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Technical Field 5 The present invention relates to the field of

St aphyl ococcal i nmunogeni ¢ conpositions and vacci nes, their nmanufacture and
the use of such conpositions in nedicine. Mre particularly, it relates to

vacci ne composhuigRBATBIASSfGATIRBSEM AT BIAGRIsE he | Teal ment

or prevention o yl'ococca ect’l on usi ng such vacci nes
in 10nedi ci ne and net hods for tﬁgﬁFH&M&QQQQBn are al so provided.
Background The nunber of both community acquired and hospital acquired

i nfections have increased 15 over recent years with the increased use of

i nt ravascul@chdient €ésld Hospital acquired (nosocomal) infections are a
maj or gause of norbidity and nortality, nore particularly in the US, where
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Enori and Gaynes, 1993, Cdin. Mcrobiol. Rev. 6; 428). 25Staphyl ococcus
aur eus, g ul!(ase gative Staphyl ococci (nostly Staphyl ococcus

epi der ni di 30 %’fﬂqﬂ coccus spp, Esherichia coli and Pseudononas aerugi nosa
are the mgj or nosocom al pathogens. Although those pathogens al nost cause

t he same nunber of infections, the severity of the disorders they can
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35abscesses and tOXI C dis'is a normal skin
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S. epider dISI 1 with antibiotics with penicillin

bei ng t he 5(18 ' gh%[ &‘S“v&%}éq?é% é‘a%(g‘rryci nis used for nethicillin
resistant isolates. The percentage of staphyl ococcal strains exhibiting

W de- gpect siuphyiRstalsanoeut, 0 (Raglikiedtdgagve Staphylococcl (mostly Staphylococcus
epidermidis), enterococcus spp, Esherichia colf and Pseudomonas aeruginosa are the
major nosocomial pathogens. Although those pathogens almost cause the same number
of infections, the severity of the disorders they can produce combined with the frequency
of antibiotic resistant isolates balance this ranking towards S. aureus and S. epidermidis

30  as being the most significant nosocomial pathogens.

Staphylococcus aureus is the most common cause of nosocomial infections with a
significant morbidity and mortality (Romero-Vivas et al 1995, Infect. Dis. 21, 1417). It is
the cause of some cases of osteomyelitis, endocarditis, septic arthritis, pneumonia,

35  abscesses and toxic shock syndrome.



10 has becone increasingly prevalent since the 1980's (Panlilo et al 1992,
I nfect. Control. Hosp. Epidemol. 13; 582), posing a threat for effective
antimcrobial therapy. In addition, the recent enmergence of vanconycin
resistant S. aureus strain has aroused fear that nmethicillin resistant

S. aur eus stral ns will energe and spread for which no effective therapy is
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vacci n&s agai nst staphyl ococcal infections. 5Accordingly the present

i nvent i onApratieindide approavhnai agegiacticaligsomiatrisb stapameotel agticens lie agisivewo

di T erent i GfoidihyOfiad BLARAENGEieh! JALER! SnvbRRGRminSEHBL (R bofyoRmpal | east

two groups of protéins or | nmunogeni c ments sel ected fromthe follow ng
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bi ndi ng ppRbAo antBdl BFINRUSRsiendid /ENEVO obsesenf sel ected from the group
consigting of lamnin receptor, SitC MtC saliva binding protein, EbhA,
EbhB, &l astin bi ndi ng protein (EbpS) EFB (FIB), SBI, autolysin, CGfA
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toxin (Ha al L0, H35R nutant, RNA Il activating protein (RAP). 25
Descripti %3';?*86’? R’E@&h@éé%] gure 1 - Polypeptide sequences of preferred
proteins. Table 1 provides information on which protein is represented by

each SEQ 4f 3395Ae99 Sn&ne hB!’BE&P m%ﬂée%%%s@ eﬁfﬁe%ea%@@&é&e&seq%@r ot eins.
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t hr ough frntmft:dbm(eVd)M/%%gp‘Mamsgha&)e 4 - fractions eluted with 10% buffer
B, lane 5 - fractions eluted with 20% buffer B, lane 6 - fractions eluted
wth 30% buffer B, lane 7 - fractions eluted with 50% buffer B, |ane 8 -
fractions eluted with 75% buffer B, lane 9 and 10 fractions eluted with
100% buffer B, |ane 11 40bacteria at 1=0 before induction, |ane 12-
bacteria at 1=4 hours after inducti on,2I ane 13 -



cell lysate, lane 14- soluble fraction, lane 15- insoluble fraction. Panel
B shows a coommassi e stai ned SDS- PAGE of 10, 5, 2 andof the purified al pha
toxin. Figure 4- Purification of SdrC underdenaturing conditions. Panel A
shows a coommassie 5 stained SDS- PACE of sanples prepared during the
purification of alpha toxin. Lane M- nol ecul ar weight markers, lane Start
- super nattantirsf geowrtiof povacthes tangaddibdanst Saeyrieonocagdinest fiengxopweainsekpr essed
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eluted w S o . uffer D, |ane

- fracti o[tnegn aﬁ?tﬁméegHEé ﬁlelgﬁfe bgéﬁg%%cfgtﬁg%%ﬁs%&%ﬁ@\}%& g&ém&nﬁggéi e stained

SOS- PAGE of 1, 2, 5 and 10l of the purified SdrC. Figure 5 - ELISA results
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extracted post-imuni sati on. Pool rabbit pre - result using pooled sera
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m ce ¥muni sed three tinmes with the indicated staphyl ococcal protein. The

l i ne marked witdup30 atlieastome stipgpiscasiia\itansimsteERIOGAN peisumuncfigiic pagmenimune

nmouse ser ferdof gele@ed fromEthé Sfoupesansisting oF Intalvbtsmiaaiti ABC dransposted lsdfai nst

st aphyl ocRgs aligRrRnepditer, | Shoiraing ABeOR§sbrar;t h killed staphyl ococci. 35Panel
A uses plates coated with S. aureus serotype 5 killed whole cells. Panel B

uses plates coated with S. aureus ser otlyFe 8 kil Lﬂ?d %ojﬁ cells. Panel C
uses %i ates cOHPWIGhith Pt ISPl BPTH HREVIRPIICRI RAMEIE RleMYEenoPhdo 1 mar ked
wi t h squaimengiogeric Fhgnentttheredt| seftadeisan theugiody candistioard anherip¥aldet s 40

i Mmuni sedafpie ©&in H3BR ISt TRIA @1 dotiddting edeis (R4FF)y | ococcal protein (except for
Har A where only one i mmuni sation was given). The |line marked with di anond
signs shows the ELISA result for pre-immne rabbit sera. Detailed
descripti@gn The .present inyention discloses particular conbinations of

St ap c@@@&f'pgﬁ i%‘iﬁ@%ﬁf"ch 5 when conbi ned, lead to the production of an
i rmunogeni ¢ conposition that is effective at treating or preventing
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Figure 3 - Purification of alpha toxin under native conditions. Panel A shows a
coommassie stained SDS-PAGE of samples prepared during the purification of aipha

35 toxin. Lane 1 — molecular weight markers, lane 2 — soluble fraction containing over-
expressed alpha toxin, lane 3 — flow through from the Ni-NTA column, lane 4 — fractions
eluted with 10% buffer B, lane 5 - fractions eluted with 20% buffer B, lane 6 — fractions
eluted with 30% buffer B, lane 7 — fractions eluted with 50% buffer B, lane 8 — fractions
eluted with 75% buffer B, tane 9 and 10 fractions eluted with 100% buffer B, lane 11

40 bacteria at T=0 before induction, lane 12 — bacteria at T=4 hours after induction, lane 13 ~
cell lysate, lane 14 - soluble fraction, lane 15 — insoluble fraction.



st aphyl ococcal life cycle involves commensal colonisation, initiation of

i nfection by accessing adjoining tissues or the bl oodstream anaerobic

mul tiplication in the blood, 15 interplay between S. aureus virul ence
determ nants and the host defence nechani snms and i nduction of conplications
i ncludi ng endocarditis, nmetastatic abscess formation and sepsis syndrone.
Di f f er ent Pamdi Bchbes a coorthesstausthiaabSDE-FAGE dFa0f &3 ana W bfl thdpurifing alpiied i n

di fferentigxfheps of the infection cycle. By targeting the inmune response
agai nst an effective anount of a conbination of particular antigens
involved Ln different pr sses, of 20St aphyl ococcal infection, a .
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can bed acHpreoe$DSHAGR Pt sasunles prepsad Pwigi tha sudicatiasy of ginbadein-ders M rom
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i mmunodon nant ant | an. el1cit an rmune response protects

agai nst %"f]c?*f’ *‘r%“‘&?g’g@gu‘iﬁ’ i nf ection. The effectivness of the i mune
respotse Bant! Behpnsd GrapmassterdainghSRFiPAEE qrddel B0 Bskejie pSTieeS# G bed i n

t he exanpl es and/ or using an opsonophagocyti c assay as described in the
exanpl es. Figure/ -aEIGSA ire0Ad fRvBsHraGEaindt StdiMyloBRR prolinksS il iates Idhsted

combi nat i Qi mriﬁ@@b}m of the invention fromdifferent famlies of
proteins In an I nmunogeni c conposition wll enable 35protecti on against a
wi der range of strains. The invention relates to inmunogeni c conpositions
conpr i ngo%i nisLRTRI- EHUlGsINgrRacEr herasiiiseied oy BiRe Rte-nrecstatiemd ogl icer ent

cat egor i eBogtflll prregudivsing ravied gnadisé Benaentraétech pedtdnmunisatin nP &t aqitbitlpozecci .
Exanpl es @buls usihg pabied aeiacéxtatted fRINe rdbbitd hi-iAndduReen. | RUcR Fatidit eisn gl pr ot ei ns,
transport Rk, IPEMEHIRITHHR B &6a86d PoSirhinRisRIoR! b NgahyofiR).Or regul ators
of virulence an 5 ot her 1 munodom nant proteins. The vaccl ne conbi nati ons
of the invention are effective agai nst honol ogous Staphyl ococcal strains
(st rafths from which the anti gens are derived) and preferably al so agai nst
het er ol ogoggeSi aphyfdcessdaliorsmeutenantisera raiseageinshaiaeioceccebpptedistinon of

t he i nvenplates cenapwittsiafedastapnpibesccdf proteins equal to or 1lO0greater than 2,
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" ecephtor , PIERE CPIAE (W18 4 (AVEPUBISRERRS T KBELITHOIE EB15A,PABHHE, U581 Reiee oBleflai ng
prot ei n (ElpS)epriderpidisrkilBy wheBicellsaut ol ysin, CfA, SdrC, SdrG SdrH, Lipase
GehD, SasA, FnbA, FnbB, Cna, 15C fB, FbpA, Npase, |saA/PisA, SsaA, EPB,
SSP- 1, SStheZiind BRrikeY| iftoftR&kd Bighé RALRD tHRY BLBANesihi Qéih?%ﬁ%r&plﬁﬁm M@eprotein,
Coagu! aselmnﬁ]ngs.egr%ﬂe%%e wihO U iR%iiﬁéte@ts}erﬁ@?éocgﬂg)rc?ug.iﬁp N%]%O%gﬁthd witﬁn.Spo.r ter
protein or m@norgem c fra ment ereorsel ecte romthe group consisting
of | riflinGUBRP LA TSABENE e FLboh fosi ! o SEpATTILSREIOWE S5t r anspor ter, SitC and
Ni ABC transporter; 20 group c) - at |east one staphylococcal regul ator of
Vi rul encegigtrext A GLISAMREGIGgRNIrabitr Ageeatralbe ngaihstsedmyioechchr psteiizeingr oup

consi st i Ngatef cadi@@itd 1@dastddAlBdacch! Pha toxin H35R nutant, RNA I
activating protein (RAP). For exanple a first protein is selected from

roup..a),_b r c nd a second protein is 25se|lected from.a group sel ected
Pr om et bulebt usgh ks ATkl R BUE h SeOTRE Pyed O BB 6 SR I
a pref er ridefee spyad mehtS. aurpws isataimegl ifled woalposlis iRswelo? usere pialpgeiepiedn .
cont ai ns waith $.epstermioi kiiedaola csisl ected from group a) and an additi onal
protein selected fromgroup b) 30and/or group c).
The line marked with square signs shows the ELISA result using antisera from rabbits
40  immunised three times with the indicated staphylococcal protein (except for HarA where
only one immunisation was given). The line marked with diamond signs shows the ELISA
resuit for pre-immune rabbit sera.



In a further enbodi nent, the imunogenic conposition of the invention
contains at | east one antigen selected fromgroup b) and an additional
protein selected fromgroup c) and/or group a). 35 1In a further

enbodi ment, the i mrunogeni c conposition of the invention contains at |east
one antigen selected fromgroup c) and an additional protein selected from
group a) and/or group b). 40The i mrunogeni ¢c conposition of the invention
sui tabl y twtsded<igaaipgiorss from S. aureus, and/or S. epidernmidis. Proteins
| munogeni ¢ conpositions of the invention conprise an isolated protein
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i nvent'? onefegtssipraing P¥&YFent s conprising at least 10 am no acids,
preferably 20 am no aci ds, m)re preferably 30 am no 15 acids, nore
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ore1er a0l K SRUBIRS 5o Shomen Ui ASbelh B, BRELT P RARR B O |
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ant | bod! escAefd ABhiRIR0S of IR SbaRXLAC ﬁﬁb.@wt lioRin e Biogit | od! es
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extracel | pbaksddosmdaay 0fn e dehn which has at | east 85%identity,
preferably at |east 50% identity, nore preferably at |east 95% i dentity,
nost preferably at |east 97-99% identity, to that a sequence selected from
Figure 1 mvwrﬁdurme @mdlﬁaao;hfagéelnamfarﬁ@@sffrcagﬂﬁbtensaqssescmmeBGEN«rs@a aracl uded
of S aphy TS0k RRe S Gore) e SSERMAP rEERen DI B ag) Poefaca
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Al ternatively, usi on protein may conprise multiple portions of at |east
2, 3, 4 oflagEssHdpesiPBcoccal proteins. These may conbine different

35St aphyl ococcal proteins or inmmnogenic fragnents thereof in the sane

pr ot ei n. te tivel the invention als nclude 1.ndi vi dual ion

Dt ot oi o 51 SlEASS bt TS FErRE £o1 M AEHI G el Pag e At 02t FURBGT  as a
f usi 080 pr adseys avi ddscht&tdemlrmgeanmmaedfoeslsmgcﬂn apsanophagocytier asshy 'léscel I

epi t opes ag for exanple: [3- gal actosidase,

gl ut at hi o(gées-C - dlr’él}lh(sé%éraagleg gr een fluorescent proteins (GFP), epitope tags
such as FLAG nyc tag, poly histidine, or viral surface proteins such as

I nfl uenzaay 'a{dHﬁo@?%&Qéé”o\‘ %é]mv@ﬁt:oﬁa@tt%i #e %rﬁélﬁéﬂ'aﬁ &f%g@ﬁs behRnus
t oxoi d, diphtheria toxoid, CRML97. 1 e follow ng table sets out

the SEQ | DERD SR diferspieteatiies pf ;w%%l@% m @%d{ﬂ@ﬁ&%n&rﬁ?wﬂ%wewe@ t hat
ar e fgaundprocldrgiyatsia ardr FingélbBstRinsespect i vel y. SA indicates a sequence 10
fromS. aureus and SE indicates a sequence from S. epidermdis. Nane

Protei n sequence DNA sequence



| mmunodom nant ABC transporter SA SE SEQID1 SEQID 34 SEQID 2 SEQ ID
35 Lam nin receptor SA SE SEQID 3 SEQID 36 SEQID 4 SEQ ID 37
Secretory Antigen A SsaA SA 1 SA 2 SE

The invention relates to immunogenic compositions comprising a plurality of proteins
selected from at least two different categories of protein, having different functions within
Staphylococcl. Examples of such categories of proteins are extracellular binding proteins,
transporter proteins such as Fe acquisition proteins, toxins or regulators of virulence and

5  other immunodominant proteins. The vaccine combinations of the invention are effective
against homologous Staphylococcal strains (strains from which the antigens are derived)
and preferably also against heterologous Staphylococcal strains.

An immunogenic composition of the invention comprises a number of proteins equal to or
10  greater than 2, 3, 4, 5 or 8 selected from 2 or 3 of the following groups:

e group a) - at least one staphylococcal extraceliular component binding protein or
immunogenic fragment thereof selected from the group consisting of laminin receptor,
SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB
(FIB), SBI, autolysin, CIfA, SdrC, SdrG, SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna,

15 CIfB, FbpA, Npase, isaA/PisA, SsaA, EPB, SSP-1, 88P-2, HBP, Vitronectin binding
protein, fibrinogen binding protein, coagulase, Fig and MAP;

« group b) - at least one staphylococcal transporter protein or immunogenic fragment
thereof selected from the group consisting of immunodominant ABC transporter, IsdA,
IsdB, Mg2+ transporter, SitC and Ni ABC transporter;

20 e group c} - at least one staphyiodocca! regulator of virulence, toxin or immunogenic
fragment thereof selected from the group consisting of alpha toxin (Hla), alpha toxin
H35R mutant, RNA 11l activating protein (RAP).

For example a first protein is selected from group a), b) or ¢) and a second protein is
25 selected from a group selected from groups a), b) and ¢) which does not include the
second protein.

In a preferred embodiment, the immunogenic composition of the invention contains at
least one protein selected from group a) and an additional protein selected from group b)
30 andfor group c).

In a further embodiment, the immunogenic composition of the invention contains at least
one antigen selected from group b) and an additional protein selected from group c)
and/or group a).

35
In a further embodiment, the immunogenic composition of the invention contains at least
one antigen selected from group ¢) and an additional protein selected from group a)
and/cr group b).

40  The immunogenic composition of the invention suitably contains proteins from S. aureus,
andlor S. epidermidis.



SEQID5 SEQID 38 SEQID6 SEQID39 SEQID 7 SEQID 40 SitC SA SE

SEQID S8 SEQID41 SEQID 9 SEQID 42 IsaA / PisA (IssA) SA SE

10

10

15

20

25

30

35

Proteins

Immunogenic compositions of the invention comprise an isclated protein which comprises
an amino acid sequence which has at least 85% identity, preferably at ieast 90%
identity, more preferably at least 95% identity, most preferably at least 97-99% or exact

identity, to that of any sequence of figure 1.

Where a protein is specifically mentioned herein, it is preferably a reference to a native or
recombinant , full-length protein or optionally a mature protein in which any sighal sequence
has been removed. The protein may be isolated directly from the staphylococcal strain or
produced by recombinant DNA techniques. Immunogenic fragments of the protein may be
incorporated into the immunogenic composition of the invention. These are fragments
comprising at least 10 amino acids, preferably 20 amino acids, more preferably 30 amino
acids, more preferably 40 amino acids or 50 amino acids, most preferably 100 amino acids,
taken contiguously from the amino acid sequence of the protein. In addition, such
immunogenic fragments are immunologically reactive with antibodies generated against the
Staphylococcal proteins or with antibodies generated by infection of a mammalian host with
Staphylococcl. Immunogenic fragments also includes fragments that when administered at
an effective dose, (either alone or as a hapten bound to a carrier), elicit a protective immune
response against Staphylococcal infection, more preferably it is protective against S. aureus
and/or 8. epidermidis infection. Such an immunogenic fragment may include, for example,
the protein Jacking an N-terminal leader sequence, and/or a transmembrane dornain and/or
a C-terminal anchor domain. In a preferred aspect the immunogenic fragment according to
the invention comprises substantially all of the extracellular domain of a protein which has at
least 85% identity, preferably at least 90% identity, more preferably at least 95% identity,
most preferably at least 97-99% identity, to that a sequence selected from Figure 1 over the
entire length of the fragment sequence.

Also included in immunogenic compositions of the invention are fusion proteins composed
of Staphylococeal proteins, or immunogenic fragments of staphylococcal proteins. Such
fusion proteins may be made recombinantly and may comprise one portion of at least 2,
3, 4, 5 or 6 staphylococecal proteins. Alternatively, a fusion protein may comprise multiple
portions of at least 2, 3, 4 or 5 staphylococcal proteins. These may combine different
Staphylococeal proteins or immunogenic fragments thereof -in the same protein.
Alternatively, the invention aiso includes individual fusion proteins of Staphylococcal

7
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SEQID 43 SEQ ID 11 SEQ ID 44 EbhA / B SA EbhA SA Ebhf3 SE EbhA SE EbhB
SEQ 1D 12 SEQID 45 SEQID 13 SEQID 46 SEQID 14 SEQ ID 47 SEQ ID 15
SEQ I D 48 Accunul ati on-assoc pro Asp SA SE SEQ ID 16 SEQ I D 49

proteins or immunogenic fragments thereci, as a fusion protein with heterologous
sequences such as a provider of T-cell epitopes or purification tags, for example: -
galactosidase, glutathione-S-transferase, green fluorescent proteins {GFP), epitope tags
such as FLAG, myc tag, poly histidine, or viral surface proteins such as influenza virus

5  haemagglutinin, or bacterial proteins such as tetanus toxoid, diphtheria toxoid, CRM187.

Table 1
The following table sets out the SEQ ID numbers of preferred protein sequences and DNA
sequences that are found in Figure 1 and Figure 2 respectively. SA indicates a sequence
10  from S. aureus and SE indicates a sequence from S. epidermidis.

Name Protein sequence DNA sequence
Immunodominant ABC transporter
SA SEQID1 SEQ D 34
SE SEQIDZ2 SEQID 35
Laminin receptor
SA SEQID3 SEQ ID 36
SE SEQID4 SEQ ID 37
Secretory Antigen A SsaA
SA1 SEQIDS SEQ 1D 38
SA2 SEQID 6 _ SEQ ID 39
SE SEQID7 SEQ 1D 40
SitC
SA SEQIDS SEQID 41
SE . SEQID9 SEQ 1D 42




SEQ ID 17 SEQ ID 50 RNA Il activating protein RAP SA SE SEQ I D 18 SEQ
ID51 SEQID 19 SEQID 52 FIG/ SdrG SA SE SEQ ID 20 SEQID 53 SEQID
2.1 SEQID 54 Elastin binding protein EbpS SA SE

IsaA / PisA (IssA)
SA SEQID 10 SEQID 43
SE SEQ 1D 11 SEQ ID 44
EbhA/ B
SA EbhA SEQID 12 SEQID 45
SA EbhB SEQID 13 SEQID 46
SE EbhA SEQ D 14 SEQ D 47
SE EbhB SEQID 15 SEQ D 48
Accumulation-assoc pro Aap
SA SEQID 16 SEQ 1D 49
SE SEQ D 17 SEQ D 80
RNA Il activating protein RAP
SA SEQID 18 SEQ ID 51
SE SEQ ID 19 SEQID 82
FIG/ SdrG
SA SEQID 20 SEQ 1D 53
SE SEQID 21 SEQ ID 54
Elastin binding protein EbpS
SA SEQID 22 SEQID 55
SE SEQID 23 SEQID 56
Extracellular protein EFB SA SEQID 24 SEQ D 57
alpha toxin SA SEQID 25 SEQID 58
SBI SA SEQ ID 26 SEQID 59
IsdA SA SEQID 27 SEQ ID 60
IsdB SA SEQID 28 SEQ ID 61
SdrC SA SEQID 29 SEQ ID 62
CIfA SA SEQ D 30 SEQ ID 63
FnbA SA SEQ ID 31 SEQ ID 64
ClfB SA SEQID 32 SEQ ID 65
Coagulase SA SEQID 33 SEQID 68
FnbB SA SEQ D 67 SEQID 71
MAP SA SEQ D 68 SEQID72
l_§drC SA SEQ ID 69 SEQID 73
SdrG SA SEQID 70 SEQID 74

Extracellular component binding proteins

Extracellular component binding proteins are proteins that bind to host extracellular
components. The term includes, but is not limited to adhesins.




SEQID 22 SEQID 55 SEQID 23 SEQ ID 56 Extracellular protein EFB SA SE
ID 24 SEQ ID 57 alpha toxin SA SEQ ID 25 SEQ ID 58 SBI SA SEQ ID 26 SEQIQD

59 IsdA SA SEQ ID 27 SEQ ID 60 IsdB SA SEQ ID 28 SEQ ID 61 SdrC S
29 SEQ 10 62 O fA SA ° ° reSA SR

Examples of extraceliular component binding proteins include faminin receptor (Naidu et
al J. Med. Microbiol. 1992, 36; 177), SitC/MnitC/saliva binding protein (US5801234,
Wilishire and Foster Infec. Immun. 2001, 69; 5198), EbhA (Williams et al Infect. Immun.
2002, 70; 6805), EbhB, Elastin binding protein (EbpS) (Park et al 1999, J. Biol. Chem.
5 274; 2845), EEB (FIB) (Wastfelt and Flock 1995, J. Clin. Microbiol. 33; 2347), SB! (Zhang

et al FEMS Immun. Med. Microbiol. 2000, 28: 211), autolysin {(Rupp et al 2001, J. Infect.
Dis. 183; 1038), CfA ( US6008341, McDevitt et al Mol. Microbiol. 1994, 11; 237), SdrC,
SdrG (McCrea et al Microbiology 2000, 146; 1535), SdrH (McCrea et al Microbiology
2000, 146; 1535), Lipase GehD (US2002/0169288), SasA, FnbA (Flock et al Mol

10 Microbiol. 1004, 12; 599, US6054572), FnbB (WO 97/14799, Booth et al 2001 Infec.
Immun. 69; 345), collagen binding protein Cna (Visai et al 2000, J. Biol. Chem. 2785,
39837), CHB (WO 99/27109), FbpA (Phonimdaeng et al 1988 J. Gen Microbiol. 134; 75),
Npase (Flock 2001 J. Bacteriol. 183, 3999), IsaA/PisA (Lonenz et al FEMS Immuno. Med.
Microbiol. 2000, 29; 145), SsaA (Lang et al FEMS Immunol. Med. Microbiol. 2000, 29;

15  213), EPB (Hussain and Hermann symposium on Staph Denmark 14-17" 2000), SSP-1
(Veenstra et al 1996, J. Bacteriol. 178; 537), SSP-2 (Veenstra et al 1986, J. Bacteriol.
178; 537), 17 kDa heparin binding protein HBP (Faligren et al 2001, J. Med. Microbiol. 50,
547), Vitronectin binding protein (Li et al 2001, Curr. Microbiol. 42, 361), fibrinogen
binding protein, coagulase, Fig (WO 97/48727) and MAP (US5648240)

20
SitC/MntC/lsaliva binding protein

This is an ABC transporter protein which is a homologue of adhesin PsaA in S,
pneumoniae. 1t is a highly immunogenic 32kDa flipoprotein which is distributed through the

25  bacterial cell wall (Cockayne et al infect. Immun. 1998 66; 3767). It is expressed in S.
aureus and S. epidermidis as a 32kDa lipoprotein and a 40kDa homologue is present in
8. hominis. In S. epidermidis, it is a component of an iron-regulated operon. It shows
considerable homology to both adhesins including FimA of Streptococcus parasanguis,
and with lipoproteins of a family of ABC transporters with proven or putative metal iron

30 transport functions. Therefore SitC is included as an extracellutar biding protein and as a
metal ion transporter.

The saliva binding protein disclosed in US5,801,234 is also a form of SitC and can be
included in an immunogenic composition of the invention.

35
ClfA and CifB
Both these proteins have fibrinogen binding activity and frigger S. aureus to form clumps
in the presence of plasma. They contain a LPXTG motif common to wall associated
40  proteins.

CIfA is described in USB008341 and CIfB is described in WO 99/27109.

10



SEQ ID 30 SEQ I D 63 FnbA SA SEQ 10 31 SEQ 10 64 CfB SA SEQ ID 32 SEQ 10 65
Coagu lase SA SEQ ID 33 SEQ ID 66 FnbB SA SEQ ID 67 SEQ ID 71 MAP SA SEQ 10
68 SEQ ID 72 SdrC SA SEQ 10 69 SEQ 10 73 SdrG SA SEQ ID 70 SEQ 10 74
Extracel [ ul ar conponent binding proteins Extracellular conponent binding
proteins are proteins that bind to host extracellular conponents. The term
I ncl udes, but is not l[imted to adhesi.ns.

Coagulase {FbpA)

This is a fibrinogen binding protein which triggers S. aureus to form clumps in the

5 presence of plasma. It is described in references related to Coagulase : Phonimdaeng et
al (J. Gen. Microbio, 1988, 134:75-83), Phonimdaeng et al. (Mol Microbiol 1990; 4:393-
404), Cheung et al. (Infect Immun 1995; 63:1914-1920) and Shopsin et al. (J. Clin.
Microbiol. 2000; 38:3453-3456).

10 Preferred fragments for inclusion in the immunogenic composition of the invention include
the mature protein in which the signal peptide has been removed (amino acids 27 to the
C-terminus).

Coagulase has three distinct domains. Amino acids 59-297 which is a coiled coil region,

15  amino acids 326-505 which is a proline and glycine rich region and the C-terminal domain
from amino acid 506 to 645 which has a beta sheet conformation. Each of these domains
is a preferred fragment of the invention.

SdrG- Fbe —~ EfBFIG

20
Fbe is a fibrinogen binding protein that is found in many isolates of S. epidermidis and has
a deduced molecular weight of 119 kDa (Nilsson et al 1998. Infect. Immun, 66; 2666). Its
sequence is related to that of clumping factor from 8. aureus (CIfA). Antibodies against
Fbe can block the binding of S. epidermidis to fibrinogen coated plates and to catheters

25 (Pel and Flock 2001, J. Infect. Dis. 184; 52). This protein is also described as SdrG in
WO 00/12689. SdrG is found in coagulase negative staphylococcl and is a cell wall
associated protein containing a LPXTG sequence.,

SdrG contains a signal peplide (amino acids 1-51), a region containing fibrinogen binding

30 sites and collagen binding sites (amino acids 51-825), two CnaB domains (amino acids
627-698 and 738-809), a SD repeat region (amino acids 825-1000) and an anchor domain
{amino acids 1009-1056).

Fbe has a putative signal sequence with a cleavage site between amino acids 51 and 52.
35 Therefore a preferred fragment of Fbe contains the mature form of Fbe extending from
amino acid 52 to the C-terminus (amino acid 1,082).

The domain of Fbe from amino acid 52 to amino acid 825 is responsible for fibrinogen

binding. Therefore a preferred fragment of Fbe consists of or contains amino acids 52-
40 825

1



Exanpl es of extracel |l ul ar conponent binding proteins include | am nin
receptor (Naidu et al J. Med. Mcrobiol. 1992, 36; 177), SitC MtC/ saliva
bi ndi ng protein (US5801234, WIltshire and Foster Infec. Imun. 2001, 69;
5198), EbhA (WIllians et al Infect. |mmun. 2002, 70; 6805), EbhB, Elastin
bi nding protein (EbpS) (Park et at 1999, J. Biol. Chem 5 274; 2845), EFB

(FI B) (Wsid fddiorapetwEb@GnidP 98¢ 373 sHans1dVoe Fabi ghows 3Bs n&i%%)msesahmﬁ Zhang et

aI FENS | I RupB.- | 2001,

. Infect E@F%E'en 18%”%‘8%?19@%?? ig%q%ég\ggg%%i&e Rﬁééel@la@ore%[& al I\/ba% A
M crobi oI %994, 11; 237), SdrC, SdrG (McCrea et at M crobi ol ogy 2000, 146;
1535), SdrH (McCrea et at M crobi ol ogy 2000, 146; 1535), Lipase GehD
(US2002/ 0ABBR88)s 83asA04FobPod fntbis ahighdy rapsiitive Teginn eororisisad Of tpodpmly 12; 599,

US605457 2)epeftbdh BsfoW@ R4 sk 68Ane Boiatids. et al 2001 Infec. |nmun. 69; 345)
col l agen binding protein Cna (Visai et al 2000, J. Bi oI Chem 275; 39837),

OB (VO 99/27109), Fhp q 34; 75).
Npase (FI% §3pbienBhg &R 1""”@8‘3"%@@6?% ‘%ﬁgé) t‘g‘g 89&@%1} FEVG
s (P O el g0 e oogise g s beeadEROYarIgest | ud&éﬁ@ PPRHGROl . Med.
M cr ob? al corgdedg op QOHSMHQQB?mmEPBIdé PRr82%  aminmep naiR3eslE §58R St aph
Denmar k  165ELY IrhN@GDe) WOSBIPEal7 () eemstatals €v3-a57 196 1D MO Babwer 0316470y 8; 537)

SSP-2 (Veghsh ra%d@h?%#?@@@ 1B- N@@C&f%@&imeﬁ@ arfind )acnctﬂ S4Baimpakids bi nding
protein I—E&%é rerqu% ?%2%%1 g é\ﬁﬁcrﬁ‘m A CidSB %Qf, é{hgﬁonectl n

bi ndi ng protelh 1 f|br|nogen

bi ndi ng pPd& n, coagul ase, Fig (V\D 97/ 48727) and MAP (US5648240) 20

SitC Mt O sal i va bi ndi ng protein This is an ABC transporter protein which

i s a honmoPegusbipfanagthesiclypélsia hevinga spanenn®at laast 80, 8§%atf.gdr%, dsfunogeni ¢

32kDa | i p@ﬁ%Ob@%ngm &N 166 Cﬂo% b efiHehsQuehcd Bese@5ihact su ikl21cel | wal |

(Cockayne,, grSrPgrtag. niE Gl ”lngg}d%e i gg mnBJfW '3"4*‘2'3-3 expressed in S. aureus
a

and S. epl I's as |po e| n an kDa honol ogue is present
in S homnis. In S epidermdis, |t is a conponent of an iron-regul ated
oper of0 | Thes trompositensi @brian| BVaEeI GRjgnaly BRTRIsadRe §RgEENnel dif RETRI mA of
St r ept oc opdyrEpidusakanipad spownd wWith |ipoproteins of a famly of ABC
transporters with proven or put ative netal iron 30transport functions.

rTeregFf Iogg tép{{%sﬁ rg'n% s?g@aregédugg%,lnw& Mo gbdzgﬁgatmo%aﬁ! Bn@&dtfégoi 234

{
is also a®1BPH °"§%§ ‘étre?g ﬁxﬂ@pt? ﬁ%ﬁ‘%ﬁg‘%fp(foﬁm%or\dmc osela(?'d Jrfpdsi ti on of
t he i AveniPhh 228548 328 f@ﬁdzﬁ?@ﬁg’@? hl-69k 480 bEER. 18R alB5Y. 140 nb‘ % bi ndi ng
activity &620t1-6tyer6t®, 3aToeudi-637, Bo16AP of SEESID A6 thecquessesnayingf853h.asna.

They cont gion, g2od, BEFGonmt 0% copyne obe, inéliity ta Ssacicatest 26@peoteins. CfA is
described in U86008341 and G fB is described in WO 99/ 271009. Coaoul ase

(FbpA) This.is in n bin whi ch er.s. reyus to
form cl un%r'ffei”r?d ngeg ﬁgg@ T i Pe‘g'ldg r?éeﬁ@d]havesa WeEshé e'rgglfjﬁe fef 8rences
rel at 8% t@ma@@nt%@asﬂm@ﬁmww&e@ﬁmaﬁat(oy Gen. M crobio, 1988,

134: 75-83), Phoni ndaeng et al. (Ml Mcrobial 1990; 4:393- 404), Cheung et

al . (I nf egindrérprereribQ92gmeat 8 Ik (DRRMg seaderBeepsin et al. (J. din.
M crobi ol . 2000; 38:3453- 3456) 10Preferred fragnents for inclusion in the

i mmunogen 9s tio n
whi ch ?he' Hoh sl s sg%gé@%%ﬁ*ﬂﬁgéﬂggﬁ*ﬁéﬁ?&ﬁw&% kSl
C-term ’EWP&E’&T%%%E%"W%@V%SEF?WE%Q SHETHEEESERTHE VST YS9 97 whi ch
is a (:Oil gg;N@QﬂGKEguggE@ﬁﬂKVKEDsTTSQPSGYTNIDEKESNQDE

LLNLPINEYENKARPLSTTSAQPS IKRVTVNQLAARQGSNVNHLIKVTIDOS ITECGYDDSEGVIKAHDAENL LY

DVIFEVDDKVKSEDTMTVD IDKNTYPSDLTDSFTIPKIKDNSGET IATGTYDNKNKQI TY TFTY VDRYENTK

BHLKLTSYIDKSKVPNNNTKLDVEYKTALSSVNKTITVEYQRPNENR TANLOSMFTNI DTKNHTVEQTIY INP
40  LRYSAKETNVNISGNGDEGST

IIDDSTI I KVYKVEDNONLEDSNRIYDYSEYEDVTNDDYAQLENMND VN INFGNIDSPY I TKVISKYLPNKDD

YITIQOTVIMOTTINEY TGEFRTAS YDNT I AFSTSSGOEOSDLPPERTYKIGDY VREDVIKDG LONTHDNE KR
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15 am no acids 326-505 which is a proline and glycine rich region and the
Ctermnal domain fromamno acid 506 to 645 which has a beta sheet
conformati on. Each of these domains is a preferred fragnment of the
invention. SdrG Fbe - EfB/FIG 20 Fbe is a fibrinogen binding protein that
is found in many isolates of S. epidermdis and has a deduced nol ecul ar
wei ght 0fLslrilzﬁrrkﬂ’éﬁbéﬁKEWQD&YQ%GLM&YM&&E@QEHﬂT@M&FNL&&DSﬂﬁ@ﬁ')v-‘rlﬂrd S
sequence dn%m%ﬁ%@ﬁy%@pr%@ nat of clunping factor fromS. aureus (C1fA).

Ant i bodi

1 br nogal S AR e BT b R rt PE e Tt i D fing B SRR T A B o

| nfect. DBINEPAPGEE YOHEEFPEONSF O n i s al so descri bed as SArGin V\D

00/ 12689. SdrG is found in coagul ase negative staphylococci and is a cell
wal | associated protein containing a LPXTG sequence. SdrG contains a signal
pepti de (EgRANRadHhEAS 1-51), a region containing fibrinogen binding 30 sites
and col | agen brinding sites (amno acids 51-825), two CnaB domai ns (am no

aci ds 62700004y 30 B00h o 53 6080l T 85h AR OR: SCHIRAAREEANG) and

an anchor domal n 1(am no gut atlve sl g

sequétice audthestar eéfa{f'é@'é’ é’rp@% TBéﬁﬁﬁeW@WﬁS‘ LGS ‘GI“% 063 20; ﬁoﬁfﬁ’@?ef ore a

pr ef er r edyijrAgnERtivRhefiPeshea tisbRsh Reinborpt Eomporht Sttraedi@adchinaex, f rF gm
e

am no aci to the Cternin no, ac f

Fr om am AP A B trva PRt "o 8 %dbefmsn%% oopesi 1 ot FRGENTS1 ol ng.
Ther ef or enatripr ef erred fragnent of Fbe consists of or contains anino acids
52- 40825. The region between am no acid 373 and 516 of Fbe shows the nost
conservation between Fbe and A fA Preferred fragnent will therefore

cont dlion aifieribhasatelss 37 drga Gavng & mseculsr waight 6f bt ineRgadaions. 153 sdwgniapppais

cont ai ns g d%b%*ré(gnﬁe%l’%ﬁ el i!iéh R Phtifel MRASEHE c@ifnfpﬁeft?éld@q”deﬁcé aped gggea&partl c

" i oh BT GRR OB 9T RAETEY <0RE oSS PR, PR AITRE A DR WORal

have beercohmoibeshectithiiSdind BitdsU dgpehty pebinitg oné&Ooraoorprdf shengepeat doorgisst i ng

of am no 2 I: I D NO 2
of w0 03/ 98753 BeiienyPARaS 35558s 37 R B RGBT st no
aci ds202733fH@IneSER | D NO 6 of WO 03/76470) ami no acids 1-549, am no acids
219-549, ami no acids 225-549, ami no acids 219-528, ami no acids 225-528 of
SEQ I D ON.70. 15 Preferably, an SdrG pol pe tide having a sequence at | east
80% 85%EMoprptegsogontavimeeTRst Gpoats gous oF 1 ORABAABGolis PPN (HEE s BGuence
of SEQ | RhéRcteddbdOby chhtairingl thé drierisat eshubde t he i.nmmunogeni ¢ conposition of
the invention. 20 The conpositions of the invention optionally conprise a
fragnent of the SdrG pol ypepti des descri bed above. Preferred fragnments have
t he si5gndh.éptizdéianyw/{es )t heMSDLrigpemt dommi n and/ or the anchoring domain
del eted. For exanpl e sequences corresponding to amno acids 1-713, 25
1-549, 225-549, 225-529, 24-717, 1-707, 1-690, 1-680, 1-670, 1-660, 1-650,
1- 640, 1-%3deraig20, 1-610, 1-600, 34-707, 44-697, 36-689 of SEQ ID 76 or
sequences having 85% 90% 92% 95% 97% 98% 99% or 100% identity to SEQ
ID 70 or r ef a t,wmi,th the signal peptide del eted
have a net igg{‘ui(%il%‘gs'i{&aega{%%te}\?i‘e' F %%%uglv‘&éf the fragnent to ensure
corré®t translation. A nore preferred fragnent has the foll ow ng sequence: -
MEENSVQD NDQSSDEEKNDVI NNNQSI NTDDNNQ | KKEETNNYDG EKRSEDRTESTTN
35 VDEN TEL% TEEEVRESSSVESSNES | DTAQQPSHTT

| NREESVQT SDNVEDSHVSDFANSKI KESNTESGKEENT! EQPNKVKEDSTTSQPSGYTNI DEKI SNQDE
LLNL P I NEYENKARPhE ST ESAQPEE KRW IvNQAAEQRGSAVNHIL . K DG . TEGYRDSEGY) KAHDAENLI Y

DVTFEVDDKY! CSEDTNIND), PNTVRSRL TSP T K| KONSGEL L ATGTYONSMKL T YTPTOYVEKYEN K

38 /Do,
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AHL KITS Y | DKS KVPNENTKEDVEYKTAL S SVNKT | TVEYQRPNENRTANLQ

SMFTW DTI MHTVEQT | YI NP 40 LRYSAKETNVNI SGNGDEGST | | DDS Tl |

KVYl CVGONQNLPDSNRI YD YSEYEDVI NDDYAQLGNENDVNI NFGNI DSPY | | KVI S KYDPNI CDD
YTTI QOTV' TMOTTI NEYTGEFRTASYDNTI AFSTSSGQGQGDL PPEKTYKI GDYVWEDVDKDGE QNTNDWEKP
LSM LVTLTYPDGTSKSVRTDEDGKYUDGLKNGLTYKI TFETPEGYTPTLKHSGINPALDSEGNSVW/TI NG
QDDMT| DSCR¥@EPKYSL@Nys any amino acid and v.{10}’ means any 10 amino acids

VWDTNKDG KSR TLKDENGN J S TR TIAENGK U RNLNSENYI VHFDKPSGMIQT TTDSGD
DDEQDADGEEVHVTI TDEDDFSI DNGYYDDE 5 EbhA and EbhB EbhA and EbhB are proteins

that are expressed in both S. aureus and S. epiderrnidis (C arke 10 and
Fost er I rli EeforercBMlthe s2@dce dibclo8&OKuNEA ki alrfB0E) Lahcel A& AR25-1dAIand 2002,

comportent 41 et ot Fa e Soest PR kR AT R REORE [por Fant T et on

i n adhering staphyl ococci to host extracellular matrix. 15The Ebh proteins

are | argep.Rauy %%%H@#O%Qh&ldemh o mﬂfun%gelmcr RRGRERIT §MBe inléntib® include

advant ageous to u ment of the protein rather than the conplete
sequence RlPeplsics saEagpg BB uMC; %‘Fﬁeaf?élr Tfl'ﬁ' rFiK %?VP@rP'thH‘éf’ee@‘?tqréTO“?@@i‘on of

t he prot adbm@élﬂ@ #find Q@@fépéﬁtunr’c@m@ﬁ Sagmﬁﬁrﬁmé}pﬁﬂnaismfﬁl bramests,r, ®igrdi ng
sites ﬂgrrent S CO ré bed

o1 e F1AIENLS ConLal ol g, SN, ok HOEs Ol ! e Leneal, dymins dese
conposi t i 9020 oford depesdtawithreddibinnal Emmomcdtralms eowaerdiaheithepertfodtends ebﬁaat S

the. cons RSt ARG el tighlich; ¢ %‘@%ﬂ?@%ﬁf* '@?%‘33?@’8““‘92%%%21){‘3
{19} L. G epestia0irgagids 2898595 his iese'm}m lgthe ey Infgstien ( OA.

. LN D. AMgggl; 2002 \subh Eragméﬁﬁt@? itk Wr/eﬁréMyDG@ableK to . bind/ Fbrone%\rﬁ amﬁ(or td b!th 35 /D
V\her eneans am no acids and 1/V

n 1 ns. any 10
i ndi c& esarﬁs?cé‘?sﬁﬁ?tlaff"efeﬁ?%‘? @@é”sf)tlhg “ﬁé%gtg‘c? By reference to the
sequence disclosed in Kuroda et al (2001) Lancet 357; 1225-1240, and 5Tabl e

2, the repeat, se it hi r j u " ferred

fr agnent gﬂ} E%% pglﬁ&#}ﬁcg% dé(y'e ogt)%blggp bRElﬂ % :ﬁﬁmﬁéc‘ﬁn ﬁr%?gnje}f fgg% ﬁt@q{f n\%gt on

i ncl ude polypeptides sequences retain the ability to bmd to fi bronectm Bmdmg 1o fibronectin can be
assessed by ELISA as described by Clarke et al ( Infection and [mmunity 70, 6680-6687

20 2002}

Still further preferred fragments are those which comprise a B-cell or T-helper epitope, for

example those fragments/peptides described in Tables 3 and 4.

25 TABLE 2 Repeat sequences in the full-length sequence of £bh.

The full-length sequence of Ebh is disclosed in Kuroda et al (2001) Lancet 357; 1225-
1240. The following table shows the amino acid residues at which the 127 amino acid
repeats begin and end within the full length sequence.

30

Begin End
1 3204 3330
2 3331 3457
3 3457 3583
4 3583 3709
5 3709 3835
6 3835 3961
7 3961 4087
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pol ypepti des containing of one, two, three, four, five, six, seven, eight,
nine, ten or nore than 10 9, 10 or nore repeats with additional am no acid
resi dues present at either or both ends of the fragment. A further
preferred fragnent is the H2 pol ypepti de of about 44kDa spaning three
repeats (am no acids 3202-3595) as described in Carke et al Infection and

Innunityléo, 6680s0 6687, 208#. Such fragnments wll preferably be able to
bind fibFenectinsgnd/ of toygd cit) 15anti bodies that are reactive agai nst
t he whol 1(Ei'n p%g&fun. The | ypeptides are capable of binding to
f i br onecf-t-Ad—Prererredf+aghents—of these pol ypepti des sequences retain the
ability kot Bhind4Bf8fibroneftfdn__Binding to fibronectin can be assessed by
ELI SA as| degcri B84 by Cl ar k&30et gl ( Infection and Inmunity 70; 6680-6687
20 2002)} 1561 1| sbgst her predsyrred fragnents are those which conprise a
B-cell o 1i-hehg958eplgope od0r exanpl e those fragments/peptides described
in Table Nﬁ dnusﬁgaé eat sequences in the full-length sequence
of Ebh. fhReifub-tength-sefbenee—of Ebh is disclosed in Kuroda et al (2001)
Lancet 3p¥6 [1225208240 Tha3¥p| | wi ng tabl e shows the anino acid residues
at which| the 126334 no!aci 848%epedts begin and end within the full length
sequencel 188 4202643269 4384 4452 10 4452 4578 11 4578 4704 12 4704

19 5585 5711

20 5711 5837

21 5837 5963

22 5963 6089

23 6089 6215

24 6215 6341

25 6341 6467

26 6467 6593

27 6593 6719

28 6719 6845

29 6845 6971

30 6971 7097

31 7097 7223

32 7223 7349

33 7349 7475

34 7475 7601

35 7601 7727

38 7727 7853

37 7852 7978

38 7978 8104

39 8104 8230

40 8230 8350

41 8356 8482

42 8482 8608

43 8604 8730

44 8858 8984

15



4830 13 4830 4956 14 4956 5082 15 5082 5208 16 5208 5334 17 5334 5460 18
5460 5586 19 5585 5711 20 5711 5837 21

Tahle 3 B-cell epitope prediction for a 127 aming acid repeat

The fulllength sequence is disclosed in Kuroda et al (2001) Lancet 357; 1225-1240. One
of these repeats, encoded by amino acids 3204-33310of the full-length sequence was
5 chosen o carry out an epitope prediction:-

MDVNTVNQKAASVKSTKDALDGQQONLOQRAKTEATNAITHASDLNQAQKNALTQ
QVNSAQNVHAVNDIKQTTQSLNTAMTGLEKRGVANHNQVVQSDNYVNADTNKK
NDYNNAYNHANDIINGNAQHPVI

10

Begin | End | Epitope sequence Start Stop

5 10 | TVNQKA 3208 3213

14 19 | KSTKDA 3217 | 3222

21 33 | DGOQNLQRAKTEA 3224 3236

42 51 DLNQAQKNAL 3245 3254

66 74 | DIKQTTQSL 3269 3277

100 112 1 ADTNKKNDYNNAY 3303 | 3315

117 123 | DIINGNA 3320 3326

-  The “Begin” and “End" columns present the position of the predicted B-cell epitopes in

the 127 amino acid repeat
15 - The "Start" and “Stop" columns present the position of the predicted B-cell epitopes in

the Ebh fult length sequence

16



5837 5963 22 5963 6089 23 6089 6215 24 6215 6341 25 6341 6467 26 6467 6593
27 6593 6719 28 6719 6845 29 6845 6971

Table 4 T-helper cell epitope prediction in Ebh :

The fulldength sequence is disclosed in TrEMBL database, sequence reference
QBNWQS. One of these repeats, encoded by amino acids 3204-3331 of the fuil-length
5 sequence was chosen to carry out an epitope prediction:-

MDVNTVNQKAASVKSTKDALDGQQNLQRAKTEATNAITHASDLNQAQKNALTQ
QVNSAQNVHAVNDIKQTTQSLNTAMTGLKRGVANHNQVVQSDNYVNADTNKXK
NDYNNAYNHANDINGNAQHPVI

10
Position repeat | Epitope sequence | Position
sequence

1 MDVNTVNQOK 3204

3 VNTVNQKAA 3206

5 VNQKAASVK 3209

26 LQRAKTEAT 3229

37 {THASDLNQ 3240

43 LNQAQKNAL 3246

51 LTQQOVNSAQ 3254

55 VNSAQNVHA 3258

61 VHAVNDIKQ 3264

64 VNDIKQTTQ 3267

67 IKQTTQSLN 3270

74 LNTAMTGLK 3277

78 MTGLKRGVA 3281

81 LKRGVANHN 3284

85 VANHNQWWVQ 3288

| 91 VVQSDNYVN 3294

92 VQSDNYVNA 3295

g7 YVNADTNKK 3301

98 VNADTNKKN 3302

108 YNNAYNHAN 3311

112 YNHANDIIN 3315

B 118 IINGNAQHP 3321

" 119 INGNAQHPY 3322
- The “Position repeat” column presents the position of the predicted T-cell epitopes in

the repeat
- The “Position sequence” column presents the position of the predicted T-cell epitopes
15 in the Ebh fuli length sequence

17



30 6971 7097 31 7097 7223 32 7223 7349 33 7349 7475 34 7475 7601 35 7601
7727 36 7727 7853 37 7852 7978 38 7978

Fragments of the polypeptides of the invention may be employed for producing the
corresponding full-length polypeptide by peptide synthesis; therefore, these fragments may

be employed as intermediates for producing the full-length polypeptides of the invention.

5

Particularly preferred are variants in which several, 6-10, 1-5, 1-3, 1-2 or 1 amino acids are
substituted, deleted, or added in any combination.
Elastin binding protein (EbpS)

10
EbpS is a protein containing 486 amino acids with a molecular weight of 83kDa. it is
associated with the cytoplasmic membrane of S. aureus and has three hydrophobic
regions which hold the protein in the membrane (Downer et al 2002, J. Biol. Chem. 277,
243; Park et al 1996, .. Biol. Chem. 271; 15803).

15

Two region between amino acids 1-205 and 343-486 are surface exposed on the outer
face of the cytoplasmic membrane. The ligand binding domain of EbpS is located
between residues 14-34 at the N-terminus (Park et al 1999, J. Biol. Chem. 274, 2845).

20 A preferred fragment to be incorporated into the immunogenic composition of the
invention would be the surface exposed fragment containing the elastin binding region
{amino acids 1-205). Some preferred fragments do not contain the entire exposed loop
but should contain the elastin binding region (amino acids 14-34). An alternative fragment
which could be used consists of amino acids forming the second surface exposed loop

25  (amino acids 343-486). Alternative fragments containing up to 1, 2, 5, 10, 20, 50 amino
acids less at one or both ends are also possible.

Laminin receplors

30  The laminin receptor of S. aureus plays an important role in pathogenicity. A characteristic
feature of infection is bloodstream invasion which allows widespread metastatic abscess
formation. Bloodstream invasion requires the ability to extravasate across the vascular
basement membrane. This is achieved through binding to laminin through the faminin
receptor (Lopes et al Sclence 1985, 229; 275).

35
Laminin receptors are surface exposed and are present in many strains of staphylococcl
including S. aureus and S. epidermidis.

40 Bi
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8104 39 8104 8230 40 8230 8356 41 8356 8482 42 8482 8608 43 8604 8730 44
8858 8984 Table 3 B-cell epitope prediction for a 127 am no acid repeat
The full-length sequence is disclosed in Kuroda et al (2001) Lancet 357,
1225-1240. One of these repeats, encoded by am no acids 3204-33310l1 the

full-1ength sequence was 5chosen to carry out an epitope prediction:-

MDVNTVNQKBASY K Dt &IRARXI ZNGCRACTSYEJOH BhASDE KRACH MBI M Dbinding domain and
QUVNSAQNVHRYINDI KT (321 IEAVILES IRSVAN A NP YBNRE D ology 144; 985).
NDYNNAYNHARDI I NGRNAQHPVI 10 Begin End e ‘ % )
The N-ferminus of the sequence of Sbi has a typical signal sequence with a cleavage site
5 after amino acid 28. Therefore a preferred fragment of Shi to be incorporated into an
immunogenic composition of the invention starts at amino acid residue 30, 31, 32 or 33
and continues to the C-terminus of Sbi, for example of SEQ ID NO: 26.

The IgG binding domain of Sbi has been identified as a region fowards the N-terminus of
10  the protein from amino acids 41-982. This domain is homologous to the igG binding

domains of protein A.

The minimal {gG binding domain of Shi contains the following sequence:-

15 QI TONNYVTDQQKAFYQVLHLKGITEEQRNQY LKTLREHPERAQEVEFSESLK
wAh Rk * E R & * %* * *
* - denotes amino acids which are similar between IgCG binding
domains
20

Preferred fragment of Sbi to be included in the immunogenic composition of the invention
contains an IgG binding domain. This fragment contains the consensus sequence for an
lgG binding domain as designated by * as shown in the above sequence. Preferably the
fragment contains or consists of the complete sequence shown above. More preferably,

25  the fragment contains or consists of amino acids 30-92, 33-92, 30-94, 33-94, 30-146, 33-
146, 30-150, 33-150, 30-160, 33-160, 33-170, 33-180, 33-190, 33-200, 33-205 or 33-210
of Sbi, for example of SEQ 1D NO:26.

Preferred fragment may contain 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 amino acid substitutions from
30 the sequences indicated.

Preferred fragments may contain multiple repeats (2, 3, 4, 5, 6, 7,8, 9 or 10) of the IgG
binding domain.

35 EFB-FIB

Fib is a 19kDa fibrinogen binding protein which is secreted into the extraceilufar medium
by S. aureus. It is produced by all S aureus isolates fested (Wastfelt and Flock 1995, J.
Clin. Microbiol. 33; 2347).

40
S. aureus clumps in the presence of fibrinogen and binds to fibrinogen coated surfaces.
This ability facilitates staphylococcal colonisation of catheters and endothelial cells.

19



, Epitope sequence Start Stop 5 10 TVNQKA 3208 3213 14 19 KSTKDA 3217 3222
21 33 DGQONLQRAKTEA 3224 3236 42 51 DLNQAKNAL 3245 3254 66 74

Fib contains a signal sequence at the N-terminus of the protein with a putative cleavage

site at about amino acid 30. Therefore a preferred fragment to be introduced in the

immunogenic composition of the invention would contain the sequence of the mature
5  protein {from about amino acid 30 to the C-terminus of the protein).

isaA/PisA

10 isaA is a 28kDa protein, also known as PisA has been shown to be a immunodominant
staphylococcal protein during sepsis in hospital patients (Lorenz et al 2000, FEMS
Immunol. Med. Microb. 29; 145).

The first 28 amino acids of the IsaA segquence are thought to be a signal sequence.

15 Therefore a preferred fragment of IsaA to be included in an immunogenic composition of
the invention would contain amino acid residues 30 onwards, 1o the end of the coded
seguence.

Fibronectin binding protein

20
Fibronectin binding protein A (FnbA) is described in US5320951 and Schennings et al
(1993, Microb. Pathog. 15; 227). Fibronectin binding protein A contains several domains
that are involved in binding to fibronectin (WO 94/18327). These are called D1, D2, D3
and D4, Preferred fragments of fibronectin binding protein A or B comprise or consist of
25 D1, D2, D3, D4, D1-D2, D2-D3, D3-D4, D1-D3, D2-D4 or D1-D4 (as described in WO
94/18327).

Fibronectin binding protein contains a 36 amino acid signal sequence. For example:
30 VENNLRYGIRKHEKLGAASVFLGIMIVVGMGODKEAA

Optionally, the mature protein omitiing this signal sequence is included in the
immunogenic compaosition of the invention.

35 Transporter proteins

The cell wali of Gram positive bacteria acts as a barrier preventing free diffusion of
metabolites into the bacterium. A family of proteins orchestrates the passage of essential
nutrients into the bacterium and are therefore essential for the viability of the bacterium.

40  The term transporter protein covers proteins involved in the initial step of binding to
metabolites such as iron as well as those involved in actually transporting the metabolite
into the bacterum,

20



DI KQTTQSL 3269 3277 100 112 ADTNKKNDYNNAY 3303 3315 117 123 DI | NGNA 3320
3326 - The "Begin" and "End" colums present the position of the predicted
B-cell epitopes in the 127 am no acid repeat 15- The "Start" and " Stop"
colums present the position of the predicted B-cell epitopes in the Ebh
full length sequence Table 4 T-helper cell epitope prediction in Ebh

The full-length sequence is disclosed in TrEMBL dat abase, sequence

ref erencey %’:\N\%rronqgeanoéss&m%ﬁ EofERE RrSpacRNSOHEMND BiddHoRGed Gl Se 3t - 3331 of

}vg\e/Nfr{J/II | SSegte@g! was OS%E&&P%—&% E&# Mt(agﬁ,ep{r&dgoptlon -

Q\/NSAQ\I\/I-W’\?RIE’SI" KeSFIRSLLeT ppipeys critical for the
NDYNWNFWIIBNM@-IMWGH Pesiiaison tm;ﬂme@rﬁﬁp@e‘éﬁs‘@w@ﬁd@m@%ﬁ 89915t sequence
3204 1 this class of proteins leads 1o a loss of staphylococeal viability.

Examples of transporter proteins include Immunodorminant ABC transporter (Burnie et al
2000 Infect. Imun. 68; 3200), IsdA (Mazmanian et al 2002 PNAS 99, 2293), isdB

10 (Mazmanian et al 2002 PNAS 99; 2293), Mg2+ transporter, SitC (Wiltshire and Foster
2001 Infect. Immun. 69; 5198) and Ni ABC transporter.

Immunodominant ABC {ransporter

15  Immunodominant ABC fransporter is a well conserved protein which may be capable of
generating an immune response that is cross-protective against different staphylococcal
strains (Mei et al 1997, Mol. Microblol. 26; 399). Antibodies against this protein have been
found in patients with septicaemia (Burnie et al 2000, Infect. Immun. 68; 3200).

20 Preferred fragmenis of imunodominant ABC ftransporter will include the peptides
DRHFLN, GNYD, RRYPF, KTTLLK, GVTTSLS, VDWLR, RGFL, more preferably
KIKVYVGNYDFWYQS, TVIVVSHDRHFLYNNV and/or TETFLRGFLGRMLES since
these sequences contain epitopes that are recognised by the human immune system.

25  [sdA-lsdB

The isd genes (iron-regulated surface determinant) of S. aureus encode proteins
responsible for haemogiobin binding and passage of haem iron to the cyloplasm , where it
acts as an essential nutrient. 1sdA and lsdB are located in the cell wall of staphylococei.

30 IsdA appear to be exposed on the surface of bacterium since it is susceptible to
proteinase K digestion. IsdB was partially digested suggesting that it is partially exposed
on the surface of the bacterium (Mazmanian et al 2003 Science 299; 906).

IsdA and {sdB are both 29kDa proteins which bind heme. Their expression is regulated by
35  the availability of iron via the Fur repressor. Their expression will be high during infection
in a host where the concentration of iron will be low.

They are also known as FrpA and FrpB (Morrissey et al 2002, infect. Immun. 70; 2399).

FrpA and FrpB are major surface proteins with a high charge. They have been shown to
40  provide a major contribution to adhesion to plastic.
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MDOVNTVNQK 3 VNTVNQKAA 3206 6 VNQKAASVK 3209 26 LQRAKTEAT 3229 37 | THASDLNQ
3240 43 LNQAQKNAL 3246 51 LTQQVNSAQ 3254 55 VNSAQONVHA 3258 61 VHAVNDI KQ
3264

In an embodiment, the immunogenic composition of the invention comprises a fragment of
IsdA and/or IsdB which is described in WO 01/88489 or WO 03/11889.

Toxins and regulators of virulence
Members of this family of proteins include toxin such as alpha toxin, hemolysin,
enterotoxin B and TSST-1 as well as proteins that regulate the production of toxins such

as RAP.

10 Alpha toxin (Hla)

Alpha toxin is an important virulence determinant produced by most strains of S.aureus. 1t
is a pore forming toxin with haemolytic activity. Antibodies against alpha toxin have been
shown to neutralise the detrimental and lethal effects of alpha toxin in animai models

5 (Adlam et al 1977 Infect. Immun, 17; 250). Human piatelets, endothelial cells and
mononuclear cells are susceptible fo the effects of alpha toxin.

The high toxicity of alpha toxin requires that it should be detoxified before being used as
an immunogen. This can be achieved by chemical treatment, for instance by treating with

20 formaldehyde, glutaraldehyde of other cross-linking reagents or by chemically conjugating
it to bacterial polysaccharides as described below.

A further way of removing toxicity is to infroduce point mutations that remove toxicity while

refaining the antigenicity of the toxin. The infroduction of a point mutation at amino acid

25 35 of alpha toxin where a histidine residue is replaced with a leucine residue results in the

removal of toxicity whilst retaining immunogenicity (Menzies and Kernodle 1996; infect.

Immun. 64; 1839). Histidine 35 appears to be critical for the proper oligomerization
required for pore formation and mutation of this residue leads {o loss of toxicity.

30 When incorporaied into immunogenic compositions of the invention, alpha toxin is
preferably detoxified by mutation of His 35, most preferably by replacing His 35 with Leu
or Arg. In an alternative embodiment, alpha toxin is detoxified by conjugation to other
components of the immunogenic cormposition, preferably capsular polysaccharides, most
preferably to S. aureus type V polysaccharide and/or S.aureus Type Vil polysaccharide

35 and/or PNAG.

RNA ili activating protein (RAF)

RAP is not itself a toxin, but is a regulator of the expression of virulence factors. RAP is

40  produced and secreted by staphylococci. It activates the agr regulatory system of other
staphylococci and activates the expression and subsequent release of virulence factors
such as hemolysin, enterotoxin B and TSST-1.
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64 VNDI KQTTQ 3267 67 | KQTTQSLN 3270 74 LNTAMIGLK 3277 78 MIGLKRGVA 3281 81
LKRGVANHN 3284 85 VANHNOWQ 3288 91 VWQSDNYVN 3294 92 VQSDNYVNA 3295 97
YVNADTNKK

An immune response generated against RAP would not kill the bacterium bui would
interfere with their pathogenicity. This has the advantage of providing less selective
pressure for new resistant strains to emerge.

It would have a second advantage of producing an immune response that would be
instrumental in reducing the morbidity of the infection.

it is particularly advantageous to combine RAP with other anfigens in a vaccine,
10 particularly where the additional antigen would provide an immune response that is able
to kill the bacterium.

Other proteins

15  Accumulation-associated protein (Aap)

Aap is a 140kDa protein which is essential for the accumulation of S, epidermidis strains
on surfaces {Hussain et al Infect. Immun, 1997, 65; 518). Strains expressing this protein
produced significantly larger amounts of biofitm and Aap appear to be involved in biofilm

20  formation. Antibodies against Aap are able to inhibit biofilm formation and inhibit the
accumutation of S. epidermidis.

A preferred fragment of Aap is a conserved domain comprising or consisting of amino
acids 550-1069.

25
Staphylococcal Secretory antigen SsahA

SsaA is a strongly immunogenic protein of 30kDa found in both S. aureus and S.
epidermidis (Lang et al 2000 FEMS Immunol. Med. Microbiol. 29; 213). its expression

30 during endocarditis suggesied a virulence role specific to the pathogenesis of the
infectious disease.

SsaA contains an N-terminal leader sequence and a signal peptidase cleavage site. The
leader peptide is followed by a hydrophilic region of approximately 100 amino acids from
35 residue 30 to residue 130.

A preferred fragment of SsaA to be incorporated into the immunogenic composition of the
jnvention is made up of the mature protein (amino acids 27 to the C~terminus or amino
acids 30 to the C-terminus).

40
A further preferred fragments contains the hydrophilic area of SsaA from amino acid 30 to
amino acid 130.

23



3301 98 VNADTNKKN 3302 108 YNNAYNHAN 3311 112 YNHANDI I N 3315 118 || NGNAQHP
3321 119 | NGNAQHPV 3322 The "Position repeat” columm presents the position
of the predicted T-cell epitopes in the repeat The "Position sequence”
colum presents the position of the predicted T-cell epitopes 15in the Ebh
full length sequence Fragnments of the polypeptides of the invention may
be enpl oyed for producing the corresponding full-Ilength pol ypepti de by

pepti de sppifeesddoohiignafione, these fragnments nmay be enpl oyed as

i nternediates for producing the full-length polypepti des of the i nventi on.
Particularly preferred are variants in which several 5, .1-3, 1-2
or 1 am rfb PEIPERI SPRDIRRIGE (9 (IRERS Wi d1ec URLNOGRN G GABRCT P oty e GHERIGE § on

5  comprises laminin receptor and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of immunodominant ABC transporter, [sdA, |sdB, Mg2+ transporter, SitC, Ni
ABC fransporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

A further preferred combination of proteins in the immunogenic composition of the
10  invention comprises SitC and 1, 2, 3, 4 or 5 further antigens selected from the group

consisting of immunodominant ABC transporter, IsdA, isdB, Mg2+ transporter, SitC, Ni

ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

A further preferred combination of proteins in the immunogenic composition of the
15  invention comprises EbhA and 1, 2, 3, 4 or 5 further antigens selected from the group

consisting of immunodominant ABC transporter, IsdA, [sdB, Mg2+ transporter, SitC, Ni

ABC transporter, alpha toxin, alpha toxin H35L. OR H35R mutant, RAP, Aap and SsaA.

A further preferred combination of proteins in the immunogenic composition of the
20 invention comprises EbhB and 1, 2, 3, 4 or 5 further antigens selected from the group

consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni

ABC fransporter, alpha toxin, alpha toxin H35L. OR H35R mutfant, RAP, Aap and SsaA.

A further preferred combination of proteins in the immunogenic composition of the
25  invention comprises EbpS and 1, 2, 3, 4 or 5 further antigens selected from the group

consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SiC, Ni

ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

A further preferred combination of proteins in the immunogenic composition of the
30 invention comprises EFB(FIB) and 1, 2, 3, 4 or 5 further antigens selected from the
group consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC,
Ni ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

A further preferred combination of proteins in the immunogenic composition of the
35 invention comprises SBl and 1, 2, 3, 4 or 5 further antigens selecled from the group

consisting of immunodominant ABC transporter, IsdA, 1sdB, Mg2+ transporter, SitC, Ni

ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

A further preferred combination of proteins in the immunogenic composition of the
40  invention comprises autolysin and 1, 2, 3, 4 or § further antigens selected from the group

consisting of immunodominant ABC transporter, {sdA, IsdB, Mg2+ transporter, SitC, Ni

ABC transporter, alpha toxin, alpha toxin H35l. OR H38R mutant, RAP, Aap and SsaA.
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El astin binding protein (EbpS) EbpS is a protein containing 486 am no acids
with a nol ecular weight of 83kDa. It is associated with the cytoplasmc
menbrane of S. aureus and has three hydrophobic regi ons which hold the
protein in the nmenbrane (Downer et al 2002, J. Biol. Chem 277; 243; Park
et al 1996, J. Biol. Chem 271; 15803). 15 Two regi on between am no acids
1-205 and 343-486 are surface exposed on the outer face of the cytoplasmc

menbr ane. AThgandd Ganschi MMI{Q@'@i t&fws B htﬁmh@@g@%fédcd?@fo%&m deﬁé dues

éfe?:r ?; dﬁipent[on cgﬁqmagégzeqflﬁﬁagor oF 4 95 ulltherBérQ ns%é%er??fgcﬁ‘g éh%8 | gng ¢
t he i nvenf9sis ”%bﬂft W%W%'”?Wr&%@%@ﬁﬁ% gedr’*r %&ge EJRPSRORPR eI astin

bi ndi ng r ABCdangrantenhelphe iad, alpbroB)in HSghPRoteEremp@at, Rﬁﬁgﬁ@?ﬁ@ not contain

the entire exposed | oop but should contain the elastin binding region
(am no achdgridé- dlerreANcomtiritiBalor \WeotbihaGhand IMUﬁé'geﬁQchﬂnéb@:tlblﬁQﬂ tﬁ@nSI sts

f
g 43a2182§ fﬁ%rﬁtﬁn OMAad SO a6PANg §%@§M§P9&§ené 098u1&P ﬁ%g]tm:p

f t o
2ol ds | es€nspiRgg mmm%ﬂ%‘ oA YR e ool cmioai, S 100, 10
| ani ni'h r &BEFepFPoper. slpha trxEw3ipka teyis HERL Wﬁ%ﬁﬁtaﬂbﬁéﬁ fepith¥génicity. A

characteristic feature of infection is bloodstreaminvasi on which all ows
wi despr eafl Rh&Shatdred ahmdRtSol O MFRétERE .in Bhe aflisluneimd Byrasislibn r&queres the

gglh: :aJ\[/)édt @\ﬁ%ﬁubﬁ%%ﬁ?ﬁ%@ §8Fc9§§d the ¥a§ Fr-"gﬁ.frhhléﬁﬁﬁ ﬁ%s&?&@ﬁﬁ‘&ﬁt?e gﬂ@}wes ot
al Sci enc® g’% g urfgg %tsg%_cgﬁﬁaﬂ pr?rt?eg (Ssrdé3 iw]g t%rn igpeﬁ ed and

are pﬂ%seﬁﬁclt"ﬁ“wf §tpf‘éf‘%§‘ aiPhastoxip hiAPb 5t d#0 WA aureus and S.
epidermdis. 40 SBI Shi is a protein haV| ng an IgG bi ndi ng regi on and an

apol i popr at @itRerHblefan@dt N nebaEtiom ofloteibs 116 tAX phetiaegknion comsdsitieh rdi ths  of
S. aur eus ﬁ@ﬁiﬁﬂ c@%pﬁéeslggﬁl arM G 9bg OA 89Y rdther aftiehs sdiBGed\nbiRlifa Blegpof the

sequence of

Srence. nsitiva PRl BhiRgN MY fsasw?%ﬁ%ﬁ%ﬁf 4. @i#*qfa%%‘) a}iﬁg%r%i‘# 2o
into &h i iRt EgERTTtE @@ﬁﬁ@ﬁ‘i"t plahe rintel GR/ EieR Btest & sAdp @ aci d

residue 30, 31, 32 or 33 and continues to the C-term nus of Sbi, for

exanpl e oh Gk Pel@ed 2@mbinatidief |géelas Ndiihg itonmogentf cShposiias dfeiaa

Iagegtsl Lheﬂvé}ﬁioﬁ cB;%Br'«s%@ Lipyar @shs By M- besm mfuﬁger%tttQ&sWe%%HﬁmH @B am no
i i

pr ot ej n ASI%HL%I S5 gﬂéﬁhﬂwu‘&g%m%t R%g‘{%n[:. or'}eP‘? A %dohlpgbpgargggﬁér g% Wi ng

sequefite: N @'ﬁ D@%}@mﬁﬁf@v RCPHE ﬁ&qﬁ(} X xx

kK K **Ssaﬁ* - denotes am no acids which are simlar between IgG bi ndi ng
domai ns

A further preferred combination of proteins in the immunogenic composition of the

invention comprises SasA and 1, 2, 3, 4 or b further antigens selected from the group
30 consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni

ABC transporter, alpha toxin, alpha toxin HM35L OR H35R mutant, RAP, Aap and SsaA,

A further preferred combination of proteins in the immunogenic composition of the

invention comprises FnbA and 1, 2, 3, 4 or 5 further antigens selected from the group
35 consisting of immunodominant ABC transporter, IsdA, 1sdB, Mg2+ transporter, SitC, Ni

ABC transporter, alpha toxin, alpha foxin H35L OR H35R mutant, RAP, Aap and SsaA.

A further preferred combination of proteins in the immunogenic composition of the

invention comprises FnbB and 1, 2, 3, 4 or 5 further antigens selected from the group
40 consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ fransporter, SitC, Ni

ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.
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20 Preferred fragnent of Sbi to be included in the i munogeni c conposition
of the invention contains an |gG binding donmain. This fragnent contains the
consensus sequence for an 1gG binding donain as designated by " as shown in
t he above sequence. Preferably the fragnent contains or consists of the
conpl ete sequence shown above. More preferably, 25 the fragnent contains or
consi st s af fuahempreried scoB®irdlon 3B-BERein80n ke iBBUGYenBOcAABSitiGB-of 146,

30- 150, 33wdaRn 3RpALe. CAa=hE0:, 33, U7&, 5 BidndBihtigems ddMited3Bor? @) gr3dp 205 or
2gnt2;|0nog. hsti g{ i JnrﬁLPQJﬁ trja 28sA, 1sdB, Bf@fr%lraﬁggg)rtgf @L@Egﬁm gg%/he
sequences”™ diaes%oé‘éf aiBP%%Oé‘P‘r 818 4 5@3@'@H?af%i A pr]%rgrépeats (2,

3, 4, B, 6 7,8, 9 or 10) of the Inglndlng domai n. 35 EFB- FIBFibis a
19kDa fi bai fmganprbfarl&i:l neprbiretien mf widteihs iis the dnetieebenist corepnsitiextaf doel | ul ar
medi um by inSent@HcBrBrisest Cifs dpaoduges] sy BturthE atigentssdisdatr@s thegbeg
I(\r?ﬂtsafee:oﬁ c&&%m@ 91% éomr{kamdAéb tr%gﬁoﬂgﬂ W, E3iB, Z)tran rter, sm're;;g\tg:scl unps
i1 1oyt SEFerahe! 2Pl HARC ABL R LERT cFed oﬁbﬁﬁg eSSd S

endothélial cells. Fib contains a signal sequence at the N-term nus of the
prot ei n wit furtherppreterried ecopibinmiiany ef dirdteinatin dhe ummandgesicacirdp@lion Tiehef ore a
preferr edinﬁléragﬁeempﬁ@sbewmtaﬁwdu@ed 4 or b hethenentiiege Béiccted frpashd poop of t he
;ﬂ}’ﬁgt ;gln Rk Qg Wﬁhﬁid&a&#ﬂﬁﬁ%@%ﬁs&%ﬁ hes AR wgémrt%h%dmeé fg;@;\g@f)gu;
29k0a ggégran?ﬂoggr Eﬁgﬁﬁc’x&s alﬁﬁ%%&'ﬁ éﬁe}ﬁﬁ F?)nutab ?%/P lr.\§ r:lluo‘?]%)?j\om nant
staphy ococcal protein during sepsis in hospital pati ents (Lorenz et al
2000, FEMS furthempiefertell deoriination .of 2goteing 5  thaHsmupedanic goraprsiien £ e of t he
| saA sequiretiofc8mbisay gRpadetaride 172,53, gral5 faditu entgens kbledthe frefidhe gupr ef er r ed
fragment gfnlss mqrmoaaﬁinaﬁemb @raﬁébo'rtm@slulsc MRINRFEdRR SHc, thhie
'“Ve““O“A)ée‘éJa %Iﬁ) fo”ln“gripﬁac oo HE3L ke @%mg&@@%&% ALz a’id“é’sc?‘i‘a“d of the

coded_sequence. di'ng protern ronettin ng protein
A (Fn%%\) s descrl bed in US5320951 and Schennings et at (1993, M crob.

Pat hog. 18; fugher) preferigd orpedinatonidhdireiginp riottee immupeganis AeTRRSER 07 @BNRI ns

t hat are innsrdion etdmbrisdsi mdiangisA andli br arng et oms WWDed AMIRBR Bplectdtdéom thee cal | ed
D1, 02, Dgropdodtbtingb@inBiungdbrhinad Meelmngforlt RsN GBI Mghi RelspeHPrQicei n A or

A S@%ﬂ%‘? R Rt Al 83#%3@9#%?%&%5?&% s rotein

contafns a 36 ami no acid signal sequence. For exanple: 30
VI Cl | NLRY& fRitherKprefensyEreaHinaioabammeing in the immunogenic composition of the
invention comprises SsaA and 1, 2, 3, 4 or § further antigens selected from the group

consisting of immunodominant ABC transporter, 1sdA, IsdB, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA,

30
A further preferred combination of proteins in the immunogenic composition of the
invention comprises EPB and 1, 2, 3, 4 or § further antigens selected from the group
consisting of immunodominant ABC transporter, 1sdA, IsdB, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

35
A further preferred combination of proteins in the immunogenic composition of the
invention comprises SSP-1 and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of immunodominant ABC transporter, IsdA, 1sdB, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha foxin H35L OR H35R mutant, RAP, Aap and SsaA.

40
A further preferred combination of proteins in the immunogenic composition of the
invention comprises SSP-2 and 1, 2, 3, 4 or 5 further antigens selected from the group
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Optionally, the mature protein omtting this signal sequence is included in
t he i nmunogeni ¢ conposition of the invention. 35 Transporter proteins The
cell wall of Gram positive bacteria acts as a barrier preventing free

di ffusion of netabolites into the bacterium A famly of proteins
orchestrates the passage of essential nutrients into the bacteriumand are
t her ef or ecastng bhimnfumpddrhieanti ABT krhtapoadr, iddéd, bRt BgktmandOtdh SitCe Nin

tranSpOftﬁBCﬁfaﬁE;ﬁJﬁ@r ERMLIcXinP&IBhLIoNS H3BY QRvEThR Mutahie RAR| Adppdnasdsep. of bi ndi ng
to netabolites such as |ron as well as those |nvoI ved in actually

transportln i nto.th ct

essenti al & @d%\g‘c?rgferr]eg Héfﬂah?ri 87 %%W N %é‘f dary ?ﬁ?P[(? COQFDOS's%%?) ttﬁd t hat
bi nd f§ eeinvedion gAPEIEnHEPedapt Bred #y° B&@Fre?'ﬁt@Pnss%ﬁ'?cé’cdeﬁ?‘“%é@pWBP% t hat
del i ver i cansisting ot inamspdorhinamtr XS tahepodyt, desida dsdBe MpBhiireaserter, rg@, Ni

acqui si ti pRcitinggdrted, 8dha foRih, iibiea s HAEL ICFHATIR mofant) RARNAdARICSda@Ns SO t hat
t he generation of an i nmune response agai nst this class of proteins | eads

to a | oss t aph occal vi abi es of trans r.oteins
Dot ude. 1 Ao RERIRS REErafh &b o itdee (PR upcas S BIBREPA B s
3200) 10| smer(tnazqmrf%ﬁﬁ é@trogpctmmd*wsf@@ and g3y, 3 4d% %@(rrbﬁ&ﬁafﬂﬂeaﬁ et at
2002 PNASs@&ste@ 798) the \g@up tormaimipo rof émnmuShdolinant |ABSh ireespariel, Reky d$dB2001
Infect. | W@En traﬁa}ortérl%t): anhed wrARpolteargparian, apraoxedasiinam HART
transport g izh RngfﬂJP gamt ABC transporter is a well conserved protein
whi ch may be capabl e of generating an imune response t hat is
cross-protectijve agal nst different stap h%/l ococcal strai nsq% et al 1997,
Mol . \# cr Bbiugher pisTerrgg sembigaiioh & EXegy 4 8t 'MAUE YRSt EPAPHREVR B8R f ound

i n pat i entrgention rcogwpisdsc dbniegenBrinding pesteimlang 000 2, I3nf4e@ft5 furthen@Mtig®s  3200) .
20Pr ef er r gdledté @ @aBnihe @buy RUMRAOE ot ammuARGHMifsl BT trenspoaitbd 1$dAC sl t he
pepti des Mnsq:@ﬁgp Slt@QKPE\Bd(TgHﬂﬁ oPiphaltsxin,V, toxRChbsL W eizpiref erably
Kl KVYVGNY gw@’\# FLYNNV and/ or TETFLRGFLGRMLFS si nce these
sequences s epl ?'?)p S that are recognised by the human i nmune system
251 sdA?1 sdB The i sd genes (iron-regul ated surface determ nant) of S. aureus
encode pr ét &irther prefayed stopibination df etk dbi the HIMAtINAGE N dopeastiggecfoiehaem
ironto thﬁerﬁwhoﬁhﬁsms, cofipiiageidndadt 8, 3s4 ans detenbhtdenn sblettedtirom e A and

|sdB are %ngc@ﬁ%:étuﬂg bNBinkRbdontRddt ART 1Edhapinet asH¢ Gap, RG24 sspanpeaitc,t o be
et s onlh ha6 1BHILRE S Bhs A6 SPMARARHRSE O 1iddk Al BRERAPDAS, Lty Sl ei nase K

di gesti on. ed suggesting t i's partrally

expos%@ on the surface of the bacterl um (Mazmani an et al 2003 Sci ence 299;
906) . A further preferred combination of proteins in the immunogenic composition of the

invention comprises Fig and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of immunodominant ABC transporter, IsdA, isdB, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

30
A further preferred combination of proteins in the immunogenic composition of the
invention comprises MAP and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of immunodominant ABC transporter, IsdA, |sdB, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

35

A further preferred combination of protein in the immunogenic composition of the
invention comprises immunodominant ABC tranporter and 1, 2, 3, 4 or § further antigens
selected from the group consisting of laminin receptor, SitC/MntC/saliva binding protein,
EbhA, EbhB, Elastin binding protein (EbpS), EFB (FIB), SBI, autolysin, CKA, SdrC, SdrG,

40  SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB,
§8P-1, 88P-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coaguiase,
Fig, MAP, alpha toxin, alpha toxin H35l. OR H35R mutant, RAP, Aap and SsaA.
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| sdA and | sdB are both 29kDa proteins which bind heme. Their expression is
regul ated by 35the availability of iron via the Fur repressor. Their
expression will be high during infection in a host where the concentration
of iron will be | ow They are al so known as FrpA and FrpB (Morrissey et
al 2002, Infect. Inmun. 70; 2399). FrpA and FrpB are major surface proteins
with a high charge. They have been shown to 40provide a major contribution

to adhesi gntRePhRasd el conjlﬂhe@sﬂn eaibﬁeéemem thu%nb%%@mp%m%’rm%@%é' on of

the inventjo S an d/o cri bed
oo 03 BKAdg" CP""’% 5389687 Fon S 5 f@?eé s 24 eva*v*igbﬁfﬂs%%%&@ Venber s
of this f%‘?ﬁslsy”%ff’f ﬁ?ﬁ'&i"t“@ﬁﬁ%eqtq{clsﬁﬁ@ﬂnﬁgﬁ? e 9a§r° i h yS| n,
ent er 0% oxbindiBg amteiTESPFS)L E&S (W&)Is%lsatm!mremﬁé Bdret Sﬁfé"gﬁ’ldéi elipdse GshBduct i on
of toxi nssasriFnes, BB, CAHAIBhebi O Kbase| Hahmis ANSphe BREXISSPHS S8R-d, MBeY t ant
virul enceV%h&mmbn@wg PHERUGS hoBdh FRShg zto’EéiH r@:’é lase; AT AU, albha toxind PoOre
form ng t%{né‘to%'%{és %Wé%hﬁgﬂfﬁr&w I\%(p? I es agal nst al pha toxin have
u e

been sho 0 neutrallse ret hal effects of al pha toxin
in ani mal nodels 15(Adlamet al 1977 Inf ect. | mun. 17; 250). Human

pl at ell@t sA &bt hrefaregl eetinatian dof npraisinuél dwr irvalnagenicecanposdpn iddlteet o t he

ef fects ofnvaltphaotpndes. Isdthentiigh, Boxioeist fyrtidr zatigdra detoctent fregihe goup hat it

shoul d becglpisaxd b eé#nmﬁf@é@)t&elanJManiag @;ﬁumgmam@,eabmwbﬁaacmshﬁ

achi eved E’ d. BF& Ebbéf?{: Eﬁa) E9r 5! fiARGR Q bt 8.%} 'é?:EH‘AL e Geh

20f or mal d %/b Elfu Poss Wg §rS§ ?_[?Pjy

cheni cal I§ ri g f‘&t éﬁpf"%el VEu 8 s d bel ow.
A further Wﬁ?e%lﬂ ingingaretging 5‘%1”@9@3/“%‘”@ érqter'i"é WGM@%BIQHN%?@WW t hat

renmove t oalpla toyinM3EL ©R 935R mutagt, FAS, Amt angE®sa@i ty of the toxin. The
introduction of a point nutation at am no acid 25 35 of al pha toxin where a

hi st d glet ARG Bl s oAl dhodid ek ;Ell?ﬁhééjéﬁsc <fol L fg ferova

I
'nf ect o GRmPRESSIC A 7 A R AR R
pr ope?O oI Pysiviing Shiangin rré@ﬁm@re&Itf?@ﬂntﬁféaléfafWm |P€ﬂ’ﬁe'ﬁ’n§b"r‘ﬁlt%t?h50rﬁ‘%ﬁ““t hi s
resi due | biadisg potdirog%p8J, BFEXFE)L 38!, 00W=m diAc SdnSo Sdt@ @driht bpaser@eidyeni ¢
conposi ti gas, ¢hoA bBNEeNGIRNFo@, Mpasd, BeiarPids ReaS EP@idar-deisme fMed by
mutation g, h&c’%n% di &teﬂrﬁ o Mm&%g pF‘o?é @%Q@:#ié%es FRp MHF Riph8 Yo, Arg. In
an altern hﬁ NE;E’Q EWA etox ied by conjugation to
ot her conBB8iRiFY mgaﬁ rbds ¥¥on, preferably capsul ar
pol ysé&echari des, nost preferably to S aur eus type V pol ysacchari de and/ or
S. aur eus Ayfpehaf plefguely samtrhation def BBteimdl dine MNAGIOZRINA Lompastionh et thag
protei n (RAEHtioRABMbAse30dpH BRinfard 1,0X13).4 LS flrtheRaniRgub ablettedfirotne
expressi 0&086 c\éhéiéﬂnﬁn&elaﬁmﬁ qgéeptd?fa‘gittﬁﬂntc{saiiva binding protein, EbhA, EbhB,
Elastin binding protein {EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrG, 8drH, Lipase
30 GehD, SasA, FnbA, FnbB, Cna, ClfB, FbpA, Npase, 1saA/PisA, SsaA, EPB, SSP-1, SSP-
2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig, MAP,
immunodominant ABC transporter, isdA, isdB, Mg2+ transporter, SItC, Ni ABC
fransporter, Aap and SsaA.

35 A further preferred combination of profein in the immunogenic composition of the
invention comprises alpha toxin H35L OR H35R variant and 1, 2, 3, 4 or 5 further antigens
selected from the group consisting of laminin receptor, SitC/MntC/saliva binding protein,
EbhA, EbhB, Elastin binding protein {(EbpS), EFB (FIB), SBI, autolysin, CfA, SdrC, SdrG,
SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, isaA/PisA, SsaA, EPB,

40  SSP-1, 88P-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase,
Fig, MAP, immunodominant ABC transporter, isdA, 1sdB, Mg2+ transporter, SitC, Ni ABC
transporter, Aap and SsaA.
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40 produced and secreted by staphylococci. It activates the agr regul atory
system of ot her staphyl ococci and activates the expression and subsequent
rel ease of virulence factors such as henol ysin, enterotoxin B and TSST-1.
An i mmune response generated agai nst RAP would not kill the bacterium but
woul d interfere with their pathogenicity. This has the advantage of
providing | ess selective pressure for new resistant strains to energe. 5 It

woul d havg mrtssceratbradVaribageom fof ireldin inn gheammundasic resposite bhate woul d be
ngft Ir glrjlea ntsbrﬁ' c&'ﬁﬂw\eb Hhd Qlerd P[Dng dj Ly SQtlrtﬂé?eanh%gngcsrele@@d from ﬂfe drdup acci ne.
10part i Cu?oggaﬁﬁ\%tn 59 [Pméecagg% g'(T) n?(gﬁ?h\%vgﬁn% Pr&%ﬁﬂ‘ al%})thAg%ﬁB %ﬁﬁtéﬁ/
resporfse Ripdpd P@teﬁqu@P%bEE?I(ﬂBﬁ RPN G B hePdTfsr ot ridpase e

15Accunul $dsAoFnias FooB ated CHB ot pitn Npdeep JsaAdisA, Ssab, BTk B&Ppl: §68m HiRf ch i s
essent i al virefedtifie bamg Mpraéihonfiwihoden ephded Mp@ken, S tobagulssepnFigur faees

(Hussai n i Bboobih8! ABCTRMRooka0 7 1o 563 Ohig2 B FAIBIHGXKREIES SNNORAAI S
protein produce % g&l éf gnt y larger anounts of biofilmand Aap appear to
be i nvol vVEISPH i S 126 or mati on. Anti bodi es agai nst Aap are able to

i nhi b!& biofilmformation and inhibit the accunulation of S. epidermdis. A
pr ef er r edAffudggreprefentd Aegoibination cbneeteiredh gEmNAURSSADIET GiMRgsEPn b8 sti ng of
am no aci ideertiol cdApSses 2mpShraphy?,08 0t eab fGter entyons artacgenrd@s dk Geah i s a

strongly iJNadRQOeN dmifh b é)fbroéitémsiiﬂb' Nondidy BRtdh, SEbHUIERInS, TS

epi derm L b EENG | NG oiNedycMs G0l - 1 Its
SRR L e et e Gl b T L P

| eader seVtremssgn amihdingsingetain, plpinpekrs ebibfisgy atpteisi tfé’ag‘#?r‘@ | ElgdleMAFeptide is
fol | owed imynumobiyrdinapthiABICC traagiater, Ofsdap[jsdﬁ(.l p2e| yrardsporteny BitC,adii d8BEr om

35r esi duetra%@pé&brfﬁﬁsb diiEnali8Qn afd P8l eR'eth 4@anens. of SsaA to be
i ncorporated into t e |nnunogen|c conposition of the invention is nmade up

Lo 1 Chobiinku8perts| Ao ppafn gy siahEieol ontleeflh (R RS ©

hydr ophi | inendiple gomprisss 5xafiranvh brd @@4:1‘?5 i Hfugben ligpasnteiertsyragghe group
consisting of laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB, Efastin

binding protein (EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrG, SdrH, Lipase GehD,
SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, isaA/PisA, SsaA, EPB, 8SP-1, 8SP-2, HBP,

25  Vitronectin binding protein, fibrinogen binding protein, coagutase, Fig, MAP,
immunodominant ABC transporter, IsdA, isdB, Mg2+ transporter, SitC, Ni ABC
transporter, RAP, alpha toxin and H35L OR H35R alpha toxin.

The inventors have demonstrated that certain antigens produce a particularly effective
30  immune response within the context of a mixture of antigens. Accordingly, an embodiment
of the invention is an immunogenic composition comprising isaA and a staphylococcal
transporter protein, or 1saA and a staphylococcal regulator of virulence or foxin, or
comprising Sbi and a staphylococcal transporter protein, or Sbi and a staphylococcal
regutator of virulence or toxin, or comprising SdrC and a staphylococcal transporter
35 protein, or SdrC and a staphylacoccal regulator of virulence or toxin, or IsaA and Sbi, or
{saA and SdrC, or IsaA and autolysin, or IsaA and Ebh, or Sbi and SdrC, or Sbi and
Autolysin, or Sbi and Ebh, or SdrC and autolysin, or 8drC and Ebh, or Autolysin-
glucosaminidase and Ebh, For each of these combinations, the proteins may be full length
or fragments, having sequences at least 85%, 90%, 85%, 98% ar 100% identical to that of
40  the sequences of figure 1.
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Preferred conbinations A preferred conbination of proteins in the

i nmunogeni ¢ conposition of the invention 5 conprises lamnin receptor and
1, 2, 3, 4 or 5 further antigens selected fromthe group consisting of

i mmunodom nant ABC transporter, |IsdA, IsdB, My2+ transporter, SitC, N ABC
transporter, alpha toxin, alpha toxin H35L OR H35R nmutant, RAP, Aap and
SsaA. A furibdeboversel @electoadimaticrgt ihespedifigurmoteine snaymptidraily pivpneeerdmi c

conposi ti g rﬁfmﬂn@@emé‘-%ohaﬁgﬁmn' BN tHeO IMRE MDA SasSiat fragiisht lor ©isiod,prétedr ad f urt her
anti gens 3 ﬁtﬁd % l,_%omt e group consisting of inmmunodom nant ABC
transporter dR*T'sdB My2+ transporter, SitC, Ni ABC transporter, alpha
toxin, al pha toxin H35L OR H35R nutant, RAP, Aap and SsaA. A further

pr ef er§ edPiefamsdnmmaIpaenic peantnssitiensi 19f tthe ’i"‘r‘f%‘f*ﬂ‘r}fbgf’é’n|“€’l dutrsesing 8IP% the 15
i nvent i onsez@Bdes sidsiokdlhiA vanok/d94883. 3, 4 or 5 further antigens selected from
the group consisting of imunodom nant ABC transporter, |sdA, 1sdB, M2+
transport gy rﬁrﬂﬁ ter, alpha toxin, alpha toxin H35L OR
H35R nut anm%@o@ e% dé)ifé\\gfurther preferred conbi nati on of proteins
in the imunogenic conposrtron of the 20 inventjon conprises EbhB and 1,

2, 3,10 of peféradimernagrriqrompositereeiteainyenyan 1RBIAEE Hipe BIGIRN Cregeds

i munodoninrasdmbABGon phaistEeiokier an dxdddeliuias dBnpdvigRtbindianypiein (erefergiven Ni ABC

t ranspor t gihesi) Bitfa trcpBrterdrRBia (FrostablyHpalon@Rdrdbtem). ant , RAP, Aap and
SsaA. A further preferred conbination of proteins in the |mrunogen| C

conposition of the 25 inventi onpris further
anti gens QP 8 COMPERIPH ! fh r%&? foc’)( Yebr‘? E'b F%Qrude}%ﬂf%d ?é}&@%l@
t r anspr t extoxifesdly introgestionipd poip @H?ﬁ@?(ﬁ)erpre ‘E-IiaP’ii: the\gHisgREeY P%{WS'BBW‘%W al pha
toxin, al P dpdei toxid3H. pReh35R anfteanproteRARY almmaérmly s cRNjugatedr ohar

pref erred p&REREHAkS 0PLTH cdWhRin8hts theminlBodemtoangesiiian. conposi tion of the 30
i nvention conprises EFB(FI B) and 1, 2, 3, 4 or 5 further antigens selected

fromthe n in i munodom nant ABC transporter, |sdA |sdB,
My2+ trang'r?geir'?g ”% RP?WﬁC transporter, al pha toxin, alpha toxin H35L
OR H38R nutant, RAP, Aap and SsaA A further preferred conbi nation of

prot ei ns iAm urhmunwgmmogemp@srtmrrp@mmsmn aphat feein, 3sdA msheEnoAxiesabiarses SBI
and 1, 2, cé’mpo‘}reﬁtr bdiyr bBin aBkEeE Tons eheefrap tomistihdef ganin cansfost i ng of

| rmunodond d’»ﬁ&v& rbﬁ'\'aﬁrgcﬂr t@r‘h Eérﬁn%bhe S@I%tm"@%’r g I{Eraﬂaﬁrp(ebﬁ@r EFSI(FE), NI ABC

t t q
ansport el SR by e o s s Bt
conmpoddti B?PpefNFt%@ mﬂ@"’i%é‘i?f\oﬁf%o T s§ R tFP”ﬁﬁlﬁ' ei'“d“}@ P%’ e or 5

further afitringgersbisdiheprotsin, fcpmuiaSﬁe‘:i@ﬁ@(bMABonsr sting of i munodom nant ABC
transporter, |IsdA, IsdB, My2+ transporter, SitC, N ABC transporter, al pha

toxin, al ghaint Al eh@5Eon%sH§§Rcc§ﬁ‘zﬁr%% arp’ﬁt? to&ﬂp 19wl A AN eﬂrefdéﬂrll@er
preferred conpi n@ég}gr@gp&o em %fe '%gg ﬁ'e &ﬂgtlﬁ g SRRt rORpR, the

LRZQS%L’BS&@ Jeig bardrrgrﬁrerﬁpd% p A%estt“r%?é%?f?@%n@P§§2%F§§E§?tﬁgzirom

t r anspor t 8B, a8laiySin, KifAS SARE Sdr@nStroh t HipaseaBph $a9fi mMnbAl B, (BRI FIRBSL OR
H35R nut apbpA, RifRse ArpAmA, S3aA, EPBf 88k HeSSPrafBh, ddtreentyi biatingpraéinpr ot ei ns

in the ir%rﬁ gEMbIAGIRG FRAM, tcbsqmegg #i§@nd Mpent i on conprises SdrC and 1, 2, 3,
4 or 5 furthef antigens selected fromthe group consrstrng of

i mmunodom nant ABC transporter, |sdA t rter C Ni 10
ABC t?%nsﬁﬁr"f’%’k‘”‘)@&lnlﬁrfé’”‘t%ﬁ' iop C%E“%‘HQQ@WP 0’1-5’3&%5&' ?éir‘?ﬁ‘f‘ Aap and
SsaA. the group consisting of laminin receptor, EbhA, EbhB, Elastin binding protein (EbpS) E

(FIB), CIfA, SdrC, SdrG, SdrH, autolysin, FnbA, FnbB, Cna, CfB, FbpA, Npase, SSP—1

SSP-2, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig and MAP.

40  An immunogenic composition comprising alpha toxin, IsdB and an adhesin selected from
the group consisting of laminin receptor, EbhA, EbhB, Elastin binding protein (EbpS), EFB
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A further preferred conbination of proteins in the inmunogenic conposition
of the invention conprises SdrGand 1, 2, 3, 4 or 5 further antigens
selected fromthe group consisting of immunodom nant ABC transporter, |sdA,
| sdB, My2+ transporter, SitC, Ni 15 ABC transporter, al pha toxin, alpha
toxin H35L OR H35R nutant and RAP. A further preferred conbination of
proteins (A} AgolysMUNPY ST, SHEPOS&H! Fatn, FinbBhSna runhph Naser $8R4, SdrH and
1, 2, 3, 4g6b @itr!c)ﬁgcrnhS!Frdrﬁﬁ'bh%ﬁ‘?bﬁr%lg\@ﬁﬁrﬁéné ek, keadliRuprig ansisbi ng of
|nnunodon1nant ABC transporter B, My2+ transporter, SitC, N 20

ABC transporter, alpha toxin, ha t oxin RAP, Aap and
SsaA. A fﬁ?tﬂﬂernoﬁ?@?‘é?m%'t‘%ﬁm’ Hn9GIPhEoy Histdgﬁ%’??rwmf‘ﬁg%f)%\mnogeni c
conposhtion of the invention conprises Lipase GehD and 1, 2, 3, 4 or 5
further aphingen®gsst eahgeitbn aompisiggimapoxdohsitsandigphdf i munodoni nant ABC
transporter, |sdA isdB, M2+ transporter, SitC, 25 NI ABC transporter,

al pha toxi, Bnr{ﬁm%g?mr:g% smﬁlcogﬁgﬁ%rﬁg&ﬁrp%dp\% eofdp and SsaA. A further

preferred ion o protei I mmunogeni ¢ conposition of the
invention conprises SasA and 1, 2, 3, 4 or 5 further antigens selected from
the gl®upABOUBHOISTIE AemeAsiomenmBURNG aRsONBASY XGRS er, | sdA, 1sdB, My2+
transporter, SitC, N ABC transporter, alpha toxin, alpha toxin H35L OR

1135R nut @«mmm%eni@\@@nﬁ&‘ﬂloﬁ%@ﬁpnﬁdél';ﬁﬁah@)ﬁn nec SorER @embi nati on of

proteins in the imunogeni c conposi t| on of the invention conprises FnbA and

1, 2, 3, 4 or 5 further antigens. selected .fro oup 35consi sting of
i munodont*RAMPUREENE FURRTHIP mp”sé'?ﬂ@p et iﬁ@z%@%ﬁsporter SitC, Ni ABC

transporter, al pha toxin, alpha toxin H35L OR H35R nmutant, RAP, Aap and
SsaA. A f anidveunggesit eompabitonrbimpasingomiptef toxin,ds@h el G-t he i nmrunogeni ¢
conposition of the invention conprises FnbB and 1, 2, 3, 4 or 5 further

anti gens I r m‘gmodom nant ABC
transportgﬁ rﬁrﬁ&rﬁ%aﬁ%@%ﬁ%og Cghl?gﬁi%%@?etr&lh glg?%énle ABC transporter, al pha
toxin, alpha toxin H35L OR H35R nutant, @g @qﬁ?rﬂa SsaA. A further

pr ef eE@edAEMPWF@ﬁO‘BPD%‘r%‘tCQFWES'?%a'P%tOi“Wﬁ 8 pborrposr tion of the
invention conprises Cna and 1, 2, 3, 4 or 5 further antigens selected from

t he grOUDAﬁQﬁrﬁu Rig c@ﬁnpbmm@d@mm@mph%ﬁnrsBMammegmasd sdA, |sdB, M2+
transporter, Sit Ni ABC transporter, alpha toxin, alpha toxin H35L OR

HB5R nut ag\t mmunoge'rbt‘l%%ompodsn%na}:%mpnsmg alpha toxin, isdA and Fig.

25
An immunogenic composition comprising alpha toxin, IsdA and SdrH.
An immunogenic composition comprising alpha toxin, {sdA and SdrC.
30  Animmunogenic composition comprising alpha toxin, isdA and MAP.
An immunogenic composition comprising 1saA and Sbi.
An immunogenic composition comprising IsaA and {sdB.
35
An immunogenic composition comprising IsaA and IsdA.

An immunogenic composition comprising IsaA and SdrC.,

40  An immunogenic composition comprising fsaA and Ebh or fragment thereof as described
above.
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A further preferred conbination of proteins in the inmunogenic conposition
of the invention conprises fB and 1, 2, 3, 4 or 5 further antigens
selected fromthe group consisting of immunodom nant ABC transporter, |sdA,
| sdB, My2+ transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin
H35L OR H35R nutant, RAP, Aap and SsaA. 10 A further preferred

conbi nat i ¢m iomupogEné cesnplositidrnem pasiug 8hieand Sdc@nposi ti on of the invention
conpri ses Fpr and 1, 2, 3, 4 or 5 further antigens selected fromthe group
consistin ,mgé}pcd sporter,
SitC, N d tran por?‘geﬂr]&%%n %%i@n%% %%htdoilg@mﬁgéﬁgg eI%Errtrr%tIa ant,

RAP, Aap %SsaA. A further preferred conbination of proteins in the
im’runoéenl C corrp03|t| on of the invention conprises Npase and 1, 2, 3, 4 or
5 furt her Amrithyeogensadoepbeitorf ofdm infeatigr cunprising ddagt Bhigr 88rG mmunodom nant ABC
transporter, IsdA, |sdB, My2+ transporter, SitC, N ABC transporter, al pha
toxin, al @cbashioitBHgdH: BRBRIBUAM diffABnt SRihdiNhesah A fur ther
preferred conbi nati on proteins in the i mMmunogeni c conposition of the
invention conprises IsaA/PisA and 1, 2, 3, 4 or 5 further antigens sel ected
from tlRe dralyps eﬁhgpgqurrﬁgcmfwrmém inistetinBeith hawopdrticasirustggal | sdB,
My2+ tran%?éﬁhﬁ/ﬁboccﬁsk br@euNhoﬁ@@véﬁa%@i@éHeh@éof viuBR& §eek b na@lgha toxin H35L
OR H35R nut ar] and SsaA further preferred combination of

pr ot ei ns |pﬁpltﬂté’“ﬁ i c composition of the invention conprises SsaA and
1, 2, 3, 4 o0or 5 further anti gens seI ected fromthe group consisting of

i mmnodom RPLter | sdB SitC, N ABC
transport e%m'él ﬁﬁca] {58%%% © ?Sﬁé"“t o%snau t&%% Egvﬁfﬁ&gf ! %66%%5? Aap and
SsaA. 1A f ghewrelo qgrtmftérwrewlmmoﬁa@tlabrﬁwﬁ irpfeqstlremns 6901)BAE-SEImAlRTEgeni ¢

conposi ti gBmBiysih hﬁa)' W@%éﬂﬁ"&n@@&ﬂdié@ﬁ (BB #hidmpirg faétor&(@fﬁ% wefeUr t her
antigens sel ected fromthe grou consi sting of i nmminodom nant ABC

t r anspor t 8FOWN ©Pg Presealn masdef the isplaigsregardies pfdineage iggtty; sugeeHBPEPBr, al pha
toxin, al phgortapidior df 1136 brdtdhd iR HR sunanst, S. BARus fBgbtiaach! SSEA. inféetf ur t her

referred conbl f .proteins in t n 0 i gn of the
anenti on “3'8 gﬂléég%é% “R%[ﬁ%lvei acﬁord'gg Poep%ﬁp”“% %%f?ﬂé% &’3ﬁ?5%§5h@ss°él ected
from t2he grt@upfﬂt;om%engaaomap mviifediorViantineABGdeidimSm teama-tbsa)p, | sdB,

2+ tran I , n H35L
e mapE BB o U 60 (ARSRRL e LRI L0 Aot UGN
prot ei ns |Cﬁ”%q?éaq'9ﬁﬁiﬁ@©téﬁfﬁé‘s@ohfﬁ6%ﬁeﬂea?ﬁ of the i nvention conprises SSP-2
and 1, 2, 3, 4 or 5 further antigens selected fromthe group consisting of

i mrunodom nan tran orter A . lsd ns SitC, NI ABC
t ranspor t &t$°" F"th%h‘? %Rc%gwast'&ﬁsrﬁb%ﬁmé\é%% %ﬂ@ﬁ@éﬁ@ﬂﬁa Aap and
SsaA. 2A flhembtesm Pt enﬂtageh loaditn ;mateim(nna)fT?pB“otf st and metHidlin resistaogeni
conpositi ihvention r PB an r 5 further
oot oens. SarSloedl erost PHE A T DORLrR e B ol e na i ties

t ranspor t @nmuh 5$K): 348 3B). Ngﬂaﬂyt Paartspioettaarzoosrth@pt tMmuﬁBm(Qrmsmeyter al pha

br of f r e 0B AL RoEP iSSP L& FR g i e B ARLER PR of the 10

i nvent i onacbagieiedss, Wid sdpgedsi (adrbi suitiz agd ppot eiancplard ef@witlBnthe or 5 furt her

anti geRns @W Aaat ABC
transggrt gﬂﬁ%ﬁ%@%%‘P%%ﬁﬁyﬁa%%%?rttéﬁ'@ “(%é %%H%ransporter al pha
toxin, al pha toxin H35L OR H35R nutant, RAP, Aap and SsaA. 15A further

pref e{ red mgmwrbmb nf e\ﬁ’cﬁe@&:@tﬁ%sttdhér@@adn@'ﬁ!éﬂ%b@onﬁi@l%%@ﬁéé regnsatt t he
i nvention cp

ri no bi ndi n rotein a or 5 further
ot 1 gens. 8 ERUR SHRRP RGBT £ Bl CORGH Sh PRy o Ehiee Berdie AbsiEtc
t ranspor t expvdrsdifom bsghtokpcredriaan e et &1, 20 I Bactbiiol ABE( 1t j:380gp@i.t er, al pha
toxin, alpha toxin H35L OR H35R nutant, RAP, Aap and SsaA. 20 A further
prefe? ed conbi nation of proteins in t he i mmunogeni ¢ conposition of the
i nvent i onPeE&md Bewinggeiititarrosiiaes df the invention aye effedtiye teainstatanhyeenscisel ect ed
from t he feroupfecmbelbsdliingpget. | nmunodom nant ABC transporter, |sdA |1sdB,
My2+ transporter, SitC, Ni ABC transporter al pha toxin, al pha toxin H35L
OR H35R mutant, RAP, Aap and SsaA, 253 further preferred conbination of
proteins in the i nmunogeni ¢ conposition of the invention conprises Fig and
1, 2, 3, 4 or 5 further antigens selected fromthe group consisting of
i mmunodom nant ABC transporter, |sdA, IsdB, My2+ transporter, SitC, N ABC
transporter, al pha toxin, alpha toxin H35L OR H35R nmutant, RAP, Aap and
SsaA. 30 A further preferred conbination of proteins in the inmmunogenic
conposition of the invention conprises MAP and 1, 2, 3, 4 or 5 further
antigens selected fromthe group consisting of immunodom nant ABC
transporter IsdA IsdB Ng2+ transporter SitC, N| ABC transporter, al pha

e wY™rer~~ 12 _ _a "~ A N A ~ A



35 A further preferred conbination of protein in the inmunogenic
conposition of the invention conprises i munodom nant ABC tranporter and 1,
2, 3, 4 or 5 further antigens selected fromthe group consisting of |amnin
receptor, SitC/ MtC saliva binding protein, EbhA, EbhB, Elastin binding
protein (EbpS), EFB (FIB), SBI, autolysin, CIfA SdrC, SdrG 40 SdrH,

Li pase GehD, SasA, FnbA, FnbB, Cna, C fB, FbpA, Npase, |saA/PisA, SsaA,

EPB, SSP-i} on§%%b3d:rn@ﬁtptms\f!stdcﬁ@% bpmaumg Ag2 13, al, eidferalily Bf leastgeftoRinndi ng

pr otei n, tﬁ&ggéﬁ%\ eth osW!at@s fer g%h&tl ghph eg(&('sﬂcﬂ_ﬁé{emg?nm hut ant,

RAP, Aa ?l n r t he

i mmnoggrﬁq‘ri}' c‘%ﬁﬁ?&’glnt@@ 6’1‘0 Q'Pki" S PO c%&?éng \u&(ﬁ’}f% @%}8 R @ﬂl
furthér oGPepYeses Bl Y ) PBWFN?@”@'?%@H QeisiB e i(RHe- qxg})naﬂ I‘Farg‘@e tor
Si t C/ Mnt Glavalalsedddpiifedi imgnupedarainant ABShitansEprteB, RAP caitqlysirs(Reiph @t ﬁlg2q9ﬁot ein
(EbpS), EFBnteHl Bjs, 18Bl103a) tarhiyigi lecep@rf ASitCSds42/PiSar SPOBE ¢, Siaﬂpa':'sbeSGehD
SasA, Fnbé‘asi:g RBEhe EAR20dd, MiohiBibdy 14858, EF@@FM)PBQACH@S&AA IERB, FrdSP- 1

ggggﬁ aSHE?E’ Gb i blﬂﬁlh ro%lﬁ;gesqgmp sbRLoM nzgenﬁ@ mnmoomanmp pap
and S@aAq\m @R £ g’rijl CE% | o 'Cé?b “@5 aﬁ?%nogem c
conposi t i GRcksF ettﬁ‘iéop%\ﬁé‘ﬁ"tof)@f?gbfd Apr §%es® q5§’d(§°8‘i‘ﬁjela 203 giiczob ¥dr t her

anti gens &g @@te@tysmrpmmsne@g%@@pnbw rovelrgytadifsin. ami ni n recept or,

SitC/ WMnt C/ saliva binding protein, EbhA, EbhB, Elastin binding protein
(EbpS),  BRBn(dbBhtiveRpod MEn®| Vi rore Gdidins WElECareSipbfass&intditfekdripage oGEhD

S A F e n er
Sglsl 2 15 uﬁnaggﬁn Qaarncll.gefdﬁnt ﬁ)l‘\ar‘n rH é:%gcorjﬂ MOR'O?'%" %@"ﬁ"o EPRs acb%P

“F“ e kD 0o o fﬂ{?tsse'“
| asd® 5O hiaehs ol A lipe fe iR SE be bl RAP, Aa
gggggsgzeeﬂﬁcwﬁgﬁ@ﬂ rﬁlﬁ’w%?'iaw%%."wéf ?fj @F&?’W?fﬁ% PAES r{%gfﬁ eni ¢ P

conposi t i @mbifatiensdndludedmbBoanddmtghemelysin S8 %ﬂ‘i’oofla FpbB gnd ZS§T T5FpRf t her
anti gens sl et dribBoand Berlgriows 2@ SdifsiFabB regpd oEbfSarfinkBnandeEbpbete;

Si t Gt Glgalolyém é?idﬂdrhdﬂg;em RicidlysinERATSEDh Bhetihasihbipsibiandinkg:Apheei n
(EbpS), EI’%%IT&W\;,‘YEI )an 551’{) ’aﬁe?ﬁ&s C!alfadA‘Sdﬁdrt%ta—%n%l ﬁdrahlz{ Ba%@ta&hD

SasA, Fn ase BL.SA, rl?an Syr; 1
SSP-2, H yF'r“oaH‘ 1 A @5@( ods rfé%g hg??ghgfhmp pap

coagul aseSnapry Enagp CnaiasA &0 13? H’&C
and SsaA. TS83- aﬁ@lEbib%rTSpTéf%\dr%‘bl MeamortthBdOn MseA sre s MerArand EamSunogeni c
conpas t i Mdecrofind Efe, iSwviziatd Gdric GupD ise Ebp (HreDt @i Efbarﬁdirliﬁndzﬁbﬁﬁ HAirfor 5

further adﬁdlgg@rﬁds@@cér@ctfﬁrom the group consisting of lamnin receptor,
Si t C/ Wnt C/sal iva binding protein, EbhA, Eth El astin bi nd| ng protein

(EbpS), FI.B) .. SBI y A Sdr Li 0 GehD,
(E005), B2 i Bheq SEhmicBf Hahihoot e SHET B S o RREE”

SSP2, HBFEO”‘MOﬂ?VBﬁé%%Cf'W%Q’ﬂW ng protein, fibrinogen binding protein,
coagLHOase Fig, MAP, inmunodom nant ABC transporter, |sdA 1sdB, M2+

t r anspor t@eleHorGof N}ti@@ﬁsteweaeede:turiri@difﬁem%@emnbsohmaﬁ ther preferred
conbi nation of protein in the i Mmunogeni c conposition of the invention

conpri ses..al.pha tox H3 ari ant her
o ens BB RRat b SR e Buloneel Bl bR ating funich o Galfus tal'dr

Si t C/ Mvnt aretginsvdl Be saprReEadr b%ﬁenmcirfﬂﬁﬂmanw fye girgegiiviar SPWH‘P tBirdipgi n
(EbpSp, BFEIC(EIBY raSBiortenprobings After aObériad cber@nesiil Grovduirthe stephdesecatehD,
SasA, FnhéverHakBhostagonédtitBinabd BdingNtaGegrol®abibiverandgsetéin ekbiBssighls SSP- 1,
SSP- 2, Hl?fﬁmdu\étécf MaH! bf”th@';ﬂgt'eﬂg &E}%tsgéd‘durfd b{hb@@eﬁbrmhzngao% PRk eird,

coagulas r{ S

t ranspor tdeolWn W%A d Nwhe,&ﬁé ?lﬂgf gfﬁger’q U&‘Aéf) eﬁ%ﬁgﬁsgﬁj "to}gféx’rnts hg‘rg‘u%'r ferred
conbi nat i BREGPXIRHE %’Fﬂﬁesisﬁdﬁﬁégl%’ﬁyﬁﬁgem c conposition of the invention
conprd4dses RAP and 1, 2, 3, 4 or 5 further antigens selected fromthe group
consi st i rgefrel &rmnohdigeheoajmg@émo@ bIChihinvehtal taraprisiend prudeip eatressed aEbhA,
EbhB, El a5 He'? iev@lsbéh.f?'ﬁjlb NHe %&ﬁér@nﬂa!(gﬁ&@@ phab& Bnli R B)ote:ﬁ@xye@éﬂd%tﬁ%ﬁbr CfA
Sdr C, Sdr o FS%IQ en FnbA, FnbB, Cna, a FbpA, ~ Npase,

| saA/ Pi SA g’sa '§ HBP, Vitronectin binding protein,
fibrinogen bi nd| ng pr ot ei n, coagul ase33 Fi g, MAP, imunodom nant ABC
transporter, |sdA, 1sdB, |vgz+ transporter, SitC, N ABC transporter, Aap
and SsaA. 10



A further preferred conbination of protein in the i munogeni c conposition

of the invention conprises Aap and 1, 2, 3, 4 or 5 further antigens

selected fromthe group consisting of lamnin receptor, SitC/ MitC saliva

bi ndi ng protein, EbhA EbhB, Elastin binding protein (EbpS), EFB (FIB),

SBI, autolysin, GfA SdrC, SdrG SdrH, Lipase GehD, 15 SasA, FnbA, FnbB,

Cna, dfB, FbpA Npase, isaA/PisA SsaA EPB, SSP-1, SSP-2, HBP,

\f t ronect :‘I@GE!QQefQFSQB S evdl I0PELHAIRA t@n@d‘l@fﬂr P HeSirse W@ﬂ&ﬂaﬁ% Fig
i myn. ‘iﬁ p C transporter, |sdA, 1sdB, M2+ transporter, SitC, N

ABC trans‘ﬁ gpine aI pha toxin and H35L OR H35R al pha toxin. 20A further

preferred conblnatlon of protein in the i munogeni c conposition of the

i nventd onncammférsesessedimenidtng, impunggen epmEpsiign tdf dhe EWePiPBN@P YEFECt ed from

t he gr oupaigien®kis tahd gn eidrbciiiiai conpeaepboing Sretah Nive@rad Fveh, bnbili Gih pr ot ei n,

EbhA, EbhByq diedst i RakipBdiEotehot ein (EbpS), EFB (FIB), SBI, autolysin,

AfA SdrC, SdrG SdrH, Li pase GehD, SasA FnbA, Fri bB Cna dfB, Fpr

Npase, |saA/ PisA, SsaA EPB - 2, HBP, rone ct| di ng

protein, MPVBrH’ﬁSG‘@W BlCH'aPr fg?é‘?’?f' o1 gyl LHiRse G5 35 %’pm %Cg%drﬁ;l nant

ABC tT0ansfpwn ther grouwpnswrhgwf iemjfzm r@fmﬁ%p i/MptC/sgliybinging mpetelnr §iRsbr t er |

RAP, al phsindiex prioteimn(EbbiSH EFBRFIE3 5B adyptigsint, AN SdTh Sdith\Gshltl o SeshdneA,

denonst r at@s, (i mpAl Apdsankhaers, Wsaducesa geact,i ssib.al IMprefigsiscie 30

;angggogfa.% §¥0Ygt:ﬁir}|bﬁn<§%ﬁ U é.toteﬂf Wﬁa@e%ﬁq d mtiis%?\grﬁod%ﬁ%?\?;?gg%
| saA and gf@%fﬁ%ﬁ@ﬁ%fcﬁégdﬁéﬁ r“&%g 5@P?p@fteb %rHC?VaqSEE% dcé)gghyl ococcal

regul® or of virulence or toxin, or conprising Shi and a staphyl ococcal

t ranspor tierthqz)lcammnat;onerde%ibedmdoxaa, $iteaglhyd teincoay be ggudtizair orotheviigall ence or
toxi n, orgefeumRii=sidagerbed Ghavathnd redyarhincogegael ort donjugped tepolysabchariad ei n, or
Sdr C and & ég@%}ﬁlbgm,ccal regul ator of virulence or toxin, or IsaA and Sbi,
or |IsaA an [ saA and autolysin, or IsaA and Ebh, or Shi and SdrC,
or Sbhi ng Qlutol or Sbi and Ebh, or SdrC and autolysin, or SdrC and
Ebh, % Auf %C%‘@r@&?sam ni dase and Ebh. For each of these combinati ons,
the proteins may be full length or fragnents, having sequences at | east
85% 90%TIRSMm@BYent cbORYsiiiciendfi tealinteatidrh picfa@hbiy Glriter sempestc espsafar f i gur e
1. In t%gy%QQeﬁ%n@é%dinQG& HROBPIBAL LR, (aksB RnRE &5 frinads) RINAIRISN BLEBY

ti |1 ﬁlét{V t
fr agnent *e’yrpeﬁﬁér@ﬁr el ﬁa%g‘a?'?@?&%”%r%gﬁ%@ﬁqs' eBPa i g DEBor OO o
compdd t i DR llandfar &ypeN AR PaYSatetaridRcl ude t he prot ei n sequences
di scl osed in W02/ 094868. Conbi nations of three proteins 10 A preferred

i Mmunogenpig (BNAR®Si tion of the invention contains three protein conmponents
in a conbination of aI pha toxin, an extracellular conponent binding protein

(prefer agj }r%, e &?aé ﬁ Y usa@“méa Qfssr?{%rgh %Eoc%répévﬁ Be é‘@%{"afcgﬁa%%é’ 1d@1ﬂ:ﬂe%

bi
'cﬂg%%)'am@ﬁ f:\oﬂpf"f‘ Mag@%%ﬁﬁwa|°h§;“16i§etnh@t oIS ERPIR 0L 0 I e

poi nt nut2% i BFR-E)9, (FIGdh)er HisrajorehtheHiasms PéA cpfthltf\Gmﬁma@m@%sesrrﬁé' H1epha t oxi n
i S presenjol@scehafid@corpligisatdhaddesaletiestbitdnvileyn. i S conj ugated to a
pol ysaccharide or LTA conponent of the inmunogenic conposition. Preferred

conbi nat 'Fﬂﬁﬁs ag)%yggcecgz?nc% 1]‘ fé@ iul%ggﬁ %5’ JS % bpéjggfgﬂprr 61‘2% (19_)51 pha

t d f
tﬁ)e(I &%ud'“&%s?lgﬁsﬁ@“r@f S ‘ﬁ?{ﬂ ‘f”’gbe Taﬁ?ty $nd Lﬂ‘ﬁﬁlglaﬁo{)gl%@]ﬂ}?m ﬁ;@ pr(r)t(:) 21| n,

EbhA, EbhBlysEtchetidaistirestinhiy iotoBereus BpS) epidpmigisieny casie isolaiebirgai n,

A f A, SdrddheSshutge (Sslicklet &ligoas eCaBaitiraBoRdsealen 385, F03pBairdhitran & i BOOZ?SFpr,
Npase, | S:ﬁf%ﬂrﬁ@] 758%6) FBBexampiE, bNASSRavbe [IBBted idit oAb stainndiEe
protein, bi ndi ng protein, coagulase, Fig and MAP. An i mrunogenic
conposi tion corrprl %I ng al pha toxin, 1sdl3 and an extracel |l ul ar conponent

bi ndl“’f?g protein selected fromthe group consisting of lamnin receptor, 30
SitC/ Mt saliva binding protein, EbhA, EbhB, Elastin binding protein
(EbpS), EFB (FIB), SBlI, autolysin, CfA SdrC, SdrG SdrH, Lipase GehD,
SasA, FnbA, FnbB, Cna, O fB, FbpA, Npase, |saA/PisA SsaA, EPB, SSP-1
SSP-2, HBP, Vitronectin binding protefh, fibrinogen binding protein,

coagul ase, Fig and MAP. 35 An i mmunogeni ¢ conposition conprising al pha
toxin, IsdA and an adhesin selected fromthe group consisting of |amnin
receptor, EbhA, EbhB, Elastin binding protein (EbpS), EFB (FIB), CfA,

SdrC, SdrG SdrH, autolysin, FnbA, FnbB, Cna, CfB, FbpA Npase, SSP-1
SSP-2, Vitronectin binding protein, fibrinogen binding protein, coagul ase,
Fig and MAP.



40 An i nfmunogeni ¢ conposition conprising al pha toxin, Iscle and an adhesin

sel ected fromthe group consisting of lamnin receptor, EbhA, EbhB, Elastin

bi nding protein (EbpS), EFB (FIB), autolysin, CfA SdrC, SdrG SdrH, FnbA,

FnbB, Cna, CfB, FbpA, Npase, SSP-1, SSP-2, Vitronectin binding protein,

fibrinogen binding protein, coagulase, Fig and MAP. An immunogenic

conposi ti P eoBRAif®INMgG. a&:&ﬁm;;d;ywam@%ﬂ&@tdmhiamﬂ afimyr ié ceptomsible fan
munogen hqu,gfma%ﬁwn AiheSRABRY §Hoﬁ&31@£i§$‘ﬁ1n&tﬁ9ﬁb o sHigl heasrelvil blonyAmb

munogen) ri sing al pha toxin, |IsdA and EbhB. 10An
rmunogenlh% %ﬁ%éﬁubé Pe%pgrgs%rl sing al pha toxin, IsdA and EbpS. An

[
[
[
I mmunogeni ¢ conposition conprising al pha toxin, |sdA and EFB (Fl BE An
i MunogeniTee pelviseshariie Rrayvisply ikopwy aalPpbrdl-sUsRTH; P15 @H@S%F‘G(P?ﬂg An

| Munogenives carPils stdvannciolpdvei the eapaltal stuctune sinse Ahauiden@idasion A N-

| MunogenigmABERMSIAd iRdbree =i MGn at APB02 At Inhumd70;a8d3)ClfidPefoROhAN

: m"runogen}j&y SaQ0RAaL tw"o%ﬂgo S 1 99pR Bh%nc%i Ol fourﬁ)d'%bat%j B isAiso
[
[
[
[
[

nmunogeni ¢’ CO rSi ng al'pha toxin, I'sdA and coagul ase. An
mmnogen?'&cog’tﬁ’gg'i‘fgbé’t i sing al pha toxin, I sdA and Fig. 25 An
mund@eni ¢ conposi tion corrpri sing al pha toxin, IsdA and SdrH. An

| MunogenPR @oMpRsd) trhaynbee oinglifférsintnggzeal vahyéngt foom reyer| @kDatal b8de@ 78@nAn
nmTunogenigokBaNP 8stinkEo Mo eRIMPEILS 1B @lid)sBishatid®si ddmpbsad/ofando BRpediunits

C?;“pp?gleg of acﬁgpg% kécp il RAARNL S arﬁ%{swgml@eﬁ@ﬁrgzx | on
| sdA. An @ B ﬁf'f’%r{’rc{@uﬁ%ﬁ%‘gﬁ@ e B8 tse o 4 Thplidddfhc

i m’runé@enp@“%ﬁ'ﬂ}@f medﬁ"%?ﬁ)rhoﬁ’ﬁ\"ﬁj 3 Y2 ChHHE EB*FPSO'P jre Sﬁ%rﬁ‘z'q%@?éa? as
descri bedactimed.by dvy nathoddgedm ¢ thengb dor instanesobp rMicsplupisiion. adierssdic C. An

| MUNogenjdeasPaYyichemniceaivagd me0 BhisasaxIcBldysos, ER40geEt t her eof as
descri bed above. 5 An inmunogeni c conposition of the invention conprising
I saA, Sbi Preferre% size ranges of PIA (PNAG) are 40-400kDa, 40-300kDa, 50-350kDa, 60-300kDa,

20  50-250kDa and 60-200kDa.

PIA (PNAG) can have different degree of acetylation due to substitution on the amino
groups by acetate. PIA produced in vitro is almost fully substituted on amino groups (85~
100%). Alternatively, a deacetylated PIA (PNAG) can be used having less than 60%,
25  preferably less than 50%, 40%, 30%, 20%, 10% acetylation. Use of a deacetylated PIA
(PNAG) is preferred since non-acetylated epitopes of PNAG are efficient at mediating
opsonic killing of Gram positive bacteria, preferably S. aureus andfor S. epidermidis. Most
preferably, the PIA (PNAG) has a size between 40kDa and 300kDa and is deacetylated
so that less than 60%, 50%, 40%, 30% or 20% of amino groups are acetylated.
30
The term deacetylated PNAG (dPNAG) refers to a PNAG polysaccharide or
oligosaccharide in which less than 60%, 50%, 40%, 30%, 20% or 10% of the amino
agroups are acetylated.

35  In an embodiment, PNAG is a deaceylated to form dPNAG by chemically treating the
native polysaccharide. For example, the native PNAG is treated with a basic solution such
that the pH rises to above 10. For instance the PNAG is treated with 0.1-5M, 0.2-4M, 0.3~
3M, 0.5-2M, 0.75-1.5M or 1M NaOH , KOH or NH4OH. Treatment is for at least 10 or 30
minutes, or 1, 2, 3, 4, 5, 10, 15 or 20 hours at a temperature of 20-100, 25-80, 30-60 or

40  30-50 or 35-45 °C. dPNAG may be prepared as described in WO 04/43405.
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Sel ection of antigens expressed in different clonal |ineages 10Anal ysis of
the occurrence of virulence factors in relation with the popul ation
structure of Staphyl ococcus aureus showed vari abl e presence of virul ence
genes in natural populations of S. aureus. Anong clinical isolates of

St aphyl ococcus aureus, at |least five clonal |ineages wep e 15shown to be

hi ghly prEwapeyraceiBoe®) sriuged imgp1immnegen's FRTIACSTOH ) 18 48veRE99N &g Hha-
henol ysi nytfakably dohpgasecll rr Rianrdr NgroRirdt Rl Riedoribbhbégioandr cllemptivedy f act or A
(clfA were shown to be present in nost of the isolates, regardl ess of

| i neage i YERRFERICd-suggesting an inportant role of these proteins in the
survival of S. aureus (Booth of a/., 2001 Infect |nmun. 69(1):345-52).

Mor eover ,..accor di o] Jo I t he di stributions of 20fnbA,

clfA “co ok %1” e% i %%8}91 oo s L%Qt-gzal entine | eukocidin), Ng

(gamma-toxin), alpha-toxin and ica appeared to be unrelated to_the

under | yi nigoss] stiabis oftS- arereus Bakoryge dnfpeign domeardeian eithesriveemt d TPedhsfer of

t hese gengsysatdhaaoant Aasrpximetelyst0%dfuhenciaige aesTyse 8nd sphrokmeielci0% bi ndi ng

_FI’_rSgEI_e' ”( ?artéf'@eg)sz Thfkﬁlqttﬁrés BeTRleYs b T8 casQlak @@i@cbﬂ]a?ﬂtbemgtighl“n@tm n (_cn?) .
- : c [ e f soci ate

A e B e el iy ey

Si mi | ar |y ABCH (e84l Bolhbave TusRagR Mihel feoearapts 25 YEhas METNARWIET ot ¢ he

di st ri but ¢aris ysed thistredyce pEEEWRRSgroMR ThesHECtRS WERTPRREEEa and et b),

bet a-and delta-toxins, the sdr genes (sdti), schE and bbp), aim ebpS and

efb withi he 30popul ation are all highly significantly related to

M_ST-deri ved cl onal conpl exes. M.ST data provi de no evidence that strains

responsi bl e,.f al, di sease eni, a kS _Subpopul ation from
strains cé’ﬁd’a‘)iﬁ%’w@aﬁmﬁ%@% E@qﬁ?’?gg ‘5‘%&‘3@55’? Bs[?’r:%%r\!r@g(ﬁ ecovered from
asynptomatic carriers (Feil et at, 2003 J Bacteriol. 185(11):3307-16). 35
Pr ef err edTypeinogeni ¢ conpositions of the invention are effective agai nst
st aphyl ococci fromdifferent clonal |ineages. In one enbodinent, this is
achi eyged by)igneliNRBAROAZ)- (135 34 o-LPFENRcalB)BtD-Feadte-( -protein that is
expressed in nost isolates of staphyl ococci. Exanples of such proteins

i ncl ude al pha-henol ysj n tj br onect,} n; hi-ngdi ' and

cl unpi g REGFB Db Ty RySvebte, Segrac o oo o B Fulk SatdGRRb T,

| eukoci di revisedAp fiyalig-e oxi n) and | ea. We have also identified

i mmunodom nant ABC transporter, RAP, autolysin (Rupp et al 2001, J. Infect.
Dis. 483; 1 ), laminin receptors, SitC, isaAPisA SPOIIE (), SsaA
EbpS, SasF (Roche at al 2003, M crobiology 149; 643), EFB(FIB), SBI, dfB,
| sdA, 1sdB, ,.E a P, Lakoy Bl ndi_ R, i L1, 1saB/PisB
(Lorenz eﬁ@[d@%ﬂ@mﬁ' %ggﬁb%gﬁeakﬁégo@ﬂgbg% rﬂécg?\%l(ﬂS) , SasH (Roche et
al 2003, M crobiology 149; 643), MRPI, SasD (Roche et al 2003, M crobiol ogy
149; 643) Ty®a8H (Roche et al 2003, M crobiol ogy 149; 643), aureolysin
precugsor (AUR)/ Seppl and novel autolysin. In an alternative enbodi nent, 2

or nore pLogigi-pviMNAchsaR)-exprRssiedutNadi HBrebiFuseAs(ioh 15 clonal
strains are included in the i munogenic conposition of the invention.

Preferably the compi nation of anti s.wll. al i SHE to be
gener at edx’f"ﬁ?ﬂmf‘%r * Ff‘?@fﬁe\ﬁé‘gﬁa%‘ ﬁg'ﬁﬁﬁ% F'Wr%‘frg?ec%’t%# %&%%{nﬁost

pref er abl wehdaowsto Hiel skilpd fran. dardnstanceppse fiescried E‘(%%? éﬁ oﬁ:é)r TRl FnbB
and bes aharolyisn? isfaibyBe &l aQreas sFaib BnAATCTI2309s aFiyB8 8ah duigde ArallFnbB and
Sdr D, FnbB and SdrF, FnbB and EbpS, FnbB and Efb, beta- 20 haenvolysin and
Cna, betag Eg&% YrRdaB &QdofTﬁéégéls'z@%%l{éﬂ%%ly%éy BRdsiFRe Aor hekakaespl ysin

P e . ;
and Sdr D, an rF eta-Fk
kL B B g

ta- haenol ysin . S
bet ahaemol™ ?’ﬁ” ?‘?Smﬁf‘%f’as &R0 ) a and
SdrF, CnaclignsaehgiiesaevastiepEg typpdosndd polpaRelGdeSTEER S1aURY- sdr D, TSST- 1
and SdoF, TSST-1 and EbpS, TssT-1 and Efb, MecA and SdrD, MecA and SdrF,
MecA and EbpS, 25 MecA and Efb, SdrD and SdrF, SdrD and EbpS, SdeD and Ef b,
SdrF and EbpS, SdrF and Efb, and, EbpS and Efb.
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The preferred conbi nati ons descri bed above nmay be conbi ned with additional
conponents described below. 30 Sel ection of antigens expressed during

di fferent grow h phases Staphyl ococci go though an exponential growh phase
during which a particular set of proteins will be expressed. These include
many of the extracellul ar conponent binding 35 proteins and transporter
prot ei ns.Thaf typs SaaperEd pdyekcrexipaneriied igtowirmurtdaenis tapigsideooliher evert to
a post - eXpRABM ladl pRIaaEy dbhjufSledth Ch caifieVplotéis & Queribandelpwobrehr

expr essi at.ecbeMany of the proteins expressed during the
exponent ?A;EF n%tiwc Hase are down regul ated whereas other proteins, such as

enzynes and nost tOXInS including al pha toxin, are expressed at h| gher

| evel $. AThefmBLBegesis COMPasitRyE tf\ecrb’ﬁﬁwadtP@ﬁgve&TCOPF?@Sﬁ‘R}%’ﬁ&!Heo’%oréWpr| se a

prot ei n expiessadridd. hi gher | evels during the exponential growh phase and

a protei n expressed at higher |levels during the post-exponential phase.
ngher I nto the level of expression being higher in one phase

in co §%ﬁk®53§ L ot her phase. 5In a preferred enbodi nent, the

|nnunogen|c conposition of the invention conprises al pha toxin and an

ext r afel |10l &y eEBPHEABN D IMBIRRISHE FOBIPASTIHY g? éfreamvaﬁb%mpﬁﬁ%%fh@f A and

Cl fB) or aur¢usd¥3s patigesrdeperivedimUSadbie’ preferably it conprises al pha toxin or

Cna or Lipase GehD and a protein selected 10 fromthe group consisting of

ami nin reeeRtPboigdh GMHEoBINNG Bhadiiite PERKEN no B asliinybidig protein
Frob, 0 (87 C'Eg%g B e X ot e Eézﬁ%‘ifé\p oA

Vitrotfectin bindi ng protein, fibrinogen binding protein, coagulase, Fig and
MAP, | mmhodmmmmdtmemcher%a@smgeens al pelysacehadiBe WWHGhH ist efaﬂ%iwer%'@r OrSitC, Ni
ABC t r anseria@vely Arp banslzeds . instanck oyt ineratioidis e, iutrasonie sediaiedeabove, the
al pha tOxdh@me%YtrQ&w%ﬁPeﬁHeclﬁJ/én&ior%tssQ%%@adnbbfsa@ama%é uetleasraheses bed above
and may be unconj ugated or conjugated to pol ysaccharide as described bel ow.
20 Pol ysat¥f&ti des The |nnunogen|c conposi tions of the invention preferably
furt conpri se capsul ar pol ysaccharides including one or nore of PIA

(al so knolire 33F PMN&E). afhe;eomcus%/ edaillrtae SMMypegeyicapramresitiey 9& thg \nVertigpdsil ar

pol ysacchasfei®iyandficgatél tepi derrisi graeMype descrvnd/ imiov@ STywe #llermtidlpr Type
|11 capsulppnp@lysaccharide. PIA (PNAG It is now clear that the various
forms of staphylococcal surface pol ysaccharides identified 30 as PS/A, PIA
and SAA are the sane chem cal entlty - PNAG (Maira-Litran et at Vacci ne 22;
872- &R (284yle & 32 R PIOATEIS DNAG enconpasses al |t hese
polysaccharldes or ollgosaccharldes derived fromthem PIAis a

pol ysacchsrditteATroCeras?,| SiE-a60 adh&5-10 ahd. iepidemnigio seel chdragefistt yoidireef 1341

-46) - 35 duffé}léﬁdca@'swxo%@& ﬂetl%ﬁestilrbéfﬁeemew tighidla@@ad Wosimasl 1035 UL cippy |

L e
Cor bt r s i SPe A Po s ! pr W PRYESANLEos PRy O A s Aty Pan
4433) . Fordiesianphe semalaGeihegs b@citil%a e oticshpescribed dUUMIPLH NG (V\D

04/ 43407)described in Ichiman et al 1991, J. Appl. Bacteriol. 71; 176.

in one embodiment of the invention, the immunogenic composition comprises type |
35  and/or il and/or Il polysaccharides or oligosaccharides from S. epidermidis.

Polysaccharides are of native size or alternatively may be sized, for instance by
microfluidisation, ultrasonic irradiation or chemical cleavage. The invention also covers
oligosaccharides extracted from S. epidermidis strains.

40
These polysaccharides are unconjugated or are preferably conjugated as described

below.
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40 PIA isolated fromS. epidermdis is a integral constituent of biofilm
It is responsible for nediating cell-cell adhesion and probably al so
functions to shield the growing colony fromthe host's i mune response.
5The pol ysaccharide previously known as poly-NsucGCi nyl-13-(1

->6) - gl ucosam ne (PNSG was recently shown not to have the expected
structure since the identification of Nsuccinylation was incorrect

( Mai r a- Li Ep@iiafbn 8f poh@9&hafiddsect . I nun. 70; 4433). Therefore the
pol ysaccharide TormalTy known as PNSG and now found to be PNAG is al so

enconpassgglooys ttrtéea{gt%&r& B}%éﬁécgﬂé& \'fr)rltHA‘thgin se Eog‘lﬁ%soag%ariags o vRbhhRheRlST Z€S

varying fromover ) etween 75 a _between 10 and 75kDa
to ol i%o_s@ébwg% pelesaceiipges e &f aifpPecs IBOUPeseat Sifdtedes NP IpYe bSBY - | i nked
gl UCOS?mP?'%EwFSEd tdﬂra]:%gr_ngﬂ s Naclﬁm;tfyimrﬁﬂﬁg_&g&ﬁ;s:qhaude ap@sikrkingent she Any
size o ol .ysacchari de or oligosaccharide may be use in an i nogeni c
15 conposP?lY ﬁc%‘f‘gl"? ﬁ‘éa}?rr‘i’@e?{f’feﬂhcaﬁ@% C%ap@ivfg %*S?aé\?‘érr erﬁﬂlﬁaei‘?'s@g]%jeferred.
Si zi ng napreteered didt dwephbiympcamyiderctiiiost krtbsvinventiohhaee ankked 6 @rproteibt@nze by

|21 0g mhpeberead Tayidie oy : ' O
031 59460, "R VhBBE0L ool 'R0l SRRt SSERTEAL MAREELT e
40- 400k Dagoni@aBolok Melyss@hadk ik mmureoe30DRDEe theoDBbthetDRIA Taltdus 0x0dBkDa. Pl A
(PNAG) capphaye chfdresfniT dessefeRl, REBLK! BbenHEMBod/aniA URBH], takki @8 on the

am no groups by acetate. PI AKBrodu,ced in vitro is al nost fuI%}/ s_t'%g&titut ed
on ami no BFHEPPYYE-dersiyg of ALPRFHA: (PTRR S SCHIUBAES JAUHNOGE SrACPBRAS) can be
used havi ggrAgpotdih @anfr&d HaeRbpmielitiamay, presmolybiaror 50Ymede % aspehtha0% 10%

acetyl atign. of deacetyl at ed Pl P ' refere '

non- acet y?%qvgduﬁ%qr?%gsegu'%gle ﬁh@%(“é’“%%ﬁg%ﬁ"\%% e'g(t%nﬁg%'%?ﬁglpgl:ogﬁﬁ Tkilling
of G #n plsparioutr penteiel) Gagrpere il prbfeyat. cantaire the Mtrimgal §3 @phelpioldidi s. Mst
pref er abl .he, . ) A £ apth Q0K Ps ANyl S
deacetyl a_?'gt "2% i{h@%&f@@?ﬂg%gﬁesgéaﬁg%ﬁfépmnn@%&%r( 20% of am ﬁo gr oups
are acet yls&raientigiimTyeogesr m deacetyl at ed PNAG (dPNAG) refers to a PNAG

pol ysaccharide or oligosaccharide in which |less than 60% 50% 40% 30%
20% or 10% of ..t he am no agroups are acetylated. 35 1n. enbodi ment ,
s & deaclyAHkiEn. Y BRTHCARRABNS T OHE e Aoy o FE ARSI ™ HE PR G e

pol ysa@ c hegnjdatesfedthedmaniidre The biepmdddovenl Pilds destitedtbedwiinashbeaudsdsisc

reat e wiatetob Rl e Brq SGRigh O BRE SHomiBlghASHBIRE Frelen A S, o o
NHAOH. Tr EbhBrdrastin $irfding ripteirne@bpS) GFEr (FHD. APk §ifes Sddr SArGpSdryl, dpass 10, 15

or 20 houpghBtsAal EANEFAbYT EnDCIBOrIRO Npass, BRA/ras Baar EAB, S¥P-50B3K. 35- 45
C. dPNAG nma descri b

be prepared as 3 ed in WO 04/ 43405. The .
pol ysacch@r %Qg( é}))*mg?ﬂnu'a@%w Rretpie. f H%g\ﬁp@gc@ﬂiﬁ%icf)?%%&f FiddFrvent i on
alr e ppef errﬁf?mmdﬁmmiamgmedzﬁs@oﬁerpaﬁm IedB,Mgz&erian%mtedwﬁr No&se tlelhsrp;nrt@r
alternatiye unconj.ugated. 5 e i rom
3 hur eus WE0Y 07 JRLOBHAE oty SHBR, RuPE KBy p R ER SR BB el
ei t her Tyfagrgerds th@sgpe 8 pol ysacchari des. Approxi mately 60% of human strains
are Type 8 and approxi mately 30% are Type 5. The structures of Type 5 and
Type 8 capsul ar pol ysaccharide antigens are 10 described in Mreau et al
Car bohydr &tnewreasrier pootein s Wouigen P%rﬁfaﬂqrtymdﬁ?ré?g@vs 49 Ussindee comtarnmh @ 45; 87

(198435 Bahphyrrvecdruehiied ik Nstaftgiideot@peashalibbicasTive!datis anMA@A pshi ch can

_tl)_spgsgd 1t5c(;)onljurg:;tageodd‘flo(:% %oi?sualcfct@;%{ayéim%r ?huep 'prc;lr_:gses So rc%%;tulégt%sn %Bgesr ?&%&ed as -

Preferably a genetically detoxified alpha toxin such as the His35Leu or His 35 Arg variants

are used as carriers since residual foxicity is lower. Alternatively the alpha toxin is
chemically defoxified by treatment with a cross-linking reagent, formaldehyde or
35 glutaraidehyde. A genetically detoxified alpha foxin is optionally chemically detoxified,
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-+4) - 6- D- ManNACA(30Ac) - (1 -->4)-a-L-FucNAc(1 --3)-13-D FucNAc-(1 --> Type 8
20 ->3)-f3-D ManNAcCA(40Ac)-(1 -*3)-a-L-FucNAc(1 --3)-0-D FucNAc-(1 Recently
(Jones Car bohydrate Research 340, 1097-1106 (2005)) NWVR spectroscopy
revised to structures to : 25 Type 5 --4)-13-D ManNAcA- (1
-4)-a-L-FucNAc(30Ac)-(1 -3)-13-D- FucNAc-(1 --+ Type 8 30

- - +3) - | 3-fibebaNAOAABAENE ih a-cnsy-liaking aeaiciomaljergye ar guiairideRyge o

Pol ysacchap Jes8YxRRy. extracted fromthe appropriate strain of S. aureus
using nethod well known to the skilled man, for instance as described in
US6294177. For exanple, 35 ATCC 12902 is a Type 5 S. aureus strain and ATCC
12605 i s EheTyqisagetsridesumayise $okesi o, thpohyishpolRsdasanr ¥ RePd €05 ze or

al ter nat 'é&%h%;e”@? LFRﬁuté'LF@dPatér% 37@%4@&&%!% Bl &1 of bupslb&af drarvs7ubid asoni ¢

i rradiation eri cal treatnent. The invention al sq covers
ol i gosacciearigest @br e d atens it #4910y p & reeiitty. £L581 yadaaian |°B%’§'5W &n s.

aur eus. %rr,@‘ﬁhﬁjt@é@w@gmm) pol ysaccharides included in the i mmnogenl c
conposi tion of the invention are preferably conjugated to a carrier protein

as described below or are alternatively unconjugated. 5The inmunogenic
CONpoSsi t iionSDQP tHee cyawlanmg oeageht drayane-vislcihyleovnoalidinient tetsefiuoygberate or type

8 pol s lﬂf) (?seﬂreér fo?’?h@ r%mh'eﬁg%f é&b&c%rﬁ@%ﬂﬂéi%@ﬁ;u dtbe irparunogeni c

conp05|t|on 0 on conpri ses S. aureus | en descri bed
i n US6294aqilatio gearden &ﬁmt@eﬁe%rﬁﬁqiu@égf priativelx defldh esEigns nEhIClE GNPIES ns no

0-acetyl gk Q}éy%%cﬁ@ﬁ% SIRARE fsbhaitvk ok AdRatdes aTtlid botieas aﬁimﬁdwaiﬂltauﬂind'ype 336
deposi ted under ATCC 55804. 15 In an embodinent, the 336 antigen is a

pol ysaccH&rai‘ii’ér'e\/\ﬁfoéeﬁnl s of native size or alternativel y may be sized, for
instance by mcrofluidisation, ultrasonic irradiation or by chem cal

treat nt%-rhq%sagé%%e ok sc%t?ﬂ% Wﬁcﬁy %Ja?er 4 '599%?18 %B@z’i:bﬁje%lﬂ‘@f |sV&&olve@mh t he 336

anti géh he i mrunogeni ¢ conposition
of the i meaehmitdn ahd ameéffi@mldiaiehbf@ﬁ?%g@!sééchaﬁd%ls‘?iléfqnl dre deActEytescri bed

bel ow or @k &y &blR ARk CEknE puNEaRiNaad &fform 2T BRatk estcr. amdr ih|e|actlvat|on
pol ysacchtgrl deg&}?r omS. epiderm d'%mSt I’gl ns M@ 360 .a SE— 10 of

S. epi der§ifRii e LeEies HIpigRt 'ér‘?déi??’c NPHFrREs © %”e TSR v e

polysaccharide to form an isourea covalent fink. After the coupling reaction, a farge
20 excess of glycine is then added to quench residual activated functional groups. The
product is then passed through a gel permeation column to remove’ unreacted carrier

protein and residual reagents.

Conjugation preferably involves producing a direct linkage between the carrier protfein
25 and polysaccharide. Optionally a spacer (such as adipic dihydride (ADHY) may be
introduced between the carrier protein and the polysaccharide.

Protection against S.aureus and S. epidermidis

30 In a preferred embodiment of the invention the immunogenic composition provides an
effective immune response against more than one strain of staphylococci, preferably
against strains from both S.aureus and S. epidermidis. More preferably, a protective
immune response is generated against type 5 and 8 serotypes of S. aureus. More
preferably, a protective immune response is generated against multiple strains of 8.

35 epidermidis, for instance from strains of at least two of serotypes I, 1l and Il of S.
epidermidis.
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different capsular types, I, Il and Ili respectively (lchimn and Yoshi da
1981, J. Appl. Bacteriol. 51; 229). Capsul ar pol ysaccharides extracted from
each serotype of S. 30 epidermdis constitute Type I, Il and |1

pol ysacchari des. Pol ysacchari des nmay be extracted by serval nethods
including the nethod described in US4197290 or as described in | chiman et

al 1991, J. Appl. Bacteriol. 71; 176. I n one enbodi nent of the

lI PYent: oNEnd ﬁee ldg%mmﬁ@:nh@eﬁ@mﬁjogah@ﬂ oﬁ@ﬁprnw@ﬂi@ntxyn@ ﬂrevféﬁanﬁléo@bmial and/ or
(0] sacchnari des or.. oll r
bol v oc o HAPEHRS o8 Foogro R Bo b Teenl! beotaptiiiTh svaRy MR el Meoumety o

i nstance dydini whiof | stapty®atdcan stralhd tiaes paticnt iwil deli etpoeed do. thHertherafore| eavage.
The i nve I I r c m di s
strai g, FRGRES ENEARL WA REET PR PRbRCLEGer A o PRAAR )

conj ugat ewna@emgmeowmbwws Sf@ﬂmqjgiaﬂh%ﬁ?o@ﬁ* pol ysacchari des Armngst t he
pr obl ens assom ated with the use of polysaccharides | n vaccination, is the
5 fact that g sacchari des per se are poor inmmuno Strat egt whi ch
have beer\4& H”'P‘cﬂ“eo(?éi’%ﬁés figfined jagAe 'B‘F“Li"%ﬁ‘?%’ F gyes pipg “Eﬂﬂ‘é t he

| i nki ng o;froibbt&:npmbyme leaslictige troddlar gﬁsqabmegbcytwerassey as deduribdy jpriay i de
byst apder referred t sacc t lised in
t he iﬂgen‘%x£ ﬁ)ﬁare nl'fﬁ rgdgﬂooecggn ot efnr?u%%:ér%%ueew 418\{ %? J?Eggrkcgysfa gnher T
-cel | hel gxampleayp$ defingd @Lmhmcrama oribe WAHE n n@tsrpa@éorwﬂth@ﬁqnag@p@dht&@)

pol ysaccf}ﬁrcg%?a& r@aym%n@% 5%”/3'%05/{;& Ebdwtﬁsmu?anaagatels%@mU§ CB&B&O.Ia@is (DT,

DT crml97 and I'T respecti vel Haenocyani n , and the
purified W@@Pr{“‘ﬂj@} |f9ra‘t’?t@@c% GW@‘PE‘BP@ ig W@Fd sl ‘?ﬁ?ﬁdg ﬂ%‘e‘f“@@“ " nosa

eXOpr ot Eidbsérvédi EB@«):FU@@@& ef it Rakt 90%HaewpBLY, u’gw ai loumnZae mé@dﬂ@bfVSI n or
frag Q ove. Fragnents suitable f.o ragnents
enconths SFGROY afpar e i Lo S MiSe eI Rperde st e ieiiiie T

pr ef er abliy irdimatedity # thaxrddse ar tiemattetdd! 3oaft of Aideqt AW, B0% PP .08 & 908 an

| gD- bi ndi, é‘%&%}? nzaEP 0 594 610 Bl-) and is a
potenti al Hgnnﬁnogg%gfoFﬂ ddit gﬁl |I153le;air};ﬁghr%ﬁye{tgﬁoccéjl proteins may be used as
carrier protein in the polysaccharide 20 conjugates of the invention. The

st aphyl ocoisead opkt @.Iofé‘ﬁqsdaélgafhmﬁmbx%@m;mmbe HeRFores, RBAMIiRtiAg ei n, for

| | | t EbhA - EbhB,
1 aotit’ AR nbPIGY BER R0 B ERBSCrrE eEDIBAERS et Aan s el )
Li pase Catobser@asbetwbab s, aukasBind G apicethilis aﬁbmﬁamblpafsejov\Issta#/ IBA/S AIEASS aA,
EPB, SSP- P, t el
orotern gt asHPEFg YA BTSSP, T H, FEREhdbye I RABE 8Py 20
| sdB, Ngzeuamp@rmpwe@twe Setveen Bi leaBOneraraspaistand 2| ipted 0ﬂ©>§ ﬁp(dpnnaqls al pha

toxin H3Sfgmyt@Rls aENveli hn@fich\RiRE Ptk Bnd @A\B)ndeﬂf:dﬁ hAYRERbSHE her eof .
A new carrier protein that would be particularly advantageous to use in the

cont & d¥f NHU30Y SCESAPIYRBUR BIMYECEFINESE-s st aphyl ococcal al pha toxoid. The
native formmay be conj ugat ed to a pol ysaccharl de since the process of
conj ugatign reduces t.oxi . ..Pref abI enetl caJI toxified al pha
toxi n suc eéegorfaﬂréaﬂr%fggcg ﬁ?d‘ CarPogHY 89‘58 TEOR Y e s

si nce r egiothpabe twaxi toieeyor Hut ofnkhe. abllve epmtama vmbfﬁrabﬁyeftmthghaammwmg iF$A

chem cal I depoxified by treatment with a cross-linking reagent,

f or mal deh B’ r 35gl utaral dehyde. A genetically detoxified alpha toxin is
optioial |y chemically detoxi fied, preferably by treatnent with a

Cross- llrwfllw ﬁ?&ﬁé dehyde or gl utaral dehyde to further reduce
toxicity e po ysaccharl es may be linked to the carrier protein(s) by
any known nethod (for 5 exanple, by Likhite, U S. Patent 4,372,945 by
Arnor et I tent
AP 17d§£\f g@ggca%pegattngﬂgﬁggﬂémoﬁz o808 R RER )F%Fynéélemug%éeog'?gg%ze

W)g 5/ 08343339he tf}eﬁtn"@mprevem{@n @y@pgnoar@ pﬁ@jap’ry@g@qgi infection. Such polynucleotides

1- cyaj0- GhdRicSti-AH SHARPVEILSHABS bﬁﬁuﬁrﬁﬁw{q ahlisieieb ekqkhce é@o:ﬁf@é‘\ﬁ’z)lydeﬁnd%r eferably
used for the synthesi's of polysacchari de-protelin conjugates

cyanilation reaction can be perforned under relatively mld conditions,

whi ch avoi ds hydrolysis of the al kali#e sensitive pol ysaccharides. This
synthesis allows direct coupling to a carrier protein. 15The pol ysacchari de
is solubilized in water or a saline solution. CDAP is dissolved in



acetonitrile and added i medi ately to the pol ysaccharide solution. The CDAP
reacts with the hydroxyl groups of the polysaccharide to forma cyanate
ester. After the activation step, the carrier protein is added. Am no
groups of lysine react with the activated pol ysaccharide to form an isourea
covalent link. After the coupling reaction, a large 20 excess of glycine

i s then adbickihassatipastien identilydpraferaii ateasb@d% Waeily.onae Pipfoansat l9ass pr oduct

is then pm%nwy%v%reapr&@}abw m%@@gs%d@mtwmhé emrne@%@em&@@&t ed carrier

t d dua t t d
B i rect TOHRdgEen G K A IeaR B ORI aB P EP SR RAP R

got i onal | yag gsrﬂamnty(am@mmefademwndnﬂmyﬂwum 1e(aéﬂﬂ)99%myntm,egre ntoroduced
etween the carriet tein. a ti on agai nst
S. aur eus Eﬁﬁ'y ge egﬁ? ci’ﬁ? %08‘? g"t%%q%asgggp})g?éﬁf&é%ndo@%ﬂyréé#&o' the i %venti on

the i munogeni ¢ conposition provides an effective i mune response agai nst

ore t hanFQ@% Eély’fﬂ%b@otﬂgs @EQRBYJ t!ﬁfﬂ(’fl‘i‘é ;%resfé'hﬁﬁ\?ernﬁm !MC!MJQ&CI strains from both

S. aur eus erm erab y, rotective inmune response

is gener aP‘éH‘Uﬁ@ﬁiidﬁé gonpRfisieg 5 “&ﬁﬂd‘ﬂe §%‘|‘r%f“99d5%t hes atéea%m"/e ifentitypreterspiés er abl vy,

a prot ECthM@adtBﬂ%%nfﬁﬁﬁ&ﬁfp@efé@blg%ﬂ@éﬁ@e% iagraityn pét mébraadraausmﬂ@asms of S.
35epi derm rom strai.ns rotypes |, |1

and |19 0?5‘73, *@BM@PHF‘EJ?@”@ SN RRICRfing %%“’fe%hl?d’é"ﬁf‘@’“ °<¥ﬁﬁo‘8%??*\r%n of the
i nvent i oncoding regigr. évibiatregans polpmickbtidenfubich havesat bpgst ST6cidérdityl ang highlyor t o

oS! 2\ bk Mist oo blth 834 £GR 000 by Qﬂefwﬁargmbgig%f@ge L lRlol i edi ct

whi ch oc'occal

thereforeaﬁw&a%wge@n@emsﬂﬂi%w@%ewth a vaccine that is capabl e of
gener atl ng an effective i mune response agal nst various strains of

st aphyl ococci. An effective jmune res e is ned. a

an i nmune
resporise PHRE PYyveisotdey inrideispipted PeyEl P SF?{”Q"SMQIPS%UC@QEWQ BHYE Fodel or
opsonophagaRky hasktdeaas 5@y idstigaselkibncht ieastdoe: iHenti anmpé ﬁ@ferﬁihgatitéeist ant
rotectio n,a,nmuse cha o Ie5 is
P defi ned ago%ﬁdqnﬁtg,r zggre] Q{e{ehaé)%flﬁg%gﬂ)s /& d%tatif NS {h%%%&fle%ﬂagé (r)]?lger A% e ul at ed
m ce of athid regast, p2OHycleR0Gss VEOTHhate abisast 9?@mtitﬁrgmwiym@ff€}§*r‘Uﬂ'bbt| onin a
cotton r a{hogg'ﬁitﬂ SMAE éﬁ%e/i ;derﬁtW arb W@fﬂ&ﬁy Er@@ﬁe@%n@!ﬁ%ﬁ@&v% Siedsbogdef i ned as a

decrease Int an observe 0gCFU/ nose of at | east 10% . 20% 50% 70% or
90% 2he ﬁﬁ@@éﬁé@oéi‘hﬁ@ Qf@f@sﬁqi sﬁﬁ'g PakRyIsgHHeranbe ‘néﬁﬁ%wta&w@a}erpéﬁsavde With
p"hOt EC“ 0By rebdiRti I%fnﬁ)rﬁi%rcﬁg@i%hf VR Bnddlisell &% inhdihidaSion Nxbedatesdmply Waolftkgcr ease in
t he acterl co 0%, .20 /

opsonopha@o%ﬂe{ﬂ%ﬁu@'tr @é% éﬁaf(gggﬁs (i‘o(rra%ai ﬁ%‘f (&f@d Z ?%I% 1%%%(1%&3\) % %%t the

pr ot ei ns alncHrmthatgmmTBmo@m&ﬁw3meﬁ)bransporter RNA Il activating 20
protein, Lamnin receptors, SitC, |saA/PisA SsaA EbhA/ EbhB, EbpS and Aap
are wel | conserved between S.aureus and S. epi derm di s and exanple 8 shows
that PSaAThapmsent yuBio8@isg, Proviges a ml?ﬁ/ﬁcwcsﬂwg thepigjeneptioped groteins

Cr 0SS- 1 eagf ¥ Brs ST BnERHANRS &Jeﬁ@rr@&@aﬁ@'Eﬁa%&§@écﬁ@ﬁ5dd\tﬁer@%¥&%n at | east
one S. aureus and at | east one str al sg wel |
f

conser vedPP¥IUfselides acerifiag & B d{“’ént'cﬁw?}’et?erﬁ”?ﬂ?% &?}5‘39? &cog A QB?@[S%G

i nduci ng er ¢duBRSstRRGICEERd ey beDiRgeesaRDBA oflsenteéta) er RNA anofcalber r ed
enbodi nen

Three or - PoUIoTBH G BB TSRO R Rhlss By b gy it B pisbeh b oCPTEN LPS 10
(PNAGI0 3polpulcientidd efdhe presardawentios. In other reiated embodlmen’(s the present

invention provides polynucleofide variants having substantial identity to the sequences

disclosed herein in figure 2; those comprising at ieast 70% sequence identity, preferably

at least 75%, 80%, 85%, 80%, 95%, 96%, 97%, 98%, or 99% or higher, sequence identity

compared to a polynucleotide sequence of this invention using the methods described

35 herein, (e.g., BLAST analysis using standard parameters). In a related embodiment, the
isolated polynucleotide of the invention will comptise a nucleotide sequence encoding a
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In a further aspect, the present invention relates to the use of the

pol ynucl eotides of Figure 2 in the treatnent, prevention or diagnosis of

st aphyl ococcal infection. Such pol ynucl eoti des 35i ncl ude i sol at ed

pol ynucl eoti des conprising a nucl eoti de sequence encodi ng a pol ypepti de

whi ch has at |east 70% identity, preferably at |east 80%identity, nore

pr ef er ablpphyaeptidedisat ho©ableasb HR% Liyserbly b aidubereidastly taihe Bkt a5,
identity, eEQer’;cQ%f@ 0, %r%e%q%qgk% &fa féqﬂbﬁc% ok FigQieer: of Aeuddtiiis e | engt h of
the sequence. In this regar pept i Whl ch have at least 97% identity
are hi ghl%ﬁquéﬁéﬁ’?‘@Bm%m*@ﬁa‘gI‘?@?\ée%qw?“%{?o1 gast 98-99% i dentity are nore
5hi ghly preferred, and those with at |east 99%|dent|ty are nost h| ghly

f d. Furt | id t
PL\e/eﬁ{‘:’irg rleri’g‘freﬂg%f‘r?'g i 33%*‘1 ﬁﬁ%% &VHEC'Q&“’ {Mhbﬁxrelcgnﬁ 8@%1?3? e sequence

t hat has sitthé elast de0&bedpoiyrivcipotidesef er abl y at Ieast 80% identity, nore
preferably at |east 90%identity, yet nore preferably at |east 1095%
identity, to a nucl eotide se(heence encodi n% a protein of the invention over

the enti réedodntia assgireyes fai theniss of afjanent ga peltireeiide geve ilfPE have at

| east 97%%H1Qﬁ9ﬁénta\6nﬁ}’ﬂ§er&! @ é(lbjl@ét%fag[He%dme%mhrﬁgehlbﬁﬁiﬁemeéélsaat | east 98- 99%
identity are nore preferred, and those with at |east 99% identity
are nst Rﬂi@HF’?Ot‘S?Qf'%QW%& 15Q her pol ynucl eoti des include isol ated

pol ynucl eoti des conpri si ng a nucl eoti de sequence which has at |east 70%
identity,. pr.eferabl r ast 90%
identity, il P"??B?’éa%?a af%F thé%{% bfjae{%lg@%)’emg}% é‘ﬁc&hﬁé fﬁgﬂﬂ‘%ﬁoggghgnces of
figure 1.frdgmearhpfaa pedgin df Flmeyﬁaep@mbe@é%daﬁm%ri\'m@éfeaw‘qf%@? WAL dentity

are i gh'é%sﬂéﬁfri‘g’nﬁé’rﬁs nAHo S 1vBOS iAol ey bt Aedbaibdudomi] ty are mor e
hi ghlf\%preferre hose W th at aﬁ@ ? % %&bf fté% [8 nost highly
pref € ecpfegaﬁwfﬁé?ﬂfhﬂﬁf’lub%ﬁ’f’ ged @are %%fef &t {eggt 3Ry AR e Sl asni d or

r econbi nan%ndﬁo@ér% g@ninsdnavRibestidardqused ehaded hymmnismlqlamﬂdq sawendeor exanpl e
VWl ff et. gl encze 247: 1465- 1468(1990); Corr et. al., J. Exp. Med.

184: 1555- ﬁ%w ( Doe et. al., Proc. Natl. Acad. Sci.

93: 8578- 8583(1996)) 25The present invention also provides a nucleic acid
encodi ng E’Qﬁpﬁ%&! ﬁ‘%ﬁ%ﬂt%?%ep&%rgfn %o % ﬂxﬁéﬁud?lrﬁéf@féblylo@«t@néd aNeand their use

in medi ci né i sol at.ed E éﬂ L}gotl §ies accordi ng
to thed i nstewt botd, ﬁrﬁy?ob%"3 §Pr@l1§9§?¢tﬁﬁwm'ﬂ%6?‘ o

doubl e- st jandegate a6 HERY DRNPAAIEIBAPBEITon GDNAhGrrely Budieds thysearet RNA

nol ecul es. Additional coding or non-codi ng sequences nay, but need not, be
pr esent WRiNEN a 30pol ynucl eoti de of the present invention. In other

rel ated enbodi nents, the present invention provides polynucl eotide variants

havi ng_ subst ankl Bl 198l bl AienaparaRgRs dhiskasash dgne i n 11 gure 2

t hose co sequence | entlmﬁl referab %& | east 75%
80% H5% s@@@mng%@mqg@@/aro@ﬁ%Di\@e%arb@er%%@P N&H@Pﬁ”S@é BeB#te identity

conpar ed br%gﬁoéa%lcya?%o%%s%’ Lzrnggﬁplef (fbmxémblamﬁmrm etisli, M@letlier met hods
re

d bed t |
S RO R e R

conpri se RarRsiCNeOticde)). Smmréeh@@Gmmengzeanéhlcanmﬂqu@e:mtazm frdnabattrak at | east

90% preferably 95% dent | f Fi
1 bvbr L RTERaLER o Brgrie of et ariet i A (heGER ERNEREE, o) T OTe

sequepte canpbefaiybearigble ecbaindes sol at ed pol ynucl eotide. 5The invention al so
contenpl ates the use of polynucl eoti des which are conplenentary to all the
above descri bed pol ynucl eotides. The invention al so provides for. the use of
a fragmenfhet ae poriphielhest pulale aphwel kraumtp 8}?5%5"&% @8 ﬁ’g{?i"st ered to

a subj ect g}1asndihen SRR LUFAHPERRDMAR] BPeahipesthase ilastOpakhenuethedsfi de of
Figure " Rapid Ampiification of cDNA ends (RACE) (see, for example, Frohman et al., PNAS USA
35 85, 8998-9002, 1988). Recent modifications of the technique, exemplified by the
Marathon™ technology (Clontech Laboratories Inc.) for example, have significantly
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The invention al so provides for the use of a polynucl eoti de encodi ng an

i munol ogi cal fragnment of a protein of Figure 1 as herei nbefore defined.

Al so contenpl ated are the use of such fragnents that have a | evel of

i munogeni c activity of at |east about 50% 15preferably at |east about 70%
and nore preferably at |east about 90% of the |evel of immunogenic activity
of a pol ygrepiiedtesesoh frdorgrcods. By the MeshtpenTt fesdnolaey. skeliteive bsg8f forth in

Figure 2. !WW j AP I NGatidhct Deatdvent i on
pr ef er abl Fg/repca(gérarcipfrr(lg)n(s?e at %»g%?te b E,g,ggge(;g&g%m%@&e& %@J&ir k o?a 100

, 10, , .20, 25, 50,
cont i guoudntaeaarenac Nagleic geid pmlificafigncdPGR) ighe Fariqs At FPeéHT‘pi‘g’éh? engths, of a
pol ypept i g GeMPpesd sriteslcsieh ubing & Bohighation of gateltpasifid frasaiaptet sifeoifit h above.

Pol ynucl eotides for use ip t i nventign m obt ai ned, i t andard
cloni ny afligopslegtdemaly ?'&‘Eﬁ? fpelon ip BWW%%E%%A'SWH}%%@ %@fe’lrg\;gjﬁf rom nRNA
in cells gfprivsradespinet eopinasivdthiorthd ampliied piogdsddlypicallygnfadaptesemeplie) , (for

exanpl e Sanbr o t _al l. | Ay, [Waleks g d}(ﬁw@ , 2nd Ed.,
Col d Spri ?{5“%3?%8&96%68% orig r%é%@ %%F%gcgparﬁﬁng hggg%rr'f?é N. Yl.‘lﬁﬁlatlQSQ)) .
Pol ynuc| ewtiedesuriher §'firethie oewn gee seavenas)s d BErQEIEch B PR Aalt BIPAI sour ces

such as %ﬁﬁﬁe%hh%éﬁén‘éﬁg%d s aM- DR usaNA esisseted sitRe byRinimgkR®wn and

30conmmer cli aval [ abl e techni ques., There are several nethods avail able
and vl | AR OesY frdse SYRITEIRHAR oivh & SaTp RGBT OTEITIY SWA h cDNAS, or
extend shepbratdMiengfh@CrR ¥ spIhe nbhesqudnas mtbronatidrifer tretibogh dfthdBlpi d
Amplification of cDNA ends (RACE) (see, for exanple, Frohman et al., PNAS
USA 3585, P'8¥88- 9002, 1988). Recent nodifications of the technique,
exenplified by the Marat hon"' technol ogy (C ontech Laboratories Inc.) for
exanpl e, have signif.icantl 2 ' if PNAs. In
t he Mar atﬂ%c\rﬁ%stc(g%ﬁﬁ%ﬁgl&h é%@oﬂ%\%hﬁéﬂéﬁgg&%gfggﬁ ?&o%mncﬁ%%\ngﬁyp gct ed from
a chos®n prioehgehamdivan, exatkaprdrs desgibed bereinbglawed femt Rpred &1% iR¥FaoNuC] ei ¢
acid anplification (PCR) is then carried out to anplify the "mssing 5
end of the cDNA using a conbination of gene specific, and adaptor speci fic

5 ol i gonuFIERBPIEEoP FYTIRP Say ARe beErerankifan e ICIRERTEEL @] AUHRE * nest ed'
primers, phadriuhs Thdgérirsrnieiestcgned insertarineahe yériohienftatiee eopinbihared pr oduct

(typically an adaptor specific prinmer .t X bood e bLabDE

Scapt o SUHREREETIHE 4 garion SREr e b A A ATE N sHal Bfecip VK, | e
k nown2@ e nexpsesgioe otk anfiden gnddctivction dimmpniesrepeaées.on can t hen be anal ysed by
DNA sequencing and a full-length cDNA constructed either by joining the 10
product directly to the existing cDNA to give a conpl ete. sequence, or
carrying Bfﬁﬁtfefares@wﬁa@@”’fh?ﬂfmelnﬁsne@wup’@ﬁ'qﬁieﬁﬁoqwmwgﬁﬁﬁf@%’@épq%?or mat i on
for the dgsigadbrdiidgo fie MEddiBhvention areVREJIOES IBRIGUItAISE MEmsnaldn NA, host s

transfornmed thereby and the truncated. . or hybrid 1 i emsel ves,
expr essed°8 Y ELPFHRI LR AV 8NEHPS qfﬁ?%"}"ﬁ‘pﬁ%g Segg*w%@gﬂﬁ\?é%u on. The

expr essi ofustinsiesmpmimentsetrbaruses @oddba nanvenibateadreffestyo plgdiainsior genech as a
virus or @&%ﬂ?rsl Hs TN 8188080 Mookl &GSk ceGRB c?r?gil L Bserdrade IPL& ke genome of
alive reco AANT Vit US OF DACLET] ur% I nocu?at on and 1n vivo infection
wi th t hi spiebens invetiopreanibelinsededintag Yasto pdPEEragshiP ELEVEH p@ft“:'teﬁé's‘a%t i gen and
i nducti Ontetgﬁrg%mﬂ&wﬁ FStRQ 83 Efhe rdEMRLRIERE RrusicBn GRATHRI isbiREDAN JBRErSd to

i

pol ynucl eoti des encodi ng_i nmunogeni c pol ypepti des for use ac ng to the
present iﬁ\‘i@?ﬁ‘ito‘hmé{'f“ée"iqgﬂ‘HﬁEﬁH&%W‘P\‘I%Eﬁﬁ%&J&V@ ﬁﬁ'ﬁﬂ%ﬁcf'%’r‘f’e(ﬁ@sgf%‘g%t's for
_eﬂoretg@i ?ﬂok&tw?mm@{am mmmt r(1969) BROWChnidueal7:d8a0sd; Mwmam.éws}mgonte_ 25
illustratjve enbo nt, . .retraviruse CRIRI ective
pl atform B'?"a@gﬁﬁe Eg‘%“%? &y ?aé??s?st ai(gée%qlg?@%&nucl‘ e%ﬁsgg%iggueeﬁce encodi ng
a pol ypeptiiode) froc. NeslieAcan. BhieUBA 888083-BOR7e and Berisclavriseand Teait @893) o a

vect or anggﬂ%ngﬁ&eﬁe\je&p.r§:t159~\fb§.al particles using techniques known in the

art. The réconbinant virus can then be isolated and delivered to a subject.
A nunmber of illustrative retroviral systens have been described (e.g., US.

Pat. 35 in addition, a number of illustrative adenovirus-based systems have also been described.
Unlike retroviruses which integrate into the host genome, adenoviruses persist
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30No. 5,219, 740; MIler and Rosman (1989) Bi oTechni ques 7:980-990; Ml ler,
A. D. (1990) Human Gene Therapy 1:5-14; Scarpa et al. (1991) Virol ogy

180: 849-852; Burns et al. (1993) Proc. Natl. Acad. Sci. USA 90: 8033-8037;
and Boris-Lawie and Temin (1993) Cur. Opin. Genet. Devel op. 3:102-109.

351 n addition, a nunber of illustrative adenovirus-based systens have al so
been descexttaehrorrbmrna{lgtmetnrtiomamgstes risitsi asbodatedagittainesriianebmutgenssist genormre,
adenovi r UsEs ARGES LiSd eﬂa%aquééeegm.ms%w'zw 7. B ol 8089 £ Vgl &7 émﬁl sks

associated wth 1rnsertional mitagenesi s 86) 3.

Virol . 575%7Mﬁ¢ﬂ9d98@taﬂ (é‘ig‘%ﬁ“m@ﬂ@%? §he“?zﬁ’yr%'l'17 -0 Sothet 3‘55‘5?4’) “'I\/IVF"E‘er eder et

213' 9% %9821%89@% Ganet di h@@@@ﬁeﬁeﬁ%@mﬁ%'@et%r@ie&lx L( g@%}) J. \K/ril (1988)
; er r

SBi oTek PR niguEa 6810825, 20 R e 050 Mg Sheay AR “TRL: apy
4:461-476). Various adeno-associ ated virus (AAV) vector systens have al so

b d di |
corat rﬁ‘c’fg Exg aﬁQﬁ s é‘&Bﬁgs %Aﬂ@)ge%d%%té(m? ﬁﬁ\é aYs%C&egﬁﬁe\?e%beB?orLeg "o

Nos. b5, 17Bolmleam @ilm leect% eqrvist eeiiy corsrosd Heiag te@hmw welD 92/ 01070
and WO 93&%216%\@[@@@59&\@@ €k, Pht: N6 38T aMPLREs, 168041, hﬁélﬁétlongl 3988- 3996;

Vi ncent et al Vaccl nes 90 rbor lLab ress)
Cart et B U'?J‘wt(oi‘é\%) WeLRd &y 0 epg Hf%ﬂww 6@1 @Pgeﬁw%ﬁ%ﬁ@&% 539" el Mizyczka,
N. (1992) BlouBraens-33em Vigentret M (:ugeb) ecinesab (Cohiusming Hbﬁﬂ)fﬂlﬁbﬂl’ﬂtgry Kotin, R

M (1994) _H Ge

The§ apy )1{35%%&{%%& and@%gﬁéf Z gé\n%ghgﬁ%)%@ldi@ 3353%95(?51 @%@@6@) 187‘2?a
Addi t i ona{1992xGurrent Bapinsdn Minednid!. drgrimgeinply €8 97912(9h60iﬁua & 1984 Hmast ecul es
encodi ng egha/?ﬁée&meﬁgaf&ﬁ gﬁ@udgrbggfs@mmr(mmtseh@\rﬁ&awﬂ1@5&1@aeaﬁd pRansf er

i ncl ude those deri'ved viruses, such as vaccinia

vi r usTandeteli (AP ke M’@d By \RA(-18f5 exanpl e, 20 vaccinia virus reconbi nants
expressing the nol ecul es of interest can be constructed as foll ows. The DNA
encodi ng a pol ypeptide is first inserted into an appropriate vector so that
it 1s adj additdnat vrabvecaes istfid fgyrdeimetisy thamdclbl anikinmdeouss enoedngdDNA sequences,
such as t ] T 1S then
Gsed (o tPVEPRIE TSP R bR, R3Sy oS AFFRE bk, 111
Honol ogou@em@smwwéwmﬁs §é¢h/@vchin@54wn%@ﬂawaﬁ@0mwr BY wapplonemete. pl us the

gene %‘Co%daﬁlat\h@s %b%@ﬁﬁﬁtb @ﬁpr@ésnz‘ld‘tﬁ@h@ﬁmib@bﬂntb%t Hdnr tfb.' COBSIRRAERY. asThe
resulting T reconbi nant can, be sel e turi ngothe cells in

the pr esef?ﬂ@”% T%S B’) AGHEERITS APlYRAAYES 5566tﬂsﬁ'ﬁ?qfat°\ﬁ”ra£pmﬁr'ﬁt6d8 " ¥si st ant
t hereto. ﬁaavm(ydmcaﬂlaa@eéhdnmf mmbmaéhd mfng@/tmcﬁrm Biatsequeaes, Bacticamveni ent | y

dt i.d 3 f
oneor _mol® EirsE be el THEUEhe koard RETHE e SHOR AR P R BREEAEN 0T, 1
this partwoich are w@taeﬁwusbfehfesteamhwma Hofrelogeds leporpbinatipnsevas B vacci ni a
Vi rusog ecq m@%c&.ﬁ@ roﬁ{afe?gﬁé tﬁ&ger@%@amgqa@gaﬁpﬂ.dgbﬁn@@sywtaée Thi s

pol yner ase di spl ays e qui site specificit it only transcrjbes

t enpl at esviggbaerang- The faceiieg EKsup. FbTeICWP‘ﬁﬂ"t cA R £¢ieried %‘FW’%" ing18e eel8nstf ect ed
Wi th the pahypidsRabl S8rdfoddRaliNAg sh@ptkittPRrapbladtiseegsthnt tiiréteen by a T7
pronoter. The pol ynerase expressed in the cytoplasmfromthe vaccinia
virus reconbi nant transcribes the transfected DNA into RNA which is then
transl at el vattirda-padeyt preipttiodirabsfedtiva sheish can basdratnionidl usea dhpmédyfor The net hod
provi '- evel o) ge
quantt1ie ggu Q%W%ngtgf\c(}eexf)reg %gﬁljs %[iﬁrg%{én & E”ﬁo% e&%@ﬁt’io‘%@ d%%cnl)@d: Stein and
Moss, Pr obereiRdn host pellgdf EPSQﬁQamEJSAln(thIS%Wic'&imysmmﬁ@f?@?e f"FUéﬁe§’i?d étVFt&iI Proc.
Natl. Ac a\Qrth §%ccmké%u§ l&%ﬁ)ou%%t BaLdc8debne ﬁé&&roeﬁégeveﬂ S!NA%‘eﬂyﬁa@P@éb ruses,

such as the fow pox and canariy%x VI I uses, 8 to deliver the
codi ng selieRR¥ESERE fiRplBYeREUS %Rﬁ?t?F‘H’dHtthaéWb‘MaWQ“ %%@mp@}&ﬁb@é‘%”%g

| MUNOGENs7 hoffBtdia MaRdwiaginptidi gemsare abesfdotiwitd the polpheteqid®bect i ve

! m"runég y ggfnr&cleoﬁdes of interest, driven by a T7 promoter. The polymerase expressed in the
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10adm ni stered to non-avian species. The use of an Avi pox vector is
particularly desirable in human and ot her mamral i an speci es since nenbers
of the Avipox genus can only productively replicate in susceptible avian
species and therefore are not infective in manmalian cells. Methods for
produci ng reconbi nant Avi poxviruses are known in the art and enpl oy genetic
r econbi natyiphasmdentios vasdrialvials osembinant trassgies thedranplectpy Qa’ad@fpﬁ%f 15
vaccini a m.mg%n 1SR8tc8 o polfiBo6/ 1 ARB Rost WENAALAARR @Y dTMEHARGH3SAS. - Any

of a nunber o havi rus vectors can al so fu f&%ﬁ\% {?
pol ynuc| g6eYidRs f@rdﬂ%'b@i"%hlt@@%’e'ﬁfo?yt‘i&i%ﬁ‘fm‘?\prpﬂ@t'ﬁ'}‘8 %rﬁ‘? qF?ﬂF'&?ﬁ‘? YK as those
vectors Q%?@Fatlé}ﬁtﬁodjubthS&e 69! BIRky- Q@san@wﬁé@P?c&SNaﬁ Azad,B86ISAG1998, 035 and

6, 015, 694 0 hal iti VEE

can aifo B aG i EGLE B 06 et TSR B2 Pound 1n U S

Pat ent Nos. 5 505,947 and 5, 643, 576. IVbr eover rml ecul ar conjugate vectors,
h t J.

Bi ol .- cnen T aS FBHR B Fi s R gﬁﬁﬂf&‘gﬁ%gf B IR Pt e sl

USA (1992‘)3 ds@es@egto@msewa@ﬁsaqf%e% ReEOmPINgRt FIRE VSR \REPPstiRder t he

i nventi Onmnme?éds%ﬁrl mrhidfdn ;ﬁa&ﬂo\é@nd IafeQ{nﬂﬁh tObrest ptdiesiee mnslnay asn known
VI ral - based i veré S st ens ca Hoch et

S oS pred i her S aT SPocBa BB Ut ST Ay e S BT Raitiy all JesT RS i O
N. Y. AcadchunBoland@ieB ratDliarl 988 1es Blnex membets dthe ARG g GnDily21, 1990
U.S. Pate 973: U.S.
Pat ent al\lor%gfmg\?e}y %B@C%e(é%ésmfggb?%g '9’3%’8 %ggﬂ%hg Zoré% fbo\fﬂg%g%ééa Ber kner
Bi ot echni maegatknGEEs. dsthods dgProdreing FeceManant Ayipoxvisseepednowdinghg a3, 1991

Koll's et aly emd?sfb“eneh‘?&eleorﬁﬁﬁé%m%é des&)@%d%&e\?elﬁm%@pecﬂxa% pré@sciiolEbs| er et
al., Proc. Natl., Acad. Sci .

A 90: 114 50 t al
Gi r cul®at | RCIBIE VPESES. 983 8.9- f@@@”@ﬁ%? Prg(ﬁ‘*‘égq dW%(ﬁgzi%s%zmgselzgz 1207,

1993. 45 The reconbinant |ive mcroorgani sns described above can be

virulent,, or .attenua in vari.ous vacci nes.
Such | 1ver Pl AR Erlr P AR B A BehEvR Al kbl

enbodi mentampoaitip fpnueelie ttei pdesentinvandon. sueRsihess Vestors daseritpdide.of a t ar get
cell. Th ﬁatbﬁlthf‘ogf%wfbaﬂﬁmbaeé %doia%sglaﬁ@efohssémaéda@me%wﬂs S4sk@Bhat i on via
honol ogous recomnbi’'nat’i on ene repl acement) or it % nﬁP??‘ﬁ'aLed in a
randoff néenespian Equing %‘E&P %J‘HS \@:ﬁéa%ﬁ@%ﬁf%‘iq BHytraty 9’§?é"t’p"?

enbodi meng, betibghdaf Lys weheoibe & smByabend 8suably. mai ntained in the cell as a
separate, episomal segment of DNA. Such pol ynucl eoti de segnents or

"epi sones" encode sequences sufficient to permt maintenance and
repl i cat i dorebvedepelndéatcoofugate vesiorsysuches tiszaenofruachimetdhecdost cel | cycle.

The ”a””e%%slsfbe‘ﬁ*?h Rx{l;;}w%@l%tﬁ?‘ﬂﬁﬁ Stf?é?nc(‘i’ Qb‘@éadesséé@'ahé{w&qeﬁé!aﬂp@&w and

where in nuc tide remains 1s dependent on the type of
expr e¥si oNett beed. r&@ttlJSérfﬁ9 88: 60%%519?’ ﬁ@fbft”ﬁé‘?e e der Q?Bﬁ@elﬁ’ﬁfyt%‘ge" tH%entl on, a
pol ynucl eglden.i s adm ni stered/delivered as "naked" DNA, for exanple as
described in Uner et al., Science 259:1745-1749, 1993 and revi ewed by
Cohen, Science 259:1691-1692, 1993. The uptake of naked DNA nay be

i ncreas edAdtmtao@nelamsngwemfoﬁmo@ bh thelbe ade gthadablve vhalddsed ddiiverh spstems

effici ent(l)a% bt rfgt?nsop %f example in Fisher-Hoch et al., Proc. Natl. Acad. Sci. USA 86:317-321,

30 1089 Flexner et al., Ann. N.Y. Acad. Sci. 569:86-103, 1989; Flexner et al., Vaccine
8:17-21, 1990; U.S. Patent Nos. 4,603,112, 4,769,330, and 5,017,487, WO 89/01873;
U.S. Patent No. 4,777,127; GB 2,200,651; EP 0,345,242, WO 91/028085; Berkner,
Biotechniques 6:616-627, 1888; Rosenfeld et al., Science 252:431-434, 1991; Kolls et al.,
Proc. Natl. Acad. Sci. USA 91:215-219, 1994; Kass-Eisler et al., Proc. Natl. Acad. Sci,

35  USA 90:11498-11502, 1993; Guzman et al., Circulation 88:2838-2848, 19983, and
Guzman et al,, Cir. Res. 73:1202-1207, 1993,
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20into the cells. In still another enbodinment, a conposition of the present
i nvention can be delivered via a particle bonbardnent approach, nany of

whi ch have been described. In one illustrative exanple, gas-driven particle
accel eration can be achieved with devices such as those 25 manufactured by
Powder j ect Pharnaceuticals PLC (Oford, UK) and Powderject Vaccines Inc.

( Madi son, , sone exanples of which are described in U S Patent Nos.

>, 846, 796The re%&ar%@hve%%ﬁ ggﬁgmséeeg&ﬁe@%%’ve AL ER rLE@xE R bttdNRate@ 3P0 799.

Thi's approach offers a need ree iver oac erein a dry powder

f or mul at i anious waisdh ereligiobiaibliveivardes. §H€h‘*"§é’ag@e§ﬁﬁ9l ¥H PHECTH® pol ypept i de
particl esyyaignaccel erated to 30hi gh speed within a heliumgas jet
generated by a hand held device, propelling the particles into a target
tissue of interest. In a related enbodinent, other devices and methods t hat
may be uskfdahaif embodisents, averyruelediide-rhags intagratdiina thef geoomp o targats of t he
present inyentio I Portland, OR),
corm examﬁ\ﬁ %Bfﬂ%&% Lﬂﬁéﬁrt}egﬂﬁ%ﬁ%e?gé ngsogén&gé?ngér’%%ﬁl\gﬂoﬂﬁiogé 50824

5, 064, 413recenBadiod dBne 583 NBHY o & "B9oe dayrated HAY aBATN.A10- SBeUY3, 412. 46

vacci nes oedidy &&%L@ﬁérﬁgho%ﬁr‘om%mnﬁer ehmemm@ﬂwmee c%ﬂ@@ﬁwb{w ben of the
inventionis m harmaceuti cal acce §ﬁ%|p|ent nor e
C

pr ef eT%bIVaWW’“ﬂPe&d‘ﬁ\%’ﬁ@ E?BS?W?F?EFP\P&E@ s of the present
inventi onp@yrec@meufeeegﬂabms adtetmsamteetbnc&w sxeabéreeadqnfﬁmantcsperml ude an al um num

rsr:;t a?gghwg‘s %e%g%qe an frepété%{ogﬁx?#% rgc%nt éf%r }ﬁ%n&{rorﬁia‘ﬁml thme h])gt d%ﬂ Qgc%" ate, but

i nsol ubl eTiwumprTes inovhicf the eyprassimh Ctoy\stwt Iﬁ@ellVQFEdat@?ICal* éféﬂ ‘éﬁlﬁjﬁﬁ‘st eggltionically
or ani oni gl L6 iPAlpasR A &ggeofe& RLNPENSRIAZRPRSed. | t iS
prefer redﬁltg bl &ﬁée lg%] uvanti beﬁé@el ected be % preferenti al B| ?\ducer of
eitheta THL or 15 a TH2 type of response. High | evels of Thl-type

cyt oki nesintpBhet Snbaitasnt bh@eiiivebedn 8@poipduckelide ivadinRistded/temnered mesponses to

a given apnt ev, vpe ¢ NS avour
the i nducﬂak%ﬁgw%ﬁi‘aﬂp?%ﬁﬂ?%“g%i'ﬂgjr@%re ?‘fﬁi Cf?éch%?%(’lb—}e%.s17}4§n&§5%rr‘r%ortant
to remenbevietvhdby ChieerdSelencec235016901 6T 1 98 dTHEhDiakppé nekeh VA e ponse is 20
not absol [ I nse
ot oy HbBasdaby(Batid e B hibiploohblrtiORGH e Bredy IengRRBOIOn |
it is20ft il themleni ent to consider the fam lies of cytoki nes in terns of
t hat descri bed in nurine C4 +ve T cell clones by Mdsmann and Coffrran
(Mosna T.R and Coffman, R L. 1(’198% THL Ed TI§12 ce{)
patter ns " trsti]l gralbesiehedigesh G PBRCT IRt RIFTEMBIPETTINOR SRk ?8%‘5?%?”86&“ es.
25 Annual piesié Bwvnisdrdrhantapploady, mahy opdHibh Ax@)bee destiribed nialony jludtetive y pe
responses_are asso t 2
cyt oki nes Wp“e P %‘%83’%“ %%Qr%ﬂgr{ ?%Lb%ndecg@vﬁw&m Vﬁ%gts Chaéa%ggé)égl ated with
t he |2@uctnaomfawitﬂrea‘mPwp@‘faChﬂnm@aG%éfpﬁﬁE’e@ (Qxferdnidk) He®y T-cel | s,
such as I (gc%ﬁ'ar{b Enﬁ’éb‘isroﬁs\tfw) ;%??re e&%%galésﬁﬁ%@ﬁ%ﬁe @éa@ru@eﬁseelemcénmw the

O -

secretion | -6 yst.ens which
promot e a5.849 7%k @&39‘4ﬁ%l’ﬁq}%ﬁ 7%!55%%%‘%%‘1 Eﬁé’@%ﬂé 86ﬁ§ ﬁlﬂﬁryl lipid A or
a deri vat iyfoddieiie@fa ndedlketitedWedidry agbréth@rhatytl atigommaoipmsgivaryl |ipid A

3D MPL t f
gmnopho)s p&'&(?ﬂcgi?’? B?’HS%%@?@SQQ%W‘GB*‘ Seorﬁglé%%ﬂt'é% Eﬁ%‘ega hos p%%'%q%l |Op| d A
t oget ber High bpasidtvitain ineliahugds it gemeralet! by drnd held dndes, @rQWi!!m then phosphat e or
al um ni unbmg&%ﬁ %P%rg%ﬁ[s%ge% 1hfe'ré‘s’c""at er emul sion. In such conbinations,

35antigenTan on alned in the sane particul ate structures,
allowing for nore efficient delivery of antigenic and inmunostimnmul atory

signal s. Btidizes AR ﬁé}@vmnér@a@;c%mth&smmt%éymefusémhergﬁﬂme@e t he
|nnunogen|C| y O an _al unm adsaqr oe nti el e aC e
; ! | d > df t% t uL i nget t%ose é{rowgecpb (1998)

16: 708- 14#1@(@#3 iegsgtﬂggﬂcglﬂf compositions of the pn vention in
35  Bioject, Inc. (Portland, OR), some examples of which are described in U.S. Patent Nos.

4,790,824; 5,064,413; 5,312,335; 5,383,851; 5,399,163; 5,520,630 and 5,993,412,
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5 An enhanced system i nvol ves the conbi nati on of a nonophosPhoryl lipid A
and a saponin derivative, particularly the conbination of Q521 and 3D MPL
as disclosed in WD 94/00153, or a | ess reactogenic conposition where the
@21 is quenched with chol esterol as disclosed in WO 96/33739. A
particularly potent adjuvant formulation involving @21, 3D MPL and

tocopherol in an oil in water emulsion is described in WO 10 95/17210, and
is a prefﬁired fgrrml ation. Preferably the vaccine additionally conprises a
saponi n, "B‘? ferably 0S21. The fornulation nay al so conprise an oil in

wat er emnul si on and tocopherol (WD 95/17210). The present invention also
provi des met hod for, produci ng _a vaccin roul.at . r .Sk NG Xi Nng a
br ot ei n- ol ¥ R BnPATR0E e OmCRSGarISar Par 1 & S rer TR iaad P
accept abl phaxaipitesly, asustablasexaPidvBL motdn pefdighlntvath a5 Guigveantcaidinng

ol i gonucl et im%es (WD 96/ 02555) are also preferential inducers of a TH1
response and are suitable for use in the present invention. Preferred
conpositions of the invention are those formng a |iposone structure.

Conposi ti gRs WMB&H& &MBe Sradehl vERMEAre Préatably @fivenedsapanble ddi@ebison for s

an | SCOM 20structure al so forman aspect of the. inventjon. The ratio of
Qs21 st BElEe i 12IYRYR o5ty spd 8 ?Iﬁ@’”blphéwér(?f“dei:geio‘éluf'ﬂ T AMREIht to
wei ghto Ppedhab) yutexaesiso st ar sdlt dfscamives,enagnesine, iran icoziof, @524y be sher ol
being at |eas 1 Typical HAmpb sttt QRoRegd and
sterol w f'jl%g‘i‘)'éleﬁru%%eéﬁt%n%% ‘%%@'E?f%é‘%@?%g iﬂgér?gbngé c?f a{)ogt 1 [IO&g tpyo about
100 fig, pewdfatremnoysaibatidesOorjpolypiespha@ies.50 pg per dose. The |iposones
preferably contain a neutral |ipid, for exanple phosphatidyl choline, which

is preferably non-crystalline at roomtenperature, .for exanple gyol k 30
bhosphat i ¥ BIRETOAdIa: dlecgt Borreiss R tp B 1PB PTeRE g AL gl @ THver
phosphat i dytrehgpd Beresgonee.| HpbI@RBSOf MY -tRleswytakoes &nd ta fabathgdaducligni of whi ch

increases the stabjlity of the |lipso 2] . ; ; ' BS,.COMposed
of st ar afeh Tebiets e trsbdes BT CRaT ahudi GHHL Righ ey REFETRDe

pr ef er abl gytekiagend v farmosthe prdetteonad hymsral owpurBiiespoasasdo g aligenl to
phospholipid is 1-50% (nol /nol), nost preferably 20-25% 35 Preferably the
conposi tions of the invention contain MPL (3-deacyl ated m)no-ghosghoryl
lipid A #Hlisbaerginiodemeppeypiat thesgististion of o%ﬁ”ff‘?%mecﬁ‘f@““fz’ﬁ P%° PRi bi) as
a n}Xftzsl(rjen@tfab%ombépaﬁ_réﬁiity%-iﬁaia@od; aiedippenap heaphoeyponse pihithAs wéschbed, 5 or 6
acyl ated c

hai ns and i.s factured. by, R.bi | mmnoche
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hydr ophobicgioRRed biRindatet) ARbEIGEAWitANG Ritdeh of TM-gbaadmuns idposes atd si de

t he nenbrane. 15The vacci ne preparations , of resent invention y be
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adm ni st r asitioviano3-0ed-ayatedanenaphesahpry! inkd Ai(BRMBILY (fogiEnpreraipiised G act s.

| nt r anasaboehih s bh@li @hoffatidRer hidaspHRphf) blaeal preridpnt-defo-paguePNi a or
otitis media Is preferred (Oas nas_&{)haﬁ%;ﬁ]‘eﬂ carri e}‘gﬁ of fheumpcocci  can be
more ef f eE1QRISFPRPAVIBIE RdC9BREISWHE MU A HYOTHFEERT B AP P BLN st
stage). Abhbptgle sheuvame heirofiddhe amuientiaer emylsibe adwichistbinatbras a
singl ¢_dose, conpo t her eof I - 1 ni stered . at the
same g?magtﬁgegtam%iﬁ&!ﬁﬁ{e F?e[- (e otrh gi%@fe g%g@%ﬁecegupﬁg%%é&gw&qo%gﬂg ari des
coul d be adm nistered separately, at 25 the sane tinme or 1-2 weeks after
the adm ni stration of any bacterial pr&tein conponent of the vaccine for
opti mal coordination of the inmune responses with respect to each other).
For co-adm nistration, the optional Thl adjuvant may be present in any or
all of the different adm nistrations, however it is preferred if it is
present in conmbination with the bacterial protein conponent of the vaccine.
In addition to a single route of admnistration, 30 2 different routes of
adm ni stration may be used. For exanple, polysaccharides may be

adm nistered M (or ID) and bacterial proteins nay be adm nistered IN (or
ID). In addition, the vaccines of the invention may be admi nistered IMfor
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vacci nes. Such amount will vary dependi ng upon whi ch specific imunogen is
enpl oyed and how it is presented. Generally, it is expected that each dose
will conprise 0.1-100 gig of polysaccharide, preferably 0.1-50 gig for

pol ysaccharide conjugates, preferably 0.1-10 gig, nore preferably 1-10 gig,
of which 1 to 5 gigis a nore preferable range. 5 The content of protein
anti gens éffiidrit elefiv@ac bhantigehic any princahdsyimbletdnn SiGhEsr Hges DBy Prkferabl y
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al
) it OBt AR TSORReS RS BRSTGE. PHIEAPLA oottt bl iR RE S ne
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t t t, of h t
o 25 T echArERy a0 FROY RO SEEP UL PE i pE TR ISR b Bl e e ©
gl obul i n for prodtitiey ReetgeitmulAion gemprising Fbbng 2 Rrqie shEePrese t WYEtRRt hod i s
a furt hertoﬁ kil p‘h?r‘?niet‘!tﬁzgw leeptébl%%ﬁﬁﬁte%éméd 3Dmosuﬁm@tny1§t@ﬁprl sing

the i mun obuI I nventi on and ma eutl e bl e
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manuf act Urgpstse andBEH SREMBtorUSS intthepres@rinvetionor prevention of 30

st aphyl ococcal di sease. A nmethod for treatnent or prevention of

st aphyl ococcal infection conprising a step of admnistering to a patient an
effective anount of the pharnmaceutical preparation of the inventionis a

further aﬁu%‘?&Fed()fcoﬁQ&'ttloﬂgegﬁ k2N mventeon afé‘Qﬁdé.leafchangpgl yisomal starturdody

duct t
& phy S Pamaesiotr et P A Ha L G o venl e o SEM Vot <"

sui tabbe E@ictielEBa faseant@péanpmhamvagiseous conmposition. An i mmnostl mul at ory
anount of inoculumis adm nistered to a marmal and the inocul ated manmal is

then naintained for a time sufficient for _t' njc,c itign to

i nduce pr ohetalipPEQSRT i B'GEHI@@'.W@C#'H &IPS fé’g éhggc’eh%%vl‘%@g% "ﬁeégq}t'he

ext ent desirdf@dbltb)éxmb ktekan Bvmedent; i rglices’ €62h: sterobfdingwtigast hr omat ogr aphy

(Harl ow aEt 2%@” Wséﬂg%jr'h%ﬁmnacld#nmra%rp@¥2mromﬁ§% present/?sﬁlblvgﬁﬁhees can
s

include a reparations froma variet Y. ani nmal s
10e. g25 gobit the r@ﬂgen%ft@gu‘{ HeakepRout AP ve, PIREY b‘ﬂ‘ﬁqﬁg%qﬁ gm Fats p%,‘ﬂ

The ani mahsseare bl ed and serumrecovered. An i mmune gl obuI i n produced |n
accordance with the present invention can include whol e anti bodies,

anti body fragnents or subfragnents. Antibodies c

i mmunogl oBbé i ?moﬁﬁsm@e@blﬁﬁ“@m@ ”?‘5@‘ i NPT PERPY Q*BSBQPA%&E“OJFB%.%% c
ant i bodi e% Ohyrdferasbiy d Iadﬂ.ctrmﬁhnr%s wt t hodlnal tespecitfreci foy texample orcggwmike
antigens f Famb!’ )'?h Fab’
Fab, PU af e Bisgph g ficendng or o J*@WBE&PQ3%3‘°% I al so’
i ncl udes fegsomes mayyaischeanitan @rChQQﬁ‘éﬂ*P'éathg‘ @W@???ééP%a{%;"%{t% IF{SH@P act
l'i ke an a@iSzb%ﬂMcthé 1Bl IMRBeBed Eonsiveed bi extaatet gpits. 1t thebotases topapber of 20 A

vaccine of B8 TrepBEENE. LY. 584/3, A B8 %‘?é%bﬂag@t@w fRe JatlcC6 RNt WNO

then acts B%rg%d in response to chall enge
fromthe shesphbling !eaicfiﬂ‘J/néHOWOé)umpﬁﬁef?ﬁQ%’29r2§a"t ed woul d donate plasma from
whi ch sgyperi mune gl obul in woul d be obtained via conventional plasm
fractl onati on net hodol ogy. The hyperi mune gl obulin
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25 woul d be adm ni stered to another subject in order to inpart resistance
agai nst or treat staphylococcal infection. Hyperinmune gl obulins of the
invention are particularly useful for treatnent or prevention of

st aphyl ococcal disease in infants, inmune conprom sed individuals or where
treatnment is required and there is no tine for the individual to produce
ant i bodi eSPrlefera’wﬁtﬁé) BsapdsitionaeCha alvedn cdRtaifMRIdG-ddaanabad &ﬁ‘aﬁ@@hoe@f\o&he

i nvention t| on c nor e, monocl onal
ant i bodi es %%égﬁﬁg%?ﬁ\zé%o? '?é?%%q f%rﬁ?r?;én r‘;‘MﬁR%rz asgcﬁ'xﬁ” active
agai nst at®f| zeté!éﬁs qf h§-@BR4ated ﬂ@ﬁ@%‘l%ﬁhoﬁsﬂlépfﬂ Mﬁb@mf& wiRassiheingmndfs t he

i nvention, mMUfé‘dﬂJréd)LﬁydRhﬁ l@ehotient, I RBktaRd. PACPRMSrrddNfcRGt isORisOYsddr M

posi ti erm }:n% &%%Pg'%’qtrﬁ; ﬁéa%gnl]?ﬁ%ﬁi@ae]%yl ococci, nore preferably S. aureus or

S. epi rmaceu conposi t| ons conpri se nonocl onal
ant i bodi es that can be whol e i mmunogl obulins of any class e.g. 19G 1gM

LQAt | gD oguithBIE., co@abbsat&fnls@; ﬁ{étsh\l@aﬁbrﬁ&e%osb)émetéﬂw ﬁﬁHsbrla@Qb@SnMéiwreﬁﬁ%ta ficity
O two or al s a nts e.
FCab o, eAelt BB SEOE s B UL s any o O Fr B i€ B ot ods

of making thespised o apntained b’éﬁll"é@ \eas@evmmbramo&nown ag MPLaout). dfvanpoaitioisncl ude
t he fug orwike &@'nglébﬁém@di winimntRl ve8BIe Gl adRRGGT a2 W) bEb $brh 24075

Nat ure 25 e a. |l abor at or and ane 1988
Al ternati Szaespec? 18 hyed‘ﬁgﬁ é\be TaP%%eﬁecr?pg’ c?fﬁtaﬂ-@govﬂ{héﬂl_%gd'eﬁ’? AThE a .
sui t abl e pRa @eduosﬂﬁﬂid@ythe|V1§$taleyw(m!aargfhaﬁ’rér@a@v spble dr@igssNare uside and
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humani sed by known mnet hods. t hods 15 The invention al so enconpasses
nmet hod of naking t he innunogenlc conpositions and vacci nes of the
|nvent|on referr JfJ@%g%:)cess of the invention, is a nethod to make a

vacci n& Fﬁr‘fag?' QY PEgpan 8 PresshdNVERYaNgBRY beolsedide RAESt emiRRdgeni ¢
conposi ti omnrmﬁaitsluecepnMem infm:tlf&md:yaﬁhéhﬂgf @drﬂ&pﬁeaﬁm@uaamldna/sﬁwbrabl e

exci pi ent Ol c0f ik yention al s es et hod
of treat rren%%ir? % i hyqeggg%dﬁﬁgtfaﬁfj %Sctr?ad'n 'ncg'gf)a’ln{ec oty &A1 3“ grﬁl%ﬁﬁ %cqui red
nosoconi almtianeré@m&aé) n@iradwrmﬁ o meanbgestiscroueRpUsiia imunowel adreioisiratendb tiehe

i nvention da?!aﬂﬁéﬁtér? Ur'e@él df%@c%&ﬂéﬁﬁgﬂ%ac{so i SFadal 8&%%%%@% dpﬁ lvg&%ﬂc?\éqorsur gery.

Such patients w | surgery I n advance an
i nocul?8t eds He%wﬁ’araféme@‘nﬂ@é o plifismadia ﬂkﬁ eeen dpsqharyperd eaiagd Pl be 30

ex pos;ad t @n&;rﬁ&ﬁo@@&:aﬁ lbeSnor@FHﬁGﬁfv@WCﬂiréi/eht@B e@lis @ﬁendatmg ﬁfelét" & gritseriis:
i nocul at e

t t hat t both,
cosr pe gl SR LB ok A MDA B E AS PCb Rt ars
treat ed wictihpereetsi theneologandlso toopedhitisens tageiherem memmedfmeich@t tiffgrent | on.
351t is alsgs %Vﬁa@ﬁaﬂQ@BH&rﬁ&ob&‘Pgbﬁg Hetndlaad EM%% 46568 Bbddohng vace! ne

of the invention e vaccine pr rations o resent bn may be

used #8 pitsreaete tpe @rrbaweakwmrrwe mf@@rﬁnplbpéartyd)acw@mrctgm componrarhnls of

adm ni st etHengicEad fbr %ﬁﬁ}ﬁél '&Sor’dlnﬁh&%’&&ﬁé"’hﬁmﬁk reéﬁéﬁm:tr{ r@kﬁé%t to HAES Sther).
admnlstrtlonsn'a | ude injection via the |ntranuscul ar,

i ntraper i f BhEFPIMN r?%\erﬂﬁf’al‘)p aly (bt GrlaMAT ey Betsesenhin ana oAl 65 dle
adni ni st r diffe@nt tamnhht?ammaj hcawavﬁent;ap;eferre@smltn@tpﬁvrsysm 6 edotribdtidrN @MY tHe act s.

5The armu%ctgrial Bl%&élfg8&”&)6}18%?&}1*76\/98(:0%[][12e!n%%a%on ?O ésgmglgtrgu e o§aaam|mgip§ilcjm,t whi ch

i nduces
30 2 different routes of administration may be used. For example, polysaccharides may be

administered IM (or ID) and bacterial proteins may be administered IN (or ID). In addition,

the vaccines of the invention may be administered IM for priming doses and IN for booster
doses.

35  The amount of conjugate antigen in each vaccine dose is selected as an amount which
induces an immunoprotective response without significant, adverse side effects in typical
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i mrunoprot ective response w thout significant, adverse side effects in

typi cal vaccines. Such ambunt will vary dependi ng upon which specific

i mmunogen is enployed and how it is presented. The protein content of the
vaccine will typically be in the rangel -100p, g, preferably 5-502g, nost
typically in the range 10 - 25pg. Cenerally, it is expected that 10 each
dose will ¥&KPHPS-seuah. qﬂ%bwjfldgwmpmirwmoh@rqh@eemnmqnnmemempm@f erably
0.1-50 pg, arﬂﬂ%‘mﬁif AbkscRied: é@n&‘aﬁ é&g%&&:} that SioR dbddwh Soh % ooreferab' e
range. An optimal anount for vaccl ne can be ascert s

st andar d s? LRANEECThAAS Wﬁﬁ%{a‘@ib@ér%mg f:@npdﬂses;pfnﬂf@pmajvgatemmﬂeabieﬁpemes in
subj ects ) N Iy recei ve one or
sever al bogés)t e@?%ﬁ%gg‘]?%ﬁ?fﬁ%ﬁq %‘%%%n%ma}é e‘g@}a%e%gh t he vacci nes of
t he pre'%ent i nvention may be adm nistered by any route, adm n| stration of

t he descri h@c&ﬂ&@loﬂ%t@ﬂta@né@ﬁ is Khd vAdlRb \L:@rt¥ ca@?%equ?éjc | cﬁ PJO Lhe

present inve n. Human skin conprises an ou horn Heal | ed

the strat lﬁ’ﬁagﬁ’@ rHEHe MAst YRICaydn theyrengen - é’éu@jeFﬁﬁosvmgwrdiefualaathnatbns
epi dermi s SLﬁJeaIshw&‘éc@,%'dn@d)rEa@.%raﬂlEBJQt@MerGhIEQIOHQa@éﬁrthe ggée%ys the
subcut aneous tissue. Researchers have shown that injec n of a vaccine
into the skin, and in particular the derms, stimnmulates an i nmune response,

whi ch Tay \tecgioe bepassocisateadrallf ddscRbaUmYRECiHS D@eﬁlgh @'TWbuﬁ!ﬂX@‘écﬁ’tﬂ%ﬁt

I ntrader [ t.h-t he ,yaccin d herein f rrrs

pref erregeél epé)t%g}?e@% g@”ﬁ’e wrFersé‘e |'W?0eﬁ€4) ﬁ?&% ﬁ F%P?% tYé?Efﬂnl que of
i nt r ader neincapfuiEEen within t'momﬁamd@awbpd by Edlierteh, U&Batpnﬂ@% &reps of cl eaning
the skin, and then stretching with one hand, and with the bevel of a narrow
gauge neegje é26 31 %?P?%&) faci ng upwards the needle is inserted at an

angl e of 30°HRANESRT enidRyaatiohiday be stpregrin solatianes tophilizedi rRyefetably, t he

bar r el150f thehsolniadis dydphilbzenat e pr@eeﬁddrdfr@rsugéivafaﬁ% M&dsét tr@ﬁa%@edbrng a

slight pr e it .un th is then injected
very sl ovﬁ%ﬁéﬁeré%% @\r@h%h%r péef%rrag!ﬁ tg?t gﬁwr%,{yotpﬂﬁ %‘“Jkg?fj Sylermre@nequsivl owed by
sl ow wi t hdecngfituted pridido neeadls&)phlm@ma;emnm Inya mdevstaigs corh@dsitian @aaamg,)l fically
desi gned Q4 r u ve been
descri bed, fgﬁyyeﬂgg% IE’édh% Fggr&e?%ggtg stcﬁzl%r?t')ﬁe) eaﬁé%%sf’? g‘?@é% "Ef581092444
al so the FB%G”F%P@?’%'“H&W@@ga@éWl bed for exanple in WO 01/ 13977; US
5,4802881, US 5,599, 302, US 5, 334, 144, US 5,993,412, US 5,649,912, US
5,569,189, 5 US 5,704,911, US 5, 383, 851 US 5, 893, 397 US 5, 466, 220, US

S5, 339, 163 An{ihode abitbpadSive dimBAisation>, 064, 413, US 5,520, 639, US
4,596, 556, US 4, 790, 824 US 4,941, 880, US 4, 940,460, WD 97/37705 and WD
97/13537. Alternative met hods of intrader mal administration of the vaccine
pr epar at i BRENFRAPPRH A tifeinveiitioa it # Gieaiodssf renseisg andmmeael biebylindor um/lhces

desi gned br@f/erb)laih bt Gtateeaedf sVeﬁihéto&fcc&thb&uoﬁ%ﬁ!gﬂﬁﬁg gahégtgp%/ o ?@I@&AIS!

10trag§deremal ng‘E n’%i 440; WO : e surface
of th& ski ﬁ’pte{‘ S8 fBF niaccige qf BR SRYANRR Gte 'a%'ﬁﬁiﬂgem\m gwbtzm?gm theD

93128037) recipienWaeimiihee glabwinmespaedd Hmﬁts]pi@‘&{ejlng alf@%ﬂéé@@td@ﬁ[% |ﬁ\¥én¥?ﬁ1

admi ni ste ica to th erm,s, the vaccine
r 5 Pl iftap fotooRlonWHERRT Y Ififiuial kR difeiweniorste o os m
and 0.2 nWha'WUEQﬁHY @mepéﬁbfean@mgresw funthethaspeki of toe invehtimdeicakon@esi nes of
the pres Qﬁhbdl v ey 'rﬁéhdﬁﬂur@eoﬁ'arnﬂ1&fca%npg§P’QHé ' Q%eﬁoﬁfwrg‘fe@ n

i ntramuscyl ar, vacci see above is a e 01§ n or
intr gzggér r'r%;fp?\’/‘e%%qcﬁ seafgtA fRthaddphnisadine s pravgnting of Istaphylo®cdal deitction
Accor di ngloynptikiag prscetpatf razdmmsu@eigao larpai rérﬂ\é{n@ﬂ“é@nve\éﬂ%hﬂﬁﬁh@ﬂ%rrﬁé@d{uﬁéa@bl y

Phe: pol ySheitateh 6L iRBrlonts r il pdlsaf Ui aitiens may be present in ihe

range of 0.01-Vvg, and pref erably between 0.01 to 0.5 pg of poI ysacchari de
per dose. ,Lb%%g r elivery" means delivery
of the vz;%%?ﬁzoto t[ﬁgglraz]lh?%ﬁ} &ﬁd&ﬁgﬂc{e%%vﬁ%? redg%ldﬁp er, the
vacci¥ie \ﬁ]"qe”ﬁd’t‘)”}ﬁ’éé@%‘aﬁ Rhysiplegicalty delegblexiiierd isvel s sating breoticker ni . The
derms is the layer in the skin |ocated between about 1.0 and about 2.0 mm
fromthe surface in human skin, but t¥Here is a certain anpbunt of variation
between individuals and in different parts of the body. In general, it can
be expected to reach the 30 dermis by going 1.5 mm bel ow t he surface of the
skim The derms is |ocated between the stratum corneum and the epiderms
at the surface and the subcutaneous | ayer bel ow. Depending on the node of
delivery, the vaccine may ultimately be | ocated solely or primarily within
the dermis, or it may ultimately be distributed within the epiderm s and

t he derms.



35 A preferred ,enbodi nent of the invention is a nethod of preventing or
treating staphylococcal infection or disease conprising the step of

adm ni stering the i mmunogeni c conposition or vaccine of the invention to a
patient in need thereof. 5ln a preferred enbodi nent, the patient is

awai ting elective surgery. A further preferred enbodi ment of the invention
s a use aidjuvaes suitarbie dgewniman ceafadsint aromsusbug drenpiositiem tinammiunostinglatmnuf act ur e

of a vaccipe chgfbrfoc&%quﬁmlﬂéteperdqxgmdnrr%%l%d ﬁ%%ﬁ%&%%al'nﬂ%%“ on or

d| sease, pr etera l'ococcal ection. 10 The term

' st aphy| odesinfained fﬁf @é*ﬁ]ﬁ@hﬁ'@'ﬂfé@fr’flﬁ%@'ﬁiégﬂw RITBRASIEN (TBdE P BYCUSE aur eus and/ or
S. epider g @hsaand ot her staphyl ococcal strains capable of causing
infection in a mamual i an, preferably human host. 15The terns "conprising”,
"corrpri5se" and "conprises"” herein are intended by the inventors to be

opt i onal | yrhe whtdodiey icabbeisviated t6 e dxent disirddinsélstnong tahhiguésconis st of ' and

"consi sts ﬁ%ln&%?ﬁrga‘%gt%ggab% %’rlP\ﬁ Iaﬂc? If r{eyAnnB(?cE g&’{) %Gfaborat mda‘bét 15% erences or

patent ap speC| Y& on are i ncor por at ed
20by reference herein. In order that th| S invention nmay be better

under St 000Gy, Mb‘?esfc%hla%dé%n%@mﬂl&%a@ét%n@ﬁémfaoﬁngty 0?'&8@@10&‘%@%& Qﬁmﬁﬁse for

pur poses of lustration only, are not to_be construed limting the
scope 18 teHk PR RIINESES. |dﬁﬂ‘%9¥§/ IR BPrseD PUINE RipS| E& M%IT@ef“@Eﬁ‘%?rPuct| on
of Pl asm ghddanBxprgsscieebi nant proteins 5A: C oning. Appropriate
restriction sites engineered into oligonucleotides specific for the

st aphyl ococcal gene permtted directional cloning of the PCR product into
the E. col iAnémp‘ruesglobtﬂinmra@medlimfﬁrddn@rwitbﬁﬁe BEseni divetivatcan insiude eibnlecoul d be

expressed aﬁﬁfo%uefsush%o otﬂ%b,p,ilggntoqu rHuBtgag?nefn@ s)ﬁ@m@g(jlégm % CBg ooRar aphy

tag at t he I NTET S used were; ha t oxin
O Aol U R N gl oM el M
I GrCATTTC—BIﬂdstWh%aE%%E%C& mm&%%ﬂoﬂmeyh%%%ﬁ@ 3" and
155 CCCA%’%%@&S eT ab%l;' and the like including hybrid fragments. An immune
globulin also includes natural, synthetic or genetically engineered proteins that act like an
antibody by binding to specific antigens to form a complex.
20
A vaccine of the present invention can be administered to a recipient who then acts as a
source of Immune globulin, produced in response to challenge from the specific vaccine.
A subiject thus treated would donate plasma from which hyperimmune globulin would be
obtained via conventional plasma fractionation methodology. The hyperimmune globulin
25 would be administered to another subject in order to impart resistance against or treat
staphylococcal infection. Hyperimmune globulins of the invention are particularly useful for
treatment or prevention of staphylococcal disease in infants, immune compromised
individuals or where freatment is required and there is no time for the individual to
produce antibodies in response to vaccination.
30
An additional aspect of the invention is a pharmaceutical composition comprising two of
more monoclonal antibodies (or fragments thereof; preferably human or humanised)
reactive against at least two constituents of the immunogenic compaosition of the
invention, which could be used to treat or prevent infection by Gram positive bacteria,
35 . preferably staphylococcai, more preferably S. aureus or S. epidermidis.

51



d f A5' - CGCGGATCCAGT GAAAATAGTGTTACGCAATC- 3' and

5' CCCAAGCTTTTACTCTGGAATTGAE TCAAI | | C 3

FnbpA5' - CGCGGATCCACACAAACAACTGCAACTAACG 3and 5' CCCAAGCTTTTATGCTTTGTGATTC
| | TCAAAC3' 20 Shi5' - CGCGGATCCAACACGCAACAAACTTC- 3' and

5' GGAACTGCAGTTATTTCCAGAATGATAATAAALTAC- 3'

Sdr C5' - CGEHtA FOaRRAE e ATAUGAATEEAD B isg iHcpeientmndimdigs fhat can be whole

ATGTTI CTTGRHaRT: fRiny SRESB - | T@WFWM%%& ig25

g W@%&%ﬁ%&?@@%&@@ rgore antigens of t edmr‘gxl;[gﬁ C’%%%so b(e:c 3" and
Aaa5' - CCOTEgRATISACHAGRE THaBT AGAGAARATAGKS Iauding hybrid fragments.

5" GCGCCCTCGAGATGGATGAATGCATAGCTAGA- 3" 30 | saA -

5' - GCAECCATGGCACCATCACCATCACCACGAAGTAAACGTTGATCAAGC- 3'  and

5' - AGCACTCGAGT TAGAAT CCCCAAGCACCTAAACC- 3

Har A5' - GCAfstirgss chmatgna monaciapa paibries zrewgll known in the art and can include the

5' TTTTCT CoAGERAGT IoldMobfid AR 1%% Sez:s Kohler And innytainnmkaw&ﬁ@m@ dase -

GICTCGAG 1 GCTG 11
FLFAAGT @t%%%uf aﬂﬁﬁ\% mwe' f'*ow an/si @ﬁ%eé@w%r@f #C-31 and

5' GCGCCT CaagheMATAT b&babAd GY GGredhing a suitable phage display library (Vaughan TJ et

ncii: P Gk g RO R R R TR P s

GAAGCCAT GBEmefiif
MRPI I 5" - GATTACACCATGGTTAAACCTCAAGCGAAA 3land
5' AGGTGTCTCGAGTGCGATTGTAGCTTCATT- 3!

Methods

15  The invention also encompasses method of making the immunogenic compositions and

vaccines of the invention.

A preferred process of the invention, is a method to make a vaccine comprising the steps
of mixing antigens to make the immunogenic composition of the invention and adding a
20  pharmaceutically acceptable excipient.

Methods of treatment

The invention also encompasses method of treafment or staphylococcal infection,
25  particularly hospital acquired nosccomial infections.

This immunogenic composition or vaccine of the invention is particularly advantageous to
use in cases of elective surgery. Such patients will know the date of surgery in advance
and could be inoculated in advance. Since it is not know whether the patient will be

30 exposed to S.aureus or S. epidermidis infection, it is preferred to inoculate with a vaccine
of the invention that protects against both, as described above. Preferably adults over 16
awaiting elective surgery are treated with the immunogenic compositions and vaccines of
the invention,

35  ltis also advantageous to inoculate health care workers with the vaccine of the invention.

The vaccine preparations of the present invention may be used to protect or treat a

mammal susceptible to infection, by means of administering said vaccine via systemic or
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10 The PCR products were first introduced into the pGEM T cl oni ng vector
(Novagen) using Topl O bacterial cells, according to the manufacturer's
instructions. This intermedi ate construct was nade to facilitate further
cloning into an expression vector. Transforrnants containing the DNA insert
were selected by restriction enzyne analysis. Follow ng digestion, a -20pl
al i quot ofnutdsel redet Torsenedmaistibionedmby iagldeodéecHel vd f ﬁﬁ%’ﬁ@éﬁ"rs 15
(0.8 % ag@h-g@&;tdn@aram%ae?mapﬁs%eutgr%ﬁs (IAE) obuh helchsal BiNRinistragirEdtise Wer e

vi sual i ze ' um nation_after el ectrophoresi s and et hidi um

bromi de se@I/aiMegaryAreRERY) %%’I}P‘é?”ayt%é“sstandard (1 Kb | adder, Life

Technol ogi es) was el ect rophoresed in par allel wth the test sarrpl es and was

used to estimate t om
sel ectd ts“i‘eaﬂ@?‘eﬂi r‘?gﬂrﬂt@erf’ W%’S ﬁc%rl‘eo‘rlﬁsﬁds graqg&% aesng)i‘%%gheﬁrét"‘?]ahli Sgs gelfst ed to
conpl et i omraGhopidtdetiapmspprseatithoresymificant, @dvmyﬁeeﬁafgs rreb/e!ﬁ@feﬁa@@re%y t he
manuf act ugeL, o ?wT%ﬁgrﬁ%lpgr%iﬁgspron-c«rhﬁchds'pgﬁﬁé UG & 8FRIED YRShdEN
purified Using i in colums priof to ligation with the
pET24d or Isp@S&‘Bl(Edpfrh% pfatein choantng tod vaisine Wi tivicalihba () theAgnget) d8%0. | sdB,

Har A, Atl I S |eg gb@rmthe
pET24d pl B'%Fer%@ 5’0@? o”ﬁfgéﬁw‘f%ﬂ%wg’e r%s@% qu séla);‘rgprzg r%mp £ Qe
25t oxilth amecrSiisewdt eomrarsmcé‘cﬂeﬁmg @épﬁgsarcmaﬂpwhw F?J”P‘a%‘ﬁﬂ rtrefe@biyrfr b‘é@rctl on of

expr essi of EEReRon quoHr e%mrchhre %@5%%&%@&@%% RiRg24h eptRE- 30 for

li gation, K gest ed | etion with >(@é{réoprlate
restricti emoenzipmss pawﬁmafppﬁ@%errﬁﬁfeltye BSQEHP'BB%(PYnﬁtPE?ar% grolving

di gested LrapRBh Soft Qpﬁrb@rra@é e:ﬂar&ra YeRpbies WaS sUjedls.t 0 H@n@gn@r@ﬁ hetdii gation
reaction. A standard -

ion reactio u I ng
et hods. WEACTRIGPIEEHERG BN 8 8F PETTTEERSIhg T SRS ST
uni ts14 regekiion, Life Technol ogies). An aliquot of the Irgatr on (-5 pI)
was used to transform ML5(pREP4) or 3T21::DE3 el ectro-conpetent cells
according to nethods well known in the art. Foll ow ng 35a -2-3 hour
out gr owt hApmugbd‘m\taCQﬁf@“ ¢fiihe pregentinverttion RiaybetaRMIniS RS PYARE@ el | s wer e
plated on LR-a m%ﬂe%s&%ﬁ%@ér% rrﬂUﬂie@kln'(lD} f&rﬂr@%n@@hﬁbﬁrnﬁﬁwfﬂfe kananmycin
(30pg/ml) 7 Ant iotics were included e selec tes wer e
i ncubat ed PEFERtHIGAEONA tHUTTRD SKECOMPESTS Y Qé‘terl 'i’X/FHRFéEi il?g/ %I oni es were
pi ckedoW &HnsliIwHieh ri»@ﬂé)}&ﬂh@&rﬁd@'ﬁﬁk usestnéaih ﬁmaemd‘éhnrsn@eidyart@iécrteeh LB
ApR/ KanR pl at.es ththe
patch pl a?i%rém%r‘f@ %H@ﬁm 8\{%5\}% h?ﬁytecgmaé}?gusﬁﬁcu%é{é r@%‘? fr%léldjt:"r%;'lg’l ng? i
either a Enjedtramdfaa“‘daccrneuﬁmﬁersk:@péraittesalﬁlwarah%mmﬁwgtffwd%f@? a%@ﬁrﬁﬂneA whol e
cel | - based, SpOSe; Hﬁicyma?ﬁ%%feagpéﬁy&ﬂmﬁpa M@ﬁbérléf éélﬁtbnbireﬁiﬂéﬁt%égant s contained

¢

the DNA i nS overni Kan culture was

t r ansf er r ddregemsl _v_a@mmlorpmrytbewr@ﬁéeq%g%d %ﬁ‘”tf?fg’séeqr? "‘E’: e'F“é‘Eet‘gd by

centr bBUQ%eJ BBsdrfinder@8gkmann mcrocentrifuge (-3 nmin., roomtenperature,

-12,000 X g). The cell pellet was suspended in -200p1 of sterile water and

a 10 -10pl aI i quot used to programa -50pl final volune PCR reaction

cont ai ni nghbebmehmnaaredhramb sianteaceenal inédtibn,dhe Froantpwi preeesdurefheonpipes al 95C

denat urat i vali §rauption

of the bacle? PAERaTs A HhT R EanLE soeR R ohe L 00

t her mal cytelrrew gamb recg2 (g3l eauwrfwgsmrepr%@e rﬁ*ﬁ?dt%rfﬁpl‘ﬁrieéé‘f PRAHR 8k i | e,
3§C gé&%@ﬁ 11020 28 (e ﬁ‘% Bl Zfzﬁ:re nEaHB- is iW¥RFEd, URE Bakr8l @fﬁﬁé inb¥did e

BASBZ ra t

gment from ysed transformant sanpl es, L gt?t her mal
anpl i fi catavemed and ROiper atvagerst WB'I'St PHYIGINGaR BIDH prr‘éewaﬁareﬁ@ﬁ 9% “se gel

el ect r ophQigste ﬁ&m&s%@ gerceaevéry\srawwrthaeapeharqgaamw\o( BdR ohuifedf ski) . DNA
fragnents were visualised P/ m nation after gel el ectrophoresis and

et hi di um BFERRC QY Bi Ty W l@qﬁﬁﬁa'r‘?&) ELGFET si ze standard (1 Kb | adder, Life
Technol ogi es) was el ectrophoresed in parallel with the test sanples and was
20 used to estimate the size of the PCR products. Transfornmants that
produced t he expected size PCR product were identified as strains
containing a protein expression construct. Expression plasm d containing
strains were then analyzed for the indcible expression of reconbinant
protein. 25 C Expression Analysis of PCR-Positive Transformants. An

al i quot of the overnight seed culture (-1.0 m) was inoculated into a 125
m erlenmeyer flask containing -25 ml of LB Ap/Kan broth and was grown at
37 Cwth shaking (-250 rpm until the culture turbidity reached 0.D. 600 of
-0.5, i.e. md-log phase (usually about 30 1.5 - 2.0 hours). At this tine
approximately half of the culture (-12.5 mM) was transferred to a second
125 m flask and expression of reconbinant protein induced by the addition
of IPTG (1 0 Mstock prepared |n sterrle water Si gma) to a frnal

g 1 N~ "



suspended in -50pl1 of sterile water, then m xed with an equal volunme of 2X

Laenel | i SDS- PAGE sanpl e buffer containing 2-nercaptoethanol, and placed in
boiling water bath for -3 mn to denature protein. Equal volunmes (-15pl) of
both the crude I PTG induced and the non-induced cell |ysates were | oaded

onto duplicate 12% Tris/glycine 5 polyacrylamde gel (1 mmthick
M ni - gel sMoNosgesitly, Tevise fithl ceel seenificabnddsionaed &l adisktes ligyasoends e e

el ect r ophgkesefle LAY REISeeWidkierBEE ShAkAREICTRE 86eA I c¥Rbal n WBrdorussd SeeBl ue,
Novex) under _conventional condjtjons usin

di L a_standard SDS%\'B&;/%%Q ne
runni ng bitd BP 10BRHRagSo ] BiRCTRD S1EEE CERBRGET SXrBrE YO BN ai ned
W t hI cog;asga‘,aﬂsotashjl U$ 859,602 @ISR 584, (4, UBahe3ad, U eB468$2, AINBEEY, BwVi Zual |t ze
nove | e onto
DOVDE e n{tin, G s BEf LB 2h5dadl BsRpaRNS00S, 5155 61 A 6 90 84 o ©OF
Bi oRad M HB- Bj568.62h US Hot.#1hgUappéarat 639, avd 469550, sURret. IRh&A4. (B9 9
transter Bl ho, 65 ALsioMbo0lvd e roR AR d7 385470 Qraifel RRIHOB0 o wer @

perfornmed 'accordi%? to nethods wel nown in the art.- nmonocl onal
anti - RGS {riprdgmabaminaieajion PoineRedndperaraiRns ARy aHter CORMENIonNd G¥&98Rt i body
conj ugat eghd feedibB, siRBvIESd RGRARG FOMBEIRstid BlehQf GOIRT VacBhdd BV @ RBreEsEI)@n and

identity of the reconbi el ization.of the anti-H s antibody
react i%e E%T?EW'\R&@%CM%@@Q%{Qk@ogygﬁ@f))a‘ﬂ aﬂglﬁgit%i hPs ggutggtsgréte or

usi ng Hy pérahsdamai driratdeetaAemrssieivanEGIO 8320730 M eFe¥IEs system 20 Exanpl e
2: Production of Reconbinant Protein Bacterial strain A reconbi nant
expression strain of E. coli ML5(pREP4) containing a plasmd (pQE30) or
BL21: : DE3Vhentiag Waastiep PhihaindessETPMention ceionke BipRiprasciadbarkprgt B R was
used to pgQdiegaRbihd @i He RidEihd isGAkION iQlia LaGaERiar@larpackRine. of 25 Medi a
The fernmentation nediumused for the production of reconbinant protein
consi & edb@rvesnadept B Mt -£48Y) cont ai ni ng 100pg/ ml Ap and/or 30 pg/m Km
Anti f oam was added to nmediumfor the fernmentor at 0.25 m /L (Antifoam 204,

Signe). Ta ind i it i Lt inbdl |
P10 Thi odtF SRty ARISENG by e dun e OGP FR:cPEP oL B SrEeh ngalbn HgPPr OPY
Pr oduct i ohe cfimiiazciombinvarttonglr dessisnas 3BWHd sy inramiseias orpgrPeo A aPEES was

added at @ hLpal; o Sl B HiraliBMADELARS 1 feb@nuMdBng FeWbe oty 4
addi ti ona OW!(B)\B%?’S‘F %%%gtlﬁﬁre \5vasrat hen cer?tri fuged at %fag%o rwf%for 10

mi nut 38 afless Hccpisinolyitheprgteineligsia dav RS B IrI A G R8T S HPOA,
KH2POA pHyifid ok BC1 #0H0NG, SrefRFMe@S o BN fiir @bse @Bl ItR polyshbttarida (meierabys

subj ected to French pressure |ysis using 1500 5 bar pressure ( runs).
After cenepnivaris ishoens mayPewrseddn fie £89900-Phiio é%f?fﬁj@g%ﬁe T
reserved how tb H5LR&F pRddcElfRE befucagd NaCl was added to 0.5M The sanple
was then | oaded on a Ni-NTA resin (XK 16 columm Pharmacia, N -NTA resin

Q agen) conditioned in 50mMM K2HPO4, KH2PO4 pH 7. After | oading the sanple,
t he coé unps\vesd hasihats Wik hinBaddn@n! ddiiidy 2MdNa 2Ry ik, vaBciB&tNaErggich0%

| ). | ut d I . I
i 7 Fer ent o garth BB SR BPPREtdhe BohBRuTBuAEGEN b BeHRE RS,
gl ycerol anitle 2@Gnid/ The déarpisliethe Wayeeindorigiin ooated beteperraboph&0mnd pbeutedh of
putrer B RS rahaftal it it %gm]‘ bR LehR Umcbht 6 vabiidl bet@édnon,

eluted fraction containi rotein were pool ed, concentrated a}}r%g
di al ysed agiidygls a0d dngiffenepbracs/akshareasyp iy gensralgit patlbg SPegtede Bashifod was
used 8@ PHEMEY b hbiAy 1.5 FPoelbadid strBaBof tHaklin, Abd dghiitcie wraicd ®etten stepha

toxin. Under denaturin ondi tions 0 I PTG was,, added fin

concent r aPiFPHMFOrGHRA aﬁ%ﬁleh%m rﬂsu?tet%ﬁégﬁﬁﬁeoWQSWSrsq’gm‘g%%cﬁop i cl)aﬁgﬁl)ﬁ'%'r s. The
cul ture waspéhny oente nfodged detivedy,006 vapeing oray1@timatalydye odtet leolghebl et was
resuspend L0 Rk uf f. ; Walel WHYal a

or ot ence. Py AN BI i borf el B A B R i e

| ysi s usi dgrmi$00 bar pressure ( 2 runs). After centrifugation for 30

m nut§$ at 15,000 rpm the pellet was 25 washed with phosphate buffer

i ncludirng 1M urea. The sanple was centrifuged for 30 mns at 15000r pm and
the pellet was resuspended in 8Murea, 0.1M NaH2PO4, 0.5M Nadl, 0.01M
Tris-Hcl pH8 and kept overni ght at rodwh tenperature. The sanple was
centrifuged fro 20 m nutes at 15000r pm and t he supernatant was col |l ected
for further purification. The sanple was then |loaded on a N-NIA resin (XK
16 colum Pharmacia, N -NTA resin 30 Q agen) conditioned in 8Murea, 0.1M
NaH2PO4, 0.5M NaCl, 0.01M Tris-Hcl pH8. After passsage of the flowt hrough,
the col umm was washed succesively wth buffer A (8M WUrea, 0.1MNaH2POQ4, 0, 5M
NaCl, 0.01M Tris, pH 8.0), buffer C (8M Urea, 0.1WNaH2PO»4, 0.5M Nadl, 0.01M
Tris, pH 6.3), buffer D (8M Urea, 0.1WNaH2PO4, 0.5M NaCl, 0.01M Tris, pH
5.9) and buffer E (8M Urea, 0.1MNaH2PO4, 0.5M NaCl, 0.01M Tris, pH 4.5).



35 reconbi nant protein was eluted fromthe colum during washes with buffer
D and E. The denatured, reconbi nant protein could be solubilized in a
solution devoid of urea. For this 60 purpose, denatured protein contained
in 8M urea was successively dialyzed agai nst 4M urea, 0.1MNa2PO4, 0.01M
Tris-HC, pH7.1, 2Murea, 0.1 M NaH2PX4, 0.01M Tris-HC, pH 7.1, 0.5M

ar gihnidne ANprefer@0 20hiddhed K2 ROhvBRlibnlis Q. Aeiotiact ,pr@eBﬂ}?gEgiitfﬂaﬁ;&g 5Thi s
met hod wa . : & t i i i

Atl-am da%%@%&oc}cggﬁfé&dnyqfﬁga @%ér_?o{rltprg%g I oﬁ.S)e(?pns » ,t\ﬁler“gfgrﬁgl ye:rs]ed l%;é%{& PAGE.
The resul PFEMROSHOBH'a57BT 85 AS PUFHtPy & bR i5YG VE™Cbndi ti ons (al pha toxin)
and one protein purified under denaturing conditions 10(SdrC) are shown in
Fi gur e 3inanueiredxabplived, Pe eptianiisiapaitiof elPdive segehar i des Pl A (PNAG
is prepared as described in Joyce et al 2003, Carbohydrate Research 338;

15903- 922, nHRPoR1ARE chbBEInEnPR NSAGEREH sdeSsdl & tRXhTAbEEhid EPRpoSiiaur eus as
descri bed/ &5{“?905' OB T iR ol Chocides G cflefbfl o b @uf1 b coupt | N0
cheni stry? IRVET98) s A MRS U i S 8FVSd 'T'n ﬁ% r_In water. The
opti mal pelppRisseseat NNy disgeseaprebiels PR AYEEY SHRPPEPCsPR! eRi%%er ot ypes and
i s bettveen 2ng/ mL and 5ng/ M. 25Froma 100 ng/ M stock solution in

acet oni t r rheter@RARDH/CEARARR et Oidmpassag irigtiBSraised agdestiréuw dridér S,

pol ysaccharidgiholdshi Qhel - StaffyRéRal kgihs Qa&%Met lof edhgMnfRtidrs idgded to
obtain the sggflflﬁagpﬁlgat50ﬁx¥H pH 8.5-10.0). The activation of the

pol ysacchBPTGE" % PISLF Y BEE2RE°F hi s pH during 2 ninutes at 25C. The carrier
protein is added to the activated polysaccharide in an amount sufficient to
gi ve 45 1/ Thertsimas “compligngintbompese: 60 [omprist Baiein ¥A intendsd oy SieBYEnidrs t he
specific phd %dtio%aub%%sﬁt&&%'wz:ﬁh%téﬁ%c'%b%tihé ofl URBRANE b Wink heils @i ofe f or 30
m nutes at 25C and overni ght at 4C. The conjugates are purified by
gel filtreaspeivelsihgvesy B8WASeryl 500HR gel filtration col unmm 35equili brated
with 0.2M NaCl . The carbohydrate and protein contents of the eluted
fractions,are determned . The conjugates .ar Tk er] i.Ltered on
0  2opm A et o PR e SR LAY ER G PaBRCHES 0B I BhEhidforsel €
prepagat i Bhgfeapwedetadt - m ned. 5Characteri sati on: Each conjugate is
characterised for protein and pol ysaccharide content. The pol ysacchari de
content i & dreasnteds byeitibe nReLereiieralndbesbd anel fdibeing exdneples eseeith.by t he

Lowy test. The final PS/ PD rati [ r.m ratdg.a.of the
concent r aﬁ‘%q’ﬁfﬁaqﬂeﬁrgifﬁfgfpoﬁﬁﬁ%&’%%?\to ﬁ'(ﬂ“g‘}’ %6%‘%?9b9¥%%pgegtal%\}gﬁn n of the
pol ysacchteisdapew the rGRAIRN imamyodereés a cyanate group in the pol ysacchari de
and P (4-di nethylam no-pyridin) is |iberated. The residual DVAP content

i s def®rm ned by a specific assay devel oped and validated at GSK. 15 Free
pol ysacchari de content (9:
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The free pol ysaccharide content on conjugates kept at 4C or stored 7 days
at 37C is determ ned on the supernatant obtained after incubation with
a-carrier antibodi es and saturated anmoni um sul fate, followed by a
centrifugation. 20 An a-PS/a-PS ELISA is used for the quantification of
free polysaccharide in the supernatant . The absence of conjugate is also
controll ecE)@mgmsa- carrier/a-PS ELI SA. Exanple 4 Formnul ation 25 Adj uvant
conposi tions rotein, either individually or together, fromthe above

exanpl es MRy {OSINALEE: Mblfa W OBALANMLORAGG oL yoacchar | de

conbi nat i ) on may ise a mxture of 3 de
-0- acyl at ed nonophosphoryl lipid A (3D-MPL) and al um ni um 30hydr oxi de, or

of 3 dg - Qy.q9iat ed nonophosphoryl lipid A (3D-MPL) and al um ni um
phosphat e,” 6r 3D- MPL .and/or QS21 optional ly i.n an oj]/water_emulsjon, and
opt i onal | YPPEPHEE at & HPE 'S %I =2 G R é’l"%ﬁﬁ”ﬁﬁeﬂ‘ﬁ‘{%alspe%\fl‘cog?éf k\eef erably
al um ni umspipagipliatst. gedf- bMinklted dsedtiotd elvhingl df ythel #10R ipfdded ifior e df.cdlihe

| i popol ysacchar.i d P iy i | a

i hnesot a PR B TR o e Clllntp BRI FUFBE bR L IR, ° 5 1oy

conbi ned wireteingontiioing aidia)bcaf@nity shiooatsigyepantearit e Nbor B-ementtunor al and a TH1

type of, cellular immnity. Q@S21: is one saponin purified froma crude

extract of the bark of the Quillaja Saponaria 5Mlina tree, which has a

strong adjiM¢RAMCRMUSPYIVER® it activates both antigen-specific

| ynphopr olifter apkien -and L£HERCGEATEYRTAGATNT TGETIST TAMIATTTARALDISt ai ndry an

antigen of_ ' gp%l LN and al um nmay be prepared in

anal ogous 5%%& ﬁ%ﬁgiéﬁﬁgﬁcﬁ%ﬁflww 01 92/16231. 10

Experi mentBbpper f or-red af-@GEBRGBADTCOGCTBICS TIRIVATIAMDhEAEAREE-8 ¢l eagnd

syner gi.st i G LIRS T9 --MPL and QS21 in the induction of
He ﬁ&%ﬂ?ﬁ?\ype cgﬁA u FETReH

bot h hunoral a l'ar i mune responses. Vaccinhes containing an

antigen s$df antigens arB-GRSEEAPEGAPRCHSAETAGTIGDTAGSCANTGR| / wat ef%mul si on
may be compaseda ' AogophecplaTandssqual ene), and of PBS
co%t ainin TmenG%Eﬁ;?!dg@Tl(B@ Ler Eh I§i i %: % squal ene 5%
t ocopher ol"NBPA% Tween 80%@%@@‘%8 égég%’é ﬁ’g&?f’g%‘ §?§§Gg§ 180 fiM and is
known as SRECASEET MIDATBCTTZEOBATZOERPEIUAPAGSS performed at GSK Bi ol ogi cal s
have ?gov%}bﬁt hat the adjuncti.on.of-tht Q_@ﬂ@%@\&&%&ﬁ&u Q821 f it her

es ies. Pr

incre ei r i nmunosti nmulant proper eparation of emulsion SB62 (2
fol d conc&fEGARCICINBEM BU GRAGHSIKA MEd AN TPhesphat e buf fered sal i ne (PBS)

to give aggesol ution in thecdedBTcdEcasntanddfhrdchee fol d cancentrate
enul si on SgC of DL al pha toco%r‘]er ol squal ene are vortexed to m X

and_5ni of
t hor oughl y.CHeMCo CTiéE QBT%@T%ﬁgITﬁ‘éTgﬁdded and ni xed thoroughly. The
resul ting sml si on ks t hen PESKRECATCOEBHBGAGARTTO/BTAGAAGIMal |y  and

ol 255, RS R AR AT D T 50 Bampi e 5 animal o

exper i menttph 5-AAAAGTACTCACCACCACCACCACC-Z and
5'AAAAGTACTCACTTGATTCATCGCTTCAG-3’
Aaa - 5'-GCGCGCCATGGCACAAGCTTCTACACAACATAC-3' and

5'GCGCGCTCGAGATGGATGAATGCATAGCTAGA-3
30 IsaA —~ B5-GCATCCATGGCACCATCACCATCACCACGAAGTAAACGTTGATCAAGC-3
and 5'-AGCACTCGAGTTAGAATCCCCAAGCACCTAAACC-3'
HarA - 5-GCACCCATGGCAGAAAATACAAATACTTC-3' and
STTTTCTCGAGCATTTTAGATTGACTAAGTTG-3'
Autolysin glucosaminidase — 5-CAAGTCCCATGGCTGAGACGACACAAGATCAAC-3
35 and 5-CAGTCTCGAGTTTTACAGCTGTTITTGGTTG-3
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Female CD-1 mice, 8 to 10 weeks old, are obtained from Charles River

Laboratories, 35Kingston, Mass. For lethality studies, five groups of 9 to
11 CD-1 mice are challenged intraperitoneally (i.p.) with serial dilutions
of S. aureus grown on CSA plates. The inocular sizes range from-10"0 to
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BT21::DE3 electro-competent cells according to methods well known in the art. Following
35  a ~2-3 hour outgrowth period at 37°C in ~1.0 ml of LB broth, transformed cells were
plated on LB agar plates containing ampicillin (100 H@/mi) and/or kanamycin (30pg/ml).
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anti body to Human 1gG Fc (reference A-2290). Exanple 7 Opsonophagocytosis
assay. 15The in vitro opsonophagocytosic killing of S.aureus by human
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di rect ed agaessidn GBtcombhaningpaieihed due to the Ig binding activity of this
protein. Anti-killed whole cells ELISA: 25 Killed whole cells (heat or
formal dehyde inactivated) fromS. aureus type 5 and 8 or S. epidermdis
strai @Hay were coated at 20 pg/ml in phosphate buffered saline (PBS) on
hi gh_bi ndicg, (Rt Adish dorSedBqrdimane) overnight at 4 Cwith

evaporati on.” Thée plrates Were DI OCKed W BS-BSA 1% 30 min at room
t enper at uPB affygs og@f;péqrmght sepd gyliire(~1.0 ml) was inoculated into a 125 ml erlenmeyer

flask containing ~25 mi of LB Ap/Kan broth and was grown at 37 °C with shaking (~250

rpm) until the culture turbidity reached O.D.600 of ~0.5, i.e. mid-log phase (usually about
30 1.5 - 2.0 hours). At this fime approximately haif of the culture (~12.5 mi) was transferred
to a second 125 ml flask and expression of recombinant protein induced by the addition of
IPTG (1.0 M stock prepared in sterile water, Sigma) to a final concentration of 1.0 mM.
incubation of both the IPTG-~induced and non-induced cultures continued for an additional
~4 hours at 37 °C with shaking. Samples (~1.0 ml) of both induced and non-induced
35  cultures were removed after the induction period and the cells collected by centrifugation
in a microcentrifuge at room temperature for ~3 minutes. Individual cell pellets were
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30 A was neutralised by addition of 10pg/nl of Affinity Purified Chickedn
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chemiluminescence system.

20  Example 2: Production of Recombinant Protein

Bacterial strain
A recombinant expression strain of E. coli M15(pREP4) containing a plasmid (pQE30) or
BL21:DE3 containing plasmid pET24d encoding staphylococcal protein was used to
produce cell mass for purification of recombinant protein.
25
Media
The fermentation medium used for the production of recombinant protein consisted of 2X
YT broth (Difco) containing 100ug/ml Ap andfor 30 yg/ml Km. Antifoam was added to
medium for the fermentor at 0.25 mi/L (Antifoam 204, Sigma). To induce expression of the
30 recombinant protein, IPTG (Isopropyl B-D-Thiogalactopyranoside) was added fo the

fermentor {1 mM, final).

Production of recombinant proteins

35  Under native conditions
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IPTG was added at a final concentration of 1mM and the culture was grown for 4
additional hours. The cuiture was then centrifuged at 6,000 rpm for 10 minutes and the
pellet was resuspended in phosphate buffer (50mM K2HPO4, KH2PO4 pH 7) including a
protease inhibior cocktail. This sample was subjected to French pressure lysis using 1500
bar pressure ( 2 runs). After centrifugation for 30 minutes at 15,000 rpm, the supernatant
was reserved for further purification and NaCl was added to 0.5M. The sample was then
loaded on a Ni-NTA resin (XK 16 column Pharmacia, Ni-NTA resin Qiagen) conditioned in
50mM K2HPO4, KH2PO4 pH 7. After loading the sample, the column was washed with
Buffer A (0.2M NaH2P0O4 pH7, 0.3M NaCl, 10% glycerol). To elute bound protein, a step
gradient ws used where different proportions of buffer B (0.2M NaH2P04 pH7, 0.3M
NaCl, 10% glycerol and 200mM imidazole) were added to buffer A. The proportion of
buffer B was gradually increased from 10% to 100%. After purification, eluted fraction
containing the protein were pooled, concentrated and dialysed against 0.002M
KH2PO4/K2HPO4 pH7, 0.15M NaCl.

This method was used to purify CIfA, SdrG, IsdA, IsaB, HarA, Atl-glucosamine and alpha
foxin.

Under denaturing conditions

IPTG was added at a final concentration of 1mM and the culture was grown for 4
additional hours. The culture was then centrifuged at 6,000 rpm for 10 mintes and the
pellet was resuspended in phosphate buffer (50mM K2HPO4, KH2PO4 pH 7) including a
protease inhibior cocktail. This sample was subjected to French pressure lysis using 1500
bar pressure { 2 runs). After centrifugation for 30 minutes at 15,000 rpm, the pellet was
washed with phosphate buffer including 1M urea. The sample was centrifuged for 30 mins
at 15000rpm and the peliet was resuspended in 8M urea, 0.1M NaH2PQ4, 0.5M NaCl,
0.01M Tris-Hc! pH8 and kept overnight at room temperature. The sample was centrifuged
fro 20 minutes at 15000rpm and the supernatant was collected for further purification. The
sample was then loaded on a Ni-NTA resin (XK 16 column Pharmacia, Ni-NTA resin
Qiagen) conditioned in 8M urea, 0.1M NaH2PO04, 0.5M NaCl, 0.01M Tris-Hc! pH8. After
passsage of the flowthrough, the column was washed succesively with buffer A (8M Urea,
0.1MNaH2P04, 0,5M NacCl, 0.01M Tris, pH 8.0), buffer C (8M Urea, 0.1MNaH2PO0O4, 0.5M
NaCl, 0.01M Tris, pH 6.3), buffer D (8M Urea, 0.1MNaH2PO4, 0.5M NaCl, 0.01M Tris, pH
5.9) and buffer E (8M Urea, 0.1MNaH2P0O4, 0.5M NaCl, 0.01M Tris, pH 4.5). The
recombinant protein was eluted from the column during washes with buffer D and E. The
denatured, recombinant protein could be solubilized in a solutioh devoid of urea. For this
60
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SrdC ++ (+) Ebb + - + AdA - ++ MRP - - ++ Sbi ++ ++ +++ FnbpA + + (+)
Table 6

purpose, denatured protein contained in 8M urea was successively dialyzed against 4M
urea, 0.1MNa2PC4, 0.01M Tris-HC!, pH7.1, 2M urea, 0.1 M NaH2PO4, 0.01M Tris-HCI,
pH 7.1, 0.5M arginine and 0.002M KH2PO4/K2HPO4 pH7.1, 0.15M NaCl, 0.5M argi'nine.l

5  This method was used fo purify Ebh {(H2 fragment), AaA, SdrC, FnbpA, Sbi, Atl-amidase

and isaA.

The purified proteins were analysed by SDS-PAGE. The results for one protein purified
under native conditions (alpha toxin) and one protein purified under denaturing conditions

10  (8drC) are shown in Figures 3 and 4.

Example 3 Preparation of Polysaccharides

PIA (PNAG) is prepared as described in Joyce et al 2003, Carbohydrate Research 338;
15 903-922.

Type 5 and type 8 polysaccharides is extracted from S.aureus as described in Infection
and Immunity 58(7); 2367.

20 Activation and coupling chemistry:

Native polysaccharide is dissolved in NaCl 2M or in water. The optimal polysaccharide
concentration is evaluated for all the serotypes and is between 2mg/mi and Smg/mi.

25  From a 100 mg/mi stock solution in acetonitrile ,CDAP (CDAP/PS ratio:0.75 mg/mg PS) is
added to the polysaccharide solution.1.5 minute tater, 0.2M triethylamine is added to
obtain the specific activation pH (pH 8.5-10.0). The activation of ihe polysaccharide is
performed at this pH during 2 minutes at 25°C. The carrier protein is added io the
actlivated polysaccharide in an amount sufficient to give a 1/1 molar ratio and the coupling

30  reaction is performed at the specific pH for 1 hour,

Then, the reaction is quenched with glycine for 30 minutes at 25°C and overnight at 4°C.

The conjugates are purified by gel filtration using a Sephacryl 500MR gel filtration column
35  equilibrated with 0.2M NaCl.
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Protein name React on SAS React on SA8 React on SE Hay +++ [saA +++ +++
CfA + ++ ++ AU anidase - ++ + |sdB +++ +++ +++ SdrG + + + {d ucosar ni dase

The carbohydrate and protein contents of the eluted fractions are determined .The
conjugates are pooled and sterile fitered on a 0.22um sterilizing membrane. The
P8/Protein ratios in the conjugate preparations are determined.

5 Characterisation:
Each conjugate Is characterised for protein and polysaccharide content.
The polysaccharide content is measured by the Resorcinol test and the protein content by
the Lowry test. The final PS/PD ratio(w/w) is determined by the ratio of the concentrations.

10 Residual DMAP content (ng/ug PS):
The activation of the polysaccharide with CDAP introduces a cyanate group in the
polysaccharide and DMAP (4-dimethylamino-pyridin) is liberated. The residual DMAP
content is determined by a specific assay developed and validated at GSK,

15 Free polysaccharide content (%):

The free polysaccharide content on conjugates kept at 4°C or stored 7 days at 37°C is
determined on the supernatant obtained after incubation with o-carrier antibodies and

saturated ammonium sulfate, followed by a centrifugation.

20
An o-PS/a-PS ELISA is used for the quantification of free polysaccharide in the
supernatant . The absence of conjugate is also controlied by an «-carrier/o~PS ELISA.
Example 4 Formulation

25

Adjuvant compositions

Protein, either individually or together, from the above examples may be formulated with

the staphylococcal polysaccharide combination and as adjuvant, the formulation may

comprise a mixture of 3 de -O-acylated monophosphory! fipid A (3D-MPL) and atuminium
30  hydroxide, or of 3 de -O-acylated monophosphoryt lipid A (3D-MPL) and aluminium

phosphate, or 3D-MPL and/or QS21 optionally in an oil/water emulsion, and optionally

formulated with cholesterol, or aluminium salt alone, preferably aluminium phosphate.

3D-MPL: is a chemically detoxified form of the lipopolysaccharide (LPS) of the Gram-

35  negative bacteria Salmonella minnesota.
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Experiments performed at GSK Biologicals have shown that 3D-MPL combined with
various vehicles strongly enhances both the humoral and a TH1 type of cellular immunity.

QS821: is one saponin purified from a crude extract of the bark of the Quillaja Saponaria
Molina tree, which has a strong adjuvant activity: it activates both antigen-specific

iymphoproliferation and CTLs to several antigens.

Vaccine containing an antigen of the invention containing 3D-MPL and alum may be
prepared in analogous manner to that described in W0O93/19780 or 92/16231.
Experiments performed at GSK Biologicals have demonstrated a clear synergistic effect
of combinations of 3D-MPL and Q821 in the induction of both humoral and TH1 type
cellular immune responses. Vaccines containing an antigen such antigens are described
in US 5750110.

An oil/water emulsion may be composed of 2 cils (a tocopherol and squaleng), and of
PBS containing Tween 80 as emulsifier. The emulsion comprised 5% squalene 5%
tocopherol 0.4% Tween 80 and had an average particle size of 180 nm and is known as
SB62 (see WO 95/17210).

Experiments performed at GSK Biologicals have proven that the adjunction of this O/W
emulsion to MPL/QS21 further increases their immunostimulant propetriies,

Preparation of emulsion 8862 (2 fold concentrate)

Tween 80 Is dissolved in phosphate huffered saline (PBS) to give a 2% solution in the
PBS. To provide 100 mi two fold concentrate emulsion 5g of DL alpha tocopherol and
5ml of squalene are voriexed to mix thoroughly. 90ml of PBS/Tween solufion is added
and mixed thoroughly. The resulting emulsion is then passed through a syringe and
finally microfiuidised by using an M110S microfiuidics machine. The resulting oil droplets
have a size of approximately 180 nm.

Example 5

Animal experiments.

Female CD-1 mice, 8 to 10 weeks old, are obtained from Charles River Laboratories,
Kingston, Mass. For lethality studies, five groups of 9 to 11 CD-1 mice are challenged
intraperitoneally {i.p.) with serial dilutions of S. aureus grown on CSA plates. The inocular
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- MRP - ++ Shi - +++ FnbpA ++ ++ 5 Exanple 8 Efficacy of conbinations
of staphyl ococcal proteins in a nasal col onization nodel. 10Fifteen groups
of three cotton rats were inoculated with conbinati ons of eight

st aphyl ococcal antigens and five cotton rats which acted as controls were
treated with no antigen. These sixteen roq&s are as follows: Goup 1 -

At | - gl ucoSkRs rNge AFN a1 disst” GRAKMowgep Héortabi i aswgped] orsddally Bists foshi

15G oup 2da¥. | TR BORSERINRseAIDATidasRated! 50Mingl 8 BRbIt Ghdddl ofSEHE Gosd=bh,
FnbpA G ou d

3 - l.- gl ucQsam ne, Atl-am dase, HarA, |sdA, NMRP, [sdB, MA
ol pha ¢ oxrSerepssElao AR O dib Biniteeis SLOTAROH Stk Wasnesiegity e PeRaTEDN, " Sbi
G oup 5- HdioAgstMRRplels] badtgtraiatio iitied@yf dhallsBd G, grétiph , of Endﬂp@\nlﬁase)bl,pth_ﬁa f sdA,
| sdB, i ' fA s Shi P 0. Gr.qu - ALl - am pi-dase,
adn NRpeitour Qi oulf tdh 2K S SR dB ADEIR oo 1 2
At | - gl ucoSaRimeuse| saer WRRIlatian seaanatex preurs ShANINGHr @e Bbi o ipAtall at
specified times, and the bacteremia levels are estimated by quantitative plate counts
performed in duplicate on tryptic soy agar plates with 5% sheep blood (Becton Dickinson
Microbiology Systems). Statistical significance is determined with the Welch modification

10 of the unpaired Stutent’s f test.

Example 6
General Methodology of Determining Antibody Responses in Various Mammals

The sera were tested for IgG antibodies to the staphylococcal polysaccharides by an

16 ELISA. Briefly, purified capsular polysaccharides from ATCC (Rockville, Md, 20852) are
coated at 25 ug/ml in phosphate buffered saline (PBS) on high binding microtitre plates
{Nunc Maxisorp) overnight at 4 C. The plates are blocked with 10% fetal calf serum
(FC8), 1 hour at 37 C. Serum samples are pre-incubated with the 20 pg/mi cell-wall
polysaccharide (Statens Serum Institute, Copenhagen) and 10% FCS at room

20  temperature for 30 minutes to neutralize antibodies to this antigen. The samples are then
diluted two-fold on the microplate in 10% FCS in PBS, and equilibrated at room
temperature for 1 hour with agitation. After washing, the microplates are equifibrated with
peroxidase labelled anti-human IgG Fc monoclonal antibody (HP6043-HRP, Stratech
Scientific Ltd) diluted 1:4000 in 10% FCS in PBS for 1 hour at room termperature with

25  agitation. The ELISA is performed to measure rat IgG using Jackson ImmunolLaboratories
Inc. peroxidase-conjugated AffiniPure Goat anti-Rat IgG (H+L) (code 112-035-003) at
1:5000. The titration curves are referenced to standard sera for each serotype using
logistic log comparison by SoftMax Pro. The polysaccharide concentrations used to coat
the ELISA plate are 10-20 ug/mt. The color is developed using 4 mg OPD (Sigma) per 10

30  mipH 4.5 0.1M citrate buffer with 14 il H202 for 15 minutes in the dark at room
temperature. The reaction is stopped with 50 p HCI, and the optical density is read at 490
nm relative to 650 nm. IgG concentrations are determined by reference of titration points
to the calibration curve modeled using a 4-parameter logistic log equation calculated by
SoftMax Pro software.
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68 Goup 10 - Atl-glucosamne, MRP, IsdB, MA, AfA IsaA SdrC, SdrG G oup
11- Atl-am ndase, MRP, |sdB, alpha toxin, CfA |IsaA Ebh, Sbhi Goup 12-
Atl -gl ucosam ne, HarA, 1sdB, al pha toxin, |IsaA, SdrG Ebh, FnbpA Goup 13 -
Atl - am dase, HarA, I1sdB, AM IsaA, SdrC, Sbi, FnbpA 5G oup 14 -

Atl-qgl ucos]am% At| -am dase, HarA, MRP, afA, SdrG Sbi, FnbpA Goup 15-

At | - ani das'@® Blipnio measpre the mEne adirat 1989 e slaphyiocosat! OolySuciGr@enisp 16-

gar A, f | sdAmiMRRjth Etwfa;owﬁ@r&p?pﬁdﬁs(ﬁ, Jagggn ;rﬁ?hnﬁggbra]g&%% 9,}3_ AigeRs co ?t ai ned
gg of each anti m X h an adj uvan e 0 I ' posones cont ai ni ng
MPL and Qég?ﬁ.ag#ﬁ%g‘?’fé‘@‘&ﬁéj@%@*mwﬁ *9hd@%r>aﬁngg\ﬁtﬂvﬁ%%69?fm~fawg@évgt)l, 14 and
28 of t he vexpemploest to dieot heeekgyGaf t er i nocul ation, the efficacy of the

i mruni sati ons were assessed using a nasal colonisation assay as descri bed

| n_Kokai - ii08d-+te 3RO SuaMiTh A Lr AU s SOREPIC g A hushelidntad . 20

Results The sults of the nasal colonisation assay are s able 7.
The contré’Fngﬁ%BEbe%@”&%ﬁ‘ﬁ%n | ogCFU nose of 3.51335 and a decrease in nasal
col oni sation could be see for all 25the groups of cotton rats inocul ated
Wi th st apfiyeecdgc &LISK iebefansied SmiafSo 4e (biyaacthiddesshase dith e ralRaiest

decrease | asal I.sation wth a decrease of Qv 2 logs in CFU nose.
Groups 12 ng)rc]@@% {_]g'l sbeopgééf\%/'g 'Sg%ogsfwroégrﬂlgpg?&sﬁ@ﬁ”h@ Pg%dgﬁ%ﬁ%rémgﬁmﬁl%ut 2 | ogs
i n CFU no$e digipdTaBRé cnt@ning g 0%Neetal calh senrehdl0oqGhidiyenglaldhedisird
LogCF NOBEman énibbayé o%tegéﬁ@ging Sigma Peroxidase-conjugated goat affinity purified

antibody to Human IgG Fc (reference A-2290).

Example 7

Opsonophagocytosis assay.

15 The in vitro opsonophagocytosic killing of S.aureus by human polymorphonuclear
leykocytes (PMNs) is performed as described in Xu et al 1992 Infect. Immun. 60; 1358.
Human PMNs are prepared from heparinized blood by sedimentation in 3% dextran T-
250. The opsonic reaction mixture (1 ml) contains ~ 10° PMNs in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal calf serum, ~ 10° CFU of S-aureus, and 0.1

20 ml of the test serum or lgG preparation. Hyperimmunized rabbit serum is used as a
positive control, and 0.1 ml of nonimmune rabbit serum was used as a complete source
for the IgG samples. The reaction mixtures are incubated at 37°C, and bacterial samples
are transferred at 0, 60, and 120 min into water and subsequently diluted, spread on
tryptic soy agar plates, and incubated at 37°C for bacterial count after overnight

25  incubation.

Exampie 8

Immunogenicity of staphylococcal proteins in mice and rabbits

30
Animals were immunized with purified staphylococcal proteins in order to generate hyper-
immune sera. Mice were immunized three times (days 0, 14 and 28} with 10 ug of each
proteins adjuvanted in Specol. Rabbits were immunized three times (days 0, 21 and 42}
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2.90435 2.52684 3 1.96556 2.23033 4 1.27748 1.21872 5 1.67304 1.93128 6
2.79745 2.98193 7 2.21481 2.30705 8 3.51355 3.47317 9 1.22480 1.44080

with 20 pg of each proteins adjuvanted in Specol. Immune sera were collected and
evaluated in anti-protein and anti-killed whole cells ELISA.

Anti-Protein ELISA:

The purified protein was coated at 1 pg/ml in phosphate buffered satine (PBS} on high
binding microtitre plates (Nunc Méxisorp) overnight at 4° C. The plates were blocked with
PBS-BSA 1%, for 30 min at RT with agitation. The test samples were then dituted 1/1000
and incubated at room temperature for 1 hour with agitation. After washing, bound murine
10 or rabhit antibody was detected using Jackson Immunol.aboratories Inc. peroxidase-
conjugated affiniPure Goat Anti-Mouse igG (H+L) (ref; 115-035-003) or AffiniPure Goat
Anti-Rabbit igG (H+L) (ref. 11-035-003) diluted 1:5000 in PBS-ween 0.05%. The
detection antibodies were incubated for 30 min. at room temperature with agitation. The
color was developed using 4 mg OPD (Sigma) + 5 ul H202 per 10 mi pH 4.5 0.1M citrate
15 buffer for 15 minutes in the dark at room temperature. The reaction was stopped with 50
Ml HCY, and the optical density was read at 490 nm relative to 650 nm.
The O.D. for a 1/1000 dilution of Post Ilf was compared to the Q.D. obtained with the
same dilution of Pre-immune sera.

20 Resuits generated with mice and rabbit sera are presented in Figure 5. A geod
seroconversion against each antigen was observed. Evaluation of sera directed against

SBl was impaired due to the Ig binding activity of this protein.

Anti-killed whole cells ELISA:

25
Killed whole cells (heat or formaldehyde inactivated) from S. aureus type 5 and 8 or S.
epidermidis strain Hay were coated at 20 ug/mi in phosphate buffered saline (PBS) on
high binding microtitre plates (Nunc Maxisorp) overnight at 4° C with evaporation. The
plates were blocked with PBS-BSA 1% 30 min at room temperature with agitation. Protein

30 A was neutralised by addition of 10ug/m! of Affinity Purified Chickedn anti-ProteinA {ICL
ref. CPA-65A-2) diluted in PBS-tween 0.05% followed by incubation for 1 hour at room
temperature. The test samples were then diluted two-fold on the microplate in PBS-0.05%
from a starting ditution at 1/10 and incubated 1 hour at room temperature with agitation.
After washing, bound murine or rabbit antibody was detected using Jackson

35  ImmunoLaboratories Inc. peroxidase-conjugated affiniPure Goat Anti-Mouse lgG (H+L)
(ref. 115-035-003) or AffiniPure Goat Anti-Rabbit IgG (H+L) (ref: 11-035-003) diluted
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10 2.03085 1.93204 11 2.02522 1.81581 12 1.53402 1.70996 13 1.36063 1.49100
14 2.31201 1.73909 15 2.22979 1.98223 16 1.58109 1.44004 The contribution
of specific antigens within the antigen mx was cal cul ated using multiple
regression analysis of the nasal colonisation data. The final ndel contains
the seven P t .antigens. Results for these antigens are shown in Table 8.
Wthin the %‘i‘?ﬁ'@ﬂg’s%}“’e%%o%“férm@qﬁe%w,anttbﬁéreﬁs wefeuissubated for B8 man.gavent he
great est desipeasse with giaionC Phd BbI&AHED Beveloped using 4 mg OPD (Sigma) + 5 y

H202 per 10 ml pH 4.5 0.1M citrate buffer for 15 minutes in the dark, at room

temperature. The reaction was stopped with 50 ul HCI, and the optical density was read at

5 490 nm relative to 650 nm.

it should be noted that expression levels of proteins in staphylococci will vary depending
on culture conditions. Therefore a negative result may reflect the choice of incorrect
culture conditions rather than a lack of immunogdenicity.
10
The results using mice sera are shown in Table 5 and some of the graphs are shown in
figure 6. A weak recognition of S, aureus strain 5 is observed with sera directed against
SdrC, FnbpA, Ebh, Sbi and IsaA. Recognition of S. aureus strARETE S sl shrg ols
the serum directed against Shi. Weak recognition of S. epidermidis Hay is observed with
15 sera directed against Atl amidase, MRP, IsdA, IsaA, Ebh, Aaa and Sbhi.

A selection of results generated using rabbit sera are shown in figure 7 and summarized

in Table 6. Very good recognition of the three strains was observed with lsaA and isdB, A

weak recognition of the three stains was observed with HarA although animals only
20 received one injection rather than the three injections used for the other proteins,

Table 5
Protein name React on SAS React on SA8 React on SE Hay

IsaA {+) (+) (+)
ClfA - (+) {+)
Atl amidase - - e
SdrG - - -
Glucosamidase - - -
IsdA - - 4
Alpha toxin - - -
SrdC e (+) -
Ebh + - +
AaA - , t
MRP - , -
Shi ++ ++ .
FnbpA + + (+)
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Sdr C, autol ysin-glucosam ne, MRP and Ebh. Tabl e
8 Effects in difference of 10ogCFU nose and ratio of CFU nose for the seven
best 10antigens in the nodel and corresponding p-values. antigen prob >F
Effect estimte Reduction ratio Cumulative effect Cunulative ratio HarA
0.033 -0.596 3.9 -0.596 3.9 IsaA 0.046 -0.558 3.6 -1.154 14.3 Shi 0.077

-0.491 3.1 -1.645

foll owed by IsaA, Shi,

Table 6

B Protein name React on SA5 React on SA8 React on SE Hay
IsaA 4+ 4+ 4+
CIfA + +4 e
Al amidase - ++ +
IsdB oo +4++ 4t
SdrG + + +
Glucosamidase - - -
HarA (1 inject.) + + +
IsdA - - .
Alpha foxin - - +
SrdC - - -
Ebh - + i
AaA - - .
MRP - - ++
Shi - it .
FnbpA - ++ s

5
Example 8

Efficacy of combinations of staphylococcal proteins in a nasal colonization model.

10 Fifteen groups of three cotton rats were inoculated with combinations of eight
staphylococcal antigens and five cotton rats which acted as controls were treated with no
antigen. These sixteen groups are as follows:

Group 1 - Afl-glucosamine, Atl-amidase, AAA, alpha toxin, SdrC, 8drG, Ebh, Sbi
15 Group 2 - Atl-glucosamine, Afl-amidase , IsdA, IsdB, CIfA, SdrC, Ebh, FnbpA

Group 3 - Atl-glucosamine, Afl-amidase, HarA, isdA, MRP, IsdB, AAA, alpha toxin

Group 4 - Atl-glucosamine, HarA, IsdA, AAA, CIfA, IsaA, Ebh, Shi

Group 5 — HarA, MRP, AAA, alpha toxin, CHfA, SdrC, Ebh, FnbpA

Group 6 — [sdA, IsdB, AAA, alpha toxin, CIfA, SdrG, Shi, FnbpA
20 Group 7 — Atl-aminidase, IsdA, MRP, AAA, IsaA, SdrG, Ebh, FnbpA

Group 8 ~ Control

Group 9 ~ Atl-glucosamine, IsdA, MRP, alpha toxin, IsaA, SdrC, Sbi, FnbpA
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- -0.324 2.1 -2.306
44.2 SdrC 0.22 -0.337 2.2 -1.982 96.0 Atl-qglucos 0.238
202.2 MRP 0.239 -0.323 2.1 -2.629 425.3 Ebh 0.297 -0.286 1.9 -2.914 821.0

Group 10 ~ Atl-glucosamine, MRP, IsdB, AAA, CIfA, IsaA, SdrC, SdrG
Group 11- Atl-amindase, MRP, IsdB, alpha toxin, CIfA, IsaA, Ebh, Sbi
Group 12 — Atl-glucosamine, HarA, IsdB, alpha toxin, IsaA, SdrG, Ebh, FnbpA
Group 13 — Atl-amidase, HarA, IsdB, AAA, IsaA, SdrC, Shi, FnbpA

S5  Group 14 - Atl-glucosamine, Atl-amidase, HarA, MRP, CIfA, SdrG, Sbi, FnbpA
Group 15 — Atl-amidase, HarA, tsdA, alpha toxin, CifA, IsaA, SdfC, SdrG
Group 16 — HarA, IsdA, MRP, IsdB, SdrC, SdrG, Ebh, Sbi

Each mix of antigens contained 3ug of each antigen mixed with an adjuvant made of

10 liposomes Containing MPL and QS821. The cotton rats were inoculated three times on
days 1, 14 and 28 of the experiment. Two weeks after inoculation, the efficacy of the
immunisations were assessed using a nasal colonisation assay as described in Kokai-Kun
et al (2003) Antimicrob.Agents.Chemother, 47; 1589-1597.

15 Classical multiple linear regression analysis was carried out on the data using “Design
Expert 8" software. The presence of an antigen was coded as +1 and the absence of an
antigen by -1. Using the equation of the mode! it was possible to determine which
antigens were the key antigens which produced a large decrease in the number of
colonies per nose.

20
Resuits

The results of the nasal colonisation assay are shown in Table 7. The control group had a
mean logCFU/nose of 3.51335 and a decrease in nasal colonisation could be see for all
25  the groups of cofton rats inoculated with staphylococcal proteins. Groups 4, 8 and 13
showed the greatest decrease in nasal colonisation with a decrease of over 2 logs in
CFU/mose. Groups 12 and 16 also gave good results, showing a decease of about 2 logs

in CFU/mose.
30 Table7

Group Mean observed LogCFU/nose | Predicted LogCFU/nose
1 1.77527 2.03560
2 2.90435 2.52684
3 1.96556 2.23033
4 1.27748 1.21872
5 1.87304 1.93128
6 2.79745 2.98193
7 2.21481 2.30705
8 3.51355 3.47317
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CLAIM5 1. An inmunogeni c conposition conprising at |east two different
proteins or inmunogenic fragnents thereof selected fromat |east two groups
of proteins or inmmunogenic fragments selected fromthe foll ow ng groups:

G oup a) at |east one staphyl ococcal extracellthar conponent binding
protein or_imunogenic fragnment thereof selected fromthe group consisting
of SdrG {l%am ni n receptior4sEbhA, EbhB, El asftimdsondi ng protein (EbpS), EFB
(FI'B), SBly autolysin, o@sbds SdrC, SdrH Li p@gﬁoghD FnbA, FnbB, "Cha,

d f B, Fb}:A},1 Npase, ISdQ%rbiﬁnnisiﬁD EPBMMSShXSE¥3|QQ¢f ; @mtln

bi ndi ng proterm, coagyrase, ——ant Vi, S-oup occal
transport in_od Ti%dh Tﬁ%%@of selected fromthe group
r1.4919dA, |sdB, M2+ trans

ogeni c..fragnment
consi sti id3of | munodortiatess ABC transport e porter,
SitC and asagppe staphylococcal regul ator
B of —setectedfrom

N4 ABC transperdiess Goup c) at le
of virulque toxin o 5l ogenlc fragment the group
consistir i RNA—AHH—-
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clainms 8-12

ed to a protein
erein the

1e | mmunogeni c
sel ected from

conposi t .9 he pr
the group consisting of tetanus toxoid, diphtheria toxoid, CRIVI197,
Haenmophi l us i nfluenza protein D, pneunolysin and al pha toxoid. 16. The

i nmunogeni ¢ conposition of clains 1-15 which is capable of generating an
effective i Mmmune response agai nst both S aureus and S. epidermdis. 17. A
vacci He conprising the i nmunogeni ¢ conposition of clains 1-16 and a
pharmaceutically acceptabl e excipient. 18. A nethod of making a vaccine
conprising the steps of mxing antigens to nmake the i nmunogeni c conposition
of clainms 1-16 and addi ng a pharnaceutically acceptable excipient. 19. A
met hod of preventing or treating staphyl ococcal Infection conprising the
step of adm nistering .the vaccine of claim17 to a patient in need
thereof. 20. A use of the immunogenic conposition of clains 1-16 in the
manuf acture of a vaccine for treatnment or prevention of staphyl ococcal

i nfection.
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21. A nethod of preparing an innmune globulin for use in prevention or
treat nent of ‘staphyl ococcal infection conprising the steps of immunising a
recipient with the vaccine of claim17 and isolating i mune gl obulin from
the recipient. 22. A pharmaceutical conposition conprising two or nore
nonocl onal antibodi es or fragnents thereof which are reactive agai nst at

| east two constituents of the immunogenic conposition of any one of clains
1-16 wherein the at |least two constituents are selected fromat |east 2 of
groups al, tin and c). 23. A pharmaceutical conposition conprising the

| mmune gl olyghie of claim 22 and a pharmaceutically acceptabl e excipient.
24. A nmethod for treatnent or prevention of staphylococcal infection

conprising a gt % 9 enmnﬁa puf B PR} gin BOLRL LoBINTuMTRUAO! e

pharnaceutlc I Anld$8ghts sBEsted from th
pharnaceutlcg 5§drm838?ﬁ 8 %hfffgomé 5% fﬁennanufagturQEJ?m °

medi canent fd?”?ﬂ%’?ﬁéatnent or preventlon of staphyl ococcal infection.

Group a) at least one staphylococcal extracellular compenent binding protein or immunogenic
fragment thereof selected from the group consisting of SdrG, laminin receptor, EbhA, EbhB, Elastin
binding protein (EbpS), EFB (FIB), SBI, autolysin, CifA, S8drC, 8drH, Lipase GehD, FnbA, FnbB,
Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB, 88P-1, 85P-2, HBP, Vitronectin binding protein,
coagulase, and MAP;

Group b) at least one staphyloceccal transporter protein or immunogenic fragment thereof selected
from the group conslsting of immunodominant ABC transporter, IsdA, IsdB, Mug2+ transporter, SitC
and Ni ABC transpotter,

Group ¢} at least one staphylococeal regulator of virulence, toxin or immunogenic fragment thereof
selected from the group consisting of alpha toxin (Hla), alpha toxin H35R mutant, RNA H! activating

protein (RAP).

2, The immunogenic composition of claim 1 wherein at least one protein or immunogenic fragment is
selected from group a).

3, The immunagenic composition of claim 1 or 2 wherein at least one profein or immunogenic fragment
is selected from group b).

4. The immunogenic composition of claims 1-3 wherein at least one protein ar immunogenic fragment is
selected from group ¢).

5. The immunogenic composition of claims 1-4 whereln at least one protein or immunogenic fragment is
selected from group a), group b} and group c).

8. The immunogenic composition of claims 1-5 comprising at Jeast one protein or immunogenic
fragment from S. aureus.

7. The immunogenic composition of claims 1-6 comprising at least one protein or Immunogenic
fragment from $. epidermidis.
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10.

1.

12,

13.

14,

15,

The Immunogenic composition of claims 1-7 further comprising a PIA polysaccharide- or
oligosaccharide.

The immunogenic composlition of clalms 1-8 further comprising type V andfor type Vili capsular
polysaccharide or loigosaccharide from 3. aureus.

The immunegenic composition of claims 1- further comprising Type |, and/or Type It and/ar Type lll
capsular polysaccharide or oligosaccharide from 8. epidermidis. ‘

The immunogenic composition of claims 1-10 further comprising lipoteichoic acid from a Gram
pesitive bacterium.

The immunogenic composition of claim 11 wherein the lipoteicholc acid is extracted from a
staphylococcal bacterium.

The immunogenic composition of claims 8-12 whereln a staphylococeal capsutar polysaccharide is
conjugated o a protein carrier. '

The immunogenic compositian of claims 11-13 wherein the lipoteichoic acid is conjugated to a
protein carrier.

The immunogenic composition of claims 13-14 wherein the protein carrler Is selected from the grbup

" consisting of tetanus toxoid, diphtheria toxoid, CRM197, Haemophilus influenzae protein D,

16.

17.

18,

19,

20,

pneumnolysin and alpha toxoid,

The immunogenic composition of claims 1-15 which is capable of generating an effective immune
response against both S.aureus and S. epidermidis.

A vaccine comprising the immunogenic composition of claims 1-16 and a pharmaceutically
acceptable excipient.

A method of making a vaccine comprising the steps of mixing antigens to make the immunogenic
composition of claims 1-16 and adding a pharmaceutically acceptable excipient.

A method of preventing or treating staphylocaccal Infection comprising the step of administering-the
vaccine of claim 17 to a patient In need thereof. ‘

A use of the immunegenlc composition of claims 1-16 in the manufacture of a vaccine for treatment
or prevention of staphylococeal Infection. '
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21.

22,

23.

24,

25,

A method of preparing an immune globuiin for use in prevention or treatment of staphylococeal
infection comprising the steps of immunising a reciplent with the vaccine of claim 17 and isolating
immune globulin from the recipient.

A pharmaceutical composition comprising two or more monoclonal antibodies or fragments thereof
which are reactive against at least two constituents of the immunogenic composition of any one of
claims 1-16 wherein the at least two constituenis are selected from al feast 2 of groups a), bYand c).

A pharmaceutical composition comprising the Immune globulin of claim 22 and a pharmaceutically
acceptable exsipient. -

A method for treatment or prevention of staphylococeal infection comptising a step of administering
to @ patient an effective amount of the pharmaceutical composition of claim 22 or 23.

A use of the pharmaceutical composition of claim 22 or 23 in the manufaciure of a
medicament for the treatment or prevention of staphyloceceal infection.
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