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| NTERACTI ON OF MORAXELLA CATARRHALI S W TH EPI THELI AL
CELLS, EXTRACELLULAR MATRI X PROTEI NS AND THE

wWOChMPLES4EBIT SYSTEM Techni cal field of the inveRCI/SE2006/000931
present invention relates to Miraxella catarrhalis and
their ability to interact with epithelial cells via
extracel lular matri x proteins such as fibronectin and
lam nin, and also to their ability to inhibit the
conpl ement system The interaction with these
extracel lular proteins is useful in the preparation of

vaccines. Background art The ability to bind
é@ﬂggggggi FgMOﬁéxﬁLLérQATARR%ALl%dﬂLTHcEPEﬂﬂR#EﬂL
CBACEer EATREPELLESAR ANTRENAMHOTE 1Hsaply 086CeUspaIENS
and Streptococcus pyogeE§§ gﬁssess‘f‘bronectln bindi ng
proteins (FnBP) with re sequence organi zati on.
These FnBP are known as M crobi al Surface Components
Recogni zi ng Adhesive Matri x Ml ecul es ( MSCRAMVE)
TeT%ggcg plLoit .th duJ ar structure of fibronectin
ippers inits binding to
fibwbﬁepreﬂenﬁzﬂnvéﬁxiaﬁ7réEﬂtéEh&ofW@Q@k@UlESCE@arrhalis
ho cells.
an@e@h@E§ QE?E?E&aéoE¥¥%§¥ %%h%ﬂlgﬁ i&ﬁayfg

mlaortant hucosa pat xel I a-cat arr
eXt§aFﬁé EhPF 3 et rfgrcﬁ%ﬁtrb? |Sa10%@@sél@1roa@attenoand| s

lanediia, |andhalﬂﬁaﬁﬂﬁﬁéﬂrS%ﬁﬂﬁﬁgCQﬁﬁQ&h@ﬁ@@nﬁﬁbaﬁoﬁﬁgement

philu uenzae tarrhali
syE'@SngSgh%ngn% r?%elorﬁ)s 4&0%56 r?ﬁ%%iatcﬁﬂtlﬁélr Pﬁ@telns is
usghatyhr bhe Heegrdne thit driervadaimetser nore, M.

Ba@agab{lﬂgl isris also a common cause of sinusitis and
tract infections in adults with
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ex@@ﬁ&@drﬁﬁﬂé%ﬁ“ygﬁéﬂyyﬁﬁ%r%t%hnlﬁybggkdlng to
fibronectin. [27, 39, 47, 73] The function is to mediate

bacterial adhesion and invasion of host cells.

The important mucosal pathogen Moraxella catarrhalis is
the third leading bacterial cause of acute otitis media in
children after Streptococcus pneumoniae and Haemophilus
influenzae.[14, 40, 55] M. catarrhalis is also one of the
most common inhabitants of the pharynx of healthy children.

Furthermore, M. catarrhalis is also a common cause of
sinusitis and lower respiratory tract infections in adults
with chronic obstructive pulmonary disease (COPD). [74] The
success of this species in patients with COPD is probably
related in part to its large repertoire of adhesins.
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and the ubi quitous surface proteins (Usp) .[1, 22, 33,

48, 61, 81, 84] Summary of the invention In view of
woOheo7foags63t hat M . catarrhalis has been found PaT/IS22006/000931

such a | eading cause of infections in the upper and

| ower airways, there is a current need to devel op

vacci nes which can be used against M. catarrhalis

The ai m of the present invention has therefore been to

find out in which way M. catarrhalis interacts with

heI| cells_in the_body and affects the inmmune
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e higy i FR cHpPaRBRTASHLT difiSrRicn Sgotsin (Hoar)
ang| Gdiedabéqihtanechundyce heyotietres f @rsp) NHNY 22acBeri as,
s1adleregy epithelial cells via fibro nectin binding

NBCRAggE L54 77] Pseudonobnas aerugi nosa has a FnBP
S Y associ ated fibronectin on nasa
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t n ote| er.acti ons e t he
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o ﬁ% gﬁhﬁ 5 i?ggfﬁ cgﬁ ﬁ%eéﬁf@ﬁ 1pnqgécppng ﬂﬁg

tissue to ov I‘COﬁE t e I
loU@énaéﬁUWﬁSt helkes@t { ot @sreaydi msteda t® demeflepsvEnBPnes

whiiesuthfdoeNuEapi dysl ¢ ance-Hi, AL, bacteria in
|nf ted n1c€ 1hk&?l}%ﬁl?teconblnant truncated UspAl /A2
t

pro ?ng 103 ???Qﬁn%QW§ntFF§gﬁéﬁt§h§5§ﬁﬁFﬁgb?ﬁ% to
figdt pne ol ecite MayaWbamwaﬁﬂhaﬂimdmk@magt%0w&hﬁ

o di Bot
p@Eﬁ%%P%l'@¥ff§'fﬁ {104 gé#? %ﬂt@ 1.0g.- %m%uglnagggem

bound f1 bronecti br onec
Ingohaf n¥aer 8P staRFeD Bl cs*@ét @d?t\MaIShVﬁCQSBAB 2091152 M.
caaadrhapA2 465 BéSdevémﬁﬁﬁthD truncated protelns bot h
i nh bi.ndi ng of. catarrhalis to an
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Qvolved i n_the adherence
Furthermore, the inventors have been able to show that M.

catarrhalis interfere with the classical pathway of the
complement system, and also to elucidate in which way they
interfere.

Many bacteria adhere to epithelial cells via fibro-
nectin binding MSCRAMMS.[54, 77] Pseudomonas aeruginosa has
a FnBP that binds to cellular associated fibronectin on
nasal epithelial cells.[69] Blocking the bacteria-
fibronectin protein interactions may help the host tissue to
overcome the infection. In fact, it has been shown that
antibodies against a S. aureus FnBP resulted in rapid
clearance of the bacteria in infected mice. [71]

Recombinant truncated UspAl/A2 proteins together with
smaller fragments spanning the entire molecule have been
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epithelial cells via cell-associated fibronectin. The

biologically active sites within UspA 299 452 and
wORpAA1465 318 are therefore suggested as pot eRCITEE2006/000931

candi dates to be included in a vaccine against M.

catarrhalis . Further, the inventors have studi ed and

characterized binding of M. catarrhalis to lamnin. M

catarrhalis is a common cause of infectious

exacerbations in patients wsth COPD. The success of

this species in patients with COPD is probably rel ated
tostesapccesding Far fee repeyeni rineintidhesiars filwonectin
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a st others
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ingdmeieds 1ar e ah301n®nagaxnsn;Mimnéﬁdrrhamms n bi ndi ng
do r t
(1 bromeaet b Ve L RS A BT e e gR B pea
blBidﬁé‘gl 8 Hr nC@Baéﬁ@/a r@blje?é?@lékt éht Cataaghedis is a
comlhl eautbasst herdet Bsuld Nata dsdfa taforlds pAl p(aléieﬂltgomth

1), ] L] | bi nd
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prababmyrreéab¢dth@npam@ Whol e ﬂeamﬁbMW@ﬁttpRGEeoﬂ
adhUspA3 . 3@n5§@ditlJ@esﬁhéféugﬂgxbé%ﬂﬂﬁ3aic%ﬁaEhghgggrgﬁ&h

grts of. the q%iecule m ght have diffeéerent functiona
asy §PES. PR tadl 7rh il LY MHdHd HBORAFE PanPAFAment
mehbndhagwhe opetié esamGoipard g tJhEeSJfa'J_'Seihlba@h@dnln

n e we,find,that
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airways such as S. aureus and P. aeruginosa amongst
others.[7, 63] The present inventors have been able to show
that M. catarrhalis ubiquitous surface protein (Usp) Al and
A2 also bind to laminin. Laminin binding domains of UspAl
and A2 were, amongst others, found within the N-terminal
halves of UspAl3°%! and UspA23°73°! These domains are also
containing the fibronectin binding domains. However, the
smallest fragments that bound fibronectin, UspA1299'452 and
UspA2'®73  did not bind laminin to any appreciable extent.
Fragments smaller than the N-terminal half of UspAl (UspAl®

1) lose all its laminin binding ability, whereas with
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head structure despite having only 22%identity in
both N term nal halves. [2, 32] The biologically
wacetinassdt es within UspAl 50 770 and UspA2 30PEBSE2006/000931
suggested as potential candidates to be included in a
vacci ne against M. catarrhalis . Finally, the
i nventors have studied the interaction between M.
catarrhalis ubiquitous surface proteins Al and A2 and
the innate i mune system and have found that M.
catarrhalls i nt, eres with the co ement system _The
UsRAsp| ShshtUsnfst g S R S L s
thatefensairagal nsicopatihagenpeottnoovgam2 ¥Ms?) arthese
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nctions._as l.i.fi cati.aon £ S|

he?%c???Pi&H%ﬁa i % N also égonggﬁggégfyi&Q&ﬁﬂpqq
teamimwbt@mﬂt@scbhaﬁéﬁt attachnent of C3 to the surface

of %@%@Qﬁg idnitine a%kegt%cg1%5095@11%”6@@@111%%? LS.
1 on requlres e r ce O n.1nter
USERT Y G REIGA8 1A % PR e ey B2 bRBF S P £
1n@1@d¢@1iw Dfvacsind ydriylstgrbupat@yrshd0ib.) and a
U‘% far&}oé’]yllnv(egt %g]'% %7 Ogth§§eg3tﬁecm&ig@on
ro lt 7

eavage o residue peptide fromthe
be*améﬁ@ Merwmérlmlwelbe@uai@rﬁ. FugérepapEstesns Al and A2

and aﬂl@@hi/ﬂl@%@éé| i}%]rmﬂféj hs<§?stterrAt taagh ﬂlanbkagu@abtmt t izen

cconpl i, shed, t a.covalent |in
Cagﬁfﬁg%éfsg&Qﬁﬁf Yl %%“¥H§§\£ eagpgp%ﬁpggst2§ elt%er
complH2ment - iysgmmup$cnﬂagﬁbﬁ@ﬁnil@ﬁtcéﬂb@hydfa@@nate
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have béen f

thiBnSKBYER ohtAge a3 7ok C5Ee SdepERIEnt "ahnsi thpReen the
babBéhithesthf ik cormponeniy din corphedent of CBhef membrane

EgTﬁfreatg%%sgnggég%aggﬁﬂgﬂ %&‘Q%et5§%589e83f&§¥8§é& by
phagocyt051s [85, 86] One of the most important complement
proteins is C3, which is present in the circulation in a
concentration similar to some immunoglobulins (1-1.2 mg/ml).
C3 does not only play a crucial role as an opsonin, but also
is the common link between the classical, lectin and
alternative pathways of the complement activation. The
alternative pathway functions as amplification loop for the
classical and lectin pathways and can also be spontaneously
activated by covalent attachment of C3 to the surface of a
microbe in the absence of complement inhibitors. C3

deposition requires the presence of an internal thioester
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and UspA2 30 539 have been found to bind to C3 and
C3net. The C3-binding region for UspA2 was found to
woadoTlgs4se | ocal i sed in UspA2 200"458 . UspAl Ras/SE2006/000931
however been found to have a mnor role in the
interactions. The biologically active sites within
UspAl 50 770 and UspA2 30"539 are suggested as
potential candidates to be included in a vaccine
against M. catarrhalis . The UspA fam |y consists of
nmol.ecul we t 88 kDa), UspA2 (62 kDa) , and
ookl FgSPRd phofas i i%o PUGE KDY 5, PASFITREe0E 3
sudifblydiryd ggnat eCas® grarm)Iaegmbaamgrasaaﬁsaﬁyﬁxeémlﬁ“
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grqepeef etih® Nma 0Fs {OEL 6 Yh iz tEI8 atDE i%nprof-Niheor -OH
grb&@EabESpr6€§P@§téﬂeﬁé&béﬁyﬂy%%%n%tQ% %%Q%smgﬁethiz

den vari ant gene

s havin
acﬁ%ﬁ#%r%‘b&? Feeitly fg k%&vxﬁvy t KRt aFRngldss) Sﬁééuﬁﬂédl\z have
beantfboddeﬁotmnﬂfﬂﬂﬁakﬂﬁtﬁﬂaﬁkﬁlha%tabﬁélGébenﬁéﬁf manner

: SV (o8 n tribute o]
bl§§n§%€$o§ygr%¢gﬁi§gﬁﬁﬁI%%ﬁéxpresgp ﬁmeg%e§ggﬁt#§$mf%PTA"
trepbedt £ aEHhetnd dmew.vlaérmr@r ithgleitsdt 63CHaRget) . UspA15° 770
andOUjslbm%:tor?alh]ﬁf& theld adowrl ks %H‘AdH%B ésl Q{Ibﬂ‘t@ The

e elial cells nmore recent stu
C3L§i%ﬂlr\}\% s Sfionh ftor[é%?&é g’ra& AGEREr YBnTR1RAY | ]@%nilocallsed
lnr@ﬁ@%é& C8l.| UsRdshen holecel csed CEAGANM wXpiLased nihor

the e ) P ified. LB Al
oles Py %@%f%h%t%ﬁ“%i T R

B%Jp%rfﬂ whidné pﬂﬁHAfZl ¥ LBb%ZSW%efrﬁﬁd U gotBotial
canﬁxdﬁteﬁutd\ﬁbIﬂﬂbhﬁdﬁﬂ iimpar Fantinhel 8§afREt My,
ca@@%ﬁﬁéf is serumresistance .[1, 5, 58, 60] The

present 1 nvention denonstrates that both UspAl and A2
ar el et faiid vf gonkisteabdr Phmkl s (i heltwbat ovdidino 88

kDABC TSN d d2AMDA)N skt t&ﬁecwggg?g{:?ﬁé Vehan (00

coffpr ) e g Inter /gl Feckiol o
ComﬁﬁﬂxﬁﬁIHH(ﬂﬂﬁﬁﬂA@ELoatbersaaéleélﬁn&on§$EWédththence
1SR NS Ja¥c 1P RRBGHLR We 8he amino acid sequences of
UspAl and A2 are 43 % identical and have 140 amino acid
residues that are 93 ¢ identical. [2] In a series of 108 M.
catarrhalis nasopharyngeal isolates from young children with
otitis media, uspAl and uspA2 genes were detected in 107 (99
%) and 108 (100 %) of the isolates, respectively. Twenty-
one percent were identified as having the hybrid variant
gene uspAZH.[50] Moreover, it is known that naturally
acquired antibodies to UspAl and A2 are bactericidal. [15]
Several functions have been attributed to the UspA
family of proteins. UspaAl expression is essential for the
attachment of M. catarrhalis to Chang conjunctival epithe-
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found within am no acid residues 299 to 452 of UspAl

and 165 to 318 of UspA2 . These two domai ns share 31
weamoTiswdd resi dues sequence identity. | nport ®aTISE2006/000931

truncated protein fragnments containing these residues

in UspAl and UspA2 were able to inhibit M

catarrhalis binding to Chang epithelial cells

suggesting that the interactions with these cells were

via cell-associated fibronegtin. The binding domains

faqor lamnin were found within the am no acid residues
Ligdnerdne

d2280V8P~ B hef P SRS SR ali aleceddisndds, 491 In

a prokeireseneveahed, thaba1 hes srad raswbivddigiGhdr €girens ovrLe

I i LAt r m pal rt.s, where hoth [.ns
b‘?%%%?aégﬁéﬁg a?g%%%%s %%gﬁé?ﬁhE”fghﬁgﬁfcﬁgﬁﬁaﬁghgkghp
SXRAREFEACENt BNEi 5an® @umbtiesdirac eld Ll drl nea?5iag . (BCY)
Pu@amgaen_tsgm[)@algr@wfdoéé}geér{wn ittrb & i ¢i8-balkkYn in

na “m crobi al. surface conponents recogni zi ng
AoFIREEEy B RBEFTS" FRI Wbt R NBGRAMKSY 2. d4engat: [49] Both
UspdpARNA2Bat habi kY | bnonectiin rarigd dvimnidn, ckbesehalis

seRUAL LB seanche desd gnat ed; YBCRAMMVE.  According to one
aspect the present 1 nvention provides a peptide having

seqUBRCRY #EPHb. 1Ventydpn Hempmsica t efobRéghesh UspAl and
A2f amet deﬂakr_nmalrhtlﬁjlm W. _Ctﬁﬂa\&&t}ia?(ﬁ% bfiiﬁgt@ﬂ@r @Be@ébro-
oxyla . nat i.an .or..gl.ycqsyl ati on products,
negﬁgaoéﬁér1é@g%ﬁﬁ;Vgn%F%ééggFﬁﬁlpf5&ﬁ@¥§stﬁ%rSGF?rrgails
BBEEBorBANGHE 0 BNeRTRTt Iaxpant nevonpriesent Uspiénahdna2

deplio¥ddeson peptdderHayi N9 ReAveRee tbBnR0riBrondBdin to
fragnents | oguyes, . functional equilvalents,

homo , .
Ehger gt FEES 2  de TG @Ry ELET SAPTSDEPROMAYSHN
foondgvytiosy| @irom qriatuctss dard aoietosesandar Yyspal and 165
toPEPEESSI odygts t —sAccerding.to_a.further
Oaspgctﬁtﬁgp%%esenfﬁi&ggaﬁg%ﬁla%ogﬁgég gap%%%Faeaﬁﬂ3ing
regequRfcee 1S Blentdy f dagesiiest lienbrogoesed protein
frhgneht onabnefin Ma) eHcse Q%%Eﬂ@%ngﬁ’Ugﬁﬂ§n§ﬁ§t@s§ﬁ2 were

dr ox t.on, sul phonati.on or. _glyco ation products
oYL Oy S ULBONSLL A0, B GOSN, 220 B P
ce 7\b2 oTWH IRF timcarkbiafiethas patereheipnesenth i tivesd i @slls were

vigrevi gess soPrpid A& ikavnagggguence 1D no. 4, and
frq&ggq%s, hono| ogues, functional equivalents,

deri Vati VSN &GBReNSt £08r LATARORYVEES oROURRI WHdHAT i tdve
ampmno g yobsyd sitdues pleoduchedaBBove. Binding assays with

recombinant proteins revealed that the major binding regions
were localized in the N-terminal parts, where both proteins
form a globular head.

Bacterial factors mediating adherence to tissue and
extracellular matrix (ECM) components are grouped together
in a single family named “microbial surface components
recognizing adhesive matrix molecules” (MSCRAMMS). Since
UspAl/A2both bind fibronectin and laminin, these proteins
can be designated MSCRAMMS.

According to one aspect the present invention provides
a peptide having sequence ID no. 1, and fragments,
homologues, functional equivalents, derivatives, degenerate
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ot her secondary processing products thereof. According

to a further aspect the present invention provides a
woepivideshavi ng sequence ID no. 5, and fragneRCS/SE2006/000931

honol ogues, functional equival ents, derivatives,

degenerate or hydroxyl ati on, sul phonation or

gl ycosyl ati on products and ot her secondary processing

products thereof. According to a further aspect the

present invention provides-a peptide having sequence

ID no. 6, and fragnents, honol ogues, functiona
Orehﬁﬂﬁﬁﬁ%%ﬂ@§OndeﬁP&Q@POéElOHe@%n%f%$%§¥ﬁa BEAMGESn 2nd
otrseui Fgwtﬂhacﬂj/ Pirogkyeosyl atbouncps oduetso@nd ot her

gg%: d§£.e0%e%%otgegrgg¥gé§ Eﬁ r5¥g5ef¥x¥ﬁ¥¥ﬂ¥1550

€ presen |nven rovi
prcpelpiasjea mtngies@qwen@ewwa@ce 71D %md 3 r ayHbritzagments,

hoﬂgﬂgﬁdﬁﬁﬂﬁfuﬁaﬂﬂaﬂaqn@bu@qﬂl¥ﬁ£§Pt§er£¥ﬁtiﬁﬁé\Nﬂhgenerate
degener at e or roxyggglon

onat
or XSS LG ER pPH&Q@P ﬁano?ﬁegf§ %@ﬁ@p FRESG g and
othﬁxxhﬂndndimw@nbceAeangdpngduotanbmhe¢0ﬁspect t he

pfep?ceag l%ertg gnfe&ewegeé e@Fp{ﬁgepf@é/ér{‘tg SRAHERNCE

ragnent s ?ues functi onal
pr@weﬁa|aemesot1@@r.f\@é{tlme§eqa@a@ﬁe BtRor fydkyl RIMGRES
horSdll RNQNAL | 1ath i clayiC @Gk akilent pf odeel 8a e ©f hdggenerate

ndary .processi.n ducts_t C '
orjﬁ% e??y S e % E‘sgﬁfml nveﬁ&”&% %%?/}é@j‘gggé%&&s and
otipEpts e rivain e egEsiog pPbodocts thah@Ofragnents

horl Qgues,g fldnGlicemal sgge&al @Héspréi@érhﬁ/aiﬂ\)/eﬂﬁalon
degenerat e or hydroxyl ati on, onatlgn or

pr@r%%%ﬁ &9 d&ré‘&)’df@ éﬁaufiflﬁ@r HelBndar Y27 oIy S
homs Dstped s, tihereadfonaAceoudivagehdsandehivaaspest dégenerate

esent V ti | e
or PEFREM Vi, BB ETep0 b L L E8s DXL I0n SOERANAS -
otlegflli FRERMAY RGACERT PSS praégéﬁér &Per®PL hydr oxyl ati on,
sul phanadi N +& aglfxlcz@méhcabsgec@r BRI CH Be 8k omaerntlon

sec ndary S product s th eof . Accor
pr%ﬁ%'ﬁ%r é§%é 5% égﬁpé§8ﬁPePﬁ§e i O provi dgs us (ﬁts’
homatldpast, (ﬁuﬁqnﬂnnaﬂae&@aaadenQStodehevahVEﬁ$to@eginerate
ort£§?$§%§&5% 6&“%ﬁf§ﬂ8%ytﬁéﬂeek BQ&CBB?l&Ef@ﬁ @ ts and
axls o

nfection, préferab é an i nfection
Ot%%ﬁs%ﬁ3 MY REASETHAG STOPHCHAr EPEEESF - caused by

Car}(do?tgﬁilctfg Mo catathbal kspeatnunesate semt atesention
provides a peptide having sequence ID no. 6, and fragments,
homologues, functional equivalents, derivatives, degenerate
or hydroxylation, sulphonation or glycosylation products and
other secondary processing products thereof.

According to another aspect the present invention
provides a peptide having sequence ID no. 7, and fragments,
homologues, functional equivalents, derivatives, degenerate
or hydroxylation, sulphonation or glycosylation products and
other secondary processing products thereof.

According to another aspect the present invention
provides a peptide having sequence ID no. 8, and fragments,

homologues, functional equivalents, derivatives, degenerate
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Accordi ng to another aspect, the invention further

provides a ligand conprising a fibronectin binding
wdaoering463ai d | i gand consi sting of an am no acPdT/SE2006/000931

sequence selected fromthe group consisting of

Sequence ID No. 1 , Sequence ID No. 2 and Sequence |ID

No. 3 , and fragnents, honol ogues, functiona

equi val ents, derivatives, degenerate or hydroxyl ation,

sul phonation or glycosylatign products and ot her

secondary processing products thereof. The invention
% JMIERY3RGHPEes SBIPRgRAEL eBPF | Bl yrp 2y ladnion proiduditsgand
otdmmisecondadyl pgaBdssOngi stbiMdc©f @k AHEMO ac%d

squggggdﬁelegted f%on1the % L§§%$¥¥§§2Ht2ﬁ@%entlon

UENnce
PﬁQWﬂ$m§nﬁsPehﬁwdEog@Esngfw@@memmatanujva eninsl, fragments,

hdﬂ%lllo‘@@%lsVeﬁ“ung@Q@Hgi al &, 0fa Jggsoxydeé.lttl'v%r{ gse%l pl&%g%%{aggte

é%%y ﬁ ation roducts and ot'her secon
20 PRl ET T P ban s R e et B Furd Besos i Igmesasducts and
omh@weﬁ9condprpvpdeeeasim@EgmbduﬁﬁyIﬁﬁéﬂédf C3 or C3net
bi ngj nghsting of an amno acid
sequgggggge eg?e%ﬁéﬁﬁé%t é%b&&'cg P& g g tLon
pPreyadesce Peribde shoehenreaudddo. I no .Sdguenad FPabients,

ho&o&b@uggquﬁﬂﬁ@tlghQD eé&hvéﬂg%fE{agﬁﬁﬂ%%tl@%golagggﬁerate
or Hgg&O qulva derivatives degéner at e
roxyVa? R’ ’sfﬁ{ﬁhﬁﬁﬁ?%ﬂ?(ﬂﬁ'&%Mﬁﬂﬁﬁléﬁﬂﬁﬁ preduets and
Otéﬁa é?hend@enomd@mgsqnmgmﬁﬁnduytﬁra@e&b&fthereof
FurhBSEraliie 5 SRNAdNICAn REQvLISS A, TEHLCANELL

SN one or_nore | acco
prPﬁQ@ﬁF. BRC atl dhel S e mﬁ*ﬁ@e@pp@aduygaceepham e

ingdphbvant Sor vt _?__cb]ﬁ@ducﬁlecbrploﬁ.’mas me@ll&a%ﬁth%[»f tﬁésd or
atjv res i nvention furt rovi des

L R o X ool B85t R andb S eeorhthat o

infREt hpRseritse d@thfnﬁ%ﬂﬁrﬂhadlwn or paphacnhseuthesdd Yoy

caBEeapt abl Qy Al Ah 1 MENCHRSos2XCLRLROLS, DI nders.

carriers J{Jr eservati ves resent 1rnvention aI SO

prov?%ﬁ§9¥9 hethdd < eFf@épﬁﬁﬁ'oFESréQ@ﬁPFh@naﬁurther
provtdes i onligerah damfindisdual a mﬁefcenabtynaﬁlhaiﬁgtd&ﬁvaln,

sa§§u§§9a@y @Ansfé%fﬂ&*&% | ah@neaa018u%géH$$§%:iefghted

carrijage of ) ttarrhali s on nucosa
%%nﬁ??Sg?ﬁPQuﬁﬁqﬁ¥ﬁQ%ﬂgn@faSﬁﬁéﬁﬁﬁeeﬁplﬁal|y, Sequence ID

No. 2 and Sequence ID No. 3, and fragments, homologues,
functional equivalents, derivatives, degenerate or
hydroxylation, sulphonation or glycosylation products and
other secondary processing products thereof.

The invention further provides a ligand comprising a
laminin binding domain, said ligand consisting of an amino
acid sequence selected from the group consisting of Sequence
ID No. 4 to Sequence ID No. 8, and fragments, homologues,
functional equivalents, derivatives, degenerate or
hydroxylation, sulphonation or glycosylation products and
other secondary processing products thereof.

Further, the present invention provides a ligand
comprising a C3 or C3met binding domain, said ligand
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effective anount of a medi canment or vacci ne accordi ng

to the present invention. Finally, the present
wonvenis4ws al so provides a nucl ei ¢ aci d sequeneeT/SE2006/000931

encoding a ligand, protein or peptide of the present

i nvention, as well as honol ogues, pol ynorphismns,

degenerates and splice variants thereof. Further

di scl osure of the objects, problens, solutions and

features of the present inﬁpntion wi |l be apparent

fromthe follow ng detailed description of the
Con&mﬂﬁﬁnQN@ﬁMamhaméﬂ@réﬁé@ ﬁ@qvﬁ%cﬂr%ﬁ%@@ﬁ$QNﬁFQmu¥he group
o o Hinen s ook She i et

erein i s intende eno 0 e whol e ecul e
D\ + ct‘?ntﬁnr%sgetqéletnﬁ? #gcg&’o %n%nér%%??nﬁﬁeggo o(i\ﬂ%ucer?’
fuﬂaumanh&;aquamaé@epsordbrmdahgve©nad@g@mmwat¢unrit
hyd(i:rgt; LS e fs%%%%t@bﬂdb998£9@§§§yat£¢@agw§ducts and

risin equi va ent recep I ndl ng omal ns are
Ot%ﬁ%cﬁﬁQﬂﬂ&%ﬁﬁjHﬁ?cﬁﬁélBEe@éﬂ?“FE%eﬁ??%%QfThe
expﬁﬁﬁﬁkﬁnsthbangeénth@ﬂvéﬂguen ﬁrwmﬂdéﬁuﬁ neeLii deadesitt
derivative rel at r
coffih Gt (i, G g’ Tabfnd8LbaRa  IPAL IR Alention
andcwor dingnans tplh]@rmﬁvémtn@ﬁlwu ehcertalb ke tadd Lﬁéasﬂfrfed

veﬁiéﬂégnxgédlpﬂéﬂﬂsn|Ban@%r@r E£30ei e Bk Ndb N R QPBFH 8 s .
A onnlogue of acc tﬂ%ﬁto t he. present

i Vit |Pd%‘r‘%e§1tdérfluvﬁ8818§ R he a2 Tedt 72%
conmmmuanqgcndennummxeai1gandbeaseendim@nt®abm@,grdﬂﬁnﬁm

in\%r?{ ARy %%%Org R%r%oghQFmQE%@D&aiDyeé‘éé

I'ned as any O ogue, sequences e are
ad iy At e Bl Eesengegipyents, pbindersocansienyy £ no
pr%@éﬁsa@_tzvdglg N-tlce)rm gus and/ or trungat ed or extended

y \ \ , .10, no acids at_the
C t%}emprﬁ?ss.e“ithé‘ngfﬁ}'é?m 391§Od%g ‘ﬁ%e?% e Iﬁ?/jg]roo%(y?fati on,
treat phorat irorevand igloy eos yhéecohopr sduse sindivtdierl,

prSESANAF Vo PriaeR3siiRg PLAduG! ﬁyrﬁl atgrhPrNAIE &Nt
and/ or 'nodi fications of the tides angﬁﬁgoteln

Pa¥bghetit CHTG PVnGersipRE P v nt FBRERhPEhL hate MEsral
suafdiesed comarsedado adilieictiegingl appptirdecout pratlky n

oL OTTL RO Byl /L ALL o, FULBROIR 01 cro
pr¢$¢ﬂtnﬂﬁﬁ@ﬁilQQﬂn nin, C3 or C3net binding properties.

Finally, the present invention also provides a nucleic
acid sequence encoding a ligand, protein or peptide of the
present invention, as well as homologues, polymorphisms,
degenerates and splice variants thereof.

Further disclosure of the objects, problems, solutions
and features of the present invention will be apparent from
the following detailed description of the invention with
reference to the drawings and the appended claims.

The expression ligand as it is used herein is intended
to denote both the whole molecule which binds to the
receptor and any part thereof which includes the receptor
binding domain such that it retains the receptor binding
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The present invention concerns especially infections

caused by Moraxella catarrhalis. A peptide according
woaQod7hasqeBesent i nvention can be used for the PCESE2®RN00931

or prophylaxis of otitis nedia, sinusitis or |ower

respiratory tract infections. Table 1 : Miltiple

al ignnment of full length UspAl protein se uences,

associ ated identity percen tagesTable 2 : UspA2 Pileup

Analysis - Strains and seqygnces used Accordingly, the

present invention provides a |ligand isolated from
prowerieed T ceatcr deaird séugePIHbHbEQRE PRORRE ST vibinH NHas
dorhaamsn:an_»@rggk/s@r J.HCQEJ?@@CE?nEEBdf)@éséﬁt bm@éﬂn@lomhetrel n

sai and is ap e e _Cco i sing.or .consi.sting

e R B e e S cheh

equn&ﬂeﬁﬁrquﬁdéﬁﬂ@dtDVNOmelale mhlchraﬁ@tﬂermwimfﬁqaﬁﬁons

ﬂ;@f Aéyauts! %}9%@/2; @%&b@@ saaaﬁwelem %m &cording

equences below, or a fra OrTDl ogue,
tOfmﬁtﬂfrb‘fﬁa}t%lwc@nFetaém hei desipe eﬁje%%e%frlnr
1azhmdiro,x}d:ﬁtdmmwtpmmngnp@bpgkymsy| ation product or

er, se ondary ct t
P R LY P Rh el et UF% SBfsaens gprtion
15 BGSE1mKI qum@@en@vA@sEngAmmﬁmv V_Z%LSF;GPW@TLCG

1 d EMATIASACK MUFAENGSG COMNTANGTY & THEEPYNK TKGRYSTI GG
GLENEATNEY STI GSGGYNK AKGRYSTI GG GGYNEATNQY. STI GGGEDNNT

AKCRYSEA B ECANERFPERISTOGERBYRES ARER NNEATGTD
de S AGCGRKNG YA TEK GSRAAGODNKANABAAL WAL ENKNTL €1 GENSVAI GSN

LLGHH TlmM
e R CCTUSVERN CRERD VAV AGLT ST FURGEGL A
EheTNARINKADS KSRV L URCEEPNSPEGSET ERREDAP A KNGAOIKTLE
15 SNVEEG LR 23GRld DAKARl DNNEME X&s L AQQRDQHSS DI KTLKNNVE

E DLSGRL DLTKD | KAL

O TR T AN B BR S ARBOT B T DAT IR SO N Yon
an @ FENKKDAQ 1 AKAQANENK LBGOAKNOABE  €E FIDRE® TRLD X EHSMIRA
o YRERUT AKAY ANDA B AN KDL Y ELASHDOH 5 STLKTLAKVS

AANTDRI AKN KAEADASFET LTKNONTLI E gkgcsEALVEcgug[P<e I\%ELtEGFA
PeRHAFRAGKY X NGAD 'If'FlﬁgF@?NCEQ‘%IFRRr NKAG A
wh Bt LIGNBRIG &Rl NEENINHQD cQbBREBYAR  KEECQHENNR: 1 %ﬁa@m@r

pr A OV ALl ST AV EERE Ty (RORY PR (i, (3L SOTAKSTY

sulphonation or glycosylation but which retain the desired
fibronectin, laminin, C3 or C3met binding properties.

The present invention concerns especially infections
caused by Moraxella catarrhalis. A peptide according to the
present invention can be used for the treatment or
prophylaxis of otitis media, sinusitis or lower respiratory

tract infections.

Table 1: Multiple alignment of full length UspAl protein
sequences, associated identity percentages

O12E | O35E | O46E | P44 | TTA24 | TTAI7 | V1171

ATCC25238 | 81 75 83 83 84 79 84
O12E 74 77 83 76 72 75
035E 72 74 83 73 78

O46E 81 81 82 80



GLSGGVGEESY RWK Ful | -1 ength UspA2 from Moraxel | a

catarrhalis strain BC5: MKTMKLLPLK | AVTSAM | G
wWOGHEDHTMEAQ AKNDI TLEDL PYLI KKI DQN ELEADI GDI T AREKSEZI0&@W0931

YGNI LALEEL NKALEELDED VGANONDI AN LEDDVETLTK NQNAFAEQGE

Al KEDLQGLA DFVEGQEGKI LQNETSI KKN TQRNLVNGFE | EKNKDAI AK

NNES| EDLYD FGHEVAESI G El HAHNEAQN ETLKGLI TNS | ENTNNI TKN

KADI QALENN VVEELFNLSG RLI DQKADI D NNI NNI YELA QQQDQHSSDI

KTLKKNVEEG LLELSDHI | D Q<TDM—\Q\IQA NI QDLATYNE L QDQYAQKQT

EAL-DAI A N il | A_ANL

]MILHIMHLNKHQ SENTQNHEDE—AAYN “““Y A EﬁhD LNKASSENTQ

NLEDEAAYNEL-CDAYAK EAL AL.\.ILV’-\S g ﬁ'\.'Tw HAKNY QADI ANNI TN
A
LAY

TTAZY | \CQQODK HRSDHKTLAK-TSANNTORHA SKABDEASF ETL TKNQNTL

TTASE L DKERDKL L TANKTAL DAL NKASADTKEA _ATADAETHNG] NAI TKNAKSI

TDLGTKVDGF DSRVTALDTK VNAFDGRI TALDSKVENGVA AQAALSGELFQ
PYSVGKFNAT AALGGYGSKS AVAI GAGYRV NPNLAFKAGA Al NTSGNKKG
TalshN BVNIEER 2| n B4 Lgiet AppéserhndBREaINS 1 30 | $QEIRPGES dised
pol ypeptide [or polypeptide truncate conpared w.th

wi | d-type pol ypepti de| @_,_@_C_rrpr‘i s'sﬁ@nor consi syfdsng of ap/

5 Smsag o wores BT (G5 T R

functional equivalentl derivative dé or

hﬁ‘ﬁé%-ﬁ% )9 ke&\omﬂsmn BIC3gVycoqyb@al.on pr oduct650

0 £ ururu AT4 A h(‘PQQi rg pr oductl. t hereof The :
|  he18dB81 t|B22ienot e |Dbignitowssuvthed e {877
to |l amjnin and/ CprotdirbA@Hecti n |

and’or—C3—and™any par &g Eh |
¥ | ZRENBL GRdEsY M@lb@mbcgt"’ggi W G- M% By 016

QREHEMPEE Ul es vHSIb‘hZ consi st ofiop

M PE#.
- -Fihrn nc\ntnn cmdlnr noli hy
A i (OLO A TR T
O domBA. o?g?él?%@@ﬁw??:é%: bhAGY 1 eqlBRa2Fequi rod (W8

( firqgm@gﬂg@f ]\@R@And?%é%r%@?tl es Hﬁpézﬁol ypept i ¢&*

O psimmont bon oRCA [P B OAEEL | cﬁ?éagﬁﬁ““ st

properties of a polypeptideican be agS¥riCs Pt n

™ TREMBI:Q9XDs1_MORCA|PXDSL VLTI UspA2. 674
T TREMBI:Q9XD53 MORCA|PXD33|TTA24 — 1UspA2. {013
TREMBL:OSRTB2 MORCA  |QSRTB2[SP125  |UspA2 686
D REMBLOUXDSS, MORCA|QXDSS|ATCC25238 [ UspA2. 630
Forsgren UspA2 ' {UspA2. 630

Accordingly, the present invention provides a ligand
isolated from Moraxella catarrhalis outer membrane protein
which has laminin and/or fibronectin and/or C3-binding,
wherein said ligand is a polypeptide comprising or
consisting of an amino acid sequence selected from the group
consisting of SEQ ID NO: 1-10 which are derived from the
full-length Moraxella catarrhalis BC5 UspAl & UspAZ2
sequences shown below, or a fragment, homologue, functional

equivalent, derivative, degenerate or hydroxylation,
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as follows: Pol ypeptides can be | abelled with
1251 odi ne or other radioactive conpounds and tested

woOaoo7mis@dng i n radi o i nmunoassays (R A) as fl| eC#/sS82006/000931

solid phase (e.g., dot blots) Mor eover, pol ypeptides

can be anal ysed for binding with enzyne-I|inked

i mmunosor bent assays (ELISA) or flow cytonetry using

appropriate anti bodi es and detection systens.

I nteractions between polyp?Etldes and | am ni n,

fibronectin, or C3 can fur be exam ned by surface
Suqufesnhaﬂide@o@ml&éépé) ProgughppesoBie Fretdridadive

pr&xePidd ﬁ%%ddbtd&%@kboﬁn the Material and Met hods

Dol HapTi T For UBOR) peb e (PAGArE CORbar GazH £ Eain

BC | d-type polypeptlde]conprlses or consists of at
vk BASIANS Al /10 GOBSRENOHXAOANEBELRYE L ATMAT AL GEQ

are identif

vefgwwsrer@wwe R CER A e RRTFEARC FHEEATIEY
ST PO PR |zctesz{mm yReNERAGEQY T BUCAGEDEPTPAKERYY 31U 1¢6 a

coflifinh SARkedaRld %ghgﬁv%%ggg?gfggz\f@g% Sheadindle |
AT@KWWHW@WM’Q VASRHKNTIE/ SENEPAE QBN nyT @R E @RI i ve
F1EEOYESST QA AAIN rd@hdxahTd PRShEVen).s G TEMIASKY G

R AN IS Sk SN b,

IKISBOHVAL AGERINSIECT EDFANGDNIS BNQRDIKTLE NENVEEGIEIG R L

m#@@@%%ﬁ@%%é?@%%gmﬁﬁMPmﬁ&&&DQ

IDQKRADITHP | IHAGENVEE- D@§§R@I(885@8?%@5Qf935§éﬁé§ ¥r0n1
opiLAey it oseed ka1 A0 dipag NGB RN NT DRERBARL | OUAENKKDAQ

TRt R RN AR AR B B e e R PR 6
NKAPPARNGE BD KN BN W/HELARO@DRHG/ EDLKLLEKES NAANEDRY AN R
kARABAS Py Qi&ﬁérﬁxﬁﬂ /dsEﬁ/LTzE@Nﬁ NIQQELQ@FNS@AQDVQDKQI

f di
LONGRAFERY g o) Mt {8 GG e RS IR AR G BEp DALY

RINETNNHQOD QKIDQLGYAL KEQGQHFNNR ISAVERQTAG GIANAIAIAT
LPSPSRAGEH HVLFGSGYHN GQAAVSLGAA GLSDTGKSTY KIGLSWSDAG
GLSGGVGGSY RWK

Full-length UspA2
BC5:

from Moraxella catarrhalis

AKNDITLEDL

strain

MKTMKLLPLK
ELEADIGDIT
LEDDVETLTK
TOQRNLVNGFE
ETLKGLITNS
NNINNIYELA
NIQDLATYNE
AKQQTEAIDA
SENTONIAKN
KNKADDDASFE
ATADAFTKNG

IAVTSAMIIG
ALEKYLALSQ
NONAFAEQGE
IEKNKDATIAK
IENTNNITKN
QQODQHSSDI
LODQYAQKQT
LNKASSENTQ
QADIANNITN
ETLTKNONTL
NAITKNAKSI

LGAASTANAQ
YGNILALEEL
AIKEDLQGLA
NNESTEDLYD
KADIQALENN
KTLKKNVEEG
EAIDALNKAS
NIEDLAAYNE
IYELAQQQDK
IEKDKEHDKL
TDLGTKVDGF

NKALEELDED
DEVEGQEGKI
FGHEVAESIG
VVEELFNLSG
LLELSDHIID
SENTQONIEDL
LODAYAKQQA
HRSDIKTLAK
ITANKTAIDA
DSRVTALDTK

PYLIKKIDQN
VGWNQNDIAN
LONETSTKKN
EIHAHNEAQON
RLIDQKADID
QKTDIAQNQA
AAYNELQDAY
EAIDALNKAS
TSAANTDRIA
NKASADTKFA
VNAFDGRITA
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at a position) |

ANTEAI DALN
woOl2007/01846B1 N | Y E

KTASAANTD I

E | DALNK SSENTQNI AK

It will be understood that the pol ypeptide |ligands o

the invention can conprise a |lamnin and/or

fi bronectin and/or C3-bi ndi 1g domai n of sequence

recited herein which is anlfled by the addition or
LDH@VENGMH]AﬁAAﬂﬁGﬂfQﬂﬂmﬁvﬂégNameéAL6G§GSK$thA¥@AGYRV

@i ther or both the Nor C
Npﬁﬁﬂﬁﬁﬁﬁf%ﬁﬂﬁﬁﬁh@g«$%Fgg@gg £ des Letaln t he_ abi
a

It
bi nth | RER e Y GOCBPERECt FR®antfdrd css @ D bt Qe
[ofepapyﬁep%ﬂde ﬁkunﬁaﬁduﬁqmpatbd whventi enldutyber

poPOVLES, £ dLAANE COMRL 9801941 6GTSESEhNgnho aciq
segnemee aet ke rtead direm Hre BeBR §AB845E6NSr OBePER P Fdm L™

10gn?ﬁnéﬂﬁr éh%;qgﬁﬂﬁﬁmkﬁglE@ﬂch@bﬁhm atuelrthent pr
0 e

erein said no

QBT pEt] ARG TE (e THEEE T S 6 OB ndCLRRPRT R-Ehcor
glitbspheciom mnotiort C¥ ci@roseebndatyanrpagdaeng product
thgggggnse agai nst the non-nodified peptide. By

ension it is nmeant Iengthen|ng t he sequence usin

t heTeonkes Lroaane isepticde bersint he FERPEPERGER BNF Hpole

mo@@bdléeﬁwrimeoimmwwmﬂmm andgbirv€dbréseregar dsd/or C3

nent s, of the t.i f th t ny
ang; SRS e ey D ded T PRS Fnueneion (haled on

flbhenho’m-)lh ogue/ ae (iidrivieslicensompda seghokBRrEuREL F@h%ﬂtns
£hdOPBLH St TS CuEs@th 8 &idd-tRr.ovirded thayahbe bhagmpatses
retarns the abl|lt%%t0 |ngﬁig nln and/ or Elbro ectin
mogRAPHES CENLFR GRS o 1P8drale 2R A]ﬁlﬁ%?
nepephi ded Wbt ct3-€oidims dmlaint Hose rtegi prytidquicegdonopr
reg?SSQtQE%QiPQ&nﬁbrF%Hﬁﬁﬁ i de |ligands according to the

vent derive rom known Moraxel | a

cat BP¥ helpe spl&me%romstm FROEEItAS by 2R B Rat F SRTGRectin

orethSEnginﬁoﬁPoﬁérﬁi&%f%fiﬁ“bdaypéptﬁde Tuunbat escareained
% ﬁhe full-length native UspAl orA2 nol ecul es.
aspt@or8I'Rgl y, the invention further provi des a

wi | @ot yplee Uspipo seguehcsilsadkivieg taon| éasindsr Exheenggtin

or 98 -binding properties of a polypeptide can be ascertained

® Z
O
>
O
>
=z
=z

as follows: Polypeptides can be labelled with '**Iodine or
other radiocactive compounds and tested for binding in radio
immunoassays (RIA) as fluid or solid phase (e.g., dot
blots). Moreover, polypeptides can be analysed for binding
with enzyme-linked immunosorbent assays (ELISA) or flow
cytometry using appropriate antibodies and detection
systems. Interactions between polypeptides and laminin,
fibronectin, or C3 can further be examined by surface
plasmon resonance (Biacore). Examples of methods are
exemplified in detail in the Material and Methods section.
In another preferred embodiment, the polypeptide [or
polypeptide truncate compared with a wild-type polypeptide]
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30, 40, 50, 60, 70, 80, 100, 120, 140, 160 etc to 298
am no acids fromthe N-term nus, and/or |acking at
woeeasno1§48 exactly) 20, 30, 40, 50, 60, 70, 80pcCctB82006/000931
120, 140, 160, 180, 200 etc to 450 amino acids from
the Ctermnus . Preferably, the truncate retains
fibronectin binding function (optionally also |amnin
and/ or C3-binding) .Table 3 . Possible conbinations of
truncations to the N- and & termni of wld-type
UspAl protein.Accordi ngly the invention further
compiafera amnsdstypef uspabeathuerr o f ddie pneyvesst
se&i%nc@@ég_‘tﬁo{% w&@h_iﬁOSEé_OgD5?O: 60+ %@%&ﬁﬂl _a]&o,icﬂéfﬁ,/ified
. ami no acids_fromthe ermi.nus, .and/ or
0 (Eh8 g AP 6aohol Oy FERELPT y) B0 S 0Lt 401 BETRR TR
the8RolMEptize, [040pol8peprR00e et tunea Bl X emranechoiidd 2
wi TSNS FR¥i AUS - cBhetesab! ¥r Ehes 1S UNcat et eladidis one
fibronectin binding function (optionally also | am nin

°find/ or C3-binding) . Possible truncates may be
selrehneduipam t(hoasestiodn fnagieatfsol £omh ngheabfdyraddctin

. of. whi wi tihi,n o) [.nvent Lon. | esd
o1l O onbi dat 1 S o TR h T o AP O dng T e
amigo tastif it ¢f PRisEdiePpe UspA2 protei nAccordingly the
G Tnventd Gmte‘ W/ xher/ EPKOKI d¢§| a)/w/sd;ﬂHJ:lLW@ RISpAR2 \s&g&ﬁme; A

eas Xac : : : : or,
¢ ARRE T AR eB Rt ariRrt B g &t /AT
T/AMast/Yor exactly) 20, 30, 40, 50, 60, 70, 80, 100,
120, 140, 160, 180, 200 etc to 453 am no acids from
the Cterm nus. Preferably, the truncate retains
S T dii%hi‘h Yihdi #gLf unction (optionally also fibronectin
and/ or C3-binding) . Possible truncates may be
ted, f t e.sho i h I owg l.e, I
L fof%\l()\.;‘{iﬁil'c;‘:}g aeig{nv% ?‘Zi%nDt ﬁewgzéogeio 1{1‘;1[(15 ?meq%{llli gfri.ke'lEab éL A
Q & Q IPasdl Bl & PodbEndt LoKs of truncations to the N- and
C termni of wild-type spA2 proteinAccordingly the
i nventiaon fu iper provides a wild-type UspA2 sequence
D @deit iy (It NeXadtfy) 20, 30, 40, 50, 60, 70, 80, 100,
120, 140, 160 etc. to 301 am no acids fromthe
rATi , r 4 acki ngrat | east (or exactly) 20,
L @%?ng?qgé%qgg{%78,%8§,@180$ 120, 140, 160 or 172 ,
ami FEhcV 88A% r drPPRE T terffiaunent spr Ef @R abl§, fHyronectin
biddifatiéms eh akns' 3 gt dig fUNElt On4©ptd 0BBLEyeal 8 an

mfibrqpe Ein and/g%il%ninin bi ndi ng) . Possible
A Ufeat sthﬁypﬁg sePe&ted fromthose shown in the

K KdP | ovid iy X dbMeN/&l T &f Ewhi 8hQa@eQwPt®ih $ he Bcope of
the invention. Table 6 . Possi bl e conbi nati ons of

truncations to the N- and
I XK/Q T/A L. K/E K/N/S N V?I E/VEG/EL L/FE/NL S D/G H/R

I/L I DQKT/ADI/L A/T Q/K N/D

From UspA2 (conserved fragments from the C3-binding
domain - '/’ separating alternative choices of an amino acid
at a position)
IE/QDLAAYNELQDAYAKQQA/TEAIDALNIK KA
SSENTQNIAKNQADIANNTIT/NNIYELAQQRQ
DK/QHR/SSDIKTLAKT/ASAANTD/NRI
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C termni of wld-type UspA2 protei nKnowmn w |l d-type
UspAl sequences that nmay be truncated in this way are
wohos®1f63 st r ai ns ATCC25238 (MX2; CGenBank acce®eT/sSH2006/000931
AADA3465), P44 (AAN84895), OB5E (AAB96359) , TTA37
(AAF40122), O12E (AAF40118), O46E (AAF36416) , Vil71l
(AAD43469), TTA24 (AAD43467) (see Table I/ Figure 19);
or BC5 (see above) . Known wild-type UspA2 sequences
that may be truncated in this way are those of strains
O35E (CGenBank accession no. O4407), MC317 (GenBank
accessi on no. B8XP4), E22 (GenBank accessi on no.

D fB48SH N VIl o @enBank acgession no. (B48S2), P44
(GenBank accession no. BGH86), TTA37 (GenBank
accessi on no. QL961) , O46E (GenBank accessi on no.

E KO 962 L CLXEA CerBaENK dcCeBsioh KoY @A I3 A NN AL
(GenBank accession no. QOXD51), TTA24 (GenBank

acceSS| on no. QQXD53), SP12-5 (CGenBank acc i,on no.
TR L L ReCo8958 SRR BaRRE SELOoat DIP GO

theTalbix&rBJ’JBrgLUael 2priee B%a@Eﬂtﬁgﬁx&@/cﬁsp@sﬂc}MMw

ancg}3 5 dec@ l{%o{opn%lgse'%l sgéugﬁgé‘z 59@&@“1’?&%14 Zhrcich is
nen

rses or con an am no

@e@mm si?é?@e@"td@dtflﬁ@rrpﬂfhéeéﬁé%@n c@ﬁsa@%m%ga@fd Sﬁﬁliob‘es
to N A 9fe &dfiRRAL rebOEBHOPYC U@@téﬂﬂaér or both

Sl ortat teonmoﬁil' Mt R R S
abskcondar Y iprodessimg pnddoct fuhepeeétl@ra@@m iG®s or
re él?&ﬁ&éj}%{) ?kthoe:%ﬁtnng}e het Eﬁv@ﬁ‘ﬂ:?‘@ﬁvﬁgr@}?&#%ﬁdes a

romwt ese regi ons which are identjfied th
1iganqriyRMRT ISHdth 9th aedsdphingopt eiaﬁﬁiép%%m%ﬁm whic
5o(ognseﬂye@cfragnemis3fb@nuthalﬁobaenecremlam@gumqye been

i Faeon SRS IR R R A%ﬁ@d”
he k¢ Nt @ttrrvegt@a:: QY betky Hh\e 8 ArGCQERIFELKL | e D sgipt

mo@frlegl é}éﬁﬁ)é{btﬁc{a e HaYnA knd §BMIt§F/’&5\/biﬁd/ %rﬂ&rﬁrﬁ

nd( ) PP R6/670°D GHRAES BHOCTT KB K A

reibdnébfﬁd&ﬂnd%lth%(@d@%@oal@lHdSpSpEndeK>HYLeXiémiﬂnn it
isH%égg%(féHE%Héﬁ¥%Jrﬁﬁ@“%%ﬁ%ek%@”hghﬁgfkgéoggﬁﬂéﬁk of the
peptide from the full-length amino acid sequence from which
it is derived.

As regards fragments of the polypeptides of the
invention, any size fragment may be used in the invention
(based on the homologue sequences/conserved
regions/functional domatins discussed herein) provided that
the fragment retains the ability to bind laminin and/or
fibronectin and/or C3. It may be desirable to isolate a
minimal peptide which contains only those regions required
for receptor binding.

Polypeptide ligands according to the invention may be
derived from known Moraxella catarrhalis UspAl or UspAZ2
proteins by truncation at either or both of the N- and C-
termini. Truncates are not the full-length native UspAl or
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15

bi ndi ng domain - V separating alternative choices of

an amno acid at a position) KADI DNNI NNHI Y
wa 20074182680 QD QH S S DI KQT/ AL K E K N SPNIEEL06/000931

EEVEGELLFENLSDGHRI/LI DQKTADI/L

AT QK ND From UspA2 (conserved fragnents fromthe

C3-bi nding domain - V separating alternative choices

of an amno acid at a position) | EQDL AAYNEL
QDAYAKQQATEAI DALNKASSENTQNI
KNQADI ANNI T/NNIT YELAQQQDKQH
Aéf“?]éecgllesK FCCORAKNGL A, Stie ALV en Haw gqr ar RIRVWANS a

Wil d-tQpe AsPrA KeQuéhEeAldcBidy LatN keSS &FE MNabt@y) ko,

300 Ko\ QoA Ryl N Nl I y veni ent to pr ce
tusiong%{oggfngoéo%?éi%Pﬁg %%ﬁy%@ﬁ%igéﬁffﬁéh&% %g amino
ad&ise £ire8d ther Brfernéres di ad4or i Feeking tdierleast (or
exmdmmy)ngnt,30he4bpvsn;i@@,pv@vhﬁgs]hﬂgiqgcgr?%%tn§60,

e

omphi~sing pol ptide Iigands accordi’ng td ,
L0 BT ShT BPet BPaBIYTa FCiet Drepibiai EEdmRg -t o
Preties abAodithent riscé es sré¢ thaim S Ebkmerididal Hiadany
fulkews nf : . OVer_ | enti re_|.ength.
S R A e s R
pol ypepti des of the invention. Further derivatives can
be the use of the polypeptides of the invention to as
a carrier to covalently couple peptide or saccharide
noieties . They may be coupled for instance to
pneunococcal capsul ar ol i gosacchari des or
pol ysacchari des, or Mrraxella catarrhalis
| i pool i gosaccahari des, or non-typeabl e Haenophil us
i nfluenzae |ipooligosaccaharides . Honol ogous pepti des
of the invention may be identified by sequence
conpari son. Honol ogous peptides are preferably at
| east 60% identical, nore preferably at |east 70%
80% 90% 95% or 99% i dentical in ascending order of
preference to the peptide sequence di sclosed herein or
fragnments thereof or truncates of the invention over
their entire length. Preferably the honol ogous peptide
retains the ability to bind fibronectin and/or |amnin
and/or C3; and/or elicit an inmune response agai nst
t he peptide sequences



di scl osed herein or fragnment thereof. Figures 19 and
20 show an alignnent of peptide sequences of UspAl and
wopAd18f63di fferent origin which indicates regPOmSED06/000931

sequence that are capable of7 being nodified to form
horretegotsseat ﬂ\it:b i Cstoreraimepfrometionr(irer I o
fi thr onedt Bn $In8f 3 Barg|nBn Andl ¥ B i Brli Fo S| B vy 2
. Konpl ggops-peptiides Ho_he BOSSER DN 510 o o o
peptides g exif q I ngf FHcE tHose He§let(c 53 3 3 F ¥ 3
conr espgmdig—to e BYS _sequence Cronm g ner _strai_ns,
sf n |Fi gurle§ gnd| 2§ Na&Li¥es o¥ Shed|l AV et SorShE| §| §
< pollypeptirges_[F peERti des |/ iyt Lpnat _fon ggqblgpmg!g;%gsg
) fragprent & /2|r ncHt & ¢|d&[ iS|ak| s S|t Be Fneent|i 6n S|
Sshoul g idear iy _pe lformiiaf € as & LACH R JomprifSing.| o
Ean effedt?%lye%aﬁoeiaﬁtgaf%sé BcBpYnént8|( 8] BAnd| aB S I B
<phar npceUL| CAT LY ACCERLlal] e [exfIr ent.l The varcines of o
athe i pvents| of| &arl|b8) usied| fojr Saddli H| sBr &l i Yn A o™ ©
patii ept [far Ihel pfiewenti gh gr ot rgatiredt of oMy axleld ao| o
Etat|ar [ hql 76 SInfect|i 8h Yr Wit K6 el ayor| sHnesi Ji S| of S
o] ower | rgsp rgtg'yotgiaqg hf et ofls o They| ngy hesl o of o
éher1steﬁxﬁiﬁzﬁy%«%wﬁv%yﬁi%c@xﬁn@r@ 55 8 8 §
| ntirapuscul agll w| Hacentlechall yl duedsal by and| o s g g
| nt|r apasgall y®|. *ConbFnad]i Rlacti eS| of| thed|l iV eflt ipn®| =
o[The vacdi gesclok| tde cpresentoli By eqt iconsmay He Logbigned ¢
Al tih ot HeR| MiIr &k ef|l &] cAlt &) rfaf sVaft i Yeds Fort| & & & &
preventijog| og of egt @end &f $he aboengntd oged| gl 3 g g
gjiseases. SThel Pt e3emt Findentlors Fade FlodndSin| N 8 & R
pparti c@llar| tbats| Mar axedll &| cat &f réald sghas at d egstg|2g| ¢
(l)TednS éf Randery f“l1e§h0‘*‘twlmnﬁr‘le%ﬁtagw%r%n“ NI
at tlackigng ol hel ef ganicsnz| loh gddi telolte tgheg) il egacd]i gn |
B th ( AhdNcaBPY NEnﬁt‘i 1e§ it Fhé! Blamhl 8 helod] M ¥
dat aerlhg ig lescla st glory alf il ngtt w| for soguldieshrml g g
~frerbr ag utld el | Wlodgh™ ittt 8 MDY alsdy S S
okndwn| 85 @VPE0E) g Mbraxed | g gepgngeng IgyDebigidEng(t 8| 8
SB Ilymptocyl eS| restil 75 Tin “a Piol clonal ~i drunogl obllitn~
Byt hesils gnhgicig| ngly gpr ehighi 8| @ oBluc i 8n f Bs(@cBf i% 8 8
“roroc| onal— ant Ciraxel La—anti-bodesi—Thefast—rthat—M
Acatlar r hal iS5 e2ls 9 he| Ialingn 9 naurse Sy e i irgl 8
O/\HMS Lnght‘_‘ axpl i IV 'l\v/! olat Ay vrlhally ol + & Qb h—a
pl = Ty oo ST 9 OodU
sormoh iinigabRt &t S0k tRe § e¥pid ooy & § & § § § § 8
: 8 8 8 8 8 8 8§88 8 g ¢g ¢ g g g g g e
13
B | s | 8.8 9 8 8 8 88 8 8 8 8 8 8 888 83 2
8 |8 | eeeeefeRee R R R ERRR
S )
e G gl 2| 8| 8 8 ¢ 9 8 8 8 8 8 3 8 8 I 8 I 8
= 17
'é 3 g al g g 2l 8 g 9 3 s s 8 s 8 B Y B Y B
S O e T Y = Y Y B S B O B B I T B
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tract. The inventors believe that the conbination of

antigens involved in the I gD binding function (M D)
wanw7@3s4sB ndi ng function (UspAl and/or UspA2) eamSE2006/000931

provi de an i mrunogeni c conposition giving the host

enhanced defensive capabilities against Mraxella s

hanpering of the human i nmune system thus providing an

enhanced decrease in M. catarrhalis carriage on

mucosal surfaces. A further gspect of the invention is

therefore a vacci ne conposition conprising an

effective anount of spAl and/or UspA2 (particularly

t h@kd@r@rn)gl@f @hel ri&"v@ﬁ@@oﬁ uf b +emet fpw&iﬂ@ta OGS Bt ype

ypept i des tlde unct i onal |ns | ogues
Us§%4 %?%t%ﬁﬁ%% /&8?|§aé?5e§x%?nf Hle |nwgﬂ?|égyaso
GOdéHbrNﬁbdJﬁéheHQO,pﬂé@eréﬁpy Whf chmime ad pisdsy from the N-
tel%rmg‘d'%}gi natd 'c@(ri)ng @tCQEJQbE‘at(aneX\éé@l £ £ f end,l v,

anount otein M |§ ? %%
50 nct§pefdti dr%Gol ﬁﬂeptl‘lges é %Ie% ‘ff (i
aciﬂﬁﬁﬁﬁﬁm/ﬂnﬁnﬂ4nynminhhragHEGESrAbIpncamestimhnaﬁ&unanaans
there fo RIS f I Iy
fll?r c9: %’% afpn\ag?r:%%gedgﬁ p{lgl{]g ?égﬁrpirﬁq{ Nha/or
C3é¥m®l@ﬁ FPrQﬁS@hiel\/ltlunéﬁEnglDabllﬁ@hﬁ@ ected from those
shmomg%slﬂmmmgs/t%me catesothgreeh 4se desgiibeathe
in %5504651 gggforporated by reference herein)
sc?@ﬁt??ﬂﬁ Wit EB'e fragments for this purpose is a
pol ypepti de conprising (or consisting of) the F2
fragnment described in WO 03/004651, or sequences wth
at | east 60, 70, 80, 90, 95, 99% identity thereto
whi ch preferably retain human |1 gD binding activity.
The M D and UspA conponents of this conbination
vacci ne may be separate from each other, or nmay be
conveniently fused together by known nol ecul ar bi ol ogy
techniques . Brief description of the draw ngs Figure
1 shows thirteen M. catarrhalis strains tested for
fibronectin binding (A) . Strong fibronectin binding
correlated to UspAl/ A2 expression as detected by anti -
UspAl / A2 pAb (B-1) . Flow cytonetry profiles of M.
catarrhalis BBH18 wild type and UspAl /A2 defi cient
mut ants show an UspAl / A2- dependent binding to sol uble
fibronectin.



The profiles of wild type clinical
and correspondi ng nutants devoid of UspAl (C and G)

wonroddap$ds (D and H),
| acki ng both

i ncubated with rabbit _anti-

isolate (B and F )

UspAl / A2 or fibronectin

f ol lfowedpy @anmantTrf1igropegtin pAg. FI TC conj ugat ed
rabhi t| pAb 8 subse%wmtb'y séfdgeck fal hpwedby fl ow
cyt qme ry [aRalysls? AltYpleall 8xFerTnmBntlout of three
wth the fegn_f I$ogb%q:egcg itensity CMEi) for each
proflille i$ 8héwmR| B qurd 3 shoWs & heit SMa| catarrhalis
Usr A2 [deffi ¢ignt| mitgnts do not hind 125 | -1 abel ed
onectilng B|.g/cglig|BE28 vRisgl &¢I gd8d #s a negative
rol not—bt+heimg—Hbroneett—Bagterta were
bat ed |wilt | 1256t Icabgl ed Jii br enegt bn /ol | owed by
ral wasfies| afd™anfal Slz&d 3| na Yatme| count er .
ongctiln_bi ndijng| t 0 tihe| R4 _Wi | d_|t ype |expr essi ng
spAll 8nd| AR wass|sBt Sass 180 63 %neﬁ nmean val ues
hr ee iﬁj’ep,n eNl exXper ntg arg spown. Error bars
esent |stlardagidsdeyi gt isprgy §SR) s S| gl ar results
opt ailnBd Wi tTh™M™~ € 3 lhg s %Rﬁlllrgi Figure 3
5 pi ctjuries|that| verLfylthag M .icat agirhalis
nt s deLv%i%o% tésr%il céla)é KYsPAX| dg motR|bind to
wmmmobi | i zed fibragnectiin.| M. [catafrhal{s wild type was
apl e tp adhgr & ag| &| I8 g8 @3@i§y§m§f§£§necti n coated
gllasls bl i des—Cp—M—-—eat-arrthabs—dspA{nut ant was
sd ret itngd ghtoagw'éhgd%ns&g gé&)c, 8Mﬁrea5 M.
at ar r hat i|s=DrspA2 “and GspAl 7 ubl & mt ants adher ed
poor| y| (& and D)l .| Glass $lides c)wecrjeo,ocgited W th
fi|brlonedd i nFarl ¥inGutRt 8d Spi Eh¥ME| Blatar¥hal is RH4 and
i%'s |cof regpondi UspAI A2 gtants. jAfter several
Wais hes &)chergi giwer sl Gr@a saalanegﬁl.gl:igqam;e 4 is a
¢laph sHpwihg i hat r edohbithant USpAIl dhd |A2 bind to
fd brioneat iin_J n,a_|dgses dgpepndgnt| nmanper, Specific
fi|brionect i|nEpihdEng| i¥ Sh&wS|f & UsPAS| 5¢" 770 and
Ldep,dz B0 539] . [Bath Usp,ﬁ ptotlei ns |(40 nM| were coated
on microtijter ol ates gnd isncslbat ed @i th glncreasi ng
@ncen r atl-epstet-breneetiA—fotowed by det ection
with rabbijt _anti -huan {} by ogeg;ioljl pAb | and
HRP-Icohj u ated| ant i~ rebbj R ftan val'les of three
sgpar at e eprri ment $ ar el sho and error |bars indicate
i) 8 8 8 38 8 B 8 8 8 g 8 g 8
U
0 >
o |T 3 8 8 8 8 8 8 8 8 8 8 8§ B
g 3
5|8 o 9 9 9| 9 9 9 9 9 ¢ 9 ¢ ¢
5 ®
B % 8 8 9 8 8 8 8 8 8 8 8 8 8
°l |
rﬂ|) :-¥=- (=) (] (= [=] [=3 < o (=] (=] [= o f=] <
:_3 § o~ o~ o~ o~ (2] 3Y) [aY) ™~ o~ N o~ o o~
a )
‘8 :(.é e o o o o (=] o o o o o o o
o,
S| |E|%a
of |58
o |S|EE
IR EE EEEEEEEEE

and doubl e nutants (E andPCT)SE2006/000931
SpAl and UspA2 are shown. Bacteria were
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Figure 5 . The active fibronectin binding domains for
UspAl and UspA2 are | ocated between am no acids 299 to
wo3207ansk63165 to 318, respectively. Truncated pPOTSE®G6/000931

derived from UspAl {A) and UspA2 (B) are shown. All
fragnments weretested for fibronectin binding in ELISA
Forty nM of each truncated fragnent was coated on
mcrotiter plates and i ncubated with 80 ng/m and 120
ng/m fibronectin for spA,j and UspA2, respectively
Bound fi bronectin was det ecPed with rabbit anti -

i brianectdimgiAb thel fowedtbyn HRPC tomt urjed el emta -Vfla%t?mttype

Us;%b ds 1%@1'&1%9&%8@@5@%' ‘(srf@ﬁa&m@e setsp,0fis, 20,
exper| nts. Error "bars gepre ent , SD. él;orqaa(gpv}cﬁg at

25 tle 2RI 3CEr ditl Fo°sHghehet Yy N% e

1e§§gumeamﬁmmg3zobe8\@een4wsbm 209 462 &hd l%QJ,A2121Q35

T 1 cq n d d thin
g i EOL AN S R e e

teamhwspAl Pm@enﬁ@zwr aaﬁeﬁtrgnééﬁﬁeﬂ%%%%ﬁ yL AR bt

futdt A8 R%ﬁt&é&pﬁqﬁe@%&&erﬂ&b&bhé@ﬁeﬁt aﬁdbondwgolmlng
catarrhalis oubl.e t.a t

Po??ﬁ?ajo%eglfrhca é“"’iynaeugg& gseﬁ @E flnv)éﬁéggt%g?m JLﬁ %Fe

fol Bewhixy nzatt 1er atldi e mﬂ@hpla@ewabb@édtwat ﬁctzp?rg?flo‘él%n

ln# lf],&_lk_)(gﬁ)nectl n before incubation with M. catarrhalis .
he Tean fluorescence val ues (MFI) of M. catarrhalis

wi th bound fibronectin detected by FITC conjugated
TaBDbi 5T | bsesEsTd el riat ifdnawocy temeteyiane showne N- and

C‘ﬁoLEEJéIIRi% +4l9 J.afg tly,pPéNUs‘,%)%\% é%t%?%m ted in 95 % and 63

AHDHH-oR—Fespectvety. ars represent nmean

SD of three independent experinents. Figure 8 shows

No.ld1aiirnddedls 12%tigdaideaanor ddst¥? 165 318 inhibit{M.
Fropfhalct hjal i s adherence to Chang conjunctival cells via
ek associ at ed fi br BBLPPNCEHNRy epithelial [cells

o Expresseg Tifronecyph of {zhe sigr f dog as|peveal ed by an
20 b o jpe 'u;te;‘l?vafi“ogﬂg 1I58\rN %ﬁ?:ﬂr L?/n Qég. roteins
30 UspAl 208 452, UsitAS 164 B16, 1 2o ?g. onectin pAb
40 resul t e n_ difynifi8ant iyl ediPed HPndi nd by-| M .

50 catarrhalis R ad Bompar®d ti?%ont42ol J.fé%encbi nant

60 pr ot ei ns0 (UspAl 4330580 |ded Us3PA2 [#F 177R%and a

70 0 5 10 15 20 25 29

80 0 5 10 15 20 25 29

100 0 5 10 15 20 25 29

120 0 5 10 15 20 25 29

140 0 5 10 15 20 25 29

160 0 5 10 15 20 25 29

180 0 5 10 15 20 25 29

200 0 5 10 15 20 25 29

220 0 5 10 15 20 25 29

240 0 5 10 15 20 25 29

260 0 5 10 15 20 25 29

280 0 5 10 15 20 25 29

300 0 5 10 15 20 25 29

320 0 5 10 15 20 25 29

340 0 5 10 156 20 25 29

360 0 5 10 15 20 25 29

380 0 5 10 15 20 25 29




control antibody (anti-ICAM mAb) (B). P<0.05 by
two-tail edpaired Student's t test. Mean val ues of
woho@®is@par at e experiments are shown and err oPCIDBES006/000931

indicate SD. Fig. 9A shows binding of M. catarrhalis

RH4 to laminin via UspAl and A2 . M. catarrhalis RH

4 wild type (wmt) strongly bound to immobilized | amnin
with a mean OD of 1.27. RR4DuspAl showed nean OD of

1. 14(898%of t he V\nldty@e) . RR4DuspA2 and the

Goroub e TNy RRADEALAZ TU R QOpY . 19 and
23—t-gspectiyety }; 0% gnd T ho 16 ot th wi| ype) .
4207 <°Jmf Sign 0 canthydi-Flereft—fremthe residual
440a3dhesi g hﬁ\/l n31Qﬂr|| Y budtn ¢85t odl A atles. Thi rey
453ng/ nal |jj]]ﬁm nl & bovilhe $8Pum gﬁhun’{? wer e coat ed

on mcrotiter plates. They were bl ocked foll owed by

e R B T T BT Wi R e sk vee
Uspmzj erqmgm@dlmt(on st at 1yAb. 2 0hhe3 Gre P or Ul 150 070

80> 16F!€§splati¥e €¥PEELEBNLS %foQ %'?ﬁ% a’éﬁﬁ%r S the N-
tepresent st andar d_devi at i ons

%t E s2t¢ows3 t he
5 teppHMity R/ eEokBFRARY BEpARag d er R
50ﬂ06& dependent 1gannar.0,Spdci, f il60l am rite Emidingpdigls from

the 8V\€]e1£1r?1rr‘(u pAI r5eqf ré%l?;t tgﬁp&uﬁgaéggre@iﬁ L@?%lndlng

pr ot ei ns on mcrotiter plates and
funacidrat edqmttlﬁnlaﬂ}éis/easalfg? cohtbrPRAE T bhs @tndl &Fi ni tpminin

pih@lhoned byoglehiecd i epuMbihes akliyt mnt IselLéB’t@din il atitbse

HRP- conj ugat ant.i - it p Me ues aof t. e
10 shewnargt é:% ptgﬁ] at}agﬂsenovA\?’bluana elwr bzillrr§E |an:hgia ehe

sc&be &f gthdiveandidh.show that the active lam nin

bi ndi ng domai ns for UspAl 50 770 (A) and UspA2 30"539

(B) are located in the N-term nal halves. Forty nM of
Tabde afrhi N0 S YRk COpirAT 1ong Odp AFUBESERNE oL Rag N- and
C-Wedhnihe &f umtmaq/mr QI@MSp\meltemoat ed on mcrotiter

plates and i ncubated wth 20 ng/ m of Iarri ni n fol | oned

15 by—det-ecton—wth—r+abb-t—antt+—tamnt-r—pAb—and
No HiREmoTe) asiatiadingnatileasabibixactlyAb.  Mean val ues of three
Fropethar at e experiments are shown and error bars indicatle
N- SD. F! g. 11 is a schewﬂ?’%tﬂelqwé"f"lnaﬂ on of C3,
ter nt_ _bound C3b and C3net-. \ )—TFhe moleeul-e—im-
o_ser un gonsbstaaf400neso-cdval To gsud| exee | heehaisa. | (@) | Tree
20 22 Chat . 9283%”?40?25?%%“?& g Q&St €ho SiLE |t |ahd §"
30uw j E)I lelowéa a4lol ‘go 60 | 70 |80 | 100 | 120 [ 140 | 160 | 172
40 0 |20 ]30|40 |50 |60 |70 (80 100 (120 | 140 | 160 | 172
50 0 |20 [30(40 {50 {60 {7080 |100 |120 | 140 | 160 | 172
60 0 120 )30]40 {50 |60 |70|80 |100 |120 | 140 | 160 | 172
70 0 |20 30|40 {50 |60 |70|80 |100 | 120 | 140 | 160 | 172
80 0 |20 |30[40 {50 |60 70|80 {100 |120 | 140 | 160 {172
100 0 |20 /30|40 |50 |60 )70|80 |100 | 120 | 140 | 160 | 172
120 0 |20 |30]40 |50 |60 |70|80 | 100 |120 |140 | 160 | 172
140 0 |20 |30]40 |50 |60 |70|80 |100 | 120 | 140 | 160 |[172
160 0 |20 |30{40 {50 {60 70|80 {100 | 120 |140 | 160 | 172
180 0 |20 30,40 |50 |60 |70|80 |100 {120 | 140 | 160 | 172




10

15

20

25

covalently to a mcrobial surface. (C) The C3 has been

treated with nmethyl am ne, which becones covalently
wabkv@ohed3t o the thioester. Fig. 12 ill ustratescrisatookioossl

catarrhalis counteracts the classical and

alternative pat hways of the conpl enent system by the

outer nenbrane proteins UspAl and A2 . (A M.

catarrhalis RH4 wild-type (w) , the DuspAl, the

DuspA2 or the DuspAI/A2 nufr%nts were i ncubated in the

ByspAA—A2mut ant—was

An ~Ff

NI
Pt esSente 61 IU /u TNITRO T

209 ncubatoed M | 30 140 °o5NHSS(B D! 8henoed ot hidei | her |BRTA

20@" M- l%JGTAzo Bact & 1130"esf | 50| bETUEE |abot Mol NEF L5

+

trme AIUEeT joveTTmymo | T nguoatiot,—Cor gty

24¢ or mi nrQ ln?lot Q30( QI) Rerel cin8®qd100rhe2fy r|ago | 172

26bact eilioa |aio | 4| doni|tsoal 6070f ad NaoePebi PR $ 1489 17

efi ne as 100 Po. [Mean valugs of tnree g affat e
28& %n +20 145

B 3% 4004wl 8 ZQ & H%&;J@&du t o169 (1972

bI\PbI T TCTIT O TC T VT o AL T L4

290 A) The mean| 30a] 4009 58f L& | %0 B tihe Dupppheo |the

30puspA 0O 2bhe Eu&o/ugo P ({n %anng V\&{\E dg%l 2&“ Yoo

i fferent—tromthe Wi pe—{ }
val ues after 5 min for the DuspAI/A2 nmut ant and after

10 rhowhoOKildrer FU%ﬁM¥3é@&d@ﬁbeEnQHQ@tﬁgyNEeEg¥£h$§£§d

f tl ff f th I
in U VA8 R Shoat o8 (= AR08 AKRal FEnBRRBS
acc:ssrsmosengm ARePeFlentt 44 of ARNBHBIOSEND34&EL i(RABD6ORSY) ,

TTEROW/ MF@@?M &ﬁé‘lzﬁf&‘%sﬂ %%6%' ndhRg 6'21962'0‘) VM71

cat arr alis St rept ococcus pneuno

(ABREPEPP Ay weF221 n wtr?qu@a@rleNméFpgétmeé%d or BC5
(sekt AbERFA. Thesweafwerd- tqlgfe&lbjéslpt-\Za@%kquﬁblﬁﬁﬁ €84t by awé

c er_a FI TCco ate g
trgﬁi:???(gbgl??g% V\‘Ilve&%/earaedGted)SfeoIOI d2nY°f Bg%i}ac§?8ﬂ%f‘?§
acgAap i8R sno Ba‘%‘t‘é@? a iIMC3Ihe @sodacé efbcNHSiobuhoi nQb&EP4),
EZQr$§6ﬁ§§npfa&63§biH¥LndMﬂd%4@%&'ne@l@§2b§@gQEQHQd ?ce351on

nc representative exper.l nent ou
a0 BT EE i, P S FAASESr e ok nRBCNRS) . TTAST
(GeaBankh@¢¢$S$KHn(HDMNQQﬁQQﬁ )bi vd$EpUcehBeAk accession no.

oofIBEBY) BO19¢ [EEA. b1 A0SE: UBBRBASHT JROIPT 168 fManx

t he ding 1's ba on ionic I Ons
ACEHE DR r§O prfy sHARIZYg (CANBBRKdRAgGeRBL AN Rer c@SX D3 ) ,

spm@nsemémenqmaafes@m nd.BhsRre2npanrtbper e8Ccesstsank
ac&gggg tﬁb. Q9XD55) (see Table 2/Figure 20); or BCS
[Forsgren UspA2] (see above).

Ideally the UspAl or UspA2 truncate of this embodiment
comprises or consists of an amino acid sequence selected
from the group consisting of SEQ ID NO: 1-10 or a fragment,
homologue, functional equivalent, derivative, degenerate or
hydroxylation, sulphonation or glycosylation product or
other secondary processing product thereof; or comprises or
consists of at least one of the conserved sequences from
within these regions which are identified in the alignment

shown in herein, for example:



10

15

20

25

30

35

(nfi) of each profile in panel (A) is shown. (C C3net
bi ndi ng of RH4 decreases with increasing
woanang4eat i ons of NaCl. Bacteria were incubat edTsELIV6/000931
C3net with or without NaCl as indicated. C3net binding
was neasured by flow cytonmetry as described in Figure
3 . Error bars indicate SD. * P 0.05, ** P < 0.01, * P
0.001. Fig. 15 illustrates that flow cytometry
profiles of M. catarrhali 3 RH4 wild type and UspAl /A2
deficient nutants show a PAl / UspA2- dependent C3net/
C3 Fiomdi BgpAThd cpretiied dfragmanltd tfzmpam ckhai dalbronectin
blricﬁLQJgat@orﬁaA&n F—, W) @&xfa&rlrr@smlr}gaﬁw@néﬁoﬂ@é@l df an
rqteln % UspAl (C, H, M), UspA2
aml(”@ aicl R)C, aoPO &FﬁOPJ% AI and UspA2 (E, J, 0) are
G Showh.S Bact Sr/lKaQWEr/K/AnGIABaKéNVWH,I‘S GretQ (JAVEN/H V G A
d%@g@@& (S{R]h(/)‘g)r TP‘“D'SSW P aapdy detecs ed s quty 'An%qK/T
ure ypl cal experinment out of three wt
T/R/AVe an fluorescence intensity (nfi) for each proflle
is shown. Fig. 16 illustrates that C3net binds to
|f| q\h %o&)gnant UspA2 30 539, whereas only a weak
bi UspAl 50"770 is observed.
Further nore, the C3met binding region of UspA2 was

L ¥1&{4 1 re¢ R0 1bg, loga eﬁ Repweep §he AN ne/BCi & E/D T,
resi dues 200 to_458. The reconbi nant UspAl 50 770

0 QY Ush A 36 533 Kerfe | bilized on a nitrocel |l ul ose

menbr ane. The nenbrane was incubated with [125 |

D %g%bed IIegg SHet; querni ght and bound protein was

isuall Zed with a Personal FX (Bio- Rad) using
intensifying screens. The reconbi nant protein MD 962

L 2200 W ined gdedpas & megaki ve control. (B) UspA
50"770 , UspA2 30"539 and a series of truncated UspA2
proteins were coated on mcrotiter plates and
i ndldvat edswh2 h (CBmeerved| |fowwerhely si nCudrat itba Wi ity qeatt in

pirfid g hysmp: £3-pAD rand, HRRaonju g@I@&rr@J‘Elvéoé‘ﬁoP@@s The an

nmean val ues out of threeexperl ments are shown. The

PR IBGHOURE Bi RASHGIRES subtracted fromall sanpl es.

K o har % gonr @gpondyte 5 Alp.o*oP ®.0% g P 0.01,
*** P 0.001. Fig. 17 illustrates that addition of
reconbi nant UspAl 50 770 and UspA2 30"539 to serum

I K4thibiA ICZMEdéipféTs/lSt NoM/&nB/¥i Bl ¢ A ofLAT .Ehtlary BAIG $1/R

/i@ g ke ralt/er matri/ve apat BywRyw/Fl ow cytonetry profiles
show C3b- deposition on RHADuspL2/ A2 after

From UspA2 (conserved fragments from the C3-binding
domain - ‘/’ separating alternative choices of an amino acid
at a position)
IE/QDLAAYNELQDAYAKQQA/TEAIDALNIKA
SSENTQNIAKNQADIANNIT/NNIYELAQQRQ
DK/QHR/SSDIKTLAKT/ASAANTUD/NRTI

DLAAYNELQDAYAKOQQOQ

EAIDALNEKASSENTQNIAKNOQADIANNTI
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i ncubation with (A) NHS or NHS preincubated with

reconbi nant (rec.) UspAl 50 770 and UspA2 30 539, or
WOBYo7MHS6BD- EGTA or NHSMy- EGTA prei ncubat ed weC/SEsa000931

50 770 and UspA2 30"539 . After addition of the

vari ous NHS conbi nations, bacteria were analyzed as

described in Figure 13. (C R DuspAl /A2 was incubated

with 10 % NHS or NHS- My- EGTA. For inhibition, the

NHS- M- EGTA was i ncubat ed V\é%h 100 nM UspAl 50"770

and/ or UspA2 30~539 before™addition of bacteria.

Bactlér mayweeecenveeteet ot phedigalifomtiet tomeepaisnt s.

cdﬂﬁélﬁﬂﬂgeon§p3§E§§é|@1@&n&§“§#'ﬂééé¥ 1Y He AN

Mean val ues of

er.i .
Actcﬁpgénngéfar abte? egBJéi:PﬁEn?rgb%qjé“%mﬁ%df’é’ﬁn&loﬁap§wldes
fusddincatret8in® coffiheiting mlypeﬁpt]ﬂie ZLng@sSQdaSbmdfi% to

A2 h nhi
PSURRILLIS PULant (g Pt g ) (oot e .

thl?)\:?sﬁﬂpf’ﬂ?mﬁﬂ?ah? iagabbhen 5/@1 HAMEGPA dlooray( Rnawn
fuQ1@5)enkty. sé@uéht@séﬁéieﬁtéréﬁtﬂﬁ%“ﬂ@%g@%nt oAl £3Qi0ns

7 539 d f bbi t
o ARG TREE By T RATH 110t ot Hen @ S EBRCRPe ChatRay.
inNESthas - i E@ublaeeddwimmvw tdroutoel @henMsEs pAl the 770
po@@@ép@ﬁdé@pé@ @Qe5§§v@ﬂtfg%(%é(§é %oc%&QlegHgaan%hEently

i cate oncentrations was thereafter a
co}lg bi PeBHfgﬁrBJ&y?%%Ch%%%er RHAQES -of hedr 130 Rencouhéed
fosuspehanoestmepmemedﬂctméaﬂg&chpmﬂatxh©l§@@%éaéhaﬂﬁaewe6§
ectr tr [ aenplysis in
O R e Al G Tl A e SRy L
SagRpBarseépar ate Ié&rpewp@&hl§ affaeeﬂsiml\miuandne‘ﬂuenzbar s

11966&@@@@@&;&1@5”&@& The results obtained wth NHS +
30 539 a 50"770,/ UspA2 30 539 at

nd .N
o%%e?ﬁ?%& |%€F%tlgs €% Ol%s§h§ndnzf%lﬁéi°8 BpYnPei ametified
bYdﬁﬁﬂ@¢@©$ ¢orgpa 1 heoNHS HoomtlrogloucPpepBi0B)y. aFegprdferably

b r S f for o
atg|%§§}eﬁ?§s%€eaﬁis%p am'I;:IIe\)//v%ltrrl:éef% aH%?Alat ! a £ ? Fenf0%
OBar § of T UAPAI LdetRigalan |aisl<f§@siap§soadpir| @ﬁppaﬁéey@mcse

toothtlspd2t faw ddyudrean diddiesent h&ﬁ:é@hné_rt eragauntbe
enBoRBk o8 Ol LIS O AT 3,0l AT B2l e
lergklgr v Seapidnice idmrﬁwezdoa;svushgepmde betakesn tie
abﬂyﬂ@ﬁrto bind fibronectin and/or laminin and/or C3; and/or
elicit an immune response against the peptide sequences
disclosed herein or fragment thereof.

Figures 19 and 20 show an alignment of peptide
sequences of UspAl and UspA2 of different origin which
indicates regions of sequence that are capable of being
modified to form homologous sequences whilst retained
function (i.e. fibronectin and/or laminin and/or C3 binding
ability). Homologous peptides to the BC5 SEQ ID NO: 1-10
peptides are for instance those sequences corresponding to
the BC5 sequence from other strains in Figures 19 and 20.
Vaccines of the Invention
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of exact matches and the length of the region

al i gnnent, where the region alignnent is that part of
woheo7abesmse total alignment containing the ForsgCeSE2006/000931

region. Materials and nethods Interaction between M.

catarrhalis and fibronectin Bacterial strains and

culture conditions The sources of the clinical M.

catarrhalis strains are listed in table 7 . M.

catarrhalis BBH18 and RH4 pgutants were constructed as

previously described. [23,758] The M. catarrhalis

st raienpoismpeptadesnébyptiitiesir 4Bunet by h drswins

/B e e R e
cu r

B SR EGRK DO5IRERHLS ERR oF ArprEAi gl

corit Kihg Sin elﬂIlécﬁ,lvND)ampuandoEJSﬁé\Qddeémpmm (;utard K

Ph%§%§§%§?%P y,a t?tgb /gkc§§9ghg (I'nvitrogen,

ora eni col and zeocin were
usethd oraagriavash off thee lﬁ@@bté@ﬁu@%t%@ el ef o

adifdd €Al o AN %%tMentC§b§VEHQ|pﬁeU§ﬁﬂ1®m éhecreatment

present stud Straln d.inic Sour ce ference B
of eraret bl §% %ﬁﬂ@ gﬁu?tggf%éTg§} %?Ltun1
sifd®itH & Sm»tanm{e]s@]ﬂradtzr&e$papat onyecrhens| SBl]teI)Z]ITZIaY

ab PRy Yo 4 Oﬂ MRS OR fmélhé% Beht Nasopbar vy,
a Tg‘gﬁ{ ’%ﬁ% ¢ QPP%% RH6 Bltﬂ(a % 4" Unknown [10] R
paﬂﬁ@h&?@ﬁ&ﬂiJIHUQ§§%Eiﬂ4a?@wﬁ§ﬁ?€né firty-aspirate [23]
cOﬁbiﬁatJ@@'ﬁéé@g?&;Gggfhﬁ 4rfiegithoh have the uspAl
wher eas Z a e
[10 Bk et hig S n%éggn gﬁgggbgo?ﬁg s%%dééﬁﬁﬁned
with other MOraxella catarrhalls antigens for prevention or

treatment of the aforementioned diseases.

The present inventors have found in particular that
Moraxella catarrhalis has at least 2 means of hampering the
host immune system from attacking the organism. In addition
o0 the interaction with C3 (and C4BP) mentioned in the
Examples below, M. catarrhalis has a strong affinity for
soluble and membrane bound human IgD through protein MID
(also known as OMP106). Moraxella-dependent IgD-binding to B
lymphocytes results in a polyclonal immunoglobulin synthesis
which may prohibit production of specific monoclonal anti-
moraxella antibodies. The fact that M. catarrhalis hampers
the human immune system in several ways might explain why M.
catarrhalis is such a common inhabitant of the respiratory
tract.

The inventors believe that the combination of antigens
involved in the IgD-binding function (MID) and C3-binding
function (UspAl and/or UspA2) can provide an immunogenic
composition giving the host enhanced defensive capabilities
against Moraxella’s hampering of the human immune system
thus providing an enhanced decrease in M. catarrhalis

carriage on mucosal surfaces.
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genes (data not shown) . DNA nethod To detect the

presence uspAl , A2 , and A2H genes in those strains
wohni@hig4sds was unknown, priners and PCR condi PCODISE2086/000931

descri bed by Meier et al. was used. [50] Parti al

sequenci ng was also carried out with the UspAl 299 452

and UspA2 165 318 5 ' and 3 ' prinmers of the

respecti ve uspAl and uspA2 gene of RH4 and BBH1S8.

Confirmation of the presencg.of the am no acid
resi dues " DQKADI DNNI NNI YELA%}I)Q—ISSDI KTLK" was al so
per Porfgrdhiey PERewit hfathei everBlon is therefore a

vég¥¥NgTB§H§QE@@66§C6€EEgﬁs§n )aﬁe§fﬁggﬁﬁééfﬂﬂggﬁ 5’X5pAl

“aFE/j t hi.s sequen rimer

oo Bed g EPSA ey Bhe . THbiSTochim namCass: arad-
laymidt pedtyipeptaddsexpr pS$ypéTp1RE<E®$Tb/£5@Hld&pAdflﬁQtz.B@1al
d&&‘in‘és%bo%%‘ie%ﬁ%s W‘EEQBﬁé‘ﬁ@s A r?cagcfb fd@rlvatﬁé@s of

term ni, ~has Tecen escri
tf[%&]nv?ﬁél@é‘néﬁl depraifad exre b @Ifeffreﬁﬂh\hy which retains

a Cﬁm—aﬁﬁ‘]hlaglgs fBQ@;:bJ@thlﬁd%ﬁﬁd ; a1 §S UeL tang Qﬁ%ﬁﬁlve

e roman aadl til on e I_.nan protel n
e B RO Ho YR (FBT el i Saniedy L pRISEopF s
OJ%lrmlWMZQdeSSgpaetedabséf@mtsicmﬁdt etbriayi rishe’ heaiB ogues
/ fRighRet sThe rRhEABES Vé@gl%@lxyésﬁ%f%ft a%l %&f%&'abﬁlyl which

nstructs were sequenced accord ing 1o dt
e?ﬁ?ﬁﬁo&s UBRBr £98TBANERAY pEitRF ) orfist & PhRgEGRstARE L LY

aqueptteibns werepdene.as descri bed previously. [59]

' : I
Pro%%b@élﬂﬁﬁf?pugﬁ& ngL%HJ§£CO unn cﬁ%ﬂ%%ﬁaﬁggﬁaFé(tgun—

nit c resi n kbvagen accor
catest thereohsifofepari %chhoVVQlQﬁ1/§JO46'5lie (Lecorpiomahed by

reﬁre@fe@besh@@é@n@nabﬂ@ﬂc@ﬂaﬁ% RAR AT d8sehibed. fElechls
Pri us esent study Proteln

purpBFFHéF 3 pog~e F %E ggmp%*fl (or consisting of) the

EQgégﬁGmgoggdescagba@gnma@gdﬁﬂdum651, or sequences with at

le%%%tg@aggbttQgtgg@ta§§0t§§gtﬁﬁéﬁﬁ%ﬁy %46 which
tct cggatccagtaggcaa caacc
Pr%tfgaaé XgE?Fa@%t%@%tw Rigrdidsaa B6vigy -

gCgThégMggaiﬁ?a@éﬁMg?ﬁ@ggﬁﬁﬁﬁfcgbthls combination vaccine
Cgig cct gc

mag §E %ggégg %c%%%%g%%%%gg Luc OF may be conveniently
fuggtigtedaetaaychy akeeye deekemHiagadd ologhkl 28@hda53ues .

Brggat 4t 96208t 0GR SHIBLL C&&%@ﬁ}@gt act
gtcit Taagal Caagctrrtrgatcaat pA1433' 580
%?g?git %gEgﬁegghghagatarrhalls strains tested

cat
focafgbtgagaagmtbﬂmﬁhagautggStrong fibronectin binding

correlated to UspAl/A2 expression as detected by anti-
UspAl/A2 pAb (B-I). Flow cytometry profiles of M.
catarrhalis BBH18 wild type and UspAl/A2 deficient mutants
show an UspAl/A2-dependent binding to soluble fibronectin.
The profiles of wild type clinical isolate (B and F) and
corresponding mutants devoid of UspAl (C and G), or UspA2 (D
and H), and double mutants (E and I) lacking both UspAl and
UspAZ are shown. Bacteria were incubated with rabbit anti-
UspAl/A2 or fibronectin followed by an anti-fibronectin pab,
FITC-conjugated rabbit pAb was subsequently added followed
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UspAl 557-704 gccaaagcacaagcggat ccaaat aaagac
ggtcttattggtagtaagcttagecttggttttg UspAl 680-770
wQbkbgagemaaaggat cccat caat caagag PCT/SE2006/000931

ccctgaagctttagtgcataacctaattg UspA2: 30- 539
cgaat gcggat cct aaaaat gat at aacttt agagg
cattaagcttggtgtctaatgcagttac UspA2: 30-177
cgaat gcggat cct aaaaat gat at aactt t agagg
ct cat gaccaaaat caagctt at ctt? at agactc UspA2 101-240
gat at t gcggat ccggaagat gat gt gaaac

by gEl @aalaagetirac agetlvagat t fadvageattexpeisrent oma3 rg

t at.t.gc t a a i f h
oL p0L seiesmmIRL L sty QR o

Profags tifagd®y@at ccagat get at t get
ot oaah GAC ot GRRget ekttt Mgageakachgl Us R4 I0pAMb8leficient

ct caaaaccaaqc t cca tg. . ;
o G gt L e A0t t{ dodLEageat CURE TREAS uf g3t P12
wa@cﬂmghghﬂg@gg@tm@@@aﬁ@@tgppggp not binding fibronectin.

t GAGht 3 TANLHBDEE €51 Rab: &t
Bagﬁ%;}f@éﬁ%#%&hﬁﬁ%@nal a tiIbogi es £ e

yel (gAb% m@%ﬁ% counter
£o} R |RY &I Weddh e Fe AR 2RPSEF SThe" of he? :
Fi8dhdoel e P liseichgnerce thab B anfd- hypanekpbeosdey ipoth
, . S\ |.T .49 d.antii. -r ht v RADe s SME NER
Usﬁzgfsaer}%md?%h"@pse%e% %see1to HRP) %?Snﬁggiét‘éd a%?i -rabb?ete
ingabe Rl | a9l nenFsuSE Cafichiima AT EPS AL R EARPRTSSent
st BRA9EH ofa 1 Aitd o dys )MAR)imi 1ARt rbediLles were ébbained with
Dakopatts. (4 rup, Denmark) .Flow cytonetry anal ysis
M'Tﬁ%ggﬁﬁ&ﬂ;ﬁ@-%ég‘i n expression and the capacity of M
cataqurdal ishave lpindufdelsr shest VAT WY ethnbl Yzedd byrrhalis

mu%f?%c POES ryr MpaCaty s gw hétt ¥padstbaigosnti zed
pAl/ A2- deficient mutants

. . re grown ov?rn%?ht ﬁnd ‘

fipagheatin dé i 7R hodphat® &VBE YaPi ARIEoRT af Al figS &

a Y6 Ehshegel @ i on (PRSgeleattiin) coatlkel baeter saies 83) wele
hen.incubat i i~ A tLseru 5

o PR eRCRt ] St oY P e nRg hECE LER B

dewashed (Rhd whersrs &8 ferta3orhali salusedmh BBRpAHEPH! A2

aolBT fg{;EQnﬂ TCAOR Mg e antd amabli)t. pARsedsluted were
accaordin

0 the manufacturer' s .instruction Ltk
CO?FT@O"”HF%U%%%"%‘?CF%@Q AR Wﬁi%%‘rgge%%itggﬁﬁ%ﬁgs
RH@I &nfli bt snect resp@sding dispddd@@) musenls -npiitar RFveral

fare.i oo t.h t he FILEG conj ugat ed anti -rabbit
Wagg\gng?%ggg}f)ﬁ%ee add(?i% onal,lv\r}ashes, t he pact egi? were .
anaFygeseby ¥ civ AR IOEPICESE XECRBPINERG| Yars s an
AzH'bla;thaahof EL}}rorrled:iiﬂl rtﬁrlubﬁtdd)srﬁ-d@:reeldleam:] mannaxrf. Elaz;ific
.yol ume of 100 PBSg | swashi Sodene
1R PHEEh o SRR DU 1 o7 ST O BeSadet | n B A
BoEhTUspanpugae buis aft § -mabiar pAPalade cadBeGroEpEPEL BI§TES
an@S ;acNBgath Ve e hQbed Pnfadh @t ions of fibronectin
followed by detection with rabbit anti-human fibronectin pAb
and HRP-conjugated anti-rabbit pAb. Mean values of three
separate experiments are shown and error bars indicate SD.
Figure 5. The active fibronectin binding domains for
UspAl and UspA2 are located between amino acids 299 to 452
and 165 to 318, respectively. Truncated proteins derived
from UspAl (A) and UspA2 (B) are shown. All fragments were
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anal yzed. Fibronectin inhibition studies were carried

out by pre-incubating 0.25 mol es of UspA fragnents
woOaoo7bisuesi th 2 ng of fibronectin before i ncubaCi/sSE2006/000931

with M. catarrhalis bacteria (10 8). The residual

free anount of fibronectin that bound to M.

catarrhalis was determ ned by flow cytonetry as

outlined above. Binding of M. catarrhalis to

i mobi lized fibronectin Gass slides were coated with

30 m aliquots of fi bronect$®h (1 mg/mM) and air dried
temtt T LoAf tfebroasbihg biweing tin PBI s herssldydes: Wer @ach

tqul%léQ@{jeqraﬁ?lggtcr {Nﬁgl 8k ,gecgv: &b pre-chilled bacteria at

expone ase cal density (OD) at 600 nm
microtdtey. prAptes Qnﬁ %altlc‘mat%ﬂ‘ skt 1§ Wew Avdr engadROd g /ml

fipneacwttih FBS ﬁ@bh@mﬁﬂdbWsﬁiZV“ﬁ%éﬂéHﬂﬁ%el@ro%%bﬂd

| abel i nmuno (RI'A) Fi br onectin was

d
R R R b F SaC { Ao CHr tick i iR BrORE A pab
foRdgwaddpyt BREA-hoghugpeed f act aetdbb ity @b .0Rernll tisodirae

re@%%s@ﬁka@ﬁ@%efei %hEQeéﬁﬁfgngﬁéggkﬂ%tEn%%th%@rOEZELrM

. catarrhalis strains oget Her Wi
TePREPFNEoPPespondi ng nutants were grown overni ght on
sol Fdgnedi ansacds weie y@ghatd mdBTMingh 2 ¥%Baxhhe 1p

se u b SA Bacteria boaacubat ed

ot n%ma ; ?m%?&g% %C?LZ%OIT? ebqe]tﬂagn Ve (16664
Usl@é\é sanpl“@)e i hl PBBdGmed ramgtoza%.BSAesMues &he eeithin

bree&BirBgs with PBS 2 % BSA, 125 |-| abel ed fibronectin

bou d to bacteria asur ed |n @m@ counter .. ..
Pllggre POROYEi %/X'?aamg ked i ARG bent -

fragmayt@Etb@é@th/tnve;lytmh:pinai es. (d\dﬁwﬂhmu@ouwbglul e;

e t M of ur| fi,ed
o et T LA R 8 ¥ My ey <o PoBERA P
douBlgnmaban bt c‘é}rlb%a‘ﬂ% ,NG¥H ki rgt étlb4fo@©0(§\l@r, niwghe. included
asPhatesiwer eomasbes, f AI|ﬂgﬁmeﬂﬂénwa§Qnglﬁﬁf&@Ee( De-

ln%%?ocwed form%/#6 qlR‘Iﬁ% e\}\%sl%? P\éﬁg’gﬁfgpcgbatlog

wigbnilai aRAgr8hed i smfg@IIHam fiAfdrersceone addiesonarI) of

V\@§'ﬂh99§ IS0 M&?t
M- e ?%%Q(e‘%\%{ rTg/m diluted 1n Id%itgét? gyR%IW:
COTJ%% BF sAR GeT SR RS G Mt iy Elpw, CYﬁ@F‘@BFYePretﬁ]@OWH
Usphat’e8! werce Uuwashéd B d dsnd wkat ed EBtB 5A8bEL $ inhibition

regﬂébﬁbyg?y fé£¥6¥“%§f§1ﬂ¥§}é§¥ht mean * SD of three
independent experiments.

Figure 8 shows that UspA12?9%%%2 5nqg UspA2'®738 inhibit M.
catarrhalis adherence to Chang conjunctival cells via cell-
associated fibronectin. Chang epithelial cells expressed
fibronectin on the surface as revealed by an anti-
fibronectin pAb and flow cytometry (A). Pre-incubation with
the fibronectin binding proteins Uspal?°9-%%2, UspA2!®5318 = op
anti-fibronectin pAb resulted in significantly reduced
binding by M. catarrhalis RH4 as compared to control
recombinant proteins (UspAl*®7%% and uspa23®'"") and a
control antibody (anti-ICAM1 mAb) (B). P<0.05 by two-tailed
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After additional washings, HRP-conjugated anti-rabbit
pAb was added and incubated for 1 h at RT. Both the
wanvi7usms fi bronectin and HRP-conj ugat ed anti PCa&ISB2106/000931

pAb were diluted 1: 1,000 in washing buffer containing
1.5 %fish gelatin. The wells were washed four tines
and the plates were devel oped and neasured at OD450 .
ELI SAs with truncated proteins spanning UspA 50 770
and UspA2 30 539 were perfggmad with fixed doses of
fibronectin at 80 ng/ and”120 ng/ M, respectively.
pailedd dtuserddiserertesti.nMebint vehuassay Uhegr) separate

exSONHNALd ale celds Qﬁ@C@r@GE BOrg) iNel&acdlldyired in
RPM 1640 nedi um (G bco BRL LI%\’? Technol o

Paifi%y, 9§c€’ﬂ°§’ﬁdj°l§‘ﬁlﬁrﬁﬁeﬁ§n¥edc TR0l 45 f@i‘lalt%r%afmnln
v:.@eusﬁnl 2l M2LglMit amtze,rhands1RHégwbid geyaniei)n/ m .
stThdIP AL LYY ‘?rgn%%'l‘iﬁ%ﬁeéhﬁbhﬁ’hté«?{‘h CXRELLARIY S

wer e arves I n entam ci n-free
1. &PMR&%p%Zn@M@@dme@ngéDmelfl Lt 14si@9clil ¥ il Hhatdda

tyééaign%aumusaozfzt nalq G:@x@?%l%hb&bl ?ﬁt@ﬁt 1%4£§£}bﬁi/m|fﬂad M

n ree cultur r er

ne Dol 08 Ure Bt Sod SRR TREY ST oc0F a 16 1€ uE
thduwn I figek )at Mdsiphers abt5s¥gCD21iaadt 9% c%@feererﬁn Krtvan
thgﬁesofdﬂlpeardﬂgeélto% 'on%'ogéhbogeQEm%lb%iﬁréMéé plates.

esli on was carri e re- |ncubat|ng I NCreasi n
ThEBRE S AT i 16Mirddomsi ﬁaﬁﬂn@sﬁﬂr}ama%}?%%%t%%re codted
on PhDd 00 1iSc 0 1R ¥ SN ThiRE frelkeoBeetkadbf atll sxgedlassi ns

99 452 A2 165
inf BPAE0S 452 0L UG ARS8 oh ADRLL Pk sl
Boyjt dm@tamaowmﬁ r@@tre@ci:@ﬁlbwnéht apEbr¥T AsPilsprdl BR¥3- 580
coﬁﬂ%%&q%%mtm’%m .uged asagoptselss Shamg

helial cells are known to. ex
reREPRY LA | SIRSAMMSS BSy S%ﬁ%’%siﬁ@%ﬂ? e?%}%ﬁ? S
stafiddihe devhidyioorsy fTflect of the antifibronectin
t d t
an Qﬁ ¥M¥@§1 CQﬁQ@%ﬁnﬁ 5 SERﬁmg%ﬁgfﬁ§§@ UspAl and A2

Subs uentrg catarr alls
lapBsipelntd mamss Jarsadieatedosnes - t FESEdREFubipinin binding

i s NORSIRYESS . Udgn 1@l 177 exper IU@!AQéO S¥i.8sUR usx;bA L@Sﬁo’@éﬁifs 40

156 SIS 0 2000 X g 2ol i 05 et

inooeos Bye reonvearg ratised odvéralinthnéelwbvad ﬁ%g@flﬂawfnlon

wit® fﬁHEW%EJHHEiﬁgﬁﬁﬁyﬂ acteni R@ngoﬂﬁﬁgaﬁ@@naﬁfffﬁéﬁblt
W th trypsi n- EDTA % trypsin and 5 MM E 3

phRb. Mean values of t ree separa e experlments are sh wn and

error bars indicate SD.

Fig. 10 A and B show that the active laminin binding
domains for UspAl®%77% (a4) and UspA2°°>%® (B) are located in
the N-terminal halves. Forty nM of recombinant UspAl®*77% and
UspA239733% together with the truncated proteins were coated
on microtiter plates and incubated with 20 pg/ml of laminin
followed by detection with rabbit anti-laminin pAb and HRP-
conjugated anti-rabbit pAb. Mean values of three separate
experiments are shown and error bars indicate SD.

Fig. 11 is a schematic illustration of C3, covalent
bound C3b and C3met. (A) The C3-molecule in serum consists



10

15

20

25

30

to rel ease the Chang cells fromthe plastic support.
Thereafter, the resulting cell/ bacterium suspensi on
woaso7geeded in dilution onto agar pl ates cont apair/sg2mbinoos31
and i ncubated overnight at 37 0Cin 5 % CQ2.
Determ nation of fibronectin expression in Chang
conjunctival epithelial cells Chang conjunctival
epithelial cells were harvested by scraping foll owed
by re-suspension in PBS—geIr71 tin. Cells (1 x 106 /m)
were | abeled with rabbit anti-human fibronectin pAb
of faid awerthdiy: washiong #rdhienoubéBi obhe ¢hcleain contains an

1n’é:égr%lorﬂlﬁh s%%ra@&'ter 2hhit a@e@r ééé%amﬁeca@rddagﬂmﬁl
es e cells were analyzed ow cytonetr
cok e sl tEhey &1 CroPépac FRER2BEL mééh Fhe %%lxt%‘? rPaﬁy%
tr@d?@bd afti it mBagtieniak, sthacnsbaodnes| tov£1 @iy td rsched
T e ctl | nlecacl M. catarrhalis strains BBHL8 and RH4 and
Tr }%ch%resﬁondl ng nutants were previously described.
[ 58idBotly dildaishsakgde thabelMat Febpyrht fherc@upressiten the
clé)és&s@ﬁ%r@macre%attqv@s%mhé% Ehetwt@aﬁ;sl@mww
ual anount . ar r halJ nog%om
bYle RS éflaﬁle( IWS) dAEn VEBRparsd 4 ¥ype
casiérahabis Bact erilal-wype riont i nehy Subpaiedthe bwspie or
eart J I o B Mo =
e o O b P P i 0 ®
NH$t Gl sT%rﬂéJSéCtﬁ]{/lﬁZe@WtﬁnBHWa%EaBFé]ﬁ%E?‘édWWFI? ht0 % NHS
suBpléid0td £ Svias daseidrbetra 58] MReEeThi NBatt §F Dd Bidlre

cog nst rcgctl and (%% S | on Reg&nn | pgg%%?er)(?‘lfeggiggto

evo
1n¢rgd@latbp1:ro,b|qpl©rtyerﬁ1nrmlngwemetﬁarﬁgfatt ueed. cpwgiedn The

nuﬁ@git6f”ba55¥¥¥gmd%aQEepE%E%h@%169rBESEEQdé et Onents was
pl e regions spanning UspAl 50 770 and

de%%@%e%% ¢ piead va |Sb88§| EBTREHBFPAGALT - %é%%lfn}ﬁ‘ts
ar@nshent i aiMd 2 alry taomalinaitibhedsed . ( pAD) Therreased lues

) a m S Lr
2186 ¢ Wi Pisand M S B RASP IR 6y O Rt 85
mut@@m U oF I Ecastilty. SAS SRasEr SRPPakbpart sd- type (P <
0. 68 ostsuprhden i klaludd pdiceg of mih. reat anehalssal 2

mu %F@é@%awlmln orrOttlllteerAu%E%"l?iZ( Qan‘lc 1n01%3ated
Mg-EGTA were significantly different from the wild-type (P <
0.05).

Fig. 13 illustrates that Moraxella catarrhalis binds C3
in serum independently of complement activation. Flow
cytometry profiles showing C3 binding to (A) M. catarrhalis
RH4 or (B) Streptococcus pneumoniae. Bacteria were incubated
with NHS or NHS pretreated with EDTA. Thereafter, a rabbit
anti-human C3d pAb and as a seconddary layer a FITC-
conjugated goat anti-rabbit pAb were added followed by flow
cytometry analysis. Bacteria in the absence of NHS, but in
the presence of both pAb, were defined as background
fluorescence. One representative experiment out of three is

shown.
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Denmar k) were coated wi th Engel breth-Hol m Swar m nouse
sarcoma |lamnin (Sigm, Saint Louis, USA) or bovine
weesumigdsbum n (BSA) (30 ng/m ) in Tris-HCL, pPC®/S820mb6/000931

40C overnight. The plates were washed with phosphate
buffered saline and 0.05% Tween 20, pH 7 .2

(PBS- Tween) and subsequently bl ocked with 2 % BSA in

PBS + 0.1 % Tween 20, pH 7.2. M. catarrhalis RH4 and
BBH18 (10 8) in 100 nl weregithen added fol | owed by

kPR TGP Lt o LROUTY, PR SL LR € LSS i
bibdst it af Wet encdetydcihddebyreeand 08 an andosdtdepAirjent
maﬁéﬁ% W@%ﬂqM}Q?H§&§'Qngh hﬁgRBaQQQJUﬂalggléniﬂtéfggﬁfons

at es were nmeasur ed
Fl@‘@c@ymm@tm Eﬁf%’ftla}m?ars@%’ﬂaﬂoéébl binghng ngl H nkegreasing

cohé@&%%&%&&ﬁﬁ“igiﬁﬁ%?(EHB$AFhN|mgahlfEﬁopéﬁt@ﬁce intensity
no e), _were Go W
af ¥ LG M) s 0%t Ao T
bipdot@i o Ri¥ e oM asedi wmt@ann@maaelnpwgn@eratram@ns of
Na iat§§c H&%W@.J&b‘k‘faﬂe‘d@%tﬂ thpuashi pg @b‘f&ﬂhcﬁ@t@

.1 % Tween Zﬁg) ﬁg
Na%hda%lb%%%afaftdﬂﬁwetth ]%é‘éiﬁlnﬁgwﬁﬁf PEFSEHRTAPHI TP %
cyftbns@tgﬁlﬁ i e s Af lerd addirtiigural 3waEInnrngsbarhe1mid:$te SD.

Le,incubat e j h .at, BT W amnin at different
gﬁTu |@$1s as llgndl caot]iéd in ? PI gh gel atin éﬁn wash

buf Fieg) 15 Thidrestinades ttﬁ@tpifépé’scﬁé?@e%gh}éﬁo tes of M

ca%ggH?§i§§ Nﬁ4rWIfHﬂﬂﬁpéﬂHﬂdWU%@mﬂVRZp&bflé&ég% mutants
itional wa ntizra

shsa ekt é‘ﬁﬂoﬂncﬁ?ﬁpﬁr@ ?ﬁ gﬁ%déﬁ # rOflleS
of aadwHRPcoyp el galt i it i scdlotyiet @AwaeKeé dndu@eerSﬂO@@Ulg

' shing. &‘Qagtl 1.2 %fis attn. g The ,
muw#\@ %f%l%%%dr an r{ir%/{eﬁdqqgt eg V\%re gggglho'é)ed Igm
UspdashiPed? atNopa%p Lo éb%’cpéda\f\}@i PsPPaciBat 8d @1 t ATe
shbdﬁnt Bgatedid uxrw@slraifuﬂaa:mm iwlthecemesedAas) pasker DDA

rEQ0LPins TR0 Al hdnaat ed RLRtehna SRAPILR0. 3. one

tybigzad df@g@smﬁnt atmihuqf- (rorepgM#th P—ntﬂéﬁacﬂéﬁrescence
inbehueep Mirifat@r raadi %)rafﬂl@ ign@nheanet Bact erial

strains and culture co h clln

cat E%Qha]rﬁsljrjs‘bﬁffa?aetse%&g“ar I%gfr‘gg gﬂlﬁgﬁe Pe@uﬁhgjeed
recepphhbyt beepar2fBsEr i betkiaadeindiyl 2 [2dk 53heTypénding to
Us%hﬁa‘ﬂﬁ is observed. Furthermore, the C3met binding region
of UspA2 was determined to be located between the amino acid
residues 200 to 458. (A) The recombinant Uspal®°77° and
UspA23°75% yere immobilized on a nitrocellulose membrane. The
membrane was incubated with [*?°I]-labelled C3met overnight
and bound protein was visualized with a Personal FX (Bio-
Rad) using intensifying screens. The recombinant protein
MID%62-1200 L1 included as a negative control. (B) Uspal®®’",
UspA23°75%® and a series of truncated UspA2 proteins were
coated on microtiter plates and incubated with C3met,
followed by incubation with goat anti-human C3 pAb and HRP-
conjugated anti-goat pAb. The mean values out of three
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were fromthe Culture Collection, University of

Got henburg (CCUG Departnent of Cinical Bacteriol ogy,
weahignewsska Hospital, Gothenburg, Sweden) , oOPCT/SE2006/000931

Anerican Type Culture Collection (ATCC, Manassas, Va)

; Neisseria gonorrheae CCUG 15821, Streptococcus

pyogenes CCUG 25570 and 25571, Streptococcus

agal acti ae CCUG 4208, Streptococcus pneunoni aeATCC

49619, Legionella pneunoph'%a ATCC 33152, Pseudononas

aer ugi nosa ATCC 10145, Staphyl ococcus aureus ATCC
exp@RiIBntEnchfe rsdicwy . straphgaa@dm@@u@dam@@sn%m 2ggpgracted

frJﬂearﬁr@é:@lr& Stﬁfx@oasbla@sTaekgeSp&ﬁaetglgnrbca# P < 0.05,
|solates rom Med calﬁglcroblology, Depart nent of

** | Bborht By NbdlCl I'm d University Hospital, Lund
LM|NBgsEWNJJSMﬁﬂemtEabthaﬁ ad&ﬁticat@frfsﬁémbinant

Usﬂé‘ﬂbﬂ%" ;5%?% p3bisnedi g s@%heﬁhHﬂ%lBe&% €8 0L ﬂ?&%rl %nd

speci es ot her conmon man pat hogens do no
klblmg@ﬁ M3t naa ld s VAR, thARt é#t@ﬁ%@bh‘ﬁi WW“EW Flow

cy%@ﬂ@tﬁy tq:ﬂid?ﬂilMdS s@bwc@mt-deptae&etﬁba MYRHM@.byﬁl%AAZJyafter
0 C | | ahn n

& ‘@%} 116000 B PR bPE it ont L ioien
r@m‘x )Us@ﬂé’ %fan)d Wsrded] PH, caral BhaNES-IRHAEGTA gr NHS-
Mg*EéTAwpré¥ﬂéﬁﬂg%éﬁ ﬁl%h Uggﬁlz)wooaﬁﬁ UbONE B39 2 Al <

. caniculi < 0 M. nonli quefaC|e <
aagitiqn 5 thep vmrlo&ﬁawgpgmblﬁatlen% PACHERN 2 Eika
an&lﬁzed(hs:ébscﬁlﬂﬁd 1&|&i@u§e213 0(& )2RH4@ubbAl$mbﬁhﬁya

:anu% ’?_?ac? %1 OO Gl\f raN%rSeQngqygb‘fg (Po%)ln gbi 1on, 2the

1 1I"us uenzae 0,
NH&MW%%@@ES wm%@l(ch PP =MoUspRLT arm/ or

%Eégqogﬁmﬂﬁd.ﬁ@mmﬂo@l %ﬁ—%acﬁegla Opscerid wAlr_eJ:et
eu er,ugj.no n isteria

T o L2233 Jirk Bodpten 8 uREt 191 ca <
balterir @2 thd iStidgpyliccoodushauegpsrimeB)s w@s . d@fined as
100 9, %&&ﬁpkgﬁgﬁﬁy%fp%%g%%e§eggrgke egpergméh@% afk shown

Strept OCcoCcCcus, a alactia <
and error bars indicate S.D. The tlme p01nts 10, 20 and 30

min for the AuspAl/A2 mutant preincubated with recombinant
proteins were significantly different from the AuspAl/AZ2
mutant incubated with Mg-EGTA alone (P < 0.05).

Fig. 18 illustrates that recombinant UspA13°77% and
UsphA23°7°% decrease haemolysis of rabbit erythrocytes by
inhibition of the alternative pathway. NHS was incubated
with or without 100 nM UspAl3°77"° and/ or Uspa23°* at 37 °C
for 30 min. NHS at the indicated concentrations was
thereafter added to rabbit erythrocytes. After incubation
for 30 min, the suspensions were centrifuged and the
supernatants were measured by spectrophotometry. Maximum
haemolysis in each experiment was defined as 100 %. Mean
values of three separate experiments are shown and error
bars correspond to S.D. The results obtained with NHS +
UspA23°73%® and NHS + UspAl®7"%/ Uspa23°-5%9 at NHS
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Ent erococcus faecalis <2 . 0 <2 . 0 Helicobacter
pylori <2 . 0< 2 . 0 Escherichia coll (n=2) <2 . 0
wWe 2807/0184681 . ovis < 2 . 0 <2 . 0 M. caviae <PR2T/SE®06/000931
2 . 0 Neisseria gonorrheae <2 . 0<2. ON
meningtidis <2 . 0<2. ON. nmnucosa<2. 0< 2.
OThe different non-noraxella species were grown on
appropriate standard culture nedia. M. catarrhalis
strains were routinely cultured in brain heart
infusion (BHI) liquid broth“or on BH agar plates at
corgaRyC ratjonsc gfarr hdl R3dBBHIBe B@ds RH fasanitly whirfdferent

frdmmﬁea@my %@Ln@%o@r gyl Qugl ysdes cri bed. [22 23, 58]
ci ent nut ants_were r.own, in

tlé’u nit % %éuﬁﬁf AFeRaRaRyLT M~ X%lpsAIOfdéJrSHA& &Rt

elghnzﬂuﬁfemana csukbtiined ton Bhbwstippllemeritery wiff Riilfferent

ggg £ granpheni col (Sigma, St. Louis, M), and
pa @ gn#10|ent nmut ants were i ncubat ed mnth 7 ng/

zegégn EPnvildra§entecar | BbbRMP @Y Ly Bt 1PE UspAZ” for

thichymanmlrericeak 3REaZ86CELD ¥BE® tSEthdndl AW ff fehent
aéﬁ%ﬁ? gouble nmut ants. Anti bodi es Rabbits were
baj ' |ﬁtranuscularly with 200 ng reconbi nant
f ulFligl. eﬂ@t AllUsphkabesl $iflerdiin ot Frisiemdd fied on

Foﬁﬁﬁﬂéﬁa%%qhgncgocoﬁﬁﬁ%@& D5 ckh 0S8y  Heb A8 R8T Ghe number

¥? % on days_18 and 36 with the sane
of (ﬁi%aé:to a&rc&eél F’rnfin Pﬁcéﬁﬁ%ﬁ‘eoir%%d‘%e%“d%mgnﬁeﬁ]'
wheBieodﬂla/\a@gdmmlsgmeks fatehat Tearincsease tdve total
%‘}fn@ it céotn)é’alﬁl fgaPhL- F%f‘ ﬁ”fé%fér&*m Vas
Inity-puri d wth ephar ose-tonj ugat ed
S50"770 [52] The antlserun1bound

Badﬁgﬂlfgf%ﬁEﬁlﬁ% Bﬁgdcﬁmguféb@bﬁd§@%%m$U”ig C3d pAb and
-~-Ccon| u e S ne,anil-ra | A
DU O SE PG BakBRar St F bslr U TS Straiast R

ligest iantteblendn €3 weterfhoni ARBHICE briRESEHr clutants were

con-gﬁc‘}hml %lg'a%s ﬁ&é@ﬂo@%f odegé}lbe&—hfa?for%r %‘}'J

per oxi dase -con?u at ed donke antl-goat pAb was
ca tegtrdiades fSr'témlSér veee {@RT—@F%{lY WKL tumchtid] fpgadmg heart
infediore (Balael 1iBgid broth or on BHI agar plates at 37 °C.

The UspAl-deficient mutants were cultured in BHI

supplemented with 1.5 pg/ml chloramphenicol (Sigma, St.
Louls, MO), and UspA2-deficient mutants were incubated with
7 pg/ml zeocin (Invitrogen, Carlsbad, CA). Both
chloramphenicol and zeocin were used for growth of the
double mutants.

Table 7. Clinical strains of M. catarrhalis used in the

present study

Strain Clinical Source Reference
BBH18 Sputum [53]
D1 Sputum [53]
Ri49 Sputum [53]
C10 Sputum [10]

Fl16 Sputum [10]
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The manufacture of reconbinant UspAl 50"770 and UspA2

30 539, which are devoid of their hydrophobic
wQ20@vors468, has recently been described. [23] PO®/SE2006/000931

truncated UspAl and UspA2 proteins were manufactured

as described in detail by Tan et al.[18] C3b was

pur chased from Advanced Research Technol ogies. C3 (H

20 ) was obtained by freezing and thaw ngof purified

C3 . The C3b-1i ke nol ecul e3gC3mst) was nmade by

i ncubation of purified G Wwth 100 roM nethyl anine (pH
Br@ 0) foRe2phirato3yCtrand subseqdéﬁﬂ di al ysi s agai nst

71400 i nMpfLi-$»EA  (pH 7.5), 150 I}IaCI For bi ndi ng
st udi es, C3net was | abel | ed W|th Q.05 nol 125I

‘(%?ershgﬁwsoBﬁém’ﬁﬁharrshl re, Engl ?xﬁé) per nol protein,
BcAsi ng t hascbhatgnkne T net hod. [[28]] Fl ow cytonetry
nal ysi ipding of C3 to M. catarrhalis and other
RHLflpem es%vvgsganal yzed by flow cyt%tgm;t ry. Bacteria were
RHGrown oB1leedi d medi um over ni ght [@3d washed twice in
RrR14BS contaikhichg 2 % BSA (Si gma) ([EB$ BSA) . Thereafter,
bacterlgJ g%O 8 col ony form ng uml%% cfu) were
4§ ncubat 'R C3met, C3b, C3 ( ) , or 10 % NHS
SO+ 91 or Twinphout ﬂ:@vmeaEiAlmtel hZ\B]I\/gCI 2 and 10 nM
Mot AMEEGTAL £ 0PBR:BSAT 0: S0 Nl 7601 Al
ate ant - human

washi n bact erla were | ncu
WheEgf s %0180 Fh b G it th@oMS&i@@dgevemééH n§8e and
rendiclifaf israfiors apotbehed0bbth GSpALeand tAL

FI T n te gat anti-rabbit pAb. After three
genedsdqt&a%r#al W %O% gjlbacterl a were analyzed by flow

DNZ yrafihed y (EPICS XL-MCL, Coulter, Hialeah, FL) . Al
| ngupaidiens Wﬁéeplfggtanb@ asﬁADalAyolém o HQd in
PBS- BSA .and g%ec V\%ﬁél n%g were done with the's
ERG5if 1582 e WARED A C38 PRbr et ﬁ’frjé‘%%ﬁ]b:gt%?&{

corahittii-anabhist deAlrierd hgdedisepar atkl ywas wsaregdillve

Paf&@dl %Jeqfu c%%hwéEréfLQoaB H‘E@&’ ol!nﬂ V%]g%\ t',@jléoﬁjsﬁdh%mg 452

st udil e B5- grum Wwas prel ncu ate
ang i nant UspAd 50 Provgsd oEpARe30esBeCht ot e #iA} gind
uspazoz oheato f3RE4 Fadanalyge tberhadarderd stines pfeddheeMor

t h I C3 i, ' ' ' v
o, TSR T, 5913 DAL Sy L AELEAR M oprre
WaSb@dtSe?r ipee rdivd MEBMBY. PT8 whbh yz epispdy / (A2- expr essi on,
CAMI%JACQI%%@A%CQE%G\A@? a@gy&@é@dfwﬁ hcﬁé"'es'zrétrfcr of this

and washed as descri bed above
Seqifef“@ec&ﬁﬁ%@at edry64f SAE| UPRHbi ?H%A@? f i ASFHESs éPiYng

Meitexr at al.[50]

Recombinant proteins construction and expression
150-—770 A230—539

Recombinant UspA and Usp , which are devoid of
their hydrophobic C-termini, has recently been
described. [58] The genomic DNA was extracted from M.
catarrhalis Bc5 using a DNeasy tissue kit (Qiagen, Hilden,
Germany). In addition, recombinant proteins corresponding to

150—770 230—539 were also

multiple regions spanning UspA and UspA
constructed by the same method. The primers used are listed
in table 8. All constructs were sequenced according to

standard methods. Expression and purification of the
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t he manufacturers instructions was used for detection.

To assure that EDTA did not disrupt the outer nenbrane
wonoi/aisw3 UspAl and UspA2, M. catarrhalis wasPCT/SE2006/000931

i ncubated with or without EDTA foll owed by detection

of UspAl/ A2 expression. EDTA, at the concentrations

used in the NHS-EDTA experinents, did not change the

density of UspAl/A2. Serum and serum bacteri ci dal

assay Nornal human serum (BES) was obtained fromfive

heal thy volunteers. The blood was allowed to clot for
reQ@UIRA AT HEOGRiDEnperst dPBCand €ReFEEPERIPTHEI s (7]

prde&idHrub @u&lfAfetjeﬁsqe@t Eblugati 6sntS8A Bnyved enickel

I t ed T t 1.e
e f G 1 A G Car AR 5Pt SPRAPFO% RACRGRY S T0 He ions
f o EDTA ines ca:dwedlom .c@her ast:omlvgnEGTApm’selm%lw@eﬁj to
and éavcﬁ{ %dsh%A@Ea%%I edlscpabhwayg1 Human serum

et ci ent I n the CABP was prepared b assing fresh
Talake | fn t P EEHS t Bi osci ences)

coupled with rrAb 104, a nouse mMAb directed agai nst

Ihe -chai n of CABP. ow t hrough was
C%CF;fﬂect 2d n%‘ the depl et ed ser ugwg %%red in

Uspa\ll “Gliot seemteca@ORtageGegasmetep| et EdepEcitIgEoMazcEbitai ned
Usp\Ala - he %?cﬁg%&ga&t:@g@ag@éaa%cﬁ’ac@ur i fi @g’i&éa@ébttﬁg?cahgtﬂﬁag@

QrLEX i on exchange chromat og}; Etél
Usﬂﬁér cul e3SEiciepggatcoagiaRechaBeeiitq ng s efYUSiEEce C‘ﬁﬁﬁéﬁtgcﬁor nal
Usppa @b y pdgmiggdateeagiaggcatipeadeact or D and properdin

def |y provided by Dr. Anders S
ﬁﬁ%?%e §t?%cﬁgaa¥@§ "XEdi cal M crobiol o y, Lund
Usparh ver sigiigcapgiaepicesstretptataqy | eeitigtepgniiansstidgarcaiing

Uspraressdi datab@elodtggdtcdacitMader onal b;uﬂcgétgigaagahhcaa@ttgg

Btad Ni elatin
Vsl ca0 gttt e, | pltultd Hitabretud |
Uspa 18 1) stergsadangpatoatatsahitaagpet her  vecttirag@ttazeRpiSicetpaite EDTA
or MJ-EGTA in a final volume of 100 ml . The bacteri a/
NHS was incubated at 37 0OC and at various t| (Te oints,
Uspr@ i aASpaiergeaceiisieaiepiaatiegregnd SPPasTesHra Ggar
Usg2#t'8s. cdamptdahicdibdhianitashieithioasy lﬁatgﬁcsaaaﬂmgmstcttcgatagactc

hat 20
USpaA%gouUs E% "@6&%59%&8 gg el n%atd%or 3 Mkaggc%%gy&%%lﬁﬁe? et
Uspect er |gata¢@B@t@m&thaw€aab¢ ot a%&%}%@mﬁgoﬁfi‘@@agcmwg

UspA2tombi pantiobsRMliccaghtobt@e@nd Us pAdaaidfctb@Betetittgtiz@bctan

UspA2*2*®  gotcanaaccaageggatecccaagatetg ggtgagegtitcaagetitgeatcageategge
UspA2*¥&5%  gcaagtoctgcggatectgategtattget cattaagcttggtgtctaatgeagttac
Antibodies

Rabbit anti-UspAl/A2 polyclonal antibodies (pAb) were
recently described in detail.[58] The other antibodies used
were rabbit anti-human fibronectin pAb, swine FITC-
conjugated anti-rabbit pAb, swine horseradish peroxidase
(HRP) conjugated anti-rabbit pAb and finally a mouse anti-
human CD54 (ICAM1) monoclonal antibody (mAb). Antibodies
were from Dakopatts (Glostrup, Denmark).
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three-fold steps (1.9 - 150 nM in 100 i of 0.1 M
Tris-HO, pH9 .0 were applied to nitrocellul ose
woendvasws (Schl ei cher& Sch |1, Dassel, Ger manyLT/$E2006/000931
a dot bl ot device. After saturation, the nenbranes
were incubated for 2 h wth PBSTween containing 5 %

m | k powder at room tenperature and washed four tines

with PBS-Tween. Thereafter, 5 kcpm|[125 1]- |abelled

C3net in PBS-Tween with 2 %m | kK powder was added

overni ght at 40C . The bou % protein was visualized
Flow tdy teorRersorala Ik i6Bi o- Rad) using i ntensifying

SCriﬁleen%sp%l’lr/fAé(:&)é%lt@§HDQxﬁ§éQQ§8ﬁeaz(@' @r@(PaTJBQ:y of M.

I nteraction
Ca@r%%‘%rﬁ%é%lnénélliﬁé‘@&e%?ﬁgw%?f %%1461?%%% flow
cy¥ cay( &ta{:\fmrb zgza%Q@Ow1ldac9pe/ stippsas aanSviesent) / 2as-
ecent rne or. the C
de%%%ﬁe% "%ﬁ‘ shéJe&:?wgﬁoi‘S’El u%r%é ﬁ!SL, %EI aggo%cp%:}g%%tgwjt% in
phowsh 'z dm:%ﬁea@cf rorhiachicadiagnénave hbikhgeeshonseBsS-

eg%%grgy' lsmgét’ '(;H*H;}tgrqtat ed oagawﬁé Eﬁ@l gﬂmatrea; |vf3.&hu$;h@9
I NI | e eval u | ONn

R e A AU e g i T i et a%fssay

Lo¢H:) 3&‘() MTHet iieate mlh&heslaéNedcahdrmnou}b/@‘deldi efor 30 min

at Rgg i %%{%_{ nar?i%r %1 agg?;"‘%&ﬁgﬁgé%@ §n@{—rabb1t

pAl@ hédﬂxuwataechmg é@dtb@pm@npﬁagﬁ@ﬁ€§ %4@%%%“7@5
or n%&@‘i’dlﬂir']@(‘é&%ﬂ%iﬁ:&m OEHr%bﬁhtabﬁé@%ngﬁifi nfgﬂ(Sli@n&t&IrESpAb
wasne our I N U er t
SRy i G R LR R D LS L R
1nd:1ehme:cm ur et tthe VESEi-egnijubbérdsappliedbi t oAb 6 Rfter

thPé(?lQ &((IQP%%S ufcf.er hacté&&grw%§héﬂg§yzécﬁl%y flow
vvere I ncubat ed over ni %@t at 40C with {rg

cyeanetry nlBl Yeki i Biieeout Feaﬁ%é?eaPheFﬁi at%ls wer e
invashetonndvd e ubatted nwiat Eigaat vantinehafah0C3ul nPBS—

geJk.)a\?Ckl nlgd bﬁ%evgagh%r gqjst gvgé‘t ggne%&%ﬁ @Hgl gé&%aﬂ)uffer

onkey ant1 - goat
An‘addéubzr@meca’rrﬂm mﬂb Brg étITﬁTconaég@éPPlsa%%ef@@@h‘éo@b

wef:é’uéd&écﬂe%ﬁéhdaﬂél%/ rasataesle\gavc@vdewhe@sd apd eBa@sUsEehin

Q\JL Haenol t|c a Sg}e{ btgt .eryt roc%tes V\$ t b
ANGLERRY tlﬂjrl%%ori? O8I & “3SSRM VEF ofiaf T bt r &Pt °Y
pr@ﬂﬂcu]ﬁatnmaﬁrﬂfngm@)lhs%)(fwﬁﬂsp@l ¥gebmenhs FonM MyCGrith 2
uglgfprFﬂ&tﬁpqerfoﬁc /01%%&3 2836n with M. catarrhalis
bacteria (10%). The residual free amount of fibronectin that
bound to M. catarrhalis was determined by flow cytometry as
outlined above.

Binding of M. catarrhalis to immobilized fibronectin

Glass slides were coated with 30 pl aliquots of fibronectin
(1 mg/ml) and air dried at RT. After washing once with PBS,
the slides were incubated in Petri dishes with pre-chilled
bacteria at late exponential phase (optical density (OD) at
600 nm = 0.9). After 2 h at RT, glass slides were washed
once with PBS followed by Gram staining.

Protein labeling and radio immunoassay (RIA)
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(My++EGTA) , and resuspended at a concentration of 0.5

x 109 cells/m. Erythrocytes were incubated with
woaniioussesoncentrations (0 to 4 %) of serum dpCuiseehosn00931

My++EGTA. After 1 h at 37 0C, erythrocytes were

centrifuged and the anmount of |ysed erythrocytes was

determ ned by spectrophotonetric nmeasurenent of

rel eased henogl obin at 405 nm For inhibition with

UspAl and UspA2, 10 % seru Aéias prei ncubated with 100

nM of reconbi nant Us Al 50"770 and/ or UspA2 30 539

pr ofébmeneokiB0was n'*at o@ih @A abedred! t( Imreecafrﬁaem addednge

héﬂ%ﬁl@%¥t§59§35@§ 8b 9 hoyH Hecd Q%%&Jqﬂm_ (0,05 mol

honucl ear Ieukoc tes an agocyto |s Huran
%&WWBF hBRAcPEaFeL_-UKGEVR 650 MOW@Q Jomgtbgdf. deil M.
cHtragsthailicodt oh i heabbhys vazhd,lrmeéert&g@dﬂ&: RBAGHOE®X i 1
CO(J:PIJ%% lillﬂé ﬁ@ta%ﬁgl‘gg.‘gj@q V]%?Sj/% over @&)tl ﬁnl%%lg%ym\é\gg_gm

cent mn atd
antdeé’ﬁ§6eﬂaéaeiianPW5 16410h n2 i Lhﬂv(ﬂlllef e cbeghrdbogies (BSA) .

BaRaiegh ay 15@3)0tvlle'tmﬁ)lncﬂfﬂﬁtl%@0tf%&| al hsaﬁpgﬂ%oealél%s Bs

S, 0 son o f ei.t her, NHS or TA,
1a%e§§8mﬁﬁb6 fate éﬁ%@;rﬂ%‘i }/GTaTES o e B CONAPLBENG 2 %
Bsﬂasﬁéserbahreel w2 slet my g1 wiach VABSh 2PINBSHR, X 12@Z%1abeled
fl%%bhééﬂl% ﬁguﬁdb@&tﬁgé@%F %}H%a%f s %ngng%ﬁg by

i ncubat i on_ at overen ot a
CogRFGE Vil @l%%%teli?%%n%#nl@r}d 30, 60, and 120 min of
Enzgoabat hbad wasmeled €5 1hdred dusami alelig sagunts . The
nu d N treted bacteria was ared
nﬁje%rg{%%]%%%ztgoc;&@ed i ERe QggéﬁCeRSFﬁNEEe
Dea@fiélﬁt BPEDNE R T HINMD s qiswraflpdsmtecwmblnant

UspantT BP .5 e aygineso-ard, £8§éliﬂ§ 1t aph o0y het veer M.y o
ct rrg %jlg. andflbronectln . catarrhalis devo 8 F
ug gd £5 AN HBRE m%?tsezﬂ HSre wﬁSPﬁﬁoﬁpurzémes with

wafshbngnle@ffeur V#0 seM emtied-HElr,andam seNees, 0OnM 0.1 $ Tween

2ocaf>ﬂ1f*7h§L'a°'n 'kBﬂ#&}ﬁéd Sftorral2n 6R=13) wSE%b' {Zf.%glalg%ffer

fested’ t onectln inding in r &F
COphatPlREpAl ¥ AL Hx (i ion wtﬂrowo@yt sfAdityonall yasksings,

thil go1 s pAb A2l ey 5 %1651 deter ?Ornﬁ%ﬁ BhEPoHE@E‘m (120
was C

f r escenc i nt nS| ty. (.
ug(ﬁfP e(?(&r;r essti e(%é)&ldsgﬁegorlpeﬁagl Onftﬁléfg‘?%ﬁ“’e?ﬁ in
Wa(?)h?]l?’ufﬁlﬂo) Os)hgfaafiree, | Ahe Hiwteer yero dasted nhmat e
inOEbYEEN WSPRA rabbit anti-human fibronectin pAb for 1 h.

After additional washings, HRP-conjugated anti-rabbit PADb
was added and incubated for 1 h at RT. Both the antihuman
fibronectin and HRP-conjugated anti-rabbit PAb were diluted

1:1,000 in washing buffer containing 1.5 % fish gelatin. The
wells were washed four times and the plates were developed
and measured at ODs4so. ELISAs with truncated proteins
spanning UspA1°%77° and UspA23°73% yere performed with fixed
doses of fibronectin at 80 pg/ml and 120 pg/ml,
respectively.
Cell line adherence inhibition assay

Chang conjunctival cells (ATCC CCL 20.2) were cultured
in RPMI 1640 medium (Gibco BRL, Life Technologies, Paisley,




10

15

20

25

30

35

and A2 expression was not possible with our

anti-UspAl / A2 pAb. Moreover, the presence of UspA2H
wonoei/@isyesont ri buti ng to the bindi ng was unl i keCy/Sa006/000931

the uspA2H gene was not found in the strains used in

this study (data not shown) . Two M. catarrhalis

i sol ates (BBH18 and RH4) and their specific nmutants

| acki ng UspAl, UspA2 or both proteins were al so

anal yzed by £l ow cytonetry. M. catarrhalis BBHL8

strongly bound fibronectin #th a nean fl uorescence

de”ttll%gﬁd DL Bup bﬁleﬁf’.e&%ﬂd-tlﬁfllt% gfét_Fabl dﬂff%xgﬁﬁt 2 mM L-
S ecr ease i bronectin bj ndin
LR MRAdoR 2 obe oo FERt SR Esn/ 1y GReciS, A g e
actb@rBBIdES :Lmspl;Zlandexperdzwb’tt@, melag vRBBH] & RuspdleN2
azs@l?é%lalt%qc%n 1 \F eH{:aﬁ‘?D YndPrde a1y éno rea%ﬁle%gfd\é%ll ¥o 96

ure IH 1J). ar results were dbtain
weldp ABAY enGRAREES Pl%h%sc(NW% |12%t5 diimay | Jbncentention
ofcatodradiald A w4 inTaken puoget bgﬁ}:amjﬂ@_ﬁ@—f@@éﬂ é@ltuhre

es oun i bronectin .a t ha o
me glglabtrlhte?%f?é?he % Tefia tor ubagteforbr oﬁ:élc?tgh% at %7 ¢
lnstar @N@ﬂ%@éﬁénéé@%}ﬁ%ﬁ@ﬁw A2 eXxPresyd ot ST@ifwr ttherthe
da@n@ﬁyéﬁpbﬁﬁmbﬁﬁ§ragﬁhgﬂlﬁﬁ%ﬂwﬁﬁ1M*kﬁéﬁH%?Hd@l%”%dM%Slon

catarrhal,s, % | -1 abel ed fjbronectin was i ncubated
WaR CRTEWS dc PRI BYI PR T IRGHERG FHM i ' GREASHWs SeBsRRS Takdon
ofRi4)coabd nehei Bspkﬂspkzttmmﬂaﬁt@notﬁmmdﬁﬂaﬁm&nm the

bﬂﬁk f B
fl%é.tgﬁcgrtgréélsﬁlagm é %\J&RQJA%S tant Sh052 édp%qr%%%lnim n§
raPRd tweRg irppean) 11%%@%%% B¥e Olspredadd Sdoulbios h.
Nomfti drbnbednd 625&1ﬁg|fﬁ@wmﬁiﬂihﬁﬂpﬁb%é%m%nqU%%P&@335“ and

peeii veI h.was just. aboye the b
Us g\?el s (5" }fl?ouiﬁgof’li T?lll‘%]fﬁ]es”z #‘angsﬁﬂﬁ éleg qu?éls are
kngeie tobeabreds W ERMM [ 1&htEandwmldns aBRHEE CAN theéibody was

us%@r%%Sd@Q@@kQQtL§E¥Nikaﬂgﬂfﬁﬂfblt ’efyé r%%ukhé anti-
flﬁﬁgg that both UspAl and A2 are required for

1Bi ABFHGCSY % u‘ﬁ%orfqao’?yoﬁébtﬁtﬁrk})? mlndrance
Subabquehaﬂys No tawvesthgaie Rihe @A) eﬁhabBatg@;@t@mw;@

[ Lz n t-ar. [ R and its
lnggg?glst%gn Htg %518 %ﬁ%ﬁ th an Ci%%l% re%apgl i 8 ont 0
exPﬁb‘#@ﬁé&ﬁvnté%%ﬂ#%dC@l@%e Hliges waneecetirighiged at 3,000

x ghgykabi Aln shd descuBCedvasher, and pSubsequwent Ay & aig
wuf inede s st py0al ot L4 e and e SR oo
gelatin to remove non-adherent bacteria and were then
treated with trypsin-EDTA (0.05 % trypsin and 0.5 mM EDTA)
to release the Chang cells from the plastic support.
Thereafter, the resulting cell/ bacterium suspension was
seeded in dilution onto agar plates containing BHI and
incubated overnight at 37 °C in 5 % CO,.

Determination of fibronectin expression in Chang

conjunctival epithelial cells

Chang conjunctival epithelial cells were harvested by
scraping followed by re-suspension in PBS-gelatin. Cells (1
x 10° /ml) were labeled with rabbit anti-human fibronectin
pAb followed by washing and incubation with a FITC-



fibronectin coated glass slides (figure 3A and 313)
In contrast, M. catarrhalis DuspA2 and AuspAl /A2
wdaodrlasssait ant s weakl y adhered to the fi bronecPCmsSE2006/000931
coated glass slide with only a few bacteria left after
washi ng (figure 3C and 3D, respectively) . Experinents
Wi th another M. catarrhalis clinical isolate (BBHL8)
and its derived nutants showed a simlar pattern
indicating that UspA2 was o f major inportance for M.
catarrhalis binding to i m®dilized fibronectin. The
cor‘fj'd?j'a‘%%%l‘:ta:nﬁllblragbgﬁ gapui N:S%éﬂcihhﬁ@zaiﬂfdhﬁzlamai washes,
residues | ocate et an 0
the &t WEES é‘ﬁa d\l\g 0‘7&2(:5?9 Urthet® a 1138 gpove.

nal'yze the

Intigvertdcin brsweeh MspAlatanthisz@mdh ¥amridect i n,
BadtHNcat rgﬁgélaﬁg L49+apd é@ﬁﬁgkﬁ@h§39 wer e

EeCOMmoT TIAalT 1 proauceda

an
i GGt (e 5Pt & ARG F Fetbht oA TP o Sy Ri4 and
t heSioN GRIU Heid cBidis gy fnufclabteneete npr Solows ¥y btesmecitdead VS |
et te.d vvlth a t C I B
LS e s e
comﬁn@d att;bu&sgé\Ab [ 584t ﬁhﬁe@éﬁﬁﬂﬁén?x%%we ¢ unt of

M‘L§H¥¥Qfg%f5§9ﬂﬁﬂﬂﬂé sebubkg BFEi@ﬂEﬁélﬁméﬁéhﬂfKMID) when

i nteraction e de ur
CORFYSfE the i%ﬁ@cf%ﬁaﬂﬁl di g \Ld%%al gwole u%neoly
cuI*@ﬁﬂétblmrHrapmﬂmarxst spénﬁﬁng tRBI enprekh nof e@fulPéﬂo ggar

/ ha | DIOBESLEDE Y@sent and
ncubg$gg7¢ﬁ%ﬁ%%% %%%%% @E?%ggeng G OPEELA nt an

rotejn
dombh@mﬁ@%mqnﬁe GUAttEE &€t FanEH%e?%Pag%lﬂ?W?%d%%
anEld S idspA c&c‘l_f&bebioqﬁe]fl bronectin alnost a s
eff| iy 1 P'sg @ﬁ ﬁggbmblnant

- Hd : s—pa e-protein.
Usm h@ct)tm&f&r‘??:gat el@lfchagﬁéntigvowp%\f ’219‘9“2#52

hy&éébﬁé@m@t@ﬂﬁ%ﬁ I We%eﬁﬁahﬁfef:tgyé@ 55\93] Iﬂlnaddltlon,
parallel, the interactions getvve% g{é ctrg f‘ons
re SRR BAN T RIHE HintCULSRP OPFadHeiPs™

i no
sp&eh sy LBW%W‘S%&M@A@%\P zwdreTheedwn‘ﬂ 8} agrrent s

Eﬁg@glegl 318 and UspA2 165 318 strongly bound

tin (figure 5B) . Qur findings. provi
si gRﬁbb%:’%lrﬁnfel\n%FéH’cle/Atzhépdt RETHI Wapnﬁoégﬁ‘h‘?%%l | HeFiRpsies

pﬁsﬁlﬁ@% foatnd; 29 t hig WespAli t299t452anndispAR 165" Bddn

Sigma %SQ“EQ&E;F%&?anﬁsn Swine horseradish peroxidase

(HRP) ~conjugated anti-rabbit pAb was from Dakopatts

(Glostrup, Denmark).

Binding of M. catarrhalis to immobilized laminin

Microtiter plates (Nunc-Immuno Module; Roskilde,
Denmark) were coated with Engelbreth-Holm-Swarm mouse
sarcoma laminin (Sigma, Saint Louils, USA) or bovine serum
albumin (BSA) (30 pg/ml) in Tris-HCL, pH 9.0 at 4°C
overnight. The plates were washed with phosphate buffered
saline and 0.05% Tween 20, pH 7.2 (PBS-Tween) and
subsequently blocked with 2 $ BSA in PBS + 0.1 % Tween 20,
pH 7.2. M. catarrhalis RH4 and BBH1S8 (10%) in 100 pl were
then added followed by incubation for 1 h. Unbound bacteria
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bet ween these two binding fragnents reveal ed that the
31 am no acid residues
wODRWKADE4BINI NNI YELAQQQRDQHSSDI KTLK" wer e i dent i eair/SE2006/000931
UspAl and A2 (figure 6 ) . Moreover, this repeat
sequence was also found in the uspAl and A2 gene of M
. catarrhalis BBH18 and RH4 (data not shown) . UspAl
50"491 and UspAl 299 452 fragnments conpetitively
inhibit M. catarrhalis fi 60nect| n binding To further
val i date our findings on the UspAl/A2 fibronectin
wels rcnmy adorei meshiagorblbane vithcEREU MBI RRrotkiads

bo%&{] goatcec%ﬁ% ket t@%*téc%éaaﬁytﬂ{eé@s b ©ckn fd o 0neat igan,
| ca ronec
o Dl 41t dmh Ol AL A7 W28 P BP 5EOB o RE e A Pt Tl Db

Thé raigness Sveard d@tsﬂaseqeelnahy negsba¢@dat @yspaccording to
é:@gbrﬂgmlﬁl%tb Jqally, M. catarrhalis UspA-dependent

ronec |ng was neasured by flow cytonetry.
nic) Best ilaHURCER TOeRAl 2582 404ERRA lSpAl ~ 299" 452

r emdﬁﬁlltrérd@qaeagewﬁhbnme@m ik Ngvavtd heaa tA %ith

uction .f Us Q" 49 630% I ct -skor
@S : ngd(fl%é‘ﬁ o V\ﬂ ?sobrgne (?déls Aém i
prcpir@mm@ubdﬁedlmsphilvmeCtamnnated R pAZ6 101 ‘81@3 JFPlates
we N Idd PFRfr Qgﬁ%@a%lgﬁt@hgﬁgn TBH§fefh 56|$M(¥F¥§JHC1,

bi ndi d k t

0. Dot 5y BRSO A THACR 2 caxvar%hé &8 e S e any
witandvdEpAly 105 F2k8 dontizhntniyl 3 gafash hgd lst adhexBree to
aa NG, o p'&%%' @1 cehles E'ﬂsh%%ké" ﬁ&ﬁ&@éﬁ#@%t& RT

express f1bron Cf I n an acteria atta
wigpi kavelnig a@eldlifﬂrgnéerinla spepatedithietierd it 1463

fléﬁ-géﬁktiﬁn ﬂﬂ“ﬁ@s@u%uiE@QDeSTHQYQaﬁb@Mm Em@t 3étes were

hal dh t,
wa SRR VAR A e el SAPPEG| PR EunpiipHaas - Atter
adcﬂxiemrmt Iwa dheery sus @@ Pi-egoadhesiod axperiaeni’s mil vas
adcﬁé‘épér(c?th{dﬁb%acte@%%nﬁfr CB@EH cRL| §n§£IP£}9iﬂ1§X£{&%@@¢

bronectin as reveal ed | ow C tonEtry ana
cormwreéi @A)tl“r“P@b&ﬁaP%’ewﬁﬁ%t Aatutpe ]cbb'o%rfé%déarﬁhlng
buf fdr angcid imikigndi. g /W&Sshn’génhﬁmh f Dhie bacl Bt ivddre washed

anczf‘ hﬁsgﬁtat%%ﬁagree ev%%lo %d SS ﬁeg\@ufﬁgrgt'%Ubat&}dcoated

unan fi rone e reco
web¢@t¥nquba§ggMng@91¢§gtaﬁ§l dllutlons of laminin were

used as background controls. ELISAs with truncated proteins

spanning UspAl®%77% and Uspa23°°3® were performed with fixed
doses of laminin (20 pg/ml).
Interaction between M. catarrhalis and C3 and C3met

Bacterial strains and culture conditions

The clinical M. catarrhalis isolates and related subspecies
have recently been described in detail.[21, 53] Type strains
were from the Culture Collection, University of Gothenburg
(CCUG; Department of Clinical Bacteriology, Sahlgrenska
Hospital, Gothenburg, Sweden), or the American Type Culture
Collection ({(ATCC; Manassas, Va); Neisseria gonorrheae CCUG
15821, Streptococcus pyogenes CCUG 25570 and 25571,
Streptococcus agalactiae CCUG 4208, Streptococcus pneumoniae



UspA2 165 318 . Thereafter, M. catarrhalis RH4 was

added and bacterial adhesion analyzed. The relative
weadbeveaswe (nmeasured by the nunber of col ony f®CWiSEZ06/000931

units) after pre incubation with 0.4 nmol es per 200 mi

of UspAl 299 452, UspA2 165 318, or an anti-human

fibronectin pAb were 36 %, 35 % and 32%

respectively. Hi gher concentrations of reconbi nant

peptides did not result in further inhibition. In

contrast, the non-fibronectth bi ndi ng fragnments UspAl
AT483 45680, andglispA2l3Qondifoph Hl NnGTINIBISL | t P& eudomonas

sl ach! grechebipen Mopaaiatshall 5,800 S e a0 s on
figrdhy SHRPRELPEPCESF | auFRNS AT 29923 Fheecepnonihor

stivhineatar rhnl &s9 anel-d hel @ élfédiart%%' ‘%la’:%lﬁl gﬁ%aécé§2
i gan

and_165-318 of pA2 cqontain the
Ml?%gb%ﬁg%gyé POt HE ?%té¢§ﬁﬁq Ornferdcingn Hatheen
Unlweréat:ar Hpaabisahndburedthidvedsityat @webiahi.s bi nds
| am nin through UspAl and A2 Two clinical M.
catarrhalis isolates (BBHL8 and RH4) and their
speci fic mutants | acking UspAl, UspA2 or both proteins
were anal yzed by a whole-cell ELISA. M. catarrhalis
RH4 strongly bound to i mobilized lam nin. (figure 9A)
. In contrast, M. catarrhalis RH4 uspAl nutant {R
DuspAl ) showed a | am nin binding of 89.9%of the wild
type. M. catarrhalis RH4 uspA2 nutant (RR4DuspA2) and
t he doubl e nutant RH DuspA | /A2 15.2% and 18. 1%
bi ndi ng capacity of the wild type, respectively. This
was not significantly differentfromthe residua
adhesion to BSA coated plates. Simlar results were
obtained wth UspAl /A2 nutants originating fromthe
clinical strain M. catarrhalis BBH18. In these two
strains (BBH18 and RH4), UspA2 is the predom nant
protein expressed as conpared to UspAl, explaining the
m nimal difference in binding between the wild type
and R DuspAl . Taken together, these results show that
UspAl and A2 bound lam nin. To further analyze the
bi ndi ng between UspAl /A2 and |am nin, truncated UspAl
50 770 and UspA2 30~539 were produced in E . coli
Reconbi nant proteins were coated on mcrotiter plates
and i ncubated with increasing concentrations of



am nin. Bound lam nin was detected with a rabbit

antilam nin pAb foll owed by incubation with an
woRRy/oosyesigat ed anti-rabbit pAb. Bot h reconbi naat/SEsEA00931

50 770 and UspA2 30 539 strongly bound soluble |am nin

and the bindi ng was dosedependent and saturabl e

(figure 9B) . To define the |am nin binding domins,

reconbi nant UspAl and A2 spanning the entire nol ecul es

wer e manufactured. Lam nin yas i ncubated with

a

i mobi |l ized truncated Us Af nd fragnments, and
Tallq | Hwdh ﬁftﬁﬁgﬁﬁﬂﬁﬁcéﬁignu q%iféé( Q§%?ﬁ Qﬁ?dhﬁﬁ
ba@ARHd™ -0 REAR LGN TRFABSE L asS WP PR T T “[&g L RRTAICEHOP70
humgpy gedtiqugishae PRE BitRdi ﬁg/ dotRth i thit t fiier
ingdation tHEhpEOTEHrepSREVEES efnilthe RAFG@LLa were
anglyrrchteed Flhoag weREReSEANAFARY t A SalPRbE At 3t P and a
FITG-amprantgedspeaced potbrnabbahi Php:. The N-terni nal
part;, USpAZ 30 351, Was able o retain.44, [ Y% bindlng
SPYAfatity as conpared to théﬁFU%Fﬂﬁé§§&H§pFépé%nﬂmgﬁg
shorter protein UspA2 30 1/7 showed a 43.7 % bi ndi ng
Moxmpalla yca (dizhald s16B). These Bedults show that?the
bi Hdi &y gomai ns i ncl ude resi dues2found within &he.o
N-termnals of both UspAl and gsgAg . Interactloy 0
YWetn M. catarrhalis and C3~afd " C3met M . .
ceqrataiad i s outer nenbrane protei2n® UspAl and tUspAD
iéggég&ugyg ;4 he classical and the @l ternative paghway
of the conplenment cascadeUspA2 surface expression is
RRRTEIGFDr M. catarrhalis surVizdl in nornmal< Kufan
.sefawa (NHS) [1, 58], i.e., noraxet)m UspA2 defd cd emt
ants are rapidly killed when sed to N W.e
“h %%V%ecently shown that both Uég%ﬁ9and A 2 E?ﬁ§'84BP
. aswbfarsa ni ght inhibit the clas$izdl pat hway of 2.0
Ol%}?ér_pie?twgohﬂ/lcﬂﬂé/aat('tn@m[??;] : TQ?L;y.trd her shled 4 ?zhto on
. catarrhaljs interactjons w e conpl enen
Ha @@riplbd U A ARaR 251 Lféﬁd) | A2 d%ung mitants wag - °
St sépith @sk dus geraumdriest ga=ilih efthed EGTA witk 2.0
i1 2 (Mg EGTA) or_ EDTA. My- EGTA 4 nhigbi ts
Le?ﬁ%%%@ﬁ%&gﬁ& llaecl\:/{"lléggat hma;s?a(ﬁ\d t hus al Idomryr; 0
Psgefrapanas arlyEiness Fé)al t ernat fve pat hway. 5 rf-9
Ligg@ﬂaggﬁoncg@?%ddﬂt@éoi :_s al | (cl\:/grzmlzn@ntcagat ?myﬁm%
absor bi n i val ent cations + +) . :
Yeratiar? h%r%%r%ﬁquad type survifle%’ngfter 30 m'<nrbg'of
Stamicubatd orys whereass (n=3) < 2.0 < 2.0

=2 =z EKEK

Streptococcus pyogenes (n=2) < 2.0 < 2.0
Streptococcus agalactia < 2.0 < 2.0
Enterococcus faecalis < 2.0 < 2.0
Helicobacter pylori < 2.0 < 2.0
Escherichia coli (n=2) < 2.0 < 2.0
M. ovis < 2.0 < 2.0
M. caviae < 2.0 < 2.0
Neisseria gonorrheae < 2.0 < 2.0
N. meningtidis < 2.0 < 2.0
N. mucosa < 2.0 < 2.0
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RH4 DuspAl / A2 double nutant was killed b y intact NHS
after 10 mn (Fig. 12). Wen the cl assical pathway was
wonbi7mig4ed (NHS + My- EGTA) , the RH4 AuspAl / A2 pOmiSa106/000931

survived for a significantly | onger period of tine as
conpared to NHS without any chelators, but not as |ong
as the wild type bacterium Furthernore, when both the
cl assical and alternative pathways were bl ocked with

EDTA, M. catarrhalis RR4A?J§DA| /| A2 survived. A simlar
pattern was obtained wth catarrhalis BBHL8

I sdltet edigfiftbrtcng conresperdilhg BgBHlBed\um@ﬁé/cﬁ&:wmtcant S

apéﬂ%% I%J@,Mﬂs)tancﬂa gpeﬁgkp% mséﬁsﬂﬁen&étﬂmaﬂsq @cﬂ.%tlns

proper I ci ent sera denonstrated
welb%tlfpwél%l|Ya§éﬂ11é&|re§nant hgaant eaht i Vol pat eivalBi Werld quid
brdtthido thcﬁd BHIY aMar %a,taaél%hatl SmeOIM smm)l rrhaTZh.LbSBBNEB
I a pat oge t requent onj zes the
e e Palary (PACe CUBEs ot BrT Y et ot the
cridbeb sl Al q@at I‘o}\ﬁéy Tb@t MéDsdefhElantem\mmnw weithvenowsf in

BHE fteorpéam{ Q{Aée@tc %)é?h@”k@ﬁaﬁlgélﬂm@lﬁe n@é‘ﬁ’zﬁ%ﬁé’f&iﬂqs

Us C\Pit . .catarrhalis absorbs
mu d |‘f?diﬁ| télefeéeﬂﬁnﬁéébSEB%?Iéﬁ?Wd b"ifh’%‘“s Jto5 tH?e/ ml
chkurdrgoeerdfccd nisdabe gnd hente, i mducesnd h&smu-e:terﬂtdl\@lt

,hyvqi; is n

@‘ﬁ%arr 4{51%551#%%%%1 e}’%\gﬁ i ?ﬁy@ %A%S‘?ﬂﬁ tﬁ%en’

Caskshad ey -i wbatcéaommﬁhﬁmcglramszww aeP R typed for

gr&mm ofBiurl nEpa1ly depaesublenmGvhacsoval ent link) o f

Anfc:ﬁ % at the bacterial surface o f M. catarrhalis

detected b y flow cytonetry analysis with a

polRedtidrial wamei boodyn(pAd) idirevtedubgal nstit@8R 00 pg

reééﬁgﬁﬂﬁd%'ﬁﬁﬂyﬂlgngtﬁ @QQAgggmuiQfPPQé'PW 6bﬁpfgfg‘¥fé%nds

NHS contai ning i ntact conpl enent
adl&é\@d&ﬁ t (R @+ BecoprPgckingony ﬂ%%%%@%wyﬁwx he and
boengd erentaycadGadedwas whant tnat eané cﬂbéé‘leoﬁ)rgﬂfcﬁ:lmel dn

in %y%{réoﬁe tEt]:% Mds %ﬁh% H%l I 2?%1?%&%&1@%@&\% 33 v‘

rep ococcC neu was |nc ude
lategmpdid %Wr@a@en@bea§§©ﬁbf€p3tf’r obfe @Em%nklearetdserum

wa§e§ﬁﬂmﬂﬂﬁj}pu¥3$hed M@tﬁoﬂgﬁﬁékoéeﬂcéﬂﬁﬁqgﬁéﬁx¥ecﬁﬂblnant
tsalh nd C 3 irrespect
U iibhel oS la Tty AEOAS T TS PHE s SaR L GhR LEPAS AT 3
UspAZ apbmaanadus| gekydnekydednt i-Tspht/ phasshld. Il Iafdit
ant[ZLQ) J}#’%:sd R %Ctagg' $ng h@@iébgﬂlv\% %\@%Mﬁlé@& i-rabbit

orns o Interactin catarrhalis.
|Wﬁﬁ? murchased from Dakopatts Glostrup, Denmark), and

the goat anti-human C3 were from Advanced Research
Technologies (San Diego, CA). The horseradish peroxidase
(HRP) ~conjugated donkey anti-goat pAb was obtained from
Serotec (Oxford, UK).
Proteins and iodine labelling

The manufacture of recombinant UspAl®°""% and Uspa23°33?,

which are devoid of their hydrophobic C-termini, has

recently been described.[23] The truncated UspAl and UspA2
proteins were manufactured as described in detail by Tan et
al.[78] C3b was purchased from Advanced Research
Technologies. C3(Hz0) was obtained by freezing and thawing
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catarrhalis also binds C4BP [58], we wanted t o
excl ude that C4BP was involved in the 0 3 binding and
woOaooTihede3 pur pose w e used CABP depl et ed ser unmPCWISE2006/000931
catarrhalis absorbed O 3 fromthe CABP depleted serum
t o the sane extent a s t o NHS (not shown) . Binding
of C3net t o M. catarrhalis i s dose-dependent and
non-coval ent Qur experinments inplied that 0 3 bound t
o the surface o f M. cata% halis irrespectively o f
conpl enent activation. Theféfore, w e anal yzed whet her
of goidritesd C33, Thii €Abi-1skaonoierieté ofEneowasd mave byo
indud gt e eurl}_letlle&ew &wslwrm'r@&ﬁ 1%1%@%@@ By

and treated w th nmethyl am ne, which converts
forcamby aﬁol3chI'eaé‘&‘uF’VEF%ﬂ‘tle?t oeBhy S § AL e 100 a8 ty
Trits-6icdovi@iHent. 5y , bilsd nMoNatTr obes ké:l—‘ncgmd-le)tudﬂasowcl3met
tyr VSISl aize J at arrhal.i
’éuf%'é‘%lsﬁt SAEhYB. Bl RUERICE IRl Rup R,
d@ﬁénﬂ@ﬁt PEREesAt urabre mrfé?lqnar@mel Mmm@og Y25]
Flow HRitonichigr aelbllgglwas not nedi at ed by the C3a part o
he 0 3 g #i 7 nce C3bha H %&) al so bound
l&‘é‘tl&rgrﬁ | #8( 8t MshoRhg L s Sief was
anada/tzardr fra |f§oRI—|¢yanuieCByrethatserm;e«@bne) cardvar ga extlent
meoqmma weenl%%r %B' QaSnas t»vféeea]?{Flrhaasc L frg%r%oris 20Bsa

he 1 nteraction

Slr%“?dl t £%ﬁé%bt APREdRiF R tkP%Ceraba&lePr r RRLPEY BBPHBINg
uniwisl;d cifype wetreaiic(ipat e 8 o c3ﬂ@t detxy mose mbet her 10 &

NHst ‘?Ltl%' %%: Qfgt?lgauglbsmﬂ Qﬁf‘l e, e% cat ‘M dlgf glglr 1] iy EGTA

MwﬂGnTnAdallnl £B6abés @nﬂ%@ i aaha?f&i’zedAtEhelrr weapaggsy the
badt‘érﬁ'andze%”@hcuﬁlak:ew wi€Rt A Nalis S tdR] Paeuwnd 363aeh

as reveled | ow, cytonetry analysis with an ant|-
on ag§ pﬁﬁ ?wsgrﬂow WﬁFﬁé%g%a?fﬂ% FTHRYE 0 I, apekdeer 30
minSon pneuwmmhaemﬁdcﬁn] ugated tdmstt vaerteL—iﬂquide@Aﬂoor After

thrfe%rra%' 13980 g %gghet;' nd, 3ot M. cat a%f 2w b§ diﬁoa

uni q bi ‘ndi ng act erium our
CYt&ﬁ@lWé’l éESflcﬁac?{érMQF @%"s%‘?rptﬁlcﬁief%ml‘ms 4| at ed
mdmmmhlsawe@bi geptegn(@-ﬂﬁaa?s’vmmt ﬁﬁ QQUTRN IPB@EBSA
ens.(n wer.e i ncuba n sen
andNEl% E%‘?'R%lflﬁtserés?l Aoty %')R) ea|~°1a“}%z°“ﬁfr£e&‘-’erff§|e anti-

humgpe€iBdspAb and FITC-conjugated anti-rabbit pAb were added

separately as a negative control for each strain analyzed.
In the inhibition studies, serum was preincubated with 100
nM of the recombinant UspAl®°""° and Uspa23°-53%° proteins for
30 min at 37°C. To analyze the characteristics of the M.
catarrhalis and C3 interaction, increasing concentrations of
NaCl (0 - 1.0 M) was added to bacteria and C3met. To analyze
UspAl/ A2 expression, bacteria (10® cfu) were incubated with
the anti-UspAl/ A2 pAb and washed as described above. A
FITC-conjugated goat anti-rabbit pAb diluted according to
the manufacturers instructions was used for detection. To
assure that EDTA did not disrupt the outer membrane proteins
UspAl and UspA2, M. catarrhalis was incubated with or
without EDTA followed by detection of UspAl/ A2 expression.
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tested, M. catarrhalis was the only bacterium bi ndi ng

C3 in conplenent-inactivated serum (Table 9 ) . Al
woebaoasiesor axel | a strains as well as the ot hePClSE2006/000931

pat hogens were al so anal yzed for binding of C3net. In

parallel with the C3 binding, M. catarrhalis was the

only species that bound C3net. Taken together, M.

catarrhalis has a unique feature to strongly bind C3

and C3net in a non-covalent manner. M. catarrhalis

bi nds C3met via the outer nthbrane proteins UspA and
Edmspr&tT@glaebfeh&bﬁera‘a@oM uSed ard fta{é' N HY -GN

responsi bl e

d
SRR, t O e Selin gt o et i S e
Seust @ingds serDn DspihbranddabradsspA2 [ 22, 58]

|nt@6%§Bﬂnﬂhﬁantggrghngmﬁ@ (waézgﬁgaﬂﬁg%sﬁﬂqa'%HQQnBEXlthy

orrel at ed p eXpreSS|0n
VOLREEEPREN i Ehﬁl—ﬁbﬁ% Bt 3R ft% ek e Qe gie afs room
tetripeaawiulrd Eyﬁetheuehﬁt@ﬁrincﬁﬁjag:ecﬂ.% B)ce fBe dHhin.

d tl
DI RUANG S0t 0P, B SIIGNLY. BaRNEd fon grores
atcorffafed TPolnRetivw s be thph coumtdrasaitcalriagd BECeZRptive
pak%w@@%@'ﬂ@'mMCEB?A @é@dé&@bd‘3ﬁﬂ“%dﬂﬂﬂ§§% R SR Has

i RSN 150 COMPLSLELY, SOOI O TR0 e

defdicignNHSnEDFA, CEBR wamEmepadenm@gxﬁeemg(Em@shlsérﬂm
throﬂ@ﬁnanﬁﬁﬂﬁg hegﬁﬁmﬁefﬁﬂ%elr L QB6¥| éa%%%%ggamﬁgth

sim_l ar anoun urt ace
mARy xPOdr e 0F0669aP%%td%%ﬁﬁﬁﬁq|%ﬁﬁ%ﬂﬁ$l§Qﬁ% @& dhecg-chpgn
0f18aBPOI 415 Thé afldsxeswlmugver@sabioaulme\& kgt i&ael\/hepleted

BH18 d d
s S Bt her | ARARS S R/ Tl oP R R OHEBA M L
wagn@btgppRAARLa Usip@l £ 5087 79 e AUSPHAR p3@'i53¢alepe [79]
usRhedeeedekn7 & 1o§OékcﬁﬁﬁbénHﬂfdﬁﬁiodE@%h§GQ@qu§§at

pro ei ns re dot blotted onto a nitrocéll ul ose
Pine’ %Qﬁr | AR AT B b 1S 56 AiSH avedi RerlMabel | ed
hae&wéytlaeaohbvnamt MDD 62X 200, anvhipthpesddar deedcf eam

setrnﬁ Mas Egﬁgi%%6§l@éﬁ % ngrgﬁt LS %I%r%r %&ghglgl gggﬁgl{:ment

vvas |nc u S a negatl
of K¥pafcsh P?ﬂ?@f%%@b%%@ctléaﬁd \Mﬁ@{v@é§l[t1/25Llln]i+C§W§tien .
M. sbaaagwab@gngtf@m!sn&re’SQila&&e(dFllgl 218Ahy. vEkessl

bugknglnﬁﬁ e furt?er Stdgpgth Q%%o%%lg%lagaaécﬁ mM

|es of

r esona
MgCl,, 0.15 mM CaCl,, and 2.5 % dextrose (DGVB ). Bacteria

(10° cfu) were incubated together with 10 % NHS and EDTA or
Mg-EGTA in a final volume of 100 pl. The bacteria/ NHS was
incubated at 37°C and at various time points, 10 pl aliquots
were removed and spread onto BHI agar plates. In inhibition
studies, 10 % serum was incubated with 100 nM of the
recombinant UspAl®%"77% and UspA23°°3® proteins for 30 min at
37°C before bacteria were added.
Dot blot assays

Purified recombinant UspAl®°7"% and Uspa23°°%® diluted in
three-fold steps (1.9 - 150 nM) in 100 pl of 0.1 M Tris-HC1,
PH 9.0 were applied to nitrocellulose membranes (Schleicher
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Bi acore) . UspAl 50 770 and UspA2 30"539 were
i mobi li zed on the surface of a CVb chip using am no
woaupliisygzand C3net was injected until saturat POWSE286/000931
reached. The Jf for the interaction between C3net and
UspA2 30"539 or UspAl 50 770 was 3 and 14 nM,
respectively. In conclusion, we found that UspA2 was
the maj or C3net-binding protein of M. catarrhalis,
wher eas UspAl contri buted t% the binding to a | owner
degree. A C3 binding domai 1% s I ocated between ani no
& mlml,esmahml 202 randy458 sahgUs pA2t . b Tot dédvies t Hef X

ol o c
sa A TR oy RS ek BoRIPLRALA PEOL S i FRAINING.
Twee@re:omaelnmﬁatoe@lwkt ROVABY AivpBP Pz BB T 3 L g1

wa s £ SO Wihes WSRA2 PBR-538eandTRe 865 F S PT 5 tkeiE af et | -

P ei ns. ereafter h Lnte ctions were
oe i P By G R "t Sonnt KR PR St e
ovexpeghtmet st (i ghks RpundUppAkesn” WH@ boswall Captvwith &

uch M )C e 058389«h 4. t he
Pe ELI SA4L ?Bé@g @1%%% %@H% qntcgn%%ﬁgg?gdspr O?GI n

APty ";nAV"l-'. B UEAA2 20-539 and UspA2
SOZPMé&reﬁéﬂaQﬁﬁnirﬂ yoetnme@d G3pet’’ Slgoesvsprp Pdf and C3

o j.d 200
wa AL EE £ IS Mg RurtRsRnbigsaph ot eauties, TO)
Bi?ﬂC@lr@e%OQQy T vt/ Uspanilae BHedeD) eaéfr%mlm

deg§£’95@@nfof nidigdpan of-cuke ahternatiye. paghwmye @D (the
i.es, of é] ow cyt anet
€
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T PRt 61 G THA e PSR e e oo LeF e T
bihdindeaunrpe e noulrat ek spicnise1@0 ﬁbzunécbnbumamom@w 50
ag%fgs@%élsm?ce%&é&%n h%tl%r e%“cbﬁ&kﬁ’stété' Qﬁﬂhq@oj?'tr]ncydel

eased deposi tion/ bindin the surface

Suléﬁ%h@‘?r%ﬂ’|%l¢@%@dm%@%¥aéﬁséﬁééaoﬁﬁén NHS was
En:@j}xﬁéJﬁEﬁiE@dVﬁrﬁlﬁuﬂwbe’iﬁ 466agndEUspAR 30 539 (Fig.

=
e s i et t%%éﬁﬁaié sk o
Defrmusk twere e@mﬁﬁmmtkpmml@§sueému5@ aﬁ@orulepm@nt

Us 5215390&&?@5;?29@ €8 . o0mHS randai- BRI bb%ﬁ@ gﬁ@ogsﬁmn/
i ndi n To, det er ni ne whet

frwm%%%ng%%aw WpA ™h 5P UEn G2 ;‘%Zolr%gtboﬁk ‘ﬁoc

ov@ﬁﬁi@]ﬁt al Prarevd wadze tvmné«ﬂul:ﬂoerrrmuaas Mithcadahihalhsffer

R e e T

room temperature with washlng buffer supplied with 1.5 %

ovalbumin (blocking buffer). After washings, the wells were
incubated overnight at 4°C with 0.25 pg C3met in blocking
buffer. Thereafter, the plates were washed and incubated
with goat anti-human C3 in blocking buffer for 1 h at RT.
After additional washings, HRP-conjugated donkey anti-goat
pAbs was added for another 1 h at RT. The wells were washed
four times and the plates were developed and measured at
ODys0.
Haemolytic assay

Rabbit erythrocytes were washed three times with ice-
cold 2.5 mM Veronal buffer, pH 7.3 containing 0.1 % (wt/vol)
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determ nation of the nunmber of surviving bacteria.
My- EGTA was included in the reactions in order to
wonbi7wig4e8 he cl assi cal pat hway. Interestingly, paugELI06/M00931
of reconbi nant UspAl 50 770 and UspA2 30"539 to NHS
prevented killing of the UspAl /A2 deficient M.
catarrhalis (Fig. 17C) . UspA2 30 539 was nost
efficient in inhibiting bacterial killing as conpared
to UspAl 50"770 . Wen bot h_reconbi nant proteins were
suppl enent ed toget her, no 4ddi ti onal inhibition of the
geladitiar,nat mie Mogatlhyway0 wald Eietiecteed Zlén 2dNMS roser espond
10 oXi It : [ [ e t 9
B R R R it e
celJsp/ml SETFIBrasytes WespARn SRR aRed (ipl tly GO 3IM was
corétdd:a tHomy ero, ti ghencemrcesttat donsted ihedg™EGTA.

rec i ngnt_ proteins.did not further increase th
AE{SIn D (n 6y SHGRAY Pvhas eS| FERLAGHIERT 4 che
anma@irtterafatlivee patdyway okyérs| ye s cdassayl nehshstIprFiofo-
phcg@:f?@ttri%r WY RGERS raRd NeSh BeQriehod Porest abl | &% the

role of UspAl and A2 as inhibitors of the alternative
Fox gL t s Widd Mis@fdc 8Bt BaPAF t hl ¢ e ofbr WAt Us pAl
pr&ith iy tdds pAZH3A 0539M of betbmpiviet ngspadt Aerand/ or
usgiaeed by %%%' L QN 3bom§LHea€r %‘7 héocé{ﬁcﬁsthéféaefté'r Radea

‘Ifcubat ifon, " the anmount o erythrocyte Tysis was
to ddteraddoaviesr @st Ondley4 &-significantly decreased
Ismmrzﬁig P(@%M@%E?@%&@E@M%@o@@ﬁe@rﬁrilc{ﬂ%&%t&@ﬂt/&sii@

or S_conpa 0 _unireate

NG TSPy DOIgO TR B AFFE! LR RO TE | Mo bagtit S h il
frof fectrediladd dthdeplédgnvelohtespA2usng 3t orodsspAl
(0O, HEOLaxPICiACHO! 00aUA] N HEPARNBOIORD

ne resu 'n a nore efficient 1nhibition of the

cenitidiigrd Ve pathwey & S6ABar Basked whenP RS Mas
refUShdrcidentied RMMAIm 143pAeBuri 7011 £& NTeOMEd LSy D5, Paisley,

r.econhi nant 50770 _or A2 ,30. 539 iat erfered
SCC\)/\% %nr%%h'ea%c i%\S/aPcttfr&falt ﬁgsglsfléj?ﬁ%t i(§é5 p}gt %Q/\ﬁyw&ﬁe to
opsdrel zecabiiltilt 3 tto cfaptidherCEHS pA RUSTEPB, ofr L&l ng T
pukﬁ%iéwclscgﬁftéte ﬂdt?:_ tlfsf n%%nag)egtent. cg@@@ﬂ%%&e@fﬁlgﬁ&&%

and | lnactivate m crobes for .rempva
Were) B roidds EF (&péioﬁ‘zph%%@g/te i &t o %W&éﬁ/gglfqe
rawhetderl (C3 dfold3metd blyatinwabahbor cavabeht |wi tioust-atver-
end NSl A0e Rl M eatackialL S epubdoStde) dgnclion A

an opsoni n, a series of phagocytosis experinents was
min of incubation was determined by viable counts. The

number of engulfed NHS-treated bacteria was compared with
bacteria phagocytosed in the absence of NHS. S. aureus
opsonized with NHS was used as positive control.

Examples and results

Interaction between M. catarrhalis and fibronectin
M. catarrhalis devoid of UspAl and A2 does not bind soluble

or immobilized fibronectin.

We selected a random series of M. catarrhalis clinical
strains (n=13) (table 7) and tested them for fibronectin
binding in relation to their UspAl/A2 expression by flow
cytometry analysis. High UspAl/A2 expression as determined
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performed. M. catarrhalis was preincubated with
C3net, NHS or NHS treated with EDTA foll owed by
weaddi7taiew3 of pol ynor phonucl ear | eukocyt es. PCT/SE2006/000931
Interestingly, M. catarrhalis was not engulfed in the
presence of C3net, whereas NHS strongly pronoted
phagocytosis (data not shown) . However, when NHS was
pretreated with EDTA, M. catarrhalis was not
phagocyt osed by pol ynor phonucl ear | eukocytes. Thus,
C3/ C3nmet was inactive at tA8 M. catarrhalis cel
by Shi faage and 1dict Relenténdhi-ens a8y aNMPPE 0fd . correlated to

i si aonl nt er act,i.on _bet arrhalis.
v B NI O (R aE, BRR - e S8 BB 21 8l 0.7,
P<@lOmi cafiavre dat)ar Hoaleiverst £ai 81 Besimerate Heetoirat d5PAl
and FR9MBH S M Skl hokovpdshbbEopeeh i Hur | M efesdpAiaL

| onger fragnents enconpassing the am no acid sequence
PR o FRE S FHim (e ATSS6 82 SAnH SPA PR 185551 6 2R Spi Ry e ?
to achrielref fricciverst ubilidiely tie thbr oppAfHngéiie guae 5ok amind
; N T egion esent
e AR, O, R SR i oo

hi g e patidertiadd saispéatepc (RBHEG ARG R4 i dheir
sp&SPA c 20X Ad and ispAD 6D, 3t8pahase BosSEERESi 10 wikre

2138 TR L R R S Rethentin: 1 CEERRTRNLSS Sifikhce)

stroidis eyuerGd rooscdins withe epineapefiepreseence

inPELS£C) | Meronacloenal @nihRedy A r afl) cddCZafor which
there s universal reactivity. [2, 50, 30] |In a npuse

BB SPARSIVEY AITCFAERER Wi PHORRBT 17 Gt B OV det D 20

MEPpref egd j ®n( Arghdenirdvediptbrenaty biediagnceo o8BIM 8AuspA2

. e e ti
bl 1A, sty el eRERER 7R3 pEPLELES ARl e only

10 resinfliek! and masipees iverd vt HE1pnper LHncelbf $HILlgegionlts

wetd e P ogenesispaal/ A nueahakr bal ther €8Ph1@4 DrYtrain
tract |nffct| .

fibronectin binding M,
M. R AFHAE Bobire "4 ROA ALBEET FASHE SRSELEReAPEYaF S
thzrfsypahe8l Anibcanacifdbresedués andt beat tUspABiARity of
thé’r@a‘i@&&is{v% H\ﬂndh%%‘o%ﬁn*é%lt'iﬁ BaYEng PAELLOlad i Sn
sequence (i.e., the NNINNI'Y sequencé). However,
UsiR A h<LHR IS 98 -0B5E whi ch has the NNINNIY sequence
I N ThefurdispA2ngeRecdehBotinexpaesson beébionectifronectin

an%él\?.dl ggtal%&%zl J_psr,ohﬁlll'l ab%%]edAfliblfgl’lgcgi(Rl ‘gglgt ir%h}y\élé"elcg
with two clinical M. catarrhalis isolates (BBH18 and RH4)
and their respective mutants. The wild type M. catarrhalis
RH4 strongly bound '?°I-fibronectin while the corresponding
AuspAl mutant showed 80 % binding of the wild type. In
contrast, the AduspA2 and double mutant bound ***I-fibronectin
at 14 % and 12 %, respectively, which was just above the
background levels (5.0 to 10 %) (figure 2). Similar results
were obtained with M. catarrhalis BBH18 and the corres-
ponding UspAl/A2 mutants. Thus, our results suggest that
both UspAl and A2 are required for the maximal binding of
soluble fibronectin by M. catarrhalis.
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that the variations in the flanking regions m ght

affect the interaction with fibronectin. Al so, the
woanwanssss NNl NNI'Y sequence itsel f can have m RQT/SE2006/000931

single am no acid base changes. [28] It is thus likely

that fibronectin binding would depend not just on

UspAl / A2 expression, but also on the individual makeup

of each UspA protein. Interestingly, an al nost

i dentical am no acid sequegge can be found in the

hybrid UspA2H protein w th adhesi ve properties

[ MIeatiavelalios tTTART Jandt46E) aqbﬁﬁhmﬁmHSUQ vemsbppared
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onl@'QrQ@%Cbb@tb§1§nléfP°££ o~ ﬂgBP aC|Iéf§hrg§%%‘aha 3D,
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resparérdRcd) of EEREFEPPRLE oV LM FTRE itht € tadd Hiadilar ed

cllaumxaaysSo[Laée 69BHES promecitf ce@mrvea‘s:sinwmbﬁtsl @E@wed a
I‘O SO I ncr ase ret e _Snoke

Slml gﬁ%%%§9]l?ﬁec?5fe d? qjé%i Ilsm@§ ﬁI/Az

lmp@;rﬁérlﬁg forEUM FRbaonketin wimdipia rtevl |1atmoblllzed

flb@@hg3@§500|ated fibronectin is thus of great
oort%nc-.ln oatlent GMAth COPD and may explaln the

-'.'Il S
locqtedpbetwpahléaﬁsana44§2wa(ﬂnpﬂMJ n@hbeW@ebave6Shamﬂ 318

of bRk UspAl /A2 of M. catarrhalis BBHI8, RH4 and Bc5

—are crucial FnBP. Both reconbi nant UspAl and A2
defPvERT RS BeBLBFadHe bridrfeddtd omist RfaUsPAdi Agd A2

Wltdom*mmoﬁbatmg teentiead WpNcCdl dnaeskgne¥-i*agldadi ng
Erved NNINNIY S que_ﬁgl Furt her nor e,

an
recpﬁ erac FEnPBPIRFSY ot dff v Ay GSFACFAS Wi frotiter
plaépﬁthedlahccbatgdlwlthzﬂnnﬁdasmmgocw@me@ttabuonecbfn

fibFBRedel hNi BbQAq Of i L hes& i bronecidn Rinding dgpaips; is
humgge%g ggge?@1£ ﬁ%tggglégéﬁaby incubation with a
horseradish peroxidase conjugated anti-rabbit pAb. Both
recombinant UspAl®°"7% and Uspa23°-5%° bound soluble
fibronectin and the interactions were dose-dependent
(figure 4).

To define the fibronectin-binding domain of UspAl,
recombinant proteins spanning the entire molecule of UspAl®%-
"% were manufactured. Fibronectin was incubated with the
immobilized UspAl proteins fragments and the interactions
were quantified by ELISA. UspAl®°™*®!pound fibronectin almost

150—770

as efficiently as UspA suggesting that the binding

domain was within this part of the protein. Among the other
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forward in the devel opnent of a vaccine against M.
catarrhalis. Interaction between M. catarrhalis and

woam7isuedl . catarrhalis is a comopn cause of PCT/SE2006/000931
i nfecti ous exacerbations in patients with COPD. The
success of this species in patients with COPD is
probably related in part toits |large repertoire of
adhesins. In addition, there are pathol ogi cal changes
such as | oss of epithelial bntegrity wi th exposure of
basenent nermbrane where t h8°l ami nin | ayer itself is

t ririviadiesn éd aigmesirsk eDspAL AT ‘SorE £ pat bogknsbhianveg been

£1RM Q) tz%lalalr% 5q, bi @H %Qréf‘l@f' s OUS JBYon s
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?mlﬁgy%b id l% ama%%% ;y%%g!wﬁlg%\lm a Xxtent L?(aCtW%r%
ldqf}tégrﬁéntfgrsﬁép%raflﬁaﬁ thé NYES nf nalMargavess (ISHA
re%ﬁq&ﬁ@e@@eﬁ&@ wla@saesOaEbuna Sith atfsnoél |1 g@@%pcaﬂétgl,@b!glantey of

erea n oun am ni n
. qﬁfarr ﬁ&s Pomer Egekﬁéhzﬁpg% W conbi nant
Uspgrlof éi'n ahds @fra@tmeséﬁcnmﬂgsts‘ﬂglg:esxnhmt M.

caﬂ%%ﬁﬁﬁ%isdEEE%Bﬁ@Et@ﬁrE§n@in&he nol ecul es m ght have
aring the small est

—different functional roles,. Co
| afionFHEBRARE ¥ @lﬁgﬁF%nguBffiﬁﬁﬁﬂgénﬂfw&?e WEPALHd 4t hat
fidrdvereetiis, bhodever dohelihke seddmaindnt byrums tefd anspra

ig?f%sh%ggloggspggm@gﬁ %ﬁ@f@ g@hsurﬁ$QQ>gﬁ&éﬁ:%Qbﬁ%%ectln

. I SInNg as It
bindiggh tPaék ?ﬁé?fﬁéﬁﬁlﬁr oFb‘Pﬁ%n%W al2 )l isep pre-

1ncuﬁ%h@@e@1@h0bUQarpﬁ@@@ssbfuﬁééﬁﬁbihéﬁﬂt Vifih g}t s
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ca raggpp@dsisbUepfodephrdént ef Hetomast i thiddmoniwasi meplsared
by e £98LRBLEY . VE¥e- i 1BELOCAL I 4Al] A Rf1the ang
UspA12°°"%2 resulted in decreased fibronectin binding with a
95 % reduction for UspAl®®*®* and a 63 % reduction for
UspAl?%97%%2 (figure 7). When fibronectin was pre-incubated
with the truncated UspA2!%3®  an inhibition of 50% was
obtained.

Thus, the fibronectin binding domains of UspAl and A2
block the interactions between fibronectin and M.
catarrhalis.

UspAl?%°™452 and uspA2'®73® innibit M. catarrhalis adherence to

Chang epithelial cells

Epithelial cells are known to express fibronectin and
many bacteria attach to epithelial cells via cell-associated



10

15

20

25

30

35

bi ndi ng domai ns at the N-term nal end woul d be | ogical
as this would be nost exposed and in contact with the
wouoEmipmsenent nenbrane in vivo.Bacterial facParsE2006/000931
nmedi ati ng adherence to tissue and extracellular matrix
(ECM conponents are grouped together in a single
famly nanmed "m crobial surface conponents recognizing
adhesive matrix nol ecul es" (MSCRAMMS) . Since UspAl/A2
bi nd both fibronectin and l%i\m nin, these proteins can
be desi gnated MSCRAMVS. Qu results suggest that UspAl
filancheA iar.el 41yl t54f, ubt i Gfadl Padhbsunsswid e sliHdwr esitown
th ORI néa&ﬂﬁ{a%tg Agnw-Lhdi EE?Eﬁé‘iléig@é‘ﬁf ' d:«she49] We

respiratory tract. Simlar_broad-spectrum gc
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ein nin and this wll

basenment nenbrane gl gcog {:
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(m %%‘E’B’T it S RE B T o CAgorE 34T TS e *f %aﬁfter pre-
indspA iandriA dr.d emedieal peor 2BAcker P&l UspAVIVAT i n
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these two outer membrane proteins bin
ang ol 'enré?ﬁpefqttﬁv(flﬁha§égp§§u FAREPNbFaEHRREI %%s‘fec‘"acfmblnant
peﬁ%ﬁdWEndldlﬁﬁ%[ﬁﬁﬂulhﬂ1hh€umtﬁsentnﬁibﬁylome In contrast,

tn g5 bago%et&%% Vi ncGRLALENRLLS G LDIbitY LS yopape-

177 i ve oNCo |nd|ng 0
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ruflbe analysed n detarl since M- catatielis ol sp
recgtiarr i fat i16- dependdat! iG3abintdhagansnonaclr ass sbvay #99-
153 & ALRGADTANL! 1B -34RSBECHEEARS c¥BL L 1 ASt Lo MY, Mman
responsible for the interactions.

Interaction between M. catarrhalis and laminin

M. catarrhalis binds laminin through UspAl and A2
Two clinical M. catarrhalis isolates (BBH18 and RH4)
and their specific mutants lacking UspAl, UspA2 or both

proteins were analyzed by a whole-cell ELISA. M. catarrhalis
RH4 strongly bound to immobilized laminin. (figure 9A). In
contrast, M. catarrhalis RH4 uspAl mutant (RH4AuspAl) showed
a laminin binding of 89.9% of the wild type. M. catarrhalis
RH4 uspA2 mutant (RH4AuspdZ2) and the double mutant
RH4AuspAl/A2 15.2% and 18.1% binding capacity of the wild
type, respectively. This was not significantly different
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pat hogeni ¢ bacteria do not bind C3 (Table 9 )

Thei nteractions wwth C3 and nethylam ne-treated C3 are
wordi7anedg3mai nly by UspA2, whereas UspAl has aprair/sgeo06/000931

role (Figs. 15 and 16) . The C3-bi ndi ng regi on of

UspA2 was | ocalized between the ami no acid residues

200 to 458. This region contains a stretch of 140

amno acid residues that is 93 %identical to a region

in UspAl.[2] However, despg%e this sequence

simlarity, UspAl binds C3°to a nuch | ower extent.
frdmitharigide lJdeelhieeianspecBfhAccdpté@reheiees n Similar

c= P02, ARSI B P o T SELEBORg hoon
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%ﬂm{ "”ﬂc% g)op\ masghaabsgnﬁé*w Wil p%%a Ay in

'd on h i nfections th M. catarr
aﬁ@lhblRGQWJ@%Qréﬂtél@énﬁ?éﬁeﬁPa’é@@l Qathgrotiter

pm@éé badth e cudawaME 1 teY ehy:reBehagi sohpeRYEgt Nehs of
rotection from.the conplenen tai nI benef icial

BRI R el]?m@%évaésd]egegtcﬁg Ilrg edufe |n et
lammcph erRent £ slylstves ldyhanmubdrtmgnofvlcs apsRPT ket jugated

an£§ ﬁ&ﬁ gap(@gtﬂ@én %c%b%'anthﬁggmwwaala@nu@@umys

tribute nost to serumresistance. The
str%%ﬂ m%fsqlﬁ’éﬂ@oﬂﬁ‘i%ﬁt 28dstBfm }alsn%klw i @ ydose-
deﬁ@rﬁ@é\x@’@ a{fﬁﬂ'@l’ﬁlﬁfﬁbl&‘e nifiacedoby .t he fact that
S hav ie
|nt et f(gre vv|t %%%%néggl #?ZQE%%ESQ é? S&L? %net
Usphpd edreid szsyastnalmg [tAz, e%lrssjnmlﬁcaélaﬁtiv@ﬁeto M .

maﬁ@féém_aéd S La‘%unﬁ\/ce&ewq%cuﬁgrteat fhitA PRRbYSSISedE .
K, Candi da al bi cans, r’i N g?g’?rrh eae express
af i h

col i
EraneRtd Ui A% A dAAEE as a
queptsetEnce frotEctSA.halspadtEf 'abagainso tmmln almost

aSS%)??J? adWon@yllﬁﬁ?bltl ggétlgﬁe %gsgﬁ%a@ﬂﬁd%

dOE@%%wﬁ@@'%%M%ﬁhﬁﬂbﬁ%ﬁéﬂﬁaoéeﬁgﬁ,PrOteln However, among

the other truncated fragments spanning this region, no other
fragment appeared to bind laminin. The N-terminal part,
Uspa23°-3%!, was able to retain 44.7 % binding capacity as
compared to the full length protein. The shorter protein
Uspa23° Y7 showed a 43.7 % binding capacity. (figure 10B).
These results show that the binding domains include residues
found within the N-terminals of both UspAl and UspAZ.
Interaction between M. catarrhalis and C3 and C3met

M. catarrhalis outer membrane proteins UspAl and UspAZ

inhibit both the classical and the alternative pathway of

the complement cascade
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C. albicans, N. neningitid.es, S . pyogenes , and S
pneunoni ae; for reviews see [68, 89] bind factor H
wand7agser H-|1i ke nol ecul e and hence are part pPairiSg2006/000931
protected against the alternative conpl enent pat hway.

SpAl and A2 absorb C3 from serum and hereby nost
likely inhibit the conplenent activation. Simlarly,
the Pneunpbcoccal Surface Protein A (PspA) appears to
inhibit the alternative pathvvay both in vitro and in
vivo. PspA is an inportant S%irul ence factor for S.
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AuspAl/AZ mutants (not shown). In parallel, experiments with
Clg and factor D/ properdin deficient sera demonstrated that
both the classical and the alternative pathways were
inhibited by M., catarrhalis {not shown). Thus, M.
catarrhalis, a pathogen that frequently colonizes the human
respiratory tract, does not only counteract the classical
pathway but also the alternative pathway of the complement
system by the outer membrane proteins UspAl and A2.

M. catarrhalis absorbs C3 from EDTA-inactivated serum

C3b covalently binds to the surface of a microbe and
hence induces the alternative pathway (Fig. 11B). To analyze
whether M. catarrhalis can interact with C3, our RH4 wild
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or NHS-EDTA) by flow cytonetry (Fig. 12B and Table 9 )
No bound C3 could be detected on the surface of S .

wonewmsicae. \When | ysates of S . pneunpni ae an@CT/SEL096/000931

supernatants were anal yzed on Western bl ots using

met hyl ami ne-treated C3 fol |l owed by an anti-human C3

pAb, we confirmed the results by Cheng and

col | aborators [16] (not shown) . In the light of Efb

and CbpA, which both are - bi ndi ng proteins secreted

by two Gram positive bacte fla, the Gram negative M.
tygatarrdial ivas 4naubbitgdewspecNES o tNE Sremtw e andfomedA .
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digrmtteiabserta B0 Hoa #ﬁﬁn&@ﬁ"arématﬁ@tseﬁmmu el19. wekB) -

coﬁ@%é&ﬂ“@&5 ﬂ@hﬂ@%d@@ﬂ b@dyCQ%E@%hgﬂl§g@h@§tb$&ﬁﬁﬂt3
ver

I t
A e L T MY
thpod ytod ora Gintiishedypndibnectiedyapgadnsty €82 11 nbtushovrg)se
to: c% (A, alrh@% Mgaéga@w&p%@Pﬂzoé;n%en%ﬂg%egeI 1Ry

ecret éd i ndi n proteln rom C . bi cans
fom%@%ﬁ%t@te{rﬁa’clﬁ%aﬂlw a €atagrBrédfs T3 M-

cat&EL DI s fbaLSsdJQﬂﬁhdsS@M@lPeC!Samd e stnued utaldyckidd ltAarat

human Th chapi
C4}%lﬁe°§aes rjéb‘g'sfvoers ﬁ)a?y)rlﬁar ICI ng m& ng(ga ﬁ%gﬁeﬂ&%ose we
usedtC4RR |derkdedadl Heeruabove @)@ém@rlrééléﬁ a3sorlpefl g from
th@aémfgecr@plaert%dﬂog&@nv tdi ther ebhef EQPEM . asatandal ot
In that these species often are blood streamisol ates.
sh ‘RW“ catarrhalis is nmucosal pathogen with rare
Bindit@nee s fe thaet @f.ematairmhedtisons . dbgaedep¢iderdi ndidig

n tivating C3 nost |ikely occur at the nucosal
nof; 8' &{‘fe% his is supported by the fact that

Our experlments implied that C3 bound to the surface of

M. catarrhalis irrespectively of complement activation.
Therefore, we analyzed whether converted C3, which is non-
functional, could bind to the bacteria. Native C3 was
purified from human serum and treated with methylamine,
which converts C3 to a C3met molecule equivalent to C3b
without the capacity to covalently bind to microbes (Fig.
11¢C). Flow cytometry analysis revealed that the M.
catarrhalis RH4 wild type strain efficiently bound C3met in
a dose-dependent and saturable manner (Fig. 14A and B). This
interaction was not mediated by the C3a part of the C3
molecule since C3b and C3(H,0) also bound M. catarrhalis
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there is strong ongoi ng conpl enent activation and
consequent inflanmation in di sease state such as acute
wobRodias4sedi a. [57] The conpl enent protei ns ar @CT/SE2006/000931
believed to be transported to the nucosal surface due
to exudation of plasma. [26, 62] In m ddle-ear
ef fusions (MEEs) fromchildren for exanple, strongly
el evat ed concentrations of C3 products can al so be
found. [51] In addition, conplenent factors in MEEs
fluid have been shown to be% mportant in the
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C3met. Taken together, M. catarrhalls has a unique feature

to strongly bind C3 and C3met in a non-covalent manner.
M. catarrhalis binds C3met via the outer membrane proteins
UspAl and UspA2

To determine the M. catarrhalis protein responsible for

the C3 binding, we tested a series of bacterial mutants
devoid of the outer membrane proteins MID, UspAl and/ or
UspA2 [22, 58]. Interestingly, the binding of C3met was
significantly correlated with Usp expression (Fig. 15). M.
catarrhalis RH4Amid bound C3met to the same degree as the-
wild type counterpart (Fig. 15A-B). The RH4AuspAl mutant
showed only a slightly decreased binding, whereas the
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9. 2. Aebi C, Maciver | , Latimer JL, et al. A
protective epitope of Mraxella catarrhalis is encoded
woyodnmosddf f erent genes. Infect | nmmun 1997; 65rC#887008/4600931
. 3. Aaei, S., C. Larcher, C. Ebenbichler, W. M.
Prodi nger, J . Janatova, and M. P . Dierich. 1993.
| sol ati on and bi ochem cal characterization of the i C3b
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and e ine gERaRRghansPBCL BS erF U llebed onco
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UspIE PaY Fas SeheuledlMyande Mpoi12FR Ay sdS g1y bound
blsa catarrhalis by DNA,t¥P|ng: evi dence for a
lT’L’hese fin

\E !
tx:d#%%éﬁct s&Bb%pu?%@)o ings were further

strengthened using surface plasmon resonance {(i.e.,
Biacore). UspAl®®7""® and UspA23°33° were immobilized on the
surface of a CM5 chip using amino coupling and C3met was
injected until saturation was reached. The Kp for the
230733 or UspAl®®" was 3

and 14 pM, respectively. In conclusion, we found that UspA2

interaction between C3met and UspA

was the major C3met-binding protein of M. catarrhalis,
whereas UspAl contributed to the binding to a lower degree.
A C3 binding domain is located between amino acid residues
200 and 458 of UspAZ2.

To define the C3 binding domain of UspA2, recombinant

proteins spanning the entire UspA239-33° polecule were
manufactured. C3met was incubated with the immobilized full
length UspA1°%77%, UspA23°3° and a series of truncated UspA2
proteins. Thereafter, the interactions were quantified by
ELISA. In agreement with the dot blot experiments (Fig.
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UspAlE'O'770 and UspA2°°°3° increased bacterial survival, the
double mutant M. catarrhalis RH4AuspAl/A2 was incubated with
serum supplemented with UspA1°°77% and UspA23°733° followed by

determination of the number of surviving bacteria. Mg-EGTA
was included in the reactions in order to inhibit the
classical pathway. Interestingly, addition of recombinant
UspAL®®7% and UspA23°3%* to NHS prevented killing of the
UspAl/A2 deficient M. catarrhalis (Fig. 17C). Uspa23°%? yas
most efficient in inhibiting bacterial killing as compared
to UspA1®”"7"°, When both recombinant proteins were
supplemented together, no additional inhibition of the
alternative pathway was detected. Ten % NHS correspond to
approximately 600 nM C3. To investigate whether more UspAl
molecules could neutralize the C3 activity, UspA1°°77° and/

or UspA2®®®¥ up to 600 nM was added. However, higher
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abVartati®rcdpturiee C3spAl and uspA2 genes of Moraxella

catgr rnalsis no%t bEli8gPE ORE. ARG, DO O OGN Sl AR

to years O seqguences T10r vaccl ne desi g
cascade, dep051ted C3b and 1C3b (inactivated C3b) target
microbes for removal in the process of opsonophagocytosis.
To investigate whether C3 or C3met that was non-covalently
bound at the surface of M. catarrhalis could still function
as an opsonin, a series of phagocytosis experiments was
performed. M., catarrhalis was preincubated with C3met, NHS
or NHS treated with EDTA followed by addition of
polymorphonuclear leukocytes. Interestingly, M. catarrhalis
was not engulfed in the presence of C3met, whereas NHS
strongly promoted phagocytosis (data not shown). However,
when NHS was pretreated with EDTA, M. catarrhalis was not
phagocytosed by polymorphonuclear leukocytes. Thus, C3/C3met
was inactive at the M. catarrhalis cell surface and did not
function as an opsonin.

Discussion
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The fibronectin binding M. catarrhalis BBH18 and RH4

used in our experiments also carry the 31 amino acid

residues in their UspAl/A2 protein. Most M. catarrhalis have
a part of this sequence (i.e., the NNINNIY sequence).
However, strains like the O35E which has the NNINNIY
sequence in their UspAZ gene do not express a fibronectin
binding UspA2 protein.[49] A likely explanation would be
that the variations in the flanking regions might affect the
interaction with fibronectin. Also, the conserved NNINNIY
sequence itself can have minor single amino acid base
changes.[28] It is thus likely that fibronectin binding
would depend not just on UspAl/A2 expression, but also on
the individual makeup of each UspA protein. Interestingly,
an almost identical amino acid sequence can be found in the

hybrid UspA2H protein with adhesive properties (M.
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importance in patients with COPD and may explain the common
occurrence of M. catarrhalis infection in this group of
patients. [40]

In conclusion, we have shown that UspAl/A2 of M.
catarrhalis BBH18, RH4 and Bc5 are crucial FnBP. Both
recombinant UspAl and A2 derived from Bcb5 bind fibronectin
with a binding domain sharing identical amino acid residues
including the conserved NNINNIY sequence. Furthermore, an
interaction of M. catarrhalis UspAl/A2 with epithelial cells
is via cell-associated fibronectin. The definition of these
fibronectin binding domains is therefore an important step
forward in the development of a vaccine against M.
catarrhalis.

Interaction between M. catarrhalis and laminin

M. catarrhalis is a common cause of infectious
exacerbations in patients with COPD. The success of this
species in patients with COPD is probably related in part to
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leWdtr axelnl @he whole recombinant protein (UspaA23°-33°)., These

findings suggest that perhaps different parts of the

molecules might have different functional roles.

Comparing the smallest laminin binding regions of UspAl
and A2, we find that there is, however, little similarity by
way of amino acid homology between Uspa23°71"% and uspa159-4%
(data not shown). This is not surprising as it is a known
fact that both proteins have a 'lollipop'-shaped globular
head structure despite having only 22% identity in both N-
terminal halves.[2, 32] We postulate that a tertiary
structure is likely responsible for the interactions with
laminin in the head region in vivo. The localization of the
binding domains at the N-terminal end would be logical as
this would be most exposed and in contact with the human

basement membrane in vivo.
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bad®diiaties;irulence factors.[66] The majority (89 %) of M,
catarrhalis isolates from patients with lower respiratory

tract infections are resistant to complement-mediated
killing.[34] M. catarrhalis UspAl and A2 are crucial for
bacterial survival in human serum in vivo [1, 15], and we
have shown that these two outer membrane proteins bind to
the complement fluid phase regulator of the classical
pathway, C4BP.[58] In the present study, we demonstrate that
M. catarrhalis can inhibit the alternative pathway by non-
covalently binding of C3 (Figs. 17 and 18). The binding of
C3 most likely also inhibits the classical pathway. This
could, however, not be analysed in detail since M.
catarrhalis also binds C4BP. Interestingly, the M.
catarrhalis—-dependent C3-binding is unique as several
related moraxella subspecies as well as common human
pathogenic bacteria do not bind C3 (Table 9). The
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c1dd renetdicd Ll QY8R strongly depend on history of
infections with M. catarrhalis and ability to generate
complement-activating antibodies. However, every mechanism
providing protection from the complement is certainly
beneficial for a pathogen. Since C3 is a key molecule in the
complement system, the binding of C3 most likely results in
regulation of all three activation pathways and may
contribute the most to serum resistance.

The importance of the complement system as a primary
defence mechanism is mirrored by the fact that microbes have
developed various strategies to interfere with and/ or
neutralize components of the complement system.[42, 35, 88]
In addition to M. catarrhalis, S. pyogenes, Bordetella
pertussis, E. coli Kl, Candida albicans, and N. gonorrhoeae
express specific surface molecules that bind C4BP and as a

consequence protect the bacteria against the classical



10

15

20

25

30

35

a tandem bet a-zi pper. Nature 2003; 423 :177-81 . 74.
Sethi, S., and T . F . Mrphy. 2001. Bacteri al
wonb@ans4wd i n chroni c obstructive pul nobnary di BeasSE2G06/000931
2000: a state-of-the-art review. din. Mcrobiol. Rev.
14:336- 363. 75. Shimzu, T., T . Harada, Y . Myjing,
and Y . Sakakura. 1988. Bactericidal activity of
m ddl e ear effusion on asingle i sol ate of non-typabl e
Haenophi | us i nfl uenzae. % . Pediatr.
O oxhi nol aryngol . 16:211-2 % 76. Tack, B. F. R. A
conp lHararits gathivay .J&8nalepva2, M8, L64, Thomed(] aid aHdditon to

in #gi ion %%SQheE%qug% g %a@ﬁ@é nc§é§gﬁéﬁ]ﬁigégf¥§ e.g.,

ester bond int onpon
C. ol et Npﬁ@éunm&ttpde;&caa BEPIeRLS, RO 5764-

pn&zﬁﬁua7e7 el aeviBwsVakent 68; Ve panthd® fackesd $ raom PG

Ti nmmi KN and Chh t wal . _Fi bronectin: d|n tejin
£a ST At B L B Ben L OL DSEIL I DL I L

agadigredi rthaw\ﬁdlt\eefdlaltnvadhemaheree@t mtk@mmcoccu
epldslgml ahacabl %bsb%eéﬁ FAoHNs dS832: 289 n X%st 8.

LR D S0 0Be PREPRBERNF aE BF {7 Pot Ny TSGR £he

Pnaatcaradalll SuAdhere®rboeckEpi Ahébsah) Ckﬁﬁsat@'ﬂdnxnhmﬁmtnghe

al%’&fﬁf Av% %}et%wa&f *b'%[tﬁu%ﬁ %’Pkﬁg#é%sbx?%{@&e %_;;%nA

imprerreyt, vArulpncepfackpr feBa¥r napmae. RPspéo@lséﬁ~Clent

pnékﬂ@ﬂcoc%ﬂ'll frqatingn a@@dréaawy a@@éaﬁ@d Ofrchhmfﬂr[bb @Jl%éﬂ
erg, .

whi b atie RIS e Rt natt sTheohs YT en M Doy Pace
Fugretmiars ,ofinSer epirdce cred: pyoy drees cdegd abi RepAgmefAicient

ne%&é?ﬂ&fi' RgvRr Qt §i§‘n£9ﬁ§fﬁtly a:éo@ﬂiécﬁtvqrrhl%%%@o'&%ﬁffa%d

he conp | enent sys . I'mmunol
Wlt‘h @?HMC%%W ERT T DPASL, L Baditulay &8ER
demafsmtaajeme tERt hdewrt cBbcasi @epoélaecﬂ/bds:axmw&negatlve

oo GRIALIIAL I SQULST PIBIDER0eRIELELR, L BAALDS Bt cson
of'ﬁf@ﬁg4gyigyes the complement~med1ated clearance and
phagocytosis of S. pneumoniae by limiting opsonization by
C3b.[12, 67] PspA-deficient pneumococci that are not
virulent in normal mice become virulent in C3-deficient and
factor B-deficient mice.[82]

To our knowledge, there are only two examples of
bacterial proteins that non-covalently bind C3 and thereby
interfere with complement function. The first one is the
extracellular fibrinogen-binding protein ({(Efb) of
Staphylococcus aureus, which was found to bind C3b.[44] Efb
inhibits both the classical and alternative pathways
independently of the thioester conformation, i.e., the
binding to C3b is non-covalent. The second example is the
pneumococcal choline-binding protein (CbpA), which has been
shown to bind methylamine-treated C3, suggesting a non-
covalent interaction that 1s not dependent on complement
activation.[16] CbpA is a component of the pneumococcal cell
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cef*% , the %e%n fluorescence intensity (mfi) was only < 2.0
as compared to mfi 36.9 for M. catarrhalis. Furthermore, no
detectable binding was seen when C. albicans was incubated
with EDTA-treated serum. Two C3d-binding proteins have been
isolated from C. albicans and the most characterized protein
is a 60 kDa mannoprotein that initially was recognized by an
antibody directed against human complement receptor 2

(CD21) .{13] However, M. catarrhalis UspAl and A2 were not
recognized by a polyclonal antibody directed against CD21
(not shown). In parallel with staphylococci and pneumococci
[52, 64], a secreted C3d-binding protein from C. albicans
also exists.[72] Finally, a C. albicans iC3b receptor has
been isolated and is structurally similar to human CR3
(CD11b).[3] The mechanisms by which these receptors may

participate in pathogenesis are not fully known.
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No. 4 , or a fragnment, honol ogue, functional

equi val ent, derivative, degenerate or hydroxyl ation,

sul phonati on or glycosylation product or ot her

secondary processing pr Odu%lté t her eof . . Peptide

consi sting of Sequence ID , Oor a fragrrent

hormieogitevel wxamparal oéqOBv]aim:tng deathvaddnkee,are notably

ed’agr%morth(;g%)i”}%Qtllgn nSUﬂlQ{“’{‘ﬁééé’”s éc1es .often

gl ycosylation produ or other secondary processing
areprkb]mﬁfi stH@eabfisod atepepts d62EdASREE L Higl DIMBfihce | D
pat¥bgdh qu;rh a:aifﬂeagﬂielﬁhncbenﬁfolgél@teféﬁﬂi?&|.ﬂﬂ.@éctlons

e %%qﬁu Bl Yol YRoCReRRneral e o Y BN 0N,
tthmmmJy rdeessi Agipr odueupphete@fby 7the Paptl dehat
théﬁ%]SLsStéﬂ%r%f o%%%li%@c%ofnglgﬁeng acPlvé I SAURNM onsequent

. honol ogue, funct’ional equivalent, derivative,
m%]éﬁ%‘f?é:rlé%rb &y W&@éﬁyPSFFSnsu%l %ﬁo%%‘f?%notb%tls
medfl y.Clasyll attha:mqmpaéul@htoprethe;ﬁs s&;c@riﬁ@wexpécoctassdmg

trﬂ)s"p‘%%&é,e& &S m%cotsaﬁmsugfa‘é&”éu t Jdarsuel%%encfe 'D

or-‘a Tragren hono unct
plasgjid vid ent62 lddm \matdd&é eaég@ﬁéum@n@r (MR JoxBAt ca igdy,1dren

foﬁLd |‘¥%ﬁ3h¢§yy%Q%%b@baoaoﬂé@ﬁﬂfit£6n§tJE”C3 products
ondar oces ereo
S G 1 BB qUendE ARBLoD: | Cgp feiplmantors in
MEB‘BJIﬁiﬂllﬂgiJél,aneu rhxaemonsabwequhé enm}ponl‘ea{mt/ain Viehe
5&3%?5¥é§faégfﬂyﬁqg ?5%&59” tﬁgkgﬁggggéfwhégnts such as

osyl ation Rer secondar ocessi ng
noppr le Her ezé’ffluf@mPe[f;F?bé‘f C(ﬂ*¥§|a§trﬁﬁéléf lSeauéﬁééC’F D

hudn  pgbhagfera frtageest noboanlhoguei séaes i anal as Otltls
meOlel ui val ent erivati Lve. gege erate. or ig dro |on

SHo A Bie e lInygosyf"a [ on product” Heda¥lnce
moc@@cmf@ prdddssinagipr vddet wheh e@ﬁlnqulllggéﬁa@f keten

usd@ast QPR RaPJde saeaar diBRetOr 2NYe PN Of o1l @ 1Bl it0 nor
el TGSt LR Of &, et catent [ Or A1 e (15,
83Jacioridi rgputso ddlfdiimult, teheest nthdevioferidan digreidflisedce
of %VL d‘@f’%@ 'c% %%@ bBalhSyivd3- sHie GG AT 1 1 ¢l m
multlfunctlonal protelns [1, 15, 31, 43, 58, 78], it would
be impossible to relate any differences in the clearance of
M. catarrhalis to C3 binding. In particular the fact that
UspAl is an important adhesin of M. catarrhalis and binds
both CEACAM1 and fibronectin [31, 78] would most likely
affect the clearance. Nevertheless, due to the strong
complement activation in disease states such as otitis
media, moraxella-dependent binding of C3 may represent an
important way of combating the mucosal defense.

The fact that M. catarrhalis hampers the human immune
system in several ways might explain why M. catarrhalis 1s
such a common inhabitant of the respiratory tract [73]. In



prophyl axis or treatnment of otitis nedia, sinusitis or

| ower respiratory tract infections. 14. A |ligand
woaoqvaigieng a fi bronectin binding domai n, sai drCirga2086/000931

consi sting of an am no acid sequence selected fromthe

group consisting of Sequence ID No. 1 to Sequence ID

No. 3, or a fragnent, honol ogue, functiona

equi val ent, derivative, degenerate or hydroxyl ation,

sul phonati on or glycosylation product or other

secondary processing produéF thereof. 15. A ligand
co@Ny i@l ngr.a daard b hisndbsgddoaboped sadphls gaduted ways

con tin of a m d q h
of R e R e BB R RS SRS it e e
premenis datgy shcw zxgmnw wgﬁélrééaélsmmtadwalque C3-
blm aéa?;monq;eratV%tHeV%,ac@egﬁa@raémogubmf@xmh@&I@mnot

nati on “or osyl.ation, ro uct or other
besﬁ%@ﬁﬁ s SR A datBECtREr cof . 6. A 11 gand
conprising a C3 or C3net blndlng domai n, said |igand
consisting of an am no acid sequence selected fromthe
group consisting of Sequence ID No. 4 , Sequence ID
No. 6 , Sequence ID No. 9 and Sequence ID No. 10, or a
fragnment, honol ogue, functional equivalent,
derivative, degenerate or hydroxyl ation, sul phonation
or glycosylation product or other secondary processing
product thereof. 17. A nedicanment conprising one or
nore |igands according to any one of clainms 14 to 16
and one or nore pharmaceutically acceptabl e adjuvants,
vehi cl es, excipients, binders, carriers, or
preservatives. 18. A vaccine conprising one or nore
| i gands according to any one of clains 14 to 16 and
one or nore pharnmaceutically acceptabl e adjuvants,
vehi cl es, excipients, binders, carriers, or
preservatives. 19. A nethod of treating or preventing
an infection in an individual conprising adm nistering
a pharmaceutically effective anount of a nedi canent or
a vaccine according to claim17 or 18. 20. A nethod
according to claim19, wherein the infection is caused
by Moraxella catarrhalis.
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21. A nucleic acid sequence encoding a ligand, protein
or peptide of the present invention, as well as

wbanurloguse s,
vari ants thereof.

pol ynor phi snms, degenerates and SpPCTSE2006/000931

22. A polypeptide or a pol ypeptide

truncate conprising at | east one of the conserved
sequences of Sequence ID No 1 to Sequence ID No 3 with
the ability of binding fibronectin. 23. A pol ypeptide
or a pol ypeptide truncate g@nprising at | east one of

t he conserved sequences of

equence ID No 4 to

Sequence ID No 8 with the ability of binding | am nin.
Re a0l ypepti de or a pol ypeptide truncate conpri sing

—at Teast
No 4, 6

excg pients,
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, 9, and 10, with the ability of binding C3
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mrb@rpﬁi%erlﬁﬁcéeﬁﬁéahﬁgrlaceé%ab%?%%? Eﬂvg?@dl%?%i % ea 13-
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m 26, wherei
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wonoiaisueBr agment from Moraxel | a catarrhalis (BepAE2006/000931
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Lys Ala 35 40 4 5 Asp lie L Asp Leu Asp Asp @ u Val
Gy Leu Leu Ay AQu GQu lie 50 55 60 Asn ISer Leu Gl5u70
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Ser Thr lie Ay Ay Ay Ay Tyr Asn u Ala Thr | i e
@ u Asn Ser 100 105 110 Thr Val Ay Ay Ay dy Tyr

wO207@18463 Al a Lys Ay Arg Asn Ser Thr 115 120 22%/S¥2106/000931

Ala Ay Ay Tyr Asn Asn A u Ala Thr Ay Thr Asp Ser
Thr lie 130 135 140 Ala dy Ay Arg Lys Asn G n Ala
Thr Ay Lys Ay Ser Phe Ala Ala 145 150 155
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Ser Ay Arg 385 390 395 400 Leu lie Asp Gn Lys Al a
wézm7ioagueIhr Lys Asp lie Lys Ala Leu G u 405 420TAE2006/000931
Ser Asn Val GQu GQu Ay Leu Leu Asp Leu Ser Gy Arg
Leu lie Asp 420 425 43021027432(21020135). ST25 G n
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Thr ﬂyip@ @Ify U@pWproGeynmedﬁ@he thhﬁmra:érmf IMdrasxedla
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wolleo7@i1suehsn Ay Ser Val Leu Leu Gy H s Asn Pow/sRidde/000931

180 185 190 Thr Val Lys Lys Ay Gn Gn Asn Val Phe
lie Leu Ay ser Asn Thr 195 200 205 Asp Thr Thr Asn

215 220 Ala Gy Lys Ala Ala Thr lie Val Asn ser Al a
GQu Val dy Ay Leu 225 230 235 240 Ser Leu Thr Gy
Phe Ala Ay Ala Ser Lys Thr Ay Asn Ay Thr Val 245
250 255 Ser Val Ay Lys Lys Ay Lys A u Arg Gnlie
Val H s Val Gy Al a26026527OGIyGI ul i e ser
Asp Thr ser Thr Asp Al a vai’4Asn Gy Ser G n Leu 275
28hZE8pHdirwaoéall liswlAltea flﬂme@buN@lcb?inﬁraﬂ st dlnyes
Al Py S Asp 290 295 300 Leu Asp Asp u Val
G?/z(fosés{{de‘eléﬁy ‘U @u lie Asn Ser Leu du 305 310

513189820 Gy @.ullshdipga, AsRdAEn BRAVAspl M 4. | Gampement
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<213> protei n fragment from Mraxel | a catarrhal i s
(uspA2 30-539) or syntheti c peptide <400> 6 G n Ala
woyso7AasueAsp lie Thr Leu A u Asp Leu Pro Tyr PRewSE2m®6/000931

Lys 1 5 10 15 Lys | i e AsSp G n Asn d u Leu @ u Al
a Asp lie Ay Asp lie Thr Ala 20 25 30 Leu G u Lys
Tyr Leu Ala Leu Ser G n Tyr Ay Asn | i e Leu Ala Leu

35404 53 ud@ uleu Asn Lys Ala Leu Gu G u Leu
Asp A u Asp Val Ay Trp 50 55 60 Asn G n Asn Asp lie
Ala Asn Leu @ u Asp Asp Val5 d u Thr Leu Thr 65 70 75

80 Gu Alal
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Gn Asp Gn Tyr Ala G n 275 280 285 Lys Gn Thr Gu
wéleo7loigeAsp Ala Leu Asn Lys Ala Ser Ser d u AsaTR26006/000931
295 300 Thr Gn Asn lie Qu Asp Leu Ala Ala Tyr Asn
Gu Leu Gn Asp Ala 305 310 315 320 Tyr Ala Lys G n
Gn Thr Gu Ala lie Asp Ala Leu Asn Lys Ala ser 325
330 335 ser GQu Asn Thr Gn Asn lie Qu Asp Leu Al a
Ala Tyr Asn GQu Leu 340 345 350 G n Asp Ala Tyr Ala
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<400> 7 G n Ala Lys Asn Asp lie Thr Leu @ u Asp Leu

Pro Tyr Leul i e Lys 1 5 10 15 Lys | i e Asp G n Asn
wal2owr/oiew3E@ u Ala Asp lie Ay Asp | i e Thr AparR0206/000931
30 Leu @ u Lys Tyr Leu Ala Leu Ser Gn Tyr Ay Asn |
i e Leu Ala Leu 35 40 45 d u d u Leu Asn Lys Ala Leu
@ u du Leu Asp Au Asp Val Ay Trp 50 55 60 Asn G n
Asn Asp | i e Ala Asn Leu @ u Asp Asp Val @ u Thr

Leu Thr 6 5 70 75 80 Lys Asn G n Asn Ala Phe Ala 3 u
G ndy d uAal i e Lys’Gu Asp 8 590 95 Leu G n

Ay slx?lglél QS&thhng%nnga%]ye Cﬁfaé?néghll'_'lug YLnlle%eln'zge
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275 280 285 Lys G n Thr Gu Alal i e Asp Ala Leu Asn
Lys Al a Ser Ser @ u Asn 290 295 300 Thr G n Asn lie
wal2owr/Asge3leu Ala Ala Tyr Asn G u Leu G n AspCASE2®6/600931

310 315 320 Tyr Ala <210> 8 <211> 148 <212> PRT <213>

protein fragment from Mdraxella catarrhal is (UspA2
30-177) or synthetic peptide <400> 8 G n Ala Lys Asn
Asp | i e Thr Leu @ u Asp Leu Pro Tyr Leu |l i e Lys 1
5101 5Lys | i e Asp Gn Asn G u Leu Au Al a Asp
lie Ay Asp lie Thr Ala 20 285 30 Leu G u Lys Tyr Leu

a r n Tyr n Ai 45
83A| dn%%n%%ﬁéq\dAénI Mgﬁz éﬁL b! %&gﬁ&' R Lz% %éb‘i%
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e B Rep a2 sh Saotnah IRyt e G G
y LéupSAled 4ASP0Phe Val Glu Gly Gn Glu Gly Lys I|e
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peptide <400> 9 Asn G u Thr Leu Lys Ay Leu lie Thr
Asn ser lie @ u Asn Thr Asn 1 5 10 15 Asn lie Thr Lys

wo7igssehl a Asp | i e G n Ala Leu G u Asn AsRCYBE216/000931

25 30 Val @ u d u Leu Phe Asn Leu ser Gy Arg Leu
lie Asp G n Lys Ala 35 40 45 Asp | i e Asp Asn Asn
lie Asn Asn | i e Tyr A ulLeu Ala G n Gn Gn 50 55
60 Asp Gn H s Ser Ser Asp lie Lys Thr Leu Lys Lys
Asn Val @ ud u6570 75 80 Ay Leu Leu G u Leu
ser Asp H s | i elie Asp @n Lys Thr Asp | i e 85 90
95 Ala G n Asn G n Ala Asnl i e G n Asp Leu Al a
Thr Tyr Asn A u Leu 100 105 110 G n Asp G n Tyr A a
Gnlys G nThr d u Al aCFRréMAsp Ala Leu Asn 115 120
125LysA|aSer Ser G u Asn Thr Gn Asnl i e d u

Al Al 130 1 5.140 L Gn As

A b Ty PR, SRR TR e 1ok P

£ PR 7 AR RCALORE1 35)nC T84 1 4571 50R 165 1 6le Al tiste
d¥pdhdnts Al 1?@r§§&l§kﬂoﬁsns Dﬁhé%ikfgﬁ‘éffbéggbigﬂétlon

Le 65 170 r Asn Au Leu G
PRI @1 (EHGr, SECAIAP &Y P EO 1805 8H HOT A AT

Al a ZerepsnideysoAkasBeéngSer $&daudste THr N&.n 2Asod iae
A0 PRABLS 0O a0Sh e AR SRR,
deg s oL yps Hygrmﬁglsé#onspsumhw%tm @iAepiztion
p 21 A3 D 243 hleys sgﬁbngﬁﬁ:y%@o&@s IR N -ddre

Al a3LyEs Acrs%ndLysoAl asﬁsg g % uZSSeﬁc? bfs %AI a _Ser

Phe @ u “Thr“CeT°TRr°ty8? FHEETH %u 11 €260
fogEeit) homologue, functional equivalent, derivative,
degenerate or hydroxylation, sulphonation or glycosylation
product or other secondary processing product thereof.

4. Peptide consisting of Sequence ID No. 4, or a
fragment, homologue, functional equivalent, derivative,
degenerate or hydroxylation, sulphonation or glycosylation
product or other secondary processing product thereof.

5. Peptide consisting of Sequence ID No. 5, or a
fragment, homologue, functional equivalent, derivative,
degenerate or hydroxylation, sulphonation or glycosylation
product or other secondary processing product thereof.

6. Peptide consisting of Sequence ID No. 6, or a
fragment, homologue, functional equivalent, derivative,
degenerate or hydroxylation, sulphonation or glycosylation
product or other secondary processing product thereof.

7. Peptide consisting of Sequence ID No. 7, or a
fragment, homologue, functional equivalent, derivative,
degenerate or hydroxylation, sulphonation or glycosylation
product or other secondary processing product thereof.

8. Peptide consisting of Sequence ID No. 8, or a
fragment, homologue, functional equivalent, derivative,
degenerate or hydroxylation, sulphonation or glycosylation
product or other secondary processing product thereof.
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GQu Lys Asp Lys Qu H's Asp Lys Leu lie Thr Ala Asn
Lys Thr Ala 275 280 285 |lie Asp Ala Asn Lys Al a ser
wéle07AapieIhr Lys Phe Ala Ala Thr Ala 290 295 3@QTAEP06/000931
Ala Phe Thr Lys Asn Gy Asn Ala lie Thr Lys Asn Al a
Lys ser 305 310 315 320 lie Thr Asp Leu Ay Thr Lys
Val Asp Gy Phe Asp Ser Arg Val Thr 325 330 335 Al a
Leu Asp Thr 340 <210> 10 <211> 157 <212> PRT <213>
protein fragment from Moraxella catarrhal is (UspA2
302-458) or synthetic pepti@@ <400> 10 lie G n Asp

e 0% '3%8%8??25%% Sy Ssqueden 1B . O S‘GAFa
S
nadhehds RROTEe RS A TR0ST APk L s U LRy Yanty Mt o6
dégﬂne@arb:eAgm hiydrGkylAs poieus il phodat Ry O@isngl@qa)slyé_latlon
pr@d’ﬂlc‘t\.SBrAlo%héar? égcégda—ﬂz ﬁk@cé—y&u@ gnr%d'hc-@qrt grléd%l a

i ser ser u Asn

Thr 16 nPRBHIAS] CRIRES TnE P MR & DTy -AdR GO >
fdzemeh , 7@0%518@u61 BuAsSPidhal Tyguidtal dits dediv@tiveAl a
degenlééNt@ r hgﬁé‘g%yﬂlt%sllreusﬁ& %rSatQJEon ogsr?)i%cr?s%llg%rion
pr,segﬂﬁlcm@rleshﬂosecméawapm@wesu@rn@H IiéfdmrctAﬁheHe@nyr

A uileusll arGitni&ish &Ge c%;%q%%%qééﬁ k%; A:ysone of
Cl&slﬁ“%otﬁ?sgOll'ﬁgr#ﬁﬁepgﬁoivatm R 3 B R ye TRrathe
traggmagp AspprAbrh$d8x1500458n infection.

12. Use according to claim 11, wherein the infection is
caused by Moraxella catarrhalis.

13. Use according to claim 11 or 12, for the
prophylaxis or treatment of otitis media, sinusitis or lower
respiratory tract infections.

14. A ligand comprising a fibronectin binding domain,
said ligand consisting of an amino acid sequence selected
from the group consisting of Sequence ID No. 1 to Sequence
ID No. 3, or a fragment, homologue, functional equivalent,
derivative, degenerate or hydroxylation, sulphonation or
glycosylation product or other secondary processing product
thereof.

15. A ligand comprising a laminin binding domain, said
ligand consisting of an amino acid sequence selected from
the group consisting of Sequence ID No. 4 to Sequence ID No.
8, or a fragment, homologue, functional equivalent,
derivative, degenerate or hydroxylation, sulphonation or
glycosylation product or other secondary processing product
thereof.

16. A ligand comprising a C3 or C3met binding domain,
said ligand consisting of an amino acid sequence selected
from the group consisting of Sequence ID No. 4, Sequence ID
No. 6, Sequence ID No. 9 and Sequence ID No. 10, or a

fragment, homologue, functional equivalent, derivative,
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degenerate or hydroxylation, sulphonation or glycosylation
product or other secondary processing product thereof.

17. A medicament comprising one or more ligands
according to any one of claims 14 to 16 and one or more
pharmaceutically acceptable adjuvants, vehicles, excipients,
binders, carriers, or preservatives.

18. A vaccine comprising one or more ligands according
to any one of claims 14 to 16 and one Or more
pharmaceutically acceptable adjuvants, vehicles, excipients,
binders, carriers, or preservatives.

19. A method of treating or preventing an infection in
an individual comprising administering a pharmaceutically
effective amount of a medicament or a vaccine according to
claim 17 or 18.

20. A method according to claim 19, wherein the
infection is caused by Moraxella catarrhalis.

21. A nucleic acid sequence encoding a ligand, protein
or peptide of the present invention, as well as homologues,
polymorphisms, degenerates and splice variants thereof.

22. A polypeptide or a polypeptide truncate comprising
at least one of the conserved sequences of Sequence ID No 1
to Sequence ID No 3 with the ability of binding fibronectin.

23. A polypeptide or a polypeptide truncate comprising
at least one of the conserved sequences of Sequence ID No 4
to Sequence ID No 8 with the ability of binding laminin.

24. A polypeptide or a polypeptide truncate comprising
at least one of the conserved sequences of Sequence ID No 4,
6, 9, and 10, with the ability of binding C3 and/or C3met.

25. A vaccine composition comprising an effective
amount of UspAl and/or UspA2 in combination with an
effective amount of protein MID and one or more
pharmaceutically acceptable adjuvants, vehicles, excipients,
binders, carriers, or preservatives.

26. Use of an effective amount of UspAl and/or UspA2 in
combination with an effective amount of protein MID for the
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production of a medicament for the treatment or prophylaxis
of an infection.
27. Use according to claim 26, wherein the infection is

caused by Moraxella catarrhalis.



