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CATARRAHAL, p I NS The present i m tes to novel proteins from
Br anharel IQ%C?E%FMI rs, DNA sequenzz‘ i'ng such prot eiffS/CBEOKER| a5

their-use in diagnosis and as the basis *f#®Vaccines. 5 Branhanel | a
catarrhahs (al so known as Mraxella catarrhalis) is a gramnegative aerobic

bacterium that causes resgl ratory tract infections in humans. B

cararrhalis can exist aMOBAXFLLACATARRHALE PROFEINSact nicroflora,

articularly mchildren. The bacterium ca | gwer, respirato t t
!Onf elct iuons %‘F %Yﬁiflf‘f 5’Vﬁﬁbono’icfal“?ssmn@dlﬁ'gpf%"li%%?:’Fﬂ 26?’3%”‘6&?:5“(‘?’&5‘”6 ;)?ﬂé in.
Infect. D SequehfesShdodiRgsichPPbkins MDY asTthbir usiCdiabiaals. andeis-the H4Ris48 - 279
(1996); Ni co?ra et al, Arch. Intern. Med., 146:890-893). Approximtely 30%

of purul entvaexagser bations in adults with chronic obstructive |un? pul nonary
di seasg were by B. cararrhalis in one study (Verghese et al, Antinrcrob.
Agent s” Chernot her., 34:1041-1044 ( 1990)). Studies using cultures of mddle

ear fluid Ipapkiedla édidrhdlis~ (4180 RROWO s Moraoelfs cararhlis)i i Arpehinnéagveaused
by B. catarrhalis (Klein 1994),5upra). Infections caused by B. catarrlralis

i nduce an iasrAPHEDACEEHANbA causEs FePIBNe HaGandsFUens 18 uMgBh B safarthedis Bct er i um
Ch . al i S | - 887 - F tral
ot oot o1 st g oE B il cSnigndd) oak AHerdBrd babcdfitly w BRSL ! 1Y

63: 1516- 15Xactedi®@53usesAldweld a@dypitavor. raxat iafectiahs sn i alups emdnobtiiin nsecar @t i ons
in the upper respjtatqory trac Fadden 9 3, Ste rs) L.E. and
Rai saﬁ%nz §.h}1d§&8c§gie(‘i‘ g'l ér fk’é‘o:{'?/%“l §1@g&‘%9@3((1%§8539\{[“’p%1"?&%n%ﬁé@\"fﬁ c
mucosal i mppe KGIBONIS MYsHe NiBRRS t ANty i ek Ot Bdh OMipgal @56:896-8?_3&? medi a
caused by B. catarrhahs (Faden ( 1992), 25 supra and Stenfors and I sanen

( 1993)) suhpradximatety 3fféof pfiruent enacerhaibne bt adults witly ehrdnisadbssectiviedadgat ed
protein d fromB. catarrhalis),and their. potentjal,,use as antigens.

Exanpl es A S7E G DY\ e ‘W%f@ﬁ@zé{“@lfé%féfgl w88 12733
and W97/ 4143hss (Fenidiier-34x108VUBGH (1998)). SBkiales(BikdEcidires of midHidNay erer 2002
WD 991 58563 PCTI GB99/ 01473 There is, however, a continuing need to provide

a rang® of raveal §ehds o d0emlcatsadesaf tisimediz aesr cavsehby B arandialie (Kighd mor e
ef fective V@@Qi Q‘gﬁai)or i nstance. W have now isolated a range of such

prot ei ns whi'ch”cdn be used to elicit inmune responses, as well as finding
use as diagnostic tools. 5 Thus, in a first aspect) the present invention

provi des a Bégt.ei n Wm(gkhyl% a B.catarrhalis antigen and which has an
appar ent noOPECHPREr SHRES Ry SancAierraglisy Jduge AN AHIIYNS, respanse  against outer
membrane antigens of the bacterium (Chapman et al, J. Infect. Dis., 151:878-882

20 (1985); Faden et al. Infect. Immun., 60:3824-3829 (1992); Sethi et al. Infect. Immun.,
63:1516-1520 (1995)). Antibody to B. catarrhalis is present in secretions in the upper

respiratory tract (Fadden (1992), supra; Stenfors, L.E. and Raisanen, S., Acta

Orolaryngol., 113:191-195 (1993)). Strain-specific mucosal immune response may be

important in protection against otitis media caused by B. catarrhalis (Faden (1992),

25 supra and Stenfors and Raisanen (1993), supra).

A number of patent publications have disclosed isolated protein d from B. catarrhalis,
and their potential use as antigens. Examples include WO90/12591, W093/03761,
WQ95/09025, WQ95/31215, WQ96/12733 and WO97/41731.
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deterivi ned by SDS-PAGE. 10 In preferred enbodi ments the prot-éi NOVETBRE P02
t he fol |l oniwiQ99/68563 at abl e from B. catarrhalis: (i) a protei nPEIAGRIYOEKI3
apparent nol ecul ar mass of about 14 kDa) as determ ned by SDS-PAGE;, 15 (ii)
a protein having an apparent nol ecul ar mads of about 14.5 kDa, as .
determ ned by SDS-PAGE; (iii) a protein having an apparent nol ecul ar nass
of about 15 kDa, as determ ned 20 by SDS-PAGE; (iv)_a protein havi n% an
appar ent nolThetel iarhaveayer,gf coripuing 1ged mproyiiedaraghPharigsys Spm-Pogterrialiy

havi ng the f.ol |l owing N-termnal gse nce. . . :

Ar SYCRSADAGETIEA B RS R REEB e v8 varings &y nengmal e e vsdPlul ar
mass of aboydolatll k BehgeaT sdet grot@inewhizh cabe Héddho tiofl imauing Gedpofsel Qdslvaehl ng
N-term nal sequence: 30 NWINTGATVVDGTRTI FSTLVKPAAWAAY; SUBSTI TUTE SHEET

(RULE 26) agilinfingaispes diagoostipdoals/ 58563 PCT/ GB99/ 01473 3 (vi) a protein
havi ng @an apparent nol ecul ar mass of about 35 kDa, as determ ned by

SDS- PAGE, and having the followi ng N-term nal sequence:

TPTVYGKAFL TITRANNT RXirYt, aspedtythie presepur iaveaitionauvides aproxgipaviaet ismd, enotraalisTass

of about 44 kDa, as,  determ ned by SDS-PAGE, and having the follow n
N-terninal S8Hgmmd W mwnéﬁwﬁawaﬁ?? ?‘30"2 16r 9t abont AhiPAg2%in
appar ent nol r@,sgb page kDa, as determ ned by SDSPAGE, and having the
fol |l ow ng ir?t%feé#hgr{edp ptl%)e sequences: residues 350-3b1 15 GELSSNLQDRHK

resi dues 366-380 ADI HGNRFRGSAAI AS 20 resi dues S28- S33 NFEYLK resi dues
42- FGEL SVGESHSVFLQ, 2 i - 82 DAD%/Il'ClSGF ﬁPNATE
> 58160 Ir? pre elglr%d er%bogin{e%?sl %l{ee Sprgtgﬁl 958 one of the t% owing, isolatable from

B.catarrhalis:

(1) a protein having an apparent molecular mass of about 14 kDa, as determined
by SDS-PAGE;

15
(i)  a protein having an apparent molecular mass of about 14.5 kDa, as determined
by SDS-PAGE;

(i)  a protein having an apparent molecular mass of about 15 kDa, as determined
20 by SDS-PAGE;

(iv)  a protein having an apparent molecular mass of about 20 kDa, as determined

by SDS-P_AGE, and having the following N-terminal sequence:
25 AISYGNSADAQPYVGAKIGQVDAKQINNKNT;

(v)  a protein having an apparent molecular mass of about 30 kDa, as determined

by SDS-PAGE, and having the following N-terminal sequence:

30 NVVINTGATVVDGTRTIFSTLVKPAAVVAAYV;
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SUBSTI TUTE SHEET (RULE 26) 11 November 2002 WO 991 58563 4 PCHeBEs 0 £4P2
As di scusselON85s886a, t he proteins and pol ypeptides of the i nPEMGBINOETE

useful as antigenic material . Such material can be " antigenic" andlor "

i munoegenic" . Generally, " antigenic" is3taken to nean that the protein or
pol ypeptide is capable of ' being used to raise antibodies or indeed is
capabl e of inducing an antibody response in a 5 subject. "Immunogenic" is

taken to nmedmi)t hat protin fiagingi an appasuit ypdpqularenass ofabamt &5 kPaety detemnpgech
protective i 0, in j ) . Latter case, the
protein or pbmg'é{Aftgg‘ ﬁrrg@]at‘)’ n@&%ﬁl{l@hg Nﬁo?rgbnr# 5""‘%‘@‘2“& ating an anti body
fesponse and in addition non-antibody based i mmune responses. 10 The
skilled person will appreciate that honol ogues or derivatives of the
proteins or ME'EI%NNT@XF{VMH on will also find use in the context
of the present invention, i.e. as antigeniclinmmunogenic material. Thus, for
i nstance proteins or polypeptides which include one or nore additions )
del etions, gwlipt id piot€in ha0ingt dicappatent ddeiaanpssHeboliy44 RPapiesatinined
invention. in addition, it may be possible to replace one 15 am no acid
wi t h anot herbYo$D&iFA Ghy and Raying the following Natssminabsnaienssy one hydr ophobi c
am no acid with another. One can use a program such as the CLUSTAL program
to conpare am no acid sequences. This program conpares am no aci d sequences
and fords theGOPRSGODMTASI@DIGTWA] nserting spaces in either sequence as
appropriate. It is possible to calcuiate amno acid identity or simlarity
(i dent i“?y pl us conservation of 20 am no acid type) for an opti nal
al i gnnent . o] oy : 1 i t : hed | ar
equences andlod BRh Syt ARbplichimBLbA iR o1 408, e aRE Al I8 .2
conpari son VRRGE, srel/kavang thedolowingfineima peptidesequeacésound, each having a
different score. Both types of analysis are contenplated in the present
invention. 25 In the case of honol ogues and derivatives, the degree of
identity w thga.drffoesgy or pol ypeptide as described herein is |ess
inportant than that the honol ogue or derivative , should retain its
st rept dZoccUSELSENIQDREKt 0 antigenicity or inmmunogenicity. However)
sui tably, honol ogues or derivatives having at least 60%simlarity {as
SUBSTTTUTE SHEET (RULE 26) 11 Novenber 2002 WO 99/58563 PCT/ GB99/ 01473 |j
di scussed abeyighesdgdr3gde proteins or pol ypepti des descri bed herein are
provi ded. Preferably, honol ogues or derivatives having at |least 70 %
simlarity, ARG W&WA& | east 80 % simlarity are provi ded. Most
preferably ) honol ogues or derivatives having at | east 90% or even 95%
simlarity are provided. 5 In an alternative approach) the honol ogues or
deri vapgves reidhés $88-533i on proteins, incorporating noieties which render
purification easier) for exanple by effectively tagging the desired protein
or pol ypept i JEEYIK nay be necessary to renpve the "tag" or it may be the
case that the fusion protein itself retains sufficient antigeniciry to be
useful . .

residues 542-556

FGELSVGDSHSVFLQ

25
residues 665-682
DADVTGGFYGPNATEMGG.
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10 Gene cloning techniques may be used to provide a protei nlc:)Lf NPP\’Smber 2002

I nvention iwovabksssanti ally pure form These techni ques are dPEDGB3BEIN7I Or
exanple) in J. Sanbrook et al Ml ecular Coning 2nd Edition) Cold Spring
Har bor Laboratory Press ( 1989). Thus, the N-terminal sequences of the
proteins disclosed herein can in turn be used as 15 the basis for probes to

I sol ate the genes coding for the individual proteins. Thus, in another
aspect the pheglissusspd\henginothe praseioeand nolipentides 2fi HienBiverigre aroNpiftsrhg or

consisting of a sequence ich is: (i) _a “ yence Lng. for rotein
or pol ypept i %{E‘ga@cd@swﬁabvé@“ﬁ%r&aﬁ"é‘o ap BﬁNsi %ﬁmceqﬁﬁ@gfenwu’f‘%eﬁma‘
sequence Whi b S1yC O '%‘éﬁdﬂ I i YarPihat iR HBRULOE BSlyBépride)is capdble of
sequence V\hlgﬁnc#ggcsgg{sl antigl ié{e)tr??l?ty vviath aﬁri{y of tgogg %tf e(lis) gnd 35
(ii); (iv) abeimpused e raisei antibadickesr ifideedas tapable of trelucide an\aatibody wspdnsagnent
of a protein as defined herein. SUBSTI TUTE SHEET (,RUL%BE)%)Emi 11 Novenb?r

2002 WO 99| 53Biset. ¢ Impnaseiey (§1aken paean [hatdhe proteip of desis fapabie 0

i nvention may.t.nGl Dl yi gl | C S) a . The
ki 11'ed per g5t 4 B3Rl i dons LA PRARTD B0 Bkl el diEioRin 70,
variants of &hpeigpepeitié imidyl Bé cagubid onu6l oy gnbdtin® aacattibedyviesgonss end in
exenplified herein. Such variants are enconpassed by the present invention.
These nay ocadditionnonzantibedy Haged Exmwsl respesesuse of strain variation. For
exanpl e, additions, substitutions andlor deletions are included. In
addition and particularly when utilising m crobial expression systens ) one
may W to ' |el ' ' f

oot or 13 coun el plidt S| bl flaf RHOREes o eV BF . pAPRAor
expressi on. pdiyseplidesyofttheiivenion withalsmafind atd in the comtextnyf the praviitSina¢eionl SO

I ncluded within the scope of the invention. The term "RNA equival ent” when
used above iheli EarBigepicAMmMuNgEanis, mareaiakTisy | far fusiange EQIGEScr RAlyPEPUdSS

conpl enent ar %r[ytcf? ﬁl@ﬁlae OBné’f‘.loqi ,Y’ﬁﬂf %MRL epdéleﬁgxgsgl) _Llﬁi%%ﬁﬂo;é) :T%rt r?ﬁ“e éﬁ(ef %fé[ei c

that in RNA replaces genetic ¢ en conparing nu

acid sequenc@fomissédBy ke pRE&R® iVentet. TnMdaitidg, ithhay 86 pRSsiBlk baeph@I¥nor
I dentity one can use prograns such as BESTFI T and P (both fromthe
15 amino acid with another of similar “type”. For instance replacing one hydrophobic

amino acid with another. One can use a program such as the CLUSTAL program to
compare amino acid sequences. This program compares amino acid sequences and
finds the optimal alignment by inserting spaces in either sequence as appropriate. It is
possible to calculate amino acid identity or similarity (identity plus conservation of
20 amino acid type) for an optimal alignment. A program like BLASTx will align the
longest stretch of similar sequences and assign a value to the fit. It is thus possible to
obtain a comparison where several regions of similarity are found, each having a

different score. Both types of analysis are contemplated in the present invention.

25 In the case of homologues and derivatives, the degree of identity with a protein or
polypeptide as described herein is less important than that the homologue or derivative
should retain its streptococcus pneumoniae to antigenicity or immunogenicity.

However, suitably, homologues or derivatives having at least 60% similarity (as
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W sconsin Genetics Conputer Group (GCG software package) BESTRoremugr 2902
exangl e) commmeasssedwo sequences and produces an optimal ali groereBmwisidthe
mast simlar segnments. GAP enabl es sequences to be aligned along their

whol e 1ength and fords the -optimal alignfrent by inserting spaces in either
sequence as appropriate. Suitably) in the context of the present invention
conpare when di scussing identity of nucleic acid sequences) the conparison

i s made by aHisgussechtabeye)t wish Jbe pEgTeias of| RAYpepdeshdgseriip herqi @ge (provided.

Preferably, seguepnces which hav tantd al i i4V.have at |eas %
sequence idei’f‘%??%" éggﬁoioéﬂ?sy&afer%@ch Eﬁy&m&)aé é%gﬁ\dc% STREHIY « Vo%arekg?@yo
esirably at of g 889, QimiinSURSTIGN, HER Tprelehly 2 Bbmolohed VoY QiRE 02
WO 991 58563 PCTI GB99/ 01473 | east 95 % sequence i dent i ty wth said
ségquences. | hadngret least 80 %t dreever QG Brsimilanity ard prpvideg. be 99 % or above.
sirably, the term"substantial ident{ty" indicates that sai d, sequence has
a great &'s Ife g ctegative GRPIOASH. i gwawb)zﬁ?s PhEeREyEh cauld o ASiafle BrateiSi n

than with pri < U J j: . | ¢ _h e et hat
whore s nuo SgEifls Beficks 3ith PARKC BEfAcouoh 8 for"GURHRL el PefSly |
part of a nowgbingane deviredyebteints n@[)?aﬁtltte. tmi@nbe Aetessaty uslfgnovetthe Mgt orl0
scope all possible sequence coding for the gene product or for a novel part
t her eof . Theitnmay diecthgcdage st dlag) fusignaprogain jitself seims sy ffigient cansigbigighto ber m
It may be incorporated into a vector and the vector may be incorporated
into a host." vectors and suitable hosts formyet further aspects of

t he pregpnt i nvention. 15 Therefore, for exanple) by using probes designed
on the basis of the NNterminal am no acid sequences descri bed herein, genes
in B. cat arr Kigh¢ scloring bechngpies ithayede Tiedytoc provideen proteirco ¢hke usvengon in
restriction enzynes and cl oned. into a.vector. The vector can be intyoduced
into a suit ap¥tstangally pure g853?)-r g@@%ﬁ?@@em&a disclosed; for rﬁi‘laﬂlP&vég opampgook

t . . H d .r. " 1 ~
anpr opr ate. B BpLUEPCRHRE PO PARAR, (it UAne Ikohl R 1oR0)

aci d nol ecul qhus,Rs N-tegininahseqnencee sf e prorsing disciosed BEBil GG tRbdaseded t o
obtain €£propri ately sized fragnments for probing. 25 Al_ternatiyel¥ PCR
t echni glles milie basisubns prolesaapsolaty the geass ccading for Siecindividual pgereinge Thoxus t he

PoR so that. A bR AE kR Rebon ot o RS R st SpAFhIE ampBhink 3F oo
can be SUBSTdldainSdeelscqfieE whfith is: 11 November 2002 WO 99/ 55563

PCT/ GB99101473 8 targeted and then anplified to a high degree. One priner
will normally show a high degree of specificity for a first sequence

| ocated on one strand of DNA nol ecuyl e, and the other prinmer will normally
show a hi gh degr edbof SgRRATSeavanye Fofingfor Amprgcer RalRepifie i deserierd egen
conpl emgptary strand of A4gRse and being spaced fromthe 5

or ¥ RRA , ! ! .
conpl enentary sequence to the tfirst sequence. Typically prinmers will be at
| east 15-25 nucl eotides | ong.

(i)  asequence which is complementary to any of the sequences of (i);

(iii)  a sequence which has substantial identity with any of those of (i) and
25 (ii);

(iv)  a sequence which codes for a homologue, derivative or fragment of a

protein as defined herein.
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As a further alternative chem cal synthesis may be used. Thi]'% ﬁa‘y’e‘b“@e’f 2002

aut onat ed. MO@IFE856X i vel y short sequences may be chenical ly sDET/e889/86®d and
| igated together to provide a | onger sequence. SUBSTTTUTE Sil EET (RULE 26)
11 Novenber 2002 WO 99158563 PCT/ GB99/ 01473 9 The skilled person will -
recogni se that SDS-PAGE determ nation of nolecular mass yields results

whi ch are subject to sonmething of the order of t 10% variation. Thus, any
apparent nol ecul ar wei ght descri bed herein, which has been so determ ned
will be subjggat : bl M i t i | ed
man t hat fra@%e“#%%’%&?ﬁg@%dﬁtﬁ% gdggﬁﬁlp‘)’lrﬂgtldeﬂl Jrrlléyo ht?dr?gj ﬁﬁ/ﬂé\f?gﬁ)ﬁgﬁﬁ%&gséo be
used, with tin@/oprfeagntentnf Tieoskided tpesson swith appregiaenthat thet piesens Ufiento rchn
antigenicity to be effective. Techniques for screening such fragnents are
wel | “known tiacludeogevelkyariages ph taose particular geyelj pucieig aidh molecyles t which care

present.inventi on rovi ne ' ' n; f a ein
Dt Y AP S5 Ol IO EOABLAER, Syl pALER hiclon? Pl
antigens (i npiyuedce i RAEE ThE exdrglE®Béke Of siriig VAFa8&!) tFdrekemble? Addifiors
eliciting an i'mune response. Thus, in a third aspect, the present

i nventi on prsobstitwiona randondetegions erecimnipded.t Inoaddigonednsk pdstigulariyl S/ben auilising
conposition, whic¢ch conprises one or nore qQf the, ant iﬂ%ens of the invention

(i ncl udi ng JRETRPEN i XPFFHGTHENYESS: OASM0 fo engineen ficymIclel; Aci SERFRGS Ph
standard ph J i L Pl 2 i : 1

addi t o, "1 ARG i PR prefictelt (345h G € palVEEF oA it S5 1o

| Mmune 1g es paxpessidNETMAC Sy riitetic WNRAHatupally ofcuktieg Vitiattdroalse dicluded| witién one
or nore adjuvants. Exanples of 20 adjuvants well known in the art include
i nor gani ¢ geheseppeef & iaventipdi um hydr oxi de or water-in-oil enul sions such
as inconmplete Freund's adjuvant. O her useful adjuvants will be well known
to the skilled man. In a fourth aspect, the present invention provides the
use of one OfpeRAR "RIN equivalém” Shefl bddRubvBShdikdles Bhr PF0e® RN BIRMEIHENI C
fragnents thereof in the preparation of an imm~ogenic conposition.
Preferably, a$equéntmwingeisiompbemeasaryitothat of a gieencDNA mblecpledilénwingl for the
enbodi rrgnt s, the vagﬁi\}‘quﬂs for qﬁg .in the Pro | axi s or treatnent of
respir&f ory fReHBAAR r Ut HeplasesspHy 1B $es2e9ete £e88) ment of otitis media.
SUBSTTTUTE SHEET (RULE 26) 11 Novenber 2002 WO 99/ 58563 PCT/ GB99/ 01473 10
, In particular, one or nore of the follow ng proteins) honol ogues,
derivatives Whe®oemparimneleid h¢id sbquentdsaforeid furpbes of eteirfiinaigethe siegret 0f t he

preparation of the Inmmnogenic conposition: 5 (1) a protein having an
appar ent nolhomglegy oraidentsy oae 62n USPTIOETAENS %@h@éﬂ)@ﬁﬁﬁﬁambﬁmnﬂm&p the i) a

prot ei n havi n.appar.ent | ecul mas ah 14. 5 kDa, erJn ned
by SDS- PAGE; %gﬁu?l erée%ﬁ? o{fg?’ﬁmﬁﬁ\%%'pangpGaarsgﬁ'mﬁo Pg%?@r ﬁ%ﬂ:ﬁ;f gbhout
1 ~ kDap as &kaindleidofitpaly RIaSséifiehces (dnd) prddRéQt &1 Bphiaxl Al ne [P Ah& Host

nmol ecul ar mass of about 20 kDa, as determ ned 15 by SDS- PAGE, and havi ng

the fol | owi ngmiar segmientsl GAdkjenahles: sequSikENBADAQHEReAGHB G OAKIDIE gl and v) a
protein havig&qan _a&par nt  nol ecgl ar mass of about, 30 kDa, as determ ned 20
by SDS- PAGE, UEl§gthA fwgﬁt%'éﬂF’GP'l Yi IFTHRG SPRfCA AR GIST SRRuence as appropriate.

NVVTNTGATWVI F @@¥¥ : i i HE)( . .

mol ecul ar rra%sgsfagﬂf}" ggcl%gt( 5 @?ﬁ‘%i’y‘%é‘%@?né“ﬁfé’? (g? yé %@Bﬁ@?ﬁgﬁgéﬁg’%g

the fol |l ow ngucldid ecidi seqhense ules cOmparison is made by alignment of the sequences along
25 their whole length.

Preferably, sequences which have substantial identity have at least 50% sequence

identity, desirably at least 75% sequence identity and more desirably at least 90 or at
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TPTVYGKAFLTI DANNTDXTY: (vii) a protein having an apparent noiledQVermbegs <092
about 44 kMO IIYESSEEt er mi ned 30 by SDS-PAGE, and having the fect/orpyes473
N-term nal sequence: SUBSTI TUTE SHEET (RULE 26) WO 99158563 11
AGLDRSGQDVTASLQDGTYA; 11 Novenber 2002 PCGTI GB99/ 01473 (viii) a protein

havi ng an apparent nol ecul ar mass of 71 kDa, as determ ned by SDS5 PAGE,
and having the follow ng i.nternal. peptide sequyences: residues 350:361
GELSSNLQDRHIG”—&‘(PS%SSF%R@ € Wraliggyitarsp mé@-itm SREE CaseSthe Sequeacesienifr py| K
15 residues - %U? GDSHSVFLQ resi dues 665-682 20 DADVTGGFYGPNATEMSG
The anti genpgﬁﬁ%f??téz Es, g‘ri vatives, honol ogues or fragnents thereof,

descri bed herein can be provided alone, as a purified or isolated
preparation, or as part of a mixture with other B.catarrhalis antigenic
protei ns. 2Depirably,f thet termssubstantiab iddngine, indigates thas fridopeqyencs biassa greatast i gen
conposi_tion conprising one or e of the prateins of. the.invention, one or
mor 6. ool ogGREE o ety JAf FSThE sfwenstS dBleBbE) el e R bk e Biigfooy |
optional |y togeidihcedi th at least one other B.catarrhalis antigen, or one
or nore antigeni ¢ fragnents thereof. SUBSTI TUTE SHEET ( RULE 26) 11
Novenber 2002 WO 991 58563 PCT/ GB99/ 01473 12 Additionally, the proteins of
the present invention) or anti g%ni ¢ fragnents thereof, FQ-lan be used in

raising or ethauldihoweyer bg,Boted Ehat where 2 grgleie acidspauence of thegpreyeat inygngion

present inv i rQyd t i J i J otein
of the i nveﬁﬁ%g&_ %rlgég_gtjg?ﬁsot?qoér@_ggégémé@a%gﬁe e_géleglshvgrég&r{‘eiﬁ?@ﬁ%h‘g@ggﬁ trs _
Pref eryped agédpbaipassible Requenestddingdfor Xhd genb pRIdLNST f6f a indeelPafSRddéofi NVeENt i on
and can therefore be used to purify such proteins (e.g. they may be

i rmobi |l i sed and used to bind to proteins of the present invention. The

pr ot ei ns ma)i. then be elute b%twash{)ng vvithcﬁ sui tabl e el 1ltgent uInder
appropri at e 186 M¥clEiG 5 CHiS: M3¥ dPedn visqlee %h{@cg@éﬁeﬂb o e It MRAye ke
i nvention D2 ; i i e
rai sed by stonPeiRla; BaRoOinhfl VEHEn Ry P BKRORRR] il iR P (8R° 4
mouse, rat eandsuitable hpisy, formlped furthahaspects gfthe presemimieation.when a protei n of
the present invention is injected into the animal. |f desired, an adjuvant
may beldadni ni st er ed together with a protein of the present invention.

Vel | - known I t S (] d.. The .

anti bodi 65 QaFeIErpEXaHpR; L USRE obftRE obetBa BRI ol of By PR B, o1
the present atif\sefidn0es detCribédRérein) Benéin' B RBaPHalia Bard Be RaQHifie@d The9 Ban

hybri domas. These can be fornmed by fusing nyeloma cells and spleen cells
whi ch pr oduéhentbgeexgised nsing sestidsionenzyimey gk clonedfiniora ¥ectérambhe wéctarshn bei ne.
"Thus the wel | -dknown Kohl.e[) anthstei n techni que (Nature Z56 ( 1975)) or
subsequent VBFdUEGAIRO 3 HHROIEHOSt 1OL ERRFESNIAR- can be used. 25 Techni ques for
producigng nonocl onal and pol ycl onal anti bodies that bind to a particular
protein are now well developed in the art. They are discussed in standard

i mmunol ogy Nacteioadid mdlamies oditizl presemt Rivetitionahayabe obuainsd diony \B. ceexzdhads &gi t i on

( 1989), Churchill _Livingstone, London. .
the use of appropriate probes complementary to part of the sequences of the nucleic

acid molecules. Restriction enzymes or sonication techniques can be used to obtain
appropriately sized fragments for probing.

25
Alternatively PCR techniques may be used to amplify a desired nucleic acid sequence.
Thus the sequence data provided herein can be used to design two primers for use in

PCR so that a desired sequence, including whole genes or fragments thereof, can be
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SUBSTI TUTE SHEET (RULE 26) 11 November 2002 WD 99/ 58563 pLt/ BRYET8%473°93
I n additi onM®%#3e anti bodi es, the present invention incl u8EI/CRBO4BI ves
t her eof which are capabl e of bi ndi ng to E{)Ot eins of the present invention.
Thus the present invention includes antibbdy fragnments and synthetic
constructs. Exanples of anti body fragrrents and synt heti c constructs are

gi ven by Dougal | Ti. bt ech ?- 379 5 4 Ant.i. hody
fragments i rfg‘igﬁffg e‘bi‘& ied tol’—%l gg:e) Zo%teh Ug ‘?@ Wéﬁla}

di scussed iy r b$ of@ 5@ rogdyice a
synthetic con tru(%:ftsﬁt Nﬁygf@ssjtlsﬁgl}l nEé a%rﬁvao s?:lrF% dr?éd%cu Hmté%ﬁﬁ 2

i ncludes a pB@bthéEptmmkemll hOrmadlyadhemt 4 Mgh degrea of dfecHieity Yor 4 eghiond Sequaicec h
contributes to the stability of the nolecule. O her synthetic constructs

that can be logted P%&emmmrwtsrr&e% ofmqéélﬂAaﬁeau%%%bF@g (segned feam the
conpri si a e ept| de mnetics may al so be used.
These I ecﬁwﬁeﬂﬁggﬁg&c%ﬁﬁﬁ?@na ly restricted organic rings that

mmc the structure of a CDR |loop and that include antigen-interactive side
15 chains. Synthetic constructs include chinmaeric nol ecules. Thus, for
exanpl e, hurfeypicadly primerpwilhbe atdeasy 15u2binbcadtides tongder i vati ves thereof are
within the scope of the present invention. An exanple of a humani sed

anti body is an antibody having human 20 franmework regions. but rodent

hyper vari abl ﬁgﬁ.@gls o) hiRge: £ hi i Shed ussed
for exanple %y rei sglrtléég%iﬁlgl éheﬂﬁ%gh&gsfcﬁ%gg%%%d %8%a§and£§yg#égeda
et al 10 NatRetgivgly shetbJediehcdsl #fay) be Sherhioally cymhesided uaids lighted topeherde

nmol ecul es conprising an additional noiety that 25 provides the nol ecule
with some dd¥pyidpadongenaguescei n addi tion to antigen binding. For exanple
the noiety may be a |label (e.g. a fluorescent or radioactive |abel). The
anti bodi es or derivatives thereof of the present invention will also find
use in detection/diagnosis of B.catarrhalis. 30 SUBSTI TUTE SHEET (RULE 2G
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11 Novenber 2002 WO 991 58563 PCT/ GB99/ 01473 14 In a sevent h lds Novempre 2002
present i nv®x9968563r ovi des a net hod of detecting and/ or di aghCHGEY9/01473
B.catarrhalis which conprises: (a) bringing into contact one or nore

anti bodies of the invention, with a 5 saPrpIe to be tested; and (b)

det ecti ng the presence of one or nore of the antigenic proteins of the

t t f f. 10 ALt ti ,_th
ant | goni ¢ pridERIISSorSTIC V] SSBRISS b SDCHACE {BETRRPN B dEular miss
ant | bodi es %sn%EuI% R 3t ot t&"@érﬁ@thf@yot{tﬂe phfe?%"l”i léb/t,ava!i’x'aﬁbxﬁg ThEd,

sanpl e obt ai'ne roma subj ect Thus et a further aspect e preésent
i nvention praﬁyaﬁmera mtﬁtd:trbﬂ wéightalesaribed heeen) Mdtictihasgrees iso geBrmated witi dei s
whi ch conprises: 15 (a) bringing into contact one or nore antigenic
proteins of spbjectit $urht Y81UOBr one or more antigenic fragnments thereof, as
defi neds herein, or in immunogenic conposition of the invention with a
sanple to be tested and 20 (b) detecting the presence of antibodies to

B. cat arr hal |ISW1llbeappreaiatcd by tizd skaltedenan thahfragmerss of the apttgmldgsottmeoﬁshe of
an antlgenlc ratein en| fi ra ment thereof or

Comost Jron Tnfenii cBia2ia BE Mot orln e G eyrser ek Hiengis, fptain

B. catarr hal 'sﬁfﬁct’én%ﬁﬁgéﬂnaiay {h6e BRERIVET MECRMELAY fof| BRRAR ;gr&cﬂ%dgﬁteﬁ?srirbed
out in vitro. The anti geni c protel ns, ant i genl C fragmen s thereof or

anti gen conpedi kriowm tofthodeeskilioddn thecart. c Bhuso én pswndedp@s thaptesert iavdationf or

t det ect d/ ' f B. i Th
anot hotd aspEEPRAETRIC SR Bnd ERps SRR RS S R0 RESEn30 1 t e

detection and/or diagnosis of B.catarrhalis conprising at |east one

antigeni ¢ SUBSTI TUTE SHEET ( RULE 26) 11 Novenber 2002 WO 991 58563 .
PCT/ GB99/ O14y3megtioned above one of the primary uses of the antigens (including antigenic

fragments) of the present invention is in eliciting an immune response. Thus, in a
third aspect, the present invention provides an immunogenic composition, preferably a
15 vaccine composition, which comprises one or more of the antigens of the invention
(including antigenic fragments). The composition can be formulated with standard
pharmaceutical carriers, excipients, diluents and the like. In addition, it can include
one or more adjuvants, useful in boosting any immune response. The vaccine
compositions of the invention can include one or more adjuvants. Examples of
20 adjuvants well known in the art include inorganic gels such as aluminium hydroxide or
water-in-oil emulsions such as incomplete Freund’s adjuvant. Other useful adjuvants

will be well known to the skilled man.

In a fourth aspect, the present invention provides the use of one or more proteins as
25 defined herein, or one or more antigenic fragments thereof in the preparation of an
immunogenic composition. Preferably, the immunogenic composition is a vaccine. In
preferred embodiments, the vaccine is for use in the prophylaxis or treatment of

respiratory infection or the prophylaxis or treatment of otitis media.
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protein, antigenic fragment thereof, antigen conposition of th&AURIRRE #P02
or at IeastWQgéﬁ%ﬁﬁi body of the invention. As discussed abov@®CTtGR9/01473
antigenic proteins or antigenic fragnents thereof can be used 5 to induce
an i nmune response agai nst B.catarrhali st0 Thus, in a further aspect, the-
present invention provides the use of the antigen, a fragment thereof or an
antigenic c osition of the igtY]eg(t)' on. i n_nmedi cj ne. Accordi.ng. t o one aspect

of the presERATTGRIENPEPS AT MHEPLINF OUFHDE REFCLSHhPRIoR G eV Aty es,opone of
catarrhal i syaft hRRnRNFahbid thiRso AN/ AERBEEH tHEDh:RphtaAbn TR RimaRYPthicl4 to
about 35 kDa, as determ ned by SDS-PAGE. According to another aspect of the
present i nveampasitjorthere is provided a use of an effective amount of at

| east one protein, at |east one honol ogue or derivative, at |east one
antigenic fragnment, or an inmmunogeni c conposition as defined above for the
manuf agt ur eipf a; pRstbiaaiERtg AP hppdiéht ithEBEWRNIaS oPABRIANYERDS RidetemPhddat ory
infection in a subject. According to yet another aspect of the present

i nvention, bh8P8-FPAGE; ovi ded a use of an effective amount of at |east one
protein, at |east one honol ogue or derivative, at |east one antigenic
fragnent, or an inmunogeni c conposition as defined above for the

manuf act ur epf aa Pﬁﬂéiﬁ&ﬁemg dnOdpphieat fnoRRLEE Rias® bf RBORM. PRDE, Rfdefirnined
media in a subject. 11 Novenber 2002 15a In additional aspects, the
present i nvendPEPHEEVi des: 10 (a) the use of antigenic protein, an

ant i gelrai c fragnment thereof or an immunogeni c conposition) as described
herein”in inducing an i nmmune response in a subject; 15 (b) a nmethod for the
treat ment ofiiipr oppydteini ifavixig fieappareit MletilirembsOof hboud 15 WMIDE Gk dewdpingded
conprises the step of admnistering to the subject an effective anount of
at | east on@’§P§t£ﬁﬁﬁ;at | east one antigenic fragnent thereof or an

i nmunogeni ¢ conposition of the invention, preferably as a vaccine; and 20
(c) a method for the treatnment or prophylaxis of otitis nedia in a subject,
whi ch conpr{iges & ipeotsinchuvirfg arlappairerit endldgulirombiicos abyue Q0 1D, e fdefdnniteed
anount. of at |l east one protein, at |east one_antigenic firagnent thereof or
an i midnogeby eDSoEE: adhaviag thgdoliowBgN-tmmingl sSe@eRBsy as a vaccine. 25 A
conveni ent method for production of the antigenic protein described herein
(or indeed fragnments thereof) is by the use of reconbi nant DNA techni ques.
The present AISYVENSAIDA QPIYTV GAKIGOVARAKQINNEKNTL h reference to the foll owi ng
exanpl es, which should not be construed as in any way limting the
invention. The exanples 30 refer to the figures in which: SUBSTI TUTE SHEET
(RULE 26) 1 rhavdR2an’6 | :ghows
a flow di ag(rvzm rl\g?nsfée{ggnt% ation for%%lﬁgéc?g%ﬁg#%g gf; %ﬁggé@(%aagad%n#im%m
prot ei2fs deby BDSeRAGE; andhaviEigIbREollowisg dVveranirid]l sequtinagyr am r epr esent at i on
for the isolation of the 14 5 kDa, 14.5 kDa and 15 kDa proteins described
her ei n;

NVVINTGATVVDGTRTIFSTLVKPAAVVAAV;

(vi)  a protein having an apparent molecular mass of about 35 kDa, as determined

25 by SDS-PAGE, and having the following N-terminal sequence:
TPTVYGKAFLTIDANNTDXTY;

(vii) a protein having an apparent molecular mass of about 44 kDa, as determined

30 by SDS-PAGE, and having the following N-terminal sequence:

SUBSTITUTE SHEET (RULE 26)



FI GURE 3: shows an SDS-PAGE gel showing purified proteins fot} JVR¥RIRSY 1402
stai ni ng; A¥A9Y88%63 GURE 4: shows clearance rate data for B. cBEHEBRHP§433
infected mce with or without inmunisation with antigens of the invention.
EXAMPLE 1: Purification of proteins (i) Ho kDa and 71 kDa 15 20nls Brain
heart infusion broth were inoculated with 4-5 colonies of B.catarrhalis K65
strain (a clinical isolate fromsputumrecovered at the Sir Charles

Gardi ner Hospital, Perth, Australia; strain K65 produces a ~3-I|actanase)
and i ncubat aGOBRKEH TA*SL%%%TY‘A? shaker incubator. 2nm's of the culture
were added to each of 4 x 500mL 20 flasks of BH broth and incubated
overnight at 37C in a shaker incubator. The bacteria were pelleted and
washed three t.imes in PBS at 10,000 r for 1 S.m at 4C in. a,Be n

DA centri Rt aqriginnayit ar Phegn: mbResfl masard DA e frtetieBa SIS
Zwi tt erggent paxtE amiiHating ke f%ulla@n@finmwpﬁ@tqc@mﬁs&hod with the exception
that there was no pH adjustnent after the addition of sodium acetate/~i 25
mer capt oet hanol . The final product was dial ysed agai nst distilled water

yi el ding 40nis, at 3%5_ gii ng/m, a total of 614ng protein. The preparations
wer e freezer%ﬁ’qlffa. 1*? protein extract was resuspended to approx. 60nmg/m
in Buffer AGEISBWLQDRHK 1, pH 8.1 ) before loading into a BioRad

i on-exchange colum. 1 m aliquots SUBSTI TUTE SHEET ( RULE 26) 11 Novenber
2002 WO 99158563 PCT/ GB99/ 01473 17 were | oaded on each run. The colum was
washed, W t h_Buf f er r-5mns at Imdnn. The proteins were eluted using a
conbi nLol ionr%sféuggr%fsér?g us and step gradients from 100% Buffer A to 100%
Buf fer B (2ADMBMGNRFRGSAAIASt 0.5M NaC |, pH 8.1) over 5-10 m ns. The
gradient was followed by a 4 mn wash with 100% Buffer B 5 followed by a 1
mn wash with 100% Buffer A Fractions 2, 3 and 4 were pool ed, desalted on
a PD 10 col yox e to diluted Tris buffer then freeze-dried. The

vol une was gégjﬁdﬁe?esggt%ggmom with distilled water) m xed with 2. 4ml

reduci ng butNEBYLEK2. 5nM Tris) pH6.8, 10%vlv glycerol, 2% w v SDS) S% v/v
[1 10 nercaptoethanol, 1.2 x 10'3% w v bronophenol blue) and incubated at
37C f ok 30 nins. Preparative SDS-PAGE to purify proteins was perforned

usi ng the Bilr%—l(ﬁg,gﬁ@ggg 491 Prep Cell using a 40nmL 9% T-1.42% C

acryl am deB N, N nmethyl enebis acrylam de) separating gel with a 10nml 4%
t-0.36% C aFGEI:8VWGDSHSYHt(acki ng gel polynerized in a 37mm (internal
dianeter [i.d.J) colum. Fractions were 15 eluted fromthe colum wth
0.025M Tris-HC 1, were concentrated by |yophilization and anal ysed for
protein contgidudl¥edsgbyti cal SDS-PAGE. The 71 kDa protein was in fractions
57-80. These were pool ed, freeze-dried and reconstituted in 2.5m distilled
wat er . 20rhe RARNTAGEHNGRNATEMEGG: ed by buffer exchange using diluted PBS
and reconcentrated so that the concentration of PBS buffering the protein
was isotonic. 20 Fromthis sanme preparative cell run) fractions 26-34,
contai ni ng FheGntijéRc pfd@éiﬁé,aasivaams,ftfoﬂﬂci@%oﬂ et tHerdoTl dcAPedierkiRa
proteins, were also pooled. Fractions 4-17 were further purified using a
145 T- 1. 42%can Herprovidedielons aep arafiphgr dolated preparagop, Toasspag ©f a mixture
acryl am deBl Lbna ael ..(see figure. 1 flow diagram. Fractions were 25
assessed for“ﬁ[t:)}?é@g%(%c%g'n;rt%gﬁ% i‘?kgea‘ g’é?tleglgd above, appropriate fraction
ranges2yool ed and

In a fifth aspect therefore, the invention provides an antigen composition comprising
one or more of the proteins of the invention, one or more homologues or derivatives or
one or more antigenic fragments thereof, optionally together with at least one other

B.catarrhalis antigen, or one or more antigenic fragments thereof.
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purified proteins desalted and concentrated. (ii) Purificat i1on Neyvegihss, 2002
prot ei ns SVUBBI¥SBSSBE SHEET ( RULE 26) 11 Novenber 2002 WO 99E&BEB/01473

PCTI GB99/ 01473 18 20mls Brain heart infusion broth were inoculated with 4-5
colonies of B.catarrhalis K6~ strain and2 ncubated overnight at 37Cin a-
shaker incubator. 2m s of the culture were added to each of 4 x ~OOm
flasks of BH broth and incubated overnight at 37C in, a shaker incybator.
The bact er i Addigippallye thehrateinsof tha SFrsentiRY@RIon; ppantigsnisgoagments hereghFap pm
for 15 m nsbeaﬁseé% i‘ﬂsiﬁ%gle&}fé@i?lo‘]d fibodi€Nt ri fuge using a-JA-14 rotor. The
proteins were extracted using a V\n?ter'gent extraction and et hanol
precipitation nethod with the pH of sodi um acet at e// 3-nmer capt oet hanol
adjusted to pH 4. , The protein extract was resuspended_to, approx. 60ng/m
in Buffer Anbefsther Apegh MFreiers o PresEtJRyEntiop nreﬁgs&e%m&éescraasaﬁirﬁgwtng
the pretoco ct R PN ag‘zgﬁ%

pr ot ei% con:J'ftel(r%'Egs,'i (g{p?g oé??;ﬁ\fgthfrlggﬁg’%’s%qu%aglépghgrggu jfaégte tzé?%%{nﬁgtrs
puri fi cati otherest.nBrefiersqicantiboiies gald speaficaliyptoopresirs dfithe presend invesioasand
indicated in figure and, protocol s as descri bed above). All protein

bur | £ cati GHR8 AETOTe R GPULP DTS HER PIRISF Lo br Gp% SRS BPYEaE RS R0 i s
det er gent 1 @Npyeds BrotkmhsPs € fHePhrleddnt QRveMrioh, p%@?&tb‘i’ﬁ‘s RR& RG] ?c effRat'by s
Several proteins were purified from other nenbrane extracts o

B. cat ar r hal washing ithatsuitatds ehanigindgr dppropthia@p gonditi®®pg from a singl e

extra hi on procedure. Figure 3 20 shows an anal ytical SDS-PACE anal ysis of
proteirins ranging from23 to 71 kDa. Am no acid seguence identification
N-ternm nal ARGHEHSS REtER thel Scdp@NoPahs apres@fl RIWEntRRC RhAY Nk tRofdcRhAC @k S
supplied by Applied Bi osystens protocols. However, in addition) the skilled
person can pdlgdonarry out such sequencing according to the nethods
described in Matsudaira, J. Biol. Chem , 262:10035-10038 (1997).

SUBSTI TUTE SHEET (RULE 26) WD 99/ 58563 19 11 Novenber 2002 PCT/ GB99/01473
| nt er nal pemlgagna%usmemn%qﬁ@e& b?Gtim&tiﬁ%rtﬁdiﬁﬁo@tiétidiﬁh%uﬁtﬂl_ﬂe 2himaPACE
conpati bl e S-2carboxam dot hyl ati on net hod. The al kyl ati on reaction was

per f odfred ohost k&8 7 BOUSa rata, guines pigi whbtf sheeps gaay eemenkey)owker 3 proserm of
(wtlvol) SDg,. O. M Tr.i sHC. .. 5.1, 4-.DIT, The..nrotei S
Feduced i ni BEANESFbRRECR 37 s PR TRl fRL; Belesie ah Bl O
sanpl e was idiginistered exether Vi, a poteih affitskepreeir dnientionf iWall-knows adjuvaits on of
2M and the m xture incubated under argon with |ight_ excluded for 30 to 60

mi nut es. SORichag thosslescatiedrabpye maydlsiusadn e Thgapinediasifaa ther be pusfiel PAGE)
t he proteing ' oy ' LAl pipg: and exci sed fromthe gei.
This 10 pr O\g‘é@gro gh{'/\%/a@l%cgﬁ? Bﬁg@%gg%gm@rgﬁgt g{rvo (lac?lr'\ that was unable to be
N-ter@0nal |y sequenced. SUBSTI TUTE SHEET ( RULE 26)

Monoclonal antibodies can be produced from hybridomas. These can be formed by
fusing myeloma cells and spleen cells which produce the desired antibody in order to
form an immortal cell line. Thus the well-known Kohler & Milstein technique
(Nature 256 (1975)) or subsequent variations upon this technique can be used.
25

Techniques for producing monoclonal and polyclonal antibodies that bind to a
particular protein are now well developed in the art. They are discussed in standard
immunology textbooks, for example in Roitt ef al, Immunology second edition (1989),

Churchill Livingstone, London.

SUBSTITUTE SHEET (RULE 26)



WD 99158563 20 11 November 2002 PCTI G B99/01473 EXAVPLE 2: |hini¥feirbem 2002
regi mes | nfwa9dssses ' s patch (1PP) inmmunisation was a nodifi Cagt/@Bdé147s

nmet hod described for rats (Kyd et al, Infect. Immun., 63:2931-2940 (1995)).
The i mruni sation i nnocul um was prepared py enmulsifying the protein with

i nconpl ete Freund's adjuvant {IFA) 5 (Sigma, St Louis, M) ina 1:1 ratio
to enabl e dosages ranging from 2. Spg to 10~~g. Specific pathogen free (SPF)
mal e BALBI cinradditiagad Whale fhtibedies, therpratent ieventiod enclBBes dedinbiiveso tiersugr e
anaest heti sed, by a subcut aneous injection_of 0.25nl ketam ne/xylazine in

PBS { Sngl m WRishzAts $aPaR}ei 06 OHIARG E PIOFRIBY Of SoPEPYN |1 RENNIGR;  Hyus dheipPrergsiy
Australial; : j QY S vhARY S LonsiER! & ib
Australial) l‘%gﬁéemsl#gﬁldglghﬁg)so{ayg{ea vvas%reingogél? t r%rhsgh a 1“%%@%8??‘% ody

i nci si on i nfrhgreents abd eymthalic variskruatschre gpreoxiynBoegall & gl invhibeoke §2 BARSEP umM
were delivered sybs ally to each Peyer's patch using a 26G needl e. The
i nt est%nes @P?"‘Fuqeﬁié%vi th sterile PBS and the abdominal cavity sutured.
Sham i mmuni sed m ce were subjected to the same surgical procedure with
injection of an emulsion of IFA and PBS. 15 An infra tracheal (IT) boost
was gi ven oAntibgdyl fragrosits liffuddyifor example sEabatFié¢ab hayand kY dvagnents, whidhaare

thesia,(0.15mL; 2 | phad i PBS/ k d ight: Pit - ,
N Ryde. | NewuSAELET RALS o dBgal Ey Gemsnis s Be rpd e R rotte iebroun
that was admifibatERSnlRRl siek dald Fe(REv) Alofechiite THOURIYded adeprdOfinid?

catheter (Teruno, Tokyo, Japan) inserted orally into the trachea. The
i nocull®m wasovdlentlzr paningi Vi ando Ve. @giong.ommiahs cofitribiies Badtee stabilityc lodl thenge

B. catarrhal i i ght t f brai i nf.ysi BHI
Sgar 25 sapPola SR sEER HspoRs 645 o wsPl e SCDR ARG ofhese™)
(Amadeus | naRr tﬂe@iag;(b;pggem&lnbﬂsmgﬁ antighhlbindald ditenfinah@s PEJtRC | HigkdiRE ed

overnight at 37Cin the bacteria harvested and washed three tines
in PBS. Themayridsonbe #6¢dbn These motachiss e bsuallyeonformgtiondopesirsted afgritty at

405mm and was_confirmed.by. count | ny fari.n pits.: (CEL f t.he

over ni ght ppggslt 6{ meécetrhlg éfmngeu?€%@%?oo}shagaitﬁ%ég?lﬁﬁ E‘ﬁw é"lgﬁ)éé%'elﬁ?%
SHEET 16RULEciYns. WO 99158563 21 11 Novenber 2002 PCTI GB99101473 were
sedated with Saffan adm nistered intravenously. A 20pl bol us inocul um of
live B.catarrhalis in PBS was introduced into the lungs as described for IT
boosts. Mc ' j . | al—yd.nj ect.l f : ital
sodi um ei t hgﬁéﬁogérlss krggltslg%{d% %@Hag?‘]pgﬁdl%cy]ghd{ Hélgt gog.e'xéﬁﬂggéd hﬁ@‘%@t 0|pned
by heart pupdmatissdpanatibbdiesved derivatioés therenf arel Withini tre edopeesfuthe priesent
trachea was, exposed t hrough the neck and, bropchoal veol ar, | avage (BAL) was
obt ai ned byIiVREYN| | Hf FAFPle bR MURNIFeS Jaibady pRan ARtiPadyehavingg Buspan o
cannul Af Lk i g r i ; din
L ol unt B, Ll R A e T PSR eflaene

Hei dol ph DI sited{es 4k ediscussegnfnd SaBple eyl MomsonGer ahiny PNAS 8 1BAB51685Mhd t he
| ung honoge were assessed, fqr bacjeri rance by plating of serial
di | utions fg&%&@‘{j@f g?‘iﬁ‘ﬁé‘f F{)‘ﬁ‘%gﬂ %@éi&)é&é?ﬁd by centrifugation at
4C and 450 x g for 10 min (Juoan BR3.11, St Nazaire, France) and stored at
-80C. Results 15 Mce were immunized | PP and were boosted IT with purified
prot ei n. Th8ynthetic shostructs alsb gockudd mbiswales sempasing namgdditibnal rmeietye that

cl ear e of bacteria i,n either the bronechoal veol.ar l.avage AL) . or..t he
ung Peue Py aps dneiGeit i e BHERES PRPYFL 0 AHTIen0R RUgR, bRy « 1
an appar ent Fepéeetie thefsietyothay be k Ribel g, Affiior&téR Gk riRoatkive MBel)Ci Ny

cl earance fromthe BAL, but the i mune response to this protein was |ess
effective in clearance fromlung tissue. The i mune response foll ow ng

i muni zati o i . i ' . S 4 .kDa
was. of f oot | JBC ahtpfues 8 Sefu el Bl BEBE i Yrefets TRFEL Iy (RS ARA a8 i

| muni sat i odetettidh/diagiaris SXB.kddarrpalis.ei ns showed greater than 50% enhanced
clearance in both BAL and |ung, whereas a 14.5 kDa protein that showed this
for th) BAL clearance, did not achieve the sane protection in the lung. A

14 kDa protein was not effective in clearing bacteria in the BAL but was
able to slightly 30 enhance clearance fromthe | ung.
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CLAI V5. 1. wopwstses n which is a B.autdrrhalis antigtn aad wechGBesoRTB
apparent 3 nol ecul ar mans of about x4 to about 35 kDa, as died by S~BS
PAGE. 2 A protein t~ clainmed in claim1 Mhich bas an apparent nol ecul ar

mass of about 14 kDa) as detarm ncd by 513S PAG3. 10 3. A proton as clained
in clam 1l which hae an apparent mal scul ar nass of aboeit 14.5 kDa) a$

det er mi ned by aSiSemhGBped) tha presanti invension| prowidds ianmethadnof datectihg Rad/oan

apparent nvl,ccul ar ss _of ,about, 151<Da, as de:emi aed by $DS-PAGE. 15 5. A
protzin as e‘lagmsé%g?ﬁméﬁ‘ﬁl%“%‘%‘fomWE en apparent raol ecul sr ness of

about 20 kDa) as detcnnined by sDS- PAGF~, sad having the foilorwirig
N-texm sal seduanoe: AXSYGNSADAQPYVGAKI G( ~VDAKQ N1VTCNT. 2Q 6. A pcotei~a
as clai med in cl&)m pringing Hnleaerndast Dgp 2o gnerenwitbodicarofnths sinvéntiono With3d kDa,

as determ ned by - d_having the followi ng N-term nal sequeaoe;
NYYTNT%A~' WWQ%%MMAY 7. A protein as clai.~ed its claim1l
whi ch has as apparent nol ecul ar mass of about 3S kDe, as deterraia;ed try

SDS- PAGB, axtd having the follow ng N-term nal sectuence.: . )
TP T' ~YCr KA~LTD~{&NI ~ g thgpregerspedomtpEmore of the\atgenic roereing ofobe 2000

oat of claim 1 bBv5igt SEBPar e Rt Bk edt, 000N ¢ OF & pmtous as
ctefit~ad in any one of clains 1
10 Alternatively, the antigenic proteins of the present invention can be used to detect
antibodies against B.catarrhalis, which may be present in a biological sample obtained
from a subject. Thus, in yet a further aspect, the present invention provides a method

of detecting and/or diagnosing B.catarrhalis which comprises:

15 (a) bringing into contact one or more antigenic proteins of the invention, or
one or more antigenic fragments thereof, as defined herein, or in
immunogenic composition of the invention with a sampie to be tested;

and
20 (b) detecting the presence of antibodies to B.catarrhalis.

In an additional aspect, the invention provides the use of an antigenic protein,
antigenic fragment thereof or immunogenic composition of the present invention in
detecting and/or diagnosing B.catarrhalis. Preferably, the detecting and/or diagnosing

25 is carried out in vitro.

The antigenic proteins, antigenic fragments thereof or antigen composition of the
invention can be provided as part of a kit for use in in vitro detection and/or diagnosis
of B.catarrhalis. Thus, in another aspect, the present invention provides a kit for use

30 in the detection and/or diagnosis of B.catarrhalis comprising at least one antigenic
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to ?,"S 1 U Anucleic acid thnlecul e consptising @ consistiHgvepbgr 2002
sequeaoe Wh9#s63s: C? tt ANA sequence aodi n~ ~r a protei n PCT/GRNPIOMIS | N aqy
one of clainms 1 fio ? or tbs'a RNA eqc.ivsllents~ 10 {ii) a sequence which

is ctvnpheat3ryr to any oCthe ~quence516f (~~; " {"u~ a eegueace which has
" substaatisl identity with any of tlwsa of {i) and ('d~ 13 (iv) a seguenco
whi ch codes for a, h~onol eqgue) derivative or fiag;rtsat of, a protasn as

1, N s g, .anp
def i ned i proteiy aptigende fragmenttheread, antigen composition A the inyantien a5 4 1638t ei ¢
aci d sequence,: i L laimlU 12. A boat call.~xansfom ed o:
transf eat %% a\?\nm?ird}gg{/tgg?rg'rehg%&dean u~ claim! 1. 13. An i muengenic
conposition oonprisiag one or nore protef ns as derixned tn arty one of
claims i to 7) ono or nono hom~al ogues or d$rjvatives as dof ~a%ekgecfl aim 8,

or one or Angiseussed pbpye thegpntigenic praieng af apiggnicragmenis gereof can

i mnyga~o~pi. o1 ' [ hals! SThid i j 15. Ths
use gf op@ 1319&%0”%9 r%uge{?f%?oggga%%lﬁgteg[%ag&'?éd}bbac of q}zglaalﬁlnrgl EY?%C‘?I:W&
honol oguepresent divientidbn peovidesdthé asadf thesantigenia fagmentatherepf oman eantigdnigeni e

| cagneau sa 3Q dined in claim9 mthe preparation of an inmt!nogenio
conposi t i eAMPARiIoROE thasiqrention IR IESIBHO0 11 Novenber 2002 GB 0099p1473 ?A
16. Tbve use as alaimad in claimI|IS witarein the 3nrnunugeni ¢ conposition
is a vstccine conposition for the pt~aghylaxia ar treatnent of respiratory
infection. 3 17. The uee as clainmed in claim13 rrvharetn the i ndrMmnogeai c
conposition is a vaccine ar tho prophylaxis car tent of otitia nedia. 18.
An ant i gestceingds ohé aspeaboidiv piesemtdnwention there iseprovidedsa preteiswhiish iseed i n any
one of olaiay~Il,.to.y andl ar. i i iyes as
darned i B cpmpisanigetat bl 87 ppRShdirAE Dy BodE to Aot °8 B,
cl ai m 4) 3xKD=apasatétermhingkbh8DS;PABEh at | aasx ons other B.ca~Mrhatv

snxi ga~a, or f~gnectt thercotr 19. Aa antibody raised against a pntcin as
de$tied in ~qy a~ae of claijus | to T, a honol oque ac deri~tiYe ae defined
in clai mAccoptinglq apRthepasheet afithapresant yertiost thgeeds previded aluge af @n

effective amount of at least one protein, at least one homologue or derivative, at least

O

one antigenic fragment, or an immunogenic composition as defined above for the
manufacture of a medicament for the treatment or prophylaxis of respiratory infection in
a subject.

According to yet another aspect of the present invention, there is provided a use of an
effective amount of at least one protein, at least one homologue or derivative, at least
one antigenic fragment, or an immunogenic composition as defined above for the
manufacture of a medicament for the treatment or prophylaxis of otitis media in a
subject.



20. A nethod of dal eci xag andl or di agnaenag B. c~uearr hat ~s %ib(]:%vember 2002

oonprise's: a) bringing i x~0 ooutact ono or nore antibodies as cloned in
claim19) with a ZO sanple tn be teutad; and b) dig the preaeuce of unc or
snore antigens a~ deFuaed in aay one 188 clainms Ito7: 2~ 21. A nethod csf
ddtecting audl or diagnosing B.raatarrhalit which conpn~ises: a) bt~g into
contact atte ar nono sittigetuc pz~oteins as deF~a~ed i~t say one of
olairsts 1 to 'J) onG or nore honol ogues or derivatives as deSnod in claim
8, one or raoco antigenic fragnments as defined In claim9, or an aatigan
eongosi t i odn additiordD ashecry the ipresentdavention pidvides: sanpl e to be testxd; sad
AVENDED SHEET 11 Novenber 2002 _ fir-hue. _,._ '( $-082000 b) xs

d\‘?_t eckl ng the presence of sntibodioa to ~.caterrhati,~, G 8 0@B90 t 473 Z2.
"The tie of a gpnitej = 0ne, 0, f: J ogue
or derivative a djde*‘?ngge ﬁ%@éﬂﬂ% g{,u%tlﬂ’f t%gtg%élt«le%%%]&!asﬁ e gctg‘)efegfc alrm 9,
aa~ em anti gaa (mmuaogsnic wongwsitien,nasl describedi dweteird ins inthicagy wag ikiimyeosi ag
B.cararrh4li~. 23. A Kkit for use in deteatingldingnnging B.ca~arrlral ~t
conprising at | EeSBPNSEIn 35UDIEsi ¢ protaia as dsfiaed is any errs of chums 1
to ?) at |least ano hnmal ogno or | d dorlvative as daiined in olai~a 8, at

| east one antigenic fragncut as dofinod in claim9, an ~aatige~

cot nfdsi ti an as(Wei wmethod iforcthaitreat®ens rof pmophylaxtiodf/ respiratafy noféction & ai t n
19. 24. The use qf, a protein as de5ned i~a any oae ofclains 1 to.?,. a
ho~mol osue os 15% Eﬁtvg'h e°°§§’rﬁésf§‘Eé"EFPi?f {‘%}%‘,“gé"f & Shbifet apelfestiveq i s
ale-m 9 of an | GRFIACENACIeERHHE Prblefl af feablobrie filigdficChralirier theREP 8 Ghna.
25. The use of a procela ag deftned In say one of clains 1 to 'Il, a

hol noi ogu~c ar ¢mpunogeniccompositmhiaf¢ht invention] preferabdy anavacging;carfd st as
deiitsed i~ olaim9, or ur ZO imunogeni a cornpositioa ea defined is ataim
13 is inducing as i~aanmuna reapoase in a. subJect. 26. A use of an

ef feqtg ve amounic)of agheth8d Tor RardAtdieiod préphi@dxid 6fl olifis i IE aQfubjdeti N5 1
to 7, at |east one honol ogue or derivative as defined in claim8, at |east
one antigeni ¢ f “auchsamprises dreistapcpfiadministernpto the subiestemeftegtive emewrtdsi t i on

Creatnent or pr SporaRe el SURREHE Gl eRictaeh i ek QTR an Rimddpens,

of an effectiveces oitiowbf thie inwatién, pheferablyiiarvadsinelef i ned in any one of p
claims 1 to 7, at feast one honol ogue or derivative as defined in claimS§8,
at | east one AVENDED SHEET 11 Novenber 2002 18- CS-2000

25 A convenient method for production of the antigenic protein described herein (or

indeed fragments thereof) is by the use of recombinant DNA techniques.
The present invention will now be described with reference to the following examples,

which should not be construed as in any way limiting the invention. The examples

30 refer to the figures in which:
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9 ~~ Q09901473 26 antigenic fragment as defiried in clai m9lloNoygmber 2002
i nmunogeni V@886 ti on as defined in claim13 for the nmanufect/aBsmira

medi cament for the treatnent or prophylaxis of otitis media in a subject.
AVENDED SHEET 11 Novenber 2002 1 SEQUERCE LI STING <110> CQtecs (UK)
limted Cripps, Allan WKyd, Jsnnelle <l 20> Proteins <130> PWCJ P20695W)
<140> PCT/ G-99/ 01473, <141> 1999- 0511 .<I 50> GB 98100%$4.5 <151> |998-05-11
$1605 0 <1705 PRUGDRE Lo hows 3 Lo gliagram Jeprssepiaiop i thearoliipy 9t the 30

Branhanel | a cat 2d B 59900 tdindéchibed R&kinYr Gly Asn Ser Ala Asp Ala G n
Pro Tyr Val Glyq%?% 1510 P{:OLI;}S IIce Cﬁly dnﬁ Val Aap Ala Lys @ n Ile Asn
Asn Lys Aan Thr 20 25 30 1~ a <210> a <211> 31 <al a~ PRT <al 3>

Branhanel | a aat algf&ﬁ{{bsz: shows a flow diagram representation for the isolation of the 14

5 kDa, 14.5 kDa and 15 kDa proteins described herein;

FIGURE 3: shows an SDS-PAGE gel showing purified proteins following

silver staining; and

10 FIGURE 4: shows clearance rate data for B.catarrhalis infected mice with or

without immunisation with antigens of the invention.

EXAMPLE 1: Purification of proteins
) 30 kDa and 71 kDa

15
20mls Brain heart infusion broth were inoculated with 4-5 colonies of B.catarrhalis
K65 strain (a clinical isolate from sputumn recovered at the Sir Charles Gardiner
Hospital, Perth, Australia; strain K65 produces a pB-lactamase) and incubated overnight
at 37°C in a shaker incubator. 2mls of the culture were added to each of 4 x 500ml

20 flasks of BHI broth and incubated overnight at 37°C in a shaker incubator. The
bacteria were pelleted and washed three times in PBS at 10,000 rpm for 15 mins at
4°C in a Beckman JA-2 centrifuge using a JA-14 rotor. The proteins were extracted
using a Z_\;rittergent extraction and ethanol precipitation method with the exception
that there was no pH adjustment after the addition of sodium acetate/p-

25 mercaptoethanol. The final product was dialysed against distilled water yielding

40mls at 15.35 mg/ml, a total of 614mg protein. The preparations were freeze dried.

The protein extract was resuspended to approx. 60mg/ml in Buffer A (25mM tris-
HCI1, pH 8.1) before loading into a BioRad Q2 ion-exchange column. 1ml aliquots
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<400> 2 Asn Val Val Thr Aen Thx Aly Ala Thr Val Val Aap fly FhiNoyepers 2002
10 15 ~1~ PNO%E®Ihr Leu Val Lys Pro Ala Ala Val Val Al a A ZCU4B9Q14%5 30
<210> 3 ~a~~> a~ <al25 pRT a213> Br anhanzhl a aatarrhalis <220> <2al> SxTE
<Z22> (19] t2a3a Xaa is any amino aoid <440 3 Thx Pro Thr Val Tyx fly ~ys
Ala Phe Lan Thr Ile Aep Ala Asn Asn x 5 10 1S Thr Aep ~aa Thr Tyr 20 <210>

4 dall> 20 1 4
Aa'Gy Lou s ool it REF AR Y BRaCyicp ol KRS, g
Gy Thr Tyr 1Mianid0 TheOprobeins? Were k&te’dzlnamgPRTcoﬁaﬁamoar aﬁlaama{doas @atagghal i s

c400> S Ay Gu Leuy Ser_Ser Asn Leu S _Lys. 1 5 10 <2|10> fi
S 1e 16 & Epadieaie o KOSmBa e roio) HObaBAEn S GSmAbTESHC I R NIG L PH

dy Asn Arg 8512}%%%9 1@'t¥m§erfh Lg?%do‘érﬁ\x} sefoﬁtl)gécbgga 4]m§1 \;Qshlélth %@‘7 B7utfe¥§1> 6

<27.2> PRT r anhanal | arr h
5 followed by a 1 min wash with 100% Buffer A. Fractions 2, 3 and 4 were pooled,

desalted on a PD-10 column to change to diluted Tris buffer then freeze-dried.

The volume was adjusted to 600ul with distilled water, mixed with 2.4ml reducing
buffer (62.5mM Trs, pH6.8, 10% v/v glycerol, 2% w/v SDS, 5% v/v B-
10 mercaptoethanol, 1.2 x 10°% w/v bromophenol blue) and incubated at 37°C for 30
mins. Preparative SDS-PAGE to purify proteins was performed using the Bio-Rad
Model 491 Prep Cell using a 40ml 9% T-1.42% C acrylamide/BIS (N, N’-
methylenebis acrylamide) separating gel with a 10ml 4% t-0.36% C acrylamide/BIS
stacking gel polymerized in a 37mm (internal diameter [1.d.]) column. Fractions were
15 eluted from the column with 0.025M Tris-HC1, were concentrated by lyophilization
and analysed for protein content by analytical SDS-PAGE. The 71 kDa protein was in
fractions 57-80. These were pooled, freeze-dried and reconstituted in 2.5ml distilled
water. The preparation was desalted by buffer exchange using diluted PBS and

reconcentrated so that the concentration of PBS buffering the protein was isotonic.

20
From this same preparative cell run, fractions 26-34, containing 55-65 kDa proteins,
and fractions 4-17, containing 20-35 kDa proteins, were also pooled. Fractions 4-17
were furt-l:lcr purified using a 145 T-1.42% C acrylamide/BIS separating gel with a 4%
T-0.36% C acrylamide/BIS stacking gel (see figure 1 flow diagram). Fractions were
25 assessed for protein content as described above, appropriate fraction ranges pooled and

purified proteins desalted and concentrated.

(ii)  Purification of other proteins
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Asn Phe Qu ley > y$ x 5 11 November 2002 <2lo> 8 <2131 NeveBpst ppRp2
<213> ~ranh&'rﬁ/?9éssé%?t arrhalis <400> 8 Phe Gy G u Leu Ser Val PETGBPI4,
H's ser Val Phe Leu a 1 5 10 Z5 <210> §§<21I > 18 <212> PRT <213>
Sranhanal | a aatarrhalis <40Q@ 9 Aap Al a p Val Thr Qy.dy Phe Tyr aly Pro
Asn Ala Thr Gu Met 1 5 10 15 Ay Gy

B A AL Aoty ReAl 5 SR AP0 AAR AR clonfs e Ao A5

. Ahy. An. A A[
prRY} Xr ngb\gs etbalaahdawwa]eda)\é]eﬁﬁimal ¢a\q ied s:fal(txcm]:nﬂmf@rc ajmBlofahcaihaa] caV
] ca] caV] ca] ca] ca] caV%qia ca caU] cabﬁYm
{vpkfa[V] caw@ra]aéq* y@a\q (f‘a’} e af%avf I&a?@@vfpdaq@&vﬁmﬁas)}t@éﬁéaﬁ/] ca]

R A AR B e A P

ca] ca] caV] Caﬂm@ﬂm@}ﬁ&imlé]mm‘v’]at:a‘]@ﬁiﬂ Badlmam JA-2 cenmfuge using a JA 14 rotor. The
VI o@ | Cw) pdzupkf " [ V] ca] cal] ca] ca] ca] ca].ca] ca] ca] ca] ca] ca] ca] ca] ca] cal)] ca] ca

U] ca] ca] caU] Rralesns] duTe aﬂx(gra]:t@g] lg,s&l}g;éx] @3116%[?@5] @gxapqloxg 3éld ethanol precipitation

taljrrree ]ca]caU]ca]c
aU] ca] ca] ca] catf;ca] crﬁ)ca] ca ff. FRJ aé %}"%ﬁ% }i }&gié‘ cals& ' \'(()n
)))))) & *++,, a-p-. > A OXO[ OI 000 yt ni dMYj e [\/] c] caU] ca] ca] caU] ca] ca] ca
] caV] ca] ca] ca] ca a] ca] ca] ca] ca] ca] ca] caU] ca] cal] cal] cal cal ca] ca] ca] ca]c
a]ca 0 2H2 The pro em extract was resuspen ed to approx. 60mg/ml in Buffer A before loading
10 onto a BioRad Q2 ion-exchange column using the protocol described above. Peaks
from the column were assessed for protein content, appropnate fractions pooled and
subjected to further purification using preparative gel electrophoresis (using columns
as indicated in figure 2 and protocols as described above). All protein purifications
that involved preparative electrophoresis using SDS had this detergent removed by
15 precipitation with potassium phosphate.

Results

Several proteins were purified from other membrane extracts of B.catarrhalis in

quantities ranging from 10pg to 300pug from a single extraction procedure. Figure 3
20 shows an analytical SDS-PAGE analysis of proteins ranging from 23 to 71 kDa.

Amino acid sequence identification

N-terminal sequencing

25 This can be carried out according to protocols supplied by Applied Biosystems
protocols. However, in addition, the skilled person can also carry out such
sequencing according to the methods described in Matsudaira, J.Biol.Chem.,
262:10035-10038 (1997).
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3&3) 33%3'@@4}&%%, 1 1/1 @[1 11 November 2002

<X<<<9===W>S&?=7777~yt oj e_Zj e [ V] c] ] cal] ca] ca] ca] ca] ca] ca] caPER|GBIP8K3a] ca

] caU] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ¢@] ca] caU] ca] ca] ca] ca ???7@

@ @aNPAgAB- BABDBFCTCCCCCCC] DF| 11 JJJKK. K1K{ vpkfa[ Vj e [V] calU] ca] ca] ca] caV] ca]

caV] ca] ca] ca] ca] caU] ca] ca] cal] ca] caV] ca] ca] ca] caV] ca] ca] ca] ca] ca] cal] ca] ca]
1 o

(@EmﬂNﬁﬁzcﬁfgﬁb%%&ﬁgﬁﬁ%?ﬁ~R~yt oj e ZU caV] ca] ca] ca] ca] ca] ca] caV]ca] ca

] caV] ca] ca] cSdquancing cayasa] (lﬁaﬁ'md] ca}xca]mmgca\ﬂeca]ﬁn%ﬂ-eijﬁfa]zm‘ﬁ]imbtm] &)cal :/JR

RRRRS&SASESSSS TTTTT- ULUZU \Y xsmhc e, cay] cal cal ca

ca] ca] caV] cf&E x@ﬁ]‘&ﬁﬁ‘bﬁﬁl%wggvﬁcﬁ%é %ﬂa‘ﬁ%ﬁ%@g&?&m %JS\HT%?%]“La] ca

] cal] ca] ca] Gg a solution of 10% glycerol (vol/vol), 5% (wt/vol) SDS, 0.025 M TrisHCL, 100

W X- XHXKXZXXXXXYY' Y3Y5YDYGYYYZ9zZHZg9ZZ @q&]v""""{ upkfalWe Zﬂci ca c%d]wca] ca

] ca] ca\j ca] ca}-dA Tt 89] Th¢ pwlainmea redkediditalydalincajatnp chisintiajura ¥ 2afca] ca
V] ca] ca] caV]ca] ca e " _aZbc#c>cAcRcntpecwece. dddddddeAeee{ e~eee#f f

gh} xsnhc Y] oplp] miutesa|lhg |sampiec Wpe diamagaoindetoad 4, caswylamjdeagddsp cle) & dpala) cau

hani 11114 KEAPPADGas SF SEENERE RS BLERE yndsr aveop i ight sapded &0 %0ag ona
1 ca] ca] caV] aa]evambfutdsc 8DSakdadih€ dliffad wad sdded 2heaheplecaibialdaiocSDS FHAGB) ca] ¢
ajJ ca] ca] ca =w wwwPxaxyxxxXxxXxx{

\ | } xsmhe” XSj tBf dHoeln @8] veabised gg}é?&l}@laﬁ]li%é}a%ps Apfcencissyl cfrom) the) gel] d&| ca] ¢
?]- gig( @gﬁli@iﬁ%ﬂgﬁgﬁﬁﬁ%\%?ﬂﬁﬂ gﬂglc‘g% ana aé ﬂj]sc%rtﬁ]b(l:ea[ﬂ 83]1\(,:—55 é?ﬁy]yc aUl c

aU] ca] caV] cakqadnead)] ca] ca] ca] ca] ca] ca] ca] caV] ca] calU] ca] ca]caUca. EH '!, =JM-
ytoj e ZU] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal] cal] ca] ca] caU] ca] ca] ca]c
a] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca]ca! <>Z*"t! RUrtbnzsnga[ T~ytoje Z

WV] cal] cal] cal] cal] ca

WV] cal] ca] cal] ca] caU] ca] cal] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] cal] c
a] cal] cal] ca] ca%#( 58;

s69et u! } xr ngb\ WQ~yU] ca] cal] ca] caV] ca] caV] ca] cal] ca] caU] ca] caU] ca] c"al] ca] ca
] cal] ca] ca] ca] caU] cal] ca] cal] cal] ca

WV] cal] cal] caU] caU] ca! . 1L$BQd~xr | f~ ZT~yU] U] caU] cal] cal] cal] caU] cal] cal] cal]
ca] ca] ca] calU] ca] ca] cal] caU] caU] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] cal] ca] ca
X0l u} 7KNTVi {t nhc*XS~yU] ] cal] ca] ca] cal] cal] ca

WV] cal] ca] ca] cal] ca] ca] cal] ca] ca] ca] cal] ca] ca] calU] ca] cal] ca] cal] cal] c

a] caU] cal] cal] cal] cai 6>u

; Dadu{ upkf " ZThc"XS~yU] ] U] calU] cal] ca] ca] ca] cal] ca] cal] ca] cal] ca] caU] ca] cal] c
aU] cal] caU] cal] cal] cal] cal] cal] caU] cal] cal] cal] ca] ca] caU] ca5=6>u

; Dadu{ upkf " ZThc"XS~yU] ] U] cal] cal] ca] ca] ca] cal] ca] cal] ca] cal] ca] caU] ca] cal] c
aU] caU] cal] cal] cal] caU] cal] caU] cal] cU] caU] cal] cal] cal] caU] ca8X~\:!) 10%%s % &
()-1)1I0URRE ()-!. )10 ()- )I0YR R & ()-k)10%&' ()- "10%& ()-q

A zZ#10%22& () - 1 z#10%&ZZ& () - & 10%Z& () - & 10%Z& ()-!s9s109%& ()--Y

10%Z& ()-Yo}[<!-109&Z& ()-!'0"#109%& ()- !'+"#10%& () -

Y- 10%Z&' () - z#10%Z&' () -! z#10%JUU& () - xmbC " F(10%& ()- 10Z 10Z 10zf >
10%Z&' () - SH710%Z& ()-95 109%Z& ()-0g 10%Z& () -
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79aBnbCl L 10%2& ' 10%Z& -f s10%Z& -, 109%Z& -,
9%409%&Z& () - | é%J&. ()-0 () () () PCT/GB99/01473

~dBbC! ! 99$9$1owz&' ()-. YT 1092Z& () - 1092Z&() -, y! 1092Z& () - @5109%Z& () - Mb109Z&:
)-~-dYNC!'! 10Z 10Z

10Z>1092& () - 6109Z& () - @1<Yd09%Z& () --109%Z& ()-,)! 109Z& () - &V} A?2YNC! S! 109&

()- S109%&' () ) o :

109%& () -! 1@%2%%%%%' ()-Vl 0@BYNC! f! 109%& ()-fS3

109 () -y! ShtidPeef’s nﬁ@(m@m@w&»@s aSModﬂ’fH&nﬁl) oMK ddfribed T6>

109%& ()-11/GLOYE () -y@ 10%& ()-f * MLOY&! %m%& -f CdEVK@ 10S' 10%& () -

f1109& ()- Sk& t)als{'a‘% frynugy. 068293 1-3 9p)) INAYREHHON ipRLylymy

oot 1) wpui vt e s R 1 Socopplste Ereppd s adiwvant a5

1 ﬂg%&' () - (SighhOSHEL¢0is, MBHGR LM rhdio Zslenabld/dBIabod/minging frbm 2.5 @&04)g. 10
>

109%& () - y3$5094ilte pathogen fnre1(SPF Erpie BALBY/epmce.aged 61 tgokwepks, ramgraingd underg’ () -

MB10%& () -! iSPF conditions were anaesthetised by a subcutaneous injection of 0.25ml

ketamine/xylazine in PBS (5mg/ml ketamine hydrochloride [Troy Laboratories,

Smithfield, NSW, Australia]; 2mg/ml xylazine hydrochloride [Bayer, Pymble, NSW,

10 Authralia]). The small intestine was exposed through a lcm midline incision in the
abdominal wall and approximately 1ul volumes inoculum were delivered subserosally
to each Peyer’s patch using a 26G needle. The intestines were rinsed with sterile PBS
and the abdominal cavity sutured. Sham-immunised mice were subjected to the same
surgical procedure with injection of an emulsion of IFA and PBS.

15
An intra tracheal (IT) boost was given on day 14 post-IPP. Mice were sedated by
intravenous saffan anaesthesia (0.15ml; 20mg alphadone in PBS/kg body weight;
Pitman-Moore, Nth Ryde, NSW, Australia). A 20ul volume of protein in PBS (the
same amount that was administered [PP) was delivered into the lungs via a 22.5G

20 catheter (Terumo, Tokyo, Japan) inserted orally into the trachea. The inoculum was

dispersed with two 0.3ml volumes of air.

Bacterial challenge

B.catarrhalis was grown overnight on plates of brain heart infusion (BHI) agar
25 supplemented with 50ml per litre of defibrinated horse blood (Amadeus International,

Brooklyn, Vic, Australia). Plates were incubated overnight at 37°C in 5% CO,, the

bacteria harvested and washed three times in PBS. The concentration was estimated

by measuring the optical density at 405mm and was confirmed by counting colony

forming units (CFU) of the overnight plating of serial dilutions of the inoculum. Mice
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1074 (1RSSR B 7 BN g B L i) 50
excised, placed in a 2ml volume of PBS, and homogenised in a tissue homogeniser
(9500 rpm; Heidolph DIAX 600, Electro GmbH & Co, Kelheim, Germany). The BAL
10 and the lung homogenate were assessed for bacterial clearance by plating of serial
dilutions for CFU determination. Serum was separated by centrifugation at 4°C and

450 x g for 10 min (Juoan BR3.11, St Nazaire, France) and stored at -80°C.

Results

15 Mice were immunized IPP and were boosted IT with purified protein. The data shown
in figure 4 shows the percentage of enhanced clearance of bacteria in either the
bronchoalveolar lavage (BAL) or the lung tissue, compared to non-immune bacterial

recovery.

20 A protein with an apparent molecular mass of 71 kDa was most effective at enhancing
clearance from the BAL, but the immune response to this protein was less effective in

clearance from lung tissue.

The immune response following immunization with a protein with an apparent
25 molecular mass of 44 kDa was effective at clearing bacteria from both the BAL and
lung tissue. Immunisation with 15 and 30 kDa proteins showed greater than 50%
enhanced clearance in both BAL and lung, whereas a 14.5 kDa protein that showed
this for the BAL clearance, did not achieve the same protection in the lung. A 14 kDa
protein was not effective in clearing bacteria in the BAL but was able to slightly

30 enhance clearance from the lung.
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2 A protein as claimed in claim 1 which bas an apparent molecular mass of about

14 ¥Da, a3 determined by SDS-PAGE.

10 3. A protzin as olaimed in claim 1 which has an appa.rent molecular mass of ahout
14.5 kD, 2 determined by SDS-PAGE.

4, A protein ag claimed in oldim 1 which has an apparent molecular mass of about
15 kD4, as determined by SDS-PAGE.

15
5. A protein a5 claimed in claim 1 which has an apparent molecular mass of about
20 kDa, ag determined by SDS-PAGE, and having the following N-terminal sequence:

AISYGNSADAQPYVGAKIGQVDAXKQINNKNT.

20
6. A protein as claimed in claim 1 which has an apperent molecular mass of about
30 kDa, 8 deterntined by SDS-PAGE, and having the following N-terminal sequenoe:

NVVINTGATVVDGTIRIIFSTLYKPAAVVAAV.

7. Ajprotein as claimed in claim 1 whick has an apparent molocular mass of about
35 kDa, as determined by SDS-PAGE, nd having the following N-terminal sequence:

TPTVYGKAFLTIDANNTDXTY.
30
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5
10. A nuclefe acid molecule comprising or consisting of a sequencs which is:
@ a DNA sequancs coding for a protein as defined in any ons of claims 1 to
7 or their RNA equivalents;
10
(i) asequence which i3 complementary ta any of the sequences of (i);
(iif) a2 sequence which has substantial identity with any of those of (i) and (if);
15 (iv) a sequence which codes for a hornologue, derivative or fragment of a

protein as dafined in mmy one of clams 1 to 7.
11. A vector comptising a nuoleic acid sequence as defined {n claim 10.
20 12. A bost cell transformed or transfected with & vector as defined in claim 11,
13. Animmunogenic composition comprising ane or mors proteins as defined
in any ohe of claims 1 to 7, one ot more homologues ot derivatives as defined in claim
8, or one or more antigenic fragments as defined in claim 9.
14.  Animmunogenic composition as claimed in claim 13 which is a vaccine.
15.  The use of gne or more proteins a8 defined in soy ons of clzima 110 7,2

homologue or derivative as daficed in olaim 8, or one or more antigenic fragrments as
30 defined in claira 9 in the preparation of an immunogenio composition.
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vaccine composition for the prophylaxis or treatment of respiratory infeotion.

17.  Ths use as claimed in claim 15 whereln the immunog:nic‘ composition is a
vacoine for the prophylaxis or treatment of otitis media.

18.  Anantigen composition comprising one or more proteins as defined in any one
of claims 1 to 7 and/er one or more homologues or derivatives as defined in claim 8,
and/ot one or more avtigenic fragments as defined in olaim 9, optionally together |
with at least one other B.catarrhaliy antigen, or fragment thercof.

19.  Anantibody raised agamst a protein as defined in 2ay one of claims 1 to 7, &
homologue or derivative as defined in claim 8, or an antigeriic fragment as dsfined in
claim 9.

!

20. A method of detecting and/or diagnosing B.caterrhalis which comprises:

a) bringing info contact one or more antibodies as defined in claim 19, witha
sample to be tested; snd

b) detecting the presence of one or more antigens as defined in any one of claims
1to7.

21. A method of detecting and/or diagnosing B.catarrhalis which comprises:
a) bringing into contact one or more antigenic proteins as defined in any one of
claims 1 to 7, one or more homologues or derivatives us defined in cleim 8, one or

more antigenic fragments a8 defined in claim 9, or an antigen composition as
defined in claim 18 with a sample to be tested; and
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b) detecting the prescnce of antibodies to B.catarrhalis.

22. The usc of u protein as defined in any one of claims 1 to 7, a homologus or
5 dsrivative as defined in olaim 8, a fragment as defined in claim 9, or an entigen
composition as defined in glaim 18 in datecting/diagnosing B.catarrkalis.

23.  Akit for use in deteating/dingnoging B.cararrhalis comprising at lcast one
antigenic protein as defined in any ane of claims 1 to 7, at 1aast ane homologuo ar

10 derlvative es defined iﬁ claim 8, at least one antigenic fragment as defined in ¢laim
9, an antigen composition as defined in clait 18 or an antibody as defined in claim
15.

24.  The use of a protein as defined in any one of claims 1 to 7, a homologuse or
15 derivative as definted in ¢laim 8, a fragment as defined in olaim 9 or an
immunogenic composition as defined in claim 13 in medicine.

25.  The use of a protein as defined in any one of claims 1 to 7, a homologue or
derivative as defined in ¢laim 8, an antigenic frugroent as defined in olaim 9, or an

20 immunogenic compositian as defined in claim 13 in inducing an immune response in 8
subject,

26. A use of an effective amount of at least one protein as defined in any one of

claims 1 to 7, at least one homologue or derivative as defined in claim 8, at least one
3 antigenic fragment as defined in claim 9, or an immunogenic composition as defined in

claim 13 for the manufacture of a medicament for the treatment or prophylaxis of

respiratory infection in a subject.

27. A use of an effective amount of at least one protein as defined in any one of

3 claims 1 to 7, at least one homologue or derivative as defined in claim 8, at least one

o
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antigenic fragment as defined in claim 9, or an immunogenic composition as defined in
claim 13 for the manufacture of a medicament for the treatment or prophylaxis of otitis
media in a subject.
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<210> 1
<211> 31
<212> PRT

<213> Branhamella catarrhalis

<400> 1
Ala Ile Ser Tyr Gly Asn Ser Ala Asp Ala Gln Pro Tyr Val Gly Ala
1 5 10 15

Lys Ile Gly Gln Val Asp Ala Lys Gln Ile Asn Asn Lys Asn Thr
20 25 30
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Ala Gly Leu Asp Arg Sar Gly Gln Asp Val Thr Ala Ser Leu Gln Asp
1 5 10 15

¢ly Thr Tyr Ala
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<210> 5
<211> 12
<212> PRT

<213> Branhamella catarrhalls

<400> 5
Gly Glu Leu Ser Ser Asn Leu Gln Asp Arg His Lys
b 8 5 10

<210> 6

<211> 16

<212> PRT

<213> Branhamella catarrhalis

<400> 6
ala Asp Ile His Gly Asn Arg Phe Arg Gly Ser Ala ala Ile Ala Ser
1 5 10 15

<210> 7
<211> 6
<212> PRT

«213> Branhamella catarrhalis

<400> 7
Asn Phe Glu Tyr Leu Lys
1 5
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