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WD 2007/ 018463 PCT/ SE2006/ 000931 1 | NTERACTI ON OF

MORAXELLA CATARRHALIS W TH EPI THELI AL  CELLS,

EXTRACELLULAR MATRI X PROTEI NS AND THE COVPLEMENT
wovgIENg4sechni cal field of the invention ThePPESBEENG 000931

invention relates to Mrraxella catarrhalis and their

ability to interact with epithelial cells via 5

extracellular matrix proteins such as fibronectin and

lam nin, and also to their ability to inhibit the

conpl ement -system The infleraction with these

extracel lular proteins is wuseful in the preparation
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aureus and Streptococcd¥spydgenes possess
fibronectin binding proteins (FnBP) with rel ated
sequence organi zation. These FnBP are known as
M crobial Surface 15 Conponents Recogni zi ng Adhesive
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Thd2%:088R+: Ofhd RBLMLE! structure of fibronectin forming
extended tandem beta-zippers in its binding to
fibronectin. [27, 39, 47, 73] The function is to mediate
bacterial adhesion and invasion of host cells.

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

Furthermore, M. catarrhalis is also a common cause of
sinusitis and lower respiratory tract infections in adults
with chronic okstructive pulmonary disease (COPD). [74] The
success of this species in patients with COPD is probably
related in part to its large repertoirs of adhesins.
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menbrane proteins and their interactions with the
host.[6, 48, 56] Some of these outer nenbrane

human
proteins appear to have adhesive functions including
- vaooiigetsdest hers, 5 M catarrhalis |1 gD bi ndi ngcprsatesmess1

(MD, also designated Hag), protein CD, M
catarrhalis adherence protein (MaP) and the

ubi qui tous surfac-e proteins (Usp).[1, 22, 33, 48,
61, 81, 84] Summary of the invention 10 In view of
the fact that M catarrhalizs has been found to be
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a ¢ l 3
%ﬂrﬁﬁﬁeﬁbﬁéﬂ?ﬁ’ i aeadrth SRRLR A m%,«ﬁﬁavﬁef
e&rrabt to showthat both UspAl and A2 bi nd

Sinirfargne€t £ime andrdnaitoni n. Furt hernore, the i nvent ors
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Pseydonpnas . ag}ugl nosa That binds to
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CHEtS i o8P SRR et £28, S5k S FRERS S GRS M

CaF%ﬁéﬁllﬁ canaheedefelidpedhacteria in infected mce.
[ 7% F&m@nma@@t dduRcat ed-UspA i AZ R E{?&%&%‘S t oget her

T S Sopesanic
to:;how that both UspAl and A2 bind fibronectin and laminin.
Furthermore, the inventors have been able to show that M,
catarrhalis interfere with the classical pathway of the
complement system, and also to elucidate in which way they
interfere.

Many bacteria adhere to epithelial cells via fibro-
nectin binding MSCRAMMS. [54, 77] Pseudomcnas deruginosa has
8 FnBP that binds to cellular associlated fibronectin on
nasal epithelial cells.[69] Blocking the bacteria-
fibronectin protein interactions may help the host tissue to
overcome the infection. In fact, it has been shown that
antibodies agaipst a 5. aureus FnBP resulted in rapid
Clearance of the bacteria in infected mice.[71]

Recombinant truncated UspAl/A2 proteins together with
smaller fragments spanning the entire molecule have been
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tested according to the present invention for
fibronectin binding. Both UspAl and A2 bound
fibronectin and the fibronectin binding domains were
wououdoisasoe | ocated within UspAl291-952 andrCT/SE2006/600931

UspA2165- 31le These two truncated proteins both 5

i nhibited binding of M catarrhalis to Chang
conjunctival . epithelial cells to a sinmlar extent as
anti-fibronectin antibodies. The observati ons nade

show that both M catarrhagis UspAl and A2 are
ol.ved i n.the adherence ithelial cells via
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ineddde \WAtROGZAH1846@n PET/SL2Q064 0009 ant disease in the
airways such as S. aureus and P. aeruginosa amongst
others.[7, 63] The present inventors have been able t6 show
that M. catarrkhalis ubiquitous surface protein (Usp) Al and
A2 also bind to laminin. Laminin binding domains of Uspal
and A2 were, amongst others, found within the N-terminal
halves of Uspal®®™*®*! and Uspa2’2%!', These domains are also
containing the fibronectin binding domains. However, the
smallest fragments that bound fibronectin, UspA12?%-452 zp4
Uspa2'®™8 did not bind laminin to any appreciable extent.
Fragments smaller than the N-terminal half of UspAl (Uspal5®-
1) lose all its laminin binding ability, whereas with
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4 UspA2, only UspA230-110 bound lamnin albeit at a
| oner | evel . than the whol e reconbi nant protein
(UspA230-539). These findings suggest that different

wbid718ks t he nol ecul e mi ght have different pCT/SE2006/000931

functional roles. UspAl 50-77 was al so found to 5 have-
‘lam nin binding properties. Conparing the small est
| am ni n binding regions of UspAl and A2, we find
that there is, however, little simlarity by way of
amno acid horml ogy betvveey UspA23-17 and UspAl50-991 -
(data not sho npt, s ing a
UsRows ™o PRBE? That HOUEA SrBREERRIE Be & darer fefel
than alté mpleshacp@dalgia@bupawteifeawsyﬂﬁuc? Ur e THESHi t e

fl%??%ﬁ%g F§5¥§§2ﬂﬁéﬁkﬂyﬂfﬁ¥ehﬁ bty Ne Eﬁéﬂ&dmﬂcule might

1 The bi.ol ogi cal Gd-tMe. Si t . M
ha\gs g er 2Dt ahdnC UFAS3 g ¢% gugges 2 a HOLE to

hapotientindh bamdim@tgesaptegtbes 15 i ncl uded | n a vacci ne

agal E’(Li‘ ?h’h catlardalies: férﬁﬂlry,blhaengnﬁ@ﬁtdmrssolﬂampm
st udi &d t he

I nteraction, tween M ¢
anq|fquitoddneut Fak & Bt éFh A=A ﬁé%‘gﬂ dg?%%l%rlt% by
way Mlineispshein! ko lvgye b bueeh (HwR2 MA qﬁ?&lll s
(adid %{ JrelaSwid t hrihe l%o%heﬁﬁfﬁrﬁi&beﬁb Jhei 2@ known

t t t t
e eLen o ot of 1hey L Slbges allage e

he@ttitwaictoneofiespitis reydnanerbadi¥ éd&néa@éa‘dé befh N

re QA rplaggggs;ggl ojpon the bacterial surface
r esual tin dhaek

e
corﬁ?lee?lBFo‘éb‘é%{‘lfaftc(%&ﬁeo?l?%s ‘bat oggnp ol | owegdby
usiZe Bridgecyt esgsesisb asspptentlat AR ABEeS i Y&t ant
m&ﬂfﬂ%’c@%n% vRESL £ %S;dlﬁs@M \/\B&E&rm&msesent in the

RO BDUF M st T o R T Bosae o Gty S ay

bewamue, alcart@réhaél%mlbéﬂ%ﬁ%s %‘E:’ffaé%esBroF%”ﬁé”cé‘ﬁﬁoﬁz

and 11He Q%E‘é@%%ﬁh@n&'s’:}ﬁﬁleﬁlal andl egdden Fandd36hat ther nati ve

com a
Ca%ﬁ%&ﬁ Et%ﬁfﬁj\:/\%s @%ﬁf@ Pgng&%%?&de 5 i £ gg?m ThIeoop
corfrlrentehnd sasa@guwmw@ﬂ Ebei ALpalt MidPs Fhd ¥4l so
def&cfeo%t%ﬂﬁgeuﬁwhoq?&ﬂd/ at.edobygaMalsentindt daichmeritonopt

th i in| e
S I e R R

bagreasadceusfaan TeteiHal LRi Be¥farion of the membia ne

attack complex or opsonization of the pathogen followed by
phagocytosis. {85, 86] One of the most important complement
proteins is C3, which is present in the circulation in a
concentration similar to some immunoglobulins (1-1.2 mg/ml}).
¢3 does not only play a crucial role as an opsonin, but also
is the common link between the classical, lectin and
alternative pathways of the complement activation. The
alternative pathway functions as amplification loop for the
classical and lectin pathways and can also be spontaneously
activated by covalent attachment of C3 to the surface of a
microbe in the absence of complement inhibitors. C3
deposition requires the presence of an internal thioestex
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WO 2007/ 018463 PCT/ SE2006/ 000931 5 bond, forned in
the native protein by the proximty of a sulfhydryl
group (Cys1010) and a gl utanyl carbonyl (d n1012) on
w080 7%03s4¢3 chai n. [ 76] Proteol ytic cl eavage of PETL/SE2006/000931
77-residue peptide fromthe amno termnus of the C3
a-chain generates 5 C3a (anaphyl at oxi n) and C3b.
Attachnent of C3b is then acconplished through a
coval ent |ink between the carbonyl group of the
nmet ast abl e thi oester and efther -NH2 or -OH groups
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important vaccine 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.
catarrhallis nasopharyngeal isolates from young children with
otitis media, uspAl and uspA2 genes were detected in 107 (99
%) and 108 (100 %) of the isolates, respectively. Twenty-
one percent were identified as having the hybrid variant
gene uspAZH.[50] Moreover, it 1ls known that naturally
acquired antibedies to UspAl and A2 are bactericidal.[15]
Several functions have been attributed to the UspA
family of proteins. UspAl expression is essential for the
attachment of M. catarrhalis to Chang conjunctival epithe-
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extracellular matrix

35 attachnment of M. catarrhalis to Chang conjunctival
epithe 6 lial cells and Hep-2 | aryngeal epithelial
cells.[43, 49] In a nofe recent study, UspAl was
shown to bind carci noem bryonic antigen related cel
adhesi on nolecul es (CEACAM) expressed in the |ung
epithelial cell line A549.[311 5 Purified UspAl has
al so been shown to bind fibronectin in dot bl ot
experinments while purified UpA2 did not.[49] Both

: EAI and A2 may pl ay |npoﬁiant roles for M
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enbodi ﬁgn% FReTEES, provided a peptide
ha%%gjﬂé@q@m@emammofom learigifr eagiemotind within the

amlno acid residues mentioned above Binding assays with

"recomblnant proteins revealed that the major binding regions

.were localized in the N-terminal parts, where both proteins

form a globular head.
Bacterial factors mediating adherence to tissue and

ECM) components are grouped together '
in a single family named “microbial surface components
recognizing adhesive matrix molecules” (MSCRAMMS). Since
UspAl/A2both bind fibronectin and lamlnin, these proteins

can be designated MSCRAMMS.
Accerding to one embodlment, there is provided

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



35 honol ogues, functional equivalents, derivatives,

degenerate 7 or hydroxylation, sul phonation or

gl ycosyl ation products and other secondary

processi ng products thereof. According to another

enbodi nent, there is provided a peptide having

sequence I D no. 2, and fragnents, honol ogues,

functional equival ents, derivatives, degenerate or:

hydr oxyl ati on, sul phonati on or glycosyl ation products

and other. secondary processing products thereof. -
, According to one aspect, there is rqvidedﬁg $§P%5ge
or heOR&Qkihgn of s\SehoeatEon DINGLY20SHYaE OFr RGRENT,
Othehogoéo%ggg p 4Gl apabr afdireatesteotleri vative or
- ﬁyd?oxy ation, sul phonation or glycosylation product

%ce&afﬁ?&gﬁ@mwr gmch@mg phodict theAr eof dy\,hi ch

retains tibronectin Rindin ropertie ccordi ng. t
is pgovifeRer BADGHH e 0f h%?‘g“?“gc? Sﬁow e, aé’dpéﬁ??%ent%'
homo'fl@?g‘ﬁef‘ﬂ, &@ﬁ@emsﬁai l@qm.vﬁ%nw,d c{e&@-@‘ﬁﬁﬂ%@r’s, d@g;@ﬁt Logues,

: ncti.onal _equi ent.s erivative egenera or
o AT REPons "SI BHGASE| Sh Sy LaEYT A BT DAt s
othegngecotdaely Beeoptting prodestsl fgeproduct s t her eof .

Accordi ng to another aspect, there is providedkg
Jepordeng consnst RRRCEE . $EGIENned PIYNGe32 BrPyde
f; f ; if uBcCt i I Lyal 1
on s o A e at Pon. T ERARE] onTBroTe
funcih yoos yHative hepr odirnti vt 1ve her hseenrdadryiopr ocessi ng
ct_ the J j et.aj i i Wplel
= T T Tor avotfer enaal nant. Thare i s
procprevia edodupe ptheeedfavibigh seemimse TEDravecin digding
f nts, honol ogues, functional: equivalents,
pro?&%?%%%tives, degenerate or hydroxyl ation,
swlcpBenatd ofb of fryhesyksbddimamtodtbese and ot her
secandar ' oduct sy her eef . _ Ag ' o
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homod BgueNC EunBt hona b, eandafl eabfe i, el eguessoenerate
i l,-e0ui, Yah&HS.on derfyvaddswastidegenstutte end
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othegnge BT YsBEBRAATY DrFdcessing products thereof. 7a

According to another aspect, there is provided a peptide

consisting of Seguence ID No. 3, or a fragment, homologue, .
functional equi%alent,rderivative or hydroxylation,
suiphonation or glycosylation product or other secondary

processing preduct thereof which retains fibronectin binding

properties.

According to another embodiment, thererisprpvided

‘2 peptide having. sequence ID no. 4/ andffragﬁén;s; tho1ogues,
fuﬁctibﬁalbeQuivaleﬁts, dari%atives[ degenerate ox hydrékylétion, |
sulphoﬁation or glycosylation products and other secondary processing
products ‘thersof.
‘ According to a further embodiment, there i?é peptide @aving
sequence ID no: 5, and fragments, homologues, functional eguivalents,
derivatives, rdegen{er'ate or hydrdxyl_ation, sulphonation or glycosylation
products and gther secondary processing products thereof.



According to a further enbodi nent, there is provided
a peptide having sequence ID No. 6, and fragnents,
honol ogues, functional equival ents, derivatives,
degenerate or hydroxyl ation, sul phonation or
gl ycosyl ati on products and other secondary
processi ng products thereof. According to another
enbodi ment, there is provided a peptide having
sequence ID No. 7, and fr ment s, honol ogues,
functional equivalents, derivatives, degenerate or
hydroxylation sul phonati on or gl ycosyl ati oh products
ot her se ary ocessing roducts t her.eqf .
AC?&&%& Pdi by 4 g?ﬁe?éb éinénFH ¥%e?633§§vp9§§|%e%ﬁg$lde
hawmagtsd@ueﬂunnﬂmgNseqaermmﬂIﬂad@men8$,ammmdhamyﬁents
£ ,h%nolo?ueﬁi Egn tlonal qHH%aIeQ q%th%E'Ves
UngEGSRaT at A P Ry ar ox T aL T on. SSul PRORAT i O OF |
hydgloygosylat, aulphodattsn and 1@mbeylsEDmndam¢ucts and
processi roduct s. t her eof C to anot her
Oth&%b%ﬁ %EQJ) e e Y é&sa%gég%gﬁe havi ng
sequence | D no. 9, and fragnments, honol ogues,
functional val e derivyatiye rate
Accﬁﬁgﬁ}&y ata}néaﬁ:lﬂer = g %inma% Iq:dn\{:%ere P o@ﬁcﬁ%{&% g pgﬂ;tlde
havﬁhgdﬂé@ﬂemﬂuiﬂm:mer 3ec&mmkﬁqagmpnoses@wmqﬁqmwgducts
Accordln t9 another enh t ere is
funﬁFé@P Id'3 peﬁﬁegeghag?rifiﬁiﬁﬁghce ? Egte 8Q
. hyd&bagmeni@n,iamhphogaESQn dnﬂﬂﬂMGDﬁaﬂaELRn\RﬂQ@MBSS and

derlvatl es ener at e hydr I on,
Ot@?ﬁl RisAAt oh P or gF?%%%y? |5%Sp?§§ﬁ %% and ot her

secondary proceSS|ng products thereof According to

' ther as there,is use epL
ACCOK %lng %ﬁg a oveuggHécF%' %H§§prg%ﬁ%?i§%¢€§ae
hawangedeqewnnﬁ ﬁhambheB tam@tfnaqmeotsprh@ﬂgﬂqymeﬁrof an
func@f 8%5 ci{ul%ra. | %bl de AL nfv%%t ! gg &?‘é’ﬁ?tde by M
arthaf n aftlc ar ‘Caude % carriage of M
catarrhalls on nucosal surf aces. Accordlng to anot her
aspect, there isa ligand conprising,a fibronectin
bi ndi ng dormain, said |ligand consisting of an am no
acid sequence selected fromthe group consisting of
Sequence I D No. 1, Sequence ID No. 2 and Sequence ID
No. 3, and fragnents, honol ogues, functional
-equi val ents, derivatives, degenerate or
hydroxylatlon sul phonati on or gl ycosyl ation products
and : -



"ot her secondary processing .products.thereof.
According to another aspect, there is_provided a
ligand conprising a fibronectin. binding domain, said
|l i gand consisting of an anmino acid sequence sel ect ed
fromthe group consisting of Sequence ID No. 2,
Sequence ID No. 3, or a fragnent, honol ogue,
functional equivalent, derivative or
hydr oxyl ati on, < sul phonati on or glycosylatlon product
or other secondary proc§SS|ng product thereof mhlch A
‘retains fibronectin binding properties. 8a ~The

or presexitladiion) oswirgrdnarttberoprydyicdes s ldnggRdduct s and

oth@@npédoadragyapmagyﬁ bb%%& sdenBid) - said Iigand
consi sting of an am no aci sequence ‘sel ected from

t hé%%ﬁ@%dﬁ%@éﬁhgro@m@wme EhErNoLs 4rboided
a pSetfléndevibgNeea8snandDf ragrferirs] Ih@mw@i}eﬁomologues,
surfuAchi onakyequbNal entes velerjaldes degener ate
lgﬁo&u Ybald:onay S ozt | 20 o STy EBe Tt ooy iation,

oL sth
and secon ary pro %rﬁﬁﬁﬁﬂéﬁéy
Pre¢reysion. PRadEHeT [heFReresent discl osure provides a

i g@edrdgwd elnr@eharcé%mwdl%mt bhadi ngs damiiRegsai d
PPl Ratdy ediISohy I8 0 f el S gREN S SRR
funrq@waalse@eew&enrﬁy NPT EY %rerﬁceeg% ?’Ef‘R%OIghmxylatwnr
suﬁﬂgﬂ@&eenl & Ny b8y 1 inichnf pagdecﬁts arfonit @ UeSondary '

. unct.i_onal derivatives, degenerate or 5
'pr%ﬁﬁ?éfflgf?d%ghy%kgﬁéﬁgtlon or glycosylatlon product s

ang, . pt-herg Ses endany rpresessi nhepeodeaaise blieatoleadin one peptide

~_anqther_aspect,-there.is provided _a fusion prote :
SCCGRbPR Y g GRS ABrects Gt o ESPaRg To ng. Apdyment forthe.

@éﬂg@@t or fpophirdaxiin ehottheénfaspeet,, prkdpeahbly an

inAcevbe e@g@elamgcm Bk + £8FA 1554, NEn gﬂﬁ't@kumf ecdigands
e ve aqu}t a? e Or nore

to_t C
cml%ﬁa?naceq¥ EEFF§I§8§éﬁtéb|e%$J vant s, vehi cl es, -
- exchgientisg hbndesshecaariests, tb?r%r%%er%%&ﬁ“@e§°mPﬁlSlng a
- fib¥eheddliQl M&d&ﬁ@e@cbmalmh@eﬁdl dipandictediatiagCoiean amino acid

r|S| ne. or re_lLigands acc Jhe-aboves. 1,
Seqﬁ§gg é¥§e A& B “Ror 859 rC %ﬁ% %glpyff§ gg{@.|ﬁ%mologuesr
Seqmmnuvahbsunvehaoﬂeseqﬂence N o _
functlonal equivalents, derivatives,

hydroxylation, ‘sulphonation or glyccsylation products and

degenerate or

other secondary processing products thereof.

Aecording to another aspect, there is provided a ligand
compr151ng a fibronectin blndlng domain, said llgand
consisting of an amino acid sequence selected from the group
consisting of Sequence ID No. 2, Sequence ID No. 3, or.a
fragment; homologue, functional equivalent, derivative or
hydroxylation,~sulphenation or glycosylation product or other
Secondaryrprocessing product thereof which retains fibronectin

binding properties.



exci pients, binders, carriers, or preservatives. The
present discl osure also prOV|des a net hod of -
treating or preventing an infection in an individual,

- preferably an infection caused'by M catarrhalis, in
particul ar caused by carriage of M catarrhalis on.
mucosal surfaces, conprisi$y adninistering a
pharmaceutically effective anount of a nedi canent or.
g;&&%ﬂsdggé%gﬁe@ shebelno- b 6l Ll 1agafher

here 1s provided the use
-Comprlﬁﬂﬂﬁrﬁak%ﬂﬁq%ﬂabﬂydémge%wmauﬁ¢aWﬁmﬂtltganﬁ redEcanerg ofr
an aml%@xV@;@laﬁqueace0$£ﬂ¢mtéd)ﬁﬂ@mvehasgmnﬁgscﬁﬁéléfﬁhg of Sequence
ID No. 'Hi'%l&;f @Q&&é:@cé’fzﬁ Needigcangat £ (anEEeaﬁdnﬂ% %ﬁes,

sunctsRreventing an i nf ect,i On.cause X rax
unetiqnad s PARGT TS0 1 rarf ST dGal . C99RT§8R “arth her aspect ,
hydroxitih¢rien) ssuirmwirded can pal ypepedydetodon aprqbictpeptdde
other ddcURGRLE HYAYLSINY p%dhs%tuféﬁ}@o@f the conserved
Fusr%%f%%m@ée Op‘ﬁrﬁ?see%%eﬁﬁgcl ?&Pe p?rov§%gge£]cfll D - 3, or

onal i val

comprigfds fafpver of Sy ot Tt | 8ﬂalr§uisﬁl’1§n \S &) or
gl ycosyl ation product. or other secondary processing
product thereof with the ability of binding:
fi-bronectin. 9a 1In a further aspect, there is
provi ded a vacci ne conposition'conprising an
effecti ve anount of UspAl and/or UspA2 in '
conbination wth an effective anmount of protein MD -
and one or nore pharmaceutically acceptable

- adj uvants, vehicles, excipients, binders, carriers,

or preservatives. In still a further aspect, there is
provi ded the use of- an effective anount of UspAl
and/ or UspA2 in conbination with an effective anount
of protein MD for the production of a nedi canent
for the treatnment or prophylaxis of an infection
caused by Mrraxella catarrhalis. Finally, in another
aspect, there is provided a nucleic acid sequence
encoding a l'igand, protein or peptide 'of the above
aspects, as well as honol ogues, pol ynorphi sns,
degenerates and splice variants thereof. Further
di scl osure of the objects, problens, solutions



and features of the present invention will be
apparent from the follow ng detail ed description of
the invention with 30 reference to the draw ngs and
" "the appended clains. The expression ligand as it is
used herein is intended to denote both the whole
nol ecul e which binds to the receptor and any, part
t hereof which includes the receptor binding domain
such that it retains the receptor binding WO
2007/ 018463 PCT/ SE2006/ 006931 10 property. Ligands.
cof JH%&E%'P@ §QLHQ§H09@E159§ éHCJNSQQEEQedﬁﬁPE%'¥%ea5§oup
al so included in the present iInvention. e
consdsitdagi RsSIFHIIFENLD Fonol oqirduerghctiPolial 6, Sequence
ID equi vakedt seqerder ivalo Vel elaalde firagmanit antisomologues,
- ewfBYLELEALEONS, £,300h0L; AL LOF (Lhe,pepLLdes and
' rotern fragments according_ to -t I'nvention which
hyqropyiiatipier desintedatipe oife GVieOSVART hPh, PTIURtSCaRBt

otHeirngkBgnds OP&Itdces sihdy hamlegye tabrbspA according to
the present invention 1is defined as a sequence

haviPngratheastberty, skgtrnte RIPYidERt Pt YIS Riplsd
on3288: £§0 orebeh 1L 2Nt according to the
Cc)pr'ege%? ?%%gﬂiﬁb%ligkg%%?$%éﬁ§%%Faﬁy%8fggﬁéﬂﬁﬁﬁbﬁéﬁﬁét-

Sequﬁﬁﬁﬁ&,mﬂﬁc£héﬁﬁ%r a%ﬁgegﬁtgﬁeﬁé:ﬁ%%ﬁQQQQeragﬁééécament
0 am no_acid the N-térnm nus and/ or.

5,..10, 15 2 at
U aRa? et Oro e e RdEYIBY L, AZ O N0 Fo 15 by anpRot
anda6hQSa@EmLR§;@ﬁ&ﬁﬁﬂ%ﬁ%%%aiﬁgea%é@b%§§l@ﬂ§dfﬁﬁ£ﬁ@§[atep"
- hh¥groxylathn, sulghonatlon and glycosylat|on .
VEIBFOtRct ST ORISR Er RELUHar FAPFOEESsi Ty Piisdvetives.
PR ot i B AL
T FoR 20° hHTeFF HAVETBen ar ot "Conps B0°TD TS
andophgi nal rpepiphdemerevpiatlein afocagirehle bydjuvants, vehicles,
‘ egenes ath Qe Ay drgxyt atd on,,. - sul phonation or
. g?ycﬁsylatioﬁ?%utea%¥%§£%b?§iﬁg#ﬁ%rgg 1Ved
- fiBPenetesent Hastnbsurd3los ERNEIdR RAhaGLHY RErti es.
 TreEienpr 85epteddIEN 3 ecial lLy 1 nfections
pre%%rgg segﬁb(.a f{\/brglye?ﬁaggg\?%_ﬁaﬁﬁg.anAlﬂgéY?%lr '
- aqcorgYn%nt%%.ﬁﬁ??oﬂr€§%ﬁ?dﬂﬁwéﬁtK@ﬁaéahabésushﬂ f or
parfpguipeatarerad oy cprophyd axd 91.0fcatbirkhs 1 FRMiAmucosal
SurShous) tdust JiOWEaRESUIAINY o phamacsutically

reffective amdunt of a medicament or vaccine as disclosed

herein.

Ip,still another aspect, theré is provided the use of a
tharmaceuﬁigally effective amount of a medicament or a vaccine
according to above aspects for the manufacture of a medicament
for treating or 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
nydroxylation, sulphonation or glycosylation product or other
seéohdary processing product thereof with the ability of

binding fibronectin.



30

tract infections. 30 Table 1: Miltiple alignnment of
full length UspAl protein sequences, . associ ated
identity percentages 0112E 035E 046E P44 TTA24 TTA37
V1171. ATCC25238 81 75 83 83 84 7 MB8 74 77 83 76
035E 72 74 83 046E 81 Vi® 2007/ 018463 .
PCT/ SE2006/ 000931 11 P44 81 75 77 TTA24 76 84
TTA37 78 Table 2: UspA2 Pileup Analysis - Strains
@ﬂdasﬁﬂﬂﬂﬁﬁeﬁsgégg e 3t 1 @rg€§d§& -Uggmgkeoééﬂﬁggltlon
MORCA 054407 035E Ubi qui tous surface 576 protein
comgr i STREVBE: @SS@WW%SW@Wl?HQéBAZUS}B@ 11’1~J ~
comd RREMBl0848R 1, &%ﬁ%sém(g@@t Ui Qg%t@yﬁ SHF fACLe 8470,
protein A2H TREMBL: (B48S2 4882 |1V1122 ,
mor@b@mﬁﬂtaé@sltsgai?ax e GEPtapret ed:numlts ’ TRENBL@:G—BG

= L%lq?%gge%ég g ISGG%E%%%%%Egg o Q9L962

10465 {USPA2H, 894 LEREVBL: 9L.953 VORCH: Eot an
%J-%‘EAZ l( Ubi qwléous (:?SE sur f ace pr ot ein A(%)&Lg@l?é QJJS% of an

NEL - SEFRB5 10 MORER 1QeRE8 21 VA 7712 Usp Agmbigygion with an

ef fdREMBL 3o u of a
i S P TR,

med IeIEEIE. GOXDEES NORGATEDRDS5 m@@z&zggswﬁpan mctlon

cau@@@]@rgg@fga L&Q%%rh@%@s 5 Accordingly, the present
: invention provides a i gand  isolated from Mraxella

caAtrathal il envehenedyraane phetei s paivebehas hamidiin
acid &mzbfu@mcfel bﬁ@@@:ﬁ:ﬁg i andkab, Grobidd| ng. peg’EE&@i& §8ld

bovd | peptide conprisin conS|st|ng
ZeC;ZSéra no ggl‘]’)d{ g gré%seci’% Y’P‘F%Jtsﬁ‘é gr oup

es and splice varlants thereof.

Further disclosure of the objects, problems, solutions
and features of the present invention will be apparent from
the following detailed description of the invention w1th
reference to the draw1ngs and the appended claims.

The expression 11gand ds 1t i1s used herein is intended
to denote both the whole molecule which binds to the
receptor and any part thereof which includes the receptor
blndlng domain such that it retains the receptor binding
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consisting of SEQID NO 1-10 which are derived from

the full-length Moraxella catarrhalis BCS5 UspAl &

UspA2 sequences $hown bel ow, or a fragnent,
whammlotgsse, functional equival ent, deri vat iR@E/SE2006/060931

degenerate or hydroxyl ati on, WO 2007/018463

PCT/ SE20061000931 12 sul phonation or gl ycosyl ati on

product or other secondary processing product

thereof. Full-length UspAl from Moraxella catarrhalis

strain BC5: 5 MKI YKVKKN AAGHLVACSE FAKGHTKKAV.

LGSLLI V@ L GVATTASACK, VGKATNK NTANGTY ¢
P QPR EEEDYRNKE RSP G5 R Gcg‘%%m ng
dorﬁﬁ@YSfb&l%\dN@ﬁN@ﬁ' BTl mapmwemkdamnt@en-
ShE e a e
ey RRAOAL R é§ ww%@?ft‘catlons
andANFAGKARS | ONWSdQE@mQSK‘CBm ANGRPSYERKReCoTding
to %%%R‘inlr}!l/k%%xﬁ%i&@@E&ﬁt{%&@&:g&mﬁiﬁ
LaméqaAp| KL M@é&’[}%? %@H’S&Aﬁg NNI N/ NI YE
LA@-@a@bﬁﬁg@l IO KININVE  EGORISGREC FIHDRADISTRD invention
s 'é&%%@ GRL! h DRKADI AKNQ2 ADI ANGERehbe
AAYNEL EA_| DALN ATAEL
CAENKKBRAC 21 E&%ENF( Hfgﬁ%x I%KI TNL
GI IBHSW@IMW@WE@@VAU CNKADI ARKREAR DI Iyakey 1s
SQ!ﬁIkA5¥§o AANIDORI AN c KABADASFET e

de
truLTK 6| Eﬁ'l\f} mg ?{g\% I(__]A ﬁgﬁg/ Yno acids at

Q
theEIN-EORNDRLIN mﬂ%tmmp@%jq%q%ﬁﬂd%twmm 5, 10,
15, SAVERNAG LI ANAHALAE cLPéBﬁM@EH HVLFGSGYHN

Gg%ﬁ SLGAA G SDTGKSTY Y 5%

ul Pe %ﬁ%?%ssl}son@ fergom%r axe I a C%arr glﬁglst ta?t-hlon
an@@iycgsymIMMUFAWSAMQYGILG@\RSWMPERHBP?E%L
prd%i\ﬁlc-:'tléK!:@@%e BLEARIGRL T s ALK ADSQL YEh LAIEE £ the

Peri (8 G AT QU TR, TR e
wh K RRDA| AKCTNNES BB DOREHER A Peptlde or

prdeBikGELRd, @\iﬁeﬂ ENSRNNe iéiNe KDL £aAL ENNIWEEUFNLTSG
sul%lhl BRI D, . glycosylation but which retain the desired
fibronectin, laminin, C3 or C3met binding propexties.

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

Z’
AN

tract infections.

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

‘O12E | 03358 | 046E | P44 | TTA24 | TTA37 | ViiTl

ATCC25238 | 81 75 83 83 84 79 84
O12E 74 77 83 16 72 75
Q338 72 74 83 73 78

O46E 81 81 82 80
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30 NNI NNI YELA QQQDQHSSDI KTLKKNVEEG LLELSDHI | D
QKTDI AQNQA NI QDLATYNE LQDQYAQKQT EAI DALNKAS
SENTQNI EDL AAYNELQDAY AKQQTEAI DA LNKASSENTQ
WN2EDIASANE L QDAYAKQQA EAI DALNKAS — SENTQNI AKRCT/SE2006/000931
QADI ANNI TN | YELAQQQDK HRSDI KTLAK TSAANTDRI A
KNKADDDASF ETLTKNQNTL | EKDKEHDKL | TANKTAI DA
NKASADTKFA 35 ATADAFTKNG NAI TKNAKS| TDLGTKVDGF
DSRVTALDTK VNAFDGRI TA WO 2007/ 018463
PCT/ SE2006/ 000931 13 LDSKVENGVA AQAALSGLFQ

P43 PYSVGRFNAT [AALGYGSKS AVAI @AGYRV7 5 NRNLAFKAGA
TrB NTSCNRKG|SYNITGVNYEF Tnj a prefereed esbodi ment, the
Trazrgand 1S a polypeptyde [[or pol ypeptide tiruncate

conmpared wtha wird-type 5 polypeptide] conprising
or consisting of an amno acid sequence sel ected

Taf 1O L hQpEh OUP;: LS iaskil g1 - SEQA1RsNEhd Isedhlancel 8sed
fTagment, honol ogué, funciional equival ent,

dertvat e Tdegenera iﬁ%’?'%r ’yagt?ﬁr on, “Hul phonaf ,an

i nl?rv-\
t I nn p-r oTrerotT TLOTTOT cicacanl

L_.or...glycasyla econpda
I j Q5407 | QHTE The& 5 Sg‘éf?ﬁ? i §76
g E'd&%(ﬁr en‘%te bot hit he whol @%ipPetul e whi ch

' bi nds to Ia ni n and.

Xbu lvigpert i nftapdtor C3  an@s0

AN EMBL O3 d'd MR B inchudes .a llamnin. and/or
o fibronecti S 6 CRy#R8di 22 donmi ithug Jugfbcei t {877
I : ect i ve]bi ndi ng prepge2fl. Thus

¢ wh 2@l
PR T R ST e

C f@mmmmgm GHAFSRRA of t njUPhvent ion |08

(v ]

AR T AR L e

the purposes of tThis UhedE T am Ridpaoil Dronect jgo4
A TREBDL: @8 MOBLE (?%‘é@%f a pol ypeptide can_be

0 ascert all fedas Toll yﬁ,%?(fd)ympti dassre@nUsRpultakeloked
WWM ot her |radi oact jsugace@rpannds and

test-ed—For—bindi g TTOTTO S (I'(I /-\) d
fTHEE}IHUO@GDMdl\mHS Q*jéf%l ’Vb]g{f bl ﬁ §{% Nor eover 574
p0|ypeptlues can pé @Ay DI owith 613
o 31 QHkiaTs MIRBASOr emi assays ri%kl SA) _or flow
TREMBL Q8RTB2_ MORCA Q8RTB2{SP12-5 UspA2 686
. 30
O TREMBL:Q9XD55_MORC A“QE}XDSS ATCC25238]{UspA2 6
Forsgren_UspA2 UspAZ2. 630

Accordingly, the present invention provides a ligand
isolated from Moraxella catarrhalis outer membrane protein
which has laminin and/or fibronectin and/or C3-binding,
wherein said ligand is a polypeptide comprising or
consisting of an amino acid sequence selected from the group
consisting of SEQ ID NO: 1-10 which are derived from the
full-length Moraxella catarrhalis BC5 UspAl & UspA2
sequences shown below, or a fragment, homologue, functional
equivalent, defivative, degenerate or hydroxylation,
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cytonmetry using appropriate antibodi es and detection
30 systens. Interactions between pol ypepti des and

lam nin, fibronectin, or C3 can further be exam ned

woypommisfsece pl asnon resonance (Biacore). ExaapBeE®0a@fo0s31

nmet hods are exenplified in detail in the Material

and Met hods section. In another preferred enbodi nent,

t he pol ypeptide [or 35 pol ypeptide truncate conpared
with a wild-type pol ypepti de] WO 2007/018463

PCT/ SE2006/ 000931 14 conpgi ses or consists of at

ast qne of the co r.ved gauences i_n. SEQ
Sl PR O v G TR T HE T P BEnS FRE® T arinaly
proraai nige pepducHedexeoifn t hi s enbodinent the

polpept bfgch oru RAkY peRin dentrewacad e c@@.ﬁﬁ@h@mw tshrain
BC% W | d-type pol ypeptidel conprises of consists of at

east one of: From UspAl (conserved fragments from
VI FECVEIBI BAGHEY A S A KUl FOLLT VAT L s Gl Eh
verlheal cyRNthte S 1ahcaDYNRNTHER YSQT dGat L BNFINEY| on)

RS ARG EAEE e G HEGHE s o

GOYNBYMEN BTHRGEFRING ARGRNGIVAY ENNEBTRTY §F¥§Q§R§ Q15
aTdrds #zR EDﬁkﬁﬁﬁbmAlmmmG@KﬁEtE/@ENSVN@GNNNNTVKKGWQ&W Y

ety % RPut Hhevgkr® Qrderalas D
@@%@f@é@m %ﬁg agfﬁ%aeww%ﬁg&t KR AT %SAZ
O (91115 TAY (58 e;pamﬂsmg; Al TPEINGEk £ & e udiai TEESE 0§ NERE GTATIN O

p
A ST L] S RO
ID@YADY! KL/ FRELREYVES [SLEDHPRREE / ROFADANR APRBIH A T
QDEEAQMWHD 30y ERQDT A pAR LGAASE r VERR TATAGHe AT SENKEIRMO he
IAFE;}? Aﬁl@@ﬁbf‘ QLHdKKI?ﬁE%ﬁHé?@A@N PERREGMARAT
NKADfﬂéﬁgi %IANNIKNIY ELAQQQDQHS SDIKTLAKVS AANTDRIAKN
KAEADASFET LTKNQNTLIE QGEALVEQNK AINQELEGFA AHADVQDKQI
LONQADITTN KTAIEQNINR TVANGFEIEK NKAGIATNKQ ELILONDRLN
RINETNNHOD QKIDOLGYAL RKEQGOHFNNR ISAVERQTAG GIANAIAIAT
LPSPSRAGEH HVLFGSGYHN GQAAVSLGAA GLSDTGKSTY KIGLSWSDAG
GLSGGVGEGSY RWK

Full-length UspA2 from Moraxella catarrhalis strain
BCS:
METMKLLPLE IAVTSAMIIG LGAASTANAQ AKNDITLEDL PYLIKKIDON
BELEADIGDIT ALEKYLALSQ YGNILALEEL NKALEELDED VGWNQNDIAN
LEDDVETLTK NONAFAEQGE AIKEDLQGLA DEFVEGQEGKI LONETSIKEN
TORNLVNGFE TEKNKEDAIAK NNESIEDLYD FGREVAESIG EIHAHNEAQN
ETLEGLITNS IENTNNITKN KADIQALENN VVEELFNLSG RLIDQKADID
NNINNIYELA QQODOESSDI KTLKKNVEEG LLELSDHIID QKTDIAQNOQA
NIQDLATYNE LODOYAQKQT EAIDALNKAS SENTQNIEDL AAYNELQDAY
AKQQTEAIDA LNKASSENTQ NIEDLAAYNE LODAYAKQCA EAIDALNKAS
SENTQONIAKN QADIANNITN IYELAQQQDK HRSDIKTLAK TSAANTDRIA
KNKADDDASF ETLTKNQNTL IEKDKEHDKL ITANKTAIDA NKASADTKFA
ATADAFTKNG NAITKNAKSI TDLGTKVDGF DSRVTALDTK VNAFDGRITA
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at a position) | EQDLAAYNELQDAYAKQQ
AATEAI DALNKA SSENTQNI AKNQADI
ANNI T/TNNI YELAQQQ 35 DKQHRSSDI K
wh2b07dsssT/ A S AANT DN R I W 2007/ 01846BCT/SE2006/000931
PCT/ SE2006/ 000931 15 DLAAYNELQDAYAKQQ
EAI DALNKASSENTOQNI AKNQADI ANN I

51t will be understood that the pol ypeptide |igands
of the invention can conprise a |amnin and/or
fibronectin and/or C3-binding domain of sequence
recited herein which is nodified t he addition or
LDGVBIRBN AGRAEAFAER A CFEBN A MALCRY CEaS o VR T Ehf FE
NPﬁﬁﬁé:t@mem&@QGNmb henaicenatrei t her or both the N or
rmni p tain,t e
ab| qtaypergfgrrzgjd | G c{:ﬁn%gt el%é qﬂ%aﬁlﬁ @s anc}fpeptld

nin and/ or ronectln

lor epplettepFary. CAGRR R FiMparehe’ v énttoRFUPE her
poDy e ides 1a chingansi gy icehafsing arfsiast amgnofaeld

epti.de. | ind00£1880 95D JeRr 1-
Se% r§e Se&g%e?eﬁ?%te‘&shigrgg eci(%lﬂ%g:m 5 Qggde[f et edl
10fr@?naarfr@mnﬁﬁtach%f“@éiﬂ?@mcgu?%ﬂ‘i% eﬁé'llgia *%%- ei t her
de@iv@@itx#b t Beghherate t@r Mydirpxwhereim sailghonedidn ed
gigg %%?%ﬁﬁo%f -8 basofty%hgg'Eé&&h&é&ﬁ”ﬁyéchgglﬁ@rbroduct

nec I'n an /or “elicit an’immune
thepeplsponse agai nst the non-nodified peptide. By
extEsiteRw L ighsd neantsedehgtaioni g deheotsehabincdiaiginpge

mo&ggufé”uh EB BRnEQetoF%%HLnQE Eﬁ@ﬁ@ﬁif%ﬂ?&n%tk@ﬁgiﬁﬁ/or C3

Nno acl sequence IS de gg
anglogay de Tt ABAEREE B EhanPOFInE R AR TSR pHE’ o
fibayeait ion andrprsc2ebIndigedonaty dectudddti Att hetains

thén¥gggéé¥1ve(Q%ﬁ@gngrbﬁgﬁ%rQ ol Pgue “11ig and” encompasses

sequences/conserve g@} s/fun tl%p@ anﬁg&
MOy PERiRS S ITEr EPRTLPF oVt tﬁ%? Fhe 'y t retd ns
nethén adoid fotry CBebbnagng afrimaiin ane/ ofhe m%ﬁécfﬁﬁlon or
re@QQAQVﬁéE%lrgh ﬁaahpgh&gﬁy :able to isolate a 30

m nina e e Qnt ai_ns re

r e etglle EBFPPE%%p?g i n&flﬁ%n@grr lal?ﬁiﬁaé ?ig%c?cun
oracaobxndqu;@rpp@rth@rQﬁ'@npﬁ&yp@@¢1 e can be ascertalned
as follows:

For the purposes of this invention laminin, fibreonectin

or C3-binding properties of a polypeptide can be ascertained
as follows: Polypeptides can be labelled with “Iodine or
other radioactive compounds and tested for binding in radio
immuncassays (RIA} as fluid or solid phase (e.g., dot
blots). Moreover, polypeptides can be analysed for binding
with enzyme-linked immunosorbent assays (ELISA) or flow
cytometry using appropriate antibodies and detection
systems. Interactions between polypeptides and laminin,
fibronectin, or C3 can further be examined by surface
plasmon resonance (Biacore). Examples of methods are
exemplified in detail in the Material and Methods section.
In another preferred embodiment, the polypeptide [or
polypeptide truncate compared with a wild-type polypeptide]
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derived from known Moraxella catarrhalis UspAl or
UspA2 proteins by truncation at either or both of
the N and C 35 termni. Truncates are not the
whYdnlgpgth native UspAl or WO 2007/ 018463 pCT/SE2006/600931
PCT/ SE2006/ 000931 16 A2 nol ecul es. Accordingly, the
invention further provides a wld-type UspAl
sequence |l acking at |east (or exactly) 20, 30, 40,
50, 60, 70, 80, 100, 120, 140, 160 etc to 298 am no
acids fromthe N-termnus,, and/or |acking at |east
(or 5 exactly) 20, 30, 40, 50, 60, 70, 80, 100, 120,
compgg se$60r cABU,st200Tett 1P A5G EnPhO I WS SFESRTt he
sedocherll AUsn wikrahesabl yp Ndve lt-lonehteh retaiidentified
fi, br ' iadi. ng ti pt i |y Bh391 ,
o ATESRR FAnetie) | HgCep AP ARy
thepEPASESDBERO00I3 PO YRR H D [THHTE BT Y ¢5"0%0 p
wild-@vBel bdplksedtideD €Qnpf)sdDdfncbnsiats coMNan dehlsm one

of:10) gdeqngQQoQa QOQOQngQ.tOQQQQ a0 0
yo yO o eOe~ aOy ~} 0~y{. 0 Q,yoygo~y)
O %‘\yom \SPS@A\'I/ \;oowe@fe@: ﬁr@ygﬁel}}:b }grgm d'{:hé 31%6}4%&%‘!%1
bi@i@gO LrEi® O O a=dP=a0iBya alteryabive chaloes- of ~an
am'fo‘éa\éiﬁl %‘”—Ba/“ob%ﬂg@gﬁgooo 00 000 0000000 000 8 a o
c B S 6/6%/S YLt e b % Tolgrorgte

G CONOEQKOIOSOR iR /0 6 Tn Pn2n¥mi¥mGmBnnd riA¥ @ d f Y il

/2y MMCOCOMMMC COmmC COmMCO CON N
p4 OOO0OO0OO0OO0OO0O0OO0O0O0OOOOOOOO00O 4 NMNM
m(0O) MMNNCGW) MNCGw) OOOOO0O0O0000a O

S TODOAOVONGEGECGE @ INN NN NNNNNNNNNNNNNNN
NNNNN'dCQ NGO MmQC € C O mmQC CQ C Q

L LMNrPDC)L 's_|¥EQLOLC)IODOQOK%%Q%Q991@1919101{03]/1)'9\5&

OQQ0CDOHSSDIKTLK
DQKADIDNNTIN

LAQQRQODQHSSDIEKTLKEK

| From UspA2 {consexved fragments from the fibronectin
binding domain - '/’ separating alternative choices of an
amino acid at a position)
KADIDNNINDNHIYELAQQQDQHSSSD

I ¥/Q T/A I, X/E K/N/S N V/I E/V EG/E L L/F E/NL S D/G H/R
I/L I DQXT/ADI/L A/T Q/K N/D

From UspA2 (conserved fragments from the C3-binding
domain - '/’ separating alternative choices of an amino acid
at a position)
IE/QDLAAYNELQDAYARKQQA/TEAIDALNI KA
SSENTQNIAKNQADIANNITNNIYELAQQQ
DK/QHR/SSDIKTLAKT/ASAANTD/NRI
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gQOaQQQQ OA) O0Ooao000O0Ooao000O00O0
0 N
0 50 50l BoBh000 0 o R0 e O Ot 8 86 O
thea 0varbien ¢4B GOBPBLE (3 447 RSB0 BB e g 4

and@o@ 030 Ohdhirey Mofkwn o saguemcs read vedy haneim Wibsinis
modlilf\lleg O otl?e %d(alglgnao? cf:él%tQOQl Qfoarﬁ’lrg %m.d"r&;[k‘ilibsﬂ

nnnnrt

to e@ ém%@ﬁ@?%ﬁ“@@s Rﬁ@ote&n 5@% %D C%ier g%gg o)
theONOo@ © ©0iRia GhOD B Ded @epv\msealgemlw \K%Pf) W

b&’d&%&d AddihiX) add/d2 fMNonQetiiQ ML R ¥3Q Q Q
respectlvely g%ccord1ngl§% g%e invention further provides a
ligand comprising or consisting of a polypeptide in which
50, 40, 30, 20, 10, 5, 3 ocr 1 amino acid residues have been
added to 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 coentext of the
peptide from the full-length amino acid sequence from which
it is derived.

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

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

)
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WD 2007/ 018463 PCT/ SE2006/ 000931 18 Accordingly the
invention further provides a wild-type GspA2
sequence | acki ng at | east 1(60r exactly) 20, 30, 40,
60, 70, 80, 100; 120,” 140, 160, 164 am no acids
A% Flaﬁ??‘hfeesN Bocerri gy, did dRVERBLYH Ut hesaproyites a
wiedatyby)u2i 3@quéfice Bbki6Q, a¥0leSd (H0exdd01yilid,
0189@ 2!9(9 e6tOC t7% 3&3 af‘dd‘o 12%0I géofrﬂaﬁr et%% got % dry.l 19)

I5re fera ruhca e onectin
a%ﬂﬁcﬁ% ke 1N| 6ﬁ51nwu%4 sacsldi/aﬁ] hiekHHY /A5 1east (or
ex@3tbyndithg)3o,Passi bl g 40,unoat 88, nayo be2$)el eabpdido,om

18Hh0sgy J&cs%mwnam%o fa%'dgwwsmta@é &+l Lnlﬁf whi ch
scog% t.he Lnvention. 5?) 25

Pr%ﬂ%%lw@%o’fm&%a rrfé?ﬁ@ézée%vmgf bigdipg N N N
TunpNidh NaditNoNaNly4alsdD1lahi@ifd &hd) @ @ﬁb&&@n OO0
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2007/ 018463 'PCT/ SE2006/ 000931 20 Accordingly the

i nvention further providgﬁBa wild-type UspA2
sequence | acking at |east (or exactly) 5, 10, 15, 20,
25 or 29 amino acids fromthe N-term nus, and/or

| a%icegd@ﬁ 13} Qdet 1ﬁeéiemtﬂ61)t):h89, pBE1.AG, aSG;Liﬁgl;ype

] t ,

USP&% ﬁgqggla% Jfar%(rﬁntgh all, e?élt(j Qoxlégaﬁ )ere;ta(p 9/3% 2 50
60t M¥ncéPe el ailid, Iéﬁpn|h6Qnrﬁﬂ4n§mlﬁan%?%4ﬂ1 Fon' Bfe -

ted@plisOnNahiyoal sa-ifiinar apetéast and/ exa&3t i ridi,ngp., 40,
50, P%%S' g'oe Lo Unci es Sy 1 bg, seleched bromd hose aabayn
a01ds from the C-terminus. Preferably, the truncate retains
fibronectin binding function (opticnally also laminin 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 invention.



following table, all of which are within the scope of
the 10 invention. Table 5. Possible conbinations of
truncations to the N and C termni of wld-type
wo%ﬁfx otei n No. of am no acids |acking, atctisasikomos
exac fgy Fromthe CG Fromg he N-termnus termnus O
X51015202529 20 0 5 10 15 20 25 29 30 0 5 10

15 20.-25-29— 46-6-5-10r1t520—25729—5010 5 10 15 20
25 p9| 60 g & gmsgzg 26 #9« ?s)sg & & 15 20 25 29
80 D b 10 d5%p®& 210 | 0071076 L0718 30 25 29 120 O
5 1D 15 20 |25/ 29 _[140 .0 & Jo_15i20 25.29 160 0 5 10
15 po| 25|28 180 ¥ 8| B A5128| 7% 95| 00 0 5 10 15 20
25 p9| 2400 [0 (15[ 20 25 [29] 244 0 5/ 10 15 20 25 29
@60/ 0|6 10815 B @5z E 6B & K 1B F>I0 25 29 300 0O
ﬂﬁi 10 15 26-25129—32p—0—5 1015 4§ 26729 340 0 5 10
5 20|25}29 =B6GH & B 1) 4532@| 2% 29g B0 0 5 10 15 20
J126| 29 21007 /7)1 Am“brgﬁ/%lgﬁod“nl‘?‘o&f: 21 400 0 5
40 15]20 |25 29 .|420.0 5 %0315;255 gsgb% 440 0 5 10 15
20 p5(29 | a53 G%5318| £%5 H0RS B A
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Accordingly the invention further provides a

w | d-type UspA2 sequence |acking (or exactly) 20,

30, 40, 50, 60, 70, 80, 100, 120, 140, 160 etc. to

acids fromthe N 5 term nus, and/

Wé%"l@%‘?}o(or exactly) 20, 30, 40, 50, 60, %Tjk%&ld%n

100, 120, 140, 160 or 172 am no acids from the

C-termnus. Preferably, the truncate retains C3

bi nding function (optionally also fibronectin and/or

I am nin bi nding). P033|qg§ truncates may be sel ected

fromthose 10 shown in the'follow ng table, all of

VVhIA@boaﬁEng\l}t hitre theenstepewftheherrovidts Gnwitdprwpe
USp%Z %%ﬁ hLe g&ag] gagtoméaé)é tdungatitops 3,0 fohe1b; aod

rm n| r.ot EI n
25 &3 @@ PBERP NRCT Gt flré’ési:h%r o (?/O]i hea%ﬁhi ﬁgl o
leddte (Grt erFLBLE) Zoerm)nuéOAOS(BO@O 7@ 8@0,10‘@012(}2&240
14016%3)@7 3oy JofufPrR0eed ARLED st3dal Bor ARSIED 207
tegnmo 1355 TaAbi0 199 CEQPat 0 o0n o8 BN BIa g
FurkfQ oh7 2 op60odfl KO 3660701 800n€: L enddor 16D birsiingy .o
po2d 130 401302605 70 80e1001420-d 4Q:ck6@nd72 18D i20tBO

roleipiadbaR6n: 150 Pio 101195 H3U8 50" a0 4D 50 6070

indhtli@m®.120 140 160 172 140 0 20 30 40 50 60 70 80
100 120 140 160 172 160 0 20 30 40 50 60 70 80 100
120 140 160, |

C— Otez@nzsa @zto%@d-s@p?eo U&@Aionrquzl 40 160 172 220 0 20
30 50 60 70 80 100 120 140 160 172 240 0 20 30 50 60

No. bPartino 3G4s Faéidngl eabbot ekdatly:

From the C- From the N-terminus

terminus

0 X 5 10 15 20 |25 29

20 0 |5 10 15 20 |25 29

30 0 5 10 15 20 125 29

40 0 5 10 15 20 |25 29

50 0 15 10 15 20 |25 29

60 0 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 |35 29

120 0 5 10 15 20 |25 29

140 0 5 10 15 20 |25 29

160 0 5 10 15 20 |25 29

180 0 5 10 15 20 |25 29

200 0 5 10 15 20 |25 29

220 0 5 10 |15 20 125 29

240 0 5 10 15 20 |25 29

260 0 5 10 15 20 |25 29

280 0. 5 10 15 20 |25 29

300 0 5 10 15 |20 |25 29

320 0 5 10. 15 20 {25 29

340 0 5 10 15 |20 |25 29
360 0 5 10 15 20 |25 29
380 0 5 10 15 20 |25 29
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260 0 20 30 50 60 70 80 100 120 140 160 172 280 0 20

30 50 60 70 80 100 120 140 160 172 290 0 20 30 40

.50 60 70 80 100 120 140 160 172 301 0 20 30 40 50
Wégﬂﬂz}alﬁa% 100 120 140 160 172 Known w | d-typﬁcmﬂﬁbﬁmgﬂg:ﬂ

sequences that may be truncated in this way are

those of strains ATCC25238 (MX2; GenBank accession

no. AAD43465), P44 (AAN84895), O035E (AAB96359), 5

TTA37 (AAF40122), 012E (AAF40118), 046E (AAF36416),

V1171 (AAD43469), TTA24 {AAD4A3467) (see Table

H-Fgur-e—19)r—otrTBES G dﬁb" )55 Kpygm Wi | d- t ype

|3 ;I.\J}
I 4

g

1
q

40usnA2 sBgue Jrdgatet FTthi s way

n T

-

|

[0)) CQ_

JU\JI\JIL'T
A - Cl:zgvbbl on no.

x*d

AT g

420ar et hoBe. ofl 5str :19_\,
44004407) | OMC31P ( Al 551-0R-F10- 8xP4), 10 E22
453( GenBahR_acodssi oAl no. | 6848640 A2P12219%erBaNk

g
¢ & a

accession no. (@B48S2), P44 (GenBank accessi on no.

BABOL; 197 nd CrRANK BCEa88HOR By QIBL i 1846 ke
(Ger‘fﬁanfi1 accessi on no. L962), .012E ( Bank
UspRi SSSIUGACRo L 2e1 96 34T @%ﬁ%ﬁygﬂ@anﬁ’ acﬁge?sq’or?oho:m’
80 QONI51)120T TA24 , ( GesnBank . atced8l omnie aQWXP5Fom] fhe N-

renblfi (GaNBank sageR§SLOM Ot RRTBR)ctATPC262380, 40,
nBank accessi on _no. X g ése z'raali%OZ/@.%r%rom
502089 of 9B, [Fdirsgrdn_tspmaf °sBe above}) " deal Ty .
thé he-ddapAhuer  Uspd@ertatilcatlee oil?ultﬂaé:e_eﬁﬁéél%%rﬁz?’ binding
£uSOMRI] SeP 001 GRNSHST Sa10fo ans ARdiRAREhd seguerce laminin
Seiected 20 (1om ‘;che %oeu I%é)nSbgt Is%gegft_ec?EQr!DQ I}!gose
pindiytglor aPPPAYRHENt STHBTDIGouESY f GRctiona equi val ent
shehet | ¥at the, fdbenorateaide, jdr of/ |Wtichn are within the
Scégé phonatl 9pvehr gbycosyl ation product or ot her
secondary processing product thereof; or conprises or
consists of at least one of the conserved sequences
Tabten 25 Bwisshbhet hemel nadgionAsohnt B oPgeh?i Fiedis gnd
c—tb@rﬂﬂigr&&%aaldsg%% dgp'zalzepebﬂem or exanple: WD
00931 23 From UspAl

{conserved-fragrents—f+romthe—frbronecttnm—bimding
No.dh® aminn acids fabkisp prirast preyaeiivt er nat i ve choi ces of _an
Frogvthenof aci d at a position) G T/ViVsS VGS KQFEK A

N- NKNGHSERQI| NPNREPEMRS 5 cgNEKI SR
LR B BD-S-Fr DAV N-6-S O HY At SR T

0 X |20 {30]{40 |50 160 (70{80 | 100 |120 |140 |160 | 172

20 0 |20]30]|40 [50 |60 {70|80 | 100 } 120 |140 | 160 | 172

30 0 |20)30]|40 !50 |60 70|80 |100 {120 | 140 | 160 1172

40 0 |20|30]40 {50 |60 |70(80 |100 |120 |140 |160 {172

50 o |20 |30|40 |50 |60 70180 {100 |120 140 |160 | 172

80 0 |20 30140 [50 160]70(80 (100 | 120 |140 | 160 | 172

70 o l20|30]|40 [50 |60 70|80 [100 | 120 | 140 | 1680 | 172

80 0 (20 |30|40 |50 {60 70|80 | 100 j120 | 140 | 160 {172

100 o {20 |30]40 {50 |60 )70180 1100 |120 | 140 | 160 | 172

120 0 |20|30}40 |50 |60 |70]80 | 100 | 120 [ 140 | 160 | 172

140 o {20]30]40 |50 {60]70|80 100 | 120 | 140 | 160 {172

160 0 |20t30i{40 |50 |60 | 70|80 | 100 {120 | 140 | 160 172

L1

180 o |20 {30|40 |50 |60 |70}80 1100 }120 | 140 160 | 172
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TTAVIIVSTDAVNGSQLI1I0LLNDLSGRL

L/l DQKADI DNNI NNHI YEDLA QQQDQ

HSSDI KTLKDQKADI DNNI N15LAQQQ
wB26d7fhs2e> D | K T L K From UspA2 (conser vedpft3iihikiosos:
fromthe fibronectin binding domain - '/' separating

alternative choices of an amno acid at a position)

20K ADI DNNI NNHI YELAQQQDQHSSD

| KQT/ ALKEKNSNVI EVEGELLFENLS

DGHR I/L I DQKT/AQZI/L AT Q’KN/D 25 From
——YspAZ(-epnservedfraghren from-th bi-nding

20@lomai N0- | 29| 38 edAar a0 nep am eﬁﬂnatﬂlOvah hil4pe s 165 | are

226N NO| gcil dy | ah | Ao PO [P Mo [la0H @0 szoA froY | MeE | 7RQ| D
QAT EATIDALON SrENT QIN"T1A
A0 AR 1.50T) 69 N9 BPFWO 1?& D48 |38 DO

9

K180 L 48 |K50T|[ 88 SroA 8 N0 DI:JNI R140 Dido MA&
Y

q

j

D Laf SE| éb Lo Tholl rop. Pudy Mach foufd !

>ZT

ANNT 3571 VWO 2007018

086049 |68 | §G \BOhiel08 oniZ8n | #48t | 169 pA®diice

&7
301 usi oho pr 2d €B0$ 40 clagst péon) g ool Apepizodeidol gadeds 18S

descri bed herein. Accordingly, in a further

enbodi nent, the invention provides fusion proteins

confft 7%t A LeGFyBepY PR |SegHRBSE RcdHdiMey e toingaded
ini bhentwagn.arer ehesabdy efalasoRTECIEZT N (AECOr demmariio

acEQs§1&?’Q{%ﬂ' %Rﬁhéalqé%i essy 4 hanysLge de%‘s%""' ALQ?%%)

e addtl¥ ) | SROER heduense, Z%ﬁ@' L SeElga86) | et
(ApDE ypespiti daa26f (Rhe434aWernseonTaliy tiherigderi vati was BC5

{s@@naﬂg%éﬂqe RégwﬁfwliHiéU%ePQEMQEFgééﬁ%%d%f thee LY be
nv%&ﬁ% Egéas a carrirer to Covalent

cou
Crighe i L A N LT
actesimstance4¢67 pn@dﬁﬁi&od@ahswpmcassmn no. Q58XP4),

E29 [@93R6&haEEEESiOF no. 0848S1), V1122 (GenBank accession
no. Q848s2), P44 (GenBank accession no. Q8GHS86), TTA37
(GenBank accession no. Q9L961), 0O46E (GenBank accession no.
Q9L%62), Ol2E (GenBank accession no. Q9L.963), V1171 {GenBank
accession no. Q9XD51), TTA24 (GenBank accession no. Q9XD53),
SP12-5 (GenBank accession no. Q8RTBZ2), ATCC25238 (GenBank
accession no. Q9XD55) (see Table 2/Figure 20); or BCS
[Forsgren UspA2] {(see above).

Ideally the UspAl or UspA2 truncate of this embodiment
comprises or consists of an amino acid seguence 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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pol ysacchari des, or Mraxella catarrhalis Iipooligo
saccahari des, or non-typeabl e Haenophil us influenzae
15 |i pool i gosaccahari des. Honol ogous peptides of the
may be identified by sequence co E 98600931
‘thﬁﬁ%gggﬂs pepti des are preferably at Ieas?ﬁgg96@&b
identical, nore preferably at |east 70% 80% 90%
95% or 99% i dentical in ascendi ng order of preference
20 to the peptide sequence di sclosed herein or
fragnents thereof or trungcates of the invention over
their entire length. Preferably the honol ogous
peauwdetkgﬂalnanhervadlﬁkﬁym@@t%|ﬁd@ﬂlﬁhénééﬂﬁﬁneCtln
b1 AH O g drBThNIN aﬂd/ %pﬁatla@d/aqvce@ha@ﬁe aBhé @AHEOE an
I esponse agalnst t.he peptide sequences 25 discl osed
MG é‘lcﬁ of CF T dftErt- otn‘r}ler eof . Figures 19 and 20 show an
G v glnﬁemeowrpemtﬂ/d@k S 6 UBAYES FdB BsPAR arid N4SpX2Cob
G é’)l\f/fﬁ‘f‘/'ke@ts}aﬁ'zgﬂﬁ W ehr pngdical essr egr.omsy of 1Sequ@REe
/%re capable of being nodified to form
gous sequences whilst retained 30 function
(i e. fibronectin and/or lamnin and/or C3 binding
s Bkl ld &yk. cHerwlmwgous peptides to the BCS SEQ ID NO
1-10 peptides are for instance those sequences
corresponding to the BC5 sequence from ot her stralns
L § N/8 gufe€ BO add 200 Kv&clauhe% Nofl Ehd ¥R ehtt &4 owp A
o QW 0154635 RCTY SE2006K000931 25 The pol ypepti des
/ peptides /functional domains /honologues /fragnments
/truncates /derivatives of the invention should
D @dedl DyIbe ¥ d¥ rultht ed as a vaccine conprising an
ef fective anmount of said conponent(s) and a 5
ceu I abl ¢ excipient. The vacci nes
I*ZPQ? S éé%?%d%lﬁgﬁ g gsgd for admnistration to a
patlent for the prevention or treatnment of Moraxella
catFabmhalsipg2i nfentdcaredr fotsigtiestsediranorthesi fidgicniestin
blﬁ%ﬁddm%%ﬁa1939—ra¢Dr¥i§£fgglﬂ§ﬁéy%ék99§1vgh@Moﬂ@dsb@flgn

mistered in an nown way, I ncluding

aminf @gdtds el %rW@Sltlﬁé‘r enternal ly, nucosally and
K Antramasall y. N CofthiIn&t Eoh Nagcd e Of Ht heS |vent i on

I X/0 7/2 L X/E K/N/S N V/I BR/VE G/E L L/F E/N L 5 D/G H/R
1/L I DQKT/AD I/L A/T Q/K N/D

From UspA2 ({(conserved fragments from the C3-binding
domain - '/’ separating alternative choices of an amino acid
at a position)
IE/QDLAAYNELQDAYAKQOA/TERIDALNEKA A
S SENTONIAKNQADIANNIT/NNIYELAQQRQ
DK/QHR/SSDIKTLAKT/ASAANTUD/NRI

DLAAYNELQDAYARKOQQ

EAIDALNEKASSENTQNIAKNQADTIANNTI
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The vacci nes of the present invention may be conbi ned
with other Moraxella catarrhalis antigens for
prevention or 15 treatnent of the aforenenti oned
wolk®eases. The present inventors have found pgr/SE2006/000931
particular that Moraxella catarrhalis has at |east 2
nmeans of hanpering the host imune system from
attacking the organism In addition to the
interaction with C3 (and CABP) nentioned in the 20
Exanpl es below, M catarrhglis has a strong affinity
for_ soluble and nenbrane "bound human 1gD through
pr ot'eiFYMPE CPAVE™: ®¥HoW® BEOGMEI dB)sion proteins
cohvba axald aodepepdend 1ifrRisndbngeddriBed napBOEYL €S

Acgﬁa%gganaa il ROEYELONS crMRERES: O%ildl NaSURLISR rovides

pro UCtIOﬂ
FUSHER B tRahax BPRET HHtD GELEBCP TS flégtant’iﬁaﬁcqwrdlng to

theatmraritdlons haapeessbihe humlpﬁﬁﬂéﬂnSMﬁbeﬂdiﬂg to
thS€ ﬁ(@dl}‘é@}{ﬁ E%gﬁé EXAla BP%%dé\Atlc%ﬁt aLrh ah%t

sSucC a comon I n |tant (0] res |ratorg
fudh Jongtht SPSUBRTS T HAE ERE-TOHSPAARF onSweh 'fusions

camntorgeisut80ai dwolwed ven ofhehd gidhipeditnge § upe timn
1n&@ﬂﬂ§bnangu§§ﬁg%rﬁ%fﬁ%atl%ggtEgﬂlgékﬂﬂ uggdégrtﬁ§pﬁQ)

rOVId an | nmuunogent C np03|t|on gl vi ng

Pof st ARENEE e HHFS OEaE%bﬁ?|%|9§§rl§§aF%s$ovalentlY
colbrayepbltals tanmperdngick hbeethimmn Theguney Systeitiplad

fod hﬁ%t@ﬁ%' e %%&H&%ﬁeQagg&faeﬁa%ﬁlgga%%q%igogefsh%U S

Erla%e on nmucosal surfaces

PEFSEI6687 H0TUB PO A LR uFR e ied dec L 1ot HEo-
sa¢crw@mld@ﬁ, i st tiher-efypreebde Haswpie loenpositémee

11§&ﬂE@b§bega§gkfﬁ&§CtlVe anDunt of UspAl and/or UspA2
instance full- length

(p?{ uIarIy t att for
pol'yp p??%ﬁﬁ;gﬁ}Hﬁﬁgfp8 SHEAGEPRELY fRihdeahaFLed
by deeiense/ templ wiees | Hoaghem'ss /depthdas esre preferably

at /ﬁarsrtvab% Vﬂserﬁi‘lcatlhemb@geﬁiéma%iydﬁﬁciém R )9'86%
ctio

refser r.et
0 SRt | Jot WA a1 F Bt P e ARoiH B pEAGEReHFD
to(ﬁh§rpﬁﬂ§%éﬁuﬁ?QQﬁHCEléﬁg?howﬁiywépundes fxagments
thqﬂﬂdfprttﬁ&ﬁbdﬂ&ﬁﬁdfdﬁﬁe/iﬁﬁéﬂﬂﬂ@ﬁaBVQQHQEéE& entlre

e I
abiflpyt Ffé)rﬂlndarﬁatbaro&ﬁgmac@mmalhawmn and/or C3; and/or
elicit an immune response against the peptide sedquences
disclosed herein or fragment thereof.

Figures 19 and 20 show an alignment of peptide
sequences of UspAl and UspAZ 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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accept abl e excipient. Protein MD, and IgD- binding
honol ogous/ fragnents/trun- cates thereof is described
in WO 03/004651 (incorporated by 15 reference

herein). Particularly suitable fragnents f iridRb@eno0931
WOp’t?P’gé)@)eﬁ?’i s a pol ypeptide conprising (or consisting

of) the F2 fragnent described in WO 03/004651, or
sequences with at |east 60, 70, 80, 90, 95, 99%
identity thereto which preferably retain hunman

I gD- bi nding activity. 20 _The M D and UspA conponents
of this conbination vacciéRe may be separate from

eaghe q;dl%epeidé@Y/ﬁ@ﬁiM\ﬁerﬁf@mﬂjgonaﬂ«uéemaiwet her by
known “mol ecul ar bi o},0gy, Nk QUESy = BRaf cdesies i ption
/hogplogeedyr 'aﬁﬁgn% }ure ftagﬁggégt%i oo M., .
inveataen hetlqu dstfap hsY (s tTeF™ B4 2F i%r 8REEET n
o g B ng L e ot 1 L £ 30
phaﬁﬂﬁcf‘é\é‘rﬁaﬁ%ﬁ 8\%0% ?%kr?rfelnf Zrae%{ p?éfi I ésk? of M, %ggar rhalis
BBFh8 vitdadnegpel abie USPATTAS T T ci%ent nutants show
ar@R 1 Vs A { A2 e pepdenenbi frdi et previbioa PrbEBARETFH:
The, profi.l.es.af ;w | drd wRenchbinbeatid seldateotB and
of i%rgﬁal%%r?éefpoﬁ |lﬁg nut ants devoj d_af. Usp
sin@pitép ©BpXerDTeERYT &)  Bridad ub?ge%uﬁog%t'é&%l(égaﬁgglge
adrlidekicBgedoirh ddypAhoandwalls pazlarens hEV A BSC N RE LY /
ardnrerhArHPa nﬁx%o‘@ia&kﬂyr%b@i in@hiasa UspAl / A2 or
PN n tol | owed

t
bronectin 1 Y an anti-fibronectin pAb. 35
ConiTaltdan| YREH1EES bsequent |y added

f olthewedcdR 2007/ 0h8468FATY SEFG0E! OD0FL bez?‘ostyllﬁf%w
vdjﬁﬁﬁggEEngﬁgggﬁﬁﬁ Sa tArtkd Rl £alareXpens nBnt puvepftion or

Wi t e nmean fluoresce iLntensity (MFlI) for
treagerntpPsf Fie ai%’@ﬁ‘(?ﬁﬁ”&?%uf%%%sggém t hat. M

catraier bakben RHAVEspAZS doeTei kI SRR BNt S A8E©
Mb$2§%&{? %gkéffﬁgﬁfﬁjh%%b&@n2§&$ﬁ12 keansl ¢ f Bi2dendag the

| ey uded as &.negat! ve.s | OLBLACLAY 1n addition
hot GHBHBEL PS = BAtelr P are ] Dot ad ar't )
to 1264 -inabebetidn briche€8i Nand| FHRId "BPESBYRT at® Wdhes
rx R0 Analky2Zed yn & Gamrideuniera stEobgomEtin ¥ hifedi ng

Lo fhe R wld type $51 figb H0tBughOpkpln and A2
so%%@ﬁﬁagﬁ%ﬁa% X%%lél%xnglgﬁ val Ues of hE%S . ding to B
(also known as OMP106). Moraxella-dependen gU-kinding to
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 inhabltant of the respiratory

tract,

- The inventors believe that the combination of antigens
snvolved in the IgD-binding function (MID) and C3-binding
function (UspAl and/or UspAZ) can provide an immunogenic
compeosition 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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i ndependent experinents are shown. Error bars

represent standard deviations (SD). Simlar results

were obtained with M catarrhalis BBH18. Figure 3
webewaigasct ures that verify that M cat arr habogsezbsonoesl

nmut ants devoid of UspAl and UspA2 do not bind to

i mobi lized fibronectin. M catarrhalis wld type

was able to adhere at a high density on fibronectin

coated glass slides (A). M catarrhalis 6uspAl

mutant was also retained aj.a high density (B),

whereas M catarrhalis | uspA2 and AuspAl /A2 20 doubl e

mut Anf ¥ Bt ralPgsdo Py the HhEIbiiond astheiaiges were
vaadhed cvinpbs { § Dsroreaibictis angl dmedFatedvad ddbuMt of UspAl

azmtoqr b@gk% pﬁ%&ﬁgr g,stﬁeorl e&rég di pg, L{Srpg%an% Fuli-

severa cterl a
esr’t%hngalngw@% s Paléﬁ?%thl O\KPﬁ@t%q‘%‘% /r@@(?ﬁﬂa%%t
ddsigAls dhdmo Poyuisd b’fnrdginentfs bftoneettas i fMerivatives of

f
tk%?%?vgaﬁﬁ&qeig or@s@}%e g RE N © Kggg@@gﬁmgﬁcﬁ gglcg;\&ls
2 $roPeprsng 4@% O\Bér éncﬁ%ﬁ%‘&a&ﬁ% ¢t bR |%féref|§le§i:é§e
argong ti n€ ubad el i i{(forehss gpoeofakht Yatdtneodfpeptides
of'p%ﬁ?ﬁ@ﬁ%iébsf/ﬂép%@%gst§$Fgﬁyaﬂ gnd¥ﬁ§£h§'@%%hblogues

/fant unan bronect,i n P-con ated
ZACFEPEBbI T PRGT Sy el i i FapRly which
regrper & newma digp-Phodnnantirertion ) baasd i ndilcatiecSixically

adde@UEB1 - e;@%l%ttl ve fibr onectl n.bi nding domai ns for
A2 are_locate %lvveen am ng aci ds 299

US
ﬁ\'%%“% 65218 398 °r PURHSEOUR hreqreRts /trun=-
Captlect Bhescaferisy 6@sca35bed ofn MQJAU?:/QA§6%1’Id( iUspARotB)edrsy

re¥8o¥Rce AdrdiragneRt-§ i MeT £ MOs40045h0d 8463 ment s For thi
PCT/ S?E%OOGI} ()1118931 :ELﬁ test\ﬁosfor fibr onecgr!ielnnsb| %%l ng ;o

PUEORT | A * ROTOY R OF SOBH L X andaF dHP TR dGrHaA O et e
¥2c darenen drsordbetein piat®y 044d5T ncubatestienceh 8lch at

leRgtnbo anth, ll%Qa g@bm g5f i M%Oﬁ%b{tﬂt{roihéaﬂél wtﬁﬂgh US%AZ
|ve y u r.onecti n Was, etecte W
orbERREREY Mehun R, Prad HNERY) Rovi 8O
HRﬂ%rﬂ%@ﬁ@dUaﬁau Compsien tgART uesmlqogtbanetlon vaccine

mak epé esi eV €rbar ek 8 g et S 08f meX ey IdRREa ] o T Pr
£uB84 st%qeea{e%s %gt xR chgjgc%lérsmfo&w ©2RAYSNES.

accor
Brief descrlptlon of the drawings

Figure 1 shows thirteen M. catarrhalis strains tested
for fibrenectin 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 UspA2 (D
and H), and double mutants (E and I) lacking both UspAl and
UspA2 are shown. Bacteria were incubated with rabbit anti-
UspAl/A2 or fibronectin followed by an anti-fibronectin pAb.
FITC-conjugated rabbit pAb was subsequently added followed
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10 No. 1, and the sequence honol ogy between
UspAl1299452and UspA2165-3la The 31 identical am no
acid residues are within brackets. Figure 7 shows
wb B oidubincat ed UspAl50-491 and UspAl 299- 452p¢T/sE2006/000931
fragnents conpetitively inhibit M catarrhalis UspA
15 dependent fibronectin binding. M catarrhalis
/ uspAl/ A2 double mutants, which do not bind
fibronectin, were included as negative controls.
UspAl reconbi nant protei n% were pre- incubated with 2
nmg/ 100 m fi bronectin bef ?e i ncubation with M
by calcar chabhst ryT readwanst | Horesicadc exparirany mut) °6f 20

tthe ‘%@tﬁf Eﬂé'rhéaﬂ/\ﬂftﬂ&o@eﬂa@n&é hrrreeity derEctred bych
conh%“?ate anti-fibronectin pAb in flow

Prftfft £r §28¥ shown.  UspA150 491 and UspAl 299- 952
resuilgtied 2 nsi9Svotant &3 96 tamnsldisoRi4 rEEiec Geferyent

mu d*aaﬁtét f@i;:{sc??:@ﬁﬁtlasamed SR wforkbEes. mdeqaehdemmg
exper i S i qure a
wag PRI ¥86%338 T A%t "M ConQ?ar rh Ogll Féﬁggﬁ%rzg%crgﬁt%g%
Baditarig wengubttiaedc@illl VI %’kaé?qleda%%’é‘?%‘f%tdm
fofléﬂé%nﬁgth@veﬂgﬁﬂﬁhS%@BtEﬁhléﬁalyﬁdd81ﬁxpr@$mmaicounter
F:Ll;%cg{e%%gg #hn %bé aed ﬁﬁg Qf‘lc{ %x@%l ippé(sﬂhcf‘@o'th
Usi¥le-anec 8Bavaore sl taF @@Ot ﬁe ?‘il%rf%ﬁ?é‘ct"? usd ndff igiree
1n&gﬁgﬂﬂéﬂ% Eﬁﬁ@iﬁﬁﬁﬁﬁ5%¢eUSEéﬁnlﬁﬁﬂﬁﬂﬁbararrepresent
%ﬂf%léibro:ng% éﬁﬁ resybigd f&ﬂ't%%&ké%%&é’med with

M “catarrhalis as conpared to
M. c@mﬁ&@halﬂéc%%nt prot ei ns (UspAI 433 560 and

Us pA230Q+1773hand i ctonksothantvdody thati ¥ GNMIm&l@)llS

oo O B AL IO O 1o o

R Rt
a BI§0radmisyi odi cabeormsRtiki goated sHaws bilhdengl }b}f M

ca? % 4?% A%sé%ﬁ ﬁ&ﬁéﬁyﬁdys al!&aréﬁayNedaﬁﬂ A2nidA

arrhalis d type S]\[%%%i g&wgl& Bulsmgl):}&
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Figure 4 is a graph showing that recombinant UspAl and
22 bind to Ffibronectin in a dose-dependent manner. Specific
fipronectin binding is shown for UspAl®®""® and Uspaz2’*~®%.
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 paAb
and HRP-conjugated anti-rabbit pAb. Mean values of three
separate experiments are shown and error bars dindicate 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 UsphAl (A) and UspA2 (B) are shown. All fragments were
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10 the residual adhesion to bovine serum al bum n

coated plates. Thirty pg/m of lamnin or bovine

serum al bumin were coated on mcrotiter plates. They
wiBjsoRgcked fol lowed by incubation with bact/eriesc03t

suspension and finally washed. Bound bacteria was

detected with anti-M D pAb and HRP 15 conj ugat ed

anti-rabbit pAb. The nean results of 3

representative experinments are shown. Error bars

represent standard devi at| ons (SD). Fig. 9B shows

t he bi ndi ng of r econbi nant*8 UspAl and A2 lamnin in a
tedasé- Sepenidennavatinepin@pariihi ELLaN riortdy ndi n§ e

t oS e8P0 f Qe P AL R0 dF b ang UspA230-sae Both UspA

re coated on rotjter pl S a
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FOAPEST o GAie 8By CHF S T SAHDR ity tiRge LEReae
reacesmta@mmlfwrbrthdmgse@om | RSPEOINAIBALEOLL0 Yays
reﬁ@gségpagso 539 (B) are located in the N—terwina

es. Fa t gé reconbi nant % -770 a
BAlz‘%lz‘ﬁ[ Ejét F WP e fEFUntHt pFS?B?%@ Viet e
Nocoét eenB(hen seiqueots tkongil e be inek ﬁlﬁp@étz B hend 20

usp@LIF . kAl 81 niadalilQuednbyo dediect-icananbt ha FaliBithin

prantlz Iam nin pAb and HRP- conjugated anti-rabbit pAbD.
RE&R“Val ues of three separate expeng§nts are SQ%WQZ
andfF&ginsy TbahewenthetitlerwwpatrigUsaal s aand HEwdtli ¢

frabhésts aldrrak 1631y covnalant M, 322 b@idﬂﬁibl@%b vapg- C3net .

nol ecul e _in serum c 007/ 63
achehi L (Rt th ah - S SRpA FLE S B 9 e e
doppye ThHe attEhaivh ieBnd@i Ft &ind ﬁf—%?‘?fb@cﬁlﬁllroé@tférl%@]t@ed
ast Ragaaftecoatiriovat | DfpXRNT cabondthan€ gl teAblsy wkoe épreh—

ur T, tn
1ng11]8%]t9%)d q\llt% 2\/\%%?%0%9%% née;gbr%\?gﬁem eef.r!)ére J.?%ngtj,\g&{
WliCF‘ueMt fﬁ‘?)%éztré‘lalllsl gTh‘izmeﬁq @éﬂ?é?%%ertq?atval\]/lues (MFI) Of
M.cakdsritaliis eatht Boacd SFitthenecekas sdetadctamdby FITC

coﬁﬁﬁ&é%"ﬁ%%&ﬁ%}{é&f t;ﬁs% ﬁﬂ”@i@w”%}}toigé% %r@ysﬁ&ﬁm
E;lsp:!hxlﬁr'*9 andrgggAfﬁg ﬁyresulted in 95 % and 63 % inhibition
respectively. Error bars represent mean * SD of three
independent experiments.

Figure 8 shows that UspAl?®"*? and Uspa2'®® ' inhibit M.
catarrhalis adherence to Chang conjunctival cells via cell-
asscociated 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 UspaAl?®°152  yspaz!®38  or
anti~fibronectin pAb resulted in significantly reduced
binding by M. catarrhalis RH4 as compared to control
recombinant proteins (UspAl1**°% and Uspa2?”!'”") and =a
contrel antibody (anti-ICAMI mab) {(B). P<0.05 by two-tailed
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catarrhalis RH4 wild-type (w), the LuspAl, the
AuspA2 or 10 the AuspAl /A2 nutants were incubated in
the presence of 10 % NHS. (B) The 4uspAl/ A2 mut ant

[ncubated with 10 % NHS suppl ement ed Wid4dkxBhdshedos1
W%%?‘Z((}{ogggl\/g- EGTA. Bacteria were collected atéﬁ%

indicated tine points. After overnight incubation,
colony formng units (cfu) were counted. The 15
nunber of bacteria at the initiation of the
experiments was defined as 100 % Mean val ues of
three separate experi nments’ are shown and error bars
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st A=l agwetiare@t(e@)cs in a dose- dependent manner,

and .that _the bindin base c n
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with rabbit anti-laminin pAb and HRP-conjugated anti- -rabbit

pBAb. 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 UspA1%®® (a) and UspA2°°™*® (B) are located in
the N-terminal halves. Forty nM of recombinant UspA1®*77°
UspA2395% together with the truncated proteins were coated
on microtiter plates and incubated with 20 ug/ml of laminin
followed by detectilon with rabbit anti-laminin pAb and HRP-
conjugated anti-rabbit pAb. Mean values of three separate
experiments are shown and error bars indicate S5D.

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

and
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NaCl as indicated. C3net binding was neasured by flow
10 cytonetry as described in Figure 3. Error bars
indicate SD. * p S 0.05, ** P S 0.01, *** P S 0.001.

whh@70kss | | ustrates that flow cytonmetry propitasofonss:
M catarrhalis R4 wild type and UspAl /A2 defi ci ent

mut ants show a UspAl / UspA2- dependent C3net/ C3
bi ndi ng. The profiles 15 of a wild type clinical
isolate (A, F, K) and corresponding nutants devoid
of protein MD (B, G L), pAl (C, H M, UspA2 (D,
I, N), or both UspAl and pA2 (E, J, 0) are shown.
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Fig. 13 illustrates that Moraxella catarrhalis binds C3
in serum independently of complement activation. Flow
cytometry profiles showing C3 binding to (A} M. catarrhalis
RH4 or (B) Streptococcus pneumoniae. Bacteria were incubated
with NHS or NHS pretreated with EDTA. Thereafter, a rabbit
anti-human C3d pAb and as a seconddary layer a FITC-
conjugated goat anti-rabbit pAb were added followed by flow
cytometry analysis. Bacteria in the absence of NES, but in
the presence of both phb, were defined as background
fluorescence. One representative experiment out of three is

shown.
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i ncubation with (A) NHS or NHS preincubated with

reconbi nant (rec.) UspAl50-770 and UspA230-539 or

(B) NHS- My- EGTA or NHS 10 My- EGTA prei ncubated with

- 770 and UspA230-539 After additi orp@hse2fiRioe0ess

W(%/@B%IEQQNHS conmbi nati ons, bacteria were analyzed as

described in Figure 13. (C) RH4OuspAl /A2 was

i ncubated with 10 % NHS or NHS- My- EGTA. For

i nhi bition, the NHS-M-EGTA was incubated with 100

nM UspAl 50-770 and/ or 1531UspA230 539 before addition

of bacteria. Bacteria were colle
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co ety oSt s R R etetPeraguiet.
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%@12% 36 Rg ﬁ?&r&sd chb€r 85he S iRIdRS thopshom ddhe
recombln;%t UspA2 , whereas only a weak C3met binding to
UspAl®®-77® is observed. Furthermore, the C3met binding region
of UspaA2 was determined to be located between the amino acid
residues 200 to 458. (A) The recombinant UspaAl®*7"% and
UspA2%05%® yere immobilized on a nitrocellulose membrane. The
membrane was incubated with [$2%11-labelled C3met overnight
and bound protein was visualized with a Personal ¥X [(Bio-
Rad) using intensifying screens. The recombinant protein
MID?62-1200 s included as a negative control. (B) UspAl139770,
Uspiﬂdz:m"539 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




10

15

20

25

30

parts of UspA2. Fig. 21 illustrates %dentity in
regions identified on 10 Forsgren sequence conputed
as the ratio between the nunber of exact matches and

Wétr;& & gt h of the region alignment, where pEBsEREI0R31
gnnent is that part of the above total alignnent

containing the Forsgren region. Materials and net hods
15 Interaction between M catarrhalis and fi bronectin
Bacterial strains and culture conditions The sources
of the clinical M catarrhalis strains are listed in
table 7. M .catarrhalis 18 and RH4 nutants were
exgnnimEnUStaxbzﬂhqwnaﬂﬂbasbychﬁ%ﬂﬂﬁdbéénﬁiﬁﬁ wg| spRErRpted
%9 a“iﬁt aLLh }'z‘éé S Sl A BerYeESr Ftonaety cubt ur el <i .05,
é{ hi |nf S|%%1(BHI) I|qU|d broth or on BHT
tes atf The deficient nutants
meﬁ&gculenxihaﬁraBHB thabp&%ﬁéﬁ@@doﬁﬁ¥?P9@@}ﬂﬁ$¢m
U3§ﬂ5wan9$§n@§29{23éﬁﬁfgr{t@, sStum dLeUbs: OB), depbition and
eficie Siverse. |
ti%qﬂ © egbl?ﬁ{%?%ﬁ%é% E%rlggggggggg%¥né§£%§%y Flow
cydnedranphefi ket sy z’v‘éé’cﬁﬁpﬂ?@r’@o@séﬂ RofLgrRAMAf R T T
indliSuti8auhl en MA NS ckahbe FreiGlduphcal sitairscoobiMbhnt

G R gt L e 587 e STy v
Mg SRt prEbBFub R D Sl YaPh 35% Gite) §aaf\%r% [10]Af§§rF16
adéi%ﬂdﬂﬁbklgiev¥&£igﬂg(ﬁh&468mEKHHﬂﬂB&@O6b@60@Bﬂa w&teBr 02

%Irato éﬂé%tkﬁgé}é P arXﬂxgh&QLspgﬁaéﬁ%as

i?%ﬁ SO hazy [ knf od
1n@qhﬁtedRH5tB| 5] or NHS-Mg-EGTA. Fo 1nh1b1tlon, 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 points. 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 §.D. The time points 10, 20 and 30
min for the AuspAl/A2 mutant preincubated with recombinant
proteins were significantly different from the AuspAl/AZ2
mutant incubated with Mg-EGTA alone (P < 0.05]).

Fig. 18 illustrates that recombinant UspaAl®*""’ and
Usph2®°? decrease haemolysis of rabblt erythrocytes by
inhibition of the alternative pathway. NHS was incubated
with or without 100 nM UspAl®®""® and/ or UspaA23"* at 37 °C
for 30 min. NHS at the indicated concentrations was
thereafter added to rabbit erythrocytes., After incubation
for 30 min, the suspensions were centrifuged and the
supernatants were measured by spectrophotometry. Maximum
haemolysis in each experiment was defined as 100 %. Mean
values of three separate experiments are shown and error
bars correspond to §.D. The results obtained with NHS +

UspA23°5%® and NHS + UspA1°®77%/ Uspa2*>¥ at WHS
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R14 Unknown [10] R4 Unknown [10] 50 1914 Tynpanic
cavity aspirate [23] 10 Note: The strains CIO R4 did
not have the uspAl gene, whereas F16, Rl4, Z14
e UspA2 gene. [101 The remaini Ng pdt/eEH0G/000931
W%%@?@%ﬁiﬂ both uspA2 and A2 genes (data not shown).
DNA net hod 15 To detect the presence uspAl, A2, and
A2H genes in those strains which this was unknown,
primers and PCR conditions as described by Meier et
al . was used. [50] PartiaAél sequenci ng was al so
carried out with the Usp 3299 452 and UspA2115-311
corfengndt 8onprafér s Sopned s rmesgestopel LepAIlvand foerent

frodsRAR SeSecaftRM (and BRIN8. Confirnmation of the

e oA RSP STIOT, ot g0 75 e

eighy émfwwht @tmallﬁér to' shapARSCTERCTCCRACEAETTER 13T )
par@%sbgn@gpﬁomtgle 5' dend of ghl s sequence and 3'
riners,for,.us an at
R I R o
thlé)tgﬁés@itﬁﬁerﬂ?é’c@ﬁﬁﬁhaﬁtth%N“BGW?b%‘?P@PQJSﬁ’KZ%f%%@ent
pax\@fgl ch aggwlevm d of their hydrophobic Ctermni, has
egently %st%%%%“b c?' éﬁ:] Iﬁeéggf‘&@ Cid@%b?\%éd on

rgct ed rrom usi ng
FoxtSugggaeSRwel(qg SGBRUtef| efhe eélﬁﬁﬁn??twﬁ@ﬁl 86 PP
of ke&@efbhaddte Praoideins m@mgtaspxﬂmtmgre@mmwmmment

wher%gltﬂgsré 'a'lg_gHngéE5Ps 7t&@%%r939€2'§% Eé%%v‘@efzgtal

con he same frethod. The priners
31319§§‘8n5r @OqﬂF%“tf@dlg tﬁet ERT0%en A991€Bnstructs were
Mateeddencesd apatiodisng to 35 standard net hods.
Intexpeessh Opeanrcknp . i theatiion! of ande £V @00A/IB18463

Bac@gﬂ% §E299€£1%0%§1ﬁ cabr L eC o fant,,Rr ot ei ns were done

purified
usFhg EOFERRTS Sohbs] ﬁ%ﬁ@l%a%i%kérﬂtafé%ﬁ'ff ﬁ&&é@%ﬁ)m
lisaedotdi ngbl® T.he/.meatbachatsr EBHlAstndcRHOmstahpp were

cod?a%trhwéegogglﬁfe%%u%gpedég&&rﬂadﬂq% Ps ot eits wwere 5
anal > as describ 21

catarrhalls strains were routinely cu t red in brain heart
infusion (BHI) liquid broth or om BHI agar plates at 37 °C.
The UspAl-deficient mutants were cultured in BHI
supplemented with 1.5 pg/ml chloramphenicol (Sigma, St.
Louls, MO), and UspA2-deficient mutants were incubated with
7 ng/ml zeocin (Invitrogen, Carlsbad, CA). Both

chloramphenicol and zeocin were used for growth of the

double mutants.
Table 7. Clinical strains of M, catarrhalis used in the

present study

Strain Clinical Souzrce Reference
BBH1E Sputum {53]
Dl Sputum [53]
R149 Sputum [53]
cl0 Sputum [10]

Fl6 Sputum [10]
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Table 8. Prinmers used in this present study Protein
5 primer 3 prinmer UspA 150"770
gcgt ct gcggat ccagt aggcaaggcaacc
W&E&%f mctttagt gcat aacct aattg 10 USpAlSDA%T/SEZO(]G/OQOQ:n
gcgtctgcggat ccagt aggcaaggcaacc
ttgagcaagcttagottggtttttagcg UspAl50-t97
gcgt ct gcggat ccagt aggcaaggcaacc
acct gt ggcaagcttcttcctgcc UspAl 50-321
gcgt ct gcggat ccagt aggcaag%caacc
ggt gt cact aagcttacct gcacc écatgaac UspA 12994 52
Broggat t t geagdtrgeatggpadoct ggt aat ifgtlact
149t Ccttttgls a%ggcaagcttttgatcaat[lolﬁ UspA133-5.0
cat agct ctgat at ggat ccactt aaaaac
5668890t JHFRRGEEYEEct agat t gg UspiAi°151- 704
BcSgccaaagtaapageyggat ccaaat aaagaci20]
ru400t Ct t 3t gt agt aagcttagettggttigsg UspAl 6S0- 770
gt t gagcaaaaggat cccat caat caagag
RH 6ccctga agt gcat aacctaattg {EﬁépAZSO"SSQ
Rl4cgaat gdhygatowat aaaaat gat at aact t tldjagg

r4 Cattaagghtggiot ctaatgcagttac 20 dyspA230-177

_ cgaatgc cGt aaaaat gat at,aact t gg

SO“&géét gaﬁ%ﬁ’é‘&&f’cﬁ%&b }9 bY AR EEY L%gﬁt c UspA2107" 240
Notgat dAb¢ geggeitnec §daaght gaidinofahage the uspAl gene,
whe@@hGapi Qages | a@@zgqtatc@@at Eg@a&@ﬂm Gkhe. [LspARE01" 318

cerg by SRR PR AT A 0RR *1 0% 10501

gengagitit gagadygaroagat gct at t get.-
DNAg;ng@gg@gct tcaagcttcttttgagcatactg UspA2302-458

gcl.ca aagcggat ccccaagal,ct g

ggE (8 (iqi %ggggf??%%a?ca %t’cééé ?%dlf?s‘?HAgiﬂgSSgQ
thog@aagt@msg@@g@bc@bgat Gt atrt]@@wnr Prlmers and PCR
conc:@t:&aﬁgcaté &gats@:tzﬁbaat peagiiac etAali bedi esseRalibdl

pariih § S A% PORNCL P05 Al gyeswmmmw'%@ﬁmm

I'n de a The
andaﬁﬁpbé I s %’s@d‘d §C’) RELBEF ALY (ChEnEESPRMEYe uspAl and
uspaizbgenecsdi mHBARNdSBRAES Flcmfdmnqaugam etk amtsi prabbnte of

thepA?l.’]_ngm%:gieC% hey, i%@g' SBQ fBﬁN‘%@ﬁ@YEﬁZS@DQ@@@JDW@L@d

use human

was( P@WEW@%P& Pﬁﬁt‘i”b%)f‘ @‘?AB‘?I t| bodi es were
carhGont Rekmatice AC@ras s updeﬂegmrw Kyom WD e2G07£088463this

seqﬁsgi?E%g@ %Q%ﬁl%rssgor %%‘if%trﬁnﬁbré/s Q&%‘d&%béd-ﬁ?f

F ei n expressi and the capacity of
Mel@ét afrdkl 1%t o bind fibronectin were anal yzed by flow
RecoybOn®eht orddeiaat apnhatust win éntlypepstgsions and

Recgﬁgﬁ‘h%{ﬁz V&?sgceiﬁf‘éww %(ﬁ) d MHHARESSNET,S 1 GHONRe OYSFights and

in sphat e buff er eﬂ al i ne contai ni ng
thejrofy A Epphfd et Cnt(eﬁ@’snlgekfaast iTT N ThE eof’é't eria (108)
deswelbBet hEFB ] Micbakeadmict PNA s sptiradisphlTrAR dati serum

catQrrRaP¥s Ay Qrecli 0 ORLOMR. ti8sue kit (Qiagen, Hilden,

Germany). In addition, recombinant proteins corresponding to
150-770 30-539

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

standard methods. Expression and purification of the
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Louis, MJ). They were then washed and incubated for
30 mn 10 at roomtenperature (RT) with
FI TC-conjugated anti-rabbit pAb (diluted according
nufacturer's instructions) or wt
Woﬁ%f){:?&%‘ﬁa rabbit anti-human fibronectin JAI\:DT;S/E%&SIOOO%I
fibronectin was first added) for 30 mn at RT before
i ncubation with the FI TG conjugated anti-rabbit pAb.
After 15 three additional washes, the bacteria were
anal yzed by flow cytonet [y (EPI CS, XL-MCL, Coulter,
Hi al eah, FL). Al incubations were kept in a final
receablinenofpikd@ipk PBS: dmleatisn daAdribrd washiAgsl vier:d!
Proggﬁlgs%&?b tﬂ%%l%@@@ Byid rcoluﬁ\msl cémb{:ﬁﬂe@{ aNnpAbeBNd
conjugated anti-ra % Oc@@reer add ?gtmctlons
reséépéwg‘f%q%}‘ agCFOReya? i VR FOFedch s
foranakyzed:orkilionect Tine |1rﬂﬂqy|btl|n9ﬁts@{m‘i@§15v\é’leéecar ried
anagggegy nrgﬁﬁJéﬁéﬂbQE'ﬁﬁbékéﬁid3q9h¢s of UspA fragnents
ﬁ fore incubation

b S —4he residual
free am)unt of f| bronectl n that 25 bound to M

proC8f.Ar r halisuas determ ned by i1 gwisyt ometry as
out.Li ned "above. BIi ndi ng M cat

UspA hmobi IgF?%%ggafcﬁargffﬁ%"EﬁgFLa‘@ ass sﬁc?gacflg%%ai/%gr%%éag%%g Bd with
UspBU™Y  atdyretascapfagfaipeonect i N EECoARFIRECY SBEHAECRI r

Aysted #¥ BY ONCARctWrfchagPRRectze80 t he
Jep L ges Qng@Iga a%%éagtﬂ%% Jpetri dishes with

U'°'p‘ff)1re chlgfqt%%fg%écﬁ?géalggcé”aggf ‘at e exponential phase
( opttitemiaagitaretpdageago@Phacat 600 nm = 0.9). After 2 h at

UspBiEgg g ggaﬁtggdggtg&&ggmggtwggbﬁd @fdﬁtﬁgta%gatchagaﬁﬁatﬁam’t | owed

433. L l b
Uspf nogﬂéﬁ@\?tlg%&%j@% 807/ 07048 a8 0031

Uspelf”f—"" b e rraeetnEoaErocaBIagi ne | SBEPREFACERIESTIAES
UspBUER? Ngrgafailithtc@atciigizand) t Occatghizgimgppaaiddaty
activity (0.05 mol iodine per nol protein) with the
Chloramne T nethod.[21] M catarrhalis strains
UspBBHIS  enselemBicoiagRiaiehdtactipaans  hePFees B v Asseiid ng
Usp AR 8Nt SolAREQ0RQMMgaNRIcHaght  Crraigikiaghtoragtitairiicgatagedtc
UspliRie Wagiﬁgggggg&g%@% a0 70 DOlclea B REAER Aot

were i ncubated f 37C

Usp h 1ptceeale BRpRtR BB Bnect |5§°afti%5@a$?gmigﬁ ) in

UspRBS*¢ 0naguittighgodoctfatgeiattget gcaatcgottcaagetictittgageatacts
UspA2¥*+%  ocicaasaccaageggatecceaagatetg getgageptttcaagetitgeatcageatogge
UspA2*5  gcaagtgctgoggatectgategtatigot cattaagettagtotetaatgcagttac
Antibodies

Rabbit anti~-UspAl/A2 polyclonal antibodies (paAb) were
recently described in detail.[38] The other antibodies used
were rabbit anti-human fibronectin paAb, swine FITC-
conjugated anti-rabbit pAb, swine horseradish peroxidase
(HRP} conjugated anti-rabbit pAb and finally a mouse anti-
human CD54 (ICAM1) monoclonal antibody (mAb). Antibodies
were from Dakopatts (Glostrup, Denmark).
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BSA. After three washings with PBS 2 % BSA,

125l -1 abel ed 10 fi bronectin bound to bacteria was

nmeasured in a gamma counter (Wallac, Espoo,

[ . Enzyme-|inked i nmunosor bent assaypdEbtaiooosst
wﬁz@?@{kﬁ%z&er pl ates (Nunc-1mmuno Mdul e; Roskil de,

Denmar k) were coated with 40 nMof purified

reconbi nant 15 USpA150-770 and UspA230-539 proteins

in 75 mM sodi um car bonate, pH 9.6 at 4 C overni ght.

Pl ates were washed four tI%ES with washing buffer

(50 mM Tris-HC1, 0.15 M N and 0.1 % Tween 20, pH
Flc%x R)tandtrby oplead,;fier 2 h at RT with washing buffer

a' QSBQJZ%A /tgﬂo%gﬁﬁeé%i&sr%fnt ‘éﬁdf% @é%@dl}tgnaf M.

e incu atz (g hat RT
catg rthais; baceiid, f(lﬁeneﬁbw‘jefcﬁ PORLEZT *%lhr " ol d
cytsctn%&riyn U, Scodtatnidgel atia (yoe shashnpuisidryspAl /AZ-

f a8 Nes Fe Maied aand $Ht§dlbﬁzt ed in
defl %ﬁ%% %‘Efg?ngﬂﬁ&eutggnwf [ Exr one??ﬁnapAbw?or i !

Ph%&@rteaéaiff-‘?%ls%ﬁ Hﬁﬁlgcgn SugATR % t|1-nr 4BbBrT
gePAnS was }ammrmdmhbubmee@hear111c¢baaxedRmtBo%e

an’él %@%ﬁ'/%ﬁ%lgéﬁﬁ)%@c%' Ag anh tdnBeeon] vgaded st

ti-rab di | ut ed
LOLﬁtﬁrf &pe) COHP%Y AT £h8Nos e RE f&dlﬁncubﬁ’ﬁewo I%g RaPe
at wasiredefpara times(Rindwithe PlEtewnivpetddvelbpadbbakd
pAﬂgegﬁinﬁE%gdféc%&% Elel %ﬁé Méﬁlhfatadﬂxh&@@t edipsioheitniend®
o AT /388 SHbTes o FBPBheCH L 8D by A 128"
(ipgfitironecespeets viginst @dipd) |f\%f a%@hé‘#@nég RhHsioEeon
mmo@a@ghcm UNGid-\:ah 66t sd (ATCCrE6hi 20pRY). Refiter

ot G, IO (e Bnadi

cywetswa@emaom—m@a Sest Fand)Lisdsetentht ed® W th 10
1nc@ﬂé¥ﬁ3n50ahﬁeSﬁépﬁnlnzawﬁhhalgﬁaﬁuﬂﬁ re&, landpll2PHsy of

ge %ﬁlﬁrgﬂc' Eégx!ﬁaé?hlnegt] %e@%yflpl% Ql&n %%@eégﬂ&eouffer

s were har veste %66
Antin Tdronegehn apile and FEd CRPIPI YEUES éﬁ&laaﬂ%‘ﬂl‘i &
we]v\@laldctédsssugawtéw e Pl=anesgat Nuac)oratrod Fbnabach strain

ana nC%Pt%ggl ecgin]#%%fﬁikhég &@ﬁ&lééqwégg Qhrfﬁed out by

am CI n- I um ater 1che Sr,hZ
prwr@um@aﬁat @dz%v@?%e@hto fabsg %agmen Wk

ng of fibronectin before incubation with M. catarrhalis
bacteria (10% . The residual free amount of fibronectin that
bound to M. catarrhalis was determined by flow cytometry as
outlined above.

Binding of M. catarrhalis to immobilized fibronectin

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

Protein labeling and radio immunocassay (RIA)
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in a humdified atnosphere of 5 % C02and 95 % air. On

the day of experinents, inhibition of M catarrhalis

adhesi on 10 was carried out by pre-incubating
w{ﬁ&%ﬁ;ﬁwg concentration of reconbinant UspA/kf¥oso00931

runcated proteins containing the fibronectin

bi ndi ng domai ns (UspA1299- 952 and UspA2165-318) or

rabbit anti-human fibronectin pAb (diluted 1:50) for

1 h. Nonfibronectin binding reconbi nant proteins

(UspA1933-580and 15 UspA230-177) were used as

controls. Chang epitheli al*cell's are known to

eX pFEissor dCANh. [v28] “FHentimeariatnl éd | QA saatu, bbdyk ives-
na$80-4 0 i J L8Nt baL & | dn tdhe i Rl bl Lor &f Ti8e he
,aant [ : fi%}gf)lr?eg?i tﬁk?anf?%b(%hdy%v\gé ieco%l_ a‘%/lt%{ o(%spfé?l:;%f
LofiiRarBRE a0 SFpsEdBentti! e EALaF RS & RAtbpdossll A
caRBngaliﬁiatﬂmiRSZBBHh®Gnkhﬂ@@ onge¢n¢nawmmmfkhenr
cRBOLAYEI Yy iR aBkl wEXPRIANBNbSert] SHUSLULE Yhenediym

%I ates were centrlfu‘g,eéi %tc(“’;booo x g for l5 mn an
anhEebat B et 37 €8P N5t ol PORF RBrSSI MLRUN R Bitdd
Babnolay Er® ) wee e rimsidtedvoal 1 th mes 30" ChwPBS-**° 1~
1288084 1 £ d QO LIBYE (NOFg a&ﬂé%!/%%gbé‘?tﬁ{ 'E%sa%n‘éﬁiﬁi%c}‘ez” %
BS25 % eat & W th téglgsn n-, TA(a 05 %trxgsll_n gnd .5

i %ﬁ% 5°r SPEALUIT HEE BN BRG fef IE5%r omit hEPpredti ¢
fijuppestin bhwedeabteactetian mesuntasgraklin abgetesi um
co&Hﬁ@ED&k&ﬂaﬁ%ﬁEsﬁﬁ@ﬂ%@xﬂ%ﬁ@hgUt'On QHLO 39357D£§F855

{ t [ t at

Engggﬂfé%%ﬂ@Pﬁgﬁﬁﬁ%%uﬁSg?b?%ﬁj;‘{cy )irgn eipr essi olnni n

mdﬁ'lg:r@r’ﬁe@rnpii{at@b epinchdhinaho déddisleCh@ngkilde,
Deﬁﬂﬂtﬂﬁ@&éﬂf@'aloﬁﬁbﬁhﬁbi/ﬁlw400(?1|M| 6f%§iﬂ¥d§%§b%ﬂ??ﬁ’am

SCrapha 0 _sBy_re-suspensi.en_jn - gel atin.
UsRE} P8 ( “‘ixbﬁ m) REPESHS éneagth?CE%ﬁtcargonate’
PHaft ¢ -afurfan Cf PHeoREERE n P13SegAne ol varkeg Byuratimery with
waaﬂﬂnélmmo }ri 8BOV\£thI'1gLé;JH_E@,V\@. 2007/:k8463nd 0.1 % Tween

P conj ug ant.j.-rabbit
20Agésﬁfsﬁrgggaggg%%%%aﬁérmgjsﬁeg%% hweltglel"flas_ Wer e uff?r
coRhai A oy £I8ly gstariet-r pLasT ofRyy reldlisBepel washings,
théntellacticer batuestedfgatanr bal RS wandh lFapirehéctin (120

i.al. st tai \( I idi0 . .

rofft Aatech' 18, or a0 b bEB ERTE S 8 R ety (an

waph L isg r e SPBRBF e uttlist BLAkPR YATS MegErg and
indestrdcdbed th583bbit anti-human fibronectin pAb for 1 h.

After asdditional washings, HRP-conjugated anti-rabbit pab
was added and incubated for 1 h at RT. Both the antihuman
fibronectin and HRP-conjugated anti-rabbit pAb were diluted
1:1,000 in washing buffer containing 1.5 % fish gelatin. The
wells were washed four times and the plates were developed
and measured at OD4so. ELISAs with truncated proteins
spanning UspaAl®®7? and Uspa2°®%® were performed with fixed

doses of fibronectin at 80 pg/ml and 120 npg/ml,
respectively.
Cell line adherence inhibition assay

Chang conjunctival cells (ATCC CCIL 20.2) were cultured
in RPMI 1640 medium (Gibco BRL, Life Technologies, Paisley,
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Both strains have a rel atively higher expression of
UspA2 conpared to UspAl.[58] The nutants expressed
equal anmpunt of M catarrhalis imunogl obulin

WB’:%%%4@9 protein (MD) when 10 conpared t 0pppkEadadiftfBost
Strains.” Bacteria were routinely cultured in brain

heart infusion (BH') broth or on BH agar plates at

37 C. The UspAl -deficient, UspA2-deficient and

doubl e mutants were cultured in BH supplemented with
antibiotics as described.[58) 15 Reconbi nant protein

construction and expressi 0¥ Reconbi nant UspAl150-779

SR P/ S R MC R Bh 100 Telo® A 0P demum, 2 i 1-
ST Pon, 250 b 8 RAnbh LAY Boy r O ity PRrore
adhdrenpkbeirkfiionon spanningnibpAbdls @rartrvested,
waBRAY 1 o0 Ric e Sinl FEle ZRMANG 0O B8 BRNRM to 96
I, - | - .
w5 SaBP (e S 53 taa) (RUBE Eaft PR e SRR
off rifhcBilgawe Bt o0 WVOPE USA) tar8wiine fhee sewdirsh
mdbzg&l@%i ?tﬁgﬁ%ﬂﬂd@) -ct@@mjs Uﬁ@i‘@dtrﬁ*ﬂ%iat%@b&}émﬁ@?)tm@\ﬁ gyom
. a S oS u r . I.N 0,
Lo PPRATFE SRR e /oh Y Skt AT £ et ter 081 B8
dayNpric ekpepireeMsdulieh iR kon de M.Deakark)a et @dbeat e
wavy's_tdarémggl &n{etﬂgr HQE%MSA miws._%_créélﬂlxﬂjf&:dsz@@no ' :ﬁigﬁtion
| g, , oal .Nn | I QVI ne. serum a u n
o BATPSG T R TR TrrAcTiac BERCEHEF st iganind The
Tidwengrghe  bimting sossiner Wamdhed whtH Peridbhate) or
rdlﬂgfifce_ﬁl_ﬁﬂi—lﬁﬂtlém&i@&gn@cﬁﬁ?/gpl-ﬁweglﬁiigt%@H_:7503 fqo/r B,%A h.
- J n . S n e W |
N gg?'??@%}s il At et
UspBl 8 ( Logyre msedoas, Fantkals -35hepg rerideed ifdl Fahkd are
knka;yzgi ;agu@;a@irm fz;mm;..ln:és Unb@imado ahaghel+mcAM antibody was
PCT I , .
T s
fl@é@f‘@?%hn Vil e Pdive VR 8 dS BPIHEERS tef SBer hthindrBRpab,
subekkhouetl by Metathirenan i RHRR108N] igapedgabht s akhi t
in%*a-laaéfé?eorpéoatt%% %5?1%&%’@'&%%‘15@99 megsyngd at OD450
I N to 5 a stan COT.

accor gto ard proto ,
experiments, tissue culture plates were centrifuged at 3,000

¥ g for 5 min and incubated at 37 °C in 5 % CQ;. After 30
min, infected monolayers were rinsed several times with PBS-
gelatin to remove non-adherent bacteria and were then
treated with trypsin-EDTA (0.05 % trypsin and 0.5 mM EDTA)
to release the Chang cells from the plastic support.
Thereafter, the resulting cell/ bacterium suspension was
seeded in dilution onto agar plates containing BHI and
incubated overnight at 37 °C in 5 % CO,.

Determination of fibronectin expression in Chang

conjunctival epithelial cells
Chang conjunctival epithelial cells were harvested by

scraping followed by re-suspension in PBS-gelatin. Cells (1
x 10° /ml) were labeled with rabbit anti-human fibronectin
pab followed by washing and incubation with a FITC-
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Enzynme-1i nked i nmunosor bent assay (ELISA) Mcrotiter
pl ates (Nunc-I|mmuno Moddule) were coated with 40 nM
of purified reconbinant UspAl 50-"0 and UspA230-539

in 75 mM sodi um car bonate, pH 9.6 @tT/<¥3006/000931
W(lg? %ﬁ&@o were washed four tinmes with washing buffer

(50 MM Tris-HA, 0.15 M Nad, and 0.1 % Tween 20, pH
7.5) and bl ocked at RT w th washing buffer
containing 3 %fish gelatin. After additional

washi ngs, the wells were incubated for 1 h at RT

with laminin at different3%ilutions as indicated in

C Onéﬁga %Sae@ lm&gfg%hgt ﬂ;zﬂge <(j [ ggfnt-,\&as Iﬂhbuéfﬁdltﬁm&eaﬁf@z ' N
theaﬁfaﬂ £ aff i @rﬁx&gz f}f}érflo %{g@%?daé’mc;lﬂlﬁﬁgg dpov
TntHRRce b Ugatvegtratt. | oo éblbﬁ"ftalri&h aﬁés_l%kﬂi‘éb and
BadtAGyRat EQra@.JnﬁEnnghhtlﬁf@ ki thams ni n and%HCF;g-@
LUH ugared anti-ra a i &h
?%ﬁ ER%Qﬁ}fF%r g rﬁgyﬁgmg%g gth%ﬁﬁiéla d 4 d

alnlng % f1 sh agg[gg
the\zi&l ksrwesponvtisisedutants twempé@éfé%\élr% %%\Féﬁ 5ed
BotEasuLeds Qﬁa%@elb’ﬁ@@@‘t}emlgmlrl sxpnespiaine @ WU EhAZ

I dent | cal S B amount of
consR Gt b o s he P Ay te%%?rgﬁ%%"ited 5l
M. mramwhglmpsmawp'lebahan PRI G385 et &' p@’{?)
coﬂﬁéﬂ%dfkﬁeglﬂ§ ﬂyﬁﬁe%teﬁlhﬁn1ﬂadtqﬁ3@ Egtﬂ1?0Utln91Y
Lnteraction betyeen gh 1t S 1 (3l 1S paBeh Br and BE3NMeYar
culgnredy 51 PE PRI TR Tand e ture condi t The clinjgal
plaMescataBi hali sThes dsaPésdahic ¥t at é]&pé‘gbg c1es Eave
dodﬁ%e%wnl@@e@eﬁ&mtbeddu i dle}tTaldup[EJZQmeﬁqu i
st.r.ains m Culture Collection,
et AL %f%ﬁlh iy

] DEfaEE??n ﬁgcomblnant
Us&{)lt5h’é??buhg U@mﬁ@ﬁj’ , @hltheamam q’?pé’ﬂﬁﬂt ure
e%} éé?ﬁx 1 MaRassAgnu Madtuei.g561 i Bn gonnrtibeae

rempangspsma@b%siéfﬁr%%%%? et S B

spSid e eepedti”’previnnipae’WD° 20079 018463781
anEGTL53E2006/ 000931 41 ATCC 49619, Legionella

ila ATCC 33 Pse y
A R oh e i e b o
(pSb Rpledeoceedus$2 aur Bis RAPOLE25DDE: LarHe ine RAP nY#Yy ¥om
Slﬁﬁé%a{ﬁ Lo@ll-g?bhg Qer e sedinei Baksdsnliahepetodidase
I Ca

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

(Glostrup, Denmark).
Binding of M. catarrhalis to immobilized laminin
Microtiter plates (Nunc-Immuno Module; Roskilde,
Denmark) were coated with Engelbreth-Holm~-Swarm mouse
sarcoma laminin (Sigma, Saint Louis, USA) or bovine serum
albumin (BSA) (30 pg/ml} in Tris-HCL, pH 9.0 at 4°C
overnight. The plates were washed with phosphate buffered
saline and 0.05% Tween 20, pH 7.2 (PBS-Tween) and
subsequently blocked with 2 % BSA in PBS + 0.1 % Tween 20,
pH 7.2. M, catarrhalis RH4 and BBHIS (10%) in 100 pl were
then added followed by incubation for 1 h. Unbound bacteria
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5 Mcrobiology, Departnent of Laboratory Medicine,
Mal no  University Hospital, Lund University, Sweden.
WO 2007/ 018463 PCT/ SE2006/ 000931 42 Table 9. M

2{%%?' is is a unique C3/ C3nmet binding RaedSkokMhio31

nor axel | a subspeci es and ot her conmon human
pat hogens do not bind C3/ C3nmet (nfi < 2.0). After
i ncubation with EDTA-treated NHS or C3net, bacteria
were 5 anal ysed by flow cytonetry using a rabbit
anti-C3d pAb and a FI TC—conJ ugat ed goat anti-rabbit
pAb. 10 Speci es NHS-EDTA (Om‘|) C3net (nfi) Moraxella
werearanshal iny REMh8ng 22X ilresMwibl| R diweea.2Rgsikdyalp

bouMi PQH%%léc%ggg<dgtgc@e§i My RARhEWE =R %n@l‘MiDopAkM
connor e S8 o2 005 e BRI =200, 20
Thesphbtayavere? d8veldp@d A0d gekbared el VMipaa¢ez)ing 300
a Sgagdgm Haemmphihus influenzae (n=7) < 2.0 < 2.0

re_OCOCCUS neurTDnI ae n 1 % < .0 < 2.0
Enz YBEE L ohetS S é'u-!n---- t 2—0—< 2.0 25

PsEudonTnas adrugs ndi‘,\aflC(-rI:ﬁ@)ma Wo@nle)p were| PeplRd g7ith
40 ﬁﬁgeey &&E%%%& feE?Qbfhé%ﬂJUéﬁﬁ&gTWPauﬁﬂm%@@lePPca <
0coccys aureu
pr°§fe|185tjo‘bo7 cﬁf‘gl ﬁﬁéb‘éﬁega? éH(‘cS] > 38 P14 ds
werSt wepbot otews tagakact i %52119G<b12ff)9r Er?toefﬂé’ﬂcgéé%sml'
0.15aRCcRLES, Snd @ ‘.E 2. @weéﬂelzmo@actem m&imbloékédOaK mr 0

scher | ch|a

tg ﬁaégll“rl\ﬁ ege énEa%}DJé‘ng 0° Eé?lgs%%aé&\%ﬁgrﬁc eae <
additfomal wWashings, the wells were incubated Tor 1 h at RT
with laminin at different dilutions as indicated in 1.5 %
fish gelatin (in wash buffer). Thereafter, the plates were
washed and incubated with rabbit anti-laminin pAb. After
additional washings, HRP-conjugated anti-rabbit pAb was
added and incubated at RT. Both the anti~laminin and HRP-
conjugated anti-rabbit paAb were diluted 1:1,000 in washing

‘buffer containing 1.5 % fish gelatin. The wells were washed

and the plates were developed and measured at ODysp. Uncoated
wells incubated with identical dilutions of laminin were
used as background controls. ELISAs with truncated proteins
spanning Uspal®® 7" and Uspa2®®3*® were performed with fixed
doses of laminin (20 pg/ml).

Interaction between M. catarrhalis and C3 and C3met

Bacterial strains and culture conditions

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



N. meningtidis < 2.0 < 2.0 N nucosa < 2.0 < 2.0 W
2007/ 018463 PCT/ SE2006/ 000931 43 The different
non- nor axel | a speci es were grown on appropriate
wobAngdang culture nedia, M catarrhalis strapdgspdficosst
routirnel’y cultured in brain heart infusion (BH)
l[iquid broth or on BH agar plates at 37C. M
catarrhalis BBH18 5 and RH4 nmutants were manufact ured
as previously des- cribed.[22, 23, 58] The
M D-deficient nutants were grown in BH containing
50 g/m kananycin. The UspAl -deficient nmutants were
aTcal $vEed imegBHhesupprenenoed ini 2tcd. B 1@ Pseudomonas

i-C [ : :
aéﬁggéég%gpﬁcFegpl%g %ﬁ%%ﬁ?goﬁé?gb$ﬁ%%%%?%gagft%9%LB/ﬁPd
Fipapty rianivilocsgens ausaisshadC 2923 gk remaining
stehims arpltabileob weck zadeiiranet golses ffebm geanddn of
i Sen PR, D SRbSre COLY RSHF e (RIS
Un 1 eioiddish &RePiart « | oGt NregBAPI &I Ei9de8d i n conpl ete
Freunds adjuvant (D fco, Becton Di ckinson,
Hei del berg, Gernany), and boosted on days 18 and 36
with the sane dose of protein in inconplete Freunds
adj uvant.[22] Blood was drawn 3 weeks later. To
i ncrease the specificity, the anti-UspAl antiserum 20
was affinity-purified with Sepharose-conjugat ed
reconmbi nant UspAl150-770 [ 58] The anti serum bound
equal ly to UspAl and UspA2 and was thus desi gnhated
anti-UspAl/ A2 pAb. The rabbit anti-human C3d pAb
and the FITC conjugated swine anti-rabbit pAb were
pur chased from Dakopatts (G ostrup, Denmark), and 25
the goat anti-human C3 were from Advanced Research
Technol ogi es (San Di ego, CA). The horseradish
per oxi dase (HRP)-conjugated donkey anti-goat pAb was
obtained from Serotec (Oxford, UK). Proteins and
i odi ne | abelling 30 The manufacture of reconbi nant
UspAl50- 770 and UspA230-539 which are devoid of
t heir hydrophobic Ctermni, has recently been
descri bed.[23] The truncated UspAl and UspA2
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proteins were manufactured as described in detail by
Tan et al.[78] Cab was purchased from Advanced
Research 35 Technol ogi es. C3(H20) was obtai ned by
whhepAidg and thawi ng WO 2007/ 018463 PCT/ SE2RQf4£406:334d931
44 of purified C3. The C3b-like nolecule (C3net) was
made by incubation of purified C3 with 100 mM
nmethylam ne (pH 8.0) for 2 h at 37C, and subsequent
di al ysis against 100 mM Tris-HC1L (pH 7.5), 150 mM
NaCl . For binding studies, C3nmet 5 was l|abelled with

0%, %%?%éﬁ”lgg?;gm e g

baqfieawu@ tgﬁie%*i 293 1 o
hu“%f"é‘t BRERAFFRS D(S’tth Iln? E rf1m haj%g%?r by WE igw
bRt R S4B 2

inQAPRSABET Y1 UBAR R 74 Sk
spefée@ ng units; cfu) werema@crab@xegnwths@ﬁetmfiqsb?

(H20) Qr 0% NHS with.or without 10 oM

Moraxe'yg%]'%:}gangﬁ%% .{Q\AREQTA (NQtEﬁQTA) in PBS- B% flor 30

€r washi ngs, e 15 bacteria ey
igsd@isaseéd with anti-human C3 gAB for 30 mi QUr% ice
fdiigwed by washi ngs and i ncub&t.iton for anotsheér. 030
rA%‘at%l%ll ce with FI TG conj ugatgdzg@at anti -rabbi ty pAb.
er “three additional washes, cteria were
AP FEETRGI¢ | ow cytometry (E Pif . XL-MoL, “cufter,
HiradreahisFL). Al 20 incubati eng.dere kept iKnzaffi nal
volyne of 100 | PBS-BSA and the_ pashings were done
wth the sanme buffer. The anti - man Cad pAb aBd
FitFGaconj ugat ed anti - r abbit p wgre added
s&m;eftlatfel y as a negative controR-.for each st ai-f

Il)ézg 140 ke .phi bi tion stydpes, serumanaso
rel n %S?e} J\lel tﬁ( 1 nM of hS r econbi n@nt2

Ha@d]?ﬁ’/&f §5770 5%%“%@3%?539 protérns for 30 fi n at
St BFC.ochocanapyzendrtigeciaratt er i<sti-@s of the M 2-
Le&@@lggabhgum@ | ft-20 actl ORr, 2i,pcreasing < 2.0
L centrations, of I\gaCE L0 M was added,t
PRS AREVEEMAE Wo };\nal yze USpAll A2 expreSS| on,
Ll-ﬁam@rman@m%owrlﬁ)s wer e incubat @dwith 30 tife2-0

ve 2 idimUspAb A2 PAYy and washed @e.descr! bed abgve. A
Stagjlg%’fgpcon#gu aggge%oqt gntl - rabbg tQ_BAb di | ut eq 2.0

23333

Streptococcus pyogenes (n=2) < 2.0 < 2.0
Streptococcus agalactia < 2.0 < 2.0
Enterococcus faecallis < 2.0 < 2.0
Helicobacter pylori < 2.0 < 2.0
Bscherichia coli (n=2) < 2.0 < 2.0
M, ovis < 2.0 < 2.0
M. caviae < 2.0 < 2.0
Nelisseria gonorrheae < 2.0 < 2.0
N. meningtidis < 2.0 < 2.0
N. mucosa < 2.0 < 2.0
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the manufacturers instructions was used for
detection. To assure that EDTA did not disrupt the
outer menbrane proteins UspAl and UspA2, M

Wﬁq 0%@? is was incubated with or 35 w t houpcEEERe6/000931

' owed by detection of UspAl/ A2 expression. WO
2007/ 018463 PCTI SE2006/ 000931 45 EDTA, at the
concentrations used in the NHS-EDTA experinents, did
not change the density of UspAl/A2. Serum and serum
bacterici dal assay Normal human serum (NHS) was
obtai ned fromfive healt h§/3 5 vol unteers. The bl ood
vvasrhal kenedrént clot-moorx80Lan speatiesogrre t @nper ahur e

i ?%S%%ﬁéaf{%@&gg @Qdiace M. Oglalﬁga_gitagfals Aft-8Rns
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braiit ermahi 88T @ hwaypses 18t iVI°EDTA. wastarided. 15| ABH1E
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e 1] ow t hrough was ec
Chh%ﬁ“@%‘é’&]l’i% D65 R Yas Ct BratPr Ay Gt 35%99 #&%Clent
muSertsmweepl emre@baﬁfeocmthwésumlalﬂ?@@ml ATRRELFGIeSY
Ca@f%opf c%q B Fdr0@lda@Bn b 9do1 USidNGeBLok eefd sl rox

ang I o aph Bi 0- Ra Hercul es, CA). The
gr?«é@h Q& EB %?%Aii %p% 5&(%8 %orplﬁaaln %aenol ytic activity.
Anfiiedigst or D and properdin deficient 20 serum was

ki rﬁﬁlbxéllaéOwép@dlmn@rzedAm@faﬁnﬁdm@my(@eﬂarztmlﬂb of

| bj 0 d it
reW Icl%t%SFr ﬁgifsi%l?gﬁzg%/ﬁ]sla\%gr e lgiﬁ e% Xn égﬁgrﬁﬁﬂg‘%%ﬁé
adiufedr | (DHECT. Bedrmraibiickgnecn, %e(wte/l%r:y gerEtay) - 1and

boddMedVel 3ayd. 15 4 GaChiih atitk & dmeXddext bOsgrotein in

+ B r 1 t
indg %g%it ) BARE LT B SRt 103, %Déﬁoove@%%ﬁ'%aeg@ﬁ $decks
La§qialTo, 6RAREATT BTD FPCHRECHARL drieaIREEURRAL 2tiserun
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IsGHu ot r \/ n o] r
oo LS MR A e

Usmﬁr?c@@ék @asmuhs 1958 imes £t At BT SRAddnBEnBRAD - The rabbit
antispAlho- 7720 ard AsPARI0FFBO-rolwjatsd ewiBe anti-awbbit

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

The manufacture of recombinant UspAl®®™""" and Uspaz?®%*,
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,C) was obtained by freezing and thawing
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37C before bacteria were added. Dot bl ot assays
Purified reconbi nant UspAl 50- 770 and UspA230-539
diluted in three-fold steps (1.9 - 150 nM in 100 |

Tris-HC1, 35 pH 9.0 were applied g®@/sE2006/000931
W&];Ot‘}?%lé% | ul ose nenbranes (Schl ei cher WD 2007/ 018463

PCT/ SE2006/ 000931 46 & Schul |, Dassel, GCermany)
using a dot blot device. After saturat i on, the
menbranes were incubated for 2 h with PBS- Tween
containing 5 % m |k powder at roomtenperature and
washed four times with PBS Tween. Thereafter, 5 kcpm
of pl2biled diabehked3E3nbte implPBBLFWEEIMaki)t Wa2 g |y

lnceﬂéﬂ?%n p%‘}g%ﬁedowmﬂhtlo@t aGret] Tl-léflaiﬁ@'ﬂ@d (PH Of &)

visuall ze

a_Per sg b) R%dg §s| 109
forj At Btk iy S8FedRRs Bifftald® Y%%Waﬁé? f
TrigBiatots) 7H5e i A6r @t .bEoneindspAES0d1?0, of3met

wasL§Q€@§9x§ﬁ%tﬂn@ &3 mép]mas(ﬁﬁ@k@ﬁ&magg%%ﬁ%%héﬁéﬁmke,
surface mon_resonance e iacore,
EnoRRpan SeY SAABRP PRLT SEURA TR Rl Baa & mERRbE: (25)
Flols pit e tGABRniaAtyefact i on. (58] The KD (the

qu'iﬁ&ﬁ{dbl&“ @izSsaciat & on GeRsE 8Nind V@ﬂ:&le@‘alsﬁdbﬂéﬁd»as
roma curve snow,n resgonsem%tn %gu bél um

i ndi n
analyaed eg 1%105“g§?/ﬁ§f“ei:ﬁ% (f'ﬁ%‘?%ﬁ?‘a‘f? Si'ng st ead3/
medstat evefriighitt pnapdebhed lippicicednbyBBi erraiinarpoh © BSA

(sléﬁm W@d@A@foFﬁkregﬂwiﬂdClﬂ@@ﬁa i mnfnasspw@rmommy
crotite

uni SSk?f%) werﬁeﬁﬁ’ﬁ? e glogtée tr| Ié(lt))e r 10°%

NESput thied wigdombi ﬁﬁnIﬂM WWA;’&S@MW%EAQSQO 5@@ EGGR

(MgT—E@TM UﬂpastB%dB@aD»ﬁbrm z&i&péz Bragnestsr(¥OsmMds) Ehe

t 4 I
oaeBE SO SHLIRNRLE 01 S fhd cOYSI) OB Pl phes
on @ce, Y TWeRIeRbyY PRSTIRYS g ERGEREHL BT RRSTAET 4"
mlnr@ﬁnl&é”ﬂ&ﬂhaEQHekwbﬁﬁugﬁﬁﬁH RGahubfier- st edbwi Ahter

cnrppoaddfor Al DUTLDH( DLOGKING QULL eLda 1 fldehyWaslinds,

overnig Cwth 0.25 ¢
CytOBABEY | Eﬁ%ﬂc@okx@gmbuf@%ﬂt%eﬁé%ﬁ@?f E’EIHe pttat es
incWBk eives hed-candpitndibat £chalwivohugeatdf aitd LAURBA-E3A i n

andbl’cﬁ ki, 0g, %f e reOkodte df’\:th Rlhe s&hd efudddi tir@paknti-

|n S, COI’] ugat ed donke nti oat
human c3d pAb and FI gonjugated a t?wrabéat 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®®7"® and UspA2?°°% proteins for
30 min at 37°C. To analyze the characteristics of the M,
catarrhalis and C3 interaction, increasing concentrations of
MaCl (0 - 1.0 M) was added to bacteria and C3met. To analyze
UspaAl/ A2 expresslon, bacteria (10® cfu) were incubated with
the anti-UspAl/ A2 pab and washed as described above. A
FITC-conjugated goat anti-rabbit pAb diluted according to

the manufacturers instructions was used for detection. To
assure that EDTA did not disrupt the outer membrane proteins
UspAl and UspA2, M. catarrhalis was incubated with or
without EDTA followed by detection of UspAl/ A2 expression.
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30 pAbs was added for another 1 h at RT. The wells
were washed four tines and the plates were devel oped
and nmeasured at OD450 Haenol ytic assay Rabbit
W(?fﬂ‘lfﬂ@[%@b@yt es were washed three tines with lI“(ﬁfSE@&)ﬁmomn
cold 2.5 nM Veronal buffer, pH 7.3 containing 0.1 %
(vvt/vol) WD 2007/ 018463 PCT/ SE2006/ 000931 47
gelatin, 7 mM MgCl121 10 mM EGTA, and 2.5 % dextrose
(My++EGTA), and resuspended at a concentration of 0.5
x 109 «cells/nml. Erythrocytes were incubated with
various concentrations (85to 4 % of serumdil uted
EDTH, Mr++hel Aonéep?«fiaanohsh uakd 37C ties wWhisFaoytes were
ge tes was
ex%gp{n(érft% Séénﬁo{ ctqlan photgocgréertl% ﬁ?%f%%#ﬂli[gﬁ%’
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Uspmnﬁndhuﬁmzseﬂﬁl %Nﬂeu una sash taihedneubat £traMhe 1thy

f I d/,
vo%@gﬁ%%%Ps égggggg?ﬁga g&@?%é@iﬁ]Qﬂ%@ 09r3&QMﬂ.at room

te?ﬁﬁ%’faﬁajfrteeFn%dﬁ%%ffeat%etrhénéli?ﬂﬁ’%éy‘t é§eaF°B @% o 704
Aftmlmntmmfoﬁamwmqahowacéemo]leei;ka&yt;estamohnd stored

at ph?(Q‘?ﬁy‘rBS kﬁacﬂ’x@% F%%'t}é”? EH kgft%/é]ﬁ’\sétlve

é}&f were |so from res
palRy i e dPsTisE it MR 6dE8RA 1517 W%%I% kMQXSEG@pmaénds
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nmedi_um fe Techn I sle
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mAIR Bpdof aembhee MHS GrreliESd EBF@ n0r CZO1godf ti2@ quihafined

of@dﬁi f4@'} ARe ”Hbv@tth%%ggh%i@cd’ﬁ%*&%%d Qﬁ&t@{é Q:le[g‘i’%"tgd
X 10 {: at a cteri
nc

se Ut Fgone Laed Yo A SRR ST rrelbGt | Sl iaRernot Clg
vagpmbioverd el thot dtlirel. sSep vo¥idig bact i catadt €790,

f.rQ;, HQreando 128, dlidhadhel BELbRII LR ? @Ei@lﬁ@twedt bé
e reate

Hmbcu bIe(r?| ggy\hs o-lr%BeZsr é’glﬁaqt ﬁer%a%sgﬁ%geghgagg osed in
haqnd vddseacel oftiINHSheSfagtipeus arsheorbeedin defiNE8nlas
seMSE&adS kPASL ¥ I prervaeRlr 8l pEXaMIes 898hb8sUlBspartment
of Medical Microbiology, Lund University, Lund, Sweden).

M. catarrhalis strains were diluted in 2.5 mM Veronal
buffer, pH 7.3 containing 0.1 % (wt/vol) gelatin, 1 mM
MgCl,, 0.15 mM CaCl,, and 2.5 % dextrose (DGVB™). Bacteria
(10° ¢fu) were incubated together with 10 % NHS and EDTA or
Mg-EGTA in a final volume of 100 pl. The bacteria/ NHS was
incubated at 37°C and at various time points, 10 pl aliquots
were removed and spread onto BHI agar plates. In inhibition
studies, 10 % serum was incubated with 100 nM of the
recombinant UspA1®®"0 and Uspa2’® ¥ proteins for 30 min at
37°C before bacteria were added.

Dot blot assays

Purified recombinant UspAl®°7"% and Uspa23®5* diluted in
three~-fold steps (1.9 - 150 nM) in 100 pl of 0.1 M Tris-HCI,
pPH 9.0 were applied to nitrocellulose membranes (Schleicher
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Interaction between M catarrhalis and fibronectin 30
M catarrhalis devoid of UspAl and A2 does not bind
soluble or inmobilized fibronectin. W selected a
series of M catarrhalis clinical sSpEpsI806/000931

wé%@?@iﬁh table 7) and tested themfor fibr one(?:ti n
binding in relation to their UspAl /A2 expression by
flow 35 cytonmetry analysis. H gh UspAl /A2 expression
as determ ned WO 2007/018463 PCT/ SE2006/ 000931 48 by
hi gh nean fluorescence intensity (MFl) was correl ated
to UspAl/A2 expression (Péarson correlation

s mflfli CipgBteD, BhrmaRgd. 05)nd fd glotebld) . ddoweve ALLED
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ol e oo LapeRayry COBP o Ee By P A0 tTne
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ese results su

ag?“r‘b?rtoﬁé“@t |Cﬁ“8ﬁ’at’?%éits°ri ﬁ‘glEB. %Jé%’ébeﬂy f% %%66 ﬁPg actyerml'cacli el
suppl bichdbyf Biremettdiri st cofgHgrde eon  UspAl / A2
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f| B‘Pd%Fé’é‘-ﬁtﬁrv\Bg if‘?] utned ?%%J % Ay 9
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stro d,12 h t t °
Tragre 3) il f&u%,&fﬂ nslr?t%gﬁ%% g d?!t% ﬁ ?ngl NG .of S
ovehgiqhﬂ(jaggﬁgs wﬁre washed four tlmes Wit washlng buffe
(PBS with 0.1 % Tween 20, pH 7.2) and blocked for 2 hrs at

L+3

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 ug 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
ODgso .
Haemolytic assay

Rabbit erythrocytes were washed three times with ice-~
cold 2.5 mM Veronal buffer, pH 7.3 containing 0.1 % {wt/vol)
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contrast, the AuspA2 and doubl e nutant bound
1251 -fibronectin at 14 %and 12 % respectively,
whi ch was just above the 30 background levels (5.0 to
W (}0% s&gsi gure 2). Simlar results were obtgifngdesobdds:
L&P4¥rhal is BBHL8 and the corres- pondi ng UspAl / A2
mut ants. Thus, our results suggest that both UspAl
and A2 are required for the maxi mal binding of
sol uble fibronectin by M catarrhalis. W 2007/ 018463
PCT/ SE2006/ 000931 49 To investigate the bacteri al
attachment to inmobilized!? fibronectin, M
gel%tiﬁttrh&hbh MdIH, lam il ECTar r espohdi _r%gde@tusmsbé-/qd A
S were. a e n [ ; 3580
(Mggl%i%g&s!.' ﬂ?gelfeg%#eoﬁddel%n%gbgt(?{)rﬁ{%%g:?gégg\?\g?e washed,
celdsdms . sEhgEyEttey Eeam STAREES TR NR is wild
cordshe rapdodhie(o dits RAR ) nut antruedé Libeddit METEGHg| y
adhere t Cf j e d 483 the
Aft(efrig & a‘g A:Egkﬁcd _t?x?ﬁ%té's GRaked Al Ass
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respectively). qqp riments with agoéhe 70 2nd/ or
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d RRost@ance for M catarrhalis
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t QodNge 318 110f; DAL ke sf st hgrmadedeze t he
fr%%fﬁtfg%ggt %gn% of stg%vfgng A2, 2 V)V' tghéi pﬁﬁw&té‘ n,
(PhaqfRdafEdP el pAPRE an yUs?waf%ﬁl- 539 Wer e
centetichigiedanvt y1 produedd 30AJE. wasdiad 18088 ®h
reéﬂs‘ﬂe‘?ﬂi‘eﬁeﬁn Phrat %@%eﬁmﬁlﬂb_@tm \Mebhnb_mﬁdjja@s,l gisley,
concentrations of . fibronectin, Bound fpbronectin was
SoQfekA ed TRF t RE SR A SURERAR T bYonect in pAb ¥ ol | oved
opdyniizecubathod Wwieh <l 2BrhBHS e adiifiTEPEPoxPHasR M ©
puﬁugﬂ'ﬂ&@%ggta%i-m%ﬂ aﬁéb?°iotlhfterre:waﬂhéaartbacteria
p Oy SO' 7 o t H PMN
weEg B‘l‘ldﬁ’?élcf’ilghgﬁlglqt '—E % ﬁt%erg% g o/{ﬁhgq\/\é?e% ofce-edrelﬁe/ydent
ratio of 10:1 followed by incubation at 37°C with end-over-
end rotation. Surviving bacteria after 0, 30, 60, and 120
min of incubation was determined by viable counts. The
number of engulfed NHS-treated bacteria was compared with
bacteria phagocytosed in the absence of NH3. §. aureus

opsonized with NHS was used as positive control.

alax ba® Fa #X

Examples and results
Tnteraction between M. catarrhalis and fibronectin
M. catarrhalis devoid of UspAl and A2 does not hind soluble

or immobilized fibronectin.

We selected.a random series of M. catarrhalis clinical
strains {n=13) (table 7) and tested them for fibronectin
binding in relation to their UspAl/A2 expression Dy Elow
cytometry analysis. High UspAl/A2 expression as determined
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(figure 4). To define the fibronectin-binding domain
of UspAl, 30 reconbi nant proteins spanning the entire
nol ecul e of UspAl50- 770were manufactured.

whhhFRNEsL in was incubated with the inmobil peedeibdubbest

proteins fragnents and the interactions were
guantified by ELI SA. UspAl50-491 bound fi bronectin

al nrost as efficiently as UspAl50-770 suggesting that
the binding 35 domain was within this part of the
protein. Anmong the other WO 2007/ 018463

PCT/ SE2006/ 000931 50 truftat ed fragnents,
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and M. catarrhalis, #®I-labeled fibronectin was incubated
with two clinical M. catarrhalis isolates ({(BBH18 and RH4)
and their respective mutants. The wild type M. catarrhalis
RH4 strongly bound '?I-fibronectin while the corresponding
AuspAl mutant showed 80 % binding of the wild type. In
contrast, the AduspA2 and double mutant bound 1257 _fibronectin
at 14 % and 12 %, respectively, which was just above the
background levels (5.0 to 10 %) (figure 2). Similar xresults
were obtained with M. catarrhalis BBH18 and the corres-—
ponding UspAl/A2 mutants. Thus, our results suggest that
both UspAl and A2 are required for the maximal binding of
soluble fibronectin by M. catarrhalis.
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with the truncated UspA211-318 , an inhibition of 50%

was obtained. Thus, the fibronectin binding domains

of UspAl and A2 30 block the interactions between
wodwriomsaestin.and M catarrhalis. UspAl299 4BRL/Skd06/000931

UspA2165- 318 inhibit M catarrhalis adherence to

Chang epithelial cells Epithelial cells are known to

express fibronectin and 35 many bacteria attach to

epithelial cells via cell-associated WO 2007/ 018463

PCT/SE2006/000931 51 filbyepnectin.[46, 54, 69, 77]
atarrhalis
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recombinantly produced in E. coli, coated on microtiter
plates and incubated with increasing concentrations of
fibronectin. Bound fibronectin was defected with an anti-
human fibronectin pAb followed by incubation with a
horseradish peroxidase conjugated anti-rabbit paAb. Both
recompinant USpA15W47°and Uspa23°-%¥ pound soluble
fibronectin and the interactions were dose-dependent
(figure 4}.

To define the fibronectin-binding domain of UsphAl,
recombinant proteins spanning the entire molecule of Uspal3’"
" yere manufactured. Fibronectin was incubated with the
immeobilized UspAl proteins fragments and the interactions
were quantified by ELISA. UspAl®** bound fibronectin almost
as efficiently as UspAl®""7° suggesting that the binding
domain was within this part of the protein. Among the other
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M catarrhalis binds | amnin through UspAl and A2 Two
clinical M catarrhalis isolates (BBHL8 and RH4) and
their specific nutants | acking UspAl, UspA2 or both

i wer e anal yzed by a whol e-cell ELI A 1/9v2006/000931
W(gg’tggﬁlﬁﬁal is 30 RH4 strongly bound to i mobilized
lam nin. (figure 94 . In contrast, M catarrhalis RH4
uspAl mutant (RH4auspAl) showed a | am nin binding of
89.9% of the wild type. M catarrhalis RH4 uspA2
mut ant ( RH4auspA2) and tgg doubl e nut ant RH4auspAl/ A2
15. 2% and 18. 1% bi ndi n paC|ty of the wild 35
truhypeed riaspeenicsel YspAHT S ias faot evt hniddueant | y
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CLEMLT T
catarrhalls UspAHdependent ronectin nding was measured
by flow cytometry. Pre-incubation with Uspai®® ™ and
UspAl?®® %2 resulted in decreased fibronectin binding with a
95 % reduction for UspAl®® and a 63 % reduction for
UspAl?**%? (figure 7). When fibronectin was pre-incubated

with the truncated Uspa2'®™® , an inhibition of 50% was

obtained.
Thus, the fibronectin binding domains of UspAl and AZ
block the interactions between fibronectin and M.

catarrhalis.
UspAl12997452 and Usph2'®~3® inhibit M. catarrhalis adherence to

Chang epithelial cells
Epithelial cells are known to express fibronectin and

many bacteria attach to epithelial cells via cell-associated
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25 the other truncated fragnents spanning this
region, no other fragnent appeared to bind | am nin.
The N-term nal part, UspA230-351, was able to retain
w?ﬁoo%féﬁ&%i nding capacity as conpared to thepdndr2006/000931
ength protein. The shorter protein UspA230-177
showed a 43.7 % bi ndi ng capacity. (figure 10B). 30
These results show that the bindi ng domai ns include
residues found within the N-term nals of both UspAl
and UspA2. Interaction bﬁtvveen M catarrhalis and C3
and C3net M catarrhalis outer nenbrane proteins
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responsible for the interactions.
Interaction between M. catarrhalis and laminin
M. catarrhalis binds laminin through UspAl and A2

Two clinical M. catarrhalis isolates (BBH18 and RH4)
and their specific mutants lacking UspAl, UspA2 or both
proteins were analyzed by a whole-cell ELISA. M. catarrhalis
RH4 strongly bound to immobilized laminin.(figure %a)y, In
contrast, M. catarrhalis RH4 uspAl mutant (RH44uspAl) showed
a laminin kinding of 89.9% of the wild type. M. catarrhalis
RH4 uspAZ mutant {(RH4AuspA2) and the double mutant
RH4AuspAl/A2 15.2% and 18.1% binding capacity of the wild
type, respectively. This was not significantly different
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AuspAl / A2 nutants (not shown). In parallel,
experinments wiwth 25 G q and factor D/ properdin
deficient sera denonstrated that both the classical

woBsh7bhgsal ternative pathways were inhibiteslchyrdben00931
catarrhalis (not shown). Thus, M catarrhalis, a

pat hogen that frequently col oni zes the human

respiratory tract, does not only counteract the

cl assical 30 pathway but also the alternative pathway

of the conpl enent systerr,;py t he outer nenbrane

proteins UspAl and A2. M~<tatarrhalis absorbs C3 from
frdiDEAei pastdwal edilseriom tCaF i ovaltedt PiatrndSirslehe
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asafficiently as UspAl®®" suggesting that the binding
domain was within this part of the protein. However, among
the other truncated fragments spanning this region, no other
fragment appeared to bind laminin. The N-terminal part,
Uspa2°®-3!, was able to retain 44.7 % binding capacity as
compared to the full length protein. The shorter protein
Uspa23® " showed a 43.7 % binding capacity. (figure 10B).
These results show that the binding domains include residues
found within the N~-terminals of both UspAl and UspAZ.
Interaction between M. catarrhalis and €3 and C3met

M. catarrhalis outer membrane proteins UspAl and UspAZ2
inhibit both the classical and the alternative pathway of

the complement cascade
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non- coval ent Qur experinents inplied that C3 bound to
the surface of 25 M catarrhalis irrespectively of
conpl ement activation. Therefore, we anal yzed
waob@bhglssconverted C3, which is non- functi opci/SE20@W0a31
bind to the bacteria. Native C3 was purified from
human serum and treated with nethyl am ne, which
converts C3 to a C3nmet nol ecul e equivalent to C3b 30
wi t hout the capacity to covalently bind to m crobes
(Fig. 11C). Flow cyt orref/ar%y anal ysi s reveal ed that
the M catarrhalis RH d type strain efficiently
bousph CHintfaice ecapdossidegendenriahdsatr gBEarmpmhet
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uman pat hogens were
RH4AuspAl/A2 survived. A Snglar‘ﬁé tern was obtained with

the M. catarrhalis BBH18 isolate and the corresponding BBHIS
AuspAl/A2 mutants {not shown). In parallel, experiments with
Clg and factor D/ properdin deficient sera demonstrated that
both the classical and the alternative pathways were
inhibited by M. catarrhalis (not shown}. Thus, M.
catarrhalis, a pathogen that frequently colonizes the human
respiratory tract, does not only counteract the classical
pathway but also the alternative pathway of the complement
system by the outer membrane proteins UspAl and A2.
M. catarrhalis absorbs C3 from EDTA-inactivated serum

C3b covalently binds to the surface of a microbe and
hence induces the alternative pathway (Fig. 11B). To analyze
whether M. catarrhalis can interact with €3, our RH4 wild
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al so anal yzed for binding of C3net. In parallel with
the C3 binding, M catarrhalis was the only species
that bound C3net. Taken together, M catarrhalis has

wazunpws feature 25 to strongly bind C3 ande@@3smo06i9m0931
a non-coval ent manner. M catarrhalis binds C3net via
the outer nmenbrane proteins UspAl and UspA2 To
deternmine the M catarrhalis protein responsible for
the C3 binding, we tested a series of bacterial
mutants 30 devoid of the Quter menbrane protei ns M D,
UspAl and/ or UspA2 [22, 58]. Interestingly,
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Our experiments implied that C3 bound to the surface of

M. catarrhalis irrespectively of complement activation.
Therefore, we analyzed whether converted C3, which is non-
functional, could bind to the bacteria. Native C3 was
purified from human serum and treated with methylamine,
which converts C3 to a C3met molecule equivalent to C3b
without the capacity to covalently bind to microbes (Fig.
11¢). Flow cytometry analysis revealed that the M.
catarrhalis RH4 wild type strain efficiently bound C3met in
a dose-dependent and saturable manner (Fig. 14A and B}. This
interaction was not mediated by the C3a part of the C3
molecule since C3b and C3(Hz0) also bound M. catarrhalis
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coupling and C3nmet was injected until saturation was
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and UspA230-539 or UspAl50-770 was 3 25 and 14 M
respectively. In conclusion, we found that UspA2 was
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C3met. Taken together, M. catarrhalis has a unique feature
to strongly bind C3 and C3met in a non-covalent manner.
M. catarrhalis binds C3met via the outer membrane proteins
UspAl and UspAZ

To determine the M. catarrhalis protein responsible for
the C3 binding, we tested a series of bacterial mutants
devoid of the outer membrane proteins MID, UspAl and/ or
UspA2 [22, 58]. Interestingly, the binding of C3met was
significantly correlated with Usp expression (Fig. 15). M.
catarrhalis RH4Amid bound C3met to the same degree as the:
wild type counterpart (Fig. 15A-B). The RH4AuspAl mutant
showed only a slightly decreased binding, whereas the
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20 UspAl150-170 and UspA230-539 increased bacteri al

survival, the double nmutant M catarrhalis

RHAAuspAl / A2 was i ncubated with serum suppl enented
woizdoh/oldagAl 50- 770 and UspA230-539 fol | owed byCT/SE2006/000931

determ nation of the nunmber of surviving bacteria.

My- EGTA was included in the reactions in order to

inhibit the 25 cl assical pathway. Interestingly,

addi ti on of reconbinant UspAl 50-770 and UspA230-139

to NHS prevented killing ©f the UspAI/A2 defi ci ent
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int€gaction between C3met and UspA23?3 or UspAl M yas 3
and 14 pM, respectively. In conclusion, we found that Uspa2
was the majcr C3met-binding protein of M. catarrhalis,
whereas UspAl contributed to the binding to a lower degree.
A C3 binding domain is located between amino acid residues
200 and 458 of UspAZ2.

To define the C3 binding domain of UspaAZ2, recombinant

proteins spanning the entire UspA23® ¥ pmolecule were
manufactured. C3met was incubated with the immobilized full
length Uspal®® 77, uspa2’°3%® and a series of truncated Uspa2
proteins. Thereafter, the interactions were quantified by
ELISA. In agreement with the dot blot experiments (Fig.
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classical pathway. Interestingly, addltion of recombinant
Uspal®® 77 and UspaA23%°®® to NHS prevented killing of the
UspAl/A2 deficient M. catarrhalis {(Fig. 17C). Uspa2’"?* yas
most efficient in inhibiting bacterial killing as compared
to UspA1l*®7"%, When both recombinant proteins were
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alternative pathway was detected. Ten % NHS correspond to
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molecules could neutralize the C3 activity, UspA1®°7"7 and/

or Uspaz®®™* up to 600 nM was added. However, higher
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fi bronectin binding domains contain these residues
and argues for the inportance of this region in the
pat hogenesis 20 of M catarrhalis respiratory tract
wonbemussen. The fibronectin binding M cat ar PREISEZ06/060931
BBH18 and RH4 used in our experinents also carry the
31 amino acid residues in their UspAl/ A2 protein.
Most M catarrhalis have a part of this sequence
(i.e., the NNINNI'Y sequence). 25 However, strains
i ke the O35E which has t NNINNI'Y sequence in
their UspA2 gene do not express a fibronectin
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To investigate whether C3 or C3met that was non- covalently
bound at the surface of M. catarrhalis could still function
as an opsonin, a series of phagocytosis exberiments was
performed. M. catarrhalis was preincubated with C3met, NHS
or NHS treated with EDTA followed by addition of
polymorphonuclear leukocytes. Interestingly, M. catarrhalis
was not engulfed in the presence of C3met, whereas NHS
strongly promoted phagocytosis {(data not shown)} . However,
when NHS was pretreated with EDTA, M. catarrhallis was not
phagocytosed by polymorphonuclear leukocytes. Thus, C3/C3met
was inactive at the M. catarrhalis cell surface and did not
function as an opsonin.
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of M catarrhalis UspAl /A2 binding to ECM fibronectin

or epithelial cell-associated fibronectin is thus of

great inportance in patients with COPD and may
wEHph@kdszt he cormmon 20 occurrence of M cat RCTHERG0E/000931

infection in this group of patients.[40] In

concl usi on, we have shown that UspAl /A2 of M

catarrhalis BBH18, RH4 and Bc5 are crucial FnBP. Both

reconbi nant UspAl and A2 derived from Bc5 bind

fibronectin 25 with a bi %gl ng domai n sharing

i dentical am no acid resi"dues including the
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used in our experlments also carry the aming ac

residues in their UspAl/A2 protein. Most M. catarrhalis have
a part of this sequence {i.e., the NNINNIY sequence) .
However, strains like the O35E which has the NNINNIY
sequence in their UspA2Z gene do not express a fibronectin
binding UspA2 protein.[49] A likely explanation would be
that the variations in the flanking regions might affect the
interaction with fibronectin. Also, the conserved NNINNIY
sequence itself can have minor single amino acid base
changes.{28] It is thus likely that fibronectin binding
would depend not just on UspAl/A2 expression, but also on
the individual makeup of each UspA protein. Interestingly,
an almost identical amino acid sequence can be found in the

hybrid UspA2H protein with adhesive properties (M.
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UspA2165-318 did not bind lamnin to any appreciabl e
extent. In fact, fragnents smaller than the
N-term nal half of UspAl (UspAl150-491) | osses al
wo re7/0Bai3ni n binding ability whereas w th USPASE2005(4P0P31
UspA231 -170 bound lamnin albeit at a | ower 20 | evel
then the whol e reconbi nant protein (UspA230-539)
These findings suggest that perhaps different parts
of the nolecules mght have different functiona
rol es. Cbnparing the sna@oest | am nin binding regi ons
nd hat .there is, ver
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I
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patianisie0)[32] In summary we have shown that UspAl/A2
Al £ & %lﬁ%llaglgg n%é MoL3BLRNallS Jdparagt benywi th

basenent
catarrhalis BBH18, RH4 and Beb are crucial FnBP. Both

recombinant UspAl and A2 derived from Bcb5 bind fibronectin
with a binding domain sharing identical amino acid residues
including the conserved NNINNIY sequence. Furthermore, an
interaction of M., catarrhalig UspAl/B2 with epithelial cells
is via cell-assocliated fibronectin. The definition of these
fibronectin binding domains is therefore an important step
forward in the development cof a vaccine against M.
catarrhalis.
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
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gl ycoprotein lamnin and this will play an inportant
role in the pathogenesis of infections in patients
with COPD. [74] Interaction between M catarrhalis
wéhgh7eksggnd C3net Conpl enent resistance i s oper/sf200duw093i
nost inportant 20 bacterial virulence factors.[66]
The majority (89 %9 of M catarrhalis isolates from
patients with lower respiratory tract infections are
resistant to conplenment-nediated killing.[34] M
catarrhalis UspAl and A2 are crucial for bacterial
survival in human serumin vivo [1, 15], and we 25
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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 Uspal?®0**?
{data not shown). This is not surprising as it is a known
fact that both proteins have a 'lollipop'-shaped globular
head structure despite having only 22% identity in both N-
terminal halves.[2, 32] We postulate that a tertiary
structure is likely responsible for the interactions with

the

laminin in the head region in wvivo. The localization of the
binding domains at the N-terminal end would be logical as
this would be most exposed and in contact with the human

basement membrane in vivo.
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15 this paper we denonstrate an interaction with the
al ternative pathway through binding of C3. To
determ ne which of these mechanisns that is of nost
wonpomigEece for the M catarrhalis serum r eBCHSERNQ00931
in various in vivo situations is difficult. For
exanpl e, the inportance of the 20 cl assical pathway
will strongly depend on history of infections with
M catarrhalis and ability to generate
conpl ement -activating antjpodi es. However, every
mechani sm _ provi di ng protectlo% fromthe conplenent
i s Pegteat dt yrag&rsr PEFaTt ¥t 34 5aPReRer WHisvds endis
exurdqaﬁlumhecmﬁtxﬂxw(EEM)Zéompnnﬂnameatesgsmupnd.WMQether

1nk§ QQhGQeO%a$¥i§“%ymeh'kﬁl&féﬁ%ﬂﬂ %ﬁrEchrégﬂﬂdﬂé

a three activation contrlbute the
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enggrereditite Tacrarich Hephhsind R beassi cirupbural
reﬁa@azbgﬂ§§63Dﬁ£7h552Qgﬁﬂ0@99%ﬁﬁd§4b6€EW¥fﬂEﬂﬂéctin and
laﬂan ﬁ 9, 52, 58, 64, 65, 80] In addition to
Ani b of the classical pathway, several bacteria

(eIg Sum@r&alnﬁu bams, shewmdhiaiglepess?2 Sreppayenel, to
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theceﬁﬁh@w?ﬁﬂp%tqﬁmpfe%ms did PAR I apEH v B COPEm §¥lum
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Prot e ears

baf%ﬁffé?%a‘ﬁ%%\&@h&éy BHt hi 66 Fier Bt ih WivE) PSPk
catiagraalis nporlizaes Yroml pricenftactvothf iwed HeREUFRDHBE.

traB%pﬁuﬁgéﬂfdn%marepE@QI@%%o %Bﬁlﬁi%}‘g -‘?ne%%%%hy .

ed fromthe bl ood, whereas A- expressi ng
kllifpﬁrh§4%thH9ﬁ§aF5§Tlls UspAl and A2 are cru01al for

bacterial survival in human serum in vive [1, 15], and we
have shown that these two outer membrane proteins bind to
the complement fluid phase regulator of the classical
pathway, C4BP.[538] In the present study, we demonstrate that
M. catarrhalis can inhibit the alternative pathway by non-
covalently binding of C3 (Figs. 17 and 18). The binding of
C3 most likely also inhibits the classical pathway. This
could, however, not be analysed in detail since M.
catarrhalis also binds C4BP. Interestingly, the M.
catarrhalis-dependent C3-binding is unique as several
related moraxella subspecies as well as common human
pathogenic bacteria do not bind C3 (Table 9). The
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Furthernore, in a nurine nodel of bacterem a,
PspA-deficient 15 pneunococci have a significantly
reduced virul ence conpared w th pneunpcocci that
welRFARSePSPA [ 11) It has been denonstr at ede¢irsitzoommoest
C3b i s deposited on PspA-negative pneunococci than
on PspA-positive.[67, 82] Thus, expression of PspA
reduces the conpl enent - nedi at ed cl earance and 20
phagocytosis of S. pneunoniae by limting
opsoni zation by C3b.[12,_ 67] PspA-deficient
pneunococci that are not “Yirulent in normal mice
intheeoRRons ruiltent3i anClneefylcimdne-andatddciorre mediated
malﬁlgegycbggﬁz'nﬁﬁ%rggg]U%?hf“ﬂéskﬁoﬂﬁﬁgﬂeboﬂéqq@QQQrel5

3/ wo examples o aCtﬁié’J %prot ns .t.hat
andnd) coVaF dnt Ty SRAE EST40T0 ThAFERD T e SRFOHEcHi th
betoeepl enendmfnmetcidnreTheuds 290 Gredbs. tHes region

COn%éHB% lé&%éﬂbﬂwoqrﬂ@@g§ﬁhﬂﬂ'Eﬁl@grgéﬂﬁfﬁé1ﬁH@EbLSOQB %
OCOCCuUs ,aur eus oun

LdeRCphabS & FOGLoR G Uk 1l A InBoRTREE| Sferang tnis

seqaleheenathyepatyhwiysa Bobimte feéndent | yuet thﬁ@r extent.

ThfﬁthEﬁEeBeQQRIQRﬁ%I%ﬁ@clflé3dlfﬁﬁﬁenbérﬂhfubdﬂ@rﬁ3b1®ﬁ
non- coval ent.. The cond

le iIs ccal
betpiger hs bﬁ"ffbfr%spr 8I ﬂli%er?%%cyv\ﬁn sao%g%ﬁwﬁg s
Uspird hinddUspihyd tamdse 101 een aeh 3 t%@@@e@%l@ﬁﬂg’?’@ non-
int%q\é@ltggg ‘j\,m@r@gpi qggghat i s not dependent on

nt 35 activatio 16].. ' ent of
e
cla@@'ﬁhSEZ@@@/@U%@Etl@S parrvaysut(Figy APy~ Bied PeStRRE

blﬂd@eCQEPA%hétiﬁﬁﬁﬁhQ@ thd cXdarcallophestay hiss) andhln

) hesi s i ch_i s _not t in the

R N R P

alm@@m@ecmtthwmt@tr@%hobl@r& i ﬁa ®lo determine

whl(d?ieblfyltﬁgbélanéd}féaﬁ%dtscﬁhﬁt ofs NHS»EBTAlmpyrifdrame for the
tonet,

M. gt& %{ed ety 28430 axT@z?ln']Sx Parilds pﬁ’uspﬂfocs coul d

e sur ace O pneunoni ae. g
Sl’ﬂ‘—gﬁé:&10§§ bt SEHmelironFas %?ﬁiﬂ%ﬂrt A SHRRF RGPS the
clamyiealapatyed wain Vesrengl bl ddrengsionghistory of

J,nf%Ettmé %%E@? tbﬁeactc?et%r%algglArﬁ‘%ﬁ}it%ﬁt@n&éné}l&%n a3

he results 1

C T U RS RN ORI ML BT
prafidiicapAr ot cior dtdomat be Glerp iedieng psoteryrsigacr et ed

bedi f%?“EFBEHHHQ%% bactesi@ ihe eamergallicvenMne
coéﬁ?gxégt system, the binding of C3 most likely results in
regulation of all three activation pathways and may
contribute the most tc serum resistance.

The importance of the complement system as a primary
defence mechanism is mirrored by the fact that microbes have
developed various strategies to interfere with and/ or
neutralize components of the complement system.[42, 35, 88]
In addition to M. catarrhalis, S. pyvogenes, 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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IS a unique species wth nmenbrane anchored proteins
that bind C3 and inhibit the alternative pathway at
the surface 15 of the bacterium The yeast Candi da
wabfroaag has been shown to bind Cab, i C3b poDsK8ak000931

However, C3b is bound at a considerably | ower

affinity than i C3b and C3d. (29] W found a | arge

di fference between C3 binding to M catarrhalis and

C. albicans (not 20 shown); despite that candi da

bound C3net (56 %positiv cells), the nean

fluorescence intensity ( 6) was only < 2.0 as .
comgdrpanbdoaihndy. [36. 9, f 04, ME c&tiar ﬁﬁalﬁ?% TrurdHéE#DR eto

1nH1%1t%8{1e@af a@lfhdmég%eglwfuﬁ@@nd vbesr taddﬂeg:araz_(w@.,
ated . w ~1.rea i ndi ng
¢ ﬁ?g’tlgiaﬁ " Havé fé& %ol%t ﬁﬁéomc al bi'cans and
pPReiTeniast Mr%{@wszéﬁepﬁﬁrelg@ péng W%H and
fad{@&ngpwk@lrﬁbltdaﬁilel Ahéli @dilge was peeoynl zedrnteaned

ant i rect g ement receptor 2
299 5592'1 % %a&q‘% ékﬁ%eﬂ{?%aﬁggp pAl and A2 were

no?spﬁé@ii‘upz’e@béﬁrﬁ ol W%ﬁélruﬁn?ﬁl%cﬁﬁff%ﬂyr 8efEd
likagd nshikdR Er30 donplesboywyctilatpanal $ahi wintlly, the
Pnt—%%wgegxggf%fa%d ng?r Om‘a%c@spé[)Sgrﬁpgaﬂ? b S&H S‘i@dthe

ng protein
altegnatave 7R9tipayaloph A0 T Die@dndni TSP 1 e‘?é‘ﬁ‘t df Als
impeeeant Sel alBshandatsostidrctsur phbynaiddd.aPspa-tefbeient

pne%co«(:gg)ﬂ' 18) 45 %%s The pechany %I%améd"\f‘f&ﬁ‘ He%8 ood,

recep tors na art|C| ate I n at o%enesm ar e not
WheFf@IaPth%oWP %pzf@@weqs%rsmrﬁﬁﬁgé’zb‘o 1000931 66 The

Furdbhevaoexanpi es nofriGs rpdedi o pathegens arephotabl gient
pne%#utvt:gégfthafvreog] Mgﬁﬂ?&afmly‘ §eHQcéJ‘%1§ﬂ%§%eS@&%§§ed

are bl ood Stream i sol at rhalis is

at a
withy PREEROCRth &Gk mlf?%saﬁépf*nif%\h&e‘% B5ter oni o
derionfsecttensthdy: Henree C3bhes bismisngedndn | Pagt-ineakitige C3

pne%%t:o!:bfeéﬂarpc&ﬁyrPs@?\—p&Q:?tmq%al g1 a6, HdpSebSion
ort stron ol ng

of 3& | & ‘h?e%@%]iavS?ﬁ“%ie“é%"@&%%éﬁ% C?leeﬁrr?ﬁcgnﬁﬁ ion in
phagicsghsel stef 65 s uriruasneatiey Juimitsng newel en {HL ohey

cBbCQﬁ'@ egRNt p YL RINS i8R E dn@t%@c&otlbﬁt tht ragsport ed
e. nucosal, surfa ati on,

vinglgbiat F AT hrenPaapEs carUart e Bre (IR PEGRY
facthir]| Bréaficient mice.[BZ]

To our knowledge, there are only two examples of
bacterial proteins that non-covalently bind C3 and thereby
interfere with complement function. The first one is the
extracellular fibrinogen~binding protein (Efb) of
Staphylococcus aureus, which was found to bind C3b.[44] Efb
inhibits both the classical and alternative pathways
independently of the thioester conformation, i.e., the
binding to C3b is non-covalent. The second example is the
pneumococcal choline-binding protein (CbpA), which has been
shown tc 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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for exanple, strongly el evated concentrations of C3

products can also be found.[51] In addition,

conpl emrent factors in MEEs fluid have been shown to
whor/Mat ant in the 15 bactericidal activitycBganmsboost

ot her nucosal agents such as non-typable H

i nfluenzae. (75] M catarrhalis is a strict human

pat hogen. It does not cause di seases such as otitis

medi a or pneunonia in animals. A nouse pul nonary

cl earance nodel and an ofjtis nmedia nodel wth

chinchilla has been 20 used at several occasions.
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by @@ieflg sandréwléabﬁéﬁﬁﬁé’ﬁl Bledegenepbow ndiliy toe E3IRyPL
Efp’ apaesSiest, ahidhnpothadte WEBy-bahdtaghedt o i dshe edueosalby

two Etrglg S$OS Jﬂ%ef %%E:tg_]ﬂ\ '\éhec %‘i‘grnr Hgééél‘;@%e 3 t%pi.ehalis

expl a
is \%hynwu%a%pmlﬁm %thsmewaél@cﬁnah%wcatﬁﬁ%. that of

blnﬂhéBf@@ﬁljﬁﬁﬂMﬁt thactl{eidative YORODY /18463 surface
Ofg ?gg@ / 00931 67 conclusion, M catarrhalis has
eve sophi sti cat ed ways of conbati n% both t he

&

huFrB‘?aYeaasﬁd eRAZER ?%{ﬁ@%?é?eﬁﬁenww% s8R datly
iC3shemd t®at. Moweatkay r 03 i s asind ahi gueciCG3 deirpddii pglower
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bacterla SpecCl es.
betpes SERGUEI006932 Mo RATErNdasa . CAé%ﬂ igans (not
sholvaf pndesmic eERhaCopendDja étovald. CPhenotypitc posiefifect

ce19k) ', Sﬂ%@ﬂe%nusf@ﬁbréggeﬂ@%t%tsilﬂron&ﬂn 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. alibicans and the most characterized protein
is a 60 kDa mannoprotein that initially was recognized by an
antibody directed against human complement receptor 2
{(CD21).[13] However, M. catarrhalis UspAl and AZ were not
recognized by a polyclonal antibody directed against Cb21
{not shown). In parallel with staphylecocci and pneumococci
(62, 64], a gecreted C3d-binding protein from C. albicans
also exists.[72] Finally, a C. albicans iC3b receptor has
been isclated and is structurally similar to human CR3
(CD1ib) .[3] The mechanisms by which these receptors may
participate in pathogenesis are not fully known.
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norihoeas and a2 MUIRN GQIPLETENL [S0Y.A 8o
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 biclogical significance
of bacterial C3 binding in vivo. S8ince UspAl and AZ 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 CEACAM1 and fibronectin [31, 78] would most likely
affect the clearance. Nevertheless, due to the strong
complement activation in disease states such as otitis
media, moraxella-dependent binding of C3 may represent an
important way of combating the mucosal defense.

The fact that M. catarrhalls hampers the human immune
system in several ways might explain why M. catarrhalis is
such a common inhabitant of the respiratory tract [73]1. In
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3. Use of at |east one peptide according to any one
15 of clains 1 to 2 for the production of a
nmedi canment for the treatnent or prophylaxis of an
wo nfoectsion caused, by Moraxella catarrhal i SPCESE205¢900931
according-to claim3, for the prophylaxis or
treatnment of otitis nedia, sinusitis or |ower
respiratory 20 tract infections. 5. Aligand
conprising a fibronectin binding domain, said |ligand
consi sting of an am no aci,d sequence selected from
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conprising at |east one of the conserved sequences of
20 Sequence ID No. 2, Sequence. ID No. 3, or a
fragnent, honol ogue, functional equivalent,

w8 SkhNalkyve or hydroxylation, sul phonation opcT/SE2006/000931
gl ycosyl ation product or other secondary processing
product thereof with the ability of binding
fibronectin. 25 12. A vaccine conposition conpri sing
an effective anmount of UspAl and/or UspA2 in
conbination with an effective anount of protein MD
and one or nore pharmaceutd cally acceptable

3adJ UMADL Sna VNI C lIeSMac% ploe Nkami Db not@f %re%@:ﬁbh@x s,
&éeservatlves 30 13

& g effective ghpu 3
Bl camdl o -UBBAYL S rPc&‘nb f F?%e%% ane = V-
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of %a?ﬁgfﬁcﬂrﬁptlnf Qh LhendT eRfaeeNt JOr rnpEophyiaxi s of
an in ectlon caused by Mraxella catarrhalis.
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<213> Moraxella catarrhalis <400> 1 Asp A n Lys Ala
Asp Ile Asp Asn Asn Ile Asn Asn Ile Tyr Qu Leu 1 5
10 15 Ala dn @n Gn Asp Gn His Ser Ser Asp Ile
Lys Thr Leu Lys 20 25 30_-<21?' 2 <211> 154 <212>
PRT <213> Moraxel l'a cat arr hal § <400> 2 Thr Gy Asn
@y Thr Val Ser Val Ay Lys Lys Ay Lys Qu Arg G n
151015 Ile Val Hs Val Ay Ala Gly Qu Ile Ser
Asp Thr Ser Thr Asp Ala 20 25 30 Val Asn Ay Ser dn
LegAlfives Val Leu Ala Thr Val Val Ala G n Asn 35 40 45
Lys Ala Asp Ile Lys Asp Leu Asp Asp Qu Val vy Leu
Leu Sly Gu 50 55 60 1 Glu lie Asn Her Leu Gu Qdy
du |ie. ThepAsdeAsnnGintAsg AfaSekwenes 70 ¥5-88,APR &

C%%aéﬁgng;nh§b8§A%&él ?Eh¥%lggrlL%ﬁu§%%l@%E A@@rY@Btlve ér

Gy
LeudrenyAspichn @yépnpaam,@m [og IEéO’CP@S’lfIGOHAé’ﬁo%Eﬁt or

Aéﬁhékesééﬂnﬁégg E%ogﬁésgh@ et Gner@of GhicASpetains
Gn Her Her Asp Ile Lys Thr Leu Lys

ASHPAQREVAENEPENELHIGPY OPEF T P50 135 140 Leu Asp Leu
Her G y.Apgptedel kenAsptGng b&SSb@@en@élGB Bo<2Bl>or a

1'§ag§é% ? ggoi%%%g, &%é%l aﬁat%&ﬁggh%%t dérivative,
degenerate or hydroxylation, sulphonatlon or
glycosylation product or other secondary proce351ng
product thereof which retains fibronectin binding
properties.

3. Use of at least one peptlde accordlng to any one
of claims 1 to 2 for the production of a medicament for
thertreatment or prophylaxis of an infection caused by

MOraxella catarrhalis

4. Use accordlng to clalm,B for Lhe prophylax1s ox :__u

'treatment of otltls medla,'51nu51tls or 1ower resplratory}f
tract 1nfectlons.

5. A ligand comprising a fibronectin binding domain,
said ligand consisting of an amino acid sequence selected
from the group consisting ofSequence ID No. 2, Seguence
ID No. 3, or a fragment, homologue, functional ‘
equivalent, derivative or hydroxylation,-sulphonation or
glycosylation product or other secondary processing 4

- product thereof which retains fibronectin binding
properties.

€. L fusion protein comprising one or more ligands

‘according to claim 5.
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<400> 3 Lys Asp Ala.lle Ala Lys Asn Asn Qu Her Ile
G u Asp Leu Tyr Asp 1 5 10 15 Phe dy Hs du Val
Ala Gu Her Ile Gy Qu lle Hs Ala H's Asn 20 25 30
Gu Ala Gn Asn-Gu Thr Leu Lys Ay Leu Ile Thr Asn
Her Ile Qu 35 40 45 Asn Thrgfsn Asn Ile Thr Lys Asn
Lys Ala Asp lie Gn Ala Leu u 50 55 60 Asn Asn
Val Vall .G unédicdmetn PheoispikéngHeneGhy Avgel dtigkhes

Asp 65 .70 75 80, G n.Lys a LI Asn Asn lle
A?ﬁcﬂgﬁllpﬁeéq'y?lﬁ% ie%rﬁaanéé%% ggA%BﬁeG n Gn Asp
Gpohahims chlet i tiet 1 AspetéptepdeThd jurantys wpbiades, 100

| PRetbaentl itighYs ¥ esgtese o R8s T AR G

Asn G A-ARavaesing ecPprASpnHe@nAl 8T THEI Ty 108805135

-%ﬁ@c@%ﬂigbutée@lgiﬁ'gsgrc%naﬁﬂroﬁhaogiﬁokﬁs 145 150

<210> 47 -<211> 721 <212> PRT <213> I\/braﬁel l.a
CRPAFFRSPRELCELBD>AACEREATAR GOYUTPE LAY a VFRECASS /Ly
EFQCSE&eﬁky,C%ynﬁépsﬁseaﬁ$ne¥ﬁn ot priBelbatAlvasAsn

y Thg Tyr _Leu Thr lle Gy @ Asp_Tyr .Asn_Lys V
Th 2022583655 15 %;@h%fﬂa¥$P?é8§5¥HrEEFSXEEVEGFy gy o @
LeedPhemést & uza Aracthne 35c4@ddBgAse Glaifyr/ Ser 8THor the
I : L
L5 oleSite By FeQlEafBgeLte Aachiand kr PhFociling or
ThnfAshichncaused by Moraxella catarrhalis in an :

individual: ‘
10. A pucleic acid sequence encoding a ligand
according to claim 5 or a peptide according to claim 1 or

2, as well as homologues, polymorphisms, fragments,

--'degenerates and splice variants thereof.

20

'~ .Sequence ID-No. 2, Seqﬁénce‘ID;No:g3, or a fragment,

25

30

11. A polypeptide or a polypeptide truncate

comprising at least one of the conServed seguences of

homologue, functional equivéleﬁt,'derivative or
hydroxylation, sulphonation or glycosylation product or
other secondary processing product thereof with the
ability of binding fibronectin.

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

~pharmaceutically acceptable adjuvants, vehicles,
'excipients, binders, carriers, or preservatives.

13. Use of an effective amount of UspAl and/or UspA2
in combination with an effective amount of protein MID
for the production of a medicament for the treatment or
prophyiaxis of an infection caused by Moraxella

catarrhalis.



65 70 75 80 Tyr Ser Thr
Thr Ala Lys Ay Arg Tyr

Ay Ay Tyr Asn Au Ala Thr

110 Thr Val Ay Ay Ay dy

Ile dy Gy @y Asp Asn Asn
85 90 95 Ser Thr Ile Ay Qy

Ile Au Asn Ser 100 105

Tyr Asn Gn Ala Lys Ay

Arg Asn Ser Thr 115 120 125 Val
Asn Gu Ala Thr Ay Thr Asp Ser Thr
Ala Ay Ay Arg Lys Asn Gn Ala Thr Ay Lys Ay Ser
Phe Ala Ala 145 1560UBBE1GGTIEY ||le Asp Asn Lys Al a
Ala Leu Ay Asn 165 170 175

Asn Ala Asp Asn Al a Val

<110> FORSGRE !
ngggckgﬁq@;ﬁl e Gu dy du Asn Ser Val

sydAsm Thr

180 185 190 Thr Val

Asn Ser Ala Qu

<130> OSEE)éuOZ‘Iq'%r G y
<1405 12/H86 M@l
gzg(gen

<1l41> 2008-

Il e Val

Val

q H s Val
ulle Ser Asp Thr Ser Thr Asp Ala Val Asn Gy Ser

Ay Ay Leu

She Ala Ay Ala Ser
245 250 255 Ser Val

Ala Gly Ay Tyr Asn
I[le 130 135 140

Ala lle Qy

Lys Lys Ay Gn Gn

<120> INPRRcMAN SheoklrtewaSkuSefs Ash Thrrueldh 200 205 Asp
crikhr BRaASRUMAR v T xASDTE Y B8F TMal cveteegd Gy Hi s

210 215 220 Ala Ay Lys Ala Ala Thr Ile Val

225 230 235 240 Ser

Lys Thr Gy Asn Gy

Gy Lys Lys Ay Lys GQu

Ay Ala

<150> pci@spod/@uoo275 280 285 His Val
<151> z00@-ns-Asn Lys Ala Asp Ile Lys Asp 290 295 300 Leu Asp

Asp du Val

260 265 270 3 Gy

Leu Ala Thr Val Val Al a

Gy Leu Leu Ay Qu GQu Ile Asn Ser Leu

129> £0/aPa, 1305 310 315 320 Gy Gu lle Phe Asn Asn @n Asp
<181> 2008r8890e Al s Lys Asn Gn Ala Asp 325 330 335 |le Lys
<150> 60/HF 14U G u Ser Asn Val Gu Gn Ay Leu Leu Asp Leu

<151> 200%668_1340 345 350

<160> 86

<170> PatentIn Ver. 3.3

<210> 1

<211> 31

<212> ERT

<213> Moraxella

<400> 1
Asp Gln Lys Ala
1

Ala Gln Gln Gln
’ 20

<210> 2

<211> 154

<212> PBRT

<213> Moraxella

<400> 2
Thr Gly Asn Gly
1

Ile Val His val
20

Val Asn Gly Ser
35

Lys Ala Asp Tle
50

catarrhalis
Asp Ile Asp
5

Asp Gln His

catarrhaiis

Thr Val Sef
5

Gly Ala Gly

Gln Leu His

Lys Asp Leu
55

Asrn

Ser

Val

Glu

Val

40

Asp

Asn

Ser
25

Gly
Ile
25

Leu

Asp

Ile
10

Asp

Lys

Ser

Ala

Glu

Asn

Ile

Lys

Asp

Thr

Val

Asn

Lys

Gly

Thr

Val

Gly

Ile

Thr

Lys

Ser

Val

45

Leu

Tyr

Leu
30

Glu
Thr
30

Ala

Leu

Glu Leu
15

Lys

Arg Gln
15
Asp Ala

Gln Asn

Gly Glu



Glu

65

Ala

Gly

Asp

His

Leu
145

<210> 3

Gy Arg Leu Leu Asp G n Lys Ala Asp Il e Asp Asn Asn
Ile Asn Asn 355 360 365 Ile Tyr Au Leu Ala Gn dn
Gn Asp Gn H's Ser Ser Asp Ile Lys 370 375 380 Thr
Leu Lys Asn Asn Val GQu Gn Gy Leu Leu Asp Leu Ser
Gy Arg 385 390 395 400 Leu Ile Asp G n Lys Ala Asp
Leu Thr Lys Asp Ile Lys Ala Leu Gu 405 410 415 Ser
Asn Val Gn GQu Gy Leu Leu Asp Leu Ser Ay Arg Leu
Ile Asp 420 425 430 Gn Lys Ala Asp Ile Ala Lys Asn
Ile @nSAl gensPul $lg Ala LG rPhASkEIGRen CABRsA40 2445 Thr Asp
IIe G n AspCLeu Ala Ala Tyr’®Asn A u Len d n8%sp Al a

Lys 4n5%l4§1\%p4161()e Ns ngéyLe (%lu (ia%% Ainydfafj% Agﬁl | lAleaASAgn

Thr Asp Arg IIe Ala Thr Ala Gn Leu Ay IIe Ala Gu
Leu ASNA48%:430:495 nbySebyisuAsR Ala i@ miklepAla Lys Al a
G niA a Asn Ju Asnibys Asp 500 5051610 Ay Ille Ala
Lys Asn Gn Ala Asp Ile G n Leu H's Asp Lys Lys lle
Asn IppolbHfsnFsn gy Tﬂsﬁll{éﬁu@%ﬁ Fle SLe LA 4°PSEF: Met  Val
- A®a Arg Ala val &% Asn 530 535 340 Asn Thr Gn Gy
ser Al Q& T gg A%r; !:é&? LéL aAgASQSﬂ' lfgl eh@ dixs(;l@SﬂeG n 545
130 550 55 5 a [l Asn |le Lys Asn Ile
Tyr GQu Len Ala Gn Gln 565 570 575 4 Gn Asp Gn
Asp HussSeGlSargAsp kle akyssithr Leu Ala Lys Val Ser Al a
580 585 59@0Ala Asn Thr Asp Arg Ile Ala Lys Asn Lys
Ala Gu Ala Asp Ala Ser 595 600 605 Phe Gu Thr Leu
Thr Lys Asn G n Asn Thr Leu Ile Gu Gn dy Gu 610

11> 15P15 620 Ala Leu Val Gu Gn Asn Lys Ala Ile Asn Gn
<212> prd U Leu A u Ay Phe

<213> Mcraxella catarrhalis

<400> 3

Lys

1

Phe

Glu

Asn

Asn

65

Gln

Gln

Val

Thr

Asn
145

Asp Ala Ile Ala Lys Asn Asn Glu Ser Ile Glu Asp Leu Tyr Asp
5 10 15

Gly His Glu Val Ala Glu Ser Tle Gly Glu Tle His Ala His Asn
20 25 30

Ala Gln Asn Gilu Thr Leu Lys Gly Leu Ile Thr Asn Ser Ile Glu
35 49 45

Thr Asn Asn Ile Thr Lys Asn Lys Ala Asp Ile Gla Ala Leu Glu
50 55 60

Asn Val Val Glu Glu Leu Phe Asn Leu Ser Gly Arg Leu Ile Asp
70 75 g0

Lyvs Ala Asp Ile Asp Asn Asn Tle Asn Asn Ile Tyr Glu Leu Ala
85 20 95

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

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

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

Gilu Leu Gln Asp Gln Tyr Ala Gln Lys
150



625 630 635 640 Ala Ala H's Ala Asp Val G n Asp Lys
Gnille Leu Gn Asn Gn Ala 645 650 655 Asp Ile Thr
Thr Asn Lys Thr Ala Ile Qu Gn Asn Ile Asn Arg Thr
660 665 670 Val Ala Asn Ay Phe Qu Ile GQu Lys Asn
Lys Ala Gy Ile Ala Thr 675 680 685 Asn Lys Gn Gu
Leu Ile Leu G n Asn Asp Arg Leu Asn Arg Il e Asn 690
695 700 G u Thr Asn Asn Hs Gn Asp A n Lys Ile Asp
<210> ¢ G n Leu Ay Tyr Ala 705 710 715 720 Lea <210> 5
<211> 721<211> 443 <212> PRT <213> Moraxella catarrhalis
<21Z> PRI400> 5 Lys Val Ay Lys Ala Thr Asn Lys lle Ser Gly
<213> MoxgrGlIRs ARSAPASA Thr 1 5 10 15 Ala Asn @y Thr Tyr
ca00> 4 €U Thr Ile Gy @y @y Asp Tyr Asn Lys Thr 20 25 30
Lys Val d—MSLﬁ Xl;f‘rTQrE}éE LS,%' IIQVSeUcﬂyGEJY @y G yadseth, Phe Asn
1 G u ‘Al a ghr lGIu'IYyr Ser Thrs Ile Ay Ser
Ay Gly Tyr Asn Lys Ala Lys Ay 50 55 60 Arg Tyr
Ala Asn BerTHEhFyd [Leu@hy Qeoy GO 1E GAvTHsr Agn AGhntyAl 8hiThr Asn
G’n%)S 70 75 80 Tyr?Ser Thr Ile Ay3@Hy @y Asp Asn

n V. 5 0 95 Ser Thr I'le
Lys G A@ € SciejiBITgrd){Le %?y Qg%l {eu % G?iie%@l U"Asn Ser
£60 105 110 5 ThY val GIyGIyGIyGIyTyr Asn G n

asn Glu Akasdyy$nlrye Ang AsncSersithiyr 445131201425Valy Ala Ay
50 Ay Tyr Asn Asn Gu Ala Thr A& Thr Asp Ser Thr Ile

' 130 135 140
Arg Tyr Ser Thr Ile Gly Gly Gly Gly Tyr Asn Glu Ala Thr Asn Gln
65 70 75 g0

Tyr Ser Thr Tle Gly Gly Gly Asp Asn Asn Thr Ala Lys Gly Arg Tyr
85 20 95

Ser Thr TIle 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 Ile
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 TIle Gly Ser Asn Asn
180 185 130

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

Asp Thr Thr Asn Ala Gln 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 ARla 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 vVal Gly Ala
260 265 270



Gly
His
Leu
305
Gly
Ile
Gly
Tle
Thr
385
Leu
Ser
Gln
Thr
Ala
465
Ala
Lys
Gly
Thr
Asn

545

Ala

Glu

Val

290

hsp B

Glu

Lys

Arg

Tyr

370

Leu

Tle

Asn

Lys

Asp

450

Lys

Asn

Lys

Tle

Asn

530

Thr

Asp

Ala Ay Gy Arg Lys Asn Gn Ala Thr Ay Lys Ay Ser
Phe Ala Ala 145 150 155 160 dy Ile Asp Asn Lys Al a
Asn Ala Asp Asn Ala Val Ala Leu Ay Asn 165 170 175
Lys Asn Thr Ile Qu Gy GQu Asn Ser Val Alalle Gy
Ser Asn Asn 180 185 190 Thr Val Lys Lys Ay Gn Gn
Asn Val Phe Ile Leu Gy Ser Asn Thr 195 200 205 Asp
Thr Thr Asn Ala G n Asn Ay Ser Val Leu Leu @Ay His
AsNsckhhsR 10r 2L5 220asAlzas Gay bys o &<Al@nTheu | | e Val
Asn Ser Ala Qu 3l Gy Gy Leu 2225 230 235 240 Ser
Leu Thr Ay Phe Ala Ay Ala Ser Lys Thr Ay Asn Gy
IPHr AN Fh 451 250 @@SGlISé‘ISn\i&S @?A@@lEyIsYS $F Lys du
Arg Gnlle V@ His Val Ay APY 260 265 270 Ay Qu
&oe@%e(faﬁ%ﬁ T, Ser o hrGl@‘Sd{uAEf?‘e Yal Asn &y Ser Gn
Leu 275 %$§ 285 HIS Val 4:eu Ala Thr Val ¥aj Ala An
Asn Lys Ala Asp Ile Lys Asp 290 295 300 Leu Asp Asp
GeurnahsiGryn L8y AaurG Y16 AL a@ s Rbe GAsmilSefrsd.eu G u
305 3162815 320 d y d33°%1 1 e Phe Asn Ast#>*d n Asp Al a
e Ala Lys Asn G n Ala_Asp 325 330 335 1Ile Lys Thr
Thé&j? Ell‘SéFrA’?ssﬁ A © s 0l TEy” et 1k u“Asp“Leu Ser
340°345 350 Gy Arg Leu Leu Asp Gn Lys Ala Asp Ile
RASPLAS As A% 18 ASNAASN1.30H 3602365114 AW G u Leu
Bsa Gn A@n An A8p Gn Hs Ser Ses Asp Ile Lys 370
375 380 Thr Leu Lys Asn Asn Val Qu Qu Ay Leu Leu
AsplielSEtn Gly MrgAsB8EnIYF 895 S40FsPLER 1 Asp A n
Lys Ala Asp L & Thr Lys Asp | F8° Lys Ala Leu G u 405

qaéoAégl %atkgiuﬁﬁﬁu Mg% Leu ég HSéHLXulégg éf%uAé§F) Leu

390 Len 395 400

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

Val Glu Glu Gly Leu Leu Asp Leu Ser Gly Arg Leu Tle Asp
420 425 430

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

Tle 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 Giu Asn
485 490 495

Agp Ala Gln Tle Ala Lys Ala Gln Ala Asn Glu Asn Lys Asp
500 505 510

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

Leu Cly 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

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



Glin
Ala
Phe
Ala
625
Ala
Asp
Val
Asn
- Glu

705

Leu

420 425 430 G n Lys Ala Asp Ile Ala Lys Asn Gn Al a
Asp 435 440 <210> 6 <211> 510 <212> PRT <213>
Moraxel la catarrhalis <400> 6 Gn Ala Lys Asn Asp
Ile Thr Lou Gu Asp Leu Pro Tyr Lou Ile Lys 1 5 10
15 Lys Ile Asp Gn Asn Gn Leu u Ala Asp Ile Qy
Asp Ile Thr Ala 20 25 30 Lou Gn Lys Tyr Lou Ala Lou
Her An Tyr Gy Asn Ile Lou Ala Lou 35 40 45 Gu Qu
asp diauHiASRBet yer Alsg Deni1@ mh@ weul BLe Agp VEL ssAsplaVal Gy
Trp58t50 55 60 Asn &n Asn Asp Ile A& Asn Leu GQu
Val G.u Thr Leu Thr. 65 70 75 80 Lys Asn G n
Asn Tﬁ%nA% roriée AHa HUAE ﬁyé%}aeﬁwmé%ﬂﬁ?&lﬁy @ u Asp
5 90 95 Lou G n y Lou Ala Asp e Val u dy dn
Glu 'I@rul.éa Xh*i%slpls% (IETQPASIJ'QQLI]']% i—ﬂ@ Gl@(ﬁn XSQL‘“ Thr Her
610 Ile Lys LyS Asgs Thr G n Arg Asm Lou Val n 115 120
125 dy Phe Gu lle Qu Lys Asn Lys Asp Ala Ile Al a
Leu YaysGlAsAlASHn Givg Al301436n140 Her TRt &1@ @ yABE Lou Tyr
Asp Phe Gl6y°'0H|s Gn Val A®°du Her IIe 145 150 155

Gnlle H ' Asn G
ma dgrieptn VT ay e Srgars® BR0Ch ik B e

Gu Asn hr Asn Asn e Thr Lys Asn Lys 180 185 190
Tle rarASPsd 1€sGrr Aarblew1d e rAssm Ase AMalaMdarnG n G n
Louséthe Asn 195 2066205 Len Her degf0Arg Len Ile Asp

A@n Lys Ala Asp Ile Asp Asn Asn Ile 210 215 220
BRla Asn Gly Phe Glu Ile Glu Lys Asn Lys Ala Gly Ile Ala Thr

675 680 685

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

Thr Asn Asn His Gln Asp Gin Lys Ile Asp Gln Leu Gly Tyr Ala
710 715 720

<210> 5

<211> 443

<212> PRT

<213> Moraxella catarrhalis

<400> &5

Lys

1

Ala

Lys

Asn

Arg

65

Tyr

Ser

Val Gly Lys Ala Thr Asn Lys Ile Ser Gly Gly Asp Asn Asn Thr
Asn Gly Thr Tyr Leu Thr Tle Gly Gly Gly Asp Tyr Asn Lys Thr
20 25 30

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

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

Tyr Ser Thr Tle Gly Gly Gly Gly Tyr Asn Glu Ala Thr Asn Gln
70 75 80

Ser Thr Tle Gly Gly Gly Asp Asn Asn Thr Ala Lys Gly Arg Tyr
85 90 95

Thr Tle Gly Gly Gly Gly Tyr Asn Glu Ala Thr TIle Glu Asn Ser

160 105 110



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

290

Asp

Glu

Lys

Arg

Tyr

370

Leu

Ile

Asn Asn Ile Tyr Qu Len Ala Gn Gn Gn Asp Gn H s
Her Her Asp 7 225 230 235 240 1le Lys Thr Leu Lys
Lys Asn Val Qu Qu Ay Leu Leu Gn Leu Ser 245 250
255 Asp His llelle Asp Gn Lys Thr Asp Ile Ala Gn
Asn Gn Ala Asn 260 265 270 Ile G n Asp Leu Ala Thr
Tyr Asn Qu Leu Gn Asp Gn Tyr Ala G n 275 280 285
Lys An Thr Gu Ala Ile Asp Ala Leu Asn Lys Al a Ser
Ser G u Asn 290 295 300 Thr dn Asn Ile Qu Asp Leu
AlyaGiAl a1l y Aym By Gledld wsASy Ara 2s30%:r31r 315 320
™r Ala Lys Gn &%h Thr Au Ala Fe Asp Ala Leu Asn

4&%@%8@%&1}%@% T AR i L8 AA0 <545 350 d n

Asp Ala Tyr alys Gn dn Ala Gu Alalle Asp Ala
digarASNys 3305 B602365hr lys AlsacBereSerneG@1s Asn Thr G n
Asn |Ile AllacLys Asn G n Al ®5Asp 370 375 38050 I1e Al a
Asn Asn Ile Thr Asn Ile Tyr u Lea Ala Gn Gn Gn
IREPASI38EE 399 43950 4GP I_Pg§ MHiesVar L sdr ff%e Lys Thr
Leu Al 4°Lys Thr Ser Ald 'Ala Asn 405 410 415 Thr Asp
’grgﬁ!é 81N, L% ASNsLYS/A & ASD ASP APl &sSer Phe
U420 42% 430 Thrgteu Thr Lys Asngg n Asn Thr Len
Ile Gn Lys Asp Lys Qu H's 435 440 445 Asp Lys Leu
IseLvEh Gl AIGan Asin hyrs VEhrPhAl Blel Len ASp SAkaprshsAnilys Al a
W50 455 460 Ser?® a Asp Thr Lys<Phe Ala Ala Thr Al a

Asp_Ala Phe Thr Lys Asn 465 470 475 480 C% Asn Al a
e Fhilty n%@ ﬂ%’a “BYs"Set E}%E ThY A& Tel™@ y Thr
485 490 495 ys Val Asp Gy e Asp Ser Arg Val Thr
Alsaaledi ASPr T val Asn Ser Ala Glu val Gly Gly Leu

230 235 240

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

Gly Lys Lys Gly Lys Glu Arg Gin 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 2la Thr Val Val Ala Gln Asn Lys Ala Asp Ile Lys Asp
295 300

Asp Glu Val Gly Leu Leu Gly Glu Glu Ile Asn Ser Leu Glu
310 215 320

Ile 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 Gln Lys Rla Asp Ile Asp Asn Asn Ile Asn Asn
355 360 365

Glu Leu Ala Gln 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
: 380 395 400

Asp Gln Lys Ala Asp Leu Thr Lys Asp Ile Lys B&la Leu Glu
405 410 415



500 505 510 <210> 7 <211> 322 <212> PRT 8 <213>
Moraxel la catarrhalis <400> 7 G n Ala Lys Asn Asp
Ile Thr Lou Qu Asp Leu Pro Tyr Leu Ile Lys 1 5 10
15 Lys Ile Asp Gn Asn Gu Leu u Ala Asp Ile Qy
Asp Ile Thr Ala 20 25 30 Leu Qu Lys Tyr Leu Ala Leu
Ser An Tyr Ay Asn Ile Leu Ala Leu 35 40 45 GQu Qu
Leu Asn Lys Ala Leu Gu GQu Leu Asp Qu Asp val Ay
Trp 50 55 60 Asn Gn Asn Asp Ile Ala Asn Lou Gu
Ser Asn VASSIASBIWALY Geu TRw AtedeTHrer6s 78775280 1814/ Asn G n
Asrt?8 a Phe Ala Qui8n Ay du Ala‘ffe Lys Gu Asp
5 90 uaGandy. L Asp Phe Val Qu Gy Gn
Gin Llys 2%;&%5@ _\?P‘?L_\E/“ga I8 ﬁuglﬁ%a%g 110 dn Asn Qu Thr Ser
ITe Lys Lys Asn Thr G n Arg Asn Leu Val Asn 115 120
125 dy Phe Qu lle Qu Lys Asn Lys Asp Ala lle Ala
<210> 6 Lys Asn Asn Qu 130 135 140 Ser Ile Gu Asp Lou Tyr
<211> 510Asp Phe Gy H's GQu Val Ala Qu Ser Ile 145 150 155
<212> PRT6Q Gy dulle Hs Ala His Asn Gu Ala Gn Asn Gu
<213> MorpppllEa GR97E G 165 170 175 Leu Ile Thr Asn Ser Ile
<400> ¢ @ U Asn Thr Asn Asn Ile Thr Lys Asn Lys 180 185 190
Gln Ala léjsaAs%Sﬂsﬂ l1@e G Alacleusd uAsib Ash tValiiWalysd u A u
1 Leu Phe Asn 195 200 205%0 Leu Ser Ay Arg Leu Ile Asp
Gn Lys Ala Asp Ile Asp Asn Asn Ile 210 215 220 Asn
MMercyd asmpiu ey BeurM dsd HeGH &h IASp "G H°Hi s Ser
Ser Asp 25 30

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

Lys Il

]

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

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

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

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

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

Gly Phe Glu Ile Glu Lys Asn Lys Asp BAla 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 Asp Glu Thr Leu Lys Gly
165 170 175

Leu Ile Thr Asn Ser Ile Glu Asn Thr Asn Asn Ile Thr Lys Asn Lys
180 185 190

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

Leu Ser Gly Arg Leu Tle 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

Ile Lys

Asp His

Ile Gin

Lys Gln
290

Thr Gln
305

Tyr Ala

Ser Glu

Gln Asp

Lys Ala

370

Ile Ala
385

Lys His

Thr Asp

Thr Leu

Asp Lys

450

Ser Ala
465
Gly Asn

- Lys Val

<210> 7

225 230 235 240 Ile Lys Thr Leu Lys Lys Asn Val Qu
GQu Ay Leu Leu G n Leu Ser 245 250 255 Asp His Ile
Ile Asp G n Lys Thr Asp Ile Ala @ n Asn Gn Ala Asn
260 265 270 Ile G n Asp Leu Ala Thr Tyr Asn Gu Leu
Gn Asp Gn Tyr Ala Gn 275 280 285 9 Lys @n Thr
GQu Ala lle Asp Ala Leu Asn Lys Ala Ser Ser A u Asn
290 295 300 Thr A n Asn Ile Qu Asp Leu Ala Ala Tyr
Asn GQu LeaoG n Asp Ala 390® 310 315 320 7yr Al a
<210> 8 <211> 148 <212> PRT <213> Moraxell a

Tat &% Iﬁ%iléfs R0 §TEGTUAFE s Lﬂ%nGl)&sijeul F& Thr Leu
@ u Asp Lou Pro Tyr Le Fle Lys 1 5 1075 Lys Ile
Asprd asémnqﬁ kU 2G, U Al & ASP, bkg &hyaAsRel I e Thr

Al ax20 25 30 Lou GogsLys Tyr Lou AlggLeu Ser A n Tyr
Gy Asn Ile Leu Ala Leu 35 40 45 Au G u Leu Asn Lys
ANraltpaldMar@wr Reu GAsp-c@ @rAspe Vakr GryATE fln 50 55 60
An A n Asn Asp F¥e Ala Asn Leu @b Asp Asp Val du

h T 65 70 75 8 G n, As Phe Al
Hed ey SE aﬁff%ﬁﬂ%ﬁé&”&%ﬁ%%s&g@%‘% leu G n

Gy Leu Ala Asp Phe Val Gu y Gn Au @y Lys lle
AUr1100u 205 1:L0a1Grna Ash GrncThieSennl A bys Lys Asn
Thr G n ArgoAsn Leu Val Asms115 120 125 Gso Phe Qu

Ile Au Lys Asn Lys Asp Ala Ile Ala Lys Asn Asn G u
%OGJTBglq_Eé}r Glu Ala Tle Asp Ala Leu Asn Lys Ala Ser
325 330 335

Asn Thr Gln Asn Tle Glu Asp Leu Ala Ala Tyr Asn Glu Leu
340 345 350

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

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

Asn Asn Ile Thr Asn Ile Tyr Glu Leu Ala Gln Gln Gln Asp
390 395 400

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

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

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

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

Asp Thr Lys Phe Alaz Ala Thr Ala Asp Ala Phe Thr Lys Asn
470 475 480

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

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

<211> 322
<212> PRT



Ser Ile Au Asp 145 <210> 9 <211> 340 <212> PRT
<213> Moraxella catarrhalis <400> 9 Asn A u Thr Lou
Lys Ay Leu Ile Thr Asn Son Ile Gu Asn Thr Asn 1 5
10 15 Asn Ile Thr Lys Asn Lys Ala Asp Ile Gn Al a
Leu Qu Asn Asn Val 10 20 25 30 Val Qu Gu Leu Phe
Asn Leu Ser Ay Arg Leu Ile Asp G n Lys Ala 35 40 45
Asp Ile Asp Asn Asn Ile Asn Asn Ile Tyr Qu Leu Ala
<213> MorGk#11G Bat@rAhal3® 55 60 Asp G n His Ser Ser Asp Ile Lys
Thr Leu Lys Lys Asn Val Au GQu 65 70 75 80 Gy Leu
<400> 7 Leu Gu Leu Ser Asp His Ile Ile Asp G n Lys Thr Asp
Gln Ala Lypehsgshygp 195 ThA| %FUGGhu ASh ‘Gn PR Eyﬂ%ﬁuﬂlg B Asp Leu
! Ala Thr Tyr Asn G u Leu 100 105 110 G n°Asp G n Tyr
Lys Ile %l@ Qsﬂ‘}é}§u %eﬂ th! Ag lj{xsé‘l ﬁeléﬁf ﬁ I'NeaI’hlfeHlaAsn 115
Lys Ala SerzsSer G u Asn 36n Asn Ile Gu
Asp Leu Ala Ala Tyr 130 135 140 Asn GQu Leu G n Asp
Leu Glu LAkalyFyreARda IDps @mMGE MyThilyQGan Ala Tehetlaspeu 145 150
£55 160 Ala Leu Asn Lys Al a Ser Ser Au Asn Thr Gn

Asn |le 6 170 1 Tyl Asn Qu
R - T e ﬁysAé‘Ha&leg lﬁl %d‘ Y& i és%q’/iﬁl By 57 180 185
190 Al a IIe Asp Ala Leu Asn Lys Al a Ser Ser G u Asn

Asn Gln ARAradd M ASMa Ids@ 1kPB1200p205 vAl albysrAsit Gmn Ala Asp
65 Ile Ala AsnoAsn Ile Thr Aswille Tyr A u 2108®215 220

Lys Asn Gln Asn Ala Phe Ala Glu Gln Gly Glu Ala Tle Lys Glu Asp
85 90 85

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

Gln Asn Glu Thr Ser Ile Lys Lys Asn Thr Gln Arg Asn Leu Val Asn
115 1290 125

Gly Phe Glu Ile Glu Lys Asn Lys Asp Ala Ile 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
180 185 190

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

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

Asp His Ile Ile Asp Gln Lys Thr Asp Ile Ala Gln Asn Gln Ala Asn
260 2865 270

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



Leu Ala Gn Gn Gn Asp Lys H's 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 A u Thr Leu Thr Lys Asn G n Asn
Thr Leu Ile 260 265 270 Gu Lys Asp Lys Qu H's Asp
Lys Leu Ile Thr Ala Asn Lys Thr Ala 275 280 285 1Ile

Asp Ala Asn Lys Ala Ser Ala Asp Thr Lys Phe Ala Ala
Lys Gln ThRrcAl a1290e 285 800 LeAspnAlva Phe sdhrsekysluAssn Gly Asn
29C Ala Ile Thr L3 Asn Ala Lys Seé#¥0 305 310 315 320 Ile
Thr Asp Leu Ay Thr Lys Val Asp Ay Phe Asp Ser Arg
B O VAl U 140378 8507335 A Chy Lﬂé&l*rh%sps%g <210>
10 <211> % <212> PRT <213> Moraxeila catarrhalis
ryr aia <400> 10 Ile G n Asp Leu Ala Thr Tyr Asn Gu Leu Gn
: Asp Gn Tyr Ala Gn 15 10 15 Lys Gn Thr Qu Al a
Ile Asp Ala Leu Asn Lys Ala Ser Ser A u Asn 20 25 30
Thr Gn Asn Ile Gu Asp Leu Ala Ala Tyr Asn Gu Leu
<210>85 Gn Asp Ala 35 40 45 Tyr Ala Lys Gn Gn Thr Gu Al a

zgi; ;;3 le Asp Ala Leu Asn Lys Ala Ser 50 55 60 Ser Qu

Asp Thr,. G n. Asn Ile Gu Asp Leu Ala Ala Tyr Asn Gn
s MOLeull65 E?Or7% 8% Gn Asp Ala Tyr Ala Lys Gn Gn Al a

<400> 8 GQu Ala Ile Asp Ala Leu Asn 85 90 95 Lys Ala Ser Ser
Gln Ala I@sUAASAsd e Ghm Asnclb esAl Beulyss Agn 1&:NT'Al aysAsp 100
1 105 110 5 10 15

Lys Ile Asp Gln Asn Glu Leu Glu BAla 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 Ile Ala Asn lLeu Glu Asp Asp Val Glu Thr Leu Thr
65 70 75 g0

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

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

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

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

- Ber Ile Glu Asp

145

<210> 9

<211> 340

<212> PRT

<213> Moraxella catarrhalils

<400> 9
Asn Glu Thr Leu Lys Gly Leu Ile Thr Asn Ser Tle Glu Asn Thr Asn
1 5 10 15

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

10



Ile Ala Asn Asn Ile Thr Asn Ile Tyr Qu Leu Ala G n
Gn @n Asp 115 120 125 Lys His Arg Ser Asp Ile Lys
Thr Leu Ala Lys Thr Ser Ala Ala Asn 130 135 140 Thr
Asp Arg Ile Ala Lys Asn Lys Ala Asp Asp Asp Ala 145
150 155 12

20 25 30

Val Glu Glu Leu Phe Asn Leu Ser Gly Arg Leu Ile Asp Gin 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
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 Tle Gln Asp 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
145 150 155 160

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 Gln Asp Ala Tyr Ala Lys Gln Gln Ala Glu
180 185 190

Ala Tle 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 Tle 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 Leu Thr Lys Asn Gln Asn Thr Leu Ile
260 265 270

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

Ile Asp Ala Asn Lys Ala Ser Ala 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

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

<400>

10
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Moraxella

10

Tle Gln Asp

1

Lys

Thr

Tyr

Ser

65

Gln

Lys

Tle

Lys

Thr
145

Gln

Gln

Ala

590

Glu

Asp

Ala

Ala

His

130

Asp

Thr

Asn

35

Lys

Asn

Ala

Ser

Asn

115

Arg

Arg

340

Leu

Glu

20

Ile

Gln

Thr

Tyvr

Ser

100

Asn

Ser

Ile

325

catarrhalis

Ala

Ala

Glu

Gln

Gln

Ala

85

Giu

Ile

Asp

Ala

Thr

Ile

Asp

Thr

Asn

70

Lys

Asn

Thr

Ile

Lys
150

Tyr

AsSp

Leu

Glu

55

Ile

Gln

Thr

Asn

Lys

135

AsTi

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

Tle

Lys

Ala

Thr

140

Asp

Gln

Ser

Leu

45

Asn

Tyr

Asp

Asn

Gln

125

Ser

Ala

Tyr

Ser

30

Gln

Lys

Asn

Ala

Gln

110

Gln

Ala

335

Ala

15

Glu

Asp

Ala

Glu

Leu

95

Ala

Gln

Ala

Gln

Asn

Ala

Ser

Leu

80

Asn

Asp

Asp

Asn



