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PURI FI CATI ON PROCESS Technical field The present

invention relates to the field of bacterial cytolysin

purification and particularly to a nmethod of

purification of pneunolysin. Pneunblysin is a protein

from Streptococcus 5 pneunonl ae with good antigenic

properties which is suitable a vaccine conponent

agai nst S. pneunnnla pLLtis nedia. The

met hod of the inventi 6ﬁﬂ%§§ikﬁﬂ §6§%§ nusual and

a@mnmgﬁga@us step of purifying pneunolysin in a single
gﬁﬁ&ﬂﬂﬁﬁ§ﬁ6fﬁﬁﬁﬁﬂohﬁwﬁmJ%B&Hkéﬁw&)sﬁ;ﬁMﬂ&ﬂ@ﬁﬁHﬂﬁmﬁmMﬂw

interaction col um e presence Of ‘deterge

@ g Fnethadiof purification of esumelyrim nPRRyBIRYEInyS AHRYUEIn 3@5‘ %‘f?ﬂ‘mm

phéuridriRatithygodll ahfifehRpropertiel Walch % siitalsié a Ivamwegcmpbﬁent against

S retopigiréora pr 0% v THRCEIS Gind ERGHIEh dplgbes an urwsua
aon cidvantageaus! stepraf uiifying ineugeliein dn laysiagip ichomatagrantic step by

%E»Sln Wb G r&g{dgg {n&ré&&p%l fin h8presbAd &We@‘rgén@éh@ﬁlgh sal,

acti

si ns rma prom nen
Eia% PRopPSH advantagRoUBY ke yRel His: RsPRESY | ol vﬁé’ of having a
gto ag‘iwtptirgéz %rdldéa;iag&dmpomdsahs&ﬁmgw@wrmj partiedliarly when in an
t 0Xi,NS i C
ORISR BT B, Popin, WIE BR g9y renlable’ o g Juctgtion of
mentbessof this @wilyl oftoxigs. agent s adversely affect their

cytolytic activity whereas reduci ng agents can
restore activity. Menbers of this grougI show 3 0%

Johstepiqlysin O
%nth§|dm5fypé ragigih%ahanltat tanﬁsmlspnmtﬂ:a ISeftic| QZO00F mansz-nes) These
erm 0l,es e.nma r C
o8 A% M {oF GHERIEONE i, B the SO oL poted{ i he (8l ' membrane.
Ohldlsmgtagents advetsalynaffegt theiriayiohdic mvdtyowmeggaaerad@gnm @gents can
conposeg 2@'%[’@'8% %‘Jﬁgﬁgﬁ’n?ﬁwﬁ@ bllnleﬁlE %‘gﬁa?%m acid
sravenea-Rnd containean é'F"l?Pt 'Pmaﬁfé@dﬁcﬂ%l’i‘fd@rﬁ?ﬂt‘?%eﬂe "c%ar‘?g?m“""s
cFoléét@rot i%Xtht% ﬁﬁj&ﬂ@gnegdéa\lvrbﬁ@t&htﬁr hes etgxine) t Theewytolysinsobind to
ol | r's | rane sertLl o
Shoi AR PRy elne BRERRE A bR BAR o8REfiembrane pores up to
Bmmlltdlametegm omﬁpweﬁw%mmm sibwyiss Thebindiog amembrane
%?éé o%ﬁg 5?{1 9 chétoxfﬁtd'lédoﬁ're?‘ﬁgﬁl?go B Yubsequent

S|nus ese | Seases can
e\@ntaquhqi@emﬁw memn@edwwoatﬁ Pose foAmaligh-i bi ot i cs.

The enmergence of antibiotic resistant strains of S

neunonl ae has at ed the bl.ens used this
St agurpaen e cansas aBp i SPTRrg iR digasth holuding
mfeilmhnayb‘aotetemlan f@niagits, otitis lSadlplaBdl sinnsitie Sometimes these diseases

&%Vlg%@’?c?gatalﬁgé wédusrtf.e BOSIbiRy ex&ecmésn@%aé BF BSlibiotic

ed ca sacc ave
resnstant strains of S. pneumoniae has aggravated the problems caused by this pathogen.

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

Polyvalent pneumococcal vaccines contalning purified capsular polysaccharides have
been avallable 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 | mmunogenfcity 1 particularly in

hi gh-ri sk groups including infants, the elderly and
those with sickle-cell anaemia, nmultiple nyel ona
cirrhosis or alcoholism They al so provide serotype
specific protectlon and only 23 out of 90 knomn

[&I%% ﬁ-ri§l9 tiﬁ%b 7 gi oéﬁwl 8 Jrﬁ‘n' éckle—cell

otec aga ser ypes ound 1 n

tameerws wwalpaweémnaa ghagje on sicolwlieh TheyisRPHEe Sprplype peciic
rot&&bﬁta)i@ %ﬁlyf?.@lﬁlﬂ of B0 RRdva sdtoRpestére WdSeredBy @Risting @rmulations.

ﬁv P G0 oty Rading Bl o FErlyps BRcy HPS Tp.Riralebdt bt agans

mnb'tﬂmummmw Z0%adf serotyPes found yrs Asiarf Pbmlatioas.a?@ektwaa conjugated
%gb vzt 'v}éé&r‘?ed ‘g% | é%iQHIQd whith %i&ité@ﬁ?ésnﬁmefgné- protecting

neunoni ae, eased on autolysis an
@ﬁﬂ?ﬁ%@ﬂ@ﬁm@%ﬁt%hogene5|s of S. pneunoniae. It
is highly conserved with only a few amino acid

it 853 o5 AR SRR, DR AT 4 s o

@oagreoniad, ivdichais deleaﬂdlcmmutdmm mod contrilites tof the pathogenesis of S.

i 'ﬁﬁqﬁ#ﬂiﬁhﬁ‘sﬁﬁ'ﬁmﬁ%{‘s.fﬁﬁ%ﬁ“ﬁéﬁ? SUSHR oocurring
\ba@v,eiene of &Iv Psdteing ofs difigrpih SSSpRRRSS motyginso Riohi dggree of
Rbisehaitlsre Sandla R dfmiuAogePlicity FRaRY ﬂnﬁspdwnﬁaﬂtcﬁhdmétb% a vaccine

%Wmﬁ?ggwwrtwymrgﬂest%ﬁl and ol i orrer|§aca%eé%rusem

tusaes becagseofdis oxigty Rly icuses dantageetorcell mambrarmwrinteracting with

Iﬂ%ﬂﬁ?ﬁ%ﬁb&uﬂ@'&ﬁ@@% i | dhgt Hfgom%}f% %}é@%ﬂﬁﬁ’ gbﬁe ﬁ{ufh@t meMBrane. A
y have been suggeste tOXI clt

COwBOed Gysaine-cousiing FBEtipundRan thefertesminy imaﬁ'cated in the

e aeiity.f MGRH6rR b Py RARUSENhYstg edwmaﬁ& d&&sﬁh’é}e{W@QOlosem,
kszck at al (Mcrobial Pat hogeneS|s (1996) 21; 71-83).

ht pneunol ysin is purified from an E. col a
culture usi ng a conbi nati on of ion-exchange and gel

A AT A o P g o

OWicrobizt Plbpaanceis 41996) 2 11490, RenerTbipnkpneURbEi Jg puriied from an
£2 08} diffture Using ™ combinaticiedidlexeAsngd 4 smehﬁoh@hmraw‘gyaphy The

r%mgs Qr natlve gneum)l%g Kuc’)’ﬁﬁtﬁj&pdﬁsq%w“ DEAE-

fsumnmmhm hllov(ddm‘yex:somaaamizobmmmlumn (Tre&Ormth6@could be used

S eStpiog PG Rl BRelidlef 0 S Pe”l Caded onto a

gl ut at hi one agarose gel. The fusion protein is el uted

Wub let @l Hbaiibé QNRethbdl of PUYIRY FecoRbinaAt GSTHnbEMElYSiR fition protein
IR con i Imiuls t005) 65F 2706-2713). The fuslon protein is expressed In an E.
coli culture and a cell lysate Is loaded onto a glutathione agarose gel. The fusion proteln Is
eluted with glutathione and thrombin can be used to cleave the fusion protein. The
proteins were passed over a glutathlone-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

pneunol ysin was further purified using a

hydr oxyl apatite colum. 2 Mtchell at al (BBA (1989)
1007; 67-72) describe a nmethod of purifying

pneunol ysin using hydrophobic interaction

BB Vropul 7. &7 SO %é"‘n‘bﬁhﬁ%ﬁ‘*ﬂ%#@ﬁvwm using
t hydrapbohie interactiont ¢ruergatographyp iUngercthe mdiﬂom%ﬁmtdw Herl (250mM
tORf), &n@?nmmm el a8 v g%nta? Q@dn@eaﬁmnmﬁkbﬁgrpﬁalpmgress was

ste term ni 5 whi racgtio ont
SetHog ¢ 166 Pgirelyh aul.pe » brogd e adttaa Hes, B determining
miiaadlran@ne ntentaihed gakel npheamolysih,Ucongninating thes pebilive  fractions,

ot %&fghﬁ%ﬁdés“ﬁﬁ{ S G W = I (i1 of lr YorE Hooded to
reye@emg fthe proliers of thewnegmelysiropat biﬁding gghﬂyé@trﬁcﬂn

vacci nes against S. pneunoniae. The 10 incorporation

a Ply conponent has p Itho_u h the t Xi Cit |
cfret i, & cAminGg HEe< o BBHed GRIGH 5P rofLmBpice. The
anooq:malloanﬂa I?lyf@trtponmt mas) pmdﬂaeealthmghtmetdmdtkof the protein remains

bt 2ile by Bbpmaitei Buuid bfls piscBleSffolsiit fofthe iR ifiiaton of
UL ] ISoalsqr,tegy!seCi:n MM@t@ﬁv@ﬁ# REEVILIS N ol the use of multiple

qsaﬁﬁcati&rr abp@w.tﬁhﬁé}semﬁaﬂsssay QAE Bdncbitytioh | Iscaa:s PH pied@ft Iivention

eff|C|en urlf t ho
L puanlen, wolbed High atagenysly usgs a singl
\mmtug&phapethb ewhith biei capable est baing wised yiol purife |bge cbaishes of

%[ml ysin. Description of flaures 20 Figure 1 -
‘gels showi ng the purification of pneunoysin.

The following sanples were run on SDS- PAGE gel s: -

Imﬁioﬁ@h@gul ar wei ght standards, |lane 2 -

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

fl ow through, |ane 4 phenyl sepharose first wash,

IFjuee 3 - SOSIPAGE sguid showing e partficationhof preumolysin,  The following

EE@E'X% sepﬂ'@r ) Sngvpa%E ﬁ'efsh I%ﬁe wg)a%ct.l L% ht sta ' éane 2 -

zapqammmfyallne:mcbrlamﬁat mwm@selm@@@@péane 4 phenyl
ls8fMaraie Tird WRLHDN S 5‘ —%fhbﬁil—sé Hakdsk isébdHd wdsh! laha 6l ghenyl-sepharose

Panel A shows the after coorrassl bl tal ﬂl glﬁfer lane 8

i with %W\Aﬁa‘?'héaf@eT Ritepyrseghargges elution pth low

phasetysincaltsr dehatunition/réfoliing| stéps) ildnad® es phmrpulyﬁne alter sterilizing
ﬁﬁ'ﬁf’am nating 30 proteins. Figure 2 - SDS-PACGE

SI s of GVBS (N-(g-nul ei m dobutyryl oxy)succl 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 blotling procedure using anti- E.coll 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 The follow ng sanples were run on an SDS- PACE gel : -
lane | - nolecular weight standards, |ane 2 -
unnodi fi ed pneunolysin, lane 3 - PLY treated with GBS
at a nolar 5 ratio of GvBS/lysine of 4/1 , |lane 4 -
PLY treated wwth GVBS at a nolar ratio of GVBS/iysine
of 411 and incubated for 7 days at 37 C, lane 5 - PLY
treated with GBS at a nolar ratio of GBS/ | ysine of
8/ 1, lane 6 - PLY treated with GvBS at a nolar ratio
of GWBS/lysine of 8/ 1 after incubation for 7 days at

3Th&follbwing sﬁmplefBLWelb;llﬁﬁt&ﬂ ahM SfﬂSllg);l?EOZ el:NHne26 €1 alofscalbr weight
ati.o o sine o
B iPo 7 Epodian MGl 193p 9 PELPRRI S O ot @ molr

aratie rof TMBS/lysine adfit i, dneatt -3 PLYC. treategliwith EMBS Gatiec imoler ratio of

Oy AR o 1 SHISHIEA K5 Batl 39 oETEFEREIAY ke with aviss at

saImolav mﬁomwsaaysnm oieB/tHahd &RrERLY trastdud WitlpGMBSI ate molar ratio of

PAGBERIRIAR 31 dtg pioE o T el a7 B By L GRES with suifo-

mawnuahteal molae ratio lof NHB lysineqfi 1 6/1 Aane $r PL¥ dsated with NEM, lane 9

(e el v N RE Fe BRI AT5 e T no iy kea

vvlth rect angl es shovvs survival rate in mce

E'sat ﬁkaégpt& @tﬂ gega]é%ﬂﬁm;f Fegrlvgﬁ% kS 8 hide. The tine

nds cat es rviva or nrce

mwb%ﬂ éfﬁ'bdd'ﬁmmsnbilﬂm*és priedvebrolsi for mine ghpirngpré véig2ug native
V}Sﬁehmﬁl%lﬁ‘ M2 liné HAHea WA shitfesmadwathe sahvival iate o ﬁ%e challenged

i noc GVBS t at ed pneunolysin. Figure 5 -
@'t‘@ p&%ﬁ%ﬁ%"éﬂ’ B'cul ation with PhtD and GBS
treated pneunol ysin I n mce challenged intranasally

V}é—é,ﬁ t‘gpe??&&gn Fi%%&?% ﬁ s Heb@k" rﬁ-ﬂn%la)ﬁinnﬁloﬁéek%ganenged

angles rep es s USRIV ¥

iinfranasally sith wative prepumoelysio. Eiedine matked withTectaaglesgshows tsurvival rate

Jih HBd ShocdiSRd Qﬂﬁn&?mfahte aldhe. \Thétline! Mbfkell WithMdisMonds indicates the
I nochat ed with

The Iine marked with s
SPREL iR tor e loprulates i prbrormopuAPYE TSR JRaeg. it sauares
Fifdidatesthle supkis rate érindeb inoctianel with GMES GreBlet! pnéurndotysin.
description Processes 4 The process of the invention

is a method for purifying a bacterial cytolysin such
&iguren hi e Fradéction indugedaiyt lobeuiatian with Phithand:GMBS treated pneumolysin in

ms‘éJaPAwﬁdea mhka%.a&np with %ﬁpe% D88 pRéliniocBec Bidie 198! i Mharked with

chro ogr aphy ste ut reqU|r|n re in
PRSI, foReeaile SMBRL IS fer Biss HoRIS, Wit uYEsk S, The fe
- Tngarked withadidrehde pbmbéentsl thé evirgicdlirata farehiceninocutatédiwith PhtD. The line

R Gt Yuded FE9ERs?e survival rate for mice Inoculsted with PhtD and
GMBS treated pneumolysin.

Detailed description

Processes
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5 salt. Few proteins bind to the colum under these
conditions allowng purification of a cytolysinIn a
single step. For the purposes of the Invention a

sol ubl e aggregate of a cytolysin, preferably

pneunol ysin is an aggregated form of the cytonS|n
that remains in the supernatant after

aggr %I s reﬁ‘glnﬁ%dgggqﬂé&d&oﬁwﬂ’?e%é’?gé %‘ in"such as

réﬁﬂylmmferrinsanoeme!ﬂm@lm ys phied bsieg: pmnam;e column -
l cﬂtrérﬁélo?rﬁblﬁsﬁékpﬁltr@ﬁt ﬁhﬂﬁhgsﬂohdin? bftb eP&iome: Tk prot%m is bound in

%ﬁlon e 1s coll oi dal

t he sol.u a
oo B s R phSHE HASHe? FoSn o Breeanar detergent and
cltufiew psotains bind 6 dheagmuray ahder thésel condifionsualiowird) pirification of a
'%ﬂrsﬁ‘lgﬂ &fpOonto a colum for various reasons
i ncludi né%?@{e |Ps or columms doggi ng and | oss of
mat eri al. However, by using a detergent that reduces

tFoe tﬁé Zgurpdses her thaguamaﬁ & sbibleObFgragatd ! dibh ecytolysm preferably

ate it |Is f t hes eates Di n
?ﬁ% t}s"t 5 aft??@%%ﬁ?mﬁﬂﬁ? ?@%ﬂ r't%ﬁ@emﬁtant after
eantrifugatisinu b (B0000g forirdot ynimftesat Tﬁee&shbﬁlc)&(gg@% is' rd¥8ined on
0
S fonRife Ricektiin tiingitation el “prSiefby pidatt. SSphEIatE, in the
am?ev@e?f;h Qaﬁﬁ@mfﬂabiv AM. Optianally, the .aggtegalgrivealioidal.
preferably glves a yield of at |east 100, 200, 500

90 e gRb, Rk Bimiyd Hos v i e of & ol irogee s
teuswelto adaggregaiet entalal oplunin fﬁemudﬂéasé}%ind&ﬂﬁg fiiférs &%olumns
I
Sl o R ) oo
egries, 9 farm asolphle sgpweatesit t@qgumt tt@t these agigregates bind tightly to
ﬂt)étcalubtﬁi uhdeBdkidtgatt %n@%ﬁ%@m 4 .surﬁ,ftst 281 $9%, 60%,
2@91 3‘%1 BP?QF%B#? enMORRePrefRrAAN 81 % 9% oagﬁjir‘yegataeaessed by
SDE-PAGH andsisoyitholtysiversdlp affdctidg the colafmnlterscTiEprodess preferably
G15%s53 R or af gt 100 Z?@a?wm"fﬁreeéteﬁéﬂ%fﬁt&nit@e 700 or 1800mg
%fwutoérsmheretﬁﬂably pqe fier file ammtailpn d’requbMatdsasan% 2%,
f
swrmmeﬁ 10%rbftl?é3 mtahternstﬁttrﬁa%nﬁtrg n orsgst SheRf ésf Burified

‘iﬂ%iﬂ ?eg%ﬁllf';s el!"lﬂﬁ’ErBOLSISnand/or form pores

preferabl y both. 5 Accordl ngly, in a first enbodi nent,

HBGRS Subis ﬁs'ﬁ{a{% “" '”aéou”irgf(,mtﬂgainftouholestemi

a@dl qthﬁreargmaatemremm s higdlbads particilarty\ight yien ;theo Lytolysin is
agg@gatau naloﬁﬁtg% EfGiysit (PBhd Mothé Phdsihde GURleRidM. Whe process can
ba extende % tXer mgmbers 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 cholasterot or other aromatic compourids and/or form

pores, preferably both.
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5 c¢) binding soluble aggregated bacterial cytolysin
contained in the extract in the presence of detergent
(preferably aliphatic detergent) to a hydrophobic
interaction chromatography material under high salt
(preferably 0.5-2M salt) conditions; d) eluting
bacterlal cytolysin in the presence of detergent

( oG g = s, BE3Rdiciont & S HoreBdioviofyii BB is proviced
eﬁB’GB"%'ﬂSﬁheﬁfeBS@ftess for bacteri aI cyt ol ysin
pur id)i gwing dufturd bPddIIS BhressRigatteh E§ nSteps of a)

growing a culture cells eXpressin cterial

&y B pfarng an st o %W“@?PP%FEF’"ES’@H‘PM@Y*@WBM e

gonml lmndnyg lselable r aggregastiobactarial, cykSlysin dahﬁmbﬂgn the extract in the
acter tyact, to

hydr op¢1ra%)| C Ibﬁ{,%%g&f ﬁ%ﬁ}eﬂbﬁﬁ&ﬁa{hgg%;ge ’éﬁ?eﬂyf’wh‘?‘ﬂ" interaction

t he pr@EYmriearaphymatenialundenhigh Mlhﬁprﬁfergble 05-2M sai) lconditivgs;
0.1% M.@ebﬁﬂg@ﬂtcym%meﬁ,u%n Béifcbe5f dbte Iﬁéﬁfl(ﬂréfepably aliphatic
usi ng | ow, salt -0.2M sal t) “sol uti

cont ai entiginger ég)gaéj{éf%?ﬁ% M sald cenditionst { he

above enbodlnents the process of the invention

Pire prsrelns] : .
r@n%ﬁ%ghd/det ergﬂé'{r??' F% r épﬁ?sﬁo’ H{Jacﬁ eerruéé|°9‘§i¥?'8| %ﬁﬁa%" s provided
SEAMAFEING Heridepsiob bacterial cytolysin by addition of a
dENGrowing Blcultd ofidells BRENAsRG baliBridl @pBiMRANt from the

R ewﬁaa°és€éq¥§omy&wfw%‘éﬁtﬁﬁfm°f e coRvEn
pRebindipg i bacterﬂahe:ytotyyihobgmim tirh athe Cétrabie g Ui fdpasbibmeracﬁon

Skt Rl A SR o

pyo
#/ B’QerO thuri ngl ensl s | at erosporol ysin from B.

&)t Glfigtiddirial E:Whaftrglﬁﬁie

&1%5%%@& sin from C bot ul | nu( &J}eg‘g%ﬁﬁl né?ontalning
eH"?stolytlcolysln fromC. hlstolytlcum :

oedemat ol ysl n from C. novy type A perfri ngol ysin O

i 9"“1"% B8 B et B k8o &P BB prtrapiy pympres te

glepgeft anl, lvanolysin 0 from L i vanovi ,
I | Sé)%h@hﬁéﬂae@eﬁffgfﬁhﬁa seel I gerilysin O
rom P. alvei,

eel’] vVeo SI n
st ?‘g]pf‘gﬂ'%f thp 'P?gcmﬂ radditionsof & denstumnts
g) removing the denaturant from the bacteﬂal cytolysin.

The process of the invention can be advantageously used to purfy pneumococeal
pneumclysin. Other cytolysins that can be purified by the method of the invention include
pyolysin from A. pyogenes, cereolysin from B. cersus, thuringiolysin O from B.
thuringlensis, |aterosporolysin 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. sordeilii, tetanolysin from C. tetani,
ivanolysin O from L. ivanovi, listeriolysin O from L. monocyfogenes, seeligerilysin O from
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equisimlis, internmedilysin fromsS. internedius,
suilysin fromS. suls or pneunolysin from S.
pneunoni ae which may be of wild type or nay be a
genetically nodified toxins with |ower |evels of
toxicity such as PdA and PdB descri bed above. 5 By
pneurml yS| nor Ply it Is meant: native pneunolysin
m pneu ccus or _ reconbi nanf pneuno] ysin,
- PSR AR O B, B TRRRDEN G THHHE Srvyings 8. ganis or S.
t dpuistmilist] intarmieiin@ini MM@W&WS aﬂﬂ#sm&% @384 pr pneumolysin from
B J8hblide whidh each ticdily tShins with
I ySin ch

sin or an |ant shares
dtmré%vg of (oxicity Sugoa%?dﬁlﬂlm (&Sﬁﬁh@d &BPYE- sequence
I dent [ ty WI th a wld-type pneunol ysin sequence, which

ré{ |ns B{ ght to be urlf'ly%d t he

WB%I@“ s"aé'%i%u npumayen d PRgpmpeaceus or
S'Ed:dnhbh'dlnppumlyslm wild-tbe ipheuinalydirook melahts aifpnetraclysin (e.g. those
'cﬁ\a‘&ﬂ% Wyob@ﬁeg%gﬁgﬁﬁbﬁ%l 3884). 9;:&9'[ rmf ?ﬂ&url@gﬁﬁ g{if‘alg) mean any
Jregmentiof pneumalysin of)any pa@tetpfavbwn@lrs"awhi@b plares atdﬁa% RO.$0, 90 or
5k Brmﬁ%a{cw ¥aqueh& idehtily RAth I%Oﬁrm:ﬁtyﬁé ph&ﬁnbi{?éall ? {Qlédlf.%ﬂoe ,8khich still

e ey e Gomfec vine PraTa o dne frorp s qepty defermined by a

(shdhcammn to prevent binding of cytolysin to the
colum in step c). Preferably, the detergent will have

one or less aromatic rings, nost preferably it has no
dn prefered embagjments,af ithegnvantion, the same defergentsipresent detaps b) and

chrb)t ARy dgt & aRdta) t?aoﬁ Srdferbtily iRl Bps Bﬂgd)eﬂﬂi ay Stefersbly at a

e 5 o R GEEE o  tc dren
mﬂémgdi @b a substamtialiycsliphdty detdrgent with insutfitienb laromatic character to

PRRGARRT i, o 8 St 8 SRR el o nve
ané pnless aron@tiz Niags; ymst prsfemblydl basancaatoynqﬁq dmm}x@nm step b), itis
%&‘Qé&ﬁ foP tifd Séibltgﬁfl s of BYiBiy&h W% ¥maller

pneunon| ae, Ccol ter na I vef* in yeast cel

gRregates; whicl maksn ol b8 acgemgets. Guripg Harandh @ eﬁa dergent
smagmssuyt rebalr® the Sollisie agieRstats of the o9toRsins aliowing it to bind to

e R

accord and the process of the Invention Is Ideal for

*rﬁé rcg!ggtié gFHf%rQB\% ;f’rfegfrﬁlgﬁ@'ié’ reQ:Eh%U'TPb’ﬁ' éhithﬁa of bacterial cells,

éo so that It makes nmore than
eﬁb'ms @eumoe{ael pollsr alterpalivelyin yeash cplis. ineect celi, ‘mammalien

eeﬁs lof SRy othef )éﬁﬁreéﬁlodz’éﬁfdﬁf Slllapletfocit axgirsazions IMmetpBessidn systems

RAPRGARS om0 o7 B EBOR, W CinslimBRHR dtgf b Sobhigited o

kepvie aceord and dhe prqiesgef the inveptian isrideal for ite purficatnm: Ereferably
bﬁbﬂho@bﬁh%ﬁ&&'&a@ém&%ﬂaws@ma it Bikds UPHRYHB thah 2, B84, 5, 7 or 10%
SRHRP Brotatn In 9 exprasaion aystem. Preferably the preumolysin s 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 Preferably, the cytolysin is extracted fromthe
expressi on system as an aggregate. Alternatively, a

| ower yield expression system may provide sol uble
cytolysin. In this case, the extract containing

cytolysin, preferably pneunolysin is adjusted to a pH
below 7.5 5 which allows the cytolysin to aggregate

over a period of at l|east 8 hours, preferably at

| east 24 hours. The preparation of an extract in step
biprefaraliG 18| Gytalysioisy exirasted fom e expressian eystem as an aggregate.

najeneatively | d Mwer Bal 'eﬁﬁ'eésm s@@tbllnﬁnéykﬂ'(::ﬂae Eélﬁﬁé bﬁgly&n 3n this case,

| s th deter e W th
o138 i, Yy fro Y eI, e 10 & pH below 75
ahjere gliowe ghé aytolysie tagggregrie esershperiod dfeat deust B ro0BY gleferably at

qgagibghoﬁrgey remain in the supernatant after
centrifugation of the sanple under conditions

necessary for pelleting Insoluble cellular debris.

Pried erepatafion e andBit&E:Gﬁ‘ﬂEte Sﬂdprbﬁrébﬁ/eiriv&\i@snhh@%r'rﬁor@nsteps of

det
MBEALYS e Wm#oa%em (e e ik defsreent tpege wih o
dighaield methOdrthapnenmalysﬂ'eemage it the fatm1dF aggvebates but the aggregates
t ,
g?;ggg@%glt&g 95%%3%3‘%3%(}2?'[@"% ?’J %el%g{aﬁ{ Xﬂe{ gentrifugation of the
Sl Yndekcondlions m@lsﬁarmrms eting Jnsolulle cellular debsisf Breferably the
@feteegmt UseRigs megawﬁoﬁ 3% dapRisdic hEterdéﬁ?whwﬁ* Hewﬁalé?min aromatic

er Wi t hout causi | ockage of ters
o eaibroB o et Mors R PUoR Sonic.dgisant and
tmpst Etﬁfﬂt@ly,ﬂbe sieteegent !qoscdiurm lapmily sargogiege t Preferred detergents are

9 SQbriea e RAgHh Wl RS 0 Jork bt Bl Kaorpdef Yrpina o

W?m it intaragtion; eluran withaut sausbty biookagemt filters attached to the
gblomh eprefe%ﬂfue‘i&bé% Qre 8516t6 daes tRd %iz@ulﬂi" mﬁwbﬁrﬁbﬁsi@%ggregates

drophob| c Interaction col

h th
Bt preumoliTia casreosies b 6o, Attty smeAl S ey eanain in the
eu;ﬁmsmm aftéf) contrifbgatiob lof the. saifplnst SWOU0Y fo) 20 nifiukés 'SUGh Soluble

PR o PASBI eslion B 8 rPaH Rt rtiH Bt e getpggont s
REBESMH At @am@nﬂb'ajhn ohé thetwpen t0. thh sandpd%.o prefirabith €.5% landi 38 (wiv),

bl%fe‘ﬁébﬂibéﬁheer{ NP5RaRE 0%S mBFe pr %&b&%\‘&{yg wa ofl f (r:étllﬂﬁﬁme detergent

centrifugation of the cell materi
g I§?ant as the extract to be | oaded onto the

chromat ography material during step c). Pneunolysin Is

el ol S i L o
37"8 BMquﬁtGQF ation of fheorell maderiabhpd callectingithe supematant as
ﬁéemfd 5 loBde cﬁité‘ﬂb%hﬁ*ﬁihgréﬂﬁ? nfRérd Burifigti<idp 8! Piktftblysin is

;lrgfelsatb%rgs)enp {n%'flees[u%g ? anst aa 'Isolusble aggregats.

The process of the invention uses hydrophobic interaction chromatography to purify

- pneumolysin in a single step. The column material used In step ¢) preferably contains

aromatic groups, preferably phenyl groups and more preferably is phenyl-sspharose.
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aromati c groups, preferably phenyl groups and nore
preferably |Is phenyl -sepharose. 8 The solution used In
step c) and/or step d) during |oading and el ution of
the columm conprises an ionic detergent, preferably a
cationic or anionic detergent, preferably a detergent
mhlch is soluble at salt concentrations above 0.5M

refe the . detergent. i s sodi ym | ayr ol
S '?% W?Qt‘é“egf%é‘ Qﬂ’e?’e?"ﬁ'?é’ﬁt&ﬂ%% dyring IRgh PR¢, el g‘? of the column
r esytieed be iGnis idelrgeht, Qyéferably i 2n catiphief & ariddnic detergent, preferably a

BRI it (E SHLERCLE San BonBilind Mot o Eldst Preratiy the
i @etqmnt wo$cmwm urdhesangasingisn dhe detmpetrtwed iisppne waichuwill reduce the
n@iaeéf'c?io _Fﬁigt ﬁ@fé“aﬂﬁﬁ;ﬁrﬁﬁ]mbl%ﬁva@b%gme)ﬁ Sibwink 1 cyltéifsin to be present

et { t
o At oo ol b e
BMt(md material m&eutweirfgein'al&gtblybemmeem tHa. cOhfira Mhe Yergensis present

&inghobsdh Bt Poretaly BphwddiCod0h tid 5. URRNY o30E B0d hoe cum
fmrarﬁprqﬁ@ablg belwger 8.78%nt 2%, ws@zs@fp@mymwnd’e

magnesn um chl oride, ammoni um chloride, sodium

e Qi ueEarE stop G anlese) dartalsh CobBleTahin AR sglected from the

m:mmpmmmdf scn:hqm emem:tabmagbedidmrohﬁridé ghiindnitdin chloride, sodium

s a0 Vo, Bl Sl s, g
stPQRhﬁ@n alumuiumhoismtmmﬁnreﬁmw buffembatcnﬂ €rinpreferablycaround

?b@ﬁer chiabid WiRkintaRing e gH §Bné 8 ay be used.
concen ration, preferably 0. 2M nore preferably

around | M The sal t concentratl on i s chosen such
tThatsolutien uedd/ &5 bind pnbtmelysio ka tHeccalgti drp decprobssiafahe invention

S G-l Bt 8 T B0y o e o
sathcaricantation jst chasarn suoh Yat paesimialygintis in & sdlubier aggregated form and is
bg,%t co%‘crgn rtgﬁeg‘n @ %ﬁ#&wﬁaremw ng aérilySEJAof)?:; o e

bi nding inpurities. 25 The process of the invention
Opacnaily, P ﬁaﬁnr@n&ﬁi én @aRcitebf \irﬁ‘sl'ﬁigbﬁlé cHRMMITR intérviediate salt

fro he col ferabythe w salt salution
cltfops, O afeing Fow 20F of p gl byt GBabe 8 sipifily anv poorty
biedineénptmes 0. 1M ask, nore pref erably 0-40nM sal t.

Al ternatively, step wise elution may be used with the
low salt buffer used in step d) containing between O -

theproces o dhe InvRRios yspe Asleatspsing salb gredienl (o ele ipppmolysin from
&b%mmxpraerab@dﬁé 16w shif SoltfichCesed 18f maleethb NBaR Hradiéht iih step d)

c&ntgn’?s Be | 'bedo‘:& d?t.n ot Sreferably 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

pure cytolysin, preferably pneunolysin, with a native
structure Is 9 obtained. The first optional step e)

I nvol ves the renoval of detergent by diafiltration,
dialysis or dilution. This step preferably Involves
diafjftratign/dialysis agai nst a buffer o H 8-10,. .
oPBrsp Ty R Gnfend stip el ieisee foe fomavat ob dPimert 6 Sfpgiraton
atﬂab'sis or tilutibre Thiststenl praferadly indlvey aiaﬁlﬂ'ahonmysiqm@frst ablffer of pH

| on| t s{er er'?)?ﬁl%ég rrw@e'? %‘?M% %@‘em\ls E:oteée e aeg\glkalme pH

av@luasd mest mfprauyatm bmffeata @EA Jihe gplytignsis :prafg'ayr of bwamig« strength,
C Brefdratfly POL50rAM, MEstPrbtelably HrduRl P8 ebi‘éﬂﬁﬁl!dn' S Qisls 18 preferably

roomtenperature. I'n a second optional ep,
cFrBrdR4t At 4°6riuk siemativelyaarisH put at ream tpewsraymred and

sol ubi i sed by addi tion of a denaturant Preferably

E\gq g%ﬁp Ppt gal sﬁgf gylﬁ&g rgfﬁfaglygmg U, ﬂ:isgq?q@tured and solubilised
hipyd mdditidnoof dedenatusdnt.p Prdfferabip lthe aamrdnﬁﬁ&ewmnstdpﬁp is guanidine

TR, e prbiForhy SR bahlehe' R toBRE. fifbatirbrably around 6
pﬂ@@ﬂlﬂb‘ﬂ?foﬁ?dvﬂdat Thepneumplyslo isrincubsted m@uemdm hydroghloride for at
aBsd k0 mtéso BfeferdtiProf ¥t 194sY § H&’VG "?'E'% 5;{?&9 ?{rf%HWHnX%bﬂr

Is preferably then contacte
preferably around 8M urea during step f). This Is
e eytelgsinypréfesdbly phéuirnalysirols Prefdrtsly therl chit@cted with 59M urea,

Yo i e g AR b5 Bl g r e
ckytdlystp, preferably: paeumeolysin against urean Preferabiy.r the ispme duffer and pH are

{@Q"A‘S‘SE’S ﬂﬁﬁ”ﬁ;ﬁfﬁ”’éxc Eﬂ?‘eﬁ‘émnat urlyént G e BT, 2

°W1'§@!d danatirant.

preferabl y pneurml ysin with 5 8M guani d| ne

fol | owed b ngi ng_t he. guani di n .
YBPREH Bepal intves Syl SRR, eprby” iy win sou
|guappin@ ﬂwdmmorﬂi%imllqwﬂddby lexchelagifigo thei guaniding bydrbehloride for 5-6M
QP! ysin, preferably 25 pneunolysin Is denatured, it

i s advantageous to ensure that a reducing agent Is
present during at |least part of steps f) and g). A

W ofder foqﬁ'ewiéh;di_ [I{ﬁbsﬁlﬁpﬁ&ﬁ a{sulnelgdé)bdnd?sl thgtMri]rliaTngleoﬂraé efBlyaik, preferably
Phelifolvet! ¥ dshdured, i SBlapebocds do Bhelicg 1§ Boicing qest ' present
glumgaahhesta:aatrd stepsOf) revid gjoAeprplieréed rediicing 1age8isNd.1-30mM DTT,

| ar&ir@P 1M bﬁ%}fé‘:ﬁﬁ&p@@%@@}. s 12 NG hot '8 used.

%r%?rﬁﬂflo refol d cytolysin y pneunolysin

rErdgoncentation ofiutathigne & 1050 MAMangS; psefagalvﬁgﬁom oW
salt buffer of pH 6-11, preferably around pH 9.

C 8 nce n?tgb %P fg}g&l\?%sy%hﬁual %Zﬁ‘%ec{g ﬁ%‘%gf “e%g? %ﬂ gytﬁlysm, preferably
praumaivsin prajerebly by diaftiration of dialysis sgebelya idw seibbeffer of pH 6-11,
preferably around pH 8. Preferably cytolysin, preferably pneumolysin concentration is
maintained at at lsast 100ug/ml, preferably hetween 100 ug/mi and 1000ug/mi, more
preferably at around 500ug/ml. Optionally, diafiltration or dlalysls Is against a buffer

10
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preferably at around 500ug/m . Optionally,
diafiltration or dialysis |Is against a buffer 10
cont ai ni ng propyl ene glycol at between 10 and 30%
preferably at around 15% Preferably a reducing agent
as described above is naintained during step g). .
Diafiltration or dialysis is preferably carried out

a&onfa%iggrﬁrogﬁe@% %:bﬁwfelex 1?355 S@’Eﬁar%;y a{t% nd 15% ﬁreferably

t enper er optioha
: e rasieing egertt ne deasibed shpva gomeiniained uri sipp o) iiafivation o dalysls

Fegérrg@, [ evedﬂi:lblght g‘?@?&? m -cl)ar?Ji %Itlra yée rgperature

aga| nst a Iow sal t buffer of pH 6-11, preferably
A QUrlr Riptichal SRb1 NAVdivEs tHE 3bmbidl Qi‘ it ré%ﬁ.ucm?“a@bﬁtséf{ar' Sytolysin,

S&?{ﬁ@i’h P?'BB%% &S ébg)‘go e Eﬂ?cgpeﬂg% E;p?gféqagg ,agﬁﬁ%d%g(;f afilitration or dialysis

Dagafnst & iaw sath baffer af pHYG1 1 praferablyf ol pH 0aOpti@eily) udiafittation or

ngs}igrw'a it GHU%HO err'@oﬂrg cdsﬁ% ;ﬁ%g‘%%n\t}g% 91% preferably

ta’t arayd d E% Dlaﬂmphqn‘ ardidiyss i rpeafemblys:ameﬂ sut &f43Cdedt! issalternatively

t [ qggﬁg! ' ctivity is restored to above 25%
%%ed?g'g/gtrms B){rpc%ﬁ"r'rgbly to above 90% of that of the
property folded protein. For the purposes of the

iR pRIFéricmethddR| o 84 invErticH, BeSdyibish, are?e"rsm,ebﬁbmwsms ri8ided so

ter structure of the protein. ng
o Bl e e Ao At 25 % R Pt by o above
rm%u obthas bhthet ﬁrepeeb;rfeldéda @roteia.NBorythe q:uqmus/bt theoifention, folded

R 6 sl HERh e T syl " e Biioh. el B nom-dgpaturing
mmoas%w mn@asmﬂrfydld itypsipnBurpolysimdine ev@ented yaemolﬁbtacﬁviwy:r refolded
tphsu gsmpw&m ‘Be%b'%b-ﬁ?b}?@ oohssmag&%ﬂ@m SHRUARI ¥R i the case

corr espon In "ower Det oxIf1 cati on 0]

5 RPIRL Bt ATapipab i NI 2 IOWEr FABrAQRc, REVI A rap eV actviy of
mmdeammmmlab@mﬁbmlm. be subjected to

a further optional step of detoxification by chem cal
treatment. This additional 25 step is particularly
betoxificatipn ofia tixdn t he cytol ysin, preferably pneunol ysin

is to be adm nistered to an aninmal or a human. WIld

er pneunol ysin |s hi&p@y toxic. Several nutated

phe efelvsie; by thesmathed ob dash invenfion a@feratly PRekeolysin may be

ts@djmapkotaamnwwtmmgeéteﬁ Eﬁfeﬁ:)dﬂ&bﬂdn' byrdnhwcal tfeamn&ula'tws additional
OXI.Cl e en neuno

b8P L Ralhy SnGedhis ) 64 ricbislo HarrBy B TRYST & to be
Admicisteréd/ &l gn imhimahnor hmmowwnm preupeilysingathighly toxic. Several

T :
|nvem,%ﬁﬁ}?on | f1618 i;-lé;l@@el 0ot RSt dtha B 6dibe oldlf, vet theso
el reiPlrpiduat ol il e b REBISBTEUS Whet e FReyelysin s administored

intersdliy OV 099/B88840 WOBD/0B95 D ARSHdtively #af be Betosifiedby Ghjugation to
polysaccharides (W096105859).

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 cal s selected fromthe group 11 consisting of

f or mal dehyde, gl utaral dehyde and a cross-|Iinking
reagent containing an N- hydroxysucci nom do ester
and/or a mal eim de group (e.g. GVBS). The o
det oxification processes thensel ves are an aspect of

t nd be tod xi fy bacteri al
t Sl ol Shastiaplh e and cdossality repoRal containing an N-
n@!dﬁ@ﬂguoqﬂnmesmmmnaleinideegw (exd. BMES). on et hod
of the I nvention describes the detoxification of a
§l toxin conprising treating the toxin with a
aficationRasr§sesthemaivasiae an aspest of thaiventianangesn be used
thaietmﬁy hatatial toxins, prefiretipphaumdlyingrégrddiy otheér efiddy e,
nost preferably 10 specifically reactive with am ne
groups, nore preferably prinmary am ne groups. For the

J01o98 sebodimenta the deiswKicatian imathodzof thedsentioméasntbesdiagdstbxification

| 6F slSHcteR80I0RR cBmBAIROHAEng tHeoxif With SAHent cdrfiahd, icferably a
drahiking agen %ﬁ@"”e 2 ngh 'Su‘ér"é‘gﬁéﬁmgf Equ:referably

fapetifielly reaetiei wiih @’mwg?od[&, mbieq)réferawqﬁhaw drinébidlps. a

group on 15 the bacterial toxin or a separate conpound
(for instance an am no acid, peptide, polypeptide,

419§ the ryrposes gfdhis eppiicatios) a uamimmgbquent in defiried ws @adompound with

- GiP VARG réActivd) ;55.0 §§I'aﬁli8n3%f Whed s bﬁl? Bﬁég?ﬂnpqwh@ ieast one

preferlgt\; rentla y reactive,

e ?’3%5’5’(‘1 A turthip magdive geoug irebleoty rg%ﬂtm;rem;ﬂr a group on

sﬂwlhlaeteriél’r ekir arbh ysepaiag @Pmmaml (160 mwe&fa"neagaltn% &(tcna Npeptide,
Y. ysine, nore preferably, the

%@éﬁé'kslu QJ}Z’S@%"M kts with a pri mar y am ne group

of lysine and the sulfhydryl group of 'cysteine. This

Wéf@l%glyl Qhé’%%w &ﬁgvﬂmﬁ& %%é%lifg(“@ﬁ BRE TRl more

det Oxi f sl nce icatio st el ne an

Pﬁf?fﬂ’ay rPé%fP@u@W rpactive, m@s'annyf?éWg$mclﬂ§a'Ue@%@H§ evithnamine and
sOhyiglgouss, chﬂ‘ﬂ’ﬁbly Ihé cﬁé?ﬂ@élreﬁﬁhpéﬁhcﬁl rﬁﬁ?(té @t ﬁ%h‘ua%amlne group
DERB Sttp bbb Basiskig pedasit o b iy amine group of
bsipe randt the esulfiidndl igreapt of prysteinge This mrethba ds pérﬁculaﬂy advantageous
ﬂrﬁér@ﬁn@“ﬁﬁ@suﬁ?ﬁj i difes! ﬁ&@%ﬁ@%ﬁ&t@wm %ﬁ% ?1‘3 residues

cyst el ne reési opti onal

8 Bynergistic feremgse rin tthe lqvgkpf: haeolysis topmpredhie the residual
hemolysis @utivkyowinddb thelchRisibiitihg reagérit Yadcld) with il yshie & cysteine,

treating 30 the toxin with a cross-|inking reagen
preferably a heterobifunctional cross-Iinking
slwgemgltemaawa @mbodinient ipsovides & Urhéthiod \df dptaxifyisg \Wakclerial toxins

Igﬂﬁﬂrﬁmgorﬁaa@mga&w% ﬁ%ﬁkoﬁ?ﬁﬂ’é‘éf@ h@éﬁmgew RS ¢ Jr 1R toxin)
B%‘feél Indhe foxierAstivity of e texis: (Prafarahly theplytic Sty Fompesing treating
the hiexin awitinca aetbs BN iragent [HirefoRitily &M hBRrdbFGHHoRdN Ceross-linking

BényP el SrARYinks! Bhe hIRAGbShs ith HRoMer 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.

12
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12 I n some enbodi nents, over 50% 60% 70% 80% 90%
or 95% of the toxin retains a nolecular weight wthin
5% 10% 20% 30% 40% 50% 60% 70% 80% or 90%
nore preferably between 1-50% nost preferably

bet ween 5-10% of Its original nolecular 5 weight after
the treatment as assessed by SDS-PAGE. Preferably the
toxin acquires a slightly higher nol ecul ar wei ght
followi ng the detoxification treatnment due to _several

2lfti 5087 LLBRFIPRS. AYBS e AT P v Wik BY93% R4t foxdp retains a
binoldeutg vicight thia 471 108, 2g"mrm2m3?] oé{d%.rxmo%’ Jo%e So'ntdw_@o% more
chrietBy, Bl YR, i o oot o5 4 B! Vbt
weight reffes thet eeatment rastasséssednby @cﬂs‘ﬂ-lééGsoPtefmbhaﬂteomin acquires a
Viibityhighr mdleEhIHPWésgSht ﬂiﬂ&ﬁnﬁ% Eié@éto%&i[:éﬁ‘oh%ﬁﬁﬁe%t &&f tEPsteral amino

or . coval ently bindi n to other

rRﬂcS?%'ﬁ'& cfﬂa?'fﬁﬂ'g Sy WWW%‘LSp‘EJP%%é% HE® |Ci!i'8§"w'l\/88'!"l°°““d

mcmfeeelahé yneitiil anitel imviationdprefeiblySdoes noliaiieCéxtensive conjugation of
S . ver e

g S ine v Bevglodt il Bhnad B Bivethlss b ot & foyi witn 2

dmlﬁmrfcwtbmazy Blalcture isifermed Ryrdlyanovalently diriding the Bxin to other large

8l SpolyaBcdrBligds &Q%Mss&hﬁﬁﬂé%l Wﬁ&bﬁﬁi‘eﬁYéﬂlWﬁb%tﬁtSH@ proteins

enes, cereo Sin fromB cere
tohB Hé? gisgiosed in WQ 59 ang et wgﬁ@ﬁsbws invention.

| at erosporol ysin from B. |at ersporus bi f erment ol ysin

28 Thetiqed ot 14 FRRIER meb et o SRloBi, Fefhrah 1o Bb Prpfeg tons
(clude sthe | thiol-aclivated axytolyaine | pyolysinf frarm A. pyogeyes, tqpmlyﬂn from B.
Refels b O 'R B, ‘P@W%?‘%@P?%#%‘”"%%%o [ 87 latorsporus,
piermwpiolysinfram Gnbitermentens, potulinolysin fram . gotufingm, chauveolysin from
loza:nmvael Ihistdlgticolpsiy o ©. hisontidum, dwammtyeﬁeﬂﬁsc nov_w type A,

BpIoB5 LB opfrgbhs PRyt Bltnnh B Septti. Bofdehn rom c.

Sorddqlu t@amﬂyﬂmtram Q. defanidivanalysin Orfoom 3. lwanoie.rﬂswplysln O from L,

MMMQ \%méﬁn@h‘ p&b%fi@hlf éx'gg&%éiﬁ HGH@ aivei, streptolysin O
eX- |P¢'Byw'3-n§d$amsaﬂ St eqwﬁ@'hw interedjhysin | feope sfntfr"'edms. suilysin
froi S isbig of pAGUrASlysifCion? 80 pddioR e WhidhGAay E’e’Sofam\tﬁ:e or may be a

@ﬁ%"§%$%3 2 Feeobe: i f o o GER i i

a8 7M0BOSIBYS 1, WORSRABRAX T obi ol ogy 142; 3269- 3274,
(1996); J. Bacteriol. 181; 2895-2901 (1999)) NV ADPRT

13t h | nt er natl onal Pat hogeni ¢ Nel sserl a Conference
Soomonnd S to b the dietsoprial s BT Feash (DR2IA1460),
FBi (M’br&lhblﬁ@y haz %289@274?(1199%5 VL Eactehiers 481 vzagarzohﬁl(fms» NM-

%@P?‘Eéﬁ?’rl Eg el red fPrﬁ% %Pglf%eté o XI e ﬁ@gﬁéﬂgnametal p135).

PréfanddirpG coptapr a segian wiicn s msmetﬂbmsmllesé twi protelns and a
pefaHea GRaghlent 'dPAhd toxind would be a polypeptide contalning this conserved

fragment, preferably comprising amino acids 227-1004 of the sequence of FrpA/C.

13
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The nethod of the invention may al so be used to
detoxify Bordetella toxins including adenylate

cycl ase (CyaA) (daser (1988) Mdl. Mcrobiol. 2;
19-30), dernonecrotic toxin (Livey (1984) J. Med,

M crobiol. .i17; 91-103) and pertussis toxin (PT) (Minoz
et al (1981) Infect Imun 33; 820-826). The net hod of

A, ol 5 e o S ) P o
a@#@ﬂéteﬂﬁlaﬁﬁ (@mpd ¢Glapeti (4988) Mgll. LMICWQEObLR. J19yad), rdesmanecrotic toxin
REP (1084 )V. (D MiRSHS X17; WQ%%%SQ%QIH%TWUB&?& al (1981)

reducti on_ of the anmount

t
t@%cﬂ i, 5 S 268 e rtod . e, gt o foscetonting
ghtdnﬂmmnﬂm arg diptitherial tyidrd i) a06 YoxirPBoMm 99?4’99(:9 and% e;(njidemﬂdrs
S measure
ugflﬁgg{ﬂé)%mo'#& %n%ﬁ a%ﬁ? &W@%@d éc%'%‘?r) may be
measured by the nmethod of Exanple 5. ) Native
FWI&H&H%' dffthé" inVéritioR 14REETR ﬁéﬁﬁ&oﬁ% fh%' érﬂoun?f:f éQGt;PQQuor haemolytic

J t neuno SI N.
A e, ol G 2 et 0%t proiarmBly Ry . 16 OB 90,586, 99.9% or
t%ﬂ% Wamtﬂbdhaemhstmeasamummgme mﬁd(oﬁm&tpmam:‘toﬁaty may

Iar e a pe qll.egér‘:FJa}gg"z’ag’gcre 5 ngﬁ%eéﬂ?f"{}ﬁyg'ﬁ quoygllcacnvuy

Rl 0809 Hel.0RMRQ0 unitsr per o pbmetunfo!nsum \Sbmmdimmm ivariants of
%UMblwn 'hﬁvé %@S‘dj’to Srhael'ﬂ:lgﬁos aBE), SHOBRRcHBRof a variant

theremalnln ytic activity is
pé'ﬁ't‘ﬂl}ags be ghlerip gchigye Q*h'é"ﬂerﬂ/ BﬂﬁcPféfﬂge Wase in haemolytic
cketn;lly idie mmemtswurgfpddn ﬁ)rﬁi&il'ﬁl wd'eaéfnofzyhemmtrbmmbed however
| in on whi ¢
8 ef8Bnoy BaFL oy B B8 Spmpiio Rempld ARty R'Haved by the
M@mswmm oring the |evel of haerml ytic

activity of the detoxified toxin directly after

&E‘BOXI fication and after incubating at a tenperature
cation steprof the,mothag gl tbe inyertion-prelerablyrayides § cross-finking

altien wREh & smhﬁanw ﬁbﬂe@&lsmeahevasismty% BSdessdd hyembhitoring the

TavePot faenin? Sbvieror 15 Sproidned B Alecl e, gagptpation and afer

irzobatiey et 8 tdwh;mratﬁb@fbbﬁe fat? Cﬂri:eféﬁﬁllylaﬁpfkem ve;dno?s pfuerably above
356 e PR B2 it ot o vt A Scbartaty
humwvamlmammmwmmdwhw me@da@mﬂaﬁhd is defined

%? usi cﬁ%% r rrarq%%l lﬂ:%ﬂ%,ﬁ{aP M%M@é?%% 'f?%r than %@5@ C§O% 40%,

aé%oa@%n@a& aftar lnmbqrsatrm elevatasl tomparature @s alesaibeti rabove. Many

Iriditiods lof dBiBNAclioR? - fop thatdhoB BY BiRG " BAnslGirde &%ggwérﬁn result in
9

nmet h of .the I nvention over
%‘9)8“ gﬂbﬁ'a'dﬁ%" /%b'ﬁl'"%ﬁ\;‘f’ mf’}ﬁv{l UMe et ai ns a

nononeri c quat er nary structure after the

o ﬁefé&eﬁkd i crosgﬁw:ﬁgr 'iﬂ&é?m'i}&r é@&gﬁ%.sem. 70%,

ormlnterrm ecu

S OF B8% ¢fIthe toxd retaing smonarmeric regry gtsycturp @fter the
¢rovaiinking Jesction ) MR 'drds@Sinkifd  rddgents s iﬁbmoﬁmmssnnks (for

Hﬁlﬁs%ﬁné%ehbdg gncj1 'glgg?aTdeWyée) [P'hits b:gn gﬁ&t ﬁ%‘?}mmun%aich:ﬁ properties

of the toxin since some epitopes will be hidden within the aggregate. Methods of the
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14 invention preferably involve sinply nodifying am no
add residues, preferably suifhydryl and/or primry
am ne groups of am no adds and/or the formation of

mai nly intranol ecul ar crosslinks. The resultant
nononeri c quaternary structure allows epitopes to
remain exposed on the surface of the toxin. 5 1n a

preferred enbodi nent of the detoxjfi catrleﬁﬂ st ed?éf tE[e hvdrvi
clvantion praferaply invatye Fimahs moriBing: 1B AGE: fesiups: preferatly sulthydry
Pali@ prieryanins grbupw;mmm@dsmfoc thetfeimatien of mainly intramolecular

BB A B g S, W 9612 e o e

pexposedyordthe sisfacg oblbp doxinbr ef er abl y the cross-1inking
reagent contains a nmaleimde group that reacts 10

preferentially, nore preferabl specjfically, wth .
Slr P rEieged giisglment, of cihp  delofiln, step. ey issifigng reagent s
glﬁélérﬁllamﬁglbhﬁ r@&ﬁnémlcd:sﬁfmhgrreugdrts sorithiny ai v IN-gydoaxysuccinimide
n It , i
S50 e B Pl R A 2 PRARRDA gpbcieaty. with primary amino
I\Brbw# Sxsferabl rtheri atessdipking reagsnt confains & maleimige qgroup that reacts
ggfrglgf/égg%ieeﬁlgfeo A clﬁigélﬁ}t witi® sﬁlﬁﬁ&@fe Q?HMSS rlftéa pl; around 7, a
Frsleinier et FCi 083 199 taster it salvanarauas e o S ol gmines.
tfgrlefemq& tl}e%/mmﬁng r@éfgfehh@nturrsamui am N-hygroxgsueinimides ester group
able to effect the. effj y,
el 2 iR, s Tod s PG st REPRRGHN ol Yhpyatle using o
damwlamhntrsgloerﬂﬂa@ads totlensteffagtive detadigatien.ni t h ani ne and
sutfhydryi groups is between 1.5 and 20 Angstronmns,

g_ﬁ{l}‘? pref;g&bels%ﬁgetv\eeg; angfr15 An% troms ?1%&[%? a tojeffect the
Ibdmi;yt almemmt ap}d]eralﬂﬂm. iy iﬂdﬁberbem ndise groupsaf the crosslinking
acteri,a oxi n. are, nmo [ [

Raent g, arp Tachyd i Giine 50 SmAH bicfPs b8l s ana 20
Wﬂrmrmdr@p@ferﬁhhebdwam §and HeAngstioms iand nepsh prgferaply around 10
?ﬁh@@%ﬁs rgug%ﬂetzw%’ ? SR, Praferdbly, RihbcRitbiidRaoARd bacterial

an strons In size. 25TedetOX|f|cqt|on
é@%a@fmqif@d hyradgtion o1 2 grUp HALRIAVEr 6+ 102 AR 1 8 100, 500
E/ ﬁ?’ Fbﬁferdmdtﬁel rﬁ‘é#if?iﬁg bl‘blﬁlb ri]sngt thBIa?dﬁﬁtemgﬁmnsf more
anges_.l nhi bi e function o
eghly pafegn 10 323Am%?g§§bf%e at least 5, 7, 10, 12,
14 15 20 or 25 am no aC| d residues of the bacterial

esen‘{m I%?fjth et o Wﬁ%ﬁmﬂm&mm&m to be

r eagent an

%&s@é@n that etasl nfsderones ansar ﬁa@femeahﬁ el cbargeg) inhibji.the function of
nhwbﬂerﬁﬂoﬁﬁ Frbfafably dtliddist 5171, §0,URE 4, AL 2T BEZE 4rfin6 acibl residues of

g) o ,e Of t OXI frl']IDélﬁeJ WherelgérgaAr male%:lge I&Foﬂ)s are present on the
-Iinking reagent an Ellman reaction can be used to estimate (indirectly) the number
of crosslinker molecules attached to each molecule of toxin (Ellman 1959 Arch. Blochem.

Biophys. 82; 70).

Preferred crosslinking reagents are SMPT, Sulfo-LC-SMPT, Sulfo-KMUS, LC-SMCC,
KMUA, Sulfo-LC-SPDP, LC-SPDP, SMPB, Sulfo-SMPB, SMPH, Sulfo-SMCC, SMCC,

15
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Preferred crosslinking reagents are SMPT,
Sul f o- LC- SMPT, Sul fo- KMUS, LC- SMCC, KMUA,
Sut f o- LC- SPDP, LC- SPDP, SWMPB, Sul f o- SMPB, SMPH,
Sul fo- SMCC, SMCC, 15 STAB, Sul fo-SIAB, GBS

(N-(y-nal ei m dobut yryl oxy) succl ni m de ester),
Sul fo- GVBS, MBS, Sul fo- MBS, Sul fo-EMCS, EMCA, EMCS,

SO, SHPSYNEoeEl b T B (6] S v,
MBS SuReliB, Srto-EVIcs: GICA FGBNEMBE, SPDF SBARIEMPA, AMAS,

r AT atd SIAQRergjd conditions of between 5.0 and 9.0,
preferably 6.5 to 8.0, nost preferably 7.0 to 7.8. In

treatnments where the reaction of a naleimde group to
aln a;prefampd methogrob the imentioncthel tce:gﬂsi treétbewiih tecschemitalpddnipound or

;&‘gssﬁrﬁé]‘@t re8dent ﬁn&ar Ha&ﬁild;ﬁ?r ; of. b salaﬁé @gi %:re(?erg?lﬁ%dé to 8.0,

referred concen
r"B?ﬁhPr%?faf %, 7ifelovkl in treatremimmbere ﬂpe rRackiasy ef aprr@mid@ lgtoup to a
kamwmgﬁbuﬁasm%omﬁ ﬂkeéreréﬁéﬁ ﬁHhﬂtm&%&&Om 03Md 8.0, more

} Er'jfé‘{b%rss pref‘erﬁ'gﬁ ntors ve fgglkéetg@pggﬁrg@cﬁp%ﬁbetween

JAPmMcangctiht mwumfemhie rléOtnM ardoBﬂﬂmM;hhast priferably bétveen 200mMm
%ﬂb Boormadsieser ﬂ*&%hﬁ;@@av@?ﬁ&ﬁ'tﬁ& it sc‘s&ﬁét{n%%'ﬁa&el%le% perform

H of betvveen reacti on can

3& fegrtipn se'&mce@raﬁeﬂ whiereno sodiuma chiorde oonther salt is added.
Yetiere iR raabwd b, pdrbﬁné!ﬁﬁt af m'ogl%ﬁuehﬁt? &%nd{7.4.5th can

it By oS LA Sallon 5 5. D o o Mt rto o

GHBSHIO toxiroean herpeffomaed| witht Gi@headiiton oB 54lt at pOIG/alue® bétween 7.0 and
ppef erably around 250 fold nolar excess of the

chem cal conmpound or crosslinking reagent to each

toxin Is used. 20 Pneunococcal pneunvolysin contains

Brefdraisly BS0L500] ﬁde-bSpref'éPé?j { R $5050r 258- b, %&?'p?é’fersw &foand 250

&1 qﬁm Calsno%i}}) und or cross i nkin rea ent ove
E’ LIRS ol FamRoURdor cxpRSinIGNng MaSgRsK ko sach dexinds used.
Biieunicentoab pneummbysin dorging 130 Sgsine i’é@ldi@srmfe h@ﬁaﬁm molar

éﬁé&é‘& dm%@ﬁ%g&ﬁ%:ﬂﬁf é@g lmz 2 ref eipgi ulalent to

?’hﬁlfelddﬂd@hmpf M@bmﬂmwndr m‘s@‘%s—lnﬂking gemgkneadnlysfne
feyidiid) ?réf&%b?l#}lszd Sk rdferdbly %&15%? l’l‘?—%ﬁ st b Fh?arablmround 8 fold

ve%ggg he treat rrent wi'th crosslinking' rea

I 1Blia OF papmical compaynd;er chessdinkiag readentclodyRine fesldu%a is used in
metheds @ therinvent@s, nost preferably for around one hour

at between 4 C and 40 C, preferably between 15 C and

25 C, nost preferably at roomtenperature. The nethod

B trogtment with gresalinigng reagentproceeds fooatjedst 45 ainyes; prefargbly for at
Ié‘ésemlkﬂnﬂﬁsanﬁglr"ﬁw Gt &b&&d‘Gné‘ hotit Lt BY gwh &R 40°c,

eferab t he guenchi’ng conpound has a nD
F{l,')\g tp\};eq dp® %gnd 25 °C, most preferably at room temperamre The method of
the invenﬁon may further comprise a quenching step using a compound containing a
sulfhydryl group, preferably the quenching compound has a molscular weilght 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 molety 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
groups may be reacted with a peptide or polysaccharide
noi ety capable of reacting with naleimde, for

I nstance a peptide containing a cystelne residue. This
is 16 particularly appropriate where unreacted

a r r He
PR ate Bl Wi i8R0l 'hllinidh b TR Ghror 1o the
bﬂ'éqf@h'haﬁtepom ns as described above. 5 Preferably the
bacterial toxin is from Streptococcus pneurmnl ae, nost

e, Seleation st iz 7 6, ool GKBY o Spsrgbs above.
hBs:feratshethe actetial eoxin :s'frangatmpﬂb@:dm pneueibniae, most preferably the toxin

t Ig;yngbﬁmgl 4[:‘?51' n@j@%ﬂm %o?(a%/e ]': Emgﬁt%%&éiﬂ ?)r gg)rotein that has

refe Sl N o

pb%megea oyllspw@memg éw redn@g/ﬂsfenclufda@ dasmw abgvelg Fusien proteins of
@R r@ﬁrébl]fepﬁ ih Q'{BL Cfrabgweh smgﬁutﬁo ?isﬁf?falﬁgrﬁﬁumolysm may be
M&é@gm tﬁ“[‘j?f *"V?'] 'A% ng reagent which is
preferably heterobifunctional having groups that are
L

TG Kot erniiinf m@@%ﬂ%ﬁﬁ%&ﬁ@'ﬁﬁz Bl ot a cross
Jinking seagentwhich is prafe iembb‘uwgmal hayiRghoroHRs t‘het @rnereactwe with

Qi &f@?@.@fﬁé regilitbsUndi16f 4 b g the reactive

f’ir%f%ewﬁmﬂm%ﬁgerab' dhatied rbg;pae‘*erp@"g@owa‘:mfwomng

radcersul e coval ently bindi ng preferabl y to a lysine or

3k SERlSE PORHG' ol 125 AR R RS K o r
quemetified (bpr@fmwnbervmolnmdg/sapaler&y kinding iprefgrgbly) toga lysine or
Cyshiginit éé.d@&gmf&awvﬁ Msa%ulraa ihﬁi%c%ow &n em.sméamﬂ) the other

t he toxi war ds t'er m nus of
L orepie havio Hens QUtrEtRc reriran th Bretine) SHAT 1 of t he
th)_xa l&yétﬁhéi;iﬂéd‘lﬂtymﬂmedan thestorie activits rof thei toxin (prefechb@ towards the

0, Eyyty's R eyte SERENTIRT 0 PR ekt ofie Ryt Bsfrsbly o

t hea pﬁinmy@mmdue)onhidﬂe preferably segaratad by mare fhan 2, 5, 10, 20,
Pr e3@ar A hnRRd 8 oM the 2ydiaé Fosiddle & Mb phiniryRaGuETRb Ms)to)dn

is detoxified wth a nbnofuncti onal chem cal’ conmpound
whi ch preferably reacts with am no adds containing a

i iarfarther Préfered nbaiimen) 8 todre (préfalably pngemolesinkis dietoxified with a

- FtBhdRiohel bl blpg i Prlosd ear ] A g o

prievacy arhihg grasip.omond preferably iysinel anbieisb a veriajo sizel, most pmfergbly 10-
380 ArgSitdntSeh that 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 fo vaccination, is the fact that
polysaccharides per se are poor immunogens. To overcome this, polysaccharides may
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30 Pol ysacchari de conl uaates A problem associated wth
t he pol ysacchari de approach to vaccination, Is the
fact that pol ysaccharides per se are poor i mrunogens.
To overcone this, polysaccharides may 17 be
conjugated to protein carriers, which provide
bystander T-cell help. The process of the invention

sconfRBL BBt Shrichls WNCh pkdd th S TSR Rl e proosse of the
TRBRAHE e s BrPGBIrA o 4 (it ot Goniugating the cytolyin,
inrﬁafablb(ipgewpdmatd al bactexial pol9§dael::m¢|§, for maﬁ?eé ﬂﬂipo—ollgosaocharide

bé?é?'&ﬁzp erred conjugate of the
E%g\lr/)entl onéﬁér%‘%'?fé"é@a%%%si n, preferably pneunolysin
obtai ned by the nethod of the Invention conjugated to
T o CAAfsay oS, Efeel Houmalsi
SREIAE Ry the el B e prepiar 11 GRP<UsF gplypaRchardes derived
FomyStraptocdBeusTineudonid), THE\pnelihicodcalAcapbdier pdlfsactRuritb &ntigens

F F 3 t
e oty *%%%@E'ﬁ%t e T)2, 4 g W 228 DD 18y 14,128, 14,
188, 17F9 ﬁén@*ﬂzéﬁiﬁ. 20022Fyi23F ane 33 {mestreferably fromcseratyried 1, 3, 4,
Sp68, THA0W,S14( 48C, A9F afld 23R), orlBixRiesod lwo &nrhéreop bdld co?lu%ates 4,7,
Br'ﬁf ?é%b%éﬁ pneunol ysin, purified by the process o he
0

rhvent| 1s also 15 preferably conjugated to
capsul ar pol ysaccharides from ot her strains of

e e e o
ly £ i ' apides(] r s erig. Su

S S B (B o o, turiz e &
FBER. Renngifis geounk i ST 5k, Srsiidspocisiis an S pneumoni (..
En-:tupr Bc Sltrephcc(oeusg. S. pyodenes; at:tjcs, Mhﬁo?dcgﬁml(um, 8! Qureus, S.
F’%ﬁ’ﬁen _’a% % I'D), %&S’?’% rfé%sﬁsrr@{nqe ﬁﬁfa ?‘Tq%ff%s'eﬁ:r Ji JB‘S'ably the
peiysecchatjdeszare frapd.dnflugnzaphtypen Bl (ibhanidéor Nd eneniagitidie groups A, C,

Wisgk efldbpycyt ol ysin, preferably pneunol ysin, by any
known nethod (for exanple, by ijkhite, U S. Patent
4,372,945 and by Arnor at at., U S. Patent 25

mamysaaaaand@gmymamm &Bﬁ&yﬂ@mrumu}opnqu?om{nﬁ bf@ny known
40 R[C | entk Cl

Rithod 16} RanPR260 Lo LFS G 4 IR RS bY s b . Petent

£ﬁ7é¥?56 bl Pederabivr CRAR conjugation jncamind ot (Wi 9%5/08348).1 Td emhance

imhwuﬁélage?mﬂoafe Bylgéd‘cbﬁéﬁdb@fhéﬁ beMBHLGInted® Sh¥RAGFRRANEEES The

p%'iysgcchgr?dsegcéqﬁer Iinvggﬁon 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 i
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30 The process of the Invention preferably conprises a
further step of fornmulating cytolysin, preferably
pneunol ysin Into a vaccine. Proteins and i nmunooenic
conpositions 18 A further enbodi nent of the invention
is cytolysin, preferably pneunolysin, purified by the
met hod of the invention. This Includes a " '
pneupol n- bact er.i al sul ar. pol ysacchari de
cég‘j"gté‘é%{@i"?@%m “FH@’%?%& '&g n, PFrferahly PReyraplysin; purified by the
f methbe lof thabinventiom t THR intibdesi 4 pestimofysin-acteriall capsulagsulysaccharide
is, preferably
p%g;ﬁ'ﬁd ysin %ﬁﬁ%ﬁogé?%%f@:éﬁ]w@éct erial capsul ar
pol ysaccharide obtained by the process of the
IRVﬁﬂﬁdr?émlécﬂﬁrnéitﬂﬁ&f }hBeﬁv?ﬁ&Y 93 an?lhﬁn%ﬂlﬂﬁﬁf 2 O®ipesition comprising
ositio e Invention er urt he
e ety Py o Rt baclegal semisE qabvgpocharide

c:twmmauebybhmplnongsmf thednventicri(as qescmea!fmvé)l y choline
bi nding protein A or an |Inmunogenic fragnment thereof
and/ or one or nore nenbers of the poly histidine

t Phedepmugegenic eampesition eighe invention preferebly furthiee cerpprises one or more
fﬂﬁﬁﬁﬁrﬁbf ftﬁe re&mmof Comanhcbr@gﬂL d?&bﬁ fﬁlgilﬁ%ééf%B Hﬁn QESIMe Dinding
[ | i
SRR o S BRI PO D! GPlon P P b of the poy
stlgmm ariildy farrile riincitidiegl ﬁ.si:mmrataimcﬂmraaf) poefertably rRhtA heitB, PhtD or
Xﬁt& IF:H‘HE |§1 ﬁ;gf R% -affinity chromatography.
of the ¢ I ne- |ﬁ§ﬂng proteins are non-coval ently

bound to phosphoryl choline noieties of cell wall

l‘écalngéiﬁrh tﬁdctr?gﬁ afbatﬁgf/e il 30 a>|<), Ldéé?lﬁl%e% SN W€ family were

Bifal Togiiiod 48 reblmbepetel, Hptsins s cou ok ROTRG 8y choline-affnky
rehiomatogedphy.he Aﬂ!r ot mm&hcﬁlmmmngdm e eondcovaldntly bound to
‘gahg%% @éﬂoﬁ%ﬁ@r jetles ngflerb%ﬁ %n %?%.6.9 ggga ngi g ﬁlgllaﬁ%-ggsoclated

) serve repea

fipqieiehelc qaidi %mmwallym?y hayeﬁpmlmegi@nsdn coragion averitye entice family,
B o 0 i S fon
Renarall poiing Blng.prpt ﬁl‘ﬁs""""g&@d {efhisaleglon bl GRseryadrepeat
ragions (RO &ndier BR2)) i p’n@in&’lmlh eagbnf(a'yrahd'a(cﬁ@@)ﬁ)ed cheline binding region
O ke i o e Bk Birp S by, (ol g protoin. s
gpaslin thms,awlimprtl'-e @pDGhdime Bitsiing Proteinfamiy (GtrX) ds selested from

i |
g@g%% i BIRARG MOind CUBRAEG i WOB7/41151, Phoa,

|Pé§éd°PPﬁ ﬂé&P@psﬁbﬂ"s’sadﬁa‘?&Pﬁ’ R &%1651 %bPD and
Do aire dilicibsto e WO00A39S/ BHESR. disBlosideinaii0e7109894.  PbeA s

$880cell i WOR2Par SHaR 18 e Yo Bt BEAE VRS Raraosso,
Preferably the Cholune Bmdmg Proteins are seiected from the gmup 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 CopX truncates wherein
"CopX Is defined above and 'truncates' refers to
CbpX proteins | acking 50% or nore of the Choline

bi nding region (C). Preferably such proteins |ack the
entire choline binding region. Mre preferably, the
such 19 protein truncates lack (i) the choline ~

bi pldteirgmneﬂes)&cﬂ(i bhannélbﬂpihb k-egibnoin ol R F'uWetorminal haif

rote retaln
rgégea? 8r tee?q"ll onR’ 'E{I et?ta?&? PEe prreatregion(R1 of RR). | Mptecpreferably
t reffilcthe suncate lEsr%pmaat regionsoiRy &nkd! ﬁﬂo@%i'efeﬁB&Qhe truncate retains

7o 3 P45 3 bl it e s

N%i?‘%g “WMX‘RZNQQQ@HG@@W WOS8/5it 188/\88D NRI XBAP o however, other
m@ﬂrﬁ]ﬂr&ﬁlgandtehﬁﬂé@%ﬁ a BRYBY &4 oliné’B!?xEﬁ\P r‘a@&iﬁ & dalso contemplated

| acking a simlar c

S
reg| on are a&g SRl ated within the scope of this
i nvention. The LytX fam ly is menbrane associ at ed

PTRé QDA Of iidforld Elbofibl ototShs and il ko oo s, The -
Fnti bk Tl A e

f baseualiethe featngs folind REHEGHPAT AN Ho@@%ﬁ&eagﬂvtﬁ?%ﬁg ,vl.agk'(?amlly is
d dd

¥ |l iR b1 CHBK Farmle rcsspiest i the, G tamily, he Cterminai

qr@a"m:m;ams thencsitalyticadoivasinnsf thé va(aﬁra{e}ﬁ fafnilfl O TR "farﬁlk cogupnses

{ by Loy s BY Wift g Jr&é‘lo'ﬁé?h%ﬁ‘g Lt 5 b Rondal et al, Eur o

th
2#1‘9?!19 3%4 rf%f-?aaa et LYE is disclesed in WaBB8/18830, and is also referred to
1B/SBB1 - 930
481 - 1582 i 488 dlscioded & W6 9@/?%5 ﬁé}j@aél Ss\‘:‘%%ﬁé&?o 2Qsp01. A

?sc#%sﬁé'%ﬁﬁr% g%ﬂ%@ aanpl s also referred to as

Sp9l. A preferred menber of that famly is LytC

Aol S Y bl L5 s v o
\AE"FEF les't igters tocLy3X reteing lackingi 5686 60 fors ofthe cClwing bﬁdlng region.

Mhmﬂymmmm@m% oflir6 ' RbRR! Yingitls Redlird! B Scairferor
tds hoI ne bi ndi ng regi on. npl & such
trungl%teé Lmﬁ %ﬁﬂ“?‘?ﬁw f@@"’@@ctlon of thls

| nventi on. Yet anot her preferred errbodl ment of this

éﬁm rb(é“ﬁ?f%. BoUIRERE fis, Hiphon 7S G, Fraca-Lyex runcate
RIYRIusions). NRBMRDE) thid cﬁhm)isemdlmhez (or R1xR2, or

NRI)GRZR)MICprrérHQHe t%ﬁﬁl%;;gg o Cteﬁ?tﬁler X & Ego@fp ne binding

Lyt
% e B B0 Sy i), SMore prederebly G X i iscted from
smyp@@n@mm q“@bpﬂ- MSPE’NW FepSA M&Q &&ley('\ﬁli Gt Is CbpA.
miﬂ?a ¥ .dDr eferably, Lyt
Lyt C alsore re toa

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 dw ine binding
domain (C) optionally expressed as a fusion protein
with LytX Preferably, LytXis LytC. 20 The Phi (Poly
Hi stidine Triad) fam |y conprises proteins PhtA _ PhtB,
PhtD and PhtE. The famly is characterised by a

pr T3 PAL(PB KRG Rk iy LRI BraRRE PR Er®) plip.ana . The

sty by TWF%@Y 2 lividation|sequenne; dive deingies lsépediated bpa proline-rich
era@aminchea%r Histidine ﬁ1§as’5)po§9br¥ Giilofv@d lin Fn%%r %F%ucl@os:de  binding or

nser ed Nt er ogeneous
E R a 5]% r%'?r? 6@%@8%5&8@@?“& %’tae'apterogeneous
rﬁrtemwauﬁ ippreserit itcalistrains of pisunivesdei festend Hbﬁ:olbbhﬁ proterns have

ettt 3 B384 s R i o
i @’%‘ﬁ%rph%spmﬂﬁﬂdo?mbht Morg prefesably, nbleoremriseel Phty\oe\RIID. It is
t dritferstded, h@Wéﬂ‘ar Pihat the BrmP: PRNA, B, ™16 ECreRdr ottoelgr%fhlns having

VBX58es RSB Do chilns Balwich o st rompo g Ao me)

tvagans fherdutthdtchave a smuae@ecaod‘mmy gl ist &tabast 0094 ideRf&l to the

IQ-tQPéI}ésnégt? |'east t@%@ﬁs &t iE c!ae? &c&g‘ @Bg‘icgt) r&@%&r@e@pvﬁgs 97%

icglgentical . The i munogeni conposition of the

Imemnmnir&woaﬁ&r mh@tirﬁ/eﬁﬂb?r' F&P&%&Bn? o r{ﬁﬁd.;:mwdine

trld%"g%{o':? gi M{Be?rherrg fUSI Qn, p ] %I!_gs con theged linked to

Rhiyormfragnieet &efecd or )i PhttPibt Bfmgmmﬁuramnked 10 br a fragment

lﬂ.?1 d to PhtE or a fragment thereof. Wth regards to
ht X proteins, PhtA is disclosed In WO 98118930,

and is al so referred to Sp36. As noted above, it Is a

Wittreddidd b rbm pP&Lm@ kA Q}d@&&)&@vé gg@aoa fld B%%so referred

E?hgﬁ%y& Wﬁ) naI not |

et JblE8Pretsin o the pobdlisiginedsiactfaenly e has the type
bpigdalmotifef LXDICed above, it also is a protein fromthe

pol yhistidine triad fam |y and has the type 11 LXXC

l!,t%nal notif. PhtB is disclosed in WO 00/37105, and
PatDAs gigclpesrddin Q@ Q07405 308, isalsou'ﬁerrem’er&mebf A5ndtéd above, it

f
ik Ela mlhlﬁﬁ WO W@g%@ﬁaﬂ pr o el n ‘g%e" L:?gcfs Irggﬁl]motrf.
‘Hﬁé giﬁé?ﬁegt"i' AYQ QOB 198y and s plgo miemedile SAPSEB.Aother member of
theCRGS fapiglis 1Rt C3-Dedradip qﬁdwpra Stitiel BEARSLASH MW oor17370 This

P b 4 Yl ) S e St

Riefeed iremunalpgivaihp fureia®l \eqiivaientsis the SpmteinnSpmaIsdoad in WO
OBPIB080. AfPHIB Gruhttits (dpdfBxiniately 70kD) Is disciosed In WOS8/15675 which is

also considered a member of the PhtX family.

' PhtE Is disclosed in WO00/30299 and is referred 1o as BVH-3.

In order to generate an Immunogenic composition of the invention, capabie of eliclting an
immune response against more than one pathogen involved in ofitis medla, it Is

21
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30 PhtE is disclosed In WO00/30299 and is referred to
as BVH 3. In order to generate an | mrunogenic
conmposition of the Invention, capable of eliciting an
i mmune response agai nst nore than one pat hogen
Involved In otitis nmedia, it Is 21 advantageous for..
I munogeni ¢ conpositions of the invention to further

c edyantageoisnfor dfinugsyenic’ SIMpRSIor! of e Sinlehtion 1o further cgmprise an

) & frof ,aNQN=typabl e Haenophj | us

iﬁﬁggenzae, K@rﬁahggl(?'agcﬁt%%r E&F fpney niaggRey-Hpakie Haamophilus
vinfiganzag Maraella eatartalis, RSV, perainflueRievins @A fir iNfESANrGS)

al so contenpl at es conbi nati on vacci nes whi ch provide

tScti 0 ai nst a range of different pathogens.
F’Eﬂey_ ’53%’_@ inyeiiien ARQNEYlalscoqmbinagpw vaccines avhich provide protection
IcaﬂﬂmSh gtramge of atiftsrer p&ﬁnotﬁ@sl; ggé%ﬂé‘éﬂ%ﬁbiv&fdﬁé?@ arhow given as a
ShrishiVocnd 1 af'e e od ek el a st has to ecolv, Trus
pak Fergiatie ‘f?g?mtﬁeotherranﬁgmsefwmhr pdtbogeuﬁﬁ@y:tﬁsfoﬂlﬁqlét&ﬁwiﬂ) the
Ivageings of 6.2 { nyent i o

x fn??nq@hgﬁ' PR Sxcrtfe H8ELARE & el Hlerdd 25h b fomuited
g"ﬁﬂbi? ?‘1%’8“’%8??8 BaPREAtely Hut \ad| the keamen time) jtheyl well known “trivalent
Gombinatian vaccineconipnieing ihtieh Sl (D17, Atidu 1P, GRE bertussis

. d t t
t;’?‘*’%. e ER ol actblned” BEn 6 16 Tl e Ramoaiaue haemaggtuini
A enﬂ:nﬂmw (RRN)i and/cf Feiggutinti 112D fiorl @xsitple the marketed
ol N - 1+ ex

"E‘E I ;‘%‘gﬁd e e ARt Bobfiihe) whlen 83748Rs B, 1, pr,
E: f?’?“{ cRUIgERS ArEMY Sgvbele £l \itlertussis compenent B, exBinple as
mrketest qymmmnéeabb@% Pﬁ:{;ﬂg?lsf&a.,‘éﬁst fhﬁtﬁf;ﬂl?;f Lgh% Bbrhbined vaccine
8 R P DR Aoty g oS ep S sudacorry ) Pollo virus
m;%m mm;opawmed tr?rglem olio Gl ils\g, %o@kfé@ﬁéfhﬂﬁiis outer
1 o | S ol,10 , _. ..
s 1o 35 5o o, rones o
%?ri"&e'wr?'??s"q‘-’tehﬁv), Moraxel | a cataMalis outer

menbrane proteins, non-typeabl e Haenophilus influenzae
j i.ngit.jdi 20 out er, menbr ane

E'S‘[Fo_ Es@ p"%<' 'Iaéﬁ‘gvgg"%)’? eﬁ%@?@’fsrwmﬂ"gﬁ@sl%‘@hﬁh%iﬂgmed ina
ca;lb;;{am ¥atcing daspenlally. Forcihe .pmlehtrml Md&ﬁs infledia) are; 0MP1lf36 (wo
ZATPEN [ I event i Q
ks %‘%?a W S4B BN, O, £08 arLnly'l Bsseos
; 1 OR5Y SRR NGB 1 378515 Wk TH32980 ((EMCOC OB Befififier2BiE, of
a(. PNISB) InfeEb rman. 81 : Jouis ok bl i
A s, B Sl el vtsassescomes

| nmun, 61" - 2670) | A Pl CT/RPPY03833)% 6 OMPS5
(REFED@HQ1468); ifo0Fe4@B) P9179Mnep; lipd10R(GEBCHT8208/17388dM1; (cB
OSP8R4 e B
) 1 81); Hly3 (PCT/EPS9/03257); and OmpE. Examples of non-
typeable Haemophilus influenzae antigens which can be included in a combination
vaccine (espacially for the prevention of otitis media) include: Fimbrin protein [(US
5766608 - Ohio State Research Foundation)] and fusions comprising peptides therefrom
[eg LB1(f) peptide fusions; US 5843464 (OSU) or WO 98/64067]; OMP26 [WO 97/01638
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9918302. 2); |1 pol8 (GB 9918038.2); P6

( PCT/ EP99/ 03038) ; D15 (PCTI EP99/03822); 30 OnpLAl
(PCT/ EP99/ 06781); Hiy3 (PCT/EP99/03257); and OmpE.
Exanpl es of non- typeabl e Haenophilus Influenzae
anti gens which can be included In a conbination
vaccine (especially for the prevention of otitis

S ngesearch oun at| on "?'(’ﬁ*gf%‘fﬁ'gn ég‘ﬁoé’,‘dg?fﬁﬂp% Hia; Hsf;
gw' Fded: Hond: HeysiL ) Happ Pl dWQ, $ ﬁ§4‘f)ue'0tem D (EP

58gme)4pemid)p d@/ﬁéyoﬁﬂ%?] OVP26 [WD 97/ 01638 22
(Cortecs)]; P6 [EP 281673 (State University of New

York)]; ThpA and/or TbpB; His; Hsf; HnN47; Hf, Hm ;
HRfber  dambiationsnagntedapiate©1Be (1O GolysEG Aidferablyopréumdlysin of the
(lﬁﬁ’enﬂé@munaﬁ& wﬁ{‘ﬁraf)é*g&m %/&gﬁ@?)f{oé iﬂ%é}% (attenuated, spiit,

bnat I OnNs conte ate are the c
p?fe?" pnideg- ﬁH@ma'Wfﬂfetaﬁ neyraminidage (NA)cﬂmduhﬁemaggiutmm (HA). See,
caghi cnazbum Bt d), Btir RurrhCiirg wnéromsp Inféex av®.! ®o6 153121-127], RSV

8 ST GRS e o L ' o v, vy 201,

Iﬁé%gﬁg@] narnmom viss} (PI\E3)de.g., BNk B Ipeotdins, sbe @chmidt et al.

15 J‘v%% 120, gSan“"ZLMlecdr 89@:? g %tc'(_);ens any {Pal) component(s)
19 M mg@psgttﬁ )Mt A. C. et at, J Virol, My
2001, 10 p4594 - 4603), parainfluenxa virus 3 (PI V3)

(gg.cg;E HN and F proteins, see Schm dt at at. supra),
la (e.g., attenuated, glycoproteins |-V, eta),

and any (or all) conponent(s) of MW (neasl es, munps,

fau ﬁﬂhlala)ambyélﬁl‘éhpﬁfs the Liveéntib''id A€ VaklHRO Ihg Oéyt&l&ﬁl preferably

invention is vaCC|ne CO r|S|ng cyt ol ysin;
BRefeiys oF a 5‘ nP d@mmma&ﬁ obtained by

' dﬂ@ieym%m&aahaia IﬂQW@"y %ﬂaﬁlﬁ Erienttm optionally
Qﬁg&g\;‘%&of the Invention and a pharnmaceuti cal

a¢8d | e excipient and optionally an adjuvant 20 A
vacci ne of the invention may conprise the | mrunogenic

AVaRA o1 A0 i ey G fibe 8 InfHAGASR CrftdBifins v jyenton
fespabrd above ped 2 W@t@ml@ eeesptablerryciiept: ot ect i ve

| mmune response against 25 S. pneurmnl ae Infection

?%%‘é‘ H\% d| a A é er od| nment of 'It’he se agalnst

$aineumomaelu§acﬁd>ryandrwoﬂﬂsehaﬁabl y pneurml ysl n, made by
the process of the Invention and fornulating it

A further embodiment of the invention Includes a method of making a vaccine by taking a
Gytolysin, preferably pneumolysin, made by the process of the Invention and formulating it
as a vaccine with a phamaceutically 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 pravention of
bacterial infection, preferably Sireptococcus pneumoniae infection or ofiis 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
further antigens described above. A further enbodi nent

of the Invention |Includes nethod of treatnent or

prevention of Dbacterial Infection, preferably. . ..

St rept ococcus pneunoni ae infection or otitis nedia

conpri sing adm nistration of the vaccine or

I ' 0 ition _of the invention. 23 A further

e e oodfenl et the hustien fs the usa e (e evighsi. pasterably preumolysin
C ?t:'.bgw Eﬂ?ﬂﬂliqbfs@f e rbaluzrbyal m;psuhrl palysaccharids oonjfigate) eMhS b which is
- obRIRbE by 8lpracBRSH kR GO0 Adake, reit her

of Mape b 8 procaReih ol imRhehs e Bl B Wtk o Watment o
i HW'%P&%%‘FQH ifection, preferably firepisroacte preumaniaeritfectionSor otitis
pmediant i on of bacterial infection, preferably

Strept ococcus pneunoni ae infection or otitis mnedia.

The vacci nes of the present Invention are preferably
ag]';g%ﬁﬁ"ﬁﬁl of Sh'ﬂj Peeibbrd ia&{:ﬁmaata;sgefamﬂ"w déjuinted. UBULRbIE adjuvants
S & SR aminiliny Ealf ! Tafiri g u

al uni ni urpmjlo phos hézi'ﬁ‘e X{g@ﬁ&ﬂ@naﬁ%&@g gllsgl?m)ofor aluminium
CACERI Rk grEisaie 7 8 obraldivmcmegresiuay kos oainc, or may be an
|imsoth bishbuspensianeof sicaiated ftyraging, a:_tr%é¥|heéa QBG4IS, catibniddily| o hRbnically
%éﬁ%h‘%ed ﬁaééagmaﬁgl er 0 ni Enl cafty derivatised

pol ysacchar | des, %r p%’?@ﬁ?ﬁ? PAM®nes. It is preferred
_tlggimfﬁeedahfapt mhladju\tmt b:# beledteditd ke hfbreieraﬁthlfq Lt ioRh TH1 type of
ireghonsy. elickni tySe SRS | v

of Thi-type c';/g-to iﬁgg té_'n tg é\?gutﬁ'%]g%fﬁvﬁ u%?ﬁ?ﬂeﬁ“@?“m"e"
Insated o resnonses iR arivenaniigen sdilstdigh Igveleof Eh2tymeecytokines
fehvidlte favbiirghe Induetib oftumbke? ik RYSdMsES BIhe Srtigen.t O

favour the induction of hunoral imrune responses to
the antigen. It Is Inportant to renmenmber that the
Hils, impectantdn resherfityet. that theTdiinttomeofi TITLEAE ThRHRNHENE response s

I : k ' indi vidual will su r n
TRt et B B e Kot S o
E;rts B%H'i%ﬁﬁ"m"}?"% Thber pﬁé@t;%mm‘nré:%fl ﬂpﬁgverida{m/mvément to
crisieior thenfamiies Bf citeldmNA itslfls dffifal Sn Mudb G N T cel

f _that criped I n nurine +ve ce
S 8/ Rofinan i A 15 A8 Gofimar: R b(f989) THI and
T2 mmmaa?mipamﬁs@owmkmdeqm lesd fo:ﬂiﬁeﬁ&n? ;tﬁmthl properties.
AriHube n.Je eren
P RONSR of INRRASN . RS p° RImellonlb: Thiis: Gagoses are
apsogiatad withy the prgugtion efdheiNRy afidh 1L-2 wpiekinessoTHYaIphaERes? SOther
8k oRGITIdig | LN ki
e ot e i i ol o o
o P?%S‘S%Ys ol $uch a2y mwmbﬂhémefresmmwe assoclated
wm eccretiqnoofdied; IB62IL-6) cu;;-w.r @iMas alrival Sfdtbris wﬁ_léﬁ{bng'ﬁote a
-type respon afe assocl ate
Wit n aﬁgﬁg‘gg ?é%‘?ﬁ%e B’F"'%i'- X’,g“?'ﬁ‘?%‘,ﬁ‘ﬁ“aﬁ@‘,d #‘L"f 18 derivative thereof,
particyial %—dwpqd menopbeaphoiyi lipd A (IDWMPL) or its preparation see GB
2220211 A); and a combination of monophosphoryl lipid A, preferably 3-de-O-acylated
monophosphoryl lipid A, together with elther an aluminium salt (for instance aluminium
phosphate or aluminium hydroxide) or an oil-in-water emulsion. In such combinations,
antigen and 3D-MPL are contalned in the same particulate structures, allowing for more

24
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predom nantly Thl response | nclude: Mnophosphoryl

lipid A or a derivative thereof, 30 particularly

3-de- O acyl at ed nonophosphoryl lipid A (3D-MPL) (for

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

of nonophosphoryl lipid A preferably 3-de-O acylated.-.
nmonophosphoryl i p| d A. together wth either an

SR R by e BRGRRIG1 o Ri t 0
s Mﬂh icahle taiatﬂmmhanoa tHal |g|ﬂwnagmineﬁi)aﬂ\é?talmn4_adwmchamlgeln [Thoelen
| B \EacBAl B R 46:F08-P; P bagishps. al lowing for more

24 effici del 1very ant1 gen nd
i mrunosti nui atory signals. Studies have shown that 3D

VRh ehitaneéd Systetn hvdlidaake m bEEmbRBPMBSIIRAA fidid A 288 a saponin

Bl 3B o S 50 iy Serlcse B i wo
I W@lwésortal‘lasaea@cngeab icompasition wheredthé QSaih & quenthediwithASholesterol

SHiosB w@ ative, particularly the
I nat?gﬁ)vof Z g(and 3D-MPL as di sclosed in WD

94/00153 or a | ess reactogenic conposition where the

&®p amuaarwmahadjuvm Irorﬁ:b@h@she&ﬂhg Q%21 BIMPLSHE thEbphblol in an

f@ﬁ'ﬁg e paileisRoiesd bl Oeeliz (e g BleRt rpplafon

oil in wat er emul sion is described in WO 95/17210,
Q*?Qr tadiy2thB! &iehi
vacgi ngaaddl t géh%ﬁj%ow ges g‘["po‘r?‘lr wrﬁtﬁr&grably @S21. The

prEtUAtian May ejsp compriee anod rrmtalt wﬂsmgndatmhe@hwv@ £6/13210).
oil In water errul sion and tocopherol (WD 95/17210). 15

BTG Iavep T Are RIS 21 POl o PRORGFRR) ARy formulaton

@mpm mbirg & bﬁolpsiesfema %remml lnvemﬂohdmﬂtt@rv:]m 4 pharmaceutically
fee%%‘ e exci pient, such as
Q%%Iﬁ pﬁﬁﬁéyﬁ‘yﬁ}g@@b G cont ai ni ng ol i gonudeot i des
(WD 96/ 02555) are also preferential inducers of a THL
URRRINERIA Ga&&a AMghubBbdes WD de?ﬁésss)esmh:so preferential
vent| further aspect of the esen
ISR Tt Bhsfiorise and Bt stBapiefor sean 1 presentmesnton.
described for use In nedicine. In one enbodi nent
i {
gb“n iefuinareecl B 8 freton: BN hdIf oMl  HcBbt B orbin cescrbed
namedicing mtmhon@eat therecis arntethed gi:nra\mﬂmumnoraﬁng

Qfeuihoﬁﬁ% laf lidehy H}ﬁaﬂ N5 Qdbrs ﬂﬂ?o&ﬂﬁﬂsﬁﬁ%ﬁﬁerﬂ&a safe and

vant , to sal d eIderI patien In afurt
FRERHNt o & Yacoige of A ventian..ndh gefionslly;a dVrditvaiofo seld

elderlyipatiariti ng otitis 30 nedia In Infants (up to 24
rmnt hs) or toddlers (typically 24 nonths to 5 years),

risin
urther embodlment there is provided a method of preventing or ameliorating ofitis

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
pnesumolysin of the invention, optionally with one or more of the further antigens described
above and optionally a Th1 adjuvant, to sald Infant or toddler.
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adm nistering a safe and effective anmount of a vaccine
conprising a cytolysin, preferably pneunolysin of the
invention, optionally with one or nore of the further
anti gens descri bed above and optionally a Thli
adjuvant, to said Infant or toddler. 25 The vacci ne
preparations of the present invention may be used to

pl‘mé aBbciny p:teb&@.ﬂorﬁ offmmﬁéseﬁpﬁﬁé:ﬁsﬁbﬁé& Be '&H&P;b protect or treat a

by
iAo 2, o peent isgentbie;fo ripabon i erne gk pcministsring
r é@ld daccinecvdz systhmin ios humaabiwtenmyedermmﬂﬂrahamﬁmhy Mdiude injection

V8 the Rirdrd BB itk Biondaf ARG el O \GRburedll AEELTE i@ bucosal

subcut aneous ro
t AEMiBistEtion |t%mawuﬂ@mw-atwwgengemunm ytracts. Intranasal

t adtﬁihistatibﬁtof sk for A reHtRbAt ¥ bASUNRnia/ 4°GitiS %dﬁa% Blteﬁﬁred (as

M, HIRA s . i hcegs o,
n::‘eeum dnfedtion lay mpmmtsage) tAﬂmaugrﬂﬁtbﬁabtﬁt?]d 6I’Qhe mvention may be
i
65 s 85 e oty 0 g oo
0% S HEE RN A ‘ﬂm@f“eﬁﬁf?f a‘sf@ocq)é m&smridestm psent in a
??gmémﬁ gmnd bé Bﬂmﬁl%fé?ecf: bepRraRély attatpg 's%s;t@%: ortfnmks after the
3847338 bectbte it vahiate s opbplcapingten of themmns
ﬁ?msmm:esm toveadhsothdr). dn atidiiton mngltatmab o? Ad@inistration, 2
i opti na
cooﬁg%tﬁ%éo% o?&'%s aggbgq‘!eggonsé e’ﬁﬁ\pk P’k@'pﬂ@gaqs may be
Sdevnisiredr P (infraderamed. Wllﬂom@mtemumyobe administered 1M
feIRmissiBet boNN amréil.héél r et polyRudha ng?és% %fgé;? "hay be

%ﬁ"%?ﬁiﬁﬂﬁf%%"ﬁﬁa%i pwlé-ésar'nm?ﬂ' rﬁBéwi’ma(pr D). In addton,

theotaetines afthe ineendiominay bé adrmitisteMd 1M foF prifikg Beded rahd N fol Bboster

gbggsranasal) I f polysaccharides are present, they nay
adm nistered M (or ID) and bacterial proteins my

be admnistered IN (or ID). In addition, the vaccines

The biurtIdr BLGIe BRGeR S a5l @o&h&%&rﬁe amu%'dﬁi &fount which

and | N'for booster doses

g’ﬁ%‘i‘*ﬁg"ﬁt“@"ﬁfﬁ?‘?’ﬂ?ﬁ“‘@ﬁw vithout significanh, adverse side piertain typical
vacciae® uBuchvdmatint willvetydeperding Wﬁp@&ﬁc‘; Mﬁndrlagé‘rpﬁ%ﬁmployed

R is d d t

é\‘/Hzfl:f:m nes%&daﬁ@émﬁﬁ%%%@% Eﬁﬁ'ltﬁs 1S feigelly be in

b crangs - 109ngn@gderabls ®6@lgoymakt tgpicallyoln lﬁe rsmgehs - 26ug. If
t he

T c?’dﬁ?‘éﬁ%ﬂ FirE Qb Yonfian (% ey 40 Sach \odsh il comprise

h1-dPQue mﬂdmferawpdaﬁqgg more preferatiyg@ 180g, of which 1

ﬁ%l@gsthbfmospp,gm édes are included, generally it
I s expected that each dose will conprise 0.1-100 pg

of polysaccharide, preferably 0.1-50 g, nore
Qutigtabambints 6f donigbnpdts forfa pedticalar vaccine can be ascertained by standard

studies involving cbservation of appropriats 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 exciplents
or a pharmaceutically acceptable carier,
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to 5 pg is the nost preferable range. 30 Opti nal

anounts of conponents for a particul ar vacci ne can be

ascertai ned by standard studies Involving observation

of appropriate |Inmune responses in subjects. Follow ng

an Initial vaccination, subjects may receive one or

several booster immunisations adequately spaced.

Typically a vaccine will conprise antigen (proteins),

an adjuvant, and exciplents or a pharmaceutically

ab’emnardmns generdly describédhin \Laoelpaﬂasigm (' The subunit and adjuvant

gs dtht Yol SRR CALE, n&Vr?&Aghé}? P35 @d0d)" PRRUAUPHAL tNew York).
%uvant approach .

Fiogpithis, lippsamesiz.descried, by Suligrton, %8&}9@&# el

vv| t hi n [ posorres I s described by Fullerton, US Patent

| nven | on %%hgu&g 'f"'g?eeé‘f nggh@%gﬂ'@{' r%ﬂ?ﬁ“g%?e‘} by any route,

aRtiministsation of am defscrited \ae@msmbie dhev slire (1D forms boe Bmbodiivent of the
}_Pr@erﬁ ‘iﬂv'éntfﬂi‘le FlmﬂQﬁi sk 'HomBafl mﬁéle , b{?%fé]tdaﬁ& tge stratum
cuticle, 'calle

uman sk rrses an o

t FREneYM Uhe epd é{ﬂeﬁ'rna thip @PidpRie fsh@ daver called the

Lﬂadmisnwalbh i In'sm ovprizye rthe sutilcetaﬁedtsmesu@ Relseatchdre hald shown that
erla S ne

88 of kbbb o) Sl Y el 8 SRR Bt an e

VEIRONsR Whicly mank alski be assediated with td ouinber phadditional sidvantages.

ShtrddelAdl Sacdifation WA
%;OCI ated wth a nﬁhn%gfé@?gggﬁ?%%nal %ﬂtﬁ ré?@rred featurs of

SR IRNEYPRCci nat i on with the vacci nes descrl bed
hereln forms a preferred feature of the present

e T N T —

@tgﬁprqugningtlhmskmfardl tbunsmdﬁﬂgewm one hamd] ant ewith the bevel of a
|

5 G0 At Gt e

15F.nQaea the bavelef tbmg fis ingetegedhe hayrel Of thenoeedle is

werdiesd fupthel AdvaR&RAWSist hﬂﬁQ e Qght bﬁ@sd?é‘id Sievélé itt dHer the

nee 0 ed and urther advanced

A5 TR HAGHES dhor lecion J8, i orsta Jarmund ¢ bl buppeon the skin
sitface, folioaveldibyisicav withdrdwaihofitiid seidiedl very sl owl y t her eby
formng a bleb or bunp on the skin surface, followed

% sl ow wi t hdrawal of the needle. More recently,

(e tasentlyh devicascthalhare ispedifichlly, detigned e aidminigierliquidsagents into or
hérGsd e 8GR Rave bénUeltribed 5:0%%% thd YevitdsielEited *&?ﬁ/@) 99/34850
57 B 5t Sl 18 e s crbd o sy WO 01113077
Us 548038198 5598 302,WUS 5334140 USE,999, 42/ US G 640,912, 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 5520, 639, US 4,596,556, US 4,790,824, US
4,941,880, US 4,940,460, WO 97/37705 and WO 97/13537. Altemnative methods of
intradermal administration of the vaccine preparations may include conventional syringes
and needles, or devices designed for ballistic delivery of solid vaccines (WO 98/27861), 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,
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 30
4,941, 880, US 4,940, 460, WD 97/37705 and WD 97/ 13537.
Aftemati ve net hods of intradermal adm nistration of

ttv';; vatéci ne. preparati ons may | nclude conventi onal )

syT g E"aﬁ’ffgsr?géﬂﬂ Rresend jnvertion @gss tojlss agipipisterest to the skin, or more
bs#pkdificaliydintiethé derimis, e @tinglisvA 86w Buid V%ﬁ@,éﬁa?&@ihhy aQlume of
{ bBRER LBkt BRLGEq 6 W7/ 43440, WO 98/28037): or

applied to the surfacCe of the skin (transdermal or
transcut aneous delivery WD 98/20734 ; WD 98/28037). 27

Wrhe chritént\GRGREGRAS | Sétnal VRLEALL r

aggn's .i hgoged tggﬁﬂ?géjgtlfliaﬁ,op@?ﬁnpr.e' spe%:'él' %gl?ﬁfgﬁtgp%nﬁon may
g convratiangl. ieses gsdfoynd I ntsemuscylar yacainegmAccordingly, the
parctainartigensyprasentinthe inGédenartvaBehesHRa i thb RRgéTi-186ih, preferably
OS%O%M e.cont egt of antigens in the skin or )

i ntrater e sey JReseat e W@mp‘%e@&ﬁcqhﬂmwfﬂwaﬁﬁaﬁmﬁ%é in each
svarche dosenis generellyl e:pacted (OERpries ofmo%d & polysaccharide, preferably

e protein

I Rt S ar., v L nes. Accordingly,

S OSSR S B A vy s a e

t ¢feskinon gltralzemm yaccines ftieat gfﬂyfggr(l:l.gaﬂgrﬂg aneay I(ygﬁ’%ﬂﬁ%bsg! fAccordingiy the

Do iodriin 0 ks Vo 18 Bletrabiy Brespil i 3o 1 ae Gutto 100,

tRseferhiy 0 klo Mpet(dﬁsel; and Ifllxd:%mal@aswéadﬂmrigé thbrﬁl{g%w ahtigens may
3 i &, il - and naybe ween

coe PR v Bl 1o rerBigh 0% 05 pg of

Ly dgipeydessi nes that the fornul ati ons may be

"aow, dose". Accordingly the protein antigens in "l ow

g‘%se"%vac,ci nes are preferably present in as little as

\s used, hergin, the term,“intragermpl delivery”trpams gelivery of thavacaine ta the region
[of theetmis ttneme Gltci%.s HORBRK, tﬁifva“oﬁﬁh Vit naaaésism;?&e IRsfed exclusively
n Jange . - , n rerera
HESUERTE. 1 e g e e ol baebenatoutt angabout 20
gz?&oméh% iswacetie humemskiniiut diskee imh cdtdin w}gbuiri]t drgaaﬁaion between
P (SIS lLon. of .the [ S
i.n v{dﬁ?é )sé{(‘??]n amaer , %fwg%\?ggcfnr@%ﬁ%”llt ‘ﬁ&beneé?ﬁ@?gh 'Ie?d' the
gemishygaing L5 mmtelow the surface of therskini SFhe dermistisiodatedrbsiween the
steattrh eolmeumI aridnthe idelhid et YePhififdcd ShdaRe Eﬁgﬂﬁbeausolﬁg%}gbelow.
L,

. fromthe surface ipn human s ut t
Paiking. o0, ' b bt SEIS0, 95, Facetpermmnaktmatah, e dpesinsl solel or
eriearily-witiiry the dermols,poxittreayafitinhately be distributed GEHREY thé epliérmisind the
smrxpected to reach the derms by going 1.5 nm bel ow
the surface of the skin. The derm s is |ocated between
the stratum coneum and the epiderm s at the surface

‘Ehedmtrivsogenkoistrposito s dndWwaécinag|oPMe invention can be evaluated in various
animal models or with human sera. As an flustration, 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 ul 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
dermis, or it may ultimately be distributed within the
epiderms and the dermas. The | nmunogeni c
conpositions and vacci nes of the Invention can be.

eval uated in various 30 animal nodels or with human

Sgﬁﬂ%néaﬁﬁd? él-lallié’@{l/ar e%‘%‘%& Lih fcéui Wﬂp%gg‘bﬂ&krﬁocow on
CRepi810M Additicpalyn paotem lkan be) festethinba MauReBASaPbArYax golonization

Winiokel ul¥t 8f MicRbRIPatMeYRhess Yad7haR2l1dA, fol | oned
3-4 vvel)zglater by boosting with 15 pgﬁgroteln with

| FA. For denonstrating passive and active protection
f o it dovindcs, niffact irats , arerisosceptible He eibmisaliert @nd dnfection by S.

Béu?ﬁb%fa'et f}ﬁ@& Mel STRHEE adfinRtrfon &%&i’s@‘irﬁhﬂﬁe  sera (100 ul
|or to c eng |ntrapér|tonea |nJeC|on

15Pt%' 4 ul o Eﬁib@ﬁo%@@ prioprio chaligngs- with inteeasal cﬁﬁ’&?"!'?faﬂ"" of

PSPhedrhéniE 810 GIE irf zstcﬁ# oldinfantTRif Bp<) oigHisRtidM ¥an be determined by

| t bi al
CO?%@%hﬁng%oég%ingﬂm "(l’:f’rgdldfitl on to mice,

infant rats are susceptible to colonisation and

| ﬁi@ﬁ&b@ﬂn%ﬁ%&%{%?&eﬂ @e Bﬂﬁéﬁ \éﬁ‘d E&l?éa%?&d&géb mponents

j ofighe eambinptign vaccine mayhe mmw eq'm'ﬂbteaﬁ%mde?@%f each protein
V\(oI' fbmtélhfﬁmﬁ?absa%dm&bﬁlﬁ el Gdtciib wiict WU Bk dsubifotéittive in a
d i nf ant up Col opi satj.on.can he

g SEaEk: by Yica A RS SRR VhohRe compared
|1nsmnlhdvalént yacddesmmmm'putedaoFa\IaWLmﬂle interaction between the
|Wons between the protein (or protein and
pol'ysacchari de) conponents of the conbination vaccine
may be denonstrated by adm ni stering a dose of each
Pretifientior Blilustratbe irnthad Aeeda® smﬁpuem)wmes are carried out

\}gﬁ_gls?@dm%l Cit'] woul dﬁ& sub rot ect e [ n n%}[glldﬂ;:ﬂ-.e art,

cnxnépt nbenemmemise uawibm‘rhaieul IThe temmpiemml raaant tailhusitrates but not

,ﬁ.n q but ed to a favourable interaction between
conponents The invention is illustrated In the

acconpanyi ng exanples. The exanples are carried out

l&_@g;_eét 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 exanpl es are neant

{Examble U Rurifitstion bfipneufiolysthi Mt the invention. Exanples

25 Exanple 1 Purification of oneunoNsl n

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 pH®.0 and the E. coli were mechanically broken using one pass
at 500 P8I in a Rannle 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 NaCi
and 1% SLS and was then locaded onto a phenyl-sepharose HP column equilibrated in the
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After 18 hours induction of the E. cola culture by

I ncreasing the tenperature to 39.5 C, the E.coll were
pelletted by centrifugation at 17,0009 for 1 hour. The
pel | et was resuspended |In 25nmM di et hanol am ne pH9.0
and -the E. call were nechanically broken using one .
pass 30 at 500 PSI in a Rennie apparatus. 1% Sodi um

| | ' ' o
Srotverenie e Ol Ak A A
r oom tenperariiEsyEsedwith A eniymn yolumesosf equilizaticoduier fokowed by

2 eAlumit lurnas dfh20mid phbsphate bURSHDHT.0\Eshtahihd 65MNacl BRd 19 sLs.

j f.old i.n_20mV
;hwggﬂfa e hﬂg\g%ac%&n% g‘l(‘i"n(l%‘rllJl g’nlb%hﬂpﬂ&%geg &ngaf'b%%@"mg 20mM
W&’E g‘ﬁ Bufetie R tcentainipl ct¥y ISLSe pFractione ddRtanirigUpreumolysin wers
e identified uaihg SOISPAGE anaykisS A8R J:BHIE& Ghd %%M%ﬁe@ td 25mm
7 M. Na d 1% SLS = brat
o ERAAIR oPd.0 Uoipe Fam i ned wi th 4 col um vl urres
of equilibration buffer followed by 2 colum vol unes
t t al ni 0. 5M NaCl
A HBRRRRAS BuBisedty Rhfuaii Bt Sicbia i aoelidiavcsphiorde
a%Wgnﬂ Spgeentatian andrincubatingrforaone imgir.2 tridsherhdisfiteaddeagainst
b8 fueea i PEMMUistRgHoRintihe YHILG opttahin, H@nggﬁéé‘éﬂ% ' .Eiwggrefoaded
A tified - PA ;
A R vl b b ety e
P ET Wasvemamechiy disfitation agdiney 20thmifbiokdte Biffe? BH ale
pneunol ysin was sol ubilised by denaturation by adding

| i dﬁguani di ne hydrochloride 10 up to 6M fi nal
c'OVRUAY (O theobnesmelysinachiavad wast analysed: by aunning ldn aneSDS-PAGE and

hitaing Wit €Hongaid Blliand Mub!’ £ Sod L g 08 Widem plotting
B PR AaT b E oo e ALl oo e
Gurifiedi pneumolysin prdpaation The rbidieyial Béwity 8Nthe ﬂgﬁgﬁgr was

LesBay &L & ia L ' agai nst 20mM bor at

9.0. 15 s‘?’ﬁe ﬁﬁ&#&?f‘%ﬁsea%ﬁ%uml ysin achi eved was
anal ysed by running on an SDS- PAGE and staining with
Resuessi e brilliant blue. A separate gel was anal ysed

by Western blotting. using an anti body against E. coli
to detect the level of E.coll proteins remaining in

Sasto P, Imemeoy oo 4 155404y oncen
Aifiatoh o nelanfiyB e 8 rbfecSuioorapty sy T Coamassie blue
LRiBEhae! in PangliAe shows that elutioh of theaolunirbwith & lww salvRfTeABdriaining
oo 894468 s REhd Bl o i pomoren
AT coltimp aigy eurled Bem e muctyjaintar bane péspprceatsly 45kDa
e [alppi theught 16 fbe prelmolysini sirite ahis QcSR bahd!binE to anti-pneumolysin
an@idfésealits not show) and also fails to bind to the anti E. cofi antibodies as shown
in panel B. The Westem 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 pneunoysin fromthe colum in a
highly purified form The nmuch fainter band of

approxi mately 45kDa |s al so thought to be pneunvol ysin
since this second band binds to anti-pneunol ysin _

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

to the anti E. cola antibodies as shown 30 in panel B

The Western blot of panel B ls a highly sensitive

m?hwald of thacrugitieation Mathpd iscalsn aoed withiarfypigal oanediving arund 1900 mg

éi;rﬂolyshhﬁerpllﬂ‘é b féﬂn&ﬂ&l&ﬁo Srolimately $09ESAE piet8in from the
apel ect ver co%?gl nants and t hose
urg pvag re RREHAOBIBY ow t he

det ectl on I evel of Coomassie staining. The pneurml ysin

M SR 0 il g by o

e vield

JPeHTVHD Gad hpen wpsieg vwaanﬂmmhymuowm anei had b rofolded
00/ mbbais:!f m%ngiluﬂ Haino nt g_bttl 0 an?ﬂt ur e%\/\g‘se purined
0
et gk ool o, BT St et Fpompiicogcivty had
:}esn p‘aeahbisyled nThis) cenésamdsdl t;gsbmmssqo l!msad : mﬁss ee&;e@b Haemolytic
nit§ qu‘g)‘; llnB‘”Q een treated wt
guamb%rltrﬁ?afn‘?ﬁy ror‘\éo ‘'urea and had been refol ded
by renoval of the denaturant. Haenolytic activity was
detected in dilutions of the purified pneunolysin

corresponds to betmeen 500 OOO and 1, OOO OOO

SRR Kool i e ) s

Efﬂélﬂﬁolwlﬂgn thei MHSVeser-rleiride f icamssinking noeagent \GIMBS  (N-(y-
ﬂﬁéﬂ%id&bnﬁﬁylgyy)&%fmﬂé‘ké ﬁ.f.euﬁwukl?,ygr; ] cog%traﬁdn“@rfd 5 mg/mi,

usi n the N ester-
EE")’F%LN@"# Miph The GMBS was initially dissolved in
wsa andheds dddey Itwpoe\mwhm aﬁaimtdehdlar dR0644"57 GMBS) Tadatment

Eryiias i @i RO o, Bt ESoqip OUBE ol Brideyets were

imoyed by dialysis masmmmmmmm phobdpteate pH 1618 Foxtther Shaieiinide groups

?grre]ﬁuﬁu egaéﬂg?eéogr?g %%Wnper a?'aé e. B?m tempemmre In

RIRESS toy fempye mxeefacwbam dhe r@n’ﬁlﬂemwmdyggﬁﬂ%g&hhlssﬁdium
pHYSpidts p7.95) phosphate pH 6. 8. Further nal el m de
groups were quenched by reacting with 0.6ng/ m
cyst efne for tvvo hours at roomterrperature. In order
e was dial ysed

Haemolytic activity
A hemolytic assay was used to assess the remaining toxicity of detoxified pneumolysin,

Serlal 2-fold dilutions of pneumolysin were incubated with sheep red biood cells, After
cenfrifugation, the supematant was fransferred to Immunoplates and released
haemoglobin was measured using optical density reading at 405 nm. Results were
expressed as ng/mi pneumolysin corrasponding to the mid-point of the OD curve. The
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25 phosphate pH7.15. Exanple 3 - Characterization of
detoxi fi ed oneunol vsin Haenolytic activity 30 A

henol yti c assay was used to assess the remaining
toxicity of detoxified pneunolysin. Serial 2-fold

di luti ons of pneunolysin were Incubated with sheep red
bl ood cells. After centrifugation, the supernatant

V@§a} ﬁ?{;ﬁ pBhted %ftgplnwﬂyﬂlgbo B a&e?osiuﬁ%? dpggﬁlh@@%i g[ 7°G for. 7 days to

n was mnmeasured’ using opti
dﬁW@‘S‘hﬁFﬁWR@ﬁm afgetpuificationxpr essed as ng/
pneunol ysin corresponding to the m d-point of the CD

361054 i T i MRS a0 ptgntarSohgsne bremolyic

m&vity @V LY i viithl ug 1o af3,000tfoldi rbdutlitr Nhaehtohaib Gtvity beinglddhieved.

Hikd 5047l AR B BB A it rprone

3‘7%!) with ratiaseqf ¢t ipesh S{nbeing:aptimal irc thiscexpetimenth Fhis dreatment was
astivhaeE to reéthtglheﬁwd%ﬁén bf"tab&ﬁ ﬂf Iy@@s/egwﬁésnewﬂﬁ'éefewer lysine

r od etter vaI haenol tlc activity
skcﬁe? Pd@“@fﬁdﬂf °§/"1 m%@'caﬁw less-t hi s

experinment. This treatnment was estimated to result In

Ep@iaf i cation of about 14 Iysine residues. \Were fewer
I'_A resi dues were nodified, the reduction in

SI ne
Fhe AIOpBIPy e dstonfied @oeurealysin wes auspesad bYIELISA. The ELISA plates
Wwhilel B8R With a | SA%The el gh%Linb§sin BREGEP. Samidies Eptal (:T":/% dilutions of

assessed b SA pI ates ~were coate
aneglm%a'a “Hf@ inctbatecindimBiats for Thau Bbippm temRpRRKe. Aftor washing,
thenboumii ipgeuthdlydin owes detectedeusing Yrablbit \igofyelohdiC diiiodids | Bgainst

@Sl i 1 teritel PR A8 Wi lon e ey mputote
Weaﬁmwas@rs%msa@sm At gfsmagnaoimsjn boynddo math/eeln,

conj ugated to horseradi sh peroxi dase. After washi ng

h | at a substrate_ reaction was used to assess
Ashoimip fable f r3stme MBS destin some lngs G aptiopriciias assegsed by
lEh:ISA.aHb\eeVbr ELIS?ateatings of éﬁpt@!ﬁﬁely B8% of thangiverobp ultfeated PLY
&mdl ggrgcﬁ agwﬁg %@:’?‘VW@@}’ ELIS %\Never EL{hSA odified

readl ngs S
meumelysied PLY coul d be achi eved ShOWI ng that many

anti bodies could still recognize the nodified
eHREE%%Ln SDS- PACGE- anal ysis 25

The detoxified pneumolysin proteins were run on an SDS-PAGE (Novex 4-20%
polyacrylamide gel Invifrogen) 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
maodification 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 results in
any substantial change in the appearance of the PLY on an SDS-PAGE showing that the



The detoxified pneunolysin proteins were run on an
SDS- PAGE (Novex 4-20% pol yacryl am de gel |nvitrogen)
and Coomassie brilliant blue was used to visualize the
proteins. As shown on figure 2, treatnent with GvBS

led to a slight increase In the nolecular weight: of- ..

PLY from 53kDa to approxi mately 56kDa. This Increase

| modifed PLY tid @108 Qulijetlith i dogialiaionObr SibsbquNE cavEIdHly-Riied multimer
rfgﬁr'la%{fs 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

approxi mately 11 CkDa and 170kDa, however, nost of the
Pla¥le 2 TR B S ; %b%g nmononeric form

I ncubati on g?ﬂ{ﬁgmﬁﬁgb% or 7 days did not
results in any substantial change In the appearance
of _the PLY on an SDS-PAGE showi ng that the 32
mpdrial e GBS excess Of Meldnkisl [ { 0 JRENGTAl | DrH&olytic titer
subsequ nt ly-fi nkefl ' fprmat i on.
Thbl e 1@&?#’%@1@ PE'\x‘Pa';é@;i ﬁ%‘% %@YGABS ady;
GARBS [excess Mal elm de Rati p4MenofD8TC t| t4iC T7D3I7°C

(PWBS/|Lysi ne) fungtions ELISAILOARY nglm 4C 7D037C 4C
3ZCl1 95 56 1 7 2-1/1 8 K3 87 186 111 1.511 8 5 6

S
1148 /| 1 2/1 9.4l76 17309 | 9911 11.8586| 17530 / 424/ 1
18.5 66 | 6R98 / |[5/1 84.2 b3 4284 72| 464 13. 8436.
24.8I\IHNH5?{11.6 9 38.0 NH NH 34%11.38 4
1598 309 T al's vere oreali s on | m of 4BLY (1

ng/ M ) excedt for |theSdst pKbay for whichosB ng were

reat¢d (Plgfat 0.[68 Wém% %3 Exanplie Pgag
e

Q) INJ

=]

t
React ¢geni city evdgl uatl on toxi fi ed jnneunol vsin i
4/1 135

flat s 66 /" | 6308 /
5/1 14.2 67 ! | 4284 !

2 47 138 26.2 248 | NH NH

8n 17.6 23.9 38.0 [ NH NH
3 an 113 89 46 | 1698 6309

Trials were realised on 1 mg of PLY (1 mg/mi) except for the last assay for which 3 mg
were treated (PLY at 0.68 mg/mli).
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G oups of three OFA rats were i muni sed once by
intranmuscul ar (tiblalls) inoculation with saline, the
adj uvant Q@S21 (US5, 057, 540), pneunol ysin, adjuvanted
pneunol ysin, 5 formal dehyde detoxified pneunol ysin,
adj uvanted fornal dehyde detoxified pneunolysin, GVBS
det OXI f| ed pneurml yS| n, adj uvant ed GVBS det oxi f| ed

g v + Im o

adJ uvant ed NHS- acet at e detoxifi ed pneum)I yS| n. Thr ee
days after immunisation, all the rats were killed and

ared for histol ogical
R G Y S R e ——
cﬁﬂlme-ntﬂzﬁ Zdjwvaiti Q821 WUSE05RSRE), 1fhetiniljeinat afivaned pneumolysin,

PR SR el 6Ly b Samot

u%{'ﬁ‘gn‘i‘?&" rPIB%B‘ﬁ!Y%IﬁdeWM@ﬁfedﬁoxiﬁqﬂ presiTelyaing MHSeacatate
Udsitodfietl quicurolysie b 8djudtteRNRHS bl RASRRN DneGMEREN STitbe days

[ nDrrha d aponeurosi s
i %H- g‘ T H{#gﬂn %ﬂ % 'Fgl%'gltﬁ%ﬂb@ﬁ Warg ipsaparedgfor histological
srgminatiers Enet trhlabatm#e tfized irc formulic kad @it me: bmBi Shitlas %ﬁch were

h I f
ik cxiiat b

Maspen mathod, bﬁ@r%%ngammed rdoroecopicalBesul ts  The

f d. Th
ABbGudin as BiHART 587G ol FitBriis degenermheinarsesio endomysial
linflemationn gmaemudnap and apmmsbmiﬂam[i)ﬁémibh For téé&m R&BGical Eriterion,
EEQ%E'% W&(a% C"')I IJ'IJL (k Lo ﬁ(ﬂé&?ﬁgqgsion score was then

Endo Si em)r age
8560 BIOLP ovaeore gfro nmnal d em&irealoz Blight,33 € niddérate, 4

3n&rﬂad4;nd@\&%valey 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 GWBS-Ply+ adj
Resut8. 9 3.8 1.8 34 A conparison of histological scores

for unadjuvanted native and detoxified pneunolysin
Mhﬁtiqgﬁmzf(iﬁﬁEnsm eaminedu The hﬁaﬂfﬁcﬂ@lfﬁe f emgaﬂon]necros's.
ErideRfysi et o I cati on

f pneu’r;o %ﬁﬁgéﬁgguc ér};gua?ﬁa%rge“% @ Oﬁ are shown in Table
egener ati or dnecrosi s,

Table 2
Inoculation Degeneration | Endomysial [ Haemorthage | Aponeurosis
/Necrosis inflammation inflammation
NaCli 0 0.5 0 0

Ply 38 3.8 3.0 1.4

GMBS-Ply 0.6 1.3 1.3 0.4

Adjuvant 29 3.9 2.8 . 2.8

Ply + adjuvant [ 4.2 3.9 4.6 1.8

GMBS-Fly+ adj | 2.9 3.9 3.8 1.6
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5 endonysi al inflanmation, haenorrhage and aponeurosi s
i nfl ammati on. The addition of adjuvant (50ug al um ni um
phosphate and 5ug MPL) to the inoculations increases
t he amount of reactogenicity as a side effect of
stimulating the I mmune system . Detoxification of —-
pneunolysin with GBS all owed the | evel of
degeneration/necrosis to be 10 reduced to that
produced by the adjuvant al one which was | ower than

t Hecoranagisomp obhistalegical lsyores @ whadjidhtedi idiveaid ¥&toxified pneumolysnn
PrRsR® st BMESVRES dg&%ﬁhgﬂ eg?, eu%% 'ﬁr oducggo use for the

| evel of haenorr ha
n&eforicatinn (Rfoprpymalysin.e peduciag aelammﬂsm'adase i Hbgamerdtiownecrosis,

weneorajstal infidrimigon] RednRithbyedHd BRedrliSinfidniRbuopas still

present in the presence of adjuvanted native or GVBS
det oxi fi ed pneunol ysin. Aponeurosis Inflammation was
15 however reduced fromthe | evel produced by adjuvant

al'b# ed@‘}OWtawmr(S@sBmuiatuoxpﬁosahhte Ane S0P IMRL) o tivd iBculations

t inersbsséhe hod orRdEBR) 3t A9i08 il *%g&%ﬁm@

X ; X §ystem
' BRGRRET ot Sﬁ'sﬁmw ¥ith GBS alipmes! thedeveaf degeneratisninemsis to be

i redudeddo tmm@quusbyohe ad)mfaﬁilame:ﬁmwws.e. i@l R Wdievel produced

SHASARRE i ek pneu P S ockated wnimelalhprogid avel o

fhaemonbages loweiihey &aidgyduoeAsbyshaﬂma pneurnolgsin.cLékels of endomysial

ot it i g S ol o o
3’3 &E’E‘ "ﬁ‘g "ﬁﬂ'@wfo‘ﬁwﬁrﬂﬁhﬁﬁﬂ FeguUINalysin Apaneusig Hollammatien was
hewpvar seducgd form thaTewdh pﬂhudeed:ytaajum BIoh@B? hiftive or GMBS de xified

[ I as
%5'“‘9*&'%.'%’%% HE8, Shoprdtpeis Brind shit Jser wepe e preumolysn
b%?“tf%dwl@'&lﬂﬂﬁcul ated with 2ug, 5ug or 10ug of
the GWVBS treated pneunol ysin surviving the chall enge.
30 Exanple 6 - protection studies using detoxified
[ ot 20 0171 mce ver e i mmuni sed 3
‘5 .l.;4J12 ".L; CY LIRS R MOE t h 5ug

of pneum)I yS| n and SQJg al um ni um phosphate and 5ug
&Rupsof 26 i sed wth
gﬂ;vaa?s Qe et Shelihed oG VAR BT GRS cineumonsin o

diegiadmnadmelysin mn@mre mealtoredfor thesolfawirerd days.
above. 35 On day 42, the mice were given an

At § B Al s s i
& Ini jrsﬂmgrdlpnm@ pRslimolyaml) ced fh out the
rﬁé”:bi'i\]a{l?r e%’am’ﬁﬂch e%dtotrg%fﬁn%téryngﬁft cﬁ'lhes ch] dea%? % rn:>(<)nll'at|'¢5=\st ?e GMBS

nuni sat
ated pneumolysin had substantially reduced toxicity with all of the mice inoculated with

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

mple 6 ~ prot n ! ing detoxifl

Groups of 20 OF1 mice were immunised 3 times intramuscularly, on days 0, 14 and 28
with Sug of pneumolysin and S0ug 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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wi th GVBS detoxified pneunol ysin produced very good
protection with only 5% of mce dying during the

following 9 days. This was conparable to protection

given after inoculation with native pneunolysin,

foll owi ng which 10% of mce died. 10 Exanple 7 Eva on

of detoxified oneunolysin in conbination with PhtD in

a nm e lethal challenge nodel G oups of 20 ON mce

were inmmuni sed Intramuscularly with a) adjuvant al one
orOhyay 48 thmeawmeam}rawamtintmaa),_ ethgl Bﬁélla"lgb“ldzri]tﬁbzllg of native
Gisurbiising Thé i

adj uvant usedg\j\’gg&'?gﬂnggggéd&g? &g@g“gg%rﬁ%ﬁ H%?B%B@ﬁ?f’at e
al¢s@tsg MPL and i mmuni sati ons took place on day 0 and

dg_i; 14. The mce were challenged wth an intranasal

| d0 dthati galiende Boded Bd @& 90% mertaiitytily pontib] PiceFRIAPHL Afimunisation

: bddp . x
éﬁ“ﬁ%@%‘@’“@es%ﬁ%@ AR et B0 it Wi A 5% of mice
Yipg Supng thepfdowipg 9 Haysodhistwasl comparabierio Iotkatlion igiven after

C inntutation Wit Aativk PRGN, Bliowink Whigh 1Bk iiG dléd! not
provi de significant protection wth 70% of mce In
this group dying after 10 days (p=0.29). I muni sation
with PhtD together with 25 GVBS detoxified pneunol ysin
xample £ Gvaluation: of\ defmdfied rpretmoles i i bindtioh aviihaP)
bethalchaliedgsl fdelt © 50% (p=0. 04) . Exanple 8
Det ox| ffcation of oneinolvs usino formal dehyde 30 A
stock of purified pneunolysin at a concentration of

' v, m_was,.n 25 ot.assi um ,
S‘ﬁ?ép a?aé_ Jf'}“g? %WW%"H’F@W t"wﬁ%ﬁwpmtﬁ@nﬂer b) 1ug
g’hﬁﬁ enq_eziuvzz Aie) st JRID (emd B)ig GMBS detoidfied mtamﬁaltgsin _aﬁ? adjuvant,
Adfuvadt: WA BSHip i . - acteria
cyvtol.ysin t(j:orrpri si ng ({s%&e @tgé’gé a@'?‘:&i}“g@ @{08%'3% 35'8 5ug MPL and
d'ﬁ'i“P‘Ef OBt tqak| placecom day ) apd iday rlér Theé mige weres challengsd with an
inteapasal lethabdose)of 530 CFUCHNsbifps ! 4. WnBurh i LR B39 and survival
' | ysin..,c) bindin solu%rﬁgna re a?ean surviva
g%g%@pﬁ%d%ﬁg\% Uc ai ned ig t he extragtg ig t he
presence of detergent to a hydrophobic interaction
RBsywgat ogr aphy material under high salt conditions of

0. 6-2Mssalt; d) eluting bacterial cytolysin in the
presence of detergent under |low salt conditions of O-

As sAdwrs il Figure 5, challenge with strain D39 led to 75% lethality after 10 days in
control mice. Immunisation with PhtD alone did not provide significant prolaction 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).

mple 8 Defo; nei
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 50mM L-lysine and 0.1%
formaldehyde (w/v) for 21 days at 40°C.
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2. The process of claim1 further conprising the steps

e) renoving detergent fromthe bacteri al

cytolysin f) solubilising the bacterial cytolysin by

addition of a denaturant; g) renoving the denaturant
fromthe bacterial cytolysin. 3. The process of claim
1 or 2 wherein the bacterial cytolysin is pneunbcocca

pneunol ysin. 4. The process of clains 1-3 wherein step
Clig)IMS,

vol ves nmechanically breaking the cells. 5. The

177 odh Rty ot @b PSOEHE R omhly Wi sens oty

wher ig%&iﬁk?a%ﬁii[ﬁe@%e%@%l&séi@g PacksRIMEytbIPsist €ps ¢) and

. The  process of claimb5 wherein the sane

det &) @Rsparihg af bRFRNfromAhe b@RSe Eontaifihg Baterid kytofsinThe
process of clains 1-7 wherein the detergent 1s present

in a) bodirgrsbluble aygrexfatedisicteriencylblysiaamhtaAed inlthvg extact in the

SFERSEEY SR B SHO T L RS Pl Phre

and unget kigh salh cofdittors whBrraMasalt, as t he extract of step

37 10. The process of any precedi ng clai mwherein

t he diphiting hawedal criclpindn therpresened Adai oap i daEpw Al

usegohfitiSt<cdr o€ h. /a’ERI NS aromatic groups. 11. The
process of claim 10 wherein the hydrophobic

2o oote aroen BL L b B repf B Re "Gct er gent

pressint b HdnPhe dheeHal c) and/or step
d) feg aﬂbéﬁﬁg%?h e.teregent.al%pﬁ?ﬁg process of any
pr eGpsiiitRisigahebudiek titok/Sif by SHEKiGebla dsnab@dhtym _

| auroly sarcosinate. 14. The process of any preceding
cl aigyrevheving the tdeeathraphfromalttie samtetial byawigsiof sStep c)
contains 1 Msalt. 15. The process of any preceding

3.Cl aiTReWASERE B LR $8) 2vhORinURE Baktbrial LaBIySih i#PHURioco

4,

i
contains a salt selected fromthe group consisting of
sodifMfH®AVEPi de, rmagnesi um chl ori de, anmoni um
chl ori de, sodi um sul phate, mnmagnesi um

The process of claims 1-3 wherein step b) involves mechanically breaking the
cells.

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 dstergent is present in steps b), ¢) and
d).

The process of claims 1-7 wherein the detergent is present in & 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).
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sul phat e, ammoni um sul phat e, sodi um phosphat e,
magnesi um phosphate, amoni um phosphate. 16. The
process of any preceding clai mwherein the conditions
used in step c) and/or step d) are between pH 6-8,
preferably around pH 7. 17. The process of any
precedi ng claimwherein the conditions used in step d)
contain O- 0.1 Msalt. 18. The process of claim 17
mherein the conditions used in step d) contain 0-40mV

19. The rocess,. of any precedi,n
103 e e Procean PR HFEUP BRI B i B Bbi et
di afchtdmadgraphyanateriaiiuged 8 st@c) chhtainsravorestic grbupd. ai m 19
wherein the diafiltration/dialysis is against a | ow

sal t bicHhebriaYgragnyamateriali
11 Thegirﬁ d;Je?é‘éfo g(?éaigﬂyd%ﬁl—iggﬁ-t@e %)M@ﬁﬂofhe pr ocegssgoﬁn e

cI alpﬁ'ﬁn SFPhFAERei n step f) invol ves denaturing the
bacteri al cytol ysin by addition of a denaturant and ‘
125t efhg)process biay prededingi amimtwhierdin theadetergentpyessnyisitive gglution

gra The process of
cl alq"rlérgJj kyﬁéﬁwpyﬁ{e?edé%ﬁéﬁur an?etgré c} in step f) is
guani di ne rochl orjde., .23. The ess of
1?«mer@ﬁp@esw Rrarana R e | gt gﬁ%té%is‘“flﬂf“ Eﬁﬁﬁy
pr ogagsshtec! ai N8 21- 23 wher ein the bacteri al
cytolysin is contacted with 5- 9Murea during step f).

1425 THIBrdeBE BPs Al @dﬁ'l;);'ﬂi%% R TR GBIt donb¥EN HRep o)

cont act’i ng ysin wt guanl di ne
hy drcggtainsriiMigalt ol | oned by exchangi ng the guani dine
hydrochl ori de for 5- 9Murea. 26. The process of

15c| aiTie pEdce25 ofMdiIre/ ededing calimoivhegeia grendolution psedmrstep ¢) and/or

or o garttps 33l spBRe0 i B ARinstralnethsodfusifice.
1- 1GnagnBdilim chizridé caradabiiuth afmidrids, TsodRéh sulprete megeesiunf

G ot lehae, oSGl hapd, 8Baithh hBYSHAE SndPEg YA rBLo e

dendt'trant ratron
pr ocass‘sormﬁm@hmpina% wherein diafiltration or dialysis
is agai nst a solution of pH

16. The process of any preceding claim wherein the conditions used in step ¢) and/or
step d) are between pH 6-8, preferably around pH 7.

17, The process of any preceding claim wherein the conditions used in step d)
contain 0- 0.1M salt.

18. The process of claim 17 wherein the conditions used in step d) contain 0-40mM
salt.

19. The process of any preceding claim wherein step e) involves the removal of

detergent by diafiltration or dialysis.

20.  The process of claim 19 wherein the diafiltration/dialysis is against a low salt
buffer containing 0-0.2M salt and having a pH of pH 8-10, preferably pH 9.
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7-9. 30. The process of any precedi ng claimconprising

a further step of detoxifying the bacterial cytolysin

by chem cal treatnent involving use of a crosslinking

agent. 31. The process of claim 30 wherein the

crosslinking reagent contains one or nore chemcals

sel ected fromthe group consisting of fornal dehyde,

gl ut.ar al dehyde, = N-hydroxysucci nom do esters and GVBS.
2132. Hreremase ekglaips %é@wb?f@lf‘e“d?m@ invplyesAeratyinadhe gagterial

f ur tdyRilyshi IBPsddRion P Bjdes@Liantand@ep BRielEVdsrefoliitPihl Dadterial

to aé’g) ctetgl a}l cehgsul ar iﬁgl sactﬁha Ide. 39 33. The

procG SB¥PYY ﬁﬁhl'ﬁ PORETR EHE YRt eri al capsul ar

ol ysaccharide is derived  from Streptococcus _ . .

2% e UiErRraress Shiciamec-p Whweln (69 SarAIUTaResed M gor e Ayenidine

conmyidsichigrige.f urt her step of formulating bacteri al

cytolysin into a vaccine conposition with a

2P harmRGRMEsS 3f LXinPELRREBRI :28M 68hiBING MydrodforideNs used.
process of claim34 wherein the bacterial cytolysin is

£or , cholj Lo : ) .

2 e Bibstol daftd ! 28wl BBt Bondt cBffaciod with 5
34 &M gayergptePfhe bacterial cytolysin is fornul ated
with one or nore of PhtA, PhtB, PhtD or PhtE or

25, mmiregemtess bf dagimezn whéreinastép f) ir@divesd tantantiog bastetdl canlysin
one lo@ 34~ ' ial [fhal S
For narar o {ier i RohRELRR (iRe PBF ey iRl he
HaerfyBrachiQacs fof PudMa4R2- (Nt Hi ). 38. The process of any
one of clains 34-37 wherein the bacterial cytolysinis

26t or Miearecgsepf tlaims 24rd5 Wrateinrordigingagsnt is present dyringiat least

39. phhefBleps BShaQh. any one of clains 34-38 wherein the
bacterial cytolysinis fornulated with an antigen

fromR s Of A .ol ai 9
ZT\M]eﬁ&eiﬁqﬁeé?%%l%\&%%%ﬁno )?Srl n |n§rhegfeg{'srr§l gt@% N&\Aﬂﬁ an
ant irgefarablyonmMEP BT .nf | uenza virus. 41. The process of

any one of clainms 34-40 wherein the bacteri al

28cyt dihggiracess of ¢laimn2:R A ivbdrei inistegorg) dnvioivege nericvahof the denaturant

i nfl : A .42 A process for detoxification of a
5 %!%fl Yibh el ( ! .
bact gr ||a rat‘%xyﬁd%@ﬁ%rl sing treating a toxin with a

chem cal co nd t IS reactive with primary amnpe
29 o5 RiarPupr s Bk sheftaton B bele Radhiela 8BRS of pH
nol gel ar wei ght within 20% of its original nolecular
wei ght
30.  The process of any preceding claim comprising a further step of detoxifying the
bacterial cytolysin by chemical treatment involving use of a crosslinking agent.

31.  The process of claim 30 wherein the crosslinking reagent contains one or more
chemicals selected from the group consisting of formaldehyde, glutaraldehyde,
N-hydroxysuccinomido esters and GMBS.

32. The process of any preceding claim comprising a further steps of conjugating the
bacterial cytolysin to a bacterial capsular polysaccharide.
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after treatnent, as assessed by SIDS-PAGE. 40

33.

34.

35.

36.

37.

38.

39.

40,

41.

42.

The process of claim 32 wherein the bacterial capsular polysaccharide is derived
from Streptococcus pneumoniae.

The process of any preceding claim comprising a further step of formulating
bacterial cytolysin into a vaccine composition with a pharmaceutically acceptable
excipient.

The process of claim 34 wherein the bacterial cytolysin is formulated with choline
binding protein A or an immunogenic fragment thereof.

The process of claim 34 or 35 wherein the bacterial cytolysin is formulated with
one or more of PhtA, PhtB, PhtD or PhtE or immunogenic fragment thereof.

The process of any one of claims 34-36 wherein the bacterial cytolysin is
formulated with an antigen from non-typeable Haemophilus influenzae (NtHi).

The process of any one of claims 34-37 wherein the bacterial cytolysin is
formulated with an antigen from Moraxella catarrhalis.

The process of any one of claims 34-38 wherein the bacterial cytolysin is
formulated with an antigen from RSV.

The process of any one of claims 34-39 wherein the bacterial cytolysin is
formulated with an antigen from parainfluenza virus.

The process of any one of claims 34-40 wherein the bacterial cytolysin is
formulated with an antigen from influenza virus.

A process for detoxification of a bacterial toxin comprising treating a toxin with a
chemical compound that is reactive with primary amine groups wherein over 50%
of the toxin retains a molecular weight within 20% of its original molecular weight
after treatment, as assessed by SDS-PAGE.
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