1 GALACTOSIDASE WITH ALPHA-GALACTOSYLTRANSFERASE
ACTIVITY PRODUCT AND PROCESS The present invention relates to a
f3-galactosidase with transgalactosylating activity capable of converting
lactose to a mixture of oligosaccharides which are -linked and 5
unexpectedly produces the a-linked disaccharide al-6 galactobiose. In
particular it relates to a 3 -galactosidase solated from a recently

discovered stgain, of BHfidebastesiynt-hifidm.cros ihgaventien Rakticukaly
A sequences encoding the isolated p - galactosidase .-

relates to DN

p , 859 encoded by such a DNA sequence and to a host
' NA sequence or a recombinant vector
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mcorporfzhln the ﬂdﬁ' & t-cl;g‘ig %e e o EE'%L%%&%}SSS}E%E& activity

the enzyme encodeae[cl)1 sequen ost cell'containing a

mdpabbqlfenn@eﬁmmﬁmﬁammm o&pbg@a@@é@c@éyééeh gifofdinked and
BMQP&%QEI%W@A hpc0lonies RSIRWRIDIBSHRAlHRMIoN) BIWAKEBRMAN relates

which'is 15 poor in mano and disaccharides since such sugs re ..
e et SOAS LRI, 8 POSERHA SHEPEHEN SRS IR Rl st bifdam.

intestinal tract. In order to survwe in the lower intestinal tract bifidobacteria

produceﬁiarlous klndsalggfc u.f(oly R %OISNROS% %%%%%:gﬁgﬁgg%qwgmd B-

and/or € raceﬁn rms, ey can utilise

aalﬂotqsdimsnmmdés wammq@ﬂ\hws%m@éwzmw%ﬁﬁld to a host cell
bg&ﬁﬂgﬁﬁ{ HRSHQW {Lansietans, acbilyink s EansalyeRsRtioha INKYs@fuence.

g 05|dases is extensively used fgr the enzymatic s hes of various

SHLIERAES, THIER AR I RIA RSB iftiyace. or of the

phem otingolaainig 2DINIS b@qm&méhﬁ&meﬂﬂnﬂaﬁm’bhﬁm (DdopEId!mra: phegsoeharides.
13-galactosidase enzymes that are involved in the bacterial metabolism of
lactose. Moller, P.L. et al in Appl & Environ. Microbial., (2001), 62, (5),
2276-2Bifidibsciitio tRBIEHeRANisdheaRSYRMFSh T H?8 Eyironment which is

gplarinsifAse LeaRaclioMRSIAIL KB H@Migm‘mﬁgﬂﬁbdﬁﬂ@&ié@ﬁﬂ @he host
that all three 13- galactosidases w §l%ﬂ?ble to cat%%/se the forma

bEd, Wﬂ{gh@@gfg% gé‘@@ﬁg}?&‘g E’?f’[—ra}ﬁ E?C%Wé‘{%ﬁl eqower intestinal
Dmmﬂ%%em@wmmsmm@%c(tﬁ@@ymﬁ@% tesofisedound

the JRirnationeh m%‘%éln‘ﬁ§>¢ ﬂmﬁtﬁ[ 465 by:akansariacipsylation

r&acton uring lactose hydrolysis with Bifidobacterium bifidim DSM
20456. Their analysis of the structure of the mixture of oligosaccharides

produ C%ﬁh@"fﬁﬂrﬁi@é&ﬁ&l@ﬁﬂ@@ﬁﬁé@ﬁ?ﬁ& frohh BiBddb#R)ediaGhow transferase
513-(1->4)-D-gala

inkages, Dumortier Sy ested that 0
oH O Bc 7 SHEHECAETNTARR b GERERS » S Erobed ay” e
baciatiainsthehiasigefintertinaligosaccharides, 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. Meller, 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 {3-

galactosidases were able to catalyse the formation of beta-linked galactooligosaccharides

by transgalactosylation.
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A strain of Bifidobacterium bifidum has been found that is capable of
producing a galactosidase enzyme activity that converts lactose to a novel
mixture of 10galactooligosaccharides which unexpectedly contains up to
35% of disaccharides including galabiose (Gal (a 1-6) - Gal). This
disaccharide is known (see Paton, J. C and Paton, A W (1998), Clin.
Microbiol. Revs., jj, 450-479; Carlsson, K A (1989), Ann. Reviews
Biochem., 58, 309-350) to be an antiadhesive capable of preventing the

o ot e e R AR B0 DG 59 dHBed the

O
wall of the aﬁt IS 'straimn of B briraumm was under accession

" nurfbeetivaEbatadinket otigosratbrrides btectiorselastpatetidngrqentiongluring lactose

BaﬁS}?ﬁi& GEHEB A Q B Mtﬁmm Jhisel 9@11@&%9&9@13 #F Wstructure of the
Patént No 2 412 380. 201t has now been found that this strain of B bifid

oroiRes e lsarnshiaeeiet SRl HENRERD BETE Y ExbRsd —6) 2nd
a-gRlactagyiraisderas taaipely Difisreiez ynggeptarileesompoimdseprofiuced by
different oligosacg¢harides which are 13-linked, but it-also produces the. .
e s i e
provided a DNA sequence which encodes a protein with an amino acid

sequence,ag giVeP ARz ReRN iR RaPDLen SR AHE R iIScAHEBIR Y producing 2
SEQ. ID NO: 1. Accordlrgg to a second aspect of the invention there is

préiasasidess tARMRCATHS IR R ~aBRIA Letiie e 2 RIS Hove.
SughapappiaReHRRECoRpisadirAipeatidrseqiie 3686giy éidecmndes including

ID NO: 2. 5Accordjng to_a.third aspect pf the.invention th is prqvid
re (%lﬁ]b‘ﬁfﬁrq?\a}t%l’oir% r'e‘f’grl by Hr BRpT easrétllg SRR %S?n%%%?h% g ﬂgga?on’ AW

Se(rso8ya lia. dditnetslchivwes., 3 UchS8-4381 Clantmyh Kinc(§8atmhiReviews
20§§0%%IAHSIU %I§ %?@-Ijn% t&)rin%l ﬁ%ﬁﬁﬁ&{e@f@%ﬁﬁe ‘S‘ftﬁ@%ﬁﬁﬁg th@gd}?ééli‘%n of toxins,

equence may be rporated into such a host cell. A suitable host cell
mag Bhigetetient oniname pidias dntiatadhe d@lsof the ®Bacillus,

- Bacillus for 10example Bacillus subtilus or Bacillus circulans, Escherichia

and Aspergillus for example Aspergillus njger. Using lactose
cbstratd e BB R RN L AR Ueh e oAy 41171 a
pregudssoasbilretioh dishdokaiit ésMermeBingr@aAietiep QK @udl March 2003.

((Qlélti'é”eh%%leﬁc%@e%i %1?{}1'{6(}7293% RpHG7h @y6) Gal. Also present in the

mixtlre of oligosaccharides are trisaccharides Gal (f31-6) Gal ((3 1-4) Glc,
Gal ((3 1-3) Gal 03 1-4) Glc, tetrasaccharide Gal (13 1-6) Gal (13 1-6) Gal

63 1-4) GleAndpeetasecah AidenisatdRlb Ol BAGR préducsstveal B-
galactosidases, one of which unexpectedly exhibits a-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. The DNA sequence is

given in SEQ. ID NO: 1.
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- Gal (j3 1-4) Glc. 20The enzyme or the host cell as described above may

be used to produce a mixture of disaccharides, including Gal (a 1-6) Gal
(galabiose) which may form part of a product for improving gut health.
Such a product may be selected from the group consisting of dairy
products (for example liquid milk, dried milkgpowder such as whole milk
powder, skimmed milk powder, fat filled milk powders, whey powders,
baby milks, baby formula, ice cream, 25yoghurt, cheese, fermented dairy
products), beverages such as fruit juice; infant foods, cereals, bread,

biscuits, cORFOERBEAN? wsred arpeet slifisiitverien thetaiy mopitedmartszyme encoded
synbyatiDNerseqitie: RGeS HORIOuAPMAHPIFRAAY 'dﬁf%)ﬁéy B@lamino acid

feeds, poultry feeds.ar.i ((a}%%'a y other food or beverage. Alternatively,
thesgﬂg'%nscae%’g?i Sggs%r@ t&d may be used for the preparation of a 5

medicament for example in table or capsule form for preventing the

adhesion REW&%#&MP&%%%%OB%@%%&% Q é;g%%év% ; t vector,

The medicament may be administered to a patient, forexamp
a JGFeRly antpRsesira aerentcomichibae PNt reanencens defitralshine. Such a

noweabhealitg gioHoratciQARcordinade yoh asuBast AP SLRPbNEneal cell.
mvgﬂ‘telon th

re | ided a process far producing an enzyme as defined |
abovawhie el%otﬁ'fg#@g%%ﬁ'ﬁﬁﬁ FPhosteaPaEtrdiirosMibv havt selluitpritable host
cuttelenayclthsmiesteddrazn ifttbagoerimitheprxpoessiDacOURGIRE ZBRATANthr
feSQH&H%X&‘?H&%HH@H@%MJU@&&E&&“E‘s‘%ﬁef%cﬂaha‘?n' X%Q té%ﬂl{;ss cl)?%xample

directed to a process for producing a mixtute of oligosaccha

indlSBRFItREtiSECCcharide Gal (a 1-6) - Gal (galabiose), which comprises
contacting the enzyme as defined above or a host cell as defined above
with a Iaﬁtase- ontaining lrfnPateriaI nder conditions that lead to the

formation'sb]’fl%]ga%?lsgeoaga?c% SHak-Hik R Bhencoduhbn Rl oisguence as defined
calin prgdneesialintay be delodiadibocompmiing G (B 1IAVAI G4 g0SH. Gal,
W iJ<, sk d-milk, skimmed milk, whey and fat-filled mjlk,.
T Al B B, T erncchicesare

bifigarsbaridpeCal §B LEhEalR il e ifald B eSS W) Gln ittt daside Gal

b { . N
SRR bt Atttk o LI

The enzyme or the host cell as described above may be used to produce a mixture of
disaccharides, including Gal (. 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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Figure 1 shows the nucleotide sequence (SEQ. ID NO: 1) of
Bifidobacterium 30 bifidum13-galactosidase of the invention; and

Figure 2 shows the amino acid sequence (SEQ. ID NO: 2) corresponding
to the nucleotide sequence of Figure 1. 5  Figure 3 is a graph showing
the time course reaction during galactooligosaccharide synthesis with the
13-galactosidase and 40% (w/w) lactose % 0.1M phosphate buffer at pH
6.0 as substrate; and Figure 4 shows a high performance anion exchange
chromatogram of the 5 galactoqgliggsaccharide mixture synthesized by the
p.a@ﬂetwa%étwmre%ﬁmwg%f% ngﬂgczf@%lmﬁ%ﬁ%@%@% feeds or
0.{hNkahasphate fotier depikge0 as substrate. (Glc -- glucose, Gal =
galactose, Lac = lactose, a (1-6) galactobiose, DP = degree of
polymerisation). 10Genomic DNA was isolated from the Bifidobacterium

bifidum sttemativeinviaatigusyesbarisiensormeadiens bmazhs uped for heaggyaration of a
FemadMigobia! LelaiR 83aK1k-&) cépkifto fotherb MR WASHY BRSIERLWHN of pathogens

restriction enzymes and fragments having a maximum size of 15 kbcP were

i GAfCHIDsBTsEeA LY SRtbPEiidA Wﬁ&‘ﬂé&fﬂld@%%{%dbﬁﬁmﬁ*e‘%’rﬁ& administered to a
resitisiiof cazyiphstdoadligectismwe of iratsiamaeatinvétit, aviddiolten alters or even

c Qélaﬁinin éns&rti% segl%lsist{' of 15 Pstl, Eco RI, Bam HI, Kpnl, Smal or

Hin %Slges o Chromosomial DNA from the B. bifidum. Clones with
f3-galactosidase activity were selected on Luria Beitani agar plates

ContainiﬂQc@fﬁiHQ%ﬂ £arREe Eéc?éét'GP{BEQﬁ%%jHM%é;@f%ﬂﬁﬁg@pasﬁgéess for

and isopropyl-(3-D- alactoside (P2TG). Ligation mixtures with Barn H|
CRIBIHEE8 HAPEAR A HER RP e S PA G BEICS URE PR A R B fggletined
onlkyod ihi ehiisbidenlidedmalpiiluRDidAdsaisqreinittia thepiaststost Bbldnzyme
fr%gm&:% eBl was Ferf rmed usi@%{Brrlgt%gdguq&echain-term_ination method

of Sanger fﬁlésse Ti?., 5cene ics, Pearson Education, Inc., San
Francisco, 187-189) using the BigDye Terminator V.3.0 cycle sequencing

kit (Appligd iBleavaievsisk Sfoetdd® PMOCEae prsiadiBe 4 mehawivin

Figure 1 (SEQ. ID NO; 1). 25 The open reading frame (ORF) was, . _
IR incdnding-thndisrerBrrideciel (& drrdre Serlabigee), which comprises
Bigteafinglo@\haionsaligsindd whorcle alidetsell ue defipdRigiveviiivadactose-
translated in all si ssible.reading frames and one open reading frame.
o e TG e R 15 SR A e
Tietvemslation is shown in

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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30 Figure 2 (SEQ. ID NO: 2). 6 The present invention will be further
described by way of reference to the following example. Example 1 5

Materials and Methods All chemicals and media preparations used
throughout this study were obtained from Sigma (Dorset, UK), Invitrogen
(Paisley, UK), Oxoid (Basingstoke, UK), Qiagen (West Sussex, UK) and
Promega (Southampton, UK). 10 Bacterial Strains The Bifidobacteriun2
bifidum strain (NCIIVB3 41171) was maintained on cryogenic beads in
Microbank tubes at -70C . Jat ' ' i ;
R R g s R e
hythes e S feaakerionBenAng A9 GHOVHAsHRse 8K AP h R o pH
c@mRLsiion.RO%and 20% respectively) at 37C for 48 hours. The colony
morphology and the absence gf contamination were t%%ted %ylg{girhh
stainingt €D Shotii< SiEk REHRHRARS ORI s SR AL iy
wasaepolipesabcincidbatécure eerthesion] by drectigriscads816E ifrdra b BigktwrINCIMB

( ar or prot mbroak . -
A e et B o e (O
Yelricpsen Gl restlaeioss dary TAaStassy B1EITRR BlertoRivsen i otidesenog/m|
aﬂa@ﬁ{g}%ﬁ{b%gr 15pg/m1 chloramphenicol) and 40p.I of 2% X-13-Gal,

7p1 of 20% (isopropyl-13-D- 25 thiogalactoside) IPTG which were applied

on the surface of a pre-made 90mm agar plate. coil DH5a strain
(InvitroggsmoRad A bké3 {sremetfremRheTBiidaitatet bl bifichiA ahgis) (NEOVB

o AL R o RIS HPRS ol ek ORIEHEI RSB (1-2), 41-45.

agala gssll%%se positive strain and was usedin expression e;xperlments .
abbefONSt Iveas ggg-@’gﬁgl m%ﬁﬁﬁgﬂigg&qumes and fragments having a maximum size of
15 kbp were ligated with pSP72 vector which had been digested with the same restriction

enzymes. E. coli cells were transformed with a vector containing insertions consisting of
Pstl, Eco RI, Bam HI, Kpnl, Smal or HindlII 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-B-D-thiogalactoside (JPTG). Ligation mixtures with Bam HI chromosomal DNA .
gave tise to seven f-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 -galactosidase was identified. The translation is shown in

Figure 2 (SEQ. ID NO: 2).
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7 Genorhic DNA Extraction from Bilidobacterium bifidunt Genomic

DNA was isolated from the Bifidobacterium bifidum strain (NCIMB 41171)
using the following method in which chromosomal DNA was prepared

from cell pellet harvested from 100 ml of WC anaerobe broth. The cells

were resuspended in 10 ml 5 TES buffer (10 mM Tris-HC1, 10mM EDTA,

10 mM NaCl1, p118) and treated with 200 pl of lysozyme/mutanolysin

mixture (4:1, lysozyme 10 mg/ml mutanolysin 1 ing/m1) for 30 minutes at

37C. Theg cells were then trea ' - ' | ;
and 200 HF 3TN O SO A e B DAL To e o chowine
aessaplEinally the cells were treated with 2 ml of 10% SDS and incubated

for 15 minutes at 65C. 12 ml of 10 phenol/chloroform were added and the
extraction was repeated until the water phase could easily be separated
fr@ﬁ@%%terphase. The genomic DNA was precipitated with isopropanol

and resuspended in 10 mM Tris-HC1- 1 ttiM EDTA (1)118). The genomic

DNA w S then e;gggged with restriction enzymes, ligated into pSP72
d%ﬁ%ﬁhe enzymes and treated with alkaline phasphatase.
DigestiohlbfiBmitiamdgestirpecpar aoiys yrad thermsheedhisiady varg obtained

Pﬁgmeﬁqgﬂ]yml B8Ry, Iﬁ%rdﬁ&@%ﬁﬁ(m,smm Rt et sfay Qagen
colt DH5a

and P-galactosidase é)osgltive cIor@% were identified as blue
oWt Susts ) BRI EA IR OB B DNA Preparation  The
vector used for cloning and expression throughout this study was the

p PZéiQID mega, UK) (Krieg, P.A. and Melton, D.A. (1987). In vitro RNA
s%ﬁ-resﬁgv%%rg

P6 RNA polymerase. Methods in Enzymology. 155; i
397-415)heBYrebecterivnbilidueseinip STV ithel }ars spatntained on cryogenic

CRMBISTERina AL UG of theoa: ffagmentoliraaiaciasisiagg wighvisdiin
encoded in pSP72. This vector does_not car(r;}( the short se%ment of E. colt

DRidkissrrSrhing R PGurgb (Poeehd it A d The REHHNY SHTaHRiRaEme Yoast
thafist A4 am nnd et ahR-aakesiysidasandiie hdmpaositioin & bnandt B0Ze

coll strains (ie ich express the carboxyzterminal,porti f this
RO A G Ah e Py RS By R de
(2cemanplatiwmniatior)te8 Hhersactpinams digested with the following

restriction enzymes: Pstl, Smcd, Kpnl and EcoRI according to the
manufacturer's instructions using a tenfold excess of enzyme over DNA

(enzyme units :ugr DNA equal to ten units of enzyme per one ttgr of
or ten enzyme units per 0.5 pmol of plasmid DNA). After

ERZVIBE R heal: NAsH YRS {4 MithRtshRy Whecoaatiiclip inpeliteed Sunder@erobic

analysed by hoyjzontal electrqphoresis an is. The se
sﬁ?&étfpﬁﬁﬁﬁéﬁfﬁﬂwé‘ﬂ%ﬁﬁﬁf@é@ e %&%pﬁ(ﬁ%\‘ic b 8%%5 %ﬁﬁg%%q%hvg' D-
s{aotd yadiletidar digeitignok ibmeryu¥fasient Sié SisingHiarbordaberalary Press,
t teds%rﬁ@ 5?%/ %ﬁ{éﬁfﬂégé@%y Qligated L0, MEle GHESIRINRREQORIMAE! Saflicillin
H54 cellé. %e number of formed colonies on LB agar plates .
ekl diiprammsemselEad il iize Xrfi e dtbo5Efia (sopropyl-p-D-
uichigenieskngleenteamed heeattieteshhbe kaavnofd tagotive 90mm agar plate.

subsequent experiments. The vectors were thrther dephosphorylated with
calf intestinal alkaline phosphatase
E. coli DHS5a strain (Invitrogen, Paisley, UK) (genotype: F 980lacZAM A(lacZY A~

argF)U169 recAl endAl hsdR17(ry, my") phoA supEd4 thi-1 gyrA96 relAlL) is an o-

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

manipulations.
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15 CIAP (Promega, Southampton, UK) according to the manufacturer's
instructions. The efficiency of the treatment was tested by self ligation
(with Bacteriophage T4 DNA ligase according to manufacturer
instructions) following transformation into DH5a cells. The number of
formed colonies showed the number of recirculised molecules (non cloned
vector) and a subtraction of the above with the formed colonies without
CIAP vector 20 treatment shown the number of non dephosphorylated
vectors Genomlc DNA L|brar ( truction Genomic DNA was
n , acieriyim bifidumy
VAT ecognise frequently

OCCUff'n@é}m{'ﬂﬁdﬁw%ﬁ&uemm@thm@mmm%m Eeain, (NCIMB

Batnifi, 25 Pstl, Kpnl,Stnal and Hindi-Ll ell re
e T T i
5 feletbo/est o TQ ONG & mﬁ@mmtzta dbesells & eansiispended in 10 mi

?@%%Tg 1053 trﬁ‘égi’ 1ar§m@ﬁ%% THARGAIreis AR ARASSith 200 pl

ences generating angs of four nucleotides, AATT, GATC

AGHAYE doy Rl Ay B e iﬁ‘idlrﬁY.sggps@@ul}}a{gg/ngn@far} ghysim ne/ml) for 30
AGGTGE TAGer Pt Rnd KRk re‘mpwyw@ bﬂmb&ﬁdse‘m GMalm@ml) and

All these enzymes Were activ an ble to cleav
PSS BRI B R AT gty e

ceamt%raﬁsafwmmmmmmw m%ncsmuu’wadcﬁm@riiﬁgegt@wé @‘-’r"tﬂe 12 ml of
les WELE AH& lﬂpeaégg'af&{o% fay E%p%ﬁt%a G ehERAH Y 'ﬂﬁ@fge could

e YR
Eilvat oer 20 minutes. The reactions were then cooled at room

tevmpibrhesepaiAtdrftompibeoptaRE PN LR BPRAAIG A U TYes Rrsdniiptrevith
folguygshy QE&IU&IEE#@MMMWMSWBDMWWMS goetmic

were Ioaded intg 0.8% agarose gel volts
A T B P BT ettt 16 B e YA S e
t%hﬁfdhbmﬁr\mmwmmmmgawmmmmmm dicbifidvn genoric

genera%' ag % te %;&8% Eéﬁf%@@}z Baﬁ}’ﬁ fS:,%lp ﬁl@%’?fﬂﬁ@mﬂﬁﬁi}{mms were

I restriction digestion. ragment purification from

resedén #ﬁn&fare‘s%m’t%@é&%&é@%@%ﬁ@ﬁ?ﬁ%ﬁ%‘dﬁﬁé@?ﬁ%@ as blue

gehxirdior-khframiagandeiest Sussex, UK). Protocols are described
with details in the manufacturer's manual. DNA Ligation and

Transformation After purification of the DNA fragments with the Qiaex
gel extraction kit, they were ligated with CIAP-treated pSP72 vector. For
ligation, appropriate amounts of DNA were 20 transferred to sterile 0.5 ml

MiefgauesAs8BaWN in Table 1.

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 £.
coli strains (ie DH5a) which express the carboxy-terminal portion of this B-galactosidase is

giving an active B-galactosidase (a-complementation).
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T.. AVector (15 fmoles [-29,7 ng]) ;I.:Vector:0 ftnoles,;-;29.7ng DNA).plus
insert:, . ,(foreign 15 :ftricEileStHA3ng pUC control (0.056 fmoles [-100

1 un ?I the !ldgleh reaction The final ‘PM cencentrPtithiptiould
tie,-ziong/P1,l Table 1: Ligation mixtures. Tube A shows the number of
self-ligated vector DNA which must be subtracted from the total number of
transformants after transformation. Tube B 25 shows the ligation of the
vector il (e, BIVA IBAIIEH B ANAdHaR Giah R LOPHALIN Aisesthal,
the transformation etic ncy to be calculated. 10 Before each ligation

tHE NI Sred ndamisnd fs ofd rAerdirgr BChRmBIMENEY 1HIRTBHCHAYS bsing a tenfold
cohesivsr larind et rRaAnelom dwing fRRWRBNERIARSBHMtAJG@I#me per one
ratio of vector:insert DNA of 1:1 was chosen for all ligation tions and

U LT L O LS HERE S S aH g BTSSR N o @h7me
Tt hestifasiod @A0iprob Ty tigatcn dsiskigragaoh Ovield/eistysrutsydfofidontal gel
DNA ligase (Promega, LK) wer : [gati oluye

A TD S e e o R e
1owipdetioRckuTtigssidon arftibe singlerstivhgnrdigsiiitieallis adjusted to 10

pl with molecular biology grade water. 10 DNA fragments were added

to the tubes tgogether with the water and then warmed.to 45Cffor 5 licated
minutel05 MEWFIFR, CERELOE PR Tr tiaY Bodre A AITRCA CaPa Rgne vilisate
preidakdsomtd berpiidniva soh e iecOis. Bbforenber reifiaindd cdbties on LB agar
ligation reagenis we led & i Xt !
S e A T S M A e
pradepitas endahe pisfiestnskerenadidiiay tha ghresrucphesRseme i move

the ligation mixture which cause reduction of the transformation efficiency)
transformations were performed according to Hanahan instructions. -50n

of lgat SNV ST U LAt O LGB A e B phatase
DZHi@ Eetmepiteddutamireann1di) 2@ adheupiessiombicthedaipitilittions. The
rgﬁ{%ﬁ%ﬂ; eo?&@%r@?ﬁrfé%%?ﬁ@ﬂe%t@@ %;ﬂéQMJQ@lﬁyﬁ%@gfg PRAaINA ligase

containing ampicillin (100ogr/m1) al (40p1l of 2% X al) and
| PP ding Iodpﬂ}g‘%qcpqr@)instructions) following transformation into DFI5a cells. The

number of formed colonies showed the number of recirculised molecules (non cloned

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

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. EcoRl, BamHI,
PstI, Kpnl, Smal and HindIII are type Il restriction endonucleases specifically recognizing
the sequences °G/AATTC’3, 5°G/GATCC’3, ’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 INI respectively, and 3’ovethangs, ACGT,GTAC for Pstf and Kpnl
respectively and blunt ends for Smal.
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The number of transformants from each ligation reaction was measured.
The 25 number of transformants commonly obtained from tube C was
2x105-1x106cfu/gg whereas from tube A was 500-600 to/11g. The

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

in a range from 2-4x104cfu/pg. 11 Numb@r of Transformants Ligation
mixtures with Pstl chromosomal DNA gave rise to 13 f3- galactosidase
e SR A e

todBvpiesitivesopsives icug d@@@l@&ﬁaﬁmqumm epiveteise to 7

positive clones (-2000 scr. transformants), Smal gave rise to 3 positive

clones (-1600Q scr. transformants) and Hindlll gave rise to 2 positive clones
(-m%mposmve Clone Digestion 10In order to identify

the d|ffeﬁflhte@trgaiactﬁg3§as&sgﬂmb§géhamlasmm samplatedeikoinctivated for 2 hours
pQ ted a cogd e follow tab am

e R A e oA UL B S ol
D@@mm @p@ﬁrm,q@ﬂﬂi@mr@m@tmw lpwhng)b@ffm@, q9RsidpEsdlowed 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

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.

R T (forelgnLI 5 Frioles 69 Bng ). NI
C pUC control (0.056 fmoles [~100 pgh

1 {"The' i'nolar rat?o of pJasrmd DNA"vector fo insert DNA fragment shouid be w1l |n 3
_the lidatioh. régétion, The final:DNA-concentration shou]d | be:~10ng/ul; - '

Table 1: Ligation mixtures. Tube A shows the number of self-ligated vector DNA which
must be subiracted from the total number of fransformants 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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--ta 3Digestion pP12, pP13, pP14 Pstl 4 Digestion pEl, pE2, pE3 EcoRl
5th Digestion pPI, pP12, pB1, pP2, pEl, pE2, pE3 Pstl and EcoRI 6th
Digestion pS1, pS2, p53 Smal -7111 Digestion pPI, pP12, pB1, pP2, pS1,
p52, p53 Pstl and Smal "Th 8Digestion p1C1, pK2, p1(3, pK4, p1(5, pKS6,

p1(7
10

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

was done according to Promega’s instructions.

To tubes A and B 1.0 ul of 10x ligation buffer and 0.5 Weiss units of T4 DNA
ligase (Promega, UK) were added and the ligation volume was adjusted to 10 pl with
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).

After ethanol precipitation and purification of the ligated fragments (in order to
remove the ligation mixture which cause reduction of the transformation efficiency)
transformations were performed according to Hanahan instructions. ~50ng of ligated DNA
in Sul solution was added to 100ul of competent E.Coli DH5a cells. After beat treatment
and expression of the ampicillin resistance gene the cells were spreaded over the surface of
LB plates containing ampicillin (100pgr/ml), X-p-Gal (40pi of 2% X-B-Gal) and IPTG (7pl
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%fu/pg whereas
from tube A was 500-600 cfu/ug. 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%fu/pg.
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Kpnl 9ill Digestion pPI, pP12, pB1, pP2, p1(1, pK2, p1(3, pK4, p1(5, p1(6,
pl(7 Pstl and Kpnl The first letter (p) indicates plasmid and the insert
gene whereas the second letter (P,B,E,S,K) indicates the restriction
enzyme that was used for isolation of the respective clone from the
genomic DNA. Gel electrophoresis analysis of the generated
fragments after digestion was shown 15 thht plasmids pB1, pPI, pP2 and
pPIl each have an insert which encodes a different /3-galactosidase . The

clQnes con B1 was used for further analysis. DNA Sequencing
D%@ﬁ&&ﬁﬁ%&%@formed with the dideoxy chain-termination

method ofi Ziisranaidy wﬁmgsﬁnelﬁdﬁ@y@nﬁemﬁag@m@ﬁ&@yglg galactosidase
sequencing kit (App syste analysed,with the ABI

PR lsvf(ﬁg) %1!5 %ﬁ gg%rg&sﬁﬁlﬁ\ %rr% ySis syr r%é' ﬁc%%n(?% Ay mseto 7
ca;mlsian;eeﬂenmxaﬂ(i@@$sc ThesBrandsy' Eeai@égaﬁmme&wdimmlones (~1300 ser.
&Iﬁléﬂ%‘je %%08?%3%.’5”; ¥8§EW&§:I%B@§{L RIHREL %&Qﬁz‘ﬂﬁﬁﬂ? SmaI gave

were er seque ncedb using the Genome Priming System (UPS-

(Nésk P AgaHEBipRasS, (UWPQ}P‘SUF@WW%%&%‘Q B%t‘é%ﬁsmt%rsosmve
sysiteRy WhEdy UsesrdiishBankiansposase 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

pl@ssitide horseRigestong after insertion of the Transprimer into the 10
target plﬁ?@&r"i@ﬁi@&@ hig HH*P&R%E ﬁvgﬁé‘é{l&%&ﬂé‘é@ g&ggq{g Bﬁgﬂlmﬁsoiated from

manufacturer instructions and it assumes a 5-fold epth of Coverage.
Féhepasitivg Ponesieeridisstod weedingnie thafelleumsalsrt at position

973bp downstream of the multiple- cloning site of the vector used

] 1idn otn noicatina-thatth
Cnmnlah:l\l Dl'm'nafnnl +hn 'A 15ga|aCLGoluaoC CHAHTY IIIUIUQLSII ) tratthe

q + codn
. t U\JIUII vvuo JUE ~4

[« LI L IJUDILIUII 0'—|-J.U|J
downs]ﬁealr%nof thﬁgﬁ é ﬁ)ﬁi@ﬁrrﬁﬁloﬁ ofyécn alcgll‘vtng galact05|dase
in%i' é¥tf6 t ”'Jpll’fﬁ P)H)R,Fﬁblb between 841h @Qﬁ 973bp
d'g,“"!lfﬁ_éiﬁUﬁU' HIS ETZYITE activity was giijated compietely
vt BIp&HGH of el @rltpbgp BOTEZ082600D d0PiAsITReRR RINe
MCS indicating tnﬁgjhe stop codon Is downstream of this

6™ Digestion pS1, pS2, pS3 Smal

7™ Digestion pP1, pP12, pB1, pP2, pS1, pS2, pS3 | Psi and Smal
8" Digestion pK1, pK2, pK3, pK4, pK35, pK6, pK7 | Kpnl

9™ Digestion pP1, pP12, pB1, pP2, pK1, pK2, pK3, | PsiI and Kpnl
pK4, pK35, 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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position. Moreover insertions at positions 1239bp, 1549bp, 1683bp,
1832bp, 2108bp, 2189bp, 2270bp, 2340bp, 2414bp, 2574bp, 2648bp,
2734bp, 2807bp and 3410bp completely eliminate the enzymatic activity.
25The sequencing reaction mix contained approximately 400-600ng
plasmid DNA, 3.2pmol of primer solution and 4111 of BigDye Terminator
solution. Open Reading Frame Identificatton The open reading
frame (ORF) of B1 was located by using the ORF finder from 30 NCBI.

T cterial genetic. o&efz_ sed the frame length .
T A e ARl A0 e R A P g e
pdBeiEhetansesilar nplentephagYisading frame of 1052 amino acids

encoding a putative p-galactosidase was identified (The translation is
shown in _Figure 2). Example 2 5 Synthesis with the 0-galactosidase

cloned eM§rhedd Rt ith BB N ABEMER KrEdRrg W RSeA iflivector
caipdrediit (siranD hajnscrts eeffilioheing glesceibbyl ayndhiRs SenstesBriming System

ot [ at as, perform i wh . colt DH5a host cells
o P A R R R IR e
10vbod uewithstoRfe deansnowash te Hiseli naoF IGO0 1epaenoiethe Idretaseet. The
Clb R RERRITIN ARchA SAIPSENI G & o BRANY AR ABRIERYIGRRIE tions.

cytoplasmic memprane, The E-coli biomass was_prepared as described in
EXRTHIICT AbSP et SR Sin dor SISTRG &I TURACEISREY R AfrRgprimer into the
Swinpaepisswithd/ads galatiosmiadevas pdridunddebalisighsttaienanafacturer ‘
concentration of 40% (w/w)initial. lagtose concentration. The synthesis
e e o 6.8 (or 0.1M eitrate
buffer pH 6.2 or potassium phosphate buffer pH 6.8)). Synthesis was

performeg, 1 AN BrehAkiREN AT RAHD G D0HRbs SRR AP HEIHIRA 3bp

for the specific enzyme was chosen based on activity measurements
(&&wasgﬁam&ﬁmflﬁelﬁﬁ-@%%ﬁméﬂﬁsva@%&%ﬁ%@}%y glipsatrd the p-
epalitisiidapsepavatiandidaviap/ihg id stattesidnargaadteligastechalidacctor
MR oL bl ten selaushansin i anachin 0122
ml) were ten nf’dg%é f(% 1, Eﬁ R Coligctthe bromasa and the 25
shprsiatdhitm o wistgraeel tha BIGID led és theb reatisspd e tivieB-B8lactsfsidase
491%0@@({'}@)&&’5 the start codon exists between 841bp and 973bp downstream of the MCS.
The enzyme activity was eliminated completely with insertion of the insert at a position
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 4ul 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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substrate solution in order to perform the synthesis. The concentrations of
the different sugars present in the mixture during synthesis  are shown
in Figure3. High performance anion exchange chromatography coupled
with 30 pulsed amperometric detection (HPAEC-PAD) chromatograms of
galactooligosaccharide mixtures synthesized by the /3-galactosidase
cloned from B. bifidum NCIMB 41171 ard314 shown in Figure4. The

galactooligosaccharide mixture sugar concentrations at the optimum

S){QEQ% i H e pQint.are shovv.ta;@ tg%)de 1.5 bleﬁ’l_. gar ohydrate ., .
comploéjzror%m %f%%@ggaflgl%ggcchgri emgya u-g%}ge & %%%\S/\I/ WY ini |Sallderltlﬁed (The
latepsiatisnissheremdn Bigthe Zdme point where maximum oligosaccharide
concentration was observed. Synthesis Init. Subst. GOS DP?3 GOS

DP=2 Lac_Glc Gal % (w/w) Concentration (% of total sugars)
Example 2

Synthesis with the B-galactosidase cloned enzyme isolated from Bifidobacterium bifidum

NCIMB 41171 in E. coli host (strainDHSa)

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

whole E, coli DH5a host cells after treatment of the E.coli biomass (collected by
centrifugation at 10,000 g) with toluene at a concentration of 2000 ppm in order to increase
cell permeability and also to render the cells non-viable by destroying their cytoplasmic
membrane. The E-coli biomass was prepared as described in Example 1 under “E coli

strains™,

Synthesis with cloned enzyme

Synthesis with 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 6.8 (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-B-

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 concenirations 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 -galactosidase cloned from B. bifidum NCIMB 41171 are
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4020.4527.6412.7325.9013.28 Lac: Lactose, Glc: glucose, Gal:
galactose, DP. degree of polymerisation Claims 1. A DNA sequence
which encodes a protein with an amino acid sequence as given in SEQ.
ID. NO: 2. 2. The DNA sequence according to Claim 1, wherein the
sequence is given in SEQ. ID NO: 1. 3. An enzyme encoded by a DNA
sequence of Claim 1 or Claim 2. 4. An eﬂa’iyme comprising an amino acid
sequence according to SEQ. ID NO: 2. 5. A 13-galactosidase having the
sequence as defined in SEQ. ID NO: 2. .6. A recombinant vector,
coﬁaﬁff@m&%‘ﬁm Lhr gelaclo i eemantharsr BRI SuRT fRRGREaTions at the
aceaialing dgnlainttnsvhere iresidwenttabis &n expression vector. 8. A
host cell comprising a DNA sequence of Claim 1 or Claim 2. 9. A host cell
comprising the vector of Claim 6 or Claim 7. 10. The host cell according
to Claim 8 or Claim 9, wherein said cell is a bacterial cell, a yeast cell or a
fungplecelCatsbh a8 Qs ERLRSAUEIARIR SHRIM L RaN e RIMSHACN 96 (wiw)
selected from the group consijsting of Bifidobacterium, Lagtococcus,

L ARt RIS, GenerrEion 2R iR BH’&"/XE?E«E?@HP&‘&H% OHEOSFHERILE cell
acpadingtionGlanatkstrwbherein the cell is selected from the group
consisting of Bifidobacterium bifidum, Bacillus subtilis, Bacillus circulans
and Aspergillus niger.

Synthesis GOS GOS
Init. Subst. DP=3 DP=2 Lac Glc Gal
% (wiw) Concentration (% of total sugars)
40 20.45 27.64 12.73 25.90 13.28

Lac: Lactose, Gle: glucose, Gal: galactose, DP: degree of polymerisation



13. Use of an enzyme of any one of Claims 3 to 5, or a cell of any one of
Claims 8 to 12, for producing a mixture of oligosaccharides. 14. Use
according to Claim 13, wherein the mixture comprises disaccharides Gal
(Li 1-3) Glc, Gal (131-3) Gal, Gal (131-6) Gal and Gal (a 1-6) Gal. 15.
Use according to Claim 13 or Claim 14, wherein the mixture comprises
trisaccharides Gal (131-6) Gal (131-4) Glc, Gal (131-3) Gal (131-4) Glc,
tetrasaccharide Gal (13 1-6) Gal (13 1-6) Gal (131-4) Glc, and
pentasaccharide Gal (131-6) Gal ([31-6) Gal ([31-6) Gal ([31-4) Glc. 16.
Use of an enzyme of any one of Claims 3 to 5, or a cell of any one of

Clainfslaims 8 to 12, for producing a mixture of oligosaccharides to be part of a
product selected from the group consisting of dairy products, such as
liquid milk, dried milk powder, baby milks, baby formula, ice cream,

1. A Dbghsetuehee sditareneodes dmivyeproviticts) bousragakssgetnas dagiyaics SEQ.
infant foods, cereals, bread, biscuits, confectionary, cakes, food

ID. N§u@plements, dietary supplements, probiotic comestible products,
prebiotic comestible products, animal feeds, poultry feeds and
medicaments. 17. Use according to Claim 16, wherein the mixture

2. TheDNisequdisaceiaritieg 6 &1 -B)wdilaed dh¢[KaBnCis ghen I3 BHP 3R NO: 1.
and Gal (a 1-6) Gal, trisaccharides Gal ([31-6) Gal (131-4) Glc, Gal ([31-3)
Gal (131-4) Glc, tetrasaccharide Gal ([31-6) Gal (131-6) Gal ([31-4) Glc,

3. Anandymatasadeth ige ONA[3d46yGabfiGhi6) Gal C1dme) Gal (131-4) Glc.
17 18. Use of a host cell of any one of Claims 8 to 12, for producing a
product selected from the group consisting of dairy products, such as

4. Anlignzghmaitionapieding ik paivebescidaequrilke abedydifey ta BEQe e QN2
yoghurt, cheese, fermented dairy products, beverages such as fruit juice,
infant foods, cereals, bread, biscuits, confectionary, cakes, food

5. A Puphletoviids: hieiaptbe ppiemenydobiviicie SHQsiBIPrcHuct, prebiotic
comestible product, animal feeds, poultry feeds and medicaments. 19. A
process for producing an enzyme of any one of Claim 3 to 5 comprising

6. A reotitnbingpat vestoc ebmpeising ndd A kaiqmsttd of Clim d sukdpte Gulture
medium under conditions permitting expression of said enzyme and
recovering the resulting enzyme from the culture. 20. A process for

7. Thekedtwingeardiing toeChioli Gosdiertiaridab wstpiising disessttaMaeorGal (p
1- 3) Glc, Gal (f3 1-3) Gal, Gal (131-6) Gal and Gal (a 1-6) Gal,
trisaccharides Gal (131-6) Gal (I3 1-4) Glc, Gal (p 1-3) Gal (13 1-4) Glc,

8. A Hetrastomhapdsirgal PIA-SqGaiqd 61 Gpidal (x31laiinClic, and
pentasacchride Gal (131-6) Gal (131-6) Gal (131-6) Gal (131-4) G1c, said
process comprising contacting an enzyme of any one of Claims 3to 5 or a

9. A hsstekltaharyingéhef@iaimy Slaimdwith hikamciose-containing material.
Sequence Listing_ST25 SEQUENCE LISTING <110> LINDSAY, Clare L
<120> Product and Process <130> 13906W0:GH <150> GB 0601901.2

10. Thé hdst 20D6eOirBAgtbBTl2it S1H0S] SaOntherersisnidicall is a bacterial cell, a yeast

cell or a fungal cell.

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

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

Aspergillus.



<210> 1 <211> 7281 <212> DNA <213> Bifidobacterium bifidum <220>
<221> gen <222> (1) <400> 1 ggatccggtg cgcggggatc gaacacgatg
gccggtgaac gcggaaccgg aaagatctcc ggcaagcegtc getcattgtg accegtgttce
gctcatggtg atcccgcaaa caaatcatgc cttgatgtgc gaaatgctgg cccgattcaa
gcgaggacat cgtccatacc acgcccattc tcaggcagag tccccgatgg cgcccggatt
-(7281) aacgcgccga atgccccagt acgaacagga accatqatca ccccagcggg

12. Thegatgeghadtoidiagy Ohingddcybgeitgboceibstetectaldogiytgtgroup
caacgttctg ttgaatctta aaagaatttg cgaggttccc catgaacaca gacgacggca

consisgrgasl(if titigacige didyag gl hgandrilisgBgodty gigtal aggaghfyipergillus
ccatgaacac gcaggatgcc tgttcgtgtt tgaccaccac cgatgaacag cggcctggcec

nigergcggccttcc cttgcgacct agaactttct caaccggcac agaaatccac cgcaatcaag
tcactgcggc accgacgatc tggctcgecg tgetggtctc gaatggecggg gggecggact
tcgttctcac cgtgetgege gecgcagegag geeggtgttc aggcacgatg gtccacgagg

13. Ugagttagatgegegtagtomaghfiking ddichitce geladymatongaifdaigns 8 to 12, for
tccgtgtgga gtattctgca taacaatatt ggcaacgacg agcggaagaa acccgcgcgt

prodwtteceeagticeofglicgaagolodgega gegtgcaggt Page 1

14. Use according to Claim 13, wherein the mixture comprises disaccharides Gal (B 1-3) Glc,

Gal (B 1-3) Gal, Gal (p 1-6) Gal and Gal (o 1-6) Gal.

15. Use according to Claim 13 or Claim 14, wherein the mixture comprises
trisaccharides Gal (P 1-6) 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 ( 1-6) Gal

(B 1-4) Glc.

16. Use of an enzyme of any one of Claims 3 to 5, or a cell of any one of Claims 8 to 12, for
producing a mixture of oligosaccharides to be part of a product selected from the group
consisting of dairy products, such as liquid milk, dried milk powder, baby milks, baby
formula, ice cream, yoghurt, cheese, fermented dairy products, beverages such as fruit juice,
infant foods, cereals, bread, biscuits, confectionary, cakes, food supplements, dietary

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

pouliry feeds and medicaments.

17. Use according to Claim 16, wherein the mixture comprises disaccharides Gal (p 1-3) Glc,
Gal (B 1-3) Gal; Gal (B 1-6) Gal and Gal (a 1-6) Gal, trisaccharides Gal (§ 1-6) Gal ( 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

pentasacchride Gal (B 1-6) Gal (B 1-6) Gal (B 1-6) Gal (p 1-4) Glc.



tcgtgcgagt cggaggagat tagatcacgt cgagcaggat acatccacga ggccgaacag
ccgccaatga actgcecacgg ttgccgagea gegggtcgag atcaccgega tgaggegttt
acgaacgtga tgaagaacgt aatgcgtatg cgatcttctg gtgtgttgtg tggtggatcc
cgtgcgegtg aaccgetccg gaaaactata ccgegtgteg tgagtaaggt ttgaagectg
tgttgcaggc cttgtgccgc tatccttgtt gtacaaggaa cgacgcaatc cgatgcgaaa
cggcgatccg atcgtctcee gtacgeggtt caccggcetcg cgacggegag agcacgaatc

18. Ugaeggtascysicoigocgticcgigizgastsctgttgbegpyedutigg atprigyaysadegted from the
Sequence Listing_sT25 cggggctgct tgccececgeag tacgtgaacg tgcagtaccce

groupigggstggatdigaggedectsgarhgsdapuibadtitcdoedagiapggeten by ogds, baby
ctaccggcgc gagttcgacg cggatggcga agtcgeccag gecgtgegeg aagggegece

formgglgecoedmegtighaggchegey fonamagatzitytamdigtygetvearagggatcyas fruit juice,
cgttggctac gccgaggact ccttcacgec cagegagttc gacgtgacgg acgcgatcaa

infangftiodacopalasbgigt iy aigicgider daegrgiaktsgagdgogal gorgsghetary
ggatcaggac ttctggegte tgcacggect gttcegetee gtcgaactca acgcgaggcec

supplenregopehicicgoogatibltopatdecy prebetyactigysitis cgedect swimal doefs, poultry
ttcgetctcg ctggatgtge tgatcgacgg tgccgegaac gecgegacgg tcgacttcge

feedsantfjtggdiasnaadaacggca ccatcgtctg gcacaccgcec acgaaagcgg acggaacgct
gcacgccgag gccgagatcg atgacgegge gecatggage geccgaacgcec ccgacctgta
cgagctatcc gtcaccctge tcgacgegga cggcaaggtc ctggagaccg ctcgeactcg

19. AgateggstforqugdatiigaceamgaggtanygoatofiClaby ditadcypupasgupodiuring
cgtgttccgt ggegtcaacc gecacgagtt cgactgeccgg cgeggecggg ccatcaccga

host @ljasfyacatgcidiGlmesd cugbiioat gatgeigosdismesdiaacgndgy rppgiaens
ctcgcactat ccgaaccagt cgegetggta cgagetgtge gacgaatacg geatctacct

permijaibeyaqyessincoatiy grayascoatggcoagitg s eybitng goeye frscbgteulture.
gggaacctcc gtcceceggtg acgacgagge ctggetggge gegtgeatcg accggetgga
cagcatgatc ctgcgcgacc gcaaccatce cagegtgete gtetggtege tgggcaacga

20. Aginstessofty pyclyaageotcdagpetaligagegbaddesgomprisggdisaesbegdes CGal (B 1-
tcgtcccgte cactacgaag gtgtcaactg gaaccatgec tacgacggga tcagegactt

3) Glcgaahcteh) dialaat €A bedcirjcugeCiiochd)dealy iseedueidengebttdd) Gal (B
acggggcgag gcgagcaagc cgttcgtcag ctgtgagtac atgcatgeca tgggcaactc

1-4) GlgoGatdhl pGat §adt4r Sbysdcesagehaadedeal 48 dgersinldbolyéyGist (B 1-4) Gle,
catctgggat tacatcgacc aggggctcgt ccagegtctg cccgacggga gcgqacgcct

and peagsgtchydayGabéhigGadhdegiccadBdgartael dBdtttys. geikp
cgtgttcgee gaccgeacge ccagccccaa ggcgeaggag gtcaagcage tattcgcc

compggtogagutectioeratgaryyyebuggent gﬁé“éamga?gtaéc@gtha&cgm@@ag gne of
caccgacggc tacgtgttcg ccgcacggct cctcgaagac gggcatgaga tctggcatge

Claintgdtealct gtithcg bastogerevtjebignagietitlcaacac catgacatcg ccttccecgga
catcgacgcg gacggggata cgcgcgaagt cacctacgag gtcgatctce tgctcgecga
agccaccgca tgggcgecgg ccggctacga getcgegttc ggecaactca ccggeacgct
caaccccgaa caggacatca ccgagaccag ccatgacgac gacggcecgeg caactcgcac
gctcagccga tggaacgecg gecatccgecg cgacgacgag gaaattctee tgtcacgeac
tcagggaggc atcgtctcct Page 2 ggaagcgcga cgaccgggaa tgaccgacaa
cgatcgeggt gccgatacge catcgtaacc aataccagta cgaacttgcc actccgatat
gcgtatgcaa gtctgeccge gttcggtatc acggecccgg ccccgaggag gggacgecac
cgcgaaggcg acgaggacgt ccgetggetc aacgecggega cegtcacttc ccgegegecg
ccacgaggac cccagatggg cgtcggtgga tgcccgecgg caggecgcte gecggeggcat
gcaccaccat cgggcgcetge ggecgeggac tccacggeac cacccgecag gcaacatccg
caccgtgcge tcgaaggcecc gttcctcgec acccgatgec cgaactcatg gcaagctcgg
gtgcatccge cgtctggtge gecggecgec cgeccgtete gagacgacgt gaagecaccy
acatccaagg acggccagcc tgctgeectg ctgcccaaac cgecgecacaa gacgactect
ggggagcccc accctcgacg tgaacctcga gecgecgecg gecececgecta ggecaccggeg
aggaggcgtt gtcctctcge tcatcaccaa gagaagatgg caacccgcecc ctcaagtgea
agggcgcgcea gaccgcatgce tcgacgcctc cagatcacca tctcgaccee aggtggagta
aactccttcc cttacgectg aggaacgaag cggectcacg atggtcagec acgtgecgga
cgaatacacc ggaacgacag ctcgcgaatg cgccgagaaa cgegatatga tcgtctgega
cagatcggga tgcacacgcc atgcgggagce ttccgeccat ttcgeggecg ctegtagegg
taccatgtca gacatggcca ctgcgctact ctcggcatct accggeagec cgegtcacce
acgatcgagg ctgctcgegg cgtccacacg gectaccage actcatctga ccggcaacgg
cgacgcggcg atcgaggcca cgagcgegec ggeccacgegg cccgatggac gtgatctgec

~ANaAraterte Nnictocrnerr rAanttrAnne tRecrertrannnay NN CACCAASS AreRicCcNCcrr o e



5220 5280 5340 Sequence Listing_sT25 cgcaagaacc ttccgcagat
cggcgaagta cgcgtectge aattcctcce cggacggagg cgcatccaac accgegatcg
cgggacggaa cacgttgcga taccccatct cctcgcacac gecgcaacaca cgecgacgcg
tctcctectt gatggagaac gacgggtcgt tcaacaagcg tgacaccgtg ctctgcgaca
cceeggeccg teeegegact tecttgageg tggecatgac atcctceecg caaactttag
taaagggttt tactacagca %ﬁ&@ﬁ%ﬁg@g‘dﬂ@@fﬁﬁéﬁggcaﬂg gcggegtgga
agtttaccca tgactggtag actgcacatg tcccggcaat aggggcaatg catagggggg
<110tggcBtpget gitREytaac attcecegtea cettacgatt cttatagegt gtcaggtaaa
<120-20aa8alee Hedcapseeaccticcgge cgcgectgca gactcaaatg gecatgatge
ata%cg%%caa tctctcgcac tatggataaa cccaatccgt gatgaggtga tgcagatccc

<30%ca gcg?Jaot:ﬁgtcctatt atcctcccct ctgttaaaag gtgacaggaa atcatctatc

<150>ct<%ag@g§?§ afjatccat gccggtattg gatatgtcta tcgcaatgca ggactcgect

<15 1>tcg aﬁg'cc tgtcgttgge taagtttatc catacatgtg gttgagccge acgattatge

<160;tgaatggcat tcgtaataag gtttgcaatc atctgtctaa ttagcagacc atcggctagg

<17o2tatgtdratfclesagait gosatgtact tgaactctat ctccgataag ttccatattt tcctgaagaa

cattgcgaat gatctcagct acattaactc ggctaagatc agctcggttt aattgctgaa

jﬁg;’ctt gacaa ticgagcaga tgattgacga tttcaacccce agcatgattt gaagccaaag

<212>ccttiisgac gaaaggtctg, caacgctcat cgaaaagctg gttgtgcagc ggaatctcca
<213>atg%5d888§5§1‘f3%&%0% iud%ggatttt ttaactcatg tgacgcatcg gcgataaatt
ccttttccecg actgattgeg ctgttgagat cctttaacat gaggttgtat gcggatgcaa
jg%gﬁaggtgﬁ@cgc ctcgtcgttt tcatatggaa taacgatagg ttgcctttcc aatccagegt
<222>cg@argofasantctgagag geccacactat tgattcttcg ttgtgtccta gtggcgataa
<aposiccaagttat tcctccagat aatatgccga aaacaatgat gggggctatg cttaccgeca
guat@taicagalecogupadtartitett qtocasage taggtprsagtycatageagat 60

cgcgg%%gégfﬁéﬁ%&%%%&fﬁé&@%@&&i@@%%ﬁ&%ﬁgﬁg&%gﬁgaatlzo
tcaaactatg ttgttcatcg gcatCttCtg cct a&taaa a§atttattt acaqgctcactg

tttcca
oA AR H A T RGO A e A A AT S gat 100
gccggIgagategly giyarRcaaty gttty pagacoat iy aacaytanaecyoagitegg 240

gcgga 9900 CCALICHRATR GO ALBHER e g dHEcAg g\ Qlgpaaiad 300
cctigiccgg gaacggttic aatgaaatca gtgaticcga ttttcgigeg aategeatag .o
asa0 AR BRI AR a RO RRLH: ARFACCUSUR OAHSaEt

ggcaaggatatinoy caca o ggRsaricgugtaitaalcasgegtestctas taeggatagt 420
gctcaté%éq_@&t%#ags‘&égaeg%angaeegcgge@g&t@aﬁ@%@,@a@ SpAVeDEs; 480
Listing ST25<211>105

o_ <212> PRT <213> Bifidobacterium bifidum
acccaxgbs COSSTIOPEPYTEIE LS5 - IPHCPTBEY) B PRer AEHIH Thr AZY

gctcahgpe lnghtgdcysaisntGlpdep RradimataksegtiBy048y aaccgctccg 600
atcccgcaaa gegtgagtat agaactttct tgaaaaagta gaaaactata ccgcgtgtcg 660
caaatcatgc caacgttctg caaccggcac tccgtgtgga tgagtaaggt ttgaagcctg 720
cttgatgtgc ttgaatctta agaaatccac gtattctgca tgttgcaggc cttgigccge 780
gaaatgctgy aaagaattty cgcaatcaag taacaatatt tatccttgtt gtacaaggaa 840
cccgattcaa cgaggttcecc tcactgcgge ggcaacgacg cgacgcaatc cgatgcgaaa 900
gcgaggacat catgaacaca accgacgatc agcggaagaa cggcgatccg atcgitctecc 960
cgtecatace gacgacggea tggcetcgecg acccgegegt gtacgcggtt caccggceteg 1020
acgcccattc cgatcatgeg tgctggtcetc gctccccagt cgacggcegag agcacgaatc 1080
tcaggcagag ccttgacgdc gaatggeggg tccgegtcga gacggegecg acgggecgtt 1140
teeccgatgg gacgagcgac gggecggact ggatcagega cgtgtcgect cigttcegecg 1200
cgcccggatt cgacgattcg tcgttctcac gegtgcaggt gecctcgcat ctggagactg 1260
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Pro ser lle Pro Thr Thr Ala Trp Leu Ala Asp Pro Arg Val Tyr Ala 202530
val His Arg Leu Asp Ala His Ser Asp His Ala Cys Trp Ser Arg ser 354045
Pro Val Asp Gly Glu Ser Thr Asn Lea Arg Gin Ser Leu Asp Gly Glu
505560 Trp Arg Val Arg Val Glu Thr Ala Pro Thr Gly Arg Phe Pro Asp Gly
65707580 Thr Ser Asp Gly Pro Asp Trp lle Ser Asp Val Ser Pro Leu Phe

Ala 859095 Ala Pro G Phé% n&g WS S V |
cggg%fﬁawagﬁ%wﬁtte%ta“%hr%f‘g‘éﬁe% e Aan a0

cgaaddat Ginuid G202 SuFyeaRay ki RS S AP HiStetGIaspPIs AL FS IIseProtARY
cggaﬂb?«?dé’ £33 3035349 Hisdedy Hisglaldla yabTys Aty A €dkabhe Aspo

Page 2

Ala Asp Gly Glu 145150155160 Val 1,?\Iat in ,%Itav IArg Glu G rg 'J:.)§80
aeacag5FAH ABEETRIASE BAICTCa. acoUcECBT Cgrtoctdc Secodagel
ccttcacgec cagcgagttc gacgtgacgg acgcgatcaa ggtggacgge aacgtgetgg 1569
cggtcgtctg ctacgagtat tcgagcgega gctggtigga ggatcaggac ttctggegtc 1620
tgcacggcct gttccgetco gtcgaactca acgcgaggec cgocgcccac atcgecgacc 1680
tccatgcecga cgeccgactgg gatctcgcca catcaagggg ttcgctctcg ctggatgtge 1740
tgatcgacgg tgccgcgaac gccgcgacgg togacttcgc actgigggac aagaacggea 1800
ccatcgtctg geacaccgeC acgaaagcogg acggaacgct gcacgccgag gocgagatcy 1860
atgacgcggc gecatggage gocgaacgce ccgacctgta cgagetatce gtcaccctge 1920
tcgacgcgga cggcaaggtc ctggagaccg ctcgeactcg catcggcttc cggcatgtgg 1980
ccatcgagga cggcatcctc aagctcaacg gcaagcgect cgtgttccgt ggcgtcaacc 2040
gccacgagtt cgactgccgg cgoggccggg ccatcaccga agaggacatg ctgtgggaca - 2100
. tccgettcat gaagcgccac aacatcaacg cggtgcegeac ctcgcactat ccgaaccagt 2160
cgcgctggta cgagcetgtge gacgaatacg gcatctacct gatcgacgag accaatctgd 2220
agacccatgg cagctggaac agccccggcg acatccccgt gggaacctco gtocccggtg 2280
acgacgaggc ctggctgggce gegtgcatcg accggctgga cagcatgatc ctgcgcgacce 2340
gcaaccatcc cagcgtgetc gtctggtege tgggcaacga atcctacgcg ggogaagtcec 2400
tcaaggccat gagcgegeac gegeaccgge ttgatceggg tcgtcccgtce cactacgaag 2460
gtgtcaactg gaaccatgcc tacgacggga tcagcgactt cgaaagccgt atgtacgcca 2520
agccggecga gatccaagac tggctcgaac acggcgacga acggggegag gcgagcaage 2580
cgttcgtcag ctgtgagtac atgcatgcca tgggcaactc gtgeggcggt ctgagcgagt 2640
tcatcgacct cgaacggtac gagcgctact ceggegggtt catctgggat tacatcgacc 2700
aggggctcgt ccagcgictg cccgacggga gcgaacgect cagegtcgge ggagaatgag 2760
gcgaccgtec aaccgactac gaattcgtgg gcaacggeat cgtgitcgoc gaccgcacge 2820
ccagccccaa ggcgeaggag gtcaagcage tgtattcgoc ggtcaagctc goccccgacd 2880
ggcacggcgt gaccatcgag aaccgcaacc tgttcgccgg caccgacgge tacgtgttcg 2940
ccgcacgget cctcgaagac gggcatgaga tetggeatge cgactaccgt ttcgacgtgg 3000
ccgcaggaga tacccaacac catgacatcg ccttcccgga catcgacgcd gacggggata 3060
cgcgcgaagt cacctacgag gtcgatctce tgctcgecga agccaccgca tgggegecgg 3120
ccggetacga getcgegtic ggccaactca ccggeacgct caaccecgaa caggacatca 3180
ccgagaccag ccatgacgac gacggccgcg caactcgeac gotcagecga tggaacgecg 3240
gcatccgocy cgacgacgayg gaaattctcc tgtcacgcac tcagggaggc atcgtctcct 3300



165170175 Gly Ala Ala Thr Ala lle Tyr Val Trp Leu Mn Gly Ser Phe Val
Gly 180185190 Tyr Ala Glu Asp Ser Phe Thr Pro Ser Glu Phe Asp Val Thr
Asp Ala 195200205 lle Lys Val Asp Gly Asn Val Leu Ala Val Val Cys Tyr
Glu Tyr Ser 210215220 Sequence Listing_sT25 225230235 240 Phe Arg

Ser Val Glu Leu Asn Ala Arg Pro Ala Ala His lle Ala Asp 245250255 Leu

His Ala AS Ala Asp Trp Asgn@mmﬂeaﬁﬁht@er-ﬂr
ggaag CETReCOASEIVINA SHRS AR R ATE A RR 195

c&f:g ﬁfé\%%éQOZG%@

tgaccg?alf'a@@g?&&&@gﬁamum@ ABp togs fcn Qe Tertde wmgmg ThPHS

gccgatacgc catcgtaacc gaaacgaaaa tccatgaaag cgatgacggt ctcgtagcgg 3480
aataccagta cgaacttgcc gatccgaacc acacgcccgt grccgtcact taccatgtca 3540
actccgatat gcgtatgcaa ctgaccgteg aatacccedg gaacgccact gacatggceca 3600
gtctgcccge gttcggtatc gaatgggago tgcceggega atacgatcgt ctgcgetract 3660
acggccccgyg ccccgaggag acctaccged accgtaagca gggcggcaag ctcggeatct 3720
gggacgccac cgcgaaggcg agcatggege cgtatctcat ggtgcaggaa accggcagec 3?80
acgaggacgt ccgctggetc gaagceaccy acatccaagg ccacggattg cgcgtcacce 3840
aacgcggcega ccgtcacttc acggecagcec tgctgeectyg gaacacctac acgatcgagy 3900
ccgegegecg ccacgaggac ctgcccaaac cgcgocacaa ctacctgcgc Ctgcicgegg 3960
cccagatgga cgtcggtgga gacgactcct ggggagceccc cgtecacacy gcctaccage 4020
tgccegeegg caggeegete accctcgacg tgaacctcga actcatctga ccggcaacgg 4080
gcggcggeat gcaccaccat gocgecgecy gccccgecta cgacgeggceg atcgaggeea 4140
cgggegetge ggccgcggac ggcaccggeg aggaggcgtt cgagcgecgec ggccacgedgy . 4200
tccacggcac cacccgecag gtcctctege tcatcaccaa cccgatggac gtgatctgec 4260
gcaacatccg caccgtgegc gagaagatgg caacccgeec cgacatcctc ggctgeccacc 4320
tcgaaggccc gttectcgec ctcaagtgca agggcgcgca cgattcgaac tgoctcaaag 4380
acccgatgcc cgaactcatg gaccgcatge tcgacgectc gggegoecgac ctegeegeeg 4440
gcaagctcgg gtgeatcecge cagatcacca tetcgaccecc accgactgga ccgcccaaca 4500
cgtctggtge gccggecgee aggtggagta aactccttce agcaaaatcg acgecggtge 4560
cgcccgtctc gagacgacgt cttacgcctg aggaacgaag cttgegcged gcaccagttc 4620
ggtcgtcage aggatgtgac gacgcacccd ccgctecatge ttcaacccat cyatcagggt 4680
ggagaacgcc atgcgggeca actcccttig atcgatcgca tacgaactca gcggcggega 4740
cgtgtaccgg gegatcgact ggtitgttcac actcaccacy gccaactcgt cgggaacctc 4300
cacgcgcagt gegttcaacg cctgcaacgc ccccaccgca agcacgtcgg cggccacgat 4860
caaaccatcyg ggeatgctgc cggectcacd atggtcagec accaactgct ccgcgagacg 4920
atagccgrtc tccacggtga acgtgecgga cgaatacacc aatcegtccg trtccaatce 4980
cagatgcgcg gcccactgac ggaacgacag ctcgcgaatg tcctcgggat agtcatgcat 5040
gcccatgatg ctgeccacge cgccgagaaa cgcgatatga ctgeggeccg ccgecgatcat 5100
cgcgtccaag gcegtccagea tcgtetgega cagatcggga cacacggagt cgaacaggcg 5160
cggcgecgga ttogtgtcga tgcacacgcc atgegggage accatatgca gguctcgcag 5220
gtccgettcg ggaaacaccd tggetceccac ggtgatgaac ccatcaaact ccgttgedcg 5280
ttecgtcaac tcgigtatgy acaacgtgag ctggtccaat tccaacgact ccgecacgctc 5340
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290295300 Lys Ala Asp Gly Thr Leu His Ala Glu Ala Glu lle Asp Asp Ala
Ala 305310315320 Pro Trp ser Ala Glu Arg Pro Asp Leu Tyr Glu Leu ser
val Thr Leu 325330335 Leu Asp Ala Asp Gly Lys Val Leu Glu Thr Ala Arg
Thr Arg lle Gly 340345350 Phe Arg His Val Ala lle Glu Asp Gly lle Leu Lys
Leu Asn Gly Lys 355360365 Arg Leu Val Phe Arg Gly val Asn Arg His Glu

Phe Asp Cys Arg Arg 37035B805G IV 1% MaS G M
cocagRaeh A e TREIL 0 A ecH Al et
cgcatArgaEhaQersNscTyr RERISAGH W% 430 13 SE ARG TR T &SR Le P ES

gcgcaéé&Qlu%l?xga@beg%Iy&&eu&egas@gaaaga%a@g@wmwmmuﬁ|u K0
His Gly Ser Trp Asn Ser Pro G»'éé Asp lle 435449445

tgacaccgty ctctgcgaca coccggoeoey ccgcgact tccttgadcg taggccatgac 5580
atcctcccog caaactttag taaagggttt tactacagca taacccggga adacggggrt 5640
agcggcattyg gcggcgtgga agtttaccca tgactggtag actgcacatg. tcceggceaat 5700
aggggcaatg catagggggg tggegggcat gtgcagcaac attcccgtca ccttacgaty 5760
cttatagcgt gtcaggtaaa agaattatga ttctcaatcc acctrccgge cgcgectgea 5820
gactcaaatg gccatgatge atagcgacaa tctctcgeac tatggataaa cccaatccgt 5880
gatgaggtga tgcagatccc acatgcgtat ttatcctatt atectcccct ctgttaaaag 5940
gtgacaggaa atcatctatc ctcgtatcgy aaagatccat gccggtattg gatatgtcta 6000
tcgcaatgea ggactcgect tegtattgec tgtcgttgge taagtttatc catacatgtg 6060
gttgagccge acgattatgce tgaatggeat tcgtaataag gtttgcaatc atctgtctaa 6120
ttagcagacc atcggctagg atatatgcat tctccagatt ggtatgtact tgaactctat 6180
ctccgataag ttccatattt tcctgaagaa cattgcgaat gatctcaget acattaactc 6240
ggctaagatc agctcggttt aattgctgaa ctttcgacaa ttcgagcaga tgattgacga 6300
tttcaacccc agcatgattt gaagccaaag ccttttcgac gaaaggtctg caacgctcat 6360
cgaaaagctg gttgtgcagce ggaatctcca atgcggccga agtggccgca agtggatttt 6420
ttaactcatg tgacgcatcg gcgataaatt ccttttcccg actgattged ctgttgagat 6480
cctttaacat gaggttgtat gcggatgcaa tagtgtacgc ctcgtcgtrt tcatatggaa 6540
taacgatagg ttgcctttcc aatccagegt cggacgcegat aatctgagag gccacactat 6600
tgattcttcg ttgtgtccta gtggcgataa tccaagttat tcctccagat aatatgccga 6660
aaacaatgat gggggctatyg cttaccgcca atatcagatc ccgggatttt atgtctectt 6720
gttccatagt tagcgttaaa gcatccttac cggagtcata cccggcagaa acgtaatcct 6780
taccggagtc aggaggaatg gcttgcgaat tcaaactatg ttottcatcg gcatctictg 6840
cctgagtaaa agatttattt acggtcactg tttccagttg ccggttcacg acataatatg 6900
tcatggcggt caccactccg gtaagcatga agaacacgat gacgatcgtg gtgaccaatc 6960
ttcttcttgt agaccactga aacggtaaac gcagtttcgg atggctggaa tggctcccat 7020
tcgacgaagg atattcagge tttttcatga tatgcgatat ccttgtccgg gaacggtitc 7080
aatgaaatca gtgattccga ttttcgtgcd aatcgcatag attgtggtct tgacgattcc 7140
tctcgtatga gcgtgatcat cctgccaaat ctcacgatat agacattccg cactaatcac 7200
cgcacctcge goctcaatca gegtcctcaa tacggcaagt tctcgtticc caaactttag 7260
ttctgecaccg cgaaccgtga t 7281

<210> 2
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Pro Val Gly Thr Ser Val Pro Gly Asp Asp Glu Ala Trp Leu Gly Ala

450455460 Cys lle Asp Arg Leu Asp Ser Met lle Leu Arg Asp Arg Asn His

Pro 465470475480 Ser Val Leu Val Trp Ser Leu Gly Asn Glu Ser Tyr Ala

Gly Glu Val 485490495 Sequence Listing_ST25 500505510 Val His Tyr

Glu GIy Val Asn Trp Asn His Ala Tyr Asp Gly lle ser 515520525 Asp Phe
o1 Arg Met Tyr Ala LySETeeRTE Gl Ti0&HTASp Trp 530535540 Leu
<211élu|: 'fly Asp Glu Arg Gly Glu Ala Ser Lys Pro Phe Val Ser
<21354555088BEEe Gy B TH™Vet His Ala Met Gly Asn Ser Cys Gly Gly Leu

ser Glu 565570575 Phe lle Asp Leu Glu Arg Tyr Glu Arg Tyr Ser Gly Gly
<220Phe rPhe Trp 580585590

<221>

<222> (1). (1052)

<400> 2

Met Asn Thr Thr Asp Asp GIn Arg Lys Asn Gly Asp Pro Ile val ser
1 5 10 15

Pro ser Ile ;ro Thr Thr Ala Trp Egu Ala Asp Pro Arg ggl Tyr Ala
0

val His Agg Leu Asp Ala His zgr Asp His Ala Cys Igp Ser Arg Ser
3

Pro ga1 Asp Gly Glu Sser ggr Ash Leu Arg Gln ESP Leu Asp Gly Glu
0

Trp Arg val arg val Glu Thr Ala Pro Thr Gly Arg Phe Pro Asp Gly
65 70 75 80

Thr ser Asp Gly ggo Asp Trp Ile ser Sgp val Ser Pro Leu gge Ala

Ala Pro Gly Phe Asp Asp Ser Ser Phe Ser Arg val Gln val Pro Ser
100 105 110

His Leu Glu Thr Ala Gly Leu Leu Ala Pro Gln Tyr val Asn val G1n
115 120 125

Tyr Pro Trp Asp Gly His Glu Asp Pro Lys Ala Pro Ala Ile Pro Glu
130 135 140

His Gly His val Ala val Tyr Arg Arg Glu Phe Asp Ala Asp Gly Glu
145 150 155 160

val Ala 61n ala val Arg 6Tu Gly Arg Pro val Thr teu Thr Phe Gin
165 170 175

Gly Ala Ala Thr Ala Ile Tyr val Trp Leu Asn Gly Ser Phe val Gly
180 185 190

Tyr Ala Glu Asp Ser Phe Thr Pro Ser Glu Phe Asp val Thr Asp Ala
195 200 205

ITe Lys val Asp Gly Asn val Leu Ala val val Cys Tyr Glu Tyr Ser
210 215 220

Ser Ala Ser Trp Leu GIu Asp GIln Asp Phe Trp Arg Leu His Gly Leu
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Asp Tyr lle Gly GIn Gly Leu val Gin Arg Leu Pro Asp Gly ser Glu
595600605 Arg Leu ser Val Gly Gly Glu Trp Gly Asp Arg Pro Thr Asp Tyr
Glu 610615620 Phe Glu Gly Asn Gly lle Val Phe Ala Asp Arg Thr Pro Ser
Pro Lys 625630635640 Ala Gin Glu Val Lys Gin Leu Tyr ser Pro Val Lys
Leu Ala Pro Asp 645650655 Gly His Gly Val Thr lle Glu Asn Arg Asn Leu
5,5 Phe Ala Gly Thr Asp 66066586 FEa/as-Fié*Ala Ala Arg Leu Leu Glu
Asp Gly His Glu ITé Trp 675680685 His Ala Asp Tyr Arg Phe Asp Val Ala

Ala Gly As r GIn His Hi 63 93) 6A Ige Rro Asp lle Asp
Phe ﬂ%i}f EIP it Arg G T AL ,@ﬁ?l h]rPTylz al Asp Leu
Leu Leu Ala Glu Ala Thr Ala Trp Ala Pro 725730735 Ala GIy Tyr Glu Leu

Leu i@ Fhe 2l 18 key THY @iy TRuLLIAAs BEr Arg 6Ty ser Leu
260 265 270

Ser Leu Asp val Leu Tle Asp G1y Ala Ala Asn Ala égg Thr val Asp
275

Phe Ala Leu Trp Asp Lys Asn Gly Thr Ile val Trp His Thr Ala Thr
290 295 300

Lys Ala Asp Gly Thr Leu His Ala Glu Ala Glu Tle Asp Asp Ala Ala
305 310 315 320

Pro Trp Ser Ala Glu Arg Pro Asp Leu Tyr Glu teu ser val Thr Leu
325 330 335

Leu Asp Ala Asp Gly Lys val Leu Glu Thr Ala Arg Thr Arg Ile Giy
340 345 350

Phe Arg His val ATa Ile Glu Asp Gly Ile Leu Lys Leu Asn Gly Lys
355 360 365

Arg Leu val Phe Arg Gly val Asn Arg His Glu Phe Asp Cys Arg Arg
370 375 380

Gly Arg Ala Ile Thr Glu Glu Asp Met Leu Trp Asp Ile Arg Phe Met
385 390 395 400

Lys Arg His Asn Ile Asn Ala val Arg Thr Ser His Tyr Pro Asn Gln
405 410 415

Ser Arg Trp Tyr Glu Leu Cys Asp Glu Tyr Gly Ile Tyr Leu Ile Asp
9 7P 4%0 Y 425 430

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

Pro val Gly Thr Ser val pro Gly Asp Asp Glu Ala Trp Leu Gly Ala
450 455 460

Cys Ile Asp Arg Leu Asp Ser Met Ile Leu Arg Asp Arg Asn His Pro
4%5 P 470 475 480

ser val Leu val Trp Ser Leu Gly Asn Glu Ser Tyr Ala Gly Glu val
. 485 490 495

Leu Lys Ala Met Ser Ala His Ala His Arg Leu Asp Pro Gly Arg Pro
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740745750 Glu GIn Asp lle Thr Glu Thr Ser His Asp Asp Asp Gly Arg Ala
Thr 755760765 Sequence Listing_ST25 770775780 lle Leu Leu ser Arg
Thr Gin Gly Gly lle Val ser Trp Lys Arg Asp 785790795800 Asp Arg Glu
Met Val lle Arg Arg Pro Glu Leu Val Thr Phe Arg Pro 805810815 Leu Thr
Asp Asn Asp Arg Gly Asn His Ser Gly Phe Asp Arg Ala Ala 820825830
Trp Phe Alg Ala Gly Arg TyrABSHREY &‘fﬁ}f@wﬁ?g 5 lle His 835840845
GIu Ser Asp Asp Gly Leu val Ala Glu Tyr GIn Tyr Glu Leu Ala Asp

val 380, PIe ASR His, Thr Pra Val: seny grhAZJé/yr'Téﬁ Mal fsn Ser Asp

et 5870875%/880 Arg M&20Gin Leu Thr Val Glel 0 Gly Asn Ala Thr
Asp Met Ala
Asp Phe Glu ser Arg Met Tyr Ala Lys Pro Ala Glu Ile GIn Asp Trp
530 535 540

Leu Glu His Gly Asp Glu Arg Gly Glu Ala Ser Lys Pro phe val ser
545 550 555 560

Cys Glu Tyr Met His Ala Met Gly Asn Ser Cys Gly Gly Leu Ser Glu
565 570 575

phe Ile Asp Leu Glu Arg Tyr Glu Arg Tyr Ser Gly Gly Phe Phe Trp
580 585 590

Asp Tyr Ile Gly GIn Gly Leu val GIn Arg Leu Pro Asp Gly Ser Glu
595 600 605

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

Phe Glu Gly Asn Gly Ile val Phe Ala Asp Arg Thr Pro Ser Pro Lys
625 630 635 640

Ala GIn Glu val Lys GIn Leu Tyr Ser Pro val Lys Leu Ala Pro Asp
645 650 655

Gly His 61y val Thr Ile Glu Asn Arg Asn Leu Phe Ala Gly Thr Asp
660 665 670

Gly Tyr val phe Ala Ala Arg Leu Leu Glu Asp Gly His Glu ITe Trp
675 680 685

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

Asp Ile Ala Phe Pro Asp Ile Asp Ala Asp Gly Asp Thr Arg Glu val
705 710 715 720

Thr Tyr Glu val Asp Leu Leu Leu Ala Glu Ala Thr Ala Trp Ala Pro
725 730 735

Ala Gly Tyr Glu Leu Ala pPhe Gly Gln Leu Thr Gly Thr Leu Asn Pro
740 745 750

Glu GIn Asp Ile Thr Glu Thr Ser His Asp Asp Asp Gly Arg Ala Thr
755 760 765

Arg Thr Leu Ser Arg Trp Asn Ala Gly Ile Arg Arg Asp Asp Glu Glu
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885890895 ser Leu Pro Ala Phe Gly lle Glu Trp Glu Leu Pro Gly Glu Tyr
Asp 900905910 Arg Leu Arg Tyr Tyr Gly Pro Gly Pro Glu Glu Thr Tyr Arg
Asp Arg 915920925 Lys Gin Gly Gly Lys Leu Gly lle Trp Asp Ala Thr Ala
Lys Ala ser 930935940 Met Ala Pro Tyr Leu Met Val Gin Glu Thr Gly Ser
His Asx Asp Val 945950955960 Arg Trp Leu Glu Ala Thr Asp lle Gin Gly
2% Gly Leu Arg val Thy, 965570575 GH AYISIHTAZp Arg His Phe Thr Ala
er Leu Leu Pro Trp Asn Thr 980985990 Tyr Thr lle Glu Ala Ala Arg Arg
His Glu Asp Leu Pro Lys P 1000 005 His Asn Tyr Leu Arg Leu
11 L5 AL AR QIIVLCHIVAI G 61 Toih 021120 Ao Aarssar Trp Gy
Ala Pro val His Thr Ala Tyr GIn Leu Pro
Asp Arg Glu Met val Ile Arg Arg Pro Glu Leu val Thr Phe Arg Pro
805 810 815

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

Trp Phe Ala Ala Gly Arg Tyr Ala Ile val Thr Glu Thr Lys Ile His
835 . 340 845

Glu Ser Asp Asp Gly Leu val Ala Glu Tyr GIn Tyr Glu Leu Ala Asp
850 855 860

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

Arg Met GIn Leu Thr val Glu Tyr Pro Gly Asn Ala Thr Asp Met Ala
885 890 895

Ser Leu Pro Ala Phe Gly Ile G1u Trp Glu Leu Pro Gly Glu Tyr Asp
200 905 910

Arg Leu Arg Tyr Tyr Gly Pro Gly Pro Glu Glu Thr Tyr Arg Asp Arg
915 g20 925

Lys GIn Gly Gly Lys Leu Gly Ile Trp Asp Ala Thr Ala Lys Ala ser
930 935 940

Met Ala Pro Tyr Leu Met val GIn GTu Thr Gly Ser His Asx Asp val
945 950 955 960

Arg Trp Leu Glu Ala Thr Asp Ile GIn Gly His Gly Leu Arg val Thr
265 970 975

GIn Arg Gly Asp Arg His Phe Thr Ala Ser Leu Leu Pro Trp Asn Thr
980 985 990

Tyr Thr Ile Glu Ala Ala Arg Arg His Glu Asp Leu Pro Lys Pro Arg
995 1000 1005

His Asn Tyr Leu Arg Leu Leu Ala Ala Gin Met Gly val Gly Gly
1010 1015 1020

Asp Asp Ser Trp Gly Ala Pro val His Thr Ala Tyr_ Gln Leu Pro
1025 1030 1035

Ala Gly Arg Pro Leu Thr Leu Asp val Asn Leu Glu Leu Ile
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102510301035 Ala Gly Arg Pro Leu Thr Leu Asp Val Asn Leu Glu Leu lle
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