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GAI,ÀCTOSIDASE WTTII AIPHÀ-GÀI,ACTOSYI,TRÀNSFERASE ÀCTIVITY

PRODUCTAND PROCESS

The present invention reiates to a p-galactosidase with transgalactosylating activity

capable of converting lactose to a mixture of oligosaccharides which are p-lhked and

5 unexpectedly produces the o-linked disaccharide s1-6 galactobiose. In particular it relates

to a p -galactosidase isolated from a recentþ discov ered stra.n of Bifidobacteriuru bifidum-

The invention particularly relates to DNA sequences encoding the isolated B -

galactosidase enzyme, to the enzyme encoded by such a DNA sequence and to a host cell

10 comprising the DNA sequence or a recombinant vector incorporating the DNA sequence.

The invention also relates to the use ofthe enzlme encoded by a DNA sequence, or ofthe

host cell containing a DNA sequence or ¡ecombinant v€ctor, fo produce oligosaccharides.

Bifrdobacteria natu¡ally colonise the lower intestinal tract, an environment which rs

l5 poor in mono and disaccharides since such sugars are preferentialiy consumed by the host

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

l tract bifidobacteria produce various kinds ofexo- and endoglycosidases in surface bound

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

20 Besides hydrolase activity, some enzymes from bifidobacteria show transferase

activity. This transglycosylation activity of glycosidases is extensively used for the

e1zymatíc synthesis of various oligosaccharides, which have proven to act as bifidobacteria

growth promoting factors.

It is knorr: that members of bifidobacteria produce B-galactosidase enzymes that

are involved in the bacterial metabolism of lactose. lvløller, P'L. et al in Ap+! & Eryilqn'

Mic¡obial., Q001),62, (5),227 6'2283 describe the isolation and characterisation ofthree B-

galactosidase genes from a strain of Bifidobacterium bifidum. They found that all three B-

galactosidases \¡r'ere able to catalyse the formation ofbetalinked galactooligosaccharides

by transgalactosylation.
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1 GALACTOSIDASE WITH ALPHA-GALACTOSYLTRANSFERASE
ACTIVITY PRODUCT AND PROCESS The present invention relates to a
f3-galactosidase with transgalactosylating activity capable of converting
lactose to a mixture of oligosaccharides which are -linked and 5
unexpectedly produces the a-linked disaccharide al-6 galactobiose. In
particular it relates to a 3 -galactosidase isolated from a recently
discovered strain of Bffidobacteriunt bifidum.       The invention particularly
relates to DNA sequences encoding the isolated p - galactosidase
enzyme, to the enzyme encoded by such a DNA sequence and to a host
cell 10 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 is 15 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. 20Besides hydrolase activity, some enzymes from
bifidobacteria show transferase activity. This transglycosylation activity of
glycosidases is extensively used for the enzymatic synthesis of various
oligosaccharides, which have proven to act as bifidobacteria growth
promoting factors. 25It is known that members of bifidobacteria produce
13-galactosidase enzymes that are involved in the bacterial metabolism of
lactose. Moller, P.L. et al in Appl & Environ.  Microbial., (2001), 62, (5),
2276-2283 describe the isolation and characterisation of three 8-
galactosidase genes from a strain of Bifidobacterium bifidum. They found
that all three 13- galactosidases were able to catalyse the formation of
beta-linked galactooligosaccharides 30 by transgalactosylation.
Dumortier eta! 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 p-0 -.3), 13-(1-'6) and
513-(1->4)-D-galactosyl linkages. Dumortier suggested that compounds
produced by Bifidobacterium bifidum are involved in the adherence of
bacteria in the large intestine. 
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Dumortier et al in Carbohvdrate Resea¡ch. 201. (1990), 1 15-123 described the

formation ofbeta-iinked olígosaccharides by a transgalactosylation reaction during lactose

hydrolysis with B fidobacterium bifidumDSM20456. Their analysis of the structwe of the

mixture of oligosaccharides produced showed that the linkages were p-(1"'+3), B-(i---+6) and

B-(l --+4)-D-galactosyl linkages. Dumortier suggested that compounds produced by

Bifidobacterium bifidum are involved in the adherence ofbacteria in the large intestine.

A sf:alrn of Bifidobactetium biJìdumhasbeen found that is capable ofproducing a

galactosidase enzJ¡me activity that converts lactose to a novel mixture of

galactooligosaccharides which unexpectedly contains up to 35% of disacchatides including

galabiose (Gal (o 1-6) - Gal). This disaccharide is known (see Paton, J C and Paton, A W

(1998), Clin. Microbiol. Revs ., LL 450-479; Carlssor¡ K A (1989), Ann. Reviews

Biochem., 58, 309-350) to be an antiadhesive capable ofpreventing the adhesion oftoxins,

eg Shiga toxin and pathogens such as E. colì,lo the wall ofthe gut

This strain of B å ifidurn was deposited under accession nu¡nber NCIMB 41171 at

the National Collection of Industrial & Marine Bacteria, Abetdeen, UK on 31 March 2003.

It is also described in UK Patent No 2 412 380.

It has now been found that this s1l:ain of B bifidum produces several B-

galactosidases, one of which unexpectedly exhibits o-galactosyltransferase activity. This

enzyme produces a number of different oligosaccharides which are plinked, but it also

produces the aJi¡ked disaccharide galabiose'

According to the invention there is provided a DNA sequence which encodes a

protein with an amino acid sequence as given in SEQ. ID NO: 2. The DNA sequence is

given in SEQ. ID NO: 1.

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 10galactooligosaccharides which unexpectedly contains up to
35% of disaccharides including galabiose (Gal (a 1-6) - Gal). This
disaccharide is known (see Paton, J. C and Paton, A W (1998), Clin.
Microbiol. Revs., jj, 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 NaMB 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. 20It has now been found that this strain of B bifidum
produces several 13- galactosidases, one of which unexpectedly exhibits
a-galactosyltransferase activity. This enzyme produces a number of
different oligosaccharides which are 13-linked, but it also produces the
a-linked disaccharide galabiose. 25According to the invention there is
provided a DNA sequence which encodes a  protein with an amino acid
sequence as given in SEQ. ID NO: 2. The DNA sequence is given in
SEQ. ID NO: 1.        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 in SEQ.
ID NO: 2. 5According 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 incorporated 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 10example Bacillus subtilus or Bacillus circulans, Escherichia
and Aspergillus for example Aspergillus niger.       Using lactose as a
substrate, the enzyme encoded by a DNA sequence as defined above
produces a mixture of disaccharides comprising Gal (f31-3) Glc, Gal
((31-3) Gal, 15Gal 031-6) Gal and Gal (a1-6) Gal. Also present in the
mixture of oligosaccharides are trisaccharides Gal (f31-6) Gal ((3 1-4) Glc,
Gal ((3 1-3) Gal 03 1-4) Glc, tetrasaccharide Gal (13 1-6) Gal (I3 1-6) Gal
63 1-4) Glc and pentasaccharide Gal ((31-6) Gal ((3 1-6) Gal 1-6) 
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According to a second aspect ofthe invention there is provided an enzyme encoded

by a DNA sequence as defined above. such an enzyme may comprise the amino acid

sequence given in SEQ. ID NO: 2.

According to a third aspect ofthe invention there is províded a recombinant vector,
preferably an expression vector, cornprising a DNA sequence as defined above. such a

vector may be incorporated into a host cell such as a bacterial, yeast or firngal cell.

Altemativel¡ ihe DNA sequence may be incorporated into such a host cell. A suitable host
cell may be selected from Biñdobacterir¡m, Lactococcus, Lactobacillus, Bacillus for
example Bacillus subtilus oi Bacillus circulans, Escherichia and Aspergillus for example

Aspergillus niger.

using lactose as a substrate, fhe enz¡ane encoded by a DNA sequence as defined

above produces a mixhue of disaccharides comprising Gal (B I -3) Glc, Gal (B I -3) Gal,

Gal (Bl-6) Gal aud Gat (c1-6) Gal. Also present in the mixture ofoligosaccharides are

trisaccharides cal (p1-6) cal (B la) ctc, Gat (p t-3) cal (B t-4) Glc, tehasaccharide Gal
(B 1-6) cal (p 1-O Cal (B 14) GIc and pentasaccha¡ide Gal (p t-O cal (B 1_O Gal (p t_6)

Gal (B l-4) clc.

The enz5mre or the host cell as described above may be used to produce a mixhue of
disaccharides, including GaI (ø 1-6) Gal (galabiose) which may form part ofa product for
improving gut health. such a product may be selected from the group consisting ofdairy
products (for example Iiquid milk dried milk powder such as whole milk powder, ski¡nmed

milk powder, fat filled milk powders, whey powders, baby milks, baby formula" ice cream,

yoghurt, oheese, fermented daþ products), beverages such as fruitjuice, infant foqds,

cereals, bread, biscuits, confectionery, cakes, food supplements, dietary supplements,

Gal (j3 1-4) Glc. 20The enzyme or the host cell as described above may
be used to produce a mixture of disaccharides, including Gal (a 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, 25yoghurt, cheese, fermented dairy
products), beverages such as fruit juice, infant foods, cereals, bread,
biscuits, confectionery, cakes, food supplements, dietary supplements,  4
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 5
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. 10According 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 in a suitable
culture medium under conditions permitting expression of the enzyme and
recovering the resulting enzyme from the culture. 15The invention is also
directed to a process for producing a mixture of oligosaccharides,
including the disaccharide Gal (a 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. 20      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 is defined as whole milk that has
been skimmed to remove the dairy fat, which is 25 subsequently replaced
by the addition of vegetable fat or oil. Brief Description of the Drawings 
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synbiotic comestible products, prebiotic comestible products, animal feeds, poultry feeds or

indeed any otÍer food or bevemge.

Altematively, the oligosaccharides so produced may be used for the preparation of a

5 medicament for example in table or capsule form for preventing the adhesion ofpathogens

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.

10 According to yet a firther aspect ofthe invention there is provided a process fo¡

producing an enzyme as defined above which comprises culturing a host cell as defined

above in a suitable culture medium under conditions permitting expression ofthe enzyme

and recovering the resulting enzyme from the culture.

15 The invention is also directed to a ptocess for producing a mixture of

oligosaccharides, including the disaccharide Gal (a 1-6) - Gal (galabiose), which comprises

contacting the enzyme as deftned above or ahost cell as deñned above with a lactose-

containing material rurde¡ conditions that lead to the formation of the oligosaccharide

mixhre.

20

Suitable lactose containing material may be selected from commercially available

lactose, whole milk, semi-skimmed milk, skimmed millq whey and fat-filled millq whey

pemeate. Such milk products may be obtained from cows, buffaloes, sheep or goats. Fat-

filled milk is defined as whole milk that has been skimmed to remove the dairy fat, which is

25 subsequentþ replaced by the addition ofvegetable fat or oil.

Brief Descriplies dlhq-DrsJd¡gq

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

30 bifdum þ-galactosidase of the invention; and

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

nucleotide sequence of Figure 1 .

Figure 1 shows the nucleotide sequence (SEQ. ID NO: 1) of
Bifidobacterium 30 bifidum13-galactosidase of the invention; and
Figure 2 shows the amino acid sequence (SEQ. ID NO: 2) corresponding
to the nucleotide sequence of Figure 1.  5      Figure 3 is a graph showing
the time course reaction during galactooligosaccharide synthesis with the
13-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 of the 5 galactooligosaccharide mixture synthesized by the
p-galactosidase from B.bifidum NCIMB 41171 using 40% (w/w) lactose in
0.1M phosphate buffer at pH 6.0 as substrate. (Glc -- glucose, Gal =
galactose, Lac = lactose, a (1-6) galactobiose, DP = degree of
polymerisation). 10Genomic DNA was isolated from the Bifidobacterium
bifidum strain (NCIMB 41171) using the method of Lawson et at (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. colt cells were transformed with a vector
containing insertions consisting of 15 Pstl, Eco RI, Bam HI, Kpnl, Smal or
HindIll digested chromosomal DNA from the B. bifidum. Clones with
f3-galactosidase activity were selected on Luria Beitani agar plates
containing p-nitrophenyl,(5-bromo-4-chloro-3-indoly1-13-D-galactoside)
and isopropyl-(3-D-thiogalactoside (P2TG). Ligation mixtures with Barn HI
chromosomal DNA gave rise to seven f3-ga1actosidase positive clones,
one of which is identified as pB1. 20DNA sequencing of the inserted DNA
fragment B1 was performed using the dideoxy chain-termination method
of Sanger (Russel P., 2002 iGenetics, 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 is shown in
Figure 1 (SEQ. ID NO: 1). 25      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 f3-ga1actosidase was identified.
The translation is shown in 
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Figure 3 is a graph showing the time course reaction during galactooligosaccharide

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

6.0 as substrate; and

Figure 4 shows a Kgh performance anion exchange chromatogram of the

galactooligosaccharide mixture synthesized by the P-galactosídase from B.bffidun NCINIB

4ll71wing 4\o/o (dw) lactose in 0.1M phosphate buffer at pH 6.0 as substrate' (Gìc=

glucose, Gal = galactose, Lac- lactose, o (1-Q galactobiose, DP : degree of

polymerisation).

Genomic DNA was isolated ftom the Bifidobacterium bifidum sÞ:an Q'lCIltß

41171) using the metlrod of Lawson et al. (1989) Fems Mictobiol Letters, 65. (l-2),41'45.

The DNA was digested with restriction enzymes and ûagments having a maxirnum size of

15 kbp were ligated with psP72 vecto¡ which had been digested with the same restriction

enz]mres. .E coli cells were hansfolmed v/ith a vector containing insertions consisting of

PstI, Eco RI, Bam HI, Kpnl, SmaI or HindIII digested chromosomal DNA ftom the B.

bifdum. Clones wíth B-galactosidase activity were selected on Lu¡ia Bertani agar plates

containing p-nitrophenyl, X-B-Gal (5-bromo-4-chloro-3-indolyl-B-D-galactoside) and

isopropyl-B-D-thiogalactoside (IPTG). Ligation mixtures with Barn HI chromosomal DNA

gave dse to seven p-galactosidase positive clones, one of which is identified as pB1.

DNA sequencing of the inserted DNA ûagment Bl was perfomred using the

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

Educatioq Inc., San Francisco, 187-189) using the BigDye Tetminator V.3.O cycle

sequencing kit (Applied Biosystems, USA). The DNA sequence of B1 is shorvn in Figure

1 (SEQ. ID No: 1).

The open reading ffame (ORF) was located by using TJre ORF fìnder from NCBI

(National center of Biotechnology Infomation). The nucleotide sequence of Figure 1 was

translated in alt six possible reading frames and one open reading frame of 1052 amino

acids encoding a putative p-galaotosidase was identified. The traislation is shown in

Fieure 2 (SEQ. ID NO: 2).

30 Figure 2 (SEQ. ID NO: 2).  6       The present invention will be further
described by way of reference to the following example. Example 1 5
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). 10 Bacterial Strains  The Bifidobacteriun2
bifidum strain (NCIIVB3 41171) was maintained on cryogenic beads in
Microbank tubes at -70C. For later experiments, the strain was revived on
Wilkinson Chalgren (WC) agar (Oxoid, UK) and TPY medium (trypticase
phytone yeast 15 extract medium) and grown anaerobically (CO2 and N2
composition 80% and 20% respectively) at 37C for 48 hours. The colony
morphology and the absence of contamination were tested by grain
staining. E coil strains 20 Escherichia coli strain DH5a used in this study
was commonly incubated under aerobic conditions at 37C 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 (100g/ml
ampicillin and/or 15pg/m1 chloramphenicol) and 40p.I of 2% X-13-Gal,
7p1 of 20% (isopropyl-13-D- 25 thiogalactoside) IPTG which were applied
on the surface of a pre-made 90mm agar plate.          coil DH5a strain
(Invitrogen, Paisley, UK) (genotype: F" T80lacZAM A(1acZYAargF)U169
recAl endAl hsdR17(rk-, mOphoA supE44 thi-1 gyrA96 relADC) is an
agalactosidase positive strain and was used in expression experiments
and for other genetic 30 manipulations.  
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The present invention will be fi-rther desc¡ibed by way ofreference to the following

example.

Examole 1

Materials and Methods

All chemicals and media preparatioß used throughout this study were obtained

from Sigma @orset, UK), Invitrogen (Paisley' UK), Oxoid @asingstoke, UK), Qiagen

(West Sussex, [IK) and Promega (Southampton, UK).

Bacterial Strains

The BiJidobacteriunt biJìdum sîatt S{CIMB 41 171) was mai¡tained on cryogenic

beads in Microba¡l< tubes at -70'C. FoÌ later experiments, the stain was revived on

Wilkinson Chatgren (WC) agar (Oxoid UK) and TPY medium (trypticase phlone yeast

extract medium) and grown anaerobically (CO2 and N2 composition 80% atd2ÙVo

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 oommonly incubated under aerobic

conditions at 37oC in Lu¡ia 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 (100¡rg/m1 ampicülin

and/or 15pg/m1 chloramphenicol) alLd 40¡tl of 2% X-p-Gal, 7 ¡tL of 20% (isopropyl-B-D-

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

E. coli DlHrSa strain (Invitrogen, Paistey, UK) (genotype: F- 980/acZÀM À(lacZY A"

argF)Ul69 recAl endAl hsdRl7(r¡ , m[) pho\ supÛ44 tlti-l gyrA96 relAlX ) is an o-

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

manipulations.

15

20

7 Genorhic DNA Extraction from Bilidobacterium bifidunt        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 5 TES buffer (10 mM Tris-HC1, 10mM EDTA,
10 mM NaC1, p118) and treated with 200 pl of lysozyme/mutanolysin
mixture (4:1, lysozyme 10 mg/ml mutanolysin 1 ing/m1) for 30 minutes at
37C. The cells were then treated with 200 Al of proteinase K (at 20 mg/nil)
and 200 pl of RNase (both 10 mg/m1) mixed and incubated for one hour
at 65C. Finally the cells were treated with 2 ml of 10% SDS and incubated
for 15 minutes at 65C. 12 ml of 10 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-HC1- 1 ttiM EDTA (1)118). 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 15 DNA was performed using EcoRI,
PstI, Barn HI, Smal and Kpnl. Ligation mixtures were used to transform E.
colt DH5a and P-galactosidase positive clones were identified as blue
colonies on X-Gal-containing plates. 20 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). 25This vector was chosen because of the lack of
complementing activity of the a- fragment of P-galactosidase which is not
encoded in pSP72. This vector does not carry the short segment of E. colt
DNA containing the regulatory sequence and the coding information for
the first 146 amino acids of P-galactosidase which in combination with E.
coil strains (ie D115a) which express the carboxy-terminal portion of this
P-galactosidase is 30 giving an active f3-galactosidase
(a-complementation).  8 The vector was digested with the following
restriction enzymes: Pstl,        Smcd, 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 ttgr of
plasmid DNA or ten enzyme units per 0.5 pmol of plasmid DNA). After
enzyme 5 heat inactivation (20 min at 65C) 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 10 molecules into competent E. coli
DH5a cells. The number of formed colonies on LB agar plates
supplemented with ampicillin (100gr/ml) was an indicator of the
undigested molecules and the expected background during the
subsequent experiments. The vectors were thrther dephosphorylated with
calf intestinal alkaline phosphatase 
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G enomic DN A Exft acion ft om B ilì d o b a c t e r i u m b ifr dunt

Genomic DNA was isolated fiom the Bif dobactet'iurn bifidum strain (NCIMB

41171) using the following method in which chromosomal DNA was prepared from cell

pellet hawested ftom 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) ard treated wit1t200 ¡tl

of lysoz¡rme/mutanolysin mixture (4:1, lysozyme 10 mg/m1 mutanolysin 1 mg/ml) for 30

minutes at 37oc. The cells were then tfeated with 200 pl of proteinase K (at 20 mg/ml) and

200 pl of RNase (borh 10 mg/ml) mixed and incubated for one hour at 65'c. Finally the

cells were treated with2 mI or 10%o SDS and incubaied for 15 minutes at 650c. 12 ml of

phenoychloroform were added and the extraction was repeated until the water phase could

easily be separated ftom tlre interphase' The genomic DNA was precipitated with

isopropanol and resuspended in 10 mM Tris-HCl - I mM EDTA þH8)' The genomic

DNA was then digested with restriction enzymes, ligated into psP72 digested with the

salne enzymes and üeated with aikaline phasphatase. Digestion ofB. bifidunt genomic

DNA was perform ed usrng EcoRI, PstI, BamHI, SmaI and KpnI. Ligation mixtures were

used to tansform E. coti DH5a and B-galactosidase positive clones were identified as blue

coionies on X-Gal-containing plates.

Vector DNA Preparation

The vector used for cioning and expression tbroughout this study was the pSP72

(Promega, UK) (Krieg, P'4. and Melton, D.A. (i987). In vitro RNA sy¡rthesis with SP6

RNA polymerase . Methods ín Enz¡+nolog. 155: 397-415).

This vector was chosen because ofthe lack of complementing activity ofthe o-

fragment of B-galactosidase which is not enooded in psP72. This vector does not carry the

short segment ofE. cofi DNA containing the regulatory sequence and the coding

information for the first 146 amino acids of B-galactosidase which in combination with E

coll st¡ains (ie DH5a) which express the cafboxy-terminal portion ofthis p-galactosidase is

giving an active p-galactosidase (a-complementation).

15 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 DH5a 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 20 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. Econ,
Batnifi, 25 PstI, KpnI,Stnal and Hindi-II are type II restriction
endonucleases specifically recognizing the sequences 5'G/AATTC'3,
5'G/GATCC'3, 5'CTOCA/G'3 , 5'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, BalnHI and Hind III respectively, and 3'overhangs,
ACGT,GTAC for PstI and Kpnl 30 respectively and blunt ends for SmaL  9
All these enzymes were active and able to cleave DNA only in the
presence of divalent magnesium ions. These ions were the only required
cofactor. Restriction Digestion of DNA.  5All restriction digestions of the
genomic DNA samples were incubated for 2 hours at 37C and finally heat
inactivated at 65C 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 10 DNA was estimated with
that of lkbp 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 15 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 20 transferred to sterile 0.5 ml
microfuge tubes as shown in Table 1. 
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The vector was digested with the following restriction enzpes: PstI, BantHI,

HindIII, Sntal, KpnI ønd EcoPJ accordíng to tÏe manufacturer' s instructions using a tenfold

excess of enz1n¡e over DNA (enzyme units :pgr DNA equal to ten units of enzyme per one

pgr 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

electrophoresís analysis. The presence ofa single fragment in the gel indicated the

complete vector digestion and the single restriction digestion of it.

The sufficient digestion of t¡e vector \lras tested also by transforming unligated

molecules into competent E coli DH5a 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 ñrther dephosphoryIated with calf inlestinal alkaline phosphatase

CIAP (Promega, Southampton, UK) according to the manufacturer's instructions. The

efficíency of the treatment was tested by self ligation (with Bacteriophage T4 DNA ligase

according to manufacturer ißtructions) following hansformation into DH5a cells. The

number of formed colonies showed flre number ofrecirculised molecules (non cloned

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

heatment shown the mrmber ofnon dephosphorylated vectors.

Genomíc DNA Librarv Construction

Genomic DNA was partialiy digested wíth six ¡estiction enzymes that recognise

frequently occuning hexa-nucleotide sequences within prokaryotio DN A. EcoN, BamHI,

PstI, KpnI, SnaI and HindIII are lype II restriction endonuoleases specifically recognizing

the sequenoes 5' G/AATTC' 3, 5'G/GATCC' 3, 5' CTGCA/G' 3, 5' GGTAC/C3',

5'CCCiGGG3' and 5'AIAGCTT3' respectively, and make double-strand breaks within

these sequences generating S'overhangs of four nucleotides, AATT, GATC, ÀGCT fo¡

EcoRI, BamHI ard Hind III rcspectively, and 3'overhangs, ACGT,GTAC for Psrl and I(pnI

respectively and blunt ends for SmaI.

15

25

30

T.. AVector (15 fmoles [-29,7 ng]) ;I.:Vector:0 ftnoles,;-;29.7ng DNA).plus
insert:, . ,(foreign 15 :ftricEileStHA3ng pUC control (0.056 fmoles [-100
pg]) rtiii)iiedaFilail6 of Ple'irrififDNKvectorto insert r#96-frgiiiient-Zhould be
1 un ?I the !Idgleh reaction The final 'PM cencentrPtithiptiould
tie,-:iong/P1,I 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 25 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.  10       Before each ligation
the DNA fragments were warmed at 45C 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. 5
To tubes A and B 1.0 pi 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 pi with molecular biology grade water. To tubes C 1.0 pl of
10x ligation buffer were added and the ligation volume was adjusted to 10
pl with molecular biology grade water. 10       DNA fragments were added
to the tubes together with the water and then warmed to 45C for 5
minutes to melt any cohesive termini that were reannealed during
preparation. The DNA was chilled to 0C before the remainder of the
ligation reagents were added and the reaction mixtures were incubated
overnight at 16C (Sambrook and Russell, 2001). 15       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 5111 solution was added to 1000 of competent E.Coli
DH5a cells. After heat treatment 20 and expression of the ampicillin
resistance gene the cells were spreaded over the surface of LB plates
containing ampicillin (100ogr/m1), X-13-Gal (40p1 of 2% X-13-Gal) and
IPTG (7p1 of 20%IPTG). 
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All these enzymes were active and able to cleave DNA only in the presence of

divalent magnesium ions. These iorx were the only required cofactor.

Restriction Disestion of DNA.

5 All restriction digestions ofthe genomic DNA samples we¡e incubated for 2 hours

at 37oC and finally heat inaclivated at 65oC for 20 minutes. The reactions we¡e then cooled

at room temperâtüe and the appropriate amount ofioading buffer was added, followed by

gentle mixing with a sealed glass capillary. The solutions then were loaded into wells of a

0.8%o agarcse gel (power supply 4-5volts/cm for t4-16 hours) a¡d the size ofthe digested

10 DNA was estimated with that of lkbp DNA standards @romega, UK) (Sambrook J.

Molecular Cloning: A Laboratory Manual Q002)).

Purifioation of the fragments generated after restriction disestion.

Fragment purification from the ¡eaction mixtures a-nd the agarose gels was doue by

15 using the QIAEX gel extraction kit from Qiagen (West Sussex, UK). Protocols are

described wifh details in the manufacturer's manual.

DNA Lisation and Transformation

After pudfication of the DNA ftagments with the Qiaex gel extraction kit, they were

ligated with ClAP-treated pSP72 vector. For ligation, appropriate amoùnts ofDNA were

20 transfened to sterile 0.5 ¡nl microfuge tubes as shown in Table l.

i{h-B'ä;.;r,i"ll:p.N4J;il,ì:ii:.+i.r¡,:-Ìli,-:ìlilJltä l:ri.:i:ì,::;ì
A Vector (15 ûnoles [- 29.7 ng])

' 9, "," 
li\7eötor(ll ffi-otes -z?;zngoNe)þ-iúsihs¿¡';- :

:i " 
. .'i:(fpieigp.ÞÊ¡g!Þs,-,,69-.9cs) -:, ',, , ;, . 

i

C pUC control (0.056 fmoles [-100 pg])
; 1l;è ifiötar:¡aiìò of irlàóm¡¡i oNdveötór.Èo insert óñA fräsinènt ;houto 6e - t: r ¡ñ )

i the lidatlo-r feattioh. -The flna-l:ÞNA concentrab'd['ihorrld be -lons/pl. i

Table 1: Ligation mixtures. Tube A shows the numbel of selfJigated vector DNA which
must be subtracted from the total nwnber offansformants afte¡ transformation. Tube B

25 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.

The number of transformants from each ligation reaction was measured.
The 25 number of transformants commonly obtained from tube C was
2x105-1x106cfu/gg whereas from tube A was 500-600 to/11g. The
number of transformants in tube A was an indication of the efficient
treatment of the vector DNA. The number of transformants in tube B was
in a range from 2-4x104cfu/pg.  11 Number of Transformants        Ligation
mixtures with PstI chromosomal DNA gave rise to 13 f3-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. 5 transformants), Kpnl gave rise to 7
positive clones (-2000 scr. transformants), SmaI gave rise to 3 positive
clones (-1600 scr. transformants) and HindlII gave rise to 2 positive clones
(-1200 scr. transformants). Positive Clone Digestion  10In order to identify
the different P-galactosidase genes, the plasmids isolated from the
positive clones were digested according to the following table.  Samples
Enzymes 1"` Digestion pB1, pB2, pB3, pB4, pB5, pB6, pB7 BamHI 2"d
Digestion pPl, pP2, pP3, pP4, pP5, pP6, pP7, pP8, pP9, pP10, pPll PstI 
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Before each ligation the DNA fragments were warme d' at 45oC for 5 minutes to

melt any cohesive termini that reannealed during ftagment 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¡rlof 10x ligation buffer and 0.5 Weiss r¡nits 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 pI of 10x ligation buffer were added and the

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

DNA ftagments were added to the tubes together witÏ the water and then warmed to

45oC for 5 minutes to melt any cohesive termini that were reannealed during preparation.

The DNA was chilled to OoC before the remainder ofthe ligation reagents were added and

the reaction mixtu¡es we¡e incubated ovemight at 160C (Sambrook and Russell, 2001)'

After ethanol precipitation and purifrcation of the ligated fragments (in order to

remove the ligation mixtu¡e which cause ¡eduction ofthe tra¡sformation efficiency)

transformations were performed according to Hanahan instructions. -50ng ofligated DNA

in 5¡-rl solution was added to l00pl of competent E.Coli DH5a cells. After heat treatment

ald expression of the ampicillin resistance gene the cells were spreaded over the surface of

LB plates containing ampicillin ( 1OO¡rgr/ml), X-p-Gal (40¡tl of 2% X-p-Gal) and IPTG (7pl

oT2Ù%IPTG).

The number of trarsformants ftom each ligation ¡eaction was measured. The

number oft¡ansformants commonly obtainetl from tube C was 2x105-1x106cfi-r/pg whereas

from tube A was 500-600 cfit/pg. The number oftransformants in tube A was an indication

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

a range ftom 2-4xl0a cfu/ ¡t g.

15

z0

25

--ta 3Digestion pP12, pP13, pP14 PstI 4 Digestion pEl, pE2, pE3 EcoRI
5th Digestion pPl, pP12, pB1, pP2, pEl, pE2, pE3 PstI and EcoRI 6th
Digestion pS1, pS2, p53 SmaI -7111 Digestion pPl, pP12, pB1, pP2, pS1,
p52, p53 PstI and SmaI "Th 8Digestion p1C1, pK2, p1(3, pK4, p1(5, pK6,
p1(7 
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Number of Transformants

Ligation mixtures with Ps chromosomal DNA gave rise to 13 B-galactosidase

positive clones out of 4500 screened transformants whereas wírJl, BamHI gave nse to 7

positive clones (-1500 scr. transformants), EcoRI gave rise to 3 positive clones (-i300 scr.

frarsformants), KpnI gave rise to 7 positive clones (-2000 scr. transformants), ,Snral gave

rise to 3 positive clones (-i600 scr. transformants) and HindIII gave úse to 2 positive

clones (-1200 scr. transfotrnants).

Positive Clone Dieestion

In order to identíry the diffelent p-galactosidase genes, the plasmids isolated fiom

the positive clones were digested according to the following table.

Samoles Enz-Ì'¡nes

l" Disestion nB1. oB2. oB3. pB4. pB5. pB6. pB7 BamHI
2"" Digestion pPl, pP2, pP3, pP4, pP5, pP6, pP7,

nP8. nP9- oP10. nPl1
PstI

?'u T)ioesfion oP12. pPl3. pP14 Pstl
4rn l-liocsiinn oEl. oE2. oE3 EcoRI
5'n Digestion pPl, pP12, pB1, pP2,pE7,pEZ,

o83.......-.
P¡¡I and .ÐcoRI

6"' Dieestion pS l. pS2, pS3 SmaI
7"' Disestion pPl. pP12. pBl, pP2. pSl, pS2, pS3 PstI znd Smal
8'n Disestion pKl. pK2. pK3. pK4, pK5, pK6. pK7 KpnI
9* Digestion pP1, pP12, pB1, pP2,pK7,pK2,pK3,

nl{4 nK5 nK6 nK'l
Pstl and Kpnl

The first letter þ) 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

¡esoective clone from the eenomic DNA.

Gel electrophoresis analysis ofthe generated fragments after digestion was shown

that plasmids pB1, pPl, pP2 and pPl 1 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 seqirencing kit (Applied Biosystems,

l5

KpnI 9ill Digestion pPl, pP12, pB1, pP2, p1(1, pK2, p1(3, pK4, p1(5, p1(6,
p1(7 PstI and KpnI 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 15 that plasmids pB1, pPl, pP2 and
pPll each have an insert which encodes a different /3-galactosidase . The
clones containing pB1 was used for further analysis. DNA Sequencing
DNA sequencing was performed with the dideoxy chain-termination
method of 20 Sanger by using the BigDye Terminator v.3.0 cycle
sequencing kit (Applied Biosystems,  12 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 5 specific primers. The inserts
were further sequenced by using the Genome Priming System (UPS-1)
(New England Biolabs, UK). UPS-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. The number of isolated
plasmids for sequencing after insertion of the Transprimer into the 10
target plasmid was 25. This number was calculated according to the
manufacturer instructions and it assumes a 5-fold depth of coverage.
For plastnid pB1 insertion of a :41699bp's transposon-insert at position
973bp downstream of the multiple- cloning site of the vector used
completely eliminated the id- 15galactosidase 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 f3-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 20 3565bp downstream of the
MCS indicating that the stop codon is downstream of this 
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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 ofthe inserted DNA fragments were sequenced with vector

specific primers. The inserts were furthe¡ sequenced by using the Genome Priming System

(GPS-l) (New England Biolabs, UK). GPS-I is a TN7 traosposon-based in r¡itro system

which uses TnsABC Transposase to insert Transposon randomly into the DNA target. The

donor: target DNÀ mass ratio of 1:4 was used accordíng to the manufactu¡er instructions.

The number ofisolated plasmids for sequencing after insertion ofthe Transprimer into the

target plasmid was 25. This number was calculated according to fåe manufacture¡

instructions and it assu¡nes a S-fold depth of coverage.

For plasrnid pB 1 insertion of a =1699bp's hansposon-insert at position 973bp

downstream of the multiple- cloning site of tåe vector used completely eliminated the B-

galactosidase activify indicating that tle start codon was positioned between the vector

MCS (multiple cloning site) and the transposon site, whereas insertion ofthe insert at

position 841bp dou.nstream ofthe MCS led to the formation ofan active p-galactosidase

indicating that the start codon exists between 841bp and 973bp downstream ofthe MCS.

The enzj¡rne activity was eliminafed completely with insertion ofthe insert at a position

3565bp dowrstream of the MCS indicating that the stop codon is downstream ofthis

position. Moreover insertions at positions 1239bp,1549bp, 1683bp, 1832bp, 2108bp,

2l89bp, 227 lbp, 2340bp, 24l4bp, 257 4bp, 2648bp, 2734bp, 2807bp and 341Obp

completely eliminate the enzymatic activity.

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

3.2pmol of primer solution ard 4pl of BigDye Tenninator solution.

Open Reading Frame ldentiflcation

The open reading frame (ORF) ofB 1 was located by using the ORF finder ftom

NCBI. The bacterial genetic code was used ard tlie ûame length was determined to be

100bp. The nucleotide sequence was tanslated in all six possible frarnes and an open

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.
25The sequencing reaction mix contained approximately 400-600ng
plasmid DNA, 3.2pmol of primer solution and 4111 of BigDye Terminator
solution. Open Reading Frame Identification          The open reading
frame (ORF) of B1 was located by using the ORF finder from 30 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  13 reading frame of 1052 amino acids
encoding a putative p-galactosidase was identified (The translation is
shown in Figure 2). Example 2 5  Synthesis with the 0-galactosidase
cloned enzyme isolated from Bifidobacterium bifidum  NCIMB 41171 in E.
coil host (strainDH5a)        The following described synthesis, unless
otherwise stated, was performed with the whole E. colt 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 with13-galactosidase was performed at a substrate
concentration of 40% (w/w) initial 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 40C in shaking waterbath at 150 rpm. The pH optimum 20
for the specific enzyme was chosen based on activity measurements
(using o-nitropheny1-13- D-galactopyranoside as substrate) of a specific
enzymatic preparation at varying pH values. For galactooligosaccharide
synthesis 5 ml of an E. coil D115a 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) 
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reading frame of 1052 amino acids encoding a putative B-galactosidase was identified (The

translation is shown in Figure 2).

Exzmole2

Svnfhesis withthe B-ealactosidase cloned enzyme isolated ftom Bifrdobacteriunz bi.fidum

NCIMB 41171 inE col, host (strainDH5a)

The following described synthesis, unless othe¡wise stated, was perfo¡med with the

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

cenhifugation at 10,000 g) with toluene at a concentration of2000 ppm in order to increase

cell permeability and also to rende¡ the cells non-viable by destroying their cytoplasmic

membrane. The E-coli biomass was prepared as described in Example 1 under .,E coli

strains".

Synthesis with cloned enzvrne

S¡mthesis with B-galactosidase was performed at a substrate concentration of 40oZ

(w/w) initial lactose concentration. The synthesis solution was prepa¡ed 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 wate¡bath at 150 rpm. The pH optimum

for the specific enzJmre was chosen based on activity measurements (using o-nihophenyl-B-

D-galactopyranoside as substrate) ofa specific enz;'rnatic pteparation at varying pH values.

For galactooligosaccharide synthesis 5 ml of an.E coii DH5a cell suspension (with

an activity of 2.2 U/ml) were centrifuged (at 10,000 g) to collect the biomass and the

supematant wâs discarded. This biomass was re-suspended with 10 g of 40% (w/.¡/)

substrate solution in o¡der to perform the synthesis.

The concent¡ations ofthe different sugars p¡esent in the mixture during sl,nthesis

are shown in Figure3. High performance anion excha¡ge chtomatography coupled with

pulsed amFerometric detection QIPAEC-PAD) chromatograms of galactooligosaccharide

mixtures synthesized by the B-galactosidase cloned from .8. bifiduntNCIlvß 4ll7l are

15

25

JU

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 /3-galactosidase
cloned from B. bifidum NCIMB 41171 are  14 shown in Figure4. The
galactooligosaccharide mixture sugar concentrations at the optimum
synthesis time point are shown in table 1. 5 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 Init. Subst. GOS DP?3 GOS
DP=2 Lac Glc Gal % (w/w) Concentration (% of total sugars) 
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shown in Figure4. The galactooligosaccha¡ide mixture sugar concentrations at the

optimum synthesis time point are shown in tabie l.

5 Table 1. Carbohydrate composition of galactooligosaccharide synthesis at40 % (w/w)

initial lactose concentration at the time point where maximum oligosaccharide

concentration was observed.

Synthesis
I¡it. Subst.

GOS
Dp>'t

GOS
DP:2 Lac Glc Gal

%oM/w) Concentration (o/" of fo12 suqars)

40 20.45 27.64 12.73 25.90 13.28

Lac: Lactose, Glc: glucose, GaI: galactose, DP: degree ofpolymerisation

4020.4527.6412.7325.9013.28  Lac: Lactose, Glc: glucose, Gal:
galactose, DP. degree of polymerisation  Claims  1. A DNA sequence
which encodes a protein with an amino acid sequence as given in SEQ.
ID. NO: 2.  2. The DNA sequence according to Claim 1, wherein the
sequence is given in SEQ. ID NO: 1.  3. An enzyme encoded by a DNA
sequence of Claim 1 or Claim 2.  4. An enzyme comprising an amino acid
sequence according to SEQ. ID NO: 2.  5. A 13-galactosidase having the
sequence as defined in SEQ. ID NO: 2.  6. A recombinant vector
comprising a DNA sequence of Claim 1 or Claim 2  7. The vector
according to Claim 6, wherein said vector is an expression vector.  8. A
host cell comprising a DNA sequence of Claim 1 or Claim 2.  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.  11. The host cell according to Claim 10, wherein said cell is
selected from the group consisting of Bifidobacterium, Lactococcus,
Lactobacillus, Escherichia, Bacillus and Aspergillus.  16  12. 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. 



Claims

1. A DNA sequence which encodes a protein with an amino acid sequence as given in SEQ.

ID. NO:2.

2. The DNA sequence according to Claim 1, wherein the sequence is given in SEQ. ID NO: 1 '

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

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

5. A p-galactosidase having the sequence as defrned in SEQ. ID NO: 2.

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

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

8. A host cell comprising a DNA sequence of Claim I or Claim 2.

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.

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

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

Aspergillus.

13. Use of an enzyme of any one of Claims 3 to 5, or a cell of any one of
Claims 8 to 12, for producing a mixture of oligosaccharides.  14. Use
according to Claim 13, wherein the mixture comprises disaccharides Gal
(Li 1-3) GIc, Gal (131-3) Gal, Gal (131-6) Gal and Gal (a 1-6) Gal.  15.
Use according to Claim 13 or Claim 14, wherein the mixture comprises
trisaccharides Gal (131-6) Gal (131-4) GIc, Gal (131-3) Gal (131-4) GIc,
tetrasaccharide Gal (13 1-6) Gal (13 1-6) Gal (131-4) GIc, and
pentasaccharide Gal (131-6) Gal ([31-6) Gal ([31-6) Gal ([31-4) GIc.  16.
Use of an enzyme of any one of Claims 3 to 5, or a 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, such as
liquid milk, dried milk powder, baby milks, baby formula, ice cream,
yoghurt, cheese, fermented dairy products, beverages such as fruit juice,
infant foods, cereals, bread, biscuits, confectionary, cakes, food
supplements, dietary supplements, probiotic comestible products,
prebiotic comestible products, animal feeds, poultry feeds and
medicaments.  17. Use according to Claim 16, wherein the mixture
comprises disaccharides Gal (0 1-3) GIc, Gal ([31-3) GaI3 Gal (131-6) Gal
and Gal (a 1-6) Gal, trisaccharides Gal ([31-6) Gal (131-4) GIc, Gal ([31-3)
Gal (131-4) GIc, tetrasaccharide Gal ([31-6) Gal (131-6) Gal ([31-4) GIc,
and pentasacchride Gal ([31-6) Gal (131-6) Gal (131-6) Gal (131-4) GIc.
17  18. Use of a host cell of any one of Claims 8 to 12, for producing a
product selected from the group consisting of dairy products, such as
liquid milk, dried milk powder, baby milks, baby formula, ice cream,
yoghurt, cheese, fermented dairy products, beverages such as fruit juice,
infant foods, cereals, bread, biscuits, confectionary, cakes, food
supplements, dietary supplement, probiotic comestible product, prebiotic
comestible product, animal feeds, poultry feeds and medicaments.  19. A
process for producing an enzyme of any one of Claim 3 to 5 comprising
culturing a host cell of any one of Claims 10 to 14 in a suitable culture
medium under conditions permitting expression of said enzyme and
recovering the resulting enzyme from the culture.  20. A process for
producing a mixture of oligosaccharides comprising disaccharides Gal (p
1- 3) GIc, Gal (f3 1-3) Gal, Gal (131-6) Gal and Gal (a 1-6) Gal,
trisaccharides Gal (131-6) Gal (I3 1-4) GIc, Gal (p 1-3) Gal (13 1-4) GIc,
tetrasaccharide Gal (131-6) Gal (131-6) Gal (131-4) GIc, and
pentasacchride Gal (131-6) Gal (131-6) Gal (131-6) Gal (131-4) G1c, said
process comprising contacting an enzyme of any one of Claims 3 to 5 or a
host cell of any one of Claims 8 to 12 with a lactose-containing material.
Sequence Listing_ST25 SEQUENCE LISTING <110> LINDSAY, Clare L
<120> Product and Process <130> 13906W0:GH <150> GB 0601901.2
<151> 2006-01-31 <160> 2 <170> PatentIn version 3.4 



1,6

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

consisting of Bifidobacterium bifrdum, Bacillus subtilis, Bacillus cìrculans and Aspergillus

niger.

13. Use of an enzyme of any one of Claims 3 to 5, o¡ a cell of any one of Claims 8 to 12, for

producing a mixhre of oligosaccharides.

14. Use acco¡ding to Claim 13, wherein the mixture comprises disaccharides Gal (B 1-3) GIc,

cal (B 1-3) GaL Gal (p 1-6) Gal and Gal (a 1-6) Gal.

15. Use according to Claim 13 or Claim 14, wherein the mixture comprises

trisaccharides Gal (p 1-6) Gal (p 1-a) GIc, Gal (F l-3) Gal (B l-4) GIc, tetrasaccharide Gal (0

1-6) Gal (Ê l-6) Gal (p 1-a) GIc, and pentasaccharide Gal (p 1-6) Gal (p 1-6) Gal (B 1-6) Gal

(B 1-a) GIc.

16. Use of an enzyme of any one of Claims 3 to 5, or a cell of any one of Claims 8 to 12' for

producing a mixture of oligosaccharides to be part ofa product selected from the group

consisting of dairy products, such as liquid milk, dried milk powder, baby mìlks, baby

formula, ice cream, yoghurt, cheese, fermented dairy products, beverages such as fruit juice,

infant foods, cereals, bread, biscuits, confectionary, cakes, food supplements, dietary

supplements, probiotic comestible products, prebiotic comestible products, animal feeds'

poultry feeds and medicaments.

17. Use according to Claim 16, wherein the mixture comprises disaccharides Gal (p 1-3) GIc,

Gal (B 1-3) GaI3 Gal (F l-6) Gal and Gal (o 1-6) Gal, trìsaccharides Gal (p t-6) Gal (p 1-+)

GIc, Gal (B l-3) Gal (p 1-a) GIc, tetrasaccharide Gal (p 1-6) Gal (B 1-6) Gal (B 1-a) GIc, and

pentasacchride Gat (P 1-6) Gal (P 1-6) Gal (P 1-6) Gal (B 1-4) GIc.

<210> 1 <211> 7281 <212> DNA <213> Bifidobacterium bifidum  <220>
<221> gen <222> (1) <400> 1 ggatccggtg cgcggggatc gaacacgatg
gccggtgaac gcggaaccgg aaagatctcc ggcaagcgtc gctcattgtg acccgtgttc
gctcatggtg atcccgcaaa caaatcatgc cttgatgtgc gaaatgctgg cccgattcaa
gcgaggacat cgtccatacc acgcccattc tcaggcagag tccccgatgg cgcccggatt
-(7281) aacgcgccga atgccccagt acgaacagga accatqatca ccccagcggg
gcgatgcgga ttgtccacgt ttgtagaacg cgcgtgggct tggtggcctc gcgtgagtat
caacgttctg ttgaatctta aaagaatttg cgaggttccc catgaacaca gacgacggca
cgatcatgcg ccttgacggc gacgagcgac cgacgattcg  gcgcggtgta aggagatgtc
ccatgaacac gcaggatgcc tgttcgtgtt tgaccaccac cgatgaacag cggcctggcc
gcggccttcc cttgcgacct agaactttct caaccggcac agaaatccac cgcaatcaag
tcactgcggc accgacgatc tggctcgccg tgctggtctc gaatggcggg gggccggact
tcgttctcac  cgtgctgcgc gcgcagcgag gccggtgttc aggcacgatg gtccacgagg
gagtccggtg cgcggtggtc caggttaccg ggtcgtttcc gtaaagaatc tgaaaaagta
tccgtgtgga gtattctgca taacaatatt ggcaacgacg agcggaagaa acccgcgcgt
gctccccagt tccgcgtcga ggatcagcga gcgtgcaggt Page 1  
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18. Use of a host cell of any one of Claims 8 to 12, for producing a product selected from the

group consisting of dairy products, such as liquid milk, dried milk powder, baby milks, baby

formula, ice cream, yoghurt, cheese, fermented dairy products, beverages such as fruit juice,

infant foods, cereals, bread, biscuits, confectionary cakes, food supplements, dietary

supplement, probiotic comestible product, prebiotic comestible product, animal feeds, poultry

feeds and medicaments.

19. A process for producing an erzyme of any one of Claim 3 to 5 comprising culturing a

host cell ofany one of Claims l0 to 14 in a suitable culture medium under conditions

permitting expression ofsaid enzyme and recovering the resulting enz).rne from the culture.

20. A process for producing a mixture of oligosaccharides comprising disaccharides Gal (p 1-

3) GIc, Gal (p 1-3) Gal, Gal (p 1-6) Gal and Gal (o 1-6) Gal, trisaccharides Gal (Þ 1-6) Gal (P

1-4) GIc, Gal (p l-3) Gal (p 1-a) GIc, tetrasaccharide Gal (p 1-6) Gal (F 1-6) Gal (p 1-a) GIc'

and pentasacchride GaI (p 1-6) Gal (p 1-6) Gal (B 1-6) Gal (B 1-a) GIc, said process

comprising contacting an enzyme ofany one of Claims 3 to 5 or a host cell ofany one of

Claims 8 to 12 with a lactose-containing material.

tcgtgcgagt cggaggagat tagatcacgt cgagcaggat acatccacga ggccgaacag
ccgccaatga actgccacgg ttgccgagca gcgggtcgag atcaccgcga tgaggcgttt
acgaacgtga tgaagaacgt aatgcgtatg cgatcttctg gtgtgttgtg tggtggatcc
cgtgcgcgtg aaccgctccg gaaaactata ccgcgtgtcg tgagtaaggt ttgaagcctg
tgttgcaggc cttgtgccgc tatccttgtt gtacaaggaa cgacgcaatc cgatgcgaaa
cggcgatccg atcgtctccc gtacgcggtt caccggctcg cgacggcgag agcacgaatc
gacggcgccg acgggccgtt cgtgtcgcct ctgttcgccg gccctcgcat ctggagactg
Sequence Listing_sT25 cggggctgct tgccccgcag tacgtgaacg tgcagtaccc
atgggacgga catgaggacc  cgaaggcccc ggccatcccc gagcatggcc atgtggcggt
ctaccggcgc gagttcgacg cggatggcga agtcgcccag gccgtgcgcg aagggcgccc
ggtgacgctt accttccagg gcgcggccac agccatctac gtgtggctca acggctcgtt
cgttggctac gccgaggact ccttcacgcc cagcgagttc gacgtgacgg acgcgatcaa
ggtggacggc aacgtgctgg cggtcgtctg ctacgagtat tcgagcgcga gctggttgga
ggatcaggac ttctggcgtc tgcacggcct gttccgctcc gtcgaactca acgcgaggcc
cgccgcccac atcgccgacc tccatgccga cgccgactgg gatctcgcca catcaagggg
ttcgctctcg ctggatgtgc tgatcgacgg tgccgcgaac gccgcgacgg tcgacttcgc
actgtgggac aagaacggca ccatcgtctg gcacaccgcc acgaaagcgg acggaacgct
gcacgccgag gccgagatcg atgacgcggc gccatggagc gccgaacgcc ccgacctgta
cgagctatcc gtcaccctgc tcgacgcgga cggcaaggtc ctggagaccg ctcgcactcg
catcggcttc cggcatgtgg ccatcgagga cggcatcctc aagctcaacg gcaagcgcct
cgtgttccgt ggcgtcaacc gccacgagtt cgactgccgg cgcggccggg ccatcaccga
agaggacatg ctgtgggaca tccgcttcat gaagcgccac aacatcaacg cggtgcgcac
ctcgcactat ccgaaccagt cgcgctggta cgagctgtgc gacgaatacg gcatctacct
gatcgacgag accaatctgg agacccatgg cagctggaac agccccggcg acatccccgt
gggaacctcc gtccccggtg acgacgaggc ctggctgggc gcgtgcatcg accggctgga
cagcatgatc ctgcgcgacc gcaaccatcc cagcgtgctc gtctggtcgc tgggcaacga
atcctacgcg ggcgaagtcc tcaaggccat gagcgcgcac gcgcaccggc ttgatccggg
tcgtcccgtc cactacgaag gtgtcaactg gaaccatgcc tacgacggga tcagcgactt
cgaaagccgt atgtacgcca agccggccga gatccaagac tggctcgaac acggcgacga
acggggcgag gcgagcaagc cgttcgtcag ctgtgagtac atgcatgcca tgggcaactc
gtgcggcggt ctgagcgagt tcatcgacct cgaacggtac gagcgctact ccggcgggtt
catctgggat tacatcgacc aggggctcgt ccagcgtctg cccgacggga gcgaacgcct
cagcgtcggc ggagaatggg gcgaccgtcc aaccgactac gaattcgtgg gcaacggcat
cgtgttcgcc gaccgcacgc ccagccccaa ggcgcaggag gtcaagcagc tgtattcgcc
ggtcaagctc gcccccgacg ggcacggcgt gaccatcgag aaccgcaacc tgttcgccgg
caccgacggc tacgtgttcg ccgcacggct cctcgaagac gggcatgaga tctggcatgc
cgactaccgt ttcgacgtgg ccgcaggaga tacccaacac catgacatcg ccttcccgga
catcgacgcg gacggggata cgcgcgaagt cacctacgag gtcgatctcc tgctcgccga
agccaccgca tgggcgccgg ccggctacga gctcgcgttc ggccaactca ccggcacgct
caaccccgaa caggacatca ccgagaccag ccatgacgac gacggccgcg caactcgcac
gctcagccga tggaacgccg gcatccgccg cgacgacgag gaaattctcc tgtcacgcac
tcagggaggc atcgtctcct Page 2  ggaagcgcga cgaccgggaa tgaccgacaa
cgatcgcggt gccgatacgc catcgtaacc aataccagta cgaacttgcc actccgatat
gcgtatgcaa gtctgcccgc gttcggtatc acggccccgg ccccgaggag gggacgccac
cgcgaaggcg acgaggacgt ccgctggctc aacgcggcga ccgtcacttc ccgcgcgccg
ccacgaggac cccagatggg cgtcggtgga tgcccgccgg caggccgctc gcggcggcat
gcaccaccat cgggcgctgc ggccgcggac tccacggcac cacccgccag gcaacatccg
caccgtgcgc tcgaaggccc gttcctcgcc acccgatgcc cgaactcatg gcaagctcgg
gtgcatccgc cgtctggtgc gccggccgcc cgcccgtctc gagacgacgt  gaagccaccg
acatccaagg acggccagcc tgctgccctg ctgcccaaac cgcgccacaa gacgactcct
ggggagcccc accctcgacg tgaacctcga gccgccgccg gccccgccta ggcaccggcg
aggaggcgtt gtcctctcgc tcatcaccaa gagaagatgg caacccgccc ctcaagtgca
agggcgcgca gaccgcatgc tcgacgcctc cagatcacca tctcgacccc aggtggagta
aactccttcc cttacgcctg aggaacgaag cggcctcacg atggtcagcc acgtgccgga
cgaatacacc ggaacgacag ctcgcgaatg cgccgagaaa cgcgatatga tcgtctgcga
cagatcggga tgcacacgcc atgcgggagc  ttccgcccat ttcgcggccg ctcgtagcgg
taccatgtca gacatggcca ctgcgctact ctcggcatct accggcagcc cgcgtcaccc
acgatcgagg ctgctcgcgg cgtccacacg gcctaccagc actcatctga ccggcaacgg
cgacgcggcg atcgaggcca cgagcgcgcc ggccacgcgg cccgatggac gtgatctgcc
cgacatcctc ggctgccacc cgattcgaac tgcctcaaag gggcgccgac ctcgccgccg
accgactgga ccgcccaaca agcaaaatcg acgccggtgc cttgcgcgcg gcaccagttc
accaactgct ccgcgagacg aatccgtccg tttccaatcc tcctcgggat agtcatgcat
ctgcggcccg ccgcgatcat cacacggagt cgaacaggcg accatatgca gggctcgcag
3360 3420 3480 3540 3600 3660 3720 3780 3840 3900 3960 4020 4080
4140 4200 4260 4320 4380 4440 4500 4560 4620 4680 4740 4800 4860
4920 4980 5040 5100 5160 
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<400> 1
ggáiccggtg.aacgcgccga gcgcggtgta cgtgctgcgc tcatgcgagt cggaggagat 60

cgcagggatc atgccccagt aggagatgtc gcgcagcaag tagatcacgt cgagcaggat L20

gaacacaatg acgaacagga ccatgaacac accagtgttc acatccacga ggccgaacag 180

gccagtgaac accatgatca gcaggatgcc aggcacgatg ccgccaatga actgccacgg 240

gcggaaccgg ccccagcggg tgttcgtgtt gtccacgagg ttgccgagca gcgggtcgag 300

aaagatctcc acaatgcgga tgaccaccac gagtccagtg atcaccgcga tgaggcgttt 360

ggcaagcgtc ttgtccacgt cgatgaacag cgcggtggtc acgaacgtga tgaagaacgt -420

gctcattgtg ttgtagaacg cagcctggcc caggttaccg aatgcatatg caatcttctg 480

acccgtgttc cgcatgggct gcggccttcc agtcatttcc gtgtgttgtg tggtggatcc 540

gctcatggtg tggtggcctc cttgcaacct gtaaagaatc cgtgcgcatg aaccgctccg 600

atcccgcaaa gcgtgagtat agaactttct tgaaaaagta gaaaactata ccgcgtgtcg 660

caaatcatgc caacgttctg caaccggcac tccatgtgga tgagtaaggt ttgaagcctg 720

cttgatgtgc ttgaatctta agaaatccac gtattctgca tgttgcaggc cttgtgccac 780

gaaatgctgg aaagaatttg cgcaatcaag taacaatatt tatccttgtt gtacaaggaa 840

cccaattcaa cgaggttccc tcactgcggc ggcaacgacg caacacaatc cgatgcgaaa 900

gcgaggacat catgaacaca accgacgatc agcagaagaa cggcgatcca atcatctccc 960

cgtccatacc gacgacggca tggctcaccg acccgcgcat gtacgcggtt caccggctca 1020

acgcccattc cgatcatgcg tgctggtctc gctccccagt caacagcgag agcacaaatc L080

tcaggcagag ccttgacggc gaatggcggg tccgcgtcga gacggcgccg acgggccgtt 1140

tccccgatgg gacaagcgac gggccggact ggatcagcga cgtgtcgcct ctgttcgccg L200

cgcccagatt cgacgattcg tcattctcac gcgtgcaggt gccctcacat ctggagactg L260

Page 1

5220 5280 5340  Sequence Listing_sT25 cgcaagaacc ttccgcagat
cggcgaagta cgcgtcctgc aattcctccc cggacggagg cgcatccaac accgcgatcg
cgggacggaa cacgttgcga taccccatct cctcgcacac gcgcaacaca cgccgacgcg
tctcctcctt gatggagaac gacgggtcgt tcaacaagcg tgacaccgtg ctctgcgaca
ccccggcccg tcccgcgact tccttgagcg tggccatgac atcctccccg caaactttag
taaagggttt tactacagca taacccggga aggcggggtt agcggcattg gcggcgtgga
agtttaccca tgactggtag actgcacatg tcccggcaat aggggcaatg catagggggg
tggcgggcat gtgcagcaac attcccgtca ccttacgatt cttatagcgt gtcaggtaaa
agaattatga ttctcaatcc accttccggc cgcgcctgca gactcaaatg gccatgatgc
atagcgacaa tctctcgcac tatggataaa cccaatccgt gatgaggtga tgcagatccc
acatgcgtat ttatcctatt atcctcccct ctgttaaaag gtgacaggaa atcatctatc
ctcgtatcgg aaagatccat gccggtattg gatatgtcta tcgcaatgca ggactcgcct
tcgtattgcc tgtcgttggc taagtttatc catacatgtg gttgagccgc acgattatgc
tgaatggcat tcgtaataag gtttgcaatc atctgtctaa ttagcagacc atcggctagg
atatatgcat tctccagatt ggtatgtact tgaactctat ctccgataag ttccatattt tcctgaagaa
cattgcgaat gatctcagct acattaactc ggctaagatc agctcggttt aattgctgaa
ctttcgacaa ttcgagcaga tgattgacga tttcaacccc agcatgattt gaagccaaag
ccttttcgac gaaaggtctg caacgctcat cgaaaagctg gttgtgcagc ggaatctcca
atgcggccga agtggccgca agtggatttt ttaactcatg tgacgcatcg gcgataaatt
ccttttcccg actgattgcg ctgttgagat cctttaacat gaggttgtat gcggatgcaa
tagtgtacgc ctcgtcgttt tcatatggaa taacgatagg ttgcctttcc aatccagcgt
cggacgcgat aatctgagag gccacactat tgattcttcg ttgtgtccta gtggcgataa
tccaagttat tcctccagat aatatgccga aaacaatgat gggggctatg cttaccgcca
atatcagatc ccgggatttt atgtctcctt gttccatagt tagcgttaaa gcatccttac
cggagtcata cccggcagaa acgtaatcct taccggagtc aggaggaatg gcttgcgaat
tcaaactatg ttgttcatcg gcatcttctg cctgagtaaa agatttattt acggtcactg tttccagttg
ccggttcacg acataatatg tcatggcggt caccactccg gtaagcatga agaacacgat
gacgatcgtg gtgaccaatc ttcttcttgt agaccactga aacggtaaac gcagtttcgg
atggctggaa tggctcccat tcgacgaagg atattcaggc tttttcatga tatgcgatat
ccttgtccgg gaacggtttc aatgaaatca gtgattccga ttttcgtgcg aatcgcatag
attgtggtct tgacgattcc tctcgtatga gcgtgatcat cctgccaaat ctcacgatat
agacattccg cactaatcac cgcacctcgc gcctcaatca gcgtcctcaa tacggcaagt
tctcgtttcc caaactttag ttctgcaccg cgaaccgtga t <210> 2  Sequence
Listing_ST25 <211> 1052 <212> PRT <213> Bifidobacterium bifidum
<220> <221> PEPTIDE <222> (1)-(1052) <400> 2 Met Asn Thr Thr Asp
Asp Gln Arg Lys Asn Gly Asp Pro Ile Val ser 151015 



sequence Li sti ng-5T25
cggggctgct tgccccgcag tacgtgaacg tgcagtaccc atgggacgga catgaggacc a320

caaaggcccc ggccatcccc gagcatggcc atgtggcggt ctaccggcgc gagttcgacg 1380

cggatggcga agtcgcccaq gccgtgcgca aagggcgccc ggtgacactt accttccagg 1440

gcgcggccac agccatctac gtgtggctca acggctcgtt cattggctac accgaggact 1500

ccttcacacc cagcgagttc gacatgacag acacgatcaa ggtggacggc aacgtgctgg l-560

cggtcgtctg ctacaagtat tcgagcgcaa gctggttgga ggatcaggac ttctggcatc L620

tgcacggcct gttccgctcc gtcgaactca acgcgaggcc cgccgcccac atcgccgacc 1680

tccatgccga caccgactgg gatctcgcca catcaagggg ttcactctcg ctggatgtgc 1740

tgatcgacgg tgccacaaac gccgcgacgg tcaacttcgc actgtgggac aagaacggca 1800

ccatcgtctg gcacaccgcc acgaaagcgg acggaacgct gcacaccaag gccgagatcg 1860

atgacgcagc gccatggagc gccgaacgcc ccgacctgta caagctatcc gtcaccctgc 1920

tcgacacgga cagcaaggtc ctggagaccg ctcgcactcg catcggcttc cggcatgtgg 1980

ccatcaagga cggcatcctc aagctcaacg gcaagcgcct cgtgttccat ggcatcaacc 2040

gccacgagtt cgactgccgg cacggccggg ccatcaccga agaggacatg ctgtgggaca 2100

tccgcttcat gaagcgccac aacatcaacg cagtgcgcac ctcgcactat ccgaaccagt 2460

cgcgctggta cgagctgtgc gacgaatacg gcatctacct gatcaacgag 
"..u.t.tgj 

2220

agacccatgg cagctggaac agccccagcg acatccccat gggaacctcc gtccccggtg 2280

acgacgaggc ctggctgggc gcgtgcatca accggctgga cagcatgatc ctgcgcaacc ?340

gcaaccatcc cagcatgctc gtctggtcgc tgggcaacaa atcctacaca ggcgaagtcc 2400

tcaaggccat gagcacgcac gcgcaccagc ttgatccggg tcgtcccatc cactacaaag 2460

gtgtcaactg gaaccatgcc tacgacggga tcagcgactt cgaaagccgt atgtacgcca 2520

agccAgccga gatccaagac tggctcgaac acggcgacga acagggcgag gcaagcaagc 2580

cgttcgtcag ctgtgagtac atgcatgcca tgggcaactc atgcggcggt ctgagcgagt 2640

tcatcgâcct cgaacggtac aagcgctact ccggcaggtt catctgggat tacatcaacc 2700

aggggctcgt ccagcgtctg cccaacggga gcaaacgcct cagcgtcagc ggagaatggg 2760

gcaaccgtcc aaccgactac aaattcgtgg gcaacggcat cgtgttcgcc aaccgcacgc 2820

ccagccccaa ggcacaggag gtcaagcagc tgtattcgcc agtcaagctc gcccccgacg 2880

ggcacggcgt gaccatcgag aaccgcaacc tgttcgccgg caccgacggc tacgtgttca 2940

ccgcacggct cctcaaagac gggcatgaga tctggcatgc cgactaccgt ttcaacatgg 3000

ccgcaggaga tacccaacac catgacatcg ccttcccaga catcaacgcg gacggggata 3060

cacgcgaagt cacctacgag gtcaatctcc tgctcgccga agccaccaca tgggcgccgg 3120

ccggctacga gctcacgttc ggccaactca ccggcacgct caaccccgaa caggacatca 3L80

ccgagaccag ccatgacgac gacagccgcg caactcacac actcagccga tggaacgccg 3240

gcatccgccg cgacgacgag gaaattctcc tgtcacgcac tcagggaggc atcgtctcct 3300

Page 2

Pro ser Ile Pro Thr Thr Ala Trp Leu Ala Asp Pro Arg Val Tyr Ala 202530
val His Arg Leu Asp Ala His Ser Asp His Ala Cys Trp Ser Arg ser 354045
Pro Val Asp Gly Glu Ser Thr Asn Lea Arg Gin Ser Leu Asp Gly Glu
505560 Trp Arg Val Arg Val Glu Thr Ala Pro Thr Gly Arg Phe Pro Asp Gly
65707580 Thr Ser Asp Gly Pro Asp Trp Ile Ser Asp Val Ser Pro Leu Phe
Ala 859095 Ala Pro Gly Phe Asp Asp Ser Ser Phe Ser Arg Val Gin val Pro
Ser 100105110 His Lea Glu Thr Ala Gly Leu Leu Ala Pro Gin Tyr Val Asn
Val Gin 115120125 Tyr Pro Trp Asp Gly His Glu Asp Pro Lys Ala Pro Ala
Ile Pro Glu 130135140 His Gly His Val Ala Val Tyr Arg Arg Glu Phe Asp
Ala Asp Gly Glu 145150155160 Val Ala Gin Ala Val Arg Glu Gly Arg Pro
Val Thr Lea Thr Phe Gln 



seouence Li st'i ng-sTzs
ggaagcgcga cgaccgggaa atggtcatcc gtcaccccga actcgtcacg ttccacccat Jrþu

tgaccgacaa cgatcgcggt aaccattcca gtttcgaccg tgccgcatgg ttcgcggccg 3420

gccgatacgc catcataacc gaaacaaaaa tccatgaaag cgatgacggt ctcgtagcgg 3480

aataccagta cgaacttgcc gatccaaacc acacgcccgt gtccatcact taccatgtca 3540

actccgatat gcgtatgcaa ctgaccgtcg aataccccgg gaacgccact gacatggcca 3600

gtctgcccgc gttcagtatc aaatgggagc tgcccggcga atacgatcgt ctgcgctact 3660

acggccccgg ccccgaggag acctaccaca accgtaagca gggcggcaag ctcagcatct 3720

gggacgccac cgcgaaggcg agcatggcgc cgtatctcat ggtgcaggaa accggcagcc 3780

acgaggacgt ccgctggctc gaagccaccg acatccaagg ccacggattg cacgtcaccc 3840

aacgcggcga ccgtcacttc acggccagcc tgctgccctg gaacacctac acgatcaaog 3900

ccgcacaccg ccacgaggac ctgcccaaac cgcgccacaa ctacctgcgc ctgctcgcgg 3960

cccagatggg cgtcggtgga gacaactcct ggggagcccc catccacacg gcctaccagc 4020

tgcccgccgg caggccgctc accctcaacg tgaacctcaa actcatctga ccggcaacgg 4080

gcagcggcat gcaccaccat gccgccgccg gccccgccta cgacgcggcg atcgaggcca 4a4O

cgggcgctgc ggccgcggac ggcaccggcgaggaggcgtt caagcgcgcc ggccacacgg 4200

tccacggcac cacccgccag gtcctctcac tcatcaccaa cccaatggac gtgatctgcc 4260

gcaacatcca caccatgcgc gagaagatgg caacccgccc cgacatcctc ggctgccacc 4320

tcaaaggccc gttcctcgcc ctcaagtgca a999c9cgca cgattcgaac tgcctcaaag 4380

acccaatgcc cgaactcatg gaccacatgc tcgacacctc gggcgccgacctcgccgccg 4440

gcaagctcag gtgcatccgc cagatcacca tctcgacccc accgactgga ccgcccaaca 4500

catctggtgc gccggccgcc aggtggagta aactccttcc agcaaaatcg acgccggtgc 4560

cacccgtctc gagacgacgt cttacgcctg aggaacgaag cttgcacgcg gcaccagttc 4620

ggtcgtcagc aggatgtgac gacgcacccg ccgctcatgc ttcaacccat cgatcagggt 4680

ggagaacgcc atgcgggcca actccctttg atcgatcgca tacgaactca gcggcggcga 47 40

cgtgtaccgg gcgatcgact ggttgttcac actcaccaca gccaactcgt cgggaacctc 4800

cacgcgcagt gcgttcaacg cctgcaacac ccccaccaca agcacgtcgg cggccacaat 4860

caaaccatca ggcatgctgc cagcctcaca atggtcagcc accaäctgct ccgcgagaca 4920

atagccgttc tccacggtga acgtgccgga cgaatacacc aatccgtccg tttccaatcc 4980

cagatgcgca gcccactgac ggaacaacag ctcgcgaatg tcctcgggat agtcatgcat 5040

gcccatgatg ctgcccacgc cgccgagaaa cgcaatatga ctgcggcccg ccacaatcat 5100

cgcatccaag gcgtccagca tcgtctgcga cagatcggga cacacggagt cgaacaggcg 5160

cggcgccggattcatgtcga tgcacacgcc atgcgggagc accatatgca gggctcgcag 5220

gtccgcttcg ggaaacaccg tggctcccac ggtgatgaac ccatcaaact ccgttgcgcg 5280

ttccatcaac tcgtgtatgg acaacgtgag ctggtccaat tccaacgact ccgcacgctc 5340
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165170175 Gly Ala Ala Thr Ala Ile Tyr Val Trp Leu Mn Gly Ser Phe Val
Gly 180185190 Tyr Ala Glu Asp Ser Phe Thr Pro Ser Glu Phe Asp Val Thr
Asp Ala 195200205 Ile Lys Val Asp Gly Asn Val Leu Ala Val Val Cys Tyr
Glu Tyr Ser 210215220  Sequence Listing_sT25 225230235 240  Phe Arg
Ser Val Glu Leu Asn Ala Arg Pro Ala Ala His Ile Ala Asp 245250255 Leu
His Ala AS Ala Asp Trp Asp Leu Ala Thr Ser Arg Gly Ser Leu 260265270
ser Leu Asp Val Leu Ile Asp Gly Ala Ala Asn Ala Ala Thr Val Asp
275280285 Phe Ala Leu Trp Asp Lys Asn Gly Thr Ile Val Trp His Thr Ala
Thr 



sequence Li sti n9-sT25
cgcaagaacc ttccgcagat cggcgaaglã cgcatcctgc aãttcctccc cggacggagg 5400

cgcatccaac accgcaatcg cgggacggaa cacgttgcaa taccccatct cctcgcacac 5460

gcgcaacaca cgccgacgcg tctcctcctt gatggagaac gacgggtcgt tcaacaagcg 5520

tgacaccgtg ctctgcgaca ccccggcccg tcccgcgact tccttgagcg tggccatgac 5580

atcctccccg caaactttag taaagggttt tactacagca taacccggga aggcggggtt 5640

agcggcattg gcggcgtgga agtttaccca tgactggtag actgcacatg'tcccggcaat 5700

aggggcaatg catagggggg tggcgggcat gtgcagcaac attcccgtca ccttacaatt 5760

cttatagcgt gtcaggtaaa agaattatga ttctcaatcc accttccggc cacacctgca 5820

gactcaaatg gccatgatgc atagcaacaa tctctcgcac tatggataaa cccaatccgt 5880

gatgaggtga tgcagatccc acatgcgtat ttatcctatt atcctcccct ctgttaaaag 5940

gtgacaggaa atcatctatc ctcgtatcag aaagatccat gccggtattg gatatgtcta 6000

tcgcaatgca ggactcgcct tcgtattgcc tgtcgttggc taagtttatc catacatgtg 6060

gttgagccgc acaattatgc tgaatggcat tcgtaataag gtttgcaatc atctgtctaa 6a20

ttagcagacc atcagctagg atatatgcat tctccagatt ggtatgtact tgaactctat 6180

ctccaataag ttccatattt tcctgaagaa cattgcaaat gatctcagct acattaactc 6240

ggctaagatc agctcagttt aattgctgaa ctttcaacaa ttcgagcaga tgattgacga 6300

tttcaacccc agcatgattt gaagccaaag ccttttcgac gaaaggtctg caacgctcat 6360

cgaaaagctg gttgtgcagc ggaatctcca atgcggccga agtggccaca agtggatttt 6420

ttaactcatg tgacgcatcg gcgataaatt ccttttccca actgattgcg ctgttgagat 6480

cctttaacat gaggttgtat gcggatgcaa tagtgtacgc ctcgtcattt tcatatggaa 6540

taacgatagg ttgcctttcc aatccagcat cggacgcgat aatctgagag gccacactat 6600

tgattcttcg ttgtgtccta gtggcgataa tccaagttat tcctccagat aatatgccga 6660

aaacaatgat gggggctatg cttaccacca atatcagatc ccgggatttt atgtctcctt 6720

gttccatagt tagcgttaaa gcatccttac cagagtcata cccggcagaa acgtaatcct 6780

taccggagtc aggaggaatg gcttgcgaat tcaaactatg ttgttcatcg gcatcttctg 6840

cctgagtaaa agatttattt acggtcactg tttccagttg ccggttcacg acataatatg 6900

tcatggcggt caccactccg gtaagcatga agaacacgat gacgatcgtg gtgaccaatc 6960

ttcttcttgt agaccactga aacggtaaac gcagtttcgg atggctggaa tggctcccat 7020

tcgacaaagg atattcaggc tttttcatga tatgcaatat ccttgtccgg gaacagtttc 7080

aatgaaatca gtgattccga ttttcgtgcg aatcacatag attgtggtct tgacgattcc 7140

tctcgtatga gcatgatcat cctgccaaat ctcacaatat agacattccg cactaätcac 7ZO0

cgcacctcgc gcctcaatca gcgtcctcaa tacggcaagt tctcgtttcc caaactttag 7260

ttctgcacca cgaaccgtga t 728I

<zLo> 2 
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290295300 Lys Ala Asp Gly Thr Leu His Ala Glu Ala Glu Ile Asp Asp Ala
Ala 305310315320 Pro Trp ser Ala Glu Arg Pro Asp Leu Tyr Glu Leu ser
val Thr Leu 325330335 Leu Asp Ala Asp Gly Lys Val Leu Glu Thr Ala Arg
Thr Arg Ile Gly 340345350 Phe Arg His Val Ala Ile Glu Asp Gly Ile Leu Lys
Leu Asn Gly Lys 355360365 Arg Leu Val Phe Arg Gly val Asn Arg His Glu
Phe Asp Cys Arg Arg 370375380 Gly Arg Ala Ile Thr Glu Glu Asp Met Leu
Trp Asp Ile Arg Phe Met 385390395400 Lys Arg His Asn Ile Asn Ala val
Arg Thr Ser His Tyr Pro Asn Gln 405410415 ser Arg Trp Tyr Glu Leu CS
Asp Glu Tyr Gly Ile Tyr Leu Ile Asp 420425430 Glu Thr Asn Leu Glu Thr
His Gly Ser Trp Asn Ser Pro Gly Asp Ile 435440445 



Sequence Li sti ng-STz 5

<2!L> !052
<2L2> PRf
<213> Bi fi dobacte ri um bifidum

<220>
<22T> PEPTTDE
<222> (1). . (1052)

<400> 2

¡4et Asn Thr Thr Asp Asp Gln Arg Lys Asn Gly Asp Pro lle val ser
1510 1,5

Pro ser lle Pro Thr Thr A'ìa Trp Leu Ala Asp Pro Arg Val Tyr Ala
20 25 30

val His Arg Leu Asp Ala His ser Asp His AIa Cys Tfp Ser Arg ser
35- 40 45

Pro val Asp Gly Glu ser Thr Asn Leu Arg Gln ser Leu Asp G]y Glu
s0 55 60

Trp Arg val Arg val G'lu Thr Ala Pro Thr Gly Arg Phe Pro Asp çly6s' 70 75 80

Thr Ser Asp Gly Pro Asp Trp r]e Ser Asp val ser Pro Leu Phe Ala-859095

Ala Pro Gly Phe Asp Asp Ser ser Phe ser nrg val Gln va'ì Pro ser- 100 105 110

His Leu Glu Thr Ala Gly Leu Leu Ala Pro Gln Tyr val Asn Val Gln
115 t20 125

Iyt Pro Trp ASp Gly Hìs Glu Asp Pro Lys Ala Pro A]a Ile Pro Glu- 130 135 140

His Gly His val Aìa val Tyr Arg Arg Glu Phe Asp Ala Asp Gly G'lu
L4s 150 155 160

val A'la Gln Ala val Ar9 Glu Gly Arg Pro va'ì Thr Leu Thr Phe G'ìn
l-65 - t70 r75

G'ly Ala Ala Thr Ala rle Tyr val Trp Leu Asn Gly ser Phe val Gly- 180 185 190

Tyr Ala clu Asp ser Phe Thr ?!g ser Glu Phe Asp val Thr Asp Ala- 195 200 205

rle Lys vaì nsp Gly Asn va'l Leu Ala val val cys Tyr Glu Tyr ser
210 2t5 220

Ser Ala Ser Trp Leu Glu Asp Gìn Asp Phe Trp Arg Leu His Gly Leu
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Pro Val Gly Thr Ser Val Pro Gly Asp Asp Glu Ala Trp Leu Gly Ala
450455460 Cys Ile Asp Arg Leu Asp Ser Met Ile Leu Arg Asp Arg Asn His
Pro 465470475480 Ser Val Leu Val Trp Ser Leu Gly Asn Glu Ser Tyr Ala
Gly Glu Val 485490495  Sequence Listing_ST25 500505510 Val His Tyr
Glu Gly Val Asn Trp Asn His Ala Tyr Asp Gly Ile ser 515520525 Asp Phe
Glu Ser Arg Met Tyr Ala Lys Pro Ala Glu Ile Gln Asp Trp 530535540 Leu
Glu His 'fly Asp Glu Arg Gly Glu Ala Ser Lys Pro Phe Val Ser
545550555560 cys Glu Tyr Met His Ala Met Gly Asn Ser Cys Gly Gly Leu
ser Glu 565570575 Phe Ile Asp Leu Glu Arg Tyr Glu Arg Tyr Ser Gly Gly
Phe phe Trp 580585590 



225 230 sequence Li sti n9-sr2 5
240

Phe Arg ser val Glu Leu Asn Ala Arg Pro Ala Ala His lle Ala Asp' 245 250 255

Leu His Ala Asp Ala Asp Trp Asp !9u Ala Thr ser Arq çly ser Leu
26b 26s 270

ser Leu Asp val Leu lle Asp Gly A'la Ala Asn Ala A'la Thr val Aspz7i 2s6 28s

phe Ala Leu Trp Asp Lys Asn G'ly Thr r]e val Trp His Thr AIa Thr
290 295 300

Lys Ala Asp Gly Thr Leu His Ala Glu Ala 6lu I'le Asp Asp A'la AIa
3Ós 3L0 31s 320

Pro Trp Ser Ala Glu Arg Pro Asp Leu Tyr Glu Leu Ser Val Thr Leu' 32s - 330 335

Leu Asp Ala Asp Gly Lys val Leu çlq Thr A'ìa Arg Thr Al9 r]e Gly' 340 345 350

Phe Ar9 His val Ala lle Glu 4qp Gly rle Leu Lys !-eg Asn Gly Lys- 355 360 365

Ar9 !g! val phe Arg cìy val Asn Arg His Glu Phe Asp cys Arg Arg
370 375 380

Glv Arq A]a Ile Thr Gìu Glu Asp Met Leu Trp Asp rle Arg Phe Met
383 - 390 395 400

Lys Arg His Asn r]e Asn Ala val Arg Thf ser His Tyr Pro Asn Gln
40s 4l-0 415

ser Arg Trp Tyr Glu Leu Cys Asp G'ìu Tyr G'ly Ile Tyr L9! Ile Asp- 420 425 430

clu Thr Asn Leu Glu Thr His Gly ser Trp Asn Ser Pro Gly Asp Ile
435 440 445

pro val G'ìy Thr ser val Pro Gly Asp Asp clu al4 rrp leu ely l'la
4s0 455 460

cys Ile Asp Arg Leu Asp Ser N4et I'le Leu Arg Asp Arg Asn His Pro
4'6s- - - 470 47É 480

ser val Leu val Trp ser Leu Gly Asn Glu ser Tyr Ala Gly Glu va'l
485 490 495

Leu Lys A'la Met Ser Ala His A'la His Ar9 Leu ASp Pro Gly Ar9 Pro
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Asp Tyr Ile Gly Gln Gly Leu val Gin Arg Leu Pro Asp Gly ser Glu
595600605 Arg Leu ser Val Gly Gly Glu Trp Gly Asp Arg Pro Thr Asp Tyr
Glu 610615620 Phe Glu Gly Asn Gly Ile Val Phe Ala Asp Arg Thr Pro Ser
Pro Lys 625630635640 Ala Gin Glu Val Lys Gin Leu Tyr ser Pro Val Lys
Leu Ala Pro Asp 645650655 Gly His Gly Val Thr Ile Glu Asn Arg Asn Leu
Phe Ala Gly Thr Asp 660665670 Gly Tyr Val Phe Ala Ala Arg Leu Leu Glu
Asp Gly His Glu Ile Trp 675680685 His Ala Asp Tyr Arg Phe Asp Val Ala
Ala Gly Asp Thr Gln His His 690695700 Asp Ile Ala Phe Pro Asp Ile Asp
Ala Asp Gly Asp Thr Arg Glu Val 705710715720 Thr Tyr Glu Val Asp Leu
Leu Leu Ala Glu Ala Thr Ala Trp Ala Pro 725730735 Ala Gly Tyr Glu Leu
Ala Phe Gly Gin Leu Thr Gly Thr Leu Asn Pro 



Sequence Li sti ng-ST25
s00 505 s10

val His Tyr Glu c'ly val Asn Trp Asn His Ala Tyr 49p G-ly rle ser
515 520 525

Asp Phe G'lu ser Arg Met Tyr Aìa Lys Pro A'ìa Glu lle Gln Asp Trp' 530 535 540

Leu Glu His Gly Asp Glu Arg Gìy Glu Ala ser Lys Pro Phe val 9qf545 550 555 560

cys Glu Tyr Met His Ala l4et Gly Asn ser cys Gly Gly Leu ser Glu
s65 570 575

Phe I'le Asp Leu Glu Arg Tyr Glu Arg Tyr Ser Gly Gly Phe Phe Trp
s80 585 s90

Asp Tyr Ile Gly Gln Gly Leu Val Gìn Ar9 Leu Pro 49p Gly Ser Glu
595 600 605

Arg Leu ser val Gly Gly Glu Trp Gly Asp Arg Pro Thr Asp Tyr Glu- 610 615 620

phe Glu Gly Asn c'ly rle val Phe Ala Asp Arg Thr Pro ser Pro Lys
625 630 63s 640

Ala Gln Glu val Lys Gln Leu Tyr ser Pro val Lys Leu Ala ?fq Asp
645 650 655

Gly His Gly val Thr Ile clu Asn Arg Asn Leu Phe Ala Gly Thr Asp- 660 665 670

G'ly Tyr Vaì Phe Ala A'la Arg Leu Leu GIU Asp G'ly His Glu r]e Trp
67s - 680 68s

His Ala Asp Tyr Arg Phe Asp val Ala Aìa Gly Asp Thr Gln His His
690 695 700

Asp Ile Ala Phe Pro Asp lle Asp Ala Asp Gly Asp Thr Arg G'lu va'l
70s 7L0 7t5 720

-t-hr Tyr Glu val Asp Leu Leu Leu Ala Glu Ala Thr Ala Trp Ala Pro- 72s 730 735

Ala cly Tyr G'ìu Leu Ala Phe Gly cln Leu Thr cly Thr Leu Asn Pro
740 745 750

Glu Gln Asp r]e Thr clu Thr ser His Asp Asp Asp 91y Arg Ala Thr
755 760 765

Arg Thr Leu ser Ar9 Trp Asn Ala c'ìy rle Arg Arg Asp Asp Glu Glu
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740745750 Glu Gln Asp Ile Thr Glu Thr Ser His Asp Asp Asp Gly Arg Ala
Thr 755760765  Sequence Listing_ST25 770775780 Ile Leu Leu ser Arg
Thr Gin Gly Gly Ile Val ser Trp Lys Arg Asp 785790795800 Asp Arg Glu
Met Val Ile Arg Arg Pro Glu Leu Val Thr Phe Arg Pro 805810815 Leu Thr
Asp Asn Asp Arg Gly Asn His Ser Gly Phe Asp Arg Ala Ala 820825830
Trp Phe Ala Ala Gly Arg Tyr Ala Ile Val Thr Glu Thr Lys Ile His 835840845
Glu Ser Asp Asp Gly Leu val Ala Glu Tyr Gln Tyr Glu Leu Ala Asp
850855860 Pro Asn His Thr Pro Val Ser Val Thr Tyr His Val Asn Ser Asp
Met 865870875880 Arg Met Gin Leu Thr Val Glu Tyr Pro Gly Asn Ala Thr
Asp Met Ala 



sequence Listi ng-sT25
770 775 780

rle Leu Leu ser Arg Thr Gln Gly Gly T'le val ser Trp Lys Arg 49P785 - 790 795 800

Asp Arg Glu Met Val Iìe Arg Arg Pro Glu Leu Vai Thr Phe Arg Pro
805 810 815

Leu Thr Asp Asn Asp Arg Gly Asn His ser Gly Phe Asp AfS Ala Ala
820 825 830

Trp phe Ala Ala cly Arg Tyr Ala rle val Thr Gìu Thl I-ys r"le tlis' 83s 840 845

Glu Ser Asp Asp Gly Leu val Aìa Glu Tyr Gln Tyr eIu reu Ala Asp
850 855 860

Pro Asn His Thr Pro val Ser val Thr Tyr His val Asn ser Asp Met
865 870 875 880

Arg t4et Gln Leu Thr val Glu Tyr Pro Gly Asn lla thr Asp Met Ala
88s 890 895

ser Leu Pro Ala Phe Gly rle clu Trp Glu Leu Pro Gly Gìu Tyr Asp
900 90s 910

Arg Leu Ar9 Tyr Tyr Gly Pro Gly Pro clu Glu Thr Jyl ArS Asp Arg- 915 920 925

Lys Gln Gly G'ly Lys Leu cly r]e Trp Asp Aìa Thr nla Lys Ala ser' 930 935 940

ùret Ala Pro Tyr Leu ¡4et val Gln Glu Thr Gly ser His Asx Asp vaì
94s 950 953 960

Arg Trp Leu clu Ala Thr Asp rle cln Gly His Gly Leu Arg val Thr
965 970 975

G'ln Arg Gly Asp Arg His Phe Thr A]a ser Leu Leu Pro Trp Asn Thr- 980 985 990

Tyr Thr r]e e'ìu Ala Ala Arg Arg His Glu Asp Leu Pro Lys Pro Arg' 99s - 10Õ0 1-00s

His Asn Tyr Leu Arg Leu Leu Aìa nla e'ln Met Gly- va'l Gly Gly
1010 - 1015 1020

Asp Asp Ser Trp Gjy Aìa Pro Val His Thr Ala Tyr_ Gln Leu Pro' 102s l-030 1035

Ala Gly Arg Pro Leu Thr Leu Asp val Asn Leu Glu Leu r]e
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885890895 ser Leu Pro Ala Phe Gly Ile Glu Trp Glu Leu Pro Gly Glu Tyr
Asp 900905910 Arg Leu Arg Tyr Tyr Gly Pro Gly Pro Glu Glu Thr Tyr Arg
Asp Arg 915920925 Lys Gin Gly Gly Lys Leu Gly Ile Trp Asp Ala Thr Ala
Lys Ala ser 930935940 Met Ala Pro Tyr Leu Met Val Gin Glu Thr Gly Ser
His Asx Asp Val 945950955960 Arg Trp Leu Glu Ala Thr Asp Ile Gin Gly
His Gly Leu Arg val Thr 965970975 Gln Arg Gly Asp Arg His Phe Thr Ala
Ser Leu Leu Pro Trp Asn Thr 980985990 Tyr Thr Ile Glu Ala Ala Arg Arg
His Glu Asp Leu Pro Lys Pro Arg 1000 9951005 His Asn Tyr Leu Arg Leu
Leu Ala Ala Gln Met Gly Val Gly Gly 101010151020 Asp Asp Ser Trp Gly
Ala Pro val His Thr Ala Tyr Gln Leu Pro 



sequence Li sti ng-sT2 5
ao40 Lo45 1050
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102510301035 Ala Gly Arg Pro Leu Thr Leu Asp Val Asn Leu Glu Leu Ile
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