WO 2007/ 113222 PCT/ EP2007/ 053057 | MMUNOGENI C
COVPOSI TI ON Technical Field The present invention
wo edoatier2t 0 the field of Staphyl ococcal i mMmunoBETER2007/053057
conpositions and vaccines, their manufacture and the
use of such conpositions in nedicine. Mre
particularly, it relates to vacci ne conpositions
conpri sing type 5 IIUNDGBNIGOCOMRIIEIONIes from S.
aureus in which the degree of O acetylation is between
T&?\ E F/ hods for the treatnent or prevention of
apnyl ococcal infections using such vaccines are al so
provi ded. Background The nunber of both comunity
Thadﬁ@ﬁ%wvﬁﬁﬁpm@%ﬁ & thectirld 1ok $larhyieceecgh SnmaRRgenic compositions
I ncreased over recent years with the increased use of
and (yeeginess dginmaneiactuse anfidhpiusa | of Sugh i coampositiars Bt Bediging. More
infections are a major cause of norbidity and
PariigHigdy. it iplatefipeapeing PRIOPRSIONS cAMPEisiag byge W@f & priysaccharides
affect nore than 2 mllion patients annua
fropof.| atfipusgn velighghe degrea @f Osacehtiaiion isbetweer ﬁ@ 18f3%t Methggs for the
patients will acquire an infection during their stay
treptment o p prexentionh of stapmylerecasliinfeetions YRy 99AN weascines are also
estimated to be nore than $4.5 billion in 1992 (Enori
preyifgdGaynes, 1993, Cin. Mcrobiol. Rev. 6; 428). The
nost frequent infections are urinary tract infections
(UT1-33% of the infections), followed by pneunonia
(]1%5% surgical site infections (14.8% and primary
ndaam infections (13% Enori and Gaynes 1993,
Th&&gaﬁer gfc bagré égwmyg%é?%%)eé 88% ggﬁplgzﬁsgllﬁrfe ‘fections have Increased
ovéit ambml yzemsomth thepindesanedliusg , ofeintravascalarc devisgxp, Hospital acquired
hi.a co and Pseudonoppas a the . .
(nRRRaPaiUBERe 2ré BTGNS O Tr O e R e cppgtculary i

thealuspavhewub@/ affectsmore thanb?srmlllloﬁ patibetst aronally. t Feollowing various

sever of th ey..can produce .conbi ne . .
stfebrabord o perte R L Eien s b o B R PP es G dperr stay in
hokmﬂaan'cme gdibrﬁ)m‘ @bdgue@ it theaUSrs wss e_atum@fe_é t@be ndre than $4.5 billion in

er mi di as bej e nost . significant _nosoconi a

1980 BRRELET Glirg b (B Tirion®! ey 167 Roa ° aBRnBRY freuent
infétions ans uﬂ%ﬁ&@d&ﬂlﬁﬂectﬁdhée{utli 838% ofithdrinfectishgNoflbwenby pneumonia
(15,.'%2'@?1}95@ e ﬂoctuggslé Yook, bya Eﬁr%@mp%%%ﬁfggi%hs (13%) Emori

anE’GE&E&Z@@%,QﬁﬁOﬁIVcroﬂldﬂeRé\al6$¢28)f some cases of
osteonyelitis, endocarditis, septic arthritis,

pneunoni a, abscesses and toxic shock syndrone. S.
Stapbiyvercaudi gufeys.a Gragriabe-skyative o Stanhglacosthi hostly  &fapbylococcus
f'z'/B RO &R QRAL b NESAdrEhia cdh®d Eébor%gg Jgr th
ep fections o?&al%rrplsgﬁ’t ec(; r?egliac%q?l v?ces Oa In Cq‘?n Shg e e
mamr noseeamialfpathogens. 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

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
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surgery. Medical devices infected by S. epidermdis
i ncl ude cardi ac pacenmakers, cerebrospinal fluid

W@ baoritis322zont i nuous anbul atory peritoneal di al pST/EP2007/053057
catheters, orthopaedic devices and prosthetic heart
valves. 10 S. aureus and S. epidermdis infections are

treated with antibiotics, with penicillin being the
thgré%sé’f fC&S'Hwé?%a%?%?%%te‘éﬁ%ﬁl@cénﬁobaﬁrm%egepftf&r arthritis, pneumonia,
methicillin resistant isolates. The percentage o

abgeegsiey a0E dedeshosk pidi@mexhi bi ti ng wi de- spect rum
resistance to anti biotics has becone increasingly
preval ent since the 1980's (Panlilo et al 1992,
Sl apiderMidin ris reo NOrMakekin. cEpingesal ovhichL s alsg23n lrpn@rtari@ qpportunistic

et (%%?lt e rﬁ?fnigfezfﬁpﬁe\éﬁor%%f' r%l%ﬁ%g n%dnt%?@é\%% adcﬂnfectlons at sites of

] recent rgence o vanco
surgsly.s tMadlicals, deyiges uinfestada by ﬁasepadaﬁmgw lmcétede toaailac pacemakers,

ce?@&(jrgip‘?rkéé dJUlfdg V\ﬂttsan{:orﬁnu eg#lﬁt\)/@étgﬁfhgp?eé%r{e:agegﬁfygﬁ catheters,

ortah@amch@ﬂwcesrardlrtr@sﬂnﬁtcm@erta(pbe@ach of using anti bodies

agai nst staphyl ococcal antigens in passive 20

i mmunot her apy has been investigated. Therapy invol ving
S.aabmewd gnd 8t epidewfidipdifgctionaare traated sethaardib@tiondeith penicillin being

th?e&ﬁ% %ﬁgﬁc% r(%y 33?%%%0%@5 O&’eazf%?’ %«?etrﬂé' Ill}W{eLiséﬁt isolates. The

a nonocl onal ~antT body
percentage ohetaphyi@dodcélVWaﬁ&/ amsm)g witie- ﬂ)letbmmabisistance to antibiotics

R PR ol e i G 4SRRI B ol T2 it contol

H&gv Epakemiclntl; d8Rk posiog ai threlaumr@lffeawewummn@ia:ldh@apyenh saddition,

th%a} %n*?%%J%éjngﬁgﬁéfz@ggﬂbgﬁé%'st%d ureg ?rgguc as aroused fear that

m(eﬂUBﬁl(MEh’sment $.i bureno gérainki widi evgerge cdrell BprebISGOO8Bith) no effective
e hD. (US. 4002/ 0169288), col |l agen binding protein

? §é§898’51%8 SdrF, SdrG and SdrH (WD 00/ 12689)

mut ant SEA and SEB exot oxi ns (WO 00/02523) and 52kDa

o} e R R enero ing: SuBiodleh Bamsh oG B anl6Enin passive
mmuduon@ra@qhwoeSn hmreengémﬁnﬂneiemt irfvbwd\g(ﬁﬂ?ﬁﬁ&frﬂaﬁbn of polyclonal

M T TN W

a hakecloree ahtidode dgainsitipbeichbitaicidaeO 98/5Yep4007/ 113222
PCT/ EP2007/ 053057 recogni sed by hyperi nmune sera from
patients who have suffered staphyl ococcal infection

Ar{ \AftBrha @4 APprodéh Q@u%ﬁé‘l&)& of Thgivei \V&bineﬁmﬁlt(ﬁtgieﬁéraw‘ an immune

vacci nes targeﬁ aa nst Qia/l reus ar ﬁgal nst

oS GOBTHC e VR ottt SAaddeBETordiaiden A vagge components

ha&@me@asmémédl%@seﬂnemldé FM)r‘félf‘l&hlhOH)mdlﬁg plétdh. (UHBBHO846), MHC I
mai ns vel o ective, vacg ns
By 1 GRoREER) o et Bkl | porh  GbSESRRaL "beno (Us

2002/0169288), collagen binding protein (US6288214), SdrF, SdrG and SdrH (WO

00/12689), mutant SEA and SEB exotoxins (WO 00/02523) and 52kDa vitronectin binding

protein (WO 01/60852).

The S. aureus genome has been sequenced and many of the coding sequences have
been identified (EP786519, WO02/094868). The same is true for S. epidermidis (WO
01/34809). As a refinement of this approach, others have identified proteins that are
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Figure 1 - Pol ypeptide sequences of proteins for

inclusion in an i munogenic 10 conposition. Table 1
w@e@vittrs2 i nf ormati on on which protein i s repreSERP®A7/053057

by each SEQ ID. Figure 2 - Nucl eotide sequences

encodi ng proteins for inclusion in an immunogenic

conposition. Table 1 provides information on which

> : . 5 Fi.g )

ool by PR Derf Tt Teeh® whpr Vel slfird staphyiococcal
infetion (WROIMBASS N OB 48] e st ai ned SDS- PAGE of

sanpl es prepared during the purification of alpha

toxin. Lane 1 - nol ecul ar weight markers, |ane 2 -
The dirsilgeperfatian of sacaresttaigetedgpgairst S. exmue o5 @daiabbthe exoproteins it

prddies’ pabé et iy Rl SR h B OF0h Fedls M08l #iho2) There
remaihs aokeed tsdeelopadfentiviehva2fpedaddimat sBphylacoecsl infections.
fractions eluted with 30%buffer B, lane 7 -
fracti oaf eluted with 50% buffer B, lane 8 - fractions

Description Qf Fi9uiBf, buffer B, |ane 9 and 10 fractions
eluted with 100% buffer B, lane 11 bacteria at T=0

. ofe i ti.0n, 2 - L er i T=4 hou , ,
i 1| POUEARE" o o BBRIRL 18, B AR mmunogeni
coRgpsitigne Tablgct prowides diermadion onyfieh plotein jsa@presgntedspy each SEQ
IDPanel B shows a coonmassi e stai ned SDS- PAGE of 10, 5,

2 and 1 | of the purified alpha toxin. Figure 4 -

i Pur i fi/\;ﬁlt ilon. of Sdr C under denat uri ng, con i tions. Panel .

NI Roime U IRARRFEUP IS STEPHIBE REPIGINSAIGE Ui ff) 8@ immunogenic
coppesgitigre dablarli rigvidereiniormatiancen Wiieh erotein jstencedsd by eagingEQ ID.

M- 30 nol ecul ar wei ght narkers, lane Start -

: na . S e 0 e 0
F'g%“@con?%i,ﬁ@“%%léﬁ@%ﬁ&é%ﬁgﬁﬁsab@é [ARe® ARk Panel A shows 2
COPRMERIR SiqiaRH CRS-RACKTH a5MRIeH PraParRd @uring feayrifiggtion of alpha
toxiﬂ_.diamd Wi-t moleetsitar Mﬂisj@rm@kensamem-— Bolablei fpamioelawhmthing over-
ex%&%dbéigﬁaefoxm’, ldrdre- Fow thioah 'fr@?ﬁt_h@'Nﬂl\ﬁld\ %Ilﬁ&%blblpé 8r- fractions

. n 0 a 0 si e stain - Q , .
eldpd 7 %%%aﬁmsia??{a’?ﬁ%n& bR R0 By IS 8t b fractions
eluted with BR%UpUfier Bolangnt - SE@ctionsplvtad twitht %h pHierod.cane 8 - fractions
elutscdvith 5% buffidral elane @admedl 10 vikdctionsuelufedewitprl 00%i gfer B, lane 11
bag@rigﬁw LoldetéreandifclibiEia0r7 083eda %lPPQJ hdth$ &ftdtifduction, lane 13 —

eSL{ t usi ng p@lﬁ efd ﬁer%ex{g act eI If rfon}m ce
celWERterfABR (f aiSOBRIE TP NET PESPIUPI NGRS 1l ¢ usi ng
Papeld shtbwepa seoramassiestainad tSBE-BAGE-df tiumizand tul of teqiurified alpha
todimbbit pre - result using pool ed sera extracted from
rabbits pre-innocul ati on. Pool rabbit Post 111l -

result_using pooled rabbit sera extracted ,
Flgél&ﬂ' i Resifipgationiaf $rC qu‘erdﬁ@égtqg\;@ng@ﬁrﬂ%ﬁanei A shows a coommassie
stained SDS-PAGE of samples prepared during the purification of alpha toxin. Lane M —
molecular weight markers, lane Start — supernatant fromed from the insoluble fraction
containing over-expressed SdrC, lane FT1 — flow through from the Ni-NTA column, lane C
— fractions eluted with wash buffer C, lane D - fractions eluted with buffer D, lane E —
fractions eluted with buffer E.

Panel B shows a coommassie stained SDS-PAGE of 1, 2, 5 and 10ul of the purified SdrC.

Figure 5 — ELISA results for antisera against staphylococcal proteins in plates coated
with purified proteins.
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5 Figure 6 - ELISA results for nouse antisera raised

agai nst staphyl ococcal proteins in plates coated with
waxpdozaB281 aphyl ococci. Panel A uses pl ates coaP@HERZODTI053057

S. aureus serotype 5 killed whole cells. Panel B uses

10 plates coated with S. aureus serotype 8 killed

whol e cells. Panel C uses plates coated wth S.

Pogph%geo% di sulﬂ Ll;# r\fip%ocl %%%k{rgcte&rpﬁml rlngg ”Eaa bg&lmon Pool mice

Poﬂ B FRSEl usunﬁwﬁmlegéaoq%r@éa exticted \pesi- ”f‘ﬁ‘é‘n'isﬁ‘éﬁrb &oebrabbit pre —
resiltainygg poded akrgpexttazten. frdmerabbitye presinkadiatibh hPodlSrabbit Post I —

reéUIt%@g)o%legnébﬁthé@P& eitrb%téél-dogﬁrﬁrﬁéﬁ&étlop oélcpﬁfgoa!tl%%mol

nouse sera. Figure 7 - ELI'SA results for

anti sera rai sed agai nst staphylococcal proteins in
Figirerfes ELOSA aesuliistfar Riolse @ntisenp igibedt egainst staptPiavercal proteins in
p|alﬂ§se§oamdamqskimtg&1ychb&us. aureus serotype 5 killed

whol e cells. Panel uses plates coated vvith S

aureus serotype 8 k| [ ed whol e cel |l s. Panel
Papelp aset platesucoaipd Wit S. yratsr arefyre ﬁlh"|e€d’"\‘7&\%|c§”%éﬂqn§' B uses
platdeecdatert withr& edirau st $eratgpe Beilledgwisols leeliss Ralnel ELUsBA plates coated
w.the§lé!oideﬁﬁ,u&cku@awreerc%uérom rabbits 25 inmmunised three

times wth the indicated staphyl ococcal protein

(except for HarA where only one inmunisation was
Thgi lipernarkeg ewith peuaieusiang skiows e Bl repghusisg cantiseraefrom mice
imfmLhiSéd thres tikdesfwith phe irndivatetestapiiiidoc&s ppoteiRe TAé lliegl marked with

dua‘?w%ﬁ@ Oggk sPBws &b Eﬁ]@A%&ﬁﬁ%rEﬂM@@héﬁ%&g& %& OSeS

enli ¢ conpositions
poI ysaccharides Type 5 and/or 8 in which the Type 5
Figunel7or HYIBA @sulépuirabbit potisesn caiset againgirstaphylococcal proteins in

platdd @REROGIBRKIldestaghyRebYEEN 30% and 100% O acet yl at ed.
In particular enbodi nents, the inmunogenic

co osition of the invention additionally conprises 35
USES PlaiRshGIaROWERIS. RuBRUS SFrQtype ﬁmedwghqﬁ GRlisy Panel B uses
platmecmtecewwarﬁ)myr@mrmym Bikilled Voraaié eelisa Pandl Qruses (istes coated

W,tﬁrgags%}nq,a,sqg@jQ@,Heacepg oad range of bacteria whereas
Type 5 8 pol ysacchari des are potent immunogens

that eli Clt _an inmune response agai nst nost strains _
Thefling mared with\sivate $igng Bleowrotie EldFhursdhusieg @ntisera from rabbits
imMOAIBEO THrée tinBs &ithi R.indicatéd 8BPIHYIddos2a Drotein (except for HarA where

on@gﬁle ’?rﬁﬁ%ﬂ%ﬁ’cﬁ???? Hlvgﬁ’)l ¥ﬁéﬁﬁ@ﬂa?@%§mﬂ?b‘?a@%§§ﬂ? Bhivs 5. hg ELISA

nvention Cco

| ONS
resgﬁgg@rewmyg%@atesﬁﬁﬁes fromS. aureus either or both
of which are between 30% and 100% O-

Detailed description

The present invention discloses immunogenic compositions which comprise S. aureus
polysaccharides Type 5 and/or 8 in which the Type 5 and/or Type 8 capsular
polysaccharide or oligosaccharide is between 30% and 100% O-acetylated. In particular
embodiments, the immunogenic composition of the invention additionally comprises
PNAG or staphylococcal protein(s). PNAG is highly conserved among Gram positive
bacteria and provides protection against a broad range of bacteria whereas Type 5 and 8
polysaccharides are potent immunogens that elicit an immune response against most

strains of S. aureus which is the most common cause of nosocomial infection.



10

15

20

25

30

5 acetylated. Poly N acetyl ated gl ucosam ne (PNAG
PNAG i s a pol ysaccharide intercellular adhesin and is
waeemposkel of a polymer of R (1 -->6)-1inked PCT/EP2007/053057
gl ucosam ne, optionally substituted with N acetyl
and/ or 0-succinyl 10 constituents. This pol ysaccharide
is present in both S. aureus and S. epiderm dis and
ol ated fromeither source (Joyce et al 2003,
??J%?E‘Wr“iﬁse Research 338; 903; Maira- Litran et al
2002, Infect. Inmun. 70; 4433). For exanple, PNAG nmay

m%rﬁtﬁﬂ ﬁg éJ ona%méﬁéﬁn tnﬂ@r'\ %Mgﬁ% (%@%% g%é% and 8

poygaeﬂ%@n Wé/(qL@eenB%Qr B‘EFQI%/ tween 3 % and ’f 00% O-
acptylaged\- succi nyI 3-(1 ->6)-glucosanmi ne (PNSG was

recently shown not to have the expected structure
Paly Negcétyiateddglotodamiaki (PNAG) N- succi nyl ati on was

incorrect (Maira-Litran et al 2002, Infect. Imun. 70;

4433) . Therefore the pol ysaccharl de formally known as

PNAGIS apRlysasanartse r'f?}eﬁCS”% gokesin 28d i Gnposed Qﬁ% BAkREs efd-

(1 2YeiiRed SLENNS, oI BSRAR wil N g Rucqiy
cohstitweeds) gh?ewggfacgﬁﬁae tscpreédr\%]mst?m_rlzgau!rld?amiéﬂpmmmﬂ/s and can
befhiRiBe HRm P P R ab2ader Gadahudel Reseen 198, 008: Maira-

thﬁnaaﬂebmqﬁ InPdct dovst 70, 4483)S For édaynptd, PAAB mBiNAGisolated from S.

on cchari de se in.an.
TR CGiep bR B B Re Pt B B s Bufhin wo
04m3aoae of over 40kDa can be used. Sizing may be

achi eved by any nethod known in the art, for instance
by m crofluidisation, wultrasonic irradiation or by

Thg s‘a‘@éhaﬁh@%\’é‘ﬂﬁ:s&vﬂao%/ 23PGEN-GRERYIOE M, —»@gg;ﬂﬁéga%me (PNSG)

i ze ranges of are for exanple 40
was 0re8&Tiy Dshown) NG0Bk Mave 8- SaEkds, strigiure Skceathgnidentification of N-

sugcg@tf'fa%'ﬁ%su %e%cf@ﬁbsﬁé%{t?ar%tfd‘l %S@tlnf@ﬁtgfn% 9b: 4433) Therefore the

ylation ubstitution on e amno’
polysatcharde HiNaGiyr soewedas PNGEr and snew nfosnd f ol Iby PNAG is also

oSl PR BN OsB05 Al Lernatively. a

deacet yl at ed PNAG can be used having | ess than 50%

g At P A A Rl o0

befweznt 10/ enthackbaita ollgtprtacohimldbsl cBmpasisde of uprtd/ 30 rePeat units (of p-
epidermdis (WO 04/43405). In an enbodinent, the PNAG
(1 ha@ ligkeq ,glupesantieg, mﬂwllanéuggmg% aith r\gacetyl and O-succinyl
I t 0 ot Y :
COH11%00 orSXSg/bg% amfﬁghﬂgo%élﬁ%g?@?@lgaoc?e?@f)éaét%ggér%g ?na?oo@ use in an
immunogenic composition of the invention, for example a size of over 40kDa can be used.

Sizing may be achieved by any method known in the art, for instance by microfiuidisation,
ultrasonic irradiation or by chemical cleavage (WO 03/53462, EP497524, EP497525).

Size ranges of PNAG are for example 40-400kDa, 50-350kDa, 40-300kDa, 60-300kDa,
50-250kDa and 60-200kDa.

PNAG can have different degree of acetylation due to substitution on the amino groups by
acetate. PNAG produced in vitro is almost fully substituted on amino groups (95-100%).
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In an enbodi nent, the PNAGis not O succinylated or is

O succinylated on less than 25, 20, 15, 10, 5, 2, 1
w®@e000/11329 of resi dues. 10 The term deacet yl at eRCPRELB07/053057

(dPNAG) refers to a PNAG pol ysacchari de or

ol i gosaccharide in which | ess than 50% 40% 30% 20%

10% or 5% of the am no groups are acetylated. As used

t Ve 0 0 0

Altgi‘$1’a‘iﬂ/él¥/I @g&@ﬁ%@%&%%%ﬁgg@gﬁg l&éatﬁsﬁ ndo% oD%, 20%,
108bo 8YniracetyRitios Use dbactsiagetilatadl PNAGoallowsRMSECHicHlling of Gram

pof PR, SRR et ST SORPFATE U5, oR05). 1 en
engodinantrihe IRNAG t esta sike bptween sk Da @nd i390kDA @nd Fe deacetylated so

S BSHE B IS o b Or S kad ey o el

Treatnment is for at Ieast 10 or 30 m nutes,

oS e PR STEAAL g v 2.
20h&5,p0ep a2 etloa 1%hesf cadidhed. i N WO 04/ 43405. In an

enbodi ment, the polysaccharide(s) included in the
i mmunogeni ¢ conposition of the 25 invention are

Th%??éérﬁﬂg%&gfy%t&j CIaNA ngpl(lﬂé?' Fég@% 4esgr pRad b&‘)l%ceﬁarlde or
oligsag %'gﬁdﬁv{vﬂ‘éh F dr & s’"yl\&; 2&2a| ﬁ@?o‘?r Yo of the amino

gr(wmsatsa@emﬂ@tedause |nf ection in man contain either Type
5 or Type 8 30 pol ysaccharides. Approximtely 60% of
r 0
As%@&%&?eﬁrﬁ.ﬁfg@%r&u@}l%?%@c@p@ﬁk@e?@ fh ot 8%%% X%E’gé%% if}ﬁ&ed forms of
thep%ﬂ‘??g%ﬂ?@harl de antigens are described in Mreau et at
Car bohydrate Res. 201; 285 (1990) and Fournier et al
In amEmbodimehtANAG #5ieaBatylatEa8d farmBIRNAG, a)ye:hléumm prea'ating the

nah\gégﬁoorlyfs%g&erﬁ%?ggﬂ% eex%mgfgehg %?V?NBN?@ dgtregtgﬁ asnc solutlon such

tha? Ge/pH. 1i8ex2td dBGVe EPMWS%I’S@EW& PrH?AGemtrégtecﬂ Mth@s1 -5M, 0.2-4M, 0.3-
4 097 200 NNI.R

NGB PRy RLSROH Kouf PR crand s Bl pass 10 or 20

mmmtbs/md chas,i4des1 d50or ’IQ peur5 ata terﬁrélérat}ufdlaﬂ\mhmas(slo 30-60 or
a-L- J:ucNAc SOAcg J p- D- FUCNAC- é 4yape 8 10
30- 5039 3'§4|§_ )ap(q)are %gdeécr_b%lem (Of/ 405
-*3)-a- DFucNAc(l Pol ysacchari des may be extracted

fromthe appropriate strain of S. aureus using nethods
In an embodiment, the polysaccharide(s) included in the immunogenic composition of the

invention are conjugated to a carrier protein as described below or alternatively

unconjugated.

Type 5 and Type 8 polysaccharides from S. aureus

Most strains of S. aureus that cause infection in man contain either Type 5 or Type 8
polysaccharides. Approximately 60% of human strains are Type 8 and approximately 30%
are Type 5. The structures of Type 5 and Type 8 capsular polysaccharide antigens are
described in Moreau et al Carbohydrate Res. 201; 285 (1990) and Fournier et al Infect.
Immun. 45; 87 (1984). Both have FucNAcp in their repeat unit as well as ManNACA which
can be used to introduce a sulfhydryl group.
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wel | known to the skilled man, for instance as
described in US6294177 or Infection and |munity

W@ 1®90)3228(7) ; 2367. For exanple, ATCC 12902 iBCHEN0PB053057
5 S. aureus strain and 15 ATCC 12605 is a Type 8 S.
aureus strain. Polysaccharides are of native size or
alternatively may be sized, for instance by

Ré@eﬁfr:?{3 é c*ﬁ'eg' é@rbb%raté“ RERSAM S4d T {RAL 1a1t0'60{)k\9@5)g BYMR spectroscopy

treatnment. The 1T nventi'on also c
rews¢djbgatructtaras@éﬁwedapsuueropdlysamhamdes {poe 5 and 8
pol ysaccharides fromS. aureus. 20 The type 5 and/or 8
capsul ar pol ysaccharide or oligosaccharides included
TypB 5t he i munogeni ¢ conposition of the invention are
O acetylated. In an enbodi nent, the degree of

0- acetyl ati of 't aps ccharide or
PSR O L RS B R
40-100% 50-100% 60-100% 70-100% 80-100% 90-100%
Type 825 90% 60-90% 70-90% or 80-90% In an enbodi nent,
t he degree of O- acetyl ation of type 8 capsular

B RENRRA G- oo BaeRbed o) T FHaNbe (50 1005,
90-100% 50-90% 60-90% 70-90% or 80-90% In an
AEBedHaNBEY mal be lesee e the a%;%yﬂ.aaé k@& of st Xd%uésuﬁﬁ‘@' methods
wellyl&%wﬁ tgglﬁ)/és gg@e’rdl@%&; %gg%%ﬁ% 4%3?6%@ m%@%&ﬁﬁ oggﬁectlon and
ImgInin RS0V B8 TD @367 tor eaampleobTGEIRI0B(5-Bb%e BG. 90ty strain and

ATOEL 9280508 a89p8B8%. alhis@aginee of O-acetyl ation of the
pol ysacchari de or ol i gosacchari de can be determ ned

t hod the a exa ratan
PSR A B, 0% e PR R o0, s Blerbaly S CERg o R iz for IhdiBnce by
miRefaidisatido eltragenio dradintine sr byneheneipal treatment. TA@0Ayendion also covers

olifbsdcomERIEs demledIfondihd tieOsBAd G@bllyééb%hé(ﬁde% i S. aureus.
233-1247, WD 05/ 033148 or WD 00/56357). A further

comrentlgn used nethod is that described by Hestrijin

The1 8/p6) 5 3andHTo(8, CepRifar REYSacoasides er 0"903\%0'2%@%1@%'29%" i the
imPfahb§Erd @MmBBSHSY of %@we)ﬁ iord P! [-a6@lafea. R eV ehbbiment, the

hydrol ysis, for exang treatnent with a base. such .
deééeed?f @a?%ﬂét'qw@r%% éaRSr@é’rﬁ @g[ysgqchapdelgrgquoqsqﬁcggrﬂde is 10-100%,
2olmmm 30072009 0481 5@%4)30%00/4 re@amm/m 70M1 ddv, 088 ModrOdof @b %, 50-

I'n or to maintain evel s of

905, B00h 10 Mo 96 0.9 o IEarm AT BIMB e datse aF Pcaselation of type

8 &idsglﬁﬁ aslgf‘@a%h&wde 6r&ﬁ'§&£%eﬁ§ndéh!; qb-1004%, 20l1889%,, t3@ 1@0% 40-100%,
sis of the 0-acet roups are m nimsed

S0 60- 1008 7RO BORD0N e 90 0BT, 50 SO% (B 0rURh 0455 or 80-90%.

In TR érbﬂﬂﬁhrﬁerﬁn%g gel%{ré(egad?cpaédeﬂﬁ’a%ohne# yaed 5 I'én‘ijh?ype 8 capsular

I mMmunogeni ¢ conp Ion O I nvention are

po!yswcmades}/orcgbapwahame@ & H0- 1%, 28+ 1480138 1P04s 40-100%, 50-100%.
609R5D64, i70ebobe 8B 08%, 368 00%0580be! BEIbY.ElrY-oBacaHeRE ed.

The degree of O-acetylation of the polysaccharide or oligosaccharide can be determined
by any method known in the art, for example, by proton NMR ( Lemercinier and Jones
1996, Carbohydrate Resarch 296; 83-96, Jones and Lemercinier 2002, J Pharmaceutical
and Biomedical analysis 30; 1233-1247, WO 05/033148 or WO 00/56357). A further
commently used method is that described by Hestrin (1949) J. Biol. Chem. 180; 249-261.
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The i mmunogeni ¢ conpositions of the invention
alternatively contains either type 5 or type 8
w@eloyasehari de. 15 S. aureus 336 antigen | n aPCT/EP2007/053057
enbodi nent, the immunogeni c conposition of the
I nvention conprises the S. aureus 336 antigen
descri bed in US6294177. 20 The 336 anti gen conpri ses
O- égét}ll' SGs {%?%Eé‘?‘&‘nﬂ@ed B Ry@oly; |sn?br(b)éﬁﬁ:ﬂé/ by grregh'ﬁ’ént%fﬁn a base

speC| Inds to antibodies to S. aureus

SU@E@@S@W@W%C@’WW‘@G’@BBM et 1ah 1804 litiradi tremun. @%@@@@054) or
tre S drd Gt [0St NQ@'I—VQEQ%WU'@% p’ﬂie?lib maintdin ﬂ@th' 1¥6e1S bZB-Rbtylation

alternatively e sized I nst ance

onrfvm of angi/afi %@piyéa\cchamder a5 oligasaseheride, atrea@ne@ts whjich amuld lead to
t T, |
R Rt G FE T quns S KSR, B GBI E¥TEEn at iremes of i
ar%mmlralsed .gen, where included in the i munogenic
conposition of the invention is optionally conjugated
to a carrier protein as descri bed bel ow or are
Thel type rlaind & yolySacohaidesj inglided .in e dmmunbgeras dompbsition of the

P SEE B ED (BB P SRS o B g oo o ar

alterdnativetyt @rcosjugatedf three 35 different capsul ar types,
I, I'l and Il respectively (lchiman and Yoshi da 1981,
J. Appl. Bacteriol. 51; 229). Capsul ar
Thp s acgsnio ¢oigmsitishs afcthe thventiom ateatatisely odbitpias efthes.type 5 or type

dedhaligh s constitute Type I, Il and Il
pg)gjlsysacclﬁ%rl des. Pol ysaccharides may be 8 WO

2007/ 113222 PCT/ EP2007/ 053057 extracted by serval
S. aweti®n d46 antigendi ng t he met hod described in US4197290 or
as described in Ichiman et al 1991, J. Appl.

In %ﬂcérﬂ{)bﬁhennthe ]rr%ﬁnunl) rﬁ@%oﬁ’@gg%m%mthé)fm\;elﬂﬁon con}p)r/i%ees the S.

I on conprises
aufeus 338 Agliggn qelscrélt?ﬁﬂ’/'B ?9417& ysaccharl des or
ol i gosaccharides fromsS. epidermdis. Polysaccharides

Thér?&GOEntf@%h' V&nﬁir%@s Q-lirkbd eHexasdnigb Y c&ﬁéﬁg?g]os oz&tyl fg?{)ups and
ol faot affbadad los Huidls 0Bs 205 HeBQBt Lntir ArCCE58:

ol i gosacchari des extracted fromS. epidermdis
Ins&nr @mddinidht, Tthes 83 ahtigarc @har palgsacetiaide nekioh Ug adf exhtioe size or

aIté‘ﬁStl\%RI hﬁgaﬂe i Z&P%Nﬂéfaﬁge "Bg rﬁfér%ﬁﬁki@@ﬁjon RkRBhic irradiation or by

| ri
cherrncgl gggtment he mvgnsilon ago covers mgosacchandes derived from the 336
antigen.

The 336 antigen, where included in the immunogenic composition of the invention is
optionally conjugated to a carrier protein as described below or are alternatively
unconjugated.

Type |, Il and lll polysaccharides from S. epidermidis

Strains ATCC-31432, SE-360 and SE-10 of S. epidermidis are characteristic of three
different capsular types, I, Il and Ill respectively (Ichiman and Yoshida 1981, J. Appl.
Bacteriol. 51, 229). Capsular polysaccharides extracted from each serotype of S.
epidermidis constitute Type [, Il and Il polysaccharides. Polysaccharides may be
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Anmongst the problens associated with the use of

pol ysaccharides in vaccination, is the fact that
w@eloyaeehar i des per se are poor imrunogens. PCT/EP2007/053057

Strategi es, which have been designed to overcone this

I ack of inmunogenicity, include the Iinking of the

pol ysacchari de to | arge proteln carrlers whi ch

st and T cel n adi N
exfardi, by SYRenaiegs GEpHnG oS melhod " péraRed gt JSaio7290 or as
desgribke éh Ipblnaﬂnmtcat 91, d.ohkppl.dBactenil. @, Pibovi de byst ander T

-cell help. Exanpl es of these carriers which may be

i $FE rtame B Bk A, e s cSanasiten, rommgigs vee |
andigf gﬁﬂ@/"f Bbmlﬁ@cqudew @eﬁw?h%msfm)n S1GBARIMIL | et

Haermcyanl n (KLH), Pseudonpbnas aerugi nosa exoprotein

gé'cﬁg esarépe td@ndWé'&i@%r%lﬁ&ﬁétNe J€Fra a&i V&6l 18P instance by

i ARyaiPRe st TS G SR HEVRYe. TR, ngentiopealso covers
Ollmv@aﬂﬁe%gﬁmeﬁ feam Baepidertnidis stsaing.ncl ude fragments
enconpassi ng T-hel per epitopes. In particular protein

N b v
Th%% p%&g?%fha%%slo taéé?%h@cgﬁuoqa\é?oﬁ %B 4th aﬁtllaﬁalg: E@rﬁlgéétécp aAs described
belowot ei n from Haenophi | us i nfl uenzae (EP 0 594 610

Bl). 30 An alternative carrier protein to use in the

I mmunogeni ¢ conposition of the invention is a single
Caitjagaton of polysadciigidesor fragnent thereof or a fusion

protein conprising at |east or exactly 1, 2 3 or 4

or nore of the staphylococcal proteins or nment s

Amangstathe prokiems aF?pCIa(t%wggéteq Y$e ggpgwacg@rge vaccination, is the
fack ARt/ polyBdeehahedd EE’IZQQE/r@@%Qﬁ?nmﬁnd@;%WS CaEBtht&@eé”M‘il@d IHave been

t hat woul d be parti cul arlty advant ageous to use in
degigpRce xiP @yergomgt Hb%y'laé'&o% é’F‘”\Pﬁ@@fFrH%tyi s'”@t‘%&)hﬂ/hleo&ﬁ'&!ﬂgal of the

po%&!&ﬁar‘id@(% Gargd oo icHBiefONVRiIERYprétde BGRhHGRt 2eli hed. In an
| ysacchari dé since the process of conjugation

e”}bé’é'ﬂ@@ﬁ theeplypaseharidgst H‘tﬂiﬁ% inythg igeanden ek Rkedele gk protelg carrier

whﬂJhFH?é\/I@éjPS%ﬁarﬁié?lT 221 hBB. H@RPplR b Wesdl carrntrs Whﬁ:h may be used for
variants 5 are used as carriers since residu

coyRiRg dp tRplYsgcehalide or Aligesaseharide Imqﬁ@garnSpwalusieﬁhﬁ Rightheria and
Tethag t%%lbé/ (@8t ot f £ d?y ahd eff hWet infhet Haemocyanin (KLH),

cross-1i nki ng reagent f or mal
Psgudamanass deafygiaosanexaneleinc Al rl;F’/d)etaashthe qurifiegh tpsoteisx erivative of

Tub&rcQRt (PP bhbt&rﬁ‘@‘?r&rﬁ'ﬂfé’en%h%é fB&hzae oﬁﬁéméw opffagments of

treatment W th a cross-11nking reagent dehy
any of tilelabarel dergpernts suitablerfohese rnétwd@ drageentsi Wompessmﬂ helper

ep %S%PQ@E%QPQOWDQ% lrde'ﬁkﬁ/ﬂldcfp?]pﬁzs]@/ KRt B N-terminal 1/3 of the

otein kno
protem Protein D is an IgD—-binding protein from Haemophilus influenzae (EP 0 594 610

B1).

An alternative carrier protein to use in the immunogenic composition of the invention is a
single staphylococcal protein or fragment thereof or a fusion protein comprising at least or
exactly 1, 2, 3 or 4 or more of the staphylococcal proteins or fragments thereof listed in

the section below.
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exanple, by Likhite, U S. Patent 4,372,945 by Arnor et

al., US. Patent 4,474,757, WO and Jennings et al.,
wah@r/1Barent 4,356, 170). Optionally, CDAP conjRQBEPDNT/053057

chem stry is carried out (see WX05/08348). 15 In

CDAP, the cyanyl ating reagent

1- cyano- di net hyl am nopyri di ni um tetrafl uoroborate
A ﬁegP et ro‘Pé?ﬁ e alduw Héggrtlf:@lérl)t Q@va%l’aﬁfe@% kS ué’% in the context of a

ysacc arlde protein conjugates cyani | ation
stapéﬂomooal yaecinge lpestrapmmogmdehphaetoesomveTrye matige form may be
n | f K
co@g é(@ |t§e§ p Sa‘aégr&%‘gi?;l glﬁce q¥ﬁ ;S)rl)é( fé Scioéjlﬂg?tfﬂ 2 dui8s toxicity.
Onptipnallyta gﬁmp¢allm getoxitied alpha ¢ stmh qsrtbe €liis35Lglher His 35 Arg variants
C I ze eS
areg%ls aa% @Q@%ﬁ SiAEY r %?dusap t§§%4yve dgwﬁpa)gfgétrﬁé]t}v?p F’e gihhgetoxm is
chemutew/ |d¢rcm<medt @Vytreaiments withl \es axcedseinking  sesigent, oferm3dehyde or
CtyS g p; . . g
qu e éA‘r gﬁét{&aﬁwg?tp@n%gédgy adhgt @9@3? C?)Tthé%@l A(fr%een}lc?lllxedetomfled,
optmtalllwaby Uaatsteapwlth feecross-linking reagemi foringldabidiedor @loiaraldehyde to
r ine react with the activated

fur91 @?8&&“&?& e to forman isourea covalent |ink. After

the coupling reaction, a large excess of glycine is
Thé Wsﬁ@@ﬁﬂdé@m%?%ﬁhk@&% %@'car’ﬁ@F b?’cﬁélﬁ@) by %S/' IGB% method (for

groups. The product 1s_then passed F ou

eX?f@P'ﬁ‘eBﬁt i—ﬂfh't%dﬂ grfatest f‘é*ﬁ%i\%5 @N rASESF &l aba‘ﬁ% (;Prater}bAWé»?r@? WO
an@anr'ilﬁgqé gual U 828 k4,398 1780t GhtidPallyT 8 APTEY QGRIBh Themistry is

mposi tion of the I nvention optionally further
Car(f'@ﬁ}?ldt (566 VO9IHO&I8Y)| ococcal protein, for exanple a
protein fromS. aureus or S. epi dermdis. Sone 35
enbodi ments of the invention contain proteins from
In KefoAP . Sthea Gyanyiptiaa dreggerd pil grana-dimethylantnanmridiopm ﬂq@awgroborate

(COAPI & g&%ﬁégﬁé&%nm HﬁH‘EﬂQH@S@ gf B&g&%ﬁﬁéﬂd@ fn E(g}ﬁtligates

I nvention c rose an 1solate el n WhIC Ses
cyanilation reaction d:ase@mem‘ernm ghderareladively eaiid cea%lons which avoids

i : 0
AEHRE s ARairgEn oo SRR TAE B e FR coupling
to a karieoproteiry sequence of figure 1. 5 Wiere a proteln
Is specifically nentioned herein, it is optionally a
reference to a native or reconbinant , full-length
ThBFM)@.bébrﬁﬁd@pHaWtﬂzl bdu@nzréatmrwatef ot Qi dalihd svllitieh TIYAP may be

d|s§b|9$d"‘ glggtgﬁl%? angagd(}%%e glﬁdtlo tFQ og)fs%'i:ﬁ |dga§/oILR%n The

DAFS RSBy traeeeb%emegﬁ@um EMINSGEErIde nipryenpgnate ester
Aftér ﬂ(@lmnt/ailoofstémeth)CM|er protairy isb@dded. Amino groups of lysine react with

the activated polysaccharide to form an isourea covalent link. After the coupling reaction,
a large 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.

Proteins

The immunogenic composition of the invention optionally further comprises a
staphylococcal protein, for example a protein from S. aureus or S. epidermidis. Some

embodiments of the invention contain proteins from both S. aureus and S. epidermidis.

10
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10 incorporated into the i nmunogeni c conposition of

the invention. These are fragnents conprising at
wo e@3ti13202 am no aci ds, at | east 20 am no aci dSPCEHEP2007/053057

| east 30 amino acids, at |east 40 am no acids, at

| east 50 am no acids or at |east 100 am no aci ds,

taken contiguously fromthe am no acid sequence of

j t
Im%ﬁoﬁn&p@g&oﬂtﬁq%ﬂg}% géghltlgrz l\éﬁﬂpr’rlée@agl‘fctl%gg{jm f)rcLélﬁWﬁE:H comprises
anaaminpoelii¢e segesreravbidn dgai atsleasthé5°$t idemiity, oeptiooally @b least 90%
50 [

.dé?ﬁ‘i@th leﬁst /\Afdtaptltgﬁt &%?b?%gﬁoo%}gégx%{:ﬁ&’ermfyé (t)@n[hgl?hf é}ﬂc%lfqluence
of guredpes. In an enbodlnent i mmunogeni ¢ fragnents al so

i ncludes fragnents that when admini stered at an

effecti ve dose, (either alone or as a _hapten bound to

Where & protgin is SéﬁeF'@Fi‘"ya[“‘iﬂt@f‘%%f‘Pﬂ%‘ itPPRECHEY Soiglasence to a native or

re@BdirkkHt | Ay Qﬁb%iﬁ 8t optidhaistd @lﬁtur@Bthéiﬁ‘ﬁ{ \M{ch lahy kignal sequence
protective a&al nst S. aureus and/o

S. m di s
hag bege rempavedslhf p&q{elprm%g@mlagedzgqu;qtladmfhengwhylococcal strain or

prodiebd 8¢ reddPfibifarR N AtechmBudy. %ﬁiuﬂoééﬁd‘fré@n&ﬂs of the protein may be
N-term nal | eader sequence, and/or a transmenbrane
inceenastad ARle/ the EMOURASERICHRaMRasEiRp rof dBfenYentiph. dRese are fragments

CO%FPQH? BEBAst 10tdMind FHHE QY RAL LT érﬁﬂﬁ%@?ds 3&@(%3@ BOAnir®d 4, at least
I nvention conprises substanti al |

40eamln<a@éldrsuafaheaao$ﬁaawr@faceFiSp%eteleﬁstvaﬂocﬁﬂﬂasacais takggtcontiguously
froﬁ‘ﬁ%é amine agé%éqggn%é%rft Fp/r‘bie%nrq bédhiort, ‘%ucﬁ ,ﬁ%ur?ogemc fragments are
quence sel ected from ure over entire ngth
typcﬁ lly hrarunglgaically seaghiven wéth %lbpwe%\rgeéﬁ@éﬁﬁ pe@inst the Staphylococcal
prc%tg.ﬂy BPGRRA 'aﬁtll%?f&o%éfr{e'reﬂ g fntédin 'o@‘é‘?ﬂéhﬁﬁhéﬂiﬁoﬁ QR 3phylococci
sion proteins 'ococcal proteins, or
or fqoatpirerft selbfepgorgshyin o@b@@wodment elnrsuncgeole fragments also includes
[
fragﬁghté gﬁ?tidgﬁéﬁ %ﬁ'n g%cg ?P%P@%é?:ﬂ% E%s@ggthgp¥loﬁggpﬁé 2hapten bound
to gcapiey)l dw@crabteptn\@ummme responex agaihet Stéphylosatdah mféating, optionally
it i lr%réttegﬁavt%?’%/%(?&‘f afLP&%I §r'1d7§r goebfdgrtn%glsk?ﬁlle?ﬁlﬁsne Sucp talnloirr(memunogenic
frapmeni oay Imlu@& fbeasamme me protedr |€8=kmga@hw -ieovinalleader sequence,
anH/roPtaetH?émem? Walﬁ %ﬁ?)op & (9 ftérfn?r{ef %hcr%tr %mélirp. C ﬂwcgr{f‘lembodiment,
rotelrns or nents thereo protei n.
thearm@umanwefrggmeMeaqcnmgt toothealnswtloncctomtwe:s risdbstactiady all of the
| el oQlg70o 0 i
ex{ré’%éél?lrgrn ?cérﬂélﬁ eofé gféteﬁﬁg.jﬂ%ag%gﬁe%@{ 8#30 QJO“:"/{:NI A h/o 97% or 99% identity, to
thdtetsenoérmgeeecaiduoem Eigsrestiover diwe entppe ngtherf thef fragroeit lsequence.
epi topes or purification tags, for 35 exanple:
R- gal act osi dase, gl utat hi one-S-transferase, green
In fdnuembsdierent, pinwhwiagsnit GeaMpositibhis WD BE0MvaritBA2@ay contain fusion
it F t :
prgggﬁé gﬁ%%&ﬁ@?goec%gl ro%fh ?lp f?%érﬁ%zse 8@ gtg oncgkséﬁa'gﬁ&g ﬁs §lg:‘h fusion
proteins veyzs madeleeoba@mgty and map compribmone poriibn pf et least2, 3, 4, 5
or %ﬁgtgpﬁg?c%ﬁt:%wggte n%x?drde mp%meﬁsée{:érﬁbmétﬁﬁg'oq W%chal proteins
listed ipplowi. Aitermatively, tarfeswmpr@mnm oy xomprise wltpleonmftlonscnf at teast 2, 3,

4 (%f% F%ﬁ%@o&%&éli p‘?&teWSPﬁ'ﬁ&% rlnb)r/] %Srqbltng o@ffe?@rﬁ%}gﬁﬁﬂ&océal proteins or
fragments thereof in the same protein. Alternatively, the invention also includes individual
fusion proteins of Staphylococcal proteins or fragments thereof, as a fusion protein with
heterologous sequences such as a provider of T-cell epitopes or purification tags, for

example: B-galactosidase, glutathione-S-transferase, green fluorescent proteins (GFP),

11
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In an enbodi nent, the i munogenic conposition of the
i nvention further conprises one or nore of the
w@emraiang2 menti oned bel ow or i mMmunogeni ¢ fr agneeit/BP2007/053057
thereof. Many of the proteins fall into the
categories of extracellular conponent binding
proteins, transporter 10 proteins or toxins and
I T g
ePlR | YL 2, MR B9 2o, iy PETAREPG P KOMBES s such as
infbteaq;mylr@cb@@aaggétﬁmrramuagieaal protRineynn 8§ feiamyp toxoid, diphtheria
: i t
o s P rotan "t gt BESeran i T PASRiteripositon of
the inveniiog @siadrasarrpied ari ltdnasolbe 2lcerrienprotain rkedje aeaadtayide.
conprises at least or exactly 1, 2, 3, 4, 5 or 6
protdd hyl ococcal proteins. 15 Table 1 The foll ow ng
P sets out the SEQ I D nunbers of preferred protein
sequences and DNA sequences that are found in Figure
In &n @Atholingmt &he irm®apeREnicvednyposBbn ion tHeCivetion metﬁurem@pnses one
from aur eus an HE\6(1:)£3%]d|cai;es a se uence fr

or Stﬂr?jefsﬂf'ied%r% teins én PWi0h MBBHBRGRIL | [%@FF‘@& Many of the

prdtm’ﬂ;l iafeletis! ﬂ'@néaté’@ﬁeh fdﬂl’é&ﬁ@ééllalbr Sé‘rn&;_r(énlt lElnl-jlngEﬁ?oléﬁlﬁ‘}ransporter
SE SE IDZS ammnr;ceptor
7

praigips |qh tegins A S§©“| ﬁ %E@UI%CQ hedEpunggsn %%Ofr@é’ﬁ't'ﬂ‘ of the

veRfidh Sftioh rthE+ o k Da 3taphpbcdecabbXttdee fularEsdn 39tb di
™R SE§AI a§EQ D@gﬁesnc SAﬁgEQ D6 SEOL @n e

SE
prqtgng)rgegaphylg@cczpl tgggsporﬁqrsqg\otﬂrsgrp\ s@Rhgequcg t}_)@lnsgqeggjator of
virdiBnceSEhSRmuRbdehicEsihpddaitidd of & iMFRNEER 6ptlohaly domprises at least or

PCT/ EP2007/ 053057
exactly 1, 2, 3, 4, 5 or 6 staphylococcal proteins.

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
from S. aureus and SE indicates a sequence from S. epidermidis.

Name Protein sequence DNA sequence
Immunodominant ABC transporter
SA SEQID 1 SEQ ID 34
SE SEQID 2 SEQ ID 35
Laminin receptor
SA SEQID 3 SEQ ID 36
SE SEQID 4 SEQ ID 37
Secretory Antigen A SsaA
SA1 SEQID S SEQ ID 38
SA 2 SEQID 6 SEQ ID 39
SE SEQID 7 SEQ ID 40
SitC
SA ' SEQID 8 SEQ ID 41
SE SEQID9 SEQ ID 42
IsaA / PisA (IssA)
SA SEQID 10 SEQ ID 43
SE SEQID 11 SEQ ID 44

12



EbhA / B SA EbhA SEQ ID 12 SEQ I D 45 SA EbhB SEQ I D
13 SEQ ID 46 SE EbhA SEQ ID 14 SEQ I D 47 SE EbhB SEQ

WO 0151380 | D 48 Accunul ati on-assoc pro Aap SECBEL0DTN53057
16 SEQID 49 SE SEQID 17 SEQID 50 RNA |11

activating protein RAP SA SEQ ID 18 SEQ ID 51 SE SEQ
ID19 SEQID 52 FIG/ SdrG SA SEQ ID 20 SEQID 53 SE

SEQ 1D 21T SEQ 1D

54— Etastin binding pr

tein EbpS SA
RR Ql: Ql:h I F\ ')’2 Ql:h I r\ RR

EbhA/EEQ ID 22 SEQ ID
SAEblgt racel | ul ar pro

tei n EFESE;AIISEZ) I D 24 $EQ | D 5BEQID 45

SA EbhB pha toxin SA SHE

Q I D 25 SEQIHB358 SBI

SA SEQ IgBC2 46

SE Ebi2EQ | D 59 |1 sdA SA'SEQ TIx2{ | SEQ TD 60 |1SdB SA B
SEQ I D 61 SdriE—SA—SEQCID 29-SEQ1+Df blll-\OI-\Q\é
SEEbhWE) 30 'sEQ 1D 63 [FnbA Sa SEID 1537 QF() ID 64 CiSER Bnd

AccumS&Qnt 3532 pGERd D

65 Coagul ase SA SEQ 1D 33 SEQ I D 66

SA FnbB SA SEQ I D 67
sg 78 HarA SA SEQ|

SEQ 1D gq 17%6 SA SEQ

D 68 SERd B 49

D80

At OI y‘)IAlnlf r\| \lc-lslrEQ ID 50

O T

nl ||r~ne:\m M rl:\c-c
RNA Illmler p@elsﬁaﬁ D

A SEO |
~7 A B =g

Qiddz,

71 SEQ 1D 81 Ebh fragnent SA SEQ I D

SA 72 SEQID 82 SEQ ID 18 SEQ ID 51
SE SEQID 19 SEQ ID 52
FIG / SdrG

SA SEQID 20 SEQ ID 53
SE SEQ ID 21 SEQ ID 54
Elastin binding protein EbpS

SA SEQID 22 SEQ ID 55
SE SEQID 23 SEQ ID 56
Extracellular protein EFB SA SEQ ID 24 SEQ ID 57
alpha toxin SA SEQ ID 25 SEQ ID 58
SBI SA SEQ ID 26 SEQ D 59
IsdA SA SEQ ID 27 SEQ ID 60
IsdB SA SEQID 28 SEQ ID 61
SdrC SA SEQ ID 29 SEQ ID 62
CIfA SA SEQID 30 SEQID 63
FnbA SA SEQ ID 31 SEQ ID 64
CIfB SA SEQ ID 32 SEQ ID 65
Coagulase SA SEQ ID 33 SEQ ID 66
FnbB SA SEQID 67 SEQID 77
MAP SA SEQID 68 SEQID 78
HarA SA SEQ ID 69 SEQID 79
Autolysin glucosaminidase SA SEQID 70 SEQ ID 80
Autolysin amidase SA SEQID 71 SEQ ID 81
Ebh fragment SA SEQID 72 SEQ ID 82
Autolysin Ant SA SEQID 73 SEQ ID 83
SdrC SA SEQID 74 SEQ ID 84
MRPII SA SEQID 75 SEQID 85
SdrG SA SEQ ID 76 SEQID 86
SdrE SA SEQID 87 SEQ ID 88
SdrD SA SEQ ID 89 SEQ ID 90
SasF SA SEQ ID 91 SEQID 92
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Autolysin Ant SA SEQ ID 73 SEQ I D 83 SdrCSA SEQ D74

SEQ D84 MRPIISA SEQ D75 SEQ D85 SdrG SA SEQ ID 76
WEHQ7MDB286 SdrE SA SEQ ID 87 SEQ I D 88 Sdr D BA/BELQ01/E33057

89 SEQID 90 SaskF SA SEQID 91 SEQID 92 13 W

2007/ 113222 PCT/ EP2007/ 053057 Extracel | ul ar conponent

bi ndi ng proteins Extracel |l ul ar conponent bi nding

EXRFAEEN AR EmBONeIt ANt &}?b{gggo host extracel | ul ar

component s er ut is not limted to
adhesins. 5 Exanpl es of extracellul ar conponent

Ext?lé&qhﬁg ﬁ%ﬁéﬁsblhﬂ‘lﬁb Upggtekr%”btré' Brd’[(ﬁﬁse AT b.ﬁ&'% &bs?textracellular

sal I va

coBPATY 1040 ROPORG BB 35 IR B AR g Fost ey
Infec. Imun. 2001, 69; 5198), EbhA (WIlianms et al

Exbmbretof eki@asular 264 ne?'n@bmﬁ&@ﬁ))roteﬁbhrﬁ;ludﬂ @aRinim réﬂelﬁﬂ:irmaidu et

al 2475\[51&%% %:é %’%I g@ Sgtgm?ntdsgh% %%qgm% ﬁo(u35801234
WI@hlrﬁ ang i Igtec. tgrg‘nurg %g )Zi%’ﬁé (V\@I@largp efnggfect Immun.
2002 68080 Eblkac EtdstnmIblnqu&rpte%(Etﬂaﬁl)(Paramtdl yi§b8, {.MBiplp Chem.

2781 28k @ihleﬂé) (Wathek bnd FlacR 19983, Ciiﬁ)a@%:TObgl f4&: £347), SBI (Zhang
|

é@?‘ﬁﬁ dnyprun b M‘E afios, 20000 oM CLOBLE (£ d89%: Ao, o imect

Disy 418 1@@3)@%&[%6@ 1e McDevid styal Mabblisr 192@001 237), SdrC,

Sdi@GMcCER5pt al MiastsolGgh aoowsemzmaﬁmmwo%a%( Bb&hieobiology

2066, fe; Msg50bL QéJBGe%B %}%% 2/84862 hépélcé“ewﬁérobuology
ﬁ/i 8b|%%§;g%ﬁ5% giféal %\é'ﬁré’j" gﬂ ?ﬁ OChe et al

Migrobiploby 020031 9B, ; 523) S5EHhA (EJsslosetsaIZ)MolFMnBJt(IMD1994 12; 599,
u%b&is%?%n@wvb 81/183992 @dbtH Bf gC2001MmEEE. IBfhun3689) 345), collagen

b'"éf”& 5*9%?2“ CP&S%Q'Q%‘%@%E?@ ”Ja% ?WSB@%?%% ER o spg7r00)
7189 S4\62/99727369), AR Pﬁwmal‘?ﬂaéﬂga'e@ &1J. Gen
MlerBlsl 1,34 (Bé)] hB.ﬁasM(Eboleﬁm JIBBactéf@I 183 8989), Mad¢RisR(JDdnenz et al

FEMS BAALSS. IMed. MiBRbioP 298d, 2d; siahl RseA ( Lbﬁﬁ;@f‘él EtM8!Immunol. Med.
i reEﬁfE' D 0: 2jcep R 5Bl Ok 15908ne SYisp oo 5 A8y genmari 14-
17%1@99 ), 8981 Keensin chrall 1086, Brcisyioh GTBLAB b SSPRdVesnstra et al
1908 NITBaktelid: 1187t5$7,0,000<Da 5Rrid b(nuegrmm IeBP 4F allGRSBet al 2001, J.

%B @F)Iblg 501%7) B’m@%: éﬁl 2N ?(%101 Jc%grﬁ I\I/nérobuol 42;
Bbioagh birg wgarotsm %3@1!'339 S ERRLS7 ot b AP Bae240

547), Vitronectin binding protein (Li et al 2001,
Curr. Mcrobiol. 42,
SitC/MntC/saliva binding protein

This is an ABC transporter protein which is a homologue of adhesin PsaA in S.
pneumoniae. It is a highly immunogenic 32kDa lipoprotein which is distributed through the
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
S. 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
transport functions. Therefore SitC is included as an extracellular biding protein and as a
metal ion transporter.
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40

361), fibrinogen binding protein, coagulase, Fig (WO

97/ 48727) and MAP (US5648240) SitC MitC saliva
whenditng2protein 30 This is an ABC transport er PEI/BPBITIOS3057

whi ch is a honol ogue of adhesin PsaA in S.

pneunoniae. It is a highly inmunogenic 32kDa

Iipoprotein mhich is distributed through t he

Cock f ect ).

The g BRdsg el iselbsad S Eafl 28! i A8 forh Biifkosand can be
inalysieddén e dnunegeaicIRRDestiopobtheiventiamd a 40kDa

honol ogue is present in S. homnis. In S

epidermdis, it is a conponent of an iron-regul ated
CIWEﬁ&’@IfB‘t shows 35 consi derabl e honol ogy to both

esins including FimA of Streptococcus parasanguis,
and with |ipoproteins of a famly of ABC transporters

Bdm thas@ bﬁb\i@ﬁs RavePRbriab éfﬁblﬁ&ﬂhgbclnr Nand #igg&i®rdureus to form clumps
in t Fésg :B?agﬁfgor'r‘heg ctoﬁ nall 'I"éi%iotﬁsco on to wall associated
uI a e I On

ace i ng I'nand as a me

pr? ?'&ﬁsport er. 14 WO 2007/113222 PCT/ EP2007/ 053057 The

saliva binding protein disclosed in US5,801,234 is
cifdl i§ deserbed fh 066688341 aRdl CRBMs &&scribéF Wi o4y 180.

i mmunogeni ¢ conposition of the invention. ClfA and

CISB 5 Both these proteins have fibrinogen binding
Cogatlpge (RPpAd trigger S. aureus to formeclunps in the

presence of plasma. They contain a LPXTG notif conmon
Thisoiswal fibrin6Gerc ibikided pratet avHich trigdefsl SA dugedercidripedumps in the
prédsn 68 8BYidsmadt (sl dddclitseddr sefeidneds retlatitd86agllak?. : Phonimdaeng et
al (hagsd. asierobibbpdgs, Tisd 55183) aPhdrirhiaagest i (MBI MYcridbiol 8990; 4:393-
40W)i Crieuhl 1 QR Gnfet AMEUI00%) RTIN4CI I20PSind I'BHORSIN dtSal. (J. CLin.
MieroBidE N2 00 f 3g08 483034 56).t In sndespodibest, | flagr@érté EBE @Sclusion in the
imfriahéderit Esmesaonl At invEkiR| TR B e Shatu protkin [@Which the signal

peMidy 1 ieen 18B8vedl@frinthadkd) 27 BhaCreaeng)et al . (Ml
M crobi ol 1990; 4:393- 404), Cheung et al. (Infect

I Mmun 1995; 63; 1914-1920) and Shopsin et al CLi
Copoelass Nas thr%é@“”@@"ﬁ@% éﬂ!’ﬂﬂ acigs SHR Y& Mbésli ‘ﬁ@n@o"ed C°" region,
anfin@gcign826-5@F whicb isus poliné and pkycine nohi reginanrd the C-terminal domain

froﬁpﬁﬂ%f%'atcld%f:otf) 649 Qlethr%%té S’éia 'sﬂ@ét%tﬁfofrrhﬁtld?ﬁﬁ'dﬁt‘? of these domains
s Bo bt it et BE 1o gt MR i RcREn Ectmostian of the

Imﬁagort hree di stinct domai ns. Am no acids 59-297 which

is a coiled coil region, amno acids 326-505 which is

a proline and glycine rich region and the Cterm nal
sdfgmain fromam no acid 506 to 645 which has a beta

sheet conformation. Each of these donmains 25 is a

fragment which may be incorporated into the
ThisTptoieigeisi desupibpd sintWan 0012688, SdrG is found in coagulase negative

staphylococci and is a cell wall associated protein containing a LPXTG sequence.

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

In an embodiment fragments of SdrG include polypeptides in which the signal peptide
and/or the SD repeats and the anchor domain have been removed. These include
polypeptides comprising or consisting of amino acids 50-825, amino acids 50-633, amino
acids 50-597 (SEQ ID NO 2 of WO 03/76470), amino acids 273-597 (SEQ ID NO 4 of WO
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invention. SdrG 30 This protein is described in WO

00/ 12689. SdrGis found in coagul ase negative
wa@t@phyd2orocci and is a cell wall associ ated prPOL/EPIN07/053057

contai ning a LPXTG sequence. SdrG contains a signal

peptide (am no acids 1-51), a region containing

fibrinogen binding sites and collagen binding sites

o358 Gl B 743 L ERD BT,y PRI i Bacs 1-ses

amie g¢d8249-p49miaa @ciss 225<H48r ammaacms gzt aavn@lédds 225-528
of $6QADINBG)0 od 20 &rp1enbodi nent fragnents of Sdr G i ncl ude
pol ypepti des in which the signal peptide and/ or the
SD repeats and the anchor domai n have rem)v%d.
OpfiRally, P’h@ld[é@"'y%"tlﬁ’él Raviega %eé’é‘eEEﬁTﬁtr'Pésr °/‘br85%’ 90%, 92%, 95%,
9780 r98ls t99fg oo fl 0% huonddagods 16 Ghe3 8&queane 0O SEQ s NEO-76330 or 21 is

mc%mdﬁéteamtalﬂweﬁwz érERrhpodMenr ffe iMferiigh.76470), ami no
aci ds 273-597 (SEQ'1D NO4 of VD 15 WO 2007/ 113222

TG RIS eV O i a el dRe3, hédmef o e sure

pobpeptiied HBsGibBd aboveno aci ds 225-549, am no acids
219-528, anmino acids 225-528 of SEQ ID NGO 70 or 20
or 21. 5 Optionally, an SdrG pol ypepti de having a
In ae@bodieneat frb@ﬁsﬂits B8%é thaSignadpdptid 2%a/od bk SD Yeiéat 8&¥ain and/or

9%, 0r. 100% stot uence of SEO I D NO .
ISy ek 3G Ao SEPIPA ST SSTP BCE S e e PRI ¢ino acids 1-
7130”'[55319 Pe®B49f 2250620, py-gnY | BAO7, kEOD; argBos il {670N$-660, 1-B80, 1-640,

149 5 B B R TR 43558 o6 39 L gl s navig

8504, 30ME 02%, BB EIT1% EIS% P oPEIU% Henttptd SEQLIDE7 0P 20epeat
domai n and/or the anchori ng domai n del eted. For
exanpl e sequences corresponding to am no acids 1- 713

e S S By b s Wy v

the Ngqaiinus ¢ dee Jo ensire garTect auiops SEQ ID 70 or
sequences haV| ng 85% 90% 92% 95% 97% 98% 99% or
In 3R @Mpbairizht, itfe fraynErnbOtheGoRwirPséuerde:- | N an
enbodi ment, fragnents with the signal peptide deleted
have a met hi onine residue at the N-termnus of the
MEEN @R EHISNT P FS B ENROS BT ER { INNN T B NG A T KIEG T DEREKRSEDRTESTTN
VDERNHAUELORIRODNTHNEEE AVAGFESVE S $1688 IDTrQP SHITOMR B RS VS EXPYE FITBIVS DFANSK T

- ke MM RY KRN KR SRRNCREE EKNRYENNNQS

DVEﬂgﬁ@R&Eﬁ§gpﬁHﬁ§p;@&§?WPSDLTDSFTIPKIKDNSGEIIATGTYDNKNKQITYTFTDYVDKYENIK

AHLKLTSYIDKSKVPNNNTKLDVEYKTALSSVNKTITVEYQRPNENRTANLQSMFTNIDTKNHTVEQTIYINP
LRYSAKETNVNISGNGDEGST
IIDDSTIIKVYKVGDNQNLPDSNRIYDYSEYEDVTNDDYAQLGNNNDVNINFGNIDSPYIIKVISKYDPNKDD
YTTIQQTVIMQTTINEYTGEFRTASYDNTIAFSTSSGQGQGDLPPEKTYKIGDYVWEDVDKDGIQNTNDNEKP
LSNVLVTLTYPDGTSKSVRTDEDGKYQFDGLKNGLTYKITFETPEGYTPTLKHSGTNPALDSEGNSVWVTING
QDDMTIDSGFYQTPKYSLGNY
VWYDTNKDGIQGDDEKGISGVKVTLKDENGNIISTTTTDENGKYQFDNLNSGNY IVHFDKPSGMTQTTTDSGD
DDEQDADGEEVHVTITDHDDFSIDNGYYDDE

EbhA and EbhB
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25 KESNTESGKEENTI EQPNKVKEDSTTSQPSGYTNI DEKI SNQDE

LLNLPI NEYENKARPLSTTSAQPSI KRVTVNQLAAEQGSNVNHLI KVTDQSI TE
WEXDDSEGY KAHDAENL| Y PCT/EP2007/053057

DVTFEVDDKVKSGDTMIVDI DKNTVPSDLTDSFTI PKI KDNSGEI | ATGTYDNK

NKQ TYTFTDYVDKYENI K

AHLKLTSYI DKSKVPNNNFKL DVEYKTALSSVNKTI TVEYQRPNENRTANL QSM
Ebﬁl('}! ES%YE@%YA EH\(%%‘@Q%%% éiINND [dequgls (Clarke

T1 1 KVY NRI DYSEYEDVTNDDYA
andrﬁgstm[ Infedt. ﬂmmgm\m 70; 6680 , Williams et al Infect. Immun. 2002, 20; 6805) and

o R A GRS A SRS RREB K DY Rl et

EbhSNavid\BbHBY PEXET SK Suffor BRDLKVIIIRDGL ANy KiePIRBIURECYo PoisK eidracellular
mWPALDSEG\ISVV\X/II NG QDDMI DSGFYQTPKYSLGNY
DTNKDG QGDDEKG SGVKVTLKDENGNI | STTTTDENGKYQFDNLNSGNY
| VHFDKPSGMIQITTDSGD 35

SRS RO VRl oanuns

to ps® teefragnearth af toe &bemote'@sredwe'r thamothe Gmpdale seguentd dBie to ease of

pro?@ht%%&'&q’br?n\)&eﬂoﬂr ceetﬂﬂgll rggﬁgé {: tthla %FO%% ﬁeﬁtg@g%p%??repeats which

cot@idS)branedtin wimding dites d-ragménts comeintngroneSommere of the repeat domains

Lhronectin js i r el lu .
SR BT LORBEA BT b AP o
comdbstianrog thet isyemyjibococci t o host extracellular 5

matri x. The Ebh proteins are | arge, having a nol ecul ar

wei ght of 1.1 negadaltons. It is advantageous to use
Eba ;bmmgnemntajlﬁ itnperfddh heprratd @nits oAt HAF arhiao ddids aoRgplgttt evhich are
hS& g[urence due t.oneﬁse rqf Eroducrt]i on and fornul ation.
CharRGezas: PAroT YRS RS SPIENE S TSI cont ai ns i nper f ect

repeats which 10 contain fibronectin binding sites.
nt ini ng, o re of the repeat domains
ge?@‘{rﬁbég g@ﬂf)ﬁ g q“o?fe ?g ]{gmnents suitable for
orl ncorporation into the immunogenic conposition of the
r |ns 0 f ect repeats
YIferH éggiﬁsﬁ@rhg 25 aci dsﬁl nrgfa{é’gé%‘npl\?ﬁl ch are
orcharacterl sed by containing the consensus sequence -

00 kR, i A S el o g grv. AL,

{ A LN/DAM .L...I/V.D/E...TK.S.NY/F.N/DAD. .K..AY/F..AV. A..I/V.N
[/V..A .. 1]V.. AKALN/DG NL.. AK.. A {6}L..LN AKX .L..Q

PPN AV
V.{6}A. .LND.AM.L...I/V.DE. .. TK S. NY/F. N DAD. . K. . AY/
WhFr AV d mea|r1/svany amino acid and ‘.{10}’ means any 10 amino acids

and I/V indicates alternative choices of amino acid.

By reference to the sequence disclosed in Kuroda et al (2001) Lancet 357; 1225-1240, and

Table 2, the repeat sequences within Ebh proteins are readily deduced.

In an embodiment, fragments to be included in the immunogenic composition of the invention
include proteins containing of one, two, three, four, five, six, seven, eight, nine, ten or more
than 10 of the 127 amino acid repeat units. Such fragments may consist of 1, 2, 3,4, 5, 6, 7, 8,
9, 10 or more repeats of the 127 amino acid repeat region or may consist of 1, 2, 3, 4, 5, 6, 7,
8, 9, 10 or more repeats with additional amino acid residues present at either or both ends of
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15

ID....... 25 Where neans any am no acid and " .{10}'
nmeans any 10 amino acids and I/V indicates
wa@bdoenmaei ve choi ces of am no acid. By referenper/Ep200nas3057
sequence disclosed in Kuroda et al (2001) Lancet 357;
1225-1240, and Table 2, the repeat sequences wthin
Ebh proteins are readily deduced. 30 In an enbodi nent,
the frﬁgjm@ﬂt @pﬁ&ah’sﬁtHenﬁég\ﬂr%@ id thet B2 pb i@Sfo”a%out 44kDa spaning three
nposition of the invention inclu pr ot ei ns
regga@ﬁt(gmmopp@ldgf3292r§59§)\g§ desgiipggin ($lgrl5p et glilRfectiogjapd Irgeigity 70, 6680-
668795502, 'HURR  frelgfanr waDrc%tloﬁah?rbelgbI@f th rlf?ndl:ﬁgroi'%f&tfﬂoand/or to elicit
aci d repeat units. Such fragnents may consist of 1, 2,
antihodies thpat ags regctivg agaigst thep whplerrhhereteifeat s of the 127
am no acid repeat region or may consist of 1, 2, 3, 4,
5, 6, 7, 358, 9, 10 or nore repeats wWth addltlona
The fbh refeingl aresesipable of pindivg e fikrenedtin.He @n@mMbedineré ritpgments of these
pol%%ep}ﬁ@egggﬂeﬁ%@sz%?a it/ ﬁgp%?téﬁ@ﬁpﬁ%oﬁ&ﬁn fﬂlﬁ%ﬂ& By fi brpnectin can be

t'iona fragnent 1’s ypept i
asgpsREvh by S A @Stdﬂserdoed rispelerke elagh (ngwf@mrd engd zromueag 59) 6680-6687
20 described in Carke et al Infection and Immunity
, 6680- 6687, 2002. Such fragnents will optionally
be able to bind fibronectin and/or to elicit
t that a t
In %H n%(ijﬂn? tTIﬁQ f@h%n{ %t éﬁénglﬁgﬁg%h{abﬁg%sl ?Qg!) T"ﬂgg)e{ epitope, for
exdmpe dm:eetfragmemtslpamtldea’desmh@hh,Tabieagraadﬂs of these
pol ypepti des sequences retain the ability to bind to
fibronectin. Binding to fibronectin can be assessed
TABY EEL iR aBSe ] iRk M- 1AaB &RiuBhce?df Hbhl Nfection and
nuni ty n an enbodl msnt
the fra rrent is one which conprlses a B-
Thq_fwblpﬂgt% sgﬁpgraﬁgeof ERlyis mpén t Kgroda et aI (2001) Lancet 357; 1225-
1240.aheciotawipe tebilel eshodie Sloe | dvidoiacidTrebidess 8t whidh 4he T2BB&Eino acid

replaRERA arkPEHERIERS theulf BRgthéehudrRBIt h sequence of Ebh.
p%s The full-length sequen%e o? Ebh is disclosed in

[l /AlaYaVal A\ [

Kpr-eta—et—at(2000—tearget 357; 1225- 1240. The
f IIoBEgELJiLﬂJL;EEQMi_LEe ami no acid residues at which
1t he 13704m no acizd3orepeats begin and end within the
2LJL|_' kepgth sequepes. Begin End 1 3204 3330 2 3331
3| 3457 3583
4 3583 3709
5 3709 3835
6 3835 3961
7 3961 4087
8 4200 4326
9 4326 4452
10 4452 4578
11 4578 4704
12 4704 4830
13 4830 4956
14 4956 5082
15 5082 5208
16 5208 5334
17 5334 5460
18 5460 5586
19 5585 5711
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3 3457 3583 4 3583 3709 5 3709 3835 6 3835 3961 7
3961 4087 8 4200 4326 9 4326 4452 10 4452 4578 11

wa 20081162020 12 4704 4830 13 4830 4956 14 495BCHABA07/053057
15 5082 5208 16 5208 5334 17 5334 5460 18 5460 5586
19 5585 5711 18 WO 2007/113222 PCT/ EP2007/ 053057 20
5711 5837 21 5837 5963 22 5963 6089 23 6089 6215 24

20 38T 5a457 200845 6071 30 6971 7007 1 7097 7223
213p 7228377349 335P839 7475
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
36 7727 7853
37 7852 7978
38 7978 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 amino acid repeat :

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

MDVNTVNQKAASVKSTKDALDGQQNLQRAKTEATNAITHASDLNQAQKNALTQQVN
SAQNVHAVNDIKQTTQSLNTAMTGLKRGVANHNQVVQSDNYVNADTNKKNDYNNAY
10 NHANDIINGNAQHPVI

Begin | End | Epitope sequence Start Stop
5 10 | TVNQKA 3208 3213
14 19 | KSTKDA 3217 3222
21 33 | DGQQNLQRAKTEA 3224 3236
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34 7475 7601 35 7601 7727 36 7727 7853 37 7852 7978

38 7978 8104 39 8104 8230 40 8230 8356 41 8356 8482
W@ 200348228608 43 8604 8730 44 8858 8984 Tabl BCBEP2007/053057

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 5 of these repeats,

oDoNMN A oYVl

€ I:IUI;IﬁU Ue,/\ 5”\'50 a bno{f;?;;gé%u lIIZI ! (l_J)lple-l engt h
@tedi ct7don; DMIVINRBIOKAASVKST KDE&B.@C@Q??
4 GRAKT AT NAR D rRRRNEORRENAL T0Q4b03 SAVBAVN D |

KT TESINTA KRRVAN H NQVVSLAYYNALILINKK] DYN NAY 10

!1!. ANDH-NG PY—Begin—Erd—E++Ho—a—sefuence Start Stop
5 10 TVNQKA 3208 3213 14 19 KSTKDA 3217 3222 21 33
DGQONLQRAKTEA 3224 3236 19 WD 2007/ 113222
- P4 B %/n95§9@7colﬁ%s eddnNRAQNBbN 3¢ Nﬁ@o’ﬁ&eé% -de epitopes in
D&‘?ql% L 32 3277 100 112 ADTNKKNDYNNAY 3303 33
P$3bo 3326 - The "Begin” and "End
5 - CEh@rﬁigrt”par@sétﬁp tCREMAS Presephthefposiien gt eigircedieles Beeall epitopes in
ethetEbberall lengthtdequérizé am no acid repeat 5 - The "Start™
and "Stop" colums present the position of the
. he Ebh full length
epltope prediction in

Ebh :
10 The full-length sequence is disclosed in TrEMBL database, sequence reference
Q8NWQ6. One of these repeats, encoded by amino acids 3204-3331 of the full-length

sequence was chosen to carry out an epitope prediction:-

MDVNTVNQKAASVKSTKDALDGQQNLQRAKTEATNAITHASDLNQAQKNALTQQVN
15 SAQNVHAVNDIKQTTQSLNTAMTGLKRGVANHNQVVQSDNYVNADTNKKNDYNNAY
NHANDINGNAQHPVI

Position repeat | Epjtope sequence | Position
sequence
1 MDVNTVNQK 3204
3 VNTVNQKAA 3206
6 VNQKAASVK 3209
26 LQRAKTEAT 3229
37 ITHASDLNQ 3240
43 LNQAQKNAL 3246
51 LTQQVNSAQ 3254
55 VNSAQNVHA 3258
61 VHAVNDIKQ 3264
64 VNDIKQTTQ 3267
67 IKQTTQSLN 3270
74 LNTAMTGLK 3277
78 MTGLKRGVA 3281
81 LKRGVANHN 3284
85 VANHNQVWVQ 3288
91 VVQSDNYVN 3294
92 VQSDNYVNA 3295
97 | YYNADTNKK 3301
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10 The full-length sequence is disclosed in Tr EMBL
dat abase, sequence reference @BNWXY. One of these
WO epeai®r?2 encoded by ami no aci ds 3204- 3331 of PEEEP2007/053057
full-length sequence was chosen to carry out an
epi tope prediction:
l\/DVNFVNQ(AASVKST KDAL DGQONL QRAKTEATNAI THASDL NQAQKNAL TQQ

‘\égﬂ\léim\ll\lnl AABENKE AT L 1 RBIANHINOAGSDNYY/NADTNKKNDYNNA
Y NEGSNDI | N@(NEHWHA%Sl ti 03$1ﬂepeat EDI tope sequence
Posifqipon  SeYNERSBIINL MDVNBENEK 3204 3 VYNTVNQKAA 3206

SR iaci, TSR] 5727, 57,1 THELD 5240
19 ' 57 67

| KQTTQSLN 3270 74 LNTAMIGLK 3277 78 MIGLKRGVA 3281

SRR RN 400, o PR A8 o

ﬂ“ 07/ 053057 98 VNADTNKKN 3302 108 YNNAYNHAN
- 3§|‘lel PoBitipn eRAAIOE| fI@BN presents the Repiien-f the predictad T-cell epitopes
| INGNASDBIPY(II3SRRh sequence

Fragments of the proteins 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 proteins of the invention.

In an embodiment, variants are used in which several, 5-10, 1-5, 1-3, 1-2 or 1 amino acids

are substituted, deleted, or added in any combination.

Elastin binding protein (EbpS)

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, J. Biol. Chem. 271; 15803).

Two regions 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).

In an embodiment, the fragment to be incorporated into the immunogenic composition of
the invention is the surface exposed fragment containing the elastin binding region (amino
acids 1-205). Optionally the 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 (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 receptors
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- The "Position repeat” columm presents the position

of the predicted T-cell epitopes in the repeat The
w0 Bmgiltizon sequence” col um presents the posi t PONER{007/053057

the predicted T-cell epitopes 5 in the Ebh ful

| engt h sequence Fragnments of the proteins of the

i nvention may be enpl oyed for producing t he

rrespondi.n ull-length po de tide

TrE AP RECRREPRHR b Pl Sts dp e AL R R Rl A ghaectersti
featare ofrinfeetiads dlasgstream Hvesios whip ar@ws Wyigespegagt metastatlc abscess
forRiatib®i Bisodstrebfeinvasismtreqilireslifle labiligntocssiedasimatacross the vascular

ba%@réér?tnrtn%mﬁra%eugfﬁg g%c}%b&@ Eﬁ@{ ?lndrng to rlr}# ahrougqh the laminin

recepiRidLoRes £h ¢ *TeTeN 2P ot2Y: Bt i n bi ndi ng protein
(EbpS) 15 EbpSis a protel n contai ning 486 am no

Laﬁ%iﬁ%d@?idﬂs are®rRey |e§‘ﬂios\é€'£ﬁtar9fpr&%rﬂﬂﬁ méady &tfains of staphylococci
ed with. the c ﬁjospl asm c nmenbrane of S. aureus

. as
'ncjﬂ@%g AW AR5 regi ons which hold the
Erotel n in the nenbrane (Downer et al 2002, J. Biol.

em 277, 243; Park et al 1996, J. Biol. Chem 271;
15803) 20 Two regions betmeen am no acids 1- 205 and
43-486 are . surface c
SoE{'3 SPer GRS peseRaR Sl %fh&o BfOE%nZ‘? ang, 35 R trp<4d in most
stredpp SF SsaureentZbang pealiees Mle@r ilngy 1#4.9b)at t he
N-termnus (Park et al 1999, J. Biol. Chem 274,

The G Rkminge of fneaéeq@@m‘%ddf B has & Wpical é\gﬁ@ '%Eqﬁéncg%tp a clﬁavage site

I hcor por

{
aftEh TBAD R 4 ThAEIRE Al 208 oL VIR PE ST 3 Igrunogenic
cotnipesitidragftthe inyentitinrajartseajiaoning agidl residuaciOdg1,13229533.and continues to

thépLtedidld Bf Shicfof ERGHIMEBESEQ IDNO:BNt ai n the entire
exposed | oop but should contain the elastin bi ndi ng

region (am no acids 14-34). An alternative fragnent
TheHg€ pinding damaje 0[|§Eld1a<§ch¢§f1§<i9§t'8$d ananedian qu%,ar%m Nrgprminus of
the Ipeotsie cfoord Bnind eexise4 82 ethis cdgundimris monidbgaas ds the 19G binding

do%?hsﬁg)otelﬂp\t ernative fragments containing up to 1, 2,
20, 50 amno acids less at one or both ends

are aI S0 possible. Lam nin receptors 21 WD 2007/113222
The@TiER WerPiodise SPmaimieé Sbaeantins ihedellowda ssusnCceaur eus
pl ays an inportant role in pathogenicity. A

CRataetRMoRbI chgxﬁﬁrm&%w oRNN reﬁ{ﬂmg 99%% feam

i Nvasi on vvhr C ows w desp rea met ast a cess
f or mati on. “Bl 00dstr eam i nvasr of réquires the abiflity
to extravasate across the vascul ar

* - denotes amino acids which are similar between IgG binding

domains

In an embodiment, a 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 IgG binding domain as designated by * as shown in the above sequence.
Optionally the fragment contains or consists of the complete sequence shown above.
Optionally, 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 ID NO:26.

A fragment may contain 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 amino acid substitutions from the
sequences indicated.
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basement nenbrane. This is achieved through binding to

am nin through the lamnin 5 receptor (Lopes et a
w®eeiencr21985, 229; 275). Lam nin receptors areCEEPIADES3057

exposed and are present in many strains of

st aphyl ococci including S. aureus and S. epidermdis.

SBI 10 Shi is a second 1gG binding protein in

addition to protein A and it is expressed in nost

strains of S. aureus (Zhang et al 1998, M crobi ol ogy
A fragmerggB)ay contailnmubiiplel repeatsf(2t hied, sﬁe@ué@c@ arf 105iof thﬁa@Gabmdmg
dobgi. cal signal sequence with a cleavage site 15 after

amno acid 29. Therefore a fragnent of Sbi which could

be used in an i Mmunogeni c conposition of the

Eﬁgvgﬁi on starts at am no acid residue 30, 31, 32 or
- continues to the Gtermnus of Sbhi, for

exanpl e of SEQ ID NO 26. The 1gG binding domain of

Fltﬁgt e?@ngDnaB Pbg@g%?hg%qotgﬁ Wwhi &fg' s%'aretté)d’\mdj&e dé;(?rii Ié:?r medium

Y'Ishlaé"'%nﬁl'% pfoéjuﬁ?ﬂTBY éb&ﬁ“r?‘dﬁ lsﬁ@tqsgt@tﬁij ﬁ\ﬁﬁaﬁﬁe” AhhlcRk 1995, J.
Cliof Migraitiati 38; 234Mhe mi ni mal |1 gG bi ndi ng donmai n of Shi
contains the foI | owi ng sequence: - 25

S. ,ureg\l ,\NcYu{rV;rp(sk lélﬁlcl:‘e}f f|br|n%ﬂb%(rlé<i<p§§$ R@r‘? e aNee Sf@ﬁ surfaces.
Thigrability ﬁ@ml@ﬁeswémm@ﬁ0¢0@@qj¢m%ﬁtlﬁg of a@ihﬁﬁﬁsar@mﬂdﬁﬂ‘@hal cells.

enbodi ment, a fragmsnt of Sbi to be included in the

F|B 993 ﬁ@ Eﬁﬁ{ﬁsecw ter%ﬂﬁjs'df’\(ﬁen{)r'o% %ﬁtaab&&n%rbleavage

Slt% ﬂgt elNf 3t eg}l?oa g@ gl ﬁﬁﬁowh&sﬁnw cpmposition of the

mv@camrgmmu;ebpr tongists hbiha sequerite omﬂm/matueeq peteie (from about amino

acidBol to i Cxerrtiusl dfiBBteipont ai ns or consists of the
conpl ete sequence shown above. 35 Optionally, the

fragrrent contains or consists of am no acids 30-92,
é@ﬁ%{g 94, 33-94, 30-146, 33-146, 30-150, 33-150,
3-160, 33-170, 33-180, 33-190, 33-200, 33-205
or 33-210 of Shi, for exanple of SEQ ID NG 26. A

Fbé rﬁagﬂgmoggﬁ%mgi%gtq%t?m]that%? fo%hd Afkmgn)agblaze’s oi |§ gp/dgflgn/d/s and has
2 asHFRLIEleCUIBDWRINbRIGS HDEAPASIRETS 8b3 B9 /8 Glo mmup, 66; 2666). Is
sefuengadntaated o draat tofiiclumpind faploe froep8abare(L (CIBA). Antitndies, against
Fbé-Bn bR thd Bindffy e dotferRididbNBrinogen coated plates and to catheters
(Pei and Flock 2001, J. Infect. Dis. 184; 52).

Fbe has a putative signal sequence with a cleavage site between amino acids 51 and 52.
Therefore a potential fragment of Fbe contains the mature form of Fbe extending from
amino acid 52 to the C-terminus (amino acid 1,092).

The domain of Fbe from amino acid 52 to amino acid 825 is responsible for fibrinogen
binding. In an embodiment, the fragment of Fbe consists of or contains amino acids 52-
825.

The region between amino acid 373 and 516 of Fbe shows the most conservation
between Fbe and CIfA. In an embodiment, the fragment contains amino acids 373-516 of
Fbe.
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domain. 5 EFB - FIB Fib is a 19kDa fi brinogen bi ndi ng
protein which is secreted into the extracellul ar
wore@7am22by S. aureus. It is produced by all SPEI/ERM87/053057
i solates tested (Wastfelt and Flock 1995, J. din.
M crobiol. 33; 2347). 10 S. aureus clunps in the
presence of fibrinogen and binds to fibrinogen coated
surfage Thi ility facilitates. staphyl ococcal
AR BRFS 2% r1047 oL b bileoe Sre R EHe Bitn GPRE5Seq g tandemy
repastadaspertie asidangl sesiversit@sat the N-terminus of the
protein with a putative cleavage 15 site at about
amno acid 30. In an enbodi nent, the inmunogenic
|ls&QmResi tion of the invention conprises or consists of
the sequence of the mature protein (from about am no
acid 30 to the Gtermnus of the protein). Fbe -

IseEf B/dPSkD22protdde diso ndwinbdd Risgetastidedi shgwiartotbei iridatodominant

stdgﬁgBe&ngﬂ%f};t&ﬁr‘a’ur?an& %Esinof'l %‘taﬁ%éﬁ’é;r‘tf”(%rénf"bq 81380002 FEMS
educe | ecul_ar £ 0f 179 I'sson et al
Imwg%l_. Mleﬂfl\é@fof:bglzﬁiﬂﬂ?;le%& 2666). Its slequence is

related to that of clunping factor fromS. aureus

The @dtAb-anfiié bBasorheas SfuenEd8reaAbUGP: RF e HRQYNAI SEduBBce. In an

f .S ' 1 dj [ nogen | at e .
enibopisrErb BmBaor Sad Pbs TRAGRg 17 3 TRrpnBheinc Bifodehion of e
invegtion eoppainggiainkasidyepities JQenvardsh 49 theeaqdah e ¢aded sgauence.

cl eavage site between am no acids 51 and 52.
Therefore a potential fragnment of Fbe contains the

Fibreheéth biptRgdrotdie extending from amno acid 52 to
the CG-terminus (anmino acid 1,092). 30 The domai n of

_Fbe fromamno acid 52 to amino acid 825 is L
Firengstindinsiing poein Apeenigensevsrah diorins| habareeiyddihihbinding to
fibfoPBctirm EWGB@AM9§27gb¢hé‘s%n§ﬂe_séa‘ﬂe@foﬂfo;§0m &nBSDANMNNSh embodiment

acids 52- 825. 35 The region between am no acid 373
fraggnts 16 fisoneglie Rirdings Prokein As B cantsise wa eensist ohBfl WiaérP3, D4, D1-

DX Pe-mh3Ghi A1-b8. BApDEEedipeNnt . the fragnment contains
am no aci ds 373-516 of Fbe. 23 WD 2007/ 113222

PCT/ EP2007/ 053057 Ami no acids 825 - 1041 of Fbe
SRSt g O BB ¢ U oy e O e

epeat e ues.

VKNNLRYGIRKHKLGAASVFLGTMIVVGMGQDKEAA

Optionally, the mature protein omitting this signal sequence is included in the

immunogenic composition of the invention.

Transporter proteins

The cell wall 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.
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 bacterium.
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IsaA/PisA 5 IsaAis a 29kDa protein, also known as

Pi sA has been shown to be a i munodom nant
wa@t@phyd2eroccal protein during sepsis in hospiPEl/EP2007/053057

patients (Lorenz et al 2000, FEMS | mrunol. Med.

M crob. 29; 145). 10 The first 29 am no acids of the

| saA sequence are thought to be a signal sequence. In

MEEeu TR "BNtssehtid dolratBE fr Hét:‘je'rléla@'o% bGqdrBGhtEE Ard Becreted

an 1 nmunogeni ¢ conmposition o I nvention contains

thafpinddreedran andsheniare @otuseily breteriah surfacedaeppidrs thas deliver iron for
e e d
tra&gig&gnazég%énqgg %ytgﬁlggrﬁgt g{le'rq{b/&gréé;n'lrggng&gfés?gha]lé crltlcal for the
estalishnagné of hyoay mﬁeqtlnnsascm thai thet genefation @ﬁenummuomsponse against
I, . nd 4. I n an

thlgé‘(}g ﬁ%bte.nEpgiog&gﬁﬁ%&o fsfa%gﬁo%%c?tgll Klgﬁn“ﬁdi ng protein A

or B conprise or consist of D1, D2, D3, D4, D1- D2,
Exg%ﬁgé’of %n rteP }lotgﬁs wB%dQ‘* unQdaT"nR%nt %QCﬁ}a%;?&f‘e?t(BUrnie et al

ng protein PContains & am no acid signa

208e doteat emuRo 1680 320P), dsdA (Mazmanlan et al 2002 PNAS 99; 2293), IsdB

R B B O IR Pl e D i2agh | ERR Wahgporer. st

(Wiltstireidedl Fostet 2601 Inﬁethmgam&Q 6 095) @pid tNi GBOctfartsherter
i nvention. Transporter proteins The cell wall of G am
positive bacteria acts as a barrier preventing free
diffusion of 30 netabolites into the bacterium A
ImmyRadpmynap AR e tFAISePERkst r at es the passage of
essential nutrients into the bacterium and are
therefore essential for the viability of the

Imbﬁmb@dﬁuuamt ABDerahsponet rsiﬁmrdoﬁéerpé@b&itéln GNCH Biay be capable of
emsmvolvedin&rﬁﬁ nitial e [

of. binding to
rla PH AP {BEUEE CHPRESY '%EFO%PT“%%'V? ﬁ8§'85t= ﬂ%ﬁ&eﬂaﬁ)wmmw'
strarnts larabll &t al "%5752'?1 %ﬁgbtdwezensggabmhﬂdoe.esia@hmstthi% protein have been

r| um 0Q7/ 1132 /| EP2007/ 053057
fo%?gl i Paiegts W *bﬁeﬁ@a%rﬂ'aégg'@fﬂ o4 %Q@q%fé‘f tolmrAy}- %gag%o&)-i al
growm h. Siderophores are secreted that bind free iron

o&tlﬂg@tf%gnmefr}%fo ik :5131 gﬁ'nab Agﬁtﬁﬂspt hs grlé%rr%@gl%{%ﬁg s SENHAES DRHFLN,

GNYID OPRRYPFC mrbmneevrrrrsnsa_cqnmnl RGFB, CKIKMYSEENYDFWYQS,
the est ections so_t hat

TVé\éY]%I—rIQBHgE\lflgy aﬁnc§/9ﬁm'ﬁléT @%%%Mg@%l%%qe these sequ}gnces contain

epitopes that are recognised by the human immune system.

IsdA-IsdB

The isd genes (iron-regulated surface determinant) of S. aureus encode proteins
responsible for haemoglobin binding and passage of haem iron to the cytoplasm , where it
acts as an essential nutrient. IsdA and IsdB are located in the cell wall of staphylococci.
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).
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5 this class of proteins |eads to a | oss of

st aphyl ococcal viability. Exanples of transporter
w@e@va13s82 i ncl ude | nmunodom nant ABC transpor t BCT/EP2007/053057

(Burnie et al 2000 Infect. Imun. 68; 3200), IsdA

(Mazmani an et al 2002 PNAS 99; 2293), |IsdB (Mazmani an

et al 2002 PNAS 99; 2293), IsdC (WD 06/59247), M2+
|saA aﬁ@ I%@Btaeé bothl Z%Dabeotém Whdhi birR etk ﬁ%tr%&pr%@%n is regulated by

. brrimn. 5198) and NI ABC transporte

th? ﬁﬁﬂﬁé%frﬁfﬁ@ﬁtw%ﬁé Ff%’é‘h%’ BeIor-elhaIrfxRFRSaION it gﬁth 9&5@””9 infection
in bITRBERIETE $he Eshcantriioh of PES&IINRIoR! Ot ei N which may be

capabl e of 15 generating an imune response that is

cross-protective against different staphyl ococcal

Trdly'é Bso(MBivn&ls F FA%gkrpmMorr%&f @tbél@oozzlﬁfecgqmnun 70; 2399).

Anti bodi es against this protein have been _ found
Fr%t@%‘f@B\ﬁIF? m%&prfe%ﬁemo "‘(SBM'i*thlaé“@l chargedhey heme B@?” shown to
prbﬂH&'Qma@&coﬁ%@Qﬂon {RIdh&dIH tof fidgigent s of i munodom nant

ABC transporter wll 1nclude the peptides DRHFLN, 20

G\NYD, RRYPF, KTTLLK, GVTTSLS, VDWR, RGFL,
ln'}?ETFLRGFLGR’\@NFL{%@Fﬂce %}gsg hguenggg%giotnaﬁompnses a fragment of
Is@h PR prisdIB Maichds éewb%m\/é!@cm 40Rer W 11189 ine

system |sdA-I1sdB 25 The isd genes (iron-regul ated
To?éi‘r'isfﬁ?@réq?ﬁﬁbl‘g SeNtdlede S. aureus encode proteins

responsi b for haenogl obi n bi nding and passage of

haemiron to the cytoplasm, where it acts as an

ent i tr ent B.are | ocat in.th .

RSB ISl B, b Aol 5L’ Byl Sonein
enteroiokie B and ISSTof abaell as iptoteins et réduldts treuprodpdtionl of tdxins such

rotei nase K digestion. |IsdB was partially digested
gesting that it is partially exposed on the

surface of the bacterium (Mazmani an et al 2003 Sci ence
Al 991; 90 ? 25 WD 2007/ 113222 PCT/ EP2007/ 053057 |sdA
—éﬂ%—l‘—%—%—a&o ' re both 29kDa proteins which bind hene.

Their expression is regulated by the availability of

Alhﬁ%ﬁxi\éhgp%gﬁqq?%@anr %gsdg{eém'-ﬁrwgg{ prrwil)&%g ?/ﬁ'lgoosrt] sWailns oP § aureus. It
is @qmerarmmgi texin Qfithi rra@mowtub Iacmtyl /szmvbo&emgmnar &phd ©Xin have been

shpm nae?ugglr%@g) detrl %?ng cﬁ,ﬁéfaogq}ﬁ g:gr%rtnal models

(ABRaRT @t § W77 hinfed Bﬁn@rhallge%dih%nmvglab@&@ eheathelfaP cells and
rovide a or contribution to a heS|on to plastic.

maj
m WP”HH'G%WHFFFE?HSCGQ Rle o REREH P @RBHBYE: ti on of the
| nventl on conprises a fragrrent of 10 I sdA and/or 1sdB
[ i s .described in WD 01/98499 or WO 03/11899.
Thpomgrhgoxgﬁﬂ of @Iam oxiry requires\that it shauld be detoxified before being used as

an immunogen. This can be achieved by chemical treatment, for instance by treating with

as

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 introduce point mutations that remove toxicity while
retaining the antigenicity of the toxin. The introduction of a point mutation at amino acid
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.
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Menbers of this famly of proteins include toxin such
as al pha toxin, henolysin, enterotoxin B and TSST-1
w@soorelid22as proteins that regul ate the productPONER{007/053057
toxins such 15 as RAP. Alpha toxin (Ha) Al pha toxin
is an inportant virul ence determ nant produced by nost
strains of S. aureus. It 20 is a pore formng toxin
ImMnh elaaq%b%tm.gud@r@ BY i dppealdNtd Bedérméala@a'tnétpr@w@. omerization
toxi n have been shown to neutralise the detrinment
requiced|fer peae fasmptien andomuiatigef thisxesidyenleads mosaﬁd@n@ty
(Adlam et al 1977 Infect. Immun. 17; 250). Hunman
pl atel ets, endothelial cells and nononuclear cells o
Where irpespaspte binte inmuhegesic éempositions! phaha dxentiorpsalpha toxin is
j t ; X I 0 .
onflofthy BEFL by RGN B NI 0GRS o) Mladile BIROSS it Leu o
Argain be aitﬂm%weobrwocﬁjh@m alphat toxiat lﬁedﬂthﬁﬁeﬁr by reonjugetiorbyo other
' I
colpEReNT B e Imi R E o, W Bdinfie bl o bnarides or
PNAG t optieraller toalS. palryeadutieard delysaschaede raroéat I6e|alweu580' ype 8
emoving toxicity is to introduce
po@sgﬁ{htan&{%ri{@%rn@% renove toxicity while retaining
the antigenicity of the toxin. The introduction of a
Rr@&)'lm ti.%# 2 !r8t'3|na{ @;m] no acid 35 of al pha toxin where
is replaced with a | eucine residue
results in the renoval of toxicity whilst retaining
' fCi (Menzj ;o t 6 :
RATDEABE 5 83 s R S B 158 0 Baslir Syt g gporo™mae i
prd)diluced thdeseer&teajop;eatashylmdnel dtradivatas trfeoagrt rbgulptoqpeystem of other
stff VBB o6 obeed B8 SebE o8 B Bt TP ryronoe factors
sultih es hemolgsipoeraeretbxin® end MB8BMdgeni ¢ conposi tions of the
i nvention, alpha toxinis 5 optionally detoxified by
r exanple by replacing H's 35
Otﬂﬁ{ ﬁﬁrhﬁﬂoc%mﬂ@t B?qtelfngn alternative enbodi nent, al pha
toxin is detoxi f| ed by conjugation to other
conponents of the i mrunogeni c conposition, for exanple
CHINYILIQN-asHICIAQe RGN #88) or PNAG, optionally to S.
aureus type 5 polysaccharide and/or S. aureus Type 8
pol ysaccharide and/or PNAG 10 RNA Ill activating
Aq@rlgtaeﬂ,ﬁ)kl@mtelm@hlq:r‘sls ressentiel ir thegagayriutatiop @f Si §p/germ/d/s strains
onl by (P-fus%ln gl IBIRE GRFIUAN1GY7, 657 SHf, n%@rafn@“etxﬁfe%smw s protein
is produced and secreted by staphyl ococci .
Preduce stgakicamly lager pegunta ob pipfilsy 3né Arp APpeaide bejavolved in biofilm
fort{oRBRY AR Afths? HdpVeCsnld N6 igHiB &Aoo and inhibit the

Su sequent rel ease of virulence factors such as
acpemuptialt of S. ertderdisxi n B and TSST-1.

Staphylocbccal Secretory antigen SsaA

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

27



10

15

20

25

30

O her i nmmunodom nant proteins Accunul ati on-associ at ed

protein (Aap) 20 Aap is a 140kDa protein which is
wes®meniizat for the accunul ati on of S. epi der m BECBEP2007/053057

strains on surfaces (Hussain et al Infect. |nmun.

1997, 65; 519). Strains expressing this protein

produced significantly |larger anpbunts of biofilm and

i-QF il

Ss%ﬁogf?gfsgé;n ggg@ﬁgétlné/@ggg%de;ﬁc@ 3Rk i §|@|’1nt$f|| géﬁﬁfa%é’%leavage site. The
legdgr peptidsris Z@wee by 15 hydrophilicTegige @Uﬁmraxlmtelsoﬂ 0Gsamino acids from
reﬁ&edﬁ}"f@rgéléue fs@phyl ococcal Secretory antigen SsaA

SsaA 1s a strongly i mrunogeni c protein of 30kDa found

in both S. aureus and S. epidermdis (Lang et al 2000

Arf %Ngﬂ : :??Egﬂ%lnt oA th%rlﬁclerﬁ’ératea to %ﬂe?l)m ogeﬁl)é%ﬁﬁéélﬁ& of the

endocarditi s suggest e a V|ru e rol
inveptier isi made up 19é theamatige PExiein (aminohacidsi 24 éxtheo%ermmus or amino
acis$8aS fhe Eler¥ARP07/ 113222 PCT/ EP2007/ 053057  SsaA
contarns an N-tefm nal |eader sequence and a signal
pepti dase cl eavage site. The |eader peptide is
¥ felelnth f ' Ly .
A hhePURn ik OB DA BRIE arGPB PRt Seia 20 to
anome 8t aBO.f ragnent of SsaA to be incorporated into the
i mrunogeni ¢ conposition of the invention is nade up
cof the mature protein (amno acids 27 to the
bigptioNts or amino acids 30 to the G-terminus). A
further optional fragnents contains the hydrophilic
SRR P TR oby PO 1R6h el oA BB E IS e, the
staphylocrpeak difee citle dinydlegse somoteagels colprsationaripiiationt e infection by
y I e
b2 Hsslies Br S booint “heESHE iBletcaton in e blood
interplayi between iSs sueaysoiruiehee Wetepvivanisaand tmndmsbldeknce mechanlsms
angﬂécédggbrﬁ/ I‘th{)rﬂﬁhdaﬁocﬁs?@clpr{jlﬁ %Pgo%dgé ﬁ% %@tﬁstgﬁé %ﬁ{‘&s?formatlon and
sepgis hgndrems. Diffecent nilacties onathe soripdd efahe @asterlmnlvutﬂlbngnvolved in

SRR o THRORH L) e 280 ERS B R " hpe R st o
cotrbiiaton win parliduldseantigens vmehied inddiffernémrocstsegs ob fStapleylococcal
mfba oﬁ%{uﬂ@l %&de%ts ﬁyst%pehg%%%&g fL}r{&ﬁoﬂ enc{ieﬁlzgrg(gﬁﬁs can result in

particu
goomvaxtonedefflcacgh fferent processes of St aphyl ococcal
infection, nultiple aspects of staphyl ococcal function
are affected and this can result in
In particular, combinations of certain antigens from different classes, some of which are

involved in adhesion to host cells, some of which are involved in iron acquisition or other
transporter functions, some of which are toxins or regulators of virulence and
immunodominant antigens can elicit an immune response which protects against multiple

stages of infection.

Some combinations of antigens are particularly effective at inducing an immune response.
This can be measured either in animal model assays as described in the examples
and/or using an opsonophagocytic assay as described in the exarnples. Without wishing
to be bound by theory, such effective combinations of antigens are thought to be enabled
by a number of characteristics of the immune response to the antigen combination. The
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good vaccine efficacy. In particular, conbinations of

certain antigens fromdifferent classes, sone of which
wa@e@7/12821 nvol ved i n adhesion to host cells, sPOBEEP{007/053057

whi ch are involved in iron acquisition or other

transporter functions, sonme of which are toxins or

regul ators of virulence and i munodom nant antigens

anﬁ%hseihbﬁfstelv@sp aPJrUEurEPI IexpOSHYS En \{‘f‘iﬁ %Drféﬁ’eoéiegfa%hﬁgéiceélt cells they

e sfa Y nfEet i on. Some conbi nat | ons
tenthtoi c@sawed gw ﬁlrse igngk gt t@be @e@semema&ufﬂqﬁyu aUargitaAn the surface
cell ?BF%%p'hﬁ%P éb?&lmdaﬂé'sgor% ﬂtbe&re? klicited against the
assays a scr t e exanpl es

singiriardigenseergbining dmg@rﬁ@phagﬁbyunvenm@@n rasuIbllesacfprrb@atiqrheliciting
ant %ﬁﬁt’é@?@ﬁc eéomﬂét&guéf MBBEieY h'iéﬂ m%rm%ﬁ{u ¥ étgg@f[é(ooccal cell

tirve co I nati1 ons O antigens are thou
bepenceaaitieal threghald. nintbisrcriti¢al denel, asxtffmerétanhtsochﬁs efhsufficient quality

o B PR 45568 e babisty ot AEV EREP RS laicklpy copRihent or

neukalishtign efithe baderium.tThés camrfeameanfreSinagithgt arcayal challenge model

or %glokg%nsi’éé?ﬁxaséagﬂ%cc}e%crpo%dqrq te& {x\éﬁ-\% égut al so tend not to

I'Crent quan oh the surface cell
for an optimal bactericidal response to take place

erih89, PLRAERESebba? 3 Tbald bl § AR protens
sekecfedrfromh at leest tebidiffearent gategaresadivanteiy davieg défeber dinctions within

f,. anti badi ract W the S h caccal .
SRR Yok e e S b et o B B o proteis,
trahepeter psaiéins suemas Betcdodiias profeirs, tdxirsi anegujatals ofyvirulence and

of the bacteriumto allow either

f
Ot%efrfrg%w@%({orwff’ rproa{&ﬁy conpl ement or neutralisation of

the bacterium This can be measured in either an

nodel an sonl i on

In GeeERreE AT sRarR R rgpadtc SAmBRafl dahe 'Wﬁﬂﬁ%@ﬁtﬁ@ comprises
a gumpristftAreteinsofquahte pmereater éfmartanﬁrﬁl s% op 6psalecied fromo2, 3 or 4
dlfrerr@itgrdl@s selekbedtfieeh;f rom at | east two di fferent

C f or erent functions

ét‘ﬁ@% eglt? (%UI Y E@bﬂent@@\én[@%égfeor{s such categories of

* oF B%U&bﬁgaﬁﬂ@réfd)rro"a%@ | ul ar bindi ng proteins,
o t Genupmd taxas quregulators of vicklersce Fe acqui sition proteins,

o 1 @upY) Qtrudte@vpdteiss of virulence and 15 ot her
i mmunodor ni nant proteins. In a preferred enbodi nment,

I mmunogeni ¢ conposition of the invention further
In @dipferrge embadimamnbdmnmynogenic 6pBONNAT the inyentigrelrtber comprises
a umaber 2f p@lenzﬂs equadto ér gredtecthad 2{ 8o Xor Bsalectdd from 2, 3 or 4 of the

fo|gw,flgeg’ . groups selected from 20 G oup a)
ext

* 1 9rOHR r;J l@t? eﬁ? nE(? %%p%ylgclzonc%lalngxtp ceﬁu :Iarngomponen? %%dlr?g protein or
fragment thereof selected from the group consisting of laminin receptor,
SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB
(FIB), SBI, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, SasF, lipase GehD, SasA, SasB,
SasC, SasD, SasK, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB,
SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase,
Fig and MAP; '

e group b) - at least one staphylococcal transporter protein or fragment thereof selected
from the group consisting of Immunodominant ABC transporter, IsdA, IsdB, IsdC,
Mg2+ transporter, HarA, SitC and Ni ABC transporter;
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Group c) toxins or regulators of virulence G oup d)
structural proteins. 25 In a preferred enbodi nent,

WO povanogeni ¢ conposition of the invention furtker/EP2007/053057
conprises a nunber of proteins equal to or greater
than 2, 3, 4, 5 or 6 selected from2, 3 or 4 of the
foll ovvi ng groups: group a) - at |east one

o B e e R o TR e B HhPoPF ST thereor
c 6elected irag the grwmqonﬁstrr@dé@lnbw toxirg (Hig), atghwmm E@pR wautant, RNA
biingktingti rmb@ AByhA, EbhB, El astin binding protein

o (g%ﬁﬁ)déas 'z_a? Ie](aF{ g%e s@hﬂo&gcé stﬁg:gtgﬂ &% S&?ﬂéﬁubéégn% fragment

Siero algated FRENe erRuP Cenpsingas P'k@%&,@ olygBA/ Pi sA,
SsaA, EPB, SSP-1, SSP-2, HBP, V|tronect| n bi ndi ng

InFHQr(eFérrféd é‘rhtkb’dhrﬂé’rﬁe{hehinﬂﬂlne ¢ ‘é&rﬁbé‘smcﬁpéfgtHé@r%ntuoer&npnses a
i e SHIAUB P hpeaed @ﬁa?f?% o< SUFUes 4N e o5 of the
follayéngy@reups:consi sti ng of | nmunodoni nant ABC

o t yROPPOr L af Jeabsdﬁe staphBlocdsACextrddgliat campo®nt &inding protein or

H?i% b tré%ggta%l@ H%Fn% é%&p%ngﬁ% didmrn receptor,
ééa V@aP' B TeiBlr EohA, FPUB EEstn Plgding wptein (Ebps), EFB
f (RIGSH, au@ymeIfﬁséh&tS@deSdrEm BHeS, doidpSatn sipesé @ghD, SasA,

?f SQ&E’f'@esUtJ)SaBD( BhsK,, Frdlap FabE 0Bhd) A Rpput ﬂEbse RO/ PisA, SsaA
oy a e

R S5 RS bl e e
ff ¢, Fig apg MATGT  sel ect ed from the group consisting

o ofroMR™) |- a@trieasiwnel syaphylocberahtrpnspoeter prbtedmivo dinmensgenidiagment

| (RS 9EIBEte d HBFPRE ighd rbo?iglsﬁr\beof'Iﬁlmbhél'ﬂlnﬁﬁ’m('.‘.%ﬁsﬁbrter IsdA,

ol 08 e PR Modrra o, SCendN RBEIAPRY G oups. 10

* gowUp Q) at Iaast|@&sﬁtam@cg@%h@gtdﬁi@rc@fawt@nceat%m o ipmunogenic
C pagnRettherebhskied@ed froinethd gadup EaNRIsEAg eNkaipha te@IEAIL), alpha toxin

t I consisting of lamnin
rgggﬁﬁﬂtéﬁ %ﬁ%‘yﬁfﬁ\@@%ﬁ?ﬁ{ EI ndi ng protein, EbhA,
Eth El astin binding protein (EbpS), EFB (FIB), SBI,

In aupEfgreidnemBbdidmentSdneCimiBdndgensdedmpdiiod, of SHe HhveBtigt contains at

Ieédt Bﬂé%r&@ih@ele@@ﬁﬁrom roﬁﬁl Bandan Gdditiesd? r&&ﬁ@ele’i[&@]ﬁfrom group b)
Clf %\ pase, |saAl Pi SR SsaA, 15 EPB,

ng iou P- 2, HBP \/tronectl n bi ndi ng protein,
Fi bri nogen b| ndi ng protein, coagulase, Fig and MAP;
In gifoupertémbodﬁhemteﬂnstimmuﬁogér&@bgmpcmtmadf the aveptiont @ntains at least

one’ SRR RiectddHERAGBIS b) TREE N bdditional protein selected from group c)

and/or group a).

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

An optional combination of proteins in the immunogenic composition of the invention
comprises laminin receptor and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+
transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,
RAP, Aap and SsaA.
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t hereof selected fromthe group consisting of
| mmunodom nant ABC transporter, IsdA, [1sdB, |sdC
wo00A 11392+ transporter, SitC and Ni ABC tr anspor/ERI0)7/053057
20 group c) - at |east one staphyl ococcal regulator
of virulence, toxin or imunogenic fragnment thereof
sel ected fromthe group consisting of alpha toxin
(Ha), alpha toxin H35R nutant, RNA Il activating
protein (RAP). In a preferred enbodi nent, the
A ffurthen cgeinatioo foproteinsn irotthe remunegamnid campositieri w6 the invention
. a r.ot-ei . .
co Rt SHGS BB h " OLr QuTd o G R (RFoBH consisting of
imyguoegeruhant | ABG tfanspdrter, sdbothdRetsdC, tHerAi Maamdgansporter, SitC, Ni

A : : . I
A PRERAG eafe KhF ol M 05 S By S agp 418 Sean.
protein selected fromgroup c) 30 and/or group a). In
A it SO IR BBl I TPOREILS: EBRRBSIALER L prenion
coffnposasgEblud and 1aRd3ahordaiitithemardigensy selexted Sorh diog gbup icomaisting of

: tiona ' i ON a. .
el S S, R, BB ARy RgA8 s, v
ABQntvasporder, alpbarjmxins elphé &oxmiH 36l @ddgiFomutant RBP, 2ap3ndBsaA.

or 5 further antigens selected fromthe group

consi sting of imunodom nant ABC transporter, |sdA,

A TethBr dostb@atiblaroh, pivteihs it theen spmubegenicSicordpodilionABE the invention
coRfSERT EDNE 6 Ap? Acp sty G B S5 S0 e, g30p consisting of
imAGRdddR204ht / ABG O&ins poiter Ulst Ae lsdBo dai0) dHdran Mgl + ptravispontes, SitC, Ni
in _the immun ni c sitiqn qf e jn td qn
Ao PPt PRl BRI BT hae B PO, Alpang sson
sel ected fromthe group consisting of inmunodom nant
ABC transporter. |IsdA |sdB, .1sdC HarA 2+ . .
Ad W‘éc‘ﬁé p?8F’ls°€}a,t'°%i Cifd?“’%'”ss '”A%E PRHARE F?mg/g?ji‘ﬁi‘ by invention
co?bﬁsha’s EbpS andBB Lk, 8r4 @nmmigen%%ctémemm §dap\cortsisting of
__further c tion o roteins in the, i nogeni c . .
AT G s a0 Be bl (1A, BRA thaPter SIC, N
ABS trahspbrter, &lphd RN, apha gsisHS3 @AIIBR muAt, IRAP, Waphd SsaA.
consi sting of inmunodom nant ABC transporter, |sdA,

| sdB, IsdC, HarA, M2+ transporter, SitC N 10 ABC
A Furénes Refbiatiod! dihgrotemsi h 1 RRMUbGYEnt dmpositionHdBfhe invention

nmut ant , P Aap and _SsaA. A _further conbi nation of
ot 1ET BRI wRodof & BdHIGR FEANSSeksd Tom the group
coﬂ]sﬂéti_ﬁ@t bP NirmneEHBRbMFRAt ERBG aBkspbrte?., Is3A, 41saB, SsfOr tHen, Mg2+

antigens sel ected fromthe group consi st |_ngil_| of
traP?ﬁﬁﬁ‘ﬁbo@Fﬁ'n'}i'n{*B@\é(?ﬁsPQ’F%’pélp%értPX'Psa'R!‘a It H30& ger, H35R mutant,

RAFBRAp aN8&saAr ansporter, SitC, Ni

A further combination of proteins in the immunogenic cornposition of the invention
comprises SBl and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
comprises autolysin and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+
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15 ABC transporter, alpha toxin, alpha toxin H35L or
H35R mut ant, RAP, Aap and SsaA. A further conbination
w@boopna2ei ns i n the i mmunogeni ¢ conposition of PCTEP2007/053057
invention conprises EbpS and 1, 2, 3, 4 or 5 further
antigens selected fromthe group consisting of
i mmunodom nant ABC transporter, |sdA 1sdB, |sdA
traH@ﬁoﬁ\ter Maidct, NI @B@pﬁéﬁs%'brters M&lnzg é}ﬁQQOf(lﬁqqﬁlobF #36R mutant,
ha toxin, alpha toxin R mut ant Aap
Rpacf‘rd\aBS%ASSAAfurther conbi nat| on of proteins in the
i mmunogeni ¢ conposition of the invention conprises
EFB(FIB) and 1, 2, 3, 4 or 5 further antigens sel ected
A ffardher t gesnbinatiop ofc Bipiging iim ghe fimmunpaeni® FompasiHen ABdhe invention
Ipﬂg‘e%o‘?lrlﬁkeind HSQAS 4 '@ grth &Ry élecﬁ&?ﬁ rﬁ@he group consisting of

ansporter trangporter
ImmUpn@pmmntnA@@EiLartspomsRdﬁ«utl%ﬁﬁin IstIzAtﬁarAAMg%ntna@aAer AItC, Ni
n
Ao PP R AR RPN S SR B TSGR o san
3, 4 or 5 further antigens selected fromthe group

A R it on o piBRE HRR WARRnARRC (BRRASHOR o thg gavention
compasep Sdteand dl, gha, 4 ond furthar artiigenoselectédBomdhe gIRBR consisting of
im@h?&?minﬁﬁ%?ﬁg n%ﬁ%té?s ?s'éA 'ﬁdeu rléck,e rH&rﬂmdﬁt fr%pBI‘ter SitC, Ni

erns in nogeni t conposi’t
ABGhiramapoder, alpbatexirs eiphadmxn $85lnomitdbR mugnt, RAR, Amp @hd SsaA.
further antigens selected fromthe group 35
consi sting of imunodom nant ABC transporter, |sdA,

A Ifertier dopub@)aticlar &, pidigdns I8 Iha\dnRR0Fgeri@ 2Rthposition of the invention
| EP / 74 . -
cofPIRELSHLPn 1 ands 4 B ARG Shiger betec B e o consising of
immwhadﬂmmarﬂA@BCAeqmsaortbrStadA Is&Bf usdC) etlardo My 2ratrarspodér, SitC, Ni

A AP, 36 NSO SIS R0 g an s

furt her antigens selected fromthe group consisting of
A 'ﬁé”r‘;ﬂ‘ qc\l%?@_,_nat%loan%pgro egrpasn?rg%%elr%muhgg%@ I ?gﬁggh?sr? gél‘f the invention
coaipphes Saret and dl, 2hd, 4 and mnh@:‘idntlgené—%&tem{remtthe ﬁb@Bp chagisting of

and SsaA rther a e| [

AR RedR B B HREPa N o tse il idten Mg BesgPrigre SiC, N

ABRtitréhspoder] alpBa tdin, 4ipba téxid HBSIher HAGR hyeams, R, 6X=peahd SsaA.
fromthe group consisting of imunodom nant ABC
transporter, IsdA, [sdB, 1sdC, HarA, M2+ transporter,

A SirtHer dSmbisliont sfapiieiid @ thalimphanbgenia comlppsidiot @Xithe invention

H35L . furth .
CoRBAB ST AN T By o b9 i Hor SnuOP R e o dht dBbp cpgsisting o
|mﬁfunb<ﬂt&n|hémeMBCthansé&TerormAl $iB, U Hard, Mg22, tréhspérten, SitC, Ni

el T AR R Rt b e e AR 1 L1
HarA My2+ transporter, SitC Ni ABCtransporter,

A V@%%ch)%%matioﬁ &hpro ecl)r%(sI r|]n the |m(r)nrun|o_g|3eSn|i_\z: rcr:lélFn%gg|t|onR%|?’the'b‘alﬁ)vention

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

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

comprises SasF and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
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A further conbination of proteins in the inmmunogenic
conposition of the invention 20 conprises SdrE and 1,
w@2003,11322nr 5 further antigens sel ected from t eT/gP®OP053057
consi sting of inmunodom nant ABC transporter, |sdA,
I sdB, 1sdC, HarA, M2+ transporter, SitC, N ABC
transporter, alpha toxin, alpha toxin H35L or H35R
- P S unp r jAat ; :
kA FedThnaificioath, RAIRTHER IR BRoBfer. Sic, N
ABGhivansppider, alpBa toxinp aipbe t0xBun8SLaercdH3ISR muta®t, RARyrAaH and SsaA.
further antigens selected fromthe group consisting of
i mmunodom nant ABC transporter, |sdA, |sdB, 1sdC
A IﬂathAr dbg@inatinarmfpmoteéns irStheCimiXunogeB(C compegition of ,the invention
t OX )
copRER, 18 e IR Al B4 oF ot gL KRS B 088 Bhfne group
cowstmgsrofr mnwfodbhrmarnhvléﬁﬁ@r trans@ites omguiA, s lseBSdisd#Candard, Mg2+
t
wafgpoier, S N AECLeadiin AR RER°EPES o bt o JhR mutant,
RAPRs dBp ahd @SaAHar A, rvg2+ transporter SitC, NN ABC
transporter, al pha toxin, alpha toxin H35L or H35R
mut ant, RAP, Aap and SsaA. A further conbi nation of
A rfurtlﬂeeio@mbimatrbrhleofi proteiregénitre romposdenico comboditien of the invention
I nvent ryis sF and
coP e P 21 dn: T ek U T PRI B @Bpm gonststing of
mrSrﬂncWBrrﬁﬂ@ﬁ'/NH(B?raﬁspBﬁﬁr HER2A 0164858066 7 HarAymMy2dotnanspoiter, SitC, Ni

A EanshRE bR Ph &l S @A by MAE, App and ssen.

al pha tOXI n H35L or H35R mutant, RAP, Aap and SsaA. A

ur.t her |nat|on of praoteins in the i muno en% . .
A 1D GorgRgt 4 HatreTre s maupdhasis chBPoTasear dag, dyvention
compfisel, FabA 3nd 4, Q !rs 54 ory fuRRgr amiigéredttectar] feorh @tk Groopncbrisisting of

imfuotomiSaR RES ja 'A"r;}r/gg 98! ﬁ‘%ﬁ;ﬁ.&eﬁ@g RRsbgger, SitC, Ni

AB@%rtsbﬁrWérp@lbh@foxmabbhatdxm(H-I:BBL & HABR tateint) RAFG [AaprantiEsRA.
mut ant, RAP, Aap and SsaA. 10 A further conbination
of proteins in the i munogenic conposition of the

A rwﬁﬂtdoﬁrbrna‘ﬁﬁrﬁmﬁi ;Sr@téln‘éa&rl:trﬁﬁdnrhuné’gen& cém@disltﬁ)rf of tthe linvention

coPAiARa RO R e s O SR GHens Shibeted (B argep consisting of

.mﬂriaﬁd%donh@a’&ﬂ Ascam@ﬁ@psdr@r Is&A} fsdBNisdCABGrAf Mgapqratn%borter SrtC Ni
| pha toxin, alpha toxin H35L or H35R nu

t
nspgrier. 3lghaniox(fy piRka t%‘&h’ﬁ?%‘?ﬁ"&?%@ﬁf‘b%@r ngxap@npﬁéaA.
i nmunogeni ¢ conp03|t|on of the invention conprises
FnbA and 1, 2, or 5 further antigens se| ected

A YRl CREDEIageR Qfo?rg leinsi Wy s IMMHRRATSo APRARTItIORBE! the invention
coﬁ'rbﬁ‘éb%p@rré %’hd 1 S0A, 4108 dBurtres @ﬁh%éﬁ@rsﬁlecf@azrfbnﬁ rrm?@@;r E&Hsisting of

SItC, N transporter a toxin oxX1 n

'mrnssrdommaqés‘r@%raamo eRAPdAAL§s aldCodiad. Bg2A trarepeitar. SIC, Ni

ABOOdNsPaktérosipRd toRin0hIBh& SoxirH351€or HEBRIRORAL, RAFO RO Bt ISBBA.
of the invention conprises FnbB and 1, 2, 3, 40or 5

further antigens selected fromthe group consisting of
A further combination of proteins in the immunogenic composition of the invention

comprises CIfB and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.
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i mmunodom nant ABC transporter, |sdA, [sdB, 1sdC,

Har A, Mg2+ transporter, SitC, Ni ABC transporter,
wa@bk@hairexi n, al pha toxin H35L or H35R mut ant , PEAEP20AAMS3057

and SsaA. 25 A further conbination of proteins in the

I mmunogeni ¢ conposition of the invention conprises

Cha and 1, 2, 3, 4 or 5 further antigens selected from

A el QARifBR | &f. bRAeI in |RETUARAABLATA ofiBbsition of th fi

tl#ans ortér %tAb I%Bmlsdc Hagg Cgﬁ\%tr'a{%gpoorte invention
cos;ipr@s ﬁprAB¢ t. rZaas‘b@ﬂ émheaarmqans sRlecied fppHabe geoupreonsisting of
mh%ﬁ &ﬁ.nél%%a?lﬂa% ortdR R A A?%BaWQdCSS%A %ﬁ lfré'rfs?gﬁér SitC, Ni

Ination o eins in e i mmunogeni C
A&ﬁ tramsporter eipha ctmun erhptedreE38 pBHIRY mlltarm R&’ Acap(ﬂndﬁsaA
further antigens selected fromthe group consi sting of
i mmunodom nant ABC transporter, |sdA 1sdB, |sdC,
A Hather odybinationnefpproteins irSitheC,imNiunogdE tcoapepition ef ,the invention

cof AR NRELanfif 7067 2 1193l ocl 3riePEdf e i broud Bbhssing

of firamtihedominart iARG tramsp@ftevpﬂs;tﬁeils@ ilsdq, ttarA niMg2b rensporter, SitC, Ni

AEOTBRBOHLO Bl IO oM S8 Ay SOTRER Affrk HAP. D i e

har a ik gens se rom
consi sting of inmmunodom nant ABC transporter, |sdA,

{f?rgrﬁg éo ﬁb%atl'_ﬁr hgllg?e%n 'irjl’ "illrl] rﬁgﬁﬁgg(en% }5&%1 g‘%ltlorﬁgg he invention

comp’n IsE’AP,lsAAapd arid 2Ss’ia/4 06 5Afdrtbe|t hetigene ndsletded fomothe group

0t 0 |t| n f th
oo St 1 oA A SHEE, PR, Wt gt "o g mo2e
traaapor@enSitGeNeAB@dtrérrscpcrrtemealpgjlaotopincafp&aastbxmg—lsahf or H35R mutant,

' nodarg nant ABC transporter, |sdA, |sdB, [sdC,
R %,p %O@?Ea?r ansporter, SitC, Ni  ABC transporter,
al pha toxin, alpha toxin H35L or H35R nutant, RAP, Aap
SsaA. 1 |nat i on of protei [ he :
A e cgninatef o blefdtsn 7ot nam-fadts SRMeBgfigh i€ abe Snvention
cohnpadesPiSSAA andi 1.2, 2,4 85 furtber antigeng kt&ect@mfrorgensgroup consisting of

selected fr t u onsjst i nodom nant . .
'mﬁg@$%H§%o$€% tranlsgﬂ%rﬂ g%BI dIBsc!I%R"gl—g?i& ﬂa? ranspo&er, SitC, Ni
ABG tarsgportére tlphSitdxs, aldha ARG HBSINSNIIBIR mutamlt, FREP AR and SsaA.

al pha toxin H35L or H35R nutant, 15 RAP, Aap and

SsaA. A further conbination of proteins in the

A iftﬂftﬁmcxgﬁrmmtuoﬁrmopsﬂotém irofthd hemunggatid @bmp@@imsrr iof &the invention

SsaA a urther anti
coppasEs BEEANC Y. i 818 Rhdianens e Rah fhgeup consisting of
imtrfu?ﬁ@diﬂc Nhér&rAB%%datﬁspcbrﬁdﬂBlsdAS([@Bl, HaroA,,HMZMgtznaur@rrs@h tbtt@rr SitC, Ni
| ra a oxi n a toxi
At spPr et SRNR A AIPRRAA M5 SRR Btamh AR (g and SbaA.
conblnatlon of proteins in the innunogenlc conp03|t|on
the inventio conpri.ses EPB and

A hiren dromiTAgB & BETaIEs i the GRIMLREOSHS AMEBHLs & e dpvention

comprises SSP-1and 1, 2, 3, 4 or 5 further antigens selected from the group consisting
of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further 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 consisting
of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.
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i mmunodom nant ABC transporter, |sdA, [sdB, 1sdC,
Har A, Mg2+ transporter, SitC, N 25 ABC transporter,
wa@bk@hairexi n, al pha toxin H35L or H35R mut ant , PEAEP20AAMS3057
and SsaA. A further conbination of proteins in the
I mmunogeni ¢ conposition of the invention conprises
SSP-1 and 1, 2, 3, 4 or 5 further antigens sel ected
fromthe group consisting of imunodom nant ABC
transporter, IsdA, |sdB, 1sdC, HarA, M2+ transporter,
A Gither qambBTRIRBC P@tﬁs@ﬁom dhe I@mnagqrmucnmpaslbm of ok invention
co}?ﬁn%ﬁsoﬁﬁﬁé% Nubadty or%ﬂh@aaﬁlt@é‘r% siéhed forhYhd r%'hf) con3|st|ng of

nati on of rotel ns I n I Mmunogeni ¢ COo

ImﬁanWInwehBCdransemr Isglés 1BEP- @Caridiard_\ Nm2+3trarmp@rter5 SltC Ni
A%@(ré%ﬂéﬁ%%ﬂﬁ%é%@@ﬁtt% ﬁé@L”bFﬁ@SFQé@%?ﬂ,l X B,A?ﬁtds ’SsaA.

nodo transporter
Har A, Mg2+ transporter, SitC, N 35 ABC transporter,

A B S\ B B, 38 Bl 38 B AP b thenton
cofmprisese viteooattimbingioa pofteiprapdeil ng, 3.r# ohe furthen aotigamns selected from

th%B@B%’oﬁ%&ﬁgr% utnPrf%mb Héﬂlt%a Hg{gn}%ﬁsdﬂf EFscfH‘ﬁsd'c HarA, Mg2+

her an gens se ect
trapepmsiest Pitlg, Bf ABCMWGUW, @épha ARG, Blpaaépmntfé%L olsbllAﬁR mutant,
Har A, Mg2+ transporter, SitC, Ni 5 ABC
RA{FSQ\ F?Ig?;%gPA al pha toxin, alpha toxin H35L or H35R
mutant, RAP, Aap and SsaA. A further conbination of

A R 5yt BRAURROFD e SORRRRIAE RoRol i of tne mventon

i Aventi on es Vvitronectin
com,pr|szes 3|brmlogmn tﬁncﬂmg prodain and i §e2s3, Sedret fethef motigensselected from

t i, MY j C M ,
PR PSS, gl I BB ETSRRIE grn. woz+
traAEﬁbr’ter abispoNt ABC tdnsiparteraipha mklphalphaxonnHmﬂL or HBBB Rnutant,
gta’nd S%’AK Aap and SsaA. A further conbination of
pro i%nS TRt he i mrunogeni ¢ conposi tion of the

invention conprises fibrinogen binding protein and 1,
furthe ant i gens selected from..15 ir}ﬁe invention

A Barsier, cooinalih oy BRGS0 R EneSee cor Bty b Y
coinpeldes Iétﬂa@ulalssc‘eﬁd HarZ 3,My2t & fuathepantigans ssilddied MomABE group
cobtBRP Y Bl A BB A S0 B icrn, g

trapsmdrier,NSit€¢, NNt ABCi tamspogen ialphactarias alphartoxih H3te or H35R mutant,
Rinventl 8%1«? O conprises coagulase and 1, 2, 3, 4 or 5
Af £ gens sel ected fromthe group consisting
| rmunodor ni nant ABC transporter, |sdA, 1sdB, IsdC,

A étvrkwﬂ?s e B o Rk rbhed SEPRRERS e mventor

coﬁ@ps@nmgséram 2534 bus mﬁr_afer @ar@ynﬁastele@@dcrfonmm o0 cbisisting of
he | rrrfun 1.on O I NV

BRI TEEE A difoRoT e, SR, IF%By 98 13 o MeB: FesRgrer. SIC. N

ABCtrarcipeder, aipha tdxin, grmammnsﬂsbri HBHROMutant, RAP, Aap and SsaA.

A further 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, IsdB, 1sdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.
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i mmunodom nant ABC transporter, |sdA, [sdB, 1sdC,

Har A, Mg2+ transporter, SitC, Ni ABC transporter,
wa@bk@hairexi n, al pha toxin H35L or H35R mut ant , PEAEP20AAMS3057

and SsaA. 30 A further conbination of proteins in the

I mmunogeni ¢ conposition of the invention conprises

MAP and 1, 2, 3, 4 or 5 further antigens selected from

A L0RnGH Qé’rﬁblﬁé’tfbﬂ' f'd?&e@f in 'tmmﬁﬂﬂg%mtcgﬁﬁgsltlon of the invention

transporter, I'sdC, + transporter,
cogiprieps mﬂmumrrmaaﬁé@@r&rmportat pmph11%x3 r‘f’r orab fither emilqens ‘selected

frdff B, Shou RSB oG ref@oR W AR sabe thhding protein, Eoha,

ElhBo Edstin |bmdm§;eproiﬂm6ﬁbg§h|EfB:6ﬂﬁéb§Bﬂ|amolyﬁln tGitA, SdrC, SdrD, SdrE,
Sdfévgﬁrtl-goﬂﬁas%%’gr‘i[?u” FREAGHRE! AL |ﬁ§%|fg %pPRrNﬁsea&QAlplsA,

er anti gens Se
Ssgo B Bc &S5t $BI-20 HBPaMitranectire bieging rproteint tbriviegen dirdingaprotein,

PRl LI e Bl EPTy LB [ R AL ACRRECAR! B ssan
SdrE, 5 SdrG SdrH, Lipase GehD, SasA, FnbA, FnbB,

e i 10 P, DO RIS Sopeditts PP ienr

cofnmseéwlsgérarbl’ hdi 6’94 pr Stfeithrer antigergdetested Forg the\/én@up consisting of

Iar?il g-h% ﬁf& nit(faf Wsélgé'ﬂqnmr%gbro%mgg r@qtl?.laf‘)fA m@ﬁ‘& protein

&7 "Eonbl' pr'o ell"llnth
(Ebp@r),u’EcF@efﬁll) SBipestolysion CHA, SHEC,i SdrénSddh I Ge Gapt,| Sas-, Lipase

I d , 4 , i t.ed
OY T e b B Sl i . PBRA RS R, S0k P, 5P,
SS}‘P-QQ‘{BEIWmaéctmaaldmngjpm@lrprﬁbnmgen Hiriatindy priatelirB,coldydsds, iFig, MAP,
IRy RN Gy oot PR sent RAP) paiug S84 0L YS!
GehD, SasA, FnbA Fan Cna, CIfA CFB, FbpA Npase,
I A, . EP SSP- 1 SSP- 2. . HBP
A ﬁﬁt&qrn&orﬁl? Biﬁgq%n ’bf er?E)??'PnB‘g g}? prap?%énbc} &Pg}pﬂs&lon 0 t%e invention
commlged BﬂB anEI 9.2, BINP or 5Xortiadr phigdrexseiected fdra tﬂie)gnonp td3dbdisting of
Bl e P B MpRralivh et e et F b AN iz hipging protein
(EBHSY, IEFB (‘N@WSBDnautcl%erIﬂQfSSdrSdBdﬁGlderH BasB, Lléaw G5h[f) SasA,
[ elect rom rou s i,n
Frioln A G o L 1BST 0eh WiHEEP S P 45 SR nie By Se 1 SSP-2, HEP,
VIEbTiFIB%Btln bhidkyg ;Ebaasn ifiprifogedi bi t]l:lgjlr}ig pmlmsﬁﬁaﬁlﬁgﬁS)l_l'g IEEBFaIpha toxin,
r rH, SasF,
al '1%‘8%‘@ "égl-nﬂr ﬁéé@&\/“ afﬁn%&"’ éﬁ’f’o J \ QfA CfB, FbpA
Npase, |saAl PisA, SsaA, EPB, SSP 1, SSP-2, HBP,

Vitronectin binding protein, fibrinogen bindin
A JpPehesi ﬁomt&'B%ttﬂﬁ‘l Qté)gd(glingln b Immupege %)?PWPOS'E?’?)I% the invention

cohpribés B8O langr, B384 BHB&uﬁ’ther BAfgerdaeicatd fRsiathe gloup consisting of

B Py Sl R oa S Tr Pt O R 2950 incing proten
(EBpSy EFB &lBy][smegutglzigmgeﬁA serlcscScﬁ?t %ﬁrﬂns@? lgi_fd\E/H{pSasF Lipase
ogithaiang. P nb" EbR O, FBP Aoy Ao Re FRB SSP-1
SE{FEB]OI%P ‘EEBnédﬁhB))ndlr@ibroteaumbhr)@en birldirfgprofsity, Goagidade, Fig, MAP,

alpst'1a toxin, aﬂph% toXin l—‘_3|5L orill::35R mu gr‘?teRAP Aap and SsaA.

A further combination of protein in the immunogenic composition of the invention
comprises alpha toxin 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
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GehD, SasA, FnbA, FnbB, Cna, CIfA, CIfB, FbpA, Npase,
| saA/ Pi sA, SsaA, EPB, SSP-1, 30 SSP-2, HBP,
wo/kdoromeel i n bi nding protein, fibrinogen bindi QI/EP2007/053057
protein, coagulase, Fig, MAP, alpha toxin, alpha
toxin H35L or H35R nutant, RAP, Aap and SsaA A
further conbination of protein in the inmunogenic

b.m@r’&afegd @bp@Z i3 émpyeélﬂl Qfkol gﬂﬂ@{fAS@&rcﬂls@F@ §9r>é @dﬁG, SdrH,

er antigens selected fromt
SagF,dupase:ﬁehibr&sgt FrakA, d-'fanaﬁ%nm@]IfB ddpPt Ypase, IsaA/PisA, SsaA, EPB,

j Cj ti
S350 1 35Ty el PRSP B fiSen BRORa RoBR: Baguiase
Fig, M)imnﬁmdqminamt ABBItranapartsryisip, IsdBf lAdCSl:IﬁCé,\, N&gR-+Diransporter,

+ad Li pase GehD, SasA, FnbA,
S'@n@@?@%&@%%ﬂ%ﬁ%@ase, | saAl Pi sA, SsaA, EPB,
SSP-1, SSP-2, HBP, Vitronectin binding protein,

. b 1E L oi
A Filieh 98 RAeR Uphrfif e, ERRHARAR: corBiialfifr the invenion
cotrariges a‘@’;&toxmaﬂﬁﬁpcﬁli &I35R VarigittaBd IN2, ARt ¥ ﬁuntbpmntgens selected

froﬁam%ﬁ@g ﬁsc%ﬁhl ﬁl ﬁanﬁr{m Crgé%bh&aghefeﬂmf&/sg \Pat Bfngmpnprggﬁ EbhA,

Ion o
Eb'aBpElasiﬁmhlndlngliiﬁdﬁe@%EbﬁS)REFBr(FtB)t SBhdutbjysh, CB‘A &d, SrD, SdrE,

AP T P LBESR BT SRR R . BB RO pisoRronPrn
Ss&hhEPB,18SEHIh EESPEQ aHBPantrbnehtmg)lmlﬁmg prateif, HipispgerEBBding protein,

colgyiale: £k mar hBidnnehcAR Tasporiet. BiinaitR, oo, Mo2+

trafépofter, Iﬂutﬁ:sel; AB@av%hEpm@,r Adpsand, S€iAB, SSP-1, SSP-2, HBP,
Vitronectin binding protein, fibrinogen binding
protein, coagulase, Fig, MAP, imunodom nant ABC

A lflur&fesmmmmanohsdAprdtaldBn ﬂhed(&nmttriargénicl\/géhhposition of the invention

t t t SsaA.
coBRRRIAR B¢ 1o ik 5 it SIRERE sHer e o iRt Gonsisting of
Iarmmﬁp@eerttoprsnoﬁMhﬂmﬁsahw emﬁlngnpro@ﬂmﬁh&efmeEmdn bindihg protein

ant i
(ERHSFER: RIP)oBET| SHMA SES 5T SoBr 9GP fiTh SasF, Lipase
GebDHSB‘)élg FpmtEF ?EIISB @m;/&llfBEEb;EAlrﬁiaasx lsglA,:cmuAsmdggeApEreBessm SSP-
. . . 0
2, ol Vit Gipdip sxapin, PbiSagk e pfotes ks, Fio. MAP,
lmrlﬁ[]bcﬁionﬂh@s I;c) ATBéG‘. BranprUﬂ%P vr SpAas BdB| $f@' gzleﬁA, MggaAranspGiter, SitC, Ni
tronectin bindin rotein,
AB& tEﬁ’lSHBFS% Aﬁﬁ’ﬁ '%rot ei n, coagul ase, gFlog, VAP,
| nmmunodom nant ABC transport er, IsdA, |sdB, Ist

+ trans orter,,SltC N| ABC trans orte Aa .
bilielsRADIOR CLATHEn o st HATHBRETGH CHPBRRHGR oh tphdhvention

comm@aéqg@m lafAd wwAt anmcm 15d¥e ahd) CHBL isAA ar@camcr ﬁsaa and SdrD;
@gnd l's %g ‘? CIfA | sdA and @(f | sd ﬁj

'S%? fr&el S an A 159 gid §ﬁ‘aF L59Beand CliYx 5B a8d, (&) IsdB and

SdtGdédmand Sagy; |4dBdhdeSIE OstiB;ant BHRG AIRAB @hfi Bask;sCiA andlCIfB; CIfA

and SdrC; CIfA and SdrD; CIfA and SdrE; CIfA and SasF; CIfB and SdrC; CIfB and SdrD;

CIfB and SdrE; CIfB and SasF; SdrC and SdrD; SdrC and SdrE; SdrC and SasF; SdrD

and SdrE; SdrD and SasF; SdrE and SasF.

In the above and below combinations, the specified proteins may optionally be present in
the immunogenic composition of the invention as a fragment or fusion protein as

described above.
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SdrC;, IsdB and SdrD; |sdB and SdrE; |sdB and Sdr G

| sdB and SasF; CIfA and CIfB; CIfA and SdrC, CIfA and
w&eoD1102kf A and SdrE; ClfA and SasF; ClfB and Bdr/&p2007/053057

ClfB and SdrD; 30 CIfB and SdrE; ClIfB and SasF; SdrC

and SdrD; SdrC and SdrE; SdrC and SasF; SdrD and

SdrE; SdrD and SasF; SdrE and SasF. I n the above and
cbet).ow.corrb%g\ati OP§ . the specified proteins may
ApbingHaRT 9f Hee,PLYRINS i v "t he i munogeni ¢ conposi tion

of the invention as a fragnment or fusion protein as

In%ﬁﬂ@gg@&fqh@mﬁno% nﬁgg?éémg%\ventlon furthercorpﬁrlses three

n S
PRSI RANARR & SRETTRAOR G4 T gyt PR a5 i giRponent binding
protaine(fari exampler ah@dhesimpandsa sransposter ppatein dion exampleramiren-binding
prbt8ing conbi nati on of al pha-toxin, an extracellular
conmponent binding 5 protein (for exanpl e an adhesi n)

and a transporter protein (for exanple an iron-bindin

In #sh o (PPMBNTRUGRc eaalgbA PRI BN, Det ARETBFBaCeIgKTIeH ragyaenetically
debxified ényi iombductidre bOEoINT mdtation(gk fert exaaipley theddit 8ieiul mainthyutation.

THentar ﬁQUfb&inO'ib %fresféﬁt s awréél&e{eﬁo 'orfélferﬁéfﬁ%?' % (:Br%ugated to a
polysaedrride 8N RbaSion s miFifery Soybiosfoc. °

conjugated to a polysaccharide or PNAG conponent of

Exah®ldsrofdomgieatiensdodiiesi t i on. Exanpl es of conbi nati ons
i nclude: 15 An i mrunogeni ¢ conposition conpri sing
ha toxin, |IsdA and an extrace

al EI u{o onent
AR IRINYYPIEPIGH QP’HF’%%W'Oé‘ctCQH‘pf'?'B% glga gloxip 'Em?% i #Yy gfracellular
compenentnbindiog pprotein sslectedMrog el gmpbpmmigg pefotasiinin receptor,
Slt@ghﬁbC/ﬂﬂbﬁblnaln@Sdrbt@mbEBﬁlA NEbHE, BRA by rotel-EEbpB) BIFB (FIB),
S bR Re ofe, iy L %a%ﬁq@aagé PREE, Filie.coa, 1
Fbsé\aNpaainsa/gglsAl SsaApERB, §8P;1.\f PSnH@P r\/'tfﬁr\?el'mgmdlng protein,

fibpnagedi bindingProfeih coam.dgese, BigrashdrgARr ot ei n, coagul ase,
Fi g and MAP. An [ rmunogeni c conposi ti on conpri Si ng

OXi n, an extra
A RGOS s St TPLRB e PP TS i T8 oPRhp RARGRSL |, Bracellar
corrmnmtnblnélagpmr@tem sglectedMoy el gmpbpmwﬂgg pefotagiimn receptor,
SltEfDMﬁt.C/sEWBblnEInngrbt@mbEBﬁlA NELHB, @ﬁtlﬁ b(rEb@Sp)roteEF&b(oBb BIFB (FIB),

Slz‘ﬁi a&&&s%eaﬁ %@rbn L%rEgg FGe S%sAS%'Sk\ FnbB,
Cr]qugg FiorA, ARs; g A SE P1 \/ltronectln binding
prafeiny ﬁbTE\ogermblbdnmpr@empwaagehaae, Fﬁg bmd Mé@’en b| ndi ng
protei n, coagul ase, Fig and MAP An irmunogeni c
osition co | SI al ph dA and
ARG R 8 RalPERlor bt sy e Pt s Ao sgin selected from
th¢ aieLRicAnsiEngHf aminipeeRptarbhA, bﬁ@t Flast biading Pprtein éEbpS), EFB
(FIBEbOEA, SERB SdrD, SdrE, SdrG, SdrH, autolysin, FnbA, FnbB, Cna, CIiB, FbpA,
Npase, SSP-1, SSP-2, Vitronectin binding protein, fibrinogen binding protein, coagulase,

Fig and MAP.

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
(FIB), autolysin, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, FnbA, FnbB, Cna, CI{B, FbpA,
Npase, SSP-1, SSP-2, Vitronectin binding protein, fibrinogen binding protein, coagulase,
Fig and MAP.

An immunogenic composition comprising alpha toxin, IsdA and laminin receptor.
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(FIB), CQfA SdrC, SdrD, SdrE, SdrG SdrH, autolysin,

FnbA, FnbB, Cna, CIfB, FbpA, Npase, SSP-1, SSP-2,
wo/kdoromeel i n bi nding protein, fibrinogen bindi QI/EP2007/053057

protein, coagulase, Fig and MAP. 35 An imunogenic

conposition conprising al pha toxin, IsdB and an

adhesin selected from the group consisting of

| arni nin receptor, EbhA, EbhB, Elastin binding protein

(EbpS), EFB (FIB), autolysin, CfA SdrC, SdrD, SdreE,
ArSohngnogeni¢icorrpesitionrep®isicg @lphaltéxs), Istfpa0d Eblplase,

SSP-1, SSP-2, Vitronectin binding protein, fibrinogen

el , An
ArrlrBget SRt ARG ark B AR BT | aa
and lamnin receptor. 38 WO 2007/113222

ArR@UBERge07 £QBBEHHN cAmprising Atpde ridxdn, dsdfparsd Ebrh
conprising al pha toxin, IsdA and EbhA. An i mTunogeni c

Qe L R N A T T

| sdA and EbpS. An i rmunogeni C conposition conpri SI ng
Andimpiumotenit bompaxitidnasoehpliBiBg GiphB)toxin, 1§HA%Nd SaaBiogeni C
conmposi tion conprising al pha toxin, IsdA and SdrG An

ARV RRRC ColfBTURTI A 6O ABRR LI SH EHOPAS hg a1 pha

toxin, IsdA and CIfB. 15 An inmunogeni ¢ conposition

Arceilnbgéme cérhpdiatidnehiprising @dhanekir; i afiCifBMuUnogeni ¢
conposi tion conpr|3|ng al pha toxin, |IsdA and
coagul ase. 20 An i nmunogeni c conp03|t|on conprising
A%WOG%&? ROMPpQSHIRNLREPESIHI aRA3 I AL M hposi ti on
conprising al pha toxin, IsdA and SdrH.  An i nmunogeni c

Anqmr'?ﬁ}?r‘égéh@BorﬁScE@PtfdnSdoHﬁ)n@heﬁﬂ)hb%kuﬂ IsdASQfﬁ'! &dulads C. 25
| minogeni ¢ conposi'tion conprising al pha™toxin,

IsdA and SdrD. An inmunogeni ¢ conposition conprising
AFHWOQ%IW pompesiiRnaempsaing alphgdoxith Isdmantblgeni ¢
conposi tion conprising al pha toxin, IsdA and MAP. An

An .m%g@ﬁi& 60'986%%%%3'9 hb%m '%@g%' % odB. Anss

I nmunogeni C COI’TpOSIt rsi ng

An immunogenic composition comprising alpha toxin, IsdA and SdrC.
An immunogenic composition comprising alpha toxin, IsdA and SdrD.
An immunogenic composition comprising alpha toxin, IsdA and SdrE.
An immunogenic composition comprising alpha toxin, IsdA and MAP.
An immunogenic composition comprising IsaA and Sbi.

An immunogenic composition comprising IsaA and IsdB.

An immunogenic composition comprising IsaA and IsdA.

An immunogenic composition comprising IsaA and SdrC.

An immunogenic composition comprising IsaA and Ebh or fragment thereof as described
above.
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An i mmunogeni ¢ conposition conprising |IsaA and | sdA
An i mrunogeni ¢ conposition conprising |IsaA and SdrC.
wdadgnoaniizenunogeni ¢ conposi ti on conpri si ng | saArenEPHbN053057
or fragment thereof as described above. 39 WO
2007/ 113222 PCT/ EP2007/ 053057 An i nmunogeni c
conposition conprising Shi and SdrC. An i mrunogeni c
conmposition conprising Sbi and Ebh or fragnment thereof
as described 5 above. An inmunogenic conposition of
Art imenunogenit icompesitiqr ¢osnprigingsibhangbiiréer Sdr C  Sel ecti on

of antigens expressed in different clonal Iineages 10
' f
A L a%{ri?dgn g, %ohib%ﬁ%ﬁ gé&ﬁﬁ?ﬁ%%& %ﬁd' Ek)ﬁ%? ‘?raél%%hp{h%re'o? as described

@phyl ococcus aureus showed vari abl e presence of
virul ence genes in natural populations of S. aureus.

Aril.%rﬁima@eme lcbmbaei.od SFFehinGentidh cohPRYMY RGAC SHSor&HEUS,
at least five clonal |ineages were shown to be highly
prevalent (Booth et al., 2001 Infect | nmun.
69(1):345-52). Al pha- henplysin (hla),

Seleqtianrfantigeps gupregses U’t‘é‘ﬁﬁ"%tﬂw,b\j'“%ﬁﬂfscl unpi ng
factor A (clfA) were shown to be present in nost of
the isol ates, regardl ess I|ne e I d

ARSI S aen o viee PE0E B SeiRrsath g AbHation,stgycire of

Stépwmcwa&uscéuréi:s dhidived sar(dnopres&iceadf viruldftlgdnak achatdil

npg 6%%1 345-52). Moreover, according to Peacock
pogilalipns GSpFUkHS di stributi ons of fnbA clfA
coagul ase, spa map, pvl (Panton- Valentine
| eukocj di n) ha-toxin and ica

AR ROJi6E O SIPHPECyS PuTRUS. 8 ISBR [PEAprel Gregaes were

sh§Wh lt)&bél h@h@tiﬁék%fﬁérit (Bbott¢ 6N, ded ekt iR m(ﬂ|34sr5@msmha-
hese gfenes In contrar ot her virul ence g&enes

hem%ﬁma@ar) Broestibiade RERIRIG Aoy aAd BILMRTSHCIO AlgIA) were

shBRA® Y6 presel iR mosE&H thaBeRitdal Feébmeéér&ilﬁéd@e(@e?ﬁﬂy sug esting an
TSST-1 (tst) and nethicillin resistance

'ma@réargmleﬁbﬂhw%@&msaﬂé%e Siryival oh Sc pyreys ( ﬁfwgg@@ ?%10 fect
ImPfunabo(1):285282) M&Eéver'd&&@mgﬁ@ Prhecdkt gﬁbooﬁtr@dl?ﬁ&)ﬁons of

Peacock et al. 2002 (Infect "I nmun

fladh {8 dcaagaiese Hwadmap: rﬁ%(ﬁqngﬁ‘svaﬁntt”ﬁéeé‘«%'@mét’ﬁ& (gpenma-toxin),

alﬁl'%ttomh RRd fof YpRhiedto b8 LAreRiley BftRe un&%ﬁ&ﬁmg%r@ﬂ&ructure suggestlng
del ta-toxins, the sdr genes (sdrD, sdrE and bbp), cna

Coéﬁﬁgaﬁlﬁd’oé'a‘!@t%tﬁﬁ‘ﬁfﬁr phBesq@angsati on are all highly
significantly related to M_ST-derived cl onal
conpl exes. M.ST data provide no evidence that strains
In carifasy Sthsr&irplgRCEGRNGE SHeMps threerdlie Wré’ﬁﬂge%'@‘i@tn B nbB), beta-
hefolsIn@ib) OB IR d@ﬁroﬁeﬁr@(@ng Fraishsy G§V§r'1d"tg1eth|cnlln resistance

conmuni ty- acqui red di sease or strain
gene (mecA) are strongly associated with specific Imeages (Booth et al., 2001 Infect

Immun. 69(1):345-52). Similarly, Peacock et al. 2002 (Infect Immun. 70(9):4987-96)
showed that the distributions of the enterotoxins, tst, the exfolatins (eta and etb), beta-
and delta-toxins, the sdr genes (sdrD, sdrE and bbp), cna, ebpS and efb within the
population are all highly significantly related to MLST-derived clonal complexes.

MLST data provide no evidence that strains responsible for nosocomial disease represent
a distinct subpopulation from strains causing community-acquired disease or strains

recovered from asymptomatic carriers (Feil et al., 2003 J Bacteriol. 185(11):3307-16).
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35 recovered fromasynptomatic carriers (Feil et al.,

2003 J Bacteriol. 185(11):3307-16). 40 WD 2007/113222
weEROnER20D7/ 053057 I n an enbodi ment, i mMmunogenPCI/EP2007/053057

conpositions of the invention are effective agai nst

st aphyl ococci fromdifferent clonal |ineages. 5 In an

enbodi nent, the inmmunogeni c conposition conprises 1,

2, 3, 4, or at least 1 protein that is expressed in

nost isol ates of staphylococci. Exanples of such
In Ao EBTbAdiMeNnk ciMgN o8 EPA 2CORMPSTtIoRS of (the drpvention are effective against
stdphlyloooet from-diffenehteipnprlimeages. A (f nbA) and cl unpi ng

factor A (cifA), coagul ase, spa, nmap, pvl
In (d:)naQr‘hBleM%h?nﬁé RmluR gbipositindcdHgigEs-1,0X] I§‘)4 »or_at least 1

i ca, I nmunodoni nant BC transporter, RAP, ‘autolysin
prqtmp’rbabts expressed in most jgotaies obstgphﬂg@ccq@xgmg@; of such proteins

[ P

.namsaup@gsr@%yswwagSﬂa@ec&.ﬁ %Hdﬁ’i,%] e o@ Q(Mbﬁ) éad c|§@@@)g factor A
(C/EPBGQEI%)HSGSBPQ oA, BV (Banton VglsstlnthuB)cm@)a@ég (ggmma toxin) ,

mﬁT?Jﬂ'S_dorﬁlh?J\%%%q%&ﬁ}gpg)r@kﬂo%fggadté%% ?R%ﬂp b?% (;fﬁ gnﬁfcft Dis. 183;
108&b déraini regeptRGo SitOMIsaAdDisb| §B@II_IE49 Stsae) EbpRPBasFS@iashe et al
20?500 EOngOQJI. %ggaﬁﬂ?ﬁ)gr ogylyE?L}lg@A é%ﬁg)'s E?g ?/es’iErh3 P, Bone
sial® bipdimgupretein (| ASEB/IPEE(Horenzcetrah FEMSulmoups.i Med.| Micgab. 2000, 29;
142%%92@3\65? F’Q??édﬁem.cro&oﬁ "f%e?zf%ﬁo&nﬁbfssé% EFQ)cﬂE%t al 2003,

ént sefs rains
Micreblolage d149 64Be SaatlitRochei et sloAREs i Micobioldgyt ti; 643) aureolysin

pré@LﬁYﬁechgAﬁgﬂLVS%f é?‘r(]ja\'uv& |J?cﬁ sn?onb' nation of antigens

nmrune ‘response to be generated that is
effective 20 against nultiple clonal strains, or

In I%ﬁ %iltgryatl\g %@Béé?ﬂ?@{g ?'nﬂﬁ pﬁ)%m? Qﬂg@la?e g?@é&% h%&%ren& sets of

and yS|n
clongBatralns & alvituied Im’éEArTlmuﬁn@fBlI@CQin[&‘HﬂDn of titeBneamdiosdoptionally the

AR 5y S ALy SR AT i

aghimstrudtipieo tipsalnsteaing, oBcigBinsbatl acldnak staings iFor @xdmBlegr égmbinations

e TSR e R R i o e

FnBBrdnd Sur®, &nbiB End SdrEnBnt@Bhdnd EbbS, F3EBI add &fisl betacBaemolysin and

R e i R

smndb&bmSemwsm A0S &EF phetSdiaEmalysin a‘ﬁdrEbpSS@eta -teretindymrSand Efb,

SRS LR 041 B 0 S cro

Efl oTB:S‘IhedmwmdmAaZHSSu'nca‘rﬂil S4DIpOSEHtan: &BEpT$S‘E\d AOBLPS, TssT-1
and' &b SRELR Wnd XM BSh1ech aRY'SHHS B0A Sha EBHESCIELA R E15, HhiD and

SdrF, SdrD and EbpS, SdeD and Efb, SdrF and EbpS, SdrF and Efb, and, EbpS and Efb.

The combinations described above may be combined with additional components

described above.

Protection ﬁgainst S. aureus and S. epidermidis
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WO 2007/ 113222 PCT/ EP2007/ 053057 In an enbodi nent of

the invention the i munogeni c conposition provides an
we@bdoga1i2zee | Mmune response agai nst nore than BCIEEP2007/053057

strain of staphylococci, for exanple against strains

fromboth S. aureus and S. epidermdis. For exanple, a

protective i nmune response is generated agai nst type

In 2P &iPEROSYIRE Snidntich tiad n?rﬂﬁnog%n% MpRRitiBh dréfdes an effective

I NMmunogent C Cconposi tion of e I'nvention 1s to preven nt
imAyee gespaiise against mase dhare onre stigina@fceiaphylasioedit fofexample against

st OfEN Rith | € néﬁeu?%nh ngc Bbl%hﬁ}&a pﬂ)to %rﬂplgo%p bidctive immune

treatnment. At this stage,
respange a@nyrq@%a@amstwcﬂnara&@efylypemfc&lauseusw ns the

patient wll be exposed to. It is therefore

advant ageous to inoculate with a vaccine that is 10
Oneapadict tbé igenengeniagoanostidreof ithe irivnentme is &5 peavest nosocomial

lnf@gt?anStfo f?ls{a%é' |ﬁtélgétﬂ§ QIrger? 8&? IS dcog/cﬁ'foculémﬂj rﬁ)rlor to hospital

ive I nmunhe résponse
trqaesmnétdhsrsaagegltm@ﬁsulgm ddcoeately pradist woich staphyloaocpalisteains the

paﬁgﬁtl \A/if?@g %x?@s%ﬁlto.oﬁ %&Rér@ﬂﬁ@ Ee%?%%‘e%ﬁé ?o ﬁ\ﬁé dtei h a vaccine that is
eéscri be n the exanpl es can pro ection
capable obgeeeting | amgeffactideimnfune |r¢&pt>a$&:eagahat gifrious strains of
stagfﬁ I'SEJ)CGC 5 1is defined as an increase in the LD50 in

arison with carrier inoculated mce of at |east

10% 20% 50% 100% or 200% Si gni ficant protection in

Ane)e(ao‘i & ﬂg%a{\e r((%sg)g % g&nﬂgéi’ %Scarnel Snéur{éf’] ?ﬁéﬁs&é@% gi%s significant
pratbstonvied rhoggeribaiiege roddelor bpsmmpﬂzﬁg}zipyiﬁa%asW/&s dé&ddribed in the

PdPlesy SN bR Rio8: Bofr BRUSE HEPPYec PBHE ol TR mat o
expmplecs tis «daflnedsas adnmmem |bytha LOéo nreaempamsdnhmth carrier inoculated
io) I t 10%., 2Q% ..50% 70% 90%
BB Bl SR 5B, 083 o 00 28BS o] oton o
chebl’em}'plraocYel fBeirstamlce Ol’ﬁattdﬂeaxampbeﬂs,ris diefhmJédess agﬂecrease in the mean
[ C t t i 25
ObSPE R SO WP 1 o BaR of e &9 oco0hs el 0% TR présence of
opEbrhéh@bhtﬂ)od@sp§kr&U’vd1 téajorralate with brotdwmehe/refﬂ)rebagmmt Protection
is %? %a%/?%descr?g%gd?%n‘b tg’rﬁif:%un @ﬁn‘gkgg{(%&%)j %%/%gbg} 70% or 90%

in g Ebﬁﬂicﬂfoﬁh@dwt@ss-al‘swfdrmtanmm of esgmapie &, (for
exanpl e crossreacti ve between at | east one S. aureus
and at least one S. epidermdis strain). PIAis also

Sewetal oﬁmfpfdl@ﬁls retuaegninmurdb @ising ABCStratdploeter, rRNIA S activating
30. Therefore in an,. odi ment . t [ [

DTSy LTI IPCBP Ot S TR, G594 ERHRIFTES Ebsagchigp are wel

coh¥dreedbbstnded sogbm@%has letﬁmermm srmeexatnvme stdhoRe tidt IsaA, CIfA,
Jougg theFatg) Qte i ns. ?

IsdB, SdrG, HarA, Fn and b| can generate a cross -reactive immune response (for

example crossreactive between at least one S. aureus and at least one S. epidermidis

strain). PIA is also well conserved between S. aureus and S. epidermidis.

Therefore in an embodiment, the immunogenic composition of the invention will comprise
PNAG and type 5 and 8 polysaccharides and one, two, three or four of the above

proteins.

Vaccines
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42 WD 2007/ 113222 PCT/ EP2007/ 053057 In an enbodi nment,

t he i nmunogeni ¢ conposition of the invention is m xed
wowdo/1e22phar maceut i cal |y accept abl e exci pi ent PCERP2007/053057

optioanlly with an adjuvant to forma vaccine. The

vacci nes of the present invention nmay be adjuvanted,

part|cularly when intended for 5 use in an elderly

|on Qr _.use in i tions.

in 8P BaibelPikal s lrbnoBenit bty X 1R Biploby B mired with 2
phatmﬁﬁehma"mmapkabdﬁae@mlerﬁrar@l apipanimwithanssiuvanble form angccine.

but may al so be other netal salts such as those of

ThealaGtikks ofthg rpeéseumnveﬁti@n ridy be& abivarféd, rmytldmr@rwhen intended for
i nsol u Ie sus ?ﬁnSI oI§Pac | at ed tyrosine

cyl at ed,
usg JagneERSy pahiten, 19 5. 14 RegpiBlions , Stitable adiuvants

.nmcmumﬁum Qialtmlcﬁ RO IMELEN ayfdroi.ee ldel bf aRinih@h IEi@dsphate or
t he aﬁdé%?ant be sel ect ed to be a preferenti al

L rether petabpalts, Rich AesBosQE RRIRHEN Magpgpiem. iron or
zm@f oThﬂaaﬂimeaﬁYh%Utﬂéssdssaﬁtldrp of aePMtedt h@oélriéju@{ béyated sugars,
nmedi at e% amrunere ses to a ven anti gen,

CaUﬂ‘ﬂ"@Y o arjpnitally deavajzeqp CP?B@%QWH&Y SPhazERgH t o
favour the induction of hunoral imrune responses to

the antl%@ 15 The distinction of Thl and Th2-t ¥
It is preigreed bHWs%’W‘@"hB% salssis (i@ &e a prefeertipt pduger of a TH1 type of

redpddlse/i @iRh MAH levBdIIOrH-1§Pe IcPiBKiREs rt&ﬁipfbnﬁé@oﬂ!mﬂh@hndlﬁctlon of cell
descri bed as being predomnantly Thl predon nant |

mepigied iRERR FeSPPRSESIO §f §ivaN %@W@@n‘i"@lﬂ h'lQB '%Yﬂ'm%?fd-éfﬁ tRe Cyt°k'"es

teridPBAvoRP triefindueribP b MfSoraNmhREBePonsdidth tﬁee§ﬁ&r2q|eﬁed in
murine CD4 +ve T cell clones by Mismann and Cof f man

(Mosmann, T.R and Coffman, R L. (1989) THL and TH2

Th@edlétﬁlctléH Bf Q’h‘?rﬁndp’ﬁﬁé @F@ﬁmnﬁfne' EEREHRK 18 ehot &BESILHEON In reality an
| e different functional gertl es. (Annual

ad
incixidi o b FUPROF &I BYTBRE reEpopsesBhigh 35 desribas Pohiang gredominantly
Tthb;l= 5r¥<ﬁ’cﬁmﬁ§ﬁt9°ﬂ§@s I-@W@V@I’Sﬁqg'o?ﬁaﬁ@o%ér'herﬁ h‘@ coﬁé&’é’r“t‘ﬁ%'fﬁr‘?nlles of

he TNF-y and I L-2 fomesra% _Iy
cy@lﬁ@ﬁ inc {eroRoh dat seseived n MAENE\CRA ¥R | a@eéoplqurby( Mgsmann and

pr ogQMOQﬁ‘laﬁrfi 'I:rhlaﬁd’ @ﬁffr‘n sucE (r1§§®°ﬂ$|e§n@1'92 %@ﬂs dlfferent patterns

uced by 25 T-cel I n contrast
of Tpphakine seeption deachrie difeept ﬂtr@aowltwwﬁ@e%eb‘i«r@wabﬁewew of

Grradifionttly, Fv-f/B0! 3 AL with th
Im una1%gpr orgT e 17'32;r e(g%dmﬁonan¥ t@@ & spo‘%és/eﬂalI ﬁc?& e: W ©
produiatigrh of peo N -y [angi It- ZAchtoklaeSd o i T/-amnnhecxtteﬁer e@ther gytokines often
. oxlLf . iR | - f i C
crgh st e Pl Bion 4 15" Yng intilte  Plndses Bt produced by
T-calis,cpnicb spHbr12] In contaist) Th3BypeRiespdrses are 8sq@n|armir\aith the secretion
e n
of ﬁr%n&% gbﬁ ;lllﬁ Agubtage Edjuvgrg)tf 3%{;%?sy@§|cﬁ grctgjotg q %regamlnantly Th1
resmonsmmmmphorﬂlyhodhoppmbrylmpndtmgeaIﬁerlvauvehh@reoﬂwmr datoxified lipid A in
numgsal to (f ta 0
oot P8R b b3t SRR DIBSRIBH %0yt
manaphosphotyl rilaldl An&3D-BiRL) déan itngrePratioPLseer 6B 2220211 A), and a
combination of monophosphoryl lipid A, preferably 3-de-O-acylated monophosphoryl lipid
A, together with either an aluminum salt (for instance aluminum phosphate or aluminum
hydroxide) or an oil-in-water emulsion. In such combinations, antigen and 3D-MPL are
contained in the same particulate structures, allowing for more efficient delivery of

antigenic and immunostimulatory signals. Studies have shown that 3D-MPL is able to
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contained in the same particulate structures, allow ng
for nore efficient delivery of antigenic and

wo povanoei mul atory signals. Studi es have shownP¢TEP2007/053057
3D-NIPL is able to 43 WD 2007/113222
PCT/ EP2007/ 053057 further enhance the inmunogenicity
of an al um adsorbed antigen [ Thoelen et al. Vaccine

furﬁﬂe?%ﬁplaﬁé tﬁQ%nr%ﬂnog%Rmﬁ?%ﬂgﬁaﬁH adsébm rﬁ}ﬂw ER T I'ﬁ)\éi%tneéf‘al Vaccine

i nvol ves the conbination of ryI ['iprd

(19880 6 8pbhi AP 6894 drBlat i ve, partl cul arI y the
conbi nation of Q521 and 3D-MPL as disclosed in WO

94/ 00153, or a less reactogenic conposition where the _
Arggihanged systanc inedives this coathislagien efr@moagpfmsamrwlsl@w A @ng\@ saponin

deﬁ@éti@%i%ﬁgic@ggg‘fthé‘E}éﬁmﬁéﬁog%ocop %HMfP‘ErEy'@}éék%d in WO

| NVO In an ol
01863, enmud seem reactogania .q@mosmon/wh@s/mezmzﬂ i® @menched with

cthé@@pdl %”B.s&lgged W%ﬁfl 3§ Omﬂgﬁﬁdgg&ﬁé#i@?méﬂ formulation

nprises a saponi n, whi ch
lnvromrlmﬁﬁeﬂ 0BD-MBL amcttpcomqnoh ig @anagil ini wateémemalsion iegasaesibed in WO

0 r 7 . ed
S0 o A3 Dol RS iforgy somonses
sapomin, rwmcmmam betQF2]. dhé fpomuletieromay elso COOPRSEIH Tl amlater emulsion

anWt%gg’oo%%z(Wdé‘rg%/ﬁ’ﬁ Lﬁ%?e?rf}ﬂétéd*"cdd‘%&%ﬁtﬁfn%go& @nTF'%otudes (WO

nse and are su use’in
96{O%éﬁ)t| @nd 1&8th&ar timowhemodudataryanbiganueledtidese $WOOLEEH7 and

W{e)gu 7%55 age( %%’ ropelfe t aﬁ‘lindﬁg%rg f a%'l-h regsho\fx@% %hd are ?unablle for use in

Si 0 e Teceptors agon
thél'prletsemtnm(\ermmeptor 2 agoni st ToII like receptor 3
agoni st, Toll Iike receptor 4 agoni st, Toll Iike
receptor 7 agonist, Toll |like receptor 8 agonist and
Pa‘ﬂnﬁularléd;wan&scem thos® sejEmteds friom $tagparoupsobmetal Salts, oil in water

h f h .
erfiianer el JRE RE RS pslt, (D p@ G4 R DiRClacbfy 25pedRRE Ton e
reddpsdy ®ragooist, éirolln‘&ﬁbrreaenmrvesagdnﬁt pT@?E]keatecepB)r 7 egmr@;tamoll like
such..as those

03 Aropns g Lo Treaiy BN Ssefras coftifdtondinereot
Adj uvant propert| es of bl ebs can be inproved by
hari de
A ERY ke o5 RS Prth 305 SR o0 b e aiaraRg arg bleb or
outke ineangteraihe [ésitle preplasetions flof. Grandeepeyied bheterdd straih®Such as those
Y oy UL, < ety B SEUrITS it Arlyant properties of biebs
caprmppigroesl banewirty LOSI (mpdsc?rge@bdayharrﬂéaioni idgsittdcdd (ead1cdthrough
rom. meni.n

onal |l y renovi n 0 | bl e&

R oA Drosarnedons HiegeniT i aved i semiciatg) Los
cah @ @etbﬂned:aﬁ@;gsﬁm@hagbgte) @ﬂﬁttB(t)urhetaﬂif)nsLGECMed in WO02/09746.
%m ngoco az for %] g I gt Bq'-) .

b PoRe P%&@Qs % PR 'W?EUG‘A/ 1r r‘?'”g y (ﬁ% jQpEPRANY removing
PdrAgefrah ademimgotocakisleh<OBdjuvant properties can also be improved by truncating
the outer core saccharide structure of LOS on meningococcal blebs — for instance via the
IgtB(-) mutation discussed in WO2004/014417. Alternatively, the aforementioned LOS
(e.g. isolated from a msbB(-) and/or IgtB(-) strain) can be purified and used as an adjuvant

in the compositions of the invention.

A further adjuvant which may be used with the compositions of the invention may be

selected from the group: a saponin, lipid A or a derivative thereof, an immunostimulatory
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(e.g. isolated froma nmsbB(-) and/or IgtB(-) strain)

can be purified and used as an adjuvant in the
wa@eoposi2ei ons of the invention. A further adj UREIEP2007/053057

whi ch may be used with the conpositions of the

invention may be 35 selected fromthe group: a

saponin, lipid A or a derivative thereof, an

oné;cfoh'Beﬁdé myh agmyly gld&éﬁf@p@@%ﬁé&pﬁ%@ EPTA EPROQ/Z(e%é%lZuon or

onucl eot i | ucosam ni d Sp ate an
combinatlcvnwﬁ@of erfufusthen ptﬁferre,doﬁ@wvealtusaﬁsmﬂaésélbfn cambination with
anBME{)Bﬁfuveﬁ}{tef ﬁr|5 ofdFHb 4 RS th S aSebit Ilké‘ Fece tor agonist in
co nati on anot her t iS |p (5
partigaiar an@gadusmfaantT ol tharep@pllor 2; ﬁe4 r'éd‘eplt Br ora@;@ﬂpmm iin particular
rtjc i .
Qs?all 8|t gérj*ugt?wetggreﬁeg%g ptﬁ%]t L aﬂwv styL hfcc{rﬁ;é’%% 2\&0 %r tn%;reé Adjuvants
frofru thtenelpovsr lister rnedarttlhldar thqaechplnatms rrgferaly contgin gesaponin (in
r |
palttaPls P &y dihtdiova THf B {eREREPG Kohistouchid & CpG containing
|mmap<aﬂ’qlnwla(tq>ru OIIQQ(FLICI(?@Ud%trOt@QFlT)?fQ&@pLﬂwmﬂna&nfcﬂ mmansem saponin (in

pahiﬁlﬁéh R rfb; a %o %lﬂ%%éé r’t](argc%;% ?séggcqpﬁ@?ﬁ‘%@ggém Jpid A orits 3
deawfajedwamnwwecar@r—r MPla s apeaponirf i(in paticularcQiSan) @32 %) Toll like

e R AR Jnea“%fﬂ G P8 pRtFA R, 3 oo
derlvatlve 3 D - or a saponin (in particular
T fl
8 ST S STy HSOPE 3530 0 7 o
B1adjilirv evates emuislamrmmpaslng)ﬁﬁ) -MPL 3bd K2 14WD @852 121EWO 98/56414)

or MBSl Bt s BB B EAE) 3P P By e
syétaEmOamdew tombinhtien oRBrD vIRL ( ERSD! @8O a4 EsGBblgonucleotide as
o . .
doguhel LR STO SR 31 and e tpG
ol i gonucl eotide as described in US6558670, US6544518.
Yant

In_a nbodi ment the adj LS Il like receptor .
in e e@PogMeRt A zaluybilfs & di REfecnBafiTLRY b 4ol e G ERY n agonist
suthi ps i Wpud:le.ﬁr de&latuve pparctzladyalnao'riophassémoqhﬁpiﬁh@rhcylmd|>rie|ma1h_ia§uarly 3

or artl at ed nonophoshor i pi
Deﬁ@%‘%o BHm ”BE’B ?B’Xﬁrg?_ 'éﬁ@(rili abl e from P

A axoSmi t hKl i ne Biologicals North America and

s . W.th

3 lﬁm@?r ksl%ﬁi%b%gﬁtgrs;%@xoSmlh@Qﬁ %.rgl%a%g@ %Qp Aggerlca and primarily

pramestes ¢iDag T eell F&pﬁﬁflé%oﬂhfh dh SEN-gSEH1) phéeBtype22 Ot Zahlbé\produced

Cheni cal | at ed o .
acqRiBBIRLIERYoF ks i Er% 22 28R ChsPikapy sing midure of =
deactwatéus moﬂbﬂﬁ@pa&yynpum Alt \hms 3¢ @n@w iet a@mecpthatuhte Pr&sably in the

Vent [ O e

ol yRFreteinhiortsiaRarlie s i NP et naia particie 3D

-MPBYabe mired sige budH BEEE nidpmeugérilefiferéd Ifhrf)udrﬁ £0.228kCHter. Such
scri bed, i tiona

repar ati ons ar e n lptern
PR PR 416 ORGTDHD 5.4 arBanos RS AebIcateyNe alQ /21292,
Synthelid gerihativedrd lisidovareamewh ad ghdughotote TiLRR44gaaieRriisdlsding, but

no Ilmlleléql ng. but

OM174 (2-deoxy-6-0-[2-deoxy-2-[(R)-3-dodecanoyloxytetra-decanoylamino]-4-o-
phosphono-B-D-glucopyranosyl]-2-[(R)-3-hydroxytetradecanoylamino]-a-D-
glucopyranosyldihydrogenphosphate), (WO 95/14026)
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not limted to: OML74

(2- deoxy- 6-0-[ 2-deoxy-2-[ (R) - 3-dodecanoyl oxyt etr a- deca
WO eyam2en] - 4- o- PCT/EP2007/053057

phosphono- R- D- gl ucopyranosyl ] -2-[(R) - 3- hydr oxyt et r adec

anoyl am no]-a-D 35

gl ucopyr anosyl di hydr ogenphosphate), (WO 95/14026) 45

WO 2007/ 113222 PCT/ EP2007/ 053057 OM 294 DP (3S, 9 R

- 3- - [ (R) - dodecanoyl oxyt et r adecanoyl am no] - 4- oxo- 5- aza-
OI\Q@Q& 9 R) -3--[(R)-dodecanoyloxytetradecanoylamino]-4-oxo-5-aza-9(R)-[(R)-

1O bis(d
WU O e T e U
/64@0|1@9d DN94 )(3S-, 9R) -3-[(R
- dodecanoyl oxyt et radecanoyl arrii no] - 4- oxo- 5- aza- 9-
[ (R) - 3-hydroxyt et radecanoyl am no] decan-1, 10-di ol , 1
OM dPhR-4g &b BDs PRt (RD-dobecanoyioryieiratecana)anfivg)-4-oxo-5-aza-9-

h T iC re
(R esdeniian ok d0co coc i itog ot iEinde® 106
aminchekaate)i WODIRBO3DO or US6303347 (processes for
preparati on of AGPs are also disclosed), or
pharmaceutically acceptable salts of AGPs as discl osed

Other TLB3AigeA@AWhiciSaTay bAERed arecalRyl I@ﬂu@:gamlrmdesphoapbiatesnt‘eGPs) such

reTR4 ant obe efu
as Jidts iitps R L MR eRh e arUch 8RR IPPotitne o PRI Bh g paPs are
alsos disclosédie @r ghamhadeatietly i emapmb@ﬂsalté\ ahdAGPs as dlsclosed in

jyatiyves. j |l | S,a _saponin pre N |sola

UM S AP ained THE4 2ePRBS T SR e e st rtotn are
thcaugtlt toae Usefubbs ddjaeamitded as havi ng adj uvant activity by

Dal sgaard et at. in 1974 ("Saponin adjuvants",

Archiv. fur die gesante Virusforschung, Vol. 44,

AnSihiet Wéreaoirﬁ/ﬁidoamnulﬁﬁtr ferUsepla4ﬂile2;5é§ent Riovantio@ds Quil A and its
ave been

aef S Gl A At orge ty UoRa At RO T, 9ault fierican et Quiaja
Saposdvial MbIR@ amdt \haﬁﬂrIs{ déscflE&i 8s B@ZnélZSJ)Jvantfa@ﬂw@)@mDéI@gaard et al.

in S04, P 3Pos SRl entele ATarih 16 U CERAM 5 I 54| Yph 34 Springer
Veﬂé@ﬁlﬂ@fm a%zldszm VWUrde lrmr@g?gs fgﬁ;hn Wh@%@ge@w Tsoltéd By HPLC
whidi Bt adidfart petidly el PedotahsrocBg s QwLALEE Q362 276).

for@xaipR RSP SABIQINVE@RbIkABWN BRIAAT shd@QARY). m8-21 isoapafal saponin
have peen scri bed which are ﬁal‘tl cul

: rl ,
de&eéif féqrpérap barhpé@nllla@r $Apeqatia Moling,wh gﬂn%ﬁ%%@é cytotoxic T cells
(CPLHr ™1 ¢NBIBH 3DFSdmindrit8gS 2P amibady FerbBhstdamista ;S}Eferrbh @aponin

ll|[H)]]eesent i nvention may be separate in the form of
in the cantextof thy &r@ae%'@/@m% 30 (preferentially, but not
exclusively with bile salts) or may be in the form of

Panicg:lgr\/lfcgrr?nulati%ﬁss of QS21 have been described which are particularly preferred,
these formulations further comprise a sterol (W096/33739). The saponins forming part of
the present invention may be separate in the form of micelles, mixed micelles
(preferentially, but not exclusively with bile salts) or may be in the form of ISCOM matrices
(EP 0 109 942 B1) , liposomes or related colloidal structures such as worm-like or ring-like
multimeric complexes or lipidic/layered structures and lamellae when formulated with
cholesterol and lipid, or in the form of an il in water emulsion (for example as in WO
95/17210). The saponins may preferably be associated with a metallic salt, such as
aluminium hydroxide or aluminium phosphate (WO 98/15287).
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(EP O 109 942 B1) , liposonmes or related coll oi dal
structures such as wormlike or ring-like multineric

wa@eopliexees or |ipidic/layered structures and | BOBEEPRET7/053057
when fornulated with cholesterol and lipid, or in the
formof an oil in water emulsion (for exanple as in WO
95/ 17210). The saponins may preferably be associ ated

Prifetdbna tHEB fMohinGs HAddentedUs 'Eheai%rm%'f’ ad Héﬁrﬂé q@C@M}' bPX%h &8 in water
or al’um ni um phosphate (WD 98/1 )p

emuigion. 113222 PCT/ EP2007/ 053057 Pr ef erabl Y, the saponi n
is presented in the formof a |iposome, |1SCOM or an
oil in water emrulsion. An enhanced systeminvol ves

Antgnbaneathystam Bivolyes Heraomtinaiop vbaymonoppesphary! bipid A (or detoxified

ef) I
np.gaé ?alﬂcot b grgfuonﬁn dbm/éiiwél) ﬁ?@éﬁlyﬁtﬁ@%@uﬁﬁgh \Sé,% vl 9 and 3D-MPL as

disglosed dsed/Q r94m1§%/ 00 85®ss geagiogenic qomwbgrenmf@re the QS21 is

qu@ﬁéﬁég?{lfg‘r o Iéggé?glisg {j\gclé%% '\/\@/’\8 éﬁéfi‘f&gg% W%\ﬂl@ularly potent adjuvant
formwattlpa imvahving feserteroladjhugravithout S1SR11 2nd/an3l-MRY ini argoil in water

LfIPﬁ%?'Ph?r@ésc%édq iRM W (1o @SZ]maBgé oém%rg{g/ 1_}?551oﬁ1rqurrlmogen|c

In water enulsion Is escrlb
coppesitéerbartiitianally edmeprisasra sepenin ovhidOmay e &52tli on
additionally conprises a saponin, which nmay be QS21.
I mmunosti nmul at ory ol i gonucl eoti des or any ot her
ImmaihpstimutatonyealigprunieqtiteRpr snagtiwer JollHikey recaptop (BeR) 9 agonist may
S i.d oL 4 i .
Al IESE TRE BHEEhel AbARRMLER RS, FPBaliFfhit Br vgogines of the
prQSpG ipeerttiah rire § PG ¢ogitaining eligandelsotides efrefeadtily codainamgriwagr more
. t
dlr\h\éfggﬁdet g?{égn’wéltﬁs 9 e&%’%‘té? %& aabfeagjttﬁn%gg%oré %)f@[)l? a?geagyg?tor more
nudacti@et iAc@ME mtiCs@ Gyivsine n@cla)t@glf@l@wad bm@&lﬂﬁ]‘ﬂm&jmcleotlde The

! | eqt j _
°E§nuc e?sdét"iii% Bf‘?thHPrlnglgéfhﬁ Iahevgﬁ)lcaﬁ%epéynucleotldes. In a
pr&fgrmd:aﬂnbgdlmeobdylaumibmtledm inlthe ahgqmueléeirdead phobgthrodithtoate, or

morE glpq?%rgél qua:,“e gﬁorgmlotapﬁ) @An&?gg ﬁt Ipﬂgsﬂh%dlester and other
lntewimosipmmeobdmdsaare \aichird thealscdrpeugmthphuosqmuodu eAlserincukd within the

soge i 6 el R QgOMsiten Vi Fifedpleth iddle HRRER ltethocs

fori mmdirdin@phenpﬁomkhl@}nm@&d;c&mtiedmﬁesvmt phospi@rddithioate are described in
c thods for producing
Ué&%@pﬁé QSEEZgT%Q& ﬁ%gﬂﬁ%‘s@éﬁ)ﬁl des or
phosphorodi t hi oate are described in US5, 666, 153,

78, 30 nd W95/ 26204, 25 EX es of efe
XIS, {l i Eor PR AUSTUCIE T Pofe B UGS FoRuaicRs THAS Seauences
préatablf@mee&m ;moeblemammtecmndm:aanmdnmm@mrmudﬂagat.e

f : ; . s D
o S E NG B e A R Ao TRk P2 1 o 2
OoUGEQ (SECND 2D:2):TIT CCC AGC GITCCBICARTCHGHE58)758)
oLTRFHERTERA. D). NPT Ee BT &EE EF R BT R E"
OLIGO 4 (SEQ ID NO:4): TCGTCG TTT TGT CGT TTT GTC GTT (CpG 2006)
OLIGO 5 (SEQ ID NO:5): TCC ATG ACG TTC CTG ATG CT (CpG 1668)
OLIGO 6 (SEQ ID NO:6): TCGACG TTT TCG GCG CGC GCC G (CpG 5456)

Alternative CpG oligonucleotides may comprise the preferred sequences above in that
they have inconsequential deletions or additions thereto.
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30 ALIG0 4 (SEQ ID NG 4): TCG TCG TTT TGT CGTI TTT GIC
GIT (CpG 2006) OLIGO 5 (SEQ ID NO5): TCC ATG ACG TTC
WEIB7ATIZR2LT (CpG 1668) OLI GO 6 (SEQ I D NO 6) : PAEPACHS3057

TTT TCG GCG CGC GCC G (CpG 5456) Alternative CpG
ol i gonucl eotides may conprise the preferred sequences
above in that 35 they have i nconsequential deletions

Th%r e GﬁI@ed o tﬁéopl%QQW |Ne°h%3|2 may be synthe3|zed by any
/ EP2007/ 053057 The Cp i gonucl eotides utilised

methoci Heownedenthei Ateffor cﬁ’?‘aﬁﬁﬂﬁ tRees it HESH2@) bQOBYﬁﬂ'enﬂy such
oli d&%@tl&ébof?q@y b@s}rﬁﬁes@{e H ifish %Qu%bﬁte%%@nﬁ@sé@@520)
ently,

nveni such |gonuc eot| des may
synt hesi zed utilising an automated synthesizer. 5 The

Th@‘yngj‘(/ﬁﬁ‘ttmgﬂaye Q oftth \Qétbr LRuSRhRF nlitofipPBe 9h offfYwater emHIsmn in

rse an ol In water enu S|on|n corrblnatlonvvl
combinatiomayithvethers adiprentd IThﬁhQé @hese tof dhe: remulsiom systemepreferably

coﬁv;oﬁ%%r 2RleYabof 6lf| sa r?qjﬁfltbec'fé%% bbolisdblE oﬁr%f;\gelngwown in

termneta novvn (Y
thearart. Ndatabalisabie das berﬂebeedjeasl iheihgasapabis 0f beingalipesfoimed by

' t ) i~s.0q7: th
! ERTARL IRl TRRS) R R E s conpany. 25
ed'QiSn 1 917_(4))6 dihei Qﬂer)i@?aJ)» vegEtableodil, fiﬁmﬂilwlmawr\ﬁeg@eﬁmbie which is
noFf(c)))L(dl’c écg #ro%r}te%igfebte %rﬂﬂb @éabgen %aegﬂdgtgépr{ggcing\bg Py ﬁ@a}t%bli%ﬁr. r\pu?st, seeds,
ant rgrain$ @remdmb;ﬂnrmumml af suegetsblesoilss e8yrsheticavild areadlsts part of this

mxfebﬁon ?mgnﬁﬁaﬂcfee?%rﬂke}’c?ﬂg f\l}éllgblé’ 'olils°' su§¥ %ts i}@l%bugggbl Znd others.

ron and
Squabnero(?ﬁmﬂ%ﬂ/%l I&I}Hexamdatbyls&,ﬁ:hoaé1&[EQBE’E£(qo}araﬂfxaene) is an

er YIRS LSRN & BByt i stardugr ol ndn o quantes
in mE/eLmSMGa’agerm al, Iricedbrarhoil, anfl yeast, and isaa gerthularly ptefersed oil for
use |n ?rﬁ% vebfl e Sauél a,gd | eb%\ﬁ’?é’blé:‘%ﬁ‘rb&aMLgeZoq thd fgl(:]t t}QSt it is an

er m' ol ri ce ran ol
mternmilatte thabIo;;yrpiheﬁlseofrcmdleetelrolf(MerckumExl no"t Editon, entry no.8619).
i nvention. Squalene is a netabolisable oil by virtue
of the fact that it is an internediate in the
Tobole $g.01 Vitamiiis EQirechied efi¢reusdd i Milrenhulsiortbeadjuddtsh(EP 0 382 271 B1;

it 8619 20 Tocol
Uszph 1L BRS80S Tois  Bo I S Bt SPufbionsL ool ¢ in water
enfiBor) bf &emnvgnus&%@ermeﬂ/qﬁma}.bemc&n 6 38271 BN, in that

tne fSepRnf b, S oo EEEh EiatieR onlichalGicBinpr By | SSer, o
pré?er%Bl& 24l thizih, 1|m|ctdlatn dbhfeltdrocaltenata)ﬁlyb&h@lltaqw siagnise used in
ets t | OI'}1

coRhirpleT with s Binet 51 SRR P ol A O efilision, Examples of o
entlilsigrgtviich vﬁby ek n_éd nwadoynbiridiien tith ahe todelyar® e s ed ihBredf such as

co nat Wt h er oil, to formthe oil phase of
thea'ﬂg%#’P"S@h%I%'Pgﬁscr%fgﬁ‘g?‘ées of oil emulsions which may

be used in conbi nati on W|th the tocol are descri bed

u et ab ble o g

OB st Sl & Baves Bt slogSisd o B fikiu as adiuvant
colmpesitiansg(res 0 399t 8138, sisefcombmatiady ofvaintn water emulsions and other
active agents have been described as adjuvants for vaccines (WO 95/17210; WO
98/56414; WO 99/12565; WO 99/11241). Other oil emulsion adjuvants have been
described, such as water in oil emulsions (US 5,422,109;EP 0 480 982 B2) and water in
oil in water emulsions (US 5,424,067,;EP 0 480 981 B). All of which form preferred oil
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30 conpositions (EP 0 399 843B), al so conbi nations of
oil in water enul sions and other active agents have
whemn/1oesrri bed as adjuvants for vacci nes (WO BSI/EFRLD053057
WO 98/56414; WD 99/12565; WD 99/11241). Other oil
enmul si on adj uvants have been described, such as water
in oil emulsions (US 5,422,109; EP 0 480 982 B2) and
; i i finl r I 4 R
BT SYNTR L) PSR wRe RAerali 8o O ghvants anc
copposifians3d #ze FF’@fﬁ‘fEW@OWFOSSOS? enul si on systens (in
particul ar when incorporating tocols) to form
adjuvants and conpositions of the present invention.
qubertefep'a@v ¢heawl gmulpien dfor instance pibin \vater empisioaskciartben comprises an
r mul sifier
suc %E&ﬁgy %ynécfjdﬁ& aaﬁgggédoﬁﬁeaéuc@ﬁleg%rcghol esterol.
A mef@rreﬂ ofl eaullsion (peatenably @i-irt- plrat@fr@nwlﬂlqn)@Dnlnpnmmtn@tabohsnble, non-
S -
to§dTdil, é&ﬂ)as‘?gﬁ@éléﬁee% @al?ﬁé &g 'to%bplhe%l ﬂﬂ:‘ﬂo?g %ﬁ)’h‘é tggJJpherol (and

sucn as squal a ne or a tocopner suc
preferphix btottcsmlaanelan(i ahxh\a terapheroliang optiorrally o @hwisifiea el surfactant)

ool Y TR0 RSB R LRI BRI R heBled

The esitlecst @‘rmoquqr@yoﬂah wetaneniufsidnsdewell kaowWrhie the nrendskdied in the art.

CRRIME 89 il QpiLet B By By A e A Bt

sucdvapa PBSETWERNAG™ $alutioo clolloweshhyahamaeggnisatiorphging a womegenizer, it

WOEJW %eagltegrn{o a ﬁj{é%hskﬂ@d & Fr%sérg%'?'é'ﬁﬂéf%& %Brﬁ)haﬁ% B%ggirﬁmdmixture
y hono using a

onogenr zer
twice elano_ugr_o aasyrage Sicietlleedould tteheulabte foh donmgamisingdsmall volumes of
. n Fololh r
"q§§-??ﬁg%'yhg‘§%ﬁa%,{,@%t'é#EE’%%%. k{ rﬁf:rotfl\’\fdggké%g%%lc?oidencs machine,
maxirelrh of s0uressesfforld periomiiotl 2 rEqumlslay maxireum pressure input of 6 bar

(o 04,25 AR A8 Ayl BE AL 15k MF Qitca in the art 1o

uidircs hac maxi
prquice gohatiér ar targantvemnws ofeemulsion prBesadaptatiop utoutaf bé abbieved by

ou ssure of .about 850 bar Idbeaatd .
oy REerBRAETH Fafibridif le MRBetBmbh SEHeCreSfita Fuigon unti o
prdparagien waslachiesedwitte oilidreplets ofTIITereadmed dutameter.coul d be

achieved, by routi ri s

Q
in BE LT Biistiemybigh, R o SRS el sbPle SRR A 2o}t arier. The
aqpe@paaater oraywas fon ekaraple cohaispinate blffeted phleles of t he

required dianmeter. In an oil in water emnulsion, the
oil and enul sifier should be in an aqueous carrier.
TheThaqau&aOUS tmsfibn idedpletayfolred withih tsagtable, onlpinowpfeateﬁnulswn are

68, 83 TP i bk e ORD SoB0UAY. oy
sutﬁﬁtﬁft%l‘lﬁbiojanh 69?8’02%8n ];Ilamerérofﬁnd ﬁ‘ﬁ)lst ;b@felrz!g)blji b@staﬁ{mlgw 080-500nm
. st.ant i r er stanti a
DOE SR At 2g At 360" G Heriir o Mgfyred by photon
coselbtdragpectriobgopy s O D ragard, r80% afmehee bil dasplets roy number should be
ut 150 nm asu

willihe e lied Bides o0 el ol ST o oGt péiseply more

thaof 95% ef tbe loil drapiete by niryberuarb evithis Hioe: Hefinled size ranges. The amounts of
the components present in the oil emulsions of the present invention are conventionally in
the range of from 0.5-20% or 2 to 10% oil (of the total dose volume), such as squalene;
and when present, from 2 to 10% alpha tocopherol; and from 0.3 to 3% surfactant, such
as polyoxyethylene sorbitan monooleate. Preferably the ratio of oil (preferably squalene):
tocol (preferably a-tocopherol) is equal or less than 1 as this provides a more stable
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within the preferred ranges, nore preferably nore than

90% and nost preferably nore 30 than 95% of the oil
wale@wple2g2 by nunber are within the defined sizeCT/BEPIPOT053057

The amounts of the conponents present in the oil

ermul sions of the present invention are conventionally

in the range of fromO0.5-20%o0or 2 to 10%oil (of the

emtuiicH. ﬂr‘i’%%u\éﬁ'e%‘ N&kh a§ q%eﬁ% %HSﬁer?Q@ mayaeWQ) M\@ fesent at a level of
present, from2 to 10% al pha tocopherol; and tromO0. 3

abpt % s [iv serBe Aases YUY basadyaniaesgust gl dire vassingst afrthe present
|n\)@9m%m%r&xer€6rﬁ£ﬁra3§ébﬂusfehe ratio of oil (preferably

squal ene) : tocol (preferably a-tocopherol) is equal
or |ess than 1 as this provides a nore stable 49 WO

Eng?]%ll%/s]&%?@férré’ﬂhﬁ%%ogys%@% dé%E%e%' |H rWO°§‘5/1 7210, WO 99/11241

ermul sifier, such Tvween80 or Span may al so
anpNé@é%%ﬁSavm@vétscl@ﬁe erabb@n adygvants Qasﬁ@ opaseslene, adgeopherol,

ang l@ a(%‘?l?ﬁélrytfgﬁr% IJtQ@w}fﬁﬁ% |H1?rﬁm8£tg£l]m§nt9rc%92§r§nd/or 3D-MPL.

I'nven er contain a st
ThExan@Ipesmolfarlsp rre¢ferree dmbndilrenbof thg presest aventdestheiaggdant of the

mJgHtlo\@Pngz g&ﬂn%ll% g%elfmﬁélr |m%q8%3§rétégﬁ%gﬁ g’g\’lﬂiP%hor derivatives

uvants base
thmewfoempibesawqmnaan&xa'mxﬂé&l08mdmpUmmuabstthLﬂam:snaremesbrlbed herein

andif hv Qs g@%ﬁgr‘?s 'S%Bhr?t Sﬁ% gﬁfx‘/% OABE?Q%]%D L1995T'E>%§rr£&eutical

a par icu &rred nen resen
BidtechomtogpnVolume &dbﬁda/d?uwedif M. FRe and ermhamrMniayPlenum Press, New

YOﬂQQrLOIFJSO%@gL er| ol 5. iféefﬁt her inmmunostinul ants, such

ives ‘t hereof, and/or saponins.
Exanpl es of further imunostinulants are descri bed

hertle n@rgpﬁgred asgﬁactﬁgggju%ﬁt SHY |mr;1rl¥]neocq§H uningpo%ﬁllgns according to

Adj uva arnmaceu
thd3lnmrﬂhrmhuugye a\dabame (frefeEatsy QIS@\Mabrhd/oMrFLl?Saiedvatlve (preferably

n m i nd ndon
3ORAEEE T Al s e BRTLEL R DRl KBl Wi o Dol thirerably
chdesterdmnmdzdymmaﬂy thermlcmnmlmom$pratewhlyiblhgw tvater ehilsion) may contain
in nt i, on C. saponi r.ef erabl. : and/ or . .
sy b5 BV REie U PRSP iPa pflyVEME b eina LA by FAE Shuision, o
steeohand iacapdeis @ré b@d:nbélbmewowmmal ly with a sterol
(preferabl chol es erol d tional | he oi
L TaFRaN, tor dRBRine AR Rirbon (8 spSRi Arelsrgbifgs2!) andior LPs
dedwattivai (preferaaly 8B- Mlhlcb/ will Ibec ptebemt aﬂda/ Gumani degar yjlf [ |mmunogen|c
Adj uvants co oi | -in-wa mul si.on
coRpLIT S PRy e ot st Bt A REP G Bl EguE > SOug per
dod@/pi picbryy theoil @wmbra?&mfaiasyr@tm QAatdr e Willcomprise from 2 to
&éﬂn erabI%/ or LPS derlvatlveo( refera 8@% .
10%pRiebylisgl¢ pil- Jerefgradefwill ePmapPrisg fm ad%éoéf “ﬁiﬁﬂ‘ﬁo jocto 10%
alph@esvphéioPand fﬁorhE)FB 1028Y8 €oreferakily 6. 42099) erﬁUI_?_llﬂela@referably tween 80
era 0S
inyahilead §eiotaT Beleclerish o WheTR Helh SHusng ARGAa oepaherol are
pregéﬁprplr@‘@rlablyctﬁé EattoOons'iquélaﬂ(e natpabqbctz@hbioe gooédual toI or less than 1 as
re a ri t.o ual ene
i peded Aghatsoable BB o SREP GB SAIPPY SIHGAS Ty 3p be present
at apevel of @blty 1% ih the 28ulstangl el iire the(ipvepition.ablihysomseeize8@ may be
advantageous that the immunogenic compositions and vaccines of the present invention
will further contain a stabiliser, for example other emulsifiers/surfactants, including caprylic
acid (merck index 10" Edition, entry no. 1739), of which Tricaprylin is particularly

preferred.
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35

[ pol yoxyet hyl ene sorbitan nonool eate]). \Were both

squal ene and al pha tocopherol are present, preferably
wo b@7ne2en of squal ene: al pha tocopherol is eqeel/EP®ODOS3057

less than 1 as this provides a nore stabl e emnul sion.

Span 85 (Sorbitan trioleate) nmay al so be present 30 at

a level of 0.5 to 1%in the enulsions used in the

i nv Q/Vﬁér@ g uhlBnS 8RE aCsapBAin! (bre’f@Mbl?@SZﬂ‘}“éﬂi‘h@ﬂ:@@& St sh&tbenefit to
t he i mmunogeni ¢ conpositi ons and” vacci nes of

alsfﬂ'@@éﬁ*ﬂ a pierd heretanablchalesterph) krethe deymutatign @Sérﬂ'ﬁﬁuq"i’%@ feduction in
thé %taﬁf@lgpb\e oﬂtlﬁethe eéﬁ%lébrﬁ | epis/ Iéﬁc!sf 8f barddSiced R64tUEH Rnufacture,

capr actd (merck 1 ndex Edition, entry no.
lmmmgngenbfofv\]hpcpverali RPN | <pf ﬂya p/gpq:m@t[gnararsd also qualitative and

queﬁﬁ’tg (3] |ﬁﬂ7ro e\A@ 8P91y r%%lﬁp ﬂéé;?%%g%e%5§9é7 as Wﬂgtroged IFN-y

squal ene an a saponin are inclu
prmctuctussn dfccbrslinglyi, thet adjavasid sya’n@hlmcﬂ@eaprssertMV%Dmrefyercaw gomprises

a r%ﬂg lo?fhte?arb%! Qab et ?{F%“?}oﬁﬂr(%% tr‘?er]?%ge oh béo ?ltJ) W¥E: 1 also the present

reduc ‘the enul s
invEntien kamtls Useddn reelave od’ oosttheforefemed aam;lercg which |s 1 1 to 200:1,

préfg%'bg/vﬁma % 1 (S 13%11% %%gtr @J Lergoqu)gfs?rfstﬁ r}qla \)/‘ Qg 1V \'/JE%H or@talns the

I'S6 qualitative nprovenen
beoéfididie adjasaritt arUpennsErun{e allesapothmespmunéntas withplaoveth reduced

reqqiesebicalahns arferaf e Bfisfed BBt BRsPd rato o
sqnelbaleSQSk dbive |r®tH|;a raegEoofi N1 (2501, |a{IBdo dwprefesrm@eran%e BCEiD)"ﬂtg 200:1,
preBERb o 5 8 S pireah RRgen G 4R P50 A g (most
pr&fe@bly, chofersedrel) abhlgo 2xiubeti prdsddt bt aaatb vbsdpopimedtenohbs ylescribed
substantially 48:1, this vaccine retains the 10

heBeé'ﬁ'efi ci al adjuvant properties of all of the

conﬁ'@e&mwslor\r\/sydteras plithe dr&hmc eﬁentroaanéf@mﬂy Bavieya small oil droplet
Accordin rticu, referre

. fil
SR Ul SRR P00S Nost piTerRBl it o Blonlte 58 Wil inithe range 120
toVB(enmaa@dZangf;tl;irefbréwt?&mzo 66%@12 |rad|pmegeer1 red :j ange is
. ; rerera " 0 L, A DSt . .
o ePP R e b A AR tolgto i A, e Hrelpg with AIPO4 i
thd mratinogehiefoenplobijioreshafl tes neetioh) involeés a saparinidedferably QS21), an
sen a r | aponi n:.stero.
L eRbverirederblveftleLy Shg s e bigop Teleitl sotsensand alpra
tocw’pgér@l mkdryouhmvwatar érﬁalbubnpaé d@krdnpé@tn We zi&méznadisren WO 99/12565
su I er e 0Ol ropl et
(ingyarticy ﬂﬂ?‘g'ﬁquialr}{b” 13\%& B tg%é ‘nm ang nost
preferabl y from 120-600nmin dianeter. A particularly
e A S R S @c&s VEHR SRS PIEghe DR aEgRinoines,
subrm\nagmrhlqom)od @WR@Q&Ulﬁ]O&%@@khb\ﬂn (mRefa@bmb{sy %@la)straa@ed RNA is

L, AT b e b0 e o
RNA am@bﬁly |en(pb|§nnoslbnc@&|ydﬁmn¢ bkﬂdi lancovh&roiall fhtriktiormimatic of viral

R%agﬁgé é)%eg'rqp f Q‘L%ag agocnll'lstg r3DaIQIIPE\€g grt1 e];(gragllélo?tzzllﬂrﬁﬁalgolngt whilst
CPG is an example of a TLR9 agonist.

The immunogenic composition may comprise an antigen and an immunostimulant
adsorbed onto a metal salt. Aluminium based vaccine formulations wherein the antigen
and the immunostimulant 3-de-O-acylated monophosphoryl lipid A (3D-MPL), are
adsorbed onto the same particle are described in EP 0 576 478 B1, EP 0 689 454 B1, and
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25 Exanples of a TLR 2 agoni st include peptidoglycan

or |lipoprotein. Imdazoquinolines, such as |Im quinod
wa@em7Rexenui nod are known TLR7 agoni sts. Si ngl BCT/EP2007/053057

stranded RNA is also a known TLR agoni st (TLR8 in

humans and TLR7 in mce), whereas double stranded RNA

and poly 1 C (polyinosinic-polycytidylic acid - a
EFC6EAB784B 1. I¥ Mdi8ldaSedMtER gl isViirsBadsoB¥d) ontéire aluminium salt

f TLR 3D- MPL of a

exenpl ary o 3 agoni sts. IS an exanpl e

foltfpwrd ba(dlag pdsorntieinl of the BUNWREtiMylaph3e- Mtperio die gang Rgminium salt

paftRRIY! 8lich J@@eés@g‘ﬂf’s@malw t@é&?é%idgﬁ)& C{)@-ﬁlﬁ%dn‘ﬁ%tl&ﬁ‘,n a water
antil gen an an | nmunost i nul an adsor pe onto a neta

bagnuntll thy parieles reashsesize at beétween $OraNda2000ms. Whe aeligent ip dypically

ad3BEaBRo Ao IRF sl RAS L gipom lelBerat G Ui Spitaton, The 30-
MR lhsuspensiopis thea laddeg to thesdsoibed antigeprargl thedommdatien is frubated
: 5 / PCI/ EP2007/ 053057
at %g@rgt%ggagfla}@% f%’ifg?ur{' ﬂ%‘g@%ﬁgﬁ?ﬁéﬁt"gﬁg} gen is first
adsorbed onto the alumniumsalt followed by the
. ¢ . ol .
 SHARELAs e AR ATRSH oy B M o B 8 oricen
asi deeoribed timdéR UIRERS. onThef inGotde phycess rtoowrrises then agdsorption of
: : h ti . ' i : :
i il oA L gl A e SR8 by oo o o antgen
ontdarmties dnataltio salt particie, lollaveddt byf the noxieg khbtne discrete ametallic particles
t, . agi.tation. : ' i S
o SEEELALRE, UAF Bl AL L9 i oo Rl 368 b fovon
compositigruisampdsingtan gomubestipelaat,uadsdriped bnteoar metalid sélemarticle,
chla(r%etterigéc{ ﬁ]i%)%é{n&'el mgﬁaﬁiﬁ égft ?Qr%lge{s de%?a%ﬁglhl ?rgg of otper antigen.
I myunost i an e antlg on separare  net al

mulan en are
Fupbhermaré,emccindDaraproddan bybtbd preseBEANI€i68 26d afeharacterised in that

o TR SRS BSsGATEOAS Rk LA Ry e sostantan ree

frofroblhemedtidey, Bhe imdsbrtipd perticles of meetalid sglewhiobndre adsorbed to the
not her tallic salt, particle. followed by the m xing

angyen 4l sagsg%r?tbal!lgﬁﬁ%{)g?tp?rém%npftgptggnt. to forma vacci ne.

Actoreinglyj uthantprésent uiseeritiont beovjgleesant adjuvenit ifermutetipnbeomprising

._an _adj uyant .. sitiQn conprising. an . .

B ich oS R ARbSRTS0 & B 1 amelglip st characterised

in [ths t comhpmsitibh  ish antsstdreinils dikei of tdiledr bhtgenetMoredbeers ahis adjuvant
article i s substantially free of other antigen. .

forP ARG AR PE 7V BB TUEe A GV 20 S VERa® brebasfeauired for the

madnuifeeiire oha aacting. Acebdrainalt theriese grovitlet Riprocdd3dor the manufacture of

i mmunosti nul ant i s. adsorbeg. ont.o 8art i.cles of nmetallic

a Ié’ﬁ?‘i'”%‘ﬁ"é’f*?”é\”@ 20NNG 3N PR VARt SOMPORIIAN, Wch ¢ PRfePr More
imadostimuldnad adistebeeiadritd almstaigiartion alth b6 aptgdn. WéfelabB the antigen

adsorbed to the . antigen ar ubstantially free, of -
hag GED P& i?ﬂ,tl? grﬂuga@%s Igc%@mgq%: sthﬁa)bF)%é ical or similar
to thevreetailio salpwhich teesdsarbeadintyy taetimfranostinatiaran Peefeqablyshé tetal salt
is i rmlunoslti rruIIt znrt wWhi i‘éh Ihas.bnc?eﬁ %%s rbﬁﬁi ont o ﬁ)’ ide

PLPHIYN SRt 10T XA (& AUTIYIYT PRGSRNATE Q AlWRigum flydrgrde.
Theorppesent | bventons dirtteanpravideg  fforeea ovaatrieercoardosgien. comprising
imn|\431rru%‘sqi\r/neurlanttenlalsg’rbcaéléj Johie?d tfirst particle of a metallic salt, and antigen adsorbed
onto a metallic salt, characterised in that first and second particles of metallic salt are

separate particles.
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formul ati on can be an internmediate which, if such an

adjuvant is used, is required for the manufacture of
w@2waacizee. Accordingly there is provided a prBCEEB20DD053057

t he manufacture of 25 a vaccine conprising adm xi ng an

adj uvant conposition which is one or nore

i mmunosti mul ants adsorbed onto a netal particle with

LP@O@R’BS G@F‘vatl%se&eﬁﬁ*élhb/ns 6hﬁ>lcﬁﬂtde9€£hve§@§s<9i%€@ hereln are designed
pre-adsorbed onto a netallic sal Sard netall salt

to rbaye%etqme(ﬁtg SE-MBL) ¥ianinative llm@dmecq&‘@flws pied @&ﬂ tnterchangeable
eqY}’ﬁbréHts'vﬁ %dar@flrses Bf‘t%eééTeré%% é@é#séla her%fnef erably
net a is an alum nium sa or exarrp e

Al um ni um phosphat e or Al um nium hydroxide. 30 The
In Bﬁ@%ﬁ%dln@ﬁﬂﬁé uiaht LE&S fo?rtr%’b&ﬁﬁ‘osf tRhs ¥f YRR ion comprises a
onposi tion corrp Ising | munosti nul ant adsor be
Ilp@sqmer sariga(nagde é)yoknoa/nn@tcamlnu@ éramt a rmdptmhlpidge(ﬁuch as dioleoyl
de 0 [ C S [
ehBTRAT it QUDFI) ) Bpiply, o MBIl 5 coBiekleft. such
lipesgmag sarsiefsamay cgagy lipgi2A \werigatyes 1s@8h2as 3D-MPL - see above] and/or

sagﬁrﬁsfzgﬁgﬁgs ol seé'g§0\%,gs E&bdﬁﬁth cﬁr%rYte(ﬁe a5 Uyriﬁtgér?iggﬁ@es (per

erivatives erern are
0.5 olLislosé)xs $-10mgi . 2(7e 0-5,334-RF0n) 0.5 ang (e=g.i040. 6, 0.9-1.1, 0.5 or 1 mg)
' n I
LN ART ERRMoh BRIREND 0852 4 MALER0EPABIS, 01,03 91,0,1250.25
mgleesg 0.3, Adr&kilm.0.25 onD. iﬁ@mehﬁeml ffemnstanee mlemnﬂ) 5-60, 10-50,

or 850 2 £ R A0 S00l0 L1y VLA AR o 0

Mmboammeopnd:so( sueh3as.gdied. G0N, 4018003 ph2d, 38y U0 @i e saponin

Z[; %% d opt| onally a sterol [such as
(foE Kistag . Such |iposonme carriers may carry lipid
A derlvatlves [such as 3D MPL - see above] and/or
gonl ns, (such a ‘ﬁ aboveg In o e errbodl
In P& SPHTSRE th@oq%V@gtegseéaerrt 2Go0PeSiansides myeatorsgPrises an

0ilQn Zrafer dndsibn nfade- flom & metabollsable i - (BuctladsQudlene), an emulsifier

0.9-1.1, 0.5 or 1 phos hol i (for jnstance ,
L@j@)quyn(@g apd gptl%%ﬁ\s 1009I sychya a@hqgocoghqroé lg ongembodiment
th&aéj@%@cgﬁﬁpné& (b @5 nfl-: &s@%@S 1, 3@, 2941, @-825r %n@ (&492-3, 5-6,

for instance chol est er ol )
orﬁE 1jgnggo‘ngtap@hs§ble5pjl 1(suctyes sgpalens). G 03(23 84@ 6cft, 05%593 -4, or 2-3
md gp%Cb @Metzta_/aﬁo b %@néfé’rhulblﬂért @nereaé% EWeM?lsb) aﬁ@@pﬁor@ﬂy 05-20, 1-

155@15)4 4Befohime (exa 10118y 516n§rt%rﬁér@)¢@2h§such 4 alpba tocophero).
enbodi nent the adjuvant used for the conpositions of
the invention conprises an oil in water emrul sion nade

Thisr astivvanhees ivotionsdiy fusther compriasht-68, Hhydkilae@)30 krh(e.g. 5-15, 40-50,
10°5810) 56 850 (31l ASrhABANBThs1BAG goMeRl Y 2 Locol

as a ocop 170 one e ment 20 the
adjuvant conprlses (per 0.5 nL dose) 0.5-15, 1-13,

This %é%vq‘ht épt%n%@?ccfr@g 330723532 5 |5% ﬁse - 0.0 1%‘}50'@33083 or 0.125-
0.2h ®gde.g0 0@»@33_ Q14,15%10.25-@ 0. ﬂrigﬁ (ng) gtera.(for 1nsla,mcg-csolesterol). 5-60,
10%")_'03 _O%QO-W!; S‘('e.fgl. o é S4l(59§b, aﬁ) EWE %6 §8 )oraé?)d “8)0 ﬁﬂl&) rAaldEP{vative (for

instance 3D-MPL), and 5-60, 10-50, or 20-30 ug (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50
ug) saponin (for instance QS21).
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15, 2-12, 4-10, 5-7 ng (e.g. 11-13, 5-6, or 2-3 ng)
tocol (such as al pha tocopherol). 25 This adjuvant may
we@pioromekiy further conprise 5-60, 10-50, or 2PcBOPI07/053057
(e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 g) lipid A
derivative (for instance 3D-MPL). This adjuvant may
optionally contain 0.025-2.5, 0.05-1.5, 0.075-0.75,
In Qm; é?nﬁ’bdlrﬁéntQhé%éjquntzée ]Qt( ﬁwegcoerc%ltBng"of QhéL rf\)/ellré_lsn comprises

st erol or 1 nstance | est erol

)
altsmalom pB@sph@tes@nd @r Ilm@ﬁsgegva(tlée dsud as, 3D4lVJPsD Thig adpgant may

coé%pm%e?b SSrﬂL gb%éd 1@9%59 f’(ﬁf 50@&# gtgo ééd()gg épgstsé’ig@?mum phosphate,
andB-&X0,10430, oRR0-38Qg (4@. 6+1 55@0 -50) 16 200 80,0 6ras0 ig)dipaink eerivative
(fogzé?&bﬁéﬁ' 2007/ 113222 PCT/ EP2007/ 053057 1n one
1] t e adj uvant used for the conpositions of

the invention conprises alunm nium phosphate and a

lipid A derivative (such as 3D-MPL). This adjuvant nay

conprise (per 0.5 nL dose) 100-750, 200-500, or

300-400 g Al as al um ni um phosphate, and 5-60, 10-50,

or 20-30 g (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 Q)
Thei yicdind meparatidrisvef thé p(réssntiimmamena&ljaé/l?ls)zd td h:t‘Eotect or treat a

mafBH chiEREDTMsRR B iets B SR Rister g i, pbe R iq Systemic or
mudokalc touten, Thysemadnsnisifatiankri mays tisdlideg irgedtidn v aia c thee intiaenuscular,

int?%%fitle?g]%aﬁi ﬁj ra%c%up%ﬁgelf. [ out g?lhst-rfog?ﬁefs gﬁ p/]gr%&cgorsglt adomlnls{}gﬁ/on to the
oralfatimaptary, trenwaiory lgehRMmawHkaow Immualaammstraitwmcﬁsxaccmes for
m ni trat on to .the oallaklrre

the @’gﬁtmegréfgnetﬁgcmlq 8l Pittis Wdlprlgglr%ferr?%ﬁsaﬂ%@g aryngeafil cgr‘rlage of
pnaaiibeucst ¢t bomopé efféstiveln @seviedted, tHie diteaadtmgrinfeofion at its earliest

std3RE ARRn e vetans R Byedish, ot Mocautin st g8 froigle dose,
cofipbe@its fnelreof Pricy\edtt &HjcoAlédl‘rﬁlﬁlsadré@thgéthieﬂ gt thefsemta,itiﬁre @tat different
ey o U oo Cneh PR SR rieS ot BSRistSraS separatety, at

théiém‘ﬁ@ﬂre@toﬁ 1theesef afftitheaddhiinibRation-clARY Bkl §otein component of
or at different  times

the PARRR Y Bl Ge A BaIoB oS HuBHRS TeqRareah repect to ehch other).
Foadﬁldailrrﬁrm@tfaﬂ@nsﬂ’@abé’ttoﬁbVThﬁtadjLIvEﬁt ﬁnamsbet bf&emflnlar%/ or all of the
eks after the adm ni strati on of ?'B bacteri a

r

dlffgquﬁt épﬁ"r&%ﬁ%’ﬁ%rﬁ?r %cpm@@ tlh@ay, Qg@irq;‘@n r;aﬁlﬁp with the bacterial

pr&@lﬁfﬁbrﬁkﬂiﬂeﬁﬂ oPfthd REcdifBYUReaddRfoOfes QSSIM‘%é hoﬁ@sﬁﬁéﬁmtnﬁ!stratlon 2
each ot erﬁ%ﬁd For co-adm ni stration e optional Thl

diffegenivaes minigiralion Ray; be 456A. oFOn Prarpple p@ysacchandes may be

admlrﬁét@rfeﬁﬂm (86IM) féhébéétbhé)lb‘ﬁoteﬁ@fna@&'ﬁ?i'nﬁmstbléed‘mbf(obm) In addition,
present in conbl nati on with the bacterij al ro

thQ:\fﬁFﬁkﬁ‘ﬁ% Rt thefinvertion, mey pa @dministergdi YiferPriryng d eﬁgﬁ”@ 'N for booster
dokggite of administration, 2 different routes of

adm ni stration may be used. For exanpl e,

pol ysacchari des may be 25 adm nistered IM(or I1D) and

Thbaﬁﬁcﬁfnlt af c@f@ga@é BtigEAYin keec@dawnesa@eread sch{e@fad &) amblnt which
VAaCCl nes O

s Hp SPiaPIPRtR G epr e g N Gt ARvTSE sBiBcsttegts in typical

vaccines. Such amount will vary depending upon which specific immunogen is employed
and how it is presented. Generally, it is expected that each dose will comprise 0.1-100 pg
of polysaccharide, typically 0.1-50 pg , 0.1-10pg, 1-10ug or 1-5ug for polysaccharide

conjugates.
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doses. The anount of conjugate antigen in each vaccine
dose is selected as an anmount which 30 induces an

WO povano2ent ecti ve response w t hout signifi cant PCERERBDEES3057
side effects in typical vaccines. Such anount wl|
vary dependi ng upon which specific inmunogen is
enpl oyed and how it is presented. Cenerally, it is
expected that each dose will conprise O. 1 100 g of

pol ysaccharide, typically 0.1-50 1-10g or
Thf aoftend Ff B@F‘%}%%Hﬂ%‘ﬁl'@@e %ﬁ]”ﬁg}’ﬁi‘ g&?'caﬁﬁ b?\ﬂ‘ %I?OFPPQ?L 2BPug, 5-
SOFﬁU %PZ%% Oﬁ&[&@?ng am ?nlt%ﬂ)% atlgﬁ ﬁ{e bR H\e?rﬂéée@\%n@né Br several

vaccl pically range” 1- 100
bogsigr mmlﬂnlzatl%iﬁ@equlalﬂm IRRICET) an | nitial vaccinati on
subj ects may receive one or several booster
i muni-zati ons adequately spaced. 5 Vaccine preparation
Vacging erepasatiop islgenarallyedescribedan Maseine®ssign ((Thenssibsoiband adjuvant

dj p agh'y
B e ol IR, 5 o LRI, Mo vord
Engipsilationiwitbidipesomes id sleseribied by hyllertdn, &St Ratent YIS 7@nt
4,235,877. 10 The vacci nes of the present invention

may be stored in solution or |yophilized. Optionally
Thetvacgingsuefitos piesentyioyention mayl berstaree inpsaluion o lyophilized. g @ptionally
‘AS - ! r | I
0 US55 VEPRAFss b HRPLRSENS, o oGaP Such s ol Bhatose o
lathoritslsitypiczédwqonmeyrare dyopbitized aryb@herlnpqriangoumyrepemmlmed prior to

L%MIgﬁgﬁ%%p e?ul?iﬂ@rﬂgﬁetgtzﬁﬁe gé’rﬁ%%qt[&g)(v?c]cﬁle t hods

e I'’nven SO encorpasses ing the
i mrunogeni ¢ conpositions and vaccines of the
invention. 20 In an enbodi nent, the process of the
invention, is a nethod to nmake a vaccine conprising
the steps of m xing antigens to nmake the i nmunogenic
conposition of the invention and adding a
Mgthedsmaceuti cal | y acceptable excipient Met hods of

treatment. 25 The i nvent enconpasses net hod
ThFr'%‘éﬂ”H%%?'sere@P@BﬁiﬁeédB%tb Fﬁ‘la ogitag | mH%?%”&J‘FQéTPFP%?%O”S and

vab&nsdy dfdhe Ao&ntiohed nosocom al infections. This
i mmunogeni ¢ conposition or vaccine of the invention is

particul arly advantageous to 30 use in cases of
In &dre ehibB@infeint, OfleY procti$sh oPakd amentivh | Is K nPthbBetodMaRe 04 vaccine
co%%gﬁé ¥hé gte%gl ‘?r}'ﬁlgmg antigens to make the immunogeriic cornposition of the
invention and adding a pharmaceutically acceptable excipient.

Methods of treatment

The invention also encompasses method of treatment or staphylococcal infection,
particularly hospital acquired nosocomial 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
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. Typically adults over 16

awaiting elective surgery are treated with the immunogenic compositions and vaccines of
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and coul d be inocul ated in advance. Since it is not

know whet her the patient will be exposed to S. aureus
wo@eooF11epi dermidis infection, it is preferred POI/EP2007/053057

inoculate with a vaccine of the invention that

protects agai nst both, as described above. Typically

adults over 16 awaiting elective surgery are treated
th&MrivBnfidhe AItETREBRAE Bhifir? BhB%ﬁaltﬁHEdelé/@i%'sﬂfb%ryOEre Bated with

WO 2007/ 113222 CT/EPZOO 053057 the invention
thenjmraynageniesopesitionsrand vageinegoftee ixamtidnng el ecti ve

surgery are treated with the i munogeni c conpositions

and vacci nes of the invention. It is also possible to
It is gise poasible e ioewateshealtvearreyaskers with theovagsive iohthegpvantian.

invention. 5 The vaccine preparations of the present

i nvention may be used to protect or treat a namal
Theuwrseinei irRaraiionsneiebei RTRSETH)iNYARAAR rody BelrHsai deerPiggt or treat a

[
méﬁ?r?]glnél(%tegggﬁréofré Slﬁfeéﬁ’&lt ngn?eggg of %@%ﬂn@%‘i@nacﬁ?\%% systemic or
mygesalarue uiThese audmlm%trﬁélpns dnawlincluge ririertioraliaothe intramuscular,
e I

mt?‘eljg)t%ﬁféhgﬁo %ﬁ?érﬁq%ﬁngﬁ ?Lé%fa\ﬁ'éeggﬂbﬁjge}ﬁ o %g'ﬁmegclﬁotégt ?n?rh.%trhﬁbn to the
oraltedicmestaryThespiatonn gefoudnary df@atsi n each vacci ne dose i s

sel ected as an anmount which induces an

i mrunopr ot ecti ve response w thout significant, adverse
Theiateoust beantigenin g wacing alose iesslect&lias an@maunt which induces an

im}e{ﬁ%%f %@{ @%ﬁgﬁve%oﬂlt%h %Lﬂ;nﬁ@g@g% réé"%goegf:egttsieiﬁ r;cypical vaccines.

Stmbmrmumt Wlﬂ varyedapaoo}m@epvm Whlchyape@ﬁm immuregen ist ¢replpyatgand how it

is ére{s&rﬁ%&ﬁhﬁ'&]g% %otrr'pfeg'nt(é eyvaﬁ{g\gé hﬁ%tg@i%%& b]e in t%g ?az}'r%e 1Ar:|00ug 5-

soag c@putalynﬁmbgengé andasgg: sAmdpmﬁauamvanden@ pﬁ@ﬁc&ﬂataxabme can be
ropria ne r on

PRI S BROTHiTIERS UG S sSHetod, BB ey i aponses

in Slie®s. F@Wr&tj al @Ml @4ccirafibhl HuBRIcisONgy RsteREIneloy several booster
20 Al t hough t he vaccines of the present

._Spaced.

'ml"ﬁ’\’)'éﬂ??r@r?dﬁﬁﬁ'/atﬁ'%s #Rdni stered by any route,
adm ni strati on of the described vaccines into the skin
Lﬁ'ﬁgih one enbodi nent of the % gsent i nventi on.

Al h§R’P?F"&§rﬁ§rth‘“s%f§S%{ﬁ INY§DEGN maY Pe gamixered gy apw[quiey

adhi@strdtibAbife deesiRd VacodsCiRtoaN& EkiRYID) Idis @Rk @mbasuninent of the
Underneath this epjderms is a layer called th

PreRePhINSNtigR; EWMaR SKINGPREeS &y _uiph °§l¥b€‘ﬂft°é?né%'l?§ thS stratum

cofde%ﬁﬂ ﬂ/hlcRQﬁéﬂéyéhﬁé éplbéﬁﬁs fthﬂ\éfhebﬂﬁhs épf&ieﬁﬁﬁsh@a Ie@/fer Galled the
vaccine into the skin, and in partlcu ar the derms,

degpisnuMigh LB PVEARES SHRRIRIFSES i cResrRychersBavseshown that

inj@&RAGK avastiNg iid the BKMADSAd |ﬁfpaﬁiéglbfi {renRrmBr I AEE 8n immune
I ntradermal vaccination with the vacci nes descri bed

re$hRongs. VY MaY aiso SpEserpated with arnerr@fer °fta}€’€'t'BP%|sa€H?”tages

IntrdtéaRAlv@beination with the vaccines described herein forms an optional feature of

the present invention.

The conventional technique of intradermal injection, the “mantoux procedure”, comprises
steps of cleaning the skin, and then stretching with one hand, and with the bevel of a
narrow gauge needle (26-31 gauge) facing upwards the needle is inserted at an angle of

between 10-15°. Once the bevel of the needle is inserted, the barrel of the needle is
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30 The conventional technique of intradermal

i njection, the "mantoux procedure", conprises steps
wo@boochermi ng t he skin, and then stretchi ng w t CDRE2007/053057

hand, and with the bevel of a narrow gauge needl e

(26-31 gauge) facing upwards the needle is inserted at

an angle of between 10-15. Once the bevel of the
lowéredlRdi fErtherSRivBSsbd Wikt ?afvioahg afsligiepraeRié ¢ efevatebit Wder the

2007/ 113222 PCT/ EP2007/ 053057 | owered and furt her
sking e daed ik thest inispisdivennhglowlysherghy fﬁﬁ%ﬁ deby @7 YR, gp dhe skin
squcé“ftﬂl%{'Ne&B?sloWderéW@lo@We@dlbs then injected very

Wy thereby formng a bleb or bunp on the skin
surface foll owed by slow withdrawal of the needle. 5

Md\‘@ﬁ@cérﬂSFe&E\hdés tﬁ@t\’ér‘éesi)et:lhé‘éllyq{e%lg%@% BRidtyr ﬂﬁﬁ’d QB&QS into or

to adm ni ster I qu agents 1 nt across th

acrRgs dheyeldm ha*@s*af?anftqﬁcrltﬁsir fOé%ﬁ*ﬁP'é th% deviess Qe§§rl%ﬁ§is'6 rVV @e9é9/34850
anb@ﬁ’%@ﬂﬁ”ﬁé@ th@[é?t‘ rﬁé’ctuéﬁ%%%és d@é&i@e& fﬂ@r éx%?ndlé"lner 01y13977:

devi ces descri b

U$55480,3881US BE98, 39@@"%@2334U$46U§§&99§M2 UJ§ 556‘@9%1 24!1:@ 5,569,189,

ué1§754 649 l%% 385’%55 @@% 819@%97 @@5516%%09@@: 5, i4p 1631 l6J§ 5,312,335,

USU§ @33@&7 3@@ 5Q§4 6&35@0@ 562@7 61198 153%59@5@6 LU§ 3, 7:92)0324 us
u 6, 1,
4, &ﬁ%eo SRR 45%% ‘8*?’, ﬂgggﬁgﬁ% V\%ﬁé‘ WS97439%L, BROnatl/® methods of

0, 460 97/ 13537. Alternative
Intre@pma;l@daﬂmstraﬂonaxﬂmccaa repasations inegy in¢lude, eonvgotionabsyringes

anl'ne @éé‘tdr%ﬁcé@é(eéu g‘f&’r?oaﬂigpéﬁéﬁvbwls?@y&dc@%?(W@i%/27961 or

need devi ces tic deliver

tragedlaroral BatenqsedV @ \9@/4@914@78@198/2@37 ):tor @RBkesr tadhe partfmetg the skin
(rkn¥Be A 4P 4Rk 3&@&& i/ A9Bk L Qb b8I2BASy)SUr f ace

t rans or tranhscutaneou
delivery WO 98/ 20734 ; WD 98/ 28037). When the vacci nes

Wﬁ’c{< Fh@%a%ﬁé@ Bf tHeS%S&%rﬁ %e o% 4R tBﬁ%aZéjdﬁwiH?s{%tr@d fcﬂ@%%kﬁﬂ?%r more

cal Into the derms, t
spea&qallhmtm Qwe aherams dhe vaoqmleds inod laveliqyichvelumel partigularly a volume of

beXde %og{gogﬁﬁgﬁgamout 0.05 mM and 0.2 m. 20 The

con ent I'gens 1 h the skin or intradernal
vacci nes of the present invention may be simlar to

TR AlscHOREe i L adfm VLA B8 Efon may

bei imilatido nanventiopaindesashas fohed finrimumusootes vasgines (seevabove).

Ho%%gr it @398&9%“(?'% ({Wntpefo%f'rﬁéIrllagahé@ﬁgggfenfo%lﬁémoﬂg%Sa be “low
I'n as ITttle

accines are
dose; AO@gdlng)Iptth&)pmtdlryarﬂlQEn$ o “owgdgsel valies aae dptidmally present in as

itBoh 7 358 Db et BE. 03 o ey PR SF A S bl AR p Y (optionally
cobjagmecﬁant@eﬁé midy B Pre8edf in AR YSRECH0.0 8y eindlestnaliSbetween

used herein, the term"intradermal delivery" neans
0. Qj1e‘l°|%l*9'°6?°|¥qgi‘é°hﬁé'€€ PREY9SS: t he regi on

As used herein, the term “intradermal delivery” means delivery of the vaccine to the region
of the dermis in the skin. However, the vaccine will not necessarily be located exclusively
in the dermis. The dermis is the layer in the skin located between about 1.0 and about 2.0
mm from the surface in human skin, but there is a certain amount of variation between
individuals and in different parts of the body. In general, it can be expected to reach the
dermis by going 1.5 mm below the surface of the skin. The dermis is located between the
stratum corneum and the epidermis at the surface and the subcutaneous layer below.
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Wi Il not necessarily be |located exclusively in the
waleonilisi22The derms is the layer in the skin | BCRERIN0O7/053057

bet ween about 1.0 and about 2.0 mmfromthe surface

in human skin, but there is a certain anmount of

vari ation between individuals and in different parts

Débfen&.hg ROhe. mbae G HRNidry, ink @e@e.neemwm%eﬁ@iyt& ro%aféa solely or
derm s goi n r%mﬂ bel ow t he surface of

Prlgla”h{ W'ﬂ'l*ﬂathﬁéiefﬁ“!? Prs'gl“@hf sttierpta)e boudistributpd @@'%fhedﬂﬁﬁrm's and the
deffiikheum and the epiderm s at the surface and the

subcut aneous | ayer below. 57 WD 2007/113222

PCT/ EP2007/ 053057 Dependi ng on the node of delivery,

the vaccine may ultimately be Iocat ed sol ely or

ripmar.il ithin the derm tely
adpaBRiinetbdl s RurRaSabmathdt of Rrseding ovEpsing stapcocca
infeetivodir disease comprisinanthe steipa administemindioe Irumumamcdm@sition or
vabdind 6f&taé inventidnab RyaE6eMas abed thefedet i on or di sease
corrpri sing the step of adm nistering the i mmunogenic
nposition or _vaccine of the invention to a patient
A Nﬁthﬁ’éé'a‘bt’ﬁ’f@eébf’f thegnyention iharuseridhe HfEWP”%QeW%%OmPOS'“O“ of the
inventi@mini thea manwiaaisre aifa vdueinenfiou tregferent oc prgvestidn omstaphylococcal
mf&&%n or Q14884d, @Ptidriany Fé’st%ﬁ haghpiyfocebeat infé@dighne for
treatment or prevention o st aphyl ococcal infection
or disease, optionally post-surgery staphyl ococcal
Threﬁeréusta@hyloqcr?éaltIeieﬁtlonsﬁa@wmé@%@éﬁctww@@pn@u S. aureus and/or S.
eplieonidizasnes othef esthpiyiocdacks edrdiis Scapablkews endimyr iFection in a
mé'rﬁmglmads;'it Indihdhsh ﬁgs?er st aphyl ococcal strains
capa causing infection in a nannalina
optional Iy human host. The terms "conprising
Thedermsy icomprisingl, "cOOPAIEe s*Ns!" coraprsas’ herein afteemiae@ledow thigdnventors
S bl t
to bEERIBRA sub QuREE Bt Wlookhe PLRISHAY KF Bt o, 2Fconsists of,
resp@chivedyp éceveneingtancey every i nstance. Al references or
patent applications cited within this patent
specification are incorporated by reference herein.
Allz&ferances depatentzaapplitations nijeshwithom thimpatbat $petifieation are incorporated
by Yefdeingé Befdin.t he foll owi ng exanples are set forth.
These exanples are for purposes of illustration only,
and are not to be caonstrued as [imtin t he scope of

In Der At ik Nurntion MY PenReigE Hndesgosdn thetpwing syamples are set forth.
Th5’§§r éfa'ﬁﬁﬂ% 4r€ FotQRifposEX 8MMIsBatidR*GHIP lafd AréGRA% be'ebhste®bs limiting

| asm d to Express Reconbi nant proteins
the scope of the mventnon in any manner.
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A: Coning. 5 Appropriate restriction sites engi neered

into oligonucl eotides specific for the staphyl ococcal
w@ene/1peni tted directional cloning of the PCR@I/BE01/053057

into the E.coli expression plasmd pET24d or pQE-30

such that a protein could be expressed as a fusion

protein containing a (H s)6 affinity chromatography
Exkﬁgﬂq the N or CGtermnus. 10 The priners used were:

atoxin -

% %%TT ?AT TTAA T@TTA@#%E@@RSCJ 5!

- CGCGGATCCGCTGGGTCTAATAATTTTAAAGATG 3' and 5' 000AAG
CTTTTATG GAATAACGATTTGTTG 3' 15 Cl fA -
A: ClonmgCGGATCCAGT GAAAATAGTGTTACGCAATC- 3'  and

Ap?r&%@@%%ﬁdwT&@n§cle&|&QA specific for the

staphplocoaalCTaneT AT TUETT diratigmad TlanmeCape3 PC8bproduct into the E.coli

o ARSI il A s o s

pra@ein COTSRNICGOBINGAKDRT AlueraTa@aby3ag attbie N- or C-terminus.
5' CCCAAGCTTTTATGITTCTTCTTCGTAGTAGC- 3' Sdr G -
5' - CCCCGATCCGAGGAGAATTCAGTACAAG 3" and 5" CC CAAG
ThEPTMESTUEGMAG CATAGTATC CG 3' 25 Ebh -

Alrgj WGXQTCTE%&T?‘%AMTTAATATTAAAAC 3 and

RIATAACATAC-3'" and 5 G CG

o SRS RO Al et ;o

5’ GRCAMNACHT T PMIBGASTASTCATARBLTGENACCACCTAAACC- 3" Har A -

o AN CHMUMUEIE S H comres

5L CARAGENT NTAGTETGGAATTGGTTCAATTTC-3'

it CUST N SN EME o ucos o

5 QDCAAGCIZPPARGTT EFRRVGAT OGBUBIITCAMA@T'YSi n am dase -

spp - ACCTCATATCECTTATECFATA I M ke dcaithancTTe 3 and
5'GGAACTGCAGTTATTTCCAGAATGATAATAAATTAC-3'

SdrC - 5-CGCGGATCCGCAGAACATACGAATGGAG-3' and
5CCCAAGCTTTTATGTTTCTTCTTCGTAGTAGC-3'

SdrG - 5'-CGCGGATCCGAGGAGAATTCAGTACAAG-3’ and
5’ CCCAAGCTTTTATTCGTCATCATAGTATCCG-3'

Ebh - 5-AAAAGTACTCACCACCACCACCACC-3 and
5AAAAGTACTCACTTGATTCATCGCTTCAG-3

Aaa - 5'-GCGCGCCATGGCACAAGCTTCTACACAACATAC-3 and

5GCGCGCTCGAGATGGATGAATGCATAGCTAGA-3’

IsaA — 5-GCATCCATGGCACCATCACCATCACCACGAAGTAAACGTTGATCAAGC-3’
and 5'-AGCACTCGAGTTAGAATCCCCAAGCACCTAAACC-3

HarA - 5-GCACCCATGGCAGAAAATACAAATACTTC-3' and
STTTTCTCGAGCATTTTAGATTGACTAAGTTG-3’

Autolysin glucosaminidase — 5-CAAGTCCCATGGCTGAGACGACACAAGATCAAC-3’
and 5-CAGTCTCGAGTTTTACAGCTGTTTTTGGTTG-3'
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5' GCGCCTCGAGITTATATTGIGGGATGICG 3" | sdA -
5' - CAAGTCCCATGGCAACAGAAGCTACGAACGCAAC- 3" and

WO 2WCTAGTLTCGAGTAATTCTTTAG CTTTAGAG CTTG 3" 5 »cTiBP2007/053057
5' - TATTCTCGAGCCTTTGAGIGTGTCCATCATTTG 3" and 5° GAAG C
CAT G G CAG CAG CTGAAGAAACAG GT G G3' NIRRT -
5' - GATTACACCATGGT TAAACCTCAAGCGAAA- 3" and

Au&:lﬁ@ﬁT GEE%T&%@QGT GCGABTREAPCATIAEESI TATHE TARTASFAAACC-3  and
e first introduced into the pGEM T cl oni ng

5‘5%@9@ C@P&Si/TJJ ATESTREGRF BBkt erial cell s,

Isgaccor ding tos Im@?@©éﬂ¢G@CﬂA(§AGm¢CVRCGM%G6M(§3 and
i nternedi ate constr de to facilitate further

5 /’&Qﬁ«ﬁ;F%T@ﬁt‘\@TMTJQEFEQ@F?\&%%%GQ&TTG# ansf or mant s
lsdEPNt aLni ngg; IWT@%GA@GCWTTG%@@I@@QKQMWB‘ iCthpp 5

enzynme anal ysi s.  om ng digestion, -20pl al i quot
GMGQQATG@MGQ&GQB@AAGAM@%C&WG@@M ose geI

ctrophoresis
M . hcetat o EDTALAEL KT T oy TIOFToAMS oMY, o
SAGGTETCICGABTGABATTGTAGOATCART-3f t er gel
el ectrophoresi s and et hi di um brom de staining. A DNA
nol ecul ar size standard (1 Kb | adder, Life

Th?elethRmr@ic&wemsstéﬂltemucapmm e @G E M- Tpdorind edctari (Nbvades) using

Tohmtbfgtgﬂal %ﬁlsaggﬁo\(\@ﬁﬁ gé% ﬁ’rﬁ gatch?@r:)s Mnéglﬁct%bszég 'ﬂfis 'irngrmediate
comsrtantsWas nmqileéommlltaiacftlmhﬁlr@h:irlm@ ini@sart éxpressagpuestaral fapsformants
' | | cti :
co LI SRCHILENSA, BBl Dy, 308 SR Sph k! Piowing
digestidma oZfiits)iquortod tioe mtl@d wBblanklyaedrbptagaeset ged relectrophoresis

0B shinge e e Rbcta BRI (RS EEAR HuERodtRRs Rel<lisddizea by
U\Ehlhmmbﬂon éfteag&‘edeotcophar,ésisIasdkthidiisMEhrorhhieMalnlng A DNA molecular

S|zAt4[ta idal nSTS?R e glln%cf? %Bgi’esmgc le&eﬁlrﬁé‘\%?@e@l @%Jrél%ﬁj with the

tesbda@pleScnd, wernlhrmél to&itllﬁétéuee sideptfahe PHA iagmerats.dPISkmid purified
fro‘é@gege ljéénn ?ﬁrr%éhtsl*gﬂ d52h CDJ% S%Rqﬁ) L@@%garllg qqested to completion

ression Vect of
wutexppmspmaje pﬂs&&tmml @Eydéd as rpCim@endet Hyi g&t i roanjufadturer (Life

€ | P P

Te\cl,';\@%othqlest)l e %ﬁsﬁ!ﬁ%?ﬁh f?aéﬁ tﬁ%rll ?unf@'df I| 3 ﬁl&% giﬁ)%éged spin
colerme swionftot liyatioh gétht the pﬁE'E&glmenrt sQEeB(I pbasmiccpatlening of Ebh (H2

vect sed o amthe ation.re .
rafPERGAAR Tol T DA DB ARRRE, Al eIptcs RS BitR D Tsagwas carrea
ouUss:mggtHemEh'Kﬂalﬂ plagetid akd cloningroftGi, SdtC, SwE, PasfAQrSued/Foe, alpha

usi n actlon Life
oA aES g e RS ing PhE- %Lﬁ%’afmﬁaﬂ on (-5 pl) was

used to transform ML5(pREP4) or BT21: DE3
B-?J e&t {io-gfo%et ent cetl | s according to met hods wel |

: » -owi ng 35 a -2-3 hour outgrowth
Topprepa@ tite 8¥{Cession plaBmid p&M24B dyr pQB-30t foanightomeid was similarly
dlgegled to\l\c’egn?pletﬁag with appropriate restriction enzymes. An approximately 5-fold

molar excess of the digested fragments to the prepared vector was used to program the
ligation reaction. A standard ~20 ul ligation reaction (~16°C, ~16 hours), using methods
well known in the art, was performed using T4 DNA ligase (~2.0 units / reaction, Life
Technologies). An aliquot of the ligation (~5 ul) was used to transform M15(pREP4) or
BT21::DE3 electro-competent cells according to methods well known in the art. Following
a ~2-3 hour outgrowth period at 37°C in ~1.0 ml of LB broth, transformed cells were
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WD 2007/ 113222 PCT/ EP2007/ 053057 pl ated on LB agar

pl ates containing anpicillin (100 pg/m) and/or
waamamyxeen (30pg/m ). Antibiotics were incl udedr/Eropnes3os7

selection. Plates were incubated overnight at 37C for

-16 hours. Individual ApR/ KanR col oni es were picked

wWth sterile toothpicks and used to "patch" inocul ate

p|a‘técﬁsn LisBadii Rl dfas Bombmtn@smﬁc.mﬁl(k O@%gﬁnly &n@oﬂkada%y%m (30ug/ml).

Kan broth cul ture, he patch plates and t .
Antipigties werednalydeddp H‘el Sr‘FJﬂSFB@H @datS%WPfﬂ '@Wbaﬁd %’PCE"QW at 37°C for ~16

ho@#st hﬂdwﬂiuaﬁhﬁRﬂ@d’n@ bé]@r‘rl@éitv@'re QJFHK@& &ith Qérllé téﬁﬂbﬂcﬂg and used to
wat er th, - based PCR ana

‘DR RSOIRE B RPRIPER FES SY BPRARAS ] ML EB hetKanfoth cuture.
BotNbhel pﬂaﬁ&f blatesRira. thé Bebth %ul%r@wer@#@hﬂétgﬁbvéﬁlgﬁpéﬁgﬂc in either a

broth culture was transferred

StaRepIAIPe Al RRlateg bher kDR gy Pcwmql%é?'baaw PCR analysis was

enfpfdVell | Uy %t'tﬂar@foﬁﬁ&'ft%’r\tdﬂé&r fHeeDNA fid8® (Hére!Mithe ~1.0 ml
room 10 tenperature, -12, X g). The cell pellet was

oveinight kil &/ 'f?ﬁ’ erMU@fW%Q téqr]sfegr el @ 1.2 AY Palypopgigne tube and the
cefd | DHQtedSRA Jeﬂtr%g%%ﬁmnaa @Q.Ekmghr’ﬂ%lcyd@eHﬂFﬁngCB—:ﬁ min., room

reaction contalnin forward and reverse

tergpgypiure. ¢4 2i08R X r3§ell wil@t was syerendertingelQulLaf starigwater and a
~1§{.|IeéﬁqM\6’f§Jsb8‘@6 Sr’t‘:%?é?'n bQs8y| flﬁaf%l@rﬁe PERERSHIIG SMESIRRY both forward
di sruption of bact eri al s and |i beration of
ang|rengfse) ampiKication prpers Vb Initay §6°G H@mafunatleryéteerW%ﬁn@C@ased to 3
mﬁ@te&Yc%r?suré me?rﬁalstﬂ@rﬂptwﬁeéf'mé b?&@ﬂlélfcélﬁaédooﬁbeﬁ:ét%wéf %1asilrﬁ’d DNA.

45sec, C wer e used

ArAB il BIOR e sASpdornct 4 a3 Gyl hiearslartiBeinal Gepiication profie,
6! 63781 SRNG5S SRAE) BBsecl aHHOW A ! mererrﬁgecf@@'arﬁdbgameo@,qsszoa

g alig the reacti on was ana ?/
fraag@nb @M dleg Iyée@értanﬁgmﬁnés}a@pte@ 8’0¢}@wgaﬁhgrmai amglification, a ~20pl

allaﬁdtﬁgﬁﬁe g&tgonﬁp%a‘aﬁﬁ-rum nbguafgfa%sle ep%cfrém‘é 0.8%f Sgarose in a

VI S t1on af
TrigiagetateopPOA éEA\E) kiffer)e VAl fragments meceewsuaéasqad yy UVAllupnipation after

ge[lfg ﬂfog)?ﬁ(esé' R cthigdeA Hmidk s}fgg@g dlAaﬁIQRar aﬁ eﬁ'sme standard (1 Kb

ogi es) was el ectrophor
ladder tLife prhr@ﬂogaeﬁi Wﬁ&S%leQUQEUOFE@eCEQtﬂaﬁdbbWtﬂh thestestesapfipleshend was

us %pésﬂg'}éfé the Ek%n(gf‘; g%”ﬁ&hs H?iﬁlt: en?p#hl Fo‘fimtalﬂt@ that produced the

expected size uct WBre ed as stra

expentedsiae LR piedictiwereiqanttied es stremmstantaining Expriows iegpression
| :

cofAEE: By ERRLEh HAid EbARRg! Bhhs RER BRR AFRel B b naucile
exgbepsiesof renombiabntgrsteinf PCR- Posi tive Transformants. An

al i quot of the overnight seed culture (-1.0 m) was

i noculated into a 125 m erl ennmeyer flask contai ning
C: ExbregtionAnbiBsidjof KER-Rysitivh Tadrdformangr own at 37 C with

Anfaglg@{g)gtr% 25%5@“8?&1 6Lﬂéjre 1%m&v@sﬁ%§cukﬁ%cglggo(%ﬁﬁ%ml ﬁrlenmeyer

flasibcarttaifiog +25 ml &.LB Apias dorotitant twas drowe aaBproxwittastedking (~250

o e S b e Bo g R 47 8 BiElobERant uany avout
1.59¢ Bt)ehours) n@mmnm? aphexmukdely ihalf obthe duRTIE (¢12.68 ) sbe drlansferred
to Q 8@06}1 mI f%tsgi%cligw%‘?oﬂ of%e&mmén? p%tém mao]uced by the addition of

ncentr
IPTG (1.0M 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

cultures were removed after the induction period and the cells collected by centrifugation
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cultures continued for an additional -4 hours at 37 C
wowrd/ishzaki ng. Sanples (-1.0 m) of both i nducedr/EPm07/053057

non-i nduced 35 cultures were renoved after the

i nduction period and the cells collected by

centrifugation 61 WO 2007/113222 PCT/ EP2007/ 053057 in

in @ MicFéRARMIge éwgﬁnﬂtenﬁmémteefmefaammesf onnm\?pdua r&,en ?éllets were
I ndi vidual_ cel| pellets were suspended in -

sugpesded dn \waPel of %tﬂ@‘ﬁ WAiRedner Mirednwigy aaleayal WéfOfé’% Laemelli

spgpABE éamp@&f%‘ﬁ@%nt@ml @nﬂ%afpﬁfetr%ar @h@ bl¥@ed in boiling water bath
2- mer capt oet hanol , . and pl aced wat er bat h

forf 75 ”“’Bt%j?f‘att‘éfedéﬁtﬁt'"ur%q%ﬁl 69'&'[‘\?5 (E?ﬁl‘é)l °fvtiﬂth ﬁ'ﬁcwdié%m; -induced
an@f tﬂ@ltr{'bntlh&déﬁu@éll | 1§9ed nﬂé’r‘éeq’oaﬁeéngntbh%ug%té neg edris/glycine

el sates were | oaded onto dupl i cate
poiy,aprg}a@? %gﬁlem §ilG] tplg& Mmlagﬁlsdé\logg;]( ('ﬁhqmp@qﬁdcwd non-induced lysate
saMpl’é‘s gRles. eIéﬂ‘PﬁéFP@resé@"Qedéﬂﬁ’é}Cﬁﬂh apds ARyl H%%G%r'%&@ﬁte markers

| es were el ectrophoresed together with prestained

(SW|%UNQYG%VW ¢RaVRIiosal copdiliinge UsiRg & 8fansdage rSDS/Tris/glycine
rur?r%%}’ Bittdr Qll@ha&)orFBIIBWPm@%Ié&HoBHor@sét dgaq'as stalned with commassie

ris ci_ne running % oW n
oripelc bhiep RSBG SBIOR ash eangi A desaefots. WevAiZeonpes JPA Criducble
pr&teinld) 'ﬁ@sé@oH& P%&% élgbt%%?dit)ed%% 5%&%@%?5@%0&‘5 micron pore

visualize novel | PTG i nduci ble protein(s) secon

S'ZQeNOV\QQ fer é%tW%BF 4t &US'%@OB'QRWMn'n%ﬁ’EﬂaQHé blotfingsapparatus and
ToWoWsO%e‘PﬁHn%l Ig 5 trm\f@rx%uffe?r BRcRF§ o@tthé]r n¢erH§r'aH9 dhd antibody
Bi oRad M ni-Protean Il blotting apparatus and
mCPletﬂnﬁ wergwerarmegd @g@rdy@g ta mediods Wellfknewn iBithscRitngs Gronoclonal
r
angﬁiﬁ' g-‘il ipn)@gaét?@bﬁ{}ftj fd;fl Gvb@%?)é ﬁ(e'ﬁgﬁm% paft‘;%h%ﬂﬁ r’rY&ES aﬂf%cfo"} BRfhgated to
HRD fQ@Cenal wars gedi toResfi(rpi teg Bxaiessipo cnd rﬂ@mtitbwédhwe@mbmant
pr&%ﬁoc";wésL{aﬂ%ioh cﬁ”t“é %ﬁpHé%nﬁ?éd}b@gﬁtl\fé%ﬂﬁmgg a&fﬂe\g’d%smg either

were used to confirmthe expression
anj oA i tinsoble heubsdraterbPnhaHsing phiyperfifm \WIt@ualheZa‘t\m@rrsh@m ECL
hbody reactive pattern was achi eved
chéﬁﬁurﬁ%éceﬁbés?é?% ABT insol uble substrate or using
Hyperf| Imwith the Anmersham ECL chem | um nescence

éﬁg}g@ﬂl P?@dtﬁ?iﬁ:%f%&bnﬂiﬁ’&fﬁrb‘%ﬁh of Reconbi nant
Conbi nant expr essi on
Bagterigistraisf E. coli ML5(pREP4) containing a plasnid

A Ke%?ﬁgﬂ?antoéx aé%h%ﬁ str%%f@%&ﬁ'hﬂd&&ﬁ%t@ﬁéspg%ir{ﬁg %‘Zbgasmid (pQE30) or

encodl ng S ococcal protel '
BL@ﬂdaEu%@oo@mmgmbsnﬁd)pEEMd ehedingostaphylocscorttiratent was used to
j g?m iumused for the
pn%{ruggg Pgr%@f)y{au%f}gﬁ%ﬁ an pt? e:an&%gny sted of 2X YT
broth (Difco) containing 100pg/mM Ap and/or 30 pg/m
md§g Antifoam was added to

The fermentation medium used for the production of recombinant protein consisted of 2X
YT broth (Difco) containing 100ug/ml Ap and/or 30 pg/ml Km. Antifoam was added to
medium for the fermentor at 0.25 ml/L (Antifoam 204, Sigma). To induce expression of the
recombinant protein, IPTG (Isopropyl R-D-Thiogalactopyranoside) was added to the
fermentor (1 mM, final).

Production of recombinant proteins
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30 mediumfor the fermentor at 0.25 m /L (Antifoam
204, Sigma). To induce expression of the reconbinant
w@emvain22 | PTG (I sopropyl f3-D Thi ogal act opyr amOBER®)7/053057
was added to the fernmentor (1 mM final). Production
of reconbi nant proteins 62 WO 2007/113222
PCT/ EP2007/ 053057 Under native conditions | PTG was
added at a final concentration of 1mM and the culture
was grown for 4 additional hours. The culture was
Undpeiative gerditiaised at 6, 000 rpm for 10 ninutes and the
PTG Rdd Blidem st %eﬁrlvla‘}%%&ﬂrdtlan RAOFMaSR e taturé Spayvbrown for 4
K2HPO4, KH2PO4 i ncludin pr ot ease inhib
addifienal gowrs. The §U@ﬁﬁp«aé thas cgmﬂ?use@ &8 61090 rpnfen 19@9%? @nd the

pelldt a2 risispEnde th haltd Emrﬁ)rﬁMa(ZHF‘@a Klﬁlicﬁf pH 7) including a
centrifugation fo Omnutes at 15,000 rpm

prcgﬁﬁss@rlWablamockmswlé§@mlédva5§|ubleeiegrs@ Frengp |pr¢5@atei Iwﬁs gsiag 1500
ba%sd’?@i?f@ﬁ&%dﬁt& &nﬁ%ga-{tiﬁ foqrajmhﬁluf@@%t Y B%Rﬂ_ﬂ)rﬂaﬂ%%uﬁé‘matant

resin col umm Phar maci a, resin

wagjrespsyad febfuriher @wét@ailqn £l @@w@w to|8-B e, sample was then
Iodﬁ@& %H a P@fh?f Al %s‘rﬂﬁ(l@%llﬁnn bh§m§‘ef?:kéj WlN"'Pﬂsre Q#?Srﬂan‘i\"c&hhltloned in

cer ol

50rnM EEHFQ%KUBBO&FM éi Ntef dogd'@thegwml%rthe \m'UU@e\daWéﬁf@d with
Buﬁ‘!erf A‘?(B QMtNQJiz‘T-R% bH?@stNél}lf i G% E/Mér%i %@*ﬂ% Q\f;\nedfée%tem, a step

ycer ol

, 10%
grc’&tﬁﬂ%dva bsetshwherreo gtfferentspmp@ﬁ@ﬂmqﬁrbua‘er Bb@r 4N rNagi2Rgad pH7, 0.3M
Na@, aﬂj"/alcggy)éerld”%ﬁ@aﬁ)@%l\ﬁ rrﬂﬁbﬂtﬁ%’ \;v%glg&oéh 6 i ffer £, The proportion of

tron  eluted fractl cont ai ni ng .
geroB avas W@d@alﬁwocr@asedcfwmew/p 40 dQ0%n d\ftgr auyfg@domg%lutﬁétfractlon

coﬂaﬂ%'\"thé“lr?n@@‘%{ @?ﬁ%g@l% B d amd ndﬂHl <3R! R95inYeD.002M

use u I sa
KHRPD%?Z#U%@%P{H?]& M NaChha t oxi n. 20 Under denat ur i ng

conditions | PTG was added at a final concentration of

1mM and the culture was grown for 4 additional hours.
Thistreetbod was asedito puTEnCEANSE T, Iagidd IseB, Blac A\tkgluedseminecand alpha
o>{;ﬂ. ntes and the pellet was resuspended in phosphate

uf fer (50mM K2ZHPO4, KH2PO4 pH 7) including a 25
prot ease i nhibior cocktail. This sanple was subjected
i & |ysis using 1500 bar pressure ( 2
Unbir ddr |%'L?éﬁﬁ’(wrr| fugation for 30 mnutes at 15, 000
IPTq?orwaSt hadgse bl at fingh conogrgitadion aif t tTmi havsip Heet eulbwné fveas grown for 4
d

Aol Nl Soeisoe ey e R R a2 SO e 1 Rl e
peliat @@s resubpindéaHr POdsphatesMfa CSOmMMKZHP A4, RHAPQ4cpH Fighcluding a
pr&éﬁéeﬁr‘ﬁfﬁa@%&{(@"gﬂis éémﬁ@%‘sts‘ﬁ%‘é{eﬁ%‘ F%ncmﬂ?esge@ysqs }G@lﬁg 1500

cent
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 pellet was resuspended in 8M urea, 0.1M NaH2PO4, 0.5M NaCl,
0.01M Tris-Hcl 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 NaH2PO4, 0.5M NaCl, 0.01M Tris-Hcl pH8. After
passsage of the flowthrough, the column was washed succesively with buffer A (8M Urea,
0.1MNaH2PO4, 0,5M NaCl, 0.01M Tris, pH 8.0), buffer C (8M Urea, 0.1MNaH2PO4, 0.5M
NaCl, 0.01M Tris, pH 6.3), buffer D (8M Urea, 0.1MNaH2PO0O4, 0.5M NaCl, 0.01M Tris, pH
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30 fro 20 m nutes at 15000rpm and the supernatant was
collected for further purification. The sanple was
wo bn/1inaed on a Ni-NTA resin (XK 16 col unm PRer/RPIDAYS3057
Ni -NTA resin Q agen) conditioned in 8Murea, O1 M
NaH2PO4, 0.5M NaCl, 0.01M Tris-Hcl pH8. After
passsage of the flowthrough, the colum was washed
5.@um%’uﬂ@4 E WM turbalf 0. aMNAHRBI4UresM NECIL OMNAHZR@4 pH 4.5). The
0, 5M , 01 MTris, pH buffer C (8M e%, .
gD sk Wb ity colymb puppe ppshesuifebufler B and E. The
dehatUferll rdotBiakit pdvtei® cduld/ba H3RBHize DinSdvkdadn d&/o%erea For this
Tris, pH 63 WD 2007/ 113222 PCT/ EP2007/ 053057 %
p“éﬂ?&%ﬁiﬁ?’?@’ﬁ% P{BRIN GPR'ZINES N STaaPYes Sl{?céﬁ'\f%)dj'a'yée gpinst 4M
urdd, I0SIMNE2PH4)0. omernsmqsm mag lﬁé@t(ﬂ N/I waﬂzlabut 6@1M Tr|s HCI,
fromthe col um duri

PHie helt: %Mé’ag'n'P%@Bﬁﬂiqf?a‘f\{'t%iﬁpc%t(%'*e@éw7b1e Os1<§|MJH?PE Qéa/' ?fﬁ'n'ne
a solution devoid of urea. For thls purpose
denatured protein contained in
This /pgtbed .vwwea |t%Py&fé§badH?ﬁ@smm>5A% e%PrCo FabmaZibtl-amidase
an@1$8A. M Tris-HCl, pH7.1, 2Murea, 0.1 M NaH2PO4, 0.01 M
Tris-HCl, pH 7. 1, 0.5M arginine and 0.002M
KH2PO4/ K2HPO4 pH7.1, 0.15M Nadl, O0.5M arginine. This
Egiuhﬁ’&j W%?elhbsﬁgret QnaWé@H be_é ﬁ@P(AU% fTI@QF@%ﬂRQ for'%é »protein purified

C, FnbpA, Shi | -am dase and | saA.

unﬁ@rmaﬂr/@eowmné. ﬁlghmxaﬂ)aﬁamg OEPte) psm‘@dn/x@ dWéurmg conditions

(SAreg dhd showdin ERfrdy Ph&] » purified under native
condi tions (al’pha toxin) and one protein purified

under denaturing conditions (SdrC) are shown in

Exahipid @sm%Bam.oﬁ ofl 5. Biagid ecsvp?m&pﬁs@tsh&ha@i‘descoﬁugmg using

c sul ar Pol ysacchari de Conjugates using
Cctivation and coupling chem stry for nati ve PSS usi ng
CDAP: 20 SA08-TT004 Activation and coupling were
performed at room tenperature under continuous
Acdivation agd codplingychémistryifoengtole/R38 usiagiGIARver e
di ssolved to obtain a final PS concentration of 2.5 25
ng/mM in 0.2M NaC . The solution was then adjusted to
SA8-6T004-0. 2 before the activation step. At time O,
50 | of a CDAP solution (100 ng/m freshly prepared in

Acava%ﬁraha cbliihYflere pEHRRLd aVRIR @ ﬁbtmmﬁabﬂ obnt.mdlsa:,ﬁhm
prop r?atg\@@g%/fPS OS/quﬁg)f@lo d

t he 5
10rﬂ‘919ftf@§'V? ﬁ@ly%qchgdervgﬁrg éi&s?IMecb qpt@@a/ﬂngl Ifﬁ,cggpentratlon of 2.5

m@lintd. 2N NaC1. Crhe Mohabiiwadle{dr Rfldtdd t@gbl-ﬁ @53/30 2Betéte the activation
m nutes and pHis stabilised at pH 0+/-0.05 up to

steParri er

At time 0, 50 pl of a CDAP solution (100 mg/ml freshly prepared in acetonitrile/WFI, 50/50)
were added manually to reach the appropriate CDAP/PS (0.5/1) ratio.

After 1.5 minutes the pH was raised to pH 9.00+/-0.05 by addition of 0.5M NaOH.

NaOH addition takes about 1 minutes and pH is stabilised at pH 9.00+/-0.05 up to carrier
addition.

At time 4.5 minutes, 1.5 ml of TT (10 mg/mi in 0.2M NaCl) was added to reach the
appropriate Protein/PS ratio (1.5/1); pH was immediately adjusted to coupling pH 9.00+/-
0.05. The solution is left for one hour under manual pH regulation.
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addition. At tinme 4.5 mnutes, 1.5 mM of TT (10 ng/m

in 0.2M NaCl) was added to reach the appropriate
woe@mraiePS ratio (1.5/1); pH was i medi at el y Bdj/mB106T053057

to coupling pH 9.00+/- 35 0.05. The solution is left

for one hour under manual pH regul ation. 64 WO

2007/ 113222 PCT/ EP2007/ 053057 After the coupling
Aft%F%c&Jpﬁ'\ teEIfongl%fW gﬁ/cfnéa(tan@ ng,L/véF(SM)\Ah@M) were/ akded; pH

wer e ad ust ed

wag, 'Uqu'@e'l?)?dluﬁf‘?éj 0P QPT/OQIO%SThee?fQIUtPBrW%I% o t39sminutes under
maHudepH rE@NstRN. Phed %Ué dgate wgﬁﬁ%rlﬁ&?uﬁl‘?@b@ﬁﬁr\eMmrt filter and

clarified usin ni sart ter and 1njected

mmeds@amheprys%e@w(<XK1@//1%>@)Themv T WA APEAV30 i, using
15bimeda@t 30 m/h, using 5 150nM NaCl. The el ution

fractions were anal ysed by resorci nol and by BCA.
Theglutipe §ectings wese endlyredyiresorginellasd bandBGA. Interegtingfractions were

A T Iting conjugate had a final

po&'#%g r%rlg% %\?/&\%)“rﬁst%ﬁgg as assessed by resorcinol

10 and Lowy assays. Exarrpl e 4 Preparation of S.
Th@%ﬁh‘t% %@' hg Lﬂf?c‘l %E"r ﬁ?%ﬁ %gafto%sa Uggs%gfech F:asorcmol

on sl z acc arl ctrva |on ana coupri
andlhew'rysassyysf or sized PSS using CDAP PS is wei ghted on

the basis of 10%theoretical noisture content. 2 g of

native, humd PS was dissolved overnight in WFl at an

Exhﬁip‘ié al P:‘éﬁﬁﬁﬂi%r@ﬁ | aupbud OCaEEUTAr PEFEREchariR @brﬁb@ﬂtes using
Cqﬂe zlég %’r&%ﬁﬁﬁwve PS was clarified on 5 m cut - of
PEr & BLEX ¢ 50 honogeni zer appar at us,
in V\,hl ch the honogeni zing cell was replaced with a

Ackivation hhd doaplinEnerhisiry Tor §iked RSB 'u‘éihgﬁbbﬁber , Wwas used

to reduce the nolecular weight and the viscosity of

PS @gvdaﬁ’ccﬁté/dsgﬁ %aﬁés% or9b0l ht%onggﬂg‘r% Lyt A aéu ‘rﬁ:iler??tfﬁ gﬂﬂgtiv%i, AGmid PS

Ion " was reali ze
wakidissblvey ovemmighhoh Wireat an mltEéOGrbhceptsatlohmf 110h'eg/f'rtbl Befosenthe sizing,
r educt| on was

60 cycl A f_th
thef %‘?“rc‘ﬁ‘/é’g?‘?ﬁh"-egf%@é ar@%ﬂ %&5 :Ur@:%‘uloﬁﬁﬁ viscosity. The
A BMEILS@LMSCSD meederaidr%bpir@tALS%/ml va?crv\ﬂhe rmogimggmiailhg ﬁéll whs
ClIV | n u |
rerased viond Giciat e TSR Pl iereit RGP WGRtRRE Bieduce the

mcﬂédufarr wagght 8Rd fre \ﬁlsfcoﬁtyzcﬂ%é)@ély%@&fd?iﬂé|b@ﬁ>r§tﬁé%"cﬂvéiloh Lsit@pl
to obtain a final PS concentration

The sizgrgustion was feaigedyat 1HPR0 psigiuriag é'ilﬁA‘!ﬁ’ fg 8l CEXPheé ﬁ"@ 1@@ at 15000

psiYBf thik fdlloREY 60 BcrRRAT r%jperre% Bt BBisizeirb®IcHEh was RMOWEY in-process
were added manual ly to reach the aJJro pri ate CDAP/ PS
by (egssyring visgesity. The sizing was stopped after 70 cycles when the target of 2.74 +

0.2 cp was reached.

Activation and coupling were performed at room temperature under continuous stirring.
50 mg of sized polysaccharide 8 were diluted to obtain a final PS concentration of 5 mg/ml
in 0.2M NaCl.

At time 0, 375 ul of a CDAP solution (100 mg/ml freshly prepared in acetonitrile/WFI,

50/50) were added manually to reach the appropriate CDAP/PS (0.75/1) ratio.
After 1 minute the pH was raised to pH 9.00+/-0.05 by addition of 0.5M NaOH.
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After 1 mnute the pH was raised to pH 9.00+/-0.05 by
addi tion of 0.5M NaOH. 65 WD 2007/ 113222

WO ERR20D7/ 053057 At tine 2.5 mnutes, 10 nl POf/ERDOA053057
10 mg/mM in 0.2M NaCl were added to reach the
appropriate Protein/PS ratio (2/1); pH was imedi ately
adjusted to coupling pH 9.00+ - 0.05. The solution was

tlt.ﬁfetz 5 Prﬁnlﬁés berwtoeﬁ léﬂ fe rngvrﬁnH @|2MP Natpritealdded to RELK the
the cou step 2M gl ycine (ratio g

Iyl PS
copiapis oINS ez e itel A hatedh Geevy g pH 3004
0.6l 'H]%ts%%tlgaﬁ \A%s%)ft"f'or 85 prﬁ’mﬁé’s Mb%r H%QHEIEHI-PF ulbfién.sol ution

m nut es under nmanual H regul ati on.

Aftenéw @mll%ﬁ]eagaﬁénMds2M|gyﬁlne| éﬁjlol.@y/ﬁ§ W/ gk rfy N )nvergradded; pH
st' |hh?éd|£&9 édﬂJs?eQit 8%, 96#/%‘9%?%' regaft@ HRHIEAG R W teft for 30
low-rate was fixed at 60 m/h. The elution
m'ﬂ\dtﬁéﬁﬂ@ﬁ[@%ﬁepﬁﬁ%%'@d by resorcinol and by protein
Thgﬁwsonjdgateewss%ah%d u%%gfaa% NEfSart Bk oA tj&f#ec?&HjSephacrw

tered on O. gm . The resulting
S4@8Hﬁd§5?@/1ﬂ@)sTaeflw—aaitewalspﬁsw at@%mlél‘n 1.94. Exanple 5
T et o S S po o SRR Tnteresting
fractiensi veare poaled agd Bt 08 0.22ume ivillipaspdl ar
pol ysacchari de type 8-TT conjugate: 20 PS
derivati zati on Activation and coupling were perforned
Thatresubtongm dosjugetedtasradinah &P Saeti ofu@tis stirring. 30 ng
of native polysaccharide were diluted to obtain a
final polysaccharide concentration 25 of 5 mg/nl in
ExWiH;ﬂé 5 Pepafdtiont ¢ bprs v@freas oapadai Po@HaéclﬁarfdeOCEhjh?ates using
E N HCl and then gg of ADH were added (2.2
. After conpl ete d| ssol ution, 60 ng of EDAC were
added (2 ng/ng PS). After 70 m'n the pH was raised to

A&Haﬂoﬁaﬂ&fchugimd\bm&&%sﬁ fEpae reaction. Free ADH
was renoved by purification on Sephacryl S100HR (XK

Bl 2RSULA G . d4a3t on was 30
done by sonlcatlon of 15 mn aIIOMAng a sterile

Pq ddrivafddtien on mllex filter (0.22 gm. Coupling
Tet anus toxoi d was added to 5 to 10 ng of derivatized

Aﬁm %fsacgharl de in O. G and 35 theﬁPH Was . -

Hrt9a g cowPlipg vereP rB‘ﬁ 6L OBy CTREIATEHINGET FPERHGYS stirring.

30FmNG nadise @olysadcharite werd.dilied o sbtbnfe fval pblyFacbhanti ddmeentration

of 8dAGrl AVRater THY dddioRfwabladiisted &b/ H Y¥-5.036th E5NIHTI-and then 66

ug%ﬁ%drﬂw@r% éo%e& *352 egFHg s@”;‘&%élrsc%?’néﬁe%‘a.sldﬁhcﬁa ©0'md BEEDAC were
7 mgimg P3). Aftr 70

added 2 mg/mg P Afte min the pH was raised to pH 7.5 with 1N NaOH to stop the

reaction. Free ADH was removed by purification on Sephacryl S100HR (XK 16/40). The

flow-rate was fixed at 60 mi/h using 0.2 M NaCl as elution buffer. A size reduction was

done by sonication of 15 min allowing a sterile filtration on millex filter (0.22 um).

Coupling

Tetanus toxoid was added to 5 to 10 mg of derivatized polysaccharide in 0.2M NaCl and
the pH was adjusted to pH 5.0 or pH 6.0 by addition of 0.5N HCI. EDAC was dissolved in
0.1M Tris buffer pH 7.5 and then added over a period of 10 min (1/5 vol each 2 min).
According to the conditions used (see Table 6), the reaction was stopped after between
30 and 180 rinutes by addition of 1M Tris-HCI pH 7.5. Prior to purification on Sephacryl
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was clarified using a 5pmMnisart filter.

Al ternatively, the conjugate was clarified by a 5

m nute sonication step. The conjugate was then

5400HR0fh%C&oﬁmgat§e«maﬂarmbd %98 H%p(m#@éamm)er ATteﬁhat.vely, the

|l ow-rate was fixe usi
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elution putiern Eh@\ﬁlytlorf poal wes gelsated op thebasiselaeserrippiand uBCA profiles

(EREATe vesar Rty B R et PELE 1o comgy ves

filteiedwn(an@22iuin E(tﬁglkwb)me(rl’llyhng(l\mfﬂ))acm&t Tde1/inird0 nmi n
3.58 6.45 0.5/1 5A08-T1015* 180 mn 2 4.0 0.25/1
5A08-TT017 30 mn 3.75 7.5 0.25/1 5A08-TT018 50 mn

Table#8 7.5 0.10/1 10 Tahle 5. * coupling done at pH 6.0

oh P@??ﬁrf;lﬂgc@’%ﬁﬁt e ‘F’éﬁ fﬁ?x‘“@g nfrggasn EDACI

In. TT/PS F| TTH®S ratfo (?‘ ltr "‘9#'\4) d (mg/mg PS)

Fratio(Ww) (WWw) 1ec (79 (/) HA08-TTOI1I 2/ 1 2 43/1
$4089TTONDS: TTGSM®/ 1 2. 403.5853 104 bHABS- TTO17 2/0.5/1

2 A1/ 1 AA 107 CANO -r-rn1o 2/1 9 0/l 1 42 106 1£E _C
[P I Y B S o e n Vg | [=/m\VAS Z 997 1T 2 IO T I,

4 . N

SAOSUSTEIB*Y sac @ piile type 8 was |al so 4peated by 0.25/1

m'rrnfl ui di vation hefore derijivatilzation _with ADH 20

E i zati b7 VIO 209%113422 Pgl' EP2007/ 05:535/1
ctlvatl on and coupl ing are perfcr ned room

t t 00 f
5A05<AEDAY | do g | Lt gt 78 ot ﬂgg nal ps 0157

concentratron ot 10 nmg/m

Table 5: * coupling done at pH 6.0

The resulting conjugates have the following characteristics shown in Table 6:

Table 6
Conjugate In. TT/PS | F. TT/PSratic | v.ps | Filtr. Vield
ratio(w/w) (w/w) rec (%) (%)
SA08-TTO11 2/1 243/1 48 99
SA08-TTO15 2/1 2.40/1 53 104
SA08-TTO017 2/1 2.41/1 44 107
SA08-TTO018 2/1 2.40/1 42 106

S. aureus polysaccharide type 8 was also treated by microfluidization before derivatization
with ADH

PS derivatization
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in water. Then 440 ng of ADH were added (2.2 ng/ng

PS). The solution was adjusted to pH 4.7 with 1 N HC
whedoones2ehe additi on of 400 ng of EDAC (2 ny/ npCPRBP2007/053057

After 60 min 5 the pHwas raised to pH 7.5 with 5M

NaOH to stop the reaction. The m xture was

concentrated on Amcon Utra (cut-off 10. 000 MACO) .

AcPYét%ﬁ ah@ cBbﬁIan;'a?@bé ?I g@ﬁhﬂ%ﬁékratlg@ %W &%Wu&‘%ﬂ?mg

a e "Was
20pimg %f S'Zeﬁrfé)'wsﬁemaf '9? ére dilded to,obtpin f'§ PR F?PQ?QFF%D” of 10 mg/ml
in @ates0TenNetQl ma of ADH twene athdefdt @r2 myngIBEp [Tihegolulion wag adjusted to
pHIA 7Wath B4 el bb@r&%emmfondﬂrmwahg 3LEDRAC! (2SAgAIAPS K AfteN60 min

thé) %%ls J 8 EHé 5 a%tlo lFﬁfxture was
Cow%n'zt gy mgcm LW? %ﬁ&a@@% it tfg %F'F%tt?”o?” $gphacry

S2APHR((XK16/1Q0Q), tr@mmtgawlw@) clarfied susthgregSiro Minipart filter. The flow-rate
wagdined bi 30'I/kasitlg 0156 M BlBCEaglutidnsuffeeact i on was

stopped after between 30 and 180 minutes by addition

of 1 MTris-HCl pH 7.5. Prior to purification on

Sephacryl S400HR, the conjugate was clarified using a
@HQEZEM nisart filter. The conjugate was then injected

on 20 Sephacryl S400HR ( XK50/100). The fl owrate was

fixed at 60 mM/h using 150 MM NaCl as elution buffer.

1052@ J n\g%%é’q%%'t%\gﬁ%& &Ta%ﬂaer‘i &él&%ﬁccﬁ%@éﬁp §f2M NaCl. The pH
was dipsieddn /H e +é1rR? Cl EDAEcYas dipspivedtrpf. 1M Tris
bufféreptt .8 amgdbhen aduzd o\/ed a pemmﬂ airi Oanif (220 pohescle mithute). Agcording to
thdTESHRItRAS uédd séé rasik %Qhe Adaciléh Whe Stopped?diteF BBReR 30 and 180

m.%% g){g?&c‘gtr% 6+p| Mbgﬁs R s Lok d FiiChont dd Eedr AT d00HR, the

A@@emﬂ?”ﬂs H$IRG 8 Spm Minisag filter. cThggonipgate was themingected on
Sepbad@ylB4ROHBRAXBST/T0AB The Dowrrate val fix€d ot &0 1@Bh using 150 mM NaCl as

el Bi6R BuffdrOfHES elaforMbdbl waf sdiBeted @n ne bm rasti€ifolidhd') profiles

B S s T

was Jfterg\ang O-equ ) sterdizing ggerplappne niings 1 57
Ta})?el7
Conjugate Coupling [PS-AH] [TT] [EDAC]
time (mg/ml) (mg/ml) (mg/mg PS)
SA08-TT045 65 min 3.83 7.66 0.1
SA08-TT046 45 min 3.75 7.5 0.2
SA08-TT047 30 min 5.0 15.0 0.2
SAQ08-TT048 120 min 5.0 10.0 0.05
SA08-TTO049* 50 min 5.0 10.0 0.1

* EDAC added in “"one time"

Table 8

68




10

15

20

5A08-TT046 2/1 2.80/1 SA08-TT047 3/1 Cel -
5A08-TT048 2/1 3.35 30 101 5A08-TT049 2/1 3.5 24

Not purified

wda o7/ 1Beanpl e 6 Preparation of S. aureus CapsuP@r/EP2007/053057
Pol ysacchari de Conj ugates usi ng EDAC on
de- O acetyl ated S. aureus polysaccharide 8 5

De- O acetyl ation

QA N NaCH was added to 16 nl of

Sized PS (10
c ofongugateat i o
concentratio
h at 37C, th

mg/m) to t
n oh. JTARS M

N @atiswlwi.
c PS had _a

arget a finat

Level of 0O- m‘ptvl

=
afid Tar APSnedtidcNaQHY. PS
After @/ treat peat (%Y

D

ation of

Filtr. Yield
1 or(%
35 ( )

t H%e untre

Hestrin
at ed

5gpsage

reé%efé) vely i

was adde

n ar
d to 19 1

i son
N of 01

ﬁg 10
31t

i O
concentrati o

m), tot
¢’% ng/
n of 0. UoN.

ng/
n of

ar get nal
m ganoéagg)ll nal

Arter a

P

U)

Na. OH

treatnent or 1

or 2 h

HAWBFTTOAZ h

ad a Bélel of

@elabletf pheifiedn

of 78 ar

d 58%

15—(Hestrin
SA0STTOA8PS

shown pr evio

dosage)—+esp
Thezderi va

IQ|\I for an

ubll VCI y H—Con

int reated PS

Ar i onn +
ar+Sof—t

Lizati @B5step was BPe ¢

P0_Tabhl e

a4+

U U11T
\S 101
9..69

}%ﬁ#ﬁgﬁkﬁé32

p2 PC}/ £P200
evel ol O

jat & ag

7/ 0530575 Conj u
5A085i‘?'056 35

9. 3 5A0¢§

tyl
“Trok¥

12 13.1 SA08-TT058 78 5.3 5A08-TT059 58 8.2
groups resulted in an
groups.

assay Renoval
i ncreased avajlability of

of the 0-acetyl

reactive_carboxylic

*

TNBS

Exprpie:§ Preparation; ofats Aweth ‘F%'a’o\;’d&s@@mﬂ\?P@fHHQ?ﬂes using
Em/omﬂe@-aceﬂy;dtecgrS:apeeusamlysaﬁ:cﬁaﬁdé 8l d superior to

t he one having 78% of O0-acetyl

gr oups.

DHONSASafibPWn Previously for a untreated PS

Coupl i ng was

0.1N NaOH was added to 16 ml of sized PS (10 mg/ml) to target a final PS
concentration of 9 mg/ml and a final NaOH concentration of 0.1N. After a
treatment of 1 or 2 h at 37°C, the PS had a level of O-acetylation of 35 and 12%
(Hestrin dosage) respectively in comparison to the untreated PS.
0.1N NaOH was added to 19 ml of sized PS (10 mg/ml) to target a final PS
concentration of 9.5 mg/ml and a final NaOH concentration of 0.05N. After a
treatment of 1 or 2 h at 37°C, PS had a level of O-acetylation of 78 and 58%
(Hestrin dosage) respectively in comparison to the untreated PS.

The derivatization step was done as shown previously for an untreated PS.

Table 9
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Tabl e 10 Conjugate O acetyl Coupling [PS-AH [TT]

[EDAC] level tine (mg/m) (nmy/mM) (mg/nmg PS) 70
WEG2OBATREE6 35 45 nmin 2.87 5.74 0.5 5A08- TTOSRCI/EPRD7/053057
mn 2.62 5.24 0.5 5A08-TT058 78 50 mn 3.16 6.32 0.5
5A08- TT059 58 40 min 2.53 5 0.5 10 Table 11 70 WO
2007/ 113222 PCT/ EP2007/ 053057 Conjugate In. TT/PS F.
TI7PSrTatio Y. PSFItr. Yield ratto(wWw)| (wWw rec
( Fpnjuggte SA08-QTwmsyl2/ 1 1. 74PH/BS wgwl'00  SA08- TT057
2/1 1.78/1 63.0leMeb. 4 |5A08-TT058 2/1 2.08/1 46.3 99.6
5A08- TT059 2/1 1.86/1 50.8 99.2%Exanpl e 7 Conjugation
of dPNAG 5 |Activagion and coupling of dPNAG dPNAG TT
conj ugates 10 The follgwi ng conjugates were produced

%%Rggﬁ#% appr oaghes descri bed Iger ebel ow

G QO: dP S- GBS + DTT9'treat ed T[T- LC- SPDP

dPNAG TT011: dPNAG S-G\BS + DIT treated TT-LC SPDP 15
éﬁ&&d’ﬁ%ﬁz- dPNAEG S- GBS + DT T3tk eated TT- SPDP

dPNAG TTOI4T dPNAG SPDP + DTT treated TT-SPDP
ARSI TADR 7 DTT 78eat ed dPNAG SPBP + TT- LC- SPDP

ADMNA/, TTNOAAO ADMNAOD C LN DO 3 DT + 4+ | T
dPNAGT TS —dPNAG-S—GVYBS + DT T treated—T- SPDP

SROBGTOSR0: dPNB& S- GYBS +DTT gpeated TT-SPDP 20
dPNAG
* TNBS assay

Removal of the O-acetyl groups resulted in an increased availability of reactive carboxylic
groups. Indeed, the derivatization level of a PS having only 12% of O-acetyl groups was +
2.5-fold superior to the one having 78% of O-acetyl groups.

Coupling was done as shown previously for a untreated PS

Table 10
Conjugate O-acetyl Coupling | [PS-AH] [TT] [EDAC]
level time (mg/ml) | (mg/ml)
(mg/mg PS)
%
SA08-TT056 35 45 min 2.87 574 05
SA08-TT057 12 30 min 2.62 5.24 05
SA08-TT058 78 50 min 3.16 6.32 05
SA08-TT059 58 40 min 253 5 05
Table 11
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1g of PNAG was dissolved in 5N HCl at a concentration

of 20ng/mM and was incubated for 1 hour. It was then
woemwrnad2ezed wi th 5N NaOH. The sol uti on was 25PCT/EP2007/053057

clarified on a 5pm nmenbrane and purified on Sephacryl

S400HR. Interesting fractions, corresponding to the

“medi um nol ecul ar si ze" (see Infection and |munity,

707 4433-4440 (2002)), Were pool ed and goncentr at ed
pr€anjugatede- N- IncdtyPSt i on R.rEB(REenatio 71 WD PS Filtr. Yield

2007/ 113222 PC'FAEE’@QW}/ 053057 (vﬂ_,hg sol ut/ireé ﬂ%; (%)
adj usted at 1M NaCH and left 24 hours atl 37C._ _After

nexbd Fasyg i on, t'??l product wagsgpbj ect e‘da\g/g_gdi al ysi $g9

and concentration. dPNAG|Activation 5 §

( - j m dobutyyryl oxy) sul ccinimd Pi grce)

v&éiﬂﬁﬁbﬁo N RS Na{t?g(rati o|S- &8s/ ps 1054
(W W 1/ 1) and i ncubat ed|duri ? Zh at _rnoom
t Tk at pH2710 (pH regud.88{lon using4e8 NaOH) . 99.6

| - ONL RO -~ [ 4 | )
CALTSS UONI BS| ditu Oy=progucts wel © 1TTroyeu Uy

BUOS-TrEOB%N| on T@ybpear | HW 4086A1si ng PBS5080 10mM 99.2
EDTA_ 50 M s—elution-buffer with

flowrate fixed at 601 m /h. The el ution pool was
sel ected in function of the optical density (UV=206

hen. co N ted on Vivaspin tubes 3,000
eX3filsts 2 Eoel dioh SHAFNAS 000 1 Viweo 15 Coupl i ng
GWVBS- acti vat ed dPNAG and DTT reduced TT- SPDP wer e
Adtivation and ceupling df dPNAGoom t enperature. According to

the conditions used the reaction was quenched after
20-120 mn by the addition of cysteine (4 ng/m in Na

dANWEPhRESHiQeAfeer PH 20 8.0) for 30 minutes. The
conjugate was clarified on 5 pmfilter and injected on
Sephacryl S300HR resin (XK16/100) f.or purification. .
THEY (P GHGa SOPLARIS et SUROUSAY 100 e SPRTPBMHGE: described
hdrép@ewat 30 ml/h. The elution fractions were anal ysed

by hexosam ne and by protein dosage. Interesting
fractions were pooled and filtered on 0.22 m

dPNAGLTR0:; EWAé%bm%j+@?f &re ﬁ'?—?};@—@l:f

pol ysacchari de osam ne dosag and protein
dRMNAGOBTA 11010 PNAGHSF-GIBRGEDTT Tredated TZ-LC-SADR007/ 113222

dPNAGTTON! dPRAG-5-GMBS + DTT treated TT-SPDP
dPNAG-TTO14: dPNAG-SPDP + DTT treated TT-SPDP

dPNAG-TTO17:DTT treated dPNAG-SPDP + TT-LC-SPDP
dPNAG-TT019: dPNAG-S-GMBS + DTT treated TT-SPDP
dPNAG-TT020: dPNAG-S-GMBS +DTT treated TT-SPDP

dPNAG

1g of PNAG was dissolved in 5N HCI at a concentration of 20mg/ml and was
incubated for 1 hour. It was then neutralized with 5N NaOH. The solution was
clarified on a 5um membrane and purified on Sephacryl S400HR. Interesting
fractions, corresponding to the “medium molecular size” (see Infection and
Immunity, 70: 4433-4440 (2002)), were pooled and concentrated prior to de-N-

acetylation treatment.
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Conjugate N-acetylation [dPNAG [TT] PS scale
Coupl .tinme level ng/mM ng/mM NO (mn) dPNAG TT 010
wdadgdm7im225 30 120 dPNAG TT 011 10* 12 24 20 1POI/EP2007/053057
dPNAG TT 012 10* 17.5 35 22 80 dPNAG TT 019 34 5 10
10 20 dPNAG TT 020 34 2 2 10 20 *Not done on the | ot
used in the conjugation but estimted on a previous
Thé osolthijprt\lwas Lesdjusjed hat dateNdoH\-andetaft a4 dmumtarbéBWC After

Con e T/PS rati F.T PS ra
ne%gﬁg@é ithe Pﬁ?qqt?i ugjeqwgadle&%aq ttra?o
dPNAG TTOLO 1/1 1. 86/1 43 99 dPNAG TTOll 2/1 2.86/1
dpﬁgfg dPNAG TT012 2/1 2.29/1 61 108 dPNAG TTOL19 2/1
7 dPNAG TT020 1/1 0.89/1 82 109 5
dPNAG SPDP: A 5-fold nol ar excess of SPDP
S- QMIBSU((Ni—(lYi-MBkd?jfhid@b(JW?Xy)d)SlthbmlﬂOdI)imﬁh‘mpP(iHT&E)a,WM\I’ added to

AR 5 0N Nt oid g sy (Ve Brddngie 8 fing 2n
rooFﬁV{é}ﬁpé}Eﬁﬁﬁrﬁ IgH 70 (gH 2& @Bflor %M@aﬂﬂq\léopl)aExéé’é%"GMBS and
erature. fore ur| i cation oOn Sephac% S100

by-p ueis4 @yere heemevest |banpumf;aahlpe onakoyapeasin Vi 4edr wmgs PBS,

1oy PRTATIHE Mg Nah P s Kol Yl it Bl ikt 60

mI/RUTHE EILRON Hoblintal seiddtedvin lretibh ¢ thabpisal d@n/sh’)r (Jvezoes nm)

interesting fractions (read at 206 n wer e

ang: harepeneand@ted on. Yivaspindkbag 3,060 M m@rllbﬂmo Wv@om 000
MV\%_Sntrlfugatl on at 3000 rpmduring 30 mn). 15
SPDP: A 15-fold nolar excess of SPDP (Pierce)
di ssol ved in DVSO (di net hyl sul foxid, Merck) was added

c ta.l g of TT (50 ng/m ) in 100 mM Na phosphate, pH 7.2
0 i ncubated 80 20 mn at roomtenperature. Then the

product was injected on Sephacryl S100HR (XK1 6/ 40)

and eluted in 100 nM Na acetate pH 5.6, 100 nM NaCl, 1
GMB3-aciivated P NAG| avd DdiTerdduced TESRIP mvere. miked and stirred at
rooﬁ'!bﬁ%p[)gafﬂél_é\gﬁﬂﬁng % 'ir?ed cbrqdlilgrrllé: tusgg tR(fe rte!'g\c(?tioor{O Eva%aquenched
after 20-120 min by the addition of cysteine (4 mg/ml in Na phosphate buffer pH
8.0) for 30 minutes. The conjugate was clarified on 5 pm filter and injected on
Sephacryl S300HR resin (XK16/100) for purification. Elution was realized in 200
mM NaCl with a flow-rate fixed at 30 ml/h. The elution fractions were analysed by
hexosamine and by protein dosage. Interesting fractions were pooled and filtered
on 0.22 pum Sterivex. The final conjugate was tested for polysaccharide

(hexosamine dosage) and protein composition (Lowry dosage).

Table 12
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73 WO 2007/ 113222 PCT/ EP2007/ 053057 and then
concentrated to 19.6 m on Amcon Utra 10,000 MACO

w@ e@ntitizbugat i on at 3000 rpm during 75 mn). PCT/EP2007/053057
TT-LC- SPDP was produced as TT-SPDP but using LC SPDP
(Succinimdyl 6-[3-(2- 5
pyri dyl di t hi 0) - propi onam do] hexanoate, Pierce) and an

[ son |t m Al P oH [2h
aggﬁé tTo TT_ngEcig?ﬁé_l}\T (PN %Tp HTaf slskal [eodpl Wikte

(mg/mg) of 0.7/ Ly Aftel g?? g’?"?'oDTT@%pe?glt nin)

PN \ £ Al Awnpld hw 1+ o
d?'ﬂéﬁaf‘r 010d: i ¢ Pléggepbanee@at P35 THA t hi ol 2204
dBNAE =T ThOhhs purilffed fiom@xces 2ATT by 28el If il t¥8t i of
dPIRAG AT OPEr sharP? Aft ér &bhcent Batibn 8A Anicond tra
deNAGO0r BWED, pro34«in conteht WwadOesti maded by Leowy
dERAGIETr 025 dPhIA(“zﬁPDP + TTaSH or IT-LC o1 (dPNAGJT014
and 016) Coupling was perfornmed at room { enperat ure

UthNee donecantthe lod ysedsin Hher dontygeting byt esiirested en q prayioustiay IHSNMR
r@ing oheg sume)dedf-a@dtilatictPhdind TT- SH were m xed in

order to obtain a final PS concentration of 20 ng/m
Z'E}abimbB a final protei n concentrati on of 40 ng/m .

la

el o b Pfgfﬁ*'afl : néa%}‘:é% IR T %ﬁcck“ﬁ"faﬁg' )@‘e'd

U

aac ~f

_and TT-LC SH wa®/M¥) yed obtal® 4 fi
dRhi@nTT030i lon of 40 ny/lm #fdla final @Bateid 99
dRhM@TtTi0dt i jon of 2220 nm/|m . M864/ér 7% ni n56unr eact ed 99
arNIAGYTOTOR R (gr oupa/t wer g quenzdred by addietti on of 108
deNiAsloaeabam de giver ck)|. 25 4Hren the comgjugate is o7
&M@ééiﬁ‘%ﬁ'o“Si ng g> pmM nlqsggtl fiffter gpd | nJ ect eqogn

(ataVaVa¥l I \IIId f‘

SePrractyl DéUUI‘i J.UU) I:I ULI OUIT Wwas 1 l:‘dl I LEU I T1
200 m NaCl with a rovv-rate fixed at 30 m/h. The

dP RIAP% racti ons were anal ysed by hexosam ne and by
protein dosage I nteresting fracti ons vvere pool ed and
filtered on 22 mSterijvex. resul %

A edelf u@ﬁlaése’ﬁﬁ% oh $FlRl <Nﬁv<¥§§"m'§t/'r%<?(WW'd&h' » Frgpionate, MW:

312.2Tpidkbe) adishoRied 4n (DMSOGdinstth |s@f@xu?ahlwr@¢)|m aadéiPM@o mg of
{4 MO 2007/ 113222 PCT| E 2007 053057 11,

dPNAG at pMIANbim Y 1M, NaoRhasPhRjer Pﬂaﬁﬁhé% n%ﬁwat%zﬂ gt room
terMyRr&tud R8bre Qurification on Sephacryl S100HR (XK16/40) the reaction mixture

was concentrated to + 6 ml on Amicon Ultra 10,000 MWCO (centrifugation at 3000 rpm

during 28 min). Elution was realized in phosphate buffer pH 7.4with a flow-rate fixed at 60
ml/h. The interesting fractions (read at 206 nm) were pooled and concentrated to 1.1 ml
on Amicon Ultra 10,000 MWCO (centrifugation at 3000 rpm during 30 min).

TT-SPDP;

A 15-fold molar excess of SPDP (Pierce) dissolved in DMSO (dimethylsulfoxid, Merck)
was added to 1 g of TT (50 mg/ml) in 100 mM Na phosphate, pH 7.2 and incubated 80
min at room temperature. Then the product was injected on Sephacryl S100HR (XK16/40)
and eluted in 100 mM Na acetate pH 5.6, 100 mM NaCl, 1mM EDTA with a flow-rate fixed
at 60 ml/h. The elution pool was selected in function of the optical density (UV=280nm)
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16.5 ng of dPNAG SPDP. After 2 h at room tenperature,
the rel ease of pyridine-2-thione was followed by its
w@barac2er i sti c absorbance at 343 nm The t hi oPGEt/BPROPB0S3057
was purified fromexcess DIT by gel filtration
(Toyopearl HWIOF) and then concentrated to 860 | on 5
Am con Utra 10,000 MACO. dPNAG SH + TT- SPDP
and 6fBNAGnddkted 100198 hBn \WaSicdIEU frar TOEBb0AMWGID (Bentrifugation at 3000
tenperature under continuous stirring and with an
e AHNGafS MY TT/PS ratio (ww of 1.7/1. dPNAG SH and
TT-SPDP were m xed in order to obtain a final PS
concentration of 7.73 /mM and a final protein

TTd6neRRPr wes grodced 33T P baf tusingo bCrRADP Rk eddmidy! 6-[3-(2-
Py S| A bipion Gl Tp R te IR EN SN in bl B 60 min.

clarified using a 5 pmMnisart filter and injected on

$ Vh o 15 S300HR ( XK16/100). El ution was realized
T—Tmﬁ@u with a flowrate fixed at 30 m/h. The

elution fractions are anal ysed by hexosam ne and by

rof.ej [ r j I n
TR R B8 g e PR b EELEDP R EBT IR el /BT o7 " Arer 2n
at remsn enfipenztlire] THeP&leasti d pyviding-2ethioBe Tvas foR@week bynjitk ech8racteristic
| at i di . e g ) o

oL 3 B30 o Y Bl SO TRABH B3 HERUBRIR WALE it
(PRrxdPpusraatshagm). Afev icogeentretidnodn Amicog Wisap 6 900 I CCR protein content

L juvant A Qualitative Quantitative
wa p%@%bﬁgo‘g@s@%gﬁ posones: - DOPC 1 ng 30 -
chol esterol 0.25 ng 3DWPL 50 pg @S21 50 pg
: vent
Coupling was performed at room temperature under continuous stirring and with an initial
TT/PS ratio (w/w) of 2/1.
dPNAG and TT-SH were mixed in order to obtain a final PS concentration of 20 mg/ml

and a final protein concentration of 40 mg/ml. After 30 min, unreacted sulfhydryl groups
were quenched by addition of 2-lodoacetamide (Merck).

dPNAG and TT-LC-SH was mixed in order to obtain a final PS concentration of 10 mg/ml
and a final protein concentration of 20 mg/ml. After 75 min, unreacted sulfhydryl groups
were quenched by addition of 2-lodoacetamide (Merck).

Then the conjugate is clarified using a 5 pym Minisart filter and injected on Sephacryl
S300HR (XK16/100). Elution was realized in 200 mM NaCl with a flow-rate fixed at 30
mi/h.

The elution fractions were analysed by hexosamine and by protein dosage. Interesting

fractions were pooled and filtered on 0.22 um Sterivex.

The resulting conjugates have a final TT/PS ratio (w/w) of 2.18 (TT-SH) and 2.24 (TT-LC-
SH).

Thiolation of dPNAG
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pH 6.1 1. Total P04 concentration = 50 mM 75 WO

2007/ 113222 PCT/ EP2007/ 053057 Exanple 9 Ani mal
wexpeniizents. Female CD-1 mice, 8 to 10 weeks BCTEPBNB0S3057

obtained from Charles River Laboratories, 5 Kingston,

Mass. For lethality studies, five groups of 9 to 11

CD-1 mce are challenged intraperitoneally (i.p.)

11\@! il o$¢J111a41 dLmuuﬁdtm@ﬁoloeoé}hur@ur mﬁnmmwwnmsﬂ) were added to
at es. sizes range from-1010 tq

16(§FTUE %@%@AGWQ%INW 2 @atagg@gg@aergppr% tB%\f‘?'%/aSSég |p¥”q”6‘? -2-thione
wad folﬂﬁbé‘él byﬂ@ct@%tér@tlaﬁbsgﬁéﬁ@e L8R M. IT ﬁe %blb@tlﬁ@ wWa¥ purified

usi ng gﬁo bit nodel of the dose- respon

fromw%ﬂ by gefrfilgratiqn (ToxgrssfiHayfer oanddbﬂﬁrﬁw@%@ted W@ 860 plon
A"{,&,?]t@qa% doBawicke! 1 hood 10 ratio test. Subl et hal
bacterema is initiated by chall engl ng groups of 8 to

20 mice by the intravenous (i.v.) route with - 2 x
dPMAG-SHW TIHEPBPAdPRAGETED1i7) . route with - 2 x 107

CFU/ nouse. After inocul ation separate groups of

animals are bled fromthe tail at specified tines,
CotPifhgtii %@?rﬁé@m r"éorln%‘l%k)éraﬁfr@ uf&dr! cﬁﬁﬁrﬁl@ug’)ﬁlrrmg and with an initial

antltatlve pl ate counts perforned in dupliCate on

TT{RSi3tip fwopf 4dllr pl ates with 5% sheep bl ood (Becton
dPQ‘A@kSH%‘HB Trespbp ke %)@&iyln%f&rqmbbtalr% %éﬁis Gérllcentratlon of 7.73

icance Is determ ned fication

P@Wea finparetetd congerdration of 1@ ééf‘g/”tx‘m?plg@ nfl'O unreacted sulfhydryl
rdu'iBE%PeQ&urBrfch&d’ Cfédoﬁnona&fz%éofcﬁ%ﬂ ide AISHRIPNAG- TT
conj ugat es oups of m ce were | nocul ated
Then, B@JPW Was \glar 'ﬁeGSUS'aG A $inPNnisart filtes gndJajeeted tonaSephacryl
S36GHGR NRKh 68060 FurBh vl eBiZRSh M0aHkNAGH B grﬂoempé ﬂféi‘i at 30
adjuvant A, on days O, 14, 28 and 4
mI/hhe mce received a first saccharl de dose | ncI ud| ng
ThQ%Fu‘ﬂ’@r‘?ﬂa&roqg%r@é%lﬂg@%igex@%rﬁ&éﬁd"w?r{){'éfr?@osa e. In‘erestlng
I mruni sat1 ons were h a dose o I'n saline
fracliond swerésocied and fltesedsn 6.8R|wtdtedvex om t he nmice and
(s to assess the
Th??ﬁ%‘H@SF gmg%g@%ga\gﬁﬁlst P%gg c&%/@_dsf%g,f‘l 10 m ce were
used in the control groups and these wer e i nocul at ed
Exaniple ® FéenuRktionne or saline containing adjuvant A
The purified PS8 was coated at 2 pg/nl in phosphate
buffered saline (PBS) on high 30 binding microtitre
Adﬂw"’é’f‘é&”(‘ﬂﬂﬁ'&'%ﬁm sorp) overnight at 40 C. The plates

Th%‘% ”ﬁe foi \%Qr% W{c%ﬁétef %ﬁeﬁﬁ'ﬁéd}uﬁé’g e%ro(:r%gjéﬁ%rﬂggbwtﬁggf\/ant A,

havm wmg comp03|t n:

Composition of Adjuvant A
Qualitative Quantitative (per 0.5 mL dose)
Liposomes:

-DOPC 1 mg

- cholesterol 0.25 mg

3DMPL 50 pg

QS21 50 pg

KH2PO413.124 mg Buffer
Na2HPO410.290 mg Buffer
NaCl 2.922 mg

(100 mM)

WFI q.s. ad 0.5 ml Solvent

pH 6.1

1. Total POs concentration = 50 mM
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prediluted 1/100 , then further twofold dilutions were
made in mcroplates which were incubated at 37C for 1
woeaor/113881 er washi ng, bound nuri ne anti body waBCT/EP2007/053057

detected using 76 WD 2007/113222 PCT/ EP2007/ 053057
Jackson I munoLaboratories Inc. peroxi dase-conjugated

af fini Pure Goat Anti-Muse 1gG (H+L) (ref:

115- 035-003) diluted 1:5000 in PBS-tween 0.05% The
detection anti bodies were incubated for 30 m nutes at

Exrﬁ&m! %en‘perature with agitation. The col or was
ped using 4 ng OPD (Sigma) + 5 pl H202 per 10 ni

Anﬁ'FLIAexgeﬂm]enM.Ci”ate buffer for 5 15 mnutes in the
ark at roomtenperature. The reacti on was stopped

FempalehCBg plice@ to Hhaveekheldogre obtaingdrising yChasles Rivad Laboratories,
; n | &t} ; T e -

fRnTIRELE) St o, A8 e ol 0 1 A8, S99 Bence

intrgperitenggly €.\ vith sasial dbitionsodfsy. aumtius grewubn €SAr matesiolhe inocular

ol I 4., hel 8 I ' P i .
st 188 0 EXDIp . UL naP ol st fr 3
daysA0Bher $0%1lethall doses((@Ds,SABSesTTEIE RB08nG GEdrobisABRleTI0hE dose-

. -T ) =) I
B0 A T R B R0 8 i e
ratig. tesfu rsaptethiPiiacieremia éoinjtiateat kyschademging aiongs dPBAG2Qmic by the
) t 4. ng 0N . |~d 7
D o 0 A MR b B by dhe, 18, RAEE UAR' 98 x 10
CFbéndliseed Aftiet finorBlatiol) weparateAgroting afi anémalecare vided tfronedhe tail at
i r L ati o . . day 41 .. 4
ol L 0%, 1 6015l M8t L@ ol B coune
perfermet én viaglicatesaretlyfliy sofElaph@2plates astheids shéap blopdi(Becton Dickinson

. LNs - Nee f i ) [ T
i BEBR0S SORLT R o RS ek BRI R fcarr
of thalunparedrStuient’s &tdgtuvant al one. 20 Anti - PNAG ELI SA:

Purified PNAG (2.5 pg/m) mxed with nethylated HSA
(2.5 pg/m) diluted in phosphate buffered saline
Exampie)10vas coated on high binding mcrotitre plates

Imtnuyvticityg of 19 aureus PS8-TT and dPNAG-TT conjugates

Groups of 30 mice were inoculated subcutaneously with S. aureus PS8-TT
conjugate at a saccharide dose of 3ug, either unadjuvanted or combined with
adjuvant A, on days 0, 14, 28 and 42. On day 0, the mice received a first
saccharide dose including between 0.001 and 0.013pg. The further three

immunisations were done wuth a dose of 0.3ug in saline. On day 55 serum was
collected from the mice and each serum sample was tested by ELISA to assess
the immune response against PS8. Groups of 10 mice were used in the control
groups and these were inoculated with either saline or saline containing adjuvant
A

The purified PS8 was coated at 2 pg/ml in phosphate buffered saline (PBS) on high

binding microtitre plates (Nunc Maxisorp) overnight at 4° C. The plates were blocked with

PBS-BSA 1% for 30 min at room temperature with agitation. The mice antisera were

prediluted 1/100 , then further twofold dilutions were made in microplates which were

incubated at 37°C for 1 hour. After washing, bound murine antibody was detected using
76
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C. 77 WO 2007/113222

PCT/ EP2007/ 053057 The pl ates were bl ocked with

wOBBIBEA22 %
anti sera were pred
di l uti ons were nad

roomtenperature with agitation for

washi n% bound nur

Jagksen 4y

30 mMn at RT with agitation.
then further twofold
and i ncubated at
1 hour.

iluted 1/100,
e in mcroplates

i ne antibody was det

The PECT/EP2007/053057

After
ected usin

UnPhAPRRAIISS 8¢ der@ddasaonigrigy aiagare Siﬁ’jahéﬁtf Mguse 19G

(HEL)akdfi m15208B06B)adilutyat 1:500015ePBEGvedH D)0504. Efie detection antibodies

| ut

L R

d 1: 5000 %n PB%PBSA 0. 2%

WiBut

FS it PBB IR

tt%an £ iﬁe ﬁlor was

developedatsingobmg ®RD8igatalir-ed mi H3D2apert Bt mbpH 4The. 1boditbate buffer for

15 Yfgfu ng?%ﬁé’egr‘ﬂéﬂiéﬁteﬁ

d e DT§$

ate bu

+i€st8 c{\'ﬁi@r‘??(ﬁﬁerCI, and

thetcmcal Rsitn wasoeaf abagibnmatelptive tOﬁﬁ@ nfT‘eactl on was

stopped with 50 pl

HCl, and the opti cal

density was

Thé Qé’éijlt@twe‘}@%xﬁr@sséoomrrﬁ'daﬁdlr\t%tér@ a@EQhé‘@MﬁMa\f@%ted for the 30

saifiplgS { of FRriais

olnt titer

r§§“'g afaBhewvn g 1%8% 1?9%%?%

30 sanpl es
W-ANt i - PNAG

(%MT Anti - PNAG GMI'  Non- adsor bed Adj uvant A
Ta¥BNAG TT010 1371 28465 dPNAG TTO11 1133 40899
CofRIYats TT010 425 134R%-PSBNG (GNPB0 056 | JNIBPSS titre (GMT)
dPNAG TT014 342 9806 dPNAG TT017 203 80%_
dPNAG- TT012 398 405Madserbed 11016 719 | 789HvVashA: r ol

SA08-1901115 Exanple

coniugates nmade h\/

11 Trmunqgapi City of
the CDAP nethod Red

PS*-TT 2109
ults Tabhle 16

SAB8rfiT9dat e Anti PS8 GMT post280free Anti{Pss avr pédt

SADEOTohpocUlr ations fn mce idyggulations|[in M CE 4396
SAPS8- TT- 04 Specol| 207068 41326

SA08-TT018 5349 4748

Control 50 50

Groups of 30 mice were inoculated subcutaneously with S. aureus dPNAG-TT
conjugates (containing dPNAG which was between 10% and 30% N-acetylated) at
a saccharide dose of 0.3ug in 200mM NaCl, either unadjuvanted or combined with
adjuvant A. The mice received three inoculations on days 0, 14 and 28. On day 41
or 42 serum was collected from the mice and each serum sample was tested by
ELISA to assess the immune response against PNAG. Groups of 10 mice were
used in the control groups and these were inoculated with saline or with adjuvant

alone.

Anti-PNAG ELISA:

Purified PNAG (2.5 pg/ml) mixed with methylated HSA (2.5 pg/ml) diluted in phosphate
buffered saline (PBS) was coated on high binding microtitre plates (Nunc Maxisorp)
overnight at 4° C.
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Opsonophagocytosis assay. 5 The in vitro

opsonophagocytosic killing of S.aureus by human

pol ynor phonucl ear | eykocytes (PMN\s) is perfor nmed as

THEATRRS PG SRBermuI5aP B8 il I S 4T oY Goadigon. The mice

antieetkd Werd pidditted N/ B deort fuatherTtwoZsid dllmmsmemaﬁe in mlcroplates

and b A T Rus i T P B ron s 50 AT weid Fpung murne
anfitetdy | wasa Hétested wming Jadk8orClomoholSibeateniss, Inan ge®xitiaserconjugated
affﬂfpu?é‘%&a@%&ntﬁ\%&é@ g;g; gﬁﬁgp(rapa\ﬁétobefbosw Fa W“%bgjozmdpss -BSA

serum | ositive co

0.2 o BriohtmiFee risastion setibiiomovals coube dempPefis. at room

terﬁ;ﬂ#étgﬁa wftlﬁ’%gttélﬁm' gﬁe&%f&?'vfb% dé'(}éﬁ)pé&%tdgom g ORD €SigRaf + 5 i
H2OR R BT 6fl 45 DM Batedienion T iIGR B ek 24 em temperature.
The wbsstigh evils! stophdduivierd 50 S0 mdamthb%rttibylp@er&ltﬁ Masagad at 490 nm
rel%{yatteg and i ncubated at 37C for bacterial count after
&rf) a?“n “i ncubation. Exanple 13 20 | mmunogenicity of

st aphyl ococcal proteins in mce and rabbits Aninals
A GMT avasoaleniatastorwihe migpoint titets of thepBly saropies G0 fpr ibhe sdntsols).

in order to generate hyper- inmune sera. Mce were

i mmuni zed three tines (days 0, 14 and 28) with 10 pg
TaBE 18ach proteins adjuvanted in Specol. Rabbits were

L mmuni zed three tinmes (days 0, 21 and 42) 25 with 20

Copjygate each pr ot ei NSARKHPNAGEMT i n SpecolAnti-PNABCMEr a
were col | ected and £ in anti-pr ' d
anti-killed whole cr‘éﬁghﬂﬁ%ﬂ Ant i - Pr ot 2:aﬁwél'_1?gA 79

dPNBG2000r0113222 PCT| EP2007/ 0‘530)57 The puri fi ed PB46b5ei n

III I n [JII mat C IJUI I CI CU OC!.I
dP 1 hi gh binding m cr%@ptre pl ates (Nunc 40899

dPNAG-¥1019) overnight at 4 C 4Zhe pl ates|were bl otdded

wit h

dPNAG-TT020 656 10080
dPNAG-TT014 342 9806
dPNAG-TT017 203 8094
dPNAG-TT012 398 40509
dPNAG-TT016 719 7937
Control 50 50

Example 11 Immunogenicity of PS*-TT conjugates made by the CDAP method

Results

Table 16

Conjugate Anti PS8 GMT post three | Anti-PS8 GMT post two
inoculations in mice inoculations in mice

SAPS8-TT-04 Specol 207068 41326
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PBS-BSA 1% for 30 min at RT with agitation. The test
sanples were then diluted 1/1000 and incubated at

wo ewmiireperature for 1 hour with agitation. APCEEP2007/053057
washi ng, bound nurine 5 or rabbit antibody was
det ect ed usi ng Jackson | munoLaboratories Inc.
per oxi dase- conjugated affini Pure Goat Anti-Muse |IgG

SAPSE-TT-04 Adj uvlah?AUd -003) oig74hs 1 ni Pur e [oat 15577
Ant i - Rabbi LgG (H+I\ (rpf 11-035- OO’%\ diluted 1:5000

SARS&EBRO4MRA40. 05% The defd8dtion antilbodi es wekbdo

sdeES bated for 30 M —at Tomy tenmperatyre wth
agitation. The color was devel oped usiing 4 ng OPD

Adjgraptd) + 5 pl H20P per 10 rﬂOpH4 5 0.1 Mcitrate 10

Alaﬁ‘fm for—i5—mmnutesimn Lllq‘-h alr\ at—rgomtenperature:
e reaction was stopped with 50 pl HQl, and the

optical density was read at 490 nmrelative to 650 nm

The O D. for a 1/1000 dilution of Post 11l was
_g&g@ggd to the O D. obtained with the sane dilution
Ex i mune sera. 15 Results generated with m ce and

rabbit sera are presented in Figure 5. A good
OpsnBPRAYSEYE6SIS a884). NSt each antigen was observed.

Eval uation of sera directed against SBI was inpaired

due to the Ig binding activity of this protein.

TheNtil vifol ?%d@ﬁﬁ%&c?f%%ksklﬁh?sﬁf Sa?@etb@ |b‘yeF’urWQﬁ’| SolfiRbipRonuclear

y&eat or formal de inaclivated) fromS. aureus type
leysomfies PNINS)SS pedpitnsh 76 dossribed iy KU byl 18S2aIniesht B 60; 1356.
Hu%Q.-mf PINT1 ar hré2PeP Rafrendpatih |§é(?‘3lo%a|6yn&d(rﬁ)§%tldhnm f"}’ogﬂaxtran T-

binding mcrotitre plates (Nunc Maxisg over ni
250. Ghgi QrsoigApastianiraisturerfle mpgoataias We1|0 %%K‘eBPM? t1ﬁ40 mediurm
subpiemBséd %rﬁw%@vﬁhéht%acﬁ@é?@a Fe‘i‘éTE%Ff §EMFT? ~W P @F@Ebftf%lhr%ﬂs and 0.1
rotein 25 A was neutralised by addition of 10g/m
miggfetheites segym far daGaMPRA BN ahly PePrBHRizeArabbit seryraris Used as a
poSitfe Ecgﬁo?)an@'d Wnﬁ%f 'anﬁﬁ%nte"\‘éSt'S\t Qergﬁf)/\ﬂ/ésobééa"‘&da k?cY>mpIete source

I NCu hour room enper at ure

forsaﬁjgcégamele@ The rEasion ToLreae- BPHba B i ancohAciarial samples
aré 'tra ﬁ@rr@d APY 6b 2 326 trdih tihtBOwAtel YR %Ub U(l,/mti}pdﬁl'fé’d spread on

I ncubated 1 hour at roomtenperature wth agitation.
tryplic SpY vROSA| Wigtesbé‘uﬁdmﬁt!hﬁt% act)r37r @bfsirt bagteriab oxpyntvadter overnight
inciBLimt €d using Jackson 30 I munolLaboratories Inc.

per oxl dase-conj ugated affini Pure Goat Anti-Muse |IgG

(H+L) (ref: 115-035-003) or AffiniPure Goat
Exémble-f3abbit 1 gG (H+L) (ref: 11-035-003) diluted

1: 5000 in PBS-tween 0.05% This detection antibodies

were incubated for 30 mn. at room tenperature with
Imaflinogkhieity of Beapt9lcoce@iprorne ppaltelidablitsy OPD

(Sigma) + 5 pl  H202 per 10 M pH 4.5 OA Mcitrate

buffer for 15 mnutes in the dark, at room 80 WO
Andfidld WkisSiddduriiet mtP2oL0iTie SBPhylocdoeameoeingrie ordER & generate hyper-

muré@ﬁgIts?i%nmgeswértggRgfu%izvéﬂdttﬂreg%n%s ('aglyé O,a‘P 4d artuij SS)O\BittH ?8‘ lpg of each
proteins adjuvanted in Specol. Rabbits were immunized three times (days 0, 21 and 42)
with 20 pug of each proteins adjuvanted in Specol. Immune sera were collected and

evaluated in anti-protein and anti-killed whole cells ELISA.

Anti-Protein ELISA:
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490 nmrelative to 650 nm It should be noted that

expression |levels of proteins in staphylococci wll
we200y/10peEnding 5 on culture conditions. TheredDER2087/053057

negative result may reflect the choice of incorrect

culture conditions rather than a | ack of

i mmunogeni city. The results using mce sera are shown

Thé rpufiféd groleﬁn e é‘o@[é‘@i &f1 pbmg:ﬁ ?ﬁb§phafeeb@rrmvtﬂ shlthe (PBS) on high
eus strain

. |
b"‘@lﬁ%é?\?@&trwpiar‘ie%@lgc %@&@&Vﬁ@éﬂ%ﬂ 4 QOF'S‘dP'éeSM%%R'OCked with
PBSOBSA 391, faBb hidh RTRREP BGitatibANTHY teSt sapidiverdtthén Bilufed 1/1000

is only observed with the serum directed agai nst Shi.

angynekbated ghFAOM APEFatise ferp] bRl agtRlg. AGetWasiting found murine

or \Ilfvblﬁtht aﬁt&fo@y i/l/aése Gél@@teag@ﬁlr‘gs Uaéktsbn aﬁ‘inﬂﬁb’éﬁabd\ﬁBhés 1M dfsroxidase-
saA i on_of

CO@BQ\%?%@E@'PL}%‘P ﬁi?aF A‘BBMOU%H%\G a(l”é'—% et 1?’193?1089} er Affigifgre Goat

AnSUREEBR | ged (HUD (rer: Tehb$5-863) MRlt¥d IPSsbO" &F TEB-tviedi of05% The
the three strains was observed with |IsaA and | sdB.

defgeligh ariibegigr tes® iInsHbatad feride@ing @hopn (RaPespivEs Withy amtatﬁn The
co|blawes aé\ﬁe’tsaeamsﬂfgl ﬁﬁqb&)ml(ygmbﬁ & mwiozn&mm BIGH @rs 0.1M citrate

rat her than t hrée injections used for the other
buﬁgrdpre‘i%@mu*%méhqylarkij rePBERTPETARAR TReJeRCtion vessstprngwith 50

ul HCI §ﬁ§g@eé}ﬁlbal‘b@n§§ WEYreal %?4’90*' i ré1atn@I thB50 nkit) +d Atl

- d ucosam dase - - -

The..p Dafqsten 141629 rqllutlcm of Igpqu;ll wasicampagd fo the;O. Q\egbtalned with the

sarﬁédllLl}{Bpldf Pre-imridne s&#h, ++ ++ +++ FnbpA + + +) Table
WD 2007/ 113222 PCT/ EP2007/ 053057

Results generated with mice and rabbit sera are presented in Figure 5. A good
seroconversion against each antigen was observed. Evaluation of sera directed against

SBI was impaired due to the Ig binding activity of this protein.

Anti-killed whole cells ELISA:

Killed whole cells (heat or formaldehyde inactivated) from S. aureus type 5 and 8 or S.
epidermidis strain Hay were coated at 20 pg/ml 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
A was neutralised by addition of 10ug/ml 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 dilution at 1/10 and incubated 1 hour at room temperature with agitation.
After washing, bound murine or rabbit antibody was detected using Jackson
ImmunoLaboratories Inc. peroxidase-conjugated affiniPure Goat Anti-Mouse 1gG (H+L)
(ref: 115-035-003) or AffiniPure Goat Anti-Rabbit IgG (H+L) (ref: 11-035-003) diluted
1:5000 in PBS-tween 0.05%. This detection antibodies were incubated for 30 min. at room
temperature with agitation. The color was developed using 4 mg OPD (Sigma) + 5 pl
H202 per 10 ml pH 4.5 0.1M citrate buffer for 15 minutes in the dark, at room
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Protei n nanme React on SA5 React on SA8 React on SE Hay

| saA +++ +++ +++ CIfA + ++ ++ Atl am dase - ++ +
wo saB1#3222 +++ +++ SdrG + + +  ucosan dase -PET/EPIHaT/#s3057

(1 inject.) + ++ I1sdA - - - Alphatoxin- - + SrdC

- - - Ebh - +- ABA - - - MRPIIl - - ++ rShi - +++ -

Fnb A - ++ ++ Exanple 14 5 Efficacy of conbi nations
ter@éer@thfdo Tk esRti6 vad 6Rbped@ith BO @l R ahd @@l epticZlalendify was read at

Fi f‘%ﬂ en groups of three cotton rats were

499H6U8|33Y9e@ Gt"MN-conbi nat i ons of eight staphyl ococcal
antigens and five cotton rats which acted as controls

were treated with ng 10 anti These si xteen grou

It sépgldé@ nled g]%ex;ggam levels gf pgoéqalﬂ%&sgﬁpwg)cocm will vary d%pendmg
onpédltum&ﬂﬁt%ns%reﬂir@%anégﬁlk@ reSul fRay Sendat th®MtholdBi of incorrect

p 2 - Atl-glucosam ne, Atl-am dase, |sdA, | sdB,

CU'@IF? ﬁon@&"@ratéﬁwha’#ﬁWA Of@rBH’bOQ?”'C'%tl gl ucosani ne,
Atl -am dase, HarA, [IsdA MRPII, IsdB AAA, al pha toxin
15 Goup 4 - Atl-glucosan ne HarA sdA, AAA
The é%s,glts BBIRY MR ser@a&,g\cgvn in I%’HQ 17quqj pom%theagraﬁr@ are shown in

flgl!ir@G A wgékf R coilfidn ofE@haurELUHOQPam 61i9YPsdved Wit Aeral §ftBted against

ha t oxin, drG Sbi, FnbpA G oup

S ErkRP B a1 5eA. BRPPANIIoNAR S jasfES S5ainch RNy observed with
the’: @% du@c’:t@H Rig8inst SBNWeak ré’&g@'ﬂ@# Bg 8. ep/%rlrm&k WS@%@VM with

MRPI al pha toxin, |saA

Se@%[étei@gam?&/i\ﬂ @fﬂ@é% MR 1sdiRinaA, Epéd‘kﬁa Mbl% fA,
| saA, SdrC, SdrG 82

A selection of results generated using rabbit sera are shown in figure 7 and summarized
in Table 18. Very good recognition of the three strains was observed with IsaA and IsdB.
A weak recognition of the three stains was observed with HarA although animals only

received one injection rather than the three injections used for the other proteins.

Table 17
Protein name React on SA5 React on SA8 React on SE Hay

IsaA (+) (+) (*)
CIfA - (+) (+)
Atl amidase - - ++
SdrG - - -
Glucosamidase - - -
IsdA - - ++
Alpha toxin - - -
SrdC ++ (+) -
Ebh + - +
AaA - - ++
MRPII - - ++
Shi ++ ++ o+
FnbpA + + (+)
Table 18
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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 — Atl-glucosamine, Atl-amidase, AAA, alpha toxin, SdrC, SdrG, Ebh, Sbi
Group 2 - Ati-glucosamine, Atl-amidase , IsdA, IsdB, CIfA, SdrC, Ebh, FnbpA
Group 3 - Atl-glucosamine, Atl-amidase, HarA, IsdA, MRPII, IsdB, AAA, alpha toxin
Group 4 - Atl-glucosamine, HarA, IsdA, AAA, CIfA, IsaA, Ebh, Sbi

Group 5 — HarA, MRPII, AAA, alpha toxin, CIfA, SdrC, Ebh, FnbpA

Group 6 — IsdA, IsdB, AAA, alpha toxin, CIfA, SdrG, Sbi, FnbpA

Group 7 — Atl-aminidase, IsdA, MRPII, AAA, IsaA, SdrG, Ebh, FnbpA

Group 8 — Control

Group 9 - Atl-glucosamine, IsdA, MRPII, alpha toxin, IsaA, SdrC, Sbi, FnbpA
Group 10 — Atl-glucosamine, MRPII, IsdB, AAA, CIfA, IsaA, SdrC, SdrG
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Expert 6" software. The presence of an antigen was code as +1 and the absence of an
antigen by -1. Using the equation of the model it was possible to determine which
antigens were the key antigens which produced a large decrease in the number of
colonies per nose.

Results

The results of the nasal colonisation assay are shown in Table 19. The control group had
a mean logCFU/nose of 3.51335 and a decrease in nasal colonisation could be see for all
the groups of cotton rats inoculated with staphylococcal proteins. Groups 4, 9 and 13
showed the greatest decrease in nasal colonisation with a decrease of over 2 logs in
CFU/nose. Groups 12 and 16 also gave good results, showing a decease of about 2 logs
in CFU/nose.

Table 19

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 1.67304 1.93128
6 2.79745 2.98193
7 2.21481 2.30705
8 3.51355 3.47317
9 1.22480 1.44080
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SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA,
EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein,
coagulase, Fig and MAP.

10. The immunogenic composition of claim 8 wherein the staphylococcal protein or
fragment thereof is a transporter protein selected from the group consisting of
Immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC
and Ni ABC transporter.

85



1

o

15

20

25

30

35

40

86 WD 2007/113222 PCT/ EP2007/ 053057 17. The
i mmunogeni ¢ conposition of clains 1-16 wherein an

we@bdoga1i2ee | mrune response i s generated agai nseCbhaPiN0B053057

11

12

13

14.

15.

16.

aureus and S. epidermdis. 5 18. A vaccine conpri sing
t he i mmunogeni ¢ conposition of clains 1-17 and a

phar maceutical |l y acceptabl e excipient. 19. A nethod of
maki ng a vacci ne conprising the steps of mxing

o PR S LIy g

Torgment thieeasf .is adoximomregulaigr of vintenge selealgd diom theareypgconsisting
sdf aphy te® (418), aiphé @i ISR eitEnt SR |1t Aetivatirgprofein (RAP).

adm ni stering the vaccine of claim18 to a patient in

need thereof. 15 21, A Lf,lse of the inmmuno

nic ..
WP BYNYRAgRNIGH ComRosiign £f 1 any png e %Wﬁf%gf&PE‘PSF'”Q 2 or more

\aaphy lveocdabproteirsa setected ompadeasitd differerfit gsounsselestasidom;
i nfection. 22. A process for conjugating Type 5 or 8

cap ol ride i [ : S,

SOPEN B0 1O BBl SR B g rsomen

Ty piersahsepcisg| Jayn don SFURecansishing §b BauRiA desepion Sitgditf/saliva

or hindingl proteirs dEbIA, dEbhB))Elastidi bigdiag qyeatein ¢Ebp®), &§Bn(FIB), SBI,

EJ L?égt?gm‘;ﬁk%? gla:i‘bgfssa?@ sﬁd}reﬁggw%ﬁ;%ge GehD, SasA, FnbA, FnbB,

PF oL Ban CAB. (10A dYFesh AR SHEh EPEh SHea iyt iironectin

25 piofipg peateins fitdisogen binding areteisnigaguass Fig ant MAPhk 23.

B feauolbagm_ Sthpeictotaal Fankrer pratdie of fragmencmprask 8elected from

PO '

L0 g%%drﬁ%tt@%q%ﬁ | BRFAAL hEE tahsRstiarasta 3046 A85C, Hara,
Mog + transp}/orter, SitC and Ni ABC transporter;

c) at least one staphylococcal regulator of virulence, toxin or fragment thereof
selected from the group consisting of alpha toxin (Hla), alpha toxin H35R mutant,
RNA III activating protein (RAP).

. The immunogenic composition of any one of claims 1-12 wherein a staphylococcal

polysaccharide is conjugated to a protein carrier.

The immunogenic composition of any one of claims 4-13 wherein the PNAG is
conjugated to a carrier protein.

The immunogenic composition of claim 13 or 14 wherein the carrier protein comprises
a staphylococcal protein or 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, SdrD, SdrE, SdrG, SdrH, Lipase
GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, I1saA/PisA, SsaA, EPB, SSP-1,
SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig,
MAP, Immunodominant ABC transporter, IsdA, IsdB, IsdC, Mg2+ transporter, SitC and
Ni ABC transporter, alpha toxin (Hla), alpha toxin H35R mutant and RNA III activating
protein (RAP).

The immunogenic composition of claim 13 or 14 wherein the carrier protein is selected
from the group consisting of tetanus toxoid, diphtheria toxoid, CRM197, Haemophilus
influenzae protein D, Pseudomonas aeruginosa exoprotein A, pneumococcal
pneumolysin and alpha toxoid.
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17.

18.

19.

20.

21.

22.

23.

The immunogenic composition of claims 1-16 wherein an effective immune response
is generated against both S. aureus and S. epidermidis.

A vaccine comprising the immunogenic composition of claims 1-17 and a
pharmaceutically acceptable excipient.

A method of making a vaccine comprising the steps of mixing antigens to make the
immunogenic composition of claims 1-18 and adding a pharmaceutically acceptable
excipient.

A method of preventing or treating staphylococcal infection comprising the step of
administering the vaccine of claim 18 to a patient in need thereof.

A use of the immunogenic composition of claims 1-17 in the manufacture of a vaccine
for treatment or prevention of staphylococcal infection.

A process for conjugating Type 5 or 8 capsular polysaccharide or oligosaccharide
from S. aureus comprising the steps of:
a) dissolving the Type 5 or 8 polysaccharide or oligosaccharide in water or a
saline solution;
b) adding a cyanylating agent (for example CDAP) to form an activated
polysaccharide or oligosaccharide;
c) adding carrier protein so that amino groups react with the activated
polysaccharide to form an isourea covalent link

The process of claim 22 wherein the Type 5 capsular polysaccharide or

oligosaccharide is between 30% and 100% O-acetylated.
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