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BETA-GALACTOSIDASE WITH TRANSGALACTOSYLATING ACTIVITY
The present invention relates to a new f3-galactosidase with
transgalactosylating activity capable of converting lactose to a mixture of
galactooligosaccharides. In particular 5 it relates to a -galactosidase

isolated from a recently discovered strain of Bifidobacterium bffidum.

The invention pFarticalertyroelares (01D AR oEIIOFs €NcOTNGy At Vaxtated
new P - galactosidase enzyme, to the enzyme encoded by such a DNA
sequence and to a host cell 10 comprising the DNA sequence or

containing a recombinant vector incorporating the DNA sequence. The
invention also relates to the use of the enzyme encoded by a DNA
sequenc@hepsthbilestionltdatdmitew Biklasosidescceit treusgalbitenyiating
Veﬁ@%ﬁp QQHQ)?&fﬂ@éﬁﬂ%'ﬁ@t%@@?@Q'ﬂﬂﬁﬁn@'gﬁéﬁﬂg&%ﬁﬁﬁc@%@gym particular

colonise the lower intestinal tract, an environment which is poor in mono
arftiTaleiss ihaRaealasineidasdroliiphion e tsrsnetiisanyesheainet By dabacterium
hasgfansl. microbes present in the upper intestinal tract. In order to survive

in the lower intestinal tract bifidobacteria produce various kinds of exo-

and endoglycosidases in surface bound and/or extracellular forms, by

which théhecamentivseaiiarkelx selatisrd lANS s@@uenceBesidémbiidrolasted new f -
a@é\(&%ﬁﬁ&@@&ﬁ%%ﬁ@%&}lﬂ@ SRHRPURN IBRAIYARR ACIMo Bt cel

transglycosylation activity of glycosidases i5 extenswely used for th
eﬁ?ﬁﬁl&fﬂ@%ﬁﬁ@é‘é&%ﬁw‘fe@g B hERABDIIR Vs ek BGHEoEing BistDNA

asdafiiciRbaqtes i ehavhapiOraatiR g AL aEs of the eriytkRA¥IINBY a DNA sequence,
mem ) of |f| obacterla ce P-galactosidase enzymes that a

R I LA MR SO R 1 SRR e 18 OB &
ng]agfmlmaodlahd@.OOl), 62, (5), 2276-2283 describe the isolation and
characterisation of three pgalactosidase genes from a strain of

Bifidobacteriurn bifidum. They found that all three P- 30 galactosidases

were abRHdbIcirrs sty halosiichsdnarirtatinaldatio g Gesienagpaghich is

2 pupinianaeaacid aidaiianides Bt ontik kel incpasheyMaie Ras8ad®y, the host

201 990), 115- 12 d scrlbedt efor atl nofb ta-linked ) )
ofmo(s%cc %e?ﬁ es Sé’af %Ssly atlon?reac |§n ctiﬁﬁ‘ﬁrg‘f 150 og@eéo wer intestinal

hy@mmﬁ@mwaﬁmﬁmmmmﬂbwam%@ngslmmswfartadaound

SMB e R BRMPS Ob PISRS AR A SRIRECAVGSE Shoysd daat the
linkages were 0-0-33), 13 (1-6) and (3-(1->4)-D-galactosyl linkages.

Dumortier suggested that compounds produced by Bifidobacterium
bifidum Begidey ahdlitet Bariaily exene engfnactesin bifidiatgisiest itisferase

activity. This transglycosylation activity of glycosidases is extensively used for the
enzymatic synthesis of various oligosaccharides, which have proven to act as bifidobacteria

growth promoting factors.

It is known that members of bifidobacteria produce B-galactosidase enzymes that
are involved in the bacterial metabolism of lactose. Mgller, 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 B-

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




10WO 01/90317 describes a new f3-galactosidase from Bifidobacterium
bifidium, in particular a truncated version of the enzyme that has a high
transgalactosylating activity. A strain of Bifidobacterium bifidurn has
been found that is capable of producing a galactosidase enzyme activity
that converts lactose to a novel mixture of,15 galactooligosaccharides
which unexpectedly contains up to 35% o?dlsacchandes including
galabiose (Gal (a 1-6) - Gal). This disaccharide is known (see Paton, 3 C
angyRaiaizaRels{dRRR), din. Microbiol. Revs., 11,450-479; Carlsson, K A
(1989), Ann. Reviews Biochem., 58, 309-350) to be an antiadhesive
capable of preventing the adhesion of toxins, eg Shiga toxin and
pathogeBusumticastal toliatbdhwime|Refdhelq u@1990)]'m1$51maimeafrﬁed the

bifidum wan;ig d der aceession nu ber i 41171
Naktgona?éloci ctlo?iu% dustral c ?R}?g?’lﬁ dfia, ADerC Ié)élﬁe ‘éring lactose

5 Mé@b@h@xmmthﬁa?dgm@@mévﬁdnmmmm Z‘hqzaasb's@af masumure of the

10

15

20

25

30

begnfeiand dnghihiemiiain plddRiiduRIAHNCES BRVEFA dore B-(1—3), B-(1—6) and

galactosidases, including a novel ll-galactosidase . This enzyme produces

a AimBd-oHertrstorr AiRfeest cRamaictagrsird Thafnasapounds ppdsist Ry

to Byklubeertaimtbifiduin peovicidcea i Bhe sthatenoecefvhitérienc dusiargeIBtestine.

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

hybridises under 3 stringent conditions to the DNA sequence which

encodes%%f@@éw deseribes A sy BegadecissginenfionS Bidd ByNeiubhobifivbym, in

t

N s AR oy pting gy

50% homologous to SEQ ID NO: 1, preferably from 50 to 98%

homologeugainesBetRRlY 10 Biitaionioléch amalogrts aplcpE¥dtucing a

se% ence may com |ste []B'EL eotide sub titutions, ad@mns or deletions

Vo8 I%?s? El Fgfg%glffégg REPY KBS Breferably

IesdaMnI%Q@QEauﬁang@nh thesgetiedlpcitheagugnios3 shovidisaSh@déPincluding

%1&9&@ Uit IR SRR LA 7€ 8 Paton, A W
Acco 0

ubstitutio ( |ng t a secona aspect e Invention there |

Rased L. 450- é@kﬂﬁré‘@qaéﬁe% @g&?éfmm

SBE&WW@@@% &9 BsaAgHRR e pelleler Wtﬂévﬁﬂéﬂon of toxins,

C% ID NO; 2 or a fragment thereof.
higa toxin and pathogens such as E. coli, to the wall of the gut.

This strain of B bifidum was deposited under accession number NCIMB 41171 at
the National Collection of Industrial & Marine Bacteria, Aberdeen, UK on 31 March 2003.
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 -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




According to a third aspect of the invention there is provided a
recombinant vector, preferably an expression vector, comprising a DNA
sequence as defined above. Such a vector may be incorporated into a
host cell such as a bacterial, yeast or fimgal cell. 20 Alternatively, the DNA
sequence may be incorporated into such aghost cell. A suitable host cell
may be selected from the group comprising Bifidobacterium, Lactococcus,
Lactobacillus, Bacillus for example Bacillus subtilus or Bacillus circulans,

Escindtiginiecemtitdap e gidsNer syasmplevhrneigitis mgasrotik!STig DNA sequence
lactgse as.a S he enzyme encoded by the DNA sequence as
e B S R o S e s e ereot
disaccharides, such as Gal (1313) Glc, Gal ((31-3) Gal, Gal ((31-6) Gal
and Gal (ahePnas) Wspnehandes %%&%&%@%Qﬂﬁ%ﬁ&%&%@& S@hich i
((316% Gal (13 1-4) RO (0 1-3) Gal ((31-4) Glc and Gal 1°-6§’i(’3“é Is at least
5((33%5 komelpgonsip SEQSH NprotreeferahpéamistiaPf%rhomelggans most
comppigtinplpfidairy o dswtaditsepaple 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,
fermente §uthin/IE¥ddsasredndzaveyagewdechuak dtide julositinfans, fddit&ns or deletions

ce ISCHi ionern 0 ' g
A e

10 pe e AHICARIL SIS NGB SRR s Dbislepide subsiisations may

theaadlantageeplatnb aneidgéiesghaviiiaishealth-promoting
Bifidobacterium in the product or in the intestinal flora of the consumer

after intake of the product or both. 10Alternatively, the oligosaccharides so
producedisvayding tsededomthas prepditht dnvedtiontbelic anpentidat exarapie encoded

" ERIT0K CRUE: 'l MARAIRNR1GNE BURERIOROLB rgg’s%%;%@m acid

toxins produced b §ﬁegho ens to the gut wall. The medicament may be
15 o divfHres eves AP fiPex sl @ ourse of antibiotic
treatment, which often alters or even destroys the normal healthy gut flora.

15 Ac gcrdig’%t%yaetth?ryther aga;act of the irg/ention there.is provided a

process for prodcng an e asvi S Aa By AL KSR S AR 4R g uabmant vector, -

c@!@_fﬁﬁ@hf Iﬂbm@sﬁ%ﬁm@m@m@% a Bditabtquenitars debidadmboneleSuch a
CoRgifions LTI ERI GOk e SRAVIDE @é&?efﬁi%%‘ﬂ%r ﬁ]ﬁgal cell.
e

resulting enzyme or enzyme products from the culture.

20 ingeistrative e Acaq e p raRe Be iRfomreraind i isachhadapb il A suitable host
gakittngliveselectditas i gl GOromIise S BHRIGHNG HEnE T736106088us,
dsfiegahave wilhaladae: coniaining may
IeaEclJc 0 teh

S ﬁ{ligl)u]gggé conditions tEa - hia and
e formation of thé gafactootigosaccnaride mi i §irglans, Escherichia an

Aspergillus for example Aspergillus niger.

25 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 (B 1-3) Gal (B 1-4) Glc and Gal (B
1-6) Gal (B 1-6) Gal (B 1-4) Glc
30
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. Sucha
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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 defmed as whole
milk that has been skimmed to remove thedairy fat, which is 30
subsequently replaced by the addition of vegetable fat or oil. Brief
Description of the Drawings 5  Figure 1 shows the nucleotide

seqietiee Bk JEkebiex ﬂc)z@fuﬁifg'elmpafdﬂmtﬁgbiﬁ elaiey ﬁrgﬂla@t@sic@@ﬁ@fe liquid

th U d se ce
NaPOf L pnmeleE G R e R R fled milk
a glPaWﬁeShMﬁ@ﬂ@ﬁm@d@mwmmwmg@mmmmﬁemmmd

syrzm pH ; é?m@gﬁmﬁ%@ﬂ&ég%% (yuan); %%tc?ssge%g%l eefﬁ%ua%s

buffer as substrate; and Figure 4 shows a hig rformance

RfesarnEABe ake e BrepP Bt @mthé@ga@@hm@@hfﬁmmoum feeds or
Synﬁh%?/@@ B)ﬂiéhﬁ)gd@@m@ﬁﬁasﬁlg &c%wﬁ F&cl&bh%@%%kﬂﬁ%gslm such
usin 0, (W. ctose in os hate as su
(PO 08 4 AT ol SRR [t o0 h ey B SRR DBRo A Bipcterium
= da@repl‘otﬂlpm Iylmtlﬁaﬂnﬂm)lr@dimm tb\vdnsascsafietddtéi@fttie product or both.
Bifidobacterium bifidutn strain (NCIMB 41171) using the method of

Lawson et al. (1989) Ferns Microbiol Letters, 65, (1-2), 41-45. 15 The
DNA wadifgesivalivithereligasanshasidoy seguodvaer s bawsedngiepreparation of a

mmmwm&zq&fmaﬁﬂﬂepnml&wdw%ﬁs?&%&e@%ymsw@ﬁ&?@ﬂ

ted with he same reeSAe ction.enzymes. E. co ﬁells were transformed

°\g§n§or OIS RTQGUR Y Shriheg §?|H§ 8PP el medicamen may be
KM@W@t@ﬂHM&ﬁ@smpl@fnb@@mhMémﬁmﬂm&brﬁdlrmmt which

Clonsrial? calasianitss, sl el Selsigd on Luria Berani agar

plates 20 containing p-nitrophenyl
(5-bromo-4-chloro-3-indolyl-p-D-galactoside) and

|5ﬁpr0pyhﬁc&l'dgiﬁgﬁﬁ@@ﬁiﬁﬁeﬂ E’iﬁ@c} Ofl %tiﬁfbﬂﬁ&léfﬁ%% tﬁfv‘i’?&léd a process for
chromosoma thirte alactosidase positive

o O WHRH Y e % ﬁ%’:ﬁfove ‘ﬁ’l\fﬁ ‘géﬁ?}ésﬁélﬁ g h?éﬁgg fpkined
fragoverin @vaddmﬂ&urmddumngm clioditinysoheainitinperptéssionefithelenzyme
Ofaﬁéi%g(/é%ﬁ%l gsuﬁ%@%ﬁ%@ﬂ?éﬂ@ﬁﬁr Bfducts from the culture.

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



25 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 30
(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 encoding a putative J3-galactosidase
was identiigde Thadva bietioed6:E8 QugndncE (SWE. I SER 1V 3MNGdddacterium
Th%. rese It ir11vetnti3n WiIH%e further described by way of reference to the
folldk n%‘g’]" §>a<§r(f18 é.aé?(gmp el M3tefals and Methods 10All chemicals
and mediBigresp2shoon thesadib roidgrquerttd S SEQINNIR: Bbtaimespdnding to the
Si%@l&%ﬁé%@ﬁgﬁx@e (g@‘f,i;éggep (Paisley, UK), Oxoid (Basingstoke, UK),

Qiagen (West Sussex, UK) and Promega (Southampton, UK). Bacterial

5 Strains  155HE BifidshaRSHOMNS for s sawseneantien dyning gajaeooligosaccharide
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Maifigieachath GEaReRis e tsdnodh chota ki es otV hospdhlatritter at pH 6.0
experiments, the strain was revived on Wilkinson Chalgren (WC) agar

(Ox%f(ﬂl, R Hf WY medium (trypticase phytone yeast extract medium)

and grommérdbiwawglﬁfmﬁmhm aunnpositog SYomath @86 of the
reSRRANAN AL A ObIT N RHIE LA e BYRNARIU AN, bifidum

absence of 20 contamination were tested by gram staining. E. coll strains
g@y@a@le&hﬁﬁg&ﬁ Bt e Gfhae substrate

UndEc 2afRbHE «; Tl i atastb o] CA6- 1A6R B 2y tan6] EBh R RIHRIsBI = degree of

(Sarﬁlbrookakl}f)z?}nd Russell W. D. 25 (2001). Molecular Cloning: A

La%%?’é’%%lflys/ dHual. Cold Spring Harbor Laboratory Press, New York) and

when ne€essarig WA suapisiatst fomiitie Bifibibtiosr{iaCnfint smpiCNAMB

3”&1{??1558%‘2&89{9&?688?%9{9% 3G 19586 R RciBlor PhiRE2895(1-2), 41-45. -

(isopropyl Dthiogalaztoside) IPTG which were applied on the surface
ofggﬁlﬁﬁa‘w gigritshyith srstection enzymes 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 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 B-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



7 galactosidase positive strain and was used in expression experiments

and for other genetic manipulations. Genomic DNA Extraction from
Bifidobacterium bifidurn 5Genomic DNA was isolated from the
Bifidobacterium bificlum strain (NCIMB 41171) using the following method

in which chromosomal DNA was preparedgrom cell pellet harvested from

100 ml of WC anaerobe broth. The cells were resuspended in 10 ml TES
buffer (10 m_M Tris-HC1, 10 mM EDTA, 10 mM NaC1, 018) and treated
witrndO@ii hiitaery ARSI MBsMIBH: ThY §agiMRAQ a8 lin Figure 2

mu;ggﬁl‘xﬁéﬂ\%a /m1) for 30 10 minutes at 37C. The cells were then
tre | of proteinase K (at 20 mg/m1) and 200 pl of RNase

(both 10 mg/m1) and incubated for one hour at 65C. Finally the cells were
treated wi 10% < i nut . 12,ml .
of phenoIﬁ%%%ﬁ%n&%v%t?gﬁ%ﬁ%g%%g%éﬁmg (?f[r)ge}g%& ?J%)tziﬁht%feouowmg
S watErBPli§se could easily be separated from the interphase. The genomic
DNA was precipitated with 15 isopropanol and resuspended in 10 mM
Trig-HCi- i mM EDTA (018). The genomic DNA was then digested with
re zymes, ligated into pSP72 digested with the same enzymes
and treated with alkaline phasphatase. Digestion of B. bifidum genomic

D%{ggﬁ@g{ﬂ@@t%ﬁsing EcoRl, Pstl, BamM, Sinai and Kpnl. Ligation

mixtures were used to transform E. coil DH5a and 13-galactosidase

10 positive eidrbsiients pnsmndis ApAian seid Heavshoxt this sadiainmgbtained

platem Mg@@(@ﬁ&ﬁlﬁ%@f@i%gm (PhRRy QgL Q?l%glf@'aﬂﬁ@éﬂﬁémﬁ(), Qiagen
is study was the pSP72 (Promega, UK) (Krieg,

expression thr out th
o RVESh PR 19 and keosmses (RawbasRirts (fitbesis with SP6 25 RNA
polymerase. Methods in Enzymology. 155: 397-415). This vector was
chgsen.dye e ibe lack of complementing activity of the a-fragment of 13-
galactosidase which'is not encoded in pSP72. This vector does not carry

15 the shortldedtifistopasie v bisidpretainiOed iR 4EhUhvas meigtainedon sayogenic
thﬁeﬁegiﬂmﬁmﬁ&i%é%ﬁhﬁﬁ@tﬁﬂ_ﬁ@_@%ﬁﬁa@&@%&%ﬁa@?@g@é\iﬂ%ﬁ% .
which in combination with E. coil strains (ie DH5a) which express the
cal DR rhALErER Y Gt EORg did R e LB Yo gioig: &ivRtisaes phytone yeast -
lloadastosiddisemfambmplenaanialiia)ly GOy estoNNR:mgigastad 0% i e0%

following restrictj z s: Psd, BatpnHI, 5 Hindlll, Sinal, Kim' and
3 R e e e R D e R e
20 eroptamioyiorDibAe (esizdrbe gmitsstdingieDNA equal to ten units of enzyme
per one ggr of plasmid DNA or ten enzyme units per 0.5 pmol of plasmid
DNA). After enzyme heat inactivation (20 min at 65C) the restriction
patterns were analysed by horizontal gel electrophoresis analysis. The
SECEN single fragment in the gel indicated the

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.
25 (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 40ul of 2% X-B-Gal, 7ul of 20% (isopropyl-p-D-
thiogalactoside) IPTG which were applied on the surface of a pre-made 90mm agar plate.

30 E. coli DHS5a strain (Invitrogen, Paisley, UK) (genotype: F~ ¢80/acZAM A(lacZY A-
argF)U169 recAl endA1 hsdR17(r", my) phoA supEd4 thi-1 gyrA96 relA1)) is an a-



5

10 complete vector digestion and the single restriction digestion of it.

The sufficient digestion of the vector was tested also by transforming

unligated molecules into competent E. coil DH5a cells. The number of

formed colonies on LB agar plates supplemented with ampicillin

(100pgr/m1) was an indicator of the undigested 15 molecules and the
expected background during the subsequent experiments.' The vectors

were further dephosphorylated with calf intestinal alkaline phosphatase,
ClARlfPssidaee poSidvibanmpiad, ddkKhrddarsing stothexpraimiiastlig for other genetic
instrucIiop%(j'lr;g]e efficiency of the treatment was tested by ligation (with
Ba?:jterlgpﬁage ‘T4 DNA ligase 20 according to manufacturer instructions)
following transformation into DH5a cells. The number of formed colonies
showed the number of recircularised molecules (nhon cloned vector) and a
sulsgackonDI B.abevenfiti Brireedeaopigsmithout CIAP vector
treatment showed the number of non dephosphorylated vectors. 25
GenomicTSRARISHTAK) bHssatsibom (e BHGATEN A iamR (NCIMB
dighstEY Wity She EEEIgMetBHINEHAIAl I0600RisRITDNLCRIY PRPHFEN o cell

h = leotid ithi k tic. DNA. EcoRI, BamHlI, Pstl, .

oLl e ROk IO Rer B erf et ey in 10 mi
redighirziifey (10 ©2q(TisedE15 O/ AMIRIDTA, 3 GIOANGT, BHERHG ot Svith 200 ul
5'%@%% Imam R EEES '(4’?!E‘,Oi;%@ﬁﬁé%ﬁ/{mﬁﬁﬁﬂxw%af‘%g@%fﬁm 30

double-sfrand breaks within these sequences generating 5' overhan

10 fomnrietetbiides; ARTelisnye hemteptedvitEdud ofprieinasedihdd me/m) and
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respemiwellyNam(&mvmh@mf aﬁ:@ﬁ&h&feﬁ@of‘ﬁn@ﬁ&lﬁﬁ(ﬁ»@ml Finally the cells
respectively.and bjunt ma).. All these enzymes e active
R e ol 0% o B el PSRRI REON LS, Pl o
ioperfiebloiofesnyerzethdded Bndahe reitactidactios. répesteit tiotil Elig estiarpldse could
DAty be seflaRI G0 HIGRRIBRSOT e SERAMIHRNA, il gvith.

incubated for 2 hours at 37C and finally heat inactivated at 65C for 2

mifRRERagpard seshsnendrt indh @ b ErsuH@ atlradERAH &pal8)e Hivemamic
apmmpﬁa&gtﬁmﬁgefjteﬂl oAk 'uagtbul ftmrems&@ﬁil d@itd‘@?l:ﬁlwpgm I@@gw%d with the
mixing with a sea s.capillary. The solutions.then we into .
e e SRl e S SRR R Diee o L% 2k gsnomic
adiNevaizeetbrive diitgas dddiN & siaBawstiin Sved anidhKiprdt dfi fattiorDihjAtures were

SIRREFdRARFAMeg 0l SR AMPEO adtosidase 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 p-galactosidase which in combination with E. coli strains (ie DH5a)




Molecular Cloning: A Laboratory Manual (2002)). 15 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'g manual. 20 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
||gammhampmnmeaﬁmmf@wmr@f&nﬂmgtgﬂmaﬁcﬁw&eg%@un active -
mmg uge fyibes as shown |? lable 1. 10 Table 1: Ligation mixtures. Tube
ows the number |gaf1 d vector DNA which must be subtracted
form the total number of transformants after transformation. Tube B shows

the ligatiopyafyigoYrioaWikHERNA fmw&g%&ﬁ@i %4{351%& QV%A ﬁamm

control in order the trans ormation efficiency to be calc

Seadh ’ﬁﬂgfl SN feRhiecrdingiatsarraraceresi i@thimmg a tenfold
meéixaeyy mme wﬂmDNIZh &dsannedled.grDNO Eae R eRR8RAT8 QR yA e per one
ﬁﬁ f% ? of ‘(FB&QK'&S rt DNA of 1. 1 wa ?osen(éor all I| ation reactions
feaction assembty %moﬁone aB ‘Q%}rt’f’éfﬁfﬁg?yme
To hegidepptizatips (Zompn@tt ﬁ@%@gbmmsmeﬁfer mﬂdrﬁs%vemlgrs&tsnyﬂﬂcéizontal gel
DNA-bagsRBiomenaisUit wrieAdded anddie deaion L‘%@gxﬁga%%@e

adjust to 10 | with molecu ar biology grade warte Tot
10%%%%%%‘?‘&?@?@%6’&%@%% éq?gbfﬁ%%‘ digentienwhi-adjusted to 10

p.1 with molecular blology grade water. DNA fragments were added to

the tUbetheﬁs cEeW't he g\rllag r.and t g n Warmed#ﬁ AtB,C for 5 minutes to
melt any cohesive t%rm%n at Wereevreec S 8 Brdnsiprgne ligated
DNgRlgrides filte domiBGisforel R BndindBreofunddigetfonrabgdoie eI EB agar

adgled AR i&%aéﬁé‘atk%ﬂ% & Y at
dﬁn‘lgroo l;and Russell, 20 @f}ﬂ“ﬁ@g&%&%e%%ﬁ%%n%ﬁ%mmgemd

SHiSS Brdihe sERestd BapkaRradidusiaibeo VR IR BRGNS

mixture which causes a reduction of the transformatlon efficiency) .
transfor were erforme cco d|n to Ha mstr 50ng
of Iigatercr}‘%gl& S ﬁ]l%ﬁrw % Bé@:ﬁlf%%osl’hatase<
ceﬂM@é@W@m,tﬁ@athmtmd@ mqgrémmtm ttmafaqtmdh insasistianceThe
gemecbR ¢ RISy Bke SRR YALANS SIEIRCE RlkBRIa

{ 3 f“% R e

ampicilljn (100pgr/m1) X-f3-Gal (40 of 2% X-13- Ga%z

20 o 3hERIdRE fo FRARTIEY BRIl #ﬁ%ﬁw@aﬂm@é&ﬂﬁ@ﬁ%ﬁe
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measbeeol Hired colonies showed the number of recircularised molecules (non cloned
vector) and a subtraction of the abeve with thé formed colonies without CIAP vector

treatment showed the number of non dephosphorylated vectors.

Genomic DNA Libra_ly Construction

Genomic DNA was partially digested with six restriction enzymes that recognise
frequently occurring hexa-nucleotide sequences within prokaryotic DNA. EcoRl, BamHI,
Pstl, Kpnl, Smal and HindlIlI 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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20

30 number of transformants commonly obtained from tube C was
2x105-1x106cfu/gg whereas from tube A was 500-600 cfu/pg. The
number of transfonatants in tube A was an indication 11 of the efficient
treatment of the vector DNA. The number of transformants in tube B was
in a range from 2-4x104efudig. Number ofgTransformants Ligation
mixtures with Pstl chromosomal DNA gave rise to 1313-galactosidase 5
positive clones out of-2500 screeened transformants whereas with BamHI

gaEr6iRE Ban! HIQSHIVERIaTesspet b0l Gnd raios aianan tAlC ETWRT A0 Yer 1587 and Kpnl

to 3 positive clo -4300 scr transfonnants), Kpnl gave rise to 7 positive
cloﬁeggef %ﬁﬁ)‘éaggﬁ’ i‘?gﬁtn%?gof’rgoér%réﬁaajPSmal gave rise to 3 positive clones
(-4600 scr. transfonnants) and Hindill gave rise to 2 positive clones (-1200

sct. transilHaSh b EOSHY SHRNBHHES] Qftaye DRA'UH I BEWINS of

different f3-galactosidase genes, the plasmids isolated from’the positive
clofi¥alspbreagngeidiadons cohans doms wesdhommbieapied sfastsies Enzymes
r Digestion pB1, pB2, pB3, pB4, pB5, pB6, pB7 BarnHI Digestion pH, pP2,

PR BfichioR T ion BFHNE'S: PP9- PP10. PP

All restriction digestions of the genomic DNA samples were incubated for 2 hours

at 37°C and finally heat inactivated at 65°C for 20 minutes. The reactions were then cooled
at room temperature and the appropriate amount of loading buffer was added, followed by
gentle mixing with a sealed glass capillary. The solutions then were loaded into wells of a
0.8% agarose gel (power supply 4-5volts/cm for 14-16 hours) and the size of the digested
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.
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Pstl' 3Digestion pP12, pP13, pP14 Pstl 4th Digestion pEl, pE2, pE3 EcoRl
51h Digestion pPI, pP12, pB1, pP2, 2E1, pE2, pE3 Pstl and EcoRlI 6th
Digestion pS1, pS2, pS3 &nal 7th Digestion pPI, pP12, pB1, pP2, pS1,
p52, p53 Pstl and Smal 8Digestion pK1, pK2, pK3, pK4, pK5, pK6, p1(7
Kpnl 10

Table 1: Ligation mixtures. Tube A shows the number of self-ligated vector DNA which
must be subtracted form the total number of transformants after transformation. Tube B
shows the ligation of the vector with the DNA fragments and tube C shows the control in

order the transformation efficiency to be calculated.

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

ligation volume was adjusted to 10 ul with molecular biology grade water.

15
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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 100pl 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 (100pgr/ml), X-B-Gal (40pl of 2% X-B-Gal) and IPTG (7ul of
20%IPTG).

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

from tube A was 500-600 cfu/pg. The number of transformants in tube A was an indication



9th Digestion pPI, pP12, pB1, pP2, p1(1, pK2, p1(3, pK4, p1(5, pK6, p1(7
P sill 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.
15 Gel electrophoresis analysis of the generated fragments after
digestion showed that plasmids pB1, pPI, pP2 and pPIl each have an
insert which encodes a different 13-galactosidase . The clones containing
P2 yeate sfseitiotbutiiat analysistol DRAARSHUERS I BOHRANASLAMENCITS: B was in
was erfogne%v&i}tﬁ?@ﬁideoxy chain-termination method of Sanger by
usiﬁga&?g ?d'byé erfintor v.3.0 cycle sequencing kit (Applied

USA) and analysed with the ABI Prism 3100, a

aREgIDALR analysis system 5incorporating capillary

n mxmgs ‘tﬁﬂti;&l%}g%%fngi %&Qﬁeﬁ@ %Afé f{%germﬁ g;%awggl%ase

electrophgdig £
sequenced Wwith vector specific primers. The inserts’were furt

3 sedeerive ¢lpyes s tha W08 sensrsod tmpef spsrimvier s Vit Ehgpapdise to 7
Biglehisivb/ibrdeRSt306 frT N HBRARASH NRRIMVE il &Y b M -1300 scr.
uses TNSABC Trgnsposase to insert Transposan_randomly into the DNA
tarBRE PR oR P BN REA AR YR s AL B ARSI Sb ! Eave
manmgfaciupesitivetplmiear{s] 80leson hafoahmoited plaslligadorise to 2 positive

Biosystems,

SO HNHPH

seg%%ggglg@es%}n&%%%fﬁg Transprimer into the target plasmid was
25. This humber was calculated according to the manufacturer

10 instructions and it assumes a 5-fold depth of coverage. 15 Due to the
lorEpaucieotise pesidanse of pP2 plasmid in which protein P2 was ,
encoded, only the part which tained the 13-galactosidase gene was
chosen tgnboéxgreta féa?%& _tgﬁé%n?ffﬁlﬁéﬁﬂé“éﬂ b SHET iﬁf&]ﬁélﬂlg? pated from -
trathsposiive dom et Bitited geositing tf the 2fpeinhebkguenced
fragment indicated that the start codon was upstream of

, Samples v Enzymes
1* Digestion pB1, pB2, pB3, pB4, pB5, pB6, pB7 | BamHI -
2" Digestion | pP1, pP2, pP3, pP4, pP5, pP6, pP7, | Psd *

pP8, pP9, pP10, pP11
3™ Digestion pP12, pP13, pP14 Pstl
4™ Digestion - | 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, pBl, pP2, pS1, pS2, pS3 | Pstl and Smal
8" Digestion pK1, pK2, pK3, pK4, pK 5, pK6, pK7 | Kpnl

9™ Digestion pP1, pP12, pB1, pP2, pK1, pK2, pK3, | PsfI and Kpnl
pK4, pK5, pK6, pK7
The first letter (p) indicates plasmid and the insert gene whereas the second letter
(P,B,E,S K) indicates the restriction enzyme that was used for isolation of the
respective clone from the genomic DNA.

15
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

B-galactosidase . The clones containing P2 were used for further analysis.



20 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. 25
Analysis of the N-terminal domain with SignalTh and PSORT software, did

notRavEai¢rsifpal peptide, indicating that P2 is not secreted
extracellularly The sequencing reaction mix contained

approximBify SRI0B0DEG BrEsIRIDN B IS didassy shpintrminitioomethad of
4U15ﬁfg5i%9meﬂgeme iDADNSTHiaRatEY Q0eYReagRARAmA Mgdmﬁ%%ems

ot MR AR Ao ﬁ’ﬁ&ﬁﬁm&:mﬁ&%}gg%gﬁ%l;%@grSYSfem

5 badtenigbgeingtizeitidey wiesttophdresisl the frame length was determined to

be 100bp. The nucleotide sequence was 5 translated in all six possible

frames and an open reading frame of 738 amino acids encoding a
putative (BbgalactskiiasednelihddnsteaNAHegmestatioreiscahowediwith vector

Fl%&@ﬁé mlq}% M eMnRasarMihsty ﬁeﬁ%@@éﬁﬁiﬁ%‘ﬂﬁ%eﬁ@ﬂ@ﬁnmm% System
IMB 41171 in E cal hos

i a s s e e e

10 stavhithuses TafABGSTanithotas whinkerETealiddkbartiosilgatitn BEDNA target. The
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tre i Me{%?ﬂ'sp ﬁﬂkaéﬁl(%v(i%%?éﬁ bg Grdli tcr%y(g%[ lon.at 11 Otfg%r 19% ructions.

with toluené at a concentration 0 m In oraer to mcrease

peFhraBnhe o @@@edtelmfmé@ngwﬁmmmou@ﬁﬂ@ﬁmgmemer into the

cyféz@ammoaba@nq&hﬁﬁbepwgemaﬁaa&%&aﬁﬁ%r&dtﬁéﬂﬁ%Mfn
ample. 1 und r "E coli stralﬁ'i'jd(iyntheas with clo enzyme

ngﬁyﬁ%ﬁtéoﬁg SRS At DL S P EHEFmed at a substrate -

concentration of 40% (w/w) initial lactose concentration. The synthesis

solution Has BERALAL A CQea&géfyOch?é% 2§ f§§asm RN was

additional 1 g/1 Twe iton mon

Syreededs oph the Fotmdirh cagddedshe Rigglactusidestigetcl8 ghose hebeH
ORUMRIL 1R SRERHICRIAN TS YAS HRHESH R BRAANPBE Y nsert at a relative

measurements

‘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 4ul of BigDye Terminator solution.




25 (using o-nitropheny1-13-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 coil cells by French press) with 8g of 50%

(w/w) lactose in order to 30 give a final sul?§trate concentration of 40%

(w/w). This enzymatic preparation had an activity of 735 U/ml. 14 The
concentrations of the different sugars present in the mixture during

synthesis are shown in Figure3. High performance anion exchange
chr@pextBgadpinFeaupdntifibaivised amperometric detection

HPAEC-PAD) chromatograms of galactooliggsaccharide 5 mixtures
gynthesiz@ % ?Hée@%%&méQE@k?éﬁédVﬂ%Wﬁ%hmﬂm@ﬂ\%ﬁ@#@ from
arelNBBiwenadiyeretpThevgaladiodligoibaeatiasitgortixtue. Fhgadacterial genetic code
CoMENLAIOnT AL e AN AERIEIS BOITLRLS SHONRIAR0 S dhence was

10 Table 1. Car rate compositio |gg'sacchar e

SsyritAesiéed imalbsixonwsibieiiimastasbaonpeantadiankofifi8 poiit acids
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Example 2

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

NCIMB 41171 in E. coli host (strainDH5a)
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 ¥

cehtrifugation at 10,000 g) with toluene at a concentration of 2000-ppm in order to increasé
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 clonéd 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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15

% (w/w) Concentration (% of total sugars) 408.8216.2539.4020.7614.85
15 Lac: Lactose, Glc: glucose, Gal: galactose, DP: degree of
polymerisation 15 CLAIMS I. A DNA sequence encoding a
P-galactosidase, wherein the sequence is selected from the sequence
given in SEQ. ID NO: 1 or a fragment or g gflegenerative thereof, said
degenerative being from 75% to 95% homologous. 2. The DNA sequence
according to Claim 1, wherein said sequence comprises nucleotide
substitutions, additions or deletions which result in less than 25% change
in the amjpo acid sequence.accarding to SEQ. ID NO: 2. 3, A DNA. .
cequienc B CHIHAOE IR SPETIR So AR /e B R ing snihess
comgsisesonudiamtie’: $ligbtitefiomsuchighior subhamgoclsenratigeaphyicoplediwith
Sug&ﬂ%%ﬁﬂg?ro#é%ﬁ '&%@ﬁ&?ﬁ?ﬁ%@fﬁ cﬁf&ﬁ?aqg&QXsaoPégﬁc%&ﬂfé%Q&%haﬂde
of any one of C ; i

ams1lto3. 5. A 13_-ga actosidase enzyme comprising an

anmmi et rEberizdeby Ao gl etpsitacs qlondrom B, bifiden Mbi4R ¢+ 171 are

vegleivaqn NEsie g 21RM A ResERs e @hanicanR i saim e dnbtendrationt BEthe
vector according to Claim_6 wh§ein saidg\te tor is an expression vector.

8. WU OPRFS SR & Show iRl

cell or a bacterial cell selected
from the group consisting of Lactococcus, Lactobacillus, Escherichia,

Bacillus and Aspergillus comprising a DNA sequence of any one of Claims
1to 3. 9. A host cell comprising the vector of Claim 6 or Claim 7. 10. The

hoEekleilaCethehsdret: comprstinnoksateotoplizamsrrhatideayshesiaatdl trdmyw)
thenAraUR-ERBSisitRg R BAGH NS SHREnBAR mekiewanspaskobagdgillus

niger. .
%oncen’cratlon was observed.

Synthesis GOS GOS

Init. Subst. |~ DP>3 DP=2 Lac Gle - Gal
% (Wiw) g " -Concentration (% of total sugars) .
40 8.82 16.25 39.40 20.76 14.85

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



11. Use of an enzyme of Claim 4 or Claim 5, or a cell of any one of Claims

8 to 10, for producing a mixture of oligosaccharides. 12. Use of an

enzyme of Claim 4 or Claim 5, or a cell of anyone of Claims 8 to 10, for

producing a mixture of oligosaccharides to be part of a product selected

from the group consisting of dairy pragucts, 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 16 supplements,
CLApMBIotic comestible products, prebiotic comestible products, animal

feeds, poultry feeds and medicaments. 13. Use of a host cell of any one

of Claims 8 to 10, for producing a product selected from the group

consisting of dairy products, such as liquid milk, dried milk powder, bab

4 peiProrAntading ERsaracjeYAet: theesia therprabraeedisigjected from the

sequaneszives ebBrRAJENOCH esaiiiguiey onfadndodative thetien fbpaisdegenerative

beinghfsmui s %dnfetomamplegkes, food supplements, dietary supplements,
probiotic comestible product, prebiotic comestible product, animal feeds,

2. THQ@WA‘E&H&@J%E&%EH Eﬁﬁamjr‘i AHRALSSAYe Q%&%ﬁﬂs%gﬁm@oude
subst%[ft%ﬁg%éd?{ %sabm 1T Qg IceléIuH H%@sq t%%”/ détlo ecl'ﬁethe amino acid

ture me ium un er con perm itting
Sequeé’)?ﬁraeccg S;gfg(j § a#d recovering the resulting enzyme from the
culture.  Application (text form) SEQUENCE LISTING <110>
3. ANRHOMaLmesSarer dng RoSIEmR duwst Gatr?osbstein S0d seqaqnicK@mprises
nucleatid® subB 06064 FRithathilriR @06seR- B/« afifiro2sid 0bspattotin version
3.4 <210> 1 <211> 4395 <212> DNA <213> Bifidobacterium bifidum

4, A?Z%Qﬁctosidase enzyme encoded by a DNA sequence of any one of Claims 1 to 3.

5. A B-galactosidase enzyme comprising an amino acid sequence according to SEQ. ID NO:

6. A recombinant vector comprising a DNA sequence of any one of Claims 1 to 3.
7. The vector according to Claim 6, wherein said vector is an expression vector.

8. A host cell which is a yeast cell, a fungal cell or a bacterial cell selected from the group
consisting of Lactococcus, Lactobacillus, Escherichia, Bacillus and Aspergillus comprising a
DNA sequence of any one of Claims 1 to 3.

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 the cell is selected from the
group consisting of Bacillus subtilis, Bacillus circulans and Aspergillus niger.

11. Use of an enzyme of Claim 4 or Claim 5, or a cell of any one of Claims 8 to 10, for
producing a mixture of oligosaccharides.

12. Use of an enzyme of Claim 4 or Claim 5, or a cell of anyone of Claims 8 to 10, 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 diary products, beverages such as fruit juice,
infant foods, cereals, bread, biscuits, confectionary, cakes, food supplements, dietary



<221> seta-galactosidase <222> (1)..(4395) <400> 1 tcctttagat

tggattgaaa acttcctttt ctttttgaaa atttcatgac caaaaatccc cagaccccgt

agaaaagatc aaaggatctt gctgcttgca aacaaaaaaa cccccgctac taccaactct

ttttccgaag gtaactggct ttctagtgta geccgtagtta ggccaccact tcgctctgcet aatcetgtta

ccagtggctg ggttggactc aagacgatag ttaecggata cgtgcacaca gcccagcttg

gagcgaacga agctatgaga aagcgccacg cttcccgaag gcagggtcgg aacaggagag
supplegeatgaggbictiegictigitibigpitidaas; peebittiecongsille paglocistggasd feeds,

poul PAESRAREaEREaRIH{gctcacaty tictttcctg ttaccgcctt tgagtgagct
gataccgctc cagtgagcga ggaagcggaa gagcgcccaa cgattcatta atgcaggtta

6°°t99atha ?Cgﬁce%%at“ R YW C%acco%%% ok %}%%tggca%cted from

gcc C C ca ca gg ccctc
the gg’ ace&a%%%a%%%@% %%5 spﬁp 95 gig %adﬂﬂks
baby darnpligife cotsigatiashaschiass Yeasemfha
Julceaa@atﬁmdgggmﬂcgbt@mMQ cctxf@gtwwx:gza&m(fegdmgm@tggms dletary
suppligaessapgbictaicngeatb Btgaidigyprbinigegagstbicpaches gyl deeds,
poultEfgEEEOiaE ARANGBREIECIacgagcec ctgtgttccg cgagtacgeg ctgaacctgt
gccgtcgtat ggccgagceac tataagggca acccatacgt ggtggcctgg cacgtgagca

£1gP5acae s Cgcga o L R o A i ing a st
cell o gceegﬁ qég% 61 53%%%;0 C&a{él %ﬂéﬁfﬁgc’mmmmg
CXPresHRIc AOERREETRY BRECEGYEe oG e GHEYHea

tttcacgcaa ggaaccgtgg ctccgeggtg aattggegtc cgatcaacta ccgtgcggag
ccgggctegg tegtgegega cteectcgeg caggtcgeta tgggegecga tgecatctge
tatttccagt ggcgacagtc caaggccggce gcggagaagt gatcttcegt gatgtgtgeg
gatgggcacc aagacggtca ggccaccgag tacaccgcga ttggttccge gegcettgecg
ttgggattcc tacgagattg ccgcagggtt cgggagttcg attgagcgac gagaacgacc
cgtcggegtg cgegtcgaag tcacctcgac ctggacaatg ggccgacacg tccacggtac
ggtgccggcec atcgtggceca tctgggecgt caggggcttg ggacctcgec ggtgatggec
Application (text form) accgcaccca tgaaccggtg accgtcgacg ttgaagggga
cgcatgtcga cgacgggcgg gecaccatcg atccgacggg aatcgttgga aacactgggce
tgtaagggct taggaaaggc gacatacgcc ttatgggaaa gaaggcgctg gegcttaccg
gcgtcgctge gtgecggcaac tcaagcagca getcecgetce aggaaatcac cgtgtgggct
tggggcctac gectgactcag aggagaccgg catcaatgtc aacctggtga acaccggceca
agttctatca ggacgccaag aagattcaca cccttggcga acaccggtgt cgcecggcttc
tacgactcga tgacctggct ccaccgaagg cgagacggtc accattaacc tgactggcgce
gtatcttcgg cgactacctt ggcaagtcct acaccggcaa tcgccgcttt gggaacaggce
tctgaaggac tacgcgaagg




taaccttcge tcecttecte tgttgcaacg taaggagatg ttgctcaaga caccctcatce

agtcaagcaa tctggcgtgg gtgtgaaggc ccctccccte cgegtgtaaa ctctacgatg

acatgacgat atcggcacgg tctgtgagat gacattggca accgaatgga cgggggacca

taatgaccgg aacagggagg agcgaattct ttgtggcgge geacgcectec tatcatgacg

<210> 2 <211> 738 <212> BRTi<24Bm Rifrdabéietedium bifidum <220>
<221> Beta-galactosida¥e 245 >HP 138) <400> 2 Met Tyr Met lle Trp
<1ifrg AeEMiEDEiSakeh \tal Arg Cys Gly Leu Ala 151015 Arg Tyr Gly Thr Ser

<12690 Blisaire Met Sps&ln Leu lle Phe Arg Arg 202530

<130>

<150>
<151>

<160$ 2
<170>
<210> 1
<211>

<212> DNA
<213>

<220>
<221>

14011:kG

GB 0606112.1
2006-03-28

4395

<222> (1)..(4395

<400> 1
tcctttagat

ctttttgaaa
cagaccccgt
gctgcttgea
taccaactct
ttctagtgta
tcgetctget
ggttggactc
cgtgcacaca
agctatgaga
gcagggtcgg
atagtcctgt
gggggcggag
gctggecttt
ttaccgectt
cagtgagcga
cgattcatta
ccggcagatce
acctgcagaa
ggagggccag
tagcggctgg

tggattgaaa
atttcatgac
agaaaagatc
aacaaaaaaa
ttttccgaag
gccgtagtta
aatcctgtta
aagacgatag
gcccagettg
aagcgccacg
aacaggagag
cgggtttcge
cctatggaaa
tgctcacatg
tgagtgagct
ggaagcggaa
atgcaggtta
tgatatcatc
gtactggcag
tgtccgcttg

ccctecctac

PatentIn version 3.4

Bifidobacterium bifidum

Beta-ga1gc§osidase

acttcctttt
caaaaatccc
aaaggatctt
ccccegetac
gtaactggct
ggccaccact
ccagtggctg
ttaccggata
gagcgaacga
cttcccgaag
cgcacgagag
cacctctgac
aacgccagca
ttctttectg
gataccgctc
gagcgcccaa
acctggctta
gatgaattcg
tccggectceg
cagcatgcgt
ggaacatgta

tttatgtaaa
cttaacgtga
cttgagatcc
cagcggtggt
tcagcagagc
tcaagaactc
ctgccagtgg
aggcgcagcg
cctacaccga
ggagaaaggc
agcttccagy
ttgagcgteg
acgcggectt
cgttatcccc
gccgcagecg
tacgcaaacc
tcgaaattaa
agctcggtac
ccgceggege
cacgttcgtc
tatgatatgg

Page 1

aggatattcg
gttttcgttc
trtttttctg
ttgtttgccg
gcagatacca
tgtagcaccg
cgataagtcg
gtcgggctga
actgagatac
ggacaggtat
gggaaacgcc
atttttgtga
tttacggttc
tgattctgtg
aacgaccgag
geccectcteecc
tacgactcac
ccggggatec
cgtcaaggag
tgacggtctt
agggacgctc

gggaaattcc
cactgagegt
. cgcgtaatct

‘gatcaagagc

“aatactgttc
cctacatacc
tgtcttaccg
acggggggtt
ctacagcgtg
ccggtaageg
tggtatcttt
tgctcgtecag
ctggeetttt
gataaccgta
cgcagcgagt
gcgegttgge
tatagggaga
tctagagtcg
tgatctcgeg
gacgtgcgcc
accgtgtgeg

60

120
180,
" 240:.
300
360"
420.

480
540
600
660
720
780
840
900
9260
1020
1080
1140
1200

1260




Cys Asp Gly Ser Ala Gly Ala Ser Asp Asn Glu GIn Val Met Glu Arg

354045 Asn Met Ser Lys Arg Arg Lys His Ser Trp Pro Gin Pro Leu Lys Gly

505560 Ala Glu Ser Arg Leu Trp Tyr Gly Gly Asp Tyr Asn Pro Asp Gin Trp

Page 3 Application (text form) 65707580 Pro Glu Glu Val Trp Asp Asp

Asp lle Arg Leu Met Lys Lys\wd&i GlyigBo0@xt/abren Leu Val Ser Val Glzy
At OBE D SSPHITATS (900 TP RSEF YR TERFP08 (SO AT B B 50 A0

atgPirE Qusp oy tamgglspohcg gl e desmdagsd BE00k20d anaBipdiys AlaleHy

e T B PARRE ot TRl o

cggtgattac aatcccgacc aatggccgga ggaggtctgg gacgatgata tccgtctgat 1500
gaagaaggcc ggcgtcaacc ttgtatcagt cggcatcttc tcatgggcga agatcgagec 1560
ggaggaaggc aagtacgatt tcgactggct ggaccgtgcce atcgataagc tcggcaaggc 1620
gggcatcgct gtagacctcg cctccgecac cgectccccg ccgatgtgge tgacccagge 1680
ccatccggag gtgctgtgga aggacgagcg cggcgacacc gtgtggccgg gtgcccgtga 1740
gcattggcgt ccgacgagcc ctgtgttccg cgagtacgcg ctgaacctgt geccgtcgtat 1800
ggccgagecac tataagggca acccatacgt ggtggcctgg cacgtgagca acgaatacgg 1860
ctgccacaac cgcttcgact actcggacga cgccatgege gecttccaga agtggtgcaa 1920
gaagcgctac aagaccatcg acgcggtgaa cgaggcctgg ggaacagcgt tctgggeccca 1980
gcacatgaac gatttctccg agatcatccc gcctcgctac atcggtgacg gcaacttcat 2040
gaacccgggc aagctgctcg actacaagcg gttcagectcce gacgcgctca aggagctcta 2100
catcgccgaa cgtgacgtgc,tggagtccat cacgccgggt ctgccgctga ccaccaattt 2160
catggtgtct gccggcggct cgatgcttga ctatgacgac tggggtgcgg aggtcgattt 2220
cgtctccaac gaccactact tcacgccggg cgaggaccat ttcgacgagg ttgegtacge ZZSQﬁw
cgcgtcgetg atggacggca tttcacgcaa ggaaccgtgg ttccagatgg agcattccac 2340,
ctccgeggtg aattggegte cgatcaacta ccgtgcggag ccgggetcgg tcgtgegega 2400
ctccctegeg caggtcgeta tgggcgccga tgecatctge tatttccagt ggcgacagtc 2460
caaggccgge gcggagaagt ggcactcctc gatggtgccg catgcgggceg aggattcgeca 2520
gatcttccgt gatgtgtgcg agctgggecge cgatctggga cgtctgtccg acgagggtct 2580
gatgggcacc aagacggtca agtccaaggt cgccgtcgtg ttcgactacg agtcccagtg 2640
ggccaccgag tacaccgcga acccgaccca gcaggtcgat cattggaccg agecgttgga 2700
ttggttccge gecgettgecg acaacggcat caccgecgac gtggtteccgyg tgcggtccga 2760
ttgggattcc tacgagattg ccgtgctgcc gtgcgtgtat ttgctgtccg aagagacgag 2820
ccgcagggtt cgggagttcg tggcgaacgg cggcaagttg ttcgtgacgt actacaccgg 2880
attgagcgac gagaacgacc acatctggct tggcggetac ccgggctcga ttcgtgacgt 2940
cgtcggegtg cgcgtcgaag agttcgcccc gatgggcaac gacatgccgg gcgecattgga 3000
tcacctcgac ctggacaatg gcacggtggc gcatgacttt gccgacgtga tcacgtccac 3060
ggccgacacg tccacggtac tggcctccta taaggcggaa cgctggaccg gcatgaacga 3120
ggtgccggee atcgtggcca acgggtatgg cgacgggcgg accgtatatg tcggatgecg 3180
tctgggeccgt caggggettg cgaagagect gccggcgatg ctgggttceca tggggctgtc 3240
ggacctcgee ggtgatggec gcgtgcetgcg tgtcgaacgc gccgacgecg cggcggegag 3300
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Gill Arg Gly Asp Thr Val Trp Pro Gly Ala Arg Glu His Trp Arg Pro
165170175 Thr Ser Pro Val Phe Arg Glu Tyr' Ala Leu Asn Leu Cys Arg
Arg Met 180185190 Ala Glu His Tyr Lys Gly Asn Pro Tyr Val Val Ala Trp
His val ser 195200205 Asn Glu Tyr Gly Cys His Asn Arg phe Asp Tyr Ser

Asp Ala Met 210215228patd

ccosSHeage TRAAOHSS AGFITESs
ggcPitegiog ¢dttGintdgs dded Wsngaspo2dddife0@ S EireaSeg Gﬁst¢®tieg§ro B420

tgt@&gclrﬁ’é 'i%c@%ﬁ

cald Phéwein [fps

985

469950 RSTB9

Ala Ceu 27

R %L%égsc%fg'ﬂea'é(lﬁfc%ééb@%g 8“%&

Phe Ser Ser As

RTPE HRRPHE, A

9“%95“@6 ﬂ?@gﬂgﬁc%lq_aéﬁ‘"éﬁ?@e T@Wﬁoﬁ@@ﬂf%ﬁ@@@?‘f@ﬁcﬁro E’é"
gocldugdty AsgciyrddedidakGarghlatalydahaSarchdgtagea

ggcgacgtca aggaaatcac cgtgtggget

gaagcaggaa
gtggccaagg
gggcgacaag
caactactac
ggccagtgeg
cccgaaggtc
ccagaagctg
atcagggcta
aatacggtga
ggccttcaca

tceccgacaca

'+ tgcacctgca

*.agcgegecge

actctgatcg

<210> 2

<211> 738
<212> PRT
<213>

<220>
<221~
<222>

<400> 2

acttcaaaaa
acctgggacg
atcacgtccg
acgctgttct
aaggcccgeg
agcgatggcg
caccgtcaag
ccttcggtea
tatctgcccc
tcgagcacge
tatctttgtg
cggacacgcg

ccaat

(738)

aggagaccggd
agttctatca
acaccggtgt
ccaccgaagyg
gtatcttcgg
tcgeegettt
taaccttcgce
tcccttecte
tgttgcaacg
taaggagatg
ttgctcaaga

caccctcatc

Bifidobacterium bifidum

Beta-galactosidase

..

catcaatgtc
ggacgccaag
cgccggettc
cgagacggtc
cgactacctt
gggaacaggc
agtcaagcaa
gtgtgaaggc
cgcgtgtaaa
acatgacgat
tctgtgagat

accgaatgga

%et Tyr Met Ile grp Arg Asp Ala His ?59 val

Arg Tyr Gly ggr Ser Pro His Arg ggt ser-Gln

Cys Asp ggy ser Ala Gly Ala Zgr Asp Asn Glu

Asn Mgt Ser Lys Arg Arg ggs His Ser Trp Pro
5

Ala Glu Ser Arg Leu Trp Tyr Gly Gly Asp Tyr

Page 3

tggggcctac
aacctggtga
aagattcaca
tacgactcga
accattaacc
ggcaagtcct
tctgaaggac
tctggegtgg
ccctececte
ctctacgatg
atcggcacgg

gacactggca

cgggggacca

Arg Cys Gly igu Ala

Leu ITe Phe Arg Arg
30

Gln val Met Glu Arg
45

Gln Pro Leu Lys Gly

60

Asn Pro Asp GIln Trp

é% a%é{&c'—e%kﬁ‘dl
lu Leu Tyr lle
gctccgetee 3600
gctgactcag 3660
acaccggeca 3720
cccttggcga 3780
tgacctggct 3840
tgactggcgc 3900
acaccggcaa 3960
tacgcgaagg 4020
taatgaccgd 4080
aacagggagy 4140
agcgaattct 4200
ttgtggcgge 4260
gcacgcctcc 4320
tatcatgacg 4380

4395



305310315320 Leu Asp Tyr Asp Asp Trp Gly Ala Glu Val Asp Phe val ser
Asn Asp 325330335 Application (text form) 340345350 Ala ser Leu met
Asp Gly lle ser Arg Lys Glu Pro Trp Phe Gin Met 355360365 Glu His ser
Thr ser Ala val Asn Trp Arg Pro lle Asn Tyr Arg Ala 370375380 Glu Pro
Gly Ser Val val Ar% Asp serAppliigket Bn_(eddladfore) Gly 385390395400
65 Ala Asp Ala lle Cy oI'yr Phe GIn Trp Arﬁ;in ser Lys Ala Gly A
405410415 Glu Lys Trp His ser ser met Val Pro His Ala ngbGlu Asp ser

Procintiadtin Yah T Re B s g a5 Vaigsds S 1ehu ey 'ava 45 €8 Gly Arg
Leu ser 435440445 Asp Glu Gly Leu met Gly Thr Lys Thr val Lys Ser Lys

val Vﬂéﬁo‘ll?ey‘?\ua'l ser val Gly Ile Phe Ser Trp Ala Lys Ile Glu Pro
100 105 110

Glu GTu Gly Lys Tyr Asp Phe Asp Trp Leu Asp Arg Ala Ile Asp Lys
' 115 120 125 i

Leu Gly Lys Ala Gly Ile Ala val Asp Leu Ala Ser Ala Thr Ala ser
130 135 140

Pro Pro Met Trp Leu Thr GIn Ala His Pro Glu val Leu Trp Lys Asp
145 150 155 160

Glu Arg Gly Asp Thr val Trp Pro Gly Ala Arg Glu His Trp Arg Pro
165 170 175

Thr Ser Pro val Phe Arg Glu Tyr Ala Leu Asn Leu Cys Arg Arg Met
180 . 185 . 190

Ala Glu His Tyr Lys Gly Asn Pro fyr val val Ala Trp His val Ser

195 ro - 200 . 205 i

Asn Glu Tyr Gly Cys His Asn Arg Phe Asp Tyr Ser Asp Asp Ala Met
210 215 220

Arg Ala Phe GIn Lys Trp Cys Lys Lys Arg Tyr Lys Thr Ile Asp Ala
225 230 235 240

val Asn Glu Ala Trp Gly Thr Ala Phe Trp Ala GIn His Met Asn Asp
245 250 255

Phe ser Glu Ile Ile Pro Pro Arg Tyr Ile Gly Asp Gly Asn Phe Met
260 265 270

Asn Pro Gly Lys Leu Leu Asp Tyr Lys Arg Phe Ser Ser Asp Ala Leu
275 280 285

Lys Glu Leu Tyr Ile Ala Glu Arg Asp val Leu Glu Ser Ile Thr Pro
290 295 300

Gly Leu Pro Leu Thr Thr Asn Phe Met val Ser Ala Gly Gly Ser Met
305 310 315 320

Leu Asp Tyr Asp Asp Trp Gly Ala Glu val Asp Phe val Ser Ash Asp
by P 32? 330 335

His Tyr Phe Thr Pro Gly Glu Asp His Phe Asp Glu val Ala Tyr Ala
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450455460 val Phe Asp Tyr Glu ser Gin Trp Ala Thr Glu Tyr Thr Ala Asn
Pro 465470475.480 Thr Gin Gin Val Asp His Trp Thr Glu Pro Leu Asp Trp
Phe Arg Ala 485490495 Leu Ala Asp Asn Gly Tie Thr Ala Asp Val Val Pro
val Arg Ser Asp 500505510 Trp Asp ser Tyr Glu lle Ala Val Leu Pro Cys
Val Tyr Leu Leu Ser 51552@825%iGitiGiu (Faxsdioany Arg val Arg Glu Phe
val Ala Ash'Gly Gly Lys 530535540 Leu Phe Val Thrlﬁg(? Tyr Thr Gly Leu

] Ser Asg) Glu Asn Asp His lle 545550555560 Trp Leu Gly Gly Tyr Pro Gly
M| 4, BER B0t Ui Sy S5 kP B PS8 BRI PHES Al Pro

met Gly Asn Asp met Pro (_3Iy Ala Leu Asp 580585590 His Leu Asp Leu
G'luA}f;% AR Gy Ts*érrV@'aNf;f SASHE bl?g’*lﬂ«&%lg ?:/ ALpSRRORAP A

Glu Pro Gly Ser val val Arg Asp Ser Leu Ala GIn val Ala Met Gly
385 390 395 400

Ala Asp Ala Ile Cys Tyr Phe Gln Trp Arg Gln Ser Lys Ala Gly Ala
405 410 415

. Glu Lys Trp His Ser Ser Met val Pro His Ala Gly Glu Asp Ser GlIn
420 425 430

ITe Phe Arg Asp val Cys Glu Leu Gly Ala Asp Leu Gly Arg Leu Ser
435 440 445

Asp Glu Gly Leu Met Gly Thr Lys Thr val Lys Ser Lys val Ala val
450 . . 455 460

val Phe.Asp Tyr Glu Ser GIn Trp Ala Thr Glu Tyr Thr Ala Asn Pro
- 465 470 475 . oo 480

Thr GIn GIn val Asp His Trp Thr Glu Pro Leu Asp Trp Phe Arg Ala
485 490 495

Leu Ala Asp Asn Gly ITe Thr Ala Asp val val Pro val Arg Ser Asp
500 505 510

Trp Asp Ser Tyr Glu ITe Ala val Leu Pro Cys val Tyr Leu Leu Ser
515 520 525

Glu Glu Thr Ser Arg Arg val Arg Glu Phe val Ala Asn Gly Gly Lys
530 535 540

Leu phe val Thr Tyr Tyr Thr Gly Leu Ser Asp Glu Asn Asp His Ile
545 550 555 560

Trp Leu Gly Gly Tyr Pro Gly Ser Ile Arg Asp val val Gly val Arg
565 570 575

val Glu GTu Phe Ala Pro Met Gly Asn Asp Met Pro Gly Ala Leu Asp
580 585 590

'His Leu Asp Leu Asp Ash Gly Thr val Ala His Asp Phe Ala Asp val
595 600 605

IT1e Thr ser Thr Ala Asp Thr Ser Thr val Leu Ala Ser Tyr Lys Ala
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Application (text form) 610615620 Glu Arg Trp Thr Gly Met Asn Glu Val

Pro Ala lle Val Ala Asn Gly 625630 .635640 Tyr Gly Asp Gly Arg Thr Val

Tyr Val Gly Cys Arg Leu Gly Arg Gin 645650655 Gly Leu Ala Lys Ser Leu

Pro Ala Met Leu Gly Ser met Gly Leu Ser 660665670 Asp Leu Ala Gly

Asp.Gly Arg val Leu A\rfl afepilii e Aa (&S 1‘2%1?'2'3175680685 Ala Ala Ala

SerArg Phe Glu Phe ValrPhe Asn Arg Thr His Glu Pro 690695700 val Thr

1 Val ASE Val GILi Gly Glu Alg.llle\f\ Alag r I_Iqu Alq His 70571Q715720 val

gng’%rp?,&- 5 Cﬂ%&rd’ A@%O .Srqle A’sp rgr‘?hg ly vai\ial Vé 2el 5730735
Arg Arg

Tyr Gly Asp Gly Arg Thr val Tyr val Gly Cys Arg Leu Gly Arg Gln
645 650 655

Gly Leu Ala Lys Ser Leu Pro Ala Met Leu Gly Ser Met Gly Leu Ser
660 665 670

Asp Leu Ala Gly Asp Gly Arg val Leu Arg Val Glu Arg Ala Asp Ala
675 680 5
Ala Ala Ala Ser Arg Phe Glu Phe val Phe Asn Arg Thr His Glu Pro
690 695 700

val Thr val Asp val Glu Gly Glu Ala Ile Ala Ala Ser Leu Ala His
705 710 715 720

val Asp Asp Gly Arg Ala Thr Ile Asp Pro Thr Gly val val val Leu
P AsP Gly 72% 730 735

Arg Arg
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