| MMUNOGENI C COVPCOSI TI ONS OF STAPHYLOCOCCUS A UR. EUS ANTI GENS CROSS
REFERENCE ' E TO RELATED APPLI CATI ON [ 0001] This application clains the
priority wenefotsizfi U S. Provisional Patent Applicationpowusédhdisid34,
filed June 22, 2009, the entirety of which is hereby incorporated by
reference herein. FIELD OF THE | NVENTI ON [ 0002] The present invention
relates to i munogeni ¢ conpositions, conprising polypeptides and capsul ar
pol ysacchari des isolated from Staphyl ococcus aurcus. 10ln addition, the
invention relates to nethods of inducing an i mmune response in subjects
agai nst St aphyl ococcus aurcus using i mmunogeni ¢ conpositions of the

St aphyl ococcus aureus pol ypepti des, and capsul ar pol ysacchari des. The
resulting antibodies can al so be used to treat or prevent Staphylococcus au
CUS infection via passive imunotherapy. is BACKGROUND OF THE | NV NTI ON

[ 0003] Humans are the natural reservoirs for Staphyl ococcus aureusaurcus).
Heal t hy i ndividuals can be colonized by S. aureus on the skin, in the nares
and the throat either persistently (10-35%, intermttently (20-75% or be
in a non-carriage state (5-70% w th no associ ated di sease. See Vandenber gh
et al., J. din. Mcro. 37:3133-3140 (1999). D sease subsequently occurs
when i ndividual s becone i mmunoconpronm sed due to breaches in i mune
barriers, such as during sungerNOGpNacemmtoofiiondwst | i ng catheters or

ot her devices, traunmm, or swundsocthe resultdgmaSri@ukeus i nfection can
cause a wide range of different diseases that range frommld skin
infections to endocarditis, osteonyelitis, bacterem a, sepsis, and other
tbrnms of disease with acconpanying high nortality rates. The | arge human

i h d of adapted
Lgfﬁggghrceg|§%%ﬁ%type-~¥#€%é§%§ﬁ%&g§?$g§%@%ﬂﬁqﬁéi82§g| ?nfgc?Poﬁs fromthe
Gram posi i ve GRGE! s JBHIEHS, Althehe FRIASHILH 8 B pBL i RALI EULAr concern

because they |nc asing pu heaft pr obl em wor

Speci fi calsl y, ABpliatipeds. b521espohsiible: ID206hehamjiony bywlObis hereby

hospi t al - acqu1red N0sS0CO infections and its preval ence in comunity-
onset |nfect|5ﬁéqm'ﬁ? erié §FﬁéhdF@r exanpl e, the incidence of invasive
methicillinresistant S. aureus (MRSA) was estinmated at 31.8 per 100, 000
persons, incl ggiingQF8reSoNdeathsNin the United States in 2005. See Kl evens
RM et al., JAMA, 298:1763-71 (2007). [0005] Staphyl ococcal di seases have
seen a dranat {{Bé2nceagesdnninvb@idnaskic2® peansgetibbsmpatiasenpasakl el s the
use of intravascul ar, devi ces and invasive, ocedures This rise in disease
i nci dence i s ReYRCHYEFESEEBTA Rg! ‘VB"éEg ilgs 6»9 aforﬁiél*%?%F’P‘é?wﬁf%‘é“‘é‘f?“ant| bi oti ¢
resistange, tﬂ@&%&ﬁﬁﬁﬂmﬁ&&hﬁmﬁ&h@%tHh&ﬁﬁhgB?ﬁ&ﬂd@%ﬂH@Hﬁ@gégbﬁaQQWDOS't'0”5
for use in vaccines or to elicit polyclonal - nnonocl onal anti bodies to
confer passi veuli @nﬁﬁﬁﬁatnyt Herfalaveenys dt“@’”f)ﬁfé%mmm%?mé a@mgempiw Ioéti?@ccal
infection and %‘iaﬁ% QSJO?P XY glﬁgﬁﬁ% ‘p?}dsyl\MRY squg 1A !\MENTS The
present inventi I'réct e ntigen or tlco onent

i mmunogeni ¢ cammmnt melgro%ﬁtmwﬁ ltmtgwabx j)re&srit Staiarﬁaxamsugm misakated froma
st aphyl ococcal bacteriu The antigens, which are pol ypeptides and
polysaccharld8§““hﬁ§ﬂﬁgn%ﬁP%Xned inter alia, directly fromthe bacterium
using isolation procedures known to those skilled in the art, or they may
be produged ugATEKSHOUREL OF PIOINOCENSIONr they may be reconbi nantly
produced using genetic engi neering procedures also known to those skilled
in the art, of¢gohy oughass &oMRI MalrkiQtsctfc 8 Myr Ripihhecdar egRLAG. vivRugertain
enbodlnents an i mmunogeni ¢ conposition of the invention conprlses three or
more ant i gens Hsafhacingly g&l?‘eﬁ%w FUBIERIS Seie Pt Seekini g "Fatteriia (C1f A)
pol ypept i de, aﬂoazsgﬁ&tp@&&m@wcﬁ%& oG 1 (Q@Tf?%) B §CHR)nonokypept i de, an
i solated S. aureus capsul ar pol ysaccharide type 5 (CP5) conjugated to a
carrier protefnte ia-nﬂ?@@ti@@tl@@\@ﬂd&@rdb@bfx:a%@sMaad»rm@lgia@a@ieh’aﬁ’ deMicype 8 (CP8)
conj ugat %% tOSa‘ ?&Ig{[ﬁ)r Qﬁxﬂt E}ll Qa&rlgﬂsa{nuél%i(x)’ 0B %S W‘Isl 2R W%Jaixlﬁwft)ng prot ein. In
addi tion,” 't he  presen i‘nvent i on pro i"des h ah i mmune
response aga|nﬁmuﬁxsh@phym@n@eqabvbaﬁ$QXHMﬂmxﬂﬁmhﬁQSu&nmc@ﬁegaﬁgupg,
reduci ng the severity, or delaying onset of a disease caused by a

st aphyl ococcal bacterium and nethods for preventing, reducing the
severity, or delaying onset of at |east one synptom of a di sease caused by
infection with a staphyl ococcal bacterium 100071 Accordingly, in one
enbodi nent, the invention provides an inmunogeni c conposition conprising:
an isolated S. aureus clunping factor1tA (G fA) poly-peptide, an isolated S.
aureus capsul ar polysaccharide type 5 (CP5) conjugated to a carrier
protein, and an isolated S. aureus capsul ar pol ysaccharide type 8 (CP8)
conjugated to a carrler proteln 15[ O 0 0 8] in one enbodlnent t he

. 1 o o o " o .__l_‘.__l ~




conprising: an isolated S. aureus clunping factor A (Clf A) pol ypeptide, an
isolated S. aureus clunping factor B (A fB) pol ypeptide, an isolated S.
aureus MwWoGopvisis=in, an isolated S. aureus capsul ar polpgsamseh@nsager t ype 5
(CPS) conjugated to a carrier protein, and an isolated S. aureus capsul ar
pol ysaccharide 25type 8 (CP8) conjugated to a carrier protein. [00101 In
one eﬂbpdl ”enb}a,cérﬁ'%t 'QPM}@@/EH&QQ ci&%&&s%@%ﬁx@; ddSINNOGER! &y canpestd on
conprising: an isolated S. aureus clunping factor A (Clf A) polypeptide, an
i solated S. CMs@USe ¥t int@uspristeimcananuscsolide edigSof diffcwusdieapsuhamange

pol ysaccharide type.5 .(CRS). conjugated.to_a carrier protein, .and.an

oo ated 5. alP i e e oo LaBLRdH Qe Ul el Eslpufied o
carrier protebiher £00J34dibdasOREhE etdabediyiRnhigh hgtatinvent i Ol previvdas an

i mmunogeni ¢ conposj tion conprising: an isolated S aureus c|unpjng factor B
((HB) pol ypeptedot aﬂhmwdwatﬁ%‘epi@.gf@mﬁmﬂ@a%%F%irOfﬂéﬁ}gﬁgigféh%ﬁﬁpae type 5
(CPS) conj ugatedaiti®.@ carrier protein, and an isolated S. aureus capsul ar
pol ysacchari de tyﬁé'S (CP8) conjugated to a carrier protein. [0012] in one
enmbodi ment , t HB8Hhy Enefiphstppiovdcdess! miecinmuivog & Cragomsd s ePon Scorprsi si ng:
an isolated S, aureus clunpi factor B (CHB) nol jde, an iselated S
aureus Mt C p?%fgrﬁfgﬁﬁL%E%Wgﬁgﬁﬁﬁég§%§Tg§&%§ﬁ§3%§ﬁﬁg%}%§§%%ﬁa#$3é type 5
(CP5) conj ugatethtpootde o aroridetddop ripeatimtivafidivassiisakgtretcSor emeisitgapsul ar
pol ysaccharide type 8 (CP8) conjugated to a carrier protein. 100131 In one
Erbod: o, ¢ R RV NG FOUT O d IR ABGBNT . LRGP BHIBGMpr | 51 ng:
an isol ated Spn@bUh@Ysiosd HWRFAGInE a6 0faMp(ClkAlciRAly PERVASIR ma@Riciisel ated S.
aureus clunping factor B (G tB) polypeptide, and an isolated S. aureus Mat
C protein. [OTEg[nLh e eMFody menEs Hed e oR0.BPOWTEeEs. ianudiptunogeni ¢
composi ti on_comREd AR AN (ARLELAL, 2084 EHSLYIREGPLOL el an i sol ated
S. aureus capsular :15polysaccharide type B) conjugated to a carrier
protein, and am:i&clat@do8. aureus capsul ar pol ysaccharide type 8 (CP8)

conj ugated to a cargjer protein [0015] in one embodiment. fhe, i munogenic
conpositﬁgn cgﬁggfsggpgﬂ&ﬁ§bﬁgpéﬁ£tﬂfﬂhﬁﬁ] %@B?FH@”??%@W%%TQ“ erein the
G f A pol ypept iggs ikiagRat: SOMRIJ €8st dentfdviedunogencindingsidomai n of CfA
In one enbodi ment, the CifA polypeptide - fragnent caonprises a fibrinogen
bi ndi ng domai FCEHBrS g chedRFase pidsher NvdoRurhEodTmebecanse ¢hihone

enbodi ment, t he., (A BOLYRERL A8 {H.RGHE0C AP LkSESr&nf AR iogen binding
domain conprising the N2 and N3 donains of CGfA |In One enbodi nent, the
conposi ti ons comtaigehugorhesi@isAcf isoni nogens bi kdiingpderaia odi spl ay reduced
bi nding tq fibrinqggn.thﬂiqn?\g gdigpnp% th%,tibrtnoqen{qudiQ%HQSdonain
of MA bi Ads t &PPBFIRBYSRIAT A PEdGeEd BV R NP AT P ITTRE Bidl ng
observed to fibpinagen Witdiohhed nabined tiskisenogen bi ndi ng domain of G f. A
in one enbodi ment, the conpositions containing the CfA fibrinogen binding

domai n di spla uced hinding .to fibrinogen and have an am no acid
substitution éﬁ‘gﬁé% fﬁﬁaﬁ*ﬁ?‘v%ﬁ% Tyr 256, Pro 336, Lys 389, Ala 254
and Ile 387 o full length pratein containing the. signal sequence. in
one ethbodineggﬁpﬁeig%ﬂﬁ8§¥ ?8%2“5%%?%?%#%6d¥%§ B-3308% i nogen bi ndi ng
donami n di spl aywaR.caFbiG: atindnSMBStcb b &lmPREQK AR Bre@hntd)eds 338, Tyr
256, Pro 336, Lys 389, Ala 254 and Ile 387, wherein the anmino acid at any
one or ndfe ofsoltesEomasiphdrecrd beramged borgen ¥heh sSepo VIRt die

et hbodi nent, t : L:Eklon., i.ses .a.,C T L.hri L-hi.nd) damai n
wherein the Tr AIRSeantish huSaPPEEES et A LhAN AR EE R AR

enbodi nent, t eliimmpmogbnéscknoenpo okt gnlicionpid g st gy neglbapedinCldB

pol ypeptide fragnent, VWerein the O fB, polypeptide fragnment conmprises the
PP bt T mogen bi HAAg iSRS et Py s of e BB e AR e B ot ypept § de
fragment conpeigesriag bidRedROIEN WioRE thehod ORI i@ ORI, St Ngoddne NI, N2 and N3
domains of CfB. In one enbodinent, the C fB pol ypeptide fragnment conprises
a fibrindden BYHUPHGIOREY Al B8 RIETEIH g I REIRE T RAG RS SayhEFHEYEE T fB. | n
one 10embodi ”@&Eposﬁtﬂﬁ FHPAFIAN LR BSmEORL &fl &Qn&@%m%efn@sélég@éd fogen binding
dormai n di splay reduced binding to fibrinogen. In one enbodi nment, the
fibrinogen bi ndlang Momeinclofp@igf Bt AdSIfdopdiybmiidogensodttedsS reduced | evel
conpared to the binding observed to fibrinogen with the native fibrinogen
bi ndi ng domain of CUB. 10 0 1 7] In one enbodi ment, the i munogenic
conposition conprises S. clUrliS :15capsul ar pol ysaccharide type 5 (CP5)
which is a high nol ecul ar wei ght pol ysacchari de of between 20 and 1000 kDa
In one enbodi nent, the type 5 high nokecul ar wei ght pol ysaccharide has a
nol ecul ar wei ght of between 50 and 300 kDa. In one enbodi nent, the type 5
hi gh nol ecul ar wei ght pol ysaccharide has a nol ecul ar wei ght of between 70
and 150 kDa. 2 nl10018] In one errthodi ment, the inmunogeni c conposition



25S. aureus capsul ar pol ysaccharide type 5, which is between 75% and 100%
0-acetylated. 100191 In one enbodi nent, the i mrunogeni c conposition

conpri seswB.20surseuus capsul ar pol ysacchari de type 8 whi clrcirarsaotoiogds1o

nol ecul ar wei ght pol ysacchari de of between 20 and 1000 M. In one

enbodi nent, the type 8 high nol ecul ar wei ght pol ysacchari de has a nol ecul ar

vei ght of beF WERR; rofh&@ij%@QBymvpépﬂdQ@lﬁ iSmRadi, AL cgqtlﬁia}ype 8 high
h de h | h f

mol ecul ar wei ght "pdl ysacchar | as a nolecular weight” of between 70 and
150 kDa. [ 0020%lysasclomde émsddiORentoniucheditiamoigepbtit onposidd Smucenpri ses an

S. aureus capsul ar | ysacchari de type 8, which is .between 10% and 100%
- acetyl at od T BRE RERRGGTRERE ¢ ERE et CuEh: oA ompr i ses. an
S. uureus capsulagrd pohysacshariceint ypad@ioniicGhiedest hednneeprd@fsand 100%
0-acetyl ated. i r]jﬁop et hbodi ment, the inmmunogeni c conposi ﬁﬁi on. conprises an
S. aur eus “cap&tif @»Ew SEERAMTENCT [AROTEC A A SPEMBROREENA 759 &nd 100%
0-acetyl at ed. 4|.004d &L oRg.eradhmaltevdRE ofaPalthabnRoLysacshari de 5
and/or 8 present in an inmunogenic conposition i's conjugated to a carrier
protein. |n opssed pibosirnBicoctahbagarm epd predods PrivseverengCodyned st eri um
diplitheriae (C,. .dj heriae) .t R M. L.J.n..on rhodj nent, the
i nunogeni c cg“r(r;ﬁggf ? ?%%ggé}%grﬁrggrsftsogép{kg% gf yan?}fz“é%lio Qg/%%%ia J”\%ﬁ?{%ﬁ b’rgg;ﬂ ég}oiggi dat ed
protein. |n onehenbediivental Waberiummunogeni ¢ conposition conprises the S
attreits Mt C jch is not a |ipidated :15protein. 100231 |1n one .

embodi mert, tﬁ@\ﬁ?Lvé‘hﬁlS‘ﬁg B BE R GETE" BBIBES I IRV SE BEscr i bed
herein, furthesmsRmmichpgsdl: heashiane ot 8hRphihamdhe (Sesl neaspartate
repeat (Sdr) protein famly selected fromthe group consisting of SdrC.
SdrD and Sdr Epelzp@fidoza)isalfcdherers chgdiorepbysacebaide ixpent ((8R) prividedids an

i mmunogeni ¢ couposi:iion . as. Ldihegdsherein, further comprising.d; iron
surface deter %{Tﬁg‘ﬁ%&éﬁfg‘aﬁ?@%ﬁ%‘?‘ré}?% g ‘ {?‘66‘/2%]1 v Slfu%lﬁ igg %dgggﬂ%aﬁ et*%é: %(OC J?Sﬁe nts
descri bed her e¢mugaedbhizchrr@npictdimunogeni ¢ conposition conprises three or

nore recited Lgens, that .co ition may 25further conprise ather
rminogertto. aniPeRotne AHsEGaRTE: GupeARaT sk OEP PSR EROBa et s, each
| munogeni ¢ CopmAsdild: Off iEyted 8l &u@ézﬂ&:ﬁﬂdf;ﬁﬁ;@/facﬁ@@;@i@? REgeMtdeabd y of or
"consist of the three or nore recited antigens and further conprise one or
nor e non- i MmuiteEERi < cEipstiErness, e BESER) Bedojdrdnpre @et@aher ei n.

30[ 00261 In 0 ISACUT -' E E\H;E” '(i, ) 3 (’I Laré Wi ’.., < - a N Q¥ nl c
conposition a g}glggtg??;ged hgr%?ﬁ’? &?‘\&%{%3%33%‘%{ %?ﬁé&gﬁ/%gﬂg t he

fol | owi ng ant Sgemsis @ppda poPetdbharietgA, ® (IS cotiesEA, to lksdGer Stk Sdr G

SdrEl, SrtA, bi Fnt.B,.. al pha - henolysin (Ha), beta-1_ enol.ysin,
fibrort eéEOi n- g&ﬁﬁ? ngﬂ %%“é’t‘féﬁ"ﬂ“‘?&“gpﬁ‘b‘}i}’%“?‘r“?6’¥%’ﬁ“§8t‘%"‘ H%lﬁ’i”ﬂ%ﬁ"%’ ‘8%“%’?%1?/‘%“ B
(fribB), coaguhassesindi@, isompd SRant:erialenti:ne A @ikogiotiptpiidayvdy |

al pha-toxin and its variants, gamm-toxin (hig) and variants, ica,

i nmur t odomi naiPRKEE: CFHS PEIPEE, PR (CYANRPBFPETS, ARISORBE ¥ 8iféport er, RAP,
autol ysin, | amifu Bri8EERLANSed kSAMR @ Mudar LS RBIRhARBe tyPQclilsl,  Ssa. A, EbpsS,
Sas A, SasF, SasFi. EFB (FIB), SBlI, Npase, EBP, bone sialo binding protein
|1, aureolysi poprastudiris orca(rALFR)JiSepp by sChged Sandr ey engrgat sliydaethevfic such as

Mb5, | SST-.1, n B Y- N-acetyl gl ucosanm ne (PNA. G dPNAG

ex. opol y:sgéicehg’%ig?eg,(/B gﬁ)ﬂu“’%ﬁwd %ﬂﬁ%ﬁ%@ﬁ’l , SSIP-2, FIBP, vitronectin

bi ndi ng pr ot efdBigFl &f A chtodMenESkBinyanive neiadds an Arnpknd ehtoXipnsiBoen
Enterotoxin O, and novel autoly-sin, In certain enbodiments of the

i nvention, whENTEHES rﬁmﬂ@fé&t%g-cm&ﬁﬁﬁ&gﬁﬁt% 88 M—ﬁé@gmééﬁe&a%ﬂn&ﬁ orns of CP5
and/or CP8, i {sp Nl Uiihe by RO 88 ENOGy Q02 1ak Bo B cRRedijrent , the
I nunogeni ¢ cgnPogl tion further conprises an adjuvant. In one enbodi nent,

t he i munogeni ¢CEbDmpaBBtdi 4§ tartitiaroteonprd Basolaed ¥ Bpharcrpeditical |y
accept abl,g carri er.....100281 J aoene enbodi Lovic i) nogeni ¢ conposition
is used t30 fo%%%%}éa}%g\%gééiigégp%ﬁﬁg’ﬁ%ﬂéﬁg%}“ﬁéﬁﬁwm vaccine is used to
i nduce an i mrififéi} esparsentodingens b} Bvendicagad gt abimauneusic donposigon

enmbodi nent, the inmmunogeni.c conposition.is used to generate an antibody
Formul at 1 on ¢ B BT TaUErdS THl L3P A H e Gay porpep e Hh



n10029] In one errthodi nent, the invention provides a nmethod of inducing an
i nmune response agai nst S. aureus conprising admnistering to a subject an
i Mmunogernwo 2armisid440f any of the i mmunogeni ¢ conpositi orsTaAB3@0iobEsdo her ei n
and a pharnmaceutically acceptable carrier. 10030] In one enbodi nent, the

i nvention provides a nethod of preventing or 25reducing infection with S.
aureus, or 3 feLiads of, Al EYERL! Nty ArahRAICHAG (RS Sevelth Y, Pl Al | east one
synpt om associ ated with an'infection caused by S.” aureus, the nethods
conpri si ng admatdigtaed angotatedad. gubje ctpsalnr pahmendgand typatiuUhe) ofjugaydof t he

i mmunogeni ¢ cgqug&&jQ&%mdescribed herein and a pharmaceutically acceptable
carrier. [003{1 T orfe”"efbodi ment, the methods for i nduci ng an i nmune
response agai ﬂﬂﬁﬁﬁ. Hrﬁibﬂc’ie(ﬂih‘&xjdﬁiﬁﬁhﬁ,itB@ind@klﬁE@h}’vi@i@ ah hﬁﬂlﬁ;ﬁ@@kﬂﬁ@?ﬂﬁ}?sitmn g
conpositions with an adjuvant. |In one enbodi nent, the t hods for inducing
an i nmune °r es PYRRE "B g S ey W%%a@rFﬁdﬁri%ﬂéwp&g?ﬁgﬁd&aﬂt he

I munogeni ¢ coERes 4 LRSS Mkd pRQRBLTREAM b Gald) RGeePLER R LRIL kg [00321
I n one enbodi nent, the inmune response induced by the imrunogenic

conposi ti ons déSBhidsanizied & noarperaveiatsastaryisdiees @rdissep®é@ror condition
associated w a.S hyl aco¢ceal . organi. i.n.a.subject, or prevents or
reduces one o%Q%%¥é&%§ﬁ%#%%gﬁggg%%W%%ggﬁgkF%Tgi@%%%hylococcal organismin a
subj ect. | n opsidnbadimenihedinhe:,dhspaseion groade ah @dnhn@unichengbatipn
consistin% of invasive S. aqégu§ di s ase,vgf si,s %qg cfrri je. [00331 In
one enbodiPmenfOTPHEE HRUHEA e FBRLE THIRINRHCC AP SePOLRE ¥ bg¥her at i on of
anti bodi es hawhReI0PSERAPHBRGAGYEItEr BELIN] by cPRAY, 2A9A4 REkted.S. AMERHS. N
one enbodi nent, the inmune response induced conprises the generation of

hi gher titersM¥TC @p¥onophagoeytic anti bodi es specific for S. aureus
conpared to tk bserved.J.n:.non-4 | .zed. .suhj.ec n 0adi ment ,

t he opsonopha ogﬁfiggé%fg%%?gﬁgﬁt?ggggh%gggéag%dﬁﬁ%%%%#*ﬁﬁqgﬁgggﬁg%dinent,
the S. aurett somgaunstanvwbiighd Shereniuné prespoas schkgdishdueadedpsulRSA. 1 n one
enbodi nent, the S . aureus agaifnst which the inmmune.response js induced is
VESa I lone BRBTHRTEHE DT paCed i RGN AT e VA Eh SRS R Rl response i s
induced is VRSAu kil Qp&1:2FORMIIRM I 11 @ Peausgidscdagaldagior Waikgh the i mmune
response is induced is VISA. - n[0035] In one enbodinment, the invention
provi des a metHBd! oft Prevertingg!absPHPHPLEED ECEPOT HPSERPHIES 4 19 18tbj ect
under goi ng a 4ol REOCESINLE i NEn PR S b 0gadm, hi,st&hiNg an
innunological?§%g$%§%P?%éﬁagdﬁfﬂ%ggggs(g?gPﬁgpﬁﬁﬁuﬁgggﬁggbggﬁ%gg%iions as
descri bed her ébnndgon bhdimubjret ofgrifar In getdmbodumagi.abd Cphgeéduptele The
surgi cal procedure can bgﬂaquleggﬁye.gypgjpaL roged%é Tjo;}ma ?Qg- 25

el ecti ve “Sur gl Al ProLRUlT & " T Hoone S bt RER LY ?%‘é“c”su%é‘i cal” pf ocedure is a
car di ot hor aci gosuaghCaifApnLocadisiieudiththt ahe CenRti Pl frddhensithieats4S a
human, veterinary animal, or a |ivestock aninmal. [00361 |In one enbodi nent,
the inventi onPrARECHSPITEHOTRBHCBIDTEOIEF N Age Pa<SOIp@siofiniidi t9 %P a subj ect
conprising t h@m@&ﬁﬁ’z@n@{he(s:g)%npgsﬁﬁ%!s%bh‘iElQx_ii%nth@-g‘:?]ﬂAb@(g}ﬁoQ%r?ﬁ@ﬁiﬁ% LiQfaMSI NG an

i mmunogeni ¢ conpositions of the invention; d (2) adm nistering the

anti body prepdispiey enlute! bibdng tbfilsorsto loonf embpassby & fmongaybindiBRI EF
DESCRI PTLON OF THE DRAWNGS [ Q037] Figure 1 depicts the various thrms of
Fecombi ndnt OPR B4 ol Beea ety e SR SR e B SR el .
in order of appeardne@brinogen wiiBABBfat i Gurigodendepiigt & nidec OO Rgoest eps used
for construction of pLP1179 thr S5expressing Cla. [00391 Figure 3 depicts
the T7CLT 1237TGabmaliei aveptiivee “a}n}ﬂé‘ﬁggi/%ﬁlbf Ef%ﬁfbﬁ“ﬂﬁﬁiﬂg’ PR depi cts

the repeati ng_{iﬁ{ﬂ%y el hahhe SRmeaRda iR Pok XSACGRAN 408 8uic 0P 4dd, i gures
5A and 58 depict nol ecul ar wei ght Qroflles of CP5 (A)CP8 10(B) produced at
di fferent br otterpdisi yr B84D1T 260 glip 686.6 A5 3R B8 2depitle Al @dlt ! lnrsitiyht

profiles B%f Cg%téif‘z‘ég?gning the signal sequence. In onc embodiment, the compositions
containing the CHA fibrinogen binding domain display an amino acid substitution

at one or more of Tyr 338, Tyr 256, Pro 336, Lys 389, Ala 254 and lle 387,



(B) produced at different tenperatures. 100431 Figure 7 denonstrates the
correlation of the nolecular weight of purified CP5 and CP8 wth the

t r eat mentwoi2o®/fsos44mi | d aci d hydrol ysis. 15100441 Fi gur ec8As8dEomegsict t he
alignment of CfA between various strains of S. aureus (SEQ ID -NOs: 62,
64, 68, 84, 70, 104, 66, 78, 86, 88, 90, 72, 74, 76, 80, 94, 82, 92, 96,
98, 100, 102, 108, i‘?}@gmgngsaudrﬁ%%%é i)/rq‘hs}% O'fﬂie%ggﬁﬁiogi 15@9&%@5@0%).1& [00451
Figure 9 depicts the CGfA phylogenetic tree. 100461 Figure 10A40E depi ct
t he al i gnment coferClit Bldyemweiencr\?ahqf mrspcettmawnsmeﬁsmff\ abrieysn P8EQY D Nos:
26, 28, 32, 1§s’3 54&&11%4“’111%0 I‘yra pmgion i’> ﬂc%anocé’mgr?"\ 40, 42, 44, 46, 48, 50,
52, 56, 58, and 60, resp ectlv’i er of appearance) [0047] Figure 11
depi cts the Cﬁaiphytm@er&e’ﬂ Jodmﬁtﬁle@hc &Qﬁ&'ﬂrﬁ)}gelﬁl g@h@sk&nd;empag@ dnhelakd gnment
of I\/hthetwenvarlouss rains of ure QID NOs: 2, 8, 10,
4, 6, 14 and $2P ROOSHELEGS NAANFEILHCET Y %?B » E%Faﬁgaﬁaﬁee)t coPpROIFi gure 13
der nonst i at es fibhal AN bkl Anaft s Lo 5, HRANAS MenfUheUusn 6alpdiBiccol ony
counts in a murine sepsis nodel. [0050] Figure 14 d em)nstra?es t hat active
i muni zati on WeEERCTGIcPIRPTEd adsinegrindnidiag fiomeinpomprasitiee N Ip{N28nd a3/ nt s
PFESA0003 in 1 it Ei gures 15A
and 15B derrt)ng’?;?ia11 lgpf(lhg:ﬂfg ﬂm‘%gvnc‘i[ﬁz/bgjfi ?%%ng ‘%ﬁ[f%ﬂ) %%“}@d}i §nﬁlp§glgperﬁsélgn t he

bl ood. A S. abmmgsnIBEESAQR}I&%;rSetmmmmgBm Sz aﬁxﬁ.ll\élIBmBEESAQ%G fsorai n. 100521

Fi gure 16 deno ates .that S.aurcus ¢ 97 conj.u i munogeni ¢
f or mul at i*dn c8’ﬁ‘§?i‘¥%ﬁ R? CRPRPHIES "BP%P%‘&%P%FT ﬁgn&béﬂ%?ﬁ #1‘86% g?%‘ﬁ‘@phrl tis
nodel . 100531 gkp@yE@udd €eampet fidtRgcd. Natony 8GHMAHhO ety ho&l?ﬁmn&ﬁ%lvll97
conj ugat e i nmunogeni ¢ fornul ation reduces death in a sep3| s nodel . 100541

Fi gure 18 sho®gmesRéRyBr bndti tadiolingdes sf crdpeaddety er@prphiok el hieg@zaf t er
10chal | enge h P 0266 VASE, h hig

nol ecul ar vve:,%igﬁ “%H\ﬁ\;‘b@§g %—3 ﬁ%ovﬁng ggéﬁcg%llhl 410%%? Lﬁi%ﬁ CP5- CRI VI or
PP5- CRM cont r §617]1006&1L eﬁn@dnﬁmighsshmmogemo nqaapoaﬁ&m wfnpﬁﬁb% & vers

(geonea. from serum obt al vac ate th d fferent

Tt at iene. SREt PO EerrPaEr: S2EhR Shal SIS RSheMaBrEh vel ght (11w
CP5-CRM | ow g@;ke@wmﬁwbemeﬂm\é&a 1@85@8% m@r Mlmsh&y@dmo}:ﬁ to 9

m ce. 10056] Fi glrdre 20 denponstrates OP. A titer for non-human prl mate serum

before (wk0, BP&ERSyABERSYClaHErridiekres He e (Wbt Oépfége%p ol 08

vacci nation WEh ¢ £ .68k GerRLD; é@ﬂﬁfh%fiol&ulﬁ%& 8@%9&93& hﬂ‘(@
3-antigen (3Ag) vaccine was - nconposed of three a gens an he

4-anti gent (4Ag>),€cviace'r~ne‘i‘ awas‘hwnpésaedi tﬁkﬁf)f@ur ant i gens Each fornul ation
has two CP comﬁ gt s and heit,h\ E ke 9 . LED DESCRI PTI ON OF
THE | NVENTI ON 88 " BEFOHE T HE predt “a%mﬁﬁ%’%a%rgw PE’&‘ﬁ%’ﬁt met hodol ogy

are describedgs dibreisScapsular polymwhanda, type 5, which is between 10% and 100%

O-acetylated. To one embodiment, the mumimogenic composition comprises an
8. aureus capsular polysaccharide type 5, which is between S0% and 100%
O-acetylated. Tn one embodiment, the mumimogenic composition comprises an
25 8. aureus capsular polysaccharide type 5, which is between 75% and 100%
O-acetvlated.
{BG19] Inonc embodiment, the immumogenic composition comprises S, aureus
capsular polysaccharide type & which is a high molecular weight polysaccharide of
between 20 and 1000 kDa. In one embodiment, the type 8 high molecular weight
30 polysaccharide has a molecular weight of between 50 and 300 kDa. In one
embodiment, the type 8 high molecular weight polysaccharide has a molecular

weight of between 70 and 150 kDa.



to be understood that this invention is not limted to particul ar nethods,
and experinental conditions described, as such nethods and conditions may

vary. It we?alwiei1i4e be understood that the term nol ogy esedsbeomsisios for
pur poses of describing particular enbodinents only, and is not intended to
be limting. 10058] Although any nethods and materials simlar or

equival ent toydhgerfaschihaddenal fufan.0e. UsethdalBeppracki ce or testing
of the |nvent|on t he preferred met hod materials are now descri bed.

Al | publ|cat|én@nﬁenmp@m@dOhéme1&Kﬁﬁﬁxﬂh@dmﬁoshﬁédnmywk@ﬁ@ﬁ@ﬁ@e in their
entirety. [0%5 t‘» w in Om n%m%mmt ﬁc nnm%\rligg iy com 031 mggdﬁlei%ogm zed and
known to those O §k Fhié ?or conveni enc na’

conpl et eness, ﬁpcaﬁwm,ub@ﬂartpergmm‘ndicttmj8 oA BYS/cak G&i)“sahdﬂ(ﬁl}%h bel ow.

[ 0060] As used in ;ﬁ speC|f t|on and t he appended, cl ai ns, the singular

fbrrns "a®b, " &nacety; djs lpae C’i“ ﬁ‘a%t 196?151““?%?1&@%’8%‘“%F%@%}“ﬁﬁ%ﬂ cont ext
clearly dl ct akes, &h%ﬁ%’éﬁ%%obﬁ&ﬁarﬁ&%&xQﬂﬂ@dh@s bERLEr NG esd t Qe t he met hod”

i ncl udes one or nore nethods, and/or steps of the type described herein
and/ or whi ch ﬁi&k%b@@bne apparent to those persons skilled in the art upon
'r'eadl ng this gﬂﬁ%%c@ ﬂv fgd&?cnft qg spsm 1£91r 6)%300@%1&% @ﬁ&qp&gsmpi 1an
appr oxi mat el I'n a sta §§ cal' u a val ue.
Such a range ﬁamnmﬁ;mm&bnmoanmoﬁdemumﬁuh@@nmhud@ﬁﬁhyphcakhyﬂmﬂkmkm 20%

nor e typlcall still within, 10% and even nD ally within 5% of a

gi ven Val'le ol FaREE PR AT ARBT B E TV B S omARALba By e 1 or m
“about” or "appnexjmately" depends on the particular system under study,
and : 15 can be readlly appreci ated by one of ordinary skill in the art.

Whenever a raH§g2l sl @wicrehedwahithe mHreoappt FeBPISSHT eversesiiol e number

i nt eger mnthln e, e | ted..as. jrent of the

i nventi on. ‘%?lﬂq@ﬂghph%hg gﬂF@QQ%E?%%ﬁnogﬁgbu pﬁﬁgg’gcule capabl e of
speci fic bi ndlﬂ’l@un&},xaiktcaﬁ‘igeiltl()lsmhpYHSB e Samboedyidrdt, evhighob yoruckedtide,

l'i pid, pqupe tlde etc., 20through at |east one antigen recognition site,
located in t h8%4Pi abl e region of the i mmunogl obulin nolecule. As used
herein, -unl esg:9f het WMcSentolh@atiRdinbyhieant@Xdos aﬁhgmﬁm%‘)smaot@bgﬂded to

eneonpass not only intact polyclonal or nonoclonal antibodies, but also

engi neer ed anti Hogiee iewiy ﬁﬂ“ﬂeyﬁ FRREPTENS HusrahTESuoamdror teerivat i zed to

alter effector,f 1 i es) and
25fragnent s t h rlg%} & &%ﬁﬁdfi?@l}lhk ﬁﬁﬁiﬁ&%s@ttdnﬁ(m bi.ql; 9\?{ kq%}‘ﬁtggjte&:?ﬁ%{? n ( ScFv)

and domain anﬁdﬁbdﬂﬁ%ﬁFlncludlng shar k and carnelld antlbodles) and fusion
proteins, onp an_ant.i ent an

it spedtt e lomel s eI b DL B B B SR P RSRE R ey

exhi bit the desddgethdditotpgifeder aghprdityhe and saitick Bodymipaghanis as

descri bed herein, and any other nodified configuration 300of the
|nnunoglobullﬁ“WﬂVecule that conprises an antigen recognition site. An

anti body incl yges; am, t%@ﬁ '&)b@ig}éirﬁfﬁ(iiﬁ{lx?&Qﬁ@@‘?%ﬁd such 1@%?}§L@s%11 ibehhun@Eend0/ 1 (or

sub- cl ass thereof% and the antibody need not be of any particul ar class.
Dependi ng on @%ewanﬁmb@dwnawﬂh@@atmdﬁgéqﬁdnmewm$nﬁhemnmﬂsvah@wﬁonaln of its

gregv%ll Sg%:.rglsbliui{gngioi )TQBF hcr gﬂl’%% BQBEL (l%i% 0 I?OeﬂgR&H?unObCﬂi? %Q{& 1CCA a%l’gﬁz | -gnl\]/ler Snd

several of t heaemnammanémg tabﬂr mdmvno@&dc Lmhpmaumdha,s SE@"}\(EI&SEi Jpesyt, e.J.

[9GL, 19gG 2, [gG3, 1gGi4,, [Al a d i in humans, The chaln const ant
donwi ns t hat %%F?i@éiéﬁgﬁd“t 5ORHE O ‘g‘#@ﬁ’{ margEsiel gre Mﬂdéﬁd’ﬁul ins are
call ed al pha, .gg iri@:0(1@@5lmlomiongﬁ‘mﬁ)0@'9@&1@9&1&&&@%2@1‘6@&M’Hﬂ&%@ivﬁiﬁ‘!bum t
structures and three-di nensi onal conflguratlons of different classes of

|nnunoglobut|h@E@re wel | known. [0063] "Antibody fragments" conprise only a
portion gf, an g} E }n ARt HPQ»E!}{W E&% éhz{gﬂ% R AR RLES @Eafcbc'o}{a Lehgl ns at

| east one, bl'y nmost or al’ Functions nor 'y &ssoci at ed

w th that porasmnuwhﬁnmﬂmeﬁkmmﬁpmnmmmmmmanﬂm&mﬂkﬁbﬁyMﬂg@ﬁﬁﬁﬁsF@mﬁherm

pepti Go. poryDARERk T dat Tidh 4 SEdn Pt it oot i ek Frast one

epitope to which a cognate anti body can selectively bind; or in sone

i nstances to :15an i mmunogeni ¢ substance that can stinulate the production
of antibodies or T-cell responses, or both, in an animal, including
conpositions that are injected or absorbed into an animal. The i mune
response nmay be generated to the whol e nolecule, or to one or nore various
portions of the nolecule (e.g., an epbtope or hapten). The term nay be used
to refer to an individual nolecule or to a nhonbgeneous or heterogeneous
popul ati on of antigenic nol ecules. An antigen is recognized by anti bodi es,
T-cel | receptors or other elenents of speC|f|c hunDraI and/or ceIIuIar

——y M. N 1 o



mut ati ons of hosts, which produce the antigens. Furthernore, the antigen
can be derived, obtained, or isolated froma mcrobe, e.g. a bacterium or
can be a wbabs/siganism Simlarly, an oligonucl eotide ecTsbywovsdseoti de,
whi ch expresses an antigen, such as in nucleic acid imunization
applications, is also included in the :15definition. Synthetic antigens are
al so i ncl udedy,. .0 & XANPLa s 1PRLYER! ﬁﬂ%ﬁéﬁmfﬂi&ﬂ&%&%m@rﬁht{%ﬁé; and ot her
recombi nant or synthetically derived antigens (Bergmann et al. (1993) Ear.
J. hninunol . 28:0277in-P7§1e pR&ry B firvEet coabulage1Bg6)dp. NenteunGliontmg7: 3242 3249;
Suhrbier, A (1997). imyanot. .and Cell Biol. 75 402. 408 rdner et al.
Ci998) 12t h vtk A e Eare SR e e el sRid <R Sk 5o Tu
1998) . [ 0065] udhenddedmanadjavaatportef dpS: frtnsfo@@MEONB tihsiarct, /P t hat
enhances the i ne response to an anti gen /@s;f%r)ther‘ descr.i Qeg and
exenpl i fi €d h&V8IN FOTEBIC Sk ter e a3yl %Bvrawgﬁ%n‘tsa{gr%%n @of
bacteria in therbkoodrrA Hast SEEM AsCARIDLOA LIS binQind §RILEEMaBrooREIRSEPSI S,
whi ch woul d be considered an 25infection and is the persistent presence of
bacteria in thecEsgddUWit¥erabdoni arldezatcnhiteabolsigngy dyhptons!. isth. al |
bacteria are abl.e. of . survi.ving 4o bhe Hlood, .t hatde have speci al
genetic trai tggi? %‘ata g“ﬁ“gﬁi\}lf%g}{#%r&% ha d}z)ilgﬁﬁ?f%%%&%%%ﬁ? %&ét}%}&)t ' }ggt ors play
an i nportant Ebhie S&-iweddP-2, [HIO6 7]irdnCapshihding pokysdechafixde'Esas, " capsul e

pol ysaccharide" refers to the 30pol ysaccharide capsule that is external to
Phe” ool | Ll | CBET Gt - EBIERNT OF CLAPRYT baotin ol QR e aur ous

includes a CeEz'nb&ﬁhkzn@@Hﬂ@%&hﬁ&ﬁ?@@ﬁﬁ%iﬁﬁmﬁmgﬁ&ﬁt é@%sbﬁféﬁ@o&@ﬂi&se?ﬁ whi ch
enabl es the organismto survive under unfavorable osnptic conditions and

al so i ncl udescataghiogue ot et psl/'er @S & mavmesdrthst edverppe piN/dagl ycan. Ext er nal
to the cell : i pol ( I , |.&6Q: ates of S
aureus. Thi sm@éﬂ? g o%?%ﬂ;lcﬁgaéiﬁ%‘%ﬁ%{fn%z%%%%gy(%%ﬁ}Q%?%sﬁglgﬁ%réb%g}rlgc%s%e vari ous
i sol at es of SadjaumeuB crlvempodinctihehccihimminogédiy ceiygnitfoindaniter icsobatees have
been shown to jnclude two capsul ar .types: serotype 5 (CPS) and serotype 8
(CP8). T\A\‘g’ st PUE Y g‘“‘g“@?’éﬁ)‘r}‘do “are shown schematically in Figure 4.
[ 00681 As usegighel eifonc @R 1gRLE 8B nGRMRLLSE c@usdREu e uRaly Sasahar 4 de
usual ly of a desired range of nolecular weight and a carrier protein,
wherei n the caif§tite HORIBREHETT dE® B8] HYAIQENTS PHETRER (F8PTHidt ei n.
Conj ugat es may QL. 18y, A9ty 1ocontaln. Sask;APRUAL itﬁfrmﬁég&%ic%gg}%iﬁon i

pol ysacchari de. As used herein, "free capsule polysaccharide" refers to
capsul e pol ysaschagideatt hatntibsdnéneobiial entdnyer agsoci iateditwet h s{ijed. |

non- coval.ent | nd to, adsorbed to or. entrapped in or..wth) the

Con ugat &4 caftBPhr hisRraRRIREPE dul BuPho B bRBRE PRl bk T ee capsul e
pol ysacchar i deuwhund fee@RmpoidsRceharddednmandng fideessamghar bdgcct By be used

: 15 interchangeably and are intended to convey the sanme neani ng. Regardl ess
of the natur e W RHETEIPIOPROIHBY BEUF VBT HOEER %@Péé‘ﬁj’%“g‘%?f@&’eflé"‘f*’ﬁ)e capsul ar
pol ysacchari degyel bhehadi,teghl ¥ cQkanidpugh a linker. As used herein, "to
conj ugate", "conjugated" and "conjugating" refers to a process whereby a
bacterial cap$¥iBdl pobysatelardndahd svotwalpentdey sartashddrevsntitecicarri er

mol ecul e., .Conj ugat i on. enhanges t he ninmun ity of the eri al

capsul ar 2ol ySAahh AT EONHIEES Gt TR LB Sl RS BBET G g o e
met hods descr sbedivhelzowaamnbyyipfiogessesitdinorinad nfdhen atubed F0069} e As

descri bed above, Ige present invention relates to conjugates conprising S
aureus ser ot ypE BRABSOMETS P FYEREER R Y S by “E*&H?‘Jtﬁéjg‘ﬁ‘éﬁ“’%t SaB¥arri er
proteins and gpMiYdALES:ERMNpSLNGhIics@ -8 USre B LYPE SiccaRal ar

pol ysaccharides (CP8) conjugated to carrier proteins. One enbodi mnent of

t hei nventi on pyevicdlesacighj ugat es conprising a S. aureus serotype 5 capsul ar
pol ysaCCE%rl dgw‘%?ﬂl Ho; e%%ﬁ%gin%nﬁq{a{ hnEho Y L gﬁd{?ciﬁ@gn ﬁn&uncalldg G5, serotype 8
capsul ar "pol ysSacchari de conj ugateél to a carrier protein wherein: the type 5
capsul ar pol ysggchar :deshaspasaidiseyl drhoveirghogofic betpeennd0itkBa and 800

kDa; the type capsul ar | ysaccharid s a,mol ecul ar wei ght of between
S0 and 300" koAt TRE s BRe R RS E R nE e O30 By EhE Pl of

bet ween about 1000 kDa and about 5000 kna; and the conjugates conprise |ess
t han about 30% free pol ysaccharide relative to total polysaccharide. In one
et hbodi ment, the conjugates conprise |ess than about 25% about 20% about
15% about 10% or about 5% free pol ysaccharide relative to total

pol ysaccharide. In one enbodi nent, the type 5 or 8 polysaccharide has a

nol ecul ar wei ght between 20 kDa and 1000 kDa. [0070] In one ethbodi nent,

t he conjugate has a nol ecul ar wei ght of between about 50 kDa and about 5000
kDa. In one enbodi nent, the conjugate has a nol ecul ar wei ght of between
about 200 kDa and about 5000 kDa. In one enbodi ment, the inmunogenic

. Y T . . A o~ o - o PN PN N
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n1600 kDa and about 3000 kDa. [0071] Accordingly, in one enbodi nent, the
carrier protein within the i nmunogeni c conjugate of the invention is

CRI' 1197, wandiwi3es4€RMLI97 is covalently linked to the capswmro10/039510

pol ysaccharide via a carbamate |inkage, an am de |inkage, or both. The
nunber of lysine residues in the carrier protein that becone conjugated 2
5t a capsul an.pok ¥SAGCNANG Uf RRARECHARACHANIE M. a5 PoliANIG B, cON ugat ed
| ysines. For exanple, In'a given | munogeni c comnposition, the CRNA197 may
conpri se 5 topidmaysingly cwatptefic @@rigoval erttly |inked to the capsul ar

pol ysacchar | dfyy 10 NGL. MAY L0 EXRI S35, 1NESoRANATBLEL 1% hhal, dase Lo 40% of
CRI\ 4197 |ysi hes“are Covalerttiy Tinked t o the ‘Capsurar “polyesecharide. In
sonme enbodi mens:gpostthes CRVIESA pefih | jeavealaf rédheepodixsacehandidsn coval ent |y
bound to the CRM. 97 conprises 5 to 22 |lysines, covalently |linked to the

pol ysacchar i d&*sopipcd R T POPETGHS eifretres one

pol ysacchari dg; gavahentdys RQUNG:d Qi PRl oERNRK 8 83uBedi0 12Sne | YSI NEs
covalently linked to the pol ysaccharide. I n some enbodi ment's, the CRWMD7
portion of thempediysaictaisces ittty tsaupep wosisamrdfervapivot ei n of
conprises 8 tQ 15 . lysines. caqy nt.ly. linked to the polysaccharide. In sone
enbodi nent s; ?H@§6ﬁw%§é§7“)8%%%%§Q%%¥The pol ysacchari de coval ently bound to
carrier proteids3sf comprangedindt,ahd2uhygirogsnecuddcedtdypdidcaked to t he

pol ysacchari de. For e¥an§{ﬁu En,a iyeniinnungggniq,ﬁﬁggp§itjon, the CRMD7
may conprise $ECFHI08ST FYEIOHEE MoliRE BRsosP VAR ATTIYIL £4%5" 't he capsul ar
pol ysacchari dg. »Anat ReEnM@NbI e PHE SEmlil SsPRkaNBERY chiptifathd0% t o 60% of
CRML97] ysi nes are eovalently linked to the capsul ar polysaccharide. In sone
enbodi nents, EHETERMPS Fichoripei $esrmupRPagE Ny g ics gpecHic BOScaydsent | y

|l inked to CP8,, Lher L0, 1 i_S1 par.anet | &g&a 0.t o 40% of
CRML97 ysinesL%ﬁggggggF%ﬁ%ﬁ%g?ﬁﬁE%§%§g$%¥%%R?%%§§§§%%%§%$|neﬁ%gggthe CRML97
conpri ses 18 tpsod@pHaysiveesitouw atdfasBB2€&oval ently |inked to CP5. Anot her way

to express thi rameter .i§. that, 40%to 60% of CR1)4197] ysines are
boval e |1 AR B e it S e R e B M SO Sk R ber o

l'ysine resi dugsiubdd it MRGAr Td & RIHOERIR:, GRNE UgALLdedit: ke hGRPSuthat:

pol ysaccharide can be characterized as a range of conjugated |ysines, which
may be expr es&SHOHE SNHEEA RS Vab o It mo craloslipi, the herorasipsryigeiohe

conj ugat ed | ygjnes. b QnGRMIQR I dist1es OPR, dJIIHRAGENILE (GODIHEAL G.4aR be

bet ween about 18:1 to about 22:1. In one enbodi nent, the range of nolar
rati o of conj sathedk bhygimessproscCRMLIOZ:d in ViR&. CP8 i nmunogeni ¢ conj ugat e can

be between ab 5;:1 to abqut 25 1. |n some.enbodipents, the range of

ol ar 1 acto ofesh; bt Sa TR B RO e LR TARSHOYER ¢

conj ugat e canshgheiwesmiahoutn 44itled Ondboute 20irdicalaheistiud 26hd rdethoabout

18:1; about 10:1 to about. 16:1; about 8:1 to about 14:1; about 6:1 to about
12:1; about 4“4MPEUHRSHITHE S 12 BARSUHOS Y HECABGHIOURE By AbBEt 22: 1 to
about 28:1; aboulndfnid bRpOME :30:skiib@PRUL L Z8int JL9-ARBYE 1038 durg@bout 28: 1
to about 34:1; abolt 30:1 to about 36:1; about 5:1 to about 10:1; about 5:1
to about 20: lpraabbue T@: surgics] abwedure 0m orarabobve 10gtaltipoabowtor3@ot: Al so,
the nol ar,.ratiQ of conjugated |ysines t0.C 7.dn.the I unogeni ¢
coni ugat & can B sefRanPaE Sl ARG B LB TR R ARHE Gnge
of nol ar rati eoedciccongittdateddurky & nesntbod GRML 9% dubjcthie 2 GRbwah, MyunDgeni

conj ugate can he between %gput :1 to about 20:1. In one enbodinent, the
range of nol afVFati%62 F < EujHgHted . 1ysines to CRML97 in the CPS

I mrunogeni ¢ gw.ak;ygﬁ{ EncCRholfnde e ARAW o vilel aliRerRROMt.08Rirdig about 6:1 to
about 20:1; about 7:1 to about 20:1; about 8:1 to about 20:1; about 10:1 to
about 20:1; abwgtvepmintopiogbdbiccR@prisagdbn stap:of (Dazcatreing @oibodbout  13: 1
to about ,20: 1; 11 1.:20:1: ~15:1 | out~,20: 1; about

16: 1 to about PagRTHon it SulhREb e dnos B b e g P 20: 1
about 5:1 to adouisickBglhe abvbudy gredartt@rnab ot subcidtp confeapmsivc Gnidnitigy. about
14:1. [00731 Another way to express the nunber of |ysine residues in the
carrier protein conjugated to the capsul ar pol ysaccharide can be as a range
of conjugated |ysines. For exanple, in a given CP8 imrunogeni c conjugate,
the CRNI 197 may conprise 5 to 15 |lysines out of 39 covalently |inked to the
capsul ar pol ysaccharide. Alternatively, this paraneter can be expressed as
a percentage. For exanple, in a given CP8 inmunogeni c conjugate, the

per cent age of conjugated |y-sines can be between 10%to 50% In sone

enbodi nents, 20%to 50% of |ysines ca® be covalently |inked to CPS8.
Alternatively still, 30%to 50% of 00497 |ysines can :15 be covalently
linked to the CP8; 10%to 40% of CRI1\4197 |ysines; 10%to 30% of CRI V1197

| ysines; 20%to 40% of CRI V1197 ysines; 25%to 40% of 00497 |ysines; 30%to
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saccharide repeat units of the capsul ar pol ysaccharide. in another

enbodi nent, at |east one |inkage between CRML97and capsul ar pol ysacchari de
occurs fowvoeveryp124 3, 4, 5, 6, 7, 8, 9, 1.0, Il. 12 13pcrAis2ib/03dkdy 17,
18, 19, or 20 saccharide repeat units of the capsul ar polysaccharide. 2

0[ 0075] The chem cal activation of the pol ysaccharides and subsequent

conj ugati on t @pthe rgarRiet P ofreli: YA ey@shi eved by conventional neans.
See, for exanple, U'S Pat. Nos. 4,6/3,5/4 and 4,902,506, O her activation

and conj ugat i 3PPt agSe TRK Ak LerAabLYELHs B s 8Shal 0076]nd Garsker protein”
or "protein carrier” as used herein, refers to any protein 25nol ecul e that
may be conjugéF@dEF&OaﬂQaﬁnd@%niz%m@mmaeﬂbh@i@épsﬁbﬂKMﬁmLWsacchar|des)
Zga;n;gl y;;ggﬁ.'ar i {je [4Fe Eqa}ﬁ&t@%ﬁﬁ cl t§mr?e ?:f)s&tascnd %:(é)ﬁd%’gm%i ol m‘ﬁ){L P?p‘ %%I gen such
I mrunogenisc. €aﬁeuehipﬁoterns are preferably proteins that are non-t oxi c

and nonreacto e nd obtainable. jn.sufficient anount and i Exanpl es
of carrier ?}ns ? GRRIRE the ]o%gf ‘41 7oF S HnY SHEERE c“f“(% 5@% ve

nat eri al (CRK?tﬁt)ét of Fiﬁ@ek%@t@tsfﬂf étﬁh@'i‘t%m@ibpﬂ%bﬁﬁ 434 (p@rtussis,
Pseudononas speci es, E. coli, St aphyl ococcus speci es, and Streptococcus

speci es. Carrpe%&bﬁﬁﬁérhs shoul d be amenable to standard conjugation

procedures |y eE i of FESETE BT D R g e o

non-toxiccvarUﬁnﬁa@nséamhﬁﬁxmudwhqﬂhdrphtherra toxin isolated fromcultures

of Corynebact a rain C7 97 G i ds and
yeast extractﬁgégghghﬁﬁ? %ﬁﬁ%i%ﬁmtgj% ???%Hiﬁh? &ﬁﬁxﬁﬁtﬁggﬁgfﬁgation
annnnruntsulf@@f@@ﬁ@@ﬁg@&g@kgnxmg@gnﬁgn exchange chromat ography. A culture
of Cbrynebacterruntdrp theriae strain C7 1972 whi ch produces CRML97
protein, has HWEA! dEpwse ¥ danaigntes He capelefienn ﬂ19aeifcuiat wehcal nveied on,
Rockville Maryk , " unber ATCC 53281.

O her drphthe$¥a%%g§g?gggg§e a ggﬁgﬁ%ﬂﬁgﬁuﬁ% ﬁﬁﬁggnég carrier proteins.
[0078] Oiber §ifidtpbFizucaliiddl dgpicotiel signinnetl i d8fA aetinvatieds dmetsexfi al t oxi ns

descr i bed i n PrtErAaCT BAETVRSane ARpth b Fanofaotiar badagsy ™ & i/ L7

E. coil ST, ang sxot ax s Ao riom R&eakdiomnﬁsp@arelgi inOskr oBaptettal, outer
menbr ane proterns such as outer :15menbrane protein conplex ¢ (OWCQO),
porins, transﬁ5$§]nﬁﬁﬁhﬁﬁﬁ@”ﬁ%&%é?%%ﬁhﬁﬁéﬁhﬁ??@rn pneunococcal surface
protein A (Psphlg p@%@@@@@q@t adh eg%% en@r&&@wmﬁ‘é@&n‘gs}tmﬁlmtlll, ufle
enterotoxin (foxin A~ and cytotoxin (toxin B) or his influenzae
protein BJ caheﬂh&d(béQd@é@Oﬂth&%3@rﬁteﬁnﬁtt@ucmiwsﬁothQUﬁiﬁQ’%eyhole

| i mpet henncy i ) ine - npurified protein
derivative of 24t?u e%%\fﬂﬁlbi {nz ?BPB) ‘m&ed 1?“%’“%‘*“’0‘“ 85‘55()){3 rFier Fgprot eins. [0079]
Aft er conj ugatdean; oﬁq§MQtBa@ﬁmh&ﬁ(ﬁﬁtﬁ&&g@hamnﬁ& to the carrier protein,

t he polysaccharrde Erotern conj ugates are Eurrfred (enriched with respect
to the amount [§f8pofirat thdin'delhroeert oon] g ar e opy iy wariety' of

techni ques. TRegg.1.88hniiguess.iNel ude, e@49mdt§(39%»%&‘i‘kﬁt 'trp&ldgr'tﬂf'ltrat'on
operations, 2 5precrp|tat|on/elut|on col um chromat dgr aphy, and depth
filtrati ém Seeme&%neﬂes bel ow. [0080] After the individual conjugates are
purified, the f t e hqgrgggn osition of
t he present g%% u?ﬁg?hﬂ%ﬂ“ 8% ﬂmﬂﬁdﬁjykﬁﬂnb |%§38§%€crne

For mul ati on Ofumhﬁgkﬂﬂﬂﬂ@@@ﬁﬁ&t@ﬁﬂﬁ@ﬁm&Hmnnﬂﬁnﬁhﬂmph&&&ht i nvention can be

acconpl i shed i.n [(t-r gni zed t hods. [ 0081 oted that in this
di scl osure, t BARAT shiaprels geawerrm it ﬂ%r‘rﬁtﬂrt&e&lm"ﬂ’e%ﬁ*gr %5 " cont ai ns",
"contai ning" amghitherldrke 1Gan b?%VﬁmtbsePMl()QQ bk khutieded@ themin U S
patent law;, e.g., they can nean 'dudes”, "included , "including" and the
like. Sucl teFwvcpdiisrnadslt he inclusion of a particular ingredients or set
of ingredients wthout excluding any other ingredients. Terns such as
"consisting essentially of' and "consists essentially of' have the neaning
attributed to themin U S. patent law, e.g., they allow for the inclusion
of additional ingredients or steps that do not detract fromthe novel or
basic characteristics of the invention, i.e., they exclude additional
unrecited ingredients or steps that detract from novel or basic
characteristics of the invention, and they exclude ingredients or steps of
the prior art such as docunents in the art that are cited herein or are

i ncorporated by reference herein, especially as it is a goal of this
docurent to define enbodi nents that are patentable, e.g., novel

non- obvi ous, inventive, over the prior art, e.g., over docunents cited
herern or |ncorporated by reference herern And, the ternms "consrsts of '
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2 5threonine, cysteine, tyrosine, asparagine, and glutam ne. The positively
charged (basic)acids include arginine, lysine and histidine. The negatively
charged (Woixdiocis1sai no aci ds include aspartic acid and gcutispeio/oassia. Such
alterations will not be expected to affect apparent nol ecul ar wei ght as
determ ned by pol yacryl am de gel el ectrophoresis, or isoelectric point.
Particularly pjgier 58 a GaURRT 14854 A0R AL Shar k¥ SuhARkiA GtV iLgoer sa
such that a positive charge may be maintained; Ju for Asp and vice versa
such that a négatixsen givariemel. mays. bercunBFnt S0 dira8el: §orrFhPFEGAR2¢hat a
free --OH can_be maintained; and Gn for A sn such that a free NE12 can be
mai nt ai ned. [66%%] "Fragnent" refers to proteins where only specific

domai ns of a [@EEgEr FRuet &b fedsBrhie it dusr &0 1T PeX arph 6, cothd:fecand C B
proteins contain as nany as 8 domains each. if the signal .sequences are

i ncl uded. *A pamgﬁiawmaéﬁféaﬁ%%ﬁ@%@tﬁalyt% DHE PIUNERB N NPREDS NIN2, Ni, - N2,
or N3 donai ns,aN&-ea6Hk £0ngi dered to be fragments of AfA or CfB.
"Fragnment" also refers to either a protein or pbtypeptide conprising an

am no aci d sefiféikeFismrat? laaststacazhocahien wih 68&C5@9§vefcémamty, at | east
10 am no acid. I dues, 1t .15 anin Gl.d l;dues, at |east 20 am no
acid residues?&gﬁ&%%g%gbgéﬁgﬁﬁﬁgﬂéﬁﬁL/ﬁggﬁgﬁ%%f&g%ﬂ1east 40 am no acid

resi dues, at [d#dl SQuaeidehoaciodioneSodugsyuniat{(CFeasicotOcdim indnevesiidues, at

| east 70 am no _acid residues, at | . 80. am no acji d_.resjidues,. at |east 90
amino acid oSt Wik 5 aeb o5 ks if wreehiauns! B2k SPERET 125 am no
aci d resi duesycht atnveasts-dh, am iR i@clafwe RSt duew) ok e amppa@al d
sequence of a parent protein or :15 pol ypeptide or a nucleic acid

conmpri sing a AeEI%%oti de sequence of at |east 10 base pairs (preferably at

| east 20 base;fakl Sg:.Al. 130 ~Dald-sya ALl east. bhase irs, at

| east 50 base“%%?is?gg%ekgggbméém '%g&gggﬁg?xg%“%§§§%m%889%§§%ﬁgairs, at

| east 200 basebipambd §pnohict hecohucidenth décseqencletiafs df helypacentdenucl ei ¢

cci . 10984) S SHRShLTALEL it o Sag, AP ot o0

speci fical ly tiovan @migen. GAdgs tdRpak Jrunebixans are known in the art and
may include additional conponents of the i mmune systemthat effect

cl earance or KI¥Pl Njzure Prenpatrogdnl 4 Genm fgoonHreigrrispsoniyabisis, ADCC or
conpl ement - medj &t §d CHLALRY G Yoo ATREF (AN LOEN BiNdisNc AN SYRsequent

ant i body funcgioﬁsgiéﬁ be ﬁg%%atéa f%roggh’the(ﬁg reé?oﬁKZSS?.¥he ant i body.
The anti body dJpbomophaigoayts of dssasysORPARsi $hah-aimeoni(B A assiaywdesi gned to
measure i,n vitro ig.conpl ement-assisted killi of bacteria wth.effector
certs (uitte bromaSLErTEy T hRUS 2T IR R B S5rgdropibledtd Mt boay

bi ndi ng may akse agligeact Eychitohhbitlontthenbd oP egioglted dnictthan @f2 gdhedantigen it
binds, e.g., antibodies that bind CVA. can neutralize its enzymatic

function. In ne . en , t tibody" refers to an
ant i body that.?).%'ﬁ“I q9ﬁ§§§ﬁ§§0ﬁ§§iEﬂgéﬁggghﬁngiIIing of bacteria in an

4
CU T Ul

ani mal efficacy ppdel or an opsonophagocytic killing assay that . .

Geronst r at es. (30Tt RERZHT BELETRITT A0pG T e bR uB 85T HE Hol doul ar

wei ght of theySse @idbeitsdeaRsd Bvpflvsasaiadicdes phiSicidacansbderat i on for use

i n i munogeni c conpositions. For exanple, high nolecul ar wei ght capsul e

pol ysacchar i deshayprisbeasitent goictiae s SR oty dantd podyopnghevivedponses due
to a h! gher Vg%g REY: Qe kRS SRk R ni)[,?(ﬁgé}gr&ted %reH]ig ﬁ?(@&d O8N & d%%iﬁ}ﬁ}%e' The

i sol ati on of "high nolecular weil ght cap%uﬁar pol ysac harides” | s

cont enpl at ed paticuisecnindithericornpoesil td e sotaridd mebhiddsingf t he present

i nvention. For, e e, in_one enbodiment. of . the invention, the isolation
of 'type 5 hi GRS caurarE it g Toas! FEaceRart fest FURGIHEH BO8: e From

about 50 to abeutih&0Q:kbaad M. 0l ectik aracwel Ghtsikg ocopntenpligl es | n one
enbodi nent of the invention, the jsolation of type 5 high nol ecul ar wei ght
pol ysaccRar i dBS T EAgIRPdsAnd mptstinls o MBbHTsonld d’&é% “2H0 G R BRI N

mol ecul ar vei ght.ini e GOMLEARIALS 6 d 0. ANE-ieBRedLment of the invention, the
isolation and purification of 'type 5 high nol eCul ar wei ght capsul ar

: 15pol ysacchari des ranging in size fromabout 50 to about 300 kDa in

nol ecul ar weight is contenplated. In one enbodi nent, the isolation and
purification of type 5 high nol ecul ar wei ght capsul ar pol ysacchari de
ranging from 70 kDa to 300 kDa. in nolecular weight is contenplated. In one
enbodi nent, the isolation and purification of type 5 high nol ecul ar wei ght
capsul ar pol ysaccharide ranging from# 090 kDa. to 250 kDa in nol ecul ar

wei ght is contenplated. In one enbodi nent, the isolation and purification
of type 5 high nol ecul ar wei ght capsul ar pol ysaccharide ranging from 90 kDa
to 150 kDa in nol ecular weight is contenplated, In one enbodi nent, the

- o, .



[ 00861 As di scussed above, the nol ecul ar weight of the S. aureus capsule
pol ysaccharides is a consideration for use in immunogeni c conpositions. For
exanpl e, woghiomshs=aeul ar wei ght capsul e pol ysacchari des may/useoialoBesid o

i nduce certain antibody i mmune responses due to a higher val ency of the

epi topes present :150on the antigenic surface. In one enbodi nent of the

| nventi on, theyissol hi pRnARda RUEL EBLAR:RlLYRE 0 O BLEGUNAL, vl ght
capsul ar pol ysacchari des rangi ng from about ﬁb kD& to about 1000 kDa in

mol ecul ar wei ghskili &1 thontt dmpicatiethr chnveorecemdodinpiantucet parhienlpmiventdndn, t he

i sol ation andﬁg%gkgk%%g%g@egéﬁé%ggwﬁ hi gh nol ecul ar wei ght capsul ar

pol ysacchari des rangi Ag f'rom about 50 kDa to about n700 kDa in mol ecul ar

wei ght i s con{@mp| atedscd in danecerthodimmatthofppbhedichventhofingdiigohsol ati on

and purification of tn)e 8 high nmolecular weight capsul ar polysaccharides
rangi ng from 50 ke %ﬂg_ d601 Bglcﬁ?ﬂf?w “%?_BF“ér“%?‘@ﬁtmi“§x‘€_c,cg%f1§rﬁ¥ﬂ”éfsed. Tri one
embodi ment, t B@ehe@ ahhOaRImPRI lckdrRbL MRl mivpe B hiahniBl gerl ar wei ght
capsul ar pol ysaccharide ranging from70 kDa. to 300 kDa in 25nol ecul ar

wei ght is contetpkatead/or stapsor éhaivbodismsivg herdieandsol valtivlowilbmgopar i fi cati on
of type 8 hig | . Wej Gapsul ar | ysacchar.i. i from90
D 10 250 kEa TR s AR AP B PR PR SRR BS: et ¢ he
i sol ation andfiptirification of type 8 high nol ecul ar wei ght capsul ar

pol ysaccharid ranging from90 kDa ta 150 .kDa in. ol ecul ar weight is

ont enpl afed. [T bahEgEdr FERo" EREOTSBIAY B SN B e Bon of ¢ ype 8
hi gh nol ecul apWeh@ht ra62PSU Audd ol e acaha LhdeswiRnghRedd 6oR8Gikba to 120
kDa in nol ecul ar weight is contenplated. In one ethbodinent, the isolation
and  nrificabirenlipfvithipd?s Mg hypiaslis Gl aithivel (Ghtand spgubai tyotd¥acchari des
rangi ng from § 4.9, 329, ke, Ln..nol eglil @k wel ght .8 .6 pliated, O her
ranges of higﬁgﬁnqgcéfgégﬁggg t°£¥#%§y%g“gggggé8%%?b§8ﬁ§§§§§ﬁ§?§§§é t hat
can be i sol at edmdncbyled kpmdxinatdyielcpetdiedshofartihils synwertdontidacinide si ze

ranges of _about 70 kDa to about 100 kDa.in nolecular weight: 70 kDa to 11_0
kDa i n moPeculd "WEF gt PPo™ “J‘t%@.‘fg%] ‘?r@l‘ W&ﬁb%‘iﬁ*l ﬁﬁ“ﬁk‘i*bﬁf‘fng‘m‘ﬁ kDa to
130 kDa i n nolgabd aichnehidBslicdQork Bory hbAukiBRr infg0DWREH RS raWe) Ghiso 70 kDa
to 150 kDa in nol ecular weight; 70 kDa to 160 kDa in nol ecul ar wei ght; 80
kDa to 110 kD@“ﬁﬁmﬁﬁﬁééﬁwbﬁnmk%@ﬁﬁﬁf§@1RB@“?% 120 kDa in nol ecul ar wei ght;
80_ kDa to 130{@'@} ' RDRQJSE%Hkﬁa{S a‘ﬁ@t‘ngﬂhbglgﬂgi!ﬁ%i&&ﬂﬁié/]’&%gﬁ%f .!;ﬂ.écmal ec_“' ar

wei ght; 80 kDa to 150 kDa ih nol ecul ar” wei ght; 80 k to 160 kDa in

mol ecul ar wei ghitling90 2 kBectt wcl 402 kBactiydratp pelyolidestwe) ighd,;podOe ik, tto.. 120 kDa
in mol ecul.ar yeight:.90 kDa to 130 kDa in molecul ar weight:. 90 kDa to 140
kDa i n mCecul &Y oiNl gt o6 6" KR ri"’c‘féﬁg‘gn R R?Qﬁ“gréff EZ‘&JP%‘FQV\%%W);* 50 kDa to
160 kDa i n noleeuhaicdvtghliscuk0kidad haeh2Oikddattichw P rgicuteanywehgkd ; : 15100
kDa to 130 kDa in npolecular weight; 100 kDa to 140 kDa in npl ecul ar wei ght;
100 kDa to 158K i ioiFicedurarTRasght onit o8°% palvyeralen "koacPimol ecul ar

vei ght; and sifdoales d8s LES o RlaQUlaho Nl @R hANIL Shudd084Lndd, "1 Mune
response” to an i mrunogeni c conposition is the devel opnent in a subject of
a hunor al andforvatizaeb latpedicatoe hrichwmngabibypod sthet biok@mol edultss) priesent in
the conpagi ti ﬁ'ngrg'f il G}E:F@E\?@shd( Esofrabe%%”pf!'(gb’ 2 %v.,@h)‘o%ecr}]l‘ains(gg}h‘v')%%d gmﬁgiigt ern or
polysaccharldef. For purposes of the presént {'nveéntion, "a I'nmoral i mune
response" is amitadicsHocydingdiaalt edi dameiid entilesipensed &ntnipameolnves t he
generation of antibodies : 'Eh affini é#g t e,antigens»gxesent.jn t he

| munogeni ¢ cBNPYETHS BHEUSFOL BREUTTHVERE IS AP e HEF U@ g s | rmune
response” is ane @Zamedicahashdi¥ shibmhasydesiandiQlcothesidmhideip) ood
cells. A "cell-nediated i mune response” is elicited by the presentation of
anti geni c epi tshEsibpdy Bageuitats ekt hogvags! ayethaCnpsigicitconpgwetifites of t he
maj or hi st,0co tibLfi ; ) . . i.vat.e i.gen- specific
Cons T helper oap RGBT R oS DL R AN AR 3877 o
have speci fi cityofipincpeipt mdetibodiot antclagenscht sdpGaled, pr edé dredb-ichss

associ ation wi,t h proteins encoded by, . the nmajor histocagpatibility conplex
(MTE) “or COL i et 48 SUEHoGN "CHENY A P AUBS gfodBE 1S (CDEMHEF B fHiduce. and
pronote the intracellular destruction of intracellular mcrobes, or the
lysis of cells infected with such m crobes. Another aspect of cellular

i mmunity involves an antigen-specific response by hel per T-cells. Hel per
T-cells act to help stinmulate the function, and focus the activity of,
nonspeci fic effector cells against cells displaying peptide antigens in
association with classical or nonclasgical M/I1C nolecules on their
surface. A "cell-nmediated i nmune response” also refers to the production of
cyt oki nes, chenoki nes and ot her such nol ecul es produced by activated

| -cells and/or other white blood cells, including those derived from CD4+
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100901 The anount of a particular conjugate in a conposition is generally
cal cul at ed based on total polysaccharide, conjugated and non-conjugated for
t hat 25cowmpuegaisis4dkor exanple, a CP5 conjugate with 20%PCras2@oloysacchari de
wi | | have about 80 ntg of conjugated CP5 pol ysaccharide and about 20 ntg of
nor m conj ugat ed GP5 pol ysaccharide in a 100 meg CP5 pol ysaccharide dose.
The protei n Contihbyblpicl oMYA furl SolaHAL LY nfQl chaRST dered when
calculating the ‘dode of a conj ugat e. e anmount of conjugate can vary
dependi ng uponnmhewéta@hyﬂmﬁmeea@xﬁevdﬁﬁmeﬁCEEﬁerahﬁym%éa@mmmeseﬁmml|
conprise 0.01 of pal chay Lhcular 10 nmeg, and
nore parti cul 8% mmlim?m?%m ! C{ @9% %h@degﬁa%nsﬁﬁ%r gftgc‘f m}c;) fferent

pol ysacchari de,umefrmomeﬂtrs@ mmtakaesl(rmﬁ@gerg ciécs@mom tgmnlg,tnfﬁ%wd! mer ge and
each may conprrse 0.01 nt 0.1 ntg, 0.25 2 meg, 3
meg, 4 mag, 5 %%gm }‘%ﬂ %ﬁ 1}%@/ WQC(\i@ta%ﬁame‘i@ th@gorrig)o%&\t%go mcg, 30
ncg, 40 ntg, SOiffkgx LQch’ggiannzt@mm%guin&%ré@ﬂkd%Q}hMita %91@@; ?{mtlm dnmeg of
any particul ar pol ysaccharide antlgen [ 0091] I n another e odi ment, the

'i Mmunogeni ¢ awptipectistlyt hbe propérmucsrpondhes-dimemsivesi wriaogeniset
composi ti on. R A088L £OM.AbOHlcA0TESuERARONL 300 mog of each protein
antigen. In a par Fcular e i rmunogeni ¢ amount” of the
protei n conmpoi#sis iAnmhﬁwmﬁwmamgeanW@onp®$HMnﬁmcﬁmamnmamm@xﬁyontabout 20

ncg to abqut 200 ncg of each .pratein 10 i mmunoge anount " of
The o't £ Sdent SO BTG SCOHD STy FHEEng Ttk Oio B o SNB S e Gy

di verge, and ﬁﬁﬁho&@ﬁﬂhﬂ%ﬁ%b@&ﬁﬁﬂw 1t12@aaﬂ§&ﬂo§gEt&?ﬁcbﬁt@tﬂtﬁﬂma&oanﬁﬁ&i‘y 60 ntg,
70 ncg, 80 ntgﬁ%QO e 125 ntg, 150 ntg, 175 ntg or about 200 ntg

of any parti cll®&d pﬁh@@rrﬁ "%Eﬁt%r»ge%?ﬁ P odars Tha bieldeet inplrasstseran ant i gen
as an i ””“”O?Tg%ré%&’b gt"? ya'tgi r}a¥ hp:!‘f?&et%%g Iga‘ﬂng ﬁttthecdn@gr?l t%k:%tt cﬁccel !

activity by asurin eve of “circulating antibodies specific for the
antigen in senwnnm&rw@mhmwngmﬁsaa@sev1mmmh0@wecbmﬁuHUﬂ&nmamﬁaMSpﬁfunctlona
antrbody ssays,_such novit ys known
T e At andt P isgE st PR O ST oG T g RS s TR,

i munogen can:REIBASHREH, B¥n 8hk e indyding @ﬂlﬁc@ﬁ@bk 2Rt aiNassBysS, by
cytolytic assays such as chroni um rel ease assays to neasure the ability of

al cell to |y§6erhﬁti§m§ﬁeérnrlr% ?farfgermbér%rpmqsartm»rzﬁﬁee&diﬁﬁﬂth@tﬁr esent

I nvention, an i JIRINQGERLL AUy »ré’ér&%t@% A9k lu”@d by’m ri.ng the
seruntlevels of anti gen specific antibody induced tb im ni stration
of the anti gehgptar, TbyﬂﬂmasuﬂkngﬁdhﬂcﬁbhiMTWdWﬁWBhBO%ﬂﬂQbDNHES so i nduced

t h the 25 t te bl ood cell
as aoscr hed RAPBIRCCARE pever i Bravubliofin BEhtnEhdlanan Budunse may be

measur ed by cttabggzeﬁgtltngmtth@dwmt Zﬁﬂptﬁﬁ&h tmtda bichiatsaftpgamn rtulrta:tnthas been

i njected. For exanp he antigen to an i mune response is
desired is a B‘%ﬂé‘tfé-r* iﬁrﬁ “‘t‘ﬁ‘ém Yevier Rdrn ﬁrtsét tfi‘éirt‘@t‘ HeEe BYeENe i munogeni ¢
amount " of theyanti gef:d @ﬁo@ﬁﬁﬁﬁﬁﬁﬁgégugxmQ&%ﬁ%&&ﬁQnJQﬁ;Rﬁ&%@ﬂ% survival or
t he percent nDrtalrty a ter all enge of the animal s wi'th the bacteri al
cell's. | n onecgipodiappnt tedhhiguampuiknofo pribt edt Sonh ey pbepwiasmrted by
measuri ng .at \ d, phection,
for exan%ﬁe bF?é@%ﬂ“ﬁ%%%gg ?Q%%iﬁ?ﬁg ig"%heg?ﬁggngiﬁkﬁﬂq W%E f%each of
the antigens inkherra, Totant NgenFarexaupl) iranponeat mywaecidamdteditymunogeni ¢
conpositions w |l th respect to each of the oth r components and can
be det er ni ned“By “Wét“ﬁ%’é‘g RAUGHZ DS HENERN BePeahts o [SHROfetHods woul d
include, Tix exampl & RFRRRGUS §SriloAs t)%@ﬁ%étﬂ%(\“ménﬁﬁﬁ@zﬁ&t‘n%Yhﬂand/ or in
vivo efficacy. [0093] e term"immunogeni c conposition” relates to any
phar maceut i cabeRErposh entdredes ntde Momgradesam stgentackedde Hersiprobr §aell sm or a
conponent, ;t heg.eq %cuc‘é’%t»ﬂt%lh%%@?@ &l 9% £37:08 1 156d (1 Q £ '\%Ltzr A ghmune
response |n a su e |1 munogeni ¢ composi ti'ons o e’ present

i nventi on canéﬂeeseugeei {1684y Bat. drhuinan SsusSeptiiIPe-4002; Sicvatir@us | nf ecti on,

Y ansaor mat of ROLDREC1 MBS 2 TR0 au A STPAS PORG Wk Tet BT nj ecti on

via the intranmuscular (i.m), intraperitoneal (i.p.), intradermal (i.d..)
or subcutaneous routes; application by a patch or other tra.nsdermal
delivery device; or via nucosal adm nistration to the oral/alinentary,
respiratory or :15 genitourinary tracts. In one enbodi nent, intranasal

adm nistration is used for the treatnment or prevention of nasopharyngeal
carriage of S. aureus, thus attenuatimg infection at its earliest stage. In
one enbodi nent, the i mmunogenic conposition may be used in the manufacture
of a vaccine or in the elicitation of a polyclonal or nonoclonal antibodies
that could be used to passrvely protect or treat an. anrnal n10094] Opt i mal

o Y T o "



(l'itquid, lyophilized, DNA vaccine, intradernal preparation) of reconbi nant
S. aureus clunping factor (ClfA) fragnent (NLN2N3, or conbi nations

t her eof ) ,woeommsis¥ant S. aureus clunping factor B (C f BpcrrsgomnsosiiN N2N3,
or conbi nations thereof), S. aureus iron binding proteinii4ntC, an isolated
capsul ar pol ysaccharides type 5 conjugated to CR1\4197 and an i sol ated
capsul ar pol y§ﬂ§&r@lr '%grﬁﬁaﬂ\,ygﬁtfgr i}%@l@hﬂ%ﬁﬁ@td’str&v%liée%gtggd b)': pet@r%ﬁmggb()d' ment

of the present invention, the S. aureus inmmunogeni c conposition conprises a
r econbi nant Smﬁﬁimﬁﬁ@m@ﬁ@nwwwgﬂéamdbﬂmB%(€m¢-Jﬁa@ﬁ@ﬂﬁH@N$M®W%ﬂ&ﬁ

Conbl natl ons Eiher % %J UC @a iﬁl 244! gl CS l%pislu é{.}r pO g 1 h&a i sir %BO

conj ugat ed t o CRINVAY g aTF TSl AT ed capsurar biﬁm acehar des ty e 8

conj ugat ed to,@§uAE&9%xmbﬁ Qﬂ@u@ﬂhﬁdﬂﬁeqﬁwﬁﬁmhhﬁﬁpﬁeﬁé@h@LﬁVﬁﬁth@ﬂ,lthe S.
aur eus i mmunogeni ¢ conposi tion conprises a. reconbi nant at u-eus cl unping
factor 13°(C PBYSHragterr a(&wwr@f PR BRETTRA GG ok A f%%rfjﬁ S. aureus
iron binding RLOLE&SIDnMldGouBhs A8k aledneaPsHb 3 nRRlkY8acERanideshdype 5
conjugated to CRN1197 and an isolated capsul ar pol ysaccharidés type 8

conj ugat ed t ot@RIVALGY. toithe e exortcnenpnpdds thhpropiiesemzinniteAtiiione the S.
CM CUS i nmuno J r s ndj N9 protein
MitC an iso?g‘?eg‘ ‘%%%%0 i apl[}f}ygqgléclit%ﬁ g)g%m%\{x'sgﬂ ogr? ‘ﬁﬁb{%ﬁc‘r %o 25CRI VI 197
and an isoIatedomﬁmsumabme@hy&a&&hauwde$umymﬁuatm@@mﬁg@imﬁa&ha@RWﬂQ?.

[ 00961 The i no eni ¢ _conpositions of the present invention can further

conpri se 'dne BRI TRONEIE SAPRTG RTEHYI PS6 74t WHCR AS BF @'8hgent s t hat

perturb or al h@tat%ﬁ@oﬁﬂmn@hb@h’ﬁ(ﬁimt gaido-nat FetleR8Sro UR: hegUhatd &N or

down-regul ation of hturtoral and/or cell-nediated imunity 1s observed in

one parti cul afcrEwBoitaret or platcd digina Moot egheMstmbaler gidycor whole

cel | -medi at ed, Al i%, fmgﬁﬁhl HHED«%@XS&?Q‘dr%ogﬁaﬁ&&{oe%hﬁ%%tsec%8! certain

i mrunonodul at ors i ncl fur exa , an‘adjuvant or c I ne

1SCOVATRI X (CSﬁgknnmmhdsmﬁmrkwukkbﬁmﬂmﬁmmamﬁmﬂaaMEsmsabedmmmvwnSthatent

No. 5, 254, 339 e | es of ad] uvants t hat can be

Used | n o vAREIIE: ohafEe phESant by AR P el PRECHIBIS ad] avant

system (Ri bi FRgking Hawhbd emozmqtc&mbuadnum smma@a!} @ek&i sighnsas al um num
hydr oxi de gel, oil-in-water enulsions, mater-lq; ermul si ons such as,

e.g., Freund SBEempIetel AR htborplara adiivantds!: @re@p@n@ébér (ige) /.

(C..7tRx, Al L’;ﬁf%ﬁb'G?'}?’)%%@’%%}L A EE@;ﬂi?rA;i%@ﬁtr%z%Fbi LRE el BRI dgaohbss. ),
SAF-M (Chiron, Eneryvil adj uvant, saponin, Qiil A or

ot her saponin(@n@ctﬁahtﬁﬁﬁméﬁhdkghbﬁyﬁ\[bpkdﬁm\<bm©vﬁﬁmmdﬂhmdthmrﬂiantne

adj uvant |?§3exanples of oil-in-water emul sions useful in the

vacci ne oP the |nVeg ‘on include nodi fi ed SEAM62 and SEAM 1/2 fornmul ati ons.
Modi fi ed SEAME#iIsEE @Be @bk hdjnat’ B‘r;te&mwaSioQ@o@tQﬂﬁr&iulﬂidﬂ@t}ﬁ‘%‘r&w&} tizqual ene
(Sigma), 1% (v/v) SPAN(r) 85 detergent. (1C Surfactants%g 7% (vv)

pol ysor bat e ( FPVBES GeEt@Fgent aptgn asdwt%éfiamew angl a3oppiigd st fianol | 200

ugl nal Quil Arggkl pi@idté%mf?rh%l ﬁ@i}ﬁfem pre@Ad: OBl fVhe LBEHT I N. Mbdi 11 ed
SEAM 1/2 is an oil-in-water :15emrmul sion conprising 5% (1,7/v) squalene, I %
(v/v) SPAN(r) bascrdletaer&gemgﬁ&»@tt)?%(iwm ﬁtﬁ@tl&é&o?ﬁb&h@'@dﬂ detoesigend an 2. 5% (v/ V)

et hanol , 100 E) Lts,gm a%l sthe }Pfr \«Elt Q wrrr% Htﬂ‘}agt r?a i%stﬁee J;igl)d Wi 1g§sﬁ)ciated
"i munonddul at oF's i'ncruded in the vacer ne i nélude. e.g., one

or nore |nterLeukjngmsrmﬁ@bmernnsaﬂmkumehen@bMQMnfew%0&gmeemmﬁxﬁhennkines.

I n one enbodi uvant may be a eycl odextrin deri e.or na

pol yani oni e pgf%ér&@&u*é “é‘s“ﬁ‘r&%‘%“‘d‘é@%r“%é?aﬁ“%ftf@f‘“g“ént B EPS

6, 165, 995 andfiHlPe3dPimsReRectd Melyr It is to be understood that the

i mrunonodul at or and/or adjuvant to be used will depend on the subject to
whi ch t he vacti®é! orCinwaneyeniditdnpos Faisen palybicchuidgdmiit st @eed, the
route of Jbn eLAORRRG LR ARG o erd P BELLPRBNIP RS G0 ,e 2 5[0097] .
aur eus |nvas I Sease & T'solation of bacteria froma normal |y
sterile site, %mmhﬁeuﬁheﬁeﬂnsﬂaﬂsdbnatedmmhdﬂumwﬂum&mmmﬁmﬂp&omwoﬁﬁ di sease.
Nor mal 'y sterlé qg sites |20Iu ) .?3 ( greural f|UId peri cardi al
fluid, peritoRbaPPIte g Raplynali CSrmwi%?w@arr D RSP R4AM Y Pody site
(I'ynph node, brain, heart, liver, spleen, vitreous fluid, kidney, pancreas,
ovary), or other nornally sterile sites. Cinical conditions characterizing
i nvasi ve di seases include bacterem a, pneunonia, cellulitis, osteonyelitis,
endocarditis, septic shock and nore. [00981 The term "isol ated" neans t hat
the material is renoved fromits original environnment (e.g., the natural
environnent if it is naturally occurri3ang or fromifs host organismif it is
a reconbinant entity, or taken fromone environment to a different
environnment). For exanple, an "isolated" capsule polysaccharide, protein or
peptlde |s substantlally free of ceIIuIar naterial or other contantnatlng

o, . - o o o r Y T T o, .



2 50f chem cal precursors or other chemcals, i.e., it is separated from

chem cal precursors or other chemcals which are involved in the synthesis

of the prwbaenmw/wis4pol ysacchari de. Accordingly, such preparatscans3siot he

pol ypeptide/ protein or polysaccharide have | ess than about 30% 20% 10%

5% (by dry weigh() of chemical precursors or conpounds other than

pol ypept | de/ pr,oh &l ik AYSAARAAL L ARLS AONRAL RhqdcttiBl@sieig [AQAT] A
'non-conservative amno acid substitution” refers to the supstrtutron of

one or nore ofhfvtmeﬁm‘»m‘@n abkidrp bleituesd! vofll :athprmiieaawimriﬁdwnmﬁerromn no acid

resi dues havi n’% ‘itlcma I’auRuySJ ]Sxiéna’? Og,ﬁgﬁ}[ &strig@‘r %%apsuﬁorpggelﬂ t"l 8%? yunggp: ggl e

char act er| sticCs die? i ned ‘above: armaceu I C

carrier" neanscratypardricRs 19@[3&]03’&(3)\?‘@%"&}5&1536 ‘riagwfamtaﬂmmge@rgmf@ﬁmasrﬁeeteraI a
state govern or other r gctfrl atory gency, or listed in the U S

Pharnacoperang?ﬁeﬁﬁefxﬁeﬁéﬁ%}? FEEFGHI 2@@“phﬁfﬁﬁﬁbp@#”“?%¢“u%%p?% ani mal s,
i ncludi ng hunansg,ag hekhca@ss KO SUHRTP TRIBRKG: schhBardc@iMn ©aktiqser " refers to
a diluent, adjuvant exci pient, or vehicle with which the pharmaceuti cal
conposi tion i $00%dhi A pasrhserin, sgehugﬁrrar peitpiciacapsutartiyeedupdnupelist eri | e
liquids, such fgl?%iy@‘t’cﬂan © gfr%!w! % Li‘f’{%‘nﬁ% chan?? OQJm Q&% 581 8}%% s@im mal
vegetable or syn het 67 1 ag tesus dextrose
and gl ycerol soﬂxuumscmnpgare&m mye&mas;)dotdi;w @oﬂ}m‘atdseﬂizﬁ erpmtno@ul arly for

|njectable sol uti.ons. Surtablg pharqgﬁ ptrc xcrpr(p%s ingclude starch,
gl ucose, 1Pact BYEAD §O/RF FERUN QE ST PAPSUFRPYSacE % Pire PEHA K Si1FEa gel |
sodi um st ear ahglysBbyERE Oﬂcranpﬂﬂﬁr Qﬁé )i%i@sac&rﬂ rife th"?a@ﬂlnblﬁk§¢Hi&ﬂ!vd@socﬁwded skim
m |k, glycerol, propylene wat er, ethanol and the |ike. The
conposi tion, Pt desrrrféﬁopoveiaﬁhalr«éf@d comdETPrdi soentamBuUheeT ofithwaEt | ng,
bul ki ng, el Sh{0 A0SR S e R RUEREE pRAAOTRL Ryl ESGEQAPOS! L] ons can
take the formo ons,’ suspensi ons,  emul si I on, sustalne reIease
fornulatlons a@@&mh@HMLRéhxiﬁﬂﬁﬁb@ﬁﬂd$’8ﬁlﬁa@kﬁimhﬁfhmmﬁh¢uﬁﬁl carriers are
descrrbeq ngt p S Pharna tical |ences Nhr_'n, nThe
formul ati 5‘n sHB‘d }?:r”‘ Vi ? ’?‘}ﬁié“hﬁ’é‘é e ‘d’ﬁrﬁﬁr’ i?i—ﬁ*ﬁ %’ham%/éof%‘ff“ﬁ‘ﬁ‘ “%é"
"protein” pQétﬁm}h&%m@@Q}iccﬁﬁ:pltlcg@bp E@ffatddQo SheR@pYIMB HoREacRAARR acid
residues and are not limte a nlnlnunrlength of the product. Thus,
peptides, ol i §HFEFTTFARLT “%W%he‘r lnkep.n b peepdsra "wrignpratel i kavvsid’i ncl uded
wi thin the dehhdichi, A0y BOLIL W | phERGLMRILOLELBS AL AL AQURALS LA er eof are
enconpassed by t définition ter al so 1 nclude nodi fications,
such as deIethpmsﬁsmddﬁ&umeOdwd&svbskxmuhréhsm@genen@mMySﬁ@nservative in
nature, hut whi rvat ve s
et er ably suah tha ERg bR AT TR R & Ry gy T SRR
i mmunol ogi cal psespeise: a»\ﬂrﬂrtrshtaﬂharhaapunaémam A @ ot BeprPERLS kAo S in the
admi ni stered. Also included are post - expression nodifications, e.qg.
glycosylatronaﬁ3 Oacetyl ation, |ipidation, phosphorylation and the Iike.
[0102] A "proj@gbi V&5 dbMUAEHSS RRNSRsdeRESidnQ:fREe 1PRIhidh)s of an
i nmunogeni ¢ conposition to elicit an I mune response, either hunoral or
cel | nedratedCOWWW%msSsenvesdbp@pf@meﬁhrph@&su%pE®$Uﬁ?@n@nemﬂ%hmect|on The
protecti pr e.a L ] on need not be
totally %Eeve?r “’ég %&% aadggfplp et ‘"?8‘?}% s “”’a”*s“f‘*%‘*?‘r?s‘?t@‘r‘% 11%5 si gni ficant
i mpr ovenent cp@pamadwmeiﬁﬁa)e@nmyﬂM¢p@pmkapm&nnoﬁhﬁubﬁedﬁﬁmaeﬂ@c i nfected
ani mal s not adninlstereg t he. vacci ne or nguno geni ¢ _copposition. Protection
may be |imit edVEY WYL WGUEHES CEUBEIEAA DIFEPPAPHYE 6FBHEEt of synpt ons
of the infectORsachil B80S A ateBro RERIRBIIME ahdTUNE A LASPRASE ) MR | ncl ude
the induction of an increase in antibody |evels specific for a. particular
antigen in at PPlssehasgyrotusil) et prltddivigregonie evélcaptiareasur abl e
functron l, an ch < U i tyagions, a
prot ect e | Ranae B BANS S LL P ERERAR SRRy b RR3k KEVADE & Lk T
increase in an&wbbdyﬂ}emﬁhsdphweamoh01moiﬂoMmﬁbeasenEmammﬂkﬁdﬁyﬁkevels

specific for a articular, antigen in a ast % of sub ncl udi ng
sbne | evel or TBREERIE S Fohat kel Bo AT dopmee 8tk TEUBPARE gen i n
certain enbodi nents, opsonising antibodies correlate with a protective

i mune response. Thus, protective i mmune response :15may be assayed by
measuring the percent decrease in the bacterial count in an

opsonophagoQ :tosis assay, for instance those described below. Preferably,
there is a decrease in bacterial count of at |east 10% 25% 50% 65% 75%
80% 85% 90% 95% or nore. [0103] Th® term "reconbi nant” as used herein
sinply refers to any protein, 2 Opolypeptide, or cell expressing a gene of
interest that is produced by genetic engineering nethods. The term
"reconbinant as used mnth respect to a protern or ponpeptrde means a

o o, o



3 Oa reconbi nant pol ynucl eoti de has been introduced. [0104] Reconbi nant
CGfA (rdfA and reconbinant A fB (rCIfB) as used herein refers to forns of
CfA or GvOI2810fBIS44se i n the inmunogeni ¢ conpositions ofCrhus20m00895i6 on. I n
one enbodinent, reifAis a fragnment of CfA conprising one or nore of the N
donains for exanple, NLN2N3, N2N3, N2 or N3 and is referred to herein as
r econb' nant g}&@ﬁ@@kﬂi Ghd &tﬁ whjﬂg,ﬁ@» (\%{fpggkﬁ?ﬂmm abdd: EBim.ca fragment of
CUB conprising one or nore of dormai ns of CHB, for exanple, NLN2NS,
-N2N3, - N2 or piN3saanlcrids uﬂ@f‘@r‘w e?d‘ﬂtm Iheachiurdcadn bn@@nmim@mtth@vi@ih?@s
"rel f13". [010 Th od @rs t o, bird, fdsh,
reptile, or anfmeﬁgr aﬁ?@ﬁ h%aPmﬂ%) axnl %%ngpu VR G38E Khumans. The
term'’ SubjeCtﬁvab@kaﬂmﬁﬂdﬁﬁﬁh@W§ﬁh&bdh@ﬁiﬁmuﬁbmnbh&mﬂmm@ﬂﬁxaﬂ@|eS of

househol d pets incl ude: cats bj t m ce, gerbils,
hanst er s, Sgui A& “pIrGFe! “‘F%ﬁ‘vg@t“% hap i wugﬁh& éiﬂ L?t‘.ﬂza}&éma !l 00p %Rm es, and
frogs. The t epayisub| &lemBHRR Nk NE) UGS Al MO8 LG AR LIRINB of NADedn M Ti Ng
Dl B O b T B 1 s oo cauam hasies micar “Ceric
plgs or ses sihee rei ndeer, ya
Ut ons s nEPlecBRP b RHEON R ARG 206 K s DREE bt ki SO 51)”2%28
or nore of themﬁmhh@maﬂg1nﬁmguﬁdm&qmmememﬂmomnmhmuhfﬁeLhoﬁ?mﬁukemh®ect|on

as in a tradlt the reduction.in the severit in
the of f nitfati o @3 FB&&UU&#& {7 P79 “ItﬂF‘Pé"“E‘cFBs‘FaFﬁ”iHBW%P“&Bﬂﬁﬁg@'

el i mnation ohdstmomhmgﬁgmﬁ bRk Q&{m KD QUEStd 0Rut HENGE:. UK gat nent may
be effected prgg@{lactlcal y (prior to infection) or therapeutically

(fol | owi ng ni AReedimen) the i ReSPIraPERR Ageh fobKUEpeBRY P ARt Enabout
therapeutic t%&%ﬂ%‘ﬁ&b‘éﬁ&é&@@% gﬁ@dd’}%m 0@ RAn Ll L] %gnﬁlm?d' ment of
t he present invention, nposi t1 ons an s are provide ich treat,

i ncl udi ng probhyimokc@ah*@gmndbdmcmm@ﬂmpémlH@amky&mnnﬁhmzﬁm anhost ani mal
agai nst m c ection a ba erium ch,a St.a hyl ococcus
S ros) doT bRt Asae e Rt B MR S T BBl e BB PRSP 8T e r i ng
prophyl acti c ag@/ @sa iemapeMi &N MBAKAE YL ELO: @osmd%ﬁ& abobinesmetigds of the
present i nvention can al so be practlced on subjects for bi onedi cal research

appl i cati ons. betweppaippy | R e pwbontadey kee: %ﬁ\*vﬁ'%}b@iiri&ﬂ%b%é@ thosh" | whi ch
are used int eﬁe@ﬁﬂ@?%@a‘»\xma%fu‘?ri’*é{ﬁ}ﬁi’%fd”%&r%b@@ba %W&%'a%bf?{”@@@%%“ sing

at | east one 30i munogeni ¢ conposition that induces an inmune response in
an ani mal . Cemkstabt Bé¥cdipbitens| 000813 IPHEpmd sbatt 206 eRtitohwacelbtds to

i mrunogeni.c c ng at least three antigens froma
staphylocdcca?&ggﬁé%f ﬁ%owggﬁékiﬁple S. aureus. The antigens may be
i sol ated fromggre; oagaﬂu&mxzumm@gbm@@mem ¢l cabsolpadibionGpr@eedures, or they

may be produced synthetlcall reconbi nant neans._ The antlgens may be
pol ypepti des, ﬂﬁiﬁﬂﬂﬁfaa»%ae&ﬁafﬁ’? aé@@ ﬂaﬁmawtlo ihat iBh hehdt ot seruagntly

| mmunogeni ¢ cQpResh Qikcqgﬁﬂd@%og‘%adéﬁﬁf%c v & Dﬁb%ﬁ@giﬁgﬁbgrﬁ Lficanmaggige to

i muni ze subj ects agai nst inféctions caused by a staphyl ococcal or gani sm
The conponentbm§uﬁﬁabm@9@0ﬁ g@1r%&th@s@»cmm@bswﬁmoﬁ@ﬂawemde%mv;&%M in
greater (}%t al E 81 ‘QVYM” tE\%BuXi 8& Ld?l%et" chiL (i)z%% \gng %?Bt%iu;[&ltcoii xmis0109] S.
aureus i$°t he causat nt o Wide vartety AUNA 4$es " angi ng
from superficiad c;;xfakiphz nnaf gaczén mns;;rtagqhu tm;}dkﬁt‘eaaat &}BI(I‘F(MC)Qﬁﬂt, mep\zs»ewoh as
pneunoni a, se s. and endoc ar it] See wy N. Eng. 39: 580-
15532(1998) . ??nl]‘éé%gmo’ﬁ 3P0 @f&#%%}ét Bl @“dléﬁd‘:beg?‘g "at¥d from
normal iy steg] d@rodys !rirﬁ&cﬂ m{du@izﬂngo bhood crogleRtials sPEARkefil ui d CSF,
pleural fluid, pericardial fluid, peritoneal fluid, 10|ntls novial fluid,
bone, |nternabmbﬁﬁyf%ﬂW@“@ﬁﬁﬁbﬁﬁhbﬂék B i ceshimenth ithef R pIreEmn vitreous
f1uid, k'ﬂ”ey%ﬁa%ﬁ z?c%har AL Ye thboﬂé@%rthgefxggl VRt ELdd & Sites. This can
lead to Iife thre tenlng c ini cal “condi ti Ons su ﬁ as bacterenla
pneunoni a, cebduldntly Sipkastebnyeysatdsridendocar dibbdimearndths €M ¢, shock

Adults, elderly and.pediatri ti re pos

Cfecti ons. [ B4TBA e aup e BTty kSRNr b OB v Rse ) bebsel ect ed
antigens in |nnunogen|c conpositions including an isolated S. alVeli S
clunping factor A 25(CLlfA) pol ypeptide, an isolated S. atirCUS capsul ar

pol ysaccharide type 5 conjugated to a carrier protein, an isolated S.
aureus capsul ar polysaccharide type 8 conjugated to a carrier protein, an
isolated S. aureus clunmping factor B (CfB), and reconbi nant S. aureus WntC
protein. Next, the antigens were char#&cterized in i mmunogeni c conpositions
as a series of conbinations, to denonstrate that specific conbinations
provi de i nmune responses that may be superior to that produced using

i ndi vi dual components for inmunogeni c conpositions.



Accordi ngly, one conibiriation provides an i munogeni ¢ conposition
conprising: an isolated S. aurcus clunping factor A (Clf A) pol ypeptide, an

i sol at ed 80 2auwvBusi4capsul ar pol ysacchari de type 5 conj ugatras2aio/osose@rri er
protein, and an isolated S. uureus capsul ar pol ysaccharide type 8
conjugated to a carrier protein. A second conbination provides an

| mmunogent ¢ CRAROstRAng ATRI 3% A4 S0LAURdoRe - AEEHSA S HEPI NG factor A
(el fA) polypeptide, an isolated S.” dureus clunping factor B (diB),
isolated S. clFBiébi ﬁiﬁsap@ah@poiwkgﬁsiadcharaiqziévfoyw 16 cej pybtiedi t o a.

carrier protel Orhpr?“;r(]:gb% 1& ?},.Oxtnw Co‘vaAnftl% inkcf%lto . pOP»tsa%%an rmov%{sag(:har I de type 8

conjugated to a carrrer
i mmunogeni c C@Mﬁ@ﬁh&M@ﬁh@GR&tﬁ%dmmn@HMdﬁﬁiﬁiﬁdm$:u&Mk@d§b&h@ﬁplng factor A

(C1f A) pol ypeptide, an isol at.ed reus cl np
pol ypept i de, SHUPSEPRteY CSmP‘éLerC‘HQ }%ﬁl'“é?@ﬁ%‘f@g ﬁ‘a?‘géﬁ‘*a@haé}tﬁ CUS

capsul ar pol Y%@@JA de 4 é{lﬁ’@n klm&%h'ﬂg@éﬁﬁo:&t%nath%%fﬁ\bi%f wRY Q(gﬁbinsa @nd an
isolated S. alirel |§ capsul ar pol ysaccharide type 8 congu gated to a carrier
protein. A fom%iv&iamqﬁaf i‘%wwk&st}j’ Helgddn ﬁi‘vrﬁmﬁ@g@ﬁi&édi@ arplys iAriogr

: 15conpri si ng Qa y fA epti de,
an isol ated Swag%?& “NE?%?%%m‘ ﬁ%%é%}.gg éggﬁgau EQQ%WEQRE%PMQ
polysaccharldembﬁpeﬂﬁg@pﬁﬁhgﬁh@ﬂmh@u& dasmne@n@nbMemnthaﬁﬁham i sol at ed S

aureus capsul ar_pol ride ty a carrier roteln

T Th conl: nat BN 597 Gob it P io e et HaRbSEeichsn SOt fer iy,

isolated S. augRus ﬂaL Hiamib@r fsasdianoBo-409, SHGUR),, R@h&papu%mi@@m&pl ated S
aur eus capsular ol ysaccharide type p. conjugated to a carrier protein, and
an isolated Sto@ SOTEFTRPAICPEI 8 4har perTisypl: B Cdnjigared o a
carrier protejn’ n I mRESi tion
conpri si ng: a%8¥£% Léhgiggqgﬁrg%%%% ﬁﬁgyﬁgg“ﬁgﬂ%ﬁgggg%%s h%%?@gggt|de an

i solated S aup@usfMRME lgsiotseiracoahntly dhlatdad (B5. aureus 2 5capsul ar
polysaccgarldﬁB conj ated 0 a carrjer pro¥ hand an isolated S.
aureu, s capsufdy }gofﬁ‘fléié&‘é‘ﬁ% THE 1 pa B L Sh } igated “fb‘”é eatFref protein. A
seventh conbi patih@Rednt oM @eSulabolHEAERNIE b6 OFNRASTAH @ ERRPLT Si ng: an
isolated S. aureus MhtC protein, an isolated S. aureus capsul ar

pol ysacchari deot wé»dé‘/%m Rk Sy hs caPsEFe pe? MekeFEIon FORRBITENS. 0] at ed S,
aur eus. capsul aoROLKSATCHAELCLLHRE T 0AN] HORL 0G5l OnRnGARI] ShiREAL el N An
ei ght h conbi nati on prOVI an’I nmunogeni ¢ conposi tion conpr|5|ng an

i sol ated S. aumn@shxwumwﬁng ﬁddpabmA_CelﬂApﬂpomy@hmmmdémranﬁﬂgok@ted S.

aur ens cLunpln ctor and an isol aur eus

vt it ¢ prder Aol Bt R BT E b BB h AR ey S R
conprise at | ea&tuomuﬁiw t eafonl t oW B&(}&&tdﬁgﬁﬂﬁmnﬁkﬂﬁ ran@QAmdkesitio Kr kN,
KrkN2, RkaS, RrkN, KiiltA SdrC,  SdrD, SdrE, Opp3a, D.tD, LtaS | sdA, |t sdB,
| sdC, SdrF, Sf %stmgdwiﬁ‘«“@ﬁﬁw Ry 1 ihigy Waﬁﬂﬁﬁl&l%%rygwﬁ(w ¢

bet a- henol ysi B@i"wfsérpﬁiﬂ?ﬁﬂ?g § s Pio'ﬂ@'b(ﬁg ROOL & NeoAbbhi @ALboi ibfiQB%&h” bi ndi ng
protein B (fribB), coagul ase, Fig, map, PantonNal entine |eukocidin (pvl),

al pha-t oxi n a1 omuy R ifanios | @anﬁaat@kﬁmdﬁmig)hawdmvatkaﬁpganlga

i mmunodo hant, tr Ok er \spart.ef., BC, {1 porter
aut ol ysi %15 1am l?g(%irt(g'énlgg Ottl;\g ) m'vp }DI X (a{)?h E/ gt 451'3‘ amﬁa%%g N m?Eb S
Sas A, SasF, 3asth &EE!BQZG)LPHOB{) 28: SB]I abolpRSE, abEiBFSO h@memsrﬁalio ahumdlmg protein

I, aureonS|n (AUR)/ Seppl, Cna nd. fr of such as
NBS, TSST-1, ARBAITBofipung é%%%ﬂ“@ R el e aﬁgﬁAsbew
exopol ysa. Ceh@%’idl@@@ 1Cald, ti}%bﬁﬁﬁr Eh By coRpiauted xs%%?’{@& rREIBPn M}'etifmnem in

bi ndi ng protein, FlarA EsxA , EsxB, Enterotoxin Enterotoxin B, Enterotoxin
Cl, and novel HaEBwEpsic rwmp@w Pt sggbetal | srudi eslnofie Siubagimsns

out br eak% o nd rﬁ%ﬁvc 0@%01& Qt O igfl c%g ugfltf;@‘}{r E}u&ﬁ éngil ﬁf‘?fl thle @,E’leh%ﬁ”} Hz\lMler € a
single clone t acq uired a succe genotype has spread rapi and
caused many otmgmgmammem&mﬂnsnamhmbdﬁomémnéﬁdlbennuﬁ&n@mmﬂ;ﬁemaﬂwto be

clonal. The ba |aI none | r nore stabl e species
core gc. nonte” aﬂﬁﬁg’Cﬁ%@%?%%%wm%fg§?g63£§%6%3§§5§m5%%%@m0 nSee Feil et
al,, Nature ReV|ews. M crobi ol ogy 2:483-495 (2004). The core genes are

ubi quitously present in all clones of the species, and the accessory genes
are not necessarily present in any given clone, Considering S. aw eus, one
study using a DNA microarray representing nore than 90% of the S. aurcus
genone found that 78% of the genes in the genone was common to all S aureus
thus representing the 25"speci es corets, and the renmai ning 22% are the
"accessory genes". The accessory genes conprise di spensable genetic
material much of which codes fur virulence factors, proteins nediating
antlblotlc re5|stance and genes codlng for protelns speC|f|c for

. 1. . ~ — o, o 1 R 1A &~



appropriately selected core genes provide better target antigens for use in
i nmmunogeni ¢ conpositions to prevent infection. [01121 Surface expressed
ant i gens woamodiss®ase- causi ng i sol ates or clonal types etCT&S2@0089530 of fer a
source for antigens able to induce inmunity and functional antibodies. At

t he macronol ecul ar | evel (either am no acid or polysaccharide sequence),
conser ved f or i, afuid A8 AMKARR XRLASS Ao Yol gfh bhaL 8ty dbseasey | sol at es
may be chosen to Permt broad cross reactivity of antibodies to those
strains that mdyopbssess; anui Jarid ebuariat dtousi®l tasenvetbiarentidriget . [01131
Cne I mpor tant £805hderall 0L [Orolhsd udbng A0 ANLLAeR. | Dl aguyb Liggnt gen

i Nmunogeni ¢ conpositions descr et hier ﬁ antigen has
dermonstrated effii gaayi when:tadnhi stened: m&auuzmuaw@nm tc;@mws[ ittt on by
provi di ng protectlon in on nor e ani nmal bacter | fection.
Ther e ar e SnunB?Biad 457 ARAUS ﬁ%ge?b?u?brl Qb S %méﬂ Velq @odi E(bgé%§go‘~ﬁach of
these nodel s bas,stsgngtihs and weaknesses. 150 114 ] Human cl earance of
bacterial infections can proceed via opsonic killi n(gA that is nediated after
phagocyt e upt &3] Thepbcavey Wemyreeoiy niebrg!dveampresuct ot the Kiusicf r om st udi es
usi ng Gram po ] e

pneut uoni ae cgéott&\(gmﬁg a%/ %ggltl%‘% glgael%g%&%g%ﬁdaecﬁgI&éggégl%é 8% §g%ca§har| de,
See Lee et all ,sn’;@ﬂlm’ eREMpan(arsmmﬁﬂ’@ﬁ&ﬁﬁl@ﬁm(@Gﬁﬁﬁbatvﬂff&r(éﬂés)vIrreSS

nevi dence for opsoni c ivity | ced m itive tei tigens.
Upt ake by CohagOBy e Has bk botatvet T ar Bpt kine b e bER har der
to denonstrat %théﬂ@&i Qﬂ;@ pardRetoP 0gH Scxph@udd0 L @LASHAAY &Fheemhyghawn to

confer protection agalnst S. aurcus challenge in animal nodels of

i nfection; anéivieERAMPBHECHURQODIEAS. BpsoROphEgdeyteti iipeigamdy account
T one,Pr0t el 202 aDSaY v alconk i, OAUELhO Al kLR es Baving a
measur abl e functional "activity, such as opsonophagocytic activity (O PA) is
one i ndi cat or cofalontigtihierd ta (Fr tAleutaarclantiil, @@ﬁo icsﬁ@ﬁsef URM onivsmslcarsi on i n

el ude B aPERaITY hteo o8 bt gl aTbr B bRtendvlei Bt ace

during in viVOrexp €s66900830 mwm@wsmﬁc@ammnu&pﬁmmig antn:hodi es or
the ability of anti bodi es to inhi bltq/neutrallze antlgen Iunctlon

Speci es/ strafte ip 68%et “Ridiot ypecof Vany Spardlicirar Whsspiled o di'sease
strain is usetyhyf0bsfgl Somiphng drital] gifles. abonghoraltadnessiand

nmoni toring the epi dém ol ogy of out breaks. NUMerous rethods are avail abl e
for typing S. !@irels st &NMs: lyThes: 5cll@sso ¢l qﬁﬁé@ﬁmcbbm@eﬁf pdtailcmtyf or a
bacteri al, ;spegi hou (t st ns that are cha ed by over 70%
genon ¢ Ribrt AMSTe S B BrotuRhOR Bminrat s SeReRt 3R BRETaRE over o7k
of 16S ri boson@h R&Axgeaemeﬁyeﬁt&e ndemmw imﬁ&?i‘o\(&f\%@‘ﬂ'&r et al .

M crobi ol . Rev. 60 407 438 (1996). Bacteriophage typing (BT) is a method of
typing S. aur BoRsthaidas ‘\l%%’é‘d“@h ﬂ?’héf‘”a@ﬂ%%ﬁ‘t?@bﬁf’i%%}dtﬁbfiﬁ)yféfv@%y certain
phage types. &ge.Blhald H@I 01@&1(’PBHllnEunéQ(:HgQ:m;aé]‘aig [i'5 17&&11(%9@120}1}1?11{% ol der
nmet hod suffers froma lack of reproducib t'y between | a oratorles and
failure to tybelnisuizﬂ%@f\&'wgéﬁ%‘i‘@@@‘“@l Tﬂgb!@é AmbpdiennsstNala $7Anf | gen

i Mmunogeni.c i,on , fHes etcher the

opti mal Prrrrugg"mm &' bc‘“ th{f]‘t ﬁnkigt( t&‘t&fm@‘ af"ﬁ{gf ag?ﬂ’r’ffgc OI’% of the
predom nant SC R&/ﬂlﬁ)ﬂ},{*ﬁnﬁ%kﬁﬁbaﬁﬁ‘&mak dinbfﬁi 10 @IFt E(Sﬁdo of° 6a>iSJnglLay0@tfﬁponent or

mul tiple components, -Nunerous stu have wn that i eni c

conposi tions gg@éﬂ%%’ Ogigﬁ‘?‘ﬂm }é“‘ﬁ?%gér’ﬁo &"dgiﬁ% Y Epe ¢ ﬁ’ﬁ%ﬁgﬁ‘t‘”can of fer
sone protecti opafromichabdengeomicttrassinahd; 0o, sAULEUREXPLE8SE N t hat
conponent in certain ani mal nodel s. Irrportantly, it has al so been 2
Odenonst r at ed2¢hde Sprotédiionytipgm! &4 Agle4dt gelisisem | D6 tdépéndent on the
L, S3ECt e TALIRA, UA5R R ORENNS SHED.ARANES] BCRRKS RGEN

i nvesti gat "ed as st e E:orrponent vacci neg. arrpi e, mce immnized with
S. aureus C f AcdevabwpddhkbéssCBevere arthri t| s than did m ce with a control
protein. See Josefsson 25et al., j. Infect. Dis. 184:1572-1580 (2001).
Fragnments of the colla.gen binding a.dhesin (ena) offered protection in a

nouse sepsis nodel. See Nilsson, et al., J. Cdin. Invest., 101:2640-2649
(1998). Imuni zation of mce with the A domain of CfB could reduce nasal
col oni zation in a nouse nodel. See Schaffer et al., Infect. | mmun.

74:2145-2153 (2006). 101191 One of the fourteen S. aureus iron sequestering
proteins known as IsdB is being investigated in a nonoval ent i mmunogenic
formul ation for protection from 17



S. aureus infection. This protein has shown a good protective effect in

m ce and good i nmunogenicity in non-human prinmates. See Kuklin et al.,

| nfect. Iwown10/184542215- 2223 (2006). RUM Due to the vast ppotuspdioaBosod S.
aureus to evolve or substitute different proteins to performthe sane or
simlar functions, the optinal immnogenic formlation for protecting the
most peopl e f i@l hen MBSt Ry SUEGHSn: SRS €8nskiBr Bu Ll RPLAGER, f Or mul ati on
conprising 2 or nore (e.g., 3, 4, 5, etc.) antigens properly selected and
present ed in &inEmmikogenirgnd s angiber paramcterioadlnragithiod remtgatesad

| munogeni ¢ commagi i,on. of L0ClLNYENtON SOTRELSES | hr 88, 8L BLE, ANt i gens
sel ected froman i solate “aureus & unpl ng ractor 'R (‘%ﬁ PA) pob,, , pepti de,
an isol ated Siinlagt Gusvech URPERGrkiaohesiccBarlde dcB)rs pol 2y peptdvale,s ranoi sol ated S.
aureus capsul ar po| ysaccharide type 5 (CP5) conjugated to arrier
protein, an i &Bret %_f@m@mﬂéﬁgﬂ@&ﬁ%ﬁ&fﬁé%ﬁ%@é@&h it peodeces) _

conj ugat ed t 0yR,LRART k& oRE AlBIh: AdeAR:k2Ql @k R, ,Snd AWBUS pMDLCoRFRE €I n. I n
certain enbodi nents, :15an i munogeni c conposition of the invention

conpri ses fouforgreryorie {Antdchends rspdaberisdorofiahsdcslon gy etbe®, ungt. dvelyi S

cl unpi ng factaor, (CLEA). pol tid N, L.sol.at.ed. S ur.eus. Gl ing factor
B (ChB) pol ypgf)? ?3%‘%%@%@%?%@@%’ ‘gf”%}a%%e’u‘sa%@%%gggwﬁ atp%#%/’s&ggg ﬁ)zflrdi e type 5
(CPS) conj ugat®dhdralc acpear wiiter cvpryol @i It saadhatidolcat @ dnS; cauy 8us igapsul ar

pol ysaccharide type 8 (CP8) conjugated to a carrier protein and an isolated
B L o ous thnt GeopE BT, HE G e e BUTHaN SPe P MOARH & conposi 1§ on
of the invent kQBLERIREIEOMIBI S0 &L ®dcsharigd HpeMSmat WRkNgefactor A (CLf A)
pol ypeptide, an isolated S. ctureus clunping factor B (C1113) pol ypepti de,
an isol ated SsacabirgascreapyiFarcpot ipsagerarildereypeits cyapg)todsn) ugated to a
carrier protelf A solaled Qe Aeus.cansyl ap.polysasabari de type 8 (CP8)
conjugated to a S BCAFT T er prot€in and an isolate . aureus M nC protein
as antigens. AdibranteciOfdlevermimogenidaodnpositthonsvag (dests i bed herein
al so conprise  in certain enmbodiments, one or nore adjuvants. K An adjuvant
's7a subdeance bRt amateEs Rk T hinne R Bl eRGnaR: SR RiL 1€ ed t oget her
W th an i MMUNegeR: ik r&dki @88 of AcRUFREF pofsRYERKeNesihd Yapbakift s have
been shown to have i nmune nodul ating activity, and thus are useful as

adj uvants, i nERHdPREPEBELNEE LR veddrapsiiRaoivrcebr darHE 1 fagves 2. 4 5 6,
7, 8, 103 12 (‘,S!?,%’ 681.9. 9, E,MB'; isi iE’,aP*erl]k, EN?%@Q’???@,’?%?JI’)Z@ sd 3 ‘?E’.'reﬂ?r?ﬁ 16, 17 and
18 (and its nmutant foris); the interfrons-a. ['3 and 7;

gr anul ocyt e- nacitsophiagepedtgmyysstchmidat i ng factor (GWCSE) (see, e.g., U. S
ent No. 5,078 and ATCC Accession. Nunber 39900). macrophage col ony

ot mulat PRg. £ KESH ol CEe R ERE SR R RS s e i RSB R et o (G- com)
and the tunor .Mees0sh S thackOEspatcandapbe Sihidvkd BY bedveadiuvabis, tshat are
useful with the i mmnoaﬂeni c conpositions described herein include

chenoki nes, i REICEHPAG Wit REutot ivfi/far ¢ vl +Mepa 4, Rt achaptiopapd 113, and
RANTES,; ?‘dhesb&\'Eh.agfﬁ‘%’ilaﬁ%{ék%%s aYee8sianseleedin, e.g., L-selectin,

P-sel ectin and E-sel ectin; nucin-like nol ecul es, -~ CD34, dyCANI-1 and
MadCAM 1; a niliGel Ofartieptpwind gr i'profeandabyers seksed Sok BArE s WLwIprotvlic- 1 and
p150. 95; ,a nenber of, the inmunoglobulin superfam Ly such as PECAM | CAMs,
e.g.,| CARF2 aﬁé’?ﬁ“&l\t}f%,mdégf “é’?r‘gg‘i_‘%g@f“ a@%‘%és%t blﬁ?ﬁl détt%@r(fg%g ‘ecul es such as
B7-1, B7-2, CD48vanchacbdlapaigiomtidh draietrans respohuds sgirvdsCodiagatignowidh f act or,
nerve growth factor, fibroblas ”{"owt, h factor, epi de(g rrgll é)gr‘o‘vw h factor,
PDGE, BL-1, ARt S AL 4 PeREBTRRT AP growt R QR t Oy enee] 53e®Eptor ol ecul es

i ncl udi ng Eas jmhNg et Rl pRlidins ﬂ@??éféf@@? pHRAns (HRAYP no ARRISandAlb R LARD,
NGRE, DR4, DR5, Ki LCLER, TRJ.UE- R2, TRI CK2, and DR6; and Caspase (ICE).
10122] Sui t ablecgdpuyart Slaged touEvkhaneeosn spdmuie. Feappasel fgrther

i nclude, w thout Jimtation, NPLI'm(3-0-deacyl ated n pk . lipid A
Corixa, 20 Ha%%}&thlcl)gnz& ﬁ?%ﬂ" @ﬁ?%‘:ﬁ%ﬁ il e‘gc%‘gicg‘%gg?aﬁ% %?%%82%@&?23%9912, 094.
Al so sui t abl etdxor frusectasisadiplubiant, perduseis SAsatdietd s biepicel A caial ogs or

am noal kyl gl ucosam ne phosphat e, conpounds (AGP), or derivatives or anal ogs
ther eof . whi cERPA L ABTE FIGIH CAEP A" (R ST A B okl Bh ar o
described in United States Patent No. 6,113,918, One such AGP is

2-[ (R) - 3- Tetradecanoyl oxyt etradecanoyl - 2 5am no] et hyl

2- Deoxy- 4- 0- phosphono- 3- 04( R) - 3-t et radecanoyoxyt et r adecanoy1] -

2-[ (R) - 3-tetradecanoyl oxyt et radecanoyl - am no] - b- D- gl ucopyr anosi de, which is
al so known as 529 (fornerly known as RC529). This 529 adjuvant is

formul ated as an aqueous form (AF) ori8as a stable emulsion (SE). [0123]
Still other adjuvants include nurairtyl peptides, such as

N-acet Yl mur anyl - L-t hreonyl - D-i sogl ut am ne (thr-NMDP),

N-acetyl - nor mur anyl - L- al ani ne2- (1"-2"

e o I T Y T T e I R AT NP\



: 15No. 6,207,646); 1CG31 (Intercell AG Vienna, Austria), described in
Eur opean Patent Nos. 1,296,713 and 1, 326,634; a pertussis toxin (PT) or
mut ant t hwoeofo/1ses4ehol era toxin or nutant thereof (e.g.pCOUS2010a8%m¢ NOS.
7,285,281, 7,332,174, 7,361,355 and 7, 384,640); or an E. colt heat-labile

toxin (LT) or nmut ant thereof, particularly LT-K63, LT-R72 (e.g., U S
Pat ent Nos. é%%b%%% sm?ml%g}%)rﬂﬁgatﬁﬂ% eedBis. 5[%&)pm&?ﬂﬁgbﬂﬁ&ﬁnmtdfgﬁns CLf 4:
Domai n or gani zat1 on d unpi ng factor is a S aureus surface

prot ei n assocpased vatiﬂfpibkﬁdﬁmgbvsﬁdmﬁm Qmmm“lpxmpmot eins via a fibrinogen

car boxy! ter m A7 LERH(EGT Bt Sas ol R e R R E0S RBKPlc o 1o

becone coval ent diiy}biﬁubifﬁ(@dmtiﬁ)i&ib@HGQJdultﬁmtﬁ taceyn@d Arz&hﬁﬁa?bbér@ﬂ@&!ﬂ@" anot her
fam |y of protei 515 (Mcrobial Surface Corrpone ts Re%ognl zi ng Adhesi ve
Matrix MoPeculigy B FOBEEARIRY® AP PR L BET e TR R 6r5nr2ffi“ﬂ§f host

protei ns suchpyasadd (BiuPR YRR RN dnbYn i . ﬁ)ﬁf@tetﬂ?&qua@ﬁﬁ)%@deﬂeﬁhﬂ%’ng 3
Oproteins (Fi abA and FnbB), the collagen bindi ng[ protein (Cna) and others.
These prot ei nsiﬂamamm%he t’kheitarm%éwv@ﬁMmarwsd@ éiw‘hsceﬁwnfeef bh&thlﬁﬁedl ates
transport to n ap: c10r nai n that
is the functi %th Te %\g ?%lh%—%]ﬁwl\@%g‘ %&gﬂgﬁ ‘E‘*"él ]ﬁ%ilrédﬁp“ SAYST i ng
(e.g., fibri nagémlofu R)asc(kmeie; ‘k/iﬂf;}lzﬁidai&ﬁ i bdep matdnod aw‘Eb@oMmdMLm (¢s fol | owed

by a regiqgn c ine aspartate repe (SD repeat which is
Chought 08 s partaine B ST BTy Ny BFS STHECSD FEgear FaTPbiToned by a
nmenbr ane- spanfigrg; eGP BuitBRtcat 6 b8 hbRdé PSSR AN ind R) ag0t i f for
coval ent |inkage of the protein to peptidoglycan. CITA is described in U S
Pat. No. 6, 008715533@1tOXP@lQ@}%?Fhé)‘ipidgaiﬁdﬂbffm‘@iiHé*Zre'ﬂgldmﬁﬂb?d CipRTeEApY i si ng
N1IN2N3 of they o] C 4 onmai ns
of CfA have ée% a lﬁg(gnogld‘g%gof}?%@?g% 9%[2 Dgn‘%éjﬁggjsié%éos%gtsﬂ gﬂes }fg 220; N2
enconpasses r €siduesn@20+ 36 c.abdctiNRienconpadses presidueb :87@e559. See

Dei t 6 2002 F ) f. f th
NLNORG. Sae T Bl @ ar apy BB LN B TR SO HERE Srdybe refarred Lo

as N23. 1n prepanaiysal) pnaindB6QIRIrBRAN broNNANGsp A Nendlimdorml Mnbas been found
to be protease sensitive and :15is easily cl eaved or hydr ol y zed to | eave

the NON3 as aPetablisapi.Ganilc i s Hg rdebiph hare vt aghentn b

Dei vanaya. gamy hiidENBQ ), 8060:86.44, £2002) anlhe, £LiysSt, Jh tructure of
the fibri nogen%%;fz@ %’{ﬁgwﬁgr\’é”% %égmnt {o %}§A&g§dogl ﬁﬂ a'riesve% é% that both
N2 and N3 ar ecddmimmat leghbly hanti kparcalkbeKKbB.dostoe amdsi alhumniaddbtl on to the

anti-parall el bet strands, the N2 dommi onta sin turn 20 al pha
el " and % vor 36t EBel Tt R S TR e v b A B Do B cos” See
Dei vanayagam et¢78| . AEMBQuhigaldi 66606672r f2Q0)hriSequancerial grgptent of N2
and N3 reveal s onI y 13% sequence identity_and 36% sequence simlarity over
their | engt hsPOSEETIBEIG AU E GamP &t el pemosfd»emhgéim’@éwﬁe@??ﬁrszooz) The
topol ogy of the,N2 apg \,Mé(,!gf?ﬁmpﬂﬁeuﬁrsﬁnﬁbﬂ)l@ra \ta(?le?)hg t&lhﬁgﬁiésc 1@e fold and
have been 25proposed to be novel variants of the See Dei vanayagam
et al. EMBO Jmmtﬁﬁﬁeﬁ—h@%mg( zmmm@éw@m@pmm@e} The gene for

cl unpi ng .f.act A nced and
anal yzed %n dg Iﬁ% m%n ﬁmn ‘"(I %é}%l(,g%()% O% S 1\7?:%&@? @%tr%“% f‘"‘%“%ﬁ crobi ol .
11: 237-248 (:984); MDevitt et al., Mot. M crobiol . 16:895-907 (1995)).
The sequence | ifiers for the amino acid s nces f GlAfroml | | S
aur eus di seasﬁgggﬁtst§1 ‘i%%‘f' ‘t’ié‘éfsé?fe%ﬁ%‘v%“ PR gb‘i Y 1EY Th‘émé‘ﬁi“ 8 acid
sequence of thg.fukd ol GRGLR édi@%Mﬂixﬁgmtﬁ@nc%{i&@ﬁt' 1115&&6@&%}}1 Wal dotype CfA
fromS. aureus strain PFESA 8237 is shown in SEQ ID NO 130 This sequence
shows a tyrosisd, BF cposititiion va838ie. \Werenlajien @ﬂié@mg@raumw@ezﬁ cafapiiee 4in t he

mut ated f,grm L& 0 type OM front
S. aureus strggcr?%f—%éxg@ggg%n&np#?ﬁl ﬁﬁﬁ %ﬁ%gkreﬁiﬁ%% ISE[}\theldqr epeat region
and t he anchof¢48eépi ans n@ccﬁtmm thin dSEi@sulDtN@as sti8das Thmpams’hdc@n;brméequence
of the Y338A putated fqorns .0 23. However, it
shoul d be not et RSt hém&?fa%gewﬁawa %@Vﬂ%l.ﬂﬁecafi a‘e%nthhf%ﬁ?‘ﬁe whi ch occurs
inthe wild type G fA at position 338 of SEQ ID NO 130, and Which is

desi gnated as Y338A, is shown in 10the nutated formof CfA in SEQ ID NO
123 at position 310. Furthernore, the nmutated formof G fA shown in the

am no acid sequence of SEQID NO 123 is the mature formof CfA w thout

t he signal sequence, thus accounting for the difference in position of this
nmut ati on between SEQ I D NO 130 and SBQ | D NO 123.



15CUB: Domai n Organi zation [0127] Clf13 is a S. amens protein having
fibrinogen binding activity and triggers S. aureus to formclunps in the
presence wo ploasnms ClfB is an MSCRAMNI protein and di spCags2e10839510
characteristic MSCRAWMM domai n organi zation including an A-domain that is
the functional region containing the active site for ligand 2 0 binding
(e.g., fibri nQ@%zg‘teJ &)%é?é‘{'%%g! Bate;ﬁ'lzi\/;a;ac.g}., thily Caiﬁq{léﬁﬂl"E})Ciudlb',e"iﬁéigi%,l nits

foll owed by a region conposed of serine aspartate repeats (SD repeat),

whi ch is thoughtindiogSpakiht hke. paphitdoyglryicare thapelusioThéa sBticdpeat i s fol | oned
by a nmenbrane:-spanning regi.on t.hat includes.the LPXTG (SEQ |IDNOQ 125)

ot 1 or covitaait Aicegd Bt s BR O S T gy o

descri bed in Wh9/ 243 09n@iderit RIS AL Eftns RBG s H80:1OET hi@LB8neditig | Nt er nal
organi zati_on of_Cif(F termnal A domain is very simlar ,‘orgfarrlirz}ation as
found in & f AMUTHECGACABITRIT Ps PRGOS EE dff HIPEe S Ul deHBI #s N I URRa! and Na.
The ligand bi H%k&i_gan'%se&'s&gs Ofat GHRCRAR: ShGe NANEBBLAL dhh&cArtlRRime( Fi gure
1) spans ami no ‘acids 44-585. For ease of reference the NIN2N3 domai ns may
be referred t&vasiay 23, they Rewidsedfipng! wayeclhal pefedicpe @t tlepabaNR8actThe N
domai ns of ve been assi. . as | NI ( es. I €8l s
44197 Ko endonpauosd I FERIEE 0k MGy BT RAREE ¢ BB EEEE
375-585. i n Ckitfs oftheperyast alchat doginung inthetdnehf sdonmidhewasofoend to have a

uni que version of the imunoglobulin fald and. by a gy, the sane may be
apeal at 6t o TBETEHELA0E Hat: BrFE: Cspt BefakdyagLin Bt et Eg0 o
21:6660- 6672 (2002 nHaMBRnthaMaRe SHEAMIZ L AR vaIf ndd18bAnA0RBERR afveELHB and
Cl1A are simlar, sequence identity is only 26% See -Ni Eidhin et al.,

Mol . M crobi off 30T 245: 257 JoUZFICiB! BagiencEo[roTeyl 1y TRECTgeAE Encodi ng
CAM i's cl assifil,gd;a8,d, COLE @g?eﬁfd(}?mg?ﬁﬁé okl 3 GAUENG S L QM Ayt T @l NS
of S. aureus associated with multiple di sease states aré sunmari zed in
Table | |. AdditiSopalntdeguencs tiwerhescobtiad medioks-ome@l dnBankzlv]tHO& her

.21, 1SCRA_AI M5 [ 0130] Ot her, MSCRAMVE.my .be consi dered for use .in.
s N e R T R TR S T i i "

serine- aspart gt@usipsati Rdrder@ra@kei ns, SdrC, SdrD, and SdrE are related in
primary sequence and structural organization to the AfA and CHB proteins
and are | ocal {%8d] oA ‘cHE BBl §01P J6id SUIBTHIETSHES 1ol DUSHEUSHPE T ot ei ns
are Ce! | wal | f}%%}gécdf%i%igé 9&3%&%}%9@%’4 j&gtﬁ% @!’tﬂgﬁkr %ﬁﬁg%&ﬁ%.@éue& he )
N-term nus and anll- , P-XTG (SEQ I'D NG " 125) notif, hydrophobic domai n and
posi tivel y chamgedsimgsi ghyesaiatndichehd@it@mprimmus:s. Balohitadssior fragnian 38D r epeat
containing region R of sufficient,|length to allaow along with.the B notifs,
of 11 of ent texprall b ttahFl S aNa B Autt Padiarhiy BgROm A b Sl Sl
20surface. W tudboheidectie@k.ORofkatpe, SdnGupoban B RMshoSEl Bnpi:okRis Rchidecat ed on
the cell surface, the proteins can interact with proteins in ¥D| asma, the
extracel | ul ar *HBPF KUGH RPERCRDIEEN: 85 18R HRRY ISP RadBPEPINDSY cel I's. The
Sdr proteins shafigS0MRmldb ik ledoAmhig AGhAicSEYUSNEES M LRk kMt h A TA
and C1113. Like Ca and AdfB, SdrC, SdrD and SdrE al so exhibit

cat i on- dependétipicbhagamd triondicnghopolexanheeinhiod ardmathilx g¥6pr.oreins. [ 0131]
The sdr genes,are.cl osel. i.nked and tandenl.y arrayed. The . proteins (of
sdrc sar, PR PRR b O R e AP T e P gl SR T egh on
wher e there i g:ahicghhyocoidseriad agming latichog euudinee Thhatgacasiy bkarpsed to
derive a consensus TY-IT-W-VD (SEQ |D NO. léf} ot f §}hﬂé mot i f ﬁf(hi bits
slight 3 Ovar [StHGA B HeEn "t HE FPPHEPEARHEBBIRSSITRIS Y&FU4RT BH,  al ong
with the consgnsisisaauadeeeQiapbiienMikdtd sveslas et hhadhiddy S patent nunber
6,680,195. In the GQf-Sdr proteins, this notit is highly conserved. The
moti f can be belerryiamideraghogenipbogsippusioricetis poviti Rpaetiaty padrspect rum

i mmuni ty .t.0 bagteri.al. inf.ectd ons,. and al.so. ed antigen in the
product i on of %ﬁ%l%?obndé ' %Etf%lojllgi;}’cﬁngﬁ%lﬁéﬁg fﬁ%g}}%g%%ﬁlghg%ﬁ%ﬁlﬁ] ody can be
used to i npar tnabtoad; Sjhett rrumapdsst vesi sorbinid v negdi82hardhealle pr ot ei ns
differ fromCdfA and fB by having two to five additional 110-113 residue
repeat ed sequences (B-notifs) |ocated between region A and the R-region.
Each B-notif contains a consensus Ca2 -binding EF-hand | oop normally found
in eukaryotic proteins. The structural integrity of a 10reconbi nant protein
conprising the five B-repeats of SdrD was shown by bi SANS fl uorescence
analysis to be Ca suggesting that the EF-hands are functional. \Wen Ca2+
was renoved the structure collapsed to an unfol ded conformation. The
original structure was restored by adwiti on of Ca2+. The C-term nal

R-donmai ns of the Sdr proteins contain 132-170 SD residues. These are

: 15f ol | owed by conserved wal | -anchori ng regions characteristic of many
surface proteins of G ampositive bacteria. [0133] In the Sdr and C f

e - . o o . o



bet ween the individual 13 notifs. The nost conserved units are those

| ocat ed 25adj acent to the R regions (SdrC 132, SdrD B5 and SdrE 133). They
di ffer frwootweisimst at several sites, especially in thectCaseswiossho hal f A
noteworthy structural detail is that adjacent B repeats are al ways
separated by a proline residue present in the Ctermnal region, but a
proline never .Qceyrs:. !Q@;t%@?ﬂj iu*éﬁtﬂa@%‘ﬁeﬁ»b@?@@lﬁ rﬁd’?ﬂah@@ B (BYKRMsn| NSt ead
this linker is characterized by a short acidic stretch.” These differences
are evi dence smétthitthéraeﬁﬁimﬁnfos ﬁhia\ﬁ@ﬂ%d different structural or functional
rol e conpared,;Q he of Ser and
Sdr E have dri ii{@%é ap%?%nl?ir olﬁ’li’%rf"n%a P 5t ‘ﬁms W%““O %fﬁ%%c drO émﬁ‘ﬁr‘%%?i us~ani no acid
al terations, preditgicng:istal [Fot asedtd, onsy amict*mebﬁﬁmmmm;eﬁﬁa&ﬁhe; remai ni ng
internal B m)tlfs are re hi th conseryved. {\Iote t hat ., each of the three
Sdr prot ei’ns HAEEE ©3°845He BB 261 NHEH I * RBP4 oFRRICS ©r i nal
R-dor nai ns of gf:he; ngdiz proobeinszcenid Ry 132 hAths B8R £88 L8URR dkhese are

foll owed by conserved -svall-anchorlng regions characteristic of nmany
surface prot efipsnofis & @i po il VErdgaenerilsg ek prgsthanestceandi date SdrD
nol ecul es may . Vv Cl.es se i n an

i unogeni ¢ cﬁﬁg%%?‘d \L(&g%%&%?‘ 3 ﬁrﬁi\r}g%@fi%gﬁl b Oi%ft ‘”%\h wl}fgqi(r?\%{i uge&l‘? ﬁe

fol |l owi ng Sdr QrékeiisSat lais e smirstacai iﬂslﬂw&agm STDY afiproidicn :akeessi on
nunber SAUSA3 0547% st.rai n NCTC8325. %pﬁgtgj acc ssk n number SAQUFI SC
00545) ; sfrain Btei 4dEESE) BHONAHOSH MR-G5 3 “ORil 1 BSAdT6
(protein acceggidons AUERE0 IASRORY rc@e&ssxm@db%d\&%@oe&m&@IdmeaacvessI on
nunber SAV- 0562). 101361 Furt her MSCRAMMVS whi ch may be considered for use
in an :15i nmupAByerice 1@@%%54&&&@&18%@1%éwéur%ém 3 Hvér?@@éﬁnqmi ude EkeS,
DsqA, KesK , N descri bed
in WO 07/ 102?513 s, B e Mm ﬂ Df%ﬁg%&?lggr%?ﬁeg Jbzimr?%?er ence. gﬂﬁl onal
MSCRAMVE, i dehmtfiﬁedﬁhm e@afnﬁamdm sAotés siraom Mol segiignct uﬂep@ﬂ@z@?@ﬁﬁm 1.

NP373371 1, NP 374 NP .374248. 1, .NP3 NP 37 6 NP 375140. 1.
NP375014.F, NP BIEERS 01A IR AT6 10 TN 3 PEFREAC S RIS 38740 P *Capsul e
Pol ysacchar i desiskyRgerdbiandicdy Pe b 13 Al 156 2Ry 0606 Calical 4rneF gani sns
capabl e of cau5| g i nvasi ve dj sease generally also are capabl e of producing
a capsul e pol st AapPraeTer kpfial ﬁé\t«swﬁc»aﬁb&uﬁai@@émst»ﬁéﬂb»a%tké%t.A&Fh Ard
enhances 11s bas) 3t ANGEALOIEIEAARCE BYpfORul BRaLR, | TUNe system The OP
serves to clo he bacteri al in a protective capsule that renders the
bacteria resi ﬁﬁ@rﬁl t‘HllanMWUGST sf ardtibedyr @C'@ldctba aktitioly'hg.usBact eri a.

| acki ng a .capsule a e .t o phagoe:

ol ysasondr  oed B aler Ba0eRTES S T Ao drb BB o T SRR Tl BF M B ety

bact eri al pat hagenss! ﬂnﬁlﬁhbmd&r{’]gnﬁa@mﬂb tnlt uﬁd AN Edgtlﬁiﬂéﬁ@moﬁitﬁrﬂp@(m&Cus

pneunt oni ac and Group B streptococci ;\ The capsul e pol ¥sacchar| de can
be used to sePB*ﬁ‘yﬁéméi%a"rﬁiﬁi“&*hﬁ‘a‘rﬁ‘éb‘éiﬁr@éﬁ8f Bl ké‘ﬁ%naMWﬁP A% usual |y
acconpl i shed Ry (\ﬁ(%@ﬁ)léigfhiﬂit ADBCIRRGInHlfheANRLSELY Tl RPOalepal ant | body
generated to a specific structure or unique epitope characteristic of the
capsul e pol yshedmgr igen 1Eﬁ@faﬁsuﬁ‘mﬁecﬁwbaemseﬂmnéh@mmddﬁetib‘hgm@hvth»ﬁ cgpgot h
SSLSRI eSCO}M;ﬁI gf:i%@ragi r& e%hgam 8 §pso%p}5éhbl@})mim cmal 9(2%/3@\2 an m ﬁé%sayﬁ ?S appear
Encapsul at ed. da'ygms td maamrireznofm ¢ @mp&u&naaesismmnmy oemam&ui et ed and are
rarely associ ated w i.sease. é cli nl cal isol ates % . aurens
are encapsul af 6¢F Wi ¢ S@‘r iéoogiy %>y§°@ mghging a MBS Y PEV IS CPYY odhd type 8
(CP8) capsul apinRRLYSA- fehaflgemnhavee slold@l nlbigacahasdide, kepgat i ng units
conpri sed of N-acetyl mannosani nuroni ¢ acid, N-acetyl L-fucosam ne, and
N-acetyl D-fuedsanilngics Sué bRauriit e negirplizeats cakymatiofpeadion] fee 45: 97- 93
(1984) and Mre £ 0). The
two CPs, I}v\,hl ch ﬁa\}gl\% s%l?éiﬁgﬁ%ig%hbu‘tta%?? 5? imbgg% %ggélé%rzmﬁg%%gages
:15and in si te@amﬁ'ecﬂo}aﬁ}céﬂmmﬁimmatxmimﬁﬁﬁhunﬁ c$fdrao) ogiiclalrlay di sti nct
patterns of immunorea.ctivity. [0140] In sone enbodi nents, the serotype _
and/ or 8 capsul ar pol ysaccharides of the invention are 0O-acetylated. In
sone enbodi nents the degree of O-acetylation of type 5 capsul ar

pol ysacchari de or oligosaccharide is 10-100% -020-100% 30-100% 40-100%
50-100'./0. 60-100% 70-100% 80-100% 90-100% 50- 90% 60-90% 70-90% or
80-90% In sone enbodi ments, the degree of 0-acetylation of type 8 capsul ar
pol ysaccharide or oligosaccharide is 10-100% 20-100% 30-100% 40-100%
50-100% 60-100% 70-100% 80-100% 90-100% 50-90% 60-90% 70-90% or
80-90% In sone enbodi nents, the degree of 25 0-acetylation of type 5 and
type 8 capsul ar pol ysacchari des or oligosaccharides is 10-100% 20-100%
30-100% 40- 100% 50-100% 60-100% 70-100% 80 100% 90- 100% 50-90%
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05/ 033148 or WD 00/56357). Another comonly used nethod is described by
Hestrin (1949) J. Biol, Chem 180; 249-261. [01421 In sone enthodi nents,

t he serotwypeo/anddor 8 capsul ar pol ysacchari des of theprcmusedioossas e used
to generate antibodies that are functional as measured by the killing of
bacteria in an aninal efficacy nodel or an opsonophagocytic killing assay
that denonstr @ﬁ%ﬁ(\ﬁiﬁ%(g&l@%ilﬂﬂt é@&dﬂhgtsdemx)lnlxﬁii&q}l29494 Stk }@fhwsk'ﬁnhéf unctionality
may not be observed Usi'ng an ‘assdy that nonitors the generation of

anti bodi es al bm#griavhi ch is not indicative of the inportance of

0-acetyl ationg] ffi ) em ol o 1431 The assom ation of
particul ar cab{%sdl%ﬁ éiéﬁf gmywﬂai Cit(’ht Oc;%s)easaé”‘iuéL%%’gé”liﬁgga?“}%aﬂugh honi tori ng of
clinical isol a@%ﬁi@(ﬁmﬁ(h&lseﬁrgimnudk@&ﬁf eRtip@RIobY PeScxafpB, highmeisuident i fi ed
(Karakawa and Vann ( 1982 onl%ﬂser otypes 1 ang?Z ar e, heawly encapsul at ed,

and t hese %ar e“rﬁ%ww %8?%%‘9@8 @é%méhﬁgﬁﬁ aF POPSFSAERRAPT ey Tgpune

St aphyl oc OCCU%sgérHs@éJ@c 0 a hefher ‘?23(?{?0} LB ht-cBitoRABRIAS ondhdantiEhlit s@ideJ. C.
Sadoff (ed.) Sem nars in infectious disease, vol. 4, Bacterial Vaccines.
Thene Stratt ofihe ispletioNey Iyar ik lecudirvagly chpspéar shisavebhinks'a pprisximaicel y

D agn, M cr obrbi e Prfe bl Bl PG ERo RS @@‘?éf@ﬁsﬁéia Tl ot i

J. din. M crobiahbed:2085) (18epycaR$d )ihdddation HgmoM hifh netccalar w ci[zlhop I\/Ed

I nt. Heal t h. 1998 7):576-83;: 20Na

M C7 obr ol ( 16989 T 95 i TiinBemaro et 18 A ena Boh It Jee st r ai ns
are geneti cal kyighyRRomteRHlatdiP8n SnCaRbAINEN G MetiaddnaRS thdisSafonld th,acus
(Cocchiaro. Gonmez et al., (2006), Mol. M crobiol. Feb. 59(3) 948- 960)

Capsul at i on f dhighoneleatsayng ips!yhsshariispiaRipal sAr AoPeReadsagearin vitro
whi ch i s due ress h C. ,ratlonln
medi a used |nt1§?u|a§ﬁ§?§%£% KIEPY% & hgg&l ng%ﬁmgg%is%gﬁgr o%ﬁ%%?%n&@ t was al so
reported that invomiasuicktied amé ohafiesion eCopel hgapsutelexpngs sipnleaf t er
passi ng throu debe . P. al.., d. Mcro-biol.
5780278 (1098 RsiHET Renne ypaabtenepruha® Biskenee MESEMERETt ve under
appropri ate g6eWhNisGaRdinbi2QMES .In GREcaRdHGHS, 8 suttibh end Pkdddidher tygpeat uni t
of both CP5 and CP8 is conprised of 2-acetani do-2- deo>é¥ Dmannuronl c acid,
2- acet ani do- 2- dESYR e cGdE T sprpu by aelstagriegee pangaediyn B ke 4500 dee .
Jones et al ., m%()?lgginl/ld&u \?(‘&%1%@@711&%9@11@1%@9(% it g}L(ﬂQ&'ﬁQ\hﬁn§P5 and CP8
have the sanme sugar corrp%5| tion, they have been deronstrated to be

i mrunol ogi cal byrifiasod nttype ‘Th@}n kb fodar W%@k&ﬂb@@f Hmiﬁzbahrhmdgeglomgdi mitt e of

one.of 176 Fodhis 1 e ELE Bt TRR  Eer JrETREE SuPER K B voe.

9365(2001) . SiscRUHEHS 1@&9& Hﬂa@] ﬁQL}}é:S‘BE}Qh@[dhdﬁidk et tpeuMnOgenkEcHEMPOSi tion
[01451 The nol ecul ar wei he S. aureus capsul e polysaccharldes is an
i nportant con&UEBEAtTHRY %811 KU%& K *Pﬁ?ﬁﬂ%&émﬁé}b&ﬁnﬁ%f@l “ts. "BPgh nol ecul ar
10vei ght CapsH&Irﬁutﬂ&lﬂ%s%Qﬂﬁi‘akﬂ%ﬁd f‘ﬁi@iisﬁgbt‘?o? Qpl BAYGE OB AIRIWL @Rt | body | mmune
responses due to a higher -valency of the epitopes present on the antigenic
surface. The mashiodsoigesdriibetnbeedion B bvi tel 404 18 ocdtaubn vandt is

puri fi cati.on € r, L.ght capsul-e pol ide type 5
nd type’s T o el S oGP B AR P ARG S B ng

Prot ei n [ 0146}ucldMint @é@ht @}‘Alﬁﬂl po\i/\aaﬁBlhmidddlgmBﬁ@ﬁehmd Iamn IABEDkansport er
protein and has hom)l 0g kjes in e%l ermcé& an 5 reus 5& is referred
to in the preS@ME PhYER oo demii i SasE D et g legi g F 15T ot ei n
and is located Lh}ﬂﬁl&h?ﬂi@%iiﬁﬁ laakna€ edd bavddihied SREpRRlIRY (B mathods &N Cockayne
et al.., Infect. Ini 6: 203767(1998 In'S. epidermdis, it is a
conponent of ancironneieduliztiedes périont 7P &l 6 ovksut HifsiTdeabilec:tsnol ogy to
bot h adh%SI ns. P-%{ u’glk@g tl}zli%é)a Qiméwﬁﬁrx@sigﬁg% Rba ?onﬁi)\%ﬂ nn 1ﬁiﬁ&8[39t eins of
a famly of AﬁC’transpor ers wt roven or putative met al iron transport
functions. (Seeighabléih2ofidhk kbt namnkcumr igidl wmﬁmmﬂ) idequendesisy 2 5S.

aur eus Mi Oprotel n 4 S. auyeys hanol C is . known as
saliva bindi ng® pﬂhBt éq‘#aéﬁég_&ggam@ﬁ“ %r VIR 9%2'8 I{{ﬁa 8 BECI584 and can
be included in an i mmunogeni ¢ conposition of the i nvent| on. The protein
sequence for the S. aurcus honol ogue of MitC SitC/ Saliva Binding Protein
is found in Genl3ank accessi on nunber -NP 371155 for strain Mu50. (Al so
known as SA. V0631.) 'Me sequence identifier

22



is SEQID NO 119. The accession nunber tbr the nucl eotide sequence |br the
conpl ete genone of strain Mu50 is NC 002758.2 (coordi nates 704988-705917).
S. epi derwoi2diosisgi4g? protein 10148] The S. epiderm di s RromuiSo@us3wio
MitC SitC Saliva Binding Protein is 5 known as SitC and was disclosed in
Setiman et al., (Sellrnan et al., Infect. hranun. 2005 Cctober; 73(10):

6591- 6600) . Theprahgind é@%’ﬁﬁ&% oo hik w§@htem 085 M W(ﬁﬂb‘%m&&‘dﬁz

of : vnt & Sit CJ Sal’i va BI ndl ng Protein Is fbuRd i n G enBank accessi on nunber
NT 187886. 1. (alzdb Skrkdlario st BERPOROOC)lar Wﬂ@its@hh@m@elfiﬂd@?ﬁtmm@wui@ SEQ ID

NQ 121, 10[01%9.% EB%DaCE ?%%%}%%mnxlﬂo ﬁ&xrxng@ﬁfgg(( QEHC eP(tO a;%e 8{6 for the

conpl ete genonge™ oF “StFain coordlna 293959) .

Q her candi datwight; 1€ kil e ¢ uh BSa MByic heulgerdiyadss KDm\WBZ(IEGNiSmSIIQﬁ@uEaS of
organi sns for (\%él n.an |rr(rug\}ggen| c, conposition of the invention, sone

ofare |isfed MISFASP&DR BepORI? Fomalsruarveieipy 8t kppto gii@adpangleralar Exarrple

strai nProt ei nw%&@@@%u\% to P50 13@5@h&%bﬁ%@@@%@éﬁé@p%ﬁ@}éﬂ%ﬁ&&m@ tC
epidermdis S. Tsap rog@ytl cus A- FCC 12228 “ATCC 15305 AA004002 .

E19233. - Sit Cnsichikyloglis DENPIIXEM mole®REFIG1 LGV NTa 18 138 kPa in

) sus1MBOOI i - L Z; ?Ea}mﬁm %Héfk&%ré f&ﬂd%g& gmaﬁ? Clﬂo%t”ﬁ?m[%ﬁé?]zséﬁﬁk her
potential can be consi dere i mrunogeni ¢
conposi tions m‘mt}ilaaﬂamve@mt; o itirclouide kiDhen Bolaukeusighynhdceniipr tseibd 2 0i ron
surface determ % sdB). This MSCRAMM was descri bed by Mazmani an et
al . (Mazréni aﬁwké BECEM P¥FSc. Natl. Acad. Sci., USA 99:2203-2298 (2002))

and it has subpggpentlicRean.d.estiednandushewnnt thes effLethpsgicas a vacci ne
candidate in a nurine model of infection and a rhesus nmacaque

i munogeni ci tyoigmdl}ﬁrﬁys Kaleppsdergfonglpr ugeky KPinHno g cempagitionsnfeet i on and

| muni ty, Vol .4 lc h é@ic&é%éﬁoiﬁ%ﬁwif‘(}%@}og%o)h&u&- RSy 1%%%Ee&%§§%gl eis

present in vart ous 'StF reus ing strain 2 (protein
accessi on nunbetanCAGHOdy Odnil)e regtonsisnine to a higher valency of the epitopes present

15 on the antigenic surface. In ovne embodiment of the invention, the isolation and
purification of type 8 high molecular weight capsular polysaccharides ranging
from about 20 kDa to about 1000 kDa in molecular weight 18 contenplated. Tnone
embodiment of the invention, the isolation and purification of type § high
molecular weight capsular polysaccharides ranging from about 50 kDa to about

20 700 kDa i molecular weight is conternplated. In one embodiment of the
mvention, the isolation and purification of type § high molecular weight capsular
polysaccharides ranging from 50 kDa to 300 kDa in molecnlar weight s
contemplated. In one embodiment, the isolation and purification of type 8 high
molecular weight capsular polysaccharide ranging from 70 kDa to 300 kDa m

25 molecular weight is contemplated. In one embodiment, the isolation and
purification of type & high molecular weight capsular polysaccharides ranging
from 90 kDa to 250 kDa in molecular weight s contemplated. In one embodiment,
the isolation and purification of type 8 high molecular weight capsular
polysaccharides ranging from 90 kDa to 150 kDa in molecular weight is

30 contemplated. In one embodiment, the isolation and purification of type 8 high
molecular weight capsular polysaccharides ranging from 90 kDa to 120kDa in

molecular weight is contemplated. In onc embodiment, the isolation and

23



Newman (protein accessi on m nber BAF67312.1); strain-MSSA476 (protein
accessi on nunber CA&X2837. ); strain Mu3 (protein accession nunber
BAF78003. ;2080158340 - | UL22 (protein accessi on nunmber CAP8DAS2012)395C@aNdi dat e
Antigens: 5[0151-1 The i nmunogeni c conpositions of present invention may

al so include one or nore of the follow ng antigens: Opp3a, DItD, HtsA

LtaS, fsdA., bt%%ah@q[)ﬁﬂ, «;Sgrh%'h nﬁqg‘gd far \As'léiﬁwggﬁr ps%péaL@f ap:t{@)ﬂﬁyﬂgl ysin

(hla), bet a- her nol ysin, ? bronec - bindinhg proteirn A

fi bronecti n- bfmdi §igpriotial kDB i ﬁpicb@ﬁr weighgs L@@@Fﬂpiﬁiwé COileep rarRashdion-

Yg‘l( ﬁ?;l) n:n:je\l'/lgr Iirgclfipcug iy wc)ifght scrgtﬁga ggﬁ(ﬂsﬁiag p(Aé&csharigaéﬁ t%z@tt e%} HI% %%HQXI n
transporter, piNifidBG the aﬁ&mﬁf tehis zMRtmamtmhysnmianhaiimabbm "’r{}e@hpbor S,

| saAl Pi sA, Is B/Pl B SPO H saA,. | EbpS, Sas SasF, SasH,  EF13 (FH&
SRI, -NpaSe, Bk & %%Eia Lﬁ R p& Breiont 1 kDaéﬁPé‘éWgF C@E écur sor

( AUR) /' Seppl g Qj@ io 8N hd ﬁgﬁ@@&ﬁﬂ therneofs iguch 135 k<Made n{!;@ga_i'a}lw m

pol y- N—acetyl%gucosanlne ( PNAG dPNAG) " 15exopol ysacchari de, En hA,
EbhB, SSP-1 kD2 to HEFDa/intrrgpitivieigitndl idep forlét &bn in PRIy i«ﬂ Egigb@ Est

Enterotoxin Aq EB%‘?J ?e% %%el‘m'?mi?é‘ﬁa‘?%%%'z{bk?%maﬁg kB ;?11109‘-‘1558}%( ol

certai n enbodi nen AVenti on 65 t
conpri ses cerBﬁkﬂahprxﬁkﬂﬁznGREuamﬂAmmghﬁHﬁxk@dtoﬁayk@@maﬁukthﬁrwe@hpr|se

PNAG. 20l mmun ic Conposi tign Fornulatjans [0 l.n_one enbodj nent, the

Mmunocorite C oSt FBIES e i ot Tat bria Da b P e S Pt one. of

an adj uvant, @Okab&sib{ﬁk&fﬁ%i&t&(ﬁt\@miﬁ @1&@4%11@1@&@&@%@@% By, @

non-i oni c detergent an inhibitor of free radical oxi dati on, i luent or a

carrier. 25[ 0B44PaThed iumcoriaudr corgositilgnt 16f kinen nﬁ%ﬁiﬁiwghtay further
conprise one ?6 KPS A 89 PRRILMES Jé’oiﬁdﬂﬁh&ba% (50 kBaRl HLRLLLY w0ln

st aphyl ococcal protein antigens and capsul ar polysacc ari de- proﬁeln

conj ugat es. THekBbf t@guUPrs msndihatar mmgmgnw&umn 0diEDs in molukitd pwhightdose

(multi-d e) 0 res vag; th or a. f ew exceptions,
Vace ne. rotult @il Loy R sRASERL SRt o Kok e d N e e SEEon: ai i o
benzet honi um Ghlsetide kDams hiexd: indndbanexyeihanol (:DFaBs kHepA, Lyme, Polio
(parenteral)), phenol (Pneuno, Thoid parenteral% Vacci nia) and

verosal (DTaP® uhTB‘Wﬁ%ﬁ?%““PPb&SP Pglslar WSB! BMEEi ng, Pneurno, Rabi es
Preservati ves ggpy O\&%duﬁﬁﬁmﬂ%&dngk o1 Dl 6 AR G U, bgbdee e 0.

chl or obut anol ;, m cresol | 'par aben, propy parag 2- phenoxyet hanot
benzethon|un1dhkbmmdmﬁﬂh@ﬂhﬁhkﬁmﬁwnmmﬂhodpﬁesdbemi@mdnamudﬂ»@eﬁbzyﬂ

alcohol,ﬁgheno i Mero r.cur.i nltr ornul ati ons
of the iAvent ['SH ‘*"Hgf’mf“u‘ﬁ e %%5?"‘%% e Gy rate *’a “L‘? el l’”‘& Bdlt, a

di val ent Catl@ﬂnuﬁoﬂ@ﬂwM&ﬂwﬁd@eﬂﬁfQ@ﬂbms@f@&ﬁﬁﬁhﬁﬁﬁ@hﬁ@taguﬁhﬂﬁs a sugar,
and an anti-oxidant such as a free radical scavenger or chelating agent, or
any mul tipl e EBRBIGYAERWR tHe} EBPOOTHEIRHE BEWE FaRI s R8¢ BEYRpEhEEt, e.g., a
10chel at or, ”B%wﬁﬁbﬁ%?Hﬂﬁx%@@hhﬁ%ﬁ%ﬁhﬂ@!ﬁéﬁQ&Q%(p&%ﬂ@%ﬂ%@hnkﬁn&ﬁnma
scavenger) is desirable. final conposition fornul ated
adninistrat|onmshaukmsbé?@¢@7m$QHHWdE0¥ap&maggwxhﬂgeanhﬁogkfhheﬂ artisan
ey enpi o Cal l od Ft:d%vn? Bf?n \M}é (iﬁbs (%8%?'0@1%} LARSy Ud Eem% e\ %@ﬁ IT?t:dm?ﬂd conponent s
wll be o tlna f'or udi'or T the preserv I Ng 1 hmunogeni ¢
conp05|t|ons e&nﬁdmmeqﬂm&ﬂhiemnﬂ&peﬂ&ﬁm@@ﬂmﬁ@ﬂ5ﬁxwg¢meEm&@éshactors such as

the particul ar storage and a on copditions.required 0154] In
certain enbodPHEHEE" Hith B%ﬁ% f““ @h%}@? AVA ﬁifi%ﬁ%\&H?‘"gﬁ‘P?%“%rrpat| bl e
with parenter@$mﬁﬁﬂrﬂtﬁﬁr@hu%&n%@ﬁ@hh@%&p@aﬁ&@ﬁymvwﬁaﬂﬁy§n£&agm£alIy
acceptabl e buffers selected from but not limted to, Iris (trinmethamne),

_ nphosphat e, cdeeritelynbeatesclsiltCHS) G ychave spdsifistiy domertigidosined nat e.

I n certaiyn e I t NL pl 4 range
of about 8. 0 o rshont 876 Sar el THAEE LA bandhUF ERsRMASHRS 5 oTse)
in certain enbmdmnmpﬁﬁﬂantoma&xbhﬂﬂﬁsn&éhhmdk@maaﬁdsntmheﬂbmmmﬁxﬁhe

i Mmunogeni c CQ@EP?ItIO or mul : |o? Oi |nvent| g PH of a

25t br mul at i on HE \‘/%ﬁ‘ﬁ B be At 1&1‘ as‘ii}‘éi‘%f) {“é?f& P8 t echni ques in
the art. The pH of the tbrnulation may be adjusted to be between 3.0 and
8.0. In certain enbodinents, the pfl of the fornulation nmay be, or may
adjusted to be, between 3.0 and 6.0, 4.0 and 6.0, or 5.0 and 8.0. In other
enbodi nents, the pH of the tbrmulation may be, or may adjusted to be, about
3.0, about 3.5, about 4.0, about 4.5, about 5.0, about 5.5, about 5.8,

about 6.0, about 6.5, about 7.0, about4 7.5, or about 8.0. In certain

enbodi ments, the pH may be, or may adjusted to be, in arange from4.5 to
7.5, or from4.5t0 6.5 from5.0to 5.4, from5.4 to 5.5 fromb5.5



to 5.6, from5.6 to 5.7, from5.7 to 5.8, from5.8 to 5.9, from5.9 to 6.0,
front 6.0 to 6.1, from6.1to 6.2, from6.2 to 6.3, from6.3 to 6.5, from
6.5 to 7.Wp20rooimA40 to 7.5 or from7.5 to 8.0. In a specirfuseoiewbdsodi nent ,
the pH of the fornulation is about 5.8. [01561 In certain enbodi nents, a
formul ation of the invention which is conpatible wth parenteral

adm ni strati on,;GCORRr b SES: »@P%t@éi s@i"a@te&ik&!&'s&&{ mERYeO N rothBC Y ?9 but not
limted to NgClZ Cad 2 and Cl2, at a concentration rangihg from about
0.1 MM to abootiig nrrtMunm tnhm}ps @maiaigomtw@ﬁrﬂ%mw@@mfeerlr@éls {0871 In
\(I:Me: Lalpg.r Sg?g?;lnegaamgt 19 hgt}i} stttmuiaget ¢ mmtmn an ocusntth tnm ét}% nompmt%mjglt Ingl gut
not limted teifsmimam é‘fﬂhiﬁf=Ltﬂli8,tlts[’)ﬁ'ﬁfﬁl@%ﬁi}ﬂﬂﬁ@(}ﬁh@éﬂsdﬁ;lﬁsS@ﬁih(UfmﬁiutEfia,s'ﬁ(ﬁi and
potassiumsul fate, present at an ionic strength which is physiologically
accept abl € t o°t el Biétﬂ%aaﬁ%a&ﬁeﬁtleﬁraﬁuf%m i $HratdigRd i) uded at a
final concent f@f)t‘ﬁ%@’ 11 REQANGE: BrodBlRaLRAVLRRLS cBLEARAL N @b esaRbarity in
the final formulation. The final ionic strength or osinotality of the
fornul ati on wiolechlgs E@tdemﬁbyedﬁwwh{nwﬂﬁqmne «wﬁqﬁmem §i0(>ewéls mtlydmaf r om
bufferlng co y ( ) b T80T g, e [ t,
NaCl 1o pr oo Rt Frrnes B eBar OBt ¢ b o BBl e PRl bl 7
concentrat i on%;bmsmgmselsteﬁtﬂed d @il amrpiteirﬁmtmmﬁdm;rat coppeoentdc(e. g., sugars)
so that the final ‘(s)“{ |al‘lt¥ he for |atlinIS§Q at‘ible with
parenteral’ - HdRITHPS Pt PO ' 0§ assaysn¥iel 4 8¢ BB i aR ﬁ%%swnj ecti on)
and W I pronpsti@nGd:08 St @bkt Ye0hsshhen! AR CyaRRPORant s of the
i nmunogeni ¢ conposi tion formrulati on over ‘various tenperature ranges.

Sal t-free for ffcdlcfohdowpligentpp strgitecd sidichoedy PEAYEZIYYE of ol or nore
sel ected cryo 1S .t f 0158] in
certain enbodP{@E{&g}naEQ ? ““91{‘%“ ggég)flge%é i%go\}le‘}ht ?%)nr%gvﬁo kﬁd’h q”tst'él‘jc‘:v(g)a[“at bl e

Wi t h parenterak Hadmmrsiﬁtcamﬁm cgnbrlclsestnﬂejdﬁumaé(bbybmioﬂé@t ants

sel ected fro not to di,s I , lactose, nmaltose,
sucrose Gr tré\ﬁ’gﬁt g)é}e)‘?‘étn "’Vo'dgﬂrf{]”éﬁ‘)iﬁ%ﬂ?érﬂgggéﬁbsdul citol, glycerol,
manni tol and sm8R| t Ohg 1crd0[HLELLchin” &@fﬁﬁﬁJtﬁle@tﬁﬂ@@tt@@hﬁgcn&ﬁ%x@&ﬁ@t@r| ty of
the forrmulation is in a range of from about 200 nOs/L to about 800 nOsrt,

with a prefer FEd ParfEsrePPom aibubiDEe! sosiimadstabsubots00 mos/L, or about
300 nmOs/ L - amt} 4th UQ%H}U%@\L a%lu f"ft(rea% T;Q;%Hi&ll t!,ﬁﬂf Q@Xtt&omtﬁtlap”orf or
exanpl e, from about 5%t o about % sucr ose, referably from about 7%
t o about 15% "dme abmiutotlﬂﬂ%ttieuatdouttmbmgu@rb@am g@dt’tfébwatnmﬁelﬁgt a salt-free
fornmul atign may c t} ny \r;‘t) m %#}t t out 12% sorbitol,
and pref &Fabl §7FPom %&ut‘”ﬁéf’%"“ 0 ?‘“8‘6‘8 RS/ é%bttt “@%“é%“ﬁ“bu tol. |f
salt such as s@gbdse) bl dciial Si"&ﬂﬂ@dhuxh&@h{ﬁd‘lﬁttﬁfaftﬁﬁﬁiyyﬁsgﬁt&ﬂ@%rd sucrose
or sorbitol is relatively decreased. These and ot her such osnolality and
osnol arity coR¥PdEratFyAS PaFandEl PSR RS9 IBfhee art. [0160] In
certain embodi@@pf SThAahOkTUE AhAABOf b&ihﬁa‘t‘enﬂgmﬂrtﬁ&ﬁm i6Bedesaigonpati bl e
with parenteral adm nistration conprises one or nore free radical

100xi dat i on i pHiBitdbsscdndfar! m‘betuabmmg agertesd and var- nelttygcmd for det r adi cal
scavenger. at nopn, e_arit..and t rmul ati ons
and net ho2 S o?ﬂndlsée")1 deggcrl'%egg”’her el anﬁ%%n pl e%(}ﬁﬂrﬁigfgglg %‘*ﬁ”"?‘éi?é“%g‘ ﬁl mted
to et hanol, ERHAy 8&nkPbAtetiianael C }toquaaﬂmﬁm (artdrabettdmnmtgaﬁm manni t ol ,
hist id me, glycerol, sodium |trate i NOSi exa hosphat e

tripol yphospha‘%’fe% ‘~of§ RE: *di‘%%&‘o*rb%?t%% %ﬁc%‘? b‘iaﬁ"iai‘épgt*‘ﬁl dbEci nat e,

nal i e acidl rm#)ﬁ%hel"(\igﬁ&&%&% the EDRRA ARl RAor aRhidbdld WS, GRORERARI.ons of
two or nore of the above. In certain enbodiments, at |east one non-reduci ng
free radical demvéngerivmiy be addedobtoniizesrer ey depoingimondff ecti vel y
enhances. I,\ong 1 of: I | I; r adi cal
oxi dat i on i nhl%ﬁ{ tor sFaaE‘L’ 15&%‘” séjﬁ%yﬁaf g%gbﬁg%a%gpﬁmﬁgagrﬁﬁgﬁi&)c%%l&nat| ons,
20such as a spaysnrgeridancraudirlydl. bmtl(hastg ond H’f@h&)@ﬁﬂﬁmﬂdfibf lob 1¢hedeatioe wil |

det erm ne whether or not the, a % f a. scavenger i s needed. [0161] In
cortain enbodi FERTOEHC FEPWLT At | bt el s RO B Er S ueaor “conpat i bl e

wi th parenteral adm nistration conprises one or nore non-ionic surfactants,
including but not limted to pol yoxyethyl ene sorbitan fatty acid esters,
25Pol ysor bat e-80 (Tween 80), Pol ysorbate-60 (Tween 60), Poiysorbate-40
(Tween 40) and Pol ysorbate-20 (Tween 20), pol yoxyet hyl ene al kyl ethers,
including but not limted to Brij 58, Brij 35, as -well as others such as
Triton X-100; Triton X-114, NP40, Spas 85 and the Pluronic series of
non-ionic surfactants (e.g., Plutonic 121), with preferred conponents

Pol ysorbate-80 at a concentration from about 0.001%to about 2% (with up to
about 0. 25% bei ng pr ef erred) or PoI ysor bate 40 at a concentratl on from
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| SBN: 0683306472. [0164] Conpositions of the invention may be |yophilized or
in aqueous form i.e. - d nsolutions or suspensions. Liquid formulations
may advanwegemussiss4be adm nistered directly fromtheir pathksgedossion and
are thus ideal for injection without the need for reconstitution in aqueous
medi um as ot herwi se required for |yophilized conpositions of the invention.
[O165] DI T eCt jiflelhyRh b MIUN A0CT Cr LOIMQSHE BN ik 1Rfgsent T nvent i on
to 25a subject nayibe acconpl 1 shed by parenteral” adm ni stration
(|ntranusculaﬁﬂyn%aﬁ@baperﬂﬁ@m@aﬁmyb.+nrgaﬁ@¢@dhhv;nghnémaﬁebusgﬁ
intravenously, orsto the intersti ssue). . oor.,.by rectal
oral, vaginal “Fopicsl’ K?ﬁaﬁgderh%iﬁkg 1mﬁag61mg%anﬁt(]HET/$}¥ﬁUInDnary

or ot her nucosanhgdﬂnmtgtwa&nmm( hmoat@mqhemmedpenb@ﬂnﬁeemnN§ﬂuenteral
adm ni stration |§}b¥ i ntranmuscyl ar injection, e. to_the thigh or upper
i

arm of the subj¥ HIOHEE FERC t}mbtéﬂcvﬁ%tméfl%é@alﬁamt@ §Fthe @ HgBoder ni ¢

needl e), but peggllenk rlﬁﬁtc'u'ﬂhﬁ%t}g‘;&% dBYoakbEIRAL NG ¥oB8niaed md by Pi cal
intranuscul ar dose is 0.5nL. Conpositions of the Tnvention may be pr epar ed
in various foppmy 3 gogof mchmrqte@tam@mneﬁm hewrtigglal ugfsiddugslthe i ons or
suspensi ons d h prepared as a
powder or spra{}m%Sl &ﬁ W%%%g Bﬂ%§%§ﬁm% &F%%ﬂHgﬁéhh9&ﬂ%Bxﬁg$nhaler I n ot her
enbodi nent s tbmammsmhv ﬁﬁif,ﬁﬁ’}bfdlﬁ)(&mmﬁffﬁﬂf easma,%umoﬂletamgyomn pessary, or

for nasaln aur al cyl ar adm.ni strag as.a s ps, gel or
powder . o166 Est! UL bf TebperBh e Cr it Rt RRear s o hvmogent ¢
conposi tion NMaymbesReLebEBLNEEh RYy shandand séklngsisk Ny alcyl Agmebser vat i on of
appropriate inmrune responses in subj ects Foll owing an initial vaccination,
subj ects can FegethEchHie e seyerall Buodt g e 240 insas! adeeuat el y
spaced. 10Pac'f@\9tn@g 1384, /05208,:H8k L?%&Yéﬁﬁl &@ﬁl‘ %n%%”pos' tions of the
i nvention may be packaged 1 n unit o e or £ - ose (e.g. 2 doses, 4
doses, or noré%wzFodh@uﬁmtwdﬁseozmmmskummah$nameommpmnabhythmktﬁot

necessarlly preferred aver ned. s rln ui tabl e nult -dose formats
Moot ude Bt aPErepE it e LAFS Y RSt B tER SRR 0T 1510 2
nit per dose. ahiiho@RE bicHiceBPOdixABALSy s&h@ 18RS OmhBindasthk, ML dose. See, e.g.,
international Patent Application W2007/127668, which is incorporated by

reference her EFRUDTBHIOSTET BHEY SR HRpREDEAY BTSN SR AP & 6O GPHEIC sui t abl e
storage contahner $ud BhnBeD8sRE BREN! Bdnd St PASsH 'dtedttrg%t Ligryeeyi ces,
e.g., single or nultlple conponent 2 0syri nges, mh be supplied mnth
or wi t hout needmesmeﬁisyﬁfﬁgéivammguwmﬂnﬂmmee@d%@tﬁhecessdﬂbmyomontains a
single dqae of the, pres ﬁ; ive- cgnta nlng, gen S coqg nlof t he

i nventiof’ al tHéUgR FTE 8*"’%%" SBEEE T é‘y‘rﬁhé 87 are"arso g nV| é% oned.

Li kewi se, a VbﬂiTﬁENujNQJMd@eﬁfshﬂ@ﬁ@emoﬁﬁﬂﬁuhmﬂﬁMtﬁi@e&ﬂﬁﬁwwﬁkM amcl ude

mul tiple doses. 2 5[0168] Effective dosage vol umes can be routinely

est abl i shed, DHHORGHT dEPUHOBBY 810 PR ECEBHPSNEIEHE BT STHEEERSH has a
volunme of 0.54kMl, &ﬁ&liﬁe&ﬁn@bﬂk Rohedi 't@?ﬁWﬁg at@rﬂﬁtsqgﬁt% biShd Qfﬁ@:'t]i af;ed, for

adm ni stration to a human subject. In certain enbodi nents, the ddse is

f ornul at ed fomkaﬂMW®ﬁkﬁﬁdﬁV hﬁtemaﬁﬂadubmﬁmt%enxﬂhﬂetﬁgcent t oddl er or
infant (i, e tha (Y 1)...hy 4bj e n referred
enbodi eRts b A AESTer “8??1 |pﬁ‘?“e%1?“ g‘)ﬁi_’“[%ggf i S’c"‘d&%r}r}u”%é) eﬁf@g

conposi tions Qiehh@ﬂMﬂyemkﬂﬁﬁtﬁ%ﬁnﬁkﬁ@oﬁhk&ﬁbk@mﬁ@ﬂedB@OMB&&@Hgﬁﬂg ot her

i mrunogeni ¢ conposi tjons i.ch are ted in Lyophilized form Where an
i munogeni ¢ ¢ B%‘r"t% Tt t’vgﬂt% BREGSGH FoPeLUBRCEsh gﬁfﬁéﬁfé}aboﬁ&w

reconstituti ofyid:-Ne; (WANERL LHAMuRY RVHHRS isdickibdd W blort Wy Qe RD&IQVI @l's, two or
nore ready- filled syringes, or one or nore of each, with the contents of
the syringe befoiRstiossduey InebofistirgEenit Heowshektht sutisen carebs/ingdsupedi or t o

i nj ection, or I8 0f osi tions of
t he presgnt i 3V entlo??t %ﬁﬁ%%%gémﬁ! ?%ed’éﬁgh¥ggg2gﬂﬁtg%pﬂ&0%?ﬁ?, usi ng one
of a mul titudeniohisnetihadsadfiotal teieede odr yinnglimedt] thk aommitiof ptdiestian trayo f or m
dry, regul ar ha ed herlcal particles ellets or

T ot ospher o5, DhAVTHG Ean R Sy Sl S Sl e PSR er o1 Ses
that may be selected and controlled by varying the exact nethods 10used to
prepare them The i nmunogenic conpositions may further conprise an adjuvant
whi ch nmay optionally be prepared with or contained in separate dry, regul ar
shaped (e.g., spherical) particles such as mcropellets or mcrospheres. in
such enbodi nents, the present invention further provides an i munogenic
conposition kit conprising a first casponent that includes a stabilized,
dry : 15i mmunogeni ¢ conposition, optionally further conprising one or nore
preservatives of the invention, and a second conmponent conprising a
sterlle aqueous solutlon for reconstltutlon of the first conponent. in

. D T T T - ~



[0171] in yet another enbodi nent, a container of the nulti-dose format is
sel ected fromone or nore of the group consisting of, but not limted to,
general |wbanaiwiss4gl assware, flasks, beakers, graduatescTyiscoid®sss;]o
fermentors, bioreactors, tubings, pipes, bags, jars, vials, vial closures
(e.g., a rubber stopper, a screw on 25cap), anpoules, syringes, dual or

mul {1 - chamber ;SYE 088 ex Yl DG8 SLIADEKE wiBYAd MAR:iBL UTGRT 0wl YPDEH
closures, plastic closures, glass closures, cartridges and di sposabl e pens
and the |ike. Oﬁ%eammnmanﬁetHmﬁbmh%appeeehtuanEhmnennmsmheUmH9ﬁ®$ed by

mat eri al of manuf actu and udes s..such_as S etal s
(e.g., steel, OIF;)OSCEfOélg gt i é Evaié lV» 1{5 EF?.FCCE 10 cathe%fl tia3 Gther d:omgr)mngs gn g?

t her nopl ast i CSeteﬁdtiﬁﬁi eMBesodsSthareogpl s&&k&&rt&h@%tﬁﬁ&ﬁtﬂ})ods|W‘buai pantd.cul ar
enbodi ment, the contalner of the format. is a 5. nL Schott Type | glass vial
with a bquI §F66ﬁ3¥ 3¥H%*§ﬁ$l?%ﬁ?%ﬁqmsﬁhmﬂPFV“§§ﬁ¥@é?afe”th%?“ﬁhe f or mat
set forth aboymohp By RGHTBANSHARNEXPAYSTKML rbihSl 1o ANARLBbMiBRT Ve as

gui dance to the artisan with respect to the variety of formats avail abl e
for the pr es e AtTPPERCOD NN Aol of ® FREDST %@@i—‘f@e‘mﬂ wrwdndthad, i n t he
present inven d [ ratory
equi pnent -ve% %@SQﬁﬁggﬁgﬁﬁgﬂkPﬁg%gg%g%gﬁﬁgmﬁ %é%gsﬁa‘es B{ glc Cor p.
(Lima, M), VvMﬁumE&akuamponm@ﬁtﬁﬂﬁﬂﬂagemmeuﬁbnpmshiw@ﬁs>ﬁ@ﬁﬁﬁbnmm one
enbodi ment, the pr sent i nventi.on provides i nmmunogeni osi tions

conpri si Hrg at SPERPR R85kt %‘éﬁ%gfb? SHES & adapipiaiEng fbgah‘f HYETE173)
Various in Vit&Apds@8hs vAleyHeet t @ Sass hil® A RBMA0YRIE h@hlnku@fiodshe

i mmunogeni ¢ conpositions of the invention. For exanple, an in vitro opsonic
assay i s condedtegubyinjosivbarithgintagechir (an i trapeatontal stmpnfladesed al
cell's, heat ipact dr‘ééﬁc‘%% &F&%t&@ Qé@té&h&%&? G o&nﬁ&t&aﬁl%tﬁ% defivd:he
antigens in question, an exogenous col enen sour
Cpsonophagocydoamsopvmmeedsﬂd@nmngaﬁmc@batmmhﬂoﬁmﬁaeshﬁmahspbated
polynnrpﬁ nucl ear ce d|f erentlia d. effector C such as

FIL60s a thé“&‘rﬁ’t‘f‘%%ff‘i(éémﬂ%heh‘t PAELBhy I BEsE “88" FPIoH Rt m%SBact erial

cells that arecgeated pN\%ﬁt(ﬂNﬂtﬁ&@Ma@ﬁﬁba@@ﬁﬁh t adlegs, Kindsla@hudpan
opsonophagocytosis. Colony formng units (cfu of surviving bacteria that

are recovered“ﬁ@éﬁﬁdb%bh%%haﬁﬁﬁyﬁ%§P%“aheh@e@e$hﬁh%@“%&“bhaﬁWﬁﬁ“Whe assay
mxture. Titers, %E%safd‘%{?%t 1@&11;;@&11%?%;‘5 @&‘d?a'{ %9@;1 1O ERGNLEDES g d uf | on that
gi ves 50% bact eri al ng, as determ ned by conparison to assay controls.
2 0[0174] A whwhe;c@ﬂhmEDﬁSAﬂassaydbswaHS@pmsedmeﬁaSQesSamnavmmﬂo

|nnunogea|C|t e ex ein the bacterial
srranoor o ne B PEHAGRTERTL Galtal rf BRIt RLER: aa”a 06 wel
plate, and testmsRitdnlEom: aRcimrnbzeshdani Mlicd i8vd] etagt)e&rmitjh ofhe bacteri al
cells. If any antibody, specific for the test antig is reactive with a
surface exposé@“%@h?bﬁ@“%ﬁJtﬁ@nahﬂ$@%ﬁ*“rﬁbéahﬂﬁemZD@dﬁﬁe%¥eﬂmby st andard
met hods known g {0.oNnGyski-tJede lopsé‘v@@a B dsier Rt@t%gg)tl’atﬁ%y 28RLhggnydeponstrating
the desired in vitro activity is then tested in an in vivo ani mal chall enge
model . I n cer {#°A] ehbm@wmehﬂsmMiﬁﬁﬁh@g@hﬂ@ﬂemwpoﬁwvt@nswanenmeaﬁnmn t he

: mz: ;‘;2: 82 ?\%&n”ﬁ{%n t%%) 11&6561%&’:\ ¥ IT(%&J%G hm 3 Lrﬁft%‘tztgditt%n% {{“ﬁg?)tengr
parenteral, ofrafmentest BN Vt‘agtmmalnattcbifsam&ﬁb,ma|1soldtﬂl EpRE tttﬂmsecajhande,s
intravenous, subcutaneous, e | owi ng ir ation of the animal with
a particular Sﬁ%ﬁt‘r’;‘)w&éﬁ&‘ih’s{" é})ﬁ 7ja fhiﬁ%’a]e" A0 8% VRO EREPAAI mal i s

chal | enged \ YLJ)rl}w@tte%QQ CROBQC Cla8o®B: crRRdASRAYEY LRl s-i8sipbange to the

st aphyl ococcal nf ecti on. [0176] I n one enbodi nent, pathogen-free nice are
i muni zed and(«@hat*»tféwgea*tw&er{msm atimdliguid HopphebesipP¥A wedee arteadermini zed
with one ,@r f ir 2

Compos t an. " SUELERTaRY PlrohBRaRCe AR, SRhAR: Al HIRAER AN, g
survival is rmnei:mﬁﬁﬁdiooyéﬂmf)mcmsmammahﬂuengéummahmﬂw tﬁ)fttﬂﬁhTunl Zi ng

0177] Provided al so t hods. f or zin ost .to
gtaphilococcag'tﬁﬂEéN?gewtt (QH%F%?@Vﬁgggehﬁ%d§W§ﬁ?“mﬁﬂ ?§“hﬁnan

Thus, a host or subject is adm nistered an i mmunogenic anDunt of an

i nmunogeni ¢ conposition as descri bed herein. An inmunogeni ¢ anount of an

i mrunogeni ¢ conposition can be determ ned by doing a dose response study in
whi ch subj ects are i mmuni zed with gradually increasing anounts of the

I munogeni ¢ conposition and the i mmune response anal yzed to determ ne the
opti mal dosage. 15Starting points for27the study can be inferred from

i mruni zation data in ani mal nodels. The dosage anmount can vary dependi ng
upon specific conditions of the individual. The anobunt can be determ ned in
routine trlals by means knomn to those skllled |n the art In sone

N Y L - 1. . o - T T e 1



in an appropriate nunber of doses is admnistered to the subject to elicit
an i nmune response. The treated individual should not exhibit the nore
serious cwvonbmalsis¥ni f estati ons of the staphyl ococcal i mCeatscan/03%he dosage
anount can vary dependi ng upon specific conditions of the individual, such
as age and weight. This anount can be determned in routine trials by neans
known {0t hosgpekidoh f0.bllid ORVAY bind LOLZRI.alp QN pERDRALITRAL ppRLT ENts being
adm ni stered i'munogeni ¢ conpositions of the invention show R Feduction in
S. aureus car pq)iag@t@dapééﬁisttdh Qﬁedmbtmiimﬂt iﬁtbﬁafpmﬁa‘genmtw@t Prdl onged
interval of tine spent non- carrler L ng a qstr fl? Qf an
HNMUNGoCnic L(\ﬁlg()stti(}ﬂ CO_anpI‘ESe %@COE‘H inant auiinl/ib < utnam aC
i Mmunogeni ¢ conposition 1S Si ican roma ned 5 rspectlve For

exanpl e, redugtttmﬁfmgan@tvetf BMI\Sm asinBkS A ir-age S Moedrirdredisdingy be
assessed fol |l ow ng ose of S. atirens nul ti-antigen ci ne. For

exanpl e, £ dayPrt Btﬂtfoma&mt?*nti SIHSRET RHYOFClg tﬁ%ﬁt&b@%ﬁt@t@éﬁﬁ&‘ﬁm on, a.
group of adul {5 8080k:d812RuYL85I9: RS §6L 8eRGE.FQr oG8N, 208 LY nasal and
t hroat swabs foll owed by cultivation to deternlne their carriage state.
Next, the groepbedmctiethadninmicst ersencgmip mmm;@em iga gighydsivpiigieiof t he
invention wt 1 & col wabs
perfornmed wee @(9 g%k%&} Tg%vxgle&gcbglrcr odxldé 31%}?18?#10%%&0@5 %E“rir%nt hs post
adninistratioﬂ @hukhﬁnmﬂmyﬁmgemihApﬁm@ﬁ@ﬁtmoﬁ“aﬁewpembmamnﬂthﬁdﬁeonpared to

pl acebo. oint is.to. co rrla ates in patients

B For st s FEAFPBHIGH CHi FHINUEAHTE BorpBOT BT ORI SUe 6F acebo. at 3

nmont h i nt er vaksnpasdonk BRRRINZ 81 d:0Bys i iRlindpdelsvetc %taawletoe@emd

I nf ection [018@519 Several animal nodels are described bel ow for use in
assessing t hep ﬂc&@@@wﬁ‘maﬁywﬁeﬁt@ttOt@i@%nﬁ%ﬁt@@é@iﬁt@d@wf@éu tions described
her ei n. [ qsly (Pa e Passi ve
Imn |izati onpR}fSi’EdhﬁlMFO{fg?fgﬁ)ﬁﬁ%gadr\% pasﬁ‘5| vg}l y |V%ﬁflﬁgg{ e)(Elﬁrt‘(t: }r%agemﬁl toneal |y
(i.p.) wth i mumeirde oral inantidgady cotiheitngengr gcssiubsetuent | y

chal  enged 24 hours lLater with a lefhal dose of § aureus.. The bacterial
chal | engdi o St apate PRt st BheRemeR R RoaT: o3 TRLaR fgthat | any
survival coul gn beiaaldtchdul @divtQ chhvic2BPaGhhjnBatMioi N, |, RbERaRERA of the
antibody with the bacteria. The bacterial cha Ieng}e dose is determned to
be the dose r&fitpeRryvedBrieviers eeoreasdye 800 Appresrhadery d6% of t he
uni mmuni zed c &Lén‘?'m@}u?&x ﬂétsatz!n%k! Rx%m%as'utl%t'n?&nﬂin t%‘d( Vival studies can be
carried out by Kaplan-Merer analysis ctive 1 muni za |on Made! " [01821 In
this nodel, nicembingnt Swiisgs V%b@trgrfamlc%)i 4B plrggrdny ENINTIMI zed

i ntraperi, Loneall bcuta eous en.at 0, 3 and
6 weoks' 67 ot RupVuiyt RRAPoar P ey b A S AL ERURG an
Ssubsequent | ypehalctiengedype §hoGugatt @Rt \tﬁ%t&ﬁl&ydti}%ulaﬂtravenous route.
The bacterial challenge dose is caljbrated to achieve approxi mately 20%

survival in tREYESHIFEFS gPoigogveicalolRiM g gl srivegimest gt thspicear

eval uation of nﬁ%h’ﬁt\’dnvﬁte SLdl 8680 P8 @@1%1&5‘?&%1&%{%;@3{@5@@ APRuMBLET anal ysis.
i nfectious Endocanlitis Mdel (Passive or Active) 83] A passive

i mruni zat i on hodel pFgeniMitéc i @ubiﬁféndwatr@pb’ﬁ»@ct@dl E)»» t}aueedﬂjbgdigi toour eus has

previ ousl be sed to.s erA Ll nity. See
- Ver nachl)cé et ?gr V7 ‘f&d P ;gogﬂV‘é “ %ﬁrt% ifi& ‘nié@‘”q %%%f?g’%%d(rgﬁgg‘%?]ml nthis

nmodel of |F, [i}i@b] ts h@l’mm@tt(@,eﬁﬁt et)tlnﬁﬁﬁhdn@ oﬁ lm@hf&'&ﬁ igldnnbe adn ﬁtlﬁfitﬁct i ons that
include a central venous catheter, bacterer ernato ous seedi ng
%ti(goxw St ¢

to distal or gSNEPTEAYRAE BRI b T &Y 183 F‘t»%‘ ‘Fttl c val ve
-vegetations gr@yadriini steh@d @ s$hg] @cPfualik) Rb-E:oh BEbAVENAUS 1 nj ection of
a nonocl onal or gol ycl onal antibody specific for the target anti gen
Subsequent | y, raghetianphieralraader sl eﬁg@tfdmnmunm tstpbacrged. by pesuarionis

epi derm diss SLEBNmedNER,ALLEE, SRALLERGR AIPA by SALAG NeggLAL ons, and
addi tional” tissues, | hcl udi ing ki dneys él are rvest ed and

cul tured. Thehﬁmexmemc;n tebresctquhtblxempbe af carimﬁe:mmmm'}ﬁuh@tdmaiﬁdst ifsisue,

ki dneys, and bl ood is then neasur.ed. wer e
chal | anged wi CHIGTEHBA RS RTotk 35584 o Y 56 DEMal AR 'F educt i ons

ininfection rate were shown using either the polyclonal antibody
preparation or the nonoclonal antibody to CfA See Vemachio et al.,

Antm cro. Agents & Chem 2550:511-518 (2006). 101841 The infectious
endocarditis nodel has al so been adapted for active inmunization studies in
both rabbits and rats. Rabbits or rats are inmunized intranmuscularly or
subcut aneously with target antigen am$ challenged with S. aureus two weeks
| ater via the intravenous route. Pyelonephritis [0185] In the

pyel onephritis nodel, mice are immunized on wks 0, 3 and 6 (or other

appr opr| ateI y spaced | rmunl zat| on schedul e) WI t h the tar get ant| gens.



Anti bodi es and Anti body Conpositions [0186] The invention further provides
anti bodi es and anti body conpositions which bind specifically and

sel ecti vavg 20m/Bn@40r nore anti gens of an i mmunogeni ¢ ceapaskaioossoed t he
present invention. In sonme enbodi ments, antibodies are 1 Ogenerated upon
adm nistration to a subject of an i munogenic conposition of the present

[ nventi on. | NSO STRQUHIRS.. bign iy 8l Ao ROV GBS PYblfibRfheor T sol at ed
anti bodi es directed agai nst one or nore of the antigens of an I mrunogenic
conposi ti on ofxankdcypragmnnts iaeernibonised in tsovrecisnbbiic penvesy intcheoant i bodi es
of the present re titncti a |i0g, bacteria in
ei ther an anrr%}llra g%f#ﬁggguXMﬁégf“nrg£ L“aﬁmgnsong?]tg%hwtinm gﬁng assay.
I n sone enbodiwnk shmtthﬁnamtmbﬁdgets@@tn tvher bnvieits, @mmntoarenpa&smve

immunity to a subject. The pres ventron further provrdes
pol ynuci ect i d&*HsPeot E§hc s Pﬁc@ L EtTEE e e untt ibddP PP EGrent of t he

invention, ang-arGehdia® G&§lds-bi rtemﬁa%ta Baathylatl donB: &R 118:sar s RERer
engrneered cell” Tines for reconbi nant Ero duction of antibodi es) and a

20t r ansgeni ¢ éﬁﬁwﬁthﬁh@hﬂbﬁe@ééegmﬁﬁﬁa HiEbB 2ok saetitbeYy Acormiesi ti on of
ey ot oA P GHRR Nl pacund 8. LR Ry i Mgt he art.
a met hod of th@aﬂkmgn@emm@ﬁmembtng»a&ﬁtamhykse@ﬁﬁahtMﬂﬁ@ﬁhe0ﬁ¢cd|sease or
condi tion associ at ed C,0C he met hod
conpr i 5116 22 gBHBI T BT BRAT 2 S0l el de g B i par at i on.
?nthSlngbsalghﬁﬁh%hgéﬁoﬂhlQ?R%E@QMK%Qﬂﬁﬁﬁmkiﬂﬂ(ie)&ﬂ%ﬂﬁ%ﬁﬁ%ﬁ@lr% I mmuni ty
o the subjec nti bodi es o e invention nay al so be us or
di agnostic neﬁhﬁﬁ@ék’@§5da&@%@&ﬁﬁhéwﬁheﬂﬁﬁeéehéeVbﬁmﬁrnhﬂﬁﬁt§$y|ng t he

or esent i nvent oA T EaNp R b a1 THe TA T o b S PR oL dBmt ate some

enmbodi nent s oﬁhﬂhﬁag&e&b@ﬁ%ﬂmhéhmﬁbm NkbﬁkﬂehA&ﬁﬁnJmamoﬂhewnwderstood t hat

t hese ex | es e thr il pration onl Oahd d uy port be -whol |y
or i ni 1 06 as SegEEaArPToHE S Sl TR R AR e
appreci at ed t hat) pReabyPET abiedzeRct meﬁqaﬂmﬁétom atgetﬁp@ﬁatxuaar 5¢ eaction
tinmes, etc.) have been given the condi tions both above and bel ow t he

speci fi ed ranggdlsapesrsb Bl swamanstiiorycheran by nelylsd SoRvamcant | y. Al
parts and per eiss, J &f S0 RELEL A A€ 0Bn8 (Wl aNknRAR] RiARd o8l |
tenperatures are expr essed degr ees centrgraée unl ess otherw se

speci fied. 10fB18%inckuit nbrerrqmﬁmérmatnhehcf oljiirow mgy e«anmka@m@r@rwanmoed out
usi ng staadard techni g A and rout se of

okt 17 Tnene aprSRRREER Rl bR e el B s bR e A Rt e
above, the foh;hgpabrrg"axartpétﬁsttar & 1prtﬂ$ﬁﬁtta@mt>ermt Heusktvabing €uipdf pose, and
shoul d not be construed in limting the scoge of thiis invention.
15Exanpl e |: PPFOFUET 6 B uﬁtﬁt‘r !&étﬁgﬂer ‘t“A}“aﬁH’ ICHES VU190 Yeriifiithg factor A
(ClfA) and B {1Qntt§(?{)eit@rugtrt§miﬁ&{ @Hﬁb@hﬁ@ﬁl@%reﬁr Qtt*%t@tsof BRPeASIRIE: for Dbinding
to host proteins including fibrinogen (C fB) and cytokeratin 10
(Cl113). dfAvanter@f i tianetonsmhers of a fanlly of proteins containing the
car boxyl ter L SE C i \ . Oprotein
to becong%coCEP@% e L””&egg%“w éﬁ%%f?h¥uriﬁgggggdfﬁmtﬁ?idlxdg ‘I B bel ong
to famly of &Eﬂkeltﬂ&s}(eké deehs adsoSued aﬁkﬁuﬂ:@m@ﬁﬂﬁs&i’?ﬂtSmReﬁ@gﬂbilN@}M@GSI ve

Matri x Ml ecul e, MSCRAMVS nd bi t extracellul ar
matrix protei st diopy arée*frr%rit &%ﬁ&%é TR tr@rayarqrii Er@rréfetrfﬁ‘ EnbA and
FnbB), col | agenid( EMhisy @Rtk FuNELSH:, ThE88 BEPLRI Nan@ hoBNBER, ke, aMN0 2

5t er m nal srgnal sequence t hat nedi at es transport to the cell surface. The
MSCRAMVE al soskinet tidisouniad detngyrpapiiges, iosaivher pilicrironiy steelgistes- cont ai ni ng

| i gand- b' I’,tdl ”9‘1&%& OEEQIEEOILEL(Q{EE!'QQPQERT nﬁxabiri«oﬂgc a,p tcﬁLiaﬁgclt&emﬁnd keratin. The
A- domai n can ﬁ a regi on conposeg of “SeF i he- aspartate repeats
(SD repeat), wmm@mnusctthgh@mbmwsp&nukhempeptagmgﬂmehamitmwﬁr The SD
repeat is followed by a 3 Onenbrane-spanni ng regi on that includes the LPXTG
(SEQ ID NO 125) notif for covalent |inkage of the protemto peptidoglycan.
[01911 The ligand binding regions of Ca and CUB conprising NLIN2N3 of the A
domai n spans am no aci ds 40-559. The N domains of CfA CfB have been
assigned as follows: N enconpasses residues 45-220; -N2 enconpasses

resi dues 229-369; and N3 enconpasses residues 370-559. See Dei vanayagam et
al. EM30 J. 21:6660-6672 (2002). In preparations of reconbinant CfA
N1N2N3, the N domai n has been found t2 be protease sensitive and is easily
cl eaved or hydrolyzed to | eave the N23 as a stable |igand binding

reconmbi nant fragnent. See Deivanayagamet al. EMBO J. 21:6660-6672 (2002).
Srntlarly, |t was denDnstrated that N| donarn of CHB i's also

o o o " o B o 1~ 1~



276, pp. 29969-29978). The crystal structure of the fibrinogen binding N23
fragnment of CfA A domain, revealed that both N2 and N3 are dom nated by
anti - par avbebilbesis4strands. In addition to the anti - par aclrals2benaosse r ands,
the N2 domain contains a single turn al pha helix and two 310 helices and
the N3 domain contains :15-three 310 helices. See Dei vanayagant et al. EMBO
J. 21:6660- 66?&%399%“?@tcrr;zggigﬁgedsﬁﬁh'f%Qﬁﬁ il LGRAANL 8o\ 0 Bt g eyeal s only
13% sequence i ity and Yo sequence simlarity over their | engt hs. See
Dei vanayagam etv i@lnmcEI\zB@ th 1211111’6!66@%@?% éizoegﬁturéﬂheﬁwwpmiz ogirowfit't he N2 and
N3 dOfTB.l ns ar gO@% OTED Ni l%%l C Om@%%ﬂtc 7 o)) 4[‘*1!1011 a?anOQavn%llb}een %r Oposed to be
novel variants of g’(ﬁ Rk leR R iNe 20L rvanayag‘am CRITE
21: 6660- 6672 (2RORA) cnﬂ@@ﬁﬁbﬂ)n&ﬂﬂexﬁ@t@msmo‘hs(@atfﬂﬂ dagade pdﬂw%hﬁmhﬂﬂqm@g@nl c
conposi ti ons descr.i bed EEI‘EI are fr {TEI’I'[S 0 | A conpri sing one or nore
of the N JomaPhieptifly s g ‘éﬁ%a HIARPRETANY 4PE CPREPBHPRRE P8I HST ei n as
"reconbi nant  @LEA%. o TrtgkleAOUECL @ro@g‘ghkh% &% it frFAGshauhghgione that
mai ntains the native structure 250f the individual N domains and critical
epi topes but &oest semidahpiseiresre oupthir Kortals %ﬁm@é@,@@siimmm@zwﬂmm zed
i ndi vi dual af ni t 0
Mut ati onal st hﬁl %@gﬂg\cf’eﬁgﬂ ihg‘?h a? i %ﬁftjdi %}%m%g%%&?’%mlh g%r?g‘fsgx?t
el i mi nated bi hgimipnothetpneciNg3r ﬁdiagamahdaqmazmmyimﬂﬁg&ﬁoxx(tllihbz&té{mfs&a%rposi tion
refers to a change froma tyrosine to an. alani pe at on 338 in the
% |‘§*ﬁ ﬂf“e

[ mat ur e 1Cbr | HOBY RIS (i i R aBver SRk Atk e "<¥guence
still attachedsanliiSuGBaNY80:68RIREA. TE Rorad "1%%&@"0@“1@1&@;1 "indNgciG@s ure form
of the mutated Ci A polypeptide of SEQ 1D NO 123 that denonstrates a |ack
of bindi ng t oPRiFiEnogERYIcaSEe MDEENay agamic. g ragthodsyBegticapien 6660- 6672
(2002). There S p L.2l 1l fragments of
GfAin the f%ﬁ’ﬁﬁ%a‘%gg Qé%*g%”w%g%%f “g?n?f B 1§q§e§%ﬂ%‘§%% At forms of ChB
used in the |ﬁm’bstmgeaﬁinaroe@np@mﬁnum&smdemduddsmﬂqﬂmeﬁenmia’(e fragnents of CHB
conpri si one or more of the - d)o for N2N3 and are
o br 1 ed Loy Spor Be P pl A TR T T Bt UG TR any ¢ Cif B
shoul d be onecéhigincABiontiRl08s ﬁ&ﬁxﬂﬁ@iﬂ#%z&ﬂaﬁtu@bﬂﬂ eozﬁ&nm&m&ﬁmw duhaé N

domai ns and critical epitopes but does not interfere with nornal processes
of the imuni 2&WsPidbPEhrides befctatinmmiidt riat iondipntelly tgeascalgtarbi nd
fibrinogen). ’ \ ; ac@hs 2008)

154, 550- 558) (n%ﬁ‘?m iﬁlgigdﬁ%@%%lrﬁmgy\é{ ?z\\?vu;ﬁu}l pgﬁzltvrl;glnmr a§ e)ggﬂ ? 0{5&8}5 é

di fferent for hw@f Kﬁﬂhﬁn aﬂbomr @@"é; Husiéts. t54e, geiterat! &, ﬁmﬁb nwugiaﬂ O'i‘ef f| cacy
data include |ii sCIf 1%? g:l Al nR ; 7le1 Y33§ Qﬁ% 23) and
afi A(N23)- Y3§‘§3&mm§é Eﬁ“ (e POTHE Y %”g%’ﬁé" Yot Al ﬁ}sflt W5 egi on codi ng
15sequence frpm@,pnaubﬁmanmmnﬁﬁﬂz }ﬁ&fliﬁ&ﬁmﬂgkdﬂglJﬁﬁdﬂﬁ&h'ﬁu}@ﬁd #0-559. The
reading frame cioned fromS. aurcus was_fused to the N-term.nal H sTag and
li nker  sequen&&sobiPRaERRoYe (VRERITRIFYP FIPRisers SEgrpaRRyt 2997) 941 ong wi t h
three additiopak, Q)@%t:r\%il§§tQ'7@H§€ 1&%5%%&;@&%{ Wﬁ%@l\%@pi&ﬁﬁn Seelh€frm nus.  (See
bel ow fur detail ed procedure rotein expressed fromthi's vector was used
for all 2 Oexp@mavremmsk \merpéuqati by shmfzéhsf@ﬁ»svsoiiaspﬂai‘%mii A(le@) y 1191951 The

a1 A expréssent i Wb 0TS B BT GIoR By S hRE BRetRRIRSS) T
expr essed usi p@Li}.ﬂg@’sT50E}hfil&ﬂ’ﬁﬁﬁf&lsﬁ@iﬂlti&h}ﬂeﬂ amdp@&&yamdsxawth@pdm&ﬁn fornms are
QT B T7CL T3PRINENE: Brd enr B B a BB TS O TP PrGOrTHIAI ani el
studies. G fikyGlomage nRFocedL.nh01981 ihe 1@‘/ | Aoqeditngwsenygnce
corresponding to am no acid residues 40-559 from S. aureus strain PFESA0237
was cl oned anghaibealpiacatsbem covaa8ss olasthan piiperbidecedcit or el i ni nat e
fibrinogen bi gene was introduced into a T7 RNA

pol ymer ag’e exgglégs}gf%%ﬂ\sgg#%F&%qﬁ%jé (Novagen) to provide plasrnid,

pLPI 179. The W@Se@ﬁnm—eom&mﬁh& aregh andeobpritsnhgitrhe (e sgsonabent and

coding region in LP11 | D: 124.. The ex )r.essi on .vect.or S
transformed i ht'o" é’““&? %&‘ii‘f{’ﬁ&%‘aﬁéﬁmtﬁ g‘tfc%‘%“%%a‘a‘r "PECODI nant
C f& [01981 The construction of T7CLlf A(N12, 3)' 7338A i nvol ved several steps.
A summary of the cloning steps used to construct the final expression

pl asm d, pLP1179 is shown in Figure 2. [0199] The (VA DNA sequence present
in p()E CLf40 correspond to amno acid residues 40-559 of CfA that was
originally cloned into the Bam |I/H ndill cloning site of pQE30. This
creates a Hi sTag fusion at the N-termonal end of CILA and the addition of
three residues at the C-termnus The CfA coding region present in (AmpR)
pQECLf 40 was sub-cloned into the KanR pET 27h vector (Novagen) to create
pLP1137. In addition the cifil DNA sequence corresponding to am no acid



resi dues 221-559 was cloned into the Ndel-Hindill cloning site of pET27b to
:15create pt,P1134. The N-term nal H sTag of CI TA was replaced with the

N-t er mi navoX2é1oos1siabcel oni ng the Barn-H - KM DNA f ragnment pCTarse@QBassisl0 i nto
pET9a (Novagen) to create pL,Pi 153. The codi ng sequence of T7Clf A(Nn23)
present in pLP1153 contains 11 N-term nal amno acid residues fromthe 17
tag of pETOa folihouednhy: ilies Apendeld srashivesbramlnker sequences
plus the three C~20term nal |inker erlved residues originally present in
pQE30CLf 40. THefi¥838Avanut ati on was fi rst i nt roduced |nto the d f A(N23)

codi ng sequeng P1134 to cre Later. a Ps

Fragnent - cont 890 PinEt sl e R AaRer b Ry ST s has

repl aced int obPSﬁégu&fk&kflaLemff of 4 EAdA(NL 23 gﬁodhmgn@&qu&ﬂ@ebszmpLP1153 to
create pLP1171"An internal ribosgome binding site resent i,n the coding
sequence Of TTEIFANLTSYIZEA ot i&%%?&»%%@@?&@ﬁ wceéi%ﬁt mut ati ons at
DNA posi tions 338,804 a342uQfin ExﬂﬁmﬂJngdfnﬂ%unﬁgég%% nobl@Aghng from G to
T and Gto A ‘respectively. The resulti n? pl asm d, pLP1176, was then used
to renpve t herehneds. slirtaive Surior esiaues: dibehighdardny cdeipicvedr Frhore

pQ E30C1f 40, b , I f gi on.

The 3 Ot hree ?Vl?tﬁr%\lgﬁl?&&é ve%“a%f%tg1 é%%ﬁg%lgp“\gtr%é? gmgq %&Qg %shp\’hg%cn& gt this
time. [0200] W#hecrehd be expr digsied soyh ieh&atm&mﬂldﬂs ngdﬁxlhagsrﬁodg ofitcRLE4¥S, (Fi gures
2 and 3), contai ng onI% the 1 I\I—termwal acl kxsed to residue
20-559 of-001 { ANFPBNBEERI Tram BRI Sddlencteronipne ‘r‘%ﬁ"r‘d% BB EiHG t he T7
promoter and LiessedsNgLSBEUERGR apidhéd &QTMN%%%YM&JM}%Pll 79 is S.EQ
1D NO 124. Bacterial Strains and Plasm ds [0201] The pl asm d backbone pET9a
(obtained fromiNGPEgERioRasSUEEl MernBesst PRTTEhingdpBETRAg KR ch
expresses T7 o 0 T l, d contains the
kanamycin regjsb?ig“rie[égrg% ’”é%%ﬁ 1I(:%It P %O%%lc{?‘{ﬂ\%ggégl é%t‘?‘%‘ﬁﬁ ﬁi‘_%{éﬂ 131. 21(DE3) E.
coi | host str giynerpl ﬁenasmaﬂétdq$&1<SBo@mB-qth}dcqﬁiuidbm (DE3) Yoot Nopagen)e, was

originally use to opt ai,n S lOI’l 17CI TA(Ni Y338A. The DE3
Ses umat M o et on ok R TR R s R RSB B yrrer ase

gene under coOMifi®lan@bnd bem@ﬁgla@lﬁé IJ@T%&M@MBI&»Hﬂmﬁﬁhgao&ﬁm i's used
for induced exgresm on of 17 RNA. pol ynerase and subsequent transcription
fromthe T7 protHECErPHHERIcHar i%m»rfeﬂmmzlmeﬂsnszs‘sﬁoeeaﬁnﬁfgweequence

present in PLELL R Uegh {Bi%ﬁﬁ( ﬁé‘n@ Qnd L'?J: (M@H?k&r})k s}lﬁkuﬁmg ﬁaagm%:le(ipg%)

| ysogeni ¢ host strain is capabl i nduci ng I'ytic phage upon Targe 15scal e
f er ment at i ons gartibie shogsorster ap rﬁmsgiehaﬁgemawmlt hiesaaety’ bBERVDES)thost

strain [E ri-recA) 306::Tn/ CcreR) (DE3)1
(Novagen) ¢ P?@ ‘)t”n&%ﬁﬁlélﬁg’%@ tq%aim) tff}f\”g‘%@‘?tr mf’0202] For the production
of AIA E cohieBLREBER)hpLRALES, *waaqagﬁmammmpa,ﬁ@fd” Ret: wediclmdrafgl ucose

f ed- batch npde in bi oreactors Whe he cul ture 20reached an opti cal
density (0D6OBY BELEEHEH dB@a“ft‘fﬁ’ei@iér#@sﬁ“@ﬁP‘%‘ ‘@gfmﬂ%a%pmaﬂcéa%y t he

addi tion of | %}@de nﬁg&;}é:pﬁ&r%edl%% hatwest edd p{fét Weell: %}e%ﬁiep‘%‘t‘?u% KRQSt
i nduction. [O he“cells were disrupted and the clarified sol uble

fraction was dcﬂimem débth Afit-rethipectaide itd orgvaftsahrroni asrewaidbatsed by He
rmt erl al 'g\éﬁs gpﬁ)ﬁliiiﬂl h\, i@rms &i‘su&n?%ld@ i%g(glglgltlﬂllgg;u he‘sr}% Qﬂ??‘p a%gl 13(1‘*- 85| n and

el uted. Fractions con and 1oaded onto
an anion exchaﬂgmuao;hq{ri{me(i@w%phm(ose)n nﬁqﬁmemummmm@wmm—a salt gradient,
fractions containing ClfA were identified, concgntrated by ultrafiltration

and | oaded on PRS0 SRR FSTBRETEHI TP SUHER ‘e&‘h‘??)O‘C‘W&ér{tf%%@e

cont ai ni ng G fnane; 1!,1@51{‘&1';1;11!11@)@{)@_@1&@@ sQQAth-[}hz@l bty w300find ferfd TA at
this point was about 98% as neasured d oni ng and Purification
of AfB N N2RNBninistered. Also included are post- exprcssmn nwdmmtmns e.g. glycosylation,

30 acetylation, lipidation, phosphorylation and the like.
{§102] A "protective” immune response refers to the ability of an immunogenic

composition to elicit an immune response, cither humoral or cell mediated, which

31



[ 02041 The Cl TB codi ng sequence corresponding to am no acid residues 44-542
was cloned into a T7 RNA pol yrnerase expression vector, pET28a (Novagen) to
provi de pvexorid15#X1189. The expression vector was tramsfrarsowd/osssio E.

coil 5I3LR(DE3) (Novagen) for the production of reconbi nant CHB. (See

Wal sh, et al., Mcrobiology 154: 550-558 (2008).) [0205] For the production
of CUB. E co Jrgé-sl:i‘)(» Bﬁﬁéa L::P%Jnlét t%ﬁ(ng{’n@é’mgh nTgce t'oﬂ?%ﬁl% ln‘d@gi {g&ngU}ICOSG

f ed-bat ch nDde in bioreactors. he culture reached an optical density
(0D600) bet webnalBOBQ ot He l@ﬁtm@s@p@nﬁdﬁ t@bﬁ:Bpma@ﬁqm@mmm@ttdby thdiesaddi ti on
of IPTG The Cl%'t'a%tgttaﬂ‘v g Oill%Lai\{l pmw t tcomt ‘ﬂcd Gth con 20N uifa 100 qutI on.

[ 02061 The cef'T's e drer tjﬁ ?h CPAErT 111°éd 86 uﬂtg rac?lon was

col | ect ed. Tham@dﬂwt gt ﬁ&:L&ﬂldﬂbﬁﬁ‘» fu’ﬁt&tﬁiﬂtt@ﬁcmﬁ%c&dLuﬁé edntnqunabeaid pH 3.2 and
t he preC|p|tated ihpurities were renoved. .The p W of the soluble fraction
contai ning G FEMREECNS PEXaTO80RY Red RSP HREBIB i VA APy Y88 W 6 r enove
salts. After LAg:aodhiion ofmamRabMmSihial & plhe: i iBhekl Rl r-MB8sappl ied to
a colum cont ai ni ng"Phenyl Sephar ose resin and el uted. Fractions containing
CHB wer e i denticBidadcludii it Wﬁé@mﬁaﬁdﬂlﬂ’t}a@e@iHbﬁn?@i@o@hiv&ﬁt thciéiedhiange col um

(@ Sephar ose) tde It r. I alnlng
CfB were ideh?é$&$dH§60néﬁﬁﬁ$§fgh %§ﬁ4c99 ?qu ?%hﬁg§69%§ oaded on to
a size- exclushﬁnummdmmﬂméﬁap@mdemmkﬁﬁamﬁ%amthqnﬁmnmm&ﬁwmmngaCHB wer e
|dent|f|ed ang pool.ed. The $ur|ty f B a p0|n§ ¥?s about 94% as
measur ed iy SDEVBAGE MERESTEORE BRUBHETIONE ) ucﬁtﬂt% SHE OIEIEHEEE Aur eus

Mht C C oni ng d1§100@? 1cvBY D bifRur @it @b M Gk 1B20,71L v IRe 6001 Tand s%étﬂ& was
originally cloned fromS. awe-us strain Mi50. The rihtC codi ng sequence was

anplified by PTRCRibIGSt Hife ehsiimeso ngeow e R Thiseqpaiobls fofctinest ed
h
e R R G T

upstreantand d@mﬁ&tmmamum@nmhe1mmamcnsadmngthmapnﬁ@ﬁx¢Nmmﬁm1$h©n§03econd
set of pri.nmers ah g o Lhe, COdIﬂ%» equehﬁe of r|VIrHtC alkg to amplify
t he sequéﬁ‘ce EBY PBERBHT o T AN M6 PEEFY PESTE I I PEU90Y COMEdY P ct i on

enzymes sit eSoﬁﬁhgpﬂt@@&ﬁdé%rﬂﬁﬁdfoﬁﬁnstﬁ& &ogmi%u@&dtth@ste RELABLS tHe@: i3
facilitate directional cloning. PeR was carried out in a Pel ti er Ther mal

Cycler (M1 RASEdFER mtfﬁémmwhﬁfnﬁ lpmd) L0128 T 8RR’ 'pr T e SPAR SHB- DNA

Pol ymer ase Premi Xq{-Jakar,a. Bi o -USA, Madison, W). PCR product was purified
by Q AEX 11 (Q agen, ValenC|a CA), cleaved with the appropriate
restriction eﬁH@ﬁthb@S@g"ﬁkbmnﬁmgrahdwahcﬁﬁtimbbt@ﬂngMChpwmﬁo and

sub-cl ong |nt ﬁg ,ven “ﬁﬁ on.v gtorEQBAD18Cn1 Thi s
vector al*so c8 ‘§ “t“ﬁé ﬁ“ﬁaﬁ"‘“éél&f*“‘d% BFThe™ “’8’8’ POt el BE f rom I L

i nfluenza. ThenMdatmo BERogs ottt naSc@tibngd onaded mattrra;@eud@msmtﬁam from
the P4 signal peptlde to create pLP1194. The DNA sequence of the NintC

codi ng regi onp%pmﬁl@wmgpghavﬁﬁidmt@e@t NOESTOH o AFECPHFAC expr essed
from pLP1194 Lsi Audidopapr @E@fﬁﬂtcu{mﬁed @aqgm'uﬁt@rﬂkeﬂﬁl asihélikNAvas sequenced by
ABI PRI SM Bi gDyéTr, 4 Term nator V.3.1 (Applied Blosystens Foster Gty, CA)
and the reconbivaatft Ip«t}Ob»Elbﬁdtﬂé@@é»(p}ﬂé@%@%ﬁ L‘Eprmﬁ@tdd byBIeRet(NOVAGEN) for the

ducti f 1 fi f dat ed
P:/?n?g I[%gog] et&t’?@e?ﬁ%%&tbo&s s 1 toehs gﬁf‘t‘ e%&tp;lﬁ c‘t(,()gl {Y{ uiié r@aéj}‘flbtgﬁtl_%iﬁ{lﬁgghgi \i/as

grown in deflnﬁdnmnﬁnMWth @ku&ﬁ&ﬂmﬁﬁdﬁbﬁﬁﬁhmﬁﬂd&ﬁﬁﬂdbkﬂb@aﬂhmk$‘ When t he
cul ture reached, an op &? q?n3|t% (0D60)) of abqut 60, the expé i on of
r-Mht C was i nBUEEE Y CshrtEening the! ‘ff’e‘étﬂﬁ‘ & BRI e Sgpt girtcyse Vand

ar abi nose. They 64} EwMﬁ@n &r Quasihanvest edmaboMt i 24:shuk& ROshrd NEUCE i ON.
[0209] The cells were dlsrupted and the insoluble fraction was coll ected.
Li pi dat ed Mht Brasecpolimdniass verlatBdesiicetortesicsiiimupnd ke ed! girewhisht he
lipid Q|f| A . 1ragt he nenbrane fraction with a
deterge2? (Zwﬁ?%gg%gﬁ%@§§&§?%?g&) %Fggg%égg%8of the insol uble debris, the
| i pi dat ed Mht @hfdb R@unmﬁﬁmhth@x@bkﬂbmehkNHEMnmm(Jﬁh@tEBDmhkedhmamt|on was

applied to a cal utm_cont ainin m xed-.npde resin and el h a |inear
2Pt and pH orst enorore BT GRS O S e o PeCo Bt £ Bhng. pool ed
Ammoni um sul fate was added to the pool and the material was applied to a
col umm cont ai ni ng Butyl Sepharose and el uted. Fractions containing MitC were
identified, desalted and | oaded onto a cation exchange col um

( SP- Sepharose). .After elution with a salt gradient, fractions containing
rMriC were identified and pooled. doning S. aurcus Nc -Lipidated MitC
102101 The DNA sequence enpl oyed to e®press non-|ipidated r vt C was
isolated by PManplification fromplasm d pLP1194. The resulting sequence
corresponds to am no acid residues 19-309 and does not contain the signal
55equence that dlrects secretion and Ilpldatlon The DNA sequence of the

Y ol rNA N A T~ o RN I A A=~ 1 I~ A NN



Wht C DNA sequence present in pLP1215 corresponds to amno acid residues 19-
309 and the first codon for this construct was introduced in the forward
primer lOmeediw1sis4he anplification of the gene. The pri merasesed3dsix PCR
al so contain restriction enzynes sites at the 5 ends to facilitate

di rectional cloning (Table PCR and puri fication of the anplified gene was

carried out as,geser Iiberk aboyen Ui ad PERAr oduet s chegad v th Lhe

appropriate restriction endonucl eases ngl and Bi oLabs,” | pswi ch, M)
and sub- cl onedwineicht heioxmimrwmmmi@wi\}\mﬁ\i%@wr IERY gl a@é@tr@tmpETQBa

(Novagen, Madison,. « Pl asm d s se uenced
by ABI PRI SM Bi'g C)C"mf‘ glrnﬁ%“h(g orﬁrvr§p§ (Applite % |n gsys(g‘i%% S =i “g

CA) and the reﬁorfblgnﬁ;ptmpg oheb WA ST BxX N &Srﬁﬁds HNCHES, f@@t;lm@lid?(r\DE&M PI asm d
DNA f or pLP121§ was . purli flgd and sed to transformE,  coil HVEF74(DE3) to
eval uate prot iR eXpresisidgn s BEig Fréloé“ml%tréc%??iﬁ%}%iﬁf‘ B piessi on

constructs Prigs) naeSsduanie: (S biniiahed Mgy é@%@@rma@psm AAA
ATT TAC GAA TAG ( LP1194)AAA ACG AG ( SE Q I D

3' SA926- Mt Cd IATAT TGRS a AT AraBEias AmpansT T hv/n@n( ‘|sr|‘qmu ¢SEQ I D NO 110)
St | SO0 GIT SIS ST A ST RUSEOI0,
(SEQ I D NGO 1&:23 pigdaBOiE0 LS b5 44 RET AEUS}BQ&QISO@&B&A);HE% prress ibods, Gaakst,r uct s
e e, S Pt R0 e i B Bt A
113) TTT cyr ek 150nEAEAL oFhiCesto Akl iR TRk AGA S (3R cheNO  114)

deer, pigs, horses, llamas, mules, donkeys, sheep, goats, rabbits, reindeer, vak,

chickens, geese, and turkeys.

{0106]  As used herein, "reatment” (including variations thercof, for example,

15 "treat” or Mtreated") refers to any one or more of the following: (1) the prevention of

mfection or reinfection, as in a traditional vaccine, (i) the reduction in the severity

of, or, in the elimination of syraptoms, and (1u) the substantial or complete

cliromation of the pathogen or disorder in question. Hence, treatment may be

effected prophylactically (prior to mmfection) or therapeutically (following

19
o]

mfection). In the present invention, prophviactic or therapeutic freatroents can be
used. According to a patticular embodiment of the present invention, compositions
and methods are provided which treat, including prophylactically and/or
therapentically immunize, a host animal against a microbial infection {e.g. a
bacterinm such as Stapfiviococcus species). The methods of the present invention
25 are useful for conferring prophylactic and/or therapeutic tmmunity to a subject.
The methods of the present mmvention can also be practiced on subjects for
biomedical research applications.

{81877 The terms "vaccine” or "vaccine composition”, which are used
mterchangeably, refer to pharmacentical compositions comprising at least one

30 immunogenic composition that induces an immune response in an animal.
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[0212] Synthetic oligonucleotides used to generate rMntC constructs.
Restriction endonucl ease sites are underlined. The nucleotides in bol df ace
i ndi cat e wbeofwrssi44cotton for the nonlipidated r1Vlnt C eomaiSea10039510
Production and Purification of Non-Lipidated rlvintC [0213] For the
production of non-lipidated rvitC, E col/ HW174(DE3)/pLP121.5 was grown
in defined medi.umim.glucese fe, d-batch node in bioreactors. Wen the

cul ture reached an optical density (OD)) of about 60 to 80, the expression
of rmtC was 5@@9?6@}@}({ @‘QilgM’vl;:ﬂ'i?mqfe1(1{6Eluﬁmr;[£§%b€'ﬂri£ Eg‘;‘;ﬁﬁm\f@ﬁs Q@:’h}(ﬁﬁﬁ@g about
24 hours post Induction. The cells were disrupted and the clarified

10sol ubl e fr abkitdhenagigsot fie@tae@iphﬁh@dﬁg@&&@1*&A7a§0fatpspl‘fﬁ3é?d3 tigregs.cohum

containing a c&tlon ex%e%@%%dho& ed with a |linear

efs ﬂle(o 1 np US{, 0[\1%251681’1@@&1 1es|( H&E
salt gradient. Eractions contal nin l{;haté re ntified. After the
addi tion af aprRaidues Suﬂhﬁﬁﬁl@y b& bﬁ;dnmiesﬁ,maéimﬁg oamz)feke;d‘;in@ma;m@k Ut
contai ni ng Phenyl - Sephar ose a%(g yte After eI ution, ﬂft"i ons
cont ai ni ng rl\/ﬁ‘fté‘”%’?]@y ﬁ@ﬂﬁ’ﬁf?‘ o “pbre a%i o ﬁ’s%l%%f‘%aé@“mr%@ 'ty of the
rivintC at thi;gpei QIHQ%}%;}S‘QMSQI%&V%H& %thp}ﬁm%@&tmpc'%@t:} V&a@i@é@l e 3:
Production of Capsu é‘I e Pol ysacchari'des CP5 and CP8 102141 In this exanple,
product i on of paEPpigusbickasapit iISrhyssgsscd apsyiaphpetapsalcetrasidesict ype 5 and
8 is describe e st c s are
shoan | nF guraripterSebHEICkeSah QP ohR AN, HEdEIRRL KRRCEUAIECY el ng
CP5 and CR8 vvbitilmrml ecul ar wei ghts rangi ng from about 50 kDa to 800 kDa.
Based on growth characteristics and the quantity of capsul e produced,
strai n PFESA0266 was chosen 5] r(oductlon whi | e strai ns PFESAO005 or
PFESAO .86 were usB¢-or-He - EFEERESS The capsul es isol ated from
25strai ns PFE 5.and PEE A0286 C [ 02151 For
producti on of ﬁﬁggguﬁﬁwb”éllﬁ/ HEChA ‘“m Om r}%mg‘wglwn%og}\éurﬂéan ‘%”\7%5 in a conpl ex
medi um consi stindgrdnmaplclficiotiia wa;rttmn us@iarameai(e@hg b@rdnmst,msmeasor sucrose),
hydrol yzed soyfl our as the nitrogen source, and trace | s. The strains
were grown i nPHUEEHe EGrS df‘%F“‘%“vt“@“B Fay5oV1 02 F6e- Eph?@riffz?aﬁﬂon of CP5 and

Cl" 8 usedsfor ‘1*4 @‘“%ew Ald \Qﬁm%fxi‘vggﬁbé‘;g,aig %i%@%M%}i&@t@@@ogym&%} different
met hods t hat relé on el evated tenperature and |ow pH to effect the rel ease

of capsul e fromichedyelds pnhelingbloed cméraﬁrml@@lﬁiua%b\ieuwaiéhuft he

pol ysacchari d r |t I ] e n the tine,

nt enperat ure §%&I‘gﬁi‘1§$§¥ }Eﬁgﬂarqgip n% S mlg%“%[??[gc nz%lg%t gF{?ilt%l on of CP5
and CP8 was pégiuph med, Uﬁiiirﬂ@&h”hen émcﬁimmumiﬁwﬁﬁdﬁ fuidey] prodiabd, ev3y), Gapsul e
pol ysaccharid ult in re polysaccharides

e roduced b thls dure.r
e ey ap e L TRREY Sett shgh. H R G LES R etk L RIS

Tabl es 4.gnd amﬁal%&u%maceﬁé@%% b@iﬁﬁz’tﬁ%sﬁ%ﬁ@ﬁ%wf StdobMtl k] 84 sSpticaU rUS CPS
and CP8 SpecificityAssa Resi dual Protein Residual Nucleic acids Residual

Tei choi ¢ Aci dsiReki ddalts. PEptly aobpeyledie Sitpaiseanpodiat ignfor dent ity
O acetyl ation,Gopncentration Lowy colorinmetric assay 260nm scan

{8118} Embodiments of the present invention describe selected antigens in
immunogenic compositions ncluding an isolated §. aureus clumping factor A

25 (CHA) polypeptide, an isolated 8. qureus capsular polysaccharide type 5
conjugated to a carricr protein, an solated S, aureus capsular polysaccharide type §
conjugated to a carrier protein, an isolated S, aureus clumping factor B (CHB), and
recombinant 8. aqurens MmC protein, Next, the antigens were characterized in
HHIMUBOgenic compositions as a series of combinations, to demonstrate that

30 spectfic combinations provide imumune responses that may be superior to that

produced using individual components for immunogenic compositions.
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Phosphate colorinetric assay HPAEC- PAD SEC- MALLS HPAEC- PAD | H- NVR or react
on with specific inAb H NVR MALLS-RI or HPAEC- PAD 15102181 in the first
nmet hod, IWol2ow/sgsael ease of the capsule fromthe cell aou/useaduosison of

nol ecul ar wei ght, the capsule preparation is treated with a cocktail of
enzynmes (ribonucl ease, deoxyrilionucl ease, |ysozyne, and protease) to

di gest i mpuri blgsainf 8 IAGHRALL QRvide€Sh AHALnd IRRILIESHA & RLRG P! tat ed
by the addition.o§m8€han6f1(finﬁfspgﬁgént[atigﬁ’abéﬁtpZS@@. Xﬁ%eréTeanal
of the residuat iselahvdniolkrens Oswbingiforiocd i dhhpeigreptps uhesolps! § eaded onto an
ani on exchange,  col umm Sepharqse). and., el uted w th a linear salt
aradient - Fractr SR PR g T Ao ik BN B L Bl M e PRI ¢ sodi um
met a- per i odat 8. aFhisScapfu@atoBRicchasiliye® idjddhedoxih datibvgohydrOkyshs of
residual teichoic acid contam.nant but did not affect the CP5 or CP8. The
reacti on was qﬁ%ﬁ%ﬁ%ﬁ¥%9“~%@méHﬁFFP%ﬂmﬁﬁmgﬁﬁ?P%h%m§$V%%P?“$ﬁ§“hateriaI was
concentrated gnd,diaflhtigs edRaimNst) flfidOak RIRNE sany.f eshdyal reagents
and by-products. [0219] The second nethod was used to produce capsules did
not invol ve t festade(df eropinds. eoedi gestartielsyenioles veed Perdegaioddd a
inmpurities. In thi et hod, followng re . _Sansul rom the cell
and reducti oncgbr%mijnlt% %%ﬂ ngganv\}ég?%tlﬁg \@1[ ﬂzg/éﬁyédiﬁ%ﬁéfcé%S%Je&fﬁﬁg%ﬁgﬁt% %35%1?%}‘1%1 was
clarified by mctofitdgro@ini onthirdlcbowidtidayprolideadd intmmatolomc andpaitafhi ftrati on.
The solution was treated with activated. carbon to renmove inpurities. After
carbon 1 dat mENEP RS “RRPEFTCAT A PERIEA UPTA (CBAT IRt ACper i odat e to

oxi di ze f?SId%@hnﬁﬁl%D@MQc@ﬁ@Qgﬁ&hb@@@@ﬁ@ymﬂgﬂﬂﬁ&g@giﬁ&&@L@Q@R&&ene gl ycol .
The material was concentrated and diafiltered against dF120 to renove any
resi dual reag@ht's PErtdnL- iptigidd &t grenspgpsutar polysjeclBafsis iyies’ prglaEede asi ng

ei ther method result.in, sPolysageharides., with, l.ow level . .0f. prot ein,
nucleic acid g%%”ﬁ%%%ﬁgﬁ%yég?gg%ﬁﬁt%ﬁ?ﬂéﬁ?%ﬁﬂ ﬁ%ﬁﬁég%%Jgjgégggﬁ'e%%Can be
used t o produte: speaifritcir anfeshobmbhetidesbrdd i ighnmohecutanposeioght

pol ysaccharides sinply by. varying the conditio f . hydrolysis. A

Port hoat Ay SavRiTR de o 8RR e bR e e PR TRy & ehar | des,
nrangi ng fromggBidd®s. 1hR:uKBRuC pfdisefnUlolitd Faking chfBiRegeRicCheRIBRGRI t i ons
by conjugating pol ysaccharide to a carrier protein, 10221] Exanples of Hi gh
Mol ecul ar Vi glereEpelive POIY SEEERaFH A8 ‘oY gl hapres sypstRerastrodsddescr i bed

herein are showgin,fable 4 beligw..Bat £hes QLuRttibh hedidl gher MV CPS al so
had hi gh puri '%@asu?}nigni cat ed b;} ngA,' pep}t{i d%)g’l ylcah. ‘and 2 5l ow resi dual

protei n. See TabbecwnicTheprangecwiproizeaulsainicndi ghess ¢lnmphigsetexdainpl es

spanned 132.7 to 800.kDa.and the purified polysaccharides were lily
P acetyl arad (& TR PR s RGubs TuRt LobT B ARSI Fon See Tabl ¢
4. [0222] Exanpligsteftochewekr Mteguhdbn Wel.ghts capsutesiel ysaacdtarniide

obt ai nabl e by the nmet hods described herein are shown in Table 5 bel ow.

Bat ches of pufiPf PSRBT IAEHE PRAE g BUPTPIPaEQ” PRUFESted by no

tei choic aci diflMNog-RERLIHOGHNCAMARM ! AWsE8RHAUA)RI QL 8hA. 8§ Fabl e 5.
The range of | ower = nol ecul ar wei ghts spanned 20.4 kDa to %5. 1 kDa and the

purified poly&aéthanimesdwer sohighi yovabbty pate, arisrigihd drom 75-96% The
ool b ORI BB e R
0-acetyl S. aureus capsitlar polysaccharide type 8 conjugated to a carrier protemn. A seventh

combination provides an immunogenic composition comprising: an isolated

S, aureus MntC protein, an isolated 8 gurens capsular polysaccharide type 5

conjugated to a carrier protein, and an isolated 8 aureus capsular polysaccharide

30 type 8 conjugated to a carrier protein. An eighth combimation provides an
IMMUnegenic compasition comprising: an iselated S aurens clumping factor A

(CHA) polypeptide, an isolated 8. aureus clumping factor B (CHB) polypeptide,
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and an isolated S. aurens MntC protein. In some embodiments, the above
combinations further comprisc at least one of the following antigens: EkeS, DsgA,
Kesk, KrkN, KrkN2, RkaS, RrkN, KnkA, SdrC, SdrD, SdrE, Opp3a, DID, HisA,
LtaS, IsdA, 1sdB, IsdC, SdrF, Sdr(, SdrH, SrtA, SpA, Sbi alpha-hemolysin (hla),
beta-hemolysin, fibronectin-binding protein A (fnbA), fibronectin-binding protein
B (fnbB}, coagulase, Fig, map, Panton-Valentine leukocidin {(pvl), alpha-toxin and
its variants, gamma-toxin (hig) and variants, ica, imnunodominant ABC
transporter, Mg2+ transporter, Ni ABC transporter, RAP, autolysin, laminin
receptors, [saA/PisA, IsaB/PisB |, SPOUIE, SsaA, EbpS, Sas A, SasF, SasH, EFB
(FiB), SBI, Npase, EBP, bone sialo binding protein I, avreolysin precursor
(AURYSeppl, Cna, and fragments thereot such as M35, TSST-1, mecA, poly-N-
acetylglucosamine (PNAG/APNAG) exopolysaccharide, GehD, EbhA, EbhB, SSP-
1, S8P-2, HBP, vitronectin binding protein, HarA, EsxA, EsxB, Enterotoxin A,
Enterotoxin B, Enterotoxin C1, and novel autolysin

[0111] Epidemiological studies of S aureus outbreaks indicate that evolution of
S, aureus is clonal in nature, where a single clone that acquired a successful
genotype has spread rapidly and cavsed many of the nfections. Therefore,
evolution is considered to be clonall The bacterial genome 1s comprised of a larger
more stable species core genome and a more diversified set of accessory genes,
See Feil et al,, Nature Reviews: Microbiology 2:483-495 (2004). The core genes
are ubiguitously present in all clones of the species, and the accessory genes are
not necessarily present i any given clone. Considering S, aureus, one study using
a PINA microarray representing more than 90% of the 8. aurens genome found that
T8% of the genes in the genome was common to all S aurens thus representing the
"species core”, and the remaining 22% are the "accessory genes”. The accessory
genes comprise dispensable genetic material much of which codes for virulence
factors, proteins mediating antibiotic resistance and genes coding for proteins
specific for interacting with a particular bost environment. See Fitzgerald ot al,,
PNAS 98:8821-8826 (2001); Feil et al, Nature Reviews: Microbiology 2:483-485
(2004). In general, the core genes are more slowly evolving and the accessory

genes are polymorphic. See Kuhn et al, J. Bact, 188:169-178 (2006). Therefore,
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100 4 366.8 0.865 90 Pass ND Table 5: Characterization of GP8 Preparations
SA CP-8 Total CP Purified ng MW Protein NA 0-Acetyl (kDal (glinoll
(Lowy) %OwOwy15§260nm scan) e/ (wWw) NVR 0/ 5 310 27. @CT/R 2009495100

appropriately selected core genes provide better target antigens for use in
IMMUnegenic compositions to prevent infection.
{8112] Surface cxpressed antigens from discase-causing isclates or clonal types

of S. aurens offer a source for antigens able to indnce immunity and functional

(821

antibodics. At the macromolecular level (cither amine acid or polysaccharide
sequence), conserved forms of the antigen expressed by the different discase
isolates may be chosen to permit broad cross reactivity of antibodics to those
strains that may possess antigenic variations of the vaccine target.
{8113] Onc important consideration for including an antigen in the multi-antigen
10 immunoegenic compositions described herein is whether the antigen has
demonstrated ctfficacy when administered as an immunogenic composition by
providing protection in one or more animal models of bacterial mfection. There
are numerous aninal models for various 8. aureus diseases. Each of these models
has strengths and weaknesses.
15 {0114] Human clearance of bacterial infections can proceed via opsonic killing
that is mediated afier phagocyte uptake. There are many convincing examples for
this from studies using Gramepositive polysaccharide antigens, such as
Streptococcus puenmoniae capsular polysaccharide and 8. gureus capsular

polysaccharide. See Lee et al,, Crit, Rev. Micro. 29:333-349 (2003). There is less

K]
>

<

evidence for opsonic activity induced by Gram-positive protein antigens, Uptake
by phagocytes has been observed, but direct killing has been harder to
demonstrate, Monoclonal antibodies to proteins have been shown to confer
protection against 8. aurens challenge in animal models of mfection; and
mechamss other than opsonophagocytic killing may account for the protection
25 observed.
{8115} The mduction of antibodies having a measurable functional activity, such
as opsonophagocytic activity {OPA) is one indicator of whether a particular
antigen is useful for inchision in the immunogenic compositions of the present
mvention. Other indicators inchide but are not hmted to antigen expression on the
30 cell surface during in vive ¢cxpression as measured using antigen specific

antibodics or the ability of antibodies to inhibit/neuntralize antigen function.
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Species/ strains

{8116] The type of any particular hospital or discase strain is useful for
determining the origin, clonal relatedness and monitoring the epidemiology of
outbreaks. Numerous methods are available for typing 8. aureuns strains. The

5 classical practical definition for a bacterial species is a group of strains that are
characterized by over 70% genomic hybridization (DNA-DNA genomic
hybridization of DDH) and over 97% of 168 ribosomal RNA gene sequence
identity. Sec Vandamme et al., Microbiol Rev. 60:407-438 {1996).
Bacteriophage typing (BT) is a method of typing 8. aureus strains based on their

10 susceptibility to lysis by certain phage types. See Blair et al, Bull, W.H.C.

24:771-784 (1961}, This older method suffers from a lack of reproducibility

between laboratorics and a fatlure to type 15-20% of 1solates.

Single-Antigen vs Multi-Anticen Immunogenic Compositions

{8117] The guestion arises as to whether the optimal immunogenic composition
15 to protect against infection of the predominant S, aurens strains should be
comprised of a single component or multiple components, Numerous studics have
shown that immunogenic compositions based on a single protein or carbohydrate
component can offer some protection from challenge with a strain of S, aurreus
expressing that component in certain animal models. Importantly, it has also been
20 demonstrated that protection from a single antigen can be dependent on the strain
selected.
{8118] Surface proteins such as adhesins have been investigated as single
component vaccines, For example, mice immunized with 8. auwrens CHA
developed less severe arthritis than did mice with a control protein. See Josefsson
25 et al, J, Infoct. Dis. 184:1572-1580 (2001), Fragments of the collagen binding
adhesin {cna) offered protection in a mouse sepsis model. See Nilsson, ¢t al, L
Clin, Invest,, 101:2640-2649 (1998). Immunization of mice with the A domain of
CIB could reduce nasal colonization in a mouse model. Sce Schaffer ef al., Infect,
Tmmun, 74:2145-2153 (2006).
30 {0119] Onc ofthe fourteen S, gureus ron sequestering proteins known as IsdB is

being wnvestigated in a monovalent immunogenic formulation for protection from
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578 35.5 2.47 0.65 75 Mol ecul ar Weight Selection of Capsul ar

Pol ysaccharides 10 223] This kinetic analysis denonstrates that a broad
range of wolzenuisas44wei ghts of capsul e pol ysacchari des caoThms2@ensysas ed by
t he net hods described herein. Initially, |arger polysaccharides were
produced by the bacterial cells, and 1 Osubsequently, a desired nol ecul ar
veight range gay.,bR iseLaL e gml;rn@@ SRAGLE Ledh Byl prbablon. aly the pl-1
and heat condi'tions of the hea hydr ol yS|s st eps.

treat ment of Sbmhmn@ue ﬁewﬁemnenﬁmnmbpvnm&maéuaK@MenegéIgﬁeplmemmeen
fermentation ag? gf 3&%§y This process step uses heat to treat

pH adj usted bro % “a Sp dcified period. The goals of the heat treatnent
at | ow 15wer ej¢iagKi Dluc aelhb Sast po@stidl vabanentsas otaxi assubsigheagerael | bound
polysaccharlde and reduce nmol ecul ar ﬁ%g; to the desired size. Anmong

these goals, PHE IR GETPER N5 2 Hp PRt &r R WAt IGERITTHEMEIE0ESC i n terms of

processing ti pRak %YL E&%iét&ﬂn@t& SbERco D BLES AE Bost N8 ALN8EQ08Le were
inevitably achieved within the treatnent tine con3|dered Heat Treat ment

[ 02251 Tenper awilirentssd hﬁm@@ﬁal@@ﬁn@lﬁ@li et sefedetd - fgtviarcicoustignstecul ar wei ght
ranges of capsul rl n H was

adj usted mﬁthgggggg%f?g e§9§‘ﬁpﬁ&iwﬁgéﬁgg&ﬁgghtg?ﬁﬂgggh '“%gwgerature was
raised to thea&éédlﬁi\taﬁkmm{ﬁhﬁob}(&ﬁt Ldm;ﬁ)attﬂﬁIﬂiftfk}liﬂ(&‘ﬁlﬁéblﬁ@diﬂﬁl%t}m as the

t enper at ure reached t he g oi nt Q t he desired treatngggxtlne was
reached, ‘fhe BIP6t H'WEY E€H61E SR A EnPEF A UIBYIE FOPF Ot esEsanpl es wer e

taken to det eppipgtBol MSanahari 4e:coneantd Aticen @neh) wBkesHidaranei ght by
FI PLC and SEC- MALLS systens, respectively. The MVdata was used in the

ki netic anal y&pkicdTheinm pretii edyseoterds get &1 AP hegnpeerd (4 nwtr CP5 at pH
4.0, 4.5 and. ﬁro@u@%ﬂ %olic;'t-éf §ta%'7 é’c y% lar ?qu'sa%c 1d§\§\| CF8' @lf’@?§on%aﬁcﬂqo§8
was

[ 02261 The kinetics o aci d SIS o ysacchari
conduct ed usingnmuﬂnﬁuedmeﬁqﬁmamﬁStﬁwﬁwwmmﬁlmednfHmmmﬁheypmoﬁ333m?The

purified Qolysaccharlde solutlpn ¥ﬁ§)a sted ta tBe desi red H for the
experi medt wi thVTBEHSTFiE B " ¢ BIC8SORBPE S PPUCEFTRYURBI | bat h

equi pped W t hs@eddf®Rd 18 20 ol raktdk eiuﬁgﬂior@&toﬁmtm pEagdpiganpl e was taken
out at a predetermined tine interval and guenched in an ice bucket. At

the end of th&oBYeY PieEHt CloaRTE fhoio? (%lﬁBhMiW‘s‘d%dFf‘e?f*di*{dp“l—l”?"ﬁf was added

to the sanple backpt £ anal yzed
by a SEC—NALL%kgg%fgﬁgm{ﬁhﬁd@h% Q&P ﬂx@ﬁ%g&dzfﬁagﬁgﬁﬁgﬁgf%&M§%§Fy3|s The

effect of tenperaturepomt mﬁmwmx ideé;vmﬂfg TP cati upIH:(Mi‘oEi canghr @R8tatndH 3. 5
was determ ned ov drol ysis

o ocedur € mmy be RIS ALk UETRY Tnd” FafRen B s R dp PR

internmedi ate stageiah d@me ihi@aibh 0fPHlises a8 isB OIS, Bef0s ciumpng e puri fied.
polysaccharlde Q her nol ecul ar wei ght reduction steps,_such as sonication
or sheer, may (BléA,‘s}inﬂigﬁapﬁ AR &0 jﬁiﬂ %I‘fé’fﬂ?‘éa umping factor B Cfﬁ%) polypeptide, an

isolated S, aurens capsular polysaccharide type 5 (CPS) conjugated to a carrier
protein, an solated S, aurens capsular polysaccharide type 8 {CP8) conjugated to a

25 carrier protein and an isolated S aurens MintC protein as antigens.

Adjgvants
{0121] Imununogenic compositions as described herein also comprise, in certain
embodiments, one or more adjuvants, An adjuvant is a substance that enhances the
imnune response when adounistered together with an immounogen or antigen, A
30 number of cytokines or lymphokines have been shown to have inumune modulating
activity, and thus are useful as adjovants, including, but not limited to, the

interleukins 1-¢, 1-8,2,4,5,6,7, 8, 10, 12 (see, eg., U.S. Patent No. 3,723,127},
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Results [02271 The effect of pH on the reduction of MNin heat treatnment is
shown in Figures 5A and 5B for CP-5 and CP-8, respectively. It can be seen
that a | owmenopHsws nore effective in reducing the sizerofi/ysediysaesehari de.
The data al so 30suggest that CP-5 was nore difficult to hydrolyze than CP-8
at the same pH Considering the CP8 profiles, ranges of nolecular weights
bet ween 300 k, EQD@S, ]@997 '3&@6{,80(9&‘1 Q@n&%ﬂ@ﬁ)ﬂhﬁgﬁh@%t@fg@r@nsp(lﬂ' {pzfndS{' at 95 'C for
bet ween 15 minutes and 120 minutes. Likew se, choosing a pH of 4 at 95 "C
for between 15raninatiesnsareghd@Colingutieslatian fapics{ dMEP8F pbty sacdhar i de

nol ecul ar wei ght _r.an between..250, kDa.and 450 .. ln addition, Choosing
e Y Rt T R L R S S Sl gt
pol ysacchar i derisnmbeguf:ai: BRIHT; srangesdaetiweesn b2k Dectand-450); kida. [ 02281
The effect of tenperature on MNrg?ucﬂt}i on was, qondilct ed using the purified
pol ysacchar i d&¥ 'FeeoiRsrast o Pr sE6vary spr s eat ahsdaliit'é® are shown
in Figures 6&@&1@1@%1@%%%9@%5 dehiginhh aheh ihead @PPSLALULGndidle faster the
10rate of hydrolysi's and broader the range of the nol ecul ar wel ghts of

pol ysacchar i d&iprgdueedion MRl AEE- LoudBPof, and RARE Eberdberion tekculs5C ver sus
95C at the sape.pH, produces a narrower. rar :0f . RO ccharide mml ecul ar
wei ght s. [022%’1}%3? £ 8%%%?‘@;’ 11:?080%%’%7‘\’%%0%%%% é’tdé“g&%’ﬁ%&gnop% 3 t“i‘%%’bet ween
t he nol ecul ar eywe gy, ofv(puvii if drgddViCRS lBind aGR8nvir bl ik heegdefimi®ntici dsme f or
mld acid hydralysis. :-15The purified pol ysaccharide ig the final product
obt ai ned r oL Re bRy grbtas e Fhe a5 0o rouerto bR B gur e
7, the increag@niB pECMRIGL heat 4 neabmenic of-1 b 18anaur ens RFEBAOLE6 strain
at pH 4.5 results in the generation of smaller nolecular weight CP5
pol ysacchar i desstigjpleiosagioshves archpelt -1 Béat Rt 21d pR40arpridagorsesul t in
t he generation ofs.highen.. J g I charj des,..fhe 20size
of the OPS poly Sui b dNe s BPL G e M Rt PR R b Sl om
dependi ng on teécrirehgiolvtiofactor RGF, eadt ardireatulre rtidabe Habgvoplh (24dtob) .
Li kewi se, .the increase i.n time of heat treatnent of the S . aur PFESA0005
Stratn aiSpm SPERTReUS PR andith Tt T o b ol Shal A nel ght. CP
pol ysacchari deganineqeas AROLKeD, heatr teptment tipesTanpkb 3rpaesul t in
the generation of higher 25nmpl ecul ar wei ght CP8 pol ysaccharides. The size
of the CP8 poPysHBENEK deR*sF dtded from about 80 kDa to about 220 kDa
dependi ng on t{iﬁ%l’;! e@&?ﬁliﬂidiﬁx’a% Qdd Deakadt RIIRM. @Epolng)ay\fuptﬁm(ié E§<)Ee,_ The
correl ation between the tine of heat treatnent at | ow pH and t?’ue si ze of
the purified GRBENEGP8PEPYSaCehalciddssd msnghowhoivh ipkli &, Strody, al | ows
for an estimation of.the treatnent tine gui r-ed to.produce 30puri.fied
ol yoacongr | ab e M omebiFRaRT P g e B FORLE £ ARG A5S 388 Yo o s
i nportant to pais dif@bnasrcdemdast kad adinaboyer ivacfiilgircangeneof nol ecul ar
wei ghts of capsul e pol ysaccharides for both CPS and CP8 from 20 kDa to

i ghts of capsule poly harides for both d CP8 f k
more than 800PRDEMEaR BRI bUERY T fEIVaREE AT B HSIRTTI e CTHE met hods
descri bed may,bgiused Qm@izﬁ@%ﬁ@it&?@ﬁ )‘; L& LRRges R desidefidiigh.yol ecul ar
wei ght capsul e pol ysacchari des. A particul arly advantageous range of high

mol ecul ar wei ghienidap$ulie.Pél Poacetiakide T-{(Be-35T dmdecaypéogtgarebeogener at ed

fromthese nefhods havipg nolecul ar ightspranging. from 70 to 150 kDa. See
Table 6. 2ot s range ot e et e R 2R E SRS R R
useful in rrakEq@)menil@emm@mmldﬁjamfﬂmxmﬁ»%;;Drglug;@pﬂangmﬁeh@hn?li%_satr:]chari de
to a carrier protein. Aternatively, thls_advantageous range of Nig

ol ecul ar wei G SEABH BOPOIVEHE CHRY 6@9’%&3£Q‘FP ﬁﬁ%@‘%b%%mﬁﬁadof CP5
and CP8. See Jahl.&ubsusADO NEM JHQ3dvapkaarous, /sange of high nol ecul ar wei ght
capsul e pol ysaccharide CP5 and CP8 is from90 to 130 kDa, or from90 to

12.0 kDa of CHBZ3hdStPgihesediuvpatyliectgle myemybpidittisopehys ddaactiigenerat e t he

CP5 capsyl-e p Ghari de; havi 10k e el ght. of n about
T00 1o 140" kDT RAGER iR R G T b P N LB ok RO e P o
used to gener aié-1 ipaGR®véapgybeocpohysaceharphdeldxay bhglaainclBAI-EEUl ar

wei ght range of .from about 80 to 120 ..k Da are as follows: 95C pH 3.5 for
500 nures: 508 BBRblaR TR oRT S TR R 6 S G hoNEse B s vt gh
CP5 and CP8 Ron CP8 MW (1(Da)
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Squalene, 0.5% polysorbate 80, and 0.5% Span 8S {optionally containing various
amounts of MTP-PE} formulated into submicron particles using a microthuidizer
such as Medel 110Y microfluidizer (Microthuidics, Newton, MA}), and SAF
{containing 10% Squalene, .4% polysorbate 80, 5% phronic-blocked polymer
L121, and thr-MDP, either microfluidized into a submicron emulsion or vortexed
to generate a larger particle size enmulsion); incomplete Freund's adjuvant (JFA);
aluminum salts (alum), such as alominum hydroxide, aluminum phosphate,
aluminum sulfate; Amphigen; Avridine; £121/squalene; D-lactide-
polyiactide/glycoside; pluronic polvols; killed Borderelia; saponins, such as
Stimulon™ (Q5-21 {Antigenics, Framingham, MA.), described in U5, Patent No.
5,057,540, ISCOMATRIX (CSL Limited, Parkville, Australia), described in U.S,
Patent No. 5,254,339, and immunostiomtlating complexes (ISCOMATRIX);
Mycobacterium tuberculosis; bacterial lipopolysaccharides; synthetic
polynucleotides such as oligonucicotides containing a CpG motif (e.g., U.S. Patent
No. 6,207,646); 1C-31 (Intercell AG, Vienna, Austria), described in European
Patent Nos. 1,296,713 and 1,326,634; a pertussis toxin (PT}) or mutant thereof, a
cholera toxin or mutant thereof {e.g., U.S. Patent Nos. 7,285,281, 7,332,174,
7,361,355 and 7,384,640); or an £. coli heat-labile toxin (LT} or outant thereof,
particularly LT-K63, LT-R72 (e.z., U.5. Patent Nos, 6,149,919, 7,115,730 and
7,291,58R).

Candidate Antigens:

Cifd: Dowmain organization
18124} Chimping factor A (CHfA) is a 8 aureus surface protein associated with
binding to host matrix proteins via a fibrinogen binding site, CHA is a member of
a family of proteins contaming the carboxyl terminal LPXTG (SEQ 1D NO: 125)
motif that enables the protein to become covalently linked to the cell surface, CHA
also belongs to another family of proteins (Microbial Surface Components
Recognizing Adhesive Matrix Molecule, or MSCRAMMSs) that are associated with
binding host proteins such as fibrinogen (bound by CHA), the fibronectin binding
proteins (FnbA and FnbB), the collagen binding protein (Cna) and others. These

proteios all share the amuno terminal signal sequence that mediates transport to the
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ii 87 ND ND= not done Exanpl e 4: Conjugation of Capsul e

Pol ysaccharides CP5 and CP8 to 20CRM [ 0231] This exanpl e descri bes

pr ocesseswandiwizagsact eri zati on assays used in the produecras2eb/o8s51€CM CUS
CPS- GRML97 and CP8- CRML97 conjugates. Several conjugation chem stries
were evaluated for conjugating S aureus capsule polysaccharides CP5 and
CP8 to a carr Lﬁhul%% eﬁ(&'l‘v’ﬂg@m/\b@@f& 1L2P uﬂﬁhﬁgmppﬁﬁmm that is the functional

' 3-2- pyrldyldlthlo)-proplony hydrazi de) results 1 n coval ent thioether bond
and (1) 1/ CDT (ckivb-cvateboyd dic oetidarolfa/lizand biadlbew?dhbilna%m-ﬁiwra’z@h,e) results

in a one-carbog on_|i.nker bet and carr| rotein.

Conj ugat i on of P&,} £ “m%tk gﬁmﬁﬁﬁ—@&o“ﬁf u?fé? faéﬁOElﬁn}%os% fest’f)i 321 The PDPH
conj ugati on cheaitst kypeks gaa)m:ﬂetm) -shigpisphagess shiathe lpéwﬁfth/Sarﬁi@tdivatl on of

t he polysaccha g r enpv of the thjol protecting group E’lflcatlon of
the activated [3% %7§a%€h’arf VY dr e a P AR SPRRE PR D ’“ajﬁ?f“ffﬁr "t ication of
the CRMLI7 prob&ig, (sa&adiieQn veathAF +of coRliH@nta;&L'ac\é%ﬁﬁt Gemepents fol l owed by
10purification. After introduction of a flak," grou ontaining linker to
t he pol ysacchaﬂﬁdeg}aﬁ@ & 1 lsolyewtbed iUgr é’@fp\}poﬁa o3 %Rl\/ll97 protein carrier,
S. aureus CP5 0l c [ re. | tQ e arrier

t hrough a thi ggl?h r go%@nﬁaﬁl&ﬁchgg%f%‘x Coéﬂp\?\}éir%qmﬁ\{ \Heufgfégkl {r? mi:Ot

CRMLO7 pr ot ei (Fipycneaehi MEmfacaimﬁe‘»%gr @h@s dmmhlstolﬁé 1N yvd boxyseig add de

ester of brorma tic To ated CP, the car i mde
ot var od Toor Boidbit R Bt AR S o e B gt oS ar SR Gl

coupl ed to thendydcazingRs@s mdmugi 3tohesos Wek mdnydmbQaet ivenipydy azi de
het er obi functional |inker 3-(2-pyridyldithio)propionyt hydrazide (PDPH).

Thi ol s of PDPH £htbPatddUER, g@hﬁeﬁ?ﬁfl’@élﬁi}?‘v Phs VYA NohdRipe Y be widrcgur i f i ed
by SEC on a Sgp, %g a b ( roups of
activated pr O&%Iﬁ@f’éw f%ﬁ@ﬂ%&ggr’gﬁtﬁg‘# Odjgt\ﬁg El???r%gagge XIfbé}rgmed by brom ne
di spl acerrent bﬁebmémlanﬂmw trhel prleheinthas Mm-tmeaidbéd phroroametiyt aglh oups

wer e ed" am ne hy hl or.i am.noet hanet hi ol

Py ocht OB def e H BT b BATHR P SR e Tl ot FRp e i af i 1t er ed.
The renai ni NQrdéBEOMIRL@ N, m&rmaﬁa@hxyégd@r@gpmme zqamadm t1no2H

cysteam ne hydrochloride to ensure no reactive bronoacet groups, were |eft

af ter conj ugat MORYSThigicRET Helde Hoewwar B mBord-btamah ot é%&r\t%%mm@nd of
cysteam ne and.the; %%%M% I\;Qra%l?wo!?a, Haﬁma%ﬁﬂwogmk Sa0uU8. %fsftﬁﬁ%sd'ﬁp' acement of
brom ne Thiolation of S. aurezis Capsul ar Pol ysa charide wth PDPH [ 02331
The pol ysacchatditie: wabe fitrgalat bitv aredsbije tRidotnat a@n?awswmr%{&ﬁldm The

pol ysacch ride, w ‘ ar ed PDP soI |on (250
o e Bveor PR Bk eade et T B Y SUTRRG PSR Tt 58P e s
buf fer stock @@huﬁd;@gmﬁer BMIEO A 285)08 e@m&eozsh&a‘;mdﬂaé a s:,@hu:ht @MD. 1 M MES,
and 2 and 4 ng CP |Ie mai nt ai ni ng a CP: PDPREDAC rati o by wei ght of
1:5:3 for CP Smb]ﬁ%l“fﬁ*ei“ 60ty 196, FRCTEp BTG S N B RHEL AT W87 or 1
hour "at room {enper aluns vandadhen a@"E&libééeadzﬁ@@é(ﬂéé":z%zéd%@o%hé/%%%& of
distilled 1-120 four tinmes Using a MACO di al ysi's device at between 4"
and 8C to remﬂ@»@m@@é&%@r@@maﬁ TheaP@Rkﬁwnkve?@frpfo](%ﬂs}éé@mwde was made
0.2 M Drl, .and cu at o ur o] ht at
bet ween Z% andpfé)é e@iﬁgggn\%ﬁmi a%s cﬁrrllp @‘HLie ‘bﬂg Dc%aa?}a%,%n%{al ﬁgﬁ{ﬂégctl on
wer e separ at ed! be@redirg2aid) vat ed saechari de by SEC usi ng Sephadex. &5
resin and distilled vvater as the nobil e 1l0phase. Fractions were assayed by
t he DTDP assay forﬁ% 0 %roups and thiol- positive fractions that eluted
near the void volu F‘*”f € col um were pool ed. The pool of fractions was

et rvati on whiURO] o B P edeetv AR e A Ao pey bah S T BOSAL umits.

containing a thhal s@{u@ﬁkﬁd(@ﬁ@ ;@ﬂw&ﬁr&@&’i&i[ @ctm@ﬂmmummwmmkam g; li
5concentration of repea tivated polysaccharide

| yophi | i 72éd aftpt s"tith‘(t‘-)‘d‘ﬂaﬁ1 "-ﬁ%é%ﬁ‘t Pﬁ) ﬁ‘é‘éﬁ%ﬁt FiGH-- é%%j%@&’”“ﬁﬂié %%’r?(ﬁer

protein acti V@@'&)@ﬂ. The sequence identifiers for the amino acid sequences of CHA from 11

S, aurens disease-causing isclates are shown in Table 10, The amino acid
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[ 02341 Separately, the carrier protein was activated by bronpacetyl at on.
CRML97 was diluted to 5 ng/rrif, with 10 rri M phosphate buffered 0.9%

NaC pH 7 wO(PBAs1smd then nmade 0.1 M NaHCO3 pH 7.0 usi n@Cl/usk&inosds10
solution. The N hydr oxysucci ni m de ester of bronpacetic acid (BAANS) was
added at a CRM 97 :BAANS ratio 1:0.25 (w.w) using a BAANS stock sol ution of
20 ng/nil. DV@%&HE@'&‘{H@%@Q%DQ{T} (mi:)ﬁ&Mgeth%%néng(&{Q%cgq f?iti‘,qpce@ M%iél and 8C
for 1 hour then purified using SEC on hadex The purified activated
CRI ML97 was a$ S@y@d Sbymtiﬁébz’&ﬂ%%\m yﬁi)aslsa)‘ntﬁzoiwléﬂehﬁ nehis fpauprotskews
Soowt/vor as ATEPyRDS geSletn Rt A Sl reltap SR IRHERE A B ana
stored at -25CHantiht fingeded gé@erﬁ@ﬁjaglgﬁt\ﬂ1Qif‘typ@lfﬁ|ﬁ£ﬂ@§ Reastsiam [ 02351 Once
the activated c%‘gg Te pol ysaccharl e and gctlvat ed. carrl er protein were
prepar ed, °t he"t e CUBIBT e %f‘“@&ﬁ AP R CES B A HHE 1$8/Fbhi | i zed

and t hi ol at ed;pahyaacshanhdeonas . d'h%%&kdéeﬂid Rqlenkb oMibarakg L8495, m xed
with thawed bronpacetylat d CRMI97 and distilled water to nmake the final

solution 0.1 Mrb@@éti& ig shiowat IWEQ B N 0R3. CRmwe g7, it shopld tpriiad thej/thd

pol ysacchari d ol 5 S m xture was
i ncubat ed at ?%ao et?%%ﬁlr%e% Ib18 Vy}ﬁﬁ “%’ha{s Hgﬂﬁiﬁagld tﬁ ﬁ%mteact ed
bronpacetyl gpmuma dil&e(pmmex mjmaﬁ@\&@&ﬁlpedhs@ylaﬁddﬁ Ng 3y St gamme

hydrochl oride at a r o of ML steam ne of. usi a 135
ot ot GGk SHRET Bhe B ) S B R S Gor 8 pbri0: 41 b S, 95 and

i ncubat ed fornﬁtﬁmoﬁn@kquﬁbmrﬁpﬁﬁ %hﬁk&@mm%u@@@%%ggqgﬂ y@apphafﬁcde CRK
97 conjugate (conjug alyég urlfledb diafilterin fold agai nst 0.9%
NaCl usi ng a 1MBOKC FoR ﬂi%‘%‘w 6 e ammésﬁqquwfn th{iwsaf}mmaémrtésm ts fromthe
reproduci bili f [ i Wht | trated
that the degrgi)effcg Lgc%sgo\%g%flgﬁﬁn?ggﬁgéﬁbggf %tiﬁgﬁzﬁ%’e ngh%w?h ch
corresponds t&zapproxi mately one |inker nol ecul e attached per ten CP repeat
units to one linker nolecule per five repeat units. The CP8 activation :15
was in tq range OE{%ZL}OM m(?/?auaron was very simlar to activation of CP5.
102371 Bromacetyl a{| o “6f"" é’l ne residues of CRI V1197 was very consistent,
rTﬁZ“'rte;Qg '02 2) aﬁ %E'a .nazg);zrsg}%ogcg} 2 an‘égél 1%e§g11fgix§)&n10 act%oilagc?tsrfgéér%l lo?blcnev
to CRML97 by S;D‘;E/;@BEO @ﬁm dlgapsd mnhﬁsremnsé 65@12@;&2023&15@@'&1&@&&@1{ afford a

one-step conjugation prqcess where the haride is. activated in an
anhydr ous envPﬂ% glﬁ%i\)@dg PR M&ﬁ@fé?mﬁwgﬁsz fiipg 8 te

noi eties wt haﬁ}&addn@a@ﬂ ﬁxahx\é%@?&Mu%n@ﬂ%g@ﬁ%ﬁt%%@é &tQF u@&ﬁébhgﬁﬁm e noieties
wi th carboxylic acids. Addition of protein carrier (in DMSO) |eads to the

nucl eophi2lfi ¢ éii@@l&éééw@ﬁtln@ﬁ“ﬂ{ fﬁé@%‘ﬁﬁ&i@t@ koratiy.| dohalopipi y é¢lievednd

formati on of a |.s e am de
| i nkage (for %%?Xﬁ@’%@ﬁ fot O(E)}K?%q}gc% i aP%Lﬁ\ﬁe Sf%ej%% ?{j%%% ¥ %ﬂghtlttg di | uted
10-fold into amn&hm;&@ﬂéoﬁ@damﬂm‘@n T Elsiemmcet i firleact! &d aamhnbtarﬁdnmmgn@ups and

then purified b afllt atio t Lion strl

produced CP cb%néhftllﬂl} 0 K r}t%ﬂgﬁggéégg}(grﬁg%’?gf “Wﬁ ﬁdl cated
by the presengg 'g:@(ﬁtdﬁlh@ aagaggauxﬂa,@m@g@mmm@ omenfmad@gmpus patr&grm si ze
excl usion chromato ﬁ and by am no acid analysis of glycol ahl ehyde
capped orScysP &t e hydr ochl ori de capped conjugate. [02401 Sunmary of the
results from ﬁ%gf)r G?H&a[n@%ﬂr&r&fm/% <Y1{3 b iah QLS 0. CORL GBS &r?%%@ﬁ ed by both
PDPI I and T chem stries Tor capsul ar serotypes w

pol ysacchari deugmzﬁmmxt@mdrxaﬁgfé& ofh&zt@ dbioaidQs kDepoacdoshownuidenhabl e 7

bel ow. There were.,no signifi.cant, di.fferences.i . capsule

ol yeacehart i Rarmg o s BRBt B arE g S st e S 8% bRt ed by
these two conjugati(PRuel keds anﬂ'ﬁ&ﬁw&ﬁwﬁfgﬁm Gt YasOhf €@REnigatediICAvmas not
altered by conj ugation as portrayed by identity preci p| ti n ti ne_between
conj ugat €8 anfOHEDS ey Eprefyay) 8 aﬁ?‘”éhd#a&t%eﬁ%aﬁlri@nwdﬁ GACEPSLRL\ 197

and CP8- CR1\ Tilzg KI du?rf&‘?(RQ‘ﬁ @QMMIWQSHQQ%H&?N?QQWQGW §1§g§>lr§>§m%mﬁd&at e
Chem stry CP Y ? Protein

44 197, \14 a,m ompa\ms residues 198-375; and N3 encompasses residues 375-588S.
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. Yield (?/;.) Qutput Ra tio Free saceharide (A) Free Protein (% Lysines
Modi fied Size (Mv or Kd (%l ess than 0.3), sacciprot)) SA CP5- CRM 197 CDT
PDPI | 26-w9 280)/405499 0.5-0.8 0.4-LO 10-40 23-50 <1 ND PCT/US2010/039510

In CHA, the crystal structure of the A domain was found fo have a unigue version
of the immunoglobulin fold and by analogy the same may be speculated to be the
case for CHB. Sce Deivanayagam et al, EMBO | 21:6660-6672 (2002). Even
though orgamization of the A domains of CHB and CIfA are similar, sequence

identity is only 26%. See Ni Eidhin ot al., Mol Microbiol. 34:245-257 (2002},

(821

CHR Sequence
{§129] The gene encoding CUB 1s classified as a core adhesion gene. CHB
sequences from 92 strams of 8. aureus associated with multiple disease states are

summarized in Table 11, Additional sequences were obtained from GenBank.

10 Other MSURAMMS

{8136] Other MSCRAMMS may be considered for use in an iromunogenic
composition of the present invention. For example, the serine-aspartate repeat
(Sdr) proteins, SdrC, SdrDy, and SdrE are related in primary sequence and structural
organization to the ClfA and CHB proteins and are localized on the cell surface,

15 The Sdr(C, SdrD and SdrE proteins are cell wall-associated proteins, having a
signal sequence at the N-terminus and an LPXTG (SEQ ID N{O:125) motif]
hydrophobic domain and posttively charged residues at the C-termunus. Each also
has an SB repeat contaming region R of sufficient length to allow, along with the
B motifs, efficient expression of the higand binding domain region A on the cell

20 surtace. With the A region of the Sdr(C, SdrD? and SdrE proteins located on the cell
surface, the proteins can interact with proteins in plasma, the extraceliular matrix
or with molecules on the surface of host cells. The Sdr proteins share some limited
aming acid sequence similarity with CHA and CHB. Like ClfA and CHB, Sdr(C,
SdrD and SdrE also exhibit cation-dependent ligand binding of extracelular matrix

25 proteins.

{#131] The sdr genes are closely linked and tandemly asrrayed. The Sdr proteins
(of SdrC, SdrDd, SdrE, CHA, and CliB} characteristically comprise an A region
where there is highly conserved amino acid sequence that can be used to derive a
consensus TYTFTIDYVD (SEQ ID NO: 126) motif. The motif exhibits slight

30 variation between the different proteins. This variation, along with the consensus

sequence of the motif is described in US patent number 6,680,195, In the Clf-Sdr
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18-22 ND 38/61 to 76/74 7.5 x 105i 2.3 x 106 SA CP8- CRIM 97 CD1 - PDPI
46-62 34-70 54-55 + 61-83 0.8-0.9 0.6-0.9 22-25 15-41 'D 7-8 11-16 34/57
to 60/ 5MWwWo040t/15192' ?/i  10[ 02411 As shown above, the nmeChasgo0ideswsie bed
herein may be used to produce specific ranges of desired high nol ecul ar
wei ght capsul e pol ysaccharides. The aimof this study was to prepare

conj ugates f rQ Qmp'[}ﬁx ﬁ’}g ;@ﬁth%hr&ﬁ%\v&f PO RLecuLak n\f\@higm(ﬁm;nbat coul d

be filtered and purif use in i munogeni c conpositions. In this
exanpl e, e|gh@mbavdh@sHMWEﬁétﬁw@S@Q@T@aggmmmwﬁsp@ﬁy@é@dhamﬁ@@ﬂﬂahged in

mol ecul ar wei ght, from abou e.selected and
conj ugat i on V\gs Y be us{; as andmtn 18 mktga O%u(i%on O%IHO{ERCE’}HE; of %ﬁi%cv i’&ﬁ‘ST) See Table 8.

The nD|eCU|ardMﬁﬁﬁh%S\@ﬁhﬁhﬁﬂb@ﬁUMh%Bg%@ﬂﬂﬁﬂgﬁf@%ddQﬂ@@ﬂnbﬁﬁﬂkl533 kDa to
2656 kDa. The. nunber of conjugated |ysines per CRIY1197 ranged froma high
of 22 to & | o825, The free capsul e pol ysaccharide ranged from a 20hi gh

of 18%to a | wief %ike % ppERind ABEE 18m CIfA and CIfB by having two to five

additional 110-113 residue repeated sequences (B-motifs) located between region
A and the R-region. Each B-motif contains a consensus Ca”™' -binding EF-hand
loop normally found in cukaryotic proteins. The structural integrity of a

10 recombinant protein comprising the five B-repeats of SdrD was shown by bisANS
fluorescence analysis to be Ca”' -dependent, snggesting that the EF-hands are
functional. When Ca”™ was removed the structure collapsed to an unfolded
conformation. The original structure was restored by addition of Ca™". The
C-terminal R-domains of the Sdr proteins contam 132-170 SD residues. These are

15 followed by conserved wall-anchoring regions characteristic of many surface
proteins of Gram positive bacteria,
{0133]  Inthe Sdr and CH proteins this B motif is highly conserved while a
degenerate version occurs in fibronectin binding MSCRAMMS, as well as the

collagen binding protein Cna. The B motifs, i conjunction with the R regions, are

19
o]

necessary for displaying the ligand-binding domain at some distance from the cell

surface. The repeated B motifs are one common denominator of the sub-group of

SD repeat proteins described herem. These motifs are found i different numbers

in the three Sdr proteins from strain PFESA0237. There are clear distinctions

between the mdividual B motifs, The most conserved units are those located

25 adjacent to the R regions (SdrC B2, SdrD BS and SArE B3). They differ from the
rest at several sites, especially in the C-termuinal half. A noteworthy structuoral
detail is that adjacent B repeats are always separated by a proline residue present in
the C-terminal region, but a proline never occurs between the last B repeats and the
R region. Instead this Hnker is characterized by a short acidic stretch. These

30 differcnces arc evidence that the end units have a different structural or functional

role compared to the other B motifs. The N-terminal B motifs of Sdrf¥ and SdrE

have drifted apart from the others, and there are numerous amino acid alterations,
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Tabl e 8 Conjugates Wth Presel ected MW Range of CPS Run 1 Poly- MW (kDa)
121 Sacc Yield (%9 63 Free saccharide (%9 Il MNby SEC MALLS (kDa) 2130
Lysi nes MWvOizbioedi9 ? 3 92 119 72 74 16 14 1533 2656 prcz/Us2d15/039510

inchuding small insertions and deletions whereas the remaining internal B motifs
are more highly conserved. Note that each of the three Sdr proteins has at least one
B motif of each kind.

{8134} The C-terminal R-domains of the Sdr proteins contain 132-170 SD

(821

residues. These are followed by conserved wall-anchoring regions characteristic of
many surface proteins of Gram positive bacteria.
{0135] Other candidate SdrD molecules may be derived from various species of
organisms for use in an immunogenic composition of the invention, some of which
include the following SdrD from S aureus: strain USA300 FPR3757 (protein
10 accession number SAUSA300 0547); stramm NCTC832S (protein accession number
SAOUHSC 00545); strain MW2 (protein aceession nurmber MWOS517); strain
MSSA476 (protemn accession number SASOS520; and strain MuS0 (protein
accession mumber SAV0S62),
{8136} Further MSCRAMMS which may be considered for use inan
15 immunogenic composition of the present mvention include EkeS, DsgA, Kesk,
Kok, KrkIN2, RkaS, RrkN, and KnkA, These MSCRAMMS are described m
WO 02/102829, which 15 hereby incorporated by reference. Additional
MSCRAMMS, identified by GenBank Accession No., inchude NP 3732611,
NP 3733711, NP 3742461, NP 3742481, NP 374841.1, NP 374866.1,
WP 375140.1, NP 3756141, NP _375615.1, NP 375707.1, NP _375765.1, and
NP 3757731

19
o]

Capsule Polvsaccharides Tvpe S and Tvpe 8

{8137] Staphviococcal microorganisins capable of causing mvasive discase

generally also are capable of producing a capsule polysaccharide (CF) that

19
21

encapsulates the bacteriom and enhances its resistance to clearance by host mnate
immune systern. The CP serves to cloak the bacterial cell in a protective capsule
that renders the bacteria resistant to phagocvtosis and intraccliular killing, Bacteria
lacking a capsule are more susceptible to phagocytosis. Capsular polysaccharides

are frequently an important virulence factor for many bacterial pathogens,

il
3

mcluding Haemophilus influenzae, Streptococcus preuwmoniae and Group B

streptococct.
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4 115 63 18 1911 15 102421 Table 9 sumarizes the analysis of CP8
conj ugat es where the CP8 capsul e pol ysaccharide ranged in nol ecul ar wei ght
from abowo@eikBasst0 113 kDa and the im dazol e conj ugat ipom/ush@wiosisny was
utilized. The nol ecul ar wei ghts of the resulting conjugates ranged from 595
kDa to 943 kDa. The nunber of conjugated tysi nes per CRIV1197 ranged from a
high of 9 to g ohe SpsliF, LLREFROSHE 6 RRLYSACSALL fo ranapd.fyam a hi gh
of 6%to a Iog\q/} 0?}"’2@1@ 8%}81 g% e 9, T 9 nfuga? g\i{tﬁ% Prg’sj ected MV
Range of CP8 bRikria. FIO’I@V%WH(UI%I%?CCSQQ@J?M@I&d»aCFif?@é«itbacsefn’aﬁc idiseruMArby  SECG-
MALLS Lysi nes_Nbdified . go/?: L2 (IW;‘Qw a (
¢ 3 crate CCHIC struciure ¢ que cpHope
monf}dona?amlbod y generated to'a specific structure or unigue cpuope

characteristic of the capsule polysaccharide. Encapsulated bacteria tend to grow in

(821

smooth colonics whereas colonies of bacteria that have lost their capsules appear
rough. Colonies producing a mucoid appearance are known as Heavily
Encapsulated. Tvpes | and 2 of 5. aurens are heavily encapsulated and are rarely
associated with discase.
18139} Most clinical isolates of 8. aurens are encapsulated with either serotypes
10 S or 8. The type 5 (CP5) and type 8 {CP8) capsular polysaccharides have similar
trisaccharide repeating units comprised of N-acetyl mannosaminuronic acid, N-
acetyl L-fucosamine, and N-acetyl D-fucosamine, Sce Fournier, J.M. ¢t al., Infect.
Immun, 45:97-93 (1984) and Morcan, M., ot al., Carbohydrate Res. 201:285-297
{1990). The two CPs, which have the same sugars, but differ in the sugar linkages
15 and m sites of O acetylation to produce serologically distinet patterns of
IMIUNeTeactivity.
[014¢] In some embodiments, the serotype 5 and/or 8 capsular polysaccharides
of the invention are O-acetylated. In some embodinents, the degree of
O-acetylation of type 5 capsular polysaccharide or oligosaccharide 1s 10~-100%,
20-100%, 30-100%, 40-100%, 50-100%. 60-100%, 70-100%, 80-100%, 90-100%,
50~ 90%, 60-90%, 70-90% or 80-90%. In some embodiments, the degree of

19
o]

O-acetylation of type 8 capsular polysaccharide or oligosaccharide 1s 10-100%,
20-100%, 30-100%, 40-1060%, 50-100%. 63-100%, 70-100%, 80-100%, 30-1030%,
50-80%, 60-90%, 70-90% or 80-90%. In some embodiments, the degree of

25 O-acetylation of type 5 and type & capsular polysaccharides or oligosaccharides is
10-100%, 20-100%, 30-100%, 40-100%, 50-100%. 60-100%, 70-100%, 80-100%,
90-100%, 50-90%, 60-90%, 70-90% or 803-90%
{8141] The degree of G-acetvlation of the polysaccharide or oligosaccharide can
be determined by any method known in the art, for example, by proton NMR

30 {Lemercinier and Jones 1996, Carbohydrate Rescarch 296; 83-96, Jones and

Lemercinicr 2002, J Pharmaceutical and Biomedical Analysis 30; 1233-1247, WO
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1 Q88 6 943 4 113 73 5 +841 3, 3 10579 3719/ i. 100

2. 630

WO 2010/151544 PCT/US2010/039510

(821

o0
pe

19
21

05/033148 or WO 00/56357). Another commonly used method is described by
Hestrin (1949} J. Biol Chem. 180; 249-261.

{8142} In somc embodiments, the serotype 5 and/or 8 capsular polysaccharides of
the invention are used to generate antibodies that are fimnctional as measured by the
killing of bacteria in an animal efficacy model or an opsonophagocytic killing
assay that demonstrates that the antibodies kill the bacteria. Such functionality
may not be observed using an assay that monitors the generation of antibodies

alone, which is not indicative of the importance of O-acetyiation in efficacy.

Capsule Epidemiology

{8143] The association of particular capsule serotypes with discase is possible
through monttoring of clinical isolates. Of the eight different serotypes of

S, aureus identified (Karakawa and Vann (1982} only serotypes 1 and 2 are heavily
encapsulated, and these are varely isolated. See Capsular Polysaccharides of
Staphylococcus aureus, p. 285-293, In LB, Robbins, J.C. Hill and J.C. Sadoff (ed.},
Seminars in infectious discase, vol. 4, Bacterial Vaccines, Thieme Stratton, Inc.
New York). Surveys have shown that approximately 85-90% of 8. aurens clinical
isolates express P35 or CPS (Arbeit RD, et al., Diagn. Microbiol Infect. Dis.
(1984} Apr;2(2):85-91; Karakawa WW, ¢t al,, I. Clin, Microbiol. (1985}
Sep;22(3):445-7; Essawi T, et al,, Trop. Med. Int. Health, (1998} Jul;3(7):576-43;
Na'was T, ¢t al,, J, Chin. Microbiol (1998} 36(21:414-20. Most of CP5 and CP&
non-typeable strains are genetically type 5 or type 8 containing mutations in cap3/
locus (Cocchiaro, Gomez ot al,, (2006), Mol. Microbiol. Feb, 593 ):948-960).
Capsulation for some strains is lost rapidly within fow passages in vifre which is
duc to a repressive effect of high phosphate concentration i media used in clintcal
diagnosis on capsule production. Tt was also reported that non-capsulated isolates
recover capsule expression after passing through cows. See Opdebeck, LP. et al,,
I Med. Microbiol 19:275-278 (1985}, Some non-typeable strains become capsule

positive under appropriate growth conditions.

CP5 and CP8 Structure

{0144] The repeat untt of both CP35 and CPR 1s comprised of 2-acetamido-2-

deoxy-D-mannuronic acid, 2-acctamido-2-deoxy-L-fucose and 2-acctamido-2-
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86



: 87 90 + 3 , 595 6 102431 Both conjugation chem stries produce CP
covalently linked to carrier 10protein. There were no significant

di fferencwe 20m/fsi@@ capsul e pol ysaccharide, ratio of CPrPratsesnn/0a9sdo yi el ds
of conjugates generated by these two nethods. Exanple 5: Sequence Diversity
of Polypeptide Fragments Ni, N2 and N3 of CfA 102441 In this exanple the
protei n sequepgg heter )Q&e%%'@ Yolds @Qisf R b%,(@emj& deq 1pdf.a0mRAbesNL, N2 and
N3 from di sease cau5|ng i sol at es obt ai ne rom vari ous sources was

eval uated. G A tAouegleirﬁefsalxﬁér% waqtiemrewd <ﬁgfmm1§p®%ﬂmﬂmf hsvc lmgreus associ at ed

\M t h mJl t I pl € grlng% ate’ éqct ?T?muﬂ@?@q‘Ecaqcelbtlplitor fTB.t s!i? [ OS] dl t I Onal St J al ns
was obt ai ned from é nk eneTate ron1?gfevan $¥¥ai ns.

Table 10 |i st Sngﬁiiifef\ﬁI(Bﬁtieuﬂﬁ‘t’lonsﬂqu&lﬁm&&i %1{&26@&115&33%53@9@&‘@- al i gnment  of
C fA proteins fron1d|fferent dlsegse causi ng stralng aureus i s shown
in Fi gur e "8A- 8EYIAHE 45058 emfvééaqu REFEIIGREYE APy d s&s%%i?gmkmsée . See
Edgar, R C. Ngglgi¢ghak zhﬁrch 32 (51:1792-1797 (2004). The alignnents
wer e di splayed using S See Rice, P. et al., "EMBOSS. The European
Mol ecul ar Bi ol ogy Open Softmere Suite” Trends in GEnetlcs 16 (6): 276-277
(2000). Many of t he ¥eidmeads fevitcredidnil er premistes GPEREEien var i at i on.
For clarity each uni gue sequence was placed in the alignnment only once. See
Fi gure 8A- 8E. I'BAfl U+ aw@aglemeﬁ&ie@f et e qie Ctitels nofsepbaggifetice i sting.
For exanpl e, X f: oQ ltiple
di fferent strg?ﬁgﬂ&f{%ggmggﬁgﬁgggi%J?ﬁﬁmég 2§§ﬁ?£%%’ﬁgl?%&@ghggquence
listing nunbeM~ﬁbru@wvceeWaenbeﬂcamcabkdob@u@bkamwemﬁbwbnmﬁmbke 10: AfA
strains and Sequence LIStI l , ?é lists _one ? g IR t hat
cont ai ned t hi §°8&he’ ‘Heﬂf‘é‘ ‘%‘r VEY T EEGHENEE PITHT é)“ &t fﬁ%%%‘* ”‘éf Chown in
the first rowiat nkhedalidsgnirmitic:dinpiol Bure 8han an&f@ueheelﬁog ReRth afzhtini que
sequences of :15the CITA antigen indicates that phi sns, were
di st ri but ed tﬁw&ﬁai%bmi%eﬁeﬁf P?lésaAdraé!g‘reﬁk(~1af@i‘~m fﬁae)‘»’véwewfwim n some
cases, for any,giNgn unique protein sequence of CIfA nore than one
nucleotide sequence, encoding the sane protein, was discovered. Only the
most frequently occurring DNA sequence was included in the sequence listing
and in Tabl e 10. FYRUEHHA Salhva BradippRiodit sequences are 20di scl osed herein
and are not found in GenBank: Cl TA003, C fA005, CifA 008, Cif A 009.
O fA013, O f Al#a] EarASLsSalonmhiodiag PorgasEy, ARY TANLEST PR @1das O TA
020, dfA 021 .\ -Cl . strains and
Sequence Llstﬁékgﬁﬁgggﬂg &%¥ﬁ%%§§fﬁﬁgéle %%AEE{%?Efﬁégi%g%%élfA

mvention as \/’.intL This protein is a 32 kDa Hpoprotein and 18 located in the

bacterial cell wall. See Sellman ¢t al., and Cockayne et al, Infect. Immum. 66;

20 3767(1998). In 8. epidermidis, it is a component of an won-regulated operon. It
shows considerabie homology to both adhesins including FimA of 8 parasanguis,
and with lipoproteins of a family of ABC transporters with proven or putative
mctal iron transport functions. (Sce Table 12 for strains of 8. aurens and

Sequences. )

[\
(92

S. aureus Mnt( protein

{8147] The § aurens homologue of MntC is known as saliva binding protein and
was disclosed in 1.8, Pat. No. 5,801,234 and can be included in an immunogenic
composition of the invention. The protein sequence for the S aureus homologue of
MutZ/SitC/Saliva Binding Protein s found in GenBank accession number

30 NP 371155 for strain Mu50. (Also known as SAV0631.) The sequence identifier
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is SEQ D NO: 119, The accession number for the nucleotide sequence for the

complete genome of strain MuS0 s NC 002758.2 (coordinates 704988-705%1 7).

S. epidermidis 8irC protein
{0148] The § epidermidis homologue of MntC/SitC/Saliva Binding Protem is
5 known as S#tC and was disclosed in Sellman et al., (Sellman et al,, Infect. Immun.
2005 October; 73(10): 6591-6600). The protem sequence for the 8. epldermidis
homologue of MntC/Sit/Saliva Binding Protein is found in GenBank accession
mumber YP 187886.1. (Also known as SERPO280. ). The sequence identifier s
SEQIDNG: 121.

10 {8149} The accession number for the nucleotide sequence for the complete
genome of strain RP62A, 1s NC (02976 {(coordmates 293030-293959). Other
candidate S molecules may be derived from various specics of organisms for
use in an immunogenic composition of the invention, some of which are listed in

Table 1 below.

15 Table 1

Protein Species Example strain | Protein Accession
SuC S. haemolvticus JCSCH435 BAE03450.1
S S, epidermidis ATCC 12228 AAON4002.1
S 5. saprophyticus ATCC 15305 BAE19233.1
S 3. xylosus DSM20267 ABRS57162.1
SitC S. carnosus TM300 CAL27186.1

S, qureus Iron Binding Proteins

{815¢] Another potential candidate antigen to be considered for use in the
immunegenic compositions of the invention include the 8. gureus surface protein
20 iron surface determinant B (IsdB). This MSCRAMM was described by Mazmanian
ct al. (Mazmanian, SK et al. Proc, Natl. Acad. Sci., USA 99:2293-2298 (2002))
and it has subscquently been tested and shown to be effective as a vaceine
candidate m a nwrine model of mfection and a thesus macaque immunogenicity

study by Kuklin, et al. (Kuklin, NA, et al. Infection and Immunity, Vol 74, No. 4,

D
o

2215-2223,(2006)). This IsdB nmwolecule is present i varions strams of S, aureus,

inclading strain MRSAZ2S2 (protein accession number CAG40104.1); straim
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Newman {protein accession mumber BAF67312.1); strain MSSA476 (protein
accession number CAG42837.1); strain Mu3 (protein accession number

BAF78003.1); strain RF122 (protein accession number CAIR0681.1).

Candidate Antigens:

5 {§151] The mmunogenic compositions of the present invention may also include
one or more of the following antigens: Opp3a, BItD, HisA, LtaS, IsdA, 1sdC, SdrF,
SdrG, SdrH, SrtA, SpA, Sbi alpha-hemolysin (hla), beta-hemolysin, fibronectin
binding protein A (fubA), fibronectin-binding protein B (fnbB), coagulase, Fig,
map, Panton-Valentine leukocidin (pvl), alpha-toxin and its variants, gamma-toxin

10 {(hig) and variants, ica, immunodominant ABC transporter, MgZ-+ transporter, Ni
ABC transporter, RAP, autolysin, laminin receptors, IsaA/PisA, IsaB/PisB
SPOIIIE, SsaA, EbpS, Sas A, Sas¥F, SasH, EFB (FIB}, SBI, Npasc, EBP, bone sialo
binding protein I, aureolysin precursor {AUR)Y/ Seppl, Cna, and fragments thereof
such as M55, TSST-1, mecA, poly-N-acetvighicosamine (PNAG/dPNAG)

15 exopolysaccharide, GehDd, EbhA, EbhB, S8P-1, SSP-2, HBP, vitronectin binding
protein, HarA, EsxA, EsxB, Enterotoxin A, Enterotoxin B, Enterotoxin C1, and
novel antolysin. In certain embodiments of the mvention, when the immunogenic
composition comprises certain forms of CP5 and/or CPE, it may not further

comprise PNAG.

Imnmunogenic Composition Fornmulations

[\
o

18152} In one embodiment, the immunogenic compositions of the invention
further comprise at Jeast one of an adjuvant, a buffer, a cryoprotectant, a salt, a
divalent cation, a non-ionic detergent, an inhibitor of free radical oxidation, a
diluent or a carrier.

25 [0044] The mmunogenic compositions of the invention may further comprise
one of more preservatives in addition to a plurality of staphylococcal protein
antigens and capsular polysaccharide-protein conjugates. The FDA requires that
biological products in nuktiple-dose (multi-dose) vials contain a preservative, with
only a fow exceptions. Vaccine products containing preservatives include vaceines

30 containing benzethonium chloride (anthrax), 2-phenoxyethanol (DTaP, HepA,

Lyme, Polio (parenteraly), phenol (Pneumo, Typhoid (parenteral), Vaceinia) and
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thimerosal (DTaP, DT, Td, HepB, Hib, Influenza, JE, Meming, Pneumo, Rabigs).
Preservatives approved for use in injectable drugs include, ¢.g., chlorobutanol,
ni-cresol, methylparaben, propyiparaben, Z-phenoxyethanol, benzethonmm

chloride, benzalkonium chloride, benzoic acid, benzyi alcohol, phenol, thimerosal

(821

and phenylmercuric nitrate.

[6153] Formulations of the imvention may further comprise one or more of a

butfer, a salt, a divalent cation, a non-ionic detergent, a cryoprotectant such as a

sugar, and an anti-oxidant such as a free radical scavenger or chelating agent, or

any multiple combination thereof. The choice of any one component, ¢.g.. a

10 chelator, may determine whether or not another component (¢.g., a scavenger) is
desirable. The final composition fornwlated for administration should be sterile
and/or pyrogen free, The skilled artisan may empirically determine which
combinations of these and other components will be optimal for inclusion in the
preservative containing immunogenic compositions of the invention depending on

15 a variety of factors such as the patticular storage and administration conditions

required.

{81584} In certain erobodiments, a formulation of the mvention which is

compatible with parenteral admunistration coraprises one or more physiologically

acceptable bufters selected from, but not himuted to, Tris (triroethamine),

20 phosphate, acetate, borate, citrate, glyeine, histidine and succinate. In certain
embodiments, the formuilation is buffered to within a pH range of about 6.0 to
about 9.0, preferably from about 6.4 to about 7.4,
{B155] In certain embodiments, it may be desirable to adjust the pH of the
mmunogenie composttion or formulation of the mvention, The pHofa

25 formlation of the mvention may be adjusted using standard techniques in the art.

The pH of the formulation may be adjusted to be between 3.0 and 8.0, In certain
embodiments, the pH of the formulation may be, or may adjusted to be, between
3.0 and 6.0, 4.0 and 6.0, or 5.0 and 8.0. In other embodiments, the pH of'the
formulation may be, or may adjusted to be, about 3.0, about 3.5, about 4.0, about
30 4.5, about 5.0, about 5.5, about 5.8, about 6.0, about 6.5, about 7.0, about 7.5, or
about 8.0, In certain embodiments, the pH may be, or may adjusted to be, ina

range from 4.5 t0 7.5, or from 4.5 t0 6.5, from 5.0 t0 5.4, from 5.4 t0 5.5, from 5.5
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10 5.6, from 5.6 10 5.7, from 5.7 t0 5.&, from 5.8 t© 5.9, from 5.9 10 6.0, from 6.0 o
6.1, from 6.1 10 6.2, from 6.2 10 6.3, rom 6.3 t0 6.5, rom 6.5 t0 7.0, from 7.0 to
7.5 or from 7.5 to 8.0, In a specific embodiment, the pH of the formulation is

about 5.8,

(821

10186] In certain embodiments, a fornmmulation of the invention which is
compatible with parenteral adnunistration comprises one or more divalent cations,
mcluding but not limited to MgCh, CaCl, and MnCl, at a concentration ranging
from about 0.1 mM to about 10 mM, with up to about 5 mM being preferred.
10187  In certain embodiments, a formmulation of the invention which is
10 compatible with parenteral administration comprises one or more salts, including
but not hmited to sodium chloride, potasstum chloride, sodmm sulfate, and
potassium sulfate, present at an tonic strength which is physiologically acceptable
to the subject upon parenteral administration and mncluded at a final concentration
to produce a sclected tonic strength or osmolarity in the final formulation, The
15 final jonic strength or ostoolality of the formudation will be determined by multiple
components {¢.g., ons from buffering compound(s) and other non-buffering salts.
A preferred salt, NaCl, is present from a range of up to about 250 M, with salt
concentrations being selected to complement other components (e.g., sugars) so

that the final total osmolarity of the formulation is compatible with parenteral

19
o]

administration {(e.g., mtramuscular or subcutaneous irgection) and will promote

long term stability of the immunogenic components of the immunogenic

composiiion formulation over various temperature ranges. Salt-free formulations
will tolerate increased ranges of the one or more selected crvoprotectants to
maintain desired final osmolarity levels.

25 {81538] In certain crbodiments, a formulation of the invention which is
compatible with parenteral administration comprises one or more cryoprotectants
selected from but not limited to disaccharides (e.g., lactose, maltose, sucrose or
trehalose) and polvhydroxy hvdrocarbons (e.g., dulcitol, glycerel, manunito} and
sorbitol).

30 18159} In certain embodiments, the esmolarity of the formulation is in a range of

from about 200 mOs/L to about 800 mOs/L, with a preferred range of from about

250 mOs/L to about 500 mOs/L, or about 300 mOs/L - about 400 mOs/L. A
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Nei ghbor-j oi ning trees were boot st rapped times and were displayed with
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range of sucrose or sorbitol is relatively decreased. These and other such
osmolality and osmolarity considerations are well within the skill of the art.
{0168]  In certain embodiments, a formulation of the invention which is
compatible with parenteral administration comprises one or more froe radical

10 oxidation inhibitors and/or chelating agents. A variety of free radical scavengers
and chelators are known in the art and apply to the formulations and methods of
use described herein. Examples include but are not limited to ethanol, EDTA, a
EDTA/cthanol combination, tricthanolamine, mannttol, histidine, glycerol, sodium
citrate, inositol hexaphosphate, tripolyphosphate, ascorbic acid/ascorbate, succinic

15 acid/succinate, rualic acid/maleate, desferal, EDDHA and DTPA, and various
combinations of two or more of the above, In certain embodiments, at least one
non-reducing free radical scavenger may be added at a concentration that
effectively enhances long term stability of the formulation. One or more free
radical oxidation inhibitors/chelators may also be added in various combinations,

20 such as a scavenger and a divalent cation. The choice of chelator will determine
whether or not the addition of a scavenger is needed.
{8161} In certain embodiments, a formulation of the mvention which is
compatible with parenteral administration comprises one or more non-ionic
surfactants, meloding but not limited to polyoxyethylene sorbitan {atty acid esters,

25 Polysorbate-80 (Tween 80), Polysorbate-60 {Tween 60), Polysorbate-40 (Tween
4y and Polysorbate-20 {Tween 20}, polyoxyethylene alloyl ethers, including but
not limited to Brij 5§, Brij 35, as well as others such as Triton X-100;
Triton X-114, NP40, Span 85 and the Pluronic series of non-tonic surfactanis {¢.g.,
Pluronic 121}, with preferred components Polysorbate-80 at a concentration from

390 about 0.001% to about 2% (with up to about 0.25% being preferred) or
Polysorbate-40 at a concentration from about 0.001% to 1% (with up to about

.5% being preferred).
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10The separation of these two groups is very well supported in the

phyl ogen.y. One branch (top) includes 9 sequences that are fairly closely
rel ated twoans/@nather (96- 99% identity) but nore distaofrlus2emeloadsed to t he
candi dat e sequence cl fA011l, to which they are 91-92% i dentical. The second
group, which includes clfA011l, is nore diverse and the phylogeny in this
group I's not. Al b SURRARHimcHRES Sornnd PRIALPUN (SRANGNCHS, L0 Lr om
93-99% i dentical to one another, Exanple 6: Sequence D versity of

Pol ypept i de FWWY@HNI sta'NZZH&hdﬁm s@ﬁ‘i‘@?ﬁbsmarkﬁ»‘tahﬁ@m@)saﬁ@het« gt.lhe protein
sequence het er ggenei ty CI 3 ypept i d ragments
from 92 di seasglgiélg sr”ﬁléc?m R east I%Bttﬁar%“%gla“fg’ﬂ mu E)i“og Sgﬁ§6n§rc§§”t ¥4

eval uated. CMrgenes ssecel gegqueneeddunomialiyaing iiﬁlf)suﬁllteaﬂibﬁzbtﬁmbaﬁﬁﬁt;l at ed
with multiple disease states. See Table 11. information from additional
strains was oBtEPHEE PFGATGENBERIYTY Cheriérate PG £ 6renddBliences. [ 02491

The sequence ahigRRRL BipMifil PLALBHAS &&m%}h&%@@tm%ﬁ%@sﬁ% niGiadsi ng
strains of S. uurcus is shown in Figure 10A-10E. The protein sequences were

al i gned usi ngbMISEEE %@crEﬁglar«torm@onNumSeb@tﬂmmdﬁlﬁ Rersadatoh feon (ig)t: 1792-

1797 (2004). The ayed using SHOMLI GN. See Rice, P. et
al ., "EMBGCSS. <pl'£h & qgrpxr%g%“?F){I)A{Fecu EE&P i ol ogy OQpen Software Suite" Trends in

Genetics, 16 (HBp3] 2F&sél?z?m(c&@ﬁﬁ)nmg&&mﬁlogﬂﬁecd.%ﬁ;@m]tﬁﬁ StnnfiBiakicfgthe AS Wi th
G fA many of . the sequences. recurred pl e. t)lttrres wi t.hout. variation. For

10 clarity, edeH™iiite" Oé%ﬁﬁeﬂﬁ%o%ﬁ%r“g:lﬂ ‘“afé%*ﬂ“itﬁ“ hEEPYRAERESSAl y once. See

Fi gure 10A- 10Ecifkty, winiidieEBnsqusnaesatiRt endinglivdad.d & theisequence
listing. For exanple, the sequence of Cl fB006 was obtained frommultiple

di fferent strBSAEH %w@@é aralpiapsy inglpilobit amhiod il@@qﬁ%’é@l%m%?h@ﬁmﬁch t he
first row of E@;glo?c'lﬂsg&”ﬁﬂ&%wp%ﬁb (g‘?%(gog‘p%igglva g?ﬁ%%’l%m' I8hkng nunmber

for any sequence can al 50 I's alignment of
representativeuwnmqmeusehu&nbmsxgﬁmﬂ@e(Ehﬂ&nahﬁ;gﬁh imﬁm&aﬂ%%lhhat
pol ynor phi_snms_ wer.e |er|b ed throu hout. t he e Are | - N2- N3)  of
B S milisar P e i R R A Do Su ok 113, more
t han one nucl e&h&:@%us\@@wm@mmmm@ A@n S BABNRLOL AN é@@@t@u@covered Only
the nost frequently occurrlng DNA sequence was included nin the sequence

{

listing and i AeRigte vt Hscrged.cHB, M vansel {50 Ryrsgguehteyidre 24 scl osed

herein and are,pol. ciqii'ﬂgnkg feenBank, isirlodds3oR0h, CUB 004, CUB 005,
C1113010, C1113011, CuB 013. Cl113014, C1113015 0113016, C1113017, CIB

018, O I B 019]¢16M 020ypGiddB OFL, inGlniBn 0RE be @fdeﬂ@QQBm anpdu@id 1{8@02«4 The
Soquence 0 st L ERRRPE R o Rt e B8 Y Bl oo B i n” " B s
1D NGO % i dendibinysidr@d Kifdctly @@ thdir packRPEESHOZ86d &Lil308dd bor I§ection
without the need for reconstitution in agueous medinm as otherwise required for
fyophilized compositions of the mvention.
(8165] Duect delivery of immunogenic compositions of the present invention to
25 a subject may be accomplished by parenteral administration (intranmscularly,
intraperitoncally, intradermally, subcutaneously, mtravenously, or to the interstitial
space of a tissuc); or by rectal, oral, vaginal, topical, transdermal, mtranasal,
ocular, aural, pulmonary or other mncosal administration. In a preferred
embodiment, parenteral administration is by intramuscular injection, e.g., to the
30 thigh or upper arm of the subject. Injection may be via a needle {(¢.g., a
hypodermic needle), but needle free injection may alternatively be used. A typical

intramuscuiar dose is 0.5mL. Compositions of the invention may be prepared in
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various forms, e.g., for injection either as higuid solutions or suspensions. In
certain embodiments, the composition may be prepared as a powder or spray for
pulmonary administration, ¢.g., in an inhaler. In other embodiments, the

composition may be prepared as 8 suppository or pessary, or for nasal, aural or

(821

ocular administration, ¢.g., as a spray, drops, gel or powder.

{#166] Optimal amounts of components for a particular immunogenic
composition may be ascertained by standard studies involving observation of
appropriate immune responses in subjects. Following an initial vaccination,

subjects can receive one or several booster imimunizations adequately spaced.

-t
<

Packaging and Dosage Forms

{8167] Tmmunogenic compositions of the mvention may be packaged in unit
dose or muliti-dose form {e.g. 2 doses, 4 doses, or more). For multi-dose forms,
vials are typically but not necessarily preterred over pre-filled syringes. Suitable
nmulti-dose formats include but are not limited to: 2 to 10 doses per container at 0.1

15 to 2 mL per dose. In certain embodiments, the dose 18 a .5 mL dose. Sce, e.g.,
International Patent Application WGO2007/127668, which is incorporated by
reference herein.

Compositions may be presented m vials or other suitable storage containers, or
may be presented in pre-filled delivery deviees, ¢.g., single or multiple component

20 syringes, which may be supplicd with or without needles. A syringe typically but
nced not necessarily contains a single dose of the preservative-contaiming
immunogenic composition of the invention, although nwlti-dose, pre-filled
syringes are also cnvisioned. Likewise, a vial may include a single dose but may
alternatively include multiple doses.

25 {B168] Effective dosage volumes can be routinely established, but a typical dose
of the composition for mjection has a volume 0of 0.5 ml. In certain embodunents,
the dose s formulated for administration to a human subject. In certain
embodiments, the dose is formulated for admnistration to an adult, teen,

adolescent, toddler or infant (re., no more than one year old) human subject and

il
3

may in preferred embodiments be administered by injection.
{816%] Liqud mmunogenic compositions of the mvention are also suitable for

reconstituting other immunogenic compositions which are presented in lyophilized
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(O3}

[]

form. Where an immunogenic composition 1s to be used for such extemporancous
reconstitution, the invention provides a kit with two or more vials, two or more
ready-filled syringes, or one or more of each, with the contents of the syringe being
used to reconstitute the contents of the vial prior to injection, or vice versa.

{8178] Alternatively, immunogenic compositions of the present invention may be
ivophilized and reconstituted, e.g., using one of a multitude of methods for frecze
drying well known i the art to form dry, regular shaped (c.g.. spherical) particles,
such as micropellets or microspheres, having particle characteristics such as mean
diameter sizes that may be selected and controlled by varying the exact methods
used to prepare them, The immunogenic compositions may further comprise an
adjuvant which may optionally be prepared with or contained in separate dry,
regular shaped (e.g., spherical) particles such as micropelicts or microspheres. In
such embodiments, the present invention further provides an immunogenic
composition Kit comprising a first component that inchudes a stabilized, dry
immunogenic composition, optionally further comprising one or more
preservatives of the invention, and a second component comprising a sterile,
agueous solution for reconstitution of the first component. Tn certain
embodiments, the agueous solution comprises one or more preservatives, and may
optionally comprise at least one adjuvant (see, e.g., WO2009/109550 (incorporated
herein by reference).

{8171}  In vet another embodiment, a contamer of the multi-dose format s
selected from one or more of the group consisting of, but not himited to, general
iaboratory glassware, flasks, beakers, graduated cylinders, fermentors, bioreactors,
tubings, pipes, bags, jars, vials, vial closures {(e.g., a rubber stopper, a screw on
cap), ampoules, syringes, dual or multi-chamber syringes, syringe stoppers, syringe
plungers, rubber closures, plastic closures, glass closures, cartridges and disposable
pens and the like. The container of the present invention is not himited by material
of manufacture, and mclodes materials such as glass, metals {e.g., steel, stainless
steel, aluminum, cte.) and polymers (e.g., thermoplastics, elastomers,
thermoplastic-clastomers). In a particular embodiment, the container of the format
is a 5 mL Schott Type 1 glass vial with a butyl stopper. The skilled artisan will

appreciate that the format set forth above is by no means an cxhaustive list, but
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merely serve as guidance to the artisan with respect to the variety of formats
avatlable for the present invention. Additional formats contemplated for use in the
present invention may be found in published catalogues from laboratory equipment

vendors and manufacturers such as United States Plastic Corp. (Lima, OH), VWR.

5 Evaluation of Immunogenic Compositions

{8172] Inone embodiment, the present invention provides immunogenic
compositions comprising at least three antigens from a S, gurens organisn.
{81731 Various in virre tests are used to assess the immunogenicity of the
mmunogenic compositions of the mvention. For example, an in vitro opsonic

10 assay is conducted by incubating together a mixture of staphylococcal cells, heat
mactivated serum containing specific antibodies to the antigens in question, and an
exogenous complement source. Upsonophagocytosis proceeds during incubation
of freshly isolated polymorphonuciear cells (PMN's}) or differentiated effector cells
such as HL60s and the antibody/complement/staphylococcal cell mixture.

15 Bacterial cells that are coated with antibody and complement are kilied upon
opsonophagocytosis. Colony forming units {cfu} of surviving bacteria that are
recovered from opsonophagocoytosis are determined by plating the assay mixture,
Titers are reported as the reciprocal of the highest dilution that gives 50% bacterial
killing, as determined by comparison to assay controls.

20 {0174] A whole cell ELISA assay is also used to assess in vifre innmunogenicity
and surface exposure of the antigen, wherein the bacterial strain of interest
(8. aureus) 18 coated onto a plate, such as a 96 well plate, and test sera from an
immunized animal is reacted with the bacterial cells. If any antibody, specific for
the test antigen, 18 reactive with a surface exposed epitope of the antigen, it can be

25 detected by standard methods known to one skilled m the art,

{8173] Any antigen demonstrating the destred iz vigro activity is then tested n an
in vivo animal challenge model. In certain embodiments, imnmunogenic
compositions are used in the immunization of an arumal {e.g., a mouse) by

methods and routes of immunization known to those of skill mthe art (e g,

il
3

mtranasal, parenteral, oral, rectal, vaginal, transdermal, intraperitoneal,
intravenous, subcutancous, ete.). Following mmmmmization of the animal with a

particular Staphyviococcus sp. immunogenic composition, the animal is challenged
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with a Staphviccoceus sp. and assayed for resistance to the staphylococcal
mfection.
18176} In one embodiment, pathogen-free mice are immunized and challenged

with & gurens. For example, mice are immumized with one or more doses of the

(821

desired antigen in an immmunogenic composition. Subsequently, the mice are

challenged with 8 gureus and survival is monitored over time post challenge.

Methods of Immunizing

{81771 Provided also are methods for immumizing a host to prevent
staphvlococcal infection. In a preferred embodiment, the host is haman. Thas, a

10 host or subject is administered an immunogenic amount of an immunogenic
composition as described herein, An immunogenic amount of an immunogenic
composition can be determined by doing a dosc response study in which subiects
are immunized with gradually increasing amounts of the immunogenic
composition and the immune response analyzed to determine the optimal dosage.

15 Starting points for the study can be inferred from immunization data in animal
models. The dosage amount can vary depending upon specific conditions of the
mdividual. The amount can be determined m routine trials by means known to
those skilled in the art. In some embodiments, the method of immunizing a host to
prevent staphylococcal infection, disease or condition comprises human,

20 veterinary, animal, or agricultural trestment,  Another embodiment provides a
method of immunizing a host to prevent staphylococcal infection, disease or
condition associated with a Staphviococcus sp. m a subject, the method comprising
generating a polyclonal or monoclonal antibody preparation from the tmmunogenic

composition described herein, and using said antibody preparation to confer

D
o

passive wnmuonity to the subject.

[0178] An vmmunologically effective amount of the smmunogenic composition
m an appropriate number of doses 8 adnunistered to the subject to clickt an
immune response. The treated mdividual should not exhibit the more serious
chinical mamfestations of the staphvlococcal mfection. The dosage amount can

30 vary depending upon specific conditions of the individual, such as age and weight.
This amount can be determined in routine trials by means known to those skilled n

the art.
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Clones of S. aureus [0250] In this exanple, the protein sequence
het er ogeneity of Mt C genes from 104 di sease-causing isol ates obtained from
various sour ceg-was seyal dial 8.l MG SIENesINRIESEAHaREEd;{ r om strains  of
S. aureus associated with nmultiple di sease

compositions of the invention show a reduction in & gureus carriage rates. Such

reduction in carriage or a profonged interval of time spent as a non-carrier

following administration of an immunogenic composition is significant from a

(821

medical need perspective, For example, reduction in overall 8. aureus carriage in
carricrs may be assessed following one dose of 8. aurens multi-antigen vaccine.
For example, 1 day prior to adnunistration of an immunogenic composition, a
group of adults aged 18-50 years may be screened for carriage by nasal and throat
swabs followed by cultivation to determine their carriage state. Next, the group
10 can be administered an immunogenic composition of the invention with a group
recetving a control. Nasal and throat swabs performed weckly over a 12 week
period, and monthly up to 6 months post administration of the immunogenic
composition are performed and compared to placcbo, One primary endpoint is to
compare carriage rates in patients after administration of an Imnmunogenic

15 composition versus placebo at 3 yoounth jntervals post immunization,

Animal Models of Staphviococcal Infection

{6188] Scveral animal models arc described below for use in assessing the

efficacy of any one of the immunogenic compositions described heremn,

Murine Sepsis Model (Passive or Active)
20 Passive fmmunization Model

{B181] Mice are passively immunized intraperttoneally (Lp.) with immune IgG or
monoclonal antibody., The mice are subsequently challenged 24 hours later with a
lethal dose of 8. gurens. The bacterial challenge is admimistered
intravenously {1.v.} or i.p. ensuring that any survival could be attributed to the

25 specitic in vivo interaction of the antibody with the bacteria. The bacterial
challenge dose is determined to be the dose required to achicve lethal sepsis of
approximately 20% of the unimmunized controf mice. Statistical evaluation of

survival studies can be carried out by Kaplan-Meier analysis.
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states. See Table 12. Information from additional strains was obtained from
GenBank to generate strain sequences. [0251] The sequence alignnment of MitC
pr ot ei ns wWoamodisif4@r ent di sease-causing strains of S, aBCTOS2018/034500N | N
Figure 12A.-12B. The protein sequences were 10aligned using MIJSCLE. See
Edgar, R C. Nucleic Acids Research 32 (5):1792- 1797 (2004). The alignnments
wer e di spl ayed u5|Q&ngmgmékjgNwz§@&#Rlce P. et al., "EMBGSS: The European
Mol ecul ar Bi ol ogy Open Software Suite" Trends in Gbnetlcs 16 (6): 276-277

(2000). See Fi ﬂ@"’f L2isA%0M Tl Gl Amxﬁ@"«k&fsﬂrh%:%%ﬁ@&?%nﬁaﬁﬁy&{ ed
mul tiple tinmes wthout variation. For clarity, each unique 1l5sequence was

pl aced in theﬂ@ﬁpgﬁn@ﬂﬂVéniMMOﬁ@eﬁmE%@*F%gwﬂ@ﬁﬂéhﬂﬁmhvﬁﬂnﬂq@@ t6C

sequences wer g I e |.e, the sequence
of Mt 0001 was ) ‘ﬁﬁf ‘%?‘%f T &HP‘f“P% ﬂt"p‘%‘t“?ia‘f“‘"“g‘mf‘ﬁ‘he?“ 5hy'Variation. See

Fi gure 125 Thi Bt%s&@ﬁﬂ@ﬂﬁ&lib&eﬁ h»@mm Iaarduh et Wedkt byrtwnofavédves aldtgniient i n
Figure 12. Th sting ue gan al so be
obtai ned fro Cﬁ “nE’ 5§ S{RE0Y gﬁoﬁﬁﬁdﬁé @“ég#¥g%g%ﬁépﬁﬁwgﬂﬂggequence

was incl uded L&n&ﬁl% eeuence-td gty Qgiod FotatidYRb GvaliB8od O oW D19 8eguences are
di scl osed herein and are not ouné GenBank: WNnt C002, Wht CO06, Mht CO907,

mt c008, and RMibqyﬂﬂmﬁOuTﬁbKép@Q?ﬂ%ﬁT€ﬁ§ﬁ$ains and Sequence Listings Strain
DNA-Wnt C SEQ ID NO Protein- MitC, SEQID NO % ldentity to Antigen

PFESAD129 Mt C 0033, MO0 99, PRESAD3AZ. Mo} C 002-1 3

140 [B183] A passive immunization model for mfections endocarditis (IE) caused by
S, aureus has previonsly been used to show that CHA can induce protective
mmmunity. See Vernachio et al, Antmicro. Agents & Chemo. 5(:511-518 (2006
in this model of IE, rabbits or rats are used o simulate clintcal infections that
mclude a central venous catheter, bacteremia, and hematogenous seeding to distal

15 organs. Catheterized rabbits or rats with sterile aortic valve vegetations are
administered a single or multiple intravenous injection of a monoclonal or
polyvelonal antibody specific for the target antigen. Subscquently, the animals are
challenged 1v. with a S, aureus or S, epidermidis strain. Then atter challenge,
heart, cardiac vegetations, and additional tissues, including kidneys, and blood are

20 harvested and cultured. The frequency of staphylococcal infection in cardiac
tissue, Kidneys, and blood 1s then measured. 1n one study, when animals were
challenged with either MRSE ATCC 35984 or MRSA 67-0, significant reductions
in infection rate were shown using cither the polyclonal antibody preparation or the
monoclonal antibody to CHA. Sec Vernachio ¢t al., Antmicro. Agents & Chemo,

25 S0:511-518 (2006).

{0184] The mfectious endocarditis model has also been adapted for active
immunization studies in both rabbits and rats, Rabbits or rats are immunized
mtramuscularly or subcutancously with target antigen and challenged with

S aurens two weeks later via the intravenous route.
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Pyelonephrits Model
{B185] In the pyelonephritis model, mice are vmmunized on wks 0, 3 and 6 {or
other appropriately spaced immunization schedule) with the target antigens.
Subsequently, the animals are challenged 1.p. or Lv. with 8. aurens PFESAQ266.

5 After 48 hrs, the kidneys are harvested and bacterial CFU are enumerated.

Antibodies and Antibodv Compositions

{3186] The mvention further provides antibodies and antibody compositions
which bind specifically and selectively to one or more antigens of an immunogenic
composition of the present invention. In some embodiments, antibodies are

10 generated upon adrnisiration to a subject of an immunogenic composition of the
present invention. [n some embodiments, the mvention provides purified or
isolated antibodies directed against one or more of the antigens of an immunogenic
composition of the present invention. In some embodiments, the antibodies of the

present nvention are functional as measured by killing bacteria in cither an antmal

oy
{81

efficacy model or via an opsonophagocytic killing assay. In some embodiments,
the antibodics of the invention confer passive immunity to a subject. The present
invention further provides polynucleotide molecules encoding an antibody or
antibody fragment of the mvention, and a cell or cell line (such as hybridoma cells
or other engincered cell lines for recombmant production of antibodies) and a
20 transgenic animal that produces an antibody or antibody composition of the
mvention, using technigues well-known to those of skill in the art.
{§187] Antibodics or antibody compositions of the invention may be used ina
method of treating or preventing a Staphylococcal infection, disease or condition
associated with a Staphviococcus sp. i a subject, the method comprising
25 generating a polyclonal or monoclonal antibody preparation, and using said
antibody or antibody composition to confer passive immunity to the subject,
Antibodics of the invention may also be useful for diagnostic methods, ¢.g.,
detecting the presence of or quantifying the levels of one or more antigens of the

immunogenic compositions of the present invention.
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Exanpl e 8: Surface Expression of CAfA CP5, CP8 And MitC In vivo During
infection [02521 S. aurcus is responsible for causing a diverse array of
human i nfwot2nmnsis4€onsequent |y the bacteria nust adapt toTdiskéiensssto
environmental niches by 10di fferential expression of virulence factors
required for infection. The expression of target antigens was studied in
three in vivopkodgptpassays to assess their expression during infection: a
wound nodel toO neasure expression of the antigen at the prinmary site of
infection, a hagker eni 8 RRAR) chidles TONLLOLE BRLIIRNBRANEITIOR e the

bl ood, and an i ndwelling chanmber nodel that nonitors antigen 15expression
during nutri emtvEasyprgdiedave ttegltccendiltisond thaFBeseaddanphesee rodiebisatiche rodent s
were chall enggqlvv’\{l;n&Q)gat(:tte'roir?to%}e v:[hr(])?i f%ieitir%tigg 2> i’t)%gX iti('):rql"iln'?\é\iong )'fﬂ!le ction,
bacteria wer e NArvest &8 AP iTE i Y FeTHaT At SR AnPiEgE A €X 5f 8451 on

(C1f A, CP5, CRBeuntMdat @) shoakl lessesseatdusi Rgen mpuadfchttanesadinbniiegt,0scopy
(wound and bacterem a) or. flow cytonetry (chatnber).. .20 Mﬁ%' RI ALS, AND
METHODS Expr eE$TSH W THECNSHIHG © h%aw[be%%iiwr}m&nﬁfﬁ%ﬁéfq* AR BBY i ment s
consist of 5 anLWAhS{PFGUP A0 YR al@ 12 ug&gupﬁgﬁcg nefh ITBXES AW Bfendp

ani mal s/ experinment Six to eight week (wk) old C57BL/6 mal e m ce underwent
surgery to enBédags pabprremisygiuree th ronara ¢ ghcighiiees end pié fogirerivrThi s

provi des a tbrei gn-bo Str. Lhr b ri.al. att.achment and

si gni ficantl ygfge%ﬁég%g%ﬁ%%é%cﬁib%&%r%“%fugc' |%t§é& 0S! “ﬁg&e%ed to produce a

st aphyl ococcaldM8un8uitinf@cte on follkiwies blangficsevdrbesri&! o@ustystaadars§t eri |l e
saline were i n}ﬂﬁfduaceth to U}ﬁ%i nci si.on under tdhef gggg tissue suture of
4-0 silk. The SRIRRa&PiEh oSt Wn 400 "PrEr SnEosutIGRES  dr° ¥LrFgf¥hl adhesi ve
(e.g., cyanoaghylak@)wisd AsscaBidBl@anene wiiihaniz e BliowihfexARia e bet ween
30 mn and 10 days follow ng infection and the thigh nuscle excised,
honogeni zed af@stHe! Basbeiiy e eHUwE: abd shoulht 8¢ panshtcd Bang vkt ngHng nf ect i on
wer e anal yzed;f.q }@rgfi e ession by inmunofl uorescent (IF) confocal

m croscopy. E%%(rgg%s“i ogi}glb g“t EHHBact erem a Model [0254] Groups of 10 four-wk
old CD-1 or 13alb/C mce were i munized with ftg of protein or CP

conj ugat é5by Eabwptcaheoliwdunfietel ontigms WHEL @pd 8l ind 6. The animal s were
bled on wks 0 and 8 followed by an intraperitoneal challenge with S. aureus
grown to | atelli§§i phasenniarspA Thireend BufsbD ofd dwidvys ehdick ergant he

15ani mal s wer e,_eut hani AN col | or | E conf i croscopy.
Expression i n?ﬁtsﬁ%%}‘b%ﬂ%[%fkfi%%qﬁgg% g?téég#{i}gﬁiﬁg}g b?gPiT&%%@%) ggar eus

i sol at es wer ecgtowsiOWEHTHhCIBNaniSAPLatesniats TG anBact efdtaniver e scr aped

fromthe plates and resuspended in sterile. and the 00 adjusted to I,
appr oxi mat el y “LBE B8y 15V Cﬁaﬂnglﬁéf ¢ 6ay ?59‘%2! 1-2>i3@8?5$1?ta%§?>e%20di | ut ed
to a coneentr afd: QR tPiecd 88 c6faltd i FlinRAto HROSU at@d:. 1 Cdiraliigs t ubi ng.  An
al i quot of the suspension was plated to determ ne the actual nunber of

cfli. Dialysiscleubioigmily ehpRigsiBHONNBD wéis © pioepareds Reloghipicant by
sterilizing | [Adﬁ%?@e%&%'ﬁ%oﬁgQ!m,%@lm&”gd}&&ﬁ%@%]l lt?éﬁ’gdnigyan%)ﬁr?pﬁﬁye rinsing in
I Ine. A aL ari q t

sterile water and then sterile ’'sa uot o e bacteri al
suspensi on wasxitacathgfrenatad ptacibhecR be iy s (Ciibiang {iBheithagooh osed with a

knot, and then. rinsed. extensively with sterile saline. Mle Sprague Daw ey
KBS’ (6 weeks it S Bt AR A etr b Bl SRR AR ong ¢ he
dorsal mgdl i nexmPRcket:s sWeE & cahe at@thi@tirhhRsblie Qff siffedcsitap by gently
separating the skin fromthe underlying tissue. Tubing was inplanted in the
pockets and sRITFR@NMY dweaclydi Hydsrgrcdant istheglhesionafespe ontHNDEat s wer e
eut hani zed, the, LubiNge HEMBY G6in AR AleDLACLELLER L8SOVEH ST QL fl.ow

gaﬂd.“& J!%‘F élnﬁ@r%oﬁﬁt&m% "ﬂl&ilé\')ﬁd sHR L8 i..la:i) : o5t donla

cytonetrie analysis. orescent roscopy [ 61 The bl ood
from5 mce was: ipoplieded mt ordgee-coolpdssadisumeeisprratercppitk (B0repfdtnal
concentration, .0,4%. The eukaryotic cells were tysed with 1% NP-40 (Pierce
51 ot cchnol ogy) Moo suet & i Tl BTt B aRbei fuhrads ¢

30 membranc-spanning region that includes the LPXTG (SEQ 1D NO: 125) motif for

covalent linkage of the protein to peptidoglycan,
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5overnight at 4C with rabbit immune or prei mune serum (1:100) and detected
w th ALEXA488 conjugated goat-a-rabbit antibody (1:250, Invitrogen). The

| abel ed bwotzero/izi1s#ere dried on a microscope slide and aPrPcouseEiopySMAS
nmounted with Vectashi el d HardSet nedi um (Vector Laboratories, Inc.). |Inages
were obtained with a Leica ICS SL spectral confocal m croscope (Leica

M crosyst ens) ME"E PWT%/EQJH@PJE (ﬁﬂdb}% (\M?b EQ%QJ&- 1% w%rr@z%@ N]%I\%ttﬁ%hé’ver €

grown as descrlbed in the rat diafysis tubing procedure.
Appr oxi mat el yf‘\lc@)mahjaatae$ iralno gelds §0REY eim}ici@edms@f éﬁéﬂ m ﬁ@hmm (Hank's

bal anced salt _sol gtl wi t h, 10% goat sera h\pu ice. Bacterial
%ﬁ#infy H%)‘WQ %[ checiusses m% 2 ancomp‘ws S residyes
cells were cen pm~ supe ant renoved,

and cells mc!bat%efﬁ a&MiNB cﬁﬁﬂﬁ@ixaﬂwsﬁkﬁﬁy am—ﬂ%q{ayp&;mmfwbmhx «ant Ebgty for 30
m nutes on ice. then washed and st ained \{\A \3‘5 Era: conjugated

goat anti “rouse! r@@ﬁa@k&é}& | FRHPEIRES R AT RE & it X gV it s

Bacteria wer e yasheds Wchinsliab bt @gn&ué §@irivE hxed Wil &&&@@%M%hdehyde
and data acquired and anal yzed using FACS Caliber flow cytoneter and Cell

quest sof t war & eBechoN23 20DkeRE Aigon wrdnCrcpmbisagigiaginest 80, 000 events were
ol lected torpegeh SAIRL. ERRT) MR ORI SRR TR LA 55,01, 4 ¢
24 72 To 1 4 Garﬁdilsﬁﬁtmﬁﬁﬁsm%ﬁlahﬁﬁt(éﬁfm also protease-sensitive and could be easily
10 cleaved by 8. aureus metalloprotease (MceAlcese, F, M. et al. J. Biol. Chem, 2001,
276, pp. 29969-29978). The crystal structure of the fibrinogen binding N23
fragment of CIfA A domam, revealed that both N2 and N3 are dominated by anti-
parallel beta strands. In addition to the anti-paralicl beta strands, the N2 domain
contains a single turn alpha helix and two 3,6 helices and the N3 domain contains
15 three 350 helices. See Dewvanayagam et al. EMBO I 21:6660-6672 (2002).
{0192] Scguence alignment of N2 and N3 reveals only 13% sequence identity
and 36% sequence sumilarity over thewr lengths, See Deivanayagaro et al, EMBO
1. 21:6660-6672 (2002). The topology of the N2 and N3 domams are similar to the
classic IgG fold and have been proposed to be novel variants of the IgG {old. See
20 Deivanavagam et al. EMBO I, 21:6660-6672 (2002).
Recormbmant forms of CHA used in the immunogenic compositions described
herein are fragments of CIA comyprising one or more of the N domains, for
example, NIN2ZN3, N2N3 and are referred to herein as "recombinant CHA” or
"rCHA". Tn addition, any rCHA should be one that maintains the native structure
25 of the individual N domains and critical epitopes but does not mterfere with normal
processes of the immunized individual after administration (Le., does not bind
fibrinogen). Mutational studies have shown that mutating Y338A {(N2) completely
climinated binding of the N23 fragment to fibrivogen. (This Y338A position refers
to a change from a tyrosing to an alanine at position 338 in the immatore form of
30 the polypeptide sequence with the leader sequence still attached. This change can
be scen at position 310 in the mature form of the mutated CHA polypeptide of SEQ

1D NO: 123 that demonstrates a lack of binding to fibrinogen). Sec Deivanayagam
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et al. EMBO 1. 21:6660-6672 {2002). Therefore, the Y338A mutation has been
adopted for all fragments of CHA in the following studies.

18193} Similarly, recombinant forms of CHB used in the immunogenic
compositions described herein are fragments of CHB comprising one or more of
the N domains, for example, NIN2ZN3, N2N3 and are referred to hercin as

3

"recombinant CHB" or "rCHB". In addition, any rCIB should be one that
maintains the native structure of the individual N domains and critical epttopes but
does not interfore with normal processes of the immunized individual after
administration (i.c., docs not bind fibrinogen). (Sce, for example, Walsh, E.J. et al.

Microbiology (2008), 154, 550-558).

CHA and CHB: Overview of Cloning Strategy

18194} The different forms of rCIfA protein used to generate prechinical efficacy
data include HisCHApn 23y T7CHAp03; T7CHA 03y Y338A; CHAps) and
ClfApnsY338A. See Figure 1. The CIfA gene contains the A region coding
sequence from 8 agureus PFESAD237 corresponding to residues 40-559. The
reading frame cloned from §. aurens was fused to the N-terminal HisTag and
jinker sequences of the vector (MRGSHHHHHHGS SEQ [ NO: 127) along with
three additional coding sequences (KLN) mtroduced at the C-terminus, (See
below for detailed procedure.) Protein expressed from this vector was used for ali
experiments where it is referred to as HisCHA 123

{0195] The differemt forms of rCIfA were derived from the A region (residucs
40-559 of CHA expressed by S. aurens PFESA0237 (top row). The HisCHA w123
is expressed using the TS5 promoter contaimed in pQE30 and all other forms are
expressed using the T7 based pET expression system.

(8186] Two formos of CHB (T7CHB NIN2ZN3 and CHB N23) were utilized for

preclinical animal studies.

CHA Cloning Procedure

{8197] The CHA coding sequence corresponding to amino acid residues 40-559
from 5. qureus strain PFESAO0237 was cloned and the mutation, Y338A, was
mtroduced to climinate fibrinogen binding. The mutated CHA gene was introduced

mto a T7 RNA polymerase expression vector, pET%a (Novagen) to provide
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plasmid, pLP1178. The DNA sequence of the region comprising the T7 promoter
and coding region in pLP1179 is SH {1124, The expression vector was
transformed into £, cofi BLR(DE3} (Novagen) for production of recombinant
CIA.

{0198] The construction of T7CHAwN 23 Y338A mvolved several steps. A
sumimary of the cloning steps used to construct the final expression plasmid,
pLP1179 is shown in Figure 2.

{8199] The off4 DNA sequence present in pQECH40 correspond to amino acid
residues 40-559 of CIfA that was originally cloned into the BamHI/HmdH! cloning
site of pQE30Q. This creates a HisTag fusion at the N-terminal end of CHA and the
addition of three residucs at the C-terminus. The CHA coding region present in
{(AmpR) pQECH40 was sub-cloned into the KanR pET 27b vector (Novagen) to
create pLP1I37. In addition the ¢ff4 DNA sequence corresponding to anuno acid
residucs 221-559 was cloned into the Ndel-Hind!I cloning sitc of pET27b to
create pEP1134. The N-termunal HisTag of CIfA was replaced with the N-termunal
T7 by subcloning the BamHI-Blpl DNA fragment from pQECH40 into pET9%a
{Novagen} to create pLP1153. The coding sequence of T7CHAw23) present n
pLP1IS3 contains 11 N-terminal amino acid residoes from the T7 tag of pET%a
followed by three amino acid residues from linker sequences plos the three C-
terminal linker derived residues originally present m pQE30CHA40. The Y338A
nutation was first introduced into the CHfApps coding sequence of pLP1134 to
create pEP116R, Later a Pstl-SnaBl DNA fragment containing the Y338A
satation from ClfApns; of pLP 1168 was replaced into Pstl-SoaBl of T7CHAN122)
coding sequence of pLP1153 to create pLP1171. An internal ribosome binding siie
present in the coding sequence of T7CHARnnY33RA of pLP1171 was altered by
sifent mutations at DNA positions 339 and 342 ot the T7 rCHA Y338A ORF,
changing from G to T and G to A, respectively. The resulting plasmid, pLP11786,
was then used to remove the three extrancous residues, originally derived from
pQE3INCHAG, between the T7 tag and the start of the CHA coding region. The
three linker derived C-terminal residues were also removed at this time.

{0208] The rCIHfA cxpressed by the resulting plasmid, pLP1179 (Figures 2 and 3},

contains only the 11 N-terminal amino acids fused to residue 40-559 of

66



wound PFESA0093

WO 2010/151544 PCT/US2010/039510

20

30

ClfApnan Y338A, The DNA sequence of the region comprising the T7 promoter

and the coding sequence of T7 rCifANi 20 Y338A of pLP117% is SEQ D NO 124,

Bacterial Strains and Plasmids

{0201] The plasmid backbone pET%a (obtained from Novagen) was used for
construction of pLP1179, which expresses T7CHA 23 Y338A froma T7
promoter. The plasmid contains the kanamyein resistance gene (KanR) for
positive selection. The BL2ZUDE3} £ cofi host strain [F- omp T AsdSs (tp'mip”) gal
dom {DE3)Y] {(Novagen) was originally used to obtain expression of
T7CHANI20Y338A. The DE3 designation denotes the lambda lysogen containing
the T7 RNA polymerase gene under control of the lacUVS (IPTG inducible)
promoter that is used for induced expression of T7 RNA polymerase and
subsequent transcription from the T7 promoter proximal to the ClfAq23,Y338A
coding sequence present in pLP1179. Upon receiving information that the
BLZI{DE3) lysogenic host strain is capable of inducing Iytic phage upon large
scale fermentations, the host strain was changed to the recd BLR(DE3) host strain

[F- ompT hsdSy (re'mg’y gatf dom Alsri-recA3306: Tl TeR) (DE3}] (Novagen).

Production and Purification of CIfA

{§282] For the production of CHA, £, cofi BLR{(DE3YpLP1179 was grown in
detined medium in ghicose fed-batch mode in bioreactors, When the culture
reached an optical density (OD0) between 30-50, the expression of CHA was
induced by the addition of IPTG. The culture was harvested between 3-16 hours
post induction

18283} The cells were disrupted and the clarified soluble fraction was collected.
After the addition of ammonium sulfate, the material was applied to a column
comntaining Phenyl-Scpharose resin and chuted. Fractions containing CIfA were
identified, dialyzed and loaded onto an anion exchange column ((3-Sepharose).
After clution with a salt gradient, fractions containing CHH{A were identified,
concentrated by ultrafiliration and loaded on to a size-exclusion column
{(Superdex-75). Fractions containing CHA were identificd and pooled. The purity

of the CIfA at this point was about 98% as measured by SDS-PAGE.
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Cloning and Purification of CHB N1N2N3

{0284] The CUB coding sequence corresponding to aming acid residues 44-542
was cloned mto a T7 RNA polymerase expression vector, pET28a (Novagen) to
provide plasmid pPX1189. The expression vector was transformed into £. coli
BLR{DE3) (Novagen) for the production of recombinant CHB. (Sce Walsh, et al,,
Microbiology 154: 550-558 (200¥}.)

{§2865] For the production of CHB, &, ¢ofi BLR(DE3YpLP117% was grown
defined medium in glucose fod-batch mode in biorcactors. When the culture
reached an optical density (OD0) between 30-50, the expression of CHB was
induced by the addition of IPTG. The culture was harvested between 3-16 hours
post induction

18286} The cells were disrupted and the clarified soluble fraction was collected.
The pH of the soluble fraction was adjusted to about pH 3.2 and the precipitated
impuritics were removed. The pH of the soluble fraction contaming CHB was
readjusted to about pH 8.0 and dialyzed to remove salts. Affer the addition of
ammonium sulfate, the material was applied to a column containing Phenyl-
Sepharose resin and eluted. Fractions containing CHB were identified, dialyzed
and loaded onto an anion exchange columm (Q-Sepharose). After clution with a salt
gradicnt, fractions containing CHB were identified, concentrated by ulirafiliration
and loaded on to a size-exclusion column (Superdex-75). Fractions containing
CHB were wentified and pooled. The purity of the CHB at this pomnt was about
94% as measured by SDS-PAGE.

Fxample 2: Productions of Antigens: Staph Aurens MntC

Cloning 8. gureus Lipidated MniC

{82¢7] Recombinant MntC was originally cloned from 8. gurewus strain MuS0.
The tMntC coding sequence was amplified by PCR from 8. aqurens MuS0 genomic
DNA. Two pairs of nested primers were used for the amplification (Table 2). The
first pair of primers, S'SA926-MntC ups and 3'SA926-MmtC down, align to the
sequence upstream and downstream of the open reading frame of tMntC. The
sccond set of primers align to the coding sequence of tMntC allowing to amphify

the sequence corresponding to amine acid residues 19-309, Restriction enzymes
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sites were incorporated at the 5" ends of these primers to facilitate directional
cloning. PCR was carried out in a Peltier Thermal Cycler {MJ Research Inc,
Walthan, MA) with TaKaRa PrimeSTAR HS DNA Polymerase Premix (Takara
Bio USA, Madison, Wi}, PCR product was purified by QIAEX 11 (Qiagen,
Valencia, CA}, cleaved with the appropriate restriction endonucieases (New
England BioLabs, Ipswich, MA} and sub-cloned into the araBAD promoter-driven
expression vector pBADISCm. This vector also contains the signal peptide of the
lipoprotein P4 from H. influenza. The MniC PCR product was sub-cloned in frame
downstream from the P4 signal peptide to create pLP1194. The DNA sequence of
the MntC coding region of pEP1194 is shown in SEQ 1D NO: 1206, The MntC
expressed from pLP1194 is a hipoprotein. The recombinant plasmid DNA was
sequenced by ABI PRISM BigDye ™ Terminator V.3.1 {Applicd Biosystems,
Foster City, CA) and the recombinant protein was expressed m £ coli BLR

(NOVAGEN) for the production of lipidated rMntC.

Production and Purificaton of Lipidated MmC

{8288} For the production of lipidated Munt(C, £. cofi BLR/pLP1194 was grown in
defined medium in glucose fed-batch mode in biorcactors. When the culture
reached an optical density {ODgge) of about 60, the expression of tMntC was
mduced by switching the feed to a mixture of ghicose and arabinose. The culture
was harvested about 24 hours post induction.

{0209] The cells were disrupted and the insoluble fraction was collected.
Lipidated MntC was found associated with the ccll membranes due to the hipid
modification. MntC was extracted from the membrane fraction with a detergent
(Zwittergent ZW-312), After removal of the nsoluble debris, the hpidated MntC
was found in the soluble fraction. The soluble fraction was applied o a colurnn
containing a mixed-roode resin and eluted with a linear salt and pH gradient.
Fractions containing MntC were identified and pooled. Ammoniurm sulfate was
added to the pool and the material was applied to a cohunn containing Butyl-
Sepharose and eluted. Fractions containing MuntC were dentified, desalted and
ivaded onto a cation exchange column (SP-Sepharose). After elution with a salt

gradient, fractions containing rMntC were identified and pooled.
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Cloning 8. gureus Non-Lipidated MnC

{8218] The DNA sequence employed to express non-hpidated vMntC was
isolated by PCR amplification from plasmid pLP1194. The resulting sequence
corresponds to amino acid residuecs 19-309 and does not contain the signal
sequence that directs secretion and lipidation. The DNA sequence of the rMntC
coding region of pLP1215 is found in DNA SEQ 1D NO: 120,

{8211] To create pLPI215, Mnt(C was amplified by PCR from pLP1194. The
MmtC DNA sequence present in pLP12135 corresponds to amino acid residues 19-
309 and the first codon for this construct was introduced in the forward primer
used in the amplification of the gene. The primers used for PCR also contain
restriction enzymes sites at the 5' ends to facilitate directional cloning (Table 2}.
PCR and purification of the amplified gene was carried out as described above.
Purificd PCR product was cleaved with the appropriate restriction endonucleases
{New England BioLabs, Ipswich, MA) and sub-cloned into the T7 promoter-driven
expression vector pET 28a (Novagen, Madison, Wi). The recombinant plasmid
DNA pLP1215 was sequenced by ABI PRISM BigDve™ Terminator V.3.1
{Applied Biosysterns, Foster City, CA) and the recombinant protein was expressed
mn £, coli BLR{DE3). Plasmid DNA for pLP1215 was puriticd and used to

transform £. cofi HMS174(DE3) to cvaluate protein expression.

Table 2: MntC primers,

Expression constructs {Primer name Seguence {537
Lipidated MuotC SSA926-MutCups CAC AAAATT TAC GAA TAG
(pLP1194) AAA GAA ACG AG (SEQ IDNO:
109
ISA926-MntCdown AAA ATATTG GAG ATA CCA

ATA TTT TAG GTT G (SEQ ID
NO: 110)

5'BamHiSAS26 Mnt{ TTT CTT GGA TCC GGT ACT

(SEQIDNO: 111

GCT TCC GTG TAC AGT TTC

(REQ TD NO: 112)

70

GGT GGT AAACAA AGCAGT G

FSphiSAS26 MntC TTT CTT GCA TGO TTATTT CAT
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Expression constructs |Primer name Seqguence {537
Non lipidated MntC  [SNeolMntC TTTCTT CCA TGO GTACTG
(pLPI215} GTG GTA AAC AAA GCA G (SEQ
10 NG 113)
I BlpiMmC TTTCTT GCT CAG CAT TAT TTC
ATG CTT CCGTGT ACA G (SEQ
IDNG: 114)

{8212} Synthetic oligonucieotides used to generate rMntC constructs. Restriction
endonuclease sites are underlmed. The nucleotides in boldface indicate the first

codon for the nonlipidated rMuotC construct.

Production and Purification of Non-Lipidated tMmiC

{§213] For the production of non-lipidated tMntC, £, coli

%3]

HMS174(DE3YpLP1215 was grown in defined medmm in glucose fed-batch mode
in biorcactors. When the culture reached an optical density (O} of about 60 to
80, the expression of tMntC was induced by addition of IPTG. The culture was
harvested about 24 hours post induction. The cells were disrupted and the clarified
10 soluble fraction was collected. The lysate was applicd to a column containing a
cation exchange resin (SP-Sepharose) and eluted with a lincar salt gradient,
Fractions containing Mnt(C were identified. After the addition of ammonium
suifate, the material was applied to a column containing Phenyi-Sepharose resin
and chuted. Afier elution, fractions containing rMntC were identified, pooled, and
15 desalted. The purity of the rMmtC at this point was >95% as measured by SDS-

PAGE.

Fxample 3: Production of Capsule Polysaccharides CPS and CP8

{0214] Inthis example, production of various sizes of S. qureus capsule
polysaccharides type 5 and § 18 described, The structures of the CP35 and CP8

20 polysaccharides are shown in Figure 4. The methods described herein are effective
in producing CPS and CP8 with molecular weights ranging from about 50 kDa to
800 kDa, Based on growth characteristics and the guantity of capsule produced,
strain PFESA0266 was chosen for CPS production while strains PFESAO00S or
PFESAQ0286 were used for the production of CP8. The capsules isolated from

25 strains PFESAQ00S and PFESAQZREG were shown to be identical,
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{8218] For production of capsular polysaccharides, the strains were grown in a
complex medinm consisting primarily of a carbon source (either lactose or
sucrose}, hydrolyzed sovflour as the nitrogen source, and trace metals, The strains

were grown in bioreactors for 2 to S days.

(821

{8216] Purification of CP5 and CP8 used for the preparation of conjugates was
performed by two different methods that rely on elevated temperature and low pH
to cffect the release of capsule from the cell and reduce the molecular weight of the
polysaccharide. The resulting molecular weight is dependent on the time,
temperature and pH of the hydrolysis step.

10 {6217} Characterization of CPS and CP8 was performed using the technigues
specified m Table 3. Capsule polysaccharides produced by this procedure result in
pure polysaccharides with low levels of protein, NA, peptidoglycan and TA

contaminants, See Tables 4 and 5.

Table 3: Characterization Assavs for Parified S, gureuns CP5 and CP8

Specificity Assay
Residual Protein Lowry colorimetric assay
Residual Nucleie acids 260nm scan
Residual Teichoic Acid Phosphate colorimetric assay
Residual Peptidoglycan HPAEC-PAD
Size SEC-MALLS
Composition HPAEC-PAD
Identity H-NMR or reaction with specific mAb
C-acetylation TH-NMR
Concentration MALLS-Rl or HPAEC-PAD
15 {8218} In the first method, following release of the capsule from the cell and

redaction of molecular weight, the capsule preparation is treated with a cocktail of
enzymes {(ribonuclease, deoxyribonuclease, lvsozyme, and protease) to digest
impurities. After incubation, residual impurities are precipitated by the addition of
ethanol (final concentration about 25%). After removal of the residual cthanol,

20 soiution containing capsule was loaded onto an anion exchange column {Q-

Sepharese) and eluted with a lincar salt gradient. Fractions containing capsule
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were pooled and treated with sodium meta-periodate. This treatment resulted in
the oxidative hydrolysis of residual teichoic acid contaminant, but did not affect
the CP5 or CP8. The reaction was quenched by the addition of ethylene glyeol

The material was concentrated and diafiltered against dH20 to remove any residual

(821

reagents and by-products.

{6219} The second method was used to produce capsules did not involve the use

of enzymes to digest the various cell-derived impuritics. In this method, following

release of the capsule from the cell and reduction of molecular weight the
hydrolyzed fermentation broth was clarified by microfiltration followed by

10 ultrafiltration and diafiltration. The solution was treated with activated carbon to
remove mmpuritics. After carbon treatment, the material was treated with sodium
meta-periodate to oxidize residual teichoic acid followed by guenching with
propylene glycol. The material was concentrated and diafiltered against dH,O to
remove any residual reagents and by-products.

15 [8228] Capsules produced using etther method result i pure polysaccharndes
with low levels of protemn, nucleic acid and teichoic acid contaminants. The
methods described can be used to produce specific ranges of the desired hugh
molecular weight polysaccharides simply by varying the conditions of hvdrolysis,
A particularly advantageous range of high molecular weight polysaccharides,

20 ranging from 70 to 150 kDa, 1s usetul in oaking immunogenic compostiions by
conjugating polysaccharide to a carrier protein,

{0221] Examples of High Molecnlar Weight Capsule Polysaccharide obtamable
by the methods described herein are shown in Table 4 below. Batches of purified
higher MW CPS also had high purity as mmdicated by no TA, peptidoglycan and

25 low residual protein. See Table 4. The range of molecnlar weights in these
examples spanned 132.7 kDa to 800 ki¥a and the purified polysaccharides were
highly O-acetylated, ranging from 90-100%, and 100% for N-Acctylation. Sec
Table 4.

{8222] Examples of lower Molecular Weight Capsule Polysaccharide obtainable

30 by the methods described herein are shown in Table 5 below. Batches of purified

iower MW (P8 had high purity as indicated by no teichoic acid {TA},

peptidoglycan and low residual protein. See Table 5. The range of lower
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molecular weights spanned 20.4 kDa to 65.1 kDa and the purified polysaccharides
were highly O-acetylated, ranging from 75-96%. The levels of nucleic acid

contamination was low, ranging from $.5-%-2.45%. Sce Table 5.

Table 4: Characterization of CP3 Preparations

SA CP-3 MW CP J-acetvl Identity N-agetyl
{kida} {mg/rab) (%o} NMR (%}
NMR. NMR
1 8001 3.164 160 Pass 106
2 132.7 1172 30 Pass 130
3 3354 8.975 30 Pass 100
4 366.8 (.863 a0 Pass ND
5 Table 5: Characterization of PR Preparations
SA CP-8 Total CP MW Protem NA QO-Acetyl
Purified mg (kDDa) (Lowry} |{26{0nm scan} NMR
{g/mol} Yo {w/w) %% (W/w) Y%
5 310 27.0 1.2 (.94 100
6 438 29.0 2.4 2 100
7 179 20.4 .37 .12 108
8 101 46.9 Below 0.5 94
Detection
9 91 65.1 1.15 2.45 36
10 578 35.5 2.47 .65 75

Molecular Weight Selection of Capsular Polvsaccharides

{0223] This kinetic analysis demonstrates that a broad range of molecular
weights of capsule polysaccharides can be generated by the methods described
herein. Toitially, larger polysacchanides were prodaced by the bacterial cells, and
10 subseguently, a destred molecular weight range may be selected and then purified
by manipulation of the pH and heat conditions of the heat and hydrolysis steps.
{62247 Heat treatment of 8 gurens formentation broth was a process step
between fermentation and CP recovery. This process step uses heat to treat pH-
adjusted broth for a specified period. The goals of the heat treatment at low pH
15 were to kill cells, inactivate enterotoxins, release cell bound polysaccharide, and
reduce molecular weight to the desired size. Among these goals, the reduction of
molecular weight was the slowest in terms of processing time reguired in thas step.
Therefore, the other goals were inevitably achieved within the treatment time

considered.
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Heat Treatment

{8228] Temperature and pH conditions for selecting varions molecular weight
ranges of capsule polysaccharides were determined. The broth pH was adjusted
with concentrated sulfuric acid. Then, the broth temperature was raised to the set
vahie. The heat treatment time started as soon as the temperature reached the set
point. When the desired treatment time was reached, the broth was cooled to room
temperature. In-process samples were taken to determine polysaccharide
concentration and molecular weight by HPLC and SEC-MALLS systems,
respectively. The MW data was used i the kinetic analysis. The MW profiles
were determined over time of CPS at pH 4.0, 4.5 and 5.0 and CPS at pH 3.5, 4.0,
and 5.0. See Figures 5A and 5B.

{8226] The kinetics of mild acid hydrolysis of polysaccharides was conducted
using purtfied CP-5 and CP-8 obtained from the process. The purified
polysaccharide solution was adjusted to the desired pH for the experiment with
suifuric acid. The samples were placed in an oil bath cquipped with a precision
termperature control system. Hach sample was taken out at a predetermined time
mterval and was guenched i an ice bucket. At the end of the experiment, an
aliquot of 1M Tris buffer (pH 7.5) was added to the sample to adjust the pH back
to about 7. The samples were analyzed by a SEC-MALLS system. The MW data
was used in the kinetic analysis, The effect of temperature on MW profiles of CPS
at pH 4.5 and CP§ at pH 3.5 was determined over time. See Figures 6A and 6B,
This acid hydrolysis procedure may be implersented using the fermenter culture or
at an intermediate stage of purification or, as shown here, using the purified
polysaccharide. Other molecular weight reduction steps, such as sonication or

sheer, may be sitatlarly be toplemented.

Resulis

{8227} The cffect of pH on the reduction of MW in heat treatment is shown in
Figurcs 5A and 5B for CP-5 and CP-&, respectively. It can be scen that a lower
pH was more effective in reducing the size of polysaccharide. The data also
suggest that CP-5 was more difficult to hydrolyze than CP-8 at the same pH.

Considering the CP8 profiles, ranges of molecular weights between 300 kDa and
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600 k¥a can be generated using a pH of § at 95 °C for between 15 munutes and
120 munutes. Likewise, choosing a pH of'4 at 95 °C for between 15 minutes and
120 mimates can vield CP¥ polysaccharide molecular weight ranges between 250

kDa and 450 kDa. Iu addition, choosing a pH of 3.5 at 95 °C for between 13

(821

ninutes and 120 minutes can vield CP¥ polysaccharide molecular weight ranges

between 120 kDa and 450 kDa.

{8228] The effect of temperature on MW reduction was conducted using the

purified polysaccharides recovered from the recovery process. The results are

shown in Figures 6A and 68. As shown, the higher the temperature, the faster the

10 rate of hydrolysis and broader the range of the molecular weights of
polysaccharide produced with time. Use of a lower temperature, 55°C versus 95°C
at the same pH, produces a narrower range of polysaccharide molecular weights,
{0229} Furthermore, Figure 7 demonstrates the correlation between the molecular
weight of purificd CP35 and CPE with the treatment time for mild acid hydrolysis,

15 The purified polysaccharide is the final product obtamed from the recovery process
detailed previously. As shown in Figure 7, the increase in tiwne of heat treatment of
the S, gureus PFESAQ266 strain at pH 4.5 results in the generation of smaller
molecular weight CP5 polvsaccharides, whereas shorter heat freatioent tivoes at pH
4.5 result in the generation of higher molecular weight CPS polysaccharides. The

20 size of the CPS polysaccharides ranged from about 90 kDa to about 220 kDa
depending on the length of time of heat treatment at low pH (4.5). Likewise, the
merease in time of heat freatmoent of the S, aurens PFESAGGOS strain at pH 3.5
results in the generation of smaller molecular weight CPE polysaccharides,
whereas shorter heat treatment times at pH 3.5 result in the generation of higher

25 molecular weight CP8 polysaccharides. The size of the CPE polysaccharides
ranged from about 80 kDa to about 220 kDa depending on the length of time of
heat treatment at low pH (3.5). The correlation between the time of heat treatiment
at low pH and the size of the porified CPS and CP§ polysaccharides, as shown in
this study, allows for an estimation of the treatment time required to produce

30 purified polysaccharide with a specified range of molecular weight.

{62387 It is important to note that as demonstrated above the full range of

molecular weights of capsule polysaccharides for both CP5 and CPE from 20 kDa
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to more than 800 kDa can be produced, released and purified. The methods
described may be used to produce specitic ranges of desired high molecnlar weight
capsule polysaccharides. A particularly advantageous range of high molecular

weight capsule polysaccharide type S and type 8 can be generated from these

5 methods having molecular weights ranging from 70 to 150 kDa. Sce Table 6. This
range of molecular weights of capsule polysaccharide is useful in making
immunogenic compositions by conjugating the polysaccharide to a carrier protei.
Alternatively, this advantageous range of high molecular weight capsule
polysaccharide ranges from 80 to 140 kDa of CPS and CP8. Sce Table 6. Another

10 advamtageous range of high molecular weight capsule polysaccharide CPS and CP§

is from 90 to 130 kDa, or from 90 to 120 kDa of CPS and CP8. Sce Table 6. The
conditions used to generate the CPS capsule polysaccharide having a molecular
weight range of from about 100 to 140 kDa are as follows: 95°C, pH 4.5 for 135
minutes. The conditions used to generate the CPR capsule polysaccharide having a
15 molecular weight range of from about 80 to 120 kDa are as follows: 95°C, pH 3.5

for 300 mmnutes.

Run CP8 MW (kDa) CPS MW (kDa)
i 08 142
2 84 108
3 108 i42
4 108 108
3 R ND
6 100 ND
7 99 63
8 113 72
9 105 74
10 100 63
1§ 87 ND

ND= not done

Example 4:  Conjugation of Capsule Polysaccharides CPS and CP8 (o
20 CRMygy

[8231] This example describes processes and characterization assays used i the
production of §. aureus CPS- CRM g7 and CP&- CRMy 97 conjugates. Several

conjugation chemistrics were evaluated for conjugating 8. aureus capsule
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polysaccharides CPS and CP3 to a carrier protein. Conjpugation using PDPH
{3-Z-pyridyldithio}-propionyl hydrazide) results in covalent thiocther bond and
CDI/CDT (1, 1-carboyldiimidazole/1, 1 -carboyl-di- 1,2 4-triazole) results in a one-

carbon or zero-carbon linker between CP and carrier protein.

Conjugation of CP to CRM o7 by PDPH Conjugation Chemistry

{8232] The PDPH conjugation chemistry is a munlti-step process that involves
activation of the polysaccharide, removal of the thiol protecting group, purification
of the activated polysaccharide mtermediate, activation and purification of the
CRMio7 protein, and conjugation of the activated components followed by
purification. After mtroduction of a thiol group containing linker to the
polysaccharide and a haloacetyl group to the CRM g7 protein carrier, 8. aureus
CP5 and CP8 polysaccharides were linked to the protem carrier through a thioether
bond. Bromoacetyl groups were introduced into the CRM ¢y protein by reaction of
amine groups with the N-hydroxysuccimide ester of bromoacetic acid. To
generate thiolated CP, the carbodiimide activated carboxylate groups of N-
acetylmannosaminouronic acid in CP were coupled to the hydrazide group of the
sulthydryi-reactive hydrazide heterobifunctional linker 3-{2-pyridyidithio}-
propionyl hydrazide (PDPH). Thiols of PDPH-thiolated CP, generated by
reduction with DTT and purified by SEC on a Sephadex (25 column, reacted with
bromoacctyl groups of activated protein resulting in covalent thiocther linkage
formed by bromine displacement between CP and the protein. Non-reacted
bromoacetyl groups were "capped” with cysteamine hydrochloride (2-
aminocthancthiol hydrochloride). The reaction mixture was then concentrated and
diafiltcred. The remaining unconjugated bromoacety! groups were capped with
cysteamine hydrochloride to ensure no reactive bromoacetyl groups were left after
conjugation. This formed a covalent bond between the thiol end of cysteamine and

the acetyl group on the lysine residuc after displacement of bromine.

Thiglation of S gureus Capsular Polvsacchande with PDPH

{0233] The polysaccharide was first activated by thiolation with PDPH. The
polysaccharide was mixed with a freshly prepared PDPH stock solution (250

mg/mb in DMS0), an EDAC stock solution (90 mg/mbl in diH,O), and MES
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buffer stock solution (0.5M, pH 4.85) to make the final solution 0.1 M MES, and 2
and 4 mg CP/mL while maintaining a CP.PDPHEDAC ratio by weight of 1:5:3
for CP 5 and 1:0.6:1.25 for CP 8. This mixture was incubated for 1 howr at room
temperatiire and then dialyzed against a 1000X volume of distilled H,O four times
using a 3500 MWCO dialysis device at between 4° and 8°C to remove unreacted
PDPH. The PDPH-linked polysaccharide was made 0.2 M 1T and incubated at
room temperature for 3 hours or overnight at between 4 and 8°C, Excess DTT as
well as the by-products of the reaction were separated from the activated
saccharide by SEC using Sephadex G25 resin and distilled water as the mobile
phase, Fractions were assayed by the DTDP assay for thiol groups and thiol-
positive fractions that cluted near the void volume of the colurmn were pooled. The
pool of fractions was assayed by the PAHBAH and the O-acetyl assays to
determine the degree of activation which is cxpressed as a molar pereent of the
repeat units contaming a thiol group (molar concentration of thiols/molar
concentration of repeat units), The activated polysacchande was lvophilized and

stored at -25°C until needed for conjugation.

Carrier protein activation

10234] Separately, the carrier protein was activated by bromoacetylation,
CRM o7 was diluted to 5 mg/mL with 10 mM phosphate butfered 0.9% NaCipH 7
(PBS5} and then made 0.1 M NaHCO; pH 7.0 using | M stock sohution. The N-
hydroxysuccmimide ester of bromoacetic acid (BAANS) was added at a CRM, ¢
BAANS ratio 1:0.25 (wow) using a BAANS stock solution of 20 mg/mbL DMSO.
This reaction muxtore was mcubated at between 4 and 8°C for | hour then purified
using SEC on Scphadex G-25. The purified activated CRMyo, was assayed by the
Lowry assay to determine the protem concentration and then diluted with PBS t0 5
mg/ml. Sucrose was added to 5% wt/vol as a eryoprotectant and the activated

protein was frozen and stored at -25°C until needed for conjugation.

Coupling Reaction

{0235] Once the activated capsule polysaccharide and activated carrier protein
were prepared, the two were combined in a conjugation reaction. The lyophilized

and thiolated polysaccharide was dissolved in 0.16 M borate pH 8.95, mixed with
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thawed bromoacetylated CRM¢7 and distilled water to make the final solution
0.1 M borate, 1:1 wt/wt ratio of CRM 47:CP, and I mg/mL polysaccharide for CP8
and 2 mg/mL polysaccharide for CP5. This mixture was incubated at room
temperatire for between 16 and 24 bours. Unreacted bromoacety] groups on the
protein were capped by adding cysteamine hydrochloride at a ratio of
CRMo7:cysteamine of 1:2 {wt/wt} using a 135 mg/mL stock solution of
cysteamine dissolved i 0.1 M borate pH 8.95 and mcunbated for 4 hours at room
temperature. The capsule polysaccharide-CRM g7 conjugate {conjugate} was
purified by diafiltering 50-fold against 0.9% NaClusing a 100K polyethersulfone
ultrafilter,

{0236] The results from the reproducibility of CPS and CP8 thiolation studics
with PDPH demonstrated that the degree of activation of CPS was in the range 11
to 19 % which corresponds to approximately one linker molecule attached per ten
P repeat units to one linker molecule per five repeat units. The CP8 activation
was i the range of 12 to 16%, which was very similar to activation of CPS.
10237] Bromoacetylation of lysine residues of CRM oy was very consistent,
resulting in the activation of 19 to 25 lysines from 39 lysines available. The

reaction produoced high yields of activated protein,

Conmeation of CP 0 CRM o7 by CDLCDT Conjugation Chemstry

{0238] CDI and CDT afford a one-step conjugation process where the
polysaccharide is activated in an anhydrous environment (DMSO) to form
imidazole or triazole carbamate moieties with available hydroxyls and
acyhmidazole or acyltriazole moteties with carboxylic acids. Addition of a protein
carrier {in DMSQ) leads to the nucleophilic displacement of the imidazole or
triazole by lysine and formation of a carbamate linkage (for activated hydroxyls)
and the amude linkage (for activated carboxylic acids). The reaction sohution 1s
diluted 10-fold into an aqueous solution to remove unreacted activation groups and
then purified by diafiliration,

{6239] Both conjugation chemustries produced CP covalently linked to the carrier
protein, which was indicated by the presence of the saccharide and protein in the
fractions from size exclusion chromatography, and by amino acid analysis of

riveolaldehyde capped or cysteamine hydrochloride capped conjugate.
o o o Gt o)
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Summary of the results from the preparation of several lots of conjugates

prepared by both PDPH and CDU/CDT chemistries for both capsular serotypes with

polysaccharide size in the range of 20 to 40 kDa are shown in Table 7 below.

There were no significant differences n the free capsule polysaccharide, ratio of

CP:Protein and viclds of conjugates gencrated by these two conjugation methods.

The antigenicity of conjugated CP was not altered by conjugation as portraved by

identity precipitin line between conjugates and native CP.

Table 7; Characterization of 5A CP3-CRMyor and CPE-CRM o7 Prepared by Two

Conjueation Chemistries

Size
CP | Protein Outout Free Free | Lysines [(Mw or Kd
Conjugate | Chemistry | Yield| Yield Rago saccharide | Protemn (Modified| (% less
%oy | (%) (%) (%) than 0.3},
sace/prot))
SA CP5- . IO B . 38/61 to
BT 9-27¢ 3 S5-0. - < - e
CRM 1 coT o Ie 35 10.5-0.87  10-40 i 18-22 1/
e . ] 7k 1010
PDPH  |26-52) 40-9% 10.4-1.0 23-50 ND ND 53 x 10°
Lol 3
SA CPS- - . . 34/57 1o
- ; 4-55 {0.8- 22-25 < 7- v
CRM o CDI  |46-621 54-55 {0.8-0.9] 2 I 8 60757
PDPH  |34-701 61-83 [0.6-0.9] 15-41 ND 11-16 | 74 - 92%
18241} As shown above, the methods described herein may be used to produce

specific ranges of desired high molecular weight capsule polysaccharides. The aim

of this study was to prepare conjugates from a pre-selected range of high molecular

weights that could be filtered and purified CP for use in immunogenic

compositions. In this example, cight batches where the CP5 capsule

polysaccharide ranged m molecular weight from about 90 kDa to about 120 kDa

were selected and conjugation was performed using activation with triazole (CDT}

See Table 8. The molecular weights of the resulting conjugates ranged from
& & el

¢
1533 kDa to 2656 kDa, The number of conjugated lysines per CRM o, ranged

from a high of 22 to a low of 15, The free capsule polysaccharide ranged from a

See Table 8.

high of 18% to a low of 11 %.
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Table 8 Conjugates With Preselected MW Range of CPS
Run Poly MW | Sacc Yield Free MW by Lysines
(kDa) (%) saccharide SEC- Modified
(%) MALLS
{ 21 63 [} 2130 19
2 92 72 16 1533 22
3 119 74 14 2656 15
4 iis 63 I8 {911 i3
{§242] Table 9 summarizes the analysis of CP8 conjugates where the CP8

Pt
)

capsule polysaccharide ranged n molecular weight from about 87 kDato 113 kDa
and the mmidazole conjugation chemistry was utihized. The molecular weights of
the resulting conjugates ranged from 595 kDa to 943 kBDa. The number of
conjugated lysines per CRMio7 ranged from a high of 9 to a low of 3. The free

capsule polysaccharide ranged from a high of 6% to a low of 2%. Sece Table 9.

Table 9 Conijusates With Preselected MW Range of CP¥

Run Poly MW Sace Free MW by SEC- | Lysings
(kDa) Yield saccharide MALLS  |Modified
{(70) (%) (kDa)
i 99 &8 6 943 4
2 113 73 5 841 3
3 105 79 3 719 7
4 160 8o 2 630 9
S 87 90 3 5958 6
10243] Both conjugation chemustries produce CP covalently linked to carrier
protein. There were no significant differences in free capsule polysaccharide, ratio

of CP:Protein and yiclds of conjugates generated by these two methods.

Exampie 5:  Sequence Biversity of Polypeptide Fragments N1, NZ and K3 of

CHA

{8244] Inthis example the protein sequence heterogeneity of CHA polypeptide
fragments N1, N2 and N3 from disease causing isolates obtained from various
sources was evaluated. CIHfA genes were sequenced from strains of 8. qureus
associated with multiple discase states. Sequence information from additional
strains was obtained from GenBank to generate scquences from relevant strains,

Table 10 lists different CHA sequences.
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1= bacterem a experinents were conducted for 6 hours. != animal died during
experi ment NT= not tested Table 13c. Expression of S. aurcus antigens hi

t he | ndwewbizng/Biatysi s Tubi ng. Frequency of positive eelrhums2qi0/089510 of
total) Time (hrs) 0 3 6.0 9.0 13.0 18.0 30.0 S. aureus PFESA0266 C fA 69.8
13.7 8.5 8.0 12.5 8.8 16.4 CPS 28.01.91.86.17.15.2

{8248] The sequence alignment of CIfA protens from different discase-causing
strains of 8. qureus is shown in Figure 8A-8E, The protein sequences were aligned
using MUSCLE. Sce Edgar, R.C. Nucleic Acids Research 32 (5):1792-1797

{2004}, The alignments were displayed using SHOWALIGN. See Rice, P. et al,,

(821

"EMBOSS: The European Molecular Biology Open Software Suite” Trends in
(Genetics, 16 {6): 276-277 {2000). Many of the sequences recurred multiple times
without variation. For clarity cach unique sequence was placed in the alignment
only once. See Figure 8A-8E. Only unigue sequences were included in the
sequence listing., For example, the protein sequence of CHA (01 was obtamed
10 from multiple different strains without any variation. Sce Figure 8A-8E. The
sequence listing number for any sequence can also be obtaimed from Table 1
CIfA strains and Scguence Listings. Table 10 hists one example strain that
contained this same CHA 001 protein seguence. This sequence is shown in the
first row of the alignment in Figure 8A-8E. This alignment of unigue sequences of
15 the CIfA antigen indicates that polymorphusms were distribuied thronghout the
entire A region (NI1-N2Z-N3) of CHHA. 1n some cases, for any given unigue protein
sequence of CHA, more than one nucleotide sequence, encoding the same protein,
was discovered. Only the most frequently occurring DNA sequence was included
in the sequence listing and in Table 10, For CHA, the following sequences are
20 disclosed herein and are not found i GenBank: CHA 003, CItA 005, CHfA 008,
CUHA 009, CitA 013, CHHA 014, CHHA 015, CItA 016, CHA 017, CIfA 01§,
CHA 019, CHA 020, CHA 021, CifA 022, CIfA 023, and CIfA 024,

Table 14; CHA straims and Sequence Listings

Example NT SEQ AN SEQ | % Identity

Strain DNA-CHA | ID NO: Protein-CHA | ID NO: | 0 Antigen
PFESAO0131 | clfA 001-1 61 clfA 001 62 99
PFESA0G74 | clifA 002-1 63 clftA 002 64 92
PFESAQ072 | cltA 003-1 65 clfA 003 66 99
PFESADISY | clfA 004-1 67 clfA (04 68 94
PFESA01S54 | clfA 005-1 69 clfA 005 70 91
PFESAQ096 | clifA 006-1 7 clfA 006 7 91
PFESAQ269 | clitA 007-1 73 clfA 007 74 91
PFESAQOSTE | clfA 008-1 75 clfA (08 76 87
PFESAD00S | clfA 009-1 77 clfA 009 78 a5
PFESAQ0139 | clifA 010-1 79 clfA 010 80 99
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Example NT SEQ AA SEQ | % Identity
Strain DNA-CHA | ID NGO {Protein-CIfA| TD NO: | to Antigen
PFESAG237 | clfA G111 81 clfA Ol 82 100
PFESAQIST | clfA 012-1 &3 clfA 012 84 96
PFESAD069 | clfA 013-1 85 clfA (13 &6 a2
PFESAO002 | clifA 014-1 87 clfA 014 88 98
PFESAQG147 | clfA 015-1 89 clfA 015 90 91
PFESAQ094 | clfA O16-1 a1 clfA 016 92 98
PFESADT43 | clfA 017-1 93 clfA 17 94 Q7
PFESADL29 | clifA 0181 95 clfA 018 96 99
PFESAQG1Z8 | clfA 019-1 97 clfA 019 98 92
PFESAQI4E | cltA 020-1 99 clfA 020 100 91
PFESAQI40 | clfA 021-1 101 clfA 021 102 a8
PFESAO1S2 | clfA 022-1 103 clfA 022 i04 a1
PFESAQG141 | clifA 0231 1G5 clfA 023 106 96
PFESAQIGD | clfA 024-1 107 clfA 024 108 94

{8246] The phylogeny of the CHA protein sequences was cxamined and a
phylogenetic tree was constructed. Sequences were aligned using ClustalW. See
Chenna R, Sugawara H, Koike T, ¢t al. Nucleic Acids Research. 31(13):3497-3500
{2003). Neighbor-joining trees were bootstrapped 1060 times and were displaved
with MEGA 4.0, Sce Tamura K, ¢t al., Molecular Biology & Evolution.
24(83:1596-1599 (2007). Bootstrap valucs, indicated on the branches, are the
number of times that branch was reproduced in 1,000 trials. Values less than 500
{50% reproducibility) are considered to be poorly supporied.

{8247} The CIfA seguences form a tree with 2 major branches, See Figure 9.
The separation of these two groups 1s very well supported in the phylogeny, One
branch (top) includes 9 sequences that are fairly closely related to one another (96-
96% wdentity) but more distantly related to the candidate sequence clfA 011, to
which they are 91-92% identical. The second group, which meludes clfA 011, s
more diverse and the phylogeny in this group s not as well sapported. These

protein sequences range from 93-99% identical to one another,

Fxample 6:  Seguence Diversity of Polypeptide Fragments N1, N2 and N3 of
CHB

{0248] Inthis cxample, the protein sequence heterogeneity of CHB N1, N2 and

N3 polypeptide fragments from 92 diseasc-causing isolates obtained from various

sonrces was evaluated. CHB genes were sequenced from strains of S, gureus
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CP8 77.3 43.0 18.0 11.8 96.4 94.0 MtC 5.9 7.7 12.5 2.6 2.9 9.3 9.9
Results [02581 A conbination of nineteen S. aureus isolates were tested for
expr essi omoab1odsisas CP5, CP8, or Mi C on the S. cutreuspcelus:eonssee duri ng
infection (Table 13a, 13b, and 13c). These isol ates included recent
clinically relevant strains and were diverse as nonitored by M, ST. Antigen

expressi on Wag.dependentn it REALLALA, sbi 18,Pel .niw&;rﬂfﬁﬂoﬁ BEmlQhigphAoN

nmodel . The variation in antigen expression between isolates in different in
Vi vo envi r onmertiss Wi dodstdr eamGesBaskgundicrsoppdiiow! sfigcwse 1 0of a
mul ti-antigen,j] negeni ¢ _conposi ti on. . i nduce broad coverage of
staphy! ococcal1ab afes<fria yanrat S P s Bap PSRz ant i gens
were surface expresSeduwt Ristodhe Fipnsti A4 drourts pedtcinnt@ehi@nveand are thus
valid conponents for. an anti-staphyl ococcal .i.nmunogeni c conposition.
Protein afti geWs“elfAs &%%W“r-n%@ %%%ﬁjé %@;@%@?iﬁr‘%@%@ﬁ%@}ﬁﬁ i he
presence of capsubeodoaxphLesHhOR WOElGakRGudfBsHONEA DR efGer 0f, pcapsul e
does not mask the proteins from antibodies directed against them 102591
Most of the testledEMENSSE The Blugpes MpgoHat Bielogy &psn EpitwvarctvgcbFsods unt i |
| ater time points post-chaklenge, 4 houy _q(I%e}Q & ﬁ , ]l‘% - G)....lhese
results dermnssnérné%cgu‘%ﬁgg&i‘ %'@79&%&%{&)’3 S}Cg%!lrg’)ém‘d'l f é@%g f|%aa| 3 ?‘éaﬂﬁiﬁat ed
dependi ng on Ch&, nanR0Vilv ecqriadee @nvvitdnniipls tineewithait vaiobnl Aéecti on. These
results may expl.ain Ejhe. i nconsi st ent }ejf icacy results reported.for CP8
conj ugat &8 i n¢AHIEICHHBHEF STITHSEHF ATOY i1 G ARHTERE PRK OPES 1L Bliggest t hat
no singl e antijgen okMURQGRRML € IfEPiaREd QR Wi jROMdepRhQakkeRV 8Fa0e
against the majority of S. aureas infections. There is too nuch diversity
of expressi oncptiardtipesitye Phidifi Yiparaspbiaiagd frm slrthifferant iy
M Croenvi r onmgn, s, aﬂ? QE&J‘E%&E ’Thg@ed}iwg &N Fin the first row of the alignment in

Figure 10A-10E. The sequence listing number for any sequence can also be

15 obtamed from Table 11, This alignment of representative umigque sequences of the

CIB antigen mdicates that polymorphisms were distributed throughout the entire

A region (NI-N2-N3} of CIB. Suuilar to CIfA, for any given unique protein

sequence of CHB, more than one nucleotide sequence encoding the same protein

was discovered, Ouly the most frequently occurring DNA sequence was included

20 m the sequence listing and 1 Table 11, For CHRB, the following sequences are

disclosed berein and are not found m GenBaok: CHB 001, CHB 004, Ci{B 005,

CHB 010, ClB 011, CHB 013, CHB 014, CHB 015, CiB 016, CHB 017,

CUB 018, CIB 019, CUB 020, CUUB 021, CUB 022, CUB 023, and CHB 024,

The phylogenetic tree is shown in Figure 11,

25 Table 11: CHB Strains and Seguence Listings

Example SEQID Protein- SEQ D % ldentity to
Strain DNA-CHB NO: CitB NG Antigen
PFESA0286 | clB (01-1 i5 clB 001 16 a5
PFESA0139 | clfB 002-1 i7 clfl (02 18 g5
RF122 clB 003-1 i9 i} 003 24 94
PFESAQ271 | cHB (04-1 21 cifB 004 22 a5
PFESAOQ0RT | chB (05-1 23 cHB 005 24 a5
PFESAQ0R0 | clfB 006-1 25 clfB 006 26 100
PFESAQ270 | cHB 007-1 27 ol (07 28 99

85



conposition consisting of nore than one antigen is required to prevent S

at/ms di sease. Exanpl

evaluated the 1 .

e 9:

i nmunogenieity of Miulti-Antigen Formul ati ons
Cont ai ni fgoGnfoAs18#P5- and CP8- CRML97 Conjugates [02611 PaTiuse®0@33mpl €,
| unogenicity of conbinations of CfA CP5-CR1\4197 and

we

CP8- CRML97 A. Bi-antigen (CP5- CRMIQr/ CP8- CRWB7) i nmmunogeni ¢ conposition

fornmul ati on
D

HOgE ef
rabbit [0262f. 3

0 this

DN -4

fect—on tt

€
t

i

-ar
Rt

ca
a)
C

I

t he conbi ned

PRSI

I

ny. -

¢l

ale

rESRONRER, |
mungge ci t

n
y of
abbi ts

was eval uate
conj ugate ple

AL GE

o VT o

mage

)

oy

Nt
The

ERESA0

doses eval ua

Lis S [HY- ha

H-ect-en-
i a0_ealh of
~J

CP5- CRN4197 afHESEEER

MG Qi

ses oft0. 2 |

ig, 2

pi g, and 20 jPhySATHE

dokle Of- I

Jatie éf |

bct 88t he

t ot aPo

pol ysacchar i dEFEpfpIIYe

ntifidfd ihie

pdfty Siaé c

har i4de c

onj ugéfe.

Rabbi t s

were bl ed on| pERKADL363

, cIbB ang- 8.

Nasfrp e o

F medz2on

pool edaand

i ndi vi dual s

PPRES KOOI PR ansL DO

dy 43 te

Scenesd

st e ne

d as the Tec

i procal

dilution at

DpEE DAN 0.

BB 7St

carjz;ana

VS (W8S

pelgkor Med OngyNdI Vi

week 8 titer

»]

prIAR, T HS

DLEE GRID

StTat ed
£

AV W o ¥ mi

LA gh8c

S

grge 1

il
1
I

speci fic ant

body; ¢OL

N

S8 el

N L

T4
S—W-t 1

Ol -
=¥ ii';‘—

u}éig.ll

~a At

9]

1-0-0-0

CP5gpuCP8
:E.IEIQéla e

=+

3

-

dual

re
i on at

i nduced by v N“SE(,N g

C
1w

REM

JT V4
bl
S

A
}*nﬁb\

é" Tr

i oY
LI} A

T

e o)

nt

@D O

i
1 I
|

[s2)

n

4

1 pg CP dose
formul ati on

SES g1

9718 dBi: I

Dat3i-ne

AL \/12P97

L=

A

réﬁfA

dose 9 nge..s

t udy

with fixed do8BEFAG}56

) cB Bdch

canjuga

ecIfth OPAh

it86[02

63] THe effe

ct of a

combi nati on OFFEGAPLOA |

andB GP5- lar]

d CP8 ¢

njlihates

onSBmmune._re§ponse

t o each

conponent wasgPreSaed.!

Thit®®ai2gr oL

ps ere

i iz e

d wisbh bival efi® S. al | I CUS

CP5- CW 0197 + CP8-CP.ML97 ( | ng dose of each conjugate) conbined with
T7- C1f A ( N1- NEMBRpht 7:t hfamedid Barahy Glodes 1y HRaaplad®: Ppuncddie contr ol
group was inmuni zed w tf duaennj ugated CP5 and CP8 (50 jig each) conbi ned

with 100 jig of T7-CLf A (NL-N2N3).

Each i mmunogeni ¢ conposi tion was

forml at ed w {4258D0pgisafamdicLshaptotdd Rdbe nderunegeat ,Colddndgintd Dna wer e

adm ni stered by subcutaneous .inj
week 0, 6 and BYASRCHRE Sg Bt

ect.io

S

.in the neck. Rabbi
8o edtany - nytvivd

l e
‘an

baedShg

d on
d

endpoi nt gnt i bagY weid R Scr& Boflet8nIL NS d. A% s ke cheghiioadtipdididiion at 0.1

OD4075.

[0264] Results showed that increased anmount of rCHA when conbi ned

wi th bi val ent stgghj bgyat@ididd Ermaideem edpsomadrirant Vifodyaipekiponses. The

ant i body | eveb%n}ggﬂg%lg%&gpsymg

I val ent conjugate only (Data not shown).

rabbits i mmuni zed w

<

The

gretypes were in the sane range as in

anti body | evelSip CTRSsegnd:ocCRBzmede o2WVEitd ptodeihoivan déterdi d{st838-dkstgnd 100 ngy

(106 K) dose co

ared to 1. dose_of rCif.A (273 )
et afcor SRORRSO At i e TR s sl hur®. 168 Rt

There was a booster

gaEt8d i Val ent

pol ysacchar i detiinmunegenisctor s idaom CCORBeidic GR8Is Rel-angh BaGH) 7&0mbi ned

with 100 p.g of rCfk

di d not

i nduce CP specific antibodies. The rGfA

speci fi ¢ anti bOW(ZPeEpdis alisiaenty §¢ fplayrbat s SHPReEER byecties dose, where

titers were bg$%?Q@%#g§ﬁl$§C§F§€é?{§

ng doses (Data not s

o

@uigif 860

evels o

e SheRs

: 15when admi nisstereds. Wb t{h: SonE lihates. Gre tzponj Ligst edh CRB.. andy CP8«¢

pol ysacchari des_were s

| mruri ogen ci YV CRED

Titers.

im

Bi't

e i

.10 Tri.- Anti
VR R

n. Fo

rnul ati on -

g%?%% Esfugé” ff“ren&so and 100

A response achi eved

e g and . kb
[18265}eqlib@cSiaphytOGoac algintundgentc ROMpEsd 11. oDniySimtcaeget ed for

adult popul ations that have pre-existing antibodies to S. aureus surface
conponent s. TOMSE GeARCEHE VeFT BER IS IDpheaRingt {ifgitantt BEdiRs o HMitinogeni
fornul ation corpEAERS +28 obRGel ESRONESEhOLIR WiTUNRgeR G JOordgul ati on, we

selected rabbits wth high titers of natural

'y acqui fed anti-CP5, anti-CP8,

and anti - Cl L&Fantd bodihit sctieese SEowgrolpsugfow abbictagsima8 /7Y igwer €. i muni zed

6. W t

CHRVES

on week 0, 3
(1jig) and

e

h.tri- 2 5
.}1&>t(nlg l?urtraéfjgr

i Tmuno

RLE

Nt igen. i nmur
ST TR (R

l.ati.

Pt

ad
Pg

PS5

9 n

- CRML97
e

group was i muni zed with the i mmunogenic conposition fornulated with 500 ng

Al PCci

conposition formul ati on contai ni ng no adjuvant.
wer e adm ni stered by 3 Osubcutaneous injection.
3, 6 and 8"Antibody titers to CP5, CP8 and rCl fA were determ ned by ELISA

as endpoint antibody titers on pool e®s6and i ndi vi dual
dilution at 0.1 OD405).
Wi th pre-existing antibody titers induced by natural

t he reciprocal

as adjuvant and the second group was inmmuni zed w th inmunogenic
| mmunogeni ¢ conpositions
Rabbits were bled on wk. O,

sera (determ ned as
[ 02661 Results showed t hat
i nfection responded to

rabbits

trivalent inmmunogenic formulation with an increase in |levels of antibodies

. o

. P ——

P o

o~ £ N



| 0267] The dose effect of the adjuvant . AIPO4 on the anti CP5 and CP8
responses in rabbits was studied. Rabbits were imuni zed on week 0, 3 and 6
wi t h bi vavennioBi44aur eus GP5- CRML97 + CP8- GRML97 p. g dese/uskoiemsdsio
conjugate). One group (i T=5/group) was inmuni zed with i munogenic
conposition thrrmulated with 125 ug and a 2nd group with 500 jtg of ALPO4 as
adj uvant. | MUAAGED |G, COTRORI bl AR YL SNITIAESLEEE Ryl 4bait aneous

i njection in neck ts were Bl ed on week 0, and anti-capsul ar
ant i bodi es \I\IES@udf@I&éiSmlme}CblWMEUhS@EéBWeglﬁﬁﬁ@ﬂme amtdﬂgb@@d hdar¢iemsd st er mi ned
as the reciprocal 1 utl at,, 1 |t I hat there was
no difference”f n &5’8’ ndls %a EfcMgﬂf O%%trﬁes%@%érgz Hw \E%E ?Oxtl n‘%mnl zed with
ei ther 125 ugnor588. ug of ALPOX4. The forrrul ation vvlth 125 ug of adjuvant
gave hi gher CP5 antl body responses. Also, all rabbits in the 125 pig group
responded wit he responses, while in the 500 ug adjuvant
25gr oup, fher : i g ponse to the fornul ation.

SE #F

B. Ef fect of 1-04—-o1 e-trrnegent-et-ty—of—Tr—Arti-gen-rFertl-at+en [ 02681
Rabbi t5. (NZW| b/ 7 rabewlg ,r%@%;ﬂ B TN A R
with Tri-antilgea—fermiabion comriopaaf—chbCRKOZ L1 pig) AR P8l 3
OCRN1197 (lu ifﬁk?‘%try’ Ox,n}‘(‘;’%"".\IQFB) ‘.’,1‘;38 M::fﬁ%»-”b“ Ore--gHeup—-gE—rabbi t s was
i muni zed Wi tHL-ERR g Ml LAt at DR B R G-A-PO4—a-Second group
was for nul athFAE’i‘A’: 4 e Mﬁ?ﬁ&%‘ﬁ, thet+-hi r%l% 0% was-i-rrhi-zal-at—week 0
Wi th WO 2010/ BBl st (850487039510  i-mruliibe il & O rul-dwi-t-h—500-wg

Al PO | and weakss! %f:c E’%lﬁf? ""Ermrunf‘?*eni € 1“?&3 {-ati A?‘. wit-h néﬁad, ghvdant

| mmunogeni c f E;Eﬁﬁ up? € ny’“ﬁ&@ LIRS “ﬁ* ereMnM,g"qugénec us—i-Apecti en,
rabbits were E"%ﬁwgﬁ‘" j@"‘v, %T 6 arié 8 M,qféégﬁ’% evéyuaf ed b‘,#ganfigien
specific ELI SA. Re d that the pre o in the

i Ir?’rmnogeni c formPSt S‘Ef? P IHRUE ‘gﬁigﬁ"@ﬁ(gﬁ gﬁﬁ‘?%“&éé”éf" Yant i - CP8

responses in rabbits ( DREGPRSCE BN, ). The GV tlters of Abs to both
capsul es were lgglg})arabl e. .However aﬂéthere was,.an adj t eff on CfA
specific anti b és‘f%ﬁé‘é“ SRR ORFOHRE %GR S éi“ R R ﬁifr%/‘%\‘r‘l‘t present
inall three ‘(@ﬁ&hﬂ%&i‘_y@r@hac@ﬁ n%@‘?&ﬂa ¢ RNATL B BARSttM cRed WYTUNOgenNi C
formul ati on not _contai ning Al PO4 he rabbits primed w th the i nmmunogenic
f or mul at itén céﬁteéinﬁrﬂr@q)&‘d}l%amﬂ'@%é fergheauerd e rdaghions g genpiived t o

group with no Preel G a apn of S. Aureus
AfA MntC t@l% g‘?‘ ﬁﬁ%‘%@éﬁnﬁ’ég” if%f@%%g QJ&E%)F%S 3 hbgl ow in

Exanpl es 12 tbxmeﬂgfmnmna;z eitdnenr e swhiti$ noflel tﬁhewmméxms&ah oétmlauaftﬂmn of the
CP5 and CP8 coi 8ate s A and Mth The Xiﬁla es denonstrate the

ef ficacy of tAeSePIRETGERS” | ’ﬁe"b‘f%cﬁ T @&%‘F“iéﬂ? PUHERS “Rd exanpl es al so
denonstrate tB}Q{iccﬁmnhbﬂﬁl‘&&»dg%ﬁﬁiiﬁh@\de byg therePrean g @t orsGhfidsnand Mt C
have functional activity in in vitmassays. 20102701 Two different

cheni strilés weFBCHWEdTBE BYURF UGareConiy cortior. ielfgsamPees 8isce was
observed in efddorac:d Gublies S HORHES: BE SRASIRADY rbitevlk bfserienl et hods.
0-acetyl ati on of the capsular pol ysaccharl es was’ shown to |rrpaci eliciting
functional antidodiesc hvaltebttivenoweftinee-panbianédotigmmurogenind CHENPOS) ti on

conprising CP no 25 nt erference on
specific anti E&g MP?&H)‘“IS&‘/"EI’%W‘&‘ é%ﬁ““‘?%ﬂﬁ‘é@%%ﬁ%“?‘?% RS onponent .
terials and I\/eidﬁ@e@aﬁbf% cytorrfe @2 (dnkimi¥Bxi sorp mcrotiter ELISA plates

(Nal ge Nunc International, Rocheste 30NY) were coated 18 hours at 4C or for
90 m n at, 37C fA antigen in PBS pH 7.5. The plates were
washed fi“le t ¥ > 20. 1% pol ysor bai e 20) and bl ocked with 1%
,Wv) non-fat _mlk.in PB .05% pol ysorbate 20 for 1 h at room
tenperature. BRRESE e%Ft h PBST, and serially diluted (3-fold)
and i ndi vi dua,, , ), 3, w_a,nd,8 rabbit anti-sera were ad ed to the plates
and i ncubat ed %\%?ﬁeﬁwiefﬁ?ﬁw S e copSi ol e el BPLERE Yier e washed,
and bound pri gRfiys @ALIRALHES oWeS 8nidRLRAbEInMIcl RiNOLESE &Q&SM) old

per oxi dase-conj ugated goat anti-rabbit 1gG (1:1000 dilution) in PBST. The
plates were i REIBROETRIE BHCCINCRE IBTERE KENCIRESHIHORATFHEY 8O pEEE t h
ABTSper oxi dase substrate solution, (KPL, Inc., Gaithersburg, MD), at room
tenperature fix approximately 20 n1 nut es. The reacti on was stopped by the
addition of a 1% (v/v) SDS solution. Absorbance was neasured at 405 nin in
an automat ed pl ate reader (Ml ecul ar Devices Corporation, Sunnyvale, CA).
Antibody titers were expressed as the reciprocal of the highest serum
dilution with an absorbance value of €.1. Student's t-test using ,| M
Software (SAS institute, Cary, NC) was used to determ ne differences in
antibody titers between the different groups. A :15probability of |ess than
0.05 was considered to indicate a statistically significant difference.




Miurine Sepsis Mdels [02721 The nurine sepsis nodel m mcs bl ood borne

di sease. For passive i muni zation, groups of 15 Sw ss-Wbster mce were
treated iwonapersit4oneal ly 2 O(i.p.) with 1gG Twenty foecThiseeis/obsti@r mce
were challenged with S. aureus 659- 018 via by a single intravenous (iv.)
injection (0.1 m) via the tail vein. Al aninmals were followed for 14 to
15 ,daysz at M}Ju&ﬁe EQ!SQ{H. ai'h'is &@\U@Ba‘:&rﬂ ﬁ%i@—ﬁ@d})’ﬁ%ﬁrﬁ@%@ %gdt&%@ attie@&g?ﬁl For
active immuni zation, mce were immuni zed with antigen at 0, 2. and 4 weeks
and chal | engedndtigmbedutis rislpctdibe pmtimaventusoysoigsenyidthioProdugreus. Acti ve

| mruni zat i on Babbid endo car gkl bs mRAel J027AL Adult New,Zegland i te
rabbits were @ nnuni 2ed i ntranuscalar 'y ' e Swi th 25 *pg ant 'gén.. One day
po?r'{) -sur?eryi iymki?@kisntarﬂa: i@hﬁ@ibh?ﬁg@;ﬂhd (%ep\rf]%sﬁiﬁ sauboluso afic. Stheasumagm and thg
nunber of colony formng units (cfu) int eart 3 Otissye are determ ne
24 hours &osta:@%w@hﬁé?%miﬂp@ W R THET Y BIHCETVE (095 PR e bRt or omi &

nodel was useghhQisdel-ermhNgzdine gk i8chs Rbwdacs Aathenoetbaalemi:al numbers
early during an infection. Mce were inmunized at weeks 0, 3, and 6 with

anti gen fol | owdertioy aind e teta piussig exapicd hh@nogauiredigndohe WeseiiagruBamiatal s wer e
exsartgui nat e _hour,s_ . I . and. lal diluki. of __hl o« | ated to
enunerate t hegggg{}ae%it%f bl%l%%fﬁg&g?é%% 1%njénﬁi "vﬂt%?asl%gr%%gllcx ll[bg\%%% The mnuri ne
pyel onephri ti énmogeluondsoine §iF) hesfeias senbsrapy.on of S. aureus from
bactereirtia. Goups of 1 0 thur week-old fenale CD-1 mice were i muni zed
10at O0,,3 and Qﬂweek%q Lth anti en. The m ce were chall enged by i.p..

i nj ectiontof SERIEHIELE ’ “9Ft“Hours Wowi ng chal | enge the nice were
sacrificed ang,.t act eri. re.enunmer ated .in. the kidney and, bl.ood. Rat
endocar diti o MBaAr CRGHSH MR SRS ET R bR Sl R B Che
endocardi tis i mowhlipedicid obCOlcomzat bomiecauis:s afif@bnanblieods bat aeThdf ecti on
| eads to colonization of damaged heart tissue. Five 5 week-old nale
Sprague- Dawl 8YTREECTE BliE PR SES K ape S, IOk Higshiol, WS HiEEe ShPHRRAF 288 on wks 0,
2 and 4 with k b, Lg Qbwihrn ML corysoahe. hortulighead, Walih1QQ. j i g of
AlPO4. The animals were bled prior to vaccination on wk 0 and at the end of
wk 5. Seuént yatimelshour suithatiend and bbat elleted(PEFccdfcabinivg)sc@®®was surgi cal |y
pl aced through the carotid artery into the left ventricle of the heart.
Placement of the .catheter, nesull s 0t foLamLion of a sterile vegetation
to which the apnylococc an attach upon Tnféection. To prevent infection
resuhi ng fromg-ske; surgi.cal:.. pr.oc I ani.mal-s Were.. ap-eeh W.1:h t he
anti bi o c Byl Lo g e Fhe o e o e B B R sl g
surgery. Fort yesi ghipedhbumshaphers :@bsersgerded it Herle #63 andrle GBab| enged with

PrESh 0260 (abBLe o Syt B9 S A%, 0BT S5 RS o 109, €T

rats wer eceut Bania etk andedihdohetrd’ saand kit dneystwemovedyandsypbacad i nto 3L
of phosphate buffered saline (PBS). The organs were then honogenized with a
ti ssue honmpgeRi el o il ASREITWIYRE LRI PelFangrisadual naapsiyi and brought

to I nil_ wthFBS tu@ﬁg WAPILRINSH LS nﬁr e B&L hﬁ#i!ny; Wisddiiedo.gnd pl at ed
for bacterial enuneration. Monitoring functional antibodies usjr“ng
opsonophagocy 9% izt hy3@ssays 0278 byDixtdueive nniiag edbtailf setcorndékbhs from a

cell Tine (e. gtcrifczrlqliiir?coslﬁz 29 aliquot of the bacterial suspension was transferred to the

25 dialysis tubing, the bag closed with a knot, and then rinsed extensively with sterile
saling. Male Sprague Dawley rats {6 weeks old) were anaesthetized and a2 2-3 cm
incision made along the dorsal midline. Pockets were created at the site of incision
by gently separating the skin from the underlying tissue. Tubing was implanted in
the pockets and skin was closed using surgical staples. After 24 b, rats were

30 cuthanized, the tubing removed, and the bacteria recovered for flow cytometric

analysis.
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5pol ynor phonucl ear cells (PM\s) isolated from donor human bl ood using
LYMPHCOLNI Et - poly solution (Cedarl ane | aboratories limted, Ontario, Canada)
as per mawofamiusias’' s protocol can be used for this assagr/ustéiemsmno cel | s
wer e resuspended in assay buffer (Moddified Eagle's nedia containing | %
bovi ne serum al bum n) at approximately 2 X 107 cells/m concentration and

placed in 37" G 1R Mgubatensuntil, igady to use. S. aureus strain PFESA0266
was grown overnirght on tryptic soy agar plates. Bacterial cells were

scraped, was hﬁg’ﬁ%‘ Fhe @i@gd ESsUsPRRded pbRic@sa % Ruld SHinePat: Qﬁ‘c 09 5%
gl ycerol to an whi ch equal s to approximately 5 X 108 cfu/ nl
concentratlon&ﬁmmemwﬁMﬂébnqhﬁhs B@«%ﬁévb@@c@%ﬂﬁﬁebu@b@ﬂ%ﬂ%ﬁﬁ&éﬁe frozen and

stored at -40G.unti N se...Frozen bacter. suspensi.on were
t hawed and adj u‘érf"eeélm“’%ng% Cgiljll f% foria Ty Wi% d \’vflgh%‘lrﬁ and ms,u% élbuf fer and

pl aced onsi cemah@hasgay oS alger fonme dr pelinguae sheni le@@&ndeeqaawl I m

pol ypropyl ene p bl d erlal |Iut| antlbody sanpl es (50
jil) were pr eﬁé‘* e%ﬁ‘ﬁa:@r o gied Byt E”F BRI 85 ébe5< “‘“d@té@éa@‘%uf fer to
the antibody fnXied BRGLS! i &c\WBEERAIA8 0§D kide)anti @ b&s IR RiER.@Rd; pl aced on
a rotary shaker at 4 20C for 30 m nutes. The opsoni zation step was foll owed
by addition ofiB( cstashiplddirrdoipledmanty v pbdratorien Arentimagssorye Finally, 50
ttl of effectgr Q7..cetd s ns e e plate
and the suspeas e HadH T b Fess B R AL AN R BT P The
suspension was 10 fold serially diluted in sterile 1% saponin sol ution,

vort exed 1o ntlivnivenbactAraals ¢l unpi ng and pl ated 25on tryptic soy agar in
duplicate. The assay plate was incubated at 37C for 1 hour wth continuous
m xi ng usi ng HBS7Eséraecstiydlgeshakerowints deheitend Gf rathie!ysroubagi on a 500

al i quot of sus sion A t ed steril esapo
sol uti on, nlxedg%§ﬁ‘ﬁ??@xfﬁg“?“n%1§ﬁ gmj%kﬂ %#ldf@%@“%%”ngd”mﬁ’plated on
tryptic soy ag@mmwﬂaﬁupbﬁ&aé@&ﬂﬂhﬁnbﬁmﬁﬁmmﬁggmkb&h)mgima&iﬁahculated by

determining the 3 Oratio of the ng er of cfu surviving at 60 nlnu{es in
vel I's with baCferid oV SeRtEIEcE Sipl BREIE fﬂa%*%*fffﬂéict%‘rme@m $MO¥eG he
number of scf Uaﬁ%s‘(}k \ﬁkﬁgatlca{‘wﬁtHQ%%sé ﬁﬁﬂ‘&l)&go@i%té&oﬁn%i Db §ORL ah ni ng
bacteria, conplenent and effector Control s contairing bacteria,
conpl ement , andnEEra wereclisvelrated vasheddipd sieikd widij T edaeeitohedas cf u due

to clunpin 9 ors
adsorbgg agal%@"Héﬁgggégﬁgﬁéﬁﬂgkﬁgm%%%é %é%%§gﬁéggﬁ8&@% g&%ﬁﬁgﬁjoz70 can
be used as a sasiredevitf stﬁﬁﬁ@bﬁfiﬁﬂﬁxdaﬂ&iﬁ‘iﬁl@” ;qsa&aﬁyimaﬁichaﬂﬂ @dslastacabingl wer e
grown overnight on TSA pl af | s were raped from the Iate and
resuspended i Ast8t b b Bre R TouP oo v e digid @girﬁ“rc?tf‘ﬁé‘é’a“é 461000 rpm
for 10 moput esi@tnsdfaandosehloRebd Bloonas:fiesusReNded i AARMIBR. serum f or
adsorption. Serumwas incubated with bacteria on a mtator at 4C for 30

m nutes. Cells were centrlfuged serun1transferred,to anot her tube
cont ai ni ng badfeildd AHYZERBXYHARKIIHD ARSI ‘ @#e%0r 30 i nut es.

Finally, the-cells vere-centrifuged-an el 2
mcron filtdr bef¥®® 0.5 nil alfquots ere frd%en dowj in |i¥%iFd nitrogen.

[
15Met hod | f |- ()%Mkuplng'hlh-ao £eldi3210280] 4 | HU-20 neel] s: waries {2472

di fferenti atied—aceprdi-ngrt o5 Rofero-ptei-Rer et &t Ok 'thTbﬁh

i munol . 4 (desk &é?f?md%) 415-|420' bevested - 60 calre Wra e suspended
in assay bufifer (Mpdickidsell-Eagl-€' s| nedi g+ ¢ont ai niing {1% bovi he |serium al buni n)
at appr oxi ngtety-1Q8 celtsim-i-and; [.l/ﬁyg—:c' T T O YHrpgubat-oruntiitready to
2 Ouse. S. gtassebt:> was. frown qgverniig Qn. tryptic iso at.pl aties
Bacterial cells me'ém§@rabed,'was1éc5 M Ge ahdfreéusbgnded irn agsay' buffer
cont ai ni ng 5% Gl YChk@kemiad - ab | QUBUDE (1,3 WHI-Ch, équal s £ @ -approxi matelyi5 X
108cfli/m . [OFestpiali-qubts—oft-he-Bacteri-al—suspensi-gn—were-frozen—and
stored at -40C unt | I"P8ally 't 6 use| 'Froven "bact eri al s%spensronive%eithamed
and adjusted to a @eneeniration of /251D6 |cf ul - i N iasgayNbEf eyt andTpl aced
on ice. The HS38)™was—pel-formed-usi-ng-p-sterite-196 d§§ﬁ~well 1 e

pol ypr opy! ene Dlat3§wm¥wp‘féld setial Hillutions iof impMocl onall antibody

sanpl es (250 were prepared and followed by addition of 150 p.1 of assay
buffer to the anti body suspension. Bacteria were added (25ul) to the plates
and placed on a rotary shaker at 4 "C for 30 m nutes followed by 30addition
of 25 )11 of human conplenent (1% final concentration). Finally, 25111 of

89



FIL-60 cells (107 cells/rO were added to the plate and the suspension m xed
well by repeated pipetting. A 25}.11 aliquot of the suspension was 10 fold
serial | y wol2otoed154a sterile 1% saponin sol ution, mxed IPgTMS2A1620895¢0 t O
mnimze bacterial clunping and plated on tr-yptic soy agar in duplicates.
The assay plate was incubated at 37C 5for 1 hour with cont| nuous m xi ng

using rotisserie sbygweem%glake ATrthe ,nl of incubati a 25T It aliquot of
suspensi on wegsi@:z4.ol.d.sgrial I y-.d Lut.et-ilnistérile.il1% pnnl sal-ut on,

m xed by vorit exi ng| t'*¥nf” prat'ed“ On it '|‘bti"c sy jagar® iEri dupliicatie. | The
percentage Killing bg\@esm@.ﬂ(:ul atled} by /deter-nmi ning tHe; rati o|of; the nunber of
chi survi vi nFratsEep—m-nut-es—i-A—wet-s—w-t acteri-a; a%ti beti-es—eonph ement
and 10UL-60 [cel s ““{“h nurbér| of “dfu élmm nd in tdbes Il adking

anti bodi es but= eentahnicrgerbacteria cocbioplienentoand- bipabicd élnliigg  Control s
cont ai ni ng bacteri a, | enent and mAb was included to adjust for any
reduction in GUPCHIED o%gpdlr‘?b ferge Exanpl e 12: Denonstration of a
Protective Effect by C D |n I'n \f i vo Ani mal 15l\/bde| S 102811 To eval uate

reduci ng S. aureus “col ony counts in a nurine sep5| S rmdel pur|f| ed rabbit

pol ycl onal anti - Clitifsl gGiwas used at €wo_ dasages (0.8 NU and 1.6 ny in a
passi ve i munji.zatlteaibist u ;w ({Hi‘gut 2413110 The |S thiui* i bﬁk;ﬂ llenhgét sfrai n was
a recent cli nf‘";féf“iim'faf . 6*59{7 18’ ' "arti’ool Ysiay Li” %%ul:@ Ql n a
significant r Aggu _on-af-1hactiel y-ledur he-minine s nodel
(1)=0.0134 fos%l Swiy de land f.aor Q. } \”'Ilﬁli >\@<]mer| ment
has been repeggets; am =SS tirsiomilarsresul ts
(data not shown). wil M NE Nl A Reducied

Col oni zat i on BfisEN ¢ )i Ta282]- Ui Zagi;on 7o
rabbits with WA r Hin i-n -tihe dogar di‘t { s nodel .
Ve thund a 3-p&shaog fifon 2ug -gf-i d= firrom/card] ac
veget ations fi&f an mun CHA g dng 3 Onegat'i vé control
(PBS or AlPO”i)“q W i I {dni ire ~14)|. 14:" Priot écti ve

Ef fect of I\/ra;tfﬁ l A 1028 _iipmynizatlon with
M aC has shovx}fﬁL Lprat; mice f ¥ I\S} f\"jl n%f JIEH nts
follow ng S. @heey eHge:- -geynt -ood-—-0f—fe
receiving i.pps:S. hal |l . siignifii; duded | as| 5cpnpar ed
to controls i pHER T TPBS s TI9Aand RO TRt WOTNS] X

i ndi vi dual studi es L-s', - ir-edyotii ijitnidiblpediin

i muni zed ani jpEks on I -By TVt ratiiNgn VST | NT
denonstrated ©@5in en 18 -¢hdl-l iins,i PFESAG237
(Figure 15A) a?ﬁﬁf\(PEESA@Q ] (-F' -Exanmp S MNCohj uyat ¥s; Pr ot ect
in Mirine Pyef'SnephritisiN 5 | ¢anjiligh erie” eval uafed! for
their abili tyf?ﬁfé'“dp OrEEt C‘e e Cijmul kf ' r)i}‘elf‘*énéb 1W bis
model . Fi gur e16-s res miseveral—studies Bact er- ount s
in the bl ood of;'“m i n' ‘ 1ur e'us' chglf enge‘ Were $|+g 1|1f cantly
reduced as cofp 15{Figure-16)—Si X out

S B AR R T e WP ki dneys
in inmuni zed agci@l-gc TRe=dai@sishowed consistent reduction of kidney

col oni zation after active inmmunization with CP5 conjugate. Exanple 16: CP5
Conj ugates Prepared by Different Conjugation Chemi stries Protect Mce

Agai nst Experinmental Infections 2 0[0285] Active inmmunization studies in
the nurine pyel onephritis nodel were conducted using CP5 conjugate prepared
either by PDPIl or CDT chem stry. The nethods for conjugating CP5 or CP8 to
CRM 97 were descri bed above. Results showed that both conjugates
significantly reduce colonization in mce conpared to the sham i mmuni zed
animals (Table 14). Table 14: Effect of PDPH vs. CDT Conjugation in

Pyel onephritis Model
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Study # AntigensStrain/Dose , |ogCFU Kidney Significance Study 1

Sal i ne+Al POAPFESA0266 pg CP5- CRML97 (PDPH) -1-AlPO42 x 108 5.53 1.90
3.01 :3_,wh.288/15154p <0.001 | .tg CPS- CRML97 (CDT) - 1-AtPQAstotboswsiol, 0.23
p < 0.0001 Study 2 Saline+Al PCci PFESA0266 6.17 1.76 -- 1 p,g CP5- CR ML
97 (PDPFl) +Al P4+ 2.7 x 108 | hg CP5- CRML97 (CDT) -1-AlPO4 3.06 1.69

1.87 :1, 0. 69TQbic;; iQ OQQ&rcw@m 01‘03 QQ,’QJ:& a‘r@g@}rmilrﬁhclﬂ)dwg?ﬁ @Q{!ké?sg@ﬁﬁnf rotects in
a Rat Endoearditis Ivode1 TO2861 Four St udi es were conduct ed V\ntﬁ"' GP5- CRM

197 PDPH conj pgal&.-and,ahiknkal 8% ed:£anj ugate (PP5-CRML97) at | t.ig dose.
The CP5 conjugates Sign reduced colonization in both the heart and ki dneys

in 2 of 3 experiments in whi ChrRlNg-§halTENge; TYpg bgg}nagal@ngg@at;@@ n was
PrESAQ206 (ToR! &uda) prk0abdty 1T gAY ey Bepuyt glooivtan (JiT e 4] CMT)
anti -CP5 titer owest—of—the-thtee f E ] was—-anl y
slightly | ower than the titern §5 éﬁﬁ E@H,xsgr:%’i t ’j'“ DHO §§
67, 000) . Table—15: CP5-GRML9Z —mm w&ﬁ{ﬁn Betiiiced |ofd 130 Rat i faddar diti s
Model
8. aurens PFESADBOS | Time (hrg) é 30 60| 9.0 13.0 18,0 24.8
CHA 1986 163916971243 136,11 98,6990
CPE 77314301180 7.5111.819864 1940
MatC | 591 771125 2064 29 931 99

Results

{0258} A combination of nincteen 8. gureus isolates were tested for expression of

21

CItA, CP3, CPR, or MntC on the 8. anrens cell surface during infection (Table 134,

{3b, and 13¢). These isolates meluded recent climcally relevant strains and were

diverse as monitored by MLST. Antigen expression was dependent on the strain,

time point, and the infection model. The variation in antigen expression between

isolates m different in vivo environments (bloodstream vs, wound) supports the use

10 of a multi-antigen immunogenic composition to induce broad coverage of
staphylococeal isolates in 8 variety of different infections, The antigens were
surface expressed within the first 24 hours of mfection and are thus vahd
components for an anti-staphylococcal immunogenic composition. Protein
antigens CHA and MntC were aceessible to staining in the presence of capsule

15 expression indicating that the presence of capsule does not mask the proteins from
antibodics directed against them.
182597 Most of the tested type ¥ isolates did not cxpress CP in the blood unti
iater time points post-challenge (> 4 hour} (See Table 13a-c). These results
demonstrate that in S, qurens CP is differentially regulated depending on the in

20 vivo microenvirenment, i.¢., site of infection. These results may explain the

inconsistent efficacy results reported for CP8 conjugates in animal models.

10266]  7» vivo expression resulis suggest that no single antigen immunogenic

formulation will provide broad coverage against the majority of S, aureus

mfections. There is too nmch diversity of expression phenotypes by individual

25 strains within in vivo microcnvironments. Thercfore, an immunogenic
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1 g CP5- CRI\4197 Saline 1 tg CP5- CRI\4197 Saline 1 tg CP5- CRI\4197
Sal i ne PFESA. 0266 4, 43+3. 109+ 2.302.33 51,000 6.5 x 107 efu 5.63+4.19
2. 482. 05 WoMN010/15PHESA0266 4. 01* 190 2.491.92 67,000 4POTABO@ 08510
7.52+6.52 1,381. 17 p<0.0002 p<0.0002

composition consisting of more than one antigen is required to prevent S aurens
disease.
Example 9:  Tmmunogenicity of Multi-Antigen Formulations Containing

CHA, CP5- and CPB-CRM, oy Conjugates

5 {8261] Inthis example, we evaluated the immunogenicity of combinations of

CHA, CPS-CRMyg7 and CPR-CRM 9.

Al Bi-antigen (CPS-CRM o7/CP8-CRM o7} Impuno genic composition

formulation — dose effect on the anti-capsular antibodyv responses in rabbit

{0262] In this example, the dose effect on the immunogenicity of the combined

10 CPS-CRM g7 and CPE-CRM 47 immuunogenic formulation in rabbits was evaluated.
Rabbits were immunized on week 0, 3 and 6 with bivalent conjugate phus 125 ug
APO4 adminustered by subentancous injection. The doses evaloated m this study
were 0.1 pg, 1 pg, or 10 pug cach of CP5-CRM, 97 and CPR-CRM¢; (final combined
CP- CRMio7 doses of (.2 pg, 2 ug, and 20 ug). The dose of the conjugate reflects

15 the total polysaccharide component of the protem polysaccharide conpugate.
Rabbits were bled on week 0, 3, 6 and 8. ELISA was performoed on pooled and
individual sera. HEndpoint antibody titers were determined as the reciprocal
ditution at 8.1 ODygs. Statistical analysis was performed on individual week 8
titers. The results demonstrated that the highest CP3 and CPE& specific antibody

20 titers of 5 X 107 for CPS and 1 X 10° for CP8 were induced by vaccination of
rabbits with bivalent immunogenic fornmlation at 1 pg CP dose of cach component

{{3ata not shown.).

B. Tri-antigen formulation (CPS5-CRM, gy + CPE-CRM g7 +1CHA) -
rCHA dose range study with fixed dose {1 ug) of each conjugate in rabbiis

&2

5 {8263} The cffect of a combination of vCIfA and CP35 and CP¥& conjugates on
fmmne response to each component was tested. Three groups were immunized
with bivalent 8. aurens CPS-CRM g7 + CPE-UCRM o7 (Tug dose of each conjugate)
combined with T7-CHA (NIN2ZN3} at three different doses 1, 10 and 100 pg. The
control group was immunized with unconjugated CP5 and CP& (50 ug cach)

30 combined with 100 pg of T7-CHA (NIN2ZN3). Each immunogenic composition

was formulated with 500 ug of adjuvant AIPO,. Immunogenic compositions were
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SA315 1 x 109 efu 8.17+6.92 LO21.20 186,000 8.75+ 634 0, 600.95 NoNo
Exanpl e 18: CP5-CRIVII97Conjugates in a Pyelonephritis Mdel [02871 Initial
st udi es iwoestgai4seng efficacy of conjugates were perforoedsesmio3ds kDa MN
CP5. inprovenents in fermentation process resulted in production of the

hi gh MWV pol ysacchari de, which was conjugated to protein carrier and tested.
side by side wilhi42: KPa LONLMIRLE i &O0) B8t fh oSl Lo th MV
of 1525 KDa (Lo KT and 200 Koa (TR e e e P ag L M G

conj ugat i on chend 8§t Eyihtaevalfuatedn peolthendmdivigalpped odepiirditt s nodel .
Three doses (0.01,, 0.1 and 1 jig).0of . the.171 conj tes were tested and
conpared to t ﬁnemgg?ig i \‘}i\ﬁ%%éd SR 57 TR I}/g\z{%mﬁﬁnragggt{g%‘“’iionj ugat e

(PP5- CRML97) @iz6li] | RgsuttoSiowelnaatrifststSashanedrEsingah térg@ntd waguction in
CFU of S. _aureus, PFESA0266 recoyered fromthe kidneys at a | ji ose.
There was no. SYAKTStTAER AT ‘F‘?éragﬁ@é%%‘ﬁ%%ﬁ‘f’*"&?’&%%‘ﬁﬁ%ni B %ﬁﬁbﬁ‘%?hf%ﬁ%%lt es
prepared wi t hedidfih 8L80L: &1 &CpERRraAl thh@k hhg dasenblabheud8 wiline | ower
doses (0.01 jig and 0.1 jlgz of the conjugate failed to elicit an inmune
response suf f Pupient compgaicgniyf (Cosmdt yhavardud ée phidodrfwebitoh S TRéCB% per i nent

was repeated ;;‘é < '\ ent | g{ ky i i OR ¢ hal | enge .pr.ocedure. 10In
t he repeated L”e{x!pcggf %32?1%’} &g%ﬂ 5{ iﬁ’é@?ﬂj&# é@%{% QK'% M@Wé%”r%ﬁhl ted in
a significant of €dfrcta70K)i MhealvasiaZzabkitonc{gpedicd e seddg ahd gl idpsesof 1- 1MV
CP5-CRM 97 lowered ctii in kidneys, however the. reductiap was not
Stati ot a1y CERGRY it ol e R AB T R CH gL ca Brot ect i n a
Mouse P vi onesphEichdns cMagigbd witl bely s A 1ge BidkhoP GidbRoe s lird 9 vbalissal N/ Dose
| ogC, FLT/ Ki dneﬁ - 1 Significance (p -val ue)

The rCIfA specific antibody response was also not greatly affected by the dose,

where titers wore between | X 107 and 1 X 10° after three doses for 1, 10 and

100 pg doses (Data not shown. ). Also the levels of anti-CIfA response achieved

15 when administered with conjugated or uncorjugated CPS and CP8 polysaccharides
were similar.

Exampie 16: Tri-Antigen Formulation - Immunogenicity In Rabbits With
High Pre-Immunization CPS, CF8 and CH{A Ab Titers.

{8265] The staphylococcal immunogenic composition is targeted for adult

287
(@]

populations that have pre-existing antibodics to S, aureus surface components. To
study the effect of pre-cxisting antibodies to immunogenic formulation
components on the response to the immunogenic formulation, we sclected rabbits
with high titers of naturally acquired anti-CP5, anti-CPR, and anti-CHA antibody
titers. Two groups of rabbits (n=6/7) were immunized on week 0, 3 and 6 with tri-
25 antigen smmunogenic formulation (CP3-CRM g7 {1 pg) and CPE-CRM gy (1 pg)
and T7-CHA (NIN2N3YY338A (10pg)). One group was imumunized with the
immuonogenic composition formulated with 500 ug AIPO, as adjuvant and the
second group was immunized with mmumunogenic composition formulation
containing 1o adjuvant. Immunogenic compositions were administered by
30 subecutaneous injection. Rabbits were bled on wk. 0, 3, 6 and 8. Antibody titers o
CPS, CP8 and 1yCHA were determined by ELISA as endpomt antibody titers on

pooled and individual sera {determined as the reciprocal dilution at 0.1 ODyq).
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5.34 0.0048 25kDa CP5-CR1v1197 2.94 1 1 ps 300kDa CPS5-CR ML97
PFESA0266 1.7 x 10s 2.74 0.(X)56 0,1 fig 300kDa CP5-CR 1\ 4197 5.59
WO 2010/151544 PCT/US2010/039510

{8266] Results showed that rabbits with pre-existing antibody titers induced by
natural infection responded to trivalent immunogenic formulation with an increase
in levels of antibodies to all immunogenic fornmulation components CP5, CP8 and

rCHA. An increase of Ab levels to each antigen of between § fold to 10 fold was

(821

shown even in animals with antibody titers of 1x10". Presence of the adjuvant in
the immunogenic formulation resulted in higher antibody titers compared to the

group immunized without adjuvant (Data not shown),

Example 11: Effect OF The Adjuvant On Responses To Capsule
Polysaccharide Components

10 Al Effect of Two Bifferent Doses of AIPC, on Response to Bivalent
CPS-CRM, o7/ CP8-CRM, 97 Conjugate Immunogenic Composition in
Rabbits

{8267} The dose effect of the adjuvant AIPGy on the anti CPS and (P8 responses

in rabbits was studied. Rabbits were mimunized on week 0, 3 and 6 with bivalent
15 8. avreus CPS-CRMygy + CP8-CRM o7 (1 pg dose of cach conjugate). Oune group

(re=5/group) was immunized with immmnogenic composition formulated with

125 pg and a Znd group with 500 ug of AP, as adjuvant. Immunogenic

compositions were administered by subcutancous injection in neck. Rabbits were

bled on week 0, 6 and 8 and anti-capsular antibodies were determimed by ELISA as

20 endpoint antibody titers determined as the reciprocal dilution at 0.1 ODygs. Results
indicated that there was no difference in CP8 specitic antibody responses in rabbits
immunized with either 125 ug or 500 yg of AIPQO,. The formulation with 125 ug
of adjuvant gave higher UPS antibody responses. Also, all rabbits in the 125 pg
group responded with higher CPS antibody responses, while in the 500 ug adjpvant

25 group, there were two rabbits with low response to the formulation

B, Effect of AIPQ4 on The Immunogenicity of Tri-Antigen
Formulation

18268} Rabbits (NZW, n=6/7 rabbits per group) were immunized on week 0, 3

and 6 with Tri-antigen formulation comprised of CP5-CRM o7 (1 pg) and CP8-
30 CRMyo7 (fug) and T7-CHA (NINZN3YY338A (10 ug). One group of rabbits was

immunized with immunogenic formulation with 500 pg AlPOy, a second group

was formulated with no adjuvant, the third group was immunized at weck 0 with
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immunogenic formulation with 500 ug AIPO, and weeks 3 and 6 with
immunegenic formulation with no adjuvant. Immunogenic formulations were
administered by subcutancous injection, rabbits were bled on week 0, 3, 6 and &

and sera evalnated by antigen specific ELISA. Results showed that the presence of

(821

adjuvant in the immunegenic formulation did not have an cffect on anti-CP5 or
anti-CP8 responses in rabbits (Data not shown. ). The GMT titers of Abs to both
capsules were comparable. However, there was an adjuvant effect on CHA specific
antibody response shown i groups immunized with adjuvant present in ali three
vaccinations, The second and third boost with immunogenic fornmulation not

10 containing AIPQ; in the rabbits primed with the immunogenic formulation
comntaining adjuvant gave higher CIfA responses compared to group with no
adjuvant,

Examples 12-29: Preclinical Evaluation of 8. dareus CHA, Munt(,
CP5-CRM;y7 and CPE-CRMyon

|-
(821

18269} Described below in Examples 12 through 29 are the results of the
preclinical evaluation of the CP5 and CP8 conjugates, CIfA and MntC. The
examples demonstrate the efficacy of these antigens in prechinical animal models.
The examples alse demonstrate that antibodies generated by the CP conjugates,
CHA and MntC have functional activity in in vifro assays.

20 {0278] Two different chemistries were used to conjugate CP to CRM¢y, but no
difference was observed in efficacy for the conjugates prepared by the different
methods. O-acetylation of the capsular polysaccharides was shown to impact
cheiting functional antibodics. Evaluation of a combmed immunogenic
composition conprising CPS-CRM 57, CPE-CRM ¢y and CHA showed no

25 interference on specific antibody (Ab) levels to each immuonogenic formulation

component.

Materials and Methods

ELISA

18271} Maxisorp microtiter ELISA plates (Nalge Nunc International, Rochester,
30 NY} were coated 18 hours at 4°C or for 90 min at 37°C with 1 ug/mL of CHA

antigen m PBS pH 7.5. The plates were washed five times in PBST (1 X PBS,
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4,45 0.01 us 300kDa, CP5-CRML97 6,08 15Exanpl e 19: Pol ysacchari de
O-Acetylation is Inportant for Induction of Protective Antibody Response to
CP5 Conj wgatelorsnasaogeni ¢ Forrul ation [0288] To eval uat ecrhus20mwpsysi@ance of
0-Acet:s/lation of CP5, the native CP5 was de-O acetyl ated (dOAc) and
conjugated to CRML97 (dOAc- CRML97) using PDPI4 conjugation chem stry. The

ef ficacy of dQACLR,CRMLAL ,ﬁﬁﬁhcﬁ%éﬁed‘%ﬁu Pﬁr{f{%‘%%gn 319610y pEsdg i th

CP5- CRI\/[L97|na—r|nepeonepr|t|sm)e he results showed t hat

conj ugat e | ackiCAly Oelgmbart Zgriouph (UM t@ﬁ&rai@m I\m@?é ng wishedef £l caci ous in
this nodel as ponst r at i gni fi han acteri al

col oni zati on ii)%%lid %1 Qma}g"l%ggs!”éﬂ Eéig?ﬁga% 1“%5"“0 ({1§a% gam"

acetyl ati on wasa wpamtianto thoplagk aﬁd trafitaost @aﬁuemumﬁ;gmmah%mt;l bedi7es. agai nst
CP5. Table 17;_ 1 ni zati on th de-0-acety ed- CRML Does. Not Prot ect
M ce From’Ki dﬁéw%ﬁa«mczwle agg Javld#%ﬁiﬁ%%éﬁ@?#éﬁ‘ﬁ}ﬁbg‘%@*qdn‘ §EFU Ki dncy

Si gni ficance habdyist m(}%igaﬁpé u%/BNxﬁ QJIEFE(W‘%@QQ’(#QEO&) g%fht;%npﬁ ristOAc CPS-
CRML977 x 1084.20 1.75 1 pg CRI141971. 75 ~0. 39p- val ue <0.008 Study 2

Sal i nePFESAOZ@B%Db@S wcg@cqba}xﬁgwbh@t @S—tilwimmw oxclgp8byR9ABES29 1 ug
CPS- CR1141972, 2,10 2 Q th

CP8- Conj ugat eg ﬂggﬁ%é’s”%@ %}H&On @‘}gé |h§sIC %%ﬂp&%?%&?h W eﬁ&% &ﬁm

CP8- CRML97 cofijrugatoginnady é@aiml&ésedlhvﬁcdghen s ssepsiddyrbdeddidfntoga 1ehal | enge
with S aureu 68( i Ss Webst mce re actively
unt zed by CUBCITAHAOMS | HEGEH NS RS TR GRS T8 GRS Wit SHEi no. both
forml at ed W thddQidiedugr AEPH: CIRErasbidymshawed Aa. smg&;d‘ i1gaRtyekeduct i on of
sepsis (p=0.0308) as conmpared to mice inmunized with 8)4 al one. See

Figure 17. Exawppecdas theeainiee ofibohicheé scomjdigbeey ﬁhlatl plreriafer Bdde Treat ed
CP8 in the MJE)f fe BagLer Qn%s@u%édﬁvi? Software (SAS Institute, Cary, NC) was used to

determine differences in antibody titers between the different groups. A
15 probability of less than .05 was considered to mdicate a statistically significant

difference.

Muring Sepsis Models

{8272} The murine sepsis model mimics blood borne discase, For passive
immunization, groups of 15 Swiss-Webster mice were treated intraperitoneally

20 (tp.} with [gG. Twenty four hours later mice were challenged with §. aurens 659-
018 via by a single imntravenous (1.v.) injection (0.1 ml} via the tatl vein, All
animals were followed for 14 to 15 days, at which point all remaining mice were
sacrificed.

{8273} For active immunization, mice were immunized with antigen at 0, 2 and 4

U

25 weeks and challenged at week 6 by the intravenous route with S, aureus.

Active Inununization Rabbit Endocarditis model

18274} Adult New Zealand White rabbits were imnmnized intramuscularky
4 times with 25 pg antigen. One day post-surgery, animals are chalienged 1.v. with
a bolus of . gureus and the number of colony forming units {cfu) i the heart

30 tissuc are determined 24 hours post-challenge.
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102901 The i nportance of O0-Acetyl groups present on native CP8 before
conjugation for induction of functional antibody responses was eval uated
for CP8 cwojuopatses44CP8 pol ysacchari de was de- 0- Acet yl at edTursdew/osdsh@ basi c
conditions and both NVR and | on Chronmat ography (1C confirned absence of
O-Acetylation in CP8 de-0-Ac CRML97. 25102911 The nuri ne ba.cterem a nodel
was used to eval uaig,8fticacy;.0f the native versus base treated CP8
conjugated to CRIMI9/. Goups of female BALB/c mice (15/group) were

i muni zed at _ygeeks Q.3 3 130drShia \Molii@] wasQ8ed i%te@jf?nn@tﬁ%f%ﬁg%ugfmtgﬂn _tg CP8
0-Ac CRI\4197. I nmunogenic formulations were fornulated wth 22 gg A1PX4.
Ani mal s were @hailqi@n@e@mwrt‘s P, dt‘wg@nsrﬁElFiEﬁA@G}()@wei‘Ehmeremk?@ﬁFi’swmksﬁ)
glhg‘lolden_grﬁet SSE acm(s;iﬁvo\){uta‘h dr%tﬁ;atl t(%i )\&68%\ N Lhdh ner. m{h jus é’?&ﬁfu?‘g;ﬁi ed in
(p=0, 0362F r edutha! @maiemxba@hﬁaucab h@faﬂ Eazre;c;amae@d (ﬁlﬁﬁkﬁﬂ%tth@h)bﬁ@@ﬁ:(ﬂf) ani mal s

i muni zed with untreat native CP8 conjugate as determ ned by the student
t test (Tabl e“HBycraifhn g??F%Hf‘s that were i muni zed with base treated CP8
conjugate the bacterial cfu recovered fromblood were simlar to the saline
control group. 10Tahkee 3&iofB8GRMIAL Conjugate Reduces Bacterem a ¢
auC2,1,Y PFESA0003 in M ce. Anti1gen Strain/Dose ingCt1l/Bi ood

Si gni ficance {{&]"’6§affiuélﬁaul:?5£§veQQQ§hr1wﬂmoaﬂe}Nﬂ.ﬁxﬂ tiﬂ: 155%@1@9&:16@0@% AGireus

CRI ML97-Ac - C CP8 OCFCs/ 1197 4.45 | e 22: Confirpmation of
the | npor t anc&CBPAS RSB yFRUPL 1&§°Wu‘h?§ﬁ‘r%%ﬂm‘#pﬁ Poipfém@f‘mpsmﬁw(qm Usi ng

MAbs Wt |y ;Knowr, Speg '@fv{ &l tx ‘r‘iﬁ ab 3%%2#}1%51 JEQ&QEWM«'% datg/t 'Sangj'a St

specificities to CP5 OAc+ and CP5 QOAc-
(CP5-6-1) weré& ‘evatsuécbfé)d@l@hﬁrhtm fhﬁw npghabnpyile yiagaknstortiypéai ger ai n
PFESA0266 (Ta . 3- ciflie 1o CP8 OAc was used as negative
control . ResuP‘f(“?msa}'f‘2 A 3}“%17%@1%{6‘63&5% i%e d(ck iC)A\c+ specific) nediates
killing of both type 5 strains tested. Al so mAb CP5-5-1 recogni zi ng

epi topes shared byRbotho€RS:OMddnd CP5 QAc- nedi ated killing of PFESA0266
strain. The MAb specific for epitopes present on CP5 QAc- pol ysacchari de
did not nedi atfE7K] | H‘h@ﬂgﬁ of doeEEBARR266! stmat humfFheslecarésilit whichdi cat e t hat

opeci {1c 1ant | DG Egn Craph alae NS e e el B eabSrpit P rei®es and
(()T and5;zle 0- Agelrythat€ i Slwedk-GPadd SrERSaR e AgA MThr 1S R 8us:sBRESA0266
ype .

NY} were immuonized on wks 0, 2 and 4 with | pg of CPS- CRM, 4, conjugate
formudated with 100 pg of AIPO4. The animals were bled prior to vaccimation on
wk 0 and at the end of wk 5. Seventy-two hours later, a catheter (PE-10 tubing)
20 was surgically placed through the carotid artery into the left ventricle of the heart.
Placement of the catheter results in the formation of a sterile vegetation to which
the staphylococct can attach upon infection. To prevent micction resulting from
the surgical procedure, the animals were treated with the antibiotic Baytril
(Smg/kg) at the tune of surgery and 8 hr following surgery. Forty-cight hours after
25 surgery, the rats were challenged with PFESA0266 (approximately 4 x 10" ¢fi) or
SA315 (approximately 1 x 107 cfus) by intraperitoneal injection. Forty-eight hours
following challenge the rats were euthanized and the hearts and kidneys removed
and placed into 3mb of phosphate buffered saline (PBS). The organs were then

homogenized with a tissuc homogenizer (Kimematica AG, Luzernerstrasse,
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CPS-5-1 (0-Ac +1-) CPS-6--1 (0-Ac -) CPS-7-1 (0-Ac +) CP8-3-1 (neg.
control) (il g) (ig) (Pg) (P-g) pl.), 20 105 2.5 20 105 2,5 201052.
2010 5 2. wo%io/ishs428 3330 21 -12 -- -5 31464955 PCT/US2010/039510

Germany) and brought to 10mL with PBS., The homogenates were then senially

diluted and plated for bacterial cnumeration.

Monitoring functional antibodies using opsonophagocvtic killing assavs

{8278] Dafferentiated effector cells from a cell line (e.g. HL60s) or
5 polymorphonuclear cells (PMNs) isolated from donor buman blood nsing

LYMPHOLYTE®-poly solution (Cedarlane laboratories limited, Ontario, Canada)
as per manufacturer's protocol can be used for this assay. Effector cells were
resuspended in assay buffer (Modified Eagle's media containing 1% bovine serum
alburnin) at approximately 2 X 107 cells/ml concentration and placed m 37° C

10 incubator untif ready to use. S aureus strain PFESA0266 was grown overnight on
tryptic soy agar plates. Bacterial cells were scraped, washed twice and
resuspended in assay buffer containing 5% glycerot to an ODgg = 1, which equals
to approximately 5 X 10° cfivmi concentration. One mi aliguots of the bacterial
suspension were frozen and stored at -40°C until ready to use. Frozen bacterial

15 suspension were thawed and adjusted to a concentration of 10° cfiyml in assay
buffer and placed on ice. The assay was performed using a sterile 96 deep well 1
mi polypropyienc plates. Two fold serial dilntions of antibody samples (S0 uh
were prepared and followed by addition of 300 pl of assay buffer to the antibody
mix. Bacteria were added (50 ul) to the plates and placed on a rotary shaker at 4

20 °( for 30 minutes. The opsonization step was followed by addition of 50 ul of
human complement (1% final concentration). Finally, 50 ul of effector cells
(107 cells/ml concentration) were added to the plate and the suspension mixed well
by repeated pipetting., A 50pl aliquot of the suspension was 10 fold senally diluted

in sterile 19 saponin solution, vortexed to munimize bacterial clumping and plated

xe
(821

on tryptic soy agar in duplicate, The assay plate was incubated at 37°C for 1 howr
with continuous mixing using rotisseric style shaker. At the end of the incubation
a 50ud aliquot of suspension was 10 fold serially dilated in steride 1% saporun
solution, mixed by vorteximg to minimize bacterial clumping and plated on tryptic
soy agar in duplicate. The percentage killing was calculated by determining the
30 ratio of the number of cfu surviving at 60 nunutes in wells with bacteria,

antibodies, complement and etfector cells to the number of ¢t surviving in tubes
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-18-3 -13 - Data reported as percent killing and was cal cul ated by
determning the ratio of the nunber of cat surviving at 60 mnutes in wells
wi t h bactwoizaio/@n44bodi es, conpl enent and 111 , -60 cel | ecraseée/osesnber of
cfu surviving in wells |acking anti bodi es but containing bacteri a,

conpl ement and HL-60 Exanple 23: Opsonic Activity of Muse Antibodies

i nduced to Hi gilakﬁg%nlﬁ%\eﬁwi@%mggﬂ Hek r%su19}%91%1%&%@&@%@&&@@[@ ces) with high
CP5 E NA titers from1 itg high nofecul ar wei ght and | ow nol ecul ar wei ght
groups from Ekanmietmaaimg@a@mawd cfriext, opbon weraatdludetiyo adivigorSnyaur cus
PFESA0266. CPA r&%% s sé{ ge 1tnhat bot h conjugates elicited opsonic

anti bodi es in i ce Ii‘ ‘et e was a trend observed for hi gh MW
conjugates to eli C|t hi gher t| ter opsonic antibodies. Data shown as a nean
% kil ling i-LSEM f Gtmbicinnai addsdlpdbs nouse sera. Anti bodi es 15need to be
functional as measured by killing of bacteria in either an animal efficacy
nodel or Wi a #R78psbaophagobytiue diided adsgrbas saymnst Haau;demmsrat es the

ant i bodi es Ki h a - | Ao nstrated
o1 ho_an assal Far ol Ehbfioare o henButbacr o bRt s S5 T B e whi ch
i's not indi catdyeaghyt Deui-IRAEANGE Qo hh GRrARLEGUT K pRIsght7eonjygat es in
efficacy. 2 OTable 20: Both LW and I'Mf CPS conjugates elicit opsonic

anti bodi es Antvctpent apicﬁ)ﬁgm@?leﬁbt&‘@ﬁ?d‘r%m@ﬂ?t@ ik B@)litﬂfiﬁ gBmpteripl pglsGRS: CRN1197
(300 kDa) Lentm%z.,vd é‘%oi% 0&1} tpm ] or } i‘ﬁgﬂgp{es at 4909 dm Q ;\681969 W agioeqmsf%)?:gdeijig 0 3200

106 human serum for adsorption. Scrum was incubated with bacteria on a nutator at
4°C for 30 munutes. Cells were centrifuged, serum transferred to another tube
containing bacteria and the adsorption step repeated again for 30 minutes. Finally,
the cells were centrifuged and the serum passed through a 1.2 micron filter before

0.5 mi aliguots were frozen down in Hguid nitrogen.

15 Method Il - OPA using HL-60 cells

{62887 HIL-60 cells were differentiated according to S. Romero-Steiner, et al,
Clin Diagn Lab Immunol 4 (4) (1997), pp. 415-422. Harvested HL-6{ cells were
resuspended 1o assay buffer (Modified Eagle's media contaming 1% bovine seram
albumin) at approximately 10° cells/ml and placed in 37 °C incubator until ready to

20 use. S aureus was grown overnight on fryptic soy agar plates. Bacterial cells
were scraped, washed twice and resuspended i assay buffer contaming 5%
glyeerol to an ODesgo = 1, which equals to approximately 5 X 10%fw/ml. One ml
aliquots of the bacterial suspension were frozen and stored at -40°C until ready to
use. Frozen bacterial suspension were thawed and adjusted to a concentration of

25 10° cfu/ml in assay buffer and placed on ice. The assay was performed using a
stertle 96 deep well 1 mi polypropylene plates. Two fold serial dilutions of
monoclonal antibody samples (25ul) were prepared and followed by addition of
150 pl of assay buffer to the antibody suspension. Bacteria were added (25ul) to
the plates and placed on a rotary shaker at 4 °C for 30 minutes followed by

30 addition ot 25 ul of human complement (1% final concentration). Finally, 25ul of
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Exampl e 24: Opsonic Activity of Sera From M ce i muni zed Wth Native and
Chem cally Modified CP8 Conjugates 10294] Sel ect nouse sera (n=5) with high
CP8 titerwofoomsidie study in Exanple 21 were conpared fecTapss@oiosssactivity
usi ng PFESA0005 strain, The OPA results (Table 21) show that only

conj ugates prepared by the conjugation of native CP8 elicited opsonic

ant i bodi es iyl gfecilt 1S MAbSWREL Mack A bhe deriRafEscankupaLe vas

i mmunogenic in mce but the antibodies elicited were not opsonic in this
assay. (WA ti b@r@?aaﬁépmaﬁoﬁtéﬁﬁaéalwet @?Yb@al‘ip@ﬁloﬁil‘v’iElﬂtii()(f‘t’fﬁda'@lHWIYI&hhMﬁO%

be functional

killing was observed, Antibodies ne . d by
Killing of bac ernkq )33801%1% q té@ﬁn éﬂﬁ}cr%ia Piy 'softtfcmnéte mmnauzlc OaC'[t,InEi c%umpm

0pson0phagocyam@pikﬂchbhmgraaaamo&muugwst hatfsy bhe mtma@dﬂg@ar ikl the
bacteria. Functional killing nmay not be denonstrated using an assay t hat
j ust noni tor s fHogeNER aPHEROGT DEE Bod regscationslc siighcehAf §iewet of ndi cati ve

of the inport . i £l o € Activity

of Native ope ve Ba S RES R By F R FRRK sk Bl n BRI B ko

sera CRNHQ?CP&@o@RL4ﬂm951@&&&btemﬁ&m@ﬂﬂaedamﬁdmmﬁemmwkaugerw€®§h©ﬁ¢er WL( 8

sera <50 <505%§ 150, <30 .£50<50 1330 ! 0 <50, £50<50 12 50 <50

<50<50 4050 alpHe 5. RP PIPhGTS ‘oi“iﬁg‘e‘%ﬂ ! %E %e By EH8° BBRUdAt e

Non- Human Pri pRts@rdiVihi s€F0Bmingtek Rhivbild wih byt tddditienicgfcoMatenea: £RS [ 0295] To
of the killing activity in the _sera of non-human

confirmthe s CIfICIt
15pri mat ¢ i nﬁﬁw YEds i ‘thﬁ “@i’lﬁéﬁdﬁr‘rf‘h‘g‘éﬂém%éfhf“ééf'slasﬁ\lwaémb@?‘l‘f&‘%ed in the
presence of n@& Xﬁmg%gaa;[h %mgk:%;ﬂhﬁq tIl 6aS)sU %%%rWsu}m lhgléf&%llﬂgw ng

nodi fications. ser| lutions of antib 1.t1) were
prepared and t@hmbmemxbynaﬁﬁWﬁsmnudﬂh@uﬁh@?ﬁiﬁgtpmﬂﬁ@nynd@GWp@I|tor) or 125
.1 (CP8 conpe&ltor) of assay buffer to the anti body suspension. The

corrpetltor was nmF“lé’fl ed CP8

Example 12: Demonstration of a Protective Effect by CHA in In Vive Animal
135 Maodels

{8281} To evaluate whether polyclonal rabbit antibodies elicited against CIfA

were capable of reducing S, awrens colony connts n a murine sepsis model,

purified rabbit polycional anti-CHA IgG was used at two dosages (0.8 mg and

1.6 mg) in a passive immunization study (Figure 13}, The 8. aureus challenge

&2
<o

strain was a recent chintcal isolate, 659-018. Both antibody dosages resulted in a
significant reduction of bacterial colony counts in the murine sepsis model
(p=0.0134 for 1.8 mg dosc and p=0.0013 for 0.8 mg dose). This experiment has
been repeated with additional 8. aureus isolates with similar results {data not

shown).

25 Example 13: Active Immunization With CHA Reduced Colonization of the
Heart by 8. durens

{62821 Active immunization of rabbits with CIHA resulted in protection in the
rabbit endocarditis model. We found a 3-4 log rednction in 8. aureus cfi
recovered from cardiac vegetations for animals immunized with CHA compared to

30 negative coutrot (PBS or AIPOy) mmmupnized antmals (Figure 14).
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pol ysaccharide (CP8 poly) and unrel ated pneunococcal polysaccharide (Pn
poly) was used as a control. The pol ysacchari des were added (50 pig) to the
ant i body wogpensisan and the plate incubated at 4C for 3@cmusedies3sie h end
over end m xing. Follow ng incubation with polysaccharides, bacteria were
added (25 pl) to the plates and placed on a rotary shaker at 4 C for 30

i nutes 1ol | oped, . radidi . HinPoitn! iR, GQMRLENRILS (1% i nal

concentration). e results (Tab e 22) owed t at t he presence of native

CP8 in reacti ﬂfbg Xt\%‘ﬁ‘@c 1&19“'&)‘@}&&1@9\Nlt%p\g&ﬂngmqyéi n(iistlébil ﬁ;bi&@k;&ﬁ‘ 01%‘11@@ur eus
Type 8 These results confirmthat opsonophagocytic killing by I nmune sera

was nedi at ed bynuap@w fems peoisfipdownbs S. eTafb?IheuhzizcngAd&mimﬁ cofntCR t8e
Polysaccharld sono Qy | Mmune

agocVyl | us
Ser a. ankey? ogﬂ 0 kb mg,t: u n 2NoP hs %{_.; Y, u}‘{al enz_,eébcrgziéglémamg YL 8d %50 4050
<50 40505 <500mpbei t(ﬂﬁ(}i;m 1 3b0unized WKBPBS (Figures 15A and 158). Four out of six

individual studies showed a significant reduction in cfi/mi blood in immunized
animals. Protection mediated by MntC immunization was demonstrated using 2
different 8. aureus challenge strains, PFESAG237 (Figure 15A) and
PFESA0266 (Figure 15B).

10 Example 15: CP8 Conjugates Protect in Murine Pyelonephritis Model
[0284] (PS5 conjugates were evaluated for their ability to protect mice in an
active immumzation pyelonephritis model. Figure 16 shows the results from
several studies. Bacterial counts in the bloed of mice receiving 1.p. 8 aurens
challenge were significantly reduced as compared to controls immumnized with pbs

15 (Figure 16}, Six out of six individual studies showed a significant reduction in
cfiv/ml kidneys in immunized animals, The data showed consistent reduction of

kidney colonization after active immunization with CP5 conjugate.

Example 16: CPS Conjugates Prepared by Different Conjugation
Chemistries Protect Mice Against Experimental Infections
20 [0283] Active unmunization studies i the murine pyclonephritis model were
conducted using CP3 conjugate prepared cither by PDPH or CDT chemistry. The
methods for conjugating CPS or CP& to CRM ;o7 were described above., Results
showed that both conjugates significantly reduce colonization in mice compared to

the sham mmmunized animals (Table 14).

&2
Ul

Table 14: Effect of PDPH vs. CDT Conieation in Pvelonephritis Model

Study # Antigens Strai/Dose logCFU/Kidney{Sigmificance
Study | Saline+AIPQy PFESA0266] 553 +£1.90 e
1 ng CP5- CRM 97 (PDPH) +AIPOs 2 x 10 301 £ 1.83 | p<0.001
P ug CPS- CRMy o7 (CDT) +AIPO; 1,67+ 0.23 | p<0.0001
Study 2 Saline+AIPO, PFESA0266] 6.17+£1.76 ~~
1 ug CPS- CRM o7 (PDPI) +AIPO, 2.7 x 10° | 3.06+ 1.69 | p<0.0001
Fug CP5- CRMyo7 (CBRT) +AIPO; 1.87 & (.69 | p<(0.0001
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Example 17: CPS Conjugate Protects in a Rat Endocarditis Medel
{8286] Four studies were conducted with CPS-CRM o7 PDPH conjugate and an
unrelated conjugate {(PPS-CRMgy) at 1 pg dose. The CP5 conjugates significantly
reduced colonization in both the heart and kidneys in 2 of 3 experiments in which
the challenge Type 5 challenge strain was PFESA0266 {Table 15). In the third
study, the Geometric Mean Titer {GMT) anti-CP35 titer was the lowest of the three
experiments, but it was only slightly lower than the titer in the previous experiment

(51,000 vs. 67,000).

Table 15: CP5-CRM o7 Immunization Reduces cfu in Rat Endocarditis Model

E:;‘fﬂfi i\ i Significance GMT
]H‘Q%V;P > PRESA0266 ‘j:g* 3.97+1.73 103,000
égif P 3 221 x 10° cf gié" g:;* p<0.001  p<0.05
é;&(}) > PRESA0266 ‘2“,;5* ;1 g% 51,000
Saline 6.5 x 107 cfu ;ig‘“ ‘2‘32* No No
ég%vfpb PFESA0266 “2323; "gg* 67,000
Saline 40 16° cfu Ziéi b?f’,} p<0.0002 p<0.0002
Saline 1 x 10 ofu B.o%k6.74% No No

.60 .95

Example 18: CP5-CRM; 9y Conjugates in a Pyclonephritis Model

{0287] Initial studics investigating efficacy of conjugates were performed with
25 kba MW CPS. Improvements in fermentation process resulted in production of
the high MW polysaccharide, which was conjugated to protein carrier and tested
side by side with 25 kDa CP3 conjugate, Conjugates comprising CP with MW of

25 kDa (Low MW) and 300 kDa (High MW) were prepared using CDT
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conjugation chemistry and evaluated in the murine pyelonephnitis model. Three
doses ((.01, 0.1 and I pg) of the HMW conjugates were tested and compared to the
control EMW CP35-CRM o7 and an unrelated conjugate (PPS-CRMyy7) at 1 ug
dose. The results showed a significant reduction in CFU of 8. gurens PFESAD266
recovered from the kidneys at a 1 g dose. There was no statistical difference
between protection from conjugates prepared with different size CPS atthe 1 ug
dose {Table 16). The lower doses (0.01 pg and 0.1 ug) of the conjugate failed to
chicit an immune response sutficient to significantly reduce the infection, The
experiment was repeated using an identical immunization and challenge procedure.
In the repeated experiment, only the 1 pg dose of LMW CP3-CRM g7 resulied ina
significant reduction in colonization (p=0.01). The 1 pg dose of HMW
CP5-CRM,y7 lowered cf in kidneys, however the reduction was not statistically

significant (p=0.056).

Table 16. CPS Conjueates Protect in a Mouse Pyvelonephritis Model

Study Antigen Strain/BDose | logCFU/Kidney S1g111ﬁgzt?ce
/ = . {p value)
1 1g PPS-CRMig , .
5.34 0.0048
g 25kDa CP5-CRM o .
' ) 2.94
{1 1ug300kDa CP5-CRMyy, | PFESAD266 . ,
) 1.7 x 10° 2.74 0.0056
y 300kDa CP5-CRM
0.1 pg 300kDa CP3-CRM, 5.5
.01 pg 300kDaCPS-CRM o 70
1 pg PPS-CRM o 5.35
ing 25kDs CP3-CRMy 3.25 0.01
2 |1 pg300kDa CP5-CRMy PFESAQ266 3.78 (.06
1.7 % 10
0.1 pg 300kDa CPS-CRMie 4.45
0.01 ug 300kDa CP5-CRM,o 6.08

Example 19: Polysaccharide O-Acetylation is Important for Induction of
Protective Antibody Response to CPS Conjugate Immunogenic
Formulation

{6288]
de~-O-acetylated (dOAc) and conjugated to CRM o7 (dOAC-CRM 47} using PDPH

To evaluate the importance of O-Acetylation of CP5, the native CPS was
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conjugation chemistry. The efficacy of dOAcCP-CRM o7 conjugate was compared
side by side with CP5-CRM o7 in 2 murine pyelonephritis model The results
showed that conjugate lacking G-acetyl groups (d0Ac CPS- CRM 47} is not
efficacious in this model as demonstrated by no significant change in the bacterial
colonization in kidneys. These data (Table 17) indicate that O- acetylation was

important for clicitation of functional antibodics against CP3.

Jable 17: mmunization With de-O-acetviated CPS- CRM,97 Does Not Protect
Mice From Kidney Colonization

Study # Antigens Strain/Dose JogCUCFU/Kidney  Significance
Stady 1 1 pg PP5- CRMyy; PFESAG266 3892724

1 pg dOAc CP5- CRMyy 7% 10° 4.20+1.75

L pg CPS- CRM, 4y 1754039  p-valae < 0.008
Study 2 Saline PFESAG266 5084196

1 pg dOAc CP5- CRMyy 2.4 x 1 5.89+1.729

I pg CPS- CRM, g 2.93 42,11 p-valye < .02

Example 26: Immunization with CP8-Coenjugate Reduces Death in a Sepsis
Medel

{82897 The cfficacy of CPR-CRM o7 conpigate was evaluated in the murine

sepsis model after challenge with 8. aurens PFESAQ268 (Type 8). Swiss Webster

nice (n=30} were actively immunized by subcutancous imjection with ug CP8-

CRM 97 and saline both formulated with 100 pg AIPO4. The study showed a

significant reduction of sepsis (p=0.0308) as compared to mice immunized with

AIPQy alone. See Figure 17,

Example 21: Evaluation of the Conjugated Native and Base Treated CP8 in
the Murine Bacteremia Model

{8298] The mmportance of O-Acetyl groups present on native CPS before

conjugation for imduction of functional antibody responses was cvaluated for CP8

conjugate. CP8 polysaccharide was de-O-Acetylated under mild basic conditions

and both NMR and lon Chromatography (IC) confirmed absence of O-Acetylation

in CP& de-0O-Ac - CRM 7.

{0291} The nwrine bacteremia model was used to evaluate efficacy of the native

versus base treated CPS conjugated to CRMg7. Groups of female BALB/c mice
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{(1S/group) were immunized at weeks 0, 3 and 6, with | pg P8 de-O-Ac - CRMo;
or I ug CPE O-Ac - CRM¢7. Immunogenic fornmiations were fornulated with 22
ng AIPO,. Amimals were challenged with 8. aurens PFESAGO03. Three hours

post challenge the mice were sacrificed and the bactena were enumerated in blood.

(821

The data showed that there was a statistically significant (p=0.0362) reduction in

bacterial cfu recovered from the biood of animals immunized with untreated native
CP¥ conjugate as determined by the student t test (Table 18). In animals that were
immunized with base treated CP8 conjugate the bacterial ¢fu recovered from blood

were similar to the saline control group.

10 Table 18; CP8-CRM 47 Conjugate Reduces Bacteremia S, gurens PEESAG003 in

Mice.
Antigen Strain/Dose | logCFU/Blosd Significance
- {p value}
Saline rr e 4.35
CPS do-C-Ac - CRMr |1 i %2@(;(:}03 1.45
CPR OAC - CRMugr X 193 6.0%

Example 22: Confirmation of the Impeortance of O-Acetylation as Functional
Epitepe of CP5 by OPA Using M Abs With Known Specificities

18282} (PS5 monoclonal antibodics with specificities to CPS OAc+ (CP5-7-13,
15 CP5 OActH- (CP5-5-1) and CP5 OAc- (CP5-6-1) were evaluated for OP killing
activity against type 5 strain PFESA0266 (Table 19). MAb CP8-3-1 specific to
CP8 OAct was used as negative control. Results showed that CP5-7-1 mADb (CP5
OAc+ specific) mediates killing of both type 5 strains tested. Also mAb CP5-5-1

recognizing epitopes shared by both CP5 OAc+ and CP5 OAc- mediated killing of

xe
<

PFESAD266 strain. The MAD specific for epitopes present on CPS OAc-
polysaccharide did not mediate killing of PFESAD266 strain. These results
indicate that O-Acetyl cpitopes on CP5 are involved in functional activity of CPS

specific antibodies,
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Table 19 mAbs Specific to O-Acetviated () CP5 and O- and de-O-Acetviated {4/~

Y CP35 are Opsonic against S, gureus PFESAQ266 (Tvpe 54

CP5-5-1 (O-Ac +/-)
{1g)

CP5-6-1 ((3-Ac -)
{ng

CP5-7-1 (O-Ac +)
{pg}

CP8-3-1 {neg. control)
(ng)

RE 28 16 5 25128 18 5 25026 18 5 2512 18 5 2.5

Yoldll {28 33 30 21 (12 -5 12 -5 131 46 4% S5 {18 -3 .13 -5

Diata reported as percent killing and was calculated by determining the ratio of the number of ¢fu
surviving at 60 minuies in wells with bacteria, antibodies, complement and HEL-60 cells to the
number of c¢f surviving i wells lacking antibodies but containing bacteria, complement and HL-60
cells.

Example 23: Opsenic Activily of Mouse Antibodies Enduced to High and Low
MW CPS Conjugates

{§293] Sera from mice (=5} with high CP5 ELISA titers from 1 ug high
molecular weight and low molecular weight groups from Exanmple 18 were
compared for opsonic activity using S. aurens PFESA0266. OPA results showed
that both conjugates elicited opsonic antibodies in mice (Table 20). There was a
trend observed for high MW conpugates to clicit higher titer opsonic antibodics.
Data shown as a mean % killing £8EM for § individoal mouse sera. Antibodies
need to be functional as measured by killing of bacteria m etther an animal efficacy
model or via an opsonophagocovtic kiflling assay that demonstrates the antibodics
kili the bacteria. Functional killing may not be demonstrated using an assay that
just monitors the generation of antibodics alone, which is not indicative of the

importance of high molecular weight conjugates i efficacy.

Table 26: Both LMW and HMW PS5 conpugates elicit opsonic antibodies

Antigen: 1ug CPS- CRMyq; (25 kDa} | Antigen: 1 ug CP5- CRM o, (300 kDa)

OPA titer wki

QP A tifer wkB8

OFPA titer wk(

OPA titer wk&

<106

404

<160

6400

<100

<100

<100

800

<100

400

<100

3200

<106

3200

<100

3200

<10

<100

<160

3200

Example 24: Opsonic Activity of Sera From Mice Immunized With Native
and Chemically Modified CP8 Conjugates

[0294] Select mouse sera (n=3) with high CPR titers from the study in Example
21 were compared for opsonic activity using PFESAQ005 stram, The OPA results
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{Table 21} show that only conjugates prepared by the conjugation of native CP¥
chicited opsonic antibodies m mice. 1t is noteworthy that the de-0OAc CPS
conjugate was inununogenic in mice but the antibodies clicited were not opsonic in

this assay. (OPA titers are reported as reciprocal of dilution at which 40% killing

(821

was observed.  Antibodics need to be functional as measured by killing of
bacteria in cither an animal efficacy model or via opsonophagocyvtic killing assay
that demonstrates the antibodics kill the bacteria. Functional killing may not be
demonstrated using an assay that just monitors the generation of antibodies alone,

which is not indicative of the importance of G-acetylation i efficacy.

Table 21, Opsonic Activity of Native CP8 vs, de-O-Ac CP8- CRM o7

De-O-Ae UPR- CRMyy P8 CRMow
OF titer WO sera | OP titer WkR sera | OP titer WO sera | OP titer WkR sera
<50 <30 30 150
<30 <50 <50 13350
<50 <50 <50 450
<50 <30 <50 13540
50 <50 4050

Example 25; Killing of Type 8 Strains by CP8 Conjugate Non-Human
Primate Antisera is Inhibited by Addition of Native CP8
{8295]  To confirm the specificity of the killing activity in the sera of non-human
15 primates immunized with CP8-conjugate, an assay was performed in the presence
of native CP&. The OP method I was used with the following modifications, Two
fold serial dilutions of antibody samples (25 pl) were prepared and folowed by
addition of cither 150 ul (Pni4 competitor) or 125 ul {CP8 competitor) of assay

butter to the antibody suspension. The competitor was purified CP¥

287
(@]

polysaccharide (CP8 poly) and unrelated pneumococcal polysaccharide (Po 14
poly} was used as a control. The pelysaccharides were added (50 ug) to the
antibody suspension and the plate imcubated at 4°C for 30 minutes with end over
end mixing. Following incubation with polysaccharides, bacteria were added (25

ul) to the plates and placed on a rotary shaker at 4 °C for 30 minutes followed by

&2

5 addition of 25 ul of human complement (1% final concentration). The resnlts

{Table 22) showed that the presence of native CPR in reaction muxture inhibited
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Exanpl e 26: Naturally Acquired Antibodies to CfA Medi ate Opsonophagocyti e
Killing of S. _4uretis [02961 Humans in the popul ation are naturally
exposed twoSniamsiaus and t hus have preexisting anti bodi esTius2datoassb@ct eri um
in their circulation. W affinity purified anti-CLlf A anti bodi es from hunman
serum and eval uat ed whet her the 10anti bodi es coul d nedi ate opsonic killing.
It has been s 4ihod ), r aur eus

capsul ar polygggghggg%g%?gégg’%ﬁ?v%ﬁgﬁﬁtﬁg%ﬁ?ﬁ%ﬁ%%gggx%g%%ﬁﬁ%s gr own

overni ght in Coicompiagohitiokhling b hin2esNzCra wBaut@sttdbwerretlopgsriczels. with G f A
affinity purified human 1gG or irrelevant antigen affinity purified human

1 9G (negati ve gﬁnt""‘m ddfib @8?%‘3%%)%%5&&%%6%18}6%!5 @)5(%911} J&%\fﬁl&é%@%}%f ¢
activity test% S G L ]LEd , o0 Cel'rs were used

opsonophagoQ “tTC assay at an effector/target ratlo of 100 1 As an

addi ti onal C.Mz y:) tlll:un'_ VST G !dl{\j’lﬁl UL LI_ expet 4) Rt to

derTDnSt rat e me 'JI CouvlTu o Ul A ,{‘V{IG L e Ul L& § v v T A mmoeoul <>J.OMI A AV ol age Of
two i ndependent experinments. GEF é-and -CP5--speei-fife antibﬁ\'Fs di-d—-nedi at e
opsonic killing and %gagspe0|f| 2 igﬂﬂﬂE)"eignnf ol-) ant:‘Aﬁzgs had no
activity in this assay Exanpl - LoF = soni ¢

Ant i bodi es i np Non-Human Pri mat [
functionality of high vs. |ow U )

NI P, groups af fi \lngrmnlzn\lc MB.L Wi S 712“;} ngjﬁ .E‘PW Oanrl 20) {’18192 dospes f the
conj ugates With or without Al PG4V A e_rmik ¢

and second vaccination on day l§%ﬁﬁ.28
14, 28 and 42 were t*88ted for t?'4

23. The 20 pg HWWV conj ugat e had
groups. Al soj the frequency of
of the high 0 Ca . ONE : 5

results denonstrate that there |s a trend for HNM/CPS CRNHQ? conjugate to

elicit better gRmbeSRONSSGh @aﬂc&m&génﬁ&ﬁéé&gil% hedNkbP- Tabl e 23. OPA of

NEP serum fol | ow hg i tes. OP.ATiter (40%
Kill) 2 1. 1g CcP5 (Wg&g’gh%ﬁ& Rﬂ%ﬁgg B S 1081 A DRSS AMNDBA

AVDS 5 2 D9 (6l Tty A0 orkB0 o %@@@n@&@ggﬁ B41,,085,,3TNL23 225N 150
150 <100 <100 <10 150 450 <100 <100 <1

have preexisting antibodics to that bagtcrium in their circulation. We affinity

purified anti-CIfA antibodics from human serum and evaluated whether the
10 antibodics could mediate opsonic killing. It has been shown that antibodics to CHA
are opsonic for 8. aureus capsular polysaccharide {data not shown). Strain
PFESA0266 was grown overnight in Columbia broth with 2% NaCl Bacteria
were opsonized with CHA affinity purified human IgG or nrelevant antigen
affinity porified human IgG (negative control, streptococcal SCP protein) and the
15 opsoric activity tested. Differentiated HL-60 cells were used inthe
opsonophagocytic assay at an effector/target ratio of 100:1. As an additional
control, a CP3 mAb was included m the experiment to dernonstrate the presence of
CP35 onthe surface. The resulis are average of two independent experiments,
CUHA and CPS specific antibodies did mediate opsonic killing and SCP specific

20 {negative controly antibodies had no activity in this assay.
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<100 450 <100 150 <100 <100 450 <100 150 <100 20 tig CP5 (LMN

)HO. 5ingl nt, Al P01 071)017 A4N100 257N . A 41: 046 Al N098 <100 <100 <100 <100
<100 <100Ww020101504<100 150 <100 150 <100 <100 <100 <1@0TAR3@ 03B <100
<100 2 tig CP5 (UAW ) O,5rnglinL AIPO,: 96NC22 02D005 02D113 A2N040
A4l 056 Exanple 28: Capsul e Pol ysacchari de Conjugates Conprising High

Vol ecul ar i 9@&@@#%9@&&? > Gl EIRaNGs gmkgﬁpwﬁm AsGhty Conpared To

Conj ugat es Conpri Si ng y\ﬁ ﬁ%&y QE“% §)P acchari [ 02981 Non
human primate (NEP) stu |es were con cte to eval uate |mTurtogen| city of

different capsyhs écofmg%a LE foRMaLian InidhiR, foar mylajihansyyer e tested at
two different dos l's (2 and 20 °u first fornmufation was
conposed of aC Hbfjm%b ecybgcswe NGHY, ¢ (O\Mf T[D@Hy@a@mh‘aﬁﬂﬁd@ﬁ(uagpd wthriatel y 130
kDa) conj ugat ed 1/ e n ,cont.ai.ned a

ol cut ar Saet it DI o P stiral R S bl B B RSBl By Bt ed o
C. RM 97. G oupsivof tkifve -pil kiBLE SaddBEB0Y € S NBARD AWM dsBectivelynglieddose of

ei ther vaccine and imune titers were nonitored prior to vaccination and
two weeks postovdteitnkt: .%rfnd@Mﬁ&eéfé%i%}?’ewéﬁ’ n%ﬁ“ékf‘rﬁh%maiaﬁéfﬁlﬁn of

serum requireg,tie ki Iﬂm 40%0 O W- coAREEY S Pl 3 fhe BRESAQZEE6 nlar AN, GIRéy assay.

Anti body titers were al so
groups. Also, the frequency of OP positive monkeys was higher at both doses of

10 the high MW groups than for the corresponding low MW groups. These results

demonstrate that there 18 a trend for HMW CP5-CRM; o conjugate to chicit better

(P responses than EMW CP3S conjugate in NHP.

Table 23. OPA of NHP serum following immunization with CPS conjugates,

OFA Tirer (400 KiTD
Group Monkey 1D Day O Day 14 Day 28 Day 42
S ATNDSS 450 135G 4550 7050
= g LGN <100 4050 4050 4050
(EMW) A4LOG9 <160 450 150 <100
‘[&ﬁ; k. AINGOT <100 4050 1150 1350
ARPO A4LO14 <100 <100 <100 <100
- RIVE P e D TR0
2ug CPS ASLOS L <100 156 150 150
UMW E 1 AaNess 150 450 150 156
(i{}?(? mb ALNOR4 <100 <160 <100 <160
ALPO, ATNOSS <100 150 450 4050
AALORA 150 50 To0 Zio0
2 ug CPS 9TNOGA 150 450 430 450
(W) AGLOSS <100 <100 <100 <100
no AIPO, GTN123 <100 <100 150 150
225N <100 <100 <100 <100
o 5017 ~160 =T50 “Too ~T00
20 ug CP3 A4N100 <100 150 150 4050
(MW s <100 <100 <100 <100
&g‘(’f/m[“ A4LO46 <100 <100 <100 <100
’ ! AINDOR <100 150 <100 <100
o YN 50 5 50 30
. 021005 <100 1350 450 1350
S S 020113 <100 150 150 <100
e AZNOAD 150 150 <100 <100
24 AGLOS6 150 150 <100 <100
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15nonitored by ELI SA. Enhanced activity was seen for the HWNvacci ne
conpared to the LNIWfornul ation (Table 24), evidenced by a ten fold rise
i n anti bostg 20iwvsis4f or the LI MV vacci ne conpared to thePChiSe@omBs@0 The
OPA responder rate for the NHPs that received the FI MV vacci ne were al so
hi gher (80% corrpar ed to 40% . 20Table 24. Enhanced | nmunoienicity is

observed for ﬁj I%ﬁ;g@%‘id ﬂ%&v&%&é&ﬂléﬁéﬂg&w@ém PERANEdRt 0 LMV

pol ysacchari de co Qe A h&é’n (1:135- CRML97

and G1A) Formi at1 on- AR i %ﬁ§§,§mé§% b o200t To

eval uate the inmune resgg)ﬂwi LQya, S gén®inmunogeni c
conposi tions (CP5-C RML 6) 3g roups of five nonkeys were

i muni zed Wi t ferent doses of. e addition of
ALPOI. 81 dods o She SGEJbafR g gy i?’@*w’e"v SPBIR B M gacyt i (0P
activity and EhrbSA\)gcmTc&{fS? @ﬁér@ﬁuh&pﬁﬁsu@t}ﬁyﬁd’ rsuimiEsi Zed fondlatde 24.

Resul ts showed t hat act | nS| observed w th CP5

i muni zed ani ﬁﬁTes‘“ﬁ%d@ 6‘&‘6&%%6@‘%{80%? OB%@ %9&&*?&@?%&%@%% kg
group had thec&’(;gﬂe§bt ARigkklo LH%QQ«@QPt?ﬁ“@i@\")%oﬁ‘%%ﬁﬁﬁ@% Q0L R 1gr oups.
There was no OP killing activity observed with sera fromthe CfA al one

group. No int ér@b@én@é%msdéfb‘é% Ared Tha seched §roupsogrvsnngstiendi ng doses of

|Omfﬂ% nlogatg:a gn Eﬁﬁ“&@%gﬁﬁ‘m@i@‘ or h“?FfA &?ﬁ?%&ﬁﬂ:&%&) Cgﬁ} %H %\?u nber Week:

0 Week: 2 WeekRMhy. AAROEACTSHOQr inbE0 witOecind 80 \’k@ of A eh‘uAéR@Bzﬂam <100 t 150
150 20 kg 130 kDa

vacoine and immune titers were monitored prior to vaccination and two weeks post

vaccination. (OPA titers were defined as the dilution of serum required to kill 40%
of 8. aureus Strain PFESAQ266 in an OPA assay, Antibody titers were also

15 monitored by ELISA. Enhanced activity was scen for the HMW vaccine compared
to the LMW formulation (Table 24), evidenced by a ten fold rise in antibody titers
for the HMW vaccine compared to the LMW vaccine. The OPA responder rate for
the NHPs that received the HMW vaccine were also higher (80% compared to

20 Table 24. Enhanced Imnmnogenicity is observed for HMW polvsaccharide

conigate vacgines comparced to LMW nolvsaccharide coniugate vaccine,

CPS-CRM197 dose | Geometric Mean | OPA Responder Rate
level (meg) per of PD1* (Yt
animal
HMW (135 kDa) 20 32 80
2 21 80
LMW (25 kba) 20 3 40
2 8 40

* Fold rise calenlated from CP5 ELISA titer 2 weeks post vaccination compared to pre
vaccine titers. + Responder rate caleulated from monkeys generating a rise in OPA titer
following a single dose of vaccine 2 weeks post vaccmation. Each group contained S
Rhesus maccaques and vaccines were formulated with AIPOs (250 meg/dose)
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AANO87 <100 450 450 CPS 97N152 <100 450 1350 A4R027 <100 1350 1350 A4R062
<i0() 150 <100 , 180 kg G fA + 97N149 <100 150 <100 2 t,,g 130 kDa A4R131
<100 450 wbQo0A51544 PCT/US2010/039510

Example 29: Bi-Auntigen (CPS-URM gy and CHA) Formulation—Antibody
Responses in Non-Human Primates

{8298] To evaluate the immune response to a single dose of two antigen

mmunogenic compositions {CPS-CRM, 57 and CHA} in NHP, groups of five

(821

monkeys were immunized with different doses of the two antigens without the
addition of APy, Bleeds from day 0, 14, and 28 were tested for opsnophagoevtic
(OP) activity and ELISA titers and the results are summarized in Table 24. Results
showed that OP activity was consistently observed with CP5 immunized animals
as compared to a CP5 sham group. Overall, the 100 pg group had the highest

10 ELISA and OP titers compared to other groups. There was no OF killing activity
observed with sera from the CHA alone group. No mterference was observed in

the groups given ascending doses of CIfA or CP5. Sec Table 25.

Table 25: OPA Results From Bi-Valent Immunization Studv In NHP

OPA Titer (40% Killing)
Group # ID Namber Week: & Week: 2 Week: 4
A4RG54 <100 150 <100
180 ug CHA + A4RO56 <100 150 150
20 ug 130 kDa A4NORT <100 450 450
CP5 97N15Z <100 450 1350
A4ROLT <100 1350 {350
A4RG62 <100 150 <100
180 ug CHA + 97TN149 <100 150 <100
2ug 130kDa A4RI31 <100 450 150
CPS QTNGZS <100 450 450
A4NG64 <100 450 450
A41.005 <100 <100 <100
60 ug CHfA + A4RO29 <100 1350 1350
20 ug 130 kida A3NGIES <100 <100 <100
CPs ARNOZ1 150 4050 4050
A4R137 <100 <100 <100
AING40 <100 150 150
60 ug CIfA + AZN104 <100 1350 <100
2 ug 130 kDa A4L033 <100 150 <100
CP5 96N048 <100 <100 <100
A4RG32 <100 <100 <100
A4RI3ZS <100 450 150
2 ug AINTIR <100 150 150
130 kb A4RO61 <100 <100 1350
CP3 A4RI01 <100 4050 1350
9IN137 <100 1350 1350
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97NO25 <100 450 450 A4NO64 <100 450 450 A41_005 <100 <100 <100 60 kg G fA
+ AAR029 <100 1350 1350 20 ug 130 kDa A3N015 <100 <100 <100 CP5 98NO21

150 4050weQb/15#34R137 PCT/US2010/039510
OPA Titer {(40% Killing)

Group # D Namber Week: 8 Week: 2 Week: 4
A4RI3S <100 <100 <100

20 ug A4NLLS <100 150 150
130 kba 93NO3R <100 <100 <100
CP5 A4NIZ0 <100 450 450
96N004 <100 150 150

A4N1L6 <100 450 450

100 ug A3NG97 <100 450 450
130 kDa A4NIO8 <100 350 1350
CPS 98NG34 <100 450 150
99N034 <100 1350 4050

GTNOST <100 <100 <100

A4R112 150 <100 150

60 ug ClfA A4L022 <100 <100 <100
97TN100 <100 <100 <100

GINO41 150 150 150

Animal Models Demonstrate Potential of S. gureus CP3 and CPR Capsule
Polvsaccharide Anticens

{63687 Both CP3-CRM 47 and CPR-URM o7 conjugates induced capsular
serotype specific antibody responses in mice, rats, rabbits and non-human primates

{NHP). Conjugate induced antibodics were functional in the in vifro functional

%3]

opsonophagocytosis killing assay. Data were generated to demonstrate that
(-Acetylation is important for clicitation of protective antibodics for both CPS and
CP8, and that O-acetyl groups are part of an epitope recognized by OPA” mAbs
against CPS. MAbs that recognize native CP5 which is O-acetylated are functional

10 in OPA and mediate killing of the bacteria. CPS conjugate induced functional
antibodics in both mice and rabbits that mediated killing of Type & strain in OPA.
The specificity of killing by polyclonal or monoclonal antibodies was confirmed
by abolition of the killing after addition of the homologous native polysaccharide
to the assay. The various active immunization models were used to show

15 preclinical efficacy of both CP3- and CPE-CRM 4y conjugates. The CPS conjugate
showed consistent efficacy in the murine pyclonephritis model and the rat
endocarditis model. The mmportance of O-acetylation of CPS was confirmed m the
murine pyelonephritis model, where de-O-acetylated CPS conjugated to CRM gy

failed to protect animals against experimental infection.
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<100 <100 <100 A1NO40 <100 150 150 60 pg CGfA + A2N104 <100 1350 <1.00 2
kg 130 kDa A4L033 <100 150 <100 CP5 96N048 <100 <100 <100 A4R032 <100
<100 <100WO 206bREB&E4<100 PCT/US2010/039510

{8381] The combination of the conjngates in a bi-antigen formulation induced
antibodics to both capsules CPS and CPS and there was no interference to the
specific antibody levels induced compared to single antigen immunizations. The

combination of conjugates and CHA i a tri-antigen formulation induced high CP5,

(821

CP¢& and CHA levels, and there was no interference to the antibody responses
imduced against any antigen present m the combination, The tri-antigen
immunogenic compositions nduced antibody (Ab) responses capable of being
boosted to all three components in rabbits with high pre-immune titers.

{8382] These results suggest that CP5 and CP8 conjugated to CRM,¢; should be
10 mehuded as immunogenic formulation components of a protective S, aureus

HIMBBOZCNIC COMPpOosition.

Example 38: Reguirement of Different Antigens to Protect from Multiple
Possible 8. qareus Diseascs

{8303] S gureus cause a wide array of infections ranging from relatively mild

15 skin infections to more serions and invasive infections such as endocarditis,
necrotizing fasciitis, osteomyelitis, septic arthritis and pneumonia. Each of these
in vive sites 1s unigue and the bacteria hikely respond to the differcnces n
environmental stimuli by altering their antigen expression profiles to ones most
suitable for the individual strain to colonize, grow and ultimately cause discase.

20 As exemplified in Example 12, 8. gureus strains show diversity of antigen
expression in vive, A multi-component imninogenic composition conposed of
different antigens is more likely to protect against the diverse disease manifestation
caused by S, gureus.

{8304] CIfA was shown to protect in rodent endocarditis and sepsis models.

25 CUB has been reported to be important in nasal colonization of 8. awrens. MuotC
protected mice in a murine bacteremia model, The CPS conjugate protected in
pyelonephritis and endocarditis, and the CP8 congngate protecied m rodent
pyelonephritis and sepsis models. These resulis demonstrate that a i
component vaceine contaiming these antigens will protect against multiple types of

30 S, aureus disease.

{8383]  In vivo animal models approximate the course of an actual infection and

help to elucidate which antigens may be useful in protecting from a particular
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A4R101 <100 4050 1350

450 150 2.tg AIN] 18 <100 150 150 130 kDa A4R061 <100 t <100 1350
97N137 <100 13501350 Goup p " | D Nunber
PCT/US2010/039510

Titer (4080Kbidisngy Week: OWeek: 2 Week: 4 A4R135

(821

10

disease. Table 26 summarizes results from numerous experiments performed m
varicus i vivo models. The results are reported in cach block as four numbers
scparated by a slash, for example CHA in a sepsis model has the numbers
27/1/3/31. The first number represents the mumber of experiments where CHHA
immunization produced a statistically significant positive result of protection. The
second number represents the number of experiments where CHA immunization
produced a positive result of protection that trended toward significance but was
not statistically significant. The third number represents the number of
experiments where CHA immunization produced a negative result, but was not
statistically significant. The fourth number is the total number of experiments

performed. The first three numbers should add up to equal the fourth number.

Table 26. Summarv Of Protection In Animal Models For 8. gureus Anticens

CPS
OPA

CHA CPs P8 Mt
Bacteremia
V4075 3/0/3/6 1/1/1/3 6/2/5/13
Sepsis
27/8/3/31 1/0/0/1 NT NT
Pyelonephritis
0/4/2/6 13/1//14 NT 1/0/4/5%
Endocardtis
3/6/1/10 3/2/277 NT NT

NT: Not Tested

Example 31: Testing of Various Multi-antigen Immunsgenic Compuositions
in vitre and in vive

{8306] Various multi-antigen staphylococeal immunogenic formulations
containing etther three, four or five antigens selected from the followmg
polypeptides and/or polysaccharides are tested for immmunogenicity and efficacy in
various in vive models: CHA, CHB, MntC, CP5- and CP8. The immmunogenic
compositions are as follows:

{8387] (1) an inununogenic composition comprising: an isolated S, qureus
clumping factor A {CIfA) polypeptide, an isolated & gureus capsular
polysaccharide type 5 conpugated to CRM g7, and an isolated §. aureus capsular

polysaccharide type 8 conjugated to CRM oy
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<100 <100

<100 20 n A4N 115 <100 150 150 130 kDa 95NCB88 <100 <100 <100

CPS A4N120 <100 450 450 96N004 <100 150 150 A4N116 <100 450 450 100 p.g,
A3NO97 <IWO 2010/151544 PCT/US2010/039510

(821

10

[0388] {(2) A second combination provides chimpimng factor A {CHA), chimping
factor B (ClfB), an isolated MntC, isolated staphylococcal capsular polysaccharide
CP5 conjugated to CRM, 0, and isolated staphylococcal capsular polysaccharide
CP8 conpugated to CRMuoy;

{838%] (3) A third combmnation provides an mmunogenic composition
comprising: an isolated 8. aureus clumping factor A (CIfA) polypeptide, an
isolated 8. aurews clomping factor B (CHB) polypeptide, or an isolated 8. qureus
Mnt( protein, an iselated S. aurens capsular polysaccharide type 5 conpgated to
CRMy7, and an isolated 8. aurews capsular polysaccharide type € conjugated to
CRM gy 1solated

[0318] (4 A fourth combination provides an imnmunogenic composition
comprising: an isolated 8. gurens clumping factor B (CHB) polypeptide, an
isolated S, aureus capsular polysaccharide type 5 conjugated to CRM; gy, and an
isolated S, aureus capsular polysaccharide type 8 conjugated to CRM44;

[8311]  (5) A fifth combination provides an inmunogenic composition
comprising: an isolated 8. gureus clumping factor B (CHB) polypeptide, an
isolated S, aureus MntC protein, an isolated 8. aurens capsular polysaccharide type
S conjugated to CRM g7, and an isolated 5. gureus capsular polysaccharide type R
conjugated to CRMg7; and

{8312] (6) A sixth combination provides an ymmunogenic composition
comprising: an solated 5. gureus clumping {actor A (CIfA) polypeptide, an
isolated S, aurens clumping factor B (CIfB) polypeptide, and an isolated 5. aureus
Mut( proten.

{8313] +CHA and rCHB are prepared and purified as described in Example 1.
Mut(C is prepared and purified as described in Example 2. Isolated CPS and CP8
are prepared and purified as described in Example 3 and are conjugated to CRM4y
as described in Example 4.

{8314] More particularly, the procedures described in the provious Examples
above are used to measure immunogenicity and efficacy. Studies are done to
determine whether each of the three, four or five components, when dehivered
alone, or together, mduce an immune response. These same studics are used to

determine whether or not the presence of any one of the four or five components
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450 450 130 kDa A4N 108 <100 1350 15( CP5 98N(CB4 <100 450 150 99NG34 <100
1350 4050 97N057 <100 <100 <100 A4R112 150 <100 150 60 wg CGfA A411, 022
<100 <100WO0 2010/151544 PCT/US2010/039510

interferes with the ability of any of the other three or four components to induce an
immune response. Moreover, studies are done to determine whether the four or
five components when tested alone, or when tested together, will confer protection

i any one or more of the animal models described above. The four or five

(821

components are administered as a single dose or as multiple doses to an animal,

e.g. mice, rats, rabbits or non-human primates, as noted in the previous cxamples

above, The animals are bled and the serum collected and tested for the presence of

antibodics to cach of the four or five components. The presence of antigen specific
antibodies is measured by any immunoassay known to those skilled in the art, for

10 example, an ELISA (Sce Examples 11-29) or a Western blot (Sce Example 1) 15
used to assess the presence or absence of antigen-specific antibodies. In addition,
an opsonophagocytic assay 15 used to determuine whether the antigen specific
antibodies are cffective at mediating killing of the staphyvlococcal organisms by
phagocytic cells (See Examples 11-29),

15 [8318]  Invivo ctficacy is also assessed using any one or more of the animal
studies described above, such as, but not limited to, the in-dwelling tubing model;
the murine bacteremia model; the wound miection model; the murine
pyelonephritis model; the rat endocarditis model and the murine sepsis model (See
Examples 11-30).

20 Example 32: Combinations of 8. Aurens Antigens Generate Antibedies in

Non-Human Primates That Enhance Killing of 8§, durens Strain
Pfes-1.
{8316] Enhanced etficacy, as measured vsing the OPA assay, was observed using
combinations of antigens. A non~-human primate study was conducted where

25 groups of 3-10 monkeys were immunized with multi-component vaccines.

Animals received a single dose of vaccine and OPA titers were monitored at day ©

and two weeks post vaccmnation. OPA titers were detined as the dilution of serom

required to kill 50% of §. aurens Stram PfeS-1 in an OPA assay. Enhanced
activity was seen for a combination of 4 antigens compared to a 3-antigen vaccine

30 formulation (p=(0.0272; Figure 18).
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<100 97N100 <100 <100 <100 , 99N041 150 150 150 Aninmal Model s
Denonstrate Potential of S. aurcus CPS and CP8 Capsul e Pol ysacchari de

Ant i gens wpQadisiBaet h CP5- GRML97 and CP8- CRI VI 197 con_i egatussoionsasced
capsul ar serotype specific antibody responses in mce, rats, rabbits and
non- human primates (NEP). Conjugate induced antibodies were functional in
the in vitmfunctional opsonophagocytosis killing assay. Data were
generated to dappnpstikat-g d-hat 0-. Acetylation is inportant for elicitation
of protective antibodies for both C, P5 and CP8, and that O-acetyl groups
are part of an epitope 1ecogri zeduie-G003IPNSAGRISIngGPRastMiRs t hat
recogni ze native CP5 which is O-acetylated are functional in OP. A and

medi ate kil | i agredncptisclpded Bpinghe gopB v iugat en isatiinged aiere thiomals

anti bodi es i nghot } d.Lahbit s 1 hate nedi at o ld d wdype 8 strain
in OPA.. The é%%ﬁ@?@@&"% r%“%{3‘0%-9%&?%’?!‘%%?%&5’8# e r‘ci%l ant i bodi es
was confi r medpblypaingb.iduiignated StcdheekiNBtCngoait ar isada@diitsi eneof caphidarhonol ogous
native polrysacclharr\i‘}Qe. Lo the assa‘% The various a%vxe jnyggigz”gti on nodel s
were used to SASW TEPIEOREn CANERFH {TAEY O BEPh ERE-SUR TER1\ 4197

conj ugat es. Thg:ERBpEeRALHGALEHSPOWRHuEARSISE @Rtergtdibigacy in the murine

pycl onephritis nodel and the rat endoearditis nodel. The inportance of
O-acetylation of CP5 was confirmed in the nurine pyel onephritis nodel,
wher e de-0-acetyl ated CP5 cohj HFATEEPE CORPYHIG-FHBE ¥bpifect ani mal s
agai nst exper Enept.al b Rtige tieen A (i230bE I heic b ARk 0n..0fs tdheuigon] ugat es

M a bi-antigen formul ation i nduced antibodies to both capsules CP5 and CP8
and t her e waspalsdcpiasidp emefcenigated o spesfireteantidiodyolied &l @irémduced
conpar ed .t.0o singl.e.anti.gan. . ni,zati.0ns; ..the ¢ i.nation of conjugates and
iAo A 5‘%’%&‘%@%‘ SoRnS '8?“’?%1E'§%‘Sé%t‘*hu‘g“ﬁ% b 8pg "and Qi A I evel s,
and there was no interference to the antibody responses i nduced agai nst any
antigen present in the TonbiHativenwoFie: tampainiohgé nlaimmBufiobeni c

conposi tions induced antibody (Ab) responses e of bejng boosted to
ST Chr ee_conbUHTE T ER0S 4 O AR GR ERa TR oBrpd e 109051 These
results suggest that CP5 and CP8 conjugated to CRML97 shoul d be 10i ncl uded
as i mmunogeni c fornul at4.on chrpomentgendf cangrobact tMen Sor adive Bsfistthdrunogeni ¢
conposition. Exanpl.e 30: Re%] irement of Different Antigens to Protect from
Mil tiple PossFPBIRSEE 4 %i‘%f@”%fé"é\ém 651 S. aureus cause a wide array of
infections ranging fromrelatively mld 15skin infections to nore serious
and invasive infectionsssuchriasnendegandidiyssitReer oty gfdgmbaseiitis,
osteonyelitis, septic arthritis and pneunonia. Each of these in vivo sites
i s uni que and“PHETHEELEN U th kEBpor@spéisds ¢ solypetds firgpencagiipog the

envi ronnent al fiﬁﬁ&fﬁt‘éhibiﬁ?%uﬂio& 2k Dk Rel Fyant i gen expression profiles to ones
nmost suitable for e i ndividual strain to colonize, grow and ultimtely

cause di sease. 20As exenplified in Exanple 12, S. aureus strains show
diversity of antigen . The immunogenic composition of claim 5, wherein the CHA

or CHB polypeptide fragment is a fibrinogen binding domain comprising the NI,

N2 and N3 domains of CHA or CUR.

7. The vrnunogenic composition of claim 5, wherein the CHA
or CHB polypeptide fragment is a fibrinogen binding domain comprising the N2

and N3 domams of CifA or CHB.

8. The immunogenic composition according to any of claims 5
6, or 7, wherein the fibrinogen binding domain of CHHA binds to fibrinogen at a
reduced level compared to the binding observed to fibrinogen with the native

fibrinogen binding domain of CHA.
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expression in vivo. A multi-conponent imrunogenic conposition conposed of
different antigens is nore likely to protect against the diverse disease
mani f est avoanocEusied by S. aurens. 103041 G fk was showrCTaspeiotgesto i n
rodent endocarditis and sepsis nodels. 250M has been reported to be
inmportant in nasal colonization of S. wrens, MitC protected mce in a
muri ne bacterem a nodel. The CP5 conjugate protected in pr.donephritis and
endoearditis, and the GP8 copjugahRoRkRt &ahddiiod of edent, pyeltiarephritis and
sepsis nodels. These results denonstrate that a nulti-conmponent vaccine
cont ai ni ng t h&senasip byehs doivlain priofe bmdagaiifisospubid sihect ypekeoniragyls.,
aureus di seas SR VEVO. afl.nal : r X0 : . se.of an
Sctual it oot on ana s R P AR LB b G BOMIRR ]
protecting froffirahpagt heuhasn adinseasanbsTablod a26nsumaricZ €sr F3@stilt s from
nunmer ous experijents, perfo Lp, varioys in viva nodels. The results are
reported i°n eg% HP63£?ﬁ§3$%3ﬁahﬁﬂﬁgﬂ%“§§parated by a slash, for exanple
CfA in a sepsis nodel has the nunbers 27/1/3/31. The first nunber
represents the nunber ofg expet imeninggsher@ndsfBniooum 2aihoanproduced a
statistically significgnprpositive result of protection, The second number
represents t haHEASESUEH Rl PRe Rt BOWRel e &% AT ffuRToats biF prloditced a
positive resubts ofi mrotectd 9n Lt trended toward significance but was not
statistically significant. The third nunber represents the nunber of
experinments where C fA. inmunization produced a negative result, but was
not 10statistically sighifi cHtimmResfeGustpatiepef cigr { heviestiathenber of
experinents p (s =To N fjrst three nunbers should add up to equal the
fourth nunber.g§ éSP%Q%%;pﬁd%ﬁhry O Protection In Aninmal Models For S.

aureus Antigens CITACP5 CP8 1VintC' .Bacteremia 1/4/0/5 3/0/3/6
1/1/1/3 6/2/5/13 Sepsi si2 The immunogenic composition of any of claims 1-11,

wherein the CUIfA, the CHB, or MntC 1s produced recombinantly.

3. The mununogenic conmposition of any one of claims 1-12,
wherein the capsular polysaccharide type 5 1s a high molecular weight capsular

polysaccharide of between 20 and 1000 kDa.

4. The immunogenic composition of claim 13, wherein the
high molecular weight capsular polysaccharide type § has a molecular weight of

hetween 70 and 300 kDa.

15, The vmouvogenic conposition of any of clavvs 1-14
wherein the capsular polysaccharide type 5 is between 10% and 100%

O-acetylated.

6. The immunogenic composition of any of claims 1-14,

'

wherem the capsular polysaccharide type 5 is between 50 and 1009 O-acetylated.

i7. The immunogenic composition of any of claims 1-14,
wherein the capsular polysaccharide type 5 is between 75% and 100%

O-acetylated.
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27/ 1/3/31 1/0/0/1 NT NT Pyel onephritis 0/4/2/6 _ 13/1/0/14 NT 1/0/4/5
Endocarditis 3/6/1/10 3/2/2/7 NT NT NT: Not Tested. Exanpl e 31:
Testi ng ovoVarowsusi4Mil ti-antigen | nmunogeni ¢ Conpositi oreTABRO10WBISI® and in
vivo [0306] -Various nulti-antigen staphyl ococcal imunogenic fornulations
containing either three, four or five antigens selected fromthe follow ng
pol ypeptides and/or - pol ygacoharhisodlf &&%S&M]%mmnag@@lze*'ty and
efficacy in various in viva nodels: C, CP5- and CP8. The

i Mmunogenisc 20orpodt timsnis mhesaa@mﬁdt t.‘/mé is § b@bmoi(m)ar avighbhmapselgeni ¢
conposi tion com ggkgla@‘t% g@cm m%‘n’% @%@W eus clunping factor A (G fA)

pol ypepti de, RS &d aureus capsular pol ysaccharide type 5
conjugated to CRML97, and an |soI ated S. aureus capsul ar pol ysacchari de
type 8 conjugated to CRINA19Te infn@808dnid @)mpdsseacofidiacoifiwiatdiorepr ovi des

cl umin fact Clf A ing fact ) adf, an.isolate
ol o Lo R e it LR R PEETnd: e b ke BR-RBL Pet & oL o7.

and isol at ed s¢aphytosecealigapsul ar pol ysacchari de CP8 conjugated to
CRML97; [03091 (3) A third conbination provides an i mmunogeni ¢ conposition

20. The immunogenic composition of any of claims 1-19
wherein the capsular polysaccharide type 8 is between 10% and 100%

O-acetylated.

2L The immunogenic composition of any of claims 1-19,

Ut

wherein the capsular polysaccharide type 8 is between 50 and 1009 O-acetylated.

22, The immunogenic composition of any of claims 1-19,
wheremn the capsular polysaccharide type § 1s between 75% and 100%

(-acetylated.

23. The immunogenic composition of any of claims 1-22,

wherein the carrier protein is the C. diphtheriae toxowd CRM; 7.

24, The mnunogenic conposition of any of claims 1 or 4-23,

wherein the S, gurens MntC protein is a lipidated protem,

23, The mnunogenic conposition of any of claims 1 or 4-23,

wherein the 8. qurens MntC protein is not a lipidated protein.

26,  An immunogenic conposition comprising: an isolated
S, aureus charoping factor B (CUB) polypeptide, anisolated S, aureus capsular
polysaccharide type § conjugated to a carrier protein, and aun isolated S, aureus

capsular polysaccharide type 8 conjugated to a carrier protein,

27.  The immunogenic conmposition of claim 23, further

comprising an wolated 8. aurens MntC protein.
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conprising: an isolated S. aureus clunping factor A (Clf A) pol ypeptide, an
isolated S. aureus clunping factor B (diB) potypeptide, or an isolated S.
azireus MvOGopvisisin, an isolated S. aureus capsul ar polpgsamseh@nsager t ype 5
conjugated to CRM 97, and an isolated S. aureus capsul ar pol ysacchari de
type 8 conjugated to 10CRM 97; isolated [03101 (4) A fourth conbination
provides an i mmunogeni ¢ conposition conprising: an isolated S. aureus
clunping factor B (O fBjg polmmatmte fetﬁfpcdiﬁgg:lsﬁkwﬁ@ti”&the@'df@Hi@rlsc%nﬁli"ar

pol ysaccharide type 5 conjugated %R 7, and an isolated S. aureus
capsul ar pol y@ééi@hiaiﬁif aéiﬁryﬁ@esﬂa%mtﬁ i @gbmedkitcémmm@mqmm 1he {Byogetifth
conbi nation p ogeni ¢ conposition conprising: an isolated S.
aur eus clunplhﬁgkéctnﬁﬁthgﬁ$B) pol ypeptide, an isolated S. aureus Mite:
protein, an isolated S. aureus capsul ar pol ysaccharide type 5 conjugated to
CRML97, and an i sol at ed?%. éﬁmeumunagemtemnmmhysaﬁchamL&eﬂkvpeﬁ& conj ugat ed
E:gnpcsg/:ltgronagg‘r{%%r 03}8’%%12 < Tg mt:n 1S &Xi'&‘ﬁ J§OL)6T1 Cf_lﬂ%l’lé t)rﬁ]&n%‘éiﬂp?&l }\A n’ifg'i;" ¢

pol ypepti de, amimsab@h@doﬁﬁﬂaureus cl unpi ng factor B (CUB) polypeptlde and
an isolated S. aunmus MitC protein [0313] rCdfA and rCIfB are prepared and

purified as descri bed e& . 25MhtC is a% mgnq’ﬁurlfled as
described in Exanple 2. %sol éam@ﬁgﬁﬁﬁﬂ“ﬁﬁ%“ﬁ‘aog Fapared shd firified as
described in Ex@MmRli@ei@nch @S CAMNEaLatih@nCNLLR Comprifles alinbeghd n
Exanpl e 4. [03141 Nor e partlcularly, t he procedures ‘described in the

previ ous ExanpPenaBewétdBe used to measure irnnmunogenieity and efficacy.
Studi es are done to 30determ ne whet her each of the three, four or five
conponents, when del i veged aﬂ%ﬂ@muﬁt‘bgtf?tg&;rﬂﬁﬁme'nQ%Q&n?fb LABRGhesponse.
These sane studies are used to determ ne whet her or presence of any
ea e of the f6ur“hmﬁfﬁvemc@nﬁ@n@nveemrWDémgépe@HMﬁﬁ%Ethed%mﬁﬂmtwgmﬁ any of
the other thrgte&roritte ‘v E: rrrp 'mah he bm(% 1?3 ntr{m 1 rtpoer tg\ewstt‘g? 1} twf'ybr eover,
studies are done to deterim e Wistfer The four or five conponents. when
tested aIone,ﬂbmmm@ﬁmwmm@ﬂmmﬁmmm@h@r, will confer protection in any one or
nore of the aninmal nodels described above. The four or five conponents are

admi ni stered as a singlg, do or as | tiple_.doses anl .g. mce,
rats, rabbits or non-hufran ;ﬁﬁﬁﬁ?@ “gg%oﬁg?éd dﬁ“tﬁigbr | es
above. The anbkk siarer@bads godud-hecsarumgel | ected and tested for t he
presence of antibodies to each of the four or five conponents. The presence

of antigen specific antlbodles i s neasured by, any |nnunoassa¥ known to
those skilled in the art’ fofCIBERERBHES C%W%Ltoeﬁtfe%éf@e% 2¢: 11-29) or a
Vestern bl ot Q@&%Hﬁ%@ggk§hgﬁotéuﬁﬁﬁgﬁR@ﬁa§§§§%h%ﬂﬁxﬁiﬁ§§ﬂﬁﬁt(\uépsence of
antigen-specific antibodies. Tn additi'on, an opsonophagocytic assay is used
to determ ne mh@&hemﬁﬁheiéﬁWFQEH}gﬁé@pﬁthant|bodles are effective at

nmedi ating killing of the staphylococcal organisms by pha.gocytic cells (See
Exanpl es 11-29). :1503 45b] | £ I d-usi ng any one
or nore of the ani nmal S%ﬁdl egh gl\s{tg}nlgbg!L?{bo%(}f’&mg@%gmaéﬁggﬁf ?lgt limted to,
the in-dwelli m@;utauhtimgtc hogted ol ke igiticamelabpdyerdnmide mpdélhas & helasoland

i nfection nodel phritis nodel; the rat endocarditis
nodel and the“ﬁﬁ?{ ?@ﬁ?ngaﬁgdéﬁgﬁéee Exanpl es 11-30). 20Exanpl e 32:

Conbi nations of S. Aureus Antigens Cenerate Antibodies in Non-Human
Primates That Enhance Kid.|i ntheOfonSinodetieusnStsiannt Phed d;imkQ828] Enhanced
efficacy, as asur using the ()PA assay, was observ Usi ng conbi nati ons
of antigens. n‘”&Wtﬁuﬁﬁﬁ“‘ﬁ‘rP‘Hhtaé‘f}éf‘ﬁﬂy“?tvaé“’E‘dﬁaﬂbt(} adwﬁg@eozsmoups of 3-10
nonkeys were tﬂﬂ%g&g@ﬂ with multi-conponent vaccines. Animals received a
singl e dose of vaccine and ()PA titers -were nonitored at day 0 and two
weeks post vaccination. OPAtiters were defined as the dilution of serum
required to kill 50% of & aur B "SHPaRMIPFEBCFIOR CAACPAIES 403 Enhanced
activity was §@en:tRl oascaPRIRaLLIaRaOTyH# sa0Ed 9SS FAIPRbE LR Buduant | gen

vacci ne
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30f ormul ati on (p=0.0272; Figure 18). Wat is Cained is: 1
An i mmunogeni ¢ conposition conprising at | east three conponents sel ected
from t he woaup/sosagi sting of an isolated S. aureus cl unpcmgst@aonsssi ( CLf A)
pol ypeptide, an isolated S aureus clunping factor B (CUB) pol ypeptide, an
isolated S. aureus PvintC protein, an isolated S. aureus capsul ar

5pol ysaccharide type 5 gonj ugatigth Q. aiSaldiRlioRPLS) & c1aRd 284l Sol ated S.
aureus capsul ar pol ysacchari de type 8 conjugated to a carrier protein.

2, An i munogehisirchapasilel priyeonpridsimg S iabctivsol @tvedndi00ur eus ¢l unpi ng
factor A Qelfégmpg%%ggptide, an isolated S. aureus capsul ar pol ysacchari de
type 5 conjugated’to a carrier protein, and an isolated S. aureus capsul ar
pol ysaccharide type 8 conjugated to a carrier protein. 3. The
i Mmunogeni ¢ conposi tion3®f cliai imn2noferid henpeomp ol sisng’ dnink 86138t ed S.
aureus clunping factor B (CU | ypepti de. . .. The _
rinogon o CORFEE B GHEE BT 5t B BEF &1 3ol R oGO an

i sol ated S. auseusMmzC protein. 5. The i mrunogenic
conposition of any of clains 1-4, wherein the CfA or the CHB pol ywptide is
a pol ypeptide fragnment conprising the"tibrinqgen ?indjn .domain of AfA or
cM 6. The | nhiriBgERPEcLorPBEEceR’ 81Y ¢ G 50-2herei n t he
AfAor CM poh%aQﬁﬂhé@ﬁmﬁﬁ@ﬁﬂ%?&ﬂhﬁd@t L R, 00980 Ri.pdkng: SonBiRngenpri sing
the Ni, N2 and N3 domains o fA or fB. 7, The imrunogeni c conposition of
claimb5, whereih340ndCi f A or CfB pol ypeptide fragnent is a fibrinogen

bi ndi ng domain conprising the N2 and N3 domains of CGfA or AfB. 8. The

i mrunogeni ¢ conposi ti ongacc [FoTo T Mo - T\ ALB R 819k §s.a0herein the
fibringgen bi ndi ng dona%% o?ﬂ%ﬁ?%“%?ﬁﬁg'%%£$§E$F%gé Hgg%gésrgégged | eve
conpar ed to t hécsbimde ngsobseriyedeitiodé ivpe Bnogewea s thel &t i ve fibri nogen
bi ndi ng donai n, of CA WO 2010/ 151544PCT/ US2010/ 039510 9. The
i mrunogeni c cgﬁﬁ6§T%? n of claim8, wherein the fibrinogen binding domain
of CfA binds to fibrinogen at a reduced | evel conpared to the binding
observed to fibrinogen #i.t h Tienmmalb¥eid thnpanogeanf bind orgrdasaon of CfA
A R T O B T
conposition of dairn 9, wherein the amno acid substitution at one or nore
of Tyr 338, Tyr 256, Prg 336Thelitsmd8uniAdnRéioandatd & 38bs6.300 Ala or

Ser. ~11. The i munogeni c conposition of claim10, wherein the
Tyr 338 is subétictuitegensalappelysaccharide type 8 s beppeenTige pasdi¥6g€ni ¢ conposi ti on
of any ofgcla5&§ﬂ&?3ll, wherein the CITA the dff3, or M-3Wis produced
reconbi nant |l y. 13,%%e I munogeni ¢ conposition of any one of clains 1-12,
wherein the capsul ar polysaccharide type 5 is a high nol ecul ar wei ght
capsul ar pol ysacchari det®of bEweemn2gerandruBe0ioRDaany of claims 27-42, 14, The

i mrunogeni ¢ cgrposition of clai-m 13, . whearein the high nolecul ar wei ght
capsul ar po|ygggéﬁﬁﬁ%3@*?&%@“@“?%%32“%%$é§%/%y wei ght of between 70 and 300
kDa. 15. The i nmunogeni ¢ conposition of any of clains 1-14
wherei n the capsul ar pot4sactiramndmetypecdnpsitivetofesne ktnadd-4200%

16. The innunoaqqi%hg, osi tion of gn% gHﬁgIa%ns 1-14, wherein the capsul ar
pol ysacchari d& tyPe "8 >i €7 B MEen" 56! GYTAHO . cet yI at ed.

17. The i nmunogeni ¢ conposition of any of clainms 1-14, wherein the capsul ar
pol ysacchari de type 5 i45.betTeemnib¥%andcdihnacetydatieths 26 MO

2010/ 151544PCT/ US2010/ 039510 . . . 18. The_j nogeni ¢ conposi tion
of any of cIaNﬁ@EiUi7?“Vﬁ%@8ﬁﬁl%H?<Eé@§ﬁ@ﬁFm6@?V§98gﬂ§7ide type 8 is a high
nol ecul ar wei ght capsul ar pol ysacchari de of between 20 and 1000 kDa

19. The immunogeni ¢ conppsi tA®An@findeal BbdBosivbier@iphistddeatisghtrol ecul ar

wei ght capsul ar pol ysaccharide type 8 has a nol ecul ar wei ght of between 70
and 300 kDa. & aureusclomping factor A {CHA) polypeptide, an isolated §. aureus clumping

factor B (CHB) polypeptide, and an isolated S, qurens MntC protein,
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20. The i nmmunogeni c conposition of any of clains 1-19 wherein the capsul ar
poi ysaccharide type 8 is between 10% and 100% 0O- acet yl at ed.

The | mmurwgeniozisesaposi ti on of any of clainms 1-19, wher ecm/ush@ooagpsul ar

pol ysaccharide type 8 is between 50 and 100% O- acetyl at ed.

The i mmunogeni ¢ conposition of any of clainms 1-19, wherein the capsul ar

pol ysaccharide type 8 is between 75% and 100% 0O-acetyl ated. 23.The

| munogeni ¢ conposi ti ongpf amy 19i‘m19;b§4:1f@amf?gxmtkm%E”@!aﬁ'n hheyigans iRr protein
is the C diphtheriae toxoid CRM 97 The i mmunogeni c
conposi tion ofHéﬁyﬂnﬁ$@®a%ﬁw0bpdﬁﬁwiz%ﬂwmh%ﬁﬁ$hﬂ%ﬁ%3Eﬁﬂhﬁﬁ@h@dW%ltC protein
is a Ilpldategmﬁ&g§?k@% 25, The i mmunogeni ¢ conposition of any
of clainms | or ‘Whérein the S. aureus Mt C protein is not a |ipidated
pr ot ei n. 26. An i mMmunogeni ¢ conposition conprising: an
isolated S. aureus clunfi.ng Tbbnmnnﬁ@@ﬁm@mpm%ypepfLhém4&nﬂsoﬁaﬁed S.
attreus capsular, chari t a a.carri protein, and
an isol at ed Sk§UﬁRd§%??% ¥#§¥“H “‘y@%g“ m’ﬁdgg dﬁﬂdﬁiénﬁnjﬁép &Q%SPE carrier
pr ot ei n. and N3 domad? of THR. | nunogeni ¢ conp03|t|on of claim2. . further
conprising an isolated S. aureus MitC protein.
2010/151544PCT/U82010/Q%?51 }28 The i mmunogeni ¢ canposi,t an ofielther of
claims 26 or 27, whereift he EVHEINPEPt i ”?gmaongV%épt FHEF Fignent
conpri si ng t heyf hyinegenshindi Rgi ﬂﬁﬁ%lﬁ{h ©fdiMiomain comprising the N2 and The

I mrunogeni ¢ conposi tion of claim?2 wherein the CUB pol ypepti de fragnent
is a flbrlnogéﬁfﬁﬁﬁﬁhhéiﬂﬁwaln conpr|5|ng the NI, N2 and N3 domai ns of

30. The i mmunogeni ¢ conposition of claim 28, wherein the pol ypepti de
fragment is a fibrinoges bi nfliang(e0RLR GARRS::RHAGHER8, N;M@QQLMBQOWW ns of
CUB. 31. The i munogeni ¢ conposition according to any of

cl ai ns 28, 294aﬁ6c@@49mﬁbm@nmmtﬁﬁumgwanWGgémnbmnﬂﬁh@i@oﬁﬂwﬁﬁmwOQHB bi nds
to fibrinogen a a .t in rved to
fibrinogen with' ‘iﬁ%‘ﬁﬁg‘t‘u ?fe““ﬁp“ﬁ ?ﬁg‘m‘“ “%8“"““g?rr§l%’rﬁm ‘9&“}’%% "32The
conposi tion oﬁnﬁm%;ﬁbumh@unmxﬁﬁaﬁmiAmhere|n the adfB or theprotein is
produced recontbi nantly. 33. The i nmunogenic conposition of any of clains
26- 32, wherein the capsylarPQ%L sacchari de t |§ @a h nol.ecul ar
melght capsul ar pol ysacthar i d¥ BFBEEEer 3™ Waoiﬁ 8 Rba" %47 The

i mrunogeni ¢ coppRsich b Rf doatn @fpiedatiRe@6mdihy B &l ieudH 19RiHEDl ecul ar
wei ght capsul ar polysaccharlde type 5 has a mol ecul ar wei ght of between 70

and 300 ! Ma. anamino acid substitution affRe of mwﬂ@{g?"@ﬁpé&cﬁﬁﬁégﬁip ﬁé 61:\/&;&?1?# of
clainms 26-34 %h?“%h% tiheggapsul ar pol ysaccharide type 5 is between 10% and
100% O- acetylated 8 The ' I mrunogeni ¢ conposition of any of clains 26-34,
wherein the capsul ar pol ysaccharide type 5 |s.between 50 and 100%
O-acetylated. WO 2010/i5154We@ﬁmw@2@m@1osesmmwnotsann51‘whﬂevﬁmThe

i mrunogeni c ¢ osi.td 9 e 1.khe capsular
-polysaccharlgm%u‘““fgﬁ?gélg%]%é%ﬁU A)and ?8géé%$gcéﬁ§ at €d:. \g B, Ag

38. The i munogemdciciRTposi Alaan Sof. any of dains 26-37, wherei n t he capsul ar
pol ysaccharide type 8 has a nol ecul ar wei ght of betmeen 20 and 1000 kDa

39. The i munogeni ¢ conppsition o rein the
capsul ar polysaccharldgpfypéJr ‘Hﬁ@“ﬁgﬁﬁfg%ﬁﬁﬁFmﬁﬁﬁbﬁ ?ngﬁﬁggﬁ7§6 and 300
kDa. 338 is A8kt EREiol Aunogeni ¢ conposition of any of dains 26-39

wherein the capsul ar pol ysaccharide type 8 is between 10% and 100%
0-acetyl at ed. . _ iy .
y 54, The mmnunogenic conposition of any of claims 46-53,

wherein the 8. aurens CHB polypeptide is a polypeptide fragment comprising the

fibrinogen binding domain of CHB.
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41, The i nmunogeni ¢ conposition of any of clains 26-39, wh rein the capsul ar
poi ysaccharide type 8 is between 50 and 100% 0- acetyl at ed 42.
The i mmumnwgenioziscaposi ti on of any of clains 26-39, whererrustée/osspsul ar

pol ysaccharide type 8 is between 75% and 100% 0- acetyl at ed.

43. The i munogeni ¢ conposition of any of clainms 27-42, whereinaureus MitC
is alipidated protein. 44. The i mrunogeni ¢ conposition of any
of claims 27-42, wher ei s t herig infulMEGHSc MU &tioS o Bhindsh picgdat ad protein.
45. The immunogeni ¢ conposition of any of clains 26-44, wherein the carrier
protein is thé @rediPht helvpedide Gxopa CRMiDTogen binding doman @gupriame

i munogeni ¢ cappeshld .Qn +&0RLL:SI NgHhsan i solated S. aureus clunping factor A
( CHM pol ypept ?ge ’gl\n” ‘i?lgo ”a‘?\g@}%&gﬁﬁgus cl unping factor B (CUB)

pol ypeptide, and an isolated S. cafreus Mii C protein. WO

2010/ 151544PCT/ US2010/ 0395101 ke immuncgenic comdpsitibhe! ¢ b genicn 8enposi ti on
O e e B B SolaP RAY e ey APVRR IR

i mrunogeni ¢ CeHEpOBdd Ohdehaied af 7, wherein the C.' IfA po ypept ide
fragment is a fibrinogen bin ding domain conprising the N N2 and N3

domai ns of dIA - 49. The i.m‘mnogeni cv_po[rp%?i.t iﬁn f cl aimA47,
wherein the dfA pol ypepti de' Fr AGHERETSCHHPBP A6 G HHEF AGFomai n

conpri si ng t hgpNRiand SN danBidsis @fipdafoh protein. 50. The i nmunogenic
conposition according to any of clains 47, 48 and 49, wherein the
"fibrinogen binding domain of CfA binds to fibrinogen at a reduced |evel
conpared to the bindi ng’bselRFedU BT FHBERIORNCL At HelHae F020f i bri nogen
bi n_d' ng donai QJhQJﬁ%inQIhI: A qurenis Mt is not 8 ﬁ;‘idm&hﬁfo_{@wpogem C conposi tion _Of

cl ai m 50, wherein the fibrinogen binding domain displays reduced binding to
"fibrinogen through having an am no acid substitution at one or nore of Tyr
338, Tyr 256, Pro 336, i%s 3B9umppeeesy camgodiien @@mrising: an isolated The

i nMmunogeni ¢ cenposi tisom of . ¢l ai . rein.t s d. substitution at one
or nore of Ty?’@gﬁs %t'ra lggtgﬁbrg%%gé{d %@%’g&pb&?{a&%gc‘%ﬁﬁ&l T{} “387 is to Ala
or Ser. conjugated 163 caiThepionmmnodenisolac@np asictd ops@br ghaamibéde wher ei n
the TyT 338 is q%bsti t%tgij to Ala, . 54, The i munogenic

conposi ti on ofPAAY BISEFGIMECHE 85 Wherein the S. aureus CUB pol y- pepti de
is a poly-peptide fragment conprising the fibrinogen binding domain of CHB.
The i mmunaggeni ¢ conposi §0.0n Tie @haontibdof ser 8, ihbheé Se MCeuseiclid T3

pol ypeptide fragnent is a fibrinogen binding domain conprising the NI , N2
and N3 domai ngrogicegnpeombinantly. 56. The i mmunogeni ¢ conposition of claim
54, wherein the S. aureus CIfB polypeptide fragnent is a fibrinogen binding
domai n conprising the N2 andriNSngamBbas: &ngldtion of claims 59 or 609%herhie

i mrunogeni ¢ conposition of any of clains 46-56, wherein the S. aureus MitC
is a |ipidatethepeptgygolysaccharide type 5 s ggughmralessnmoge niesu&dnposi ti on of any
of Clai e 46 BOwBERALO LOG.S 2@l LI C s ot a Tipidated protein.

59. An inmmunogeni c conposition conprising: an isolated S. aureus MatC
protein, an isolated S. aureus capsul ar pol ysaccharide type 5 conjugated to
a carrier protein, and @h i sDkatethn8zerat tarenesitonps aiart oty $&ddhari de t ype
8 conj ugat ed Iw%—ra—"nc‘f%l; {ni'grm&]:c%ﬁa?i\&n’ioht gapsular 1wacc1%01‘3'* ;I’:/hgﬁ%oas 8180' "t(.“‘iiian of 59,
wherein the MiTC  proté n e prodiced T econbr nanttys WP “HB1. The

i nmunogeni ¢ corpbshticonccaf70chaco®s kb9 or 60, wherein the capsul ar

pol ysaccharide type 5 is a high nol ecul ar wei ght capsul ar pol ysacchari de of
bet ween 20 and 1000 k_ Theii .62, Thg. i&gynp .‘”i'C\LCa?WROSi tion of
any of claims 59-61, wherein' FHEHIPGRHOEBRASEPDREFGhT: CUPE dl AF

pol ysacchar i dehtatRehd cdRBlaBpdTRIseeakias tpeisghbet@tebraMRRNI 0, and 300 kDa,

63. The i nmunogeni ¢ conposition of any of clains 59-62 wherein the capsul ar
pol ysacchari d&-#5§péisl i s bet ween 10% and 100% O- acet yl at ed.

64. The i munogeni ¢ conposition of any of clains 59-62, wherein he capsul ar

pol ysa. ccharidc. type 5¢4.s bgtweenineleAnth iM% Qv2s8! ¥ &ligd 59-62,

wherein the capsular polysaccharide type 5 s between 50 and 100% O-acetylated
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WO 2010/ 151544PCT/ US2010/ 039510 65. The i nmunogeni c
conposition of any of clains 59-62, wherein the capsul ar pol ysacchari de
type 5 i swbebmweens4i5% and 100% 0- acetyl at ed. PCT/U36010/DB9510

i rmunogeni ¢ conposition of any of dains 59-65, wherein the capsul ar

pol ysaccharide type 8 has a nol ecul ar wei ght of between 20 and 1000 kDa
67. The imunogeni ¢ conposi tn@%&tm@ga/nfémﬁ%ﬁmﬁ P PP ) MREK6IA. the

capsul ar pol ysaccharide type 8 has a ar wei ght of between 70 and 300
kDa. thﬂ“ﬁﬁkCﬁh@hfﬂﬁﬂﬁ@@@ﬁﬁ@ﬁ@@ﬁp@@ﬂﬁp@hfﬁfaahyﬂbfﬁﬁalnB 59- 67
wherein the caggﬂ ap pol ysaccharide type 8 is between 10% and 100%

0- acet yl at’ed The i nunogeni ¢ conposition of any of clainms 59-67,
5wherein the capsul ar pol ysaccharide type 8 is between 50% and 100% O-
acetyl ated. 70.The innu@bgeﬁﬂmi@mmpmgﬁﬁdonmﬂﬁﬂanwfmﬁaﬁqmmm55@§67, wherein

t he capsul ar ,I,s chari de t i.S_between 75% 00% 0- acetyl at ed.
1071, The. | mmuROEER G COMBOST LT DR Gr ISRV S el AREVEL Y8ENT Uy e Do | 5t ng
at | east one pfPpteinnfasrom the serine-aspartate repeat (Sdr) protein famly
selected fromthe group consisting of SdrC, Stiff) and SdrE.

72. The inmmunogeni c conposition of any of claims 1-71, further conprising
the iron surface detern§nant B (1848 ?“bﬁﬁﬂé?ﬁmnOEM“iﬁibmﬁﬁgfﬁz The

i mrunogeni ¢ CQ%HQ§!&&@£%9%1gﬂymﬁﬂm%}@b%§x¥msZ%wk&HﬁP@@kh@@ﬂEﬁh&hﬁg an

adj uvant . he i munogeni ¢ conposition of any of clains
1-73, further aebiprliisd.ng a pharnmaceutically acceptable carrier, WO

2010/ 151544PCT/ US2010/ 039510 75. The i nmunogeni c conposition of any of
clainms 1-74, further ri 0 ens: Qpp3a,
DD 1itsA 11 tas fsda Sh%%“%%x‘)g‘?%” C;“E(;‘*Qigd%? ‘ SrtA{%@g} ! sbi FntB,

al pha- henDIyshﬁa@ﬁhha)gmb@taﬁgmmﬂy&dﬂupﬁﬁb$bﬂee@1HLbamﬂKﬁ@”protein A
(fnbA), flbro tect glnding protein B (fribB), coagulase, Fig, map,

Pant on- Valentln%”fgﬁ% cidin (pvl), alpha-toxin and its variants,
gamma-toxin (My) and variants, ica, imunodom nant ABC transporter,
transporter, N ABC tragsportierinuiRARzedut@iysiton of am &f thineseptior s,

| saA/ Pi sA, | saB/ PNB,, SPOMVE, SsaA, EbpS, Sas A sLl EFB (FI B)

Sill, NpaSe, gFie“’dB%f‘F%Pi&i BBkl aHE fwaﬁé% Betypen 331/? é’&ff ﬁ%ﬁ‘hfprecursor
(AUR)/Sepp 10(naiand fragnments thereof such as M5, TSST-1, nmecA, poly-N
acetyl gl ueosanmne (PNAG dPNAG) exopol ysaccharide, GehD, EbhA EbhB, SSP1,
SSP-2, FIBP, vitronectin blndlng protein, HarA, EsxA, EsxB Enterotoxin A
Ent er ot oxi n B. Enteroto%?n(i*«%Wﬂmﬁ@ﬂﬁ9%@@%HV§N§“UW§@W%@P%6@ of inducing
an i mmune resaﬂﬂéﬁnﬁ%&&méﬁ 1@&@’ 9%‘!%&&[&%%9@!{50@ pg adm ni stering
to a subject an |nnuno ogi C ect’i ve amount of an | nmmunogeni ¢
conposi ti on ohcearigicodf clalns 1-75. The nmethod of claim
76, wherein the i mMmmune response prevents or reduces a disease or condition
associargd Wiih a staphy) 0CoRg Al ALaRN ST R ubheel i Bl RRYeNt S of
reduces orie or nore synptons dssociated w th y ococcal ‘organismin a
subj ect . forther comprifhyg af hastnet hodcafioad @i Rerké-asherel nptdeSdl sease i s

selected fromthe istin i nvasive S. attret sease, sepsis
and carri age. protein Ty sefeate @0“TW3éﬁﬁ?ﬁ@ﬁ“ﬁﬁyéﬁgpﬁ$?€ﬂ3ﬁﬂiﬁg}n t he subj ect
i s undergoing a surgical procedure. 80. The nethod of claim

79, wherein the surgicabz propeduiginbSerdNc@hRGHHMO T sty @ ks pracedure or a

non-el ective surgi cal procedure.
firther comprising the won surface determinant B {IsdB) protein.

73. The immunogenic composition of any of claims 1- 72,

further comprising an adjuvant.

74. The immunogenic composition of any of claims 1-73,

further comprising a pharmaceutically acceptable carrier,

124



81. The nethod of claim 79, wherein the surgical procedure is a
cardio-tiioracc surgical procedure. WD 2010/151544PCT/ US2010/ 039510

82. The mwohotl/wBis4al ai m 76, wherein the i mmune responsepPcmdse®@d/sBMpri ses
t he generation of antibodi es havi ng opsonophagocytic activity (OP. A

agai nst S. uureus. 83. The nethod of claim 76, wherein the

i mrune response induced conprises the generation of significantly higher

titers of opsonophagocytdc antd 1&?%1!n%@mﬁ(p&ﬁiqfdsﬁmﬁ@E”anc-vufad%ﬁllﬁ wonpared to
t hat observed in non-inmuni zed subjects. 84. The nethod of

cl ai m 83, whefwsihgr f(h@r@gadw@ﬁagbfélytwléw% atigers: depi ~éai§ktf51HQﬂ6 Ltas,

85. The netho aPYq 4 t . S
86. The met hog'sdgsf ?1[* ‘st?r 111 g e ’%p%g‘%@:}n 3’[ IElﬁghc h@n%{ *Sth anrhb

587. The net hoderaéi vanyi'ﬂﬁ{machafbnﬁiir%ﬁ@i8%;1} Akigbah, bt drecS:- bmdmglmoim& B/l SA-

88. The nethod. o 6- 84

89. The net hog&%gf;ﬂ %;5“ e 6’1" ”&ﬁpaﬁﬁiﬁ“?%f‘g%m%ﬁ@?“ ﬁ‘ ES’PIQ giﬁ%‘i sé’c’f‘E“ ‘inlé\*{R 5 human,
a househol d P@rian@y bzﬁnﬂnﬁ N&sh 00k A0ABAnts, ica, immunodominaA0 ABA iRk of
conferring passive imunity to a subj ect conprising the steps (AO

gener ati ng anMgAtitHEHBPIEE SParHt (amrading AN phtiRoFERTE € SHPSsi ti ons of any
one of clai ml%ﬂ?ﬁsf\ angh bRl @‘?’E@Iﬁ'f S@&F\J, BG4 g, ANG1RoglyDERRAFAL) @B to the

subj ect to confer passive I Amuni
Npase, EBF, bone sialo bmdmg p1 otein I, aurcolysin precursor (AUR Y/ Seppl,

106 Cna, and fragments thereof such as M35, TSST-1, mecA, poly-N-
acetylglucosamine {PNAG/APNAG) exopolysaccharide, GehDy, EbhA, EbhB, S5P-
1, S5P-2, HBP, vitronectin binding protein, HarA, EsxA, EsxB, Enterotoxin A,

Enterotoxin B, Enterotoxin C1, and novel autolysin.

76. A method of inducing an immune response against
15 Staphylococcus aureus comprising administering to a subject an immunclogically

effective amount of an immunogenic composition of any of claims 1-75.

77. The method of claim 76, wherein the immune response
prevents or reduces a discase or condition associated with a staphylococcal
organism in a subject, or prevents or reduces one or more symptoms associated

with a staphvlococcal organism in a subject

78. The method of claim 77, wherein the disease is selected

from the group consisting of invasive S, aureus discase, sepsis and carriage.

79. The method of claim 76, wherein the subject is undergoing a

surgical procedure.

&0.  The method of claim 79, wherein the surgical procedure is

an elective surgical procedure or a non~elective surgical procedure.

&1. The method of claim 79, wherein the surgical procedure is a

cardio~thoracic surgical procedure.
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&2. The method of claim 76, wherein the immune response
mduced comprises the generation of antibodies having opsonophagocytic activity

(OPA) against 8 aureus.

3

83.

j

The method of claim 76, wherein the ynmuone response
induced comprises the generation of significantly higher titers of opsonophagocytic
antibodics specific for 8. aurens compared to that observed in non-immunized

subjects.

84. The method of claim 83, wherein the opsonophagocytic titer

1s at least 1:20.

85. The method of any of clairos 76-84, wheremn the S aureus is

MSSA.

&0, The method of any of claims 76-84, wherein the S, qureus is
VRSA.

a7, The method of any of clairos 76-84, wheremn the S aureus is
VISA.

g8, The method of any of claims 76-84, wherein the S, qureus is
MRSA.

89. The method of any one of claims 76-88, wherein the subject

is a human, a houschold pet, or a livestock animal.

50, A method of conferring passive immunity to a subject
comprising the steps of (1) gencrating an antibody preparation using an
immunogenic compositions of any one of claims 1-75; and (2) administering the

antibody preparation to the subject to confer passive unmunity.
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