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Product and Process

The present invention relates to a novel a-galactosidase with transgalactosylating

activity capable of converting mellibiose to o-galactobiose disaccharides. In particular it

relates to an a-galactosidase isolated from a recently discovered strain of Bffidobacterium

bífidunr.

The inventionparticularly relates to DNA sequences encoding the isolated o¿-

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

comprising a DNA sequence or containing a recombinant vector incorporating the DNA

sequence. The invention also relates to the use of the enzyme encoded by DNA sequence,

or of the host cell containing a DNA sequence or recombinant vector, to produce a-

galactobiose.

Bifidobacteria naturally colonise the lower intestinal tràct, an environment which is

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

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

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

andlor extracellular forms, by which they can utilise diverse carbohydrates.

Besides hydrolase activity, some enzymes from bifidobacteria show transferase

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

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

growih promoting factors.

It is known that members of bifidobacteria produce B-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 B-
galactosidase genes from a strain of Bifidobacterit¿m bifidum. They found that all three B-
galactosidases were able to catalyse the formation of beta-linked galactooligosaccharides
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1 Product and Process The present invention relates to a novel
a-galactosidase with transgalactosylating     activity capable of converting
mellibiose to a-galactobiose disaccharides. In particular it 5relates to an
a-galactosidase isolated from a recently discovered strain of
Bifidobacterium bifidum.       The invention, particularly relates to DNA
sequences encoding the isolated agalactosidase enzyme, to the enzyme
encoded by such a DNA sequence and to a host cell 10 comprising a
DNA sequence or containing a recombinant vector incorporating the DNA
sequence. The invention also relates to the use of the enzyme encoded
by DNA sequence, or of the host cell containing a DNA sequence or
recombinant vector, to produce agalactobiose. 15Bifidobacteria naturally
colonise the lower intestinal tract, an environment which is  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. 20       Besides 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. 25       It is known that
members of bifidobacteria produce fl-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 13- galactosidase genes from a strain of
Bifidobacteriwn bifidum. They found that all three 3- 30galactosidases
were able to catalyse the formation of beta-linked galactooligosaccharides
2 by transgalactosylation. It is known that some species of bifidobacteria,
but not B. bifidum produce a- galactosidases as well as j3-galactosidases.
a-Galactosidases belong to the group of 
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by transgalactosylation.

It is known that some species of bifidobacteria, but not,B. bifidumproduce a-

galactosidases as well as B-galactosidases. c¿-Galactosidases belong to the group of

glycolsyl hydrolases and can be classified into two groups based on their substrate

specificity, i.e. one group is specific for small saccharides such as p-nitropherryl-a-D-

galactopyranoside, mellibiose and raffinose, and the other group can liberate galactose from

galactomannans such as guar gum, in addition to small substrates.

A strafur of Bffidobacterium bifidum has been found that is capable of producing a

galactosidase en4ime activity that converts lactose to a novel mixture of

galactooligosaccharides which unexpectedly contains up to 35% of disaccharides including

galabiose (Gal (oc l-6) - Gat). This disaccharide is known (see Paton, J.C. & Paton, A.W.

(1998), Clin. Microbiol. Revs.,7l,450-479; Càrlsson, K.A. (1989), Ann. Reviews

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

e.g. Shiga toxin and pathogens such aslp. sq[, to the wall of the gut.

This strain of B bifidum was deposited under accession nurnber NCIMB 4tl7I aT

the National Collection of Industrial & Marine Bacteri4 Aberdeer¡ IIK on 31 March 2003.

It is also described in UK Patent No. 2 4L2 380.

It has been found that this strain of B.bíJìdutn produces an u-galactosidase that is

capable of converting mellibiose to a-galactobiose disaccharides.

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 or hybridises under

stringent conditions to the DNA sequence which encodes this protein. The DNA sequence

is given in SEQ. ID NO: 1 or may comprise a fragmentor degenerative thereof.

The phrase "degenerative" is construed to mean a DNA sequence which is at least

1 5

20

25

30

5glycolsyl hydrolases and can be classified into two groups based on their
substrate specificity, i.e. one group is specific for small saccharides such
as p-nitrophenyl-a-Dgalactopyranoside, mellibiose and raffinose, and the
other group can liberate galactose from galactomamians such as guar
gum, in addition to small substrates. 10A strain of Bifidobacterium bifidum
has been found that is capable of producing a galactosidase enzyme
activity that converts lactose to a novel mixture of galactooligosaccharides
which unexpectedly contains up to 35% of disaccharides including
galabiose (Gal (cc 1-6) - Gal). This disaccharide is known (see Paton, J.C.
& Paton, A.W. (1998), Clin. Microbiol. Revs., 11,450-479; CarAsson, K.A.
(1989), Ann. Reviews 15 Biochem., 58, 309-350) to be an antiadhesive
capable of preventing the adhesion of toxins, e.g. Shiga toxin and
pathogens such as E. coli to the wall of the gut.          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. 20 It is also described in UK Patent No. 2 412 380.       It has
been found that this strain of B.bifidum produces an a-galactosidase that
is capable of converting mellibiose to a-galactobiose disaccharides.
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 or hybridises under stringent conditions to the DNA sequence which
encodes this protein. The DNA sequence is given in SEQ. ID NO: 1 or
may comprise a fragment or degenerative thereof  50% homologous to
SEQ. ID NO: 1, preferably from 50 to 98% homologous, most preferably
from 75 to 95% homologous.           Such a DNA sequence may comprise
nucleotide substitutions, additions or deletions 5 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 10 by a DNA sequence as defined above. Such an
enzyme may comprise the amino acid sequence given in 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.. DNAsequence as defined abo-ve. Such a 15 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 example Bacillus subtilis or
Bacillus circulans, Escherichia and Aspergillus for example Aspergillus
niger. 20       Using mellibiose as a substrate, the enzyme encoded by the
DNA sequence as defined above produces a mixture of oligosaccharides,
in particular a-galactobiose disaccharides. 25The enzyme or the host cell
as described above may be used to produce a- galactobiose
disaccharides, 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, 
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50% homologous to SEQ. ID NO: 1, preferably from 50 to 98%o homologous, most

preferably from75 to 95o/o homologous.

Such a DNA sequence may comprise nucleotide substitutions, additions or deletions

which result in less than 60Yo, preferably less than 45%o, more preferably

less than 25Yo 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 aDNA sequence as defined above. Such an enryme may comprise the amino acid

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

According to a third aspect of the invention there is provided a recombinant vector,

pre'qerably ar-r expiessiûn vectoi, compiising a Dì{A squence as defined above. Such a

vector may be incorporated into a host cell such as a bacterial, yeast or fi:ngal cell.

Alternatively, the DNA sequence may be inco¡porated into such a host cell. A suitable host

cell may be selected from Bifidobacterium, Lactococcus, Lactobacillus, Bacillus for

example Bacilius subtilis or Bacillus circulans, Escherichia and Aspergillus for example

Aspergillus niger.

Using mellibiose as a subsh'ate, the enryme encoded by the DNA sequence as

defined above produces a mixture of oligosaccharides, in particular o.-galactobiose

disaccharides.

The enzyme or the host cell as described above may be used to produce u-

galactobiose disaccharides, 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
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30 fermented dairy products), beverages such as  4 fruit juice, infant
foods, cereals, bread, biscuits, confectionery, cakes, food supplements,
dietary supplements, probiotic comestible products, prebiotic comestible
products, animal feeds, poultry feeds or indeed any other food or
beverage. 5Alternatively, the disaccharides so produced may be used for
the preparation of a medicament for example in tablet 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. 10        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 in a suitable culture medium under conditions permitting
expression of the enzyme and recovering the resulting enzyme or enzyme
products from the culture.       The invention is also directed to a process
for producing the galactobiose disaccharides which comprises contacting
the enzyme as defined above or a host cell as defined above with a
mellibiose-containing material under conditions that lead to the formation
of the disaccharides.        Suitable mellibiose containing material may be
selected from commercially available mellibiose, raffinose, stachyose or
as an extract of soybeans. Brief Description of the Drawings  25Figure 1
shows the nucleotide sequence (SEQ. ID NO: 1) of Bifidobacterium
bifidurtz cc-galactosidase with the start and stop codon indicated in bold
letters;       Figure 2 shows the nucleotide sequence of Figure 1 with the
amino acid sequence (SEQ. ID NO: 2) of the enzyme; 30  5       Figure 3
shows the first 540 amino acids of the amino acid sequence (SEQ. ID NO:
2) of Figure 2;         Figure 4 is a graph showing the time course reaction
during agalactooligosaccharide synthesis with the a-galactosidase and
40% (w/w) melliboise in 5 0.1M phosphate buffer at pH 6.0 as substrate;
and Figure 5 shows a high performance anion exchange chromatogram of
the a- 
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fruit juice, infant foods, cereals, bread, biscuits, confectionery, cakes, food supplernents,
dietary supplements, probiotic comestible products, prebiotic comestible products, animal
feeds, poultry feeds or indeed any other food or beverage.

Altematively, the disaccharides so produced may be used for the preparation of a
medicament for example in tablet 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 fuither 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 or enzyme products from the culture.

' The invention is also directed to a process for producing the galactobiose

disaccharides which comprises contacting the erzyme as defined above or a host cell as
defined above with a mellibiose-containing material under conditions that lead to the
formation of the disaccharides.

Suitable mellibiose containing material may be selected ûom commercially
available mellibiose, raffinose, stachyose or as an exhact of soybeans.

Brief Description of the Drawings

Figure 1 shows the nucleotide sequence (sEe. ID No: l) of Bifidobacterium

bffidum ø-galactosidase with the start and stop codon indicated in bold letters;

Figure 2 shows the nucleotide sequence of Figure I with the amino acid sequenoe
(SEQ. ID NO: 2) of the enzyme;
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galactooligosacchafide mixture synthesized by the a-galactosidase from
B.bi fidum NCIMB 41171 using 40% (w/w) mellibiose in 0.1 M phosphate
buffer at pH 6.0 as substrate. (Glc = glucose, Gal = galactose, Mel =
mellibiose, DP = degree of polymerization). The dashed 10 arrows denote
the galactooligosaccharide products.       Genomic DNA was isolated from
the Bfidobacteriutn bifidum strain (NCIMB 41171) using the method of
Lawson et at (1989) Ferns Microbiol Letters, 65, (1-2), 41-45. The DNA
was digested with restriction enzymes and fragments having a maximum
size of 15 15 kbp were ligated with pBluescript KS(+) vector. E. coil cells
were transformed with a vector containing insertions consisting of Psti
digested chromosomal DNA from the B.bifidum. Clones with
a-galactosidase activity were selected on Luria Bertani agar plates
containing p-nitrophenyl a-D-galactopyronoside and
isopropyl-I3-D,thiogalactoside (IPTG). Two a-galactosidase positive
clones (pMelAl and pMe1A2) were identified. 20       The two positive
clones were digested with EcroRl, Pstl and Barn HI and showed a similar
restriction pattern indicating that both contained the same inserted DNA
fragment. DNA sequencing of the inserted DNA fragment MelAl was
performed using the dideoxy chain-termination method of Sanger (Russel
P., 2002 iGenetics, Pearson Education, Ina, 25 San Francisco, 187-189)
using the BigDye Terminator V.3.0 cycle sequencing kit (Applied
Biosystems, USA). The DNA sequence of MelAl is 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 bacterial genetic code was used and 30 the frame length was
determined to be 300 bp. The nucleotide sequence of Figure 1 was
translated in all six possible reading frames and one open reading frame
of 759 amino acids  6 encoding a putative a-galactosidase was identified.
The translation is shown in Figure 2 (SEQ. ID NO: 2).          The present
invention will be further described by way of reference to the following
5examples. Example 1  Materials and Methods 10All chemicals and
media preparations used throughout this study were obtained 
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Figure 3 shows the first 540 amino acids of the amino acid sequence (SEQ. ID NO:

2) of Figure 2;

Figure 4 is a glaph showing the time course reaction during cr-

galactooligosaccharide synthesis with the o-galactosidase and 40% (w/w) melliboise in

0.1M phosphate buffer at pH 6.0 as substrate; and

Figure 5 shows a high performance anion exchange chromatogram of the a-

galactooligosacchalide mixture synthesized by the o-galactosidase from B.bifidum NCIMB

4117I using 40% (w/Ð mellibiose in 0.1 M phosphate buffer at pH 6.0 as substrate. (Glc
= glucose, Gal : galactose, Mel = mellibiose, DP : degree of polymerization). The dashed

arrows denote the galactooligosaccharide products.

Genomic DNA was isolated fromthe Bifidobacterium bifidum strainCNCIMB

41171) using the method of Lawson et al. (1989) Fems Microbiol Letters, 65, (7-2),41-45.

Tiie DüA w-as ,Jigested witir resfrirciion enql-nies aäd fragrrieirts Lrav-iirg a maxiir-ri¡r-rr size of

15 kbp were ligated with pBluescript KS(+) vector. E. coli cells were transformed with a

vector containing insertions consisting of PstI digested chromosomal DNA from the

B.bifidum. Clones with a-galactosidase activity were selected on Luria Bertani agar plates

containing p-nitrophenyl oc-D-galactopyronoside and isopropyl-B-D.thiogalactoside

(IPTG). Two cr-galactosidase positive clones þMelAl and pMelA2) were identified..

The two positive clones were digested with EcroRl, PstI and Bam HI and showed a

similar restriction pattern indicating that both contained the same inserted DNA fragment.

DNA sequencing of the inserted DNA fragment MelAl was performed using the dideoxy

chain-termination method of Sanger (Russel P.,20õ2 iGenetics, Pearson Education, Inc.,

San Francisco, 187-189) using the BigDye Terminator V.3.O cycle sequencing kit (Applied

Biosystems, USA). The DNA sequence of MelAl is shown in Figure I (sEe. ID No: 1).

The open reading frame (OR.F) was located by using the ORF finder fromNCBI

(National Center of Biotechnology Information). The bacterial genetic code was used and

the frame length was determined to be 300 bp. The nucleotide sequence of Figure 1 was

translated in all six possible reading frames and one open reading frame of 759 amino acids
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from Sigma (Dorset, UK), Invitrogen (Paisley, UK), Oxoid (Basingstoke,
UK), Qiagen (West Sussex, UK) and Promega (Southampton, UK).
Bacterial Strains 15The Bifidobacterium bifichan strain (NCIMB 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 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 20 contamination were tested by gram staining. E. coil strains
Escherichia coil strains RA1 1 r and DH5a used in this study were
commonly incubated under aerobic conditions at 37C in Luria Bertani (LB)
agar or broth (Sambrook 25 J. and Russell, W.D., (2001) Molecular
Cloning. A Laboratory Manual. Cold Spring Harbour Laboratory Press,
New York) and when necessary was supplemented with antibiotics
(1004m1 ampicillin and/or 15ng/m1 chloramphenicol) and 40111 of 2%
X-agalactopyranoside (X-a-Gal), 71.1 of 20%
(isopropyl-P-D-thiogalactoside) [PTO which were applied on the surface of
a pre-made 90mm agar plate.  7       The a-galactosidase deficient strain
E. coil RA.11r (Hanatani et al, 1983, J. Biol.  Chem, 259, (3), 1807-1812)
(genotype: me1A-13+ , reck , lac=) is a derivative of E. colt K12 and was
used in expression experiments. E. coil DH5a strain (Invitrogen, Paisley,
UK) (genotype: F T80/acZAM A(1acZYA-argF)U169 recAl endAl
hsdR17(rC, ink) phoA 5 supE44 thi-1 gyrA96 relAa) is an a-galactosidase
positive strain and was used for all other genetic manipulations.       The
choice of E. coil strain RA1 1r, for expression experiments, was done
according to its genotype. This strain does not encode an active
a-galactosidase due to melA mutation 10 on its chromosomal DNA.
However, this strain has an active melibiose transporter which is
necessary for the transport of sugars (melibiose) into the cytoplasma and
hence the metabolism of them by active a-galactosidases. It was not
known whether the Bifidobacterium btfidum a-galactosidase was
expressed intracellularly or extracellularly, So the existence of an active
melibiose transporter was essential for the identification of the a- 15gal
positive clones and hence the isolation of a-galactosidase encoding
genes.      Moreover this strain is a recA mutant which minimises
recombination of introduced DNA with host DNA, thus increasing the
stability of inserts. 20 Genomic DNA Extraction from Bifidobacteriurn
bifidum        Genomic DNA was isolated from the Bifidobacterium bifidum
strain (NCIMB 41171) by using the method of Lawson et aL (1989).
According to this method, cells were harvested from plates in 0.5 ml of
TES buffer 25 in 1.5 ml ependorfs. 10 pi of lysozyme/mutanolysin mixture
(4:1, lysozyme 10 mg/ml; mutanolysin 1 mg/m1) were added and the
mixture was then mixed and incubated for 30 minutes at 37C. The cells
were then treated with 10 p.1 of proteinase K (at 20 mg/m1) and 10 AI
RNase (10 mg/m1), mixed and incubated for 1 hour at 65C. After
incubation, 100 ttl of 10% SDS was added and the cell lysates were gently
mixed by inversion and incubated 
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encoding a putative ct-galactosidase was ìdentified. The translation is shown in Figure 2

(SEQ. ID No: 2).

The present invention will be further described by way of reference to the following

5 examples.

Example I

Materials and Methods

10 All chemicals and media preparations used throughout this study were obtained

from sigma (Dorset,IrK), Invitrogen (Paisley, frK), oxoid (Basingstoke, uK), eiagen
(West Sussex, UK) and Promega (Southampton, UK).

Bacieriai Strains

15 The Bífidobacterium bifiùtm strain (IttrCIMB 4II7l) 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 (CO2 and Nz composition 80Yo and2}Yo

respectively) at37"C for 48 hours. The colony morphology and the absence of

20 contamination \¡/ere tested by gram staining.

E. colí strains

Escherichia colí strains RAl lr and DH5a used in this study were commonly

incubated under aerobic conditions at 37oC in Luria Bertani (LB) agar or broth (Sambrook

25 J. and Russell, W.D., (2001) Molecular Cloning: A Laboratory Manual. Cold Spring

Harbour Laboratory Press, New Yorþ and when necessary was supplemented with

antibiotics (100pg/ml ampicillin and/or 1s¡rg/ml chloramphenicol) and 40pl of 2%oX-a-

galactopyranoside (X-o-Gal), 7¡rl of 20% (isopropyl-B-D-thiogalactoside) IPTG which

were applied on the surface of a pre-made 90mm agar plate.

30

30 for a further 15 minutes at 65C, followed by addition of 0.62 ml of
phenol/chloroform and  8 mixed by inversion until an emulsion formed.
The cell lysate was centrifuged at 6,500 rpm for 10 minutes and the upper
aqueous layer was transferred to a clean ependorf using a flamed, wide
bore blue pipette tip. The extraction (deproteinazation step) was repeated
until cell debris was removed completely. The DNA was precipitated by
the addition of 1 ml ice- 5 cold ethanol followed by incubation for at least
30 minutes on ice or stored overnight in a - 20C freezer. The genomic
DNA was recovered by centrifugation at 13,000 rpm for 5 minutes and
after drying it was re-suspended in 50 pl of sterile 10 InM Tris-CI pH 8.
The extracted DNA was analysed by gel electrophoresis and the
concentration 10 measured at 260nm. It was stored in -20C or -70C for
prolonged periods of time and multiple thawing and freezing was avoided
in order to reduce the possibility of degradation. Vector DNA Preparation ..
The vector used throughout this study was the pBluescript KS(+)
(Stratagene, North 15 Torrey Pines Road). This cloning vehicle was
chosen because of the lac promoter which pBluescript KS (+) encodes
which is necessary for the transcription initiation of genes which lack their
own promoter. The vector was digested with the following restriction
enzymes: Pstl, BainFII and 20 EcoRI according to the manufacturer's
instructions using a tenfold excess of enzyme 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 65C) the restriction patterns were analysed by
horizontal gel electrophoresis analysis. 25The 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 of
the vector (with Bacteriophage T4 DNA ligase according to manufacturer's
instructions) following transformation into DH5a cells.  9 
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The o,-galactosidase deficient strain E. coliRAL1r (Hanatani et al, 19g3, J. Biol.
Chern. 259, (3), 1807-1812) (genoffie: mel{-B*, rec{- , tacZ'Y) is a derivati ve of E. coli
KI2 and was used in expression experiments. E coliD[sastrain (Invitrogen, paisley, UK)
(genotype: F- <pS\IaczLM L(laczyA-argF)u169 recAl endAl hsdRl7(r¡-, m[) phoA
supE44 thi-l gyr\96 relÃl?|-) is an u-galactosidase positive strain and was used for all
other genetic manipulations.

The choice of E- coli strain RAl lr, for expression experiments, was done according
to its genotype. This strain does not encode an active u,-galactosidase due to melA.mutation
on its chromosomal DNA. Horvever, this strain has an active melibiose transporter which is
necessary for the transport of sugars (melibiose) into the cytoplasma and hence the
metabolism of them by active o-galactosidases. It was not known whether the
Bífidobacteríum bifidurn o-galactosidase \Mas expressed intracellularly or extracellularly, So
ihe existe¡rce of an ac¿ive meübiose'íransporter was essentiai for the itientification of the o-
gal positive clones and hence the isolation of a-galactosidase encoding genes.

Moreover this shain is a recLmutant which minimises recombination of introduced
DNA with host DNA, thus increasing the stability of inserts.

GenomicDNAExft actionfromBif ìdobacteríumbif ìdum

Genomic DNA was isolated from the Bifidobacteriuru bifidutn strain[NCIMB
4tI71) by using the method of Lawson et al. (1989).

According to this method, cells were harvested from plates in 0.5 ml of TES buffer
in 1.5 ml ependorfs. 10 pl of lysozyme/mutanolysin mixhue (4:1, lysozyme 10 mglml;
mutanolysin 1 mglml) were added and the mixture was then mixed and incubated for 30
minutes at37oC. The cells were then treated with 10 pl of proteinase K (at20 mglml) and
10 ptl RNase (10 mg/ml), mixed and incubated for I hour at65oC.After incubation, 100 pl
of l0o/o SDS was added and the cell lysates were gently mixed by inversion and incubated
for a further 15 minutes at 65oC, followed by addition of 0.62m1 of phenol/chloroform and
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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. colt DH5a cells. The number of formed colonies on LB agar
plates supplemented with 5 ampicillin (100ggr/inl) was an indicator of the
undigested molecules and the expected background during the
subsequent experiments. Genomic DNA Library Construction Genomic
DNA was partially digested with three restriction enzymes that recognise
10 frequently occurring hexa-nucleotide sequences within prokaryotic
DNA. EcoRL BamHI and PstI are type 11 restriction endonucleases
specifically recognizing the sequences 5'G/AATTC'3, 5'G/GATCC'3 and
5'CTGCA/G'3 respectively, and make double-strand breaks within these
sequences generating 5'overlinngs of four nucleotides, AATT, GATC for
EcoRI and BamHI respectively, and 3'overhangs, ACGT for PstL 15      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.  20All 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 25 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 30 using the QIAEX
gel extraction kit from Qiagen (West Sussex, UK). Protocols are  10
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 5ligated with CIAP-treated pBluescript
KS (+) vector. For ligation, appropriate amounts of DNA were transferred
to sterile 0.5 ml mierofuge tubes as shown in Table 1. 
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mixed by inversion until an emulsion formed. The cell lysate was centrifuged at 6,500 rpm
for 10 minutes and the upper aqueous layer was transferred to a clean ependorf using a
flamed, wide bore blue pipette tip. The extraction (deproteina zationstep) was repeated until
cell debris was removed completely. The DNA was precipitated by the addition of 1 ml ice-
cold ethanol followed by incubation for at least 30 minutes on ice or stored overnight in a -

20oC fteezer. The genomic DNA was recovered by centrifugation at 13,000 rpm for 5
minutes and after drying it was re-suspended in 50 pl of sterile 10 mM Tris-CI pH g.

The extracted DNA was analysed by gel elechophoresis and the concentration
measured at260nm- It was stored in -20oC or *70oC for prolonged periods of time and
multiple thawing and freezing was avoided in order to reduce the possibility of degradation.

Vector DNA Breparation

The vector used throughout this study was the pBluescript KS(+) (Stratagene, North
Torrey Pines Road). This cloning vehicle was chosen because of the lac promoter which
pBluescript KS (+) encodes which is necessary for the transcription initiation of genes
which lack their own promoter.

The vector was digested with the following reskiction enzymes: PstI, BarnHI and,
EcoR[ according to the manufacturer's instructions using a tenfold excess of enzyme 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 ofplasmid DNA). After enzyme heat inactivation (20 min at
65"C) the restriction patterns were analysed by horizontal gel electrophoresis,analysis.

The vectors were further dephosphorylated with calf intestinal alkaline phosphatase

CIAP (Promega, Southampton, UK) according to the manufacture¡'s inshuctions. The
efficiency of the treatment was tested by selÊligation of the vector (with Bacteriophage T4
DNA ligase according to manufacturer's inskuctions) following transformation into DH5a
cells.

1 5

20

25

30

TubeDNA AVector (15 fmoles I- 29.7 ng]) Vector (15 finoles -29.7ng DNA)
plus insert (foreign 15 fmoles 69.3ng ) pUC control (0.056 fmoles j-100
pg]) The molar ratio of plasmid DNA vector to insert DNA fragment should
be -1:1 in the ligation reaction. The final DNA concentration should be
-10ng/pl. 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. Tithe B 10 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. 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 15vector: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 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 pl with 20 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. 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 remmealed during
preparation. 25 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).  11 After ethanol
precipitation and purification of the ligated fragments (in order to 
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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 competentE. colt
DH5a cells. The number of formed colonies on LB agar plates supplemented with
ampicillin (10Opgr/ml) was an indicator of the undigested molecules and the expected
background during the subsequent experiments.

Genomic DNA Library Construction

Genomic DNA was pattially digested with three restriction enzymes that recognise
frequently occurring hexa-nucleotide sequences within prokaryotic DNA. EcoR[, BamHI
and PstI ate type II restriction endonucleases specifically recognizing the sequences
5'GIAATTC'3, 5'G/GATCC'3 and 5'CTGCA/G'3 respectively, and make doubre-strand
breaks within these seopences generating 5'overhangs of fbur nr:cleotides,.AATT, GATC
for EcoRI and BanzHI respectively, and 3'overhangs, ACGT for pstl.

Al1 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 Dieestion of DNA.

All restriction digestions of the genomic DNA sampies were incubated for 2 hours
at37"C and finally heat inactivated at 65oC 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
0.8Yo agarcse gel (power supply 4-5volts/cm for 14-1,6 hours) and the size of the digested
DNA was estimated with that of lkbp DNA standards (promega, uK) (sambrook J.
Molecular Cloning: A Laboratory Manual (2002)) -

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

1 0
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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 104.1 of
competent E. coli RAI lr cells. After heat treatment 5 and expression of the
ampicillin resistance gene the cells were spreaded over the surface of LB
plates containing ampicillin (100ugr/m1), X-a-Gal (40p1 of 2% X-a-Gal)
and 1PTG (71.1.1 of 20%IPTG). The number of transformants from each
ligation reaction was measured. The 10 number of transformants
commonly obtained from tube C was 2x105-1x106cfu4tg whereas from
tube A was 500-600 eftilit.g. The number of transformants in tube A was
an indication of the efficient treatment of the vector DNA. The number of
transfonnants in tube B was in a range from 2-4x104efuing. 15 Number of
Transfmmants        Ligation mixtures with Pstl chromosomal DNA gave
rise to two a-galactosidase positive clones (pMelAl and pMe1A2) out of
approximately 2500 screened transformants, whereas with EcoRI and
BanzHI -treated chromosomal DNA did not give any positive clone out of
approximately 4000 total screened transformants. 20 Positive Clone
Digestion        The two PstI positive clones were digested with EcroRI,
Ps/I, B amHI, HindIII, Sinai, and KpnI restriction enzymes. Restriction
enzymes EcroRI, Pstr and BanzHI showed similar restriction pattern, one
fragment of -5kbp (gene of interest) and one -3kbp (plasmid 25 DNA)
indicating that these enzymes were cut at the same positions. HindlII gave
a fragment at 6.5kbp and a fragment at 1.5kbp whereas enzymes Sinai
and KpnI gave one fragment with size -8kbp indicating that they were cut
at only one position. The similar restriction patterns for both plasmids were
an indication that both contain the same DNA fragment insert.  12 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,    USA) and analysed with the
ABI Prism 3100, a fluorescence-based DNA analysis system
5incorporating 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). UPS-1 is a TN7 transposon-based in
vitro system 10 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
target plasmid was 25. This number was calculated according to the
manufacturer instructions and it assumes a 5-fold depth of coverage. 
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described with details in the manufacturer's manual.

DNA Lieation and Transformation

After purification of the DNA fragments with the Qiaex gel exfraction kit, they were
5 ligated with ClAP-treated pBluescript KS (+) vector. For ligation, appropriate amounts of

DNA were transferred to sterile 0.5 ml microfuge fubes as shown in Table 1,
Tube DNA
A Vector (15 fmoles l-29.7 ngJ)
B Vector (15 fmoles -29.7ngDNA) plus insert

(foreign 15 frnoles - 69.3ng )
C pUC control (0.056 fmoles [-100 pg])
The molar ratio of plasmid DNA vector to insert DNA fragment should be -1:1 inthe l¡gat¡on reactlon. The frnar DNA concentrailon shourd'bg-rõ"s7ur.-

Tablc 1': Ligation mixturcs. Tubc A shows ihe number of self-iigated -vcctor Dh'A w-iiicii
must be subtracted from the total number of transformants after hansformation. Tube B

10 shows the ligation of the vector with the DNA fragments and tube C shows the control in
order that the transfonnation efficiency to be calculated.

Before each ligation the DNA fragments were \ryarïned at 45oC for 5 minutes to
melt any cohesive termini that reannealed during fragrnent preparation. A molar ratio of

15 vector:insert DNA of 1: I was chosen for all ligation reactions and the reaction assembly
was done according to Promega's instructions.

To tubes A and B 1.0 pl of 10x ligation buffer and 0.5 
'Weiss 

units of T4 DNA
ligase (Promega, LIK) were added and the ligation volume was adjusted to l0 pl with

20 molecular biology grade water. To tubes C 1.0 Fl of 10x ligation buffer were added and the
ligation volume was adjusted to l0 pl with molecular biology grade water.

DNA fragnents were added to the tubes together with the water and then warmed to
45oC for 5 minutes to melt any cohesive termini that were reannealed during preparation.

25 The DNA was chilled to OoC before the remainder of the ligation reagents were added and
the reaction mixtures were incubated ovemight at LîoC(Sambrook and Russell, 2001).

15 Unique priming sites on both ends of the Transprimer element allowed
the sequencing of both strands of the target DNA at the position of the
insertion. The sequencing reaction mix contained approximately
400-600ng plasmid DNA, 3.2p ol of primer solution and 4111 of BigDye
Terminator solution. 20 Open Reading Frame Identification       The open
reading frame (ORF) was located by using the ORF finder from NCBI. The
bacterial genetic code was used and the frame length was determined to
be 300bp. The nucleotide sequence was translated in all six possible
frames and one open reading frame of 25759 amino acids encoding a
putative a-galactosidase was identified (The translation is shown in Figure
2). The start and stop codon was confirmed. The Bifidobacterium
a-galactosidase gene on plasmid pMelAl was expressed in E. coil under
growth conditions which would normally repress expression from the
inducible 30 E. coil lacZ promoter located in the flanking region of the
cloning vector. This observation  13 indicated that endogenous, internal
bifidobacterial sequences upstream of the agalactosidase gene may serve
as a transcription initiation signal in E. colt.           The transcription start is
indicated with bold italic letter. The above results indicate 5 that the gene
is controlled from its own promoter for transcription. Example 2
Synthesis with the a-galactosidase cloned enzyme isolated from
Bifidobacterium bificlum  10 NCIMB 41171 in E. colt host (strain RAI1)
The following described synthesis, unless otherwise stated, was
performed with the whole E. colt RAI I host cells after treatment of the
E.coli biomass (collected by 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 15
membrane. The E-coli biomass was prepared as described in Example I
under "E: coil. strains". Synthesis with cloned enzyme  Synthesis with
a-galactosidase was performed at a substrate concentration of 40% 
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After ethanol precipitation and purification of the ligated fragments (in order to
remove the ligation mixfure which cause reduction of the transformation efficiency)
transfotmations were performed according to Hanahan instructions. -50ng of tigated DNA
in 5¡rl solution was added to 100¡rl of competent E. coli RAl1r cells. After heat treatment
and expression of the ampicillin resistance gene the cells were spreaded over the surface of
LB plates containing ampicillin (1O0pgr/ml), X-o-Gal (40¡tl of Z% X-a-Gal) and IpTG (7¡rl
of 20%IPTG).

The number of transformants from each ligation reaction ïvas measured. The
number of transformants cornmonly obtained from tube C was 2x10s-1x106cfu/prg whereas
from tube A was 500-600 cfu/¡tg. 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 2-4x1Oacful1tg.

15 Number of Transformants

Ligation mixtures with PsrI chromosomal DNA gave rise to two c-galactosidase
positive clones (pMelAl and pMelA2) out of approximately 2500 screened transformants,
whereas with,EcoRI and BamHI -treated chromosomal DNA did not give any positive
clone out of approximately 4000 total screened transformants.

20

Positive Clone Digestion

The two PslI positive clones were digested with EcroRI, PstI, BamHI, HindIII,
SmaI, and KpnI restriction enzymes. Reshiction enzymes EcroRI, PstI and, BamBlshowed
similar restriction pattern, one fragment of -5kbp (gene of interest) and one -3kbp (plasmid

25 DNA) indicating that these enzymes were cut at the same positions. HìndIII gave a
fragment at 6.5kbp andafragrnent at 1.5kbp whereas enzymes Stnal and. Kpril gave one
fragment with size -8kbp indicating that they were cut at only one position. The similar
restriction patterns for both plasmids \ryere an indication that both contain the same DNA
fragment insert.

30
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20(w/w) initial mellibiose concentration. The synthesis solution was
prepared in 0.1 M phosphate buffer at pH 6.0. Synthesis was performed at
40C in shaking waterbath at 150 rpm. The pH optimum for the specific
enzyme was chosen based on activity measurements (using
p-nitrophenyl-a-D-galactopyranoside as substrate) of a specific enzymatic
preparation at varying pH values. 25       For a-galactosidase synthesis 2
ml of an K colt RAI I cell suspension (with an activity of 0.3 U/m1) were
centrifuged (at 10,000 g) to collect the biomass and the supernatant was
discarded. This biomass was re-suspended with I g of 40% (w/w)
mellibiose substrate solution in order to perform the synthesis. 30  14
The concentrations of the different sugars present in the mixture during
synthesis are shown in Figure 4. High performance anion exchange
chromatography coupled with pulsed amperometric detection
(HPAEC-PAD) chromatograms of galactooligosaccharide mixtures
synthesized by the a-galactosidase cloned from B. bifidum NCIMB 41171
are 5 shown in Figure 5. The galactooligosaccharide mixture sugar
concentrations at the optimum synthesis time point are shown in table 1.
Table 1. Carbohydrate composition of a-galactooligosaccharide synthesis
at 40 % (w/w) 10 initial mellibiose concentration at the time point where
maximum oligosaccharide concentration was observed.   Synthesis aft:
subst. GOS -DP>3 oosI DP=-2IMel Gle Gal % (w/w) Concentration (% of
total sugars) 4013.936.6138.0624.117.29 
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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 Biosysrems,

USA) and analysed with the ABI Prism 3100, a fluorescence-based DNA analysis svstem
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: tatget DNA mass ratio of l:4 was used according to the manufacturer instructions.

The number of isolated plasmids for sequencing after insertion of the Transprimer into the
target plasmid was 25. This number was calculated according io the manufacturer

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

Unique priming sites on both ends of the Transprimer element allowed the

sequencing of both strands of the targetDNA at the position of the insertion.

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

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

Open Reading Flame Identification

The open reading frame (ORF) was located by using the ORF finder from NCBI.

The bacterial genetic code was used and the frame length was determined to be 300bp. The
nucleotide sequence was translated in all six possible frames and one open reading frame of
759 amino acids encoding a putative o-galactosidase was identified (The translation is

shown in Figure 2). The start and stop codon was confirmed.

The Bifidobacterîum a.galactosidase gene on plasmid pMelAl was expressed in E

colí under growth conditions which would normally repress expression from the inducible

E. coli lacZpromoter located in the flanking region of the cloning vector. This observation

1 5
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15 Mel: Mellibiose, Glc: glucose, Gal: galactose, DP: degree of
polymerisation  15 Claims 1. A DNA sequence which a) encodes a protein
with an amino acid sequence as given in SEQ. ID. NO: 2, or 5b)
hybridises under stringent hybridization conditions to the sequence of a),
or c) is a degenerative of the sequence of a) or b), which is from 75% to
95% homologous. 2. The DNA sequence according to Claim 1, wherein
the sequence is given in SEQ. ID 10 NO: I or a fragment or degenerative
thereof which is from 75% to 95% homologous. 3. The DNA sequence
according to Claim 1 or Claim 2, wherein said sequence comprises
nucleotide substitutions, additions or deletions which result inless than
25% change in the amino acid sequence according to SEQ. JD NO: 2.  4.
A DNA sequence according to Claim 1 or Claim 2, wherein said sequence
comprises nucleotide substitutions which result in conservative amino acid
substitutions. 5. An enzyme encoded by a DNA sequence of any one of
Claims Ito 4. 6. An enzyme comprising an amino acid sequence according
to SEQ. ID NO: 2 or a fragment thereof.  7. An a-galactosidase having the
sequence as defined in SEQ. ID NO: 2. 25  8. A recombinant vector
comprising a DNA sequence of any one of Claims 1 to 4. 9. The vector
according to Claim 8, wherein said vector is an expression vector. 30 10.A
host cell comprising a DNA sequence of any one of Claims I to 4. 
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indicated that endogenous, internal bifidobacterial sequences upstream ofthe o-

galactosidase gene may serve as a transcription initiation signal in E. coli.

The transcription staft is indicated with bold italic letter. The above results indicate

5 that the gene is controlled from its own promoter for transcription.

Exantple2

Svnthesis withthe a-salastosidase cloned enzyme isolated from Bifìdobacterium bifìdunt

l0 NCIMB 41171 in E coli host lstrain RAt l)

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

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

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

15 membrane. The E.coli biomass was prepared as described in Example I under "E çoli

strains".

Synthesis with cloned enzvme

Synthesis with o-galactosidase was performed at a substrate concentration of 40%o

20 (w/Ð initial mellibiose concentration. The synthesis solution was prepared in 0.1 M

phosphate buffer at pH 6.0. Synthesis was performed at 40"C in shaking waterbath at 150

rpm' The pH optimum for the specific enzytne was chosen based on activity measurements

(using p-nitrophenyl-u-D-galactopyranoside as substrate) of a specific enzymatic

preparation atvarying pH values.

25

For cr,-galactosidase synthesis 2 ml of an E. coli RAI I cell suspension (with an

activity of 0.3 U/ml) were centrifirged (at 10,000 g) to collect the biomass and the

supernatant was discarded. This biomass was re-suspended with 1 g of 40% (w/w)

mellibiose substrate solution in order to perform the synthesis.

30

16  11. A host cell comprising the vector of Claim 8 or Claim 9.  12. The
host cell according to Claim 10 or Claim 11, wherein said cell is a bacterial
cell, a yeast cell or a fungal cell. 5  13. The host cell according to Claim
12, wherein said cell is selected ibm the group consisting of
Bifidobacterium, Lactococeus, Lactobacillus, Escherichia, Bacillus and
Aspergillus. 1014.The host cell according to Claim 13, wherein the cell is
selected from the group consisting of Bifidobacterium bifidum, Bacillus
subtilis, Bacillus circulans and Aspergillus niger.  15. Use of an enzyme of
any one of Claims 5 to 7, or a cell of any one of Claims 10 to 1514, for
producing a-aalactobiose disaccharides.  16. Use of an enzyme of any
one of Claims 5 to 7, or a cell of any one of Claims 10 to 14, for producing
a-galactobiose disaccharides to be part of a product selected from the
group consisting of diary products, such as liquid milk, dried milk powder,
baby milks, 20 baby-formula, ice cream, yoghurt, cheese, fermented diary
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. 2517.Use of a host cell of any one
of Claims 10 to 14, 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 diary
products, beverages such as fruit juice, infant foods, cereals, bread,
biscuits, confectionary, cakes, food supplements,  17 dietary supplement,
probiotic comestible product, prebiotic comestible product, animal feeds,
poultry feeds and medicaments.    18. A process for producing an enzyme
of any one of Claim 5 to 7 comprising culturing 5 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.  19. A process for producing a disaccharide comprising contacting
an enzyme of any one of Claims 5 to 7 or a host cell of any one of Claims
10 to 14 with a solution of mellibiose. 
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The concentrations of the different sugars present in the mixture during synthesis

are shown in Figure 4. High performance anion exchange chromatography coupled with
pulsed amperometric detection (HPAEC-PAD) chromatograms of galactooligosaccharide

mixtures synthesized by the u,-galactosidase cloned from.B. bffidunzNCIMB 4ll7! are
5 shown in Figure 5. The galactooligosaccharide mixture sugar concentrations at the

optimum synthesis time point are shown in table 1.

Table 1. Carbohydrate composition of a-galactooligosaccharide synthesis at40 %o (wM

10 initial mellibiose concentration at the time point where maximum oligosaccharide

concentration was obs erved.

Synthesis
init. Subst.

GOS
DYZJ

GOS
T)Y:¿ Ìvíei UIC (Jal

Yo (w/w\ Concentration(Yo of total sugars)
40 13.93 6.61 38.06 24.t 17.29

Mel: Mellibiose, GIc: glucose, Gal: galactose, Dp: degree of porymerisation
1 5

10  WO 2007/071987         Sequence listing SEQUENCE LISTING  <110>
<120> <130> <150> <151> <160> <170> <210> <211> <212> <213>
Lindsay, Clare L Product and Process P/13587.WO GB 0525857.9
2005-12-20 2 Patentin version 3.4 1 3129 
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CIaims

l. A DNA sequence which

a) encodes a protein with an amino acid sequence as given in SEQ. ID. NO: 2, or

5 b) hybridises under stringent hybridization conditions to the sequence of a), or

c) is a degenerative of the sequence of a) or b), which is from 7 SYo to 95Vo

homologous.

2. The DNA sequence according to Claim 1, wherein the sequence is given in SEQ. ID

l0 NO: I or a fragment or degenerative thereof which is from 75Yoto 95% homologous.

3. The DNA sequence according to Claim I or Claim 2, wherein said sequence

comprises nucleotide substitutions, additions or deletions which result inless than25%

change in the amino acid sequence according to SEQ. ID NO: 2.

4. A DNA sequence according to Claim 1 or Claim 2, wherein said sequence

comprises nucleotide substitutions which result in conservative amino acid substitutions.

5. An enzyme encoded by a DNA sequence of any one of Claims I to 4.

6. An enzyme comprising an amino acid sequence according to SEQ. ID NO: 2 or a

fragment thereof.

7. An o-galactosidase having the sequence as defined in SEQ. ID NO: 2.

8. A recombinant vector comprising a DNA sequence of any one of Claims I to 4.

9. The vector according to Claim 8, wherein said vector is an expression vector.

l 5

20

2s

30 10. A host cell comprising a DNA sequence of any one of Claims I to 4.

DNA Bifidobacterium bifidum    <220> <221> gene <222> (1)..(6) <400> 1
taaaccttca taaaaggaaa actagtggat cccccgggct ttcggcacca cgccgctcgg
gttgcccggc ggactgatca gacagcgcac tccgaccggt gacttggaag tcggtaaagt
cacggagata ctcaccacca ccggccatca gctgaccgaa ggacgcttcg agaaggtctc
tctgttgctt tccgcgggcg agcccggctt gcatgtgggc tggagcggca attccgtgct
aagctccacc gcggtggcgg gtgatctacg ttccgttcct tgggtcgagt gcatctgcct
atcatgcgcg rrAtrgarcg ccggcagtca gggctcccgc atcgctgaat atgcggtgac
tcaatggcac gttccgaagg cgccgatgga acggaactca cgcgctggtc ggcgccggga
gctggacgag accgcgactg catcgcaatc ttcgccggtc accgtactcg accgcctggc
gatatccggc cgtcaggacg  cgcgcatacc gtcacgcaac gggcgtggaa ctgtcatgga
cacgctgcgt aatcttccag cgaactcggc ttcccgctcc tctgcgcgaa cgcagcccgc
gatggcgggg cgcccaggtt cgggttcgag catggcgagg gtcggcagag cgtcagccgt
Page 1   
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A host cell comprising the vector of Claim I or Clairn 9.

12. The host cell according to Claim 10 or Claim 11, wherein said cell is a bacterial

cell, a yeast cell or a fungal cell.

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

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

Aspergillus.

14. The host cell according to Claim 13, wherein the cell is selected from the group

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

niger.

15. Use of an enzyme of any one of Claims 5 to 7, or a cell of any one of Claims l0 to

L4, for producing a-galactohiose disaccharides.

16. Use of an enzyme of any one of Claims 5 to 7, or a cell of any one of Claims 10 to

14, for producing u,-galactobiose disaccharides to be part ofa product selected from the

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

baby'formula, ice cream, yoghurt, cheese, fermented diary 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,
póultry feeds and medicaments.

17 ' Use of a host cell of any one of Claims 10 to 74, 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 diary products, beverages such

as fruit juice, infant foods, cereals, bread, biscuits, confectionary, cakes, food supplements,

1 1 .
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25

ccgctctaga60 caactccgcg120 cgccgcggtc180 rAagcgcggc?40
tctccacatc300 atgacggaac360 gattcgcaat420 ccgctattta480 acggtcttcc540
ccgcatacga600 caagcatcat660 gcgccggcgt720 aacgccaagg780
aggtgccggt840 cggccgaact900 ccggtaatct960 cggcacttgc 1020
agcggcagcc 1080 ttgacgcctc 1140 tctattcggt 1200 atacgaccgg 1260  t
ctgattggc gtacaccacc attccatgat tctcaacacg cg at aag g cc ccgc cgagac
cgggccgaag cctgtggtt c ct gggtgctg cgacctgacc 
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dietary supplement, probíotic comestible product, prebiotic comestible product, animal

feeds, poultry feeds and medicaments.

1 8. A process for producin g an enzyme of any one of Claim 5 to 7 comprising culturing

5 ahost 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.

19. A process for producing a disaccharide comprising contacting an enzyme of any one

of Claims 5 to 7 or a host cell of any one of Claims 10 to 14 with a solution of mellibiose.

1 0

cgagttgggc g ccacgtacc tgacctcgaa tatcgacctg ggt cgag cgg cgagcatgtg
catggcgatg  cgaggcgttg cg cgatcgac ggtcaagccg tctccctgcg gccgttgtgg
gggctg gtgg gcgccct cca cagacgg cat cattgcgt ca acgtaggaac gag ccg
taag atg ccggg cc ccctcgaaac agcgag cttt acgtcgagc   ggcggcgagg ccgtg g
ctgt tacgtacgct tgggaggccg ggggattccg tccacatccg agcctcaagg g aaccg
gag a  Sequence li cgg cgagg cc cggtgacggg ggatctcgc c ccatgactac
gttcgtggtg ctgg caaata ttacgtg cac ggatt ccgac  g ccgatg cag catccat gat
cca caacaaa gcagacg ctc g attgagagt ccgcgtgtgg gtcg ctgctc cacgcatcgc
cgtcgaatgg cgccgaatac cg ccgatccg ccggt t cacg t cttgacccc gcttggtctt
gacggg ccgg ggtg ctgttc gc cggcgg cc tagtcgttga tgg ccctg at agctggaaga
gacacgttgc gt cgaatgtg accgtcgcgt   gcgg cgaaac 1320 tgg ctgcg ag 1380
gt ccggtg at 1440 aggctctggc 1500 ggtt cgg ctc 1560 tg tg gccgg a 1620
tggagttcgg 1680 cccacc ctga 1740 agcaagtgct 1800 cg ctggt cgg 1860
aggcggtctc 1920 g gat gt tc cg 1980 gcggcggccg 2040 g cgt gg accc 2100
g catgatggg 2160 aggagatgcg 2220 mnrinnr nn7 2280 g cgcatggtt 2340
tcgacggcat 2400 cgt cccagac 2460 accgcataca 2520 agtcgccgtt 2580 cct
acgggtt 2640 g ccaataagc 2700 gtcg ccggca 2760 g tag aagttc 2820 g gtg
cccttg 2880 cccgat cttc 2940 cgtgatatgc 3000 cagacggccc 3060
ggtactcccc 3120 3129  <210> 2 <211> 759 <212> PRT  <213>
8ifidobacterium bifidum Sequence listing <400> 2 
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<l_60> 2

<L70> paten t ln  vers ion  3 .4

<2L0> L
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<22L> gene
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<400> 1-
taaaccttca taaaaggaaa caaaagctgg aagctccacc gcggtggcgg ccgctctaga 60

actagtggat cccccgggct gcagctcgtg gtgatctacg ttccgttcct caactccgcg Lzo

ttcggcacca cgccgctcgg accgtgggca tgggtcgagt gcatctgcct cgccgcggtc 1g0

gtãctgatcg cctcggaaat ctacaaggcg atcatgcgcg ccatcgaccg caa-gcgcggc 240

atcatggcat aacaatgcca taagcctcca ccggcagtca gggctcccgc tctccacatc 300

ggaaaacggg agcccttctc ataccccgga atcgctgaat atgcggtgac atgacggaac 360

gatgtcgtag catcggaggc gaaccatata tcaatggcac gttccgaagg gatrcgcaat 420

gtcactcatc gaacaattcc atggcgccgc cgccgatgga acggaactca ccgctatt ta 4g0

tgctgagcag ccggctgctg atgtggcgtt cgcgctggtc trcaccggtc acggtcttcc 540

gcgcttcgtg cactggggcc gaccgctcgc ggcgccggga accgtactcg ccgcatacga 600

cgccctgcgg ccgcagcgcg tgtccggcgc gctggacgag accgcctggc caagcatcat 660

gcccacgcaa agcgagtcgt ggataggggc accgcgactg gatatccggc gcgccggcgt 720

aacgccgttc tgtgcattca cggtgaccgg catcgcaatc cgtcaggacg aacgccaagg 780

cgttgacgtg tctgacggcg tggacggtgc cgcgcaracc grcacgcaac aggtgccggt g40

cgtcaccgtg accgcgtcgg atgccgagca gggcgtggaa ctgtcatgga cggccgaact 900

gttgcccggc ggactgarca gacagcgcac cacactgcgt aatct tccag ccggtaatct 960

tccgaccggt gacttggaag tcggtaaagt cgaactcggc ttcccgctcc cggcacttgc 1020

cacggagata ctcaccacca ccggccatca tctgcgcgaa cgcagcccgc agcggcagcc 1080

gctgaccgaa ggacgcttcg agaaggtctc gatggcgggg cgcccaggtt  t tgacgccrc 1L40

tctgttgctt  tccgcgggcg agcccggctt  cgggttcgag catggcgagg tctattcggt 1-200

gcatgtgggc tggagcggca attccgtgct gtcggcagag cgrcagccgt atacgaccgg 1260

Page l-

Met ser Leu Ile Glu Gin Phe His Gly Ala Ala Ala Asp Gly Thr Glu 151015
Leu Thr Ala Ile Tyr Ala Glu Gin Pro Ala Ala Asp Val Ala Phe Ala 202530
Leu Val Phe Ala Gly His Gly Leu Pro Arg Phe Val His Trp Gly Arg 354045
Pro Leta Ala Ala Pro Gly Thr Val Lets Ala Ala Tyr Asp Ala Lets Arg
505560 Pro Gin Arg val Ser Gly Ala Lets Asp Glu Thr Ala Trp Pro Ser Ile
65707580 Met Pro Thr Gin ser Glu Ser Trp Ile Gly Ala Pro Arg Lets Asp
Ile 859095 Arg Arg Ala Gly Val Thr Pro Phe cys Ala Phe Thr Val Thr Gly
Ile 100105110 Ala 'OP Arg-nin Asp cTh Arg aln cly Val Asp. vnl Car
Asp-rly Val 115120125 Asp Gly Ala Ala His Thr val Thr Gin Gln Val Pro
Val val Thr Val 130135140 Thr Ala Ser Asp Ala Glu Gln Gly Val Glu Leu
ser Trp Thr Ala Glu 145150155160 Leu Leu Pro Gly Gly Leu Ile Arg Gin
Arg Thr Thr Leu Arg Asn Leu 



s e q u e n c e  ì i s t i n g
tctgattggc ggcggcaagg tgctgctcgg cggcgaggcc acgðtcgccc gcggcgaaac L320

gtacaccacc ccgtggctgt acgggtcgta cggrgacggg ctcaacgagg tggcrgcgag 1390

attccatgat tacgtacgct cctgtcaccc ggatctcgcc gtcaagccgc gtccggtgat L44o

tctcaacacg tgggaggccg tgtatttcga ccatgactac gacacgttga aggctctggc L500

cgataaggcc ggggattccg gtgtcgaacg gttcgtggtg gatgacggct ggttcggcrc 1560

ccgccgagac tccacatccg ggctcggcga ctggcaaata gcgcaggatg tgtggccgga L620

cgggccgaag agcctcaagg cgctcgccga ttacgtgcac ggaaaaggca tggagttcag 1_6g0

cctgtggttc gaaccggaga tggtcaaccc ggattccgac gtggcccgcg cccaccctga t740

ctgggtgctg cgcccgactg cgaaccgtct gccgatgcag ggacgctcgc agcaagrgcr 1g0o

cgacctgacc aatcccgacg cctaccgata catccatgat tccatcgatg cgctggtcgg Lg60

cgagttgggc atcgactaca tcaaatggga ccacaacaaa ttcgtcaccg aggcggtctc Lg20

gccacgtacc ggcaggccgg cggtgcacgg gcagacgctc gccgtgtacc ggatgttccg Lggo

tgacctcgaa gtcgcgcatc cgggactgga gattgagagt tgcgcatcgg gcggcggccg 2040

tatcgacctg ggcatactcg aattcgccag ccgcgtgtgg acgtccgact gcatggaccc 2L00

ggtcgagcgg gccgatattc agcggtacac gtcgctgctc gtgccgccct gcatgatggg 2L60

cgagcatgtg ggggcgagtc ctgcacattc cacgcatcgc gccacgagcc aggagatgcg 2220

câtggcgatg gcgf-tcrt.g ggca.atggg cgtcgaatgg aatctgctca aggagccgga 22g0

cgaggcgttg aacaagctcg gcgaatgggt cgccgaatac aagaggcacc gcgcatggtt 2340

cgcgatcgac acgtgcgtgc acgccgatar cgccgatccg gccgtccagg tcaacggcat 2400

ggtcaagccg gatcgttccg cggcgttcta ccggrtcacg caactgacaa cgtcccagac 2460

tctccctgcg gcgccgattc gcgtgcccgg tcttgacccc aatggcacgt accgcataca 2520

gccgttgtgg ctggatctcg atctcgacgg gcttggtct t  ggcagcggcc agtcgccgtt  2590

gggctggtgg accaaagacg gcgtgctgat gacgggccgg gcgctgatga cctacgggtt 2640

gcgccctcca tcgctgcatc cggcgcagtc ggtgctgttc accaccattc accaataagc 2700

cagacggcat cgaacggagc ataacaatgt gccggcggcc cagtcatgga gtcgccggca 2760

cattgcgtca aagaacttgg gtatcggctc tagtcgttga cgtcggcctt gtagaagttc 2920

acgtaggaac ggctgggggt cgggccgcgc tggccctgat aatgggagcc ggtgcccttg 2Bg0

gagccgtaag ggtgctcggc cggagagctg agctggaaga agcacatctg cccgatcttc 2940

atgccgggcc agagcttgac cggaagcgtc gacacgttgc tcaactccag cgtgatatgc 3000

ccctcgaaac cggggtcgat gaagccggcc gtcgaatgtg tgaggatgcc cagacggccc 3060

agcgagctt t  tgccttccaa gcgtgccgcc accgtcgcgt cgagcttgac ggtactcccc 3120

acgtcgagc 3129

<21_0> 2
<241> 759
<212> PRT

eage 2

165170175 Pro Ala Gly Asti Leu Pro Thr Gly Asp Leu Glu Val Gly Lys Val
Glu 180185190 Lets Gly Phe Pro Lets Pro Ala Leu Ala Thr Glu Ile Lets
Thr Thr Thr 195200205 Gly His His Lets Arg Glu Arg Ser Pro Gln Arg Gin
Pro Leu Thr Glu 210215220 Gly Arg Phe Glu Lys Val Ser Met Ala Gly Arg
Pro Gly Phe Asp Ala 225230235240 Ser Leo Leu Leu Ser Ala Gly Glu Pro
Gly Phe Gly Phe Glu His Gly 245250255  Sequence listing Glu Val Tyr
Ser Val His Val Gly Trp Ser Gly Asn Ser Val Leu ser 260265270 Ala Glu
Arg Gin Pro Tyr Thr Thr Gly Leu Ile Gly Gly Gly Glu Val 275280285 Leu
Leu Gly Gly Glu Ala Thr Leu Ala Arg Gly Glu Thr Tyr Thr Thr 290295300
Pro Trp Leu Tyr Gly ser Tyr Gly Asp Gly Leu Asn Glu Val Ala Ala
305310315320 



<zr3> e i f idobac ter ium b i f idum 
sequence 1- is t ing

<400> 2

M e t  s e r  L e u  r l e  c l u  c l n  p h e  H i s  c l y  ¡ l a  R l a  a ] a  R s p  c ] y  r h r  c 1 u1  5  
- 1 0  

1 5

Leu Thr  a la  ¡ le  ry r  R ia  c lu  G ln  p ro  R la  a la  Asp va l  a la  phe a la
20 25  30

Leu Va l  phe ¡ la  c1y  Hìs  c iy  Leu pro  arg  ehe va l  H is  t rp  c ly  n rg
3 5  

- 4 0  -  
4 5

Pro  Leu R la  R la  p ro  G ly  lþ r  va ]  leu  a la  a la  Tyr  Asp a ]a  teu  Rrgs0 ss 6ó

pro c ' ln  Arg va l  ser  g lv  a la  Leu nsp c lu  Thr  R1a t rp  pro ser  r le65 
- 

70' 7t Bo

Met  Pro rhr  c ln  :gr  Glu Ser  r rp  r1e ç ly  Ala pro Arg Leu nsp r ]e
85 90-  

-  gs '

Arg Arg n la c ]y  va l  rhr  pro phe cys a1a phe rhr  va l  rhr  e ly  r le1.00 l_05 1t o

.a.la l le +Ig-cln A.sp Glu .a.rg Ç]l ely VaJ .a.sp.r/a' l  Ser .a.ep,6]yr ry¿l
115 

- 
1.2O tzr

Asp gly ¡ la ala His rhr vaj rhr Gln Gln val pro val val rhr valL30 1_35 140

f l - r f  A la ser  Asp Rla c lu  e ' ìn  c1y va l  c lu  lg l  ser  Trp rhr  Rla Glu
1"45 150 

- 
i55 ioo

Leu Leu ero C]y cIy Leu r ' le Rrg c1n Rrg rhr rhr Leu Arg Asn Leu
165 t7-0 

' 
L75

pro Rla Gly Asn Leu pro Thr  Gly  4:p Leu c lu  va l  Gly  r ,y t  va l  c lu
1_80 185 190

Leu Gly

c 1 y  H i s
2LO

Gly  arg
225

ser  Leu

Phe Pro
L95

His  Leu

Phe e lu

Leu Leu

Leu Pro  A la

Arg  Glu  Arg
21"5

Lys Val Ser
2 3 0

s e r  A l a  G l y
245

Leu Ala rhr  e lu  r le
200

Thr rhr thr

Ser  Pro  Gln  Arg  Gln
220

Leu Thr  G lu

Leu
205

Pro

Met Ala Gly

c1u  e ro  c1y
250

Pro Gly ehe RspArg
2 3 5

Phe

A l a
240

G l yH i s
2 5 5

eage 3

c ' ly  ehe c1u

Arg Phe His Asp Tyr Val Arg ser Cys His Pro Asp Leu Ala Val Lys
325330335 Pro Arg Pro val Ile Leu Asn Thr Trp Glu Ala Val Tyr Phe Asp
His 340345350 Asp Tyr Asp Thr Leu Lys Ala Leu Ala Asp Lys Ala Gly Asp
ser Gly 355360365 val Glu Arg Phe Val Val Asp Asp Gly Trp Pile Gly ser
Arg Arg Asp 370375380 car Thr SPr aly Leu Gly Acp Trp Gin T1P Ala nin
A.93 val Trp. Pr^ 385390395400 Asp Gly Pro Lys Ser Leu Lys Ala Leu Ala
Asp Tyr Val His Gly Lys 405410415 Gly met Glu Pile Gly Leu Trp Phe Gill
Pro Glu Met Val Asn Pro Asp 420425430 ser Asp val Ala Arg Ala His Pro
Asp Trp Val Leu Arg Pro Thr Ala 435440445 Asn Arg Leu Pro Met Gin Gly
Arg Ser Gin Gin Val Leu Asp Leu Thr 450455460 Asn pro Asp Ala Tyr Arg
Tyr Ile His Asp Ser Ile Asp Ala Leu Val 465470475480 Gly Glu Leu Gly Ile
Asp Tyr Ile Lys Trp Asp His Asn Lys phe Val 



clu val ryr:91 val Hjs val .,u irïHrttoìJilinrer vat Leu ser260 za\--  270

Rla c lu  ̂ Ig Grn pro ryr  rhr  rhf  Gry reu rre e1y cry crv cru var275  280  zsÉ  
- . J

Leu Leu e lv  c lv  c lu  Rla rhr  Leu Aia Arg c ly  ç lu  Thr  - ryr  rhr  rhr290 295 
--- 

300

Pro Trp Leu Tvr  Gly  :g I  Tyr  c ly  asp c1y Leu Asn c lu  va l  a la  a ia3 o s  
- 3 1 0  ' 3 j . 5  

3 2 0

Rrg ehe His esp tyr Va1 Arg ser cys l is pro Asp Leu Rla Val Lvs32s 330 
-  . - r  ' *  

å i i  
- ' "

pro Arg pro val r le Leu Asn rhr rfp Glu nla val Tyr phe Asp His340  345  350  
' - '  " ' -

Asp Tyr Asp Thr Leu Lys A]a Leu Ala Asp Lys a1a gly asp ser e1y3 5 5 - 3 6 0 - 3 o :

val clu Arq phe val val Rsp asp c' ly rrp phe cìy ser Arg Arg Asp370 
- 

375 
-- 

380

-çe r  Th r  Se r  c l v  Leu  c l y  A .sp  T rp  c ln  r l e .a . l a  c ln .+sp  va l  T lp  p rc
3Bs 

-  
39Ó 39s 400

nsp G1y Pro Lys;3; . " "  Lys a1a r " ,  
â ] .3  

Asp ryr  va l  Hi r  
f l l  

. r ,

cly l ,¡et clu phe Gly Leu .rrp ehe c' lu pro c]u uet val Asn pro Asp42A 425 430

ser Asp val Ala nrg ala His pro Asp Trp val Leu Arg pro Thr ala435 440 44:5

Asn Arg Leu pro Met Gln gJy Arg ser Gln Gln val Leu Asp Leu Thr450 455 
- 

4OO 
--

Asn pro asp Rla Tyr 4lg ryr r le His asp lgf r le Asp Ala Leu val46s 47Õ 425 4BO

Gly Glu Leu ciy Tlg nrp ryr r1e Lys Tfp Asp His Rsn Lys phe val
48s 490 49s

rhr  c iu  Rla va l  ser  pro Arg rhr  G]y Arg pro Rla va l  Hìs e1y Gln
s00 505 s10 

- '

lhr teu Rla val Tyr Arg wlet phe Arg Asp reu clu val nla His pro
s1_5 s20 s2s

Page 4

485490495 Thr Glu Ala val Ser Pro Arg Thr Gly Arg Pro Ala Val His Gly
Gin 500505510 Thr Leu Ala Val Tyr Arg Met Pile Arg Asp Leu Glu val Ala
His Pro 515520525  Sequence listing Gly Leu Glu Ile Glu ser cys Ala Ser
Gly Ely Gly Arg Ile Asp Leu 530535540 Ely Ile Leu Giu Phe Ala ser Arg
Val Trp Thr Ser Asp cys Val Asp 545550555560 Pro Val Glu Arg Ala Asp
Ile Gin Arg Tyr Thr Ser Leu Lau Val Pro 565570575 Pro cys met met Gly
Glu His Val Gly Ala Ser Pro Ala His Ser Thr 580585590 His Arg Ala Thr
ser Gin Glu met Arg met Ala met Ala Phe Phe Ely 595600sos His Met Gly
Val Glu Trp Asn Leu Leu Lys Glu Pro Asp Glu 45.1a.Leu 610615620 Asn
Lys Leu Ely Glu Trp Val Ala Glu Tyr Lys Arg His" AriAla'Trp
625630635640 Phe Ala Ile Asp Thr cys Val His Ala Asp Ile Ala Asp Pro
Ala Val 



e ly  reu  c lu  r l e  GJu
530

Pro Cys Met Met Gly
580

His  a rg  a la  th r  ser
595

His  Mer  G iy  va l  G iu
61_0

Asn Lys Leu Gly Glu
625

phe a la  r1e  Rsp Thr
645

.a.r g val A.sp cly Met
660

phe thr Gln Leu -rhr rhr
675

val Pro c1y teu Asp Pro
690

Lgg Asp Leu Asp Leu Asp
70s 7t0

Leu c1y Trp Trp -rhr lys
725

Glu H is  va l  c ]y  n la  Ser  p ro  A la
5 8 5

s e q u e n c e  l j s t j n o
Ser  cys  A la  ser  G ly  G ' ly  g ly "a .S  Ï le  nsp  Leu535 540

flT 
t'e Leu elu phe 

â13 
t"t ars val tto 

î!i 
ser Asp cvs vat nsp

Pro va l  c1u Rrg å lg arp r le  c ln  Arg Tyr  rhr  Ser  Leu Leu)b)  s7o
Val pro
575

ser  Thr

Phe c1yc ln  c ju  Met  Arq  Met  a la  met
600

Trp 49! Leu Leu Lys G1u Pro
615 620

ã56 
u"t ala clu ryr 

bl; 
o"n

a l a
605

I
ASp

).

H i s

Ala Pro
685

Gln Pro

c1y  c1n

c1y arg

A l a
65s

I  t  |  ñ r  v

I l  e Arg

Leu Trp

Ser Pro
720

Ala  teu
735

Ser val

' cys  va ' l  H js  a la  Rsp r ìe  R la  Asp pro
6 5 0

r/a-]. L)rs Pt'o A.sp. .At g Ser Rla .nla phe
665 670

Ser

Asp
695

G l v

c ln  th r  Leu pro  R la
680

e1y rhr Tyr Arg

Leu cly teu G l v
7L5

Met

I l e
700

Ser

Asp c ly VaJ Leu
730

Ser Leu
745

rhr

Met Thr Tyr e1y Leu Arg pro pro
740

Leu Phe th r  R la  r le  Rrg  c ]n
755

uis  pro A l a c l n
750

Page 5

645650655 Arg Val Asp Ely mot Val. LysPro Asp-Arg ser Ala Ala Phe Tyr
Arg 660665670 Phe Thr Gin Leu Thr Thr ser Gin Thr Leu Pro Ala Ala Pro
Ile Arg 675680685 Val Pro Gly Leu Asp Pro Asp Gly Thr Tyr Arg Ile Gin
Pro Leu Trp 690695700 Leu Asp Leu Asp Leu Asp Ely Leu Ely Leu Ely
Ser Ely Gin Ser Pro 705710715720 Leu Ely Trp Trp Thr Lys Asp Ely Val
Leu Met Thr Ely Arg Ala Leu 725730735 Met Thr Tyr Ely Leu Arg Pro Pro
ser Leu His Pro Ala Gln Ser Val 740745750 Leu Pile Thr Ala Ile Arg Gin
755 


