COVPCSI TI ONS AND METHODS FOR TREATI NG OR PREVENTI NG PNEUMOCOCCAL | NFECTI ON
Rel ated U. S. Application 5 This application clains priority fromU. S

Provi si onal Patent Application Nunber 60/424,497, filed Novenber 7, 2002.
The entire content of the prior application is incorporated herein by
reference. Field of the Invention 10 The invention relates to pol ypepti des,
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15 Background of the Invention

Streptococcus pneumoniae (S. pneumoniae) is a common cause of bacterial
preumonta, meningitis, otitis media, and bacteremia in children, the elderly, and
immunodeficient individuals. S. pneumoniae can be subdivided into approximately 90
serotypes, based on the capsular polysaccharide of the organism. However, disease is

20 generally caused by approximately 30 types of S. pneumoniae isolates. The World Health
Organization 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 pneumococeal infection by methods in

25 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
30 fragment of at least 400 contiguous amino acids of a §. preumoniae pneumolysin protein,
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conposition elicits an i mune response (e.g., a hunoral imune response
and/or a cellular inmmune response) against S. pneunoni ae when adm ni stered
to a mammal . The i Mmune 5 response can be a prophyl actic and/or therapeutic
i mmune response. The S. pneunoni ae pneunol ysin protein can have the am no
acid sequence of SEQ ID NO 1. In sonme enbodiments, the polypeptide
contains amno, acids 1-460 of SEQID NO 1. In other enbodi nents, the
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cont aj_ni NGy fra nent, of. . at ) uous
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consisting of serotype 4, 6B, 9V, 14, 18C, 19F, and 23F. In one example, the capsular
polysaccharide is serotype 14. In another example, the capsular polysaccharide is
20 serotype 18C. The composition can optionally contain a plurality of different capsular
polysaccharides selected from the group consisting of serotype 4, 6B, 9V, 14, 18C, 19F, and
23F.
The immune response elicited by the composition can be directed against a S.
pneumoniae capsular polysaccharide, against a § pneumoniae piieumolysin protein, or
25 against a §. preumoniae capsular polysaccharide and a §. preumoniae pneumolysin protein.
In another aspect, the invention features a mammalian expression vector containing a
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 §. preumoniae
pneumeolysin protein, wherein the polypeptide lacks the amino acid sequence KVEND (SEQ
30 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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2 and/or a cellular immune response) against S. pneunoni ae when the
expression vector is admnistered to a mammal . The i mmune response can be
a prophylactic and/or therapeutic inmune response. The S. pneunoni ae
pneunol ysin protein can have the am no acid sequence of SEQ 5 ID NGO 1. In
sone enbodi nents, the encoded pol ypeptide contains am no acids 1-460 of
SEQ ID NO 1. In other enbodiments, the encoded polypeptide contains am no
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In another aspect, the invention features a mammalian expression vector containing a
promoter operably linked to a nucleotide sequence containing a nucleic acid encoding a S.
preumoniae autolysin polypeptide, wherein the polypeptide elicits an immune response (e.g.,
20 a humoral immune response and/or a cellular immune response) against S. preumoniae when
the expression vector is administered to a mammal. The immune response can be a
prophylactic and/or therapeuntic immune response.
In some embodiments, the encoded polypeptide contains the amino acid sequence of
SEQ ID NO:14. In other embodiments, the encoded polypeptide consists of the amino acid
25 sequence of SEQ ID NO:14.
In another aspect, the invention features a mammalian expression vector containing a
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., 2 humoral immune response and/or a cellular immune response)
.30 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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i mmune response (e.g., a Imoral immne response and/or a cellular imune
response) 30 against S. pneunopni ae when the expression vector is

adm nistered to a mammal . The i mmune response can be a prophylactic and/ or
t herapeutic i mmune response. 3 In sonme enbodi ments, the encoded pol ypepti de
contains the am no acid sequence of SEQ ID NO 18. In other enbodi nents,

t he encoded pol ypeptide consists of the amno acid sequence of SEQID

NO 18. | n anot hErsomgsabodimaits, tha gecadednplyreatide eontainsgsbe yp@patideeqpsned aft i ng

of an amn Gt S i St . i no
Scide 1 aenERbdion s SRS ERARALHe cARL By BLRHP GRRS FH D 48 10 |
1-466 of SEQuemdeNOSEQ BHOE®i no acids 1-469 of SEQ ID NO 1. In another
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pneunoni ae_|. h e i nmmune, r.espo c e a prophyl acti.c and/ or

t her apeut i 3“?%%%%@%@?4%"%00%3&&%&% @]Nﬁﬂ]e all‘ﬁﬂnﬁl@ aF@%é)ﬁlqg é’?i s

Cross-reacgik@anagaiinst at | east one Streptococcus pneunoni ae serotype that
9

differs fromthe serotype of the _cagsul ar polgsa'cchari de (e.g., seraotype
7, 6B, 18C, or BD#pythsr spedisths pveniien dehpesd medad of mdedpgamimnusSeRPRRISR, t he

i mTune r espPRRRchal By GARASNdRR6S h MemARRRhodl of £8Gkp RPN ABRHEE] RRLIAGRECUS
pneunoni ae_ nenber of the Streptococcus genus. |In another aspect, the

i nventd on BeHeetvedo mdies HoEBNCITIBRRSE ABALRSY S| Mrteumenipe Bpibasemmel. Bhdrarmal by
adm ni sterjng, . .H&mgﬁl .an. ﬂﬂg‘ SYMel) descri bed
her ei n (ei. g. ,[{ege%r?euno ;g?%r p gﬁgoa%&/gﬁﬁnlgﬁggtﬁtﬁcﬁ aut 8?{%@%’%% or pneunococcal
surface protei nNinko@O catbpdiewsaispthe imuETyspbhe#tis cwsefehgociagandtat leadvoe an

R T L o R TN
enbodi ment golydabehatidn e, seREARITS 6B, 13C; 6108F) haaaitiy e 20@pdsiionatin k@ast one
non- St r ept ococcus eunoni ae nenber of the Streptococcus genus. |n another
aspect?  t HETIVBRIT SR UG TR FATPRSACasHYS AR ResthoTe NG P RepisHEe |
25 a nmanMmepackyroniad Hefibst S thOSréfococdiBgdil. 8 mammal i an expressi on vector
containing a In another aspect, the invention features a method of inducing an immune response in
a mammal by administering to a mammal an amount of an expression vector described herein
(e.g., a pneumolysin, pseudopneumolysin, autolysin, or pneumococcal surface protein A
20 expression vector) that is effective to induce an immune response against S. preumoniae in
the mammal. The immune response can be a prophylactic and/or therapeutic immune
response. In some embodiments, the iminune response is cross-reactive against at least one
non-Streptococcus pneumoniae member of the Streptococcus genus.
In another aspect, the invention features a method of inducing an immune response in
25 a mammal by: administering to a mammal a mammalian expression vector containing a
‘ promoter operably linked to a nucleotide sequence containing a nucleic acid encoding a
Streptococcus pneumoniae pneumolysin polypeptide or antigenic fragment thereof; and
administering to the mammal a purified S. preumoniae pneumolysin polypeptide or antigenic

fragment thereof, wherein the combined administrations elicit an immune response against S.

30 prneumoniae pneumolysin in the mammal.



pronoter operably |inked to a nucl eoti de sequence containing a nucleic acid
encodi-ng a Streptococcus pneunoni ae pneunol ysin pol ypepti de or antigenic
fragnent thereof; and administering to the mammal a purified S. pneunoni ae
pneunol ysin pol ypeptide or antigenic fragnment thereof, wherein the

conmbi ned admi nistrations elicit an i mmune response against S. 30

pneunoni ae pneupolysin in the mammal . 4 I n _sone enbodi nents, the manmal is
admi ni stered at 1 seEsembgdiments, g magmmalis adminighsred at ksash bue dhige. of MeTéx pr essi on
vector. Th%g@@%sé@&tﬁ’@éﬂp%ﬁbﬁ Yeddt. TRPA6RL BaDptihally@RSbpatate By at 13ast £,2,5. 6.
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least 1, 2, 3, Aicnivw 7. - . 3 NSt L..on of the
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bacteri al | ysaccharide, wherein . the polypeptide contains a fragnent of
at | east 48‘%“%‘3%?? %ﬂdge%ﬁﬁmég‘fc&p of a Streptococcus 10 pneunoni ae
pneunol ysi n pr olheindthendspe, the inhentoalfypapd 4 cenposities coteingiapolypeptiiesequence

KVEND (SEQ_| D NO.22), erein the polypeptide |acks henplytic. activity, and
Hhor 61 1t NESTREBIRI A6 P BB PR e PAR R R B RS ol Sherpindte

non- St r ept peiPseptige SRRAIRDIr &BnenbaCAt dabtUD0\WBRNELBGH ARG hEA S 4 Hraprd¥ddaim! . | n
sone exanpl es, the non-Streptococcus 1ﬁneurmni_ae bacteriumis selected from

the gifup BEHEPEEF RECEROISRBHISEL *EGn ha Blpitife olsthe anmecidscqyres b,

Meni Ngoc OCRHENGY @m%ﬁ; N©.2), “her@h thelfoRRplRIcIhdi8 REASHES HGivity Phd WherdPrhe | | 5
11, Vor VIIl. Such a conposition can_ be used to induce ah I mmune response
in a mamefompeyitiadslisitssmammuge rsparise agninshiic nan-SarrfasiccstPreweoiemOSI ti on
effective § teﬁﬂglu&ﬁen%miﬁiﬁfg}éﬁ?o5%%91%&?.%853%%§£ma@&e R H3n e?zBE(S’c%QsCCUS
pneunoni ae bacteriumin the manmmal. 1n ‘another pect, the Tnvention

f eat ur es aprpumbfice bagertunbdylettbdirohithagro(e capsistin2f metreatdcuss| lachiopbidds to a

conposi ti on,0r | ypeptide describe erein.  For le, a ti bady may
speci Pt cal PYUHERERES: MenRamEral Bisko do borieh 52 p B FeRattcs et fuballed (o a
S. pneunonilh& @il Such pabyipadidnaszh de usedhe trelude dnfignpmk y@3pphise Giea @il NS a

fragment of at . J]east 400 contiguous anino aci ds. of . pneunoni ae
pn eg mol ysi by %%pljége%ng Aok ?g}aﬁmtahgn amount of the compossltion eft%ct‘i?\'re tg induce an

imimune response against the non-Streptococcus preumoniae bacterium in the mammal.

In another aspect, the invention features a purified antibody that binds (e.g.,

20 selectively binds) to a composition or polypeptide described herein. For example, an
antibody may specifically bind to a composition containing a polypeptide conjugated to a
§. pneumoniae capsular polysaccharide, wherein the polypeptide contains 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 NQ:22} (e.g., at the carboxy

25 terminus), wherein the polypeptide 1écks hemolytic activity, and wherein the composition
elicits an immune response (e.g., a humoral immune response and/or a cellular immune
response) against S. preumoniae when administered to a mammal). Such an antibody can be,
for example, a monoclonal or polyclonal antibody. Ceill lines such as hybridomas can be
prepared that secrete an antibody described herein. The antibody can be used to treat or

30 prevent Streptococcus pneumoniae infection in a mammal by administering to the mammal a

therapeutically or prophylacticaily effective amount of the purified antibody.
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pol ypeptide | acks the am no acid sequence KVEND (SEQ I D NO 22) (e.g., at
the carboxy 25 term nus), wherein the polypeptide | acks henolytic activity,
and wherein the conposition elicits an i mmune response (e.g., a | moral

i mmune response and/or a cellular imune response) against S. pneunoni ae
when adm nistered to a mammal ). Such an anti body can be, for exanple, a
nmonocl onal or polyclonal antibody. Cell |ines such as hybridomas can be
prepared that séuedwatagnofihe inyouyordethet, ilbethervabeilimentEhe figsh £ fyvedyorgan be

oot SEE RPN LS RARBES P IRAFRALA LB 20 gy o™
ef fecti ve aganshinfefiort with puedoht dpantrbiioeyerotfpeArbuaklvast-pgecidn ¢alnenarmse ntion
pol yoacshalt SLSRBRRER BELi s vedineln S pene R g B g than one
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Such cross-protection can ing¢rease ? effgctl veness of gi vﬁgﬁconj ugat e

in treati nFrVPSICRRIRIPRGE] Wftéelftlna?ﬁsw RSP ﬁaﬂnltw?ée%ogweaﬁ@ﬁ i ae

ser ot ype. ﬁ@&?%éjl ngly, protection against a plurality of S. pneunoniae
serotypes can be provided w thout necessarily providing conjugates for
every specific A%@'F%@?W@tagﬂxﬁéthﬁéﬁwaﬁ%ﬁﬁ%éﬂ e eiebadipenit then i's that, in

some enbodj henol ytic
et vi by el B BB e R e e ST Lpr essi on
vect ot0s  hapssudadesedyn celpsgates andmxmasgon azsctors bﬁvpmr@nte@ or @Eﬁ}i@@mlt}’cﬁﬂs
cont ai ni ng, g, '!.?etd‘{?‘c‘%rh os%%b’%ﬁt% HFH@’%C“ RED: t}éxngthﬁ%bg ity or

a toxoi ded preutrol ysSi havi ng vant age
of the |nvmtltntpuramxdnﬂedpnmm@mnﬂmn@cpdntmﬂm,lytmmpnﬁgsl on vectors encoding

pneunol ysin trupc sed to nu |c aci d in neunol ysi n

ot 45 mut oS AR BEIRS T buS HL s SRRt S PO Vot of n
havi ng hen@icyding ﬁ@@tﬂowst:ytmrﬁs@awsapﬁdaw PrRceR layigh ambamg@a&mowsmisolat region
of pneunolysin that contributes to the henplytic activity, any nutations

in the nucPBBRiHEe SlkGhIe &SGFt sP1RE teshsPeskiPEif Prﬁéfafl B?W%BWHW% iY4bl e t o

regenerat eBédﬂﬁsettﬁé(ﬁxféuﬁiBWSM't{‘lbﬁcatk:ma@ﬁ?a?re@oﬂ%?%eﬁﬁm@ﬁw 8bon@ibhtet %Ptlﬂé" cal and
scientific terns used hérein have the sane nmeani ng as commonl

under st oodhemolytispsbvitt ary wiistieys lgmilq mu016ﬁtlﬂlerﬁéqlmn@e elghereession ivectorshewdi on
be unable to regenerate the toxic activity.

Unless otherwise defined, all technical and scientific terms used herein have the same
20 meaning as commonly understood by those of ordinary skill in the art to which this invention
belongs. Although mé’thods and materials similar or equivalenf to those described herein can
be used in the practice or testing of the invention, suitable methods and materials are
described below. All publications, patent applications, patents, and other references
mentioned herein are incorporated by reference in their entirety. In case of a coriflict in
25 terminology, the present specification will control. In addition, the described materials and
methods are illustrative only and are not intended to be limiting.
Other features and advantages of the invention will be apparent from the following

detailed description and the claims.



bel ongs. Al though nethods and materials simlar or equivalent to those
descri bed herein can be used in the practice or testing of the invention,
suitabl e methods and nmaterials are described below. Al publications,

pat ent applications, patents, and other references nentioned herein are
incorporated by reference in their entirety. In case of a conflict in 25
term nol ogy, the present specification will control. In addition, the
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polysaccharide-%%gﬁﬁggﬁgﬁﬁgPVéﬁ%&gﬂﬁFgagygy@géﬁg#ﬁgyPghgdg?ggﬁﬂ%%gﬁgé?ng
ant i - pol ysteteowing ienung@tiemwith e dsrofype tR{c pélpsaceiaridé-pssddopmedolysio gofjagaiowi ng
i muni zation wWgh A ype: 18C no ide- WP

conj ugate. Fi g 5 fis iRttt as e e RERAIORAIRL SRR,

pr oduet i onmekifelidwddg immnnieaionfvathl asaiatgpei l8G1polyzachaiiewistiopna@iodtsype 19F
pol ysacchar i de- pseudopneunol ysin conjugate. Fig. 6 is a graph depicting
anti-poly§§@3ﬁ§ i de 1gG anti body production elicited in 15 mce foll ow ng
Imuni zati on W KB, 2is a@iphyiepic anbiQint6@cighali® entbdey fRANGIWNRI VSN mice
conjugate. Fig, 7 is a graph depicting anti-pneunolysin |IgG antibody
product i onfPaPTVIREIBEURIzateEwith £ serotyps h% PokaTHhaRde RERUAQPRFRBOILER BRIYRET 3F

gglt ysacchar | de-pgeyd awmﬁuﬁﬂa@nﬁ%fﬂ&hﬁm IEGGntiSody SratyciPllicHePinct | ng
- pol ysaccharirde 1gG anti body production elicited in 20 mce follown
i mruni®zat i Bisedplaving semprivation 231 areropmad &R aplyerscivsidapepdeparsmpbisi ‘
conjugate.
‘ Fig. 7 is a graph depicting anti-pneumolysin IgG antibody production elicited in mice
following immunization with a serotype 23F polysaccharide-pseudopneumolysin conjugate.
Fig. 8 is a graph depicting anti-polysaccharide IgG antibody production elicited in
20 mice following immunization with a serotype 23F polysaccharide-pseudopneumolysin
conjugate.
Fig. 9 is a graph depicting anti-pneumnolysin IgG antibody production elicited in mice
following immunization with a serotype 4 polysaccharide-pseudopneumolysin conjugate.
Fig. 10 is a graph depicting anti-polysaccharide IgG antibody production elicited in
25 mice following immunization with a serotype 4 polysaccharide-pseudopneamolysin
conjugate. A
Fig. 11 is a graph depicting anti-pneumolysin IgG antibody production elicited in
mice following immunization with a serotype 6B polysaccharide-pseudopneumolysin

conjugate.



conjugate. Fig. 9 is a graph depicting anti-pneunolysin IgG anti body
production elicited in mce followng inmunization with a serotype 4

pol ysacchari de- pseudopneunol ysin conjugate. Fig. 10 is a graph depicting
anti - pol ysaccharide 1gG anti body production elicited in 25 mce follow ng

i mmuni zation with a serotype 4 pol ysacchari de-pseudopneunol ysin conj ugate.
Fig. 11 is a graph depicting anti-pneunolysin |gG antibody production '
elicited in nitie 12a¢ ¢ ewaphdeniching ahtr-aolysaschwiride Iz snitboty predemon elicited in

pol ysaccharj. GHH@E J,: ' . e PPy ' depi cting
anti - pol ysg{é%ﬁg%%gi‘gg?@% an |%§}!3§/h ap%gdghtéﬁﬁt O;ﬁo%s%?‘!éﬁﬁ%ed&ﬁ&o%%@uggc{ 1?%1{'” oW ng

i uni zat | cmjugatdy a serotype 6B pol ysacchari de- pseudopneunol ysin

conjugate. Fig...13 js a _graph depictin nt.i - phe l.ysin 1gG anti.body
broduct i on el | cFEel? R g st g iy SiReh Peery Edledg ot ov
pol ysag chamiddoocing Qpmeniaaionsyith a KEypePat solydat dhariddpdeSdapneiraglisiglepi cti ng
anti - pol ysaccharide 1gG anti body production elicited in mce follow ng

i muni zat i 8% a serotype 9V pol ysacchari de- pseudopneunol ysi n

conjugate. 10 Fig.1419a bSpRAGHARE aHERbISEHdchGb &Galtiboa¢yrotifstidA BR&telGn S.
pneunoni ae serotype 14 polysaccharide after a third injection of S
pneunoni aeMéEfplgniae iImmyprtoava i serivpe PYeRivrdandt-psspderesHPeiyil e. Fig. 16
is a graphmgﬁﬂﬁﬁging the anti body response in rabbit agai nst pneunolysin
using a prime-boost strategy for pseudopneunol ysin DNA vaccination. 15
Fig. 7 is a griphlidepiscaphrigprisingthe adibddy resppeontoe’. afqugoniaqjseetypohdwi t h an
expression . [ J f ' vacci ne.

P o, 16 | oErbBhaEaas K AN AR undHlee 2EaRE ) Bt RO T an
expr essi onpscuduphermalyoodonjggadait ol ysin DNA vaccine. Fig. 19 is a graph

depi cting bact %1:gaf6 i§ la?;%‘a&:?nl r&%ﬁctlmng tHvlv StibG )? rlelspeol?l(;:;’f.(:3 191 r\é%btithagaiﬂst pneumolysin using
a prime-boost strategy for pseudopneumolysin DNA vaccination.
15 Fig. 17 is a graph depicting an antibody response after injection with an expression
vector encoding pneumococcal surface protein A DNA vaccine.
Fig. 18 is a graph depicting an antibody response after injection with an expression
vector encoding autolysin DNA vaccine.
Fig. 19 is a graph depicting bacterial clearance in mice challenged with
20 S. pneumoniae serotype 14 after immunization with a type 14 polysaccharide-
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.
25 Fig. 21 is a graph depicting bacterial clearance in mice challenged with
S. pneumoniae serotype 6B after immunization with a serotype 14 polysaccharide-
pseudopneurnolysin conjugate.
Fig. 22 1s a graph depicting bacterial clearance in mice challenged with
S. pneumoniae serotype 18C after immunization with a serotype 14 polysaccharide-

30 pseudopneumolysin conjugate.



20 S. pneunoni ae serotype 14 after inmunization with a type 14

pol ysacchari de- pseudopneunol ysin conjugate. Fig. 20 is a graph depicting
bacterial clearance in mce challenged with S. pneunoni ae serotype 7 after
i mmuni zation with a type 14 pol ysacchari de- pseudopneunol ysin conjugate. 25
Fig. 21 is a graph depicting bacterial clearance in mce challenged with S
pneunoni ae serotype 6B after inmmunization with a serotype 14 -
pol ysacchari de- Figs&tsdpmativdspigngbasnplrdesrance 1 hpyy folkpwing chalignggowitlepi cti ng
bacterial &l ga L kD Cearel M : I ype 18C
after i rmu%‘l ’?’3{"?‘%{3%@%&1&&&}?@&%@H‘%ﬁ%ﬁ\%yg‘g@éﬁ%ﬁﬁ’gg Bg%%:?gu tSpneurml ysin
conj ugat e. pguddpnEiugoly8iB cogjugdatgr aph depi cting bacterial clearance 1 hour
foll owi ng chall gnge, wi.th. .S eunmoni.ae.,ser ot 23F after. [.muni.zation
with a serot ypeﬁ%ﬂfifolglaﬁ?gc%gfcﬁ?ﬁ%ac%%uc oaﬁaﬁleﬁﬁﬁ% ?Or‘}log’ér}ﬁ hgdynee “ﬁ&g. 24 is
a graph defipieumonibasdretypal3Ifcifeamanatzabion oiths skokypewd polyedvahdriege with 5
S. pneunoniae,serotype 23F after immunization with a serotype 14

pol ysacchapfeﬂgqpnﬁ‘é@é IPEWHENSsi n conjugate. Fig. 25 is a graph depicting
bacterial cl eargpces 8 ah@aphsdepitihOcRealCdialdnee 8 ot tihllowshg SHARSHERRI AL
serotype 23F after immunization with _ a serotype 14 pol ysacchari de-
pseudopneufoIenarigasefyes 23F ofisr mununizatign padaseityrs A4 gplysasebaridgent i on The
present i ny@ﬁggﬂgu,gggy&(ggﬁugggposi tions and nmethods for treating or
preventing pneunococcal infection. The pol ypepti des,

pol ysétchari de- pol ypepti de conjugates, and expression vectors described
herein, when adm nistered to a manmal, induce an 15 anti-pneunococcal

i nmune response in the manmaneileBs AR Hd BPaitsaN be used
prophylactically to vacci nate an individual and/or to therapeutically

i nduce a t her ap®h present invention provides compositions and methods for treating or préventing

pneumococcal irifection. The polypeptides, polysaccharide-polypeptide conjugates, and
expression vectors described herein, when administered to 2 mammal, induce an

15 anti-pneumococcal immune fesponse in the mammal. These compositions can be used
prophylactically to vaccinate an individual and/or to therapeutically induce a therapeutic

immune response in an infected individual.

Polysaccharide-Protein Conjugates

20 A polypeptide can be conjugated to a §. preurmoniae capsular polysaccharide by
covalent or non-covalent methods. In general, the polypeptide component of the conjugate:
contains either a portion ofa . pneunﬁoniae pneumolysin protein or a mutated S. preumoniae
pneumolysin protein; lacks the amino acid sequence KVEND (SEQ ID NO:22); and lacks
hemolytic activity. The polysaccharide-polypeptide conjugate elicits an immune response

25 against 8. preumoniae 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
30 polypeptide component differs in amino acid sequence from a naturally occurring

9



i mmune response in an infected individual. Polysaccharide-Protein

Conj ugates 20 A pol ypeptide can be conjugated to a S. pneunoni ae capsul ar
pol ysaccharide by coval ent or non-coval ent nethods. In general, the

pol ypepti de conponent of the conjugate: contains either a portion of a S.
pneunoni ae pneunol ysin protein or a nutated S. pneunoni ae pneunolysin
protein; |acks the am no acid sequence KVEND (SEQ I D NO 22); and | acks
henol ytic ackregmeyae mmwsme@ﬁhr%éewwééiﬁ%é"%mnwém Wicits an

| mune 1 espaRscoldsn AdHepale éde,me@&gpmg@nw@fﬂ ﬁéﬁkﬂ%ﬁéggeﬂﬁ@l&ymm' . The

i mrune response can be " directed agalnst the E)ol ypept | .
pol ysacchampplipsptige componentinf maerjegatoinciudre bycke/padpiriigd to amihotahids 1-460, 1-

pol ysaccharfl ode R0l VASPL e (CRCDONBHL.B1 408 SpRIINIRR can be prepar ed

usi ng reconbi’nan agy, ed from natural “Sources, or
synt hesi zed chebMuclaiclayids énvodiap ematated dne/or B0taped| fpmeydfiad® peampanent differs

in amno acid seqguence.froma natyrally occurring 9 S.. pneunoni

peunl ysi AMEFTETHPO L B Remisdyr expaPle; B Rolimamehatt fractipg PCR).
pneunol ysi iNupllcyderis ehddingSucieprorimsdan be SHoknl fbr INOink dodess, Whthpkeprdferred
e Y 0oERHB B oS RO . igah Folan P, e gucitedl 51 BR5o
1- 469, andode thAiPhieH atRER dn cDidnl prefdbity 8l 16asBRI% or 0% tRYcddob A B6kpand/ or

nmutated forns of a S. pneunoniae _pneunolysin protein can be prepared, for
exampl®, bypltsied such that e seguercerip gptimiged fopemRyessionieFejodl, ¥east Busamn e Csuch
proteins capdgghosen for having codons, which are preferred or
non-preferred, for a particular expression system For exanple, the nucleic
acid can be onbuileicafideéncading sastatadredovoonteddomisarfald. prawndnimst 10% or

20% of the 0RS.. h - b tered.such that > i t.Lm zed
For expr os BARRIHRERER B Aedld RS E OB ek Ao PRISERFFrduOBREAIT
aci ds encogdrotgng, such @atgdiysinghofacaprb@ined, feoransniddse chySlurgaeiyeane, aboline

UL Yt Bl o0 B85 LG G CRUSDEES ALY o1

neur am ni dagRendybindriapaiotcds gsdipa, B; el Mtr&;ﬁo&ic&@ SEuPBOTaE Audleic Aidd 2)
PO P shar thged brotein are cXprcsted i the exprassion systome " | S

Pneumolysin truncates can be useful carriers of polysaccharides, as hosts may lacking

pre-existing antibodies to such a carrier polypeptide. Pneumolysin is a virulence factor in
20 pneumococcal infections and there is little antigenic variation of the pneumolysin among
pneamococci with different subtypes.

The polysaccharide-protein conjugate, when administered to a mammal suchas a
human, induces immune response that exceeds in magnitude, type, and/or duration the
immune response induced by administration to a mammal of only the polysaccharide

25 component. Accordingly, the polypeptide component must be of a length sufficient to induce
such an enhanced immune response. For fragments of a naturally occurring 8. preumoniae
prneumolysin protein, the fragments are at least 8, 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 occuiring S. pneumoniae pneumolysin protein, the

30 polypeptide can be at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
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i nfluenza b, neni ngococcus group A, B, or C, or streptococcus group B. The
nucl ei ¢ acids encoding such fused protein are expressed in the expression
systens. Pneunol ysin truncates can be useful carriers of polysacchari des,
as hosts may |lacking pre-existing antibodies to such a carrier

pol ypeptide. Pneunolysin is a virulence factor in 20 pneunobcoccal
infections and there is little antigenic variation of the pneunolysin anong
pneunococ cP8%ior Mot ifi¢ngicelite a saturajiyescurings. pobyradrracigelypneradein, conpEQat e,
when adm nj .£d to a manmmal such as a human, induces inmmune response

t hat exceeds in magnitude, type, and/or duration the inmmune response

i hduced by admi Hiegtolypeptoie cbmpanemlmﬁdrabdyjﬁ lackd hentolydic pofi yityguedeat inGeralially

cur i o ani hERia AEenieh Saf ol ralt™ IRE Pt e s Pomasfiont < of o

naturda |y adﬂhjfsﬂd:smgaaSBO%nE@%Dm%,S%,pﬂ@uﬁlesyﬁﬂtne Wnﬁﬂﬁldhcfcli/hﬁoﬁdmﬁfﬁm s are
at least 8, 10 255 100, 125, 15 175, 200, 25 300, . 350, 400,
425, 450, ﬁ%cﬁmnﬁ 5””%@6”‘“5,88 urlYSHFHPIgtedh gnolKicpstiyty pag Hgmeasisd as

pol ypept i d@sailedV@E¥dnide B NIrSQAURAN A Hehtid abdkity oFlalpklypeidelchi e Seteriiifddmoni ae
pneunol ysin protein, the 30 pol tide can be at |east about 50%  55%

60% 650 ToUKubABYE thepolypetis vg %ﬂg bigag celis -9 siren cribres Yiescandimaapuring g

naturally 9&&;4 ‘HEP_?J’e uipl ; D NO 1
The pol ype f’SIHlﬁa’uc(%rilgff:gl%pre e@?gﬁ% yg ?%gﬁ%{l%%ﬂggﬂgﬁgﬁg&gm in a

natur#l Iy @Cﬂﬂr?ﬂm 282 foyaclsawivtior o plagy kempliceissey).Gener al |y, the
21Vt rmang it By 1 s 0t OB Bt Gl >

of the henolytic nat ur
pneunol ysi polysacthetdide, 1rie|h1duigymt ootdibiiedite,yang afisubeypreh 2418 24 5a6B, ’ﬂ‘eB;ﬂN@d/ in

EXx I 3. t | t
de?gpmenedld‘bgﬁgggfgi%’ilﬁg?}ﬂ':qg{;{ﬁfgﬁ?}g W?ﬁ%e%”gagﬁgf‘@}e??? Oﬁ sheep
er yt hr OCth$0malaﬁibﬂﬂiﬁﬁhlﬁ | th capd@laD ol Haschi€hs 8ledidd fidif siipRapsB ey, (1aee

el .at é199 FEVS M cr obi ol og1 10 Letters 121:217-222 for a
descr‘i5pt| o]rlgcbflg%r?r Yy sams embpgimpeniseths galisaccharide isse1a0@edéh 48 PBET component

of the condrgiRenta theBlydithaideRN KRGO AT, Q?iﬂﬁﬁlnﬁfre opalkﬁél%ﬁp&aammde
i ncl udi ng but not [imted to, any of “subtypes 1, 2, 3, 5, 6B, 7F, 8, 9N,

9V, 10A Rolysacchares cambe copmigated o a siggle palypeptidg pr a nlgmhtmf popypeptideg AFor3F
24F, 27, 3§(§mp1%f a %ﬂltwaleut conjugate can include at least 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 different

capsular polysaccharides. Polysaccharides can be conjugated to polypeptides, for example,
20 via a monomeric linkage (only one end of the polysaccharide is attached to the polypeptide),
a looped linkage (a single polypeptide is attached to looped polysaccharides), or cross-linked
(multiple polysaccharides attached to multiple polypeptides).
Methods for the purification of polypeptides, €.g., pseudopneumolysin polypeptides
described in the examples, and the conjugation of polysaccharides to polypéptides are
25 described in Example 4. Additional details concerning polypeptide or polysaccharide
purification and conjugation processes are described in, e.g., U.S. Patent Numbers 4,242,501;
4,686,102; 5,623,057; and 5,565,204.
The conjugates or polypeptides described herein can be administered to a mammal to
elicit an immune response (a prophylactic and/or therapeutic immune response) against
30 S. pneumoniae in the mammal. A bhannaceutical composition containing a conjugate or

polypeptide can be delivered in a pharmaceutically acceptable carrier, buffer, or preservative
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In some enbodi ments, the capsul ar pol ysaccharide is selected from subtypes
4, 6B, 9V, 14, 15 18C, 19F, or 23F. In sone enbodi ments, the polysaccharide
is serotype 14. In other enbodinents, the polysaccharide is serotype 18C.
One or nore of different capsular polysaccharides can be conjugated to a
single polypeptide or a plurality of polypeptides. For exanple, a

mul tival ent conjugate can include at least 1, 2, 3, 4, 5 6, 7, 8, 9, or 10
di ff er ent whishsssuateblpddryaccihainciding, R nytslanitddde phsiolegeal isalingonpibgat ed to

ol ypepti d AT l@.: 20, Vi mononeri ¢ Lin end of the
Boligagchaﬁﬁ gﬁﬁguﬁﬁgggﬁgtv 6”?ﬂ%a§8n38%%F?h%i?k°§g?§%%§g%??ﬁﬁ§5% (a single
pol ypept i detabizeas siehhe thctose bicsorhdd], pad ydacmbsan edends the mmnosesaik ireskenke

mul tiple polysaccharides attached. to | tiple polypept.ides). Mthods for
the puri £1 BRMPSRGHA ) Plpebit BEdONideqr Riphub b RemiBrotnh Bhigilis  des
descrided phadhded nfadifl RSuseditdtohpen&@ Y fugaiivaldht Odccpet whrt Ghar &figinim
pol ypeptides are 25 described in Exanple 4. Additional details concerning
pol ypept i dEseansppgaiesha phuglityel infsaHousiageRts on and conj ugati on processes are
described in, ergk conlpoSitiomPlaBDE aNAHIRESd th 284 franfRek knodn §8Be 30 % g 2083, 057;

and 5, 565, 204. The conj ugates or pol ypeptides descri bed herein can be
adnmi ni st er Béramyselavkyningpvengusly intedarterzly, nfrathecallysipspdeamlly. pitaperensetly.c

and/ or the{n@rgﬁalg%lilﬁ iU RSR 6 PARE S ,'ngﬁ&agﬁﬁlIé-inmseemr%au&n.&@gwmm'-

A pharmaceutical "‘conpOsition~contail ning conj ugate or “pol ypepti can be
del i vir ed Theyaap bainitoducadiintalthegasteiolstaial wact ar the eespirifofyfteact, e@r, bpr eservat i ve
11 which i -t ahl e o a i.ne .i.ncl udi ng, Lim
physioIogi%%?ggé.%%ﬁmggmgpﬁé$&%¥ﬁﬁg% aBle #ﬁ&ﬁ%ﬁ%Jﬁﬁgﬁﬁfﬁbég%gﬁgﬁgﬁary in
vacci nes neymmisionbeanreadmidistered viaaxskinpaech. st abi | i zers such as | actose or

sorbitol, and adjuvants to enhance the i munqgenjc respanse such as
al uni num phos pHAPEATRGAHSR GRPOBHOL (HERAPECIETS HUAEdI) ADSPRMT The

vacci ne 5 giff¢ligesl clitiypradifetoR 6f 145i66diaSasGRARE et uoedTt sk EDbsaga €l nes
which elicit an inmune response against a plurality of infectious agents.

The cBpositi Y REAMUSEPadripPRISR@SactoR. inrdina fisgrlrie e smirpdicalit s g,
orally i nbdaguugedt 28, Yge, HRIaAVERPESGhYound B SRSk lRY! tme hilt oalhecal Iy,
intradermal |y, intraperitoneally, intranasally, intrapulnonarily,

i ntraocul atdmynisiraionagdgetherdrygs beingrdministered gongprrenilye iRetamaingtion of cbBinBhey can

gegi nt L;’d“&o%ggé %R IAR RN &5 frdAhachioBfil ofUraihll§ ski@SP! ratory tract,

The ability of a composition to elicit an immune response in a host mammal can be
20 assayed by using methods for measuring immune respornses that are well known in the art.
For example, the generation of cytotoxic T cells can be demonstrated in a standard >'Cr
release assay, by measuring intracellular cytokine expression or secretion, or by using major
histocompatibility complex (MHC) tetramers. Standard assays, such as enzyme-linked
immunosorbent assay (ELISA) or enzyme-linked immunospot ( ELISPOT), can be used to
25 measure cytokine profiles attributable to T cell activation. T cell proliferation can be
measured using assays such as *H-thymidine uptake and other assays known in the art.
B cell responses can be measured using art recognized assays such as ELISA. Other
methodologies can also be used to evaluate the effects of the conjugates on pathogen-
associated lesions or on other pathogen levels generally (e.g., pneumococci clearance in

30 challenged mice treated with the conjugate).
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i nhal ation of a solution or powder containing the conjugates. In sone
enbodi nents, the conpositions can be adm nistered via a skin patch. A
pharmaceutical conposition (e.g., a vaccine) is admnistered in an anount
sufficient to elicit production of antibodies as part of an i munogenic
response. Dosage for 15 any given patient depends upon many factors,
including the patient's size, general health, sex, body surface area, age,
the particul ar Ebnissunssition db‘@ﬂg@ﬂrﬁefﬁl%??é’r‘@dlseﬂi inthe marnfrcture of pmedicament’

admi ni st r a}dr qu@v'léiluBﬁ Bf}{reagﬁ&ﬂ%f Q‘?ﬁlﬂag,tl tﬁ'S AN 18(9 c{ﬁh&xﬁ&gé %?omated

Det er m nati on osage IS we Int Itres o
pharnacologﬂhﬁu@ﬂnﬁmﬂmnary Skl|| The ablllty of a conp05|t|on to elicit an
i mmune response in a host mammal can be 20 assayed by using nethods for
measuring i nmune responses that are well known in the art. For exanple,

the gemer afntibodids cytotoxic T cells can be denpbnstrated in a standard 51Cr

rel ease assay, u intr ceIIuI tok expressian or tion,
o by Csrme e BBt et adicPE Sone G bRy B § 2 Bart o et o
assays, suslh 86 uSdZy Aprdphlaest orl tRERPROSOIPERASS @dhférﬁbahﬁﬂ}ty gbmangyre- | i nked
|nnunospot ELI SPOT), can be used to 25 neasure cytokine profiles

attribut abWéIVﬂ‘BJahO@ewFO%WWP?Hﬁg tp Qugmentihesqeprd Wdivisyalpimmune rgspaEser ed

Usi N aSS YRR hrdamliad EATLHIR LHBLBKE iPHY sQREIndRAAY S anOVN [ Lhe arl.
B cell responses can be neasured using art recogni zed assays such as ELI SA

Q her 10 et Wodenasginpronesed natien). bantipodigs disectodaazainsta polisacshiridst pneymotytsin,
conj ugat es?%mgﬁ%er&ﬁ%%b%%gra A% %%@%uo%ﬁmﬁe%tglﬁ rhoﬁ%%?.ggfn level s

general ly , pneunococcl arance In enge treated with
t he conj ugatshistetifg Ththe ammpnmotnpoﬂantdmstca doopgalecesiihedrareibl haryeded fromhe

manuf act ur f .a di ca for .the ntlon or tr

i nfection @f?‘ﬂﬂ@g&ﬁ%ﬂ%%a&mpé%m tFee%ﬁg ‘%@E&‘EP&P@B%W? Ehe&c]’é'h i nfection.
5 Anti bodi emfedrihg heidiaase wme@t:@itna@ain&%t anlp ehe/HREGEHLIN ASxin, POCAUEDIZaKIsD, OF
a conbi natjon thereof _nmay be used.in gé§£l¥lactlc or .t herapeutic

appl i Eat i ofh AEEBHTET S FRABATLY)Y P errhaatelf!? KeAgiberdicy eh%ed&ystéemd
i ndi vi dual co(ujhgme,(egot@&lﬁﬁ&hﬂ&@ﬁ@@%tbﬂ%%@@k@s I mmune response

agai nst S. pneunoniae or to provide a response if the second individual is
an Antibodies elicited by a composition descnbed herein can be formulated as a
pharmaceutical composition and be used to confer a prophylactic or therapeutic immune
response to an individual. Suitable components and methods of administration for
20 pharmaceutical compositions are described herein. For eliciting passive immunity, the
pharmaceutical composition may contain polyclonal antibodies or monoclonal antibodies or
their derivatives of fragments. A pharmaceutical composition contains a prophylactically or
therapeutically effective amount of an antibody, fragment, or derivative, as determined by
standard clinical techniques.
25

Nucleic Acids Encoding Pneumococcal Polypeptides

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

30 be an anti-pneurnococcal humoral and/or a cellular immune response.
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10 i mmunoconprom sed patient). Antibodies directed against a

pol ysacchari de, pneunolysin, or a conbination thereof can be generated in
an i mmunoconpetent host (e.g., by admnistering to the imunoconpetent
host a conjugate described herein), harvested from the host and transfused
into a recipient in need of treatnent or prophylaxis, thereby conferring
resistance to the recipient against not only the pneunolysin toxin, but

al so agai nst 15Paypepridasitins canebeengodadybypbeiclstis/acist ¢rastrisicinelpilathahi ch bind

ant i bodi es gpﬁ e conponent
of the confﬁg‘%{pﬁ@‘sg‘ﬂ?ﬁ"’i“% g‘lbfelfsﬁgg Q?a{tegé& ng%d%%gg |t|§ﬁl&1 escIFrlgbed herein
can be f or pelyeapidesadssaibed retheracapesc e wcibaspm&htﬁlmdandlmoc:@édurf@e confer a
prophyl act 6, %élp@ gg.%%ﬁté &ndw%rﬂeme oL for“‘ﬁ% & cfe%ge{c\édudu agyi table

conponent s™an mnrs %ﬁogonp03|t|ons
are descri hﬁﬁblhﬂroﬁlomw&mfmﬁblsmmpovt@epMJﬁ@nemsmlvhuantﬁ he pharmaceuti cal

conposition nay cQ nt ai cl onal anti bodi es oy, nonocl onal, anti bodjes or
their derivative ‘3? a‘?‘?ﬁgﬁfﬁ%’t"g CONSUIA'S AR RERIFR L byc‘iﬂﬂgcf’é"“l“pf‘rgﬁe S hs a

prophyl act D@y xlnyth@as Hdaehapeetthedt ban lﬁa‘lﬁaﬁdemea asvREH 16 FacAlatad Bir&e@Y of
fragment, or derivative, as determnned standard clinical technigues. 25

Nucl ei ¢ Acthggugsic GEFFiﬁ@cqﬂﬂ'@}H%E@&e&Fld@oT%’“e?}Fﬁ“ﬁ%mRﬁl.‘e‘F gqauenses iy cabisiEng a

pneunucoccady, ré%ﬁ'oﬂ RERIh Ao %fheﬁmfaﬁ'lﬁﬁﬂﬁip&el@ Te. %’ %rbﬁ@trersoﬁNApﬁﬁﬁmﬁgﬁ cRhiences
pol ypepti de can be adm nistered to a ma human) to %ﬁgeratea

prophil act ¥'@né/ae?' & thtewetihaaeftsnﬂlpxm lﬁﬁamﬁe(“ﬂ@bmb@plmdtah@nmw WIHiEO mMmune
response cC i mmune
Feaponse. it P ool ke R IR BEGRY) AL oAU Al s itatien’, |
const r uct stepltiog end ére or pujrcygmas crbeding rmernahid: maﬂr&rstehd)lmgmljla;gmstemtaies cri bed

e bl bR TR e PR o8B ARRGHE Rt b 17 BofiRTRe BRirolS, [t s

t her eof . Idsrcalﬁhilqtpe@mmmdwqé £J, & tismke @penific ;&m@dmea &11cpsdifid ploniter @ichi 440 OF
fragments, or variants. Nucleic Cld expressi on

conat Fiot sk B &!&@’a% b3 PP AU Hherss EBE e FRODEIRAIAE RBRE.
Regul at or YSthﬁiEE BicodmaR HIAG BEMHEIaAAD QeBrmfifit i dpEbndl9 prédent at HRI cRKHF €SSI ON
of the coding sequence. The construct may also contain other transcriptional and franslational
signals, such as a Kozak sequence.
The construct may in addition include a sequence encoding a targeting signal that

20 directs the encoded polypeptide to a desired intracellular compartment, the targeting signal
being linked to the polypeptide. Targeting signals can direct the encoded polypeptide to
endoplasmic reticulum (ER), the golgi, the nucleus, a lysosome, a class I peptide loading
compartment, or an endosome, and include signal peptides, ER retention peptides, and
lysosome-targeting peptides.

25 The nucleic acids can be used in any vector that allows for expression in cells of a
mammal. The vector can be, e.g., a non-viral vector such as a plasmid or bacterial vector, an
integrating viral vector, or a non-integrating viral vector. An example of a suitable veétor is
the family of pcDNA mammalian expression vectors (Invitrogen), which permit direct and
rapid cloning of PCR products.

30 Vartous 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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the nucleic acid encoding the pol ypeptide. These el enents include sequences
for enhancing expression in human or other mammualian cells, e.g.,
pronoters, RNA stabilization sequences 10 5° and/or 3' to the coding
sequence, introns (which can be placed at any location within or adjacent
to the encoded sequence), and poly(A) addition sites, as well as an origin
of replication and one or nore genes encodi ng selectable mar kers enabl i ng
t he const r pharmageuticallysceapiable eapvaersuchsasisalineeer as gollmda suspensiensagtdis powders,
eukaryot | ¢ oS Sy lfBRL YR RSRi PLRIRLEL: mQed®bPBkodiBf uflh JBEAIP! ©!

(e.g., a tissue-speci ronD er or a ce Speci ronD er su as 15 a
muscl e- speaelicles prdakebtezed usirge dabivergrsgdtenys lpmemtheart smh ablip#indipoforidse codi ng

sequence, and a ence_ .encodi n a oL her eterm is
opttonat 1y e e G SRE B e outts S R G M BB 1 vct ay
&l sokcs)nt alpalyﬁiei‘ls%i]mﬂéxﬁﬂfg@gbtﬁt Ipb!y&hcoﬂiﬁﬂgg rpan@inatol a@}mj den8H@Ba| Siporsiti; h az a
0zaK sequ e.construct Itro I NCI. U Seguyence encoding a
targeting gqgéﬁ’é}dsqfﬂ'éqﬂ e“%@“‘*‘&?gr%tf%alf ﬁ@“é%%&égt%a?%gtgt“ﬁ‘a‘é a?lg H’F

i ntracel | udalivegsapakéine, a skbietal Mugsd doNOeifeBNakrro S NEol hdtEedBpdiBon.

pol ypepti de. Targﬁ$|ng signal s can direct the encoded poI ypeptide to

endopl asmi ¢ r et FeuRUgHIC FoRls cap h@a‘é"ﬂlﬂﬁeredt%é’gﬁ@éﬁﬁféénef@dfifsg)stbﬁ% degerippdiss | |
pepti de '0%5&%1199{13?3]‘ ‘ol Rctils $761 080MRy4, %ﬂﬂvitl@ﬁbvﬂ:ﬁ ?l@;ﬁeme&p“ des,

ER retention peptides, and |ysosone-targéting peptid nucl ei c
aci ds'can Bé%’sé&%ﬁn@w beatslivered hmswebtamarfyonarmmpiﬂm igithe ant, egl, logallyf a

manmal . Th&t%ﬁﬁé& arﬁralrﬂtrgf emr?sé lntra%rwl%ﬁ A in gtbecaﬁgtlgtrrad%%ﬁl)? tr%a r1t?1§ rﬂld, or

bacterial vec viral’ vec non-r nt ing vira
viect or . Anirgsapasplle 1mfapa1nmnamkybinerammdnrlyr intrgvaginhidy, fistraréogalf orpetbdiitenpauxtyal | an

expression ecto o) which.permt direct an rapid cloning of
PCR pr oduc b ot iR et Rl bH fr Bb SO sk Py B ot o0
aci ds enc odihngnmbfsmmmd @Spowdir GoRERIG [id rakRiceelds S Adiitisthitioh einthalpb4ls

encodi ng the pol ypeptides can be delivered in a 14 pharnmaceutically
acceptiabl e CHEEHYE: such as sallne or as col |l oidal suspensions, or as

powders, with gis é%&é%ﬁatddci] p&i’gﬁ r&@vmoozdo@@'@so eﬂ%qmme be OF

associated with delivery and ered using |very syst ens
known i n t kdmiaisteredsto g inglvidyabi Héherd thppatisntas an advilidnowpheceiwationiregiopas t i cl es

or mcr 0039&%8%@ g%', ﬂlt&ﬁ{utséu(fér?i%tra&emhalg%? BA gutbltzlﬁ!n?e%us administrations of

10-1000 pg of a plasmid DNA when delivered in a microparticle, or of about 10-2500 pg,

20 e.g., 100 to 2000, or 500 to 1000 ug, of naked plasmid DNA delivered inframuscularly or
intradermally, repeated 3-6 times. As is well known in the medical arts, dosage for any given
patient depends npon many factors, including the patient's size, general health, sex, body
surface area, age, the particular compound to be administered, time and route of
administration, and other drugs being administered concurrently. Determination of optimal

25 dosage is well within the abilities of a pharmacologist of ordinary skill.

Other standard delivery metheds, e.g., biolistic transfer or ex vive treatment, can also
be used. In ex vivo treatment, antigen presenting cells (APCs) such as dendritic cells,
peripheral 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

30 reinfused into the patient.
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5 polyners, condensing agents, polysaccharides, polyam no acids,
dendriners, saponins, QS21, adsorption enhancing nmaterials, adjuvants, or
fatty acids. Nucleic acids can also be delivered to a cell, e.g., a

skel etal mnuscle cell, either in vitro or in vivo, using el ectroporation.
The nucleic acids can be adm ni stered using standard nethods, e.g., those
described in Donnelly et al., J. Immunol. Methods 176: 145, 1994 and
Vitiello et al. Thgnugicqcids pandsradmunstesd slone oriig ggmbigpfeprowith pibeithermmies ed
into subj eqhgwhh @B YR nﬁ{tmfﬁafaw@l ddinds N RliktionSth nuclGE killy can be
intranmuscularly, 1ntravéhous IntTaarteri a1 fly, I ntrathecally,

i nt r ader malddypinistered apeamiltivation Iwmia other treatemets désigned fainhagrgl imprae rdsponses,

i ntraocul ar t j I Yo Can
be 1 nt  odacey oA AoBlvhitE E5toRlngd (P BuSHP EHLEREBURL Lo hiE e
e.g., by iGithblgonocleatides as sl wdll lowowarin fiewder cont ai ning the nucleic aC| ds.

Adm ni stration n | gcal . 15 or enl c I S expe d that a dosage
of approxi nat el ﬁiﬁ%ﬁﬁ’d&%rj%]ﬁwﬁ%ﬁ Ycéf IHE‘?WWB?WHE ﬁ%sgmaﬁ}’% Ee¥ to an
i ndi vi dual .asdbed 1By gy ia8thb®tor hsastifing@ishithinetebBises tacat RallikABwh @giheRAS Ccan
i ncl ude, e.g.. | ntramuscul ar, intradermal, inhalation, or subcutgneous

16

admi ni strat framytle, thepgengigonyf wtotasio F selican brdemgnsiiatad i 4/atandard nCh
m croparti QEI@ase%sa?fbﬁQ%ﬁnrﬂgQﬂ@&QQu!&go cat%eeexgresm&p& b&edQD8r bPlsi He® 1000

pg, of naked plasnid dell vered |ntrarruscu arly or intradermally
repeat’@d 3 tﬂraﬂn%sStambrd assaye suchkasdildl SArpr ERESRRER icambe uged £0 mewéﬁg@/tqk@re any
given pat A8PR t

gener al XF l? sexGg IGBQQ%H?#%SE&{;@?P%MEE llaHﬁﬁ E‘zgla&re{}? %agﬁttglrﬁg%%%ss?d to be
admi ni st er @uch asi Hahmdimeomtﬁeeﬂd othdmsmystcmam iorihe anoB oelhwspcdlstﬁganbel ng

adm ni stered _concur.re Det.er m nat 0sa

A TRt he TeaR e AR tefoenpih S Rih 8Fe s 0 Ry bR R ARG, ho BEbsed oy o
del ivery neé bealigite the gffectbd:ﬁlh¢ siclete ddidnsifpatogén- ﬁxocmwd)letnbﬁwmrﬁthercan aI o)
be used. In ex vi vo treat antl en presentin eII APCsz

Rondr 81 o Galpacn 15 Rtk (b ST HTETIGrEat e Gimed P raed MRS ol | s
can be obt abijegaté)f om a patient or an appropriate donor and activated ex

vivo with the nucleic acid, and then_.inplanted or 30 reinfused into the
patient. 15 The IRuBYriE agids drscrbed hersinaidR panddn i manyfrstust of hmediRBRMAL i on

Wi th ot her g§hRE pRi&Rion kP R¥YRmMER otfaeu@éamn Qitll-S: pidtinb Rt bPRktiRE 8b&ated N
addition, the nucleic acids can
with such infection.

20
The invention will be further described in the following examples, which do not limit
the scope of the invention described in the claims.
Examples
25

Example 1: 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

30 preparation of conjugate vaccines. In addition, a nucleic acid encoding a pseudopneumolysin
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adm nistered in conbination with other treatnments designed to enhance

| mmune responses, e.g., by co-admnistration with adjuvants, cytokines (or
nucl ei ¢ aci ds encodi ng cytokines), or 5 CpG oligonucl eotides, as is well
known in the art. The ability of a nucleic acid to elicit an imune
response in a host mammal can be assayed by using methods for neasuring .
I mmune responses that are well known in the art. For exanple, the

gener at i on PeiYPeRtidstcak be admigisterasl te am indevidnahiorasnerateds INMUAS BSRATERPEHIBY the

rel ease as%ﬁé’ode@?ol gidki Ng intracel lul ar cytokine expression or secretion,
or by using MHC tramers. Standard assays, such as ELI SA or ELI SPOT,
can be used to ﬁ‘@&s\ﬁmedymdimélg Sppmuhﬂoe@eamerlﬂblmmcsom IMNAgis la template

activati on, f i measur I u

Bt O 1o At vaRER AL P lhe SRR Sl UEbO BB RPror IRS
be neasur eehctisn ameaed torthﬁagihig@du@ssa@the ﬁnﬁnlmoéijﬁmfgehS}\lst @strearm pethhodol ogi es
can also b ate he eff e&ts of _t he ucle C_ac

pat hogen- agrgﬁsigté@éaﬁfﬂé%q?? 18ﬁ°r?)?rﬁt§ ai%ecbré&rﬁgﬂ P 686}5?%3‘& #@ggTqSV (e.g
pneunncoccpnﬁieﬁaleagﬁwedmsﬂml |l enged mice treated with the conjugate). The

nucl ei ¢ aci ds be in_t nanuf re of _a. .

Tedi canent © 1ORCTROAT UK TSRO A A RERCAT T AR TR SF SHQ o). i
pneunoni ae ce l%ﬁiéﬂﬂaf}‘t@%%cl@&ﬁi@ﬂ @Hﬁﬂat tIYU $ Qn& BEthe bﬁ&ﬁ’f&l&éﬂi‘gen%oﬁl[@ﬁrntis&\@%m ion
will be further described in th exanp whi €h do not |imt

t he sdbpe Bfl@hé‘%l%ﬂh%ﬁééc%@é@@ﬂ@ BTA&CEWC%WWC?@EZMI e 1:
Const t

ConeL et 8B RSSERIGHIRLIS L AL RIBER KSR SoYFEL 03, 0 B! o
1A- 1E. The themueuwolysin tgnlurat'léid ppuie;smmlufyiei;M X mserpair DNs%efmdocpng&TMrmso n"

I tid d f | d
For"the. sotarefiiufheliapundyias et iambn RRCRERE i Sealitrahesacr o
encodi ng appseuwsapngeAmicomolyinpolypgeple; de can be admi nistered to an
| ndivi dual 3} 8 BERRISHT AR RGBT R0RS iRk BN ¥ D EFVVIERKKRSLSTNT

SDISVTATNDSRLYPGALLVVDETLLENNPTLLAVDRAPMTYSIDLPGLASSDSFLQV
EDPSNSSVRGAVNDLLAKWHQDYGQVNNVPARMQYEKITAHSMEQLK VKFGSDFE
KTGNSLDIDFNSVHSGEKQIQIVNFKQIYYTVSVDAVENPGDVFQDTVTVEDLKQRG
ISAERPLVYISSVAYGROQVYLKLETTSKSDEVEAAFEALIKGVKVAPQTEWKQILDNT
20 EVKAVILGGDPSSGARVVTGKVDMVEDLIQEGSRFTADHPGLPISYTTSFLRDNVVA
TFQNSTDYVETKVTAYRNGDLLLDHSGAYVAQYYITWNELSYDHQGKEVLTPKAW
DRNGQDLTAHFTTSIPLKGNVRNLSVKIRECTGLAWEWWRTVYEKTDLPLVRKRTIS
IWGTTLYPQVEDKVEND (SEQ ID NO:1).
PCR was generally performed as follows: 1 cycle at 94°C for 4 minutes; 30 cycles at
25 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 £. coli DE3 cells by transformiation. Ampicillin-
resistant transformants were selected. The presence of the insert was confirmed by digestion

a0 with Ndel and BamHI restriction enzymes.
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encoded pol ypeptide. PCR was perfornmed using S. pneunoni ae type 19A
chronosonal DNA as a tenplate to anplify various fragnents of the

pneunol ysin gene. The sense priner used for the PCR 5 reaction annealed to
t he codi ng sequence of the pneunolysin gene just upstream of the
translation initiation codon and incorporated a specific restriction enzyne

site. The sense esi gnat ed .LYS
(5' - GACTAGATCTCRR o PR RN RS A et 2t ke 9 RegPaed tq wild type

conpl ement ah¥micselitik & OMafhest the ﬁ@u&’o‘bn&im&lbﬁnﬁolyﬁﬂﬂdéﬁf cnbdittedmlyelwml ysin gene.
The antisense_ 10 priner, designated LYSN-

(5' - CAGT GaATBidrmeToGasTIE CopRdterhonan-ie ﬁglﬁ(ﬂ“ﬂ@"ﬁ@“ﬁﬁomr RUEEHABI enent ary

t o pneunol ysi 0 0Ugliaot i des 1396 to 1413 at the 3' end of the pneunolysin
gene. The priners a Iify a 1413 base pair DNA encoding 471 amno acids of
full Isength pneurml y5| n prot e| n. The following is the am no acid sequence
of the S. . 1 \ i

MANKAVNDFI EARRY RS< RET REGN
SDi SVTATNDSRLYmmswowmbﬁmwwwwwvmpmw@smsgszmmEBPSNS*Sm

A A L AT g e e

| SAERPL VY] Bﬁlﬁi@ﬁwmww&u KGVKVAPQTEWKQ LDNT 20

G ] BEREATHE e o0

' p A A0 r. A
DRNGQDL TAHEG VLA KM@@M&C@E@R@%\@Z@WW@CW . 8; SEQ ID NO:5)
| WGTTLYPQVEDKVEND (SEQ I D NO 1). PCR was general |y performed as follows: 1
cycle at omEn¢reto ampH T atld80 buePEyONA at 25 94C for 1 minute, at 55 C for
1 minutes, and Le@ DN A BiSent #A8 dlec ANk RN RUcIA3E BafalIT aA@ ligdtalit es.
The PCR-synt hes?ﬁze%égl\kmfiersaenent V\ﬁgl%nl gestleggl with Ndel and Ba Jll_
restricti omtceﬂlzwdekardrﬂjﬂmﬁbﬁa@%@f the\plBT t X pIETIion,veston Fuges e Bpdxt oY t o
gener gl © Peledéihant HiGa oS GRARLOAH o BNV BE3 LRIV UHAGHm oA, Rmpdilin DES
cell s™py transftorima nprciI'l'in-"resistant transformants were sel ected.
The presengeisaft trdmsformsxﬁs wewaslectohf Therprtsénge df e inseidwas smiignehbydigestign d

BarHl rest \rvln tre':s YLtion eNzymies, Ndel and BamHI and further confirmed by DNA sequencing.

The encoded 460 amino acid polypebtide, which lacks the 11 amino acids present at
the carboxy terminus of the wild type pneumolysin protein, has the following sequence:

20 MANKAVNDFILAMNYDKKKLLTHQGESIENRFIKEGNQLPDEFVVIERKKRSLSTNT
SDISVTATNDSRLYPGALLVVDETLLENNPTLLAVDRAPMTYSIDLPGLASSDSFLQV
EDPSNSSVRGAVNDLLAKWHQDYGQVNNVPARMQYEKITAHSMEQLKVKFGSDFE
KTGNSLDIDFNSVHSGEKQIQIVNFKQIYYTVSVDAVKNPGDVFQDTVTVEDLKQRG
ISAERPLVYISSVAYGRQVYLKLETTSKSDEVEAAFEALIKGVKVAPQTEWKQILDNT

25  BVKAVILGGDPSSGARVVTGKVDMVEDLIQEGSRFTADHPGLPISYTTSFLRDNVVA
TFQNSTDY VETKVTAYRNGDLLLDHSGAYVAQYYITWNELSYDHQGKEVLTPKAW
DRNGQDLTAHFTTSIPLKGNVRNLSVKIRECTGLAWEWWRTVYEKTDLPLVRKRTIS
IWGTTL (amino acids 1-460 of SEQ ID NO:1).

30
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17 The anplified DNA fragnments | ack nucl eotides at the 3' end conpared to
wld type genom c sequence. Many of the pseudopneunvol ysin pol ypepti des
encoded by these nodified nucleic acids were found to be non-henol ytic and
non-cytotoxic, but retain 1imunogenicity. 5 A Construction of pSA-1
Expression Vector The pSA-1 expression vector encodes a pol ypeptide
consi sti ng 4 of 60 ) of he pneunol ysin protein of SEQ | D NO

- v i yvpe 19A chronosonal DNA using
LSYN-1 10 (5" - GB@'MIQE%EA’E@@&Q%F&M%&@E%@I%Q% oBEnb eildr 24 and
LSYN-4 (5'- CTGGAT TACTAGAGAGITGTTCCCCAAATAG 3'; SEQ ID NO5) - prinmers
to anplify°hthesaey Prafein ghgEQ ﬁhé‘%bli%%ﬁ@ﬁ%@f%ﬁdmﬂwﬂg%m YRR

di gest ed wibh ohdglosans dIaNtdhingndyiN.gated into the Ndel and BamrHl sites of
the pET1 | b exgr essi on vector to§gener ate pSA-1. The 15 reconbi nant DNA was

i nt r oduced&'1fe C@G@QTC@T&EGG ANATALASCHGTAALFOAGHP: SEQIDANO: ﬂbmdst ant
BfanSfor”&ﬁSW @ RUAAGEEATCEIG AR @Rgb%&rﬁfﬁék RSP 1M, bfs
igestion wthr strlctlon enzynes f'urther’ rrred

by DNA seqb@ﬁi)mgmeﬂﬁie aemb&ckew%@smn‘m\mm d pol ypept i de, whi ch I acks t he

11 am no aci ds ox ter S W, |
pneunol ysin pro he T gﬁh%shzeﬁi)lf n%nts ged }\IQ& BdamFEﬁ and ligated
MANKAVNDFI {vecviky DidKarid B 4RS! 1ENEFthK I%@EEMMR&@EBEE& pSA-49. The

SDI SVT TNDSRLY TLLENNPTLLAV PQLASSDSFL QV
EDPS Gﬁ#ﬁ%ﬁ%@?’%ﬁé&% Siisesipppion. Ampicli

KTGNSL DI DFNSMERCHRIR IR MK EIe XY IEMSY DANK @VE@HWV&%&%ﬁﬂWEWB§S
VAYGRQVYLKLETTSKSDE VEAAFEALJKGVKY APQTE WKQ LDNT 25
EVKAVI L GGDPSSEARGIERZMeE DI cdaessRemid Bppdditires pqnfismeRb{IRA sequencing.

TFQONSTDYVETKVT AYRNGRb bdd s -
DRNQ&%DLTAHFTTSI gl_ KGNVRNLS V %E@R%YXE{%N \i\g#%%# T@f\o/%{t’ﬁ?la%ds PREPT (ani no

aci ds 1- 46the strbsptempnpgeLithe wild type pneumolysin protein, has the following sequence:
15 MANKAVNDFILAMNYDKKKLLTHQGESIENRFIKEGNQLPDEFVVIERKKRSLSTNT

SDISVTATNDSRLYPGALLVVDETLLENNPTLLA VDRAPMTYSIDLPGLASSDSFLQV
EDPSNSSVRGAVNDLLAKWHQDYGQVNNVPARMQYEKITAHSMEQLKVKFGSDFE
KTGNSLDIDFNSVHSGEKQIQIVNFKQIYYTVSVDAVKNPGDVF QDTVTIVEDLKQRG
ISAERPLVYISSVAYGRQVYLKLETTSKSDEVEAAFEAL]KGVKVAPQTEWKQILDNT

20 EVKAVILGGDPSSGARVVTGKVDMVEDLIQEGSRFTADHPGLPISYTTSFLRDNVVA
TFQNSTDYVETKVTAYRNGDLLLDHSGAYVAQYYITWNELSYDHQGKEVLTPKAW
DRNGQDLTAHFTTSIPLKGNVRNLSVKIRECTGLAWEWWRTVYEKTDLPLVRKRTIS
IWGTTLYPQV (amino acids 1-464 of SEQ ID NO:1).

25 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. preumoniae type
I9A chromosomal DNA using LSYN-1
(5’-GACTAGATCTCCATATGGCAAATAAAGCAGTAAATGAC-3’; SEQ ID NO:2) and
30 LSYN-17 (5°-GACTGGATCCTTACTAATCTTCTACCTGAGGATAG-3’; SEQ ID NO:6)
primers to amplify a 1398 base pair DNA.
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30 18 B. Construction of pSA-49 Expression Vector The pSA-49 expression

vector encodes a pol ypeptide consisting of amno acids 1-464 of the

pneunol ysin protein of SEQ ID NO 1. PCR was performed on S. pneunoni ae type

19A chronmosomal DNA using LSYN-1 5

(5" - GACTAGATCTCCATATGCCAAATAAAGCAGTAAATGAC-3'; SEQ ID NO 2) and LSYN 54

(5" - CTGAGGATCCTTACTATACCTGAGGATAGAGAGTITGITC- 3" ;.. SEQ 1 D Ngo %Ba%agmers to

amplify a 1392 ThaP6Rpsnthesirl DN AramoRnshAWA 845 Jigastehmitn Wl gest ed

wi th Ndel B ﬁ{%ﬂ A @1 W8l ranen Baidtith esict@speL-11he pET1

| b express %ﬁﬁgg?%? oalaaegerat‘gtegs g&ﬁgﬁ ﬂp fr reconblna%t Emwpmas

i nt r oducedTlient@nthinano DN ADESS mebleGbeltCtE ank T3reetls ’@htmlﬁfﬁb’!“émq i npicdkin-st ant
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D. Construction of pSA-32 Expression Vector

The pSA-32 expression vector encodes a polypeptide consisting of amino acids 1-469

20 of the pneumolysin protein of SEQ ID NO:1. PCR was performed on 8. preumoniae type
19A chromosomal DNA using LSYN-1
(5’-GACTAGATCTCCATATGGCAAATAAAGCAGTAAATGAC-3’; SEQ ID NO:2)
and LSYN-37 (5°-GACTGGATCCTTACTATTCTACCTTATCTTCTACCTGAG-3’; SEQ
ID NO:7) primers to amplify a 1407 base pair DNA.

25 The PCR-synthesized DNA fragment was digested with Ndel and BamHI and ligated
into the Ndel and BamH] 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.

30 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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(5" - GACTAGATCTCCATATGGCCAAATAAAGCAGTAAATGAC-3'; SEQ ID NO 2) and 30 LSYN 17
(5' - GACTGGATCCTTACTAATCTTCTACCTGAGGATAG - 3'; SEQ ID NO6) primers to
anplify a 1398 base pair DNA. 19 The PCR-synthesized DNA fragnment shown was
digested with Ndel and BanH and I|igated into the Ndel and BanmH sites of
the pET1 | b expression vector to generate pSA-11. The reconbi nant DNA was
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(am no aci nstruction of pSA-32 Expression
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per f or med nstructmno? S}LB B ¥ ltd}om)somil DNA using LSYN |
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di gest ed wiibR chi@hosamel IRAtdsingng YiN-gat ed | nt o the Ndel and BanH sites of
the pI1E;I' o ?5 eéR&%zS\SdAO’IDC'lyCG(%A'?AT&% ene{m CA TﬁAﬂE&?\C—T SEQ ID NO:2} and
LSYN-38 (5’-GACTGGATCCTTACTAATTTTCTACCTTATCTTCTACCTGAG-3’; SEQ
ID NO:8) primers to amplify a 1410 base pair DNA.
The PCR-synthesized DNA fragment was digested with Ndel and BamHI and ligated
into the Ndel and BamHI sites of the pET11b expression vector to generate pSA-31. The

20 recombinant DNA was introduced into E. cofli DE3 cells by transformation. Ampiciltin-
resistant transformants were selected. The presence of the insert was confirmed by digestion
with restriction enzymes, Ndel and BamH] and further confirmed by DNA sequencing.

The encoded 470 amino acid polypeptide, which lacks the 1 amino acid present at the
~ carboxy terminus of the wild type pneumolysin protein, has the following sequence:

25 MANKAVNDFILAMNYDKKKLLTHQGESIENRFIKEGNQLPDEFVVIERKKRSLSTNT
SDISVTATNDSRLYPGALLVVDETLLENNPTLLAVDRAPMTYSIDLPGLASSDSFLQV
EDPSNSSVRGAVNDLLAKWHQDYGQVNNVPARMQYEKITAHSMEQLKVKFGSDFE
KTGNSLDIDFNSVHSGEKQIQIVNFKQIYYTVSVDAVKNPGDVFQDTVTVEDLKQRG
I[SAERPLVYISSVAYGRQVYLKLETTSKSDEVEAAFEALIKGVKVAPQTEWKQILDNT

30 EVKAVILGGDPSSGARVVTGKVDMVEDLIQEGSRFTADHPGLPISYTTSFLRDNVVA
TFQNSTDYVETKVTAYRNGDLLLDHSGAYVAQYYITWNELSYDHQGKEVLTPKAW
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reconbi nant DNA was introduced into E. coli DE3 cells by transformation.
Ampicillin- resistant transformants were sel ected. The presence of the
insert was confirmed by digestion wth restriction enzynes, Ndel and BanmH
and further confirmed by DNA sequencing. 30 The encoded 469 am no acid
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Example 3: Determination of Hemolytic Activity of Pseudopneumolysin Polypeptides

Hemolytic activity of the encoded polypeptides was determined according to the
following protocol.
1) Prepare 2% suspension of human or sheep red blood cells. 0.2 mL of fresh blood
20 cells is added into 10 mL of PBS (pH 7.2). Spin the suspension at 3000 rpm for 30 seconds
and re-suspend the pellet in 10 mL of PBS three times.
2) Add 1 pg of polypeptide in 0.5 mL PBS (pH7.2) and mix with.O.S mL of washed
2% of RBC suspension.
3) Incubate the mixture at 37°C for 1 hour and then centrifige at 10,000 rpm for 2
25 min in an Eppendorf microcentrifuge.
4) Measure optical 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
30 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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carboxy termnus of the wld type pneunolysin protein, has the foll ow ng
sequence: 25 MANKAVNDFI LAMNYDKKKLLTHQGESI ENRFI KEGNQ_PDEFWI ERKKRSLSTNT
SDI SVTATNDSRL YPGAL L VVDETLLENNPTLLAVDRAPMIYSI DLPA.ASSDSFLQV
EDPSNSSVRGAVNDL L AKWHQDY GQVNNVPARMQYEKI TAHSMEQLKVKFGSDFE KTGNSLDI DFNS
VHSGEKQ Q VNFKQ YYTVSVDAVKNPGDVFQDTVTVEDLKQRG
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sequences were i érmed by DNA se%1 7l ?gg&gﬁ r{%ﬂ %ﬁ&fﬂ E. colédavvas gr own

at 37( overnig agg i sopropyl t hi o Z g 69@53%8 JOLTNe [0 f ) G 10 vpj added to
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and hemol ytic & ty was tested W X a%%sﬁ’d%% l ay usi n gheep or
human'>r ed” bl ood (ﬁe s (as det ai | ed1 [ euryof y@( rrpl e 3:

Det erm nati on G S
Hermol ytic activity of the encoded pol ypept| des was det erm ned accor d| ng to
the follow ng RS I SRR I HURRERS red
bl ood cells. (? L o?llsﬁpééssﬁﬁbl oodgc %SO&?eI I sﬁrlésngt} S mﬂ?}?gl %813'?%%@ PBS (pH

7.2). Spin the abgpspianbe Orieaing 0oacatem for 30 seconds and re-suspend the
pellef in 10 rrJl(b)Of'I‘ht!;:) ﬁ&dl?ﬁ@ﬁtibfﬁ@?&f the C-terminal truncates are expressed as a percentage

of the full length construct, pSA-14.

Example 4: Preparation of Polysaccharide-Protein Conjugates

25 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
y 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
30 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) ata
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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2) Add 1 g of polypeptide in 0.5 nmL PBS (pH7.2) and mx with 0.5 nL of
washed 2% of RBC suspension. 3) Incubate the m xture at 37C for 1 hour and
then centrifuge at 10,000 rpmfor 2 25 mn in an Eppendorf

m crocentrifuge. 4) Measure optical density (OD) at 541 rim Henolysis
activity was neasured as the percentage of OD absorption conpared to full

| engt h pneunol ysin pol ypeptide. As shown in Table 1, truncates of

pneunol ysi B. Prepdtativn dof rem@nt-effimimaColdmn6, 2, or 1 30 amino acids | acked
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denonstrated a @)apﬁmiaiatlbmeﬁfuﬁﬂedwrﬁisytag@dgmtunmhtsyl 22 Tablel: Henolytic
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| engt h pnemhmoaaaml@m WISHE 38 ngsﬁ ahd 4 ydsofpiemgimpnkananiyyisiand iQuiatedy SA- 48
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1-468 (3 a&m&%&f@mqy@mﬂmmedﬁ&oconpaﬁﬁng?mm%glﬁcc&eamwﬂmmféOnol ysi n)

0 15 pSA-31 1-470 (1 as pseudopneumplysin). 1.8 ( nt am no
aci ds (aa) nfgfrobrkarenyaiatand dnqyhaiedal 3/s¢ W‘B’cﬂ%‘ﬁ%‘ﬁ‘?ts %k g&’ed?trp‘i" ﬁéﬁm

Ctermnal LEURGALE:s. 3@0 &E)ofT*i\Euhﬁﬁr%yadded aetdovhL besulfike wiraGniler mi nal

truncates are expressed as a percentage the full length construct,
PSA- 14. Exaorskmration Bf €paM af TRII. o@cll%ovey%w&ﬁi Hoyrs pitiIRAvCHE EGRAL es 25 A

O di 2 O o R AR L PR TRACG kiR S e IS REEBPAlADysUCh

were purchase rom Ameri can Type
CuI t ure Cohagepirified acddadiag scaﬁlp piédcol a0PmPoref Purification System provided by

Invitrogen (Carlsbad, CA).

(ii) Production of polyclonal antibodies against His-tagged pneumolysin

15 New Zealand white rabbits were injected with 4 equal doses of 25 pg each, at 4
different sites of emulsified His-tagged pneumolysin and TiterMax adjuvant (400 pL of 1
mg/mL His-tagged pneumolysin and 400 pL TiterMax adjuvant); one in each thigh muscle
(i.m.) and one subcutaneously (s.c.) on each side of the spine over the longitudinal mucles of
the back. After 14 days, 5 mL of blood was collected from the rabbits via ear veins.

20 If antibody titers from serum reached 1:3000 dilution levels, the animals were
terminal bled out. If antibody titers were below 1:3000, a second dose of antigen was
injected, and the animals were tested one week later (7 days after second dose). The cycles

were continued until adequate titers were achieved.

25 (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
30 280. 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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pol ysaccharide was dissolved in | nL of distilled water at 4C overni ght.
One nL of 0.2 M PBS (pH 7.2) was added the next day. Pol ysaccharide was
oxi dized by reaction with 2 mM 30 sodi um peri odate (MN 213.9, Sigma) in
the dark for 10 mnutes at roomtenperature. Excess sodi um peri odate was
destroyed by reaction with ethylene glycol (MN 62.07) at a final
concentration of 25 mM The reaction m xture containing the pol ysaccharide
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(v) Examination of immunoaffininty columns
For testing the immunoaffininty columns, the fractions with pseudopneumolysin from
20 DEAE-Sepharose chromatography was added into 25 mM TrisHCI (pH8.0), 0.5 M NaCl and
0.5% Triton X-100. The sample was applied to 6.5 ml Affi-Gel 10 column (1.5 x12 cm)
equilibrated with 0.5 M NaCl and 25 mM Tris HCI (pH8.0) at flow rate of | mL/2 min. The
flow through fraction was collected. The column was washed with 15 mL of 0.5 M NaCl and
25 mM Tris HCI (pH8.0) two to three times. The column was washed again with 5 mL of 4
25 M urea. The bound pseudopnieumolysin protein was eluted with 7 mL of 4 M urea twice.
Protein samples from first 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

30 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 ina
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25 (ii1) Rabbit 1gG purification using Affi-Gel protein A agarose Serum
froma rabbit immunized with H s-tagged pneunol ysin was applied to Affi-
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col ums For testi r}g he i munoaffininty col umms,
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collected and pooled with the first flow through fraction (fraction 1). Next, 35 mL of 25 mM
Tris-HCI (pH 8.0) was applied and the flow through was collected (fraction 2). Another 35

20 mL of 25 mM Tris-HCI (pH 8.0) was applied and the flow through was collected again
(fraction 3). The bound bacterial proteins were eluted with 4 M NaCl and 25 mM Tris HCI
(fraction 4). The protein concentration in each fraction was measured by reading OD at 280
nm. Protein samples were analyzed by 9% SDS-polyacrylamide gel electrophoresis (SDS-
PAGE) and visualized by stained with Coomassie blue R-20. The flow through fractions (1

25 and 2) containing pseudopneumolysin were further purified by immunoaffinity
chromatography.

After DEAE-Sepharose chromatography, the fractions with psendopneumolysin 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)

30 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 NaCli
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25 MM Tris HO (pH8.0) two to three tines. The col umm was washed again with
5 n of 4 25 Murea. The bound pseudopneunolysin protein was eluted with 7
m. of 4 Murea twice. Protein sanples fromfirst 7 nL of 4 Murea
fractions were analyzed by 9 % SDS- PAGE and visualized by staining with
Coomassie brilliant blue R 20. C. Preparation of Reconbi nant

ban 26" (whiterPSanio el et §paier fireS, TRt WE vtk MRS mlr o £
C-term nusyes PREBUTIRE YSduBopriRSRoFNa FRMEIn Was BRIt vEThOMRLiof 4 ul thfeNl tube

containing 30 nmL LB nediumw th 100 g%{am anpicillin at _37C overnight. The
fol | owi ng Rastein sagplesdrmpiintonnd ndhoynd Faghons wersamghyrsdibyaty A5 #dand 0.2 %

gl ucose i Nyis@iited by fhinink3ath RMabROGHANSMMM B 13 n of overnight culture
and incubated wth shaking at 37C. At a cell density corresponding to an

A600 &f 0.5, thtflendpymuserfnitpehremeatograply, dddpree ghtadfschopeataningwas i nduced

by additio , . : I LEm&ENIES T dina
500 nL cen I‘el %%’S‘g&pﬂl Se“m(gqta‘L g‘l-l:ﬁe.)lJc r%%]d?ggb?o(} %ﬁﬁrﬁ%tgéﬂa ﬂrwﬁersgact eﬁ'aﬁ‘!g%el | et
was r esuspehdaaplerwas@ppliedTo i8¢ DEGolm (1eF x (1 p emBedilibaitehwitbd xg7BS buffersozy e,

i ncubat ed an ice, for m put d sonjcated 3 tir i th, 1Q- sec
bursts on ﬁlwc%r.sparﬁgﬂf?/sa“é h\r/\?élgﬁ?’vragglgﬁarg?d' -C%G&g]f’g!rn aggﬁqe‘#aa%%n} (Zfﬁl/e)gpg "37C
for 5 m n.buffee Thd B.9nyis Ah@ioh Qolwesdiffonaibe dolaynnsasingaiurahOr 2220 mgt theawi ng

two more tines..lnsoluble cell bris s renoved,b entrLfygation at
6 0000 pm PO ERRR e Cofftisas TR Phlly SR Pror S SRt B9 RS DY D e o6

t hr ough 0.]&)1j>dcf}i1itﬁﬂ5gem1@uﬁbms;shrough proteins were exam ned by 9% SDS
PAGE anal ysis and visualized by Coomassie brilliant blue R-250 staining.

The crude lysate was further purified by DEAE- Sepharose chromat ography. 15
Twenty nlL gr p@ﬂ@gﬁg{@@izsag%w@mb%ﬁg%on a colum (5 x 12 cm) wth
DEAE- Sepharose€ equilibrated W r1s-HCL (pH 8.0). After the first
fl ow t hr ough wakvo sdligranseds. preumdnied patFaediaidd 13d0NVasasjugdidéth the t he
col ump. 10, . . J col | ect a oled with the first flow
Chrough 1 resorioBhedp i PofetielRieq SRR ERAB ARl (e 4 ) e
appl i ed anddichige fihmatidtnassayg HOwag otk hdphadndifsimnt(. DM BBS winaddedto 36 20 ni
of 25 mM Tri.s- HCl H,8.. s applied and the flow t hrough was cql | ected
Sgain (1 i posyRtdidRcin BRE baPinaaf o o Sard o Wit BT M N
and 25 M fbr 3GmiiCl Sodium cyancborohydride was added at the final concentration of 20 mM (e.g.,

750 pL of 100 mM cyanoborohydride was added into 3 mi of oxidized polysaccharide and

20 pseudopneumolysin mixture). The mixture was incubated at room temperature with gentle
stirring for 5 days. The conjugate was precipitated at 9,000 rpm for 10 minutes and then
dissolved in 1-2 mL 0.1 M PBS, pH 7.2. The mixture was chromatographed on Sepharose
CL-4B column (1.5 x 100 cm) equilibrated with 1 x PBS, pH 7.2. The fractions containing
both protein and polysaccharide were pooled and concentrated by an Amicon Centricon-30

25 (molecular weight cutoff 30,000) and then assayed for protein and polysaccharide content.

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
30 their ability to raise antibodies against polysaccharide and pneumolysin in mice. The

conjugates, 0.3, 1, 3 ug /dose of polysaccharide mixed with aluminum hydroxide adjuvant
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(fraction 4). The protein concentration in each fraction was nmeasured by
reading OD at 280 rim Protein sanples were anal yzed by 9%

SDS- pol yacryl am de gel el ectrophoresis (SDS- PAGE) and visualized by _
stained with Coomassic blue R-20. The flow through fractions (1 25 and 2)
cont ai ni ng pseudopneunol ysin were further purified by i munoaffinity

chromat ography. After DEAE- Sepharose chromat ograph){, the fractigons with
pseudopneur®!lysg/dpsole were inigeied intopergormibrio; goyneet famFleNGY Swess suigg. NBEpmg ng
0.5% Triton X1 i €6 lo@ pbiySacilar b drfaph 1A &k

coupl ed ra%gﬁ%rﬁg%ﬁ’;Q%ﬁg%%:l@g?ﬁﬁﬁed%g%&_5g>% 15 gn)c 30 ethi | i brat e% vﬁmh 0.5
M NaCl and rtibe ravtiTed bpgief psepdop@e@nolysin.f Misg recgived 570 hooptsps #itwo Weples off | ow
through fractio s coll ect : Wasy kit R 0.5 M
NaCl 26 and“t’zag’aﬁm\‘,@fﬁ?vgnlglﬁs(agﬁggl? aﬂgltlﬁl(rgg@%hnes.mﬁ‘g%%{l ° %c%a}ashed agai n
W th 5snl aitidodids and eati-plduedigsimshtibedieciome evanirads i Tabjer bis aisnmmary dlthg ed wit h

7 mL of 4 M ur, ice. P ' | f . i
B o e g e R L O Sl

brilliant KeprteBiOachofPigker-14.mmunoaffinity chromatography, 4 Murea el uted
fraction containing pseudopneunolysin was further purified by 10 DG
chromat ography to renove urea. A 3.0 nlL sanple was applied to 10 DG col um
(1.5 x 12 cm equilibrated with 1 x PBS buffer. The first 3.0 nmL of flow
through was di sgardedumbhiey 60CHTgaasAddaiedred aBd Antibodiés Detsct&BS Mibelf f er .
The 3.4 nL fraction collected frpmihgtiewExpeingags measured OD at 280 and
the 10 protein fractions were collected. The purity of protein was

eval uated_by 9% SDS- polyacrylam de gel electrophoresis_.D Preparation of
Pol ysag Elgara Menbrot ei f SGotypegd SameTmeriod | | Agtikndy Respase Measwishi ae
pol ysaecchari de 18C wa$ polysjcagpaidedomportehte L5 pseudopneunol ysin protein
(described in sectioncfehguaje by direct fonjugation using a reductive
am nat | : of—psevdopheturot-ystn—+a—0—1-MPBSwas—added—to—the
oxi di zed pol ysacchar i 4d% caction mix and | AERSPEglssl @?oaﬁl‘;aﬁ%@per ature With
gentlelgtirring for 3Q04m n. Sodi um cyanopattiedeystypaled pohsacebdeld [2& t he fi nal
concentration of 20 m\ (e.g., 750 gL of [L&fibadiy cyanobor ohydri de was adged
i nto 3pH—ef—oxi-dized{polysacechari-de—and - — -
18C’ anti-pneumolysin IgG antibody
4 18C anti-serotype 18C polysaccharide IgG
antibody
19F anti-pneumolysin IgG antibody
6 19F anti-serotype 19F polysaccharide IgG
antibody
7 ' 23F anti-pneumolysin IgG antibody
8 23F anti-serotype 23F polysacchande IgG
antibody
9 4 | anti-pneumolysin IgG antibody
10 | 4 | anti-serotype 4 polysaccharide IgG antibody
11 6B anti-pneumolysin IgG antibody -
12 6B anti-serotype 6B polysaccharide IgG
antibody
13 oV anti-pneumolysin IgG antibody
14 Y anti-serotype 9V polysaccharide IgG
antibody
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20 pseudopneunol ysin m xture). The m xture was incubated at room
tenperature with gentle stirring for 5 days. The conjugate was
precipitated at 9,000 rpmfor 10 mnutes and then dissolved in 1-2 nL 0.1
M PBS, pH 7.2. The m xture was chronat ographed on Sepharose CL-4B colum
(1.5 x 100 cm equilibrated with 1 x PBS, pH 7.2. The fractions containing
both protein and pol ysacchari de were pool ed and concentrated by an Am con
Centricon-30 25 (nol ecul ar wei ght cutoff 30,000) and then assayed for
protei n and pol ysaccharide content. Exanple 5: Antibody Respgnse of M ce
to the Pol ysaccherfodewiRg ebmtyialins pregatds tRnegemds Bﬁ@tﬂﬁdnf/"éep hpgphategc, 19F,

o e PP AR aL R o o

rai se anti pedigmeagalysis(“HRN'ysaccharide and pneunolysin in mce. The
conjugates, 0.3, 1, 3 g /dose of polysaccharide m xed with alum num
hydr oxd de adj uviamde imadin{zed Withuhamb@)cchambleepsiujopneuablysin conpegaiesbonied 3y t o

roups of female NI H _Swi ss mce. LeXPer | . of
%1' cepr ecei U’éﬂcq"“@f@?“%eﬁ%ﬁﬂ?‘? %’énEﬁ%g")”g? ﬁgs“tta%égrsa 3$ 18%8@%%%&%&8%%?&& ved
| g of pseygoRBRUERiVSE e dhfi@att eakidyieend e ahtboatendysit atdvntiveeks of
i nt garval s. Al seven days after the final .injection hjﬁ;nqsrﬁr m Ing\(/:gilﬁ%lof
ant i - pol ysBelrsashiagide snthedy dryels seresigpliaaptly seaighbey e BOYEL “Were
measur ed. Tabl; 3 ibs). ariRWIRRS ¥f 186 cdnfiateIRRGiEkRd GHIEY HOWIRE uatkpbabdly Bighd and
e

the i mune“responses’ neasured in the experinents depicted in each of Figs.
1- 14. 107abl tes of SutirpneymaysiCan] anfaobsacsizridsiaatibedies. afaruantiusionifRetoriet ect ed

in Mce 1 DbEGT ek RSl g&@s §l dﬂuﬁﬁéf %8¢ PBY ARnO! TIR highest

pneunoni aquﬁ%%gé&@ggpgﬁgegﬁ@éas razeé“b%g e3e/%sacc arei de corrpoﬁ_ent ofg

conj ugat e 3ntipneanivlyspreidrantiypelysactip@daattitody Jevals Weraphserved imomieg dhpg

pol ysacchari de ant.i bo 18C anti - pneunn L t i Body .4 18C

anti - ser ot {Fﬁ%‘vﬁfg%? H§|({;lilgcp&?éﬁcg@q%aaéeu%gpneﬁ)lmo&lysnjl é/o%j&al!eq%gg,nl itﬁ. %ti
pneumolysin antibody levels were higher in the groups that received the polysaccharide-

15 pseudopneumolysin conj ﬁgate with adjuvant, as compared to the pseudopneumolysin with

the adjuvant group (Fig. 3) or the pseudopneumolysin without adjuvant group (Fig. 6).

Tables 3 and 4 show that mice that received 3.0 ug of the conjugate had the highest
percentage of responders. These results indicate that the effectiveness of pneumococcal
vaccine can be improved by the conjugate of polysaccharide to a pseudopneumolysin protein.

20 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

25  Groups of Mice Percentage of Positive Responders

Aluminum Hydroxide Adjuvant 0%
1 pg Pseudopneumolysin (PPN) 0%
1 ug 18C Polysaccharide(PS) + Adjuvant 0%
30 0.3 pg 18C (PS)-PPN Conjugate + Adjuvant 60 %
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anti body 5 19F anti-pneunolysin 1gG antibody 6 19F anti-serotype 19F
pol ysaccharide 1gG antibody 7 23F anti-pneunolysin |gG antibody 8 23F

anti-serotype 23F pol ysaccharide 1gG antibody
anti body 10 4 anti-serotype 4 pol ysaccharide |1gG anti body

9 4 anti-pneunolysin |IgG
11 6B

anti-pneunol ysin 1gG anti body 12 6B anti-serotype 6B pol ysaccharide 1gG
antibody 13 9V anti-pneunolysin | gG antibody 14 9V anti-serotype 9V
pol ysaccharitdez 13(PSAPPNoCajuga2s Afjavird| | owi ng abbPé¢i ati ons are used in

t he Iegend uf fered Sa ("PBS"); Conjugates
("C'); %%%F%@SA%P(%\@C%M%%%%P and Psiedu opneurml ysi n ("PPN'). 5
M ce im*runﬂib;egWCMPS}aBP 6o ggattwahqnué& @@uﬁo neurddl’ howed

an i nduct
pneunol ysi

P s
Bnti - pReumdi/EIE: ARG ng{lgﬁg@ﬁ&rg&é%

n react e

ol

i i Pagifv

greater than the PBS and adjuvant control
t he conj ugat e-adm ni stered m ce exhi bited unexpectedly high 10 titers of
anti - pneunol ysiTabasl Pédéontapebysiaechan PdstierRésbadt dgainstt 14Ral ysavddhatide i on

factors of 76800 and 9600 respectively, as

t he PBS al ane
anti body |

The highest

anti-.non
)

JRige Observed in mce th’@Pcent%MPé@iﬂv@R@s
pol ysacchari de- pseudopneunol ysi n conj ugate (Figs.

e

evelrs were S|gn|f|cantly
(p<0. 001 t-test). The serum of

conpared to mce adm nistered

pOnddrs t he

14). Anti- pneunol ysin

anti bddly | evel s were higher in the gr oups_t-hai—pee—em#ed—t—he—pe#ysaccharl de

Aluminum Hydroxide Adjuvant 0%
1 ng Pseudopneumolysin (PPN) 0%
1 pg 14 Polysaccharide(PS) + Adjuvant 0%
0.3 ug 14 (PS)-PPN Conjugate + Adjuvant 100 %
15 1.0 pg 14 (PS)-PPN Conjugate + Adjuvant 100 %
3.0 ug 14 (PS)-PPN Conjugate +Adjuvant 100 %
1.0 pg 14 (PS)-PPN Conjugate without Adjuvant 20 %
Note: Positive responses were determined using 1:300 dilution of serum samples from all the
mice. An A405 nm optical reading greater than 0.12 indicated a positive response.
20

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 ug, 1.0 pug and 3.0 pg per mouse of the conjugate vaccine, respectively. G4 represents
25 mice that were injected witﬂ 1.0 pg of the serotype 14 polysaccharide alone. G5 and G6 are
groups of mic¢e injected with 1.0 and 3.0 pg pseudopneumolysin alone, respectively. G7 is
the group of mice injected with 1.0 ug 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.

30
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15 pseudopneunol ysin conjugate with adjuvant, as conpared to the
pseudopneunolysin with the adjuvant group (Fig. 3) or the

pseudopneunol ysin wi t hout adjuvant group (Fig. 6). Tables 3 and 4 show
that mce that received 3.0 pg of the conjugate had the hi ghest percentage
of responders. These results indicate that the effectiveness of
pneunococcal vaCC|ne can be |nproved by t he conjugate of polysaccharlde to
a pseudopnbtaple & & f Exg sefors; fomnP seud | DAC A

Cross prot gggdl%gl hmﬂuh%c@deﬁd%ﬁé@ﬁﬂ @elmqj AL, ﬁl%swere exam ned in mce
adm ni stered t he conj ugmf_ﬁé?ﬁ%). Tabl e 3: Percentage of
Mce Wth Positive Response Agai nst 18C Pol ysaccharide 25 G oups of Mce
Percent age of Positive Responders Al um num Hydroxi de Adjuvant 0% 1 pg-

Pseudopneuol i de(PS) + Adjuvant 0% 30
0.3 g 18C Wﬁﬁlﬁﬂpﬁmmrm&ﬁumrmﬁo (’E&r}?fop%d’“m S ofohl 'SCCQ 1.0 jig 18C (PS)-PPNO

Conj udat e + AdjpVAKL vZges (Iitgomn) 88 pRIficHpNedonid foatse inthd| uvant 100% 1.0
g 18 C (PS AG t ho dj uvant. 20% Not AAS responder
was deter ma?l‘}eDF ﬁlgﬁ PA %dﬁg&dl N u{{% %@ %‘fe{lsme‘rlsu?ﬂnglg v%th P ?g?ng&; %‘gt he m ce.

An A405 n nﬁd;mnmsraition eddcmgang rBainano Coasidd. oﬂfs’lasmiﬂ DHMcmnps)Eﬁr Praventivesponse.

Tabl e 4: Per.c eof ce W.,th Pos e Res ai nst 14
Pgl ygaccha et o 5?&?511?';4? aﬁ? ﬁglr‘sgg‘?}f"é &Gt egg‘glslg? g Responders 10

Al um num Hydr oxi de Adjuvant 0% 1 g Pseudopneunolysin (PPN) 0% 1 g 14
Pol ysaccharl de( PS) + Ad] uvant 0% 14 (PS)-PPN Conjugate + Adjuvant
100% 5 1. B-§loning and\Exprassion,p 18 4ant 100% 3.0 g 14 (PS)-PPN

ConJ ugate +Adj UN@RLvad Ofridh ok uQing RlzﬁdyﬁBséo FERbERB | AlgasRanyPhdiRidbia Afdcbrant  20%
Inc. Piscataway, NJ) containing primers and template pneumococcal 19A chromosomal
DNA. PCR was performed as follows: 94°C, 4 minutes for 1 cycle; 94°C, 1 minute; 55°C, 1

minute; 72°C, 1.5 minutes for 30 cycles; and 72°C, 10 minutes for 1 cycle.

15 The amplified PCR product was digested with restriction enzymes and ligated into
sites of the pVAX1 vector to generate pSA-8, pSA-45, pSA-12, pSA-42, and pSA-41. The
recombinant DNA was introduced into E. coli DH5¢ cells by transformation and checked by
digestion with restriction enzymes. The inserted gene was analyzed by DNA sequencing. In
vitro ﬁanscﬁption and translation were carried out with TnT kit according to the

20 manufacture’s protocol (Promega, Madison, W) to confirm the expression of the inserted
gene.

The pSA-8 expression vector encodes a polypeptide consisting of amino acids 1-460
)‘__l" of the pneumolysin protein of SEQ ID NO:1. The insert was generated as described above
using LSYN-15 primer

25 (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 BamH] sites of pVAX]1 vector to
generate pSA-8.

30 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
31



Not e: Positive responses were determ ned using 1:300 dilution of serum
sanples fromall the mce. An A405 nmoptical reading greater than 0.12

i ndicated a positive response. 20 Fig. 15 is a graph depicting the anti body
response in mce to serotype 14 polysaccharide 7 days after the third

i njection of the serotype 14 pol ysacchari de- pseudopneunpl ysin conjugate

In Fig. 15 and G3 are groups of mce uﬂggcted with 0.3 g, 1.0 g

and 3.0 g SpQAQﬁﬁQBA@f:qué:%Bﬁ G@eﬁtﬂ%&@pﬁ@T PEeAG-YePHQ IBNQ:dpardsent s
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Constructi essi on. Vi eudonneum)l Si occal
Aut ol ysi n, %h%plﬁﬁglﬁh@@c?&t&n @@ﬁ?«%@’ rot 5%%%?%@5%@5%@%&%0\‘780'[ or
for the Camtgrmm-qﬂpaﬁlea DNA Vaccine 5 pVAXl vector (Invitrogen) was
specifical]y e dev nment f DNA va cines.
constructi G@W@F&ﬁé@qﬁa ﬁgﬁtﬂ{wé %5%4 g\ﬁ*ﬁ:l?trg]ta éPﬁ*H?r%and
docunent, Lﬂaﬂﬂﬂﬁ%ﬁ&&r@@Ad?m@mwy@?ﬁbmﬂ@GA?Mﬂ?nSEQQD

I nfectious Di sease | ndications" published on Decenber 22, 199

C oni g aio @ﬁ?@%@i%ﬁ%k”ﬁé’éﬁfd@tﬂ@%ﬂ%@li?ﬂ’@}?mé’%rﬂfqde@V@athcam ng
Ready-to-gq ANER

cont ai ni ng s|E)tr %%ﬁﬁgﬁtenﬁﬁme pn a{r%ggt{(;@c\]g‘aﬁ%g% nﬁ%ﬁ%ssorép ‘ﬁ%}ﬁrﬁm was
per f or med geserelpSént2. 94C, 4 minutes for 1 cycle; 94C 1 minute; 55C 1

m nute; 72C, 1. u or. 30 cl es: an nut s for 15
The anplified B%ﬁnég‘o‘%cxtpmssmn ?Cg‘ésefl 2 Y esa y?e@gfl? TEYIae Wﬁ%gmgsnlcx@ gat ed
into sites thdf prict@olyMbptoteiRaif GEQ D Igeﬂeﬂabmsasmgge@%cﬂﬁ; depcoibed 2ZhovpSA- 42,
and pSA-41. Tﬁﬂesmegﬁnbi nant DNA was introduced into E. coli DH5a cells by

t r ansPor naing BE¥Ed by
(5’-GACTGCTAGCCACCATGGCAAATAAAGCAGTAAATGAC-3’; SEQ ID NO:4) and

LSYN-37 primer (5’-GACTGGATCCTTACTATTCTACCTTATCTTCTACCTGAG-37;
SEQ ID NO:7) to amplify the 1407 base pair DNA. The 1407 base pair PCR product was
then restricted with Nhel and BamHI and ligated into Nhel and BamHI sites of pVAX1

20 vector to generate pSA-42.

The pSA-41 expression vector eneodes a polypeptide consisting of amino acids 1-470
of the pneumolysin protein of SEQ ID NO:1. The insert was generated as described above
using LSYN-15 primer
(5’-GACTGCTAGCCACCATGGCAAATAAAGCAGTAAATGAC-3; SEQ ID NO:4) and

25 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 info Nhel and BamHI sites of pVAX1
vector to generate pSA-41.

Nugleic acids containing the unmethylated cytosine-guanine (“CpG™) dinucleotide in

30 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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digestion with restriction enzynes. The inserted gene was anal yzed by DNA
sequencing. In wvitro transcription and translation were carried out with
TnT kit according to the 20 nmanufacture's protocol (Pronega, Madison, W)
to confirmthe expression of the inserted gene. The pSA-8 expression
vector encodes a pol ypeptide consisting of amno acids 1-460 of the
pneurolysin protein of SEQ 1D NO 1. The insert was generated as described
above usi g tp Wg@syﬁyzw stymplating B-cells to proliferate and secrete immunoglobulin, IL-6

(5' - GACTCCRAGEGACRR ARG YN- 4
primer (5 - GACTGGATCCTTA@AGAGAGT?&TTCCCCAA%T%&%QI% MPT %)prﬁ%g% -5}
anplify thé- 1380 1B -pand (s, ATPNAIBEIE chesisting of an mmﬂwlatgmep(}was then
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pol ypept i dB--¢amkilsta, agd stimwlatemﬁD&tTFctsllslIezﬂ;ﬁdﬂuc@IL 6Iaaad ftNe pavoiny.si N pr otein of

SEQIDNO 1. T d
(5'Q GACTGCTA@%&%M’%%&nH g{?‘)ef&&%&&’&q? e%%%ﬁ F‘ﬁf‘)&%t 3 flomaip (lopase. 105

( GACT GGAT CEGRATACITR GABEATAACAGTTiGm SEQS L3 ﬁ&@pzﬁt)dd; ahicBipludeya emxﬂewz base

pair PCR pro uc was then restricfed with Nh %Bam-ll nd tedlnto
Nhel and BX Falpr FiRFCE fa%cyts&ﬁmgéﬁ%&éi bl Romerve amﬂ%gca

expr essi omnviﬁsér%ftﬁame@naatemwa?ﬁﬁ fadﬁiyctslaﬁéréltdu@e a@ﬁm@ﬂhﬂ@u@ﬁm%nsl 466 of
t he pneunol ysin protein of SEQ I The insert _was generated as

descri%bed W@y this @@pﬁ@ r@_@thgyT}g];qxwgy of pneumolysin significantly. The following

(5 - CACTCAA(ELA Mﬁﬁﬁ@&fﬁkﬁéﬁ@%ﬁf With aTHe 1111@11“!9 i‘&)ro Re s LSYN-17
prinmer (5'-GACTGGATCCTTACTAATCTTCTACCTGAGATAG 3 SEQ I'D 16) to
anpl i fy t HeAGESH Thrtsuclpetide rosition THi272 3881 Ldxd ppetimol PSR via m@@wcm@s t hen
restrict edana%JﬁeJ,\%eJl‘h Rﬁq%a?% Iclf%r!agl.ii 'oxgtggﬁn% JE n&%(%@i‘T il rgun%as{ﬁn;‘ulaF i es of

pVAXI vector enera éxpressi on vec Sodes a
pol ypept i deqenosisss ifoipwaf am no aci ds 1 469 of the pneunolysin protein of

SEQ 1R NO Aradlad AEER A B PR AR T AR S A LR A ROV ACGATAAAAAG
AAACTCTTGACCCATCAGGGAGAAAGTATTGAAAATCGTTTCATCAAAGAGGGT
AATCAGCTACCCGATGAGTTTGTTGTTATCGAAAGAAAGAAGCGGAGCTTGTCG
ACAAATACAAGTGATATTTCTGTAACAGCTACCAACGACAGTCGCCTCTATCCTG
GAGCACTTCTCGTAGTGGATGAGACCTTGTTAGAGAATAATCCCACTCTTCTTGC

20  GGTCGATCGTGCTCCGATGACTTATAGTATTGATTTGCCTGGTTTGGCAAGTAGE
GATAGCTTTCTCCAAGTGGAAGACCCCAGCAATTCAAGTGTTCGCGGAGCGGTA
AACGATTTGTTGGCTAAGTGGCATCAAGATTATGGTCAGGTCAATAATGTCCCAG
CTAGAATGCAGTATGAAAAAATCACGGCTCACAGCATGGAACAACTCAAGGTCA
AGTTTGGTTCTGACTTIGAAAAGACAGGGAATTCTCTTGATATTGATTTTAACTCT

25 GTCCATTCAGGCGAAAAGCAGATTCAGATTGTTAATTTTAAGCAGATTTATTATA
CAGTCAGCGTAGATGCTGTTAAAAATCCAGGAGATGTGTTTCAAGATACTGTAA
CGGTAGAGGATTTAAAACAGAGAGGAATTTCTGCAGAGCGTCCTITGGTCTATAT
TTCGAGTGTTGCTTATGGGCGCCAAGTCTATCTCAAGTTGGAAACCACGAGTAAG
AGTGATGAAGTAGAGGCTGCTTTTGAAGCTITGATAAAAGGAGTCAAGGTAGCT

30 CCTCAGACAGAGTGGAAACAGATITTGGACAATACAGAAGTGAAGGCGGTTATT
TTAGGGGGCGACCCAAGTTCGGGTGCCCGAGTTGTAACAGGCAAGGTGGATATG

)
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15 using LSYN-15 prinmer (5 -GACTGCTAGCCACCATGGCAAATAAAGCAGTAAATGAC- 3'; SEQ
ID NO4) and LSYN-3 7 prinmner

(5" - GACTGGATCCTTACTATTCTACCTTATCTTCTACCTGAG 3'; SEQ ID NO 7) to anplify
the 1407 base pair DNA. The 1407 base pair PCR product was then restricted
with Nhel and BanmHi and |ligated into Nhel and BanmH sites of pVAXl 20

tor t te pSA-42, The pSA-41 ' t d
pol ypept | deTAGHSI S PREGATTEAARRASEAGTAIGTTERCARC ASATRDT GSAPGR TG n of

SEQ I D NO deG e IO EACRRCEEOET R T AR TUSCAA PGUABITGE GAGCTYTER XN ALS
primer (5'-GACTGCTAGCCACCATGGCCAAATAAAGCAGTAAATGAC-3'; SEQ ID NO 4) and 25

LSYN- 38 prTHAEF AGAGHATAEERT CATHTIRAGHT TS TR CAPEPSCGBAGABITAGEQ | D
NO: 8) 't ey ' ' t
then oot 1 ey oA G e T R AT AL PR PPLOATTDRRPIAC o

of pVﬁX: "D@@TAFTGU*& W&G@TMQAAGNWTQAFHKEB@AGWTQ‘GG%CRMAAT
sequence caioonCEr T TR A ETAGPAAGRAT T TR B APAN Bl e

i m*rugier egSG}TANWMT:GEGTWMAGA@AQGMC?@GMGOGEGGGM?}“G?GGG_@EG}‘ Z O
ol i fer at ARG SA GAN R AR S AR R e Rttt
produce | FNs@GGAUIC AROTTTUTA TR CORATAGAAGATAAGET AT RAURT JAC (SEQ Ih- 12,
IL-18 TNT-a and IFN-a. A DNA notif consisting of an unmet hyl ated CpG

di nuctPeot i &P anked by two 5° purines and two 3' pyrimdines stinulates B
cells to produqg aﬁoth&-e@lb%@ﬂlehgthﬂe%mnﬂi_ﬁestﬁﬁalﬁqdé@m Sf&mﬁceTGﬁletﬂ@rﬁ Qadr oduce
n

IL-6 and I.FN-éJarma._ Structure-function analysis o eunol ysi n has
denonst r atie@odused (vaa sitsrddiceted mytagensedis) atmueladtids pasition 147220 118740fA at the C
term nus ' Leh.: b nel ysieinewresidue, is
critical 19%?&% P%ﬁ?@ﬁ’@’ﬂ%ﬂ%@e‘é@?ﬁ%@% @F %ltgﬁﬁlhghlrfg}econser ved anong
ot her nmenberdpofunidigsiia DNA wiic the watmadogtiyiubdiyrgisequbaoeis ys foBewer al  si ngl e

o o8 O\ AR AR} SPIELREER B AR ©
substi t ut eSAAINT OIS ATOCATOAGGONGAAA I TRA AR AN GTTIIOXINCA AGGAGGGT
AATCAGCTACCCGATGAGTTTGTTGTTATCGAAAGAAAGAAGCGGAGCTTGTCG
ACAAATACAAGTGATATTTCTGTAACAGCTACCAACGACAGTCGCCTCTATCCTG
GAGCACTTCTCGTAGTGGATGAGACCTTGTTAGAGAATAATCCCACTCTTCTTGC
20 GGTCGATCGTGCTCCGATGACTTATAGTATTGATTTGCCTGGTTTGGCAAGTAGC
GATAGCTTTCTCCAAGTGGAAGACCCCAGCAATTCAAGTGTTCGCGGAGCGGTA
AACGATTTGTTGGCTAAGTGGCATCAAGATTATGGTCAGGTCAATAATGTCCCAG
CTAGAATGCAGTATGAAAAAATCACGGCTCACAGCATGGAACAACTCAAGGTCA
AGTTTGGTTCTGACTTTGAAAAGACAGGGAATTCTCTTGATATTGATTTTAACTCT
25 GTCCATTCAGGCGAAAAGCAGATTCAGATTGTTAATTTITAAGCAGATTTATTATA
CAGTCAGCGTAGATGCTGTTAAAAATCCAGGAGATGTGTTTCAAGATACTGTAA
CGGTAGAGGATTTAAAACAGAGAGGAATTTCTGCAGAGCGTCCTTTGGTCTATAT
TTCGAGTGTTGCTTATGGGCGCCAAGTCTATCTCAAGTTGGAAACCACGAGTAAG
AGTGATGAAGTAGAGGCTGCTTTTGAAGCTTTGATAAAAGGAGTCAAGGTAGCT
30 CCTCAGACAGAGTGGAAACAGATTTTGGACAATACAGAAGTGAAGGCGGTTATT
TTAGGGGGCGACCCAAGTTCGGGTGCCCGAGTTGTAACAGGCAAGGTGGATATG
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GAGCGIT at nucl eotide position of 1272 and 1274 of pneunolysin (via site
directed nmnutagenesis). The nutated nucleic acid containing the GAGCGIT
i mmunostinulatory sequence is as follows: 15
ATGGCAAATAAAGCAGTAAATGACTTTATACTAGCTATGAATTACGATAAAAAG

AAACT CTTGACCCATCAGGGAGAAAGTATTGAAAATCGT TTCATCAAAGAGEGT
AATCAGCTACCCGATGAGTITTGITGT TATCGAAAGAAAGAAGCGGAGCT TGTCG
ACAAATACAABTASHGGACTEPATEABAN : CLTACARTASTETCATCCAGGCTTG

G LT IR R daccrrrcanna

GATAGCTTTCTSGAACHEAETATGTT ARSI TAAGGTER CGGAGATTTACT

?ﬁiﬁ%&%ﬁ%ﬁ%ﬁ%@%@ﬁ%ﬁﬁmmmmm

AGTTTGGT TCTGBCR GAAGTOATABCFITTAABCUITASGACAGAAAT

: @é‘ﬁ%} WMMGGGMTGWC

AARACTAGE M ATCAGNGAGCETECCT T ETAE6TGGGAATGGTGGCG
TTCGAGTGTT&X eeun AAGTCT ATCT CA'KG‘W@?A"AACCA GTAAG
AGTGATGAA ARAAL , nAEASRIHASITAGEF GBACGATTTCTATT
CCTCAGACAGPW@@TET 1}4\5& GTGAAGGCGGTTATT
TTAGGGGGECGACCCAAGT TCGEEGET G?%%? TGT AA@CQCXBCAAGGT GGATATG 33
GTAGAGGACT TGATTCAAGAAGGCAGT CCCTTTACAGCAGATCATCCAGCECTTG
DT TG ELDE '&.ura-am CTT TCAAAA
GAAARCGEAGATT TACT
GCTGGATCATAGTGJHWH@WWMﬁM@AAIMB&S& (Aly) polypeptide.

%@$%%WA @?}Q@%@é@%{&ﬂm beads containing

GT AAT CT CT (el €z & Erh Pl GRS bl el i g dall THACKRF6anbadmhCONACIE R was performed as

TACGGT TTATGAAAAAACCGATTTGCCACTAGT GCGTAAGCGGACCATTTCTATT
follows: 94°C, 4 minutes for 1 cycle; 94°C, | minute; 50°C, 1 minute; 72°C, 1 minute, 15

seconds for 30 cycles; and 72°C, 10 minutes for 1 cycle. The insert was generated using

LSYN-74 primer

(5’-GACTAAGCTTGCCACCATGGAAATTAATGTGAGTAAATTAAG-3"; SEQID

NO:11) and LSYN-89 primer (5’-CTGACTCGAGTTATTTTACTGTAATCAAGCCATC-
20 3%; SEQ ID NO:12) to amplify the 948 base pair DNA.

PCR-synthesized DNA was digested with HindIII and Xhol and ligated at HindIil
and Xhol sites of pVAX1 to generate pSA-59 (Aly). The recombinant DNA was introduced -
into E. coli DHS« cells by transformation checked by digestion with restriction enzymes,
HindIII and Xhol. The Aly insert were confirmed by DNA sequencing. In vitro

25 transcription and translation 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

30 AATGAAGCGGATTATCATTGGCGGAAAGACCCAGAATTAGGTTTTTTCTCGCACA
TTGTTGGGAACGGATGCATCATGCAGGTAGGACCTGTTAATAATGGTGCCTGGG
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TGGGGAACAACTCTCTATCCTCAGGTAGAAGATAAGGTAGAAAATGAC (SEQ ID 10 NO9). In
anot her enbodi nent, the i nmunostinul atory DNA sequence GAGCGIT was

i ntroduced (via site directed nmutagenesis) at nucleotide position 1272 to
1274 of a pseudopneunol ysin having 33 nucl eotides deleted at the
C-termnal. The pseudopneunolysin DNA with the inmunostimnmulatory sequence
is as foll ows: 15 ATGGCAAATAAAGCAGT AAATGACTTTATACTAGCTATGAATTACGATAAAAAG

AATCAGCTA AGTT A ‘
ACAAATACAA%W ARG ASE, '
GAGCACTTUW@M?@WW@@T@%CAGGGAGTTT

GGTCGATCGT TGACTTATAGTATTGATTTGCCTGGI TTGGCAAGIAGE
GATAGCTTT AR e CCAAACAACCACTC

AACGAT TCT REASERET FEEATCAICIA %WWT@W@TTAGCCGTGAGCA
CTAGAATGCAGTATGAAAAAAT CACGGCT CACAGCAT GGAACAACT CAAGGT

A@TTWTW@W@WW@TW@ﬁGCA@M@M

TR T RGO TIAT T AAAAGACAAGTTT

CGGT AGAGCATATAMAASECAASSBBATT CEEIAGNAITI IETATAGTETTAGGCTATATGCTTGCAG

TTCGAGIGIT
AGT AT CAAG AR T TR R AR SRR T ceanTeaGaea

CCT CAGACAGAGKIGRAETACA G TERARA SPAYCAGREGUGESAEICAGTGETACTATTTCAACGAAG

T ACAGOACT FR A REA RO AT AR FOAREACRA AL TT CGTACTACTTAG

CCGATTTCCT AN AAGA RGIGACE N T ARA TGO GTIAMTAABACAGCGGACGGAA
TAGTACAGACTATGT TGAGACT AAGGT TACAGCT TACAGAAACGGAGATTTACT

CCTCOATATABFGERIETAT MG HOA R ARG ASIAGHE AAGCCAGAATTCA
TOCTATGAT CAR AR AERIGTSEE BRI RARRT L RARBAGHNG: 13).

15 The amino acid sequence encoded by the pSA-59 Aly insert is as follows:
MEINVSKLRTDLPQVGVQPYRQVHAHSTGNPHSTVQNEAD YHWRKDPELGFFSHIV
GNGCIMQVGPVNNGAWDVGGGWNAETY AAVELIESHSTKEEFMTDYRLYIELLRN
LADEAGLPKTLDTGSLAGIKTHEYCTNNQPNNHSDHVDPYPYLAKWGISREQFKHDI
ENGLTIETGWQKNDTGYWY VHSDGSYPKDKFEKINGTWYYFDSSGYMLADRWRK

20 HTDGNWYYFDQSGEMATGWKKIAEKWYYFNEEGAMKTGWVKYKDTWYYLDAK
EGAMVSNAFIQSADGTGWYYLKPDGTLADKPEFTVEPDGLITVK (SEQ ID NO:14).

E. Cloning and Expression of N-terminal Pneumococcal Surface Protein A (PspA) Gene

The pSA-60 expression vector encodes a 459 amino acid PspA polypeptide. The type
25 19A PspA gene was amplified by PCR using Ready-to-go PCR beads containing primers and
templaté 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’; SEQID
30 NO:15) with LSYN-78 primer
(5’-GACTCTCGAGCTATCCATCAGGGCCTAACTCATTAAG-3’; SEQ ID NO:16) to

36



GGGCAGGATTTAACGGCTCACTTTACCACTAGTATTCCTTTAAAAGCGAATGITC

GTAATCTCTCTGI CAAAAT TAGAGAGCGT TCCGGGCT TGCCTGCGAAT GGT GECG

TACGGT TTATGAAAAAACCGATTTGCCACTAGT GCGTAAGCGGACGATTTCTATT  TGGGGAACAACTCTC
(SEQ ID NGO 10). 10 D. doning and Expression of Pneunococcal Autolysin CGene
The pSA-59 expression vector encodes a 316 amno acid autolysin (Avy)

pol ypeptide. The Type 19A Aly gene was anplified by PCR using Ready-to-go
PCR beads amplifgithe ¥3G7 bpsd pm‘rBNAn (ﬂ‘CR&*lymheeti:&dfm@mW digmeabwdth[ﬁilmﬂ and

chr onoso f for 1
el or o hoxchal s e HER R b Riel 88 o3 BV AR 1 8 WRperste s A b TRBA P ¢

cycl es; anficc?@ﬁnar&@m R @RrddQEedknte VC Eddi DHBE cEINSHY &anm&ngﬁiﬁ&ha‘ﬂce&ibyds i ng
LSYN-74 priner (5' - GACTAAGCT TGCCACCATGGAAATTAATGI GAGTAAATTAAG. 3" ; SEQ | D

NO 11) an@gzsswwt@ rpstiigton epsymesTEadifomd ok Theseh apasirtanerinRd byo 3
SEQ Iy iq%.? %hﬁeél@iﬂlél i YieohEan 41%&91?&&’1 1Rkt dNGas (B%d%w%vlft@?h"r gt DNA vas

di gested vmt and Xhol d l1gated at H ndl and Xhol sites of
PVAX 1 to (ferreegi MagBsn,SU T adtoniing Knmamdasturdis mmcorbmonégn therexprgsriaef i nt o
E. coli DHEﬁ §ﬁlls by transformati on checked by digestion with restriction
enzynmnes, ‘ah and Xhol. The Aly insert were confirnmed by DNA

sequenci ng. | n ThdnuleZbadid seqaarck pf the pS A+60 PspAnsderttis afollass:carri ed out with

tont i rm i neTEEAeARGC oA A Rr LR AR AR CIRTBRTGGR g
Ay ifpsert GCAGIGARMAMSTCTGAAGCTGCTAAGAAGGCTTACGAAGAAGCTAAAAAGAA

AT%TTAATGI’ GAGT AAATTAAGAACAGATTTW ' CTGAGGCAA

AT AR R S T RS GACIACOATEAGECIA A AT NG XANGCCACTTTGCTG
TTGI TGEGAACGGATGCAT CATGCAGGT AGGACCT GT TAATAAT GGTGCCT GGG
A@TM@WWMWT@MCGTCWTTTCGGA

AT A RPAAGAEATAGAGAATGCTA

15 AACAAAATTTACAGAATAAACAGGAAGAATTTAATAAGGTTAGAGCAGAAGTA
ATTCCTGAAGCAAAGGGGTTAGCTGTTACTAAACAAAAAGCGGAAGAAGCTAAA
AAAGAAGCAGAAGTAGCTAAGAGAAAATATGATTATGCAACTCTAAAGGTAGC
ACTAGCGAAGAAAGAAGTAGAGGCTAAGGAACTTGAAATTGAAAAACTTCAAT
ATGAAATTTCTACTTTGGAACAAGAAGTTGCTATTGCTCAACATCAAGTAGATAA
20 ©  TTTGAAAAAACTTCTTGCTGGTGCGGATCCTGATGATGGCACAAAAGTTATAGAA
GCTAAATTAAACAAAGGAGAAGCTGAGCTAAACGCTAAACAAGCTGAGTTAGCA
AAAAAACAAACAGAACTTGAAAAACTTCTTGACAGCCTTGATCCTGAAGGTAAG
ACTCAGGATGAATTAGATAAAGAAGCTGCTGAAGCTGAGTTGGATAAAAAAGCT

. GATGAACTTCAAAATAAAGTTGCTGATTTAGAAAAAGGAATTGCTCCTTATCAA
25 ATCAAAGTCGCTGAATTAAATAAAGAAATTGCTAGACTTCAAAGCGATTTAAAA
GATGCTGAAGAAAATAATGTAGAAGACTATATTAAAGAAGGTTTAGAGCAAGCT
ATCGCTGATAAAAAAGCTGAATTAGCTACAACTCAACAAAACATAGATAAAACT
CAAAAAGATTTAGAGGATGCTGAATTAGAACTTGAAAAAGTATTAGCTACATTA
GACCCTGAAGGTAAAACTCAAGATGAATTAGATAAAGAAGCTGCAGAAGATGCT

30 AATATTGAAGCTCTTCAAAACAAAGTTGCTGATCTAGAAAACAAGGTTGCTGAA
TTAGATAAAGAAGTTACTAGACTTCAAAGCGATTTAAAAGATGCTGAAGAAAAC

37



ACGCAAT CTAGCAGATGAAGCAGGT TTGCCGAAAACGCT TGATACAGEGAGTTT
AGCTGGAATTAAAACGCACGAGT AT TGCACGAATAACCAACCAAACAACCACTC 5
AGACCATGT GGATCCATACCCT TACT TGGCAAAAT GGGGCATTAGCCGT GAGCA
GITTAAGCATGATATTGAGAACGGECT TGACGAT TGAAACAGGECT GGCAGAAGAA
TGACACTGGECTACTGGTACGTACAT TCAGACGECTCTTATCCAAAAGACAAGITT

GAGAAAAT CAGTTCAGGCTATATGCTTGCAG
OoCr oA AR A R A R A e T EA AUV ABEEE T CTGATAAA AA A

AAATGGCTA TAAARKETACT AGATAAGAEAA A AAGCATTAGAT
AAGGTWCTGGGT GTACAAGGACACTTGGTACTACTTAG

ACGCTAAA e AT ARAAPEHEGT RS SERCACRBETN
GGCT A
CACTAGAGUCAGAT S B A Tt Gi(fésaEé QE S % f ggg bR is 25 Folgweici g s equence

encodetd by MERARSISGSK AEK DA VKKSEAA KIS AVERAKKK AEDAQKK YDEDQKKTEAK.

VNGV I AL TYAAVELT L KR ARV R RS TNERKR QLABISR EENAK N

LADEAGL PKTQB‘!@WWW&WW YATLKVALAKKE

HTDGUNYE DL AR AR R AR BN TE A 04 GTKVIEAHNKGEA

EGAI\NSNAFI Wmmﬂmtwqumm&mmm -
and pres | umococcal Surface Protein Ps A) Gene The
pSh- 61 exor HECTE DA FLBR e R OB &G iV BB B R E U N PIAA F A T T

type 25 1Qmmmrm>mmu\*rgﬂmm EL%I@@{.B%%%ME%%\;S omﬂ%ﬁd/x oOR

cont ai ni ngl{rgrl ners and | ate from pneunococca
r

was perfo &%@%YT%I«@SDL EENNY B ¥ ¥X HGDHALTOKE VEIANNTQRALMIAQK 50C,

1 m nute; for 30 cycles; and 72C, 10 minute for
| cycle. Tﬁ%ﬁjrﬁéertL%I?ééﬁgﬁgﬁggq@m ng LSYN-90 (5' - GACTAAGCTTGCCACCATGGAA

GAAGCTCCCGTAGCTAGTCAG 3'; SEQ I D 30 NGO 15) With LSYN- 78 pri mer

(5" - %UU%%ﬁT%%WW%cmﬁéG 3'; SEQID NG 16) to 36

Plasmid vector pSA-7 encodes a full length pneumolysin protein. Type 19A Ply gene

was amplified by PCR using Ready-to-go PCR beads containing primers and template from
Preumococcal 19A chromosomal DNA. PCR was performed at 94°C 4 min for 1 cycle,
94°C 1 min, 55°C 1 min, and 72°C 1.5 min for 30 cycles, and 72°C 10 min for 1 cycle.

20 LSYN-15 primer (5-GACTGCTAGCCACCATGGCAAATAAAGCAGTAAATGAC-3 i
SEQ ID NO:4) complementary to Ply nucleotides 1 to 24 at 5° end was used with LSYN-3
primer (5’-CAGTGGATCCTTACTAGTCATTTTCTACCTTATC-3"; SEQ ID NO:3)
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

25 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 DE5a. 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,

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

114 amino acids at the C-terminus of Ply). Type 194 Ply gene was amplified by PCR using
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anplify the 1377 base pair DNA. PCR-synthesized DNA was digested with

H ndil and Xhol and ligated at H ndlli and Xhol sites of pVAXlI to generate
pSA-60 (PspA). The reconbinant DNA was introduced into E. coli DH5a cells
by transformation checked by digestion with restriction enzynes, H ndll|
and Xhol. The PspA insert was confirmed by 5 DNA sequencing. In vitro
transcription and translation was carried out wwth TnT kit (Pronega,

Madi son, \Mgadgas-s BCRGehds continiranirimes sndieoplaedtont Bnaymetdgeal ke expr essi on

R

GCAGT GAAAADA TSNS Gt & BAAGALFRT TACGAARAAGITABRAAGAAN-15 primer
AGCAGAAGACGCT CAGAAAAAAT ATGATGAGGATCAGA “ AC.3°: SEQ ID NO:4)
AACCEOAT CATEATSRGNAAL 53 SEQ

%%M&%@%Tﬁ MIEWQEWWMTWTWN 6 primer (5°-
) TAGATAAAGAGQ&@%% 0:19) complementary

ST PP o oo

AGAGCGAAWGAA@WAWWWMMWW%M with Nhel and

ATGAAATTTCTA ‘ o oS A
T CAAAAATRA T TR RAR A Rectbl to generate p

GCTAABTTAARCARA GIcHGHAY ARG GITORST TAISDA ransformation and
AT CAGCAT AT PRI AET G RO DT AT msemd pe 19

GATGAACTT AT Tt AGHIAAGHINA SSGEEGGTBATCAA 25
ATCAAAGTC%M’ TTAAA SF%GAAATTGCTAGACTTCAAAGCGATEAAAA .
GAT GCTGAAGAAAA TS AestoxpidTAraneedos sl fanthprenpelisipparrying a CpG motif.

ATCGCTGATW N ;ﬁ‘éﬁé@ oligonucleotides
CAAAAAGAT ?%GAACTTG&AAAAGT TTAGCTACATTA yOug

GACCOS GAAGETAZRATKDMAERT (el TaaimAxacasdir eame A EBATad FCR2. The second
ptimers LSYN-15 and LSYN-3 are complementary to sequences lying N and C-terminal of

pneumolysin, respectively. In separate amplification, the first PCR products, PCR1 (1.2 kb)
and PCR2 (150 bp) were generated by PCR using Ready-to-go PCR beads containing
primers LSYN-15 and -34 (PCR1) and LSYN-33 and -3 (PCR2) and template pSA7

20 containing full-length pneumolysin gene. The first PCR products were mixed and denatured
and used as templates to generate second PCR product, which was primed by the second set
primers LSYN-15 and -3. The second PCR product was cut with Nhel and BamH], and
cloned at Nhel and BamHI of pVAX]1 to generate pSA-26. PCR was performed at 94°C 4
min for 1 cycle, 94°C 1 min, 55°C 1 min, and 72°C 1 min for 30 cycles, and 72°C 8 min for 1

25 cycle.

“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);

30 LSYN-33 primer (5’-CAAAATTAGAGAACGTTCCGGGCTTGCCTGGGAATGG-37;
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30 AATATTGAAGCTCTTCAAAACAAAGT TGCTGATCTAGAAAACAAGGTTGCTGAA
TTAGATAAAGAAGT TACTAGACTTCAAAGCGATTTAAAAGATCCTGAAGAAAAC 37
AATGTAGAAGACTACGTTAAAGAAGGCTTAGATAAAGCTCTTACTGATAAAAAA
GITGAATTAAATAATACT CAAAAAGCATTAGATACT GCTCAAAAAGCATTAGAT
ACTGCTCTTAATGAGT TAGGCCCTGATGGA (SEQ I D NGO 17). The am no aci d sequence
encoded by the pSA-60 PspA insert is as follows: 5

MEEAPVASQSKREHDYHIARUK KSEABE AInEAKKKAEDAQKKY DEDOQKKTEAK

ADKEAKASAEI TFAV Al

KGR RRVER L BEARA AT KR N AR A R IR A A IACRAR STQ ID NO:21),
VEAKELEI EKLQYE! $d E6EndfhAthitya M%BMWMMK&E&MSfomanm and
ELNAKQAEL AKKQTEL EKL L DSL DPEGKT QDEL DKEAAEAEL DKKADEL KVAD

LEKG APYQ m&mlgm@mﬁmmm Ll&ﬁ&ferted type 19A

ONI DKTQKD'-EJ% Jaﬁgﬁ Egéﬁh EDAMN AL IHIYA
KVAEL DKEVTRL AEENNVE Yg§ DKALTDKKVELNI\FI' LDTﬁ ALBTALNELGPDG ( SEQ

D N18) . 15 EXtampldaventor piaugunep CpOome(i vensdsmds tmusrininasdet 6F
SA-7 d f ul
£ o BiRud 1578 ORI Y SRR A B oy POV, Rokaiflffi o 12

t0-go s contalning primers and
tenpl ate f tmﬂpleﬁaﬂmmﬂxgomaﬂ}eohﬁék oehymgﬁlpﬁkmbtxﬂmlﬂue 3pERnim.svgre nfedtorpdmat  94C 4

r77122: zgr i n%?f‘&l a&d B%ﬁe]rh%e‘?ﬁ Eé:ri%rs g}s@%fsnand 25%1&3 artmo%pl&{len%gy?(y cles, and
(5 PlGMiT GCFMSEWM??T@M&Z%@MMM& Bespcctﬁﬁsa epidate)anpdifipdteme nt ar y
to nucl eot i des to at th LSYN-3 - .

(2 AT ot PR et PR e e St (R v b b CR RiRe ar y 1o
Py nucl eo@e%to@%ﬁ@eahé%&tﬁhmg nﬁﬁgs ESYI@-'TBIahd B4t(her1ydnd itsaae-3pand -3DNA
encodi ng the 471 'am no acid Ip h, wild ty |loe Ply protein. The

PCR- synt he§fGR) apiteragate Pﬁérf’eﬂmﬂt%%g lém%hipwufﬂﬁ’ ¥edet&nd BarHl and |i gat ed
into Nnel and B%%rs?b&ﬁ%r&iucﬁ%tﬁé %@é&l’&ﬂ%d\/&ﬁ& L a’é@erﬂ;ﬂﬁ't@é’ Rifnfadal-

The reconbi nant ntro d into E col DEba cel
t r ansfior masécond BER prodck edidiywipgesdiby rﬂlamecwdrsetstrmm L&Weﬁz@ﬁeé , The

second PCR product was cut with Nhel and BamHI, and cloned at Nhel and BamHI of
pVAXI to generate pSA-27. PCR was performed at 94°C 4 min for 1 cycle, 94°C 1 min,
55°C 1 min, and 72°C 1 min for 30 cycles, and 72°C 8 min for 1 cycle. The oligonucleotides
of primers LSYN-3, LSYN-4, LSYN-15, LSYN-33 and LSYN-34 are as follows: LSYN-3

20 primer {5’-CAGTGGATCCTTACTAGTCATTTTCTACCTTATC-3’; SEQ ID NO:3);
LSYN-4 primer (5°-GACTGGATCCTTACTAGAGAGTTGTTCCCCAAATAG-3’; SEQ ID
NO:5) LSYN-15 primer '

- (5-GACTGCTAGCCACCATGGCAAATAAAGCAGTAAATGAC-3’; SEQ ID NO:4);
| LSYN-33 primer (5’-CAAAATTAGAGAACGTTCCGGGCTTGCCTGGGAATGG-37;

25 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.

30 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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Nhel and BanHl . The inserted type 19A wild type Ply gene was confirnmed by
DNA sequencing. 30 Plasm d vector pSA-10 encodes a C-termnal truncated
pneunol ysin protein (lacking 114 amno acids at the Cterm nus of Ply).
Type 19A Ply gene was anplified by PCR using 38 Ready-to-go PCR beads
containing primers and tenplate from Pneunbcoccal 19A chronosomal DNA. PCR
was performed at 94C 4 mn for | cycle, 94C 1 mn, 55C 1 mn, and 72C 1.5
m n for 3Oaffordédgmrpteatieh 4pA@stlidfentions fagentd thmty:utrmtlm}ﬂ\gtba mrobiems fof Saccine

GACTCGCTA GT
Ply nucl % ?@%s%?xpgnmgﬁgé%%s wgmecpnrne,t egyﬁ_e lvnh% r?é&ﬂ%g%ﬁgnt ary to

CTGAGGAT CODNAG At d B AAed tGETntainSlysin PEoRih Dltblﬁhthajuvmurrpl enmentary to Ply

nucl eoti des 10 4 t0l1071 at the. 3 end.to a Ii.f 071 base i.r DNA
encodi ng a 357 é‘éa&&qp dsBringARaAnti@ney ﬁ*’té“&??h' FERYPa Y %{Sf‘ﬂsgﬁr?ent

was treat eghitik-bbhoshbedteder pRaddphedislydid DRtAechctintonNId es@rititd Badvil Lihésels of
pVAX1 expression vector to generate pSA 10 10. The reconbl tepSNA
by

i nt r oduced2iand g represest 1meE§de%P@ll5|e§ 7 dyyseftarasfiist thhtseennd d Ak an
di gestion ugcpuﬁltr E&ﬁi S C 0 ¥ ﬁ'?fNA Nﬁ@cinaﬁ&g Baetl reprz&%ts'tﬂesl%ﬁﬁoﬁ% {o/@s19A

pseudopneunol ysi n g i rmed DNA ‘sequenci ng. Plasm d vect or
pSA- 26 enc@ﬁ@s;rcuelfabbbstK@Qg&gprpmdwﬁnysﬁane & denigts thy aatibpy regnopge, 10 WWl mer s

LSYN- 34 an | | -gat

Gartying. TSN P00 RE oAy BB bt SURLEIRA (AL ARG, BRMERRS . 20 e
seconeb pri demasicRY Mt tlﬁe@inj;tcﬂixﬁaYNfBl\h\r plucobgpisewitn pmten tan sedfisadighet yi ng N
and C-termnl of neu tlvel I n sepapate i on,
the first E?ﬂ’f’fg'{s rﬂﬁ%ﬁd'ﬁft?ﬁﬁlﬁw P&%ﬂ“&&fﬁﬂw 13%81 E) SL%EBH géé‘rllgar%at ed by
PCR usi ng Readym ga:cRieR 9&@@§alﬁ@mmumoneprebme@tﬂosm%mﬂm in3Me ( PCRL)

and LSYN-33 and -3 (PCR2) .and tenpl ate pSA7. 20 nt ai ni full-length
pneunol ysi ﬁﬂ@‘é’fﬁéfl%legﬁc é‘iafﬁ‘ﬂk"gﬁﬁ’&&éf)é e il ﬁ%ﬁ@d‘”ﬁﬁ‘?&a REFS% ed  and used

as tenpl at ﬁ&aﬁlﬁsﬁwgl%%oﬁ%@&%eﬁmum&&mﬁd e SHBAWIE ik ”ﬁﬂ:e%r& he second
set priners LSYN-15 and - The second PCRzproduct was cut w th Nhel and

BarH! 15 andinjestedrveith Adosehef 10s IRApeaip WiZ YerkgaigeikibetrsaitrgniopiRsvas

]Pg; f g{)mgSC 7 %438 g’tesgfér}iéltaﬂﬁﬁé?&y fleQerudiSdis CWIQG an@fodiesWdte m@lredds 1 M N

ELISA The mice that received 4 1nject10ns DNA vaccines produced 9600 fold more IgG

Ab thati did the control group. These results indicate that plasmid DNA can express

autolysin or pneumococcal surface protein A antigens in vive and stimulate the immune
20 system to produce high levels of specific IgG antibodies in mice.

Fig. 17 is a graph of the antibody response to pneumococcal surface protein A 7 days
after the fourth injection with the PspA DNA vaccine. Fig. 181s Va graph of the antibody
response to pneumococcal autolysin 7 days after the fourth injection with the autolysin DNA
vaceine.

25
Example 8: Protective Immunity and Cross-Protection Against Challenge With

Heterologous Serotypes of Virulent Pneumococci

Mice were injected intraperitonealy with three doses of 2.5 ug serotype
14 polysaccharide-pseudopneumolysin (-7 amino acids) conjugate at 2 week intervals. In
30 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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25 cycle. The sequence of prinmers LSYN-3, LSYN-15, LSYN-33 and LSYN-34 are
as follows: LSYN-3 priner (5 -CAGIGGATCCTTACTAGTCATTTTCTACCTTATC- 3'; SEQ
ID NO 3); LSYN-15 priner (5'-GACTGCTAGCCACCATGGCAAATAAAGCAGTAAATGAC- 3';
SEQ ID NO 4); 30 LSYN-33 primer

(5" - CAAAATTAGAGAACGTTCCGGGCTTGCCTGCGAATGG 3" 39 SEQ I D NO 20), LSYN 34
primer (5'-GCCCGGAACGTTCTCTAATTTTGACAGAGAGATTACG 3'; SEQ I D NO 21). The

r econmbi nanforiphig weitd picumocchstedil mit .oTlE exaol iumbEsef G&AJ per mijliliteranisttod mas i on

and check by di.gest.ion restriction. enzyngs el | .. The

i nserted t§%%m§’§%tg'p\j\? P 80l{n\;‘/m8}ég}5f§/§%’8%%g%§?a%i%\tglr’rg’ "c%%h‘ r?ﬁlfsﬁhgﬁ/aggwgn r |g-r med
by DNA sequknafd pQuL Bf bloi sanvdest deaghShedé weonplaied snta skl bintliagargriate emt odes a
C-termnal .truncati of .pneunolysin,. (11 amn no i dg .del eted), Priners
UV, 34 aniicrasd 597G Sirmiftl; HEmitien Sripn B B 6R e SR siontrst
carryifng CacmBwdd samblel bEcodjughRivatdiatedvice raladd té orfrolselioviGRch ARz CR2.
The second priners LSYN- 15 and LSYN-3 are conplenentary. t 1& sequences
lying N and G tBenihdewsbagied fsrgagedron el ic\’;&‘%ﬁm‘l“ﬁmézégéf’r‘ gserbiype
anpl i ficat '1@B@lysécﬁﬁﬁﬁé-‘b%udgﬁmﬁﬁlggﬁg&ﬁung@Bﬂxer( dhallerlgd waddyRGE2 (150 bp)
were generated by PCR using  Ready-to-go PCR beads containing priners
LSYN- 15 angreugwegeRiherawerespuiican dafierencgs (RBEH) pf @Rls betwpiidthe coygpgate

cont ai ni ng u i i rst. PCR products were m xed
and denatu?ed#éa%ggﬁgfe%o%qfgpﬁ%ﬁgtﬂégg?glgﬁ%hﬁg% ‘e a 15 second PCR product,
whi chiovas pri meBigh30 shhers badaral clembtngerfiame ths bW fifcedimanunized Wi a sgeaimsd PCR

Product g S PGB O B Pl Sk 0 Pl PV
55C 1 min, Thdre wéeGignifidant dicferedehs (§<).@ of OFU's Baen thierodjagatd arcy/RIB® trealérk
AR G O RV M (T A E e T R
SEQ I' D NO }th thelcaxudte RekdBbvided croMpre¥stidnE st AR Titeh Heletd eI AG 3" ;
SEQ ID NG 5) LSYN I5 priner .
15 pneumococcal serotype.
Fig. 21 shows bacterial clearance from the blood of mice immunized with a serotype
14 polysaccharide-pseudopneumolysin conjugate when challenged with type 6B
pneurnococci. There were significant differences (P<0.05) of CFUs between the conjugate
and PBS treated groups at 1, 3, and 5 hours after challenge. These data also indicate that
20 mice immunized with the conjugate were provided cross-protection against challenge with a
heterologous pneumococcal serotype.
Fig. 22 shows bacterial clearance from the blood of mice immunized with a serotype
) 14 polysaccharide-pseudopneumolysin conjugate when challenged with type 18C
pneumococci. There were significant differences (P<0.01) of CFUs between the conjugate
25 and PBS treated groups at 1, 3, and 5 hours afler challenge. These data also indicate that
mice immunized with the conjugate were provided cross-protection against challenge with a
heterologous pneumococcal serotype.
Figs. 23-25 show bacterial clearance from the blood of mice imm&nized with a
serotype 14 polysaccharide-pseudopneumolysin conjugate when challenged with type 23F
30 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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(5" - GACTGCTAGCCACCATGGCAAATAAAGCAGTAAATGAC-3'; SEQ ID NO 4); LSYN 33
primer (5'-CAAAATTAGAGAACGTTCCGGGCTTGCCTGCGAATGEG 3'; 25 SEQ I D NO 20);
LSYN-34 prinmer (5 GCCCGGAACGTTCTCTAATTTTGACAGAGAGATTACG 3'; SEQ I D NO 21).
The reconbinant DNA was introduced into E. coli DEb5a cells by

transformati on and checked by digestion with restriction enzynes, Nhel and
BamHl . The inserted type 19A pseudopneunol ysin gene carrying CpG notif was
confirmed BlesDhitasksqimsimiathat 80e Anmaicédwith e coyegpicawemipratidedisrasl s prim ng
with a DNA vect.or and ting.wdth I ' ed in the
generat i onPGre° Orh?% hns} %\%g?nggf“gtgpae%ﬁt?rglgg@ﬁ%ﬁ%@f Q%%%I%e??t e!’;‘ome cases, 40

af forded protection against infectious agents that currently pose great
probl enms far ceine devel opnent. In these experinments, rabbits were
primed t hr E82 PR REOROPIASITEER8¥AYsin  DNA vector and boosted with a
pneuntd ysin protein without adjuvant. Fig. 16 is a graph depicting an
anti - pneunol ysin anti body response in rabbits using a 5 prime-boost
strategy f&—2BIRGPRASRSUENSHB N DNA vacci nati on, as descri bed above. Lanes

GlonhI MRS, SESRANSES afaifl@XsroBbE o4 pledidobical 1), second

1, 2, and 3 rrplqeeﬁg
(2), and third (3) intramuscul ar pseudopneunpl ysin . vacci nation. Lane 4

r epr esent spelligcelasigesemesurpdiby anpsanopkrgeesic 45BH YRS hvoa g pneunol ysi n) .
Lane 5 dep | PAARES, Al §deilty dlilie@ P01 fn 2P0
pneunol ysi h&ﬁgkgﬁ%&%%gﬁﬁ%ﬁe% 1 'té?l gy‘gﬁj@uyang. %e@e"sql?s 10 :
denongt r at ef ¢akBsertthisaeple mjae combinsd with DNALIf bacteriab suspensignt pontaiaingi n can
result in a_higher tihody r.esponse ¢o . e . I G rotein
vacci nati O?Ppﬁ%’gﬁ%tgiyujsﬁar%ﬁgﬂlybé%‘jnE’\e%{n%umq&%%%rgétlrl cﬁ@?%@%gb@aﬁ’gl%SA 60, and
one vect or miandst Alfiepir@sttion AL bfbabheabbi complemefit shA @0 g Leef@MND (4x 16t al

volume of 0.1 nL in 1 x PBS, were .each injected intramuscul arly into both
quadr i cepsc‘ﬂé%E’Fré agﬁledhiTlli‘ﬂn}l?‘Wffswﬁfln ﬁ?i@) ﬁ?éﬁ‘.ﬂ ﬁ\ﬁq}&gaﬁéfnéosf rFﬁ]rg@t ed with
4 doses of QP ToldbiBin/AglE BABcoMntsha 20 WE akquiod Fi\eatissAgllyRaNinbéifated on

injections. At 7 days after the final injection, the serum.|evels of 1gG

ant i b¥di es'ripiFae poad agsealatsy andtkeps Al SR vamizht t Gappippedicoatolindiijed allitshs - DA
vacci nes, pfefagéf&seacﬁﬁ%qoaleg,tmeﬁniog&cw@psbmagdc%é RRrCORE TPorted Q4Re  These
results indiCate that plasm d DNA can express ~autolysin or pneunococcal
surface prueprosalrofiig highassserum dilytigorawith 2 69 Aukilling of hact¢rimmpnwared with

growth in the complement.

20 B. Phagocytes
Fresh PMNL were isolated from peripheral blood of a healthy adult volunteer by

dextran sedimentation and ficoll (ICN Biomedical Company, #16-922-54 Lymphocyte
| Separation Medium) separation of mononuclear cells and PMNL. Red blood cells were lysed
with ACK lysis buffer (BioFluids, Catalog number p304-100). The final concentration of
25 cells was adjusted to 1 X 107 cells/mL in BME (Life Technologies GIBCO BRL, Basal
Medium Eagle). 40 pL of PMNL 2-4 x 10° cells was used for each sample.

C. Mouse Serum and Bacteria

Mouse antisera against 14 polysaccharide were serially diluted in brain-heart infusion
30 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 $. pneumoniae serotype 14) at 37°C for 15 minutes.
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20 systemto produce high levels of specific IgG antibodies in mce. Fig.
17 is a graph of the anti body response to pneunococcal surface protein A7
days after the fourth injection with the PspA DNA vaccine. Fig. 18 is a
graph of the antibody response to pneunococcal autolysin 7 days after the
fourth injection with the autolysin DNA vaccine. 25 Exanple 8: Protective
I mmunity and Cross-Protection Against Chall enge Wth Heterol ogous
Serotypes of Vi$S«upwpe lﬁﬁmmm@d@dwmqu@uwéﬁlebﬂahﬁj-lmﬂélfuﬁimmﬁmatéﬁ‘@foy vvith
Lhr ee doseso Rbu. f kel GhYBS ik RaY BARGRALLIE RARUIOPOBIOR LIS B, (-
g T s 30 co

am no aci ds) conju rou
conj ugat e ﬁ%emmmentt Go@ul wﬁsa:hpll@%s alﬁjl'ghlto dahe. AD1GEFU w:lrsefourm qsrdthe |p}aeact| ons,

the i mmuni zed re,c 1to 5to0,1 x 10
S GRU (ool e gnite Ml e s R pAT B R e bl e sthiger of
CFU pe:lr m wvithlailt ©° dil\ﬁﬁcﬁlct'feﬂreﬁﬁs thel@ine¢niatiatofiie bdc&trﬁ us&i ok thalexp‘diﬁmm bl ood
agar plate.

ol bs-of vastsiemiteded Re w1 B AR Srempaioharetgintds ot 1 Fdyml. °°°

i ncubat ed dhs dififeed¥ar N GHEFU/RILYMODICTRIMO @ (he iR e aVRitpliet ect ed for
bacterial clearance 5 from bl ood sanpl es of conjugate vacci nated m ce

relative to controls follow ng challenge. Fig. 19 shows bacterl al

cl earance f)rgggngfgglepgﬁgq;mm ce imuni zed with a serotype

pol ysaccharTde-pseudopneunol ysi n conj ugat e when chal | enged vvlth type 14
pneuntfitocci . Théﬂ@lnmbetl@l,gﬂﬂhocfhahyI@bﬁlf@n@i@@@t(@ﬁmtm fresh coffeosedaungen
t he conjug eat flo® hal.l enge. 10
Fig. 20 sh%&glt IEﬁlerl glogegl gagdaiﬁ%e%?‘?%% %ﬁgﬂ(ﬁp m}'(s:g(}l Tr(r)T’r{EJﬂrﬁgzeé with a
ser ot ype ﬂdﬁeﬂxoﬂ‘ysmmﬁmnnadampbaemmmjm g%l(]ﬁ)zmmmaspgat éorndiamnathal | enged
with type 7 pneunococci. There were significant differences (P<0.01) of
CFUs between the conjugate and PBS treated groups at 1, 3, and 5 hours
after chal E_ch(ﬁ[ﬁtese data also indicate that mce imunized wth the
conjugate were provided cross-protection against challen i

wth a
het er 51 ogous 15-peRitiyEbicsl cowpts fdil aiayot of fwe HB\’/E‘é’nEralc?(é?r’idaJFl{@ B ance
from the blRAdaRble W&SnddiMd GAHpHiatdblGoSEHPHMREand kept at 37°C overnight.

Complement control included all test reagents except antibodies to pneumococci.

F. Opsonophagocytic Activity

20 ' Opsonophagocytic titers are reported as the reciprocal of the highest serum dilution

with > 50% killing of bacteria compared with growth in the complement control.

Table 5: Opsonization Activity of Mouse Antibody Against Serotype 14 Polysaccharide

/ Serum dilution

25 7 Mouse # 12 14 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% T3% 69% 65% 60% 44%

30 2, CFU 17 18 17 17 32 50 51 81
% of killing 79% 78% 79% 79% 60% 38% 37%
3, CFuU 19 27 31 31 32 44 56 81
% of killing 77% 67% 62% 62% o60% 46% 31% '
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14 pol ysacchari de- pseudopneunol ysi n conjugate when chall enged with type 6B
pneunococci. There were significant differences (P<0.05) of CFUs between
the conjugate and PBS treated groups at 1, 3, and 5 hours after chall enge.
These data al so indicate that 20 m ce i nmmuni zed with the conjugate were
provi ded cross-protection against challenge with a heterol ogous
pneunpcoccal serotyp Fig. 22 shows bacterial clearance fromthe bl ood of
mice i muni zed it Fgérotypé5 14230l y8acchtl i dePpsedopnélinol §si n
conj ugat e when Kh%ﬁl‘fﬂélﬁéed wi t B1¥a pd3 %8 C72%nelittoc 9% . SPier 1%er e
significant differences (P<0.01) of CPUs between the conjugate 25 and PBS
treated groups & 1,CBU and 52Bour26aftdt chadl | erfde. #BeseStat a8kl so
indicate that % efkillinguni zed b4 h68%e 680 UGS e SR8 e 4oV BEed
cross-protection against challenge with a heterol ogous pneunococcal
serotype. Figs.623-26Fdhow baderi al cl trarzfe fra8mthsé bl 60d of1 mice
i mmuni zed wit h % ofdalliogype 14 7ptd. y 38%c haT% des3s eudepneawol $e6%n conj ugat e
when chal l enged with type 23F 30 pneunococci. There were significant
di f fenences (P<®. 01)CBU CFUs Retweedn thgo gr agps @3 conpugase angh PBS at 1
hour (Fig. 23),%offkdiling (Fi g. 73%) &ad Scdveurasef Figsy 2Bhvaf @y, chal | enge.
42 } These data also indicate that mce i muni zed with the conjugate were
provi ded cross-gprot@Eyi on against 2ghal §engezsw t yga hegser ogpgoug
pqgeuerC(r)]ccal Se%CHf}ldﬂﬁng Exanpl €24, Q@@%nom*@g%m' RSS2y, D2t

songphagocy v
ser ot ype 14 pnem@@tep&ﬁhouspeérmﬁ %ﬂl sur ed lby an )
opsonophagocyt i S gggggp e t MNL
Antisera were sﬁﬁ?gf %? uted (tmo fold#pan H¥q§% g%%u%;sanple
was conbined with 20 gL of bacterial suspension, contalnlng approxi mat el y
200 CFU in brain heart infusion nmediumand incubated at 37C for 15
mnutes. After incubation, 10 gL of baby rabbit conplenment and 40 pL of

PMNL (4 x 105 cells) were added. The m xture was incubated at 37Cin a 5%
co2 atdmospher eTqbéq 6:5Hntibody (Ab) Responses Against Serotype 14 Polysaccharide (PS) and

Pseudopneumolysin (PPN}
Mouset Ab against PS Ab against PPN
Titer ODygs (1:300) Titer ODy4os (1:300)
25
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
30 5 19200 0.684 9600 0.381
6 4800 0.518 4300 0.261
7 76800 0.815 9600 0.348
8 4800 0.585 1200 0.125
35 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.
40
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m nutes. To obtain viable cell counts, a 20 L aliquot fromeach sanple was
inoculated on is triplicate blood agar plates and kept at 37C overni ght.
Conpl emrent control included all test reagents except antibodies to
pneunococci . Opsonophagocytic titers were reported as the reciprocal of

t he highest serumdilution with > 50 %Kkilling of bacteria conpared with

gromh in the conplenent. 20 B. Ph@g}gcﬁnﬁs!.ﬁ esh PMNL were isolated from
peri pheral bl ood of a healthy adul 2 y dextran sedinentation and

ficoll (1CN Bi ohtdeltocks un@elrmatlilljhat,#&xge %Znﬁﬁﬁb%mg:lﬁa)é&&crﬁﬁewﬁjddlaao&%%urr) ]
separation ) .ear ce a PWNL. Red. bl.ood cells were sed wt
ACK |ysis 613"1]: eggrm% @?%l??@?‘ht ?reﬁfhﬁ{}%fég%?ﬁr%“éfﬂqi@@& gsnsled pistratg and not

concent r at ilignit thé s@pe obthle SnwaoradpthigtagsbetsOadvantadd Tand@hdaditAkorsReBME (Life
Technojsogi %%/e%BCO BE Easal di um Eag| ezl. 40 pL of PWNL 2-4 x 105 cells
was used for ea%"nar%g’%““et.efﬁof"i/ﬁ%%d%ﬁ&ﬁﬁfﬁﬂ bHg®t eri a Mouse antisera

agai nst 14 pol ysaccharide were serially diluted in brain-heart infusion 30
medi um ('t wo-f ol from1l:2 to 1:256) and 20 L of each serum sanpl e was

mi xed with 20 ulYhabis clieedisi al suspension (200 CFU of S. pneunoni ae
serotype 14) at 37C for 15 mnutes. 43 Serotype 14 S. pneunpni ae was
cultured in brain-heart infusion nmediumat 37C for 10 hours. 10 fold
serial dilutions were made to determ ne the nunber of bacteria used for
this experinment. 100 ul of sanple was applied to a plate. 10 CFU was found
on the plate wusing the sanple with a 1:107 dilution and 91 CFU was found
on the plate using the sanple 5 with a 1:106 dilution. Therefore, the
concentration of the bacteria used for the experinent was deternmined to be
about |Ix 109 CFU/ nmL.. Serotype 14 S. pneunpniae 1 x 109 CFU/ nL was diluted
to 1 x 10 CFU nL. 200 CFU 20 L was used for each sanple. D. -Conpl enent and
PWNL 10 After incubation, 10 L of baby rabbit conplenent (aliquots of fresh
col l ected young rabbit serumand stored at -80C before using) and 40 L of
PMNL 2.8 x 105 cells was added. The m xture was incubated at 37Cin a 5%
C02 at nosphere for 60 mnutes. E. CFU Counts
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15 To obtain viable cell counts, a 20 gL aliquot of two dilutions, 1:10 and
1: 100 from each sanple, was inoculated on triplicate blood agar plates and
kept at 37C overnight. Conplenent control included all test reagents
except antibodies to pneunpbcocci. F. Opsonophagoeytic Activity 20
Opsonophagocytic titers are reported as the reciprocal of the highest serum
dilution with > 50%Kkilling of bacteria conpared with growh in the
conpl ement control. Table 5: Qpsonization Activity of Muse Anti body
Agai nst Serotype 14 Pol ysaccharide Serumdilution 25 Muuse # 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% 30 2, CFU 17 18 17 17 32 50 51 81
% of kil ling l7dusonemsitioncoupssogsnioltdopdypepfis conjugpted fo afrrapoguecns 81 %

of Killi QmZJn{ae%%@a% 20@% Qrﬁe“’@v%%l%i]n(yﬂ] Eolﬂ'ﬂeézlde ?&g@%ﬁ%ﬁﬁg %?’leg’s@ 40 81

% of kl l'ing 81% 9% 56% 51% 51 81 5
% of ki 1400 nglﬁ@%ﬁﬁ%léawﬁﬂ% S8atvv613 PheBnon@re pn2@nolysibPra8ind®h&einshe 81 %

f okilli % (V77%65(V 1% 37% 29 29 26 28 2 781
ohof ki PEPREASHRINESRIC SIS Sbicih Mo ERal Ry Shersln tholgertiRs
of kil l ilags 6&to[adadrUy Svikerdd the2RPepialYedd pneumoniae pneumolysin protein contains

the amino acid sequence of SEQ ID NO:1, and wherein the composition elicits an immune

response against Streptococcus preumoniae when administered to a mammal.

2. The composition of claim 1, wherein the polypeptide comprises amino acids 1-460 of

SEQ ID NO:1.

3. The composition of claim 1, wherein the polypeptide comprises amino acids 1-464 of

SEQ ID NO:1.

4. The composition of claim 1, wherein the polypeptide 6omprises amino acids 1-465 of

SEQ ID NO:1.

5. The composition of claim I, wherein the polypeptide comprises amino acids 1-466 of

SEQ ID NO:1.

6. The composition of claim 1, wherein the polypeptide comprises amino acids [-469 of

SEQ ID NO:1.

7. The composition of claim 1, wherein the polypeptide comprises amino acids 1-470 of

SEQ ID NO:1.

8. The composition of claim I, wherein the polypeptide lacks the amino acid sequence

EDKVEND (SEQ ID NO:23).
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The titer of nobuse serum for opsonization activity #1, 128 #2, 64 93, 64

94, 256 #5, 128 #6,32 #7, 128 #8, 32. 20 Table 6: Antibody (Ab) Responses
Agai nst Serotype 14 Pol ysaccharide (PS) and Pseudopneunolysin (PPN) Muse#
Ab agai nst PS Ab against PPN 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. 285
4 19200 0.677 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 961Th'31c81?1 bk of TS, WHERGT Be %olgrge tiﬁle 14tk the afih 40d Wqhbhchi gher
anti body responses al nst serotype 14 po ¢chari de anc pseudogneunn lysin
showed YW@HEDKBﬁBﬁh(ﬁﬁﬂﬂBm«a@ﬁ]V|ty mhereas mce (e.g., nice nunbers 6
and 8) with |ower antibody titers against serotype 14 pol ysacchari de and
pseudopneunol ysi n showed | ower opsoni zation activity. No opsonization
activity was ldetrae t@fipdsition ofeldimjleehadinwhd poliiRptidd Gordhts@fharindrdddrsiaes s |t
is to be understood that, while the invention has been described in

conj uncthr®0 o6 EQ I NO:Het ai | ed descr i ption thereof, the foregoing
description is intended to illustrate and not limt the scope of the
invention. O her aspects, advantages, and nodifications of the 5 invention
are within tHé. §h@ganlaﬁf51ttdne)f@laanriswb@?§mftb¢DMYMth\ﬁOHSWmf apmgnacacad residuéss: 46

1-464 of SEQ ID NO:1.

12. The composition of claim 1, wherein the polypeptide consists of amino acid residues
1-465 of SEQ ID NO:1.

13. The composition of claim 1, wherein the polypeptide consists of amino acid residues
1-466 of SEQ ID NO:1.

14. The composition of claim 1, wherein the polypeptide consists of amino acid residues
1-469 of SEQ ID NO:1.

15. The composition of claim 1, wherein the polypeptide consists of amino acid residues
1-470 of SEQ ID NO:1.

16. 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.

17. The composition of claim 1, wherein the capsular polysaccharide is serotype 14.
18. The composition of claim 1, wherein the capsular polysaccharide is serotype 18C.
19. The composition of claim 1, wherein the composition comprises a plurality of

different capsular polysaccharides selected from the group consisting of serotype 4, 6B, 9V, 14,
18C, 19F, and 23F.
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1. A conposition conprising an isolated pol ypeptide conjugated to a
Streptococcus pneunoni ae capsul ar pol ysacchari de, wherein the pol ypeptide
conprises a fragnment of at |east 400 contiguous am no acids of a

Strept ococcus pneunoni ae pneunol ysin protein, wherein the polypeptide

| acks the ami no acid sequence KVEND (SEQ I D NO 22), wherein the pol ypeptide
| acks henolytic activity, wherein the Streptococcus pneunoni ae pneunol ysin
protein contains the am no acid sequence of SEQ ID NO 1, and wherein the
conposition elicits an i mmune response agai nst Streptococcus pneunoni ae
when adm nistered to a mammal . 2. The conposition of claim11l, wherein the
pol ypepti de Qonfihesedpadiiishoofatdield, Whd6h thé imbik debbded cimprBes d@mnoral
conposition of claiml, wherein the polypeptide conprises am no acids 1-464
of  SEQ'MBUYISIHPORE- The conposition of claim1, wherein the pol ypeptide
conprises am no acids 1-465 of SEQ ID NO 1. 5. The conposition of claim1,
wherein the pol }%pepti de conprises amno acids 1-466 of SEQ ID NO 1. 6.
The conposi t i2dn b cemnpesition ofigkeémdi whetkin the inypegs tesronsvepvprsesa egluld aci ds
1- 469 of. y1. 7. The composition of claim1, wherein the

pol ypeptlfngeﬁﬁgé%g?&ges amno acids 1-470 of SEQID NGO 1. 8. The
conposition of claim1, wherein the pol ypeptide |acks the am no acid

sequence EDKVYE SEQ LD N 23).. 47 9. The conposition of claim wher ei n
t he pol ypep%e%ﬁg‘%"é‘p sﬁté"“g)%cﬁ’ﬂ%éc}”ge@é’db%ﬁ%un BRREEIVEGEF ESERIH NO. 24) .
10. The pRpResL pheiMontdebpsulr p¥ySicEhdtidehe pol ypeptide consists of am no
acid residues 1-460 of SEQ ID KIO 1. 11. The conposition of claiml1,

wherein the pol ypeptide consists of am no acid residues 1-464 of SEQ ID

NO: 1. 23. The composition of claim 1, wherein the immune response is directed against a

Streptococcus pneumoniae pneumolysin protein.

24. The composition of claim 1, wherein the immune response is directed against a
Streptococcus pneumoniae capsular polysaccharide and a Streprococcus pneumoniae

pneumolysin protein.

25. 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, wherein the Streptococcus pneumoniae pneumolysin
protein comprises the amino acid sequence of SEQ ID NO:1, and wherein the polyj)eptide elicits
an immune response against Streptococcus prneumoniae when the expression vector is

administered to a mammal.

26. The mammalian expression vector of claim 25, wherein the polypeptide comprises

amino acids 1-460 of SEQ ID NO:L.

27. The mammalian expression vector of claim 25, wherein the polypeptide comprises

amino acids 1-464 of SEQ ID NO:1.
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12. The conposition of claim1l1, wherein the pol ypeptide consists of am no
acid residues 1-465 of SEQ ID NO 1. 13. The conposition of claim1,
wherein the pol ypeptide consists of amno acid residues 1-466 of SEQ ID
NO 1. 14. The conposition of claim1, wherein the pol ypeptide consists of
amno acid residues 1-469 of SEQID NO 1. 15. The conposition of claim1,
wherein the pol ypeptide consists of amno acid residues 1-470 of SEQ ID
NO 1. 16. The conposition of claim1l, wherein the capsul ar pol ysacchari de
is selected fromthe group consisting of serotype 4, 6B, 9V, 14, 18C, 19F,
and 23F. 17. The conposition of claim11, wherein the capsul ar

pol ysacchari d8. iThe aahmhalipe eldptessioh8cctbhel damilis mthierin e palypeptide combasesi n t he
capsul ar pol ysac [ ' type 18C. 19. The conposition of claim1,
wher ei n af’ﬁ’éo g%ﬁ%ggg{?tgﬁ(ém es a plurality of different capsular

pol ysacchari des selected fromthe group consisting of serotype 4, 6B, 9V,
14, 18C, 19F, and 23F. 48 20. The conposition of claim1, wherein the

i mune r espor8e The mammadign gxpressighaicctor phralaim 3% sibsreiethe palypeptide 68mpasst i on
of clai | 'pgymﬁ response conprises a cellular immune
responsg%ﬁai&ﬁ$%§h@%ﬁg%% |on'%f claim1l1, wherein the i Mmune response is
directed against a Streptococcus pneunoni ae capsul ar pol ysacchari de. 23.

The conpositi,gn.of claim1l, wherein the.i response s directed against
2 Strept ocodbud M HEmRTEA EEHSIROEY ST B SHBL S RICSH (s RelyBenigs SPEPHIS of

cl ai m 1 amiescdd -1éeofi SERINe NCesponse is directed against a Streptococcus
pneunoni ae capsul ar pol ysacchari de and a Streptococcus pneunoni ae

pneunol ysin protein. 25. A nmanmalian expression vector conprising a

pronot er openrab j i : : S iC
acid encodinaqéh%%F?g@%ﬁﬁ%g”%%ﬁg@ﬁ%ﬁﬁgbgﬁ?ﬁggﬁgﬁgﬁgﬁﬂgpshﬁqﬁﬁe%mﬁﬂﬁgﬁ
amino acids 1-470 of SEQ ID NO:1.

32. The mammalian expression vector of claim 25, wherein the polypeptide lacks the

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

33. The mammalian expression vector of claim 25, wherein the polypeptide lacks the

amino acid sequence YPQVEDKVEND (SEQ ID NO:24).

34. The expression vector of claim 25, wherein the polypeptide consists of amino acid

residues 1-460 of SEQ ID NO:1.

35. The mammalian expression vector of claim 25, wherein the polypeptide consists of

amino acid residues 1-464 of SEQ ID NO:1.

36. The mammalian expression vector of claim 25, wherein the polypeptide consists of

amino acid residues 1-465 of SEQ ID NO:1.

37. The mammalian expression vector of claim 25, wherein the polypeptide consists of

amino acid residues 1-466 of SEQ ID NO:1.
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at | east 400 contiguous am no acids of a Streptococcus pneunoni ae

pneunol ysin protein, wherein the polypeptide | acks the am no acid sequence
KVEND (SEQ I D NO 22), wherein the polypeptide |acks henolytic activity,
wherein the Streptococcus pneunoni ae pneunol ysin protein conprises the

am no acid sequence of SEQ ID NO 1, and wherein the polypeptide elicits an
i nune response agai nst Streptococcus pneunoni ae when the expression vector
is admnistered to a mammal . 26. The nmanmal i an expression vector of claim
25, wherein the q i 1 hds: Ly 4 : 1.
27, The mammatt AN EYBFRALR SRR 365 oA D BhERn R BpE RS o
conpri semin@mid eesainedbE449 4BREQ@ID SERII D NO 1. 49 28. The mammal i an
expression vector of claim25, wherein the pol ypeptide conprises am no
acids 1-465 of SEQ ID NO 1. 29. The mammual i an expression vector of claim
25, wherei n 130e TRE vRRlibE BxFORIIVEaST oRATRIMD 52 Ghek@inlthd pElypdptiBECsiMIND 1.

30. The mammal i an expression vector of claim25, wherein the pol ypeptide
conpr i saging#fiheeshgpk410 ofgEQID BEDII D NO 1. 31. The nanmal i an expression
vector of claim 25, wherein the polypeptide conprises amno acids 1-470 of
SEQ ID NO 1. 32. The mammual i an expression vector of claim?25, wherein the
pol ypept i de HMécHie triammadion expressiod vsetqueitamEDKVENRIn( (BEMMINNSs2BF¢ 33. The
manmal i an exge%e sion,vector of claim25, wherein the polypeptide | acks the

ani no aéPgPe DT HEEBRATERYISI-SEQ | D NO 24). 34. The expression vect or

of claim 25, wherein the pol ypeptide consists of amno acid residues 1-460
of SEQID NG 1. 35. The mammal j an expressi on vector of claim25, wherein
the pol ypept fde Themamatakianexpression yeder of Glaim 2Py wherpinghe ynuRSISSIOSNG 1. 36.

The mamapl,b A0S RIASS %66 akseOf Claim 25, wherein the pol ypeptide
consi sts OP astm' no aci rne5| uess?' 1-465 of SEQ ID NO 1.

42. The mammalian expression vector of claim 25, wherein the immune response is

directed against a Streptococcus preumoniae pneumolysin protein

43. A mammalian expression vector comprising a promoter operably linked to a
nucleotide sequence comprising a nucleic acid encoding a Strepfococcus preumoniae autolysin
polypeptide, wherein the polypeptide comprises the amino acid sequence of SEQ ID NO:14 and
elicits an immune response against Streptococcus preumoniae when the expression vector is

administered to a mammal.

44. The mammalian expression vector of claim 43, wherein the polypeptide consists of

the amino acid sequence of SEQ ID NO:14.

45. The mammalian expression vector of claim 43, wherein the immune response

comprises a humoral immune response.

46, The mammalian expression vector of claim 43, wherein the immune response

comprises a cellular immune response.
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37. The mammal i an expression vector of claim25, wherein the pol ypeptide
consists of amno acid residues 1-466 of SEQ ID NO |. 50 38. The

manmal i an expression vector of claim25, wherein the pol ypeptide consists

of amno acid residues 1-469 of SEQ ID NGO 1. 39. The mammal i an expression
vector of claim 25, wherein the polypeptide consists of amno acid
residues 1-470 of SEQ ID NO 1. 40. The mammal i an expressi on vector of claim
25, wherein the i mmune response conprises a hunoral imrune response. 41.

The mamral i af; st sanhih S8RkGbn Oleidll e s ARKALIADEL) HIRAS, § esponse

conpri ses a cel mrune response. mamal 1'an pressi on vector
of cl ai mu2leotidetvequence ¢dugprisinganeicletspiheeoiisg adirepoteduspsumsiaa

Strept ococcus pneunponi ae pneunnl ysi.n protein 43 A .nammli.an. expr.essi.on
vector  EBRBPOPGR utage BRUTRA RIbERIRS heRLlhe pgaerid P Detifa s g At
conpri sisBgLeAcd WIHEE) ID O I8 £1dC0iditgh innDifeaBpo S RCLHBSIIRPITRBE@E pAdilniinie] N

pol ypepti de, wherein the pol ypeptide conprises the am no acid sequence of
SEQ | D Nden the expepssign yecterds %f%“mﬁﬁﬁﬂetoraé%%ﬁéle agai nst St reptococcus
pneunoni ae when the expression vector is admnistered to a manmal . 44. The

manmal i an expression vector of claim43, wherein the pol ypeptide consists
of the am nd8athemsmmabiacexpuéssBEQe¢tDr Mo ldim 474 Fherghngherpohypdntida censpitseadsi on

vect or qf cLainLés wher el (% imgine response conprises a hunoral inmune
response ° 4M° ¥ S%ﬁﬁﬁﬁﬁéﬁﬁ% 'Q%F&ﬁ@?on vector of claim43, wherein the

i mmune response conprises a cellular imune response. 51 47. A manmali an
expressi on vector conprising a pronoter ?perabl Ijngggﬁto a nucl eotide

sequence confiti Shpammaljan exnEession YR filHE 4 g%?“@'&tt VU WiRAFDNi ae

pneunpcggﬁ?}iseggm_{lgﬁpdl RhALAL RsporR@! ypeptide, wherein the pol ypeptide
conprises the amno acid sequence of SEQ ID NO 18 and elicits an inmune

response agai nst Streptococcus pneunoni ae

50. The mammalian expression vector of claim 47, wherein the immune response

comprises a cellular immune response.

51. An isolated polypeptide consisting of an amino acid sequence selected from the
group consisting of amino acids 1-460 of SEQ 1D 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.

52. A composition of claim 1 for use in inducing an immune response against

Streptococcus preumoniae in the mammal.

53. The composition of claim 52, wherein the immune response is a prophylactic

immune response.

54. The composition of claim 52, wherein the immune response is a therapeutic immune

response.

55. The composition of claim 52, wherein the immune response is cross-reactive against
at least one Streptococcus pneumoniae serotype that differs from the serotype of the capsular

polysaccharide present in the composition.

52



when the expression vector is admnistered to a mammal . 48. The manmal i an
expression vector of claim47, wherein the pol ypeptide consists of the

am no acid sequence of SEQ ID NO 18. 49. The nanmal i an expression vector of
claimd47, wherein the i nmune response conprises a Imoral i|imune response.
50. The manmmal i an expression vector of claim47, wherein the i mune
response conprises a cellular imune response. 51. An isol ated pol ypepti de
consisting of an am no acid sequence selected fromthe group consisting of
am no acids 1-460 of SEQ ID NO 1, ami no acids 1-464 of SEQ ID NO 1, amno
acids 1-466 of SEQID NO 1, and amino acids 1-469 of SEQID NO 1. 52. A
conposi tion d&b. dhacomfositam afskinB5] whiereintige @psulamohesacabgpdnis seratyat Ast
Streptococcus pneunoniae in the mammal . 53. The conposition of claimb52,
wherein the i nmune response is a prophylactic inmune response. 54. The
conposi ti on a6f7, chatemBaditioMEcRim 55@hdrbiiRecap i RSB atchaddd B eEraRpetBe

i mmuune response. 55. The conposition of claim52, wherein the inmune
response i s cross-reactive against at |east one Streptococcus pneunoni ae
serotype thatced | de
present in t?g gg%%%gg%pgﬁkkg%n§§60§ g@%g%%%g |3n20?&%ag@ﬁ$é§%ﬁggg§%ln t he
capsul ar polysaccharlde is serotype 7. 57. The conposition of claimb55, :

ol ai m 55, wneooi e FHRRBRRT P o uhdeR T e et pd B SOBRER A "

conposition of cIa|n155 wherein the capsul ar polysaccharlde is serotype
23F. 60. The conposition of claim wherein the i nmyne response i.s

cross-reacti $& gb%f’?f%?os&tonloé&?ﬂméaew ﬁ“ﬁq‘@ﬁ‘ﬂf’éﬁ%gseﬁﬂéﬁﬁ%magéveﬁﬁﬂﬁ%tr of

the Str gpiaGQRe Hon-9F M Scocbs prituBRBR e ABCHREESPI RSk AL Claim 25 for
use in inducing an i AMune résponse agai nst Streptococcus pneunpniae in the

mammal . 62. The manmal i an expression vector of claim®6l, wherein the i mmune

FESPONSE 1S ¢i. A mammalian expression vector of claim 25 for use in inducing an immune response

against Streptococcus pneumoniae in the mammal.

62. The mammalian expression vector of claim 61, wherein the immune response is
cross-reactive against at least one non-Strepfococcus pneumoniae member of the Streptococcus

genus.

63. A mammalian expression vector of claim 43 for use in inducing an immune response

against Streptococcus pneumoniae in the mammal.
64. The mammalian expression vector of claim 63, wherein the immune response is
cross-reactive against at least one non-Strepfococcus pneumoniae member of the Streptococcus

genus.

65. A mammalian expression vector of claim 47 for use in inducing an immune response

against Streptococcus preumoniae in the mammal.
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cross-reactive against at |east one non-Streptococcus pneunoni ae nenber of
the Streptococcus genus. 63. A nmammali an expression vector of claim43 for
use in inducing an inmune response agai nst Streptococcus pneunoniae in the
mammal . 64. The mammual i an expression vector of claim63, wherein the imune
response is cross-reactive against at |east one non-Streptococcus
pneunoni ae nmenber of the Streptococcus genus. 65. A manmal i an expression
vector of claim47 for use in inducing an inmune response agai nst

ST ePt0COCC PR IRMBSiah BhBSidIRHRL of A, whiR MBI TRIALEHALERS! On
vector of clarm 65, “Wherarn hRe I mune response I's Cross-reactive agai nst
at | eastcrepecdetive SaimpitdeBCothopEpRooaas prabeniseimdniiser 8f the Stremoceugs
genus. 67. A mamalian expression vector conprising a pronoter operably

I'i nked t&™¥- nucl eoti de sequence conprising a nucleic acid encoding a
Streptococcus pneunoni ae pneunol ysin pol ypeptide or antigenic fragnment
thereof; and a purified pneunol ysin pol ypeptide or antigenic fragment

t hereof , for 6isé mampehd exeressian vedoroMprising g Paemetenenseabixipgsa e agai nst

Strept O%%Sﬁ%d@s@@%%%#oiﬁpr%ﬁ%d&é &:ld Qlctoﬁﬁlﬁqm ococe ﬁﬁ%nia@e

St rept ococcus pn ysin protel ontains the amno acid
sequenc gnelim@k<n bblypptitle 06 8ntigkhie fragment thawofeapd essi on vector and a purified

pneunol ysin pol ypeptide of .claim .67 ereip at | east t separ ate doses
b “the. expr e SoMEHo RSB P QAR ket MR RRFT A S UE B ROTRBESP and
a puri f i;@dliRRSLDIRINR rePodRaRhinses@broebaufpndimonidegheimoly e iPthe wissl] n
pol ypeptide or antigenic fragnment thereof is adm nistered at |east_ _one
week after thderimihRiSEEracqisHs Bleurnaiae RpUEIEYSHNDPRER spntaingpthe AmEHASKL t i on

conpri sig eg& 'f%‘ﬁ(glff?fi:(ﬁf)' ypeptide conjugated to a non-Streptococcus
pneunoni ae bacteri pol'ysacchari de, wherein the pol ypepti de conprises a

fragment of 8. |‘hastammdlncaptesgeroustaaiha padiicbpreimalySinrmefpepiidecafslaim
i i t el wh inth I ti | acks th i
B seddoHPEER IR S bRt ssb f T et fono R BRDSG a1 O "

69. The mammalian expression vector and a purified pneumolysin polypeptide of claim
67, wherein the pneumolysin polypeptide or antigenic fragment thereof is administered at least

one week after the administration of the expression vector.

70. A composition comprising an isolated polypeptide conjugated to a non-Strepiococcus
preumoniae 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, wherein the Streptococcus pneumoniae pneumolysin protein contains
the amino acid sequence of SEQ ID NO:1, and wherein the composition elicits an immune

response against the non-Streptococcus pneumoniae bacterium when administered to a mammal.
71. The composition of claim 70, wherein the non-Streptococcus preumoniae 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, 1L, III, V or VIIL
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| acks henmolytic activity, wherein the Streptococcus pneunoni ae pneunol ysin
protein contains the am no acid sequence of SEQ ID NGO 1, and wherein the
conposition elicits an i ”Mmmune response agai nst the non- Streptococcus
pneunoni ae bacterium when adnmi nistered to a mammal. 71. The conposition of
claim 70, wherein the non-Streptococcus pneunoni ae bacterium is selected
fromthe group consisting of pneunococcus, haenophilus influenza type b,
meni ngococcal group A, B or C, and group B streptococcus type la, |b, 11,
111, Voor VI I75: A5€'o p%s*tﬁp%?%ﬁ?‘lé Eﬂﬂseof;n iﬁétﬁ'i azl%rfcnﬁfnell’és oﬁ% a@%\ﬁ&ﬁhé‘&n@”

i mmune responSe” agains he non-~ Streptococc pneunoniae bacteriumin the
manmal . SiRptotbeus prga@sinide bactediums irsthonmaymather ei n t he non- St r ept ococcus
pneunoni ae bacterium is selected fromthe group consisting of
pneunococcus, haenophilus influenza type b, neningococcal group A B or C
and group B gBr qpkeempssitfont ofRRirh 82, Wikreih fthe ﬁdn_Ls:re)lér&bcMsbheun?cﬁmepoaméﬁuﬁal ed
anti body that binds to the conposition of claiml. 75. A purified antibody
of cl ai ris Tdecfegyirams ghej growmeonsisiing ofpheuppcoseusphaomophilygnilenze pre boc cus

pneu mn'rﬁe@nﬂg’%@&%’ é}guﬁ R,8 o%m}?cf groghc’B streptococcus type Ia, Ib, 11, 111, V or VIIL

74. A purified antibody that binds to the composition of claim 1.

75. A purified antibody of claim 74 for use in the treatment of or preventing

Streptococcus pneumoniae infection in a mammal.
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