WD 99/ 58563
PCT/ GB99/ 01473 MORAXELLA CATARRHALI S PROTEI NS The present invention rel ates
to novel proteins fromBranhanella catarrhalis, DNA sequences encodi ng such

pr-otei ns, aswiedosgs their use in diagnosis and as the bas,i‘f.mg pi4FECi nes.
5 Branhanel |l a catarrhalis (also known as Mraxella catarrhalis) 1s a

gram negative aerobic bacteriumthat causes respiratory tract infections in
humans. B. catarrhalis can exist as part of the human respiratory tract
m croflora, particul arl y MORAXELLA CATARRHAIAS PROTERISSES | ower
respiratory tract infections in adults and otitis nmedia in 10 chil dren
(Kl ein J. O, Thy praseny invetion relptes to nayelprotems Srom Souameliar easgyrimlis, DNA
Mcrobial. R uen@é?s:e;%égdir?{s%cl( %&%&ﬁ&j asWeiQs itfdirSise fil diaghb§ifand ﬂttﬁert%s Wad. .

ely 30% of Vi

146: 890- 893) . )pr oxi mat purul ent exacerbations 1 n adults with
chroni c obst rY#%#P&e | ung pul nonary di sease were by B. catarrhalis in one
study (Verghese et al, Antimcrob. Agents Chenother., 34:1041-1044 (1990)).
Studi es using cultures of mddle ear fluid 15 reveal that 15 to 20% of
epi sodes of ofnaphamela sprrkalis dalse knpvyy aspMoraxelin edianrkalis) i¢) @ gramu@gaive supr a) .

o L1 203t ol S i T o 0 11
151: 878- 882 2¥ist as paryebthe hmaw respiratery traptvhisaflord, panicularlys & d6ldken388 ( 1992) ;
Sethi et al. ypfRh: cahfTUBwer respiratory tract infections in adults and otitis media in
10 children (Klein J. O., Clin. Infect. Dis., 19:823-833 (1994); Murphy T.F., Microbial.
Rev., 60:267-279 (1996); Nicotra et al Arch. Intern. Med., 146:890-893).
Approximately 30% of purulent exacerbations in adults with chronic obstructive lung
pulmonary disease were by B. catarrhalis in one study (Verghese et al, Antimicrob.
Agents Chemother., 34:1041-1044 (1990)). Studies using cultures of middle ear fluid
15 reveal that 15 to 20% of episodes of otitis media are caused by B. cararrhalis (Klein
1994),supra).

Infections caused by B. catarrhalis induce an immune response against outer

membrane antigens of the bacterium (Chapman et af, 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., Acra

Otolaryngol., 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), .i'upra).

A number of patent publications have disclosed isolated protein d from B. catarrhalis,
and their potential use as antigens. Examples include W090/12591, W093/03761,
WO095/09025, WO95/31215, W096/12733 and W097/41731.
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SUBSTITUTE SHEET (RULE 26)



63: 1516- 1520 (1995)). Antibody to B. catarrhalis is present in secretions
I n the upper respiratory tract (Fadden (1992), supra; Stenfors, L.E and
Rai sanen, S., Acta Oolaryngol., 113:191-195 (1993)). Strain-specific

nmucosal i nmuneovssssense nay be inportant in protection agaipesicBodemrs nedia

caused by B. catarrhalis (Faden (1992), 25 supra and Stenfors and
Rai sanen (1993), supra). A nunber of paté@nt publications have discl osed
i solated protein d fromB. catarrhalis, and their potential use as

ant . Exal s, e, SR MRG0 R AR 3P 1215

PCT/ GB99/ 0147 3n 3rdEnes eravide betterarel mom effentivenvicoipes éordnstancpr Wei lthee @aowange of -

antigens from,B arrhalis.in order.to provi etter and nore effective
Vaccines for A AanesRl s o ot ihich Baisend s siEh iSRS B i cr
can be used t @s fihdifig iiseiasdisgrostierplnses, as wel|l as finding use as

di agnostig tools. 5 Thus, in a first aspect, the present invention provides

a proteinwhich is a B.catarrhalis
- Thus, in a first aspect, the present invention provides a protein which is a B.catarrhalis

antigen and which has an apparent molecular mass of about 14 to about 71 kDa, as
- determined by SDS-PAGE.

10 In preferred embodiments the protein is one of the following, isolatable from

B.catarrhalis:
() 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-PAGE, 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 NVVTNT GATVVDGTRTIFSTLVKPAAVVAAYV;

SUBSTITUTE SHEET (RULE 26)



antigen and whi ch has an apparent nol ecul ar mass of about 14 to about 71
kDa, as determ ned by SDS-PAGE. 10 In preferred enbodi nents the protein
is one of the ng, |solatablefrochatarrhalls (1) roteln
havi ng an app‘gﬁg%&gol ecul arnmass of about 14 kDajias det ermﬁﬁ"p

SDS- PACGE;, 15 (ii) a protein having an par ent mol ecul ar nass of about
14.5 kDa, as determ ned by SDS-PAGE;, (iil a protein having an apparent
mol ecul ar mass of about 15 kDa, as determ ned 20 by SDS-PAGE;, (iv) a
protei n havi ngvin appeeintiaviiglaappdént misieculat masoof abdt mDa,aa dédeeraingd ned by

inYgﬁgDAgm%Bﬁ fwﬁﬁ%{}\t&‘?’é é%é‘@éﬁ%g‘%ﬁg an apparent

nol ecul ar mass of about 30 kDa as determ ned by SDS- PAGE, and having the
foll ow ng N-termnal ﬂ A D TY: NVVTNTGATVVDGIRTI FSTLVKPAAVWWAAYV;

TPTVYGKAF
5
(vii) a protein having an apparent molecular mass of about 44 kDa, as determined

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

AGLDRSGQDVTASLQDGTYA;
10
(viii) a protein having an apparent molecular mass of 71 kDa, as determined by SDS-

PAGE, and having the following internal peptide sequences:

residues 350-361
15 GELSSNLQDRHK

residues 366-380
ADIHGNRFRGSAAIAS

20 residues 528-533
NFEYLK

residues 542-556
FGELSVGDSHSVFLQ

residues 665-682
"DADVTGGFYGPNATEMGG.
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PCT/ (B99/ 01473 3 (vi) a protein having an apparent nol ecul ar mass of
about 35 kDa, as determ ned by SDS-PACE, and having the follow ng

N-term nal sewpiewsssss TPTVYGKAFLTI DANNTDXTY; 5 (vii) a prot ecivcBowui®g an
apparent nol ecul ar mass of about 44 kDa, as determ ned by SDS- PAGE, and
havi ng the following N-term nal sequence4 AGLDRSGQDVTASLQDGTYA; 10 (viii) a
protei n,having an apparent nol ecul ar mass of 71 kDa, as determ ned by SDS-

DA 3l e 58 O ) R OB G 5 51
- NFEYLK resi duafitigedid- niaferitlGChifchGofatetini-lcah be “antigenic” and/or “immunogenic”.
" Generally, “antigenic” is taken to mean that the protein or polypeptide is capable of
being used to raise antibodies or indeed is capable of inducing an antibody response in a
5. subject. “Immunogéni"c’f is taken to mean that the protein or polypeptide is capable of
| eli'cixing'.é protective 1mmune response in a subject. Thus, in the latter case, the protein
“or polypeptide may be capable of not only géneramlg- an antlbody response and in
addition non-antibody based immune responses.

10 The skilled person will appreciate that homologues or derivatives of the proteins or

polypeptides of the invention will also find use in the qbntext of the present invention,

i.e. as antigenic/immunogenic material. Thus, for instanée proteins or polypeptides

which include one or more additions, deletions, substitutions or the like are

encompassed by the present invention. In addition, it may be possible to replace one

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 seéluences. 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 (idenmtity 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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25 resi dues 665-682 DADVTGGFYGPNATEMGG SUBSTI TUTE SHEET ( RULE 26) WO
99/ 58563 ' PCT/ GB99/ 01473 4
As discussed herein, the proteins and pol ypeptides of the invention are
useful as antYQ&M et erials Such matefial can be&:manti gerPCVCBRAIES

"i mmunogeni c". Generally, "antigenic" is §aken to mean that the protein or
pol ypeptide is capable of being used to raise antibodies or indeed is
capabl e of inducing an anti body response in a 5 subj ect. "I munogeni c"
i s taken to nadistusseditabbVed withothei prowins ol pabpeptidde decribapbérein ae mbvidéd i ng a
protective i ne response in a subject. Thus i he latter cas t he
protein or p%ﬁéﬁbﬁd&m&?g‘ﬁéoﬁgﬁé‘ﬁbﬁ‘ V%f‘”ﬁ?ﬁ?p%m'ﬁﬂmﬁﬂéﬁﬁ%ody
response and i jegflisonOSini@fiy2dre| ROFTedOMIGH fréfetdBlg, hEMBORSRSor d&ivatives The

skilled person wll appreciafe that honol ogues or derivatives of the
protei ns or pdiayisgat leass 90%Bror eyrn 5%, similarisy atgiprovidgdso find use in the context

Of the Prgsentu,l B SRl abpnfich e Woloftaks"tr' EEVARRE thiia B AlbA protfi's: 1"
proteins or polypepti des _
incorporating moieties which render purification easier, for example by effectively
tagging the desired protein or polypeptide. It may be necessary to remove the “tag” or
it may be the case that the fusion protein itself retains sufficient antigenicity to be
useful.
10
Gene cloning techniques may be used to provide a protein of the invention in
substantially pure form. These techniques are disclosed, for example, in J. Sambrook
et al Molecular Cloning 2nd Edition, Cold Spring Harbor 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 isolate the genes coding for the individual proteins. Thus, in
another aspect the present invention provides a nucleic acid molecule comprising or

- consisting of a sequence which is:

(iy - a DNA sequence coding for a protein or polypeptide as described herein
20 : or their RNA equivalents;

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

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

(iv)  a sequence which codes for a homologue, derivative or fragmemt of a
_ protein as defined herein.
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whi ch include one or nore additions, deletions, substitutions or the |ike
are enconpassed by the present invention. In addition, it nay be possible
to replace one 15  amno acid with another of simlar "type". For

I nstance repadngse®ne hydr ophobi ¢ ami no acid with anot her pcfipsopedya use a
program such as the CLUSTAL programto conpare am no acid sequences. This
~program conpares anmi no aci d sequences anfl finds the optimal alignnent by
i nserting spaces in either sequence as appropriate. It is possible to
calculate amno acid identity or simlarity (identity plus . conservation of
20 amino acid type) for an optimal alignnment. A program|ike BLASTX
Wi Il align thghe MREs icid moltchles offtheSinvéntion ma chude @ phaatily afaichy seqaenced, ue t o
the fit. It is thus possible to obtain a conparison where several regions

of similarityasde fragments. Therskilled ipergon, vl ApRIpciate that She.prepegt invegHon caps
anal ysi s are gomeHobal fiaht® df'Yiosl afilar WBVEE ke ackb molechlés WhghCAEE Of

honol ogues and derivatives, the degree of identity with a protein or
pol ypept iXe asxemnplified berdinh cSush variants| ase endompassedabiy thetuesenthiyentione Kbssel ogue

or derivative_should.retain.its [ 0coe Q%E‘ YR gg n:hilﬁ jcity or
| munogeni ci t .Yﬂg‘%}dé\}’éi"?““?uf‘{%ﬁ@’fk ﬁ%‘%’ﬁ?é’é%@s“ gr g?’i%/(gt Y lgl’haV| g’ at
| east 60% si nmidbstitiifions (add/oSHE&0nS hitEnchadel. TIn( 4ddition 2fd particdidplyO@hdm35ilising
PCT/ GB99/ 01473, . . a : ) e e e
S microbial expression systems, oiie may wish to engineer the nucleic acid sequence by
‘making use of known preferred codon usage in the particnlar organism being used for
10 expression. Thus, synthetic or non-naturally occurring variants are also included within

the scope of the invention.

“The term "RNA equivalent® when used above indicates that a given RNA molecule has
a sequence which is _coxhpl'cmentary to that of a given DNA molecule (allowing for the
15 fact that in RNA "U" replaces "T" in the genetic code).

- When comparing nucleic acid sequences for the purposes of determining the degree of
homology or identity one can use programs such as BESTFIT and GAP (both from the
 Wisconsin Genetics Computer Group (GCG) software package) BESTFIT, for
20 example, compares two sequences and produces an optimal alignment of the most
similar segments. GAP enables sequences to be aligned along their whole length and
finds the optimal alignment by inserting spaces'ih either sequence as appropriate.
~ Suitably, in the context of the present invention compare when discussing identity of
nucleic acid sequences, the 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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5 di scussed above) with the proteins or polypeptides described herein are
provi ded. Preferably, honol ogues or derivatives having at |east 70%
simlarity, ferably at least 80%simlarity are praqyi i t
pr-ef er abl y, ho{ﬁ‘g?’%%%es or derivatives having at |egast 90% M%ﬁ“&&
simlarity are provided. 5 - In an altegrnative approach, the honol ogues
or derivatives could be fusion proteins, incorporating noieties which
render purification easier, for exanple by effectively tagging the desired
protein or polepsd5th sequence idegtjty yethhwaidospquanges; dn papgycases the sequgree idantitys nay

be the case t f US4 protein itself retains sufficient antigenicity
to be useful. R%gbégﬁé %?gﬁ}ighg techni ques nay be used to provide a protein

of the invention in substantially pure form These techniques are

di scl osed, for exapple, .in J. Sanp@r.Qok et. al Mlecular Coning 2nd Edition,
Col d Spring MEE&B%F%% *Pgasﬁ?“i‘%f)‘?&%‘i‘“ SUELF AR & 8 ¥uences
of the protei ggprell SGHBRCWIAPANY P tHedBquefice’ UEsBribta HefeROthab wikle prior dri¥fucleRsi s for
probes to isolate the genes coding for the individual proteins. Thus, in
anot her aspec@cid BRqueAceSent i nvention provides a nucleic acid nol ecul e
conprising or consisting of a sequence which is: (i) a DNA sequence

coding for a protein or polypeptide as described herein 20
or their RNA @oshibuidhowever be noted that where a nucleic acid sequence of the present invention

codes for at least part of a novel gene product the present invention includes within its

10 scope all possible sequence coding for the gene product or for a novel part thereof.

The nucleic acid molecule may be in isolated or recombinant form. It may be
incorporated into a vector and the vector may be incorporated into a host. Such vectors
and suitable hosts form yet further aspects of the present invention.

15 -
Therefore, for example, by using probes designed on the basis of the N-terminal amino
acid sequences described herein, genes in B.catarrhalis can be identified. They can
then be excised using restriction enzymes and cloned into a vector. The vector can be
introduced into a suitable host for expression.

20
Nucleic acid molecules of the present invention may be obtained from B.catarrhalis by
the use of appropriate probes complementary to part of the sequences of the mucleic
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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(1) a sequence which is conplenentary to any of the sequences of (i);
(i) a sequence which has substantial identity wwth any of those of (i)
and 25 (ii); (iv) a sequence whi ch codes for a

honol ogue, " dewo sopsssae or fragnent of a protein as defined petessnia73
SUBSTI TUTE SHEET (RULE 26) WD 99/ 58563

PCT/ GB99/ 01473 6 The nucleic acid nol ecu8es of the invention may include a
plurality of such sequences, and/or fragments. The skilled person will

appreci ate that e _present ent n.can iQcl ude naovel variants af, those
particul ar %@e&? ag'?gfeg agng i&' g%gr%hl@;he ba]rftgeré’%ﬁ m-’"g‘aé’n%f’wf% Bigh her ei n.
Such var}ant sdsgfaloeqﬁemqsmdfﬂmtsédnmcpﬂmbnbmmhdmDiﬁhﬁml aea%am:cur in
nature, for exanple because of strain varjatio anpl e, . addi ti ons,

subst i t ut i onst@AEEPriRe vl ingrmally °"I’ H@m‘ggd’l&fe" P%PS‘ag‘f‘m%h 'eqnew arly

when utilisi Wm%mﬁggm g‘?ﬁn&aa\éd Rger the
nucl ei ¢ aci d sequence by Kt ng".use of knomn preferred cgdgn usage In the

particul & orcpmplesrentary sequenestg thedfirstisequenceexpr essi on. Thus, synthetic or
non-naturally occurring variants are also included within .

Typically primers will be at least 15-25 nucleotides long.
As a further alternative chemical synthesis may be used. This may be automated.

10 Relatively short sequences may be chemically synthesised and ligated together to

provide a longer sequence.
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the scope of the invention. The term "RNA equi val ent” when used above

I ndi cates that a given RNA nol ecul e has a sequence which is corr]rpl enent ary
to that of a gj nol ecule (allowing for the 15 fact that in RNA
"U' repl aces ‘géf’\‘ﬁl&ﬁgt\lﬁe genetic code). When conpari‘ng nucl FTGRPYI473
sequences for the purposes of determ ning the degree of honol ogy or

I dentity one can use prograns such as BESTFIT and GAP (both fromthe

W .sconsin Genetics Conputer G oup (GCG software package) BESTFI T, for 20
exanpl e, conpZheskilledparsmueilcesognizd that SNScPAGE dewpmination of molecwlat mads t he

nost simlar segnments. enabl es sequences o0 he i d al.ong.their
whol e Iength.§lﬁ sﬁnggwgﬁE afﬁﬁl t°a§f’ﬂ%§t§w§r9? t%y‘”?ﬁ%‘?ﬁ%"éﬂ%@é‘s I'N " ’ei t her
sequence as ampappirent olednlkirtweighy destribet herefn) whitktha9beeh 8o deternsined willlbéent i on
conpare when di,Scussi i dentity of nucleic acid sequences, the conparison
i s made by al PYPRTEQSY v”trﬁgméequences al ong 25 thei r whol e | ength.

Pref er ablgy, sequences whi ch have substantial identity have at | east 50%

o e be S5k o3 G B T o Sd Fi
PCT/ GB99/ 0147 thvéntion could also be used, with the proviso of course that such fragments retain
sufficient antigenicity to be effective. Techniques for screening such fragments are
well known to those skilled in the art. Thus, in a second aspect, the present invention

10 provides one or more antigenic fragments of a protein as described herein.

As mentioned 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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| east 95% sequence identity with said sequences. In sone cases the sequence
i dentity nmay be 99% or above. Desirably, the term "substantial identity"

i ndi cates that said sequence has a greater 5 degree of identity with
any of the sewoewsssed described herein than with prior art peglgesnass d
sequences. |t should however be noted that where a nucleic acid sequence of
the present invention codes for at |eastlOpart of a novel gene product the
present invention includes within its 10 scope all possible sequence

coding for th ne, product or [for novel . par hereof, .The nucleic acid
ol ecul ey TarioI e B o of ol ot herlbbu Aot it en b, o

i nto a vect or mesechntifenicv fragmentsthpreb is/ane aged dn alicephepardtivnaof s immifniagéniovect or s
and suitabl e hosts..formyet further aspects of the present invention. 15

" Therefore, fof°"®e&#HBYe by using probes designed on the basis of the

N-term nal am no acid sequences described herein, genes  in B.catarrhalis
can be identifjied. They can then be excised using . restriction enzynes and
cl oned i%to Al e c Aot menl‘fge‘?‘ﬁf% ’t‘}"’f“hi‘{)i‘é“'s’ﬁi ost for
expression. 2 $pepAiGE;aci d nol ecul es of the present invention may be

obtai ned fromB.catarrhalis by the use of appropriate probes conplenentary
to part of the sequences of the nucleic acid nolecul es. Restriction enzynes

or soni cat i oryjih eC sl habp ak Sppafftmblecilitinddst of about 14.5 kDa, as determined
by SDS-PAGE;
10
(ili))  a protein having an apparent molecular mass of about 15 kDa, as determined

by SDS-PAGE,;

(iv)  a protein having an apparent molecular mass of about 20 kDa, as determined
15 by SDS-PAGE, and having the following N-terminal sequence:

AISYGNSADAQPYVGAKIGQVDAKQINNKNT;

vy a profein having an apparent molecular mass of about 30 kDa, as determined
20 by SDS-PAGE, and having the following N-terminal sequence:

NVVINTGATVVDGTRTIFSTLVKPAAVVAAYV;

(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:
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appropriately sized fragnents for probing. 25 Alternatively PCR techni ques
may be used to anplify a desired nucleic acid sequence. Thus the sequence
data provi de&@ug Ln can be used to design two primers for use in PCR so
that a desir nce, includi ng whol e genes or-fragment FFBYPMT3 can be
SUBSTI TUTE SHEET (RULE 26) WD 99/ 5856 _

PCT/ (B99/ 01473 8 targeted and then anplified to a high degree. One priner
wi.ll normally show a high degree of specificity for a first sequence

| ocated on one stand of a -DNA nol ecule, and the other prinmer will normally

show a high d N for a second sequence |ocated on the
conpl enent aryw(%ﬁ%ggigﬁéﬁs& uence and being spaced fromthe 5
conpl ementary sequence to the first sequence. Typically prinmers w II be at
| east 15-25 n cJ,eotides |l opng. As a fur her alte hemc heS|s
nmay be used. g‘ﬁﬁ‘)s MP@B"“‘T@C"“”’P@F H]M ’%“ZCPX s may
be chem cal | YPAMWQ@MMWQQEMW&@@&&@F ovi de a | onger
sequence.

residues 350-361

GELSSNLQDRHK

10 residues 366-380
ADIHGNRFRGSAAIAS

residues 528-533
NFEYLK

15
residues 542-556
FGELSVGDSHSVFLQ

residues 665-682
20 DADVTGGFYGPNATEMGG.

The antigenic proteins, derivatives, homologues or fragments thereof, described herein
can be provided alone, as a purified or isolated preparation, or as part of a mixture

with other B.catarrhalis antigenic proteins.

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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WD 99/ 58563 PCT/ GB99/ 01473
9 The skilled person will recognise that SDS-PAGE determ nation of

nol ecul ar mass yields results which are subject to sonething of the order
of 10% vari awoossss@hus, any apparent nol ecul ar wei ght desagidgriasgebaisi n,
whi ch has been so determned wll be subiect to such variation. 51t wll
be appreciated by the skilled nman that f¥agments of the antigenic proteins

of the invention could also be used, with the proviso of course that such

fragments retain.suf.ficient .antigeni ci to. be effectiyve. Technigues for
screeni ng sucﬁdﬁwgﬁ?‘}é’hﬁlg péort%‘m\"/\%# tﬁe Rrr?%e\’\l}\%tv‘%nqioﬁ’oosremé%%ﬁ %ﬂeﬁ‘gﬁﬂ °°g’rrta?‘ Thus,
in a second abpeas,in tdisingoraslectingiantitedieson 10 ~ provi des one or nore
antigenic fragnents of a protein as described herein. As nentioned above
one of the primary uses of the antigens (including antigenic fragments) of

the present i hysamirihenaspect] qhelefdr@ime@pggsmbmmprdvﬁﬁ;pmmdieiw againd third
aspect, the present 1 nventilon_ pr.oviges an I|Ijmunogenli ¢ conposl tlon,

preferably a i%fmt QR RTPITIR EQWﬁo‘gYelnP%,“vﬂM P F@&%mﬁrm%f t he
antigens of t ffrdoflVRRINRA aftibddies Bind §perifichllietdi protting 61O pfesent Tiventivaraa@si t i on

can be fornul ated with standard
can therefore be useg to purify such proteins (e.g. they may be immobilised and used

to bind to proteins of the present invention. The proteins may then be eluted by
washing with a suitable eluent under appropriate conditions.)

10
Antibodies within the. scope of the present invention may be monoclonal or

polyclonal.

Polyclonal antibodies can be raised by stimulating their production in a suitable animal
15 host (e.g. a mouse, rate, guinea pig, rabbit, sheep, goat or monkey) when a protein of
the present invention is injected into the animal. If desired, an adjuvant may be
administered together with a protein of the present invention. Well-known adjuvants
such as those described above may be used. The antibodies can then be purified by
virtue of their binding to a protein of the present invention. '

20
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 technigue 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. '
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fragments angl sygthgtic constructs are given gall et al in Tibtech 12 372-3

7 &eplemblr @gj.i cul ar, one or nore of the fol | ow ng protei
derivatives or one or nore antigenic fragnents thereof,
preparation of the inmnogenic conmposition: 5. (1) a

ns,
i s/are

protein havi ngngbdfipifeits ifkhdes fr dxarBIe SFoB] FABY ind'Fv 'tiagmerts, WL LR Ned

10

15

20

30

discussed in Roitt et al [supra]. Fv fragments can be modified to produce a synthetic
construct known as a single chain Fv (scFv) molecule, This includes a peptide linker
covalently joining V;, and V; regions, which contributes to the stability of the
molecule. Other synthetic constructs that can be used include CDR peptides. These
are synthetic peptides comprising antigen-binding determinants. Peptide mimetics
may also be used. These molecules are usually conformationally restricted organic
rings that mimic the structure of a CDR loop and that include antigen-interactive side

chains.

Synthetic constructs include chimaeric molecules. Thus, for example, humanised (or
primatised) antibodies or derivatives thereof are within the scope of the present

invention. An example of a humanised antibody is an antibody having human

framework regions, but rodent hypervariable regions. Ways of producing chimaeric .

antibodies are discussed for example by Morrison ef a/ in PNAS, 81, 6851-6855
(1984) and by Takeda et a/ in Nature 314, 452-454 (1985).

Synthetic conmstructs also include molecules comprising an additional moiety that

provides the molecule with some desirable property in addition to antigen binding..

For example the moiety may be a label (e.g. a fluorescent or radioactive label).

The antibodies or derivatives thereof of the present invention will also find use in

detection/diagnosis of B.catarrhalis.
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by SDS- PAGE;, (ii) a protein having an apparent nol ecul ar mass of about
14.5 kDa, as determ ned by SDS-PAGE;, 10 (iii) a protein having an apparent
nol ecul ar mass of about 15 kDa, as determ ned by SDS-PAGE; (iv) a protein
havi ng an appwoo®mssss®| ecul ar nmass of about 20 kDa, as det erpmadondfars LY
SDS- PACGE, and having the followi ng N-term nal sequence:

Al SYGNSADAQPYVGAKI GQVDAKQ NNKNT; (V) aldrotei n havi ng an appar ent

nol ecul ar mass of about 30 kDa, as determ ned 20 by SDS— PAGE and havi ng

the follow ng{N-.termn (vi) a -
protein havin gngea:oaraasﬁ%f}% Bcuﬁ %&EG@;W ot 5‘5%[ &e?‘erorﬁ ned 25
by SDS- PAGE, diagndsing B\optturbalisovticdhidompritdst er m nal - sequence

TPTVYGKAFLTI DANNTDXTY; (vii) a protein having an apparent nol ecuI ar mass of
about 44 kDa, as determ ned 30 by SDS- PAGE, and having the follow ng

N-term nal sequenc@) dmgibgiutbEcontdcEdne( fiUnbre24itibodies of the invention, with a
5 sample to be tested; and

(b) detecting the presence of one or more of the antigenic proteins of the

invention, or one or antigenic fragments thereof.

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 sample 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.caterrhalis comprising at least one antigenic
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AGLDRSGQDVTASLQDGTYA; (viii) a protein having an apparent nol ecul ar
sQ&d by SDS- 5 ‘PAGE, and having the follow ng internal

71 kDa, as d%gwg

pepti de sequences:

tesi dues “350- 361 GELSSNLQDRHK 10::  r esiifJAEBoSBHY

ADI HGNRFRGSAAI AS r esi dues 528-533 NFEYLKs15 resi dues 542-556 _
FGELSVGDSHSVFLQ r esi dues 665-682 20 DAD VTGGFYGPNATEMSG, The anti

proteins, derivati

ves, honol ogues or fragnents thereof, described he

mass of

330

geni c
rein

can be provi dpratein, @gntigenigsfragment thiereof] aptigensesmposition o€ therinvéntion opat teastpart  of
a mxture w tghe%ﬁﬁ&dy%f%tiﬂ&e‘}lﬁé’ﬁ.i S antigenic proteins. 25

As discussed above, the antigenic proteins or antigenic fragments thereof can be used

5 to induce an immune response against B.catarrhalis. Thus, in a further aspect, the

present invention provides the use of the antigen, a fragment thereof or an antigenic

" composition of the invention in medicine.

In additional aspects, the present invention provides:

10

15

20

(a) the use of antigenic protein, an antigenic fragment thereof or an
immunogenic composition, as described herein in inducing an immune

response in a subject;

(b) 2 method for the treatment of prophylaxis of respiratory infection in a
subject, which comprises the step of administering to the subject an effective
amount of at least one protein, at least one antigenic fragment thereof or an

immunogenic composition of the invention, preferably as a vaccine; and

(©) a method for the treatment or prophylaxis of ofitis media in a subject,

which comprises the step of administering to the subject an effective amount of

at least one protein, at least one antigenic fragment thereof or an immunogenic

composition of the invention, preferably as a vaccine.

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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In a fifth aspect therefore, the invention provides an antigen conposition
conprising one or nore of the proteins of the invention, one or nore
honol ogues or derivatives or one or nore antigenic fragnents thereof,

optional ly towgelobysyseavi th at | east one other B.catarrhalis 61*?51"/&35‘/01495 one
or nore antigenic fragments thereof. WD 99/ 58563

PCT/ (3B99/ 01473 12 Additionally, the protl—:ﬁ ns of the present invention, or
antigenic fragnents thereof, can be used in raising or selectlng

antibodies. In af spect her fore the nti ovi des

anti bodi es rai sed g{;‘%ﬁﬁ?tﬁ Qhows ‘f"égg E §%%? ﬁ ﬁ@?%h

agai nst one or norﬂ)amd’gddj@rémgdsmimdmmmm Pr eferred ant i bodi es b| nd
specifically to proteins of the present invention and can therefore be used
to purify such proteins (e.g. they. may be i nmobilised and used to bind to

proteins of the prmwmmvm@ﬂoﬂbﬂgm%@hmmﬁwfdrhmxsbmm of e 19y
washing wth a sui tabl uen ro conditions.) 10 Anti bodies
within th scope ofP%H g‘b llygﬁ %r‘i‘%%ﬂ%nocl onal or pol ycl onal .

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 sputum recovered at the Sir Charles Gardiner

Hospital, Perth, Australia; strain K65 produces a $-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 Zwittergent extraction and ethanol precipitation method with the exception

that there was no pH adjustment afier the addition of sodium acetate/B-

25  mercaptoethanol. The final product was dialysed against distilled water yielding
40mis 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-
HCI, pH 8.1) before loading into a BioRad Q2 ion-exchange column. im} aliquots
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Pol ycl onal anti bodi es can be raised by stinulating their production in a
sui tabl e animal 15 host (e.g. a nouse, rate, guinea pig, rabbit, sheep,
Si

goat or nonk #&’Qﬁ a protein of the present invention is pni Lnto
t he ani mal . ﬁ%b € E%d, an ‘adj. uvant may"be adm ni §tered togg?#§§hﬁﬁﬁh a

protein of the present invention. Well-kpapwn adjuvants such as those
descri bed above nmay be used. The anti bodies can then be purified by virtue
of their binding to a protein of the present invention. 20 Mnocl onal

anti bodi es carwase loadedion eeach rwn By colippoas washed vithnBuflers 8 faed Bips lisi ng
| N <l : ' . des ' ' d
Py I, Col | BP0l o Bk P i o oo, i o 0

to forman i mo nown Kohler & M steln

t echni que ( Natgradiengsorh 100% )Buffer AdeB00% Buffer B £25maMi ssdHGh9.5M NeClaFhni que
ant i bodi os. t hatEVAE O, T8 sRURIHIBNARRNG £0Rn R0 PRLICHPRATE |\ 1e
art. TheyS5ar e followadsiyesl 1iminswash cthdl G0MnBuiiirolyy Frastioirold and ¢ weespanidde i n
Condon”" stmsri ROHES SR LD R o o AR Tl b gt one
The volume was adjusted to 600l with distilled water, mixed with 2.4ml reducing
buffer (62.5mM Tris, pH6.8, 10% v/v glycerol, 2% w/v SDS, 5% viv 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 (ihtemal diameter [i.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.
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 further purified using a 145 T-1.42% C acrylamide/BIS separating gel with a 4%
T-0.36% C acrylamide/BIS stacking gel (sce figure 1 flow diagram). Fractions were
25 assessed for protein content as described above, appropriate fraction rénges pooled and =
purified proteins desalted and concentrated. |

(ii)  Purification of other proteins
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WD 99/ 58563 PCT/ GB99/ 01473
13 In addition to whol e anti bodi es, the present invention includes
derivatives thereof which are capable of binding to proteins of the present
i nvention. Thwe/8363pr esent invention includes antibody fr agfivcdeseaid
synthetic constructs. Exanples of antibody fragnents and synthetic -
constructs are given by Dougal| et al inl8fibtech 12 372-379 5 ( Sept enmber
1994). Anti body fragnents include, for exanple, Fab, F(ab')[err] and FV

fr agnent s, mbﬁ@lsaérgindﬁeiﬁqﬁﬁ%gn 'bH)tlBWeltetim?cH\La?éd \Lﬁﬁl '3 o‘lorli: Jir iﬁa@rg zcan be
nodi fied to pioduce a synthet1cC construc nown as "a single Cchairn Fv (scFv)
mol ecul e. - Thi ¥66strhiuced ingulmtest dvemight aidFPC i0a shakerdnaubetot.| Imls@f tieregltifEer r |

and V[err] regions, i ch cont hbutes t e ability of the. nol | e.

Qt her syntheti 8’%@&%&@&°€£5§b@gﬂﬁﬁ§gﬁ 2 bf%&l“ﬁ%kc p"evﬁml@égt.ﬁrﬁese are
synt heti c pepin 4 elakepinpubatorn The bhdtertawére pellatal ahdt veashed thirdestimdscip PBSeat

m metics y be used. .Thesg, nol ecul es .are usually co rmatiqpal |y
restrict orghﬁﬁ%m ﬁ@gg P’l‘fé?ta?grﬁ:rﬁ“@ eﬁ'ﬁ“@i’ﬂu’éfﬂhﬁﬁ?“%“ 'I%B‘ﬁ“a t hat

i nclude anti gpibtdil efeC extrRtedi diingl® Zwittelgaitnéxtrallion Bei iethaisingreéipitdtioni ncl ude
chi maeric nol ecul es. _Thus, for, exanple, humani sed (or prinmatised)

ant i bodi es or method it therH phrodivgt acgtale/Rymenqamogthamoladinsted 4o PHie pr esent

i nvention. An exanple of a humani sed anti body is an anti body havi ng human

20 framework regions, but rodent hypervariable regions. Wys of
produci ng chi Fheproein extract was resuspended 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, appropriate fractions pooled and
subjected to further ﬁuriﬁcation_gusing 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 10j1g to 300ug from a single extraction procedure. Figure 3
20 shows an analytical SDS-PAGE analysis of proteins ranging from 23 to 71 kDa.

i id 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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anti bodi es are discussed for exanple by Mrrison et al in PNAS, 81,

6851- 6855 (1984) and by Takeda et al in Nature 314, 452-454 (1985).
Synthetic co r al so include nol ecul es conprising an additional noiety
that 25 'ppgléig%&i? he mol'ecul e with some desirablie proper FGTERSAMB i on
to antigen binding. For exanple the noi ety may be a |label (e.g. a
fluorescent or radioactive |abel). The antibodies or derivatives thereof of
the present invention will also find use in detection/diagnosis of

B. cat arr hal i s.In@@nal pepfidO®qHiSEHE , _

PCT/ GB99/ 01473 _14 |ln_a seventh. aspect preserhelgWsnt | QVi deg_a

met hod of det ec?%'i‘er?ﬁﬁﬁndi’gsr %%lglgegosﬂ%ri]g "E.ﬂ‘?at ?ihl’%l’ hgpiss vﬁch&%‘&%@l_sg:i (a)
bri ngi ng i nt o carboxansitlothylatiarr method Ehet alkydatios geastion was perfiemed on, thapioleita 5

ant | geni o pr otBAap BhAVR RYERPT BRI SOF GBI o3 Mt B CER0BmPL o, cor
10 Al t 81 natl,4PITT, pH 363. Thé proeein wasrediced btialy bl icupatigahis nimfEt 90IC can be
used to det ethor 15 minutes. The sample was then cooled to 37°C, acrylamide added to a final |
concentration of 2M and the mixture incubated under argon with light _ekcluded for 30
to 60 minutes. SDS reducing buffer was added, the sample subjected to SDS-PAGE,
the protein was visualised by coomassie staining and excised from the gel. This
10 procedure was performed on a 71 kDa protein that was unable to be N-terminally

sequenced.
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ant i bodi es agai nst B.catarrhalis, which may be present in a biol ogical
sanpl e obtained froma subject. Thus, in yet a further aspect, the present
i nvention provides a nethod of detecting and/or di-agnosing B.catarrhalis
whi ch conpri swe 9948563 (a) bringing into contact onece/cBIRNKI3
antigenic proteins of the invention, or one or nore antigenic fragnents
thereof, as defined herein, or in innmund®enic conposition of the invention
with a sarrpl e to be tested; and 20 (b) detecting the presence of
antibodies togk, . Al di tional aspect, the invention
provides the T A P n, antigenic fragment thereof or

i mmunogeni c cmmdbyeﬂmuhfﬂkmmnpmasnnm was\aemdlfnmlomoﬂemdtodldgscaheﬂ for

di agnosi ng B:cat arr.h Prefera and/ or a i ng 25

s Garri ed oute (K1 b et daienat Ao EbRT) ' Bk BRIty ReRReL

t her eof or anbvagpnpmmsemulsimx@fthbbmtmmﬂtinwmplm Breurl o udjoheat gsApart of

a kit for_use,j.n i tro tect on and | agnosi s . B,,catarrhalis.

Thus, in 3anot (#é?ﬂ%&bief“s’ n;9r]e Vgiﬁ%‘?'g% eé"nézléi‘gt?b&”p&se 30

in the det eCthWﬁﬂéﬂ%ﬁlSFﬂﬁﬂ@hﬁm&E&iﬁﬁ TRoaks, Hhifkined uh®RASt One

antigenic 99/58563

PCT/ GB99/ 01478PF conditions were anaesthetised by a subcutaneous injection of 0.25ml
ketamine/xylazine in PBS (Smg/ml ketamine’ hydrochlonde (Troy - Laboratories,
Smithfield, NSW, Australia]; 2mg/ml xylazine hydrochloride [Bayer, Pymble, NSW,

10 Australia]). The small intestine was exposed through a lem midline incision in the

abdominal wall and approximately 1u! 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 ana_esthesia (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 IPP) 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 iﬁoculmn. Mice
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15 protein, antigenic fragnment thereof, antigen conposition of the

I nvention or at |east one antibody of the invention. As di scussed above,
the antigeni ¢ proteins or antigenic fragnents thereof can be used 5 to

i nduce an i MU %onse against B.catarrhalis. Thgs, in PCHERNOMAspect
the present invention provides the use obythe antigen, a fragnent thereof
or an antigenic conposition of the invention in nmedicine. In additional
aspects, the present invention provides: 10 (a) the use of antigenic
protein, an amergsedated withgSaffan administerdd intravenousiyruA @0ghbaluscinoqubhih of live  as

described herejn. in i.ndugi an | e.r nse in a.syhject: 15
(b) a met hod%“fﬁa rehelis i3 g?? %éaﬁtm%ﬁg%pd‘btﬂsﬁé;ﬁ‘f'gs ﬁfmaséfﬁ%r'i?"?tﬁf Migg on in
af fsubj ect, whivake ld?a:pby aeml ifitrh baitsﬁeapinjbﬁtiaiwﬂ'peﬁtlabﬁbi’tal@odiﬂntehﬁerauﬁhﬁ?helan
effective anou of at l.east o otein, af. |east one antjigenic fragnent
thereof or an ‘&ﬁ’fﬂ?ﬁd’éé’ﬁi“ﬁ‘ﬁ‘?@?‘?‘p@?ﬁ ofid ?hta‘?‘faﬁ]ebx Pragt-RUnGtYre Wsbteclgs o
vacci ne; gnd 26 collectt)ion of csvm).mnﬂ NEhé Qehche vﬁaﬁeeiﬂoﬁéli rff&%h%lprthpr%iaywi S 01;]
otitis nmedia in subj ect, i conprises, the step of admnistering to the
subj ect an ef P&P&‘VE"J&}%_BEW%%{I%‘QP Vesaghtatpet Dy institling, andreqavering BAdkof i geni c
fragment ther @8BS iafo 48 liMg¥Vi9 d RinfulS; OARBSHBthiRg the BAR., it Bitdct Adgs WeRtf €7 ably
as a vacci ne.

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 shdwed 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 14kDa
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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25 A conveni ent nethod for production of the antigenic protein

descri bed herein (or indeed fragnents thereof) is by the use of reconbi nant
DNA t echni ques. The present invention will now be .described with reference
to the foll owogosssesnpl es, which should not be construed agciiipasisaiey
limting the invention. The exanpl es 30 refer—to the figures in which:
SUBSTI TUTE SHEET (RULE 26) WO 99/ 585622 . This Sheet Has Been Replaced- -

PCT/ GB99/ 01473 16 FIGURE 1: shows a flow di agra on for t he
i sol ation of ﬁm kDa and 71 kDa proteins desHllmEuI&wlm FI GURE 2:
shows a fl ow di mrepresentation for the iso 14 5

kDa, 14.5 kDa and 15 kDa proteins described herein; FIGURE 3: shows an

SDS- PACGE gel.: ghow urifie rot ins fo n S|Ivr inin d 10
FIGURE 4: shows ¢ éa?'g' Fr ‘g‘g’e B efigerh %) Hf@’c“ WA 1 b or
wi t hout i’ rrrrunhﬁﬁéculaﬂmustdnaw u-gmmf?mdna, asmﬁﬂhhédlbym 1:

Purifi catg on of proteins

2. A protein as claimed in claim 1 which has an aﬁparent molecular mass of about
14 kDa, as determined by SDS-PAGE.

3. A protein as claimed in claim 1 which has an apparent molecular mass of about
10 14.5 kDa, as determined by SDS-PAGE.

4, A protein as claimed in claim 1 which has an apparent molecular mass of about
15 kDa, as determined by SDS-PAGE. '

15 S A protein as claimed in claim 1 which has an apparent molecular mass of about

20 kDa, as determined by SDS-PAGE, and having the following N-terminal sequence:
AISYGNSADAQPYVGAKIGQVDAKQINNKNT.

20 6. A protein as claimed in claim 1 which has an apparent molecular mass of about
"30 kDa, as determined by SDS-PAGE, and having the following N-terminal sequence:

NVVINTGATVVDGTRTIFSTLVKPAAVVAAV,

25 7. | A protein as claimed in claim 1 which has an apparent molecular mass of about
35 kDa, as determined by SDS-PAGE, and having the following N-terminal sequence:

TPTVYGKAFLTIDANNTDXTY.

30 8. A protein as claimed in claim 1 which has an apparent molecular mass of about

——
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(1) 30 kDa and 71 kDa 15 20m s Brain heart infusion broth were inocul ated
wWith 4-5 colonies of B.catarrhalis K65 strain (a clinical isolate from

sput um recovq)g@g,& the Sir Charles Gardiner Hospital, Perth, Australia;
strain K65 proditess B-|actgmmse) and i-ncubated overnight BEBPAMI C in a
shaker incubator. 2nm's of the culture wep ]2 added to each of 4 x 500m 20
flasks of BH broth and incubated overnight at 37[err]C in a shaker

i ncubator. The bacteria were pelleted and washed three tines in PBS at

10, 000 r pm f or44 kDapasdetenininéfl by SPS-HAGH afidhivirgthd folldwing N-términpbsequénce a
JA-14 rotor. The proteins were extracted using a Zwittergent extraction and
et hanol precipitation nmethod with the exception that there was no pH

adj ust ment af tAGLDRSGODVTASIQDGTYAdI um acetate/[err]- 25

mer capt oet hanol . The final product was dial ysed against distilled water
yiel-ding 40ms at 15.35 ng/nl, a total .of 614ng protein. The preparations

were freege drg.ed. ATﬂeteafﬁaalﬁle@m Elad 1wﬁchrmuﬁrappdad xﬁae@wrxmes o0/ n

in Buffer A (25mMMtri s- HCI H8§5ﬁbefor | padi nto a. Bi oRa Qg@
i on- exchange c&erfs. det b S-BeBRy vigg) g2 ptemal peplidy) 53563
PCT/ GB99/ 014735equences:
residues 350-361
10 GELSSNLQDRHK
residues 366-380
ADIHGNRFRGSAAIAS
15 residues 528-533 enReplaced

L "I

residues 542-556

FGELSVGDSHSVFLQ
20
- residues 665-682
DADVTGGFYGPNATEMGG.
10. A homologue or derivative of a protein as defined in any one of claims 1 to 9.
25

11.  One or more antigenic fragments of a protein as defined in any one of claims 1
to 9.

12. A mucleic acid molecule comprising or consisting of a sequence which is:

S
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17 were | oaded on each run. The colum was washed with Buffer A for 5 mns
at 1m/mn. The proteins were eluted using a conbination of continuous and
step gradients from 100% Buffer A to 100% Buffer B (25nM Tris-HO + 0.5M
NaCl, pH 8. 1)w@yesssés- 10. mins. The gradient was fol | oned by perhpddgiarsash
with 100% Buffer B 5 followed by a 1 mn wash with 100% Buffer A.
Fractions 2, 3 and 4 were pool ed, desalt2d on a PD-10 colum to change to
diluted Tris buffer then freeze-dried. The vol ume was adjusted to 600[err]|
with distilled water, m xed with 2.4m reducing buffer. (62.5mM Tri s, pH6. 8,
10% v/v glycerol, 2%wv SDS, 5%v/v [err]- 10 rrercapt oet hanol , 1.2 x
10[err] % w v brono enOA DRIAUSuenbslcddiife ioPd préted asiekifdd ihanf ohe Sk1diind'3
Preparative SDS-PA purify proteins was performed using the Bio-Rad
Model 491 Prep Cel | usﬂﬁ@fﬁ Yoguvalentsp o, C acryl ami de/BIS (N, N -

met hyl enebi s acryl am de) separating gel with a 10mM 4%t-0.36%C

acryl am de/ BI S stacking gel . polynerized in a 37nm (internal dianeter
[i.d.]) c®lum. Fr@dti onsquence which is complamedtafy toamy bithe sdquencesnafi(d; O. 025M
Tris-HC, were concentrated by |yophilization and anal ysed for protein
cont ent by anal ytical SDS-PAGE. The 71 kDa protein was in fractions 57-80.

‘These were pool ed, (fiy ©oF@uikncé Whith dhdstbbmiiallisnie with J';Hfthdéeséf'(ﬂﬁd wat er .

The preparation vvas desal t'ed by buffer exchange using | ut ed PB and
reconcentrated so that Gike concentration of PBS buffering the protein was
I sotonic. 20

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

protein as defined in any one of claims 1 to 9.

13. A vector comprising a nucleic acid sequence as defined in claim 12.
15 14, A host cell transformed or transfected with a vector as defined in claim 13.
15. Animmunogenic composition comprising one or more proteins as defined

in any one of claims 1 to 9, one or more homologues or derivatives as defined in claim

10, or one or more antigenic fragments as defined in claim 11.

20
16.  Animmunogenic composition as claimed in claim 15 which is a vaccine.
. 17.. - The use of one or more protein._s as defined in any one of claims 1t0 9,2
homologue or derivative as defined in claim 10, or one or more antigenic fragments as
25 defined in claim 11 in the preparation of an immunogenic composition. '

18.  The use as claimed in claim 17 wherein the immunogenic composition is a

vaccine composition for the prophylaxis or treatment of respiratory infection.

I
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Fromthis same preparative cell run, fractions 26-34, containing 55-65 kDa
proteins, and fractions 4-17, containing 20-35 kDa _proteins, were al so

pool ed. Fract
actyl am de/ Bl

et

sfeed 7 Vere furt her purified using a 145 T-1.42%C
Darating gel with a 4% T-0.36% C acryl ani dEFEGBIMI4BK| ng

gel (see figure 1 flow diagran). Fractiong were 25 assessed for protein

content as descri bed above,

protei ns desalted and conceptrated. (ii). Purifi cation of other proteins
The use as claxmed in claim 17 wherein the i 1mmunogemc composit{oh/iB99/ 01473

n‘:éggﬁg ed With 4-5 col oni es of
s%"rx.zltillngc ncugjeaf t(;%\t;lé{r&ﬁsﬁg%fﬁéat 37[err]C in a shaker
i ncubator. 2nm s of the culture were added to each of 4 x 500nm fl asks of
BH broth and cu rr haker, i.ncubator. The
bacteria were %dgl I ﬁ%gg%gg s%gé"?%nl’%es‘n% r"r‘]égrmﬂm ﬁne&"f@%ﬁ’ff rpm
for 15 m As atof¢!ms}®9m&or5nebma’ebémalogmastor démmveﬂsﬂgfmddﬁcliﬂn It or .

xtract ed usin ent extr ctlon t hanol
Ul S o0y e ool i R ol 13 0O Beriog hanol
adj usted to pHwith atTéest queaitier 1B. camirhalis antigen, beﬁummdﬁfbofo approx. 60ng/m
Buf fer A before | oading '

WO 99/ 58563
18 20m s Brai
B.catarrhalis

The proteins
precipitation

10

15

20

30

19.

21.

An antibody raised against a protein as defined in any one of claims 1 t0 9, a

homologue or derivative as defined in claim 10, or an antigenic fragment as defined in

claim 11.

22.

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

a) bringing into contact one or more antibodies as defined in claim 21, with a
sample to be tested; and

b) detecting the presence of one or more antigens as defined in any one of claims
1to09.

23. 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 9, one or more homologues or derivatives as defined in claim 10, one or .

more

antigenic fragments as defined in claim 11, or an antigen composition as

defined in claim 20 with a sample to be tested; and

b)

24.

detecting the presence of antibodies to B.catarrhalis.

The use of a protein as defined in any one of claims 1 t0 9, a homologue or

-
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10 onto a BioRad 2 ion-exchange col um using the protocol described
above. Peaks fromthe colum were assessed for protein content, appropriate
fractions pooled and subjected to further purification using preparative
gel el ectroplvwoexsssss( usi ng colums as indicated in figure BcaaBosw@fzocol s
as described above). Al protein purifications that involved preparative

el ectrophoresis using SDS had this det er%flent renmoved by 15 precipitation
wi th potassi um phosphate. Results Several proteins were purified from other
menbr ane extr . chah k& Jdd 1L lilé 85 : ' Jd0lerr]g to
300[err]g froran&%aﬁtsl?énags:%g ex gg%ﬂlggaﬁg@e&%g&ﬁ@?%@%ﬂgi‘%ﬁ&%ﬁ%& an

anal yti cal SDenipciEionasdsfned inodlaimr20tie detecting/dipgmying Beat@halis. 71 kDa. Ami no
~acid sequence.identification N-term nal sequencing 25 Thi s can be
carried out according to protocols supplied by Applied Bi osystens

prot ocol s. Ho2f&verA kitiforadelinf detenting/diggnosing B.earaprduliscoompeiging htleastaer y out such

sequenci accqordi.ng to the .nmethods de L bed 1| t sudai ra, J.Biol.Chem,
262: 10035~ 100?@'%@8’?}?‘“ S %‘f—‘ié%‘nfia(‘ﬁfﬁ QG&W%M omologué or

- derivative as defined in claim 10, at least one aritigenic fragment as defined in claim

11, an antigen composition as defined in claim 20 or an antibody as defined in claim
21.

10 26. Theuseofa protein as defined in any one of claims 1 to 9, a homologue or
derivative as defined in claim 10, a fragment as defined in claim 11 or an

immunogenic composition as defined in claim 15 in medicine.

27.  The use of a protein as defined in any one of claims 1 to 9, a homologue or
15 derivative as defined in claim 10, an antigenic fragment as defined in claim 11, or an
immunogenic composition as defined in claim 15 in inducing an immune response in a

subject.

28. A method for the treatment or prophylaxis of respiratory infection in a subject,
20 which comprises administering to the subject an effective amount of at least one

protein as defined in aﬁy. one of claims 1 to 9, at least one homologue or

derivative as defined in claim 10, at least one antigenic fragment as defined in claim

11, or an immunogenic composition as defined in claim 15.

25 29. A method for the treatment or prophylaxis of ofitis media in a subject,
which comprises administering to the subject an effective amount of at least one
protein as defined in-any one of claims 1 to 9, at least one homologue or
derivative as defined in claim 10, at least one antigenic fragment as defined in claim
11, or an immunogenic composition as defined in claim 15.

30
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WD 99/ 58563 PCT/ GB99/ 01473 19 | nternal
pepti de sequenci ng Sequencing was carried out using the SDS-PAGE
conpati bl e %Pﬁ-w r boxam dot hyl ati on nmet hod. The al kyl ati on _reacti on was
performed on YHE einin a solution of 10% gl ycerol (volJ<KEHOBTE
(wt/vol) SDS, 0.025 M TrisHC , 100nM 5 1,4-DTT, pH 8.3. The protein was
reduced initially by incubating thistm4gxture at 90[err]C for 15 m nutes.
The sanple was then cooled to 37[err]C, acrylam de added to a fi nal
concentration of 2M and the m xture incubated under argon with |ight

excluded for 30 to 60 m nutes. SDS_reduci ng buffer was added, the sanple
subj ected to.SDS- PAGE, the protei d by coonmassi e staining and

excised fromthe gel. This 10 procedure was perforned on a 71 kDa
protein that was unable to be N-term nallly sequenced. ‘WO 99/ 58563
PCT/ GB99/ 01473 20 EXAVMPLE 2: | nmmuni satiorf reginmes Intra-Peyer's patch (1PP)

i nmuni sati on was a nodi ficati on of Bﬁd‘ﬁ%%‘ﬁﬂﬂfﬁﬁ”bed for

}

ZWITTERGENT EXTRACT

}

ION EXCHANGE

!

UNBOUND PEAK

}

PREPARATIVE ELECTROPHORESIS - 9% RESOLVING GEL
FRACTIONS 4-17 | FRACTIONS 55-80
l 71kDa PROTEIN [367pg]

PREPARATIVE GEL ELECTROPHORESIS - 14% RESOLVING GEL

} } } } !

20-25kDa MIX 25kDa 30kDa 32kDa 35kDa
[200ug] [60ng} [170ng] [80ng] [32ug].

71kDa PROTEIN AND 30kDa PROTEIN: HAVE BEEN TESTED IN MICE

NOTE: MOLECULAR MASS DETERMINATIONS ARE ESTIMATES
BASED ON SDS-PAGE MIGRATION

FIG. 1
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rats (Kyd et al. Infect. Inmmun., 63:2931-2940 (1995)). The i mmunisation

i nnocul um was prepared by emul sifying the protein with inconplete Freund's
adj uvant (I FA) 5 (Sigma, St Louis, M) ina l1l:1 ratio to enabl e dosages
rangi ng fromwoédssses] g to 10[err]g. Specific pathogen freepech@aionifse
BALB/c m ce aged 6 to 8 weeks, maintained under SPF conditions were

anaest heti sed by a subcutaneous injection of 0.25m ketam ne/xylazine in
PBS (5nmg/ nl ket am ne hydrochloride [3‘/6y Laboratories, Smthfield, NSW
Australia]; 2mg/m xylazine hydrochl ori de [ Bayer, Pyrrbl e, NSW 10

Austral i a] ). The smal | intestine was exposed through a 1cm mdline incision
in the abdom nal wall and approxinmately 1[err]| vol unes inocul um were

del i vered subserosally to each Peyer's patch using a 26G needl e. The
intestines were rinsed with steril ¢ %9 aAGRAM2abdom nal cavity sutured.
Sham i mmuni sed m ce were subjected T0 the sanme surgical procedure with
injection of an emulsion of IFA and PBS. {15 An intra tracheal (IT) boost
was given on day 14 post-IPP. Mce were sedated by intravenous saffan
anaest hesia (0.15m ; 20ngy al phadone in PBS/ kg body wei ght; Pitman-More,
Nt h Ryde, NSW Australia). A 20[ er rBROVBIGIHETWREprotein in PBS (the same
anount that was adm nistered | PP) was delivered into the lungs via a 22.5G

20 catheter (Teruno, Tokyo, Japan) insprted orally into the trachea. The
i nocul um was di spersed with two 0.3m voltmes of air. Bacterial challenge
ZWITTERGENT EXTRACT
ION EXCHANGE

POOLED FRACTIONS

RUN 1:2 4-10 16-21

RUN 2:2 4-10 SEM! PURIFIED
FROM 16% GEL

. 1 o
PREPARATIVE ELECTROPHORESIS

GEL: 20mi;. 20mi 20mi

GEL %: 10% 16% , - 16%
COLUMN: 27mm 27mm 27mm

! I o

FRACTIONS: 2-21 — 44kDa 25-29 — 14-18 RANGE 14kDa
22-35 —» 49kDa 30-38 —» 13 & 23kDa 14.5kDa
65-75 —» 60kDa 39-70 —» 23kDa ~ 15kDa
9199 —» 72kDa '

NOTE: MOLECULAR MASS DETERMINATIONS ARE ESTIMATES
BASED ON SDS-PAGE MIGRATION '

FIG. 2
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B.catarrhalis was grown overni ght on plates of brain heart infusion (BH)
agar 25 suppl enented with 50m .per litre of defibrinated horse bl ood
(Amadeus Intq@g jonal, Brooklyn, Vic, Australia). Plates were incubated
over.ni ght at ?% Cinb5%CJerr], the bacteria harvest ed RPIVALR
three times in PBS. The concentration was estimated by measuring the
optical density at 405mm and was confBif4red by counting colony formng units
(CFU) of the overnight platlng of serial. dllutlons of the inoculum M ce
WD 99/ 58563 o ' PCT/ GB99/ 01473
21 were sedated with Saffan adm nistered intravenously. A 20[err]l bol us

i noculumof live B.catarrhalis in PBS was introduced into the |lungs as
described for IT boosts. Mce were killed by an intra peritoneal injection
of pentobarbital sodiumeither 4 hours after infection or as indicated.

Bl ood was obtained by heart puncture and allowed to clot 5 for
collection of serum The trachea was exposed t hrough the neck and
bronchoal veol ar | avage (BAL) was obtained by instilling and recovering 0.5
m of PBS into the lungs via a cannula. After obtaining the BAL, the intact
| ungs were excised, placed in a 2n volunme of PBS, and honogenised in a

ti ssue honogeni ser (9500 rpm Hei dol ph DI AX 600, El ectro GrbH & Co,

Kel heim Germany). The BAL

FIG. 3

SDS-PAGE SHOWING PURIFIED PROTEINS RANGING
FROM 23 kDa TO 71 kDa FOLLOWING SILVER STAINING.
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10 "~ and the lung honbgenate were assessed for bacterial clearance by

pl ati ng of serial dilutions for CFU determ nation. Serum was separated by
centrifugation at 4[err]C and 450 x g for 10 mi n-(Juoan BR3 .11, St
Nazaire, Frgﬂﬁg%m?gd stored at -80[err]C. Results 15 MPCEGBOR473 nTTUNi zed,
| PP and wer sted IT with purified protein. The data shown in figure 4
shows the percentage of enhanced cgf?rance of bacteria in either the
bronchoal veol ar | avage (BAL) or th ﬂng ti ssue, conpared to non-imune
bacterial recovery. 20 A protein with an apparent nol ecul ar mass of 71
kDa was nost effective at enhancing clearance fromthe BAL, but the immune
response to this protein was |l ess effective in clearance fromlung tissue.
The i mune response follow ng imunization with a protein with an apparent
25 nol ecul ar mass of 44 kDa was effective at clearing bacteria fromboth
the BAL and lung tissue. Immunisation with 15 and 30 kDa protei ns showed
greater than 50% enhanced cl earance in-both BAL and | ung, whereas a 14.5
kDa protein that showed this for the BAL cl| eargnce, did not achieve the
sanme protection in pfretung. A 14 kDa profew] was not effective in clearing

bacteria in the BAL| but was able to sli ghtgﬂe?_ 30 ~ enhapce clearance from
the lung. SUBSTI TUTE SHEEFE( RULE 26) =
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22 CLA NBTos ON XI/BLL B of 18941 89/%a B cartarrhalis antigen and which has
ariC\a REEAMUGNCHEN 18] ecul ad8miisst of HIS8RIt! 14 to ARTPESETBRDa, I BRLEFIMATA o
by 18F8-RPQ¥. 2. © A protein‘as clainmed in claim1 which hs an appaB&R08901473
mol ecul ar mass of about 14 kDa, as deternined by SDS-PAGE. 10 3. A
protein as claimed in claim1 which has an apparent nol ecul ar mass of about
14.5 kDa, as determ ned by SDS-PACGE. 4. 22A protein as clainmed in claiml
whi ch has an apparent nol ecul ar mass of about 15 kDa, as determ ned by

SDS- PAGE. 5. A protein as clained in claim1l which has an apparent

nmol ecul ar mass of about 20 kDa, as determ ned by SDS-PACGE, and having the
foll ow ng Nteréﬁ@s.sequence: Al SYGNSADAQPYVGAKI GQVDAKQ NNKNT. 20 6., A
protein as clained in claim1 which has an apparent .ol ecul ar mas of about
30 kDa, as determ ned by SDS-PACGE, and having the follow rig N-term nal

sequence; NVVTNTGATYVRGRERFRRl \BANY AN rkdfd antigsn and which hss an epparent
3 molecnlax mass of about 14 to about 35 kDa, as determined by SDS-PAGE.

2,  Aprotein as claimed in claim 1 which has an gpparent molecular mass of about
14 kDa, as determined by SDS-PAGE. .

10 3, Aprotein as clsimed in clsim 1 which has en zppa.rent molecular mass of shout
14.5 kDs, es determined by SDS-PAGE.

4, A protein as claimed in claim 1 which hes an appareat molecular mass of sbout
15 kDa, as determined by SDS-PAGE.
15 '

5. A protein as claimed in olaim { which has an apparent molecular mass of sbout
20 kDg, a5 determined by SDS-PAGE, and haviag the fllowing N-terminal sequence:

AISYGNSADAQPYVGAKIGQVDAKQINNKNT.

5, A protein ag claimed in olain § which has an apparent molecular mass of about
30 kDa, as determined by SDS-PAGE, and having the following N-terminal sequence;

NVVINTGATVVDGTRIIFSTLVKPAAVVAAYV,

7. A protein as claimed in claim 1 which has an sppavertt molecular mess of about
35 kDa, ae determined by SDS-PAGE, and having the following N-terminal sequence:

TPTVYGKAFLTIDANNTDXTY,

RN
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7. ALBTOS: OF PIAELIC| % nBJ¥AP%| 8874 1 whi ch has an apparent nol ecul ar mass
otv.aboiHa JnekiReN s det ersgkrdoby BDS8sPAGE, andihressezpebhe fold 09i29g94465:% 4
N- 18082000 sequence: TPTVYGKAFLTI'DANNTDXTY. 30 23 8. A honol Gif21608901473
.derivative of a protefn as defined in ay one of clains 1 to 7. 9. One or
nore antigenic fragments of a protein as defined in any one of clains 1 to
7. 5 10. A nucleic acid nolecule conprisjsng or consisting of a,sequence
which is: (i) a DNA sequence coding for-a.protein as defined in any one
of claims 1 to ¥ or their RNA equivalents; 10 (ii) a sequence which is
conpl enentary &f t Zxhoncdoprordeiiative df a groteis a8 definsin ary oxe offvlaiins hés 7.
substantial identity with any of t'hose of (i) and (ii); 15 (iv) a
sequence whi ch codes for a honol egue, derivative or fragnent of a protein
as defined in &iny @O arimdré atipeiic fimghents of a protein as defined in any one of claims 1

to7.
L)
10. A mucleio acid molecule comprising or consisting of 4 sequence which is:
@ a DNA sequenos coding for a protein as defined in any one of claims 1 to
7 o thefr RNA equivalents;
10
(@)  asequence which is complemeniary to myy of the sequences of (i);
(i) asequence which hes substantial identity with any of those of (i) and Gi);
15 () a sequence which codes for & homologus, derivative or fragnient of &

protein as defined in any ons ofclaime 1 t0 7,
11. A vector comprising a nucleic acid sequence as defined in olaim 10.
20 12 Ahostoell ransformed or transfscted with & vector s defined in cleim 11.

13.  Animmunogenic corposition comprising one or more proteins as defined
in emy one of claims 1 to 7, one or more homolognes or derivatives as defined in claim
8, or one or mors antigenic fragments as defined in claim 9.
25
14,  An immurogenic composition as claimed in claim 13 which is a vaccins.

i5. Thewuse of one or more proteins 83 defined in any one of claims 140 7, &
homologue or derivative as defined in olaim 8, or one or more antigenic Fegments as
30 defined in claiva 9 in the preparation of an imemunogenic composition,

_—
N 1]
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i1, A VISP B & ngt PO §%%%ci d sequence as defined in claim 10.

20v voNipRa-MUBNCHENS D3 cel | tagnsf ar medsozo tr ansf ecorrisyednbs-a veakorswsssheianeds

i n181Q8-20Q0L. 13.°  An j nmupodeni c* conposition conprising one or no&B 009901473
proteins as defined in any one of clains 1 to 7, one or nore honol ogues or
derivatives as defined in claim8, or one or nore antigenic fragments as

defined in claim9. 25 14. An 1 mmunogenkg conposition as clained in claim
13 which is a vaccine. 15 The use of ofie or nore proteins as defined in
any one of clainms 1 to 7, a honologue or derivative as defined in claimS8,
or one or nore antigenic fragnments as 30 defined in claim9 in the

preparation of ,an i Ni G LONROS, L . AVE SHEET . 24 16. . The use
as clained in &lai m%?%é%ﬂm TRIARROSTIRE SAResibamys® ci ne
conposi tion f ovaccine cpmpeitiorofor the prophylacis DPRéatfibntiof Sgpicddbr ifebtithect i on. 5
17. The use as clained in claim15 wherein the i munogenic conposition is
a vaccine for the prophylaxis or treatnent of otitis nedia. 18. An

anti gen cdposi¥i onTheomp ni elrtnpddndain 1 whereinthe Riricnogénicledhpaion’s #ny one
vaccine for the prophylaxis or ireatment of ofitis madia.

18, Anantigen composition comprising one or more proteins as defined in any one
of claims 1 to 7 and/or one or more homologues or derivatives as defined in claim 8,

10 aud/or one or more antigenic fragments as defined in ¢laim 9, optionally together
with at lenst one other B.catarrhaliy antigen, or fragment thereof

19.  An antibody raised against 2 protein as defined in any one of cletms 1 10 7, & |
homologue or derivative as defined in claim 8, or an antigenic fragment as defined in
15 claim 9.

¢

20. A method of detecting and/or diagacsing B.catarrhalis which comprinei:

8) bringing into contact one or more antibodies as defined in claim 19, witha
20 sample to be tested; and

b) detecting the presence ofone oz more antigens as defined in any one of claims
1107,

25 21, Amethod of detecting and/or diagnosing B.catarrhalis which comprises:

a) bringing into contact one or more satigenic proteins as defined in any one éf
claims 1 to 7, ons or mors homologues or derivatives as defined in olaim 8, one or
more antigenic fragments as defined in claim 9, or an aptigen composition as
30 defined in claim 18 with & sample to be tested; and
\
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of cl ai H8T0F P® T/ BHd/ br Briddof0.n#/@2horol ogues or derivatives as defined in

CLALRR: & 3@l O ONGggOlg TPTE ANgdgenic f rgg-qugggggsgs def el ighadilat m o
9,18p8i2000! [y together with at | east one other B.catarrhalis or fr&Bo08901473

t hereof. 19. An antI'bddy rai sed agai nst a pr ote| n as defined in any one
of claims 1 to 7, a honologue or derivative as defined in claim8, or an
antigenic fragnent as defined in 15 claim9. 20. A net hod of detecting
and/ or di agnosing B.catarrhalis which corﬁ?ri ses: a) = bringing into
contact one or nore antibodies as defined in claim19, with a 20 sanpl e
to be tested; and b) detective the presence of one or nore antigens as
defined in any one of clains 1 to 7. 25 A net hod of detecting

and/ or di agnos#)g B@WWMﬂ’mﬁMﬁkmdﬁ bri nging i nto contact
one or nore antigenic protein as defined in any one of claiml1 to 7, one or
nor e honol ogues or derivatives as defined in claim@8, one or nore antlgenl o

fragments as d&i n e bpe of agweteln as defited in gy weresisimmbto T, ahomelogde o def'i ned
in claim 8 W ihean3iaiRfnedtn Otind &5 Bllmeft'ek defindin claim 9, or an antigen

composition as defined in claim 18 in detecting/&Giagnosing B.casarrialis.

23.  Akit for use in datesting/diagnosiog B.aaterrialis comprising at least one
antigenic protein as defined in any one of clairs 1 to 7, at 19ast ons homologue or

10 derivative as dofined in claim 8, ot least one antigenic fragment as dsfinsd in olain
9, an entigen composition ag defined in clatm 18 or an antibody 28 defined in claim
19,

24.  The use of a protein as defined in any one of claims 1 to 7, a homologue or
15 daivzﬁveasdeﬁnadhdﬁng&a&agmmﬂaadeﬁnedinoluim9mm
immunogenic composition ag defined in claim 13 in medicins,

25. The use of a protein as defined in sy one of claims 1 10 7, a homelogue or
decivative as defined in claim 8, an autigenic fragment ag defined in claim 9, oran

20 immunogenic composition as defined in cisim 13 in inducing an immune response in 2
subject.

26. A method for the treatinent or prophylatis of respiratory infection in & subjest,
which comprizses administering to the subject an sffective amount of at lexst one

23 protein as defined in sny one of claims 1 {0 7, at least one homologue or
detivaiive as dsfined in claim 8, at least one antigenic Sragment 88 defined in claim
5, or an immunogenic composition s defined in claim 13,

27, Amethod for the treatment or prophylaxis of otitis mediz in a subject,
30  which eomprises administering to the subject an effective amount of et jesst ons

-
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- b) d@tle%tON%K-hb bt eJeRBe0f 6Bf#%i bodies to B.catarrhalis. 22. The use
bF"é PO ENAENGS | ned 18-ty %onel®tOcl ai m 1 tB7¥E29%3Mono| iR BB 23884485 4 7
Ide? A as defined-imciaim8, a fragnent as defined in claim 9,GB002801473

.antigen conposition as defined in claim 18 in detecting/di agnosi ng

B.catarrhalis. 23. A kit for use in detecting/diagnosing B.catarrhalis
conprising at |east one antigenic protei mgs defined in any one of clains 1
to 7, at |east one honologue or 10 - - derivati-ve as ‘defined in claim8, at

| east one antigepic f Nt as defined in_claim9, an antigen conposition
as defined in %Wéggg%ﬂﬁm & Lm%ﬁﬁeﬁ%hmm%. 24.  The use
of a protein aderivefivesdefifeddi Klal B, @ sagt ohe EBtighnicFagmeQHEAeAfNdtn @laind ©

derivative as defingd in'claim8, ,.a fr t as,derfined in claim9 or an
i munogeni c co sﬁmwmmqwggmt@%? edi ci ne. 25.  The use

of a protein as defined in any one of clains 1 to 7, a honol ogue or
derivative as defined in claim8, an antigenic fragnent as defined in claim
9, or an 20 i rmmunogeni ¢ conposition as defined in claim 13 in inducing
an i nmune responses in a subject. 26. A method for the treatnent or

prohyl axis of respiratory infection in a subject, which conprises

adm nistering to the subject an effective anou

protein as defined in any one of clains 1 to.7, a mlogue or
derivative as defined in claim8, at |east one an ll mm lH' las
defined in claim * ¢ L n s =
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A net hod for
. Whi ch
IR | east one

9, or an immunogenic conposition as defined in claim13. 27.
the treatnment or prophylaxis of otitis nedia in a subject,
conprises adninistering to the subject an effective anount -4’?”. :
26-protein as dPCHed in anyoRsP THLECIUAR PROPERTY arRGANZAAToN| east ORggg#onDl ogue or
derivativ define in claim 8, atml“%ast Bhe antigenic fragment as
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