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GROUP B STREPTOCOCCUS ANTIGENS 5 FI ELD OF THE | NVENTI ON The
present invention is related to antigens, nore particularly protein

anti gens of gggYPiRssSt reptococcus (GBS) 10 bacterial pat ho?@ﬁcmmﬁ“are
useful .as vaccine conponents for therapy and/or prophylaxrs.

BACKGROUND OF THE | NVENTI ON 15 Streptococcus are gram (+) bacteria that
are differentiated by group specific carbohydrate antigens A through O
found on their cell surfadcBOURSE STRERTOCRICUSISNTIAENSIDS are furt her
di stingui shed by type-specific capsul ar pol ysaccharide 20 antigens. Several
serotypes .have been identified for the G oup B streptococcus (GES)
la, IDb, IP, [, 1V, v, v, VIl and VIIl. GES al so contains antigenic
prot ei ns knoWwIELD OF THE-INVENPLOK" (al pha, beta, ganma and delta), sone of
whi ch have been cl oned. 25 Al t hough GBS is a common conponent of
t he normal human vagj nal and colonic flora this pathogen has |ong been
recogni zed ashe REPBENE ARVENSACReb XaYateshspsanpigens, meEENngi ti s,
| at e- onset - ngniredchiariy protainsanPREdMAGH Grdlp eﬁ'%%btb&ié%%@é W) as y
mastiti s 4an | 1 o not hets_expos to are at ris
of *post palrot u%%lc%&.g?li gﬁat@g%g‘ngﬁ%ﬂl/ A Pit A2 Ehcfcg i GR™PBEHS r baby as
the child forasbezapy randyiert peophylaxishnal . Al t hough the organismis
sensitive to antibiotics, the high attack rate and rapid 35 onset of sepsis
I n neonates and neningitis in infants results in high norbidity and
nortality.

"BACKGROUND OF THE INVENTION

15
Streptococcus are gram (+) bacteria that are differentiated
by group specific carbohydrate antigens A through 0 found on
their cell surface. Streptococcus groups are further
distinguished by type-specific capsular polysaccharide

20 antigens. Several serotypes have been identified for the
Group B streptococcus (GBS) : Ia, Ib, II, III, IV, V, VI,
VII and VIII. GBS also contains antigenic proteins known as

"C-proteins" (alpha, beta, gamma and delta), some of which
have been cloned.

25
Although GBS is a common component of the normal human
vaginal and colonic flora this pathogen has long been
recognized as a major cause of neonatal sepsis and
meningitis, late-onset meningitis in infants, postpartum

30 endometritis as well as mastitis in dairy herds. Expectant
mothers exposed to GBS are at risk of postpartum infection
and may transfer the infection to their baby as the child
passes through the birth canal. Although the organism is
sensitive to antibiotics, the high attack rate and rapid

35 onset of sepsis in neonates and meningitis in infants
results in high morbidity and mortality.



To find a vaccine that will protect individuals from GBS I nfection,
researches have turned to the type-specific antigens. Unfortunately
t hese pol ysacchari des have proven to 5 be poorly i munogenic in hunmans and
are restricted to the particul ar serotype from which t;gh Ma‘gcharlde-
ori gi nat es. WQAYM4PREE capsul ar polysaccharide elicit a T |ndependent

response i.e. 1.gG onsegue t lar Y, chari de
antigens ar eT‘h%dt ﬁbfg %‘;ﬁé %t \)"alcl & go Qonen a”lf%ﬁ‘lilg ?g‘lgtlé%ér:] agai nst
GBS i nf ect i cinfection, O@'ﬁé?%r#éﬁﬁs W@W@ﬁ Fﬁeﬂ@ p?meeﬁﬁeﬁé{fhc anti gen
whi ch deé@il&_;te’n%t edanlyC tpféa@ebbwﬁacahﬁmsaadvéabbwen to

nodel s. rotei.n was unSU|ta l e_as_a ci ne

because o{] Rﬁ?&'&é{l ?‘%‘Pno%e%per ny Wainﬁt ap c?f%gresg}li%?ﬁ ?n g%ﬁaf finity
and in a norparﬁmnﬁg@nsernﬁmrfmnt whilph the pelysagahardfehuman | gA. The
C-protein al phfsafteaan Fﬁrﬁﬁéﬁ capgulatryaelygacésaﬁaepes_le&t@&\ml chis

the serotype n;se% a Le nost, GBS_ne g 8 &ucq:dltlons and is 20
therefore of ¢t t1I SRS r?/%%%‘ﬁ?e lcc?npgﬁe g pro “Plerefore there
remai ns an uumeqmmﬁror:amsslamp@qumlde anuigens @redunsuibaklec

conponen g& 4 Nfa JUeRN o gbﬁeﬁ@déc% protekhebaPYgfindBTEsNiagkteion. :
SUMVARY T I NVENTI ON 30 According to one aspect, the present invention

provi des an i sol at ed pol ynucl eoti de encodi ng a pol ypepti de havi ng at
| east 70% i dothéty Haven focusad ool tipeX-pdetednpbeta mptdigen whdghence

]5‘[3)' (lilcot eg fg%gé+%??\|%f% Q.Q\Qlﬁhéééﬂgc robpertlggQ:.thm a?ndE§EQb|i@ NOg 3,SE8EIQD
No 1o,  Beeeley NGHS PIREFED YRF 1@‘“&(5% EENE“TA“' gah

SEQ | D N5 16vabEGhé bed@uER, oSEQE s D2 ifratSEQprBpaRr} Bf interacting
ol 24,
SEQ D NO.2 5wlggsf-%{ QM&Q§E§E@ 1% A\'qlcﬁi'umﬁﬁﬁ?ob@nﬁp rﬁ’e’hne'iEQ 'tQ Nﬁé

%gl D NOQ 28, SE 9% 8 NO: 30
SEQ I D NO 31F°SEE9+‘E5‘I\?§ AD NERRL-PTO *’-SFEQ“*PL AGE geS38| BARR) 36,
SEQ I D NO 38 inStgpé EII\Ds’iQ:;otypes of GBS which is the serotype

responsible for most GBS mediated conditions and is

20 therefore of little use as a vaccine component.

Therefore there remains an unmet need for GBS antigens that
may be used as vaccine components for the prophylaxis and/or
25 therapy of GBS infection.

SUMMARY OF THE INVENTION

30 According to one as'pect, the present invention provides an
isolated polynucleotide encoding a polypeptide having at
least 70% identity to a second polypeptide comprising a
sequence selected from the group consisting of:

SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5,

35 SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO:10,
SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:14, SEQ ID NO:15,
SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19,



5 SEQ ID NO 40, SEQ ID NO 41 and SEQ I D NO 44 or fragnents, anal ogs or
derivatives thereof. In other aspects, there is provided vectors
conpri sing polynucleotides of the invention operably linked to an 10
expressi on COQE) hask£gi on, as well as host cells transfectg@gcasonms h said
vectors and netho s of produ0|ng pol ypepti des conprising culturing said
host cells under conditions sui tabl e for expression. 15 In yet

anpt her aspec$EQ tIeNo: 26, BRQIIOeNO0 My eSEQOI NepRB deseEQ ID Bocoyed by

poI ynucl eot i dggg Ofp Wae25 VY 1BNNo:26, sEQBI® Fo: Qgggﬂ‘f}b%bql: THE DRAW NGS

ggrrespglngfjﬁgsgﬁm@“@c?&bﬁﬁgﬂg@?’u%ﬁﬁ]ﬁ@i Q dipl0:3 W:‘ltgure | b

is the anmino GEQdJIs&QudhcSESEQD| WONGE, 3FQ ID NO:38y eSEQ IDSNOIE9,ani no acid

sequence SEQ kB NG m3:4€, Bed TBUKG: 410 2hd & maom%zd f§ e SEQ ID NO
4; fi gur eah&ldgs bbederivatiess eiea@dence SEQ | i‘gure if is
the am no acid sequence SEQ I D NO 6; Fi gure 2a |s t he DNA seqguence

of clone 2 (SER iR t pangi quences for
open readi ng EQ éibaslzéce/! lahéQe ,%Is)rbs_»sg am r‘n’%gta{]i?; u!é%cxggeSEQ | D NO 8;

figure 2c is Pﬁ%ﬁlﬁBté%?%%ﬁgﬂ%nwegﬁﬁ?ﬂﬁ%ab Y er¥® 2d is the
am'no aci d0segquprrssisEQomrngd tegion, aki wetk aBehbst td’ﬁilarrtnmsﬁacdeéequence

gEQ | D NO 11; wBéh g‘alaugscecfrs snah.eeﬁma@ooa%f&d%eﬂfﬁ %jggﬁ N NO 13
ur.e 3a 0 one

wi th correspoRarl T é’ﬁ?nﬁuia%qr&ngeﬁ %i’@ggfﬁéﬁﬁp A9 Libs r ames;

figure 3b is shetafienoncerresgiiehce SEQ ID NO14; 5 figure 3c is the

am no acid sequence SEQ I D NG 15;

15 1In yet another aspect, there is provided novel polypeptides
encoded by polynucleotides of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
20
Figure la is the DNA sequence of clone 1 (SEQ ID NO :1) with
corresponding amino acid sequences for .open reading frames;
v figure 1b is the amino acid sequence SEQ ID NO: 2;
figure lc is the amino acid sequence SEQ ID NO: 3;
25 figure 14 is the amino acid sequence SEQ ID NO: 4;
figure le is the amino acid sequence SEQ ID NO: 5;
figure 1f is the amino acid sequence SEQ ID NO: 6;

Pigure 2a is the DNA sequence of clone 2 {SEQ ID NO :7) witﬁ
30 corresponding amino acid sequences for open reading frames;
figure 2b is the amino acid sequence SEQ ID NO: 8;
figure 2¢ is the amino acid sequence SEQ ID NO: 9;
figure 2d is the amino acid gequence SEQ ID NO:10;
figure 2e is the amino acid sequence SEQ ID NO:11;
35 figure 2f is the amino acid sequence SEQ ID NO:12;



figure 3d is the am no acid sequence SEQ I D NO 16; figure 3e is the
am no acid sequence SEQ I D NO 17; figure 3f is the amno acid sequence
SEQ I D NO 18; figure 3g is the am no acid sequence SEQ ID NO 19; 10
figure 3h i sygdmasmsi no aci d sequence SEQ I D NO 20; f i REI@AI3/00114 t he
am no aci d sequence SEQ I D NG 21; Figure 4a is the DNA sequence of
clone 4 (SEQ I D NO :22) Wi th correspondi ng am no aci d sequences for
open readi ngig8refiamrigs the DNX ispauenade ¢% qlisgeadi REQIPINGettnce SEQ I D

NG 23; fi@Ur Sorkfedpontiing amite aeid sefiwres BHQdJdanNekading figure 4d
Is the amn %I .Ssequence SEQ I D NO 25; figure 4e is the amno acid
sequence SE% F 26; 20 Figure 5a is the DNA sequence of clone 5 (SEQ
ID NO : 27) Ligugp(3b dér tBSp¥RAT@cifi Aedurtcs SEQUERA®sfer open readi ng

frames; 5 figgyeesdhid shehambis peidchdquamecsEQ BFEQ@:RSNO 28; 25 figure

5c is the a n QQ&% f d is the amno acid

sequence SE%J]@% %IO&?& lssequg %ﬂl"l']ﬂrzgcég IS cea%E%ohgm d s§equence SEQ ID .

NO 31; gy 6F ithe ﬁ‘él"mﬁ%éqﬁ%ﬁ‘é%‘%ﬁ SEROFR ¥:A3ekQ ID NO :32) ; 30

figure 6b i Sfigheeadd nicc abedasinperdd SE@ernee\NSEQ3ID NO:1f8i;gure 6¢ is the

gEQnIODaCI d Sﬁ%&%ECE‘g FehP Eﬁ@?ﬁcm sfeh@é&{c_"e @g#ol $p IR 1®anIODaKIIOd3Zequegge -
eis e .am no ac q

Fi gure ;@ sfltgﬁé'eDiﬁg’Sseg:ﬁ‘@n Bing aqd 333“?‘§'§Q5%§ ﬁﬁ)%%’?’a) figure 7b is

. the anmino adiiduzreqdenice tBEQRPNNGEE sequence SEQ ID NO:2i;

4 figure 7c is the am no acid sequence SEQ I D NO 39;

arino acid SATIERCRR it RERAERedtos HoNE & vomn i Balnce or a
part of Clcnﬂ?th pﬁg;@gpqﬂglng amino acid sequences for open reading
15 frames;
figure 4b is the amino acid sequence SEQ ID NO:23;
figure 4c is the amino acid sequence SEQ ID NO:24;
figure 4d is the amino acid sequence SEQ ID NO:25;
figure 4e is the amino acid sequence SEQ ID NO:26;
20
Figure Sa is the DNA sequence of clone 5 (SEQ ID NO :27)
with corresponding amino acid sequences for open reading
frames;
figure 5b is the amino acid sequence SEQ ID NO:28;
25 figure 5c is the amino acid sequence SEQ ID NO:29;
figure 5d is the amino acid sequence SEQ ID NO:30;
figure Se is the amino acid sequence SEQ ID NO:31;

Figure 6a is the DNA sequence of clone 6 (SEQ ID NO :32)
30 figqure 6b is the amino acid sequence SEQ ID NO:33;
figure 6c is the amino acid sequence SEQ 1D NO:34;
figure 64 is the amino acid segquence SEQ ID NO:35;
figure 6e is the amino acid sequence SEQ ID NO:36;

.
s

35 Figure 7a is the DNA sequence of clone 7 (SEQ ID NO :37);
figure 7b is the amino acid sequence SEQ ID NO:38;

4



a signal sequence (SEQ ID NO :42); Figure 9 is the DNA sequence of a

_part of clone 7 without a signal sequence (SEQ ID NO :43); 10 Figure 9a
is the ami no acid sequence (SEQ I D NO 44); Figure 10 represents the
di stribution @fpdnisss GBS ELI SA titers in sera from CD gcocas/gormuni zed
W th reconbi nant GBS protein corresponding to the SEQ I D NO 39.

5

figure 7c is the amino acid sequence SEQ ID NO:339;
figure 7d is the amino acid sequence SEQ ID NO:40;
figure 7e is the amino acid sequence SEQ ID NO:41;

5 Figure 8 is the DNA sequence of a part of clone 7 including
a signal sequence (SEQ ID NO :42);

Figure 9 is the DNA sequence of a part of clone 7 without a
signal sequence (SEQ ID NO :43);
10 Figure 9a is the amino acid sequence (SEQ ID NO:44);

Figure 10 represents the distribution of anti~GBS ELISA
titers in sera from CD-1 mice immunized with recombinant GBS

protein corresponding to the SEQ ID NO:38.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention relates to

novel antigenic pol ypeptides of group B streptococcus (GBS)
characterized by 5 the am no acid sequence selected fromthe group

consi sti Ng wo 9y/Ysss SEQ ID NO 2, SEQ ID NO 3, SEQ | BcroA01BEQ | D

NO . 5, SEQID NO 6, SEQID NO 8, SEQID NO 9, SEQ ID NO 10, SEQ
IDNOII, SEQID NO12, SEQID NO 14, SEQID NGO 15, 10 SEQ ID NGO 16, SEQ

| D NO 17, SPEYAILEQODESCRBEIONDORCIHE) INVENTIZEX) | D NO 20, SEQ ID NO 21, SEQ .
| D NO 23, SEQ I D NO 24, SEQ I D NO 25, SEQ ID NG 26, SEQ I D NG 28, SEQ
| D NO 29, Qe SEQ | D NO 34,

SEQ I D NO 357 358*8“@?%‘“@ QP%E‘R% % gE%‘ %‘Egg 15 SEQ I D NO 40,
SEQ | D NO 4Bokyreptdes PRIZNPOR FHERRROGOSCUS (G%iapbgeaqﬁerd@eﬂv!ayr ves
thereof.5 the aﬁn:rmeﬁeﬂ.desh@anedr seldcteid fhemitheenroap ¢dmdisdesgSEQ | D

NO : 39 and gEQ | D NO44 20 A further preferred enbodi nent of the

I nvention is_SE urther preferred enbodi nent of the

i nvention i S8 II‘E 28+ ﬂ@? IP4N° 3, SE}% IBS&-] Her §ER, I0f¥QgRent s,
“derivati veSEQOED NnabegSEQ (D NO: 8 heSRIIIPpEt | TeSEQf IDIOiypyent i on i ncl ude

those pol ypeghi fe%to: 11, | Seghin Roons, Qlng"2ben6!14 NS dielsd 1 esi dues are.
30 subsa Eg &Ng)g cog%e\/%eg’ os}&c%nserve am.no resi due
(prefer n € )6 Rt B {P 848 o SEQ mlﬂﬁr‘a"tsural The
‘terns [er r] SEQ ¥R NOs[285 r PEQ [187 dialr \38Q V8sFer23, SBQ [Br¥Q=ptal ogues[err] of
35 pol ypept gdgsiwing:he, psesers NoR¥eNtdmy 18 RO:24)Clskde1p No Y, ypepti des
‘g’“' ch are ”Eﬂbfh?qﬁ%oadgﬁé'@Nodg!r.etééw’m NO:33, SEQ ID NO:34, .

SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:38, SEQ ID NO:39,

15 SEQ ID NO:40, SEQ ID NO:41 and SEQ ID NO:44 or fragments,
analogs or derivatives thereof.

A preferred embodiment of the invention includes SEQ ID
NO :39 and SEQ ID NO:44.

20
A further preferred embodiment of the invention is SEQ ID
NO :39.
A further preferred embodiment of the invention is SEQ ID
25 NO :44. )

As used herein, "fragments", "derivatives" or "analogs" of
the polypeptides of the invention include those polypeptides -
in which one or more of the amino acid residues are

30 substituted with a conserved or non-conserved amino acid
residue (preferably conserved) and which may be natural or
unnatural.

- The terms «fragments», «derivativess» or «analogues» of
35 polypeptides of the present invention also include
polypeptides which are modified by addition, deletion,




substitution of am no acids provided that the pol ypeptides retain the
capacity to induce an inmune response. By the term[err]conserved
amno acid[err] is neant a substitution 5 of one or nore am no acids for
anot her in Wiyg by/dk8 anti geni c determ nant (i ncludi ng EcrcAg@Ordar y
structure and hydr opat hic nature) of a given antigen is conpletely or
partially conserved in spite of the substitution. 10 For exanple, one or
nore am no acisdbsestubien of tdmimct heids prowdded chatahhdepciypeptiddeed by

ariot her am no ,aeLgy, Oéheacapacﬁeyﬂtbain&s&@raht Ymmu¥ elasgsxgée.as a functional

equi val ent, resulting in a silent alteration. Su Itutes for an am no
acid within the sequence nay be selected fromother nenbers 15 of the class
to which the &y nbedwimh bebusrryedraninx anide, is meanhea myssisution

(hydrophobisc) bR HEindsel aﬁiﬂmgcahgnfdie,anocneﬁ q%cwagehitsﬁl euci ne, val i ne,
proline, phenyl %I ani ne, utral

ani no aci ds r"ﬁﬁ?’tﬁéieéﬁt&ﬁ%& ggpsﬂ‘éﬁnﬁhﬁ%ﬁ?ﬁ? n 8§§t 2 rﬁgzgu ne, 20
aspar agi ne andygropahire natueslpofi vi gevep chsigen 1(90591'\2}5'3611’ am no aci ds

i ncl ude ar gi Niga@+ik¥E} @ndBeved S dp€e of@he suiRgaLL¥&ly charged (acidic)
am no aci ds include aspartic acid and glutam c acid. 25 Preferably,
derivatives and anal ogs of pol ypeptides of the I nvention will have
about 70% IMerfant §xaHRYe t BB O% dpFenaBino acid) remidueseWitin kbef i gur es- or
fragments thersegliendéadan de substd@Ured bBhansveheriusmdnar acidheofsane. Mre

preferably . sBAPRligs bl i o ye: 0T AALCEu OO 330 h0rRhagY, | another

30 preferred e vatlves an Hg pol ypeptides of the
i nvention wil I¥eeEiRR e 3 fdlenhGdtesarion. § ‘?ﬁ)"%ﬁa fexiagyamino
substi t uti ons,adixidivi ticiat ithessequahsiectiapriss selearetl foow prlefzemaibgrd ess t han

10. FLef el"slf3 e?af; lé?éébiéﬁé %Swhlch 4:'11% &Hﬁ?&‘ aléﬂg}’%idhgtsheF@f lex@tp ﬁ@”tser ved "
Lo e st et SE S I Sl s n SIS EPLadBiOPT 1 00 oo
7 leucine, isoleucine, valine, proline, phenylalanine,

tryptophan and methionine. The polar neutral amino acids

include glycine, serine, threonine, cysteine, tyrosine,

20 asgparagine and glutamine. The positively charged (basic)

amino acids include arginine, lysine and histidine. The

negatively charged (acidic) amino acids include aspartic

acid and glutamic acid.

25 Preferably, derivatives and analogs of polypeptides of the
invention will have about 70% identity with those sequences
illustrated in the figures or fragments thereof. That is,
70% of the residues are the same. More preferably
polypeptides will have greater than 95% homology. In another

30 preferred embodiment, derivatives and analogs of
polypeptides of the invention will have fewer than about 20
amino acid residue substitutions, modifications or deletions
and more preferably less than 10. Preferred substitutions
are those known in the art as conserved i.e. the substituted

35 residues share physical or chemical properties such as
hydrophobicity, size, charge or functional groups.



Furthernore, in those situations where am no acid regions are found to

be polynorphic, it nmay be desirable to vary one or nore particular amno
acids to nore effectively mmc the 5 different epitopes of the different

GBS strai nswo 994258 so i ncl uded are pol ypepti des whi ch hanox/dasseai4 hereto -

ot her conpounds which alter the pol ypeptides biol ogical or .

phar macol ogi cal properties i.e. polyethylene glycol (PEG to 10 increase

hal f-1ife; |eader or secretory am no acid sequences for ease of

purificati oFurphepnere aritk phose siguentens whede amifpacidszegiens des.

Mor eover, thgePebiR@Rid BRSpolydiphReeSentndy vRNEES 2R B8 toryRaefl i €d by
termnal - I%errLeac Jtatcluggr(ae . by a §té’é atolronés\‘;_)r Eiv t hi O'%Jo c%l ic acid

am dation, t rf’r’ionalpcarlbosy an aat non e 6 Th ar?rﬁfn‘"%\ the

met hyl anmidne)difdepraly i sRitopgsi of thhe diffeyente SBEdswyaidbhobi city for i nking

or binding to a support or other nolecule. 20 Al so contenplated are
hetero and i W18 0 p. i ragnents,

anal ogues a%@e??ég‘?ﬁiggg @i%ﬁéﬁe&?}?fﬁ% %gﬁsrﬁ&sgﬁ%%ﬁgg?;f or exanpl e,

one or nore °therp613‘9$féﬁ“tqsdé’g‘l?%aﬁltﬁ&vghﬁe@iy@e@%dﬁ R ogienl @ss- | i nkers

25 such as pHadmatbiegical gropertniedcliyde polydithipléye -glycolSUPEG) rdcdat e. ] _.
Such pol yTeriferkbusn 2l £9.1686! Hlifser orPRLIRRRILIERIEOUANLAG LT MTOr €

t andem or inver cont I, guous sequences, uced from I clstronic
nMRNAs ghf3T 5888 B 9"5&5&81’%‘?&" BN&PF%ttﬂﬂﬁDQWT RAISUEEEF WY, a
fragment, anf@ialy)eacdmridesi.ve of a pol ypeptide of the invention wll
conprise at |east one antigenic region i.e. at |east one epitope.

In order to achieve the formation of an h eni c polyners 35 (i.e. synthetic
mul tiners), %ﬁ?ﬁf&ﬁtl%& B YPBRE 1SS |°%e%1 _ Prerfzfgﬁtn B?%Wo%ﬁ'ét%ﬁ groups, |
ni troar yl%almw,ieérbﬂ@miné} -NH, acylation (eg. by acetylation, or § j
where the reagRRlycbtiddiReaniast i, tBb@IMHIOWASbosy amidation, |
e.g. with ammonia or methylamine) to provide stability,
increased hydrophobicity for linking or binding to a support
or other molecule.
20
Also contempiated are hetero and homo polypeptide multimers
of the polypeptide fragments, analogues and derivatives.
These polymeric forms include, for example, one or more
polypeptides that have been cross-linked with cross-linkers
25 such as avidin/biotin, gluteraldehyde or dimethyl-
superimidate. Such polymeric forms also include
polypeptides containing two or more tandem or inverted
contiguous sequences, produced from multicistronic mRNAs
generated by recombinant DNA technology.
30 Preferably, a fragment, analog or derivative of a
polypeptide of the invention will comprise at least one
antigenic region i.e. at least one epitope.

In order to achieve the formation of antigenic polymers
35 (i.e. synthetic multimexrs), polypeptides may be utilized
having bishaloacetyl groups, nitroarylhalides, or the like,



Therefore, the link between two nercapto groups of the di fferent

pepti des may be a single bond or may be conposed of a linking group of
at least two, typically at least four, 5 and not nore than 16, but usually
not. nor e t hanwgdoidsssl4 carbon atons. In .a partiecivassssobedi nent ,
pol ypeptide fragnents, anal ogs and derivatives of the invention do not

contain a nethionine 10 (Met) starting residue. Preferably, polypeptides

will not

Whiesr pBP XPIENLR JeRind FPSeEFia doy ship eFeurEsi gnal

Ze’quence)d Theneviegoak, prHet Ilﬁ)ﬁllcdieta:e]éﬁl yqa@paerdapas ddeRps of igneenti on nmay be
eterm ned ac r C ni ques.
f&egt e%ﬁghap b a y uha ,]bqgg% @A%pgsgg g

general, the

I'nt er est

mat ur e pr of ei andamebtt herefuhant he, sequencelbf nbhemore tiahusOYROhypepti de.
Lo oL bshs aspect, there is provided vaccine conposi tions

20 According

conprising one or nmore GBS pol ypeptides of the I nvention in adm xture
wi th a pharnmaceutically acceptable carrier diluent or adjuvant.

25

Sui t abl e adj ulma® parhttulde embediment, FpelymEpsidenfxtaginenbs, analbgsonpl ete

adj uvant; sal &% |de§1v£iﬂe§(jo§r£ﬂe et 861 & hot coxﬁlalth"'g %é%m(:ﬁggr r]

A(OH)[e

pol ynucl eg‘%l d eq(? Etaﬁﬂ

i Mmunity. Pref&fuepde) .

Adj uphos| err]
parenterally
der noabsor pt i
9 15

treatment or

20

25

30

35

lica, lve;.

inventtjzlgﬁcrgéelp%% 8&1:&3&:{ QVQPEJ:PcﬂngB‘ Yo estl_al.g rhe er ed

t1on, usi on naso
@Qﬂe lqgﬁcg}agechygques in general t

poly«fmpcn.ﬂe abipesréstonmyobet hepliaeanf tdan aaGBs uaAdukar the

REPRRELEYh Yy SLEGHUARPEEUSdHEHL! Ok 3RIEPLT residue

of the mature protein and therefor the sequence of the
mature polypeptide.

According to another aspect, there is provided vaccine
compositions comprising one or more GBS polypeptides of the
invention in admixture with a pharmaceutically acceptable
carrier diluent or adjuvant.

Suitable adjuvants include oils i.e. Freund's complete or
incomplete adjuvant; salts i.e. AIK(SO,),, AlNa(SO,),,
AlNH,(SO,),, Al(OH),, AlPO,, silica, kaolin; saponin
derivative; carbon polynucleotides i.e. poly IC and poly AU
and also detoxified cholera toxin (CTB)and E.coli heat
labile toxin for induction of mucosal immunity. Preferred
adjuvants include QuilA™, Alhydrogel™ and Adjuphos™.
Vaccines of the invention may be administered parenterally
by injection, rapid infusion, nasopharyngeal absorption,
dermoabsorption, or bucal or oral.

Ir&séﬁ‘ﬁe polp§egffabqy‘aﬁﬁﬂ§:fe§5l 8% I Bﬁtchol era
toxin (CTB) anm@r@eratﬁeatleaéeraeﬁ |secrekexy fseauemericisignabf nucosal

Tl BYGR4S PorelivfleoQd bblpsddeiadl &y diyagel [err] and
K absorption,

In

S culture

1 pol.
and subsequen‘?’f Ve s}éég%ﬁ‘ﬁ:é?&""l“ﬁ et APABE t /i ﬁYP+‘%ﬁ lyesk dipast four, t he



di seases and synptons nedi ated by streptococcus infection, 5 in

particul ar group A streptococcus (pyogenes), group B strept ococcus (GBS
or agal acti ae), dysgal acti ae, uberis, nocardia as well as

St aphyl ococemey9asseus. Cener al i nformati on about Stremporaaowesid s -
avai |l abl e in Manual of Clinical Mcrobiology by P.R Murray et al. (1995,
6' Edition, 10 ASM Press, Washington, D.C ). More particularly group B
streptococcus, agalactiae. In a particular enbodi nent vacci nes are

admi ni st er e¥iacqinehgowpdsitiipnguaf sthe invektidn are @Bedifdwdbeon such as

pregnant WOpE&atiaeti Bi-gih_‘o%}xfﬂ&xﬁ@ﬂﬂ_ StreptofEii0ihEscih Raygpni a as wel |
as i mmunoconpromnm sed 15 individuals such as those with diabetes, liver
di sease or diseasgfcapd symRoResmediateds By hatreRtacerruarintgssieeati ons such

as for the tg Wu19F JEsi bl §ekdh @Rk Ll | d by the
above mntiong%xggcter%a as wel? aés}:J E. cof?fa%’g% 1’%5“52%%“ eBof t he present
i nventi on cabreptworeudst@BS or agaladtdashnudeedalactdaea wediisanent used for.

the treatment _or aﬁg{'ée)ﬁ‘wsa@ s%gfl st rept ococcus nfgct i on and/ or di seases

and syrrﬁ?%?r’i'sdlr?e by St p’{ooccooc‘::ccug FH e ony Illahl particul ar’

group A strépfometdios 4pyogateeptocsays BssavajltablecinM4redI 85 or .
agal acti ae) 1 bl Mkkasol Oupb%pfﬁ’.%‘i% &8 aelho8s, = palkdBhly! ococcus

aur eus. a/bre artic r . gr streptococcuys, _agal actl ae.
(0]

Vacci ne i XN HRERI ey aBt §- ) n MoRRL P ALY %A  about 0.001
to 100 pLg/ kgrémruacyensboigalaitdhe) dind anpaesticulayr emboddient0. 01 to 10

111910 200 KBl LS"SAgRitBela’ e hoge, LSEHBHISa e i EES 1 21
mor e pref er §Bfyinfecsign such as pregnant women and infants fopp sepsis,
weeks. méfafefitiiagaha priidoniaaapesdll hbeifmitoddnPybfinsed
15 dindividuals such as those with diabetes, liver disease or
cancer. Vaccines may also have veterinary applications such
as for the treatment of mastitis in cattle which is mediated
by the above mentioned bacteria as well as E.coli.

20 The vaccine of the present invention can also be used for
the manufacture of a medicament used for the treatment or
prophylaxis of streptococcus infection and/or diseases and

symptoms mediated by streptococcus infection, in particular

group A streptococcus (pyogenes), grouﬁ B streptococcus (GBS
25 or agalactiae), dysgalactiae, uberis, nocardia as well as

Staphylococcus aureus. More particularly group B

streptococcus, agalactiae.

Vaccine compositions are pfeferably in unit dosage form of

30 about 0.001 to 100 pug/kg (antigen/body weight) and more
preferably 0.01 to 10 ug/kg and most preferably 0.1 to 1
pg/kg 1 to 3 times with an interval of about 1 to 12 weeks

intervals between immunizations, and more preferably 1 to 6
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pol ynucl eoti des encodi ng pol ypeptides of group B 5 streptococcus (CGES)
characterized by the am no acid sequence sel ected fromthe group

consi sting of: SEQID NO 2, SEQID NO 3, SEQID NO 4, SEQID NO 5,
SEQ I D NO 6whdzés® NO 8, SEQ ID NO 9, SEQ ID NO 10, pcTia6/doD4NO 11,
SEQ ID NO: 12, SEQ ID NO 14, SEQ ID NO 15, 10 SEQ ID NO 16, SEQ I D NO: 17,

SEQ I D NO 18, SEQ I D NO: 19, SEQ I D NO: 20, SEQ ID NG 21, SEQ I D NG 23,

SEQ I D NO 24,weeks.SEQ I D NO 25, SEQ ID NO 26, SEQ ID NO 28, SEQ I D NO: 29,

SEQ ID NO 30, SEQ ID NO 31, SEQ | D NO 33, SEQlDNO34 SEQ | D NG 35,

SEQ I D NG 36, 5 40 SEQ I D NG 41

and SEQ I D N&%thg?@ %%bt§gpé£ew S&ere 1s§%l Vat | ves t hereof.

Preferred poIWé??%saﬁéc‘?q%@epﬂ%tﬂéﬁéd@ FTPMR R es la (SEQ I D

E£§ C;) ﬁ;g (Sﬁﬂiéﬂabbﬁbcdﬁ ,(GBa) (&iRabbeN(Zedl By, t%?idm&ﬁzféif%|ngB%§§§32)1 ii;
EQ I D i EQ ID 7 EQ I D

42) and 9(SE§;;ISC(é tgel\g}v%%)cog%?sr%ls g to the open readi ng franes,

encodi ng eH?r d%'s S§R RN :ndentFdF D N°254 SERf égrl\gb‘ ol ynucl eot i des

are those il |sEQ It ¥d: i 6, [SEQUIBNO: 8, IaEQSBQJDDNOSEQ)IDM(lﬁEQ ID NO. 7),
3a (SEQ ID NGy Ql?’.rb NA11, SBbSEJQﬁd)ﬁJO s&?)m N9 : i@E@EbDIB'Cﬁo 4%, 6a (SEQID

NG 32), E 2)_and_9 | D NO 43)
and fragmg(ﬁt SSE%ﬁ gaujé S5e %’érﬁ“}r&tgl' gEQtWeP’BO}a 9 Dﬁ%rlg ‘preferred
pol ynucl eot i d880 D NRe20¢ N\EEAt TBNQw23 ,t BER ID NO:23 | u@Qr iPdiD424,Fi gures 7

(SEQ ID NO : gdg ,1D8N65,5;Q ISRoNEd No: 242) sBR P NOEsd | BROID )29, 35 Most

preferred pol a 0 Strated in
Figures 8 (S CDJH\I%E)g &;gggb(%%é #%D&SSQ Fio IEHZAJ)liit It wll
be appreci at eSEQ H& Nphésap(ﬂsﬁn@@l%ﬂsdes’é‘éqﬂbﬁéeéa SEQ FP¥v3ed in the
figures my bee@liperedssy tdpodepesersat and sppdonsoysd ot Erdgwntede the

pol ypepti des £ﬁa£é&§ Egvéggﬂéggives thereof.

Preferred polynucleotides are those illustrated in figures
la (SEQ ID NO: 1), 2a (SEQ ID NO: 7), 3a (SEQ ID NO: 13), 4a

20 {SEQ ID NO: 22), 5Sa (SEQ ID NO: 27), 6a (SEQ ID NO: 32), 7a
(SEQ ID NO: 37), 8 (SEQ ID NO : 42) and 9(SEQ ID NO : 43)
which correspond to the open reading frames, encoding
polypeptides of the invention.

25 ©Preferred polynucleotides are those illustrated in figures
1z (SEQ ID NO: 1), 2a (SEQ ID NO: 7), 3a (SEQ ID NO: 13), 4a
{SEQ ID NO: 22), Sa (SEQ ID NO: 27), 6a (SEQ ID NO: 32), 7a
{SEQ ID NO: 37), 8 (SEQ ID NO : 42) and 9(SEQ ID NO : 43)
and fragments, analogues and derivatives thereof.

30 '

More preferred polynucleotides of the invention are those
illustrated in Figures 7 (SEQ ID NO : 37), 8 (SEQ ID NO :
42) and 9(SEQ ID NO : 43).

35 Most preferred polynucleotides of the invention are those
illustrated in Figures 8 (SEQ ID NO : 42) and 9(SEQ ID NO :

11



Due to the degeneracy of nucl eoti de codi ng sequences, other

pol ynucl eoti de sequences whi ch encode for substantially the sane

pol ypepti des of the present invention nay be used in 10 the practice of

t he present wovs4esgson. These include but are not |im petcamgourl eoti de -
sequences which are altered by the substitution of different codons

t hat encode the sanme am no acid residue within the sequence, thus

pr oduci ng a Sl-ent change. 15 Accordi ngly the present invention
further provides pol ynucl eoti des which hybridize to the pol ynucl eoti de

sequences hq@mlgbggeaggﬁ%@%pgg tﬁﬁ;o%%oﬁﬁpglentlgh% Seguences thereof)

g% uences

havi ng 50%5{}1 prefer %6-3 % gast
More prefer Bdetgures mAY h?tﬂ%t‘(ﬁrfﬁbvglturﬁ!’@ﬁnsrwmgent
condi ti orfs |chonlsayetngstatll encodmsthe) pod ypepttiidey afcthInveaeisgably nore

than 97% I dentity. 25 By capabl e of hybridizing under stringent
condi tions | Erﬁ 4 anneal %e i nucleic acid nolecule to at least a .
region of a secgﬁd ¢ e§e€e5i‘?¥l BT S RT Re@ISR&es, othgmNA, or

genomi ¢ DNA)PQS-WnPel?Q%lQQ)ﬁmemsanhr emcbdender substsinxddalyd wandi ti ons,
e.g. high t@”ﬁﬁ@@ﬁ:ﬂ?ﬁeﬂ’i@’eﬁof%&@ﬁesaﬁt HORIbN MY B Tu%@ﬁ‘ ,p disfavor
hybri di zgf actl&%r?%o nent ar J_n‘l;c eot | d% sequenc-;@?1 sui t abl e

pr ot ocoI descrS in l\%nl Atios TR CPB‘I-'IIW

Labor at ory mm&#mlw FoSpurhgRt ide @e\queaw athdch, an9gtered biitie | s
herei n i ncorsuiisatiedebyn roff @iefefent3zodons | that ucblec S RAML: amino

pol ynucl eot i p. . . 12
of the i nvenegté{-:io%nggg &%%lgléﬁg%%{sapé s(ll%%exslc%f S PRPANGAT 2 pileRby may be

used in a a9Runi zati on met hod: That is, they can be incorporated
into a victor which is repli cabl e and expressi bl e upon injection thereby
producing 5 Aadaeaaagme\mecpeew:@@ewﬁtwm herF FodiP! €

pol ynucl eot i des _ma neco into asm d vec or under the’
control of thwe y&k’ﬁxﬁ?‘b E‘gﬁ{’gﬂﬁi &dﬁﬁﬁc'{"?o"r% pphynuclaqtifiectic cell s.
Preferably tﬁ?&“?éé?érhﬁF@mnPb@Y*ediescmhedam ¢llearbypleh@nt
sequences thereof) having 50% and preferably at least 70%
20 identity between sequences. More preferably polynucleotides

are hybridizable under stringent conditions i.e. having at

least 95% identity and most preferably more than 97%
identity.

25 By capable of hybridizing under stringent conditions is
meant annealing of a nucleic acid molecule to at least a
region of a second nucleic acid sequence (whether as cDNA,
mRNA, or genomic DNA) or to its complementary strand under
standard conditions, e.g. high temperature and/or low salt

30 content, which tend to disfavor hybridization of
noncomplementary nucleotide sequences. A suitable protocol
is described in Maniatis T. et al., Molecular cloning : A
Laboratory Manual, Cold Springs Harbor Laboratory, 1982,

which is herein incorporated by reference.
35

In a further aspect, polynucleotides encoding polypeptides

12



According to another aspect, there is provided a process for produci ng
pol ypepti des of the invention by reconbi nant techni ques by expressing a
pol ynucl eoti de encodi ng said pol ypeptide in a host cell and recovering

t he expressedvd®mupsBypepti de product. Alternatively, the Poripsydides can
be produced according to established synthetic chem cal t echni ques
i.e. solution phase or solid phase synthesis_of ol i gopeptides which are
ligated to perSl‘}Bé ipeencdpp, Or LIa3gpeRbli @ealedH X Rrghfateies 20 For

r econmbi nant phedesf| miay hestsed|ins aaDRA tinwinal st izgh wethod: vectors which

encode the p%ﬁéerE.L.' %Qntktlserin% eﬁgsd $nfo 2 ve@EB{"vﬁﬂtc mggi a modi fied

as approprlat aCtI a I Ng noters, se]ect I ng trans orn'ants

or.anplifyi ngrecﬂq'éc@’é}l%san 28"@6&%5&1? é YRR drdeghion IFB§EE]‘P¥1&’F°§PEWH abl e and
repli cabl & i nthe antbgercio pohypersiidandniwnioicudeFatrexampbdenl , non- chr onosonal

and ~synt Q%:Lly%u%é%'éeﬂ%%ee 19co Aleljalnfd %SB‘.L%m@ hRge.PNA,

bacul ovi rus, ve st sm ds f erived fr conbi nat | fn‘s of
plasm ds and 81 0% ;FPJEpFWeP%‘%&ﬁ @?‘k"@ iy S HFGI9P8T pHt at ed i n
t he vector ateumotlcamd-rlsprl’mf@rgbﬁe tiss vgcrestid dnjertashzynes such t hat

it is opeitiaubbdic@dyt. 0 an expression control region conprising a

pr onot er, 19! bosone binding site (consensus region or Shine- Dal gar no
sequence),  and optionally an operator (control 35 elenent). One can sel ect
i ndi vi dual codgrsrdang b another aspegtesthene eenmmﬂidﬁégamrms fer

appropri ate f®foducdhdEfolypeptides of the invention by recombinant3

(Sarbrook ot YRS A sl W BREAIRIBEHAL GRURY sayall 0 Pt
Spring Har borpolypeptidgga @nb@%&e&tleand rwerhnq)f%%%#ﬁ?@ﬁ Sui t abl e
pr onot er s1§ ncpolipepidargradatt 5 Alm@rhadﬁayl,TEh@rpdiyﬂ»eppﬁgmtcan b&. col i

l ac, tac or t pﬁg‘}cegrgggﬁl a@g éJE%bRQ ﬁétﬂ %%Ju@;prmter Vectors
Wil pref era | ncoy por an or| I cation as well
sel ection nar kBFELAVES @Pi\"ﬁ’r?’? é’%’gﬁFa‘Pﬁ:e”é i phasg; F&Bﬁ"}éesm Bgct eri al

vectors incl udblq;@‘éptpd;fﬂ()mlp@ﬁﬁe 1iget8d phprodiceBDh® pfhbyescri pt,

psi X174, pbl ek 1K, (HlRTkS11 ). pNH16a, pNHL8A, pNH46A, ptrc99a,
pKK223- 3, ,pK -3, pDR540, pRI T5 and eukaryotic vectors p3lueBaclll,
pWL.NEO, p 2CAT pOG44, pXTl, pSG RSVKB pBPV, pMsG and pSVL. Host
cells may Fer recombinant prodectsisn, hpaticdlls sy ttirengfeqmdmisRt onyces;

fungal i.e. Aspeiads WHEcH@Rode ASHE @LvbEtide; and then cultured in a
) nutrient media modified as appropriate for activating

promoters, selecting transformants or.amplifying the genes.

25 Suitable vectors are those that are viable and replicable in
the chosen host and include chromosomal, non-chromogomal and
synthetic DNA sequences e.g. bacterial plasmids, phage DNA,
baculovirus, yeast plasmids, vectors derived from
combinations of plasmids and phage DNA. The polypeptide

30 secuence may be incorporated in the vector at the
appropriate site using restriction enzymes such that it is
operably linked to an expression control region comprising a
promoter, ribosome binding site (consensus region or Shine-
Dalgarno sequence), and optionally an operator (control

35 element). One can select individual components of the
expression control region that are appropriate for a given

13



nidulins; yeast i.e. Saccharonyces or eukaryotic i.e. CHO CCs.

Upon expression of the polypeptide in culture, cells are 20 typically

harvested by centrifugation then disrupted by physi cal or chem cal

means (if thwoesmsssssed pol ypeptide is not secreted i rcwdabseorrdi a) and

the resulting crude extract retained to isolate the pol ypeptide of

I nterest. Purification of the polypeptide fromculture nedia or |ysate

25 may be achee éndpyeetsonAdosrding cioheisablishese mdlagular tdielogy

properties oprifiplekypsaibitok e€. alisiMideail®RAi cIBnIubt aiﬁr..aworatorft hanol

precipitatio Ci XL gact : N ti change :

chr omat ogr ap ?/I,m.p 'ogp O(%é” u og?esggif%r‘ra}%%ggrggbh@j@'f mﬁédlrnocp?%gﬁrited

i nteracti on BRFOMREEGFSHRYENIR)dr SkiFakie Prenarexs disshude huthpranot ectin

chr omat ogf aphjmitédalo LTR qtirgviocpiomsterny EDeoRL Niaky edadisd@rpPLC.

The pol ypeptide be_expressed w t r without a |eader or | secretion

sequence. | npf%'%"r%tsrrﬁpgc%éee P?ﬁgem%raéq% TayPHPEO88T r e IRAEFTEsY .

post - t r ans| aprefriabdyodncerpayratecen USrigin of replication as well as 14

4,431, 739; 4séPEctidh mavkeds I33R. 3pidiaQlinOras St iReehndy Suiesﬂf;‘é ence) or
y

be chem cal | ved uen 0 if e expressed pol ypepti de.
S Accordi ngx?%géz;g%’?ﬁr Fﬁggggsgplglfﬁ,ua? %ébgﬁyp@é | degéng't ﬁ’gs' i nvention
may be ud@d PR1% Rhaggsesipe, meiX1Fer phluegcoipt 8K pbsksnfpd@ESAGN i n

particul ar ChHied eeNHIBA, Saumeal, Ptoesdest bar223-3TepRRES: 29 e ppRESH I €, for

exanpl e det egtd %Qﬁcﬁ | L. b e l e, the
fol |l ow ng prg%te%raz{d’nggk% e%gﬁfgﬁ%%’%uiwgfﬁgbpggﬁﬁg p?vﬁiiglqggi cal
sanpl e from BOB%d &FT1, PSChH)PSVES ), cBBRY/ PYSEanhtRTYedy Best cgdAent t her eof
reactive may be Wacheai&BS z0l Epepli dsaefillibe subegatiepn wWith the
bi ol ogi c S le to forma mxture; and 15  c) ., detecting specifically
bound an?%bo%@gﬁ?tﬁfg’fﬁa'ﬁ%é'e’ AsPergliﬁ“‘Fh%lgrﬁ‘B(tﬁﬁgeﬁ%lér‘\’si ndi cat es
the presencenffiulins; yeast!iafl @aeeBifomyces or eukaryotic i.e. CHO,

cos. '

Upon expression_of the polypeptide in culture, cells are

20 typically harvested by centrifugation then disrupted by
physical or chemical means (if the expressed polypeptide is
not secreted into the media) and the resulting crude extract
retained to isolate the polypeptide of interest.
Purification of the polypeptide from culture media or lysate

25 way be achieved by established'techniques depending on the
properties of the polypeptide i.e. using ammonium sulfate or
ethanol precipitation , acid extraction, anion or cation
exchange chromatography, phosphocellulose chromatography,
hydrophobic interaction chromatography, hydroxylapatite

30 chromatography and lectin chromatography. Final
purification may be achieved using HPLC.

The polypeptide may be expressed with or without a leader or

secretion sequence. In the former case the leader may be
35 removed using post-translational processing (see US
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Alternatively, a nethod for the detection of antibody 20 specific to a
streptococcus antigen in a biological sanple contai ni ng or suspected of
contai ning said anti body nay be performed as foll ows: a)

isalating a biyyplee@sep! sanple froma patient; b) I nCRtECARIgoIdNE Or
nore GBS pol ypeptides of the 25 invention or fragnments thereof with
t he bi ol ogi cal sanple to forma m xture; and c) . detecting
speci fically dotmd 738t i 4ed2Sef3bord fs 3Yhea?? incorporatpd Rereim R¥ure which

i ndi cates the QfaaeBef & rRNthéMIbally removeds pabsdduentotstpwifgtngcus. 30

One of skill jn the art will r ize that this diagnostic ‘test may
t ake several {;}6‘? r?ﬁprfﬁ%T%m(ﬁohﬁpgﬁp%nol ogi cal test such as an
enzyme- | i nked i mmunosor bent assay (ELISA), a radi oi munoassay or a

| at ex aggl §it i Re¢d: AIngSEARYa FRTSRET izdpeyt 35cHe GBSt psMipepribies her that i bodi es
specific for &Q&er&r-%e%%eused B S0LdkedB LLAAEGH Lereptococeys The
d I'ypept1 des o th I

DNA sequences’encodi ng, : .the 1nvention Ty al so be used to
desi gn DNA pr énfactiop i Pantigeia @BSgirfretion, Se¥rralofiagnastiGcoccus in
a biol ogi cal methpds avepmmdsidhls, ofor embmples Rigtsutindatireptecoctne det ecti on
method of tNi Srgansdn YN ARICGURAT SBhple, £ foll WA pBBodditebha) 00! cal
sample from a p%tl ent; b) I ncubaFl ng one or nore probes having a
DNA sequeﬂee be followed; (i ng a pol ypeptide of the invention or fragnments
10 t her epf wikthitimg i dliojegidals aapple tfarofmor rpatieinks ur e; and
c) detectingpgpecidfdubating Rauad: NAWeeberidhehbetidrddfl @eactive  Which

i ndi cates the presence_o trgg})oco.c&:usfbgﬁt er k,ghtim}%.'meﬂpeNA pr obes of
this invention may"arsd FOAHPFRTIAS O BT A ng Ci tcalat i Ng streptococcus
i.e. GBS nucleic duicdogical jsamplefmpifermf armistarnpr eanki ng a pol ymer ase
chain reaqki 0By detRet@nghigeed fotaXliyapaand htibbeptar doand frdgmenhtons. The

probe may be synt hquitﬁggﬁ%%oﬁﬂﬁ%@%??%%ﬁ g&@%?ﬁ;&c@ngfzo may be

i rmobi lized on a soli ase, a detectable _
| abel . A preferr e PRREBFYERIS-0r this application is an oligonmer having
a sequence conpl enentary to at | east about 6 contiguous nucl eotides of
the GBS

Alternatively, a method for the detection of antibody
20 specific to a streptococcus antigen in a biological sample
containing or suspected of containing said antibody may be
performed as follows:
a) isolating a biological sample from a patient;
b) incubating one or more GBS polypeptides of the
25 invention or fragments thereof with the biological
sample to form a mixture; and
c) detecting specifically bound antigen or bound fragment
in the mixture which indicates the presence of antibody
specific to streptococcus.
30
One of skill in the art will recognize that this diagnostic
test may take several forms, including an immunological test
such as an enzyme-linked immunosorbent assay (ELISA), a
radiocimmunoassay or a latex agglutination assay, essentially
35 to determine whether antibodies specific for the protein are
present in an organism.
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pol ypepti des of the invention. 25 Anot her di agnostic nethod for the

detection of streptococcus In a patient conprises: a) | abel i ng an
anti body reactive with a pol ypeptide of the i nvention or fragment

t her eof W tyoaemaisect abl e 1 abel; 30 b) adm ni stering tpeedashminad

anti body or | abel ed fragment to the patient; and c)

detecting specifically bound | abel ed anti body or | abel ed fragnent
in the patient which indicates the presence of streptococcus. 35

{f6f urther a%ﬁ%CbNﬂrsé&?ﬁnbgéleéﬂc%dalnbspéfﬁ)étﬁi@.dgé é@&h@B&ventifon ma

ol ypeptides o L nvention as_igmunogens fqr the
product i on (?P‘sgpgﬁi'ﬁ)ecdogﬁt gﬁ%"cﬁrb?gsoipr?kheég (ff’ﬁgﬁ%%i%gg?gmg rticul ar
t he treat nempresence rafpisseptospdasedni arbiologSoal Mamplegnsusprtited may be

determ ngd ¥ BEnERIHY aER Badt@r@aNI NthdRickedtiod Met@van®t a3k NMeasuring
the ability i%ﬁ,e% io pcaormtplrggtlagr anti body to passively protect against
streptococcus mfec?i on-In a test nodel. One exanple of an ani mal nodel
i s the nous@)npdéfolREing 5B birkagdcakasanrle fromer giatiewhe anti body may be
a whol e ant iyody intulsdt ingt b€ or korki DNA NgrdbeaghRving l2c DNAf s&fitkniday i N

general bel ong tQn jbnﬂ ai h CF?PE%TL'P'ZQO?E‘%“H%W ifl;_xg erlls f ragnment

may be of anl ma ] : manmmal | an origin and nore
specific® Iy of FBPFPRE Wikk bhe RimdRIdFryisrmele hR\EQE 3 mixtyea:r g
anti body or a fragdent thereof, or if desired, a 15 reconbi nant anti body or

anti body fr rrenheté-&’?ir{gersgbcifiéa@.qu&?@FnﬂnbEQQQYirprth@n{u.{mfragmant ,
nmeans antibody or: 'ar}‘t(i'-lﬁﬁ()d fragment which were roduceg usi ng nol ecul ar
bi ol ogy t echni qu¥Bich AR Fﬁ%drg)’eog’rgﬁﬂ‘b% FFEB%‘?E%CWy aCte’H%‘
pol ycl onal, or preferably nonoclonal. It may be specific 20 for a nunber of
epi t opesisAs s RAp¥bids WECthES invenRObi Y 2088 beltuded Boef erably
specific foraQne.;ag -rcﬁéé;'i’ﬁé%tjre%%bngcﬁs‘)%‘?'e.%aé GhlAles & Q0P
Strept ococcusq:(e(r'j'::éfl o8 i HrectT on
in a sample, for example using a polymerase chain reaction,
as a method of diagnosing streptococcus infections. The
probe may be synthesized using conventional techniques and
20 may be immobilized on a solid phase, or may be labeled with
a detectable label. A preferred DNA probe for this
application is an oligomer having a sequence complementary
to at least about & contiguous nucleotides of the GBS
polypeptides of the invention.
25 .
Another diagnostic method for the detection of streptococcus-
in a patient comprises:
a) labeling an antibody reactive with a polypeptide of the
invention or fragment thereof with a detectable label;
30 bY) administering the labeled antibody or labeled fragment
to the patient; and
c) detecting specifically bound labeled antibody or
labeled fragment in the patient which indicates the
presence of streptococcus.
35
A further aspect of the invention is the use of the GBS
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The nmouse nodel of GBS infection is described in detail in Lancefield
et al (J Exp Med 142:165-179, 1975). CES strain C388/90 (dinical

i sol ate obtained in 1990 fromthe 30 cephal orachidian fluid of a patient
suffering frovo9oyassaeni ngitis, Children's Hospital of EastPeT/CAGOsNI O,

atawa, Canada) and NCS246 (National Center for Streptococcus,
Provinci al Laboratory of Public Health for Northern Al berta, Ednont on,
Canada) wer e hodypertides pfsthetipyentian agpdnpragess &% Bhgpe |1/ R

17 prodietidis loFaspedific ant ibdaERee fot theCBagiidedisnan&3R8/ 90

t | al 4 | ; d
Ui ough' m co EAFSEa1Y (8 Breiient/OF durephptfifces Thbdteon. | BO0ST0G

142: 165- 179, SpdEsble mntdppgiesy may Rer moped using, PRRKPLHEEE moni t or ed
usi ng i nt r\apesdreentad nethods atfcanexamplefbyseeamlridigl thé anglatyaosubcul ture

I n Todd- Hew : L ned i or spleen of
I nfected mc .axjéﬁgﬁ%%x{ earnttgﬁgﬁggt p%éggi@%tf?%?%{?ggggﬁ%od sanples were used
FUATt

to i nocul SHFEPFBERE TR PTG Rofeub QPR oFFAPLE RBAT 10  at
37[err] C wi t handwalOpheie]] igl yoemwusat maddl Wakccigednr the mxaoples  10% (v/ V)
was added to fdie;qul (e ant DEodiM nay! Sev@%hkﬁ@nantiboa&'&f‘%@Qnéfgexﬁt ored at
-80 C for,use in @8BS challﬁnglg experi nents. Th? [il%gber of cfu of GBS
present it ing £r3quenh ERFHRCEs 2R e LB BPER O e P

concentr at i orint@inagéelesldny claski | The0@9sikody0oy ffagmeet r&ywdekefol d nice
vwere  det effia@dot LyitE Bpedr¥iiagny] oARthmkaliafl Q:[x@gruh &sReeki vely for
GBS strain C?;ggégﬁr an CSJ?#G r\gél gzh l{:uorreslpijr}%e &é) %f e SiOni ficant
i ncrease in VR SACE or bOth Bt &rnsSt INAe8d°**2 ‘the” L] 08 3cor ded
before the parafaged sefihodyser taufregmanhshrgeqfs o dfiedetired . 18[err] cfu.
I n a bact ¢35 i atedmdihamgantabbde gy unthbo@d rakioféerd. ofrha term Vi rul ent GBS

n a bactesia ana ) _ ul ent ¢
Todd- How 11 D REAREET #ﬁ%@%ﬁ B Zooy aRGREL, esﬁ%Q@:;%% SEh feml e

CD-| nouse. THFibody fragmentw fie&e ppredured phtingc MPSeCEETer i nents were 6

to 8 weekisiallogly whchreiquie. oftes ansébodiproxt het tixidyy Exrpymdrtet map
experi nents Wel & ARREGxd TR i&rééf%@%sm&l&l%aihe rit! K§§Q§e spech Pfc
GB

chal l enge, . All inocula were verified col ony,counts,. 30 Aninals were
observed 2br 9% APHADT mPRLETRSF PAPCIAtat with the

polypeptides but is preferably specific for one. :

EXAMPLE 1 Murine model of lethal Group B Streptococcus (GBS)
25 infection

The mouse model of GBS infection is described in detail in
Lancefield et al (J Exp Med 142:165-179,1975). GBS strain
C388/90 (Clinical isolate cbtained in 1990 from the

30 cephalorachidian fluid of a patient suffering from
meningitis, Children‘s Hospital of Eastern Ontario, Ottawa,
Canada) and NCS246 (National Center for Streptococcus,
Provincial Laboratory of Public Health for Northern Alberta,
Edmonton, Canada) were respectively serotyped as type Ia/c

35 and type II/R.
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daily for the first 48 h after challenge and then daily for t he next 12
days. At the end of that period, blood sanples were obtained fromthe
survivors and frozen at -20[err]C. The spl een obtai ned from each nouse

t hat survi vedvoldomesshal | enge 35 was cultured in order to i dericdoyerany

remai ni ng GBS. 18

EXAMPLE 2 | nmuni zati on and protectiaon I n m ce W th

f or mal dehyde TR F-P%’EP%?OI‘:EeEBS”(FéﬂlI%ceS the, GRS| BEFARS 3BPLY0 GBS whol e cell's -
wer e prepar edsarotyms Mg/c) .atd NdSe 2p6 oCsshutgpe dEELR) hiedei setilQegf i el d et al

(J Exp Med aslééééiﬁhrklahléﬁga asBﬁéséiibedaBrQVEEﬂHI@h é%f&éid? sheep
bl d b GBS
ot o aas hadned 58 M At B e, T Too BRIPELYG HhGT ABFERRSSIOE e,

pH7. 2), adj usrtle‘ule@CEapmsompanﬂeﬁ 8K108§ eintjraperiténgail landulmmt ed
overnight in oEBgeEPQI Qi:.'lhﬂﬂoﬁ’s ¥ @Véﬁﬁcultuzfeoﬁﬁa'bé@&lm%tg herdidy | €d GBS

suspensi on wa vas e ozen C. 15

Fenal e CD-1 r%% cain g% * g ?&3& Cgrs sﬁﬁ%@? °§tlnfe° e‘s.?dq‘?s"ceant ,
Quebec, Cana@é):erv\feh% latﬁteﬁﬁéf!ﬁ%béaﬁaﬁm&ly’od samgplese wekemssert towo weeks
interval w thndcllate ofodd-HehDidrahrdehydentdidd ad CRtlaabnGBE §tl'fcf\’:lrg C388/ 90

(~6X10[ erygl GBR) a70c wi hq"lcﬁg %}'ggl%lr%lr(éugm ntroI *gé%%*%ron ft he day

bef ore 20 t he |nnun|z I on

Freder i kssund9*Dé¥ifd )rl{ﬂasatadﬁe‘?lcrf’althéoﬁeb‘l?ﬁmat i Eheowl(;urs wgs thempr 0.21 ny
of A, was acdddubved hesk spoegdirtt i-808 anfbr usei DA UkEE emamyeﬂiga ght -at

4[err] C with agiet-ahi o, S%ur%a{ml 8% cfu A(Pb%sogéé% é, gach mouse
tvvo vveeks after

before the beqq_l nni n of the 25_ 1 .mmuni zati aon %S'Ft
the | ast FFERt PUTP ePh¥a§e‘?%F%"€e r ok PartesiRle r‘i"f’ﬁentratm"El ght nice

in each cidnt meicegsary timjkddiletiok t(LDRBS) awfl theel8 weak=owdi nm:mlvaﬂé with
for mal dehyde detbkaﬂnwcﬂceb@ebl 5x1PBAnd0 1., Eki(ﬁ' Pebpdtd/i9d1 re

chal I enged wt

5 f /go o k
frer the t nieratn el Bl Lk Weglae TR GhBatomied ooy a' ST one vee |

i nj‘ect on. %h& f or mal dehyde
kKill ed s;gnlflcant increase in virulence for both strains. Indeed,

"the LD100 recorded before the passages for these two strains
20 was higher than 10° cfu.

In a bacterial challenge, a freshly thawed aliquot of a
virulent GBS strain was adjusted to the appropriate
bacterial concentration usiné Todd-Hewitt broth and 1ml was
25 injected intraperitoneally to each female CD-1 mouse. The
mice used for the passive protection experiments were 6 to 8
weeks old, while the ones used for the active protection
experiments were approximately 18 weeks old at the time of
the challenge. All inocula were verified by colony counts.
30 Animals were observed for any sign of infection four times
daily for the first 48 h after challenge and then daily for
the next 12 days. At the end of that period, blood samples
were obtained from the survivors and frozen at -20°C. The
spleen obtained from each mouse that survived the challenge
35 was cultured in order to identify any remaining GBS.

18



GBS whol e cells survived the honol ogous chal | enge whil e, ~ Within 5 days
after the challenge, only 4 out of the 8 mce 35 injected with PBS survived

fromthe infection. In order to increase the nortality rate in the
control groupwpo sbhzsss 19pcT/CA99/00114 _
bacterial suspension had to be adjusted according to the age of the mce
at the tine of the bacterial challenge. In subsequent chal | enge
experinments, when mce were ol der than 15 weeks, the bacterial inoculum

was i ncreasedEXAMPEE Zammenie@ticons BRd We@ioB8eORR er ih angicd S5XEPherr]cf u.
formaldehyde killed whole GBS cells

5 Formaldehyde killed GBS whole cells were prepared according
to the pfocedures described in Lancefield et al (J Exp Med
142:165-179,1975) . Briefly, an overnight culture on sheep
blood agar plates (Quelab Laboratories, Montreal, Canada) of
a GBS strain was washed twice in PBS buffer (phosphate

10 buffered-saline, pH7.2), adjusted to approximately 3X10°
cfu/mL and incubated overnight:in PBS cogtaining 0.3% (v/v)
formaldehyde. The killed GBS suspension was washed with PBS
and kept frozen at -80°C.

15 Female CD-1 mice, 6 to 8 weeks old (Charles River, St-
Constant, Québec, Canada), were injected subcutaneously
three times at two weeks interval with 0.1 ml of
formaldehyde killed cells of GBS strain C388/90 (~6X10’ GRS),
or 0.1 ml of PBS for the control group. On the day before

20 the immunization, Alhydrogel™ (Superfos Biosector,

Frederikssund, Demmark) at a final concentration of 0.14 mg
or 0.21 mg of Al, was added to these preparations and
incubated overnight at 4°C with agitation. Serum samples
were obtained from each mouse before the beginning of the

25 immunization protocol and two weeks after the last
injection. The sera were frozen at -20°C.

Eight mice in each control group injected with PBS and the
group immunized with formaldehyde killed whole cells GBS

30 . strain C388/90 (Ia/c) were challenged with 1.5X10* cfu of
GBS strain C388/90 (Ia/c) one week after the third
injection. All mice immunized with the formaldehyde killed
GBS whole cells survived the homologous challenge while,
within 5 days after the challenge, only 4 out of the 8 mice

35 injected with PBS survived from the infection. In order to
increase the mortality rate in the control groups, the

19



20 Table 1 | muni zation of CD mce with formal dehyde

killed whole cells of (BS and subsequent honol ogous

chal l enge [strain C388/90 (lal/c)] and het er ol ogous

chal | enge ( Sid 9/43shCS246 5 (1/R]. POT/CAI900 11 4
preparations nunber of living mce 14 days after the bacteri al used
for inmunization[err] chal | enge

(% Sur vi val )bacterial suspension had to be adjustedpnhacgmudinghab| emgege

het er ol 0goUS,Chak! f1GE at the time of tBblBidterd8®/ 9Ralladge) 157ain NCS246
(IR Sﬁ} infecti.o

segPest Wifligpoe CAURRIRNN Gy pele e oraer an S STIAIN

C388190

control PBS 15 weeks, the bacterial inoculum was incnegs€b P

n.d. 5 Zdvhdentestidis betwedwritaixdohyd@ ki bxeek &ml.l s of GBS strain
C388190 6/6 (100)[err] 0/6 (o)[err] (lalc)
control PBS 2/ 6 (33) 0/ 6
(0) :

20



“al hydrogelt"” at a final concentration of 0.14 ng or 0.21ng of Al was used;
2 approximately 6x10[err] cfu; 3 intraperitoneal challenge with 1 ni_
Todd- Hewi tt cul ture medi um cont ai ni ng GBS C388/ 90 10 (la/c) suspension
adjusted to Wo®KISBerr] cfu; 4 intraperitoneal chal Ipemgassiorida 1 ni
Todd-Hewi tt cul ture medi um contai ni ng GBS C388/ 90 (lalc) suspension
adjusted to 2.1X10[err] cfu: .5 not done; 8i ntraperitoneal

chal | enge wit ITablall Toddwhisitdttioaubt LT mede i do fbamaldehy@8S NCS246 15
(I'/R) suspensi on adj ustidtled awtibl2X&8]lks rdf GBS.and subséguertot her experi nent,
one group of 12 mce coomedpundi kfjallengd dsaraiomta3eB/ge oufXakasli nj ect ed
with PBS, while a secomed hetemrlogpusfclbdlenge [etscainmiliE822ed wit h

f or mal dehy@e Ki I I ed 20 (IIVRbl € cells of GBS strain C388/90 (la/c). Six

m ce from =gt were—chraerged—wtir—2=3 X10[ err] cfu

f ol
ARG a'%%n}%,'z%” II@Iﬁ?waaéméSM:ﬁg et B el (1 o c)
onol ogous ¢ aI | ehge. 25 Only t(%%u o#:

survived the Saen pof the 6 mce injected
ved t he i nfection.

with PBS sur
The renai ni NOhdindBgels EHANIENGEN |BERHIbgolFdhalichp&l used one

21
week | ater tof ve| fy Wnet her _t NI str8iR (0388190 IaIIé eparsaamﬂas;ma (IR d confer
118fin@&Rh NST proauce

Cross protect}
ser ol ogi cal | y&fmwgmg killetdcelld €] None o1 Thg m ce rnfected with this

second GBS st |ohGBS stisi C8&8M0 he i gBermoi®on. THe | at ehd®esul t guggest ed
t hat nost of [lag) protective imune response {i nduced by formal dehyde
killed s'£html EB888/90 is directed agai nst tHe capsular 10

11%

pol ysacchari and that it could be r&&(f) cted tlo strainds 0
particul ar tvpe, These restlis clearly lindi cated _that t
parti cul ar noj@st infdctiomf ect i on can be efficiently used to stidy the

protection coffermaldeydpyilled cellsyacci nati on. 15 EXAVMPLE 3 | mmunitzati on of
rabbit with fiofPBEskHyEa8a80 | e 6/6 (100  wHole G86 @8I I's afd passive

protection in ZeaJ_a.nd_LabbJ_t_(_Z.. ver,
h) was | I zed h fo dehyd
h/ C) toélggégl n hy er| gPO

St - Const ant , Ki I | ed
cells of GBS
alhydrogel’" atafi nal concentration of 0.14 mg or 0.21mg of Al was used;
approxlmateiy 8X107 cfu;
mtrapentoneal challenge with 1 mL Todd-Hew;tt cuiture medium containing GBS C388/90
10 (ta/c) suspension adjusted to 1.5X10° cfu;
% intraperitoneal challenge with 1 mL Todd-Hewitt culture medium containing GBS C388/90
(lafc) suspension adjusted to 2.1X10° cfu;
notdone,
mtrapentoneal chalIenge with 1 mL Todd-Hewitt culture medium containing GBS NCS246
15 (IVR) suspension adjusted to 1.2X10° cfu.

e

train C388/90 (|

In another experiment, one group of 12 mice corresponding
to a control group was injected with PBS, while a second
group of 12 mice was immunized with formaldehyde killed
20 whole cells of GBS strain C388/90 (Ia/c). 8ix mice from
each of these two groups were challenged with 2.1X10° cfu
of the GBS strain C388/90 (Ia/c) (Table I). As the first
challenge experiment, all mice immunized with the GBS
strain C388/90 (Ia/c) survived the homologous challenge.
25 Only two out of the 6 mice injected with PBS survived the

infection.
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serum This rabbit was injected subcutaneously three times at three
weeks interval with approximately 1.5X109 cfu of formal dehyde killed
whole cells of GBS strain 25 (C388/90 (la/c). Freund' s conplete adjuvant
(G bco BRL wobuises Technol ogi es, G and |sland, New Yor k) peascaagendidas t he
adjuvant for the first immunization, while Freund's I nconpl et e adj uvant
(G bco BRL) was used for the follow ng two injections. Serum sanpl es

were obtained before the 30 beginning of the imunization protocol and two -

ks aft t tapa20 C
s 112 o et 4R e e8ie 810 e gl

ular mune serumto ~ passively
protect nice wegk ﬁ@ltea tetMIfwnWbﬂhm thisha@Bigenic preparation
22 23UBRTE U SEHRET R R LG 40) NCS246 (TT/R
al so eval uat ef " d[r‘ftorngslérﬁoonegﬁ |£nj ect n|So§ of I ce wth ( / )15 or 25

[err]L of ﬁypﬂhlmdnabbﬂltswﬁeﬁiQ@%@r@tlnC%eﬁﬂs@lﬁhe w I°§nge
protected 4 O’C.J ovver ?h@gcéép%ltﬁgéﬁ{'sstseconhh@é‘: N{ &&linOBurBrERkak! vely,

survival rates T 05 were recorded for mce in the control group
inj ected wit hinfectigg.or TBeriphesbrarwki Suggrphed dPAt "PRAAE 7 with

meni ngococcal ,out &1 {RRMLARS &re%Béﬁé‘é'ﬁf&ucedTBysféﬁn%q'dEhyde ehaael y

I ndi cat es thaF the i nmuni zati on of anot her ani nal species with killed
GBS cel | s canstruiie €38842Pr b fHireshedfagrinsinERB fARRIARat can passi vel y
protect mge. polPscdiaad@8land thgkl bt a&&ﬁdo%eU§e§l::§&tCelaaeaC§@falm cl ones.
Table 2 Passwe protection of CD-1 mce conferred c%ﬁ@ r abbi t
serum obt ai ne@fatRa HaFhiARLRE iGFORPR- [Hiese results AraY dehyde kil l ed

group B whol elﬁaiéﬁéac%ﬁt this particular (Widedi 8f GO RQoh! 8d)he anti genic

prepar ation nunber of |jving mce 14 % -

- days after th@fSéﬁ%%ﬁl@ﬂ used (R \ffudy the protection conferred by chal | enge

W th GSS strakBccination. C388/90 (lalc)[err]
r abbi t hyggri nmune -

EXAMPLE 3 Immunization of rabbit with formaldehyde killed
whole GBS cells and passive protection in mice

A New Zealand rabbit (2.5 kg, Charles River, St-Constant,

20 Québec, Canada) was immunized with formaldehyde killed
cells of GBS strain C388/90 (Ia/c) to obtain hyperimmune
gerum. This rabbit was injected subcutaneously three
times at three weeks interval with approximately 1.5X10°
cfu of formaldehyde killed whole cells of GBS strain

25 (©388/950 (Ia/c). Freund's complete adjuvant (Gibco BRL
Life Technologies, Grand Island, New York) was used as the
adjuvant for the first immunization, while Freund's
incomplete adjuvant (Gibco BRL) was used for the following
two injections. Serum samples were obtained before the

30 beginning of the immunization protocol and two weeks after

the last injection. The sera were frozen at -20°C.

The ability of this particular rabbit hyperimmune serum to

passively protect mice against a lethal infection with GBS

22
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serung 4/ 5 80 - 25 [err]

rabbit hyperi mmune serunferr] 4/ 5

80 - 15 [err] control rabbit serum - 25 [err]

1/5 wo 997425880 control PBS PCT/CA%9/00114

1/ 10 10 | Freund's conplete adjuvant was used for first 20
| mruni zation, and Freund!s inconplete adjuvant for the , followng two
i nj ections; Waspakgq Péfﬁ%‘l‘?"c%eggn%elréha’ée% fRIgcrion S iRy WIERC Ul tur e

medi um cont ai einheBS 6383% 0. Efahypersimspesstaibisdieieds hours to 2X10[ err]
%Lgbnﬁ?nant pPegore s§$ S?a{%en protecte&sfogrt of28 mice (80%) agignE?ﬁNPLE 4
The coding red ?‘8 ‘E# echippg Q%WE’E%B?WH FREG By FREST BiAXeE #4F COycler
CGeneAnp PCR syeremnvextd@efefdd miBenim  thgagontrol] grenp GAdjefcked with genoni c

DNA of GBS st paigne#3R84uR00kE A/l from@'r&gbi@ﬁnﬂthh%@d gk Cont ai ned base
extensi ons for the e restri t|on Si s, g #%(AGATCT) and
IO

Hi ndl I | (K‘ﬁwmct;@gp%%ﬁeﬁlte“ﬂ}brﬁ‘heepﬁf?fﬁ S8t wasS d from 10
agarose gel usilmgrly drdégates ddRtekine domunhzitionf pénﬁrcgtéxg@nammal

(Chat swor t h, %)méis gasherividd chbecd B chat iihcRNENEBSroduct Bet Ids and
Hi ndl || (P ar na g:a Qﬁa{: ng. %aste"irfgrot?ctt %ggda),rhi%n$e %{ (Act ed with

phenol : chl orofagr Or 68t hano ion. " The +) vector
(Novagen, I\/adlwé-éh aJcHC) besugeh i ﬁhﬁﬁaqwiﬁﬁ@?%m n-H s. Tag sequence was
di gest ed with the restriction enzynmes Bglll and HndlIll, extracted
wi th phenol : citabilef 2r mPagaiive lpevtetbiomlofprRel micat cohfekired by
rabbit serum obtained after immunization with
15 formaldehyde killed group B whole streptococci
(strain C388/90 (Ia/c)) antigenic preparation

groups number of living mice 14 %

days after the bacterial | survival

challenge with GBS strain
c388/90 (Ia/c)?

rabblt hyperimmune

serum’ 4/5 80
- 25 pul J

rabbzt hyperimmune

serum* 4/5 80
- 15 pl

control rabbit serum
- 25 pl 1/5 20

control PES
1/10 10

! Freund's complete adjuvant was used for first
20 immunization, and Freund's incomplete adjuvant for the
following two injections;
1ntraper1tonea1 challenge with 1 ml Todd-Hewitt culture
medium containing GBS C388/90 (Ia/c) suspension adjusted
to 2X10* cfu.

2

25
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BglIl-H ndlll genomc DNA fragnent was ligated to the Bglll- H ndl I
pET-32b(+) vector to create the coding sequence for 20

t hi or edoxi n-H s. Tag- GBS fusi on protein whose gene was under control of
the T7 pronowesw42388e | i gat ed products were t r ansf or medct/ahspooiiacol |
strain XLI Blue MRF ([err] (ncrA) 183[err] (m:rCB— hstNR—rrrr) 173

end[err] sup 06 re | ac pr oAB

lacl[err] Z| e%ﬁlo “[bg'}{‘f"]‘ ]]f’?;’f?‘i“]"‘fl?%t?%t‘%@e gg iaag Fysten 25 A .
according to the net hodpmtﬂslnrranl s (Hanahan, D. DNA Cl oning, 1985, D.M
G over (ed.), pp. 109-135). The reconbi nant pET plasm d was purified
using a Q ag N, Kits. svvorth CA) .and nucl eotlde sequence
of the éodmf; rgé%'c\%grolr}fl é%qﬂ%ﬁ'}d‘% 525% Boxy 30

Ter m nat o? C‘y”é?’é“aée(ﬁiféﬁélf RpNEAmp RER Sm:;me%@ t%#rké-)\)Elme'ﬁ]eSan
reconbi nant p&de plors nitdomaishe rgaﬂaritﬂdi "R 2Y Gt@cétrzﬁﬁﬁréiswbo (Iaf@‘pne Pul ser

ADIoh (De3) PIES T gsgee Matibsatuiila pase SiABLe ”t{’errt falFaF
{lac(l acl [er;A:§1 Stt‘? xigstrighiemmites Rglihd #GAWHH FE HWEIIIN this
strain of (AAGCTT) , respectively. The PCR prodfct was purified EromOil, the
I7 Dromougr SeRidl ldengugtay o ehgex O g;& extHAUR0 REOIAI oi2q

speci ficall y reco ni-z rase (presen on the XDE3
prophage) whé§ "g%ﬁ’ ?‘s CX’urﬂ}@FsFﬁ%‘b’&‘i‘t Be ﬁs"t%tf% HMEBer which is

i nduci bl e byBﬁlIqumdoﬁyhd{H r(PhBrinécir Canads oy @adei deUfdTG) . The
t ransf or mant cARBACDEAYN/ epEdaay Gi%&ho§7éﬁc§ﬂogo%t97fore %%h&f?% ion at
250 L t, t | 0 t /L
contai ni 'n“ Borerh b apRL Dfie pera B8O aeghaf ANEvRERR AR ISRy VT

Oakvi | l el Caﬁaa%slrb@s frhe ehiqredoxin i sATegr fequensiectan dneuasaedf 0.6. In
order to indwtehttte restpieehiess Iegﬁy@és tﬂ’g@.xtha%@ﬁ%ﬁle' é:tl%%t@ﬁs fusion
prot ein, iti ona
presence of I%’%ﬂédﬁ }éﬁi%%%%ﬁén%lﬁgtghgﬁ SFOSH PFRE1RY % ?{er Fﬁ? cells
ver e har vest BBy IS f SgRAMGH DNA fragment yas Jrigiatadt t9 e BIpEEt ei n
produced by BADAGIRIDEEL-BRETE2 vectonponm drdaCei tithl ciddingf sequiinceasoparti al |y
obt ai ned2gs thmfétfdsdmbh@slﬂg}-@somm ?x%o\é@iﬁ: hvﬁeﬁ%eg&ia'é \Jd P dnkikom 20

e

endogenous E::oﬁt?r&l prfOEﬁle N bﬁQomo e:':so ?.ggt]; I})Sr%dgcts were

transformed into E. coli strain XLI Blue MRF' (A(mcrd)183A

(mcrCB-hsdSMR-mrr) 173 endAl supE44 thi-1 recAl gyrA96 relAl

lac [F'proAB laclfZAM15Tnl10 (Tet’)]")' (Stratagene, La Jolla,

25 CA) according to the method of Simanis ' (Hanahan, D. DNA
Cloning, 1985, D.M. Glover (ed.), pp. 109-135). The
recombinant pET plasmid was purified using a Qiagen kit
(Qiagen, Chatsworth, CA) and the nucleotide sequence of the
DNA insert was verified by DNA sequencing (Taqg Dye Deoxy

30 Terminator Cycle Sequencing kit, ABI, Foster City, CaA). The
recombinant pET plasmid was transformed by electroporation
(Gene Pulser II apparatus, BIO-RAD Labs, Mississauga,
Canada) into E. coli strain AD494 (DE3) (Aara leu7697

AlacX74 AphoA Pvull phoR AmalF3 F'{lac'(lacI%) prol
35 trxB::Kan (DE3)) (Novagen, Madison, WI). 1In this strain of
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aggregates (Gerlach, GF. et al 1992, Infect. | nmun. 60: 892). I nduced
cells froma 500 nL culture were resuspended in 20 nL of 25%
sucrose-50nmM Tri s-HC buffer (pH$.0) and frozen at -700C. Lysis of
cells in t haweolo®fisssuspensi on was achi eved by the additi oPCAICABHOIYf 4
sol ution of lysozynme (1 Ormg/ L) in 250mMM Tris-HO buffer (pH8.0)

foll owed by an incubation of 10 to 15 mn_on ice, and the addi tion of
| 50nL of det &F-g&RLL i She S7pRFINOLEE SPRMIORLLES Hg¥Dressipn GfethepH7. 4] - 300mM

Nadl - 2% deoxyghabh P&‘_éi 2‘Vaé\l<a1ae@§tlé’al reéggﬁutdélb affes 19f pROMM Tri s- HA
buffer [ pH8]-50nMM TA—

riton Oé owed 9%%5 m n_incubation on
ice. Upon  PYYREEZTS o‘rPreﬁ‘F’Eﬁ & taﬁgré\a‘?ﬁ; §°E€éﬁ‘9§ h¥Reess 988epds
centrifugati afhde@r tB9 dbntral o¥5,tHR01c pr@ﬁdtarwmihelgflx{di!@ible §p! ubl e

cellular fraction The ,aggr egat ed, NS 35 were solubilized in
6M guani di-he ’rﬁ?é%%af&#(ﬁ:’géhl 15388557 ¥anosibe Of fildd5 . e

presence of the fu3|on protein in both the sol uble and i nsol ubl e

fracti ons wa e u ope um of a nouse
injected w tﬁmfegr malf1 %@Ekwﬁﬁggf@éﬁsﬁs éf&% gttr%?ﬁ g‘%/ 90 (lalc)
that survi veoa%%tl?&(’:?%r? 1258 EPM3e MY ePTRth (PRBERS E9HbndisfgtGBS strain.

The purijI fi CgtéJﬂ:ﬁraQE: s f mcmmw/mnebanédmtghfoa@ ab! ﬁ?}plCllﬁ.ﬁ.ﬁC“ ﬁn gf g
| PTG i ndu 94 rpET S affinity chro phy base
on the prg(ger "@g'aég‘?%f{edgga V% 'f"gé g%l}é‘ﬁ'& e é?ﬁ?ﬁ’? c%?ﬁ\?g"ﬂ gffdl ne

resi dues) to Hindee reachedi ¥ Hadne eﬁthﬁws Eni ‘{Heﬁerl] Foi indvsel khed on the

Hi shBIOI nd rrgt a@roauﬁtsbﬁl@ﬁ [:1:] fl@fdﬂédbﬂ@ﬂqgﬂ]mayb@h§%m&f)pro-EEQgpﬁr IE Ij i cation
met hod use et t ition
(Novagen, % 33\%‘93 P@Qaée{&nk d§§§§§g\icgz1%pgg jbrf ained from a _
100nL cul tur epﬁmeedoww'e‘l Ptr@vtaélal °°¢%ﬁ§%@f| A T Bi ndi ng
buffer (50M ipddtazabe- &&EVwere WiaGles2edNyl IcdestHOugaklloR) , soni cat ed, and

spun at 39,000 X g for 20 mn to renove debris. The supernatant was
filtered '1(-}‘ L‘ffL:er rl si ze nenbrane) and d osited on a colum of 20
H s. Bi nd resi ﬁ”ﬁ? rﬂifPﬁSl’bLR#%“ @Bf*ﬁ E3) /TREL32 hen

washed with 1@qm|mm mmsnotorBlzhdwng nw:ftflelly obtRdhedwsd by 6 col umm
vol umes Of Mﬁb&%ﬁ.éhﬁ&@ﬁ%h%&ﬁé@' @hich we20phéNach- 2caHM Trl s- HC

B o but 1 | PAeBESh it St S °”Jr$t€ Ter PPl the | emoval
of aggregates (Gerlach, G.F. et al 1992, Infect. Immun.
| 60:892) . Induced cells from a 500 mL culture were
reguspended in 20 mL of 25% sucrose-50mM Tris-HC1l buffer
(pE8.0) and frozen at -70°C. Lysis of cells in thawed
25 suspension was achieved by the addition of SmL of a solution
of lysozyme (10mg/mL} in 250mM Tris-HCLl buffer (pHS.0)
followed by an incubation of 10 to 15 min on ice, and the
addition of 150mL of detergent mix (5 parts of 20mM Tris-HCl
buffer [pH7.4]-300mM NaCl-2% deoxycholic acid-2% Nonidet P-
30 40 and 4 parts of 100mM Tris-RC1 buffer [pHSB]-50mM EDTA-2%
Triton X-100) followed by 5 min incubation on ice. Upon
sonication, protein aggregates were harvested by
centrifugation for 30 min at 35,000 X g and a sample of the
soluble cellular fraction was kept. The aggregated proteins
35 were solubilized in 6M guanidine hydrochloride. The
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the salt and i m dazole fromthe sanple was done by dialysis against 3 X

1 liter PBS at 4[err]C The quantities of fusion protein obtained
fromeither the 30 soluble or insoluble cytoplasmc fractions of E. coli
wer e estwoayessby Coonassi e staining of a sodi um dodeegt/Cseobrue
(SDS) - pol yacryl am de gel with serial dilutions of these proteins and a
bovi ne serum al bum Mt zigd%rd,éPi erce, ., Chemcal Cqo. Rockford, IIl.). 35
26 PresepGaNph £hs Tuslomirohfinath Batdabbei smivbtea®® prot ei n under

control of |iasedubk efrdctjopamway shown biftwesbiéncBlbngnadgsbe wiing GBS
protein was dHeseeked &t LHMasE rBNUREAt RECH PRk ShelRid k'ﬁléa't%ﬂ,gge
transl ati onﬁ\%%ggr e "2#%?(2) Tgﬂ S gl aﬁm d was dgrl ved fromp (Ceorge
et al, o BforTe 80 BH60) PR AANAERS t hPASEEF A/ r egi on f or
~a portior® ofcheldenge peidhsithp| exraaspendipgpcCBS EESYin) gl ycoprotein
(gh-1) was renoved and the anpicillin 10 resistance gene replaced by a
kananycin c e : j.ned r the pl.asm d_vect.or (Pharmaci a
Bi ot ech Canaﬁa bggl?%)%%l%%afg ﬁ{lrf?lgioﬁa%%)ﬁfa - %ﬁ%mvte}ﬁ ggy%ﬁ? ained a
cassette  IISCtinR PhAETG-pfucRd ROAPE “éq%);)?-‘PFé'rm%ﬁ’ Aameebyensitive
repressor affjedeyfcloromstioghapine Hasaat onntle BreperpisyaEethdad been
del et ed. 1915 ghhe rhgagd dyddeONg O . 827, r o % ur
i ncrease fromt hegian@e/s gf QSO{KC’%,z %P(r&kgét%:[%?'d}g?e%? “%%ZEF{;? nldﬁ
i nducti on oftQ FEVHLRR® FRAFEPREhNE OntirBrbilized op pherfis.Bipd metal
transl ati on afelahécgermsimdNovagem| Madibynt MI)ri bosepurifichtish ng site cro
fol | owed dowshoBadkdy @-Bhbbe siidriBbiofh 3365 bk %fé%%&cﬁan | the ATG
ACTAAGGAGGTTt }g}'@;& Restrj.ction gnzyg{r;s %{I T4 DNA_I'I gase were
“used accor di s HFFEPSS’%W%CV ) g Brie thé’&apﬂ'n etedsyj e
DUfe, 15 dabtaire Eng| HANLBcul bivee linduced/] widits SBUGayaLanada) . 25
anr orsrg' gelk RiRBPEARED I 6 I4MLObE miﬁdihggﬂaﬂiér V@fmgﬁﬁ{d!ﬂm@-sooﬁs ggggri bed
y Sanbr oo a 2 Cth a ni . or at ar :
Col d Spring crlbgpml&a’%%irsg?gﬁygn?'ﬁﬁr ggg}cﬁ.eﬂ,_ a r%&%?w&ﬁg& % he GBS
bacteri a Wasfor 20 min to remove debris. The supernatant was filtered ’

(0.45um pore size membrane) and deposited on a column of
20 His.Bind resin equilibrated in Binding buffer. The column

was then washed with 10 column volumes of Binding buffer

followed by 6 column volumes of Wash bgffer (20mM imidazole-

500mM NaCl-20mM Tris-HCl pH7.9). The thioredoxin-His.Tag-

GBS fusion protein was eluted with Elute buffer (1M
25 imidazole-500mM NaCl-20mM Tris-HCl pH7.9). The removal of

the salt and imidazole from the sample was done by dialysis

against 3 X 1 liter PBS at 4°C.

t he

The quantities of fusion protein obtained from either the
30 soluble or insoluble cytoplasmic fractions of E. coli were

estimated by Coomassie staining of a sodium dodecyl sulfate
(SDS) -polyacrylamide gel with serial dilutions of these
proteins and a bovine serum albumin standard (Pierce
Chemical Co. Rockford, Ill.).

35
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prepared according to procedures described in Jayarao et al 30 (J. din.
M crobiol., 1991, 29:2774). DNA anplification reactions by pol ynerase
chain reaction (PCR) were made using DNA Thermal Cycler GeneAnp PCR
system 2400 @eeookzsss El nmer , San Jose, CA). Plasm ds us@®GTICAPIMDNA
sequenci ng were purified using plasmd kits from Q agen (Chatsworth,
CA). 35 DNA fr%gﬂ;ents were purifjed fromagarose_gels usin ,gnggx I

27 EXAMELE) Soxt r afECERPIRAE PFOFHIG SRR (BFaPERDTY F. Plasmd
transformati ons were carri egnbuel i hebdetthqurateseri bed by Hanahan
(DNA d oning, dover (ed.) pp, 109-135, 1985). The sequenci ng of

genom ¢ DNA inserts in_plasmds done using 5 syntheti

ol i gonucl eot i §8% Rﬂ% Eﬂdg%sf @‘?&ﬁ?&iazgﬁgtﬁlmtegno‘f’?sgd'ﬁﬁ&fnéf)‘fi de synthesi zer
nmodel 394 §t hdowresttieanbbfrethe prowarey. APARpLo echeBitranst &nwnDirgct Bl ) ,

Foster Gity, The,. . | [ rrled out by PCR
using the Taqg@vz@g‘htﬁ&%ﬁgggﬁr}%g grgggézl%géeﬁg%ﬁc@%g&é?te‘iﬁér, Fost er
City, 10 CA) aP®7 DRACETeeW IS 2560 wEsopatishntle $199aR8 oregtiona BRR
sequencer 3734 pA¥ionFostite Getrpes GAmpldhevirasetpy Df(HsheI) DNA sequence

was performdgﬁiﬁ%o%?%pwgﬁgh%%ggé i tne ath §1¢Rpdes Corporation,

Anh Arbor, M equences and thelr predicted

pol ypept i dBs HBSIFFACSr FRRP ESPRAEHS tiYe 2pk AL BeFRESREER sORERIegn 2. 45
(I'ntelligenet Eesm the plasmid MeohoaipUCeKeWPadmacia BiotEed Cambday regi on of

the GBS gene vgs, aflibl hog-dy, Bedd)0Mrhe véRBrSLERAredts/ HhdekpeC)

genom ¢ DNA usi n%‘ ol 1gos that 20 contai ned base extensions for the addition
of restrictioff the bareripnhags AQIACT) LarRPIRENFE TROPAAA) Ve refRFEEEPTel y. The
PCR  pr OE!JErE?H\B@roﬁHWhiéEd:hEF @mlagwngagpA Oéd&bﬂghﬁd @_e%ﬁlxdéiet&‘ﬁl.
extractio [ rom Q. n WOI | gest Wwi_t t he
restricti r51 e%??n’ésacgll‘a’gﬁl%é]%(%g ,C%Jr%g &% ]Feasc?togdg%?tﬁnpfga% Iéenol_: chl orof orm
bef ore et hanoingreasepifran tit rrRgey gl/39-37°C FocBBrids rapgbeadkdoni th the

restriction eppyBfauBdlibh édthe gen®ainde@XtRTofbx¥l tdE RheNoIheh! or of orm
and et hanol Bg?rfchpl ta%e . The Bgl Il - Xbal %gggm ¢ DNA fragnent was

ligated to thETBRFAASIRBAPT pthVIERG 1A% FOPRTHISEh PY e a84P98° e ne was under
the control obin@ingKpitpr ormtisllofed dowgpateehm by prRglich gesericttioansf or ned

into E. copl stitai (achreThl uei VRE' ATG: ACTRBESAGGTTAGATCTATG.
(mcrA)183[err] (nmerCB-hsdSVR-nrr) 173 endAl supE44 thi-1 recAl
Restriction enzymes and T4 DNA ligase were used according to
suppliers (Pharmacia Biotech Canada Inc., Baie D'Urfe,
Canada; and New England Biolabs Ltd., Misgisgsauga, Canada).
25 Agarose gel electrophoresis of DNA fragments was performed
as described by Sambrook et al. ( Molecular cloninag : A

laboratory Manual, 1989, Cold Spring Harbor Laboratory
Press, N.Y). Chromosomal DNA of the GBS bacteria was

prepared according to procedures described in Jayarao et al
30 (J. Clin., Microbiol., 1991, 29:2774). DNA amplification
reactions by polymerase chain reaction (PCR) were made using
DNA Thermal Cycler GeneAmp PCR system 2400 {(Perkin Elmer,
San Jose, CR)., Plasmids used for DNA sequencing were
purified using plasmid kits from Qiagen (Chatsworth, CA).
35 DNA fragments were purified from agarose gels using Qiaex II
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gyrA96 rel Al lac[F proAB lacl[err]Zerr] M5 TnlQ(Tet[err])][err])
(Stratagene, La Jolla CA) according to the nethods described 35 i n Hanahan,
supra. Transformants harboring plasmds with the

28 wooys2essert were identified by analysis of |ysedrcaby@igubntted
to el ectrophoresis on agarose gel (Sanbrook et al, supra). The

reconbi nant pURV22 pl asm 391 ur| fied using a Q agen kit (Q agen,
Chatsworth, €99 SXyFafhton téot" oM YAFeen LErFswrthncChiva Blaserd was :
verified by Einsfequehieng were cafiied oatsbyrtienmeXhod BlesedibBed/ spURV22 was

t 34 t t 0 L t
g(r)f)\é\?r? I [ﬁérf(d;%g (DMNA éuoaﬁht[za GPc'Sbékt (eaQ) rfm i1dg Ea?rold%s‘ion&ﬁ‘é ni ng

i n.p @# theAerrd}ﬁrea hed valué of 0.6. In

10 order tos?cﬁtﬁi’t?é' hef FTBRTEET VP GmeerEst 1R Rspt ?e‘i’?? dorg usinge| | s
wer e i ncubat eyhthatis abmqmmlaptmn whdich30éxe rdy@th@akzed bybacterial cells
}Nerelgarvesteﬂxg}ahmebfiaém@wcaasuzer moagiuw@n&%@ tser1§ﬁmsﬁlﬁ\el buffer, Gggi led

or mn a e oni ng
protein gene |1f1p ClvprFled Bdms%%/g/e‘é-{%w (ARE), ISENEAESdEﬁE;Y g%l?on Thg "a @GBS
protein was PPAMENCEAT| ﬁemszwer@mlﬁéawabn RERhusdng drhewrag hor none
(hGH) gene vbyeiDesxy Termimuter theléd rsupmentphd &idl (ARD} rMistel Ehey (T
cyt omegakgvi e c ang et
o CTPINBY| AP ang, phi el ELe 1l i pl A KRS ot n
E coli cel | 8BHRNCET; W%Au 'aHﬁ?Fﬁ%tcrl&ﬁ’v ofrbf ’I{h?eagsemlfilq}agﬁ] §h¢n
eukaryotic cBNA sseqﬂeaceeﬁsarpearlfsnmedmmmgr ahecbrograhhSe@mndélrl BlLo

resi stance 9g¢&8&ne Codes d Q384 rﬁ:‘iﬂ 9&1:8 g(iﬁﬁ %H%:hfe by PCR
from genom c St ralg ({ usi n e ol gos t hat
cont ai ned bagﬁq‘é‘?&"&?sf‘ﬁﬂ tf%"rr PREILGRAY POk ‘Fp'ilﬁiés "’asr%%’fﬁqr@? on si tes

Bgl I | (AGATCH}thritheHprdgtram (Gen@CHaYks Tregrsion PGR [fotlelligwretposified from
~agarose gel wgaéNg Mbugkaey View ca)gel extraction kit from Q agen

(Chatsworth, CA), digested
 The coding region of the GBS gene was amplified by PCR from

GBS strain C388/90 (Ia/c) genomic DNA using oligos that

20 contained base extensions for the addition of restriction
sites BglIl (AGATCT) and Xbal (TCTAGAR), respectively. The PCR
product was purified from agarose gel using a Qiaex II gel
extraction kit from Qiagen (Chatsworth, CA), digested with
the restriction enzymes BglII and Xbal, and extracted with

25 phenol:chloroform before ethanol precipitation. The pURV22
vector was digested with the restriction enzymes BglII and
Xbal, extracted with phenol:chloroform, and ethanol
precipitated. The BglII-Xbal genomic DNA fragmeﬁt was
ligated to the BglII-XbaIl pURV22 vector in which the GBS

30 gene was under the control of the APL promoter. The ligated

products were transformed into E. coli strain XLI Blue MRF'
(A (mcrn)183A(mcrCB-hsdSMR-mrr) 173 endAl supE44 thi-1 recAl

gyrA%6 relAl lac([F' proAB lacl9¥ZAM15 TnlO0 (Tet*®)]%)

(stratagene, la Jolla CA) according to the methods described
35 in Hanahan, gupra. Transformants harboring plasmids with the
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with the restriction enzynmes Bglll and Hindlll, and 35 extracted with
phenol : chl or of or m bef ore et hanol precipitation. The pCW- GH vect or
(Laboratory of Dr. Stephen 29

A. . Johnst on, vieepsMatggent of Bi ochemi stry, The University ofPCT/CAYHO0AE,

Dal | as, Texas) containing the human growth hornone to create fusion
proteins was digested with the restriction enzynes BanmH _and H ndl I,
extracted w t¥eSSRENSTTLRCSREEEISY bY a%ﬁ?dséﬁhaﬁoltysﬁfleﬁ?b]ﬁ SeBittethe 1. 3-kb
Bgl I | - Hi ndl | ItegedentrophorBhils foraggendsevasll i(§attesbokoet tedl ,Banbtka) Hi ndl | |

pPCW- GH V%&&eaemﬁr@&kepmzh 503 hids! s&fmhewlwqem&é?& control
of the CW pr.onot ate products sforned |ntfo E. coli

strai n DH5[ er'fiY [(g?'??%‘b é{é SYRRSR MR AREAC el’ﬂ'""lrgé’&# € FEgRERCe ©
([err] K[ ery ] Kiher DNA SngsEAq wahiveridied by DNB6sequeticingl acZYA-
argF) U169] (G bco BRL, Gaithersburg, MD) according to the met hods

d i bed b h f t har bor i d th th
descr i bed LY, Hanalane SRkt A0Sl PP Brvay, (3 BRRPLRRE U5 W the
el ect r ophor es#ishongitat agarbs5yepm( Bants dokrhJcorgaiaing Supraf . The

recombinant . wandilte A WdMe BUCI A1 edeUshas 2 agen bk, (8 agen,

Chat sworth nucl eoti'de seqgdtnce I nsert was
verified By M%eﬁae%ﬁ"f@ the myoductfoengd the fusiemREriRfPeaFt®ctivity of
GBS protein t@ell8Swere incubated for ehaddiigeal hoursFaur3gpumheof 12 fenale

CD-1mce (Chardisy V@énsskver@%ar%géééllfﬁ% SHeRffgatag0ada) of 6 10 8 weeks

were i nject suhc taneousi%/ ree t ee week nterval S Wth

O InL of the THUEERPAT™ arft PGER &par a‘f‘f’&ﬁé Lo iPa iR ARtk XePE RF | | ed
cell's of GBS s20°f1.n C388/90 (~6X10[err]cfu), 20[err]g of
t hi or edoxi$i- H s. Tag- GBS fusion protein obtained fromthe 30 insol uble

(inclusion bodies) or 20[err] of the fusion protein, affinity purified
(ni ckel colum), fromthe sol uble cytoplasm c fraction in E. col i, or
20[err] of afWP[LF puPpiidlening GRSHprRbein @enanin tHVopbawdich PAMY- q‘ég
control pol ypepti de. 20[err]g of QuilAlerr] (Cedarlane Laboratories

Ltd, Hornby, {%Euﬁﬁi)coding region of a GBS prot;in was inserted in phase

20 downstream of the human growth hormone (hGH) gene which was
under the transcriptional control of the cytomegalovirus
(CMV) promoter in the plasmid vector pCMV-GH (Tang et al,
Nature, 1992, 356:152). The CMV promoter is non functiomnal
in E. coli cells but active upon administration of the

25 plasmid in eukaryotic cells. The vector also incorporated
the ampicillin ¥esistance gene.

The coding region of the gene was amplified by PCR from
genomic DNA of GBS strain C388/90 (Ia/c) using the oligos

30 that contained base extensions for the addition of the
restriction sites BglII (AGATCT) and HindIII (AARGCTT). The
PCR product was purified from agarose gel using a Qiaex II
gel extraction kit from.Qiagen (Chatsworth, CA), digested
with the restriction enzymes BglII and HindIII, and

35 extracted with phencl:chloroform before ethanol
precipitation. The pCMV-GH vector (Laboratory of Dr. Stephen
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30 was added to each antigenic preparation as the adjuvant.
Serum sanpl es were obtained fromeach nouse before | mruni zation (PB) and
on days 20 (TBl), 41 (TB2) and 54 (TB3) during the inmunization
protocol s. SgiaoMeese frozen 5 at -20[err]C An i ncr eeafcaddndite ELI SA -
titers was recorded after each i njection of the fusion protein

I ndi cating a good primary response and a boost of the specific hunoral

i nmune r espoAserdihsxbner Depeottmehtt bE Bieorheviandy t IMhed Undiversisyr efi on. At

the end @fxide JaTIHB| ZAdstad) BEhELthinghenaERRSar Grofeh Hde@he to ELI SA™
titers was 456

45 for, the grqQup inmuni ze th .2Qferr . .Qf fusion
protei n obt aFh&HS rfféﬁllc’ﬂc?ﬂmeo Fp8af e%l%eggﬁgr‘éhtq %[he rLﬁ@ﬁ’;%’?nf or the
group of m centymamiBaeEIvind HindIi ot estthracseds vith fblenpl echilorofoom, i n
E. C|O| i . ?Beahatéa{aﬂoesgkécﬁpﬁggeaas_ The 1N3tkb By INOHEhAT PPiGANBRYf rOm
i ncl usi on bodj,£s.c0 . I 0 tha e ubl e protein.
Anal ysi s of %ﬁgeffag%eggrga? nlﬁgﬁ Eg}% %%@kgf fl?lr{ll%[l}t]/:quéﬁi t hi or edoxi n- .
Hs.Tag to cHRECRF eSTERBA MEH-ARY | fuslorcPERtsiodpdeD the ers are nade
agai nst the tbhoredws nhei MW aromote:r 0T ligatédgroduces yewd ei n. The

reactivity of _the.sera fr 1 CE. 4. Lnj.e | the onbj nant fusion
protein was fz‘i-' g%g R egd 1665 %)y cl‘:’lllllsitléagié} (rl\??sgi[#r&n&aégh?@gg k‘TIﬁA@d whol e
cell's of 16BSrecal shéam1m QW' 90sugiaa zniitodypeadadeaad Dy1dd@vani zati on
with 25 reconbi nant fusion protein also recognized their specific

epi t opes on @EGFLEI§Y. (FﬁHFga’?%gGPhﬁlPeﬁq%ﬁrﬂ' ¥Rk GSRATEAAT & the ¢ ose
enough to t hgeBRbAY AeHreBEQOSF GRnaRER] &lubraQ | PEAMSFormanes 0SS-reactive
ant i bodi es. n 30 To veni fﬁi@’“eti&‘g{ t_%:I&:he. | mng:ne requgﬁr}%e I, naucbed by

i nmuni zat i on "2ERPIIF RLEERLAY N S ect'TER, 3E48fe ®Y  Chal | enged.
wi th 3.5X105 agakysis GISlyeed| srllsagoboinyed &p ahectrophpresd®[anr] cfu of
st El ai4n NGSZ4%5L-?£§ ddle (saﬁbfécsc,oh.\gleﬁc&q 3l @upra) | H'H&ffréabﬁslix:ialht'lf_l abl $s 3
an respect] ; AR Wt . .1 hi xi n-Hi s. Tag
pepti de were rcf'}(git6 éjf%ét“elf:atee %aldng?l%,é]log% éﬁ\?\njut%rkg%ﬁgrr?' GES strai

whil e t hose Chatsworth, CA) and the nucleotide se gnce of the DNA :

insert was verified by DNA sequencing.

.20
EXAMPLE 7 Immunological activity of GBS protein to GBS
challenge

Four groups of 12 female CD-1 mice (Charles River, St-

25 Constant, Quebec, Canada) of 6 to 8 weéks were injected
subcutaneously three times at three week intervals with
0.1mL of the following antigenic preparations: formaldehyde
killed cells of GBS strain C388/90 (~6X10” cfu), 20ug of
thioredoxin-His.Tag-GBS fusion protein obtained from the

30 insoluble (inclusion bodies) or 20ug of the fusion protein,
affinity purified (nickel column), from the soluble
cytoplasmic fraction in E.coli, or 20ug of affinity purified
(nickel column) thioredoxin-His.Tag control polypeptide.
20pg of QuilA™ (Cedarlane Laboratories Ltd, Hornby, Canada)
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I mmuni zed with formal dehyde killed C388/90 whole cells only provi ded
protection agai nst honol ogous chal | enge. The t hi or edoxi n- Hi s. Tag- GES
fusion protein of the invention protected mce fromchallenge with both

GBS strains. wal®acksd and spleen culture of these m ce di dprovicassosssal t he
presence of any GBS.

was added to each antigenic preparation as the adjuvant.

Serum samples were obtained from each mouse before

immunization (PB) and on days 20 (TBl), 41 (TB2) and 54

(TB3) during the immunization protocols. Sera were frozen
5 at -20°C.

An increase of the ELISA titers was recorded after each
injection of the fusion protein indicating a good primary
response and a boost of the specific humoral immune response
10 after each of the second and third administration. At the
end of the immunization pericd, the means of reciprocal
ELISA titers was 456,145 for the group immunized with 20pg

of fusion protein obtained from inclusion bodies compared to
290,133 for the group of mice immunized with the protein
15 from soluble fraction in E.coli. The latter result suggests

that the protein obtained from inclusion bodies could be
more immunogenic than the soluble protein. Analysis of mice
gera in ELISA using the affinity purified thioredoxin-
His.Tag to coat plates showed that negligible antibody

20 titers are made against the thioredoxin-Hig.Tag portion of
the fusion protein. The reactivity of the gera from mice
injected with the recombinant fusion protein was also tested
by ELISA against formaldehyde killed whole cells of GBS
strain C388/90. The antibodies induced by immunization with

25 recombinant fusion protein also recognized their specific
epitopes on GBS cells- indicating that their conformation is

close enough to the native streptococcal protein to induce
cross-reactive antibodies.

300 To verify whether the immune response induced by
immunization could protect against GBS infection, mice were
challenged with 3.5X10° cfu of GBS strains C338/90(Ia/c) and
1.2X10° cfu of strain NCS246(II/R) the results of which are
illustrated in tables 3 and 4 respectively. Mice immunized

35 with control thioredoxin-His.Tag peptide were not protected
against challenge with either GBS strain while those
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32 Tabl e 3 Survival from GBS strain C388/90 (la/c) chall enge

i nmuni zi ng agent no. mce

survi vi ng survi val _ chal l enge

t hi or edoxi n-yb $o/42888[ er r ] 1/ 6 17 pcricAsdiinaal dehyde
killed C388/90 6/ 6 . 100 cell S[err]

t hi or edoxi n- HIS TagFGBS f |ncIu5|on

body prepar atTOy rYlthlg%rpﬁ}g?QXﬂﬁ<¥ﬁ??F§ q%ﬁiféésﬁ¥?£ﬁ<ﬁ?1}5
| 100 (mmva@eésnmttfqtam agdinst hompiegdus chalpengs.ongae.

adm ni st rat i €Hl oMeldBxin i sladd-EBY fision prétdintice PRI Hpeadibgted to

3.5X105 cfu; [ nln s red terlor e aralyzed in
survi vi ng prOteCt%g %éé% delec ﬁ?ebﬁgg gﬁ# %hFil 8.3 B&ﬂ err] cfu
admi ni st et ecand spg,egg[@u}t]ur@dﬁﬁn;lgqqg adce dld not reveal the presence

of any GBS.
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33 Table 4  Survival from GBS strain NCS246 (I11/R)

chal I enge[err] I mruni zi ng agent no. mce
survi val survi vi ng
chal | enge wob bi/gkggdoxi n- Hi s. Tag[ err] 0 / 6 pCcT/CA%9/00114 O
f or mal dehyde kil l ed C388/90 2/ 6 34 cells’
t hi or edoxi n-Hi s. Tag- GBS fusi on 5/ 54 (inc] usion
body preparat Fah}e 3  SurvivalfzppRR§ SErpin TRESERS ﬁ?sﬁ%ncmllengeé /| 6
100 (cytoplasmc fraction)?2 S 1 intraperitoneal administration with
1 mM Todd-Hewytt cul ture nmedrum confal ni ng G=S N
suspensi on immusihingt edentv 1. 2X105 cf u. mQ-ZﬁFsrr]g adn¥ni st pred;
surviving survival
challenge
thioredoxin-His.Tag? 1/ 6 17
formaldehyde killed C388/90 6/ 6 .100
cells’®
thioredoxin-His.Tag-GBS fusion 6/ 6 100
(inclusion body preparation)*
thioredoxin-His.Tag-GBS fusion 6/ 6 100
(cytoplasmic fraction)*

intraperitoneal administration with 1 ml Todd-Hewitt

5 culture medium adjusted to 3.5X10° cfu;

20pg administered; posterior legs paralyzed in surviving
mouse; GBS detected in blood and spleen;

? 6X107 cfu administered;

* 20pg administered.
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3 6X10[err] cfu adm ni stered; 10 4 one nouse di ed during inmunization.
EXAMPLE 8 | nmmuni zation with reconbi nant GBS protein confers

protection agai nst experinental GBS infection 15 Thi s exanpl e

i | lustrates wbeoyessst ecti on of m ce agai nst fatal GBS iroteabsmmsby

I muni zation wth the reconbi nant protein corresponding to the SEQ ID
NO. 39. 20 Groups of 10 female CD-i mce (Charles River) were inmunized
subcut aneously three tines at three-week intervals with 20 [err]g of
reconbi nant Takdee#n peurvivad fromdBS sokaimstNCE246BIRI/R) chhibiemest) ‘
harboring the reconbinant pURV22 plasnid vector contai ning the GBS gene
correspondiphg to SEQ ID NO 42 in 25 presence of 20 [err% of QuilAjerr]

adj uvant ( CHEEMRLALNG agenbhoratories Ltd] HoRPib g“m&nac ghrviyzalchntrol ,
with 34 SU ¥ing

Quil Al erf]
adj uvant al mwsﬁumm—m ~-orte—ef bi t al

Si nus on da/tt;lmxgaoﬁm_% Aag®r to each | gmyngzati gn andgf ourt een days
(day 57) following the third injectign. One week | dter the mceg were

challenged Wth 5 approximately I10[err[ito I0[err] CFU of vartousjvirul ent
GBS st rai ns|formaldshyee delldedt Ge8&B® chalil eng@ i/nécul um wer 39l at el on

TSA/ 5% @ﬁi'é@p bl ood agar plates to determ ne the CRU and to vejify

t he- chal-l en o= dose Deaths vworo reocordedifor o nnr‘i od of 14 (‘H}ys and -
on day 14 pp&log;go%gﬁggis EH§V£I}/SI rcl)g i ce .10 sgcrifiged andl bl ood
and spl een pefgdies o orgam smd’"The $urvi val
data are shpwn 1 n table 5. rechallenge sera werg anal yzed f¢r the
presence of ant 1 bodi es Teactive W ThiGBS by standarid THmunoassays.
Elisa 15 an jthmneﬂoiahnmma!agsesmfubm ed tha /i enuni ziati o100 t h

r econmbi nant | GBZopleseia %ﬁ’&mﬁ}@éﬂ in E. cdli elicited ant i bodi e

reactive w i Luye GBS pratiein Anti body
responsesgto, GBS are descri

5 inEraperi oneaibe&mlnlg%§aggon with g mf Todd-Hewitt
culture medium contalnlng GBS NCS246 (II/R) suspension
adjusted to 1.2X10° cfu

? 20pg administered;
_ 3 6X10" cfu administered; -
10 * one mouse died during immunization.

EXAMPLE 8 Immunization with recombinant GBS protein confers
protection against experimenfal GBS infection
15
This example illustrates the protectioﬂ of mice against
fatal GBS infection by immunization with the recombinant
protein correéponding to the SEQ ID NO:39.

20 Groups of 10 female CD-1 mice (Charles River) were immunized
subcutaneously three times at three-week intervals with 20
ng of recombinant protein purified from E. coli strain BLR
(Novagen) harboring the recombinant pURV22 plasmid vector
containing the GBS gene corresponding to SEQ ID NO:42 in

25 presence of 20 pg of QuilA™ adjuvant (Cedarlane
Laboratories Ltd, Hornby, Canada) or, as control, with
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35 Table 5. Ability of reconbinant GBS protein correspondi ng
to SEQID NO 39 to elicit protection against 8 diverse GBS chal | enge

strains Chal | enge strain | mmunogen

Designati on wdysppesss No. alive: No. dead r GBS pr ot ei n POTER39/@014

lalc 8 2 (P<0. 0001) none 0
10 r@&BS protein NCS 246 I1/R 10 : O (P=0.0012) none
3.:7 r GBS QuidhBl adiwvEmti24ene in PBS} p Blood samplespwere (¢eideghey none
g D I GBS At ehd) odEBab3hinus on day ¥, 22 ankD430prior tol Bz&nOl) none

5 rGB%RB&QR%%é}onNg§Hgégﬁéteen dayévuday 57) %glioﬁkng t$§<9h£¥§)l)
injection. One week later the mice were challenged with
5 approximately 10' to 10° CFU of various virulent GBS strains.
Samples of the GBS challenge inoculum were-plated on TSA/5%
sheep blood agar plates to determine the CFU and to verify
the challenge dose. Deaths were recorded for a period of 14
days and on day 14 post-challenge, the surviving mice were
10 sacrificed and blood and spleen were tested for the presence
of GBS organisms. The survival data are shown in table 5,

Prechallenge sera were analyzed for the presence of
antibodies reactive with GBS by standard immunoassays. Elisa

15 and immunoblot analyses indicated that immunization with
recombinant GBS protein produced in E. coli elicited
antibodies reactive with both, recombinant and native GBS
protein. Antibody responses to GBS are described in Example
9.

20
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none 0 10 rGBS protein NCS 915 1]

7: 3 (p=200007) 2 NCS 915-F3 1: 9

none 4 :6 réGBS protein NCS 954

I11/R 7wo ®r2588 ( P=0.002) NCS 954-F PCT/CA99/00114 4:-
6 none 1: 9 rGBS protein COHi

1] 4 . 6 (P=0. 0004) COH - F 3 7
none 0 :10 1 G oups of 10 m ce per

group vere Edde Bhe Midgdy of ygeqmbinant GRE piretadn tepxrgsperding and the
number of ded SERCEP AR AF to ekifitaPaatectinn sgrinsthld ddverse (S esponding
to reconhi ndiyallenge ¥EBIBSqt o n-j muni zed ani mal's were conpared to the
survi val curves correspondi ng to nock-i mmuni zed ani mal s using the

| og- rank test forrerpar-aret~e—anatysi S. 2 Conparison anal ysis
t o NCS915- F-i nmuni zed an| ne¢lallehge s¥wdimal s were inmmunized wth

f or mal dehy de—grtadgeffP S| DENignat ionf] CTYPE T, [No - Qative SRy chkag Al
henmocul t ur efrdFTBrSELYR V| EBEg/90E VeI € HEYat TV e F%’y—?%@—ﬂ?&-) ¢hal | enge.

- Spleen cult{&s fromsuryiving mce were nng:t hye except or f{ew i ce
from experi [F38s ¥BotEin |NCS 246 “II/R 10 : 0. (P=0.00120 o
- EXAMPLE 9 Vhggridhation wi{h the reconﬂbl nant GBS prqtein elicits

an i mune r BEGEY pR ot @1ABRATCC12@0QUPS| OT 18U Tnale :Co- 1 M(BX) Wong 1| nmuni zed
subcut aneoupkaghed Wi th regonbi nant GBS proteijn ca rregsponding to SEQ I D NQ 39
as descri be(xGBS prxappir $NCS 1536r der [0 assesp itIve :ant1 bodp=0.01y €3ponse to
native GBS psarteci n, seralfrom bl ood anpl es 5cal bected prior egch

I mruni zat i oG8l probeimeNCH\AB842f t er VIt hel t mord pnmun(ezat 0001 wgre t ested
for anti bodinereactive 10iwith GBS cells by HISA usithg pl ates coatjed with

_ _ rGBS protein |NCS 915 I11 : 3 (P=0.0007)%

NCS 915-F° : :
none
rGBS protein |NCS 954 III/R
NCS 954-F
none :

rGBS protein [COH1 III
COH1-F
none

( P=0.002)

(P=0.0004)

Cpanlkrkaeddera

Svoloawae

_IGroups of 10 mice per group were used, the number of mice
surviving to infection and the number of dead mice are
10 indicated. The survival curves corresponding to recombinant
GBS protein-immunized animals were compared to the survival
curves corresponding to mock-immunized animals using the log-
rank test for nonparametric analysis.

2Comparison analysis to NCS915-F-immunized animals.

15 ° Animals were immunized with formaldehyde-killed GBS in
presence of QuilA™ adjuvant.

All hemocultures from surviving mice were negative at day 14
20 post-challenge. Spleen cultures from surviving mice were
negative except for few mice from experiment MB-11.
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formal dehyde-killed GBS cells fromtype IIl strain NCS 954, type Ib

strain ATCC12401, type V strain NCS 535 or type Vi strain NCS 9842. The
specificity of the raised antibodies for GBS protein was confirned by
West ern bl ot vemesiapssss to 15 GBS cell extracts and purifi ed®CTEASH Hant
antigens. The results shown in Figure 10 clearly denonstrate that

ani mal s respond strongly to reconbi nant GBS protein used as

i mMmunogens WERXAMRBHI QuVacgdnptbwal withi bbby trecombiganti fPS prbeeiveen 12000

and 128000, for sera ceqlllcgggeg, ahhehe AR PLRLE de2&BsMMMUNI zat i on, dependi ng
of the coating antlgen prei mmune sera were negative when tested at

a dilution ogagﬁms of ffe§§§ r&aqt;n trleb?I s O\éﬁr €u ea%gabl |Sn t he

sera anl ma a Si ng e [ nj ec reconoi nan
pr ot ei n. $§5w1th recombinant GBS protein corresponding to SEQ ID N@y39

Exanpl e 10 Andd QRBLEiGQNSIEN Eﬁéd\ﬂ% ef the o@é@rpf&ta%'s%sgftﬁé“%ntlbod
present invention Monocl onal anti bodi es (MAbs) specifi¢ to t¥1e @GBS

protein of 5 ¥S$APOPPEsENNALAVEFHDRTRERENLSEFat X P ROASE rsA™®1eRat thi s
surface anti g:aswe&tpaqshmdebyh ailrdmu B Ze €iuh hhatmdrtlesnadim after

anti geni cal | y Q:?lﬁéd %m?u%rlvegbﬂ §’e5f %A%scto I 8;:';9:: 1?’ 98!%%% | sol at es was

used to eval u Meaé - Speci J'Sftﬁese strains
wer e 10 with GBS cells by ELISA using plates coated with

formaldehyde-killed GBS cells from type III strain NCS 954,
type Ib strain ATCC12401, type V strain NCS 535 or type VI
strain NCS 9842. The specificity of the raised antibodies
for GBS protein was confirmed by Western blot analyses to
15 GBS cell extracts and purified recombinant antigens. The
results shown in Figure 10 clearly demonstrate that animals
respond strongly to recombinant GBS protein used as
immunogens with median reciprocal antibody titers varying
between 12000 and 128000, for sera collected after the third
20 immunization, depending of the coating antigen. All
preimmune sera were negative when tested at a dilution of
1 :100. GBS-reactive antibodies were detectable in the sera
of each animal after a single injection of recombinant GBS
protein.

25
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obtained fromthe National Center for Streptococcus, Provi nci al
Laboratory of Public Health for Northern Al berta, Canada; Centre
Hospitalier Universitaire de Quebec, Pavillon CHUL, Quebec, Canada;
Aneri can Typwo@Qu2sssr e Col | ection, USA; 15 Laboratoire de ®amicasshaebisi que du -
Quebec, Canada; and Dept. of Infectious D sease, Children's Hospital

and Medi cal Center, Seattle, USA All eight Mabs were tested agai nst

the foll ow ng panel 10f ARt IS Bnl ; p. Qf la/c, 3
i sol at es of s}ér otype1 |@r¢%&oh§o§§éﬁ,ﬁt§§rﬁotg€p§?ﬁr %%g2§rﬁ%1?138ffaf}é§ of
serotype Ill, 2 isolates of serotype IV, 2 | sol ates of serotype V, 2

i sol at es Oll‘lneﬂi&i];tmalv!antﬂoodiesi $AIE e spati 864 Qid’l%ﬁevgﬁs %rdgéghaw 0;
serotype [ t wer ot .sero n ovine S.

agal actiaée/ the ﬁeﬁeﬁg._ §%§%? &géseasse? Ega%?@i’ﬁtﬁ%gﬁea%mtt W48 GBS 9 25
i sol ates of SBFEASFH@RLAPRN ot Prodpsed fvesldfGRBBrandypbat/. it is Fheostrai ns
wer e grown ogetigegtiicadbybhimiiyagansetwddes at 370C in an at nosphere of
5% C02. Cultures were stored at - 70[err]Cin heart infusion broth
with 20% (v/vy) C%I.ycer_ol. 30 To obtain the GBS protein-specific MAbs, mce
wer e i muni zBd®OL1ecEiPReot  ¢f SBS; 15ptates war 1srbtPap¥alate zbe[err]g of
purifiedld reacwitiityanf GBS GRSotpeci{iSFAALE. NTHedd) staihe wek@sence of

20% Qui | Al er pbr2diddV &Rbm tﬂé)rﬂacé%ﬁaf%ént&nférVﬁz%pggasﬁa{sed by fusion
of spleen cells recoyere fromi ni zled mce wth fhe Honsecreting
SP2/0 nyel o rQYincia; néa QT3ROTY, ggggf.xb ic Health for Northern Alberta, 38
previ ously (Famgda; Fentre fHospliggltiey Uniyersitaimhidel Quebed,3 PAGI115W) .

by ELI SA1051 pa oy e e P oo e ant Ces
y Si e i vate an ur,l fied reconbl nan
protein gEQﬂ?}b %{% gé %arntf4}>g§§f%eatqun8“ ?‘T'g%ﬁ?‘aﬁ’ PEBSry
described Of(Imifatioys Risegse,)Ghildren’' pprHosmitelobhd| Medizal63- 170) .

Speci fi ¢ hybrentewr Seakobed UsA.| }m'.l | ligghti Mabs Gidre €¥BE&dIQGainst and f rozeg
in [iquid ni theoesh1dm5adusiian | pak :@ rotein was_presente
I n Exanpl es é%%a I?url'igij%d il O(rz}'eglci)l"e I N 'n? pr%c?t 8an%zromfy5)rerr\ay?d%£yde

i nacti vat ed We3r 50 2teR i PEICHYPR IRt FopPRrarSss obyseratypet &,
di scont i Rloud4 isolaresepf syenatiypef ILheRrlisodat e cfirsendegbd IV, he2 :
manuf act ur er isolatésd ofhgBrétyides Wer 2 ONdc altlels! ,_ggegézxgt?f,g VENy ane for Western
| munobl ot ti ggo A% APIF" LRESEULHRYS] Vi dYBLLT Dt erlypd 9, 10

isolates that were not serotyped and 3 bovine S. agalactiae

strains. Mab 3A2 was also reacted with additional GBS: 9
25 isolates of serotype Ia/c and 10 isolates of serotype V.

The strains were grown overnight on blood agar plates at

37°C in an atmosphere of 5% CO3. Cultures were stored at -

70°C in heart infusion broth with 20% (v/v) glycerol.

30 To obtain the GBS protein-specific MAbe, mice were immunized
three times at three-week intervals with 20 ug of purified
recombinant GBS protein.(SEQ ID NO :44) in the presence of

20% QuilA™ adjuvant. Hybridoma cell lines were generated by

fusion of spleen cells recovered from immunized mice with
35 the nonsecreting SP2/0 myeloma cell line as described
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15 Infect. Immun. 60:2718-2725). West ern i mmunobl otti ng experinents
clearly indicated that all eight MAbs recogni zed a protein band that
corresponded to the purified reconbinant GES protein (SEQ ID NO : 39).
20- These MAbsvabmpssseacted with a protein band present i n RET&IAPINII4 GBS

| sol ates tested so far. The reactivity of these BS- specific MAbs are
presented in Table 6. Each 5\/Ab react ed wth all @GBS. In

addi tion, th&Fevippely deme L‘F'e(‘?(‘igﬁ?'ze:‘c98t7he‘-'r3 ”@d a&éFﬁ%’H strains of
bovi ne ori gi rex:has-2%0 we Hybrid taddneMbpSiiatahts weaeogastzast] fiornet een GBS; 9

i sol at es of sgroLy¥pe Aﬁl%oap%ééb&fnssrw ¥BesX. usTll?ﬁ %mmehydéﬂ%s ver e not
tested agai nsf these a%%ﬁtsl on(g St, =y g b §§§ esul .t (%ggo strated

that the GBS PRF-&VAt | PSP RGT189 25808 b?%‘b‘u B§°%ﬁ‘|nt GBS and
the three 3 O :39 ayatHcrsacoxtimg aptiderhowrprprevioyshy tdracnibed tested so
far. Mor @idmRQr §arndd Yl .t hese raesméas Mikeabidl denviss 1atogd that the

epi t opes recogni z these e eC| I\%t}s .
di stributed a c&%ﬁgbpr{ aﬁ%ﬂ?%gcﬁ Igll}% s 8t%o ."H&“%% ‘ed t hat
t hese eplt(Dpéymﬁwﬁrezﬁ@tln liquid nitrogen. Productzon of recombipgnt GBS

restricted topﬁﬂ:reahogwaﬂe)seﬁeéaatiedEbcaﬁjamsea si ncepurifiedr esent atives of

al t knomngSré LyRge éﬁécgggégﬁ tBe £orm egg,ag“ SRRRE LalP 'dﬁ% fegaips were

t est ed conc usr on a presen s exanple clearly
denonst r at ed ¥¢RRLVEAebed a5t EPRIGT St PY Ysi@geRke HFSARFERMIOUS | s produced
by all GBS ansufifsat siybtéms cfnLagmuli ic ak| yedbngizhied byt ahechamadacthber

and then transfer onto nitrocellulose membrane for Western
immunoblotting as described previously (Martin et al. 1992.

15 1Infect. Immun. 60:2718-2725). )

Western immunoblotting experiments clearly indicated that
all eight MAbs recognized a protein band that corresponded
to the purified recombinant GBS protein (SEQ ID NO :39).

20 These MAbs also reacted with a protein band present in every
GBS isolates tested so far. The reactivity of these GBS-
specific MAbs are presented in Table 6. Each MAb reacted
well with all 46 GBS. In addition, these MAbs also ,
recognized the 3 §. agalactiae strains of bovine origin that

25 were tested. MAb 3A2 also recognized nineteen GBS; 9

isolates of serotype Ia/c and 10 of serotype V. The other
MAbs were not tested against these additional ‘strains.

These results demonstrated that the GBS protein (SEQ ID
30 NO :39) was produced by all the 65 GBS and the three 3 S.
agalactiae strains of bovine origin that were tested so far.

More importantly, these results clearly demonstrated that
the epitopes recognized by these eight GBS-specific MAbs
were widely distributed and conserved among GBS. These

35 results also indicated that these epitopes were not
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restricted to serologically related isolates since
representatives of all known GBS serotypes including the
major disease causing groups were tested.

In conclusion, the data presented in this example clearly
demonstrated that the GBS protein of the present invention

is produced by all GBS and that it is antigenically highly
conserved.
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[ err ] WE CLAIM 1. An isolated polynucleotide encoding a

pol ypepti de having at |least 70%identity to a second pol ypeptide

havi ngr a sequence sel ected fromthe group consisting of : SEQ I D
NO 2, SEQ | DWR®4B88 SEQ I D NO 4, SEQ ID NO 5, SEQ | ReMEhoofdon$EQ | D
NO 8, SEQID NO 9, SEQ ID NO 10, SEQ ID NO: 1., SEQ ID NO:12, SEQID
NTCO 14, SEQIDNOlS, SEQ ID NO 16, SEQ ID NGO !8, SEQ ID NO 19, SEQ
|D|\D20,-ASEQIDF\I\J. 33 O NP4 ., SEQtD NGO 25, SEQ ID NGO 26, SEQ
| D NO 28, ;.,SEOIDNQﬂBA SHQ| 1|D 0, SEQ ID NG 31, SEQ ID NG 33, SEQ
ID NO 34, § SEQ | DN} |~“BHOI*|P|NO 86, SEQ I D NO 38, SEQ I D NO: 39,

SEQ | D NOg40, SEQul ON1P B1 hrd| SEQ § DANO: 44 or fragnents, anal ogs or
derivati v@s theregf. P——A-etaR efti de according to claim1, wherein
sai d Hpol ynug eou’ de encpdes la|p | gpepti de having at |east 95%
identity Eﬂo the gq&co RON BRI Selel 3 An i sol ated pol ynucl eoti de

encodi ng g pol ypapt i eS| |¥{¥rYpah of gene-ating anti bodi es havi ng bi ndi ng
specificiwmy for @ ogypepti de hé\vﬁi g| aysequence sel ected fromthe
group conglstlng SERU D IN 28 SEQID NG 3, SEQID NGO 4, SEQ ID
NO 5, SEQ | 65,1 SERIIDIND.{ 8 SEQ ID NO 9, SEQ ID NO: 10,
SEQIDNO“‘lI SE( olé RHOILIDING ol 4, SEQ I D NO 1S, SEQ I D NO 16,
SEC | D NO210, SEQR ORQHMA|R|R|=|=[SH) | & NO. 20, SEQ I D NO; 23, SEQ I D NO 24,
SEQ I D NQﬂ,’25, SEQo! 26,| PEQ|IID|NO. 88, SEQ I D NG 29, SEQ | D NO 30,
SEQ | D NOH31, SEQs 3 SEQLLIDI NG, B4, SEQ I D NO 35, SEQ I ; D NO36,
SEQIDNCES SEQ|wLD ND: B9 qEQID‘DNO4O SEQ I D NG 41 and SEQIDNO
44 or < fragnsg sEEpa.—cgs—« oI — [dk vgtlves t her eof .

- 42 -

agalactiae straﬁps*?@ésgﬁi?edggg

Reactivity of eight GBS protein-gpecific Mabs with
Number of each serotype of s.

as evaluated by Western immuncblots.

1 Nine additional strains of serotype Ia/c and 10 strains

2 These strains were not serotyped
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AVENDED SHEET 4. An isol ated pol ynucl eotide that is

conpl enentary to the pol ynucl eoti de of claim 1. 5. An isolated
pol ynucl eotide that is corrpl ermn'r ary rn the
6. The pol ywoelasssi de o
7. The pol ynucl eoti de of cI a| :ﬂﬂ

S. The pol ynucl eoti de of clai
9. The pol yauchAgdt:i de of cl aim 3, “Wherein said
10. Ahp0|¥nUC|FOtid§ mﬂlch hybri di zes under stringent conditions to a
second pol ynuc tide 5115@%]%% C h

consi sting ot - ELE é%%&{{ I’%ﬂﬁ%nﬁ@ encodﬁf‘é ¥ E:Gﬂ é Nd% y %,OUEEQ | D
NO : 22. SEQ | D hwing2at lgash B°Nddef§2tYsE©?[§%€6“ @FP%E ®IDNO: 42
and SEQ I D NO : i@k hr sgmesice, selecteshdiroguelse @roder congiisrdngt her eof . .

11. A pol ynucl eof %de whi ch hybridi zes under stringent conditions to a
second polynucleo

consi sting of ) 32 haVI e S%stgu%gﬂ)e:\ Dsﬁe) fﬁfg)c;%g %&gﬂ%ﬁhﬁog%?zg 12. |

A pol ynucl eot i desm:c:@r @I’DngGI BRY 3P4 8vhiSER EYNQdi%2e8EQ ID Nyd8y

stringent conditggnsd Rod1$ecsEy Ipoky s, &Ehi e No:14, SEQ ID NO:15,
SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19,
SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:24,
SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:28, SEQ ID NO:29,
SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:34,
SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:38, SEQ ID NO:39,
SEQ ID NO:40, SEQ ID NO:41 and SEQ ID NO:44 or
frégments, analogs or derivatives thereof.

2. A polynucleotide according to claim 1, wherein said
polynucleotide encodes a polypeptide having at least
95% identity to the second polypeptide.

3. An isolated polynucleotide encoding a polypeptide
capable of generating antibodies having binding
specificity for a polypeptide having a sequence
selected from the group consisting of:

SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5,
SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO:10,
SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:14, SEQ ID NO:15,
SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19,
SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:24,
SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:28, SEQ ID NO:29,
SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:34,
SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:38, SEQ ID NO:39,
SEQ ID NO:40, SEQ ID NO:41 and SEQ ID NO:44 or
fragments, analogs or derivatives thereof.
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-—- pol ynucl eoti de of claim 3.
pol ypcrcamsiopde i s DNA-
“mﬁ:lﬂ!l II!ﬂ'H' pol ynucl eotide i s DNA.
pol ynucl eotide is RNA
pol ynucl eotide is RNA. -



having the sequence SEQ I D NO : 43
13. A pol ynucl eoti de accordi gﬂmmm i ch hybridizes under
stringent conditions to a sec mmt fm havi ng the sequence SEQ
ID NO : 42. wddauassh pol ynucl ecti de according to clai m 11 newraasvenby i di zes
under stringent conditions to a second pol ynucl eoti de havi ng t he
sequence SEQ I D NO : 43. A pol gnucl eotide according to claim 10

wherein said 4- ABO?-?/?]’LP(FP@OP?HE‘WF&§° ide skt LSRTBABrEMATArPt PR 0 the
second pol ynucl eopblignuclebliide Aofpallptuicl eoti de according to claim1l

wherein said pol ynucl eot i de h'as at I east 95% corrpl enentarity to the
second polynucleotlde tor S|ng t pol nucleotlde of
claimi, 5 wheP8i hs%]eﬂ“t?de?ﬁ 88??% Cop® P(j»elﬂ?!h

expressi on controlpolgoecieotidd 8of Alaéwtdr conprising the pol ynucl eoti de of
claim 3, wherein said pol ynucl eotide is operably linked to an
expression control_ region hosi cell. transfected with the vector
of IOcl aim 17. gheAgMuC&EP i3s é’r%\sf’g%’f'%d‘ PPRESHE 5348t or of claim 18.

21. A process for polyoecianfidepbs \@pti de conpri sing

7. The polynucleotide of claim 3, wherein said
polynucleotide is DNA.

B. The polynucleotide of claim 1, wherein said
polynucleotide is RNA.

9. The polynucleotide of claim 3, wherein said
polynucleotide is RNA,

10. A polynucleotide which hybridizes under stringent

conditions to a second polynucleotide having a sequence
selected from the group consisting of :
SEQ ID NO : 1, SEQ ID MO : 7, SEQ ID NO : 13, SEQ ID
NO : 22, SEQ ID NO : 27, SEQ ID NO : 32, SEQ ID NO :
37, SEQ ID NO : 42 and SEQ ID NO : 43 or fragments,
analogues or derivatives thereof.

11. A polynucleotide which hybridizes under stringent
conditions to a second polynucleotide having a sequence
selected from the group consisting of :

SEQ ID NO : 37, SEQ ID NO : 42 and SEQ ID NO : 43,

12. A polynucleotide accerding to claim 11 which hybridizes

under stringent conditions to a second polynucleotide
having the sequence SEQ ID NO : 37.
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](c:glrt uring a host f cel | dacclor dimg—to ctrairm I9 under conditions suitable
expression of said po ypep ocess for producing a
pol ypepti de conpri sing !m "mumﬂummmel I accordlong to clgal m 20
under WO halizssson sui t abl e orc expresston of said pol YEEpaIMNEII4
44 23. An isol ated pol ypepti de having at Ieast 70% i dentl ty to
a second pol ypeptide having a sequence selected from t he oup
consisting af3. A poBa®dleokdde acgEdipg $@)claimsiy “I'IB-‘NOhYQn S D NO 5,
gES : ?DNEIO ?2 SE h%:')l\ﬁrl&geﬁEQ:éﬁal‘d@onQ tcSHQdeth@ gl ynucleoSide | D NO | |,

EQ ID NO:161 SEQ ID
181 SEQ ID NO 19E9V N%EEQ ﬁ%%%%éﬂgééﬁ% 'N0223 QSEQ | D NO 24, ° ggQ
I D NO; 25, SEQ ID NO 26, SEQ I D NOL: 28, SEQ I D N029, SEQ I D NO 30, SEQ
| D NO: 31, SHEQ ! DaNgo3gnu&i€gtliBeNac&arding to Sﬁ?..ﬂnDlNOJBEh SyBriding 36, SEQ
|D NO 380 SEQ ID me)?ggté?}r%?en%E&ﬁ&ﬂ\ignéoto S@Qé@nuq: esEfhd D NO 44 or

fragments, anal ogs or at1 ves thereof The 1so ated ol ypepti de of -
cl ai m 23 havi ng g‘aé’éﬁﬁeﬁ}é"e sequenge QiR P of §§Q I D No : IOZSyIL)TEe

i sol at ed poI ypeptide of claim 23 having a sequence accor ding to SEQID

NO : 44. | b
anti bodi es haV| nrk 6’%@3% Sﬂecﬂﬂd)éDSE&é&ﬁJ@aga tEafil 10€0REA I Gaid

cificit e h
a sequence sel ectl?é’t}yﬁ“ﬁﬂg?ﬁgfegthgﬁ at 1dd é:oggl s%gmnfgegfntapculygépq‘ Ve ng
SEQ ID NO. 3, SE@edbnmpohymsE@omdm 5, SEQ ID NO 6, SEQ ID NO 9
SEQ ID NGO 9, SEQ ID NG 10, SEQ ID NGO 11, SEQ I D NO: 1. 2, SEQIDN0114,

SEQ I D NO 15 | D 1 |

NO 20, SSQ | BN F° |i%‘:‘ °F%E§é&ég‘%g ?baﬁgq& Waptbd = gSEgElQDI D
NO 28, SEQ | D Nopslynucleotids tps R bepstsiss| Epmeg‘fn‘:gﬁt'}lf NGP83, SEQ ID
10: 34, SEQ | s2d¥ad3 pol Gk iddti@e36, SEQ | D NO: 38, SEQ | D NO: 39,

SEQ ID NGO 4, SEQ ID NO 41 and SEQ I D NO: 44 or fragnents, anal ogs or

derivatives t her eof .
A vector comprising the polynucleotide of claim 1,

wherein said polynucleotide is operably linked to an

expression control region.

18. A vector comprising the polynucleotide of claim 3,
wherein said polynucleotide is operably linked to an
expression control region.

19. A host cell transfected with the vector of claim 17.

20. A host cell transfected with the vector of claim 18.

21. A process for producing a polypeptide comprising
culturing a host cell according to claim 19 under
conditions suitable for expression of said polypeptide.

22. A process for producing a polypeptide comprising

culturing a host cell according to claim 20 under
condition suitable for expression of said polypeptide.
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- 45 - - . 27. The i sotated—polypeptide of claim26 having a

sequence accordl ng to SEQ I The isol ated
" pol ypept i de of claim26 having a seq m Iﬂg’ u,lgﬂjﬁ rd| ng to SEQ I'D No:
44, 25. WOIYEEBat ed pol ypepti de aci d rETAIASYIGNR14
sel ected fromthe group con5| sting of SEQID NGO 2, SEQID NO 3,
SEQ I D NO 4, SEQ I.D NO: QID NGO 6, SEQ IDN08 SEQ | D NO
9, -SEQ I D NO 183+ 2n 15“%&6 P'E}mpfide%%s RO h%astsﬁefﬁsl?ﬂélix t®EQ | D
NO 15, SEQal Behl@xd@olﬁﬁ@ﬂﬁel\l&ﬁﬁ;g SEQeljie®fE E8lected fromS9Q I D
NGO 201 SEQ I D NO 23 e SEfbgP Rk : gEQS:Eg :\I([)) 25, 3fEQS:ED :\Ig ﬁlg 3?S,EQ
ID NG 28, SEQ ID
SEQ I D NO 34, [\g‘g%?EEPrﬁ N&EE?E%&Q 1) %EPsTé’ NEH 1 SEROIB 0 :sEQ | D
NO 39, SEGED INON20 @anGEGELY IND :N@, 43EQ 1 Nagn%ntSEQamalmgaoor
derivatives thereogrgg 1p no3th, BRS tﬁqicatlgd 880 YIRERDL €€, @EoChkaigy 4% having

A
?rsnolngt ed pol ypgg!t %é&%;egﬁglécggh‘d%q& E%%%?Ngo 19,69 SEQ Iaég’%rlavﬂg to

SEQ I D NO ; 44. SEQ IZPNOARQ, ﬁ@atédfq;@ﬂypém i 1@ NQc2dr AEQQIP NQut, one of

gl Fti msd ' 2931:@ I&lNO\lMiE,r@EQ meud\hfsgrst@adn et 24, teféE@UQDiN‘o 29f, I
elete ed._po i,de n n cl ai ns
29 to 30, vvherel n %}%@'}g’e§8e?t5 EQ &Eﬂ@ogtgl L4 s&a(ljfeyg‘g |93s bed ¥DOI&?dﬁl'et ed.

34. A vacci ne conp®&R tﬁDoNOé%'pﬁEgl R NO 361 yPER I H0a2BorHRNGD NO:39,t 0 any
one of claims 23 teE@IDaNd: €0 pISEQNED NG :i4aakhy SEQ ID ROOEPbabl e carrier,

di l'uent or adjuvanfragments, analogs or derivatives'hhé@eéf.

24. The isolated polypeptide of claim 23 having a sequence
according to SEQ ID NO : 39.

25. The isolated polypeptide of claim 23 having a sequence
according to SEQ ID NO : 44.

26. An isolated polypeptide capable of generating
antibodies having binding specificity for a second -
polypeptide having a sequence selected from the group
consisting of:

SEQ ID NO: 2,.SEQ ID NO: 3, -SEQ ID NO: 4, SEQ ID NO: 5,
SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO:10,
SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:14, SEQ ID NO:15,
SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19,
SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:24,
SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:28, SEQ ID NO:29,
SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:34,
SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:38, - SEQ ID NO:39,
SEQ ID NO:40, SEQ ID NO:41 and SEQ ID NO:44 or
fragments, analogs or derivatives thereof.
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35. A vaccine conposition conpri sing—a-polypeptide— according to claim
32 and a pharnaceutically accept abl I luent or adjuvant.

36. A vacci ne conposition conpri mli“m“mjiﬂH E MIE according to claim
33 and a phawp®e/41588 cal | y accept abl I | uentecarcaasiposigant . :
37. A nethod for therapeutic or prophylactic treatnent of

streptococcal bacterial infection in an ani nal susceptible to

st rept ococc&®7-i nFhetisatsdpprineptide ofHiadms2erhawindoasaedandiemal a ,
therapeutic or accoRdinhybaskQ crmmount3®of a conposition according to claim
34. 38. A nethod for therapeutic or prophyl actic treatnent of
streptococcal bacterial infection in susceptible to

strept ococca8-i AREcIFAPLEINBPT PR 1de "ot aﬁj]rﬁ% 26 hVipet & sadeenRAd mal a
t herapeuti c or accorfiinghys ®EQ CDa®uNni40f a conposition according to claim
35. 39. A nethod for therapeutic or prophyl actlc treat ment of

st rept ococcal bacterl ion.i.n a susceptible to

strept ococca® i nﬁ@c%?‘gi?t&rﬁanﬁf’{" ide Ea‘é’cﬂﬁ r"i‘lnsf"@f?%g"i‘@ STERNER mal a

t her apeutic or seleptzq)mﬂoacthc gueupntondistiognpdsi ti on according to claim
36.  40. A nethagh agcRpdi NI d5@ ADYNPNS,0kr6! B W34, t .=3%D NO: swherel n

™ i g e TR B B 8 Rt ek

SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:14, SEQ ID NO:15,
SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19,
SEQ ID N0O:20, SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:24,
SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:28, SEQ ID NO:29,
SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:34,
SEQ ID._NO:35, SEQ ID NO:éS, SEQ ID NO:38, SEQ ID NO:39,
SEQ ID NO:40 and SEQ ID NO:41 or fragments, analogs or
derivatives thereof.

30. The isolated polypeptide of claim 29 having an amino
acid sequence according to SEQ ID NO : 39.

31. BAn isolated polypeptide having an amino acid sequence
according to SEQ ID NO : 44. '

32. 2An isolated polypeptide according to any one of claims
29 to 31, wherein the N-terminal Met residue is
deleted.

33. An isolated polypeptide according to any one of claims

29 to 30, wherein the secretory amino acid sequence is
deleted.

34, A vaccine composition comprising a polypeptide according
to any one.of claims 23 to 31 and a pharmaceutically
acceptable carrier, diluent or adjuvant.
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47 42. A nmethod according to any one of clainms 37 to 39,

wherein said bacterial infection is selected fromthe group consi sting
of group A streptococcus and group B st rept ococcus. 43. A net hod
accordi ng to woabmisds2, wherein said bacteri al I nf ect | pdrstAvo@H194p B

st rept ococcus. 44. Uﬁwuﬁlmnﬁumlrlm conposi tion according to claim 34
for the therapeutic I {Ralilkml t r eat nent of strept ococcal
bacterial infection in an*anfmdl ™ ° sSUsceptible to or infected with
streptococcal infection conprising admnistering to said aninmal a

t herapeutic r.pro I |.Cq ung..of: Is o} | 45. Use of a
vacci ne corrpo%?t i (%nv E%g‘?éldicﬁg‘b{)%%‘gir?}‘ gﬁgﬁ%#ﬁ% & Wr%&g@et o 36 for the
therapeutic or pr&sSgréing &o clain I ppdn? RIPTERFRMIGEILK FCIRRIGRLE a
infection in an carrgerpalilsescent iddjavantor infected with streptococcal

i nfection conprising adm nistering to said animal a t herapeutic or
prophyl actic anount of the conposition.  46. Use of a vaccine conposition
according to afy dn&accine QoppRElbkon COMPriging R.PHRRTFPLLERre of a vaccine

for t he ther apeviritngrecpedphy|Ictand &rpsrmeneutifcally astepypbdeoccal

bacterial infectiqyRean cﬁg.'u'gﬁl: or adjuvageptible to streptococcal
I nfection conpri sing admnistering to said animal a therapeutic or

prophyl actic anount of the conposition. 47. Use of a vaccine conposition
according to aFai A 3@thod for therdpeytricubacprardiydactio dgerhwentoott he

t herapeutic or streptococcal bacterial infection in an animal
susceptible to streptococcal infection comprising
administering to said animal a therapeutic or
prophylactic amount of a compositicn according to claim
34.

38. A method for therapeutic or prophylactic treatment of
streptococcal bacterial infection in an animal
susceptible to streptococcal infection comprising
administering to said animal a therapeutic or
prophylactic amount of a composition according to claim
35.

39. A method for therapeutic or prophylactic treatment of
streptococcal bacterial infection in an animal
susceptible to streptococcal infection comprising
administering to said animal a therapeutic or

prophylactic amount of a composition according to claim
360

40. A method according to any one of claims 37 to 39,
wherein said animal is a bovine.

41. A method according to any one of claims 37 to 38,
wherein said animal is a human.
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48 prophyl actic treatnent of streptococcal bacteria
i nfection in an ani mal suscepti bl e-to-streptococcal ... infection

conprising adm nistering to said ani er apeuti c or prophylactic
amount of theWOdMRS8 tion.  48. Use , m ﬁ ,H osi t ippasHRL A N9 to
claim 33 for t he manuf act ure of

e therapeutic or

prophyl actic treatnent of streptococcal bacteri al I nfection in an

ani mal susceptible to streptococcal infection conprising adm nistering
to said ani @ ak methQ@héFa®€%VEbt@raﬁYdﬁﬁyPﬁcFiéuﬁﬁﬁﬁﬁF°o?9the

conposi tion. wherein said bacterial infection is selected from the

group consisting of group A streptococcus and group B
streptococcus.

43. A method according to claim 42, wherein said bacterial
"infection is group B streptococcus.

44. TUse of a vaccine composition according to claim 34 for
the therapeutic or prophylactic treatment of
streptococcal bacterial infection in an animal
susceptible to or infected with streptococcal infection
comprising administering to said animal a therapeutic
or prophylactic amount of the compositicn.

45. Use of a vaccine composition according to any one of
claims 35 to 36 for the therapeutic or prophylactic
treatment of streptococcal bacterial infection in an
animal susceptible to or infected with streptococcal
infection comprising administering to said animal a
therapeutic or prophylactic amount of the composition.

46. Use of a vaccine composition according to any one
claims 23 to 31 for the manufacture of a vaccine for
the therapeutic or prophylactic treatment of
streptococcal bacterial infection in an animal
susceptible to streptococcal infection comprising
administering to said animal a therapeutic or
prophylactic amount of the composition.

47. Use of a vaccine composition according to claim 32 for
the manufacture of a vaccine for the therapeutic or
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48.

PCT/CA99/00114

prophylactic treatment of streptococcal bacterial
infection in an animal susceptible to streptococcal
infection comprising administering to said animal a
therapeutic or prophylactic amount of the composition.

Use of a vaccine composition according to claim 33 for
the manufacture of a vaccine for the therapeutic or
prophylactic treatment of streptococcal bacterial
infection in an animal susceptible to streptococcal
infection comprising administering to said animal a
therapeutic or prophylactic amount of the composition.
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