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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 Srelates 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
Rroduat aad Baaeessor 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 disAeCRERRR damtion seRtet i sad pretaciptidasecuitsinmsealnptiwlating
heslandapalsloiRs BraseRtdR IR 4P ﬂ?&jéﬁ%ﬁmgé%ﬁga&@lﬁ%sﬁ%wi&ﬁar it
in the lower intestinal tract bifidobacteria produce various kinds of exo-
ARAEHECHTCBRRTIRAH SOIRRL b AdeSs IS Alsxoraced sia rhdifiggpacterium
Wificlwmthey 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
enzymatie wyntitesinanfiudridy schiigowdobiiasmpenwehiaictidivg fhrovelattd act

%%19&&%@&%%&[%@%%%%@&4@ E%l a%%h a D&(IE g{lﬂn\évrpcéﬂa%td écl(l; ea host cell

members of bifidobacteria produce fl-galactosidase enzymes that

RIS AR D SCIRRAFHTE LIS G? TaceathinanioTratoPiRc aspetiafing ths RNA
Eoopisace. IWhietabéation28l)eloRd R 1R2L-0283 desaidmibadiselatidmarguence,
CP%‘ﬁéiﬂgﬁéi@ﬁ’P ofttrilrrlgzne 135Igglggtosidase %ene from a strain of
Bifidobacteriwn Biidum =They fourid that Al e 8 g GSIaGohgeduss o
grdretelifsao catalyse the formation of beta-linked galactooligosaccharides

2 by transgalactosylation. It is known that some species of bifidobacteria,
but not B, bifidum produce :%%a[actosidases as well as j3-galactosidases.

a-Gal a%l@éﬂﬁ’a%fé%'&t}ﬁ@‘% %g}g lgywer 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.

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.

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 Bifidobacterium bifidum. They found that all three B-

galactosidases were able to catalyse the formation of beta-linked galactooligosaccharides
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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 raixture of galactooligosaccharides
which unexpectedly contains up to 35% of disaccharides including
%)al%biose SGaI fc. 1-6) - Gal). This disaccharide is known (see Paton, J.C.

}bé%g?\g,aA.Ws aélﬁg), Clin. Microbiol. Revs., 11,450-479; CarAsson, K.A.
(1989), Ann. Reviews 15 Biochem., 58, 309-350) to be an antiadhesive
capabl i [ ins..e.9q. Shiga, toxin and
pathoos SRS SRS O TR B Sur i SR AN e o
Efldotvsidess trspusiitesfugalestosidesssion-Natntiesidd DBl et R11B that givap of

: : | i . . .

i A A
Iseefifeitnd thartsrs srrsispetiBadticiumalbrersbeddea aushgsnetissipbesy Heab-

IS 0RRGHI 8RS SR VLB D ﬁﬂwgﬁﬁl@@éﬁalﬁﬁt%@}%ﬂyﬁQﬁﬁmg@?esgalactose from

25According to the invention there is provided a DNA sequence which
EACSHERIPRS AR EUEH SirB HGHHER Qe OIS in SEQ. ID NO:

2 or hybridises under stringent conditions to the DNA sequence which
encode g ' DNA uence s given in.SEQ. ID NO: 1 or, .
oy comm o FRkobda P AR AR RS cople ot Yaueing
eRotqsidRe enzysre sty Hrefrponyessdegssedaoreyeusizmesppreferably

I t68 B0 IR RO Snexpectedy R RAN A 36 GYONGEIBALICLTIY 186luding
nucleotide substitutions, additions or deletions 5 which result in less than

B35 TR CRINRY s (Frlh 450 dpsschaidedsdprrRSeentatonsts cRabrier W-
(eosniObnadicssoleReesSNOWIB 43 @atsDi)DK 24 Nustentitien. Reviews

bstituti It in_conseryative aminp acid substitution . .
R D2 pe SRR SR B e dgion oforins,
edzyhieadasioad pa@lvga DN safucelbdatheietilod thbguk. 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
providé%”ﬁ e IR %ﬁm@fawaﬂ BSsrE e GH YRR HICIMB 41171 at
therarising GollEdsAsef ieineei dstobfinnd Bhaeye, Shatiean] TRagian mRyhe003.
incorporated.into. a ell suc cterial, yeast or fungal cell.
gﬁ%?r%%%&fﬁﬁ@%ﬁ%%%%ﬁﬁ%& r%%a%?g incorporated into such a host
cell. A suitable host cell may be selected from Bifidobacterium,

LactocReayebReioReaiitmi SAGHLS B HXAMNR BREH USSR Qlase that is

Bacillus circulans, Escherichia and Aspergillus for example Aspergillus
e convging HILifieR e gsea atiBRiPatelitRiatiAfhe encoded by the
DNA sequence as defined above produces a mixture of oligosaccharides,
in pa”i&%'%£§ﬁ%%é%%°£k%s%91{%ﬁ‘8°*}%‘r‘9§§a§a5J BR&nzyms or thehost cell,
as described above may be Used 10 |5)ro uce a- galactobiose

pieisit haficesaminicteihssatenee pagiviraip UG N hoo Wiy lyidiseamdtn.

bk QBQQH%W}QW}@Q&&H&%%QRH@CE%§.ﬁq}ﬂ&rﬁ)fﬁ?érMNA sequence
products gfor exadr%‘pa?le liquid milk, dried milk powder such as whole milk

CGEN A BoRAEForaPHiRd FIBREMAtdsseRAHEY HRIgets,

baby milks, baby formula, ice cream, yoghurt, cheese,

The phrase “degenerative” is construed to mean a DNA sequence which is at least
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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. SAlternatively, 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 of toxins produced by pathogens to
the gut wall. The medicament may be administered to a patient, for

le followin f antibiotic freatment ich often alters or
R R i B R
fortfrasatdy feseh G6 thed i dntimiotvase 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
expresSitiP sIRE S EypRee PRy FroEBvES Y detida sibpighaionsnsd BiiensAfaletions
?vméuefdmm1ﬁaetﬁafht6wg_preflga_slmgmﬁ' e :dﬁ ig‘%ll,ﬁ%&&rgféﬁgamya process

r pro e galactobiase disaccharides whic mprises contacting .

R A PR P Feeeen S HR IS dih Aviledtid
vblibissmcmataining imatestalathdemdonditid sstthittieasl to the formation

of the disaccharides. Suitable mellibiose containing material may be
selected from commercially available mellibiose, raffinose, stachyose or

as an &XIFREYIBE $dpIecand. asprst picdhe it et trserv aveviged 25 ERgtires encoded
shawnNhedpelestidadaidensee(Seh AP NG mb) i Rifsphastasuiino acid

bifidurtz cc- alag}g;id@ iith the start a gésto codon indicated in bold
& ‘éefg?e glvglnglﬂlre 5 jv%s&,trgéoﬁﬁg%%ﬁa%p e(ﬁ‘f?ghce of Figure 1 with the
amino acid sequence (SEQ. ID NO: 2) of the enzyme; 30 5 Figure 3

shows thefigst >4 AEUNQAGIOS ARG, BIRINPARGE: S EANEICE, (REvl RN Qector,

2) of Figure 2; . Figurp 4 is a graph s]tl?gwmg the time course reaction
BB Ry ARG AE BB AEE R FAE By PR IO MM SIS definsl akevanduch a
40%(why belihpisetdd mi.4 bphesphaiadubianataly HH asrsuhsitate;

% grr'f_é %Fy,s tf?eh B\N%aseq{%%c%egg eairrllggrggggd%é’&)hsau% % st? cr;gﬁlt O/g rs%ri?aglfe host

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

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

Aspergillus niger.

Using mellibiose as a substrate, the enzyme 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 o-
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
1icjuid 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




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
sizéTaft 18ce 5k Wede, ligrastbrddh, pBluiScOpekiSit)yestes, fFoCoibSBHRts,
werg SlppoeehWith @ ALAINING. | ions consisting of Psti .
dig?sesgiﬁ%hptgm S m%&ﬁé?ﬁtf%%@%ﬁ% %}Q t‘%}gﬁﬁ%@%ﬁg&grﬁ%ﬁt@p m(ﬁm’ animal
a-galactosiuase sl wrtars bt derd b5 a8R rtani agar plates

containing p-nitrophenyl a-D-galactopyronoside and

sisopropylAReRhieERIAs 1SINe MHRTG) oM ar idaseRositive.

clopnggi‘(gr%%@é angj) elA lw&l—:'re idé)rlnified. %%I_QBEQ%E%;}?V%%QC %rseﬁ?\r/%tm ofa
ige: ToRCPRICIRTES AR Yscidhsaien sifmmthogens

clones were diges EPWitht
restFikad predesedind Reshisgnativasht eeltalihe chtde sameninses teth RNGred to a

fragavient (62 NAEERUSIGIRG chﬂﬁ?smg@qo@%ﬂﬁgﬂﬂwm SHL RS or eyen

perfor dﬂ}ésin the dideoxy chain-termination method of Sanger (Russe
P., ZO(F)Q;%Gerrllgﬁgag, %llg})é '#E%fﬁbation, Ina, 25 San Francisco, 187-189)

10 using the BigDye Terminator V.3.0 cycle sequencing kit (Applied

BiosystermszotdfA o Thae, RNRusagee 0etoVialdhit SROWR M IO Jess for

(S : open reading frame (ORF) was located by using_the
R KR VRS R et s bt
THE DA S ol s dredinm wnssticarditvostherhising danettiowatthe enzyme
detedmrireerin bl 3001 dheniusleplide srAUaR &R fikigwigd Was

15 translated in all six possible reading frames and one open reading frame

20

25

30

of 759 amino acids 6 encoding a putative a-galactosidase was identified.
The transTStiBYPIEShis s Hieriert o2 peess o3 mesusing the gatmpiebinessent
indésacicharidit bdifbrehmpdescribeciby hesnpimetaresmedabiie UG as
5&?@&%'9&;@&@599'@.&11&%&%%&899 M?e@ﬁ%d%p cAolllac? 18159 It%aﬁegg 90 the

m O(Ij}gaggg%?[cgélgggcc sa% (;[Qroughout this study were obtained

Suitable mellibiose containing material may be selected from commercially

available mellibiose, raffinose, stachyose or as an extract of soybeans.

- Brief Description of the Drawings
Figure 1 shows the nucleotide sequence (SEQ. ID NO: 1) of Bifidobacterium
bifidum o-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;
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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 cémposition 80% and 20%
respectively) at 37C for 48 hours. The colony morphology and the
absence.of 2Q contamination_were tested by gram staining. E. coil strains
Escheri%f%‘ér%%if' s??’glsiﬁéelgfﬁxsf%% gD é/g R Asddag W (SEQ. ID NO:
comffogyeidcubated under aerobic conditions at 37C in Luria Bertani (LB)

agar oryaih (AR RS20 Y55k ZORRVplecular

Cloning. A Laboratory Manual."Cold Spring Harbour La o%a%ry Press,

NeeloPaHigesrriardn sathesisapjtivie seplsripsidateanditd drtipivtinsiliboise in

(0004 prbsprapicliffcanefer 4.5ngWseioramphenicol) and 40111 of 2%
oside , 71.1 of 20%

X- | X-a-Gal

(somro B B ROt ARG AR FHICh e B TS o
%ﬁﬁ@?@nﬁﬂ@@@imﬂdagm@plaiwnﬂlesize'ﬂlw.ﬁ@@gﬂ@ﬁdﬂﬁ&d&fiﬁ@fbﬁ]ﬁiﬁimdm
B¢l ﬁﬁgur(f" Wﬁ%&ﬁiﬁaﬂlséﬁ%&ﬁl ﬂdﬁgkp&g%f{gfzg’gﬁ)ﬁ%gl%%}(%%%% (Gle

(genotype; melA-13+, reck , lac=) Is a'derivative of E. C
UsBHPSe S SelAasse Rk Reibiose. DR sletrasrrfipeirroeiistipais/Bye dashed
g aane: BT ANaEEAM ALias hcargF) 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 @fErdoiP3kiwaR isoldtedffoexibeoBidrb expriim éiflsym sisaitoMECIMB
a5¢9{ : > - -
e A g (- avas.
HiBwRVE WS arsine Al dRsHiHAE RRerBiesEf AREpeREMIIRg Aigaximun size of
Lléms?se fl@gaﬂag tlffan@tﬁafrﬁﬁu m&lmmﬂ@e}&mﬁetmmﬁm&m@ a
e the metabolism of them by actjve a-galactosidases. |t ot
R R ot S R ol 58 B e
&ifidere Clvmacwilti argabactodidese Holavly, Goetbe cesddtemnbarif Batagtiher plates

le) tr essential for the identificati e a- 15ga
R . e S TR D e e
genes. Twiviergtsensidasspaitic alrae(pMicbit whipviel X vees identified.
recombination of introduced DNA with host DNA, thus increasing the

stability of inserts. 20 Genomic DNA Extraction from Bifidobacteriurn
bifidun%he EWesRRRIR RS Wats dersted HighiereRaifsinadiBanlbind showed a

Sitraiis é&&@ibﬁ&%&h_ zﬂﬁh hgiuaimg the mr?{la@ﬂcﬁﬁ&?m%lﬁ‘et iﬁb@ﬁéog%ﬁ\)hflx fragment.
ording to this.method, cells.were harvested from plates in 0.5 m| of
et e e e e
¢Hain-tysoinative hietodrof, Smgearn@lysiel P.jagihiGeetiesabetesba®dibeion, Inc.,
ixgure N3y ' . ' s.at37C. The cell .
S P e B Ry apptied
Rresene oL Giin ThehiREY ssauense watstitbisshvovr it swe AfSEQ. ID NO: 1),
incubation, 100 ttl of 10% SDS was added and the cell lysates were gently

mixed,lly inversion ang incubated .
¢ 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
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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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
agueous 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 foflowed 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
afiesiodiggrigitolins regalagiesidrsd rrstipttiffasteiie t@nsinidiris-<bpi i Figure 2
Theexinsied HNA 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 orderTiee redstee inemnasswilitedheabgradatived Mestor NARmRBasalOlowing
T&gr}@%@r 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
Vg necessary for the transcription initiation of genes which lack their
own promoter. The vector was digested with the following restriction
enzymes: Pstl, BainFIl and 20 EcoRI according to the manufacturer's
ihvsterddioasdidieiaidenfold excess of enzyme over DNA (enzyme

units:p 3 ten, units of enzyme per on of plasmid DNA or
on en e e e B N AR B e v
iffaetiviron(Russhil B ebeitererd Bridinr Baktwnid (Breingridkse iy Qiagen
hoviseniatae algcliophorRsis @PallSisteR, The)vectors were further
dephosphorylated with calf intestinal alkaline phosphatase CIAP

(Promega, Southampton, UK) according to the manufacturer's
iBsttagtioBimithe efficiency of the treatment was tested by self-ligation of

the ve @% h i T éﬂm 2 ing to manufacturer's .
instrucctfigﬁs) follgﬁg[%l?a{)r%iig?m g%@lminto DH5§1%2?I55%%99 MRS cryogente
beads in Microbank tubes at -70°C. For later experiments, the strain was revived on

Wilkinson Chalgren (WC) agar (Oxoid, UK) and TPY medium (trypticase phytone yeast
extract medium) and grown anaerobically (CO; and N, composition 80% and 20%
respectively) at 37°C for 48 hours. The colony morphology and the absence of

contamination were tested by gram staining.

E. coli strains

Escherichia coli strains RA11r and DH5a used in this study were commonly
incubated under aerobic conditions at 37°C in Luria Bertani (LB) agar or broth (Sambrook
J. and Russell, W.D., (2001) Molecular Cloning: A Laboratory Manual. Cold Spring
Harbour Laboratory Press, New York) and when necessary was supplemented with
antibiotics (100pg/ml ampicillin and/or 15pug/ml chloramphenicol) and 40ul of 2% X-a-
galactopyranoside (X-a-Gal), 7ul of 20% (isépropyl-B-D-thiogalactoside) IPTG which

were applied on the surface of a pre-made 90mm agar plate.
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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 frequﬁlntl occurring hexa-nucleotide sequences within prokaryotic

DNA. Ecoﬁé{@z?ﬁfﬁi%%?ﬁ @ﬁ?lﬁ%s&b‘& 521@2%%1%&6‘4%%’6%@@%5&%83, J. Biol,
spheificZiB) (85dgATzir) 2hézssnuences SR &S0/ GA T *i@B4L £, coli
S5GIGRAIG ively e double- breaks within these
sequences%%srrl%?@ge n Ygggygﬁgﬁ%@gfn %’u%bnc 4 5@%@"5{ a&ﬁ"‘l"f@/&%%ﬁsmy’ UK)
EEorT B AN ATl tioeRY AraeB Bl arwgdd, MCEITHORP B 15, ) pRdIA
thgser emﬂh@&weem_twmag@@h@a@ogggs\ée%@hﬁ%%ﬂ%ﬁ%'a%ﬁﬁ%?& all
ofﬂclil\lgal%ré%ma ne%utm ions. These ions were the only required cofactor.
RestHenon Hf@gélgf A'BFDNA. 20All restriction digestions of the genomic

DNA samples were incubated for 2 hours at 37C and finally heat

inactivaggd r 20.minutes, The.reactions were then cooled at room
temperatu rgltg%g%fg 'a%%r%%gr%{%%é%ég%rt OFloadm ge%?é?ev%gs%%fa%’&e according
QR BYPGe hbis FHRihdofRmrbcseefedntatiscapsilasiositheesbiationsihemtation

weie grdedsniaMmaia oA BAM0SE URIAPOWSE SRR BYUESD which is
fogcelsdf-16 tt&%rﬁskgnd the glze of &ﬂh& digested 25 DNA was estimated with
{hat oF Ikbp LERELPH BB RSl RISR S A s omarria arsthwage the
Ciiaheisi oEthomboryciaghkReBM) s Ulifcation lofdhe Wagmems

7 Icli i ] Eragment purification from the
e A e et R RSy so
G EREFELFON Rit $FEYF OBEPS T WRSP IiRIsEss escntildo Sl ddansifitation of the a-
gaigmuiitieb wished etalleitdiReRanUtaCbmes s BRRdal. B dkigalian.and
Transformation After purification of the DNA fragments with the
Qiaex gel extraction kit, they were 5ligated with CIAP-treated pBluescript

KS (+)Neworerbisliaiiols, aapplomuste: simiohnismphiEs Aevvareidssioafefiattoduced
tonsierie AR mAiRfugR BeS A shown, ibeTable 1.

Genomic DNA Extraction from Bifidobacterium bifidum

Genomic DNA was isolated from the Bifidobacterium bifidum strain (NCIMB
41171) by using the method of Lawson e 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 mixture (4:1, lysozyme 10 mg/ml;
mutanolysin 1 mg/ml) were added and the mixture was then mixed and incubated for 30
minutes at 37°C. The cells were then treated with 10 ul of proteinase K (at 20 mg/ml) and
10 pl RNase (10 mg/ml), mixed and incubated for 1 hour at 65°C. After incubation, 100 pl
of 10% SDS was added and the cell lysates were gently mixed by inversion and incubated
for a further 15 minutes at 65°C, followed by addition of 0.62 ml of phenol/chloroform and



10

15

20

25

30

TubeDNA AVector (15 fmoles I- 29.7 ng]) Vector (15 finoles -29.7nt 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 8 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

DRAS LS Qrratil apsialsion Srnted. T heinelidysate wasmshtrifiyged at 6,500 rpm
cabreRiueitmite’inhdiag [@@&’@@?ﬁﬁuﬂ&}gﬁﬁ@%g&ﬁ(ﬁjﬁq%@ 'eﬁggﬁ?gﬁésin ga

ratio of, 15vector;insert DNA of 1.1 was chosen for all ligation ré _
anéq"{ﬁ%%’lr“é%i‘%ff’é’ﬁegé%R%B%évvt%’sl&%%%xgé%%%l NS BIRALIgR Siona e fiepeated until
TertbddsinveasdeBevedriaidoxlig@tioDNuffesanddb i iss e sdat kdor 1 ml ice-
DR ggﬁﬁ@l@%f%@@@y H@b\ﬁlt%ﬁ 1%99?@@{‘90%? ﬂ%%tl%r}%ocljy Entgrgglaesx/frai lilt ina—
adjusted to 10 pl with 20 molecular biology rade water. To tubes . %
o?‘liéﬁFgeaﬁ%nTgﬁfﬁéP%@%%éawWé enntyishgatiometd 20 stea for 5
Liphwitanhefee digitiology graapenatarinBI kramenis wareraddad ios

the tubes together with the water and then warmed to ~ 45C for 5

minutes to melt any cohesive termini that were remmealed during
preparatishedBathé DNAwessehilietity Blchefonhthesiemaindebafdietion
ligadinncteARNiR I AR A4dRMINA G IGASHER @é&%@%&e f%i@&é‘f'%’%%%je and
overnight at 16C (Sambrook and Russell, 2001). "11 After ethano .
p%ﬁi‘ﬁ%aﬁ%ﬂ’lgﬁ&%ﬁﬁ%ﬁﬂ% ot AR s arsler daiefusg fheopaesitility of degradation,

Vector DNA Preparation

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 restriction enzymes: Pstl, BarmHI and
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

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 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 DHSa

cells.
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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 Ir 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 nufber of transformants from each
ligation reaction was measured. The 10 number of transformants
commor,llx obtained from tube C was 2x105-1x106cfudtg whereas from

tube A WaS BOSTRUOPEATE FHEPHBERe £8 drdikataskibescntists Acviasdigestion

annihthicabighe ofthietiifidigpsiceatme Tho bk e @ N JHgRUEARS, Rl tested
trg@g@n@gg%ﬁg- as. in a range from 2-4x104efuing. 15 Number of
Transfmmants IH&E%? %\{oer(? Hl"l%%ﬁl%ég Rt PRRCL o 686mal DNA gave

riSE198 el alfarwrdsiceisorpsitviomisres {p Melidlars piviedAd) Qi ok
ampwnma@mm%'é@ﬂ%eaﬁqum%%f&f{H@Hﬁﬁigm@é%%§1gvcEPesEé’?{‘%ﬁé‘é‘ggeg;ed

q)%g H(ID -tr((f ted chromosomal DNA did not give any positive clone o
appProxime gﬁf 8 S0 BT S g HEfRformants. 20 Positive Clone

Digestion The two Pstl positive clones were digested with EcroRl,

Ps/l, B amHI, Hindlll, Sinai, and Kpnl restriction enzymes. Restriction
eRenRESIRCIORbrRstcane BangH! showed similar restriction pattern, one
fragment of -5kbp (gene of interest) and one -3kbp (plasmid 25 DNA)
indicatiH§PHEictRRSe eayyaidallydigessed atitththsanwstrositionsy HindHigayssnise

FbpgmBiRueipkbeandads ! es Sinai
gg?gwj;g% O XN S i
at only

Ccu

She PosH S AL R R atadbnEs soppathephesteritenaasre

AHHACEEOTS tH A ONT CONtaindt B S0 BNARBGRRNY 1088 thalledANA _strand
i I rformed with the dideox
A o Ay e AT ST
R R Rantkrcenpitely Bind §esemngUSAGAdramalysed with the

ABI Prism 3100, a fluorescence-based DNA analysis system
5incor%?@%ng capillary electrg hcggsis. The 5'- and 3'- ends of the
inserted DNA rfalﬁ%%eeﬁt‘g‘?ﬁe?‘%“ &AL AYE G PR Arifd i iprreracT G
fiedens megeehinthéonsehesvdenk wensingoiile S@namelPrimping System
(GPS-1) (New England Biolabs, Uk). UPS-1 is a TN7 transposon-based in
tro,.syste O‘hch uses TnsABC Transposase to insert Transposon

A

arget. The donor: target DNA mass ratio of 1:4

was uAdick qﬁdiﬂ@ig@smﬁmﬁ.fﬂéfé‘&%iﬁﬁfz 'Dﬁtﬂjgfﬁﬂl%s m?emgﬁgé?for 2 hours
altsé)}aéeéj Elﬁlrsi'a |dﬁefac%zr].§§ uetn mg@fgje insertion of the Transprimer into the

target plasmid was 25- This ?glﬁtn e WA HRsE (L he seReliRgSty eFscthen cooled
Faputonpestinstrndtibnapprubit:essumes & bdoitbdrimib of6QueEa0R lowed by

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

0.8% agarose gel (power supply 4-5volts/cm for 14-16 hours) and the size of the digested
DNA was estimated with that of 1kbp DNA standards (Promega, UK) (Sambrook J.
Molecular Cloning: A Laboratory Manual (2002)).

Purification of the fragments generated after restriction digestion,

Fragment purification from the reaction mixtures and the agarose gels was done by

using the QIAEX gel extraction kit from Qiagen (West Sussex, UK). Protocols are
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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 thelframe length was determined to
be 300bp. The nucleotide sequence was translated in all six possible

fr mesbagld gﬁpg open reading frame of 25759 amino acids encoding a
pUtAtive a-ga ac?%ﬁ%%@%@}ﬁ%ﬁ‘ﬁéd EaREakanslation 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

ideMNAi Bl BB fambiltasfopratiater located in the flanking region of the

cIoningXtctor. This observation 13 indicated that endogenous, internal

bifidobdlteBrEEGeeE R firanents Hith S seivmasepimatieryldbibey were

digaterawishidntinitiedipBIsigaradtiREHQalector. Forﬁ@ﬁ@%ﬁ%}iﬁ&téﬁéﬂ){ﬁm of
indica j itali ter. -The above results indjcate 5 that the gene
is con%ﬁ%ﬁ%‘sﬁt@v&%@fe@ﬁoﬁﬁ or ?\rfg %ct;l%llépeﬁc?ﬁ 5 %B@z@le L.
esis NAhe a-galactosidase cloned enzyme isolated from
BifidobacteMectobifidl dimold I NOINMREH 1171 in E. colt host (strain RAI1)
Be followingdescripgshRyntphes) W@?ﬁlﬁéhﬁ{é‘ﬂse stated, was
performed Wikkidie1y/alsids ~ ?;Egbgl | host cells after treatment of the
€.coli biomgse (epliraterbby £entiugalgR st 10,000 g) with toluene at a

cREnEalIoN RN RRIINQIASI IR IRCTERASS, 58!l permeability and also
ftr ariteretrienc Btk irmb gy iatvkestisyoul exstibyd Frgotheir cytoplasmic 15

m.ﬁmbrap,e,;nlbgg-‘g%i bigmass was prepared as described in Example |
Tamic 12 Ligation misintse L une A shows the number --C'ﬂ,.u:‘_}_' tedvactoriN A which
HRdeE Bt alh Sl o Syies ?%Efd P iTE LgithestonRNA which

s @patiop. Tube B
eI fisk Xﬁﬁegx%%&))rr%%‘gﬂ e agmeng[ind tuliﬁgﬁfhows tgg co]rlltr?)l in

order that the transformation efficiency to be calculated.

Before each ligation the DNA fragments were warmed at 45°C for 5 minutes o
melt any cohesive termini that reannealed during fragment preparation. A molar ratio of
vector:insert DNA of 1:1 was chosen for all ligation reactions and the reaction assembly

was done according to Promega’s instructions.

To tubes A and B 1.0 pl 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 ul 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.

DNA fragments were added to the tubes together with the water and then warmed to

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

the reaction mixtures were incubated overnight at 16°C (Sambrook and Russell, 2001).
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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 perfor_med 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 _specmc enzymatic
preparation at varying pH values. 25 For a-galactosidase synthesis 2
ml of an K colt RAI | cell suspension (witl 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 | g of 40% (w/w)

mellibioS&E eplessinitatiomrttriBcatemattindesrifeasmess (iMorder to

Tiemountenisationmodihedifterentss Lﬁl&w&iaﬁetﬁqﬂé %I{g?ofﬂiéztfﬁﬁe%ﬁé}%y)

IS are shown in.Figure 4. Hi ormance anion exchange
e e R T e daBioro o o ligaed DNA
(MPAECpiaDY ehaddedtoghadns afcgaipetmd iy osA dch Aride IR Bee eat treatment

sulgpletbhyii aalasiesidnse A00sd OB IMINGIME 4 (hrce or
are 5 shown in Figure 5. The galactooligosaccharide mixture sugar
Ju%@éﬂ?ﬁaﬁml’é%ﬁ%ﬁ#fm WystriabiskithE e éfituhes Shota-Palibid IPTG (7ul
TAREAPTEybohydrate composition of a-galactooligosaccharide synthesis

at 40 % (w/w) 10 initial mellibiose concentration at the time point vyhere
maximum oligosaccharide concentration was observed. Synthesis aft:

subst. o SuniFEs 3ftmisHEmaniisinGecd HE S (rwd) anecantiedinr (/1 i

ﬁﬂﬁib@HGﬁfﬁthgﬁﬁa%%Q@%%%éﬂ%dzgom tube C was 2x10°-1x10%fu/ug whereas

from tube A was 500-600 cfu/pg. 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 2-4x10%cfu/pg.

Number of Transformants

Ligation mixtures with Ps:I chromosomal DNA gave rise to two a-galactosidase
positive clones (pMelA1 and pMelA2) out of approximately 2500 screened transformants,
whereas with £coRI and BamHI -treated chromosomal DNA did not give any positive

clone out of approximately 4000 total screened transformants.

Positive Clone Digestion

The two Pstl positive clones were digested with EcroR1, Pstl, BamHI, HindlIl,
Smal, and Kpnl restriction enzymes. Restriction enzymes EcroRI, PstI and BamHI showed
similar restriction pattern, one fragment of ~5kbp (gene of interest) and one ~3kbp (plasmid
DNA) indicating that these enzymes were cut at the same positions. HindIIl gave a
fragment at 6.5kbp and a fragment at 1.5kbp whereas enzymes Smal and Kpnl 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.




10

15

20

25

30

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 ¢) 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 NOL2 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
nSoliedersasgiutions, additions or deletions which result inless than

25% ch ' i ' e.accordin SEQ. JDNO: 2. 4
DN e P R S et o
cOmBrisEsYsing B ieRyp dnmmisatowhich sde kememirg ittivertiedi Bioseigms,
SUISSLteiti® a1 Hsof v ER TYEERE PeRdesh by, @ %@%ﬂé@ﬁ&%@bﬁya(ﬂg%&% system
Claims Ito.4. 6. £ [ enzyme com rising an amino acid sequence acc_:ordlng
téngcgﬁr%nﬁﬁpg 8ra %%% &iftHereof. 7. An a-galactosidase having the
sequence as defined in SEQ. ID NO: 2. 25 8. A recombinant vector

comprisg | S 3 laims 1 to 4. 9. The vectqr
oo I Se e e M Ao S e el P g

HBEE O PSRRI dihg SR A ge fueheseusnged iy biimdhnSenondk Priming System
(GPS-1) (New England Biolabs, Uk). GPS-1 is a TN7 transposon-based in vitro system

which uses TnsABC Transposase to insert Transposon randomly into the DNA target. The
donor: target DNA mass ratio of 1:4 was used according to the manufacturer instructions.
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.

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,

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

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
759 amino acids encoding a putative a—gélaotosidase was identified (The translation is

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

- The Bifidobacterium o-galactosidase gene on plasmid pMelA1 was expressed in E.
coli under growth conditions which would normally repress expression from the inducible

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



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
anyndivetaf iainde dsitouy, inemad difiob brryeriniaqhGlaingskoate dGaldefor
Progiueinaasaaiacabiase disacliRtdty Aise kAN Rae of any
one of Claims 5 to 7, or a cell of any one of Claims 10 t0 14, or producing
a-galactobiose disaccharides to be part of a product selected from the
group cofibistimgedpiibanaprisdoditsfauetthds kiguidt maitks. driechiboitk pats aidicate
s balymilkened DalHREMUIRCSHE BRM OB Wi EhEESE. fermented diary
products, beverages such as fruit juice, infant foods, cereals, bread,
biscuits, confectionary, cakes, food supplements, dietary supplements,
préixaseiRledmestible products, prebiotic comestible products, animal
feeds, poultry feeds and medicaments. 2517.Use of a host cell of any one

Rl A
NGV i ' straimidéhlirt, cheese fermented diary
prOdUCtﬂHﬁdﬂW&é&ﬁs’ﬁsﬁﬂﬂfa&H%lé@i%ﬂkM%ﬁ&f 6Pk pRFRAMed with the

onfectionar kes, foo ts,. .17 dietary supplement,
pro A e B Rt g%roanqaasf%%e W bieds.

po‘i&’ﬂ?&}ff@e%&“&hbor?%w&a’rﬂem@ene PBa popretEtsfef Hldtbming arderioyrrmsase
of ailypenenilGlaia a&staaramnsmsquage%@daeﬁﬁ@éltﬁ&aw@mﬁfc

15 CIAMRRARL Orhe 102 YURRE U HEE N AUIRAREF DGR RTINS,
expressjon of said enzyme an c‘overlng e result Ing e‘nzyme rom t
cultgies™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 Clalms

1QinddimihnaRalitionafmellibiose.

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

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 40°C 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 E. coli RA11 cell suspension (with an
activity of 0.3 U/ml) were centrifuged (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
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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 o-galactosidase cloned from B. bifidum NCIMB 41171 are
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)
initial mellibiose concentration at the time point where maximum oligosaccharide

concentration was observed.

Synthesis GOS GOS
Init. Subst. | DP>3 DP=2 el Gic Gal
% (Wiw) : Concentration (% of total sugars)
40 13.93 6.61 38.06 24.1 17.29

Mel: Mellibiose, Gle: glucose, Gal: galactose, DP: degree of polymerisation
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DNA Bifidobacterium bifidum <220> <221> gene <222> (1)..(6) <400> 1
taaaccttca taaaaggaaa actagtggat cccccgggct ttcggcacca cgecgetcgg
gttgcceggce ggactgatca gacagcgcac tccgaccggt gacttggaag tcggtaaagt
cacggagata ctcaccacca ccggcecatca getgaccgaa ggacgcttcg agaaggtcte
tctgttgctt tccgcgggeg ageccggctt gecatgtggge tggageggcea attccgtgcet
a@peigsacc gcggtggegg gtgatctacg tteegttect tgggtcgagt geatctgect
atcatgcgcg rrAtrgarcg ccggcagtca gggctcccge atcgctgaat atgcggtgac

tcaatgg a§ ttccgaagg cg}c;:cgatgga acggaactca cgcgctggtc ggegecggga
gfctggaé; égéc%eggéﬁﬁﬁ?gw f8ycaatc ticgceggte accgtacteg accgectgge

gatatccyameslend Paceir9aucalans iGRYSAAR HIROSHIBBAICERCAITIANO: 2, or
cacgct%g tgat ttccag cgaactcggce ttececgctee tetgcgegaa cgcageccge

gatgge ECHbi CYgBE Y RARE A B A TR S - O

Page 1c) 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

NO: 1 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. 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 1 to 4.

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

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 1 to 4.

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

10. A host cell comprising a DNA sequence of any one of Claims 1 to 4.
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ccgctctaga60 caactccgegl20 cgeegeggtc180 rAagecgegge?40
tctccacatc300 atgacggaac360 gattcgcaat420 ccgctatttad80 acggtcttcc540
ccgcatacga600 caagcatcat660 gcgecggegt720 aacgccaagg780
aggtgccggt840 cggccgaact900 ccggtaatct960 cggcacttge 1020
agcggcagcc 1080 ttgacgcctc 1140 tctattcggt 1200 atacgaccgg 1260 t
ctgattggc gtacaccacc attccatgat tctcaacgeg cg at aag g cc ccge cgagac
cgggccgaag cctgtggtt ¢ ct gggtgetg cgacctgacc

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.
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 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

. 14, for producing a-galactobiose 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,

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.

17. . 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,
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cgagttgggc g ccacgtacc tgacctcgaa tatcgacctg ggt cgag cgg cgagcatgtg
catggcgatg cgaggcgttg cg cgatcgac ggtcaagcecg tctcectgeg gecgttgtgg
gggctg gtgg gcgecct cca cagacgg cat cattgegt ca acgtaggaac gag ccg
taag atg ccggg cc ccctcgaaac agcegag cttt acgtcgage  ggcggcegagg ccgtg g
ctgt tacgtacgct tgggaggccg ggggattccg tccacatccg agectcaagg g aaccg
gag a Sequence li cgg cgagg cc cggtgacggg ggatctcge ¢ ccatgactac
gttcgtggtg ctgg caaata ttacgtg cac ggattécgac g ccgatg cag catccat gat
cca caacaaa gcagacg ctc g attgagagt ccgegtgtgg gtcg ctgete cacgcatcge

C ccgaatac cg ccgat ccagt t cacg t.cttgacc cttggtctt .

o st an R e ey
éﬂ%‘geaﬁééﬁgf@d&a@tgiaﬁémt gcgg cgaaac 1320 tgg ctgeg ag 1380

gt ccggtg at 1440 aggctctgge 1500 ggtt cgg ctc 1560 tg tg gccgg a 1620
tggagttcgg 1680 cccacc ctga 1740 agcaagtgcet 1800 cg ctggt cgg 1860 )
f&ggcgg%c%o_%@%og Yarytneay wEegeh Ry geegEdatmydgt it messing ogturing
@ bedpaiy gfjadY GAEGHARMECH) 22 20 IMDEIRLRITHRZS e FaeAlaatt e3fidions

gacdaca 2400 cgt cccagac 2460 accgcataca, 2520 gmtc ccgtt 2 80%%
B R R T L St gt
cccttg 2880 cccgat cttc 2940 cgtgatatgc 3000 cagacggccc 3060

q9tacteCeeodddod %ggdu%%;gofdgsﬁ%ﬂéx?dg égmggé 2g E&Ecﬁﬁé‘gﬁ enzyme of any one

S%f@obacterium bifidum Sequence Iistin? <400>
ot Claims 5 to 7 or a host cell of any one of Claims 10 to 14 with a solution of mellibiose.



Met ser Leu lle Glu Gin Phe His Gly Ala Ala Ala Asp Gly Thr Glu 151015
Leu Thr Ala lle 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
Ryo @t AlgAla Pro Gly Thr Val Lets Ala Ala Tyr Asp Ala Lets Arg

505560 Pro Gin Arg val Ser Gy fa,l-ets Asp,F!u Thr Ala Trp Pro Ser lle
65707580 Met Pro ThekaweEseE GiisSacTrp lle Gly Ala Pro Arg Lets Asp

<110dle BRYAYp ArgALg,Ala Gly Val Thr Pro Phe cys Ala Phe Thr Val Thr Gly

lle 100105110 Ala 'OP Arg-nin Asp cTh Arg aln cly Val Asp. vnl Car

<120>

AsprAGHGRI B R85 Asp Gly Ala Ala His Thr val Thr Gin Gin Val Pro

<130sVab & 5BfAr Weal 130135140 Thr Ala Ser Asp Ala Glu GIn Gly Val Glu Leu
<150-S€kd rPs3 k¥ $Ala Glu 145150155160 Leu Leu Pro Gly Gly Leu lle Arg Gin
<151>ArgOphr Th20eu Arg Asn Leu

<160> 2
<170>
<210>

1
<211> 3129

<212> DNA
<213>

<220>

<221> gene

<222> (D).

<400> 1
taaaccttca

actagtggat

ttcggcacca

atcatggcat
ggaaaacggg
gatgtcgtag
gtcactcatc
tgctgagcag
gcgcttegtg
cgccctgegg
gcccacgcaa
aacgccgttc
cgttgacgtyg
cgtcaccgtg
gttgcceggce
tccgaccggt
cacggagata
gctgaccgaa
tctgttgett
gcatgtgggc

. (6)

taaaaggaaa
cccecgggcet

cgccgetegg

aacaatgcca
agcccttcte
catcggaggc
gaacaattcc
ccggctgetg
cactggggcec
ccgcagegeg
agcgagtcgt
tgtgcattca
tctgacggcg
accgcgtcgg
ggactgatca
gacttggaag
ctcaccacca
ggacgcttcg
tccgegggeg
tggagcggca
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caaaagctgg
gcagctcgtg
accgtgggcea
ctacaaggcg
taagcctcca
ataccccgga
gaaccatata
atggcgccge
atgtggcgtt
gaccgetcge
tgtcecggegce
ggataggggc
cggtgaccgg
tggacggtgc
atgccgagea
gacagcgcac
tcggtaaagt
ccggccatea
agaaggtctc
agcceggcett
attcecgtgcet

aagctccacc
gtgatctacg
tgggtcgagt
atcatgcacg
ccggcagtca
atcgctgaat
tcaatggcac
cgccgatgga
cgcgetggtc
ggcgccggga
gctggacgag
accgcgactg
catcgcaatc
cgcgeatacc
gggcgtggaa
cacgctgcegt
cgaactcggc
tctgcgegaa
gatggcgggg
cgggttcgag
gtcggcagag
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gcggtggcgg
ttcegttect
gcatctgeet

ccatcaacca
hattiatal At

gggctcccge
atgcggtgac
gttccgaagg
acggaactca
ttcgecggte
accgtactcg
accgcctggc
gatatccggce
cgtcaggacg
gtcacgcaac
ctgtcatgga
aatcttccag
ttcecegetec
cgcageccge
cgcccaggtt
catggcgagg
cgtcagecegt

ccgctctaga
caactccgceg
cgccgeggtce
caagcgoggc
tctccacatc
atgacggaac
gattcgcaat
ccgctattta
acggtcttce
ccgcatacga
caagcatcat
gcgeeggegt
aacgccaagg
aggtgccggt
cggccgaact
ccggtaatct
cggcacttgce
agcggecagcec
ttgacgcctc
tctattcggt

atacgaccgg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260



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 lle Lets
Thr Thr Thr 195200205 Gly His His Lets Arg Glu Arg Ser Pro GIn Arg Gin
Pro Leu Thr Glu 210215220 Gly Arg Phe Glu Lys Val Ser Met Ala Gly Arg
Pro Gly Phe Asp Ala 2252302@%9@9{4&9@% Leu Ser Ala Gly Glu Pro
tetg@iyoph e G Rlee Ghe¢te-Gly2 46250266 Seguencedisitagdohadtal Tyz20

T
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Arg Gin Pro Tyr Thr Thr Gly Leu lle

LR BIy EH EHRIS TAF 1T ARPAYG G GRS PRP TS THR PR EB205500
teteRrdypthesadyecGlygen Tyrgaly Aspactyd guddsgtdd MadMacddr 1500
cgat33833355555§€¥%cg gtgtcgaacg gttcgtggtg gatgacggct ggttcggctc 1560
ccgecgagac tccacatccg ggetcggega ctggcaaata gcgcaggatg tgtggccgga 1620
cgggccgaag agcctcaagg cgctcgecga ttacgtgcac ggaaaaggca tggagttcegg 1680
cctgtggttc gaaccggaga tggtcaaccc ggattccgac gtggecccgecyg cccaccctga 1740
ctgggtgctg cgcccgactg cgaaccgtct geccgatgcag ggacgctcge agcaagtget 1800
cgacctgacc aatcccgacg cctaccgata catccatgat tccatcgatg cgctggtcgg 1860
cgagttgggc atcgactaca tcaaatggga ccacaacaaa ttcgtcaccg aggcggtctc 1920
gccacgtacc ggcaggcegg cggtgcacgg gcagacgctc gecgtgtacce ggatgttccg 1980
tgacctcgaa gtcgcgeatc cgggactgga gattgagagt tgcgcatcgg gcggeggecg 2040
tatcgacctg ggcatactcg aattcgccag ccgegtgtgg acgtccgact gecgtggacce 2100
ggtcgagcgg gccgatattc agcggtacac gtcgetgetc gtgccgecct gcatgatggg 2160
cgagcatgtg ggggcgagtc ctgcacattc cacgcatcgc gccacgagcc aggagatgcg 2220
catggcgatg gogttettcg ggeacatggg cgtcgaatgg aatctgotcea. aggagecegga 2280
cgaggcgrtg aacaagctcg gcgaatgggt cgccgaatac aagaggcacc gecgcatggtt 2340
cgcgatcgac acgtgcgtgc acgccgatat cgecgatccg gecgtccggg tcegacggceat 2400
ggtcaagccg gatcgttccg cggcgttcta ccggttcacyg caactgacaa cgtcccagac 2460
tctcectgeg gegecgattc gecgtgcecegg tecttgaccce gatggcacgt accgcataca 2520
gcegttgtgg ctggatctcyg atctcgacgg gettggtctt ggcagcggce agtcgeegtt 2580
gggctggtgg accaaagacg gcgtgctgat gacgggccgg gcgctgatga cctacgggtt 2640
gcgcccteca tegetgcatc cggegcagtc ggtgetgttc accgeccattc gccaataage 2700
cagacggcat cgaacggagc ataacaatgt gccggcggcc cagtcatgga gtcgccggca 2760
‘cattgcgtca aagaacttgg gtatcggctc tagtcgttga cgtcggecctt gtagaagttc 2820
acgtaggaac ggctgggggt cgggccgcgc tggcecctgat aatgggagec ggtgcccttg 2880
gagccgtaag ggtgctcggC cggagagctg agctggaaga agcacatctg cccgatcttc 2940
atgccgggec agagcttgac cggaagegtc gacacgttgce tcaactccag cgtgatatge 3000
ccctcgaaac cggggtcgat gaagcecggec gtcgaatgtg tgaggatgcc cagacggecc 3060
agcgagcttt tgccttccaa gcgtgecgec accgtegegt cgagetigac ggtactccce 3120
acgtcgage 3129
<210> 2
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Arg Phe His Asp Tyr Val Arg ser Cys His Pro Asp Leu Ala Val Lys
325330335 Pro Arg Pro val lle 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 Tlgre%p]@gyﬁglﬁ%y Acp Trp Gin T1P Ala nin
<213g 98 aHThpc R 885390896400 Asp Gly Pro Lys Ser Leu Lys Ala Leu Ala
<400Asp Tyr Val His Gly Lys 405410415 Gly met Glu Pile Gly Leu Trp Phe Gill
Pro Glu I\/I]et Val Asn Pro Asp 420425430 ser Asp val Ala Arg Ala His Pro
et RSh 17p V9 £dv alg Bhs TP A&a35u40845 2dimA YERPRIMet Gin Gly
Arg Ser Gin Gin Val Leu Asp Leu Thr 450455460 Asn pro Asp Ala Tyr Arg

Leu Tk Iadia & Seidle SR N W YRLESALOFIPA8Q Gy GlyyLeu Gly lle
Asp Tyr Pé Lys Trp Asp His A Lys phe Val 30

Leu val g?e Ala Gly His Gly ZSU Pro Arg Phe val His Trp Gly Arg
45

Pro ggu Ala Ala pro Gly g?r val Leu Ala Ala Tyr Asp Ala Leu Arg
60

Pro Gin Arg val ser Gly Ala Leu Asp Glu Thr Ala Trp Pro Ser Ile
65 70 75 80

Met Pro Thr Gln Ser Glu Ser Trp Ile Gly Ala Pro Arg Leu Asp Ile
85 90 95

Arg Arg Ala Gly val Thr pro Phe Cys Ala phe Thr val Thr Gly Ile
Ala 1le Arg Gln Asp GTlu Arg GIn Gly val Asp val Sar Asp.Gly val
7 L had [xd b 4 '

Asp Gly Ala Ala His Thr val Thr GIn GIn val Pro val val Thr val
130 135 140

Thr Ala Ser Asp Ala Glu GIn Gly val Glu Leu Ser Trp Thr Ala Glu
145 150 155 160

Leu Leu Pro Gly Gly Leu Ile Arg Gln Arg Thr Thr Leu Arg Asn Leu
165 170 175

Pro Ala Gly Asn Leu Pro Thr Gly Asp Leu Glu val Gly Lys val Glu
180 185 190

Leu Gly Phe Pro Leu Pro Ala Leu Ala Thr Glu Ile Leu Thr Thr Thr
195 200 205

Gly His His Leu Arg Glu Arg Ser Pro Gln Arg Gln Pro Leu Thr Glu
210 215 220

Gly Arg Phe Glu Lys val Ser Met Ala Gly Arg Pro G1y pPhe Asp Ala
225 230 235 240

Ser Leu Leu Leu Ser Ala Gly Glu Pro Gly phe Gly pPhe Glu His Gly
245 250 - 255
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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 lle Glu ser cys Ala Ser
Gly Ely Gly Arg lle Asp Leu 530535540 Ely lle Leu Giu Phe Ala ser Arg
Val Trp Thr Ser Asp cys Val Ag}&%ﬁ@é@iﬁ@@ﬁ@o Pro Val Glu Arg Ala Asp

6Tu N IGTHIARGITYR ThtiSevaledlyaury adra 6 b CaF5\RI0 cae Bagt met Gly
Glu His aPGIy Ala Ser Pro Ald%is Ser Thr 580585880 His Arg Ala Thr

Ala 357 Gin Gllu met Arg met Ala met Ala Phe Phe Ely 595600s0s His Met Gly
Val ghg 78 ASR L&l (86 19S5 Sy By Adp Ely £11£1e5810815620 Asn
Lys Leu Ely Glu Trp Val Ala Glu Tyr Lys Arg His" AriAla'Trp

Leu BP&3PCATOANPIR AR ASRIENL Y3 VAL TS AR AsP e Al Asp Pro
A8 val 295 300

Pro Trp Leu Tyr Gly Ser Tyr Gly Asp Gly Leu A
305 310 Y Asp Gl 315 s Glu val Ala ?}8

Arg Phe His Asp Tyr val Arg Ser Cys His Pro Asp Leu Ala val L
325 330 P 3?5 Y

Pro Arg Pro val ITe Leu Asnh Thr Tkp Glu Ala val Tyr Phe A i
340. 345 Y 350 sp H1s

Asp Tyr Asp Thr Leu Lys Ala Leu Ala Asp Lys Ala Glv A
355 360 b 36% 5P ser Gly

val Glu Arg Phe val val Asp Asp Gly Trp Phe Glv Ser
370 375 y e 38% Arg Arg Asp

Gly Asp Trp GlIn T

(3

Ala GIn Asn val Trop pre
nAsSp Val Trp br

Ser Thr Ser G Ala
395 ’ 400

()
o)
<
-
o

Asp Gly Pro Lys Ser Leu Lys Ala Leu Ala Asp Tyr val His Gly L
405 410 Y 41% ys

Gly Met Glu Phe Gly Leu Trp Phe GIu Pro Glu M
phe p Sl et val 238 Pro Asp

Ser Asp val Ala Arg Ala His Pro Asp Trp val Leu Arg Pro Thr Ala
435 440 445

Asn Arg Leu Pro Met Gln Gly Arg Ser GIn Gln val L
Arg Sa g val eu Asp Leu Thr

Asn Pro Asp Ala Tyr Arg Tyr Ile His Asp Ser I1 |
465 470 P 475 ¢ Asp Ala Leu ng

Gly Glu Leu Gly Ile Asp Tyr Ile Lys Trp Asp His Asn Lys Phe val
485 490 495

Thr Glu Ala val Ser Pro Arg Thr Gly Arg Pro A i
260 g Sog g Pro Ala val ?18 Gly Gln

Thr Leu Ala val Tyr Arg Met Phe Arg Asp Leu Glu val Ala His Pro
515 520 525
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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 !Dro
lle Arg 675680685 Val Pro Gly Leu Asp Pro Asp Gly Thr Tyr Arg lle Gin
Pro Leu Trp 690695700 Leu Asp Leu Asp Leu Asp Ely Leu Ely Leu Ely
Ser Ely Gin Ser Pro 70571071§gcg,gr{€‘guﬁggl'r1y%ﬂp Thr Lys Asp Ely Val
Gly L8l Ret T Ely ARy A??gLél&?%?QWBHMe’[y g yElpLeuArg Pro Pro
ser Leu His Pro Ala GIRSer Val 7407457531%u Pile Thr Ala lle Arg Gin

Gly Zﬁ§Leu Glu Phe Ala ser Arg val Trp Thr ser Asp Cys val Asp
545 550 555 560

Pro val Glu Arg Ala Asp Ile Gln Arg Tyr Thr Ser Leu Leu val Pro
565 570 575

Pro Cys met Met Gly Glu His val Gly Ala Ser Pro Ala His Ser Thr
580 585 590

His Arg Ala Thr Ser GIn Glu Met Arg Met Ala Met Ala phe.Phe Gly -
595 600 605 . .

His Met Gly val Glu Trp Asn Leu Leu Lys Glu Pro ASp;é1u.A1aﬁLeu
610 615 620

T O R

Ash Lys Leu Gly Glu Trp val Ala Glu Tyr Lys Arg His?AEé%Aié“be

625 630 635 640
Phe Ala Ile Asp Thr Cys val His Ala Asp Ile Ala Asp Pro Ala val
645 650 655
Arg val Asp Gly Met val Lys Pro Asp Arg Ser Ala Ala phe Tyr Arg
660 665 670

Phe Thr Gln Leu Thr Thr Ser Gln Thr Leu Pro Ala Ala Pro Ile Arg
675 680 685

val Pro Gly Leu Asp Pro Asp Gly Thr Tyr Arg Ile GIn Pro Leu Trp
690 695 700

Leu Asp Leu Asp Leu Asp Gly Leu Gly Leu Gly Ser Gly G1In Ser Pro
705 710 715 720

Leu Gly Trp Trp Thr Lys Asp Gly val Leu Met Thr Gly Arg Ala Leu
725 - 730 735

Met Thr Tyr Gly Leu Arg Pro Pro Ser Leu His Pro Ala G1n ser val
740 745 750

Leu Phe ;?E Ala Ile Arg Gln
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