagcggcaggctatacatatcaagtctatgaaggcagcgataaagattcaacagegcataaa
aacatgtatctgacatggaatgttccgtgggcagaaggeacaatttcagcggaagegtatgatgaaaataatcegectgattceggaa
ggcagcacagaaggcaacgcatcagttacaacaacaggcaaagcagcaaaactgaaagcagatgcggategcaaaacaattac
agcggatggcaaagatctgtcatatattgaagtcgatgtcacagatgcaaatggcecatattgticcggatgcagcaaatagagtcac
atttgatgttaaaggcgcaggcaaactggttggcegttgataatggctcatcaccggatcatgattcatatcaagcggataaccgcaa
agcattttcaggcaaagtcctggcaattgttcagtcaacaaaagaagcaggcgaaattacagttacagcaaaagcagatggectge
aatcaagcacagttaaaattgcaacaacagcagttccgggaacaagcacagaaaaaacagtccgcagcttttattacagecgcaac
tattatgtcaaaacaggcaacaaaccgattctgccgtcagatgttgaagttcgetattcagatggaacaagegatagacaaaacgtt
acatgggatgcagtttcagatgatcaaattgcaaaagcaggctcattticagttgcaggcacagttgcaggccaaaaaattagegtic
gcgtcacaatgattgatgaaattggcgeactgctgaattaticagcaagcacaccggttggcacaccggcagttcttccgggatcaa
gaccggcagtcctgecggatggeacagtcacatcageaaattttgcagtecattggacaaaaccggcagatacagtctataatacag
caggcacagtcaaagtaccgggaacagcaacagtttitggcaaagaatttaaagtcacagcgacaattagagticaaagaagcca
agttacaattggctcatcagtttcaggaaatgcactgagactgacacaaaatattccggcagataaacaatcagatacactggatge
gattaaagatggctcaacaacagttgatgcaaatacaggecggaggcgcaaatcecgtcagcatggacaaattgggcataticaaaa
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gcaggccataacacagcggaaattacatttgaatatgcgacagaacaacaactgggcecagatcgtcatgtatttttttcgegatagcea

atgcagttagatttccggatgctggcaaaacaaaaattcagatc

>SEQ ID NO: 13 nucleotide sequence encoding BIF_1241
gttgaagatgcaacaagaagcgatagcacaacacaaatgtcatcaacaccggaagttgtttattcatcageggtegatagcaaaca
aaatcgcacaagcgattttgatgcgaactggaaatttatgctgtcagatagegttcaagcacaagatccggcatttgatgattcagea
tggcaacaagttgatctgccgeatgattatagcatcacacagaaatatagccaaagcaatgaagcagaatcagcatatcttccggga
ggcacaggctggtatagaaaaagctitacaattgatagagatctggcaggcaaacgcattgcgattaattttgatggegtctatatga
atgcaacagtctggtttaatggegttaaactgggcacacatcegtatggctattcaccgttttcatttgatctgacaggeaatgcaaaat
ttggcggagaaaacacaattgtcgtcaaagtigaaaatagactgccgtcatcaagatggtaticaggcagceggcatttatagagatg
ttacactgacagttacagatggcgttcatgttggcaataatggcgtcgcaattaaaacaccgtcactggcaacacaaaatggeggag
atgtcacaatgaacctgacaacaaaagtcgcgaatgatacagaagcagcagcgaacattacactgaaacagacagttiticcgaaa
ggcggaaaaacggatgcagcaattggcacagttacaacagcatcaaaatcaattgcagcaggcegcatcagcagatgttacaagcea
caattacagcagcaagcccgaaactgtggtcaattaaaaaccegaacctgtatacagttagaacagaagtictgaacggaggcaa
agttctggatacatatgatacagaatatggctttcgetggacaggctttgatgcaacatcaggcttttcactgaatggcgaaaaagte
aaactgaaaggcgttagcatgcatcatgatcaaggctcacttggegcagttgcaaatagacgcegcaattgaaagacaagtcgaaat
cctgcaaaaaatgggcegtcaatageattegcacaacacataatccggcagcaaaagcactgatigatgtctgcaatgaaaaaggeg
ttctggttgtcgaagaagtctitgatatgtggaaccgcagcaaaaatggcaacacggaagattatggcaaatggtttggccaageaa
ttgcaggcgataatgcagttctgggaggcgataaagatgaaacatgggcgaaatttgatcttacatcaacaattaaccgcgataga
aatgcaccgtcagttattatgtggtcactgggcaatgaaatgatggaaggcatttcaggctcagtttcaggcetitccggcaacatcag
caaaactggttgcatggacaaaagcagcagattcaacaagaccgatgacatatggcegataacaaaattaaagcgaactggaacg
aatcaaatacaatgggcgataatctgacagcaaatggcggagttgttggcacaaattaticagatggcgcaaactatgataaaattc
gtacaacacatcegtcatgggcaatttatggctcagaaacagcatcagcgattaatagecgtggceatttataatagaacaacaggeg
gagcacaatcatcagataaacagctgacaagctatgataaticagcagttggctggggagcagttgcatcatcageatggtatgatg
ttgttcagagagattttgtcgcaggcacatatgtttggacaggatttgattatctgggcgaaccgacaccgtggaatggcacaggcte
aggcgceagttggcetecatggecgtcaccgaaaaatagctatttiggeategttgatacagcaggctttccgaaagatacatattattttt
atcagagccagtggaatgatgatgttcatacactgcatattcttccggeatggaatgaaaatgttgttgcaaaaggctcaggcaataa
tgttccggttgtegtttatacagatgcagcgaaagtgaaactgtattttacaccgaaaggctcaacagaaaaaagactgateggega
aaaatcatttacaaaaaaaacaacagcggcaggctatacatatcaagtctatgaaggcagcgataaagattcaacagcgcataaa
aacatgtatctgacatggaatgttccgtgggcagaaggceacaatttcagecggaagegtatgatgaaaataatcgectgattcecggaa
ggcagcacagaaggcaacgcatcagttacaacaacaggcaaagcagcaaaactgaaagcagatgcggatcgcaaaacaattac
agcggatggcaaagatctgtcatatattgaagtcgatgtcacagatgcaaatggecatattgttccggatgecageaaatagagtcac
atttgatgttaaaggcgcaggcaaactggttggegttgataatggctcatcaccggatcatgattcatatcaagcggataaccgcaa
agcattttcaggcaaagtcctggcaattgttcagtcaacaaaagaagcaggcgaaattacagttacagcaaaagcagatggectge
aatcaagcacagttaaaattgcaacaacagcagttccgggaacaagcacagaaaaaacagtcegcagcttitattacagecgecaac
tattatgtcaaaacaggcaacaaaccgattctgccgtcagatgtigaagttcgetaticagatggaacaagcegatagacaaaacgtt
acatgggatgcagtttcagatgatcaaattgcaaaagcaggctcattttcagttgcaggcacagtitgcaggccaaaaaattagegttc
gcgtcacaatgattgatgaaattggcgeactgctgaattattcagcaagcacaccggtiggcacaccggeagticticcgggatcaa
gaccggcagtcctgecggatggcacagtcacatcageaaattttgcagtccattggacaaaaccggcagatacagtctataatacag
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caggcacagtcaaagtaccgggaacagcaacagttittggcaaagaatttaaagtcacagcgacaattagagttcaaagaagceca
agttacaattggctcatcagtttcaggaaatgcactgagactgacacaaaatattccggcagataaacaatcagatacactggatge
gattaaagatggctcaacaacagttgatgcaaatacaggcggaggcgcaaatccgtcagcatggacaaattgggcataticaaaa
gcaggccataacacagcggaaattacatttgaatatgcgacagaacaacaactgggccagatcgtcatgtatttttttcgcgatagea
atgcagttagatttccggatgcetggcaaaacaaaaattcagatcagcgcagatggcaaaaattggacagatctggcagcaacaga
aacaattgcagcgcaagaatcaagcgatagagtcaaaccgtatacatatgattttgcaccggttggegeaacatttgttaaagtgac

agtcacaaacgcagatacaacaacaccgtcaggegttgtttgegcaggectgacagaaattgaactgaaaacagcgaca

>SEQ ID NO: 14 nucleotide sequence encoding BIF_1326
gttgaagatgcaacaagaagcgatagcacaacacaaatgtcatcaacaccggaagttgtttattcatcagcggtcgatagcaaaca
aaatcgcacaagcgattttgatgcgaactggaaatttatgctgtcagatagcgttcaagcacaagatccggcattigatgattcagea
tggcaacaagttgatctgccgcatgattatagcatcacacagaaatatagccaaagcaatgaagcagaatcagcatatcttccggga
ggcacaggctggtatagaaaaagctttacaattgatagagatctggcaggcaaacgcattgcgattaattttgatggegtctatatga
atgcaacagtctggtttaatggcgttaaactgggcacacatccgtatggctattcaccgttttcatttgatctgacaggcaatgcaaaat
ttggcggagaaaacacaattgtcgtcaaagttgaaaatagactgecgtcatcaagatggtattcaggcageggcatttatagagatg
ttacactgacagttacagatggcgttcatgttggcaataatggegtcgcaattaaaacaccgtcactggcaacacaaaatggcggag
atgtcacaatgaacctgacaacaaaagtcgcgaatgatacagaagcagcagcgaacattacactgaaacagacagttiticcgaaa
ggcggaaaaacggatgcagcaattggcacagttacaacagcatcaaaatcaattgcagcaggcgcatcagcagatgttacaagcea
caattacagcagcaagcccgaaactgtggtcaattaaaaaccecgaacctgtatacagttagaacagaagttctgaacggaggcaa
agttctggatacatatgatacagaatatggctticgctggacaggctttgatgcaacatcaggcttttcactgaatggcgaaaaagtc
aaactgaaaggcgttagcatgcatcatgatcaaggctcacttggcgceagttgcaaatagacgcgcaattgaaagacaagtcgaaat
cctgcaaaaaatgggcgtcaatagcattcgcacaacacataatccggcagcaaaagceactgattgatgtctgcaatgaaaaaggeg
ttctggttgtcgaagaagtctttgatatgtggaaccgcagcaaaaatggcaacacggaagattatggcaaatggtttggccaagceaa
ttgcaggcgataatgcagttctgggagacgataaagatgaaacatgggcegaaatttgatcttacatcaacaattaaccgcgataga
aatgcaccgtcagttattatgtggtcactgggcaatgaaatgatggaaggcatttcaggctcagtitcaggctttccggcaacatcag
caaaactggttgcatggacaaaagcagcagattcaacaagaccgatgacatatggcgataacaaaattaaagcgaactggaacy
aatcaaatacaatgggcgataatctgacagcaaatggcggagttgttggcacaaattattcagatggcgcaaactatgataaaattc
gtacaacacatccgtcatgggcaatttatggctcagaaacagcatcagcgattaatagccgtggceatttataatagaacaacaggeg
gagcacaatcatcagataaacagctgacaagctatgataattcagcagttggctggggagcagttgcatcatcagcatggtatgatg
ttgttcagagagattttgtcgcaggcacatatgtttggacaggatttgattatctgggegaaccgacaccgtggaatggcacaggcte
aggcgcagttggcetcatggecgtcaccgaaaaatagctattttggeategttgatacagcaggcetttccgaaagatacatattattttt
atcagagccagtggaatgatgatgticatacactgcatattcttccggcatggaatgaaaatgttgttgcaaaaggctcaggceaataa
tgttccggttgtegtttatacagatgcagecgaaagtgaaactgtattttacaccgaaaggctcaacagaaaaaagactgatcggega
aaaatcatttacaaaaaaaacaacagcggcaggctatacatatcaagtctatgaaggcagcgataaagattcaacagcgcataaa
aacatgtatctgacatggaatgttccgtgggcagaaggcacaatttcagcggaagcegtatgatgaaaataatcgectgattccggaa
ggcagcacagaaggcaacgcatcagttacaacaacaggcaaagcagcaaaactgaaagcagatgcggatcgcaaaacaattac
agcggatggcaaagatctgtcatatattgaagtcgatgtcacagatgcaaatggcecatattgttccggatgcagceaaatagagtcac
atttgatgttaaaggcgcaggceaaactggttggcegttgataatggctcatcaccggatcatgattcatatcaagcggataaccgcaa
agcattttcaggcaaagtcctggcaattgttcagtcaacaaaagaagcaggcegaaattacagttacagcaaaagcagatggcectge
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aatcaagcacagttaaaattgcaacaacagcagticcgggaacaagcacagaaaaaacagtccgcagcttttattacagecgeaac
tattatgtcaaaacaggcaacaaaccgattctgccgtcagatgttgaagttegcetattcagatggaacaagegatagacaaaacgtt
acatgggatgcagtttcagatgatcaaattgcaaaagcaggctcattttcagttgcaggcacagttgcaggccaaaaaattagegttc
gcgtcacaatgattgatgaaattggcegcactgctgaattattcagcaagcacaccggttggcacaccggcagticttccgggatcaa
gaccggcagtectgecggatggcacagtcacatcagcaaattttgecagtcecattggacaaaaccggcagatacagtctataatacag
caggcacagtcaaagtaccgggaacagcaacagtitittggcaaagaatttaaagtcacagcgacaattagagttcaaagaagceca
agttacaattggctcatcagtttcaggaaatgcactgagactgacacaaaatattccggcagataaacaatcagatacactggatge
gattaaagatggctcaacaacagttgatgcaaatacaggcggaggcegcaaatccgtcagcatggacaaattgggcatattcaaaa
gcaggccataacacagcggaaattacatttgaatatgcgacagaacaacaactgggccagatcgtcatgtattttittcgegatagea
atgcagttagatttccggatgctggcaaaacaaaaattcagatcagcgcagatggcaaaaattggacagatctggcagcaacaga
aacaattgcagcgcaagaatcaagcgatagagtcaaaccgtatacatatgattttgcaccggttggcgcaacatttgttaaagtgac
agtcacaaacgcagatacaacaacaccgtcaggcgttgttigcgcaggcectgacagaaattgaactgaaaacagcgacaagcaaa
tttgtcacaaatacatcagcagcactgtcatcacttacagtcaatggcacaaaagtttcagattcagttctggcagcaggcetcatataa
cacaccggcaattatcgcagatgttaaagcggaaggcgaaggcaatgcaagcegttacagtecttccggcacatgataatgttaticg
cgtcattacagaaagcgaagatcatgtcacacgcaaaacatttacaatcaacctgggcacagaacaagaattt

>SEQ ID NO: 15 forward primer for generation of BIF variants
GGGGTAACTAGTGGAAGATGCAACAAGAAG

>SEQ ID NO: 16 reverse primer for BIF_917
GCGCTTAATTAATTATGTTTTITCTGTGCTTGTTC

>SEQ ID NO: 17 reverse primer for BIF_995
GCGCTTAATTAATTACAGTGCGCCAATTTCATCAATCA

>SEQ ID NO: 18 reverse primer for BIF_1068
GCGCTTAATTAATTATTGAACTCTAATTGTCGCTG

>SEQ ID NO: 19 reverse primer for BIF_1241
GCGCTTAATTAATTATGTCGCTGTTTTCAGTTCAAT

>SEQ ID NO: 20 reverse primer for BIF_1326
GCGCTTAATTAATTAAAATTCTTGTTCTGTGCCCA

>SEQ ID NO: 21 reverse primer for BIF_1478
GCGCTTAATTAATTATCTCAGTCTAATTTCGCTTGCGC

>SEQ ID NO: 22 Bifidobacterium bifidum BIF_1750
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vedatrsdsttgmsstpevvyssavdskgnrisdfdanwkfmlisdsvgaqgdpafddsawqaqvdiphdysitgkysqgsneaesa
vipggtgwyrksftidrdiagkriainfdgvymnatvwfngvkigthpygyspfsfditgnakfggentivvkvenripssrwysgsg
iyrdvtitvtdgvhvgnngvaikipslatgnggdvtmnittkvandteaaanitlkqtvfpkggktdaaigtvitasksiaagasadvt
stitaaspkiwsiknpnlytvrtevinggkvidtydteygfrwtgfdatsgfsingekvkikgvsmhhdaqgsigavanrraiergveil
gkmgvnsirtthnpaakalidvcnekgvivveevfdmwnrskngntedygkwfggaiagdnaviggdkdetwakfditstinrdr
napsvimwslgnemmegisgsvsgfpatsakivawtkaadstrpmtygdnkikanwnesntmgdnitanggvvgtnysdga
nydkirtthpswalygsetasainsrgiynritggagssdkqltsydnsavgwgavassawydvvardfvagtyvwtgfdylgept
pwngtgsgavgswpspknsyfgivdtagfpkdtyyfygsgwnddvhtihiipawnenvvakgsgnnvpvvvytdaakvklyft
pkgstekrligeksftkkttaagytyqvyegsdkdstahknmyltwnvpwaegtisaeaydennrlipegstegnasvtttgkaak
Ikadadrktitadgkdlsyievdvtdanghivpdaanrvtfdvkgagkivgvdngsspdhdsygqadnrkafsgkviaivgstkeag
eitvtakadglgsstvkiattavpgtstektvrsfyysrnyyvktgnkpilpsdvevrysdgtsdrgnvtwdavsddgiakagsfsva
gtvagqgkisvrvtmideigalinysastpvgtpavlpgsrpavipdgtvtsanfavhwtkpadtvyntagtvkvpgtatvfgkefivt
atirvgrsqgvtigssvsgnalritqnipadkgsdtidaikdgsttvdantggganpsawtnwayskaghntaeitfeyateqglgqiv
myffrdsnavrfpdagktkigisadgknwtdiaatetiaagessdrvkpytydfapvgatfvkvtvtnadtttpsgvvcaglteietkt
atskfvtntsaalssitvngtkvsdsviaagsyntpaiiadvkaegegnasvtvipahdnvirvitesedhvtrktftinigtegefpads
derdypaadmtvtvgseqtsgtategpkkfavdgntstywhsnwtpttvndiwiafelgkptkidalrylprpagskngsvteyky
gvsddgtnwitdagsgtwttdygwklaefngpvttkhvrikavhtyadsgndkfmsaseirirkavdttdisgatvtvpakltvdrvd
adhpatfatkdvtvtigdatirygvdylidyagntavgkatvtvrgidkysgtvaktftielknapapeptltsvsvkikpskltyvvgd
afdpaglvighdrqadrppgplvgeqgadergltcgtredrveglirkhenreahrtgldhlefvgaadgavgegatfkvhvhadqggd
grhddaderdidphvpvdhavgelaraachhviglrvdthrikasgfgipaddmaeidritgfhrferhvg

>SEQ ID NO: 23 The signal sequence of extracellular lactase from Bifidobacterium
bifidum DSM20215
Vrskklwislifalaliftmafgstssaqa
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CLAIMS

1. A method of treating a galacto-oligosaccharides containing milk-based substrate,

wherein said milk-based substrate comprises B-galactosidase having transgalactosylating
activity, which method comprises the step of heat treating said milk-based substrate at a
temperature (T) in the range of 90 °C - 130 °C for a period of time of at least x seconds,

wherein x is related to the temperature T by: x=153,377,215,802.625 e 202781447,

to obtain a heat treated dairy product, wherein the variation in content of galacto-

oligosaccharides is within 0.4 % (w/v) in a period of at least 14 days.

2. The method according to claim 1, wherein said method before said heat treating step
further comprises a step of in situ enzymatic treatment of said milk-based substrate with said

B-galactosidase to obtain said galacto-oligosaccharide containing milk-based substrate.

3. The method according to any one of claims 1-2, wherein said B-galactosidase has a

ratio of transgalactosylation activity above 100%, such as above 150%, 175% or 200%.

4, The method according to any one of claims 1-3, wherein said B-galactosidase is

Bifidobacterium derived B-galactosidase.

5. The method according to any one of claims 1-4, wherein said temperature is a
temperature in the range of 90 °C - 119 °C, such as a temperature in the range of 90 °C -
100 °C.

6. The method according to any one of claims 1-5, wherein said period of time is in the
range of at least 0.01 second to at the most 1300 seconds, such as in the range of at least
0.1 second to at the most 1300 seconds, or such as in the range of at least 1 second to at

the most 1300 seconds.

7. The method according to any one of claims 1-6, wherein the variation in content of
galacto-oligosaccharides is within 0.4 % (w/v) in a period of at least 3 weeks, at least 4
weeks, at least 5 weeks, at least 6 weeks, at least 8 weeks, at least 10 weeks, at least 12

weeks, or at least 24 weeks.
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8. The method according to any one of claims 1-7, wherein the amount of galacto-
oligosaccharide in said dairy product are within 0.5 to 10% (w/v), more preferred 1 to 8%
(w/v), more preferred 1.5 to 6% (w/v), most preferred 2 to 5% (w/v).

9. The method according to any one of claims 1-8, wherein said dairy product has
substantially no residual B-galactosidase polypeptide activity, such as below 0.0213, such as
below 0.0192, such as below 0.017, such as below 0.0149, such as below 0.0149, such as
below 0.0107, such as below 0.0085, such as below 0.0064, such as below 0.0043, or more
preferred such as below 0.00213 LAU/ml.

10. The method according to any one of claims 1-9, wherein the variation in content of
galacto-oligosaccharide are within 0.25% (w/v), more preferred within 0.2% (w/v), more
preferred within 0.1% (w/v), most preferred within 0.05% (w/v) measured over at least 14

days.

11. The method according to any one of claims 1-10, wherein said milk-based substrate
comprises lactose in an amount of at least 1% (w/v), more preferred of at least 2% (w/v),

most preferred of at least 4 %(w/v), and at most in an amount of 15% (w/v).

12.  The method according to any one of claims 1-11, wherein the Bifidobacterium derived

B-galactosidase is a Bifidobacterium bifidum derived B-galactosidase.

13. The method according to any one of claims 1-12, wherein the Bifidobacterium derived
B-galactosidase is a polypeptide comprising an amino acid sequence having at least 90%
sequence identity with an amino acid sequence selected from the group of SEQ ID NO: 1,
SEQ ID NO: 2, and SEQ ID NO: 3; and/or wherein the Bifidobacterium derived B-
galactosidase is a polypeptide having the amino acid sequence selected from the group of
SEQ ID NO: 1, SEQ ID NO: 2 and SEQ ID NO: 3; and/or wherein the Bifidobacterium derived
B-galactosidase is a polypeptide comprising any of the polypeptides selected from the group
consisting of SEQ ID NO:1, SEQ ID NO: 2, and SEQ ID NO: 3; and/or wherein the
Bifidobacterium derived B-galactosidase is a truncated fragment of any of the polypeptides
selected from the group consisting of SEQ ID NO:1, SEQ ID NO: 2, and SEQ ID NO: 3, and

having a minimum length of 850 amino acid residues.

14, The method according to any one of claims 1-13, wherein the Bifidobacterium derived

B-galactosidase comprises a polypeptide selected from the group consisting of:



10

15

20

WO 2015/086746 PCT/EP2014/077380

102

a. a polypeptide comprising an amino acid sequence having at least 90%
sequence identity with SEQ ID NO: 1, wherein said 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: 2, wherein said 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: 3, wherein said polypeptide consists of at

most 1300 amino acid residues.

15. The method according to any one of the preceding claims, wherein the dairy product is

drinking milk, sweet milk, condensed milk, whey, or a fermented dairy product.

16.  The method according to any one of the preceding claims, wherein the dairy product is
a fermented dairy product such as a fermented dairy product selected from the group
consisting of yogurt, buttermilk, Riazhenka, cheese, créme fraiche, quark, Acidophilus milk,

Leben, Ayran, Kefir, Sauermilch and fromage frais.

17. The method according to claim 16, wherein the yogurt is a set-type, stirred or

drinking yogurt.
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