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PROTEINS AND THEIR USE Field of the Invention This invention Te es to
the identification of 5 bacterial genes and proteins, and their use. Mre
particularly, it relates to their use in therapy, for immnisation and in
screening for dr ugs. Background is the Invention Goup B Streptococcus
(GBS), also knSRM"H&*10 Streptococcus agal actiae, is the cé’G§§;tBPW37égent of
various conditions. In particular, GBS causes: Early onset neonatal
infection This infection usually begins ~n dtero and causes severe
septicaem a and pneunonia in Mphg%muﬁm untreated and
even with treatnent is associ = t te. Late onset
neonatal infection This infection occurs in the period shortly after birth
until about 3 nont el a 20 septicaem a, which is

compli cated by meninl il 1y RUHAbnC a5k o8 NES 1882 14 AGHLO0FF B8
occur including osteonyelTti’s, septic arthritis, abscesses and

endopt hal mitis® ARAGteriphf qganassandoprekedrsgpidsy thebe user casiMoyPry
common and occur mtticogauEni | yti relates wbothave jusat itel thexapg, a fbaby,

the el derly and t i iTHREESNTIAIN R Her ddHihgAEBr CRAURAL! €71 sed by
: A sere

septicaem a and fqcal iInfectio cl udi osteonyelitis, septic arthritis,
abscesses and 30 TS ract infection GBS is a cause of
urinary tract infecti of5C8Rd Bn pTERPAREGCETouhEBSKor abBRit KDOWDf as|
i nfections. Vederistaeptobdenis agadactids,chaithe cdusativenmgpdnt bf varioass.

This, in turn, |eadgaiRibREuceth PakkiAiRdUCERENcAlKbd:S therefore of

consi der abl e econ%iégz ingortance. 1 2% zgg 2003 WO 001 37646

PCT/ GB99/ 04377 2 YnPBRTY J1ROPREAL LEPASSEAPRY with antibiotics. However,
i muni sation is prefer%bie ipfechlameaisaradiy degipabHle utegdeyandp canses

i munogen that couwetdebe wepdicBemid hendppréamariay - chf dakakes yagBide. 1o

Summary of theg | NMRRHRON; 4 NEdHeaT At ahdR2h! @Dth ScBGdneN1 L Nissociatea
i dentification of eries of %gngs #1 GB§_ and al so relnat ed organi sns, the
wis 08 RSEER B A8,

products of which BelfT ter surface of the organi smand
therefore may be d&&8 anset tmogetal ofnfRstiafuno-t herapy. According to one
aspect of the inventi onhi& pepéctdeon Doenesddd hearpexpiedorshoxtiydafgerny of

bhoa s, phos- 17 HhoSho EhpLRS sBOML o9, Al oor PR o, PODSalesl S 22
03-3, pho3-17, pho2: ol - 03- 103- 23, pho3; -

Phos- 10, phods, BeRELCsamii, WBieR 98 compl IPRERT o MERLERLE(F 4R S0k G

Strept ococcus, or S@sR8mpl| o§tbedr fFanadt i brkAcHioRgneMtsq herewr . ingdnding

peptide i s suitabloetkomnyélirizgneut iseptde) e.aythwhebs) sol abedesdédre t edma
"functional fragngRhspehmmicad. herein to 20 define a part of the gene or

peptide which retgins, the, activity of the whole gene or peptide. For
exanple, a functi @Hﬁitf ’a’iﬁﬁ’%‘ff”ﬁf t he peptide nay be used as an antigenic

det ermi nant, #®meful inTkesmeppadr o ba ingregsdndiy i ermen and dusgranostos A
gene fragnent nay thequesthy alrevonen Whe Rave viugiepidXieerdht ar pabyyetne the
gene fragment myeﬁ&.!f%&“ﬁi?'di Ei{eii'hnﬂ%g?ﬁé&%ﬁ@\éa.taf@ bE8% 1% okt feday PE
gene in vivo to exert therapeutic e ct.
by septicaemia and focal infections including
osteomyelitis, septic arthritis, abscesses and
30 endopthalmitis.
Urinary tract infections.
GBS is a cause of urinary tract infections and in
preghancy accounts for about 10% of all infections.
Veterinary infections.
35 GBS causes chronic mastitis in cows. This, in turn,
leads to reduced milk production and is therefore of

considerable economic importance.
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A peptide according to the present invention may 30 conprise zZmaydooshe
am no acid sequences identified herein as SEQ ID NCs. 2, 4, 6, 8, 10, 11,
13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33 and 35, or a functional fragnent
.thereof . Because of the extracellular or cell surface |ocation, 35 the
peptides of wohwgsmuesent invention may be suitabl e candi dpépgpdolasy he
production of therapeutically-effective vaccines against GBS. The term

"t herapeutical ly-effective" 22 May 2003 WO 00/ 37646 3 PCf/(GEB99104377 is
intended to include the prophylactic effect of vaccines. For exanple, a
}/?CCI ne may conpri setcﬁsfemftéiq;laﬁsgr&mgbbptm#@uerwwp, aﬂ'&ibbﬁti@@.ns for
its expression, for etre nt, of . i pfection, e vaggin e

adm ni st ered to&’é’ﬁﬁ'ﬁ& &ﬁ%gg?fouborn dg%i ﬁ’%eg%e%%f;en'cy 1&% pf%{rg%?r%‘f%er
andneonat e agai Gesirabiet tofigyelepsancimiuioggnt shativdd Repueed ofn tahe

i nvention, thepaplerdpaudicariyeerfaytbee vaetiher screening

potenti al antd m %MW(E detection of virulence.10A further
aspect of this inventjon TS e, use 0] anyof th rqduct,s i dentif.i.ed
herein, for the tr ea?hﬁn’?r‘fﬂﬁﬂte%ﬂ?ﬁ’ﬁ?'bgsag%ﬁ‘gi‘F’? %%ééSEgg?b?%Wh
infection by aGofup BesSiespobogsnesd iz GBSn. #hd holagh reletpdoorganisxs,been
desgrl Ped ; ?L UgPel Proédiecthl beajHmm me(_Kb’itlbéﬂiﬁsed/ahﬁtgﬁé&x;ﬁeﬂsﬁﬁ'ﬁEet Pfh
products ofthe inv [ e a e iLn e _scope ofthe
present inventi 8%. %H% ggq%rlgsu grﬁa ?ﬁgeks%ée;%{el ggéogé)%ﬁ\ggvggc?ngasr%&yggg used
in the treaﬂmntimﬁ‘f‘"eng’b?ﬁ?yrmsti tis,especially in cows.20Description of
the I nventionThe presemt¢rdingehtimme aspeet ofi tiexl invehtiai ceepeptideGisup B

gt rtept QCFCC?I _'se_habaea/:@ﬁ-alnkleitﬁw dn%'lhdlr:ilﬁfa Sek rt?ienaeaad mm%u&tiha[] _
acterial strains_ar [ t 0i, nC _ a ides qr, pr il avi ng
am no aci d255eq§gﬁgégh3rsmﬁ°§él \?\nkt hw’%g %?g})t #ﬁez'gfso'wéf.% glrs arP?‘s?ﬁs?lakel y to
contai n the pepPh@ds3i Rhatady . Rho2aRe Rofl1imPhedntd, PRo3pRdumia380, s, '
pyogenes, S5 si phplsi4 jiphior3p, Ghodpd4anchdd-edpaksl ghodpeo¢onsiainatile
Ent erococci . VagebRegrb&ieaf btdleptBessca®y die ad9uaboogtk i 4k tAMctIBRaYRY as
descr| bed 30 10k, &8Rant! hEHARLY. NG ACPY 0SS LM TBY Jedagiul (Lo [he
production of vaccrnes h.av% greater an 01 equence simTarity Wwth the
pepti des identi FP_@H_“H%‘FH%. SRbr - $r sthenaipglatese pepti des have greater than
60% sequence 35 si i The i texrm MSungkisinelatfirpgmeires'heps i deed haweeim etber than
80% sequencsy Si Aekdhét X, pBre. oBSUNE! Gohé bt Ypeptidie NMACROQItXThPOLR 646 4
PCT] Co09) 04577 HBKLDR"SF SELTAAL SRS RARENR0 (L SARELL g 1!
ni cr oor gani sms. fPRCEHIPRA L pfragment (Rfssthf cPEBEIAR FRY nBewWNPeRe 2%t PRr
m cr oor gani sns anhigenix ndéterndmast , swsefod pimodaictvaccBaguerceirhotidé ogi es
gybbekes}aabl | Zgggd@atﬁﬁalbghgﬂgigdaf@gi,sti ng dat abases, e.g. EE/BL or i od
nbank. i des or, prot ei ccQr 0 the.ipyventi rifie
and i sol at by et h%dggienoaﬁa‘fmf%%hg"a rtée I%@eﬁ) gér f%’%‘g %?,@Xﬁagfﬁﬁ'e
identified the geRbidequbhiarnatively, the gersfEpement Bay haseoubi hikx
techni ques to eifirgese tthergppestarnyextingt etid avilastypdajenee ihr agvents and

honol ogues can Qge}ge;]rghfe%gge@{% B¥ele useful in therapy. For exanple, the
peptides or their active #qagrrents ma rEi:g(:‘eut__ed as antigenic 15 determ nants

in a vaccine, to elitiPeR emﬂﬁﬁé’rﬁé'é‘éo BTHIRP Al SRV MY, ¢ he
prepar ati ors0of aempibiet esy dhHthgaamine ackduseanences, identdifigdoberein
applications. Swhktsdy @apanbsbadi es &éndd,ude, mppaxnak, apij hejdi es, v,

fragments ther egg, %gcl lé(;i,n J]S'I ngl e, chaisn fvmf r%g%gggf?ljl;%%hgggﬁé}{t 20 the

preparation of anfi bodi es'w be apparént’ to those s in e art. The
preparation of thexsdfes based on attenuat ed m croorgani sns i s known to
those skilled in theewause\@Ethaextrapoellilaner sl lbsurffxcuilatstlion,t h

Dsed i n t herapy g oP SPEL R W LRy Brleedt  ThhiOhs 1Ytk hullisiied, and
u i y Vi ive ., | | u

st rept ococci oré?ﬂ‘ﬁﬂgtf’& g?e%"ﬁi‘fﬁ"&ﬂ”&éﬂf‘s‘?é.%g‘f’ﬁﬁp?)‘ﬁglﬁéazy T%P#j\yzfcci ne
formul ati ons w vactimespagainst GBS.t Heheskerh ddhprapentic@d lybetfectived |y, and
as is well known to those skilled in the art, a suitable anount of an
active conponent of the invention can be selected, for therapeutic use, as
can suitable carriers or excipients, and routes of admnistration. These
factors will be chosen or determ ned 35 according to known criteria such as
the nature/severity of the condition to be treated, the type or health of

t he subject etc. 22 May 2003 WO 00l 37646 5 PCT/ CB99/ 04377 The products of
the present invention were identified as foll ows:




A partial gene library of GBS (strain M/32) chronosonmal DNA \Na@,@%ﬁj@@ged
using the plasmd vectors pFW phoAi, pFWphoA2 and pFW phoA3 (Podbi el ski,
A et al. 1996. Gene 177:137-147). These plasm ds possess a constitutive
specti nonyci n adenyl transferase antibiotic resistance marker, which confers
a high level of spectinonycin resistance and is therefore easily sel ected.
Furt her nor e, M?‘ﬁ’é’@é vectors contain a truncated (| eader| ESEFBEEUNEr ~ch~a
col a phoA gene for al kali ne phosphatase. The three vectors differ only with
respect to the reading frame in which the | eaderl ess phoA gene exists, as
conpared to an upstreamin= frame BanH restriction enzyne site. Because
this 15 truncated £ gdiendgidm dertudedhs prRPhydpebbe iefifecterfidrcsinefnce
ff)rk Ie_xporthof Lhi SF & Zastem p;lecoswatdganbaﬁ)erdoﬁbrmm?apt;@xtero’ﬂbe'hhubaﬁo |
al kal i ne phosphat a is t S e pagat e
inan E. cold phoi&r?r%tgél‘%éﬂttei.ymg. ogt ?’ggnm%)gﬁh%éghr nﬁggﬁ% a?ilgl Ine 20
phosphat ase subst rEfeatmept 8t dnfegtiony The vRScing 3 kesifmindptessd Lot
enter intact b&act efemdleseprionnt oiredef D1e pragyamxy dot protects mother and

associ at ed al kal i ngadASPRGLASSEL aalrebki¥n G5\ dp . det ect ed. When exported or
surface associ ated al kgl i ne4 hosghat asg act’lvi t% i Se 25 %ragsent t he th
chronmogeni ¢ XP substrat&ors ?%avgdaPS%Tlélﬁs%e 5 & pFTre iR Vet Fle the
correspondi ng bactRERtdess| Fnhi eenen™de Pelehepdi £8rbpcrrening| petenftiadr .

Pl asmi d DNA was diaesinddrobiabnpheis on fbit thdadkkeatibnl ezhedptinendeat ed

i gost od w Thianan | arpeopcaceubpelt bf MY IREnElh 107 ST Lbdl o ant ot s
<Ikb in size were 95 gé?eecpﬁﬁlgifhggﬁ?gp%re hﬁfWBhoﬁg'ﬁeg#%ré?e%’“%I r
strain DHSa was cHuasentdonhef ca openditient agseeiatiad withsinfeqhion dyakr phoA
gene. Reconbi nant gragmBdstyestoctizcat! setLich.on Luria agar containing 100

ug/m of spectinonycin3pfdoddh YheMbrieinfas Ne@RPHEIHA KSR FPRE the
ERY e ettt A Sy
sequence of the | cdwedngentishpargemkeoncensidaned todwe Withir theyscend ofir of
the col oni es. Apprund peeseyt I9ReAt oA f exanpareicalair)atlie Peptitids cxorhai ni ng
GBS insert DNA vengAhesnedl ide hBLS 1 FROGeadttidnt3of RE2ERI Do sdiikagM ds.
whi ch conpl enent ed t he I;ide{I ess_phoA, were chosen for turther study. From
these experinent s SSPEFAPALY i f8¥%ner e sel ect ed each containing a pl asnid
cont ai ni ng a gene Rascrapt e 34 nvgnialenconpl enented t he | eaderl ess

phoA. 10 Havi ng identi frhedptdsengedfvent iaCiscieséribed witheremramic! ot 0
obtain the full-lengll geBE SAMLUNICE1L SErd O} . UsiblEvdde Jlée%ief tg¢ and

sequenced gene fragnent, ol donucl eotide priners were designed,for genomc
DNA' 15 sequenci nd. r?ﬁ@éeaﬁ?i REPY QP d%g'tgﬁ%’tflscft&?if’ﬁ §gau AE8LY ntan
‘out war ds directidmcfipden rrdatend apertddesqndeoteive heydngt pwinegackde
obt ai ned was gheclkedueficé eRonblédle withanthe3 pdpidieNiofoM73Re g@rgalasmdeen

2. homol ogous. seaqaisl, Card For che eeite, HEE, Ry Oep AR TRLERE, 1!

3B o) Waear DO E

20 honol ogous sequence nce of_an art

codon (or accept efCeqtit BHERCPIRT e CedBECTRIES SAi nEH 481 Sar B Ha e RERNP
sequence, and for ¢ lapd3Grewpl G tStarepteseswic apfd Enteansdeti .on iaechhasit ton
(Stop) codon. UpoRrakcHest ithesatha3nvafadvedobtl! il eRat Larte By 4¥ WEBESiKen Wer e
desi gned for %rpl ifurcﬁéon of full-length product. Priners used included
restriction ehzynme recoghition sites (Ncol at the 5 end and Eco0109l at the
3' end) to allow subseBRifra®lyni Hee deptiidepr sk tmantke usefndcfor ol
expressi on syst empps@dct8éh PER wascidy | RiveOUredtery tien pao¥EEEquéids t he
products cl oned i ; ]p@ | g0l n. iL:r ag 4 FOl | oW
confirmation of t%réﬂl?aesencgw%tfhctﬂ{eu %yn%?% aé(!rlr%}}l%{,ﬂteﬁe%iﬁ/és ?)%%Lged
using the restricPF8 e’é‘?ﬁ]yyrfe§hﬁc(?Fp‘éi%eﬁt_c’mg?eaﬁﬁﬁé‘aveé%rBF‘F\‘E?P%i ch

t hi s fragnment3sas sintkartidy .wadMostnpdeferablynr tilen pEptdRE80U8VE Kanrereres, O
P. et al. (1998) ¢naBigdeeagidned Triallarity s a/eCt 052 dpfihawikpg a 22 May
2003 WO 001 37646 7 PCT/ 6899?04377 | act ococcal origin of replication, a

chl or anpheni col resistance marker, an inducible nisin pronoter and a
multicloning site was altered by the replacenent of the multicloning site
wth two 10X His tags, flanked on the 5 5 nost end with an Ncol site, split
inthe mddle with a multicloning site (including an Ecooi 09l site), and a
Stop (term nation) codon at the 3" end of the H's tags. The gene of interest
was inserted so that a 10X Hs tag was in the 3' position relative to the
coding region. 10 Followi ng transformati on of the reconbinant plasmd into



L.lactis (strain NZ9000 - Kuipers, O P. et el. (1998) supra) 22¥af20037
liquid culture was set up and translation of the protein was induced by the
addition of nisin to the culture. After a 2 hour incubation, the cells were
15 harvested and | ysed by bead beating. The resultant Iysate was cl eared by
centrifugation, then passed over a netal affinity (Talon, C onetech)
colum. The & WR4%as washed repeat edl y before bound proP%T’ﬁE”W@ﬂé el ut ed
with Imdazole. 20 To identify fractions containing the H s-tagged

reconmbi nant protein, an aliquot fromeach f#acti on was anal ysed by

SDS- PAGE, Western biotted and probed wi th anti H s anti bodi es. The

recombi nant protein odfaNingd RRErRAEPFIR& to FSPPIMARFEGKRY ZEAl akle white
rabbits, wi th preinhventiorgerit bis npodsairblestted ye Oothd ogenauBsegaénad. to

Fol | owi ng a boostesémfaﬁhbﬁ.él 1) &acstﬁéxcwcmg%%@msol 'ﬁ{:ﬁis J:sy

sera was used in er SA and ani rotection no

Usi ng the sera ob¥§ P Ph§°aHFﬁﬁFm€’[ hgg ?nﬂ’fﬂﬁfsd‘f’ﬁ”&ﬁgg{‘ﬁﬁl‘%s
were carried 8éut. h@@tﬁiﬂBlSFrQMQmmﬁscwaBr@% i nS&EincRotidmbidogias br ot h
(THB) for 8 hour spayaevestfsh idhdares sepesnon A SMstRHg aDthaked! Iaufts of
this were used t oAt rW‘EleLan )P a 96 35 well plate (Nunc | muno- Sorb Thi s
was left at 4C overni A'tow for adsorbance of the bacteria onto the
plate. Plates were vvag??é’(?ifiﬂ?(%' Rre¥epssacearding te ke inyentian papdep

001 37646 8 PGTI GE9%y {BEB4/ amdt His3¥BEEd | by Phistlais iMmowat i37 @hePlaaites \Er e

ggall n }’\B-tSEEdloge:'ﬁa?ti&lfan %@élgﬁéiﬁ}&ﬂﬁeﬁh@xééé?e}[@;éﬁe%tge Itnwi’gﬁ rls'tnd t
al O ese dilutl re aade Q e pla nU|cae.
3.'1)312\/\@ usé r ctim gn]ao %@%&?a’ge%fe re g

The plate was co and i-ncu

washed, then 501 %mﬁ spitahle APREt i Aethrefrrgrants @gd %@mwwcemm
anti body at a conobnttrifiednad may5SH€Msetnlathdcherappac Forelekampbé ) dieng

| noubation at 37Gdaieas Qplt'heii-hfcﬂ|v@=t PruifertBSRad pR0Rd aB0dneihsiLcal ©

(PNPP) was a ed ea and a Wed to roceed for
30m n before ghe &a C"‘f';?ﬁ'c"ee'ﬁ"s read:ci 40 § gﬂ} ni rral c’t‘g‘?}’n "®adi es

were al so carri edl"}ﬂ?t may akso besed £Bcthe, RReRarafiopr of éé‘ttlibﬁdbﬁst (G2
i muni sed r abbi t pasEl veBbmMAd 2athen goovdiiagnostid ldppahtationsd- | wgitpbase was

reached - apprOXIanPéﬁJoméshquehd&ehbﬁom&pommaauasa QRUNE e%b.aﬂber
and bacteria wer hdlxje%tfe qé%imgf%qﬁq%cgg“?tf OBy >%10 Q%Js% Qer

in pre-immune or cst séra 2 th
i ntraperitond@l AR PHWEFABIAN R yitdhoddes v n‘P%eaFM’rré"Gbé@r F&@seor
survival over 48 sxduleda ThetHeolaktwi ng Exanples illustrate the invention.

nggrrFIDe N(l) 22 A fltL st ghengrepatatiss @fgewcmqafemaeséddegﬁl falt&finks«a&ean a;
Wi ninp. ac s nc i fi , an
classified as ph0| c%gor%aﬁpsmsar?séo%gg? %o d& asg‘ﬁ'&qégqﬁgncg’%f agﬁ -13

was per for med. SG’aHGH‘ﬁPogifE@Wét%‘Pfés GBS“pl"Rﬁ ISr'@‘é]rPé'—eﬁr oWiEh @Eaitpble
identified i2sst roaprdens s afyogsitss, eSg. palRn)Das | resesSarg adbr-\Geisiived,

Es?:herl Chgexcm t ’anﬁelru%e'a tﬁll &Heape0! b ovf@é‘ E?fe@@ﬁdé Cimun¥ehteohact er
pyl ori and Xaenoph.ilu uenz enes_and_S.” pneunpn-a

honol ogues 35 vveragartaﬁﬁtl ¥ EY P ro% g%&ﬁgtggéféhce Fat a° é?ﬁfpnorgﬁﬁﬁfgtl ons
wer e avail abl e adiesoerganifms:it Fhef Prﬁ@@ﬁ#@nopfgﬁﬁecbmmlaFmMI

ot her cases, thewahqzvae hepparegtieso the? skiy1&dGerdon00l 37646 PCT/ GB99/ 04377

9 can be deggified agofleePertpniantl B DIPLERE il £8! Hidfy SHBUIY S, The

catalytic activit pro esu In the drolysis o rot ei ns

to small pepti de§¥‘| the I"i‘é'tpr%§é‘ tabls amppnk f ﬁﬁgﬂ%‘é‘#‘iﬁﬁ?@?’?%‘d"fﬁ‘hﬁ et
al. 1993. 5 J. Gdmvehtborobiai .bel 302 Bt3ed20 or Fthehapentis, usey @spRean

conponent of C psRiehBESES cRASIIQEN §ROWENA b@nwducsﬁaas rlwthsof dfe heat
shock response (Kroh :I‘§1 Bact er i

i 72: 6026- 6034 ﬁ&mf%i‘H‘s" ttJ'SBabIlrheFﬁ%tanQﬁl 5 u’ﬁ? {CRSFSPIBF @5 Fajned
prot eol yti c HonaPACRAing 329 kraysecaier s sHchRrs Fhet ea#-taqe/ﬁwpaea of
| nmruni sat i on st udheScofiditiond toutbeatrdated| beRe abpye, oy i pdslath tdre dna | owi ng

resul ts. subject etc.



Jreatment No animals No animals surviving 15 at time (hrs) 24 A48 PB§d0 7 0
20 Pre-immunised 37 13 O Immunised 38 17 9 Exanple 2 25 A second (¥I one

desi gnat ed phol -14. 30 35 was selected containing a plasmd This plasm d
contai ned a gene (or part thereof), which conplenented the | eaderless phoA
The nucl eotide _and deduced am no acid sequences axe shown as SEQ ID NOS. 3
and 4, respecVPI46 A conparison of the ami no acid sequeCE'BMRT - 14 was
per formed. Honol ogues to the GBS phol - 14 gene product can be identified in
Strept ococcus pyogenes, Enterococcus faecal jss and Streptococcus pneunpon-~ae.

These honol ogues were identified from genone sequence data and no
annot ati ons were avai | Bbe resiucsst a thgeRresgntoinyaRtipmeese igentifdgduct s.
Addi tional ly, twoagogslbbwshonol ogues were also 22 May 2003 WO 00/ 37646

10 PCT/ GB99/ 04377 idenji fbg%{gpmgﬁgégelﬂi@rgggxngfi éﬁ)anés@%anemiagsa
pseudot ubercul osis_(YscT). ese latter t honol oques are rel at ed
proteins, beli eve&h%BmB%g’%ﬁ?cPBPe‘baﬁ erﬂ%r%(‘:‘?éw ﬁ%%r@iﬁ%vfﬁﬁ?WW'T. et
al. 1994. J. Sact phral, BRGPREAR D PPEIPhaA3 CPodbiedskd A+ et o 03986- of
the span gene hasghagnishovy-ha7he | THeNd dlhshids ipbssessna Ofortifthelival
cells (Sasakawa, GpelliSdnydidS aglnyPRflilddene’ ~ARETBAoE!O)redidkbiEL T €
t he product of the Sﬁ*‘ geyne i s 25°58 requi red for SuiTace presentati on of

i nvasi on pl asni d BaFkeEns Whikd 18PRfeRSHgBuNiFot 2P} nof. spectinomycin
pseudot uber cul osi xesistarmnpateid tfereffordcasidyr s¢lartesdy st Bunthietmbseal SO
el ect od contss ni foae yickers! ot huricsedy ?%é"%ﬁl%ﬁza?#%%é"*ﬁ?zi ned
a gene (or part tﬁgllgcf%o% WATS °5oﬂ%*%ﬁn§’r?t g}ag?’?"lq’eatla'jesgderqﬁ’ s *“b‘h%x.“gﬂ s

nucl eoti de and de@&E&eF AAlYoVAED FeSREFENER Ehe Eeading fxamerty (whighsthe and
6. A conparison ofiealier vEsnphorigknecquintcy 8f quimplaredvias adOupetirieammbnk

g!;)rml ?gues to thef@ﬁﬁepm;imx‘it g@@&«fp{éui%t eREy N %ike. i /tierﬁéa;f‘u%g | Bnis

r ept ococcus, _pyogenes._.an a QgOcCcus carnosus, (SceA) . ogenes
horol ogue vvaslslode ﬂ‘f‘?%toecf%m%gﬁoﬁéogeﬂineencea‘ Ca5t %hénﬁp%%wgﬁﬁ% a?‘?g‘yn% wer e
avai | abl e 25 as t segpengeiciax tqxportt 0 §BhE BRZYAgRBEushe. brgEeRirhpr e,
little informati onembranes, |eitiracehlblver falkalline phosplataseAagebeity othict
fromS. carnosus. albgnts Cafed &Hasl %‘i'd%i&é‘oé{ﬁ HBpaSRUEENES &h Nkl agdiy to

t he aggregation prngRtl q:% rgt ein sr%TnZBﬁ%g)bsm!jhleu% gassari,. BQkaisneed on
anal ysis of the s€ ﬁgé“h rﬂ%’r 8udt , S¥HE ROrecul @ ot AP I P Re P A oH  r ved
si gnal sequer’®e aRHosERhatAssr cRvbgtRAkS et &8 of SRrSBerAret R -tRdobtkt eri al
cell surface. Exaphbsphhate)f,urddear mdtonenters ietact ctacontiailnicells pdresmi d

35 designated phogpdrefdiies HhASMLbHARGAIdIC i 130RC d¥ocRatda t REK LN
whi ch conpl enent ed thq] l,eader | gggt‘&oA 2 3. wo_ao/3~s4s 11

.. The 2 y 2
PGT/ CB99/ 04377 nuRPeIMeFESEnGS kit dae&‘ﬁtggque%g‘é’é SyRerted, OF ¢ SEQ

ID NOS. 7 and 8. puefapsariassachrtede aladdnaci Bheasrhirdidee ofchhvhys ks

25 present, the chromogenic XP substrate is cleaved to yield
a blue pigment and the corresponding bacterial colonies can
be identified by their blue colour.

Plasmid DNA was digested to completion with BamHI and
dephosphorylated using shrimp alkaline phosphatase. GBS

30 genomic DNA was partially digested with sSau3al, size
fractionated on a sucrose gradient and fragments <ikb in
size were ligated into the prepared pFW-phoA vectors. E.
coll strain DHS5a was chosen as the cloning host since it
lacks a functional phoA gene. Recombinant plasmids were

35 selected on Luria agar containing 100 jug/ml of
spectinomycin and 40 pg/ml of the chromogenic XP substrate.
E. coll transformants harbouring plasmids containing GBS



_perforned. 5 Honol ogues to the GBS pho3-3 gene product can bexidgnidosi ed i n
Streptococcus mutans (rmC), (cpsM S. pneunoniae and S. pyogenes. The S.
pyogenes honol ogue was identified from genone sequence data and no

.annot at i ons were available as to the identity of the gene or gene 10
product . goni ae, the honol ogue can be identifie

dTDP- 4- ket o-g- c?goxy gl ucose- 3, 5-epi nerase. In the other tpm%ﬁglz’i’sg@%s”the
above honol ogues can be identified as dTDP4- ket o- L-r hamose reduct ase
(rmMC. In S nmutants, the gene encoding this enzynme, rm C, is part of the

rml locus. 15 Theu{s{@ré %&l%ﬁ?@%oﬁpie%nwrﬁfe QQBS?tV@imle)élgbgb%ce of

significant sim|l arl s_Involved 1 ﬁﬁl osynthesis o

GTOP. 1 hamose, |t e HRHPEL 8% FERA SR BT? HACPALAIRA P bHD el So1PBhe

mut ans pol ysacchaf ¢becepbulies; Tapprokimataelye80@00 diggerent regombinagit

1 79:1126 20(11??)p1a‘§ﬂli@%ak~89€&|§nirg3l@shaﬁséfﬁ%ﬁlﬁ%ﬂed%'&%'gﬁgéd iR tS.its "

pneunoni ae e i a
ha I;%/‘ nner: PS 8 ecomgﬁianl\ébP%a%f@sb %hifh compq.a}nﬁné‘l 15@51

St r ept ococci rca 0SSESS
associ at ed pol ysd&Aerilaes B’Sbhl éﬁeFerCh%qJP temafyrthey sdmdp-| 2. 1987. Syst.
Appl. 25 M crobiol. i@rdnlethesarkperiments,glsleyepabbelitnest Wake selected

dTDP- 4ket o- L- r hargyQse g,ggg:_lt,ﬁ§, vpuggagﬁdasgmﬂt,ﬁqgwgh LhE Qukerpaiyr face

St t A furt t t
ol asm d 30 des g&%ggoﬁﬁoz%ch FRPL BreSi A4 €pBr T aa9eEd <A 5 RRBA o part

t hereof), whi@h conpl Brehngdidentifdgdethesgenmdn emsh mplenectt dis $dgbence
i's shown as SEQ Ifos@b18. do ogbtdirs, thesifudanlangtiogens r a@gquende Ngakegi ons
were identified, gAqql8e deduced am no acid sequences shown as 35 SEQ I D

NCS. 10 and 11. A conpatison of ,the 0 ac sequences of pho2-10, wa
erformed. 22 My 2BBSP90DBI $98AECELD RS ERES KA RSSO ne
GBS pho2-10 gene odigdnuelectidee primerist ward ndssignrdcierugeponienda
Ent er ococcusi1§ aegalguenciRpar Yaeye axr iartsdeatdldes1§héd g0 aBdt&Esdiencdi e

cola (trkD). The,g apm%ua,?aarﬂrﬁct&aﬁ@ohstmrs%kggng SRalhee! d%ﬂﬁaf' ed

from genome sequénce data and no an tions were av |

identity of the J&R8:oFRHeRed &uegﬁa ned MR8 §B§§¥e% R8Tt &PPs® 't he
hakl gene is a hemdl égu@emimiheft#ﬂmgg%eh## deeh. reasghed. Ba’?kelm,sem:ﬁ. et
al . 1995. EMBO Jofl: ikl 30aajurebnewdd Hakhk el oby Echeeksnds agailhsof the

tﬂg g;)ts?ernl EH(;Bt ggg@lﬁ@lé&éﬁ@@e Egﬁc%‘é;e‘&%'efoﬁQm@Q ehﬁelméa ggﬁgn@é f ;§/% the
pot assi um upt ake bé ggﬁ)fgncﬁg ORofP* Tﬁ‘ée‘ffd%o %%\ié(ﬁﬁn Bfésgfﬁ?ﬁ Protein
contains a highl §hiaewqam9b¢@nmee&snsmnq¢at angd farcghet Y and,sphe t he
nmenbrane at | easprégehcdrsE aKypanslatdionheabnh Dtiont @sa&ﬂercola&amn menbr ane

protein sequences. T I55eRe 1 & AR iy gl
proposed that the s ste‘ﬁ‘\1 |1? gr%vg%‘f)i o Qﬂe ! ?g ent’ Egcﬁ%eyer M
oduEty { her

osnvtic
& E.P. 20 8er¥e é9§e839"°§ac§°e“r|ﬂ3/1‘1f7‘838g225 g3y Idenghhep
cl one was sel ect Bdimers aasndny\tslqglledsmstniwlgnaemnphuécqgi'lit'lilqmsspt%sm d
contai ned a gene(ﬁeéxpaﬁttweg@i‘a) andhiecBo o9l LiauMecd 1t BRa) egdesinss phoA

The 25 | eotid h
SEQ 1D NGS. 12 Sﬁ%&%@‘cﬁ RoR ol PRRIEC 100G S8 BREETpEeqd ™

was perfornmed. HBYRTSRfiCD F‘Ms %‘@5 *pho2- 15 gene product can be 30
identified i3 Strept RARCcwas pragehed, oStr apgiogocthes prémens,; aand the

Ent er 0coccus f achpbierand cEsAke! i1t 60! ged 09§ 28foR) vedhsr S (1n

pyogenes, S. pne ni ae cal IS ho I dent i f|

genome seguence GATZCER * noFgHﬂS‘f 29 SRRELED lé’ga ? VF % PISSERCP C¥t]'@htlty
35 of the gene otlenste fppouent s thenDEA was| axcxm ysioy e rgetrigtien
products can be égioaldsf Nedragnd@cee1bbe. | | C conponent  of

phosphoenol ypyruvat e p a I 4
PCT/ GB99/ 04 97 phospr'lxgt(2 r gggfer ag’%% &h%cg%ﬂ(\%g%ﬁew‘%@ gé? r@3‘?1éu?)r"'aatse
active-transport® fpsidied | yp S“S‘S’/fstpé'ﬁﬁ“? h@‘“llPEr%orﬁ)poﬁerﬁt rd-t (A998l |y

i nvol ved in bi ndfng Bibteghr aidel | abarlrar boithdsat esctayd f bansowriognphkex with
the 11D conponent to 5 constitute a nenbrane channel (Nobel mann, H and
J.W Lengeler. 1995. Biochim Biophys. Acta 1Z262:69-72). ~~~nle 7



A further clone was selected containing a plasm d desi gnated pl{@@éf ooshi s
pl asm d contai ned a gene (or part 10 thereof), which conpl enente %e

| eader| ess phoA. The nucl eoti de and deduced ami no acid sequences of the
gene are shown as SEQ ID NCS. 14 and 15, respectively. A conparison of the
amno acid sequence of pho2-2 was perforned. 15 Honol ogues to the GBS
pho2-2 gene p an be identified in Enterococcus fae erichia
cola (mal K ang@g?ﬁ%;@ Eacillus subtilis (gln0), Xaenophil E‘Z&:é‘* I‘)ueﬁ;ae
(yebM and pot A), Streptococcus pyogenes, St r,eptococcus pneunoni ae and

Sal monel I a typhimurium (mal K). The E. 20 fsecalis, S. pyogenes and S.

pneunoni ae honol ogt&a:daebealdemtﬂgfmedofrmapgeaemoﬁ,equen@mdaaﬂpmdw
annot ati ons were CE SQQ geagnaggeghe |demdd\; dbl g‘en 8{0 g_ne ,9{ ogucts.
ol 0

In all other cases, o ues repfesen e ng tr pro el ns
that are part of ANGtiFAEndEY(sikR A% Altersnk Yth?hEeEJtﬁﬁﬂﬂ?é’ﬁt§ ofth8BC
type transporters mnldicdobicyeite ebth toor loX dlizssags atfihnked dhese Systens

are Ir g\rfl% \r/]tedt '8 L gr%lstr?r @?ﬁpQ{iEPOEnWEBP”Plé‘&Ul @Eliftf R e %gdgﬁeuluhas

sel ected cont ai ni ML% B AR 83«?5 gﬁg?%@qgﬁo? %Ew‘]’ﬂgﬁ %&fém ﬁ“‘gcﬁ'ntsif’ﬂed a
gene (or part ther@erpinabien) codpheatertined 3t and |atddvel His prgm\. The

nucl eotide and deducedragi gen@Gdfd iTRGLEEE BFaDfirlskete@NEo A3 ADRVWALAES SEQ

I D NOS. 16 and 17 i qf q C

perfornmed and no ho?oﬁggﬁgé 1?:’%I:’d Bégftd%[rﬂ ?? ggi‘??\%g’ $hg 80&’%%%%1%0

001 37646 14 P/ c;ﬁgéiexgw PrRNSSeBPAL %t%fba“é& reacra Rpremig tlHE"’GBS
pho3- 14 gene prodécfachhs béstxhim iNIS9Q0i m SuipprecoecuB. py@g@rles (1B@8) t hi s

honol ogue was i deguipkkgy { rs@m gennrqmaeqwmm dabaswﬁipnanamhhemn Wer e
available as to the Eﬁg%féeélﬂfwéé‘%bqiu %Prtngeg&ﬂil%gn gk 1~§£ ﬁ
u I C | e no er

pyogenes hornol ogue to search ata bases

i nformation. Si nc&YHBTPho3-AMSH oﬂu t RO EEHRARdOPhe l"i?ad‘é?:'r]e"ss"ﬁ’ﬁ‘bA
gene, it can ¥ cbacvesites tamdt 1y$ed byr b@@d rbe@&llmpar {TheheeswiYantodyydavest

prlobablé be | ocat ﬁdse&héaﬁﬁi|w3éér}tril’eg£t:&ﬂ{m|&ze91 PHakeeliheves! aNRe¥aB g

sel ect ed cont ai ni es c ed a
gene (or part thergg(ijr ’a/n(:? ﬁog éll%%ﬁgrég%?}u%ﬁea}“ﬁ ggiﬁﬁﬁn‘% %EL&&&‘

nucl eoti de and delBBEteHivho %ﬁ,fl"aeseaﬂ'é?ﬂ:esp’b? elns gé’ﬁéearé lyted hoikths SEQ
| D NOS. 18 and 19Imddazgdeari son of the amino aci d sequence of pho3-17 was
performed. Hgwl ogues 16 tientBey Pm&cﬂogenecd@itedm;ﬁgcacfhebemdeaa décd i n
Streptococcus Mt aaso@thrRCtARAGEHS bAChIIquel Hif Shah ! BLALYid i Shown

to N-acetyl muram m lari an unid gene,
yUbE from Baci | | uBnaL¥ReIPY. S%"ﬁ@é?ylw&ﬁ?ﬁs"é‘ £4 apd 85?8?‘}%‘1 ﬁht?%& s

invol ved in cell Higimitdboddesng this linmted information along with 25 the
fact that pho3-17 conpirimerdcsmbiient epgetd 85 SotiadNedenas ithemddd to

concl uded th%ts th@ﬁﬂ?j‘% 1%6'9; Qggf%th Qemgi:bﬂgbqpit%ﬁ 3; L9 %ﬁe sera

extracel lul a one con al nr ng

pl asnid 30 desi gnﬁ?%’&ﬂ pRgyeshed ‘Hﬂigrpﬂ‘%éﬁ‘fnanéﬁﬁ‘fﬂ%edF%lWﬂ‘g(Brb‘ﬁ%ﬁttv
t hereof ), which ctmelmbbitedwerdte shernilfidesisangheska €hdlectkddot fHis avetra

deduced am no aci gaseasedCes Néstdih ALY TLIBRWANAS afffhl DoPtactiQnand
21. A conparison of the am no aci d sequence of pho3-18 was 35 perforned.

Honol ogues to them&fé pho3- 18 gene product can be identified in
St r ept ococcugOpyogenedsdng fhees@ocebiained) fuep Jiws ayd g/ 3stouliess

immunosorption studies were carried out,
Group B Streptococcus was grown in 20ml Todd Hewitt
broth (THB) for 8 hours, harvested and resuspended in 5ml
PBS. 50ul aliquots of this were used to coat wells in a 96
35 well plate (Nunc Immuno-Sorb). This was left at 4°C
overnight to allow for adsorbance of the bacteria onto the
plate. Plates were washed twice with PBS, then blocked



PCT/ GB99/ 04377 pneunoni ae. These honol ogues were identified fromage

sequence data and no annotations were available as to the identity of the

gene or gene products. Using these S. pyogenes and S. pneunoni se honol ogues

40 search the public 5 databases showed sonme simlarity to outer surface

and nenbrane spanning proteins. Since the ORF3-18 product conpl enented the

| eader| ess phoAogmae, it can be concluded that this protepdr/dsdoosas t

t hereof ) woul d nost probably be |ocated extracellularly. 10 Exanr~le 11 A

further clone was sel ected containing a plgsmd designated pho3-1. This

pl asm d contained a gene (or part thereof), which conpl enented the

| eader | ess phﬁA. wiitth M@Dtirdepmdfdﬁduﬁﬁdaﬁﬁbmm.adEilml&ﬂ%%s &aire |

gene are 15 sho EQ 2 . LS 0 e ] aci
""’Lfas%eﬁ. é%i\iqsa_o f_%f‘é‘%ﬁ%uéag‘%{ﬁﬁgfa&%}pmggﬁ:ﬁ madd "1

sequence of pho3-1 was perforne nol ogues to gene product
can be identifiePBS 288 eprbfcEhese Hdukdens siere pdded & the pablanefi ae,
Eac~l ~us subtili sheyupDtendifintdmpddostes f dFenl ptatdhwas®. coyegedexmndS.

gnteu”vnidae angl Eiiﬁ;q'iﬁfi%leids foemel pguURE RS id?et ipflgedtilfawgﬁ{uﬁxe tHemuence
ata and no annotgti.ons, were ayail.able as to i den Q e qgene or
gene products. |mogt gﬁBﬁ’faﬁ:’&l\ét ?liék?bidﬁ’cet Pgés%qaqt%ﬁéqzﬂf%%eSeﬁeéc?f%'JHct is
unknown. It can latibedy Abweveencenkratiga ¢fit b § vas |afdede koeache E.
subtilis chronpse@ali.n PoIRging tAchBatlidngafeI®e fow any @dur) €ed Iplalel

syninesis. The. { 3pls hRahed Nohsls SRAUSOGECAAD!BRBHY Sihe! HBAbEAISIIaEHS PHOA

ene suggests that .this gen roduct 1530 tracel l'ul arl ocated. xanple
%2 A fu??herl%l oMELkasdRE | e Eﬂa%%’rﬂ'hiaﬁfrlﬂﬁei BERFEPHSF gAYy bﬁf(?g?zrer
Thi s plasm d conttheneadserkpnae Wes pead athdPBofm. which conpl emented the

| eader | esshphoA. TheQﬂﬁimlmﬂmiaﬁdngd]&m’ mgacidirsglqaeaﬁestaf t he
ene are shown a .

PCT/ CBOO/ 04377 1%‘*% oénhga%en&éﬁgﬁéga%f n&%&?ﬁ“ﬁ%ﬁﬁ%ﬁ?”gf iﬁﬁ‘§§§ﬁidms
per f ormed. Honol 5@58@*’?0 t he GHS pho3-21 gene product can be identified in
St r ept ococcuEs pyogeneSBs H1igpwesogremn Ippdauithiuntil ntdoleeiphage wasnentum
g bsplA) and Lact oksgchéds- rapprekindtelly) 5 hberss [meageneéerérsbunteAngHN@N~ae
onol ogues wer e e en?:gm AP[RC t o i ons
wer e agai | abl e alscgtsg{:%éuée ?ﬁgeﬁﬂ'g Q ,tﬂi e g g’ré%e%eﬂwréggugggw#\ﬂé L‘.Q
fermentum the b§Bﬁ°T®t’@°etrf'é’"pr°5dL?C‘llohaga"b%éaai &Rt ?"Ei ég RESHIMYNY Bhsic
cell surface-|ockeetl pserai n t h&eshasofonthisequeasce ioijerctedi tyiao therly
|11 of the kart eghelrapétiticielil NEbute RhEd @-1Sd4y WIAChicdd SThé€mizk wdPO7. J.

Bacteriol, i79:. gg;gi_?%;.@or Brdivd EEVeL 48 tfusNb gene product has been
identified as 15 a collagen |nd'|tn pr qQt ei:[u t hat has songe seg?ence
simlarity to the solm%%ﬁlﬁm’hﬁg cfg?‘?ﬁﬁ’ﬁéﬁt brusraate the AserErSRsporters
(Boos, S. et al. 1996. FEMs Mcrobiol. Lett. 111:33-38). ~;amnle 13 20 A
further clone wagxgmpreted containing a plasm d designated pho3-22. This
pl aem d cont.gi ned a i C&%} n

| eader| ess phoA. Thegﬂﬁﬂﬁ*l(e%i%?ntgngaggggéée% %% acj egggugﬁggébg*e% he

a
gene are shown aBeXEk | PENEEQ P MR 23 ¥tA AR n2oid ¢ RRIUGRGR aci d
sequence of pho3i@éntiasiedenEoSERAD NORDE parek cless il €@B8sphb31 23 gene

product can be identif ceflpafidedM 8F AIRC aHEnd 328! séquenteCHt PREECYS was
equisimlis (I ppC%f Ii.smeetédormnas fluorescens (oprl) and 30 Streptococcus

t her nophi | us (or? 4ff) he E. faecalis honolog was identified from genone
sequence dat® and no Hemedeguesnsownshe §88i Phelvlhsvans tRredugbncny ke t he
gene or gene projd@itified In ogweptocdecus tgyogeppf, 9sneppaibiiiag)as.been
identified as bej ‘gzlﬁgggpr ! Egiig};n ic13p WerRhRIPUINterbisy Fifed), outer

menbrane protein fro nopni uenzae ((Gase, ,K. et sl. 991'f Med.
M cr obi ol . |mmr&ﬂ".i‘:28’6:%%‘?1$'é¥‘?'u &5 F"‘?ﬁﬁ Pyiory, BRpmorid 1881 37646

17 influenzae. The S. pyogenes and S. pneumoniae homologues
35 were identified from genome sequence data and no
annotations were available as to the identity of the gene

or gene products. In all other cases, the above homologues



PCT/ GB99/ 04377 fluorescens oprl gene encodes a nmmjor outer rre?%r 8003
| i poprotein (Cornelis, P. et a3. 1989. Mol. Mcrobiol. 3:421- @@ I'n S
t her nophj lus, the orf142 product has been putatively identified as a cell
surface exposed 5 |ipoprotein that nmay act as a receptor for the
bact eri ophages TP-J34 and Sfi2l1 (Nave, H et sl1. i998. Virology 211:61-72).
The ORF3-22 pmapestésshowed good simlarity to the above howot/cgessizr
particularly at the NNtermnus. This is nost likely the region required for
| 0 conpl ementation of the | eaderl ess phoA gege, and therefore serves as a
| eader sequence. Exanple Ih A further clone was sel ected containing a
plhasm' ]9) de\?vih gnﬁt edcih G 2aeg€ﬁ5eqabamnidepemémd1p eoteasarprpaieblytfc
t hereof), ich co e e e : '

ORL SRR, TL{; ﬁtgaqg%% §&1RJ1%§ of fawgg%eg{)g%gglaggﬁ o

deduced am no aci d sequences of t] enes ar.e shown as

29. A conparison oint hBeahYAEOWSIF quRirteise fRosmaslWREPELIeY HRdEhe0
Honol ogues to the (iBsserms-oZ3AFenand mudineis ivan( ks fiagdnt PiMedet ml. 1993.
Strept ococcus Byoggnegen St HESEHSRACULIBROWIDIEAS, BRlahesneses tRecelps and

e ccoseus, i oD r, S8 o MARE i o RIS 58 s o

f aecal ~s honol ogue rend enone _sequence
annotations were aRakt &f ehedeat sheck FeAPPRSE dKrPRe HydheaBR IydheSHPMtuct s.
In S. nutans, the pesdd genBapteximl. hag: bexar6oses varpl iltely prdabiléi dhtas a

pernmease, but no ofNfd LRHGEIE! bPN tha Beaphals e pretbOlyti: f 8akd i wali1d hi s
protein. Consi derlggst att t he gﬂo%h%% ngl ?%%r %&I on 30 conpl enents the

| eader | ess phdf gedESOFH2teAnWhER CHIt PAFEET tRh = FRE°Bho3- 17 gene product
woul d nost probably be Impuadsatiqn stedies) garyiedithbpe desoxibed: #legves| one
was sel ected cont ayiéXakd thkasel Ibwingdeesghted.ed pho3-24. This plasmd
contained a gene (or part thereof), which conplenented the | eaderl ess phoA.
The 22 May 2003 WD g0/ 3?2646 18 PCT/1C58291043Z§ nugl eoti de 8n deduced

am no aci d sequencEeedPeite gend"APR BRI as "SEAPTRANOSUEYAVARY 31, A
conpari son of 1Bhe amino aci d sequence of pho3-24 wat P dbxsd. 5

Honol ogues to the GBS pho3-24 gene product can be 24entifiedsin
streptococcus nutans (dltB), streptococcus pneunon~se, Streptococcus
pyogenes, Enterococcus faecal fs, Lactgbacillus cesgt (dltB) .and Eaclllus
subt~tl.is (dltB) PBSrhe s, pneurmn.té , S. pyogenez and E. P-ecalts

honol ogues 10 were identified fromgenonme sequence data and no annotati ons
wer e avail abl gpas pretimmundeadi ty of sthe gene or geme produots. In S,
mutsns, L. cased and 9. subt~Its, the dlte gene product has been identified
as being a basic nenbrgne_protein thgémi s invol vedﬁ'n t he tgansport of 15
activated D al ani mT&™¥*8&3h the cel | *Renbrane. The*” ditH gefe product is

i nvol ved in the biosynthesis of D-alanyllipoteichoic acid (Heaton, MP. and
F. C. Neuhaus. 199ZgxampiBagteriol. 174:4707-4717). In L. cased and H
subtiljs, the,dlt9 geng pugt el%_n'aelw&a%vegemt%ant@d&a%meast Patfhia

menbr ane spanning donai ns, _indicating that the protei,n Qr porti

ns thereof
are exposed to t he<ieErEed dPAFd4 cePisBIARTLS o iReA P 9702 g?’bﬁ’ér%as
sel ect ed cont ai ni nghexepif asnwlidescgnplawkentied3-the IEaderpess nphoiont Fhaed a

gene (or part 25 thnastlae MHs idaeBhCERIASadite deqadRELe Sord dwnTRS

nucl eoti de and dedyce 0 .Aac| equences .of ;. he gene are shown as SEQ ID
NCS. 32 and 33. A%rggﬁqé%’n% "t%hZ'gér%%oecg%igalééquence of pho3-29 Was

per formed. 303Ponol ogudscamparigonef Sheaminoyanid fegygece PRl it MRl i ed
in 8orrel ~a bur gdger€ormép23 or ospC), Eac31llus brev~s (owp) and

Pseudononas aer ug~nosaggRpiddues’N €d10MH G SEhIVIUI QENRS oAUBE! caf! Bked tO
each other, they ﬁléll g g{e ﬁnt maéJﬁor out er surface 1;:])#otel ns. Ietn 9. i
burgdor fer -, 35 t HEeBE LA TR raRtEroRars BERIETSRr PRI TRRF RE U 44752445 3- kDa
protein that is tRadi nftraptosogans ameugonies. t heThesd adomglogysss WeEEeri um
(Padul a, S.J.38t SlhentPPiha | f¥AfigenomBlBequerde Mtk no annotations
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A AT AA AGYY Furthermore, llttla Infbc\)rmation is available on the
function of the sceiA gene product from S. carnosus. The
sceA gene product shows some sequence similarity to the
aggregation promoting protein from lLactobacillus gasseri.
3o Based on analysis of the sceA gene product, this molecule
contains a well-conserved signal sequence and is apparently

secreted or associated with the bacterial cell surface.

Example 4

A further clone was selected containing a plasmid
35 designated pho3-3. This plasmid contained a gene (or part
thereof), which complemented the leaderless phoaA. The
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A comparison of the amino acid sequence of pho3-3 was
performed.

5 Homologues to the GBS pho3-3 gene product can be
identified in Streptococcus mutans (rmic), (cpsM) S.
pneumoniae and S. pyogenes. The S. pyogenes homologue was
identified from genome sequence data and no annotations
were available as to the identity of the gene or gene

10 product. In S. pneumoniae, the homologue can be identified
as dTDP~4-keto-6-deoxy glucose-3,5-epimerase. In the other
two cases, the above homologues can be identified as 4dTDP-
4~keto~L-rhamnose reductase (rmlC). In S. mutants, the
gene encoding this enzyme, rmlC, is part of the rml locus.

-15 The rml 1locus consists of three genes which exhibit
significant similarity to enzymes involved in the
biosynthesis of dTDP-rhamnose, the immediate precursor of
the rhamnose component in the S. nmutans polysaccharide
capsule (Tsukioka, Y. et al. 1997. J. Bacteriol. 179:1126~

20 1134). An analogous locus has also been identified in S.
pneumoniae (Coffey, T.J. et al. 1998. Mcl. Micobiol. 17:73-

83). Almost all Streptococcli characteristically possess
rhamnose in their cell wall associated polysaccharides
(Schleifer, K.H. and R. Kilper-B#lz. 1987. Syst. Appl.

25 Microbiol. 10:1-19), and it is highly probable that ATDP~4-

keto~-L-rhamnose reductase would be associated with the

outer surface in Streptococci.

Example S

A further clone was selected containing a plasmid
30 designated pho2-10. This plasmid contained a gene (or part
thereof), which complemented the leaderless phoA.
The nucleotide sequence is shown as SEQ ID NO. 9.
From this, upstream and downstream coding regions were
identified, and the deduced amino acid sequences shown as
35 SEQ ID NOS. 10 and 11.
A comparison of the amino acid sequences of pho2-10

was performed.
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system .potassium uptake protein contains a highly
15 hydrophobic N-terminus that is predicted to span the
membrane at least 12 times. Kup is not homologous to other
known membrane protein sequences. There is no indication
of ATP binding, and it is proposed that the system is
driven by a chemiosmotic gradient (Schleyer, M. & E.P.
20 Bakker, 1993, J. Bacteriol. 175:6925-6931).
Example 6
A further clone was selected containing a plasmid
designated pho2-15. This plasmid contained a gene (or part
thereof), which complemented the leaderless phoA. The
25 nucleotide and deduced amino acid sequences of the gene are
shown as SEQ ID NOS. 12 and 13.
A comparison of the amino acid sequence of pho2-15 was
performed.
Homologues to the GBS pho2-15 gene product can be
30 identified in Streptococcus pyogenes, Streptococcus
pneumoniae, Enterococcus faecalis and Escherichia coli
(gatC and sgcC). The S. pyogenes, S. pneumonige and E.
faecalis homologues were identified from genome seguence
data and no annotations were available as to the identity
35 of the gene or gene products. In E. coli, the gatC and
sgcC gene products can be identified as being the IIC
component of phosphoenolypyruvate-dependent sugar
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is typically involved 1in binding of extracellular
carbohydrates and forms a complex with the IID component to

5 constitute a membrane channel (Nobelmann, B. and J.W.
Lengeler. 1995. Biochim. Biophys. Acta 1262:69-72).
Exapple 7

A further clone was selected containing a plasmid
designated pho2-2. This plasmid contained a gene (or part

10 thereof), which complemented the leaderless phoa. The
nucleotide and deduced amino acid sequences of the gene are
shown as SEQ ID NOS. 14 and 15, respectively.

A comparison of the amino acid sequence of pho2-2 was
performed.

15 Homologues to the GBS pho2-2 gene product can be
identified in Enterococcus faecalis, Escherichla coli (malkK
and afucC), Bacillus subtilis (glnO), Haemophilus influenzae
(yebM and potA), Streptococcus pyogenes, Streptococcus
pneumoniae and Salmonella typhimurium (malK). The E.

20 faecalis, S. pyogenes and S. pneumoniae homologues were
identified from genome seguence data and no annotations
were available as to the identity of the gene or gene
products. In all other cases, homologues represented ATP-
binding transport proteins that are part of ABC type

25 transporters. Many of the components of ABC type
transporters are membrane or cell surface associated, as
these systems are involved in the transport of
macromolecules from the extracellular environment to the
intracellular compartment.

30 Example 8

A further clone was selected containing a plasmiad
designated pho3-14. This plasmid contained a gene (or part
thereof), which complemented the leaderless phoA. The
nucleotide and deduced amino acid sequences of the gene are

35 shown as SEQ ID NOS. 16 and 17.

A comparison of the amino acid sequence of pho3-14 was
performed and no homologues could be identified in any of



W] cal ca W] caUl caU] cal [v[y[[[[[\\\] 22 May 2003
ANANANA - = H p_| ___jama}vpi c\VPd_YSMJ U] cU] cal] ca UV] caU ca UV]cal] ca
WV] cal] ca UWV] caU ca W] cal]ca UV]caU ca W]cal cal] calca

U] cnal] cal] caU] calU] caU] ca] ca] cal] ca UV] canabbbbb

cf c~ccd%ee%eeef ffph{hiijj"j0Oj 3] ? }wgkd*WRLU] U] ca] ca WV] cal] ca

WV] cal] caU] caoposrsdd c*al] ca UV] caU] cal] ca WV] cal] ca U] c”aidirecadh/ear?

UV] cal] cal] ca
W] cal] cal] cal] cal] ca] ca] caU] ca?] Kf N ]jij kkkk>l Al M mmmn#n0n: nAnYnooyooppTp

Xr ke XQKd*WRLUU] ca UWV] cal] ca UV] caUca W]caUca W] caU ca W]ca UV]cal]ca
UV] cal] ca UWV] caUfaad)jmmilcaathbaddsca W didmeddgubcab] the GBS pho3-14
W] cay] cal caul CagTa@“eog,}%gee{ YOk QENEL £ fdd N6 SULEPLHAOREREY byBL &R d VRLU
U caUl ca W] cal cal] ¢ ca cal] ca
but this homologue was identified from genome segquence data
and no annotations were available as to the identity of the
5 gene or gene product. Using this S. pyogenes homologue to
search the public databases yielded no further information.
Since the pho3-~14 product complemented the leaderless phoA
gene, it can be concluded that this protein (or part
thereof) would most probably be located extracellularly.
10 Example 9
A further clone was selected containing a plasmid
designated pho3~17. This plasmid contained a gene (or part
thereof), which complemented the 1leaderless phoA. The
nucleotide and deduced amino acid sequences of the gene are
15 shown as SEQ ID NOS. 18 and 19.
A comparison of the amino acid sequence of pho3-17 was
performed.
Homologues to the GBS Pho3-17 gene product can be
identified in Streptococcus mutans and Lactococcus lactis,
20 with similarity being shown to N-acetyl muramidase.
Similarity is also seen with an unidentified gene, yubE
from Bacillus subtilis.
N-acetylmuramidase is an autolysin that is involved in
cell division. Using this limited information along with
25 the fact that pho3-17 complemented the leaderless phoA
gene, it can be concluded that the pho3-17 product would
most probably be located extracellularly.
Example 10
A further clone was selected containing a plasmid
30 designated pho3-18. This plasmid contained a gene (or part
thereof), which complemented the leaderless phoA. The
nucleotide and deduced amino acid sequences of the gene are
shown as SEQ ID NOS. 20 and 21.
A comparison of the amino acid sequence of pho3-18 was
35 performed.
Homologues to the GBS pho3-18 gene product can be
identified in Streptococcus pyogenes and Streptococcus
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sequence data and no annotations were available as to the
identity of the gene or gene products. Using these S.
pyogenes and S. pneumoniae homologues to search the public
5 databases showed some similarity to outer surface and
membrane spanning proteins. Since the ORF3-18 product
complemented the leaderless phoA gene, it can be concluded
that this protein (or part thereof) would most probably be
located extracellularly.
10 Example 11
A further clone was selected containing a plasmid
designated pho3~l1l. This plasmid contained a gene (or part
thereof), which complemented the leaderless phoA. The
nucleotide and deduced amino acid sequences of the gene are
15 shown as SEQ ID NOS. 22 and 23.
A comparison of the amino acid sequence of pho3i-1 was
performed.
Homologues to the GBS pho3-1 gene product can be
identified 1in Streptococcus pyogenes, Streptococcus
20 pneumoniae, Bacillus subtilis (yutD) and Enterococcus
faecalis. The S. pyogenes, S. pneumoniae and E. faecalis
homologues were identified from genome sequence data and no
annotations were available as to the identity of the gene
or gene products. In B. subtilis, the function of the yutD
25 gene product is unknown. It can be noted however, that the
yutD gene is located on the B. subtilis chromosome in a
region containing genes involved in cell wall synthesis.
The fact that this DNA sequence complemented the leaderless
phoA dene suggests that this gene product is
30 extracellularly located.
Example 12
A further clone was selected containing a plasmiad
designated pho3-21. This plasmid contained a gene (or part
thereof), which complemented the leaderless phoA. The
35 nucleotide and deduced amino acid seguences of the gene are
shown as SEQ ID NOS. 24 and 25.
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performed.
Homologues to the GBS pho3-21 gene product can be
identified in Streptococcus pyogenes, Streptococcus
5 pneumoniae, Lactobacillus fermentum (bspA) and
Lactobacillus reuteri (cnb). The S. pyogenes and S.
pneumoniae homologues were identified from genome seguence
data and no annotations were available as to the identity
of the gene or gene products. In L. fermentum, the bspA
10 gene product has been identified as being a basic cell
surface-located protein that has some sequence similarity
to family III of the bacterial solute-binding proteins
(Turner, M.S. et al. 1997. J. Bacteriol. 179:3310-3316).
In L. reuteri, the cnb gene product has been identified as
15 a collagen binding protein that has some sequence
similarity to the solute-binding component of bacterial ABC
transporters (Roos, S. et al. 1996. FEMS Microbiol. Lett.

144:33-38).
Example 13

20 A further clone was selected containing a plasmid
designated pho3-22. This plasmid contained a gene (or part
thereof), which complemented the leaderless phoA. The
nucleotide and deduced amino acid sequences of the gene are
shown as SEQ ID NOS. 26 and 27.

25 A comparison of the amino acid sequence of pho3-22 was
performed.

Homologues to the GBS pho3-22 gene product can be
identified in Enterococcus faecalis, Streptococcus
equisimilis (lppC), Pseudomonas fluorescens (oprI) and

30 Streptococcus thermophilus (orfl42). The E. faecalis
homolog was identified from genome sequence data and no
annotations were available as to the identity of the gene
or gene products. In S. equisimilis, the lppC gene product
has been identified as being a 1lipoprotein that is

35 homologous to the E(P4) outer membrane protein from
Haemophilus influenzae (Gase, K. et al. 1997. Med.
Microbiol. Immunol. 186:63-73). Likewise, the P.
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' designated pho3-23. This plasmid contained a gene (or part’

15 thereof), which complemented the leaderless phoA. The
nucleotide and deduced amino acid sequences of the genes
are shown as SEQ ID NOS. 28 and 29.

A comparison of the amino acid sequence of pho3-23 was
performed.

20 Homologues to the GBS pho3-23 gene product can be
identified 1in Streptococcus pyogenes, Streptococcus
pneumoniae, Enterococcus faecalis and Streptococcus mutans
(perM). The S. pyogenes, S. pneumoniae and E. faecalls
homologues were identified from genome sequence data and no

25 annotations were available as to the identity of the gene
or gene products. In S. mutans, the perM gene product has
been presumptively identified as a permease, but no other
information is available as to the function of this
protein. Considering that the pho3-23 coding region

30 complements the leaderless phoA gene, it can be concluded
that the pho3-17 gene product would most probably be
located extracellularly.

Example 15
A further clone was selected containing a plasmid

35 designated pho3-24. This plasmid contained a gene (or part

thereof), which complemented the leaderless phoaA. The
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annotat ons were availabl to ‘the identity of the gene
or gene products. In S. mutans, L. casel and B. subtillis,
the dltB gene product has been identified as being a basic
membrane protein that is involved in the transport of
15 activated D-alanine through the cell membrane. The dltB
gene product is involved in the biosynthesis of D-alanyl-
lipoteichoic acid (Heaton, M.P., and F.C. Neuhaus. 1992. J.
Bacteriol. 174:4707-4717). In L. casel and B. subtilis,
the dltB gene product is believed to contain at least 9
20 membrane spanning domains, indicating that the protein or
portions thereof are exposed to the outside of the cell.
Example 16
A further clone was selected containing a plasmid
designated pho3-29. This plasmid contained a gene (or part
25 thereof), which complemented the leaderless phoA. The
nucleotide and deduced amino acid sequences of the gene are
shown as SEQ ID NOS. 32 and 33.
A comparison of the amino acid sequence of pho3-29 was

performed.
30 Homologues to the GBS pho3-29 gene product can be

identified in Borrelia burgdorferi (p23 or ospC), Bacillus
brevis (owp) and Pseudomonas aeruginosa (oprI). Although
these homologues are not related to each other, they all
represent major outer surface proteins. In B. burgdorferi,
35 the ospC gene product has been identified as being a 23-kDa
protein that is the immunodominant antigen on the surface
of this bacterium (Padula, 5.J. et al. 1993. Infect. Immun.
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A comparison of the amino acid sequence of pho3-50 was
performed.

15 Homologues to the GBS pho3-50 gene product can be
identified in a variety of Streptococci (penA, pbp2B,
pbpB2), Borrelia burgdorferi (pbp2), Enterococcus faecalis
(pbpC), Staphylococcus gureus (pbpdA), Mycobacterium leprae
(pbpB) and Helicobacter pylorli (pbp2). 1In all cases, the

20 above homologues can be identified as penicillin binding
proteins (PBPs). Genes encoding penicillin binding
proteins are often located in a cluster of genes associated
with cell wall synthesis (Pucci, M.J. et al. 1997. J.
Bacteriol. 179:5632-5635). Furthermore, PBPs are typically

25 integrated into the cell wall of a bacterium with some or
all of the protein being exposed on the outer bacterial
surface.
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5. A vaccine comprising a peptide according to claim 1 or

claim 2, or the means for its expression.
6. Use of a product according to any of claims 1 to 4,
20 for screening potential drugs or for the detection of

virulence.
7. Use of a product according to any of claims 1 to 4,

for the manufacture of a medicament for use in the
treatment or prevention of a condition associated with

25 bacterial infection.
8. Use according to claim 7, wherein the infection is a

Group B streptococcal infection.
9. Use according to claim 7 or claim 8, wherein the

infection is a focal infection.
30 10. Use according to claim 7 or claim 8, wherein the

infection is a urinary tract infection.
11. An antibody raised against a peptide according to

claim 1 or claim 2.

AMENDED SHEET



