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advances, it is now known that unrelated species of B-hemolytic (defined as the complete
lysis of sheep erythrocytes in agar plates) streptococci (BHS) may produce identical
Lancefield antigens and that strains genetically related at the species level may have

15 heterogeneous Lancefield antigens. In spite of these exceptions to the traditional rules of
streptococcal taxonomy, hemolytic reactions and Lancefield serological tests can still be used
to divide streptococci into broad categories as a first step in identification of clinical isolates.
Ruoff, K.L., R A. Whiley, and D. Beighton. 1999. Streptococcus. /n P.R. Murray, E.J.
Baron, M. A. Pfaller, F.C. Tenover, and R.H. Yolken (eds.), Manual of Clinical Microbiology.

20  American Society of Microbiology Press, Washington D.C.

B-hemolytic isolates with Lancefield group A, C, or G antigen can be subdivided into
two groups: large-colony (0.5 mm in diameter) and small-colony (<0.5 mm in diameter)
formers. Large-colony-forming group A (Streptococcus pyogenes), C, and G strains are
"pyogenic" streptococci replete with a variety of effective virulence mechanisms.

25 Streptococcus agalactiae (group B) is still identified reliably by its production of Lancefield

group B antigen or other phenotypic traits.
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From the initial portals of entry, pharynx, and skin, Streptococcus pyogenes can
disseminate to other parts of the body where bacteria are not usually found, such as the blood,
deep muscle and fat tissue, or the lungs, and can cause invasive infections. Two of the most

20  severe but least common forms of invasive Streptococcus pyogenes disease are necrotizing
fasciitis and streptococcal toxic shock syndrome (STSS). Necrotizing fasciitis (described in
the media as "flesh-eating bacteria") is a destructive infection of muscle and fat tissue. STSS
is a rapidly progressing infection causing shock and injury to internal organs such as the
kidneys, liver, and lungs. Much of this damage is due to a toxemia rather than localized

25  damage due to bacterial growth.

In 1995, invasive Streptococcus pyogenes infections and STSS became mandated
reportable diseases. In contrast to the millions of individuals that acquire pharyngitis and
impetigo, the U.S. Centers for Disease Control and Prevention (CDC) mandated case
reporting indicates that in 1997 there were from 15,000 to 20,000 cases of invasive

30 Streptococcus pyogenes disease in the United States, resulting in over 2,000 deaths (1997.
Case definitions for Infectious Conditions Under Public Health Surveillance. CDC.). Other

reports estimate invasive disease to be as high as 10-20 cases per 100,000 individuals per
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rendi NS &reatment often requires aggressive surgical intervention. For those cases involving STSS or
related disease, clindamycin (a protein synthesis inhibitor) is the preferred antibiotic as it
20  penetrates tissues well and prevents exotoxin production. There are reports of some
resistance to tetracycline, sulfa, and most recently, erythromycin. Clearly, there remains a

need for compositions to prevent and treat B-hemolytic infection.

Numerous virulence factors have been identified for Streprococcus pyogenes, some
secreted and some surface localized. Although it is encapsulated, the capsule is composed of
25 hyaluronic acid and is not suitable as a candidate antigen for inclusion in immunogenic
compositions, since it is commonly expressed by mammalian cells and is nonimmunogenic
(Dale, J. B., R. G. Washburn, M. B. Marques, and M. R. Wessels. 1996. Hyaluronate capsule
and surface M protein in resistance to opsonization of group A streptococci. Infect Immun.
64:1495-501). The T antigen and Group Carbohydrate are other candidates, but may also
30  elicit cross-reactive antibodies to heart tissue. Lipoteichoic acid is present on the surface of

Streptococcus pyogenes, but raises safety concerns similar to LPS.
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proteins Iﬂfe?/ff(g}?e{nﬁ.l %5 s TH grod%‘A E[L“éf)%(ggécfaf virI@l@%eﬂe con%l@%{(ﬁression of four

structural vir regulon genes. Infect Immun. 63:9-20). It is important to note that there is little,
20  if any, heterologous cross-reactivity of antibodies to M serotypes. Equally important is the
role these antibodies play in theumatic fever. Specific regions of M protein elicit antibodies
that cross react with host heart tissue, causing or at least correlating with cellular damage (
Cunningham, M. W_, and A. Quinn. 1997. Immunological crossreactivity between the class 1
epitope of streptococcal M protein and myosin. Adv Exp Med Biol. 418:887-921, Quinn, A.,
25 K. Ward, V. A. Fischetti, M. Hemric, and M. W. Cunningham. 1998. Immunological
relationship between the class I epitope of streptococcal M protein and myosin. Infect

Immun. 66:4418-24.).

M and M-like proteins belong to a large family of surface localized proteins that are
defined by the sortase-targeted LPXTG motif (Mazmanian, S. K., G. Liu, H. Ton-That, and
30 O. Schneewind. 1999. Staphylococcus aureus sortase, an enzyme that anchors surface
proteins to the cell wall. Science. 285:760-3, Ton-That, H., G. Liu, S. K. Mazmanian, K. F.
Faull, and O. Schneewind. 1999. Purification and characterization of sortase, the

transpeptidase that cleaves surface proteins of Staphylococcus aureus at the LPXTG motif.
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enterococcal strains promotes their adherence to respiratory epithelial cells. Infect Immun.
20 60:5119-5125), vitronectin, and type IV collagen, and other M-like proteins that bind
plasminogen, IgA, IgG, and albumin (Kihlberg, B. M., M. Collin, A. Olsen, and L. Bjorck.
1999. Protein H, an antiphagocytic surface protein in Streptococcus pyogenes. Infect Immun.

67:1708-14).

Numerous secreted proteins have been described, several of which are considered to
25  betoxins. Most Streptococcus pyogenes isolates from cases of serious invasive disease and
streptococcal toxic shock syndrome (STSS) produce streptococcal pyogenic exotoxins (SPE)
A and C (Cockerill, F. R, 3rd, R. L. Thompson, J. M. Musser, P. M. Schlievert, J. Talbot, K.
E. Holley, W. S. Harmsen, D. M. Ilstrup, P. C. Kohner, M. H. Kim, B. Frankfort, J. M.
Manahan, J. M. Steckelberg, F. Roberson, and W. R. Wilson. 1998. Molecular, serological,
30 and clinical features of 16 consecutive cases of invasive streptococcal disease. Southeastern
Minnesota Streptococcal Working Group. Clin Infect Dis. 26:1448-58). Other pyogenic
exotoxins have also been identified in the genomic Streprococcus pyogenes sequence

completed at the University of Oklahoma, submitted to GenBank and assigned accession
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St eckel beilisgabulr'ed dﬂ@blﬁl'gﬁcﬁl@Aﬁfb@tchcRIanWoﬁ@ﬁkiIrﬂ.rﬁﬁﬂty Mm(mmau) pl@ﬂéﬂb@gi cal ,

and clinigc eatures of 16 cons cut ases nvasj ve ept ococcal

di sease. dgg‘ﬂﬁd%lﬁ% %2501 SHERBY N Cotcd Slqc))‘*b"rdiﬁl?? St Gﬂ’ﬁh A in Infect

Dis. 26: fbﬂﬁg%nﬁ%\:aus@ﬂt@nﬁse@ﬂl@%éﬂs@oﬂ%&l@am Ihaseicl §Gark@est seeteldi fied in the

genom ¢ Streptococcus pyogenes sequence conpleted at the University of

Okl ahona, &Yt o hsedRnHier thah Hields fhg fadlele PENSOHARDEL A BAT nunber
AE004092 v@fighrdy 9. %ﬁ%%lWRa@t(%kezﬁcb BRFRAI &) AdamsSand PW. MusMf foabt, C. J

. Berkahn, and J raser. 1999. ldentification and Characterization of
Novel 155u;’§éﬁrawﬂlplgéﬁ§tememt®ts¢ BioHERed OF B4 epggen @sogens IBRsingked in hgg: 89- 102) .
Qther t O)Hafﬁégélgﬁpoﬁﬁva-gﬁ/é 5Gn §H9&1|6n %h&&ss%}fﬂf&ﬁ% thi® 'Iﬁkect%hﬁlﬁt@ﬁpﬁg %'8

Super anti gen  (Reda, K V. Kapur, D. Goela, J . anphear
Musser, ahdsuka. R V.F. d’rhllalalsagﬁlbb@ﬁw/[o@@%@t) aied $1iBs Olnklad.i1679. &‘br@pg@pt ococcal

cleavage by the Streptococcus pyogenes extracellular cysteine protease and generation of
antibodies that inhibit enzyme proteolytic activity. Infect Immun. 67:4326-33), Streptokinase
20  (Huang, T. T., H. Malke, and J. J. Ferretti. 1989. The streptokinase gene of group A
streptococci: cloning, expression in Escherichia coli, and sequence analysis. Mol Microbiol.
3:197-205, Nordstrand, A., W. M. McShan, J. J. Ferretti, S. E. Holm, and M. Norgren. 2000.
Allele substitution of the streptokinase gene reduces the nephritogenic capacity of group A
streptococcal strain NZ131. Infect Immun. 68:1019-25), and Hyaluronidase (Hynes, W. L.,
25 A R Dixon, S. L. Walton, and L. J. Aridgides. 2000. The extracellular hyaluronidase gene
(hylA) of Streptococcus pyogenes. FEMS Microbiol Lett. 184:109-12, Hynes, W. L., L.
Hancock, and J. J. Ferretti. 1995. Analysis of a second bacteriophage hyaluronidase gene
from Streptococcus pyogenes: evidence for a third hyaluronidase involved in extracellular

enzymatic activity. Infect Immun. 63:3015-20).

30 Given the number of known virulence factors produced by Streprococcus pyogenes, it
is clear that an important characteristic for a successful B-hemolytic streptococcal
immunogenic composition would be its ability to stimulate a response that would prevent or

limit colonization early in the infection process. This protective response would either block
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superantigen SSA allelic variants provides evidence for horizontal transfer
of ssa within Streptococcus pyogenes . Infect |Inmmun. 64:1161-5), and

M t ogeni cwbaeotons3gs¥ut sudo, T., K. Okunura, M |wasaki, RCTHSR2E9/063268
Kamtani, W Mnam de, H lgarashi, and Y. H numa. 1994. Xgﬁ—?fgﬁﬁﬁnCOding
anew mtogenic factor in Streptococcus pyogenes strain is 9t ed only
in group A streptococci. Infection and Inmunity. 62:4000-4004) play

| esser defyRgehct @hBs: enRaridl ﬁfé%{%%ranétJf%@l‘i&h%%g}{‘o@o&ﬁﬂh&c%§9 ml%aﬁwier ed a
possi bl e candi date anti gen, because it causes the release of IL-b rel ease.
I'n addi t iIMRrotein haseibeensharn seky apsenic anzyerade h@e@aalﬁ@éo pecsepmedbnitf i ed t hat

i ncl ude tpﬂ?go%’t?ééﬁb&%égro?%h%%ﬁﬁelﬁ CQIRKE ardv. A Fishe YOIk MR hportince

Rur angi r wa P. Barri . and J . Musser .
1999. ExtOif thedodatiprel aayquellhtréhr;gr@ttbals/lé rmt@d lﬁ@remsthyza@n @}ﬂtrﬂj@mm@s pfogenes

(i ssom naty B Vi REpBRRPEIPRLE 17 1 DO Bk O R M0 onge o

S. Qubba,B Gpsul iantibrsises haveatethoSstraB:d p@htesior dromld@gse daided ibp é@@nozddlleav age by
the Streptococc e racel | r_cysteine protease. e eratlon
of anti bddi €™ #5([1\? % §e§ lgdr%yrrearaﬁreg aeolny ?r%mlé%etrfs%o?se A lcfl to? il
67:4326- Wmoﬁtzfuepmknzna@@e 0 Maang, efficacyl Pedibtr Tridedt lm, J a71820]7 10)JIn Fer r et ti.

1989. The r ept gki.nase e, of st.rept oco cl oni expressi on
' Eschertatins i seregign b kRS oRg S RREY thesn s 5720,

Nor dSlto/I‘A\lalﬁﬁiernéhzaths{ b}MlssM?@iltaj‘fk ,cells (M@hnarl F@[ S &R tTalay . \Elengblmlg@ﬁdMM Nor gr en.
2000. e substjtuytion q nase ene .reduces the
nephritod%%ﬁ%aﬁgéh%i m@Pld?%}B%%ﬁé HﬁwéaF‘g?fﬁﬁﬁqm%f§T“ | nfect | nmun.
68: 1019- %bgen@sﬂgfbﬂdﬁinuél@éd ﬂdﬁ@n{ehﬁéﬂ@zﬁwn\“glbup A@treﬁoco&lw répltlﬁhalloellél\a' ton,
and L. J . Aridgides. 2000. The extracellul ar hyal uroni dase gene (hyl A) of
St r ept oc SREHIMEIHRNES7-03FENMS M crobi ol Lett. 184:109-12, Hynes, W L., L.
Hancock, and J . J . Ferretti. 1995. Analysis of a second bacteri ophage
hyal ur oni das e TH&B eenhdid riobd IO O MhtBurRy e tsios@vhykid Getiodk epréveni d
hyaluronldase involved in extracel lular enzymatic activity. Infect |nmun.
63: 30'75- 20 jmeligryfe plsgHensfiantsd by Frhoriebitis syerieossidaclpging sioupsh diicad Gy

Strept00@%@%%m9¥9€£ﬂ@§nmﬁ%oﬁévﬁéﬁﬁﬁm&@éﬁc&ﬂmkﬁP@ﬁéﬁﬂanﬁ%%ﬁ@ﬁﬁﬁ&h%%bc for a
successful b-henolytic streptococcal i nmmunogeni c conposition woul'd be its

abil ity tadreadirpigest BHE beelsionse t hat woul d prevent or

SUMMARY OF THE INVENTION

To meet these and other needs, and in view of its purposes, the present invention

20 provides immunogenic compositions for the protecting of susceptible mammals against
colonization or infection by -hemolytic streptococci including Group A, B, C, and/or D
streptocci, including those from Streptococcus pyogenes. These immunogenic compositions
conrprise a mixture of two or more polypeptides as described more fully below. The
invention also provides methods of preventing or ameliorating such coloziation, in a

25 susceptible mammal by administering an effective amount of the immunogenic composition
to generate antibodes to the specific polyeptides contained within the immunogenic
compositon. The invention further provides Streptococcus pyogenes polypeptides and
polynucleotides, recombinant materials, and methods for their production. Another aspect
of the invention relates to methods for using such Streprococcus pyogenes polypeptides and

30 polynucleotides. The polypeptides and polynucleotides can also be used in the manufacture
of a medicament for preventing or ameliorating an infection caused by B-hemolytic

streptococci.



limt colonization early in the infection process. This protective response
woul d either bl ockAMLO3175 PCT adherence and/or enhance the cl earance of
cel | s t hrwoghiogsssaophagocyt osis. Antibodies to M prot elPoThes@9loeen8 shown
to be opsonic and provide a nechanismto overconme the anti Pﬁ%ggggﬁh;
properties of the protein (Jones, K F., and V. A Flscheﬁ The

i nportance of the location of antibody binding on the M6 protein for

opsoni zat i on @ng&ﬂ%@ﬁ@éﬁﬁﬁkeﬁ lethe%ﬁﬂﬁog%ml}{féo&b&s%n@e%einve&mﬁmlmd 167:
1114-23) in nuch t same way that anti-serotype B capsul ar anti bodi es have
denonst r atoédeddrobtneptides ﬁOfﬂl?ftﬁﬁgcﬁt kaygee ersenbiriHeansenpl ais of Rk fefizae B
(Mador e, Dk of:10 1968 &didh A5 feldd o Bl LIATHAE: HAIANS FeaBondfiakinf Cator of
Haerophi | Gs” i nfl uenzae type vaccl ne efficacy. Pediatr Infect

17: S207- 1@y qfrﬁheaf@thgpuneﬂrmr@rﬁmdbewee@ssqyématurelempePtldﬁsexf these Hidwe been shown

to bl ack i ~ (o (Molinari,
7 R AR AR TR Sl ety bR WA AP ke Ll "T007.

The f i br @nb@eptrdefblmldw nl@w}dpd)are|amhnrﬂle$thaeiptrmmmui§ch3ydgm*eshe ®fdpeptides

i nvol ved | the jnternalization of group A streptococci by epithelial

cells. Infecﬁ“?ﬁﬁ%l 65: 1357-63). There remains a need to devel op

) f .
Lg}]‘;ggggg' g ﬁg%fﬁ}/ﬁucpegﬁdeg %fthrer?ﬁv%f?ﬁ’o% lhéiycPe d?o‘{&Q& ?og%nu%fégudeg'ih%{:&rﬁrpgl ct 'Tﬁgf o
al so r enmiucisotale rsechdnctes) thar moatbea polypepiodpeitte iceNPas i Themlsalthmnlemqes ow de

|nnun ty.t a BHS bact To neet
t hoso andt St ARt MOSiRaRlen BTttt Tebd opthbEbo asdilrel i phventi o
provi des figamiuBoyENére, amimgﬁn&lu@zrtshe‘rmclé&ﬂe pEqbRes 1ha1gasod reslusafelpetl bl e mamal s
agai nst colonlzaﬁaﬁn or .infection stre cCi |nclud|ng

G oup A, HEETECHAPHEeIEG§d %ce&}‘FOGP‘é arPé’I}Bﬁ?t‘r‘il\é ﬁsw P Bm SE MBI Coccus

pyogenes .alsbhas@ies m&@gslﬁlh@cléiﬁm%hﬁ)hﬁﬂ a BEIMORAké %u@cmmt hds@t Rhstbygg or nore
pol ypepti des as descri bed nore ullﬁ bel ow. The .invention al so provides
G

met hods OfenBRE0 &RtTIRRYIde Fecimrarilat 8RGOAY SnrbHPeRisless fhar MshlioT Aeisd@stept i bl e

MaMTeys b)bo@ﬂﬁéléﬁtﬁ&@d’dxrﬂﬂsﬁg a@hifleatde ‘s’&lu@rméélfhht 1k af 18R § HEVIURAEE b fnyCT RIROSI tion
to generate anti bodes to the specific p eptides contained wthin the
i mu noger{pr@gomg nucleotide sequences. In addition, the 1so ated polynucleotides of the invention

include nucleotide sequences that hybridize under stringent hybridization conditions to a
nucleotide sequence that encodes a polypeptide of the invention, nucleotide sequences that
hybridize under stringent hybridization conditions to a nucleotide sequence of any of the
20 foregoing sequences, and nucleotide sequences that are fully complementary to these
polynucleotides. Furthermore, the invention includes expression vectors and host cells

comprising these polynucleotides.

The invention also provides immunogenic compositions which comprise an
immunogenic amount of at least two or more components (selected from SCP (Figure 2 (SEQ
25 ID NO:2) and the peptides coded for by ORF 554 (peptidylpropyl isomerase (Figure 4 (SEQ
ID NO:4)) , ORF 1218 (hypothetical protein (Figure 6 (SEQ ID NO:6)), ORF 1358 (putative
adhesion protein (Figure 8 (SEQ ID NO:8)), and ORF 2459 (surface lipoprotein (Figure 10
(SEQ ID NO:10)) each of which comprises a polypeptide of the invention in an amount
effective to prevent or ameliorate a B-hemolytic streptococcal colonization or infection in a
30  susceptible mammal. Each component may comprise the polypeptide itself, or may comprise
the polypeptide and any other substance (e.g., one or more chemical agents, proteins, etc.)
that can aid in the prevention and/or amelioration of B-hemolytic streptococcal colonization

or infection. These immunogenic compositions can further comprise at least a portion of the
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conpositon. The invention further provides Streptococcus pyogenes

pol ypepti des and pol ynucl eoti des, reconbi nant materials, and nethods for
t hei r prodocbioans3ssénot her aspect of the invention rel at @sTiUS20000b32d% f Or
usi ng such Streptococcus pyogenes pol ypepti des and ponnug&ﬁﬁéggﬁiprhe
pol ypepti des and pol ynucl eoti des can al so be used in the ture of a
medi cament for preventing or ameliorating an infection caused by

b- hemol ytyog psiilde RIpASRAS icoYIddilor Finkidho ZhepiRe] biddesr pibikbinl &adai n the

i mrunogeni ¢ conpositions of the invention include isolated pol ypeptides
conpri si wglyaacchailst one of an amino acid sequence of any of Figs. 2, 4, 6,
8, or 10. The invention also includes am no acid sequences that have at
l'east 90% i defhi fn¥edi®naRY iRfudtd1BethOdsRIPtAGHANE AR SHbL rSRaREAcASy pand mature
pol ypepti des of these. The invention further includes I nmunogenic fragnments
and bi ol dginelilic sleppiogagcahtodongratiohergafepiainy b prd aebodinmgng thepnasheddeeehpaipas

ant i badi hat. . i i fl ~ ' ~ ' ~

vent: on MR s BFRRE L HERlLarR  0F B R AR oBlpotith

pol ynucl eompdesg srhatmmoggid seountiel agolyipdgtideed tenoestiorh ahicknoods ia

pol ypepti of the inventi.on, es ol ynucl eqtides include isolated

ol yhucl cerfess BSr Py e FBEEe GBSt e PR B LERBR LB “any o
figs. 1, s3sceftible/ma@mal,Sudiconalisddiohe ddf@oinkieit hixueke luhd @rseipognass t hat,

as a result of the degeneracy of th enetic code, also encode a

pol ypept P4 l%rsuflh%rofeﬁ iagﬁ?é‘dﬁ?ée pﬁgrgms-, ol g&P"sr%%i l?erla"ol%sng@‘Eﬂ arege

pol ynucl eedpbihe $hae Agindisidng cdmpbiehBAMHRstSEMLpAERIY Ak iM@sndkniceast 90%
identity to a nucleotide sequence that encodes a pol ypeptide of the

i nvent i orfPMARYINE 6 Be S CHEINYAR BY BBRINEEE IS BY FAM AR CRAITRYP-dBE B Sequences
that has b?tsulkd%@aﬁéqugqu/ﬁl'trgl%ﬂstchfayin]ie‘étié}ﬂ)éra@fngééﬁ%n,f&ﬁrﬁ&ﬁésaﬂly.”UC| eotide
sequences. In addition, the isolated polynucleotides of the invention

i ncl ude nucl eoti de sequences that hybridi ze under stringent hybridization
condi tions t oT8° HyETHeBL {TtheT REHEIENER RS GHERARECE - JoP3rsaprrigEnbinc: he

i nvent i 0RmniHEdeRRIOABOSEAUBRBASes laRAst BYDFdIHepde TR inwdntibh A8 Rhother _
hybri di zati on conditions to a nucl eoti de sequence of any of the foregoing
sequekic e $Mbadiaenly HedPupeLesis §aBRASHENCREPTiEes @l legft PRe RoOMYFledHdsAy to t hese
pol ynucl eplhfgs. Furthernore, the invention includes expression vectors and
host cells

It is to be understood that the foregoing general description and the following detailed

description are exemplary, but are not restrictive, of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

20 Fig. 1 presents the nucleic acid sequence encoding for C5a peptidase (“SCP”’; SEQ ID
NO:1).

Fig. 2 presents the amino acid sequence of SCP (SEQ ID NO:2).

Fig. 3 presents the nucleic acid sequence of ORF 554 encoding for peptidylpropyl
isomerase (SEQ ID NO:3).

25 Fig. 4 presents the amino acid sequence of peptidylpropyl isomerase (SEQ ID NO:4).

Fig. 5 presents the nucleic acid sequence of ORF 1218 encoding for a hypothetical
protein (SEQ ID NO:5).

Fig. 6 presents the amino acid sequence of a hypothetical protein (SEQ ID NO:6).
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conprising these pol ynucl eotides. The invention also provides immunogenic
conposi tions which conprise an i nmunogeni ¢ anount of at |east two or nore
conmponentwoeslmsse8ed from SCP (Figure 2 (SEQ I D NO 2) amdTiuseooapizegies

coded for by ORF 554 (peptidylpropyl isonerase (Figure 4 éﬁﬁg;gggk5%4)) )
ORF 1218 (hypothetical protein (Figure 6 (SEQ ID NOG 6)), 1B utative

adhesion protein (Figure 8 (SEQ 1D NO 8)), and ORF 2459 (surface
l'i poprotein (Figuhsd thSFRIdiPadNeqdiikd 0LORN 1948 MAER: LPAPLELERS a

pol ypeptide of the invention in an anount effective to prevent or
anel i or atadhegiop Praerp (3EQ ED 8 Bpt ococcal col oni zation or infection in a
suscepti ble manmal . Each conponent may conprise the pol ypeptide itself, or

may conprise ¥hesprkoReRt hedRoatd sai¥nRINe hudkRsddatss fr6iel- (SEQMO Or nore
chem cal agents, proteins, etc.) that can aid in the prevention and/or

amel i or atN@#)-of b-henol ytic streptococcal colonization or infection. These
i nmunogeni ¢ conpositions can further conprise at | east a portion of

t heAME03175 PEL. poleydithé BguleiORtid Qadncy oCORF ugst @dodihg for Ak@thct 0 a pepti de,
pol ypeptide, or protein, or to a polysaccharide. The 1nvention also

i ncl udes PEPREHSSER IPP @t i ng a susceptibl e manmel agai nst b- henol ytic
streptococcal colonization or infection. In one enbodi nent, the nethod

conpri ses adnFpl $¢ iesddts thdandinSBANBquaite 6f 4 QG tacdy Bppr@sIA {SEY IRNOMD)Or  nor e

i mrunogeni ¢ conposition conprising an i nmunogeni ¢ anount of a pol ypepti de
of the invention, which anmount is effective to prevent or apeliorate

b- herol yt 1 o sFiEebt BEBUCHD FEOPUnPISIEh Ui amoeRH GHFie bHES Btecept i bi e
manmmal . ?umbo@ﬁn(ﬂirﬂaetxi”&rss:mbe;ﬁi@mgwp@gwnerhge (OBS 5b¢),em1dfmaﬁge acafegio@}‘ }‘ ective
to provide suc rotection to a broad range of groups, and generally

provi de a?r%}w@&%f 17 PesyBrEt(mad T Ptﬂé{L%r%YgﬁalP“eréﬁﬁw(ﬁ’ eht'y

adm ni st emafnSRARIBMBbNiond BLaniNFAUA TRSApIE 2coNMposi tions of the invention can
be adm ni stered by any conventional route, for exanple, by subcutaneous or

i ntramuscul ar _injection, oral ingestion, or .intranasally. The_jnvention
furt horpr ovi I8 oA AOBERIE erBiREr RghsN e HTBHE BrpBalstee EpED.

I MTuNogen CRRFAQn ifeimisomeki ses at | east one pol ypeptide of the

i nvention. In another enbodi nent, the imunogeni c conposition conprises at

least one, pALIES'SIR B 196N OF THE INvENTION

15 The present invention provides immunogenic compositions to prevent or ameliorate
infections caused by p-hemolytic streptococci, including groups A, B, C and G. Two or more
of the polypeptides enumerated herein are combined together to make an immunogenic

composition.

Specifically, in one embodiment, an immunogenic composition of this invention
20  comprises a mixture of two or more polypeptides, each polypeptide encoded by a nucleic acid
sequence having at least 90% identity to a nucleic acid sequence selected from the group

consisting of:

(a) C5a peptidase (“SCP”) (Figure 1 (SEQ ID NO:1));

(b) open reading frame (“ORF”) 554 (Figure 3 (SEQ ID NO:3));
25 (c) ORF 1218 (Figure 5 (SEQ ID NO:5));

(d) ORF 1358 (Figure 7 (SEQ ID NO:7)); and
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invention. It is to be understood that the foregoing general description
and the follow ng detail ed description are exenplary, but are not
restrictiwe,2onfossdse i nventi on. BRI EF DESCRI PTI ON OF THEPDRAWRMNGB6F6E. 1
presents the nucleic acid sequence encodi ng for Cba pepti%{@é f7§, ", SEQ
ID NO1). Fig. 2 presents the am no acid sequence of SCP % 1 2) .
Fig. 3 presents the nucleic acid sequence of ORF 554 encoding for

pept i dyl peamyt 24 LRSASESER N®oNO 3) . Fig. 4 presents the amino acid
sequenceRof pept i SI%pr opyl é| somer ?Se (SEQID NO4). Fig. 5 presents the

nucl eic acid sequence of ORF 1218 encoding for a hypothetical protein (SEQ
| D NO: 5) .In ppogher gmgodimigh; & RGeSOt Abefi iR 4B SRONLORPHIE RGIXEE  prot ei n
(SEQ I D N&w) or MO 317 Pepiids, EdcB polf pdpiias BAVISy 4t NBstveed i@é&iﬁé&la@laﬁﬂwme of ORF
1358 encoding for a putative adhésion protein (SEQID NO 7). Fig. 8

present s SF‘W@“WW@%E‘P@t%ee%{BWSIétfngé’f3put ative adhesion protein (SEQ I D

NG 8). Fig. 9 presents the nucleic acid sequence of ORF 2459 encoding for a

surface |G @igidn (SPEQD WONG):9) . Fig. 10 presents the amno acid sequence
of a surface lipoprotein (SEQID NGO 10). Fig. 11 graphically presents

percentage kil ling conpared fto ' he three conmponent ("Trivax" =
SCP, pepgg)dﬂf%‘%y&fgi’ﬁi@ %giég”(r%@)%h&)aﬁb putative adhesion protein (ORF
1358)) and one conponent ("554" = peptidyl propyl isonmerase (ORF 554))

i Mmunogere)hypoihgaal proeing Fexand (SEQ IDIN@&sanpl e 2 . Figs. 12-16 graphically
denonstrate the passive inmmunity transfer results of Exanple 3 . CFUs =

col oy QT k¥ 0ieSon PN HER-PERER) RGN End HE | NWENTI ON
(e) surface lipoprotein (Figure 10 (SEQ ID NO:10)).

10 Inyet another embodiment, an immunogenic composition of this invention comprises a

mixture of:

(a) an SCP polypeptide encoded by a nucleic acid sequence having at least 90% identity to
the nucleic acid sequence of Figure 1 (SEQ ID NO:1);

(b) a peptidylpropyl isomerase polypeptide encoded by a nucleic acid sequence having at

15 least 90% identity to the nucleic acid sequence of Figure 3 (SEQ ID NO:3); and

(c) at least one other polypeptide encoded by a nucleic acid sequence having at least 90%
identity to an nucleic acid sequence selected from the group consisting of (i) Figure 5 (SEQ

ID NO:5); (i1) Figure 7 (SEQ ID NO:7); and (iii) Figure 9 (SEQ ID NO:9).

In still another embodiment, an immunogenic composition of this invention comprises

20  amixture of

(a) an SCP polypeptide having at least 90% identity to the amino acid sequence of Figure 2
(SEQ ID NO:2);

(b) a peptidylpropyl isomerase polypeptide having at least 90% identity to the amino acid
sequence of Figure 4 (SEQ ID NO:4); and
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The present invention provides inmunogeni c conpositions to prevent or
aneliorate infections caused by b-henolytic streptococci, including groups
A, B, C awio2@o/0Fm6or nore of the pol ypeptides enunerat @¢ThiSe@9nexzre
conbi ned together to nake an i mrunogeni ¢ conposition. Speg%h%gf;gﬁn,in one
enbodi nent, an i nmunogeni ¢ conposition of this invention Sds Ta
m xture of two or nore pol ypeptides, each pol ypepti de encoded by a nucleic

acid sequeng feamﬂé Bedlolypefide NAAMKE hideRt Mo)glcteﬁm@ tOMCAehE a@@bééu&ﬁ':@ yence
selected fromthe group consistin a pepti dase Flgure 1

(SEQ | D Nm grpyn conelﬁi)ngdﬁéth@&cﬁ@ %ﬂ%@%e ')'(d#lgyre%aE@lfD@w '8): anq &
NO: 3) ) ; ﬁ@&n ﬁyﬁgqg re 5 (SEQID NO:5)); (d) ORF 1358 (Flgure 7 ( SEQ

I D NO:7)); andA 175 PCT (e) ORF 2459 (Figure 9 (SEQID NO9)). In

anot her enbodlnent an i mmunogeni c COTBOSItIOﬂ of this invention conprises
a i xt ur el pelynusogdy of npsleistacide and ‘suelpic gg Jigementy@enssdi ng at | east 90%
i dentisty i§@rcRih @e[B‘l}nl% é}ﬁ'ﬁl SEEHR M E é&a’s@rﬁk?e@tlﬁefs%%{e%d%% Rl i Ng of :

(a) SCP §m$gure SEQ I D NG 2)); pepti dyl propyl isomerase (Figure 4
(SEQ I D ag)ey Al eglywb@tldﬂé’tmayélle agy tveﬁlenc 9 Gy @%@E@bo®cm B ; (d)

t at F f
i bopr ot &P g rEtebht € Bty R Ayt bR RS idhisei Bee
i Mmunogemiagirad omit@sfidtliuolnotbfe bases s Ai pelyentleadnle aotlrp formed agolyimet of BNAfmay(a) an
SCP pol i t 90%
Cdont | 1y PAPt S ERGRSein JUENEL B REhE PO AR SR B ™ 1) o
pepti nbyl phiepgnf] Nuslootelk hses pl(ehg/cbmnetm hetesirecodegle pyteracode abdeniee @0) ghagieguence

ngLEPB?QGgﬁa§t 9956qu%9kk&%n%%n h?mﬁpcle &Da0|d sequence of Figure 3 (SEQ

The streptococcal polynucleotides described herein may be obtained using standard
cloning and screening techniques. These polynucleotides may be obtained, for example,
from genomic DNA, from a cDNA library derived from mRNA, from a genomic DNA

15 library, or can be synthesized using well known and commercially available techniques, such
as e.g. by PCR from a ¢cDNA library or via RT-PCR (reverse transcription - polymerase chain

reaction).

There are several methods available and well known to those skilled in the art to

obtain full-length cDNAs or to extend short cDNAs, such as e.g. those based on the method

20  of rapid amplification of cDNA ends (RACE). See Frohman et al., Proc. Natl. Acad. Sci.
USA 85, 8998-9002, 1988. Recent modifications of the technique, exemplified by the
MARATHON™ technology (Clontech Laboratories Inc.) for example, have significantly
simplified the search for longer cDNAs. In the MARATHON™ technology, cDNAs have
been prepared from mRNA extracted from a chosen tissue and an "adaptor" sequence ligated

25  onto each end. Nucleic acid amplification (PCR) is then carried out to amplify the "missing"
5" end of the cDNA using a combination of gene specific and adaptor specific oligonucleotide
primers. The PCR reaction is then repeated using "nested" primers, that is, primers designed
to anneal within the amplified product (typically an adaptor specific primer that anneals
further 3' in the adaptor sequence and a gene specific primer that anneals further 5' in the

30  known gene sequence). The products of this reaction can then be analyzed by DNA

sequencing and a full-length cDNA constructed either by joining the product directly to the
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(c) at |east one other polypeptide encoded by a nucleic acid sequence
having at | east 90% identity to an nucleic acid sequence selected fromthe
group corsDiog3wb (i) Figure 5 (SEQ ID NOS5); (ii) Fi garasZoos8e68 D

NO 7); and (iii) Figure 9 (SEQID NG 9). In still anotherémgﬂgﬁ%ﬁi@ an

I munogeni ¢ conposition of this invention conprises a m X
SCP pol ypeptide having at |east 90%identity to the am no acid sequence of

Figure 2 £ffd BN g)e a Cohhplte BERAEAGYAIE @ SQMRERRAe RALYREPPCRE havi ng
at Ieast690%|dent|téea % SH?ﬁo a%ﬁm& Qﬁﬁg%ce ofﬁﬁlgure]%ﬁpSEQ | D NO 4);
andAMlOSlI?lBglﬂ@'Pe(’VéFql%fﬂCq le@ématméordbﬁéwaa@rfaﬂéppma@ having at | east 90%

identity to an am no acid sequence of the group consisting of (i) Figure 6

(SEQ | D NG 6) irhé ekoh "feb@hfifan® SRR HRxMGpR) tha %ﬁlﬁwwufllma& b¥Qin( SEQ 1 D NO
Cl

10). The terms "pol ynucl eotide”, "nucleic a nucl eic acid fragment”
are used FtHtcEH ePTRMBELBIO) IHReeTange othpimase serskHed RAWBISaLdS SREBPED £isd &%

connegt e Qh%cﬂ@%ﬁ&%r %§ tﬂ?ermeidlﬁffﬁigﬁ f 1s@1ate@ 9513_&91'1@40%@&5' Wi BRYicbe a

ri bonucleic acid gé bonucl eic acid (DNA) pol'yner that is
si ngl e- @rlgla@qﬂbgéecbmlﬂ@ﬁﬁdédrew magfJAN A genstryctc mmmsa%ansfwﬁth@eiqlaée nonnat ur al

Or a' ter ?‘31 RHGLGALL HGhDASER inenbOh ¥ @Mfﬂ% At”eaEtJ%%efr el@m&ﬁ' ymer of

r|se one or nore segnents enonlc synthetic DNA
or nlxtures t hereof . Nucl eoti de bases are |nd|cated herei n by a single
| etter code: Su@plogees@nag allefjzpriant of the strepigencenrt pelyyuclasyidesspmesadil) be i nosi ne

(1) and y§agkilq (e m Hﬁiﬁ&gﬁ%&%&%@&rt PRIYRUGHSRE éxﬂ%%thgl%%s%f‘tf?@d herein may

be obtai ned using sta cloning and screening technique hese
pol yniic| eobindeeotidescabgombiiwiamadeotdsseqensrsha is ﬁr«/ploaﬂygaémamabomiaﬂc95?/or@m a cDNA

| I brary ql?cgé Yl ol B’E}q{’ﬁk%% r QB e AEAQTUE s N chd s%ﬁ%q ofiny

synt hesi zed usi ng and comrerci al'ly aval e tec nlques such as
e.g. hy Il’mrésrlefh(cmld oDNberkd BEQIRD N§Y:"S/1-8), RTErf@Rn(srtkarerts @h¢ alkahs caniqotsi on -
pol yrrer ase, 6l 0./ AL QN THEELCA S R FoR et TRk TS ARL APkngnd vel
known to hose S&F 1o "RECEFT 4

acid sequence that is at least 90% 1dentlcal to the amino acid sequence set forth in any one or

15 more of even numbered Figures 2-10 (even numbered SEQ ID NO:’S 2-10). Such
polynucleotides can readily be identified as being able to hybridize under stringent
conditions, to any one or more of the polynucleotides having a nucleotide sequence set forth

in Figures 1-9 (odd numbered SEQ ID NO:’S 1-9), or fragments thereof.

It is well understood by one skilled in the art that many levels of sequence identity are

20  useful in identifying related polynucleotide and polypeptide sequences. Sequence alignments
and percent identity calculations can be performed using the MEGALIGN™ program of the
LASERGENE™ bioinformatics computing suite (DNASTAR Inc., Madison, Wis.). Multiple
alignment of the sequences can be performed using the Clustal method of alignment (Higgins
and Sharp, Gene, 73(1):237-44, 1988) with the default parameters of e.g. GAP

25 PENALTY=10 and GAP LENGTH PENALTY=10. Default parameters for pairwise
alignments using the Clustal method can be e.g. KTUPLE 1, GAP PENALTY=3,
WINDOW=5 and DIAGONALS SAVED=5.

A polypeptide sequence of the invention may be identical to the recited sequence, that
is, 100% identical, or it may include up to a certain integer number of amino acid alterations
30  as compared to the reference sequence such that the % identity is less than 100%. Such

alterations include at least one amino acid deletion, substitution, including conservative and
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obtain full-length cDNAs or to extend short cDNAs, such as e.g. those based
on the nmethod of rapid anplification of cDNA ends (RACE). See Frohman et
al , Proc.wbabvio/osdesad. Sci. USA 85, 8998-9002, 1988. Recentr/use@isiat i ons of

the technique, exenplified by the I\/ARATHO\I(tn) t echnol ogy
Laboratories Inc.) for exanple, have significantly sinpl |‘f*fv§|89wﬁg]%grear ch

for longer cDNAs. In the MARATHON(tm) technol ogy, cDNAs have been prepared

from mRNAogXbARELEE sfuf)é?l@ﬁtﬁ‘)ncct}(?&%ﬂloh' $RYURAMNSnSRay ALBPH Ae anfifPUeNce | i gat ed
onto each end. Nucleic acid anplification (PCR) is then carried out to

anpl i fy tcRdoxyriessinalposigonseH dhegpleranae pOPRPUL] sSgUCACTHTBY Vaare beiwedn theste
specific g da@gésmo% lﬁeﬁgériadcenﬁér 1&9@9&4112%H09§th@rahﬁ%ra%ldsTrhﬁie RifRef@action is

t hen repeated usin nes riners rinmers designed to anneal
Wit hin tt@enwld a‘eq@ftl.icmrodam or(rnqrpp@auguwsxmlmaaqﬂﬁmrthes@@mnm gmppiapdr t hat
annealss fu CI E in the adaptor sequence and a gene specific priner that
anneal s fu 5' in the known gene sequence). The products of this
reaction can then be anal yzed by DNA sequenci and a full-1ength cDNA
construct ed eilhtfethethyyepignnliogrevides probdida osmepfe%ﬁ hayingseqirapMigEIT® PCT

exi sting ¢ chgée;ﬁlﬁerﬂzﬁsc&% iRl t%@ﬂb‘i“r‘é&%@ uefies. bbe;r?]e%?ﬁlg o %e%%ﬁmﬁla?‘apar at e

full-1lengt € new sequence |n ormati o esign of the 5
primer. TFheener ﬂm'dﬁgcmfbﬂmmé 1dergignis prelfemblzegampt dan 9%(6 a. ?ﬁ%ﬁﬁ%ﬂ eotide is

made by o { a%% ﬁlo%lr)l ‘I;Qeqp h&’%log&s @ﬁoté&qn ude %nt%lﬁieaﬁlv\h%\%nt%ﬁear at ed

pol ynucl eot T de Segitent s, esrs or mani pul ati on

of i sol ated pol ynucl eotides using genetic .engl neering technl ques. A
"recoitbi nant Dentdohst kngen'in herpris ¢ edatenghip betivaen W@@Iratoeecbofbmeytrdrcl eot i des

of the pr i | t : atory

ol crmnt | G Fsr BENEMh 180 BRFLERGN LREH & Bk RBFD, ARSaRE0H

pol ynucl eeduedes. bahe argddiehtyty basa weants ﬂfembglreelsf seqguamet febutksingse betwleerown i n t he

art. Allel r| ant.s a{éd t hol ogs qf t he o{)é/nugelteotl 33 can ghorrpri se a

e cot i doh Bl kEAAPARGNE SiBnad e dhe L R

i denti calbetv@emstym@rte” sadh sequreacasf "ltdhmtydmﬂémtmlahety's«amuﬁnezelﬂy sdtlcthed by odd
her abr . et BEatt ncliesil E TGS Rfredss mbrd pRcearpm SR B des can
encode a mabg}pe;pﬂd deM. half, OGP UnBe@sitaRresdTINGG: mkdl%&q}wﬂﬁ@uhﬁ@t is at |east
90% dem[nf%rma‘utcsoaIEJ| (?enome ?ojg'c%si,(gm?tﬁ,qﬂe\%g%d., cader%lict ﬂesang£¥0%n?9
Computer Analysis of Sequence Data, Part I, Griffin, A. M., and Griffin, H. G., eds., Humana
Press, New Jersey, 1994; Sequence Analysis in Molecular Biology, von Heinje, G.,
20 Academic Press, 1987; and Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds.,
M Stockton Press, New York, 1991; and Carillo, H., and Lipman, D., STAM J. Applied
Math., 48: 1073 (1988). Preferred methods to determine identity are designed to give the
largest match between the sequences tested. Methods to determine identity and similarity are
codified in publicly available computer programs. Preferred computer program methods to
25  determine identity and similarity between two sequences include, but are not limited to, the
GCG program package (Devereux, J., et al. 1984), BLASTP, BLASTN, and FASTA
(Altschul, S. F., etal., 1990. The BLASTX program is publicly available from NCBI and
other sources (BLAST Manual, Altschul, S., et al., NCBI NLM NIH Bethesda, Md. 20894;
Altschul, S., et al., 1990). The well known Smith Waterman algorithm may also be used to

30  determine identity.

For example, the number of amino acid alterations for a given % identity can be

determined by multiplying the total number of amino acids in one of even numbered Figures
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nore of even nunbered Figures 2-10 (even nunbered SEQ ID NO ' S 2-10).
Such pol ynucl eotides can readily be identified as being able to hybridize
under st rwogemtosemsindi ti ons, to any one or nore of the peCynsetnsizdes

havi ng a nucl eoti de sequence set forth in Figures 1-9 (odg Hgﬁ@rp SEQ I D
NO ' S 1-9), or fragnents thereof. It is well understood B/U illed in
the art that many | evels of sequence identity are useful in identifying

rel ated WW{SE@IWOd@Za@@ m{dyme%u%uﬁl@ﬂ&w@r@éﬁ o SBEHBRLR v} dr@aent s and
percent iden cal cul ati ons can erforned usi (ﬁ@t he MEGALI GN\(t m)

program e@enthYe(dmem%ﬂiﬁ(ath%F'ehtrrqﬁtmgﬁh%tupwuetcﬁ?@mail tab pyraleer OEMASTAR | nc.

Madi son, i f RE S gf ormed usi ng
the O ustagd&nl%t? %B"f“fe"%e‘}‘%*ﬁﬁgﬁt @Sgglloﬁm@ﬁgﬁdﬁi ﬁa%g ! %eaﬂaelmog(r) 237- 44,

1988) with the default paraneters of e.g. GAP PENALTY-I O and GAP LENGTH
PENALTY=I"Q= xpdkaill t parameters for pairw se alignments using the d ustal
nmet hod can be e.g. KTUPLE 1, GAP PENALTY=3, W NDOWE5 and DI AGONALS SAVED=5.

A pol ypeRieie, §€i§l’eh%rﬁﬁﬁbé}foffaﬁhﬁlo'a@Mea'i}Eﬂa%hs%Ms 08 118l 8k &r abrth ot RfIs e CI t ed
sequence, that is, 100%identical, or 1t may include up to a certain

i nteger raasemof erenanmbered FicdreaPtIOHSEQRNQIS 2dnpatrand 10b andreiss f er ence
sequence il lrol i, Bosderisnt Y drgol $BF ot M@Jﬁa@%ﬁ ﬂt{%eglp%d'u&ns

incl ude at 1east onhe afi ho aci l'etion, |tut|
conser vatoif weardryd AMLO 7 WRET th@@narcﬁn‘at@evamw@smgmugumomm or insertion.
The alterations may occur at the am no- or carboxy -term nal positions of

the ref er encetRob ¥PAPHL G0 GRY ENESH Rhie dsa@wée%&y&% St bRQEE BRI nal

positions, interspersed either |ndivi anon e amno acids in the
r ef eri@nceosseied aaossdtralequfdhh@nwth treplaeocorr Frtmh@f, usointted golppeptigesdmpgrewi t hi n
the referen uence nvent i op aI S fegr ovi des

R R e N AL R ERS Y BB

¢i°d" sequences
cont ai neghrdvBndd&; amkli ek Eéiﬁ&}‘!?tlc depestc A GoloRi At oPﬁff&dn@hl hdd sequence,

t he degree of sequence |%ent Is preferably greater than 90% (e.g., 90%
95% 97%Sussonabs swlmﬁfeafe al%%@%‘iﬂ lzygtb%rewbmm%nu A& bigd betgin: Bstgmand

al l'el'i ¢ vagis@RE®: refelsd6Nb? éx&impleatﬁe KNV of AminB&cids fhat dohoRufidel RtihQRRALP
between two or nore pol ypeptide
15 substitution and/or deletions as a percentage of the total number of amino acids in a protein.

For example, if a protein is 90% conserved and has, for example, 263 amino acids, then there
are 237 amino acid positions in the protein at which amino acids do not undergo substitution.
Likewise, if a protein is 95% conserved and has, for example, about 280 amino acids, then
there are 14 amino acid positions at which amino acids may undergo substitution and 266

20 (i.e., 280 minus 14) amino acid positions at which the amino acids do not undergo
substitution. According to an embodiment of the present invention, the isolated polypeptide
is preferably at least about 90% conserved across the strains of B-hemolytic streptococci,
more preferably at least about 95% conserved across the strains, even more preferably at least
about 97% conserved across the strains, and most preferably at least about 99% conserved

25 across the strains, without limitation.

Modifications and changes can be made in the structure of the polypeptides and still
obtain polypeptides having B-hemolytic streptococci and/or Streptococcus pyogenes activity
and/or antigenicity. For example, certain amino acids can be substituted for other amino
acids in a sequence without appreciable loss of activity and/or antigenicity. Because it is the

30 interactive capacity and nature of a polypeptide that defines that polypeptide's biological

functional activity, certain amino acid sequence substitutions can be made in a polypeptide
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sequences or two or nore pol ynucl eoti de sequences, as determ ned by
conparing the sequences. In the art, "identity" al so neans the degree of
sequence wol2atoadsesss bet ween pol ypeptide or pol ynucl eot Pd@/UGsegpaani2es, as
the case may be, as determned by the match between stri ngﬁ/{lg %ﬁﬁ
sequences. "ldentity" and "simlarity" can be readily cal & known
nmet hods, including but not limted to those described in (Conputational

Mol ecul arse(ﬁleﬁéquly of é{ﬁl%lé’ 1tsA1ndMlyln§§NA c@ﬁ@%@hp%e)’ﬁfdsde{/%h%fe%s&)tanﬁ\gw Yor K,

1988; Bi oconputing: |Informatics and Genone Projects, Smith, D. W, ed.
Acadeni ¢ PPigenjide ey Ik propertign3: Conput er Anal ysis of Sequence Data, Part I,
Giffin, A M, and Giffin, H G, eds., Humana Press, New Jersey, 1994,

Sequence Anal ygé ﬁwérﬂwMMcﬁﬁl@iﬁf &mécp@ar eWOde WLk @ bid caﬁaﬁmmn@thﬁ’tr ess,
1987; and Sequence Anal ysi s Pryl mer, yp gkov M and Dever eux , eds., M

St ockt on Pryvadss thedesiredapaetivitony tlescaiher! @a@lm Tl fepp "deé}ﬁftﬁll TE3CH AN, refers 05 AM J .
Applied Vedchviyy th&:w Qi?l;)e &é{%ﬁ&ld b}P 4 ﬁér?t{nrsﬁﬁlleﬁrﬁlt RO9% o Rirflel REM RSulf entity are

deS| gned to gi've the |argest match between the sequences tested. Methods to
det er m néhg memsmqf ﬂ%mGV@lUﬁiil | Bvanples of desiredirepstiefy iare dssdsibpd hereinsiaslhding e

conput er (Al ae A tion rc@ilﬁerdrlﬁgls%‘?g]%gégg&}, ﬂéﬁ%@%’l‘ﬁb@ﬁ% HRMS adpedlet erm ne identity

and simlarity between two sequ 1d aré not limted to, the
GCG pr og roamnppl@lgaqec aOeviE aadiwr, dedired aoss-aigacti if84ych aBvAST Pe rBbABHRN, byand FASTA

Al t schul bl
{1 om NPt ineieas paRY eon K, (REORTHteD AL AllchPiaPehilbh e R0 P
Nl H Bet h%%ppﬂﬂgocyﬁﬁaﬁﬁv;ityﬁd hdicired by Spercat kifllng,of Ibﬂﬁﬁﬁba as iﬁeesu\mllbly known Smth
Wat I th d t I th
R e e A RGNS S
Ilgly lrJnrJlatS EA\pNillln)iteﬂ@Setdg%%m@deaﬂredmpm;)hagbcﬁiaanmv@m plrsfererblmeea@tfabemaﬂ‘mumbeurngsll el
ercent TR ALISES Bt e B prarier 9t et ohte A0y B el e R

subt ract |anga§tlaedutpo%du@tnogtrm@aydtIte@ttaﬁounmmer of amino acids in the one
of even nunbered Figures 2-10 (SEQID NGO 'S 2, 4 6, 8 and 10), or: na X

- (x 1y5 wher g‘kn na % ] P snucﬂb%r ti(?es tl%Wargc\)/ar?'é:tlltsdo e oli ateI t(1) es corgl(ansllnS the

t ot al Phunber Qﬁ?lﬁlé)éfbo §° PRYPep polybep prising
an amino acid sequence of even numbered Figures 2-10 (SEQ ID NO:’S 2, 4, 6, 8 and 10).
"Variant" as the term is used herein, includes a polypeptide that differs from a reference
polypeptide, but retains essential properties. Generally, differences are limited so that the
sequences of the reference polypeptide and the variant are closely similar overall and, in

20 many regions, identical (i.e., biologically equivalent). A variant and reference polypeptide

may differ in amino acid sequence by one or more substitutions, additions, or deletions in any
combination. A substituted or inserted amino acid residue may or may not be one encoded
by the genetic code. A variant of a polypeptide may be a naturally occurring such as an
allelic variant, or it may be a variant that is not known to occur naturally. Non-naturally

25  occurring variants of polypeptides may be made by direct synthesis or by mutagenesis

techniques.

In making such changes, the hydropathic index of amino acids can be considered.
The importance of the hydropathic amino acid index in conferring interactive biologic
function on a polypeptide is generally understood in the art (Kyte & Doolittle, 1982). Itis
30 known that certain amino acids can be substituted for other amino acids having a similar
hydropathic index or score and still result in a polypeptide with similar biological activity.

Each amino acid has been assigned a hydropathic index on the basis of its hydrophobicity and
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the one of even nunbered Figures 2-10 (SEQIDNO'S 2, 4, 6, 8 and 10), and
y is, for instance, 0.90 for 90% 0.95 for 95% 0.97 for 97%etc., and
wher ei n awg 2novsBIsbeger product of xa and y is rounded @#OWUSRZ@9NbBR6Mear est
integer prior to subtracting it fromxa. The present mven&gﬁg 73\}’2%
contenpl ates isol ated pol ypeptides that are substantially & acr oss
strains of b-henolytic streptococci. Further, isolated pol ypeptides that

are SUbStcﬁE\?é laratirionze Tied iRfdQaR 1810 ﬁtﬁetf?ﬁes& a!ﬁt%n&icualhﬁlo%a%@t ococci and
that are effective in preventing or anmeliorating a b-henolytic

st r ept ocdelkats: éwlayaing éf‘t"i Dnvabipe (i Rclendne (A 84 Pb@@/é@éfplﬂflet(ﬁég)subj ect are al so
CONt TPl 34 8gnb 1 P €7 Sl M) bhanfiS (UBOILNERELD ) Yhorhf (0 fonser ved

refers to exa e, he nunb am no acrd 0 not un ergo
i nserti omerinestb® irxmph@m( éﬁa/tﬂpsml@i bﬁ) ording614). hestidma(dge: ditampfe (1 ot al

Conser'ved iU RRBe (5" Byl €4 5) haaaline £33 e (4 0o f BT 45)57 o no

acid positions in the Erot ein at which amno acids do not undergo

subst i t uti on. Iti§ kebigyaslethatitife rglapyoydiapathee dyagstenefdier anaigo agidirasdye for exanpl e,
about 28 Eh& whi ch

am no ac%ggmﬁggs tﬁ%é e%do suiasu%l '? %r%&g%dthggégﬂl?m?gélgpegg@é Rn%hl%ﬁzn% anm no
aci d posidefims sheantevahil@tpftﬂhﬁepcmmemﬂeamﬂd@h@mqmﬂeu_rsdér gyensuhest subsitaiesn.
Aocor 0 kBB SRR TR Py A8 LRI IERL B0y HSRUELRe,
of b- memhlystutmedsltyrempﬂletcammno ac1drhavmgprsarhéara)bﬂly)pahiclimgnnchhﬂﬂm'bteﬁls% conserved

across t i ns fera 97% C er ved
roross ¢ nanpidh AR Gl BoRBimgR e PeBR e e SR B ok R AP acr oss
t he st ralhsléropwnt:hmhktes bilenwithaxt +/9:n]s pMbetteldi ihadel vaich aaditbinangese aicubelymade i n
the structuyre of t p des and stil.l tal | ypepti des havi ng

b henol yoreeced sk BEs BRI e St PaRrE e E pHGEREs ot vi ty and of
antigenicity. For exanple, certain am no acids can be substituted for other
am no acids i Sulastisﬂqmefﬂd:le amibdaids cap pls@bd mh)de&nltbesmsisfofhmrbphﬂio]tyand/ or

t t it i t t
pol yaept raticpal SBeF Fisbobiisd Mo BN AbEoaTBPaY BRI Rl vi oy,
certain agﬁnfmdabﬂoduseelquﬁﬁmufgwaséﬂmmtm@m (CAPapt NagiBeri4558,101,

gggﬁgﬁgtel)l dcgfaﬂ)r%%d 1&3{5%115 ggz%re g]s?m?% l(aJlat theogfrea(%e%t roga avelretlgse hgggepﬂiﬁigiltyn

polypeptide, as governed by the hydrophilicity of its adjacent amino acids, correlates with its

aDNA codi ng

immunogenicity and antigenicity, i.e., with a biological property of the polypeptide.

20 As detailed in U.S. Patent Number 4,554,101, incorporated herein by reference, the
following hydrophilicity values have been assigned to amino acid residues: arginine (+3.0);
lysine (+3.0); aspartate (+3.0 +1); glutamate (+3.0 *+1); serine (+0.3); asparagine (+0.2);
glutamine (+0.2); glycine (0); proline (-0.5 £1); threonine (-0.4); alanine (-0.5); histidine (-
0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine (-1.8);

25  tyrosine (-2.3); phenylalanine (-2.5); and tryptophan (-3.4). It is understood that an amino
acid can be substituted for another having a similar hydrophilicity value and still obtain a
biologically equivalent and in particular, an immunologically equivalent, polypeptide. In
such changes, the substitution of amino acids whose hydrophilicity values are within £2 is
preferred, those which are within +1 are particularly preferred, and those within +0.5 are even

30  more particularly preferred.

-17 -



pol ypeptide with |ike properties. The invention includes any isol ated

pol ypeptide which is a biological equivalent that provides the desired
reacti vi twoase1dssmsei bed herein. The term "desired reactPcWﬂy&mmmﬁﬂﬁg to
reactivity that would be recogni zed by a person skilled |n§h§?rﬁ s belng
a useful result for the purposes of the invention. Exanplé

reactivity are described herein, including without |imtation, deS|red
llevel s of protgeliiQt atdes iahith RSB oh zu@@&ergﬁsm&%fbr@pa&éeagﬁh@gocytl c
activity and/or desired cross-reactivity, such as woul d be recogni zed by a
per son sReIpi e mijprithel the emiag agjd sidgrchaie pubstitgnis, fHexpuplpdl®s of the present

I nvent i ofyq, TR, HSS iyRthy 99&99%9&1@@%%%9 aRAY EldmiisrshiliGAb R, @ per cent
killing o? bacteriaas neasur ed decrease In co formng units (CFU)
in OPA véatkgwgmaisr@égatfpmgm@g)mamtenswtlrﬁ@mnsmleiahgn are vietl &dowintortesg of t he
desired a r I t 15% nore
prefe?ab?&ﬁgﬁﬁﬁgggggacg@? %%@Mleve mQ ‘%@e g%%%#ﬁﬁﬁ€§%gggggabout 40%
even nDrempmameghmmwn®MKMBmE&¥m$@th£@@6®mmenmém0bmeherébﬂywaunWdﬁ@t about
60% The &qyentl e%%ﬁ%%glsuﬁ%nXBg 8u&ﬂheﬁﬁ% are variants of the

pol ypepti dés Conp sing a even nunbered Figures
2-10 (SEQ ID NGO 'S 2, 4, 6, 8 and 10) "varlant as the termis used
herei n, ilidBLEIEs a pol ypeptide that differs froma reference pol ypeptide,
but retains essential properties. Cenerally, differences are limted so
that the sequences of the pgf.grence pgl @9§k» 1gnd the variant are closely
simlar overall and, in Mgy &Q'Ons1sd$§§ (i.e., biologically

equi valent). A variant and reference po ypeptlde may differ in amno acid

sequence by one or nore syihglitutionsgaggitions, qr deletions in any
conbi nation. A substituted,g |nsertq%wan1no acid 1esi due may or may not be
one encoded by the genetl(AkHue thde of —a pohypepti de may be a
naturally occurring such a%>au at I | leallaut, or—it may be a variant that
is not known to occur nat kst Hy hbn-.aturally ecedrring variants of
pol ypepti des may be nade bgwﬂirect 5“%?hesis er—by—-nmut agenesi s t echni ques.
I n maki ng such changes, thgﬂmydropathéﬁlindex of—ani no acids can be
consi dered. The inportancn(%? t he hyd@ﬂbathic amng acid index in
conferring interactive binﬁﬂbir Al

His Asn; Gln

Ile Leu; Val

Leu Ile; Val

Lys Arg

Met Met; Leu; Tyr

Ser Thr

Thr Ser

Trp Tyr

Tyr Trp; Phe

Val Ile; Leu

10 Thus, the invention includes functional or biological equivalents of the polypeptides of the
sequences in even numbered Figures 2-10 (SEQ ID NO:’S 2, 4, 6, 8 and 10) that contain one

or more amino acid substitutions.

Biological or functional equivalents of a polypeptide can also be prepared using site-
specific mutagenesis. Site-specific mutagenesis is a technique useful in the preparation of
15 second generation polypeptides, or biologically, functionally equivalent polypeptides, derived
from the sequences thereof, through specific mutagenesis of the underlying DNA. As noted
above, such changes can be desirable where amino acid substitutions are desirable. The

technique further provides a ready ability to prepare and test sequence variants, for example,
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function on a polypeptide is generally understood in the art (Kyte &
Doolittle, 1982). It is known that certain am no acids can be substituted
for ot herwarrhnasamsrds having a simlar hydropathi c i ndeecoruss@ones2asnd still

result in a polypeptide with simlar biological activi ty.AE@§? mgg[lo acid
has been assigned a hydropathic index on the basis of its 1073 icity
andAML03175 PCT charge characteristics. Those indices are listed in

par ent hes&%@fraﬁ% oﬁ@&hn@fefbme@@rbg&@comhérm&s Uy%%&i&&h?@ne(d‘i‘}néé val i ne
(+4.2); leucine (+3.8); phenylalanine (+2.8); Cysteine/cysteine (+2.5);

met hi oni mecleatmeggquengeshpngss Pioithg PNg| §yisisiect cmu%ene%lﬁalmuthﬁepred@ﬂw) serine
(-0.8); tr%RIARNARD éh Hle gge’ofg%/ CARII d]%oﬂu(cl]eot?‘ae s_eﬁ)ﬁeﬂtés%l&l che&ikith ﬁh‘ di ne

(-3.2); glutamate (- ut am ne aspartate (-3.5 aspar agi ne
(-3.5); Isycmen@ q‘fﬂs @;nedamdatmngatsnfmlﬂeas(a-snfﬁsyent mlrnhersoiiﬁéjacwéuclcqmé@s the

rel atiwve ~ i i i t he
econdar § A it SedBRlc 0L BBl L n IR P R ISR TRERS T
turn def |0né>9thtSIt®s phthe deletiangnnatibn béieg poleyspe pTy Wellyi etmlrmrlwéabqurbl’éto@ﬁes such

as enzyrre%cleg[)tﬁd%ss }nrl%a tg?lhls tpre?’ ree'at v(\)nrtl? é\.boufl g lrobl% rle gues B?tg ’&Ss %f"%@%;un&o %ke '

is known i'n m No“&acl d'can be aub anot fer ani no
aci d havitingsequencarbdiay alfeyedr opat hic index and still obt al n a functionally
equi val ent pol ypeptide. In such changes, the substitution of am no acids

whose hydr Opahhg'ge%ell gﬂect cshn L& oiy\glt%: QP%éﬁl- m{ l@\%e?l?sﬁg gfvx%ﬁ ﬁ(ﬁ\zvn }nh[ﬁg %’t ‘é‘f&é %ﬁl are

wWthin +/-1 are parapl cu ose W are even
nor e par thecambramtyd pheeté@mrqedtyp&aﬂmtempluysi ophagd vdcick evhahicamexagiimbotcan al so be

made ontheb iLiGity, .pa re the biological

fonct | ondiMeiecttrahs BEHCRBheaGm; R e ArislediShaseabiitn” o' Cot ended

for use |ancdrdmmmlcﬁrmgt}maberﬁorbﬁdibyrﬁfst sbtaibin.a siﬂ@te@ﬂhndﬁdrvbabr whi&bithclhiles,

i ncor por at. herein b erence,. states that the great | ocal average

hydr opht NG G PYResides SHEh Ssotrlar O TRL RO BEHIPTar Y of Its

adj acent p%b@eﬂék Iﬁf}l[ﬁﬁldel(‘s@qde@éeaskﬁae&\ﬂ Aﬂollg(ﬁluﬂ%ﬂdle@gglﬁi wzgygd mede]@ﬂéﬂl genIU CIS ty,
. W t a DI Ol ogl ca rtyo peptle etalled I n

Pat et NGW“B@?‘P SpH. ef@iepaieﬁc‘&% WP“:E[ el gﬁ‘ clxnéwsfr@rgcéym fﬁ@a?yai | owi ng

hydr ophi 1TiheJ frine & H@SanhEN&I (0 GRS AR lebto Bh Dk @fdbdlby @@ uglugs: arginine

(+3.0); lysine (+3.0); aspartate (+3.0 1) Iutarrate +3.0 1); serine

(+0.3); &BpERagUARAY @Olzyolyglre@ﬁ oY ﬁregnze)n - 1y piglgy tﬁéomlfte thg iylnfhﬁﬁs ?L0.5 1);
t hr eoni nghd mQaddn-batiAD R ( TRUsDY hetdtb&lpl i rhad wherein one strand encodes the

original non-mutated sequence and the second strand bears the desired mutation. This
20 heteroduplex vector is then used to transform appropriate cells, such as . coli cells, and
clones are selected which include recombinant vectors bearing the mutation. Commercially

available kits provide the necessary reagents.

The polypeptides and polypeptide antigens of the invention are understood to include
any polypeptide comprising substantial sequence similarity, structural similarity, and/or
25  functional similarity to a polypeptide comprising an amino acid sequence of any of even
numbered Figures 2-10 (SEQ ID NO:’S 2, 4, 6, 8 and 10). In addition, a polypeptide or
polypeptide antigen of the invention is not limited to a particular source. Thus, the invention

provides for the general detection and isolation of the polypeptides from a variety of sources.

The polypeptides of the invention may be in the form of the “mature” protein or may
30 beapart of alarger protein such as a fusion protein. It is often advantageous to include an

additional amino acid sequence which contains, for example, secretory or leader sequences,
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0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); leucine (-1.8);

i soleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); and tryptophan
(-3.4). Iwoie1umsessst ood that an ami no acid can be subsPCﬁﬂE@ﬁmman6mnother
having a simlar hydrophilicity value and still obtain a

equi val ent and in particular, an inmmunol ogically equivale ggkﬁﬁ! tide.
I'n such changes, the substitution of am no acids whose hydroph|I|C|ty

val ues ang, w héuces equdndRé @/fn%ﬁ mdm pﬁﬁmva@orymmg BhI8pWihishbiRe rekid@ELor an
particularly pre erred, and those with 0.5 are even nore particularly

pr ef erre@ﬁ&ﬂﬁl@ﬁéiengerpeformb@l@t duq@édecab@m@ntrmﬁ%oracu d substitutions are
general ly, therefore, based on the relative simlarity of the am no acid

si de-chai n sulpg} iehﬁelﬁl{rﬁunofg&ﬁc &%@mlt@n” dshedd hePidiFepROERIE Lipk of B¥RERRNI i city,
charge, size, and the |iKke. nBIary substitutions which take various of

the for egefH @h@%@ﬁt&t%ﬁﬁoeg CRNAPIS OF FHAW MBS ANIHAUEG WSROBFS InjdBRACTt 0 t hose of

skil'l i n it Qe tyvidnek inftinid&ic FnHositibe AR fhh¥R r@ﬁmn&hﬁ&yﬂﬂ@ﬁ& iAQdigspart at e;
serine and threonine; glutam ne and asparagi ne; and valine, |eucine, and

i sol euci 96 antiodishavipriiniuram of aT-gsbl reIRonssyil; alsra "aigjestonacviEngisessing t ut i ons

i nclude the. fl%l hth g}{‘ﬁrﬂxﬁunowlf 'éorhposm%l rgfeﬁadserﬁ%qﬂé Qfﬁéf oﬁ%‘%h g%ﬁgls;?g?ﬁag

Substitution I"nvention i nclu nctlona
eqU|vaIem@smb&)Dﬁ%wpﬁHype@pwdﬁsﬁoﬁmbﬁEMQQGUEW@%SHnmuﬁvmnnnmnb@TéHuF|gures

2-10 .(SE(BIA‘[QJU %b%;’cts%’olm 1hfe§1f1(%1n aléjt}e orggécug %)@fng% ué:f?cg) S. %%grarcﬁa am no acid

substi tut’i ons. tiona equi ypepti de can

al so e mmelpdlmgcﬂlassbspgmsw)eg@iemafeland sza@dnélsy the pSkéng irgpexigbnic nut agenesi s
is a techni sefu eration po epti des,
or bi of odr BTy Eriteath Sreutr PR RInsaT o e GRS PR By Phe
sequencesclihlharsﬁmfmorrts hssocigiad smﬁelrépt@otml ﬁng@nasms:mﬁngtdmhrms)dﬁddcyndng, DNA. As
not ed above, such ch aqﬁﬁﬁﬁca be desirabl e. where am no ac bstitutions

are desi MBIEUISTRLY FRE PRIFYREH® SRCASHIE SPRMPREHRFER 197% ?ldts‘ép“ﬁr epar e

and test seg@guence vari ants, for exanple, AMLO3175 PCT i ncorporating one or
nore of the foregoing considerations, by introducing one or nore

15 The methods disclosed herein may include inducing an immune response against one
or more pathogens that include a species of Streptococcus (e.g., Streptococcus dysgalactiae,
S. dysgalactiae sub. Equisimilis, S. dysgalactiae sub. Dysgalactiae, S. pyogenes, S.
agalactiae, S. anginosus, S. constellatus, S. equisimilis and S. intermedius.) For example, the
methods may include inducing polyclonal antibody production against one or more

20  streptococcal pathogens such as e.g. S. dysgalactiae sub. Equisimilis.

As discussed above, immunogenic compositions comprise two or more polypeptides
of the invention. To do so, one or more polypeptides are adjusted to an appropriate
concentration and can be formulated with any suitable adjuvant, diluent, pharmaceutically
acceptable carrier, or any combination thereof. As used herein the phrase "pharmaceutically

25  acceptable carrier" is intended to include any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents, excipients and
the like, compatible with pharmaceutical administration. The use of such media and agents
for pharmaceutically active substances is well known in the art. Physiologically acceptable
vehicles may be used as carriers and/or diluents. A pharmaceutically acceptable vehicle is

30 understood to designate a compound or a combination of compounds entering into a
pharmaceutical or immunogenic composition which does not cause side effects and which

makes it possible, for example, to facilitate the administration of the active compound, to
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nucl eoti de sequence changes into the DNA. Site-specific nutagenesis all ows
the production of nmutants through the use of specific oligonucleotide
sequenceswonoinsaes6ode t he DNA sequence of the desired muratSz@/ocrss wel | as
a sufficient nunber of adjacent nucleotides, to provide a &h, 5éiﬁquence
of sufficient size and sequence conplexity to forma st abf* SEE{ on both
sides of the deletion junction being traversed. Typically, a priner

about 17 lﬁ&eaaénmelaﬁ%ﬂ i#esridaBy [nangbduyi t%npcrr@is@ﬁg SAubilM moﬁt@@%r 5to 10
resi dues on both des of the junction of the sequence being altered. In

general , a%tﬁ’@atwébfﬁﬁ |eeﬁ?@cws me&e@%@e&h?ﬁe@hmawéﬁ%@. ageqpgblgatehiclen aigrvelln t he
art. As %EM%@ﬂme%Q%ﬁém' petddfs §k‘ﬂfe|a'?1'1 taxwrcﬁﬁ%{o%h@ﬁg%rggéd 1@? RRaage vector

whi ch can exist 1n both a single- strande and doubl e-stranded form
Typi cal | yf a@nmétrqunelfﬁ@chcmcwg@nm chopan. dbessrnrhurieebut ereant limit¢dstoper f or med by

first Obtv?dté?'ﬂgé\ﬂl ShidbE a@%@;ﬁg@f&%l\b’%ﬁlc‘?h‘am}n‘: %é?&l' é’[ﬂ%ﬁ)l Mdidid) 1ts sequence

a DNA sequentce end orti on°or the t r ept ococcus pyogenes
pol ypept |Cdeves&qu13H¢‘@n§eﬂ>1®smlmt.bUﬁfnredIsalgmrmndltlmithede primer bearing the
desired nutated sequence is prepared, for exanple, by well known techni ques

(e.g., synthepj6al g&%‘h%aﬁ&hgao%bﬂ?e uitaBle! %B“r‘”mj%@ﬂaﬁ %g ié@lu&cé(;‘% e?ﬂeng g randed

vector, and exten use o enzynes, suc mer ase
Kl enow f rselgfrenst qr dlwecsrcuherand @teutm}pﬂvelee @h@%mﬂmmomf prb}bveatmtdtsml&ﬁ— beari ng

st r a.nd' T H3ab1& tsct]?tﬁ Elr %g Ldg grxloh S [ %Qenouen%nﬂltsfw[? ull%glg Fiﬁl%% dl%(?lu&g]e

original non-nu seq uence an he'Seco ran ears esired
nut atioon phsrshlciﬂSglbzétsahmjLhabtemosmict\mter; @r@ﬂxmhoth(BASFaﬂ&‘smpmyaMbplr i ate

cells, are sel ect

Feconbi ndfrerRe PAPEChFE HIP D" M EiP 07 SeBeRErcittbs “BuE i bRut o

provi de ﬁhﬁinemegsmﬁwmmeageqhmgMJM@eﬁmhyaemhmd&samﬂdupmhwmeamudenanf|gens
of the inveué!on ar undersafod tg |nclud§ %ﬁﬁﬁf pepti de comp r|5|€
subst ant i"fMVEEY e AL S§Fﬁ?l§? fr FEY0E) @ I C?ﬁmngﬁﬂﬁthFﬁn8 i ona
sim | ari tryicloBreanip@d YRMPA sl@te@l@rmalfahglg e amlaomcw a%@wﬁn@edl@;ﬁer@&y of
even nunbered F%gures ddition, a

pol ypEpt i8R © ‘T“E}’B&p%’l} FESRE B 7. SRt i TS WOl PR o o
particul afycsp BBI?&heyTéHéSglycBhﬁldl (RYEIRY) | 00 sPifBMW HRfurésherbdle THE BRI flE@ect i on
and isol ation ypeptid Toma variety of sources.
can be maintained, for example by the use of a coating such as lecithin, by the maintenance
of the required particle size in the case of dispersion and by the use of surfactants. Prevention
of the action of microorganisms can be achieved by various antibacterial and antifungal
20  agents, for example, parabens, chlorobutanol, phenol, ascorbic acid, and the like. In many
cases, isotonic agents are included in the composition, for example, sugars, polyalcohols such
as manitol, sorbitol and/or sodium chloride. Prolonged absorption of the injectable
compositions can be brought about by including in the composition an agent which delays
absorption, for example, aluminum monostearate and gelatin.
25
Sterile injectable solutions can be prepared by incorporating the polypeptides in the
required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions are
prepared by incorporating the active compound into a sterile vehicle that contains a basic
30 dispersion medium and the required other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile injectable solutions, the preferred

methods of preparation are vacuum drying and freeze-drying which yields a powder of the
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The pol ypeptides of the invention may be in the formof the "mature"
protein or may be a part of a larger protein such as a fusion protein. It
i s often wovarwegmeus to i nclude an additional am no acipdTASquencE26s\hi ch

contains, for exanple, secretory or |eader sequences,ANﬂQé&ﬁajﬁ C
pr o- sequences, sequences which aid in purification such a PRI

hi stidi ne residues, or an additional sequence for stability during

reconbi naRfveRh Eﬁtip]gﬁ- ol lktﬁﬁt}&lallraegﬁémmg}_@aaﬁifl%np@ﬁm%&sﬁ}i Qhle-Bficdged herein

refers to any type of biological agent in an adm ni stratable form capable

of sti nuisglufigiythgigof nmune response in a subject inoculated with the
i nmmunogeni ¢ conposition. An imrune response may include induction of

anti bodi es angh@tindgafidCicb@Postfond s COstritie@S MEREE - aldecdn@iie,” R Ot&Rkd ON, "
when used in reference to an i munogeni ¢ conposition, refers herein to the
anel i or atMRAYITRS: KB OfEPHe; ad|uvasHs. c Hprier & 198 Subsnest thalrahangepihe HBMHRS oci at ed
Wt h tshertl 3 &ASRenCldnfARSel keRRNWAK &S [hBhogdl HSantiBEPT £ GliinB& ey BKEECT S
frominfection by a Streptococcus species such as S. dysgal acti ae

(i ncl udi erdympleokéngp bpechees stpypadga hays imgeung mepdBiging paiviis Jang yhus e ysels ant

I mmunogexy: NOS it ) nes al |y .n_a di mni shi cterial

ar owt - aFSCRORhE. WIF nERRREE Y e SRRk 1R 10 S D s TP

st rept oceexz &lg..i BSefuti do, SI7ATI2AMI hy ldr thr i i1, andndolead dé miugant hemishdhd i s,

Copt o chiscl st BIBIRPATHIRA Fon RN iy SRLIRAE T TRIMTRO 388, T e

septic s I'S
r esponseec.agdifiskatoNe 607HccaphAlCFeAsceshat NumbkiudeD08); spacophagaotolony

St rept ococcus. . Q? )t ococcus dysgal.acti.ae . al act.i ae _sub.
e o1 m Aint Sy OPCAFR SERFENR YR REIARE rachr, (LR R At
agal act i @erosS facangbnosuf, Sill ooies tad|dvaits Shat Sare ageful iwdithhthe ainrtnfBogenic
internedius.§ For ex l e, .the t hods. may . c%ude.indu i ng. pol % nal
ant i body " BRSGHERT 5o freein Rt hrppanet  agides el frrdiBn oISt as
e.g. S .muyggalaelp amd RANTES] UidBésionsoleABesd bifeh LS 651 catd0\eey., 1L-9ERULIAYRNI C
conpositions conprise two or nore polypeptides Blthe invention To do so,
one of nt Eémbaw}/Séﬁch%gna%hg%m&%@azﬁgaﬁ%ﬁpﬁ S oMad akibn and
can be f@embdrair e Mickin BmMlySWtl ableaadivumantvadi hidepitso ophamemeaurieal |y
acceptabl e carrier, or anY conbi nati on thereof. As used herein the phrase
" phar nac]@g{lqn@ghopg}m superfamily such as PECAM, ICAMs, e.g., [CAM-1, ICAM-2 and ICAM-3,

CD2 and LFA-3; co-stimulatory molecules such as CD40 and CD40L; growth factors

including vascular growth factor, nerve growth factor, fibroblast growth factor, epidermal

20 growth factor, B7.2, PDGF, BL-1, and vascular endothelial growth factor; receptor molecules
including Fas, TNF receptor, Flt, Apo-1, p55, WSL-1, DR3, TRAMP, Apo-3, AIR, LARD,
NGRF, DR4, DR5, KILLER, TRAIL-R2, TRICK2, and DR6; and Caspase (ICE).

Suitable adjuvants used to enhance an immune response further include, without
25 limitation, MPL™ (3-O-deacylated monophosphoryl lipid A, Corixa, Hamilton, MT), which
is described in U.S. Pat. No. 4,912,094. Also suitable for use as adjuvants are synthetic lipid
A analogs or aminoalkyl glucosamine phosphate compounds (AGP), or derivatives or analogs
thereof, which are available from Corixa (Hamilton, MT), and which are described in U.S.
Pat. No. 6,113,918. One such AGP is 2-[(R)-3-Tetradecanoyloxytetradecanoylamino| ethyl

30  2-Deoxy-4-O-phosphono-3-O-[(R)-3-tetradecanoyoxytetradecanoyl]-2-[(R)-3-
tetradecanoyloxytetradecanoyl-amino]-b-D-glucopyranoside, which is also known as 529
(formerly known as RC529). This 529 adjuvant is formulated as an aqueous form (AF) or as

a stable emulsion (SE).
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acceptable carrier” is intended to include any and all solvents, dispersion
medi a, coatings, antibacterial and antifungal agents, isotonic and

absor pti omodelwsBesg agents, excipients and the |ike, comrpattiskéos/ogizoh
pharmaceutical adm nistration. The use of such nedia and gﬁﬂ&ﬁsﬁaT
pharmaceutically active substances is well known in the a

Physi ol ogi cal | y acceptabl e vehicles nay be used as carriers and/ or

di luents. A pharnaceutically acceptable vehicle is understood to designate
a conpound or a conbi nation of conpounds entering into a pharmaceutical or

i munogeni c c§ﬁ%©§$%%bﬁmWhH@Hﬂ96@§m%6Pﬂ&@9%ém§@631%ﬁWéﬁWﬁmaﬁﬂlmhlch nmakes
|t POSSI blifaonl 08-SR (HMDPEINhLRN Bolfa RN Huihé 81 O Bfurhfigiact ive
conpound, toA Increase Its Iife and/or its efficacy in the body,
to incr easneglwego -3y ditgiky phiogphioryl sy D-gthy lemingr(MEIP I neit-inywhtgr enanlserisasvel it s
preseryvat | i r bl known and
w | | be a aptedh§§qﬁgﬁﬁgﬁggfﬁﬁ?ﬁ§%‘mn ﬁﬁ%g@?&%cgg?dﬁkgﬁggzﬁ ggﬁgture and

t he node Bpangddrtpptiontlhatontimins varioes aodunisel b/BIFPpBEl)rfdrmlﬂatsémo sTIihmgmon ncl ude,

but are not .l.imt ut | E\AS i sotonic
et um oPyura e ke Rk T hEREie R il h e Ao BB S8 Aninte

buf f ered d8)j,ned SARdcdntaning KEs SHdmaECed Tvead 8@ GBratJIﬂsnohncdanmksdedlﬁhére for

i nj ect abl se jncl teri.l e.aquepu utions dIS ersions _and sterile
poudor o 1 b2 fed BEMID TR Bt SRR T Skl S ufipte TR FEEE vt | ons
OL di s)loer Sie@glbr pﬁ‘lfllileisﬁé E@ul@@ﬁyaluﬁﬁi[ﬁnﬂiaﬁh (a&im)omchaualha}hium sardxidl s i ncl ude
physi ol ogi cal salin cteri ati ter t BASF,

Par si ppan§Umigyny Phospigisod pRape %&?@e‘g@\éﬁ%%ﬂ MBdIPP I)a%‘i l_egF;IrB'EagiE%es t he
conposi ti pélylatiele/ oSl hiuréhi@psly 1 Qilled B@ﬁiefelllulsd dufnst fiRh BXS@lofIads-easy
syrlngablabléﬁeX|sts It nmust be stable under the conditions of manufacture

and stora igeiess Frapinghres¥ive desaibadia U hat Bont: %%Qt SEPMLTRBh of

M cr oor gat SIMBiniég 'PaASilRARLGF iR, aerifdRYU-S. ]SbleNgaMMem%@ be a sol vent or
di spersi on medi um contai ning, for exanple, water anol , polyol (for

exanpl’e, GrPersbnulanegepipines ¢PGRMIS). %mopat%w f@h@c‘ﬁv%bw%% the Iike),
and sui t aR)&oRkxdchdrRis: sRRR&RT oflj_ﬁﬁclébrtlgps%cﬁ b bﬁdéle%ﬁ&ks*%@nt&iﬁin@ta%ﬁ@ﬁd for

exanpl e, by the use of a coatln such | eci thin, by the maintenance of
t he requi metf (gar.t4.&|Rat. Noz 6.20'ho4 eICc?als(ént@relUAQJpEwQ%p‘Buatﬁd) describpd igse  of

surfactangg, B‘%%{%H{Né?s“ 1 96@'?%@&&%%’}53‘31‘aﬂérﬁl‘és‘?sotro%rﬁbf)”& fafhe BRrRE R eved by
various antibacterial and anti unga
cholera toxin or mutant thereof (e.g., U.S. Pat. Nos. 7,285,281, 7,332,174, 7,361,355 and
20 7,384,640); or an E. coli heat-labile toxin (LT) or mutant thereof, particularly LT-K63, LT-

R72 (e.g., U.S. Pat. Nos. 6,149,919, 7,115,730 and 7,291,588).

The polypeptide can also include at least a portion of the polypeptide, optionally
conjugated or linked to a peptide, polypeptide, or protein, or to a polysaccharide. It is also
anticipated that the immunogenic compositions can contain other components, such as

25  polysaccharides, alone or conjugated to proteins which can elicit an immune response.

Various tests are used to assess the in vitro immunogenicity of the polypeptides
comprising the immunogenic compositions of the invention. For example, an in vitro
opsonic assay is conducted by incubating together a mixture of Streptococcus sp. cells, heat
inactivated serum containing specific antibodies to the polypeptide in question, and an

30  exogenous complement source. Opsonophagocytosis proceeds during incubation of freshly
isolated polymorphonuclear cells (PMN's) and the antibody/complement/ Streptococcus sp.

cell mixture. Bacterial cells that are coated with antibody and complement are killed upon
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agents, for exanple, parabens, chlorobutanol, phenol, ascorbic acid, and
the like. In many cases, isotonic agents are included in the conposition,
for exanpwe,2osugaess, pol yal cohols such as manitol, sorbiPCelUsacnd/oe326%0di um

chl oride. Prolonged absorption of the injectable conpositi @ﬂ% ]gg}é)[e
brought about by including in the conposition an agent whi*th Vak]

absorption, for exanple, alum num nonostearate and gelatin. Sterile

i nj ect abl@seprisbQMskisCatoRRy Fb@RAS %@itsbycf{u)n&fogfmm%iHagteﬁ@%a@%baap@&tohﬂ_es in
the required amobunt in an appropriate solvent with one or a conbination of
i ngr edi erdPEONEPAgReYAASERIE Bejo@neslsbyr afiniertbeiasspomivdyied Tgrsfarg teppread as the

steri |1 Zatdgi0a GRNGE Ml HIBRIRIARes? SOBY BRALEH Bind NRORAGAING the
active conpound into a sterile vehicle that contains a basic dispersion

medi um arsdmpireson gxaskayadniaelh eSpecmphe thaedemonstraghiessibaned mkitngat e labsve. | n
the case or gk s ratj il e di e
st ut onde Thar kR FeBRTER S Rpol QFa A BN &) oA Bhat Ll IlLPROPR)
f r eeze- driyérmg 4wiihe method ldesribedoabntiers aghodihaAn 08G#S's BEthodd GrayeComggagali ent

pl us any \?%ginésiﬁlnall mQI%Si ré‘dlég'ﬂbﬁ@i ent froma previously sterile-filtered
sol uti on ‘t1ieréofrP nnuh%genic conpositions as described herein al so

conprise, in certain enbodi nents, one or nore adjuvants. An adjuvant is a

subst ance tha’gA tg{tlQ%P%gcﬁl}&él’e‘#&%@%#ﬁ%g?%‘iﬁ m%gctgrﬁdgicnégﬁéﬁgﬁ&g together with

an i nmunogen or an es or I nes have been
showniot o iletueatédavmpéenmend i 1a¢lideg farcdacty intlivjdualnsdrunh UBhiscoatrolsie isdd t@gssesdj uvant s,

i ncluding,, hut.not |limted, t the interl eukins 1-a b .4, 5 6, 7, 8
and 10, 12°{Ele PEsYIce {f”%?loﬁ‘ést‘?ro ST S SRS arfé?‘pa@f‘,dfféfmgl%‘? 17 and 18
(and it s baut@astrdiodin&)ly (tdran thahi@edcerod bengemént anPMyy's). ghamah seyhevthacr ophage
colony stinulating factor (GWCSF), (see, e.q. LS. Pat. ,.078, 996 and
ATor Ac o doRTB APTIRBS Gty Ptk bRt Fistig otfe vt B bodulBIot v com
gr anul ocyhéh whth@nysesiich fLdaRtlatkg af & tr&iprodat 8SHY initandildtde of tvimh ghvagr 0si S

factors % aﬁts that are useful with the inmunogenic

s g anhd b. Still other adjuy _ _ _

conposi t i 86%"%&398?q°8§8mﬁﬂf3‘&0ﬁﬁ‘? 4‘P€FB LIS M nes, i ncl udi ng wi t hout

limtation, MCP-I, MP- | a, MP- | b, and RANTES; adhesi on nol ecul es, such

as a sel ecti nA ehdle celllEId8A@gsdal 0an dRseieantd 10 asesh iEvaelimdiunbgeniougiand | 1 ke

nol ecul es, e 9 CD3§ G yCAM 1 and dCAM.1; a . o .

strface exposure of the poKIpeptlde antigen, wherein the bacterial strain of interest is coated
onto a plate, such as a 96 well plate, and test sera from an immunized animal is reacted with
the bacterial cells. If any antibody specific for the test polypeptide antigen is reactive with a

20  surface exposed epitope of the polypeptide antigen, it can be detected by standard methods
known to one skilled in the art. A similar approach is to monitor the antigen on the cell

surface using Flow Cytometry and antigen specific antibodies.

Any polypeptide demonstrating the desired in vitro activity may then be tested in an
in vivo animal challenge model. In some embodiments, immunogenic compositions are used
25  in the immunization of an animal (e.g., a mouse) by methods and routes of immunization
known to those of skill in the art (e.g., intranasal, parenteral, intramuscular, oral, rectal,
vaginal, transdermal, intraperitoneal, intravenous, subcutaneous, etc.). Following
immunization of the animal with a Streptococcal immunogenic composition, the animal is
challenged with one or more Streptococcal species and assayed for resistance to

30 Streptococcus spp. infection.

Combination immunogenic compositions are provided by including two or more of

the polypeptides of the invention, as well as by combining one or more of the polypeptides of
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menber of the integrin famly such as LFA-I, VLA-I, Mac-1 and pi 50. 95; a
menber of the i nmunogl obulin superfamly such as PECAM | CAMs, e.g.,

| CAM |, IveolbR/@sasel CAM 3, CD2 and LFA-3; co-stinul at or pCraiseagloexresuch as
CD40 and CD4OL; growth factors including vascular growth R@b;{g@ l;&grve
grow h factor, fibroblast growh factor, epidermal growth P Fg7

PDGF, BL-1, and vascul ar endothelial growth factor; receptor nol ecul es

i ncl udi NghdFASeni BN h SRERAS kEMnSIA@%; PprogedbBloolly pepalie, IB&ME buf\po- 3,

Al R, LARD, 1 Glel?ll Dll? DR5, rf(l LLER R,g\I T_culé%g'eﬂ?l g(gpe and B DR6; and Caspase
(1 CE). s@ptlamtﬁltad}lﬁ%mp@m&saéhesw e an i mune response further
include, without limtation, MPL(tnm) (3-0O deacyl ated nonophosphoryl lipid
A, Corixa, Hawnbd RAnulMEd ,thmmog&lamoglh&@ dfthehwniibipdan tRi0. 4, 912, 094.

Al so suitable for use as_adjuvants are synthetic |ipid A anal ogs or

ani noal kwﬂmmliﬁ%r%@erﬁcr%ét%h%wmt delbsrdsurnie tq W@Pﬁerw@ﬁ figaythg gtbiese 8™ @r anal ogs
thereaf, i ﬁPey@ﬁ@sm@H@fﬂe@@h@nefn‘i gme%r 'Fﬁladeﬁlmdt&cgﬁo MEsubjgtd which are
described in U S One such

2-[(R) - 3amm%@@@am@yb%boym@tcpa@@&qwbmr@muﬁms igtrgnppally, parenterally, orally.

2- Deoxy R) - 3-
tetradecgﬁt%/?%tgg%ggqgt 8§%§ng%tno%ﬁ%d%?%?%@x%§%%§ {}%g Sai %u?tl‘aése( al so
known as sB¢toas (ifitonasat. loyal, m@mgasaMM)ectaTmr&l%2@cheadjbummrosotsn‘rm mul at ed as

an aqueous form (AF) or as a stable emnmul sion (SE). AML0O3175 PCT Still other
adj uvant s i ncl Hole vl aKhs ek AR oraSH plieSra e ARRIMbaTHLAMbLE RRFONY! -
D-i sogl ut am ne ?Seahrlv%’%y > N-acet yl czrerllorgurearrrgfl _cﬁ'{r‘p? 1alnlllne- W Sagé

di pal i t dy1 ese of gllipgestiation inddmdrymiyax dhees | Besppe wtihfpimas vied hvFiR-refE)s;
| -
506 Squal ah o G GRS w BHSRer i obites (uERp sufy oeide B (0Tt 5T O

anmount s @bntmmg%)edewrnmbaqmuiymf octeg bnmpcpumd Cpiamlaue(t t(HB’OdJEB thg dasired
m cr of Lﬁ:&gegmgl Ze{l ect 1n assoma&cﬁjo I_@Ythrenfeg]%u% a%i}/% ertlc(aM: & Of ?HI sd Ie((:;lﬁt:au%lrei\vw on,

MA) ), tﬁ ontainin qua ween 8¢ uroni c- bl ocked
pol ymer lfd2he daagk ﬁdmrfeMaR;f tled ihveationmare dafdted lﬂlanédlreqﬂp«ielaenﬂmbnn dreon enul sion

t dt t | t | | t
Caiuny, e SRR Gyl S5 nB i i HBE B EP ST STEi i sui 1 at o
Anphi gen;acifiwvrdddindehe liniZatioagiuhdremien thDahtac tamiepadivg aghiaf@étive compound for

the treatment of individuals.

Injectable preparations, for example sterile injectable aqueous or oleaginous
suspensions, are formulated according to the known art using suitable dispersing or wetting
20  agents and suspending agents. The sterile injectable preparation can also be a sterile
injectable solution or suspension in a nontoxic parenterally acceptable diluent or solvent, for

example, as a solution in 1,3-butanediol.

For parenteral administration, immunogenic compositions of the invention can be
administered as injectable dosages in a physiologically acceptable diluent with a

25  pharmaceutically acceptable carrier that can be a sterile liquid such as water oils, saline,
glycerol, or ethanol. Additionally, auxiliary substances, such as wetting or emulsifying
agents, surfactants, pH buffering substances and the like can be present in compositions.
Other components can include those of petroleum, animal, vegetable, or synthetic origin, for
example, peanut oil, soybean oil, and mineral oil. In general, glycols such as propylene glycol

30 or polyethylene glycol are preferred liquid carriers, particularly for injectable solutions.
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gl ycosi de; pluronic polyols; killed Bordetella; saponins, such as
Stimulon(tnm) QS 2 1 (Antigenics, Fram ngham M), described in U S Pat.
No. 5, 05W062010/05880MATRI X (CSL Limted, Parkville, AustPEEhH&mm@eﬂﬁsibed in

U S. Pat. No. 5,254,339, and i mmunosti nul ati ng conpl exes g&@g%uﬁ T
Mycobact eri um tubercul osis; bacterial |ipopolysaccharides é#%

pol ynucl eoti des such as ol igonucl eotides containing a CoG notif (e.g., U S

Pat. No. 6, ZO%E/ﬁéaﬁby cdns;o%%oﬁsl eﬁ'é flepfbd as o ct&ﬁls‘snaaqer AUsfuld RlutioflesCr | bed in

Eur opean Pat en 1,296, 713 and 1, 34; a pertussis toxin (PT) or
mut ant tﬁéﬁpé@ﬂionswogﬁé@rmsawtabwufﬁr %FUtlﬁmnaﬁt Sl{SlPR@ﬁlé@fn tiguig vehiglesgriopgy . Nos.

7,285, 28%]6&10%%311 %Zo‘lbet ;ﬁe&@eﬁ '@fi_’épr@&ﬁjatlz)n%ﬁécﬁfl@em@srlﬁé’%lrbr%nca?ghiteﬁﬁat -labile

toxin (LT) or nutant er eof articul arl y LT- K63 U.S. Pat.
Nos. 6, 14909185 oymiciGpF@desseh 3, 120130888 polyFhveolisisl grsepalider foramhaiosd i ncl ude

t | t f | i nked t
at ' cas g]&%}{t%ffé’é? &8 dlsE&&doa% Iﬁ?etioérﬁg%rb%échPys al%%’/ﬁg @gﬁ&ﬁqﬂ&r inked to a

pepti de, ypepti I's al so
anti ci patﬁebfamdeéﬂ)rmg‘@elmmtkﬂygﬂwi%%dh%t)i Th@nsntmagﬂnmwrmiositimtswéthls:onponent S,

it R R R G S U
|nnunogemmmbé&mnmamhal@mhypmmmﬂdesqmampamsmn@dbhmﬂmmnuﬁbgemfdwcwmwnsitions

of the inve % For exanple, an in vitro opsonic assay i s conducted by

i ncubat i AF't agther a mxture of Streptococcus sp. cells, heat inactivated

serum cont ai ni ng specific antibodies to the polypeptide in question, and an
exogenous conﬁhemﬁmmmgnuﬁmeaﬂﬁnmmmnphagmmmbbgkdbpﬁﬁmﬁmmhmmhﬂdﬂﬁmi ncubati on

of freshl%>|solated honucl e

Ont ! beay Bl DmBaia B SRR & dyf oY it A s publset 1og ¢ pa
are Coateﬂmmmimnﬂmkhb@dﬁeahdmmmﬂ@$QM$lﬂk@m6mhmhheduHﬂQﬁAMﬂ@%&%ﬁhPCT

h t Col f i t f b i t hat
B AL B Rl IR A S
Titers ard@ser(&m@p&reskmnésh&db%@ismffafe@ttocaftlebmmwﬂaﬁﬁmﬂe kyétenO6T thdhat gi ves >

50% bact er | Killi as determned b onpari son to assay controls.
Speci tend? lﬁéval Hs%ﬂ@tgﬁa%r@e R S5 PR rq%f% thpyclipisa B EL eer um

di [ 'uti on vheshfehféctioR) Théefn FERAk & paie NV ifsuio Q63 RRPRRATREYIR FheS
antlbody (OPA) titer of 4 . The nethod described above is a nodification of

Gray's mglp%%p onf %fya hlwl lgalélp@dy -mediated) and/or a cellular (mediated by antigen-

specific T cells or their secretion products) response. Protection may be conferred by a single
dose of the immunogenic composition, or may require the administration of several doses, in
20  addition to booster doses at later times to maintain protection. This may range from a
minimal decrease in bacterial burden to prevention of the infection. Ideally, the treated
individual will not exhibit the more serious clinical manifestations of the B-hemolytic
streptococcal infection. The dosage amount can vary depending upon specific conditions of
the individual, such as age and weight. This amount can be determined in routine trials by

25  means known to those skilled in the art.

In prophylactic applications, immunogenic compositions are administered to a
subject susceptible to, or otherwise at risk of, beta hemolytic streptococcal infection in an
amount sufficient to eliminate or reduce the risk, lessen the severity, or delay the outset of the
disease, including biochemical, histologic and/or behavioral symptoms of disease associated

30 with the infection, its complications and intermediate pathological phenotypes presenting
during development of the disease. In therapeutic applications, compositions are

administered to a patient suspected of, or already suffering from such a disease in an amount
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Vacci nes Supplenent, p . 694-697,1990). A test serumcontrol, which
contains test serum plus bacterial cells and heat inactivated conpl enent,

i s includwo2hmwvoseeeh i ndi vi dual serum This control is uPel/USNRHETES

whet her the presence of antibiotics or other serun1conpon§&@§3 %ggapable
of killing the bacterial strain directly (i.e. in the abs P | ement
or PW s). A human serumw th known opsonic titer is used as a positive

human  sersyicERNb e orwf‘ea%ﬁ@lawm@éai ltﬂ%q?mpfohfs%fthfegise&@mowamw serumis
cal cul ated as the reciprocal of the ini | uti on of serum giving 50%

cfu redudisidegie ararbepvicsal). wlmlﬁwmlem@m and axtefmediatatatiological | ELI SA
assay Ca%h%k%&m?%, $86rh 8EHEFReds® Vitro immunogenicity and surface
exposure of the po ypeptlde antigen, wherein the bacterial strain of
interest is coated onto a plate, such as a 96 well plate, and test sera
from an i muniléiag bagi QP&?YV?‘E thatdbgse sdowingle HeH@etﬁé%‘teé?q that peqstides pratectighy

ant i bady (sp@GkHinG of ]@ltIS tlhﬁu& %}grofﬁ%l ARSRL bAEGank kg hs aBl%@P(tpfe\éﬁlté’& ihh a
surface exposed epitope of e pol ypeptide antigen, it can be detected by
st andar d Exéltnnl@dsbe »w% e@qheanﬁkﬁm nr@‘ddqsﬂnﬂm@u@meSPOAsesagmnﬁalrsub%@b@foach isto

nmoni t or g% en on the cell surface using Flow Cytonetry and antigen
speC|f|c ant rbodi es. Any pol ypepti de denpbnstrating the desired in vitro
activity may then be tested in an in vivo aninmal challenge nodel. In sone

embodi nent's, [CeAerbgamni b P ineres MeFesuifgesiexprestel entigeru e &Howilbf  an
ani mal (ebege @temlfﬁ(?\)ldeq}{e %&%@Mﬂﬁe fe EesdeQanlethéﬁdh%uﬂameto those

Xpe
of skill 1n P he art (e.g., Intranasal % renteral, 1 ntranuscular, ora
rectalo, vtgiantagens dlscaﬁwd@bwlBHS msdy@mlgemé‘élprot@mzw&én@ngrter,sqmnm aneous,

etc.). Folk oM ng.d eIEEF&@H Zuﬁ%gnR“HQ\fveJeF‘?t lﬁg'b%@alff)ﬂdtt é%ﬁ%@&@h%&g%%%o o

i mrunogeni ¢ conmpos enge

St r ept ocoedualit specials bamdicas payeatesfor the gmidstimn o€ inrpurdigerept@T@sEss: SPP.

i nfection. Conbi nation innunogenic conpositions are provided by including
two or nore OFCPQQ Jﬁ% |des of the invention, as well as by conbining
one or nore of the po ypeptldes of AMLO3175 PCT the invention with one or
nore known Streptococcus pyogenes poly tides, including, but not limted
to, the M propditgslpropghisaneiase (ensadadie (F‘?JE

15 putative adhesion protein (encoded by ORF 1358)
surface lipoprotein (encoded by ORF 2459)
hypothetical protein (encoded by ORF 1218)

Combinations of two or more of these antigens into a single multicompnent immunogenic
composition provide enhanced protection against one or more groups of BHS and produce an

20 enhanced immune response to them.

EXAMPLES

The following examples are illustrative and the present invention is not intended to be

limited thereto.

EXAMPLE 1--ANITBODY BINDING

25 The binding of antibodies to bacteria, a process known as opsonization, can lead to

uptake and killing of the bacteria by phagocytic cells. Screening of such antibodies is used in
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Once fornul ated, the i munogenic conpositions of the invention can be
adm ni stered directly to the subject, delivered ex vivo to cells derived
fromthe wWoOlp®uts3986r in vitro for expression of reconbi memtUSPeO0Es2ns. For

delivery directly to the subject, admnistration may be b ntiona
form such as intranasally, parenterally, orally, intrape%ﬁﬁ@%géiiﬁ

i ntravenously, subcutaneously, or topically applied to any nucosal surface

such as iteRAARAlhe Off@kiverRYLol wrwdley@areaaégmnarprraaﬂalsefdrsrﬂeaqfe,kﬂﬁ&%ch as by
an aerosol spray. It is advantageous to fornmulate oral or parentera

conposi t ib8#I8Nd FXPIASTIRS A Fsengihbbierdveondihe wiatai stration and uniformty
of dosage. Dosage unit formas used herein refers to physically discrete
units suited as unitary dosages for the subject to be treated; each unit
contai ni ng a Peeeksheeroiedegaradt antipodies awrd teaased onpo o dgasezst chl atidddieo

pr oduge tengodg?%rr @ﬂthte*}% E%’fiﬂ‘ CTh%fe[n‘EBJidlés”w f?e%h%égosaégeaﬁ&ét %}ﬁ) [egy red

phar maceutica e specification unit tornms of the
i nvent i ontraing (Sr:l@crangdf e aatibodisr east Ibenydeglehsdénoremencteh@tlmmed]uﬂl sorting

character S of t ound an Q% rtrcu ar ..t era iC
of f ect t (S &gf rle &at %ﬁ (fd sﬁeepci?c%em were Tciba a& i e% treclte fuﬁubog %r
conpoundMﬁgmﬁmwhﬂﬂbw@dmyv@oamﬂmmuﬁhaﬁmpwmh91Wmeakﬂemﬁmmmdmnﬂngbduaﬁs

Injectable rile jinj.ectabl e agueou

ol eag notsStananarbAaedy fo G Aty Hhekns SRIGTH PRERABER BIEVES ng

sui t abl e telitepershadg @ils \Geik triehigd ageNitud oandrF 408 meramhage agenbDsMadibectsi eri | e

i nj ectabl e preparatjon can_al e a sterile injectable solution or

suspensi d?nfe?tnle %ni[OgQi @ﬁﬁe%&@r aTli‘Veﬁgtéé]ﬁtS%‘ lﬁqdllﬁé'ﬁlfle gr sol vent, for
exanple, as a solution in 1,3-butanediol. For parenteral adm nistration,

i mrunogeni c conposrtrons of the invention can be adm ni stered as injectable

dosages in a pPRySF AOBEF Al CjEeRRE dpPseniBi-batd HemelyF-sireriocarral FRASTR Aol | y

accept ablygoneabhdl &htibdiRds %aastbaraus%aaIhbaoiyrlautrsbtadé)em IBHYRERLInOlil §as Sal i ne,
gl ycerol, or ethanol. itionally, auxiliary substances, such as wetting

or el sifPiEdngat s §nt18§rrr pah @RWROGIES P LEASP SRt SRSt AP s BHS dSUiS. | i ke
can be prigg&iMe 'nﬁbn%ﬁpgﬁlﬁrregﬁéoccg %5%9%”@@%%19% tdch& )uct@re}g)agéc%mof

petrol eum animal, vegetable, etic orr%I exa eanut oi
soybean diglactiggdGravpd ﬁtept@F@CCl)land rGapnd @loyp SéfeBtQMCIa&Vh%GIWIF rke gl ycoI

streptococcal species Streptococcus anginosus, Streptococcus constellatus, Streptococcus
intermedius, Streptococcus dysgalactiae sub. Equisimilis and Streptococcus dysgalactiae sub.
20  Dysgalactiae). This cross-reactivity also means that the polypeptides recited or encoded by
the relevant ORF may be used in an immunogenic composition to induce an immune
response effective to protect against infection by Group A or Group B Streptococcus, as well

as by Group C or Group G Streptococcus.

25 In Table 2, the symbol “+” means that the antibodies react to the antigen at least
three-fold over background; the symbol “+/-” means that the antibodies react to the antigen
between two-fold and three-fold over background; and the sysmbol “-” means that the

detection of antibody signal is at or below background.
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or polyethylene glycol are preferred liquid carriers, particularly for

i nj ectabl e sol utions. AMLO3175 PCT Typically, conpositions are prepared as
i nj ect ablwe,20msbess as | i quid sol utions or suspensi ons; PEDISA0DO63PES
suitable for solution in, or suspension in, liquid vehicles prior to
injection can also be prepared. The preparation also can be enulsified or
encapsul ated in |iposones or mcro particles such as pol xMacili7decT

pol ygl ycol i de, or copolynmer for enhanced adjuvant effect, as discussed
above (see Langer, Science 249: 1527 (1990) and Hanes, Advanced Drug

Del i very ReV|gw% 28: 9{}4&&91)) h@e|nﬁunﬁge&waﬁomﬁDSkI|QﬁSm@fﬁLhm&umﬁ
invention cansbe adm ni=sf&kad in the formof .a depot injection or-inplant

preparation, which canebe«bornmul ated inh such:a nannér as to permt a -

Streptococcus pyogenes

sust ai ned or gg%satllemmele@§e of the active :ingredient. The subjects+are

Streptocaccus Eyogen

general |y hungfze An | ignabegi cal |y eff ectii ve anpunt of; th@ i mrunogeny c
conposition iHi&n appriipri:gee nunber of doses is: adimniistefed:to fhe ..
subject to el BBt an iJEHEi Lesponse. 1 nmiinoliogical [y e€ffective apmount, as
used herein, HEans thecadiitditstrati'on of that. anbunt td a mamralian host

GAR 2869 COCCUS pyogenes

(preferably hermn), EIﬁﬁehweﬁ a single: dose or as part :of a series of:

R 3549 Streptococcus pyogenes

doses, sufflcgg@t to afwkeast cause the immune system of the individual

freptocaccls pyogenes

treated to gegperate arg-apme response+that nedupes+the cljnlcal 1npapt of

treptocor

t he bacteri al 2§43 ect i ofr==Fpher=t er m "i nmune;r esponse” ;or "i mpunol ogij cal ;
response" i ncBiffes theEvettpnent :of a hunorial {(ant.i bddy-yedi at ed) and/ or
a cellular (ndiated Qyﬁﬁﬁf?@enspecifib T.cell s or theiir secretion

BGAR 7055

products) respense. Protestd-en may -be conferred by a siingle dose wof the

Streptococcus pyogenes

i mrunogeni c cog905|t|GWMm@w@ﬁay require the adnlﬂlstratlon+ofmsewerahT

reptococcls pyogenes

doses, in addigion to poesters doses at: Iater+t|ngs to qalnialp pwpteqqlon
This may ranged rom a Inni:pat: decrease+|n:baqterjal:bunden:tomprewentmon of
the infection.&) deal | ygottigeetr eat ed i ndi virdual will inot; exhi bfit tthe nbre

serious clinical mani fESLEREEns of 't he! b- henﬁlytic $tréptoboc%alﬁinfé&tion.

The dosage annﬂmt can Magind&pendi ng upon- sp30|flc éonditibnsmofh%he

3?] StreptocaceUs p genes - (i:
i ndividual, susgh as ager-aneg=wei ght .- ThiS annunt can ‘be deternmne Tin m
treptococcus pyogenes
routine trlaIS%%y nmeansknows t o those: ski-lled in the art. ﬂlnmprqphyhactlc
Teptococcus pyogenes +

applications, $munogele ﬁggnp05|t|0n5+arg adnlnjstered tora )y woooM
GS43 Streptococcus pyogenes + + + + NT NT NT
GS44 Streptococcus pyogenes + + + + + + + NT NT NT
GS45 Streptococeus pyogenes + + + + + + + NT NT NT
GS46 Streptococcus pyogenes + +- + + + + + NT NT NT
GS47 Streptococcus pyogenes + +- +- + + + + NT NT NT
GS48 Streptococeus pyogenes + - +H- +- +- + +- NT NT NT
GS49 Streptococcus pyogenes + + + + + + + NT NT NT
GS50 Streptococcus pyogenes + + + + + + + NT NT NT
Gs51 Streptococcus pyogenes + + + + + + + NT NT NT
G852 Streptococeus pyogenes + +i- + + + + + NT NT NT
GS53 Streptocaccus pyogenes + + + + + + + NT NT NT
GS54 Streptocaccus pyogenes +- +- +- + +- + + NT NT NT
G856 Streptococcus pyogenes + +- + + + + +- NT NT NT
GS56 Streptococcus pyogenes + +- + + + + + NT NT NT
G857 Streptococcus pyogenes + +- + + + + + NT NT NT
GS58 Streptococcus pyogenes + + + + + + + NT NT NT
GS59 Streptococcus pyogenes + + + + + + + NT NT NT
Gse0 Streptocaccus pyogenes + +- + + + + + NT NT NT
GS61 Streptococcus pyogenes + +- + + +- + + NT NT NT
G862 Streptococeus pyogenes + + + + + + + NT NT NT
GS63 Streptococcus pyogenes + +- + + + + + NT NT NT
GS64 Streptococcus pyogenes + +- + + + + + NT NT NT
GS65 Streptococcus pyogenes + + + + + + + NT NT NT
GS66 Streptococcus pyogenes + +i- + + +- + + NT NT NT
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subj ect susceptible to, or otherwise at risk of, beta henolytic
streptococcal infection in an anount sufficient to elimnate or reduce the
ri sk, | eswenotons3smeverity, or delay the outset of the dipseaseqovionzzbaidi ng
bi ochem cal , histol ogic and/or behavioral synptons of disease associ ated
with the infection, its conplications and internedi ate pat hol ogi cal

phenot ypes presenting during devel opnent of the di sease. AMiOilh&gPapeuti c
applications, conpositions are admnistered to a patient suspected of, or
al ready suffering fromsuch a disease in an anount AMLO3175 PCT suffi ci ent
to curey: or at beae@wgggtlally -arrest, -the-synptons of: the- di sease

Streptoco<:£ us a

(bloch@mmcal hisst-cf.0gice and/ or- behaV|oraI) |nclud|ng its conpllcatlons

Streptoco

and |@ﬁe@aed|atem abHoldgi cal phenotypes in devel opnent of: the disease. It
has bé&i.obser val: fﬁéﬁﬁfhere i s no”single peptide sequence t hat provi dés
prot eGiiigh for éﬁﬁﬁﬁiga&ns of BHS, _incltuding groups AL B, .C, and G As:
shown Y Tabl e [IreepreseEnted in Exanple 1 bel ow), bel dw, each:antigen

epto

provi@g$“an I Tminecrespgnse agai nst a subset of these;groqps.;Gbnerally,

494 coccus agal

any combinati on sgfeotungecgr nore surﬁaceéexpressed antigens «from BHS wi | |- be

Streacoccus agalactiae

expecte 5t 0 pr O\ste e«t-pe=.enhanced i Amune response descr+ bed above. -Such-
coul d cknel ude t hémantkgans di scussed above: BHS. capsul ar antigens, M

pr ot eidk>: ABC t r aiBEanRE é&, or any other _surface”exposed. ant’i gen. Hawever, it
has be&fi:f ound th@Ekoi:BEqf ol | owi:ng anti gens: exhi bit: pariticul arl'y benefi ¢i al
propergfitds for tlmepromiction of immunogeni c conposititons:, SCP (C5a :
Pepti dgige) peptidybprepyl isomerase (encoded by ORF 554) putative -adhesion
pr ot eigrzfencodeaqr cwﬁh«mlSSS) surface li poprotein (encoded by - ORF -2459)

lactiae

hypothe@mcal prggﬁﬁﬁiggﬁcoded by ORF 1218)- Conbi nations of+two or -or e -of
t hese santi gens hewaw&engle nultlconpnent |nnunogen|0-conp05|t|on provi de
enhancéé %protechmﬁﬁwﬁﬁafnst oné or “noré grpups: of BHS+and+produce an -

enhanc&dyi mmune FBSHBHSE to thenl EXANPLES

+-

GAR 4837 Streptococcus agalactiae +- - - + -

GAR 54 Streptococcus agalactiae - - - - - - + - +-
GAR 562 Streptococcus agalactiae + +- + + +- + +-

GAR 6016 Streptococcus agalactiae + +- + + + + -

GAR 614 Streptococcus agalactiae + + +- + + + +-

GAR 63 Streptococcus agalactiae + +- + + + + +- - -
GAR 6332 Streptococcus agalactiae +- +- + + + + +- - + +-
GAR 6387 Streptococcus agalactiae + +/- +/- +/- +- + + - +- -
GAR 6505 Streptococcus agalactiae - +/- +/- +/- +/- + + +i- - + +

GAR €7 Streptococcus agalactiae - - - - + +
GAR 864 Streptococcus agalactiae - +/- - +/- +/- +/- +
GAR 967 Streptococcus agalactiae - - - - - - +- - - - -

G819 GGS - +- +- +- + +/- + + NT NT NT
G827 GGs - +- + +- + +- + +- NT NT NT

ATCC 33397 Streptococcus anginosus - +- +- +- +- +- +- _
ATCC 33397 Streptococcus anginosus - - - - - - -

GAR 10823 Streptococcus anginosus - +- + +- +- +- +

GAR 1272 Streptococcus anginosus - - - - - - +-

GAR 1370 Streptococcus anginosus - - - - - _

GAR 1425 Streptococcus anginosus - +/- +/- +/- +/- - +-

GAR 1592 Streptococcus anginosus - - - - - -

GAR 1595 Streptococcus anginosus - - +- - - - +-

GAR 2044 Streptococcus anginosus - - +- - - - _

GAR 2523 Streptococcus anginosus - - +/- - +/- - +- .

GAR 2565 Streptococcus anginosus - - +- - +- +- +- +-

GAR 2697 Streptococcus anginosus - +/- + +/- +/- +/- +- -

GAR 2822 Streptococcus anginosus - +- - - - +/- - +-

GAR 3091 Streptococcus anginosus - - +/- - +/- - +- .

GAR 3560 Streptococcus anginosus - + + + +- + +-

GAR 3576 Streptococcus anginosus - - - +/- - - -

GAR 3858 Streptococcus anginosus - +- +- +- +- +- +H- -

GAR 3938 Streptococcus anginosus - - - - - - - +-

GAR 4133 Streptococcus anginosus - - - +- +- - + +-

GAR 4158 Streptococcus anginosus - + - + +- + +- -

GAR 4234 Streptococcus anginosus - - - + +- +- +-

GAR 4426 Streptococcus anginosus - +- - + +- + + +

GAR 4680 Streptococcus anginosus - +- - + +- +- +- +-

GAR 4834 Streptococcus anginosus - - +- +- - - - -
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The follow ng exanples are illustrative and the present invention is not
intended to be limted thereto. EXAMPLE 1--AN TBODY BI NDI NG The bi ndi ng of
ant i bodi esot20100#8486r i a, a process known as opsoni zati onpCtars26eadt® upt ake

and killing of the bacteria by phagocytic cells. Screening of such
anti bodies is used i nAMLO3175 PCT to determ ne the effectiveness of
anti bodi es rai sed agai nst particular serotypes in killingMiezit’ePCa

expressing or not expressing that serotype on the surface. For each
serotype screened, antibodies were raised in mce against the antibodies
encodeg:fcor by Fhem@%@wked ORF: The antibodi es- were then screened: agai nst

Streptococcus angjnosus

varlou&w HS st r ams«s=mefeeni ng-of the antlbodhes was perfor med by -

f1 uor escence activatoascel | sorting (FACS). Briefly, Eeatwkllled i
strepmbf%CC| e REhbACERat ed wifh awrecwted}anLAbody oh icé for 45 ninutes,
fol | oBg&xby t wo JiBEHEE=-The streptécocti were:theif i nfubated with a goat
anti ngiis@- Al exg=aggderi body (Ml €cul'ar Probés, Eugetie, OR) for 30 minutes
on |c§$2§ollome@“@yws “washes: Cetls thus*treated'mege ran on a FACS -

tre

machi iigfte. g. seew '§Fer et al, tnfect. 41 mmyn, 70(1)}: 350-359, 12002.) The

reptococcus anginosus

resul ttsxgre sumyggezetsin Table 2 + In the—course of screening those

rep,tococcus Q%IHOSUS

anti - beta henol yitr@eus @eptococcal antlﬁera and nnnoclonal anti bodi es

O ccus al |nosus

toc -
agaln%%ggarlous§bltama%golytlc strépt ococcal (BBHS)y stkains, it was noted

t hat s@me anti seka.abdsant i bodies are cross-reactive agai hst many: BHS
strai ri& e ncl udBhgeirentitr s of Streptochbccus pyogeies (G oup A :
streptiighicci ), SrEEptpidiccus agal acti aé (G oup B streptococci) and C?oup C
and G3igf G strgprucoctl: (which inglude the streptocogcal : species:

St r eptegegiccus agngsaSWMStreptococgus tonstelhatus St'r ept 0cOCCUS-

tococcUs constdilatus

nt er megiEls, St reptecoceus dysgal acti ae, sub/ EqU|S|n1hs and Stteptococcus

GAR 6129

tococcus constella
dysgah&@mlae su $mt¥® alsact i ae). Th|s cross reacti-vity al so neans-that- the

ellatus

ponpé@hwdes r eshted=eiaencoded byt hetirel-evarit ORF may be used in an
i MUNGEERi C COoNPsdd bt 0 | NdUce &an imune réspoiise effective t o: protiect
agalngﬁﬁﬁhfectlﬁﬁ RotEup A of Grbup B Streptiocofcus, as:well as”by G oup
C or F:@tib G Stfﬁﬁﬁ@@@ﬁ@hs | n: Tabl,e 2, the synbol "+% nmeans that:the:

anti bgtfigs r eagftis itter mlgen at*least LT

+

+-

+ o+ o+ o+ o+

BAA-338 Streptococcus dysgalactlae sub. equ|S|m|I|s +- +- +- + +- - -

GAR 3015 Streptococcus equisimilis - + +- + +- +- + - + +

ATCC 27335 Streptococcus intermedius - + +- + +- +- - +-
ATCC 27335 Streptococcus intermedius - + +- + +- - +- +-

GAR 2407 Streptococcus intermedius - +- +- - +- - - - - - -
Gs28 unk - + + + + + + + NT NT NT
GSs67 GGS/GCS - + + + + +- + + NT NT NT
GS68 GGS/GCS - +- - +- - +- + +/- NT NT NT
GS69 GGS/GCS - +- +- - - - + + NT NT NT
GS70 GGS/GCS - +- +- +- - +- + +/- NT NT NT
G871 GGSIGCS - + +- + + + + + NT NT NT
G872 GGS/GCS - + + + + + + + NT NT NT
GS73 GGSIGCS - +- - +- +i- NT NT NT
GS74 GGS/GCS - - - - - - - - NT NT NT
GS75 GGSIGCS - +- +- +- +- + + + NT NT NT
G877 GGS/GCS - + ND + +- +- + + NT NT NT
GS78 GGS/GCS - +- +- + +- +i- + +/- NT NT NT
G879 GGS/GCS - +- - +- +- - + - NT NT NT
GS80 GGS/GCS - - - - - +- + + NT NT NT
GS81 GGS/GCS - + + +- + + + +/- NT NT NT
GS82 GGS/GCS - +- +- +- + +- + +i- NT NT NT
G883 GGS/GCS - + + + + + + + NT NT NT
GS84 GGSIGCS - - - - - - - - NT NT NT
G885 GGS/GCS - +- +- - +- +- +i- NT NT NT
GS86 GGS/IGCS - +- - +- +- +- + +/- NT NT NT
GSs88 GGS/GCS - + +- + + + +- + NT NT NT
GS89 GGS/GCS - +- +- - - - + + NT NT NT
GS80 GGS/GCS - - +- +- + + + + NT NT NT
GS91 GGS/GCS - +- +- +- + +/- + + NT NT NT
GS82 GGS/GCS - + +- +- +- +- +- +i- NT NT NT
GS93 GGS/GCS - + + + + + + + NT NT NT
GS9%4 GGSIGCS - + + + +- + + + NT NT NT
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three-fold over background; the synmbol "+/-" means that the antibodies
react to the antigen between two-fold and three-fold over background; and
t he sysnmbwD 2010/058m8ans t hat the detection of anti body si @oaluse&@9as32es bel ow
background. AMLO3175 PCTAMLO3175 PCT + + + + + + + + + + + + + + +AMIO3175

PCT NT NTNTH- H- NT NTNTH- H- NT NT NT H- H- HAMPN H- NT
NT NT NT NT NT H- NT NT NT - NTNTNT H- H- H- NT NT NT NDH - H- NT
NT NTH- H- H- H- NTNTNTH- H- NT NT NT H- NT NT NT H- H- NT NT
NT H- H- H- H- NT NT NT NT NT NT NT NT NT H- H- H- H- NT NT NT

EXAMPLE 2--USE OF A THREE COMPONENT IMMUNOGENIC COMPOSITION TO
PRODUCE IMMUNE SERA

A trivalent immunogenic composition consisting of SCP, the polypeptide encoded by

5 ORF 554, and the polypeptide encoded by ORF 1358 adjuvanted with aluminum phosphate
was prepared, and the immunogenic composition was used to produce hyperimmune rabbit
serum by three subcutaneous inoculations separated by 2-4 weeks, followed by
exsanguination; a monovalent immunogenic composition consisting of similarly adjuvanted
polypeptide encoded by ORF 554 was used as a control. The sera were screened for

10 opsonophagocytic activity (OPA) against S. pyogenes SF370 at various dilutions. Briefly,

the bacteria were incubated with 10ul of sera for one hour in the presence of complement
(baby rabbit complement) , and then diluted 1:10 and plated on blood agar plates. The results

are presented in Figure 11.

As shown, it can be seen that the Trivax elicits increased opsonophagocytic activity
15 than the 554 immunogenic composition, which is indicative of a much better killing of the

bacteria.
EXAMPLE 3—PASSIVE IMMUNITY TRANSFER

Antibodies were raised against each of the following antigens as described above:
SCP and polypeptides encoded by ORFs 554, 1358, 2459, and 1218. These antibodies were
20  then injected into infant rats without fully functional immune systems. The treated rats are
then subsequently challenged with S. pyogenes, and recovered bacteria were counted four
hours post-challenege. The negative control was PBS, and the positive human control was

385 sera.

The results are shown in Figures 12-16. Briefly, the results demonstrated that

25  antibodies elicited by each of the antigens significantly reduced bacteremia in the infant rats.
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- H- H- H- NT NT NT H- NT NT NT H- NT NT NT H- H- NT NT NT H- H- H
- NT NT NT H- H- H- H- H- NI NT NT NT NT NT H- NT NT NTAMLO3175 PCT
EXAMPLE 2wousH/058986 THREE COVPONENT | MMUNOGENI C COMPOSI PLONST@9RERERICE

| MUNE SERA A trival ent i mmunogeni ¢ conposition consistingaﬁf.ﬁgggn;he
pol ypepti de encoded by ORF 554, and the pol ypepti de encod 8% 1358
adj uvanted wi th al um num phosphate was prepared, and the i nmunogenic
conposition was used to produce hyperi nmune rabbit serum by three

subcut aneous i nocul ati ons separated by 2-4 weeks, followed by

exsangui nation; a nonoval ent inmunogeni ¢ conposition consisting of
simlarly adjuvanted pol ypepti de encoded by ORF 554 was used as a control.
The sera were screened for opsonophagocytic activity (OPA) agai nst S.
pyogenes SF37Ql@bughallisatisd aihd dikérbas abdde ivethlryferehftero hpifRrendodicatsi the ubat ed

with IQul. of .sera for one hour in th resence of conplement (baby rabbit
conpl emeﬁ%‘)ent,w%ﬁae‘teﬁéﬂesainPufl@adef:taée liecip e o S%%d‘a%arvaé?%t es. The
resul tss ahddiaR&RHHbelnthdEiOMe Getdils wifkn BBWPe ahd raf@dofRQuisaens bhaé the
Trivax elicits |ncreased,opsonog?agoc¥t|c activity than the 554 i nmunogeni c

conposi t iCHHMS il veiHhopsdepariing Bpmyke Pt HgdmeBdt er kil ling of the bacteria.
EXAMPLE 3- PASSI VE | MMUNI TY TRANSFER Anti bodi es were rai sed agai nst each of
the foll ow ng antigens as descri bed above: SCP and pol ypepti des encoded by
ORFs 554, 1358, 2459, and 1218. These anti bodies were then injected into

infant rats without fully functional imune systens. The treated rats are
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t hen subsequently challenged wwth S. pyogenes, and recovered bacteria were
counted four hours post-chall enege. The negative control was PBS, and the
posi tive Worrar/mseassr ol was 385 sera. The results are sheam/UiseooBiogizees
12-16. Briefly, the results denonstrated that antibodies elicited by each
of the antigens significantly reduced bacterema in the infant

rats. AMLO3175 PCT Al though illustrated and descri bed above wth reference
to specific egppdisenhsisthe invention is neverthel ess not intended to be
limted to the details shown. Rather, various nodifications may be nmade in
the details within the scope and range of equivalents of the clains and

wi t hout depar t r‘i\Q“FIFn(‘J‘ﬁ?%eH‘é COPPPIHONFOMPHENG A PEHYTE Sh Rt MGTS PIVREPHES: i s: 1.

An i mmunogeni ga hPORPSHtdE SftofQITRN 4 St RiddeflidAt&hRingtdMRaQ00i&htity toa
pol ypepti des, each pol ypepti de encoded by a nucl eic acid sequence havi ng at

| east 90% i deA¥qleiy agidsequenise pAdpcteddaqmytheggrrersersistieg @6t ed from t he group
consisting of: (a) Coa peptidase ("SCP') (Figure 1 (SEQID NO 1)); (b)

open readi ng {d)@¥e pépide’FsGB4 Kinrg WSEG O N H:D NO 3)); (c) ORF 1218
(Figure 5 (SEth)ID RI&S));(S(d)}ﬂ(OﬁE:MlBéB II:i gure)b7 (SEQID NO7)); and (e)

ORF 2459 (Figure 9 (S D NQ:9)).. . The, | ni.c conposition of claim
1, which furtﬂ@PP@H%ﬁ£§%§@n§P§E¢%2%ﬁé@%&?ﬁﬂ?ggﬁﬁﬁgﬁgbre vehicle. 3 . The
i mmunogeni ¢ conposition of claim1, which further conprises an effective

anount of an &gjoRFarm S (Fgure TREEQ MNG§BNi ¢ conposition of claim 1l wherein
each pol ypeptide is capable of generating an antibody that specifically

recogni zes sai 1de, e{\n_t.he amount of said i munogenic
conposition ibséﬁﬁtﬁgsgégyg76$§§ép?ﬁgﬁba%§1iorate col oni zati on or infection
by b-henolytic streptococci in a susceptible mammal. 5 . The i nmunogeni c
conposi ti on ofe) IRH 252 (Figire OHSEQAP AN OBonpri ses a

physi ol ogi cal | y-accept abl e vehicle.

2. The immunogenic composition of claim 1, which further comprises a

physiologically-acceptable vehicle.

3. The immunogenic composition of claim 1, which further comprises an effective

amount of an adjuvant.

4. The immunogenic composition of claim 1 wherein each polypeptide is capable of
generating an antibody that specifically recognizes said polypeptide, and wherein the
amount of said immunogenic composition is effective to prevent or ameliorate

colonization or infection by -hemolytic streptococci in a susceptible mammal.

5. The immunogenic composition of claim 1, which further comprises a

physiologically-acceptable vehicle.

6. The immunogenic composition of claim 1, which further comprises an effective

amount of an adjuvant.

7. The immunogenic composition of claim 4, wherein the f-hemolytic streptococci is
Group A streptococci, Group B streptococci, Group C streptococci, or Group G

streptococci.

8. The immunogenic composition of claim 4, wherein the -hemolytic streptococci is

Streptococcus pyogenes.
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6 . The inmmunogeni c conposition of claim21, which further conprises an
ef fective anount of an adjuvant. 7 . The immunogeni c conposition of claim
4, wher eiwotzhw/is39senol ytic streptococci is Goup A strepCoasea9/063Zoup B

streptococci, Goup C streptococci, or Goup G strept ococg@” ?7 Ebgr
i mrunogeni ¢ conposition of claim4, wherein the b-henol yt g ¥3 cocci

Streptococcus pyogenes. AMLO3175 PCT 9 . An inmunogeni ¢ conposition

conprising a oi Ahqﬁﬁmeaﬁgehmo%omn%ﬁ@hmg%ﬁ;a@x%,of%a&& Rk YASpplide. havi ng
at least 90% identity to an am no aci d sequence selected fromthe group

consi sting of eac{@))lyg@uﬂde Fa‘g@ﬁ d laast X9 dpmite: ) aming #jd ssapsnceisalastedpy |

i sonerase (Fi gups %he % gn) (c) hypothetical protein (Figure 6 (SEQ
ID NG 6)); (d) put ive ad esion protein (Figure 8 (SEQID NO 8)); and (e)
surface |ipoprotein (Fi e 10 SE D NG 10)). 10. The immunogenic

conposi tion oﬁﬂ§pﬁﬂﬁﬁwe EQHDf er conprises a

physi ol ogi cal | y-accept abl e vehlcle 11. The i nmunogeni ¢ conposition of

claim9, mhlch»%@@k@qﬁqg@ﬁp@mﬁggy@ﬂmﬁj@@ﬁﬁmymoanpunt of an adjuvant 12.
The i mmunogeni ¢ conposition of claim?9 erein each polypeptide is capable

of generating anti b ecogni zes sai d pol ypepti de,
and wherein tﬁgﬂé ﬁ&¥ﬁ§a?%gwﬁ§ﬁ%%@iﬁ5%¥é Brposition is effective to
prevent or aneliorate col onization or infection by b-henolytic streptococci

in a suscepti )gpuradne@aihesidproitmg Figaram@genDeNospasi ti on of claim 12, which
further conprises a physiologically-acceptable vehicle. 14. The i nmunogenic

ggﬁﬁezL:ion OE@smwme1%%ﬂo%ﬁkﬁgquBR§§6Iﬁ?ﬂ?ﬁ&?es an effective anpbunt of an

10. The immunogenic composition of claim 9, which further comprises a

physiologically-acceptable vehicle.

11. The immunogenic composition of claim 9, which further comprises an effective

amount of an adjuvant.

12. The immunogenic composition of claim 9, wherein each polypeptide is capable
of generating an antibody that specifically recognizes said polypeptide, and wherein
the amount of said immunogenic composition is effective to prevent or ameliorate

colonization or infection by -hemolytic streptococci in a susceptible mammal.

13. The immunogenic composition of claim 12, which further comprises a

physiologically-acceptable vehicle.

14. The immunogenic composition of claim 12, which further comprises an effective

amount of an adjuvant.

15. The immunogenic composition of claim 12, wherein the -hemolytic streptococci
is Group A streptococci, Group B streptococci, Group C streptococci, or Group G

streptococci.

16. The immunogenic composition of claim 15, wherein the -hemolytic streptococci

1s Streptococcus pyogenes.
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15. The i mmunogeni c conposition of claim 12, wherein the b-henolytic
streptococci is Goup A streptococci, Goup B streptococci, Goup C
st rept ocowoi20100053@Bsoup G streptococci. 16. The i mrunogeRCE/USeono63268 on of

claim 15, wherein the b-henolytic streptococci is Strepto enes
. AMLO3175 PCT 17. A nethod of protecting a susceptible na%ﬁﬁﬁyﬁggﬁﬁgt

col oni zation or infection by b-henolytic streptococci conprising

adni ni steri ng 1§ OAtieh JIRIPRechly £dsBphibléenARY AbaiRk 4188 -dEAYPRGLAbE _
conposition of claim1, wherein each pol ypeptide is capable of generating

an anti body spe@itemelytiestspiagossdrgpsineddminasieringie fheimpnmpad ag gdemte of sai d

i nmunogeni c ¢ InF ih@R- 1 ~ Lyes t ~ i | oni zati on
or 1 nf et i on B B b o R P B R 15, The
met hod of cl aranalle of g¢neragihgan dibpdmivacfe s seidawhpersidei and whereanlthe ni st er ed by

subcut aneous i nj F O ' ~ gHg: ar- 1.1 i . j.hgestion,
intranasally,hlglr)&ﬁ%f |ng?¥g%g&§ﬁer %55&38Fﬁ¥ﬁ§%hﬁ@ﬁg%ygg&%%gﬁﬁg17 wher ei n

t he b- henol yt cdowtatiepoomdeston bysp-Gerodptigstepoepcondlociusce@nidemaBngt. r ept ococci
G oup C streptococci, or Goup G streptococci. 20. The nmethod of claim19

wherein the bqhe i t Lo hS. ~ ~ . The
Tot hod of ol ai th TP RarLTAFRAT O R ARGl kO RR
protecting a bSusdeptidobeingehoraby agamosdulas o) estip.dly iopah ingestionf ietariagallyby

b- henol ytic s i rising admnistering to the mammal an
effective annh%%g%%%@ﬁéhPﬁgﬁﬁogenic conposition of claim9, wherein each
pol ypeptide is capable of generating an anti body specific to said

pol ypepti de, ahdThdmetbodolickremddodwateirothe Bdiedoly frersiraptpspéceisconpodi tion i s
effective to ~ |J ~ i i r.i i -henol ytic
strept ococci 9%%¥§§&%3%8@g§Fkﬁéaﬁgﬁﬁﬁkaﬂ§§a£#§§”§e?335ﬁ§?S@ﬁ%@%? 2, wherein

t he i mmunogeni ¢ conposition is adm ni stered by subcutaneous injection, by
i nt ramuscul ar 29-nflecmétbed ofiplaimrlqwhersgyethe fdamolyiie pteanptesedd i Streptococcus

pyogenes.

21. The method of claim 17 wherein the mammal 1s a human.

22. A method of protecting a susceptible mammal against colonization or infection
by B-hemolytic streptococci comprising administering to the mammal an effective
amount of the immunogenic composition of claim 9, wherein each polypeptide is
capable of generating an antibody specific to said polypeptide, and wherein the
amount of said immunogenic composition is effective to prevent or ameliorate

colonization or infection by -hemolytic streptococci in the susceptible mammal.

23. The method of claim 22, wherein the immunogenic composition is administered
by subcutaneous injection, by intramuscular injection, by oral ingestion, intranasally,

or combinations thereof.

24. The method of claim 22 wherein the B-hemolytic streptococci is Group A

streptococci, Group B streptococci, Group C streptococci, or Group G streptococci.

25. The method of claim 24 wherein the 3-hemolytic streptococci is Streptococcus

pyogenes.

26. The method of claim 22 wherein the mammal 1s a human.
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or conbi nations thereof. 24. The nethod of claim 22 wherein the b-henolytic
streptococci is Goup A streptococci, Goup B streptococci, Goup C
st rept ocowoi20100053@soup G streptococci. 25. The net hod ofPCElts2emdd32eher ei n

the b-henolytic streptococci is Streptococcus pyogenes. 28 1§%ﬁ' od of
claim 22 wherein the manmal is a human. AMLO3175 PCT 27. Al N{ A ni c

conposi tion conprising a mxture of: (a) an SCP pol ypeptide encoded by a
hucleic acid _§¢qnﬁnﬁﬁu&t%%megm§%>slt%%m§&%g genpkityrto the nucleic acid
sequence of Figure 1 (SEQID NG 1); (b) a peptidyl propyl isonerase

pol ypepti de engoded by a nucleic acid sequence having at |east 90%identity

to the nucl ei & 38 pPHP LRIyRNEE erfeded Byia BckeIq asEGeaYsIRERAINS A least PdYe at | east

one ot her pol yReRY iicideanaadadd BquanR¥eFRLS 138ED 1Dagvence having at |east
90% identity to an nucleic acid sequence selected fromthe group consisting

of (i) Figure SEQ |D NO'5); (ii) Figure 7 EQID NO.7); and (iii)

Figure 9 (sedhgn%%ﬁ@%%mpz/ !SO%aﬁ@gq B rﬁl&odeéﬁbagm?@&ﬁm%feqewm 27, whi ch
further conprhgese & 1QBYBNOldeEIE &) thynatGet Rl Benkebi Ghge 329EQ Th&O: ByIUNOgEN C
conposition of claim27, which further conprises an effective anmount of an

adj uvant . 30. ¥the i mmunogeni ¢ conposition of claim 27 wherein each
pol ypeptide is capable of generating an anti body that specifically

recogni zes said apiehsy BePSth&olypEfli dvBRIoeéd byt AveucRIDUNE se@iensdhaAingrneaqgeni ¢
conposition is effective to prevent or ameliorate colonization or infection
by b-henol yti 8V%¢t{@pbdeseerclinaad sguerpes s Framtraisrous £onsiBs Phiinogeni c
conmposi tion ofjalad MEYAD NOIs§Hiif Mg&ﬂaer(ssgrmw@eﬁ aRd (iii) Figure 9 (SEQ ID
physi ol ogi cal | y-acceptabl e vehicle. 32. The i mmunogeni ¢ conposition of
claim 30, whi 8 Purther conprises an effective

28. The immunogenic composition of claim 27, which further comprises a

physiologically-acceptable vehicle.

29. The immunogenic composition of claim 27, which further comprises an effective

amount of an adjuvant.

30. The immunogenic composition of claim 27 wherein each polypeptide is capable
of generating an antibody that specifically recognizes said polypeptide, and wherein
the amount of said immunogenic composition is effective to prevent or ameliorate

colonization or infection by -hemolytic streptococci in a susceptible mammal.

31. The immunogenic composition of claim 30, which further comprises a

physiologically-acceptable vehicle.

32. The immunogenic composition of claim 30, which further comprises an effective

amount of an adjuvant.

33. The immunogenic composition of claim 30, wherein the B-hemolytic streptococci
is Group A streptococci, Group B streptococci, Group C streptococci, or Group G

streptococci.

34, The immunogenic composition of claim 33, wherein the B-hemolytic streptococci

1s Streptococcus pyogenes.
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anount of an adjuvant. 33. The i mmunogeni c conposition of claim 30, wherein
the b-henolytic streptococci is Goup A streptococci, Goup B streptococci,
G oup C swoeptonssasei , or G oup G streptococci. 34. The PORIISOYRMHI268
conposition of claim33, wherein the b-henolytic strept ocg [ 1'7?51)
Streptococcus pyogenes . AML0O3175 PCT 35. An i nmmunogenic ¢ %8% it
conprising a mxture of: (a) an SCP pol ypepti de having at | east 90%

identity to the ARiMAuALACcIGANRNGRR Bipfditd fixdurt SEQ | D NO 2); (b) a

pepti dyl propyl isonerase pol ypeptide having at |east 90% identity to the
am no acid sequence of Figure 4 (SEQ |ID NQ 4); and (c) at |east gne other
pol ypept i de hé?3iaﬁ505@0hya§§ ¢ b)Ing HeGiet Yo Wentiin todhs ﬁalnae?leswa%ﬁge sel ect ed

fromthe group;eensissimaNoh)(i) Figure 6 (SEQID NO6); (ii) Figure 8 (SEQ
IDNO8); and (1ii) Figure 10 (SEQ ID NO 10). 36. The i nmunogenic

conposi tion of clai 5, ich further rises a ... . :

physi ol ogi cal ﬂg)-aa{’ee@eff%my SRR @5@?@@%@% ANERO LRI NS ApBERT BN of
claim 36, whighdEagutreior E@uRI4 (SBO IBN®@US.@681 ve anmount of an adj uvant. 38.
The i mmunogeni ¢ conposition of claim35 wherein each pol ypeptide is capable

of generating,an anti body that specifically recagni zes sai.d po]ypeptide,
o whor e n CHa lRBGAEE Oer o8B b R ioneR it R BEe Bramedisa RGL Pre ¢ o
prevent or anmgdjueicakeled& @ith ZRtdrp OBhisidting 8€ L) BBuY (BEQEDMNY'L); ¢ii)st r ept ococci
in a susceptible manmmal . 39. The i munogeni c conposition of claim 38, which
further conpr F%ﬁega(sﬁﬁ?y@I&@@in"‘@él(lpgllfléﬁr@gﬁt(%%@@ it e. 40. The imunogenic
conposition of claim38, which further conprises an effective anount of an

adj uvant. 41. 3dhehd ifMMUMOGRIN @nGosHessitdan 36f whiklafumhd&ompfiessai n t he

b- henol ytic S%ﬂy%POHOCOﬁ

Ci .
ogically-acceptable vehicle.

37. The immunogenic composition of claim 36, which further comprises an effective

amount of an adjuvant.

38. The immunogenic composition of claim 35 wherein each polypeptide is capable
of generating an antibody that specifically recognizes said polypeptide, and wherein
the amount of said immunogenic composition is effective to prevent or ameliorate

colonization or infection by -hemolytic streptococci in a susceptible mammal.

39. The immunogenic composition of claim 38, which further comprises a

physiologically-acceptable vehicle.

40. The immunogenic composition of claim 38, which further comprises an effective

amount of an adjuvant.

41. The immunogenic composition of claim 38, wherein the -hemolytic streptococci
is Group A streptococci, Group B streptococci, Group C streptococci, or Group G

streptococci.

42. The immunogenic composition of claim 41, wherein the -hemolytic streptococci

1s Streptococcus pyogenes.

43. A method of protecting a susceptible mammal against colonization or infection

by B-hemolytic streptococci comprising administering to the mammal an effective
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is Goup A streptococci, Goup B streptococci, Goup C streptococci, or
G oup G streptococci. 42. The inmunogeni c conposition of claim4l, wherein
t he b- hermiDybions3e86ept ococci i s Streptococcus pyogenes PCEFRIS2009mei2eod of

protecting a susceptible manmal agai nst col oni zati on or iniﬁﬁéiggﬁgy
b- henol ytic streptococci conprising adm nistering to the

ef fecti veAMLO3175 PCT anount of the i munogeni c conposition of claim 27,

wher ei n each RQL¥RePHHE A8mloseRiL abhSosRfon B8 BIBMIAE T, RtheRih AR phPspddECI fic to
sai d pol ypeptide, and wherein the anount of said inmmunogenic conposition is

effective to pwablent coweratingm viided wesitiniozad rolpeptidermeatieesn B9 b- henol yti c
streptococci bRoidI8r SHPHERIHBM: RPTEtion ﬁ%(fjfe%f}%éﬁgﬁg%gopefméﬁb?a'tén 43, wherein

t he i nmunogeni c conposition i's admnistere B ut aneous 1 njection, by
i nt ranuscul ar c¢lpigatop oninfasyonbaf-hpmefsise stgntoceast indhrssyisdepyble oamewhbi nat i ons
t hereof. 45. The nethod of claim43 wherein the b-henolytic streptococci is

G oup A strepypCoGiheth{d GWRIR 431 HERRLIR ARG Sinun AR ofpsditi Rt QfRRGteredor G oUp
G streptococci. 46. The method of claim45 wherein Phe b- henol yti c

streptococci bPssubcpiaptont miastien. py srjepmesculag mjectpe biyprdh swgedfoncnaangsdlz. wher ei n
the mammal isa QWBRondfered Method of protecting a susceptible mamal
agai nst colonization or 1 ntection by b-henolytic streptococci conprising

adm nistering to the manmmal an effective amount of the imunogenic
conposi ti on oft5.cThd methal ofghémndd whetgshthp Bihgmelytis sleepiosoecalsdlred 8f generati ng

an anti body. SpeGddh (G dyRAbRERLIHFC ABToIREY 6l Bohbe ARRHDLciC . Sai d

i nmunogeni ¢ conposition I's ctive to prevent or ang I orate co?bnization
or infection bé}b-henol tic streptococci in the susceptible mammal. 49. The
net hod of cl ai*tn Hig melhed @ficimpa Whetpimibe Brie@oly BapisdlacpeshisiSy c¥aFchtsst er ed by
subcut aneous pRjsegedion, by intramuscul ar injection, by oral ingestion,

i ntranasal ly, ‘or conbi nati ons thereof.

47. The method of claim 43 wherein the mammal 1s a human.

48. A method of protecting a susceptible mammal against colonization or infection
by B-hemolytic streptococci comprising administering to the mammal an effective
amount of the immunogenic composition of claim 35, wherein each polypeptide is
capable of generating an antibody specific to said polypeptide, and wherein the
amount of said immunogenic composition is effective to prevent or ameliorate

colonization or infection by -hemolytic streptococci in the susceptible mammal.

49. The method of claim 48, wherein the immunogenic composition is administered
by subcutaneous injection, by intramuscular injection, by oral ingestion, intranasally,

or combinations thereof.

50. The method of claim 48 wherein the B-hemolytic streptococci is Group A

streptococci, Group B streptococci, Group C streptococci, or Group G streptococci.

51. The method of claim 50 wherein the B-hemolytic streptococci is Streptococcus

pyogenes.

52. The method of claim 48 wherein the mammal 1s a human.
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50. The nethod of claim48 wherein the b-henolytic streptococci is Goup A
streptococci, G oup B streptococci, Goup C streptococci, or Goup G
st rept ocow0i201086398¢he met hod of cl ai m 50 wherein the b-RemniSya00063268

streptococci is Streptococcus pyogenes. 52. The nethod of I erein
the manmmal is a human. AMLO3175 PCT 53. An inmunogeni c conﬁ@b???ﬁﬁgﬁMh

conprising a mxture of: (a) an SCP pol ypepti de having at | east 90%

identity to the ARINQuASEACSEANRNGR Ohp ity Rixturt SEQ | D NGO 2); (b) a
pepti dyl propyl isonerase pol ypeptide having at |east 90% identity to the
am no acid sequence of Figure 4 (SEQ |ID NQ 4); and (c) a putative adhesion
pol ypept i de h@iaﬁacstpollyaﬂg ¢ bpjang A&Fet LYo Wentiin e BefABC aef SR8 §Shce of
Figure 8 (SEQF|dxeNASES)ID NO:2):

(b) a peptidylpropyl isomerase polypeptide having at least 90% identity to the amino
acid sequence of Figure 4 (SEQ ID NO:4); and

(¢) a putative adhesion polypeptide having at least 90% identity to the amino acid
sequence of Figure 8 (SEQ ID NO:8).

- 40 -



