10

15

20

25

30

BETA- GALACTCSI DASE W TH TRANSGALACTOSYLATI NG ACTI VI TY

The present invention relates to a new b-gal act osi dase
wowdaoh/1iceansgal act osyl ating activity capabl e of PCT/GB2007/001081

converting |l actose to a m xture of

gal act ol i gesacaherddeass lwtTpartingtAdcTbévineld es v

b -gal actosi dase isolated froma recently discovered

strain of Bifidobacteriumbifidum The invention

particularly relates to DNA sequences encodi ng the

i sol ated new b - gal actosi dase enzyne, to the enzyne

encoded by such a DNA sequence and to a host cell

conprilei mesenhimvBNDsrettesic @ new [Egalactosidasy with transgalactosylating

reconbi nant vector. i pcorporati.ng t \ sequence., The .
spogh ot cny aling BERRER Firt{e ool hiooBRIAREFider 18 partculor
1EREASAE aly-caldoNA dBssd6IAGRE. frodh a @écehl§ dRBSter&®btkain of Bifidobacterium

c;ont alnk-ng a DNA sequence or reconbl nant vect or, to

bfidsruce gal act ool i gosacchari des . Bifidobacteria

natural ly colonise the |ower intestinal tract, an

envi ronnent which is poor in nono and di sacchari des

Si ncehgusverntiod paticataelypeies te DN A kdgneficd sHo®inPihetifdated new p -
host and m crobes present in_ the upper_intestina

splagiogidase ereymer orthe SRS ePHed esteBadY N Arfeguencaand to a host cell

T - | r‘ . o -

RS e A o ey e O e in iy e DNA
séqreneg. Dhe infvertiont disyretes tothd ussefdievezgme encoded by a DNA sequence,
cag ohydr at.es. Besidiﬁ%gydrolase activjé¥, SOITE

OB AL eSSt ¢4 fOBIH11BS B PPHCDALN FPYREaTtaEs oL oiprdupe
caib®olif@Aseayigesy! ation activity of glycosidases is
extensively used for the enzymatic synthesis of

various oligosaccharides, which have proven to act as

bi fi i ) cSa 1t i . 1k
that Tgap e AR o R aRE e Tl A5l g nals, 13 S ARAept which i
poozivimeend aal digdcehdrives kineel such supars bachreferaltiatip caiuniedBy the host
of lactose. Mler, P.L.. et.al in Appl & Environ. , )
ang Bigrgbes premﬂt’he Glgper(lgt)e:e.tlrgé’qggtz 318 9rdgr t-surpive im the lower intestinal
tra S Al bR tHADr SR Fai6hd 18AE exB addéfBgRcosidases 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 3-galactosidase enzymes that

are involved in the bacterial metabolism of lactose. Megller, P.L. et al in Appl & Environ.
Microbial., (2001), 62, (5), 2276-2283 describe the isolation and characterisation of three [3-
galactosidase genes from a strain of Bifidobacterium bifidum. They found that all three -

galactosidases were able to catalyse the formation of beta-linked galactooligosaccharides
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gal act osi dase genes froma strain of Bifidobacterium

bi fidum They found that all three b- gal act osi dases
woene/1aisie to catal yse the formati on of bet a- | Peike#2007/001081

gal act ool i gosacchari desby transgal actosyl ati on.

Dunortier et al in Carbohydrate Research. 201

(1990), 115-123 described the formation of beta-linked

ol i gosacchari des by a transgal actosyl ati on reacti on

Biirdnsgalpctesdaéomydr ol ysis with Bifi dobacteri um bifidum

DSM 20456. Their analysis of the structure of the

m xture of oligosaccharides produced showed that the

| i nkaDemontizr et hi—i(llCaﬂﬁ)thtafce( Résrehﬁ_ﬁ:h 2011(;1 (1990), 115-123 described the

tos | ipk rt| r. suggest ed
gﬁéﬁ‘“‘%‘b‘?’?ﬁgﬁﬂw&gk%f daghasides .a&a&a@ WAt GoR4PEng lactose
hyavalye %‘ﬂh@v\gggbﬁ%}ﬁﬁﬁ BgeLATDYRACI08EL aThE‘lr taﬂeﬁyh@ bPfhe structure of the

I'nt eSt1 ne /90317 descri bes a new b-gal act osi dase
mm@m Bif f)hgi@ﬂaadtaeudewmoldwﬁqddshqud ihat ‘y:larlmk@getsawera B-(1—3), B-(1—6) and

e rS| of t e enzyne that
SaGLr et RN D o Dby Toad SR gfhrdulds produced by
@f&b&@mmbmﬁmé hmeaaﬁ tHeeRiRedefe 6 BdoRirialif teAlRmRitestine.
of producing a gal act osi dase enzyne activity that
converts lactose to a novel m xture of

I har.i d V\,h dl
2 ST S .
Bid
s el ol g b, ogguotono i

450-479; Carlsson, K A (1989), Ann. ReV| evvs Bi ochem

58, 3 [
50, REr0 A ARl RO, Ot g prochsin
gahibhmghmemyﬁie asiviEy thad bonvertt dactdse tona hbveﬂfmltxhﬂe afit .

osited u cce

trai i fi dum was, de
a% @ igqgers? @ear'?licha%nem@tqqéw AIPS BB 19 SpiobATgEe i8S including -
gk/%g 0%1'3(01&1 @@r G'a (ﬁgdc@haéﬂg% RERM (K Pafon3y & and Pfton AW

It [ so descri In UK Eatent
(B813), (Ehn ﬂ\dmra)imml Bieum 1 buyiha- 4t79a€a1ﬂstsms, KX el|9ﬁ9);mrﬁi Rev1ews

@I _C(J'gé%f | du n%% 38%@@? e%%g%ltlagkfﬁ gl cgﬁ &Sﬁgg‘&t‘@s gc?ﬂersll%n of toxins,
E@'ﬁpg%rtoﬁiﬁl i faBiodBhs flch@9sa6ahas tlféaﬁall’@f 168 gaf. e ~
| i nked

This strain of B bifidum was deposited under accession number NCIMB 41171 at
the National Collection of Industrial & Marine Bacteria, Aberdeen, UK on 31 March 2003.
It is also described in UK Patent No 2 412 380.

It has now been found that this strain of B bifidum produces several B-
galactosidases, including a novel -galactosidase . This enzyme produces a number of

different oligosaccharides which are p-linked.

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
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According to the invention there is provided a DNA
sequence whi ch encodes a protein with an amno acid

wG@ewoense as given in SEQ ID NO 2 or hybri di B&EGB2007/001081

understringent conditions to thg DNA sequence which

encodes this protein. The DNA sequence is given in

SEQ IDNO 1 or may conprise a fragnment or

degenerative there The phrase. "degenerative" i

CBHER B s ol DA S B s e T R1otFiBa e SV sequence
hOPRLPGOISQ 1D RER1!dP NS contprisB hef8hRRt or ddRiRal b

ho%gl ogous, nost prefng%?actg)l r%srgma?S to rQS%ﬂ%mY%fggﬁgg

Such a DNA sequence nmmy conprise nucl eoti de

subst it utions, ,addi tj.ons. or del eti ons i result |n, .

eas URARIE0S; ASkbmalap, iy SpetBef inRoRa N sttehoe whith is at eas
B0%S Rin@dlb¥ous 86 SEQENNED A, Ghe¥easly forh 36 t8W8MPh&abMgous, most
sequence shown in SEQ ID NO 2. Nucleotide

pigherebly ftano A8 terfl§ orhosmalegdus. conservati ve amino acid
substitutions. According to a second aspect of the

invention there is provided an enzynme encoded by a DNA
sequeBach aDNletedirtcaiay eompbtishmlbot i YiBtit@OnS HABTtIoRS or deletions
t he am no acid s%&ﬁ?nce given in SE NO:

, . I D Yy 2 or a

PhahreTt ipdess dban OOke cRselerably fess Bhan Hgﬁm Mg peafergblytlpss than 25%
bﬁh\ﬁgé‘ﬁ B 2hfiS Qciﬂ%ef.{eﬁgé RVfin R TBINGB S, }(ﬁtlgfe%kiﬂ\e substitutions may
preferably an expreSsion vector, tonprising a
et encmsayatifef ammg agliopbstitBtiods. a vect or may be
i ncorporated into a host cell such as a bacterial,
yeast or fungal cell. Aternatively, the DNA sequence
may bRcEFERERO hak&hdi Rp&t SPER ifveAAsh 118 Is prévidbd bRABASme encoded
host cell may be selected fromthe group conprising :
151 ¢ Db seuenéaan defined eboiee feich baenaivecinhy eempBsethielausno acid

: { | S ' ar, .Bacillus circul ans,
%gc%@;éi chi 311?%?'&?33?9?% %‘Jlgrlégrgrentéx%\rﬁ%%e Aspergillus
niger. Using | actose as a substrate, the enzyne

encoded by. the sequence as defined_above produces
a mx Eﬁc)églag tQ)p i%\lg\is%s&)gﬁé}fiﬂ&ee@ye@whwg pq@rowdeﬁ a recombinant vector,

i i . o [ | ,
Ao st il oL@ ot e s

eatdr may be incorporated into a host cell such as a bacterial, yeast or fungal cell.

C

Alternatively, the DNA sequence may be incorporated into such a host cell. A suitable host
cell may be selected from the group comprising Bifidobacterium, Lactococcus,
Lactobacillus, Bacillus for example Bacillus subtilus or Bacillus circulans, Escherichia and

Aspergillus for example Aspergillus niger.

Using lactose as a substrate, the enzyme encoded by the DNA sequence as defined
above produces a mixture of oligosaccharides, comprising disaccharides, such as Gal (B1-
3) Gle, Gal (B1-3) Gal, Gal (B1-6) Gal and Gal (0.1-6) Gal, trisaccharides and
tetrasaccharides such as Gal (B1-6) Gal (B 1-4) Glc, Gal (8 1-3) Gal (B 1-4) Glc and Gal (B
1-6) Gal (B 1-6) Gal (B 1-4) Glc

The enzyme or the host cell as described above may be used to produce a mixture of

galactooligosaccharides which may form part of a product for improving gut health. Such a
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tetrasaccharides such as Gal (bl-6) Gl (b 1-4) Gc,
Gl (b 1-3) Gl (b 1-4) dc and Gal (b 1-6) Gal (b

waz®@y1@ash9 (b 1-4) A c The enzyne or the host ceCT/G82007/001081

descri bed above nay be used to produce a m xture of
gal act ool i gosaccharid. es which may formpart of a
product for inproving gut health. Such aproduct nay be

sel ecte ro th roup consisting of dairy. products
plf%ipcté%@ﬁ% acﬁfrgm ¥ groug,cPRYStHR) of dabwanerd ug@c(%ora@ample liquid
Yif"fkl &i&d Jnﬁk?%%@f sucﬁléb R ﬁﬂli{%} m&? Elglmngﬁr;}ﬁ%( i)!o%er fat filled milk

m | k powd whey powders, rul &,
poedas.crmy povglens, ﬁ)aby:imelksehabff éarmmkt ect aeamyyqehortudiesje, fermented

ever age ch as fr ice, infant foods, ere .
bRt os b thites shifids frith B, it deodst grggels BrEad bieuits,
SOHIRIR §ake§' fba %%pp?é&ﬁ@ﬂt@ f@é’c&@ su?ﬁbﬂi@htsf £86) feeds, poultry feeds or

poul try eeds or any ot hér bever age.

Hldee%arefscéh@refogd Oghdmcﬁg@olThg peesendeantigdbsstaotigesactharides in such

B BTSRRI B e B
intBe pridasitdriakhe 1|n€HsﬁneQ ffidrd 6f he aetiier afté€intakB bk ®bduct or both.

t he product or both. Alternatively, the
ol i gosaccharides so produced nmay be used for the

prep i
Capout Bup ), B BRELGEUERNes o roBRIM, byt orihe Bleparetion ofa
woeditarentsfop lemainpkedn bgblqjair hqg;alesfotm fohereguiitingatht adAdséon of

di cament ma a tered to ient, for
e reor o rpead B frQosur tafe i Selle Thesatciment may be
é’&ﬁhﬁﬁte‘i’éél@ A?dtfeﬁf ?oﬂhrxaﬁl\f)?enfoﬂﬁﬁﬂg%’ %&Q%Fhﬂﬁﬁﬂtlc Ql%@irﬁé?ﬂ( which
gut flora. Accord yet a further aspect of
¢ftﬂn@&f@rm evhie destroys r:heamrm@bhwlthv guelleraf or pr odu0| ng an

enzynme as defined above which conprises culturing a
host cel'l ‘as defined above in a suitable culture

medi ustdondiag 1€ padi fukthevSaspedt B tHel iR GerRR KRGS iOftoPided lﬁ%rocess for
enzynme and recovering the resulting enzynme or enzy
PEP@}&H&% an ?%ﬁaetaﬁéleémd %hOeve wﬂﬁ@h PaTHCP Wl iringzn st el as defined

g{ﬂ;b{;@ﬁlt £ l{agleac (ﬂg teﬁﬁltﬁﬁo%%)gﬁ‘%s%l Otf the enzyme

gal act oo |gosacc arl conpri'ses c
apd zgavwedsg tlEfrendtingmz\yme\mrteanﬁné actdosts fioantheicaltog.
mat eri al under. conditions that |lead to the formati on

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

galactooligosaccharides which comprises contacting the enzyme as defined above with a
lactose-containing material under conditions that lead to the formation of the

galactooligosaccharide mixture.

Suitable lactose containing material may be selected from commercially available
lactose, whole milk, semi-skimmed milk, skimmed milk, whey, fat-filled milk and 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
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gal act ool i gosacchari de m xture. Suitable |actose
containing material may be selected fromcomercially

wae@rhahe | act ose, whole mlk, senm -ski mmed nP¢RGB2007/001081

skinmed m |k, whey, fat-filled 41|k and whey perneate.
Such m |k products may be obtained from cows,
buf f al oes, sheep or goats Fatfilled mlk is defined

as V\/noJe Ikth en ski move .t h )
dai ry %a’fe F§‘@EB emm%ﬂfg ﬂi)c@ gy of %@‘?dobacfmum
?ﬁgﬂ%ﬁg%lﬁtoﬂgﬁ@to?E{CQHbéﬂtloﬂ Brief Description of

ngskigure 1 i%e nucleotlde sequence
( SEQ FigreNDsholys thé aBnIﬁO abid scomende SER. 11D dNfn 2) corresponding to the
b- gal act osi dase e invention; and Figure 2 shows
’i“f?g ﬁ?ﬂ”&@?‘?ﬂogg‘a e (SEQ ID NO 2) corresponding

tot hﬁgﬁl‘écj Gt %rgﬁh SRAHAR AR tBhe EduBsH Radiionfd@iteSatictodliBosaccharide
grap Sshow ng time course reaction durln

Yathesis oothi BraslactonidasechndAdib wav)dackpsetin ). Yl mwtﬁb@@er at pH 6.0

and 0 Iact ose in O |IMphosphate buffer at pH
%53{ S?Bgtra and Figure 4 shows a high

per f onrlgaz@aemmsmlg% pbEO@ancs amaﬁb@@faaga aﬁrofriaﬁ)gram of the
gal act ool i gosacchari de m xture K@ﬁheSI zed. by

FRdigowscharide rfl%lﬁﬁ syntbwzeahhﬁ B a&@fvdﬁs%ﬁPWgB Agtigum
I(I%M%Bréial?? ?l%?lg '4@ ésfég_ﬁbel M;{l{ogéhggéébﬁf%%t BH%S.O as substrate

(Gie F(gﬂi&,os@((ial 6) gaiaql;@deaba@b laesse, ODH -6) degnetoboke, DP = degree of
p%?ll%{ne“ sation). Genom c DNA was isolated fromthe
YPEFSBE® er i um bi fidum strain (NCIMB 4 1171) using

the rgifadc PNA %%@ﬂea ﬁlom ﬁlé ob%zsfe%ml\éﬁaﬁm Is@hin (NCIMB
Letters, 65, (1-2), 41-45. S est ed
4rlé§i)rusmg ta resthgdrekLawednier al Wéﬁmﬂ&hg&ﬁémmnﬁ_ 5, (1-2),41-45.
”ﬁ%ﬁ s ddléepsgg tﬁ ret‘srt]g(i%tr?gideél\éw}gée @Pgarg&en avllﬁ%/fhglgmmum size of /¢
15. kbpokdre tighled wigh ﬁSHMfdi’ wHch WdtHeen dit@efe@Nith the same restriction
contai ning_insertions consisting of
enzymes. E. coli cells were transformed with a vector containing insertions consisting of
Pstl, Eco RI, Bam HI, Kpnl, Smal or HindIII digested chromosomal DNA from the B.
bifidum. Clones with B-galactosidase activity were selected on Luria Bertani agar plates
containing p-nitrophenyl, X-B-Gal (5-bromo-4-chloro-3-indolyl-B-D-galactoside) and
isopropyl-p-D-thiogalactoside (IPTG). Ligation mixtures with Pst I chromosomal DNA
gave rise to thirteen p-galactosidase positive clones, one of which is identified as pP2.
DNA sequencing of the inserted DNA fragment P2 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 P2 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 738 amino acids
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Pstl, Eco RI, BamH , Kpnl, Smal or Hindlll digested
chronmosomal DNA fromthe B. bifidum C ones with

wh2@aliastosi dase activity were sel ected on LurP@r/GB2007/001081

Ber t ani agar pl at es contai ni ng % nitrophenyl, X-b-Gal
(5- br ono- 4- chl or o- 3-i ndol yI - gal act osi de) and
i sopropyl -b-D-thi ogaI act osi de (I PTG) Li gati on
m xtures with Pst grormso ave rise to L
Prﬁorirw%atg‘éﬂ %8%%%‘10&11 ¥ ‘b%?éﬂ?qt\f@dcl dranslatien isfshouyp émFigure 2
Bﬁa fd as pP2. DNA sequencing of the inserted
frag P2 was perfornmed using the di deoxy
chai n-term nati on net hod of Sanger (Russel P., 2002
i Cene Pear son Edugcati.o Inc n Franc , X
57 1b5 DiFst g eHHOB YIS FRBIRETIRTBY 3 Chgeipnte to the following
acing kit (Applied Bi osysterrB, USA). The DNA
sequence of P2 is shown in Figure 1 (SEQ ID NGO 1).
The open reading frame (ORF) was | ocated by using the

%F fli gder from NCBI (National Center of Biotechnol ogy
ion). The nucl eoti de sequence of Figure 1 was

translated in all six possible reading franes and one
open reading frame of 738 am no aci dsencodi ng a
@@@E@@M@hﬂéﬁ:t osi dase was identified. The
transh gt . .
¢ SoShRERR SR BB, £l SRR IRy it
freh&igne éDbet, K )f hidrmg'enQPaxlayr;rIUIe) Cﬁxﬁﬂr‘(ﬂ’;&mﬂgstoke UK), Qiagen
terr al s ﬁgﬁj I\@éh ods ﬁl Eherri cal.s and nedi a
e ISR RS aadHramseddgpdtrmpPnsUS)udy were obt ai ned
from Sigma (Dorset, UK), Invitrogen (Paisley, UK),
Oxoi d (Basi ngstoke, UK), Q agen (West Sussex, UK) and

Buctarid StrpiBeut hanpt on, UK). Bacterial Strains The

Bifi dgtilen% g%éh 2] b Hu Ui ! {a?n {N&% Wlé 1vzals) mamfc'amed on cryogemc

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

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

contamination were tested by gram staining.

E. coli strains

Escherichia coli strain DH5a used in this study was commonly incubated under aerobic
conditions at 37°C in Luria Bertani (LB) agar or broth (Sambrook J. and Russell W. D.
(2001). Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Laboratory Press,
New York) and when necessary was supplemented with antibiotics (100pug/ml ampicillin
and/or 15pg/ml chloramphenicol) and 40pl 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~ 080/acZAM A(lacZY A-
argF)U169 recAl endAl hsdR17(rk’, my') phoA supE4A4 thi-1 gyrA96 relA1L) is an o-
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beads in M crobank tubes at -70C. For |ater
experinments, the strain was revived on WI ki nson

w@hargrem (W) agar (Oxoid, UK) and TPY nedi unPCT/GB2007/001081

(trypti case phytone yeast extragt nedium and grown
anaerobically (CO2 and N2 conposition 80% and 20%
respectivel y) at 37C for 48 hours. The col ony
hoI ogy and the absence of contani nation were
gaé%%te%} W PQP‘%WF Skainand gras psediy| eXpessign AXPETRMEY plchiog other genetic
n DH5a used in this study was comonly
?I(r%%:] ggd;ﬁggé under aerobic conditions at 370C in Luria
Bertani (LB) agar or broth (Sanbrook J . and Russell
WD. (2001). Mlecular Coning: A Laboratory Mnual.

C rﬁg é Pr ezszz New gork) and
v 3 Udati biotics
I et AN

b1t husigakiacfotlsvite) me thdGinvvhich chﬁfn@os@ﬁﬁl DRt s fp ared from cell
surface of a pre-nade 90mm agar plate E. coli

Bqll‘eghq;{v%qt?ﬂ,frpmdd)@ﬁnl (p:‘éWQ Wero@p(}nrqﬂ@eﬁ ¢ golls: were resuspended in 10 ml
ﬁg@lbﬁﬁfm@g X m}&g% ﬁﬁ:@ﬁf&léﬁﬁgmé fredted with 200 pl

el lgmzamte(mutdaslgsmmmxm:wel Stlysizgmarid mg/ml un&ﬂainolysm 1 mg/ml) for 30

SARLESF T CTRPLLIEILS . Lon Shbag GOOBLLE o2
Biof jidgiraedse (E&Wlb'ﬁg/ﬂﬂﬁ&@ﬁ&[ﬁa&d%ﬂ@l%dr %’95@@ dF1fnﬁlq’}mhe cells

the Bifidobacteriumbifidumstrain (NCI

wete rigated evitho? indwif ri@%n%li)ﬁ oad ingubiied fprdﬁrmmu@@ ma65 ﬁNAlZ ml of

[ m har vest ed
%12%}%?%%0%910 LR adﬁ%%ndg @FI {ractlog w3 gﬁgeggeﬁi &31&1}9?1 ‘?f%}e]hl?hase could
éEEﬁ/ b&lﬁefpafatécﬂ.ﬂoﬂﬂ\fha' fotérphide. ThO gondvhicDIMA w4k predibiuaéd with
and treated vvlth 200 M .of | ysozyne/nmutanol ysin

lﬁ%mﬁn@ e resugngadiA e OxoMgisrH Gl lambl FRTH: pHg/ dihy genomic
]%\A]gthh@% AL Hfg%?te@fwn% Estridtish &‘%g{n%%\éf%;geﬂ n_Pg%'bStlfJQachg&ted with the

200 protei nase K
same enzymes and treated with alkaline phasphatase. Digestion of B. bifidum genomic

DNA was performed using EcoRI, Pstl, BamHI, Smal and Kpnl. Ligation mixtures were

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

colonies on X-Gal-containing plates.

Vector DNA Preparation

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

This vector was chosen due to 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 B-galactosidase which in combination with E. coli strains (ie DH5a)
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200 m of RNase (both 10 ng/m ) and incubated for one
hour at 650C. Finally the cells were treated with 2 ni

wWO20010%68DS and i ncubated for 15 m nutes at 65PX/GB200M1001081

of phenol /chl orof orm were addedgand the extraction was
repeated until the water phase could easily be
separated fromthe interphase The genom ¢ DNA was

R P T bt TR eplen G BRIRSASS BTG an acive -

%@g@@gﬁasymt&bmﬁgﬁ@h@ﬁb@n enzynmes, ligated into pSP72
igested wth the same enzymes and treated with

al kal i ne phasphat ase. Digestion of B. bifi dum genorri c

DNA n Pst | anH|

coni - ToieaShioS bE it Sie B 3alfIRE kpoihe testPib pupnes: Py Bame
BribdllaSthal)- Il aal ebRBSRoRIISE fol the nfenBRStirM8h§ructions using a tenfold
i denti f| ed as bl ue col onies on X-Gal -contai ni ng

presseetl engyme v epRN Aofeaigsma tpish: Leh &N eqenl t@tﬁadmﬁt@ of enzyme per one

BRI B DA T Rl BB el e i B Afer onzyme

bde@&ﬁptlvhﬂbm/(ZOmn%@ﬁhhﬁtr&tmnbbltt@i?ﬁw%nal sed by horizontal gel
0 ase. tho;itg in Enzy lgkgié 155: 397-415) %’

e ETRRRS wHbstn e Bresgre e A male GHEmenin et Fidipated the
86ihpl¥tetdecRlr didi8ticn A PARRH Leqfestﬂctl&?hlﬁgﬁﬁ)ﬁ' ﬁe whi ch

is not encoded in pSP72. i's vector “does carry
t he short segnment of E. coli DNA containing the

regul r odi n I nf qr ion for the

(7ot ThE R FRET B Y he gl R der L es B rghptpmping nnligated
LOBoUIBA L6 BoibERnEE. @il DHSA EdisTShd hemBRANYM & eolonies on LB agar
express the carboxy-term nal portion of this ;

platga puritlesenied withamyicilling(190negrbnt)vwasisn inditatort ofthe as@gested
1?@ cE@Ep Ln?cmﬁ@te Pé&éﬁ bacigﬁgéggléﬁﬁ%)[@ssug%ﬁﬁt%‘?{pﬁ@ﬁ%&tﬁ

'owm ng restriction
Smal , Kpnl and EcoRI accor di ng to t he manuf act urer

instr ctlons usin nfoI enzyne over
(enzynt® (FHPE W eﬁegﬁm%ﬁﬁ él"i"lg‘rﬁaﬂfsm tiga) z'%ﬁine phosphatase,.
(DE’[P G"i‘@m S@)ﬁtlﬁ%@éﬂ @I@%c@ﬂ’dn{getﬁ tROANM AR by SnRElctiOns® The

fp asm d Af'ter enzyne
efﬁmency of the treatment was tested by ligation (with Bacteriophage T4 DNA ligase

according to manufacturer instructions) following transformation into DH5a cells. The
number of formed colonies showed the number of recircularised molecules (non cloned
vector) and a subtraction of the above with the formed colonies without CIAP vector

treatment showed 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 HindlIll 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
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heat inactivation (20 mn at 650C) the restriction
patterns were anal ysed by horizontal ge

web@ctit@phor esi s anal ysis. The presence of a sPegG82007/001081

fragment in the gel indicated the conplete vector
di gestion and the single restriction digestion of it.
The sufficient digestion of the vector was tested al so

ST S SRS o bt

RGBECHRERHA LRURRhEEFRA SRt th anpicillin (1 Comgr/m )

was an indicator of the undi gested nol ecul es and the
expect ed background during the subsequent experinments.

The vegtors were further. de or,yl at wth.calf
Tt o BBt Pines ettt SRR R Bt arinihin e bresence of
S9llehemBiRRiunt tohs TKRE (il Gvdr® tHe R RAUEr L ESa b,
instructions. The efficiency of the treatnment was
tested by ligation (with Bacteriophage T4 DNA | i gase
g&&g&g%ﬁgi%&kﬂpgﬂgﬁgturer instructions) foll ow ng
a cells. The number of forned
col onAtgesHonaodigbions obee g@ﬁorﬁi@@NAﬁaﬂ?lé%&derHﬁﬁo@B%@ $or 2 hours
0

(nop_cloned vector) and a sybtraction t he above
ot/ HC epe finelhnhent erachnited abix b dei 2lomapitere dhe reactieng werstthen cooled

hOMR Qeﬂi% | thgfaegxﬁg{i?tg RARSHN lXLcﬂflggmgs attded, followed by

Genom ¢ rar ction nom
geatle indking wditlge stadetl gladstrvapillery. e solutibnnthen xyepekatidtbinto wells of a

AEATENCRE el (VR bR T ELE RS et sieeof the digesed

THRAl was¥8im 280w th bk bf 1:8EDNWARarl dards§Pdnh&dal OR) (Sambrook J.

endonucl eases specifically recogni zi ng the sequences

MolkcwarGlondng: 31 CrimsFor Blangal€3e2)).G 3 , 5' GGTAC C3'

. 5" CCC GEE3' and 5A [ AGCTT3' respectively, ,and nmake

doubl e-strand breaks w thin these sequences generating

hefeatianofthe firabmishtspsatratid sfiesresiidfidn digddifon. AGCT

forEcoRI, BanH_ and Hind Il respectivel and '
30 eriaREn PASPERTREORhe PRSptoTRKIGSA ] Biseatass aply was done by

ng% tht QTAER”&? e§(95ct%ﬁligéit fr lQiEéE%hS(QV ESPQULEER, Mﬁ?.q)r%%lg Gre

_able to cleave only Tn the presence o
described with details in the manufacturer’s manual.

DNA Ligation and Transformation

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

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

" Vector (15 fmoles [~ 29.7'ng])

UE control (0.056 fnc
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di val ent magnesiumions. These ions were the only
requi red cofactor. Restriction Digestion of DNA All

w0 e®vniwtd on di gesti ons of the genom ¢ DNA sanpdEEBM®7/001081

incubated for 2 hours at 370C ggd finally heat
i nactivated at 650C for 20 m nutes. The reactions were
then cool ed at roomtenperature and the appropri ate

t of |oad b follo b
TR 5 R Ry S Bt R i
b8NbARIbEaOR HSeh 1ROt MRl thBer OF t@qﬁo&{wﬁ%&%ﬂ%hnmn Tube B
(power supply 4-5volts/cmfor 14-16 hours) and t

sliores thé ligateondvighe vedoDith thesDI At fragments anidt thibe Eiashows the control in

R AP BAR LR DS B &: sflaitthual (2002))

Purification of the fragnments generated after
restriction dlf;estlon Fragnent purification fromthe

r eact iBsforgicreluhgaicathe DANA dgaments “@éft warmaes] ddhieC b@r 5 minutes to
G 0 AR R R S i o

Vdveortinseuf RISALGET: 1 Svasghosth. foﬂ‘ill“hédt@ﬁ&b&ﬂoﬁmﬂld the reaction assembly
Transformation After purification of the DNA fragnents
Wt frnescyimgdodarmesa § SNSRI t | they were |igated
wth ClAP-treated pSP72 vector. For | igation,
appropriate anmounts of DNA were transferred to sterile
5 nfo tribes &f angleB tl (b fd 9x digation linrffe‘fahd 6.5 WeisslhaitOhiAT4 DNA

5 f 7 * t
e BeoBSEL RO SR End BerieefobTulnts vas Hbiegad 10 with
188lediay biGldaYGredwatel. ToQuo&aC i mlie$ 1bx hg&&gﬁaffe?%re added and the

nol ap rati o of plasm cLDNA vector to insert
ngaggﬁ@ﬁhmgqu@@ﬁ jpdedde 10 juwith molecular biology grade water.

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

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

After ethanol precipitation and purification of the ligated fragments (in order to
remove the ligation mixture which causes a reduction of the transformation efficiency)
transformations were performed according to Hanahan instructions. ~50ng of ligated DNA
in 5pl solution was added to 100ul of competent DH5a cells. After heat treatment and
expression of the ampicillin resistance gene the cells were spread over the surface of LB
plates containing ampicillin (100ugr/ml), X-B-Gal (40ul of 2% X-B-Gal) and IPTG (7ul of
20%IPTG).

The number of transformants from each ligation reaction was measured. The
numbser of transformants commonly obtained from tube C was 2x10°-1x10%cfu/pug whereas

from tube A was 500-600 cfu/ug. The number of transformants in tube A was an indication
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the ligation reaction. The final DNA conpentration
should be 10ng/ m. _ \Table 1: Ligation m xtures.

waime/1eshows t he nunber of sel f-Iigated vect opCDINB2007/001081

whi ch nmust be subtracted form the total nunber of
transformants after transformation. Tube B shows the
ligation of the vector with the DNA fragnents and tube

C.shows .the control . in order transfornati on ) )
of ﬁﬁe&%@%W tregtment of he yegtox @N%Qf by @upber of [rapsforrants gube B was in
DING, o rR@BES oWeh Agvar med at 450C for 5 minutes to
nel tgfeany cohesi ve fgerm' ni that reanneal ed during
fragnent preparation. A nolar ratio of vector:insert
Num%lﬂbmm&m&tasen for all ligation reactions and
the reaction assenbly was done according to Pronega's
i nstr Lrt&an@ﬁ@@m%e&w%fsmwosomaww gAve1DR to iL 3 Btdatastosidase

- Vi [ ' (P a .
B L R, g B St sty B B3 S B OB B i t0 7
pékitive adbiids (FDSECstr ararbfcrmagly), FeaRlBgavattse to 'B'QJOEiﬁibeﬁlcﬁes (~1300 scr.
1.0.mM of 10x ligation buffer were added and the
FP‘&&?I?T{S'H“}{JER{#@%§‘S%PH (iBesdtve dones GROGK sop trgsioempnts), Smal gave
hiof AR (ST 600 NP HanSBIRANS) MRS o it
tubg?g%bgget he? vvit(th t he vvaatgﬁr& aﬂrrll}g )téf%@n aggﬁg%/etoezggé’oslme
¢lonesg~h2(Muscestransfaorslantshiny cohesive termini that were
reanneal ed during preparation. The DNA was chilled to
Q0C before the remai nder of the |ligation reagents were
Pekiteet @obde Digestiact i on m xtures were i ncubat ed
overni ght at 160C éSarybr ook and Russell, 2001). After
et haniorgerdeiigantidy therdiffaenpBreriprtesidpssrecots, threplpsmids éxplated from -

Ok PR Blohel el R JoEURNR O BRI " ©

~efficiency) transformations were perfornmed according

to - Hanshan 1 netriicti anc ~50na-of |igated DNA in 5M
LA Y4 TIJOCT A~ "N | A~ A I ™ \J\Jlls T T T 3 TTo o =rwox T —r T

it o

colution vas SRR to | 00M of commet entEEBBIES ol | S

At PDigestioaat { PB4t ABA PR PBdx pBERGnBdf |tAwmkhpi cillin
Yebigestiorwe (@Ré, PP pPa) PR, mBF R&pPRAd dvRwd the surface
of LB pl at es p€8 A, pPa@, @igi cillin (1 OCQmgr/m ),

3% bigestion( 40MpP0d, ;#3Xpki4zal ) and PTG ([7mga of

#O0NLdtan - | pEl, pE2, pE3 EcoRI -

5™ Digestion pP1, pP12, pB1, pP2, pEl, pE2, Pstl and EcoRI
pE3.........

6™ Digestion pS1, pS2, pS3 Smal

7% Digestion pP1, pP12, pB1, pP2, pS1, pS2, pS3 | PstI and Smal

8™ Digestion pK1, pK2, pK3, pK4, pK5, pK6, pK7 | Kpnl

9™ Digestion pP1, pP12, pB1, pP2, pK1, pK2, pK3, | PstI 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 showed that
plasmids pB1, pP1, pP2 and pP11 each have an insert which encodes a different

p-galactosidase . The clones containing P2 were used for further analysis.
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The nunber of transformants from each |igation
reacti on was neasured. The nunber of transfornmants

w@e oooroniey9 obt ai ned fromtube C was 2xl 0 5-1 x| OpGLGBL0WY/001081

whereas fromtube A was 500-60Q,cfu/ng. The number of
transformants in tube A was an indicationof the
efficient treatnent of the vector DNA. The nunber of

formants in tube B was in a range from 2-4x1
mwwber of Transformants Ligation m xtures
Wi th chronnso
b gal D sFAeEERE SR pet e iRy Saipevinatanugthod of
Sagges b ﬁlBiﬁFtﬂSe Mgﬂﬁﬁa&rMﬂd?orEﬂ}'b“cy&@\é@qdeh&%g'k‘& (A I%phed Biosystems,

ositive clones (~1500 scr. transformants) gave

iS4 apg agalpeps wiithy ﬂlee‘b]éh%lgsr(l 3ikbe fbmvfescmoari@fsai P analysis system
I S 2000 scr.
[ROInoP G dabltid Qedy BBty o' P03 positive ci ones

(-1600 scr. transformant s) and Hindl | gave rise to 2
positive _clones (-1200 scr. transformants). Positive
d one ks gesnd g qnds f &@rm%t PYéniragnyeninwers sefegnsad with vector
d
SRl A5, A8EAEAE Sy AR B350 b2 I Bk QLA i sy

(@R 3-oiNeyv Eapland Bislhbs kot GBpAGs e SN teamapysinsbagéd inhéitro system
[ d. that

BRSPSy PO Tpmsbodos & inScrBfiboren SRS LTH HodA areet. The
deiok: ha@e@pmmasﬂa% OF € 2 whk 8l A RENEES he: ma};{h?a&ﬁl@pg@tmmm

contai ning P2 were used for further analysis.
L' ISDM&Q;E]@(&”QI% ifprseqaencing #fter imsdrtiontdf tlneh’ﬁransprlmer into the

L B A T R A .

ibftppitiorslarm] o aysahres, 5-I0fleghof enatapged with the ABI .
Prism 3100, a fluorescence-based DNA anal ysis system

i ncorporating capillary electrophoresis. The 5 - and

3' - ahEStothe Hﬁg dudffilie %}r@eﬁ&qgﬁgatﬁas\ﬁﬁg n %&%ﬁgﬁ@ P2 was

with vector speciftic pr rnserts were

emeqdednomy the/ parsivhicht doataGesdabe pFyalaciosilaly gérenivas chosen to be

sequenced. The enzyme inactivated after insertion of the transposase insert at a relative

‘position of 172bp of the sequenced fragment indicated that the start codon was upstream of -

this position. Similarly, insertion of insert at position 2882bp completely eliminated the
enzyme activity indicating that the stop codon existed downstream of this position.
Moreover, the enzyme activity was eliminated completely with insertion of inserts at
positions 262bp, 331bp, 375bp, 621bp, 866bp, 1348bp, 1358bp, 1394bp, 1513bp, 1704bp,
2128bp, 2519bp in respect of the first nucleotide that has been sequenced.

Analysis of the N-terminal domain with SignallP and PSORT software, did not

show any signal peptide, indicating that P2 is not secreted extracellularly.

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

3.2pmol of primer solution and 4pl of BigDye Terminator solution.
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(GPS-1) (New Engl and Biolabs, WUk). GPS-1 is a TN/
transposon-based in vitro system which uses TnsABC

wde@nspwsase to i nsert Transposon random y i ntRPCT/B82MKA01081

target. The donor: target DNA nmss ratio of 1:4 was
used according to the manufacturer instructions. The
nunber of isolated plasmds for sequencing after

insertion of the Transprinmer into the target plasmd

Mﬁﬂmal cul ated according to the

ﬁ a fibicat and it assunes a 5-fold

dept h-9f cover age.. Due t | ong nycl eoti.de se

of IOp P Sloggl}ﬁeﬁgﬁg %’i’ecﬁélg@oql}jﬁznwﬁg%\%%é _E}ﬁ Bijgedpe @#ﬁ 3-1%%61’ from
NCBIpadH adtiidss htponinaiviiRYi. ilheniR pe Ml A 3 BAST TIRMAMAS] genetic code

chosen to be sequenced. The enzyne inactivated after
wias Byed; and the freme lengiinyps detsmnined torhe HiObn. The audleaide sequence was

it . f ed f.ragment dndicated .
Y e T L
Ghowidingrd putativesppalactosidésel widdéntidied YRS trhaat2B88 BRown in Figure 2).

conpletely elimnated the enzyne activity indicating
that the stop codon exi sted downstream of this

EQéhHEIEQn- Moreover, the enzynme activity was elim nated
conpletely wwth insertion of inserts at positions

262bp, 331bp, 375bp, 621bp, 866bp, 1348bp, 1358bp,
,!“o , bp | ,

NCIViBe4 N7 64 i ok hel@RidinmiIsd) Signal | P and PSORT
software, did not show any signal peptide, indicating

t hat Hge follopdng deseribebeynaiesis aedess witharivise stited, IWas performed with the
YD 6o O R A R GRS W SERED SRS Gallpereryy -

centrifofatBingdy 6,000 rgjjiwiﬁlttolueﬁ@latlﬂ do@fﬁerﬁﬁ@f@? REadom Igrzlﬁ BRler to increaseé
I dentificatio he open readjng frane (ORF) o was
JeB ParBeptELY 78 .%%ttﬂ EinaRthe;clieron + ghlenmiesieping dbsiasoplasmic
RéihBrahé WiRe BCRIL BibAaSN WaORpHE 5 @REfindi i “E coli
bact eari al genetli c code ?/\%g sed Ja%gat%ée&lﬂégﬁemyfﬁi%a{%er E coli
sfratnsdet erm ned to be | OCbp. The nucl eoti de sequence

was translated in all six possible franes and an open
readi ng franme of 738 am no acids :

Synthesis with cloned enzyme

Synthesis with the B-galactosidase was performed at a substrate concentration of
40% (w/w) initial lactose concentration. The synthesis solution was prepared in 0.1 M
phosphate buffer at pH 6.0 containing additional 1 g/l Tween 80 (polyoxyethylene (20)
sorbiton monooleate). 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-B-D-galactopyranoside as substrate) of a specific enzymatic

preparation at varying pH values.

For galactooligosaccharide synthesis 2 ml of cell lysate supernatant were used (after
disruption of the E. coli cells by French press) with 8g of 50% (w/w) lactose in order to
give a final substrate concentration of 40% (w/w). This enzymatic preparation had an

activity of 735 U/ml.
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encodi ng a putative b-gal actosi dase was identified
(The translation is shown in Figure 2). Exanple 2

w@Eynwwhesis w th the b-gal act osi dase cl oned enzpemEGB2007/001081

i solated from Bi fidobacterium pifdum NCIMB 4 1171 in

E. coli host (strainDH5a) The follow ng descri bed

synthesis, unless otherw se stated, was perforned with

the whole E. coli DH5a host cells after treatnent of

the E.coli biomass (collected by centrifugation at

10, 0P Xontbiitthtionl UEMS FfferBntGABAS Bifers@ﬁt' 12RO - RAUPRB synthesis
in order to increase cell perneability and also to

arenlwn nEgewsB| Higl penoratainee yion exthangs dgomlf@graphy coupled with

R RN e e i T
KAlBESinthadiZeh byt BGaRBEYidRse Y SHedefEdh BMpIIRCIMB 41171 are
b- gal act osi dase was perfornmed at a substrate

showaantigue én Tbe salootopligaspeaharids mixtyeectugaiconcentrations at the

t ufion was prepared in

c%’%fﬁ%%#]%és ﬁ?mJES@é{% s@?%?_{l%%!)e 1E:ont ai ni ng addi ti onal
1 g/1 Tween 80 (pol yoxyet hyI ene (20) sorbiton
nonool eate). Synthesis was perforned at 400C in
shaki ng waterbath at 150 rpm The pH optimum for the

f . - Wi . o
’lsrf‘g’gggr%%e gnﬁt '_y@fs %‘tﬁ Sc?ﬁﬁ%ogﬁgﬁ t%? %Qﬁcgﬁ(?rgfbga&ﬁﬁfﬂé dohthesis at 40 % (w/w)
ihitigk lgaﬂoammmynmﬁmi al ¢healsme pbist where)mafimansplégisa¢aharide

enzynajf. aratjon at varying pH val ues. For
Cﬁﬁ?%/%rta g eﬂl de synthesis 2 nl of cell lysate

super nat ant vvere used (after disruption of the E. coli
ceIIs by French press) with 8g of 50% (ww) |actose in

_l

Slé U gl (\_Ajésd f ] II%OEUUbL 'at e COligeritrat 1 O Ol 40%0
mat i epar at,i on had a act|V|t f
FAE Thi < ehpyrit By efar atjon hid apact ivity o

& (Zw.m n 1t he. o vt ONanTaon (4 ok Al uea Do <hocn La

Fi glr e3. Hi §82perf orkbedice ani i $h4@xchangd.76 14.85

.o
vl

Lac: Lactose, Glc: glucose, Gal: galactose, DP: degree of polymerisation
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pul sed anperonetric detection (HPAEC- PAD)
chromat ograns of gal act ool i gosacchari de m xtures

waynwwhewized by the b-gal act osi dase cl oned froreBGB2007/001081

bi fl dum NCIMB 4 1171 are shown jjn Figure 4. The
gal act ool i gosacchari de m xture sugar concentrations at
the opti mum synthesis tine point are shown in table 1.
Table 1. Carbohydrate conposition of
g@% ool i gosacchari de synthesis at 40 % (ww) initial
| act ose concentration at the tinme point where maxi mum
ol i gosacchari de concentrati on was observed. Synthesis
&os GaEsDNA sequsadeswhichP>3 DP=2 Lac Glc Gal % (W w)
i 0

SoS et GRS s bl LA iR s hede Sagihen isE0. 1. No: 2, or
gal actbphgbridds whaer #8ngint REbIARH oA RbhPREhSioHe %equ%ngi\!gf a), or
sequence which a) encodes a protein with an am no aci :
sequeft® axdeggnerative of tesyqupme a§@) opb).or b) hybri di ses
under stringent hybridization conditions to the
sequence of a), or c) is a degenerative of the
8equeffae DA agquehcdiccording eCl\ 1 seHiereiCiBe hed ﬁ%g}éh in SEQ. ID
ga}i m 1, wherein the sequence is given in SE%. I D NO

| of fpagmauttherenty eof . 3. The DNA sequence according
to daiml or aim2, wherein said sequence conprises
nucl eoti de substitutions, additions or deletions which
Besul Theé PN A sequehemacotdingrtoatleinalbloy Class?, twismeid3%4d sequence

R B BGOSR g8 R igp yhiehagUtIR 165 than 60%

PRESTESYY lesd thah 43D} 1BE@YRETERLACIEA tHANI5%QLhih i lte Yhino acid sequence
Caim?2, wherein said sequence : | |

accprding to SEQ. ID NO: 2 or a fragment thereof.

4. " ADNA sequence according to Claim 1 or Claim 2, wherein said séquence -

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 or a
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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conprises nucl eotide substitutions which result in
conservative amno acid substitutions. 5. An enzyne

wepmoded1by a DNA sequence of any one of C ai nBCT/GB004/001081

6. An enzyne conprising an aning acid sequence
according to SEQ IDNO 2 or a fragnment thereof. 7. A
b- gal act osi dase having the sequence as defined in SEQ
ID NO 2. 8. A reconbinant vector conprising a DNA
sequence of any one of Clainms 1 to 4. 9. The vector
agcor gihp ﬁo§t%e@a@éd¥ﬂ§lg t¥ORLifl 10 SAEHinY $€Loherki sHY cell is a bacterial
expression vector. 10. A host cell conprising a
sl aeiges coll onpfungabeadt. Cains 1 to 4. 11. A host cell
conprising the vector of Cdaim8 or Caim9.12. The
host cell according to Claim10 or Claim1ll, wherein
$3i d TBE hodt seld abRdiap k@ Cla@l 12, whedt@shid 641 Is sefecRd from the group
fungal cell. 13. The host cel I according to daim12,
Gensiseng of Bifirlobaetering, eagtecacees, LadabadilusgEsehsrichia, Bacillus and
%§§§% t,5ng of Bifidobacterium Lactococcus,

tobacillus, Escherichia, Bacillus and Aspergill us.
14. The host cell according to Claim 13, wherein the

1] el ected fromthe. grqup, consisting of
1 dBBRee F?lhﬁ?%ﬁm@ Hh{?ﬁlsaclﬁ Phereiibe pell & selsgtad) frqps the group

&InsEHh S BEBATMbAS LR bifi diin, BLAus stBtilidBS s @ﬂctﬁ&%sy%ﬁ Aspergillus

of any one of Clains 5 to 7, or a ce of any one o

et ms 10 to 14, for producing a mxture of

ol i gosacchari des. 16. Use of an enzyne of any one of

Clains 5to 7, or a cell of any one of Cains 10 to

154, fUse ARG o afly She6RCIAIMPS IOPRARAIFIRS 0h®oPElaims 10 to
art of a product selected fromthe group consisting

]g‘faf@irﬁ?@%&)@@@@?e afipdigogascharigigs.d mil k, dried mlk

powder, baby m | ks, baby formula, ice cream yoghurt,

cheese, fermented diary products, beverages such as

fruit juice, infant foods, cereals, bread, biscuits,
confectionary, cakes, food supplenents, dietary

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 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.

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

feeds, poultry feeds and medicaments.



suppl enents, probiotic conmestible products, prebiotic

conesti bl e products, aninmal feeds, poultry feeds and
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Clainms 10 to 14, for producing;a product selected from

the group consisting of dairy products, such as |liquid

mlk, dried mlk powder, baby m | ks, baby fornula, ice

cream yoghurt, cheese, fernented diary. products, .. )
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suppl enent ietary supplenment, probiotic cones

permilting expresinnatiiseidomzpat iahd escpvarthgcthe resnltingl enzpmd $tom the culture.
poultry feeds and nedi canents. 18. A process for

produci ng an enzynme of any one of Claim5 to 7

conprising culturing a host cell of any one of O ains

10 to 14 in a suitable culture medi um under conditions
permtting expression of said enzynme and recovering

the resulting enzyne fromthe culture.



