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GALACTOSIDASE WITH ALPHA-GALACTOSYLTRANSFERASE ACTIVITY

PRODUCT AND PROCESS
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The present invention relates to a 3- galactosidase with transgalactosylating activity
capable of converting lactose to a mixture of oligosaccharides which are -linked and
unexpectedly produces the o-linked disaccharide a1-6 galactobiose. In particular it relates

to a B -galactosidase isolated from a recently discovered strain of Bifidobacterium bifidum.

The invention particularly relates to DNA sequences encoding the 1solated 3 -
galactosidase enzyme, to the enzyme encoded by such a DNA sequence and to a host cell
comprising the DNA sequence or a recombinant vector incorporating the DNA sequence.
The invention also relates to the use of the enzyme encoded by a DNA sequence, or of the

host cell containing a DNA sequence or recombinant vector, to produce oligosaccharides.

Bifidobacteria naturally colonise the lower intestinal tract, an environment which 1s
poor in mono and disaccharides since such sugars are preferentially consumed by the host

and microbes present in the upper intestinal tract. In order to survive in the lower intestinal

tract bifidobacteria produce various kinds of exo- and endoglycosidases in surface bound

and/or extracellular forms, by which they can utilise diverse carbohydrates.

Besides hydrolase activity, some enzymes from bifidobacteria show transferase
activity. This transglycosylation activity of glycosidases 1s extensively used for the

enzymatic synthesis of various oligosaccharides, which have proven to act as bifidobacteria

growth promoting factors.

It is known that members of bifidobacteria produce [3-galactosidase enzymes that
are involved in the bacterial metabolism of lactose. Maller, P.L. et al in Appl & Environ.

Microbial., (2001), 62, (5), 2276-2283 describe the isolation and characterisation of three 3-

galactosidase genes from a strain of Bifidobacterium bifidum. They found that all three [3-
galactosidases were able to catalyse the formation of beta-linked galactooligosaccharides

by transgalactosylation.
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- Dumortier et a] in Carbohydrate Research, 201, (1990), 115-123 described the
formation of beta-linked oligosaccharides by a transgalactosylation reaction during lactose
hydrolysis with Bifidobacterium bifidum DSM 20456. Their analysis of the structure of the
mixture of oligosaccharides produced showed that the linkages were f-(1—3), p-(1—6) and

5 B-(1—4)-D-galactosyl linkages. Dumortier suggested that compounds produced by

Bifidobacterium bifidum are involved in the adherence of bacteria in the large intestine.

A strain of Bifidobacterium bifidum has been found that is capable of producing a
galactosidase enzyme activity that converts lactose to a novel mixture of
10  galactooligosaccharides which unexpectedly contains up to 35% of disaccharides including
galabiose (Gal (o0 1-6) - Gal). This disaccharide is known (see Paton, J C and Paton, A W
(1998), Clin. Microbiol. Revs., 11, 450-479; Carlsson, K A (1989), Ann. Reviews

Biochem., 58, 309-350) to be an antiadhesive capable of preventing the adhesion of toxins,

eg Shiga toxin and pathogens such as E. coli, to the wall of the gut.

15
This strain of B bifidum was deposited under accession number NCIMB 41171 at

the National Collection of Industrial & Marine Bacteria, Aberdeen, UK on 31 March 2003.
It is also described in UK Patent No 2 412 380.

20 It has now been found that this strain of B bifidum produces several -
galactosidases, one of which unexpectedly exhibits a-galactosyltransferase activity. This

enzyme produces a number of different oligosaccharides which are f-linked, but it also

produces the a-linked disaccharide galabiose. -

25 According to the invention there is provided a DNA which encodes a protein with an amino acid
sequence as given in SEQ. ID NO: 2 or hybridises under stringent conditions to the DNA which encodes
this protein. The sequence of the DNA is given in SEQ. ID NO: 1 or may comprise a fragment or

degenerative thereof.

30 The phrase “degenerative” 1s construed to mean a DNA sequence which is at least
50% homologous to SEQ. ID NO: 1, preferably from 50 to 98% homologous, most
preferably from 75 to 95% homologous.
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Such a DNA sequence may comprise nucleotide substitutions, additions or deletions
which result in less than 60%, preferably less than 45%, more preferably
less than 25% change in the amino acid sequence shown in SEQ. ID NO: 2. Nucleotide

substitutions may result in conservative amino acid substitutions.

According to a second aspect of the invention there is provided an enzyme encoded
by a DNA sequence as defined above. Such an enzyme may comprise the amino acid

sequence given 1 SEQ. ID NO: 2 or a fragment thereof.

According to a third aspect of the invention there is provided a recombinant vector,
preferably an expression vector, comprising a DNA sequence as defined above. Such a
vector may be imncorporated into a host cell such as a bacterial, yeast or fungal cell.
Alternatively, the DNA sequence may be incorporated into such a host cell. A suitable host
cell may be selected from Bifidobacterium, Lactococcus, Lactobacillus, Bacillus for

example Bacillus subtilus or Bacillus circulans, Escherichia and Aspergillus for example

Aspergillus nmiger.

Using lactose as a substrate, the enzyme encoded by a DNA sequence as defined

above produces a mixture of disaccharides comprising Gal (B1-3) Gle, Gal (B1-3) Gal,
Gal (1-6) Gal and Gal (a1-6) Gal. Also present in the mixture of oligosaccharides are

trisaccharides Gal (B1-6) Gal (B 1-4) Glc.and Gal (8 1-3) Gal (B 1-4) Glc, tetrasaccharide Gal
(B 1-6) Gal (B 1-6) Gal (B 1-4) Glc and pentasaccharide Gal (B 1-6) Gal (B 1-6) Gal (B 1-6)
Gal (B 1-4) Glec.

The enzyme or the host cell as described above may be used to produce a mixture of
disaccharides, including Gal (o 1-6) Gal (galabiose) which may form part of a product for
improving gut health. Such a product may be selected from the group consisting of dairy
products (for example liquid milk, dried milk powder such as whole milk powder, skimmed
milk powder, fat filled milk powders, whey powders, baby milks, baby formula, ice cream,
yoghurt, cheese, fermented dairy products), beverages such as fruit juice, infant foods,
cereals, bread, biscuits, confectionery, cakes, food supplements, dietary supplements,
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synbiotic comestible products, prebiotic comestible products, animal feeds, poultry feeds or

indeed any other food or beverage.

Alternatively, the oligosaccharides so produced may be used for the preparation of a
medicament for example in table or capsule form for preventing the adhesion of pathogens
or toxins produced by pathogens to the gut wall. The medicament may be administered to a

patient, for example following a course of antibiotic treatment, which often alters or even

destroys the normal healthy gut flora.

According to yet a further aspect of the invention there is provided a process for
producing an enzyme as defined above which comprises culturing a host cell as defined
above 1n a suitable culture medium under conditions permitting expression of the enzyme

and recovering the resulting enzyme from the culture.

The 1invention is also directed to a process for producing a mixture of

oligosaccharides, including the disaccharide Gal (o 1-6) - Gal (galabiose), which comprises
contacting the enzyme as defined above or a host cell as defined above with a lactose-

containing material under conditions that lead to the formation of the oligosaccharide

mixture.

Suitable lactose containing material may be selected from commercially available
lactose, whole milk, semi-skimmed milk, skimmed milk, whey and fat-filled milk, whey
permeate. Such milk products may be obtained from cows, buffaloes, sheep or goats. Fat-
filled milk 1s defined as whole milk that has been skimmed to remove the dairy fat, which is

subsequently replaced by the addition of vegetable fat or oil.

Brief Description of the Drawings

Figure 1 shows the nucleotide sequence (SEQ. ID NO: 1) of Bifidobacterium

bifidum [-galactosidase of the invention; and

Figure 2 shows the amino acid sequence (SEQ. ID NO: 2) corresponding to the

nucleotide sequence of Figure 1.
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Figure 3 is a graph showing the time course reaction during galactooligosaccharide

synthesis with the B-galactosidase and 40% (w/w) lactose in 0.1M phosphate buffer at pH

6.0 as substrate; and

Figure 4 shows a high performance anion exchange chromatogram ot the
galactooligosaccharide mixture synthesized by the -galactosidase from B.bifidum NCIMB
41171 using 40% (w/w) lactose in 0.1M phosphate buffer at pH 6.0 as substrate. (Glc =

clucose, Gal = galactose, Lac = lactose, o (1-6) galactobiose, DP = degree of

polymerisation).

Genomic DNA was isolated from the Bifidobacterium bifidum strain (NCIMB
41171) using the method of Lawson et al. (1989) Fems Microbiol Letters, 65, (1-2), 41-45.

The DNA was digested with restriction enzymes and fragments having a maximum size of
15 kbp were ligated with pSP72 vector which had been digested with the same restriction
enzymes. E. coli cells were transformed with a vector containing msertions consisting of
Pstl, Eco RI, Bam HI, Kpnl, Smal or HindIII digested chromosomal DNA from the 5.
bifidum. Clones with B-galactosidase activity were selected on Luria Bertani agar plates
containing p-nitrophenyl, X-3-Gal (5-bromo-4-chloro-3-indolyl--D-galactoside) and
isopropyl-B-D-thiogalactoside (IPTG). Ligation mixtures with Bam HI chromosomal DNA |
gave rise to seven P-galactosidase positive clones, one of which is identified as pB1.

DNA sequencing of the inserted DNA fragment B1 was performed using the

dideoxy chain-termination method of Sanger (Russel P., 2002 1Genetics, Pearson

Education, Inc., San Francisco, 187-189) using the BigDye Terminator V.3.0 cycle
sequencing kit (Applied Biosystems, USA). The DNA sequence of B1 1s shown in Figure

1 (SEQ. ID NO: 1).

The open reading frame (ORF) was located by using the ORF finder from NCBI
(National Center of Biotechnology Information). The nucleotide sequence of Figure 1 was
translated in all six possible reading frames and one open reading frame of 1052 amino

acids encoding a putative B-galactosidase was identified. The translation 1s shown in

Figure 2 (SEQ. ID NO: 2).
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The present invention will be further described by way of reference to the following

example.

Example 1

Materials and Methods

All chemicals and media preparations used throughout this study were obtained

from Sigma (Dorset, UK), Invitrogen (Paisley, UK), Oxoid (Basingstoke, UK), Qiagen
(West Sussex, UK) and Promega (Southampton, UK).

Bacterial Strains

The Bifidobacterium bifidum strain (NCIMB 41171) was maintained on cryogenic

beads in Microbank tubes at -70°C. For later experiments, the strain was revived on

Wilkinson Chalgren (WC) agar (Oxoid, UK) and TPY medium (trypticase phytone yeast

extract medium) and grown anaerobically (CO; and N, composition 80% and 20%
respectively) at 37°C for 48 hours. The colony morphology and the absence of

contamination were tested by gram staining.

E coli strains

Escherichia coli strain DH5a used in this study was commonly incubated under aerobic
conditions at 37°C in Luria Bertani (LB) agar or broth (Sambrook J. and Russell W. D.
(2001). Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Laboratory Press,
New York) and when necessary was supplemented with antibiotics (100pg/ml ampicillin

and/or 15ng/ml chloramphenicol) and 40pul of 2% X-B-Gal, 7ul of 20% (1sopropyl-p-D-

thiogalactoside) IPTG which were applied on the surface of a pre-made 90mm agar plate.

E. coli DH5a strain (Invitrogen, Paisley, UK) (genotype: F" ©80/acZAM A(lacZY A-
argF)U169 recAl endA1 hsdR17(r’, my) phoA supE44 thi-1 gyrA96 relAlL’) is an o-

galactosidase positive strain and was used in expression experiments and for other genetic

manipulations.
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Genomic DNA Extraction from Bifidobacterium bifidum

Genomic DNA was isolated from the Bifidobacterium bifidum strain (NCIMB
41171) using the following method in which chromosomal DNA was prepared from cell
pellet harvested from 100 ml of WC anaerobe broth. The cells were resuspended in 10 ml
TES buffer (10 mM Tris-HCl, 10 mM EDTA, 10 mM NaCl, pH8) and treated with 200 pl
of lysozyme/mutanolysin mixture (4:1, lysozyme 10 mg/ml mutanolysin 1 mg/ml) for 30
minutes at 37°C. The cells were then treated with 200 pl of proteinase K (at 20 mg/ml) and
200 pl of RNase (both 10 mg/ml) mixed and incubated for one hour at 65°C. Finally the
cells were treated with 2 ml of 10% SDS and incubated for 15 minutes at 65°C. 12 ml of
phenol/chloroform were added and the extraction was repeated until the water phase could
easily be separated from the interphase. The genomic DNA was precipitated with
isopropanol and resuspended in 10 mM Tris-HCl — 1 mM EDTA (pHS8). The genomic
DNA was then digested with restriction enzymes, ligated into pSP72 digested with the
same enzymes and treated with alkaline phasphatase. Digestion of B. bifidum genomic
DNA was performed using EcoRI, Pstl, BamHI, Smal and Kpnl. Ligation mixtures were

used to transform E. coli DH5a and B-galactosidase positive clones were identified as blue

colonies on X-Gal-containing plates.

Vector DNA Preparation

The vector used for cloning and expression throughout this study was the pSP72
(Promega, UK) (Krieg, P.A. and Melton, D.A. (1987). In vitro RNA synthesis with SP6
RNA polymerase. Methods in Enzymology. 155: 397-415).

This vector was chosen because of the lack of complementing activity of the a-
fragment of B-galactosidase which is not encoded in pSP72. This vector does not carry the
short segment of E. coli DNA containing the regulatory sequence and the coding
information for the first 146 amino acids of f-galactosidase which in combination with £.
coli strains (ie DH5a) which express the carboxy-terminal portion of this 3-galactosidase is

giving an active Bf-galactosidase (a-complementation).
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The vector was digested with the following restriction enzymes: Pstl, BamHI,
Hindlll, Smal, Kpnl and EcoRI according to the manufacturer’s instructions using a tenfold
excess of enzyme over DNA (enzyme units :ugr DNA equal to ten units of enzyme per one
ngr of plasmid DNA or ten enzyme units per 0.5 pmol of plasmid DNA). After enzyme
heat inactivation (20 min at 65°C) the restriction patterns were analysed by horizontal gel
electrophoresis analysis. The presence of a single fragment in the gel indicated the

complete vector digestion and the single restriction digestion of it.

The sufficient digestion of the vector was tested also by transforming unligated
molecules into competent E. coli DHSa cells. The number of formed colonies on LB agar
plates supplemented with ampicillin (100pgr/ml) was an indicator of the undigested

molecules and the expected background during the subsequent experiments.

The vectors were further dephosphorylated with calf intestinal alkaline phosphatase
CIAP (Promega, Southampton, UK) according to the manufacturer’s instructions. The
efficiency of the treatment was tested by self ligation (with Bacteriophage T4 DNA ligase
according to manufacturer instructions) following transformation into DH35a cells. The
number of formed colonies showed the number of recirculised molecules (non cloned

vector) and a subtraction of the above with the formed colonies without CIAP vector

treatment shown the number of non dephosphorylated vectors.

Genomic DNA Library Construction

Genomic DNA was partially digested with six restriction enzymes that recognise
frequently occurring hexa-nucleotide sequences within prokaryotic DNA. EcoRI, BamH],
Pstl, Kpnl, Smal and HindIII are type Il restriction endonucleases specifically recognizing
the sequences 5’G/AATTC’3, 5°G/GATCC’3, 5’CTGCA/G’3 , 5S’GGTAC/C3’,
5°CCC/GGG3’ and 5°A/AGCTT3’ respectively, and make double—strand breaks within
these sequences generating 5’overhangs of four nucleotides, AATT, GATC, AGCT for
EcoRI, BamHI and Hind III respectively, and 3’overhangs, ACGT,GTAC for Pst/ and Kpnl

respectively and blunt ends for Smal.
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All these enzymes were active and able to cleave DNA only in the presence of

divalent magnesium ions. These 10ns were the only required cofactor.

Restriction Digestion of DNA.

All restriction digestions of the genomic DNA samples were incubated for 2 hours
at 37°C and finally heat inactivated at 65°C for 20 minutes. The reactions were then cooled
at room temperature and the appropriate amount of loading buffer was added, followed by
gentle mixing with a sealed glass capillary. The solutions then were loaded into wells of a
0.8% agarose gel (power supply 4-5volts/cm for 14-16 hours) and the size of the digested
DNA was estimated with that of 1kbp DNA standards (Promega, UK) (Sambrook J.
Molecular Cloning: A Laboratory Manual (2002)).

Purification of the fragments generated after restriction digestion.

Fragment purification from the reaction mixtures and the agarose gels was done by
using the QIAEX gel extraction kit from Qiagen (West Sussex, UK). Protocols are

described with details in the manufacturer’s manual.

DNA Ligation and Transformation

After purification of the DNA fragments with the Qiaex gel extraction kit, they were
ligated with CIAP-treated pSP72 vector. For ligation, appropriate amounts of DNA were

transferred to sterile 0.5 ml microfuge tubes as shown in Table 1.

Vector (15 fmoles [ 29 7 ng])

I Vector (15 fm'(ales ~29 ’7ng DNA) plus:; 1nSert

I
._| t
f'L

f

a (forelgn 15 meIGS ~ 69 3ng). SR :
C pUC control (0. 056 fmoles [~100 pg])

“The'r molar ratlo of plasmld DNA vector.to insert: DNA fragment should be ~1: 1 in
“the ligation reaction. The final DNA" concentration should be ~10ng/ml, ©+ |

Table 1: Ligation mixtures. Tube A shows the number of self-ligated vector DNA which
must be subtracted from the total number of transformants after transformation. Tube B
shows the ligation of the vector with the DNA fragments and tube C shows the control in
order that the transformation efficiency to be calculated.
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10

Before each ligation the DNA fragments were warmed at 45°C for 5 minutes to
melt any cohesive termini that reannealed during fragment preparation. A molar ratio of

vector:insert DNA of 1:1 was chosen for all ligation reactions and the reaction assembly

was done according to Promega’s instructions.

To tubes A and B 1.0 ul of 10x ligation buffer and 0.5 Weiss units of T4 DNA
ligase (Promega, UK) were added and the ligation volume was adjusted to 10 pl with
molecular biology grade water. To tubes C 1.0 ul of 10x ligation buffer were added and the

ligation volume was adjusted to 10 pl with molecular biology grade water.

DNA fragments were added to the tubes together with the water and then warmed to
45°C for 5 minutes to melt any cohesive termini that were reannealed during preparation.
The DNA was chilled to 0°C before the remainder of the ligation reagents were added and

the reaction mixtures were incubated overnight at 16"C (Sambrook and Russell, 2001).

After ethanol precipitation and purification of the ligated fragments (in order to
remove the ligation mixture which cause reduction of the transformation efficiency)
transformations were performed according to Hanahan instructions. ~50ng of ligated DNA
in Spl solution was added to 100ul of competent E.Col1 DHS5a cells. After heat treatment
and expression of the ampicillin resistance gene the cells were spreaded over the surface of
LB plates containing ampicillin (100pgr/ml), X-B-Gal (40ul of 2% X-B-Gal) and IPTG (7ul
of 20%IPTG).

The number of transformants from each ligation reaction was measured. The
number of transformants commonly obtained from tube C was 2x10°-1x10°cfu/pg whereas
from tube A was 500-600 cfu/ug. The number of transformants in tube A was an indication

of the efficient treatment of the vector DNA. The number of transformants 1in tube B was in

a range from 2-4x10"cfu/pg.
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Ligation mixtures with PstI chromosomal DNA gave rise to 13 B-galactosidase

positive clones out of ~2500 screened transformants whereas with BamHI gave rise to 7

positive clones (~1500 scr. transformants), EcoRI gave rise to 3 positive clones (~1300 scr.

transtormants), Kpnl gave rise to 7 positive clones (~2000 scr. transformants), Smal gave

rise to 3 positive clones (~1600 scr. transformants) and HindlIIl gave rise to 2 positive

clones (~1200 scr. transformants).

Positive Clone Digestion

In order to identify the different B-galactosidase genes, the plasmids isolated from

the positive clones were digested according to the following table.

Samples Enzymes
1* Digestion pB1, pB2, pB3, pB4, pB3, pB6, pB7 | BamHI
2" Digestion | pP1, pP2, pP3, pP4, pP5, pP6, pP7, | Psi
pP38, pP9Y, pP10, pP11
3" Digestion | pP12, pP13, pP14 Psi]
4™ Digestion pEl, pE2, pE3 EcoRI
5" Digestion pP1, pP12, pB1, pP2, pE1, pE2, Pstl and EcoRI
pE3.........
6" Digestion pS1, pS2, pS3 Smal
7% Digestion pP1, pP12, pB1, pP2, pS1, pS2, pS3 | PsA and Smal
8" Digestion pK1, pK2, pK3, pK4, pKS5, pK6, pK7 | Kpnl
9™ Digestion pP1, pP12, pB1, pP2, pK1, pK2, pK3, | Psfl and Kpnl
| pK4, pKS5, pK6, pK7
The first letter (p) indicates plasmid and the insert gene whereas the second letter
(P,B,E,S,K) indicates the restriction enzyme that was used for isolation of the
respective clone from the genomic DNA.

Gel electrophoresis analysis of the generated fragments after digestion was shown

that plasmids pB1, pP1, pP2 and pP11 each have an insert which encodes a different

B-galactosidase . The clones containing pB1 was used for further analysis.

DNA Sequencing

DNA sequencing was performed with the dideoxy chain-termination method of

Sanger by using the BigDye Terminator v.3.0 cycle sequencing kit (Applied Biosystems,
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USA) and analysed with the ABI Prism 3100, a fluorescence-based DNA analysis system

incorporating capillary electrophoresis.

The 5’- and 3°- ends of the inserted DNA fragments were sequenced with vector
specific primers. The inserts were further sequenced by using the Genome Priming System
(GPS-1) (New England Biolabs, UK). GPS-1 is a TN7 transposon-based in vitro system |
which uses TnsABC Transposase to insert Transposon randomly into the DNA target. The
donor: target DNA mass ratio of 1:4 was used according to the manufacturer instructions.
T'ne number of isolated plasmids for sequencing after insertion of the Transprimer into the
target plasmid was 25. This number was calculated according to the manufacturer

instructions and it assumes a 5-fold depth of coverage.

For plasmid pB1 insertion of a =1699bp’s transposon-insert at position 973bp
downstream of the multiple- cloning site of the vector used completely eliminated the f-
galactosidase activity indicating that the start codon was positioned between the vector
MCS (multiple cloning site) and the transposon site, whereas insertion of the insert at
position 841bp downstream of the MCS led to the formation of an active B-galactosidase
indicating that the start codon exists between 841bp and 973bp downstream of the MCS.
The enzyme activity was eliminated completely with insertion of the insert at a position
3565bp downstream of the MCS indicating that the stop codon is downstream of this
position. Moreover insertions at positions 1239bp, 1549bp, 1683bp, 1832bp, 2108bp,
2189bp, 2270bp, 2340bp, 2414bp, 2574bp, 2648bp, 2734bp, 2807bp and 3410bp

completely eliminate the enzymatic activity.

The sequencing reaction mix contained approximately 400-600ng plasmid DNA,

3.2pmol of primer solution and 4ul of BigDye Terminator solution.

Open Reading Frame Identification

The open reading frame (ORF) of B1 was located by using the ORF finder from
NCBI. The bacterial genetic code was used and the frame length was determined to be

100bp. The nucleotide sequence was translated in all six possible frames and an open



CA 02637219 2008-07-09
WO 2007/088324 PCT/GB2007/000178

13

reading frame of 1052 amino acids encoding a putative B-galactosidase was identified (The

- translation is shown in Figure 2).

Example 2

Synthesis with the $-galactosidase cloned enzyme isolated from Bifidobacterium bifidum
NCIMB 41171 in E. coli host (strainDH5a)

The following described synthesis, unless otherwise stated, was performed with the

whole E. coli DH5a host cells after treatment of the E.coli biomass (collected by

10 centrifugation at 10,000 g) with toluene at a concentration of 2000 ppm in order to increase
cell permeability and also to render the cells non-viable by destroying their cytoplasmic
membrane. The E-coli biomass was prepared as described in Example 1 under “E coli

strains’,

15 Synthesis with cloned enzyme

Synthesis with -galactosidase was performed at a substrate concentration of 40%
(W/w) 1nitial lactose concentration. The synthesis solution was prepared in 0.1 M
phosphate buffer at pH 6.8 (or 0.1M citrate buffer pH 6.2 or potassium phosphate buffer pH
6.8)). Synthesis was performed at 40°C in shaking waterbath at 150 rpm. The pH optimum
20 for the specific enzyme was chosen based on activity measurements (using o-nitrophenyl-f3-

D-galactopyranoside as substrate) of a specific enzymatic preparation at varying pH values.

For galactooligosaccharide synthesis 5 ml of an E. coli DH5a cell suspension (with
an activity of 2.2 U/ml) were centrifuged (at 10,000 g) to collect the biomass and the
25> supernatant was discarded. This biomass was re-suspended with 10 g of 40% (W/w)

substrate solution in order to perform the synthesis.

The concentrations of the different sugars present in the mixture during synthesis
are shown in Figure3. High performance anion exchange chromatography coupled with
30 pulsed amperometric detection (HPAEC-PAD) chromatograms of galactooligosaccharide
mixtures synthesized by the B-galactosidase cloned from B. bifidum NCIMB 41171 are
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shown in Figure4. The galactooligosaccharide mixture sugar concentrations at the

optimum synthesis time point are shown in table 1.

Table 1. Carbohydrate composition of galactooligosaccharide synthesis at 40 % (w/w)
initial lactose concentration at the time point where maximum oligosaccharide

concentration was observed.

Synthesis GOS GOS
Init. Subst. DP>3 DP=2 Lac Glc Gal
% (W/w) Concentration (% of total sugars)
40 20.45 27.64 12.73 25.90 13.28

Lac: Lactose, Glc: glucose, Gal: galactose, DP: degree of polymerisation
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WHAT IS CLAIMED IS:
1. A DNA encoding a protein with an amino acid sequence as given in SEQ. ID.
NO: 2.

2. The DNA according to Claim 1, wherein the sequence of the DNA is as defined in
SEQ. ID. NO: 1.

3. An enzyme encoded by the DNA sequence of Claim 1 or Claim 2.

4. An enzyme comprising an amino acid sequence according to SEQ. ID. NO: 2.

5. A B-galactosidase enzyme consisting of the sequence as defined in SEQ. ID. NO: 2.

6. A recombinant vector comprising the DNA of Claim 1 or Claim 2.

7. The vector according to Claim 6, wherein said vector is an expression vector.

8. A host cell into which the DNA of Claim 1 or Claim 2 has been incorporated.

9. A host cell comprising the vector of Claim 6 or Claim 7.

10. The host cell according to Claim 8 or Claim 9, wherein said cell is a bacterial cell, a

yeast cell or a fungal cell.

I1.  The host cell according to Claim 10, wherein said cell is selected from the group

consisting of Bifidobacterium, Lactococcus, Lactobacillus, Escherichia, Bacillus and

Aspergillus.

2. The host cell according to Claim 11, wherein the cell is selected from the group

consisting of Bifidobacterium bifidum, Bacillus subtilis, Bacillus circulans and Aspergillus

niger.
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13. A use of an enzyme with an amino acid sequence as given in SEQ. ID. NO: 2 for
producing a mixture of oligosaccharides comprising B-linked galactooligosaccharides and

a-linked galactooligosaccharide Gal (o 1-6) Gal.

14.  The use according to Claim 13 wherein the -linked galactooligosaccharides are
disaccharides Gal (B 1-3) Glc, Gal (B 1-3) Gal, and Gal (B 1-6) Gal, trisaccharides Gal (B
1-6) Gal (B 1-4) Gic, and Gal (B 1-3) Gal (B 1-4) Glc, tetrasaccharide Gal (B 1-6) Gal ( 1-
6) Gal (B 1-4) Glc and pentasaccharide Gal (B 1-6) Gal (B 1-6) Gal (B 1-6) Gal (B 1-4) Glc.

15.  The use according to Claim 13 or Claim 14, wherein the mixture comprises
trisaccharides Gal (B 1-6) Gal (B 1-4) Glc and Gal (B 1-3) Gal (B 1-4) Glc, tetrasaccharide
Gal (B 1-6) Gal (B 1-6) Gal (B 1-4) Glc, and pentasaccharide Gal ( 1-6) Gal (B 1-6) Gal (f3
1-6) Gal (B 1-4) Glc.

16. A use of the enzyme of any one of Claims 3 to 5, or the cell of any one of Claims 8
to 12, for producing a mixture of oligosaccharides to be part of a product selected from the
group consisting of dairy products, beverages, infant foods, cereals, bread, biscuits,
confectionary, cakes, food supplements, dietary supplements, probiotic comestible

products, prebiotic comestible products, animal feeds, poultry feeds and medicaments.

7. The use according to Claim 16, wherein the mixture comprises disaccharides Gal (
1-3) Gle, Gal (B 1-3) Gal, Gal (B 1-6) Gal and Gal (a 1-6) Gal, trisaccharides Gal (p 1-6)
Gal (p 1-4) Glc and Gal (B 1-3) Gal (B 1-4) Glc, tetrasaccharide Gal ( 1-6) Gal (B 1-6) Gal
(B 1-4) Glc, and pentasaccharide Gal (B 1-6) Gal (B 1-6) Gal (B 1-6) Gal (B 1-4) Glc.

18. A use of the host cell of any one of Claims 8 to 12, for producing a product selected

from the group consisting of dairy products, beverages, infant foods, cereals, bread,
biscuits, confectionary, cakes, food supplements, dietary supplement, probiotic comestible

product, prebiotic comestible product, animal feeds, poultry feeds and medicaments.

9. The use according to Claim 16 or Claim 18 wherein the dairy product is liquid

milk, dried milk powder, baby milk, baby formula, ice cream, yoghurt, cheese or

fermented dairy product.
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20.  The use according to Claim 16 or Claim 18 wherein the beverage is fruit juice.
21. A process for producing the enzyme of any one of Claims 3 to 5 comprising

culturing the host cell of any one of Claims 8 to 12 in a suitable culture medium under

conditions permitting expression of said enzyme and recovering the resulting enzyme from

the culture.

22. A process for producing a mixture of oligosaccharides comprising disaccharides
Gal (B 1-3) Glc, Gal (B 1-3) Gal, Gal (B 1-6) Gal and Gal (o 1-6) Gal, trisaccharides Gal (f3
1-6) Gal (pp 1-4) Glc and Gal (B 1-3) Gal (B 1-4) Glc, tetrasaccharide Gal (B 1-6) Gal (P 1-
6) Gal (B 1-4) Glc, and pentasaccharide Gal (B 1-6) Gal (B 1-6) Gal (B 1-6) Gal (B 1-4) Glc,
sald process comprising contacting the enzyme of any one of Claims 3 to 5 or the host cell

of any one of Claims 8 to 12 with a lactose-containing material.



S

10

15

20

25

30

35

40

435

WO 2007/088324

CA 02637219 2008-07-09

19

Figure 1

1 ggatccggtg aacgegecga gegeggtgta cgtgetgege tegtgegagt cggaggagat
61 cgcggggate atgeeccagt aggagatgtc gegecagegag tagatcacgt cgageaggat
121 gaacacgatg acgaacagga ccatgaacac geccggtgttc acatccacga ggccgaacag
181 geeggtgaac accatgatca gecaggatgec aggeacgatg ccgecaatga actgecacgg
241 geggaaccegg ccccageggg tgttegtgtt gtccacgagg ttgeccgagea geggptegag
301 aaagatctcc gegatgegga tgaccaccac gagteeggtg atcaccgega tgaggegttt
361 ggcaagcgtce ttgtccacgt cgatgaacag cgeggtggtic acgaacgtga tgaagaacgt
421 gcteattgtg ttgtagaacg cggectggece caggttaceg aatgegtatg cgatcttetg
481 acccgtgttc cgegtgggcet geggecttee ggtegtttce gtgtgttgte tggtagatee
541 gctcatggtg tggtggecte cttgegacct gtaaagaate cgtgegegtg aaccgetecg
601 atcccgcaaa gegtgagtat agaacttict tgaaaaagta gaaaactata ccgegtgteg
661 caaatcatgc caacgttctg caaccggceac teccgtgtgga tgagtaagpt ttgaagectg
721 cttgatgtge ttgaatctta agaaatccac gtattctgea tgttgecagge cttgtgccgce
781 gaaatgctgg aaagaatitg cgcaatcaag taacaatatt tatccttgtt gtacaaggaa
841 cccgattcaa cgaggtteee tcactgegge ggecaacgacg cgacgceaatc cgatgcgaaa
901 gcgaggacat catgaacaca accgacgatc agcggaagaa cggegatee g afcgtctcece
901 cgtccatace gacgacggea tggetcgeeg accegegegt gtacgeggtt caccggeteg

1021 acgcccatte cgatcatgeg tgetggtete geteecccagt cgacggegag ageacgaate
1081 tcaggcagag ccttgacgge gaatggeggg teccgegtega gacggegecg acgggecgtt
1141 tcccegatgg gacgagegac gggeeggact ggatcagega cgtgtegect ctgttcgeeg
1201 cgeccggatt cgacgattcg tegtictcac gegtgeaggt geectegeat ctggagactg
1261 cggggcetget tgeeccgeag tacgtgaacg tgeagtacee atgggacgga catgaggace
1321 cgaaggeccce ggecatceee gageatggec atgtggeggt ctaccggege gagttcgacg
1381 cggatggega agtcgeccag geegtgegeg aagggegeee ggtgacgcett accttecagg
1441 gegeggecac agecatctac gtgtggetea acggetegtt cgttggetac gecgaggact
1501 ccttcacgcec cagegagttc gacgtgacgg acgegatcaa ggtggacgge aacgtgctgg
1561 cggtcgtetg ctacgagtat tcgagegega getggttgga ggatcaggac ttetggogtc
1621 tgcacggcct gttccgetee gtegaactca acgegaggee cgeegeecac atcgecgace
1681 tccatgeega cgecgactgg gatctegeca catcaagggg ttcgeteteg ctggatgtge
1741 tgatcgacgg tgccgegaac geecgegacgg tegacttege actgtgggac aagaacggcea
1801 ccatcgtctg gcacaccgee acgaaagegg acggaacget gecacgecgag geegagateg
1861 atgacgcgge gecatggage gecgaacgee cegacctgta cgagetatee gtecaccetge
1921 tcgacgegga cggcaaggtc ctggagacceg cicgeacteg catcggetic cggeatgtgg
1981 ccatcgagga cggceatectc aagetcaacg gecaagegect cgtgttcegt ggegtecaacce
2041 gccacgagtt cgactgeegg cgeggecggg ccatcaccga agaggacatg ctgtgggaca
2101 tecgettcat gaagcgecac aacatcaacg cggtgegeac ctegeactat ccgaaccagt
2161 cgegcetggta cgagetgtge gacgaatacg geatctacct gatcgacgag accaatetgg
2221 agacccatgg cagetggaac agecceggeg acatcceegt gggaacctec gtcceeggtg
2281 acgacgaggc ctggetggge gegtgeateg accggetgga cageatgate ctgegegace
2341 gcaaccatec cagegtgete gtetggtege tgggeaacga atcctacgeg ggegaagtec
2401 tcaaggccat gagecgegeac gegeaccgge ttgatceggg tegtecegte cactacgaag
24601 gtgtcaactg gaaccatgec tacgacggga tcagegactt cgaaagecegt atgtacgeca
2521 agceggecga gatccaagac tggetcgaac acggegacga acggggegag gegageaage
2581 cgticgtcag ctgtgagtac atgeatgeca tgggcaactc gtgecggeggt ctgagegagt

PCT/GB2007/000178
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2041 tcatcgacct cgaacggtac gagegetact ccggegggtt catctgggat tacatcgace
2701 aggggctegt ccagegtetg ccegacggga gegaacgect cagegtegge ggagaatgeg
2761 gegaccgtee aaccgactac gaattcgtgg gecaacggeat cgtgttegee gaccgeacge
2821 ccageeccaa ggegeaggag gtcaageage tgtattcgee ggtecaagete geeceegacg
2881 ggcacggegt gaccatcgag aaccgceaace tgttcgeegg caccgacgge tacgtgttcg
2941 ccgceacggcet cctcgaagac gggeatgaga tetggeatge cgactacegt ttcgacgteg
3001 ccgeaggaga tacccaacac catgacateg cettccegga catcgacgeg gacgggeata
3061 cgegegaagt cacctacgag gtegatetee tgetegecga agecacegea tgggegecgg
3121 ccggetacga getegegtte ggecaactca ceggeacget caacccegaa caggacatca
3181 ccgagaccag ccatgacgac gacggecgeg caactcgcac gctcagecga tggaacgeeg
3241 geatecgeeg cgacgacgag gaaattctce tgtcacgeac tcagggagge atcgtetect
3301 ggaagcgega cgaccgggaa atggtcatee gtegeccega actegteacg ttecgeccat

3361 tgaccgacaa cgatcgeggt aaccattccg gtttcgaceg tgecgeatgg ttcgeggeeg
3421 gecegatacge catcgtaacc gaaacgaaaa tccatgaaag cgatgacggt ctegtagegg

3481 aataccagta cgaacttgec gatccgaace acacgecegt gtcegteact taccatgtea

3541 actccgatat gegtatgeaa ctgaccgteg aatacccegg gaacgecact gacatggeca
3001 gtetgeeege gtteggtate gaatgggage tgeceggega atacgategt ctgegetact
3061 acggecccgg ceccegaggag acctacegeg accgtaagea gggeggeaag cteggcatet
3721 gggacgecac cgegaaggeg ageatggege cgtatcteat ggtgcaggaa accggcagece
3781 acgaggacgt ccgetggete gaagecaceg acatccaagg ccacggattg cgegteacee
3841 aacgeggega cegteacttc acggecagcee tgetgeectg gaacacctac acgatcgage
3901 cegegegeeg ccacgaggac ctgeccaaac cgegecacaa ctacetgege ctgetegege
3961 ccecagatggg cgteggtgga gacgactect ggggagecece cgtecacacg geetaccage
4021 tgecegeegg caggecgcete accetcgacg tgaacctega actcatetga ceggeaacgg
4081 gcggeggceat geaccaccat gecgeegeeg gececegecta cgacgeggeg atcgagecca
4141 cgggcegetge ggeegeggac ggeaccggeg aggaggegtt cgagegegec ggccacgegg
4201 tccacggeac caccegecag gtectetege teatcaccaa cecgatggac gtgatctgec
4261 gcaacatccg caccgtgege gagaagatgg caacccgcecc cgacatecte ggetgecace
4321 tcgaaggccc gttectegece ctecaagtgea agggegegea cgattcgaac tgcctcaaag
4381 acccgatgec cgaactcatg gaccgeatge tegacgecte gggcgccgac ctcgecegecg
4441 geaagctegg gtgcatcege cagatcacca tetcgacece accgactgga cegeccaaca
4501 cgtetggtge geeggecgee aggtggagta aactccttce agcaaaateg acgccggtgc
4561 cgeccegtete gagacgacgt cttacgeetg aggaacgaag cttgegegeg geaccagtte
4621 ggtegtcage aggatgtgac gacgecacceg cegeteatge ttcaacccat cgatcagggt
4681 ggagaacgcc atgegggceca actcectttg atcgategea tacgaactca geggeggcga
4741 cgtgtaccgg gegatcgact ggttgttcac actcaccacg gecaactegt cgggaaccte
43801 cacgcgeagt gegttcaacg cetgeaacge ceecacegea ageacgtegg cggecacgat
4861 caaaccatcg ggceatgetge cggectcacg atggtcagee accaactget ccgegagacg
4921 atagccgtte tccacggtga acgtgecgga cgaatacacce aatccgtecg tttccaatee
4981 cagatgcgeg geccactgac ggaacgacag ctegegaatg tectcgggat agtcatgcat
5041 geccatgatg ctgeecacge cgecgagaaa cgegatatga ctgeggeceg cogegateat
5101 cgegtecaag gegtecagea tegtetgega cagatcggga cacacggagt cgaacaggeg
5161 cggegecgga ttegtgtega tgecacacgee atgegggage accatatgea gggetcgcag
5221 gteegetteg ggaaacacceg tggetcecac ggtgatgaac ccatcaaact ccgttgegeg
0281 tteegteaac tegtgtatgg acaacgtgag ctggtccaat tccaacgact cegeacgete
5341 cgcaagaacc ttccgeagat cggegaagta cgegtectge aattcctece cggacggage
5401 cgcatccaac accgegateg cgggacggaa cacgttgega taccecatet cetegeacac
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5521 tgacacegtg ctetgegaca ceeceggecceg tecegegact tecttgageg tggccatgac
5581 atcctecceg caaactttag taaagggttt tactacagea taacceggga aggegggptt
0641 ageggeattg geggegtgga agtttaceca tgactggtag actgeacatg tcccggeaat

5701 aggggcaatg catagggggg tggcgggcat gtgecageaac attccegtea ccttacgatt
761 cttatagegt gtcaggtaaa agaattatga ttctcaatec accttecgge ¢ gcgectgea

5821 gactcaaatg gecatgatge atagegacaa tetctegeac tatggataaa cecaatcegt
5881 gatgaggtga tgcagatcee acatgegtat ttatectatt atcctecect ctgttaaaag
5941 gtgacaggaa atcatctatc ctegtatcgg aaagatccat gccggtattg gatatgtcta
6001 tcgcaatgca ggactecgect tegtattgee tgtegttgge taagtttate catacatgtg
6061 gttgagcege acgattatge tgaatggeat tegtaataag gtttocaate atctgtctaa
6121 ttagcagacc atcggctagg atatatgeat tetccagatt ggtatgtact tgaactctat
6181 ctccgataag ttccatattt tectgaagaa cattgegaat gatctcaget acattaactc
6241 ggctaagatc agctcggttt aattgetgaa cttte gacaa ticgagcaga tgattgacga
6301 tttcaacccc agcatgattt gaagccaaag ccttttcgac gaaaggtctg caacgcetcat
6361 cgaaaagctg gttgtgcage ggaatcteca atgeggecga agtggecgea agtgeatitt
6421 ttaactcatg tgacgcatcg gegataaatt ccttitcceg actgattgeg ctgttgagat
6481 cctttaacat gaggttgtat gcggatgceaa tagtgtacge ctegtegttt tcatatggaa
6541 taacgatagg ttgcctticc aatccagegt cggacgegat aatctgagag gecacactat
6601 tgattcttcg ttgtgtceta gtggegataa tecaagttat tectcecagat aatatgecga
6601 aaacaatgat gggggctatg cttaccgeca atatcagate ccgggatttt atgtctectt
6721 gttccatagt tagegttaaa geatccttac cggagteata ccecggeagaa acgtaatcet
6781 taccggagtc aggaggaatg gcttgegaat tcaaactatg ttgttcatcg gcatcttctg
6841 cctgagtaaa agatttattt acggtcactg tttccagttg ccggttcacg acataatatg
6901 tcatggeggt caccactceg gtaageatga agaacacgat gacgategtg gteaccaate
6901 ttettettgt agaccactga aacggtaaac geagtttcgg atggetggaa tggcteecat
7021 tcgacgaagg atattcaggc tttttcatga tatgcgatat cettgtccgg gaacgetttc

7081 aatgaaatca gtgattccga ttttcgtgeg aatcgeatag attgtggtct tgacgattec
7141 tctcgtatga gegtgatcat cetgecaaat ctcacgatat agacattceg cactaateac

7201 cgcacctege gectcaateca gegtectcaa tacggeaagt tetegtttee caaactttag
7261 ttctgecaccg cgaaccgtga t
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B-(Jalactosidase 40%wiw lactrose pH:6.0
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