GALACTOSI DASE W TH ALPHA- GALACTOSYLTRANSFERASE

ACTI VITY PRODUCT AND PROCESS The present invention
woeb@nosss2to a b-gal act osi dase wi th transgal act eeyiGE2007¢00178

activity capable of converting | actose to a m xture of

ol i gosacchari des which are b-linked and unexpectedly

produces the a-linked disaccharide al -6 gal actobi ose.
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gal act osi dase enzyne,_ to thg enzyme. encoded by such_a, .
DNA JigResrert iaventio rglajes 49 2 egalaciasifses Bitigranpialagipeylating activity

cARBHENC OO e TREVIRD %ﬁkw‘f@&f &ngs%ﬂéx@&l!s%ﬂi@l@ afe -liﬁgé% and
equence. The“invention also relates to the use of the

ueexpgoedrrodiads e alibkll diegpakarcie, o166 galhictbhmsdids padihlar it relates
copt ai.ni ng,a DNA sequence or.reconbi nant. vectar,. to . .

(7 B OB G456 SRR PP B TEo B! HOTHEReR g, S Rif Ay s rer um bificum.
colonise the lower intestinal tract, an environnent

whi ch is poor in nono and di sacchari des since such

sugailée anenperpationtailairelytes enBifesdugnach endrsiéng thndsolated f -

crohes present 4 n the upper J,ntesti tract. In
oBpERaEE BEFIETD hhelde BREHed i S8haMA P4 oo b to a host cel
chhpiidpd et BN R O a YedontHitark ivBetsr Bitop¥aitingAlle DNA sequence.
endogl ycosi dases i n_surface bound and/or extracell ul ar
The invgntigsy algp rdates tpcie ssmotithe ppayangiensededkby a DNA sequence, or of the
) . . b - _
R PR S o ST SRR Rl oy pppocharides.
This transgl ycosyl ation activity of glycosidases is

extensively used f t he .en tic synthesis of . .
o+ Bt iste Sl clGu S RY Tvar Sy Yl G345 e aydronguent which is
p&fih dePRGhE rcii@c&[a?ﬂ_‘ag siBEORMisOGark Btk R rentihlly Soked@itA by the host

that nmenbers of bifidobacteria produce b-gal actosidase )
achpjarelestrieseniinghe nppsirvetgstingl rad. baerder tcajurvize dbbieilewer intestinal

\ trOft(lzalritz oltbgafszteei('iﬁ %A&?e g%l&l(sés%?dsggfg_gQéggéngg‘%@?%/%éa%?%1en surface bound

anded adtiaosllandonharbachkich grlican utifisd div@ge barbohydrates.
gal act osi dase genes froma strain of Bifidobacterium
bi fidum They found that all three b-

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 -galactosidase enzymes that
are involved in the bacterial metabolism of lactose. Meoller, P.L. et al in Appl & Environ.

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

galactosidase genes from a strain of Bifidobacterium bifidum. They found that all three f3-
galactosidases were able to catalyse the formation of beta-linked galactooligosaccharides

by transgalactosylation.
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gal act osi dases were able to catal yse the formati on of
bet a-1i nked gal act ool i gosacchari des by

wonrenTgged2act osyl ati on. Dunortier et al in Car boRguiGB2607/000178

Research 201 (1990), 115-123 described the fornmation
of beta-linked oligosaccharides by a

transgal actosyl ati on reaction during |actose

hydrol ysis with Bifidobacterium bifldum DSM 20456.

Thei rpanalysies a0k da@%ﬂé@?éﬂg E%e%rg%ft %é#? t1 %@dst Plrflg described the
ol i gosacchari dés e’1 1 nkages
Remetidr ¢ff bedg-linked dl{gosedchamdbsthy(d trahsgddagrasagticisthction during lactose

i nkages. Dunorii ted_that d duced
o b st BT DEGHIEDSM FASDy ddelr At of the sructure o the

bl , . trai
A AC e o DAL b DB o AR e 618110 and
B-abal)-©-gdlagosd lickagesa Dymattosiggestel thazoomepauntls picklyced by

t conver actose to a novel mxtuge of, . .
BRI bReRr R Tl stin O Shepee btnclerizdanbs ses gtestine
to 35% of disaccharides including galabiose (Gl (a

1-6) - @Gl). This disaccharide is known (see Paton, J
C andA Purisref Biigyhareeyyn bidtim hasbemdbingd thaRisvapable of producing a

SR T AR 0B SR

PlRy@NpbagchdiRlca ] @expéctédl) coitain® Up BB IR dfQfdadcidiides including
pat hogens such as E. coli, to the wall of the gut.

gphbioss(¥al (e b16) BGeb)r iThisnlivresheridsds knewn (veedlatans & ésriddtaton, A W
(U orfal Kb 211148, 4P! 008k, BIA FEgR ] oviows

Biatigdm. 268)3091350) s bé sparttdbésivaachphsie IKpRataiiig INe adhdsich of toxins,
38Q. It has now been found that this strain of B

98 SHg iRisrasdurdiogsay Bichas g cefalta theodpliak®s Subne of

whi ch unexpectedly exhi bits a-gal actosyl transferase

activity. This enzyne produces a nunber of different

ol i gdducstvam bO8DifMhine wasdepdsited wided acdpasion numbsoNCIMB 41171 at

e RBHGRR Gl e ot 37 N e DG ipa 31 March 2003,
IRGUNRSIMIGH UK PaRASNS 2protiebn with an ani no acid

sequence as given in SEQ ID NGO 2 or hybridises under
stringent conditions to the DNA sequence whi ch encodes

this Ipﬁa%tn%iupbeejﬁr}gu%a?ﬁ&uﬁﬁ?fof B bifidum produces several f3-
galactosidases, one of which unexpectedly exhibits o-galactosyltransferase activity. This
enzyme produces a number of different oligosaccharides which are B-linked, but it also

produces the a-linked disaccharide galabiose.

According to the invention there is provided a DNA sequence which encodes a
protein with an amino acid sequence as given in SEQ. ID NO: 2 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.

The phrase “degenerative” is construed to mean a DNA sequence which is at least
50% homologous to SEQ. ID NO: 1, preferably from 50 to 98% homologous, most
preferably from 75 to 95% homologous.
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is givenin SEQ IDNO 1 or may conprise a fragnent
or degenerative thereof. The phrase "degenerative" is

woanstosgsed to nean a DNA sequence which is at PeasiB260%00178

honol ogous to SEQ ID NO 1, preferably from50 to 98%

honol ogous, nost preferably fr@dn 75 to 95%

honol ogous. Such a DNA sequence may conpri se nucl eoti de
substitutions, additions or deletions which result in

| ess than 60% preferably | ess than 45% nore

preferably | ess than 25% change in the am no acid

sequebec ESBMqulueﬁiE@iay EpmhidiseZhucNotieaibstifitions, additions or deletions

SBBer i IS R ity B BB S et redrae
les@ad DS% dhBBEEini the R A8HsRDefRZNAFN ER QE%?D o 20 BNfcleotide

sequence as defined above. Such an enzyne y conprise
gubstityfipriomar regul dycenseraiy eminoracREQbSHDLNG. 2 or a
fragnent thereof. According to a third aspect of the

i nvention there is provided a reconbi nant vector,

pr ef eAadvdingio &XEoRd kett YLGE AivenfiO et Sis @J@Oﬂd% enzyme encoded
sequence as defined above. Such a vector may be
Yric BNgbfedtieree astdslinehaavee SUPh s erryae mapeeiprisethe amino acid

sﬁﬁ?{é{ge efveh 40980, §8 &ho A, mgﬁemhé&eo# he DNA sequence

e-incorporated into such a host cell. A suitable
host cell may be selected from Bifi dobacteri um

Lact ogcocc Lagt aC|II Baci)lus for examp
Baci 11O T L PetcH Tie8ventop m & ProsERG piresquabinant vector,
ﬁé@raﬁﬁpﬁf &iﬂrc‘:s‘dﬁmﬂ%ﬁto@&%ﬁ’fﬁirﬁu@%ﬁm ée:%lco é:@ (?g %@ﬁn%e Such a

| act ose as "a substrat e, t he enzyne e
veelgu By de ancagpdtaied dntatsdvast pﬁibsmh @s abammaluy@sbtﬁr fungal cell.

A&#&Q%Bf P%eﬁ%qu‘o l Iricéleggaéfaa?ael 1(1§i rpglja eéalp{:o SRFGE 8 hé}ﬁfe%eﬁ) tA suitable host

celb ntalyebensedetcted draah B@ﬁd(ﬁﬁﬁ&ﬁﬁhﬁ Lh&@goo?ﬁg Uagaofbéé(iﬁti%'Ba@ﬁﬁls for

dc,
G@IEPICS%T;}IL%%EW&F Pﬁga@HPS %%Cuiarﬁ) é@éllen?fba an@spepiljus for example
d pentasaccharide Gl (b 1-6) Gl (b 1-6)
Ci?ér)gﬂgS%%é}' Gal (b 1-4) Gc. The enzyne or the host

cell as described above may be used to produce a
m xt W olf
sing lactose as a substrate, the enzyme encoded by a DNA sequence as defined

above produces a mixture of disaccharides comprising Gal (1-3) Glc, Gal (B1-3) Gal,

Gal (B1-6) Gal and Gal (a1-6) Gal. Also present in the mixture of oligosaccharides are
trisaccharides Gal (B1-6) Gal (B 1-4) Glc, Gal (B 1-3) Gal (B 1-4) Glc, tetrasaccharide Gal
(B 1-6) Gal (B 1-6) Gal (B 1-4) Glc and pentasaccharide Gal (B 1-6) Gal (B 1-6) Gal (B 1-6)
Gal (B 1-4) Gle.

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

cereals, bread, biscuits, confectionery, cakes, food supplements, dietary supplements,
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di saccharides, including Gal (a 1-6) Gal (gal abi ose)
which may form part of a product for inproving gut

waeal7toss32guch a product may be sel ected from t RETHHBROGT/000178

consi sting of dairy products (for exanple liquid mlKk,

dried m |k powder such as wholg m |k powder, skimred

mlk powder, fat filled ml|k powders, whey powders,

baby nmilks, baby fornula, ice cream yoghurt, cheese,
EPTEC TR SR FioBhES hhas BEIBREIGL b, pouty focds or
ifddetieal ogrRefdnd Gdessagé.ood suppl enents, dietary:

suppl enent s, synbi oti c conmesti bl e products, prebiotic
conmesti bl e products, aninmal feeds, poultry feeds or

i ndee . ' , .

ol i gasiAiah Hhe SBRa e S0 2ancbl L PBHistF ok ré Hparation ofa
n¢dgaient forexafpée ineable aneaisuledorne fampeeenting tldddhesion of pathogens

capsul e form for preventing the adhesi gn of pathopgens, .

9B FORIBSRIREUGSI Y RAERP 85 Hafiiﬁ %5%%111 %ﬂ? W@S@amewemw bepp@ministered to a
pAREC ?e{mﬂ@fpﬁ’@wﬁ%@ Qe & 8RtiBi8t S 1PARBN twhidiPSften alters or even
exanple folTow ng acourse of antibiotic treatnent,

debtiayls tf namahhedthy ot flewen destroys the normal heal t hy

gut flora. According to yet a further aspect of the

invention there is provided a process for producing an

enzy %c@ﬁii&gefd;jfb@ﬁ faRBMQspdek 6the ARtiSH Sheddstpbiaed @ process for
host cell as defined above in a suitable culture

preiicing anregeyme ap detineshabope wiich qomprisgpe B esingr st ¢ableas defined
, r ri AN . ;
SRR AL SRS 0 DL Y ST JEALAS e oy
aho recprathpcthn gesaltivigdnzyme dfonothegostaechar i des, i ncl udi ng
t he di saccharide Gal (a 1-6) - Gal (gal abiose), which
conprises contacting the enzyne as defined above or a

host T_‘h@:ixllve%ﬁog‘?gil&?gir@c@éﬂ/ﬁ a‘%rha?s@ b ARASLN hitk b\

mat eri al under conditions that |lead to the formation
obigosabehaoldeg) disduding theddisavichdridedFal Sui l-Gd @all (galbbisee), which comprises

contai ning materi al y, be selected fr C rciall
cava?tf%&he _g?wf‘oése&fmng FBOYR 91 hask 1_-%%?6@%% eyt a factose-
cSh TR0 Metikl untRe Yordiordsahatl1bdd ©dhdTdiati¥h 6 HB @1iBBRkEharide

Such mlk products may be obtained from cows,
nhyifufeal oes, sheep or goats. Fatfilled

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

subsequently replaced by the addition of vegetable fat or oil.

Brief Description of the Drawings

Figure 1 shows the nucleotide sequence (SEQ. ID NO: 1) of Bifidobacterium
bifidum B-galactosidase of the invention; and
Figure 2 shows the amino acid sequence (SEQ. ID NO: 2) corresponding to the

nucleotide sequence of Figure 1.
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mlk is defined as whole m |k that has been skimmed to
renove the dairy fat, which is subsequently repl aced

woyod7ivesaddi ti on of vegetable fat or oil. BriePCT/GB2007/000178

Description of the Drawi ngs Figure 1 shows the

nucl eoti de sequence (SEQ 1D No 1) of Bifidobacterium
bi fi dum b- gal act osi dase of the invention; and Figure 2
shows the ami no acid sequence (SEQ ID NO 2)

corr gspRadiing Fd?)htshgwfﬂg@th@ﬁhie@@uﬁsé GatRAGE dafing b&l¥EBoligosaccharide
1. Figure 3 is rahshovmo&/gt e tine course reaction
®

sputh¢stgwigh Itlspcﬁwg@hapf@@@améﬁ (eipnitlprsesesnii Y] phagphate buffer at pH

se and 40% (ww) |actose in 0.1M
6%%§Bﬁ%fae’bu fer at pH 6.0 as substrate; and Figure 4

showgigurd i ghowe b hashmafemaiticani@xelthagye dhsnmeyngr afthe
of the gal act ool i gosaccharjde m xture synthesjze

gelaetoplignprecharde gHEWIS yIBHosIZed bY Hisl-sepwipsidase fyom ﬂg? figum NCIMB
4gg/1; § %g%o%g%\?ifac{oge% umg%@gfzé Sufgf%{feg tﬁogg 2P 's-m%ugte (Gle =

glirosen Sl =ahlketiye,gadcac taotosgae(l -DRatactdgrsecDBf= degree of
polyrrerl tion). Genom c DNA was isolated fromthe
PRIAlHSH Y er i um bi fidum strain (NCIMB 4 1171) using

the nmethod of Lawson et al. (1989) Ferns M crobi ol
Letters, 65, (1-2), 41-45. The DNA was digested with

r est Gwomm@éﬁz&yfﬂ%§0§mﬂ ﬁ@@@hﬂsﬁlﬁdoh@rw’wgﬂ ifpdasar steaim (NCIMB

42!:1@361@1@%%% @1[ \éig)f(ia le c‘?[ (?9%5') e?_?F)sagh%rgglo?iet\%}' Cb% (1-2), 41-45.

The DA kwaS Qiéeﬁteﬂ/&ﬁ& iel%ﬁi’@ﬁf)ﬂ éﬂ@@hd&d ahl fagieatsdiaving a maximum size of
cont ai ni ng | nsertions consi st f Pstl, Eco

184kbp RysFa ligatpehVith PSE7 A Ypgtpr Wh@éé}@é eehdigarebmih t im&me restriction

eﬂicﬂrf@v' iﬁecﬁz Al rﬂangoﬂﬂ {w%tamegfog %lﬁﬁfn iﬁgnrsrgl?%ssconmstmg of

were sel ecte uri a Bertani
Pet(, rEcIQIRIIi BgmpHhiKprdpirealyér, HixdHI @ested chromosomal DNA from the B.

b{/sgiéb ' %gopgfsb\%%l_l g;ﬁ%kggsgg\ts%getgéty o 13&%(? é)i&gegﬁ %ne%anj agar plates

c&ltélhﬁfg%ﬁm\ﬁﬂoﬁoﬁelﬁaanﬂ-Gﬁh(Somﬁfémﬁ-lchIDM3Qﬁd/cﬁylL[B-Egél@ctomde) and
seven b-gal act osi dase %05| tive clones, one of which
isogeopiy}- 61M1anlwps_1de (IPTG). Ligation mixtures with Bam HI chromosomal DNA

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

DNA sequencing of the inserted DNA fragment B1 was performed using the
dideoxy chain-termination method of Sanger (Russel P., 2002 iGenetics, Pearson
Education, Inc., San Francisco, 187-189) using the BigDye Terminator V.3.0 cycle
sequencing kit (Applied Biosystems, USA). The DNA sequence of B1 is shown in Figure '
1 (SEQ.ID NO: 1).

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

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

Figure 2 (SEQ. ID NO: 2).
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DNA sequencing of the inserted DNA fragnment Bl was

perfornmed using the dideoxy chain-term nation nethod
wohoBasges (Russel P., 2002 i Genetics, PearsonPCT/GB2007/000178

Education, Inc., San Francisco, 187-189) using the

Bi gDye Terminator V.3.0 cycle §equencing kit (Applied

Bi osystens, USA). The DNA sequence of Bl is shown in

Figure 1 (SEQ ID NO 1). The open reading frane (ORF)

was  oe at&entinvattionowiling e debelededfbyamyNsiBeference to the following
(hbtiongl d%ntgr of Bi otechnol ogy Information). The

exuspleot i de sequence of Figure 1 was translated in all
si X possible reading frames and one open readi ng frane
of 1052 amino acids encoding a putative
BEanfdaleact osi dase was identified. The translation is
shown in Figure 2 (SEQ ID NO 2).The present
invention will be further described by way of

) E%fr?ar@gﬁcﬁ\/fe% %Ee foll ow ng exanple. Exanple 1
thods Al chem cals and nedi a
pr epaylbiHeaticalsismtimetiaquepgapationt sl thtangiomehis stlatyaivere dbtained
from Signma (Darset, .UK), vitr n_(Paj sl ey, UK), .
fr@)@b&@ﬂ(ﬂé@@?%éﬁ@é{lﬂ@&ﬁ?ﬂ @%@n %@e@%@@&é@%@ Uiy Qiagen
(@'e?ﬂ‘gjﬁgeﬂ @K?talﬂa'm&ﬂ@ a [4uthaBRRéLIUR. Strains The
i T1dobacte 1T [

iumbifrdumstrain (NCI'MB 4 1171) was
mai nt ai ned on cryogeni ¢ beads in M crobank tubes at

-70C.. For._ |l ater experinments, the strain was revived on
E@ﬂ@g@ﬁggﬁg%ha!gren (WC) agar (Oxoid, UK) and TPY

nedi gRe BiAdbhteAme: NAYLAREaMEBSITVEXE T E0Y Wik thdifithindd dn cryogenic

grown anaer obi cal | y7 CO2 and N2 conposition 80% and

besipin ¥ probaik/ibgy ataf/ 03F7.0F0f leter agpdsiganss, thendraiipvenievived on
r.phol an e absenc 0 1 nad | £

WRERER PRI R RIE T R PR taficise phytone yeast

extract medium) and grown anaerobically (CO, and N, composition 80% and 20%

respectively) at 37°C for 48 hours. The colony morphology and the absence of

contamination were tested by gram staining.

E. coli strains

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

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

E. coli DH5a strain (Invitrogen, Paisley, UK) (genotype: F~ 980lacZAM A(lacZY A-
argF)U169 recAl endA1 hsdR17(r, my)) phoA supE44 thi-1 gyrA96 relAlL) is an a-
galactosidase positive strain and was used in expression experiments and for other genetic

manipulations.
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Escherichia coli strain DH5a used in this study was
comonl y i ncubated under aerobic conditions at 370C in

wauaoi7as@eut ani (LB) agar or broth (Sanbrook J. pamB2007/000178

Russell W D. (2001). Molecular Coning: A Laboratory
Manual . Col d Spring Harbor Labgratory Press, New York)
and when necessary was supplenmented with antibiotics
(100my/ M anpicillin and/or 15mg/ m chl oranpheni col)

%éb%{;ﬁg ﬁN&l fEx@r%%ﬁ%}:g%[@ B {%Z&gacfg%zzt%pg%zglbrﬁ()pr opy! -
ed on the

sur f ag&otfic HNPA rd¥BeRatSd ﬂﬂhﬂgl@rBzﬁJz’o'fbb@tei -fm Zﬁﬁb’dtm %ﬁ (NCIMB
strain (Invitrogen, Paisley, UK) (genot

44d ZDNnsig the ZoldewigE math@bineioh c msomg%&ﬁ( Wakprepaﬂ@d from cell

%ﬁp@?{%l %54 3 B@Q;ngl (8)«/9 ?%%rﬁ{ﬁ A%Wt%gheu%ez erre resuspended in 10 ml

ERPhEES (00 nEWPRIS-HENNS ANUEDTA, 00 hevi NIENESHHR) and treated with 200 pl
mani pul ati ons. Genoni ¢ DNA Ext raction from

agilysogpBe/Erurnalyain rikEatdce AR rmeNA nygm! mydanedysin 1 peginl) for 30

5 PP A BBt 2omei
20051 pf Rpase (boili dndinl) mixkd ehd heobaesd &d ohe boudBGSAC. Finally the
e, B L LS B O 12t
pﬂgﬁc)l/cﬂm?fo‘iﬁ%fs aWHéJ‘an%qge @itré&ftloh)(rv?a@ %éﬂé%{eﬁuﬁaﬁ[‘ﬂieﬁdt@r) phase could

m xture sozynme 10 ng/m nutanol ysin 1 nig/
chgity B0sephnatadefsomtth@inG@phabhe The kewonne TEN A veas prewpitasedd with

S spas st R DR RGeS [RGB aff eenomic

O fwatth&bGgedtd ﬁjltlh)te $thetisrednzomeg Nipated @atog$ PR tdigedtedi with the
of 10% SDS and i ncubated for 15 m nutes at 65C. 12 ni

spie ghampts 2] tenetidorith akkplincphnsphasasg. Dhgestigr phBt PifHutaaenOmic
o

ISR PRt uishE AMORE ol B M) B on . [fketign mixtures were

medet'ol tprnks ftrmdE. vmoﬂfrDHSmmcbmmabtoalddsermu%@ﬂrdmsl werpe itentifed as blue

The genom ¢ DNA was then

CB{O&éeétoé‘J(\ﬁq}ﬁOP@%?gﬁl@fgn enzymes, ligated into pSP72

di gested with the sanme enzynes and treated with

al kal i ne phasphat ase. Di gestion of B. bifidum genomc

DNA was performed using EcoRl, Pstl, BanH , Snal and

Kpnl . Ligation mxtures were

Vector DNA Preparation

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

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

giving an active pB-galactosidase (a-complementation).
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used to transformE. coli DH5a and b-gal act osi dase

positive clones were identified as bl ue col onies on
wo2alosgnmt ai ni ng pl ates. Vector DNA Preparati 8aT/GB2007/000178

vector used for cloning and ex&ression t hroughout this

study was the pSP72 (Pronega, ®K) (Krieg, P.A and

Melton, D. A (1987). In vitro RNA synthesis with SP6

RNA pol ynerase. Methods in Enzynol ogy. 155: 397-415).

Thl S THECEAbr Wasdigbase Witheraftsiewdig tbictias kmgfmes Pstl, BamHI,

nﬁlenentlng activity of the a- fragnent of
| Sivel Sipghsed fpeRhaqesrdie todhe Basalar iy g SHpstructiqng using a tenfold

I

L85 95088 R DAL [ HE B00Hs RO L1 e per ne

glﬂ(f»ﬂ:ﬂlmlld DNA@T téhenzyinesinitd $6r @ Fipaw] af pasmaf DNA) After enzyme
gal act osi dase whi_ch nbi.nation with E.

h@@tt alacﬁga‘f{qne@@ma)at fhi .C&Hﬂ%;@a%ggn PRETBRPBIAPA YéPﬁu’Y] hprizontal gel
f
BB bl POplaEIaiain SO A ftRd
cokngle&t\edtqmdtgesmdstearid)ﬂhbcsmgtfgresteustwn digegionezlymes: Pst |,
BanHl, HindlIl, Smal, Kpnl and EcoR according to the
manufacturer's instructions using a tenfold excess of

enzy e SMECieRINAigb/IVAYITRhAN St we['!i%st%s Dl\&ﬁ*anit@rrﬁfﬁ@ unligated
units of enzyne per one ngr of or ten

moleeyice ngﬂ rco@ppfént B. ®lidadpa ©¢IISpW§ mnab@mtﬁ)formcfct eqlonies on LB agar
PSR AR GORRaD B R0 oo

n@lleeﬁleﬁ afdh theesipsctad Bhokgtcund Theinp tleseibseueht expsiimghs.
fragnent in the gel indicated the conplete vector
digestion and the single restriction digestion of it.
The gy (/#c%rg Rerdl EQ‘%& ek %&r?ﬁteﬁ%&@ﬁalﬂﬁﬁesﬁﬁﬂt BEhI Rk %)90 sphatase
by transtorm ng unligate | ecul es 1 nto conpetent E
CEAP (PrDrsga,cRelutlsmpibie, IﬁKLbrhxmoerng fodhmfalcbmrésmmuqmns The

G@he ol TRt ST TR BB (o Babls O TlA tigase

a&%ﬂﬁ’x@g R0 hagkatRy ihtRlbfidny fdlhﬁvﬁ%ﬁﬁl%i@@mnoﬁxm@m&eﬂls The
The vectors were further dephosphorylated with calf

nymbes of iferatedolatissdopisd shshanmles ofresmepiteg rpejgcules (non cloned
ve%%fﬁ Qx?cp? Iglgrﬁrsachj@] gf‘ﬁl%%)g{/@gllth e f&ﬁn%@&gf'ﬁ{ég Wn%()utsCIAP vector

I nstruc
treatment shown the number of non dephosphorylated vectors.

Genomic DNA Library Construction

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

respectively and blunt ends for Smal.
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efficiency of the treatnent was tested by self

ligation (wth Bacteriophage T4 DNA |igase according
woaoerewsgiact urer instructions) foll ow ng transPoOT/aB2007000178

into DH5a cells. The nunber of fornmed col onies showed

the number of recirculised nol &cul es (non cl oned

vector) and a subtraction of the above with the forned

coloni es wi thout Cl AP vector treatnent shown the

nunbes]] eesdiyyeRBRATP RaTN At @dleME ¢leal s DNE eﬁm it thiNfresence of

L|brary Construction Genom c DNA was partially

ddyadess meagnedivm iensc Thesstiong wesrihe anly reguiredaofactéarogni se

frequently occurring hexa-nucl eotide sequences within

prokaryotic DNA. EcoRl, BanH, Pstl, Kpnl, Smal and

Rdistridhibh Digeatiby BEDINAT estri ction endonucl eases

speC| f| cal | ¥ recognl zing. the sequences 5' G AATTC 3,
5 @ & ton degraitoy fg he gepogyy R Acsymplesmeraamagbateghfor 2 hours

gﬁd%-rﬂ;‘}ahlyrh% BG4 HAR 6§®f&@lﬁ%ﬂ%§9| 'f’}éeé? TS, then cooled

r eaks ese sequences generatin
af mom rRugleesoire dad theldobTopriated Gno@CT ldw[ngimffélr ,waBaﬂthd followed by

eB e SR S S By R AT 28 Ao wels of
Omlaga%!iehﬁ Co ARGSTBSIyWes Rol@fch] 18 130% RS 2h@ tiid §YEF the digested

only in the presénce of dival ent magnesi umi ons.
DN]@@@S |e@mgatﬂé iv‘etlt thet anllkivp D34 istandarde fRrotega, UK) (Sambrook J.

restriction
kﬁqa%% Q%ﬁ§n§f t ]3ﬁ¥%§¢#3¥06gbples wer e i ncubat ed

for 2 hours at 37OC and finally heat inactivated at
650C for 20 m nut es. The reactl ons were then cool ed at
att L 2 ) AMSTIBHTIGHGN GARTIIS -of | oadi ng

buff

ceal earlg\% @“‘?ﬁap. P?fdyn? %s?%ﬁgﬁﬁé‘%lﬁe%ﬁg bl By done by
using dle\/@IAEX @bl extthicB6h hgﬁws@mgeh (MostiRrssay MK)/ Protocols are '
d4- E 4 c for &é ours), and the size of the

Hicyes

ILFhS PO PHat of | kbp DNA
st andar ds ( Pronega, UK) (Sanbr ook J. Mol ecul ar
DS O Didagion And TaASrAkyioanual (2002)). Purification of
the fragnents generated after restriction digestion.
After purification of the DNA fragments with the Qiaex gel extraction kit, they were

ligated with CIAP-treated pSP72 vector. For ligation, appropriate amounts of DNA were

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

A Vector (15 fmoles [~29.7 ng])
B F,.*Vector (15 fmoles ~29.7ng DNA) plus 1nsert‘ o
Ui (foreign 15 fmoles,~ 69:3ng ) T LI
C pUC control (0.056 fmoles [~100 pg])

‘The ‘molar ratio of plasmid DNA vectorfo insert DNA fragment should be ~1:1in |
| .the ligatioh réaction, The final' DNA concentration should be ~10ng/ul, * C

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

t he agarose gels was done by using the Q AEX gel
wexberassizeon kit from Q agen (West Sussex, UK). PCT/GB2007/000178

Protocol s are described with details in the

manuf acturer's manual. DNA Ligggion and Transformation

After purification of the DNA fragnents with the Q aex

gel extracti on kit they were ligated with

Cl AP- |

am)un%’gf%?% ﬁ}%ﬁglﬁéffrgé?ﬁ %%@%@A}Hea%gﬁgﬁ n_fo?ts minutes to

el E4rSf ddﬁlesﬁ/élt&ﬁurﬁshﬁ h&mnealﬁd Hﬁlblhg?frigméfmtpee ardil8h. A molar ratio of
Vect or @ng frmoles [~ 29. @1 " Vector (15 fnoles
Vegior g @M&o@ldswam@sw for 1é1€@H011€PaF%QﬂSé’§dih%§PaSW gssembly

o 00 The nol t
G SRRk e TR DR cgnent " Siout o b

DNA fragnment shoul d be
1. 1 fn the ligation reaction. The flnal DNA

[ gathoHom e dol 0 W66 1 Biins ufler s BarWes units of T4 DNA
@ﬁéef gﬂre)rﬁégae H86ER R anitthe g Mvo@@m@ WAk hakted b 10 with

Aunber of transfor rrant s af
nialecwddrdriotagy grade Tedter. Bo suhwns” .Aeul bf lﬁﬂ hgﬁ’alonfbulfﬂqewere added and the

vector with t nd .t ube, C sho

R0 botth wsagisnap R ERS Ry SRISHRE, 1o
be cal cul ated. Before each |igation the DNA fragments
were warned at 450C for 5 mnutes to nelt any cohesive

t er mMVAtragmonisawere afdefl ouhe Apes F%@%thtbﬂ%wa@f peghthep, warmed to
S
437 B Rl ECRBRIORERUE i Mot bt WEAIER e Yroparation
Tthe N A cesretilled to 0°Pbefregtiesemamt] erefttholigatiohaetgeneswére added and
and B, 1.0, m of 1Q<I| tion buffer, Wi
thfrhep OB MEREIIBRK e laa%t@ VoREgH at ER)@ @Fgﬁraﬂa@zﬁs Rpggell, 2000).
the ligation volune was adjusted to 10 mi with

mol ecul ar biology grade water. To tubes C 1.0 m of
10x Hf@ateﬂ@nohuﬁ@gﬁatm@dadmkfmamoﬁthe ligated fragments (in order to

remove the ligation mixture which cause reduction of the transformation efficiency)

transformations were performed according to Hanahan instructions. ~50ng of ligated DNA
in 5ul solution was added to 100ul of competent E.Coli DHS5a cells. After heat treatment
and expression of the ampicillin resistance gene the cells were spreaded over the surface of
LB plates containing ampicillin (100pgr/ml), X-B-Gal (40l of 2% X-B-Gal) and IPTG (7ul
of 20%IPTG).

The number of transformants from each ligation reaction was measured. The
number of transformants commonly obtained from tube C was 2x10>-1x10°cfu/ 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 2-4x1 0*cfu/ ng.
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l'igation volunme was adjusted to 10 ml w th nol ecul ar
bi ol ogy grade water. DNA fragnents were added to the

woubwmssnget her with the water and then war nedPCO/GBEAZ/000178

for 5 mnutes to nelt any cohesive termni that were
reanneal ed during preparation. 17The DNA was chilled to
Q0C before the remai nder of the ligation reagents were
added and the reaction mxtures were incubated

RUBHE shtradlrodfQs (Sanbrook and Russel |, 2001). After
ethanol precipitation and purification of the |igated

f r agneRhod mixtQfderitlt PsA ENBMBsdha J:bNAagalv@ Ris8ta1 YpGalactosidase
whi ch cause reduction of the transformati on

pasfiiveicioney put @far%ﬁoeysmn@mtganﬁé}f@ap@ rhereas dvitic BenHI ggve rise to 7
A BRD (LIS OO0 B 8318 PR Bl 1300 s

@ﬁisfcﬁmaﬂ(fs} Hprilgave tisemtMpaitivernibrex pramsisen tahsfolifants), Smal gave
mpicilljin resistance gene the cells were spreaded

P el clores (HHO0D BCh anderreatty) and ifigdhgaveirispitn 2 positive
&5?9 Om of 2% X-b-Gal) and | PTG (

(gr{) 2%%%6‘52% t?&n%gﬂhﬁt@ er of transformants from each

ligation reaction was nmeasured. The nunber of

r%nsf r ts commonly obtained fromtube C was 2xI 0
ﬁ5’#%@(5§§‘Hﬁféreas fromtube A was 500-600 cf u/ ng.

The nHRBES: 18 {denfiN ik ofi fTaRh- Fﬂaé‘cHQ@aﬁg‘é’ﬁ@s Mt plasmids isolated from
i ndication of the efficient Treatnent of the vector
thapositivrecl prasiyeere digested ns¢wdimgrie thei fnllowing tBblaas in a

range from 2-4x1 04cfu/ ng. Nunber of Transformants

Ligation m xtures with Pstl chronpbsomal DNA gave rise

to 13 b-gal astmpiedase positive clones QUEnzQmes2500

SarigenRd (1A Bﬁ%ﬂﬁ@'ﬂ]ﬁ)ﬁ@&ﬁ?@§ pHe BRBaNTH,fave T1se 10

iy I

i- 7 it vun

= & CIIDCLUIpus.I e
3 @éﬁ% élcr Sral g:\\/n ripésvéI to

w T

4“1 ;LBEZ'i’FE EEI ;:fr transf orman tFé‘PR;md Hi ndl ||
a&l@eﬁtw@e t pPBLdR PR b RA2oRBL RE21200 sl and EcoRI

t ransf or mant B¥3..Posi-ti ve d one Di gesti an

6" Digestion pS1, pS2, pS3 Smal

7m Digestion pP1, pP12, pB1, pP2, pS1, pS2, pS3 Pstl and Smal

8" Digestion pK1, pK2, pK3, pK4, pKS5, pK6, pK7 | Kpnl

9t Digestion pP1, pP12, pB1, pP2, pK1, pK2, pK3, | PsfI and Kpnl
pK4, pK5, pK6, pK7

The first letter (p) indicates plasmid and the insert gene whereas the second letter
(P,B,E,S,K) indicates the restriction enzyme that was used for isolation of the
respective clone from the genomic DNA.

Gel electrophoresis analysis of the generated fragments after digestion was shown
that plasmids pB1, pP1, pP2 and pP11 each have an insert which encodes a different

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

DNA Sequencing

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

Sanger by using the BigDye Terminator v.3.0 cycle sequencing kit (Applied Biosystems,
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In order to identify the different b-gal actosi dase
genes, the plasmds isolated fromthe positive clones

wornw@/odsxyest ed according to the foll owi ng tabl eCT@GH2007/000178

el ectrophoresis analysis of the generated fragnents
after digestion was shown thatldlasm ds pBl, pPl, pP2
and pPll each have an insert which encodes a different
b- gal act osi dase . The cl ones contai ning pBl was used

UOA) dnd 4aBfse@RaihE ABIPMAMSE0S R GlubstdNe HELITIRAYhalysis system

was performed with the di deoxy chain-termnation
ipearherating cguligzeelasiropkomgjst he Bi gDye Terminator v.3.0
cycl e sequencing kit (Applied Biosystens, USA) and

anal ysed with the ABI Prism 3100, a fluorescence-based

DNA arigl ysiusd 3y shéof the aiseREEDNIOfre@REML deYe sequenced with vector
el ectrgophoresis. The 5 - and 3'- ends of the inserte

SPREALIS PEBeEN { Khevigrests e Sehsd seduenceddat wingstbe &idnome Priming System
enced
et
vBiich ades TthKﬁC Tﬂaﬁsﬂ](_)saﬁ ta uéll_élbﬁ "ermp@ﬂﬂﬁt@ﬁddiﬁl@ﬁﬂ’%d the WNA @arget. The
uses Tns ransposasg to inser
ap fﬂﬁ%%”ﬁiﬁeawa ARKP ShES wenas coutigeto, the manyfgyrer instructions.
Thehefbe PVIsOBRA Plaklifs & séqlﬂznmg aH%ﬂs%P&? be] Hégr éﬁ’sp‘i'?r?er into the

manuf acturer instructions
t?ﬁ Betgdastreid frs 26 e Glie muinbgr whs ealculatsé ntdonding fto tﬂeenanufacturer

h d 25. Thi
A R SR e 25 T

i nstructi ons and it assunes a 5-fold depth of
cover age. |asm d pBl insertion of a _sl699bp's
tr anEQbB’@ﬁm I insetiop @ iati1 6P Sipnsposamsinserdat pifsitidned73bp

f.th t d
O e B BES B B AL e e -
gﬁlbﬁbsﬁm astigity 1rﬁlﬁhﬂtﬂﬁg\ﬂ% theosart tQROdvARGosRRAd BEwEES ¥ vector

N&Eg t |l e clonlng site) and the transposon site,
(Rl %Prl{lg sl tth%’frarrf@efrqn siie, Wharpas ipertian bpthe insert at

pSINS 84 BAMHnstBin gg:gﬁel 19851104 {d e ff?r%r{ﬁ?i%%x QB 01 ct?\%e 3 galactosidase

active b gal act osi i catl ng he st
ingidaging thae theeseart &mEanﬂb@WBtrpSMmﬂ 1963bp dbwhdreaMSE. the MCS.

Tﬁ%%@?r} n%g)?y MRS ei ﬁ’gx‘éﬁ S o ;glefﬁ ts‘f%?dp g}% iogto%ltﬁ/e 1Vr\1llset:r|t1 at a position
3565bp downstream of the MCS indicating that the stop codon is downstream of this
position. Moreover insertions at positions 1239bp, 1549bp, 1683bp, 1832bp, 2108bp,
2189bp, 2270bp, 2340bp, 2414bp, 2574bp, 2648bp, 2734bp, 2807bp and 3410bp

completely eliminate the enzymatic activity.

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

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

Open Reading Frame Identification

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

100bp. The nucleotide sequence was translated in all six possible frames and an open
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3565bp downstream of the MCS indicating that the stop
codon is downstream of this position. Moreover

wons@rossxnms at positions 1239bp, 1549bp, 1683bpCT/GB2007/000178

1832bp, 2108bp, 2189bp, 2270bp, 2340bp, 2414bp,

2574bp, 2648bp, 2734bp, 2807bpland 3410bp conpl etely
elimnate the enzymatic activity. The sequenci ng .
reaction m x contai ned approxi mately 400-600ng plasnid

ENAag BarerBl108% aﬁh‘iﬂd’fﬁﬁdsséﬂcb&lh%@ pabdivaaloef t@l&?&’ %vas 1dent1ﬁed (The

Term nat or sol ution en Readi ng Franme | ent catl

- Ipelagpe s Srh@af@un@gweab (ORF) of Bl was |ocated by
using the ORF finder from NCBI. The bacterial genetic
code was used and the frane I ength was determined to
Bxanpl@®p. The nucl eoti de sequence was translated in
all six possible frames and an openreadi ng frane of
1052 am no aci ds encodl ng a putative b-gal actosi dase

ac 7121172 bifidum

y - - b “, = o 24
HﬂiMﬁ#éll%bimelﬁhoehﬁsBamm{ﬂaact erium b| f| dum NCI MB 4
1171 col i, hogt fstrai.nPH>a) The follow ng
descr:[lhﬁécgn% erlesqried snthesds. gplest Ohervise steted, Wosrerformed with the

vaRld B rdmﬂibl%i RodtRen i rereim &R bf t(h@l]i_;’sfblp&%g‘r gse coﬁe&g& &)

treatnment of the E.coli bionass
cergrifugation at 1Ge0Gg) vioh odgeng)at WCDIh’cehtIhﬂlmnef %IOO@pm in order to increase

f OOO order crease
R N Y a—
nrembrﬂaet g mgorﬁ bRiniass Wad prepsfidGs @remrbadﬂﬁl Eﬂlﬁfi@ 1 d'er “E coli
bi.onass was prepared as described in Exanple
W0l | strains". Synthesis with cloned enzyme
Synthesis with b gal act osi dase was perfornmed at a
substrate concentration of 40% (ww initial |actose

_mmmmn_de_ﬁngwynt hesi s sol ut| on was prepared in
H 6.8 O.1Mcitrate
buf ]Ic\/gfrp[gﬁp hat gb ut %ﬁ%@q aﬁ%ﬁg tggppgfat%ppncentration of 40%

(w/w) initial lactose concentration. The synthesis solution was prepared in 0.1 M

phosphate buffer at pH 6.8 (or 0.1M citrate buffer pH 6.2 or potassium phosphate buffer pH
6.8)). Synthesis was performed at 40°C in shaking waterbath at 150 rpm. The pH optimum
for the specific enzyme was chosen based on activity measurements (using o-nitrophenyl-p-

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

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

substrate solution in order to perform the synthesis.

The concentrations of the different sugars present in the mixture during synthesis
are shown in Figure3. High performance anion exchange chromatography coupled with
pulsed amperometric detection (HPAEC-PAD) chromatograms of galactooligosaccharide

mixtures synthesized by the B-galactosidase cloned from B. bifidum NCIMB 41171 are
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6.8)). Synthesis was perfornmed at 40C i n shaking
wat erbath at 150 rpm The pH optinumfor the specific

wenayrmssizas chosen based on activity nmeasur emeRCE/GB2007/000178

(using o-nitrophenyl-b- D gal act opyranosi de as
substrate) of a specific enzymatic preparation at
varyi ng pH val ues. For gal actool i gosacchari de
synthesis 5 mM of an E. coli DH5a cell suspension

%38% ﬁ? “fh alg%to%lhé) %{{C%I)Idél\ﬁlﬁ)a féesﬂgé otﬂg%qr Ql%h at the
g% 0 co iOrass  and su &rnat ant
yEiEnuh seethekesltiméE posnt brosss inasble ¢- suspended with 10 g
of 40% (W w) substrate solution in order to perform
the synthesis. The concentrations of the different
sugars present in the mxture during synthesis are
shown in Figure3. Hi gh performance ani on exchange
Tihile &aﬂd@phpdhyteoamp:ioedim af Igakacﬂoebgbsamﬂmridereynthesis at 40 % (w/w)

det PAEC. PAD romat ogr ans of

g BAoRF et sk sk paRb S Te e glingagsaride
Onealtatbasadapgrctoned from B. bifidum NCIMB 4 1171
areshown in Figure4. The gal actool i gosacchari de

m xture sugar concentrations at the opti mum synthesis
time point are shown in table 1. Table 1. Carbohydrate

seAmeskt | onGofS gal acGod i gosaccharide synthesjis at 40
Pl whm:. | nippad | pctpsey concentdat i on atgithe ti mey)

p;gig,ywymere maxi Mm ébﬁ&ﬁﬁﬁ?&ﬁ@ﬁ bﬁgc QUEER T a ion was
ad cﬂGaI % Z\l/é atl onll%:/gof tot%lé%sugar sl)3 ﬁ)

20.45 27. 64 12 73 25 90 15. 26 Lac: Lactose, C:
gl ucose, gal act ose DP: degree of

L%%l Y 5§esétld %?Eo@é '@ &t%?eg%?g ep%{érﬁgns%}mn

enco Ah am no nce as given
in SEQ ID NO 2, or b) hybri di ses under stringent
hybri di zation conditions to the sequence of a), or c)
Is a degenerative of the sequence of a) or b).
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2. The DNA sequence according to Claim1l, wherein the
sequence is given in SEQ ID NO 1 or a fragnent
woOher7@s$324 3. The DNA sequence accordi ng to C aPar/B2007/000178
Claim 2, wherein said sequence conprises nucl eotide
substitutions, additions or del&tions which result in
| ess than 60% preferably |less than 45% nore
preferably | ess than 25% change in the anm no acid
Ghimience according to SEQ ID NGO 2 or a fragnent
thereof. 4. A DNA sequence according to Claim1l or
G aim2, wherein said sequence conprises nucleotide
lsubst4 CINA eeanenps whichesul t in conservative anino acid

subst enz encoded by a DNA s ence
anal))tegéndél%g? p&%em r}glthlal% %rn&lo gl %ﬂug}%mlm% :ié NO: 2, or

an art) hgbidisek weigH Qtﬁﬁgerﬁmﬁflﬁiﬂzﬁ@oﬂ Sndfldns kPiQeqderRE ofa), or
fragnment thereof. 7, gal act osi dase havi ng the
sequgsgea‘é@ea%wlﬁ%ﬂf?hﬁ SSHEQWP gfNorb2. 8. A reconbi nant

vector conprising a DNA sequence of any one of C ains

1to 4. 9. The vector according to Caim8, wherein
2sai d ThedNA seguemne equmrdemgrt@?larmcm wherelll?thcel%elj@&kiw@k/en in SEQ. ID

ris quence of any one o ai ms to 4.

Nﬁnip %@@“%H’I\mﬁ%ﬁprl sing the vector of Claim8 or
Caim9.12. The host cell according to Caim10 or

Claim1l, wherein said cell is a bacterial cell, a
3yeasfThe INA @ﬁq@nﬁ@mg:@rdiug kd Claiig .1 oTKEaﬂItDB,t whetkin said sequence
oAE OB B e AT En B P R i piis eyt 1o than 0%,
ptemtﬂﬁiydm isan mtmb@%rbfeﬂﬁﬂy RsEhan sy @han?@ﬁ‘l thk lelﬁuf?@gcld sequence

rgillus. 14. The host cell according Caml

a%%‘f’éﬂf’%%@ H2NO:iZsorgefragren therenfi t he gr oup consi stl ng

of Bifidobacteriumbifdum Bacillus subtilis, Bacillus
circulans and Aspergillus niger. 15. Use of an enzyne
4.of aAyDNAeseqﬁeI@e acodigtto Clainot 0BClih 2, Gfhefsy s8 8edience

il ndded
comprlses niiclectide 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.IDNO:2ora

fragment thereof.

7. A B-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.

11. A host cell comprising the vector of Claim 8 or Claim 9.
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14, for producing a m xture of oligosaccharides. 16.
Use according to Caim1l5, wherein the m xture

woanprossrs di saccharides Gal (b 1- 3) Gdc, Gal PCI/GB28)7/000178

Gl, Gl (b 1-6) Gl and Gal (a 1-6) Gl. 17. Use

according to Claim15 or C ai md6, wherein the m xture

conprises trisaccharides Gal (b 1-6) Gal (b 1-4) dc,

Gl (b 1-3) Gal (b 1-4) dc, tetrasaccharide Gal (b

1-6) Gl (b 1-6) Gl (b 1-4) Gc, and pentasacchari de

Gal (b 1-6) Gal (b 1-6) Gal (b 1-6) Gl (b 1-4) dc.

123. UBke lofst eell anvpydieg tf Clany 10me GidimA lgiwherdn said 2ell d9 a Bacterial

cell of a ong of aims 10 to 14, for producing a
X?M?aét‘éefqy%qﬁg%%lc‘ig”ari des to be part of a product

selected fromthe group consisting of diary products,

such as liquid mlk, dried mlk powder, baby mlks,

Baby Tlerhnst egll accerdingtonglajmdRuwhsreintseisbes]l if e¢lownd éom the group

di b h fryjt jui N :
PRI LT Bact SRS PR oot L Aol PSSR opt ca@Blus and
Apehisuppl enents, dietary suppl enents, probiotic

comesti bl e products, prebiotic comestible products,
ani mal feeds, poultry feeds and nedi canents. 19. Use

ccor. : - LicSes
i sacahaet UG My B B i gL & SSRIRE BFF fig eroup
chn&tingedf Bifidotaadtervan bifflunCaacillus ssletshBatitias cigalladstind Aspergillus
1-6) @Gl (b 1-4) dc, Gl (b 1-3) Gl (b 1-4) dc,
W&fr asaccharide Gal (b 1-6) Gal (b 1-6) Gal (b 1-4)
G c, and pentasacchride Gl (b 1-6) Gl (b 1-6) @Gl (b
1-6) Gl (b 1-4) dAc. 20. Use of a host cell of any
lone dfse@faneszyrge pbHamyonef diClpimsdutei hgr a cpll oflacyt one of Claims 10 to
elected fromthe gr.0 consi sting of dairy products,
1su Oﬁpﬁosdjuﬂn&lﬁ Ialﬁlﬁe%’,fog‘g?sé"a&fﬁ”ﬁﬁs‘pO\/\Uer, baby m | ks,
16aby Userabtdrding t6 €16iHEBINwheddh td mixe¢he @Seprit&y dTeftkBslides Gal (B 1-
di ary products, beveraé:ses such _as fruit juice, infant
3 Gde Sal gl SR1Gal, Galdfd -OxpdannGal (€ orf) &&di onary, cakes,
food suppl enents, dietary suppl enent, probiotic

conmesti bl e product, prebiotic conestible product,
1dni mélse heentdingpoliinyl ¥ eeCmimrid, wheiemaire atisturdompises

PRI L LORGRI G 1 BT U (P17 B ('FLa9 e it aecebaride Gal
(B 1-6) Gal (B 1-6) Gal (B 1-4) Glc, and pentasacchride Gal (B 1-6) Gal (B 1-6) Gal (B 1-6)
Gal (B 1-4) Glc.

18.  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 mixture of oligosaccharides 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.
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a host cell of any one of Clains 10 to 14 in a

sui tabl e cul ture nedi um under conditions permtting
wexmassizon of said enzyme and recovering the PESMGB200TY00178

enzyme fromthe culture. 22. A process for producing a

m xture of oligosaccharides conprising disaccharides

Gl (b 1-3) dc, @Gl (b 1-3) Gal, Gl (b 1-6) Gal and

Gl (a 1-6) @Gl, trisaccharides Gal (b 1-6) Gal (b

1&4) (Lge%b%z%%l@z% (Cg] Tl é?av&qg ?&helgaﬁﬁ%récggl%%{%%s ggc%ﬁanc?es Gal (B 1-
em a@eaags mt3)®alcﬁhl (B01-8)y BAl £a8lGH( o, 1-9)GAEAkisddehdrids Al 1-6) Gal

said process conp risi ng cont acti

B A) L ey o G e e B bis e Gl Ko dt6) AR (B &6) Gal (8 1-4)
@}g%/aélrg {ﬂ)g{lﬂgacglﬁhgéaﬂ& f-%) &1 Cﬁ' 1t~8) @}all @qt_%B@alc(%qt_ng @ d9

20.  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,
dietary supplement, probiotic comestible product, prebiotic comestible product, animal

feeds, pouliry feeds and medicaments.

21. A process for producing an enzyme of any one of Claim 5 to 7 comprising culturing
a host cell of any one of Claims 10 to 14 in a suitable culture medium under conditions

permitting expression of said enzyme and recovering the resulting enzyme from the culture.

22. A process for producing a mixture of oligosaccharides comprising disaccharides Gal
(B 1-3) Glc, Gal (P 1-3) Gal, Gal (B 1-6) Gal and Gal (o 1-6) Gal, trisaccharides Gal (§ 1-6)
Gal (B 1-4) Glc, Gal (B 1-3) Gal (B 1-4) Glc, tetrasaccharide Gal (8 1-6) Gal (B 1-6) Gal (B
1-4) Gle, and pentasacchride Gal (§ 1-6) Gal (B 1-6) Gal (B 1-6) Gal (§ 1-4) Glc, said
process 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 lactose-containing material.



