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WO 2004/ 081515 PCT/ EP2004/ 002641 PURI FI CATI ON PROCESS
Technical field The present invention relates to the
woizedsbstfisbact eri al cytol ysin purification andPCT/EP2004/002641

particularly to a nmethod of purification of

pneunol ysi n. Pneunol nis rot ein from

Streptococcus 5 erééﬁﬁ@%qu antl genic
TecRhieRgkld €s which is suitable a vaccine corrponent

agai nst  S. pneunoni ae i nfection or oti

Th erﬁS??ﬁﬁ'@ nman’gl%reilq{%mthgﬁe@e%faqc@é@l %olymﬁgagﬁe catlgﬂ@nd partlcularly
to adH¥ABY Y BRI e pﬂfeumﬂlysfrv | P@emymism brotéin fin® BFEptBcoccus

chromat ogr aphi ¢ _step bi n 0 a hydrophobic
P“GPWP@%M%&?O@@PW“? WOP%% g au'@%'eo%%@lﬁf? onpapent against
S. phé%oﬁ@é‘infeotﬂéh%r BfitRGASEHa ArHEAREAEE @ fHe)in varkien d@@@lb@& an unusual
the property of bacterial %tol sins of havin

10
andRYRNBEEPYT PPt & PUFERRANEUEBEBURGR SINgks fBTY Garaphic step by

bindwitPk & b e/8lophBIRE iriterabit] dolWhe M it ;ﬁr@serﬁﬁglﬁ‘%@ﬂir i and high salt.
condition and hence will be ener al |

Therigcsss A pRiags R gnakesetRs Al Hpropitedh %ﬁpﬁ&?r@? 8¥t°'§'§;‘52§ REhaving a

hlgth‘arfmlity get ia¥ahae @Mﬁ@émlsn@sémbm%a cﬁbl@@bf&nba@b@ulﬂy @fhen in an
bacteri al toxins of whi st ept ol ysin

5
agarnogtest vpadivias anfnbgnss il &e @P@WBKI fqre we Burification of
merh2QQQ) thislBiily bPibxid85) . These toxins are Iytic for
eukaryotic cells by the fornmation of pores in the cell
menbrane. Oxi di sing agents adversely affect their

denétc?}ayéd §ytet§!§i§|hé/fo§’m a\/\é'rsmﬂﬁ,h‘ht ?@d ©Ff BEctags ibdnLwhich steptolysin O
restore actl v

ro ow . 30-60%
s a5 FOGPE YOI sty PEHEnGicienel. BhqlloBt - tha 1eardan Thess
toxifd) P MRRL for w&%ﬁm Cé!@%ﬁ/‘&ﬂ@%hﬁ@h(ﬁﬁ@ﬂ@ﬁfe@ |ﬂeﬂl1"e &é]IGmembrane
C-term nus ol is the mjor target

ol est
Oxidigipg AgsNtst éﬁvetr?%%@ﬁ%txﬁﬁg Cﬁ?i)é“%@?taa@swh%eﬁ ﬁ%f’l{cwg agents can
rest@@la@tﬁlit?r Men%@FH af EH@@MWTBIH@W% 61)%1 sithilgeyTreT lpﬁlfhatyoamlno acid

formtransnenb raneﬂgor es u in dianmeter

SeaUBRBALENEIA G GO R RS o S8 g JHE C-terminus.

ChdEIBHRRE theC hljd Staffed| cell NdB§sier forCPBEStEBAL. O coloRRBE bind to
in the toxin nonomer drivi ngg@he subseq ent %ents of
cholgstegpl ranfalRipg Grembabss anf Ol st fam IggpRembrane pores up to

30nfPIN@aMeRr aR@ cofnbBHIPEOALBS ntheHER BLBENIIsS Th& Binding of membrane
causati ve agent of several human di seases i ncl udi

chofssteaptdnises BsnBrBAtenal AEASRAT HesoXBranoEnardeiviRg diisubsequent

eveﬁ!sﬂi#%h%|h%r|se§%ﬁeﬁ1bmbﬁaﬁehﬁ§é?tléh SRPSES foréifiohead to
fatalities despite the avail abi ity of antibiotics.

The energence of antibiotic resistant strains of S

StrépEAHEBI PRoliAcHiRI B PY Eﬂa@%ﬂv@eagﬁn@ bf Qg‘ﬁerélahlﬁﬁéh Ehéeéiﬁsslncludlng
pat hogen. 30 In this context, ort ant

PreQmPBgs padea] EANGlim WSE M BT e Scorayanes these diseases

candg¥ghe ﬂ%ht:eoodiéé\bﬁé Y aPSRBIMGL BE BRlibIMRS C TAE TnfddgédeNbMantibiotic
purified capsul ar pol ysacchari des have
resistant strains of S. pneumoniae has aggravated the problems caused by this pathogen.

In this context, it is important for effective vaccines against S. pneumoniae to be

developed.

Polyvalent pneumococcal vaccines containing purified capsular polysaccharides have

been available for several years. Their application is limited by poor immunogenicity
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been avail abl e for several years. Their application is
limted by poor immunogenicity 1 W 2004/081515

WO BPBE0D4/ 002641 particularly in high-risk PCDEPH04/002641
including infants, the elderly and those with _
sickle-cell anaema, multip el oma, C|rrhos IS

or
part@ul@dhom |fmh rl%GWb@let)dm“BQ'l"@fén@e kst plsierly el thoge with sickle-cell
ana@ht Gh rr%g)rﬁ%{‘|d’rrlﬁ%lsoé’rtaléghoﬂgnkﬁﬁé‘f‘a%@r&&\){cﬂl@§er@ﬁ©e specific
coee I'sti'n ormul ati ons his wll giv
proteetionead @my Agaoui st Sagoen seEPRSEAS GYBFRYE byh eXiplinQigrmulations.
Thls%ﬂg)l \%t;‘)reféc%ﬂ 3@&%’[@1% B Qé?bbf/f)é@ﬂiﬂ&'lmeeb$ pz)@%@a%n but against
found™in Asian ations. Recent]
OHIYC@WQP@@@@B/ 7@,°é\ﬁér$erﬁam$tfov 1 Nelan RerYatiaive ngntiya@, cenjugated
sevéw{lﬁ&ts{/éﬁdr%r h¥s NR3oREORIB5Be P Wtcﬁcélhﬂgrly 3gal ﬁk@bleﬂis' protecting
pneunococcal strains. Pneunolysin (Ply) 1s a
aganh @l Presimagaeeal sEgitel ysin found in all strai ns of S.
10 pneunoni ae, which is released on autolysis and

contributes to the pat ho enesis of S. pneunoniae. |t
Pnebgohyisighl(Fly dpsar GaPanithi %ﬁ’iW?leﬁ FeRlvaR fRNgcimy all strains of S.

pneghlipﬁfabt WhicAns rerssEd bﬁgaut@ﬁlé’\@ﬁ@ (%hﬁlba{e‘é t@rtﬁb%dﬁﬁbg@ﬁe&s of S.
ferent serotypes neunol ysin's hig egree of
pnegmngieey Ktis dvgramomegve?qumgéhacfpwyarﬁﬁreeaq' sybstitutions occurring

betv@% e ncﬁé Sblyc HIGHRL & a§|ffére\4fa°§ér&9pe§ OPREIMBlysinOWRIHEIdegree  of

I'y 1's unsuitable for incorpgration into
conm@tiqmesanfiorts ugénmn@gwc'ﬁurfﬁ@@ He@afelendal cprdigyyRi 8% 1§ vaccine
conﬁo}ﬁﬁﬁtal-’ﬁ%vgram@yﬂeq)@% instRaHE %ﬁﬁc&ﬁor‘aﬂérﬂn@&%d&es for use in
nbr ane- bound chol esterol and Ilgoner|3|ng
hunfasws rhegavsssof its toxeithERbeauses damage 4 epl,@gmbranes by i teractmg with
merﬁ%r%h%'b‘?:ﬁn&o i3lrBe aﬂ@téh%;ofn@HQF’g ngaforfhBofest A AN lrhiambrane A
een rnplicated int lytic act|V|t¥ Mitatio
conegrved gysieine-chelaininguiggifdoens near|tamertemings hasPesht W'lcated in the
84bk BstbMo $6vedt tARL @ity W090/06951,
Iytlct(%gew% ?é?:'%rt]si %B%%eun&%@?n hasobeen descrllb}fengy
WQSS&%&%) al (Mcrobial Pathogenesis (1996) 21; 71-83).
Reconbi nant pneunolysin is purified from an E. col i
cul ture using a conbinati on of ion-exchange and

A tWo Istapamnebiad i tblﬁamiﬁ@%tpﬁ;pf PORMMORENHERS 765 qi‘%ﬁégb?g%éy Lock et al

(Mi%EiEISPg&%g @96)‘5‘@1 e/)ﬁtéﬁcl‘?ec%?%Iﬁéﬁ%ﬂnBGmbtysiﬂqg\ﬁibuﬁﬁed from an
e colum fol

E. SHOokHR L@mg@mpmmnatsom@‘ﬂ%wc&@uwaaégelsféfaa’ﬂomhmmwaphy The

metrh'aﬁ oﬁﬁél@é’@ UhO'st 'oY %r@&é?h‘@oéﬁ( SdiracKiéfd ebas%ﬁngd ﬂS @dSWHD% DEAE-

purityi reconbi nant GST- pneunol'y

Seﬁhama@mqhmm sallawed briesenherryhReOd- HRAAIEYN. (%@suetw ;could be used
e gei n is expressed in an E
fo p%%ﬂ/ﬁreﬁgr% tucgzlagﬁ%bg&celﬁl ysate is | oaded onto a
gl ut at hi one agarose gel. The fusion protein is eluted
Kucxtf\”ﬁé% géé’%rfr%%hé %ﬁh@d‘% Enfﬁﬂg'rec&ﬁﬂn% U8FhnkOmely8iAv@sion protein
(Infection and Immumty (1995) 63; 2706-2713). The fusion protein is expressed in an E.

coli culture and a cell lysate is loaded onto a glutathione agarose gel. The fusion protein is
eluted with glutathione and thrombin can be used to cleave the fusion protein. The
proteins were passed over a glutathione-agarose column again to remove GST. The

affinity purified pneumolysin was further purified using a hydroxylapatite column.
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proteins were passed over a gl utathi one-agarose col um
again to renove GST. The affinity purified

w@e@dnoelsysi n was further purified using a PCT/EP2004/002641
hydr oxyl apatite colum. 2 WO 2004/ 081515

. PCT/ EP /002641 Mtchell et al (BBA (19¢ 1007;
Mitcgs] 9531 (HBAd PBD DOFeb rad) @A5oBRR ArUAthgH BhaLIRGNy nphrolysin using
hydtdﬁ)hﬁc uh&f&cﬁ@h%ﬁr@namﬁﬁpﬁpt UBderC theOsaidRna Pt thdydese (250mM

condlthsns t hat t

sal t
saltbﬁggrﬂﬂeygyo fafailed tpoP! ‘%{ﬁ@ﬁﬁf é‘?ﬂth%/ CPB‘W}W@?”&%%‘WFIS progress was
reta&iddh@mtgthel pﬁem?rﬁcﬂ@' S SRIRSs o §Ko@6! drékandditiogal steps of determining

Wh'%? E?gf? 8’¥5rsnl (}q%n% %ﬂe\?w?%hg@m? Lo Y g%}émﬁ%g%h“ © %lr @gélgves fractions,

remmsagrmﬂwhmcommcgm rehttingwithe $a8li VbMeef bRekiePNgsre needed to
nt 0

he col u el.uti
ovelgBEniae Bro:Gath & agreomebaaat Bropodetins i dobBymasrel
of the pneunDIyS|n not binding tightly to the colum
mat er i al Th re.renm a_continui ng need. for_ inproved
ThelB GBS S GaGo8Sth i BT “FreTed GPiish o BLTge. The

incopdoratidi of aiBmﬁﬁﬁhema%Wr@ﬁﬂs%%ltab@@Ow@hoklblw éfﬂ:he @rdw in remains
a prg[)lpgbq“a y %%jeellg;?qnégit lpgrse}gpo%ﬂﬁffeg?\?%p&gﬁrg\é&:(t%g %P( purlflcatlon of

pneprlyéthiﬁtalwmthre@nﬁgmﬂyﬁibﬁcrlb‘édadré‘ﬂomsmmvb&@ thHIsBQﬁSmultlple
purlﬁ?ﬂ?tlppl Sieps; |5;pe\é{1%3§rln&9 Itqr%\s/qoy!,l%l!rgq, %&?ﬁeﬁ Stgﬁég@‘d%nﬁe present invention

proWi@u¥C @ntioné | &fficisiite parifickien nﬁ@tﬁed&ltwhlﬁweditl\ﬂaﬂtbgeﬁﬂﬂy @8 a single
nore effici entWB§ Ifl cati

chro/aRIggreR e Giigh-y Sa °8P ‘F ge'Eﬂr B%Pé?t 6?; Risify laiggpbatches of
pneWmbl/Bini S capabl e of being used to purify |arge batches

of pneunol ysin. Description of figures 20 Figure 1 -

SDS- PAGE gel s showi ng the purification of pneunolysin.
DesthgtichalfkigwieBg sanples were run on SDS- PACE gel s: -

ane 1 - nolecul ar weight standards, lane 2 -

supernatant of cell extract, |ane 3 - phenyl - sepharose

Figdre oWt BDSUBNGE! gele s4aom~r@1we pEIERAASIO pfneu&tolyeﬁﬁh .The following

”kﬂ?ﬁgﬁvgresré’%hen l : SS&%&LS@@ ?ﬁecogmr‘\@@ular: \gglghgstandards lane 2 —

supEnatnt -&ew“aéﬁse&;telatmtel 8n- phémyl-koyhsadd flowf ffﬁ‘dﬁugH aage 8 phenyl

unol SI n after denat ration/refold
sepfianEe Gl WaLBuABS DT ANSITA-BFPer e, Secpch ok e Bt hghyl-sepharose
wasRanih 0%6Mh4s], tiase ge'Ph@Wl%épl@é?@é@%ﬂlt@anm IoW adai Paffer, lane 8
Panel el a Véstern blottin

P”eHF“SB/é'Gu?fzerug‘?ﬂ?éuréﬁgﬁ/reﬂ%d'ES|%te%smt RO H esp'i’%%‘?%%é jitgr sterilizing
filtregi@At am nating 30 proteins. Figure 2 - SDS-PAGE
anal ysis of GvBS (N (y-mal ei m dobutyryl oxy) succi ni m de
ester) nodified pneunolysin - coonassie bl ue stained.
Panel A shows the gel after coomassie blue staining. Panel B shows the gel after a

Western blotting procedure using anti- E.coli antibodies to probe for contaminating

proteins.

Figure 2 - SDS-PAGE analysis of GMBS (N-(y-maleimidobutyryloxy)succinimide ester)

modified pneumolysin — coomassie blue stained.
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3 WD 2004/ 081515 PCT/ EP2004/ 002641 The fol | owi ng
sanpl es were run on an SDS-PAGE gel:- lane 1 -
worpdogoslsay wei ght standards, |ane 2 - unnodi f PEHEP2004/002641
pneunol ysin, lane 3 - PLY treated with GVBS at a nol ar
5 ratio of GBS/ lysine of 4/1 , lane 4 - PLY treated
wth GBS at a nolar ratio of QGwBS/lysine of 4/1 and
i ncubated for 7 days at 37 G lane 5 - PLY treated
with GvBS at a nolar ratio of GVBS/Iysine of 8/1
Thel fallewiBg- saPIples vesie 8NP ANGEBS-BAGE adi-alpne at i-omefecular weight
r@gﬁq@ lléﬁ%%‘— ugnoéffléd %Bégl‘hollyﬁﬁulgﬁé 'SQnP[ﬁréregte@aM% éMBfgat a molar

treate acetate at
rationslf £FMPafYsineo Pl MHS) 1§38 He—ofLY Orepted it §MBSppl a molar ratio of

Gi\ﬂg%ﬁgﬁn%ofvﬁ/* Qn«g) |n%%at%§@§r T ay%%t %7 BéYlaBé gat ISEY egfédw GMBS at

dayS' i nc on ‘a uré 3 - Toxi Ci
a m@far@@soﬁ(BHBSﬂyblmeﬁaml iemiere gIRLEmtreah@d wita GVIBS ai@ molar ratio of
with di anon | nd

The
TSI AR A e FRngled rt'ﬂnezugaéﬁ? iitpgted with Sulfo-
NHE BEHER 1S rﬂolaﬂh%o'df ReIBEKE S ’N)/ﬁ haggBarmesy irestic8 BINEM, lane 9

the survival rate for mce challenged 15 with 10ug
- PG(/Bﬁa’lederaﬂhd\tEMmﬁanﬁldﬁﬁ inculkitignee34°C. Prot ecti on
i nduced by GVBS treated pneunolysin in mce chall enged
intranasally with native pneunolysin. The |ine marked
Figiviet & -resdcitn gif eSMBBotsated pneumblysiat gveri intrainegally to mice. The line

marhfp cn%mt qrﬂm%a{nglgéaf Vagéwﬁépngte ;“Pemk n@héﬁ%ﬁl&ﬁj \Wﬂ'l: tbug native

e Yrval for
pneiummlratr B limé triarkeat wittesqueeemintigsten theTMvWaIrreterfar kiag challenged

res ndi cates the survival rate for mce
with ﬁ@@u@@#’ t‘?dn PRSYEENYI L at ed pneunol ysin. Figure 5 -
Pr ot ect| on i nduced by I nocul ati on with Pht D and GVBS
tre n . apa Y,
Fioiec A ©yRE e ong Bdnb BV JEPlad PASOPHRE R, 3k fpnatienged
intravhddally &fh hemeamﬁmlys@rp rTemembsnalaed/wulalreataugéesf shows susvival rate
i nocul at h uvant al . i t 1y
in ralcgnlsﬂ% gﬁ/\z&gaﬁyléar{t o%%r'@]ev éne rké¢%|tﬂ?né|%@gnag Hﬂilcates the
suriingiaateafor thivé tocibted. withh eativienmeunsityised Tivetlimesmarkee svith squares
sents the survival e, for -m ' ith
indisR e i o esleey pebiogositbr O S A8 KR ey
description Processes 4 WO 2004/ 081515
. PCT/ EP2 /002641 ces t oo
o bR OR AR o o RBE e e QYREL e oo
mid@rkeial‘l@ige‘ail |ﬁtran%saw Wltry$ype, 2 D36 pnesmacoapsteainol siing maged with
urjfied using onl Si ng (= coI C A :
recliglpsvieprerisr sk s 8P pler Ny <Ries” MR RIS Rithe, The fine
mafedtv@ihndiaraoiregdrdsents the survival rate for mice inoculated with PhtD. The fine
marked with squares represents the survival rate for mice inoculated with PhtD and

GMBS treated pneumolysin.

Detailed description

Processes
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an aggregated formto a hydrophobic interaction colum
in the presence of detergent and 5 salt. Few proteins
wh2ovd/0$1513 he col umm under these conditions al | BOU/RB2004/002641
purification of a cytolysin in a single step. For the
Od;:;oses gf the i nvention a sol uble aggregate of a
Thel PSS i%h N rireatiamhis @ psteRoloy SUATING anbaciRiiab satabisin such as
pneﬁﬁfol?smf Al dyRolaitt, @bryi ﬁétﬁnéé‘éﬁednﬁiﬂ%lmfis birifldeusHgPSi atstifie column

Ocentrlfu atjon at ghfor 20 mnutes

Chfem%togf@ipﬁbﬁt&pavaeb@ﬂemng Hlesdn eaode RYIHMBpAEB PECtein is bound in
an agifr&j-asd fopm t6 %rr@ﬂ&mhgb@m’ﬂéra@ﬁéﬁéd)l%n i Frif %@&}G\é of detergent and

phenyl - Se resence of hi
Saltp PRI RIS 8 FOHAM Yidet HeossopansiBnagpelpst eurisation of a
cytmy@hd ipizddhgle e, cytol ysin, preferably pneunolysin is
bound to the colum as a soluble aggregate. It is 15
unusual to | oad aggregates onto a colum for various

ForrméSQﬁfpolséEZ|dﬂdlh@9|nﬁ/érhltcﬁlr% @blu@l@I diBegate! 09X "thcN&% preferably
mat eri al usi ngata det ergent that

priep e DS tReca SHetest YR ey liebiain deetTamplsr o 4 syRmsTaant ter

cenm.waag@t@n 3otoong feupd fited eSS SPHILIHR égélén% retalned on
the col um under detergent conditions

hydmﬁowg afefhedan ArnagTEPYY drataral] ailerablyoph %u/éepharm i the
prestdi¥e oPhigh eaig prafeRB%s 1M.0ptiohaNE i &digsiaBhyre84kis 98GR,
99% as assessed by 20 SIDS-PAGE anal ysis w t hout
adversely affecting the colum filters. The process
Thepjy&j‘lﬁir‘fi}kblreferagipri?\‘éunﬁho},y'bi’iﬁI il befincio the aslumkOss a g&gblefe@;gregate It is
q refer§§%¥ 1000, 1500, 1700 or 1900mg _ O
unugyal & %P@g [R98tes ot § cpivEr yriays ersansingludipg filters or columns

clogymigreatlagd matBriglf efonvir, ?Hy dsﬁh@sé déipgeAtihat ﬁe@cgs/whegs%le of the
% of the ?r?qelnfro fermentation culture is

aggﬁﬁ@@é%%e@é‘arr%@ S9lHole PeQregRte: tSua/gaUHd thatdhase, gogregates bind tightly to

the Edl@MARINYSH dbterdBnlddRAdRIbAS BSMEX B Blut étréeplﬂh’%bf étMctaé’sft 50%, 60%,
ol est er ol

70% g WelErat e Ot MSIerabl Bt e 0% g assessed by

SDSJBAGECaHaWsisyW'tH(ﬂIhédM%y bﬁ&:’uﬁytﬂ% Mﬂurﬂn Hifters 2 DIgE Sﬂ)@é@éjpreferably
sin to bind in the presenc

|
aveda i af el Barcitly oaE o0o, 200, rre crBRRLICER: 5811700 or 1900mg

of cyrelyeiar §re@érab|9®n§b(ﬁ1@lg¥ ﬁlﬁérﬂlﬁl@of YerfleRGBoR! PrefBaiN BB least 1%, 2%,
ind to argmati c conpounds and

re t
5%, sﬂf rﬁe"{acﬂféﬁo #th?apé?teméorﬂé*ewameaﬁrlan sty draceveyae iasypurified
cyto@fgmeprefr@auwpagumaygﬁote| n that bind to chol esterol or
ot her aromatic conpounds and/or form pores,
preferably both. 5 WD 2004/ 081515 PCT/ EP2004/ 002641

The/&@ﬁsdl lodts thé‘alﬁlltf/'df htoBRPRHUEE s prﬁsuﬁfoﬁ%ﬁﬁ@ BiR to cholesterol
cytolysin purlflcatlon is provid

eri
and c%aﬁ%r?@ MRYC toRBIPBYRSGSs 1Y byl n@r'évwga%?r B’u‘l'ghﬁr"@%‘f theepytalysin is
aggreyBte@s alldvand aet &idigdin &bl ¥i$ tH presence of detergent. The process can

be extended to other members of the cytolysin family since all members share the ability
to bind to aromatic compounds and form pores. In fact the method could be used to purify
other families of protein that bind to cholesterol or other aromatic compounds and/or form

pores, preferably both.
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b) preparing an extract fromthe culture contai ning
bacterial cytolysin; 5 c¢) binding sol uble aggregated
whawuesised cytol ysin contained in the extract PCI/EP®04/002641
presence of detergent (preferably aliphatic detergent)
ydroPhobl c jnteraction _chromatography materi al
AcERRIV A GH r$"frebqdiPRitted AMCFSH0s bzﬂes%hqysolseahrawrtﬂicaw is provided

con@bnsmguhe@@pbaﬁteri al cytolysin in the presence of
aliphatic detergent) under |ow

t er gent éqr ef efr i]‘)
251 o0 Mkt §f S bsiesind bederRItYoRE: 10 I n a
secmgam@@demt fr@nmm@@mse é@ﬁalhmgtbebteabl Yl Si n
rificati i's prov g r|S|n the steps of: a)
ro%“?f@g aSOE‘E}‘I'? (FOE SR e@e ?@ ‘Pyé%\"r'%gwﬁ?é@e& i“'!alLhe exiract in the
Cytgreysnde; ofbi)eté?@@ﬂq leRgals a%éll@%ﬁeté‘r éHf) H‘&h?&bbhﬁtﬁ‘c interaction
contalan% terlaI % QY\ I i
bactEPTZIe E%P?%lf@ﬁg?f#ﬁ ¥BrRrAY ‘b%ﬁ‘i(ﬁrﬁf@fé 'éb@t@ ngaﬂibCOﬂd't'OHS

hydél@uﬂ'l@bia@telnal @9’@%In0m tied rsreRdrRgr @pmeté@érﬂr rﬁéfefa"bly aliphatic
t he, prese ni ng O. salt and

0. 19 er@%]tg @?fg]%\ﬁtsa'?é‘aregsrﬁ%c@@t@%%@rqoaﬁﬂm%rgﬁt ol ysin

usi ng a | ow salt (preferably 0-0.2M salt) sol ution

cont ai % det er her of _the
in §oeReond B0pRierh & Pesesy ook ectriel MR RGO is provided
comprigfrgripdbiepsenpri ses the further steps of: e)

renpvin ete nt fromt bact er | cytolysin f)
a) %@V"d]&ﬁ‘g@? Sﬁé@?é?‘?%pa‘é% |°¥'§’yﬁ'”by addi tion of a

b) sleparting @mextraczﬁom)thé euTeié BehthiRRgdRBeHr @dlydifi;om t he
B%terlal él { 5Proce of theln ention ca
wdingy, LAFtegalo ¥ le)’sl?séania eduin ripe pReARd cioc P'rOphOb'C interaction
chrcmﬁemgtapwlnﬁateﬁzl e EheCpreobntdi ofsa sblatiort eshtaifing W.5-bVEshONnd 0.1%-
nmet hod of the invention include pyolysin fromA

5%H é%eﬁg’s cereolysin fromB. cereus, thuringiolysin O

d) éru@ﬁg Bact8falt dyttlysitg ising bSow |salt Qﬁr@ﬁ@@kﬁl?'O}/@Qm d41tP8bIBon containing
1 %& bi fernentolysin from C. bifernentans,

0. 'I?J‘t Ingm n from C. botulinum chauveol ysin from C

chauvoel hi st ol yti coI yS| n fromC  histolyticum

edemat ol ysin fro vy| erfringaolysin O
i offigi e P ersasis B8 Procsth o1 (eaNenitn bETardy tempyises the
furt}s@rs@gﬁsldf{ ysin fromC. sordellii, tetanolysin fromC.
ani ivanolysin O from i vanovi, listeriolysin O
f 6%9"'“%8%‘8&%‘%%%%@? L%“é%ﬁ'ﬁlfﬁétf)lyﬁ%u nofrom 6 WO
B0 GplUbBitmySh 636 @0V dition of a denaturant;

g) removing the denaturant from the bacterial cytolysin.

The process of the invention can be advantageously used to purify pneumococcal
pneumolysin. Other cytolysins that can be purified by the method of the invention include
pyolysin from A. pyogenes, cereolysin from B. cereus, thuringiolysin O from B.
thuringiensis, laterosporolysin from B. latersporus, bifermentolysin from C. bifermentans,
botukinolysin from C. botulinum, chauveolysin from C. chauvoel, histolyticolysin from C.
histolyticum, oedematolysin from C. novyi type A, perfringolysin O from C. perfringens,
septicolysin O from C. septicum, sordellilysin from C. sordellii, tetanolysin from C. tetani,

ivanolysin O from L. ivanovi, listeriolysin O from L. monocytogenes, seeligerilysin O from
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L. seeligeri, alveolysin fromP. alvei, streptolysin O
fromS. pyogenes, S. canis or S. equisimlis,
WO niogosesas | ysin fromS. intermedi us, suilysin PCDREPI04/002641
suis or pneunolysin from S. pneunoni ae which may be
of wild type or may be a ?enetlcallfy nmodi fied toxins
L. sgetigeri, |abeetysire{rems Poflveipi r@PQOVS@u@h ey Pdpveaetendd canis or S.
equisRfs liRefnad %‘ﬁ frémBS’ iRREHERLY Sy #BYs.i duid & mmolysm from
native pneu sin from gl eunococcus or reconbi nant
S. mwymﬁ»ma?@wmch mEIYdOQ obwilhhearas )2 ke or genetigally nedified toxins with
lowBEIBbY it Subh ab PAR&nd $aBCUsbAtkd sbd(B90/ 06951 and
W99/ 03634) . "Optionally, pneunolysin can also mean any
f ragnent of pneum)I ysin or any variant of pneunolysin
By WHeGRoRART &% Bly lteqsgtmééht %tw@opﬁgunmys%:’(yﬂ'&ﬂ‘ BRedfibbecus or
sequence identi'ty wt d-type pneunol ysin _
receyBlRj@tf SRS, sftlldrtvpe P@QL&“Q%S"% RE Mants ©0f PpgumBElysin (e.g. those
des@hﬁédflhwjobﬁlobﬁ@l 5’??& m/ﬁ%@fﬁ@d’u&‘(ﬁ@t b%hmcﬂ?sn?@érﬁ hl¥o mean any
det erm ned by ed person. In'preferred
fracepfss af W'B@ﬁn @rh@"ly W‘éh&@f@ﬁeumﬁlé;‘s@WW@T%@%@H@%@O 80, 90 or
5°/pra‘ﬁ§i%”acidns L%Hée ki’aerﬁﬂ)dwﬁﬁ-% ﬁ/ﬁd t)}bb Mn@ly&r?)se&u%cg) Whlch still

nore prefera I n st 39 pr ef er abl
retans 1b@ﬁb@wttpé>@| stﬂml bmif@ mehogs af/f»v? m\@@iﬁort 176 %@H)p@%tegnmed by a
skilef pR@ni nvention, an aliphatic detergent is defined

as' a substantiall y aliphatic detergent with

insufficient aromatic character to prevent binding of
In p‘?é/fél%cy §H|'Boai9néntiheoictﬂlemnhc5h %@E’arﬁé de%r?érﬁﬁ@@h%enttlh%teps b) and

detergent w Il have one or |ess aromatic rings
c), 5w s dbl §) |aﬂd hdls Mereapwiriably ipi #iges Hurg n@w%tdéppwjerably at a
conbéntfa‘ilog%f @dl\“/@@t’/@@@@)u?of Me SUiSosdsict r’ciﬂ@l’r‘ﬁ/eﬁt%nbbﬁ%lﬁpﬁ‘é?lc detergent
arger aggregates of cytolysin into smal
is d@{j@ﬁdaQatae§ubﬂ%@r¢tﬁllmk@9élcs(1ﬂt$f§?@ \a@gﬂr@gﬁwnt BieMallg character to
prevdr Bihding ﬁr@t&?sm fohRe ‘églhﬁfngﬁrﬁep SN PRREABEO YN Yetergent will have
retains -t | e aggr state of thé cytolysin,
onezdrl lese AmAatictringsi mast ra.fefeﬁ%@' t drame arAMalig Ringal Puring step b), it is
adv‘éﬁtﬁgéédsoﬁﬁ tHA td@té??&ﬂ t@Ttéd &Y 1arder dﬁlﬁe&éﬂe@'o‘{ %&/ﬁ)iysm into smaller
erably pneunolysin is expreSsed in a cul
aggb%gsatte@r whic c@ak@, a S@'Hb‘?eﬁ%ﬂ?@ﬁtﬁs Dl 58 o, arEi démthe dletergent
adv@hﬁfaﬁé&%‘h} MRdids lh'é MR aGfbysted SRESEE the @yt oT’ysw{T%mhb W’ro bind to
S or any other expression systemsurtable for Tt
the eglgrmads high. Salt@oeqlbw@s\glﬂofmgwgmm t hat produce hi gh
yi el ds of pneunolysin, the pneunolysin often becones
aggregated of its own accord and the process of the
The mylelysinoprefsrabiie aneemplysinsis pexiressedt i na sylsrerdibhastetl cells,
pre@F‘%W'@l éﬁ%?%ﬁ? X@rcﬁffﬁ%%lt@hamé}%w ﬂ/@és@l;eﬁsgflﬁét%gﬁ célls, mammalian
0
cellp opeay wthey anée§p@r@§§n@ﬁu@quq gqﬁltqua)@arr@s,sm yn tepg@ressmn systems
I I
thatgfé}ggu Nl h é\éé(r?}so F\n? cﬁ%@r{c | Vﬁﬁe F\igz%rﬁbl d’f‘ﬁ%ﬂ%cm& Preﬁ;ated of
its pwin @cecaﬂdu aﬁdﬂth%pm@ﬁﬁ%ﬁf e @M@Iépndspﬁ%@ggQ Itsmuaa tion. Breferably
pne%ri&&ﬁm% %Qﬁrﬁe@éecd étl'}ﬁéh ?% qrEeh nﬁéﬁ@s%%@r‘é tA5E2, 3% 6 7 or 10%

person s ed Iint
of total protein in the expression system Preferably the pneumolysin is in aggregated
form and hence mostly devoid of haemolytic activity. For example, expression in E.coli in
a fermentor under a phage A promoter or other promoters that allow high expression are

well known to the person skilled in the art.
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7 WO 2004/ 081515 PCT/ EP2004/ 002641 Preferably, the

cytolysin is extracted fromthe expression system as
wapooaggrseyate. Alternatively, a lower yield erQI/EBROOIN2641

system may provide soluble cytolysin. In this case,

the extract containing cytolysin, preferably

pneunolysin is adjusted to a pH below 7.5 5 which

Prefdrémwstﬁeheytﬁbﬁ;m' %S Extrdcie R BB E &R @xpessioR ﬂ@fén@dasoén adggregate.
ours, Igr eferably at |east 24 hours.

AR o NP ofe B e @igt st BYSem SR8y OB ORI BHighn. In this case,

the | gxtrattveshidiniag QlytdRire Fﬁé@%lpbnedﬁ@l?ﬁﬂ'@@ﬁ]%té@ﬁ RAKIgM below 7.5
t he cel /aor treati n?edt he cel with detergent.

| f
whigh, gloW hl% o cytolygn e ARo{Rde OY“FétanB%”Oq ﬂ%%ﬁéﬁh«%ﬁw% preferably at
leagt@d®mionss. i n the form of aggregates but the aggregates
shoul d be small enough so that they remain in the
supernatant after centrifugation of the sanple under

The qcndpatrams oneresstdy ih ogt%fpﬁ)l ;ﬁbfe\?@oly n.g@wekél 6né& &rl MbRY steps of
ed |1 n

ebr fer bI t he rge
meq TRDIADN BiFKEGAS AEHBRAFI0E TEa o it dgiGisnhf made with 2
hlgh:yqe!dahéth@rﬂ Otﬁétphéumblzﬁ@$em§|h§fr€!hébbbm aﬂaggmgeﬂes but the aggregates

e nor e bl tionic or anio

shotiE s Janl eadtiprrsg b iepraten e Sindanerisaqenigation of the

sanﬂ:w uu@@rl cuhdifioyis HRESEIHNRY @eué?rngﬁﬁgdl@tﬂe deflQs0888rs. ®réferably the

det@rggr?tf |rg:thuegljlqlﬁe%anst%gggSE@pl@lctq?%béﬁtwlglg\éggq%glottcolnpaln aromatic

ringey piiefephisipiaf |bﬂ'|btefe@él'§;er;ﬁtnrnbﬁé pretmm?wfwaénolcﬁw& é\gonl? deter%ent and
ers a che 0 e ol u re

mogtaTSiege dhe detSIBPE B oDt AU T SAGosEa. TRl Jpgents are

abl@g?sfroamatsefpneuaioly@w glist |I@gwﬁgt§1ﬁuwrmeyr@rrn oagﬁméwgggr@gaﬁe@ t# bind to

en smal e [

the 3 fioPRafia RmaEn ok MG URNG lpiaeappNisrtiached to the

coludbh. O eeriear d&@rgéhfsuér%sab@u@ he@lﬂieuﬂﬂeesm@% re@ameR/sar &gregates,

I urlthﬁablea such onth? Bg ic interaction

allowo i PReHIOlENePgrRgates o nlly Small oAt ey rgmain in the

sup@fnabet \sfien contlifiyatish ftheps=pil @blm ,090§ %2 nd rﬁ?fmt@w/ 8lich soluble

A R T T A S ——
pree?e'in F8ld @mmtrawh@ﬂlb@meeanm%r af@1t55 g@@tergw r%| @m @% (W/v),

culture i e ocess he i nven
PrefoRONARICRE AT HELR OO SRR A oUH 8 BreTdAGY: the detergent
is diaBishigiet i ng the supernatant as the extract to be
| oaded onto the chromatography material during step
c). Pneunolysin is preferably present in the

Fonswmg frﬁ@dlrﬁﬁtcaﬁéncﬁoﬁ@étélr?bﬁt ASUpRSRbethe ?e;QltJrléan REHCIHS heOrocess of
the | nvention uses ro hObIC i nterac

the NyeRYAN: laﬁlpg%q.&eqtgfuga qnfcg)‘ th%ﬁ%’bﬂ’@i%@f ﬁncg ﬁolgcgngﬁ]eesupematant as

the 8kigdbt td B IszRlet BAtdethicthatt§@ehy MasdriiP dGiindd§teh €. 3HHeimolysin is

cont ai ns
preferabﬁy present in the supernatant as a soluble aggregate.

The process of the invention uses hydrophobic interaction chromatography to purify
pneumolysin in a single step. The column material used in step c) preferably contains
aromatic groups, preferably phenyl groups and more preferably is phenyl-sepharose.
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aromati c groups, preferably phenyl groups and nore
preferably is phenyl -sepharose. 8 WD 2004/ 081515
weFOnABsB04/ 002641 The sol ution used in step BPOT/BPIING002641
step d) during |oading and elution of the colunn
n ionic detergent (ﬁﬂeferabl cationic or

Pl se
The_solliAne Uset & §i8R: ) HIUeTestaRIq) dpringdpading And,plkiign pthe column
corrmlsetblaa lahICS@étérgﬁﬁﬂ(‘{ﬁ%Faﬂy @néatléhi@V& iné% dB¥sigent, preferably a

det refeﬁb det er is sodium | auro§I

eledgetownight is. SQ*HQ'edéft & 'gé%?(‘c%'@&oﬂ% Rue vihPMh TApst| preferably the

detargehtde sbd!iemaaﬁﬂogﬁsa?éosﬂﬁéﬂwfél dbter@bRfl ®edDE Yone which will reduce the
all ow ng the cytolysin to be

t
sz YR PR RN GaRgIrE04E. S0GBPHP AU DRI B ek presert

in the samblle & ackdupld bggl’@géi’éctﬂzhmbt & wintbiiaet th@%yd%ﬁl'iebm& interaction
everS|bI stuck on th

colugg] IE'I“I rla ng’t'l%].glg r@elﬁf?g@rgllb&r%g%?nt coo{urgan'gi@]g@tgfgeghls present

at aoéormeeﬁraroabcbfyprb@rmbe@veb%cﬁﬂ% &% s, efsreabl c¥yo @%58(9@13% (W),
bet ween 5% and 2% nost

morsrpééf%rraﬁyl Rﬁt\g??ﬂjﬂg%‘? da%/ o FReStOERTRERA ARG 1%on step c)
and/ or d) cont ains a salt, preferably a salt sel ect ed
' of sodi um chI or i

t he on st' n
Ther%gmgglulﬁ Bc& agﬁ.ﬁ%ﬁ&'ﬂﬁzpﬁ [ 5 AEe erggldlqﬁﬁlt selected from the
groupubgrizidtiag dfm&mh ¢MoRdd phé@rﬁaamlﬁjrld@ SvhiIRRINE chioride, sodium

| um hosphat nesi um hat e, . ammoni um
supFRs SRS - BhalEe e aor i, S PBA G SafiuF PRogEhate, magnesium
phomr@fteeraahhgmammmdpha‘té aﬁdthshref&ﬂé(bl@bﬁfﬁ’@réd G pAate-g, &Eferably around

intainin pH .bet wee be use The
oH EAER ERhab S TR G B e ST RS W OF Wsehe
process of the invention contains a high salt
efe a nore preferab

congentratj on
The4 6‘3‘8& Ysegh toTh'Q %Ppog/éﬁc@n&ea?cﬁﬂdm” 3 B queepss RiHhe invention
contalmata higk wamlcpatdntiation, réfeﬁe(!ilW@Be— nghﬁgﬁb%ieﬁaﬁﬁlrﬁréuﬂﬁh 1M. The

is 20 capabl e of b|n dro b
salt §inosAlplg AEHGS eGPt PIEHTIOHAR P! @S0 cIosegpied form and is
capama bBbindiag tekeydripaBbie himsibdigphiya@bmm in

internedi ate salt conditions of around 0.5M salt or a

salt concentration capable of renoving any poorly

Optibhaﬂ@i 81@pi d)JuaiNi donesn aafexﬁb%teﬁf @E\ﬁé&ﬂ&{ tf{é“&)lurﬂMerﬁ‘:iﬁt@r%edlate salt
ut e pneunol ysin

decr S radient to
cond!fi, & HBGEE LM Sers o Fab o B AT ROSBAE SoreImPiine any poorly
bindingaehptittiesake the salt gradient in step d) contains
between 0 - 0.1M salt, nore preferably 0-40nM salt.
Alternatively, step wise elution may be used with the

The|p®d\¢:e%§|df tlﬁblfrfvéﬁtldtﬁﬁérbsi eﬂdéér@@& sﬁl@ FaiigHtng dngé ‘fsﬂ@lﬁ‘m@lysm from
rably nmV salt. Optional

i O.IZM nor e ﬁg

© SP'EpE: erﬁ@ Valhgelgwy “%”o‘d‘?%’stoomaf‘ﬁéhq* Fal igradientiip step d)
conthins isBtwe&t ers edM @al@!&ﬂ@r‘e%r@ferably 0-40mM salt. Alternatively, step wise
elution may be used with the low salt buffer used in step d) containing between 0 - 0.2M

salt, more preferably 0-40mM salt.

Optional steps may be added to the process of the invention if it is preferred to denature
the pneumolysin and subsequently refold it by removal of the denaturant. These optional

steps ensure that pure cytolysin, preferably pneumolysin, with a native structure is
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t he pneunol ysin and subsequently refold it by renoval

of the denaturant. These optional steps ensure that
W@og/0851D| ysi n, preferably pneunol ysin, w th BCTEPI00€002641

structure is 9 WD 2004/081515 PCT/ EP2004/ 002641

obtained. The first optional step e) involves the
obteisadyv &he difstdentiongleslepbs) velféd theareroeval ofidetgrgpat by diafiltration,

dlagklg#}r 'dﬁlﬂronﬂﬁhlﬁ g?é g rn@ak/é(s ngﬁl?}%?(@rﬁdlalfy&s ggaipst %buffer of pH

ation ySI S agal nst
8-1Pr pfeéaralily preunduhdnge prefiesabhy bedussr i ereealﬂaftq& buff@rsat@ﬂ@lme pH

vl PGS 5 oB L CER, L SRl ERad e anb ronon.
prefesably 181508t ostPrefiesddy algrpd 26 rsiUrrBlaﬁP@élpn OF elfeditsighis yoreferably

corlb PG Ao ke HE T bR Sl Pk etibed oLl el

roomtenperature. In a second optional step,

in & Ep it arland Fip et oY RATDRER @ P aRrLghy solubiisee

by taldemdﬁrtﬁtalrmtatuuaﬁd Frefesdodp tife) desatgrsmniudietein 418p f) is guanidine
ni di ne

SR BPGrerRey SPErERRRIT: eGP Bt GaarraierabY around o

gudhidih®bydrodtisiie. The ppa@uopsiy & incutaitddwitbat@dding hidrochloride for at

B DALY T Pl Bty Bt o

about one hour. The cytolysin, preferably pneunolysin
referab then contacted w -9M ure 5
SRRl Sl et RS B oS VS Sacied 2 oM urea
pre@é?hbl?ﬁ&ﬂmbw\/dum‘al dmlhgfsltém‘ 0|m|sd|saicmved bf/ dtafiration or dialysis of the

oSV Red TSP PRECEANE TN CEar FORERL R Ar, il and pH are

madmmétg dtlhﬁ'g m@:bﬁ@@@.gefofdmatmranprefaraefyeraakﬁd;acmg agent (DTT, 2-

ent (DITT, 2- r capt.oet h tat h| one
mer EPiarBofaig e s aope e P B e Rtve A och
Prefer abI y step f) invol ves contacting cytolysin,

ny pneunol ysin w - 8M quani dj ne . .
Pl Bl DR RE Yokt oot SHAEh Sasyrmpien i 5o
guéw@ﬁ@mlymbhldadé g6l dwvedMy eketanging 1BEdguaniding hedebhioride for 5-9M
i nappropriate disul phide bonds form ng while the
@yt olysin, preferably 25 pneunolysin is denatured, it
i s advant ageous to ensure that a reduci ng agent |s

resent at least part of ste
In &d@rf@rqr@&e rg@lagega Ipﬁ@ @omdsl&ﬁup Pwlle %Pe %‘sm )preferably
pnéﬂn%ly% & d@Ha@:T&'d it @dvaatagésus/to?énma% tha@@:eredﬂcmg agent is present
nmer capt oe use erred, concentration
Qugia P e ORI & Sepss 3R Ol B AL P Eg 0 eHsh 0 i DT,
pre@gbly nebursd fGﬁ'll\@)DT'ﬂVNt&rﬂ@tl\)’e@/ng}U@éthloﬁe tdre2-gesnedpioenandl Ns used.
er to refo sin r eyno n
PreERLTRSPY N ar SRR FisnT 50 Mt dnore Bl S,
salt buffer of pH 6- 11, pr efer ably around pH 9.
Pr ef er abl SI n, pref neunol ysi :

Onkigia SpramGivoR s ot i e o TeBlogviatsin, preferaby
pn@frﬁcﬁlﬁ“rﬂ%rﬁfe@ﬂ%?%éfﬂl@aﬂ@@/dﬁ diapgls HaePenaTbw sMmriiffer of pH 6-11,
preferably around pH 9. Preferably cytolysin, preferably pneumolysin concentration is
maintained at at least 100ug/ml, preferably between 100 ug/ml and 1000ug/ml, more
preferably at around 500ug/ml. Optionally, diafiltration or dialysis is against a buffer

10
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preferably at around 500ug/m . Optionally,
diafiltration or dialysis is against a buffer 10 WD
wWQOM089631515 PCT/ EP2004/ 002641 contai ni ng pr OPYI/EPI04/002641
gl ycol at between 10 and 30% preferably at around
cri bed abov

corfaiiha PIEMERB ekt A5 PAesa B R By SRteraily ahatrnd 18%. Preferably
a ratiuaingsigent asdgucabed abbye i andihtathed Wuridd stp @Ubldflﬁratlon or dialysis
alterpatively carried out at roomtenperature. A

's prefeieRbcagindi dal 4t By inpltsrAgibrlieamasout shtapa tempetratére
reduci ng agent after cytolysin, preferably
pneunol ysin has refolded. This is preferably achieved
A flé'yfh% ationalr gep dn iBvoldesaliies ramovah aff e redudbw seent after cytolysin,
preﬁ%ﬁlﬁ%néﬂfmdﬁéwﬁhé&ref&&@é el'rh%%fre?&%ﬂﬁdacmévgd P% frfRabh %r dialysis

diafiltration or SIS | agal

agaishearyi 7 Biep el @h'eSﬂﬁy@Eﬂferaka?éWWenH 19 Quitbnay,diafiliration or
dml%@fs%gr%ms‘! a b%ﬁeﬁéd?%lﬁ*m%%@pg@n@@ ;chfgt Be‘m & 16"&1? %5& preferably

I's preterably carried i's alferna
at al@mda’?ﬁ"/ﬁellabltratlcm orr dielysit esrpexfarbbly earrled qmteifc aPC et is alternatlvely

he invention, the cytolysin, preferably
Ca”’%?[e?}ﬁ@f ag'r'gr ded so that its haenol ytic
act|V|ty S restored to above 25% 50% 75% nost

ref e bove 90% 0 0 pr o
i oferBEh Pt B PN Fentl iy, o RBy ArbRblvb, = refoided so
that’ lfsdhamwlytltﬁcpwtyt|elra§stonedao @bowe%%ha@%n 5%hﬂo§tq?"réﬂei9db‘}’y to above

0 ct.ur.e of p a non-dengturing . | ,
907 o it B e VR GBIeB Py T aS ghEenasyi e Prketion, folded
protemple(at MthmBa‘mhg/theCte&wry Btrﬂc}tun@fofrtﬁé Qkﬂl@id mameuyral noBikdenaturing

e 500,00 000, 00 ti
progi bR SF O RO BB Jof Rberire e BByt fefoded
pnemmblysmt\hm&be rﬁmemmlo%/t O%D ,0q0 hsrerﬁcyl?/tud bkﬂtshﬁ@@ﬁbb(hbb}sm In the case
i Vi re neuno
of R} mpbHanayrgTrba S S BaRERRASER dfe Bemabic actiy of
the fdfieldey podursalysipwoiltiibeccomgspdrelingyt lbadr.of t he invention,
preferably pneunolysin may be subjected to a further
optional step of detoxification by chem cal treatnent.
Detdtificatiddi 4 toximal 25 step is particul arly advant ageous
if the cytolysin, preferably pneunolysin is to be
adm nistered to an aninmal or a human. WIld type
Thepasymjmh ysirified Sy hln@fmhexh(odmf ¢he ﬁmﬁmﬂ préw.ta@tyegneummysm may be

SUbjggtgﬁgD 8)4?'6% F‘%ﬁeal'?? !Cgteqq t|>y %ﬁ{ trp@gpema]'hls additional
Stept <D9<Iparttc;alaﬂtaaédm;egbeu@rmhlh@r@tdlysm/\h@eféra@ PHRIRRIINER Ns to be

q tadm ni stered, i nt r nal I%/ &V\D99/ 03884, V\D9g_¥ 06951)
admijjls &l e )il % h @ Rrel YR @Byl s gftbhthaf Several
mut3ed nﬁieymalyeihwrbm RAROBEDRER)ed thae h@\Vé)F@ﬁ@e@ftoil&I@ yet these

still Ir%}n%/lﬁp%(?%l %ty ﬁ‘@?g:l&f}%/ el g%m\%é/ﬁ}e% @eeeﬂ%tﬂsp 183;1 |es administered

|ntemen3a@\/m999/03$84ef\/$®9@¥d6%ﬂbO,dlte?ﬁéttvélywﬁ@naoéldété)‘éhé@Ky Bé&hjugation to
polysaccharides (WO96/05859).

The process of the invention may detoxify either wild type or mutated cytolysin, for

example pneumolysin by chemical treatment. Preferred embodiments use a crosslinking

agent, more preferably containing one or more chemicals selected from the group

11
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agent, nore preferably containing one or nore
chem cals selected fromthe group 11 WO 2004/081515
wOeaABRSBEDD4/ 002641 consi sting of formnmal dehydePCT/EP2004/002641
glutaraldehyde and a cross-1inking reagent containing
roxysucm nom do ester and/or_ a mal ei m de

Cona'PBnL&JOE ér@a' ersis) gluiaraldghydsand aaressrlingingceggey containing an N-
hydtdX§ERRINGRSHdREStePdhASTREREIcHidE Bfoup @ idMssand can be
used 5 to detoxify bacterial toxins, preferably
pneunol ysi n prepared by other nethods In one

Theecﬂﬁi@)dﬂldmﬁh prddBesedethembéllvehic0Bn %bé&@f ae |H7<91t1oﬂ\é\$|6tdaﬁrbe used
bbes the detoxification of a bacterial toxin
to dEiy

PR L% PrRiCERY PREYIAIYRINReRAreth BYPIISI Methads.
compound, preferably a crosslinking reagent that IS
reactive, referentially reactive,

referably
In o &mbogipg it i d@t&é@ﬁ?ﬁp aneliof o B ipenipn Hesgrines | the detoxiication

of 0bAuIBI 1R CorppiRfirey BBAtMgRhE TBEY WA EhDHieM RSmIARd | ;S}ﬁferably a
%)Sg Igoses of th| s appljcatiaon, a cross |inking reagent
crogsinkiag reraenhdhal 18 JRTIR PIRTERDIY aprefeseriiglly igpqiuac Mok preferably

spebifiealp $eadie WERSMIMNGro0hs Vmélﬁrbréféraf%ﬁp&%a;’?/ %ﬁmﬂee@%bbé‘ g

with at |east one group on the bacteri t oxi n.
further reactive group is able to react wth elther a

For GieprpOseslds thif aphretic, |a&iro§§]?ﬂklhg% nt RAATAEE a8 AMIRAHMANG with
eiqﬁgwlnst nce ana no acid F})g pol ypepti de,
at ISEHIO BCHR JioHPS IRAISFESNE B WRIER SbFaPablenel ERREcHIn at least one
gro&ﬁﬁ@mﬂﬂacwnat foRInCA IS dr Pkddlide GRAGEN BbIE S0 FRRE WitN @ithd P §roup on
reEq ia @}/ preferent| al I%/ reactive, nost preferably
the?&ﬂ.@ d9XIM yOry 8a3gRAJAE WFRTAPHRdN 05 estants 80| ARigr 9P|d peptide,
pol}@épﬂwsudjﬁrefrgb@bédbhatd@ chem cal conmpound reacts with
a primary amne group of Ilysine, nore preferably, the

crosslinking reagent reacts with a primary ani ne group
Prefefably, ya'ien%hérlﬂd:at henfpelhdysh Yhe HrostAnkhg CaEENS rdddtfe, more
fmsibgl i,s particularly advant aagwou ere pneunol ysin
prefp@ablye PERIFTEMERYY sTeREenRASt iRERIEIDN spedinaty d9@qt@¢n\@lﬂh@mme and
sulfhyeBy RRoURS |P9éa‘§r‘{ably| fRshehfica cBPBLAd Fddcks \Qi@&é?ﬁ%ri/ Bmme group
the | evel E ysi s co ared to the residual
of Istitol4s Srleiaby) TN GHEIBNERGoe05k Aoty Witg B BagsB fne group of
lysifecagd &hé\ﬂstuthIYQrbb(ﬁldﬂszQt@lrféY%Q ﬁ\%tho-ﬂhléspé%ﬂcularly advantageous
al ternative enbodj nent provides a nethod

Wheg PBRYTVHE b AEOK A S B TRRTcagBrsY ot 'rh@Y%Eﬁ* £yl Agping residues

leadsy &t @ %ef@ﬁl(ﬂ@@cré@ﬁ iPR9e ||3ven @R hdnhdlyis tc@HESbFBéS t®%the residual
i nvolved in the toxic ach% of the

he”togﬁﬁfsr?c(t ihereera s cRRIINKIRG agentopety it onfyrlysinggr cysteine.
treatl ng 30 the toxin with a cross-Iinking reagent
r abl %%a het er obi functi onal cross-1inking

ThU§ t@jn%t' terghosigent Hk%"qeﬁeasmedepﬁllde&?XMBQ bfaterial toxins
con‘?ﬂ@ih@ﬂﬁocﬂfﬂﬁgoaacg/bfélrféf rdsftfet @bh@nallyﬂﬁe@‘r%étﬂ: Yermﬂﬁ% bh&2 toxin)

am no acids away fromt
involed ithe o 2411y of W‘Pa‘ioii'”s(lpﬁf%ﬁaﬁ%the wt@f@tlalwwomp@smg treating
the QbXIRT wiltil &) Qoradd-IthkfN ke gesit a(pﬂe'férHBlWa AR BRLILRUBNANEross-linking
nore preferably the amno acid is |ysine.
reagent) that cross-links the sulfhydryl groups with another amino acid of the toxin,
preferably more than 2, 5, 10, 15, 20, 30, 40 amino acids away from the cysteine in the
primary structure. Preferably the other amino acid contains a primary amine group and

more preferably the amino acid is lysine.
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12 WO 2004/ 081515 PCT/ EP2004/ 002641 I n sone
enbodi nents, over 50% 60% 70% 80% 90% or 95% of

W b@4pgrsih retains a nol ecul ar wei ght wi t hi n BOF/ERDVG/002641
20% 30% 40% 50% 60% 70% 80% or 90% nore
preferably between 1-50% nost preferably between
5-10% of its original nolecular 5 weight after the

In doneabmbotinahtSHes 569, BDWﬁD@‘%P@ @U"}@fcﬁrgﬂ% of ttﬂil?toxm retains a

h
oSy BRBL SR Bt ook Dk o NS TR Sh o s 0%, more
pref@mtmo betwadh Mesgluppshermrapy badebh exl10% 60Ul ®Riday molecular

weige! S I el o o eRerei b LB AGE: FRYBISHY 6L BHE: saures

slighiyniigigertholsciaér waibiet folxing th@ldettﬁdﬁcéyoxﬁ@@’a’th@ﬁi #0k to several amino
nol ec S SOt h a toxi

. bi_ndi {1 th t
acid PO BeRRITBERRES Bt SPYRYYs BeEula B Sheiriaed compound.
Hovegveb yhecioethlod it lihye inlvérdion @réfh@btyod@d% ﬁd@ wﬂxbh/@rexteihfs% conjugatlon of

hari des. St
the 5580 colBr VoS RERNBRENGH B alnel WBF: e & Tat o loxin with s
multing at qa&tdmamy Mr@%ﬁﬁméﬁ Eor'mt ccﬁ?ll‘éﬂﬂy@ﬂm@iﬁgtthé ﬁoxm to other large
nhvent e inyention

ed t
profgties b SAishaides 1 Mgl Secchirdsn sy PrsioRl Regnethods, proteins

or prmmjclmiﬁsctldm;dtlhIVWDQE&IOMM@dioﬂ&d\/@l*et&bwmlsw@rﬁléh.n from
A. pyogenes, cereolysin fromB. cereus,
thuringiolysin O fromB. thuringiensis,

Thel mbﬂrodsmmé yﬁ/eﬂtlcfrf may Be Usat &b Hetsxify, bactynberomet Pletsrdl toxins
SI n fromcC. botulinum

bot ukj nol
ol R P VAR BT GSBR, TaTS dol oD RS, StPaAIm rom B.
cerdus, hhsmr@wsmm fr@rﬂdBn&hm’rrlgﬁsln@lsf rl@t@‘rc@pofdﬂvéw floP 8. Alatersporus
erfrln sm&?fromc conS|n

Se
bifefpHpRog Qfgrmegiags; P(ﬁv‘yeﬁ)'}ﬁs"? TR € Dol eptygolvsi from
C. d¢reiuaosl| yas;ttmytfobryerheromet amstolyl‘/m&ﬂobé/(fdnﬁbt&yélh Gronk--C. novyi type A,

I st 0 rom.L. nes,
portdHAMRIRI FYBICh AE B SCrUEINYIE R (Ot el GLar. sordeyisin from C.
sorddifi eﬁetarﬁ)lyrsﬁpfrolhqysl fotdhi, |f/é§rﬁ1ﬂys'ﬁ1 QpregeDerandvi, Iifsfl’eglo%/sm O from L.
mo:gqﬁyfoggb%sl rgPI? nlé;lsw rfrgJengk. %ﬁ@@&ﬁ%{a&,\@oﬁsM tetgn%lvleysstreptolysm O
fronp Sepp@yeee, Shidils 6. &fishnilel ihebringBig/sPr fidhy Sbﬁb‘)t@fmed/us suilysin
fron? neti cal | rmdlfl ed gom ns wi.th | ower |evels

x PWp P8 °'¥§” BOR SRy e e whirth Srpy besof, aaﬂks’vtaépe ormay be a

genéNMWnﬁtﬁﬁF@l‘i to)iBO Wit A8H4) Ie?/é' ?%f n‘t@klblli:bd Sl'[g\@'y?:ﬁpgﬂ 4R P& described
t ria oxins Frp rp
abo{%&;}?g ‘%ﬁ%égé crobi ol ogy 142: 3269- 3274,
(1996) : J. Bact eriol. 181; 2895-2901 (1999)) f NIVH AQPRT
1 t h ni Nei sserjia Confere
The(z’@%f%%l/a@yer n%é @Qe%lép ,s%z%? ey ipsasial loxs Erpfs B L WQ92/01460),
FrpB qm@@bmbgyzhmzs 326UISETL ewbé?t VeR#ctEMe S €81; vmsgarzyo@l (ﬂ§99)) NM-
the toxins woul d

f d_f
ADFS%F& ‘“p't'% 63%5{9595 a?tﬁPﬁgF’d"‘i P@S@&Q@?f@wcef%oga&@ﬁqnam et al p135).

Frppraatiefrpol c)bfn@egﬁﬂér ﬂe%loﬁgmﬂﬂh ROcoBeflRd27etwd 0 ek thBSroteins and a
preferrgéI efPa%?ne%t cn‘r 819 toxins would be a polypeptide containing this conserved

fragment, preferably comprising amino acids 227-1004 of the sequence of FrpA/C.
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WD 2004/ 081515 PCT/ EP2004/ 002641 The met hod of the
i nvention may al so be used to detoxify Bordetella
wao eoomsgisificl udi ng adenyl ate cycl ase (CyaA) ( QPEHEP2004/002641
(1988) Mol. Mcrobiol. 2; 19-30), dernpnecrotic toxin
(Live §1984 J. Med, Mcrobiol. 17; 91-103) and
Thep@?ét”ﬂ%% Etfteom\/ﬁnf(cmwnam%?eétsewtO(CieJ@sﬂy Bordetedia toxima including
ade’i@latesgﬁblzﬁé@kyaﬂ)q%bh%%; Mdnemichusat | QOWQJ)%) ,AeFRonecrotic toxin

tetanus toxin

(L'V&V;Si‘m?%)rlr y'eldoM"?To?@Tﬂ 9a%1@%)>anﬁi nWﬁﬁlstomﬁFéUs(lvb{waz st al (1981)

InfeRPIGBIUAT 38; Sg20- 81 uq*h@@ne%h@d)bf/%ﬁéﬂrﬁ/eﬁ'n&a%ﬁgw ﬁls@ful for detoxn‘ymg
WgOZ/ 59148@ Met hods of the Inventio
T

499,
tel&l%’g&g%“’b(g rauLpBAriaoxm r?@dﬁPX'6ﬁr0ﬂb§| gyieys @ﬁé/smepldefmldls
inclh@ingabidhisth atﬂﬂﬁée‘fﬁé sn@ wbbeobexd Woboabidgast 90%
preferably 95% % 99% 99.5% 99.9%or 10
99.99% (Haenol yt| c act ivity is neasured using the

Melﬂi@ﬂé"@fj '[m.';f mEé(rﬁlHﬁ' |8acB t@Qde&LR%bﬁ 'o? Yné@bﬁoﬁﬁi éfg?%&ﬁﬁéhpé{r haemolytic

Exa
aCt'H%)éPrg?WP&mafa‘ﬁt\}@Eﬁ!f 90&# %@era@tyo%% 19@"60 95%1@ 9§, 199.3%r 99.9% or
09.9%, OfHaRARIMAR A& is ﬁ%%urﬁe'u@hg% ﬁ{e%chﬂrE@mp?e @fand toxicity may

neunol S|n have reduced toxi City and haenol
be E@@W?@ ?W thRMekiad erdrRaTRIop.) Alsiv pPagHMalpFHa @ﬁmay@aemoﬂw;z activity
of &0et0dve—-albE0,b00 Ak P¥e anSm4 9ﬁé1§n }/éﬁ?rg@rﬂéa&ﬁnt%lﬁéﬁas«%nants of

i n haenpl tlc 15 activity due | ower starting

PneyBIosiry BAYR A cRd HadR gbd dﬂagmowptaﬁtw@v rleefawiBieption of a variant
pneﬁﬁ‘w&)éﬁ‘f mal/ thot eeibrd & 888l fatardd @ Méﬁté%é’ dé’éreé@m haemolytic

i ni ng haenol ytic activity iS renoved

actiyB{ BRSLS DF IO SRUBR PP GO AN heSMely e sy §t r@gu@ﬁd however

it ist érvidicdaoManthel Mg Jdrlfy\/@ﬁ%bqemﬂfnﬁfgeﬁé’&ﬁéﬂ%ﬁ&r Qé"dvﬁﬁ% F"emoved by the.
me 8&588 | i nki n1g((1jq 20 reaction which is substantial

L Reversibility is assessed by
nonitoring the |evel of haenolytic activity of the
detoxified toxin directly after detoxification and
Theag%t%%'ﬂ%}t'ﬁe FieR Pinge dpethod efn&bé raYanfien RErferablysproyides a cross-linking

read&roﬂfvﬂ’ﬂ@b|sys®‘§%\hﬂa|§pnc§ﬁ-re‘§7@rrs%lé3rF@afv@Fs%hI'ity |saQs%‘é§sed?’§y Fﬁomtorlng the
preferably above 37 C for at | east

levebot 1"@96%'0 ctivihp ot Ha Palrified fein rdé,r@@tiysa%éred?t@@&@aﬂ@n and after
chb%gH%; E{Sa lt gﬁ:&%‘gﬁé\@ 3o efe?é‘o §ﬂ>${}e%]dj%f %&IF p??f%}a%ﬂ/ above

as a rea tron ere t eve
35 Ya emast preferea;byt abovey37 iG s dbYedseSs 6] Nad, 1@0%D &H%0 A‘b@%’%tantlally

o B e b0 Sl SR e and s e
as aledagiod whatd the, lev‘/eﬂroflhﬁgmalyﬁ@ fabthtyS‘rls@g b Qégmih@lﬁmod% 50%, 40%,
0 result .in et oxi f.i cati on
30% i3 OB BMPEPuatio] 3t SRYRe] JPDRURLYs 8 dosgized above. Many
methods ejfrwtoﬂﬁctamn;f iferatristamcst BP Wing Hernigeddryte ofredth@nt, result in
q ti r)f.veﬁ n over g O()/%ﬁﬁ ¢ 80% 90% 95% or 98%
Slgfhcapn 8&'131?0 I gfeglerdu S?r@r PUCHUMEE MGy structure
after the cross-Ilinki ng reaction. I\/any Cross- I [ nk| ng
nts . f.or.minternol Iar Cr,o sl?ﬁ for

r e
I & SRRy B RN I B H/GRPRE) O hR 8 oclR VEEGAL A%, T0%
80% rﬁﬂ%}d%l @@Swrdbw toxidsretaiis & Meorfopndria cﬁjalf&ﬁar?@ﬁﬁcture after the
V‘f rﬁ hi dden within the ar%:;regatq ods
Crosgf ln%lﬂg reac |on any cross-linking reagents formn int&rmo ecular crosslinks (for
example formaldehyde and glutaraldehyde). This can effect the immunological properties

of the toxin since some epitopes will be hidden within the aggregate. Methods of the
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14 WD 2004/ 081515 PCT/ EP2004/ 002641 i nvention
preferably involve sinply nodi fying amno acid
w0 e®iagkssy preferably sul fhydryl and/ or pri meP@T/BPI00£002641
groups of am no acids and/or the formation of i nI y
i ntranol ecul ar crosslinks. The resultant nonomer
invepf@nh eprateraplys involye wimply| hedilyingpamingeacid cesieuas: @referably sulfhydryl
f | Rofthsihg/ifsolecul
anﬁﬁﬁ%ﬁﬁé{k%ﬂnﬁ%@ro gg ggfgﬁwﬁfﬁcﬁ:ﬁﬁn&j@ St’lﬁbefolémbgb ofth&ihf/ i olecular
crogslinks - Fh@ll(ﬁﬂgtaﬂéag@ﬂm&@ qwe@amsfruetutq GHaws epitopes to remain
ex;ﬁ%ﬁé gﬁ e RS B 1R b{lﬂ reagents contain an
roxysuccl ni m ester group that reacts
preferent| ally, m)re preferably specifically, with
In %r gF@érYeQa'@n%dn‘%lﬂuBis thd ro%ft&rf%g idh é?ﬁp C{I"%S%rds‘snllﬁklﬂg reagent is
gent contal ns mal el m de group t reacts
hetpro@ffmcélnnalalﬁrgferrﬁ@r@O@Eﬂ@kleg a@agerﬁ@e@nial@aaﬂ y N- wetrﬁxysuccmlmlde
tiy PR Hrabl e
osigh Db DKL e By Shify B IR PPy ool "URE primary amine
groupainPieferdblysthei ersediiifies reagengfcentghisya mgleimide group that reacts
preﬁ%rﬁr?l%ﬂ% Rk re?@ré@lgrgpeﬁﬂ@éll?' (ith ké%tfﬁ‘yd?‘{/l groups; At At 3 pH around 7, a

xysuc inim rou
ma@nm@p grqurera@p@smqonfnldnf@s@g@ﬁh aughxméf%@m ghaﬂo& does with amines.
a [
P Y e IR, PP e R B LR RRRBe cBtor aroup
and raem@ea@&devgroglpoJ@@ eosslinkingr agent |15 npiesakie a9émleavable using a
fication.
reoﬁ § Pgntesﬁchthsq%%sttga%g%Egg&éé]%t%xﬁgggéﬂoups of the
crosslinking reagent that are reactive with am ne and

Thé Ylstdmedt we%EC{H@E dc‘ﬁv@ﬁk‘ﬁﬁ? Bf ﬂﬂegbr@é%q n% g réQ@ecﬁt ré’é‘ﬁe to effect the

nore pre erab et wee ns and
eﬁlpleecmfaiﬁtwf@ﬁb@m dPreferaidy, Atmg@ﬁﬁaaﬁ% b$twe?h e gioHBe 06$1et0fﬂ,53“nk'ng

ree{(_} ftemralltgeF L EdVer @hhyam@@ Elkrﬂ/dbﬁsg%rg&fﬁsg |é3rﬂaeM1é%n 15 and 20

toxin are no i on of %@
Angstrams, snave @refgrably, betwearps an@ 151’8‘9312@713 509 masd predergbly around 10

Angmg;?ﬁ J e Q%g%f()(gft%ﬁoamox p#e?@am%m B eéénthe bacterial

strons, nore e&o er ab et ween
tOXithrandO@@dﬁthg@dd1m0ﬁmg@vﬁéhatl’ﬁsovﬁﬁ aeﬁooﬂﬁﬂ alS g8 50, 100, 500

An§eSI OFfjf‘onli; hﬁreﬁ@?&ﬂ%ﬁt&@ dd¥inl '@fﬁuﬁ{ s Ut rPHSna Uidh Ll&Bbms, more

es to ed s steric Interference
prederdbly betrmendiOmand mmg%n@mg@gimnhu bit the function of
the bacterial toxin. Preferably at least 5, 7, 10, 12,
14, 15, 20 or 25 am no acid residues of the bacteri al
The aletaxifigaiomeigpf ofeiie Mplbod alirihe deveationrallevsrsyBicignt (gsidues to be
moglfigd %roetﬁgtnéteﬁcginttg]%r%ﬁ OFRyor QA fl&z‘ﬁg%%n @:Bnlnﬁ'{gltrfﬁé‘functlon of
reactron can be used to estimate ndi rec
therhattarial ®RinoPraferablyl 4t tgast 5| 18c Ui2.eled, éﬁt%ﬁre%g aminozagid residues of

theggéc?%r}éll ?o@ atrgéx'gcgblf{eﬁl WiRe LRRACRUGRaleRAE YR8 ps are present on the

Cross- Ilnklng reagent, an Ellman reaction can be used to estimate (indirectly) the number
of crosslinker molecules attached to each molecule of toxin (Ellman 1959 Arch. Biochem.
Biophys. 82; 70).

Preferred crosslinking reagents are SMPT, Sulfo-LC-SMPT, Sulfo-KMUS, LC-SMCC,
KMUA, Sulfo-L.C-SPDP, LC-SPDP, SMPB, Sulfo-SMPB, SMPH, Sulfo-SMCC, SMCC,
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Preferred crosslinking reagents are SMPT,
Sul f o- LC- SMPT, Sul fo- KMUS, LC- SMCC, KMUA,

w@aoosiIsG SPDP, LC- SPDP, SMPB, Sul f o- SMPB, SNPPCT/EP2004/002641
Sul f o- SMCC, SMCC, 15 WD 2004/081515 PCT/ EP2004/ 002641

S'AENA@“%I‘\IQ?nﬁ%@gut('yﬂxm@@wgbeﬁywlwwc&mq ester), Sulfo-GMBS,

I I I
NBSS00 S Sy KRR LS SO Sy D, e

SAED pRd §I%Ipé?r§?)r ed rret hod of the invention the toxi n is
treated with the chem cal conpound or crosslinking
reagent under pH conditions of between 5.0 and 9.0,
In %P@?%ff%mﬁmd f ths igvention i toxr s frepissl with7the chemicaBcormpound or
croddligdh nINI]ﬁde@ gHeor@RGlsl Abefedh BRI SidTbde Ip%f@l‘éBI_lt@? to 8.0,

sul fh 7qrou i's encouraged, the preférfred
mosttH:gef,e@g)&){ 719n10| 58 6In0tr%q{@pegtsowhqf@rtge reReipe i 5 ma@lmldarm‘oup to a
sulfifydryl Jrbgp [ @h&durageC Qﬂ@ ??éfé@éd! PR 81f th%alIeIaétlcSIIJ Is' 89 rfheB 0, more

act] on IS bet ween nore prefera

prefprie-2mac 560 rile Hﬁ%f@fre% P@*?@nératl@)ﬁ ﬁéﬁk&éhrlrﬂ)wadm is between
100&&@&?&’6 INDW@rpreﬁe%ly MYGAVIOAR Wﬁ\ﬂf Ri48dp rIeIIé?‘éblIétber%en 200mhvi

onetimes preferable to perform the reaction

a”ds?éIOf”'\é BF 416 MRk evadowsdhahi isrosstimesdreferat to perform
the $@ddiioh St sldegi coW@I[r@hérI‘%h@ﬁaaﬁé 's@HmInS cREAdLEPBheRrkafl is added.

Hof between 7.6 and 7.8, the reaction can

Whefgt N§aRFYPHE E%rfqrn@a dub RA tohfwtweare 7£08nd i B8, bte reaction can
opti&@dify - beSta‘Fﬂléo%utMNItHoI}?tHésé‘doq’cIonIkbf%ﬁr SInﬁIaIl?sthefusé%f%% ratios of

to toxin can performed wt tion o
GMBP to) [oxipgane W@% withputdhgy ad@tnm ofmelifaé pHpIalues between 7.0 and
8.0.50-500, nore preferably 130-350 or 350- 900, nost
preferably around 250 fold nolar excess of the
chem cal conpound or crosslinking reagent to each

Prefbﬂa?ﬂl)ﬂa i59)- Emf)e?nore HEFERBHMPRNSSALr 9@@% YI%S@ pFéI‘QrtaﬁIgnaground 250

si ne reS| dues. Therefore a 248 fo Far ex

fold 8?0' HRRRESAT the) RhRSTiRRl coMRorBd St PfOﬁﬂinhﬁgrre%Qﬁéﬁto eaabrtoxin is used.
PneQﬁ@Ué&bV%h&Jm&yQﬁILHOYI?&IH@J“%t I9$|n§rIe§idﬁé7§ OriBLRfe %Xﬁff?sfﬁld molar

chem cal compound or cross-Iinking reagent to
exoqsysqf (Feemjcal FIROUNGr Arcspsshlinking reagent oyer @nqsmcflwralﬂ squivalent to
an 84'de§ rAdlarl 8xcdls de)‘FlIenﬁHa‘Pfc%ﬁﬁQIjb(d ?F ‘EI’B%Q IﬁklfnﬁI r‘éa t@reﬁch lysine

tio of chem cal conpound or cross-|

res"ILIF‘s FreaRY aerél. Mereuyeterably ads! hen Iﬁaa@, rmstuarﬁerably around 8 fold
moldriées of @ﬁemeBﬁcérﬁyS‘cﬁInHE&tcr&éﬁkﬁfgor%%p r?\ktbngsllr;l/@?%?du&ats is used in

roceeds for at least 15 mnutes era
methiods &f thegnygiigles, nost preferably for around one hour
at betvveen 4 C and 40 C, preferably between 15 C and
nost preferably at roomtenperature. The net hod

The era%ﬂrﬂ Mith |CFRf5éIHiIi'Q9nreI$ﬂ9ntfRIP@€Wélﬁ fercatiieass 45 aniguiesaheiegably for at

Ieasﬁ%@meﬂﬁxIéég I‘Qkﬁ/ ‘I&HEI@IUHI:III&‘I ot?ruM II%IIIN@@I 5QUR4 40°C,

preferably e guenchi ng conp ouna ecul ar
pref@ugblgibptwﬁendl\ﬁac & 25 °C, most preferably at room temperature. The method of

the invention may further comprise a quenching step using a compound containing a
sulfhydryl group, preferably the quenching compound has a molecular weight of over 50,
100 or 120, more preferably the quenching reagent is an amino acid such as cysteine.
Alternatively the groups may be reacted with a peptide or polysaccharide moiety capable

of reacting with maleimide, for instance a peptide containing a cysteine residue. This is
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100 or 120, nore preferably the quenching reagent is
an am no acid such as cysteine. Alternatively the
w@e@aps1snhy be reacted with a peptide or pol yseCTRB20D4H@2641
noi ety capable of reacting with naleimde, for
I nstance a peptide containing a cysteine residue. This
pariicilarlys apgyopi@ia/ 0BArS 1 SNRETEEPYREAINTE28WLP B Presgnhmrigr to the
queRBRhGRIdpat € where unreacted mal eimide group are
present prior to the quenching step. The
detoxification step is suitable for use on bacteri al
Thet ‘éétdﬁﬁlcéﬁbndgé‘ﬁr sO8GHBROVEr us® & BheleRbl Yoﬁrﬁeagaéés%ﬁlb@d above.
toxin is from Streptococcus pneunoni ae, nost
Prefaraislg figohagtariabioxisys from; %tr%’@mﬁm%nwmon@ prestipisfsyailiy the toxin
is phéurﬁolgﬁh' Yie Bﬁedn?&@???isnﬁ%tuw S ebBmBhak RoRIELNa bRALINn that has
een genetically engineered to reduce its
beepgenefigajly (ea@ma@@é 9 FREyca émoltypé@%ﬁmrlbe%?@@m Ryssion proteins of

toxuh@xbr@%rakﬂf/ ‘%)‘n@ﬁr%@iy&’m p&eﬂﬁég?hé/rﬁé b %xnf'lsf %@%Péb?y %ﬁeﬁrﬁ&l‘yéﬁﬁ 'may be

preferab Y _pneumoi ysin may be detoxified using t
dei@?@tﬂﬁjd@'w mewﬂ/@ﬁh@ BWENHAY. Thus in a preferred

enbodi ment, a toxin (such as pneunolysin) is
detoxified with a cross-_|jinking reagent whic
Thusrie parralsripd getbediomint.chioxindgesh ﬁ%omw@ym)ﬁ% dﬂ%tﬁeﬁr"\@h a cross-
Imkfn@%&%;éh% wWhidhhs phefélaBfy lﬂéﬂ@roﬁﬂ’tﬁ{cﬁbm haGing ‘E';%ﬁﬁ)s%gt dré r@ctive with
a certaln size, nost preferably havi n& the reactive
lysipg 80psysipiae é@ls'fi‘@SZ@‘dAﬁg%ftarQﬁf@"hﬁé? tmegigticferably Ravingeihe reactive
grot%s HREE r1@1920\’A BnRa f&ahesufcﬁltﬁé}v@ltﬂgr or efé?éjdly Both@®r the following
bet ween 5 , preferably around 12-14 anm no acid
OCCHESs| dues of the toxin are nodified by a cross-1linker

a) BEhReH a‘h@Vﬁ erﬂfHeYaBN REUM PI-eh efralb Yadd réidussi &Fethl toxin are
argi ni ne resid (preferably, as neasured indirectly

pipdfiedEPY r?aﬁrqséd'ﬁkﬁ*roﬁ)dequl?e C@‘t’ﬂﬂ%‘?ﬂy BiRdingaRiefRjauelp @ lysine or
glﬁr’ﬂﬁ@‘?@s&l@' @F&ér@@'y}’ay\ﬁrﬁ&sﬁbé%ltlﬁdjllﬁb%}l YA limatPrddbtich), the other

cystel ne si dechain’invol ved in ¥OXIC activity o

fen@ heyRe Reepaegnshath (Rrefermbiy wish @Yﬁéem@ar@{% nus of the
b) BOAXsind §1d§c§h‘éﬁ§ml/él{)&?ﬁ1 fh@ 8RO LRAVitydrdRE l't@dlm(&éfeffﬂﬁ;é;owards the

toxXin (pref eraa% ysi ne or argelnlne resi
\Qq‘qegnmpg ophertexd ||s>pr@8édmkg@ &l ansthertidechainrpfhe tpxim (preferably to

20ysine3Br Sfgirfte ARRIJAL) @/ﬁicﬁers BFé?éFaBl@%e%%r%tt&I B‘ano?@ 'tI'QaereZ i5) 10, 20,
the prinmary sequence of t oxi n further

épeor &P petineadddirere fie csét%e(rwd@sﬂréﬂt@rﬁawmw geuanse pE fhg)toxin.
is detoxified with a nonofunctional chemn cal conpound
whi ch prefer abé% reacts with am no acids contai ning

In & furthgr prefairert egpedipienhot XY wgfﬁmﬂlsypmw%sm)dﬁcﬁqt@lf@d with a
mor??:grﬁétﬁﬂélrbh%hﬁr%i cOPRSEUrRI VR EX Slkélfé/ralg{? reé'&é)wﬁ’i‘gﬁﬁooé@dsgé&ﬁ‘ammg a

_ e toxin 1s covered wth ween 5 and 30,
primpang faatiRe DpuUp ameenireietalin dsineapnd isngf cueRTtab sinel m@stanwfﬁ@bly 10-

100P&hGstioRR W@Sthat the toxin is covered with between 5 and 30, more preferably

around 14 chemical compound bound to amino acid residues.

Polysaccharide conjugates

A problem associated with the polysaccharide approach to vaccination, is the fact that

polysaccharides per se are poor immunogens. To overcome this, polysaccharides may
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30 Pol ysacchari de conjugates A problem associated wth

t he pol ysacchari de approach to vaccination, is the
wo 20t/081583 pol ysacchari des per se are poor i nPCHBEE®NE002641

To overcone this, polysaccharides may 17 WO

2004/ ?(%1515 PCT/ EP2004/ 002641 be conjugated to
be canjigaisd torplely @rrigla: WHCh PeYidecysiradah iee!l relpell he Regcgss of the
invehbien phay essvanfagbbesly | oW 10 Fuifyr sdyabt %ﬁj@l?ﬂid@ the cytolysin,

fc[%g)ﬁ ain a further step of conjugating the cytolysin, _
PrefBiaBneP IR (8 1DpsIERak RRl¥sasshaTisle; HIT ipRipResa dRGPligRsaccharide
or pfelerablys eapeelafpblyfsechbid@@osaccharide or preferably a

capsul ar pol ysaccharide. 5 A preferred conjugate of

the invention conprises cytolysin, preferably

A ppeterre®| amiutiated R aihs eidvdbtioh heorBrideed c@blysiRe phdt¥RBIV BReumolysin
conj u g{?ed odc ipsul ar tE)ol sacchari des derived rom _
Oblaﬁﬁde%\? oCEHe ;Pﬁé%ﬁ?{?% N e gsiRslivoeRpEkiar PebprIhardes derived
fromp Glingprcobals sifeuditini-@e Mhe PHeRInIceE& Q:Eklyulére\}c@%éa%ﬁhéﬁd@%ntigens

serot% es 1t é 3, 4t 5 6B,_7F,_ 8. 9N, 9V, 10A, 11A
are pigferably seipstefdiom seietypegd, 219 A, 5108, 7@, DRV, Pk 1dAd 12F, 14,
15833;FF,gmt1 fw, ege,rmla,lgzsm:,f Q%ngg%B@F)(m@& értefe%ablylfrgmfser&%es 1, 3, 4,
n F), or_mxtures of two Or
5, Gﬁo?':e 9X4 @ai‘%&c&rﬁ %rgg%@g ?rdplxzﬂfes of twoor moge gf saidyconjugates (4, 7,
9, 1Qytdnyzg)n, preferably pneunolysin, purified by the

process of the invention is also 15 preferably
conj ugated to capsul ar pol ysacchari des from ot her
Cytdlysiigi peferbblh agicimalysinbugliifieBOby SAE CHatéHAe s GRS iRRntion is also
is Iated fro for exanple, H _ influenzae, H. ]
Pref?fﬁg YUBRTINERTRS, i Caps Ui pgfysaﬁﬁh%'éﬁ WGMm PHeE spvs g becteda. Such

poly¥dccharidsy ert B6 asathte@ iR, foaxantple PACHIMBHAR, H£ iffluenzae type B
H.bGrlgu B S@r ept ococ u%, ﬁ pgo%enes, .etc.), )

(Hibg N RGP BEHEELA(RS §: T & %oPHaRocwsc olgT darSapagumaniac (e.g.
Grogo! B , SFEteEse0s,Cl8s nes, Eetcf)aesabhgod@reusE: (ef@ed. ugd S.
.etc, gir:g? era l'é the&}%gpogégaCC)Chaer%% arlé f(re(??n H. reus,
SPIABHPILSErz £y GHETAOPRISHE: - dP8FaliR angeni TRgHMHiSC. gPsligrably the
polySaccharidedl @2, fréh 8. Aiflu¥nzaBep® @ HHRC aRd/l e ni8RhgRRiis groups A, C,

i nked to cytolysin, preferably pneunolysin, by any
W13n80°r Ket hod (for exanple, by Likhite, U 'S. Patent
4,372,945 and by Arnor et al., U S. Patent 25
4,474, 757),. Preferaply, CDAP conjugation is carried
The Qlyspggages d@'@hg?.“”w EhRYRYEN: PRRIAGEYNPRGURPIYSIm ey any known

methel foraeehaé, dBsLiKkme, Des aekiwmansetosdh@by ARBRE} kSRS, Patent
grh]% pg%gsgg} hari des of the .invention nmay be full 'size
4,478, g?z ol &PAR P%'t’g%'ﬁ”t'%cérﬁ‘&pl%f‘Wﬁ%??@ﬁ%@ﬁar iT@egnhance
immafod®nidl9 s aks Nadlysdesharides may be adjuvanted and/or lyophilised. The
polysaccharides of the invention may be full size or sized post purification to smaller

polysaccharides or oligosaccharides.

The process of the invention preferably comprises a further step of formulating cytolysin,
preferably pneumolysin into a vaccine.

Proteins and immunogenic compositions
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30 The process of the invention preferably conprises a
further step of fornmulating cytolysin, preferably

w@e@aoelsysin i nto a vacci ne. Proteins and i muPOOEPI004/002641
conmpositions 18 WD 2004/ 081515 PCT/ EP2004/ 002641 A
further enbodi ment of the invention is cytolysin,

A fysiher embpdimephetifgligvention suayichise prsfetahly Priesmiebisinopuriing by the
methBY ‘ao'f”tl‘léJﬁ"rveﬁ_tlmnS T'h%cinegeés g M@Wsﬁb&‘t&%@féa dMr polysaccharide
capsul ar ysacchari conj ugate made e process
conpygateriaage leﬂlel r¥Acess oAtheupvadPn.enbodi ment of t he
i nvention is an i munogeni ¢ conposition conprising
cytolysin, preferably pneunolysin or pneunolysin-
A Tydbare pipdigps afalhep BIVFRIREC Ffa PNdENMYRRGENIfe GOBPOsIHen comprising
cytdW<RE es@rholl NEndURY AR QR SRuntRRGT-i B§&e@£0¥§p)sula-lrh;§‘olysaccharlde

I‘'mmunogeni ¢ conposition of the 1nvention preferabl
obtgiged b eéﬁﬁ%ﬁﬁﬁ@é&]@dﬂ@r@f)n fsrdesciipech@h@yd)s of the
pneunococcal choline binding protein famly,
preferably choline binding protein A or an
Thej immHSGERcconpagien of ﬂ’}‘?e‘ﬂ&ﬁt'oarRWfQFabbh@"tbﬁr fRIPRIises one or more
met%&ged'fsthé’ né@ﬁo&%e&l CH?JIﬁé bﬁh‘dﬁﬁ? LSrbte@’dfdcn%W' bVefér‘aB@ldﬁgllrW@bmdmg
fusion protelns her eof erably Pht A Pht
proigin Amitam lmmtawgewmf@@g@m H\%@C&@ﬁéfﬂr QNReqr dBere rmembers of the poly
hlst@ﬂﬁcﬁl"aa'fﬁ&n% r@ﬁc@ﬁﬂb'fﬂﬁoﬁ'ﬂ?&bﬂg tRERbBI Preﬁ‘&EbIWPl{tﬁbpﬁ*)B PhtD or
nbers of were originally identified as
Phtﬁr@éaﬁﬁem@eagermis@@n% ﬂaeﬂa@f coul d be purified by
choline-affinity chromatography. Al of the
chol i ne- bi ndi ngrér otei ns are non-coval ently bound to
Consreynth ey | 1oline fdndieg &treteln Emilye(Gongal meanehiesh off dhigcliagily were
orig@fafly W@éﬂﬁﬁ@(ﬁ‘%e%&%@&l drbtBRkehsNebld e Burified by choline-affinity
Structurally t hey have several regions in conmon over
chrermatogaphy.e FAlimiof ythe 2chalinehigilg tFeicagagte manwoualghtlyt peund to
phoebl%rﬁbﬁﬁln%arﬂwél@tléc'd? SEAURBE CieidrRRItdbid €h%d )m%ﬁffﬂ)ré#%té/ssomated
I'n general, choline binding proteins conprise an
lipoteighgicragid. r%@w%watlmtheydmgéﬁwal reginagtn ceragienpyer ke ontire family,
althaﬁéﬂ He efi%):t ne?turfér Sih&Broidigd) (e Qad @Bbuémﬂ Fén@fhnﬁf%r)vc%ﬂ vary. In
't ne binding region (C), nade up
gene%e@h%metmfaime@rﬁie'n%@@mw asam#ﬁ@rém's}a'dﬁewﬁaﬂ'\? ), eAnsepyed repeat
rengﬁQt(IQ*I @md/%? R2‘)‘5§9rdllﬂe tibh $e§P<PrPFP)CéHd é”&oqéeﬁ‘@ecﬁ &idFhe binding region

Bi nding Protein y is selected
(C),fmecﬂﬁ %ot méltlgled@pe%rtaatsqomp@se?r a@f@mm@éelxspﬂmhﬂ@of the protein. As

useBnmrﬁé CEpII’%%tlérg%E {écrﬂne‘@hbﬁhevgﬁaﬁ‘lgﬂét%m fghﬁ]ﬁ (Cb@@sfe selected from

di scl osed in
the\mgqp ggggqtlngcgtp @hglmg; meg ;oéelas &6 igertiiiednn WO97/41151, PbcA,

Sps\ﬁpwpo%g@ E’;V\g§ bfd Qib;)@ 0@%9A'|§‘ d\%%@é@%?%gﬁ@?ﬁﬂ SCbpD and

di'sc I ne DI ndln

Copsy girei discipssd) @3@63@%2%498}339@5'9 d'S@P%ﬂ‘deﬁhWQW/ﬂgQ% PbcA is
disdidtRl! iR Q/V@'QE)% Q% Bhed & Qscr‘g)(i:nﬁe %ﬁ"ldgfgt ;%tén‘i Glé‘cfoE@d H AP 98/39450.

conS|st|n%
Preferably the Choline Bmdlng Proteins are selected from the group consisting of CbpA,

PbcA, SpsA and PspC.
Another preferred embodiment is CbpX truncates wherein “CbpX” is defined above and

“truncates” refers to CbpX proteins lacking 50% or more of the Choline binding region (C).

Preferably such proteins lack the entire choline binding region. More preferably, the such
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Anot her preferred enbodi nent is CbpX truncates wherein
"CbpX" is defined above and "truncates" refers to

w@kpxogrse: ei ns | acki ng 50% or nore of the Chol PCIEEP2004/002641
bi nd| ng region (C). Preferably such proteins |ack the

o B e 5 b B S e

of ﬂwetpn@tah% Wem kye(t irgtainha I§é§¥|dn€&e;5edﬂ¢e@§n r(Rg'o?rRZ}n%c(re'&eferably
ortio hal rotein

e RO B gty T L o Che et &8 T
theRﬂb)lmel\mlrherqgkﬁrf @mahﬂempﬁéd ofl suchi®efefrdd G dASNE &€ REBLR2 and

R‘1>§Fg2lg 2 @us(trlakeéja BY g‘{%%%ﬁ{%{@hop Q\gé%ﬁr,{g%l tar%?ﬁ%‘q%al%?hwﬁr other

chafine bewdiredpendied iamRingsa aihglaNBhXIRe @ﬁ@in Eéréﬁ?arésalso contemplated
rh ustrat eFI Ln V%),ﬁ9/51266 or W99/51188 and NRI XR2P,

W'“L WEEPPe SERIS VRGN ne bi ndi ng prot ei ns | acking a
sim lar choline binding region are also contenpl at ed

i thip th f this jnvention. The LytX fam IS
ek i, BV s JBRREDE prisrieledl b RalbT PaRePIo tNcal bk The N-
terrhiyigli cmméﬁhreomprré& thedling Mdrr@@h@n@?’(ﬁdw&eﬁ/@ﬁtrd%g@hk E%ﬂrly does not
am | S

B JihEeAlERS Bd 1n B Btk adfes eBpye PANTING Weilew family is
conaidered digtithct fnerg tihdn ebbxtféfniyaﬂhb}zﬁnﬂrﬁst witAnge @‘Bbﬁdarﬂllﬁttﬁé‘@ttermmal

th t
corge b3 Bs B8 Celelis vt o Bk v KoprPiam ETiRe T it eomprises
LytAl dirand G fWith eedaydis<tapthet gt fAmir, ILytA Ehesdiessd! i Ronda et al., Eur J

BioG 53R 0% doarls R B gisdipariad  QOBHESO g i referred t
as Bp4icheyC it GlsHAibcloadd (HLARY 08/ 18gs® ikl B 966 PSRHed '?o \5@3p91
893 Iso referred to as Sp46. LytC i
pref%rrg% n%@l@@@ﬁ f%‘?“ 18930, and is also referred to
as Sp9l. A preferred rrerrber of that famly is LytC
X t
Aol olfTRrEd ipociericrs Ml HiesiesaHicroph 5K i cdefiesd above ang

“truncatest sefers toyL%Xpbr@teﬁﬂm&ckraQ k5098 oP PI6rerof MRE CHflind %dlnq( region.
such_protelns |

ne_ bin on ferably
PrefEINL RGS'T BRUHBE 14 bonening PRGIORNIAG ©alaRp! Anofastri of such
truntates cart bs faumd il thef Exantbléssdchen ExarmhRSLSECt i on of this
i nvention. Yet another preferred enbodi nent of this

invention are CbpX truncate-LytX truncate 25 chineric

Yet @nother psefened fetrﬁbdd’lﬁént & glieimBhiort Bis Gdbm)frhr%@a?e -LytX truncate
R2P) of CbpX and t

Ch'nE”f:ePrr‘ﬁté\réﬁ (BB)%F?'B'?F%(Q é?é?{amy dhis P%Rr'ﬁ‘r?é Nﬁ"éXBﬁo (QrnR1xR2, or
NRIDIR2E#) rog Ctxw(rmmaﬂe ther{r-'Mhé( Hoftidh (Ctbirh, G ZI%\HRI% t@gﬂolme binding

domSF’BL?Lé’E?g/E‘? -Gt E%@Cg‘%ra p?ep%q%}ms @&;&iﬁ%@raﬂgf%@pwﬁelecwd from
the groap evakibthgs Cpr | PhdAS S&AAand Pérﬁf eNRIE Yorefbdol§ &t it is ChpA.

Prefsaby, L OLIE Elsh Lhedetoy Bas B S

Another embodiment of the present invention is a PspA or PsaA, or truncates lacking the
choline binding domain (C) optionally expressed as a fusion protein with LytX. Preferably,
LytX is LytC.
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Anot her enbodi nment of the present invention is a PspA

or PsaA, or truncates |acking the choline binding
waeleovaiosis(T) optionally expressed as a fusion pPOL/EPI004/002641

with LytX Preferably, LytXis LytC. 20 WO

15 PCI/ EP2004/ 002641 The Pht (Poly Hi stidine
TherPﬁ%@’ngg‘iﬁﬁq'@ﬁE F@@@écwraﬂ%ﬁﬁgot@ﬂﬁﬁhtﬁprﬁfe‘g PHPDENGRAtE. The
fanfilptischatheteridedinby ¥ lipigatidhrsatibRd 9(\@6 koha"lhs' deplafbd BV a proline-rich

omal ns separate praline-rich

regPé‘g%J'Z:dﬂs%‘{?aa'V@Wﬂ% s« PSR WP%{@% in ;56%@# Bl Puslpeile, binding or

enzlymaﬂeéaﬂlwtsbr(3rﬂ)cdoﬁ>é2§b@|ﬁregloﬂ§|| A 8orRerve@ NIETRIiUG Feitd Nétébbgeneous
a conserved N-term nus and

| ed S
C iRl b G ETe e AU R UmORo4c Igsfesh cHiemp OB proteins have
alss beear erﬂfmpﬂl@@l@@@ﬁ&tocﬁ:ﬁéﬁ@ﬂlemb@@' %&éﬁe@rn%rgkbé@ of the family

have en f d ot her t r ept ococci
CO%lsgseﬁf&‘a%hﬁ %@ Briveralinelt rcgmpriges EoWprarsBniD. It is
undéhetté\)d F}Iiﬁm&véf]dtrﬁhttﬁb thhe mftedeBald yand tE Cr‘éfHPrﬂosﬁﬁatems having
Pht A undﬁr st ood, however, that

seqpigis SRQ "B{hec?"-aa %fﬂéweﬂlésma&ra"m%cwgmgr@nd man-macde)
varisgiguipnces tl@htSﬂHv@S@(ﬁequ?eﬁdéeh&héléégQ @%lt%‘és’%%()“/?lkljerﬁiéal to the

| | 10 vari ants thereof
refe{rqﬁi‘c(%[ifpé\)l%mg g%a{?é%gé& entlgal\fﬁnd| rageltprefgoably it is 97%

identdanti cal to the refer enced proteins. Preferably it

gt e A 4 B e oy oop sy of s

triad pyeteihs.oPrefemed fisRhPSHRIMR (f:dtﬁélﬁm) Ph®S B} Bsfrégméﬁtscﬁér@bf"ﬁ‘nked to
Pht%r' a rot i,ns. Pr eéﬁrred SI on Pr oteins contain i)

F'hedﬁ%frﬂ” ik gr & fiegleat thereof ket 1o htEzor a fragment

therfebﬁagmsnt thereof or ii) PhtB or a fragment thereof
l'inked to PhtE or a fragnent thereof. Wth regards to
the Pht X proteins, PhtA is disclosed in WO 98/ 18930,

Witlareyards taltise Phef @btéﬁﬁis Phen isdklosfa IM‘W@@BP{@QS@ aridtls 'a%oz?'eferred

histidine triad
to S5 feret 3B0ys, T4l 3 abatefctem Merocbsgkicinprtas fegnly and has the type
Il sighss elotisefd XXC. WO 00/ 37105, and is also referred to
Sp036D. As noted above, it also is a protein fromthe
pol yhistidine triad fanmly and has the type Il LXXC

Phtln:g debloa@;t if WO Bb3B105, dlidsie|psee@fdriedie SU3BDHLOARS n%fzédj above, it
S0, refe red,to ségﬁ‘eé@‘? Anot her nmenber of 25 t

alsoﬁﬁ?é’r?tﬁ%fﬁ/m hge R &gy apeingp & vee 1 LaXC sugnal motif.
PhtBliiss giscissst inn\V000/817 103 Ehd idRisd refirRideos s, 'A%ofhrepmember of

has the t
i Pl PG e L B, b oo G 00117370, This
protélurmstd uem@h BeHonalistifinel thad Renilp-pt $ia8 t@%eql E’)@(@%?gq)d ﬁ‘\o’uf A
8930. %® Pht B truncate (approxi nately
9

prefarr%q:lnaglgaolpglc §nclena WW@ﬁn& ds thg %ot@@h§pﬂ%rqt_&§pl@ed in WO
og/1gesherA PHtE hend3td Yagprdiimitely 79kD) is disclosed in WO99/15675 which is

also considered a member of the PhtX family.
PhtE is disclosed in WO00/30299 and is referred to as BVH-3.

In order fo generate an immunogenic composition of the invention, capable of eliciting an

immune response against more than one pathogen involved in ofitis media, it is
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30 PhtE is disclosed in W00/ 30299 and i s r_eferred to
as BVH 3. In order to generate an irmunogen! c
weomwposisis on of the invention, capable of elicPCT/RE20841002641
|nnune response agai nst nore than one patho?en
involved_in otitis media, it is_ 21 WO 2004/081515
advBRtAEReIS 7% 4| BEPERIeNS (PRS8BT BF nVeRiRBgenfusther comprise an

antigemposi bh@ s nire (PE3 | AVE NG, 1 )OsF &. Oprfédlmdhﬁafe %Hnwa‘b?e ABemophilus
e 3o BT 3l bR F e innd eppsienza vius,

l\/braxel |la catarrhalis, RSV, parainfluenza virus and
uenza Theﬁ) sent invention also
gl

The, el PRET elsthiaTionies JonPEHNEs BUIcAerovide protection
agapisobechi® nf dﬁf@a&nﬁ%lfﬁagéﬁ@gmﬁy Haddi @cﬁ@@bc@ﬁéé@@eﬂ&v given as a

Latric vac are now gi ven as
cor PRI OR VhtelBtue e eEeeaUBECIaS Hediasdp rocsive. Thus
for Palgzceai’nc vascigesCthédarit@ent frorL61REN Bathddibis mﬁﬁ'be formulated with the

Llcya sother nt i ensfrt%mot

Vac‘ﬂg‘?%8 'i‘ﬁé”Y‘FéVo'Be PoPITINEedBe XPEHNGHES @é"&‘(ﬁ“ﬁé@ cgp berfgrmulated

withi mmeadmoﬂslerﬁdrs@mtelye bthet vinecefis ihe) e '\Mé‘IIG'th\%‘ ‘trivalent’
n| st ered separat el

corr%)d'{atlg? v?ﬁcéﬁw%q%%pﬁ'?s?m%%gné\gqmlq( Hunietanps joxo éﬁQTT) emdy pertussis
comportenta dtypinally detokified cRurskis | togoi®i (PT) 2661 Rarhexeus HaBhhgglutinin

FHpE SRR bt el | BB i T o, Sxseple the marketed
vacding HW'GQ(NI@lIXSDhB@Wﬁ(QgilthKllrﬁéBéecﬁﬁhVBlolwg|b£|sPs§)hlbl5)'&@htalns DT, TT, PT,
FHA Rt ER N craigent.. L WIE it SIS componant Tor example as

mark&Set toly ISmitreBaeBdsiha Bi Biowgidéﬁﬂ §éa \&ﬁl'lfh’lfarﬁi&;“ lafl'ﬁé cbhbinkd vaccine
a whal e cel

P
may 2lsq GRuRIse AR PUFT B BB Uit iaBgen (FEsAg). Polio virus
antlcﬁmst (ol |nﬁal&%mbaﬁm%c{)im§lbﬁﬁb@|oswr%ls - fFS\/)TV\/{drqé‘)@'llla)%t-EMrrhalls outer
rise other anti
mond{18RE R Bl PBO, FREEOPLH GUhe s RS NPl Benhoits B
outev nfeusbra@apiogmEs (for I nstance inactivated trival ent
polio virus - IPV), Mraxella catarrhalis outer

menbr ane proteins, non-typeabl e Haenophil us influenzae

Exampples eif mefe%ﬁ%rmllblc@l‘airh&/s BRI RfigerRNRKiaN @an be mcluded ina
preferred Mraxella catarrha

| i
comBi gl RECHTR CRmeoaly Gy ba PSRRI 4 oS Hegia) are: OMP106 WO
97/4¢ DBrbi(Aatekp 8. WAT O6/®1960SFRGC R DWFDF [tHha &roevmﬂs E)VOO58/55606

PMEY SR d%ﬁ@%}gfﬁbﬁg@? ot S e i e, o
al. ((M)dfecth:mﬁw&/mrzom@ﬂO}/‘@Jﬁ)M]&3&5 lﬁsg\g? [0 338B%61 (University

of f‘?ﬁ?ﬁ b %Tpgges Qﬁo?sg[&&g%&ﬁaﬁ%@r @p@éﬂ(ﬁﬁ%@éﬁbl OMP85
(PCT/ER00EN$63)y lipoh6 TeaBs )dot 7EmeED; | lppkh@R G%Cngﬁe%é @f%ﬂéﬂ (GB

oot o e, (35 41039 O@s&@é@w@ws&n B (ReHEPSSIDas22);
OmplA1 (PCT/EP99/06781), Hly3 (PCT/EP99/03257); and OmpE. Examples of non-
typeable Haemophilus influenzae antigens which can be included in a combination
vaccine (especially for the prevention of otitis media) include: Fimbrin protein [(US
9766608 - Ohio State Research Foundation)] and fusions comprising peptides therefrom
[eg LB1(f) peptide fusions; US 5843464 (OSU) or WO 99/64067]; OMP26 [WO 97/01638
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9918302.2); lipol8 (GB 9918038.2); P6
( PCT/ EP99/ 03038) ; D15 (PCT/ EP99/03822); 30 Onpl A
W@ BReTHER®D/ 06781) ; Hl y3 (PCT/ EP99/ 03257); and EpEP2004/002641
Exanpl es of non- typeabl e Haenmophilus influenzae
antl?ens whi ch can be included in a conbination

(Coytgen]; 1 [EESPEETEI (Biate dinivierrsty sif Nawh Y piol; dbpAtangios TbpB; Hia; Hsf;
Hmm‘}dHﬁ) Hf1; UﬂﬁmwzF'Hm\K/BnHPﬁvm eﬁgo[bl@ m%@ﬁ@%4ﬂ)%ﬂo%un D (EP

te Research Foundati on) fusions conpri Si

594@&@( Pdeand Re (WO 26304y LBl(f) pepti de fusions; US

5843464 (OSU) or WD 99/64067]; OWP26 [WD 97/01638 22

WD 2004/ 081515 PCT/ EP2004/ 002641 (Cortecs)]; P6 [EP
Othgr roPinadens é%?ﬁ%@‘@ﬁt?r%ﬂhwok@r'k)ﬂ)refer@tﬁ)ﬁ Wwysm of the
mveﬂﬂ@@m E@brﬁbméﬂﬁfnwlﬂﬁ%ént@@n“s foH@%mp BMEm iR '(ﬁ%ualed split,

41); protein D ?EP 594610

or S&h@nlb@ q- Wyr@w gbfsmptem f@%ﬁ@‘f"”td@ﬁ%l MA armngaemagglutmm (HA). See,

e.g C@mampkaat 4l ot NRrsA LY Microbibr irs&aplay 19@@ W 84 8], RSV
the invention in conbination with viral antl\gens

(e. 9? o aB&hpnigens b/ Crivsineh Age( 8¢+ 3rumited, Cspl k J Viel, May 2001,

p458Y mmds) [;fargmﬂueﬁ%fvﬁg@ 3%}«%)%% qqr@%na%@fe.ﬁg %@éeschm.dt et al.
(NA) and haemaggl utinin (HA Cha

Supgg), dpricetta (€93 AliFRted glwopmt@m@wmeic) %ﬂéﬁny (o @ﬁ)) component(s)
of ViRGmodSied Zarddd bubdfE (€. 0. F and G antigens of F/G
fusions, see, egq, Schm dt A C et al, J Virol, My
2001, 10 p4594 - 4603), parainfluenxa virus 3 (PIV3)
VaccRed-, HN and F proteins, see Schmdt et al. supra),
Varicella (e.g., attenuated, glycoproteins I-V, etc.),
and any (or all) conponent(s) of MW (neasles, munps,

A flRg! ERbodiYRRCbNeSe idvenflod Ug teh‘?/'éc&ﬁ@%h{ﬁ?@ﬁwgoéytélpﬁn preferably

invention is a vaccine conprising cytolysin,
Pnegimeisina® § PRpBeiMenParierial capspiae RRbFgeshAtdm serivgate, obtained by

the pRILRYS ¥F tt@inyérﬁ%ﬁrb'ﬁd' Q%hﬁﬁﬁ‘édé@ﬁ&a@ly a‘@:@éﬁtbﬂ@%x@%nen? BRd optionally
process of the invention and a pharnaceutically

a”%ﬂﬁ&@ﬁ -abl e excipient and optionally an adjuvant. 20 A
vacci ne of the invention may conprise the i mrunogenic
conpositions of the invention described above and a

A vacitenelctba dnvertion, may ceptraBe éheoinaminagenic apaerasitiess 6f thenievention

deshibEANEHIB afé @ ﬁ@ﬁﬁéﬂe@t:@élly%@%ﬁ%lé RYciBieRf Ot ecti ve
i mune response agai nst 25 pneunoni ae i nfection

and/or otitis media. A further enbodi nent of the

Vacki¥§ Bt iheinJenGbridRapabRidt 98n&htiffRX bR &iv¥ #RmURE ré@bonse against
taking a, cytolysin, preférably pneunolysin, nmad

S. PPREMBPIgE é¥ection apgier Pillseedian and formul ating it

A further embodiment of the invention includes a method of making a vaccine by taking a
cytolysin, preferably pneumolysin, made by the process of the invention and formulating it
as a vaccine with a pharmaceutically acceptable excipient and optionally with one or more

of the further antigens described above.
A further embodiment of the invention includes method of treatment or prevention of

bacterial infection, preferably Streptococcus pneumoniae infection or ofitis media

comprising administration of the vaccine or immunogenic composition of the invention.
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as a vaccine with a pharmaceutically acceptable
exci pient and optionally with one or nore 30 of the

wo eoottlogrsiant | gens descri bed above. A further ePQDEP20841002641
of the invention includes nmethod of treatnent or
prevention of Dbacterial infection, preferably
St rept ococcus pneunoni ae infection or otitis nedia

A figrtrep e Siod inek ok ﬂ"IeSIhVéHtlbﬁns fHe GREOMAE Gl idR/SRL greferably pneumolysin

mmun i ¢ copposi.tion of the invention.
and B RS P ot P A e ogivaaias iher GF which is

obtsihed bpwgirbteds of thetiRgenidr, iRfthd PRpEXIBh ¥Bh Racdiiefc? Eh’%bﬂré/almenl or
eunol ysin - bacterial capsular

unol r pn
pregedﬁ'%aoézq'?&%”a@”ge&ﬁ g%?féfabé)f PHEPIOBPCaHRiRERUMENiaG HRigRHRIYor ofitis
medig. a process of the invention, in the preparation of a
vaccine for the treatnent or 5 prevention of bacteri al
i nfection, preferably Streptococcus pneunoni ae

The nh&ids0r e prickéntSinvémidhaare Thefetan e | dufivaffedt N8uitable adjuvants
resent i nventi OB a%% gr ef erably adjuvanted. Suitable
es

Incladsy R AUMInURL 1S3 FuRUAIR] sQV"tir‘)é'G%hg%s(aAWU}nQﬁl almnmlum

phobyicbrte)(bl.alemlyelalsbaﬂjela?saﬂlfofaéallkmllﬂl Hﬁgné&uxﬁhﬂérﬁ’@@tzﬁwc BHtmay be an
cal cium ma nesi um iron or

in Orzira% so be a sal%1 ‘{1
s %SU%?e“r?ﬁK? PP RIGh YRS O At usirscalienirallyeqr anionically
dermwsesumqsamhaﬁ@yé at pelysht@phszeneat i oni cal | y Or

tlse sacchari des,
It 'Spfz{? @3@%&9%&3@%'? be; %3%4 bea Rrﬁ@ferttlﬁb'naw@qa\pé@t%btype of
resig@isect Sk ﬁ|ghﬂe\ﬁ3I§bEfl'ﬁl1-¢)Vﬁe| @s}tokuﬁ@gweefd @f fafodrtthet M&?ctef—\ of cell
({ tEonse Such hgg&l evels of Thl %/Eg cytoki nes tend
Meqiger AVBLNe AP And 7 §iyeprantigen. Wfl@ fil@esiof Hirkvee cytokines
tend @SREAF @S Inductiofiof BOMBFA iniBlne Wdabbsdeshb @ Aigghs of
Th2-type cytokines tend to favour the induction of

hunoral i mune responses to the antigen. It is

It isiimportarttd rémempsemBethet diginctitie o T§t BAE trholyfef lmmneafégponse is
not absolute.” In realit

not aﬁ 9'9{%1‘) 3” yn%?u {nﬁlvgﬁgﬁ\g'}'@aﬂoﬁ AMIABIUPR $9PR88e Whictrs idgscnbed

as ka&@%m%yaﬁﬂb@* b‘l@d@hﬁ@iﬂf@' mant | MowderOft is often convenient to
However , is often convenient to

con S PR AN les o Sickings. St BlINRSopeDee, ngheie: B e T cel
clonéesmrmbaﬂanm aﬁurc;dﬂmq osvfanh, aak| and?béﬁn%%nbk Ngwamnrm and

R and Coff man, R
THZﬁ@ Cﬁ{&ere&{@a("@m 'WWWW&W%‘SN%%‘H@ d&ferqarg;riwmranaieoropemes
AnnB@lCRehanoﬂ eaduibdogl, f7, e;ﬁﬁlﬂ-ﬁ(igncﬁ‘féaﬁ@halgf ORALY/HE Fesponses are
Revi ew of | nmun

asseﬁ%{i‘ itg B¢ IPyodusiian el the 'Ng§p%]¢s@}s2 ayt@kl%s ¥ Joyinaheaytes. Other

f N
CytOW'an oﬁﬁﬁ dﬁ{eggué"st(sfé]gtree v:;‘yﬁ{‘@el lﬁ!gusd 8 trc‘)g 'nrhli-’c)ﬁ)eclw BSpMses are

-ly
not a@géﬁﬁ"daf’)é -Gills.rsuch easi lhdige t ||ndwn¢fﬁ8ﬂ'ﬁ'm21fm§erer5hmﬂ¢e are associated
with'tRE RBBRASN ¥F -4, M6 RLOAUCR Btk b u§ant3§§/§{én%swh|}:{1 #%Omote a

In contrast, Th2-type responses are assoCl
predopinaidlyr Bt éespense, 1nciider IMaiophpsmhonyl LipkDA Suiet désfvative thereof,

partiediaHy 8de-GYl 18T MMSIRBSIIMIBIA3A (3D-MPL) (for its preparation see GB
2220211 A); and a combination of monophosphoryl lipid A, preferably 3-de-O-acylated
monophosphoryl lipid A, together with either an aluminium salt (for instance aluminium
phosphate or aluminium hydroxide) or an oil-in-water emulsion. In such combinations,

antigen and 3D-MPL are contained in the same particulate structures, allowing for more
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predom nantly Thl response include: Mnophosphoryl

lipid A or a derivative thereof, 30 particularly
wQ@2ae0s5aty| at ed nonophosphoryl |ipid A (3D MPROT/EPIIN4/002641

its preparation see GB 2220211 A); and a conbi nati on

of nonophosphoryl |ipid A preferably 3-de-O acyl ated
efficigniaistivans b pytigenicangd ImMunegiénwaionysighala Stadies have shown that 3D-

MPﬂ.'lé‘Hlbl@'té' mrfh%lr tenr(afrfee thé‘ﬁﬁrﬁuﬂ%eﬁchVbﬂé#ghnpm eﬁqt@en [Thoelen
aumnlum%% r oxi d | -in-water enul sion
t

el Z\NAeChehPt 1&AB- 14@5?@@8%‘&5&1 3D-MPL are cont ai ned

in the sane particulate structures, allowing for nore

24 WD 2004/ 081515 PCT/ EP2004/ 002641 efficient .
An gananger pyeemdAYQiRsrhe cambinpiieniplos fioropkasehgrysiinithalagd a saponin
derﬁbtﬁxﬂé eSarfi@)Sriys et ohidatidh- ofMBs 2l SadP | -l f 'éétclj@éloséed in WO

enhance the immunogenicity of an al um adsorbed ant
94104 o PR lesa reagiogepicampesitien giprel e 7032 11ia querched with cholesterol
as @884&4-iBWo dB/Arzgnhanced system i nvol ves the
conbi nati on of a nonophosphoryl lipid A and a saponin
derivative, particularly the conbination of QS21 and

A AR VRHY Bttt 6 u0sRtolrhulX¥an | ﬂ%l@iﬁé@SZ?@DaMbﬁsa%d togopherol in an

reactogenlc conposi tion where IS quenche
ol {vaeT N g & dsCrites! IA1VEI954Ea 19 i S@reisres formgiation.
part|cularly potent adjuvant fornulation involving
3D- MPL and tocopherol in an oil in water
Pret%@'& itBp vascigedditivadlyi ForRYSRS/ 3 BRpONinampre Preferably QS21. The
forrRiI8fiY med afs8catipAtd 8 oil inRiAELERRLHNtNE t&%ﬁbl‘b‘? E)WO 95/17210).
additionally conprises a saponin, nore preferably
QS21. The fornulation may al so conprise an oil in

Thé’\@h%ren?%k}e‘hh@rﬁl A p?&ﬁw%hgrﬁbtl"bmo?%r%a@é@ -a lfgcérrli'te formulation

resent invention also provides a nethod for producing

rFRECTNG Bt enthegurgant dnvegtion fegedhe Wi alnpgrmaceutically
acc@ﬁtabi@%@fp%@%ch Byeptyen together with a
pharmaceutical Iy acceptabl e excipient, such as
3D-MPL. 20 Unnet hyl at ed CpG cont ai ni ng

UnrRéthgiatidc b%@ 'c@ﬁt%mﬁr}éoo%ifr@%@é@aesar(\ﬁ/(ﬁ'%ﬂ)ﬁ%ﬁf %?@ HidAl referentlal

i nducers THL response and are suitable for use
indyqges %fraeyéhfe%ﬁw&@n%@re supakie fefrusaédp tf@w@%qnt giventias.
present invention there is provided a vaccine as
herein described for use in nedicine. In one
In adiiieryiasapet of Her Rresent invaptidletst is previdasta yagcthe as herein described

for 84BN IREAEINBY In SRe RAMSAPRHR thdte 3 a FhElREA Yr BﬂéV@rﬂm&o&f%{melloratmg
5 years old) conprising admnistering a safe a

PnedmEB@ inas elaeihkuraan (venesivaarsodld) ermprisingnadrainistesing a safe and
effe@ﬁ\fe' Qﬁ@thoﬁa -Uéémﬁé‘ldﬁ\ﬂ%"inveh@or?aérﬁ oﬁlo‘#lgl'y % 'Pnalt Egjgtlar}t to said

further enbodi ment there 1's provide
e|d6}5b’é%?€ﬂ'i‘rng or ameliorating otitis 30 nedia |n | nfant s
(up to 24 nonths) or toddlers (typically 24 nonths to

5 years), conprising
In a further embodiment there is provided a method of preventing or ameliorating otitis

media in Infants (up to 24 months) or toddlers (typically 24 months to 5 years), comprising
administering a safe and effective amount of a vaccine comprising a cytolysin, preferably
pneumolysin of the invention, optionally with one or more of the further antigens described
above and optionally a Th1 adjuvant, to said Infant or toddler.
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adm nistering a safe and effective anmount of a vaccine
conprising a cytolysin, preferably pneunolysin of the

w0 pooegisen, optionally with one or nore of theP¢T/EPID04/002641
anti gens descri bed above and optionally a Thli

uvant, to said Infant or toddler. 25 WD 2004/ 081515
é?%@@b%ﬁ%@f@alof t%ﬁeore%ﬁd%.'?q\éen bpe saRa e gisedolo preisct or treat a

mamh% em‘eferzﬁbdyéathtmﬂarﬂ@tlehﬁ susesptible tolie&th, BY nidafdlof Administering
ient) susceptible to

soif ROGa1T R, SBiFie ke 6PSa anih; LR oy MSGr PO AzeY el niecton

via MMEMSMIaMI@%éﬂltOh@H iftradeteBeoRsBclizhbb@ RS, BRYia mucosal
i.nc

ia the intramuscul ar,
ad'?'ﬂtslfag {yontgﬁl O'?Vﬁll NS HER RSB nG c SEARRBINEN oS Intranasal
adrmmstra@oﬂmfcmineé @At MeStnicdit oP Bnéméhe or ofitis medla IS preferred (as

| /ali nt ar respirator enitourinary trac
nasBRRRRAL) CoTaeRR (f CEIRH TS HCGT Cndis et oYeqlgly Prevented, thus
attwue’dﬂg‘rhfdclmfﬁ ap e ¢amiBsEstage) OtAlthoSgred @edcﬁme%f%éfrrfv@ﬁllon may be

adrﬁa @r%cf 5?%?@? ag%lr g@%ﬁ%@ S ih%f rllr%il{%ﬁ?ﬂ? Ctg Ipt?] égr?qmlslered together
at thafsaatd timeadr attdiffaant tllrﬁéd (fﬁlt AG&hce Al bcﬂ%@ﬁhéﬁ&ée%&@%r@@nt in a

Q; nv ion red as.a sin
vecfig INSss AN bR O soRa Y 2h Tisecarss 4t o1 Lo dieshs after the
admlnlg&aﬂwf oflife dbclehigl matem ctdnﬁ@nalron&br &bt R:@Bﬁdlrfalllﬂlﬁéf the immune

or i nstance s are present in

accnar
resiargs i RAGEC b, PG HEREE N8 ediiae 35 B 8RER Fhley ot Adminiatration, 2
dufferanuerctute@eofsedﬂmrastmeksnaj uoerustéme Fa @kainble! a,trbpgn@‘ens may be

t.he, b n for optim
SR I S3bLd o P b s
(mtn@&ﬁi&cuﬂbhebb INI mln&dddastall)on IfOptﬂys‘dcﬁlﬁﬁrﬁieEOHﬁee ppésent, they may be

gt L o 1BPapc bl EFotqs RV sRracGunEiopae, Nt 13- T acaion,

the adcmnmssdfehieemwlﬁllcﬂwl rhdy E@@drﬁmis}ereuﬁlﬂﬂ”@ﬂ privdfd 8b$e¥ and IN for booster
roteins may be administered IM (intramuscular) or IN

dos E ntranasal) I f polysacchari des are present, they nmay
be admnistered IM(or ID) and bacterial proteins may

e S 0 bR B B O e

indutes es ianclrobrdtedtive eespionse \Wcﬁélﬁsslgrﬁﬁbaﬁh%d&%é Ridedéffects in typical
ach vacci negh:?lse i _ sel ected as

vac Rk 3 2 Getil v BEEIS FRAL RIS oPeels JoTHasers employed

andvidinhio ist prsseﬁed | Thatontervetpsstem dltigeiid BCths vbéblrﬁe’WHlQ%lcally be in
vacci nes, Such anmount _wi | | var}/ dependi n%ﬂ upon | ch

the 5138e% £ 1-d OPneuRGHRIAPYY sS-efpd o J1o8t tyrierlMol ithe jrange 5 - 25pg.  If
polyBb&srRntes. arér hﬁch@éH eqkfne%flly i % ee'x e&BY 'tﬁ§tn§aém o‘ogg will comprise

vacci ne w | pi cal be’in he ran

0.1 69%#9&5%&/8@@9@6 erably . %:éplpsg mere R %errahlgé) ’6?0 1@ 5ef. which 1
05 0o B ABRPRILITRRBES L1 “Campr Pee. 0. 1) 100 gg of
polysaccharlde preferably 0.1-50 g, nore preferably
Opt%a]r'aﬁ%ugts &fcoWo%Qnt% for a particular vaccine can be ascertained by standard
studies involving observation of appropriate immune responses in subjects. Following an
initial vaccination, subjects may receive one or several booster immunisations adequately
spaced. Typically a vaccine will comprise antigen (proteins), an adjuvant, and excipients

or a pharmaceutically acceptable carrier.
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to 5 gis the nost preferable range. 30 Opti nal

anounts of conponents for a particul ar vacci ne can be
was@ensEmihed by standard studies involving obBEr/ERI000002641

of appropriate inmune responses in subjects. Follow ng

an initial vaccination, subjects may receive one or

several booster inmunisations adequately spaced.

Vac;EWRa' ﬁrélolaﬂét@n Ysaﬁéierr‘ﬁlg"éﬂelsknkfé‘ar\rﬁ r\/a%@m@rﬁés A thﬂnﬁ%)nd adjuvant

adj uvant lents or a ceutlca

app&e@@pt (sl e Powel i MiF. QeNmnmoM 031 1995) Plenum Press New York).
En@a%ﬁléﬁ?r@w&ﬁ Qﬁl@éﬂmes\@‘aéééﬂﬁe@ ?9l%néﬁd [‘J§ Fsataﬁv’lﬁé

described in Vaccine Design ("The subunit and’ Juvant
approach" (eds Powell MF. & Newran M J.) (1995)

Allf%ugﬂuﬁépﬁa?o%ﬁ)e%'e&( el b)esenlE%@%ﬁl ﬁjfdyoie Vécﬁwlﬂh@lered by any route,

posones i s described by Fullerton,
adram@gstl%wf ths geserrigYRccies nfe dherelgn de)tfﬁ@nSpp@% entodiment of the

preéémqm'érﬁ’ien MepfuRsn AN B RbrREs hroYuRPYndraiMt Eutlcle called the stratum
adm ni stration of the described vaccines into the

corpguny. Wi veiayselivs siidasiis- émd@'ﬁ@aﬂ]o@h@s@wennwewulmr called the
derml@rkﬁnnumrméha%slh@rwe&@ﬁeodéowwe ﬁ%&é&bﬁers G2l &fown that

he stratum cor neug;g over | ay derms.
'nJegﬂmbPhéa@ﬁC'ﬂﬁul@toébe inad .Irs partlr:a@éﬂha:denn@@ stiveulates an immune

resBHs@1 Syhiirkdy Takdt %énaé?%gl%\{e@y%tﬁ hg RRGH W%@Htﬁo?al advantages.

ti ssue. Researchers have shown that 1 njection
Intrgepretah ¥agaation Heths thenvacgings ,dﬁsg&eg i aneiarfornmge adueigired feature of

the prds@Hl RU&RicAN | mmune response, which may al so be
associ ated with a nunber of additional advantages.

I ntradernmal vaccination with the vacci nes descri bed

The&driveRtid il 'EEi:hﬁl_?ﬂé%ff‘ﬁ’ftn’a@grrﬁeﬁ%é'&%nofhe %t&{)@&@@édure” comprises

i nventi on. he conventional technique o

Stemﬁwfr dgarinalthe skiac endhen sieetehing wétxonsr basedang" with the bevel of a
g%%ed% ?@%P@a@e@%r@%ﬁb@diﬁi@mee@@:st ed at an angle of
St ret

h one hand t he bevel
between 6%—1@éu@ec¢1éfe@|beve(lzé tBa ngadigel insariedg tfﬂﬁa\halrfdlsoﬁ the needle is

owRA%HR hitneP SR il pBUAlkE £ iaR Rl 19 efetate Pifcer the
skimél'éw@! I@.uid‘:"sztbem dected venydsidwly therebyatbreninged bidhi drsbump on the skin
sur@Elé’,‘r’]fblﬁJﬁ'qu: %é&d&ﬂhd#&%ﬁéﬂﬁ&n&@ (gl evate it under the

then 1'njected very slowy thereby
formng a bl eb or bunp on the skin surface, foll owed

Mo yre%r‘& L.@Qé Rl 501 aﬁ“c qf%@%ggeé}qg %dfngﬁgtgmi%uli% @gents into or

evi ce at are spec I ca
acrossghe @klag@ve deendeseibed 2for axamrss tmmée\sdaesnddsameeobieewo 99/34850

endSEp9bo8th, 168 \EBTRIB N SefEH GER ST Bl Yo ovrcarr
US 830384, HE:99%8QR, fUsY 5,834t .d)S A,998402/ UJS@YG‘}Q 912, US 5,569,189,
US 5,704,911, US 5,383,851, US 5,893,397, US 5,466,220, US 5,339,163, US 5,312,335,
US 5,503,627, US 5,064,413, US 5,520, 639, US 4,596,556, US 4,790,824, US
4,941,880, US 4,940,460, WO 97/37705 and WO 97/13537. Alternative methods of
intradermal administration of the vaccine preparations may include conventional syringes
and needles, or devices designed for ballistic delivery of solid vaccines (WO 99/27961), or
transdermal patches (WO 97/48440; WO 98/28037); or applied to the surface of the skin

(transdermal or transcutaneous delivery WO 98/20734 ; WO 98/28037).
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US 5, 480, 381, US 5,599, 302, US 5, 334, 144, US

5,993,412, US 5,649,912, US 5,569,189, US 5,704,911,
woR03/08885 851, US 5, 893, 397, US 5,466, 220, US PCT/EP2004/002641

5,339, 163, US 5,312,335, US 5,503,627, US 5,064, 413,

US 5, 520, 639, US 4,596, 556, US 4,790, 824, US 30

4,941, 880, US 4,940, 460, WO 97/37705 and WO 97/ 13537.

Whah tties natmr\'@ oehbasissedt inveRfidrogier ivBde adiinftsbr ab 'tllﬁg‘sl@ﬁ or more

reparati ons may i nclude conventiona
Sp%ﬁ'.c?')@ © th derm e dle¥acchp loa dovs gtad VglE. particularly a volume of
betlvabh biSdut®.@Eh Med §.26H]. sol i d vacci nes (WD 99/27961), or
transdermal patches (WD 97/ 48440; WD 98/ 28037); or
applied to the surface of the skin (transdermal or
Thd b@*ﬁénﬁltﬁf MG @h‘s ﬁhethé\éﬂfnYOrV\@r&%/rﬁQV\%cmeg\@f% gr%ggﬁt)mve%aon may
F 84/ 0815 | EP2004/ 002641 When the vacci nes of
be Siguah 12 LoRyen Wa'n P 2 Pund 'Bem%mv%ftvéaret‘a&&m@% feeordingly, the
profii Sntigehs PRdsent ﬁtﬂﬁ@rﬁtﬂa@@ﬂrﬂté{ vhetied sy ﬁ'tet'hg‘rémgé N900pug, preferably
vaccine is in a lowliquid volunme, particularly a
5-50ie0. Lidkevise, harorash hBoAmOWNt % nelysapehatide eenjugsterhatigen in each
t r
vacE AR dPRE (Lo RIEISIR A b Ul o190 k6 BB Btenprige, preferably
0.1&0mge ptafenably (dod G&gasnd o te ibetviern Bams 6 L;ttlga Hovawer, NEs a feature

of éﬁ X rdgg%ﬁt%g%%lq% tﬂt et;tltg fﬁrﬂ%th%%ﬁgdﬁ%y ée ¢ 1189 é]ogeheAccordingly the
protmireér&tt@hbyn “lowddge” Lddeieb $ee preferdbyS@Bient imas aflRWEL0.9fto 10pg,
sacchari de conjugate anthen i n each 10 vacci ne
pre@%%%y 8 g et BEN4PsexFrLi vgsed 1edrplysaceharide aanjuogie antigens may
b ééé‘é@%hﬁté' % PHEfEs R4 ly Pctli&s t
989 e & gey e b’g?t\;%eﬁ 1]paé%r§by e '_% riakd% 0,05 pg of
POWS@C@W&\TIQQWMOSW skin or intrader ml VaCCI nes that the
formul ati ons may be "l ow dose". Accordingly the
protein antigens in "l ow dose" vaccines are preferably
As pyesihaieini thederm iimtradermal dglivery’'omeans delwele'f@ﬂfaaava}ccmelo the region

of tRe BemfE lrtdtﬂéesklnarl-‘tjovt/é‘vep rtﬁ%@ét;& el RSt Me%%%%%ﬂy bd ‘f‘ocated Lexclusively

Conjugate antlgens resen
in tite darmisy, Ttm]derm%séhglawr lbélne/\et@rm logatet ttecbW@erBa@yt dfO and about 2.0

mM&M%ﬁ&%h%?éjﬁ] RFhart OFF bﬁ‘sthé’r%etlg ah@ér?ehrp rr{oﬂﬁt Btevematlon between

i ntraderm |ver neans lver
mdlt/léU@Iﬁ@nfie@dtff@rerttnoaftﬁ@f therbeidy. ilm gten@ras i gan b@ama@ted ioheach the

derr‘ﬁ%ct?y‘ GWing| mﬁ%el&ﬁﬁﬁsﬁﬂ%@ 4f t:ﬂg s%ﬁc atth%dde(??ﬁ?sl |§?¢1c\égdybetween the

I'n” the derms
Straltum Foegupeangdhe gbisarmis. ) the dsudmamz tl@e |$nb¢utamaotuh dayer below.

Depo%?ﬂfng‘:@n I o?%élﬂler)pgﬁet 8& 'rﬁa uﬁ%agé#/rbeam%?{gd solely or

riation between Vi fer
printaifyt witlin thehdenguslyor it] rnaxgelhr@awlx be dlStr@utddeNlﬁfxrpﬁtetemldetrmis and the
derfi@ach the derms by going 1.5 nm bel ow the surface of
the skin. The dernmis is |ocated between the stratum
corneum and the epiderm s at the surface and the

TheSHRUHEEHL L8 mbBYifEn L4 Q¥ ccines of the invention can be evaluated in various
animal models or with human sera. As an illustration, the following animal models can be
used to evaluate pneumococcal infection. C3H/HeJ Mice (6 to 8 week old) can be
immunised s.c. with 15 pg protein adjuvanted with 50 pl CFA, followed 3-4 weeks later by
boosting with 15 ug protein with IFA. For demonstrating passive and active protection

from systemic infection, mice can be administered intraperitoneally with immune sera or
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25 Dependi ng on the node of delivery, the vaccine may
ultimately be located solely or primarily within the
waelerniosls1dr it may ultimtely be distributed weTEP20D41@02641
epiderms and the derms. The inmmnogenic
conposi tions and vacci nes of the invention can_be
proajng Rrier é@l challepae oy infrapgitoned| iriectippdeths1 oo W kPSGamiMococc on
wel€ B0, Aﬁd&ﬂohéll‘y“ﬁd’t?ﬁé @An Heh@siea! |h°é/"'nﬁ&s@md§6bhéf9r@@h§lonlzatlon

can used t 0 eval uate pneunococcal 1 nfection.
mO@MMy q«ﬂaéémqreblﬁbl’%hm@&éﬂa}??c%1%7e137)rmrun| sed s.c.
wth 15 g protein adjuvanted with 50 | CFA, foll owed
3-4 weeks later b boosting with 15 protein with
In peditiorrde Missoidferlarainprpasusicortitm do aedipnieationodrd tinfgtion by S.
pndunfRiaY ?Q&&vé Wo?e%ﬁbé—’@ludl@!s C%@lﬁ%trgﬁolﬁ@%%sﬁ RiBShe sera (100 ul
i ntraperitoneal I mrune sera or 8 WO
L.p. 29040 0981505 @@Tbgpfi%mpwzénphauﬁr@@ewﬁa Imraraﬁsat @dministration of
Sp%@@l%bﬁlﬁq%% - Bao%?rdl& W&lﬁl rat %S§t¢&8nl%ﬂdﬁ det BO d8Rrmined by

pneunococci on dditional ly, proteins
pla‘&%mﬁ@' washesd 2P0 I%U?@ ﬁ%%‘fé‘ﬂﬁr%&) col oni zati on
nodel by (Wi et al M crobial Pathogenesis 1997;
23:127-137). 5 In addition to mce, infant rats are
Fa\@uga@éq)trwﬁ@thné hedresii BatArelina(er Profeis @ giplyspceharide) components

of tRE BHMBIMLAGH véd&nr@ﬂ%&b M€ dBmBh&FdteY By §8Hﬂ11§§rmg a dose of each protein
adm ni stration of nouse i nmune sera (100

p.
(or jryoigin jand . polysaccharidgyrie thei vccing whis Ié’ﬁ@'é wtswb protectlve in a

mohé\ﬁa‘i@ﬁ%é‘&mé‘qmﬂ@b%d értdt&‘ﬂv@tefflcac'qp&e%%n%lﬁéltf%nLUabcnh@ compared
2-5 day old infant rat pups. Colonisation can

to meneysiemeatsnespcan ﬂ.ﬁigaﬁgglgpd V@gsﬁegav?lgr@blgolrﬁqaractlon between the
corhpbtehts ed, 10 ul withdrawn). 10 Favourable

interactions between the protein (or protein and

pol ysacchari de) conponents of the conbination vaccine

ThdRYeRfnds Wﬁﬁﬁéﬂéétlﬁ%ebyccﬂmﬁaﬂinﬁé %&érﬂﬁle@ ‘*Pr%eexgﬁ"lp%@%ﬁ’e carried out
protein (or protein and ysaccharid

usingq slandrrd \iRehTURS U VBICh e u\@ﬂ mnewec&ndv@umﬁ ép th%fh@&ékl&hrﬂ the art,
exc\éﬁlc\%é‘rg otthdMils8 HRGEHDRE Gh 6allV rnBldxafies £E rhdifit to illustrate, but not
mbi nat i on vacci ne conpared 15 to nonoval ent vacci nes

me@ﬂ"b@nHFIrlbuted to a favourable interaction between

the conponents. The invention is illustrated in the

acconpanylng exanpl es. The exanples are carried out
Examaplesy st andard techni ques, which are well known and

routine to those of skill in the art, 20 except where

ot herwi se described in detail. The exanples are meant
Exangple [1|Rusifieation of pneurelysin| i ni t the i nvention. Exanpl es

25 Exanple 1 Purification of pneunolysin

After 18 hours induction of the E. coli culture by increasing the temperature to 39.5 °C, the
E.coli were pelletted by centrifugation at 17,000g for 1 hour. The pellet was resuspended
in 25mM diethanolamine pH9.0 and the E. coli were mechanically broken using one pass
at 500 PSI in a Rannie apparatus. 1% Sodium lauroly sarcosinate (SLS) was added to the
broken E.coli and the mixture was incubated for 1 hour at room temperature before
centrifugation at 30,000g for 20 minutes so that cellular debris was pelleted. The
supernatant was diluted 2.5 fold to end up in 20mM phosphate pH 7.0 containing 1M NaCl
and 1% SLS and was then loaded onto a phenyl-sepharose HP column equilibrated in the
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After 18 hours induction of the E. coli culture by
increasing the tenperature to 39.5 C, the E. coli were
weelokestsezl by centrifugation at 17,0009 for 1 POUEP20041@02641

pell et was resuspended in 25nmM di et hanol am ne pH9. 0

. I h [y brok Si ng one
238 Gula (i Goonaliate ! Achpiaanizg da HECEand 196 8o esulibration

buffe) Fth)CoWrC@éé W@Eﬁec( wWHITY c%&nﬂﬂﬂfrﬁeé Qf éd“uﬁlbrembﬁ If)‘éﬁer followed by
E coli and t ture was i ncubated for

2 PR Ylvrpes 8( POEM phesbalecer PHJgJa@Qrﬁ@imag 03@\/' w@g angr% SLS.

Pn@imaiygitves Sotet iddm af J:dmzrﬁrﬁ b?%blyﬁg“@%va%l S&ﬁ’& coﬁﬂﬁnng 20mM

t di | ut ed up
PASBE S T T 7 CEBRI 4o ShS1 Regclionsapaiiaming UBERiysin wers
idengifediaely $DeMRGRBMYES, M&@gbmé@@ﬁéﬁﬁés&ffépv@%le%%nged to 25mii

i librat in the 29 WO 2004/ 081515
di %%W'éﬁwoﬁg&z%ﬁg digliHatimuf f er (20nM phosphate pH 7.0
containing 1 MNaC and 1% SLS = equilibration
nn was washed with 4 col um vol unes

) h |
The A e RO DR BY JF BTGRP fdding SEhLgHeNING Resochioride

up of 60T @@mh@ﬁ@ QNJ frelibaing - Or G&K‘héum' I'E‘QJaQ 1R ﬁ‘l%ﬁlter%d against
ysin was eluted fromthe co

M 3@% @‘O%L'\j Jellre ot cangmibp g DIGrinsuppbsp easerefolded
by ditfi Ifr@ﬂiowzbaYnéB 206 Bbrﬁteﬂﬂjfﬂa%)ﬁb@ contakgh Dsé Eledl 9?‘1“ A‘fté}' rglgaturauon

dentified using anal ys
DT RS Tt St Ea AT Y kSR HGeEP 6. 25
di et hanol am ne pH 9.0 using diafiltration. Tge -
| ubi | i sed by denaturation by addin
T B O R R YL GUPHeS, Y 7P GMBRBIave SDS-PAGE anc

stalﬁmgaﬁm C@bﬂn@!%lél'bﬁlllblﬁ‘l%{@@m @Spérgfe géWQNé%oéHalysleH Bga\ﬁ/egf%ﬁp blotting
di af i d agai n Murea in di et hanol
using gn @“fé% A Eln%ﬂ“ﬁ‘?‘ldet?fﬁéﬁ‘ﬁdﬁV%PﬁEmB preipips gemainig in the
purlﬁb@fphbltlm@&mﬁrpr@;%bﬂﬂ THEHIbQEAtRPHS bethe FHd%fl&i Wgneumolysm was
containing 1 mM DTT. After renaturation,
aSSF%%*FS\%@wg iivitFq hagmarlyShassgii nst 20mM bor ate buffer pH
9.0. 15 The purity of the pneunolysin achieved was
anal ysed by running on an SDS-PAGE and staining with
Resglidmassie brilliant blue. A separate gel was anal ysed
by Western blotting wusing an antibody against E. coli
to detect the level of E.coli proteins remaining in
As ghpwn 'BS‘HF?‘% bdhe mathed Jescrbest abrieavaspnble tmerasiuee oghighly efficient
purifi€dtiont dfyprfunidhsirP afted b%d?@%HFGPﬁéfégrQB%@%e assrﬁés@d%massm blue

.an in vitro haenol ysis assa ults
Sta'%?fjo(;\% N papelfyr ghows tf‘ﬁ(ee'H%%ﬂw‘éfdh@@Q Fbwih aUQWQamﬁM@tammg
no dddep fs@di‘uﬁﬁcfﬂoﬂ'tlé}\béé’ aBbfib i@k 53RYA bhhg @ﬁr‘ré’i})oﬂalng_}% gneumolysm

sin after a_singl e _chromatogra te
fronggﬁr&d’é Ny Gighbspifigd rﬁ@’m Jépe mwhpfam@r b@né I%mpltommately 45kDa
is aﬁiouthlog@htofo b&preQmeRinsihEe it Q¥cSA bah¥THifds to anti-pneumolysin

antlbotﬁes zresultg not show) and also fails to bind to the anti E. coli antibodies as shown

in panel B. The Western blot of panel B is a highly sensitive method of detecting any
contaminating proteins that remain in the purified pneumolysin. This method was able to
detect very few contaminants and those present were at a low level that was below the
detection level of Coomassie staining. The pneumolysin is therefore purified to a level of
98-100% purity.
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no added sodi um chloride was able to elute a 53kDa

band correspondi ng to pneunolysin fromthe columm in
wa2dvghisys purified form The nuch fainter bandP@f/EP2004/002641

approximately 45kDa is also thought to be pneunolysin

since this second band binds to anti-pneunol ysin

anti bodies (results not show) and also fails to bind

Thd giekin® tipirifleaticiPetrdatis BREIRSd Qﬁth al38niglimRAR8LUn&#1900 mg
P‘@

The stern QI ot of panel Bis a sensitive
Of PRAYTAYSH Rge!de: ph {fr@ﬁs}tat'%nﬁ\mﬁmﬁ% 1;9 Potobithe Rretatn from the
ferrméitalioh cultuteRaPrcoléred aBPENIEY prlufholyEiH. S Met hod was

able to detect very few contam nants and t hose

present were at a |low | evel that was bel ow t he

Thededotidityl @f heVvehe@hol(@OMASSI Bashalsk ngssayh%agngé‘é'&gé@'éﬂer the
ed to a level of 98-100% purit

Py BB s SR Dol EvaaTOachoTe AT fi Rdse refolded
by fewidvel efathé @enslidie. d—lézeﬁn@i/tﬁzoacﬁﬂ?l%ﬂwéé HBte@tetdYH'o‘ﬂé‘tllor{sLH? the purified

Vi n round 1900 neunol ysin tre of
p”e% ﬁ’t g?‘i""&)rﬁo Cﬂﬁﬁ?%%g%% gl 31’@&%%%“9‘?4@9@61 bagmelyighectivity had
beshhe@- ee‘t&ﬂl@ﬁéﬂl athi©ofbéddnbS i esP%en 8o ahdPH bbb b@GI Haemolytic

euno g 5 The a?tlwty of the pneunolysin in
un'tEQSH’B‘Q wld-hepnepaolystsessed after the pneunol yS| n

had been treat ed Wi t h guani di ni um hydr ochori de/ ur ea
and had been refolded by renoval of the denaturant.
Haenol ytic activity was detected in dilutions of the
Exapiple $ -eUbtoffieition by Si shal@WhidebreorRRIN dinpomsy 1.3
ng/ mM show ng that haenolytic activity had 10 been
re-established. This corresponds to between 500, 000
Puritiedl pheQ%ly@QDwHaed&bNﬁéoC b)é)e UAbdifcd¥Bh dtUsith %/ng &nl Yifnary amine
eunol S|n l e toxification o
grOLS)r?euHﬁH adh %ne’ﬂ'ﬁ%l y%ﬁt?f' 3ieingdevEmosstikipgr irepgant GMBS  (N-(y-
mal&iRfdupk b@)%lrﬁ*ﬁfdexégtér?dPﬁ’é/unW%rﬁ 'a‘faé 'CBﬁ‘ceWctratle\lr]_@f 0.5 mg/ml,

ryl rlmar% am ne roups usin
qa

Wasé%%'@%dn%%?%ﬁe@%iawﬁ teiufgr p 5g(érTﬂﬂe(§PBBSM%(Ipmally dissolved in
DMQ@'a@mUrWéiOéBHeWthﬁéﬁ(ﬂﬁlggﬁWét"'ﬂg -ﬁﬁas{ e%%érmldi\%g Akatment

a concentration of , agai ns
conigiien {9k odph&PRr BhfrPen ??PFWWUVGTH@(C@B@MB§ armd thyegrogucts were

NSl diBlsis hgahs PV et B
remat alWZei{'rlS’-;}/%S ilglrhg% m? | ar e@ggg?gﬁg?%@%@% #}ggte ﬁe[]ﬂﬂt]éﬁhé‘elhﬁde groups
were gHenGhgd Pyrrerctingavifiul Pmatmireysieinesiop syahoure at Eoare éamperature. In

eqa\@s I Wi i, &y ShS: 0 E] S
ore m@?%’ﬁ%@%ﬁﬂ;ﬁ%@r‘é’esﬁe SR o Gl ! 3880 ' socium
pho%ﬁﬁp@ W8r e quenched by reacting with 0.6ng/n

cysteine for two hours at roomtenperature. In order

to renove excess cysteine, the sanple was dial ysed

Exa@@Ri 1S CharaerRalidHdrf detoxified pneumolysin

Haemolytic activity

A hemolytic assay was used to assess the remaining toxicity of detoxified pneumolysin.
Serial 2-fold dilutions of pneumolysin were incubated with sheep red biood cells. After
centrifugation, the supernatant was transferred to immunoplates and released
haemoglobin was measured using optical density reading at 405 nm. Results were

expressed as ng/ml pneumolysin corresponding to the mid-point of the OD curve. The
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25 phosphate pH7.15. Exanple 3 - Characterization of

detoxi fi ed pneunolysin Haenolytic activity 30 A
wheomlgtsit assay was used to assess the renai NPCIYEP2004/002641

toxicity of detoxified pneunolysin. Serial 2-fold

di luti ons of pneunolysin were incubated with sheep red
asspy Weg reepated affer éncubatingt thief dgjexifiashpneureolysip et B&t°anfor 7 days to
moiR? e RUSRfFEr deoiEatger! ates and el eased |

haenogl obi n was neasured using optical density reading

at 405 nm Results were expressed as ng/m

s SRR, CONGAORRENRG b SRl oy o

activilysofr Bp¥arituuafte er 3.0A€ deletredectionen deeoelticeagtivity being aohleved
t
HigREIEMBRE Yétfo{ét &t G?‘égzg}lgll% ]wéréj apR troopro %o%\h%{?rnrgtﬁlg\tﬁled 1h’aemolytlc

rever sib oxi fication.
activipyewithrgatiosnptt #1 QVBSSAMdzsing petimal leb@t periaENy Théaliieaiment was
estih%?eﬁ?c?'?@édff b mo'i!:fﬁ‘éﬂdn‘”dr Yot %Yly%é hreQBuEQ Wh%rém&wer lysine
reduction in haenolytic activity being achieved
resigpemwererpedified, g wU@wn@vBsﬁmylytlﬁécttNéy waalsss. t o
produce better renoval of haenolytic activity with
ratios of 4/1 and 5/1 being optimal in this
ELIB&perinent. This treatment was estimted to result in
r e
The@g.p%g.e@ g@peggg&@ggfgné&gblﬁhg@as A3y BNBRCTREBRISA plates
werﬁa:@mgﬂwltrba ggmpap@anﬁ@ﬁugﬁsm@ﬂ@pﬂgpﬁa%gs contalnlng dilutions of
f
pneg@té) é@@&l&/&ﬂg ylM atécﬂﬁ _lt_ eb%ﬁssﬂxﬁﬂ @pgémvo\gf{eeﬂw ure. Aftelhwashlng,
the ab@.mchémepnglygm |wa§néi9tﬂ§*qﬂ5|q$lrm1trabbjtjypolygmml e@j’]tlbOdIeS against
n RUERIS¥S [
pneﬁﬁf&‘yﬂna'tcg@u?étga“id %}ﬁ?@gltshfj’%om : esﬁpéf;ﬂ%r}’\ﬁ%sgndgntﬁgg@attgéj d dlbstrate
reafvv@gmmguseﬂso BRgess imampwe dBNg4Nelysiadoded ictash Widli ng
rabbit pol ycl onal anti bodi es agai nst pneunvol ysin,
conjugated to horseradi sh peroxidase. After washing

As ghpangn dakde 1, Heafest with GMBrglﬁétth sAMRdess A eatigenicity se ssessed by
€ P
Euéﬂ H@@BW—E}‘ t?strAe:;é%Hxﬂﬁé 365&?%&%‘.%@'??3@?%“; t ng'wegﬁh? §§}Pé/¥?ed PLY
couwnbEg@tmweﬂysfa@Ma@éb@ts@@nbyenti@gdiéalcsswld [heroeqonizel the modified
pnelRR isSpgs of approximately 66% of that given by
untreated PLY could be achieved show ng that many
anti bodies could still recognize the nodified

SDﬁ'ﬁ%‘é@-Eb{éws SDS- PAGE- anal ysis 25

The detoxified pneumolysin proteins were run on an SDS-PAGE (Novex 4-20%
polyacrylamide gel Invitrogen) and Coomassie brilliant blue was used to visualize the
proteins. As shown on figure 2, treatment with GMBS led to a slight increase in the
molecular weight of PLY from 53kDa to approximately 56kDa. This increase is due to the
modification of multiple amino acid residues with GMBS. A small percentage of PLY is
converted to multimeric forms as seen by the appearance of faint bands of molecular
weight of approximately 110kDa and 170kDa, however, most of the PLY remains in an
essentially monomeric form. Incubation of the PLY at 37°C for 7 days did not resulis in

any substantial change in the appearance of the PLY on an SDS-PAGE showing that the
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The detoxified pneunolysin proteins were run on an

SDS- PAGE (Novex 4-20% pol yacryl am de gel |nvitrogen)
wapa4esnnssi e brilliant blue was used to vi sueCT/ER20041602641

protei ns. As shown on figure 2, treatnent with GVBS

to a slight increase in the nol ecul ar wei ht of _

moqifmd AL niss ARIDaURIRFCt 4B preskadatioa) o 5@@Bauer1th¢oyaleﬁgy-é@se@ multimer
formatiodue to the 30 nodification of multiple amno acid

residues with GvBS. A small percentage of PLY is

converted to nultineric forns as seen by the

appearance of faint bands of nol ecular weight of
Tab@®PPI OX¥AISBE BLY ddibOkBaiae) GrisDa, however, nost of the
PLY remains in an essentially nononeric form
I ncubation of the PLY at 37C for 7 days did not
results in any substantial change in the appearance
Tofal | NGBS e 0e=aN | Sisieiige b oW Bgubnal theneian P ier |
2004/ 081515 PCT/ EP2004/ 002641 nodified PLY IS not
subj dEMEYLyEPehgungtons 5 UuBKISHVIERWRIOVal ent ngimli nked
mul imer formatjon. Tabl el LecTrigs-ef PL¥c 7p37°C
detoxification by GBS 5 [frial GQVBS excess Ml el m de
Ratjo Hermol ytic fiter (GWVBS/ Lysi’he) fungctions

ECT AT L Y ng/ 4G 7(T)B78s 4C T(T sy G 7 ?ﬁﬁiﬁ'
4.2 1/(1)/\271 63 87 186L4111 1.95571 8.5 GSQBI/ 18 /I 1 2/
9.4/76 /| B9 / B/1 18.8 56 83530 / &1 1865 66 111
6308 / 9/slq 14.2| 67 K 54284 /g 4/1 13,8 2 2 24.8 QIH
NH [8/1 17.6 23.9 38.0 NHNH 3 4/1 11.3 46 159
6309 Tridlls were reflised off 1 ny of/PLY3@& my/ m )/
except fogqthe | ast psgay fosg which 3,ng wepe treated
(PLY at 0.68 ng/m). 33 WO 2004/ 081515

PCT| EP200%1002641 ~ 13.5 /| 6308 /
5/1 14.2 67 I | 4284 /

2 4/1 13.8 26.2 24.8 | NH NH
8/1 17.6 23.9 38.0 | NH NH

3 4/1 11.3 89 46 | 1598 6309

Trials were realised on 1 mg of PLY (1 mg/ml) except for the last assay for which 3 mg
were treated (PLY at 0.68 mg/mil).
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Exanpl e 4 Reactogenicity evaluation of detoxified
pneunolysin in rats G oups of three OFA rats were

w0 powwssexl once by intramuscul ar (tibialis) i nPCUERI000002641
with saline, the adjuvant Q521 (US5, 057, 540),

det oxi fi ed neI si n: . et i fied pum)l ysin,
adj uvant ed GVBS det oxi fi ed pneunol ysin, NHS-acetate
ifie neunol ysin or adjuvanted NHS-acetate
Grogg% §ﬁhﬁee§f:§ﬁ%ta Rl gprﬁ_unl‘ﬁe](? 8 ced%x,@trag:pg@yar (tibialis) inoculation with
salime_nl_ﬂimi sadjinant @b1t (1%5,?57551’1@?! tepriéuhioﬁglir@nﬁldjhmte? _pneumolysin,
. Lalis were prepared. for. histological exam nation. _
for B e PR BE R B am e PR eaL e  opumolysin,
GMBBi dedaxifidu prheum&ﬂﬁsiril,%oﬂ%ﬁtﬁd%%@ﬁ@toﬁﬂé@{pﬁé@’n_@}%ﬁdﬂl@@‘z—acetate
e ri chrone

Y sections.were,cut an ai ned usin )
detqc P oHITEIT OBE?JUY%‘f%%?\{#Eé-@&%?ﬁenifaOﬁ%@ BaRBpPIkENy yhree days
afteReamtinigatiung iatl yhevests exad Mmé@@ndﬁh@@bi_bmé#?veﬁé bn:e@é're@: for histological
i nfl anmati on

rati qQn/ necrosis, ,endonysj al , . )
oxafFRIR e DS kS e OB BT afesit GRO o Sleen which were
dehydrateol agd czdraflini drebédaied. 7ant Getforwaser tclt RiwbestalRd using the
and. a nean | esion score was

. I
N O AR TG T
e BBk, s LB st e Sh S s “ondomys
inflagecadtioon saemarrtegerdndegbondtre sisBe mna 6 Stichs Fb©O&ach histological criterion,

rat.d qn/ necrosi s endonysi al i nfl ammti on,
= <R BB LR 904 RESLSh 0o 5 I8N Bl e 4 IR 150 core s thon
calcllabivrefor 2@ct2 grolpbA ec@rel ol @ct haimad M Degeirel, & £ @fght, 3 = moderate, 4

- i-al . Haenorrhage Aponeurosis /Necrosis
mgggggxa i BN fl ammation Nad 0 0.500 Py 3.6 3.8

Resatd 1-4 OGVBS-Ply 0.6 1.3 1.3 0.4 Adjuvant 2.9 3.9
2.8 Ply + adjuvant 4.2 3.9 4.6 1.8 GWBS-Ply+ ad]

) . 4 \\D 2004/ 081515 PCT/ EP2004/ 002641 A
The dictastuy of s8afork, i, CEuTINaT JBaTacan groremav) SedsEGIoT necrosi,
endemaydial énflamimatenohadmerchggeeumdeppaéirosis demnrtdtah S/BSowSin Table
o a particularly effective cross-linking reagent to use
© for the

Table 2

Inoculation Degeneration | Endomysial Haemorrhage | Aponeurosis
/Necrosis inflammation inflammation

NaCl 0 0.5 0 0

Ply 3.6 3.8 3.0 1.4

GMBS-Ply 0.6 1.3 1.3 0.4

Adjuvant 2.9 3.9 2.8 2.8

Ply + adjuvant | 4.2 3.9 4.6 1.8

GMBS-Ply+ adj | 2.9 3.9 3.8 1.6
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detoxi fication of pneunolysin, producing a |arge
decrease i n degeneration/necrosis, 5 endonysi al
WO ndosasnses i on, haenorrhage and aponeurosi s PCT/EP2004/002641
i nflammati on. The addition of adjuvant (50ug al um ni um
phosphate and 5ug MPL) to the inocul ations increases
t he anobunt of reactogenicity as a side effect of
stinmul ating the i mune system Detoxification of
A GORBEHBPTY 8f g'swqgwa@%eﬁmrdmdiwa@eﬁ éabve end detoxified pneumolysin
shdﬁ\%g@ﬁl:ﬁr aMBBY/igesT Oficudry %ﬁeétR/er @Ha‘éﬁeﬁqklﬁé’ rte\l%gént fo, use for the
r.oduced by t he adj uvant” al one
de‘-PHfécalt'QOe‘P BRYIHORIN. BiPdHEBE U deidendegreasendn i degeneration/necrosis,
end@a‘ﬂ%lﬁﬂnﬂéﬂnﬁaﬂ@@%eﬂ%r‘ﬁé@é bﬁ&ja ?ﬁs‘né’ A aﬂgllr'ced a
| evel of haennrrhage | Ower t an at pro uced by
native pneunol ysin. Levels of endonysial inflamation
were el evated by the adjuvant and this level was still

ThePbEGBEH of Adjliht Qﬁ(ﬁ@eﬁlgﬁum% PR e ?l%t MY’E 95 thgviﬁ§oulatlons

detoxj fied gneurm ysi n. Aponeurosis I nf

incregser e B UNE iU EREOe P UiV 35ea FiE effedrds @Uf@é@tlbg delpwwm system.
Del@klﬁé@oh)of Bﬁédrﬁ@yeﬁhﬁ \A@V@A@@faﬂéfwéd % Ie\FH‘ %Pf(&\!%é?évi\ﬁn)ﬂeﬁ%ms to be

the | evel oneurosjis being slig

redyd tﬁﬁ@%}rﬂﬁf’%e B BT ek Wl lewmdhamihrsyel oduced
by lnocﬁvﬁldnahtm{ht@é ph&Xh6&lyid. @MB@@%)&F &%&%ﬂg{ﬁmogéééa a level of

ps, of "~ 20 mce were c

haemﬂrrpgggégwepr %ﬁﬂt WabeQﬁjé‘Pe%eWI DRV RAAMIISIT lgﬁvels of endomysial
infldAVBStidT W%%@Wh% %Uﬂjvﬁﬁ‘tdarfdriﬁls r@\fe?w% 58 ﬁggéﬁt% 82 presence

efollovvln 9 days shown in
of Ei?ﬁ%ﬂaf‘ gRatYet 9 Qg@sofjeﬁ%?é@'?@é’nSH@Qh/é'Inyépﬁnﬁwésiee'nfjemmation was
howgueciedMcdddirdrithe 18%el fesduzeby alijuvhieaitRLsy hé’[lVE%‘?‘bMB% detoxified
E gﬁ ﬁ unoh¥3|n produced | esi ons 't hr oughout
pne @Q&g%f’v \ %j%‘{eé RAPRIN PR beRr digpily lwsr ywhere the pneumolysin
haddethitedtddivat @mgsdeat h. I n contrast, the GvBS treated
pneunol ysin had substantially reduced toxi ci ty with .
all of the mce inoculated with 2ug, 5ug or 10ug of
the GWBS treated pneunolysin surviving the chall enge.
|55 amvhRiafion oftbRAEIRCH GBS ttkedtedSoridahRsiah oxikd | ed
pneunol ysin G oups o mce were 1 muni sed 3
times intranmuscularly, on days 0, 14 and 28 wth 5ug
Groops pheooH 1y ide wee M@ngfﬂdumrﬁhé%llﬁn\ﬁtﬁpaﬁb? ngﬁ\% ?I’F}@Jmolysin or
W

adj uvant ntr mce were inmuni sed
G""gg]lfrﬁx?gﬁﬁ‘tp”l&%’ﬁ 5'”?15&&3% BligRolV§Si RORigEedior fsrfollpying Atdews.
or detoxified using the GVBS treatnent described
A ?}%ove.. CF'$5 V\%Z 04/ 081515 PCT/ EP2004/ 002641 On day 42,

S FREN e pllpoge AHth R4g ahRative, Pnesimedisin led] vesn gsickly to the
death éfhalPtr@ mfceﬁﬁtthyﬁgrogﬁetl’ﬁ@'pY]éUMolyg_ hepréé'lﬁéé'dvlggloﬁg tﬁrpﬁ hout the
mce ovrthefollovvlnggd S was nonitore %
resplratory system which led to respiratory difficulties and death. In contrast, the GMBS
treated pneumolysin had substantially reduced toxicity with all of the mice inoculated with

2ug, 5ug or 10ug of the GMBS treated pneumolysin surviving the challenge.

Example 6 — protection studies using detoxified pneumolysin

Groups of 20 OF1 mice were immunised 3 times intframuscularly, on days 0, 14 and 28
with Sug of pneumolysin and 50ug aluminium phosphate and Sug MPL as adjuvant.
Control mice were immunised with adjuvant alone. The pneumolysin was either untreated

or detoxified using the GMBS treatment described above.
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5 The | ethal challenge nodel led to 90% nortality in

control mce (Figure 4). Immunisation wth GBS
waledoensfsied pneunol ysin produced very good proPEDEPIIN/002641

with only 5% of mce dying during the follow ng 9

days. This was conparable to protection given after

i nocul ation with native pneunolysin, follow ng which
o girz ce . died. 10 Exanple 7 Eval uation of

nd yo f d"b??eﬁi‘f%? YR 2R 'BE%Ftﬁsﬁbt'ﬁ@ﬁl whallenpat wth Rug of native
pnetsBin. TRk Rarvivahal the RdEe FRI%he fIOWRS 9Uay Warorfof&.

were i mmuni sed intramuscularly with a) adjuvant al one
Resauitsb) lug PhtD and adjuvant or c) 1 ug PhtD and 5ug

GWVBS det oxi fi ed pneunol ysin and adjuvant. 15 The
Thamuwwanaaneugewoc@sleaqm&@ﬁwoﬂan@%morﬂw i %%Qgphﬁ%&nlsatuon

nmuni sati ons took place on
it B de e G B B A G OBR 0 SPAthD oI (AP of mice
dyingetduehg dbe efolddwihg 1@5deﬁ}EU'I¢1fs S@%Ob(‘{rﬁﬁar%blé tcprﬂﬁé{@ﬁ!ﬂna%lven after
sur vi val ored over the next

n
'noﬁ%tggﬂtgg%\@e@%ﬂfm@y% fQIIlRWAP\g WH'CWS ¢f mice diggh | enge
with strain D39 led to 75% lethality after 10 days in
control mce. |Imunisation with PhtD alone did not

HD); I 2 Mouse

lethai d:HaIlé?hieDnbdnjet her Wi t h 25 GIVBS det OXi f| ed pneum)l ysin
gave significantly better protection with lethality
bei ng reduced to 50% (p=0.04). Exanple 8
t| on of pnei ol ysin usi forrm hyde 30 A
Grolh 8128 PR b T vlie PRBUTRRY BiAmUBo e uoRTAL PaTasH alne or b) Tug
PhtammdcadjuvahEbryc)mL@‘r@html anmaiSug GM%ﬁéJﬂoplﬂé@%ﬁéMﬁblysm and adjuvant

e AL BTl o 200 8051 oot b it . nc
iMNMEOG4Aliae] hbk R EF?Z(ﬂlﬂADOé}%éiiy 1@LAttBmice frefy @RARTIGE® With an

. rLfl |on f terlal ysin co i si.ng _the ]
'”’“agrt%(%%'s'e@? dOSS)O(? rﬁ% o sdiente %fpfa%ﬂ”voy itraé%gﬁﬁgand survival
wasbacmibré(hbvemwm%nndaﬁs.b) preparing an extract from

the culture containing bacterial cytolysis; c¢) binding

sol ubl e aggregated bacterial cytolysin contained in
Resulte extract in the presence of detergent to a

hydr ophobi ¢ i nteracti on chromat ography material under

high salt (preferably 0.6-2M salt) conditions; d)
As shann ingFigaet &r craallleng'é olityisstrain D3bhed po %%@hélﬂy after 10 days in

cont‘#&trﬁégﬁm%u%lnsgia ion w(%h P?’l% Iogg rd r?ort%rO\Xde significant protection with 70%
of mice in this group dying after 10 days (p=0.29). Immunisation with PhtD together with

GMBS detoxified pneumolysin gave significantly better protection with lethality being
reduced to 50% (p=0.04).

Example 8 Detoxification of pneimolysin using formaldehyde

A stock of purified pneumolysin at a concentration of approximately 0.4mg/ml was in
25mM potassium phosphate buffer pH 7.0 wa treated with 50mivi L-lysine and 0.1%
formaldehyde (w/v) for 21 days at 40°C.
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10 0.2M salt) conditions. 2. The process of claim!]l
further conprising the steps of: e€) renoving

waledoanogpsns from the bacterial cytolysin f) sol BGi/EPR0410P2641

the bacterial cytolysin by addition of a denaturant;

renovi ng the denaturant fromthe bacterial
CL%&%I y

10.

sin. 3. The process of claiml or 2 wherein the

bacterial cytolysin is pneunbcoccal pneunolysin. 20

The process of clains 1-3 wherein step b) involves
R%ﬁﬁsg 1 PYTERROAGT APacksiabeitplysin cemprisied Brestenrssofof

@) agrowing-zAcuMags 6f d‘éll§bﬁ;§te§§m% Bé(&éﬁ’aﬁ\%ytbfy%ﬁt ment with
nt 6. The (S_Pocess clains 1°5 wherein the

t
gﬁ e tf@radb?ﬁ”%%fr @%ﬁt'tur%cmt@pegéﬁct@ﬁal @jolysips 7.
Thebipdiog esstubif a@gwga‘te@ phAQER) rbﬂd])@slﬁ%ﬁtaq*?édeﬁ'g% e5<§aot in the

present 1n process of

cl a‘?r%erfef’faﬁ@?%‘?rﬁ q ﬁ%@p@t@%w@r ﬁ@'oﬁr%‘é@ﬂ@wgt@phy material under
Cortﬁ@”nt;aﬂa(]zpre?éra@fyo@-@gmmﬂ)lc?ndltlo?@d 5% (w'v). 30 9. The

ss ,of _any preceding clai mwherein ste
B TR oIstEY PRYIGSIE e arescnrs PLR S cti enesalbipreferaby 0
and.2idlskRcédnanions. a supernatant as the extract of step

c). 10. The process of any preceding clai mwherein the
hydr ophobi ¢ interaction 35 chromatography materi al

. URhecbrotesstog plai) 1GaiHericBmpAsiogaid ey gups. 37 WO

2004/ 0815&]‘2 PCT/ P20 4/ 00264 11, The process of

& dPmeYipe t?lr%ef’}‘i "PRLNR PAFSERIYIYSEhr omat ogr aphy
ﬁats@l‘ub&:bmg&h@b@tﬂ&ﬂlal cHRBBRAMYSRIitbA of ARRnBILesRSS of any
5 ecedi.n rein the det e@gent present in the

rﬁppgﬂgdgee%enagurpﬁtf@r@ﬂnect)actﬂ@} olygidp d) is an
al i phatic deter gent 13. The process of claim12
i@relnthea ﬁtlc deter ent is a detergent that is

§ PIPGPSS, 8y can: heOlsi2, dhgre 'brf@%n'?ﬁ%iaﬂt GYdR)Ysdiy aif egnguinococcal
pegutheslysimem sol ubl e. 10 14. The process of any
precedi ng claimwherein the detergent is sodium
| auroly sarcosinate. 15. The process of any preceding

. Thepmcydsesieidimt nes Wharirsabs b Nfigg?ﬂtléé @E%Qﬁca‘ﬁ? 8Reaking the cells.

cont ai ns between 0.6M and 2

The process of claims 1-4 wherein step b) involves treatment with detergent.

The process of claims 1-5 wherein the same detergent is present in steps ¢) and d).

The process of claim 5 wherein the same detergent is present in steps b), c) and d).

The process of claims 1-7 wherein the detergent is present in a concentration of
between 0.1 and 5% (w/v).

The process of any preceding claim wherein step b) involves centrifugation of

disrupted cell material and collection of a supernatant as the extract of step c).

The process of any preceding claim wherein the hydrophobic interaction

chromatography material used in step ¢) contains aromatic groups.
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16. The process of any preceding clai mwherein the
solution used in step c¢) and/or d) contains a salt
w@ed0eo8ksas from t he group consi sting of sodi um edi/BPi0d€002641
magnesi um chI ori de, ammoni um chl ori de, sodium
" j_g neS| um sul phat e, amoni um sul phate,
8|pu?ﬁeﬁﬁ Géﬁ g 4O W@&%W%M@@mmomemmhwmatenal is phenyl-
pbgiepbad e. 20 17. The process of any preceding claim
wherein the conditions used in step c) and/or step d)
are between pH 6-8, preferably around pH 7. 18. The

12. fhe prRESsHbf @rtyy rBERHRSEIREh WhALM e @é%'r%lerft ??es gﬂﬂ#é tion used

us n contain O -
%%%g)sa’tﬁ%%l%‘?ﬁt'ﬁ@”ﬁt%’?%‘ﬁr@et%@@r&ondl tions used in
step d) contain 0-40mM salt. 20. The process of any
| aj m wherein step e) involves the renoval

di
13" t,g %ch‘s?% QﬁP'a'”Zeé? yreariathe @'WEI@ Aelsroadit i § sieteroent tharhie able to
fedace st sife of tfﬁemt%@sm*wg?ég&tésh% réhﬁr'tt‘\érﬁ abipRy/ di al ysi's

is against a low salt buffer of -10, preferably
around pH 9. 38 WD 2004/ 081515 PCT/ EP2004/ 002641 22.

14. The moczessf ahy Chabéding d’alm\’\h%&‘e"h $he deger leﬁ‘tvtg ¥8§ium lauroly
denatur| ng the bacterial cytolysin by a tg of a
FERMASNt and step g) invol ves refol di ng the
bacterial cytolysin by gradually removing the

enaturant 5 23. The process of clainms 2-22 wherein

15. f*h% PHSSSE 7 a1V RESSEO dlgiEp wherair theidlighiisals conditions of step c)

tonbiis bétaeer ©.6M4nd 2iesapr ocess of cl aim 23 wherein
5- 8M guani di ne hydrochloride is used. 10 25. The

process of clains 22-24 wherein the bacteri al

16. ThE plogssd of ang @FHG@@h?dcléMﬁ WhéreMMhe WA@Y e'?!glnsstt%P g)ctnd/or d)

26. .The 0 aim 25 wherein step i nvo
ORI £ %ét Bej%‘ft@ iffom &a groyR| Gengisting of sgRiugu afpder enagnesium
W(ﬂfd@pfdnﬂﬁdard@mf @Htlbmy@ddeun@)%ﬁlﬂﬁﬁgé n@la#ﬁ&ltﬂﬂasrulﬂtart‘éﬁ ammonium

%?(Pg] %g I | d 5- 15 9M urea. 27 r ocess of
S99l eP%t?nmagte@amph@epag@mmrrsorwe@bmphate

during at |east part of steps f) and g). 20 28. The
rocess of cl ai mé? wherei n the reduci ng agent is

7. 01,Pe e PR PRRCEFIBn I Whereliifte caROitomy Usedin sterec) and/or step

d)raes bstwvesh pel BB MprafetshyBRURY PH'?" step g) bacterial
cytolysin is refolded so that its

18. The process of any preceding claim wherein the conditions used in step d) contain O -
0.1M salt.

19. The process of claim 18 wherein the conditions used in step d) contain 0-40mM salt.

20. The process of any preceding claim wherein step €) involves the removal of detergent
by diafiltration or dialysis.

21. The process of claim 20 wherein the diafiltration/dialysis is against a low salt buffer of
pH 8-10, preferably around pH 9.
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haenmol ytic activity is restored to above 50% of t hat
of the folded protein. 25 30. The process of claim
WwWQ@2@9/0845¢F ei n step g) involves renoval of the PCI/EP2004/002641
denaturant by diafiltration or dialysis. 31. The
qrocess of claim30 wherein diafiltration or dialysis
22.jlke progess of glaips ata1dWQ5¢'n§It¢p7f) gvolvgg dgpatuting the basterial cytolysin

@S/ a’ﬁﬂﬁloﬁrcﬂ‘c‘eﬁdérﬁ‘&uﬁé'nﬁbﬁéi QRIpPY) iﬁb{)]%&réf%ﬂﬁfngetﬁe Sbta%ferlgr cytolysin by

det the bacterial CTyto
Faéﬁ’?l%e/ﬁm 19 thelen@fdbss of clai m 32 wherein the
chem caI treat ment i nvoI ves use of a crosslinking 35

3. 8 . é004/0815L5 PCT/ EP2004/ 002641 34. The
3 BYse® S§f° FRiIMs 3PAMbeEn thasleppivsaittiysedniy stepders guanidine
opdrbanlasdeone or nore chem cals sel ected fromthe group
consi sting of: formal dehyde, gl utaral dehyde, N
hydr oxysucci nom do esters and GVBS. 5 35. The process
24. Ohe proceps eCASiZE whevem &emnjuaﬁid% @dﬁé&hﬁd?ﬁg iSh&R, of
conjugating the bacterial cytolysi'nto acterr al
capsul ar pol ysaccharide. 36. The process of any
25. ﬂih@@&dﬂe@@ of lopdinas OO (vBeth fhef BUddIR C§tto?y@m Ig contacted with 5-9M
Iat| acterlal cytolysin into”a“vacc
QP@IS ith a pharmaceutically accept abl e
ex0| pient. 10 37. A process for detoxification of a
cterlal xin_conprising treating a toxin wth a
26. [RERICORFS ¢ ﬁﬁ'Hh%%l whatein $teP NeinvelVeseCatitaciing rbiasterial eyilysin with 5-
siviQupsidiMea@rdthifae f50%xa 3/95(5!%49@?@ e Bﬁbf'ﬁé rfg‘;drocplonde for 5-
é{@lecular wei ght within 20% of its "ori
ft after treatment, as assessed by SDS— PAGE. 15
38. A bacterlal cyt ol ysin purified by the nmethod of
o7 ml m 1- 37 . The bacterial cytolysin of claim 38
- e Prochst f C'%'H&@’?%Whﬁwbﬁy%q’%lngsagﬁmm@@@@aiurlng at least part
efreepy) ded §). 20 40. A pneunol ysin-bacterial capsul ar
pol ysacchari de conjugate made by the process of claim
35, wherein the bacterial cytolysin is pneunococcal

28. maeprmbyas o clafhd - 27AMhie FBIH RO RIHUEING Bid bAMEAMRBTE! Hrerably
é)rouncr?m)(ﬁsb? or pneunol ysi n-bacteri a ’

29. The process of claim 2-28 wherein in step g) bacterial cytolysin is refolded so that its
haemolytic activity is restored to above 50% of that of the folded protein.

30. The process of claim 2-29 wherein step g) involves removal of the denaturant by
diafiltration or dialysis.

31. The process of claim 30 wherein diafiltration or dialysis is against a solution of pH 7-9.

32. The process of any preceding claim comprising a further step of detoxifying the
bacterial cytolysin by chemical treatment.

33. The process of claim 32 wherein the chemical treatment involves use of a crosslinking
agent.
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25 pol ysacchari de conjugate of claim39 or 40. 42. The
i mmunogeni ¢ conposition of claim4l, further
w@owpossisig chol i ne binding protein A or an PCT/EP2004/002641
I mmunogeni ¢ fragnent thereof. 30 43. The inmunogenic
34 cll%n'posi tion of claim4l or 42 further conprising one
‘orenpBirgesi of BRI 3Ppphereimrhe) espssiniimg adeagant i geniainsgené cor more
fohagieans sélbeee dfom i i ot 1
lains 41-43 furt hgffe 8?”#%?ﬁgﬁgﬁgﬁma‘%{%@%@%r%ﬂﬁ%r%fdehyde’ N-
Wﬁ@éﬁ?%cmg}ﬂ%ﬁf%@nﬁrﬁ"ﬂ%%-nzae (NtH ). 35 40 WD
2004/ 081515 PCT/ EP2004/ 002641 45. The i mmunogeni c
35 g.ﬁrrposi tion of claimd41-44 further conprising an
-anti YERCTS BhPN\Vesesingacleist 4PMRESING .2 AiBtheTtséep of conjugating the
et ralg UG RIEPBtdriaP Batlif balysadhafAde.f ur t her
conprising an antigen from Rgv. 5 47. The i mmunogenic
conposition of claim41-46 further conprising an
36. aht ippedess 0O Bhy padcaling I ki5HS -a fhBher &iEp | ' :
C osi.t.ion o¥ ,pcl ai mé41|11b€m}f77€?a1tﬁlﬁ)lrntg Iﬁgra @ﬁﬂ%rr%}g? ﬁg}%‘%ﬁ% bacterial
3ﬁ9n‘&algﬁm‘f3rao\fﬂcc'f@ CPAPPEEPL With 2 phigrmapsUtigelly acesnieble excipient.
conpri si ng pneunol ysin or pneunol ysi n-bacteri al
ol ysaccharide conjugate of claim39 or 40 and a
37. %h%’%ﬁ%??e?ﬂ'i(Ezei?)f'éfpaél{é"&@ﬁtaa%@e’é@ld%neqwnprtEBlgStDeatmg a toxin with a
visargicalecabarquht Shatds r&rtil SR ¢ AP OUbL : 0
@?ati ns 41-48 and a,  phar rraqegtgiﬁ?zgfla _ ac§§HP§W§Pé'“ over 50% of
cPPPRIEINSS3 Mosequias veaight yyithiny RP fgPft itseonigiat inmae@fiar weight after
téatimenh @sees@seaibpEIipapEocess of claim 36 wherein
the bacterial cytolysin is pneunococcal pneunolysin
and an additional step of 20 adding one or nore of
38. Albactedsli dytai pGER B efodr Rialfs 142 48. 52. A
vacci ne made by the process of claim36 or 51. 53. A
nmet hod of treatnent or prevention of Streptococcus
39. P bastsiidlecytdfHe bf @Rim 23 | 6 iy t
e vace nd of o aram e ERTE BNt SLEhsR kalgiococca
RFEMEOM-54. A use of the pneunol ysin or

pneunvol ysi n- bacteri al pol ysacchari de conjugate of
[ n the preparation of a vaccine for
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qales) Mihakeinh tHeasdctedial cytolysin is pneumococcal pneumolysin.

41. An immunogenic composition comprising pneumolysin or pneumolysin-bacterial
polysaccharide conjugate of claim 39 or 40.

42. The immunogenic composition of claim 41, further comprising choline binding protein
A or an immunogenic fragment thereof.

43. The immunogenic composition of claim 41 or 42 further comprising one or more of
PhtA, PhtB, PhtD or PhtE or an immunogenic fragment thereof.

44. The immunogenic composition of claims 41-43 further comprising an antigen from non
typeable Haemophilus influenzae (NtHi).
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The immunogenic composition of claim 41-44 further comprising an antigen from
Moraxella catarrhalis.

The immunogenic composition of claim 41-45 further comprising an antigen from RSV.

The immunogenic composition of claim 41-46 further comprising an antigen from

parainfluenza virus.

The immunogenic composition of claim 41-47 further comprising an antigen from

influenza virus.

A vaccine comprising pneumolysin or pneumolysin-bacterial polysaccharide conjugate

of claim 39 or 40 and a pharmaceutically acceptable excipient.

A vaccine comprising the immunogenic composition of claims 41-48 and a

pharmaceutically acceptable excipient.

A process of making the vaccine of claim 50 comprising the process of claim 36
wherein the bacterial cytolysin is pneumococcal pneumolysin and an additional step of
adding one or more of the additional components of claims 42-48.

A vaccine made by the process of claim 36 or 51.

A method of treatment or prevention of Streptococcus pneumoniae infection
comprising administration of the vaccine of claim 49, 50 or 52 to a host in need
thereof.

A use of the pneumolysin or pneumolysin-bacterial polysaccharide conjugate of claim

39 or 40 in the preparation of a vaccine for the treatment or prevention of
Streptococcus pneumoniae infection.
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