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WD 2004/ 043376 PCT/ US2003/ 035529 COVPOSI TI ONS AND
METHODS FOR TREATI NG OR PREVENTI NG PNEUMOCOCCAL

wo DECQII3AN Rel ated U. S. Application 5 This appbd¢T/ab2005035529
claims priority fromU. S. Provisional Patent

NPT SN ME RGPS P OR, SR AR i PREVENTING
| nventi on 10 The T NE GO ot LY E TN ot des,

pneunococcal pol ysacchari de-pol ypepti de conjugates,

expressi on vectors encodi hg pneunococcal pol ypepti des,

nethods of inducing arRelaed U-rgypres@scal i mmune

respan and net hods of treating and preventin

pneu EBE@éﬂa“O‘i’ RipERs Rrisaity igmad Sk rayisienabPatepteApplication
NURB&Y0/ % A7 8RHAG ﬁﬂ’)ér PP ‘T’h@@ntir?cor&gﬁlgﬁl?e [.'?‘1()1’ application is

a comon cause of teri’a pneunonr a,
ln@ﬂpmw@ddmuuabyaddfbanteren1a in children, the el derly,

and i mmunodeficient individuals. S pneunoniae can be

subdi vided into approximately 90 serotypes, based on

t he capsul ar pol ysacchariéld@f@fe hb&Rngani sm However,

di sease is 20 general|ly caused by approximtely 30

t ypebh edfl"@ltlopﬁ%@'ﬁ’ﬁ)m padynepbifles peeunfivecoab polysadelsdride-polypeptide

AR A RIS Pl 1535305 Tl e pincin o

anﬂqﬁeampswcs:ablaﬁhune&aip,onw tutid 28tHoaé of fesiag de@pRSenting pneumococcal
ccurring in devel oping countries. The energence of

ln%ﬁ Wfhococcal strains with antimcrobial resistance
underscores the need for treating and preventing
pneunococcal infection by nethods in 25 addition to

antim crobials. Summar BRkofllfd bMEHhiedloh N ONE
aspect, the invention features a conposition
C ont%'renrmgcqys paetyfgremq (6epnaum0rlwg)atse’cbdrmnm Quse of bacterial
sylar o chari de
e R R R TR R
1mﬁmmbdgltﬁ)¢iﬁ 11RdiVidGala Ch. GfehomiaSeanRESIBBNI RE 1%%yﬁ%kirf§ét91y 90
Sel]l%r ot ei n WO 2004/ 043376 PCT/ US2003/ 035529 erein

Fbé’%d%a_\ﬁsje?ﬁ 'iha sapsaeg pokyrrecharidslald ersanigmer Memﬂmase is
geﬁégﬁ%/ &Rs?ﬁg p rgﬁnﬁtel}a% ngf % #g 9%%}}1}15“ 1sala e\% zl})e cHHi Health

wherel n ypeptide
Orghrezaion estimates that there are one million deaths among children due to

pneumococcal meningitis and sepsis each year, with 98% of these deaths occurring in
developing countries. The emergence of pneumococcal strains with antimicrobial resistance
underscores the need for treating and preventing pneumococcal infection by methods in

addition to antimicrobials.

Summary of the Invention

In one aspect, the invention features a composition containing a polypeptide
conjugated to a S. pneumoniae capsular polysaccharide, wherein the polypeptide contains a
fragment of at least 400 contiguous amino acids of a S. pneumoniae pneumolysin protein,
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conposition elicits an i mmune response (e.g., a
hunoral i nmmune response and/or a cellular inmmune

WO s®pomse) agai nst S. pneunoni ae when adm ni StBCEUS1003/@5529
manmal . The i nmune 5 response can be a prophylactic

WS s BTHPRRE s PR PR BN GREEHTRALED o a
th@EarSHS tetiinh), wjier_e%jnnthc?L ?gggﬂigfﬁl@ dicke ﬁérﬁolﬁlgb ?ctli’@{yy BEPHhERIN the

contai'ns am no acids SEQ I D, I n other
cogpositionsheits, antimenyveirgspepse (4., @dnimord smaning sespensgsand/or a cellular

. 1-464 of S I.D L 1 n i,ds .1- f I .
iy reskop RS gt e e A g Ll dpe immune
respof&cahbeQf pr&fifgddac MNel/br thefapaiidignndgiedsspbnde/ 0 of SEQ

I'D NG 1. The pol ypeptide can optionally |ack the am no
aci dlhselyaaseomERENDOLSEQrPIN (o hnzs theamipe agidispguence of SEQ

oA AR IRERE R 558 Bt s

NOdsildvdsr émboedinehts SEQpol ypepiidecontairisramiac adds £46dwESEQ ID NO:1,

sty 3445 AdPE Of SHHD 10y G i sl -165e 50 TSR PR s 1-469

of SHQ'D ). 8 Jr@slifvESdslt- 460 oPSESER NG ING 1, or ami no
aci d resi dues 1-470 of SEQ ID'NO 1. In sone

enmbodiermmipsptidheancppoudlbr lagothy smichacid srquprceddPRYERDP (SEQ ID

NOLATOLBE R AR TR BP0 dp GBia g 14

pol Vs 866 @fbdeimetss teqoyypeptlde conbisR RO bfdio fXxdreidaes 1460 of SEQ
capsul ar pol%sacchari de is 20 serotype 18C. The

Il smincuaei¢ Easidyps 1-dRArf YEQIRNPH  ampraacid fepiglugs 1-465 of SEQ ID
i f . ' hdes:

NG, SR CARRULIT 1001 0310 0 BRAGLRELA ey s

Naridor 280 athieresidmsried TesiREGED M0:¢i t ed by t he

composition c be directed against .a .S neynonj ae
capagrae EBbpeed i edar g o orceiide i selgHEh A he Eroup
coR SISO fYsat PN6Bl 9V, M1, 123C, fRILAGDIR B oRNKUABIY, 8R capsular
capsul ar pol'ysaccharide and a’S. pneunoni ae o
popysacaiatifs isrseptypedidn. [n ahotherpample, thepeaptularpobysieohardd isn
f eat ur, manmal i.an expr.ession vector cont aini.ng a
sellgMfotr TePRBioyion FRbEPIoPaLY FRPE o wal s dhifren Sapsular
pohRAthafieteRecttd Glod theaSbieh QNSIBEMNEF serotisd 4/ BBPOVIE4, 18C, 19F, and
containing a fragment of at |east 400 conti guous arm no
23%%cids of a S. pneunoni ae pneunol ysin protein, wherein

t he l. [ cks. ' .

e PR G5) A A5, OB BEI G SHAUEIRR SR 5
prehmbeiua cigselappblygeephdritie, hgairissa Se ppéuptdnéacamteimiolysin prateth, or

wherein the pplyfe tide elicits an immune response . :
agEIStA o, PReUABRAFARSHIFDRR!YFaseipBIde and 8 Snarstan gurrspgiolysin proten.

PCT/1/320@8/ &ﬁ@é?ﬁe invention features a mammalian expression vector containing a

D

promoter operably linked to a nucleotide sequence containing a nucleic acid encoding a
polypeptide containing a fragment of at least 400 contiguous amino acids of a S. pneumoniae
pneumolysin protein, wherein the polypeptide lacks the amino acid sequence KVEND (SEQ
ID NO:22) (e.g., at the carboxy terminus), wherein the polypeptide lacks hemolytic activity,

and wherein the polypeptide elicits an immune response (e.g., a humoral immune response
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and/ or a cellular imune response) against S.

pneunoni ae when the expression vector is adm nistered
wa oa/osmanaral . The i nmrune response can be a pr optlyUsadI/@35529

and/ or therapeutic immune response. The S. pneunoni ae
eurr%la/lsril'r;rﬁgrotei n can have,the am.no 1;’i\ci' seguence

angHor &g Fes responpe) agpiite - ABBMIGMH N e SRERS AT vector is
adRBhXRAR tb AGn SARERITH iAHUNe r@étfabﬁls% chn $6Q pRdphyfRe: hikd/or therapeutic
- NO 1. In other enbodinments, the encoded polypeptide
Imggheaesponemr no acids 1-464 of SEQ ID NO'1, amno

75! SByls Iy BB B PP RO T TR ot
DAYOEE Th-s8e eafbodnientdtH¥G@ntodeliliR ] pREGELEONRDhsyREIAb iatids 1-460 of

can optionally lack the am no acid sequence EDKVEND |
SE(yIIp 1} fn pibepambegiments, theerroded pelyretide gerfains amino acids 1-464

: : | . .
of S e Sy aet e conel SPY' ) RO PR L Lo g0 DO,
aniind G€ids H46SLOSEQ IRANOD; 1, anammozazids 1-44]1 aflSEQ 1D M8 1 of

SEQJID NO 1,, amino.acid residques 1-465 of _SEQID
1, ahisfEoy dcpollwgpkaf%@nfme%ﬁq flackihe P'E?lmcl%e%&ﬁl?%ﬁKVEND
. J. i ED . BsNS:24).
B O & s A s PP E R PN ISR B N2
el i dintsentelsmbotisneatsc thedcquisd\pobypepitds wasistsof dintrecacatiresidues 1-460

or S8 RIS ASHIRRAGE PR PR iy abgpies 1465 o

SEXX PD @831 0im e Gtidrresi @idsai 4666 SEQ [ NI efmi@p acidlibsidues 1-469 of
linked to a nucl eoti de sequence_contai ning a nucleic
SEQ Ta N oer avping agd resighes dohi0pd SEQ B Y&h pol ypept i de,
wher-gj ' G i :
(o ot el SinbReariictes 6y i cneodth oo RS GRRIEcted against a 5
prieRiaiiae prAPOsigEn pagannst S. pneunoni ae when the

iexnmp rieﬁg?lilngglb%sgg%’o ti:g iipsviggt?(gi gg&g%@gg%%aﬁagawm%sfonzgaor containing a

pr&%fe‘? Bﬁé&ﬂ)l 1HnRPH RS LR ERAAS ?equbﬁbe%%ﬁ_ﬁixﬁﬁ@@ﬂﬁd’l@i@ tagid etnBS‘ding as.
encoded polypeptide contains the am no acid sequence
prefimoBEEANDIYND polypeplide, otheenn thetpotiipepindesslicithan enwonkeesponse (e.g.,

o RO R OB DS e S Db when

thé &irbdsfn Vo iR T HRINiAiBtefodRb S RdrAMal EfHeGmnAMB répBhdtdad be a
pronoter operably |inked to a nucl eoti de sequence

prepintlantisiand/ontherapPeticcimyeyng 16Ro88-ng a S.  pneunoni ae

pne fac [ : I ej

Phe HaPEeRinoRicaft fefehdbofipBRioeRahldiihe YRRl scquence of
SHQ D MO: 14 N stder esipeiiraentsnhlé eicodedwdlpdpade tonsismeof the amino acid

response) 30 agai nst S. pneunoni ae when the expression
sequsnce P PEQABNHiI ¢t ered to a manmal . The i nmmune

I €S DHAAGthEAL gg, fRe RVRRAN RGlHG ARSRRIADSRERIhIVector containing a

i mmune respo
promoter operably linked to a nucleotide sequence containing a nucleic acid encoding a S.

pneumoniae pneumococcal surface protein A polypeptide, wherein the polypeptide elicits an
immune response (e.g., a humoral immune response and/or a cellular immune response)
against S. pneumoniae when the expression vector is administered to a mammal. The

immune response can be a prophylactic and/or therapeutic immune response.
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3 WO 2004/ 043376 PCT/ US2003/ 035529 I n sone

enbodi nents, the encoded pol ypepti de contains the
w@eiono438ei d sequence of SEQ I D NO 18. | n ot hePCT/US2003/035529

enbodi nents, the encoded pol ypepti de consists of the

am no acid ,sequence of | 1 18. | n anpother .
S pdB somhe FEbPRGUES B PP PP <ppiagts g amino acid sequence of
SEEPNS N&S: | 89 1:PSth & endBHdRers itk en%o§&§(saylyfegﬁa@!:&ﬁts@doﬁtﬁ@mﬁno acid
S -

the group consisting of am no aci 60 of SEQID
sequ@nce of SWQRAD NQdi8ds 1-464 of SEQ ID NO 1, amino acids

o 1 aBoneariab iR LR AP ilplha o iiRo acia
sedRhbOstI&hed fR6GhOGroap coriipting of &SRl 1046080 fISEQIED NIY:1, amino

adninisterinﬂ%to a mammal an apount of a conposition,
aciged AGHRE PR HRIND L ragpino a¢ids §-48p pEQD N1, 3ad awingrpacids 1-469 of
Sp R@y.fesponse against S. pneunoniae in the mammal .

e | nmune response can be a prophylactic and/or

t herlaprethércaspentuthe invesimneturdsa sethed efindukding m sumbtieresponse in

i Mmung response.i s cross-reactive, agai nst at | eas ne .
a mgTREg| bt SUB RS B Ao U dr GRSt SHtoTh s ianglepdt g Rerein that
is & tTEEPInREe & inti@nCreRPUbPdgaiRPl HRGMBALE HEthe Sadamal. The
_serotype 7, 6B, 18C, or 23F) present in the
imgump aesppigerean b apsephylastie apdiol therapeutictingnungivespense.

response i s,Ccross:reactiyv [ nst. L one.

non 1857 g BB SRdmSRe 28, B s Hosr RRLyMiinst atast one
StRpIRPES PREMBorISN EBotypathadifTBe Ifroas ArRGErotffea fitiy/&pbulan

features a nethod of 1nducing _an inmune response in

a

pommpﬂ@(%memtm%?,i% _1 86 hﬁﬁﬁefﬁh‘l tssampogitioynln some

en%ﬁ[rﬁeclﬁéy Wk PR ga%ﬁ&r is Qngs-?@arcﬁ{@a (155t B leasf one non-Streptococcus
pneunol ysi n, pseug pneunol ysi n, AUTD) ysin, or

prpieonioe ocadler siitht Sceppeates genbs.20 expressi on vector)

that is effective to induce an i ne response agai nst .
. PRADRBR SBeqtihe ipeniaileaiures Aac ot g HEPGEE g Fampo response in

a REmAaPh P RIWIAG g BAM M mAINSr ARKME bfarl SIPHRSion HB&BOME ribed herein
I n sone enbodi nents, the i mune response is

(e.gr, epneurpakysiny pseaderingsmolysin, auslysioner pngamoshacelpusieorpigtein A
neunoni ae nber..of. the Streptococcus genus,. | .

xRS P B & byt Odndies iR s EREE el dsigey Ny preumoniae n
thé REHEANI TR ihAHOLspESO B4SIe 4 PropBAadtimdArRthdddpeutic immune

adm nistering to a manmal a mamral i an expressi on |
respepscorinsemesMbOAENents, fledmptie repersads §ross-Fagdve agagst at least one
nolUH SR8, SRUNENAS. HOMLAI i RYsA PNl el d encoding

a - str eptococcus pneunoni ae pneurnplysin %o ypepti de or

ant ilganothef aspegtptht inviesti@ofeatuagsch mettlod of smtlecingign fromtiheresponse in

mammal a purified S. pneunpni ae pneunol ysin "
A BORLRY: SRSt t@éﬁ?@l@ﬂ&gﬁ%\ﬁ&ﬁﬁﬂ&%@fl%@?t@r FPt4iging a
prglgg?% E?Q%ﬁ?'ﬁ‘nﬁécﬁfor AhlcRBBdEsdqabicedBntalTHL @SB APR®ncoding a
Streptococcus pﬁeumoniae pneumolysin polypeptide or antigenic fragment thereof; and

administering to the mammal a purified S. pneumoniae pneumolysin polypeptide or antigenic
fragment thereof, wherein the combined administrations elicit an immune response against S.

preumoniae pneumolysin in the mammal.
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30 pneunoni ae pneunolysin in the mammal . 4 WO
2004/ 043376 PCT/ US2003/ 035529 In sone enbodi nents,
WO bw4nzssmal s administered at | east two, threBCT/U82003/035529
nore separate doses of the expressi on vector. The
doses can tlonall be se

00558 R PRI b35S 4Bl BB e mor

se@ﬂaﬂemoféésrcﬂtth@ékp@éssiohezeaor PTIRLITREY @@ dpFiBhATDI BesdeParate by at least 1, 2,
pol %peptl de or antigenic fragnent thereof is at |east

3.4,5.5, Taormoreglays, 7, or nore days after the
admIH'sg&tré %Hb%ﬁl\?g{] td H?e a@ﬁﬁ%@tﬁﬁ oﬂrble?ecg' g:rnezfmgmgpgﬁgﬁmolysm

polypepadedmaghtigenio Ifmgmphﬂ tereoftio Ay llamn ezi, 1,4, & 6, 7, or more days after the

non- St r ept ococcus pneunoni ae bacteri al poI ysacchar i de,
adpstEztipn; ofdhe HARICSSIOBYeH8 - cont ai ns a fragnent of at

| ea & pdsdsco ioh it

e SH0REE AL LN AR B B RS
coppiggted e & den{Saekocodras mumnwelbdc@eaiumﬁwecchwiwm(eﬁ@he

polReP € Paifi il o7 oot BEO oo B SRind G i Ok p Streprococcus

pricifBiRe PREPESISEN PEAEIASWhArbia tROFo1FhepERE RERE td mino amd sequence
{;neurmnl ae bacteriumwhen adm nistered to a nmanmal

HNWQ%W é%) wWheggimibe pQD’P@mtd@d%fd(é hemolytie agyiaand wherein the
coGﬁ GLiE0h YlkitsSarS il Esploh 98'19 SH2 r%coc‘ctcgpgné?tfmomae

eunococcus naenop us uenza ype
baﬂtenumg@mmtlngte@cuptoé mdnmeal. CIZn samd egiarplps, Bhe non-Streptococcus

streptococcus typ 11 VI11. Such a )
Predmerses bacisrivm it fsiec E@efaone e %ﬁmpc@naﬁﬂwfﬁﬁwum@gwﬂ%gﬂaemophﬂus
agkai, [
I e B A Sar i By 67 P rollp T epRRoBR e 1o, 1o, L,
Iy ¥sponide Sughiarsmpokidion om 18t usep toTducum ipmewreonsppase in a mammal
bac um in_ the manmmal anot her asp ect
by TURSIeBAE e T E BT e S BB S etV fsinduce an
imn®un@ respoR&: SAlREk W8hS1RbRES 1S PR IRPakleiaM iAfthe mammal.
pol ypepti de descri bed herein. For exanple, an
ant |Ib@dgthmagspgge@pﬁm@atwryfebﬁum amiridied oRiteadyttharbinds (e.g.,
seﬁagtrl1 eﬁ% gtgagc%ﬁ@%?@%{é ;8? g&lgﬁ %‘%Qg&%nkg% f;i‘eerefﬁ For example, an

anpebmaay bsteifialy dindsoa cf)fr@gﬁﬁm c@ftaifiing al [ﬁﬂﬁi&pﬁ@@conjugated to a
contl guous ani no acids of a S.. pneunoni ae pneunol
S. preegiae samevlar pelysaechasge.ppsstin des 1 mtléﬁ@rﬁwm a&mant of at

1e§s?%@&ﬁﬁ3gt§é/%&§'§9dﬁ Br Ngx ‘zg:%)tmgﬁzgg pFeLﬁ'ﬁolS/ﬂﬁ Roﬁﬁ&ﬁ OxNerén the

term nusy, el n the polypepti acks
podimepudet hacksathe awntivey mchsd;qbencc NS Dt(SER ]I)sNDcZZ)s(e gn at the carboxy

By hE B G bl Peida S PepHe e HEERESh the composition
elRNS M Rhake s8 e Nk BhRs@MinkAufe FEBITIBE dnd/SUCERIRRr immune
anti body can be, for exanpl e, a nonocl onal or

regpohs) [agriast Saprebodyae Waen adninisteres tola aammphr Suelhisantiady can be,

f01b gxample, a monoclonal or polyclonal antibody. Cell lines such as hybridomas can be

prepared that secrete an antibody described herein. The antibody can be used to treat or
prevent Streptococcus pneumoniae infection in a mammal by administering to the mammal a

therapeutically or prophylactically effective amount of the purified antibody.

5



10

15

20

25

prepared that secrete an anti body descri bed herein.

The anti body can be used to treat or 30 prevent
WGLepsBeoccus pneunoni ae infection in a mnmakPCbys2003/035529

adm nistering to the manmal a therapeutically or

prophylactlcall effective anpunt of tg rlfled _

ant iMbeyangeef doamyeongnidh @cwseﬁzmp a fjgpf 5. pneumoniae
se@%ﬁ% %g@%&é‘?ap@%’ﬁ@e Cgﬂe %t% %?gﬁene%{ %Eéct?(ﬁ rovide cross-protection
agpiaktyiafectdrawitt @-spadndpe phéwbeormmq’ewgmee Sseh ctmepnﬁcdt&dlcyn increase

vide cross-protection, i nst_inf
et RS alibn pauusdr in Gne vl e s ir bt fgr than one
S. SRR IRIERERypd N BEdifSly] pBReSSH Mhairdt &pNedlitg 8NEYSRLRoniae
In treating or preventing infection by nore than one 5
se®tynsa eunmpragided Mithppenecrssablydironiipg cgm@g@@& foggvery specific
a%%%nst a plurality of S. pneunoniae serotypes can be
i ded wi thout necessarily providing conjugates for

everAndiig aivirtagess i npentioAnotHag in suivaahbgiments] the
invention is that, in sone enbodi nents, the

psgrciopaesTRIbFD P YPRPtiSSs Jask hemabdic aglivityh ebseidingly, such
ps@&& le}{&} 01 & %8 y gzﬂgg d &ﬁﬁa’gsﬁl@ v&ﬁ&ﬁ ﬂ%ﬂﬁ@dyog'aﬂsent toxicity as

con expressi oh vectors have reduce
coatpassdtto pmpM1nwsa®ntamng)anadraﬂlg ocanypng pnecumziysm having hemolytic

cont ai nj ng. a_nat ur poseurrin mol y.si.n havin
gy PRSPPI M EERU AT Y40 havi ng
par tAl?Athé?%H?irﬂgeConEé invbdtdon i€\t e sordélvAbd Asenf exipf@sion vectors

i nvention is t at N sone enbodlnents expreSS|on
engeding pecune el rHacatse amanippsddrio muglaisacisls enepdingpresmelysin point

m nt#lgts,ﬁtﬁ(?: }uililTeyy ogr%}gﬁé’g Igon%s t§neu elaytg)élﬁ go elgtha§§1% rﬂé}n% 1,(%’a.ct1v1ty

BdtairdeltBe prdiled Iy e traddatesilick. a reffid6 @8 pRevinfty i mambmﬁbutes to the
truncates lack a region of pneunolysin that
hegofiytici astivies any muations dmtheyurleotidasequange ohthy expreatipmyestor should

beHﬁaB%S R%&LSQ&'ﬂ?uﬁﬁﬂﬂEOﬁ of the expression vector
s ou € unab 0 regenerate the toxic activity.

Unl e[stlesstdulear\Mseeleﬁﬁéd ra dechaichl dndhbientifid teansiuslilerdin hawe the same
ternms used herei the s . 20 ni as . .. .
MG f ¥ undsstiond by hsseoiordighey ﬁ@ﬁ? (B pitfo whichfs invention
beﬂf st Qlt}‘i@lﬁé}{hs‘ngtﬂbés érﬂvrﬁmehﬁy smﬁﬁ’& 8N&iivafink ROBGEe ABEMASherein can

mat er i simlar or equivalent to those described
behsc@ imthe practibeontssiihg of thehiaventmos suiteblometieagisiand nuitertaleare

%ﬁ’&ﬂtbﬁg’&) béﬁ 8{7\?110 ngbgﬁgg £ argaﬁlg% g)gteél t Sarid Sther references

mé&ﬁﬁ)'nb@ RéreidNge inkafpRidted d@fBﬁer@ﬁd&Qﬁ tHedf epitieg.€ b caRB 61 4 edtElct in
herein are incorporated by reference in their

temminplosy.ythe presed specificagion yitll portroli In gdditicsy Herflspeiipd majerials and
| di t th
@l SEER} URREEG iy WL atthbl iR e HABEC: ot ve onl y

and @her featurdsruneg Iad%?htztgizs béthkiimdenhiiorgwill be apparent from the following

detailed description and the claims.
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O her features and advantages of the invention will be
apparent fromthe following detailed description and

wo bw4psaras. 6 WO 2004/ 043376 PCT/ US2003/ 035528CT/B81083/035529
Description of the Drawings Fig. 1 is a graph
depi cting anti-pney ) pr oduct i on
elicited in mce BELHE HF2with a
ig;fﬁdéa les]a4gr€p% c}/e?)gz?% éll g)%glp gluggrf%k?%%&@ prlloductlon elicited in mice

fomingﬂ@lhyﬁl&l&ﬁhﬁwnﬁ% Sefoytd ﬁlﬂﬁkﬁccﬂfaﬁdﬂpiduﬂﬁprﬁﬁuhﬁilis&dconj ugate.
in mcefollovmg%@lmmnlzatlon Wth a seroty

pol VEacHargrapdL depiclias snidwrbisyesharidedsly %B@%}/ pl}ﬂﬁectloa gligited in
mifle BfRRIn R A0l 3 BABHER 1B bl 808 meumolysin
com;mghtea ser ot ype 18C pol ysacchari de- pseudopneurml ysin
fe 4 i ) h depi ct,i . e e
ant 1ol §eeeniiepliaing gos ERE By SF S ANgeacs prefuctpp glcied in mice
fOH@Wll‘l% ifinfifidafbh QhRGket TP Mdl%c&ﬂahhe-@seiﬂb@ﬁéﬁ%l%onj ugate.
pol ysacchari de- (fﬂyeudo pneunol ysi n onj ugat e.

a griapH u@rgr@nh 1cking |anfpmebmncyemd¢ Ig nﬁh@ﬁbbbf@g}ucuon elicited in
[ ct.ion I
midk ?%OW ofving }rg um ﬁti %r%@@ﬁellrglb gwﬁg‘%&%@g&eﬁ éﬂn%ﬂmolysm
coﬁ}mlghgégat e. F| g. 6 i s a graph depicting
anti - pol ysacchari de 1gG._anti body production elicited

in #Hend sa granh Qﬂﬁi%‘@&%ﬁ?ﬁ?%‘?lb’ﬁﬁ Ig@taﬁtl@%%waen glagited in mice
fog&!ér %%% EJilagtSI gmgtﬁégstgl d neu rbac&x]gﬂgaé’ g&tuﬁgprga'uﬁrol}%ld Sonjugate.
pr odﬂgté B grhphoddpeding ranmpolgrsaq‘chhxhdn/ﬁgﬁganmbudmpmduumm elicited in

migcg, ﬁ&l@‘éﬂﬁg Erg}néﬁ eat%%':‘iv s%r%&é??ét ]L;P?c% gr? enpesléu %unQOIysm
Coﬁﬁ{ghfepol ysaccharl de 1gG anti body production elicited
20 mice followi ng inmmunization with a serotype 23F
pol yi8actisar grepd gepentiag pn@mmmly@lwn Ig@ rtilepsdyeprodticgion gligited in mice

ofly SR o R o BT GPRR o conjuste
WI t hrig, 85i%ra%r?_ﬂlﬂﬁie@nd@mgMﬁﬂ@@fﬁﬁdcﬁ&nd&l@%ﬂﬁ@%oﬁﬁﬁfbn elicited in

liJu gat e 10 1s a graph _depicting
mig @quapgg*awwaaﬁl%wng@sgﬁtxpsaak} pe}yéwbmfrp%}lqi%wgaolymn
o {%mcefollovvlnglrmunlzatlon wWth a serotype 4

chqﬂ sacchari de- pseudopneunol ysin conjugate. Fig. 11

I s aFigraih geyhi d:etpndngngantl-lpnpunnclmh)lgﬁ_? ntilg@ygmoddetidy elicited in mice

roducti on.el.i ci
foHow{jngClmmumzatlon wtit% a serotype 4 polysaccharide-pseudopneumolysin conjugate.

Fig. 10 is a graph depicting anti-polysaccharide IgG antibody production elicited in
mice following immunization with a serotype 4 polysaccharide-pseudopneumolysin
conjugate.

Fig. 11 is a graph depicting anti-pneumolysin IgG antibody production elicited in
mice following immunization with a serotype 6B polysaccharide-pseudopneumolysin

conjugate.
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m ce follow ng i mmunization with a serotype 6B

pol ysacchari de- pseudopneunol ysin conjugate. 7 WO
wQeMNd333876 PCT/ US2003/ 035529 Fig. 12 is a ge@phis2003/035529

depi cting anti-pol ysaccharide 1gG anti body production

oL B 08 o S A BN O Potuction s n
mie® MIEALE immuBizatich with & s&bBPB 6B E&d_l‘lﬁride-Fseu_dopneumolysin

anti - pneunol ysin 1gG anti body production elicited in
cofjugdtee fol | owi ng i nmuni zation with a serotype 9V

o g RN T PO S

miRé eslléstih® inhiehfictwitina séfotpe DV fodysabhatifRrpsiudapricdtholysin
with a serotype 9V pol ysacchari de- pseudopneunol ysin
copapidgate. 10 Fig. 15 is a graph depicting the
ant | i itttheSmti ' foduction elicited i
ol § R YL ERARR e andpRAARTILAR, RS H18RGy blbduction clicied in
mipa fllowing enmeniabtypewitd a pabiype O¥halysdecharide-pseudopneumolysin
seudopneunol ysin conjugate. Fig. 16 is a graph
COE‘é‘ﬁﬁtEti ng the antibody response in rabbit agai nst
pneup! y5Sik A grfih i picBn® tHe MRtiBOBSiesfink &S Ynbdhoniae serotype 14
pseulpg%pneurmg{f?sj n?l:_)NA_Qvacci nation. 15 Fi g 17 is a _yp
podyrsagshatdpafiariartbird ineotion lod dypnesmpuias seratype d 4 ipa yseacharide-
with an ex [ vect or encodi ng pneunococcal
ps%‘b&ropg%uén(glyglpglgﬁhgﬁﬁm vaccine. Fig. 18 is a graph

depiFig.i 160s agraphtdepiedig trRupabsdy rifcREe innpabit agamsnpiidunddlysin using

expressi on vector encodi ng autol ysin DNA vacci ne.
a [Ejrpe-baagt ﬁ@atﬁgigfoé}QFP“Q@W%WO%@%QEI%Y‘%C&!M@P%ar ance in

T C LTRSS Bkl 20RO PR A0S QLG cprssio
vepoe antoding preliystoccelony fagapreteir-rAJONAOG/acena  gr aph
depicti bacterjal .clearance in mce _challenged with :
S. " Bt A 2eanbalentey B Ay anif o8y TERAAIASSF IS IR Bithign expression
Vet:ﬁép@nébﬂlir%oehﬂ(ﬁ%ﬁmzidS‘GciIfé?eU_dOPneU”D' ysin conj ugate.
25 Fig. Z1 is a graph depicting bacterial clearance in
m cdighidl is ersgapth depickingbagereal atsaiaaee wanise ghalleagedatviter
S. g%@gﬁ%ﬁ%%fﬂa@%ﬁﬁ%@? ¥Z§§OI§L a’/itg %l tyﬁc’eaﬁf: ;rn]oef}rlslaggﬁaride-

pseudopneumolysin conjugate.

Fig. 20 is a graph depicting bacterial clearance in mice challenged with
S. pneumoniae serotype 7 after immunization with a type 14 polysaccharide-
pseudopneumolysin conjugate.

Fig. 21 is a graph depicting bacterial clearance in mice challenged with
S. pneumoniae serotype 6B after immunization with a serotype 14 polysaccharide-
pseudopneumolysin conjugate.

Fig. 22 is a graph depicting bacterial clearance in mice challenged with
S. pneumoniae serotype 18C after immunization with a serotype 14 polysaccharide-

pseudopneumolysin conjugate.



Fig. 22 is a graph depicting bacterial clearance in
m ce challenged with S. pneunoni ae serotype 18C after

WO owwnizdat i on wWith a serotype 14 pol ysacchari dBeT/882003/035529
pseudopneunol ysi n conjugate. 8 WD 2004/ 043376

PCT/1JS2003/ 035529 .Fig. 23.i.s.a Qgra depictin )
ot BB o R A o depisting adrd 1P B D PeoRBH Shelignee with

S. PREuHBHh 2Eers§pO LIP itk IMnfniAtioh WikH Al séty RN A d1sadeharide-
serotype 14 pol ysacchari de- pseudopneunpl ysin

psewdfpugemelysinjcgnjugatei s a graph depicting bacteri al
cl eay. . fol | owi.n I it S. .
o B R Gl by B AL RS e P e win
S. pRENhYNIGe Sefotypt PSR ERETAMNERIZaISE With RrsetvteyIsl pblysaccharide-
conjugate. Fig..25 is a graph depicting bacteri al
psgrdoppapelysinggniugateol | ow ng chal l enge with S.

pne . » r o .

Cor B 5 £ A AR R Pag A LLca I BRSO cftlenge with
S. poeymgrabeserdifp O3 R afterdmbBemcaation with actrotype 1drpodysacaaride-

Th resent. i nvention provides conpositions and
pSﬁgchpgagm?lgﬁmtchgllgptﬁg or preventing pneunpcoccal

i nfection. The pol ypepti des,

pol ysacchari de- pol ypepti de conjugates, and expression

vectors descri bed herein, when adnministered to a

manmal , i nduce an D&tailgeilesermptionof thelventiam ne r esponse

in the mammal . These Q8g$osition C q§ st . :

pr optiA RIETEMVPYHANPTRER] GRAPSIRANT #ifi WP Biﬁ oL HaMIe qr greventing
prichRbaReUL ihfRtibY. TRANAGpP1iHEEL pERNSIHERSidel FHRPRBLIAS SRS, and

in an infected individual. Polysaccharide-Protein
ex@rasfiog atesrs218soxihsd hyrsap wihde admmidiered tmi mganed, inducs ag.

neunoni ae capsul ar pol ysaccharid coval ent or

oo TR s Al TR et BAE BT, ess5PYBeRhnicion be usea
pré iRhlly @f vakbifateQnjittBAlieil an€/en tcthBap&itichRY indub®i thefipeutic
~of a S. pneunoni ae pneunolysin protein or a nutated S.
ingpEgresioage ingndufesied ndivigeadt ei n; | acks the amino acid

sequence KVEND (SEQ I D NGO 22); and | acks henolytic

activity. The pol ysacchari de- pol ypepti de conjugate

elicits an i mmune response 25 agai nst S. pneunoni ae
PoltmacchadideProtemr@shjogates nanmal . The | nmune response can

be directed against the polypeptide, the _

pol yA aebmeptideecande cm@g@@g@i éhgmn@znn@fiaq papsylar pplegrcehpeide by

co@gl%ntt ohrenogpcloxglgﬁf: rtﬂgtilb(ﬁjs?'ln general, the polypeptide component of the conjugate:

contains either a portion of a S. pneumoniae pneumolysin protein or a mutated S. pneumoniae
pneumolysin protein; lacks the amino acid sequence KVEND (SEQ ID NO:22); and lacks
hemolytic activity. The polysaccharide-polypeptide conjugate elicits an immune response
against S. pneumoniae when administered to a mammal. The immune response can be
directed against the polypeptide, the polysaccharide, or the combination of the polypeptide
and the polysaccharide.

The polypeptide component of the conjugate can be prepared using recombinant
DNA technology, purified from natural sources, or synthesized chemically. In general, the
polypeptide component differs in amino acid sequence from a naturally occurring
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The pol ypepti de conmponent of the conjugate can be
prepared using reconbi nant DNA technol ogy, purified

wo eammossatralr al sources, or synthesized chem cal PgT/U$2003/035529
general, the 30 polypeptide conponent differs in

am no acid seguence fro nat ur al currin
S P e RIS obir O b 38R o thel- Bl eyt 9
pmnmuminwlypepﬁ@é Ridepiclddan SEQUENO: Dfscé BRarfipleN S BERBHPIAL,
pe 19A pneunol ysin pol ypeptide is depicted in S

pqupemyiq cqrgygme@g&ﬁ«mcgnmgate B@@ﬁdﬁ; @*t)are %ﬂwggﬁttp @mino ac%s 1-460, 1-
0 en f u mted
i TR, i, TR PO66. L6 YRG5 70pr 3E0 OO,
1- 4@Sycldie 460s erdcodbify, trimcated add70r mﬁtaﬁﬂ(ﬁom oG g p&eumoniae
Nucl d di t d d/ tated for
LR el e, encodi ng. § runcat ed Andlon it ot ed, LI b,
Nﬁ’cflﬁ@ akiag encfoﬁ[nges)&@ﬁrﬁfo%ln@/an%l HORNISEnSHAKY dbdbRE %Hl&f‘are preferred
(PCR). Nucleic acids encoding such proteins can
orglengueferfred, fhlawpargmd@td@mesmm srﬁhermr Eorxefmgpte, 8t nu@lelc acid can be

o BB i onscRae. A B Nsa TIRA SR RO b6 ns he been

allef@SsuciPiRt GRABduenbE Efdphfﬂi&eﬂ fat exlpeasibn 119% cdl, yesd¥ohnan, insect, or
the codons have been 10 altered such that the sequence

CHO B8 ni zed for expression in E. coli, yeast, human,

i ns 8Glcleil 5““%@?#{2{“&%@ Lu?d/gr ﬁﬁfa%ﬁ gﬁﬁ]ﬁsogf' 49 Ieneumonzae

truncated an orns o pneunoni
prmnmutyslny;ﬁoﬁelrprrantt&i fnserdaa nbcﬂedtlt&selqdeﬂcmmbedlhg @B other pneumococcal

Se( Uences enc ot her pneunnc rote
prg{?gﬁ eh 23,p9p §ﬁnn gur PPHE@“ B @F%rlaﬁm}ig 3@@&&9%@ g’é%te choline
blf(i'%'lg’lé Hfo@é'iﬁ‘tAe ok ¥B3R+p n%ﬁﬁbéd%@al?otpﬂng @‘oﬁgo e 1301 E‘udlﬁ’ as ‘%mophllus

' on- pnéunpcoccal protein ron1orga i sms such
infleerzp i nesingocoictusegrowp B, Bnmrﬁl,ng@ufqﬁgwcger gmpp B The Implelc acids

C,,.or rept.ococcus nucl ei ¢

enght Bty HRAS Gobte Bhoraeh mPE SR SRR ne
exprafeamelysiysiRats ciRNBeiRFM Shificts' MpoBis@ccheddesPs hosts may lacking
useful carriers of polysaccharides, as hosts may

pre-gistipgjantihodies ¢ suchricaliarPpbEFRtsler Engupelysindap mréllence factor in

prB%‘éE?&%l‘ 19?%1ct15’r% ARhofE idhithig a%b{é:%aggﬁ(ﬁ %ﬂgé Bhed geﬁél?% among

pneuno fectTons and
pnéamloaddcomtbfdlﬂfqutrmeuymﬁ ysin anong pneunococci W th

di ffer ent su The pol ysacchar.i de-pratein
con;j g éysaea?@ﬂg%arﬁtﬂpg%%% e.rvgheq fEHRsiered i@ g mpmmyal such as a
hub B hdub A ERe! r&ggﬁg& tﬁﬁ OR3Eid ﬁtﬁ%mﬁ?&g &SRS ahlor duration the

maghi t ude, type, and/or uratlon ne response
iminmgheaespobse iadwiedibytadatinistation taa meamrahl afontyrthg polyeaccharide

ol ys haride. 2 on Accordi ngly, .the . .
e p A G LB PERRDRER® BRMGT Rt PURGER Sl st pifipient to induce
sutR ah BEHaGEed iPMflhcARsRMBR KR drdgMRHR® f h @5RPAELocchfing S. pneumoniae

fragments of a naturally occurring S. pneunoni ae
pneumolysin protein, the fragments are at least §, 10, 25, 50, 75, 100, 125, 150, 175, 200, 250,
300, 350, 400, 425, 450, 460, 465, 460, 465, or more amino acids in length. For polypeptides,
varying in sequence from a naturally occurring S. pneumoniae pneumolysin protein, the

polypeptide can be at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
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pneunol ysin protein, the fragnents are at |east 8, 10,

25, 50, 75, 100, 125, 150, 175, 200, 250, 300, 350,
wWa4/0483% 450, 460, 465, 460, 465, or nore anPCDUSDIIE3S529

in length. For pol ypepti des, wvarying in sequence from

a, nat ur al | curr n neunpni ae pneunn

0% B bbie 0pafis 58 Ay D os BT Prg b r R RbBIR Pratsp 8. SEQ
DBRén1 60% 65% 70% 75% 80% 85% 90% 95% 10 WO

2004/ 043376 PCT/ US2003/ 035529 98% or nore identical to

a nakhernelyperbdecampongnipreisrablineslsdiemehidicrastiyidy present in a naturally

B0 B P Ry A RS0 o ST

exhilite ek khan 308 a0vd, i g%SS%p ¥ oplesaef thekemallytis activity of a naturally

rotein. CGenerally, e. pol Peg_ii dcg conponent €
OCEWRING; gnérué@glfierpalﬁ“% &mznﬁ%y elng Jegmagtic achyity car) g mepgured as
detdiRd REERANDIES. a&géﬁ/éraythefheﬁson@b %@«h yyofa%w ?il@&ca% be determined
pneunoni ae pneunD ysin protel . tIc ac IVIty can

byﬁecuteasgl thecpobypepidds with eafl blmCB@lmmde, Qleep eryffenated, and megasuring
hef TR e o ¥ B uliny Be Bt R DD £ P g4 S iR Sbiotogy

Leftefh 121X1961226by4 fésofipticiof a@ruiempaswnéﬂwytmmwSI S

i nduced by the polypeptide (see, e. Onen et a

( 199khe nnewscthae%%ﬁrm@gyt @Ghieim%aée %zbezmy Soprpeumgpiag capsular

=)

NGRS B Gin St TRIRL)e IRTBLARL ST 2 1 08, 75, 90 0.
103, lﬂ)Aelaﬁ‘;rMaESB;aﬁﬁulm 19[AQI19E,81@(AI’,1&0; 21?@ 231#&1,&:23]@ QAE, 2WB3F, or 34.

not limted to (I) 21 6B, 7&3
Ingomggm g@lmenﬁ_sd&e CEHW ar:pg sa(f anq_aslg se ie;tgl frgg@ubt_lygg\s 4,6B,9V, 14,
18890oF, ]&QSF‘Z@n sofe emﬁo’}tﬁ\'negé Fihe ﬁgigsacgﬂand%%: ser §f'4 Trl &ther

sone ‘enbodi nent s, e capsul a ol ysacchari d
enseldentrds) the pn’ryﬂuddtaylpies sérot@i®, 188V, Odelor mdrs of. 8¢fere_1g[égpmlar

e e ccharjde.is :

ol R gRARERR bF ROULRETS kUt F RRO R & pal Sl aplygeptides. For
exb@pES h AlulPe kB Conj e Odn iNBluBe BXflcsbt | fEBeRLs Gaps8iloasr 10 different

po ysaccharldes can be conj ugated to a S|ngle
capsilgrnohtsperhagdesa ]bcplms’agphqnyljemanﬁm oppiigeted exspolpesptides, for example,

I
Vl%éﬁ‘g}ﬂ xglerlghggégte é&%;%ﬂg eﬁcggf g 6&181 %@E%rgdgg% ?ltgd%légap gd tﬁ@f&glypeptlde)
a lbq%)@(ﬁlmgg(a sﬁh@;e pdﬂgbgfﬁﬁle @haitalch‘i&lStod@dpeb @ol}@m}chgl@deeE ok oross-linked
0 epti des or exa 2 aam)orrerlc i nkage
(“{)”étﬁ%/lg Pglﬁ( gacghayidss aitfr?é% ]é‘é’ger%lmgt@? -attached to ? he
I 1 Qlﬂﬁ{jo ;

o MERLICE fhe fRrita poﬁ RS B P BoPRLMBERI ffypeprides

descrrdzv;dm tmmamp(emmnm eompudatismotpeyiadewrides mqiodypeptides are

ods f t ificati :
acihty FaBpiis At dale i ranamyPaPils o sl Berice
pu@lﬁﬁsﬁdrbﬁ@ dofjulehforprabRk&are aéldnbélﬁnc@gj, UR tHa@nt Mumbers 4,242,501;
sacchar i des t5@$§0| ypeptides are 25 described in

4, , 8,043,088 dind 120det ai | s concer ni ng pol ypepti de
or pﬂ{eycogj%%gt%g ord}?olypepndes described herein can be administered to a mammal to

elicit an immune response (a prophylactic and/or therapeutic immune response) against
S. pneumoniae in the mammal. A pharmaceutical composition containing a conjugate or

polypeptide can be delivered in a pharmaceutically acceptable carrier, buffer, or preservative
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purification and conjugation processes are described

in, e.g., US Patent Nunbers 4,242,6501; 4,686, 102;
Wh202848%/; and 5, 565, 204. The conj ugates or PCT/US2003/035529

polypeptldes descri bed herein can be admnistered to a

wiiiESnithfle 56 et in® el Bul AR RRRRS 40 Bn O Eh AR or other

injeeapRYual. Aditives dBITHRLy in'Vaebiabdmae bilséd sabreea{rpm ekdr@ple
contai ning a conjugate or polypeptide can be

stabilizeveesuehl as lctosp prasorkitad andagdiuvpnts ée erptanss e samupegenic response

o Blosi ity BAEREHY i ios br RPN AN drosiog, Ths vacene

prodiced dialygilsoﬂmtused)hs doniponests bompltiralent ogicinat whadhi dhelt @h immune
ot her hgctable L UIdS Addi tives customary in

IesPRBeS %’één plugalty ohin W@E%%&entsf or exanple stabilizers
suc hr&%ok@ obi®iBhs Qi b%%mlﬁ@deredqn qnﬁmaw& KhSwh ﬁ{éfh?tn €8, orally
t he i munogeni ¢ response such as” al um num phospha

intyrdvssxladly, lnanvwhﬁihan‘eamaﬁy,eaﬁrgfcheqaw,ostra@rmaith:e lntraperltoneally,

i D R DS e ST LA R EATT PR R fgyaneously.

TG hM 6 irdrodbibddahiol the Bdstionft@einhiakft SOBBE&pirdibey tract, e.g., by
conposi tions can be adm nistered in any manner known

inhylatiameofgrsolution@r powdey|doptaining thgeaniegatas. | ja some embodiments, the
coln%%lél Spga St{eyadnhﬁ]l%{e%%rlef 'slall g}‘ hI ntrathecal ly,
tra raper| one intranasally,
i nt r@phm’ﬁmartichycompm&itﬁﬁ(wgaa Ivyccmd)ﬁsr adnaigisteadd iy, an amount
intrarectal ly or sutt)cut aneously. 10 They can be

suffyqiens du el TRevrtion of gaRhadiss 3¢ BY PR ITpURageRiF regpgnse. Dosage for
an%%%%‘g \@E%tﬁeh&ﬁﬁtu offminy fRYorb, HHAL&hE G r?%flelﬂ's%ﬁe%én@fhl health, sex,

er cohtaint ng the conj ugat es. sone
bodprisudaceentas agd, ke pactoonbarsiotipomsd e admlmdtqul timeraad rozitgof

a.skin ... A pharnmaceuti.cal
auRet i il st AREY i e ahabnnrrenefi f sy of optimal
doBhdelk eRNAEHS tHeOmilRfes 80 pRARIBSI0ZiSt dFidindy sRill.
i mmunogeni ¢ response. Dosage for 15 any given patient
depefysabiliipef Arampesaidentoslicit an ulumungretSh@SQm # Bpgt'mpmmal can be
i.Z r
as? 2§ b glng él}olhgg%rélgﬁaﬁgﬁﬁ% r%\g&qé’ re§wns?sctrﬁaét2a g?ﬂelﬁ(ggxma in the art.
For @Hirﬁpl@f tha@mldiratsdrrﬁtcymnoxlamctem e bedfenrgmstioged g a standard °'Cr
adm ni stered concurr en{lw)ér Det.erm natj on of

relgaseAgeaY; By maﬁurwgtlmrqpe Slfing pxresston pr SGCI’Ctl(}IlI gaLy using major
hlBQ@J Ql%hﬁ &BpQF( (U BE IS, Slandab88sa4, |si1<§hyascgnz?\ne -linked

|t|o to elicit "an i nmune response in a
1n1mamma«brbe1arasm (ERIS Asm apeyndyinked mgnumespatd ELISPOT), can be used to

mégspre cothesiangs sl bR g n Al efVefor o ol B Rerilbrt e
m%ﬁrea%sg@rﬁ@:fh% E@hed *Hohfmfdid Al 2d Gther h&h PASRVASIRANE art.

by measuring’intracellular cytokine expression or
B s@ll:reepcpltsps caprbeyyeagated ysingjagrecognized assapusuchps ELISA. Other

megtﬁ%o G ﬁ(?ﬁ?e tbeetursgcﬁTFor&/alugeatﬂg %ffgctégfgt%}é%njﬁéja(f& &Spathogen-

associated lesions or on other pathogen levels generally (e.g., pneumococci clearance in

challenged mice treated with the conjugate).
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i mmunosor bent assay (ELISA) or enzyne-linked

i mmunospot (ELI SPOT), can be used to 25 neasure
w@ytoekize profiles attributable to T cell acti®eEr/Usa003/035529

ceII proliferation can be neasured using assays such

a1 TSR PE BT aRR b BEba@iR B mEM R ueor s Wedicamen

for e PeEvieAesh &S@@yxﬁexﬁwlan affedtioh SAth Dpaesimonieé bloamhn@hg 8ssociated
can al so be used to evaluate the effects of the

‘WﬁbﬂPb@H?@gﬂbn pat hogen- associ ated | esions or on other
pat hogen | evel s generally (e.g., pneunbcocci clearance
in 30 challenged mce treated with the conjugate). 12

AnfBod{¥94/ 043376 PCT/ US2003/ 035529 The conposition '

herei n.can be u he manyfacture o

desc
e B R SRS oD ek P o 5 3p bifion thercot
UGS Py B BYERIAS pLOIEN Lo 9eR0R, s i
indiywliunlto aasepmdﬂg@wmak (e to pugraens |t1yessenoncbmd1a'1dual S 1mmune response
c.o ‘%natlon. re gay be us%q in a @ %?h¥ CtIC or
BRI Béfff'i“&’“%%‘i Pé’é‘?“ FEPUSRI P PIFROR IV AR
imhiunSEomproghivdddsatibnt. OAatiEREG et Rd ayAidital pod}%a@:hanﬂé} pneumolysin,
augnent the second_ individual's i mune response
oragambytatlsn thyreafieam bgger@rat@(blnp%mwoaorﬂ@@%rh@ét (e e
i i
ad%nx?llg% {bdfh i ec%xocgﬁna;gegkin%g?# @ﬁgé}g@% §(§3g<’31@ﬂlt), HalNekted from
thephest aid ysmsﬁused @ito a re@mbnmEMBﬁhoﬁtl’ﬁatrﬁﬂft ot ;an)phglams thereby
nerated in an i nmunoco etent ost
coRfsfRg ispistanpglorthe faqmpls e %gg’oh's’é’cfﬂi“ﬂg%‘ftéﬂso against
?ﬁ%ﬁdr}?&dad?leefn? gagswl?%'iﬁé? §5<§éhzf \R/Qﬁh bﬁrﬂleanlﬁﬁﬁle@éﬁhted by the
ransfused in a récipient in need of treatnent or
copjugpleyé.gxitls: pctlwep@taylde conpaeni olghe ewijegatgice to t he

{ t | {
ol s iy ChortstiondRaR RS Rl s e e
phBaRiRichl Wb bsithdEhdedetuseD b dafeelal f@ﬁ}@@hctiy of tRrapeutic immune
conj ugat e é Kﬁ thebgolysaccharl e conponent of the
responsaiganaydivishiel. suutiabls cempenanispngymethedsiaf gdminisation for
phgﬁl;g1 Cﬁ%@%ﬁ f&ggﬁélﬁorﬁa&% E%F%ﬁgd%é de?% 29&1‘2&1 f icfting pas51¥e 1mnéun1ty, the

phaﬂﬂzni&yﬂl(&ﬁ bbmpﬂditldﬁmaylb@iﬂmn@olyﬁmnlmntlbe&pmﬂﬁﬁon@lml antibodies or
i ndi vi dual SU|tabI§0§o onent and net hod

thejfifleravady e Breeats HETEYIOY e?leafpsnemﬁs)&&l% preplyylactically or
th&ﬁﬁ&ﬁlbgﬁdeﬂ?&‘i 9k Amolry of%h it d YO RERSt V& deﬂVMWet Xs detd¥ined by
A meceut | cal conposi t1on may conhtain polyclonal
ﬁwmhm&mmnumékmhmqmnoclonal anti bodies or their
derivatives of fragnments. A pharmaceutical conposition
contains a prophylactically or therapeutically
Nigfldie Alcid4E R BBMB Pneimadbcad) PobBpeptiddsr agnent ,  or

derivative, as determned b
Nucleic acids encoding a pneumococcal polypeptide or a fragment or variant of

pneumococcal polypeptide can be administered to a mammal (e.g., a human) to generate a
prophylactic and/or therapeutic immune response in the mammal. The immune response can

be an anti-pneumococcal humoral and/or a cellular immune response.
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standard clinical techniques. 25 Nucleic Acids

Encodi ng Pneunopcoccal Pol ypepti des Nucl ei ¢ aci ds
we@2mwe/dizsg a pneunococcal pol ypeptide or a fragreEntusmwn3/035529

vari ant of pneunococcal pol ypeptide can be

o ogRUPEBLTEs thi s P a8t oo iR AT Yok e Bep e
polNPEde cohlifonkmidnthelcBRIGAE S dEsafibetithddéin Giteudopneumolysin
ant | %eunococcal hurmoral and/or a cellul ar i nmune

poiwpsplites descripgd he gaamples 37 &vetiay AU BEIYIBPYOcoccal surface
VRS B A SRS POSR e SRl L 8 o
combiyatiga b ésvaesmoresach pellypéptides Sagnheptacermmakigstsn
ol ypept.i des described in the exanples, as well. a .
but OV ac axwﬁ%éeéfb@&é@qts G HEAREPATHT it Ui ionglged ecombinant
DN AGHIRMsS ReRHIavdY eRehtstdAR b8 Hcluded il@‘tﬁI dortstr@bt to %Jﬂi‘lﬁ{eﬁéxﬁression of

acid can encode a 5 conbination of two or nore suc '
thguiclgie peiil deendiig thigpehpsptidsr Thase elements jgbideisequentes for enhancing
expr.essi,on constructs can be,prepared ' e
xR P PR e o RRnre R s Pribg e VA Yab lgatignscauences
5' edlo® td thelcuding skquencd; ditednk ¢ihich @al BEplatédddt@ny location within or
expression of the nucleic acid encoding the o
adisseitie pici caeoderlrisguensple Archpal (/@ didon siefu ahwed as g origin of
re@ﬂ{%ﬁgﬁg Afon eSS 61 el dnl le ?e{bllé)fn eré@l‘gﬂm&tﬁg cons{ cts to
ells, e.g., pro ers, stabiTi1zation sequences 0
repicatuhd b s8lected i p@kagdtin gndacpukagetic hodts. o I 7(palyrmdrase promoter
can be placed at any | ocati og_ W thin or %ﬂé ac.?nt to
or oHET SRe O 8@%‘_&6&_1@&7@) t}SS%ﬁTEP_eﬁ *c_;p(rs&}wfgaaﬁ 1 pdhsreriticpromgter such as
_aS.; . . d
BB BR800 Sy AL ALY 08B B s,
sequams¢ encotimgtad LAGpIriotwt s1/dndetdminaet soiptignally present at the 3’ end of

th«g{;o & ohclarg;re.a %g{ms?lijygérrr%?g%g 8?%%%?311.(6@&5%0 gligrﬁﬁ L83 fanslational
sigrla&sS HRh B QW JzhE s@fuen®t er or a cel | -specific pronoter
such as 15 a musc e-specific pronoter) is optionally

pr esBstconsiruchmag in aditiort inclhide a seushcsGadinga targpiingssignal that

e
betrgditked € theépelypepisde. Ukdrgating sinsle camdiredt theadnieeded polypeptide to
transcriptional_and trans]ational signals, su as. .a .
crR RS SRS (R heciath gy &1 FroSaTar i S Thespide oading
coglpiﬁﬂl@ﬁtrﬂﬁ at BERdb A a"f\dtil?(fhﬁ?cfeté_i%gl ?c’(z)}ﬁi‘a&@‘}a Eﬁ%tant%?l peptides, and

I'rects the encoded pol ypept i esire
lysasomed@igetinggpeptidespar t nent, the targeti ng signal being

i 1 o Rl R By SeS BB IRL it RSion in cells of a
méfinal UeetfoRban bd) €. L0 in-vitdl QedibiCduBl &s a PlabiniP&UBterial vector, an
C .

~class Il peptide loading = ) .
integrating viral vector, or a non-integrating viral vector. An example of a suitable vector is

the family of pcDNA mammalian expression vectors (Invitrogen), which permit direct and
rapid cloning of PCR products.
Various delivery systems can be used to deliver nucleic acids encoding polypeptides

into appropriate cells. The nucleic acids encoding the polypeptides can be delivered in a
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conpartnment, or an endosone, and include signa
peptides, ER retention peptides, and
WO y®eea3es t ar geti ng peptides. 25 The nucl ei ¢ aRITIESWA31035529
be used in any vector that allows for expression in
vect or. can e.q., a .
PIFGReH: Régt B ASE OIS (oL ah ko af a8 poSIif shssgpsions, or as powders,

wiE 6 @ltho@Rilubits. ETRSIMIc Yeill arRON M ed" OF addociated with delivery
non-integrating viral vector. An exanple of a suitable

vehindesgnddglivarpbusingri¢liveny ssptpmknnwmthemt, élmraéslmudsnhposomes

vectors (l.nvitrogen whi ch dlrec
iR RS Gr CiseR S 2y OGBS Pl R Iecis, Efficariictes
pdtytierd chmﬁéﬁilﬁg(hgdﬁﬂsl ptysadttRkides; palafoaridddd@rimers, saponins,

g%lypeptldes into aggroprlate cells. The nucleic

i, ddscspiiscRnkgneipe mMabTi e pdin vrats. enfattiyacidel Nyeleiscrcids can also be

delﬁ"felxé@t@g Qé %g ?b,?s@tng[ nhﬁglgqg{l %@121% vztp(;]&r ZWW\%UIJE ﬁ?% e¥troporat10n

accepta rier such as saline, or as collo d

sus p"ﬁresmmlm aads @8 beadohenistered wisinlg stmndwdtnllmihmdsde gL érss described

ol 5l el et {oreat s Ry Seidoar gl - Clin. vest

9583/@ €955 liR@¥Ah bd\ddiNeredlihto sibjekts dSarly RhdRr kﬁdvﬁ@ﬁpﬂl’@ﬁﬂ e.g., orally
m cr ospher es, m croparticles or m crocapsul es,

mp@mum agly, mngmslynlatremtailw igtrathecay| Iytmcﬁ@mally, mtraperltoneally,

inggrhnaagl?ynér} %}gﬁlllyn Eﬁr%@ﬁ{{a}é% dvgiéglf’iﬁ% I,{Xfa arﬁcr}gl&' I()]r su%t:utaneously
ThBtah bahxﬁrodadédi‘ﬁﬁﬂths gadifoidtadtinyl tedt 6iSthe Nesplrtioty ﬁ@dtdéSg by
.can_also be delivered to.a cell, e,g., a skeletal
inhyatiqreof@sjoutiogjor pawderrcoptainipg Hie qUﬁlev:l apyls. lfsqm]l@wtratlon can be local
mg%gg&Ioporatlon The nucl ei c acids can be adm ni stered
Ing standard nethods, e.g., those described in

Donnield ey(pecttediihat a dosagﬂﬁﬂmlroxuhdhteI}OHE) 2000: 114 of ndQ&4 acid would be

and. Vitiello in. Invest, 10 95: 341, 1995,
adgppistesgd teén d‘é‘ll}"\‘}’é?le & ]Pfﬁ? @%ﬁ@ef an aqplihimane MreinakiAR Gy gimens
cahindii®e, 8'aL intBanfyscul@f, Mtk Merrhdl{ nBAMEEH Iof‘?}xh%u fapeous administrations of

|ntravén§u§? intrdarterially, 1ntrathecally,

10- mommgofmﬁlhgtmdl DINAapiemi detinerad in/g mmmparada,scaldfybout 10-2500 ng,
i nt r apul nonar i intraocul arly, intravagij nall

c-5.nl O AIDBIOF 2050 Db BBkreh s VA Sl Intramusculaly or
1n{rQ&Jr8QH§ G daftla®- 6 Bfhed. a?xtsrﬁ\blgﬁ Eﬁc’iv}n{]ﬁl tht Fr%gfcapz{rtst E@sage for any given

respiratory tract, e.g., i nhal ation of a sofu
patientpdepehats uponhaﬂny|f:mgorshmcludmgeha:pmenttt$12eAgmmlsmaldt isemy body
15 or system.c ted that a

be |
o3t HEn e n PUBE AT ITPOLE (b emaiTar e, feramd Tate 4t
adfifHisBathsh, aRO5MBY (ﬁhgé’ 6éng Sddfisdred YdridiatntyWWIS&@miiARion of optimal

patl ent is an adul hunman, vacci nati on reginmens can
dasagy 1@@@11 veithgn thei abilitzaned e lphmnacolngtsmfeqrdmhry skilhal ati on,

or sgbcutan adni ni strations
o1 st B EeIRGE Mo baG ey HotRle Fapi R medfeafpent, can aiso
beAkzedlt hﬂ&@@)@ed@ﬁentz%t%eﬁ presditihgt R1I2QOCs) @tctbAeneritic cells,

1000p ? of naked plasm d DNA delivered intranmuscul arly
pegipheral blood mononuclear cells, or bone marrow cells can be obtained from a patient or

an appropriate donor and activated ex vivo with the nucleic acid, and then implanted or

reinfused into the patient.
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intradermal ly, repeated 3-6 tinmes. As is well known in
the nmedical arts, dosage for any given patient

walepends7apon many factors, including the patiBeL/US2003/035529
si ze, general heal t h, sex, body surface area, age,

t he u ar. ,conpou dm ni.ster .ti and )

R GHETR B R B g g MHer therapies
kRS 1 the aFteslg CaNEREFobil byentdeiheiditioa the nuaélc @pids g8 be25

dosage is well within the abilities of
a@wsﬁg@@wn@,&mwwm arheiraskmes desiged (s enhdes nmune responses,

e r I vV,

g o lbg;érgreaﬁ %tg%fé)glvggl &B%vaﬁ'tsé gﬁﬁ{(ﬂngs ég? \?/Iﬂéélgta?lgg tex?@%dYﬂg c‘}tokmes) or

Cﬁ@tdl@eﬂquec&ﬁlemtas mowelekhevi{ ARGs irtsuch as dendri t | c
nonucl ear cells,,

frg:r Ir T e@f{yls i a[?écb%f ia gl RS pEPPRASHIn a.hostamammal can be
%Wdﬂﬁg%ﬁ@fo?%aﬁ&%%ﬁ%e ‘?é‘sPBhééQ that hd v&émmown in the art.

el"c aci and then | | ant ed rei nfused into

Fotrexapmpld, €lret gendBtini0o POQdb 0 BIGLs RATbLIG00B/10GE 5129 stamiad °' Cr

nucl ei ¢ CI ds can b ni stered al one or i
relih i et e T SR eltstrion ff sehfBtigpecor by using MHC
teBrafhers. BUhrddatC4s0Dis2ducBAS BLISA bPERPAT, @An bé hsedtt éhedbiEre cytokine
acids can be adm nistered in conbination with ot her

profidestattsibugblede ng(}‘?HdlCtlbat@ﬁh dreedl proffgraéion egplmmeasured using assays

3
Lfchgas nhl? gd“ngegl.lm %eea%lgg{t]}}eg gss\gy{ %ilq neé{)\{ﬁg%r?' Ecc\éfp %é%bgf'?&s can be
nmhslgemmﬂ@m redegnizaisaskays\satH addIOSA. | ththeethodolodibecan also be used
ability of a nuclelc aC|d to elicit an |nnagg respons%
tq qyafpatighe effgsinal the aHclgie acids ogpalhogsn-asprigfesiasinga st pppther

r S
pATRGEH Mk LORHIG (£ €7 PR ok eabine W ERM LSkt with the
C@@mgbe denonstrated in a standard 51 Cr  rel ease

oSSy Rl BE IS L b SR S0 RIS Hicamen

fRIBAYRverion br aSathlehSY A infektiSPWith Scﬁﬁbu%nu@% cbitions associated
measure cytokine profiles attributable to T cel

watbtshetainfestionT cel | proliferation can be measured using
assays such as 3Hthym di ne uptake and ot her assays
known in the art. B cell responses can be neasured
usi nFhairvefittsrogitl eefirtdasdyaritieddh thrSo BbwinA exhples, which do not limit
nmet hodo| ogi es can_al so he used to eval uate the
therseera of the mveRign deseited g theclaimspat hogen- associ at ed
| esions or on other 15 pathogen |evels generally
(e.g., pneunococci clearance in challenged mce
treated with the conjugate). The nucl eic acids
descri bed herein can be useBxamplehe nmanufacture of a
medi canent for the prevention or treatnment of an
infection with S. pneunoni ae or conditions associ at ed

w th such infectian.
Example1: Construction of Pseudopneumolysin Expression Vectors

Vectors for expressing truncated forms of a pneumolysin polypeptide are described in
Examples 1A-1E. The encoded truncated polypeptides, termed “pseudopneumolysin”
polypeptides, can be used for conjugation to pneumococcal polysaccharides for the

preparation of conjugate vaccines. In addition, a nucleic acid encoding a pseudopneumolysin
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20 The invention will be further described in the
foll ow ng exanples, which do not |imt the scope of

wa be4/4B3ant | on described in the clainms. Exanpl BSI/USH03/035529
Exanpl e 1: Cbnstruction of Pseudopneunol ysi n

r tor Vector.s..f. Xpressing. truncat
PARREE pbo BT ARy sBoRypEheI TR B2t AL URPHAE RS inse against te
en aﬁwmydﬁ@ebﬁm;E The encoded truncated pol ypepti des,
t er med pseudopneunDIyS|n pol ypepti des, can be used
f or Rhpiagaeifomedaspgeanveeide by {4 chiomoseraal PYA as a template

to E%H‘%u gfgﬁo%g‘"ﬁra o oﬂheg)‘?l@hﬁiggfsg (%H@ C‘rﬂﬁes%nsé - ok @%& Sk the PCR

encod I'n NEUNO
re&0idA/adQ3etbio RS ¢ ddTRDRN &b DE the pfmehryipblpml gdne pmnu]iseream of the
enerate an i mmun

adni.ni stered tqQ an jndi vi dual
tr%’?ﬁ%%w&@am@? neIRe saswﬁﬁéﬁmcalen PeyRgglt. The senses

prﬁﬁérf@és@ﬁteﬁiM$ pneunoni ae type 19A chronosomal DNA
late to anplify various fragnents of the

5 pmm%.mmmm@cmsaw@@mmu@m ha SEGRISNO:2) i
coptind iR idraeb 2 0 b alBen e ERSErhathgmg, The antisense

priniért &tdrafed TIOR3 dCATERGGATECHT ACBRETCAITT TTCTACCTTATC-3;
restriction enzyne site. The senses priner,
SEfe &P g¥{2:B8pds copgNementary to pneumolysin nucleotides 1396 to 1413 at the 3’ end of

B A B P RO A SR s g Fgmine

achds offgll hethiymemnelysinl proteih. Tha eollowity Bnlkid &rins @acidls8quence of the S.

primer, designated LYSN )
PriegmoBAeEeA %@WA@?WW&TTATC— 3': SEQID

MNRESA VNIF WLMTH?G%S@ENR*F&EGN@L@I@@NOP@RKKRSLSTNT
1396 to 1413 at the 3 t he pneunblysin gene

SISy TATNDSBLYPOIAELYV MDMI&MMVDMM’ﬁUSHDh@GHAS SDSFLQV

e o RGOl A RO IR PeRiA B Sue gD Rvicrcsore

K PORSTDIDEN SVHSGERAIQNAYFRQYS Y TV ACRNPED VEQDTVTVEDLKQRG
MANKAVNDFI LAMNYDKK LLT | ENRFI_ KEGNQLPDEFWI ERKKRSLS

ISARRPISEYISSY ARGRAVSRLKPERL S KSDBY FAAHMPHAK AVERAAR@EWK QILDNT

B R AR R KR R T RET A R LS R L SELRDNV V A

THEONSTONSHITOFRE YRHSG CEKODA S KQPAONTY MWNELSYDHQGKEVLTPKAW
DR AR P EREEN VSO A TS RV ER T TDLPLVRKRTIS
IWGTTLYPQVEDKVEND (SEQ ID NO:1).

PCR was generally performed as follows: 1 cycle at 94°C for 4 minutes; 30 cycles at
94°C for 1 minute, at 55° C for 1 minutes, and at 72°C for 1.5 minutes; and 1 cycle at 72°C
for 10 minutes. The PCR-synthesized DNA fragment was digested with Ndel and BamHI
restriction enzymes and ligated into the pET11b expression vector (to generate pSA-14). The
recombinant DNA was introduced into E. coli DE3 cells by transformation. Ampicillin-
resistant transformants were selected. The presence of the insert was confirmed by digestion

with Ndel and BamHI restriction enzymes.

17



10

15

20

25

30

20
EVKAVI LGGDPSSGARVWTGKVDWEDLI QEGSRFTADHPGLPI SYTTSFLRDN

WO/YUA4/043376 PCT/US2003/035529
TFONSTDYVETKVTAYRNGDL L L DHSGAYVAQYYI TWNEL SYDH(ISKEVLTPKA

B e

geﬁﬁﬁicVQaQu@eaemhy y>f therpbeudvpukuaso] ysin polwscptllles: WOéedaby @4@

for 4 mnute at nute, t
magfied wesIend A HERLOURH G bemor- e and gt TS pyfefoin
m@gﬁbge ity/2C for 10 m nutes. The PCR- synt heS| zed DNA
ra nt ‘was di gested with Ndel and BamH restriction
enzynmes and | i gat ed |nto the pETI | b expression vector
A( 0 _gen rat {Oeconbl nant DNA was
i ; ells by transfornmation.
ANDI el g9A01 ek iss’iérﬂ%ctdrreﬁﬂﬁife@afﬂarbeptVthoenﬁai@mfeldnndl'h’céds 1-460

resence of t i nsert was_confjrmed bgo 30.
ofiha preseslySiRroRik Pl SEQIPNQ; S Repay ptorm preumoniae type

%gﬁé%gﬁgﬁﬁmk nl%{%%QMQSSZQ The anpl i f| ed DNA

agment s eotides at the 3' end conpared to

(SWAACTAGA TEEIGOA TAT 6GNE AT AMAGCAGTARATGAC-3’; SEQ ID NO:2) and

LR A TR R g oo

pritfidds Wﬁn?ﬂfy%@%‘basé%ﬂir]bma' n imunogenicity. 5 A
Construc i on of pSA-1 Expression Vector The

exprBesPCR- svetbpmedelwaéofé@nenbwag/@@ﬁﬁ%wb éﬂ@f@tq Rynigf and ligated
id
infiShR RS g (R Ses eI RBlN IO R SH G pehciate pSAe 1 The
re6SHPIRBSIMEA »@d&nmsdlmgd Ee kg dolilIOE3 cells by transformatlon Amp1c1111n—

AGAT TATGG(:AAAi PAA
re&%agﬁ%@%%e selected. The presence of the 1nseg was congE I%edl%y digestion

eg?bé STRE Pﬁ%}%ﬁﬂ Rk by DRQ { .
WF\E) primers %0 aﬁfl—?@SO bas eﬁgﬁéﬁ gI\IA e@hencmg
PCR- Syg¢ritededz4a) doAo fat:l&igxmhylpbptw(ks wihichdatkedhenl & znnm@plds present at

d BanH d |
G ParoREy m?n%swf@aepwiﬁwéﬁﬁ%&q im0 s Sp o SBauence:

€S 101’1

MA[N’II(A KIRRAL GEEMMK@GNQDPEEFVMIEREE&SLSTNT
cells by trans ornatlon icillin- resist
SDISAMEA DNBSRISY ReABLYSIHEE ELbAé@%BM{{fY StIHéPGLASSDSFLQV

eDBS SRS SRR D SR R R Ty v

K?@msi@mmsxmsGEK@QWN@KQWMM\amAwm@wp‘QmTVEDLKQRG
whi ch [ acks the 11 am no aci ds present

ISAERPLVYISSVAYGRQVYLKLETTSKSDEV EAAFEAL]KGVKVAPQTEWKQILDNT
EVKAVILGGDPSSGARVVTGKVDMVEDLIQEGSRFTADHPGLPISYTTSFLRDNVVA
TFQNSTDYVETKVTAYRNGDLLLDHSGAYVAQYYITWNELSYDHQGKEVLTPKAW
DRNGQDLTAHFTTSIPLKGNVRNLSVKIRECTGLAWEWWRTVYEKTDLPLVRKRTIS

IWGTTL (amino acids 1-460 of SEQ ID NO:1).
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the carboxy term nus of the wild type pneunolysin
protein, has the follow ng sequence: 20

WOSRNIKAAESIDF L AMNYDKKKLL THQGESI ENRFI KEGNQL PDEF VM ERESRR6 /635529
TNT SDI SVTATNDSRLYPGALLV

VBE NN T E L SN RBAR S SDSFLQV EDP SNS S
B'v@v ;LAivmvw%%I‘?\ng | TAHSMVEQLKVKFGSDFE

KT GBI S-S vMBEEKG Gictddieicadeya YRlyPepiauRGRN SR IO BYmid Kcids 1-464

| SAERPLVYI S S .
o R ER P AEVER AP AR KB iR oy Pagymoniae type
19V TR 9 GAMBWNEDL 1 QEGSRFTADHPGA-PI SYTTSFLRDN

WA TF TDYVET AYRNGDLLLDHS
(SMWMMEWGCAGTAAATGAG& SEQ ID NO:2) and

L T QR SR Y1 P A AR TG see

Nmsaaﬁﬂiemaaﬁ@hwnwm%aam B. Construction of
pSA- 49 Cﬁressn on Vector The pSA-49 expression vector

encotts [Afmgaeat WﬁﬁgdlSFSt%’Wﬁb Neg! epd Baralghand ligated

infft BLifks R BleSIET 196 or ¥884-49. Th
i} @?ﬁeﬁﬂ“‘ﬁo nms NS RIeHT D cxbrelaoR itorts et By 4o- The
re@mhhgan_ml?vas introduced into E. coli DE3 cells by transformatlon Amplcllhn-

W%ACT gl §N'_ese4se}-ecte -I;: presencecg— the In%érct: _was .contE rmed by digestion

;
W‘ﬁ%‘*ﬁ%‘?ﬁ Seanpl 117 5 1308 bage M py Az gtenting

PCR- $iynenreded dor mpimofacisigrobmpeptides “dmcgwelscl@ahw pminddkeids present at

o R i BF ot LTS et Db B e B B8ROl GBauence:

MAM(AVNMD T\HQGBquNRHHeEGNQL@tE@FthR@EﬁSLSTNT
n- resis

SR AR LS B e B LN WD RAGA B SIP GLASSDSFLQV
El%lf]sgssn%\gm\f‘f@ﬁn WQ}D %%Wer C(%?FI r n%gbg&ﬁ%VKFGSDFE

KE@HGbBéIDBIjSmemmmlﬁwwsvmw@mnmvwEDLKQRG

s RSP AR AU Bl R oo

EVIIOA VONG GO FSSaUee 9 TGRSV DMVEDLI EGSRFTADHPGLPI NVVA
MANKAVNDFI L AVMNYDKKKL L THQGESI EN I KEGNQLPDEFAVI %ﬁﬁ%@

TFQNST@ISVWWMXRIN@@ALLM{SGAYVAQYYITWNELSYDHQGKEVLTPKAW

o A S SRR b TR BB oL v

IWKITICNSY P DRARIHEA Q- (6 /DS K WY NG YDAVKNPGDVFQDTVTVEDLK
RG

lq

C. Construction of pSA-11 Expression Vector

The pSA-11 expression vector encodes a polypeptide consisting of amino acids 1-466
of the pneumolysin protein of SEQ ID NO:1. PCR was performed on S. pneumoniae type
19A chromosomal DNA using LSYN-1
(5’-GACTAGATCTCCATATGGCAAATAAAGCAGTAAATGAC-3’; SEQ ID NO:2) and
LSYN-17 (5’-GACTGGATCCTTACTAATCTTCTACCTGAGGATAG-3’; SEQ ID NO:6)
primers to amplify a 1398 base pair DNA.
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| SAERPLVYI S S VAYGRQVYLKLETTSKSDEVEAAFEALI KGVKVAPQTE
VWKQ LDNT 20

WEMANIBAEEDPSSGARVVTGKVDWEDL I QEGSRFTADHPGL Pl ST 8510B8085529
WA TFONSTDYVETKVTAYRNGDLLLDHS

P HERUR SORPEL DR Ko R WD Ui nd Bartl and

lig heéﬁrﬂibmdémﬁu Banilisitss df th6 SET1 1 15B@rdsBiohi@ectt) to @heidte pSA-11.
Constructl on of pSA-11 Expression _Vec

Thexgrogthsnash DN 1y lnélif?éb‘éféiéntg 6Pl B G g{)g grﬁgsrfglfql'ﬁ@n Ampicillin-
reﬁ%ﬁrﬁ%aﬁgt‘ % weR sel%Etfeg Prerfel'%rb%b@?éeYﬁ‘ the REGt Fadicfirpe@by digestion

was per on S. pneunoni ae type 19A
wﬂh@@tﬂiﬁﬁmaizyﬂ% Nidsl and BSYiRI Bnd further confirmed by DNA sequencing.

NO E)IG‘AA %@0%?@? qz-lll\-p%l po ypéof)%ecph VLA 5 AminSFRa E)resent at
the( éarB %ME@@E&WM&%EWE&&M f(SEQ/lh@sequence

riners to ase palr
MAM@AWBA Hﬂéﬁ& @B@&RSLSTNT

Fr e e e i

EI@P(EBN%VRG%WDLDAHWHWQNNWARMQYEK&TAHSM&QH&HKF GSDFE

BRI T R R T Tpe—
ISKEREL @%%%Gﬁb@ﬁ@ﬁ?%@bwmzﬁm(mﬁvAPQTEWKQILDNT

by digestion 5 wth restriction enzynes,
E\V\HAIVIEGG[E&GG}A]&VWTGKVDMVEDHQE@SR!FB&DHMLPISYTTSFLRDNVVA

TS D B VRGP R SR DA Re RF Gy Praw

D LB ABETTR P I GRVIRINIES WREEOT G B AW EWWRTVY BRREDLIIEVRKRTIS

ol ' ow ng sequence:

TWBRRRYROM AR edds TH40GRESERQRD XEANQL PDEFVVI ERKKRSLS
TNT  SDI SVTATNDSRLYPGALLV
VDETLLENNPTLLAVDRAPMIYSI DLPGLASSDSFLQV 10

D EDBSNERNREAVHOLABRBYGRVNPARVOYEK] TAHSVEQLKVKFGSDF
KTG\EL@S?F&I%WIS@EKQ @mpmwmmﬂpwwﬁ?mwds 1-469

o SR BESRR AR BB MBI REBEL QR prevmoriae type

1 9AVEAYInbo S SRCARYVIE BSWIRAYEDL | QEGSRFTADHPGLPI SYTTSFLRDN

T TR EAES GG TGS SOAAA ECAG R SHATRNO)

anWL -37 (5>-GACTGGATCCTTACTATTCTACCTTATCTTCTACCTGAG-3’; SEQ
TAHFTTSI PLKGNVRNL SVKI RECTGLAVEWARTVYEKTDLPLVRKR

IDINS 7)|maawp@mtﬁy(adﬁﬂhbamad§mA466 of SEQI1D NO 1).
D. C%ﬂ HS&C e51zed Bﬁ% Ffagme Wi ﬁgoers]te &ithAdel and BamHI and ligated

into the Ndel and BamHI sites of the pET11b expression vector to generate pSA-32. The

recombinant DNA was introduced into E. coli DE3 cells by transformation. Ampicillin-
resistant transformants were selected. The presence of the insert was confirmed by digestion
with restriction enzymes, Ndel and BamHI and further confirmed by DNA sequencing.

The encoded 469 amino acid polypeptide, which lacks the 2 amino acids present at

the carboxy terminus of the wild type pneumolysin protein, has the following sequence:
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The pSA-32 expression vector encodes a pol ypeptide
consisting of amno acids 1-469 20 of the pneunolysin
w@emuis7eof SEQ I D NO 1. PCR was performed on BUT/US2003/035529

pneunoniae type 19A chronosomal DNA using LSYN-1

V@SLAWW%%FV§MSLSWT

sxé%v I@@’Gmgiwm@@m@mﬂmammmmemsSDSFLQV
7) prinmers to anplify a 1407 base

EDRSNSERRGANNDELAKWEQD Y SRIPENY PARMQY E %%TéHSMEQLKVKFGSDFE

bR B lor S5 ey sty an

Is%iﬁzﬁ%%@gﬁ@g@?mmgmtsmﬁmmuﬁé@vmmQTEWKQILDNT
Ccol 1 ranst ornatl on

EVE# GHLEGDRIHAR NMX%YED&@E@?@E*W%%@XMF&@NWA

Tﬁ@ﬁtﬁfﬁﬁvé W?Aﬁ%ﬁé}b@%ﬂﬂs@ QQ%SP??ITWN@LSYDHQGKEVLTPKAW

riction enzynes and further
DRNGQDWAWWWLK@WLWK&ECTﬁ}éAéME%@BTNé@IéTrDhBLVRKRTIS

s Bk et igios BT REQOMRN G ) e

pneunol ysin protein, has the follow ng sequence: 20 WD
2004/ 043376 PCT/USZOOS/ 035529

SECIRIRFI KEGNQLPDEFV V

{/%ﬁﬁbﬁl A%%E%M%@?}é%@p@tﬁfonggg%ﬂgném acids 1-470

QY SEIMIPRBMOYIERR TWkIpMEGIned daFSCpbEmoniae type
KT LDI NS HSGEKQ % VNFKQ YYTVSVDAVKNPGDVFQDTVTVEDLK
19RchmmosaprAp N Ay smad-

(W@&W@@Mﬁmﬁﬁm - SEQ ID NO:2) and
LYYSQENVERA C DEGIRFTEDERGT CTMEIETEYGAG-3’; SEQ

e

VRT d
AT W BRI 8t s

irfix predsl amd Bemtd sitdshef th&pE Blil beskprassigi Mﬁptvret@tgénerét‘?@@@eél The

SABSIURCEN G SRR e pRTRED L iR Mg

ré&féga& tlr@ﬂilﬁéfﬂﬁﬂtsaﬁeré yélected. 9Ahe bfe@éﬂl%@lﬁ&ie ih¥¥ft wiss svmfirmed by digestion

Wit rexACRAGNRETECATAT e RanAardreysenficmed by DNgkgsaupcing.

- G R AR At prOpARIE S R4 b i genea te
carboxy terminus of the wild type pneumolysin protein, has the following sequence:
MANKAVNDFILAMNYDKKKLLTHQGESIENRFIKEGNQLPDEFV VIERKKRSLSTNT
SDISVTATNDSRLYPGALLVVDETLLENNPTLLAVDRAPMTYSIDLPGLASSDSFLQV
EDPSNSSVRGAVNDLLAKWHQDYGQVNNVPARMQYEKITAHSMEQLKVKFGSDFE
KTGNSLDIDFNSVHSGEKQIQIVNFKQIYYTVSVDAVKNPGDVFQDTVTVEDLKQRG
ISAERPLVYISSVAYGRQVYLKLETTSKSDEVEAAFEALIKGVKVAPQTEWKQILDNT
EVKAVILGGDPSSGARVVTGKVDMVEDLIQEGSRFTADHPGLPISYTTSFLRDNVVA
TFQNSTDYVETKVTAYRNGDLLLDHSGAYVAQYYITWNELSYDHQGKEVLTPKAW
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ID NO8) priners to anplify a 1410 base pair DNA The
PCR- synt hesi zed DNA fragnent was di gested with Ndel
wao4Bestd and |igated into the Ndel and BanHCBU$SM83/035529
of the pET1lb expression vector to generate pSA-3l.
DﬁbecﬂﬂmﬂpwSM%G@%N@WWM&%WW@MTDL@@VMHS
cell's by transformation. Anpicillin- resistant
IWMGERSY BQIYERIS VIR (emsrel asitsddd 70To{S QR 83 N{2:d).of t he
insert was confirmed by digestion wth restriction
enzynmes, Ndel and BanH and further confirmed by DNA
Exa%mcl'iﬂ%‘essﬁlﬁ PeAfieARd, thdlCIrmdhaizatbeoPRERMMAnE e,
I C acks the 1 amno acid present at the carboxy
PseudoppeymolysinPelypgptidest ype pneunpl ysin protein, has the

AN R G MR tinis 0ET exgression sepRpR AR g ngrample 1

ReEbﬂibmSﬁ)l BNYIWINDitoYMed\ntVE. coli and transformants were selected on plates

VDETLLENNPTLLAVDRAPKﬁYSmgLW%%%SvsyDSFL E SN%F% cquencing.
Re%&%ﬁl SAERPL\M b8 %&@Y%XP@M&NB%E%@M@%{& (IPTG)

WW@K@@ESK@DHVE%EA@HW@/WM@WW@ Gontinuously for three hours.
Tl\%\lﬁ%\ésslé%%m%ma *polype I?Mé/was e%':fc;%R('i: BBP%o%/ai%\r(}-llgr?lr eF\é

letirepholEATVISTIO/PA LW HERo0MASXIE bIVINER o ¥ Fal Xt
) ew@z‘? WO §004/ 043376 PCT/ US2003/ 035529 P fdes were

Affty ShmatpayRNySndricRetHo aatiEly was tested with a hemolysis

ass%%@%éa‘@@ﬁa%h@%? SRR e o

Purification, and Characterizati on of Recombi nant 5

Pse dopneurml ysin Pol ypept i des PCR products vvere
Ex XampleH b naton of Hlermelyie AciiyiyelPseudopngumelys ]

Exa 'ﬁélnﬁ)l%c adfv o @ih@%ﬂ&od@@? ptfcfegl gk%f(s) gé@ﬁgmb@ tcx&oﬁimg to the

coli and transformants wer
folbyringpritegplant i bi otics. Inserted DNA sequences were
i ng. . i
;(r)gf get%g g\}l\%;eﬁﬁe%gw ors eee%orgm)gog el'lz's C? mIL (\)/Pgesh blood

celisSio RA @it (Pmi?o'fl?%%ﬁcﬁ DS 'Sgﬂ{ {he Bl&Pendin ¥es008dp8dot 80 seconds

the culture as an i nducer an he cells were grown
an¢ gnsuspersUbe pellain ﬂ@mﬁeofﬂ’cﬂﬁ three tirhes. ex pr essed

rec _gggpgqg%@oy@%% 1435 85y eq%ép@fg) a§1>é g3 L of washed

2‘V<S(bde]B€du§pehhoﬁIOOWaSSI e bl ue. Reconbi nant pol ypeptides
chr gmat ogr aphy and

wer purified using affinit
o JieHbata g piye dedCdet bhowia tenienityes & 10999 apm for 2
mlﬁl% g}gEﬁﬁﬁngrﬁﬁlcw%ﬂﬁjggd bl ood cells (as detailed in

Exanpl e
4) Measure optlcal density (OD) at 541 nm. Hemolysis activity was measured as the

percentage of OD absorption compared to full length pneumolysin polypeptide.

As shown in Table 1, truncates of pneumolysin lacking the C-terminal 7, 6, 2, or 1
amino acids lacked hemolytic activity. A truncate lacking the C-terminal 5 amino acids

demonstrated a partial loss of hemolytic activity.
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Exanpl e 3: Determ nation of Henolytic Activity of
Pseudopneunol ysi n Pol ypepti des Henolytic activity of

wo bw4essocled pol ypepti des was det erm ned accorBETgS1003/035529
the follow ng protocol. 1) Prepare 2% suspensi on of
human or sheep red blood cells. 0.2 nL of fresh bl ood
20 cells is added into 10 nL of PBS (pH 7.2). Spin the
sus J@hlsl o Aemol BO0HCt yitn of @mllwng@dﬁwwolyﬁmndel?s;eaémwdmolysm

pol yjreptrucdde in 0.5 nL PBSrt(qml—dif.pﬁ):umnkysim(x) wi t h 0% Hemolytic
of washed 2% of RBC suspension. 3) |ncubate theactivity(b)
m xture at 37C for 1 hour and then centrifuge at

10,000 rpmfor 2 25 mn in an Eppendorf

me@?\em“nge 4) MeagwA Hil h ﬁio‘i QD) at 100
541 _4dfenol ysi s acti vi 1L A4V ﬁ pgl 1?\
u

peré) Fge of OD absor ptl Eengt h

pne %[111 i n pol ypepti de cg V\Plseu Opflggling yim (1)72
truﬁg%}; of pneunol yS| ?lagpsteH ORECRBP ]J]% 7, 6,

2, & 30 ami no aci ds K& QRIERmglypiny i ty. A 100
truPSdre3 | acking the G-t @a IEﬁeH@ﬁPr‘i‘S“f&eiYQ@) 100
dem?¥éc?ht ed a parti al Ilo‘kﬁﬁ (03 agpavpdepnicemelysingi ty. 220
WO 280431043376 PCT/ US2003¥7935620psetddpineimolyiemp| ytic 1.8
Activity of Full Length Pneunolysin and

Pseudopneum)l ysin Construct Portion of pneunolysin

(a) % Hemolytic 5 activity(b) SA-14 1-471 ( full
| end®hNIROSHIERISaR) ampng acisis A aa&ﬁj thmafiverprgymolysin polypeptide
pse SR SA-48 1-465 (-6 as
pseﬁg%%ﬂeuno@y%ﬁgnapm%g llgSA-11 1-466 (-5 as
psedlophebhemblysic adtivifles qf’ S#b Gderinidd Trupeatesamre expressed as a percentage
seu | ysin) 100 A- 33 1-468 ( 3 as
Bse&gg’%ﬁﬁﬂﬂ%g@? trﬂw&ﬁiﬁ 32 1-469 (-2 as
pseudopneunol ysin) 0 15 pSA-31 1-470 ( 1 as
pseudopneunol ysin) 1.8 (a) Nunbers represent anino
aci ds (aa) from t he nat ive neurml ysi n pol ypepti de
Example ; SaeH @ LConpugates) The

henol yt| c activities of the C—term nal truncates are

expressed as a percentage
A. Oxidization of Polysaccharide

Pneumococcal capsular polysaccharides, such as 4, 6B, 9V, 14, 18, 19F, and 23F,
were purchased from American Type Culture Collection (Manassas, VA). 10 mg of
polysaccharide was dissolved in 1 mL of distilled water at 4°C overnight. One mL of 0.2 M
PBS (pH 7.2) was added the next day. Polysaccharide was oxidized by reaction with 2 mM
sodium periodate (MW: 213.9, Sigma) in the dark for 10 minutes at room temperature.
Excess sodium periodate was destroyed by reaction with ethylene glycol (MW: 62.07) at a
final concentration of 25 mM. The reaction mixture containing the polysaccharide was

dialyzed extensively three times in 1000 mL 0.1 M PBS (pH 7.2).
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of the full length construct, pSA-14. Exanple 4:
Preparati on of Pol ysaccharide-Protein Conjugates 25
waoR00nidieat i on of Pol ysacchari de Pneunpcoccal PCEpS20h3035529
pol ysacchari des, such as 4, 6B, 9V, 14, 18, 19F, and
23F Wer € urchs d.fro Arrerlcan Type Cul ture
B. Brgparat h A1) LY 0 g of pol ysacchari de

was di ssol ved in 1 rrL of di sga%gljed ter at 4C
over(ﬁl@mﬁca@ﬂéofwﬂludf’n@hﬁlﬁag r{eBWW%'SE) was added the

t fowark
ge’;mﬁ %g% %ﬁf‘i%sc%%&*ﬁﬂg% %M%é%ﬁ f@b&rﬁélgbm) wasg nWhD LB

di um peri o igma) I'n the
metiuird cbmainiy 4G mhbﬁ%O%tgluqosenmtdelirpbmétiﬁ)rreg/mIEk@@!m’cm and incubated

sodi um peri odat e was cti
at 37 ﬂ'yqn@ﬁx@g |\¥,1g-b?on(sm&nt c}%ggO gym ﬁ:qe r@g ﬁ\cl:\ée]{r} fulture was
tra@bfeded b 16@%U1§@%édﬁﬁn Ubﬁ{hlﬂ[n% 1cmntoalzowgu¢dse and 100uL of 50

pol ysaccharide was di aﬁ/ extensively three tines
mg/mI1gp@mytingnd ingubsd apH ¢. yz/)th comsiggt zb@wm&%ﬁﬁemm until ODsoo

S e

coREIARbY 8 M of THTG.( QEIIRWEredantested, Nigpues ma-ma@g@;gene
pneunol y

n growm in 4 n_ LB
exmssaore»fbyzf@@grg‘%?@eg @t 4¢P tpm fopp majputes) ﬁ‘ﬂygﬁﬁﬁ%‘é ﬁ?ﬁgﬁ& gneumolysin
t Rim SRS

R B o B A Ty
Invitdogerl @arisbad, BAJedi um containing 1 nmL of 20% gl ucose

and 100L of 50 ng/nL kanamycin and incubated at 37C

W th consistent shaking of 160 rpmuntil OD600

reaghye q’erlﬂ:tlQn of {)6‘19905&4 afifibodidd dgkih& M@&a@é&d?ﬂeﬁlﬁo%ﬁ

a

mL of "culture w _final concentration o mM of
| PTQNevC&ktlgndwehide tebbiie wersdnjegtef ovithst eguabdosene{ist ngeach, at 4

. 10 ' . f
S ST M 0o
|, Hised g @igsedinB Y sintard 0 @l@fl@é}Max afj ul?ﬁﬁlﬁctﬁﬁ in each thlgh muscle

flcatlonSstem provi ded | nvi trogen rlsﬁ
(. @aband(qme)suwm@evalbﬁﬁ ot orp%ﬂcwd\éﬂéﬁheaﬁﬁtr}ewei@g opgiudupl mucles of

thEhsad %q4§§§%§?ﬁﬂi¥gl&§ vJ\Jg WoH&ad O ItaSblrtsﬂ\hQ ICS.ISVCIHS

were i nject equal doses of 25 gg eac
di f fI€ aemttodyltitas frofn senarh s¢ached] :BDE) dibggedevyeis thmin}malrsu were

and Tit adj uyant (400
BB ity i EeAbRgG bers g PR 3 ﬁQR; g%?‘jmdgyﬁée o it was
infeBie@NaddUBE hifimals wPe kesBAbNERRCR WREUY AR GOMEr ¥edohd@ode)OThe cycles
each side of the spine over the |ongitudinal mucles of

werh eohtiroied unfit aslequate ttepswers aghiewdd. bl ood was col | ect ed
fromthe rabbits via ear veins.

(iii) Rabbit IgG purification using Affi-Gel protein A agarose

Serum from a rabbit immunized with His-tagged pneumolysin was applied to Affi-
Gel protein A column equilibrated with 10 mM sodium phosphate and 150 mM NaCl (pH
8.2). After washing with 10 bed volumes, immunoglobulins were eluted with 2 to 5 volumes
of 100 mM Na citrate (pH 3.0). The eluted IgG was collected, pooled and measured OD at
280. Three ml of purified IgG was further applied to 10 DG column and the first three ml

eluted from the column was discarded. The column was added 3.5 mL of either coupling
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20 If antibody titers fromserumreached 1: 3000
dilution levels, the animals were termnal bled out.

wo booansisbody titers were bel ow 1: 3000, a seconPCTHUS®08635529
antigen was injected, and the animals were test ed one

BN R USRS 937 QLS (6L phBymygronan

sultbhik hciEROPS) BEFRUS Isfmlfe@ﬁdnolg@wwgolktfeu ﬁﬁilecplaﬁd RirtheAcoupled
agarose  Serum froma rabbit inmmunized with H s-tagged

to priberntfifiySelHmasAtppielld to Affi- Gel protein A colum
equilibrated with 10 mM sodi um phosphate and 150 niM
NaCI (pH 8.2). After washing with 10 bed vol unes,

RO PrRaedtionof \ﬂﬁfrﬁnszifﬂhﬂyi coliitnh uﬂlngdgG rmulommrmphng to Affi-Gel0
100 nMNaC|trate pH 3.0). .The el

col | Adi-Gal 10jsd- gﬂdrawuﬁgag@geeast%oggﬁ aglgg(yva crpplipked, pgarose gel
begﬁn au?;#{gga;nﬁ %\@%r eeg%ﬂ‘dg L1EHin?RY ainftbs! Fodbul Pﬁng VARG, Affi-Gel 10

el'uted”fromthe colunh was _ .
wih tsapafected to ThmIctobeamd washed thteciti®eswith cold llele@ rand two times with

R ogE R AR FTL R0 Q3540 B i e

w&h@&‘l‘A@‘ﬁ’@@b 'aﬂ@}otﬂ’té@-lé@&eendsa‘t‘ U © Rir FowQir dThe( ¥RBing actlve esters of
m eluant 1gG was col | ected, pool ed,

Affusehmwaéabipc@d byraddisig NG Trie 6] pIS (for ARqthercsy hvoat 4°C. The

o SSRGS £ g PR T Bl 0 s 5 s

OfY-2 9. 80. Dh ARECGEll 10 1dﬁmﬁﬁ)faﬁ'rrﬁty@bhﬁmd®a§ wadhied &dth two bed volumes of
crosslinked npﬁar ose bead support_ and couE)I es all

0.5 Mcplafclandi24 T HCR faihd) Hs cobeuprluagt W 9elleged again and
b0 3t 5,5 TR SR SR RSN, o

coplingfiickRtcpwhi elcylated.7. 0) . Purified |1 gG was added to

15 nlL tube containing pre 10 washed Affi-CGel 10 and
rot ated-over-end at 4Cfor four hr. The remaining

aCt '%Eﬁ%ﬁ%ﬁo@&f m’ﬁfxﬁﬂoa@hn@@o%ﬁlsb' ocked by adding
Tri s .0 for another 0.5 hr at 4C. The

g eI Evasesttmgrtim‘1mmmu>affomlty50bunmwthg fmagidonsrivith meudensewmalysin from

DSt BT s JRRSE o R PhefChon  ad mact s
0. b%drf{t@h XG0, Ofhe AnpM WaApp@isdlto2®s li’ﬂ\YlArﬁil-GelH@ codlﬁh'h 8. 5))(12 cm)

he col umm el uant was col | ected agnal n measur ed

eq@mtaatewaﬁh O YbbiaGhAndHS e B HICh (REHOR fIO&t tate afganhffgmin. The
6w %&H}E’%rfﬁ%ét%?\xja‘s E}S(llec(fé)&.’ Rk Q&uﬁ-fn“ \{/acs'v?aﬁﬁ%(c% YA 15 mL of 0.5 M NaCl and
u ed. Vv ms

cal'c am nation of inmmunoaffininfy colu
250M Tﬁs Hi(]] GpH 8.6) t'wr.mmrth&é friinres rifhe cbirmmwas whttedfagaintwitn$ mL of 4

W|th opneu sin from DEAE- Se ose .
MaHTE RE DEHDRY RRTeEba PS TR RN e M Lt Njurea twice
Pi8tetn MnNﬁg fr&Airst 7 mL of 4 M urea fractions were analyzed by 9 % SDS- PAGE

and visualized by staining with Coomassie brilliant blue R-20.

C. Preparation of Recombinant Pseudopneumolysin Protein

Bacteria transformed with expression vector pSA-49 (which encodes a polypeptide

lacking the 7 amino acids at the C-terminus of pneumolysin; see Example 1) were grown in a
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0.5% Triton X-100. The sanple was applied to 6.5 ni
Affi-Gel 10 colum (1.5 x12 cnm) equilibrated with 0.5
wordaQk3zand 25 mM Tris HCl (pH8.0) at flow rateCDiUSH03/035529

m./2 mn. The flow through fraction was coll ected.

50T t616d ¢oHtaiki 30a§1b99 éd :
mM Tris Hélu gg t wo tlgm}ﬁ FHeﬂéOdt)lll%gﬂ %Eﬁ ?8 %@ OV‘Z‘gnght The
folayHeamergeng af) ot Qf 1B meflium wih N/IOQ meanl mplctihu ladd 0.2% % glucose in

| t ted w
a pfl%ggltg%\?gm éﬁ%{gg %@s@n‘p‘ oS{/F tfec}lp%r{a ax}d m_cn%?te(iwmhlvllakmg at

37@@9 Atfarcalltdensity coeregpondiakya el ABYO 9f b5 SRSexfdion GNde
ualized by staining with Coonmassie brilliant blue

PS?P NeYNOLSSin PG, Vit 164UCR@ eprdiHam el et avy ARTHEDY S hours.

P
prsztﬁécﬁe(rv%qq?lﬁﬁ‘egﬁ%g gEsl 5125‘ gg?{l;%g%tn}?’idfﬁge ﬁ%ﬁp &Fos §(5(Plﬁ>n"\1/ 63(1; "minutes.

Tlmhantsrnabmibt was tesespGadedrinidOus. Bfis b]iliﬂlbnffhxy@HrB Opwith 100 pg/mL

Exa l e WO 2004/ 04337
SRSt 83 iy e sHEAHA A G5 Witk Lsecond bursts on
1061’911&611%2\% Was §00erD4/-80°CABPI G inin hitl Rhwad &t Wﬁ I8N ﬂi‘ﬁn "E%ecell lysate

fol |l owi ng m)rnln? 400 nm. of LB nmediumw t
wagrsiatad by senigatiorn! rﬂemgglham@etwomom tindsi ﬁmohfoﬂea@dkl d/ms was

RS 3 TlPRESE B g o s e

pamﬂ tiespgin diSnMtfiteANTHRGNSY Sirodatbprotdlf vore eRAHINSMbP DY §1§s PAGE

glseuglopneumnl ysin protein was induced by addit1on
aany 5 apd MispalEzedby §roomapsie pelliantiue Rr354 siedning.c Ehe ¢nuﬂ€1§§dte was

?ﬁ{;ﬁ 0 f 10
fmlrtnﬁbrﬁg)tugggdﬂ# a?%@iré?(gsletcm "i’égrv%hgror e;Ersnpeg[jed in 40
. 'ITg?V@ltY-IﬁIL dyudd lﬁcte@@HySat@)vaMdahed&ﬁd)a p@lufa (5 |xywwmd ; ith DEAE-
ncubat e ce and soni cate ti mes
SCB\W ﬁsel ugﬁ’&'}ﬁ ‘Brzgtf’%l%‘g?f ﬁ&e ?Psf*rﬁé’) | §8ar e Ry flomotheqygh was
coBécted QG AIObS ADmN Tridnd] %E@m@d # thd SuhR. 1o AL Br ﬂgalethrough was

cell lysate 10 was treated
coldesiedoand; noeledrveigty the dirst Klaw tﬂngoughdramme(ﬁacnas 1).INeq) 30me of 25 mM

Tri§ %d:]f @ﬁb%g)s all})[phgg alﬁth‘xd ;@é'etfnﬁg{gh Iﬁ{alél %@é L on @@gthrhz)t Hapother 35

mIpaSZS‘;‘ﬁhM oGt (ﬁH& W vids! Bﬁﬁed Jﬂ@l&h@ koW tﬁﬂ%ﬁ%ﬁ’%s 961%%31%am

re _exam ned 9% SDS PAGE anal ysis and visualize
(ffftg?loééémﬁé% P@I@rhamerlalrﬁrowmﬁevqtae Qlwdsmai #HMAYaClrimed 25 mde Tris HCI

(ﬁ‘ACYl%ﬁM? Wﬁégroftéfﬁ Eg&g%qlpﬂfo fih ggchbﬁlac e??tg?g ﬁ}{/ tezfling OD at 280

chr omat ogr cru
mmékoleoamtbl@nvere eodlyuad b(y@"/x SID&- ;ﬁdﬁac&"ylhrhldé%%felectropgoresm (SDS-

P G b e e hracions
O ot ng preud B ASER w e T BT ot nfen BeE e
chrpmamg@hm action (fraction 1) Next, 35 nL of 25 niM

I{): ?\ﬂ:ﬁe)g%g@ta ogwa%)on&%%%%élr li’]lg Efrtagt?ogslvel gsré{lggp%gur\ﬁ%ﬁ/sm were
added to 25 mM Tris HCI (pH 8.0), 0.5 M NaCl and 0.5% Triton X-100. The sample was
applied to 6.5 mL Affi-Gel 10 column coupled rabbit anti- pneumolysin IgG (1.5 x 12 cm)
equilibrated with 0.5 M NaCl and 25 mM Tris HCI (pH 8.0) at flow rate of 1 mL/2 min. The
flow through fraction was collected. The column was washed with 15 mL of 0.5 M NaCl
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20 nmL of 25 MM Tris-HO (pH 8.0) was applied and the
flow through was collected again (fraction 3). The
whowadsddact eri al proteins were eluted with 4 MECE20831085529
25 MM Tris HO (fraction 4). The protein
t i [ f t ; [
o B g e R, TR B A E il R TL of 4
uré@DThediopad pydudoprbemgbisingpretein wphented ivath BDS-of AAGRKeaatmdce.

RSB AT SSehh SERIRER BN e P

ViSRS RAAIGRNEH AR YR CYh Bsik WrAIRGE bRER-po.ed by
i mrunoaf fi ni Ty chromat ography. After DEAE- Sepharose

chr oftarograhgffinity ehromatagrahy, 4M hrep shiRIbiRAEQREPYEMMS
WL

mIAsdrhplestas hPpléeal torm DI uplugsh (1 30bi 2 crapéquilitpated mithylst ABS buffer.
119G (1.5 x 12 cr) 30 equjlibrated with 0.5 a a
Tho Sicsh-(rLeo f o PEmHad o3, Gitcordegu, e eumi s iRet i d ML of 1 x PBS
buffBf Tid ﬂwgsﬂ ﬁ%ﬂ% dol1gGLd ABMIBS c AR &ELkGkasBE OTPLUITD and the
was washed with 15 nL of 0.5 M NaCd 26 WO 2004/ 043376
prae]iy ks PONSWOsEH Necteth d1RSpunity af preoteHCvag endhdiddl) byt HroSdS-
b,irre?. The cea#grrm was washed again with 5 nL of 4 M
pofyagrylamide gl Gl oBEY¥ G pneunol ysi n protein was el ut ed
with 7 nL of 4 Murea twice. Protein sanples from
unbound and bound fractions were anal yzed by SDS-PAGE
-aigparatien i Poigsacenande-Firofend anjydataSoonassi e brilli ant
bl u - . 5 Af t I runoaf fini t r t aph
or o YRR IR, mi e e Ry S BN AT B s o e
pséudoph&imdlydih bidtéin pdesdribddGn eéutiontd sipvapbyditdt EijBd@ion using a
urea. A 3.0 nL sanple was applied to 10 DG col um
redugtige gmymtippjssayiul § mgrod peehdapraymplysippd). hif PBP waspgded to the

oo gl ) 60 e 8 s
forf 30amin. cSodiwrh Icgatobdrohydnide Vs aidbdiarthevéisalneasantratioObf 20 mM (e.g.,

7563&- @%Qtfrmg!r%g]é r%@'gﬁg%g%%%é@g%w;g%&g& 7k l_icﬁgédelgo'lys-gg&xaride and
ps@RbyAGIYdIXTh dEx@R). ThemixierPGatbatel at Pclfol?rpt%ﬁﬁ‘kfa@ﬂe With gentle

_Pol ysacchari de-Protein Conjugates Two mlligrams of S
stipmgurphidays. pdleyooniwgiia mad prec§Bateds:t 0P upratfend! & mirntukes ang then

T R ST RN R ——

CLa4B Rakuin®(1355 290 crhPedillitrhted KGHAORPBENPH /SI. MHefridtibndontaining
PBS was added to the oxidized polysaccharide reaction
bothy protgiyandralyracdaride wetsdreeledimpd canisniagf b ag évpicen Centricon-30
. | .
(mgﬁg{é%} gltglgthgfgh?é Q By an§qgé¥£%®é§quﬁé%%d(p§%smaﬂde content.

i nal concentrati’on of

Example 5: Antibody Response of Mice to the Polysaccharide-Protein Conjugates

The S. pneumoniae 14, 18C, 19F, 23F, 4, 6B and 9V polysaccharide-
pseudopneumolysin protein conjugates prepared as described in Example 4 were tested for
their ability to raise antibodies against polysaccharide and pneumolysin in mice. The

conjugates, 0.3, 1, 3 pg /dose of polysaccharide mixed with aluminum hydroxide adjuvant
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750 L of 100 mM cyanoborohydri de was added into 3 m
of oxidi zed pol ysacchari de and 20 pseudopneunol ysi n
woreoousBye The m xture was incubated at room PCT/US2003/035529
tenperature wth gentle stirring for 5 days. The
e was_.pr :
O ab RGN aF JuB SR 5eaRy e PEEeR NP SRR tn some
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e R A A e e T
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Ant i body Response  of

SPPEKy SRS HUTPITE] COR (P RREeesHisHp e gperiments
d %nmﬂﬁﬁkdigfplg3f144 6B and 9V pol ysacchari de-

seudopneunDIyS|n protein conjugates prepared as

described in Exanple 4 were tested for
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ability to raise antibodi es agai nst pol ysacchari de and
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Cl/
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measur ed.

Table 2 is a summary

afd anti - pneunol ysin

“anfirsehiwreld pgbysaccharide IgG
dmﬂbﬁ@y speC|f|c

conjugates
measured i

ngi mstered andth
N e experinents d¢g

m “ct'e | n eglglﬁ@e%tlbody

1-14. Tabl 4
Anti bodi es

I:ypnri ment.d
Anti body Re

2 18C Summary of Conj u
Detected in Mce 10

(Y4 nf

gaitiessrodgpa HGpdysdchanide 1gG
denmyzation

\VAa¥al nnaolLl

L Fl gure Nurber—Se
dBbnse Measured pol
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of —conj uga
anti -ser oty
anti - pneum

o 14 anti-pneunoly|
pel 4 pol ysacchari de |l
Dl ysin 1gG anti body 4

de IgG
Seln'ﬁ de&%’ﬁék;?g&ﬂ%sa%chhﬁ elg

18C antl-serotvoe 18C

pol ysacchai

DAE | gG

anti-pneumolysin IgG antibody

23F

anti-serotype 23F polysaccharide IgG
antibody

anti-pneumolysin IgG antibody

10

anti-serotype 4 polysaccharide IgG antibody

11

6B

anti-pneumolysin IgG antibody

12

6B

anti-serotype 6B polysaccharide IgG
antibody

13

9V

anti-pneumolysin IgG antibody

14

9V

anti-serotype 9V polysaccharide IgG
antibody
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anti body 5 19F anti-pneunolysin 1gG antibody 6 19F

anti-serotype 19F pol ysaccharide 1gG antibody 7 23F
waedosAomseanol ysin 1 gG anti body 8 23F anti - ser opgpESR83035529

pol ysaccharide 1gG antibody 9 4 anti-pneunolysin IgG

anti body 10 4 anti-serotype 4 pol ysaccharide I1gG

anti body 11 6B anti-pneunolysin 1gG anti body 12 6B

anti - serotype ol.ysacchar,.de 1.9G i 1
ot g reenng ebhre Gbtis by e §6ng8Bt FREY 4 Prgighate
hken | : ' wRini@ B0k 134 F3wvant (“A”); and

B %?@%%3/%%%&28&J%%&%(29%#ngmabbrgead\l/}iéati gﬁg ;rn e( ;e
Psesdpneumolysin(REMAs of Figs. 1-14: Phosphate Buffered

Saline ("PBS"); Conjugates ("C'); Al um num Hydroxide

Adj uMBBtimiudTZe witicthe Pelysatolarislernspydoppeymelpsin ponjgeaye showed an
_immuni zed . Wth the l.ysa ride:ps [ :
IR G4 B SRR SR o ) MO EBany 18 e fmolysin. For
all %@%@cé?yingﬂle%nfi\&%aﬁ didsdfua@getie whii$nbypelysin and anti-

pnhe I For "all

si n. roups receiving the conjugate
pcﬂyuacqha';iév antibody H@/eém\yq:rg ﬁiggﬁ'wgm%grﬁatghalaa tHhe; PB§1 Janc? acfjuvant control
pal ccharide anti Y < e shgnifi : v hi
BTSSR Loasiiafpenoscca i
titerstFShti-pnditBoly§in i @hti-pbigsaohjridgantbaties, ai ©ren ddutidrcfactors of
exhi bi ted unexpectedly high 1Q tifers

of .
76800iand A6UNsSesiielangs RARIGIP JucradmipistrEedhe PRSI, The highest
1 _ser i L ut i on Y ; din mice th
L e U
reddioaE3.0 Tigeo fithaypre gtacclanile-ppaveopreuysil ysimerhjugate (Figs. 1-14). Anti-
p%ﬂé{gixgggnstﬁgég rvlglggvegqn ggggrgg tlliq(?%glllpsst atrrgce?\pesc’iet J Sc()jlylsar(]:charide-

ps%ﬁ!i%?@&r%ﬁ?&fn@%nﬁ%ﬁéé%ﬁﬂ&ij@hy 8t Borfipitbd @the pSdud@pneumolysin with

neunol ysi n"anti body | evels were higher .
thicadjulvent groupp@ig. R br thepetudepneunelysin yathewtndiuvget grgup (Fig. 6).
pseudopneunol ysi n conjugate with adjuvant, as conﬁared _
t 0 tNsblEsusbpsiewrthaymiae thattréceived 3.0 pg of the conjugate had the highest

percentage of responders. These results indicate that the effectiveness of pneumococcal

f o

vaccine can be improved by the conjugate of polysaccharide to a pseudopneumolysin protein.
In addition to the antibody response, cross protective immunity and bacterial clearance were

examined in mice administered the conjugate vaccines (see Example 8).

Table 3: Percentage of Mice With Positive Response Against 18C Polysaccharide

Groups of Mice Percentage of Positive Responders
Aluminum Hydroxide Adjuvant 0%
1 pg Pseudopneumolysin (PPN) 0%
1 ng 18C Polysaccharide(PS) + Adjuvant 0%
0.3 ng 18C (PS)-PPN Conjugate + Adjuvant 60 %
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the adjuvant group (Fig. 3) or the pseudopneunol ysin

W t hout adjuvant group (Fig. 6). Tables 3 and 4 show
wo bat/omsee t hat received 3.0 gg of the conj ugaper/iiszo3/035529

t he hi ghest percentage of responders. These results

I ndicate that the effectiveness of pneunpgpccal
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PRSI S v gt s S S
Percent age of Positive Responders Al um num Hydr oxi de
Adj uvant 0% 1 gg Pseudopneunolysin (PPN) 0% 1 gg 18C
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micza dinriyt Gfrreaoptical trading. reateribancl 2indicagrd nasifiye response.
response.

Fig. 15 is a graph depicting the antibody response in mice to serotype 14
polysaccharide 7 days after the third injection of the serotype 14 polysaccharide-
pseudopneumolysin conjugate. In Fig. 15, G1, G2, and G3 are groups of mice injected with
0.3 pg, 1.0 pg and 3.0 pg per mouse of the conjugate vaccine, respectively. G4 represents
mice that were injected with 1.0 pg of the serotype 14 polysaccharide alone. G5 and G6 are
groups of mice injected with 1.0 and 3.0 pg pseudopneumolysin alone, respectively. G7 is
the group of mice injected with 1.0 pg of the serotype 14 polysaccharide-pseudopneumolysin
conjugate vaccine without adjuvant. Little or no antibody responses against the

polysaccharide were observed in mice of G4, G5, and G6.
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20 Fig. 15 is a graph depicting the anti body response
in mce to serotype 14 polysaccharide 7 days after
wo bm4okazrel i nj ection of the serotype 14 pol ysapchusiodse3s5529
pseudopneunol ysi n conjugate In Fig. 15 Gl, &, and
) DS.. . t d i

T geu%‘lolvmg ﬂleumococcal

Alrts&@mgandﬂaie)amoedccme&tre&e fFTr(&61215DNAC€acEH1@§ were injected
with 1.0 gg of the serotype 14 pol ysacchari de al one.
G and G5 are groups of mce injected wwth 1.0 and
3.0 gg pseudopneunol ysin al one, respectively. G7 is

Al 10V 8t & fo @dn@ﬂr&%ﬁ%f ‘Q"ﬂl‘h‘A I fcigde Of the serotype
ysacc ysSin conjugate vacci ne
Wi t Wh&p@toaﬁn\atragdnb vaas epecrfmaﬂmtiesbgmbﬂl foregsson dees
a| nst t sac harl re observed,,i
et N AR RSB RSIR Ger it e S nB Fpt st Dave

A(@Sﬁi’i@?ﬁaﬁoﬁ’s deoifdnt UPLirNto orsiRE 68 PladiidBNAOV scdil®th for Preventive

Pseudo neunDI%mm Pneunococcal Autolysin, and

O8RS

Infegaenrdoiseasg In ‘epublishas an Preampse2?.1886.A. pVAX1
Vector for the Construction of a DNA Vacci ne 5 pVAX1
vector (Invitrogen) was specifically designed for use

B.i Glonfivey ardiefisgirexsionr of Pedudbhisunmdwsimes. |ts construction

is consistent, with the Food and Drug . Admi njistration's
doc Ufefhtvas epgie put qsalg&a?@vd%wgo(%’r?ﬂvb%aéﬁ{fgmmh Jhammigia Biotech

Nt iy,
In%qfl é:z;fa}?syag %ﬂrl]) (%élgag%gpﬁhlgfésangg%ﬁﬂ?% dél@l%é sg)tﬁlbﬂg@A cahromosomal

DEAP RER ivas perfforRed asl ﬁnmn@mg@ AmPORsvas] cynle; 948C duminute; 55°C, 1

mSE QR TR QA LR R ol GG BT RS and

t enpfiat ﬁncfﬂﬁ%ﬁmﬁﬁﬁhct%d%@mm&mcﬁ&ﬁm%ﬁ% Y@bligated into
perfornmed as fol C, m nutes for 1 cycle; 94

SItms of tha Y A5 G;ctar to generate psﬁrzﬂ;,psix -4, mﬁﬁut?e@SAo‘iZ 30d pSA-41. The
t
re%‘(ﬁ%trlp?r}té%{?g&s b?tao&%sc%ﬁ Wg LES oé ;f)lfl éﬁ:stlﬁ/ traélgl;ogrln%ttlon and checked by

dx@d@ﬁymthaeﬂn&tﬁcglaaneﬁnemtme ifsdred gofic WharRMA&H by BN Akeduencing. In
generate pSA-8, pSA-45, pSA-12, pSA-42, and pSA-41.

vitTe, Erangcap o andhins DRAN gk qaﬁltl?(b%é’éﬁl Tk kit Eccoecbng tqjhsa
m&fi Gurd%, Jrst%@&fé?fo‘i&?éghgﬁa&g Qg E6h i thd! %9&%& %Hlserted

restriction en e I nsert gene was an
gebBJA sequencing. In vitro transcription and

RS ety w@arm%@gdgkaoaawm% S 1
of it SOl yBI FB e B 1SS TONG . e iAdRf8dsQnerated as described above
using LSYN-15 primer
(5’-GACTGCTAGCCACCATGGCAAATAAAGCAGTAAATGAC-3’; SEQ ID NO:4) and
LSYN-4 primer (5’-GACTGGATCCTTACTAGAGAGTTGTTCCCCAAATAG-3’; SEQ ID
NO:5) to amplify the 1380 base pair DNA. The 1380 base pair PCR product was then
restricted with Nhel and BamHI and ligated into Nhel and BamHI sites of pVAX1 vector to

generate pSA-8.
The pSA-45 expression vector encodes a polypeptide consisting of amino acids 1-464

of the pneumolysin protein of SEQ ID NO:1. The insert was generated using LSYN-15
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gene. The pSA-8 expression vector encodes a

pol ypepti de consisting of am no acids 1-460 of the
w@e@dowd3yei n protein of SEQ ID NO 1. The inseP¢T/m03/035529

generated as descri bed above wusing LSYN- 15 priner

s’@ﬁﬁgﬁﬁwwmﬁé\%@&& 3, ¥EQ ﬁ)DNo 4) and

LS(YN&GE\@IBGTWTGCM@A@Q@T@I&WAAA@&G@TG SEQ IDNO0:27) to
nplify the 1380 base pair, DNA.. The 1380 base

anwézfx Phpéﬁe%%m@tr Rigl PEcdast asqhon tepteiatedivtifh Nhedjang Bamitl and
VAXI
llg%mﬁqto s hiOBLGHT 'sf%s )&[ﬂg@b&%@%&gﬁqg gﬂh{%k égﬁ 4)5f p

vector to generate p Xpr essi on
vectlbe psmwe@rasmlwpmpemodéemmﬂympﬁdg carsistif mﬁ ammodmds 1-466

of 3321?\1 §*In3>§ﬂ f@%iﬂ)ﬁ{}?i&ﬁé nﬁ%ﬁ&%@f& eﬂé%s%bed above

usﬁgﬂs@"’-@@ 529
AGCCACCATGGCAAATAAAGCAGTAAATGAC- 3'; SEQ |
5 R@A@T%’HAGQM@_@EGGCAAATAAAGCAGTAAATGAC -3’; SEQ ID NO:4) and

LY PG 198b TR AT R AR CHICTRAEI GRUGRIAC S seqQ 0

NO e)storanq:;nﬁy thd 1398Naed pANDNBaNTle 1396 basd Ehat BOR ipRddaciNey then
and BanmHl sites OfgIEVAX1 vector to generate. pSA— 45.

resrmféedpwh Niel and Bawkil gpd igatebinteNbelqad Bangdl sitse pf pHéXI vector to

of ami no acids 1-466 of the pneunolysin
gelgér?%?’ g}fy_ SEQ ID NO 1. The insert was generated as
desdie lpSA 4berpeessioni viegtot S dsa olypaptide consisting of amino acids 1-469

AAATGAC- 3' ; SEQ
of %pﬁ%@%ﬁ%ﬁ%%ﬁﬂ was generated as E’escnbed above
uSII{r\l%LS THeETTACTAATCTTCTACCTGAGGATAG 3'; SEQ ID 10

to anpllfy the 1398 base pair DNA. The 1398 base
(5 @ACW@GGMCM@QGMATAMG@AG& AMARGNEB’; 2 ID NO:4) and

LS7REeS PRl (GO A ARSI TGP Froac

EGED NO: QERIif tHéCl|4!W’@§Hel B IPIOAS iTHE 11897 BisePirFCRR ﬂoﬁﬁct was
1 469 ’?P@tﬁgﬁp%euno IErotel n of SE IDqﬁO 1. ﬁ

thenyegrietedysdthddired and Be @ deatpdido MbelandiBamM] sites of pVAXl

Y
Ve%‘g‘ {skék%%meAATAAA&AGTAAATGAO 3'; SEQID

NO Zhe @SA-4 ILEXRessidnpettoeencodes a polypeptide consisting of amino acids 1-470
CTGGATCCTTACTATTCTA! TATCT TCTACCTGAG 3!
of fhe PREYI9IYEIS Papisin QiSRG D Ny bhe isgrhwvas ERDsTataths cie&e‘%ed above

usin@$ S YRR 5 pRffEr Product was
(5’-GACTGCTAGCCACCATGGCAAATAAAGCAGTAAATGAC-3’; SEQ ID NO:4) and
LSYN-38 primer (5’-GACTGGATCCTTACTAATTTTCTACCTTATCTTCTACCTGAG-
3’; SEQ ID NO:8) to amplify the 1410 base pair DNA. The 1410 base pair PCR product was
then restricted with Nhel and BamHI and ligated into Nhel and BamHI sites of pVAX1
vector to generate pSA-41.

Nucleic acids containing the unmethylated cytosine-guanine (“CpG”) dinucleotide in
a particular sequence context or motif can be potent stimulators of several types of immune

cells in vitro. Synthetic oligonucleotides containing CpG motifs can directly activate the
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then restricted with Nnel and BanH and ligated into

Nhel and BanmH sites of pVAXI 20 vector to generate
WEBN4AR3376The pSA- 41 expressi on vector encodes BCT/US2003/035529

pol ypepti de consisting of amino acids 1-470 of the

1@%@%{%@ ygteﬂ{ @’Scrnqng%dng%o@\e/lego?%hérat%%ﬁ% erlhr\pl\llg}oglobuhn IL-6
and 51 W%MAMWMWM%%cSCGUS SEfRrodlke 1L-6,

1713, a8 h s ens racy BRFETAGEonsistin ef soeuptes latd.Cp

dnﬁ%@oh@% MY btwa%rgf9 lphxflﬂ{es NE tvlélgo? iR stimBPie BTaﬁlﬁ to produce

1410 base pair product was en restrlcte
ILAGreed TBAI2, @airﬂlmalmsts IGD;la‘tEdells e pradoed I1ah dn@ﬁmgammtaes

con?’,};%“ﬁe "{nﬁ Orbﬁ g{%tg‘%n flggq%ﬁg ﬁ%ﬁﬁ ﬁag%l%at ain (located

at @lhﬁlb(hbﬁﬁm(ﬂ@o uz7) a3€he€C Raiinug Bf e pdBAFIES whhtifXlhdédla cysteine
notif can be potent stinulators of several types of

resigpeuisritied| fpxcytptoyicity o Thisgisteiae motifis jshiycrassryadeamong other

A BT B8R 5 S S 5 o

withiin thid ddraig r&hice tﬂescytomo)pmql off memtnelyamcklgﬁﬁtatlg The following

i munogl obul i n and | L- 10 NK cel r oduce
nuglgig agid consirygy ﬁB‘b%W‘E%S the QySteipemPtf with @@pﬁ mhﬁl?wa@éucmg

GAGCETT 4t lnuclégt’ldel positibd o-fli‘a_723arﬂr‘@7l4% rftf el (ﬂgtsfté directed

consi sting of an unnethyl at ed
miftigenksas). Blye mutat&l nysleid m@cqmdnmgnhéBGA@EG}'ﬁT dnmagostimulatory
stinul at 1B cells to produce 5 IL-6 and IL-12, and
SCUPPEHIP AP Z@O@ﬁm T cells to produce IL-6 and | FN-gamm.

AT GOANAEAA ATREA GT AN GACTTPA TARCEAQ T ATG ARFTACGATAAAAAG
denonstrated that a donmmin (SI ocated at am no acids

AMAGTCS THAGCGRTORGES 6 AT AT ABTIGBERI ABCAAAGAGGGT

AR EBCTI BRI R BRI R G SRR RS ek agroTeo
AMAQA@MGTGHWETSCDGTPXMZAGCED‘IMEIAA@MGTCGQCSFGTATCCTG
Several si n}g_ge am no acid substitution

AR AT TS iR R BECACRET G T TAG ATAARCCCACTCTTCTTGE
GMKQB@F@?C@@KT@R@’TEXTAWAT%J@ : Wftgﬁ*rgwgocagAHGTAGc

construct SUbStItUtES t he cystelne not |
GATAGETHRT OTIRG AAGIIGEA A GAGTEKTA GC AART@AAGTS PIGGEGAAGCGGTA

MpATG S nRaRA TR Sre At G Bl R R apoccac

CTASEAETGOARTATEA ANA AOIYACEEAURNCEA G AAGERNENVBETERAGGTCA
ATGCCCAAATAAAGCAGTAAATGACTTTATACTAGCCTATGAATTACGATAAAAAG

AGAASGTTEACESAT TRGAAARBA TOAALRATIITFAACTCT
GTCCATTCAGGCGAAAAGCAGATTCAGATTGTTAATTTTAAGCAGATTITATTATA

CAGTCAGCGTAGATGCTGTTAAAAATCCAGGAGATGTGTTTCAAGATACTGTAA
CGGTAGAGGATTTAAAACAGAGAGGAATTTCTGCAGAGCGTCCTTTGGTCTATAT
TTCGAGTGTTGCTTATGGGCGCCAAGTCTATCTCAAGTTGGAAACCACGAGTAAG
AGTGATGAAGTAGAGGCTGCTTTTGAAGCTTTGATAAAAGGAGTCAAGGTAGCT
CCTCAGACAGAGTGGAAACAGATTTTGGACAATACAGAAGTGAAGGCGGTTATT
TTAGGGGGCGACCCAAGTTCGGGTGCCCGAGTTGTAACAGGCAAGGTGGATATG
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AATCAGCTACCCGATGAGT TTGT TGT TATCGAAAGAAAGAAGCGGAGCTTGTI CG

ACAAATACAAGTGATATTTCTGT AACAGCTACCAACGACAGT CECCTCTATCCT
W@52004/043376 PCT/US2003/035529

GAGCACTTCTCGTAGI GGATGAGACCTTGT TAGAGAATAATCCCACTCTTCTTG

Gl R A A T ARG A GG AT T ACAGCAGATCATCCAGGCTTG

CAGATTTCCTATACAACTTCTTTTTTACGTGACAATGTAGTTGCGACCTTTCAAAA

TP ST IR R AR T A S N EAAR RGAGA T TACT

G&T GGATCATAGTGGTGCCTATGTTGCCCAATATTATATTACTTGGAATGAATTA
CTAGAATGCAGTATGAAAAAAT CACGECT CACAGCAT GGAACAACT CAAGGT CA

TCAETA TGS TOATNA GEIANBGAAGTIGRAGACTOO TRV G OCLINGEGALAGAAAT
AR A A SIS ARTFIAS AT AGTA TGO EER A PAGG FAATGTTC

GTAATCTCTCTGTCAAAATTAGAGAGCGTTCCGGGCTTGCCTGGGAATGGTGGCG
CAGTCAGCGTAGATGCTGITAA. AAATCCAGGAGATGTGTTTCAAGATACTGTA
TACGGTTTATGAAAAAACCGATTTGCCACTAGTGCGTAAGCGGACGATTTCTATT

W%MWME&%W&%%&&SEQ D
NAIPLCAGT GT TGCTTATGGGCGCCAAGT CTATCTCAAGT TGGAAACCACGAGT AA
Em@m@ﬁmmwwwm@m was

1nt?tQiuced (v1a site directed mutmégne&gl) at nucleotld CXosmon 1272 to 1274 of a
CA CAGAGT GGAAA GTGAAGGCCGTTATT

%‘% V‘D 2084/ Oﬁﬁ@?G gﬁ!/ US2003/. 03%%&%& & oW T

AT R RO AR ST ARRITAATA PR ACTARTUAOPATTAAAAG
ANCTACAGASIGE STEARGCARAET FABABTASABLOR T XAGAC APEFAGGGT
AAFARECTACERTEAGT G TETT Y G MABN ARG AL OE S traTe
AJM@MTWWME@G@A@C@M@G@CE@%@WATCCTG

GCGECCAGCGAT TTAACGSCTCACT TTACCACTAGTATTCCTTTAAAAGGGAATGI T
GA@CACTTCTCGTAGTGGATGAGACCTTGTTAGAGAATAATCCCACTCTTCTTGC

G@%X@W@WHM%WFWWW%%@AGC
G ATREGCTTTATCOMAGRGUA G AGUZCA TGOHGCGGTA

T T ey e e e —

cmmm@ommtr@M&NAW@G@@@%EAW@GAA@MQT@%GGTCA

via site directed nutagenesis) at nucl eotide position

AGPTEGEETCTEAGFTEG B iAWV TICTHEANT G TAT TGATTTTAACTCT

R bR SRR TR e TR AT FragroaTrraTTaTA

CAGTIUAGOGTAGATGCIGTISAAAATCCAGGAGATGTGTTTCAAGATACTGTAA
CGGTAGAGGATTTAAAACAGAGAGGAATTTCTGCAGAGCGTCCTTTGGTCTATAT
TTCGAGTGTTGCTTATGGGCGCCAAGTCTATCTCAAGTTGGAAACCACGAGTAAG
AGTGATGAAGTAGAGGCTGCTTTTGAAGCTTTGATAAAAGGAGTCAAGGTAGCT
CCTCAGACAGAGTGGAAACAGATTTTGGACAATACAGAAGTGAAGGCGGTTATT
TTAGGGGGCGACCCAAGTTCGGGTGCCCGAGTTGTAACAGGCAAGGTGGATATG
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15

ATGGCAAATAAAGCAGTAAATGACT TTATACTAGCTATGAATTACGATAAAAAG
WO2ZAMGIBSBTGACCCAT CAGGGAGAAAGT AT TGAAAAT CGT TT CAT GAAAERYBEAI3 5529

AATCAGCTACCCGATGAGT TTGT TGT TATCGAAAGAAAGAAGCGGAGCTTGTI CG

GTACROERCA FRERTTCWA GARUEERGTLSCHPHRCAAEAGRTE A IR g etra

CCEASTATTUTAIARGA CRATIAGATTAGT TOGAMATOAACGIVCTGATTTIA CAAAA
Cc2
A ARG AT GRS TANGT KA AT EAS AP AEEGFAETTACT
CA
A A A A TA AT ATIACRRATRAATTA
TCOARGA TCAITE XA GMT PTG E PAARAT TE NI A GO AT GLAONGAAAT

O R AATR ARG GG R AR T A AR EAG T GG ERR A BERAATGTTC
GMTE@@TW@A@@%T@@W@@P@G@W@WGTGGCG

TP@@@XTTM@WAA«@S&@AW@KG&%@TWWM@@@@AMTTCTATT
TC@%&&%&W&?@M@@G@A@T@@TT@A@TAG@M

CGGTAGAGGATTTAAAACAGAGAGGAAT TTCTGCAGAGCGTCCTTTGGT CTATA

AGTE&%&A&A&&@@%&%&XW&W%&&&MMXMWeptlde

Th8T'ype 19A Aly gene was amplified by PCR using Ready-to-go PCR beads containing

B B A R et

23p0 7 9zno o
folﬁf{vsv@&%c?_#%@}ﬁr@s Br Gﬁélma\? q %?1_?_% C?D(\) GE:IA %BR]H&%%C@ACE 1 mlréute 15

sedontifol BOCTAEAGAACT T T D mihi ACErGAGART AThRGHsEHGEAEShdrhtedAIsing

AA
LSWAm@CTATGTTGAGACTAAGGTTACAGCTTACAGAAACGGAGATTTACT
@é%%@%@é%@éﬁ@@&%%ﬁﬁi&ﬁ%f% SAREL D
N COTATGS O ROAABETANCGREETTRGAGT CETIIATA &
;WYZ{%@%&%&%&%%%TTWTTWMWT
gT ARTRLGHETALADAN WASAaR6sdW It FGIHT HICSH P M ed S 33ind 1N
and XtolGTtEs AT X AXAAQGEEATE PSACADNE) e TaaahOmntOANA waF itroduced
T T CTCTC (.SEQ.I D NO.10).
intg . FIL DR G511 B LR Bsen SRR b e s xR gnzymes
Hlm&am TRE A u@&@%ﬁe’scoaﬂ%&@dgyrum ubn@ng. b\
(Al'y) pol 3/pept [

transcrlptlon an translatlon was carried out with TnT kit (Promega, Madison, WI) according

to manufacture’s protocol to confirm the expression of pSA-59.

The nucleic acid sequence of the pSA-59 Aly insert is as follows:
ATGGAAATTAATGTGAGTAAATTAAGAACAGATTTGCCTCAAGTTGGCGTGCAA
CCATATAGGCAAGTACACGCACACTCAACTGGGAATCCGCATTCAACCGTACAG
AATGAAGCGGATTATCATTGGCGGAAAGACCCAGAATTAGGTTTTTTCTCGCACA
TTGTTGGGAACGGATGCATCATGCAGGTAGGACCTGTTAATAATGGTGCCTGGG
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The Type 19A Aly gene was anplified by PCR using
Ready-to-go PCR beads containing prinmers and tenplate
wo eoomngseinococcal 19A chronosormal DNA. PCR WaBCT/US2003/035529

performed as 15 follows: 94C, 4 mnutes for 1 cycle;

AR EBRESGGR CE Ty T CGHA BAC CIATGCARISCT B AACTGATTGAAA

o AR AN RO AR e

ACGCANTAT AGCAGA TSXN@ERAGGTTAGCCGAAAACGCTTGATACAGGGAGTTIT

A(%@ngégmgﬁﬁmggﬁcCEEQCIA%CCACTC

ggcm@ (QPFGG@A‘MARTGG‘G@CAT@M’}O@@TGAGCA
[i ated at H| ndIII and Xhol sites of pVAX1

CEBEAGRA TATHC TOMGMACTHICTEGORS AEROABMC ARGCTGGCAGAAGAA
T TR NG R SR et AR RN CAnaTT
GKGMAAT@MP(B@CAWT@@MCMM@MAG@MAG@@mAmAm&TTGCAG
sequenci n In vitro 25 transcription andtra
A%é@&‘x_%é@/’e@@%@k%ﬁ?ﬂ@@%ﬁr B dtaeradtiadsaltcacaca
ARKGOIGHFRCA g%h(?gﬁégsgﬁti%&”r@@f@%@ﬁGTWAC’FA‘I‘IT’?CI{?ACGAAG

expressi on nucl er c acl sequence of

A@GGTEBC@ATGIA{PB@ACAlCKiG’ﬁGGO}’HGJMAGTACAAGGACACTTGGTACTACTTAG

C AAACCAGACGGAACACTGGCAGACAAGCCAGAATTCA
‘%\%ﬁ}g&%‘%c&:&r CCCAGAATTAGGTITTTTTCTCGCAC
CAQGTAGAGCCAGATGGCTTGATTACAGTAAAA (SEQ ID NO:13).

35 VISP G498 LRI 58550°) ALY Instn 53 Rtz

M ﬁ@ﬁ@ﬁ@@iﬁv GAASTAN A4 BUGNE ADXEVEAR DPSIAGFFSHIV
GCCATTCAACT GTTCATGACGGACTACCGCCTTTATATCGAACTCT
GNGCIMQVGPVNNGAWDVGGGWNAETY AAVELIESHSTKEEFMTDYRLYIELLRN

LASE

TR vioAx

MM%W@WW@%@TNO 14).

GAGAAAATCAATGGCACTTGGTACTACT TTGACAGT TCAGGCTATATGCTTGCA

10 The pSA-60 expression vector encodes a 459 amino acid PspA polypeptlde The type
AAAT CAG(ﬂi GGAAGAAAATCCCT GAGAAGT GGTACTATTTCAACGAAG,

19A PspA gene was amplified by PCR using Ready-to-go PCR beads containing primers and
template from pneumococcal 19A chromosomal DNA. PCR was performed as follows:
94°C, 4 minutes for 1 cycle; 94°C, 1 minute; 50°C, 1 minute; 72°C, 1 minute, 15 seconds for
30 cycles; and 72°C, 10 minute for 1 cycle. The insert was generated using LSYN-90 (5°-
GACTAAGCTTGCCACCATGGAA GAAGCTCCCGTAGCTAGTCAG-3’; SEQ ID
NO:15) with LSYN-78 primer

(5’-GACTCTCGAGCTATCCATCAGGGCCTAACTCATTAAG-3’; SEQ ID NO:16) to
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AAGGT GCCATGAAGACAGGCT GGGTCAAGTACAAGGACACT TGGTACTACTTAG
ACGCTAAAGAAGGCGCAATGGTATCAAATGCCTTTATCCAGT CAGCGGACGGAA
WEABBITIBET ACT ACCT CAAACCAGACGGAACACT GGCAGACAAGORAIENSID0 E#85529
CAGTAGAGCCAGATGCCTTGATTACAGTAAAA (SEQ 1D NO 13). 15
The am no_aci d sequence d
amphifypthe 1347 géq: Eﬂslll fﬁé\ PCRe-Q)cl:nct)heesgjzeQ %&R %vas ﬁlgested with HindIII and

MW&Q@%@%W@&TVW%KWE?&M

redORATTAARNEA vEaSHBTddaEEAMDYIRICG1 EDH Rdcells by transformation checked by

RN SRR e

DI DW . 2R vitro transcrlptlon and translation was carried out with TnT kit
HT Fg(ﬁGEMAT KI"AEKWYYFNEEGAMKT GWKYKDTWYYL DAK

(PEGAdgd SNAETS OB AN TREUI LR DGRNADKREF T pEreal torogfigris ¢xpression of
Sm 14). E. doning and Expression of N-term nal
78%nococcal Surface Protein A (PspA) Gene The pSA-60

expresueikid f4d @équ@ﬁkfeQif@l& 5460 P@p‘lA RgeRds a5 ﬂaapﬁs
pol ypepti de. The t 25 19A Ps ene was
AP A b AT ey AR B A G SR T A AP GI AT GATGCA

OERRTERRAA J%@%‘S@Eﬁ?i&%@éﬁ?@fbﬁ%@%wm

AGEAIGAABAC GATCARALAARNTATGATGAGCATEAGAAGAALACTCAGGCAA

AR TARGeAC RaNp R GIEE oA i AregAGecacaTTTGCTG
M @R T A APEFEA
T‘%W?W LSYN- 78 prinmer TETHATCGICARATTICGGA

GABTGRMT TAXGGAGASERGAGAATGCTA

%M@’r?w@%%%@é&@éémﬁ?@%ﬁeﬁm%@&mwm
AT“P@C@@@@G@MGGGGMGCTGNA(NJ@AA@MAAA@G@GA%GAAGCTAAA
H ndl Il and Xhol sites of pVAXI ener at e
A PRGN GCABAALTASTET AAGAGRAMIEA TAAT A CKeA RTE TAAAGGTAGC

N e b
AGP T RRE NS ANGT AEARAC TR KA SCIT R R Tga g CTTCAAT
ATGQABSDHCWAG’HTT@(SAAQWAGNAGMCBTWGQWAWQAA@ITAGATAA
vitro tl‘anSCI‘IC?tI on _and translation was _carried out

T GAARAARG TG HHEGS T G AR CTHA T GATHRE AEAARAGTTATAGAA
Gg%ﬁ%%c%ﬂ @@&@A ?CWRGCW@GemA@&éM@@fGAGTTAGCA

e nucleic aci d sequence of the pSA-60 PspA
AMMACM&AG:NA@WSGAAAAACTTCTTGACAGCCTTGATCCTGAAGGTAAG

AT G R AT A AT AL E AT EE R A K w aaGeT
GATGAACTTCAAAATAAAGTTGCTGATTTAGAAAAAGGAATTGCTCCTTATCAA
ATCAAAGTCGCTGAATTAAATAAAGAAATTGCTAGACTTCAAAGCGATTTAAAA
GATGCTGAAGAAAATAATGTAGAAGACTATATTAAAGAAGGTTTAGAGCAAGCT
ATCGCTGATAAAAAAGCTGAATTAGCTACAACTCAACAAAACATAGATAAAACT
CAAAAAGATTTAGAGGATGCTGAATTAGAACTTGAAAAAGTATTAGCTACATTA
GACCCTGAAGGTAAAACTCAAGATGAATTAGATAAAGAAGCTGCAGAAGATGCT
AATATTGAAGCTCTTCAAAACAAAGTTGCTGATCTAGAAAACAAGGTTGCTGAA
TTAGATAAAGAAGTTACTAGACTTCAAAGCGATTTAAAAGATGCTGAAGAAAAC
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10
GCAGTGAAAAAAT CTGAAGCT GCTAAGAAGGCT TACGAAGAAGCTAAAAAGAA

WAHAGHBBACGCCT CAGAAAAAAT AT GAT GAGGAT CAGAAGAAAAHCHAGRAGA3Y0 35529
AAGCGGATAAGGAAGCAAAAGCAT CTGCGGAAATAGATAAAGCCACGT TTGCTG

MWW@W&M@%&M@WE%AM

Aﬁ@%?ﬁ%&é@?%@ﬁ%%ﬁ@?&@%@w&mm

ARG AL A CRAR AT CR TAL AT VAGTAE

MEEMREASQIMARKERNYEABAEKI PASKKNCT EEAKKKIABDA QKK YOESKK TEAK
AW§M¥EWW@6@MW%MQNL
QNKQEENNKWRA EVTFEARGEIAC OGO RAFICAR G RENCACRRAAST AT AT LAKKE

VR AR R A S QRN A NG Y AN AR ORI GRE VRSB NK GEA

R R A T GRS AR AR ATl v a

LMMWWMWWLATTQ
Qﬁ%%@#M%M@MK&PWWMADLEN
DA 5

Al

AI@MAN@LW@EQMMTAGAACTTGAAAAAGTATTA@CTACATTA
GACCCTGAAGGTAAAACT CAAGATGAATTAGATAAAGAAGCT GCAGAAGATGCT

30
ExAMpRT T MM ERICAPOADARNGEdGheE GAT CTAGAAAACAAGGT TGCTGAA

TTAGATAAAGAAGT TACTAGACT TCAAA TTTAAAAGATGCTGAAGAAAAC

37 \Fbszué)zwmxaﬁw Pequgszdmlgle@g@mgumolysm protein. Type 19A Ply gene
R S I AT R T o
Pnﬁﬁﬂi@ﬁ'&ﬁﬂﬂ%ﬁﬂi@ﬁ&%@mm@@%ds%@ohﬁbdg%ﬁ%@ 4A ndif §or 1t cycle,

ded by the pSA- S I nser

94@(?1 gtgm,fa ﬁ e& uendC 72°8?n Cg m(lan for%O cyclesp and 72°C 10 min for 1 cycle.

LSVEEAPYA PRI GE ARSI RIS G R I A -3

ADKEA SAE DKATFAVQSAYVKFLNV
SEQSNIRNOsHINBRIpkDLEIrDIEP BNaiptides 1 to 24 at 5’ end was used with LSYN-3

pn@ﬁg%w 8@4‘ 85’?’5 %WW@%%?@ gATéﬁ%/% AN}%%)

complementary to Ply nucleotides 1396 to 1413 at 3’ end to amplify the 1413 base pair DNA

encoding the 471 amino acid full-length, wild type Ply protein. The PCR-synthesized DNA
fragment was treated with Nhel and BamHI and ligated into Nhel and BamHI sites of
pVAXI expression vector to generate pSA-7. The recombinant DNA was introduced into
E. coli DESa cells by transformation and checked by digestion with restriction enzymes,
Nhel and BamHI. The inserted type 19A wild type Ply gene was confirmed by DNA
sequencing.

Plasmid vector pSA-10 encodes a C-terminal truncated pneumolysin protein (lacking

114 amino acids at the C-terminus of Ply). Type 19A Ply gene was amplified by PCR using
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VEAKELEI EKLQYEI STLEQEVAI AQHQVDNLKKLLAGADPDDGTKV
| EAKLNKGEA

wWERMNALIRE AKKQT EL EKL L DSL DPEGKT QDEL DKEAAEAEL DKKEOE L SIIB3/#85529
D 10

ReLEK AP AELICEL AR G KOAEENINED Y (E ERR ARG

ch@%@%ﬁﬁm LEDUOE AREENT 1 cycle, 94°C 1 min, 55°C 1 min,
A EVTRLQSDL KDAEENNVEDYVKEGL DKAL TDKKVEL NNTOKAL DTAQ

and72°AL DF ANEIGODBGc[eSEOd 2°Gudp) 18h fortlscyeleadpy eN-4S primer
1 pmunogeni i Vaggi i : 7ID NO:
(5 G A LA A TR SR ARG RETAANEGAE S B SFOID NO-4)
coxgllp}ég%fh@y %d’\l_al&rﬂﬁlébﬁc_idseldom ﬁ$@n@s%m-mm PERr (5'-
eads contal nin rrners an
CTARGRABRCETACO AL Dbl TEAT CPER naCUYG; b gomplementary
to %f‘ygnu%le’&i of Hfsﬁéjto ¢ thea3g 13 aglty 5567 11b 43 Pair @lNiA chgading 2357

mn cycles, mn for 1 cycle.
anliSYMid polypéptite. The PCR-synthesized DNA fragment was treated with Nhel and

(5' - GACTGCT. AGCO%%S:AT TAAA(%CA TCGAG: 3'
Bﬁ@.{h")ndcltﬁﬁ‘fﬂdéﬁ@rw ﬂn%"%@ sHer iR gxg{eisho%ZVfcgo??%QgérBrate pSA-
106 gﬂe WRSHUESH MNANW A Noduce@ irt8BY coli DESa cells by transformation and
(5" - CAGTGGATCCTTACTAGICATTTTCTACCTTATC-3' : SEQ | D

chiiRed by digastibrewithtrestyction epzymes, NhebandRamHEghhe gserted4ype 19A

at, 3" end t.o anplif he . DNA encodi
pseyfloppevm mlﬂéeférggw %’ﬁ’&@lﬁéﬁéﬁ rﬁﬁgﬁ%ﬁugl?dtl%e Ply prot IGIn%

The ftiaxeibessZod dabiieda fill Rpgtncwaslysinaatrgthgw CHG motif.

Nhel and BanH and |ligated into Nnhel and BanH sites .
PR PripiesotiS WNpieandi LW NV dat enniaioing dbie Femplepaaan olgaaucleotides

r ecorfi nant. [ nLr .t . '
RGP i AU P OB o
pritR&s LEYIN-05 ahZ$ W3 areNosgiplenmutap nHiequéiives IymrggeNtagd C-terminal of
v ok T e e BTSSR M, s 1210

ol . ! .
of Ty SRS 1B g i
priyeere LEAN-afrphd {346@CRY) PERLSENAE arga3 WERADaydyameiag: pSAT

o R 58 e GEACo A BRI R end gt
alﬁmsmﬂ%lat%-geféﬁﬁe\é@@n_ﬂ @OROpraBELt Al hiBK Gad piiined b thelsecond set
cycle, 94C 1 mn, 55C 1 mn, and 72C 1.5 mn_for

30
proyers 88YNahdl ard 4. ThherfieporiddiCR peogaptevas ogithiNhel ppd BamHI, and

ok SRR IO FLLARERS  pfi o

m@r Va§cleSBAC W thin, ESON fimrand@2°q 5min for 30 cycles, and 72°C 8 min for 1
CTGAGGATCCTTACTAAGCTGTAACCTTAGICTC-3'; SEQ I D NGO 19)
cYekapl enent ary

The sequence of primers LSYN-3, LSYN-15, LSYN-33 and LSYN-34 are as follows:
LSYN-3 primer (5’-CAGTGGATCCTTACTAGTCATTTTCTACCTTATC-3’; SEQ ID
NO:3); LSYN-15 primer
(5’-GACTGCTAGCCACCATGGCAAATAAAGCAGTAAATGAC-3’; SEQ ID NO:4);
LSYN-33 primer (5’-CAAAATTAGAGAACGTTCCGGGCTTGCCTGGGAATGG-3;
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to Ply nucleotides 1054 tol 071 at the 3'end to anplify
a 1071 base pair DNA encoding a 357 amno acid

w@eiogpepré de. The PCR-synt hesi zed DNA f r agnent PEEES2003/035529

treat ed wth Nhel and BanH and ligated into Nhel and

sites of pVAX1 expression vector to generate pSA
S%H?(N ?ﬂb%%ﬁﬂ’ﬁ‘ﬁﬁf DNA was introduced into E. coli

6 V[.ﬁt;té@b&émt@@frmmm&cmmﬁmm@e o@mmm 21).

restriction enzynes, | and BanHi. The inserted
ty pém&écoxplslemudHﬁAmashgﬁmdmcqu@ Ea@lldaﬁﬁ eakls by hgangination and

oSS BB o AU el e

witPiNe My @amnwag mﬁmammﬁmequeaemg
ol i"gonucleot i des 5pcarr g CpG notif at the 3
t er nPlasmidvkseior ggédﬂt @nmwecmméﬁad peRdles ahdegpinglfgncation of

ng)ﬁgle(é?i(l%l&g agl egé%h: Pridfefs (i 8A5RE EFSW 93 containing two

yin er m nal pneunol
cdnﬂﬂ&ﬁéﬁthx\yﬁdlbgomhdle(ﬁﬁlpﬁéatﬁn@ﬁpﬂ}Inﬁcbt(faat tlmrB td:ﬂmmf wmstusﬁm prime

duct d P
P éﬁeﬁé?émbﬁhpéwoaé .pﬁ@eﬁe‘aﬁWt ﬁ%@(@ggﬁa gomplementary to
segg c@%@g%ﬁ@ﬁ'@%ﬁm&iﬁgﬁ%ﬁm@fﬁ ?ég%cﬁ tggljj)n IIﬁg@)akai‘é( MnpBfication,
th irst-ACGR ptaductReRER §is? kb)gadPCREnE 50 |bp)swena<gﬁznm1@d bytPCR using

535{3( é’@%gggﬁ%g%ﬂ?rﬁiﬁ%?rgw}ﬁs t%:@k%ﬁ% od PSYN-33 and 3
%%ﬂd $&hplaRSART-Sorktait iy fhi-1 n&&umﬂnﬁuﬁg@@nd PCR

uct vvas cut with Nhel and and cloned at
Nhel ThafirsBRERI produgismoe mlée(b@‘rﬁjéi@@@@f%i 2ged pscpmplpdes to generate a

<Robd BBl S Py O ol T F36d 4. The
se26n® PCRGrodilte was GuenteNDé] 4adiBueisl, hiv&loed 4t SYIM 4d BamHI of

LSYN- 33 and LSYN-34 are as foll LSY]
PYAXICaGrEATOSTTACTE CEABreaTeriematerIRed @5\5 EOS@ ¢l 94°C 1 min,

S8 Pl AT s AL IS Tagl ot

of\Rirdgrs LSIN-BSYSlY B34, SN+l 5, LSYN-33 and LSYN-34 are as follows LSYN-3

S S P FFISRAE v, S By0

L%E‘g@gnﬁr%r SRR CTEAMA G GACAGINAITORA BT AG-3"; SEQ ID

The reconbi nant DNA was i ntroduced into
NE)S):@SYI‘DESQHII@H s by transformati on and checked by

(g %@ﬁ&?ﬁ%&ﬁﬁég&&g%gﬂ%‘ype )T%Fg@car ryi n8 1D NO:4);
LEYN-39biifneVes-CORAINTTAG AG ANUG FEQESBGOPTGCCTGGGAATGG-3;
SEQ ID NO:20); LSYN-34 primer (5’-
GCCCGGAACGTTCTCTAATTTTGACAGAGAGATTACG-3’; SEQ ID NO:21). The
recombinant DNA was introduced into E. coli DESa cells by transformation and checked by
digestion with restriction enzymes, Nhel and BamHI. The inserted type 19A
pseudopneumolysin gene carrying CpG motif was confirmed by DNA sequencing.

A vaccination program which entails priming with a DNA vector and boosting with a

protein has resulted in the generation of a high level of specific immunity and, in some cases,
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Pl asm d vector pSA-27 contains a CpG notif and encodes

a CGtermnal truncation of pneunolysin (11 am no
wa@eiods4ded eted). Prinmers LSYN-34 and LSYN 33, PCT/US2003/035529

contai ning two conplenentary oligonucl eotides

carryin Gnotif at the 3" termni, were used to .
affaﬁeﬁ%rot%é%l agridstppfRotioup igente Hish BUETIYAIOSE greyiprelgloms dor vaccine
de it fiPttietd IB{?%HR]@ @RI ¥otits wle gﬁﬁfée B tiléh RethM pHe@molysin

-t'erm nal of pneunolysin, respectively. In separate
DNeApketdr arat hamsted withe priensiolyR@Rrpreodwiheut apORant( 1. 2 kb)

;gg gggcﬁg_lé%%%@g%%@\gﬁége ﬁ%gﬁ%{uﬁglﬁq %ﬁﬁgéff%%ﬁgrfg i% ﬁagbits using a
primefbdoGhte gy Tor pseXdbppdudblsinHNARGER hatbAdad @R@itRidabove. Lanes 1,

pSA-7 containing full-1ength pneunol ysin gene. The
2, and I repRSRutpnwelnetrespanses 7dayeeftermdigdd hserand (Bhand dig (3)

. .as teml ate € . C

BB B Sesdo 10 e TERAKA g 10

afteddprofoi@bodse (200d: gHERupbhyeingt Luvees5 degtictwvittelantibedy raspbnse 10 days after
BanmHl , and cl oned at

._.par Mel . and BanHl of VAX1 to
injgetingraft200 pspnsymolyem m&@mﬁeﬁt&rm ﬁlﬁeré/ﬁ%%ww-  Clpe rpsults

i . | 72 . . high
R e
antibédyaespmineetomigsed ofa tpaditierabpro®YiNy &cinagyinmethod S¥iug s, adjuvant.

LSYN-33 and. LSYN-34 ar ol | .ows: LSYN- Q. pri .
(5 - DA eRSRirEEr TACD AR e PacEr pniroiaRpt BRA, in the
arrygng%gl C(I)T YO iP5 tdtRvolume of 0.1 mL in 1 x PBS, were each injected

TCCTTACTAGAGAGI TGTTCCCCAAATAG 3'; SEQ I D
intiN@néRculagyNhtoBHopr quadriceps muscle or hind limbs of Balb/C mice. Mice were

mj%eéye‘v?tg@%WWIW %T%aﬁl betwie thquj ections.

At(PdaySAAMNTHE ARAGARCHTH GKGIRET Tésels UBEE Ao dRes, wer@ lmeSied by
| D NO 20); LSYN-34 pnri,n_rer (5'

E ﬂ@r@mﬁﬂrm@sz@g@&@s\vmswusﬁ?ﬁ% fold more IgG
R T s
auttl g bi pieunidchcoasirface prodein dnanyigess inMiel andstimBlatddhe immune

The inserted. type. 19 e neunol ysin gene carrying
S BUCGAENIRYAS T Bt b R s LIS 30 A

vac %gaﬁ i9 ngg%ﬁgx%'fqﬁ@ MHoeBy Ri3pSHsk o Pdutiiod8cdal furfa@e Ph¥ein A 7 days

vect of and ting wth a protein has resulted In

aftehthecfownth éxtj éotion ofithethtrPetA DiNAelvacsines Fiég i 18iig 2 irairh f the antibody
B e TBo8E35 a7 SR RSB BR IR nipsonain e suotysin DA

vac&hect i ous agents that currently pose great problens

for vaccine developnent. In these experinents,
rabbits were prined three tines with a pneunol ysin

E2NAIY §C bRl @R @&m&s An Vet Ss PrABEHTOA Yihe? GRERESE Rith

Vv U TTOUL d.UJ uvdalill .
Heterologous Serotypes of Virulent Pneumococci

Mice were injected intraperitonealy with three doses of 2.5 pg serotype
14 polysaccharide-pseudopneumolysin (-7 amino acids) conjugate at 2 week intervals. In
control groups, the conjugate was substituted with PBS. Eight days after the third injections,

the immunized mice were challenged intraperitonealy with 1 x 10° to 1 x 10 ° CFU (colony
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Fig. 16 is a graph depicting an anti-pneunol ysin

anti body response in rabbits using a 5 prine-boost
wawahe3ye f or pseudopneunol ysi n DNA vacci nat i oPGT/ES2003/035529

descri bed above. Lanes 1, 2, and 3 represent innune

fo{nﬁﬁ& gxrl]l? o engggcghﬁéa %{ﬂa? E\Ig (rggt%% ép,%\h Y %f@iﬁp 111111ter injected was
dege?ttﬁgireﬂ @& gpart]e c&‘t@@ &n éhé'e m&&ﬁejgﬁ%ﬁt@e At8S 9 S ﬂ&lréjﬁYe? challenge, 5

tel n boost mol ysi n)’. Lane
pldaerpl 20t tsL bﬁleloadlt;adqﬁdg/oﬁmbmwse wereqbda}ed aifto eheepuht?@cagaonlate and

neunD Sin ot ei et her w th TiterMax
inGipiEaans T CrRETT By e G GOt ray e dRit R elthal clearance
frdnmb%%alsﬁﬁﬁle%f%g@t&@c&n%@%cwetdﬁvet@tcﬁitﬂa,manowﬁx'gtdhhnenge
in a anti body response conpared. to a

t r a@g |1gr$bpwp bastenial clearasraigemdhe Moot gfmics; 1mjmamzed with a serotype

40 PRROAESDE i B PO AR bl
pneﬁlﬁbcdcel aHegd wbre\stdnificanodiferehced (PA.01) af (EE% betsieen ﬂfﬁ:@bnjugate
r;E,laﬁc:ted |ntranuscularly |né (%g@%lquadrlceps muscl e
ang treatad; grpepsdh 3paidy oy aiter gere 15 injected
Wt hﬁé @%E@s BhotdP QrDNARYAGRE BRSd thf'cezint’iﬁt?rﬁzed with a serotype

i nter etween the I1njections. At 7 days after the
14fpohydacdhariée psecudoprtdumod;ﬁlmmnhl@am wheyf chialj@ ged tWithoped pneumococci.

i el i A i g o o

stdham dig Stﬂbﬁrscﬂféi‘ E@Alleﬁg@ UPhesd B8 @lsb Qtﬁﬁdzdltéthaﬂﬁhhd’éafrﬁlumzed
hat pldsm d DNA can express autolysin or

wxninélqrmm@gaia weseiproxisled srass-eratechion agigeiehaliengg with adisgerologous
stimul ate the i mune 20 system t-o produce high levels
anPmQﬁ(eCS?Ifseﬁo YRJG antibodies in nmice. Fig. 17 is a graph

of tH#1e ANdhbleBictesRMASMCE GopNBt b100 of alicesinirhatieed with a serotype
protern A 7 days after the fourth inj ectlon with the

1stamnder@&quﬁlepnqnn@IYS1rscqr§uettegwléﬁw1@t enged Vi YRool
91%8?{15%9 "h?er? Q%Mvﬁﬁg%h dﬁfé'i&thsSdSPQO%Bﬂ&Y eret B@trwe%ﬁ‘ ﬁle conjugate

Four I'nj ec e auto vacci ne.
anH)PEBﬂJir@t&t grBoes @ df B yveand| Snivownd dfier ahta:lle@g@s’ﬁhd@E datecatsoomdlcate that
Agai nst . Chal.l enge Wth Fbterolo
igR RO CRAEFEAR B AREP WATHT
he'té? Fog&?srﬂﬁe%%@édéal\@e}&yﬁé“ ee doses of 2.5 g serotype 14
acchari de- pseudopneunol ysin (-7 am no aci ds)
c o nj Elgaﬂeshaws dagtendd dlearance &iom the hloed of sries wrmunisedyyith a serotype

S _substi.t ut ed d
1SR I o P T o s B e 5
pricliflob8dRp eThdre Weraifiode al feracbH(PL0:011 8BCFUs betwet tife conjugate

CFU (col ony 41 WO 2004/ 043376 PCT/ US2003/ 035529

anddiRe tﬁ@at%glp)lpﬁoiﬁéu Aoandehours gfter chgllengerhbhess date aligripdipate that
mﬂ:e ngﬁhjmf%%& vJHhI thé L&{ﬁéaté %I%%g\qdmoss -protection against challenge with a

heterologous pneumococcal serotype.

§§’§f§r§{ec£¥§ agamst challenge with a

Figs. 23-25 show bacterial clearance from the blood of mice immunized with a
serotype 14 polysaccharide-pseudopneumolysin conjugate when challenged with type 23F
pneumococci. There were significant differences (P<0.01) of CFUs between the groups of
conjugate and PBS at 1 hour (Fig. 23), 3 hours (Fig. 24) and 5 hours (Fig. 25) after challenge.
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determ ned by plate count on sheep bl ood agar plate.

At 1, 3, and 5 hours after challenge, 5 L and 20 L of
whbmedsBanpl es of each nouse were pl ated ont o BEEE§R003/035529

bl ood agar plate and incubated at 37C overnight.

Significant,. differences were detected.for bacteri
Theselhaaliemaicpleg iR GG el ST ST s R g REey e 2™
prcﬁb&ﬁ)nra@nﬂgt' dhﬁllér%e(’v@ﬂf & RdtrofRblhPyenthocbial S%B&Q}f)e Fig.

shows bacterial clearance fromthe bl ood of mce
|rmun| zed with a serotype 14

ol ys hari de-ps Q unol ysi n conj ugat e when
Exa g L & 1%%5 pneunococci . There were
significant differences (P<0.01) of CFUs between the
conj ugate and PBS treated groups 1, 3, and 5 hours
A SaY]0 Fig. 20 shows bacterial clearance
f r onfhte é? oggldacﬁ(ut%fsﬁﬂl ém%%%s%ér&yﬁe $4 E)Q&M)Q@cocéa‘f
sacc ari de- pseudopneuno n conj dgat e wh
omaédheﬂﬁ@damhksutgm ah cmsemnphaguwtlc assFhosiag \hemen

po&h’@%@g{: ugﬂa L feu @i fer eﬂgmpm 0 E?)B werg seflufl§ %elgﬁéﬁ?gvchgoafd)sand 20 pL
of hdtBlerdh §$r{1}91@ 9@35 cghﬁﬁﬁd%ﬂr@(ﬁuﬁ ef bd’t@érﬁ&ﬁlﬁpéxﬁb@dn goMeining

imuni zed W th the conjugate were provid

appmssatplrycﬁ()@(ﬁmé in brgix hestt infasipn gwgelwmdqmaub?é?de%t S efg dRrstS

m@p@gr AP °Phg‘5 of,%ggabj taffhit éo]rp Fa Zeg%ﬁphéf PMNL (4 x 10°

cef & WirY B@dedl AHRAhiXERE GAR ricUBat@BAUBTINIAWNTIL YO ratmosphere for 60
conj ugate when chal | enged with type 6B pneurmcocc

minktes e Tarebtairsyighlercell apinteliar20geHiBiot frpmpaph sargple pagnoculated on
n t t

85 L B0 5P b

redgdvats eRE‘)e}maﬁﬁbddilmm Ipnadmmot:h tOpsoxmlhjagrg:atle titees were reported as the

provi ded cro proteciion ai e Wt
reﬁéqualoq é@%ﬁ@ é‘ifHB’c‘g qn Wé@‘?o{]@ ﬁ’eklﬁ g%‘e%%ﬂ’/@l’afed with
lgrﬂll@éo,ﬁélgﬁgﬁtnce fromthe bl ood of m ce i nmuni zed
a serotype 14 pol ysacchari de-pseudopneunol ysin
conj ugat e when chall enged with type 18C pneunococci .
BT ereg\aﬁée significant differences (P<0.01) of CFUs
betie he conjugate 25 and PBS treated groups at 1,

3 s P MR ! werdfiRited Fohl grigRerallBlesdoCahalthl adult volunteer by
indicate that mce i nmuni zed with the conju ate wer

deptrew s@@demp@@sm}slrwwlﬁr&%@wl%tcwv e ft‘hLﬁnphocyte

h 2
S5 4F T BTN BF 0t PP, PRt e e
with AICKalysBéudfey (EﬁoEHndsprtahxgciumbedpﬁ(ﬁsmﬂk)l ofhe finall ops¢emtration of

colnBlBbuses © THGlE oY B L S (L Fechinplogiee q1BG0 BRL, Basal

of and
BT Bl BSIYERD LI anougeneh Saigheerlt

(Fig. 25) after chal | enge. 42

C. Mouse Serum and Bacteria

Mouse antisera against 14 polysaccharide were serially diluted in brain-heart infusion
medium (two-fold, from 1:2 to 1:256) and 20 pL of each serum sample was mixed with 20 ul
of bacterial suspension (200 CFU of S. pneumoniae serotype 14) at 37°C for 15 minutes.
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WD 2004/ 043376 PCT/ US2003/ 035529 These data al so
indicate that mce immunized with the conjugate were

w@emweBd cr oss- protection agai nst chal | enge RaT/hISW03/035529
het er ol ogous pneunococcal serotype. Exanple 9.

Opsaonophagocytic Assay 5 A sqQnapha oc ti.c Assa o
The SETHIBIG G PraeETied va%?ul%%ﬂ rHedy gﬁv%@t mediifn at 37°C for
10%%[1&1 M@?ol%l”seﬁ@ledﬂﬁ%ﬁ’sc&aje md&R Y AAEAAE deundr BEBRRLsed for

by an opsonophagocytic assay using hunman
thip ekparmguho m&mlsﬁsamﬂamwpe@«tpmate M ECFSewas faundon the plate

B S L iR £ At PSSR D iamp

wifleDt 20NdiNGion2 APERFIrERhetonc2APatlon dfithe Bictiria us@bfor the experiment
i nfusi on medi um and incubated at 37C for 15 mnutes,

waafdgtermingd Gﬂbb@ alzmlt 14 01 ChY/mlabeiobimsilt Sarqumarids | ahl CFU/mL
0 ture
wigdiyete TS v 200G Eh WiV ASARR codMReDIE,
m nutes. To obtain viable cell counts, a 20 L aliquot
from each sg pl e was i nocul ated on 15 triplicate bl ood
- iplgmentand LN, ept at 37C overnight. Conpl enent
co nt/(ﬁ’ér indibhiisiedo alr! ot{b‘§§§/ rabbR2ERPIetn X (i hotd BF Fre@idtRcted young

to pneunococci . Opsonophagocytic titers were reported
ralshsit tebvem ane stormdat aB80°6¥ betfdre usingharst 4Gk @FPMINLIZ 8anl Alicels was

TR e S BRES ARG TRS! B s,

i sol ated from peri pheral blood of a healthy adult

vol unteer by dextran sedinentation and ficoll (ICN
E.BiKihEdimis| Conpany, #16-922-54 Lynphocyte Separation

Medi sepanat | on P

bl 00 n%bt:infls 129\32? cée?llcogrl a@f&?ﬁ%k@@t o‘f‘?\!v& ﬁbt?t;lgl MN}ancB?qOO from
eaé1Bbaim 16l viss, 1n6ailzaéd3@1 iphibsie bIDBﬂlhgﬁ.tQﬂ)tes Ak efpt mta37°C overnight.

concentration of 25 cells was adjusted to 1 X 107
Coreplpmeni conioEreugeq %%teqfefé%ﬁfr‘BFSﬁF@ apfl s SERPNeAREQPCl-

Medi um Eagle). 40 gL of PMNL 2-4 x 105 cells was used

for each sanple. C. Muwuse Serum and Bacteria Muse
F.&)ﬁsbmhagmﬁbmstivim pol ysaccharide were serially

diluted in brain-heart infusio 30.msd' wo-fold, ...

Fr o EonoRs2e ST era s SePiiE e EoR el S il Sl cituion
with X 8@oytillthgdt bebteriPEorRFEEEWitR grSMBRE ARl PMple2fkht Chtdradf

S. pneunoni ae serotype 14) at 37C for 15 m nutes. 43

VD 2004/ 043376 PCT/ US2003/ 035529
Table 5: Opsonization Activity of Mouse Antibody Against Serotype 14 Polysaccharide

Serum dilution

Mouse # 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 Control

Vaccine

1, CFU 12 20 22 25 28 32 45 81
% of killing 85% 76% 73% 69% 65% 60% 44%

2, CFU 17 18 17 17 32 50 51 81
% of killing 79% 78% 79% 79% 60% 38% 37%

3, CFU 19 27 31 31 32 44 56 81

% of killing 77% 67% 62% 62% 60% 46% 31%
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Serotype 14 S. pneunoni ae was cultured in brain-heart

i nfusi on nmedium at 37C for 10 hours. 10 fold serial
walzdowhipns were nade to determ ne the nunber OPCT/US2003/035529

bacteria used for this experi ment. 100 ul of sanpl e

was appl @%to a pI te. foug on he ate
O i EERCRE SO R A

dilution. Therefore, the concentration of the bacter| a
usedfor Gité exper i2Zdent 26was 3det eldi ned3to Bé abdlt | 81
109 “eptkifing Ser ot ygé%a 4 68% pAdUnoii¥e $9% 183%CrE7HL
was diluted to 1 x 104 CFU/ nL. 200 CFU 20 L was used
for 6gach Gnpl e. D22Conglenernd® an@8PVN4310 Alter 57 81
I ncYbafkiding 10 gL dB%balyges alihtd oonpl amnt 30 | qosat s
of fresh collected young rabbit serum and stored at
-80G, bef @myusing) 2and 49 gL of PhHL 228 x 365 cehls g
was o, afigiaghe The m ays © o leagubFROA boi3 7494 @otﬁ%
co2 atrmsphere for 60 mnutes. E. CFU Counts 15 To

obt%m Vi e cell goun 3%0 gl35al | gyot 8§ W2, 81
?hL%kE”@ff%nl?rf‘Bé i gl pr 410 RN K2R o

37C oqverni npl errent control, included all test
rea ttger é‘@b’lﬁe %ﬁﬂz“in Heuprsenizatigfactivttocci . F.
QpsdopHagodyt o Actdsd4 y #4) 26ps ofdpg oty B2c £74188s #8,32.

are reported as the reciprocal of the highest serum
dilution wth >.50%killing of bacteria conpared wth
growmh in the conplenent control. Table 5:

Opsoni zation Activity of Muse Anti body Agai nst

SR A SRS AT a5 e

vaccine 1, CFU 12 20 fﬁu neym ZSlﬂé % of killing

85% 76% 73% 69% 65% 60% 44% 30 2, CFU 17 18 17 17 32
50 51 81@@%&%79% 79% 60%b38eMSIRRNG
CFU 19 27 31 31 32Titér 56 80D (330R) | | Titgr 77% 67 ADBKd :300)
62% 6096469 319635 44 WO 20041043376 PCT/ US26031035529—

1 76800 0.735 9600 0.454
2 76800 0.520 9600 0.360
3 76800 0.738 9600 0.285
4 19200 0.677 9600 0.266
5 19200 0.684 9600 0.381
6 4800 0.518 4800 0.261
7 76800 0.815 9600 0.348
8 4800 0.585 1200 0.125

As shown in Tables 5 and 6, mice (e.g., mice numbers 1, 2, 3, 4, 5, and 7) with higher

antibody responses against serotype 14 polysaccharide and pseudopneumolysin showed

higher opsonization activity, whereas mice (e.g., mice numbers 6 and 8) with lower antibody

titers against serotype 14 polysaccharide and pseudopneumolysin showed lower opsonization

activity. No opsonization activity was detected in mice injected with PBS.
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4, CFU 15 22 23 19 33 36 40 81 % of killing 81% 73%

72% 77% 59% 56% 51% 5, CFU 22 26 34 27 33 43 51 81 5
woemit/0kisld i ng 73% 68% 58% 67% 59% 47% 37% 6, QFCI/BR2027035529

19 28 43 51 57 81 %of killing 73% 79% 77% 65% 47%

37% 30% 10 7, CFU 22 299 %@ht%%%%% §7 81 % of

Killing 739664966496680 s J , CFU 31 23 31 35

48 68isgg bg undexstobd Kiak, Ivitily tBRivy ER NGB diibeAA N dUnction with

r of u rum for opsoni zatign ac ivity

tng et T ch B2 TreETet ok YescPRROR 9iftonggs G tusiats and not
linfi8 the3ope @0hd alVeptidi. Gk L2pEts, (APINtRRS PAATES] ﬁ%‘o &f th

Serotype 14 Polysaccharldeg(PS) andﬁégseudo ﬁeunnﬁisﬁne

5 inYqpBRY afowkkin thgscapaphide channsst foth belowPPN Titer OD405
(1:300) Titer OD405 (1:300) 25 1 76800 0.735 9600
0.454 2 76800 0.520 9600 0.360 3 76800 0.738 9600
0. 288hatds taRhed 8: 677 9600 0. 266 30 5 19200 0. 684 9600
0.381 6 4800 0.518 4800 0.261 7 76800 0.815 9600
0.348 8 4800 0.585 1200 0.125 35 As shown in Tables 5
and 6, mce (e.g., mce nunbers 1, 2, 3, 4, 5, and 7)
wi th higher antibody responses agai nst serotype 14
pol ysacchari de and pseudopneunol ysin showed hi gher
opsoni zation activity, whereas mce (e.g., mce
nunbers 6 and 8) with |lower antibody titers against
serotype 14 pol ysacchari de and pseudopneunol ysin
showed | ower opsonization activity. No opsonization
activity was detected in mce injected with PBS.
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Enbodi nents It is to be understood that, while the

WO no@niizon has been described in conjunction wehus1ong035529
detail ed description thereof, the foregoing

descy i Ricb@Bodifos ' 3 : ot |imt

e &R sbPolifioh BERAGEE § folbpgriSe bali el Chrepd Frdus

prawdoriad cifisolr polysaccharidee whereimtbe polyperaide coinptisdd a fegment of at
of. the clains. set forth below. Wat is clained

e 00 ey S 3398 St tRORsS S g iag prgymolysin protein,

wiEEtR@isd 501 AFeptidsRcks iHR Andnd&Viy BRREAGK VR tH NO: ), wherein

Streptococcus pneunoni ae capsul ar pol ysacchari de,
the\pelypentide fackp bemplypie inetdvivormst Whessinghd eemypasitioncelicits an immune

' S_an no. acj f.a Streptococcuys

AL SO QP AT DTSR Pl A ASRSS

pol ypepti de | acks the am no acid sequence KVEND ( SEQ
I D IB? 2), wherein 5 the pol y_pegti de | acks henolytic _
acti ﬂtz*sﬁ cogpesifna rE PR heWhSRIB RS P gHoicrus Rngumaniae pneumolysin

proteIRLd g prisESRe AREn AU E’eﬁlﬁaelﬁtzero? E@fﬁfﬁ@sl pneunoni ae when

adm ni stered to a mama e conmposition of claim

1, wherein the Streptococcus pneunoni ae pneunol ysin

rotei. conprises the. am no acid sequence of SEQ I D i

R 5 Thesoaiborian ab Gty ¥ e i P RPRd vapares apyR acids 1-460
of SBYREENO: fle conprises ami no acids 1-460 of SEQ ID NO

1. 4. The conposition of claim1, wherein the

pol ypepti de conprises amno acids 1-464 15 of SEQ ID

NO 1.1.5. e_.co ition of claim.1 erein.the . .
ool Vo eT&%i °8§1%8%‘r9r‘8g|8§ et T er%‘Biﬂg%POﬂYﬁf‘é’gge MRIEESs ppino acids 1-464
of SEQIUD R®:6. The conposition of claim1, wherein the

pol ypeptide conprises anmino acids 1-466 of SEQ ID

NG 1. 7. The conposition of claim1, wherein the

Klool 315p e[glgcg?ﬂpBQﬁBﬁ io?@lﬁin‘?'ir,i Wikr&h itl?espolt)'fpﬂ’e%%de Qctm&lr:sgs lan%no acids 1-465
of SEQ ID NO:1.

6. The composition of claim 1, wherein the polypeptide comprises amino acids 1-466
of SEQ ID NO:1.

7. The composition of claim 1, wherein the polypeptide comprises amino acids 1-469
of SEQ ID NO:1.

8. The composition of claim 1, wherein the polypeptide comprises amino acids 1-470
of SEQ ID NO:1.

9. The composition of claim 1, wherein the polypeptide lacks the amino acid
sequence EDKVEND (SEQ ID NO:23).
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8. The conposition of claim1, wherein the pol ypeptide
conprises amno acids 1-470 of SEQID NO 1. 9. The

W@ ooposidté on of claim 1, wherein the pol ypeptiBer/ismkhs035529
the amno acid 30 sequence EDKVEND (SEQ I D NG 23). 47

WO 2004/ 043376 PCT/ US2003/ 035529 10. The compasition .
of cfi q?OW?éﬂ&nﬁ?pwgndow B8} hagolvReHde 19Ek" i grpino acid
séffibiite VIRIVEDRS/BITHY (35Q I D NO 24). 11. The

conpositron of claiml1, erein the pol ypeptide
consists of amno acid 5 residues 1-460 of SEQ ID

NO 1,12, Th | aj in.th .
Dol ybkpT NS TRSREIBAL R i a POVRE s SR B argjno acid
restded RabPoESEHADIRO:1The conposition of claim 1,

wherei n the pol ypeptide consists of am no acid
residues 1-465 of SEQ ID NO 1. 14. The conposition of

cl ai m 1, i N p ' ' ' : .
et d 2y SaPGEhEsHidglR B A RRHAE 80 iR Ton gy BPamino acid
rS PO S464 oNSBO IO WOMm. 1, wherei n the pol ypepti de

consists of amno acid residues 1-469 of SEQ I D NO 1.

16. The conposition of claim1l, wherein the

pol ypepi Lot iman ' i tho acid
o SR8 R AR ! ot Rm A WA REAE popeBi it b
resfizee i 466 o€ SEQIEUNEr].pol ysaccharide is sel ected from

the group consisting of serotype 4, 6B, 9V, 14, 18C

19F, and 23F. 25 18. The conposition of claiml,

wher gi NThoRARSHINAST cRMYIS dMeRai ihd@olypeptaiedioysists b amino acid
19. The conposition of claim1, wherein the capsul ar
resilugs ddlohaf SEQ IDsNO¢k.ot ype 18C. 48 WD 2004/ 043376

PCT/ US2003/ 035529 20. The conposition of claiml,

wherein the conposition conprises a plurality of

di f f @5 eThe EaAELItAIN dTQlaimAG aherdithe psBipeptidectohsisof mino acid

group consisting of serotype 4, 6B, 9V, 14, 18C, 19F,
resifine 369 of SEQ ID NO:1.

16. The composition of claim 1, wherein the polypeptide consists of amino acid

residues 1-470 of SEQ ID NO:1.

17. The composition of claim 1, wherein the capsular polysaccharide is selected from

the group consisting of serotype 4, 6B, 9V, 14, 18C, 19F, and 23F.
18. The composition of claim 1, wherein the capsular polysaccharide is serotype 14.

19. The composition of claim 1, wherein the capsular polysaccharide is

serotype 18C.
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5 21. The conposition of claim1, wherein the imune

response conprises a hunoral inmmune response. 22. The
W@ o0uposidté on of claim 1, wherein the i mune reBEDOSH03/035529

conprises a cellular inmune response. 10 23. The

conposition of claiml, wherein the i mmune response js

di r e?Q-eBhegpainesition of slapra dy wherepibe FAMBRORYMINLOMPL}SEY# Rlurality of
ARRIHE BARIRE b sacer L A CREPRGh (hOBofly ool it scronpe 4, 6B, 9V,
1&tI8EP1 A @nd @3F pneunoni ae pneunol ysin protein. 25. The

conposition of claiml1, wherein the i nmune response is

directed agai nst a Streptococcus pneunoni ae capsul ar

pol YSRCERAEInRsAIH of cRiith aDvAERALHE iRManETBpE@Re comprises a humoral

pneunol ysin protein. 20 26. A manmmal i an expression
IMuROreSRWWPr i Sing a pronoter operably linked to a

nucl eoti de sequence conprising a nucleic acid encoding

a polypeptide conprising a fragnent of at |east 400

cont DPPYUTKHS capdINioadf dRimfl, ahéietreht dnonaeisesporee comprses a cellular
_pneunol ysin protein, wherein the polypeptide |acks
IMBNGIEEPAISACi d sequence KVEND (SEQ I D NG 22), wherein

25 the polypeptide | acks henolytic activity, and

wherein the pol ypeptide elicits an i nmune response

agai D3t Th cappostnnafslgimedy, wharcaetheemunteespxse ésdirested against a

vector is adm njstere mal . 27. The mammal i an

t
. SEGRIPEASETORNYBOTGE Cwsugﬁraghﬁ%%g%?er ein the

Streptococcus 30 pneunoni ae pneunol ysin protein

conprises the am no acid sequence of SEQ ID NO, 1. 49
WO 2004 THe 88TEsRON diskind/, dssothe r@mump eesperipaas fizgeted against a
expression vector of clai. wherei n the pol ypeptide

s RLM28in
FHCEUEPIEHMRBIAE PPN YFBETYF'SEQ 1D NO 1. 29. The

manmal i an expressi on vector of claim 26, wherein the
pol ypeptide 5 conprises am no_ acids 1-464 of SEg)ID
NO: 125.38he gorapasitiareafickameb pieeén e imawne Fesppnse s fliryoiesl against a

SHYBLEL PRSI oI R DR b
paéumdlgdimpRficinwher ei n t he pol ypepti de

26. A mammalian expression vector comprising a promoter operably linked to a
nucleotide sequence comprising a nucleic acid encoding a polypeptide comprising a fragment
of at least 400 contiguous amino acids of a Streptococcus pneumoniae pneumolysin protein,
wherein the polypeptide lacks the amino acid sequence KVEND (SEQ ID NO:22), wherein
the polypeptide lacks hemolytic activity, and wherein the polypeptide elicits an immune
response against Streptococcus pneumoniae when the expression vector is administered to a

mammal,

27. The mammalian expression vector of claim 26, wherein the Streptococcus

pneumoniae pneumolysin protein comprises the amino acid sequence of SEQ ID NO:1.
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conprises amno acids 1-466 of SEQ ID NO 1. 32. The

manmal i an expressi on vector of claim 26, wherein the
w@oloypeptrés de conprises am no acids 1-469 of SBQ/UE20NEN35529

1. 15 33. The mammalian expression vector of clain126

wherei n_t he pol ypeptide conprises an ng acids 1-47
of St Ths mesnmaliay expressioRSRAT Pheiaigy 4 SHETan tl\?ézoémepaée

jide lacks the 20 amno
°°§ﬁ&%§§b“é’ﬁ%§dsédﬁ%ﬁ§9@m I'D NO. 23). 35. The

manmal i an expressi on vector of claim 26, wherein the

| de | th YPQVE
(S B eramftatin e iR eRo R LA g A THETap TorPoapie
cotfpriseh ShfioNacidie - s ip@onsi sts of amino acid

residues 1-460 of SEQ ID NO 1. 37. The mammal i an
expression vector of claim26, wherein the pol ypeptide

30 s SonfBiaSs BTkS A R eindad T moiphae
coTRpHERb hthoeacilseiS$6506f SEEEIDNGT. ¢l ai m 26, wherein the

pol ypepti de consists of amno acid residues 1-465 of
SEQ ID NO'1. 39. The manmmalian expression vector of

cl ai g9 2y, %ﬁﬁlﬂllﬂg&%ﬁ@@%@ﬁ? bﬁ@aﬁﬁ@@'\ﬁﬁéem%tﬂiol Qe

aC|dreS|duesl4 ID NO 1. 40. The manmali an
caEmnises smar awtstle%&xbeﬂ@[l'mI\EB,l wher e| n the pol ypepti de
consists of amno acid residues 1-469 of SEQ I D NGO

1. 10 41. The mammal i an expression vector of claim 26,

wher g3 nTﬁ@ﬁlaﬂﬂa)hBﬁ B ébrgs%lcﬁlosfé%to? bBclaih 26N WReiathebolypeptide
resi dues 1-470 of 42. The mammal i an

campises s anedstb%%@fﬁﬂ(éﬂﬁﬂ\ﬁ@l wherein the i nmune
response conprises a hunoral inmune response. 15 43.
The mamal i an expression vector of claim26, wherein

the BINVREmRSRORA expreRigH vesRs ofclaih L6 wlicreimmhyygolypeptide
response. 44. The manmal i an_expression vector of claim
corpprisgh aminacidiel - AheineEQ 8 Nkide i s

34. The mammalian expression vector of claim 26, wherein the polypeptide lacks the

amino acid sequence EDKVEND (SEQ ID NO:23).

35. The mammalian expression vector of claim 26, wherein the polypeptide lacks the
amino acid sequence YPQVEDKVEND (SEQ ID NO:24).

36. The expression vector of claim 26, wherein the polypeptide consists of amino
acid residues 1-460 of SEQ ID NO:1.

37. The mammalian expression vector of claim 26, wherein the polypeptide consists

of amino acid residues 1-464 of SEQ ID NO:1.
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20 directed against a Streptococcus pneunoni ae
pneunol ysin protein 45. A mamal i an expressi on vector
W@ o0upniBrag a pronoter operably linked to a necl/estonsiesss2o
sequence conprising a nucleic acid encoding a
St r epg OPRE FdHinfil | eptide
wherein the pol yggg?é} gggﬁ)@l \%g%o §¥§lﬁlm ?rﬁfu%g BB weptide consists
ofzayainn erid26sidtesdpd aSoaf SHG PN toNi ae when t he
expression vector is admnistered to a mammal .  46.
The mammal i an expression vector of claim45, wherein
the 3ol YRERhnHRliak CARESRAS QL
SEQ 1D NO 14. 30 O RA P o %@%%ﬁ’é‘%é?ﬁﬂ%ﬁ‘ffpep ide consists

ofgmigp a¢ighragdueat e46si of SEQRIDDIGpept i de consists of the
am no acid sequence of SEQ ID NO 14. 51 WD 2004/ 043376

PCT/ US2003/ 035529 48. The nmanmmal i an expressi on vector

of c4a@i "Dh%amﬂiﬁﬁ@bibréﬁﬁmlmﬂﬁf $ISHP OB Svﬁleréiﬁ’ BRHoPRpfde consists
unor al . i nmune response. 49. The manmmal i an

°é?ﬁ?%§§p6ﬁ“¢gﬁﬂdkgdﬁS@ﬁéﬂhN§51 wherei n the i mune
response conprises a cellular imune response. 50. A
manmal i an expression vector conprising a pronoter
oper4lbl Thd markedlisroexpresionlvector oifc] SIE02E WiRr e pogTeﬁnd?e consists
ucl ei ¢ ,aci. encgﬂ g% rﬁptococcus pneunoni ae
of SHupAEE £esifues (479 EﬁHEBN A pol ypepti de, wherein
the pol ypeptide elicits an i nmune response agai nst
Sn‘igcmoccus pneunoni ae when the expression vector is

admi 4% skherreainmelizn expeesninh vedor ofldiainnzaywileieimthe immune response

sshon.vect or of claimb50, wherein the pol ypeptide
co%y?fsgsah %@F%u%ﬁﬁ CPRYTEEi d sequence of SEQ I D NO 18.

52. The manmal i an expressi on vector of claim50,
mhereln t he pol ypepti de consists of the am no acid
sequBncddiesnangpajiamexpEssion vedorsd, clatme? Gymimeein e immune response

coﬁ'@%&sasée?lﬁla\f%hﬁhe ?JSE&LQ' m 50, wherein the i mmgi The

ftnoral i mune response
nnallan expression vector of claim50, wherein the

|nnu eTresponse conprises a cellular inmune response.
FATH YA XeresHaR V@‘tt@rrfgf Céﬁlma% &/ﬂiﬁlﬁm the irdmune response is

dire ing of am no
“a??*"ég“iﬁ%%?f%?*%%“? PR o RS, O ° Sy

I D NO 1,

45. A mammalian expression vector comprising a promoter operably linked to a
nucleotide sequence comprising a nucleic acid encoding a Streptococcus pneumoniae
autolysin polypeptide, wherein the polypeptide elicits an immune response against

Streptococcus pneumoniae when the expression vector is administered to a mammal.

46. The mammalian expression vector of claim 45, wherein the polypeptide

comprises the amino acid sequence of SEQ ID NO:14.

47. The mammalian expression vector of claim 45, wherein the polypeptide consists
of the amino acid sequence of SEQ ID NO:14.
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am no acids 1-466 of SEQ ID NGO 1, and am no acids

1-469 of SEQ ID NO 1. 52 WD 2004/ 043376
wEROMOERO3/ 035529 56. A nethod of induci ng anp@Tms2ve3/035529

response in a manmal, the nmethod conpri sing

adm nistering to a manmal an anount of the conposition

of claim1l effective to induce an 1nmrune response

agai pst : [ L . 7.

The. BE: FIRERNERES CHERRNGER: 8P ol 3 SRR ity e rgsponse
canpiisep bynhmotal immme r8portsesponse. 58. The net hod of

cl aim 56, wherein the i mmune response is a therapeutic

i mune response. 10 59. The net hod of cl ai m 56,

wher g TS ainfTIMER ek HSRRISRcloP o£EIRS 45, 8RltdriH ShABRhiRL response

at | east one Streptococcus pneunpni ae serotype that
canpriises 8 céltwlan intneursgespopgee of t he capsul ar

pol ysaccharide present in the conposition. 15 60. The

met hod of claim59, wherein the capsul ar

pol ys@cAhadrhfiglidrSexpPéssion Rectdr confpkisinEEpraiobed Gperdab/ 1aiked to a

59, wherein the capsul ar polysaccharide is serotype
n@Heotidg 2equEhee ermmpresingd nedleis asid gncogie aPlentProcesIBIgHEPNiae

ol ysacchari.de is..se . . : ] f.
oSS ot e DL BB e I OELRSH immune
reSp61%k Mpsinst Sreprodbecud pReurtinieviodn the axpressin whowir & aintihistered to a

i mrune response i s cross-reactive against at |east
mgRENHon- St r ept ococcus pneunoni ae menber of the

Streptococcus genus. 25 65. A nethod of inducing an

i mmune response in a mamal, the nethod conpri sing

admi 6i.sThe mammnadian erprevsidn wctcawbalaim 69, whareiathe pelgpaptide

vector of claim26 effecti iipduce an i mrune
conaRmitsA & Ay A SeqyeDRe B{:%%Q&é%%égmm ae in the
mammal . 30 66. The nmet hod of claim®65, wherein the

I mmune response is cross-reactive against at |east | )
one AdnTHBt mepmadion cupreppeLivastor @€ clasmhBy whareinthe polypeptide consists

og%r?/%%é%%%?g%%‘g]g%ucgﬁﬁlﬂnﬁcﬁg%%?ﬂs%ﬁci ng an i nune

response in a mammal, the nmethod conpri sing
adm nistering to a mammal an amunt of the exgression
vect 8- &he magimalian expregsiqn Ygetor 91 claim 50, wherein the immune response

comprises a humoral immune response.

54. The mammalian expression vector of claim 50, wherein the immune response

comprises a cellular immune response.
55. A polypeptide consisting of an amino acid sequence selected from the group

consisting of amino acids 1-460 of SEQ ID NO:1, amino acids 1-464 of SEQ ID NO:1,
amino acids 1-466 of SEQ ID NO:1, and amino acids 1-469 of SEQ ID NO:1.
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i nduce an i nmune response agai nst Streptococcus

pneunoni ae in the mammal . 5 68. The nethod of claim
W®Z004043r€i n t he i mune response i S Cross-reacPCmeES2003/035529

agai nst at | east one non-Streptococcus pneunoni ae

menber of the Streptococcus genus. 69. A nethod of .

i ndu?q: nfy mathadphinducingsgrorgrunefePORss kg mamhpal, the mefhod comprising
=R 0 B0a ko T At o1 Letnoo TR o1 PRI B induce an
Inanundeipoase EmiohSeepoaicnst psimepiue tothe usanpmelnoni ae in

the manmal . 70. The nethod of claim69, wherein the

i mmune response i s cross-reactive against at |east

one §ONFR HERbELEGHS 5ONEHEAR KR nTRIHRGEsphsd 8@ prophylactic immune

Streptococcus genus. 15 71. A method of i nducing an
respangéie response in a mammal, the nethod conpri sing:

adm nistering to a mammal a mammal i an expressi on

vector conprising a pronoter operably |linked to a

nucl sptTilemsmad en€laint O6Pprhcstin theantimdeatspoass @ aaherastiunig immune

a Streptococcus pneunoni ae pneunol ysin pol ypeptide or
reapansgeni ¢ fragnment thereof, and 20 adm nistering to

the mammal a purified pneunol ysin pol ypeptide or

antigenic fragnment thereof, wherein the conbi ned

admi $9.sThiemEthod ofEliam 66 anhdremiire mmewporsp@nsg@icness-reactive against

t r ept ococcus pneunoni ae pneuno Ln.in.th rram”{al .
oo eSS G E AP e STOURB L t TSR TYGTErq gpe of he capsular
QB {de pRLetlin HRASImpodRionSepar at e doses of the
pegprcessll o% vgctlgr. 73.ﬂ0Thgnmet hod of claim 71, wherein
the admi nistration of the pneunolysin polypeptide or

ant i Ic fr t, thereof i.s.at |east qne ek after

the &finftis TR aF SPratert B sopEDH niPetill Rsiige 7
2004/ 043376 PCT/ US2003/ 035529 74. A conposition
conprising a polypeptide conjugated to a .

non- &t.r Bt methed a)éclaﬁ@éﬂn\ﬁhea@n [ikeceappylan PQytagenEidn rseEtype OB.
wherei n the pol ypeptide conprises a fragnent of at

| east 400 contiguous am no acids of a Streptococcus
pneushnTikempthed b tah 59 pwitdreinnhe caphdnepaiydabeharide is serotype 18C.
pol ypepti de | acks the am no acid sequence KVEND ( SEQ

ID NO 22), wherein 5 the polypeptide | acks henol ytic

acti ¥ tyne ARGWREERIMR 55 NEn&GEIRRSLps @B Sy satétaridl is serotype 23F.
i Mmmune response agal nst the non-Streptococcus

pneunoni ae bacterium when adnministered to a

64. The method of claim 56, wherein the immune response is cross-reactive against

at least one non-Streptococcus pneumoniae member of the Streptococcus genus.

65. A method of inducing an immune response in a mammal, the method comprising
administering to a mammal an amount of the expression vector of claim 26 effective to

induce an immune response against Streptococcus pneumoniae in the mammal.

66. The method of claim 65, wherein the immune response is cross-reactive against

at least one non-Streptococcus pneumoniae member of the Streptococcus genus.

53



10

15

20

25

30

manmmal . 75. The conposition of claim 74, wherein the
non- St rept ococcus pneunoni ae 10 bacteriumis sel ected

wo pamotdszes gr oup consi sting of pneunpbcoccus, haep@Dphi03I635529
i nfluenza type b, nmeningococcal group A, B or C, and

group B streptococcus type la, Ib, Il, I'll, V or

VIII. 76. A nethod of inducing an i nmune response in a

manmal , L S 10l [ ..
ol ARG SR R AT PS8t comprsing

adefihigetihy ® 4 Mamithll &€ adBuntiofMihe e pie3sipn Nectoragfailaist 45 dfective to

. non-Streptococcus pneunpni ae bacterium.in tl!;e rmrm?l .

induge an HEMYEE FRSHORSE AZRIBSLIERIOCRFYS @nepmqigae In the mammal.
non- St r ept ococcus pneunoni ae bacterium is sel ected
fromthe group consisting of pneunbcoccus, haenophil us
i nf |68etha metha df cldh 67 miherpic the dminuge oesponse iBcrops-Eactive against

nd grou streptococcus .type la, Jdb, 1, 111, V or
ot it e DoB-STigioaces G PR mPRLAE T Streracgeqssin
conposition of claim1l. 79. A nethod of treating or
preventing Streptococcus pneunoniae infection in a 25 .
manm@ A methodeetf insticing B rimgiung respanssi 8 e drqnpgaly thegnethod comprising
mamal. a. ther i cal ; j .
RS 0 SGTREY b SRolyt, tine FrRRROLSEL LT Rl 30 efsctive to
indR a6 oRpASk résponsefagaidbtaStraplacobdus pneumoniae in the mammal.

70. The method of claim 69, wherein the immune response is cross-reactive against

at least one non-Streptococcus pneumoniae member of the Streptococcus genus.

71. A method of inducing an immune response in a mammal, the method comprising:

administering to a mammal a mammalian expression vector comprising a promoter
operably linked to a nucleotide sequence comprising a nucleic acid encoding a Streptococcus
pneumoniae pneumolysin polypeptide or antigenic fragment thereof; and

administering to the mammal a purified pneumolysin polypeptide or antigenic
fragment thereof,

wherein the combined administrations elicit an immune response against

Streptococcus pneumoniae pneumolysin in the mammal.

72. The method of claim 71, wherein the mammal is administered at least two

separate doses of the expression vector.
73. The method of claim 71, wherein the administration of the pneumolysin

polypeptide or antigenic fragment thereof is at least one week after the administration of the

expression vector.
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74. A composition comprising a polypeptide conjugated to a non-Streptococcus
pneumoniae bacterial polysaccharide, wherein the polypeptide comprises a fragment of at
least 400 contiguous amino acids of a Streptococcus pneumoniae pneumolysin protein,
wherein the polypeptide lacks the amino acid sequence KVEND (SEQ ID NO:22), wherein
the polypeptide lacks hemolytic activity, and wherein the composition elicits an immune
response against the non-Streptococcus pneumoniae bacterium when administered to a

mammal,

75. The composition of claim 74, wherein the non-Streptococcus pneumoniae
bacterium is selected from the group consisting of pneumococcus, haemophilus influenza
type b, meningococcal group A, B or C, and group B streptococcus type Ia, Ib, II, III, V
or VIIL

76. A method of inducing an immune response in a mammal, the method comprising
administering to a mammal an amount of the composition of claim 74 effective to induce an

immune response against the non-Streptococcus pneumoniae bacterium in the mammal.

77. The method of claim 76, wherein the non-Streptococcus pneumoniae bacterium
is selected from the group consisting of pneumococcus, haemophilus influenza type b,

meningococcal group A, B or C, and group B streptococcus type Ia, Ib, II, III, V or VIIL
78. A purified antibody that binds to the composition of claim 1.
79. A method of treating or preventing Streptococcus pneumoniae infection in a

mammal, the method comprising administering to a mammal a therapeutically or

prophylactically effective amount of a purified antibody that binds to the composition of

claim 1.
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