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Cross Refwoeno@4i®m3Rel at ed Applications 500011 Thi s applCirasteonsszai s the
priority benefit of U S. Provisional Patent Application Nos. 61/219, 143 and
61/ 219, 151, filed June 22, 2009, the entire disclosures of which are each
hereby incorporated by reference hereimin their entirety. Field of the

I nvention 10[ 0002] The invention relates generally to Stapkyl ococcus aureus
serotype 5 and 8 capsul ar pol ysacchari de conjugate i mrunogeni c conpositions
and nethods for their preparation and use Background of the Invention

[ 0003] Humans are a natural reservoir for G ampositive Staphyl ococcus
aureus. 15For exanple, S. aureus can colonize the skin, nares and throat,
either permanently or transiently, w thout causing disease. S. aureus
infections range frommld skin infections to endocarditis, osteonyelitis,
bacterem a and sepsis. S. aureus al so causes a majority of nosocom al
infections, and its preval ence in community-onset infections is increasing.

Moreover, in 2005, nethicillin-resistant S. uureu.v 20( MRSA) infections
were estimated at 31.8 per 100, 000 individuals, including 16,650 deaths in
the United States in 2005 (Klevens et al. (2007).1 Am Med. - 2 - Assoc.

298: 1763-1771). Di sease subsequently occurs when individual s becone

i rmunoconprom sed due to breaches in inmmune barriers, such as during
surgery, placenedMPOSITIONSRAIND KETHADISEHOR RREAA RONG ST AEWILOEDCAGlUSauma or
wounds.. 100041 S. AGREVSSEROIFRESSAND B &AFSUhARIPEOL YA GEXIARAIDEand
intra-cellul ar anti gensCOBHGATEIIMYIUNORENIUISCOMROAEI@NE enzynes. O
particular interest herein are capsul ar

Cross Reference to Related Applications

5 [0001] This application claims the priority benefit of U.S. Provisional Patent
Application Nos. 61/219,143 and 61/219,151, filed June 22, 2009, the entire
disclosures of which are each hereby incorporated by reference herein in their

entirety.

Field of the Invention

"10 [0002] The invention relates generally to Staphviococcus aureus serotype 5 and 8
capsular polysaccharide conjugate immunogenic compositions and methods for

their preparation and use.

Background of the Invention

- [0003] Humans are a natural reservoir for Gram-positive Sraphylococcus aureus.
15 For example, S. aureus can colonize the skin, nares and throat, either permancently
or transiently, without causing disease. S. aureus infections range from mild skin
infections to endocarditis, osteomyelitis, bacteremia and sepsis. S. aureus also
causes a majority of nosocomial infections, and its prevalence in community-onset
infections is increasing. Moreover, in 2005, methicillin-resistant S. aureus
20 (MRSA) infections were cstimated at 31.8 per 100,000 individuals, including
16,650 deaths in the United States in 2005 (Klevens ez al. (2007).J. Am. Med.



pol ysacchari de serotypes of S. aureus (see, Karakawa & Vann, "Capsul ar

pol ysacchari des of Staphyl ococcus aureus,” In: Winstein & Fields, eds.
Sem nars wo 2bnfeetoBous Di sease. |V. Bacterial Vaccines. PCRa®20d00B947NY;
Thiene Stratton; 1982. pp. 285-293), especially serotype 5 and 8 capsul ar
pol ysacchari des. 10Epi dem ol ogi cal studies on a |arge nunber of strains of
S. aureus isolated fromindividuals shoved that 70%to 80% were either
serotype 5 or 8 capsul ar pol ysaccharide (Arbeit etal. (1984) D agn..

M crobiol. | nf,?s%!)c‘ 7‘% 763 %7ﬂ§ Bpséase H@%gﬁéﬁ?@&ﬁdﬁ& ﬂ&v?d%g@ YlcBhe

pol ysacchari des ar e poor i mmunogens hensel ves. 100051 St aphyl ococcal

i nf ecti ons andindiuseepswsongpedfre iO@maP‘]FS inieyeiaskatriorn sgdhes fuge sUBtent y years,

as has use of |inLra%asmdbalindaWektor3ihd: deD¥ASIMGaRE ReMdr es. The rise in
di sease incidence is nore troubling because of a parallel rise of

antibiotic resi®ndesu e @rdpes a largeumgerof eyi- E}‘rdg%‘Fﬂ’C@H\é'éroP“f‘%ﬁ“sl nMmunogeni ¢
conposi ti oms t QelRdi ﬁmeroﬁk&ﬁwla&mﬁﬁaés mpﬁﬁctdl@nﬁeramderaha@@msmr SUMVARY  OF
THE |1 NVENTI ON 2 100061 The ?ﬁ I n lon is gl rected ltovvards

i munogeni ¢ coffFEPEYC &Y Rt i 9eea PR VB pefPE B 8 capsul ar

pol ysacchari dEp(ﬂylﬁkch;gaibedetf@hﬁodbad’ul’s u@leufpriol Bieimstemn® Figkls,rdd Sehipars maki ng such
conj ugat es. eus er ot 5 ar ar, no cha s. may be

obt ai ned di reci"l t#r?”% Es%ée')tgggl?aétrefl%{ \%gcl“ﬁ ?ﬁgol aﬁ‘ Mséglgnéeegiﬁges known to

t hose skilled 1982tdpe2&r293), ampycidlly spnowdu&etdi &Jspsn@rsylmah@mldﬁs 25pr ot ocol s, or
may be recqnbi LiNG RaRedur es -al so
known to ﬁﬁose&g{gﬁ %{l %angtu& Sgon;hrslhljégrlg%;g%Sﬁ?lgﬂ(gﬂsnﬁlﬁe resent | nventi on

provi des net hoddividagls $hawed ihatg/ O%rio Bimnyeee ‘-’t“é@’ﬁ@fﬁw%l f#8tulag St aphyl ococcus
bacterium met mg§ccf19rdeg &eatalzragasa) giagﬁ%@m&auﬁye@, Bys. &sSb@phyl ococcus
bacterium and net hods reduci ng t severity of at |east one synptom of
a di sease causEeoRyas; H‘FéﬁtsPlérrP%S%%haé‘dﬁ%Wf BOSeeRas Batesiegin 100071 In

one enbodi nent jpods)e skapKAELL@ANIn€RNFHs LS seats HabNAYLRt@ased in the last
pol ysaccharl de- - pr ot ei n conj ug the co i sol at ed, St aphyl ococcus

risi.n

aureus -3° sePhypers aphasgse ﬁgﬁl”aé%m?fdlf‘ﬁ)ggé%‘ﬂ‘ﬁ?‘*ﬁ&prc%?ﬂ”[?@a?'éy d"*fo a carrier
protein, V\/nereinrahsbzhelrpmbmaa:rﬁdsrafrbmﬁn@malacmjal;ﬁammblalrsme;nghbnof bet ween 20
kDa and 1000 kDa , nmunoge ate has a

nol ecul ar wei ﬁf'S[ ’bte‘irﬁ:/\rlgrecht fﬁ(’f al?lﬂagcm fs C(g@blﬁq "f(ulﬂageglcrlogﬂosq‘ rr%%dl ment. t he

pol ysacchari deprpmnt$tmhybto¢h®iﬁltlmm@gem5® conj ugate has a nol ecul ar wei ght
range of between 70 kDa and 300 kDa. In one enbodi nent the i nmunogenic

conj ugat e has a nol ecul ar wesghivArnoe 1ofe Ietengeon500 kDa and 2500 kDa.
100081 In one enbodi nent, the serotype 5 or 8 capsul ar pol ysaccharide has .a
degree of 20- acmﬂgﬂ]atﬂh@prekmt inenod B-dit@0Ybtowandsomeruesdeoid icorgupries t he degr ee of
0- 10 acetylation is b tween 5 % j . degree of
0-acetyl ation. %S rhet %ve N r5e 166(83})]6%0 %C%’]ﬁl"ﬁﬁ%"ggi{‘@n@ﬁ{d?@ﬁ“ a{e?n??uno enic

conj ugat e genesateegrogam, amt ingsbally farmepking suchgergedasnab. cagunessweed By kil ling

Eaﬁt eria in e el 36yaliRbcs $lal bE8EYindMARLIy HonVh@bR @RS ANORARGOCY L I-C
| in assay
J proccdures known to those skilled in the art, may be produced using synthetic

25 protocols, or may be recombinantly produced using genetic engineering procedures
also known to those skilled in the art. In addition, the present invention provides
methods for inducing an immune responsc against a Staphylococcus bacterium,
methods for preventing a discase caused by a Staphylococcus bacterium, and
methods for reducing the severity of at least one symptom of a disease caused by

30 infection with a Staphylococcus bacterium. '
j0007] In one embodiment, the invention comprises an immunogenic

polysaccharide-protein conjugate comprising an isolated Staphviococcus aureus



100091 In one enbodi nent, the inmunogeni c conjugate carrier protein

conpri ses 15CRML97. In one enbodi nent, the CRML97 is covalently |linked to
t he pol yswochari4t®3t hr ough a carbamate | i nkage, an am declriusk@g®394es bot h.
In one enbodi nent, the nolar ratio of conjugated |ysines to CFO I N-/can be
about 10:1 to about 25:1. In one enbodi nent, the conjugate conprises one
coval ent 1inkage between CRML97 and polysaccharide for at .| east every 5 to
10 saccharide repeat 20units of the polysaccharide. In one embodinment, the

i nkage bet ween, GRELioel B0 SN A0K BOLATARERALIdBCARENLS, fot RO [ every

S repeat uni t s o1 Pt chari I’none embodi ment, the
| nmunogeni ¢ comqusgabmd@d)mm@fm@r CRRIDT by e 20&Eg amd tQQOBDaIV@Pmés or 8 to

15 | ySI Nes Cové%l\b%ﬁﬂrle}(ts thgmﬂmt)gengcn%njg%té/ﬁég%QEL\I%elﬁbﬂe%nenboc“ nent,
t he i mmunogeni c conj n‘igate congwl sin rises 5to 23 lysines or 8

to 12 lysincs ¥kaend FP0KkPak “@G)mb%’é“‘tﬂblhflE%Séﬁcélﬁfi'@é’m?@@i‘i‘& I n one

enbodi ment 5t hg, b APARISRLar SRRk HBRE A2 GRIEM 28850 fBedv¥RET0XDAMn$300
pol ysacchari de tlhat IS 19 %00%0 Acetal at eda1 ocrdzleV enmhodi annt t he

i munogeni ¢ cofudares Lurpimeaighe i ‘ﬁ"’%‘&?ﬁ%’“g CB‘?J“%“’HHF%‘&@& A that i s
50-100% 0- 30AgRic\dratieden J00 kDREndEISOOREDAENt , the | mrrunogenl c conjugate

conprises aty r 8 pol ysaccharide th 75-100% O tylated. |
sone enbodi r.renl%gos‘rf In ﬁ“e-emt% AL AR SGEMRCS Og r‘f%)%‘élf"t'?oiyﬁacé ggslf)s/eg 1(:a 0 "

generate anti bang'teesfohaétylaﬁoe bfetmext [l ilmomerendndimaht, et fiegtacy Orodel or an
opsonophagl%cyt gcet léxhl | l rl%gwesnsb%ylo 1%"21 | O(qugt 8) l'eg%P —’acét S’ndnmmnogem ¢
Bout 3b6%

conj ugat e ‘conpri an a ree type of ysacchari de
conpared to the bttmseall 75a1r@©%nﬂn ofc cGbypmes, the msmmogﬁylsaemh%q zreeraves 100131 In

one enbodi ment an a‘ﬁh cidlyWBQ&%nérﬁT e?s(?lwa%%tb? kgﬁr(%&abéﬁasm cRES af aRaiabout 20%

free type 5 or sacchari de conpared e total amount of type 5 or 8
pol ysacchar i deefﬁ%@mm@lPhV'é)h'éoléﬁﬂ?@mgﬁ@ﬁ‘? killfng@ssepvent i on conpri ses an

i ni munogeni c 1P@@TDQ§ bitd @IBoGIRRRI ihS hﬂgu@@c,nhcrm]ﬂgﬂ@&hﬁbr pRMiL@alpeiseds descri bed
herei n andl Sat eﬁ?ﬁ I?xno%e (e)nl:nbo%ﬂneﬁgjtl%vca{]l\%m 19!:0|vlaijlgrmy Imged to the e er
polysaccharide through a carbamate linkage, an amide linkage, or both. In onc
embodiment, the molar ratio of conjugated lysines to CRM,¢7can be about 10:1 to
about 25:1. In one embodiment, the conjugate comprises one covalent linkage
between CRM 7 and polysaccharide for at least every 5 to 10 saccharide repeat
20 units of the polysaccharide. In one embodiment, the linkage between carrier
protein and polysaccharide occurs for once in every 5 repeat units of the
polysacch/aridc. -
(0010} In one embodiment, the immunogenic conjugate comprising CRM g7
comprises 5 to 22 lysines or 8 to 15 lysines covalently linked to the polysaccharide.
25 In one embodiment, the immunogenic conjugate comprising CRM 97 comprises 3
to 23 lysines or 8 to 12 lysines covalently linked to the polysaccharide.
[0011] In one embodiment, the immunogenic conjugate comprises a type S or 8
polysaccharide that is 10-100% O-Acetylated. In one embodiment, the
immunogenic conjugate comprises a type 5 or 8 polysaccharide that is 50-100% O-
30 Acetylated. In one embodiment, the immunogenic conjugate comprises a

type 5 or 8 polysaccharide that is 75-100% O-Acetylated. In some embodiments,



100151 The adjuvant can be an al um num based adjuvant, such as one or nore
of al um num phosphate, al um num sul fate and al um num hydroxi de. In one
enbodi rerwotha/@ajoavant conpri ses al um num phosphate. 1BCOABB)10/08940he
enbodi ment, the imrunogeni c conposition conprises |ess than about 30%free
type 5 or 8 polysaccharide conpared to the total anount of type 5 or 8

pol ysaccharide. 100171 In one enbodi mrerk., the imrunogeni c conposition
conprises | ess than about 20%free type 5 or 8 polysaccharide

O 0 n O & e hithlop AR Blordd) KRB U BYTAGTARLC, 100181 11 one
enbodi nent, the I'nvention c rises a method an i nmune response
to a St aphyl oc@n@@salauawsnaégg@wm@dél op AN GsenppRaghetic btblllfszsléﬁétharl de

conj ugate in ajo§ihi §fbne HBIBMER! MO in@ATH Bini! SRR dtnphills Ie4RAECT an
i mrunol ogi cal |y effective anount of an I mmunogeni ¢ conposition as descri bed

25her ei n. 100194 %ok tnsisou B pabitaccherids oppurd ioghf teBhamaaled a met hod of
produci ng a&n i NOERyGadeRrsacchar i de prot e| n Conj ugat e corrprl sing an
i sol ated St aph &Oﬁcus a ((fus S rot 8 capsul ar eﬁ sacchari de
conjugated to HhJ’B BFR; t %W&&OEJB%‘? ZIPREFS {528t eps of
reacting an i Szﬂ:loﬁttlﬂ% fize tﬁidl‘SeJldS p3@§a€<ﬂﬁi1(§epﬁm§ared to8heradioant gpol ysacchari de
wth 1,1- carbon [50} ﬁl Irlazol e) (CDT) in an organic solvent to
produce an act} a?%ro8 e‘}rsztl)ctcyaﬁ1 '5 or 8 polysaccharide; and reacting the
activated serol09p 3n ore eBibpdinysaibe maertidecamprisesan immbnogergar ri er protein in
an organi g gsol : : e:carrier
protein anj ug%’?@gsﬁ%o%ﬁg#m %‘ﬁg& Z‘ﬁfggt %’9%0 ug% agd&%@éﬁﬂ%&ﬁ? Edaﬂgu vating

St aphyl ococcuslezsupisd asedivpypdiugnioer C8m€1apsul ar pol ysaccharide further

conpri ses | yOp{ﬁbiélZ'T'ﬂga&ﬁhﬂm'c%%@&rﬁﬂmraﬁﬁﬁ Bl¥PRI vl si8h RAn¥ SARGHRRFI de and
re- suspendi ng | i zed pol ysaccharide in an organic solvent. In one

enbodi ment , thféum@@w Alpe 2 pinpEse EHa pdgdmirny pydrexidceld °8hd then directly
react ed vvi t h t S bodRichi BF a@r@ﬁt%ﬂlpngeglalg,ﬂﬁauﬁ@b@gghﬂ@nt the activated isol ated
serotype 5 ﬁ P?l ¥saccgﬁﬁ%de Itﬁ isolated prior.to reactl ng with the
carrier prlét ei {014 BEHeE MPHRSESPRPEY AP TRAAER'E W) at ed
10serotype 5 odbofx 300 frzage Sar B @elysascHayideploimbirz€d thaoar ddusevta | yophi li zed
activated isolate f%r%e o?yq&i@ﬁan or 8 polysaccharide prior to reacting the

pol ysacchari de”ti arrier rot ein. In one enbodi ment, the nethod of
produci ng an 9617t émlorp@h}}oscam@hauhﬁ denagmicepmpessiovicompory legake conprises a

step of 1 yophi Lzl 6, £06R35E kG0 BEALAID OB A%MESAARR | | zed carri er

protein prior to reacting rier 15protein wt e pol ysaccharide. In
one enbodi2fent ypheorferchiseclstidpr oduci ng an i sol ated pol ysacchari de-carrier

protein conj Ug@bﬁBICQﬁWc'eﬁu%dlhBﬁ tht ﬁlpcrﬁ)if)né HERERMHAGE Inv@aly dni zed activated

i sol ated serotype 5 or 8 polysaccharide an
immune response to a Staphylococcus aureus serotype 5 or 8 capsular

polysaccharide conjugate in a subject, comprising administering to the subject an
immunologically effective amount of an immunogenic composition as described
25 herein.
[0019] In one embodiment, the invention comprises a method of producing an
immunogenic polysaccharide-protein ¢onjugate comprising an isolated
Staphylococcus aureus serotype 5 or § capsular polysaccharide conjugated to a
carrier protein, the method comprising the steps of: reacting an isolated S. aureus
30 serotype S or 8 capsular polysaccharide with 1,1-carbonyl-di-(1,2,4-triazole)
(CDT) in an organic solvent to produce an activated scrotype S or 8

polysaccharide; and reacting the activated serotype 5 or 8 polysaccharide with a



| yophilized carrier protein in an organic solvent as part of the reaction
of the activated isolated serotype 5 or 8 polysaccharide with a carrier
prot ei n. WO2002AH%100Bn one enbodi nent the nethod of produecmgsSanoiosalated S.
aureus type 5 or 8 capsul ar pol ysaccharide-carrier protein conjugate
conprises the step of diluting the reaction m xture of activated

pol ysaccharide and carrier protein and smintaining a pH of about 8.8 to
about 9.2 for at least 4 hours at about 20C to about 26C. 25100221 In one
enbodi nent, th f t us type 5 or 8

capsul ar poI ysgagrlﬁg%é emgn ?%ggr??hgerm l%}g({dg?ena%??%a?g{g ned at a pH of about
9.0 for at Ieasqusticcmftﬁcgara't:rm@f@mwm%fe 10023] In one enbodi nent the nethod

of producing amﬂh(ﬁohﬁ-gﬁeq:l&odl%ﬁtemgmtf:bﬁg@oﬁacmatl QMMk@&maurem
pol ysacchari de-carrier protein conga:rl ses the of isolating 3 0 the

i sol ated ser ot §FHBYRS S 8 8aRSHIPRROAERN idﬁ@rtﬁ?rde@mscaBﬁyfu‘g%&géhfa'ﬁ%?d.t is

produced. %002§klotm 5Qn8 p@m@aian&rund retmpe@alggmh¢yo§mhyeerpblymadnwmt he met hod
of producing an isol ated gfé)aureu s t

pol ysacchar i de?tyB3HeP!VEY f‘?\“ﬁ@ﬂ]"ﬂf@éﬁ@ reS“SPS”d%d P@gséccﬁ%“%ﬁ's aprotic sol vent.
I n one enbodi nefiivated dne tipOAECt I paokd @itls Ok Yatiér pr@cis.elneat edbddinam, tiiee gr oup

consi sting of di mtﬁ%ol%gi’” fO%Ehﬁn B%ysgé’harupe 18 lsglat Ebrlor to reactnh%l{vqﬁ met hod of

produci ng”an i §61'4t rri er € the organic
sol vent is DVEOe cHliGPp2Bdin. |Imomrrenbedipet vire isblatet h@lvmtecﬂ hoielte«bf pr oduci ng

| sol ated §, auge%f%) elSYR8 8%&@&%&6\% BRURARE DAL 6RfeRhcRiRd o1 N con) ugate

conpri ses the st& concent on reaction
m xture conpri isplaigd 6%@65 (Eémsmia&?hap@ﬂ RrioatecbasHpgiee palvbacchari qerw"zﬁn or gani ¢

sol vent to bet ygen mtlngnclcl%qmgn?’%)e rﬂeﬂxo@@?prgmfﬂglaﬁrﬁgl‘htcdthe wat er
concentration of the reaction m xture conpr.i si ng @y pe 105 capsul ar

pol ysacchari dep%wacmelcﬁrnarrpfetﬁ'gaﬂw&g%ao%ﬂ%es P SCRiefj lYRohidiging S’Cabout 0. 2%
100261 I n one enixe@ididEn{.prddie: Sit@milRéd @l ytelndiok mb@h@gh&axmreus type 5

capsul ar pol ysaccharide c ses reacti t he poI ce i de with about an
anount of ‘CDT PRI Vid! ‘W%F%&af@ﬁc g f ‘BQ‘%HBe ﬁ‘ogf’ ‘5‘%’58%hari de
present in 15t helatrcea@yslaamarm'cxtaxmrceprﬁt@rmbmsgangzomyﬁ&s &c@ansﬂl ar pol ysacchari de

and CDT in an or gani n, ane 0 t hod of
produci ng i sol &t d’cgﬁ"galﬁ qmc{acg‘mq ’(S:Oa{at%du Cr g%rg c%sﬁ(édrh?r g: c‘g‘rarl er protein

conj ugat e conplypstelszed braerle“uoepelmfn adet@nmﬂvqngaStmeOMt:eetact@onéélntrat| on of the
reaction mxt UL SOMRIkS] AL BE: § p20CamsHARAkARARGRAT T de. In one

enbodi nent, the anount reaction mxture to activate the
pol y_saccha%oi del%0311prlpgpearpodimenttibrumetegd %ﬁ@d\dﬂm&ﬂ“ isolated S. aureus

‘type 5 or 8 capsular polysaccharide-carrier protein conjugate comprises the step of
diluting the reaction mixturc of activated polysaécharidc and carrier protein and
maintaining a pH of about 8.8 to about 9.2 for at least 4 hours at about 20°C to
about 26°C.
25 [0022] 1Inone embodiment, the reaction mixture of activated S. aureus
type S or 8 capsular polysaccharide and carrier protein is maintained at a pH of
about 9.0 for a't lcast 4 hours at about 23°C.
[0023] In one embodiment the method of producing an isolated S. aureus
type 5 or 8 capsular polysaccharide-carrier protein comprises the step of isolating
30 the isolated serotype 5 or 8 polysaccharide-protein conjugate after it is produced.
[0024] In onc embodiment, the organic solvent used in the method of producing

an isolated S. aureus type 5 or 8 capsular polysaccharide-carrier protein conjugate



CDT that is equinolar to the anount of water present in the reaction

m xture conprising type 8 capsul ar pol ysaccharide and CDT in an organic

sol vent. woQaBl4kw3one enbodi nent, the anount of CDT ad@ew/useomiosvsreacti on
m xture to 25activate the polysaccharide is provided in about an anount of
CDT that is at a nolar ratio of about 0.5:1 conpared to the anount of water
present in the reaction m xture conpris4dng type 8 capsul ar pol ysacchari de
and CDT in an organic solvent. In one enmbodinent, the anount of CDT added
to the reaction mxtur t [ ded in about
an anount of Cproﬁ &gsgvaglhéﬁggm?g B gggg&g&ggw §Vé§wgégghto t he
anmount of mateﬁowﬂmsammcpmmmnEOWbm@hﬁgﬂhwﬂxﬂWMéobémwwwswﬁ@"@vpée8 capsul ar
pol ysacchari de one

enbodi nment , thg@ﬁgdﬁﬁﬁb&ﬁwgg1g@%%?#gé%gbﬁgg%?ggwﬁme%gggg%Fﬁgpthe activated
polysaccharldeo@%mbﬁﬂﬁégspﬁgxétep of diafiltration. /00301 In one

enbodi nent g t hﬁmﬁat hgqné/mmu&melnﬁ%d by P&k %8aic@B. cQ,fteuIc egarrier
proteln prIOI’ to |zat|onthe carriler protelnls |Itered agalnst

NaCl 5and the 9\'771’\?\‘/'?ré’PB&a%‘?a“ﬂfa?ﬂjrb‘?‘@foéq”hco(‘i‘lé}ﬁ?‘F EQmASisest RS Sr‘lepi%fa%ﬁ“ﬂ%ted to about
0.5 to about 1wd walenc@a@metremmm&tmontlmemfeafom@nmﬁg tb@é@-cabﬁllaﬁal’rl er protein
is about 1. 1OQ§11 %n ﬁgFodlnent G rrier i ﬁﬁ;drin t he

met hod of prodBEYRE gﬂhe % YA B8 6é“tt“i/ Ve g Oué AREUTAr In
polysaccharideemﬂﬂMD&nmmrmeMMrammmugwhefmeﬁpmumemmmﬁwﬁ@ﬁnmﬂﬁﬁQOBZ1 I n one

enbOdI rrent t hg Ca%glllli\lélé)log’ungﬁaﬂge ﬂ% é[p]e gelglc QOIVGB{ 199(\"88[{21 g&)lll SOl at ed S

aur eus type 5 or ysacc ar | carrier n-conjugate is
reacted with thé%actlvated scrotype 5 or 8 polysaccharlde at aratio by

wei ght of aboujggdgl. In%Q@%%dx%nPﬁx@st@F@ﬂ%%ﬁﬂémol&t@@s%:téﬂp o§ producing an

i solated S. aureus of 8 capsul ar ysacchari de-carrier protein
conj ugat e conpfirsEy PPH@Céltaéﬁﬁ %S’F“Pﬁf%f%@“flgﬁ@ 'édi'?r ig¢ wah alys ar

pol ysacchari deambdnhof dHH@ZAL €0 Ablat dxt A7 @lig: dMJuBtofhel ﬁléhlaﬂd} peésth oCOT in an
organi ¢ sol vent. 100341 |In one enbodiment, the net% roduci ng an

i sol ated S5 auMBERCHYIRXBregOMBrItEIARA HPYBS 9@&5@&%@#46&8&) EQEr“I‘ 8 protein
conj ugat e COHDBQ@@Syﬂ%Q{Step.Of 20hydrol yzing the serotype 5 or 8 .
ARSI SO B R N S U A
produci ng an i apswiagelysacinoiy: cgéd erocdnnjugateigpnapniséssiod sapexd St apkvl ococcus
aureus determining the water concentration of the reaction mixture comprising type 8
20 capsular polysaccharide. In one embodiment, the amount of CDT added to the
reaction mixture to activate the polysaccharide is provided in about an amount 6f
CDT that is cquimolar to the amount of water present in the reaction mixture
comprising type 8 capsular poiysaccharide and CDT in an organic solvent.
[0028] Inone embodiment; the amount of CDT added td the reaction mixture to
25 activate the polysaccharide is providéd in about an amount of CDT that is at a
molar ratio of about 0.5:1 compared to the amount of watcer present in the reaction
mixture éomprising type 8 capsular polysaccharide and CDT in an organic selvent.
In one embodiment, the amount ofCDT added to the reaction mixture to activate
the polysaccharide is provided in about an amount of CDT that is at a molar ratio

30 of 0.75:1 compared to the amount of water present in the reaction mixture

comprising type 8 capsular polysaccharide and CDT in an organic solvent.



serotype 5 or 8 capsul ar pol ysaccharide conjugated to a carrier protein,
the met hod 25conprising the steps of: reacting a S. aureus serotype 5 or 8
capsul ar wolzysizaciwari de with 3-(2-pyridyl dithio)-propi orgir/usganazisde ( PDPH)
and a carbodiimde in an organic solvent to produce a PDPH-I|inked

pol ysaccharide; reacting the PDPH-|inked pol ysaccharide with a reducing
agent to produce an activated pol ysaccharide; isolating the activated
serotype 5 or 8 polysaccharide to 30produce an isolated activated serotype
5 or 8 pol ySacefysyi dfonPLiBbl e %eﬁngmeﬁg GRS th e R Blifl ik €aCt i ng the
i solated activ seroty saccharide wth the activated -
carrier protelwﬁwﬁf$wﬂﬂﬂéf"&¢§@ﬁ@ﬁ?ﬁéeSquﬁdaﬁ“mﬂgl pol ysacchari de-carri er

protein conj ugpio8s WHShELYboBhchiI TR RRABAWRIck St SAl IS hAPRIhSF G an isol at ed
S. aureus serotype 5 or 8 capsular polysaccharide conjugated to a carrier

protein is profRiEEA@OH PO SIPBBHFIERTC CAHE PERITT véﬂfaé'aere peinerNgSHotein i s

i sol ated prg or atdahd \emtan@gmafm/p@eam c\éarteegro&am h@nstdart@memm MotaBodt he

5activat ed pol Xgallclecharl d O*F ré] g e[\ step of isolating
the activated O8% SR F‘éer“h Griorpd Na BPrﬁ?‘P%ré’é"“f‘S’/EﬁH?W‘u zing the isol ated
activated ser owppa Snofie eBnuodimeﬁtaGeIaaherd;eottn@umﬁrduaexetaod yfapddutihged acti vat ed
serotype 5 or cchar 0371 1 nt ronoacetic
2014 15%a N hy o BT E R RRLLEES aGogRl: b SRR PR RS S 00381
I n one enbodi membpris¢sHeRMet hod of produci ng serotype 8 capsul ar

pol ysacchayy dergagr 'Iﬁoneoéxr%%ﬁfn(%n@%@ld@f‘%y%sém}x G0 ol 'of@ﬁdd: REHnCO”p” ses the

use of an organic sol vent 'S a polar aprotic so I'n one
enbodi ment, t h&olpeH drauzgyr bPE & osdrapear pplysaseindet @t ief PO WBINgHOEP consi sti ng

of di met hyl sulhaxd dgn é@ﬁdal\/ﬁ@)scrddmtohxlp&?{amm&eméQNE)) w@agmtfhyl acet ani de,

N- net hyl - 2- pyrrol i done, and hexarnet hyl phosphoram de ( A), I n one
enbodi nent, t h&Post tani c sol vent is dinmethyl sul foxide (DMBO). 100391 In one
enbodi nent , thﬂmgar tmdhd dhdeinds e the inRttbbef predubiagafso e @ UGI g serotype 5 or

8capsu|ar S ? rid rri .groteln CO‘Jﬁi’ ate which utl|lies 20PDPH
s Rt hy 1 BBES Rk vy Sy R Bt He s eSS OBROT 1 - one
enbodi nent t hmxmgtth@dpm opB odjsmrn;glysabm1§tq:)®1t15mmraz&c oapistdi@grior to ,

pol ysaccharl de-carri. [51{.0'[ ein corg!)]lvjcq‘?te which utilizes PDPH and EDAC

conpri ses the Step o 9 mtanoggaflﬁe serotype 5 or 8 capsul ar pol ysacchari de

with PDPH and EOAQ |In omr@ogamlt;thannealomf presdicioh ar iselecPhREEDAC rati o by
wei ght  250f ab%’#é 5 bt ésca%sulal(39§galcﬂandeoqgle?Eﬁiaf%gllC%D%atc co%rlgeg%%le gragent used

in the nethod produci ng sérotype capsu saccharlde carrier
protein cotf ugbxdéolwwgcthc mqtmcé@é 8PWC%MH®E@A@ prgtemophwsfttwoaﬂtw (DTI).
100421 I n one gibRddIBRhtiondsbdpyati on of the carrier protein in the nethod

of
[0035] In one embodiment, the invention provxdcs a method of producing an

immunogenic conjugate comprising an isolated Staphviococcus aureus

serotype 5 or 8 capsular polysaccharide conjugated to a carrier protein, the method
25 comprising the steps of. reacting a S. aureus serotype 5 or 8 capsular

polysaccharide with 3-(2-pyridyldithio)-propionyl hydrazide (PDPH) and a

carbodiimide in an organic solvent to produce a PDPH-linked polysaccharide;

. reacting the PDPH-linked polysaccharide with a reducing agent to produce an

activated polysaccharide; isolating the activated serotype S or 8 polysaccharide to
30 produce an isolated activated serotype 5 or 8 polysaccharide; providing an

activated carricr protein; rcacting th¢ isolated activated serotype 5 or 8

polysaccharide with the activated carrier protein to produce a scrotype S or 8



3 Oproduci ng serotype 5 or 8 capsul ar pol ysaccharide-carrier protein
conjugate which utilizes PDPH and EDAC conprises reacting the carrier
prot ei n wWohon/dn@aoaceti c acid. -9- 100431 |In one emnpodiusenb/034he st ep
of isolating the activated serotype 5 or 8 pol ysaccharide in the nethod of
produci ng serotype 5 or 8 capsul ar pol ysaccharide-carrier protein conjugate
whi ch utilizes PDPH and EDAC conprises-ghafiltration. 5100441 In one

enbodi ment, the nethod of producing serotype 5 or 8 capsul ar

pol ysacchar ' dep(ﬁ?s[é{ch%rdegﬁx%:reﬂereﬁQm ﬁgg?et @hwguycdn 1H1tnlnl\dgglﬁ(.scdogaﬁe and EDAC

conprises the ste zin Ser of
pol ysacchari dec%m“rs‘i‘@?" ‘mlﬁﬁ‘é wu@amemjwé W&C?Pé#ﬁ\l@wé%ﬁ@a‘é? ed activation

groups. In one.&iRAEl MBRbmict B cRlERoRleNAER] FbbfithchNc 8Q@FAEYPE 5 or 8
pol ysaccharide-carrier protein.conjugate 10conprises the addition of

cyst eami ne hydf45iPBISiTHE isolse BEgT tp FFaﬁiH]é “@r?b‘d)‘@fcﬁﬁﬁf’er REfEN MR MSd of produci ng
serotype 5s50r ricagsplyiccReidysacchari de-carrier proteln conj ugat e which

utilizes PDPH E AC further rises isolatin e .i m”munogeni ¢
con Ugat e compiDSindn & FeBr RERGTeTeR Tl TEbE o1yt B P B peul ar
pol ysacchari deﬁmbﬁjcugﬁ’u’sedlybmnlmngaher15<ﬂzneqyrcataeadrseroﬂ;5e15)Gﬂéﬁﬁolysmccbzneleenbodi nent ,

the isolation %fpr(;dlglgecfslg%p % Cﬁvged Sfﬁ)gﬂf?)j{%fag Saccgl a%anl er protein

conj ugate conpri'ses enbodi nent, the carrier
protein used i W038He lnrertcrmdbov;bﬁlcpr tbdb@lmgceswrccstlypél lﬁ'dwysacmtapsigl ar

pol ysacchar,i de; t gate which utilizes PDPH and EDAC
conpri sesq&mggégf%%é ag%& a‘gﬁqg%gﬁgﬁbodl nment, the CRML97 in the nethod of

produci ng ser ot¥)p¥ 8n ene conbedipsuil Ge ll‘stbP%/%fa%Qﬂﬁélﬁg HEQERM FPEAj ugat e whi ch

utilizes PDPH @d?ﬁac%pﬁgejc%@qg&gm'c@nﬁga&@tfﬁ]& Lmzéé@bghtcoﬁ’xfm@pﬁn@hsc]of 1
CRML97: capsul ar pol ysacchari de nol ecul e. 100491 In one enbodi nment,

activated type= régnicgolver &igf is palaY 3pEoiic SAXF- dRonfsatpofimentode pHy et hod of
produci ng ser oiyyfe sbiva isGeleafsidthe Raluy SESEMAdf dRne@BI fulfexidPr ot ei n conj ugat e

whi ch utilizes e en. about 50 kd and about 500
kd. 10050Z°I n {Pﬁg@ngmfh ?{t“a“@ﬁm&m‘%‘ﬁa&ﬁr‘ﬂa&e produced i n the nethod
of produci ng s&mathypephrdidott, edjtewdnathyipdbspberemtdaiM@ALar oicer protein

con ugat o i ofy 304511 265, REEH, AT A 1. Eopet veen aboutbet ween

{0039} In one embodiment, the carbodiimide used in the method of producing

scrotype 5 or 8 capsular polysaccharide-carrier protein conjugate which utilizes
20 PDPH is 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDAC).

[0040] In onec embodiment, the method of producing scrotype 5 or § capsular

polysaccharide-carrier protein conjugate which utilizes PDPH and EDAC

comprises the step of reacting the serotype 5 or 8 capsular polysacchar 1de with

PDPH and EDAC in an organic at a polysaccharlde PDPH: EDAC ratio by weight
25 of about 1:5:3.

[0041] In onc embodiment, the reducing agent used in the method of producing

scrotype 5 or 8 capsular polysaccharide-carricr protein conjugate which utilizes

PDPH and EDAC is dithiothreitol (DTT).

[0042] In one embodiment, activation of the carrier protein in the method of
30 producing serotype 5 or 8 capsular polysaccharide-carrier protein conjugate which

utilizes PDPH and EDAC comprises reacting the carrier protein with a

bromoacetic acid.



100511 1In one enbodi nent, the invention provides an i munogenic
conposition conprising a type 5 or 8 capsul ar pol ysaccharide-carrier
prot ei n cwoj2opauecopr oduced by any of the nmethods descri lped/userioiode47100521

I n one enbodi nent, the invention provides an i mmunogeni ¢ conposition
5conprising a type .5 or 8 capsul ar polysaccharide-carrier protein _
conj ugat e produced by any of the nethods. descri bed herein and at | east one
of an adjuvant, diluent or carrier. In one enbodi nent, the imunogenic
conposi ti ons cagpqi Se. AN AUMAURL hassdsadhiienl hhRl. AR 05 gsel ected from
t he group cons tlng 0 um num p phate,”alum num suftate and al um num
hydroxi de. In mﬂﬁmqmenbmdmnﬁnﬁodPﬁEMhmmﬂﬁwyﬂwﬁbr@@mp@bit|ons descri bed
herein conprisg, i rmunogeni c
conposi tions dgs%gﬁﬁﬁnggﬁgfm@%ggb@%%ggpggﬂhgggPPﬁg%égga}gﬁd | ess than 20%
free type 5 orCQmW%#v@%Q@H@rlde conpared to the total anount of type 5 or 8

pol ysaccharsi depgodd)e 1h FRALADBEMCF:, GO HRASH Bﬂ&%cx@%&@cﬁ esobrlzia,ﬁnm n can be
stored in water or a low ionic strength neutra buffer. 100541 In one

enmbodi nent , th@”?ﬁ%@ﬂ?*GHT5?69$Bé§W%¥HE%HHHJHF” 3HéWﬁ5DéF preventing a

St aphy| ococcal cdniphi@Gtthetsop ofl hiFe@$AnOhe Ceﬂﬂﬂjcﬁlo‘f)ﬁ p&lSﬁt@&hﬁde&ﬁrrwrt h a
St aphyl ococcus bacteria in a sub@pct h$%8¥he step of

adm ni st eri ng BOFREPAPet CCEMy ¢ F“ﬁ?&ﬂﬁ@P%ﬂ??%ﬁ”P?" th
i mrunogeni ¢ 20@@ﬂﬁ¢$hbb0ngaﬁsde@maién&bomgnamnd¢an@hansumpﬁmgawln one

enbodi ment the i nf ectio [ nis selected fromthe group
conS|st|nd'of f%nas?&gn@@ngh&ﬁgﬁocCﬁgﬁgﬂgg%g% sepsis and carriage. 100551

I n one enbodlnﬁW§ﬂ ﬂhemnmﬂeﬁﬁwmnmpn@@p@e@”amWEghmﬁn@ﬁ<Fé@@@ﬂhg or
preventing a h@&@&hﬁw&% ﬁr@tfcﬁ(&t)ﬁ] d Which ﬁMPds%)tPH%H'ﬁbg@'fﬁ%e@ sur gi cal

procedure, 25t met rising e step of admnistering a
prophyl acti cal wnmqse@ﬂqw@haﬁwumogw %lueﬁﬁm@@ém n BYAEOSiTegh as

descri bed heregam%& st @ el Gty sRIchPide tohjlghed BU @irkAproRmocedure. 100561 In
one enbodi nent e nmethod of the invention conprises the substitution of

CD1 for CDBP. 35’?6@5?’1"‘]‘%“8’19%‘“’@%6‘8?5%%‘{“ Oft”l’?éerf’ﬁ%ﬁf"i%n provi des a

St aphyl ococcuspaysh&us: 1d-55é91€1015pr6t2:111&0@&@%0&1&1@9hl}(ﬁl&@t&fmal’I de having a
nol ecul ar wei g bound to a

e S N b b e B R

polysaccharidexmnnabemﬂkmmmmuw@smmthecaaﬂmmnmnpﬂm@@wmmm$ubammeen about 400
kDa and 5000 kPgpy Aclan @&(ﬁggodlnent t he pol ysaccharide covalently
bound to carrier pro in conprises a pol ysaccharide portion that has a

mol ecul ar 28ei gHW4¥larigencofmbodiment, the CRM,; in the method of producing ‘

serotype 5 or 8 capsular polysaccharide-CRM,¢7 conjugate which utilizes PDPH

and EDAC is added in a ratio by weight of about 1:1 CRM,y7:capsular

polysaccharide molecule.

[0049] In one embodiment, activated type 5 or 8 capsular polysaccharide used in
25 the method of producing serotype 5 or 8 capsular polysaccharide-carrier protein

conjugate which utilizes PDPH and EDAC has a size between about S0 kd and

about 500 kd.

[0050] In one embodiment, immunogenic conjugate produced in the method of

producing serotype 5 or 8 capsular polysaccharide-carrier protein conjugate which
30 utilizes PDPH and EDAC has a size between about between 400 kd and about

5000 kd. | |



5between 70 kDa and 300 kDa. In one enbodi ment, the pol ysaccharide
covalently bound to carrier protein has a nol ecul ar wei ght range of between
500 kDa aw0206@Q@100Ba. 100591 I n one enbodi ment, the car PCEUSPIIO0844M3 porti on
of the polysaccharide coval ently bound to.carrier protein conprises CRML97.
I n one enbodi nent the 10CRML97 is covalently linked to the pol ysacchari de

t hrough a carbamate |inkage, an am de .ljpnkage,” or both. In sone

enbodi ments, the nolar ratio of conjugated |l ysincs to CRML97 is about 10:1
to about 25: 1. S e L en y bound to
carrier protei wbglongg?%eeéﬁgglhﬁaéh? me)/%]rg%g gsﬁat%q{m{l %%mggsé%\f\)g@éﬁ CRML97 at

| east at everycdinmioin&@tmaéeh&ﬁquéarmeb@athauw Qasrlelﬁwfe"tcrﬁ@ue@ﬁ ysaccharide. In
sone enbodi menf§qucthsy A9lyHacehald desaviatgnt |y bound to carrier protein
conprises at |east one linkage between CRML97 and pol ysaccharide occurs at
every 5 sacchalt0®d repeseambadimes!, Bf invppsiop BIOYEECEHAMIBRESNIF FOFWHECRMDOdI ment s,

the CRM 97 gpor ¢4 1519§at)1ﬂ@5|ap$ y@@ﬁ&marygaeaxaﬁw@mm Joyenb@umgat&o the CRML97
conprises 5to 2 %m nes ova nt(]é#gdﬁ to t g Lf%saccharl de. In 20
sone enbodi menPQIuEhRY ?mﬁB‘P?Si riggd e P %ﬁ': PYRIBEYal ent |y bound
to the CRML97 ma@mrdrsaeﬁerSIntoae aﬁbddyﬁdnnmlmwﬁigeﬂnt tompokifikiedoinpriseae

pol ysacchari de, rtion.of the

pol ysacchar i dealE’B\?}i’i“%ﬁieF Jb‘gﬂhtget t8" %:easfgftgcig gftéF"HPS?“SéB’F%p‘%ﬂ ses 8 to 15
| ysi nes coval eﬂtuhyluxlnlphé(sehhtdi olutdnemp@lfysaruic*hammdehydum@omemerrbodl ments, the

CRML97 port I Onelﬁgodh%i Pn%h%%ﬁgoc hlgg i:(g ?Pé’rﬁld {y gééthlg%%’}ﬂc%n ﬁ%ethar rier protein

of conprlses 8 ysSi nes cova ysacchari de.
100601 I n one @httyodlamrl!mm pl@sphaigent i on provi des an i nmunogeni ¢ conposition

conprising a Syg&yyr efllﬁé uﬁ%ﬁ’r%gén%on@o&@dn&’ %@s%%l@rhbr@ﬁ d&n@é’d%lp%% k3% gpund to

carrier protein as described herein and |'east one of an adj uvant,
di l uent, or cas®” apd lessgrod@h fres Wpohéf%%ﬁéﬁ‘%h‘f‘ compppgeditpiheéitlon provi des a

met hod of adni Rh&hEsfiHe s 8ipBHHBAERRY. ChCiRNRASichic QPmFRNRR &kdtBed® S. aureus
type 5 or 8 pol%saccharl de - 12 - coval entlx} bound o carrier protein as

descri bed Yer eMS5eR eA0P° SOBAAL VAP Gdeionlr SRS _H PiifBonse as descri bed
her ei n. 100621j0054] one oxrdadddimemt t,hctnh&tlbﬂm@nfﬁtmncphcm\ufdﬁﬁmﬁg s#ret hod of

e o 8o RS i B A Dl B g3, g, 2 2000
generated by aSwoap&ubcans qaob%m@chia¢ctdt®mealwdlcmmpmﬁogem gepodnj ugate, or an

i i | PTI ON OF THE
DRA NG 10064 1 The pPae Bt R FEm i AR R o e og and

f eat ures, 2&s pe@qng)ogn@ as described herein to the subject. In one embodiment the infection,
discase or condition is selected from the group consisting of invasive
Staphylococcus aureus, sepsis and carriage.

[0055] In one embodiment, the invention provides a method of reducing or
preventing a Staphylococcal infection in a subject undergoing a surgical procedure, |
25 the method comprising the step of administering a prophylactically effective
amount of an immunogenic composition as described herein to the subject prior to
the surgical procedure. ,
[0056] In one embodiment, the method of the invention comprises the
substitution of CDI for CDT.
30 [0057] In one embodiment, the invention provides a Staphylococcus aureus
Type 5 or 8 capsular polysaccharide having a molecular weight of between 50 kDa

and 800 kDa covalently bound to a carrier protein; wherein the combined



10advant ages ot her than those set forth above will becone apparent when
consideration is given to the followi ng detail ed description thereof. Such
det ai | ed we=eori/g@tioen nakes reference to the foll ow ng dPamiusgel/0ssIes ei n:
100651 Figure 1 shows a repeating polysaccharide structure of S. aureus
serotype 8 capsular polysaccharide (N-acetyl mannosam nuronic acid is
ManNAca, 15N-acetyl L-fucosamne is L--RucNAc, and N-acetyl D-fucosamne is
D- FucNAc). 100661 Figure 2A shows an analysis of fractions fromion
exchange chro capsul ar

pol ysacchari d(rarﬁ1 %%8&&%&1}1 Qtée%@%ﬁ&gﬁ)d %le§ bg)g{;ogtld?hehcgg%grtggmgsssay) Fi gure
2B shows an anbdtygingbgf 4¢Q‘d?;9t%"éﬁ§00f%m i on exchange chronat ogr aphy '
(Q Sephar ose) mgs;2Q§on@emb%echﬁte{h%mpﬁc&a%%w@nyBalnns@&marl de by doubl e
i mrunodi f f usi on assay. 71 Figure 3A shows the effect of pH (3.5, 4 or
5) at 95C on tW@‘Cf"é@ﬂ’@t‘?eéﬁP‘E)‘Vsaglha%ﬁfrpéﬂé’“é*@?%‘F?ﬁ@‘%ﬂéra‘ﬁ%&h‘ 8ol ysacchari de

mol ecul ar wei ghdiwidh 70@8k aﬁdmmmentn,onEblgwdane%Bt&mamacbmd@&fvgmtlyof
tenperature ' (55C, 75C or 9

) n the reduct of S. aureus
serotype 8 caplidf @8 W%@EE‘%F f H‘@lgﬂﬁ‘fré‘@tﬂ’bﬁa“&ﬁéifbﬁf" e‘?"néoﬁggﬁ aslss ¢ eat ment .
[ 0068] Figure #Zsshkoas the nol ecul ar weight of purified S. aureus serotype 8

capsul ar polys ar.i de cal ared Lo scrofypc sacchari de over
time during he@%g{]reéf’?ﬁac'? OFnepty fhs CHTI tylp%‘frﬁ?‘]e(gfg%&oﬁiy@aecgﬁ)ar%and 95C. 100691

Fi gure 5 showscdvaiengdsent tslﬂamcnmd)tem nomprees GRiMityr. rleosd angdenesethot ype 8

30capsul ar, pol o ?RIMJE 0.
Al Pog ;J r eat gd ‘?gﬁ‘ﬁ’ gacéb ?L%ﬂ 30 &9&4 l%gahgldég{fg‘%gggg%?rg&gmﬁ{lg%& a repeating
pol ysacchar i deaside lichegs. er bsth. & Soalﬁreélhsd@éfﬁbﬂyp@@ rgitelof sengughiad | de (N- acet yl

Mannosam nur onjygin&Gh ErRM,, MedBDACH: | Nagaelsyl 1-dobe @aBMdiRAEnd S L- FUCNAC, and
N-acetyl D-fucosamne is D-FucNAcA). 100711 Figure 7A shows an anal ysi s of

fractions fromiF8HYEKERAIGE VR BHIE ARFEITRYIOME) SSaWFIES 8SE 961 S, at er eus

Serotype 5 pol y&a@mhmag@eet(@aﬁqaw aAgsiaygvedsdo i@ bebiatige Rpdabluihosphat e
assay) ; ure 7 shows f fractions fromio xchang

T okt ogr Sy O{( 5 RBgHarE D) rete dboRimeBh ety Bss cpal g SARERA de by
doubl e |mmnod|ofcﬁ|mst p}ﬂtcassayrlscs'l.ﬂMﬁanh@dﬂg@bc&kcﬁh?&%qytahda effect of pH (3.5,

4 or 5) at 95C ccll}ar c{c occurs a ﬁ\fcr){gs élha dct':rcpca unl{s?tst dﬁgcchéglgc Su' ar

pol ysacchari deP Sfiecul'ar Wel t'FREAL ows the
ef fect of terrpematem’oedl(ns@@them@/l@fp09®@)0f die pplb‘saecfﬁrlmowﬁelﬂry@dww on of S.

aureus serotypge %R%B%Hh@fxse?ﬂoy%%@% ngmf“ﬁnﬁéh% He p\é’@k&manhé" ipeat

treatment. 100731 duce yel onephritis in mce that
recei ved 20er Wﬁ@bgdlments the CRMm portion of the polysaccharlde covalently bound to

the CRM 47 comprises 5 to 23 lysincs covalently linked to the polysaccharide. in
some embodiments, the CRM g7 portion of the polysaccharide covalently bound to
carrier protein of comprises 8 to 15 lysines covalently linked to the polysaccharide.
In some embodiments, the CRM 97 portion of the polysaccharide covalently bound
25 to carrier protein of comprises 8 to 12 lysines covalently linked to the
| polysaccharide.
[0060] Inonc embodiment the invention provides an immunogenic composition
comprising a S. aureus type 5 or 8 polysaccharide covalently bound to carrier
protein as described herein and at least one-of an adjuvant, diluent, or carrier.
30 - |006l| In one embodiment, the invention provides a method of administering an

immunogenic composition comprising a S. aureus type 5 or 8 polysaccharide



15pol ysacchari de- CRML97 conj ugate conpared to PBS-treated controls (shaded
area is the treated mce). 100741 Figure 10 shows colony formng units
(CFU) recwoenad4ice3ki dneys after challenge with S. aur @a3/USEHEASRGH i n

m ce vaccinated with hi gh nol ecul ar 'weight (HWy CP5-CRM | ow nol ecul ar

wei ght (LMAN CP5- CRM or PP5- CRM 20control 100751 Figure 11 shows a

conmpari son of OPA titers (geonean) frameserum obtained from m ce vacci nated
with different formulations of polysaccharide conjugate (high nolecul ar

wei ght (HWY ps consi sted
of 5to 9 m ngdsv %@PR“E@B%%@L%% m@‘ri 5%’%@‘)1*’08%&3%@"%2‘3ent
i nvention r el aieunegespenseisrolgeatibed kesmj.ugat es conprising S.  aureus serotype 5

or 8 capsul ar mkﬂsaﬁglwmemﬁpmemﬁt%qp;oeld@@met%d&r.gataahg§ and met hods
for their preparation and use. Novel features of the inmmunogenic

30conj ugat es oPolysaechpridgerithiagpeleier weighubre epridOdels 2ad 1000kt profiles of the

pol ysaccharg degyogf)d 1h 8addnitoBheRO e WBBHRH protvlaes dnahiigddbeepiidugat ed | ysi nes
per - 14 - CRML97 carrier ﬁrot ein and nunmber of lysines covalently |inked

to the pol ysacEREH3rdalysacHariiy ﬁﬁg?mwg@g\ﬁgm@%ﬁte PT HKEYRECS5BE ween the carri er
protein and theorgkiisactthagresds im&ndonf unction of repeat units of the _
pol ysaccharide, and the relative anount of free poI ysaccharide conpared, to

the total polysaccharide. E@D@Sélﬂ?ﬁoﬁéﬁ?l{ ride" as used herein
means a pol ysacchari de that I's not conj ugate to t carrier protein, but

i s nevert hel esfop4jeSBRpresdht tnh@t@@wh1U@adeaeraleaea@@dtahmamﬂceazae]:tsM&t hods for
meki ng the |nnu he i.nvention |nvolve coval ent

gem c cogainu at es v
conj ugat i o of A"AE2ges BLEN g F?‘ﬁé‘ﬂ@hﬁ Picadl OGEO PR 2RPRE 4P er protei ns usi ng
10conj ugatl on chreidratidnyfs glnmbvherfgllcﬁﬁ)lg dethjldd deadripdonytheiafnSdaiztolagdd,  COT (|,

1- car boyl - 1.2, 4-1r1 id i t hi 0) - propi onyl
hydr azi de) CDFeerSptlé)n 81&% I¢ grf:nce t(tgpfoll()wmg%glg%(n S, vyhe%:m' Use of CDI/CDT

results in a oméﬁarlbgure@rshcweraoemﬁamr’mmqubacmede h@tW@ﬁSwp@ubmtwe
pol ysacchar i deg @%}gul owseﬁ'éhapl'aé)&\?h& yI Whdo nua@orﬁé acE’QE’MamﬁuAts in a covalent

t hi oet her bond between "capsul ar saccharid 5and carriéer protein.
100781 Addi% i ONaﬂCEtﬁlrIoﬁlfxOﬂaWé'rIsFﬂQi‘f sﬂli@q?rywafv@aar@s isfthFucNe)-| i nkages

include but arg ﬂt li‘l%lmetZQQh&@ an%Hzll;'s% df@am-rﬁmﬁwnfe%hh%eswp-r
(4-sul fosuccinim | -a-(2- yl di t hi 0) toI uam doThexanoat e)) ;

sul f o- KMUS ( m&%lp@?%ﬁwu% c?é?f&mﬁ?/)l fear F%’ﬁ’l“f%@[f&%? FﬁPFH lyeporysgcghayide
sul f o- LC- SPDP 28 (asethif 268436 eddntkiBRdikydcid (phosphate assay); Figure 2B shows an

6- (3" [2-pyri dylalga ):[512Io?}rac%or?spt{o?nn%nmegc%gnt]gg%l?rggz?iggr?iphwe)%gpharosg fe or

20 S. aureus serotype 8 capsular polysaccharide by double immunodiffusion assay.
[0067] Figure 3A shows the effect of pH (3.5, 4 or 5) at 95°C on the reduction of
S. aureus serotype 8 capsular polysaccharide molecular weight in heat treatment;
Figure 3B shows the effect of temperature (55°C, 75°C or 95°C) at pH 3.5 on the
reduction of S. aureus serotype 8 capsular polysaccharide molecular weight in heat

25 treatment.
[0068] Figure 4 shows the molecular weight of purified S. aureus serotype 8
capsular polysaccharidé compared to serotype 5 capsular polysaccharide over time
during heat treatment at pH 3.5 and 4.5, respectively, and 95°C.
[0069] Figure 5 shows increased survival in mice that received a serotype 8

30 capsular polysaccharide-CRM g7 conjugate (diamonds) compared to AIPO,-treated

controls (circles).



by thiols; sulfo-SWPB (sul fosuccinimdyl 4[p-malei m dophenylibutyrate);

sul foSI AB (N-sul fosucci ni m dyl[ 4-i odoacetyl ] am nobenzoate); sulfo-EMCS
([ N- emal evoizdooeprody| oxy] sul f osucci ni m de ester); EMCA PCT/US2010/039473
(N-e-inal eimdocaproic acid); sulfo-SMCC (sul fosuccini m dyl

4[ 1 V- mal ei m dor net hyl ] cycl ohexane- 1- 25car boxyl ate); sul fo- MBS

(m mal ei m dobenzoyl - N- hydr oxysul f osuccijgi. m de ester); sulfo-GQvBS

(N[ g- nal ei m dobut yryl oxy] sul fosucci ni m de ester); BMPA nal ei m dopr opi oni c
acid); 2-inmun ol [ [ Lonic acid
N- succi ni m dyl fbto ! ﬁQ@ M‘%“g%%p%tmg P blﬁgaé&égﬁ%yﬁg}éﬁgfg ,,PQ,” F ter;

4- mal ei m dobut 9p@lzzsaesélra@ﬂer(llvm:zhmnnmselvylnur@slcewd isQNAPIN Ach, N acetyl L

30succi ni m dyl ﬁeéa/sqmnl@wkuamchmd »M%typwﬂ]&&ydnqhé l@bodmAyspe) LC-SMXC (succ
inimidyl-44N-mal el m donet hexane- 1 -carboxy[6-am docapr oat ep;
K_MUA (N k- mal &Oﬁilddhme&éﬁé%s aa@vedb)ms of P qig 98 ek hpiEcdyl 6- (3-[2- - 15

- pyri dyl d'5t hi edroR4ORLAN ands m&mgﬁ} s s&tPpE 5 polysaccharide (O-Acetyl
(succini mdyl-6 I\;Iml%e;lﬂydopglg%l onam dolT uexanog% eg ySIVPB (sucf;m r¥| m dyl.

44pmal ei mi dophéﬁ“ﬁ‘?}’)]aﬁﬁfeﬁh%.‘f é()l phgsppate assay); Figure 7B ows an analysis 0

(N-succi ni m dy &hdiohsoftonice tydhhaic noheb ZagHy€);SepidkaSe) for S. aureus serotype

([ N-e-Mal ei m doc |n|n1d est er SMCC (succini m dyl 4-
5[N—naLeinidongPﬂ91 %@%?%%3%@% B R o\ g QE%VVQ%%) MBS (m Mal ei ni dobenzoyl -
hydr oxysucci ni (007 a3guwe 3A siEBARh Slaoil pilitd. siyll or 5) at 95°C on the reduction of

3-[ bronpacet a [ na Y ] succini m de
ester); ANAS alneg' ge?nfpaozicc%sug&?ﬁl?g%%% n|;:‘;1r(1)‘|ﬁ:rn'aulgrWet’q{?%1 %%9 éucm ni m dyl
i odoacet at e) ; HmdNNHU@QWhWﬂvﬁvtm@ﬂmwa@oaééﬂyﬂﬁihwﬁﬁﬁbenﬂééﬁ@nﬂm0100791 The
agents can al SF@;dQ&oﬁ;BﬁS§,ﬂe,ﬂJ§€Qt)§§5@ sﬁgr%ﬁlgdc@%ﬁﬁémglggular%lgﬁlpm'hg_' groups.
Such cross |inkers include b 'imte

(Ndpmal ei m dophHea¥Ti socyanate). 100801 The conpositions and net hods

descri bed her ejgp78r eriglsed WowsRedcdddytiBhcphals uamkluﬁaﬁct&mas&e{yp@%anpl e, the
conj ugates can be used in the production of 15con i myunogeni c

conposi ti ors t BOIpPETEEE- Cr‘%‘éf”p‘i"éﬁ%‘ge FABATTSLO Bty B dc ‘?‘Fé) (Fhgfied arca

Al ternatively, istiarcd@d im@ds conjugates can be used |n t he productlon of
ant i bodi es agaj cterl ubsequent |y
can be used in‘oﬁ]zzgetﬁ%"r{e %%wal‘ﬁ?"c?'aimq 'ggoo"?/t?;l or rccg éﬁ/d '“mnccyﬁaa%r bact eri al
detection and setlotypith§.c.sus RFESRIZbOWinss: ymginaddsotibeglusaetutao conf er

passi ve i nmuni l@]ﬁc :,m@@ odi es
produced agalngg %3??@%&2& %gé%‘%??gg% are unc%?gﬁgpﬁ:nQQF?her an
ani mal ef fd0cacyentredel or in an opsonophagocytic killing assay. 100811

Unl ess defi “edlo‘iﬁé]erm&ﬁn ﬁ%bvs%%&ﬁﬂ&h%'of@'@ﬁ t§&& &@&hd‘ah)cfrén%c%l used herein
have the sanme neani ng-as conmmonl y Understood by one of ordinary skill in

the art 25 to YWieHd fomemichvreainpiehwpltiffercpdormafating od Rolsigehaidehods and

rrﬁt erials si mlcﬁnyugsxe_aﬁguh?wduﬁweigm (HRDBECERRSRMI tae«d?]&@nat ?e.gmndbe u?]e(cji in |
the practice or ing o e preent inventjon, the preferred nethods an
materials are %i@?#g%gl{wér@ﬂﬁps CP?P'Séegsoé?f%gr'ﬁtjet he enbodi ments and cl ai m ng
the invention, certain term nology will be used in accordance with the
definiti o set out bel ow. 30[ CEI2AILHAZDLESERIPHEPRi n, the singular forms "a,"
"an," and "the" include plural references unless the context clearly

di ctates ot her W¥¥¢¥ Thus, e.g., references to "the method" includes one or
nor e net hods, ﬂ)@% st eps of

The preSent mvenlilon re‘aYCp % unmunogemec%onjugatcs comprising
S. aureus serotype 5 or 8 capsular polysac,(,harldes conjugated to carrier proteins
and methods for their preparation and use. Novel features of the immunogenic
30 conjugates of the invention include the molecular weight profiles of the

polysaccharides and resulting conjugatcs, the ratio of conjugated lysines per



- 16 - herein and/or which will becone apparent to one of ordinary skill in
the art upon reading this disclosure and so forth. 100831 As used herein,
"about" mEensiMi4idBN a statistically nmeani ngful range ofCa/vsadmeisiazh as a
stated concentration range, tinme franme, nol ecul ar weight, 5tenperature or
pH. Such a range can be within an order of magnitude, typically within 20%
nore typically still wthin 10% and eygn nore typically within 5% of a

gi ven val ue or range. The allowabl e variation enconpassed by the term

"about" will d upon the partij cul der, s udy, and can be
readily apprec?gﬁgdcﬁ ”@H“QBFQEMHmﬂwgfmgﬁyOVHFHW fgedd E Wienever a range
is recited witpalysatchargie i0apphticcaftcowmignt Enkegey benotrethaicantixe protait ®ger wi t hi n t he
range is al so t 100841 It is
noted that in &E?Iﬂ?%pésh%}:l(%gag%n%pon or}pe?)gz!tqﬁﬂ of%¢ggﬁgac!:lﬂygg1%qol rised, "
"conprising, " fetomt anqvg, of fite pelysarahiniy compried th éheltklpobyaasclinaide Tfhe rreani ng
aF tributed t 0 Fenﬁn@rée Hsa\s,chaﬂgé"edmlseh ﬂé’?fem hebhsia pron'?z%clﬁlﬁae WQnot' ncl udes,
"included,” 15"1ncludin and the ""Slch térms refer to the inclusion
of a particul a?oni%@%@ut@rﬁasﬂebpmw b‘tSFS qGVf‘gWé‘ﬁﬁS@rﬁS@tm%wwg@ﬁcl udi ng any
ot her |ngred|eaﬁ§mmﬁ@{ns such as "consisting essentially of' and "consists
essentially of' have the neaning attributed to themin U S. patent |aw,
e.g., they al | B8 HoMgthpds ,foﬁ(l}}ah@gﬁlﬁ IBPUBOGERIS FOHERCY Orfél?'eéﬂ‘leéﬁﬂ‘i“s‘“wvest eps that
do not detract chbl@ﬁﬂchﬂﬁgaﬂ&V@thdlfapiﬁ&S p&lysabubraiet @fth Gk icarsieqfrottineusa@i nvent i on,

i.e., they exclude additi.onal uynre Lents or eps that detract
from novei*r %ogé”ig%uoé’ﬁher‘%gfy PYolsf‘f P%‘gbtﬁqtcﬁﬂg )ﬁsglﬁfia%ﬁ) Cgﬁé t hey excl ude

i ngredients orUsnewwyGhlﬁhQUpmﬂamraDPH(Sumhmaﬂmdmﬁumﬁmﬂslmmntha art that
are cited herebp, Qe diRSABRLANGHRY UELEEBIEBTNELR Ry ofSRRGHAI Y as 1t
is a goal of t docurren hat are atentable e.g.,
novel , non- obva@@<mﬂnvéﬁ@rvgw&mwenmaambh@xbvwepmhmvwreogm whieer docunents

cited herein of.lopFOFRRLALEHa pa@areﬁftﬁsgmgomfeme@nc r pb&cd BB " consi sts
of' and "consisting of' have the meaning ascribed to themin U S. patent
| aw, namnellp, tﬁ&FaWﬁ@@@eWerns are cl osed ended. Accordlngly, t hese terns

refer to the ipobs)siQRiRhaldroRdlirkt:s WrakHiR@LEdI@Ito -MH, Sftag@findit@r edi ent s and
t he' exclusion of all ients *nnnuno eni c cqg% gates 100851

i ngre
As descri bed aﬁﬁ@%“OUH@wBWé§@ﬁiL?%V@ﬁt?%mlfé M EE-PIOTRHIRSEERT ¢ conj ugat es
conprising S auhﬁusuagmmﬂ&pm»5h@m@Sp@amsuaa@mm@mMmanhar|des - 17 -

Conj ugat ed to C Iélrrrlu ouné)ecannﬁfox sultosucugmlc?eester i stulfo fLCtgl’%fJ nvention provides

i mmunogeni ¢ cofj (At e8"CH S Sserotype 5 or 8 capsul ar
polysacchamldeﬁamnpugmheﬂHtﬁ @anmdﬂmﬂmﬁmsmmmendompmomenmmhawkwg<one or nore

of Lo 1ol ow Byl fal st aRer DRuRRLYAABENALL A% iadyRuTRLERM AL e Ot of

bet ween 50 kDa “5an | nmunogehi ¢ . con nol ecul ar
wei ght of betmé@ﬁ3@@@”ﬂﬂﬂﬂmmﬁﬁﬁﬁﬁmﬁﬁﬁwladeﬂh@m@bﬁWﬁg@ﬂESéﬁhﬁrlses | ess

than about 30%fikREJRYYIAGHENAE e Rk AltérY EM®@A tmwalem@,hy@?&ccharl de. In
sone enbodi ments, the pol ysacchari de has a nol ecul ar wej of between 20
kDa and 1000 kf%d ); uH{o-8 " (sulfosuccinimidyl 4- [N-malelmldomethyl]cyclohexane 1-

25 carboxylate); sulfo-MBS (m-maleimidobenzoyl-N-hydroxysulfosuccinimide ester);
sulfo-GMBS (N-[g-malcimidobutyryloxy]SLllfosuccin'ifnidc ester); BMPA (N-B-
malcimidopropionic acid); 2-immunothiolane hydrochloride; 3-(2-pyridyldithio)
propionic acid N-succinimidyl ester; 3-malemidopropionic acid N-succinimidyl
ester; 4-maleimidobutyric acid N-succinimidy! ester; SMPT (4-

30 succinimidyloxycarbonyl-methyl-a-[2-pyridyldithio]toluene); LC-SMCC
(succinimidyl-4-[N-maleimidomethyl]cyclohexane- 1 -carboxy-[6-amidocaproate]);
KMUA (N-k-maleimidoundecanoic acid); LC-SPDP (succinimidyl 6-(3-[2-



enbodi nents the i mmunogeni c conjugate has a nol ecul ar wei ght of between 10
200 kDa and 5000 kDa. In other enbodi nents, the conjugate conprises |ess

t han abouwo02btfyo4ameut 20% about 15% about 10% or aboRCTAXKRG610089473

pol ysaccharide relative to total polysaccharide. 100861 The "conjugates" as
used herein conprise a capsul e polysaccharide usually of a desired range of
nol ecul ar wei ght and a carrier protein,swherein the 15capsul e

pol ysaccharide is conjugated to the carrier protein. Conjugates nay or nay
not contain so As used herein,
"free capsul e Bﬁﬁl 3@3@@# ?'Ié}g%qdoq%g?&saldt%ggg sg{iglng%{j)qga charide that is

non- coval ent | ymaksmédpstpéedgamidp lhexanoase); SMBWS@WH'F‘@NH -bound.to, adsorbed to

or entrapped 'Hxa@ﬁm&!ﬂpﬁéﬁyl]wﬁa&ﬁ)@m{g@@ ?x@cu%\ﬂ@ﬁh%doQ&W]’%ﬁ\%b@q&éa@@ carrier
proteln 20The terns "free capsul e pol ysaccharid ee pol ysacchari de"

and "free sacchMGSdBY- eﬁ%‘%@%@@d“?‘ﬂﬁ‘é?‘éﬁﬂ‘#ﬁ%ﬂf Wgﬁdsué?‘%‘“]‘% nded to
convey the ssar hemaﬁﬁnadhgahyi;@ﬁ&mxa%m@ﬁmb@&se)QﬁBs hﬁ_umxurdebeaiow e carrier
nol ecul e, it can econuateAéBthe%lérEu]a[r sac f]arlde ?It er
directly or t hPSYRHSUSC N e"r“er) AlsteeHapgy b“"t"lﬁ’a Sa(%&ﬁ PrgRiptgte

"conj ugat ed" aBMPSQNmB u@&tmlﬂ@)rop’yﬁ)f‘(?]l’sudcﬁ1rﬁ:d¢)<fs&€ﬁ3MAﬂ‘\T@-l(£by a bacteri al
capsul ar pol ysaccharide is cava ched I er | ecul e.
Conj ugat i on enﬁ‘éﬁ%g‘)d{’%‘é"yﬁ?‘?ﬁﬂﬂ'&i ees‘(?%timé Sf“h“n”b lt“é(fola(a?atec)a‘ﬁ‘gu ar

pol ysacchar i desucdiheidyd (§-iodatétpiramanbdnecaper f or med accordi ng to the methods
descri bed hel o r S gﬁym 1 81 The

nol ecul ar \%&I gmﬁ%f b%h%%% cgrﬁ‘rﬂlgqtcl%séogglglsﬁ ul ar gcgsﬁlggeégﬁ;rsi@rg |%gr8a

consi der ati on gwrpsuSechiqnoss hmrﬁogfélmecbut@m@mw@ﬁéwﬂﬂ(w mol ecul ar wei ght

capsul ar pol ysg]ggmgdpgg@u@g@ya@;pg)e to induce certain antibody inmmune
responses due - i gher val ence of the epitopes present on the

anti geni ¢ surféﬁ?éﬂl 1“?%160?@2}13&‘9{‘5(}'1‘?‘1613‘1’0% dperifed heesin AF vsRET g vaesty bl ar

pol ysacchari degpplitdtiofOHoefRhplcelle EMughtseeah Be 493 irGBOROGIctib0dTS and net hods of
the present invention. In one enbodi nent of the i zﬁen i on, high nol ecul ar
wei ght serict yp€CT8 '3 IBMERSEUS SAREI 'S ARG "t CET B> 8™ 4Sol at ed and
purified rangi ngccfmr@mABE}nktDalyt e EHR0s ddaplgma; cabbesud mrthaygodylation dfn one
ggf)gg;ggg;r O B ARG Plrcrll SR S0 Bl S B SECAINBER 0" 8 3PS o
i n ol ecul ar wesed lit resebngh @mﬂechemuddnomr aspdys.tsheh asrwrefntai datectini iglh mol ecul ar

wei ght serotyp | ROLY.SRE chatd AerfMHiitEmneahfhed and purified
rangi ng from %6&%;85%(%69 %%&IDga}lsn m){gecu ar %Sll t.n Irtl}aone enbodi nment ,
hi gh nol ecfl ar suhisicgHe *%@re@tbyﬁ)@eﬁs e Btibeiss moavceéég%a@émﬁ de can be

i sol ated and pH&l%Jabc‘ﬁgr Jc@&g'ﬁﬂglléﬁaﬁmcxﬁrm hf AR yKERCI 3 i@ ecul ar wei ght.

I n one enbodi nen nol ecul ar wei ght Serotype 5 or 8 capsul ar

pol ysacchari deolE,SaFPPB@OthSIkéP%&PS%Md purified ranging from90 kDa to 250 kDa

in nol ecul ar WﬂlOﬂflt Udidis @d]ﬁhe@bfb@disgﬁimtmchﬁlt@ Bnd@lcgeid tadins uddd hareinght ser ot ype

5 or 8 capsula ysacchari de can i solated a urifjed ranging from 90
(Dm0 150 KDaM R HSTRCaFaInasFgRoy HeBREoLRbuleheRenik Bl e Ecu L ar

wei ght scrag ype \5h|ﬂfth8|neapsmbmammojwls)aglcmnmede_ds::md npecriasolnaked and purified
rangi ng from 99 ull{v cntt tho € (desCTl c%lncrcm cancoc u?c Y grmmcc ort % ? odi ment, high
nol ecul ar wei git""'$ef'o %c sular cchari e isol at ed
and purified rawganngvci_hom dmp@@crt@@emctmdﬂ@@ nl@[@aalb‘ hrcrﬁmcewlham"\/vén ght. O her
ranges of high CUb | ELREYREROIn Vi, CARSUEARL L \gacchari de
that can be |sg at eoé* A %ﬁr‘ﬁ 3 % r%q rrlrgt ﬁ‘gds of thi smol%r%lventl on incl ude
70 kDa to 100 kweﬁiwaﬁiﬂf@éﬁﬂwh thef ﬁt“onsmt%'lbhe'?‘b 110 kDa in nol ecul ar

wei ght; 70;kDa lg](Io@z]lZ/Qs dsEPhekdin, AR s ﬁ%glk%nﬂyelaghatnw ahl "tkPandiie paPalkDa i n

nol ecul ar wei ght kDa to 140 k i.n nol ecul ar ight; 70
references unless the context clearly dictates otherwise. Thus, €.g., references to

"the method" includes one or more methods, and/or steps of the type described



25 kDa to 150 kDa in nol ecul ar weight; 70 kDa to 160 kDa i n nol ecul ar

wei ght; 80 kDa to 110 kDa in nol ecular weight; 80 kDa to 120 kDa in

Mol ecul arweengi410080 kDa to 130 kDa in nol ecul ar wei ght pC8@ska/os@74140 kDa
in nmol ecul ar weight; 80 kWto 150 kDa in nol ecul ar weight; 80 kDa to 160
kDa in nol ecul ar weight; 90 kDa to 110 kDa in nol ecul ar weight; 90 kDa to
120 kDa in nol ecul ar weight; 90 30 kDagto 130 kDa in nol ecul ar wei ght; 90
kDa to 140 kDa in nol ecul ar wei ght; 90 kDa to 150 kDa in mol ecul ar weight;

90 kDa to 160 kDdin I i cul ar
wei ght: 200 ke Pop il o oot ppoeh ot bR AR AR 30 1
i n nol ecul ar wehdjhg this 13OlokBaandgo IBO. kDa i n m)l ecul ar wei ght; 100 kDa to 160

kDa in ol ecul gheyel Qftke i2fish, SdoBhit Ao G3hinGdaRl:GEHhaRngE) Bl dranges. Ay
whol e nunber integer wthin any of bove ranges is contenplated as an
enbodi ment of vaE shehasaesiatsd LO@&@@B@&”P&? @)‘ﬁ‘éfr@??wmch‘ﬁ?ﬁw“&hhe conjugate has a

nol ecul ar wei gahpaﬁtuké%wﬁesu&tmwgem te bR o@&pyﬁma‘%@l&wek@ﬁcau@ nol ecul ar
wei ght. I n one enbodi nment, conj ugate has a nol ecul F}‘]WV\ﬁ%gg’rﬂgOf bet ween

about 200 kDa ¥Hn %%dﬁorswﬁalkml“l“ﬂ‘hf?dloé‘bEﬂdafr”e%?’@mp‘ca odi nent ,
t he i mmunogeni @gl@&ﬂjau@@? &nébasl‘haa]ﬂm\‘aﬁﬁlﬂ'hrw’txomcgﬂﬂbasﬁﬁd bh eficwarenaslout 500 kDa

and about 2500 I.)n one 10enbodi nent n I,C con te has a
mol ecul ar wei ght! %Penﬂé‘f’%t RPAYIGE SHSt56 YoEs s%'{’ﬁ%t ag@é o5 6@' E1?5%16t %g one
enbodi nent , theymmﬂmﬂgle@lsmllammpuga%edmaaaaxmahsewledwvntmulght of between
about 600 kDa an genic -

conj ugat e 'has PP pgc ‘8%5 ngen fm%gtv\lelléhéngggg ge B %la(bg({(m%édp%ngout 2700
kDa. In onhe emmdmhmmeptqflde mwmmogenl c conjugate 15has a nol ecul ar wei ght

of between abotbb%&oq{).s KQ@%M% %bs% gLQQQClKlP?uchQgtc%grnsc@bqwhggs%@@ kDa and

about 2500 kDa et ween out ' and about et ween about
1900 kDa and alsouprigmayQ cimens, be@rm@ns, ‘96 the k000 RrsdhameniBout 2400 KkDa:

bet ween about 1¢(0ck BAnaRNth BB Pen28RQ. K Roy cRehwmehcalaut inkBa&, kDa and about
2600 kDa; between about 1600 kDa and a out ‘P‘fgﬁ}?ﬁ . 20Any whol e nunber

i nt eger wiltthi n agNAINS apdthe 5%@@°W%ﬁﬁé§feﬁ ta theg P BYYE an enbodi ment of

the invention LORLs &ssgmdgrda&rnglmmo icmm@gﬁpbmu ifganieareald | ity of an
antigen (or an epitope.af the (Bagterlal ca sul ar

i.gen),
pol ysacchar i de®6P 22 “¢BHf' Wgcéfcéu?a[ nd e%(’“&'s%?)srsr%“' toR E ST t he |
antigen, to el agibhtean themrniéSrpeponse:. 4. nhezfﬁaoxh@&tthesm&moasﬁ addremwtal , eit her

hunoral I'y or C%'érlchll.cf?tg oxystc,rgggl ?t}oen%ad%%ctt?rgkhhe ﬁ%QQlQ)rr gésﬂwhyractcrjiswggem c

conj ugat e" used hefein nmeans any | nmunogeni ¢ conj ugate
cont ai ni ngzoan am¢ritigen eorhelamdugemddlodétuelfemeﬁafmed(eimsé’f stepsphat dgs@¥t of a

bacteri al Capsﬂ!)lﬁrno@:@l)yb?i?igQlﬁ%clc?ﬁwggmwygl%nﬁgn bR ReFdkhbl€heABLACH € that can
be used to elicit an immune response. The imunogenic conjugate may 30serve

to Sensitize tHEPSKESE PHY aﬁ"h@%ﬁé’@é‘ﬁ’@%ﬁ%ﬂ‘c% theree &g of ACassoci at i on
with MHC nol ecik&soratkd By RBrdncShbrdiRespecihily Badi 4 panof tmpté@MBisPeci fic 1-cells
or anti bodies can be generated to allow for E he future protection of an
i mruni zed define embodiments that are patentable, e.g., novel, non-obvious, inventive, over
25 the prior art, e.g., over documents cited herein or incorporated by reference herein.

And, the terms "consists of" and "consisting of" have the meaning ascribed to them

in U.S. patent law; namely, that these terms are closed ended. Accordingly, these

terms refer to the inclusion of a particular ingredient or set of ingredients and the’

exclusion of all other ingredients.

30 Immunogenic conjugates

[0085] As described above, the present invention relates to immunogenic

conjugates comprising S. aureus serotype 5 or 8 capsular polysaccharides



- 20 - host. I nmunogeni c conjugates thus can protect the host from one or
nore synptons associated with infection by the bacteria, or nay protect the
host fromwoOeatim4dwe to the infection with the bacteri a asyasc@bosvsmst h t he
capsul ar pol ysaccharide. | mrunogenic conjugates may al so be used to
generate polyclonal 5or nonocl onal antibodies, which may be used to confer
passive imunity to a subject. |munoggni-c conjugates may al so be used to

generate antibodies that are functional as neasured by the killing of
bacteria in eithe n ophagocYti c
killing assay.E%ﬁgg%i“%thplP L 6@§¥g%gﬂﬁhu9ﬁw J“%?)@J&pl?n(%glecule capabl e

of specific 10b1‘1rmr.ﬁoag1iq@nagatesrcg@prlsmﬁch aagI’Saﬁewambéhy&Ffmﬁléar pol ynucl eot i de,
lipid, polypeppiid&ecnilide-conjb QU8 Barfidr nloRRFIE op&&emmm,gge&e LemBRYrtcon site,
Iocated in the variable region of the inmunogl obulin nolecule. As used
herei n, unl essfdpnagffagees; figinolysasehapde e ameleculan wraght atbgiwesn Phkdhded to

enconpass npt gkl %0 kDh.akd inQinY nQQalluu@'fe HPN Bl we téfﬂ)@ﬁu es, but also
engi neer ed antlb0d|e83§¥”8§$aﬁi meric, humani zed an or% gerlvatlzed to
7

alter effector $UEP ¢ EQPIUEHE CHRRTISTS 1857 1B g7eaiO7aES vi ti es) and
fragnment s t her pafsalhbieds r&Sth&@;otaFﬁd)ysaccEﬁr&ib )nZsomE¥mbodsméigd, iechai n ( ScFv) and

domai n anti bodi nc rk andscanel i ti i and fusion
pr ot ei ns conprP%V%Smgﬁkiﬁ %8%9‘ F?b °Wﬁ?&ﬁU§#€H?9§W?§%oﬁiég
nmul ti speci fi c anbadbochisale x(rmngogenblcsqgegala‘haca ankiodcadt sfbetwvemg as t hey

exhi bi ¢ deshy as) Bk Shpaigats ARKIMLIINROARdoAL BHY LI RRTRIN S a0

descri bed 'herein, ot her tion o
|nnunoglobullnamwtéﬂﬁhbﬁmﬁ%%f@@ﬁﬂﬁ%s@@mdﬁ%awmbgéﬁ9&@@®ghﬁﬁﬂwnd%|te "An

anti body i ncl uges;,an @tJReA¥nphe any class, such as 1gG 1gA or 1gM (or
sub-cl ass thereofé and 't he antlbodg need not be of any particular class.
Dependi ng on t H98&ntThsoenpiugen s wed Bereia gripnice? erstineclsasrstralit domain of its

heavy chai ns, Z&blmmmgm@mngmfmauiaewaglﬁlamw@rm&pmra‘uf Qh&bh & asses. There
are five na or classes of |nnunqglobullns G and IgM and

| gA,
several ofl heS®SHabP Bachide ieson g@?HBHWCHP8W§ﬂ881gg@@?“???%?&pes) e.g.
1gG |, 19g&2, | g3notlcedin sdt@ﬁ&nﬁou&lf’tﬂ ﬁ’c@ABsdld‘boh}.lsJ:dﬁEdﬂﬂc Aheschradiy- chai n
constant donalqgmthat corres sses of

sul lysgcc {gm 9 rcfc 0 c psulc ogf acmang«. t%at 1S
i mmunogl obul i nsTSFE ESPY TR A d@f APUEBSP TSR M gantd, and 30mu,
respectively. mhemsubunm&ogmﬁmwﬂmhesnaﬂdwmhnbéwdwnen@umwaMJconflgurations

of different classeg ol orWﬂﬂgéﬂ%@ggtwa})@uﬁﬁRx&g%atchgﬁ&mm sk 100921

"Anti body fragnents onprise on ntact anti body, wherein
the porti ca® pr &hatemsl’ ?eer(@palﬂer@ba@cchaéést fesaeolypedbogeapnd fivost or all, of the

functions nor ”?Jcélﬁérn@@%%'bé‘hé%@ 1A’t\éréﬂlnéc|3@l9 axRParré fn&ﬂdé&h@&npéﬁﬁ@ﬂﬁnc' n an intact
antibody. 100931 The tefm "antigen" generally refers to a biol ogical

nol ecul e, usual™3'"§ protein, peptide, polysaccharide or conjugate in an

i munogeni ¢ cogeeyi tlie@zﬂdlcﬂ;l‘otimﬂﬁgﬁmc@arﬁ&b&il@méeit tdhak cemupaktiigrul ate the

r ion of anti | 1-cel |
production o 1etcapts)19lar p% y%acchande enher directly or through a linker. As used herein, "to

1"t

25 conjugate,” "conjugated"” and "conjugating” refer to a process whereby a bacterial
capsular polysaccharide is covalently attached to the carrier molecule.
Conjugation cnhances the immunogenicity of the bacterial capsular
polysaccharide. The conjugation can be performed according to the methods
described below or by other processes known in the art. -

30 [0088] The molecular weight of the S. qureus capsular polysaccharide is a
consideration for usc in immunogenic compositions. High molecular weight

capsular polysaccharides arc able to induce certain antibody immune responses due



responses, or both, in an animal, including conpositions that are injected
or absorbed into an aninmal. The inmmune response nmay be generated to the
whol e nolwoubg/040003t 0 a vari ous portions of the nol ecul @Ctaisgo10/039378pi t ope
or hapten). The 10term nmay be used to refer to an individual nolecule or to
a honogeneous or heterogeneous popul ati on of antigenic nol ecules. An
antigen is recogni zed by antibodies, 1l-igell receptors or other elenents of
speci fi'c hunoral and/or cellul ar innunity "Antigen" also includes. al

rel ated antige 0 i n identified
using any nunb[;') aChO%%Qr va,? hee ofthepeBIto €S rteséegrhoa}ltgﬁ! an?genitg rf?cl% Eﬁ%\?\%lg:%ﬁ the art.

See, e.g. Ep|DbbghMmbpwmgW@Mmtmmeﬁpdwwwwﬁmﬁ@d§Cpmﬂmwwet@r&wIBWQIogy, Vol .
66 (G enn E Np&%gn d dmétﬁ%)ofgtgg&% Ru&Risn. 1hQLOWRod heht ofrty €xanpl e,

| i near epitopes be ae term ne .g., concurrently synthesizing |arge
nurmbers of peptni*'@l”élsn @mhmlﬁcdlaéwﬂ%ﬁ?rgtwq & §rapiiogaalyseenhireds sae ng t o
portions ofg th%ol@t@@&rﬁl‘ﬂﬂnﬁ&ix@ g%on@-ﬂdk[ﬁzﬂ@qb(bd]@ahﬁ"ﬁw[@@tﬂ&r'»@@g%t Wat h

20anti bodies while t pept i are still attached to the supports. Such

t echni ques ar eO‘PFrFH\Rﬁd'I“ﬁ“‘tOﬁ@e é{‘rvfmé’ﬁd"' geuRlrqube yeighy seratyge ; 5 oUs &Nt No.
4,708, 871; Geypafka@hardde caf Be98dgtedn0GurifadtrAnginf@G@eh S90iDa tdJBA @h:i3998- 4002;

ﬁé’ifgofﬁf e WP BRIPT 18 BRSO B i P P e 5
Simlarly, conieﬁrtymtsmﬂahpselm gobpa&shdrEy cdnbeiide@nddiahd md:f%@raﬂ@dgtremm ni ng

spatial canfor B ng aci ds.sych a crystal | ography
and 2-di rrgl%m o% nucﬁear N mOICC arcwerl goﬁé)ﬁggg%glmeng high leémat ope Mappi ng

Pr ot ocol S, supweightBemtyhed m&@p%tdaopolpﬂap@@rs@sambe r§¢1@e¢)¢ré$enﬁed|rmge1gt| on,
"antigen” al Sofr&ﬁﬁo pﬁa BZK%Q kb?m n%(l&:lhlat' Qc@htpﬁxpugn% Rb&(ﬂ@lgml IH(qa%lar

nmodi fications, such el et1ons, ditrons and stitutions (generally
conservative i WClﬂ%ithrP@PC por8 ‘taﬁwf B@Wyﬁhweﬁé@]b%’@?{%‘éﬂi Wltpwfé)d rang#gt he native

sequence, so | RRE9GRDA tzse)smgml.ﬁbmlamvagms 1d 1R eABbdinb, High BdibGlat an
i mrunol ogi cal response. These npdifications may be deliberate, as through

site-diredbed HHEUGHRES 307 HEpiky BRfsTC AR CeRPAFOIg AT @T Ged raneig
procedures, or fréfOOKYHA sgenemnﬁm@mgr weight MgordRPbEAGEN:, it Hdycuhe

i dent I, h th sts,. h th t
ST 8 e A
m crobe, e.g., franB@gDewilarkDon mdrubeweghhdl @cembatimem highi maléataty, an
ol i gonucl eot i d&a  sB91 f{ éJSJsec%Féuﬂ?Pol &c‘ﬁQr.io%ecX bERAGE ﬁg ggrnf%edgﬁ% ingSUch as in

Ications, is

nucleic acid i ni za on a so |nc definition.
Synt heti ¢ 2&nt i gen§o hD:etOdB@bDﬁ mohaldeldr weigly. Otmotay@plof bglewolefulanki ng

epi topes, and QEnE}%ch@‘?@W S”c%Pstula?%olgs)éé’tthl&%c'tﬁa@kix%c%'ia't&%ﬁd é\mﬂc@@yns (Bergmann

et al. (1993) Eur nmuno Ber gmann et al 996) J.
lintmnol . 157thgputhodsnidvs iaymmpes] BeludedPp 19 HifiMDarpmolegr wehe |70 0 75: 402 408;

10Gardner et akpa &19@&% ik Ztoec MO &gy ﬁ&n@@@fmrmq@mo@an@m,ghs\mt zerl and,
Jun. 28 to Jul kDa30 130 sz? in molecular weight; 70 kDa to 140 kDa in molecular weight; 70
25 kDa to 150 kDa in molecular weight; 70 kDa to 160 kDa in molecular weight; 80
kDa to 110 kDa in molecular weight; 80 kDa to 120 kDa in molecular weight; 80
kDa to 130 kDa in molccular weight; 80 kDa to 140 kDa in molecular weight; 80
kDa to 150 kDa in molecular weight; 80 kDa to 160 kDa in molecular weight; 90
kDa to 110 kDa in molecular weight; 90 kDa to 120 kDa in molecular weight; 90 ’
30 kDa to 130 kDa in molecular Weighf; 90 kDa to 140 kDa in molecular weight; 90
kDa to 150 kDa in molccular weight; 90 kDa to 160 kDa in molecular weight; 100

kDa to 120 kDa in molecular weight; 100 kDa to 130 kDa in molecular weight;



100941 A "protective" immune response refers to the ability of an

i nmunogeni ¢ conposition to elicit an i mmune response, either hunoral or
cel | nmediwbedil/@ioobot h, which serves to protect a subj ePCTUSRIMABY473
infection. The protection provided need 15not be absolute, i.e., the
infection need not be totally prevented or eradicated, if there is a
statistically significant inprovenent .ggnpared with a control popul ati on of
subj ects, e.g. infected aninals not adninistered the vaccine or inmmunogenic
conposi tion. Pf&tk%% (l)fﬂ) l{B%ym p}%lekdlgp\\ger q 8o I%Jtog%% IdS]agmtnn)?ecﬁlgryer !, ty or .
rapidity of onset ofr° 0 5 Hf ect1on eneral, a "protective

i mune responswélgmomwm t<r rf@lde?en mhbculamd/@tgt'i e'r\ismﬁllaardeaifn@me&stéafi n anti body
level s specifig; % RlraBeP My i leHamBOih G Pwithn 3ty draRSborAeef isSUbj ect s,

i ncl udi ng sone i of neasurabl e functional "antibody responses to each
antigen. In pa?‘t“icemlaéﬁd ag pit gihoidiieat ofghe iny§pRnect i ve i rmune response” coul d

i ncl ude the i nphygd)i Qﬁ‘o&fen%oglmntf mls@lo,rjugst@eaassaanéréhlﬁntvh@md)ybétw&rl s or a four
fold increase In antib evel s speci articul ar 25antigen in at

| east 50% of stgpiedtkda ar‘%&*roamo%k%waeév‘ér W?W" GFRBIET A i onal

anti body r esportﬁ@gatb aaseaﬁ&eoam wgrgm of bdlwexRrabaut ROCRKTIRAMH BBt SO00@PSONi si ng
antibodies correlate wt rote ve | ne response. hus, protective

i mmune r espons® TS BEVHEY a Jopd 9’ PR ARERE FRUIR I8 ease i n the
bacteri al counmokwlame@psﬁrbemmw:@ekBa asis:&w 28@rkDangt @arce t hose :
descri bed hel ow Pref there is | count of
ot Lot 105 Suinisb it daundadBt Soghde iy I dBELPREN PotBELEHGR

"i mmunogeni ¢ affikita andiboat 3540 kPe Ui arre eonbpgd gt the inmmunoganisrponisEats s ar e
general ly dosedyBasgd \ant SihvcBPAFAR6 UK hidooo AOMHER! alond - 23 -
non-conj ugated for that conjugate. For exanple, a serotype 5 or 8 capsul ar
pol ysacchar i decekodjmegaths imintppeomosFiugaic bislay s tarrigl ohbitvediabeitabout . 80

ncg of conj Ugaﬁ(ﬁ)ddﬁ@hd/%ﬁ@ﬁ@ﬁ kﬂ@ Iare,de @mgﬁneaplmgm&toam@c&@@wgat ed
polysaccharrde in a 100 nc ion to the conjugate

| %}ﬁ ﬁ F oéer n contrlzgért
i s usual | y*not "SI GRFEHe dhe beé”é‘leﬂﬁ'i’oéf 1§ <Ppandpoew 2890 P B tfdat e.  The
amount of conj ugattrezoaamaMﬂrayoﬂemnmanrgmwa@lbduhelosmaphryiab@maaeﬂ ser ot ype.

General ly, each.dos il se. 0.1 ride,

part1 cul a1y 00 05 v by TOUREP e bobid B BEF PR e B REEA 00051 The

term "subj ect " atwef 208 kDo berwawmavalt, 1 760 kkh anfl higioy 2608 pDh;|betweer ab&mty ot her

10ani mal . The L.ect 0 g subj ect" al so

i ncl udes houseL%Pgbf)g%{%bgﬁo%O@% P%tﬂgénggﬁﬁnﬁf%@g%%%geﬁwgbpet s incl ude:

dogs, cat 20 pi §ry whabbimbsr infegergyithin amp of thertiov¢ rngdaarrentemplated e avea pi gs,

fer rets, bi rdsem&@g,l&ggofﬂl,er Zahds, fish, turtles, and frogs. The term
“subject” also includes |ivestock ani mal s. Non-limting exanpl es of

livest ock ani nP1; dsiugeddierei. pgEmnogspis oieans amaility pignaphgen{9dBer | pi gs,

horses, || amasepitopt FShe AGEHAR ¥isch 25 NBRR1ialGOFLEF pd’ly’c}»b&hirﬁie oretd"mgi@ee, yak,
chi ckens geese, and turkeys, 100961 A% shown | gure 1, S. aureus

scrotypc 5 and‘”SmE‘%eé‘lfl CQP‘pXS‘“Oﬁ(SPT%%fE‘é nHEs ‘ﬁﬁ g at"H‘é‘mI”B‘f mWSﬁd“ structures:
serotype 5[ - 43 hakBsubh Maniibadsl (d.thﬂ4|)1m0r3H)(f)erA©Ilularly mediated, or both.
nd_.ser

-a- L- FucNAc- ( lA o%\%nl / DrF}JeuNg‘ 1% con 11 ate ora' uga cQta%l3 S¢ gcr {p-means an
[-3)-4-0- Ac- 132 CRImupogep conugatar o IGRUITIEA)S Cq BUHRETSRIRGTY 11 2
immunogcenic conjugate containing an antigen or antigenic determinant (i.e.,
epitope) of a bacterial capsular polysaccharide conjugated to a carrier molecule
that can be used to elicit an immune response. The immunogenic cenjugate may
30 serve to sensitize the host by the presentation of the antigen in association with

MHC molecules at a cell surface. In additioh, antigen-specific T-cells or

antibodies can be generated to allow for the future protection of an immunized



See, Jones (2005) Carbohydr. Res. 340:1097-1106. Serotype 8 capsul ar

pol ysaccharide has simlar trisaccharide repeating units to serotype 5
capsul ar wolzysizaciwar i de; however, they differ in the sugar/useelkagsss and in
sites of 250-acetylation, which produces serologically distinct patterns of
i mmunoreactivity (Fournier et al. (1984) Infect. Imun. 45:87-93; and
Moreau etal. (1990) Carbohydr. Res. 2Q3%p285-297). Scrotype 8 and 5 capsul ar
pol ysaccharides arc therefore relatively conplex carbohydrates that are
wat er sol ubl e, . usual aci di C.o,f0d were pr 0 to have

mol ecul ar wei ghts §UI n“é%%?‘ccng?n a? q’“ﬁ%a“ g%ﬁ% o Xm iﬁ%{%ﬁ | nfect. | mun.
58, 2367-2374) synib@ﬁ@s?aisoblateéwmblréwbmdbyntbnbasterla h)err@xcpr@teylpbe Hsafidh or 8
capsul ar polys £ » i d. In sone

enbodi nent s, ﬁe%{iﬁ élﬁ(&gég& Ctlém“” tﬂygﬁggg% aatq?dgﬁa’g?é%%%%a% capsul ar

pol ysaccharl dequysamhi"g@sé@l@ngFld@anBlgi@lm@mﬁP bp @sed 0DLENeBE-PRO9F2! 40- 100%
50-100% 6Q- 100%0n60 19 0o B, 1R ay B K0P comtr pa%@v@unﬁ@hx%gt%a 70-90% or
80-90% In sone enbodiments, the degree of 0O-acetylation of pe 8 capsul ar
pol ysacchar i desiSieclo|I Mg aagEri saigatcs Say gsohsaogd (& seertscsibogiss ifts Y6 40- 100%
50-100% 60- 108%etiohf al%g.{mreg@ym(ﬁ%mg%'bﬂc@@%1115@7@9Qr%nnﬁﬂ-c%%y 70-90% or
80-90% In some enmbodi ments, the degree of 0-acetylation of type 5 and type
8 capsul ar pol %%Ehﬁ??%orﬁPha@P?yﬁﬁg%@éﬁﬁ?Y des is 10-100% - 20- 100%
30-100% 40 10(91)5Qnl‘@8%0d B 0is 10 D¥Rund Lot YoldBle 1p@BkE oXPeddD% 50- 90%

60- 90% - 90% 80-90% 1 e degr ee, of on. of the

pol ysaccha]rol de%l&jm%]o ad%rga 0ha%sla arjboh ersbe p%é{fucleomde bp%?%%ﬂef(xhe @ﬁéd Known in
the art, for eﬂmqghetlealsyonplamtg@mrdtxmrt(oh@mtomtm ie thearadablomgien 4086,

Car bohydrate R r 9

Phar maceuti cal %ﬁl lPtc’)lﬁrrégn Ol&ﬁrcagg ngg:ﬂ gé %%igégﬁ%%g{d%%@gg%mcgti% or WO
00/ 56357) . Anothneqrme@mmw;yo ensedparendh aely insacteadysianpled nepociBPest rin (1949) J.

Biol . Chem 180:pgf&: 8k Liso &Q’Q%%d Lrnlbwémegﬂaﬂﬂkrﬁmmlﬁamz@@&d&ﬁrotype 5 and/ or
8 capsul ar pol ysaccharides of the invention are used Penerate ant i bodi es

that are fihct Poivalizedyw %‘é%%?teafuwmﬂ%émww|av%<§hedf3'°ww lgshadn ani nal

ef ficacy nodel fpmAR QPSP OBNRFAE Fab CFKb')I, FﬂgsxﬁgﬁcS(&Mmt(BaTv stemanﬁtnr ates that
t he anti bodi es k||| t he bacteri a. Fu cti not

denonst r at ed u%‘?t}’?@ igfningly ‘3§S*PH‘aa[“dﬁ’?}H‘i gapio ?‘ﬁ@ %’8&5?‘) tpiroé?\qnsof antl bod| es

al one, whi ch i somfsing Bﬁihlﬁﬁbdy\/[ﬁ)rtﬁ)fn mhlevamipmb@msemmrhs;@elﬁc@it;bbat:s on in
efficacy. 1010 ) o) ysa char des 8 can be
obt ai ned di rec?ﬁ%l%sgeml' a'm eérléléa us n ?yseé ﬁ%r‘%gﬁrf%geg%;r@gm%n \y/vn to one of
ordinary skill andrantlhelydmgmer@eee desgriped, hetlémumdlaey Otétr ngddified t@gRYratiqupr a;

Fournier et al ly i 567; US
Pat ent Appl i cat |tg%%%z%f)@gﬂ”m nﬂzﬁctcul,c%‘gggo%pgﬁl%rﬁ{gap}c%ﬁ tl%g’gltcg?\ilnt

Appl i cation Pubttibedyt inglvdenian anfop oY 9BR8HS, sechidh 185 18hice lgM @ piedshor at ed

herein by refepgnes, a%§tﬂc fan@bly hi@l by Hc%fbrtyﬁ)a@lﬂﬂilhrrc%tsy)Deplexﬁﬁlr\?gdﬁinltﬁd on, they can
be produced usi gg) synt hetic protocols. Mreover, rot é%n or 8 capsul ar
R

pol ysacchari de® d%%“‘?%?féjr]sﬁﬂ‘f‘?a?ﬁ‘?f)}h“pff’b“(fﬂﬂ‘b%“al]’s‘?fhté &> engi neeri ng

25 immunoglobulins can be assigned to different classes. There are five major classes
of immunoglobulins: IgA, 1gD, IgE, 1gG, and IgM, and several of these may be
further divided into subclasses (isotypes), e.g., 1gG1, 1gG2, 1gG3, 1gG4, IgAl and
IgA2 in humans. The heavy-chain constant domains that correspond to the
different classes of immunoglobulins are called alpha, delta, epsilon, gamma, and

30 mu, respectively. The subunit structures and three-dimensional configurations of

different classes of immunoglobulins are well known.



30 procedures also known to one of ordinary skill in the art (see, Sau
etal. (1997) M crobiology 143: 2395-2405; and US Patent No, 6,027,925; each
of whi ch we 20neaioer at ed herein by reference as if set POTIUS2010/084433
entirety). - 25 - 101011 One S. aureus strain that can be used to obtain

i sol ated serotype 8 capsul ar pol ysaccharide is S. aureus R2 PFESA0286. This
strain was selected by flow cytonetry -with rabbit anti-serotype 8

pol ysacchari de anti bodies after cultivation of S. aureus PFESA0286
(Anerican Type it u ssion No.
49525;) in I\/bd,?glh ﬁgt%tagIﬂgBﬁ%nQSncomélsmﬁa‘t’?}lﬁ%nnésﬁnll?&zg%tﬁg , were observed
during fl ow cythereinihe. pomonaw&rmrweméatdwwnmﬂefaﬁwym@st@mli 9fB8. R2 vyi el ded

a serotype 8 capsiln@horR@lySakalartifesar EA@&M \c%wmeérﬁ inGana@madk ¥sibsdyshowed a
homogenous fluorescence intensity. As was sel ected for serotype 8

capsul ar pol ysHO&Har ha&rpr et ,ggr,\frallmqugmblqﬁ:@caémogﬁqlgl},lguaglyFa, n that can
be used to bt giokid, p&phiad, pelysedhatiyens c&mcgaes[u&rarmn@bgesa@sﬂapdsme drs S. aureus
PFESA0266. This strain ésgduc S serot‘%{(ﬂge 5 C?xﬁc a{ {) %sac hﬂrl de during
growth, and pr 6‘8&‘61"??5‘1‘?58 Aose BaesAn epyiale e profiyetion Qhantivodifs Pyl Sflase. arher s.
aureus type 5 &&pdnwae)r&sotsimam Mmslamclb@ngmmdmi]monmiaeart ngecredspect i ve

pol ysacchari des_t ha re o i ei ther fram sta ure
15Col | ecti ons zbrSOFbF m% A amglagcll%rerélﬁrgune {opdorcsl ,&?510? %enera!eé s tgeneﬁ(%lg of the

i Mmunogeni ¢ complegat. er tofa VLah@lsmnMemqfdm nicdecale ¢ag. raneelpltmloebamee) ofheprotein to
whi ch the jact Pemla?39&%&1loargfepéa'ax%mmrmgcule%r&oguom B6ks of e term

"protein carrier carrier protein” refers to any protein nolecul e that
may be conj ugabeerogenecn penvarigeel 20ugeais mpdeculie ATBgySEITdP "ecgmzed s acchari des)

agai nst whi ch mlbbwchl§§§®W§@rdl§rQ@rﬁén‘fﬁ# EORIEREI Aot QA Carrier can
enhance the inmmunogenicity of the anti Tpe conj ugation can be perforned

by standard prBRBHUYesABFRTASP e dpy kT %P‘ﬁd @E‘Ig?'l‘%?"é“)?‘iﬁr Epilppesiti gens are

toxi ns, toxoi dgived an@pdh cmplBﬁnﬂ&m(ﬁé@ﬁﬁrgh@@ﬁﬁrhbéﬁomtt@ﬁel1ﬁippﬁ1§:l:§l&ﬁn @fes,t he toxin

fromtetanus therl ertussi s, Pseudomgpas St aphyl ococcus

and 25St r ept OCH&@E%OWI]IHP'II Sﬁ'p éﬁ?b%l [§°étﬂ[’e, ﬁppﬁﬁ”&?‘?}gﬁlls ip 'Vf?q‘ﬁ?g ferred carrier is .

of diphtheria Mokoular Kibivgy Vol de(GlvecE. M, Ed., HHIphH treana Reess Toaiva, C7 (11 197) ,

whi ch produces rotein. This strai TCC a n No. 53281. A
~ C}Rl}-zlor cxe%nlmg:}ar cglto&)esmgy l{)%at@nmg%é)épea(% en%&N%§tll}p

met hod for pro u0|ng cri 5,614, 382, which
i s incorporat esyntesizhplaby npebes efipcptidasor olidappdrosr hipéptidést s entirety.

Alternatively, c&rc&ﬁo@xgl@[&tpogronsg@fq F&Qz@ﬁ n%flcc&lg%n@FeQ&t%?@he%ﬁt‘fde?%tPr ot her

i m’runogenl c proteln can exa , eni c anti gen can be
coupl ed t ®®% Tambpdiespli k&ﬁwe@fde&arbé‘ét%ﬁa?*ﬁﬂ tqtb%tlﬁportSthdecaf*'qmme See, US
Pat ent Appl i Cakx‘\m 1N910 al;’t-ﬁﬁ’d &&,&bcé lnl @Q E@batcnlNoléga& 871 -Ged&ener @nt it ed
"Synthetic Peptid Repr ese 3 4 | t ope z ?9 gaiv ).er Mol ecul e For
Conj ugat e Vacc('ﬁé‘é)"Pro‘l ﬁ’ﬁ’ér“;ﬁfﬂ‘( aff'eﬂ‘%élré? ﬁ 89r CEYER it 8O MP'°6et forth in
its entirety. Ghhgiol. 28t70%DISEcaCROTW EEh lpfn&'ﬁrﬁ(brm‘éd haieh bgefdrmacis ivat ed bacteri al
t oxi ns such as_chol era .t ox @& cribed in Pat ent
Appl i cation No®™ 5857 WO%@ 2 ‘%I‘:‘fong%'lof'ﬁﬁﬁmpﬁ My 5ici ’é°§ iedSd exCt oxi n A
f r om Pseudmrondg&ermining spatial conformation of amino acids such as by, e.g., x- ray

crystallography and 2-dimensional nuclear magnctic resonance. See, e.g., Epitope

Mapping Protocols, supra. Furthermore, for purposcs of the present invention,

“axﬁigen” also can be used to refer to a protein that includes modifications, such as

deletions, additions and substitutions (generally conservative in nature, but they

30 inay be non-conservative), to the native sequence, so long as the protein maintains
the ability to clicit an immunological response. These modifications may be

deliberate, as through site-directed mutagenesis, or through particular synthetic



aer ugi nosa. Bacterial outer nenbrane proteins such as outer nenbrane
conplex ¢ (OWPC), porins, transferrin binding proteins, pneurnolysin,
pneunococwal2osudi@se protein A (PspA), pneunococcal adhesTars2qoosairn (PsaA)
or Haenophilus influenzae protein D also can be used. Qther proteins, such
as oval bum n, keyhol e 10l i npet henocyanin (KLH), bovine serum al bum n (BSA)
or purified protein derivative of tubengulin (PPD) al so can be used as
carrier proteins. 101041 Accordingly, in one enbodinent, the carrier
protein within_th ogenj ¢ ate |nve i 97, and
the CRMLO7 is BGVAl ré:?it phr(ﬁ‘ﬁn?(éﬂ‘%ﬁ ntgﬁee”nﬁggpu§ *por {/sa%cg' %{lrt?Q1 ggﬂ\\//: aa
carbamate |i nkasgerougnmamoaieofi hoptk.axghech pmdug.fﬁb@mmger$ nFgtwenaeaidedi nents, the
carrier protei i h t4.on is
GRvLo7, ana. ¢ na g e HOR el TRl R R e e e Ve acchar  de
vi a a thi oet hefantheaavholfieegapisirh 8imilstly.|ay gligpaudleosiieierarslynyriqotide. #aicki er protein

that becomg comp%s%&g,dar&.geras&aewnaae.pgd.a/ﬁ,m&@fm%pmnm@as glaracteri zed as
a range of conj ugat ed |ysines. For npl e gi ven i nmunogeni c

20conposi ti on, MeHedORME 7iinizap. é@jﬁbﬁ*iﬁ@éﬂgsn%e ".‘L?? ‘P%}‘éqeﬁe?sg GPRPHY coval ently
linked to the aamsidlepitopps byt RRbinBiGant HNQhth@lcalyedtrildd aangpness this

0, 0, I
Phe capsul ar pOIguEGRRATiGiE B Tdnanl &5 H Ry PRt dbei
conposi tion, thﬂnzGE?J\/llQ773my24908mtrbls:e(1%8) tromaal. CyisBlkss:etx 408f 39 coval ently
1 nked 10 K0, FRBRSLED, AGYSARSUR RS RIS ORIBL AR BRPIGTR LIS )
capsul ar pol yswdoha,rli‘)l@ I n sone enbodi nents, the CRML97 conprises 5.to 15
oL nos Ot Of RBlie Y AR b ACHL L B, IROLIRY VB Qs oo (o
I n sonme enbodi mnosmortﬁ@ll@mmgmuewmon@e@th1r8wtr@ra22r ol giedfatgd, @ubotbf 39
Biere Sho by KRG TR MBS kB MERR I GRISTRLST 13 13,
As di scussed ab%\?%abst"l‘lés'rfur‘r%elf‘feﬁif°“lnﬁ"éjl”r‘?éber%%]ilmé‘éenﬁeﬂort?‘i@ iifrif er protein
conj ugated to thee 1§za§ﬂ§idl||@[ly agﬂny&acmafvbld@t ecﬂﬁbabﬁ \\thﬂal’caﬁtt(ﬂ?bdm?il&dorﬁs a range
of conjugated I%é{hnes nol ar rati.o. '

oxami o, e he- nbl SPeTREEo BT SR Gr T PSR e P
i mrunogeni ¢ comm;gatxm Fyote@ian bey belimig@no abgadingiB: stvdrioy @abaudity2Z: 1. I n one

enbodi ment, thg setao m a?lnmltt%rlgfeag on, In en&ggeloté?oq&gge xll%ﬁllnpﬁe§potn?e"mg7 in the

CP8 i nmmunogeni € conju et we 1 to about 25:1. In one
enbodi nent20 thwomlamg@d@ﬂle maheiion phani incrgfe wenjihedateeds dppsfindsat o CRML97 in the

CP8 i nmunogeni %r(f&&mr ngﬁgﬁln%?'ﬁas}?go%%FMﬁas %Q%ﬁng%é’mé‘-lc@@ o?—#ﬂ@a‘é&ra@l@ 1; about

12:1 to about 18:1; about 1 to about :1; about 8:1to about 14: 1;
about 6:1 to aB@EftO“fﬂzntlbOdaffémns% ‘%C%’E)a"é‘ﬁ%mt‘“ m‘@'ara%u‘fmz@ 1 to about 26:1:

about 22:1 to egp&b&lvggnxﬂune@@%e"%u@ ifc@da e wHdudBn bt a @Jbe‘lB m?egbagc iho about
32:1; about 28:1 to about 34:1:; about  30: lt about . 3 qut 51 to

about 10: 1: ab@ﬂﬁ‘lbo@’ 'ivefsd’rél%‘ﬂf"km”iase Aetibody devels srseifi ta p?‘ﬁ)‘c T or about
10: 1 to ahout aigdn mé& 1Y 5(1"/hefsm3)|ea§ ifc@iding s@he lemnpugaarsmbld: fuaitves to CRML97
in the CP5 | mT!dQBg% responscs to cach antigen. In certain embodiments, opsonising antibodics
correlate with a protective immune response. Thus, protective immunc response
may be assayed by measuring the percent decrease in the bacterial count in an
opsonophagocytosis assay, for instance those described below. Preferably, there is
30 a decrease in bacterial count of at least 10%, 25%, 50%, 65%, 75%, 80%, 85%,
90%, 95% or more. The "immunogenic amount” of a particular conjugate in a

‘composition are generally dosed based on total polysaccharide, conjugated and



15 conjugate can be between about 3:1 and 25:1. In one enbodi nent, the
range of nolar ratio of conjugated |ysines to CRML97 in the CP5 i mmunogenic
conj ugat ewoaniibaidat ween about 5:1 to about 20:1. |n onecerdsedionenr3 the
range of nolar ratio of conjugated |ysines to CRML97 in the CP5 i mrunogenic
conjugate can be between about 4:1 to about 20:1; about 6:1 to about 20:1;
about 7:1 to about 201; 20about 8:1 t-@3about 20:1; about 10:1 to about
20:1; about 11:1 to about 20:1; about 12:1 to about 20:1; about 13:1 to
about 20:1; ab 0:1; about 16:1
to about 20: 1; 9a %%ug&?fﬁrﬁgﬂg géggﬁrr%Qﬂg%Jﬁ§($§L@oﬁ@ Egﬁi 20: 1, about
5:1 to about 1Belisacchiyisstcomugaiq withel9duroe polysacchsridaptiievanboutty megefit  14: 1.

25101061 Anot hggy; d{,&ys%eemm&%na DRuMRE o f Rbn-doM A& foBRhAHARIe i t he
carrier protein COI’lj ated to the capsul ar polysaccharide can be as a range

of conjugated Py H OSQZJH‘GQ%%?O@‘r‘bP‘ﬁP“a{Othc\?%‘?i”é@iﬁ%}s iy eni ¢ conj ugat e,

t he CFM]-97 Si'rB-YC&@lEprEd Sﬁ’engt'z&llkﬁlatlr@ ti\ey(ﬁ)ktlﬂﬁ& c@hjtxga&f T&Qaﬁ@dﬁﬁbﬁﬁhﬁuﬂaté ¢anked t Odt he
capsul ar pol ysacchari de. ternative ter e expressed as
a percent age. Yd%?f‘édgﬂﬁ ypon fhg sigp (%PVérfer ﬁ?ﬂﬁﬁﬂgéﬂ‘ihd% "j ugat e, the
percentage of comrisgal ed 00ysinesolparhivele fattivelerly L0% t0ondgD86d nhare sone

enbodi nent s, 20%?1 Lt 8% (imc sines can be covalently linked to CP8.

Al ternati vel y BTy 3d% 0% of CRM 97 |lysines can - 28 - be coval ently
| i nked to CP8; [0098) {Khe 409" oibjcGRMIOT tol apsdrmadd,; bird 08ht roptBO % oyfy ocGRMLI7 | ysi nes;
20% t o 40%qof %R%‘g 25% GRML, 30% to 40% of
CRML97 IyS| nes %7rth %%%g}?g o4 ‘m“ﬂ%grﬁ“gi‘é g’z‘“té é()C{}oeagsfo

CRI VI | 971ysi nedcluggdivesshadbpsiofNCREDTR dxyoplaes: homss%ld o309 45t dERMLO 7
lysines; 10% t g, 3k, tabb@%sg%ldcy&'rﬂ?ﬁ%amg&rsl@ r@cﬁ Elgél-MCQf bifRRMh&kés | ysi nes are

covalently | i nked to In a nnunogenlc conj ugate, the

CRMLO7 may conﬁ?afdéeﬁsfstufﬂﬁs 2'2d f’?,gé1 ﬁ%es‘erﬁhts“l@?“ ﬁ"d?f\}‘%ﬂe% MEF9CK AR t o t he
capsul ar pol ySBJ(Sﬁlhﬁhl’tanexanﬁhds@fﬂ&%th@Jn}(malsilhctlﬁdepﬂbﬁﬂ'&ﬁs‘aﬁ GAf, Bealeexpressed as

a percentage. For ex iven CP5 inmmuno iCc cqn te, the
per cent age' “of g?fﬁjpl‘.?éjlongs S ?LI@FVST“}H‘%% d%'g‘ﬁys %‘e?f’etg%s %%Qﬁ%etng Jé@'gf I'n some
enbodi nents, 40%0okcns, 5%, edd thiksysnes can be covalently linked to CP5.

AIternativer % t 0o 50% f CRN4 be covalently |inked
to CP5; 20%to?0538%}o e gﬁ }‘surcy ré;eqs“rc" %q/??"%)cysggd@)%sc?& 97 | ysines; 50%to
70% of CRML97 bqlmawéawdcsw@ﬂw f@mrcgfstrmgﬁcrlowp hes; 30%to 60% of CRML97
|ysies: 25% ¢ p_apHol SRIT Ly oL oo o A520%: 91 590 P GRMLAZ. . ySi nes; 15%
to 45% of CRML Si nes Yot 0 40% of CRML97 IyS| ncs: 40%to 70% of
CRML97 Iys?i%esa"ddﬁlol’&’ﬁ"ﬁto 75% of CRML97 |ysines are coval ent | y linked to

CP5. 101071 ThF—»fsf&@bu&‘cﬂﬁl}b MBnPﬂ&JA@Qh@J&tL pa‘lcrxiplwlcapammem@wsmcharl de
chain to a IyS| ne on rier @Gaggéot er ararreter f or

characteri zing i?o*ﬁ“i?dé?oéécﬁﬁb"'?dtézb%af(?emf))& WPF §EP By exanpl e, in one
enbodi nent, at p&l@a&ﬂlamaamwadreﬂwcdharma@eatb@mma &my&masu&md

pol ysaccharl de qccurs or Ea (hf € hg e ka ) sa lch ersloge repeat units of
the capsul ar pBYYESeE} §r|°dvéverl ) (gffrﬁ ¥ &0 di n% £" f'ﬁere is at |east one
coval ent I25nkag)eacbglhmewhnaﬂsno&%emad)laga;pﬂ;m1amcmtt9rsmfarhalnnqi@ct‘mw every 5 to
10 sacchari de t r units, every 253
to 8 sacchari dQ;% r%%tr g aqd 9%4) Fye%r ymmu" 95 g %Jagrgdgi}ﬁé% éé”e?@g‘s at units; every 6
to Il sacchari é'e'bplezp(eé?@é Qﬁi 2&5=29é)/e5090tﬂ>cﬁ@ﬂ?c@aé%m’aWM@harlé‘ﬁ@m units; every
8 to 13 sacchapded fRAEMy Whlpiek ca®yRfithic? iaPard haRACRBRI isdIy/LRRAL UNi tS;
every 10 to 15 saccharide repeat units; every 2 to 6 sacchari de repeat
units, every 3aRdgvere eraviedskrtherghtte pvamolsaplpsweighieafgrpiotipaigly 23 kPrar i de r epeat

units; eveyy G(ﬁagorggga&@@@cn@{uhdg fﬁ;paam)unl ts; every 7 to 11 Sacchari de
repeat units; every 8 to sacch aE| dc re nits; ever

9.10 13
sacchari de rep@z??”uﬂl‘f‘gm W@FV‘CE‘@ %Scf’ﬁypgsé‘ﬁ o BS”PéB‘é)éftagcﬂﬁri“{C%; every 10
to 20 sacchari dtih¢ @p&dibn 480t RetyRled €Y €6rye dnbo@imkhks, the ®@ree of :



saccharide repeat units of the capsul ar pol ysaccharide. In another

enbodi nent, at |east one |inkage between CRML97 and capsul ar pol ysacchari de
occurs fovoewemvos1®3 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13pCTAIS2015/03W63 17,

18, 19, or 20 saccharide repeat units of the capsul ar pol ysacchari de.
5101081 One enbodi nent of the invention provides an inmunogeni ¢ conposition
conprising any of the inmunogeni c conj.ygates conprising a S. aureus
serotype 5 or 8 capsul ar polysaccharide conjugated to a carrier protein
descri bed abOVS él'tolgft(i)ogn of-l.l-thQS c%[s I po saccﬁ)agﬁglorc lL%gsrrPc%§r1<}e 1?“) ]d'0€}| ates to any
phar maceuti cal 7688 mpost ton on?é’# ant n’croor gani sm
or a conponent2Qh@E@©ﬂlommﬁ@woé%nﬁbﬁmﬁtéml@&h7@é0®%éﬂY@Q%EWIHm%>an i nune
response in a %@C&o 9&?}1@;0'96%@&@5*%01“05%9%5&'rga,%s ok dbde it esent

i nvention can be used protect or treat a human susceptible to S. aureus
i nfection, by ﬁ@aﬁxla@ﬁn Oéébf?‘?ﬁlcéﬁsélla‘i ody sacklkaridera Migepeenheridedirfb 1% ons via a

systemc, C%errr@d nw/o wqomuormu%esmroobesmm t0.13@880e08%.e9081 094, ycl onal  or
nonocl onal antib @/65 aratl on that could be used to confer passive

i mmunity on andth Vot 9O%Hb§0egoe(dr1]f‘ﬁ‘i"§ﬁt?”éﬁop'dm§‘5c‘5‘h effEICfide i nj ecti on
via the intrangsgeth@fion dfrfypeapecrtyb@m&akularlpanyfaaaﬂm&brargogauaﬁuaearbeous rout es;

geni touri nary {5AE 20npiera ahBotl Faf 2Rkt BRIEE PR R 00 s usea
for the treat memio0s, 520P%ee0I%,00- 90%ona@wharyngeal carriage of S.
carrells, :Ltoh“S Bgf’%@% gohgf %lat%% oftthe g&ésa‘é‘ %Ieo?ton%%?c%ﬁandémnoge”' c

conp05|t|ons gener at Bt are functional as
measur ed by thee d@tdrlmnn‘gbxyfnytmdméﬂmfa’vn in theiatthler examparitymadtoeNMRcacy nodel or

via an OPSO”OPIL%%Q&HernJ‘JoMs 1@96 %%&@Nydral@}i@s@alch%%‘ {$)e, AARLUNLS Of conponents

for a particular i1 munogenic nposition can ascertai ned by standard
st udi es i nvol vieacropeedtfadi P@wn@ﬁeuaﬁ%ﬁr&;ﬁlwa%decai ifﬂﬁhﬁéJQ d3pbh¥ésWPn subj ect s.

Fol | owi ng an i pd/6izahs d/raﬂ@lot)@&}sﬁp AR} &ftnfonGARed BERIVE dQBEAby Sever al
booster inmunizations adequately spaced. 101111 The i mrunogeni c

conposi ti ors offestrn(1 349 d dfiel ChRrenBT é#-fly al so incl ude one or more of the

1;3 ol | owi ngI ag'lt3 [ gmﬂsq 1:(30%cm6$cancnt§dfchrot$ﬁHﬂndﬁds EapSQMﬁoQ/sﬁlchﬁj&adﬂ va Bi ndi ng
rotein, I|s

o phar henotyor K PP TR e gty Rt RSire BT on bRy B Py

(fnbA), coagulaﬁagoﬁapmnpanmenmwhﬂﬁakynedﬂeuknmmmpmwg@vﬁgmumg 30 -

t h lysin,
2 i n-r ecept e o Sy PR ARG OB AR SRR ME Y 0y
EFB ( FI B) ,20Fnbt prmﬂraE@anbemssaylthdtmomtcndihﬂgerptabereq)fmnwodaar eol ysin
precursor ( AURAI() ﬁegpllch ls%@mdlgﬁgoﬂthc %{%ﬁancgg’#\éf\%ctﬁﬁlapm #ﬁ&@y EbhB, SSP-1

SSP-2 5HBP, vitronectin bindin protein, HarA, Enterotoxin A EnterotOX|n
B, [0100] Capsular polysacc 1ar1dcs such as scrotype 5 or 8§ can be obtained directly

from bacteria using isolation procedures known to one of ordinary skill in the art.
See, e.g., Fournier et al. (1984), supra; Fournier et al. (1987) Ann. Inst.

25 Pastewr/Microbiol. 138:561-567; US Patent Application Publication No,
2007/0141077; and Int'l Patént Application Publication No. WO 00/56357; cach of
which is incorporated herein by reference as if set forth in its entirety). In addition,
they can'be produced using synthetic protocols. Moreover, serotype 5 or 8
capsular polysaccharide can be recombinantly produced using genetic engineering

30 procedures also known to one of ordinary skill in the art (see, Sau et al. (1997)
Microbiologv 143:2395-2405; and US Patent No. 6,027,925; cach ofWhich 1S

incorporated herein by reference as if set forth in its entirety).



Enterotoxin C, and novel autolysin. 101121 In one enbodi nent, the

i nmmunogeni ¢ conpositions of the invention further conprise at |east one of
an adj uvawmD,20m/daufoBer, a cryoprotectant, a salt, a di valPemtusecaniosn; 3 a
non-ionic detergent, an inhibitof of free radical oxidation, a 10diluent or
a carrier. In one enbodinent, the adjuvant wi thin the inmunogenic
conposition of the invention is an al usknum based adjuvant. I'n one

enbodi ment, the adj uvant is an al um num based adj uvant selected fromthe
Pyroxi do. 1 e dsdr Heat HIREROGH B ulh Wl k] el ot or 16101151
An adj uvant i scmmﬁtanlpslb@nd@rlddwlaﬁ carﬂwaﬁé@ﬁ%lﬁ@% mhtingramesy srigreedbiyen

adm ni stered tgge bl adhid 0958 Yiysahd-QEY Aupher of cytokines
or | ymphoki nes ﬂ \gfh&ﬁet n sh rowﬁtato ﬂave |‘er)1r*rusne Y umgﬁ ng activity, and thus
may be useful #kiatiorafdes e FEME 86 FABETIERD Eypetfolltamqgr{}%?ﬁ@ls i ncl udi ng, but
not 11 teq t Onahfifes W S QUKL@Sicha. 49583) idodiiedras B, Bwo10, 12 (see,
e.g., US Patent . 205,723,127), 13, 14,715, 16, 17 and 18 (and its nutant
forms); the i nt"é’t‘*\aé‘i”@r%l apd R2gwerh gbsyrvedyduring flgiryiampia. i e Wee ony

stinul ating faglrged ér@\”e-@ﬁl}ed( FOGjiclRd @ serotyse HapQildr phPsacéhaidsd Fa¥6 and ATCC
Accessi on Nunmber 39900) croghg(ge col on stimul ati.ng fakh‘[L51 (MCSF);
granul ocyt e cofy(SWtré‘ﬁ“ﬁ]ﬁ?‘ N§C # ARG &‘i‘é}enc%lﬁ&?“f‘ﬁe‘\?ﬁ hecr osi s
factors a and &ds sBlettbd footcn@ypecsciapsruanpelyshdvairideipeoduahul with the

W thout 1 ¢ 2GR, hesC e Rrrar 1R B 15 R S R iR ae: on ol eoul o
such as a sel ectpiulgr pelygicqhatdeslelse@ftqunPFESPS)éﬁfecThlsrstramai»rCEu@elS@merﬁ muci n- 1 i ke
ol ecul es, . Qe R S ANUEAM n 2B NEAEAM i oBRIREE Qs 1D 4 nt eari n
famly such asC Efzﬁ vaA-l I\L/lagggrqw 150 8'0 p@( e S%r ﬁ1h

i mrunogl obul i nst&igpEy phase-| ‘9“16@0@71%%)4&335 @B@AMS"N@WB be @,56@‘0 makeat 1, | CAM 2
and I CAM 3, CDRsB6lclobRsadchafi@esSilat AdbBhiRédeitt® RetdsRSlsdEas B7-1, B7-2,
CD40 and CD4CL; growth factors including vascular growth factor, nerve
growt h factor, “’f”F‘BPB‘“D‘I’éEE‘E'CEﬁFWW“% actor, - 31 - epidermal growth factor,
PDG-, BL-1, anmlmsmba&r @nﬂeﬁdﬁedﬂtwlmgfuee«gcmcfc&gag@fc orn@@ep.tteh igwl ecul es

i ncluding Fas, TNF r tor I\/P, Apo- 3,
AR AR, e s e AR e e o P BB R R S 5 il Casnmses.
i ncl udi ng | CE. ccﬁji@aladaJIhSummab:loe:uadfrm/amt@xmaﬂheﬁrd referh arane pa>|mm mrune

response nay fM lkax?cgh%\n&aggyg§0néﬂa{_‘ap <1n anr_{;re1 kﬁﬁ asv\l%c. CIXPIEII;M (3-0- deacyl at ed

nonophosphor yl I's described in US
Pat ent No.204, 91102y8@@handﬁé)99alwwbabhremfm)me LASEONSESIS é@}rw:;@mslgaroe tsymt heti c

lipid A anal oggfk c&%ﬂ&u@é thy mlglndég&?ﬁt%%c QR%%P“%%OI‘B %XH&P&Q%(AGD) or

derivatives or anal O%; t her eof are avai l rom Cori xa and
those that arePueERdbysEndard pIcopprce Mrclrged pemmsarg%for@ﬁémsaﬁwrmp is

2-[(R) - 3- Tetra@eﬁawiwmﬂ nﬁuaaae&adaqyabwrﬁua&naﬁ(tdm) of the toxin from
2- Deoxy- 4- 0- phosphono 2 tetradecanoyoxyt etradecanoyl] 2-[(R) - 3-

t et r adecanoyl o%ﬁ?ﬂ%ﬁ?&}ﬁ%‘érﬂf{ﬂ‘ SEMREC B9 I 0boYAPIEPs7“98™ which is al so
known- as 529 ($IQ’Ii)n5€d$clczYs kmo.mnebSdIRGEtZQbachmlg p&?c&eaebmwam dipathbea mul at ed as

an 15aqueous for &ﬁ@ {ga 115 St| Il ot her
adj uvant s i ncl Y& aMC"ﬁcgpf Yy pl’é’ﬁ ’ﬁ‘ §"" (%ﬁ)'% WHEN BT
N-acet yl - mur an§/RMies brforueoﬂynis-s[bam $@g$tﬁ@MM1oﬁ Nar S3R8PA, method for
Nacet yl -norrmr e g pgz Gaedinis L
. . b t 14,382, which.
di pal m t oyl - U%( Ty ro-3-h rso>‘<yp nosp%ao? Foxy %1 facmlsnlgco(W?qDE) ;
herem by reference as if set forth in its entirety. Alternanvely a fragment or
30 epitope of the protein carrier or other immunogenic protein can be used. For

example, a haptenic antigen can be coupled to a T-cell cpitope of a bacterial toxin,
toxoid or CRM. See, US Patent Application No. 150,688, filed Fcb. 1, 1988,



200i | -i n-wat er enul sions, such as MF59 (US Patent No. 6,299, 884)

(cont ai ni ng 5% Squal cne, 0.5% pol ysorbate 80, and 0.5% Span 85 (optionally
cont ai ni lyovariv@w®3danounts of MIP-PE) fornul ated into seomiuscan/oparsicl es
using a mcrofluidizer such as Mddel 110Y m crofluidizer (Mcrofluidics,
Newt on, MA)), and SAF (containing 10% Squal ene, 0.4% pol ysorbate 80, 5%

pl uroni c- bl ocked pol yner 25L121, and thg=MDP, either microfluidized into a
submi cron emrmul sion or vortexed to generate a |arger particle size

enul sion); inc ) I alum, such
as al um num hy’??géaeﬁén e I%LygmBil ﬁdésmﬁﬁ%g&ﬁgt gld;éﬁ E@%%\eﬁgagg%gtﬁgkaﬁmhl gen;
Avridine; L121Fsdieaieneya@intdcniaporger l}ﬁrfaftw d&ragtsasaissedierth plitgr oni ¢ pol yol s;
killed Bordet el}ayy SRRADIc BMENprorafls ﬁxau&tlhmmmmt%l%k sAltthiageni cs,

Fram ngham MA.), described in US Patent No. 5, 540, Iscomatrix(r) (CSL
Linited, Parkvftolcs omidiersalas éf)scnbdég’clr"ilt?é*dmuf’rPPU@“Piai"enWbNo 5, 254, 339, and

I munost i mgl at pged/oeP), X&% LT, BCONVS; anWm&ame,rommudomszm- t uber cul osi s;
bacteri al Ilpopolysaccharldes synt heti c | ﬁyQucleotld s such as

ol i gonucl eot i d¥E“SERT aB3iHg! AteEpFEMABES H"O‘(“@S as QuET BISRRPC $EPIY, 207, 646) ;
| G- 31 (I ntercet{OMER), MrRBinAansf&ts bihdiag prodas qimbdisdysi) pEHmBéﬁceaﬂt Nos. ‘

1,296,713 and 1, 26 634; rtussis t PT reof a
cholera toxin St ?ﬁﬁr‘éﬁf‘A@ ‘fAﬁe’?ng Poc()%caf)ad'hes@% PEAEE %PSE‘%O r)}a? £%81,
7,332,174, 7, 3635k pandn D, aB84a640k¢d. ditheaproiinscokh astmalbulhlabkeb@ht oxin (LT)

or nut ant ther Vi 7 6 ent Nos.
6, 149, 919 7 1 gédﬁg&[ak%ﬁ; %i *%g@) Ié@%i%gﬁﬁ ﬁSAﬁ) u?\%eggﬁ?gikcorrpom tion
optl onal |y candfmmyﬁpé@chtﬂhéi’ffﬁ)@éetcﬁfc@luls%ﬂ aeveptmpFies-carrier. The term

"pharmaceut i Calo'mla%@&hagx&qn bRcadoliflent, FERAHerdr&ah Wirkh uapproved by a
regul atory agency of eral, a state gover nment, or other regulatory

agency, or |istwernpgenicreniugas: of terayenuiopeRM vrang s GRMyerissoxpleyflyr ecogni zed

phar macopei a f gikcdl®@hd dp@ilir BBy Sechbiide! Wit AfbaliTBiAG: g8 Sin WRldc 1iaBagBGR- human
mammal s. The term“carrier” refers to a diluent, adjuvant, excipient, or

vehi cl e wiltth whilennePBe preerd ek s &aé”eré?E?r‘Fb‘b%’i‘tH‘B‘ﬁ"f‘ UNPERRIRTOLEFRd. 15Vt er,
sal ine sol uti Oﬂt&hcﬁxﬁd:naﬁweo:RM deaﬁtirtl&sce{m.laﬂs givylelamink&nbutclcemslacan be

enpl oyed as i garriers, tig for ect. ol utions.

Exanpl es of suﬁ#’élsﬁ“fc AR “88€ %Tduc@? P'l}l“ébrcéo%l?m c 851cur°s ik i'n"" Remington' s
Phar maceut i cal ptﬁtcmehmesfbmbyo@gaw tdviagapsuter pdlrecdhamdrichmbd @nrasthmgﬁd suit the

mode of adm ni gl PgonﬁgégdlﬂyzlaesTﬁsrexmﬂ,{@%@@h& GRMROSNE! ons of the

present inventi on er “conprise on€ or-nore a | onal
"I munonodl at m@oswmﬂ@ﬁw@ f@?géﬁmsﬂ“leﬁa? Ihlsingsopt Gr9 a¢veEptly fked mune

system such tmﬁcc%bstuﬂ%onwacah%el %lbtﬂavé%'&tcd@%%gtﬁglﬂhr@ﬁ)b@ﬂqglfat hygror al - and/ or
cel |l -nedi at ed i muni t é I s" observed. In one enbod ., up-regulation of the

hunor al and/ or tod@fqof '?azﬂ)éd‘c%ﬁ‘ﬁ%OVB‘F""EWé‘k?jStPr‘rliﬁfﬁ%“‘?y%‘tl@ﬁﬁm@‘dbr ovi ded.

Exanpl es of CeFJr@kzﬂn;ﬂld’nlewglmﬁilmuﬁdg@ﬁls L(blﬁ]:ﬁ)klﬂdlﬁ,thee:fg\d)m 184y @ehptiseast or _
cyt oki ne, or Isc mat ri x descri bed

in US Patent é"si’gﬁo §é3 %EI?.{EPL‘QSIJ'H@%SE‘]’ thf'\lf)‘?'?S‘I‘ ?rrﬁogffﬁé ‘Q%{rf%’foé ¢ of adjuvants
that can bs useﬁlyuorex;irésethmfrm&gaemtmtemm% ofGIR My, Iy diees preesetiintly nvent i on

i nclude the RI E)Akeggl tHé/cglgéula%%glE/seaEthr%ebiln éog%'cﬁblgg}mcllltg,%%’CM?gi al um
éomprises 5'to 15 lysines out of 39 covalently linked to CP8. Another way to
express this parameter is that 12% to 40% of CRM 4, lysines are covalently linked
to CP8. In some embodiments, the CRM 97 comprises 18 to 22 lysines out of 39

30 covalently linked to CPS. Another.wa_y to express this parameter is that 40% to
60% of CRM 7 lysines arc covalently linked to CP5.



30m neral gels such as al um num hydroxide gel, oil-in-water enulsions,
wat er-in-oil emul sions such as, e.g.. Freund's conplete and i nconplete
adj uvant swoBboaki@epol yner (CytRx; Atlanta, GA), QS-21 @Cardseeidgsv4Bs ot ech

Inc.; Canbridge, - 33 - MA), SAF-M (Chiron; Eneryville, CA), Anphigen(r)
adj uvant, saponin, Quit A or other saponin fraction, nonophosphoryl lipid
A, and Avridine |lipid-amne adjuvant. Nen-limting exanples of oil-in-water

enul si ons useful in the inmunogeni c conposition of the invention include
nmodi fi ed SEAMB d S 1 S|

oi | -in-water e@u?ﬁ n%gég)‘ﬁs?é{la%fwr?g{hgéy“?bef WS‘“"NQ eufclsem? I%:TAM?WO (v/ V)
Span(r) 85 Det emgegatd (©ItE caBuiaf padysaedharjde cn WWQWW)Z%@)SIWMDQM 80 det ergent

(IC Surfact an&% “83%%)?{?} gvm h ﬁ&?ﬁc@%bmss&p& armcgér%txoql"b; exA}vnpllQQe meg/ m

chol esterol, eclt Mbdi fi ed SEAM IS an oil -i n-water
ermul si on conpr nglngtisoheeyingaeddypings kM pam (he/GHB I@wmaeylc 8BuuBeteer gent ,

100. 7% (Vv/ ¢) peh¥setlatendf 1@%@5&@@{7:1 2n S¥0ckibbdime AL Jﬂ@-ﬂlg o of HdGrnTg/ M Qui |
A, and 50 ntg/nl chol esterol. Cher “immunonodul ators” that can be incl uded

in the i munog&H? &f OBiMEREd Wit q ‘H%Mll’d@ e LT immypAeeepic copipedieiat B | cuki ns,
interferons, Oget@icA@BouKNOWD Byl QK1 NGSoN@emBERHIEHK] tﬁk’ﬁ%ngJoﬁl n@raeraemaodl ment, the
adj uvant may be a c odextripn deriv ve or ani oni ¢ mer, such as
t hose descri be‘d’“i“ﬁa%gys'i‘? “P&F&'ﬁ‘t’ 1@@85%1@6@0%5 C&‘Hég‘%@, ‘@ib %
respectively. d&Houd 1810 abt Bmdabmn ond td dvadt 181 eabonmmdniaoeichut Bt brabcaund/ or

adj uvant Lo beg aelollih: ASAED ool 15, SHBLAGo bl Fllod 9§ frrunogent c

conmposi tion wi and the nunber of
injections to b?euglévlenbml[ muw]abd'théS il ratron e Qboe@t@poshom Bnistogbout he

| nvention may §i’ftaQ<f1‘I 2691 b'o&%ﬁof’dgtr% 3% Rt B LI6IY 4 iy 3ud 10 12ddi tion to a

plurality of stap% écocca capsu ysacchari de-protein conjugates. The
FDA requires t#haet Bl wlabgitedl: @P@d@dtt%ahoht 30k o1 99pe-18ddeaterid% i - dose) vial s

contain a presglyahd Y&ar rwléérc&ghgatea IfsEME BXTAPLIT A c}faﬁﬁm@ﬁm&ducts _
cont ai ni nglspr eservatives include vacci nes cont ai ni ng benzet honi um chl ori de

(ant hr ax) ,152- ptEHEXS 1 PEREIVeRHPaE, 3 Mg A0 1 LIwe epRediBerdasyapes i er al ) ) ,

ggenalc (B Pnau ”Dm?ﬁr%/rﬂh@bﬁioﬁjﬁéﬂt@ln?ﬁfcﬁlo)CRNg&I?Gh mca:PS aﬂﬂuﬁo@brﬂ@d‘dhﬁ@ﬁtc (DTaP, DT,
i b n neu ervati ves
appr ovgd for. (fQ&° }’ﬁwf’(ﬁ‘ a@%‘itgbll 2 atﬁﬁ”bgjsl |[H8?‘ifd'gb°d'ém&‘ %’)Céz??lg%?q(s)%%? "anol ,

m cresol, met hgah@aﬂ’cabﬁgateqjymp»y kp@REbehin th2-GPh émoxyeethammjugath envtet hon| um
chl or i de, berz SN G Ol DRAROLE WALd sebeReNt Abaeliphs phenal

t hi merosal and enyl mercuric nitr orrmlatlons of the
i nventi on 2fay aihgnttﬁhbto a@@}m@ﬁ il sabowri@: 100 abenr28: lofiboat Wuf oabout 30:sabeut a di val ent

cation, a non- | onicGdRbenagnlc133 GAPIOLRKLANE! BUEH 281 3bor 134 - sugar,
and an anti-oxidant suc ree r adi cal scavenger or chelat|ng agent, or -
to about 20:1; about l6 l to about 20:1; about 17:1 to about 20:1; about 18:1 to
about 20:1; about 5:1 to about 18:1; about 7:1 to about 16:1; or about 9:1 to about
14:1.
25 [0106] Another way to express the number of lysine residues in the carrier
protein conjugated to the capsular polysaccharide can be as a range of conjugated
lysines. For example, in a given CP8 immunogenic conjugate, the CRM g7 may
éomprise 5 to 15 lysines out of 39 covalently linked to the capsular polysaccharide.
Alternatively, this parameter can be expressed as a percentage. For example, ina
30 given CP8 immunogenic conjugate, the percentage of conjugated lysines can be
between 10% to 50%. In some embodiments, 20% to 50% of lysines can be

covalently linked to CP8. Altemnatively still, 30% to 50% of CRM,¢7 lysines can



any nmultiple conbination thereof. The choice of any one conponent, e.g., a
chel ator, nmay determ ne whether or not another conponent (e.g., a
scavengerwoistidasiosabl e. The final conposition fornmul at @dTfUs2010/039473

adm ni strati on should be sterile 5and/or pyrogen free. The skilled artisan .
may enpirically determ ne which conbinations of these and ot her conponents
wll be optimal for inclusion in the prgservative containing i nmunogenic
conpositions of the invention depending on a variety of factors such as the

par ti cul ar st opage, AR (AR BB QR0RRRERM ONSALL UM (8o, 010119 | 0

certain enbodi e mulation of the inve IS conpati bl e
with parenter aCRB{hIcniymn@l; 2eP0 kot e o RN sdwsinsmi Strto e f GRYsd bsiogs cal |y
accept abl e buf k@r &, 58] SR, 17K 184 0 B oktmﬁ@smr 1505 153004 & et hani nc)
phosphate, acefate, borate, citrate, glycine, histidine and succinate. In
certain embodi EBMI‘BlYS‘E‘PﬁeZQ%I‘Qﬁﬂ"/a‘?ﬁW%‘YWﬁfzé‘lyfe‘él 30% of-RMin YaingsH r ange of

about 6.0 t0 1p@BheiisoPefGRNDS ﬂ&ﬂe@mryo‘m@mmm.@1§lsute@a@temnena 4 101201 In
certain enbodinents, it may be desjrable to adjust the pH of t

i munogeni ¢ cohGeaFigh Ad?" f“d‘rﬂ‘r‘(ﬂ“&tp Pdﬂmb'fogfrh“ecqnh‘\%ﬁt"i‘eo TFh‘é‘%H of a

formul ation of cdfiisd I'B/tBTIIZII)@mc{myobE oaeulmlpeﬂkeusd ﬂngc@tslamdar d techniques in
the art. The pH of%cﬁ%re f%émj at ﬂy usted to be between 3.0 and
8.0. In certai ROYOEHYSE ALRTY Ve yhtg‘sﬁ 5’?‘“&%8 ‘I"‘W’FFﬁTegtaf A8 be, or may
adjusted to beFortbeimyﬂemm BgilendTp iGnMpogdniO canuga®, B¢ pacenmgOofanduGudd. | n ot her
enmbodi nent t t he f | adto) €. or st.ed to be, about
3.0, aboutlsd3 5hysmgs Sut ebebween%%}eo %%S%zig%%?%fi b’%ms %?O%’ tfabout 5.8,
about 6.0, abolsing.cgn beadvoritntly lDkedgbEld. thﬁnatiwlyabb&@%&o % eth certain

embodi ment s, tbﬁm IR Qﬁbc c Ofvall¥, Immk@@' 0% tQ%% lofcR %@mgse from4.5 to
7.5, orfrom4 5 om5.5 to 5.6,
from5.6 to 5. ?O%for@rﬁr @CﬁMI®7 '5“85 59?/‘6?(17@4’8@%1\’1@7 Q’S‘H?SFWS’@(’/‘I‘H 6.0, from

6.0 to 6.1, fr@ﬁwﬁwgsm 8092 10 éd/pmcﬁuz.qllpsu@s ,S%ftbesm@fam fsiBes;from6.5 to
7.0, from7.0 to r

. peci f nbodj ment, the pH
o ine forl attar felsst s 314 of sRyEE e BB . 2 |
formul ation of CRERs, iysMenN#%w® WY 6FCRN, o AgiRatar B5E oW Ao fIERN RE Igdisds

admi ni stration conm 0 nore dival ent cations. - 35 - including
but not Iinitedf*fd L‘}ﬂ@l@“ke%adq;s and MiCl12, at a concentration ranging from

about 0.1 nM t ¢1atoulthe TOqurMy wattén:hmpltbbthabmatlar501ym\>tltasdenrglapn@ﬁ erred. 101221
e P RSEROS carflor YT WO Pl LPUEALIANnI ik SorOOmPat L by &
with parenteral”adm ni stration conpris one nore sa I ncl udi ng 5but
not |imtetP tocapodé patysetshardes &or pemles ingne erbagimadi at lgastoneePWdnt at e, and

pot assi um sul f glig.. REESEERMS, A pd QR Garide LEAE B WaGRvdrs s RNMST o ogi cal Iy
acceptable to the subj ect upon parenteral adm nistration and included at a

final concent r 8CFEHIG 6P Wb eEhacapa pplcshgHdce I8 podKhtmPodimgs ol arity in
the final for _nUIIeﬁtld zQ'l'bast-[)h@cdcvhlgl@hmkég@b&w%nr@f}@ffohanﬁrca;@ﬁlﬁiﬂﬂoﬂvsdld’cyarﬂ_@ t he

formulation wll be determ ne mul ti co onents (e.qg., ions from
buf feri ng conp&UA%) © ’ﬁda‘i‘if“ﬁ Fr %‘/?B%E‘B‘Eff ﬂE)é?ylzrf@ §§1]g?a§'.%e Epfﬂ& 8'?'&?“53 sal t,
NaCl, is presesto Zf{aedﬁbraderraﬁgtam(ﬁ cupy 8 @ Qasbmh'arl(ﬂﬁébehtmnM evdry bitsal t

concentrati ons ab lang T cat un yer: 790 slaerlggrm%e rcpca ts cv Oé’l?l‘lt s (e.g., sugars)
so that the fi i t'dt'aP érlrfil r?’ of e FoFT At T Sh Y 8 corrpatlble with
par enteral admaéistidatp@nunite.cgery 9|tm4%1mhsmglramat0m!tsutm:m(btnééus i nj ection)

and will pr Omga%chlaﬁlieorjggeal: f%t@e%ér??'t& b Ea)échgitldetrjgg?ea! WQ@Q?@'(&7 conponents of the

i m*runogem
saccharide repeat units; every 4 to 8 saccharide repeat units; every 6 to 10

30 saccharide repeat units; every 7 to 11 saccharide repeat units; every 8 to 12
saccharide repeat units; cvery 9 to 13 saccharide repeat units; every 10 to 14

saccharide repeat units; every 10 to 20 saccharide repeat units; or every S to 10



conposition formnul ati on over various tenperature ranges. Salt-free
formulations will tolerate increased ranges of the one or nore sel ected
cryopr ot expantig#a®@3mai ntai n desired final osnolarity | ererdalS201002813 1 n
certain enbodi ments, a formnulation of the invention which is 20conpati bl e
Wi th parenteral adm nistration conprises one or nore cryoprotectants
selected frombut not limted to disaceharides (e.g., |actose, maltose,
sucrose or trehal ose) and pol yhydroxy hydrocarbons (e.g., dulcitol,

gl ycerol, mann r rhadi t he

osnol ari ty of % “&r}%ﬁ?grnl%%ﬂbicaf%n%g‘?‘%ﬁﬁg&a'q& tIr%m'ath‘réom aggﬁ? ¢ %00 nos/L to
about 800 rrOs/Isast et tnkage peafeet ¢ R 1o 2nd gepseipr Fohsrachasga PecEsECTROEY 2 t 0 about
500 nGs/L, or abouts 3Q09 S IL12, 180Quis. 497, MESoLer 28 s&@hdrivf Fpeaf Or mul ati on
may contain, for exanple, from about 5%t 0 about 25% sucrose, and
preferably frowitasbhe capeslar@olpisehardso, or about 10%to about 12% sucr ose.

Al ternatively, |0a081aldmfehe@dllﬁqa{taﬂdhatmamlomv@mhammund‘g@mc eonagpitien  from about
3% to 30about 12% sorblt and pref erabl rom.a oto 7% or about 5%
to about 6% sofWiA'SE 21O é@l‘?’@ﬁ%ﬁ“‘&goné%ﬁﬁzﬁcrﬁ‘?ﬂ ‘8$?ge‘”‘r %" added, then the

ef fective ranger@jpe S-or 8Gapsulsiupilyesehaide saugktedlo a @mee;brattem\desicyibdbcr eased.
These and ot her such osnolality and osnolarity considerations are well
within the skifi®"6f the art. 101251 In certain embodi ments, a fornul ation
of the inventi PM0hiThh tars "Tompagdniyl cempgsitionp whatns temalphanaipdeniiost r at i on

conpri ses qne 9&1;})%?{%5051%9\1 §§| %g@éen %%X'a%&b@r@adlsﬂh&r@cEBP&e@tqur&rf chel ating

agents. A'vari et ree r scavengers-and chel'ators are known in the
art and appl y which pranmosiripritaaor Byfd tagligit ARFTHES TesPonysia 2dedecti BEd her ei n.

Exanpl es i ncl ugxﬂmmdécn%rc%mﬂ@stmolnb ot t'h@}gjrcstcﬁ)t 1@Jcht@d?1QLm deLQIGABO pPot&PIAL@t hanol

combi nation, triethanolamne, mannitol, histidine, %cer ol , sodium
Citrate, inosi?BImAtEusSEMBLIA Sty ens f‘ﬁ%ﬂ?‘}r%@%ﬁﬁa’f@m‘%@ Bk aci d/ ascor bat e,

succi ni ¢ 10aci Ghisihegdnitddofipositink Glaa@j/seyrr{mld&&fa&)r nilRSdabroade or telistdoand DTPA,
and vari ous conbi nati O@ﬁ of two o n ceritain

enbodi nent’s, af"fERSPO '8“%85‘“?'@08[?8%8%98%@693153&‘03éat Coé'{g &N5ar° may be added
at a concentratdn&n piskna& inghinétg bh wielther @blRandéssc hdngistraions shaeiddety of t he

f or ITU' at I on. thl‘l vid tti'l mﬁrréueesc PEI]?I‘Q[!CI 190?%29qﬁtha(ag‘n{ap(nlsmcgltgiﬁc%{lgg%!cgt ors nay

al so be added |nhccvar i‘ous'co as a scavenger and a dival ent
cation. The choi \Gfemmosedh@rhlatsmtlwwd llhe dl@t/@quqef IShraIateEY Or@enigatinghe addi ti on

of a scavenger C?s m@s&ee%bo&l%%G%trélﬂsaq:Q({nlilﬁ'stpan@mgngédrfgﬂhsbreaﬂnécn?)&rm| ation of
the i nvention ichi1s co atlbeV\At garentera admnlstratlon COI’T})I’ISGS

one or nor¥ nopreyasHpEofgaToPRasYgAtl SaTipgsof SroHrryS Bitve atkEHating iRfgcdign pidts
pol yoxyet hyl eng,Qf gk am&%g%,@&u@oﬁ%emy al2PRAksyS0 phRtae BObddleeen 80) ,

Pol ysor bat e- 60th(atTavr\é:ef%gctggal as ﬁ(c)zlisurcg by the Enllmg of gactcng ?n cither an animal

efficacy model or via an opsonophagocytic killing assay.
[0110] Optimal amounts of components for a particular immunogenic

25 composition can be ascertained by standard studies involving observation of
appropriate immune responses in subjects. Following an initial vaccination,
subjects can receive one or several booster immunizations adequately spaced.
[0111] The immunogenic compositions of the present invention may also include
one or more of the following antigens: CIfA, CIfB, SdrC, SdrD, SdrE

30 MntC/SitC/Saliva Binding Protein, lsdB; IsdA, Opp3a, DItA, HtsA, LtaS, SdrH,
SrtA, SpA, SBI, alpha-hemolysin (hla), beta-hemolysin, fibronectin-binding

protein A (fnbA), coagulase, map, Panton-Valentine leukocidin (pvl),



40) and Pol ysorbate-20 (Tween 20), pol yoxyethyl ene al kyl ethers, including
but not limted to Brij 58, Brij 35, as well as others such as Triton
X-100; TrwOani04134, NP40, Span 85 and the Pl uronic sePCeaISed10/08973 oni c
surfactants (e. g. , Pluronic 121), with preferred conponents
Pol ysorbate-80 at a concentration from 25about 0.001%to about 2% (wth up
to about 0.25% being preferred) or Pol.ggorbatc-40 at a concentration from
about 0.001%to I%(vvith up to about 0.5% being preferred). 101271 In
certain enbodi nent s j S one or nore
na; -toxin (hlg{%‘n ﬁhllu?(%ha%lmak %d‘ ng‘nr%‘g&%e g(gﬂs%?

addi tional stabillzi ng 'S sul nrstration, e.g.,
a 30r educi ng abeurtin r;gapplrs $apd iy [aBRsB | (Sﬁ@”thSGﬂA EbMaS@rﬁﬁaﬂ KEB g.

cysteine, N-acgiy 54€5 P, BHMLGRED @Amga&r&w ﬁneauréoqﬂtntﬂ;@cmbpgl ycol at e,

t hi osul fatc, nonot FII og?\’%cero or m xtures thereof Al'ternatively or

optional ly, pr éﬁé&ﬂﬁ&?ﬁlvﬁn%gﬁﬁﬁﬂnmﬁ?@ dPNAG, Geh%ﬁﬁ%@éh‘? SSEonp¥sPti on

formul ati ons ofigbhgidRMEMiddHY pr&Yin Rear A Urdih&ExiS habhdrb@d BYY renoving oxygen
from storage contai ners, protecting the fornulation fromlight (e.g., by

usi ng anber gl EeEoLSH; ﬁ@rf@ye‘a%@m Preservati ve-contai ni ng i nmunogeni c

conposi tion foromdjatih emsendbdiras:, b Mveiiokenic dﬂS&tpoQtﬁHﬁpbftﬁemOcﬂﬁoﬁ)r nor e
pharmaceutical Ly acceptable carriers.or exwl ents, which i ECl udes any

exci pi ent that ‘%‘8‘8§°‘H pisciat lgast encjof an adivvap hé CW@?&?H@E 2%t abl e
exci pi ents i nclivalent bationar@ntiatic detargenean inbibiaorf Gooladicalbggat®uch as protei ns,

sacchari des pgi:l%!naé?talcz%rlgimhggde Cgﬁl)éllﬁle t tg uvgllg \9%610% urég%ncée%lcam no aci ds,

am no aci d1 copolymers, sucrose 19:2118),
10t r ehal ose, I emtrosidoragfdhd inyndoraig air dgamers bé@d@@lu@st dir bnachmehoflistest. or

| i posormes) . fh@ Nor I lgarg?l%ﬂuwa cd KAWL §e%c¢tch1ﬁo§1‘ﬂ'x Og el caﬁstsm@&

Phar maceuti cal ccept e excipient's are discusse ., 1 n Gennaro,
2000, Remi ngt omlummn@ pgespé%éluaww&@tcmdealwmphm%w 1*29@11 edition,

| SBN: 0683306472mb01d9;1€2,91hc 28 Istal lISunOPhobghBtel nventl on may be |yophilized or
in aqueous form e. 15sol utions or suspensions. éw d fornul ati ons may

advant ageoiss| y‘od@]adArﬁ aﬁ‘i“é’f”ér‘seaols“m‘?"é‘i:'ﬂ“?‘f“ W&%‘?%@W”‘b tRAYet form and are
thus ideal foradifihieelel ycthbrtvihuih lmﬂﬂendgae@t amgcnr B&Oﬂﬁ&rloftl)'ﬁdﬂ@rﬁbs bh aqueous

medi um as ot herw require phl MPOS| itio t he invention.
101301 Di rect [YB pf‘@(é‘?cyﬂ%vf bf‘fﬁ‘?h?%‘bt@ ¢ ‘8’81% '%“"?u(? e ¢ ‘fvu’f ﬁmd t?'Pse‘%}aeynt i nvention
to 20a subj ect benmyfubie aammmmidssnhedr dnyxlqnarzelmmalnncmdmgmusnmatmtm

(I ntramscul ar loyrhc'%n?etr{ ARRI . (%eré?i '7% ﬁ&q%@ 'gy usHhGHgneously,

i ntravenously, eln space i ssue or by rectal,
oral, vagiamal, 5f72)bI2daIl3 lt4rb5n$@éﬁmadl8(ﬁmlrsalma@af0rm&ictb¢ iterfergns-al B pul nonary

or ot her m"COSQAd gﬂ}. Icrlﬁ‘z;&o%ﬂa cleBoRy RERf8RE ﬁgo?@@%ﬁ?ﬂ&, epapgnteral
adm ni strati onP| S rarruscu ar | njection, 80 e olon
atent No. 5, 078 996 and ATCC Acccssmn Number 39900): mac ophage y
stimulating factor (M-CSF); granulocyte colony stimulating factor (G-CSF); and
the tumor necrosis factors a and B. Still ot‘her adjuvants that are useful with the
25 lmmunogemc compositions described herein include chemokines, including
without limitation, MCP-1, MIP-1a, MIP-1p, and RANTES; adhesion molcculcs
such as a selectin, e.g., L-selectin, P-sclectin and E-sclectin; mucin-like molecules,
e.g., CD34, GlyCAM-1 and MadCAM-1; a fnember of the integrin family such as
LFA-1, VLA-1, Mac-1 and p150.95; a member of the immunoglobulin supertamily
30 such as PECAM, ICAMs, e.g., ICAM-1, ICAM-2 and ICAM-3, CD2 and LFA-3;
4 co-stimulatory molecules such as B7-1, B7-2, CD40 and CD40L; growth factors

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



25t hi gh or upper armof the subject. Injection may be via a needle (e.g. a
hypoderm ¢ needl e), but needle free injection may alternatively be used. A
typi cal iworammtwBar dose is 0.5nmL. Conpositions of thecCirmseniosn’ay be
prepared in various fornms, e.g., for injection either as liquid solutions
or suspensions. In certain enbodi nents, the conposition may be prepared as
a powder or spray for 30pul nonary adm-pistration, e.g. in an inhaler. In

ot her enbodi nents, the conposition may be prepared as a suppository or
pessary, or fOépl&%%a'gmawa%!or%cﬂcghe}r RS élQP rofudhads @ SPray,
drops, gel or - 38 - The amount o ate 1 n each

i mrunogeni ¢ coﬁﬁ@%@ﬁW@W“H%@@UWEggélE%E@ﬁm&§lﬁhAawéuﬁ@ ﬁ 1. PRéluces an

| munopr ot ect i yRAMESRPAS AN, LARDE NEREMHA, ORBIKILRERET RIS @RliSK2, Such anmpunt
can vary dependi upon_t he -sta hylococcal ser ot ype. GEneraIIy, each dose
will conprise 61ﬂgﬁ%aTb@“&§“bW° p8esaccharide, particularly 0.1 to 10 My,
and nmore payti uhdrs6idblé jbvamgused GledBdncOpt indifine AFUARY Bayofirtk@nponent s for. a

particul ar immunogeni nposi t Y. rtai pned by stapdard studies
Phvol ving obsels e MR RapH PRI Grinan FELpBREBE A B ect 5.
Fol I owi ng an |Gme@Hmuaammmatwmm;wﬁubpmmnﬁusammme&thEzmneAmb sever al

booster | muni £ALHORS 0L daLel Y, SRS 1OPACKaOLNG. ANf Posage For e

101331 Innunogenlc conposi ackaged in unit
dose or nul ti - dossahioe phosphag. coRpaode@\GPA addgestivespr amlogy therBefr nul ti - dose

forms, vi ‘3‘10S anE\cE Xx@'a@ﬁﬂaf;l{( ﬁQHtCoPl% a#?'oet‘ﬁﬁs%%ﬁ(%f Xg@ﬁtﬁ‘eﬁ%ﬂ@?‘at@ Qo pre-filled

syringes. dose forrmats I nc are not limted to: 2 to
10 doses per céﬁiFa?Wepna@ucoAﬁPllsﬂzb(R:}arﬁstrwﬁanaﬁg@etqaﬁﬁce@wtamm] ehodi ment s,

the dose is a 0. BsphSIRE3 -0 (18)-3-tch Ae&in oiRkcaRAIENF(RABP! | cation
W)2007/ 127668, mh|§k4?§§zﬁéor org¥%h 6 refgfgﬁce hg}gfﬁ thnp05|t|ons may

be presented |FF‘r@‘i'ea?"é’ylﬁ?‘y“?ﬁal%@?“@h?‘t"QB]I léDsgt"t?P%)@@oé‘%twéfcﬁésraéso K9PWiay be
presented in paesbidohadiydabivyarrCcsdeyites29 wj®antﬁ§fom@ﬁl&cﬁﬁs awul ti 3: e
conmponent 20syrin with or without needles. A
syringe tYﬁicaFT§g 3’“&2@@“ﬁ8?5ﬁ@88@§gg?<§5contains a single dose of the
preservative- cunuﬂlnhm@ﬂwﬁﬁmn@genkmdcmmpm$Mtbmhseﬁdee i nvention, although
mul ti - dose, filled SyfﬂﬁgxﬁqumogpéﬂmEWM}ﬁhﬁ@ed Li kewi se, a vial may. -

include a S|ng ecaélmmﬁm my alte rve Include mul tiple doses.
25101341 EffecNHveyHmsmgemybuahwsvééhlbe routlnely est abl i shed, but a

typical dose oliphiioRQMRRRbiaal @b hShLARARR XA, of 0.5 L. In

certain enbodi nents,” the "'dose i's adnlnlstratlon to a human
subj ect. 13P cePi-Hi-WatenAswHaRErEc as (MFSO oS Batgns Np ot HRIB& 0 tansdifi ni st rat i on

to an adult, t @@Lﬁlcn@@qb/ﬁ&ﬁﬁ&tbate%@@% 65%®part 85 @plonbily @ntainfh@ vam@ t han one
year ol d) hunan subj ect_and Ere erred. eiribodi ne be
admi ni st ered be,m?%](Sé)(t:MTd’nPE) formula cd mto ubmicron particles using a micro llldlZCI‘

such as Model 110Y microfluidizer (Microfluidics, Newton, MA)), and SAF
{containing 10% Squalene, 0.4% polysorbate 80, 5% bluronic-blocked polymer
25 L121, and thr-MDP, either microfluidized into a submicfon emulsion or vortexed
to generate a larger particle size emulsion); incomplete Freund's adjuvant (1FA);
aluminum salts (alum), such as aluminum hydroxide, aluminum phosphate,
aluminum sulfate; Amphigen; Avridine; L12 I/squalene;.
D-lactide-polylactide/glycoside; pluronic polyols; killed Bordetella; saponins, such
30 as Stimulon™ QS-21 (Antigenics, Framingham, MA.), described in US Patent No.
5,057,540, Iscomatrix® (CSL Limited, Parkville, Australia), described in US Patent
No. 5,254,339, and immunostimulating complexes (ISCOMS); Mycobacterium -




101351 Liquid i nmunogeni ¢ conpositions of the invention are also suitable
for reconstituting other inmunogenic conpositions which are presented in
| yophi | i 2%0 20t1/@%03 form Where an i mmunogeni ¢ conposi t iPOm/USg0103%3e3 used
for such extenporaneous reconstitution, the invention provides a kit with
two or nore vials, two or nore ready-filled syringes, or one or nore of
each, with the contents of the syringesbeing used to reconstitute the
contents of the vial prior to injection, or vice versa. 5 101361

Al ternatively, no res ion may be

| yophi li zed anﬂ%’{%’é}%gﬁﬁggaq%e?‘? ﬁ%@p&%a&m%%s ﬁntﬁet]?pa},nucﬁ&‘iqe e of nethods
for freeze dryélizgnussioliddg ngwaininga Eh@n@rlf(egousd’tamtdﬁ!qNZﬂ'ég‘tﬂ)dﬁ Hdhaped (e.qg.
spheri cal ) par&h@,lcaﬁ,aosvmaaﬁusmaqr&&%hédaa%ptr»stemrogq%la@ﬁ%d having particle
characteristics.such as nean di ameter sizes that nmay be sel ected and
control | ed by La¥3Age rerasssadt (Pheehayant thoiFskd chaderplosis#f BUlRem  The

I mrunogeni G Compesi(LEo0S PGE@M rfddrimrzspmmmwm ﬁ@lawam ¢oi; @h may
optional |y be prepared wi ntai ned i n separate re ar shaped
(e.g., spheric#5 papef @P‘é%“’%‘ﬂ&[hné’émf'ﬁa&t tBseatin éf‘@“l?ﬁlyw%?y g&e In such
enbodi ment s, the. Usament Nosny.eat 910, fs7B0edd DIo0sReles an i mmunogeni c
conposition Ki {Qliﬁrrg[rl Si n‘g a first corrponenh t hat i ncludes a stabilized,
dry 15i mmunogett E1cdpEaTYIC8H GEPPEYAI PHOF LY tHEP RS/ Sr i sing one or nore
preservatives pifanﬁd@anicaiuemapcame camniclr. ahsemon;daaonummnmﬂlytac@pnphel sing a
sterile, ueoys . sol on for I t nponent In
certain cJ)enbo |'errnerrrl1 ot fzﬁr'er aa‘ﬁrggegs%% gH{aloﬁnagg%ﬁﬁ??gédg&ztﬁégger
preservatives, gcazmimmyoro’piter waahtbry agenepror Ysedain tﬂeéé%tphmcmja@vant (see
e.g. W02009/1 (=TrTef= 1 1In yet
anot her enbodi %@ﬁt%QHCQAHQQQP %ﬁ%gﬁgﬁ%%nggﬂ%%ﬂ%eﬁyé%@g? for mattg hlugngi%lzect ed from
one or nore of Welhw ngr-buparcaangs | Ty (oM "cBier” wéYs Pjadilieay adisvangener al

| aboratory gl asgwaheor {5e|hﬁ§:Kﬁth \hﬁ@hﬁé lammgarca;dluarc&qp&y.bh RA8mmistdrar ment or s,

bi oreactors, tubings, pipes, %ars vial closures (e.g., a

rubber st ogper Wagn §%‘P‘€\?\P'6tf?”?5‘l§‘a?ﬁ)‘e°“ ﬁﬂeé‘g gl)é%‘ff"'i' SRJEOns e&F or
mul ti - chanber &yﬂkb)fég3§l,1qu$cyd’ahl'tg9$peﬁrﬁ@lﬂhpl9IT(S' m&yerblcn;gau@{suagzeﬁ;ﬁcs of ubber
cl osures, plastic closures g6s and di sposabl e pens

and the |ike. ’Fﬁgbl%%}}?fra?cﬁ‘éfcaﬂf‘mtcﬁér cfﬁclrjlé?ﬁs'h "g‘{/‘” [?'bn |a§maﬁolfm?l| mted by

mat eri al of naswidnast by E, WaMdrtmn&hutdesulmbelmuajl ssit gyavdasf gl ass, netal s

(e.g., steel steel, alum num etc.) and pol yners (e.g.,
t her m)pl asti c:s%“%;1 glsa'?lgr?rers 30t her nmopl astic-el astoners). In a parti cul ar

enbodi ment20 t h®1EBn(TaE fremunogenidronosivres of the preSniynvesHdar fnppre 1 gl ass vial -

with a butyl s{pRBE!one bhforkiihiligd %rﬂlh%%dwadots '@mahea% #bQs hhat the format
set forth above I's by no means an exhaustive |1 st, - 40 - nerely serve

as gui dance t oPY¥HE cAplgrhedmguphsYPleapwet ‘hﬁté"ﬁ%épv%i"i“%’gprof formats avail abl e

for the presenfowné@nitiod Bf huikbehl badsrakl-hedised fmsoRy argpbaaicadf gie use in the
present invention may be found i ubl IE g}d Eﬁt al 09 ues fr | abor at ory
equi prent  vendYPROIEHMAEL HRFEEAMIUY VR G LT aéf‘%% astic Corp.

(Li ma, OH)25 VWmRmune system is provided. Examples of certain mmunomodulators include, e.g.,
an adjuvant or cytokine, or Iscomatrix® (CSL Limited; Parkville, Australia), '
described in US Patent No. 5,254,339 among others. Non-limiting examples of
adjuvants that can be used in the immunogenic composition of the present
invention include the RIBI adjuvant system (Ribi Inc.; Hamilton, MT), alum,

30 mineral gels such as aluminum hydroxide gel, oil-in-water emulsions, water-in-oil
cmulsions such as, e.g., Freund's complete and incomplete adjuvants, Block

copolymer (CytRx; Atlanta, GA), QS-21 (Cambridge Biotech Inc.; Cambridge,



5Met hods for Maki ng | mmunogeni ¢ Conjugates 10 1381 The present invention
al so i ncludes nethods of neking the i munogeni ¢ conjugates descri bed
herei n. NeoOhrod®4i®s meki ng t he i Mmunogeni ¢ conj ugat es oPCTIIS2010039303 On

i nvol ve coval'ent conjugation of the capsular polysaccharides with the
carrier proteins using conjugation chemstry involving CO

10(1, 1-carbonyl dii m dazol e), CDT (1, 1-gacboyl-di-1, 2, 4- trlazole) or PDPH
(3-(2-pyridyl dithio)-propionyl hydrazide). f01391 Accordlngly, one
et O oh LR A0 B AES B, SHfrbas suIEL hagh Al ogRkLR an

I munogeni ¢ conj ugate conp aur seroty or 8 capsul ar

pol ysacchari deottbcmpmogmtfeldﬂqnomanqpamph@vl liprdoAs éhththch@ﬁ ln@ect #ige conpri si ng 15t he
steps of: a) cmPANNINAGinf Hé exBHSIEUT o R G- %yrpe%u@ldae w@AGansyl ar <

pol ysaccharide wth imdazole or triazole to produce a conpounded

pol ysacchar i de‘mlbl)nog@&c‘iop‘ﬁ@s"ﬂ%é’fé@rﬁ’p’éﬂﬂ?&é‘&l"ﬁ%F‘S‘?g‘g‘é‘éﬁw&%‘i%S[EHWGZDT in an

or ?fam f 30|5veng/2mgﬁh&iﬂt Mddik¥a EQA@I@@%tanQlla?&?/QvWeNerMﬂiuﬁfcoth[n?ﬂ'ggdiuC?han
activated serotype S or capsul ar ccharide;. ¢ uri e
activated serot¥paduslegs (Sgemadspvay SB‘B‘I éii&iﬂ%ﬁ?‘ (gcﬁ S?Cf%céeﬁ‘ﬁié’cfy&&%é purified
acti vat ed ser Ob(yljaﬁrtﬁte@[) d&e.cgarpmll ammmhggsac%xw eBinol) 200 @&t gl Ahe purified
activated ﬁ%omg‘%? %IF%%f %nl.é F )XeFSgal%ghe[rPhged %m B S carrl er proteinin

t he organlc so capsu Iar

pol ysacchar| deoma)rwate'rcnptsmmebmpmmjiYgM\eﬁquahub &Y (Wytsmh¥ gi Bgegtre. scrotype 5
or 8 capsujar 894/&’(%@5@0*\\%\%"139@88@ tbro & zpsrpng%@thgr%nllka@ﬁ,fcgmﬁ Bufi RMDye unr eact ed
activation groups an~i mminogeni ¢ conjugate conprising a S.

aur eus ser ot ypé&0 Hegim! @0@@!9@1“(élherpémlylmﬁ@ﬁéwfde‘héépﬂ brgatledsd inghe carrier

protein is progug&dsen &o%gsltm&%d@‘ent »onPbs rQ(’;rctAchr[%El@E)s {nebkferohl@r puri fi ed
activated serotype or 8 capsul ar pol ysaccharide is conpounded with a

carrier protei Aherikpawpayiekines prechemplgers nlivfine smbedifaent. ARFAUV & Ay Aot her

CDT- based net hegidatxt30aerKhng oaﬁlpélffﬂﬂUﬂQgﬁWhﬁr G&ﬂjabl@laieﬁid@lb@rlﬂwlsded
conprising a S, atireus

u ar po acc r conj ugat ed
to a carrier pFPYFBIRS qlﬁggéﬁa ﬂ&f’lgéwpfﬁs yt Hes §’tpb§;5'§ Yoo al? &Srrpoundl ng a
S. aureus scr otryfehomotlatSr ana/pswjmm to Belused Wﬂ|d¢ﬁ@d©h&fclsﬁi@ccﬁ\ﬂot\#hmhm dazol e or
triazole to prqduce a co sacchari b e conpounded
pol ysacchar i deq’\ﬁn Tlﬁu?ﬁ’é"rm%mé’ﬁsud?" ”g(rﬂub)é gné‘f]vgntdqﬁé Eﬁ)u}c Ofm%%tdénn%dﬁ% about 0.3%
w v water to pmonhstcefxajnctaostw\balgedn serotype 5 or 8 capsular polysaccharide,

c) reacting t hﬁ]ﬂgﬁt Iﬂ]%tlrﬁlqmﬁ)ggrﬁé by ogtuﬂ{s oglhgﬁﬁgﬂdll ﬂ{ay RE hXISc%E]Sh@ ide with a

carrier protei e orgamic solvent uce a serotype 5 or 8
capsul ar p&ﬂ ysa@mawnmesefé{ﬁm\icem agdigemion P@tﬁﬂj‘b@f&taéhyl%ﬁ@atf)al’%%r olyzing the

serotype 5 or §ongs%9§1wlc@rpr&9hxﬁﬁ%n@rfmm&amé thR 198164 i6h] FRBIMAAL € O renpve
unreacted activa rou an | hmmunogeni Cc conéugat e corrprl Si ng a

S. aureus serot”yb‘éICESjoéfr(“B‘ b‘g’é@u1‘aésr°°ﬁﬁlnﬁé’é‘i§&rﬁ%{f@d§“lb‘&lﬁ*U YEEWPHWSa 10carri er
protein is progucad pro‘h@&éao]atah{hg%’l&eﬁﬁﬁh@dlnﬂlﬁdﬁwacctuﬁt@ coftgang ¢ sol vent within

(he SO based ELNECR Ch\T 16,20 LITARCSRNL oD 981 £ pipol o oprot
sel ected frsom thagngratyy thm h(st’nesﬁnon@yphfnddpmtdnw Vaedifig)andiginidDidBO) |
di met hyl f or manhgilea!’( B)M:'Pd’ Hcp lbh r|1 u(c::neztaa gi%mng Pncumo, Rabics).

Préscrvatives approved for.usc in injectable drugs include, e.g., chlorobutanol, m-

cresol, methylparaben, propylparaben, 2-phenoxyethanol, benzethonium chloride,

benzalkonium chloride, benzoic acid, benzyl alcohol, phenol, thimerosal and

30 phenylmercuric nitrate.
[0118] Formulations of the invention may further comprise one or more of a '

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



15net hyl - 2- pyrrol i done, and hexanet hyl phosphoranm de (HWPA). In one

enbodi nent, the organic solvent is DMSO 101421 In one enbodi nent, the step
of reactiwg@ 20h@4c@apounded pol ysaccharide with CDT w t hiPaTiuse01@DI*4bRased

met hods of naki ng an i nmunogeni ¢ conj ugate conpri ses providi ng about
20-fol d nol ar excess of CDT conpared to the 20pol ysaccharide. In one

enbodi nent, the step of purifying the.agtivated serotype 5 or 8 capsul ar

pol ysacchari de mﬁthin t he CDT-based net hods of meki ng an i mmunogenic

conj ugat e conpgi.se he carrier
protein mnthln&?ﬁ g %gé% Fgﬁﬁaﬁ}&%ﬁg%mlQﬁgqgwgﬂg?%nﬁgggeﬁ%c conj ugat e
is CRML97. In @Wéménﬁodmﬁﬁﬁvm1@ﬁ@ﬁa6ﬁ¢v@Feéf%@PUQVWWOSmegsacapsular

pol ysacchari deciaf i fh {daRrRE DRGR Of on%mag he R g%w engeQMy Ugate is
reacted with tcea 3 |B a rat|6 i gy?ﬁg? ab 03$ 1: 1 E;%81441 I n one

embodi nent, t héesisably Toe t'nva?lawzm&rwwéte% 6"!‘9‘%‘"5‘0615“08“13‘6 sterile

pol ysaccharsi deiaah gg)rﬁgenﬁfe@t emkmmw%h&ymprriem\deteum@amtled activation
groups within the ma eni.c conj ugat e

ase t hods o Ki n
conpri ses d|Iu?WgﬁmPWF8fﬁmﬁd$$8¢méﬂ@pﬂﬁWﬁ 5n%VW@qugﬁ“§$‘HHBUF 8.8 to about
9.2 for at | eagtsedvative c@Rtamm@OMmSn@Emab(ﬁmﬁosﬂ@@oftihe abyentton A§Endihgrorone
enbodi nent, the step

th |
polysaccharldeagﬁ?W|é?°dePg]% ﬁﬂﬁﬁﬁ Em%%%anggﬁnm“dmfugmgﬁ%ﬁh?g a buffer

and mai nt ai ni ngqaregH of about 9.0 for at Ieast 4 hours at about 23C

5101451 I One[O?moqh 931'351 emtblac?lm%rﬁg %tfgr%%laﬁorpgf ﬁe &gegﬁw @i

polysaccharlde carrier protern conjugate pro uce accorg]ng to the
CDT- based net hedwadfle wak pagnan adminpadpesporisenpisgamerardyyrledivdlled. I n one

enmbodi nent, p ugdcéﬂteﬁ)‘?ct HuiBrs Qe iR E HRAPEMiIRIY, THs Qﬁﬂ@tﬂe’nﬁlﬁc)
polysaccharlde carrier protein conjugate conmprises diafiltration. 10101461

I n one enbodln@ﬁ%mmﬁrWﬁ?wt%”%%aE?Wﬁ§WWWem&@Hﬁéﬂ%ﬂ€H“%%IWgﬁﬁwhar|de with CDT

wWithin the CDTcn%%ﬂ\ani&%@Qﬂxﬁul@tﬁonﬂﬁl&ltf&&d&mwhmBﬂgﬁi@t 6f Bowjewgat e, the
harlde IS | yophi | i zed and resuspended.

conpounded serot r
In one enbiodi n¥ ?Mﬁ#%@é@ 8& ﬁ&ﬁ’ﬁﬁlysaccharlde and the carrier

protein are semz(ﬂt Ghycnlanﬂhbdilanﬁd naﬂ:d/ U’ceemmpemdﬁnsk the proofthe® reacti ng t he
conpounded 15pol saccharl | Lhe lyophilized
conpounded pol V¥ '@ﬁ?#lammmuﬁformnﬁnmmHOf m\mqb cggﬁgér protein arc
resuspended |nmanMng@ﬁﬂcuB@Mwemmybtm&@ﬁéuembsdwm@nﬁhnmh@lm$gaﬁlc sol vent

| s DMBO. 10147415 gnee fs{pmf TRRY be afﬂ!.s%e d 8 deRAcH 5 Bdnd £16 AGLLARted serotype
5 or 8 capsular pol ysacc de conpoun a carrier protein within the
CDT- based 20  embodiments, the pH of the formulatlon 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, 'thc pH of the
formulation may be, or ma'y adjusted to bé, 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, about 7.5, or
-about 8.0. In certain embodiments, the pH may be, or may adjusted to be, in a

25 range from 4.5 to 7.5, or from 4.5 t0 6.5, from 5.0 to 5.4, from 5.4 t0 5.5, from 5.5
to 5.6, from 5.6 to 5.7, from 5.7 10 5.8, from 5.8 10 5.9, from 5‘.9 to 6.0, from 6.0 to
6.1, from 6.1 to 6.2, from 6.2 to 6.3, from 6.3 to 6.5, from 6.5 to 7.0, from 7.0 to
7.5 or from 7.5 t0 8.0. In a specific embodiment, the pH of the formulation is
about 5.8.

30 [0121] In certain embodiments, a formulation of the invention which is

compatible with parenteral administration comprises one or more divalent cations,



20met hod of maki ng an i mmunogeni ¢ conjugate, the purified activated
serotype 5 or 8 capsul ar polysaccharide and the carrier protein arc
separ at elwolyophiidodzed and resuspended. I n one. enbodi merCT/uUSkh@omae4rs er
protein is CRML97 and prior to |yophilization the CRML97 is diafiltered
against NaCl. In one enbodinent, prior to Iyophilization the CRML97 is
diafiltered against NaCl and the ww rgsio of 25NaCUCRM i s adjusted to
about 0.5 to about 1 5. 101481 One enbodi ment of the present invention

provi des a PDPH Ki . I ' ' conpri sing
a S. aureus sepgk m% noﬂn@@%§>¥”ﬁ cﬁ%laﬂéaccZéﬁgggkg%%ﬁﬂgggggfto a carrier
protein, the rr&om@bbtm@rlrpﬂ\ﬂ mal?guttlﬁeﬂ\étvemypéﬁ abog)5 nMaeingmepfared.  aur eus
serotype 5 or ﬁn?ﬁpﬁwL@{amre%w%&b%rmﬁlaw&hﬁ»&ﬁwwmﬂc@,scar bodi i nmide in
an organi ¢ solvent' to produce a PDPH-1 1 nked pol ysacchari de; b) reacting the
PDPH- I i nked pofopepadlhaih erscrifre dministralinnicAGPTsGRpE OF B1OfrsakRueudiAg act i vat ed

pol ysaccharsi depyqt M{eufovgoalgmtch%na&bbt\@ﬁ;mh%a@tsmﬁn Qulffe, &d - 43 - capsul ar
pol ysaccharide to produce a purified activ sero %EF%Hﬁ 8gicapsular

polysaccharldepmﬂﬁmWé&%¥?ﬁﬁ“&‘ﬁé?#P&P"ﬁﬂHFé‘H‘ﬁf@ﬁm °c acid in an

organi ¢ sol vento tﬁm@wdp@@aadmmhmmaisteadmﬁafdrm@ﬁdenmtfa1anqonee)mpxwrm fying the
0" r eact i ng. ¢ nev ey balenst b6 sFedTasPubshy &%t 5t bERUERAr Fhoi yeatcnar de
with the purifﬁmdmmmmum@ﬂedo&&ﬂﬂuﬁnﬁprbhmnnmh@nmbodmnmmai@@mthpe 5 o0r 8
capsul ar %’Sg‘ocn? og‘gnltﬁctggc%glr &h btpfrfe(?%gaﬁnp%gpd(ggﬁl& gt’herahgg btgf%erliﬂ?gzrltg.l yzing the

serotype apsul'a saccharrde:'carri protein confugate to renove
unr eact ed actlﬁaxﬂ@nﬁgﬂobbglwwheweﬁymanmmnﬁﬁndgehn@Z%bWYug@t@“conprising a
S. aureus serofype, d§mﬁ§b§g%§R§HéQﬁm%QEBb¥%ﬁ£P&ﬁ%bﬂﬁm?9Ql&gﬁ%ﬁﬂ to a carrier

protein is produce I n one enbodi nent bronoacet’ic acid used
wi thin the PDPHathsEn! wisf ergudariof ofbedprmy ladian isATIPRYGIENTit PaSACat e i s a

N-hydr oxysucci finthiteaiestess, iRfanfEQMPaCRbdutan@fik thidcBAANNR) willl prortie enbodi ment ,
the carrier proteln used within the PDPH based nethods of the invention is

CRMLO97 and 5t helPBAKRISS PRI QGG IMRUNP eI IRMPOF S RANS P HIT98 Y wei ght of about
1: 0.1 to about coligdsifion bRAAAIbN ber O UE RRPEHatTREngCS. f'&ltdfc@&ﬁtnﬁlaﬁ@isvent within
t he PDPH- based thods of con g% e is a polar

aprotic sol ven! Plﬁlagr{%ﬂ(‘é’imgdal?gﬁg%tagc RET 18?r8§ﬂcc cd Xon ks ctants to

'S a polar aprotic
sol vent sel ect mdinfamaizsitel dingpeugarekselst i ng of DMSO, DMF, di net hyl acet am de,

N net hyl - 2- I
N L 2P R 9R6e G AEME 0, STHR IRy g o G801 ol ven

met hods of20nakéanpatlrie }vrﬂmgﬁﬁgmaémmgﬁptmgp@prpsgs one or more cryoprotectants

1- Ethyl - 3-(3- dkﬂ%k@ﬁ%ﬁﬁhﬂQ@ﬁﬂQ&ﬁldm&%&@@gﬂbglQ&o&EQéﬂ%esb&o@%ﬁ embodi nent
the step of reactlgg @1e seroty 5 8 capsul ar pol ysaccharide wth PDPH
Ia

and EDAC i n ant'gpl @&“W‘é’ﬁ’éy ‘byéf?ﬁf"‘P%'ééCQ itq} ghyeRreigmapnitol and
pol ysacchari desdfih: EDAC rati o by wei ght of about 1:5:3.

[0124] 1In certain embodiments, the osmolarity of the formulation is in a range of
25 - 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 salt-
free formulation may contain, for example, from about 5% to about 25% sucrose,
and preferably from about 7% to about 15%, or about 10% to about 12% sucrose.
Alternatively, a salt-free formulation may contain, for example, from about 3% to
30 about 12% sorbitol, and preferably from about 4% to 7%, or about 5% to about 6%

sorbitol. If salt such as sodium chloridc is added, then the effective range of



101511 In one enbodi nent, the reducing agent used within the PDPH based
nmet hods of maki ng an i mmunogeni ¢ conjugate is dithiothreitol (DTT). 101521
I n one erwodnA1Q03t he steps of purifying the activat ed PsSeruseypo3E7dr 8
capsul ar pol ysaccharide and purifying the carrier protein within the

PDPH- based 30net hods of naki ng an i nmunogeni ¢ conj ugate each conpri se
diafiltration. 101531 In one enbodi nents¢-the carrier protein within the
PDPH- based net hods of maki ng an i nmunogeni ¢ conjugate is CRML97. I n one
enbodi nent, the y r ibde within the
met hods of matksucrg})Se il Sorbltaq%'le}éﬁ%eg}d%%% & fl%sﬁsa}sngrog%ﬁg}gxs\?\n&? 1%3 CRML47 in a’
rati o by wei ghosrrwﬂarl&b@mldqat@ns @@W@M{lthlnt?@n@“@ﬁﬁedm ment, the step of

hydrol yzi ng theys4r qf w{%m%n%dl%eﬁpqlfyrﬁfa%mﬁtﬁanw.w @hicPOt ei n_conj ugat e
to renove unreacted activation groups wthin the PDPH based net hods of

maki ng an i mMmusrepehble with parerieieledeip plosEgmpIigs ormarnpreofﬁ:eéffdl%&/st eani ne

hydrochl orisde: oﬂf@al,éé.’lnhibnor@a@d/&rmamnge&tms tAh%n&%pﬁreép@dlél QhvdBg&apsul ar
pol ysacchari de: carrier protein con gate produced according to the
2}11

PDPH- based net Hts‘dée"(‘}f“‘ﬁ’éﬂé‘i“ﬂﬁ“ Hyfhey (9ehs fernudphippipRe ereft@dsfri fied. In

onf enboﬂl rregt usclausrcht)ddma,tennorlsx@rfqpltmﬁ‘claarbotsy@ﬁbt5m¢wdt8 cCaps UETA, a

pol ysacchari de rrier roteln con ate co es diafiltrati 101561 I n
243 e Br Bl 368

one” embodi ment EPhpEEY! O’Pk@'é"é‘f’ll e AR B TR P B U S B Rd 4‘§}Ee 5 or
capsul ar pol ysaomb,andsde hmabhbsbllm& plpbiyf)hosphaacetsmta;t edd/eapibhersugriot ei n Wi t h| n

the 15PDPH based, met.h n n | ] both the
purified act | vactldjsd]ccmzl(??glgg%?farfn e&q%ir%{dS fetr ur| mc%?gg’t#gg%r%gs carrier

protein are separtatagpns of popdrintorgefdhecatolver én wsmemu@ﬂmedm aglpast @wbodi ment, the
| yophi |1 zed acfivajke, FﬁQLya%aglcsbmg@fen@}n&/agacdtahchnxmlaaldatzﬁd activat ed

carrier protein are résuspended in an organic solvent. In one enbodi nent,
t he organi c sofffashyely @hmvscbongzemlmvnof c fggmdativar Bphor marg S | i zat i on”

nmeans a dehydrﬁmcmxﬁameﬁﬁbdops/mgmn ey @1sb 8E e alvam@whaﬁaaaed ysacchari de
is frozen while the surroundj c? pressure_is reducgeﬁi presence of
é *1‘8/”‘!”

enough heat® t oS4 POAFeR B8 Ad g iitien gptian pite fRoith ¢F al"éeol id phase to
gas phase. Anywh®hdioflinds fRWadifidh dflaecaadsr{gcrfnoﬁcchqmphl | i zi ng pol ysacchari des can
be used. See, e.g.., Harris i n 25Pur|f| cation Mt hods,

I n: Kennedy & @égﬂall’,’ Ccé[(ﬂg‘.em(%?éé'gg\/‘%ﬁfo'ﬂ”g‘%%%{ég“ PEPIE EPEYFcal Materi al s”
(John W ey & Somsiibld 99BparedySalRamaistratiNg.codpris8do2 bd mosenandiovic | Pat ent

Appl 'cation Pugllrf’agt%tg ?QIUPIQ% b%(ﬂo?ﬁ’f?ﬁ!d%?‘}{ yet?%q&lg ?rglt%tﬂ-'agindz stiei},cog‘por at ed

herein by reference & nal
cryopr ot ec%ant Pogarthe-§0riEiverddt). dalyionygtetapdpividni 6PaPplyserbasgith(Taget or exanpl e

sucrose, 40) and Polysorbate-20 (Tween 20), polyoxycthylene alkyl ethers, including but

not liinited to Brij 58, Brij 35, as well as others such as Triton X-100; Triton X-
114, NP40, Span 85 and the Pluronic series of non-ionic surfactants (e. g. .
Pluronic 121), with preferred components Polysorbate-80 at a concentration from

25 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
0.5% being preferred).
[0127] In certain embodiments, a formulation of the invention comprises one or
more additional stabilizing agents suitable for parenteral administration, e.g., a

30 redincing agent comprising ét least one thiol (-SH) group (e.g., cysteine, N-acetyl
cysteine, reduced glutathione, sodium thioglycolate, thiosulfate, monothioglycerol,

or mixtures thercot). Alternatively or optionally, preservative-containing



30gl ucose, | actose, trehal ose, arabinose, xylose, gal actose, sorbitol or
manni tol . 101581 As used herein, "aCtivate" and "activation" nmeans that a
bact er i alwoapsl4a003pol ysacchari de or carrier protein ispoodisSkeieasdns such a
way that it is rendered - 45 - anenable to conjugation (i.e., at |east one
noi ety nust be rendered capable of covalently bonding to the carrier

nol ecul e). For exanple, with respect tag7CDT-based conjugation nethods of
the present invention, the polysaccharide is activated in a | ow noi sture

envi ronment (e, n%mfnogemcd:omggﬁnﬁo% fgr%l lons o él?llr%eéga[nﬁergea hm aStlllzgds with

avai | abl e hydr 0XV{"$¥4n iazol e nol es w | C acids.
Acti vat ed pol yB)alcmhang Qbe'sernfa@1 tthepge (rotamemciretdeting the f@mfmgan fflwml@tn whi ch

| eads to the n I GcfbsRl anenent of the triazole by |ysine residues
Wi thin CRML97 géréd%? rr%rlﬁbgngo Ca car@arrate | i nkage (for activated

hydr oxyl s) and|0p8 é’rﬁséréatl"ﬁﬁkléglémef@ﬂl'f@éﬂlc\/‘%ﬁ’t‘@ﬂﬁwrfb‘mlp@ o4#ieds) . By
contrast, ow tnbe[ﬁlewlﬁﬁ&mﬁp@]sm@OPQB}%&%@@&Q%H&%M@%%&MS of the

present i nvent i on he carrier proteins and the pol ysaccharides are
activated pri of*ciriEntsowpichyaeidss an}l‘)‘cﬁ&’f‘i hafdpGmobiselERMS 20 MYy e s
i ntroduci ng br pemasetsyitably ebipfnts HeRidé he afeMLSit O Iremdlyculceahi on of amine

groups with the N-hgdrox¥$gCC|ﬂ1de ester oﬂ b .01 c ic acid; and 2)
activation of FI'YERE&HE XH1G 8895 BUBIYSHEC 3¢ CET'68YI"P i de- act i vat ed
car boxyl at e graunsmmﬁo&hﬂﬁ@byhmanmasaanmmuﬂmiQmacudea1@h@1®olysaccharide
to the hydrazi of the sulfh ct| h

het er obi fSlnctl grﬁng?% yaetlgse anﬁﬁ?”lgl ag%ro?r?( :bso dro&’\ljegstolr){’ sﬁ E)ulc'lil Acti vat ed
polysacpharldeswnuyMthemhb@mnea@bbd&Mmmﬁnaﬁmnvaﬂeumbame@bkprote|n such
that thiols of RN Sistalt! RLALEH ¢ Bohyéclfh%t}aiob@%mhg%ﬁtTWs‘cfén& aqgoacetyl groups

of activated 2 rrier roteln resultin val ent thioether |inkage
formed by bronf@éWdP§EWa@éWéWtem&@&ﬁﬁﬁ* M4fhg to the methods of the

i nvention, thej3afswdaipoRRnt 8AGE IR KR hay g@lrytsmrze@ma 8duasus fevntlf or
polysaccharlde- rotein conjugates nmay be purified ¥ met hod known in the

art for purif yf%ﬁmwvwe&fwaf i fgyd &f*"blﬁt&tném 2Qapagseuised, 25such as
concentrati on/ gindhiktedcd akdcON FroP QG p@magédl ford @ld Ukd (AR, 1ddaoﬂoumc1¢dnr orrat ogr aphy
and depth flltrag|9nx §$§ .e.ﬁ.%t arres etq 19%&2 Bi otch ] Tech.
10: 375-380; GoNUATVHS e Ty reCoP BB AT LA PHY" LY PERES RELER®h and
Educati onal Topbpgislizadoposinads df rheApphtioed M cr obi ol ogy (Antoni o Mendez
Vilas, ed. 1styady BRI R ERRANR. FOLIRLS ;20T o RRL ARG ART) | Tani zak
) 0 a t )

et al. (1996) jﬁ crobi o ver thods g? ?m d P 8'i-L’atelnl .
6, 146, 902;20anda tiBjcPanarie aggopiplighad pyperenteral administration (intramuscularly,

intraperitoneally, intradermally, subcutaneously, intravenously, or to the interstitial

space ofa tissuc); or by rectal, oral, vaginal, topical, transdermal, intranasal, -

ocular, aural, pulmonary or other mucosal administration. Ina preferred

embodiment, parenteral administration is by‘ intramuscular injection, e.g., to the

25 thigh or upper arm of the subject. Injection may be via a needle (e.g. a hypodermic

needle), but needle free injection may alternatively be used. A typical

intramuscular dosc is 0.5mL. Compositions of the invention may be prepared in

various forms, e.g., for injection either as liquid solutions or suspensions. In

certain embodiments, the composition may be prepared as a powder or spray for

30 pulmonary administration, e.g. in an inhaler. In other embodiments, the
composition may be prepared as a suppository or pessary, or for nasal, aural or

ocular administration, ¢.g. as a spray, drops, gel or powder.



Publ i cati on No. 2008/ 0286838; each of which is incorporated herein by
reference as if set forth inits entirety. - 46 - (0.160] As used herein,
t he ter mwo=oliauem3 or "purified" nmeans that the materi &CTius2010/0804e88 from
its original environnent (e.g., the natural environnent if it is naturally
occurring or fromits host organismif it is a reconbinant entity, or taken
fromone environnent to a different endgronnent). For exanple, an isolated
5pol ysacchari de, " peptide or protein is substantially free of cellular
material or ot a - pr LS ssue source
from whi ch thenﬁg telhﬁanl)un{?lw&@Jé1 ,Ié)'tcr)'r%acs%u Ju?é?t%g??;% OfSJrnggj()C)S%ﬁSchem cal
precursors or s:ﬂdqed agdvermiopall that vildeges ethiemiupaprpipctyy pashans¢ walbubr ot her wi se
present in a ny H{aﬁz, %e@@éﬁec@f SAcnGhR M &l vaﬁﬁ%%ﬁo‘ﬂ%upbﬁ‘th%he present
invention, the protein or polysaccharide can i sol ated 10fromthe
bacterial cel | stanhyleasasl 6xpiyeg: drenefalbr pash dess Wik samnrise (-1 48 B0pvo%i ded in a form
useful in tshe paybu&%tdérﬁn%maaponW&mrﬁor@%mwynqas ghe term

"isolated" or "isolating" may I nclude urlf or purification, including
for exanple, tHd3Hettpygel WouﬁiﬁPf‘FQ"H’a‘Pei"grforcff aﬁﬁgla% PEMCp0l ysacchari des,

as descri bed hegngokitionligy Beaan@uaugai t')')&thbﬁdr(aﬂﬁdla| lhw\hm@e,smamebf ular material"
i ncl udes preparations.of a 15 char dlgl %Tt ﬁtll de/ trot ein in which

t he pol ysaccha?‘ipb"é’f'%I"%%’Bt”r‘sagisﬁ%/‘&s V5 §° R POHCEr | ul ar
conponent s of tubgciedn iBecivieone mmlralbbostesmmmhzammsladrrquzrtegzsp‘abednantIy
produced. Thus, a pol ypeptide/protein, polysaccharide, or conjugate that is

substantialjy ;chqgg, ark skt ARt er | al or ot her conpounds i ncl udes
preparations of the 20pol ypeptide/protein, polysaccharide, or conjugate

haVl ng less t hﬂﬂ3ﬁb0ﬂﬁnu3&§¥@nc 2&%05&0%09&@ ipvention may be packaged in unit /0 2.5% or
5 /
| % (by dry wei ghs%)ﬂ m]bl ]ConteBrtmG %’P’%{;&%s%é r(])f mgreLb 0?'%1%[1 059%T or ot h.er

conpounds. erni's recofbi nan prd&ﬁced it is
al so prefer abI yials aitesgramatly itingt fer@srihf preferirddiover meﬂilqsdrwrlmgee Suitgkl¢ t ur e nmedi um

represents | es§1uﬁ ho% %maltlstmglv% butlg th’l%lteél% /230/90 QQ{%S pQF co%té(?n%SQfO lt he vol une

of the protein prepara I on en po ypept i d protein or polysaccharide is
produced By chwrd whalpesgase Hesergain gmboiignepts ahedoabisy Osubls desatSealeay free of

Chem cal Pr ecufa@fadioRl pazmr ppfEIH W@b@mn'z?e%s anEh is%cgl%g.«%{eaﬁo d from cheni cal
precursors or other chem cal's which are i nvol v in the synthesis of the

protein or pol {FEaEnBE¢ile. Accordingly, such pr epar ations of the

pol ypepti de/ pr ob@pditdhs m%eﬁﬁds&ﬁ@ﬁﬁbﬁl’slod@thth&tﬁfhble%&ﬁag%h&rﬂm&b@ui 30% 20%
10% 5% 4% 3% % or %/% b?/ gry wei %iOf chemi cal recursors or -
conpounds ot heF‘a?( R CHBF & g8 ARG EYetoHic %oﬂﬁi %rd’i’i’étr‘ YEPPAGhent  of

interest. 20 syringes, which may be supplied with or without needles. A syringe typically but

need not necessarily contains a single dose of the preservative-containing
immunogenic composition of the invention, although multi-dose, pre-filled
syringes are also envisioned. Likewise, a vial may include a single dosc but may
alternatively include multiple doses. |

25 [0134] Effective dosage volumes can be routinely established, but a typical dose
of the composition for injection has a volume of 0.5 mL. In certain embodiments,
the dose is formulated for administration to a human subject. In certain
embodiments, the dose is formulated for administration to an adult, teen,
adolescent, toddler or infant (i.e.,-no more than one year old) human subject and

30 may in preferred einbodiments be administered by injection. ‘ '
[0135] Liquid immunogenic compositions of the invention are also suitable for

reconstituting other immunogenic compositions which arc presented in lyophilized



- 47 - 101611 I mmunogeni ¢ conjugates produced by any of the nethods

descri bed herein may be stored in water or a lowionic strength neutral pH
buf f er orwbyophisidozed i nto a dry powder. Met hods f @CTIusdwoi0sg 75N

| mmune Response and Protecting Against S. Aureus 5Infection 101621 The
present invention also includes nethods of use for imunogenic conpositions
descri bed herein. For exanple, one enmbgdinent of the invention provides a
met hod of inducing an i ”Mmmune response agai nst S. aureus conpri sing

adm nistering to aysubj.e i i C - L munogeni ¢
1OConpositionskﬁgsg@?ﬁgﬂ%hgggﬁﬁgpgﬁﬁggﬁgga?ﬁg%%%g?f?ﬁg Fﬁ&gﬁgﬁg% provi des a
met hod of pr ot eceistiigtien, thaljvectionepidasa kiaith p¥oes rogarviali, tWe 8. magir eus, or a
met hod of pr eV?nga)Lﬁ@ed'sp&@g;, bPEh W e St cRHIWEiHShe Qntefies FRIBOHingd beigduci ng t he
severity of or delaying the onset of at |east one synptom associated with
an infection cagsedreeppsiute hycarients efiee vigd PHYIAR IngE6YRIY PisYiffgCHetmi ni stering to a
subj ect an d MMI98E N Ifernh IR Wik uReeAOYonPbsifidi8 of IREPRGERIGIIEORPOSI ti ons
descri bed hereln.QChe enbggfnent gf théﬁinventigﬁyp ovj de lmﬁgthod of
treating or pr89@HFFH@m§e§W§ﬁW§¢6§OEE§imFﬁf%E?FBW?°é@§@%§§”§?a@ondition
associ ated W t Bryag SRR 0@ IGCdtSo Kom diry) regulsisbpa (c.g. | spBer¥El) pddel@ONPri Si ng

t he st f adm pisteri th tically . hyl.acti cal | ffecti
ambunt of an | MEOAVGSHPEEOHIBSPIRGR HETEAMHER BORETEIR VS % K& ubj ect . 1
sonme enbodi nentismetehezesthhod wfselbateizind ngntroledihyeaeyingitieg:xact Stedplisy| ococca

i nfection,, disease or conpdit{.on i : i y,.ani mal, or
agricultur%. tpgggwgﬁ?%tﬁﬁ%tlgf%gﬁ%g%%héﬁ%m%ﬁgg?ﬁggsggﬂggﬁ%%s%? treating or
preventing a Sediphyl wodooa optiefady bi prparadivedas eontined dhgtptrpigdvassoci at ed with
a_Staphyl 0cocCys,§Psnagcl (@%.,Sslﬁpéri%% parbidl& s L0 AL GRINE bShRGsgheRer@ti ng a
25pol ycl onal or “nonocl onal  anti body preparation fromthe inmunogenic
conmposi tion deswhicmbeflimetise hs preapid iniyTting fushsrdrovifes HOMMUSPEBKr ati on to confer
passive i muni tymdoSitibg Sbkisiag a i@ nPpoRAdinEeRuded a {hliZn\ient i on provi des a
met hod of preventing a StaprIococcaI infection in a subject undergoing a
surgi cal procedlPECSEHCORBPHET WBWﬁPVéWﬂﬁ’%W@“§P%$w6Y"Q m nistering a
prophyl acti cal pysopeilds@F the WRve@ bR LAl a 6dcoRdconFoREADG@PriSing DEpdsi t i on descri bed
herein to the subLectlﬁri rfothe surgical procedure, . - 48 - 101631 An
"i nmune r espond& Y O HIORT I T HOn oG AB S RN ES MBS 4 on i s the

devel oprment i nembaiihgnec the afueaushsulnteradompnigts ore @ moed presepdiigs.@dd imayrune
response to nolec S . S 1 I 7 b go-ggﬂﬂgh%ion of
interest. For B§P§%§g§ éﬁégﬂgd%?ggg gﬁﬁk%%ggroﬁ?xggﬁ%%nnﬁhl I mrune
response" 4G aherainby bbdgncpedi at ed 5i nmune response and i nvol ves the

I nduction and AABAS al iy AN Qher b PG SScohBAL: JF e QUM -dSc afaddi Nd Wi th sone
affinity for the antigen in the i mmunogeni ¢c conposition of the invention,

whil e a "cel | - Flsied o dneRUMErc PEYH BTPER SO iE ing 96 BHERS H'kH! 'Pyec1¥el | s and/ or
ot her white bl Qo8 diSswae, TG&s] vehRel gb@dict BYNABES, TasRABSDiorkdtdd, i ci ted by
the presentation of antigenic e |topqs in association with
tubings, pipes, bags, jars, vials, vial closures (e.g., a rubber stopper, a screw on
25 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 limited by material
of manifacture, and includes materials such as glass, metals (e.g., steel, stainless
steel, aluminum, etc.) and polymers (e.g., thermoplastics, elastomers,
30 thermoplastic-elastomers). 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 exhaustive list, but



10Class | or Cass Il nmolecules of the major histoconpatibility conpl ex
(MHC), CD1 or other non-classical WMHC-1ike nolecules. This activates

ant i gen- swoeenfl/@1@B4+ T hel per cells or CD8+ cytotoxi c PCryuspiooy44es cel | s
("CTLs"). CTLs have specificity for peptide antigens that are presented in
association with proteins encoded by classical or non-classical MHCs and
expressed on the surfaces of cells. 15@jLs hel p i nduce and pronote the
intracel lular destruction of intracellular mcrobes, or the lysis of cells
infected with nity invol ves
an antigen- speglllél%t} Sg?rvggso%ﬁcggce@g]gﬁqﬁ{sar‘%]&e&%ﬁ ﬁ,@l,%r}él f'If'(irf:g(;enlg | s act to help
stinul ate the fwaiedd @nlhe aveeenf mc‘mmm h@@@!‘i"\f?"wtsdpntemm%@éPf’fel'%‘héf fector

cel I's agai nst gRldSinflinBfH @w}l momnm%s@a cmllsgefesmmag@ﬂaﬁ,rmu %QCI atl on
wi th 20cl assical or non-cl assi cal nol ecul es. on their sur

"cel | - medi at ed VRS AR PEY BEMEE sugh asdnited Fptes Rlpstic ﬁérppﬂd‘ﬂﬁmqlf)o}{ & cyt oki nes,
chenoki nes and ot her such nol ecul es produced by activated 1-cells and/or
ot her- whit & bl aedogebt HakingvoirudogegictCagsgirader i ved from CD4+ and CD8+
1-cells. The ability of a particular antigen or conposition to stinulate a
cel | - medi at ed 10B38indThegresest invensign plseinplades B thadsRdsk e Hedmpynegehtimber of

assays, such a@onméatley(ﬁ@a%% Rdekif em{-hb&rfor(lha\kmgh%}ﬁxﬁm@ééﬁic\é@rtjbéafb); ofissays, CIL
cytotoxic cell assays, by assaying f gnp ocytes specific for the

antigen in a sER&IVETPANVElBFRE]ent @PJ“E)%?‘O%%E ?J?@Fi%"rﬁtpo%ac%*?f'?ﬁélwh‘@ ®r oduct i on
by T cells in Ezﬁﬁ@@Fb'i@nstlﬁmgeorﬁﬁgaMH@Em@tﬁiy wvdllin@abi gen. Such assays are wel |

ggi\gﬁll: 2285{]0218&; "'%S%%Bfiig‘h@?ioéﬂ%ré‘ﬁégﬁ“}aﬁ}éﬁ‘?‘!i: 't%ﬁ%@’eﬂ "’22‘3%28[ 2376. 101641

As used her ei n(3-(2tgyaagidiint)-p c(piid’m()‘zll'lydiaﬁlge)val‘i ations thereof, e.g., "treat" or
treated”) rreagﬁiiﬂnyAccor_%inﬁgyénr{éreglbojxmg %ftfhe mven\{\‘an rov&i!:s% éll)lﬁbpset?ventl on of

infection - vaccine, (ii) the
reduction in tethgéefeondking ao11mm@rrO,genmcwheatetqrmrnag aémlmuvsgmtmeohw and (iii)

the substantiak .o, %geﬁtﬁneé &Jﬁﬁu@?t%d QN Bfict N6 RAORGRD Ymptiigr der i n

question. Hence, 'treat fected prophylactically (prior to
i nfection)i%r thqéneaxﬂ:fu@hcealpwdmgalﬂ G GeTPBiceTeriSoagsuler polYsRE B esent

invention, prophyi&eibe o?fr@%l@%r])troduge Maﬁlparneé@;sonﬁ@l:cﬁme b)AGE@Idi ng to a
particul ar enbaodi nent of present invention, o itions and nmethods

are provided t H§coTRa{ed pPWEqCEfo‘ﬁ"gW‘HT%BTM a&efgaem‘y "éﬁ'(‘.ij/a&P“‘t h'e/‘f‘ Qpeutical ly
i mmuni ze, a hosoutMi®ly \agaﬂ tB pfodacelth @dft@hxbcaé.erdtﬂi‘eesc&rsrofps(ner g., a bacterium -

such as Staphyl gcoc t hods t he ent Nt i re useful
for conferri ngp‘ibsﬁfg I‘Qc‘,’fli‘%’m%l&f/acwva%ﬂé?rg%%?rsg (iaPﬁHnP‘felf/safg aaesubj ect. The
met hods of2a hetopremednd purifivéativaed seaaype dlos ® cdpsulgmalytdcceddon) sabipect s f or

bi ormedi cal Fesgans ur 16%88“?&38%%&2&6 5 &r%%@%?ﬂaﬁ?y&ﬁo%ﬂarmgR}V?t:r)gfcarrlm " means a

human or non- hu ers to any ani nal
classified as a thqa_qrgalllc solvnrmtmhoﬁ\g:e hseveiriey, 5 A @reestiacpaysecchardmcafimal s, and

zoo, sports anng&ﬁicoﬁﬁga?@@h@é} h%\bﬂ%éth@?é&{?& ﬁ&rsﬂca&QHﬁehm d pet and ot her
donesti cated ani nal 1 nél udi not [im
polysaccharide:carrier protcm conjugate to remove unrcaued activation groups;

25 whereby an immunogenic conjugate comprising a S. aureus serotype 5 or 8
capsular polysaccharide conjugated to a carrier protein is produced. In one
cmbodiment, prior to step (d), the purified activated scrotybc 5 or 8 capsular
polysaccharide is compounded with a carrier protein.

[0140] In one embodiment of the inve}ltion, another CDT-based method of

30 making an immunogenic conjugate is provided comprising a S. aureus serotype 5

or 8 capsular polysaccharide conjugated to a carrier protein, the method

comprising the steps of: a) compounding a S. aureus serotype S or 8 capsular



to, cattle, sheep, feiTets, sw ne, horses, rabbits, goats, dogs, cats, and
the like. Preferred conpanion animls are dogs and cats. Preferably, the
manmal i swounam41@81661 An "i mrunogeni ¢ anmount,” and "i EOCWUSR@Qi0sHETI y
effective anount," both of which are used interchangeably herein, refers to
t he amount of antigen or 20 inmunogeni c conposition sufficient to elicit
an i nmune response, either a cellular_-gT-Cell) or hunoral (B-cell or

anti body) response, or both, -as neasured by standard assays known to one
skilled in thep@sacchl%l‘év?dln.ﬂa MR e r@dupégédrfpumgdcom ugate in a
conposition is eneral 'cul’at ed based on t ot sacchari de,

conj ugat ed andmﬂﬁmxb@m$U©a%m%ﬁﬁﬁﬁfqmmawdQaﬁﬁﬁFwGENéW"F Terahpl e, a CP5

conj ugate Wi t h, 2086 {186 JROLB6SAE CRA A ool A NANE [ PRBdLce 80aciBGedof conj ugat ed
CP5 pol ysaccharide and about 20 ntg of non-conjugated CP5 pol ysaccharide in
a 100 ntg CP5 yeityps e RapasHer Rebsecharife chicattiap Hweeww BURYRS 8 t he

conj ugate iss U@a‘ﬂﬁlldr)ﬁol@ﬁ%clﬁﬂdﬂﬂﬁd’@ﬂ‘le\‘\lﬂ%&uﬁahﬁl&g&ﬁk RGvdnn® plake: of a

conj ugate. The anount o n ate n vary dependi n t he

30st aphyl ococc%lr"‘)é’érsd’f%%’s“l@)e??g' 'va%e SR PERE CW%?‘Q&B%M se 0.1 to 100
ncg of pol ysacn)hmyzd@ thmfdypeuloas b?}ps@ar:botyﬁhcdlﬂndmgmeaDﬁbteﬁmd‘oejug‘afti cularly 1
to 10 nctg. The * |nnun%g the anﬁ f wmm% ann“g%%q%l é%sqccharlde
conponents in logmOVe uBFgaCied;3 OYERIRS EEhpost tion. 8 verge and each may
conpri se 1 ntggondrisinga S?aumgserdtyﬁe[ﬁg;r 85 apvolgr, po@sm@rldacmg;aw@torﬂ:g, 9 ncg, 10
ncg, 15 20 40 ncg, 50 ntg, 60 ncg, 70 ncg, 80 ntg, 90
ncg, or gg%ut iﬁ%gﬁénég? ny partlcular pol ysacchari de antigen. 5101681 S.
aureus "invasi 0é4Ui slea@eembpélﬁlewethp sihne $obeniof ithiaide eP dase grfhadner nal | y

sterile site, wWhgre, ! ﬂﬁfuﬁoécﬁc @&ﬁ%lc% @&I&labrlahcc@lvc%' %%&M{E@&l%ﬁ of disease.
Normal |y sterile body sites include CSF, pleural fluid, (yperlcardlal
0

fluid, peri ton@&l‘)rgﬁ‘lﬂﬁf‘ﬂ"e“j ipp ﬁ?lesaFF%‘(}F%lYC"T felsrigd frp e ereumcarsiHe Yody sit e
(I'ynph node, baigiethy! fBMide, (DM SBI dim8RY10@Ramié (DMPUGindelhyiachiankivey, pancr eas,

ovary) or other normally sterile si ondi tions

charact eri'zi nng‘IlW/la?s?X/‘é’Y‘éﬂ%e“ﬁgég‘alnﬁ@’lﬁﬁoég]ﬁ’éﬁ'ger@ﬁ%’pé& ‘h&linoni a, cellulitis,
osteonyel itis, crRtbdosar, tctorgnicselpint 6 DM@k and nore. 101691 The

o o fer ot on Du) R0k A8 RueRe LEMISRR o MR AERRILE R 0o DY
to measure thewalnCDTt\aythmfthcaCD'Eébdcdmthbcjesémaklsg gpewiunpgenicagpyedatccel |, or by
measuring the e %&J@@&bb B hlolit Eer EBRIURLRG b f1R | evel s of

circul ating anti Bodi ic for t e antigen in scrum An i nmune
response rédy apdpatsbardist ected by measuring the serumlevels of antigen

speci fie anti bpdy. bRebEGRS: id |tc%‘MfBQuf?qﬁ@lh@b§IvEt@& sadtyRfs driiea@mbd gen, and nore
specifically, by neasuri ng the ability of the antibodies so induced to
I

enhance t he opBUrBhES “dh‘é%Prle‘Vd B‘F‘hﬁﬂiir"tf mekipgen WRPRSBICo0d cel I's; as
20descri bed hee&,!,dgatel'&mprlsesv&dﬁh@a‘mpr otection of the imune response may be
measured by chgl | engin e i nmmuni zed host h t that has been:
adni ni st er ed. @d?ﬁeaé eé“ oflimept, the cyp ‘?rﬁé%e‘? 8"6\/H|thc?h%a1ﬁg fr:r;hé ods egponse is
desired i s baatigg inimmubhbgenic evighgaafis DR Mt e chiconembrdinxad tipyactivaedi munogeni ¢
amount of the antigen i,S asur ed n survival or the.
percent rort al Ictr(i}y;%]%tor 8 capst ﬁlé;rollysaccp%d?% 1%& ugcrtrl%):agoiﬁm z{kﬁn%rlhe bact eri al
cells. In one mmwgqmnjugdﬂelsmamvubﬁc §|RM19011N§F10 haycibll ofrehesur ed by
measuring at | east one synptom associated with the bacterial infection,
e.g., a fever associated with the infection. The anmount of each of the
antigens in thé1adll tihoearrmbgdimeny theier PLIyiRfyEHE HE STawRT e br i munogeni ¢

conmposi ti ofys Whéilsa¥RhYdeWhikilr frOSRR6Ajudal (8GR vOlnrtPRA @¢iRBlIonGRsONENt S
within the CDT-based methods of making an immunogenic conjugatc comprises

dilution into a buffer and maintaining a pH of about 8.8 to about 9.2 for at least 4



30and can be determ ned by nethods known to the skilled artisan. Such

nmet hods woul d i ncl ude procedures for neasuring inmunogenicity and/ or in
vivo effiweay11/0410031 - I n certain enbodi nents, the ter mpPCIIISACL0/0BEANS
within 20% preferably within 10% and nore preferably within 5% 101701
The invention further provides antibodi es and anti body conpositions which
bi nd specifically and selectively to the-serotype 5 or 8 capsul ar

5pol ysacchari des or i nmunogeni ¢ conjugates of the present invention. In

some_embod! TeNh G a%néogpaﬂt%?b%meze NRIAL SR, %Q}eEWﬁfd?otl AH O a subject

of the serotype capsu ysacchari des or nogeni ¢ conj ugat es
of the present the saretsid Som.8 criw@bwéysmbwlﬁ ﬁﬁﬁ?fspfmt:lhéoﬂﬂrﬁ@@ﬁ?i“@r*ﬁebr ovi des

purified or isghabethPbimRotesitifigs figloABBLINSE foPA %84 HYBEG Hbut he
serotype 5 or 8 Lcapsul ar 10po|ysacchar|des or i mrunogeni ¢ conjugates of the

present i nvent #bh: In some enbodi ments, the antibodies of the present
invention a e foaif)t i1RBR endSdiFRASIAE eedorp;y: %rlslchﬁglab@nﬁsﬁcha&xdb BarBbrt her an

ani mal efficacy npdel or vi onopha ssa In some
enbodi nent s, tH@wgﬁpmb%ﬂ?%ggﬁﬁnFﬁggW%VEH egﬁ%éﬁ Fﬁwoﬁ“gg}gggf%nunlty to a
subj ect . The prneﬁlﬁllﬁgenicl’b‘ﬁﬁjﬁgdt@ﬁ pfxmﬂetihafonpmwdﬂeen pmhynucrl efobd de 15nol ecul es

encodi ng an antlbody 05 ant i il g¥ cﬁm1 rMemLml amn&EQQS and a cel
cell line (such 4¥mH fﬂgﬁﬁ S P HASHS GRS i nes for

recombi nant pr dfiotticon of antlbodles) or a transgenlc ani mal that produces

an anti bOdJX) or (ﬁ% q9g1¥e e&%g?)l%ht %r@o@t eactt P%gxligé’%ﬂ)&h Pol%&'c&ﬁn&eecrml ques

wel | -known to ho e o he ar odi es or anti body
conposi ti ons ofith RBTivieribs GAT raspd b@the‘éﬁéﬂ nfakingamEHIESHc CORBEAS ng or

preventing a ShaphyarRacabt m@r:st;so@@accﬁyr@@as pRilliz&ondidhspihadssaci ated with
a Staphyl ococcus sp. in a subject, the nethod conprising generating a

pol ycl onal or Wﬁﬁﬁ@P@ﬁﬁw %%ﬁﬂ%éﬁvmﬁW§6a?%¥F$ﬂ“k§ﬁﬁ“ﬁ§?ﬁ@1§%PHaﬁnt|body or
anti body conpogd &eale,ly IJophitiedal 08 rdDS’ﬂxS;&hdkﬂ thﬁUlﬁdaEt)hgttlQ dohoidlyj ect .

25. Anti bodi es o ent r dla stic nethods,
e.g., deté%ilnﬁ’Fﬁ HF§§@ 5g%nﬂ”8¥ ﬁTFWy#ﬁ °PHE“?§WBW) CP5, CP8.or a
conj ugat e therp@imammu&@&ﬂa&hébmﬁmahiammmabuﬁnﬂeRSEKMﬂMMmmmoﬁymcart maybe

used to assess L any one o nogeni ¢ conpositions
% D —_— .
descri bed hereﬁhe“?qnm gkadmfntp§8¥7§i“y§§gfve rinc Sepsis Mdel: M ce

are passively |0#inilzec anbpdlapetr prico rreradckiyg (e agiviteduictdiypierfrafe | gG or
Monocl onal ,ant MBQ(HM'polyggchmiﬁ;eecoﬂ{pgunded with a carrier protein within the CDT-based

20 method of making an immunogenic conjugate, the purified activated serotype 5 or
8 capsular polysaccharide and the carrier protein arc separately lyophilized and re-
suspended. In one embodiment, the carricr protein is CRM ¢, and prior to
lyophilization the CRM,y; is diafiltered against NaCl. In one embodiment, prior to
lyophilization the CRM s, is diafiltered against NaCl and the w/w ratio of

25 NaCI/CRM is adjusted to about 0.5 to about 1.5.

[0148] One cmbodiment of the present invention provides a PDPH-based method
of making an immunogenic conjugate cbmprising a S. aureus scrotype 5 or 8
capsular polysaccharide conjugated to a carrier protein, the method comprising the
steps of: a) reacting a S. aureus serotype S or 8 capsular polysaccharide with

30 PDPH and a carbodiimide in an organic solvent to produce a PDPH-linked

polysaccharide; b) reacting the PDPH-linked polysaccharide with a reducing agent

to produce an activated polysaccharide; ¢) purifying the activated serotype 5 or 8



- 52 - challenged 24 hours |ater wwth a |ethal dose of S. aureus. The
bacterial challenge is adm nistered intravenously (i.v. or i.p.) ensuring
t hat any woroiwmehoosoul d be attributed to the specific i RCTIUSR010/OBBIRACE I ON
of the antibody with the bacteria. The bacterial challenge dose is
determned to be the dose required to achieve |ethal 5sepsis of
approxi mately 20% of the un-inmuni zed-gqontrol mce. Statistical evaluation
of survival studies can be carried out by Kapl an- Meier analysis. 101741
Active | nmmuniz ' re actively
i mmuni zed subc% %{’(r?laé ugga g@ﬁbé tggag)%u{mdpghﬁ%ira&é{awgﬁ% eﬁ§ %rtgr%l?&]?aand 6 weeks
(or a simlar sdiredhiralekhasatinegs ahigsproshiwihadremoactis agidti) angaighnishal | enged
with 10S. aureuﬁveﬁ#togﬁ,@&e%nearva@a Bficr hoddid: 1 pue SPROME SokRON AP t hose
skilled in the art) the intravenous or intraperitoneal route. The
bacterial chal Pretsieo a'zsé@e.ag)ue%ﬁd.abtﬂvateéaarflef PAUFP é@@a%&wsflmwhﬁﬁda y 20%
survival in th@cnmmsremtypgrs@upc@mgr palyaa@crﬂaye\pmh@ rificll adtivaied Eadiereval uation
of survival studies can be carrl out E¥ gp@ ier analysis. 1510175]
Passi ve | nf ect POIY 'ERGEES AGFPIVRS oﬁeqapsu plEarbuidei iRt F8€"on model for
i nfectious endamaigstttans g) Hydjolyaigsiedellypss oamcrapuﬁarlﬁalssapcrlﬁwecnaﬁley been used
to show that CfA can induce protective |[Erru pg B Cﬁ Vcrnachio et al.
OTEEF QIS WieERY &1

(2006) Arittni ¥PE™ Cﬂﬂf&‘??fe 10 &° V&“Pf(%ac‘eg@ctgf nodel of IE,

rabbi ts or ratsmmamegagednjtigntstomplisitgea & lavrevcslbotypafsec Bicgmslat hat i ncl ude a

central vel%outs%oﬁﬁégggnde,C%l%‘?glé%tt@g&pgleg °?°ﬂ‘diép§r. t.9genous seeding to distal

organs. . Cat'’he rab rats 1 st e aortic valve vegetations
are adm ni st er Bd4H di prgl eenbpdimentv dpbumoagficesid used withiathaPEHIesedl  or

pol ycl onal ant fnpl(ﬂg(}é of Pu%hé ATP]ITIHQH’IO%] e c&rﬁﬁggﬁ:tm @N%%/&@@SUC%H@ e &deripurs, the

animals are challenged i.v et erologous s ococcal strains or a
MRSA strai n. TPF@H“)Q}S“%@r@AéF‘{SérI“éﬁ‘éf‘]"éﬁg@m o 1 '5rcprv‘é'gé‘f€é§t“f‘6‘ﬁ’s 25ki dneys

and bl ood are maweatbegida{&moawﬁrwlmnu&}hecmepqumwmfwstlmbyd ipgoccal -
infection in Cﬁr di a veget. Ki dneg - gd bl ood is then
?“éh-@ d

e
neasured. 4°n o M"ﬁ@d\@%svﬁﬂ‘é%bya‘ﬁ? gPéPg abgi 1) bigg with either MRSE ATCC
35984 or MRSA EEE&AOQG& cnﬂab@xﬁicfltl, manxtgamesimhu\mnm th& PDPIft dadet @ethodd € wer e

shown using either.th rglavgc onal an lsalpoxrgmquaratl op or t he nonocl onal

anti body to O?Anakgléa“' N TR TBF a1 761 Passi ve | nfect i ous

Endocarditis I\/bdlwldlmeiihdlelorgaectsolmxsemdl@camdlcmlsemmi@tedhmm thd goutbeen adapt ed
for At e | UG oPBNRIH NS i BARRLAS, OF NALRIB Srranuond ang | TIUN! 280

i ntranuscul arl wthtar ntigen an enged Wth S. aureus
two weeks 20at eHMPAg hnh@qmb9dm1e@tuweorgim%MntpyBMf&@ephr| tis Model: In the

pyel onephri ti Slnrmggllnbod%&? tl@Jc%rbb&KWH‘c! Js@&'wﬁ’ﬁln %@@Hooasc% Rbabof Or a simlar
schedul e known to those skilled in the art 2
making an immunogenic conjugate is 1-Ethyl-3-(3- dlmcthylammopropyl)-

carbodiimide (EDAC). In one embodiment, the step of reacting the serotype 5 or 8

capsular polysaccharide with PDPH and EDAC in an organic solvent comprises
25 maintaining a polysaccharide:PDPH:EDAC ratio by weight of about 1:5:3.

[0151] In one embodiment, the reducing agent used within the PDPH-bascd

methods of making an immunogenic conjugatc is dithiothreitol (DTT).

[0152] Inone embodiment, the steps of purifying the activated serotype 5 or 8

capsular polysaccharide and purifying the carrier protein within the PDPH-based
30 methods of making an immunogenic conjugate each comprise diafiltration.

[0153] In onc embodiment, the carricr protein within the PDPH-based methods

of making an immunogenic conjugate is CRM 7. - In one embodiment, the



5the target antigens. On week 8, the aninmals are challenged by, e.g., i.p.
injection of, e.g., 1.7 x 108 cfu S. aureus PFESA0266. After 48 hours, the
ki dneys awo/20r1/@@tdoer ti ssues are harvested and cul t ur ed PCFiusado394edl ony
formng units of challenge bacteria are enunerated in the kidneys and/or
ot her tissues. This nodel evaluates system c dissem nation in the aninal.
10Monitoring functional antibodi es usi.ng-opsonophagocytic killing assays
101781 Differentiated effector cells froma cell line (e.g. HL60s) or

pol ynmor phonucl ear t | ood using
LYMPHOLYTEG pozfC i SﬁrtOI?y QE’%(P% é %H%' %[ngﬁgo@%és)&loﬁkr% , Ontario, Canada)

as per -manuf acmwmepgeslcppmtl@@folls regeied oigh qhséaMfuonn étlhil@b)a\sgﬁyof@foﬂkactor cells
wer e 15resuspe[1(|1ed in assay buffer (Mddified Eagle's nedia containing 1%
bovi ne serum al bum n) at approximately 2 X 10 cells/rill concentration and
placed in 37 dWWduBratn@rem?ﬁ ipnenty ha sop ¢fdydrebzingthe seiptemes’ ¥tdr ai n PFESA0266 was

grown over i ghfo Qcchfr)ﬁQ'bbrﬁer??yteﬁG@tﬁugalea& Qﬁ}ovﬁ@fﬁéa@treﬁ adiivaidh |g$ouf9@" e scraped,
washed tw ce and resus i n assay ffer containing S%Hg)(5 cerol to an

OD600= 1, whi c}‘i"‘éﬁﬁ‘él@ Hiysedgnethiod %?Mwagéwmsuwgw COBP‘@‘?rFo %‘Ef’ent ration.
one il ali quotme@Jdntolﬁ@fb}a&h.arnba}dr&ius)p.eam on were frozen and stored at -40C

until ready to . Frozen bacteri al S re d and adj usted to
a concentrati owlilgﬁ i'ﬂ)%“emf’%“e?l th5§e§%{§/pe§ g@?psﬁ [ OMS%(‘EQ“ 1'€e. The assay .
was perfornmed psiehgosiugteprodueeddcateieptowsd FDPH- hdsecpmbtqus«)pyxhleneanpl ates. Two
fold serial dilutions.of .an a £epared and

fol | owed gly addi'ti"ow " of Cog’b%fﬁe '?(Bgr ﬁegsgponggmé(?ﬁm 3“@?@%%0& m X.

Bacteria were sddwd 3(058Cmsylaltmlwmhaplkiaca@seramle"p¢<aﬂ€@t€G?Tnlals?sot ary shaker at
4 C for 30 mngt@s. . ..fhe opsonization step was followed by addition of 501A1
of human conplenment (1% final concentration). Finally, 50 tl of effector
cells (10" cel 1036k I eys TP FiEERloPTIOT iese st ingidR Burtisd pHIAE] SRS Bhe

suspensi on mX&?sM@'pblys%@@Mn&ee\pﬂﬁB@ rfﬁb@&i&été@carrﬁr%&hlﬁblklﬁuﬁé of the
suspension was_10 fold serially diluted in sterile (V aponi sol ution,

vortexed t'¢ mW?Wi‘?@e%ﬁ'é‘th%‘?slOéf"ah'f‘%l?’ﬁ)‘f'}?{:}‘“‘éﬁ?ﬂ'%f"ﬁ'f%& both ﬁp“”t? tryptic soy
agar in dupli cati€atedifdeys@sBaie @ﬁd&h@pt\ﬂiﬁiﬁd ioncabbdaatdr ploted7de feparattlyhour wit h

conti nuous m X ing rotiss ie st end . of the

i ncubation a 56&@5‘ ‘E]ffgitrc BYSP%I?g‘{)eﬁgl] ‘Fv{"b\ﬂg'mci‘(’)%lp dio@“hzeep ia%{fvf‘&?dd. luted in
sterile 1% sappriysaccsaidatinddor,thaiyogedizibd/actiomedeXiringproGinmravesvspredddact er i al
cl unpi ng and p%m%[ aq{c salv%r(typtdn% egﬁgﬂmtﬂ’gqae r &%vakf‘?st[ﬁxéxsahe percentage

killing was ca cu determ nin nunber of cfu
survi vi ng 2dt 6@15ﬁlnlftselsed|hﬁrewellly@hwhzetwnbam@mdehyd@h@ﬁ wewbes whishnpl ement and

ef fector cell syt g,jdg aawa‘g%olgsf c&mcsywﬂw& [h@surnumglp@&mrag ant i bodi es
but containing bacteria ment and effector cel Control s containing

bacteria, conpfcdyfshin tlwamasegféroécwglbhqawe|alkaﬁéﬁ°%cawam i9§’t‘bl‘F‘8rd“5ﬂSY 10r educt i on
in cfu due to gbHARINPhase@PRIpBIXENANAEERSIHNbOA in the art for lyophilizing

polysaccharides can be used. See, e.g., Harris & Angal (1989) "Protein

25 Purification Methods," In: Kennedy & Cabral, eds. "Recovery Processes for
Biological Matcrials” (John Wiley & Sons; 1993); US Patent No. 4,134,214, and
Int'l Patent Application Publication No. WO 2003/086471; cach ofWhich is
incorporated herein by reference as if set forth in its entirety. Optionally, a
cryoprotectant can be included during lyophilization, such as for exalmple sucrose,

30 gluéose, lactose, trehalose, arabinose, xylose, galactose, sorbitol or mannitol.
|0|58| As used herein, "activate” and "activation" means that a bacterial capsular

polysaccharide or carrier protcin is modified in such a way that it is rendered



101791 Serum from human donors adsorbed agai nst S. aureus strains
PFESA0266, PFESA0286 and PFESA0270 can be used as a source of conplenent in
t he assaywo3o11adi@as strai ns were grown overni ght on TSACplSst@®/0344787C.
Cells 15were scraped-fromthe plate and resuspended in sterile PBS.
Bacterial cells were centrifuged at 10,000 rpmfor 10 m nutes at 4C and
cell pellet was resuspended in human sgsum for adsorption. Serum was

i ncubated with bacteria on a nutator at 4C for 30 mnutes. Cells were
centrifuged, serumtr fenred t not nt ai ni teria and the
adsorption ste%nern%bleéé’tcé)g §“°E & l%toon?n%%&lti%@% ﬁfﬁgﬁe@cﬁ‘%&g? ?i)g cells were
centrifuged anchvelhelydonding t}ga@sﬁ@dlet molowndd). Bor@xampid, avithmespéct toer before 0.5 n
al i quots were usi ng HL-60
el 's 101801 HED B0 aal T H bt it el bicabEvenlr M olactralieh

Roner o- St ei neracuéfttedamalovanpﬁtumeaglrpnmbt (p- it BYISQ) to yrm(tiaxgle) | pp. 415-422.

Har vested HL- 6&r&ﬁlalesna4@fe€wzn5£\%ﬁmeye%§hs bl RIEAYoIOHWbIAEs Wibdi fied Eagle's
medi a cont ai ni ng 1% bovi ne serum al bum n) at approxi mately 108 cells/m and

pl aced in 37 CHyeusclr Ortvpied pRluasehiriiey eay ‘hg‘ bearﬁ?céq.‘??‘ M#own over ni ght
on tryptic soypR@al whikidles.to BadtddobRlic @1a4|4csmvv&beths&raacpedy 1ywacshed twi ce and

resuspended in uf ai ni. ng 50/ C 0= 1, which
equal s to apprffi'ﬁ %&FV (25\%971"(5‘3& rU?tl’ﬂ" gﬂ%téblgf%edg)&mw?ﬁ t he bacteri al
suspensi on wer Eydfd’x@lzﬁmdah’tchnﬁdedrneagcator aaﬂx@ﬁedmthokylrce\adgb By contra§5 - use.
Frozen baclt erig w1th ;seuseg ??hee%l’\a@bagﬁd aﬁor@ﬁgthgg Eﬁlgggsénpln@en%gp%g tration of

106 cfu/mM™"in assa adon I ce. was performed using
a sterile 96 déleparmﬂlplrotqnsmndﬁ@lpybmwrléqﬁ@repllca\ta@ priqio Cﬁfb‘#gd“@em) al dilutions

of monocl onal Q,“it«étPQ@?LWJEPH%%M(Q&%M rgmMcgtplaf!r%sWthfz@hmwd by

addition of 515 assa fer to the antibody suspension. Bacteria
wer e added (25m9emttu rm@mmfamé@ Zepves Pitadel- ftyﬁroaysr'@tllmd?e%mker at 4 C for 30

m nutes fol | owedmBde@drid hiR) abtivéRonRif pOIfsal AR iSIRE 8B thel % f i nal
concentration). Finally, 25pl of HL-60 cells cells/ nﬁ?cﬁ\é\ﬁre added to

t he pl ate ‘&nd f%té’dgﬁ?ﬁé‘ﬂé"aiﬁﬂ PRI BEEPS BN F“?éyé%l‘[”lé‘asaﬁi“}fi’éf"f‘

ggggﬁ: In qgglt u;):‘ the b@lyﬁi&?ﬁﬁd&&b 31!(6) rhwsfadc(};ré@muﬁelur:lﬁ?gdyyrcdadvumﬁazidah Pm ﬂm Sr ; Ing | %

pl ated on trypt‘)‘it%og%i}c%@agy‘“ﬁ“ﬁ P hﬁﬁ:{]@%{?@byf EARY bl al%cgiv%%lds i ncubat ed at

37C for 1 hour paijshévharatas mmwthexsberreactadg«mhaptngt_ed oatrn@mmemsbyﬂaeth@ﬂsaker At the

e 1ot Do bt itReted ol M Hariils (P DRNSL A Bardfhs b qvf@dﬂ ally diluted
{ g g to and

in sterile |% saponin S0l vortexi ated on tryptic
soy agar 29 duginiieatotein &5t lpem@hntagleetmrIlihliaﬁgfqmsd w&r@niﬁat ed by

det erm ni ng t hgfiat i, of the nunmber of cfu surviving at 60 minutes in wells
with bacteria, antibodies, conplenent and HL-60 cells to the nunber of cfu
surviving in t &Y Asexring ‘Oafh% MBBeHs @S the ifver At BS PTG B PETRES conpl enent

and HL-60 cell sridepRidiRl sde® B&l?dawh&gieﬁﬁ&élﬁﬁélﬁlga(é@m BRiitied Nthymb was
I ncluded to ad]mlélt%(t)d Iixgl;vnafnnl)(\e gr? olflgltlrlegr)l?\g Ipo ysacclflarldés or protems can be used,
25 such as concentration/diafiltration, precipitation/elution, column chromatography
and depth filtration. See, e.g., Farrés et al. (1996) Biotechnol. Tech. 10:375-380;
Gongalves er al. In: Communicating Current Research and Educational Topics and
Trends in Applied Microbiology (Antonio Mendez Vilas, ed. 1* ed. Badajoz,
Espanha: Formatex; 2007. pp.450-457); Tanizaki et al. (1996) J. Microbiol.
30 Methods 27:19-23; and US Patent No. 6,146,902; and US Patent Application
| Publication No. 2008/0286838; cach df which is incorporated herein by reference

as if set forth in its entirety.



20cl unpi ng. 101811 The foll owi ng exanpl es are provided by way of
illustration, not by way of limtation. EXAMPLES Exanple 1: Preparation of
S. aur euswBSenatosp38 Capsul ar Pol ysacchari de. 25101821 PaTiusesio@sanpl e,
production of various size ranges of S. aureus serotype 8 capsul ar

pol ysaccharide is described. The structure S. aureus serotype 8 capsul ar
pol ysaccharide repeat unit is shown ingki.gure I. The net hods descri bed
herein are effective in producing serotype 8 capsul ar pol ysaccharide with .
mol ecul ar wel ghﬁgﬂ ranglst et'eri ,We@?rﬂx“ﬁ o%%d'k(@a &rﬂieZ'OIQealﬂpﬁla tﬁé/mpt'él%q)?sr sel e_Ctl on
of conditions, |dh nol ecul’ar wei gsht ser of)ype 8 capsutl ar pol ysacchari des
can be isol at eccnwmet! foum it origehat emygpmeenf feagmiBaeRhentvaoTOmt €KMas i n nol ecul ar

wei ght: For usgy gy mg@m&n its'ho@@rganﬁgm)ip%iatrécgﬂ&narﬁ%ﬁtﬂ%)oﬁp%k&l capsul ar

pol ysacchari de can 'be isolated and purified ranging from kDa to 300 kDa

in nol ecul ar wEPYIeRe enydomRaN odekiffrand envipyait). Bassamelf 25 iwlited
charact eri sf i CgolaethhiiR, ot driphor O is GARGHBY Preosiiemtlar nSidrai dtotHeFESA0005 or
PFESA0286 were used for the rodﬁ%&%lon,of serogxrge 8 capsul ar

! psul
5pol ysacchar i d&oMAHPENE RO SOt PO PATH O PREEAGECEP SPFESA0286 wer e
shown to be i degivedat subdibkkBByl frEe0dt cpantichll pletwdsdordr ofher okiypels 8heapsul ar
pol ysaccharides, the strai.ns were grown in a_.conplex nmedium consisting
primarily of ac@é{?“ﬁ‘ﬁ?‘lsyélgﬁ%% K 85hfrﬁ'gst¢ PR BadMISH S RO PRy o1 yzed
soyf |l our as t headiohr bgeénpseuricentian the prosdreorpetysdcsharidhenbOsvlaiins were gr own

|0 D1 Or eactpr S ol Rhnebali@ria? Cg@@oﬁﬁ%ﬁ%emg fanh;t%egurteg)ﬁmaégﬂ%gﬁg? sanpl e ‘was

removed to test TAS Feva : 1yl'ococcal enterotoxin B in the
cul ture. |n thesefy esbhoenuddcule 596 poipsorOempodion. tThe teepriedmed @ i on of SEB

in the fernmentagan"asy haudbufS/idh or FoFiRY%ON SncRURE b RAhSc, poved t hat
aut ocl avi ng the cul f”ure for 1 hour reduced the 15 evel of SEB to | ess than

0.1 ng/m, whi &Rthpds erfigatitiefherprsulgr Podetcbaridgi as perPpbherEeRicki t. 101851
Diafiltered, ethanegt skamtiiignatetnobysastnandidrs pagadpadad onto a
Q Sepharose AEC col umm gﬁg’pel uted with a linear gradient of NaCl as

descri bed HhovVEFREHIHIYPHREICEPIIFN PPEEHF t he 0-acetyl assay and doubl e
i mmunodi f usi onp2QaegtrideqolypéRepoeint spatel fpa cllykokysmpochasfitote and '
phosphat & avs__sa),(cllfs (?r';)mtw elChpl{ g?s%@ﬁ:g or recombinantly produced. Thus, a
polypeptide/protein, polysaccharide, or conjugate that is substantially free of
cellular material or other compounds includes preparations of the
20 polypeptide/protein, polysaccharide, or conjugate having less than about 30%,
20%, 10%, 5%, 2.5% or 1% (by dry weight) of contaminating protein,
polysaccharide, or other compounds. When the polypeptide/protein is
recombinantly produced, it is also preferably substantially free of culture medium,
i.e., culture medium represents less than about 20%, 10%, 5%, 4%, 3%, 2%, or 1%
25 of the volume of the protein preparation. When polypeptide/protein or
polysaccharide is produced by chemical synthesis, it is preferably substantially free
of chemical precursors or other chemicals, i.e., it is scparated fromAchcmical
precursors or other chemicals which are involved in the synthesis of the protein or
polysaccharide. Accordingly, such preparations of the polypeptide/protein or
30 polysaccharide have less than about 30%, 20%, 10%, 5%, 4%, 3%, 2%, or 1% (by
dry weight) of chemical precursors or compounds other than polypeptide/protein or

polysaccharide fragment of interest.



of tcichoic acid (TA). The presence of serotypc 8 pol ysacchari de was
detected in fractions 35 to 95 (Figures 2A-B). 101861 To reduce

cont am nawpani i3t ei choi c acid, fractions 35 to 75 wePeTamseded3ansl any
residual teichoic acid was oxidized with sodi um netaperiodate to 25al |l ow
its renoval by 3K diafiltration against di F120. 101871 Purification of _
serotype 8 capsul ar pol ysacchari de used7f.or the preparation of conjugates
was performed by two different nmethods that rely on el evated tenperature

and |ow pH to ﬁ{lkggtlpﬁgﬁ%%ﬁ%ggggﬁg AR Parly P ifhotieidhcrigl reduce t he

mol ecul ar wei ght \ . esul'ting nol ecul ar 30wei ght
depended on t hbertih mey be eipnee marasrer alew ipir grengthacupbitoby/sr e st ep. 101881
Characteri zati gR,Qfi;c3 GOk ¥RPoBaGapsul ar pol ysaccharide was perfornmed using
the techniques 'specified in Table I. - 57 - Table 1: Characterization

Assays for Purified S. gureus Serotype 8 sul ar Pol ysacchari des.
Speci ficityAss ’h".%efg’l’ @a’ffl’"gﬂ"cg‘(’@f"ff %pé’é“l"ﬂfdg? H’Rﬁ%ﬁ"é’? ég‘ﬁ%qf gsﬁ’ffgéi dual Tei choic
Aci d Residual PE§5{'?'Hogl ycan Size Composition |dentity O-acetylation

Concent rati on digir Yrieotadh kil 85 FaRBAMNS AL RRRSRARBLAICO! or imet ri c
assay HPAEC- PAD SEC- MALLS HPAEC- PAD I H-NMR or reaction with specific mAb

1H NVR MALLS- RromgrosiHmsEescppgy herein. For example, one embodiment of the invention

provides a method of inducing an immune response against S. aureus comprising
administering to a subject an immunogenic amount of any of the immunogenic

10 compositions described herein. One embodiment of the invention provides a
method of protecting a subject against an infection with S. aureus, or a method of
preventing infection with S. aureus, or a method of reducing the severity of or
delaying the onset of at least one symptom associated with an infection caused by
S. aureus, the methods comprising administering to a subject an immunogenic

15 amount of any of the immunogenic compositions described herein. One ‘
embodiment of the invention provides a method of treating or preventing a
Staphylococcal infection, disease or condition associated with a Staphylococcus sp.
in a subject, the method comprising the step of administering a therapeutically or
prébhylactically effective amount of an immunogenic composition described

20 herein to the subject. In some embodiments, the method of treating or preventing a

’ Stéphylococcal infection, disease or conditions comprises human, veterinary,

animal, or agricultural treatment. Another cmbodimént provides a method of
treating or preventing a Staphylococcal infection, disease or condition associated
with a Staphylococcus sp. in a subject, the method comprising generating a

25 polyclonal or monoclonal antibody preparation from the immunogenic
composition described herein, and using said ‘antibody preparation to confer
passive immunity to the subject. Onc embodiment of the invention provides a
method of preventing a Staphylococcal infection in a subject undergoing a surgical
procedure, the method comprising the step of administering a prophylactically

30 effective amount of an immunogenic composition described herein to the subject

prior to the surgical procedure.



101891 Capsul e pol ysaccharides produced by the nethods described bel ow
result in pure well characterized pol ysaccharides with |ow | evel s of
protein, wocheii@aei d, ' 5Speptidoglycan and teichoi ¢ aciPdTasaMQ0BRANt S.
101901 In the first nethod, follow ng rel ease of the capsul e pol ysacchari de
fromthe cell and reduction of nolecular weight, the preparati on was
treated with a cocktail of enzymes (e..gg8,- ribonucl ease, deoxyri bonucl ease,

| ysozyme and prot ease) to digest inpurities. After incubation, residual
inmpurities are j

concentration (ﬁéﬁ %%frt%%%xr er?oa\?aaﬁ% 59&”9&]0%%3 OS(‘ g%g}' a solution
cont ai ni ng capslfudeleplpmtyrsaa%lquarqfdémmsl ahdiamllomm@teammamednspemhange col um
(Q Sephar ose) ﬁaﬁé Hgtfe%gm\m &ba,ﬁlgu Bealcimabh &h@qbﬁm&mﬂmpmm& contai ni ng
capsul e pol ysaccharide were poole dc trea?e wi t h sodi um et a- peri odat e.
Thi s treat nent ofésprkscaidnyaqtigia’ Wodﬁﬂmlvé‘eﬁ%ﬁd‘?%? yis prsangbodyaaqdiptedl 15

teichoic ag d GRRLRMPERE andakol Rl FheWﬁlct%ixfaﬁﬁéen%tﬁ&toyQﬁlbgd@s'idﬂ&ll| ar
pol ysacchari de. The reaction was aguenc ed ?/ t he addition of ethylene

gl ycol . The nafespsniae aphind yik swperabiniy foribr aafisenit the FRAUREHi st dH20 t o
renove any resighikitibeaURheenas] whlic preotiuctised dohhtht tesphge 'siesand net hod was
used to produce ca | e pol accharlde wi t hout, 20t he Use. of enzymes to

di gest the var f’ﬁg'gtgig‘ff?@grﬁx@%‘mi’eﬁﬁdﬁ lfl?(?éisceﬁ i t“ﬁ‘tl gle%‘teﬁwnm}eol | owi ng

rel ease of thersppsdlliclipmidiyasghesrtad@nfol anigtrdiecpiiepds iramgbcinedueth on of

ol ecul ar 1 I QE a solqr%lars]yﬁ n%lle\ézg otft}?ellnﬁcﬂthﬁkocgrﬁ apl 91})11(%0% gt @Irdr)]fdl%d by

mcrofiltration at ona 6] he sol ution
was treated w pmtmmwdasedald\élﬁﬁdlhe molesudqroFbis perpyates antigen- Spﬂflﬁ%@%*ar bon

treatnent, t heT hel ér%c s (m%,{]ﬁ[i 'c?iloto\Q@S’l' l?l‘\%@ﬁgcéﬂs J&TiQ‘S“ éﬂﬂ%@ periodate to
oxi di ze residual teichoic acid fol quenching wi th propyl ene glycol.

The materi al m%@m@hp%@wumﬂm e PIFSteé%m' ABYER LV iIHPECPD renpve any

resi dual reagepisd@ng cRYsidl Qe BssichMB2] afrRprassad bomssiphedueads usi ng
either method resulted in pure capsul ar lgg Ig%saccharl des wlth | ow | evel s of

protein, nmutl efdlakslRindiy at‘%?fe%ﬁ%hea@raae g pEintrapRiilstet hods descri bed
can be used tonwr@dwcz)ethsmrslofftms Klﬂé'tgﬁSvn@fsudhhﬂcrd&Sl vxecthmaghcml ecul ar wei ght
pol ysacchari des

?% t%l ] contdltlon !Ef\{ es of
capsul ar pol ysSUERAFTHEY Vg‘ﬁa%’lag 5y S?ci‘fe'cr?%sfjﬁéﬁls ST i%B rel n are
shown i n Tabl e T2elrelconmheBatiohias teffugption, ﬁmcbfdasetrccatty\pte o8 n@@s@ap@ul ar

pol ysacchari dee&?‘% élgg a%é( !:cﬁ?d@]r?l )%ugtﬂ!esﬁ% 01%%{ a@ﬁgk%fn%%%hgu&q{qql (TA),

pept i dogl ycan and 1 6w r&si dua e range of | ower
mol ecul ar 2fki ghlas&lcslpmmwedasz@alétﬂﬂ@amﬂeeul%onlthfk@arfa%ne} "eHempdizted i ed

pol ysacchari de%nM{%{c‘?estrQb‘ a\fSOQCi@rQ% tY}L %@&nén qugt@(mcs-r%mlo@n\{@sl a3d 8fhenucl ei ¢
acid contam nati on were . Char act erizati on of

Serotype 8 Cap§‘lﬂli§?°lfpé)‘f’§/1§9.@§ﬁiat?y aa%vatcd T cclls and/or othm Whl[C blood cclls,
including those derived from CD4+ and CD8+ T-cells. The ablhty of a particular

antigen or composition to stimulate a cell-mediated immunological response may
25 be determined by a number of assays, such as by lymphoproliferation (lymphocyte
activation) assays, CTL cytotoxic ccll assays, by assaying for T-lymphocytes
specific for the antigen in é sensitized subject, or by measurcment of cytokine
production by T cells in response to re-stimulation with antigen. Such assays are
well known in the art. See, e.g., Erickson et al. (1993) J. Immunol. '
30 . 151:4189-4199; and Doe et al. (1994) Eur. J. Immunol. 24:2369-2376.
10164] As used herein, "treatment” (inclu.ding variations thereof, e.g., "treat"” or

"treated") means any one or more of the following: (i) the prevention of infection



Preparations. Total CP8 Sanpl ePurifiedMAProtei nNuc. Aci dO-Acetyl
ng(kDa) (Lowy) (260 nm scan)NVR (g/nol)% (W w) % (ww %1 310 27.0 1.2 0.94
100 2 438w02001/@16032 100 3 179 20.4 0.37 PCT/US2010/039473
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or re-infection, as in a traditional vaccine, (ii) the reduction in the severity of, or, in
the elimination of symptoms, and (iii) the substantial or complete ellimination of
the pathogen or disorder in question. Hence, treatment may be effected
prophylactically (prior to infection) or therapeutically (following infection). In the
5 present invention, prophylactic treatment is the preferred mode. According to a
particular embodiment of the present invention, compositions and methods are
provided that treat, including prophylactically and/or therapeutically immunize, a
host animal against a microbial infection (e.g., a bacterium such as
Staphylococcus). The methods of the present invention are useful for conferring
10 prophylactic and/or therapeutic immunity to a subject. The methods of the present
invention can also be practiced on subjects for biomedical research applications.
[0165] As used herein, "mammal” means a human or non-human animal. More
particularly, mammal refers to any animal classified as a mammal, including
humans, domestic and farm animals, and zoo, sports and pet companion animals
15 such as a household pet and other domesticated animal including, but not limited
1o, cattle, sheep, ferrets, swine, horses, rabbits, goats, dogs, cats, and the like.
Preferred companion animals arc dogs and cats. Preferably, the mammal is human.
[0166] An "immunogenic amount,”" and "immunologically effective amount,”
both of which are used interchangeably herein, refers to the amount of antigen or
20 immunogenic composition sufficient to elicit an immune response, cither a cellular
(T-éeli) or humoral (B-cell or antibody) response, or both, as measured by standard
assays known to onc skilled in the art. '
{0167] The amounts of a particular conjugate in a composition is generally
calculated based on total polysaccharide, conjugated and non-conjugated for that
25 conjugate. For example, a CPS5 conjugate with 20% free polysaccharide will have
about 80 mcg of conjugated CP5 polysaccharide and about 20 mcg of
non;conjlngatcd CPS5 polysaccharide in a 100 meg CPS5 polysaccharide dose. The
proiein contribution to the conjugate is usually not considered when calculating the
dose of a conjugate. The amount of conjugate can vary depending upon the
30 staphylococcal serotype. Generally, each dose will comprise 0.1 to 100 mcg of
polysaccharide, particularly 0.1 to 10 meg, and more particularly 1 to 10 rhcg. The

"immunogenic¢ amount" of the different polysaccharide components in the



0.12 108 101931 Mol ecul ar Wi ght Sel ection of Capsul ar Pol ysacchari des: A
ki neti c anal ysis denonstrated that a broad range of nol ecul ar wei ghts of
capsul e pabysaa4eivari des can be generated by the net hodecCuaseoiobadher ei n.
Initially, larger 20 pol ysaccharides were produced by the bacterial cells,
and subsequently, a desired nol ecul ar wei ght range sel ected and then
purified by mani pul ation of the pH andsheat conditions of the heat and
hydrol ysis steps. 101941 Heat treatnment of S. aureus fernmentation broth
is a process step between fe rmsntalon an Iar I irde
recovery. This"process Cé){ngos usesh 'Vergeandgq\fﬁﬁ{%gg Sggjnyc ﬁ‘tkbgoth for a
speci fied peri odg, 4Tive, poed, ;(911@8 Hn@ Reat, X meaat freeg, 1aincg, -20519g,30| ow pH were to
kill cells, in ig r i I ¥ hari de and
reduce nol ecul g‘?é mgumégtﬁ%g @;9%‘6??%%%%@%@0%n%nOéQ?dﬁggbé)ﬂgJO;?gﬁﬁ he
reduction of npirecsdr aglysaedheiide apkigent he sl owest in terms of processing tine

required i thigest &0, dieOLsNeiisedsDeis B B lati GHOSH baCHWYRI Fonk B%ﬁl@bl y achi eved
within the treatnment time 5considered. 101951 Heat Treatnent: pH-and

t enper at ur e coHeflE FiENEheHhers i associted clinigal yens/sypptams Pidiscassi HRIMA%nges of -

capsul e pol ysag&ham@aseswlae@%@raypn@ehralmuih%er&reiaafﬂula perithanent er was
used for these studi ) ferrrent ati ransferr%d to the

S

fermenter by alyérpia Sdf“ﬁ‘”aé BidnRpne. i Frﬁﬂ%ﬁw S&@W‘&%ﬁ‘ﬁ“s%@%&‘%f Y40 about .200
rpm the brot hsﬁDdng\&ScoaﬂﬂLUdiﬂ(&ﬂebeixhre@QI%Y)tolf aﬂherdm&ndllfyurehte sasi d. Then, the
broth terrperat he reatment time
started as SOO (lr(}i%a\i\?%ndxtltons c%grracét nzm 1{,1\515‘1(\:/ eacafeﬁ mclula% bac erel £ Wien t he desired
treatnent ti neprwamomeaclhélds, ostlﬂmnhhm mdﬂmdlc&;@ﬂpedsttoek w@omrt enper at ur e.

| n-process sa k Pl e iRl g eacehar hlgukanegRt ration and
nol ecul ar wei g t&ﬁ wﬁf’ﬁfé&a %Q%r?gasa%é&f\m lls stg , res}pegtl vely. The

mol ecul ar wei ght Premtlﬁa@%ymg cyielgidc 4sppys, Iﬁ@,fhklﬁ ﬁ@?mwnarﬁlﬁmﬁ%ys tThe MV

profiles were ﬁl@;sﬁlre%crh%@t}pmﬁ &éll@ly@é IISRH?C%'!CSQ. c@ll 3Pgy Reddurinp@® Figure 3A
101961 The kinetics of m’ld acid ZGSI S o ysacchari des was

conduct ed ¥si n§vgueis- Ff‘é‘d’c%‘éﬁyé‘b’yﬁésugn%'é’b ?l%l?f%&‘l"?fé“&é&‘l‘ﬁfflieﬂ%’eﬁﬁf ai ned from

the process. Tmth%(amgrchmsedmpoinwmamgﬂod@ lﬁ@|allbblb9ficlm lﬁdrhddﬁxhegi to the .
desired pH for the experi Wi t he

SOt ut L on was ¢ FASHE DEn of B kst oncgic ety i ey R R The ubes
wer e pl aced i nthaanteh, abditnbhcepmlfppiedbjmmédﬂumlgphee:(bllsy ofithd snipatiater e contr ol

system The t Ubguc\l\@ 0 e1 K}%chg\?;gstoﬁ(gé)hg ogyrt%ggltl ﬁrorpgﬂ'?gxlgrlm i)l'a&?ge\{lggb and was

guenched in an 1cé buc Xperi men al i quot of
| M Tris bufof er dspibed h&¥inwdlke lakdeibretectipmef tbemmn@e raspandlj wayt bet he pH back to

about 7. The sapplggy aﬁc,@n@'te/czmuwcdam§'%@m%§g&ytﬁ;t%59bc;rme MV data was

used in the kinetic analysrs. fect of tenperature on the MNprofile
of CP8 at pH 3acsmwat§wétef‘ércmmvé@ lfdhf‘evfn“gq"r‘@whlsb@ INOUGE FEPOTES: 1S Fb“ésfeﬂts 30101971

As shown in Fi gurgcidhun, thel WSt pRIEMéSIndREED RS BhindLenidhnioaftugiRg t he
nol ecul ar wei ght_ of the pal saccharlde Mol ecul ar wei hts et en 300 kbDa

and 600 kDa caff'ige" ‘@éﬁéﬁ“?ﬂ@éﬁ dejestingths PRRFIHFurgval or g perf “‘B‘éat "15 ni nut es

and 120 25 challenge of the animals with the bacterial cells. In one embodiment, the amount
| of protection may be measured by mcasuring at least one symptom associated with
the bacterial infection, e.g., a fever associated with the infection. The amount of
each of the antigens in the multi-antigen or multi-component vaccine or
immunogenic compositions will vary with respect to each of the other components
30 and can be determined by methods known to the skilled artisan. Such methods

would include procedures for measuring immunogenicity and/ or in vivo cfficacy.



- 60 - mnutes. Likew se, nolecular weights between 250 kDa and 450 kDa can
be generated using a pH of 4 at 95C for between 15 m nutes and 120 m nutes.
Mor eover ,woobaodh@s wei ghts bet ween 120 kDa and 450 kDaPcarush@ogses at ed
using a pH of 3.5 at 95 C for between 15 m nutes and 120 m nutes. 5101981
As shown in Figure 3B, the higher the tenperature, the faster the rate of
hydr ol ysis and broader the range of tha&jool ecul ar wei ghts of pol ysacchari de
produced with tine. Use of a | ower tenperature, 55C versus 95C at the sane
pH, produces a,narr.o e 0 I hts. 101991
Furt her nor e, }n jare” %%Pg%%t ‘rhggegg %atb\égtg&%e gtmﬂg‘nﬁgeﬁ weea%ryt%@"{rgml ecular 10
wei ght of puri 109@dn@8re\ﬂr¢f¢rah‘heﬂthmé%¢ ment tinme for mld acid (pH 3.5 at
95C) hydrol ysi fy7gihernpiHvbddof dirh@l HEAGE Qﬁ’ffbb&li@s dnd aﬁth,%d; idpbsifdRduct obt ai ned
fromthe recovery process detailed previousl P/ al'so shown in Figure 4,
an increase i nvhic néfpeﬁéaat“na%ﬁﬂ%wﬂy ‘8fhet5ﬁé>’§5%’L§rcéa§“aPFESA0005 strain at

pH 3.5 resy t efbysBcchircd &rlmmh@ééh'& %njlygﬁiegaftthecﬁgsentmmﬁiﬂﬁ 1sfatet er heat
treatnment tinmes at pH 3. 15resul t ed

‘L 8 | ecul g Wﬁ{hght CP8. The
size of the se?‘B?%?ﬁ@“S‘ %‘&B%q.ﬂséfe 85819/ E AR A T“B'é‘éat‘l"QFPgaesdf T bout 80 kDa to
about 220 kDa Mﬂﬁdldﬁg cmulbrhﬁﬂ)}saialjﬁrhcﬂfr n*mmﬂliﬁ)gélflc dm&rgarésr@”a}temémat pH 3. 5.
The correl ati on bet wee olalpH and si ze of

the purified CBE"EY Ié’ﬁ%\ﬂ?‘lelp]ﬁ)dﬁ’eﬁﬁr [é]e Aiwem'f”ll rowg?esc? ungerfi BEERSti on- of t he
treatnent ti rreamﬁqdlesrdmdcttcbagpmsldmcenmje pfthedrqupk yoad cipavlarde 20with a

spect 11 ed 1N I8 RhcdRIREYY i ngg%g?nj&g\%% d fredel ib TR Aok Note that as

deronstrat'ed a ecu ar wei ght serotypc 8
capsul ar pol ysaob,ddanqntie@e ﬁrrttbmhmfk@a)ffﬁ@“ Hygnsion hrarfurst)@*ak@aneéwdﬁé produced,
rel eased and PR l|n%'b§é#cr1aT1h§th@]ez§n¢qQ§aI Et‘ﬁ@‘fc?fnfaﬁﬁ om)( albgpsH%Qag'b%m@r oduce

specific ranges of desired \%}? nol ecul ar_ wei ght capsul e 25pol ysacchari des
such as is shoWHingasspappeose emgodimeasghs yibgdissf PI’SWVF‘HP‘PQ(-:‘OIHF PABIYEcul ar

wei ght pol ysacghafdide Phuepeicate M@ﬁﬁn&ehﬁ)lﬂﬁ@lker pRbaePodhusitight S range from
87 kDa to 108 kDa represents a ara erlz(éd?ran e of nol ﬁcul ar

c
wei gt £HRL Y eBU GBI Ren BT ARG B TG TRty e
particularly acamt e@aous]ybrmgﬁ c(‘)lfs olﬁbngh enpheeadlcam liveif@htcopbinysacchar i des,
rangi ng from 70 i's useful in
maki ng |mTunogBrr?| %ctlgrb?é)ag o(c)hc oratran c(:)nrllczﬁnrré1 Ilhrallg)ar%]cesanam}ﬁ%?j bol ysacchar i de
to a carrier nmitacdwemposnpmaifmemn\r@st@e, us‘ﬁabdcbm@)es wih&naortdittopoefs used to
generate the CQg, ¢a 9€s -61 - pol ysaccharide having a nol ecul ar wei ght
range of from about 8 to 120 kDa are as follows: 95C, 5 for 300
m nut es. Tl elW@711PrAvdibedi¢son agfoodpresippiidonRaiiheinyintiph gAYy E@S%‘lﬂlaar Wi ght

Serotype 8 Capgidihgd otPR:latYn%%(;SﬁaJdqua SEMY 06 ALY BRIoR, L3RS} &ndideh ysacchari de

associated with a Staphvlbcoccus sp. in a subject, the method comprising
generating a polyclonal or monoclonal antibody preparation, and using said
antibody or antibody composition to confer passive immunity to the subject.

25.  Antibodies of the invention may also be useful for diagnostic methods, e.g.,
detecting the presence of or quantifying the levels of CP5, CP8 or a conjugate
therecof. A
[0172] Several animal models known in the art may be used to assess the
efﬁ"cacy of any oné of the immunogenic compositions described herein. For

30 exéfnple:

[0173] Passive Murine Scpsis Model: Mice are passively immunized

intraperitoneally (i.p:) with immunc IgG or imonoclonal antibody. The mice arc



MV (kDa) 1 98 2 89 3 108 4 108 5 89 6 100 1 99 2 113 3 105 4 100 5
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challenged 24 hours later with a lethal dose of S. aureus. The bacterial chailenge is
administered intravenously (i.v. or i.p.) ensuring that any survival could be
attributed to the specific in vivo interaction of the antibody with the bacteria. The
bacterial challenge dose is determined to be the dose required to achieve lethal

5 sepsis of approximately 20% of the un-immunized control mice. Statistical
evaluation of survival studies can be carried out by Kaplan-Meier analysis.

[0174] Active Immunization and Challenge Model: In this model, mice are

acfively immunized subcutaneously (s.c.) with a target antigen at 0, 3 and 6 weeks
(or a similar schedule known to those skilled in the art) and challenged with

10 S. aureus at week 8 (or other similar schedule known to those skilled in the art) by
the intravenous or intraperitoneal route. The bacterial challenge dose is calibrated
to achicve approximately 20% survival in the control group over a 14 day period.
Statistical evaluation of survival studies can be carried out by Kaplan-Meier
analysis.

15 [0175] Passive Infectious Endocarditis Model: A passive immunization model

for infectious endocarditis (IE) caused by S. aureus has previously been used to
show that CIfA can induce protective immunity. See, Vernachio ef al. (2006)
Antmicro. Agents & Chemo. 50:511-518. In this model of IE, rabbits or rats are
used to simulate clinical infections that include a central venous catheter,

20 bacteremia, and hematogenous seedihg to distal organs. Catheterized rabbits or
rats with sterile aortic valve vegetations are administered a single intravenous
injection of a monoclonal or polyclonal antibody specific for the target antigen.
After 24 hours, the animals are challénged i.v. with heterologous staphylococcal
strains or a MRSA strain. Then 48 hours after challenge, cardiac vegetations,

25 kidneys and blood are harvested and cultured. The frequency of staphylocéccal
infection iﬁ cardiac valve vegetations, kidneys, and blood is then measured. Inone -
study, when animals were challenged with either MRSE ATCC 35984 or MRSA
PFESA0003, significant reductions in infection rate were shown using either the
polyclona] antibody preparation or the monoclonal antibAody to CIfA. See,

30 Vernachio et al., supra.

[0176] Passive Infectious Endocarditis Model: The infectious cndocarditis

model has also been adapted for active immunization studies. Rabbits or rats are



87 5SExanple 2: Conjugation of Serotype 8 Capsul ar Pol ysaccharides to
CRML97. 102011 Thi s exanpl e descri bes processes and characterization assays
used in tWwepriodu®Bi on of S. aureus serotype 8 capsul ar PCT/US2010/039473
pol ysacchari de- CRML97 conjugates. Different conjugation chem stries were
devel oped for conjugating S. aurezis serotype 8 capsul ar pol ysaccharide to
this carrier protein. For exanple, 10canj-ugation using PDPH
(3-(2-pyridyldithio)-propionyl hydrazide) results in a.coval ent thioether
bond between the CP an ie rotein. ively. conjugation
usi ng CDI/ CDT “lm'imzeg qrak‘f]%“ﬁﬂ{/ Qénzo 87tfr,g%]-agg%eﬁdgbﬁkﬁﬁénf?@?%h-tri ajzo?e)
results in a oﬁemaasbﬂnW®*Sb@rvadanbonmbinker bet ween CP and carrier
pr ot ei n. I jde to
CRIVI 197 by PDLN%@OMQ%E?{EOﬂB%?g%Qi pu%(’&f%mwd@r mPQS%E%g%Eﬁdga“ on
chem stry is a°%ﬁ?@$ﬂsi%%66?@%%3@"§¢%ﬂmﬁHWUPV%@O%ékﬂvbﬂﬂGﬁ“bW"hhe

pol ysaccharg dethertﬁ%@w fgef drlh@eeﬁ@lxﬁuannﬁmﬁgéuan&gwwpg pihdjdcisat i on of the
activated pol ysacchari e i ntermedi ate, activation and purlglcatlon of the

CRMLO7 pr ot ei nof aad! ¢oriPtighsi onesPFERR02461 a8 dowsisdridsyssni/sr | owed by

20puri ficationgnéfik&les él@tn&og%gtih@ﬂlltglfcd aFlEmyO&OI(Q@Q(HQH Qlﬂt‘@éﬂhiﬂgnéd nker to
t he polysaccharlde and a hal oacetyl grou 97protein carrier, S

aureus - - bagkesin afeypumeated gl kaéﬂemn é?fE?‘ié‘F%“EFe T\Rﬁé“qulrﬂX@Ha‘? t he
protein carrlegSkhnguganammmn@akbﬂﬁmbond Bronpacetyl groups were
i ntroduced into the CRML97 protein by reaction of am ne groups with the

N hydr oxysuoct i a6kl Bl BLATRASEE! RSk dnod 8. ASARLARL.LILOf At o

polysaccharlde t he car rimde actrvat carbo s of

N-acet yl rrannosams]ourﬁl@f@,lcﬁna%alc@kcdt& cbierdPd ¥Bake ey, 'PQGOS\%\@IV e coupled to the
hydr azi de group of the sul -reactlve hydr azi d t erobi functi onal

|i nker 3- (2- pyP?I¥Y9raRR KT leAr Cﬁi\géﬂ%HW?o Aoy dgper huspRicod 44 s of

PDPH-t hi ol at ed LQMWEAQ{UIE@ payasougﬁﬁemeaame lwon’ét@dtb(ltnh@ﬂ, Ovitdrly, Odnkdand purifi ed
by SEC on a Seghadex l g % | t h broppacet g Jroups of
activated prot &R 18 asCL}I”E‘SHEj"‘Fﬂ Cé%v%\‘*é Poriyi 8% n Cﬁ“i‘r‘ié e'formed by

brom ne displ acemwpeidedidtavs@ebuffer (Modified Eagle's media containing 1% bovme serum

albumin) at approximately 2 X 107 cells/ml concentration and placed in 37° C
incubator until 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% glycerol to an ODgqo = 1, which equals

20 to approximately 5 X 10" cfu/ml concentration. 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 10° cfu/ml in assay
buffer and placed on ice. The assay was performed using.a sterile 96 deep well 1
ml polypropylene plates. Two fold serial dilutions of antibody samples (50 pl)

25 were prepared and followed by addition of 300 p!l of assay buffer to the antibody
mix. Bacteria were added (50 pl) to the plates and placed on a rotary shaker at 4
°C for 30 minutes. The opsonization step was followed by addition of 50 pl of
human complement (1% final concentration). Finally, 50 ul of effector cells
(107 cclls/ml concentration) were added to the plate and the suspension mixed well

30 by repeated pipetting. A 50ul aliquot of the suspension was 10 fold serially diluted

in sterile 1% saponin solution, vortexed to minimize bacterial clumping and plated



pol ysaccharide and the carrier protein. Non-reacted bronpacetyl groups Wre
"capped" with cystcam ne hydrochl oride (2-am noet hanet hi ol hydrochl oride).
The reactworrondiaese was t hen concentrated and di afi | t ePet/USTé®/08%IMRAI Ni NQ
unconj ugat ed bronvacetyl groups were capped with cysteam ne hydrochl ori de
to 15ensure no reactive bronoacetyl groups were |left after conjugation.
This fornmed a coval ent bond between thg4thiol end of cysteam nc and the
acetyl group on the lysine residue after displacenment of brom ne. 102031 1.
Thiolation of S. aureus Ser suI Pol ysa th PDPH. The
pol ysacchar i deWaPf FPREIR |‘%{/'§ °8T}k?a a%f’o{ ati o'xn‘%vm& thDg?r

20pol ysacchar i géh vmnmuxeﬂ(mgushgaotfsxeeslstw simkerp avt etet eﬁdDE’ﬂ-ﬂhsmarbktlcmol ution (250
ng/ nL i n .DMSO) Y and MES buffer
stock sol uti ona %IIW ééfgﬁé()%%iyrra 'fhs(a,ﬁéﬁy?iﬂ g%rm st %tll/é%“%m[i M MES, and 2
and 4 mg pol ysaxttcharmldefylm_vomullgetomamnmzalbmtfngl %{UIpmhg/gd@@qund@PtPDPH EDAC
ratio by welght, %g rin Qupficatc. 21510 pwcc.ﬁa%EQFl]yg%,a%cga%w b@rdcmmg%harl de. This
m xture 25was inctbated for hour roomtenperature and then dialyzed:
agai nst a 1000)tgef thwneﬁrcref%lnur\l'@elg FfQ(‘J“fth‘ﬁﬁrm vellegthbasteid a 3500 MACO

di al ysi s devi cgy@bdietoMiimertCanaRele e cEIR 1§ BERYIALHBF @a&kGidin’BRbbes The
PDPH- | i nked pol ysaccharl de was nade 0.2 M DJT and  ipncubated at room

t enper at ur e fOPC@“WP‘?‘%P“WWWI"@W?C‘%{P PARPIGEIER WP S!S Excess DIT as
wel | as the 30Cymﬂ)llstht6fﬁ1ﬁlg‘Bictdﬁrfaecoh@&ﬁ{ch@ﬁhd\wﬁ@/c&eﬁtmdaa echdfusiaon enhe act i vat ed
sacchari de by SEC usi ngui‘g dex &25 resin and distilled water as the

nobi | e phase. ey @ WI¥8%ed by the DTDP assay for thiol groups and
thiol-positive fractions that clutcd - 63 - near the void volune of the
col um wer e pool ed. The_p@dmuﬁm@ﬂ ons was assayed by the PAHBAH and t he

0-acetyl assays to determ ne the de e activation which is expressed as
a mol ar per cent?!4 3B R REMATHOPY é‘gﬂﬁb&‘IWﬁﬁ Sa% AP SISy oup (1ol ar
concentrati on PFESAN G, PFREA@B6 6@ MRESADZR0 cambOised Spaatreeiolicosplembikhe
activated pol ysaccharide was |yophilized and,sto il needed
for conjugati o ﬁeﬂi%4 MRS Fté%'ﬁl“feée qu%erH’égh?%" ?%‘gﬁ%eﬁ?t%?%uéc} Sserotype 8
pol ysacchard dewtfiserht ifiom tid gldre BidREbugreaded liowerile PBY aBdceridl. ccDegiree of
activation of ser type | ysacchari de ranelZ(Vto 16% which
corresponds to éng?%’g Y@t@pﬁﬂ%&cﬂgmlWu%ﬁgyﬁérﬁfdgcézhlpg" acheg™ eedrmt en

capsul ar pol ysanmatmxdéowapﬁmtonuScntnm wa® umtihatcki|w1tlh®act«rrmloecatmhetoper five repeat

{Jn:?tef)r 0532: gl |4 (OLgéOVlﬁ{p{ngsn (96115 vsvgrre%g:x}lxpgged senp ran%‘Ferr %%cﬂger u%l’l de wi th PDPH

containing bacteria and the adsorption step repeated again for 30 minutes. Finally,
20 the cells were centrifuged and the serum passed through a 0.2 micron filter before

0.5 ml aliquots were frozen down in liquid nitrogen.

Method I1 - OPA using HL-60 cells

[0180] HL-60 cells were differentiated according to S. Romero-Steiner, et al.,
Clin Diagn Lab Immunol 4 (4) (1 997), pp. 415—422. Harvested HL-60 cells were
25 resuspended in assay buffer (Modified Eagle's media containing 1% bovine scrum
alBumin) at approximately 10® cells/ml and placed in 37 °C incubator until ready to
use. S. aureus was grown overnight on tryptic soy agar plates. Bacterial cells
were scraped, washed twice and resuspended in assay buffer containing 5%
glycerol to an ODggo = 1, which equals to approximately 5 X 10%cfu/ml. Onc ml

30 aliquots of the bacterial suspension were frozen and stored at -40°C until ready to '



1 14 36 30 (83) 2 16 30 27 (91) 4 16 38 42 (110) 5 40 44 (110) 102051 2.
Carrier protein activation: Separately, the carrier protein was l1l5activated
by bronoawetgliaui@a. CRMLO97 was diluted to 5 ng/ L w t hPCO/USRM0/039473

-55-

use. Frozen bacterial suspension were thawed and adjusted to é concentration of
10° cfu/ml in assay buffer and placed on ice. The assay was performed using a
sterile 96 deep well 1 ml polypropylene plates. Two fold serial dilutions of
monoclonal antibody samples (25ul) were prepared and followed by addition of
5 150 ul of assay buffer to the antibody suspension. Bacteria were added (25pul) to -

the plates and placed on a rotary shaker at 4 °C for 30 minutes followed by
addition of 25 ul of human complement (1% final concentration). Finally, 25ul of
HL-60 cells (107 cells/ml) were added to the plate and the suspension mixed well
by repeated pipetting. A 25ul aliquot of the suspcnsioh was 10 fold serially diluted

10 in sterile 1% saponin solution, mixed by vortexing to minimize bacterial clumping
and plated on tryptic soy agar in duplicates. The assay plate was incubated at 37°C
for 1 hour with continuous mixing using rotisserie style shaker. At the end of
incubation a 25ul aliquot of suspension was 10 fold serially diluted in sterile 1%
saponin solution, mixed by vortexing to and plated on tryptic soy agar in duplicate.

15 The percentage killing was calculated by determining the ratio of the number of
cfu surviving at 60 minutes in wells with bacteria, antibodies, complement and
HL-60 cells to the number of cfu surviving in tubes lacking antibodics but
containing bacteria, complement and HL-60 cells. Controls containing bacteria,
complement and mAb was included to adjust for any reduction in cfu due to

20 clumping.
[0181] The following examples are provided by way of illustration, not by way

of limitation.

EXAMPLES
Example I: Preparation of S. aureus Serotype 8 Capsular Polysaccharide.

25 [0182] In this example, production of various size ranges of S. aureus serotype 8
capsular polysaccharide is described. The structure S. aureus scrotype 8 capsular
polysaccharide repeat unit is shown in Figure 1. The methods described herein are
effective in producing serotype 8 capsular polysaccharide with molecular weights
ranging from about 20 kDa to 700 kDa. By pfoper selection of conditions, high

30 molecular weight scrotypé 8 capsular polysaccharides can be isolated and purified

ranging from 50 kDa to 700 kDa in molccular weight: For use in immunogenic



phosphate buffered 0.9% NaCl pH 7 (PBS) and then nade 0. I M NaHCO3 pH 7.0
using 1 Mstock solution. The N hydroxysuccinim de ester of bronpacetic

aci d (BAANBRowas1i@dded at a CRML97 : BAANS ratio 1:0.25 PamwS2usiosy7s BAANS
stock solution of 20 ng/nL DVMBO. This reaction m xture was incubated at
20between 4 and 8C for 1 hour then purified using SEC on Sephadex G 25. The
purified activated CRML97 was assayed.-By-the Lowy assay to determ ne the
protein concentration and then diluted with PBS to 5 ng/nlL. Sucrose was

added to 5% wt /vl ?‘c')sr{s% Qg Cd; ?l%;%(l%ac%‘ﬁ%d% pa% b@qstb!a}/e Eﬁ&ip@ﬁ%el n was frozen

and stored at -8 nj uga
Bromoacet yl at i engiog froy & kida gD dlem rmflecmgghtm@mmvswﬁmmgs?t ent,

resulting in tﬁﬁeﬁgrg $r¥@{h|cﬂg}a8£rlsg1% at'l(@thgﬁuzlniflt%ﬂo@@a%svjl@ pi3Red ls¥shnes avai l abl e

(see, Table 51 T eaction Jaro uced hi yi el'ds of activated protein.
Tabl e 5: Yi el dBFEH00ReTEES69288MsrroReely &P‘i"é‘#“@‘l’ ofERINDY 8 camswpiar at i on

Lysi nes Actsi vabagkaédiarde@lo8psh RY ko l¥ie® rbin 6 finsWFek A80034r BBE 0286 26k 38

shown to be identical.
|0183] For production of serotype 8 capsular polysaccharides, the strains were
grown in a complex medium consisting primarily of a carbon source (either lactose
or sucrose), hydrolyzed soyflour as the nitrogen source, and trace metals. The
10 strains were grown in bioreactors for 2 to 5 days.
[0184] Prior to autoclaving, a sample was removed to test the level of
Staphylococcal enterotoxin B (SEB) in the culture. In the presence of 0.05%
polysorbate 80, the concentration of SEB in the fermentation was 15-20 ng/ml.
Previous experiments showed that autoclaving the culture for 1 hour reduced the
15 level of SEB to less than 0.1 ng/ml, which is below the limit of detection for the
TECRA kit.
|01.85] Diafiltered, cthanol-fractionated polysaccharide was loaded onto a
Q-Sepharose AEC column and eluted with a linear gradient of NaCl as described
above. Fractions were analyzed by the O-acetyl assay and double immunodifusion
20 test for presence of serotype 5 polysaccharide and phosphate assay for the presence
of teichoic acid (TA). The presence of serotype 8 polysaccharide was detected in
fractions 35 to 95 (Figures 2A-B).
[0186] To reduce contamination with teichoic acid, fractions 35 to 75 were
pooled and any residual teichoic acid was oxidized with sodium-metaperiodate to
25 allow its removal by 3K diafiltration against diH,»O.
[0187] Purification of serotype 8 capsular polysaccharide used for the
preparation of conjugates was performed by two different methods that rely on
elevated temperature and low pH to affect the release of capsule from the cell and
reduce the molecular weight of the pol};saccharide. The resulting molecular
30 weight depended on the time, temperature and pH of the hydrolysis step.
[0188] Characterization of scrotype 8 capsular polysaccharide was performed

using the techniques specified in Table 1. -



87 319 35 77 4 22 35 94 5 23 35 87 6 25 48 104 5102071 3. Coupling
Reaction: Once the activated capsul e pol ysaccharide and activated carrier
protei n weoeowep@sed, the two were conbined in a conjugariusa0w®aErs on. The
| yophili zed and thiol ated pol ysacchari de was dissolved in 0.16 M borate pH
8.95, mxed with thawed bronpacetyl ated CRML97 and distilled water to nake
the final solution 0.1 Mborate, 1:1 wsfw ratio of CRML97: pol ysacchari de,
10and 1 ng/ nL pol ysaccharide. This m xture was incubated at room
tenperature for_hetween . oI S, e I gr oups on
the protein mﬁ(ﬁq"?:ggﬁggaaé‘g“%‘gﬁf‘2‘3‘““‘8*‘9*&5{3’5%‘%%%52‘%? gcs:grlog'??ge%%g%ukg rati o of
CRML97: cyst eam ne'o :925'(wt/wt) using a 135 ng/ nL stock sol ution of
cysteanm ne di sgglgedyin 0.1 Mborate RiaB. 95 and incubated for 4 hours at
room t enper at we.—JIhe capsu-e

Residual Protein Lowry colorimetric assay

Residual Nucleic acids 260nm scan

Residual Teichoic Acid Phosphate colorimetric assay

Residual Peptidoglycan HPAEC-PAD

Size SEC-MALLS

Composition - HPAEC-PAD

Identity 1H-NMR or reaction with specific mAb
O-acetylation 1H-NMR

Concentration MALLS-RI or HPAEC-PAD

[0189] Capsule polysaccharides produced by the methods described below result
in pure well characterized polysaccharides with low levels of protein, nucleic acid,”
5 peptidoglycan and teichoic acid contaminants. | |

[0190] In the first method, following release of the capsule polysaccharide from
the cell and reduction of molecular weight, the preparation was treated with a
cocktail of enzymes (e.g., ribonuclease, deoxyribonuclease, lysozyme and
protease) to digest impurities. After incubation, residual impuritics are precipitated

10 by the addition of ethanol (final concentration about 25%). After removal of the
residual ethanol, a solution containing capsule polysaccharide was loaded onto an
anion exchange column (Q-Sepharose) and eluted with a linear salt gradient.
Fractions confaining capsule polysaccharide were pooled and treated with sodium
mcta-periodate. This treatment resulted in the oxidative hydrolysis of residual

15 teichoic acid contaminant, but did not affect serotype 8 capsular polysaccharide.
The reaction was quenched by the addition of ethylene glycol. The material was
concentrated and diafiltered against dH>O to remove any residual reagents and
by-products.
[0191] The second method was used to produce capsule polysaccharide without

20 the use of enzymes to digest the various cell-derived impurities. In this method,
following release of the capsule polysaccharide from the cell and reduction of
molecular weight, the hydroAlyzed fermentation broth was clarified by
microfiltration followed by ultrafiltration and diafiltration. The solution was

treated with activated carbon to remove impurities. After carbon treatment, the



15pol ysacchari de- CRML97 conj ugate (conjugate) was purified by diafiltcring
50-fol d agai nst-0.9% NaCl using a 100K pol yethersul fone ultrafilter. 102081
The resulwe 2briaidoBe reproduci bility of serotype 8 caps&Camspabysacthari de
thiolation studies with PDPH denonstrated that the degree of activation of
t he pol ysaccharide was in the range 12 to 16% whi ch corresponds to

approxi mately 20one |inker nol ecul e attsgched per ten pol ysacchari de repeat
units to one linker nolecule per five repeat units. - 65 - Conjugation of
Serotype 8 Capsul ar, Po de t n ation

Chenmi stry. 10261@tfna(li3/as lrga§ q‘: x?rgrm&%apen%%ate’st?zma}ée r%Dduaq:F chg:g ér'ggess where
t he pol ysacchafqlldeedts'cmcrtcwamd propylame mhydﬁ\emteeﬁiwalsgmmmateé PMSO to form
5i m dazol e or t Iy droxyl s and

acyl i m dazol e g‘%hlg%éé ??lﬁggg%e%%%}“g}tgl g}}s}c\gj\ﬂawe%%rng\é@%l bc}]ogucc%s Addition of a
protein carri el01p2In AonBajions@eadyced ysingieithasstersiprsulecin gis sprseldinent  of t he

I m dazol e qf tBax%@hﬁld@ywltmmeve@w xfo%rm&@@a&fanat&@BQQEr@te l'i nkage (for
activated hydroxyls) and the am de FI nkage (for activated carboxylic

aci ds). 101021ePrtapragtscibhe Iaﬁaodeﬁqsce'efﬁjca@%?t%%m@wémes?%l e rfuced serotype
8 capsul ar pol s aswbanibklRocaNAIveRh! polyshddk@ded 1 VaRngQRd ddn@itioRo®t €i N, whi ch

was i ndicated by the presence of the sacch ride ote n in the
fractions fronf&rdeiseFXpurroH st arRADEY 4 §/°bt%mag)ﬁ1ag9pg dém d anal ysi s of

gl ycol al dehyded@ampederah a@)@ﬁdveralmmﬂe byelowc Bhictes dﬁ)u@lﬁﬁxpﬁdﬁmlﬁj ugat e.

15102111 Surrmar fromthe ration of s | ot s of
conj ugat es’ pref)%lsucef?f P8 S"Bo}{aﬁ %Balbllgarﬁ’&“%ﬁ? /n%fﬁg em te' 1 alCld%(%capsul ar
serotype 8 wi t heppddgysacoiddew de@ldsalpwtqlm S_tehé”ablaﬁgéh@fanﬁwflomrto 40 kDa are
shown in Table, @, 9%3%@*1@%& Ao 85 IRELEPAL peHlch BEGNERTAAD the Tree

capsul e polysacc ari 10 0 ¥sacc ar’i de- p otein and yields of
conj ugat es genelpraﬂlcgdilﬂﬂfacteh'é%@ (tM"/‘QO Blp a5t PeteigRoidred e MITEHEN WEE | geni city
of conjugated ggr@tiypesé)capsul ar polysaccharide was not altered by

conj ugation as po(rt rayed)by identity precipitin |ine between conjugates and
native pol ysacg cter type 8 Capsul ar
Pol ysacchari de g:;h?fraé%ﬁ?aét?"&%eﬁ%%pfg#aﬂsd'aifr Hsﬁggzh‘l"és%t ries. CPProtein
Chenistry Vi el §WPATHT% (o)

Total
CP8
Sample Purified MW Protein Nuc. Acid O-Acetyl
mg (kDa) (Lowry) (260 nm scan) NMR
(g/mol) % (wiw) — %(ww) %
1 310 27.0 1.2 0.94 100
2 438 29.0 24 2 100
3 179 204 0.37 0.12 108

10193]  Molecular Weight Selection of Capsular Polysaccharides: A kinctic
anélysis demonstrated that a broad range of molecular weights of capsule
polysaccharides can be generated by the methods described herein. Initially, larger
20 polysaccharides were produced by the bacterial cells, and subsequently, a desired
molecular weight range selected and then purified by manipulation of the pH and
heat conditions of the heat and hydrolysis steps.
[0194] Heat trcatment of S. aqureus fermentation broth is a process step between
fermentation and capsular polysaccharide recovery. This process step uses heat to

25 treat pH-adjusted broth for a specified period. The goals of the heat treatment at



Qut put Ratio FreeFree sugarProtein (%9 (% Lysines Mdified Size (MNor Kd
(%< 0.3), sace/prot)) CDUCDT46-6254-550.8-0.922-25< 17-834/57 to 60/57
PDPI | 34- W6208331@30. 915- 41ND11- 1674- 92% 25102121 As shoam/tshavs3osrhe

nmet hods descri bed herein may be used to produce specific ranges of desired
hi gh nol ecul ar wej ght capsul e pol ysacchari des. W sought to prepare
conjugates froma pre-sel ected range ofsohi gh nol ecul ar weight - 66 - that
could be filtered and purified serotype 8 capsul ar pol ysaccharide for use

i n i munogeni Clog'%h@pxgesrl‘, Foi @lm§ells,rﬁagli%t{ﬁ%1§3?m t%%§setcg?boglg§}x¥

[
X11)s,
e the seroty

capsul ar pol ysacchari de conjugates

p

;ga&hﬁjédeser otype 8

capsu

pol ysacchar i deandaedyedimplncuis weshl taithedesitgh 5izd. rAomeraliense 2@6. thpeedueion 20. kDa and

the imdazol e SGANIMARKERR B BITIsBLEN iﬁ/\@%\sl&?btlo.he?sﬁﬁjg]tirﬁ_@é MRUgewlsar wei ghts of
595 kDa fo 1708 Kba.

the resulting conjugates ranged from

The nunber of

conj ugat ed | ys#tresthpsforetivorsreqrlngedneitey achisvethvighn Ge freptment gl of 3. The
.free capsul e gpkysacchari de ranged froma high of 6%to a | ow of ,
Tabl e 7: COnju&Ftes Wth Preselectgg Nblecula.,vekght Range‘of Serotype 8

10

15 -

20

25

30

195] Heat Treatment: pH an arious

mperature conditions foT selecting
molecular weight ranges of capsule polysaccharides were determined. A ISL
Biolafitte Fermenter was used for these studies. The fermentation broth was
transferred to the fermenter by a péristallic pump. Using an agitation speed of
about 200 rpm, the broth pH was adjusted with concentrated sulfuric acid. Then,
the broth temperature was raised to the set value. 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 fo determine polysaccharide concentration and molecular weight by HPLC
and SEC-MALLS systems, respectively. The molecular weight (MW) data was
used in the kinetic analysis. The MW profiles were determined over time at pH
3.5,4.0and 5.0. See, Figurc 3A.

{0196] The kinetics of mild acid hydrolysis of polysaccharides was conducted
using purified serotype 8 capsular polysaccharide obtained from the process. The
purified polysaccharide solution was adjusted to the desired pH for the experiment
with sulfuric acid. About 1.5 mL ofthé solution was transferred to cach of the
15mL centrifuge tubes. The tubes were placed in an oil bath equipped with a
precision temperature control system. The tube was taken out at a predetermined
time interval and was quenched in an ice bucket. At the end of the experiment, an
aliquot of IM 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 the MW profile of

CP8 at pH 3.5 was determined over time. See, Figure 3B.

Results

[0197] As shown in Figure 3A, a lower pH was more effective in reducing the
molecular weight of the polysaccharide. Molecular weights between 300 kDa and

600 kDa can be generated using a pH of 5 at 95°C for between 15 minutes and 120

2%



10Capsul ar Pol ysaccharide. RunPoly MV Yield (%9 Free Sacc. MV byLysi nes
(kDa) (% SEC- MALLSModi fi ed (kDa) 99 88 6 943 4 2 113 73 5 841 3 3 105 79 3
719 WO 2011/041003 PCT/US2010/039473

- 60 -

minutes. Likewise, molecular weights between 250 kDa and 450 kDa can be
generated using a pH of 4 at 95°C for between 15 minutes and 120 minutes.
Moreover, molecular weights between 120 kDa and 450 kDa can be generated
using a pH of 3.5 at 95 °C for between 15 minutes and 120 minutes.

5 [0198] As shown in Figure 3B, the higher the temperature, the faster the 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.

[0199] Furthermore, Figure 4 demonstrates a correlation between the molecular

10 weight of purified CP8 with the treatment time for mild acid (pH 3.5 at 95°C)
hydrolysis. The purified polysaccharide is the final product obtained from the
recovery process detailed previously. As also shown in Figure 4, an increase in
time of heat treatment of the S. aureus PFESA000S strain at pH 3.5 resulted in
smaller molecular weight CP8, whereas shorter heat treatment times at pH 3.5

15 resulted in higher molecular weight CP8. The size of the serotype 8 capsular
polysaccharides ranged from about 80 kDa to about 220 kDa depending on the
length of time of heat treatment at pH 3.5. The corrclation between the time of
heat treatment at low pH and size of the purified CP8, as shown in Figure 4, allows
for an estimation of the treatment time required to produce purified polysaccharide

20 with a specified range of molecular weight.
[0200] It is important to notc that as demonstrated above the full range of
molecular weights of serotype 8 capsular polysaccharides from 20 kDa to more
than 500 kDa can be produced, released and purified. The methods therefore may
be used to produce specific ranges of desired high molecular weight capsule

25 polysacc_harides such as is shown in Table 3. The relatively narrow range of
molecular weight polysaccharide produced where the peak molecular weights
rang¢ from 87 kDa to 108 kD4 represents a well characterized range of molecular
weights that may be obtained by the methods described herein. A particularly
advantageous range of high molecular weight bpolysaccharides, ranging from 70

30 kDa to 300 kDa or from 70 kDa to 150 kDa, is useful in making immunogenic
compositions by conjugating the capsular polysaccharide to a carrier molecule or

protein (see, Table 3). The conditions used to generate the CP8 capsule



7 4 100 86 2 630 9 5 87 90 3 595 6 102131 Both conjugation chem stries
produce serotype 8 capsul ar polysaccharide covalently linked to carrier
protein. Woerr/omeoeé no significant differences in free eapask@o0/039473
pol ysaccharide, ratio of- serotype 8 capsul ar pol ysaccharide: protein and
yi el ds of conjugates generated by these two nethods. 15Exanple 3: One Pot
Versus Conpl ex CDI/CDT Process. 102141 ¢As descri bed above, nethods for
maki ng the i mmunogeni c conj ugat es of the invention involve coval ent
conj ugati on of the a cchar| des h rr r.ot el ns usi ng
conj ugat i on chg?ﬁsaf&' 'ple;\l!\z}op%/l ﬁm%f’%?r b fhhra'&%f Wﬁoma |u|?r8n&§)alzzgl'e(rgf8
(1, 1- car boyl - dasfﬂzll@%9i°ﬁldiél5é9r3@ﬁnﬁmm 20( 3- (2 pyr| dyl di t hi o) - prop| onyl
hydrazi de). Use of CDI/CDT results in a one-carbon or zero-carbon |inker
bet ween capsul g4p1P9! Yesuuetie df&Be@MAR £7dE b Righ MA@iaP wkttlserddgr sof PDPH
results in a C@\jﬁguﬁi‘,}tpotybéc@ﬁ;{rmr bond bet ween capsul ar pol ysacchari de and
carrier protein. - 67
Serotype 8 Capsular Polysaccharide
Run MW (kDa)

98
89
108
108
89
1060
99
113
105
100
87

N WD — N0 B W N —

5 Example 2: Conjugation of Serotype 8 Capsular Polysaccharides to CRM ;.

10201] This example describes processes and characterization assays used in the
production of S. aureus serotype 8 capsular polysaccharide-CRM 97 conjugates.
- Different conjugatién chemistries were developed for conjugating S. aureus
serotype 8 capsular polysaccharide to this carrier protein. For example,
10 conjugation using PDPH (3-(2-pyridyldithio)-propionyl hydrazide) results in a
covalent thioether bond between the CP and the carrier protein. Alternati.vely,
conjugation using 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 Serotype 8 Capsular Polvsaccharide to CRM,y; by PDPH
15 - Conjugation Chemistry.

[0202] The PDPH conjugation chemistry is a multi-step process that involves
activation of the polysaccharide, removal of the thiol protecting group, purification
of the activated polysaccharide intermediate, activation and purification of the
CRM, 97 protein, and conjugation of the activated components followed by

20 puritication. After introduction of a thiol group containing linker to the

polysaccharide and a haloacetyl group to the CRM ¢y protein carrier, S. aureus



102151 The PDPH-based nethod was a nulti-step process that involved
activation of the polysaccharide, renoval of a thiol protecting group on

t he pol yswiocharist®@3 purification of the activated pol ysCthseeide3o473
internedi ate, activation and purification of the protein carrier, and
conjugation of the activated 5conponents followed by purification. In this
met hod, S. aureus serotype 8 capsul ar -golysacchari des were reacted with
PDPH and a carbodiimde in an aqueous sol ution such as 0.1M MES to produce
b e PoLYSBE SIRLL PR KRG A RINPALKAAEERARIIEP, 1or o T oasl o
wi th a reduci ng agen t duce activate sacchar es that were then
purified. Carrihenlethprrbwél h@rrwe'lgrewtve:eb i utiﬁhl e thes RdMbb7i reotein byl

N-hydr oxysucci r&smoﬁ%fﬁm.@groﬁda vAiR twﬁw&mkme%embmn%q%@ 286t i vated
carrier proteins that were then purified urified activated scrotypc 8
pol ysacchar i dedo gaeeeterthielitcd eelrredange; e F%@dﬁﬂﬂ‘qp cpetediedearPyraied carri er

proteins tg prgdh&g%fﬂe:cgymenogaIQQJ)M&a@&MBlrtiéqm@@grcsuaﬂae WEPERIpRIEGON] ugat es.
10216] In contrast wer.e one two step

15conj ugat i on B‘FB&‘E%Zé‘@sg“’“ipr‘?fWﬁ?‘éﬂ‘yflrﬁb"eé“é‘ﬁ%mdéa}z'dﬁgftﬁ@aéﬁ‘ﬁ‘é"r“?‘dé‘q‘%{as activat ed

i n an anhydr ous-(BpyidyRRREADrofibny® hydrdAMEQYDRIY). fralomof ADHAZIGbIGedr triazol e

bamat t i t hy.d I
soyl tri azol e mbi'Gerudy s Besforter S BET RPN B8R "or ot ei n
carrier (in DVS@hadee&ds b(ﬂuran mmieé@mhbtonrma@mgloam@rﬁmivated poteam i m dazol e or
triazole le) ! y§eflﬂt?ngairr1] g tqﬁiéét%} li?% o?ﬁl«%)@rﬁ mggls Iﬁ bgttv%gn activated
i nkage

hydr oxyl s)” and &t “Act car oxy i c aclds)
Accordi ngly, tMYS@DIharleraHCUDT ching ebteipt N@a@aw@o@@v@y@ms weremor e conpl ex

process and a Saa%gahe&nmetcm&c pyr&&%ﬁdc dzranﬁrtz)%mmnﬁoqugmpéh%dw aGess, S.
aureus serotype capsul-ar sacchari des were conpounded with i m dazol e

or triazole, |ifepRnmixed, Wa&ﬁ*i'ﬁ“ ?Or*ﬂé‘i’i‘”?té‘éé‘tdé’é?fwfﬁﬁ BOIreBHNEDT i n an organi c

sol vent (such &ﬁaﬁuw@)oﬁﬁc@l@mﬁﬁw&@ﬂp\é&f\eld1 SQEohiNPR b cpetigsacchari des.
The activated scrot sacchari des V\ﬁta%a?rpurl fie d t hen reacted

with carrier p?'tﬁt“éu“ﬁéeaftﬁetb OB GARTOUPSHI & SOHrBHAR ! PTG Be 8

pol ysacchar i decdakfitibefid {REvadce kHe tﬂ@lrdnwgﬂiyaSamthﬂ tanecpakouproadess was simlar
to the conpl ex groce xccie{)qtL| { e actl vat ed serotype 8 pol ysaccharides
were not puri f P¥8° 5P ‘t‘)ca & ee"éS I'OR"30wi th carrier proteins. - 68 -
CDI / CDT Conpl ewZGBIoclesTmola[nezzm aketsi Seatyipe A CopsuPo Pysarcdiaars den  Scr ot ype 8

pol ysacchari de Fﬂlg([?o%sx\éc‘l{}ld%QvagﬁltsH\Ega%dQIyghlglgt o%t\Mqu)[ﬁ’H'inlqlel yophilized.

The resulting c e was di ssol ved ser ot
pol ysacchad depatysacchirédewas avixed otith @ iteshhary ciBeRdt P& Sr‘f@& qOIV!UOI“I@%)hI y prepared

stock sol uti Ont)}nLQPBWéO)lngﬁﬂé BlocH s!%lumomﬁn@-g\dﬁﬁ d)Oana‘M‘Eseve a nol ar

anount of CDTequivalent to the water. Alternativel P/ am)unt of CDT
added may be abfjfffstteck SPH"%EbQQl%/{IéHé‘ 850 gHeake gic fing)zal ‘Hb(blrM Mb$.a3¢¢i vat i on.

This was hel d 30 4h@pdiRScchiriRBE. whik2AR ailug afmc}@tdh@rruemnpmgmat ed Serotype
?nfgl g;asgrﬁ%gﬁ%%f);g(gg%’%l t8|6812?55? b%%?‘y%te IS\éaaf)tsﬁar po%zga%tc}Yapﬁe 8Th(|sAr$1:§§?rc was poured

25 was incubated for 1 hour at room temperature and then dialyzed against a 1000X
volume of distilled H,O four times using a 3500 MWCO dialysis device at
between 4°C and 8°C to remove unrcacted PDPH. The PDPH-linked
polysaccharide was made 0.2 M DTT and incubated at room temperature for 3
hours or overnight at between 4°C and 8°C. Excess DTT as well as the

30 by-products of the reaction were separated from the éctivated saccharide by SEC
using Sephadex G25 resin and distilled water as the mobile phase. Fractions were

assaycd by the DTDP assay for thiol groups and thiol-positive fractions that eluted



excess CDT. This was concentrated to its original volume on a 10 kDa PES
menbrane at approximately 1 ng/cn2 and diafiltered agai nst water for at

| east 10 wol2oma1003hi s step was conpleted in | ess than 2Chases0/03dies
diafiltered material was mxed with 10 g triazole/g of original serotype 8
pol ysaccharide and 15l yophilized. 102191 Preparation of Lyophilized CRM
CRM was di afiltered against 0.4% NaCV5%sucrose at constant volune on a 10
kDa PES nmenbrane for at |east 10 volunmes. The protein concentration was
determ ned and_suffici t f bring the
protein concen‘?&&?é%dgghgghﬁ£ {1&@t&89 ?%%' he @%Vﬁﬂ7$§tlo of NaCUCRM =
0.8. The CRM wessaykybpthi PAHBAH a]z@ﬂ@@tao@tyhi!se@atq Q?lfﬁnm"Aélelde@eQ:f diafiltercd
serotype 8 pol Xé%%h%ﬁcﬁ% AP ssdd MM%e}c@nt%Qr@Eat InifoRtkininBar at e sol ution
at 100 mM was to achieve 2% v/v. 10221] M was resuspénded at 2
ng/ mL and, V\,heHi“QiIB@Sbf”ﬂﬁ‘qr(Sﬁ“%&““@'b?ﬁﬂ"@‘ts@wl@S%ﬁ%‘iah%fb"f\ﬁﬁﬂeﬁ upkR ACP8

sol ution. TEhi STH@&%tl@dtéd%@ﬂCE&nﬂ@@ﬁ%ﬂy il2&anfl Qlored At NOWT il §LREA3dr The
conjugate reaction was poured into 24 volunmes of 5 rnM borate pH'9.0 and
al l owed to stifo"#t884%om tenperature for 1 hour. It was then adjusted to pH
7.5 with 0.5 Mopb4gs phatLulbuiohethe repHdﬁaxlﬁlltthsesorm$ poiykdceliagide t hr ough a 5
mcron filter and conceq ted to t or| i nal kDa PES
nenbrane at a %q%‘%wbt??b[iﬁﬁﬁ/%w BAEOG A PrEt et félatlvﬁn(gq Or@qugfm%(?c east 10

vol unmes of mateMyw&mekka@uhhhm@muda%enﬂ6%1QMMHwnﬁnbmén@dmnhnmmgh a 0.22

mcron filt cess. 102231
CRML97 I\/atrl X é& }%%%O?eqaﬁm%%ﬁga”e %F? a?r F O&gcf/c %I%%ﬁaﬁg% t(ﬂ gm t he bul k
matri x of apprbl)dﬂemple¢u9€ PPOﬁYﬁVIelpﬁIqDWIS}at e/ 80 mM NaCl/ 15% sucrose, pH 7 to 5
mM i m dazol e/ 0. 72 % NaCl/ 15 ni M octyl-13-D-glucoside, pH 7. The exchange
5al lowed the reamyal AcfivapbRsPdeast@pendasuii PoRsatttia¢ie i KDFH Lnental to the
conj ugati on angeglofiidmaktytSt@ysodi um chl oride content carried into the
conj ugation:. Cctyl-13-D gl ucopyranoside is added preven'Fdearti cle formation
after sterile filt 10224 trix Qfthe CRMY¥M was exchanged by
tangential fl o gga E:E ﬁ{hpﬁpﬁOag%ﬁggﬁgmw [ n? zol e/ 0. 7284 15 nM
octyl - B- D- gl ucopyranosi de pH 7 throug 10 di avol unes %1WQ/)1OK MACO PES
menbr anes at Soncer T —approxi matery 4 nmg/ nL. Typi cal
menbrane chal | enge vva% 2 gr ams/ft2‘4and the t afget f| na%‘l)(ﬁi
concentration in the mtrix was 6 /m_ The wag(ggored at 2C-8C.
u

15102251 Activati on/d)nj ugati on: e acti vatl n/conj process for S.
aureus serotype 8 capssul ar _pol ysacchari de corSi sted o foll ow ng steps:
1) Matrix exchange of the CRML97;, 2) Conpoundi ng of polysaccharide; 3)

Shel | freezingl038d |3 Sphidrivzaain attivefon CIRRAPOETE i @Bitpraidetrspol ysacchari de;

4) Di ssol utel on, Qe itdi dryRRédhdcd drahy,Sasafatd 48 AndL GRWEG fm 5) Acti vation

of the polysaccharide; 6
phosphate buffered 0.9% NaCl pH 7 (PBS) and then made 0.1 M NaHCO; pH 7.0

using | M stock solution. The N-hydroxysucummlde ester of bromoacetic acid
(BAANS) was added at a CRM 97 :BAANS ratio 1:0.25 (w:w) using a BAANS
stock solution of 20 mg/mL DMSO. This reaction mixture was incubated at

20 between 4 and 8°C for 1 hour then purified using SEC on Sephadex G-25. The
purified activated CRM 97 was assayed by the Lowry assay to determine the
protein concentration and then diluted with PBS to 5 mg/mL. Sucrose was added
to 5% wt/vol as a cryoprotectant and the activated protein was frozen and stored at

-25°C until needed for conjugation.



20Conj ugation of the activated pol ysaccharide to CRML97; and 7)
Purification of the conjugate (dilution, diafiltration, sterile

filtrati onp.2010832®3 The pol ysacchari de was conpounded wPCh/UB2019/039¥83 of
1,2,4- triazole excipient per gram of polysaccharide. The excipient was
added as a powder to the pol ysaccharide, with a solution obtained after

| ess than 15 m nutes of m xing at 25aniguent tenperature. 102271 The
conpounded pol ysacchari de and CRML97 were shell frozen separately using a
-75C ethanol b T - I i y 500 ni.
102281 For theﬁ%g‘f‘ys%g"é%“gl?t?gg"'g"ffgyssgﬁ%G‘?@Bérf,&ﬁ%’&ggcg%%gﬁé“the i ndi vi dual
301 y6phi | i zat i vt in theacipfatiorhef 186t 35ladien dpind8 Isincopedabie GeesTablsensi on and
then transferr ef 140 LRGN PRIdbd@ AR RRBE MG ORokRACt i On vessel for heating.
DMSO was added to obtain 2 g/L concentration. A clear. solution was obtained

as the - 70 -_suspension reached pr oxi mat el wi th m xing. The

sol ution was tMhaHe gbgl'eé‘{f at"S%fg'ﬁfle ;%moiﬁé\ggtiwﬁ%ﬁﬁiﬁg- CRML97 di ssol uti on,
DMSO was added to the indjyj . phi | i i on bagg.thes containing the
CRML97 to obt aiPmerarisMpegfé%g‘g%%ta‘]a%/ﬁ%en %ﬁ%ansfg%"g yto a second vessel
for mixing. DMBO was added to obtain 2 g/l Concentration. A clear solution
was typically obtajned in |es f4shan 15 m nyges. 102381 The

pol ysacchari de/ DVMSO sol uti on was sanpl ed f3gr Karl Rischer analysis to
determ ne noi sturezcontent. CDOb was prepangd as a 390 ny/nL solution in
DMSO and was addeds based on defzer mi ned noi3sture congent. 10Conti nuous
addition of the CO¥ solution vwas perfornedsover abgat 5 m nutes at 23C + 2C
with m xing. The reaction was &l | owed to pgoceed fov4 a m ni num of 30

m nutes at 236c—+—2c—Fhe—+eactt+on—was—sanpted—to—deterntne activation | evel

(UV 220/ 205 nn?OZ@ﬂd} r@)_?pl;lv%Q?eUMofﬁp@k&%cb&fi@atte%’ca&'ﬁ!{e%o@@a@cfﬁqg@gdt o obtain a

1. 5% aqueous sol ution. The reaction solution was then stirred for a m ni num
of 1530 mi nut e3ctiypcdICier pRESIn FH9BERFHHC LY EHGALTHRFIOR 2 EHSAERN vat ed
pol ysacchari de@ioftRivhSifophYROun0aB 0 Bd6 pslysh@ hirdle 3R digsole8 il@IeM4 reaction
concentration. The dissol _ve(ﬂ CRMLO7 g0 DIVBg w?fs: hpen da(gde[d to the activated
pol ysacchar i deP¥8F aliSoh: RxEhwih Yrwg brameecedaed FBM wa CiiTFd ¥8°%'8r a mi ni um
of 4 hours at z3Ks the 26a] sc2QibQDINE bdhae, Ir:eacivi ario STRN jopplysashd@X di | ut ed by
its addition into 5nmM sodi um tetraborate H9 with mxing to hydrolyze
resi dual activalS 'oRe &Hﬁ%&?wﬁ“ﬁ‘gc-d. lsulf"é(élrds%{gd?ﬁugarﬁc%éoob’];tgrggﬁat?rﬁ?%/rugh a 5 um
filter and conbewtandbedd 24ohoarst Amgatted wbmorcetylegropn oetit patdiowerof 2 g/ L.
Tangential flow/f] hO NS R RYd:OTR: MSi-AR FORK1 [eg&RaTA#d.ocel [ ul ose
menbr anes thr Otxj\éé)ﬁ%%;_ag?la E)gfsumsg] Wf/trﬁ gﬁn?\/l surcci_ nate,'”pl%i 257, Typi cal
menbrane chal | énge) wens all 3gmami pock stdonnficystagineciinglvegar 8 1 Wakorpas sed
through a 0. 22pm8@% QR4 fbilbh@E FRAFoSE A6 @tnpgrg('uﬁt.C-The capsule
15 polysaccharide-CRM 97 conjugate (conjugate) was purified by diaﬁltcring 50-fold

against'0.9% NaCl using a 100K polyethersulfone ultrafilter. '

[0208] The results from the reproducibility of serotype 8 capsular polysaccharide

thiolation studies with PDPH demonstrated that the degree of activation of the

polysaccharide was in the range 12 to 16 % which corresponds to approximately

20 one linker molecule attached per ten polysaccharide repeat units to one linker

molecule per five repeat units.



Exanpl e 4: Conjugation of Serotype 8 Capsul ar Pol ysacchari de Usi ng One- Pot
and Conpl ex Conjugation Process. 102331 Thi s exanpl e denonstrates that
pre- sel ecwodorizmg®3of nol ecul ar wei ghts 300f capsul e polpgsasehansdes can be
used for conjugation in either the one-pot or conplex process. The | arger
pol ysaccharides arc initially produced by the -71 - bacterial cells, and
the resulting nol ecul ar wei ght range pysi.fied can be controlled by. pH and
heat of the hydrolysis process in Exanple 1 (as shown in Table 3). 102341

In thi i ; | hari d
ranged i 1 ot el AL APES CORRLE P AGRRLA KR IR B sar e

E')nz (111 1St
sel ected and con ation was perfornmed using activation with

1, 1- car bonyl - dig20d), Z;fi-ahdl CBZQKEM ol RE-sSLEMERBNGredRSbdlihepOl ysacchari de.
See, Table 8. The nol ecul ar vvellghts of the resulti ng con¢Q at es ranged from

595 kDa to 170BPlKercharssds ativabe il g anbydp gAY Emegd P ranged from a
hi gh of 13 ¢ 0 anil@wlcof tridzolddaebafnar @ncsdtigawitlk At l‘fyﬂﬁ:m/laalm gh of 11%to a |l ow

f 1% 10Table 8 t t b 4
W th 80 KDa to"2UB RIS TARUCPATE Bor S A0BRPr Hhs e or Y SRR as R by
Pr ocessRunMAYi edrdesmga)MSE@ed\de_tEe g Bbphélic(didpaydned) ¢f/tio) ikddadle Gne

Pot 9BB6175111 2ROROAATH 10RO NI R ARGRAR D00 acPRRRR, AL 708, 10

610094. 0111577

and the amlde linkage (for activated carboxylic acids).

10 [0210] Both CDI and CDT conjugation chemistries produced serotype 8 capsular
polysaccharide 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 glycolaldehyde capped or
cysteamine hydrochloride capped conjugate.

15 10211} . Summary of the results from the preparation of several lots of conjugates
prepared by both PDPH and CDI/CDT chemistries for capsular serotype 8 with
polysaccharide size in the range of 20 kDa to 40 kDa are shown in Table 6 below.
There were no significant differences in the free capsule polysaccharide, ratio of
polysaccharide-protein and yields of conjugates generated by these two

20 conjugation methods. The antigenicity of conjugated serotype 8 capsular
polysaccharide was not altered by conjugation as portrayed by identity precipitin

line between conjﬁgatcs and native polysaccharide.

Table 6: Characterization of Serotype 8 Capsular Polysaccharide-CRM197
Prepared by Two Conjugation Chemistries.

CP Protein Output Free Free Lysines Size (MW or
Chemistry  Yield Yield Ra:)io sugar  Protein M;);iiﬁed Kd (% <0.3),
(%) (%) (%) (%) sacc/prot))
CDIVCDT  46.62  54-55 0.8-0.9 22-25 <1 7-8 34/57 10 60/57
PDPH 3470 61-83 0.6-0.9 15-41 ND 1i-16 74-92%
25 10212] As shown above, the methods described herein may be used to produce

specific ranges of desired high molecular weight capsulé polysaccharides. We

sought to prepare conjugates from a pre-selected range of high molecular weight



91137358413 31057937197 41008626309 5879035956 Exanple 5: Eval uation of the
Conjugated Native- And Base-Treated Serotype 8 Capsul ar Pol ysaccharide In A
Miri ne BawOepamdzoobbdel . 102351 The inportance of 0-aceP¢il/use@np394p3 esent
on native serotype 8 capsul ar. 15pol ysacchari de before conjugation for

i nduction of functional antibody responses was eval uated for capsul ar

pol ysacchari de conjugates. Serotype 8 .gapsul ar pol ysacchari de was

de- O Acetyl ated under mld basic conditions, and both NVR and |on

Chr omat ogr aphy LL rotype 8

capsul ar pol ysg](% é]rdl%ggt%f J@Kﬁp%r%‘?ﬁé 8 %ﬁ@ﬁﬁw@’ gs(r%j”ﬁgat e was

20pr epar ed by owonynagaid mpeitions- TR Wapﬁﬁwaeﬁmqfd@owm by PDPH
chem stry as degefiirh6qsd-thafiamR atgs where tﬁezseroty:lagg%@;Jsu]l%@lgé@éh‘a;ﬁ'eoe 8 capsul ar

pol ysacchari de conjugate unexp ec showed no neasur abl e acetyl groups by
| C method. Thi §nggun alolseulaatwcrﬁhb@?féabqub%waf%ﬂ?éHe%asanfiHlet"ﬁéia@ﬂer ucture, sites

of 0O-acetylati %J@Q'm%héi‘ﬁlis&)ﬂw&tuhﬂiedSThe'iMéI@d:!ﬁ:‘arG@@Eﬂd'oﬁt'he Fk@lthrsgaCCha“ des,

which in turn could causg t he rﬁﬁo é) rTng‘lflcatl n of %g ¥I Sgroups in
serotype 8 capSUWUgpieHdrsre Femwar Fuay '078 By C6A1ORECT ey SThe nuri ne
bact erem a nodgdr ORAS o uEREd frém ev@h uasb & 286 bR CThe difee tdpeulaipdlysueharider SUS
base-treated serotﬁﬁ hgha%%w cchari de conjugated to CRML97.

G oups of femalBEBAE LN tf@/ 7 were vaccinated at weeks 0, 3 and 6
with 1 ncg serotype 8 capsul ar pol ysaccharl de de-O Ac-CRM or 1l1serotype 8

10capsul ar pol yskieh&enideates With Ereselecred Molsewaneight BaraglofBeratynk 8h 22 ncg
Al PO4. Anitfal sCapsular Palypacekpyiss- vmth S aureus PFESA0003 and bacteria were

enunerated fromgthe b oo {vhr q ter ata sho d that t here was
a statistically li“gnl \ﬁ 6 éfﬁluctslE L?act el dk cfu recovered-
fromthe bl ood of an| s |rrrrun| zed WI untre nat| ve serotype 8

capsul ar 15pol_ysaccharide conjugate as determn ne by the Student t-Test
(Table 9). In anijmals thgt weregg nmuni zed with lg@3se treatedyserotype 8

capsul ar pol ysacchari delp30nj ugajse, the pacterialgefu recoveged from bl ood

were simlar to tshe sal jgxe contypol group. 7i¢bl e 9: Sepotype 8
Capsul ar Pol ysacqharl dei;fgRM 197g¢Conj ugat e Reducgsy 20Bact er e a Caused By S.
aur eus PFESA0003 4 n M cey 90 3 595 6

[0213] Both conjugation chemistries produce serotype 8 capsular polysaccharide
covalently linked to carrier protein. There were no significant differences in free
capsule polysaccharide, ratio of serotype 8 capsular polysaccharide:protein and

yields of conjugates generated by these two methods.

15 Example 3: One Pot Versus Complex CDI/CDT Process.

[0214] As described above, methods for making the immunogenic conjugates of
the invention involve covalent conjugation of the capsular polysaccharides with the
carrier proteins using conjugation chemistry involving CDI'
(1,1-carbonyldiimidazole), CDT (1,1-carboyl-di-1,2,4-triazole) or PDPH

20 (3-(2-pyridyldithio)-propionyl hydrazide). Use of CDI/CDT results in a
one-carbon or zero-carbon linker between capsular polysaccharide and carrier
proteih, while use of PDPH results in a covalent thioether bond between capsular

polysaccharide and carrier protein.



Anti genStrai n/ DoseLogCFU Bl ood Significance (p val ue) Exanpl e 6:

Eval uation of the Conjugated Native And Base Treated Serotype 8 Capsul ar
Pol ysacchwioi2de/d4mo0d Muri ne Bacterem a Model . 102381 Ser eCyas2@003@3ul ar

pol ysacchari de conjugates were evaluated for their ability to protect mce
in a pyelonephritis nodel. Bacterial counts in the blood of 25m ce
receiving i.p. S.. aureus chall enge wer.g7significantly reduced as conpared
to controls inmunized with PBS. - 73 - 102391 Two studi es were conduct ed

to eval uate ef CyrQf A A i e bacterem a
nodel , descri de(:?{?ﬁr grvh?gugﬁgo 953%3} dgﬁg{] I% ‘?p\ﬁl?0 %Q%apggé gegls PFESA0268 (Type

8). The first sfttlumpn(oﬁhgmlésa%haémmvai0§4 ol proteeting erag@etiicon of bacterem a

(p=0.0308). Fo ol§§a€ch§ﬁ&d%rlﬁwtfaurastheﬁct@atgd MRl RRlad imnsfa¥ebst er m ce
(n=30) were actively imunized by subcutaneous injection with 1 ig serotype

8 capsul ar pol §S¥eioRar] prsificrion 9% ths Arptedngarrice apbiaugyiomef Bt edivied h 100 tg
AlPO4 at 0,5 2 oflenEBHSweAMY pGiteali@N IR thisthet WREK afirelyscloli@e BNt r avenous rout e

with S aureus LE‘?SAO 68 (dT%eg 6‘%r Pr.i ar Eﬁjsa[“& gebe peri. rrent S were
conduct ed to ofPFHEPEVEATENaFES aveEt el @r@ ary %ﬁ“ﬂ 4be 10ni ce reach
after three vaequieaatsoloms. sultaniist MESlo ﬁNﬁchBDPBnmEﬁd pﬁ)lyﬁz\l:bhaahesst udi es was
carried out by ‘( m%\{% aly?s]c S C[rgwuha sogu (o Activity O Sera
From M ce | mmuh dR%lyia“ AT e SRR P HET&2P8HYSe” 8 capsul ar
Pol ysacchari dea@@npm;gwse@harmeszmmweﬁetﬂlemunﬁwwrr@ep@t%mm&)e rpacted hi gh
serotype 81003%% WonBQJeMCS?C%Cﬁ%%rg.\eysuccinimide ester in an aqueous solution to
' - produce activated carrier proteins ihat were then purified. The purified activated
scrotype 8 polysaccharides were then reacted with the purified activated carrier
proteins to produce serotype 8 polysaccharide:carrier protein conjugates.
[0216] In contrast, the CDI- and CDT-based methods were one or two step
15 conjugation processes, in which the capsular polysaccharide was activated in an
anhydrous environment (i.e., DMSO) to form ir\nidazolc or triazole carbamate
moietics with available hydroxyls and acylimidazole or acyliriazole moictics with
carboxylic acids. Addition of the protein carrier (in DMSO) lead to a nucleophilic
displacement of the imidazole or triazole by lysine and formation of a carbamate
20 linkage (for activated hydroxyls) and the amide linkage (for activated carboxylic
acids). Accordingly, two CDI- or CDT-bascd methods werce developed: a more
complex process and a simpler one-pot process. In the more complex process,
S. aureus serotype 8 capsular polysaccharides were compounded with imidazole or
triazole, lyophilized, and then reacted with CDI or CDT in an organic solvent (such
25 as DMSO) to produce activated serotype 8 polysaccharides. The activated
scrotype 8 polysaccharides were purified and then reacted with carrier proteins in
the organic solvent to produce scrotype 8 polysaccharide-carrier protein
conjugates.' The one-pot process was similar to the complex process except that
the activated serotype 8 polysaccharides were not purified prior to the reaction

30 with carrier proteins.



15titers froma vaccination study were conpared for opsonic activity using
PFESAO0005 strain. The OPA results (Table 10) show that only conjugates

pr epar ed W9 2bhi@4emaj ugati on of native serotype 8 capsul acTaskyisasehari de
elicited opsonic antibodies in mce. It is noteworthy that the de-QAc
serotype 8 capsul ar pol ysacchari de conjugate was i mrunogenic in mce but
the anti bodies elicited 20were not opsggic in this assay. OPA titers are
reported as reciprocal of dilution at which 40%killing was observed. Table

10: Qpsoni c ActjVi f Lve Serotype 8 Capsul ar Pol ysacchari de vs.
de- O Ac Seroty&bM'B Binplef Plafs sacchari de- CRM | mmuni zed Mouse Ser a.
De- O- Ac Ser ot ypg1 g %P%L}@Eﬁ%ﬁg&&%ﬁﬁg %@@W Spolysaccharide was mixed with

Pol ysacchari de- CRMPol ysacchar.i de- Vi titerVkO sera OP titer W8 sera OP
titer WO ser alpriprods sogtgpedend lvepiglizedo Thipetdpe cas veasdisobsd 1350
DMSO at 2.0 mg serotype 8 polysaccharide/mL. The water content was _

5 determined. A freshly prepared stock solutioAn of CDT at 100 mg/mL in DMSO
Waq added to achieve a molar amount of CDT ‘equivalent to the water.
Alternatively, the amount of CDT added may be adjuéted to achieve a higher or
lower degree of activation. This was held 30 minutes at 23°C.

[0218] Purification of Activated Serotype 8 Polysaccharide: The solution of
10 activated serotype 8 (ACP8) was poured into 25 volumes of water to destroy
excess CDT. This was concentrated to its original volume on a 10 kDa PES
membrane at approximately 1 mg/cm® and diafiltered against water for at least 10
volumes. This step was completed in less than 4 hours. The diafiltered material
was mixed with 10 g triazole/g of original serotype 8 polysaccharide and
15 lyophilized.
[0219] Preparation of Lvophilized CRM: CRM was diafiltered against 0.4%
NaCl/5% sucrosc at constant volume on a 10 kDa PES membranc for at least 10
volumes. The protein concentration was determined and sufficient diafiltration
buffer was added to bring the protein concentration to 5.0 g/L, thus affording a
20 w/w ratio of NaC/CRM = 0.8. The CRM was lyophilized.
10220] Coﬁjugation-: Activated, diafiltered serotype 8 polysaccharide was
dissolved in DMSO at 1 mg/mL. Boratc solution at 100 mM was added to achieve
2% viv.
[0221] CRM was resuspended at 2 mg/mL and, when dissolution was complete,
25 combined with the ACP8 solution. This was allowed to react at 23°C for 20 hours.
{0222] VThe conjugate reaction was poured into 24 volumes of 5 mM borate pH
9.0 and allowed to stir at room temperature for 1 hour. It was then adjusted to pH
7.5 with 0.5 M phosphate buffer, pH 6.5. This was filtered through a 5 micron
filter and concentrated to the original volume on a 300 kDa PES mcembranc at a
30 load of ~ 1 mg/cm” and diafiltered against at least 10 volumes of water. The
resulting concentrate was filtered through a 0.22 micron filter and stored at

2°C-8°C.
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74 -- Exanple 8:

Killing of S. aureus Strains by Serotype 8 Conjugate Antisera can be

I nhi bi t edwbyoAddidBon of Native Serotype 8 Capsul ar

Pol ysaaisha@awioss73 102411

To confirmthe specificity of the killing, the opsonophagocytic assay was
performed in the presence of native serotype 8 capsul ar pol ysaccharide or
5unrel at ed pncunococcal polysaccharideg§Pn 14 poly),
descri bed above. 102421 The results (Table 11) showed that the presence of

native serotyp E i r !ysaccharlde in reaction mxture inhibited
opsonophagocyt8D§ b Qﬁ9¥81>&% . aureus PFESA0286 (Type 8). These results
confirm that Ommomw&hxsm%gel CRE1, D Yvab BRHIRGISE ER hirge WBRIRL ed by

capsul e specific anti bodies,

essentially as

bulk matrix of approximately 10 mM phosphate/80 mM NaCl/15% sucrose, pH 7
to 5 mM imidazole/0.72 % NaCl/15 mM octyl-B-D-glucoside, pH 7. The exchange

5 allowed the removal of phosphate and sucrose which are detrimental to the

conjugation and defines the sodium chloride content carried into the conjugation.

Octyl-B-D-glucopyranoside is added prevent banicle formation after sterile

filtration.

[0224] The matrix of the CRM o7 was exchanged by tangential flow filtration

10 against 5 mM imidazole/0.72%/15 mM octyl-B-D-glucopyranoside pH 7 through

10 diavolumes using 10K MWCO PES membranes at a retentate concentration of

approximately 4 mg/mL. Typical membrane challenge was 2 grams/ft* and the

target final CRM,97 concentration in the matrix was 6 mg/mL. The CRM,9; was

stored at 2°C-8°C.

15 [0225] Act:vatzon/Conjugatlon The activation/conjugation process for S. aureus

serotype 8 capsular polysaccharide consisted of the following steps: 1) Matrix

exchange of the CRM197; 2) Compounding of polysaccharide; 3) Shell freezing

and lyophilization of CRM 47 and compounded polysaccharide; 4) Dissolution of

the lyophilized polysaccharide and CRM,97: 5) Activation of the polysaccharide; 6)

20 Conjugation of the activated polysaccharide to CRMy7; and 7) Purification of the

conjugate (dilution, diafiltration, sterile filtration).

[0226] The polysaccharide was compounded with 10 grams of 1,2,4- triazole

excipient per gram of polysaccharide. The excipient was added as a powder to the

polysaccharide, with a solution obtained after less than 15 minutes of mixing at

25 ambient temperature.

10227] The compounded polysaccharide and CRM, 47 were shell frozen

sepérately using a -75°C ethanol bath. The volume per 1L bottle was

approximately 500 mL.

|0228] For the polysaccharide dissolution, DMSO was added to the individual '

30 lyophilization bottles of the polysaccharide to obtain a suspension and then

transferred to the activation/conjugation reaction vessel for heating. DMSO was

added to obtain 2 g/L concentration. A clear solution was obtained as the



Tabl e 11: Addition Serotype 8 Capsul ar Pol ysaccharide Inhibits
Opsonophagocytic Killing of S. aureus by |Imune Sera. MonkeySera Sanpl eOPA
titer WkOwBQoMKB4®30 02D133VWK0 + 20 pg CP8 pol y<50 VK8 PC2WSké1g/o8R83 pol y<50
VKO + 20 pg Pnl14 pol y<50 VW8 + 20 pg Pn 14 pol y4050 Wk0<50 Wk84050
AAN122VW0O + 20 ng CP8 pol y<50 W8 + 20 CP8 pol y<50 WO + 20Pnl4 pol y<50 W8
+ 20 tg Pn 14 pol y1350 SUMVARY 102431 .Abl conjugation chem stries produced
serotype 8 capsul ar polysaccharide 15covalently linked to the carrier

protein CRML97, There g@g“%f99'£§%q“*uﬁk % Eﬂ%ﬁﬁod@mﬂﬁ e sacchari de,

rati o of serotyp%emé'onre ccharil I'n and yi el ds of
conj ugat es genem&@edzﬁgirﬁése nethods Exanple 9 Preparatlon of S. aureus

Serotype S Capﬁﬁkﬁr ﬂap!han%qskgﬁlon DM%@%v%é;dde@to M Sa€xaspl e, production
of various size ranges of S. ‘aureus scrotype 5 20capsul ar pol ysaccharide is

descri bed. Thelysehilirgtieir bottiss cagtainjng e SR¥by ¢t §htran Ssusepsien M B8l ysacchari de
repeat units i SiSRRAWN ol sEdold Qs for%n@ﬁﬁlﬁ@@%agﬂ@&f lol8@in 2 g/L

concentration. A clear solution was typically obtained in les than 15 minutes.
{0230] The polyséccharide/DMSO solution was sampled for Karl Fischer
analysis to determine moisture content. CDT was prepared as a 100 mg/mL
solution in DMSO and was added based on determined moisture content.

10 Continuous addition of the CDT solution was performed over about 5 minutes at
23°C + 2°C with mixing. The reaction was allowed to proceed for a minimum of
30 minutes at 23°C + 2°C. The reaction was sampled to determine activation level
(UV 220/205 nm) and then 100 mM sodium borate, pH 9 was added to obtain a
1.5% aqueous solutibn. The reactibn solution was then stirred for a minimum of

15 . 30 minutes at 23°C + 2°C.

[0231] For conjugation of the activated polysaccharide to CRM 97, DMSO was
added to target a 0.8 mg/mL reaction concentration. The dissolved CRMy7 in
DMSO was then added to the activated polysaccharide solution with mixing. The
reaction was stirred for a minimum of 4 hours at 23°C + 2°C. _

20 [0232] The reaction solution was 10X diluted by its addition into SmM sodium
tetraborate, pH 9 with mixing to hydrolyze residual activation groups. The diluted
solution was passed through a § um filter and concentrated to a target retentate
concentration of 2 g/L.. Tangential flow filtration was performed using 300K
regenerated cellulose membranes through 20 diavolumes with 5 mM succinate, pH

25 7. Typical membrane challenge was 1 gram/ft’. The purified conjugate was

passed through a 0.22 micron filter and stored at 2°C-8°C.

Example 4: Conjugation of Serotype 8 Capsular Polysaccharide Using
One-Pot and Complex Conjugation Process.

[0233] This example demonstrates that pre-selected range of molecular weights
30 of capsule polysaccharides can be used for conjugation in either the one-pot or

complex process. The larger polysaccharides are initially produced by the



- 75 - herein are effective in producing serotype 5 capsul ar pol ysacchari de
w th nol ecul ar wei ghts rangi ng fromabout 20 kDa to 800 kDa. By proper

sel ect i orwof20t0mdioBi ons, hi gh nol ecul ar wei ght ser ot ype PETA®PG10/039473

pol ysacchari.des can be |soI ated and purified ranging from50 kDa to 800 kDa
in nol ecul ar wei ght. For 5use in inmmunogenic conpositions, serotype 5
capsul ar pol ysacchari de can be isol atedjand purified rangi ng from70 kDa to
300 kDa in nol ecul ar weight, from70 kDa to 150 kDa and nany ot her desired
ranges. Strain, osen fo [ 5. Lysaccharide
production base e“‘aA% ?&%@ ﬁgunm},gtné?l?cél[ar stglgrgn%%? ﬁ‘g't(lgfgg%ﬁe% mP@ ééa sule -
produced. 10102)45'1 alﬁbfreatmfd@dwdmbws pfocese mdixgpele 5 (sapeul iarTalpigBysaccharl de,
strai n PFESA02 GRS ng primarily of a
carbon source ?ﬁl kt{ﬁzp%iégtggglg %%hqgﬂ@regggwmh%tol zdél?i&lﬂseoyflour as the

ni trogen sour céOlyfaﬁ@am4€a@Ee¢wﬁthﬂ@ulaW@g@tﬁrOa’i%‘?OMQ kﬁﬁmoﬁ“dz%l‘%ﬁ* eactors for
2 to 5 days, 102AGkekefde Ridh ok pta.mmea:a&@o%@@uss p@kn was carried out as

det ai l ed above. 15At the tine of harves t he culture was 7. 38.
The cul ture wad'Zabewl-dvdd +6RzoM)gdronnss saPrey PebaciRgde the T8MFt ure was
processed as d@SThd h&ebuabavghts of e Ralladgorietdis riﬁgm@ﬂp%mtammmt erial.

Appr oxi mat el y L ach of filtered and copngentra ant and cells
were recover ed PL02%¥ M |°6F0“9L§at§g{y6‘8‘fsa‘\7f§ ré"g§ “élﬂ'\ﬁgé’?ﬁe%ed to test

t he | evel of wahyheﬁﬁm@rw&igécbﬁr@hmkigmoﬂl(’/SEB)lownt I%e culture. In the
presence of 0.05% pol ysorbate 80, the concentration of SEB in the

fermentation Wagyid8: gQroRQ/e mCapEJlﬁ’Vlbo(P}&%cﬁ%@@JCJ@ﬁ%ﬁesﬁ%&i WiRgo aut ocl avi ng

the cul ture fo[(D;m%rkDra GRSk PAIRabRY BlesOf l ess than 0.1 ng/nm,
which is belowthe limt det ection for the TECRA kit. 25102481

D afiltered, ethanol - fractl onaiobd pokysacchBreede wadw waded onto a Q
Sephar ose AEC chPlodes®) anRurel ut adwwi t hyild | néSagaigr SEGRMALIS Ndglinas descri bed
above. Fractions were anal yze(k[by the%() ace’(%b assa;‘«%d doubl e
i munodi f usi on—test—fe B . — o r-che—arTd phosphate
assay for the pﬁ@s"@nce olf t ei cA®i ¢ acd. Thelpresenc'élof ser otlype 5
pol ysacchari de was detecied in8930 fr&ktions!60 to 195 (FigurBs 7A-B). To
reduce contanination wth tei c8ic acid, fraétl ons 607to0 85 wete pool ed and
any residual tcichoic actd was!'%xidi 284 wi t h?sodi umEh'@t aperiodate to al | ow
its renoval by 3K diafiltratiof’agai 83t diN & - 767%%.1024910Purificati on
of serotype 5 capsul ar p%l ysac@ﬁarl dé*fsed fldr t he dr"épar ation of '
conj ugat es was Qaedpfear medi by tweo di f f essent nmethods thaB rely on el evated
tenperature and | ow pH tD affeld8 the t¥l ease5of capsifie fromBdhe cell and
reduce the nol ecul ar weijht ofl06he pol%saccharide. Thé resulting nol ecul ar
5wei ght depended on the 4ine, t0€nperature and pH of @Ke hydroPysis step.
102501 Characteri zation df ser 8t ype 59(bapsul ar pol ys®échari debwas perforned
usi ng the technmiques specified T Tablie 17 3upra.

Example 5: Evaluation of the Conjugated Native- And Base-Treated Serotype

8 Capsular Polysaccharide In'A Murine Bacteremia Model.

[0235] The importance of O-acetyl groups present on native serotype 8 capsular
15 polysaccharide before conjugation for induction of functional antibody responses

was evaluated for capsular polysaccharide conjugates. Serotype 8 capsular

polysaccharide was de-O-Acetylated under mild basic condit‘ions, and both NMR

and lon Chromatography (1C) confirmed absence of O-acetylation in serotype 8

capsular polysaccharide de-O-Ac-CRM. The CP8 de-O-Ac-CRM conjugate was
20 prepared by conjugation of de-O-Ac CP8 polysaccharide to CRM by PDPH

chemistry as described in Example 2.



. 102511 Capsul e pol ysacchari des produced by the nethods descri bed bel ow
result in pure polysaccharides with |ow |l evels of protein, nucleic acid,
pept i doglwoan11ando3Ot ei choi ¢ acid contam nants. 102521 PaTiUSR010i08%IT3 et hod,
foll owi ng rel ease of the capsul e polysaccharide fromthe cell and reduction
of . nol ecul ar wei ght, the preparation was treated with a cocktail of enzynes
(e.g., ribonuclease, deoxyribonucl ease,;2lysozyne and protease) to digest
inmpurities. After incubation, residual inpurities were 15precipitated by
the addition o h I n t removal of

t he residual [OZ% aﬁ%@sergg+erha4a8§h?ar%&?staa?%%ﬂﬁd%%ﬁp@‘ﬁ wéd /?mdl g:%:oﬁ'%(rjl de was

| oaded ont o anmamcasuraﬁxmahngUMYllﬁqme(*@iS“élphmubishg)attawﬂedeb diffegnesst h a | i near
sal t gradient. mFﬁeas%&tmassu@p&ﬁ@aewmao&mk@ 1PRh¥ SB5LHREARGa T @ pool ed and
treated with sodi um neta-periodate. This treatnent resulted in the

oxi dat i ve hydr ptlysg¢carsies, abicadn @uedouldspush dic cereqyplpr asftistionahtccYbut di d not

af f ect ser@typ%oépsqra&wmrs daptus petehahirles duFhg csastibon was quenched by the
addi ti on of et Ué ene The materi al was concentrated and diafiltcred

agai nst di stil [%@¢ ]wérthélmu( eﬁ%')efeffba mRdebyres usrilto cedyar plicar g ReeE Veand
by- products. 10253 basthRatseeaigpeBRbH0E Mﬂ)&addﬁzﬁdet:&ﬂlgéﬁduﬁ(e}{lﬂapsul e

pol ysacchari de _w t hout 25 enz nes to vari ous

cel | -derived i fpUP (ffl%?éga%e }%ﬁg?ﬁlngceré?/ﬁr% YW ‘faﬁwaﬁ i‘ég P8¢ St he capsul e
pol ysacchar i dewith bmcg keeotgel 4 caﬂsﬁlﬂir peyhaodham defo- mt@mbralrugmrog}pt g the '
hydrol yzed ferpentati [ ation foll owed by
ultrafil t(rjlatl o%ap?iurlﬁ:f pglgsaa’rc%a? h?l on- e Jscb%gwlp%rﬁmv?/g% Wétéaeﬁ’ gll th activated
carbon to renod&O.npuoimatsiverss challanged ity Hameey EES B, andibecterBOvarat eri al  was
treated wth Sa%hmca%ﬁq tpgglb&ﬂﬁrtc@hms 199&1 Ging fah QR B¢ th@b Ghoi ¢ acid

fol |l owed by quenc g ene ol . The material was concentrated
and di afi | tereaatag@ﬂlnglgm&mo(pf Oi@méc“aw bl g Irecpeagsfrs thand

by- product s. blogd7ofannl:ﬁ%%ﬂau?&&iﬂﬁfhﬁlntr@dﬂ&i [@flMH@eygealsap@ﬂarelther met hod
resulted in pure capsular poly ccharl ges w th ﬁ% §§ of protein,
d

nucl ei ¢ aci>d aﬁ‘d)’s? %rl‘fitﬁlcﬁnﬂéﬁ?fecf‘s HWPH’W éH‘L"§‘“d‘?‘Hé Bscribed can be
used to producgnisfietiaf vée hangesd aith bive ndesd srce)dfpbsgkpsmrm @@uéoaharmm ght

I hari des b t th diti 50f. 02551
Beanpl o5 of capeiear Bured Rdrieag-S B abkaErEag ek HroriB et alecr  bea

herein are shogwup.n Tabl e 12 bel ow. Batches of purlfled serotype 5 capsul ar
pol ysaccharide had high purity as indicated by no teichoic acid (TA),

pept i.dogl ycan @mebos\ér@aﬁb@@gsmr%ga&chm.cm%@%.é,Lga@maJe%s The range of
10nol ecul afy WeBGALSmBPCAREFBYLS Zufeds PRES R0 Pn M. and the purified

pol ysacchari des

Antigen Strain/Dose  LogCFU/Blood  i&nificance

(p value)
Saline 4.35
CPbde-0-Ac-CRM  TPESA0OS G
CP8 O-Ac-CRM ‘ 3.93 0.03

Example 6: Evaluation of the Conjugated Native And Base Treated Serotype
8 Capsular Polysaccharide In A Murine Bacteremia Model.

[0238] Serotype 8 capsular polysaccharide conjugates were evaluated for their
ability to protect mice in a pyelonephritis model. Bacterial counts in the blood of
25 mice receiving i.p. S. aureus challenge were significantly reduced as compared 1o

controls immunized with PBS.



were highly O-acetylated, ranging from 90% 100% and were 100%

N-acetyl ated. The yields of serotype 5 capsul ar pol ysaccharide purification
wer e 39%wo 268%41@3d t he size of purified serotype 5 polpgsasehansdes vari ed
from35 kDa to 65 kDa (see, Table 12). The | evel of teichoic acid (TA)
contam nati on was acceptable and 15l evel s of residual proteins and nucleic
acid were also in acceptable ranges. NyR-spectra of scrotypc 5

pol ysaccharide were identical to ones reported in the literature. Table 12:

gg;rglt ggﬁr i5f Fggﬁi\é(?%}lr d&\%\%ﬁ%tg g?%rchﬁ@ct %lreggtlagiéef?%& g/«{(:?lif)g Z%OCErSn scan) ng
(g/ mol) % (W WISHUERE i) tRiVRu(ing bagterepip ngglelq Jeseritgd Bregigusty, gtiergBallgmze] . 2

with S. aureus PFESA0268 (Type 8). The first study (Figure 5) showed a

significant reduction of bacteremia (p=0.0308). For the study, groups of 6-8 week

5 old Swiss.Webster mice (n=30) were actively immunized by subcutaneous

injection with 1 ng serotype 8 capsular polysaccharide-CRM 97 and saline both

formulated with 100 pg AIPO, at 0, 2 and 4 weeks and challenged at week 6 by the

intravenous route with S. qurens PFESA0268 (Type 8). Prior challenge

experiments were conducted to optimize the dose of challenge strain at the age

10 mice reach after three vaccinations. Statistical evaluation of survival studies was

carried out by Kaplan-Meier analysis.

Example 7: Opsonic Activity Of Sera From Mice Immunized With Native
And Chemically Modified Serotype 8 Capsular Polysaccharide Conjugates.

[0240] Select mouse sera (n=5) with high serotype 8 capsular polysaccharide
15 titers from a vaccination study were compared for opsonic activity using
PFESAOQO00S strain. The OPA results (Table 10) show that only conjugates
prepared by the conjugation of native serotype 8 capsular polysaccharide elicited
opsonic antibodies in mice. It is noteworthy that the de-OAc serotype 8 capsular
polysaccharide conjugate was immunogenic in mice but the antibodies elicited '
20 were not opsonic in this assay. OPA titers are reported as reciprocal of dilution at

which 40% killing was observed.

Table 10: Opsonic Activity of Native Serotype 8 Capsular Polysaccharide vs.
de-O-Ac Serotype 8 Capsular Polysaccharide-CRM Immunized Mouse Sera.

De-O-Ac Serotype 8 Capsular Serotype 8 Capsular
Polysaccharide-CRM Polysaccharide-CRM
OP titer WkO sera  OP titer Wk8 sera  OP titer Wk0 sera  OP titer Wk8 sera
<50 <50 50 150
<50 <50 <50 1350
<50 <50 <50 450
<50 ' <50 <50 1350

<50 <50 <50 4050
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Example 8: Killing of S. aureus Strains by Serotype 8 Conjugate Antisera can
be Inhibited by Addition of Native Serotype 8 Capsular Polysaccharide.

[0241] | To confirm the specificity of the ki'llling, the opsonophagocytic assay was
perforimed in the preseﬁce of native serotype 8 cépsular polysaccharide or

5 unrelated pneumococcal polysaccharide (Pn 14 poly), cssentially as described
above.
[0242] The results (Table 11) showed t.hat the péesence of native serotype 8
capsular polysaccharide in reaction mixture inhibited opsonophagocytic killing of
S. aureus PFESA0286 (Type 8). These results confirm that opsonophagocytic

10 killing by immune sera is mediated by capsule specific antibodies.

Table 11: Addition Serotype 8 Capsular Polysaccharide Inhibits
Opsonophagocytic Killing of S. aureus by Inmune Sera.

Monkey Sera Sample OPA titer
WkO <50
Wk8 - 4050
02D133 WkO + 20 ug CP8 poly <50
S Wk8 + 20 ug CP8 poly- . ' <50
WkO + 20 pg Pnl4 poly <50
Wk8 + 20 pg Pn 14 poly 4050
WkO0 <50
Wk8 4050
A4N122 - WKkO + 20 ug CP8 poly <50
. -Wk8 + 20 png CP8 poly <50
WkO + 20 pg Pnl4 poly <50
Wk8 + 20 pg Pn 14 poly 1350

SUMMARY

A {0243] All conjugation chemistries produced serotype 8 capsular polysaccharide
15 covalently linked to the carrier protein CRM9;. There were no significant
differences in free saccharide, ratio of serotype 8 capsular polysaccharide:protein

and yields of conjugates generated by these methods.-

Example 9: Preparation of S. aureus Serotype 5 Capsular Polysaccharide.

[0244] In this example, production of various size ranges of S. aureus serotype 5
20 capsular polysaccharide is described. The structure of S. aureus serotype 5

capsular polysaccharide repeat unit is shown in Figure 6. The methods described
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herein are effective in producing serotype S capsular polysaccharide with
molecular weights ranging from about 20 kDa to 800 kDa. By proper selection of
conditions, high molecular weight serotype 5 capsular polysaccharides can be
isolated and purified ranging from 50 kDa to 800 kDa in molecular weight. For
use.in immunogenic compositions, serotype S capsular polysaccharide can be
isolated and purified ranging from 70 kDa to 300 kDa in molecular weight, from
70 kDa to 150 kDa and many other desired ranges. StrainA PFESA0266' was chosen
for serotype 5 capsular polysaccharide production based on growth characteristics
and4the quantity of capsule produced.

[0245] For production of serotype 5 capsular polysaccharide, strain PFESA0266
was grown in a complex medium consisting primarily of a carbon source (either

lactose or sucrose), hydrolyzed soyflour as the nitrogen source, and trace metals.

" The strain was grown in bioreactors for 2 to 5 days. .

[0246] Fermentation of the PFESA0266 strain was carried out as detailed above.
At the time of harvest, ODggo of the culture was 7.38. The culture was autoclaved
for 1 hour and after cooling, the culture was processed as described above to
scparate cells from supernatant material. Approximately 1 L each of filtered and
concentrated supernatant and cells were recovered.

[0247] Prior to autoclaving, a sample was removed to test the level of
Staphylococcal enterotoxin B (SEB) in the culture. In the presence 0f 0.05%
polysorbate 80, the concentration of SEB in the fermentation was 15-20 ng/ml.
Prc?ious experiments showed that autoclaving the culture for 1 hour reduced the
level of SEB to less than 0.1 ng/ml, which is below the limit ofdetectiqn for the

TECRA kit.

- 10248] Diafiltered, ethanol-fractionated polysaccharide was loaded onto a Q-

Scpharose AEC column and cluted with a lincar gradient of NaCl as described
above. Fractions were analyzed by the O-acetyl assay and double immunodifusion
test for presence of serotype S polysaccharide and phosphate assay for the presence
of teichoic acid. The presence of serdtype 5 polysaccharide was detected in
fractions 60 to 105 (Figures 7A-B). To reduce contamination with teichoic acid,
fractions 60 to 85 were pooled and any residual teichoic acid was oxidized with

sodium-metaperiodate to allow its removal by 3K diafiltration against diH-O.



5 pol ysacchari des can be generated by the nethods described herein.
Initially, larger polysaccharides were produced by the bacterial cells, and
subsequenvbypiizo4d®si r ed nol ecul ar wei ght range sel ect edpamaistéen3g@asifi ed
by mani pul ati on of the pH and heat conditions of the heat and hydrol ysis
steps. 10257] Heat treatnent .of S. aureus fernentation broth is a process
step between 10fernentati on and capsul.ge-pol ysaccharide recovery. This
process step uses heat to treat pFFadjusted broth for a specified period.
The goal s of t ﬁeq%ngg Q% Iom1 5% &@z$ﬁe§;&%r9glls i nactivate
ent er ot oxi ns, ase cél Sac e and reduce nol ecul ar wei ght
to the desi redprspaz@lonAﬁ@mglgwﬁe\SéE pgrtﬁalnsd byt fwe difeckune mictbedsaliat red @cul ar wei ght

was the sl Owesae\ta&dt@ﬁamt&é arRNGF B Rl hdRIERIBLAGH: frin ticil dnaSt ep.
Therefore, the other goals were inevitably achieved wthin the treatnent

time consi der etpducpoisaolechisny eightoh thapplysacipriden d he exvgdreaned@!#€ondi ti ons for

sel ecting wari gy; ht@i)&@é&lcﬁrthé’ﬁhegmnpéx@ﬁg@ﬁdgﬁ o(f:aa@awr&ygmraﬁaccharl des were
determ ned. A 15C Biolafitte Ferrrenter was used for these stugl es. The

fermentation bIH3PH eeraoerzationelarippe ¢ erPeyks PP aseltids WH\PeHOTHES i stal ti ¢

punp. Usi ng anusﬁl@lthaﬁeumn]ussagadﬁdafmahﬂmt sif@ rpm the broth pH was adj usted
W th concentrat fUI’IC aci th ot rai sed to
the set val ue. '%%’élsh gpuly Py ﬁrt'def‘ P‘%”??%@%Hleggésdngcﬁg be[ow “YCnper at ur e
reached the setn poeipotysacVifaeidestwieh lohe &ivele df droteiat mmelaic atid epwinglyrapaotied, t he
broth was coool gegch(t”oamg)c MLSMparature. I n-process sanpl es were 25taken to
det er m ne poI ysa char] de"Concent rati on and nol ecul ar wei ght by HPLC and
SEC- MALLS systﬂﬁéﬂ rle g dictt imgéibgs follbengrolease of the capeiilgprlysgaviyridd&em was - 79 -
used in the ki gaeulpanag&wm%fmIiaauM/c%rhpmc ﬁ%ar‘éﬁfn@vag‘ﬁrcﬁgmlﬂ%j over time at
pH 3.5, 4.0 a Figure 8 ? he kinetics of mld acid-
hydr ol ysi s of prskigi abermupds des wesudard dergdbonilagf. pseayir el ser ot ype 8

capsul ar pol ysgeehal todiegeg%am@d AR McbBo rQREASmpulities wawri fied
pol ysaccharide solution was adjusted to the desi regl%gH Jor the experinent

with sul furdic BEFiptatea by e aid‘BO‘i ofiethagg! (inagconeqniiptiog AW S %t &M erred to each

of the 15nmL cepinoh{lwgec tadiaes cthdhie, atsblgen asﬁrraamglcefseldpmpsaacrhamdwabath equi pped

with a precisi g)n te earg%}.grggxc aﬁ)n(t: roglélﬁn Pf@%ﬁpﬂ;roagand Cyu WI arl%c%‘azlﬁisn out at a
i t C

pr edet er m ned in'a he end of
t he experi nment gradnant EQctiving qlm(mnmgcabMeTp'OiysaCbmfﬂewer(epHJWd261)1 tesigl added to the

sanpl e to adj u§'th E({F}ﬁnrpwggrkgd&g ?QQHE ent ;I_Fﬂteﬁg{];ﬁé §3daeL %dmtsyo%ed by a

SEC- MALLS system a Was used in etic andlysis. The effect
of tenper a&our eresidudiitighpiohéifl econtdmi@Ps butt diprgt ATFE waasynSteepstiahed over ti nme.

See, Figure 8B, Resuhi®. %&chfég,lwessq@m\wby tﬂc Edd%wsf%]m@ g|yQ(Wer PH was nore

effective in reduci ng the nol ecul ar wei ght ysaccharide. In this
exanpl e, rangedhopatersi é(éﬁﬂoa?c‘l\}@?‘bﬁ‘@§‘aﬁé?r96b@ﬁm§t§é§ﬂ’t‘0d3‘%°rlé% HAd about 600

kDa can be genghateshyW&idi@ réagpits 8d b9-paddu@® C for between 15 minutes and 120
m nut es. See F| ure 8A. Likew se, choosin of 4.5 at, 95 C for between

15 mi nut es and! éﬁ rﬁhﬁactcg%d re%[hocvlvaéluacd to proguce czppsule polysaccharide without

25 the use of enzymes to digest the various cell-derived impurities. In this method,
following rclease of the capéulc polysaccharide from the cell and reduction of
molecular weight, the hydrolyzed fermentation broth was clarified by
microfiltration followed by ultrafiltration and diafiltration. The solution was
treated with activated carbon to remove impurities. After carbon treatment, the

30 . material was treated with sodium meta-periodate to oxidize residual teichoic acid
followed by quenching with propylene glycol. The material was concentrated and

diafiltered against dH,O to remove any residual reagents and by-products.



20pol ysacchari de nol ecul ar wei ght ranges between 200 kDa and 400 kDa. In
addition, choosing a pHof 4.0 at 95 C for between 15 m nutes and 120

m nut es owoO 2yital4doopol ysacchari de nol ecul ar wei ght rangegchasaeen3y2® kDa
and 300 kDa. 102611 As shown in Figure 8B, the higher the tenperature, the
faster the rate of hydrolysis and broader the nol ecul ar wei ghts of

pol ysacchari de produced with 25tinme. Expressed another way, use of a | ower
tenperature, 55 C versus 95 C at the sane pH, produces a narrower range of-
polysaccharide e 026

denonstr at es-a 2%% gf%?tafagéél\% 9Othi\tfvé‘eeg us'%e'%%r Jﬁégféﬁpg{uﬂ%feﬁ% %#Elgurl fied
scrotype 5 cappaysaschpoleywalk olvaevete§ piotein, mipdeie acakandemhoiciaprg for mld acid
(pH 4.5 at 95Q), Wamsyfrhémmme dBUFik i 8 ARE S PRGDA shAici rangb iy final 3 0
product obt ai ned from t he recover¥ process detailed. previously. As also
shown in Fi gur tegesirahhighmplegdas weight polwsacsharidesty reqnipatanahihe sendithes S, aur eus
PFESA0266 st r apfhyabonel 4.5 resul ted in smaller nolecular weight serotype 8
capsul ar pol ysaccharlde ereas shorter heat treatnment tinmes at pH
4.5 resul ted i W283lgHepmpig) ‘efGEﬂSéi'Fr Wé’isﬁ"ﬁ{‘ar e PYpiaRee @‘E%’ﬁ%t[i‘?‘grdesﬁﬁ?eﬂsaccharl de.
The size of seﬁ@ély&e s&)mﬂpswlarz W\W%@@Bﬁfﬂpdﬁﬁedrsaﬁ@ﬁdS tapamrabout 90 kDa to

about 220 kDa d on the | ength of reatment at pH 4.5.

A correlation Boj‘? ‘gﬁéglflﬁmurﬂasﬂ‘é&ateg P'@%fei”?@ﬁ‘f g-ll- Sw pH and size of the
purified serot y@ed@mapaaﬂllm repidhaf p@cih e, dables BRsang hdwhheirmgBofure 4, al |l ows
o 2 St el I8 ALY TP AR bR R ARER YL =
denonstrat ed abwelghlyhbaq‘emlaltedr wngjeg ﬁ)fﬁm Aeftod 80P cand weicgHO% Nodiceylakedt ype 5
capsul ar pol ys & DB LIRSSl BB R0 kP4 (S oy, be produced,
10r el eased and@gC & %oggém%comnégﬂ g@yo?ec';crclrc%u magl ecuseotl t o produce
specific r angee“ddl*e s i pedich sgpiyprol Rebisrogharide vaise fempsdiPe (ool Ki¥acchari des

Such as is shown,, irjid a ?h@-lévela_ﬂglclﬁcﬁ‘c Atd (TR) Yonhlik08h (va@eepabled ecul ar
wei ght pol ysacchari de Cgroduced where the peak nol ecul ar wei %E\%fg range from
c

63 kDa to P42 lerss ofapridvalaretensang@pqleis prit Were 819 PgcePyhg &anges: uI ar

wei ghts that ngycherehbgpdesbliaycclbids e crraddnocs od@scepdoedinnbe ei n.
particularly agvantageous range of high nol ecul ar wei ght polysaccharldes
rangi ng from?7 \“RB5 to 300 kDa or from 70 kDa to 150 kDa, is useful in
maki ng |nnunogen|c conp05|t|ons bg conjugatlng the capsul ar pol ysacchari de
to a carrier nBIBCUL SOCEOFYPHY SEARSUAET 3 d¢iGhp 34¢Y to generate the CP5
capsul e polysaccharlde haV|ng a nolecular melght range of 20from about 100
to 140 kDa are as follo ‘“a950 pH 4.5 for 135 minutes. Different

conbi nati ons of tur i me, wev 0 _generate CP5

nol ecul es with §E'H%'Fec gi’f lg[rLcLe ofprggb'ht %UX\%IO 14(&?@3 Tabl e 14:

Production of Specific Range of o H ghy F{gj ecul ar Wi(s?] lF\/V\';ype' 5 Capsul ar
14 i i

Pol ysaccharide. Run Ser QhyPe 5 Cape P‘pl(xmcc kR,
1 101 0 0.5 94
2 91 48 65 .12 2.5 96
3 578 63 35 2.5 0.7 75

20
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Table 13: Additional Serotype 5 Capsular Polysaccharide Characterization.

MW O-acetyl Identity N-acetyl
Sample (kDa) CP5 (mg/ml) NMR (%) NMR NMR (%)
I 800.1 3.164 100 Pass 100
2 132.7 1.172 90 Pass 100
3 3354 0.975 90 Pass 100
4 ‘ 366.8 0.865 90 ~ Pass ND

ND = not detected
[0256] Molecular Weight Selection of Capsular Polysaccharides: A kinetic
analysis demonstrated that a broad range of molecular weights of capsule
5 polysaccharides can be generated by the methods described herein. Initially, larger
polysaccharides were produced by the bacterial cells, and subsequently, a desired
molecular weight range selected and then purified by manipulation of the pH and
heat conditions of the heat and hydrolysis steps.
[0257] Heat treatment of S. aureus fermentation broth is a process step between
10 fermentation and capsular polysaccharide recovery. This process step uses heat to
treat pH-adjusted broth for a specificd period. The goals of the heat treatment at
low pH 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 required in this
15 step. Thercfore, the other goals were incvitably achieved within the treatment time
considered.
10258] Heat Treatment: pH and temperature conditions for selecting various
molecular weight ranges of capsule polysaccharides were determined. A 15L
Biolafitte Fermenter was used for these studies. The fermentation broth was
20 transferred to the fermenter by a peristaltic pump. Using an agitation speed of
about 200 rpm, the broth pH was adjusted with concentrated sulfuric acid. Then,
the broth temperature was raised to the set value. 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
25 taken to determine polysaccharide concentration and molecular wéight by HPLC

and SEC-MALLS systems, respectively. The molecular weight (MW) data was



ND = not done Exanpl e 10: Conjugation of Serotype 5 Capsul ar

Pol ysaccharides to CRML97. 102641 Thi s exanpl e descri bes processes and

char act erwpaviwni@ssays used in the production of S. auPeTaSs@noO8YpPE 5
capsul ar pol ysacchari de- CRML97 conj ugates. 5Different conjugation

chem stries were devel oped for conjugating S. aureus serotype 5 capsul ar
pol ysaccharide to this carrier proteiny9For exanple, conjugation using PDPH
(3-(2-pyridyldithio)-propionyl hydrazide) results in coval ent thioether
bond bet ween ths%if%ghmqetfc*aﬁal %gwhw PR Were 0GR ARG f@NIGRRON UST ng CDT
(1, 1-carboyl - triazo resu I'n a one-carbon or zer o-car bon

| i nker bet vveenoﬁhbo MééhlSaqf, Fmreyﬁsfaccharl de and carrier protein. Conjugation
of Serotype 5 %@ﬁu'ﬁ"e kRl SamANALA %r&ﬁlswwys%chams RBPHnGRpgugat i on

Chem stry. 51 The PDPH conjugation chem stry is a nulti-step process

t hat i nvol ves g ReEfishTosPe S iePspiat Rebaeccraide ﬂ'éa'"?de?ﬁi’\‘/QF PEgpess-hBhet hi ol
protecting gr 0bm.ﬁe@yds1y§‘at&1alt.deqaluﬂ;&p\flastahjasta@tw\eaiemd pal fyﬁa@@dpa«rm@e
intermedi ate, activation a ion.o eln ‘and

conj ugati on of “h¥" %E‘f f“‘\}%\t&E“Ebﬁrﬁ’gﬁgﬂ?éowtéqnlwamgg EPr‘iaE dfS on. After

i ntroduction ofsmiL telmrmhgegﬁhaupﬂ(eomeawaierpgcédl1mkredm bath dquppgblitsacchar i de and a

a0 SHBet e TR L8P TE DOl S ol AR BRI,
20t hi oet her bonde inBrotsoad ewtheg firpanpse lwekee. Anthe odwt éd ckpetioenthan CRI\/|197

protein by yea ester of
br onpacet |1cOr ac?liillug)t éqgeﬁemrbgﬁgqﬁﬁ:#g?ggeat Hedtt ﬁ]seacrmﬁg{()l%g}ﬁ §tL!Eehl%aﬁq():agf'?bod| i mde
activated car boepput’e The Boplss yerenawed hY ﬁﬁ iSréosieroniTee M étd n t he

pol ysacchari deyWels&d &R BrQl)erTchfc@tzdf%pgrran%nQ\f'lwtJ?@ﬁlc of CP5
sul thydryl -reactive_ hydrazi de heterobifunctional Iinker

3- (2- pyri dyl di gy prsolsiconyed Hyutiae i e KPP Thiol s of PDPH-t hi ol at ed
pol ysacchari de, generated by reduction with DIT and purified by SEC on a
Sephadex &5 columm, reacted with broRsaicetyl groups of activated protein
resulting in coval ent thioether |inkage fornmed by brom ne di spl acenent

bet ween -1582 1026Y| ysaberniniFRareaiy adever plmep mpresitettv H reqys e thsact ed

bronpacetyl gr &UE&JIWe%ht &ﬁﬁ&%@&sac\ewae cistieaTmpR, AYgs ochbiduide
(2- am noet hanet hij ol ochl o he reaction m xture was then

concentrated aWGey? B?‘Y”?et"é‘l’%’él 3001*?]%@ fnd ﬁ%ﬂ“h?or?dd)ﬂﬁ&‘b?ﬁ gSpErEdUHEsmER et yI  groups
wer e capped W b b wystf@aRiwen hysnoehidrii2olaidutes SeaRFiduee $10 Likadid, ve

br onpacet yl S wer t aftter conjugation. formed a, covalent bond
between t he CnigbondiEpet £ oRsh Rtk B g bl B BE Y Pt e
resi due af2oer phigpéchaeireniccolbr Weighviranges bt@266200kDahhd ¢00ddDaomn of S. aur eus

Serot ype 5 Capailan, Pelynagsnanileoute B, EREL, T, pRlseRcALLde was fiTst

activated by t ation ysacc ari evvas mxed with a
freshly prepar e yRBRMIstasbdids glolgculonvaighs @nges between 120 kDa and 300 kDa.

[0261] As shown in Figure 8B, the higher the temperature, the faster the rate of
hydfolysis and broader the molecular weights of polysaccharide produced with

25 time. Expressed another way, use of a lower temperature, 55 °C versus 95 °C at
the same pH, produces a narrower range of polysaccharide molecular weights.
[0262] Furthermore, Figure 4 demonstrates-a correlation between the molecular
weight of purificd scrotype 5 capsular polysaccharide with the treatment time for
mild acid (pH 4.5 at 95°C) hydrolysis. The purified polysaccharide is the final

30 prdduct obtained from the recovery process detailed previously. As also shown in
Figure 4, an increase in time of heat treatment of the S. aureus PFESA0266 strain

at pH 4.5 resulted in smaller molecular weight serotype 8 capsular polysaccharide,



ng/mL in DMSO), an EDAC stock solution (90 ng/nL in di H20), and MES buffer
stock solution (0.5M pH 4.85) to nake the final solution 0.1 M MES, and 2
ng and 4 wQ 20apEwodr pol ysacchari de/ nL whil e mai ntai ni N@CA/USAQSOBHIT3

pol ysacchar de: PDPH. EDAC rati o by weight of 1:5:3 for serotype 5 capsul ar
15pol ysaccharide. This m xture was incubated for 1 hour at roomtenperature
and then dialyzed agai nst a 1000X vol urg-of distilled FI20 four tinmes using
a 3500 MACO di al ysi s device at between 4C and 8C to renove unreact ed PDPH.

The PDPH-11 nked, hdhs ¥r?oan%9rﬁ‘e%{ t're%ne‘ﬁ’?t%ﬁ{r%’?ﬂ?s?eshﬂeg eg}geg d4 %%Hg'éie? room

tenperature for ours or overni bet ween 4 ss DTT as
well 2 0 as tmothy-Spanﬁdlacp@ysmch@m Teawiciobreroiemess wppdr at ed fromthe

activat ed Saccpﬂyga&%arh%s éﬁ&a%ﬁ%%@%@% ﬁﬁéﬁ\: giifhednsid | 1 ed wate' r
as the nobile g ase. Fractions were assayed by t ‘FDP assay for thiol

groups and t hi shetpebing efdest trapinef s hat Aépﬁ?lﬁd’“ﬁ@a’ﬁert‘h‘é“‘%i’ Yol une of the

col um wer & pogl#fent & PAGd Qe Jf'ilﬂe%h%%e%%ée 8s5aNaGoYactiaBdRARBAH and the
0-acetyl assays to determne th activation, ich is expressed

as a nol ar per 8NP HFigyrRa glaper a‘h?f?t“ét‘oé‘d’rﬁfhéltrﬁ?‘%“‘é"l‘teﬁ?qure Poup (ol ar
concentration phdidipehifsd polygkclapmoeitt 4 §kiitnl rafge bepertuldnicigh). . The acti vat ed

ol ysacchari de hilized and s ed for
(I? 0 njy ugat i on. !9?@3? 1 A%/’ﬁg‘“?"étéﬁﬂd?o\‘ tﬁﬁ{féngf 8%?‘88@%%" efgihlsﬁ ??ff (ggpg Fot y pe 5
pol ysacchari deca’;}ﬁuldnpolyaa‘cctmndemﬁtoha JODIPH t@amereshao W0 kDa chalbt proddred,.Degr ee of
activati 031 fe easOeEinchpurlﬁQ(? "yhseang;e 3L Eiqurlb\@?%a A8 &SQ(? %g& sé%t/ﬁct 0 19% whi ch
sto I nker

correspon appr oxi écul e ched per ten
capsul ar pol ysaogdaafdedeedrf&iemlequm weightapsnle Pbiymémnfimlsmbuﬁé spewn f i ve repeat

units. Table 1 Taé\%tmvw;argﬂaumy é%eaw,@@oﬁmﬁ@oqu@@n d,@lyya%a%h@rl de with PDPH

- Reproducibility Study. Serotype ysacch a ri HActlvatlon (%
MsH MR(1) Scal @rvﬁlép@whﬁmj]e P%k lwlfw)nlar welghts range from 63 kDa to 142 kDa

represents a well characterized range of molecular weights that may be obtained by
15 the methods described herein. A particularly advantageous range of high

molecular weight polysaccharides, ranging from 70 kDa to 300 kDa or from 70

kDa to 150 kDa, is uscful in making immunogenic compositions by conjugating

the capsular polysaccharide to a carrier molecule or protein. The conditions used

to generate the CP5 capsule polysaccharide having a molecular weight range of
20 from about 100 to 140 kDa are as follows: 95°C, pH 4.5 for 135 minutes.

Different combinations of pH, tempcrature, and time, however, will also gencrate

CP5 molecules with a molecular weight range of about 100 to 140 kDa.

Table 14: Production of Specific Range of High Molecular Weight Serotype 5
Capsular Polysaccharide.

Serotype 5 Capsulér Polysaccharide
Run MW (kDa)

142
108
142
108
ND
ND
63
72
74

W oo 1OV bW



1 11 23 19.6 (85) 2 13 30 28 (93) 3 19 30 23 (77) 4 15 32 29 (90) 5 102681
2. Carrier protein activation: Separately, the carrier protein was

acti vat edwbyotwoanmacct yl ati on. CRML97 was diluted to 5 mgirds2ewibo41® nivi
phosphate buffered 0.9% NaCl pH 7 (PBS) and then nade 0.1 M NaHCO3 pH 7.0
using 1 Mstock solution. The N-hydroxysuccinim de ester of bronpacetic
acid 10(BAANS) was added at a CRML97 :BAANS ratio 1:0.25 (ww) using a
BAANS st ock solution of 20 ng/nL DMSO. This reaction m xture was incubated
at between 4 and 8C for s]éro'??p‘%rs épp%&appgli)'sfaic&qri9§i ng SEC on Sephadex G 25.

The Run MW (kDa)
10 ‘ 63
1 ND
ND = not done

Example 10: Conjugation of Serotype 5 Capsular Polysaccharides to CRM,q7.

[0264] This example describes processes and characterization assays used in the
production of S. aureus serotype S capsular polysaccharide-CRM g7 conjugates.

5 Different conjugation chemistries were developed for conjugating S. aureus
scrotype S capsular polysaccharide to this carrier protein. For cxample,
conjugation using PDPH (3-(2-pyridyldithio)-propionyl hydrazide) results in
covalent thioether bond between the CP and the carrier protein; whereas
conjugation using CDT (1,1-carboyl-di-1,2,4-triazole) results in a one-carbon or

10 zero-carbon linker between the capsular polysaccharide and carrier protein.

Conjugation of Serotype 5 Capsular Polysaccharide to CRM,¢7 by -
PDPH Conjugation Chemistry.

[0265] The PDPH conjugation chemistry is a multi-step process that involves
activation of the polysaccharide, removal of the thiol protecting group, purification

15 of the a(':tivated polysaccharide intermediate, activation and purification of the
CRM,y7 protein, and conjugation of the activated components followed by
purification. After introduction of a lhiolgroup containing linker to the
polysaccharide and a haloacetyl group to the CRM y; protein carrier, S. aureus
serotype 5 capsular polysaccharide was linked to the protein carrier through a

20 thioether bond. Bromoacetyl groups were introduced into the CRM 97 protein by
reaction of amine groups with the N-hydroxysuccimide ester of bromoacetic acid.
To generate thiolated polysaccharide, the carbodiimide activated carboxylate
groups of N-acctylmannqsaminouronic acid in the polysaccharide were coupled to
the -hydrazide group of the sulfhydryl-reactive hydrazide heterobifunctional linker

25 3-(2-pyridyldithio)-propiony! hydrazide (PDPH). Thiols of PDPH-thiolated
polvsaccharide, gencrated by reduction with DTT and purified by SEC on a
Sephadex G25 column, reacted with bromoacety! groups of activated protein

resulting in covalent thioether linkage formed by bromine displacement between



purified activated CRML97 was assayed by the Lowy assay to determ ne the
protein concentration and then diluted with PBS to 5 ng/nL. Sucrose was
added 15two2%dmusdonel as a cryoprotectant and the acti vareu/yscanesasvas
frozen and stored at -25C until needed for conjugation. 102691
Brompacetyl ati on of |ysine residues of CRM[97 was very consistent,
resulting in the activation of 19 to 2%82lysines from 39 |ysines avail abl e
(see, Table 16). The reaction produced high yields of activated protein.

20Tabl e 16: i TR MoRGEtYd @t & I(QRMPQZ Preparation
Lysi nes Activaﬁ(ll%§?c Megﬁ T }pﬁ{y& (oW r)H"a‘QJty 3785 <) 20 38 87 3
19 35 “capped” w1th cysteamme hy rochlorlde (2-aminoethanethiol hydrochlonde) The

reaction mixture was then concentrated and diafiltered. The remaining
unconjugated bromoacety! groubs were capped with cysteamine hydrochloride to
5 ensure no reactive bromoacetyl groups were left after conjugation. This formed a
coyalent bond between the thiol end of cysteamine and the acetyl group on the
lysine residue after displacement of bromine. '
[0266] 1. Thiolation of S. aureus Serotype 5 Capsular Polvsaccharide with
PDPH: The polysaccharide was first activated by thiolation with PDPH. The
10 polysaccharide was mixed with a freshly prepared PDPH stock solution (250
mg/mL in DMSO), an EDAC stock solution (90 mg/mL in diH»0), and MES
buffer stock solution (0.5M, pH 4.85) to make the final solution 0.1 M MES, and 2
mg and 4 mg capsular polysaccharide/mL while maintaining a capsular |
polysaccharde:PDPH:EDAC ratio by weight of 1:5:3 for serotype 5 capsular
15 polysaccharide. This mixture was incubated for 1 hour at room temperature and
- then dialyzed against a 1000X volume of distilled H,O four times using a 3500
MWCO dialysis device at between 4°C and 8°C to remove unreacted PDPH. The
PDPH-linked polysaccharide was made 0.2 M DTT and incubated at room
temperature for 3 hours or overnight at between 4°C and 8°C. Excess DTT as well
20 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
eluted near the void volume of the column were pooled. The pool of fractions was
assayed by the PAHBAH and the O-acetyl assays to determine the degree of
25 activation, which is expressed as a molar percent of the repeat units containing a
thiol group (molar concentration of thiols/molar concentration of repeat units).
The activated polysaccharide was lyophilized and stored at -25°C until needed for
conjugation.
[0267] The results from the reproducibility of serotype 5 polysaccharide
30 thiolation with PDPH are shown in Table 15. Degree of activation of serotype 5

polysaccharide was in the range 11% to 19%, which corresponds to approximately



77 4 2/ 35 94 5 23 35 87 - 84 - PreparationLysines ActivatedScal e
(my)Yield (n=)(cl/0 ww 62548104 102701 3. Coupling Reaction: Once the
act i vat edwoapswl4eoopol ysacchari de and activated carrier PCOIUS2010M089423
prepared, the two were conbined in a conjugation reaction. The |yophilized
and thiol ated pol ysacchari de was dissolved in 0.16 M 5borate pH 8.95, nixed
wi th thawed bronpacetyl ated CRML97 andggistilled water to make the final
solution 0.1 Mborate, 1:1 w/wt ratio of CRML97: pol ysaccharide, and 2

my/ . Ser otypeo R 1GARSHRLIC BRINSARFARLI AR pllilRoillitd E S WS J S DAl ed at
room t enperat ure et ween 58 hodr Unr eac ronoacetyl groups
on the protei nllnhetrleolefalﬁm@dfwe%mnﬁg cysteanm ne hydrochloride at a ratio of
10CRM 97: cysteanm ne of 1:2 (wJ/wt) using a 135 ng/nL stock sol ution of
cysteani ne di sse/ed Achivldiod o cBayRtseCapidif POSsaantdridancitrrad--f or 4 hours at
room t enper at UR&rodlibigilicenedy € pol ysacchari de- CRML97 conj ugate (conjugate)
was purified by diafiltering 50-fold against 0.9% NaCl using a 100K

pol yet her sul f oneSeubtyp@d i | t €ry civation Scale Yield
haride-
POlyS]‘)‘lc)cP:;" € (% Mgu/Mgy) mg mg_ (%, wiw)
! 1 23 19.6 (85)
2 13 30 28 (93)
3 19 30 23 (77)
4 15 32 . 29 (90)
5

[0268] 2. Carrier protein activation: Separately, the carrier protein was
activated by bromoacetylation. CRM,y; was diluted to 5 mg/mL with 10 mM
phosphale buffered 0.9% NaCl pH 7 (PBS) and then made 0.1 M NaHCO; pH 7.0
using 1 M stock solution. The N-hydroxysuccinimide ester of bromoacetic acid '
10 (BAANS) was added at a CRM o7 :BAANS ratio 1:0.25 (w:w) using a BAANS
stock solution of 20 mg/mL DMSO. This reaction mixture was incubated at
between 4 and 8°C for 1 hour then purified using SEC on Sephadex G-25. The
purified activated CRM|9% was assayed by the wary assay to determine the
protein concentration and then diluted witH PBS to 5 mg/mL. Sucrose was added
15 to 5% wt/vol as a cryoprotectant and the activated protein was frozen and stored at
-25°C until needed for conjugation.
[0269] Bromoacctylation of lysinc residues of CRM, g7 was very consistent,
resulting in the activation of 19 to 25 lysines from 39 lysines available (see, Table

16). The reaction produced high yields of activated protein.

20 Table 16: Yiclds and Degree of Bromoacetylation ofCRM,_gl;

Preparation  Lysines Activated Scale (mg) Yield -
(n=) (Y wiw)

1 24 23 85

2 20 38 87

3 19 35 77

4 22 35 94

5 23 35 87



15102711 The results fromthe reproducibility of serotype 5 capsul ar

pol ysaccharide thiolation studies with PDPH denonstrated that the degree of
activati omowasl/i4moBhe range of 11%to 19 % which correPpdn$Eg010039473
approximately one |linker nolecule attached per ten CP repeat units to one

| i nker nol ecul e per five repeat units. Conj ugat i on of
Serotype 5 Capsul ar Pol ysaccharide to-GRMLO97 by 20CDT Conj ugati on

Chem stry. 102721 CDT affords a one-step conjugation process where the

pol ysacchari de i vated. 1.0, hyd vir nt (DVBO) to form
triazole car bar'rJﬁ pé'%ﬁr}t()’f'et ilg}gmepA_ FLaa\?/egi I a%ﬁgkaﬁﬁlggr o%;;ﬂgﬁqud acyl i m dazol e or
acyltriazole moieties with carboxylic acids Addition of a protein carrier
(in DVBO) |eads tobthe nucl eopddilic 25di spfacenent 1@ the triazole by

| ysine and formation, of a carbamate finkage (for activated hydroxyls) and
the am de |i nkage (for_ activated carboxylic acids). The reaction soltition
is diluted ' 1010R&d 3 fiear/ig RegfilietruQnSShe et Birdicapspl eplafastiedds andr -

plﬁri fication 3%&&%&9&&1’& B{loteHS Wik f)xiebzfrécf?-thie@»fib were Cﬁﬁbir_leéilloaz&]ugm-ﬁl colnj ugafj i on
chem stry produced serotype 5 capsul ar pol ysaccharide covalently linked to
the carrier prB2€I°H, TWP’%"E‘"\%&%“}%NH?‘&‘ ?ECQYSB%}%‘EW@ B¢ g'ésé’h"ég‘"gdrl e sacchari de
and protei s i nbérie pARAGS] haabw il bavS] ze@nexaylusd ORMeh aaidiitidlgd apbytp and by

am no acid anal ysi f . gl ycol al dehyde capped .or t eam ne, hydrochl ori de
capped 5con; ugﬁ%ée.tﬁiﬁ’f&%}f}iﬂngﬁnﬂg?%mb%fyﬁ% RIS S ‘I‘“’?’%’r‘ﬁs?cﬁgar%?’epar ation of
several | ots ofndong/ufatreypps eqpariadolyyachatife. PDRHniawd VG eobaediast ri es for
serotype 5 cap i d i LN to 40 kDa
is shown in Ta ﬁ%lenqi'?&ggé%g%?% %rgérnel%v@é g‘?ﬁ"é‘hsid‘g‘%ﬂg‘g‘g}g?"’ﬁ%‘# f?%(r)l@%gs in the
free capsul e pdkymecwer rabecd pysaddog eysteampe hydrgdipeiehatrdi el @r ot ei n and yi el ds
of conjugates GRVES,AIRAmK of NOIRUCONMBAT IS RDBLISHItiESor The antigenicity
of conjugated serotype 5 capsul ar pol ysaccharide was not altered by :
conj ugati on asSYBAPIaYER s 1 GEMt horare I 87 prdipgrbarhiar HBWERP%8bnj ugat es and
native pol ysacehpéh@e. The capsuld pddystechatidc ORM §CdoRugalcbizath waer ot ype 5

Ca I Pol i de, - 5P T ' ti Chemi stries.
CPPr ot of N co PR PEICRIATGF il toraaen ok b as Pttty Shigoka (o6 <
0.3), Chem str ykéfiited) %Rati o(/ 0) (% Modi fi edsacc/ prot)) -

CDT19- 27351%' 5- RIZ?I]]O_TA}\gfe]éL}I s_i‘r20%1 tﬁpﬁilﬁl%gﬁc%ﬁtgb?sge%t&p_ejS'cQ;%%Ta? [Qo sacCharide

thiolation studies with PDPH demonstrated that the degree of activation was in the

range of 11% to 19 %, which corresponds to approximately one linkér molecule

attached per ten CP repeat units to one linker molecule per five repeat units.

Conjugation of Serotype 5 Capsular Polysaccharide to CRM,¢7 by
20 CDT Conjugation Chemistry.

[0272] CDT affords a one-step conjugation process where the polysacchafidc is
activated in an anhydrous environment (DMSO) to form triazole carbamate
moieties with available hydroxyls and acylimidazole or acyltriazole moieties with
carboxylic acids. Addition of a protein carrier (in DMSO) leads to the nucleophilic
25 displacement of the triazole by lysine and formation of a carbamate linkage (for
activated hydroxyls) and the amide linkage (for activated carboxylic acids). The
reaction solition is diluted 10-fold into an aqueous solution in preparation for

purification by tangential flow filtration.



38/61 to 76/ 74 7.5 x 10510 2.3 x 106 ND = not detected 102751 As shown
above, the nethods descri bed herein may be used to produce specific ranges
of desiresolngl4mmBecul ar wei ght capsul e pol ysacchari deeCTMS2208804g0t t o
prepare conjugates froma pre-sel ected range of high nol ecul ar wei ght that
could be filtered and purified serotype 5 capsul ar pol ysaccharide for use

I n I mmunogeni ¢ conpositions. Table 18 .ggmmari zes the anal ysis of serotype 5
capsul ar pol ysaccharide conjugates where the serotype 5 capsule

pol ysacchari de g [. f bout 119

kDa and actlvaorzzﬂ gﬂyfghfg%ﬁggh ém?ﬁﬁ &ﬂfﬁgghgsgﬁﬁwggm§gﬁlhﬁggof t he

resul ting conJugakebﬂm&ﬁgedWﬁﬁUn1m5@®,wmd1vﬁ1%@@&dUYH@IW®ﬁﬁePf%¢ conj ugat ed

| ysi nes per C&ayﬁ'éaﬁ?e H)% inﬁ%ﬁtut“s%m@tze %gchxs%n%hrlom&fogrfap@and-[?e free
| ow

capsul e pol ysacc] an ed froma high of 18%to a - 86 -
Tabl e 18: Conj upiae exd W’b’ﬁ's Pf gueoladdehyds CWF‘éErLﬂyé?a“Wﬁ @Htocﬂaw{féaw Serotype 5
Capsul ar Pq ysagahaeide. Run Poly MW (kDa) Yield (% Free Sacc. (% MN by
SEC- MALLS (kEﬁP LyS|nes Modifie

A summary of the regults from the preparation of several lots of
conjugates prepared by both PDPH and CDT chemistries for serotype 5 capsular
polysaccharide sizes in the range of 20 kDa to 40 kDa is shown in Table 17 below.
There were no significant differences in the free capsule polysaccharide, ratio of

10 polysaccharide:protein and yields of conjugates generated by these conjugation
chemistries. The antigenicity of conjugated serotype 5 capsular polysaccharide
was not altered by conjugation as portrayed by identity precipitin linc between

conjugates and native polysaccharide.

Table 17: Characterization of Serotype 5 Capsular Polysaccharide-CRM g7
15 Prepared by Two Conjugation Chemistries,

cp Protein Free Free Size (MW or

Yield Yield Output  sugar Protein Lysines Kd (% < 0.3),
Chemistry (%) (%) Ratio (%) (%) Modified sacc/prot))
CDT 19-27 35 0.5-0.8 10-40 <1 18-22 38/61 to 76/74
102
PDPH 26-52  40-99 0.4-1.0 23-50 ND ND Z?O’f 1071023

ND = not detected

[0275] As shown above, the methods described hercin may be used to produce
specific ranges of desired high molecular weight capsule polysaccharides. We

20 sought to prepare conjugates from a pre-selected range of high molecular weight
that could be filtered and purified serotype 5 capsular polysaccharide for use in
immunogenic compositions. Table 18 summarizes the analysis of serotype 5
capsular polysaccharide conjugates where the serotype 5 capsule polysaccharide
ranged in molecular weight from about 92 kDa to about 119 kDa and activated

25 with triazole (CDT). The molecular weights of the resulting conjugates ranged
from 1533 kDa to 2656. The number of conjugated lysines per CRM¢7 ranged
from a high of 22 to a low of 15. The free capsule polysaccharide ranged from a
high of 18% to a low of 11%.



2 3 4 121 92 119 115 63 72 74 63 11 16 14 18 2130 1533 2656 1911 19 22 15
15 102761 Both conjugation chem stries produce serotype 5 capsul ar

pol ysacchaioizde/Bemsal ently |inked to Carrier protein. TRETASAMH0D3NA3
significant differences in free capsul e polysaccharide, ratio of serotype 5
capsul ar pol ysaccharide: protein and yi el ds of conjugates generated by these
two nmet hods. Exanple 11: Conpl ex versugsOne-Pot CDT Processes. 102771 As
descri bed above, nethods for meking the i mmunogeni c conjugates of 10 the
invention involye, coval cok.COR PALL.QR M REWEARSUL A ROl ygagchar i des wi th
the carrier pr E‘.bpﬁhl llSPOHl\%i&l: @) ugatton chem stry rnvoiving COT

(1, 1-carboyl -d azol e) or PDPH (3-(2- pyr| dyl di t hi o) - pr opi onyl
hydrazi de). Use of CDT p(ﬂ,sulted in a one-carbon or zero-carbon |inker

bet ween capsul ar pol ysagehar i dgjend cdreq er MWheISEC- Whiysmesise of PDPH
results in a fRyge car berpd)i nkeywgont 3Ky cawalsnkpa5St Mbaather bond

bet ween capsul-a+—pelysacechari-de—anrd—earrer—proteti—i0234+—Hre—PDPH based
met hod was a nul.tii - steplrocesss3t hat i mvol ved az3dbvati on ofl19t he

pol ysacchari de, r2enoval 9%f a thi2ol profiécti ng gr8d8p on the 3ol ysacchari de,
purification of 't3he actiMated pdl ysacchari de i n26ébnedi ate, &ctivation and
purification of the protE n car@dier, amdl conjugHtlion of thelSactivated
20conponent s fottowed by purificatiom mthirs method,S—aureus scrotypc 5
capsul ar pol ysacchari des were reacted with PDPH and a carbodiinide in an
organi ¢ sol vent023¢lc HBasscomvrion shasrigties o dPESPIEroPA R 62Psple RPYAREMEKF des. The

PDPH-| i nked; polyar&BNRkbA8aer Rotkif ACLELwWWE h signifi@dUGEehad8Mc t O produce
activated pol ysaccharides that were then purified. Carrier proteins were

react ed 25w t h¥WPEmRRvatehidsdriP ¢iferaPo? @[’&FHI‘B PelFasERFIEOSIGAice acti vat ed
carrier protei pgidi bdonpel® gbhedicduyrhdsé e meli@s.puri fi ed activated serotype 5
pol ysacchari des were .

Example 11: Comp.lex versus One-Pot CDT Processes.

[0277] As described above, methods for making the immunogenic conjugates of
10 the invention involve covalent conjugation of the capsular polysaccharides with the
carrier proteins using conjugation chemistry involving CDT (1,1-carboyl-di-1,2,4-
triazole) or PDPH (3-(2-pyridyldithio)-propionyl hydrazide). Use of CDT resulted
in a one-carbon or zero-carbon linker between capsular polysaccharide and carrier
protein, while use of PDPH results in a five carbon linker containing covalent
15 thioether bond between capsular polysacchafide and carrier protein.
[0278] The PDPH-based method was a multi-step process that involved
activation of the polysaccharide, removal of a thiol protecting group on the
polysacéharidc, purification of the activated polysaccharide intermediate,
activation and purification of the protein carrier, and conjugation of the activated
20 components followed by purification. In this method, S. aureus serotype 5
capsular polysaccharides were reacted with PDPH and a carbodiimide in an
organic solvent such as DMSO to produce PDPH-linked polysaccharides. The
PDPH-linked polysaccharides were reacted with a reducing agent to produce
activated polysaccharides that were then purified. Carrier proteins were reacted
25 with bromoacetic acid in an organic solvent to produce activated carrier proteins

that were then purified. The purified activated serotype 5 polysaccharides were



- 87 - then reacted with the purified activated carrier proteins to produce
serotype 5 polysaccharide:carrier protein conjugates. 102791 In contrast,
t he CDT- bsieedimm@idweds wer e one-step conjugati on processesT/uspomiosens t he
capsul ar pol ysacchari de was activated in an anhydrous environnment 5(i.e.,
DMSO) to formtriazole carbamate noieties wth avail able hydroxyls and
acylim dazole or acyltriazole noietiesgmth carboxylic acids. Addition of
the protein carrier (in DVBO) lead to a nucleophilic displ acenent of the
i mdazole or tpi f l'i nkage (for
activated hydrglx[s'all%%t ﬁb %@lrn@d e Fér)fffm%(?g 6“? a@f) ?@gt eﬁ%egsr boxylic

aci ds), therebyolpemlwrndelcwgleltmetemrmwmsugat| on to proceed in "one pot.
Accor di ngly, t ya:6DT; basad, tﬂ?&ﬁ?%%qeﬁ@feﬁno&jse\%% OR&Ep cBnjfiiSh HORIEX Process
and a sinpler one-pot process. In the nore conplex process, S. aureus
scrotype 5 capsuthgh (potapsite eplxsar dagdoyers actyalih B daly digue BMVirRl B ol e or

triazol e and tb%nDm@ﬁtt@farmwrtaao@BTbanateaﬁblareganh Qvaaﬁ)cllé/%?oxf/ﬁldﬁ‘d”' as DMSO) and
about 0.2% w v water to produce activated serotype 5 15po %ﬁaccharl des. The

activated ser of“‘y'b’@‘dsz%"o‘l’ryf@é{'é'(‘}ﬁé“r mefgles Weth SarpRi s fed AP heHhs eact ed wit h

carrier protei p®teintatrRe(i® DY) tead @ a/relalboﬁholcmrspdmnsmmly\pﬁzcﬁe or
pol ysacchari de; carri er was sinilar

rot 0cess
to the conpl ex rB?od‘bléyslgm S‘Erm?%%‘tdff’fgﬁ%&%{%aﬁ ]\Pﬁf’%a’d%éé%)gﬁ?géy xﬁo? ysacchari des
wer e not puri f aeldhqamidy litkeget (e actvaed covpxwid doidskrheicby pgpmotirei ths. 20CDT

Conpl ex pr %Ces§on,1u§2x§o(?\o? 9%&!&! t'o%‘%o‘?f ,§%5r(a ?tv\&%t(?lﬁ%lﬂ:oa&etﬁ@ds ccharl de:

Serotype capsu sacchar! de was m X triazol e/ g serotype 5
capsul ar pol yséﬁyelhmdf dencahebnipyes phickss 2edia silfpler aneal rrpqses. date meess di ssol ved

in DVBO at 2.0 Jﬁ%l&%&tcéé A a§re9@§%§o%&Lp2% c%ﬁlx%%&@fidrﬂ@! »w?&conyaenae@t er content

was determ ned and a % freshly prepared stock solution of
CDT at 100 ny/ hith lrwdq_wser mgoleawébfntr@ctaémtwwan pergPlicEolshtdsickxcess anmount

of CDT conpar egs 5sdNdabaUd 02%0b v GRRr toprddaENREiVavaRl s¥rotypb® amount of CDT
added may be adjusted to achl eve a hi her or | ower dggr ee ofq%l ctivation.

This was Held B@ysﬁ‘fCﬁi‘ﬂd@% agtpeted $e506A° ROLYSRGCPATISES e BYrificdatd Yt ed Ser ot ype
5 Capsul ar Pol ysaedcwias dagker prbfegns in3fic slcghrua sowamat) pﬁﬂﬁdc\é&b@ﬁc scrotype 5

capsul ar pol ysaccharid oure ter to
o o oRoes o b s RuPRLS Tt Pehest Ryt e MR “on o 10
kDa PES rrenbr acxmmaxtx paEpssexicpahaltye a];txvugpﬁserﬂty@snﬁpcdysacfchdxrtdesrwde net 88 - agai nst
wat er for ?m?rfftcd&Q%Yglhy%alonthcar?Eex&d $ conpleted in less than 4

hours. The dla materiral was m wth 10 g triazole/g of original
serotype 5 pol ysaccharide and |yophilized. 102821 Preparation of
Lyophi | i zéf CRM CRM was di afil tgPél'oC%g’la‘ixrﬁ’é"ccc% 4% 5 NaCl / 5% sucrose at

const f’a‘nt vol unﬁ) (ﬂ Ac zvatzon 8/{);*0%%% ?ular IJORJ a: za’e a§tot§%oe 5Vc(21| slilj ar s. The
protei n concentrati on was deter ned’and  SUt¥T ¢ ént it 1 on buffer

was added to bp(ilwgcctntr@lep\ra@n@ied with i e miazodt/§ rtype SSaBulgs lkolysa@bzsrldaf fording a
ww ratio of N?n d0 'l%c rthﬁngéBMa 143&/19&3'.”1 b'NFSin t2.0 nc]j[}g?&% SCOI’lj ugati on:

Activated, diafil r ser ot ysacchari s di ssol ved
in DVBO at | negpprlar pBbﬁaa@l@né%llnht iqunwza@r cmwtwm@na@dj@ui adiysted to

25 0.2%. A freshly prepared stock solution of CDT at 100 mg/mL in DMSO was
added to achieve a 20 fold molar excess amount of CDT compared to the amount
" of CP5. Alternatively, the amount of CDT added may be adjusted to achieve a
higher or lower degree of activation. This was held 30 minutes at 23°C.
[0281]  Purification of Activated Serotype 5 Capsu/dr Polvsaccharide: The
30 solution of activated serotype 5 capsular polysaccharide (ACPS5) was poured into
25 volumes of water to destroy excess CDT. This was concentrated to its original

volume on a 10 kDa PES membrane at approximately | mg/cm2 and diafiltered



achieve 2% v/v. 102841 CRM was resuspended at 2 ng/nL and, when di ssol ution
was conplete, conbined wwth the ACP5 solution. This was allowed to react at
4C for 20wbaorign41@32851 The conjugate reacti on was pour @GTiUsL@0D3949»| unes
of 5 mM borate 15pH 9.0 and allowed to stir at roomtenperature for 1. hour.
It was then adjusted to pH 7.5 with 0.5 M phosphate buffer, pH 6.5. This
was filtered through a 5 mcron filtergand concentrated to the original

vol unme on a 300 kDa PES nenbrane at a load of 1 ing/cnR2 and diafiltered

agai nst at | east l, npate wa
f?l Itefed t hr ou%ﬁmélt Qﬁﬁorqpéasp mférnggeé\?%%eﬁblg%dgﬂ%ﬂgy CDoT O'rsle Pot

Process [ 02861haGRMIGT divBlterddmaihamrgeixcORNILIYT e led offoriinesedypPd exchange

fromthe bul k gr&;l sh&h%de%[?cpfy@ﬁ%l%ﬁm y 10 i nM phosphat e/ 80 nM NaCU15%
sucrose, pH 7 to 5 inMimdazol e/ 0.72 % NaCl ,/ 15 nM

octyl - P- D- gl uc@é% arf@%ﬁad@"" pibyvphitasd CREe fRM N aflicsdagitshe 4%enoval  of

phosphat e and |yQ/s95&cW £ Rorfaft Wainfel J¥BND &Da PBS tBRbeANfoHgMab00 and defi nes
the sodi um chloride content carried int th,e%ﬁ)ng%‘llljfgat on

Oct yl - P- D- gl ucsin GG Rt inSoneqpfEiony cie RETHA af ter sterile
filtration. Theiffpdidaddeiito by &RM;% dOR@n1Ei6 h enyRg L hyustadfogimta al 1 ow

filtration agal st 30 %z 12% 5 mvi _
octyl - P- D-gl uc‘ﬁWra%\?ﬁ% %}Wg % g%’ ﬁ%ﬂ’?giﬁf unes usi ng 10K MACO PES
menbr anes at alozmerﬂoaﬁ:garmneemarealdmfnte@ﬂ sapppeoxdapmitae bylysécamyridel.  Typi cal
e e e FRSRIRS R PIRTR R h oo g MO BRbdcRR! O |07

concentratl on In rix was was stored at 2C-8C.
102871 Acti vatichy¥ajvlygat i on: The actl vati on/ conj ugati on process for S.

aureus serotypf z@f.ka@{reae,kaﬁa&pa@Ba{gmalﬁownsdnseaumn v&algl@orm&tow ng steps:
1) 5Conpounding o ésacc arid 2 freezin éophl lization of

CRMLO7 and conw@mémt ey RS cnltory &his gps f{bﬁoyé%ms%%“d% forﬁ hWophi | i zed

pol ysacchari dejoags] @Bw&zugaé)reaéﬁdnl Wadlpb@bd iafo 24REeIRPe! ySasMbaride; 5)
Conj ugati on of thgéﬁftl va saccharl de ta 6) Purification

of the corj uga‘f% torenhio SHF 97 FRPTHHC f%’t‘éPP‘i Zﬂ ‘F?Sﬂ'Ee,na'ingé}ﬁ(j 10102881
The pol ysacchagh (zle WARSD. mmpwpmﬂedxﬂm R 610 Tyisans ﬁtoefrcdlmamgh a b micaaol e

teﬁg' B'Olegg b hateagn Lon&ﬁ! %Sﬂcﬁnf‘orn'é%% om% o%X%bﬂ mcme}dl%ea&’igsmangf‘g’grof
m xi ng at anbi bartoft~elmpg/matuﬂ@xaﬁltered_ﬁgz&gtbt TEhBel@m‘mwrmdwdtepdﬂhysaccharl de and

CRMLO7 were s hx%LLJltng [ B&&Hhrate was filtered through a 0.22 micron filter and stored at
20 2°C-8°C. ' |

CDT One Pot Process

[0286] CRM,o; Matrix Exchange: CRM,q; was diafiltered to exchange from the
bulk matrix of approximately 10 mM phosphaic/S() mM NaCl/15% sucrose, pH 7
10 5 mM imidazole/0.72 % NaCl,/15 mM octyl-B-D-glucopyranoside, pH 7. The |
25 exchange allowed the removal of phosphate and sucrose which are detrimental to
the conjugation and defines the sodium chloride content carried into the
conjugation. Octyl-B-D-glucopyranoside is added prevent particle formation after
sterile filtration.
The matrix of the CRM,¢7 was exchanged by tangential flow filtration against
30 5 mM imidazole/0.72% Nacl/15 mM octyl-B-D-glucopyranoside, pH 7 through
10 diavolumes using 10K MWCO PES membranes at a retentate concentration of

approximately 4 mg/mL. Typical membrane challenge was 2 grams/ft2 and the



15separately using a -75C et hanol bath. The volunme per IL bottle was
approxi mately 500 nL. 102901 For the pol ysaccharide dissol ution, DMSO was
added to wheoiwmdioasddual | yophilization bottles of the peCydasechasisde to
obtain a suspension and then transferred to the activation/conjugation
reaction vessel for heating. DVBO was 20added to obtain 2 g/L A
concentration. A clear solution was ohtgaiLned after 5-10 m nutes of m xing.
102911 For the CRML97 dissol ution, DI\/BO vvas added to the indi vi dual

| yophyli zati Or]ta e{ ttma?éReégé (gﬁc@r!tragonl in fhe marﬁJ ast6Qn%%Ea'Tpe @Rﬁ[ sion and

then transferre vess O Was ad to obtain 2
g/ L 25concent r sibiedn.2°@88C.ear sol ution was typically obtai ned in less than

15 m nutes. 10?093711 J&ﬁwpgmmggm};'ﬁ%@\@ﬁomn}aga[gn pHRSs RABPLAM,f or Karl

Fi scher anal ysi's eterm né noi sture content. "CDI was prepared as a 100
my/ L' sol uti onsqrﬁmm@sahdpmﬂawédor&tsteéOSthPrﬁﬂlllaw"@mé%sl)to type 5

pol ysaccharg decé,tmn@@mdy%xys&m&ﬁ&sn ymdreaﬁ%nhga RiflsE¥Rb M, ,COT whil e the

one- pOt Pprocess used mol ar @UI val ents Cont i nuous addition of
the CDT sol uti 81 sREeoysdsdrRoPRReghesiE:3) Risarlytion ofiha hopkilized polsgacchands v t 1

m xi ng. The remtcm.gmﬁAaivhmmtﬁe@oggaeaaﬁ@b,fspcr:o@lgamdmammaaivaa@ m nut es at
23C 2C. The re ctl n.was eterm activation level (UVY

pled t
220/ 205 nn) anBPYAERarYSH ﬁWé"é’cﬁnﬁm ‘ﬁgﬁl‘aﬁ?@?"g‘ﬁf @’Wgteé‘gldgﬂ’ to obtain a 1.5%

aqueous sol ut i enfiltrdthve, tedctiliration$ ol ut | on was then stirred for a m ni nrum of

30 m nut es at ﬁé&]qﬂﬁ}% loé%gl For co %% lt%qorgran}sogl’g,gtlgza})t]ed

pol ysaccharl de to ta 7 nL reaction
concentration. GXTWndpessehnpédolmm@r?dq rThDNB(Dwmgaiddéw aadde\derttlnr t he activated

pol ysacchari dep(ggslé&ﬁér% \V\fillltzhso'iU.ti)éL Elgamc-lc—ﬂ%crrl@s@%a'nqg] chs%Hnrxq f or a mnimm

of 16 hours at 23 102941 The reaction solution was 1 X diluted with
5 ni M sodi um t ebbigEmweelurpH 8.6 to obtain a final diluted pH of 9 0. 2.

The sol ution Wmssqtlﬁhaedn@uz&d Sﬂ;sam{anaeoﬁd@hm e odheiftrbRKrs. The diluted
sol uti on was passed thr oug7 f |ter and concentrated to a target

ret ent at e ‘ConcERFREYVERE B/ OX Q‘P?_“Olqﬂé‘hgTéﬁtVPlaF‘e PEroly PRIt 428t i on was per f or ned
usi ng 300K I’eg%ﬂfx&flﬁdjyﬁ(ﬁ)'dﬂLﬂ ose nenbranes through 20 di avol unes with 5 mv

succinate, PH lpalYRLeql o ERENR S0 LERIER, BRI il ol ¢
lyophilization bottles of the polysaccharide to obtain a suspension and then
transferred to the activation/conjugation reaction vessel for heating. DMSO was

20 ad.ded to obtain 2 g/L concentration. A clear solution was obtained after 5-10
minutes of mixing.

10291] For the CRM,y7 dissolution, DMSO was added to the individual
lyophylization bottles containing the CRM,¢7 to obtain a suspension and then
transferred to a second vessel for mixing. DMSO was added to obtain 2 g/L.

25 concentration. A clear solution was typically obtained in less than 15 minutes.
10292} The polysaccharide/DMSO solution was sampled for Karl Fischer
analysis to determine moisture content. CDT was prepared as a 100 mg/mL
solution in DMSO and was added at a § molar excess to type 5 polysaccharide (the
complex process used 20 molar equivalents CDT while the one-pot process used 5

30 molar equivalents CDT:CPS). Continuous addition of the CDT solution was
performed over about 5 minutes at 23°C + 2°C with mixing. The reaction was

allowed to proceed for a minimum of 30 minutes at 23°C + 2°C. The reaction was



15stored at 2C-8C. Exanple 12: Conjugation of Serotype 5 Capsul ar

Pol ysacchari de Usi ng One-Pot and Conpl ex Conjugation Process. 102951 This
exanpl e deounstmaiods t hat pre-sel ected range of nol ecul acTws2glgo46s
capsul e pol ysacchari des can be used for conjugation in either the one -pot
or 20conpl ex process. The |arger polysaccharides are initially produced by
the bacterial cells and the resulting.gplecul ar weight range purified can
be controlled by pH and heat of the hydrolysis process in Exanple 9. In

o S B e A S BRI o R DR P RNGE Sl 82 g
and conj ugat i oborwepHiewiscddeldo 0Bus k g Yemh¢onatalpionwil keredctipmodition (CDT) i n
ei ther the OneﬁRgﬁaﬂimﬁPﬁPLﬁﬁlBﬁﬂ%?ﬁﬁﬁﬁu@?é%ﬁ%pﬁgxabove See, Table 19. The

nol ecul ar wei ght e resulting conju%ates ranged from 1125 kDa to 2656
kDa. The nunbel0283 donfaniyaeted of (s peitvatedprlysaminridengeBMin.dMBOMgh of 22 to a

| ow of 15. sThe,diee t§r qal. srsm%‘grefa&ch&]cmtgxhorofrh@&s@tv@d erbowipf 11%  -91 -
Tabl e 19: Ser ot psul ar Pol ysacchari de Conj ugates Prepared with 90
DYfRGuisdven

kDa to 140 kDaP PRieg 4o og REAHEFLRD YS9 id8 SR Y BT Be BRI el d
(kDd) (/0) Freerc@ti@arval %TeWrQYnHSEQn oW hanrd & Deeclysicne

[0294] The reaction solution was 10X diluted with 5 mM sodium tetraborate, pH
8.6 to obtain a final diluted pH of 9 £ 0.2. The solution was stirred a 23 = 3°C for

10 a minimum of 4 hours. The diluted solution was passed through a 5 pm filter and
concentrated to a target retentate concentration of 2 g/L.. Tangential flow filtration
was performed using 300K regencrated cellulose membranes through 20
diavolumes with 5 mM succinate, pH 7. Typical membrane challenge was 1
gram/ft2. The purified conjugate was passed through a 0.22 micron filter and

15 stored at 2°C-8°C. |

Example 12: Conjugation of Sérotype 5 Capsular Polysacéharide Using One-
Pot and Complex Conjugation Process.

{0295] This example demonstrates that pre-selected range of molecular weights
of capsule polysaccharides can be used for conjugation in cither the one -pot or

20 complex process. The larger polysaccharides are initially produced by the
bacterial cells and the resulting molecular weig'ht range purified can be controlled
by pH and heat of the hydrolysis process in Example 9. In this example, eight
batches where the serotype 5 capsular polysaccharide ranged in molecular weight
from about 90 kDa to about 140 kDa were selected and conjugation was performed

25 using activation with triazole (CDT) in either the one-pot or complex processes
described above. See, Table 19. The molecular weights of the resulting conjugates
ranged from 1125 kDa to 2656 kDa. The number of conjugated lysines per CRM
ranged from a high of 22 to a low of 15. The free sugar ranged from a high 0f23%

to alow of 11%.



One Pot 11429311193219 21089314111720 31428517160915 41088623112515

Conpl ex11216311213019 2927216153322 31197414265615 41156318191115 Exanpl e
13: Serotwpeoh/@apsul ar Pol ysacchari de Conj ugat es Consi ®Cenuskg10584h3 bi t
Protection in Mirine Pyelonephritis Mddel. 102961 Serotype 5 capsul ar

pol ysacchari de conjugates were evaluated for their ability to protect mce
in a pyelonephritis nodel. Bacterial counts in the blood of mce receiving
i.p. S. aureus challenge were significantly reduced as conpared to controls

i muni zed Wi t hr RS9 1010097 kaflula; dpkalthdticdtba & RS wih 9URHa 2
significant regdUagkBNciJluie! pYiyilccKi-AREYS Th 1hnuni zed animal's (Figure 9).
When these studies were pooled for neta analysis, the overall significance

for the studies as a whole increased to bel ow 0. 000MMwbhe data showed
consi stent reduction of ki dneypegl oni maéd on gdi'fer acsiae vaccinations wth
t he capsul ar pol ysacchari de conjwgat evielbExat{¥%€ 14mA%aSot ype 5 Capsul ar
Pol ysacchari de Kosdstigaras Pr ep&bay by (E$)f f er e¢%) Conj@DaX i ohystieem stri es
Protect M ce AgarAst—PBopertrenrta—tnfecttons—162981+—Acttve—Tmmumi zati on
studi es in theOmurdtne pyé&l onephr2tis nBdel werdé condi®PRed witlh serotype 5
capsul ar pol ysacchari de 2onj ugd0&s prepared eilther by!!Z0PDPH28r CDT
chenmi stry. The nethods f&r conjld4gati ng8tapsul &7 pol ys&@chari dés to CR1\ 4197
are described above. Restilts shé%ed th8& both28onj ught?és reddée
col oni zation ig,mce conmpared t@;the sham i mmyni zed argoral s (Fabl e 20). -
92 - Table 20: Effect ofp PDPH &s. CDT7£onj ugati on onsiBr ot eckpon Agai nst S.
aureus Chal l enge in Pyel gnephriitips Moded . 14 2656 15

4 115 63 18 1911 15

Example 13: Serotype 5 Capsular Polysaccharide Conjugates Consistently
5 Exhibit Protection in Murine Pyelonephritis Model.

[0296] Serotype 5 capsular polysaccharide conjugates were evaluated for their
ability to protect mice in a pyelonephrifis model. Bacterial counts in the blood of
mice receiving i.p. S. aureus challenge were significantly reduced as compared to
controls immunized with PBS.

10 [0297] All six individual studies showed a significant reduction in cfu/ml
kidneys in immunized animals (Figure 9). When these studies were pooled for
meta analysis, the overall significance for the studies as a whole increased to below
0.0001. The data showed consistent reduction of kidney colonization after active

vaccinations with the capsular polysaccharide conjugate.

15 Example 14: Serotype S Capsu.lar Polysaccharide Conjugates Prepared by
Different Conjugation Chemistries Protect Mice Against
Experimental Infections.

[0298] Active immunization studies in the murine pyelonephritis model were
conducted with serotype 5 capsular polysaccharide conjugates prepared either by

20 PDPH or CDT chemistry. The methods for conjugating capsular polysaccharides
to CRM, g7 are described above. Results showed that both conjugates reduce

colonization in mice compared to the sham immunized animals (Table 20).



Study #Antigens Strain/Dose | ogCFU Ki dney Significance Study 1Sal i ne+Al PO4

PFESA0266 5.53 1.90 |

mcg CP5- CRM (PDPH) +A1PO4 2 x 108 3.01 1.83 p

<0. 001 1 WOQOORE1@RM ( CDT) +AIPO4 1.67 0.23 p < 0. 000PCHtUSAY10/039473

2Sal i ne+A1PO4 PFESA0266s 6. 17

10

-92 -

1.76 1 ncg CP5- CRM (PDPH) +Al PO4

Table 20: Effect of PDPH vs. CDT Conjugation on Protection Against S. gureus

Challéenge in Pyelonephritis Model.

Study # Antigens Strain/Dose logCFU/Kidney Significance
Study 1 Saline+AIPO, PFESA0266  5.53 + 1.90 .
I mcg CP5-CRM (PDPH) _
+AIPO, 2x10° 3.01+183  p<0.001
1 mcg CP5-CRM (CDT)
+AIPO, 1.67+0.23  p<0.0001
Study 2 Saline+AIPO, PFESA0266s 6.17 +1.76 _
1 mcg CP5-CRM (PDPH)
+AIPO, 2.7x 10° 3.06+1.69 p<0.000]
1 mcg CP5-CRM (CDT)
+AIPO, 1.87£0.69 p<0.0001

Example 15: Active Immunization of Serotype 5 Capsular Polysaccharide
Conjugate Protects Rats in a Rat Endocarditis Model.

[0299] Four studies were conducted with CP5-CRM,9; PDPH conjugate. The

serotype 5 capsular polysaccharide conjugates significantly reduced recovered
CFU after challenge with S. aureus PFESA0266 in both the heart and kidneys in 2
of 3 experiments (Table 21). In the third study, the Geometric Mcan Titer (GMT)

anti-CPS5 titer was the lowest of the three experiments, but it was only slightly

lower than in the previous experiment.

Table 21: Serotype S Capsular Polysaccharide-CRM;¢; Immunization Reduces

CFU in a Rat Endocarditis Model.

Log CFU
Recovered Significance GMT
Immunogenic Challenge CP
Composition Strain/Dose Heart  Kidney Heart Kidney Titer
< 434+ 3.92+
1 meg CP3-CRM PFESAQ266 178 173 . 103,000
. 8 7.94+ 6.77+
1 meg PPS-CRM 221 x 107 cfu 078 0.79 p<0.001 p<0.05
443  3.11%
1 mcg CP5-CRM PFESA0266 230 233 51,000
Saline 6.5x 107 cfu 3.63% 4.19% No No

2.48 2.05



2.7 x 108 3.06 1.69 p <0.0001 1 ncg CP5-CRM (CDT) +AlPO4 1.87 0.69 p <
0. 0001 Exanpl e 15: Active I muni zation of Serotype 5 Capsul ar

Pol ysacchwioi2de/B0maj) ugate Protects Rats in a Rat Endocardirftisgoivose’s 102991
Four studies were conducted with CP5- CRML97 PDPH conjugate. The serotype 5
capsul ar pol ysacchari de conjugates significantly reduced recovered CFU
after challenge with S. aureus PFESA0266-in both the heart and kidneys in 2
of 3 experinments (Table 21). In the third study, the Geonetric Mean Titer
(GMN) 10anti-CP5 titer was the |owest qf,d¢die three experinents, but it was
only slightly lower than in the preV|ou&ma*per|nenmmw&able 2kcmSerotype 5
Capsul ar Pol ysacchari de- CRML97 | mruni-zat-i-ofnr—Reduces—CFd—+r—a—Rat—

Endoc, arditis NQQQbSCRMInnunqgﬂpapCdePengé“Ebnpos|t|onStralmmapse 1 ntg
CP5- CRVPFESA0266 1 nmeg PP5- CRVR, 21 x A8 cflh,1 mcg CP5- CRVPFESA0266

Sal i ne6. 5x 10" Saifey 4.0x 10° cfu {38 17 P<00002  p<0.0002 .

Example 16: Enhanced Immunogenicity of HMW CPS Conjugate Vaccines
in Mice Compared to LMW CP5 Conjugate Vaccines

I0300] A murine pyelonephritis study was conducted to evaluate the
immunogenicity and effectiveness of different CP5 conjugate formulations. Two
5 formulations were tested: The first formulation was composed of a high molecular

weight (HMW) CP5 (approximately 300 kDa) conjugated to CRM197. The
second formulation contained a low .molecular weight (LMW) CP5 (approximately
25 kDa) conjugated to CRM197. Three dose levels were tested for the HMW
vaccine (1, 0.1 and 0.01 mcg). The LMW vaccine was tested at | mcg. A negative

10 control group was also included composed of a polysaccharide conjugate vaccine
derived from Streptococcus pneumoniae conjugated to CRM197 (PPS5).
Polysaccharides were formulated with 22mcg AIPO4 on weeks 0, 3 and 6 and
challenged with S. aureus PFESA0266 on week 8. Kidneys were harvested and
bacterial colonies enumerated 48 hours after challenge. Both vaccines were

15 effective at generating an immune response and a reduction in CFUs of S. aureus
PFESA0266 was observed from the kidneys ofmicé vaccinated with the 1 pg
groups of both HMW and LMW vaccine. This was dosage dependent as
demonstrated by reduced effectiv'eness from the lower vaccine dosages (Figure
10). The CFU readout was not sensitive enough to detect a difference in efficacy

20 for the HMW and LMW vaccines. Sera from the mice were therefore tested by
OPA. OPA titers were defined as the dilution of serum required to kill 40% of S.
aureus Strain PFESA0266 in an OPA assay. Enhanced OPA titers were seen for
the HMW vaccine compared to the LMW formulation (Figure 11).

25



Log CFU RecoveredSi gni fi cance HeartKi dneyHeart Ki dney 4.343.92 1.781.73
7.946.77 0.780.79 4.433.11 2.302.33 5.634.19 2.487.05 - 93 - Log CFU
Recover ed80gni fi4cmn c e GVIT Exanpl e 16: Enhanced | nmunogemiuszaiy/0ad473-HMN CP5
Conj ugate Vaccines in Mce Conpared to LMWV CP5 Conjugate Vacci nes 103001 A
muri ne pyel onephritis study was conducted to eval uate the inmmunogenicity
and effectiveness of different CP5 conjoygate formul ations. Two
5formul ati ons were tested: The first formul ati on was conposed of a high

ol eCUl, ar Example 17: Capsule Polysaccharide Conjugates Comprising High

Molecular Weight Polysaccharides Show Enhanced
Immunogenicity Compared To Conjugates Comprising Low
Molecular Weight Polysaccharides.

5 [0301] Non human primate (NHP) studies were conducted to evaluate the
immunogenicity of different capsule conjugéte formulations. Two formulations
were tested at two different dosage levels (2 and 20 pg). The first formulation
contained a high molecular weight (HMW) polysaccharide (approximately
130 kDa) conjugated to CRM,9;. The second formulation contained a low

10 molecular weight (LMW) polysaccharide (approximately 25 kDa) conjugated to
CRM 91. Groups of five primates were vaccinated with a single dose of either
vaccine 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 40A%
of §. aureus Strain PFESA0266 in an OPA assay. Antibody titers were also

15 monitored by ELISA. Enhanced activity was seen for the HMW vaccine compared
to the LMW formulation (Table 22), evidenced by a ten fold rise in antibody titers
tor 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 A
40%).

20 Table 22. Enhanced Immunogenicity is observed for HMW polysaccharide
conjugate vaccines compared to LMW polysaccharide conjugate vaccine.

CP5-CRM197 dose | Geometric Mean | OPA Responder Rate
level (mcg) per of PDI* (%)x
animal
HMW (125 kDa) 20 32 80
2 - 21 80
LMW (25 kDa) 20 3 ' 40
2 8 40

* Fold rise calculated from CP5 ELISA titer 2 weeks post vaccination compared to pre
vaccine titers. = Responder rate calculated from monkeys generating a rise in OPA titer
following a single dose of vaccine 2 weeks post vaccination. Each group contained 5
Rhesus maccaques and vaccines were formulated with AIPO4 (250 mcg/dose)




wei ght (HWN CP5 (approxi mately 300 kDa) conjugated to CRML97. The second
formul ati on contai ned a | ow nol ecul ar weight (LMN CP5 (approximtely 25
kDa) conjwoarad41@3CRMLI7. Three dose | evel s were teste@Crars2elom3dRAN
vaccine (1, 0.1 and 0.01 ncg). The LMWvaccine was tested at 1 ntg. A
negative 10control group was al so i ncluded conposed of a pol ysacchari de
conj ugat e vacci ne derived from Streptogeccus pneunoni ae conjugated to
CRML97 ( PP5). Polysaccharldes were formulated with 22ncg Al PO4 on weeks O,

3 and 6 and chg| coharidt bEALS tiokigineys were
ofd wu% Raridt DL ﬁPzFEgé\Q rammgfdﬁt gk

harvested and r| al pg 90& Rﬁt.t?o’& QS @lpbflir Chal | enge. Both
vacci nes were 15effect| E&lyak chgﬁgg& e. AN i mmine response and a reduction

in CFUs of S. aureus PFESA0266 was ved fromthe kidneys of mce
vacci nated w t {p3dhe 1d dvél@al@ﬂh@liﬂﬁm@xfccbﬂ@hcerWoaI@dscch\éaﬁp‘dume Thi s was

dosage dependent as de strate redu ed ef fectjveness f t he | ower
vaccigne dgssage%o"(Sﬁcaﬂf‘got%?a“vﬁ'ﬁgs‘ﬁ%ﬂ SU‘fe Vig'es ?Ceg'gahegi(?é’gc enough to

detect a di ffear@mo&;ugalt‘bdecﬁ CRNH@YdO/%QCRMrw)tubeg Pmamdugawmmtsirmes Sera from

the mce were heref el [ as the

di lution of segr] UmT %qualv?e p}y(ff%é&/c %gﬁ Y15 wgﬁg‘ﬁ%rcgﬁém%%&AOZ% in an
OPA assay. Enhb)nﬂdﬁ:lwmftCRMres1rvven‘€lnsemiorfemrlt§h@d¢-HMN vacci ne conpared to
the LMV ormul ghpgn I&Efug%tﬁn Lhh-cofates la%n%mk& dGoaCapsul e

Pol ysacchari de Conj ugates Conprisrng Hi Ceculcar "W ght Pol ysacchari des

Show Enharided Cﬁwrf?elgdamr&wyrewmébwrrﬂﬁ%bmth@a@r@gs Adwisrdewi(Repleow

Mol ecul ar V\ei ghy 1rB§UabéSl%@©ha%Ethﬂﬁ&x is RagSARHE Tor MRt G TufRlibdAPdneib&dNEP) st udi es

were conducted to eval uate the i mMmunogenicity of different capsul e

conj ugate forni#idns. Two fornul ations were tested at two different

dosage levels (2 and 20 Ag) The f| rst for rruI ation contained a high

nol ecul ar vve|gb Ny DeiGlacdty ; ..1,0 kDa) conjugated to
- e Qom b ates . . hod § ationei ght  ( LMAY

pol ysacchari de (ap r oxi rrately 25 kDa) COI’lj ugat ed to CRI\/|197 G oups of five

primates were Sﬁa@irnat ed Atigeny si nPfraindyse LegCly/Klidney v adigmificapetd i nmrune

titers were TONItored prior _to vacclinaition and IWo WEEKS post vacci hation.

OPA titers werdidefi detredd SR di | ubiE08%0 serfirreduired to kill 40%of S.

aureus Strain PFESAO?G’BCgldQAer? Pépa assay. ,Antibody titers were also

15moni tored by ELI SACRfihanced activit¥%as s#8h*fdf the HMW vacci ne

conpared to the LMW flonaafIP4tGRIM (Tabl e 22), eVlideAdad yvaletedh00Bol d rise in

antibody titerg,fyor thg,.HMW vacci nepgapased &g hesLMV vacci ne. The OPA

responder rate for the,NdBs dpadt received the HWVvacci ne were al so higher

(80% conpared to 40%cr\O0Tabl e 22. Ephanged | ggyinqgenicity i s observed for

HVMW pol ysacchari de cqnjdgaisecp@cci nes conpar egloi 9 ,4LMV polysaqepari de

COI’]] ugat e vaccline
15

Example 19: Confirmation of the Importance of O-Acetylation as Functional
Epitope of Serotype 5 Capsular Polysaccharide By OPA Usmg
Monoclonal Antibodies With Known Specificities.

[0304] Scrotype 5 capsular polysaccharide monoclonal antibodies with

20 specificities to OAc+ (CP5-7-1), OAc+/- (CP5-5-1) and OAc- (CP5-6-1) were
evaluated for OP killing activity against the type 5 strain PFESIAO266 (Table 24).
Monoclonal antibodies to serotype 8 capsular polysaccharide (CP8-3-1 specific to

CP8 OAc+) were used as negative control.



CP5- CRML97 dose | evel (ntg) per aninmal CGeonetric Mean of PDl1* OPA Responder
Rate HMW (125 kDa) 20 32 80 2 21 80 LMW (25 kDa) 20 3 40 2 8 40 * Fold
ri se cal cwbavad4+iooom CP5 ELI SA titer 2 weeks post vacci raTiuspoioosqas ed to

pre

10

15

20

25

- 96 -

[0305] The OAc-specific anti-CP5S mAb CP5-7-1-mediated killing of S. aureus

PFESA0266 (Table 24). Also monoclonal antibody CP5-5-1, which recognizes
epitopes shared by both CP5 OAc+ and CP5 OAc-, mediated killing of the
PFESA0266 strain. The monoclonal antibody specific for epitopes present on
serotype 5 OAc- capsular polysaccharide did not mediate killing of the
PFESA0266 strain. These results indicate that O-Acetyl epitopes on serotype 5
capsular polysaccharide are necessary to elicit functional activity of

serotype 5-specific antibodies. '

[0306] Antibodies need to be functional as measured by the killing of bacteria in

an animal efficacy model or an opsonophagocytic killing assay that demonstrates

- the antibodies kill the bacteria. Functional killing may not be demonstrated us'ing

an assay that monitors the generation of antibodics alone, which is not indicative of

the importance of O-acetylation in efficacy.

Table 24: Monoclonal Antibodies Specific to O-Acetylated (+) Serotype 5
Capsular Polysaccharide and O- and de-O-Acetylated (+/-) Serotype S Capsular
Polysaccharide Are Opsonic Against S. aureus PFESA0266 (Type 5).

CP5-5-1 (0-Ac+/-)  CP5-6-1(0-Ac-)  CP5-7-1(0-Ac+)  CP8-3-1 (-control)
(mcg) (mcg) (mceg) (mcg)
20 10 5 2.5 20 10 52.5 20 10 5 2.5 20 10 5 2.5

28 33 30 21 -12 -5 -12 -5 31 46 49 55 -18 -3 -13 -5

Data reported as percent killing and was calculated by determining the ratio of the number
of CFU surviving at 60 minutes in wells with bacteria, antibodies, complement and HL-60
cells to the number of CFU surviving in wells lacking antibodies but containing bacteria,
complement and HL-60 cells.

Example 20: Enhanced Immunogenicity is Observed for CPS Conjugates
Composed of High Molecular Weight Polysaccharides
Compared to Low Molecular Weight Polysaccharides in Non
Human Primates (NHP).

[0307] Non human primatc (NHP) studics were conducted to evaluate the
immunogenicity of different capsule conjugate formulations. Two formulations
were tested at two different dosage levels (2 and 20 pg). The first formulation was

composed of a high molecular weight (HMW) polysaccharide (approximately 130



vaccine titers. Responder rate calculated from nonkeys generating a rise
in OPAtiter follow ng a single dose of vaccine 2 weeks post vaccination.
Each growvocontmioeed 5 Rhesus maccaques and vacci nes wePeTfuseomlozd4esl wit h
Al PO4 (250 ntg/dose) - 95 - Exanple 18: Pol ysaccharide O-Acetylation Is
| mportant For Induction OF Protective Antibody Responses To Serotype 5

Capsul ar Pol ysacchari de Conjugate. 103021 To eval uate the inportance of

O-acetyl ation of serotype 5 capsul ar 5pol ysaccharide, the native capsul ar

pol ysacchar i dek 20 rﬂ%ﬁ%cmllﬁ eﬂe gggtﬁc‘g rnﬂpgloﬁggﬂt&f%%taqav hR1eGIRLO 7

(dOAc- CRML97) u5| n conj ugation chem st r% scussed above. The
ef fi cacy of dOREIEIPJ(UPW@lemﬁﬂau%ﬁa@rw&@atélﬁr%é& BFoninghitdyio SRYE 9N t h

CP5- CRMLI7 i n g, Jype dite prmtgwmacahaiemm smgléh%%afehmmc;@awn with

conj ugates | acking 0O-acetyl groups (dO CP5- 0 CRM failed to reduce
recover ed bact EHIUE “@FSUVqr?\mf’%@fq@lPd‘ﬁ@y§a°CfPh‘é’§é‘“‘éiHYOaW‘{e*F%\lEﬂS'eva%')a“P‘hd| cate 't hat
0-acetyl atison OﬁAlnme&Jr@aEﬁnédJis tﬁd dlml&%ﬂsaﬁm@équﬂmmumad of@nhirliedi es agai nst -
CP5. Table 23: |nmunization wt at ed Ser ot Vﬁ(gf](? Capsul ar

Pol ysacchari de SteainTipa0a%e ‘haﬂoﬁétassli"?’ Of\%@PB)KAHEré Y Ki°d ¥l oni zat i on.
St udy #Ant i gensStsnaiprhdrosiecliagGhkkdsh dcnelyeSngw Ffat @@ @enparsd ubdye IJMWn:g

PP5- CRI\/PFESAOZ 63. 89 d0Ac W 1 nctg
CP5- CRML. 75 0! §§”‘§f°dé| ab%# ﬂ‘gc%ﬁt%ﬂd%%‘ﬁ 5%“‘f”‘8°°dy d‘(ﬁ& S CRVR. 4 X
1085.89 1.29 HMW gaccinbedmhteBd93the MM vaccine. The OPA responder rate for the

10 NHPs that received the HMW vaccine were also higher (80% compared to 40%).

Table 25: Enhanced Immunogenicity is observed for HMW polysaccharide
conjugate vaccines compared to LMW polysaccharide conjugate vaccine.

CP5-CRM197 dose | Geometric Mean | OPA Responder Rate
level (mcg) per of PD1* (%)
animal -
HMW (125 kDa) 20 32 80
2 21 80
LMW (25 kDa) 20 3 40
2 ' 8 40

* Fold rise calculated from CP5 ELISA titer 2 weeks post vaccination compared to pre
vaccine titers. £ Responder rate calculated from monkeys generating a rise in OPA titer
following a single dose of vaccine 2 weeks post vaccination. Each group contained 5
Rhesus maccaques and vaccines were formulated with AIPO4 (250 mcg/dose)

SUMMARY

15 [0308] Both conjugation chemistries, described herein, produced serotype 5
capsular polysaccharide covalently linked to the carrier protein CRM197. There
were no significant differences in free saccharide, ratio of scrotype 5 |
polysaccharide:protein and yields of conjugates generated by these two methods.
[0309] All publications and patent applications mentioned in the specification are

20 indicative of the level of those skilled in the art to which this invention pertains.

All publications and patent applications are herein incorporated by reference to the



p-val ue < 0.008 p-value < 0.02 15 Exanple 19: Confirmation of the

| nportance of 0-Acetylation as Functional Epitope of Serotype 5 Capsul ar

Pol ysacchwsioi2der/Byoo®PA Usi ng Monocl onal Anti bodies Wth Roows28pes%473 citi es.
103041 Serotype 5 capsul ar pol ysacchari de nonocl onal antibodies with
20specificities to QAc+ (CP5-7-1), QAc+/- (CP5-5-1) and QAc- (CP5-6-1) were
evaluated for OP killing activity agai-ngt the type 5 strain PFESA0266
(Tabl e 24). Mbnocl onal anti bodies to scrotype 8 capsul ar pol ysacchari de
(CP8-3-1 specific tao CP + t 96 -

103051 The CAc“?ﬁéé?tﬁéﬁéﬁﬁﬁ-éﬁgﬁhﬁﬁmégg aﬁmuﬁg%Fg¥gﬁpgg %h53g4 S. aureus
PFESA0266 ( Tabhra ididyidually sndicaighpciearratporied bl oxfigrereP5- 5- 1, whi ch recogni zes
epitopes shar efhyhiy_baku iR RGN Meon Rl Sohkicdibgy Of t he
PFESA0266 straln..The nonocl onal anti body specific for epitopes present on
Sserotype 5 OAWay @falystiation ap%wgla@émuwa@sef ‘darﬁbt)f YrATPBRIDEKTF P NG of the
PFESA0266 st I aiangel BREBodifGHbdsSndy e baaiced Whmh tRsApebithe pkidpes on serotype
5 capsul ar polysaccharlde are necessary to elicit functional activity of
serotype 5-spetffic antibodi es. 103061 Antibodi es need to be functional as

measured by the killing of bacteria in 10an animal efficacy nodel or an
opsonophagocytic killing assay that denonstrates the antibodies kill the
bacteria. Functional killing nmay not be denonstrated using an assay that

nonitors the generation of antibodies alone, which is not indicative of the
i nportance of O-acetylation in efficacy. Table 24: Mnoclonal Antibodies
Specific to O-Acetylated (+) Serotype 5 15Capsul ar Pol ysaccharide and O-
and de-O Acetylated (+/-) Serotype 5 Capsul ar Pol ysaccharide Are Opsonic
Agai nst S. aureus PFESA0266 (Type 5). CP5-5-1 (0-Ac +/-)CP5-6-1 (0-Ac
-)CP5-7-1 (0-Ac +)CP8-3-1 (-control)



(rmcg) (ncg) (ncg) (ncg) 20 10 5 2.520 10 52.520 10 5 2.520 10 5 2.5
28333021-12 -5-12 -531464955-18 -3-13 -5 Data reported as percent killing
and was cabcoliaue®3sby determning the ratio of the nunmbecTafS2@3603%1a3 vi vi ng
at 60 mnutes in wells with bacteria, antibodies, conplenent and HL-60
cells to the nunber of CFU surviving in wells |acking antibodi es but
cont ai ni ng bacteria, conplenment and HL960 cells. Exanple 20: Enhanced

| mmunogenicity is Observed for CP5 Conjugates Conposed of Hi gh Ml ecul ar
Wi ght Pol ysaccharides 20Conpared to Low Ml ecul ar Wi ght Polysacchari des
in Non Human Pgjgst egikddif) - 103071 Non hunen primate (NHP) studies were
conducted to evaluate the i munogenicity of different capsul e conjugate
formul ati ons. Two fornulatlOMSmm&mgyhe$b@dmamn&wmoﬁmk6@n§mi dosage | evel s

(2 and 20 M) first fo on was | ecul ar

e ght. (A pETEseR REFTHE PRRBI R eSS Egy R el A et eq 1o
CRML97. The secwmipgattdomkair poiemowbeadimed a | ow nol ecul ar wei ght (LMWA

pol ysacchari de (approxi matel, 25&5%@%9&%@%&9@%ng&ﬁm§3%‘%FofC}OUpS of five
pri mates were vacci nat ed with a s gl e dose of elther vaccine and i mmune
titers weré& nobdtvesn@t kpe amsk 100@kRaacci nati on and two weeks post vacci nation.
50PA titers were defined as the dilution of serumrequired to kill 40% of
S. aureus Strain PFESA0266 hmeaﬂmﬁﬁﬁkﬁ6§ﬁy@m€®ﬁ&ﬁmdywﬁ&&EHﬁ were al so

nmoni tored by ELI SA. Enhanced actlv segen cci ne conpared
Tt he. LMW T or FRIRAPEBIT CPaBtes o eriar e s o sl s Ao o i e Tn
antibody titersDfor the HWVvacci ne conpared to the LMWV vacci ne. The OPA
responder rate for the 10NHPs that received the HWVvacci ne were al so

hi gher (80% conpared toj owmhlgﬁgg egépogggagg@gmg@nugﬂ%%?;C|ty i s observed
for HWVN pol ysacchari de conjugate vacei neS conpared to L pol ysacchari de

conj ugat e \Paccfwrising mpsel ’917"1’(?6%‘@”5] QG Se(r?ﬁﬂgff Cﬁéﬁ“'aéﬂ?'hsa?cm”‘@eonet ric
Mean of PD1* ORAuRasPRNAericRab@in Hidd):

a) the polysaccharide has a molecular weight of
between 20 kDa and 1000kDa.

4. The immunogenic conjugate of claim 3, wherein the
10 immunogcenic conjugate has a molecular weight of between 200 kDa and 5000
kDa. '
5. The immunogenic conjugate of any one of claims 1-4,

wherein the polysaccharide has a molecular weight range of between 70 kDa and

300 kDa.

6. The immunogenic conjugate of any one of claims 1-5,
wherein the conjugate has a molecular weight range of between 500 kDa and

2500 kDa.

7. The immunogenic conjugate of any one of claims 1-4,

whérein the polysaccharide has a degree of O-acetylation between 10-100%

8. The immunogenic conjugate of claim 7, wherein the

polysaccharide has a degree of O-acetylation between 50-100%.



HWV (125 kDa) 20 32 80 2 21 80 LMW (25 kDa) 20 3 40 2 8 40 * Fold rise
calculated from CP5 ELI SA titer 2 weeks post vaccination conpared to pre
vacci ne twoensl/o41@@sponder rate cal cul ated from nonkeys Pgenseaviosy7a ri se
in OPAtiter follow ng a single dose of vaccine 2 weeks post vaccination.
Each group contained 5 Rhesus nmaccaques and vaccines were fornulated with
AlLPO4 (250 ntg/ dose) - 100 -

10

9. 'The immunogenic conjugate of claim 7, wherein the

polysaccharide has a degree of O-acetylation between 75-100%.

10. The immunogenic conjugate of any of claims 7-9, wherein
the immunogenic conjugate can produce antibodies that are functional as measured
by the killing of bacteria in either an animal efficacy model or an

opsonophagocytic killing assay.

11 The immunogenic conjugate of any of claims 1-10, wherein

the carrier protein is CRM 7.

12. The immunogenic conjugate of claim 11, wherein the
CRM 7 is covalently linked to the polysaccharide through a carbamate linkage, an

amide linkagc, or both.

13. The immunogenic conjugate of claim 11 or 12, wherein the

molar ratio of conjugated lysines to CRM o7 is about 10:1 to about 25:1.

14. The immunogenic conjugate of claim 13, wherein at least
one covalent linkage between CRM,y; and polysaccharide occurs at least at every 5

to 10 saccharide repeat units of the polysaccharide.

15. The immunogenic conjugate of claim 13 or 14, wherein at
lcast onc linkage between CRMq; and polysaccharide occurs at ‘cvery 5 saccharide

repeat units of the polysaccharide.

16. The immunogenic conjugate of any of claims 11-15,
wherein the CRM, 97 comprises 5 to 22 lysines covalently linked to the

polysacéharide.

17. The immunogenic conjugate of claim 16, wherein the

CRM 07 comprises 8 to 15 lysines covalently linked to the polysaccharide.

18. The immunogenic conjugate of any of claims 1-17 which
comprises less than 30% free type 5 or 8 polysaccharide compared to the total

amount of type 5 or 8 polysaccharide.



SUMVARY 15103081 Both conjugation chem stries, described herein, produced
serotype 5 capsul ar pol ysaccharide covalently linked to the carrier protein
CRML97. TWenrelvei@®@3no significant differences in free sa&cthmeildo3rati o of
serotype 5 pol ysaccharide: protein and yields of conjugates generated by

t hese two net hods. 103091 Al publications and patent applications
mentioned in the specification are 20ipngi-cative of the |evel of those
skilled in the art to which this invention pertains. Al publications and
pat ent applications arc herein incorporated by reference to the - 98 -

same extent as if each jqdi vindiahuRpBlid &AlkRBoQIaiRAE QRichBRsEALl | ON was.
specifically and individually indicated to be incorporated by reference.

103101 Al t houghisstth® 0% B5ATRSg I APetar SR idr£emprishiodiedeirt 3y 4 @8 e det ai |

by way of i1l ustragdiRiccasdcexanpl e for purposes of clarity of
under st andi ng, certain 5changes and nodifications may be practiced within

the scope of the append%i Cl/@i i@us(ﬁ%y%%mﬁpéé%ﬁa célﬁprgngimgn{lﬁo&enic

1. An i mmunogeni c pol ysacchari ei n conjugat'e conprising an isol ated
St aphyl ococcuscaninggest @ rdtlyipe |8 9eapsitasronp ol apsdivvivardilekat. eofiriRjat ed to a
carrier protein, wherein: a)the polysaccharide has a nol ecul ar wei ght of

Sbet ween 20 kDa and 1008kDa.The immunogenic compdsitiohnF clafi2018@€RinghecONj ugat e of
claiml, whereip the i nogeni c qgnéugate has a nol ecul ar wei ght of

bet ween 200 kDAYaAY 'S IWEg?*m“daJ“a“L 3. An i mmunogenic

pol ysacchari de- protei n conjugate
22. The immunogenic composition of claim 21, wherein the

adjuvant is selected from the group consisting of aluminum phosphate, aluminum

sulfatec and aluminum hydroxide.

23. The immunogenic composition of claim 21, wherein the

adjuvant is aluminum phosphate.

24, The immunogenic composition of any of claims 20-23
which comprises less than 30% free type 5 or 8 polysaccharide compared to the

total amount of type 5 or 8 polysaccharide.

25. The immunogenic composition of claim 24 which comprises
less than 20% free type 5 or 8 polysaccharide compared to the total amount of type

5 or 8 polysaccharide.

26. A method of inducing an immune response to a
Staphvlococcus aureus serotype S or serotype 8 capsular polysaccharide conjugate
in a subject, comprising administering to the subject an immunologically effective

amount of the immunogenic composition of any of claims 20-25.

27. A method of producing an immunogenic
polysaccharide-protein conjugate comprising an isolated Staphylococcus aureus
serotype 8 capsular polysaccharide conjugated to a carrier protein, the method

comprising the steps of:



5conprising an isol ated Staphyl ococcus aureus serotype 5 capsul ar

pol ysacchari de conjugated to a carrier protein, wherein: a)the

pol ysacchaioizdei/iaa®3a nol ecul ar wei ght of between 20 kDapramaSi@0/0843a3

4. The inmunogeni ¢ conjugate of claim 3, wherein the 10i munogenic
conjugate has a nol ecul ar wei ght of between 200 kDa and 5000 kDa.

5. The i mmunogeni c conjugate of any ongf clains 1-4, wherein the

pol ysacchari de has a nol ecul ar wei ght range of between 70 kDa and 300 kDa.
6. The i nogeni ¢ conj ugat e, of any. one. | - l.p the

conj ugat (ram#’as a nol ecul ar ngl)ght %Féal{wgéglc??lfatﬁgtk\?ﬁ'geﬁféeé(gy%@%gﬁhpzwo kDa.

7. The i munogeeiyseccbaniergdhicerborfyl ditryazaln ECIHF) g hrgraanicisolyentyipprodicp ag he '
pol ysacchari de, has A Aedk89oRacOnpgetyd ation between 10-100%

8. The immunogeni c conjugate of claim 7, wherein the polysaccharide has a
degree of 0-acetylation bet#een Bectipggypactivated ggotyrsbpotysecchiidanéfeni c

conj ugat e of CLearmrz,rotmﬁ]raaior}ahibeonp&lmm&aarsie bgs a degree of
0-acetyl ati on between 75-100% - 10. The i mmunogeni c conj ugate

of any of '@ ai Rlyspeegaridgicarrias ROEREONIEHfhogeni ¢ conj ugate can produce

anti bodi es that are functi onélereasanimamhsgeic bynhjighe ckinpdisingg Otnibacteria in
ei ther an ani mal ef f8i cacig1 nqdel or, an _’LOoPtsonorpha%gcxti C (li<i | 1'i ng assay.
11. The i muno¥&HYRE SCBRPRERY Eaharkisy 2 uF PSP {RVYEIGS PR n the carrier
protein is CRMLI7. 12. The imunogeni ¢ conjugate of claim 11,
wherein the CRML97 is cé¥al chmetpod efipkedycingan ingnupegepisacchari de t hrough a

carbamate |ink AR RIPrie k&d'\%@ﬁ% isifg@h Molated Staphviococcus alrdus The
i mrunogeni ¢ coﬁ(jggsscét elogprcl gi mJ 1 o?m%,ngmhéfeaien taﬁé} (;TC'(())| gFazr atio of

conj ugat ed | ysPHEEPCSFRRMT BoRYRechafisls Goniugyted te Heazs giotey the method 14,
The i mrunogeni golPRinpRERpHEr: cl ai m 13, wherein at | east one coval ent

| i nkage bet ween CRMLO97 and pol ysaccharide occurs at |east at every 5 to 10
sacchari de Y epeat units of t“ﬁe pbﬁaﬁ}g‘ﬁéﬁﬁﬁlﬁegg."“'”‘sSerowpe5Caps“?ﬁ. The

i Mmunogeni ¢ cop¢lygatheridefwithlcaibonyl ditrizold ACDMHe dredrparéd solve@ss protee ki nkage

bet ween mg?a?ﬂ@%eé&s%lr&(ysp%%%gﬁygécc%ri eggws_at every 5 saccharide repeat units

of the pol ysaccharide. _
b) reacting the activated serotype 5 polysaccharide with.
a carrier protein in an organic solvent to produce a serotype 5
10 polysaccharide:carrier protein conjugate;
wherein an immunogenic conjugate comprising a S. aureus

serotype 5 capsular polysaccharide-carrier protein conjugate is produced.

29. The method of claim 27 or claim 28, which further
comprises:
15 lyophilizing the isolated polysaccharide; and re-suspending

the lyophilized polysaccharide in an organic solvent.

30. The method of any one of claims 27-29 wherein the
activated isolated polysaccharide is isolated from the activation reaction prior to

reacting with the carrier protein.

31.  The method of claim 30, wherein step b) comprises:
1) lyophilizing the isolated activated isolated

polysaccharide to produce a lyophilized activated isolated polysaccharide;



16. The i mmunogeni c conjugate of any of clains 11-15, wherein the CRML97
conprises 5 to 22 lysines covalently linked to the pol ysacchari de.

17. The iwounogemniod conj ugate of claim 16, wherein the ERVISZoio08qrs ses 8
to 15 lysines covalently linked to the pol ysacchari de. 18. The
i mrunogeni ¢ conjugate of any of clains 1-17 which conprises | ess than 30%
free type 5 or 8 polysaccharide conparggd.to the total anmount of type 5 or 8
pol ysaccharide. WD 2011/ 041003PCT/ US2010/ 039473 19. The

i munogeni ¢ conjugate of claim1 . C o) ' - n 20%free type 5
or 8 pol ysacchari de conparegbto Sﬁéﬁ?%gﬁﬁ”gﬁ%tﬁﬁ%gygﬁégggg or 8

pol ysaccharsi delyophilized carrier prot@@.and\n’ i mmunogeni ¢ conposi ti on conprising the

i munogeni ¢ conj ugate of any;;of %Ls%§ﬂ§di14g'ti]x91 851l odiRASE isOfeq of an o

adj uvant, diluent, or carrier. _ ..51. The 1 mmunogeni ¢ conposition
of clai m 20, werysecharidsendidlf lyoelritizer sargier PAYtEIRA YAGIPF$78IS Sof Vel forredvee

22. The i MUNOYENR};CarGIQSASH folyditcRide e Wil a caM&pRIeInt he adj uvant is
selected fromthe group consisting of alum num phosphate, alum num sul fate

and al um num hydr oxi de. 3. e i Qgeni 1 tion of
claim 21, wherein the a3yuvéﬁ?“FS”%P%W?HE%?BE%?%E& é*fﬁﬂ%?aﬂ%éﬁ& 24. The

i mmunogeni c commm@hbhbmm@ﬁmanyumﬁoﬁ$aﬂnﬁﬂQ0mﬁ@rmﬁhmﬁﬂ@@n@abﬁeé | ess t han
30% free type ?obﬁ{jse.?to%!)&{%%ﬁa%hgg hS&I}EEt%&Qzé% b Bt 8ogl amount of type S

or 8 pol ysacchari I rmunogeni ¢ conposition of claim

24 which conprises less_than 20% free tyge,S ?r 8 RP'X? ccharide conpared
to the total anmount of t3pe Begrthgd gany QL mar -dk Whichfurther compriscsg — A" ypt hod
of i nduci ng andiiioklBEhé RSPONSEXtE obstt ARy s BEREQldSnaAsigiuga pB0Ot ype 5 or

serotype 8 capsul ol ysacchari de copjugate in a subject, conprising

adni ni stering Wﬁ“%%%ggﬁﬁfg%{h%ﬁf% uh%*ggically effective amount of the

i mmunogeni ¢ conposition of -any of clains 20-25. - 27. A nethod of
produci ng an i munogeni & polihs actird el @ optlome fr3 dAMfeper®rie8#pri si ng an

I sol ated St aphylQGRGRUS ALl EURPE LAYRG oR sk ansitt-alrid Pt SRESHRAE de
conjugated to a carrier protein, the nethod conprising the steps of: - 102

- ba)reacting an isol at S..,aureu erotype §. capsul ar. pol ysaccharide wth
carbonyl ditriazole (crﬁ' iﬁ”ﬁﬂ”@?éﬁ ?goééﬁgggzg%aaf?gﬁﬂgggﬁﬁzactivated
serotype 8 pol ysaackapolaespragineblinr.eacti ng the activated serotype 8

pol ysaccharide with a carrier protein in an organic solvent to produce a
serotype 8 ‘ 36. The method of claim 35, wherein the polar aprotic solvent is

selected from the group consisting of dimethyl sulfoxide (DMSO),
dimethylformamide (DMF), dimethylacetamide, N-mcthyl-Z-pyrrolidorm, and
hexamethylphosphoramide (HMPA).

37. The method of claim 36, wherein the organic solvent is

dimethyl sulfoxide (DMSO).

' 38. The method of any of claims 27 and 29-37 wherein the sfep
of reacting the polysaccharide with CDT comprises determining the water present
in the S. aureus serotype 8 capsular polysaccharide and adjusting the CDT

concentration to about 1:1 molar ratio of CDT:watcr in the organic solvent.

39. The method of any of claims 27 and 29-38 wherein the step

of reacting the polysaccharide with CDT comprises determining the water present



10pol ysaccharide: carrier protein conjugate; wherein an
i nmmunogeni ¢ conjugate conprising a S. aureus serotype 8 capsul ar

pol ysacchaioi2de/@a0osi er protein conjugate is produced. PCT/US2010/0394728. A
met hod of produci ng an i nmunogeni ¢ pol ysacchari de-protein conjugate
conprising an isolated Staphyl ococcus aureus serotype 5 capsul ar

pol ysacchari de conjugated to a carrierjgrotein, the nethod conprising the
steps of: 5a)reacting an isolated S. aureus serotype 5 capsul ar

pol ysacchari de; y th dff,@,csbs%y élés,fsm?x@%fac&gmadd%ﬁal gnmﬁ sol vent to

produce an activated serot hari de; reacting the

acti vat ed seroﬂyg@"@mmd?9§aﬂbﬁéﬂP&@”WPPﬁC%Té@WFWéW”ﬁﬁ@FéPHmﬁn an organic
solvent to produce a serotype 5 10pol ysaccharide:carrier protein conjugate;
wherei n an i nmunogeni c anjugahemawapmysfﬂgnﬁthmﬁmnﬁu@mﬁcﬁmiy@e 5 capsul ar

pol ysaccharide-carrie roteln 29. The
net hod of cl ai Hﬁci"f"?ﬁﬁ‘%? éﬁ'sﬁ?cﬁ@" {h%ﬂjar[“lﬂ”{pﬂsep d?:tg)rr%?'P § U8 WARERTSENi i zi ng t he
i sol at ed pol ysacixhfkindes, serge p@sﬂmﬂ}dacnl@rrﬂh@dlaympmglthez@@ﬂ pol ysacchari de

in an organic (ﬁllce\ﬁ?ratgon to abo HIO 75:]1 molar 1%90 gue%frgsaﬁfEXOIQJh? of clains

27-29 wherein activated 1sol ated po ysacc ar| Isolated fromthe
activation reaction prior to reacting with the carrier Rrote|n

31. The method of clai nf30, MR&EKLEPHLKRT Hyime Q¥ f-jvedigkin the step of

i) 'yophilizi ngrehdifg tre@érady 5 p&wam&raﬁ With@ DAt @ehppieds pEoaweigabodeot o produce a
| yophi li zed ach;vated |so ,ﬂ %& ghanlde - 103 -

i) Iyophilizi R§ PHE 355 &P Tf 15 Y GATEY Y 51 yophi | i zed carrier
protein; and |||) re-suspendi ng the | yophilized
activated isol ated pol y&accHdringhodnthny hecldipophil pdeld vdareiites protein in an

organi ¢ SOlsvengcrél%cgrpgg/'s'&@ha@lﬂc égﬁ'llﬁlﬁﬁcﬁ&nicggﬂvé{t ?qutﬁ)@llsya%ﬁﬁ@@%rd Weerm xed with
a carrier protein he net any of clains 27-31

whi ch further EWWﬁW?@@gmﬂFFmQﬂéﬁj%$ﬁthe reactlon m xture of step b) into a
buffer and naintaining a pH of abbut 8.8 to about 9.2 for at |east 4 hours
at about 20C to about 26X. The method of claim 42 wherein the water concentration is

adjusted to 0.2%.

44, The method of any of claims 29-43, wherein the step of

10 isolating the activated serotype polysaccharide comprises diafiltration.

45. The method of any of claims 27-44, whercin prior to
lyophilization the carrier protein is diafiltered against NaCl and the w/w ratio of

NaCl/protein carrier protein is adjusted to about 0.5 to about 1.5.

46. The method of any of claims 27-45, wherein the carrier

protein is CRM 7.

47. The method of claim 46, wherein the activated serotype

polysaccharide is reacted with the CRM,o7 in a ratio by weight of about 1:1.

48. The method of any of claims 27-47, wherein the isolated
S. aureus serotype capsular polysaccharide is mixed with imidazole or triazole

prior to mixing with CDT in an organic solvent.



33. The nethod of any of clains 27-31, which further conprises dilution of
the reaction mxture of step b) into a buffer and nai ntai ning a pH of about
9.0 for awol2emaid1eb3hours at about 23C. 34. pChasewbbedt7df any
of claims 27-33, further conprising isolating the S. aureus serotype
capsul ar pol ysacchari de-carrier protein conjugate. 35. The

met hod of any of clains 27-34, whereinigshe organic solvent is a polar
aprotic sol vent. 36. The nethod of claim 35, wherein the polar
aprotie solvent is selected fromthe group consisting of dinethyl sulfoxide

(DMSO), di met hyl f or mar nigle (Mr)ethogb%y ByliagmebAns dRich further comprises
N- net hyl - 2- pyrrol i done, and hexanet hyl phosphor am de ( HWPA).

37. The met hod™sfolwing ths %@‘W&V%‘Fwaf%came BRI OBINERMP TFBOVEi net hyl

sul f oxi de ( DVMSGdreacted activation groups.38. The nethod of any of clains 27 and 29-37
wherein the step of -reacting the pol ysaccharide with CDT conpri ses

determ ning the water ptgse | Sine AMSHS, OLyRne, 8 syl ar
pol ysacchari de and adj ué(t?l ng%th O&C%?fna ofcent ratO?%n %Oo gqb Coqﬁ’pl l ém)l ar ratio
of CDT: wat er i #m isdigedy gamiococsis] apeant serotype8cap<ular polysg@halmhéomar?éd of any of

claims 27 and g29-3RiWBlehl Mc Ml@o&tempriohg HB3CHI J19 the pol ysaccharide with
CDT conprises determning the water present - 104 - in the S. aureus

serotype 8 capsul ar pol ysacchar i B&tRRa Sty s 5Pt H@PedT concentration to
ZgoutT h0 5 J_s,hwgb@¥saéca5rndaf\%|3@ww7&m].oléiamtpraeylmwamec(papﬁyamta _

e nmethod o of clains an rein the st reacting
t he pol ysaccha?ﬁ”@é”@?}/dfﬁ‘ W%Bﬁﬁéf%&prﬁ‘ﬁ‘f%‘? &wﬁﬁkeﬁr‘?@'y@@éw@f‘gﬁresent in the
S. aw eus serotype capsul ar b8 pofeyaagﬁlaa’tDPHelmamjpoayimeztndnguthlae CDT

concentration tegucgnb%uen % Dite M CE QSaCann JT: water in the organic
sol vent . gagen) p% et 6 “claims 28-37, wherein the
step of reacting the serotypg 5 pmlhtyrgakm:dnavatqdeemﬁypm Sisacbanideitses provi di ng

about 20- {o0! d,0p|ca%, RYGES R 0ke Tl AMAKELLAuL he POl ysacchar i de.

42. The rret hod of any o ai s erel n the 5scrotype 5

pol ysacchari de CDT in an ordani cPeyrineat aghivated qegrier Broidy usted to a wat er _
concentration between 0.1 ang 0. 3%ting the 1solated actlvateég’erotm met hod of cl aim 42
wherein the water concentratl on is a% ust ed 0.2 44. The
net hod of any BFYSafchiifs w4 ‘W@C“Wféﬁé‘i“ﬁ Rr?fé‘“é‘{@ﬁd‘b?ai%?‘%Igatl ng the
activated ser Oﬁdﬂ@gcﬁﬂldﬁ&&@l@hﬂbtbﬂ@oﬁ%&r wB@&yGh &hinhiogatié @hjugate 45.
The net hod of %/ | % %& E)lI’IOI’ toh%xy hI|IZ§tI0nthe
carrier prlc?t ei ?‘P“ PLisige %ﬂ‘ 'is‘f ?téq d’“%‘f@é?ehoé)fpe EPEU AR SRS ARG Py 5 B

NaCl/ pr ot ei n catariiee propriiois @rodudes. adj usted to about 0.5 to about 1.5.

46. The nethod of any of clainms 27-45, wherein the carrier proteinis

CRM 97. 475) They H&BE@&n%fqng %ﬁllxl%xfh@ enY@'t%Bﬁ!gd?e LMpridRg | vat ed
serotype pol ysaccharide is reacted with %/ in aratio by weight
of about 1:1. anisolated Sraphylococcus aureus serotype 5 capsular polysaccharlde conjugated

to a carrier protein, the method comprising the steps of:

a) reacting a S. aureus serotype 5 capsular

5 polysaccharide with 3-(2-pyridyldithio)-propionyl hydrazide (PDPH) and a

carbodiimide in an organic solvent to produce a PDPH-linked polysaccharide;

b) reacting the PDPH-linked polysaccharide with a
reducing agent to produce an activated polysaccharide;

c) isolating the activated serotype 5 polysaccharide to

10 produce an isolated activated serotype 5 polysaccharide;

d) providing an activated carrier protein;



48. The nethod of any of clains 27-47, wherein the isolated S. aureus
serotype capsul ar pol ysaccharide is mxed with imdazole or triazole prior
to m xi ngwei2ohi/0@Db3i n an organi ¢ solvent. - 105 - 49. TireTrasthoa3wfi3 any of
clainms 27-48 which further conprises hydrolyzing the serotype

pol ysaccharide-carrier protein conjugate to renove unreacted activation
groups. 50. A nethod of nmaking an i nmunggeni ¢ conj ugate conprising an

i sol ated Staphyl ococcus aureus serotype 8 capsul ar pol ysacchari de
conjugated to a carrier prot, eggﬁ:l %ﬁ%d%&fm&h%r&gp de steps of:

a) reacting a S. aureus sero 5 ar 5pol ysaccharide with

3- (2-pyridyl di pdiysegchgrd@mnbmlwacwehdaznnd@retpmmm%@la greEeodi i mde in an
organi ¢ sol venf, i QCCP&'Q]Ql&QI‘?lf:@pl’E[Qﬁ‘ébtk]{l%@d’h&éﬂ)’%%%I%h'lﬁ}éblqg@onjugate

b) reacting the PDPH |1 nked ?O ysaccharide with a reduci ng agent to produce
an acti vatiéd p@gn}pglalég;hla\sqlaéd aureus serotype 5 capsular pol)@yccpagﬁipé_qmqg@tcgﬁ)e activat ed
serotype 8 pol y@aa,q&taaﬁé,,dgp;daucjegproduce an isolated activated serotype 8

pol ysacchari de; - d) providing an activated carrier
protein; 51%8 %cr?zgm SG%r cl%%lﬁt\xﬁ\gre%ctm cﬁ%a?gi serotype 8
pol ysaccharl de with the actl va ed carrier roduce a ser otype 8

pol ysacchar i deecagaar pioggin prlsotae:rimnmtmjrqagalgéhe Wr@bwlmr¢tﬁw¢b@€nl C conjugate

Sconprising an, “ggg(p];o%gac%arggreus serotype 8 capsul ar pol ysacchari de

conj ugated to a carrier protein is produced. 51.A nethod of making an

i mrunogeni ¢ conj ugate conprising an jsol ated Sta h% occus aureus serotype
r

5 capsul ar pol ysacchari te CJNFUGQ‘P%E]”[“%O&G e 'h, the nethod
conpri si ng the steps of: step ¢) further comprises ly@)hnlrze@ctttcnmjpt@i aBtivawdr eus
serotype 5 capsul ar .5 hari d i t hi o)-propionyl
hydrazi de ( PDPH) R é’Py(S:%aéF a”ge mrﬁr%ﬁcea]y%{)r}lﬁg%as%g ddq\é og Veéht to produce a

PDPH- | i nked popoisacbiraiei de;

54.  The method of any of claims 50-53, wherein the organic

solvent is a polar aprotic solvent.

55. Thc method of claim 54, wherein the polar aprotic solvent is
selected from the group consisting of dimethy! sulfoxide (DMSO),
dimethylformamide (DMF), dimethylacetamide, N-methyl-2-pyrrolidone, and
he;{ame_thylphosphoramidc (HMPA). =

56. The metﬁod of claim 55, whercin the polar aprotic solvent is
dimethy! sulfoxide (DMSO).

57. The method of any of claims 50-56, wherein the .
carbodiimide is 1_-Ethy]—3—('3-dimcthylaminopropyl)-carbodiimidc (EDACQ).

58. The method of any of claims 50-57, wherein the step of
reacting the serotype capsular polysaccharide with PDPH and EDAC in an organic
solvent compriscs maintaining a polysaccharide:PDPH:EDAC ratio by weight of
about 1:5:3.

59. The method of any of claims 50-58, wherein the reducing
agent is dithiothreitol (DTT). ’



b) reacting the PDPH-|inked pol ysaccharide with a reducing agent to produce

an activated pol ysacchari de; c) isolating the activated
ser ot ype wopolymamshari de to 10produce an isol ated acti yaras2aensi4ype 5
pol ysacchari de; d) providing an activated carrier
protein; - 106 - e)reacting the isolated activated serotype 5

pol ysaccharide with the activated carrigr- protein to produce a serotype 5
pol ysacchari de-carrier protein conjugate; whereby an i mrunogeni c conjugate
15conprising an isolated S. aureus serotype 5 capsular polysaccharide

conjugated to a carrierg@r ot fhelhdd Qfﬁwd@@ﬂms 50-59 wherein activatis-of iee et hod of
claimb50 or elaimb51 wherein the activated carrjer protein js isolated

prior to react FARGEr PFECTHERTINISRS SERCENRthG BFrichPigted) Yithi ?rﬂm?‘}‘fé“ca?&dl vat ed

pol ysacchari de. 53. The nethod of any one of clains

50- 52, wherein: . 61. The mctho&bmhalm)éowmchehc wompcetgasidl yophi | i zi ng
the i-solated activat [ a |lyophilized
activated ser ch‘omporlsepsg eyli-g%é)r{gl)y u mmrilgé éé?a:?‘&ﬁl?&%a%&f?]d%mwéfhod of any of
clainms 50-53, wherein the organi c solvent is pol ar aprotic sol vent .

55. The nmethod of clai nf54, MR&rckPsHotans opgtins S%BFd‘f'ﬁe’@“‘s‘B‘T Y& i s selected
fromthe gr OUDISGIQtrlﬁgltﬁ&dcﬂﬁit&ffscx@tyﬁEE)J]Waccﬂihﬂdcc(@&hﬂ%c( EMBQ\tiondi r net hyl f or mam de
(DM F), dinethyl acetam de, N nethyl-2-pyrrolidone, and

hexanet hyl phosphor am de { HVBA). . .

f claimb55,
wherein the pol ar aprot |3((: sol ven{hof1 gt a&?rom% WS?@%;& %)C&gg eq%gl\g
57. The net hodisolfitigrie afivatddgamir HoBEOMNres @afﬁitr@thxe car bodi i m de is

17Et hy1- 3- ( 3- di et hyl ami nopropyl) - car bodi i m de ( EDAC). ' 58. The
met hod of any of clai mseb0- Fhe mothed 6f My bhaaitk 8P 6dvhicRachEMEIide serotype
capsul ar pol ysacchar | d th PDPH and EDAC i n an organi c .sol vent conprises

mai ntai ning a P5FYRATYARPEZHE SRR YBERRY SPUOIT e KRR URY CBYUE ISt 1: 5: 3.

59. The net hodreafovaumyeaoted adti@ativh gbdpH8, wherein the reduci ng agent is
dithiothreitol (DTT). WD 2011/041003PCT/US2010/ 039473 - 107 -

65. The method of claim 64 whercin the step of hydrolyzing the
serotype polysaccharide-carriér protein conjugate comprises the addition of

cystecamine hydrochloride.

66. The method of any of claims 50-65 which further comprises
isolating the immunogenic conjugate comprising an isolated S. aureus serotype

capsular polysaccharide conjugated to a carrier protein.

67. The method of claim 66 wherein the isolatioh of the

serotype polysaccharide:carrier protein conjugate comprises diafiltration.

68. The method of any of claims 50-67, wherein said carrier

protein is CRMo7.

69. The method of claim 68, wherein the activated serotype

polysaccharide is reacted with the CRM 7 in a ratio by weight of about 1:1.

70. The method of any of claims 27-69 wherein the activated

" polysaccharide has a size between about 20 kDa and about 1000 kDa.



60. The nethod of any of clainms 50-59 wherein activation of the carrier
protein conprises reacting the carrier protein with a bronpacetic acid.
61. The meohod/mioos] ai m 60 wherein thc bronpacetic aci dpPcomseeismsdvhe

N- hydr oxysucci ni m de ester of bronpacetic acid ( BAANS). 62.
The met hod of any of clains 50-61, wherein the step of isolating the
activated serotype pol ysacchari de conpigsses diafiltration. 63.
The net hod of any of clains 50-62 wherein the step of isolating the
activated carrier protein conprises diafiltration. 64. The

met hod of any of cl ai ms;B0- 63 WRiKGH of Ak NEIwicRGd WEgSivile Step of
hydrol yzi ng the serotype polysaccharide-carrier protein conjugate to renove

unr eact ed act i RAYPeRaHledayrssize between about 50 kDggnd 39kDget hod of ¢l ai m 64
wherein the step of hydrolyzing the serotype polysaccharide-carrier protein
conj ugat e conpri ses the7addiThe orthofl otang bedanmee7-iydhachkiori de.
.66' The ”?t hOdin%)lLun%n nicOfol (S\’zlicg‘ﬁame-g%fe@n%o%gth fsgrqynggtwge%%es k5§ and! sol ating the
i mrunogeni ¢ conj ugate conpr si ng an | Solat ed 8 “aur eus scr ot ype capsul ar
pol ysaccharsi deatwonjldghPed to a carrier protein. 67. The net hod
of claim66 wherein the isolation of the serotype pol ysaccharide: carrier
protein conjugate conpriyses Al ighiuhbdedk ic®ugate produced by the méifbd of g, et hod of
any of clainms 50-67, wherein said carrier protein is CRML97. - ‘
69. The met hod®idf2!Bt & fA-68, wherein the activated serotype pol ysaccharide
is reacted with the CRML97 in a ratio by weight of about 1:1.
70. The met hod of any of4.cl dilrgmaTeogdniadvangitnofdirmdgs wihchcedprped ysacchari de
has a size bet %Qha%ta;?&ﬁl%%%% 80GhaARAHE 14005 6083000 _
2011/ 041003PCT/ US2010/ 039473 - 108" 71. The method of claim
70, wherein theelgeeshridieed pol ysacchari de has a size between about 50 kDa
and 500 kDa. 72. The nmethod of any of clainms 27-71 wherein .
t he i mmunogeni ¢ pol ysacthar iThe iphodogénic @ojupatgatotailds waics caaprded ween 400 kDa
and 5about 500P<sk: - about 20% fr | ;3..(1 An i mrunogeni ¢ conj ugate produced by
the nmethod of &Ry Of ol &l s 2F2ygeenande 74. The inmunogenic
conjugate of claim 73 which conprises nore than about 1% free
pol ysacchari de and | ess’& ham\"aBeOOBOYF S PROSIIPHFRPAK EE dejig@munogenic
75. The i mMUNogRRizse 6Oy ¥Okhihs 98-76 b dNeds? oM rGH aHVIRT, URRS:, biessict.han about
20% free pol ysacchari de. 76. An inmmunogeni ¢ conposition
conpri sing the i mmunoges) ¢ aniugateof. A0 FhaliTs J3adz and at |east
one of an adjuvant, diluent, or car ey CTThE i mrunogeni c
conposi ti on of adgivantny aGlumvinen-basad edyevastdj uvant i s an al um num based .
adj uvant . 78. The i nmunogeni ¢ conposition of claim 77, wherein
the adjuvant is selecteg fram iheu@sacosRitichtdr BEinPT7, ¥héteh ém phosphat e,
al um num sul fate and al um num hydr oxi de. _ _

adjuvant s selected from the”group consisting of aluminum phosphate, aluminum

sulfate and aluminum hydroxide.

79. The immunogenic composition of claim 78 wherein the

adjuvant is aluminum phosphate.

80. The immunogenic composition of any of claims 76-79
which comprises less than 30% free type polysaccharide compared to the total

amount of type polysaccharide.



79. The i nmmunogeni ¢ conposition of claim78 wherein the adjuvant is

al um num phosphat e. 80. The i mmunogeni ¢ conposition of any of
cl ai ns 76Ww020mhi4ciw3conpri ses | ess than 30% free type polrgsamsehiansses
conpared to the total anount of type polysaccharide. - 109 -

81. The i munogeni ¢ conposition of claim®80 which conprises |ess than 20%
free type polysaccharide conpared to thw-total anount of type

pol ysacchari de. 82. A S. aureus Type 8 capsul ar pol ysacchari de
havi ng a nol ecul ar wei ght of between 20 kDa and 1000 kDa coval ent |y bound
to a carrier protein; V\?n,er elﬂeq,mgu&gggpd QeHoid et Ul soRhis¢onptisdshe :
pol ysacchari de covalent bound he carrier protein is between about 200
kDa and 5000 k!oes, than 20% frée type polyggchagidegompped {pgherigigbanpuptafdype oy

pol ysacchari depdiayichgticd ol ecul ar wei ght of between 20 kDa and 1000 kDa
covalently bound to a carrier proteln wherein the conbi ned nol ecul ar

wei ght of the polysacch |de oval ent |y bou protein is

bet ween about 200 kDa afid 5 Jod K4 §§§c$ﬁ Qr%ﬁ“?ﬁ@gdg?§&a %ovalently bound
to carrier pr omeieculanfwe@hmfrbm&@emo I)azindnl GB Wﬁ@p@ilently braing sl asgEse har i de has a
nol ecul ar wei g 85. The
polysaccharldeﬂﬁgbapgﬁ?ﬁrwEgﬁﬁﬁgﬁg&%gﬁggggaquggrﬁgﬁdmg?%?w$ggwor claim 83
t hat has a nol exnd @rthwrrgfhproreawgéctmcntyéwé@(ﬁkmd REY KiRd 2500 kDa.

86. The pol ysaccharide covalcntly bound to carrier protein of claim82 or
claim 83, wherein t he 083’ ri e S paekeT peissafskivlblysaccharide havinga  87. The

pol ysacchari de cova | cnt | arri otein 9 im86, wherein the
CRML97 is coval 8lﬁf‘| if“iei‘ %@ettwge'{ %ng po'1§/§§dé)c aePgsny! l];’odlﬁdﬁ Y 5C8F banat e

| i nkage, an anpdein; ivhdceigéie combibat tholecular weight of the po@&cch‘ﬁh@ potlyghicchari de
coval ently bou 0 I m 87, wherein the
nolar ratio ofg%g%ﬁﬁgaahgﬁpmgﬂh%gth%égﬁkéb lﬁgmgggﬁp&%b 1 to about 25:1.
89. The pol ysacchari de covalently bound to carrier roteln of any one of
claim8s, wherein at |edkt dieprelyiratharde ovarayaoysdt PR and - 110 -
pol j i sacchar i deaigtRWwi Slamt 83 wiRsdin it pelyQEdhaddettas i@loﬁaﬂz&h\&ﬁghdﬁnge&ﬂeat units of
t he pol ysacchayi de. 90. The pol ysaccharide covalently bound to
carrier protelﬁtﬁwmgpﬁpﬁ?%H“@#Délain189 wherein at |east one |inkage
between CRIVII97 and pol ysaccharide occurs at every 5 saccharide repeat
units of the pol ysacchaBi de.The polysaccharide covaently ppund fosayracs etokart ¢'de coval ent |y
bound to carrigg; an{?Q)tr%fam &f thaMYs zpffnolgéu@ér NRig8Ba@R oYhek &in0d RBa LM 97
conprises 5 to 22 lysincs covalently linked to the pol ysacchari de.

92. The pol ysaé®™&Prde coval ently bound to carrier protein of claim91,
wherein the CRML97 conprises 8 to 15 lysines covalently linked to the

pol ysacchari de. 86.  ThdPolysncharidrmoedgevly bowd nposiitr porcitdnpri si ng t he

bolysacehars dec gavdl & thofs DN GALT LELAL CRALD of any of claims 82-92
and at |east onhe of an adjuvant, 5 or cartier.

87. The polysaccharide covalently bound to carrier protein of
claim 86, whercin the CRM,y7 is covalently linked to the polysaccharide through a

carbamate linkage, an amide linkage, or both.

88. The polysaccharide covalently bound to carrier protein of
claim 86 or claim 87, wherein the molar ratio of conjugated lysines to CRM )y is

about 10:1 to about 25:1.

89. The polysaccharide covalently bound to carrier protein of

any one of claim 88, wherein at least one covalent linkage between CRM 47 and



94. The i nmunogeni c conposition of claim93, wherein the adjuvant is an
al um num based adj uvant. 95. The i munogeni ¢ conposition of
cl ai m 94, woherii4moBhe adj uvant is selected fromthe growrpTasesissIsng of
al um num phosphat e, al umi num sul fate and al um num hydr oxi de.

96. The i nmunogeni c conposition of claim95, wherein the adjuvant is

al um num phosphat e. 97. Ajmethod of reducing or preventing a
St aphyl ococcal infection, disease or condition associated with a

St aphyl ococcus _hacteria in a subject, .th hod. conpr i Si the step of
admi ni stering & ysﬁCCE rhdglogcglﬁrscaé eﬁ{/g TP 3%%%ﬂnetre%@lgﬁ§?%nogeni c
conposi tion of paysgccbiride] ai ns 20- 25 and 576-81 and 93-96 to the subject.
-111- 98." The nmet hod of claim 97, wherein the infection,

di sease or condition isogel et gelydat didchSvAnaY Bownansiadridr Pt offi NVasi ve
St aphyl ococcus aur eus, sepsis and carrla} 99. A nethod of

! ; | €.
reduci ng or pr&¥EMS MElRUn G PFGINSCERENC ‘i%h*’fgééftlvvﬁ‘ﬁ‘ ¥My @dpj ect under goi ng a
surgi cal procegiys@echirite ob®ird W0 eveePIRE B MG efcAtungtt efthdpol@elrhatidst eri ng an
i mmunol ogically effective anbunt of an’'i mmunogeni ¢ conposition of any of

any of claims 20-25 andg/6- 8]4116 ﬁ&gsag%éﬁ(@ftﬁgaléﬁg?R%Q{gc?@agrhéwo'te%oft o the

surgi cal procedure. y one of clains
97-99, wher ei nayteéclginsj88SP wherein tha M o7 eonpaises St LA lypiags cowlendy | j vest ock
ani mal . linked to the polysPckharfde T8t hod of isolating S. aureus capsul ar

pol ysaccharide wth nol ecul ar wei ght from 20-1000 kDa conprising the step
of subjecting a 1Obact e{déal T(f]el II su%ge%si on to an acidic heat treatnent.
102. An antibody generated by*©BOREFTATECOFEYEBUEAL FHET PR Hrrunogeni ¢
conj ugat e, or dam IMuhoge rhc CRMBPOMpLiscOB toolf5 [yshes prvesatyt linked/enlid on.

103. The anti bﬁ(ﬁ)?’sac% &f.aim 102, wherein the antibody is functional as

measur ed by Ki ng bacteria in an aninmal efficacy nodel or an

150psonophagocytic killing assay. . N o
93. An immunogenic composition comprising
the polysaccharide covalently bound to carrier protein of any of claims 82-92 and

at least onc of an adjuvant, diluent, or carrier.

94, The immunogenic composition of claim 93, wherein the

adjuvant is an aluminum-based adjuvant.

9s5. The immunogenic composition of claim 94, wherein the
adjuvant is selected from the group consisting of aluminum phosphate, aluminum

sulfate and aluminum hydroxide.'

96. The immunogenic composition of claim 95, whercin the

adjuvant i1s aluminum phosphate.

97. A method of reducing or preventing a Staphylococcal
infection, disease or condition associated with a Staphylococcus bacteria in a
subject, the method comprising the step of administering an immunologically
cffective amount of an immunogcnic composition of any of claims 20-25 and

5 76-81 and 93-96 to the subject.
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98.  The method of claim 97, wherein the infection, disease or
condition is selected from the group consisting of invasive Staphylococcus aureus,

scpsis and carriage.

_ 99. A method of reducing or pre\}entihg a Staphylococcal
inf?;ction in a subject undergoing a surgical procedure, the method comprising the
stels of administering an immunologically effective amount of an immunogenic
composition of any of any of claims 20-25 and 76-81 and 93-96 to the subject

prior to the surgical procedure.

100.  The method of any one of claims 97-99, wherein the subject

is a human, a houschold pet, or a livestock animal.

101. A method of isolating S. aureus capsular polysaccharide
with molecular weight from 20-1000 kDa comprising the step of subjecting a

bacterial cell suspension to an acidic heat treatment.

102.  An antibody gencrated by a capsular polysaccharide, an

immunogenic conjugate, or an immunogenic composition of the present invention.

103.  The antibody of claim 102, wherein the antibody is
functional as mcasured by killing bacteria in an animal ¢fficacy modcl or an

opsonophagocytic killing assay.



