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WO 2007/ 018463PCT/ SE2006/ 000931 1. | NTERACTI ON OF
MORAXELLA CATARRHALIS W TH EPI THELI AL  CELLS,
EXTRACELLULAR MATRI X PROTEI NS AND THE COVPLEMENT
wY sthEMsaghechni cal field of the invention PCT/I1¥806/600931
present invention relates and their ability to
interact with 5 extracellular matrix proteins such
lam nin, and also to their ability system The
interaction with these to Moraxella catarrhalis
epithelial cells via as fibyonectin and to inhibit
the conmpl enent extracellular proteins is useful in
t & R C§1ti 0 VaCCI nes Backgr ound art 10The
N OF 4 M REALIE WETHy FPJ{THELIAL
G PiploT t FXGBALHEL e MATRBAC PROTEINS poioi ERE EQUPLEMENT
exanpl e, Staphyl ococcusg@d4fsgs and Streptococcus
pyogenes possess fibronectin bi ndi ng proteins (FnBP)
with rel ated sequence organi zati on. These FnBP are
known as M crobial Surface 15 Conponents Recogni zi ng
réenesiale (VeLal ¥ MHLauhes i MSCRAMVE) . They expl oi t
t he dul ar sfructure of Lior one,ﬁ? in formng extended
9
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] of the pharynx of healthy children.
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et?laalnst M catarrp aimo

pr esér GEY i'0n HHE TheleF ot Eb]éé’nat §°HBOR | FRISSULE
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g S P SN drRo LI BPED ik CRPS. 57 eRPPaRding
relpteshtiar pRati & mitsadesg20rdeeitaid-of pdmachéesnlical
i sol ates, the inventors have been able to show that
bot h UspAI and A2 bind fibronectin and |am nin.
Furthernore, the inventors have been able to show
that M catarrhalis interfere with the classica
pat hway of the conplenment system and also to
elucidate in which way they 25 interfere. Many
bacteria adhere to epithelial cells via fibronectin
bi ndi ng MSCRAMMVE. [ 54, 77] Pseudonopnas aerugi nosa has
a FnBP that binds to cellular associated fibronectin
on nasal epithelial cells. [69] Blocking the
bacteria- 30 fibronectin protein interactions may
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10 biologically active sites within OspAl 299-452 and
UspA2165- 318 are therefore suggested as potentia

candi dates to be included in a vacci ne agai nst M

A ANl S Further, the inventors ha

studi ed and characterized binding of M cat a}‘r /g zlogﬁmowsl
to lamnin. M catarrhalis is a 15 conmmon cause of

i nfecti ous exacerbations in patients with COPD. The
success of this species in patients with COPD is
probably related in part tosits large repertoire of
adhe%| In addition, there are gathologlcal changes
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phagocytosis. [85, 86] One of the nobst inportant
conpl enment proteins is C3, which is present in the
circulation in a concentration simlar to sone
i mmunogl obulins (1-1.2 ng/ m). C3 does not only play
a crucial role as an opsonin, but also is the comon
link between the classical, lectin and 30 alternative
pat hways of the conpl enent activation. The
alternative pathway functions as anplification |oop
for the classical and |lectin pathways and can al so be
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15 found within amno acid residues 299 to 452 of
UspAl and 165 to 318 of UspA2. These two domai ns

"share 31 amino acid residues sequence identity.

W y, truncated protein fragments cont
thesghﬁgg%dues in UspAl and UspA2 were able F@&%hﬂﬂwmmmn
inhibit N catarrhalis binding to Chang epithelial 20
cell s suggesting that the interactions with these

cells were via cell-associated fibronectin. The

~binding domains for lam nin_were found within the

am no acid residues menti ondd above. Bi ndi ng assays
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- hydroxyl ati on, sul phonation or glycosylation products
and ot her secondary processing products thereof. 7a
According to a further enbodi ment, there is provided
a peptide having sequence ID No. 6, and fragnents,
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 another enbodi nent,
there is prbvided a peptide having sequence ID No. 7,



The present disclosure further provides a |ligand
conprising a lamnin binding domain, said |Iigand
- consi sting of an am no acid sequence sel ected from
consi sting of Séquence ID No. 4t
.“f(gfoﬂl’g&%%q,g and fragnments, honol ogues, functi g)na A50/860931
- equi val ents, derivatives, degenerate or
hydr oxyl ati on, sul phonati on or gl ycosyl ation products
and ot her secondary processing products thereof.
Further, the present dlsclgsure provi des a |igand
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splice variants thereof. Furt her discl osure of
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5
bond, formed in the native protein by the proximity of a
sulfhydryl group {(Cys™™%) and a glutamyl carbonyl (Gln*®?)
on the C3 awchain.t76] Proteolytic cleavage of a 77-residue
peptide from the amino terminus of the C3 o-chain generates
C3a ({anaphylatoxin) and C3b. Attachment of C3b is then
accomplished through a bovalent link between the carbonyl
group of the metastable thioester and either -NH, or ~OH
groups of proteins or carbohydrate structures on the

‘activator surface. [36, 37] M. catarrhalis UspAl and A2 have

been found to hon—cévalently and in a dose dependent manner
bind both the third component of complement (C3) from EDTA-
treated serum and methylamine treated C3 (C3mel). Uspal5077
and UspA23°73® have been found to bind to C3 and C3met. The

- C3-binding region for UspA2 was found to mainly be localised

in UspA22°9458  yspal has however been found to have a minor
role in the interactions. The biologically active sites
within UspA1®°"7" and UspA2®®5* are suggested as potential
candidates to be included in a vaccine against M.
catarrhalis.

The UspA family consists of UspAl {molecular weight 88
kDa), UspA2 (62 kDa), and the hybrid protein UspA2H (92
kba}.[2, 43] These proteins migrate as high molecular mass
complexes in SDS~-PAGE, are relatively conserved and hence
important vdccine candidates., The 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 isclates from young children with
otitis media, uspAl and uspAZ? 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. UspBl expression is essential for the
attachment of M. catarrhalis to Chang conjunctival epithe-
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76 84 TTA37. 78 Table 2: UspA2Pileup Analysis
- Strains and sequences aCC Strain des si |

TREMBL: 054407 MORCA 054407 035E Ubi quitous surface
protein A 2. 576 | DTREMBL: 058XP4 MORCA (B8XP4

MC317 UspA2. 650 CTREM 3L: 0848S | MORCA (B48S1 E22

Ubi qui t ous surface protein A2H 877 _
TREMBL: 084882 MORCA

lial cells and Hep-2 laryngeal epithelial cells, {43, 49] In
a more recent study, UspAl was shown to bind carcinoem-
bryonic antigen'related cell adhesion molecules.(CEACAM)
expressed in the lung epithelial cell line AS549,[31]
Purified UspAl has also been shown to bind fibronectin in
dot blot experiments while purified UspA2 did not.[49] Both
UspAl and A2 may play important roles for M. catarrhalis

serum resistance. (1, 5, 58, 60]
The present invention demonstrates that both- UspAl and .

A2 are determinants for M. catarrhalis binding to fibro-
nectin and laminin in the clinical 1solates M. catarrhalis
‘BBHIB and RH4. Interestingly, recombinant UspAl ‘and A2

derlved from M. catarrhalis Bc5 both bound flbronectln to

the same extent The binding domains for fibronectin were

found within amino acid residues 299 to 452 of UspAl and 165
- to 318 of UspA2. These two domains share 31 amino acid

residues sequence identity.AImportantly, truncated protein
fragments containing these residues in UspAl and UspAZ'were
able to inhibit M.. -catarrhalis binding to Chang eplthellal
cells suggesting that the interactiomns with these cells were

via cell-assoclated fibronectin.
The binding domains for lamlnln were found within the

amlno acid residues mentioned above Binding assays with

'recomblnant proteins revealed that the major binding regions

.Wwere localized in the N-terminal parts,'where both protelns

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 lamlnln, these proteins

can be designated MSCRAMMS. .
According to one embodiment, thereris provided

a peptide having sequence ID no. 1, and fragments,
homologues, functional equivalents, derivatives, degenerate



@B48S2 V1122. Ubi quitous surface protein A2. 616
TREMBL: (BOH36 MORCA (BGH86 P44 UspA2. 668

- TREMBL: 09L961 MORCA (PL961 TTA37 USPA2H. 889 In

- TREMBLQAL962  MORCA QPL962 046E USPA2H. 894 In
"TREMBL: 09L963 MORCA QL9633 012E USPA2 ( Ubi qui t ous
surface protein A2). 684 TREMBL: 09XD51 MORCA
Q@XD51 V1171 UspA2. 674 | D TREMBL: 09XD53 MORCA :
Q@XD53 TTA24 UspA2. 613 TREMBL: 08RTB2 MORCA (BRTB2
SPI 2-5 UspA2 686 :

o b

or hydroxylation, sulphonation OX glycosylation‘products and

other secondary processing products thereof.

According to another empodinent, there-

is provided a peptide having seguence D no. -2,_and fragments,

homologues, functlonal_equlvalents, dermvatlves, degenerate .
or hydroxylation, sulphonation or glycosylation products and

 other secondary processing products thereof.

According to one aspect, there lS provrded a peptide
COHSlStlng of Sequence iD No 2, or a fragment,- homologue,
functional equlvalent derlvatlve or hydroxylation,
sulphonatlon or glycosylatlon product or other secondary

proce551ng product thereof Whlch retains fibronectin binding

propertles

Accordlng to a further embodiment, there is,

provided, a peptlde having sequence ID no. 3, and fragments,f

homologues, functlonal equlvalents, derlvatlves, degenerate
or hydroxylatlon, Sulph0natlon or glycosylatlon products acg

‘other secondary proc3351ng products, thereof

Accordrng to another aspect, there is prov1ded a peptlde

consrstlng of Seguence ID No. 3, or a fragment, homologue,

functilonal equivalent,rderivative or hydroxylation,

sulphonetion or glycosylation product or othexr secondary

processing product thereof which retains fibronectin binding

properties.
ther embodlment, there 15pr0v1ded

cording to ano .
2 H 4, and fragmentSr homologues,

‘a peptrde having sequence ID no.
'runctlonal equlva ents, derlvatlves, degeneralte orx hydroxylatlon,

sulphonatlon or glycosyiatlon products and other secondary Drocessrng
products - ‘zhereof.
provided a peptide having sequence ID no. 5,

According to a further embodiment, there is

and fragments, homologues, functional equivalents, derivatives, degenerate or hydroxylation,

sulphonation or glycosylation products and other secondary processing products thereof.



I 1 TREMBL: 09XD55 MORCA (QXD55 ATCC25238 UspA2. 630
Forsgren UspA2 UspA2. 630 5 Accordi ngly, the
present invention provides a |igand isolated from
Moraxel | a catarrhalis outer nenbfane protein which
has | am nin and/or fibronectin and/ or C3-binding,
wherein said ligand is a pol ypepti de conprisi-ng or 10
consi sting of an ami no aci d sequence sel ected from
the group consisting of SEQ ID NO 1-10 which are
derived fromthe full-lengt’® Moraxella catarrhalis
BCS5 UspAl & UspA2 sequences shown bel ow, or a
fragnent, honol ogue, functional equival ent, . .
ACHRFIVHE iWPe @ éé@%ﬁ@e]f SR o q%ﬁ iignproyadec a peptide
ha$ihPaicned ob @b ycosnat ireBgREeEICthorb Lo hes,
secondary processi ng prqduct thereof. Full-length
Fupglort ol GAUMBR A% BT T a JPFREPTs SIS BBt 5
h yﬁm ﬁ@f@&lﬂ ’ AQ\%N&@E OEAK@‘@KWS )L'_Gfdil@lnvﬁ:bdu cts and
GMATTASAH% VGKATNKI SG GDNNTANGTY_ LTI YNK
t T8 PREATNEY ISP @SBEYRIKE STI GG
CGYNEATNQY STI GGGDNNT AKGRYSTI GG GGYNEATI EN
STVGGGEGYNQ AKGRNSTVAG GYNNEATGTD ST AGGRKI _
ACATEHAESE ARG DNRARABRIL WUAEERKNTT B GENSWAPESRPd @ peptide
ha NINVKKEIRNY ce/ 1h0nE) LGSNTAT T r NAINGSYL IHombNG SGiAATI
VNSAEVGELS | GFAGASK7. GNGTVSV- KK, 7/ /f | 71/ AVNGSQLHVL
FURG SARRBKAS IV RATT T /0 ALV PAY 38 EI%AGEAR OF
hy i€t 1RAKAN, - Edgdhddd fdrt oirl §46656kg Llhibihgirbtiucts and
‘ | DQKADLTKD | KALESNVEE GLLDLSGRLI O DI AKNQ
CDEY ROYSTOR TY5° ERE 2ISVANISL B PRYAK QDAL NKASSA
NTDRI ATAEL G AENKKDAQ | AKAQANENK DG AKNQADI

HDKKI TNL Gl LHSMVARA VGNNTQGVAT  NKADI AKNOA .
AC B TENNISKNCY 2 B LS XXRIRS “SBPRTL AKVE AANTBRPAKRPE @ peptide

ha WARARASHEhcb TKDQNT L | & QuBAEYVEENG A NQokibGb4ues,

AHADVA L DI TTN, KTAI EONI NR TVANGFEI EK
f“W@’%ﬁ%@uE i L9236 VR NETRINHEEY O BEE GYAL
KEQGQHFNNR | SAVERQTAG G ANAI Al AT LPSPSRAGEH
HVLEGSGYHN GQAAVSLGAA GLSDTGKSTY Kl GLSWSDAG
GLSGGVGESY RWK Ful | -1 ength UspA2 from Moraxel | a
catarrhalis strain .BC5: 25 MKTMKLLPLK ELEADI GDI T
LEDDVETLTK TQRNLVNGFE ETLKGLI TNS 30 NNI NNI YELA
NI QDLATYNE AKQQTEAI DA SENTQNI AKN KNKADDDASF 35
ATADAFTKNG | AVTSAM | G ALEKYLALSQ NOQNAFAEQGE
| EKNKDAI AK | ENTNNI TEN QQQDQHSSDI L QDQYAQKQT
LNKASSENTQ QADH ANNI TN ETLTKNONTL NAI TKNAKSI
LGAASTANAQ YGNI LALEEL Al KEDLQGLA NNESI EDLYD
KADI QALENN KTLKKNVEEG EAI DALNKAS NI EDLAAYNE
I YELAQQQDK | EKDKEHDKL TDLGTKVDG- AKNDI TLEDL
NKALEELDED DFVEGQEGKI FGHEVAESI G VVEELFNLSG
LLELSDHI | D SENTOQNI EDL LQDAYAKQQA HRSDI KTLAK
| TANKTAI DA DSRVTALDTK PYLI KKI DON ' VGANQNDI AN
LQNETSI KKN El HAHNEAQN RLI DQKADI D QKTDI AQNQA
AAYNEL QDAY EAI DALNKAS TSAANTDRI A NKASADTKFA
VNAFDGRI TA 13

o

o]



LDSKVENGVA AQAALSGLFQ PYSVGKFNAT AALGGYGSKS -
AVAI GAGYRV NPNLAFKAGA Al NTSGNKKG SYNI GVNYEF In a
preferred enbodi nent, the Ligand is a pol ypeptide [or
pol ypeptide truncate conpared with a wi-ld-type 5
pol ypepti de] conprising or consisting of an am no
" acid sequence sel ected fromthe group consisting of
SEQ ID NO 1- 10, or a fragnent, honol ogue," _ ‘
functi'onal - equi valent, derivative, degenerate or
hydr oxyl ati on, sul'phonation or glycosylation product -
~~or. other secondary -pr oces§.i ng product 10 thereof. '
The termligand is used herein to denote both the
orwhotieoxpilae ol 0 sntiipthn bt yids oFo Ik eefsHi At berl/Rycducts and
othLBr ONGEID, ANU:Qls Cq AfidaaRY s Patdcbhier eof whi ch
[ m n

| ncl udes a in and/or fibronectin and/or
- C3- Berdragpaldwaenosieh SRt iREn et HiGTE 15 previded
- Lespest imiabnfgémﬁmoggg >ThRas ’Zﬁ;ﬁ?ﬁ&;,gglogﬁsf
enco SE3,1 H €8e VRN HeGenoH DA oxylation,
TR e L sty oty o son o
sylpiiongheohept PHECT gi on_or regions requl re§ fFor
phbdstigigg ‘products FBErede purposes of this invention
I alrriAr{lzicg ngﬁgr&n%gltoitﬂegoeﬂbcﬁﬁrdehitmd;mfrepd@p@mmge% a
pol ypeptide’ can be ascertain oL &RWSts, homoldgoes,
pfwéy mﬁgégg"%ﬁquteng ﬁﬁ\?tgn%?gh %@h@ragéﬁ %iﬁ?la’cicm
FefctGInbilnaimvadeaper t1%4 V8“5 Pol Vpept | de -can “be :
B \?\féer tai:ned,asyfyRldspyetidiobypepetd e dcai ae skapefaad
= ]i’lho%ﬁ odine - or. 25 ot.hgf radi oacti ve conpounds and
--pteS@%@iﬁ%@FﬁﬁHBFﬁéqeﬁer adi o i munoassays (Rl A)'@?\s i 1o the
. fluid or_solid, ph ( srodiatd Bk of B Jeast bbe wapiideraccording 1o the
pol yPEfFHipES apogfir BRScL %g}égd 100 DLOLERGL Wb o an nfecion,
L8R YiRcth fonthe grottmtiomofsraradisanen & iy e P Hfgg T at;féioviv sused by
cytonetry.usin riad B canbd bodi @suahdisde ety
P%e%@g%‘ﬁ%‘? 9 %f?rg@{/%glﬁg bet ween pol ypept i des- and
i 4 c&tbrbhaﬁime@ﬁlﬁiﬁﬂsalé‘ﬂffa@'can further be exam ned
by surface plasmon resonance (Biacore). Exanples %fé don -
nmet hods are. e b &ert thal€tshdvideda ligpad Mahmrisingle figrpgection
Met h(foc§°.r§r13%f°| a)éﬁtgalleh{?gﬁ%? Iiﬁ’er pr 2}‘ igr red enhodis et e LOS |
medingpephingeidliganaongiving el FFIHTETe “compared with -
a wild -0{ é/eggenp Rt dBdnce ANG.0npd Bepenco D Vors past fgaegents.
APT"8&St ™ 0ne of the conserved . se UeNcesS b LMo sulphéhation or -
. 1BEQIdgDsNnctivnal e cal: e Bt Ee AEE T B iﬁh t%% ali gnment
h er e R&6s sekdddrh pecasioptpdrsithereohe
%%ﬁ%%%%tﬁ?ﬁg%od?@pol ypept&itrge truncate conpared with a
5 wild-type pol ypeptide] conprises of consists of at
| east one .of: From UspAl  (conserved fragientsS 1igand
from M}ﬁ)xfciilm@onecah@ﬂtﬁm&jsﬁﬁCEOn%i’enre- \igl PfIéepar gt i ng 7
al ternative chai SHN@caaid, ataigl pégaeiion) |
%p@?ﬁ%v@s‘i%%%%%%ﬁ? fA %ihN KN G H SERQIE\Q?V%{%}H@ group °
QN ELKLh S/ & ArD sT1iDSTEAVANCSIN™VALAS ST T T/AV 17V
TDAVNGSQL 1 LN Lyid DQKAR Jodh BN HE YWE/-DEA ©or .2 _
QPGSR K%EK%%EEA% fg‘gﬁrhiu I?xlcl’ 20 AC@D%—IS@N SDI ‘#q’{,l :

. ‘ . e, 2 ative, or
fg&g@egﬁpﬁﬂoﬁ@mw,yé@nﬁﬁh@h%ht%q‘;rf {lad?' i br onect !gnother
bi ndi n omain -, /" parati yeenadd vier ce
D10 0900, 0 anilngiE08 B Sadatoaed v horoes oo
KAL) TN NN bt AQOEBORSSD PRI TP REDIFE RN &R -
VIl EVEGEL L FENLSDGHRI/LI DT/ AD /L
LR iOKPRPBEBbET bm UspA2 (conserved fragnments from
the C3-binding domain - 1/' separating alternative
choi ces of an amno acid at a position) |
E/ QDLAAYNEL QDAYAKQQA/ TEAI DALNKA
SENTQNI AKNQADI ANNI T/ NNI YELAQQQ 35
DK/"QHR/ SSDI KTLAKT/ ASAANTD/ NRI :

15 DLAAYNELQDAYAKQQ EAI DALNKASSENTONI AKNQADI ANNI 5 1t
wi |l be understood that the pol ypeptidée |igands of '
the invention can conprise a |lamnin and/or
fibronectin and/or '03-bi ndi ng domai n of sequence



~ derived fromknown Mraxella.catarrhalis UspA or
UspA2 proteins by truncation at either or both of the
N and G 35 termni. Truncates are not the
-full-length native UspAl or WO
2007/ 018463PCT/ SE2006/ 000931 16 A2 nol ecul es.
Accordingly, the invention®8aurther provides a

wi | d-type UspAl sequence | acking at |east (or
120, 140,

- exact| 0..30, 4 60, 70, .80, 10

N A e R R N e T
comprighdd of leadkingbmdingasibmon, Sexadtliyknd0cor30,s140y 568, ~
an am,iﬁ@_,acl@l, s_gaueﬂ@,sel%@te@?@rogl%e %%Qu?z%seﬂs%i% é%OSequence
' a r e ¢ refera e
o N_O,'t rq]uﬂéga gur%gltcfgi E? Hgbr ghe%{#nnﬂg%%?tnsg 1% Eﬁcok ¥%1ﬁes’
functipgat | HEIPY cBESo P&RLH? RIS BroTRIstedPRg) . 10 15 1
hydroxMbat ofn,agnphadds i back: gLy @ky) gaisdn @froaxaet|ana From

rm : 17. 094 0917 | 094

OtherF%%?%%&%%%éi%éﬁ@%ﬁ gsgﬁg‘?le 17 03%7 1inmp 1

854"9*0 Presept Qi GHESsPECE R4 01927 %av 5 M

comprising a C3 or C3met binding domain, said ligand

-
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9
consisting of.eﬁ amino acid sequence selected from the group
consisting of éequence ID No. 4, Sequence ID No. 6, Sequence
ID No. 9 and Seguence ID No. 10, and fragments, homologues,
functional equiﬁalents, derivatives, degenerate or
.hydroxylation,.§ulphonation or glycosylation products and
other secondary prccessing products thereof.

In another aspect, there is provided a fusion pretein
comprising one or more ligands according to the above aspect.

'Further, in another aspect there is provided a medicament

compr151ng one or mere ligands accordlng to the above aspect

v

and ona or more pharmaceutlcally acceptable adjuvants,

vehlcles, exc1plents, blnders, carriers, or preservatlves

in yet another .aspect, there is provided a vaccine
comprlslng one or more ‘ligands according to the above aSPeCt

and one or more pharmaceutically acceptable adjuvants, vehicles,
excipients, binders, caciiers, or'preservatives.
The present(jlsclosurealso provmdes a method of
treatlng Or preventing an infection in an individual,
~ preferably an lnfectlon caused by M, catarrhalis, in
particular caused by carrlage of M, catarrhalls on mucosal

surfaces, compr151ng administering a pharmaceutlcally
‘effective amount of a medlcament Or vaccine as dlsclosed

hereln

In still another aspect, there is provided the use of a
zpharmaceutically effective amount of a medicament or a vaccins
according to above aspects for the manufacture of a medicament
for treating Oor preventing an infection caused by Moraxella

catarrhalis in an individual.

‘Ip‘yet another aspect, there is provided a polypeptide or a
polypeptide truncate comprisiﬁg at least one of the conserved
sequences of Sequence ID No. 2, Sequence ID No. 3, or a
fragment, homologue, functional equivalent, derivative or
hydroxylation, sulphonation or glycosylation product or other
secondary processing product thereof with the ability of

vinding fibronectin.
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In a further aspect, there is provided a vaccine composition
comprising an effective amount of UspAl and/cr UspA2 in
combination with an effective amount of protein MID and one or

more pharmaceuticélly acceptable adjuvants, vehicles,

excipients, binders, carriers, or preservatives.

In still a furthér aspect, there is prdvided the use'of an
effective amount of UspAl and/or UspA2 in combination with an
effective amount of protein MID for the production of a
mgdicament foﬁ the treatment or prophylaxis of an inféction

caused by Moraxella catarrhalis.

Finally, in another aspect, there is prov1ded a nucleic
acid sequence encodlng a ligand, protein or peptide of the |

above aspects, as well as homologues, polymorphisms,
degenerates and spllce variants thereof

Further disclosure of the objects, problems, solutions
and features of the presenf invention will be apparent from .
the following detailed description of the invention w;th
reference to the draw1ngs and the appended claims.

The expreuslon llgand as 1t is used herein is intendegd
to denote both the whole molecule which binds to the
receptor and any part thereof which includes the receptor
plndlng domain such that it retains the receptor binding
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10
property. Ligaﬁds comprising equivalent receptor bindinq
domains are also included in the present invention.

The expressions fragment, homologue, functional
egquivalent and derivative relate to variants, modifications
and/or parts of the peptides and protein fragments according
to the invention which retain the desired fibronectin,
laminin, €3 or C3met binding properties.

A homologue of UspAl accérding to the present invention
is defined as a segquence having at least 72% sequence
identity, as can be seen from table 1 below.

A fragment according to the present invention is
defined as any of the homologue sequences which are
truncated or extended by 1, 2, 5, 10, 15, 20 amino acids at
the N-terminus and/or truncated or extended by 1, 2, 5, 10,
15, 20 amino acids at the C-terminus.

The expressions degenerate, hydroxylation, suiphonation
and glycosylatioﬁ products or other secondary processing
products relate to variants and/or modifications of the
peptides and protein fragments according to the invention
which have been altéred compared to the original peptide or
protein fragment by degeneration, hydroxylation,
sulphonation or glycosylation but which retain the desired
fibronectin, laminin, C3 or C3met binding properties.

The present invention concerns esﬁecially infections
caused by Moraxella catarrhalis. A peptide according to the
present invention can be used fof 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

OI2E | O35E | O46E | P44 | TTA24 | TTA37 | V1i71

ATCC25238 81 75 83 83 24 79 84
Q12E 74 77 83 76 72 75
035E 72 74 83 73 78

O46E 81 81 82 89
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P44 81 75 T3

TTAZ24 TE 52

TTA37 78

Table 2: UspA2 Pileup Analysis - Strains and sequences used
ace Strain des o

O 1pEMBL:054407 MORCA 054407 {O35E Ubiquitous surface 1576

. protein A 2.
O [REMBL:0S8XP4 MORCA |P8XP4MC3I7 - UspA2. 650
O TREMBL:0848S1 MORCA Q84851 |E22 Ublql_ntous surface {877
. ~ {protein AZH.

I! REMBL:084852 MORCA |Q84852 V1122 Ubiquitous surface 616

. ‘ {protein A2,

M TREMBL:08GHS6_MORCA|¥GHE P44 UspA2. 668

O TREMBL:091961 MORCA |QOL961 {TTA37  |USPAZH. 239

T TREMBL:091.962 MORCA |PLI62 [O46E USPA2H. 894

T TREMBL:Q9L963 MORCA |P-963 |O12E USPA2 (Ubiguitous {684

surface protein A2).

T TREMBL:09XD51 MORCA|PXDSTVIITL — |UspA2. 674

O TREMBL:Q9XDS53 MORCA|PXD33|TTAZE  1UspA2. 613

TREMBL:QSRTB2 MORCA  |Q8RTB2|SPI2-5  |UspA2 Y

O TREMBL.0SXDSS MORCA|QIXDSS|ATCC25238 UspA2. 630

Forsgren_UspA2 UspA2. 530

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 aminc acid sequence selected from the group

consisting of SEQ ID NO:

1-10 which are derived from the

full-length Moraxella catarrhalis BC5 UspAl & UspA2
segquences showr; below, or a fragment, homologue, functional

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

Full-length UspAl from DMoraxella straln

catarrhalis

10

15

20

25

30

35

BC5:

MNKIYKVEKEKN
VGKATNKISG
STIGSGGYNK
GGYNEATIEN
ATGKGSEFAAG
FILGSNTDTT

e R iy P ~ I
GNGTVSVEKK GKERQTVAVE

fROLOBEVEL
SGELLDOKAD
iﬁéﬁADLTKD
ODLAAYNELQ
TAKAQANENK
NKADIAKNQA
KAEADASFET
LONQADITTN
RINETNNHQOD
LPSPSRAGEH
GLSGGVGGSY

Full-length UspA2 from Moraxella

BCH:

MEKTMKLLPLE
ELEADIGDIT
LEDDVETLTK
TOQRNLVNGFEFE
ETLKGLITNS
NNINNIYELA
NIQDLATYNE
AKQQTEAIDA
SENTQONTAKN
KNKADDDASE
ATADAFTKNG

AAGHLVACSE
GDNNTANGTY
AKGRYSTIGS
STVGGEGGEYNQ
IDNKANADNA
NAQNGSVLLG

LEER INSLEG
TONRINNTYE
IKALESNVEE
DAYAKQQTEA
DGIAKNQADI
DIANNIKNIY
LTKNQNTLIE
KTATEQNINR
QOKIDOLGYAL
HVLFGSGYHN
RWK

IAVTSAMIIG
ALERYLALSQ
NONAFAEQGE
TERNKDATAK
IENTNNITEN
QOODOHSSDI
LODOYAQKQT
LNKASSENTQ
QADTANNITN
ETLTKNONTL
NAITKENAKSI

FAKGHTRKEKAV
LTIGGGDYNK
GGYNBATNQY
AKGRNSTVAG
VALGNEKNTIE
HNTAGKAATT
AGETSOTSTD
FTENNGBATA
LAQBEPOHS S
GLLDLSGRLI
IDALNKASSA
QLHDKKITHNL
ELAQQQDQHS
QGEALVEQNK
TVANGFEIEK
KEQGOHFNNR
GOAAVSLGAA

LGAASTANAQ
YGNILALEEL
AIREDLQGLA
NNESLEDLYD
KADIQATLENN
KTLKKNVEREG
EAIDALNKAS
NIEDLAAYNE
IYELAQQQDK
IEKDKEHDKL
TDLGTKVDGF

LGSLLTIVGIL
TKGRYSTIGG
STIGGGDNNT
GYNNEATGTD
GENSVAIGSN
VNSAEVGGLS
AVNGSQLAVL

o S 8

KNQADIKTLE
DIRTLENNVE
DOKADIAKNQ
NTDRTATAEL
GILHSMVARA
SDIKTLAKVS
AINQELEGFA
NKAGIATNKQ
ISAVERQTAG
GLSDTGKSTY

AKNDITLEDL
NKALEELDED
DEVEGQEGKI
FGHEVAESIG
VVEELFNLSG
LLELSDHIID
SENTQNIEDL
LODAYAKQQA
HRSDIKTLAK
ITANKTAIDA
DSRVTALDTK

GMATTASAQK
GLENEATNEY
AKGRYSTIGG
STIAGGRKNQ
NTVKKGQONV
LTGFAGASKT
KTVVAGNEAD
SNVERGLLDT,
BETTDLSERY
ADIAQNQTDI
GIAENKKDAQ
VGNNTQGVAT
RANTDRIAKN
AHADVGDKQT
ELILONDRLN
GIANATAIAT
KIGLSWSDAG

catarrhalis

PYLIKKIDON
VGWNQNDIAN
LONETSITKEN
EIHAHNEAON
RLIDQKADID
QKTDIAQNQA
AAYNELODAY
EAIDALNKAS
TSAANTDRIA
NKASADTKFA
VNAFDGRITA

3
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LDSKVENGMA AQAALSGLFQ PYSVGKFNAT AALGGYGSKS AVAIGAGYRV
NPNLAFKAGA AINTSGNKKG SYNIGVNYEF '

In a preferred embodiment, the ligand is a polypeptide
[or polypeptide truncate compared with a wild-type
polypeptide] comprising or consisting 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.

The term ligand is used herein to denote both the whole
molecule which binds to laminin and/or fibronectin and/or C3
and any part thereof which includes a laminin and/orx
fibronectin and/or C3-binding domain such that it retains
the respective binding property. Thus “ligand” encompasses
molecules which consist only of the laminin and/or fibro-
nectin and/or C3-binding domain i.e. the peptide region or
regionsg required for binding.

For the purposes of this invention laminin, fibronectin
or C3-binding properties of a polypeptide can be ascertained
as follows:

For the purposes of this invention laminin, fibronectin
or C3-binding properties of a polypeptide can be ascertained
as follows: Polypeptides can be labelled with *®Iodine or
other radiocactive compounds and tested for binding in radio
immunoassays (RIA) as fluld or solid phase (e.g., dot
blots). Moreover, polypeptides can be analysed for binding
with enzyme-linked immuncsorbent 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 {Blacore). 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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comprises or consists of at least one of the conserved
seguences from within SEQ ID NO: 1-10 which are identified
in the alignment shown herein. Hence, in this embodiment,
the polypeptide [or polypeptide truncate compared with a
wild-type polypeptide] comprises of consists of at least one

of:
From UspAl {conserved fragments from the fibronectin

binding domain - ‘/' separating alternative choices of an
amino acid at a position)

G T/VV SV G S/K Q/E/K/A G/N K/N/G/H/S ERQIVN/HVGA

G Q/N/E/KI S/RA/DT/DSTDAVNGSQLHA/Y AL A S/K/T

T/A/V I/V

STDAVNGS QgL

LLNDLSGRLL/IDQKADIDNNINNMHTIYE/DLA
COODQOHSSDIKTLK

DQKADIDNNTIN

L_A 0QQDQDQHSSDIKTLHZK

From UspA2 (conserved fragments from the fibronectin
binding domain - ‘/' separating alternative choices of an
amino acid at a position)
KADIDNNINNHIYELAQQQDQHESSD

I ¥X/0 /A L K/E K/N/S N V/I E/VE G/E L L/F E/N L S D/G H/R
I/LIDQKT/ADI/L A/T Q/K N/D

From UspA2 (conserved fragments from the C3-binding
domain - ‘/’ separating alternative choilces of an amino acid
at a position)
TE/QDLAAYNFRELQDAYAKQQA/TEAIDALNIEKA
S SENTQNIAKNQADIANNIT/NNIYELAQQQ
DK/QHR/SSDIKTLAKT/ASAANTD/NRI
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DLAAYNELQDAYAKQZOQ
EAIDALNKASSENTOQNIARKNQADIANNI

It will be understood that the polypeptide ligands of
the invention can comprise a laminin and/or fibronectin
and/or C3-binding domain of sequence recited herein which is
modified by the addition or deletion of amino acid residues
to or from the sequences recited herein at either or both
the N or C termini, which modified peptides retain the
ability to bind laminin and/or fibronectin and/or C3,
respectively. Accordingly, the invention further provides a
ligand comprising or consisting of a polypeptide in which
50, 40, 30, 20, 10, 5, 3 or 1 amino acid residues have been
added tc or deleted from an amino acid sequence recited
herein at elther or both the N or C termini, wherein said
modified polypeptide retains the ability to bind laminin
and/or fibronectin and/or C3; and/or elicit an immune
response against the non-modified peptide. By extension it
is meant lengthening the sequence using the context of the
peptide from the full-length aminc 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 seguences/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 UspAZ
proteins by truncation at either or both of the N- and C-
*armini. Truncates are not the full-length native UspAl or
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16
AZ molecules. Accordingly, the invention further provides a
wild~type UspAl sequence lacking at least (or exactly) 20,
30, 40, 50, 60, 70, 80, 100, 120, 140, 160 etc to 298 amino
acids from the N-terminus, and/or lacking at least (or
exactly) 20, 30, 40, 50, 60, 70, 80, 100, 120, 140, 160,
180, 200 etc to 450 amino acids from the C-terminus.
Preferably, the truncate retains fibronectin binding

function (optionally also laminin and/or C3-binding).
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Accordingly the invention further provides a wild-type
UspA? sequence lacking at least (or exactly} 20, 30, 40, 50,
60, 70, 80, 100, 120, 140, 1690, 164 amino acids from the N-
terminus, and/or lacking at least (or exactly) 20, 30, 40,
50, 60, 70, 80,-100, 120, 140, 180, 200 etc to 312 amino

"acids from the C-terminus. Preferably, the truncate retains

fibronectin binding function ({optionally also laminin and/or
C3-binding). Possible truncates may be selected from those
shown in the following table, zll of which are within the

scope of the invenition.



081. 003 Qzz 017Z 09Z 093 1363 18 Accordingly
the invention further provides a wild-type UspA2
sequence | acking at |least (or exactly) 20, 30, 40,
waQo07s4670, 80, 100, 120, 140, 160, 164 ani n@TAER@S000931
fromthe NN 5 term nus, ang/or |acking at |east (or
exactly) 20, 30 40 50, 60, 70, 80, 100, 120, 140,

180,—2060—=etg—to 4 La ds the C-termnus.
Prefleriabl y,«lt fle g of efl aging ogect i n bi ndi ng
fundtion {dhtTiof o 8F C3- bi ndi ng).
Possi b] e tringat, yabel sl gcted) fLom t hose 10

. b= . . .
shown | n tHe ok q®t @b, ®laf fSwWhi ch are within
the |scope|off tlhe[inventjon. (18 gpﬁ%smso WO
07/ 01846@’@/@ R)0%y/ 8GR F9& Mp.8 ok anino acids
lsacki ng, atTteas Lrgex cTiy Hrom{hé G term nus ZLE
318 1318 318z(3dle gl idr J1B zkez|32. 2| A e8|l gz[e | ne 3121

™ NN o o
(I%Lcoé 1| me | 0 I00E BoloBbbed—des41642-D02 00E ooe |
@
(=] O 0o 2

5 ] 8 8§ 8§ § 8 &8 §§ 8
c
b 8|8 8 8 8¢8¢8§8§8E§gEH{EK R
Lo
. 58 888 8®¢g883s 8 s
g MTEEEEEEEEEEEEE
3 £

E
b AR EEEEEEELE
e %)
g ®
N £ (g g g g g 8 8 g 8 g8 8§ 8
i E = = = e v vy v ¥ | ] v v T
= &
K “ g g g gl sl g8 g gl g g g s
H - ] | +~ | | ] | | ] = -] -
<
i
® 3 2/ 28 B 8 B B I I KK B
5
5 Bl &l Bl ° 2| R & ” R ” R R
§ _
g 2 2 ¢ 8 8 © 8 § 8 B B 8 8
L3
0 B
w| |38 B 8 8 8 8 g &8 8 8 8 8/ F B
o ©
9 3
Wl |8 gl 9 o 2 2 3 9 @ ¢ ¢ @ e
g )
- g
%g sl 8l ¢l 8 8 8 | 8 8 8 8 | B
°l o
a =
ol % Sl ] 8 8 % 8 § 8 8 8§ § § K
! X
ol |8
SE %l o o o o o o o o o o o o

Q1.
4 £z
~O1E(g
| |B|EE
I R EEEEEEE




1 093 1loez 082 093 093 0133 092 083 082 083 083 022
082 ooz 1 osz 09Z 093 093 093 092 093 096 093 093
093 093 017Z 91/3 0173 O3 017Z 0173 017Z OPZ 043

wWOh9Hf%48177 1033 ozz 1 ozz j022 033 PCT/SE2006/000931

20
Accordingly the invention further provides a wild-type
Uspdz2 seqﬁence lacking at least (or exactly) 5, 10, 15, 20,
25 or 29 amino acids from the N-terminus, and/or lacking at
least {or exactly) 20, 30, 40, 50, 60, 70, 80, 100, 120,

5 140, 160, 180, 200 etc to 453 amino acids from the C-
terminus. Preferably, the truncate retains laminin binding
function (optionally also fibronectin and/or C3-binding).
Possible truncates may be selected from those shown in the
following table, all of which are within the scope of the

10 invention.

Table 5. Possible combinations of truncations to the N- and

C- termini of wild-type UspA2 protein

No. of amino acids facking, at least or exactly:

Fron! the C- From the N-terminus

ferminus _

0 X 5 10 15 20 25 29
20 0 5 10 15 20 25 28
30 0 5 10 15 20 25 29
40 0 5 10 15 20 25 29
50 0 15 10 15 20 25 29
60 g 5 10 15 20 |25 29
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 16 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 20
240 0 b 10 15 20 25 28
260 0 5 10 15 20 25 20
280 0. 5 10 15 20 25 29
300 0 5 10 15 2Q 25 28
320 0 5 10 15 20 25 29
340 0 5 10 15 20 25 29
360 Y 5 10 15 20 25 29
380 0 5 10 15 20 25 28
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400 0 5 10 15 20 |25 29
420 0 5 10 15 20 {25 29
440 0 5 10 15 |20 {25 29
453 0 5 10 15 20 |25 29

Accordingly the invention further provides a wild~-type
UspAZ2 sequence lacking {(or exactly) 20, 30, 40, 50, 60, 70,
80, 100, 120, 140, 160 etc. to 301 amino acids from the N~
terminus, and/or lacking at least (or exactly) 20, 30, 40,
50, 60, 70, 80, 100, 120, 140, 160 or 172 amino acids from
the C-terminus. Preferably, the truncate retains C3 binding
function (optionaliy also fibronectin and/or laminin
binding) . Possible truncates may be selected from those
shown in the following table, all of which are within the

scope of the invention.

Table 6. Possible combinations of truncations to the N- and

C- termini of wild—-type UspA2 protein

No. of amino acids lacking, at least or exactly:

From the

N- From the C-terminus

terminus

0 X |20 |30{40 {50 |60 70180 (100 {120 |140 |160 | 172
20 0 |20 (30140 |50 |80 )70 |80 |100 | 120 | 140 | 160 | 172
30 0 |20 |30]40 |50 |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 (30140 {50 |60({70({80 1100 1120 |[140 | 160 | 172
60 0 |20 |30|40 |50 |60 |7080 100 {120 | 140 |60 | 172
70 0 |20 (30|40 [50 |60 |70(80 |100 1120 | 140 |180 | 172
80 0 |20 [30[40 |50 |60(70180 100 1120 1140 | 180 | 172
100 0 (20 !30040 |50 |60 )70 180 | 100 120 140 1180 | 172
120 D |20 (3040 |50 j60 70|80 | 100 | 120 [ 140 ;160 | 172
140 0 |20 ]30)40 |50 1607080 |100 [120 [ 140 {160 | 172
160 0 |20 (30{40 {50 {60 170180 | 100 [120 {140 160 ;172
180 0 |20 30340 |50 |60 |70]180 100 |120 | 140 | 160 | 172
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20 130,40 150 |60 |70)80 | 100 | 120 | 140 |160 | 172
220 20 130140 150 |60 ;70180 | 100 {120 |140 |160 | 172
240 20 {3040 |50 |60 |70 |80 | 100 | 120 ! 140 {160 | 172

200

280 20 130140 150 |60 (7080 [1G0 | 120 [140 | 180 | 172

290 20 {3040 |50 |60 17080 |100 {120 |[140 | 180 | 172

0
0
0
260 0 120130140 |50 |60 70|80 ]100 | 120 [140 | 180 | 172
0
0
0

301 20 (30140 |50 |60 [70]180 | 100 {120 {140 | 160 | 172

Known wild-type UspAl sequences that may be truncated
in this way are those of strains ATCC25238 (MX2; GenBank
accession no. AAD43465), P44 (AANS84895), O35E {BABSG359),
TTA37 (AAF40122), OLlZ2E (AAF40118), O046E {AAF36416), V1171
{AAD43469), TTA24 (AAD43467) (see Table 1/Figure 19); or BCS
(see above). Known wild-type UspA2 sequences that may be
truncated in this way are those of strains O35E (GenBank
accession no. 04407), MC317 {(GenBank accession no. Q58¥XP4y,
E22 (GenBank accession no. Q84881), V1122 (GenBank accession
no. Q848s2), P44 (GenBank accession no. QBGH86), TTA37
(GenBank accession no. Q9L961), 046FE (GenBank accession no.
Q9L962), Ol2E (GenBRank accession no. Q91963), V1171 (GenBank
accession no. Q9XD51), TTA24 (GenBank accession no. QY9¥XD53),
SP12-5 (GenBank accession no. Q8RTB2), ATCC25238 (GenBank
accession no. Q9XD55) (see Table 2/Figure 20); or BC5
[Forsgren UspA2] {see above).

Jdeally 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:
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From UspAl (conserved fragments from the fibronectin
binding domain - /¢ separating alternative choices of an
amino acid at a position)

G T/VVSVG S/K Q/E/X/A G/N K/N/G/H/S ERQ IV N/HVGA
G Q/N/E/K I S/RA/DT/DSTDAVNGSQLH/YALAS/K/TT
T/A/V I/V

STDAVNGS3S QL

LLNDLSGRLL/IDQKADIDNNTINNMEIYE/DLA
QOQDQOHSS3SDIKTLK

DQEKADIDNDNTIN
LAQQOQDQHS SDIKTLK

From UspA2 (conserved fragments from the fibronectin
binding domain - '/’ separating alternative choices of an
amino acid at a position)
KADIDNNINNHIYELAQQQCDOQHSSD

I K/Q T/A L K/E K/N/S N V/L E/VE G/E L L/FE/NL S D/G H/R
I/LIDQKT/ADI/L A/ Q/KN/D

From UspAZ (conserved fragments from the C3~binding
domain - ‘/' separating alternative choices of an amino acid
at a position)
IE/QDLAAYNELQDAYAKQQA/TEAIDALDNIKA
SSENTQONIAKNQADIANNIT/NNIYELAQQQ
DK/QHR/SSDIKTLAKT/ASAANTID/NRI

DLAAYNELQDAYAKQQ

EAIDALNEKASSENTQNIAKNQADTIANNTITI
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It may be convenient to produce fusion proteins
containing polypeptide ligands as described herein.
Accordingly, in a further embodiment, the invention provides
fusion proteins comprising polypeptide ligands according to
the invention. Preferably a fusion protein according to
this embodiment is less than 50% identical to any known
fully length sequence over its entire length. Such fusions
can constitute a derivative of the polypeptides 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 moieties. They may be coupled
for instance to pneumococcal capsular oligosaccharides or
polysaccharides, or Moraxella catarrhalis lipooligo-
saccaharides, or non-typeable Haemophilus influenzae
lipooligosaccaharides,

Homologous peptides of the invention may be identified
by sequence comparison., Homologous peptides are preferably
at least 60% identical, more preferably at least 70%, 80%,
20%, 95% or 99% identical in ascending order of preference
to the peptide sequence disclosed herein or fragments
thereof or truncates of the invention over their entire
length. Preferably the homologous peptide retains the
ability to 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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The vaccines of the invention can be iised for
administration to a patient for the prevention or treatment
of Moraxella catarrhalis infection or otitls media or
sinusitis or lower respiratory tract infections. They may be
administered in any known way, including intramuscularly,
parenternally, mucosally and intranasally.

Comblnatlon Vaccines of the Invention

The vaccines of the present invention may be combined
with other Moraxella catarrhalis 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
to the interaction with C3 {(and C4RP) 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 regpiratory
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 immunogendc
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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A further aspect of the invention is therefore a
vaccine composition comprising an effective amount of USpAl'
and/or UspA2 (particularly the latter) (for instance full-
length polypeptides or polypeptides /peptides /functional
domains /homeologues /fragments /fruncates /derivatives of
the invention as described herein, preferably which retains
a C3-binding function) in combination with an effective
amount of protein MID (for instance full-length polypeptides
or polypeptides /peptides /functional domains /homologues
/fragments /truncates /derivatives thereof, preferably which
retain a human IgD-binding function), and a pharmaceutically
acceptable excipient. '

Protein MID, and IgD-binding homologous/fragments/trun-
cates thereof i1s described in WO 03/004651 (incorporated by
reference herein). Particularly suitable fragments for this
purpose is a polypeptide comprising (or consisting of)} the
F2 fragment described in WO 03/004651, or sequences with at
least €0, 70, 80, 90, 95, 99% identity thereto which
preferably retain human IgD-binding activity.

The MID and UspZA components of this combination vaccine
may be separate from each other, or may be conveniently
fused together by known molecular biolegy techniques.

Brief description of the drawings

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-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 Uspd2 (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 subseguently added followed
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by flow cytometry analysis. A typlcal experiment out of
three with the mean fluorescence intensity (MFI) for each
profile is shown.

Figure 2 shows that M. catarrhalis RH4 UspAZ deficient
mutants do not bind **°I-labeled fibronectin. E, coli BLZI1
was included as a negative control not binding fibronectin.
Bacteria were incubated with '?*I-labeled fibronectin
followed by several washes and analyzed in a gamma counter.
Fibronectin binding to the RH4 wild type expressing both
UspAl and A2 was set as 100 %. The mean values of three
independent experiments are shown. Error bars represent
standard deviations (SD). Similar results were obtained with
M. catarrhalis BBH1S8.

Figure 3 shows pictures that verify that M. catarrhalis
mutants devoid of UspAl and UspA2 do not bind to immobilized
fibronectin. M. catarrhalis wild type was able to adhere at
a high density on fibronectin coated glass slides (A). M.
catarrhalis AuspAl mutant was also retained at a high
density (B), whereas M. catarrhalis AuspAZ and LuspAl/AZ
double mutants adhered poorly (C and D). Glass slides were
coated with fibronectin and incubated with M. catarrhalis
RH4 and its corresponding UspAl/A2 mutants. After several
washes, bacteria were Gram stained.

Figure 4 is a graph showing that recombinant UspaAl and
A2 bind to fibronectin in a dose—dependent manner. Specific
fibronectin binding is shown for UspA1®7"" and Uspa23°-%37,
Both UspA proteins (40 nM) were coated on microtiter plates
and incubated with increasing concentrations 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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tested for fibronectin binding in ELISA. Forty nM of each
truncatéd fragment was ccated on
microtiter plates and incubated with 80 pg/ml and 120 pg/ml
fibronectin for UspAl and UspA2, respectively. Bound
fibronectin was detected with rabbit anti-fibronectin pab
followed by HRP-conjugated anti-rabbit pAb. Results are
representative for three sets of experiments. Error bars
represent SD.

Figure 6 shows the sequence according to sequence ID
No. 1, and the sequence homology between UspAl?°95? and
UspA2'®°3®_ The 31 identical amino acid residues are within
brackets.

Figure 7 shows that truncated UspAl®’*®' and Uspal129°7452
fragments competitively inhibit M. catarrhalis UspA-
dependent fibronectin binding. M. catarrhalis Auspldl/A2
double mutants, which do not bind fibrenectin, were included
as negative controls. UspAl recombinant proteins were pre-
incubated with 2 mg/100 ml fibronectin before incubation
with M. catarrhalis, The mean fluorescence values (MFI) of
M. ecatarrhalis with bound fibronectin detected by FITC
conjugated anti-fibronectin pAb in flow cytometry are shown.
UspAl®®* and UspA1?%9%%? yresulted in 95 % and 63 % inhibition
respectively. Error bars represent mean + SD of three
independent experiments.

Figure 8 shows that UspAl?°***? and Uspa2!®®3!% inhibit M,
catarrhalis adherence to Chang conjunctival cells via cell-
assoclated 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?°?%2, uspaz!®53%  or
anti-fibronectin pAb resulted in significantly reduced
binding by M. catarrhalis RH4 as compared to control
recombinant proteins (Uspal®®3% ang uspa2®®'") and a
control antibody (anti-ICAMI1 mAb} (B). P<0.05 by two-tailed
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paired Student’s t test. Mean values of three separate
experiments are shown and error bars indicate SD.

Fig. 9A shows binding of M. catarrhalis RH4 to laminin
via UspAl and A2, M. catarrhalis RH4 wild type (wt)
strongly bound to immobilized laminin with a mean OD of
1.27. RH4AuspAl showed mean OD of 1.14 (89.8 % of the wild
type) . RH4AuspA? and the double mutant RH4AuspAl/AZ had a
mean OD of 0,19 and (.23 respectively (15.0% and 18.1% of
the wild type). This was not significantly different from
the residual adhesion to bovine serum albumin coated plates.
Thirty ng/ml of laminin or bovine serum albumin were coated
on microtiter plates. They were blocked followed by
incubation with bacteria suspension and finally washed.
Bound bacteria was detected with anti-MID paAb and HRP-
conjugated anti-rabbit pAb. The mean results of 3
representative experiments are shown. BError bars represent
standard deviations (SD}.

Fig. 9B shows the binding of recombinant UspAl and A2
laminin in a dose-dependent manner. Specific laminin binding
is shown for Uspal®®77° and Uspa23%°* .Both UspA proteins (40
nM) were coated on microtiter plates and incubated with
increasing concentrations of laminin followed by detection
with rabbit anti-laminin pAb and HRP-conjugated anti-rabbit
pBb. Mean values of three separate experiments are shown and
error bars indicate SD.

Fig. 10 A and B show that the active laminin binding
domains for UspAl®®7® (a) and UspA2’°°* (B) are located in
the N-terminal halves. Forty nM of recombinant Uspal®77° and
Usph239%% 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
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classical and alternative pathways of the complement system
by the outer membrane proteins UspAl and A2. (A) M.
catarrhalis RH4 wild-type {(wt}, the AusplAl, the AuspAZ or
the AuspAl/A2 mutants were incubated in the presence of 10 %
NHS. (B} The AuspAl/A2 mutant was incubated with 10 % NHS
supplemented with either EDTA or Mg-EGTA. Bacteria were
collected at the indicated time points. After overnight
incubation, colony forming units {cfu) were counted. The
number of bacteria at the initiation of the experiments was
defined as 100 %. Mean values of three separate experiments
are shown and error bars indicate S8.D. (&) The mean values
after 5 min for the Auspdl, the AuspA? or the AuspAl/AZ
mutants were significantly different from the wild-type (P <
0.05). {B) The mean values after 5 min for the AuspAl/AZ
mutant and after 10 min for the AuspAl/A2 mutant incubated
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 NHES 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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Fig. 14 illustrates that M. catarrhalis non—-covalently
binds purified methylamine-treated C3 in a dose~dependent
manner, and that the binding is based on ionic interactions.
Flow cytometry profiles showing (A) binding with increasing
concentrations of C3met. (B) The mean fluorescence intensity
(mfi) of each profile in panel (A) is shown. (C) Climet
binding of RH4 decreases with increasing concentrations of
NaCl. Bacteria were incubated with C3met with or without
NaCl as indicated. C3met binding was measured by flow
cytometry as described in Figure 3. Error bars indicate SD.
* p < (0.05, ** pP< (0,01, ** p < 0.001.

Fig. 15 illustrates that flow cytometry profiles of M.
catarrhalis RH4 wild type and UspAl/A2 deficient mutants
show a UspAl/UspA2-dependent C3met/ C3 binding. The profiles
of a wild type clinical isolate (A, F, K) and corresponding
mutants devoid of protein MID (B, G, L), UspAl (C, H, M},
UspA2 (D, I, N), or both UspAl and UspA2 (E, J, 0} are
shown. Bacteria were incubated with C3met (A-E), NHS-EDTA
(F-J)} or NHS (K-0) and detected as outlined in Figure 3. One
typical experiment out of three with the mean fluocrescence
intensity (mfi) for each profile is shown.

Fig. 16 illustrates that C3met kinds to purified

230753 hereas only a weak C3met binding to

recombinant Uspd
Uspa1®® 7’ is observed. Furthermore, the C3met binding region
of UsphZ was determined to be located between the amino acid
residues 200 to 458. (A) The recombinant UspAl®*™° and
UspA2?? % were immobilized on a nitrocellulose membrane. The
membrane was incubated with [*2°I1-labelled C3met overnight
and bound protein was visualized with a Personal FX {(Bio-
Rad) using intensifying screens. The recombinant protein
MID?62-1200 (oo inciuded as a negative control. (B) UspAl®®7",
UspA2%°®3 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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experiments aré shown. The background binding was subtracted
from all samples. Error bars correspond to §.D. * P < 0.05,
**% p < 0,01, *** p < (.001.

Fig. 17 iilustrates that addition of recombinant
UspaAl®® 7 and Uspaz2®®™* to serum inhibit C3b deposition and
killing of M. catarrhalis via the alternative pathway. Flow
cytometry profiles show C3b-deposition on RH4AuspAl/AZ after
incubation with (A) NHS or NHS preincubated with recombinant
(rec.) UspAl®®77" and Uspa2®®%?, or (B) NHS-Mg-EGTA or NHS-
Mg-EGTA preincubated with Uspal®*7"" and Uspa23®9%. after
addition of the wvarious NHS combinations, bacteria were
analyzed as described in Figure 13. (C) RH4AuspAl/A2 was
incubated with 10 % NHS or NHS-Mg-EGTA. For inhibition, the
NHS-Mg-EGTA was incubated with 100 nM Uspal®®7"® and/ or
UspA23°%° pefore addition of bacteria. Bacteria were
collected at the indicated time polnts. The number of
bacteria at the initiation of the experiments was defined as
100 %. Mean values of three separate experiments are shcwn
and error bars indicate S.D. The time points 10, 20 and 30
nin for the AuspAl/A2 mutant preincubated with recombinant
proteins were significantly different from the AuspAl/AZ
mutant incubated with Mg-EGTA alone (P < 0.05).

Fig. 18 illustrates that recombinant Uspal®®""
UspA239%% decrease haemolysis of rabbit erythrocytes by
inhibition of the alternative pathway. NHS was incubated
with or without 100 nM UspAl%® 7" and/ or Uspa2®®**® at 37 °C
for 30 min. NHS at the indicated concentrations was
thereafter added to rabbit erythrocytes. After incubation

and

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 $.D. The results obtained with NHS +

Uspa23°% and NHS + UspAl®®77%/ Uspa2%®%®® at NHS
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concentrations of 2, 3 and 4% were significantly different
from the NHS control (P < 0.05).

Fig. 19 illustrates a pileup—analysis of Uspal for
eight different strains, to show the homology of different
parts of UspAl.

Fig. 20 illustrates a pileup-analysis of UspA2 for
thirteen different strains to show the homology of different
parts of UsphAZ.

Fig. 21 illustrates %$identity in regions identified on
Forsgren sequence computed as the ratio between the number
of exact matches and the length of the region alignment,
where the region alignment 1s that part of the above total
alignment containing the Forsgren region.

Materials and methods

Interaction between M. catarrhalis and filbronectin

Bacterial strains and culture conditions

The scurces of the clinical M. catarrhalis strains are
listed in table 7. M. catarrhalis BBH18 and RH4 mutants were
constructed as previcusly described. [23, 58] The M.

catarrhalis strains were routinely cultured in brain heart
infusion (BHI) liquid 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.
Louis, MO), and UspA2-deficient mutants were incubated with
7 ng/ml zeocin (Invitrogen, Carlsbad, CA). Both
chloramphenicol and zeccin 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]
Dl Sputum (53]
R149 Sputum [53]
c10 Sputum Iio

Fl6 Sputum [10]
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Bro2 Respiratory tract [53]
z14 Pharynx 10]
56~-688 Nasopharynx [23]
BcS Nasopharynx [20]
RH4 Blocd [53]
RH6 Blood {53]
R14 Unknown [10]
R4 Unknown [10]

80-1914 Tympanic cavity aspirate [23]
Note: The strains €10, R4 did not have the uspAl gene,
whereas F16, R14, %14 lacked the uspAZ gene.[10] The
remaining strains contained both uspAl and AZ
genes (data not shown).
DNA method

To detect the presence uspAl, A2, and AZH genes in
those strains which this was unknown, primers and PCR
conditions as described by Meier et al. was used.[50]
Partial sequencing was also carried out with the UspA
and UspA2'®31® 57 and 3’ primers of the respective uspAl and
uspA2 gene of RH4 and BBH18. Confirmation of the presence of
the amino acid residues “DQKADIDNNINNIYELAQQQDQHSSDIKTLK”
was also performed by PCR with a primer (57~
CAAAGCTGACATCCAAGCACTTG-3) designed from the 5’ end of this
sequence and 3’ primers for uspAl and A2 as described by
Meier at 3l.[50]
Recombinant proteins construction and expression
Recombinant UspA1%-7"° and uUspA?*™®39, yhich 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
multiple regions spanning UspAl®® 7" and Uspaz®®®*® were also
constructed by the same method. The primers used are listed

1299«452

in table 8. All constructs were sequenced according to
standard methods. Expression and purification of the
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recombinant proteins were done as described previcusly. [59]
Proteins were purified using columns containing a nickel ]
resin (Novagen) according to the manufacturer's instructions
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for native conditions. The reccmbinant proteins were
analyzed on SDS-PAGE as described. [21]

Table 8. Primers used in this present study

Protein 5’ primer 3° primer

UspAl1®™®  gegtetpeggatecagtaggeaaggeaace ceotgangctitagtgcataacctaattg
UspA1™*!  pegtetgeggatecagtaggeaaggeaace ftgagcangettagettggitttiageg
UspAl 50-197 gegtetgegpatccagtaggeaagecaace acctgtggcaageticiiectgee
UspAl1®3!  sepictpoggatecagtaggeaaggeaace

ggtgteactaagettacctgeaccaacatgaac

UspAl®**  goatitpeaggtpcatoggatectggtaatggtact  pletttiglaagatcaagotiitgatcaat
UspAI**¥  catagetetgatatpgatccacttaaaaac catgetgagaagotiacetagatige
UspAl1®™™™  gecasagoacaagepgatccaaataaagac gotetiatipgtagtaagetiapcttggtittg
UspAi®™™  ottgagcaaaageateccatcaatcaagag coctgaagettiagtgcataacctaaily
UspA2*®  cgaatgcggatcotaaaaatgatataactitagagg cattaagettggtetetaatgeagtiac
UspA2*17  cgaatgcppatectaaanatgatataaciitagagg  Cteatgaccaaaatcaagettateticgatagacte
UspA2'"™*"  oataitpepgatcegpaagatgatgtigaaac gatcaataagcttaccgcotiagattgaatagitetic

UspA2"  gatattgegpatcoggaagatgatgtigaaac

gtcaatcgeticaageticttitgagcatactg

UspA2'3®  gapattpaganggateoagatgetattget gteaatcgeticaagettctittgageatactg
UspA2X % getcananccaageggatecccangaicty getgagegittcaagetitgcatcageategge
UspA.Z“‘“s's39 geaagtgctgcgpatectgategtatigot cattaagcttgptpetctaatgeagttac
Antibodies

Rabbit anti-UspAl/A2 polyclonal antibodies (pAb) were

recently described in detail.[58]) The other antibedies used

were rabbit anti-human fibronectin pAb, swine FITC-

conjugated anti-rabbit paAb,

swine horseradish peroxidase

(HRP) conjugated anti-rabbit pAb and finally a mouse anti-
human CDS4 (ICAM1) monoclonal antibody (mAb). Antibodies

were from Dakopatts

(Glostrup,

Denmark) .
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he |Qvent|on Preferg?ﬁy a fusion
g6 SHDOtHTe | ess than 50%
|dent|cal to any known fully |l ength sequence over its
entire length. Such fusions can constitute a
derivative of the polypeptides of the invention.
Furt her derivatives can be the use of the 10
pol ypeptides of the invention to as a carrier to
coval ently coupl e peptide or saccharide noieties.
They may be coupled for instance to pneunpbcocca
capsul ar ol i gosacchari des or pol ysaccharides, or
Moraxel l a catarrhalis |ipooligosaccaharides, or
non-typeabl e Haenophil us i nfl uenzae 15
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WO 2007/ 018463PCT/ SE2006/ 000931 25 The

pol ypepti des /peptides /functional donains

/ honol ogues /fragnents /truncates /derivatives of the
wdwenskaq should ideally be fornulated as a p&aGGEhRRw0oes31
conprising an effective anount of said conponent6&§
and a 5 pharmaceutically acceptabl e excipient.

The vaccines of the invention can be used for

adm nistration to a patient for the prevention or
treatment of Moraxella catarrhalis infection or
otitis media or sinusitis &f |ower respiratory tract
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d /[ honol ogues ragnents”/trunca
of‘@r‘i’%)aﬂ%é‘ef:ﬁg?eﬁ? B%rpéi‘ aBR§ WY ol /mdtrai n a human
reBgEﬂthﬂﬁym)functlon) and a pharmaceutically

cedgcepiall me%abRi 81 ANYehRs D and | gD- bi ndi ng
hereof is described

' 505 6BABEY LT o 61 orat BAChy 45 Aber #RES ou1tured
1nh3?@ﬂrﬁﬁ4qpaﬁﬁuumlaﬁiQCQNﬁHLabLefér?gnnﬂukbghes t hissley,
purpose is a polypeptide conprising (or consisting
of ) the F2 fragnment described in WO 03/004651, or
sequences with at |east 60, 70, 80, 90, 95, 99%
identity thereto which preferably retain human
| gD- bi nding activity. 20The M D and UspA conponents
of this conbination vaccine nay be separate from each
ot her, or may be conveniently fused together by known
nol ecul ar bi ol ogy techni ques. Brief description of
the drawings Figure 1 shows thirteen M catarrhalis
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Figure 4 is a graph show ng that reconbi nant UspAl
and 25 A2 bind to fibronectin in a dose-dependent
manner. Specific fibronectin binding is shown for

‘*%9@],,55@3375and UspA255- 555. Both UspA protei Pﬁr/éﬁzgomewsl
n

were coated on microtiter plates and incubated
W th increasing concentrations of fibronectin
foll owed by detection with rabbit anti-hunman
fibronectin pith 30 and HRP-conj ugated anti-rabbit
pith. Mean val ues of three separate experinents are
shown and error bars indi caf SD. Figure 5. The
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i mmobilized lamnin with a nean OD of 1.27. RH4AAuspAl

showed nean OD of 1.14 (89.8 % of the wild type).

RH44uspA2 and the doubl e nmutant RH44uspAl /A2 had a

mean OD of 0.19 and 0. 23 respectively (15.0% and

18. 1% of the wld type). This was not significantly

different from 10 the residual adhesion to bovine

serum al bunmin coated plates. Thirty pg/m of l[amnin

or bovine serum al bum n were coated on microtiter

pl ates. They were bl ocked followed by incubation with
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after 5 mn for the AuspAl, the LIuspA2 or the
AuspAl / A2 mutants were significantly different from
the wild-type (P < 20 0.05). (B) The nean val ues

n for the AuspAl /A2 nutant and aft
“%}08-{/%@;6 uspAl / A2 nut ant incubated My- EGTA we I%TIS]EQOJ@O&%I

significantly different fromthe wld-type (P <
0.05). Fig. 13 illustrates that Mraxella catarrhalis
binds C3 25 in serumindependently of conplenent
activation. Flow cytometry profiles showi ng C3
binding to (A) M catarrhd@fis RH4 or (B)
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35 conjugated anti-goat pAb. The nean val ues out of
three 32 experinments are shown. The background
bi ndi ng was subtracted fromall sanples. Error bars
correspond to S.D. * P 0.05, ** P0O.01, *** PO.001.
Fig. 17 illustrates that addition of reconbinant 5
UspAl50- 77 and UspA230-539 to seruminhibit C3b
deposition and killing of AL catarrhalis via the
alternative pathway. Flow cytonetry profiles show
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20 catarrhalis strains were routinely cultured in
brain heart infusion (BH') liquid broth or on BHI
agar plates at 37 C. The UspAl -deficient nmutants were
in Bill supplenented with 1.5 pg/
WB%P%@gﬁ'gﬁem col (Sigma, St. Louis, M), ang1P CTISE2006/000531
UspA2-deficient nmutants were |ncubat ed wwth 25 7
pg/ M zeocin (Invitrogen, Carlsbad, CA). Both
chl or anpheni col and zeocin were used for growth of
t he double nmutants. Table 7. Cinical strains of N
catarrhalis used in the 6Pesent study 30
we 5t raam@ednbyg aka Soure SRéfire e ne el IBBHBES Spatun] B3jidual
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(C([p%% e 1.n|10a ?)?\‘¥%ology, Sa grenska

Hogmjgiadt,geggaemag;ﬁgg@@aggeagpcthe American Type Culture

Co OGO Glae JHat €C aH A3GARIYE RACHeisseria gonorrheae CCUG

gt ct,geggat cca caa

15§ G EIbArecatt ATGCARTYcau% 259 T8 PG 25571/

St ptayaagast @@4.@@@&%@;§§§§t 6@08, Streptococcus pneumoniae
tt gagcaagat agettggatttagcg acctgtggcaagettettectgcc
ggt gt cact aagcttacct gcaccaacat gaac uspA 299-452

ggat t t gcaggt gcat cggat cct ggt aat ggt act gt et t t t gt aagat caa
gottttgat caat



15UspA 1 "3"5" catagctetgat at ggat ccacttan

ganecat gct gagaagat acct agattgg UspA 1 "7-7"

gccaaagcacaagcggat ccaaat aaagacggt ctt att ggt agt aagctt ag
weol Joeiikdes 9 UspAl6” - PCT/SE2006/000931

gt t gagcaaaaggat cccat caat caagagccct gaagcttt agt gcat aacc

taattg UspA230-539

cgaat geggat cct aaaaat gat at aact aagagg 20UspA230477

cgaat geggat cct aaaaat gat at aact tt agagg uspA2101- 240

gatattgeggatccggaagatgatgttgaaac UspA2 | m 31

gatattgeggatccggaagatgatga aac UspA2165-318

AYaYdto6d &g adggatnchigatgetabplytla BI0A2302458 Pseudomonas
2 IS} FARRACKPGECOURS C6eaBARI £ 4 AnUSRAZ SRS 20213, and

f]%g’)ﬁ?l%t ggﬁgﬁg‘?%tf%{ at Cgatxffazgrcc 25823. The remaining

stgtadaisgan chziabt cChageet al tht cgjatiagdetes from Medical
Miga-gaal 8g Qatm%ﬁgagfgﬁﬁcﬁ%tttcﬁ&t Medicine, Malms

Hg{ %%gtflggcét i g&‘%%%ggﬁgcat%g%tg Sweden.

ggt gagcgtttcaagcti |l gcat cagcat cggc
cattaagcttggtgtctaatgcagttac Antibodies Rabbi t
anti-UspAl /A2 pol ycl onal antibodies (pith) were
recently described in detail. [58) The other
ant i bodi es used 30 were rabbit anti-human fibronectin
pith, swine FITC conjugated anti-rabbit pAb, sw ne
hor ser adi sh peroxi dase (HRP) conjugated anti-rabbit
pith and finally a nouse anti- human CD54 (| CAML)
nonocl onal anti body (mAb). Anti bodies were from
Dakopatts (d ostrup, Dennmark). 36 Flow cytonetry
anal ysi s The UspAl / A2- protein expression and
the capacity of M catarrhalis to bind fibronectin
were anal yzed by flow cytonetry. M catarrhalis wld
type strains and UspAl/A2- 5 deficient nutants were
grown overni ght and washed tw ce in phosphate
buffered saline containing 3 %fish gelatin (PBS-
gelatin). The bacteria (108) were then incubated with
the anti-UspAl /A2 antiserumor 5 pg fibronectin
(Sigma, St Louis, MJ). They were then washed and

i ncubated for 30 mn 10 at roomtenperature (RT) with
FI TC-conjugated anti-rabbit pAb (diluted according to
the manufacturer's instructions) or with 1/100

di lution of rabbit anti-human fibronectin pAb (if
fibronectin was first added) for 30 mn at RT before
i ncubation with the FI TG conjugated anti-rabbit pith.
After 15 three additional washes, the bacteria were
anal yzed by flow cytometry (EPICS, XL-MCL, Coulter,

Hi al eah, FL). All incubations were kept in a fina

vol une of 100 pl PBS- gelatin and the washi ngs were
done with the sane buffer. Anti-fibronectin pith and
FI TC-conjugated anti-rabbit pAb 20 were added
separately as a negative control for each strain

anal yzed. Fibronectin inhibition studies were carried
out by pre-incubating 0.25 pnoles of UspA fragnents
for 1 h with 2 pg of fibronectin before incubation
wth M catarrhalis bacteria (108). The residual free
amount of fibronectin that 25 bound to M catarrhalis
was determ ned by flow cytonetry as outlined above.
Binding of Ar. catarrhalis to inmobilized fibronectin
A ass slides were coated with 30 pl aliquots of
fibronectin (1 ng/m) and air dried at RT. After
washi ng once with PBS, 30 the slides were incubated
in Petri dishes with pre-chilled bacteria at |ate
exponential phase (optical density (OD) at 600 nm =
0.9). After 2 h at RT, glass slides were washed once
with PBS foll owed by Gram staining. Protein |abeling
and radi o i nmunoassay (Rl A) WO
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i ncubated with rabbit anti-human fibronectin pAb for
1 h. After additional washings, HRP-conjugated
anti-rabbit pAb 25 was added and i ncubated for 1 h at
wWl200B@kis3t he anti human fibronectin and HRP- qqfiigafs®ehesi
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 devel oped and
measured at 0D450. ELISAs with truncated proteins 30
spanni ng 0spA150-77 and Os AQSO 5" were perforned

with fixed doses of, fj bror ngug / nd 120
et Fegriter 3@? zg%@ bﬁ% C@ﬂ%ggﬁﬁﬂ?m. on
e
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m.atgpsphere of 5 % CRand 95 %aiy g On the day eof g
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N.Nenbfbrwnectin bindi ng reconbifahtl proteins < 2.0
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Le h@ﬁ@ﬁﬁﬁtﬁdéuﬂzabh@%ly(ﬁ\%) secondary to steric< 2.0
drance Subse uenLIg2 M caga%r(palls RH4 (106) in

PSE’E& YRt AT WS | at ed o the confl uent
Ligpaslfayenpcyitaganesexperi ment s< 4ilbsue cul tufe? H ates
YEm@iﬁlgegﬂﬁejﬁdd;ggdla& 3f 000 x g £a1.6 ][rin agd {rtc.lLdoat ed
a % A er 30 nfecte ers
Stv@hézocon%cél Séver aI r?es Wi t hnl;;ng gel atin ?%r?ef%ve
Stpept QRIS PYBIEL8F | Hla?rid wer e<théh 25 treated Wt
StreypstdrdlITAgh0a0bi& trypsin and2 @ 5 nM EDTAK o0

Emnr ng {Te L}Jw%a ghg.cells from t@e?bacastl C SUpROLt 4

ereaf t e resulting cell/ terium suspen3| on
He\lvagofé@@“&éawﬁoam ution onto agar?fl ates cont & &g
EsBhbraeklid nedbatiedzpver ni ght at<37.0C in 5 % Ce2.80
m nation of fibronectin expygssion in Chapggy
conjunctlval epithelial cells ang
M.cepyifeti val epithelial cells Wwer'd harvested<by-?
Nesssapl hgdnelrdr-baed by re-suspensidd in PBS-gefatim.
06/ ml) were | abel ed migh rabbit
. aqﬁ%%lﬁh%tjr%a&r%sfll bronectin 35 pADb fo% Iof)vved by vvaéhzl ngg and
N.ifeéed3tion with a FITC W
2007/ 018463PCT/ SE2006/ 000931 39 conj ugat ed
anti-rabbit pAb. After three additional washes, the
cells were anal yzed by flow cytonetry as outlined
above. Interaction between M catarrhalis and | am nin
Bacterial strains and culture conditions 5The
clinical M catarrhalis strains BBHL8 and RH4 and
their corresponding nutants were previously
described. [58) Both strains have a relatively higher
expression of UspA2 conpared to UspAl.[58] The
nmut ant s expressed equal anmount of M catarrhalis
i mmunogl obul in D-binding protein (MD) when 10
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10 were washed four tinmes with washing buffer (50 mM
Tris-HCL, 0.15 M NaCl, and 0.1 % Tween 20, pH 7.5)
and bl ocked at RT with washing buffer containing 3 %

vsfdftﬁw&%k tin. After additional washings, theMddsos000031

wer e |ncubated for 1 h at RT wwth [am nin at
different dilutions as indicated in 1.5 % 15 fish
gelatin (in wash buffer). Thereafter, the plates were
washed and i ncubated with rabbit anti-lamnin pith.
After additional washings, HRP-conjugated anti-rabbit
pAb was added and |ncubate4(§ at RT. Both the

ant rhk afii fdreand nbHRAcery sigdtze dpani és rebld tgrphb ver e
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Proteins and iodine labelling

The manufacture of recombinant UspAl®*77 and Uspa23?%3,
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{H,0} was obtained by freezing and thawing
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15 M caniculi <2.0 < 2.0 M nonliquefacie <
< 2.0 N pharyngis < 2.0 < 2.0 Nsicca < 2.0 <
N. flays < 2.0 < 2.0 20 N. subflava < 2.0 < 2.0

j ureolytica (n=2) < 2.0 < 2.0 HaengRhiskYiso00931
WOl Rpidas (T=7) <2.0<2.0

2.0
2.0
2.0
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of purified C3, The C3b-like molecule (C3mei) was made by
incubation of purified C3 with 100 mM methylamine (pH 8.0)
for 2 h at 37°C, and subsequent dialysis against 100 mM
Tris—HCl1 (pH 7.5), 150 mM NaCl. For binding studies, C3met
was labelled with 0.05 mol '¥°I (Amersham, Buckinghamshire,
England) per mol protein, using the Chloramine T method. [25]
Flow cytometry analysis

Binding of C3 to M, catarrhalis and other species was
analyzed by flow cytometry. Bacteria were grown on solid
medium overnight and washed twice in PBS containing 2 % BSA
(Sigma) (PBS-BSA). Thereafter, bacteria (10® colony forming
units; cfu) were incubated with C3met, C3b, C3(H;0), or 10 %
NHS with or without 10 mM EDTA or 4 mM MgCl, and 10 mM EGTA
(Mg-EGTA) in PBS-BSA for 30 min at 37°C. After washings, the
bacteria were incubated with anti-human C3d paAb for 30 min
on ice, followed by washings and incubation for another 30
min on ice with FITC-conjugated goat anti-rabbit pAb. After
three additional washes, bacteria were analyzed by flow
cytometry (BPICS, XL-MCL, Coulter, Hialeah, FL). All
incubations were kept in a final volume of 100 pl PBS-BSA
and the washings were done with the same buffer. The anti-
human C3d pAb 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 UspA2?%°3® proteins for
30 min at 37°C. To analyze the characteristics of the M.

catarrhalis and C3 interaction, increasing concentrations of
NaClL (0 - 1.0 M) was added to bacteria and C3met. Toc analyze
UspAl/ A2 expression, bacteria (10° cfu) were incubated with
the anti-UspAl/ A2 padb and washed as described above. &
FITC-conjugated goat antli~-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 UspAZ2, M. catarrhalis was incubated with or
without EDTA followed by detection of UspAl/ A2 expression,
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St rept ococcus pneunoni ae (n=11) < 2.0 < 2.0

Legi onel l a pneunophila (n=2) < 2.0 < 2.0 25

Pseudononas aerugi nosa (h=2) < 2.0 < 2.0 Listens

aqmﬁgmﬁ@genes <2.0< 2.0 Yersinia entercobbtﬁﬁﬁmgmmgn
.0 < 2.0 Staphylococcus aureus (n=3) < 2.0 <

Streptococcus pyogenes (n=2) < 2.0 < 2.0 30

Streptococcus agalactia < 2.0 < 2.0 Enterococcus

faecalis <

45
EDTA, at the concentrations used in the NHS-EDTA
experiments, did not change the density of UspAl/A2.
Serum and serum bactericidal assay
Normal human serum (NHS} was cobtained from five healthy
volunteers. The blood was allowed to clot for 30 min at room
temperature and thereafter incubated on ice for 60 min.

After centrifugation, sera were pooled, aliquoted and stored
at ~70°C. To inactivate both the classical and alternative
pathways, 10 mM EDTA was added. In contrast, Mg-EGTA was
included to inactivate the classical pathway. Human serum
deficient in the C4BP was prepared by passing fresh serum
through a HiTrap column (Amersham Biosciences) coupled with
mAb 104, a mouse mAb directed against CCPl of the o~chain

of C4BP.[41] The flow through was collected and the depleted
serum was stored in aliquots at -70°C. Serum depleted of Clg
was obtained via the first step of Clg purification [79}]
using Biorex 70 ion exchange chromatography (Bio-Rad,
Hercules, CA). The resulting sera displayed normal
haemolytic activity. The factor D and properdin deficient
serum was kindly provided by Dr. Anders Sjsholm (Department
of Medical Microbioclogy, Lund University, Iund, Sweden).

M. catarrhalis strains were diluted in 2.5 mM Veronal
buffer, pH 7.3 containing 0.1 % (wt/vol) gelatin, 1 mM
MgClz, 0.15 mM CaCls, and 2.5 % dextrose (DGVB™').
(10° cfu) were incubated together with 10 % NHS and EDTA ox
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®7" and Uspa23® % proteins for 30 min at
37°C before bacteria were added.

Bacteria

Dot blot assays

Purified recombinant UspAl®°7% and uUspa23°5%° diluted in
three-fold steps (1.9 - 150 nM) in 100 pl of 0.1 M Tris-HCl,
pH 9.0 were applied to nitrocellulose membranes (Schleicher
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2.0 < 2.0 Helicobacter pyloni < 2.0 < 2.0
Escherichia coil (n=2) < 2.0 <2.0 M ovis < 2.0 <
2.0 35 M caviae < 2.0 < 2.0 Neisseria gonorrheae <

2.0 < 2. N. meningtidis < 2.0 < 2.0 N
W?.zﬁmém%fs 43 The di fferent non- mra%ﬁimﬁﬁm%l

speci es were grown on appropriate standard culture
media. K catarrhalis strains were routinely cultured
in brain heart infusion (Bill) liquid broth or on BH
agar plates at 37C. K catarrhalis BBHL8 5 and RH4
mut ant s wer e manuf act ur ed 4&s previ ously

s 988611 b%jasls%% 23rn®8}) ThanM B def iienemitant st iwer e
Sa%gﬁ¢$l%ﬁﬁl §£§5£%§' SQ RALH kapapchny ey ees-
Tween contalnlng 5 % milk powder at room temperature and
washed four times with PBS-Tween. Thereafter, 5 kcpm [*511-
lapelled C3met in PBS-Tween with 2 % milk powder was added
overnight at 4°C. The bound protein was visualized with a
Perscnal FX {Bio-Rad)} using intensifying screens.

Surface plasmon resonance (Biacore)

The interaction between Uspal®®7® or Uspa2’®®®® and C3
was further analysed using surface plasmon resonance
(Biacore 2000; Biacore, Uppsala, Sweden) as recently
described for the UspAl/2-C4BP interaction.([58] The Kp (the
equilibrium dissociation constant) was calculated from a
binding curve showing response at equilibrium plotted
against the concentration using steady state affinity model
supplied by Biaevaluation software (Biacozre).

Enzyme—-linked lmmunosorbent assay {ELISA)

Microtiter plates ({(Nunc-Immuno Module; Roskilde,
Denmark) were coated with triplets of purified recombinant
UspAl®7%, Uspa2’9®*®, or the truncated UspAl and UspA2
fragments (40 nM in 75 mM sodium carbonate, pH 9.6) at 4°C
overnight. Plates were washed four times with washing buffex
(PBS with 0.1 % Tween 20, pH 7.2) and blocked for 2 hrs at
room temperature with washing 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
ODsso .

Haemolytic assay

Rabbit erythrocytes were washed three times with ice-

cold 2.5 mM Veronal buffer, pH 7.3 containing 0.1 % (wi/vol)
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mutants were cultured in Bill supplenmented with 1.5
jig/mL chl oranphenicol (Sigma, St. Louis, M), and
UspA2-deficient 10 mutants were incubated with 7
[l zeocin (Invitrogen, Carlsbad, CA). B
“’&ﬂ%ﬂufﬂé fieni col and zeocin were used for grg{(/vtﬁﬁ%%%/ﬂoom
t he UspAI / A2 double nutants. Antibodies Rabbits
were inmuni zed intranmuscularly with 200 jig 15
reconmbi nant full-length UspAl enulsified in conplete
Freunds adjuvant (D fco, Becton D ckinson,
Hei del berg, Ger rrany) and4Boost ed on days 18 and 36
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30 min at 37C. To anal yze the characteristics of the
M catarrhalis and C3 interaction, increasing
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Tween containing 5 % m |k powder at roomtenperature
and washed four tinmes with PBS-Tween. Thereafter, 5
kcpm [1251]- 5 labelled C3net in PBS-Tween with 2 %
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using intensifying screens. Surface plasnon resonance
(Biacore) The interaction between UspAl50-17 or
UspA230- 539 and C3 10 was further anal ysed using
surface plasnon resonance (Biacore 2000; Biacore,
Uppsal a, Sweden) as recent4® described for the
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To further analyze the interaction between
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U5pA2165- 318. Thereafter, M catarrhalis RH4 was
added and bacterial adhesion analyzed. The relative
adherence (nmeasured by the nunber of colony form ng
units) after pre-incubation with 0.4 anIes
Wﬁlz"(‘&f")"ﬁ?pAl 299--452, 15 UspA2165-318, or pBedithons:
anti-human fibronectin pAb were 36 % 35 Wband 32%
respectively. Hi gher concentrations of reconbi nant
peptides did not result in further inhibition. In
contrast, the non-fibronectin binding fragnments
0spA1433-5"and UspA230- 13% did not inhibit the
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5 agai nst C3d recogni zi ng both C3 and C3b. Incubation
of bacteria with NHS containing intact conplenent |ed
to deposition of 03 (Fig. 13). Interestingly, when
woBoaides enent cascade was inactivated in thersez06000931
presence of EDTA, the M catarrhalis R114 still bound
03 (Fig. 13A). 10 Streptococcus pneunoni ae that was
i ncluded for conparison did not absorb C3 fromthe
EDTA-treated serum (Fig. 13B). In contrast to
pneunococci, H. catarrhali.s thus bound C3
irrespectively of conpleng t activation. The interna
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could be inhibited by the fibronectin binding
fragnents (UspAl 299-452and UspA2165-318) (figure 83).
Prei ncubati on with UspAl 299-452 UspA2165-318or an
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W@%&%‘l”éﬂ’ée“g.;t helial cells. These results 10 COHFI rmth
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interactions of UspAl/A2 with Chang epithelial cells
and further suggest that fibronectin is an inportant
receptor for UspA. In addition, it is known that FnBP
facilitate the adherence 6B bacteria to
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In conclusion, we have shown that UspAl/AZ2 of M.
catarrhalis BBH18, RH4 and BcS5 are crucial FnBP. Both
recombinant UspAl and A2 derived from Bcb bind fibronectin
with a binding domain sharing identical amino acid residues
including the conserved NNINNIY sequence, Furthermore, an
interaction of M. catarrhallis 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.
catarrhalig,

Interaction between M, catarrhalis and laminin

M. catarrhalls 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




10

15

20

25

30

<210> 3 <211> 154 <212> PRT <213> Mraxella
catarrhalis <400> 3 Lys Asp Ala Ile Ala Lys Asn Asn
GQu Her Ile Au Asp Leu Tyr Asp 151015 Phe Ay Hi s

“@O%g;:@gﬁéla Gu Ser Ile Ay Gu lle Hs Al a g IE’le‘ZO‘a/OOOQSI

u Ala Gn Asn Au Thr Leu Lys Ay Leu

Thr Asn Ser Ile G u 354045 Asn Thr Asn Asn Ile Thr

Lys Asn Lys Ala Asp he G n Ala Len G u 505560 Asn Asn

Val Val Qu Gu Leu Phe Asn Leu Her Gy Arg Leu Ile

Asp 65707580 G n Lys Ala Asp Ile Asp Asn Asn Ile Asn

Asn Ile Tyr Au Leu Al a 8%9095 G n Gn Gn Asp G n
itHi satips SererAsprél ef ladheBinskeln LyddityionAshha 081405110
pa}!ﬁbl%fba@ t&hgnéeg%a%ﬁmsgeaf Heps ARD S i ht e H%

Asp @ n Lys 115120125 Thr Asp Ile Ala Gn Asn. Gp Ala
wihQ e fPSWE s OAs BB e é“eﬂl?nra$§rw‘1%fﬁ§é‘f4éaﬂéﬂl’€; Y%y
it&bhf Asp WEinkEpedAlm Bakdngs (145380 ptth@yeds<Ride LEZEh
shcé%zjrzio ﬁaﬁ%ﬁ?ok@{ﬁ{ QJSCJ Iqlagﬁlgﬁ?{l r %@cﬁ | 598 %glh’&']iisb\h{ﬁﬂe

y

Co T T4 T ia CReRUEAF i SHOR REIRIR e CeRpted y
muGya AsqurfiaceAs nThyse Tcl202580thyger@ \wnawg TyrcBete

sii@ifiée?h@&is@a)ﬁeqﬂ HeU RheadsnsE@n N & . Thi-3B404% ».
n.Au T IIeGl%gterGlyGlyTyr Asn Lys

u r Ser Thr

ACAFGHEYE @%ﬁ?ng@%%g“%ﬁsg Hyr Thr 1le dy Ay Ay

Q yicTyrecasir 1@ ahdwed THa tAbAtlE Ws®By GT8862Thindet Thr
fiﬂé%g%%ﬁ’ir% [szea(ﬁ Yhé\sﬁikﬁé‘d}ué%%ia—rbin&i:@;{Tld&la@n}égﬁéﬂeAlTyr
LogRTod [ ASR Sy 10QROSIT0 e va] T 5y ey iy
N-Tgrmixsl GiadvAsaUspal'EY ang BepABEi” Thicontsinon@hvl
fil_f#:@n%‘%ir?%i%!ilzﬁsﬂﬁgognd é.\h%:;_ﬂ'hli. ;ﬁcmeﬁa&, A&g‘? ESIerT .
s {ey Sraely Bac i Thagh ity BRan "1V SRl
Uspa? IyS Alg Aeh Hing Aspipdm w9 @WalapAFQCL&J-y@%tﬁslﬁ-
In fact, fragments smaller than the N-terminal half of UspAl
(UspAl®?™*%y losses all its laminin binding ability whereas
with UspA2, only UspA2°°?” pound laminin albeit at a lower
level then the whole recombinant protein (Uspa23°7°3®). 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®"'’® and Uspa1®0-4%
(data not shown). This i1s not surprising as it is a known
fact that both proteins have a 'lollipop'-shaped glokular
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 localizatien 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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Complement re51stance is one of the most important

bacterial virulence factors.[66] The majority (89 %) of M.
catarrhalis isclates 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 bv 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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M. catarrhalls serum resistance in various in vivo
situations is difficult. For example, the importance of the
classical pathway will 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, B8]
In addition to M. catarrhalis, S. pyogenes, Bordetella
pertussis, E. coli K1, Candida albicans, and N. gonorrhoeae
express specific surface molecules that bind C4BP and as a
consequence protect the bacteria against the classical
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of PspA reduces the complement-mediated 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 fibrinocgen-binding protein (Efb) of
Staphylococcus aureus, which was found to bind C3b.[44] Efb
inhibits both the classical and alternative pathways
independently of the thiocester conformation, i.e., the
binding to C3b is non-covalent. The second example is the
pneumccoccal choline-binding protein (CbpA), which has been
shown to bind methylamine-treated C3, suggesting a non-
covalent interaction that is not dependent on complement
activation.{16] CbpA is a component of the pneumococcal cell
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affinity than iC3b and C34d.[29] We found a large difference
between C3 binding to M. catarrhalis and C. albicans (not
shown); despite that candida bound C3met (56 % positive
cells}, the mean 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
iz 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
[62, 641, a secreted C3d-binding protein from €. 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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medlg or pneumonla in animals. A mouse pulmonary clearance
model and an otitis media model with chinchilla has been
used at several occasions. However, neither otitis media nor
pneumonia develops and bacteria are rapidly cleared .[19,
83] It is thus difficult to test the biological significance
of bacterial C3 binding in vivo. Since UspAl and A2 are
multifunctional proteins {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 CEACAMI 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 is
such a common inhabiltant of the respiratory tract [73]. In
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054407 norca : - mor ca
fibronectin blndlng properties.

2. Peptide consisting of Sequence ID No. 3, or a
fragment, homologue, functional equivalent, derivative,
degenerate or hydroxylation, sulphonatlon or
glycosylation product or other secondary proce551ng
product thereof which retains fibronectin binding
properties.

3. Use of at least one peptlde according Lo any one
of claims 1 to 2 for the production of a medicament for
the treatment or prophylaxis of an infection caused by
Moraxella catarrhalis. _ | _

_ 4. Uség accordlng to claim 3, for the prophylaxis: or
gtreatment of OtltlS medla,-51nu81tls or lower resplratoryff
tract 1nfectlons

5. A ligand compr151ng a fibronectin binding domain,
sald ligand consisting of an aminc acid sequence selected
from the group consisting ofSequence ID No. Z, Sequence
ID No. 3, or a fragment, homologue, functional '
equivalent, derivative or hydroxylation,'sulphonation or
glycosylation product or other secondary processing -
~product thereof which retains fibronectin binding
properties. '

6. A fusion protein comprising one or more ligands

;according te claim 5.
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pharmaceutically acceptable adjuvants, vehicles,
excipients, binders, carriers, or preservatives.
8. A vaécine'comprising cone or more ligands
according to claim 5 or 6 and one or more
pharmaceutically acceptable adjuvants, vehicles,
exciplents, binders, carriers, or preservatives.

9. A use of a pharmaceutically effective amount of a-
medicament or a vaccine according to claim 7 or 8 for the
manufacture of a medicament for treating or preventing an
infection.caused by Moraxella catarrhalis in an
individual. ‘ ,
| 10. A nucleic acid seguence encoding a ligand
according to claim .5 or a peptide according to claim 1 or
2, as well as homologues, polymorphisms, fragments,

-'degenefates and splice variants thereof. |

11. A polypeptide or a polypeptide truncate

comprising af least one. of the conserved sequences of

';Sé@uendeiIE,Né.UQ, Sequénce.ID;No:ié,'or_a fragment,
homologue, functional equivaient;‘derivative or
hydroxylation, sulphonation or glycosylation product or
other secondary processing product thereof with the
ability of’bihding fibronectin.

12. A vaccine compesition comprising an effective
amount of UspAl and/or UspAZ in combination with an
effective amount of protein MID and cne cor more

~pharmaceutically acceptable adjuvants, vehicles,
iexcipients, binders, carriers, or preservatives.

13. Use of an effective amount of UspAl and/or UspAZ
in combination with an effective amcunt of protein MID
for the production of a medicament for the treatment or
prophylaxis of an infecticn caused by Moraxella

catarrhalis.
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SYSTEM
08806.0205

12/063,408
2008-02-08

PCT/SEO06/000931
2006-08-08

60/706,745
2005-08-10

60/707,148
2005-08-11

86

FatentIn Ver. 3.3
1

31

PRT

Moraxella catarrhalis

1

Asp Gln Lys Ala Asp Ile Asp Asn Asn Ile Asn Asn Ile Tyr Glu Leu

1

5 i0 15

Ala Gin Gln Gln Asp Gln His Ser Ser Asp Ile Lys Thr Leu Lys

<210>
<211>
<212>
<213>

<400>

2Q 25 30

2

154

PRT

Moraxella catarrhalis

2

Thr Gly Asn Gly Thr Val Ser Val Gly Lys Lys Gly Lys Glu Arg Gln

1

5 10 15

Ile Val His Val Gly Ala Gly Glu Ile Ser Asp Thr Ser Thr Asp Ala

20 25 30

Val Asn Gly Ser Gln Leu His Val Leu Ala Thr Val Val Ala Gln Asn

35 40 45

Lys Ala Asp Tle Lys Asp Leu Asp Asp Glu Val Gly Leu Leu Gly Glu

50 55 60



R

- g58xp4_norca 1- q8gh86_nvorca 91962 norca: : 214
forsqgren_uspa2 - q9xd55 norca - 0848e2 norca
:- g9xd53 _norca :- 848sl _norca: 300 991961 norca
292 g8rtb2_norca 144 91963 norca :49 054407_norca
:44 q9xd51 norca :44 g58xpd_norca :49 g8086_norca :42
q91962 norca: : 258 forsgren_uspa2 :36 g9xd55 norca
: 36 9848s2 norca : 42 q9xd53 norca : 42 q848sl _norca:
q84831 nmorca : 396 91961 nores: : 390 g8rtb2 norca
Glu Ile Asr;l-%gr Ct%;lrg@i%_@? Gau T1148 Q54404 dRr&sy aia 145 qud51
65 nores: 8xp4_norca: 75151 g8gl186_norgca: QUO :
116 91962 nores. VD : 326 foragren_uspa2 : 121
Ala Lys gOx @55 Averise I1<2¥sB48e2 Abe dar 4snl18d §Yx @358 _norca
127 84881 norca : 438 491961 norca : 432

Giy Leu Leu Asp Leu Ser Gly Arg Leu Leu Asp Gln Lys Ala Asp Tle
100 _ 105 110

Asp Asn Asn Ile Asn Asn Ile Tyr Glu Leu Ala Gln Gln GIn Asp Gln
115 120 125

His Ser Ser Asp Ile Lys Thr Leu Lys Asn Asn Val Glu Glu Gly Leu
130 135 140

Leu Asp Leu Ser Gly Arg Leu Ile Asp Gln
145 150

<210> 3

<211> 154

<212> PRT

<213> Moraxella catarrhalis

<400> 3
Lys Asp Ala Ile Ala Lys Asn Asn Glu Ser Ile Glu Asp Leu Tyr Asp
1 5 10 15

Phe Gly His Glu Val Ala Glu Ser Ile Gly Glu Ile His Ala His Asn
20 25 30

Glu Ala GIn Asn Glu Thr Leu Lys Gly Leu Ile Thr Asn Ser Ile Glu
35 40 45

Asn Thr Asn Asn Ile Thr Lys Asn Lys Ala Asp Iles Gln Ala Leu Glu
50 55 60

Asn Asn Val Val Glu Glu Leu Phe Asn Leu Ser Gly Arg Leu Ile Asp
65 70 75 80

Gln Lys Ala Asp Ile Asp Asn Asn Ile Asn Asn Ile Tyr Glu Leu Ala
85 90 95

Gln Gln Gln Asp Gln His Ser Ser Asp Ile Lys Thr Leu Lys Lys Asn
100 105 110

Val Glu Glu Gly Leu Leu Glu Leu Ser Asp His Ile Ile Asp Gln Lys
115 120 125

Thr Asp Ile Ala Gln Asn Gln Ala Asn Tle Gln Asp Leu Ala Thr Tyr
130 135 140

Asn Glu Leu Gln Asp Gln Tyr Ala Gln Lys
145 150



PCT/ SE2006/ 000931 084881 norca : 488 01961 norca
483 8 rtb2 norca: : 235 01963 norca : 240 054407
norca : 240 q9xd5l _norca : 240 g58xp4_norca : : 241
g8gh86 norca : 188 91962 norca: : 377 f or sg
ren_uspa2 : : 218 q9xd55_norca : 218 848 s 2_noroa:
» 228 q9xd53 norca : : 214 g848s1 norca : 515
091961 norca : 1 534 q8rtb2 norca .7 282 91963 _norca
210> 4 28/ 33 : 287 054407_norca : 242 q9xd51 norca. : 242
<211> 7258Xxp9_norca: : 288 q8gh86_norca: : 239 91962 norca:
<212> prT 428 forsgren_uspa2 : : 269 q9xd55 norca: : 269
<213> Mog84B82 qmyrrdalis 254 q9xd53 norca : 240 580600

<400> 4
Lys Val Gly Lys Ala Thr Asn Lys Ile Ser Gly Gly Asp Asn Asn Thr
1 5 10 i5

Ala Asn Gly Thr Tyr Leu Thr Ile Giy Gly Gly Asp Tyr Asn Lys Thr
20 25 30

Lys Gly Arg Tyr Ser Thr Ile Gly Gly Gly Leu Phe Asn Glu Ala Thr
35 40 45

Asn Glu Tyr Ser Thr Ile Gly Ser Gly Gly Tyr Asn Lys Ala Lys Gly
50 55 60

Arg Tyr Ser Thr Ile Gly Gly Gly Gly Tyr Asn Glu Rla Thr Asn Gln
65 70 75 80

Tyr Ser Thr Ile Gly Gly Gly Asp Asn Asn Thr Ala Lys Gly Arg Tyr
85 50 95

Ser Thr Tle Gly Gly Gly Gly Tyr Asn Glu Ala Thr Ile Glu Asn Ser
100 105 110

Thr Val Gly Gly Gly Gly Tyr Asn Gln Ala Lys Gly Arg Asn Ser Thr
115 120 125

Val Ala Gly Gly Tyr Asn Asn Glu Ala Thr Gly Thr Asp Ser Thr Tle
130 135 140

Ala Gly Gly Arg Lys Asn Gln Ala Thr Gly Lys Gly Ser Phe Ala Ala
145 150 155 160

Gly Ile Asp Asn Lys Ala Asn Ala Asp Asn Ala Val Ala Leu Gly Asn
165 170 175

Lys Asn Thr Tle Glu Gly Glu Asn Ser Val Ala Ile Gly Ser Asn Asn
180 185 190

Thr Val Lys Lys Gly Gln Gln Asn Val Phe Ile Leu Gly Ser Asn Thr
185 200 205

Asp Thr Thr Asn Ala Gin Asn Gly Ser Val Leu Leu Gly His Asn Thr
210 . 215 220

Ala Gly Lys Ala Ala Thr Tle Val Asn Ser Ala Glu Val Gly Gly Leu
225 230 235 240

Ser Leu Thr Gly Phe Ala Gly Ala Ser Lys Thr Gly Asn Gly Thr Val
245 250 255

Ser Val Gly Lys Lys Gly Lys Glu Arg Gln Ile Val His Val Gly Ala
260 265 270



Gly

His

Leu

305

Gly

Ile

Gly

Tle

Thr

385

L.eu

Ser

Gln

Thr

Ala

465

Ala

Lys

Gly

Thr

Asn

545

Ala

Glu

Val

290

Asp

Glu

Lys

Arg

Tyr

370

Leu

Tle

Asn

Lys

ASD

450

Lys

Asn

Lys

Ile

Asn

530

Thr

Asp

g8418s1 norca: : 558 91961 norca : 577 q8rtb2_norca
: 325 91963 norca : 330 054407 _norca 285 q9xd51
norca: : 285 g58xp4_norca: : 331 g8086_norca 290
091962 norca: : 479 foragren_uspa2 : 299 q9xd55
norca: : 299 848s2 norca: : 288 q9xd53 norca: : 279
620690660 (q848sl _norca : 576 91961 norca : 588
q8rtb2 norca : 343 91963 norca : 341 059407 norca
03 /3 9 : 5 p 349
gﬁbfﬁ%%a aﬂg 58 é?@ 55%@%& %gr%aag %orsgrep uspa2
» 301 q9xd55_n0rca : 301 q848s2 norca : 290
09xdb3 MBrea val2Z6a B80XL0Ly848dspnDrcays 25787
091961 norca 295689 q8rtb2_norcac: 366 q91963 norca

364 054407 norca : 304 q?del nor ca:
Asp Glu Val Gly Leu Leu Gly Glu Glu Ile Asn Ser Leu Glu

310 315 320

Ile Phe Asn Asn Gln Asp Ala Tle Ala Lys Asn Gln Ala Asp
325 330 335

Thr Leu Glu Ser Asn Val Glu Glu Gly Leu Leu Asp Leu Ser
340 345 350

Leu Leu Asp Gln Lys Ala Asp Ile Asp Asn Asn Ile Asn Asn
355 360 365

Glu Leu Ala Gin Gln Gln Asp Gln His Ser Ser Asp Ile Lys
375 380

Lys Asn Asn Val Glu Glu Gly Leu Leu Asp Leu Ser Gly Arg
320 395 400

Asp Gln Lys Ala Asp Leu Thr Lys Asp Ile Lys Ala Leu Glu
405 410 415

Val Glu Glu Glv Leu Leu Asp Leu Ser Gly Arg Leu Ile Asp
420 425 430

Ala Asp Tle Ala Lys Asn Gln Ala Asp Ile Ala Gln Asn Gln
435 440 445

Ile Gln Asp Leu Ala Ala Tyr Asn Glu Leu Gln Asp Ala Tyr
455 460

Gln Gln Thr Glu Ala Ile Asp Ala Leu Asn Lys Ala Ser Ser
470 475 480

Thr Asp Arg Ile Ala Thr Ala Glu Leu Gly Ile Ala Glu Asn
485 490 495

Asp Ala Gln Ile Ala Lys Ala Gln Ala Asn Glu Asn Lys Asp
500 ' 505 510

Ala Lys Asn Gln Ala Asp Tle Gln Leu His Asp Lys Lys Ile
515 520 525

Leu Gly Ile Leu His Ser Met Val Ala Arg Ala Val Gly Asn
535 540

Gln Gly Val Ala Thr Asn Lys Ala Asp Ile Ala Lys Asn Gln
550 555 560

Ile Ala Asn Asn Ile Lys Asn Tle Tyr Glu Leu Ala Gln Gln
565 570 575



: 354 g58xp9_norca : 350 g8086_norca : : 363
991962 norca : 581 forsgren_uspa2 : 326 q9xd55 norca
326 89882 norca : 312 q9xd53 norca: : 319 SItQWAc
LI 17MNELODQ 41g GLLELSOLI EDQKAD 1LI OLSAE 9D DQKA
720790760 (q848sl1l norca : 615 91961 norca : 627
g8rtb2 norca : 417 91963 norca : 915 054407 norca
310 g9xd5l _norca : 405 g58xp4_norca 30/33 : 388
86.norca,. . 6 2.0 : or, r.en_uspa2
cin ase OO e A e AS B b i = kg e
g9xd53 norca : 362 780800 (84821 norca : 666
la Asn (RA964 Ararca: alHAFs g8l tH2 andXGieanla 468 ~g91863 norca
59466 - 054407 _noieé a : 358 q9xd5¥Csnorca : 456

58xp4_norca: : 439 8086 _norc a . 457
Phe Glu Thr Leu Thr Lys &sn Gln Asn ThrY Leu Ile Glu Gln Gly Glu

610 615 620

Ala Leu Val Glu Gin Asn Lys Ala Ile Asn Gln Glu Leu Glu Gly Phe
625 630 635 640

Ala Ala His Ala Asp Val Gln Asp Lys GIn Ile Leu Gln Asn Gln Ala
645 650 655

Asp Ile Thr Thr Asn Lvs Thr Ala Tle Glu Gln Asn Ile Asn Arg Thr
660 665 670

Val Ala Asn Gly Phe Glu Ile Glu Lys Asn Lys Ala Gly Ile Ala Thr
675 680 685

Asn Lys Gln Glu Leu Ile Leu Gln Asn Asp Arg Leu Asn Arg Ile Asn
690 685 700

Glu Thr Asn Asn His Gln Asp Gln Lys Ile Asp Gln Leu Gly Tyr Als
705 710 715 720

Leu

<210> 5

<211> 443

<212> PRT

«<213> Moraxella catarrhalis

<400> 5
Lys Val Gly Lys Ala Thr Asn Lys Ile Ser Gly Gly Asp Asn Asn Thr
1 5 10 15

Ala Asn Gly Thr Tyr Leu Thr Ile Gly Gly Gly Asp Tyr Asn Lys Thr
290 25 30

Lys Gly Arg Tyr Ser Thr Ile Gly Gly Gly Leu Phe Asn Glu Ala Thr
35 40 45

Asn Glu Tyr Ser Thr Ile Gly Ser Gly Gly Tyr Asn Lys Ala Lys Gly
50 55 60

Arg Tyr Ser Thr Ile Gly Gly Gly Gly Tyr Asn Glu Ala Thr Asn Gln
65 70 75 80

Tyr Ser Thr Ile Gly Gly Gly Asp Asn Asn Thr Ala Lys Gly Arg Tyr

Ser Thr Tle Gly Gly Gly Gly Tyr Asn Glu Ala Thr Ile Glu Asn Ser
100 105 110



e

Thr

vVal

Ala

145

Gly

Lys

Thr

Asp

Ala

225

Ser

Ser

Gly

His

Leu

305

Gly

Ile

Gly

Ile

Thr

385

Leu

Val

Ala

130

Gly

Ile

Asn

Val

Thr

210

Gly

Leu

Val

Glu

Val

220

Asp

Glu

Lys

Arg

Tyr

370

Leu

091962 norca : 683 f or s gren_uspa2 : 419 q9xd55
nmorca: : 419 848 s 2 norca: : 405 g9xd53 norca : 413
| QNI E DI A NELQ DAY KQOTEA | DALNNAS &EN TON

I AKNQADI ANNI N TONI EDI ELODAYAKQQTEAI DALNKAS

SENTOQNI AKNQADI ANNI' N

| QNI DDLAATNEL QDA- NQOTEAI DALNHASSENTONI AKNQADI ANNI' N
?QNI EDLAAYNEL QDAYM<QCY | Al DALNLIASCENTOQNI AKNOADI ANNI N |
). " NLAATNELQ DAYANOQTDA | DALNNASS: 3N
EﬁNbAKM@QDh&NNhNAbnGﬁE ELL A NEL CRAYAROSHr EAF DALNKAS
DEN T ON | AKNQADIANNI N 125

TONI ED12hAYNEL QDAYAL< EATDAI NKASSENTO\ TI AKNQADI Al N
RETER 1T 033 Ay SNEL S ARbegﬁlASBAS%ST%K tle

ENTO ANNQADI ANRY | N

Zﬂr%ﬁlé%g%%wé}@%ﬁ%%@% le ol NEOL1AKNIAOIT i NNI
N TOT MNELWAYAK 014A°1 1 SS TON 1 A:@\D NNI | 4
TONE DI A EL Q DAYAKQO EAl DALNKA55EI\ITQ\I TANN QA
BANBh ITNs TION  REDI2A2 ABr1AZDAYAKEDRIEM e DALNKASS ENTQN
TAKNQADIEANN | N TQN | EDLJAAWNE5QDAYANDQTEAF5

DAL NKASSENI DI A 717

q91 éj(ﬂﬁr%éwG{ 8 Ht%ﬁanvrégy_gQT%ﬁnéﬁ 1963
morca: 1 517 054407 norca : 409 q9xd5 1 morca : 507
a58%xp4_dy & GAcLn 490 WBINGS 1IMDEuasLy 5e:588n 1B/ 33
g&lo62 norca : 734cforsgren_uspacs @ 470

g9xd55 norca : 470 q848s2 norca : 456 q9xd53 norca:
158 AsNIATAGADDMSS I K TIEAKASAART DR AKKKADAPAS FETL TKNONTL
NI T AQQQDVED TLAKMSAANTDRI AKNI%&@)CDASFETLI TNQNTL

S IAK KNQNTL
%@E#%%gﬂ%%s%% AKNHADA A%E %EET{ NONTL
Thr Giy Phe Ala Gly Ala Ser Lys Thr Gly Asn Gly Thr Val

245 250 255

Gly Lys Lys Gly Lys Glu Arg Gln Ile Val His Val Gly Ala
260 265 270

Ile Ser Asp Thr Ser Thr Asp Ala Val Asn Gly Ser Gln Leu
275 280 285

Leu Ala Thr Val val Ala Gln &sn Lys Ala Asp Ile Lys Asp
295 300

Asp Glu Val Gly Leu Leu Gly Glu Glu Ile Asn Ser Leu Glu
310 315 320

Tle Phe Asn Asn Gln Asp Ala Ile Ala Lys Asn Gln Ala Asp
325 330 335

Thr Leu Glu Ser Asn Val Glu Glu Gly Leu Leu Asp Leu Ser
340 345 350

Leu Leu Asp Gin Lys Ala Asp Ile Asp Asn Asn Ile Asn Asn
355 360 365

Glu Leu Ala Gln Glnn Gln Asp Gln His Ser Ser Asp Ile Lys
375 380

Lys Asn Asn Val Glu Glu Gly Leu Leu Asp Leu Ser Gly Arg
: 390 385 400

Ile Asp Gln Lys Ala Asp Leu Thr Lys Asp Ile Lys Ala Leu Glu

405 410 415



9 | EKDK?NDXLI TANKTAI DANKASADTKF; ATACA: TVNGNAI TKNAKSI T
LENDKEHDKLI TANKTAI DANKASADTKFAATADAI TKNGNAI TKNAKSI T
TEKDK HDKLI TANKTAI C | XASADTKFAATADAI TKNGNA 11{ NAKSI T

| EKDKEHDKLI TANETAI DANKASADTKFAATADAI TKNGNAI TKNAKSI T

| EKDE DELI TANKT | DANKASADTKPAATADAI TXNGNAI TKNAKSI T

| EKI TEENDKLI TANNTA DANKASADTKFAATADAI TKNGNAI TKNAKSI T

| EKDKEHDKLI TANKTAI DMASADTXTAATADAI TRNG | TKNAKSI T

| EKDKEHDKLI TANKTAI DAN SADTKFAATADAI TKNGNA N {SI T

ser nAsn VAKDERERDELY T TANKT ALDANKASADKEFAAT ARA THKNGNARTRNARSI T

t EKBKERDKLI TANKTAI DA SDADTKFAAI ADAMIKNGNAI TKNAKSI T
| EKDCEEDKLI TANKAI DANKAS?k DTKFAI TADAI TKNGNAI Tl ( NAKS. r T

Gln Lys PEKPIXEHBKIIETANKTAL DRASADTKEAATPDAI TKRGNAI TKNAKSI T

<210> 6 -
<211>
<212>
<213>

<400> &

Gln
1

Lys I

Leu

Glu

Asn

65

Lys

Leu

Gln

Gly

Ser

145

Gly

Leu

Ala

Leu

Asn

Ala

Glu

Glu

50

Gln

Asn

Gln

Asn

Fhe

130

Ile

Glu

Ile

Asp

Ser

210

Asn

Fﬁ?(rAgANANKTAIDéﬁ%SADTKFAATADAI GNAI TK KSI' T
g640s1 norca: : 812 91961 norca: . 824 q8rtb2 norca
621 91963 norca: 1 619 b4407norca: : 511

5109xd51 _norca : 609 g58xp4 norca: : 585 q8gh86 norca :
PrRB03 (91962 norca: : 029 forsgren_uspa2 32/33
Mopg848st qwped2iB863 91961 norca : 875 q8rth2 maned : 672

91963 norca : 670 054407 norca : 562 q9xd51_norca : 660

?ssﬁgﬁﬂggrﬁaé fl?rSQeg(@_bﬁgsanegg%réalsyf}: Leu Tle Lys
5 10 15

Asp GIln Asn Glu Leu Glu Ala Asp Ile Gly Asp Ile Thr Ala
20 25 30

Lys Tyr Leu Ala Leu Ser Gln Tyr Gly Asn Ile Leu Ala Leu
35 40 45

Leu Asn Lys Ala Teu Glu Glu Leu Asp Glu Asp Val Gly Trp
55 60

Asn Asp Tle Ala Asn Leu Glu Asp Asp Val Glu Thr Leu Thx
70 75 80

Gln Asn Ala Phe Ala Glu Gln Gly Glu Ala Ile Lys Glu Asp
85 a0 95

Gly TLeu Ala Asp Phe Val Glu Gly Gln Glu Gly Lys Ile Leu
100 105 110

Glu Thr Ser Tle Lys Lys Asn Thr Gln Arg Asn Leu Val Asn
115 120 125

Glu Tle Glu Lys Asn Lys Asp Ala Ile Ala Lys Asn Asn Glu
135 140

Gluy Asp Leu Tyr Asp Phe Gly His Glu val Ala Glu Ser Ile
150 155 160

Ile His Ala His Asn Glu Ala Gln Asn Glu Thr Leu Lys Gly
165 170 175

Thr Zsn Ser Tle Glu Asn Thr Asn Asn Ile Thr Lys Asn Lys
180 185 190

Ile Gln Ala Leu Glu Asn Asn Val Val Glu Glu Leu Phe Asn
185 200 205

Gly Arg Leu Ile Asp Gln Lys Ala Asp Ile Asp Asn Asn Ile
215 220

Tle Tyr Glu Leu Ala Gln Gln Gln Asp Gin His Ser Ser Asp



091962 _norca :880 forsgren_uspa2 :616 q9xd55_norca
1616 9848s2 norca : 602 g9ad53 norca : 599 g848sl norca
991961 norca g8rtbh2 notto 991963 norca 054407 _norca
g9xd5l _norca g58xp4_norca g8gh86 _norca 91962 norca
forsgren uspa2 q9xd55_norca q848s2_norca q9xd53_norca

98010001020
e SCLEQPYSV TAAL GGYGSKSALL Al GAGYRVNENLAF?A@AAI NTSG
SGLT QFYSVGKENAT: TLGGYGS<SAY { Al GAGYRVNPNLPFTGM 1t Sr

Ile Lys PE-ERESVOKENAIAL CRAGSKBAGA, GRAGNRINL AFKAGAALKTSG
SGLFUYSVGKENATAAL GGYCSKSAVAI GAGYRVNENL AEKAGA
SA EFUYSVGKEI TAAI GGYGSKSAVGAGYNFKLARKAGAAI NTSG

Asp His S0 KOEYSVCKENATAALEEYESKEAVAF GASYRVINENL AFKAGAAI KTSG

Ile Gln Asp Leu Ala Thr Tyr Asn Glu Leu Gln Asp Gln Tyr Ala Gln
275 280 285

Lys Gln Thr Glu Ala Ile Asp Ala Leu Asn Lys Ala Ser Ser Glu Asn
290 295 300

Thr Gln Asn Ile Glu Asp Leu Ala Ala Tyr Asn Glu Leu Gln Asp Ala
305 310 315 320

Tyr Ala Lys Gln Gln Thr Glu Ala Tle Asp Ala Leu Asn Lys Ala Ser
325 330 335

Ser Glu Asn Thr Gln Asn Ile Glu Asp Leu Ala Ala Tyr Asn Glu Leu
340 345 350

Gln Asp Ala Tyr Ala Lys Gln Giln Ala Glu Ala Ile Asp Ala Leu Asn
355 360 365

Lys Ala Ser Ser Glu Asn Thr Gln Asn Ile Ala Lys Asn Gln Ala Asp
370 375 380

Ile Ala Asn Asn Ile Thr Asn Ile Tyr Glu Leu Ala Gln Gln Gln Asp
385 390 385 400

Lys His Arg Ser Asp Ile Lys Thr Leu Ala Lys Thr Ser Ala Ala Asn
405 410 415

Thr Asp Arg Ile Ala Lys Asn Lys Ala Asp Asp Asp Ala Ser Phe Glu
420 425 430

Thr Leu Thr Lys Asn Gln Asn Thr Leu Ile Glu Lys Asp Lys Glu His
435 440 445

Asp Lys Leu Ile Thr Ala Asn Lys Thr Ala Ile Asp Ala Asn Lys Ala
450 455 460

Ser Ala Asp Thr Lys Phe Ala Ala Thr Ala Asp Ala Phe Thr Lys Asn
465 470 475 480

Gly Asn Ala Ile Thr Lys Asn Ala Lys Ser Ile Thr Asp Leu Giy Thr
485 490 ) 495

Lys Val Asp Gly Phe Asp Ser Arg Val Thr Ala Leu Asp Thr
500 505 510

<Z210> 7
<211l> 322
<212> PRT



SGLFOPYSVG ENATAALGGYGSKS' VATGAGYEVNEKLACKAGAAI NTSG
EGLEM SVGKENATGGYGSKSAVAI GAGERVNEVI AGAAI KI SG
3GLFUYSVGKENATAALGG GSKSAVAI GAGYRVNENLAKKAGAAI NTSG
SGLEOFFSVGKENATAAL GG GSKSvi M GAGYNPNLAFKAGAAI NTSG
9CGLI BYSVGNEWATAGGYGSKSAVAI CAGYRVMPNLAFKAGAAI NaSG
5G1, 102YSVGKENATGE CSKSAVAI GAGYEFKLAFKAGAI El NTeG
SA TOPYSVGKENATAAI G3 GSKSA5 GAGYRVN2NLAFKAGAAI NI EG

<213> Moia@x@ilgsc%tg§r§1ai§s84 1576 1674

<400> 7
Gln Ala Lys Asn Bsp TIle Thr Leu Glu Asp Leu Prc Tyr Leu Ile Lys
i 5 10 15

Lys Ile Asp Gln Asn Glu Leu Glu Ala Asp Ile Gly Asp Ile Thr Ala
20 25 30

Leu Glu Lys Tyr Leu Ala Leu Ser Gln Tyr Gly Asn Ile Leu Ala Leu
35 40 45

Glu Glu Leu Asn Lys Ala Leu Glu Glu Leu Asp Glu Asp Val Gly Trp
50 55 60

Asn Gln Asn Asp Tle RAla Asn Leu Glu Asp Asp Val Glu Thr Leu Thr
65h 70 75 80

Lys Asn Gln Asn Ala Phe Ala Glu Gln Gly Glu Ala Ile Lys Glu Asp
85 90 95

Leu Gln Gly Leu Ala Asp Phe Val Glu Gly Gln Glu Gly Lys Ile Leu
100 105 110

Gln Asn Glu Thr Ser Ile Lvys Lys Asn Thr Gln Arg Asn Leu Val Asn
115 120 125

Gly Phe Glu Ile Glu Lys Asn Lys Asp Ala Tle Ala Lys Asn Asn Glu
130 135 140

Ser Ile Glu Asp Leu Tyr Asp Phe Gly His Glu Val Ala Glu Ser Ile
145 150 155 ) 160

Gly Glu Ile His Ala His Asn Glu Ala Gln Asn Glu Thr Leu Lys Gly
165 170 175

Leu Ile Thr Asn Ser Tle Glu Asn Thr Asn Asn Ile Thr Lys Asn Lys
180 185 196

Ala Asp Ile Gln Ala Leu Glu Asn Asn Val Val Glu Glu Leu Phe Asn
195 200 205

Leu Ser Gly Arg Leu Ile Asp Gln Lys Ala Asp Ile Asp Asn Asn Ile
210 215 220

Asn Asn Ile Tyr Glu Leu Ala Gln Gln Gln Asp Gln His Ser Ser Asp
225 230 235 240

Ile Lys Thr Leu Lys Lys Asn Val Glu Glu Gly Leu Leu Glu Leu Ser
245 250 255

Asp His TIle TIle Asp Gln Lys Thr Asp Ile Ala Gln Asn Gln Ala Asn
260 265 270

Ile Gln Asp Leu Ala Thr Tyr Asn Glu Leu Gln Asp Gln Tyr Ala Gln
275 280 285



: 650 ;668 :894 :630 :630 :616 :613 NKKGSYNI GVNYEF
NKKGSYNI GVNYEE ElI KKGSYNI GVOYEF 'NKKGSYNI GVNYEF
NKKGSYNI GVNYES UKKGSYNI GVNYEE NKKGSYNI GVNYEF
NKKGSYNI GVNYEF NKKGSYNI GVNEEF NKKGSYNI GVNYEE
NKKGSYNI GYEI vVEF OKKGSYNI GVNYEF NKKGSYKI GYNYEK  Fi g.
21 %identity in regions identified on Forsgren
sequence 30-177 |lam nin binding 165418 fi bronectin

o s ST g [ g sigtag e 1

99I963_n0rca 10 23 68 054407_n0rca 10 17 53
Thr Gln @GOXdADE omorgs 140 219 66 ga8xpd crorea chDad 15
305 08gh86_nor&ia 18 315 320

Tyr Ala

<210> 8

<211> 148

<212> PRT

<213>» Moraxella catarrhalis

<400> 8
Gln Ala Lys Asn Asp Ile Thr Leu Glu Asp Leu Pro Tyr Leu Ile Lys
1 5 10 15

ILyg Ile Asp Gln Asn Glu Leu Glu Ala Asp Ile Gly Asp Ile Thr Ala
20 25 30

Leu Glu Lys Tyr Leu Ala Leu Ser Gln Tyr Gly Asn TIle Leu Ala Leu
35 40 45

Glu Glu Leu Asn Lys Ala Leu Glu Glu Leu Asp Glu Asp Val Gly Trp
50 5% 60

Asn Gln Asn Asp Ile Ala Asn Leu Glu Asp Asp Val Glu Thr Leu Thr
65 70 75 80

Lys Asn Gln Asn Ala Phe Ala Glu Gln Gly Glu Ala Ile Lys Glu Asp
85 90 95

Leu Gln Gly Leu Ala Asp Phe Val Giu Gly Gln Glu Gly Lys Ile Leu
100 105 110

Gln Asn Glu Thr Ser Ile Lys Lys Asn Thr Gin Arg Asn Leu Val Asn
115 120 125

Gly Phe Glu Ile Glu Lys Asn Lys Asp Ala Ile Ala Lys Asn Asn Glu
13¢ 135 140

Ser Ile Glu Asp
14%

<210> 9

<211> 340

<212> PRT

<213> Moraxella catarrhalis

<400> 9
Asn Glu Thr Leu Lys Gly Leu Ile Thr Asn Ser Ile Glu Asn Thr Asn
il 5 10 15

Asn Ile Thr Lys Asn Lys Ala Asp Ile Gln Ala ILeu Glu Asn Asn Val

10



43 69 991962 norca 9 36 64 g9xd55 norca 99 98 96
g848s2 norca 35 54 74 g9xd53 norca 29 52 64

20 25 30

Val Glu Glu Leu Phe Asn Leu Ser Gly Arg Leu Ile Asp Gln Lys Ala
35 40 45

Asp Ile Asp Asn Asn Ile Asn Asn Ile Tyr Glu Leu Ala Gln Gln Gln
50 55 60

Asp Gln His Ser Ser Asp Ile Lys Thr Leu Lys Lys Asn Val Glu Glu
65 70 : 75 80

Gly Leu Leu Glu Leu Ser Asp His Ile Ile Asp Gln Lys Thr Asp Ile
85 90 95

Ala Gln Asn Gln Ala Asn Ile Gln 2sp Leu Ala Thr Tyr Asn Glu Leu
100 105 110

Gln Asp Gln Tyr Ala Gln Lys Gln Thr Glu Ala Ile Asp Ala Leu Asn
115 120 125

Lys Ala Ser Ser Glu Asn Thr Gln Asn Ile Glu Asp Leu Ala Ala Tyr
130 135 140

Asn Glu Leu Gln Asp Ala Tyr Ala Lys Gln Gln Thr Glu Ala Ile Asp
14% 150 155 160

Ala Leu Asn Lys Ala Ser Ser Glu Asn Thr Gln Asn Ile Glu Asp Leu
165 170 175

Ala Ala Tyr Asn Glu Leu Gin Asp Ala Tyr Ala Lys Gln Gln Ala Glu
180 185 190

Ala Ile Asp Ala Leu Asn Lys Ala Ser Ser Glu Asn Thr Gln Asn Ile
195 200 205

Ala Lys Asn Gln Ala Asp Ile Ala Asn Asn Ile Thr Asn Ile Tyr Glu
210 215 220

Leu Ala Gln Gln Gln Asp Lys His Arg Ser Asp Ile Lys Thr Leu Ala
225 230 235 240

Lys Thr Ser Ala Ala Asn Thr Asp Arg Ile Ala Lys Asn Lys Ala Asp
245 250 255

Asp Asp Ala Ser Phe Glu Thr Ieu Thr Lys Asn Gln Asn Thr Leu Ile
260 265 270

Glu Lys Rsp Lvys Glu His Asp Lys Leu Ile Thr Ala Asn Lys Thr Ala
275 280 285

Ile Asp Ala Asn Lys Ala Ser Alas Asp Thr Lys Phe Ala Ala Thr Ala
290 295 300

Asp Ala Phe Thr Lys Asn Gly Asn Ala Ile Thr Lys Asn Ala Lys Ser
305 310 315 320

Ile Thr Asp Leu Gly Thr Lys Val Asp Gly Phe Asp Ser Arg Val Thr

11



Ala

Leu Asp Thr
3490

<Z210> 10
<211> 157
<212> PRT
<213> Moraxella

<400> 10

Ile

1

Lys

Thr

Tyr

Ser

65

Gln

Lys

Ile

Lvys

Thr
345

Gln Asp Leu
Gln Thr Glu
20

Gln Asn Ile
35

Ala Lys Gln
50

Glu Asn Thr

Asp Ala Tyr

Ala Ser Ser

100

Ala Asn Asn
115

His Arg Ser
130

hsp Arg Ile

325

catarrhalis

Ala

Ala

Glu

Gln

Gln

Ala

85

Glu

Tle

Asp

Ala

Thr

Ile

Asp

Thr

Asn

70

Lys

Asn

Thr

Ile

Lys
150

Tyr

Asp

Leu

Glu

55

Ile

Gln

Thr

Asn

Lys

135

Asn

Asn

Ala

Ala

40

Ala

Glu

Gln

Gln

Ile

120

Thr

Lys

Glu

Leu

25

Ala

Ile

Asp

Ala

Asn

105

Tyr

Leu

Ala

330

Leu

10

Asn

Tyr

Asp

Leu

Glu

90

Ile

Glu

Ala

Asp

Gln

Lys

Asn

Ala

Ala

75

Ala

Ala

Leu

Lys

Asp
155

12

Asp

Ala

Glu

Leu

60

Ala

Tie

Lys

Ala

Thr

140

Asp

Gln

Ser

Leu

45

Asn

Tyr

Asp

Asn

Gin

125

Ser

Ala

Tyr

Ser

30

Gln

Lys

Asn

Ala

Gln

110

Gln

Ala

335

Ala

15

Glu

ASD

Ala

Glu

Leu

95

Ala

Gln

Ala

Gln

Asn

Ala

Ser

Leu

80

Asn

Asp

Asp

Asn



