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WO 2007/ 018463PCT/ SE2006/ 000931 1. | NTERACTI ON OF
MORAXELLA CATARRHALIS W TH EPI THELI AL  CELLS,
EXTRACELLULAR MATRI X PROTEI NS AND THE COVPLEMENT
wY sthEMsaghechni cal field of the invention PCT/I1¥806/600931
present invention relates and their ability to
interact with 5 extracellular matrix proteins such
lam nin, and also to their ability system The
interaction with these to Moraxella catarrhalis
epithelial cells via as fibyonectin and to inhibit
the conmpl enent extracellular proteins is useful in
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In this study, using M catarrhalis nutants 20

derived fromclinical isolates, the inventors have

been able to show that both UspAl and A2 bind
WidenRsissn and [am nin. Furthernore, the i n¥eRERSs000931
have been able to show that M catarrhalis interfere
with the classical pathway of the conpl enent system

and also to elucidate in which way they 25 interfere.
Many bacteria adhere to epithelial cells via
fibronectin bi ndi ng MSCRAMMVG. [ 54, 77] Pseudononas

aeru nosg has a FnBP that binds to cellular
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smal l'er than the N-term nal half of UspAl (UspAl50-
35 491) lose all its lamnin binding ability, whereas
with 4 UspA2, only 0spA230-17 bound | am nin al beit
at a |lower |evel than the whol e reconbi nant protein
(UspA230-539). These findings suggest that different
parts of the nolecule mght have different functiona
rol es. UspAl50-77 was also found to 5 have | am nin

bi ndi ng properti es. Conparing the small est
I 'am ni n binding regions of UspAl and A2, we find that
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WO 2007/ 018463PCT/ SE2006/ 000931 -5 bond, forned in the
native protein by the proximty of a sulfhydryl group

"(Cyslm and a glutanyl carbonyl (Anlnm on the C3

¥Fhetdlsds§6] Proteol ytic cleavage of a 77- re$&}é§20061900931
peptide fromthe amno term nus of the C3 a-cha
generates 5 C3a (anaphyl atoxin) and C3b. Attachnent
of C3b is then acconplished through a covalent |ink
bet ween the carbonyl group of the netastable

~thioester and either -NH2 og -OH groups of proteins
n

or carbohydrate structures the activator surface.
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are det.erm nant
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-and 165 to 318 of UspA2. These two domai ns share 31
am no acid residues sequence identity. Inportantly,
truncated protein fragnments containing these residues
in UpAl and UspA2 were able to inhibit N
catarrhalis binding to Chang epithelial 20 cells
suggesting that the interactions with these cells
were via cell-associated fibronectin. The binding
domains for lamnin were found within the amno acid
resi dues nentioned above. Binding assays wth



7 or hydroxyl ation, sul phonation or glycosylation
products and ot her secondary processing products
- t hereof. According to another enbodi nent, there is
I a peptide having-“sequence ID no. 2,,404
: ‘ﬁ%éh%ﬁ?@, honol ogues, functional equival entPs, SE2006/000931
- derivatives, degenerate or hydroxyl ation,
sul phonati on or gl ycosyl ati on products and ot her
secondary processing products thereof. Accor di ng
to one aspect, there is prgvided a peptide consisting
of Sequence ID No. 2, or a fragment, honol ogue,
UsbrRact bahal UsgguVal’ encyndideimiat pvel el hypdr xyPaet orfveld
engH! Qﬁgn@{awx%o%ys&wI;ggtdt?anpw%ms“ﬁ?‘g} Et imezse
.secondary processing, produ re [ Cght
ipAppeh et I9E S ??glia‘ﬁggjpf’éepreernt%l gé.g%ic%%gt | ngl £ égaﬁé g
habar thefesnbodiment onehetd sss Peabi ded, “aspapepdound to
5 ha?@vllfﬂgiﬁﬁﬁ%ﬂﬁﬁnlgll)pﬁ@pe&ieﬁmd Iragmsnts, -honol ogues,
uncti onal equival ents erj.vati : €, Ospal
hy d?%%‘tqgo%%es ﬁwﬁﬂ%‘?ﬁaq 'iqg o1 ng%{%%%lsn gt% ?g%{%r%ﬁu ct
andnB2 ptier £ iset dhddr fhpredess wyegebducts lehsivstarity by
wabCEer i g 1R ;AN ALheL oge RRGIwe chh 8EpA2 Y Bt aniadedpm **
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hedhY §PSYE AL O M RRHUCha PInPldiel, Sesonskartyi tyr dnelsstngy
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20 codBleféhersygaeendar ynprofedss My prolints athempete  7a
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A atg?‘%gu%%r%?:{%fg%gg %@%g%%? |ng:&{ﬂ3%§r?o?%er. enbqdi msg%é wt
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pept i de ha
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nioReP ohcde (AR onar SRyt ¢ARger O s
35 depegehbomtmeqridusditbrybatsorce st ghohnt¢urplorthioester

gl ycosyl ati on products 'and other 'secondary
processi ng products thereof. According to another
enbodi ment, there is provided peptide having sequence
ID no 10., and. fragnments, hoinol ogues, functional,
equi val ents, derivatives, degenerate'or
hydr ogyl ati on, sul phonation or glycoaylation"
products and ot her secondary -processing products
ther' eof. - Accordi ng to another aspect, there is
provi ded use of at |east one peptide according to the
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8a The present disclosure further provides a |igand
conprising a | am nin binding donmain, said |igand
consi sting of an-am no acid sequence sel ected from
Vp@eog%@%g consi sting of Sequence ID No. 4 todGeRu®Rofs
8, and fragnments, honol ogues, functiona

eqU|vaIents derivatives, degenerate or
hydr oxyl at i on, sulphonation or glycosylation products
and ot her secondary processing products thereof.
Further, the present di scl asure provides a |igand
conpaagmgg or C3net bindj ng domain, said |igand
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CofR Exta g RoFPRT BYEt iate aielpkifeely owneeuyed ayd hence
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meﬁftm zesgegt@tshefaeeaac@ﬁox,h&%divael bygeptide or a
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gb%‘e‘*r veatsetrieht & Jﬁeneéﬁaénc I BrNe. seriseeleidd D
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secon

ﬁcosglatloﬁgf

¢ p%g OQrodwdt Hisedéstatesh J%eﬁ@eabwew Stwenty-
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fective, anpun A" EoHEhat i on
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nosevehal nhoettional hyvacoeqt abte ibdisyans sshev elipal es,
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In. st |£ her “aspec rovi
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conmbination with an effective anmount of protein MD
for the production of a nedicanent for the treatnent
or prophylaxis of an infection caused by Moraxella
catarrhalis. Finally, in another aspect, there
is provided a nucleic acid sequence endodi ng a
i gand, protein or peptide of the above aspects, as
wel | as honol ogues, pol ynorphi sms, degenerates and
splice variants thereof. Furt her discl osure of
the objects, problens, solutions and features of the
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5 and/or parts of the peptides and protein fragnents
according to the invention which retain the desired
fibronectin, lamnin, C3 or C3net binding properties.
A honol ogue of LispAl according to the present
invention is defined as a sequence having at | east
72% sequence 10 identity, as can be seen fromtable 1
bel ow. A fragnent according to the present
invention is defined as any of the honol ogue
sequences which are truncatéd or extended by 1, 2, 5,

G, béilgoaram@@ aci I%eélh%pNtﬁgfoln%l?Ed %
t&gggat r % tenﬁg anlno
alids at-the SCUfEr ?;%? WﬂﬁeS@?BFé§§ﬁ8ﬁ§ gegeherdte,
Dyaréydmiicon, rsbkphdnatlilondandigl yeasyhatisoncEAcay)

cRpOELES iOf takhenns eé?ﬁ’cd@l)( 2Pl PLE6SINY R%?g “ﬁéf}
(0]

t ants, an di fi1cations
B ol L B e BRo k™ Hce GHidrn g Cbeoneas n in
Pﬁv%%ﬂﬁ(ﬁxnglmhnth Weve peenfatd erspd2cappanes. ta®]t Berh
UgbADi Aﬁeﬁéydﬁlfy jﬁﬁ%%%hﬁtffgﬂ%pQ%rb¥At g@neratlon
o ion | or glycosylation ut
%% cﬁ%%% %aﬂc?hgﬂdggl @ gﬁbronectln lam nin, C3 or
C3ndthehpnebens pum@elrtnpasdeﬁrdmestpra&senthmvmﬁﬂ @@pm and

' A&Qflféeﬁﬁfﬁe.@ﬁil%@ lab B, e@&tQPEh@ﬁsCﬁHﬁc?ﬂl?yto raxella

rrhal i e ti coy tot
a8 %%Jﬁl ; gef‘al%‘"ealt%éatlﬁ’é%% T Catarrha—’-is

I nven IOﬂ

BESHSphpHaki 4. (ﬁhﬁﬁﬂeﬁtsngbﬂﬂareQDmMi&ahtSUiﬁAﬂ awar a2

ddh&&@ﬂrﬂi@ﬁMMt'633&r&ﬂ§§9§'é5§5bd%% Lable élbronec%ln to

roteln_sequenc

th%'EaHQEU£%£1 e#¥ltb1%%+%%h$gﬁg§ﬁ toq 2B Q;yﬂgc@A@EW@ﬂﬂ

. aSSOC|a
£ OVHEAZﬁlWMB'ﬁm\mm 2T CC25RBR 8L IB5E 834 BB 34 UZPa 84 2k
to/8187o8Ys622(27h8s838k domains share 31 amino acid

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

The binding domains for lamlnln were found within the
amlno acid residues mentioned above Binding assays with

'recomblnant proteins revealed that the major binding regions
.Wwere localized in the N-terminal parts,'where both protelns

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

extracellular matrix (ECM) components are grouped together-

in a single family named “microbial surface components
recognizing adhesive matrix molecules” {MSCRAMMS) . Since
UspAl/A2both bind fibronectin and lamlnln, these proteins

can be designated MSCRAMMS.
According to one embodiment, there is provided

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



72 74 83 73 78 046E Si. 81.82 80 WO
20071018463PCT/ SE2006/ 000931 11 P44
- 1 TA24 76 84 _TTA37. B1 75 77 used

b
or hydroxylation, sulphonation OX glycosylation‘products and

other secondary processing products thereof.

According to another empodinent, there-

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

homologues,_functlonal_equlvalents, dermvatlves, degenerate .
or hydroxylation, sulphonation or glycosylation products and'
other secondary processing products thereof. o

According to one aspect, there lS provrded a peptide

consisting of Seqﬁehce ID'No. 2, or a fragment, homologue,
functional equlvalent derlvatlve or hydroxylation,
sulphonatlon or glycosylatlon product or other secondary

proce551ng product thereof Whlch retains fibronectin binding

propertles

Accordlng to a further embodiment there is,

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

homologues, functlonal equlvalents, derlvatlves, degenarate
or hydroxylatlon, Sulphonatlon or glycosylatlon products and

‘other secondary proce351ng products, thereof

Accordrng to another aspect, there is provided a peptide

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

functlonal equivalent, derivative or hydroxylation,‘ _
sulphonation or glycosylatlon product or other secondary'

processing product thereof which retains flbronectln binding

properties.

, According to another embodlment, there'iSProvided ) _

a peptide having sequence ID no. 4, and fragments,‘homologuesi
'runctlonal equlvalents, derlvatlves, degenerateor hydroxylatlon,

sulphonetlon o glycosylatlon prodﬂcts mmiother secondary Drocessrng

products - ‘zhereof.
According to a further embodiment, there isﬁprovided a peptide having sequence 1D no. 5,

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

sulphonation or glycosylation products and other secondary processing products thereof.



78 Table 2: UspA2Pil eup Analysis - Strains and
sequences aCC Strain des si |l TREMBL: 054407 MORCA
054407 035E Ubi quitous surface protein A 2. 576

| DTREMBL: 058XP4 MORCA (B8XP4 MC317 UspA2. 650

CTREM 3L: 0848S | MORCA (B48S1 E22 Ubi quitous surface
protein A2H. 877 :

Ta

According to a further embodiment, there is provided a peptide
having sequence ID No. 6, and fragments, homoleogues,
functional equivalents, derivatives, degenerate or
hydroxylation, sulphenation or glycosylation products and

other secondary processing procducts thereoi.

According to another embodiment, there is provided a peptide
having sequence ID No. 7, and fragments, homologues,
functional equivalents, derivatives, degenérate or

4 hydr0xyla£ion, sulphonation or glycosylationh products and

other secondary processing products thereof.

According to another -embodiment, there is provided a peptide
having seqguence ID No. 8, and fragments, homolcgues,

functional equivalents, derivatives, degenerate



:TRE{\/BL 0848S2 MORCA (@B48S2 V1122 Ui qui tous surface

‘ Bgo ein A2. 616 - TREMBL: (BOH36 MORCA (BGH86 P44
888A|2 "'668. TREMBL: 091961 MORCA QQL961- TTA37 USPA2H. b
TRENBL: 050665 MERCA (DLO63 D12 USPAZ { Ubr qth tous ||

" surface protel n A2) 684 -12E USPAZ (o qUI rous

8.
or hydroxylation, sulphonation or'glycosyiatien products and
other secondary processing products thereof. |

According to another embodiment, there is provided
a peptlde having seguence b)) no. 9,and fragments, homologues,
functlonal eqm_valents, derivatives, degenerate or hydroxylatlon,
sulphonatlon or glycesylatlon products‘and Dther ‘secondary
processing products thereof.

: According to another embodiment, there is prov:Lded
pept:.cie having sequence 1b no. 10, and fragments homologues,
functlonal equlvalents, derlvatlves, degenerate or hydrofylation,
sulphonatlon or glycosylatlon products and Other secondary ‘
-'process:l.ng products thereof ' '

- According to another aspect, there is provided use e of at least one peptide according to the

above aspects for the production of a medicament for the treatment or prophylaxis of an mfectlon,

preferably an infection,
carriage of M. catarrhalis on mucosal surfaces.

preferably an infection caused by M. catharrhalts in particular caused by

Lo

Accordmg to another embodiment, there is provided a l.igand eemprising a fibronection
binding domain, said ligand consisting of an amino acid sequence Selected from the group |
consisting of Sequence ID No. 1, Sequence ID No. 2 and Sequence ID No. 3, and fragments,

" homologues, functlonal equivalents, derivatives, degenerate or hydroxylation, sulphonation or

glycosylatien products and other secondary processing products thereof.

13

Accordlng to another aspect, there is provided a ligand

cOmprisn_ng a fibronectin binding domain, said iigand

consisting of an amino acid sequence selected from the group

consisting of Sequence D No. 2, Sequence ID No. 3, or.a

fragment, nomologue, functional equivalent, derivative or

hydroxylatiocn, '-sulphenati’on or glycesylation product or other

secondary processing product thereeof which retains fibronectin

binding properties.



- TREMBL: 09XD51 MORCA (@®XD51 V1171 UspA2. 674 1D
TREMBL: 09XD53 MORCA (QXD53 TTA24 UspA2. 613
TREMBL: 08RTB2 MORCA (BRTB2 SPI 2-5 UspA2 686 ||
- TREMBL: 09XD55 MORCA (QXD55 ATCC25238 UspA2. 630
Forsgren UspA2 UspA2. 630 5 Accordingly, the
present invention provides8 ligand isolated from
Mor axel |l a catarrhalis outer nenbrane proteln whi ch

~ has lamn lor. fi ectin and/ i ng,
?ﬁ%e?é?ﬁe%aj%ﬁﬁé%§%¥ 55 gg%o% ﬁ%ﬁﬁ Se o ng or 10

comprigonsistliengndh amdimiondoaeid, seaiende asdl emmtt_mgrmf
an amiphecgroBpotans stdirgrel SE&hliﬁd*Qro%F1£bﬂﬁﬂé¥1n 8 65 sequence

d t [l 5le er ca arrhalls
10 No. (8L by AL AETEL B, ML By e e ANEL) Bl P
funCthPéJgn%?ﬁ”al%éﬁ*ﬁlsogééﬂfﬁ%‘fqsonﬁﬁg@e:ﬁﬁa\#ael @m |
hydroxgestmat,i velpHlegengeat €r ofltdr Dxyd at |p@6ducﬂ-£ and

other S4& tb%cggs%ﬁgﬁﬁ’é@%?@?ﬁr Odf"Ct or ot her

Ful .l - | th
SREAT 1108 RBFaREr | 4 LHCH P RaPl S SE1hi BE3RIS.

comprlﬁw YAVIBK N EASGHEVALSES ERK LI AY - E st (Y haaid
GMATTASAQK VGKATNKI SG GDNNTANGTY LTI GGGDYNK
TKGRYSTI GG GLFNEATNEY STI GSGGYNK AKGRYSTI GG . -
CGYNEATNQY STI GGGDNNT AKGRYSTI GG GGYNEATI EN
STVGGGGYNQ AKGRNSTVAG GYNNEATGTD STI AGGRKNQ
ATGKGSFAAG | DNKANADNA VALGNKNTI E GENSVAI GSN

NTVKKGQQ\V

-4



r/ 10 FI LGSNTDTT NAQNGSVLLG HNTAGKAATI VNSAEVGGELS
LI GFAGASK7 GNGTVSV- KK 7//f [ 71/ AVNGSQLHVL Ki VWAGKAG
fithatiiVoi Ltil4gl A6 El*1466Ai A
" I'dAti pOkAti-IldglliKigfft ils4665dg 611thatit
| DQKADLTKD | KALESNVEE GLLDLSGRLI DQKADI AKNQ
ADI AQNQTDI 15 QDLAAYNELQ DAYAKQQTEA | DALNKASSA
NTDRI ATAEL G AENKKDAQ | AKAQANENK DG AKNQADI
QLHDKKI TNL Gl LHSMVARA VGNNTQGVAT NKADI AKNQA
DI ANNI KNI' Y ELAQQRQRDQHS SDI KFLAKVS AANTDRI AKN

AS ET LTK:%SILI E %EA VE K Al LE Eﬁ;&m the group

commamm@ BlshLEeNDRLND 2 RI4NE$NIXI&BJD3Q<JIDD®§GYAL Sequence

1 DKEECHRENNR J ¥§8Qrfi§at\g Alilﬁl ALAd EP MHhomologues,

H\/ EGSGYHN l; GLSDTGKSTY KI GLSWEDAG

e BFf- 1 EHgUR P2 ‘F‘?%*?ﬂ%ta?xé’ﬂ a
hydaesi ¥talons guﬂahnnaﬂaai 025 g MKFMKELPLIO nEIpEADRLHEDS Tand

othEDEHAHS X%QTM%%:%QE %@&&@&@&M NNI YELA
NI QDLATYNE EAI DA "SENTONI AKN' KNKADDDASF 35

ATADARTINGe | AVFSAM | tBeAleEK YL A SO NENAFARGEEN protein

RN A U T S LD e

L GAAST. YN A_NNESI EDLYD
KADI QQEQE‘%&2 K%ﬁlﬁﬁ\lt/g% %ﬁ%ﬁ& Rl EDLRAYKEIed @ medicament

COPRAELAAGQOR S| ERDREMDKL SEDESTRYDEFA L KN 'I’ELhEDIabove aspect

o e GB T5 SRR CORARQOR A EPTEAR 22t

' Veﬁ*ﬁﬂ:ﬁﬁmﬁ@ﬁl@%ﬂ%r@mdewumws«em@egarvatwes

O IR LR SRR e
3 E‘BERVEN@WSA@@A@%EF@ PYSMaKRgsTe aspect
ERM@| %@kﬁSrAMzﬁ%@\ﬂaﬁtNB%llﬁlg’@ed nﬁbﬂéégﬁ%@?%%int?r vehd]_cles,

ref erred enbodi nen e ligan
EXémaeqéleygé%?e%se [cgrrxgglr§peﬁfl Bﬁef‘?ﬂ‘f?éé‘tvésoonpar ed
W tWQ&DMeb@ﬂtydi%é_loeﬁwFéQ@b' g%vﬁ@é@fa ?ligk%[g, o
“tr€ no .a uence selected TF'rom
. r Qiﬁigswﬂg;rggeﬂg%?ﬁl ggét I\Bl amn lwlvéldual

r P roup” consi of
- PESTHGMEMt 20hdR; 1965{@1 dqayetli bnall. ecuiiamalrenti,s, in

pald@rqul\lauﬂ veusﬁi@gleﬁefa’itﬁa@é delﬁoxyi@&f:%%all%m Rhonatign 7
i i
e ERRITE PHEPE 1o ntfé*ﬁéﬁléerb“otohr vhecimtoke aDsEikea

hexdiingh Dbi nds to | ami nin and/or fibronectin and/ or C3
part thereof which incl udes a | anminin and/or

and an
fi &Poﬁ%&gina%%*}%rr a@@ﬂ@‘cndﬂn@r@oimimosu@hdt hate e of a
rrﬁg@ i t Lyve nd| erty. Thus

phal éﬂ@ ééll)h%f&%%’ﬂ?gg n? QT ﬁgggﬁlg%/%t[ Ynldy vaecine

i gand” - enconpasses nol ecut es’ mhl
aCCPFiéllP@nﬁChl apoaed fgpett brime ditien mandfart €3 b N RGdicament

fOJ:dQP@é@J_ dg %r Ea'%%v@ﬁ?ih&'eax{ %%f%%t?.%nr gglllsogg ' e%ﬁl'grgzecglla

catarrhalls 1n an indiwvidual.

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

vinding fibronectin.



30

For the purposes of this invention |am nin,
fibronectin 20 or C3-binding properties of a
polypeptide"can be ascertained -as follows: For
the purposes-of this invention lam nin, fibronectin
or C3-binding propertie2of a polypeptlde can be
ascertained as foll ows: Pol ypeptides can be | abell ed
with modine or 25 other radioactive compounds and

ste i noassays

II% Itad(}ggreéglp %&ﬂ{cgcs,e@zje%g I's d%lt’o% c?ds ﬁ/é?:_le%vec%omposzt_tlon _
compwhypeptardesfmlbe amalthSe:(f fU@pAbl mdaihgr \MEIpI’AZ in ~
conBIEYIPS) |G LmIynesor pent, aesays LEHSA 100 119w

vt o ne ry usi Ag approprlate an d €3 and 5%88 i o oF

moz@O psysmemutﬂdmejyaattep&ﬂd&t \aegavpﬁtypapénlda%sand
onectin, ,or C3 can further be exam ned

i TP R o R BLGran s CBPAEbHE) v Bcanpl o of
h r [ il in the rial- and °
RE%h%gglgéﬁgﬁﬁﬁﬂgknggﬁgﬁLeF%%%gferr ﬁ%ghEﬁﬁnFseﬂﬂéan
ctissiypeptneet orf I5ppol ypefti derhruncatenconabadw it fan
e y lde] rises or_.consists of
ff%CMggs%ﬂ{%%letp%tf ?) %e %%J%sbdelr%éf ggue%%%%u(ftrléﬁ ®itt fi n
medSE@nemt NC»r 1-hE0 twhithemlr e genbhiyLetis ot ke ahirgooest

Caugggmg %%Q%%DHenc |n {hi s enbodi ment, the

pol yp pti po ype d% truncate conpared with a
5 RMinkdiyy pén polotpept agp&;c@pnm{ér%es_SOIars@M&tas n% 18t

d e served .fr

Z;;Vf rg?ﬁ&?rﬁé@fﬁﬁog#gctl nigr?gl?pgr (%%gp'ngg pelpt%%g?l%aw‘ﬁg
d 1 PR AT vast ctivt b & §Pm8h0@m¢$x)Rniymoaphaﬂ®®s|t|on)
CISPGTEFE YVERESIK IQeE VAN tidW @ SERQ VN HVGA

Q’ KISIR ALD T/ DSTDAVNGSQLH YALAS/ X/ T T/ AV i /v
‘V?E/k% Clogppe SRS DOKADEBNND N IHinE/ BoAutions

andQMusstsl mﬁmheqséabam:mv&tﬁmuf’pl Balfent rrom

theFoM Vv omthe fibronectin
d(e?%EISLg& ggsgjflgra L AP er iRt CBnBi Bes

refsplendl n%r‘ﬁ %ga
Of - Alt aEFaWh?g%_1ﬁﬁsﬁﬁeoﬁpp2%ded claims.
KADIEDIRIKD KNG B ML AQRRROESSDE | 1 K/ 63 dd AdrJhE 1 K/ NS Meq

o Ao e - E[N.L,S.D R /LI DOKT/ ADI /L
o Aol Yokn L EeLbJ: erl?ﬁ L gonégg%gﬂedmf A8 R TEe 1 om

rec%a$orcgn8|ﬁ8¥n@a%ﬁnﬁﬂ LF l@%phﬁ%&ﬂdﬂ? aheerastpia
bindipgi desadh amclaniing: ddi deatins pasd tdicRpbtbr blnd:,_ng
E/ QDLAAYNEL QDAYAKQQA/ TEAI DALNKA
SENTQNI AKNQADI ANNI T/ NNI YELAQQQ 35
DK/ QHR/ SSDI KTLAKT/ ASAANTD/ NRI ‘
15 DLAAYNELQDAYAKQQ EAI DALNKASSENTONI AKNQADI ANNIE 5 It
W |l be understood that the polypeptide |igands of
the invention can conprise a |lamnin and/or
fibronectin and/ or 03-binding donain of sequence
recited herein which is nodified by the addition or
del etion of am no acid residues 10 to or fromthe
sequences recited herein at either or both the Nor C
termni, which nodified peptides retain the ability
to bind. lam nin and/or fibronectin and/or 03,
respectively. Accordingly, the invention further
provides a |ligand conprising or consisting of a
pol ypeptide in which 15 50, 40, 30, 20, 10, 5, 3 or 1
am no acid residues have been added to or del eted
froman am no acid sequence recited herein at either
or both the Nor Ctermni, wherein said nodified
pol ypeptide retains the ability to bind |am nin
and/ or fibronectin and/or C3; and/or elicit an i mune
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20 response agai nst the non-nodified peptide. By
extension it 'is neant | engthening the sequence using
the context of the-peptide fromthe full-Iength am no
wariodeeguence fromwhich it is derived. As PegaEL®6/000931
fragments of the pol ypeptides of the 25 invention,
any size fragnent may be used in the invention (based
on the honol ogue sequences/conserved
regi ons/functional domatins di scussed herein)
provided that the fragmentgretains the ability to
bind | am nin and/or fibronectin. and/or g be
PraesF bl ld deedns 6PEPEL H 50 SHFAT FET D &FErREC
doﬁz@ﬂh@le&&e @llsy thosedskdinonser prgkarad muente‘@@pt or

%195}%3 %'s)éEgRE déﬁdae&%ndﬁoﬁ&w@ nguh@ti&?al

‘ I nven IO eriv nown cations
eqgAY Ak Hal s %EAVHHV@LH& ﬁn%? ST ¢ rﬂﬁ%&aﬁ ST 18E
an@ibhepays bt bhef pédieidds and EroB3Sin dragnent Jrafnearasy
to&%ﬁ%/%ﬁ?éﬁ%@B@T%Q jbenghih snathueatsiAlg ehor¥ectin,

E2006/ 000931 16 A2 nol ecul es.
Lapérbi di Myl9F, C?ﬁ%tl?%&ﬁﬂngﬁrPﬁ?fYﬁﬁs ‘provi des a ‘
Wi | ®-tignpd odapAbf sespRaneecbadknggtatthleenses¢ry invention

lseégfiljléla aZ.;O §quéx@ce ’Vl@l% aizoleﬁpo 7%@015‘:3&12&0}30@140
tc m no aci d ég iqi N-termi nus,
idgnl by |aa‘3craaﬁgbﬁts‘?%‘asﬁr°(fbita Sacti§H°"20, 30, 40, 50,
60,A Tfrad@@nt160¢cod®0g k40 theopredsd, lZ@@néiQﬁtlﬁ 450
deBMh A9 ACIHS EEO@hérﬁbﬂBﬂd@h@‘Q@@ueﬁﬁé@fﬁhﬂtharé|1€
truncate rétains fibragne nctLon'
trppt Fshad )?Xﬁfagae?iaﬁh’(n)]] ang/ o# Cél |n i AgY. 1aomfbs af
£h AloN- térmmnuﬁoaadderltmnGQ%}edaPrl%%ﬁﬂnd§ﬁ éYa&tl% S FE8m

15th§0(%ﬂfHU“aQH§s a0%e @24.cPaPnR917 094 0917 | 094
0917 094 0917.0917.0917 I"P

The expre331ons degenerate, hydroxylatlon, ulphonatlon
and glycosylation products or other secondary processing
products relate to variants and/or modifications of the
peptides and protein fragments according to the invention
which have been altéred compared to the original peptide ox
protein fragment by degeneration, hydroxylation,
sulphonation or glycosylation but which retain the desired
fibronectin, laminin, C3 or C3met binding properties.

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

tract infections.

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

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

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

O46E 81 81 82 89
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094 0917 0917 1 inp 1 094 [

5 0174 01717 oav 5 M Ot Ot,

0917 |

at 0174 044 5 5

5 0417 0441 ern 5 opt

I 0317 | 034_ 1 on 0217 034 ron 0311 034

PCT/SE2006/000931

WO 2007/018463
1l
P44 81 75 77
TTAZ4 76 g4
TTA37 78

Table 2: UspA2 Pileup Analysis - Strains and

sequences used

ace Strain des o
O 1pEMBL:054407 MORCA 054407 {O35E Ubiquitous surface  [576
. . protein A 2.
O [REMBL:0S8XP4 MORCA |P8XP4MC3I7 - UspA2. 650
I TREMBL:0848S1 MORCA | Q84851 [E22 Ubiquitous surface {877
. ~ {protein AZH.
I! REMBL:084852 MORCA |Q84852 V1122 Ubiquitous surface 616
. ‘ {protein A2,
M TREMBL:08GHS6_MORCA|¥GHE P44 UspA2. 668
D TREMBL:09L961 MORCA {QPL961 |TTAST — USPAZH. 889
T TREMBL:091.962 MORCA | Q1962 JO46E USPAZH. 394
T TREMBL:Q9L963 MORCA |P-963 |O12E USPA2 (Ubiguitous {684
surface protein A2).
T TREMBL:09XDS1 MORCA|Q@XDSIVIITL - {UspA2. 674
O TREMBL:Q9XDS53 MORCA|PXD33|TTAZE  1UspA2. 613
TREMBL:QSRTB2 MORCA  |Q8RTB2|SPI2-5  |UspA2 Y
O TREMBL.O9XDSS MORCA|QXDSS|ATCC25238|UspA2. 630
Forsgren_UspA2 UspA2. 530

Accordingly, the present invention provides a ligand

isolated from Moraxella catarrhalis outer membrane protein

which has laminin and/or fibronectin and/or C3-binding,

wherein said ligand is a polypeptide comprising or

consisting of an aminc acid sequence selected from the group

consisting of SEQ ID NO:

1-10 which are derived from the
full-length Moraxella catarrhalis BC5 UspAl & UspA2
segquences showr; below, or a fragment, homologue, functional

equivalent, derivative, degenerate or hydroxylation,



10

15

20

25

30

35

0317 0317 0317 0317
0017 0017 0017 004 OOP 001

0017 |

r oz, |

0317 034 0317i
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sulphonation or glycosylation product or other secondary

12

processing product thereof.

Full-length UspAl from DMoraxella

BC5:

MNKIYKVEKEKN
VGKATNKISG
STIGSGGYNK
GGYNEATIEN
ATGKGSEFAAG
FILGSNTDTT

e R iy P ~ I
GNGTVSVEKK GKERQTVAVE

fROLOBEVEL
SGELLDOKAD
iﬁéﬁADLTKD
ODLAAYNELQ
TAKAQANENK
NKADIAKNQA
KAEADASFET
LONQADITTN
RINETNNHQOD
LPSPSRAGEH
GLSGGVGGSY

Full-length UspA2 from Moraxella

BCH:

MEKTMKLLPLE
ELEADIGDIT
LEDDVETLTK
TOQRNLVNGFEFE
ETLKGLITNS
NNINNIYELA
NIQDLATYNE
AKQQTEAIDA
SENTQONTAKN
KNKADDDASE
ATADAFTKNG

AAGHLVACSE
GDNNTANGTY
AKGRYSTIGS
STVGGEGGEYNQ
IDNKANADNA
NAQNGSVLLG

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

IAVTSAMIIG
ALERYLALSQ
NONAFAEQGE
TERNKDATAK
IENTNNITEN
QOODOHSSDI
LODOYAQKQT
LNKASSENTQ
QADTANNITN
ETLTKNONTL
NAITKENAKSI

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

LGAASTANAQ
YGNILALEEL
AIREDLQGLA
NNESLEDLYD
KADIQATLENN
KTLKKNVEREG
EAIDALNKAS
NIEDLAAYNE
IYELAQQQDK
IEKDKEHDKL
TDLGTKVDGF

LGSLLTIVGIL
TKGRYSTIGG
STIGGGDNNT
GYNNEATGTD
GENSVAIGSN
VNSAEVGGLS
AVNGSQLAVL

o S 8

KNQADIKTLE
DIRTLENNVE
DOKADIAKNQ
NTDRTATAEL
GILHSMVARA
SDIKTLAKVS
AINQELEGFA
NKAGIATNKQ
ISAVERQTAG
GLSDTGKSTY

AKNDITLEDL
NKALEELDED
DEVEGQEGKI
FGHEVAESIG
VVEELFNLSG
LLELSDHIID
SENTQNIEDL
LODAYAKQQA
HRSDIKTLAK
ITANKTAIDA
DSRVTALDTK

catarrhalis

I NC 09E

PCT/SE2006/000931

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

catarrhalis

PYLIKKIDON
VGWNQNDIAN
LONETSITKEN
EIHAHNEAON
RLIDQKADID
QKTDIAQNQA
AAYNELODAY
EAIDALNKAS
TSAANTDRIA
NKASADTKFA
VNAFDGRITA

OOP 001, 0017 [

strain
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LDSKVENGMA AQAALSGLFQ PYSVGKFNAT AALGGYGSKS AVAIGAGYRV
NPNLAFKAGA AINTSGNKKG SYNIGVNYEF '

In a preferred embodiment, the ligand is a polypeptide
[or polypeptide truncate compared with a wild-type
polypeptide] comprising or consisting of an amino acid
sequence selected from the group consisting of SEQ ID NO: 1-
10, or a fragment, homologue, functional equivalent,
derivative, degenerate or hydroxylation, sulphonation or
glycosylation product or other secondary processing product
thereof.

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

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

For the purposes of this invention laminin, fibronectin
or C3-binding properties of a polypeptide can be ascertained
as follows: Polypeptides can be labelled with *®Iodine or
other radiocactive compounds and tested for binding in radio
immunoassays (RIA) as fluld or solid phase (e.g., dot
blots). Moreover, polypeptides can be analysed for binding
with enzyme-linked immuncsorbent assays (ELISA) or flow
cytometry using appropriate antibodies and detection
systems. Interactions between polypeptides and laminin,
fibronectin, or C3 can further be examined by surface
plasmon resonance {Blacore). Examples of methods are
exemplified in detail in the Material and Methods section.

In another preferred embodiment, the polypeptide [or
polypeptide truncate compared with a wild-type polypeptide]
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comprises or consists of at least one of the conserved
seguences from within SEQ ID NO: 1-10 which are identified
in the alignment shown herein. Hence, in this embodiment,
the polypeptide [or polypeptide truncate compared with a
wild-type polypeptide] comprises of consists of at least one

of:
From UspAl {conserved fragments from the fibronectin

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

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

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

T/A/V I/V

STDAVNGS QgL

LLNDLSGRLL/IDQKADIDNNINNMHTIYE/DLA
COODQOHSSDIKTLK

DQKADIDNNTIN

L_A 0QQDQDQHSSDIKTLHZK

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

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

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

Low I |
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DLAAYNELQDAYAKQZOQ
EAIDALNKASSENTOQNIARKNQADIANNI

It will be understood that the polypeptide ligands of
the invention can comprise a laminin and/or fibronectin
and/or C3-binding domain of sequence recited herein which is
modified by the addition or deletion of amino acid residues
to or from the sequences recited herein at either or both
the N or C termini, which modified peptides retain the
ability to bind laminin and/or fibronectin and/or C3,
respectively. Accordingly, the invention further provides a
ligand comprising or consisting of a polypeptide in which
50, 40, 30, 20, 10, 5, 3 or 1 amino acid residues have been
added tc or deleted from an amino acid sequence recited
herein at elther or both the N or C termini, wherein said
modified polypeptide retains the ability to bind laminin
and/or fibronectin and/or C3; and/or elicit an immune
response against the non-modified peptide. By extension it
is meant lengthening the sequence using the context of the
peptide from the full-length aminc acid sequence from which
it is derived.

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

Polypeptide ligands according to the invention may be
derived from known Moraxella catarrhalis UspAl or UspAZ
proteins by truncation at either or both of the N- and C-
*armini. Truncates are not the full-length native UspAl or
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16
AZ molecules. Accordingly, the invention further provides a
wild~type UspAl sequence lacking at least (or exactly) 20,
30, 40, 50, 60, 70, 80, 100, 120, 140, 160 etc to 298 amino
acids from the N-terminus, and/or lacking at least (or
exactly) 20, 30, 40, 50, 60, 70, 80, 100, 120, 140, 160,
180, 200 etc to 450 amino acids from the C-terminus.
Preferably, the truncate retains fibronectin binding

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

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

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

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

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

10 invention.

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

C- termini of wild-type UspA2 protein

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

Fron! the C- From the N-terminus

ferminus _

0 X 5 10 15 20 25 29
20 0 5 10 15 20 25 28
30 0 5 10 15 20 25 29
40 0 5 10 15 20 25 29
50 0 15 10 15 20 25 29
60 g 5 10 15 20 |25 29
70 0 5 10 15 20 25 29
80 0 5 10 15 20 25 29
100 0 5 10 15 20 25 29
120 0 5 10 16 20 25 29
140 0 5 10 15 20 25 29
160 0 5 10 15 20 25 29
180 0 5 10 15 20 25 29
200 0 5 10 15 20 25 29
220 0 5 10 15 20 25 20
240 0 b 10 15 20 25 28
260 0 5 10 15 20 25 20
280 0. 5 10 15 20 25 29
300 0 5 10 15 2Q 25 28
320 0 5 10 15 20 25 29
340 0 5 10 15 20 25 29
360 Y 5 10 15 20 25 29
380 0 5 10 15 20 25 28




10

15

001- 001. I"" [001 OCL 001. -001. OOk 001- OOk 001.
001. 00Ok 8 09 09 0.9 08 08 08 FO T L9] 091 08 OR
08 08 08 Loi 09 oe 08

WO 2007/018463 PCT/SE2006/000931
21

400 0 5 10 15 120 |25 29

420 0 5 10 5 120 |25 29

440 0 5 10 15 |20 {25 29

453 0 5 10 i5 |20 |25 29

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

scope of the invention.

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

C- termini of wild—-type UspA2 protein

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

From the

N- From the C-terminus

terminus

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

200

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

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

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

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

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

Jdeally the UspAl or UspA2 truncate of this embodiment
comprises or consists of an amino acid sequence selected
from the group consisting of SEQ ID NO: 1-10 or a fragment,
homologue,‘functional equivalent, derivative, degenerate or
hydroxylation, sulphonation or glycosylation product or
other secondary processing product thereof; or comprises or
consists of at least one of the conserved sequences from
within these regions which are identified in the alignment
shown in herein, for example:
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From UspAl (conserved fragments from the fibronectin
binding domain - /¢ separating alternative choices of an
amino acid at a position)

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

STDAVNGS3S QL

LLNDLSGRLL/IDQKADIDNNTINNMEIYE/DLA
QOQDQOHSS3SDIKTLK

DQEKADIDNDNTIN
LAQQOQDQHS SDIKTLK

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

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

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

DLAAYNELQDAYAKQQ

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

Homologous peptides of the invention may be identified
by sequence comparison., Homologous peptides are preferably
at least 60% identical, more preferably at least 70%, 80%,
20%, 95% or 99% identical in ascending order of preference
to the peptide sequence disclosed herein or fragments
thereof or truncates of the invention over their entire
length. Preferably the homologous peptide retains the
ability to bind fibronectin and/or laminin and/or C3: and/or
elicit an immune response against the peptide sequences
disclosed herein or fragment thereof.

Figures 19 and 20 show an alignment of peptide
sequences of UspAl and UspA2 of different origin which
indicates regions of sequence that are capable of being
modified to form homologous sequences whilst retained
function (i.e. fibronectin and/or laminin and/or C3 binding
ability). Homologous peptides to the BC5 SEQ ID NO: 1-10
peptides are for instance those sequences corresponding to
the BC5 sequence from other strains in Figures 19 and 20.
Vaccines of the Invention
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The polypeptides /peptides /functional domains
/homologues /fragments /truncates /derivatives of the
invention should ideally be formulated as a vaccine
comprising an effective amount of said component(s) and a
pharmaceutically acceptable excipient.

The vaccines of the invention can be used for
administration to a patient for the prevention or treatment
of Moraxella catarrhalis infection or otitis media orxr
sinusitis or lower respiratory tract infections. They may be
administered in any known way, including intramuscularly,
parenternally, mucosally and intranasally.

Combination Vaccines of the Invention
The vaccines of the present invention may be combined

with other Morasxella catarrhalis antigens for prevention or
treatment of the aforementioned diseases.

The present inventors have found in particular that
Moraxella catarrhalis has at least 2 means of hampering the
host immune system from attacking the organism. In addition
to the interaction with C3 {(and C4RP) mentioned in the
Examples below, M. catarrhalis has a strong affinity for
soluble and membrane bound human IgD through protein MID
(also known as OMP106). Moraxella~dependent IgD-binding to B
lymphocytes results in a polyclonal immunoglobulin synthesis
which may prohibit production of specific monoclonal anti-
moraxella antibodies. The fact that M. catarrhalis hampers
the human immune system in several ways might explain why M.
catarrhalis is such a common inhabitant of the regpiratory
tract.

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

carriage on mucosal surfaces.
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wib d0d7418R8 UspA2 sequence | acking at |east (OFCT/SE2006/000931
exactly) 20, 30, 40, 50, 60, 70, 80, 100, 120, 140,
160, 164 amno acids fromthe N 5 term nus, and/or

| acking at |east (or exactly) 20, 30, 40, 50, 60, 70,
80, 100, 120, 140, 180, 200 etc to 312 am no acids
fromthe Ctermnus. Preferably, the truncate retains
fibronectin binding function (optionally also [amnin
and/®rivedhsirnapRgyt Fosdicolaveruiwatios thayebere a

vaeteed etbrfgoeitt baseokdr shiown ah Ne £ he-Hicld awbigr t@blwmpal

<Te) B o E 58 1 LI 08 FAPBES Pl e LOVERLL U1
16raEi R YRCPEd IPECRT Rp L vheptédes /Grenbides| Y Tmomarsd
dEmé et MesmodbBud38/B8d8gments /truncates /derivatives of
the invention as described herein, preferably which retains
a C3-binding function) in combination with an effective
amount of protein MID (for instance full-length polypeptides
or polypeptides /peptides /functional domains /homologues
/fragments /truncates /derivatives thereof, preferably which
retain a human IgD-binding function), and a pharmaceutically
acceptable excipient. '

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

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

Brief description of the drawings

Figure 1 shows thirteen M. catarrhalis strains tested
for fibronectin binding (A)}. Strong fibronectin binding
correlated to UspAl/A2 expression as detected by anti-
UspAl/A2 pAb (B-I). Flow cytometry profiles of M.
catarrhalis BBH18 wild type and UspAl/A2 deficient mutants
show an UspAl/A2-dependent binding to soluble fibronectin.
The profiles of wild type clinical isolate (B and F) and
corresponding mutants devoid of UspAl (C and G), or Uspd2 (D
and H), and double mutants (E and I} lacking both UspAl and
UspAZ are shown. Bacteria were incubated with rabbit anti-
UspAl/A2 or fibronectin followed by an anti-fibronectin pab.
FITC-conjugated rabbit pAb was subseguently added followed
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by flow cytometry analysis. A typlcal experiment out of
three with the mean fluorescence intensity (MFI) for each
profile is shown.

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

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

Figure 4 is a graph showing that recombinant UspaAl and
A2 bind to fibronectin in a dose—dependent manner. Specific
fibronectin binding is shown for UspA1®7"" and Uspa23°-%37,
Both UspA proteins (40 nM) were coated on microtiter plates
and incubated with increasing concentrations of fibronectin
followed by detection with rabbit anti-human fibronectin pAb
and HRP-conjugated anti-rabbit pAb. Mean values of three
separate experiments are shown and error bars indicate SD.

Figure 5. The active fibronectin binding domains for
UspAl and UspA2 are located between amino acids 299 to 452
and 165 to 318, respectively. Truncated proteins derived
from UspAl (A) and UspA2 (B) are shown. All fragments were
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tested for fibronectin binding in ELISA. Forty nM of each
truncatéd fragment was ccated on
microtiter plates and incubated with 80 pg/ml and 120 pg/ml
fibronectin for UspAl and UspA2, respectively. Bound
fibronectin was detected with rabbit anti-fibronectin pab
followed by HRP-conjugated anti-rabbit pAb. Results are
representative for three sets of experiments. Error bars
represent SD.

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

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

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

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

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

Fig. 10 A and B show that the active laminin binding
domains for UspAl®®7® (a) and UspA2’°°* (B) are located in
the N-terminal halves. Forty nM of recombinant Uspal®77° and
Usph239%% together with the truncated proteins were coated
on microtiter plates and incubated with 20 pg/ml of laminin
followed by detection with rabbit anti-laminin pAb and HRP-
conjugated anti-rabbit pAb. Mean values of three separate
experiments are shown and error bars indicate SD.

Fig. 11 is a schematic illustration of C3, covalent
bound C3b and C3met. (A) The C3-molecule in serum consists
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of one a-chain and one p-chain. (B) The o-chain contains an
internal thiocester site that after activation can attach
covalently to a microbial surface. (C) The C3 has been
treated with methylamine, which becomes covalently attached
to the thiocester.

Fig. 12 illustrates that M. catarrhalis counteracts the
classical and alternative pathways of the complement system
by the outer membrane proteins UspAl and A2. (A) M.
catarrhalis RH4 wild-type {(wt}, the AusplAl, the AuspAZ or
the AuspAl/A2 mutants were incubated in the presence of 10 %
NHS. (B} The AuspAl/A2 mutant was incubated with 10 % NHS
supplemented with either EDTA or Mg-EGTA. Bacteria were
collected at the indicated time points. After overnight
incubation, colony forming units {cfu) were counted. The
number of bacteria at the initiation of the experiments was
defined as 100 %. Mean values of three separate experiments
are shown and error bars indicate S8.D. (&) The mean values
after 5 min for the Auspdl, the AuspA? or the AuspAl/AZ
mutants were significantly different from the wild-type (P <
0.05). {B) The mean values after 5 min for the AuspAl/AZ
mutant and after 10 min for the AuspAl/A2 mutant incubated
Mg-EGTA were significantly different from the wild-type (P <
0.05).

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

shown.
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Fig. 14 illustrates that M. catarrhalis non—-covalently
binds purified methylamine-treated C3 in a dose~dependent
manner, and that the binding is based on ionic interactions.
Flow cytometry profiles showing (A) binding with increasing
concentrations of C3met. (B) The mean fluorescence intensity
(mfi) of each profile in panel (A) is shown. (C) Climet
binding of RH4 decreases with increasing concentrations of
NaCl. Bacteria were incubated with C3met with or without
NaCl as indicated. C3met binding was measured by flow
cytometry as described in Figure 3. Error bars indicate SD.
* p < (0.05, ** pP< (0,01, ** p < 0.001.

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

Fig. 16 illustrates that C3met kinds to purified

230753 hereas only a weak C3met binding to

recombinant Uspd
Uspa1®® 7’ is observed. Furthermore, the C3met binding region
of UsphZ was determined to be located between the amino acid
residues 200 to 458. (A) The recombinant UspAl®*™° and
UspA2?? % were immobilized on a nitrocellulose membrane. The
membrane was incubated with [*2°I1-labelled C3met overnight
and bound protein was visualized with a Personal FX {(Bio-
Rad) using intensifying screens. The recombinant protein
MID?62-1200 (oo inciuded as a negative control. (B) UspAl®®7",
UspA2%°®3 and a series of truncated UspA2 proteins were
coated on microtiter plates and incubated with C3met,
followed by incubation with goat anti-human C3 pAb and HRP-
conjugated anti-goat pAb. The mean values out of three
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experiments aré shown. The background binding was subtracted
from all samples. Error bars correspond to §.D. * P < 0.05,
**% p < 0,01, *** p < (.001.

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

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

and

for 30 min, the suspensions were centrifuged and the
supernatants were measured by spectrophotometry. Maximum
haemolysis in each experiment was defined as 100 %. Mean
values of three separate experiments are shown and error
bars correspond to $.D. The results obtained with NHS +

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

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

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

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

Materials and methods

Interaction between M. catarrhalis and filbronectin

Bacterial strains and culture conditions

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

catarrhalis strains were routinely cultured in brain heart
infusion (BHI) liquid broth or on BHI agar plates at 37 °C.
The UspAl-deficient mutants were cultured in BHI
supplemented with 1.5 pg/ml chloramphenicol (Sigma, St.
Louis, MO), and UspA2-deficient mutants were incubated with
7 ng/ml zeocin (Invitrogen, Carlsbad, CA). Both
chloramphenicol and zeccin were used for growth of the
double mutants.

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

present study

Strain Clinical Source Reference
BBH18 Sputum [53]
Dl Sputum (53]
Ri4% Sputumnm [53]
c10 Sputum Iio

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

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

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

1299«452

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

150770 230-53% yere also

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

standard methods. Expression and purification of the
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Protein 5’ primer 3° primer

UspAl1®™®  gegtetpeggatecagtaggeaaggeaace ceotgangctitagtgcataacctaattg
UspA1™*!  pegtetgeggatecagtaggeaaggeaace ftgagcangettagettggitttiageg
UspAl 17 geptotgegpatecagtaggcaaggeaace acctgtggcaageticiiectgee
UspAl1®3!  sepictpoggatecagtaggeaaggeaace

ggtgteactaagettacctgeaccaacatgaac

UspAl®**  goatitpeaggtpcatoggatectggtaatggtact  pletttiglaagatcaagotiitgatcaat
UspAI**¥  catagetetgatatpgatccacttaaaaac catgetgagaagotiacetagatige
UspAl1®™™™  gecasagoacaagepgatccaaataaagac gotetiatipgtagtaagetiapcttggtittg
UspAi®™™  ottgagcaaaageateccatcaatcaagag coctgaagettiagtgcataacctaaily
UspA2*®  cgaatgcggatcotaaaaatgatataactitagagg cattaagcttggtetctaatgeagtiac
UspA2*17  cgaatgcppatectaaanatgatataaciitagagg  Cteatgaccaaaatcaagettateticgatagacte
UspA2'"™*"  oataitpepgatcegpaagatgatgtigaaac gatcaataagcttaccgcotiagattgaatagitetic
UspA2"  gatattgegpatcoggaagatgatgtigaaac gicaatcgeticaagotictittgageatactg
UspA2'3®  gapattpaganggateoagatgetattget gteaatcgeticaagettctittgageatactg
UspA2X % getcananccaageggatecccangaicty getgagegittcaagetitgcatcageategge
UspA.Z“‘“s's39 geaagtgctgcgpatectgategtatigot cattaagcttgptpetctaatgeagttac
Antibodies

Rabbit anti-UspAl/A2 polyclonal antibodies (pAb) were
recently described in detail.[58]) The other antibedies used
were rabbit anti-human fibronectin pAb, swine FITC-
conjugated anti-rabbit pAb, swine horseradish peroxidase
(HRP) conjugated anti-rabbit pAb and finally a mouse anti-
human CDS4 (ICAM1) monoclonal antibody (mAb). Antibodies
Denmark) .

were from Dakopatts (Glostrup,
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Flow cytometry analysis

. The UspAl/A2-protein expression and the capacity of M.
catarrhalis to bind fibronectin were analyzed by flow
cytometry. M. catarrhalis wild type strains and UspAl /A2~
deficient mutants were grown overnight and washed twice in
phosphate buffered saline containing 3 % fish gelatin (PBS-
gelatin). The bacteria (10%) were then incubated with the
anti-UspAl /A2 antiserum or 5 pg fibronectin (Sigma, St
Louis, M0O). They were then washed and incubated for 30 min
at room temperature (RT) with FITC-conjugated anti-rabbit
phAb {diluted according to the manufacturer’s instructions)
or with 1/100 dilution of rabbit anti-human fibronectin pAb
(1f fibronectin was first added) for 30 min at RT before
incubation with the FITC-conjugated anti-rabbit pab. After
three additional washes, the bacteria were analyzed by flow
cytometry (EPIC3, XIL-MCL, Coulter, Hialeah, FL). All
incubations were kept in a final volume of 100 pl PBS-
gelatin and the washings were done with the sawe buffer.
Anti-fibronectin pAb and FITC-conjugated anti-rabbit pAb
were added separately as a negative control for each strain
analyzed. Fibronectin inhibition studies were carried out by
pre-incubating 0.25 umoles of UspA fragments for 1 h with 2
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 abkove.
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 EBS,

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 immuncassay (RIA)
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Fibronectin was ***Iodine labeled (Amersham, Bucking-
hamshire, England) to a high spécific activity {0.05 mol
iodine per mol protein) with the Chloramine T method.[21] M.
catarrhalis strains BBH18 and RH4 together with their
corresponding mutants were grown overnight on solid medium
and were washed in PBS with 2 % bovine serum albumin (BSA).
Bacteria (10°%) were incubated for 1 h at 37°C with 51—
labeled fibronectin (1600 kcpm/sample) in PBS containing 2 %
BSA. After three washings with PBS 2 % BSA, **I-labeled
fibronectin bound to bacteria was measured in a gamma
counter (Wallac, Espoo, Finland).
Enzyme-linked immuncsorbent assay (ELISA)}

Microtiter plates (Nunc-Immuno Module; Roskilde,
Denmark) were coated with 40 nM of purified recombinant
UspAl®*""® and Uspa23"**® proteins in 75 mM sodium carbonate,
PH 9.6 at 4 °C overnight. Plates were washed four times with
washing buffer (50 mM Tris-HCl, 0.15 M NaCl, and 0.1 % Tween
20, pH 7.5} and blocked for 2 h at RT with washing buffer
containing 3 % fish gelatin. After four additional washings,
the wells were incubated for 1 h at RT with fibronectin (120
rg/ml) diluted in three-fold step in 1.5 $ fish gelatin (in
wash buffer). Thereafter, the plates were washed and
incubated with rabbit anti-human fibronectin paAb for 1 h.
After additional 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 ODsso. ELISAs with truncated proteins
spanning UspALl®®""? and Uspa23°5% were performed with Fixed
doses of fibronectin at 80 pg/ml and 120 ng/ml,
respectively.

Cell line adherence inhibition aésay

Chang conjunctival cells (ATCC CCL 20.2) were cultured

in RPMI 1640 medium (Gibco BRL, Life Technologies, Paisley,
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Scotland) supplemented with 10 % fetal calf serum, 2 mM L-
glutamine, and 12 pg of gentamicin/ ml. On the day before
adherence inhibition experiments, cells were harvested,
washed twice in gentamicin-free RPMI 1640, and added tc 96
well tissue culture plates {Nunc) at a final concentration
of 10% cells/ well in 200 pl of gentamicin-free culture
medium. Thereafter, cells were incubated overnight at 37 °C
in a humidified atmosphere of 5 % COzand 95 % air. On the
day of experiments, inhibition of M. catarrhalis adhesion
was carried out by pre-incubating increasing concentration
of recombinant UspAl/A2 truncated proteins containing the
fibronectin binding domains (UspAl?*®74%? and Uspaz!®-3%) or
rabbit anti-human fibronectin pAb (diluted 1:50) for 1 h.
Nonfibronectin binding recombinant proteins (UspAl®37%° ang
Uspa2*17) were used as controls. Chang epithelial cells are
known to express ICAM1,.[18] Hence an anti-ICAM1 antibody was
used to differentiate if the inhibitory effect of the anti-
fibronectin antibody was secondary to steric hindrance.
Subsequently, M. catarrhalis RH4 (10°%) in PBS-gelatin was
inoculated onto the confluent monolayers. In all
experiments, tissue culture plates were centrifuged at 3,000
X g for 5 min and incubated at 37 °C in 5 % CO0,. 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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conjugated anti-rabbit pAb. After three additional washes,
the cells were analyzed by flow cytometry as outlined above.
Interaction between M. catarrhalis and laminin

Bacterial strains and culture conditions
The clinical M. catarrhalis strains BBH18 and RH4 and

their corresponding mutants were previously described. [58]
Both strains have a relatively higher expression of UspAZ2
compared to UspAl.[58] The mutants expressed equal amount of
M. catarrhalis immunoglobulin D-binding protein (MID) when
compared to wild type strains. Bacteria were routinely
cultured in brain heart infusion (BHI} broth or on BHI agar
plates at 37 °C. The UspAl-deficient, UspA2-deficient and
double mutants were cultured in BEI supplemented with
antibiotics as described.[58]
Recombinant protein construction and expresslon Recombilnant
UspAl® 7 and UspA2®***®, which are devoid of their
hydrophobic C-termini, were manufactured. [58] In addition,
recombinant proteins corresponding to multiple regions
spanning UspAl®® 7% ana Uspa2’®™®®? were used.[78]
Antibodies

Rabbit anti-UspAl/A2 and anti-MID polyclonal antibodies
(pAb) were used.[22, 58] Rabbit anti~laminin pAb was from
Sigma (St Louis, MO, USA}. Swine horseradish peroxidase
(HRP) ~conjugated anti-rabbit pAb was from Dakopatts

(Glostrup, Denmark).
Binding of M. catarrhalis to imumobilized 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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were removed by washing 3 times with PBS-Tween. Residual
bound bacteria were detected by means of an anti-MID pab,
followed by detection with HRP-conjugated anti-rabbit pAb.
The plates were developed and measured at ODysg according to
a standard protoccol.
Enzyme-linked immunosorbent assay (ELISA)

Microtiter plates (Nunc-Immuno Module) were coated with
150“7'}'0 230-539

40 nM of purified recombinant UspA and UspA
proteins in 75 mM sodium carbonate, pH 9.6 at 4°C. Plates
were washed four times with washing buffer (50 mM Tris-HC1,
0.15 M NaCl, and 0.1 % Tween 20, pH 7.5} and blocked at RT
with washing buffer containing 3 % fish gelatin. After
additional washings, the wells were incubated for 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 HERP-
conjucgated anti-rabbit pAb 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 ODssp. Uncoated
wells incubated with identical dilutions of laminin were

used as background controls., ELISAs with truncated proteins
150770 30-539

ae

gpanning UspaA and UspaA 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
Coclliection (ATCC; Manassas, Va); Neisseria gonorrheae CCUG
15821, Streptococcus pyogenes CCUG 25570 and 25571,
Streptococcus agalactiae CCUG 4208, Streptococcus pneumoniae
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Table 9. M. catarrhalis is a unigue C3/ C3met binding
bacterium. Related moraxella subspecies and other common .
human pathogens do not bind C3/ C3met (mfi < 2.0). After
incubation with EDTA-treated NHS or C3met, bacteria were
analysed by flow cytometry using a rabbit anti-C3d pAb and a

FITC-conjugated goat anti-rabbit pab.

Species NHS-EDTA {(mfi) C3met (mfi)

Moraxella catarrhalis RH4
osloensis

bovis

caniculi

nonliguefacie
pharyngis

sicea

flava

subfliava

Oligella ureolytica (n=2)
Haemophilus influenzae (n=7)
Streptococcus pneumoniae (n=11)
Legionella pneumophila (n=2)
Pseudomonas aeruginosa (n=2)
Listeria monocytogenes
Yerginia entercolitica
Staphyvioccoccus aureus (n=3)
Streptococeus pyogenes (n=2)
Streptococcus agalactia
Enterococcus faecalls
Helicobacter pylord
Escherichia coli (n=2)

M, ovis

M. caviae

Neisseria gonorrheae

N. meningtidis

N. mucosa
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The different non-moraxella species were grown on
appropriate standard culture media. M. catarrhalis strains
were routinely cultured in brain heart infusion (BHI) ligquid
broth or on BHI agar plates at 37°C. M. catarrhalis BBHI18
and RH4 mutants were manufactured as previously des-
cribed. (22, 23, 58] The MID~deficilent mutants were grown in
BHI containing 50 wpwg/ml kanamycin. The UspAl-deficient
mutants were cultured in BHI supplemented with 1.5 pg/ml
chloramphenicol (Sigma, St. Louls, MO), and UspA2-deficient
mutants were incubated with 7 pg/ml zeocin (Invitrogen,
Carlsbad, CA). Both chloramphenicol and zeccin were used for
growth of the UspaAl/ A2 double mutants.
Antibodies

Rabbits were immunized intramuscularly with 200 ng
recombinant full-length UspAl emulsified in complete Freunds
adjuvant (Difco, Becton Dickinson, Heidelberg, Germany), and
boosted on days 18 and 36 with the same dose of protein in
incomplete Freunds adjuvant.{22] Blood was drawn 3 weeks
later., Te¢ increase the specificity, the anti-UspAl antiserum
was affinity-purified with Sepharose-conjugated recombinant
UspAl®® 7% [58] The antiserum bound equally to UspAl and
UspA2 and was thus designated anti-UspAl/ A2 pAb. The rabbit
anti-human C3d pAb and the FITC-conjugated swine anti-rabbit
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®*77 and Uspa23?%3,
which are devoid of their hydrophobic C-termini, has
recently been described. [23] The truncated UspAl and UspA2
proteins were manufactured as described in detail by Tan et
al.[78} C3b was purchased from Advanced Research
Technologies. C3{H,0} was obtained by freezing and thawing
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of purified C3, The C3b-like molecule (C3mei) was made by
incubation of purified C3 with 100 mM methylamine (pH 8.0)
for 2 h at 37°C, and subsequent dialysis against 100 mM
Tris—HCl1 (pH 7.5), 150 mM NaCl. For binding studies, C3met
was labelled with 0.05 mol '¥°I (Amersham, Buckinghamshire,
England) per mol protein, using the Chloramine T method. [25]
Flow cytometry analysis

Binding of C3 to M, catarrhalis and other species was
analyzed by flow cytometry. Bacteria were grown on solid
medium overnight and washed twice in PBS containing 2 % BSA
(Sigma) (PBS-BSA). Thereafter, bacteria (10® colony forming
units; cfu) were incubszted with C3met, C3b, C3(H:0), or 10 %
NHS with or without 10 mM EDTA or 4 mM MgCl, and 10 mM EGTA
(Mg-EGTA) in PBS-BSA for 30 min at 37°C. After washings, the

bacteria were incubated with anti-human C3d paAb for 30 min

on ice, followed by washings and incubation for another 30
min on ice with FITC-conjugated goat anti-rabbit pAb. After
three additional washes, bacteria were analyzed by flow
cytometry (BPICS, XL-MCL, Coulter, Hialeah, FL). All
incubations were kept in a final volume of 100 pl PBS-BSA
and the washings were done with the same buffer. The anti-
human C3d pAb and FITC~conjugated anti-rabbit pAb were added
separately as a negative control for each strain analyzed.
In the inhibition studies, serum was preincubated with 100
nM of the recombinant UspAl®* 7% and UspA2?°* proteins for
30 min at 37°C. To analyze the characteristics of the M.
catarrhalis and C3 interaction, increasing concentrations of
NaCl (0 - 1.0 M) was added tc bacteria and C3met. Tc analyze
UspAl/ A2 expression, bacteria (10° cfu) were incubated with
the anti-UspAl/ A2 padb and washed as described above. &
FITC-conjugated goat antli~-rabbit pAb diluted according to
the manufacturers instructions was used for detection. To
assure that EDTA did not disrupt the outer membrane proteins
UspAl and UspAZ2, M. catarrhalis was incubated with or
without EDTA followed by detection of UspAl/ A2 expression,
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EDTA, at the concentrations used in the NHS-EDTA
experiments, did not change the density of UspAl/A2.
Serum and serum bactericidal assay

Normal human serum (NHS} was cobtained from five healthy
volunteers. The blood was allowed to clot for 30 min at room
temperature and thereafter incubated on ice for 60 min.
After centrifugation, sera were pooled, aliquoted and stored
at ~70°C. To inactivate both the classical and alternative
pathways, 10 mM EDTA was added. In contrast, Mg-EGTA was
included to inactivate the classical pathway. Human serum
deficient in the C4BP was prepared by passing fresh serum
through a HiTrap column (Amersham Biosciences) coupled with
mAb 104, a mouse mAb directed against CCPl of the o~chain
of C4BP.[41] The flow through was collected and the depleted
serum was stored in aliquots at -70°C. Serum depleted of Clg
was obtained via the first step of Clg purification [79}]
using Biorex 70 ion exchange chromatography (Bio-Rad,
Hercules, CA). The resulting sera displayed normal
haemolytic activity. The factor D and properdin deficient
serum was kindly provided by Dr. Anders Sjsholm (Department
of Medical Microbioclogy, Lund University, Iund, Sweden).

M. catarrhalis strains were diluted in 2.5 mM Veronal
buffer, pH 7.3 containing 0.1 % (wt/vol) gelatin, 1 mM
MgCl,, 0.15 mM CaCls, and 2.5 % dextrose (DGVB++). Bacteria
(10° cfu) were incubated together with 10 % NHS and EDTA ox
Mg-EGTA in a final volume of 100 pl. The bacteria/ NHS was
incubated at 37°C and at various time points, 10 pl aliquots
were removed and spread onto BHI agar plates. In inhibition
studies, 10 % serum was incubated with 100 nM of the
recombinant UspAl®7" and Uspa23® % proteins for 30 min at
37°C before bacteria were added.
Dot blot assays

Purified recombinant UspAl®°7% and uUspa23°5%° diluted in
three-fold steps (1.9 - 150 nM) in 100 pl of 0.1 M Tris-HCl,
pH 9.0 were applied to nitrocellulose membranes (Schleicher
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& Schiill, Dassel, Germany)} using a dot blot device. After
saturation, the membranes were incubated for 2 h with PBS-
Tween containing 5 % milk powder at room temperature and
washed four times with PBS-Tween. Thereafter, 5 kcpm [*°I]-
lapelled C3met in PBS-Tween with 2 % milk powder was added
overnight at 4°C. The bound protein was visualized with a
Perscnal FX {Bio-Rad)} using intensifying screens.

Surface plasmon resonance (Biacore)

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

Enzyme—-linked lmmunosorbent assay {ELISA)

Microtiter plates ({(Nunc-Immuno Module; Roskilde,
Denmark) were coated with triplets of purified recombinant
UspAl®7%, Uspa2’9®*®, or the truncated UspAl and UspA2
fragments (40 nM in 75 mM sodium carbonate, pH 9.6) at 4°C
overnight. Plates were washed four times with washing buffex
(PBS with 0.1 % Tween 20, pH 7.2) and blocked for 2 hrs at
room temperature with washing buffer supplied with 1.5 %
ovalbumin (blocking buffer). After washings, the wells were
incubated overnight at 4°C with 0.25 pg C3met in blocking
buffer. Thereafter, the plates were washed and incubated
with goat anti-human C3 in blocking buffer for 1 h at RT.
After additional washings, HRP-conjugated donkey anti-goat
pAbs was added for another 1 h at RT. The wells were washed
four times and the plates were developed and measured at
ODss0.

Haemolytic assay

Rabbit erythrocytes were washed three times with ice-

cold 2.5 mM Veronal buffer, pH 7.3 containing 0.1 % (wi/vol)
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gelatin, 7 mM MgCl,, 10 mM EGTA, and 2.5 % dextrcse
(Mg**EGTA), and resuspended at a concentration of 0.5 x 10°
cells/mi. Erythrocytes were incubated with various
concentrations (0 to 4 %) of serum diluted in Mg 'EGTA.
After 1 h at 37°C, erythrocytes were centrifuged and the
amount of lysed erythrocytes was determined by spectro-
photometric measurement of released hemoglobin at 405 nm.
For inhibition with UspAl and UspA2, 10 % serum was
preincubated with 100 nM of recombinant UspAl®7"° and/ or
Uspa23%53¥ proteins for 30 min at 37°C, and thereafter added
to the erythrocytes at 0 to 4 %.
Isolation of polymorphonuclear leukocytes and phagocytosis

Human polymorphonuclear leukocytes (PMN) were isolated
from fresh blood of healthy volunteers using macrodex
(Pharmalink AB, Upplands Vasby, Sweden). The PMN were
centrifuged for 10 min at 300g, washed in PBS and
resuspended in RPMI 1640 medium (Life Technologies, Paisley,
Scotland). The bacterial suspension (0.3 x 10%) was
opsonized with 3 % of either NHS or NHS-EDTA, or 20 Mg of
purified C3met for 15 min at 37°C. After washes, bacteria
were mixed with PMN (1 x 107 cells/ml) at a bacteria/PMN
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 NHS. S. aureus
opsonized with NHS was used as positive control.

Examples and results
Interaction between M. catarrhalis and fibronectin
M. catarrhalis devoid of Uspal and A2 does not bind soluble

or immobilized fibronectin.

We selected a random series of M. catarrhalis clinical
strains (n=13) (table 7) and tested them for fibronectin
binding in relation to their UspAl/A2 expression by flow
cytometry analysis. High UspAl/AZ expression as determined
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by high mean fluorescence intensity (MFI) was correlated to
UspAl/A2 expression (Pearson correlation coefficient 0.77,
P<0.05) (figure 1A4). However, to discriminate between Uspal
and A2 expression was not possible with our anti-UspAl/A2
pAb. Moreover, the presence of UspAZH protein contributing
to the binding was unlikely as the uspA2H gene was not found
in the strains used in this study (data not shown).

Two M. catarrhalis isolates (BBH18 and RH4) and their
specific mutants lacking UspAl, UspAZ or both proteins were
also analyzed by flow cytometry. M. catarrhalis BBHIS
strongly bound fibronectin with a mean fluorescence
intensity (MFI} of 96.1 (figure 1F). In contrast,
BBH184uspAl showed a decreased fibronectin binding with an
MFI of 68.6 {figure 1G). Fibronectin binding to BBH18AuspAZ
and the double mutant BBH184uspAl/A2 revealed an MFI of only
10.7 and 11.5, respectively (figure 1H, 1I). Similar results
were obtained with UspAl/A2 mutants of the c¢linical strain
M. catarrhalis RH4. Taken together, these results suggest
that UspAl and A2 bound fibronectin and that the ability of
the bacteria to bind fibronectin strongly depended on
UspAl/A2 expression.

To further analyze the interaction between fibronectin
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 2*I-fibronectin while the corresponding
AuspAl mutant showed 80 % binding of the wild type. In
contrast, the duspid2 and double mutant bound 1251 _fibronectin
at 14 ¢ and 12 %, respectively, which was just above the
background levels (5.0 to 10 %) (figure 2}. Similar results
were obtained with M, catarrhalis BBH18 and the corres-
ponding UspAl/A2 mutants. Thus, our results suggest that
both UspAl and A2 are required for the maximal binding of
soluble fibronectin by M. catarrhalis.
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or 3C5 (see above). Known wi |l d-type UspA2 sequences
that may be truncated in wis way are those of

strai ns 035E (GenBank accéssion no. 04407), MZ317
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subkEHRPEIx | v VEdanl a(ﬁe_mﬁankmace@&sﬁmma w%@d@%ﬂ;}e g‘ﬁ?&@%ﬂe

) z nban
Au‘% ?@?gﬁeﬁ&gé %to%é%éa?&%@é g é%es& on
fl%neeéxassﬁa%%%eglﬁém &1 295 glifrlerwre) 3A0pnBEE) -
corftrGrssgr &n bbp&&ha(lﬁeeﬁabpﬂe)and _AuspAtzdﬂaldwuHﬂee mu$aﬁts
T ol

weﬁlﬁﬁﬁ‘gré ut_nc‘;%l'f‘e % b&ghgc@m%a%a g%ect eédl%%% %1th

Ssts an am no acl sequence S rom
onlyhe deyupreisisticdd sftsEdathing (figererd3g and 30,
redpeagienly) hdwmdeoguentbuntth amalthequivvatend srhalis

cllqﬁ a‘iaﬁbééfatéjeﬁa%@ﬁrs"i‘t snerlmm%weat h QD dnéyls%%at Lon

i al ycosy atjon product her secon

WEeE% hgrhrigicetiner 'é]@)‘?t (&PA@oHﬁﬁl %%sm@rorconm sts
impgfrtanckefist Mnecadfartrheldsnserdied seqienaes ifaeam 25
flﬁlyotnlgicgl;lhese regions which are identifi ed i n the

nnment Q n herein, for exanple:

Thecfgg.rp@mtlsruhwﬁ&modomal céuéﬁm N B0, 3¢1&¢r5ﬂé¢£}—lﬁ_
Lodgitrdi hgt@eﬁral2r99 apd' 4§épaf au‘apﬁ’g aht epaiateare 1&30b06s318

£ Qfsp@p am no aci d at a p03|t| on) T/ WSVGS/ K QFE KA

[®)
‘G‘&m H'S N E/ K SR A

T/ TBAV?‘R%Q AEﬁ\s '% %\?tll?vs A{ﬁ&‘gqﬁmfom
witih KA D SR LN DOKADE BN NWMl\?E/’BLamd UspA23° **? were

recombinantly produced in E. coli, coated on microtiter
plates and incubated with increasing concentrations of
fibronectin. Bound fibronectin was detected with an anti-
human fibronectin pAb followed by incubation with a
horseradish peroxidase conjugated anti-rabbit pAb. Both
recombinant UspAl®®7"® and Uspa2®®%* bound soluble
fibronectin and the interactions were dose-dependent

(figure 4),

To define the fibronectin-binding domain of UspAl,
recombinant proteins spanning the entire molecule of UspAl®°-
" were manufactured. Fibronectin was incubated with the
immobilized UspAl proteins fragments and the interactions
were guantified by ELISA. UspAl°®™*! pound fibronectin almost
as efficiently as UspA1®""" suggesting that the binding
domain was within this part of the protein. Among the other
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QQDQHSSDI KTLK ~ QKADI DNNI N 15  LAQQQDQHSSDI KTLK

From UspA2 (conserved fragnents fromthe fibronectin
bi ndi ng domain - '/' separating alternative choices
of an am no acid at a position) 20
WRAPNINPAIN H YELAQQQDQHSSD | K/ Q T/ A L K/ E KFRPEOREO93!
VIl EVEGEL L FENLSDGHRI/LIDXT/ADI /L
AT QK N D 25From UspA2 (conserved fragments from
the C3-binding domain - /' separating alternative
choi ces of an amno acid at a position) |
E/CDLAAYNELQDAYAKCQA/TEAHBALNKA

SO e s L e
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M. Thepprirayibe Bt}m,[m exghdf B.EMI néttanaett ehpreunococcal
YR ﬁ%ﬁ%keﬁuhﬁlt M.

I1'neotugﬁsaﬁC@&MNdaﬁesour findﬂﬂ@mnbngbﬂg pegitli/des of
flﬁﬂ?;%ec@x&%%w@lrfeaxao%mgenié&sn@oqnlamtsegy@a&&d UspAl

npari son. Honol o OUS gg? des are

e
prq*@aélﬁ 8656 tRMtS Al PR ¢ ?{?%%S*Jt %f@é}ectm
biB80%y QGWM'95@6amrﬂa%%ﬁ|dénbr@nﬂChmm dgceodiwep erger of

m&fb%ft%em%h 20 39 ]ﬁdBQeBeQi” Q@Cm&%ﬂ@erj%ml ﬁ%@ﬁl’lents

e I n or I ereo r trunc
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i HoAPB] BRUPS 01 HORGRD! ogots SoRUoNHE Wt o &2 ned

obigdnfednction (i.e. fibronectin and/or |am nin and/or
C3rhiuBdi fige abidddnglt _:i.hbﬂl)ﬂl@.gﬁ}l%ioﬂﬁﬁlhb des Uspﬁltlh enBCh2
eptides ar or. i a ose
bl?§§ bﬁc% %%ﬁ%%é%ﬁn F%gé?% f I“Eﬁggiéqﬁéﬁég from
Ca&ﬂﬁm@ﬁlsﬁralns in Figures 19 and 20. Vaccines of the
Uspanventt ang  u¥EL ZO07H084GIRCH. SE2006A100033 2dRBrence to

chamie Bolypept] des /peptides /functional domains
nts /truncates /derivatives of the
i nvBRLEbel shbted lisdesr| e fior ppaees Hdrenpsédpnand

marGOBRELSFDY atraff eet bpethaDidl cofl Saiit ceipoasnddigted
and a 5 pharmaceutically acceptabl e excipient.
The vaccines of the invention can be used for
adm nistration to a patient for the prevention or
treatnment of Mraxella catarrhalis infection or
otitis nmedia or sinusitis or lower respiratory tract
infections. They may be 10 adm nistered in any known
way, including intranmuscularly, parenternally,
mucosal ly and intranasally. Conbination Vacci nes of
the I nvention The vacci nes of the present
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sol ubl e and nmenbrane bound human |1gD through protein
M D (al so known as OMP106). Moraxel | a- dependent
Il gD-binding to B I ynphocytes results in a pol ycl onal
wonRgsobul i n synthesi s which nmay prohibit pcr/se2006/000931
production of specific nonoclonal anti- 25 noraxella
anti bodies. The fact that M catarrhalis hanpers the
human i nmune systemin several ways m ght explain why
M catarrhalis is such a common i nhabitant of the
respiratory tract. The inﬁﬁntors bel i eve that the
conbi nation of antigens 307i nvolved in the
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cytonetry analysis. A typical experinent out of three
with the nmean fl uorescence intensity (MFl) for each
profile is shown. Figure 2 shows that A% catarrhalis
RH4 UspA2 deficient 5 nutants do not bind
'251-1 abel ed fibronectin. E. coli BL21 was included
as a negative control not binding fibronectin.
Bacteria were incubated with n5I-I|abeled fibronectin
foll owed by several washes and anal yzed in a gama
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density (B), whereas Pt catarrhalis AuspA2 and
AuspAl / A2 20 doubl e mutants adhered poorly (C and D).
G ass slides were coated with fibronectin and
i ncubated with M catarrhalis RH4 and its
WO EBERdi ng UspAl / A2 nutants. After sever dlCRESHELI0931
bacteria were G amstained. Figure 4 is a graph
showi ng that reconbi nant UspAl and 25 A2 bind to
fibronectin in a dose-dependent manner. Specific
fibronectin binding is shown for UspAl55-775and
UspA255- 555. Bot h UspA préteins (40 nM were coated
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+Hel 8k p&ne{r{%s%%@%a@nand UspA230-177) and a control
—am-g%-dv—ta-nnfrcxm mAb) (B). P<0.05 by two-tailed

29 paired Student's t test. Mean val ues of three
separate experinents are shown and error bars

i ndi cate SD. Fig. 9A shows binding of M
catarrhalis RH4 to lamnin via UspAl and A2. M
catarrhalis RH4 wld type (wt) 5 strongly bound to

i mmobilized lamnin with a nean OD of 1.27. RH4AAuspAl
showed nmean OD of 1.14 (89.8 % of the wild type).
RH44uspA2 and the doubl e nutant RH44uspAl /A2 had a
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Fig. 10 A and B show that the active |am nin binding
domai ns for UspAl50-77 (A) and OspA230-539 (B) are
| ocated in the Nnterm nal halves. Forty nM of

ant UspAl50- 77 and 0spA230-539 toge
Pﬁémgﬁlﬁcat ed proteins were coated 30 on m%??{3|}§¥ﬂé)§/ﬁﬂ0931
pl ates and i ncubated with 20 ug/nl of |am nin
foll owed by detection with rabbit anti-lam nin pAb
and HRPconjugated anti-rabbit pAb. Mean val ues of
three separate experinents are shown and error bars
i ndi cate SD. FPg. 11 is a schematic
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Bacteria were incubated with C3net with or w thout

NaCl as indicated. C3net binding was neasured by flow

10 cytonetry as described in Figure 3. Error bars

indicate SD. * P 5 0.05, ** P 5 0.01, *** P 5 0.001.

Fig. 15 illustrates that flow cytonetry profil es of

M catarrhalis RH4 wild type and UspAl /A2 defi cient

nmut ant s show a UspAl / UspA2- dependent C3nmet/ C3

bi nding. The profiles 15 of a wild type clinical
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UspA230- 539 and a series of truncated UspA2 proteins
were coated on mcrotiter plates and i ncubated with
C3net, followed by incubation with goat anti-human C3

WBlzg,gn,mqﬁ% HRP- 35 conjugated anti-goat pAb. PbgseEdE000931
val ues out of three 32 experinents are shown. The

background bi ndi ng was subtracted fromall sanples.

Error bars correspond to S.D. * P 0.05, ** PO.01, ***

PO.001. Fig. 17 illustrates that addition of

reconmbi nant 5 UspAl150-77 gnd UspA230-539 to serum

i nhibit C3b deposition an il ng of AL catarrhalis
tyMéd 8 4he nalher hatiber egatinhyNHE| ow Mgt sreetsd prighi ESSA.
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15 Interaction between M catarrhalis and fibronectin
Bacterial strains and culture conditions The
sources of the clinical 14. catarrhalis strains are
listed in table 7. AL catarrhalis BB-118 and Rl-14
mut ants were constructed as previously descri bed.

[23, 581 The M 20 catarrhalis strains were routinely
cultured in brain heart infusion (BH') liquid broth
or on BH agar plates at 37 C. The UspAl -defi ci ent
mutants were cultured in Bill supplenmented with 1.5
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35 F16Sputuni 10] 34 Bro2Respiratory tract[53]
Z14Phar ynx[ 10] 56- 688Nasophar ynx[ 23]
5c5Nasopharynx[ 20] 5 RH4BI ood[ 53] RH6BI ood[ 53]
widlabingeewn[ 10] R4Unknown[ 10] SO 1914Tynpani GcgRhdo¥/000931
aspirate [23] 10 Note: The strains 010, R4 did not
have the uspAl gene, whereas F16, Rl14, Z14 | acked the
uspA2 gene. [10] The remaining strains contained both
uspAl and A2 genes (data not shomn). DNA net hod 15To
detect the presence uspAl and A211 genes in
those strains which this §és unknown, priners and FOR
(nedbnshdwr)ns TAs Jdﬁsdnrridoen@tby eheler cata J:aihalwasRmﬁs ethd

cslhéQ aF’sa&)%s@h ésqyemg%g cWRSnal 59 LAl @gteygcwarhg the
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cat&shleS BM%H!NI%YEE REKFRK. was al so

pertor nmed
AR EA TR e AR AT TE08: bR f5q SPr b F HERS g
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Segieéé;rdfb%qlmfcg@ Ml er eat £l=13 | 584 %@ﬁQE}EEHaNelr

r ot ei ns t i on ex ESSI n
caBR 0o bR (i Soe o SR RF BRI SEOBTYE o ¢
CBMguﬁnph@bealeﬁtQWrnrﬁlOWhaytp@@%¢NI%ﬁdiyéhSd@s%h|4ﬂx¢ntl-

c38 58 The,08R0N £1 dMNA MaS cBXEFaRt £ad ROM Mowsdter, s

t hal DNe )
oot cotothy 1 B LEBE B 09, -

nOtdFﬂE%ﬁ@W@tng to nmultiple regi ons spanni ng UspAl"
. aBgh5PA230Q- 539 Walienal g:@ 6QASE Btk %d.nb}inﬁhlﬁa@lﬁi%um
riners used ar
coﬁg Fﬁgngmg ® dquenced a]%fl:ord];lac1 Fg é@@éfbé% rom
NHfret froldd-edExpress] bn aWgPpgipfi ¢ation asf vehe a%siommon
huﬁ@£Qﬂ&m&@@hspﬁﬁ¢£3ﬁnwém%rendaﬁetﬁﬁ:de&méibedsence of
NHthe?a L n¥er[e§§:]_ﬁ1(%]}'ft % %‘?‘lgmﬁ%f c%grygin eccgl lérmS

accor
te plrif 46t @ﬁé‘@rgh@m rFct |t8ﬁs°%¥g’?ﬁ£act‘%5\}féu6‘oﬁaﬁ‘ %503 in
corffEenieaeihbpaita pedtmirum WEeR1S @nalnyizededat&SDS- PAGE

mo BSx G C“t?ggns[%]weﬁqb'a% %E\F’ggg@g%uégd 5&&&1@& were
C3

presen rotern

al{gpﬁmqyyzgg7fg§pga§g;nq ofgC B?%n€$n parallel Wlth the
bigePict anggatecags ayyeaagghaaosly species that bound
BQQQt%%&%Qg@B Q@Q@ngfanQgééﬁglls has a unique feature

gcgt ct g caaggcaac
tog%%ﬁqﬂiig géFQC%géﬁﬁg gcéﬁcé non-covalent manner.
M. catarrhalis binds C3met via the outer membrane proteins
UspAl and UspAl2

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
UsphA2 [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




10

15

20

25

30

35

Y primer ccctgaagattagtgcatqacctaattg
tt gagcaagat agettggatttagcg acctgtggcaagettettectgcc
ggt gtcact aagcttacctgcaccaacat gaac UspA 299-452
attt ggtgcatcggatcctggt aatggtactgtetttt
Wég?“ﬁﬂ & caat 15UspA 1 "3"5" PR 6ot
cat agct et gat at ggat ccactt an
ganecat gct gagaagat acct agattgg UspA 1 "7-7"
gccaaagcacaagcggat ccaaat aaagacggtcttattggt agt aagctt ag
cttggttttg UspAle"-
gt t gagcaaaaggat cccat caat c%@gagccct gaagctttagtgcat aacc
Rﬁilﬂ.ﬂiﬁzg whlspA236216839 binder as compared to the wild type

: t t o e
-G S i s LR o
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doweatkglﬁgggaﬁé PG GalgEt SRR R PAZoP Ay B0 (Fg.
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Aft I g aelgli : RACt BLE GRS
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ELESFl mdgréemenhew:iuln thehidbt t oot stxpdirdgents e(Bkrri ed
out by pre-incubating 0.25 pnoles of UspA fragnents
for 1 h wwth 2 pg of fibronectin before incubation
with M catarrhalis bacteria (108). The residual free
amount of fibronectin that 25 bound to M catarrhalis
was determ ned by flow cytonetry as outlined above.
Binding of Ar. catarrhalis to immobilized fibronectin
A ass slides were coated with 30 pl aliquots of
fibronectin (1 ng/m) and air dried at RT. After
washi ng once with PBS, 30 the slides were incubated
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600 nm= 0.9). After 2 h at RT, glass slides were
washed once with PBS fol |l owed by G am stai ni ng.
Protein | abeling and radi o i nmunoassay (Rl A) WO
2007/ 018463PCT/ SE20061000931 37 Fi bronectin

WY N&? abel ed (Anersham Bucki ng- hanshi re})\e&ﬁs"mw000931
Engl and) to a high specific activity (0.05 nol iodine
per nmol protein) with the Chloram ne T method. (21]
M catarrhalis strains BBHL8 and REM together with
their 5 corresponding nmutants were grown overnight on
solid medi um and were washéd in PBS with 2 % bovi ne
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fibronectin pAb (diluted 1:50) for 1 h.
Nonfi bronecti n bi ndi ng reconbi nant proteins
(OspAl1433-5"and 15 UspA230-177) were used as
controls. Chang epithelial cells are known to express
| CAML. [ 18] Hence an anti-|1 CAML anti body was used to
differentiate if the inhibitory effect of the anti-
fibronectin anti body was secondary to steric
hi ndrance. Subsequently, M catarrhalis RH4 (106) in
PBS-gel atin was 20 inocul ated onto the confl uent
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conjunctival epithelial cells Chang
conjunctival epithelial cells were harvested by
scraping foll owed by re-suspension in PBS-gelatin.
w6 hdosnfslssx 106/ ml) were | abel ed with rabbit pcr/se2006/000931
anti-human fibronectin 35 pAb foll owed by washing and
i ncubation with a FITG WO
2007/ 018463PCT/ SE2006/ 000931 39 conj ugat ed
anti-rabbit pAb. After three additional washes, the
cells were anal yzed by flow cytonetry as outli ned
above. Interaction betweerP®™ catarrhalis and | aninin
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wells were incubated for 1 h at RT with | am nin at
different dilutions as indicated in 1.5 % 15 fish
gelatin (in wash buffer). Thereafter, the plates were
washed and incubated with rabbit anti-lamnin pith.
After additional washings, HRP-conjugated anti-rabbit
pAb was added and i ncubated at RT. Both the
ant| -I am nin and HRPconJ ugat ed ant| - rabb| t pAb were
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c08§$1 g“%ﬁ% épgtgpe for the protective monoclonal antibody
(mab) 17C7 for which there is universal reactivity.[2, 50,

15 3071 In a mouse model, passive immunization with maAb 17C7
provided protection and improved pulmonary clearance of M.
catarrhalis.[30] It is hence most interesting that UspAl/AZ2
Fibronectin binding domains contain these residues and
argues for the importance of this region in the pathogenesis

20 of M. catarrhalis respiratory tract infectiom.

The Fibronectin binding M. catarrhalis BBH18 and RH4
used in our experiments also carry the 31 amino acld
residues in their UspAl/A2 protein. Most M. catarrhalis have
a part of this sequence (i.e., the NNINNIY sequence) .

25 However, strains like the 035E which has the NNINNIY
sequence in their UspAZ2 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

30 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 alsc on
the individual makeup of each UspA protein. Interestingly,
an almost identical amino acid sequence can be found in the

35 hybrid UspA2H protein with adhesive properties (M.
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catarrhalis TTA37 and Q46E}.[43] This give support to our
findings that the 31 amino acid sedquence is important in
adhesion.

In our last set of experiments, we tested whether the
adherence of M. catarrhalis to Chang conjunctival cells
could be inhibited by the fibronectin binding fragments
(UspAl”g4525nd Usph2'®-3%y (figure 8B). Preincubation with
UspAl?®242  uspa2'®5 38 or an anti-fibronectin pAb resulted in
decreased binding to Chang epithelial cells. These results
confirm the importance of these binding domains in the
interactions of UspAl/A2 with Chang epithelial cells and
further suggest that fibronectin is an important receptor
for UspA. In addition, it is known that FnBP facilitate the
adherence of bacteria to undifferentiated and injured
airways.[54, 69] Fibronectin expression by lung fibroblasts
is also increased by cigarette smoke extract.[87] The role
of M. catarrhalis UspAl/A2 binding to ECM fibronectin or
epithelial cell-associated fibronectin is thus of great
importance in patients with COPD and may explain the common
occurrence of M., catarrhalis infection in this group of
patients. [40]

In conclusion, we have shown that UspAl/AZ2 of M.
catarrhalis BBH18, RH4 and BcS5 are crucial FnBP. Both
recombinant UspAl and A2 derived from Bcb bind fibronectin
with a binding domain sharing identical amino acid residues
including the conserved NNINNIY sequence, Furthermore, an
interaction of M. catarrhallis UspAl/A2 with epithelial cells
is via cell-associated fibronectin. The definition of these
fibronectin binding domains is therefore an important step
forward in the development of a vaccine against M.
catarrhalig,

Interaction between M, catarrhalis and laminin

M. catarrhalis is a common cause of infectious
exacerbations in patients with COPD. The success of this
species in patients with COPD is probably related in part to
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its large repertoire of adhesins. In addition, there are
pathological changes such as loss of epithelial integrity
with exposure of basement membrane where the laminin layer
itself is thickened in smokers.[4] Some pathogens have heen
shown to be able to bind to laminin and thus may contribute
to their ability to adhere to such damaged and denuded
micosal surfaces. These include pathogens known to cause
significant disease in the alrways such as 5. aureus and P.
aeruginosa amongst others.[7, 63]

We recently showed that both UspAl and AZ bind
fibronectin.[78] The fibronectin binding domains were
located within Uspal?®" %% and UspA2® 28 1n this study, the
N-terminal halves UspAl®® %! and Uspa2®°3! (containing the
Fibronectin domains} alsc bound laminin. Howaver, the
smallest fragments that bound fibronectin, UspAl?***? and
UspA2*®18 did not bind laminin to any appreciable extent.
In fact, fragments smaller than the N-terminal half of UspAl
(UspAl®?™*%y losses all its laminin binding ability whereas
with UspA2, only UspA2°°?” pound laminin albeit at a lower
level then the whole recombinant protein (Uspa23°7°3®). These
findings suggest that perhaps different parts of the
molecules might have different functional roles.

Comparing the smallest laminin binding regions of Uspal
and A2, we find that there is, however, little similarity by
way of amino acid homology between Uspa23®"'’® and Uspa1®0-4%
(data not shown). This i1s not surprising as it is a known
fact that both proteins have a 'lollipop'-shaped glokular
head structure despite having only 22% identity in both N-
terminal halves.[2, 32] We postulate that a tertiary
structure is likely responsible for the interactions with
laminin in the head region in vivo, The localizatien of the
binding domains at the N-terminal end would be logical as
this would be most exposed and in contact with the human

basement membrane in vivo.
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Bacterial factors mediating adherence to tissue and
extracellular matrix (ECM) components are grouped together
in a single family named “microbkial surface components
recognizing adhesive matrix molecules” {(MSCRAMMS). Since
UspAL/A2 bind both fibronectin and laminin, these proteins
can be designated MSCRAMMS. Qur results suggest that Uspal
and AZ are multifunctional adhesins with different domains
interacting with different ligands in the respiratory tract.
Similar broad-spectrum binding profiles have been reported
for other bacterial proteins such as YadA of Yersinia
enterocolitica for which Uspal and A2 bear a structural
relationship. [45, 70] YadA too binds both fibronectin and
laminin. [32]

In summary we have shown that UspRAl/AZ2 are crucial to
M. catarrhalis interaction with the basement membrane
glycoprotein laminin and this will play an important role in
the pathogenesis of infections in patients with COPD. [74]
Interaction between M. catarrhalis and C3 and C3met

Complement resistance is one of the most important
bacterial virulence factors.[66] The majority (89 %) of M.
catarrhalis isclates from patients with lower respiratory
tract infections are resistant to complement-mediated
killing.[34) M. catarrhalis UspAl and A2 are crucial for
bacterial survival in human serum in vivo [1, 15], and we
have shown that these two outer membrane proteins bind to
the complement fluid phase regulator of the classical
pathway, C4BP.[58] In the present study, we demonstrate that
M. catarrhalis can inhibit the alternative pathway bv non-
covalently binding of C3 (Figs. 17 and 18). The binding of
C3 most likely also inhibits the classical pathway. This
could, however, not be analysed in detail since M.
catarrhalis also binds C4BP. Interestingly, the M.
catarrhalis-dependent C3-binding is unique as several
related moraxella subspecies as well as common human
pathogenic bacteria do not bind C3 (Table 9). The
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interactions with C3 and methylamine-treated C3 are mediated
mainly by UspA2, whereas UspBAl has a minor role (Figs. 15
and 16). The C3-binding region of UspAZ was localized
between the amino acid residues 200 to 458. This region
contains a stretch of 140 amino acid residues that is 93 %
identical to a region in UspAl.[2] However, despite this
sequence similarity, UspAl binds C3 to a much lower extent.
This might be due to a specific difference in conformation
between the proteins. The discrepancy in the C3 binding of
UspAl and UspA2 stands in contrast to the UspAl/A2
interaction with C4BP.[58]

M, catarrhalis is equally resistant to both the
classical and alternative pathways (Fig. 12B). The bacterium
binds C4BP that inhibits the classical pathway [58] and in
this paper we demonstrate an interaction with the
alternative pathway through binding of C3. To determine
which of these mechanisms that is of most importance for the
M. catarrhalis serum resistance in various in vivo
situations is difficult. For example, the importance of the
classical pathway will strongly depend on history of
infections with M. catarrhalis and ability to generate
complement-activating antibodies, However, every mechanism
providing protection from the complement is certainly
beneficial for a pathogen. Since C3 is a key molecule in the
complement system, the binding of C3 most likely results in
regulation of all three activation pathways and may
contribute the most to serum resistance.

The importance of the complement system as a primary
defence mechanism is mirrored by the fact that microbes have
developed various strategies to interfere with and/ or
neutralize components of the complement system.[42, 35, B8]
In addition to M. catarrhalis, S. pyogenes, Bordetella
pertussis, E. coli K1, Candida albicans, and N. gonorrhoeae
express specific surface molecules that bind C4BP and as a
consequence protect the bacteria against the classical
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p“%&"f‘%ﬂ% EN1sy S (RDIE e“.’%lE‘icees’faé’al Rem FBf°©
8311 b orredihive BEAGL#glt o degti biye th}thlepa@spmmmcance
of EXPERSSIaaN chY bl h@ S5 e wtigaet syn@wajsmus anli gh are

expr ession as,.detei ed 3 4 by gh, pe
mt PERHACRSRED FROLTEITS L] o, ot DA B L1 A
be Uspip 98P lex ppessl ate (apéfaﬂéé"ﬁeé%weeq a0 éheceéww‘r%entof

M. 0c51?ar19ﬁQ1@5):o((ﬁB BRI, THopeMeElculla® dheCrast ﬂﬁ‘Iaﬁt

ressi gn t S I
vs gt " e RBeRs A SuEARS B0 SBR09h 10808LS S
botk mﬁakloﬁéiﬂnfewrrq%m nglt o7$hémalulﬁldrﬂﬁgtm?alskely
af fedt keley casakhgcas pisdkltgeneswasdinottof @aiadstpotde

d
cofpl @I, dRER/LEGY % Hblah B Mo otgs ™™
medifpc iHrexfut AnEePRIth §L8pRe  oUSsARayr rppfpsent an
impseiaithsawebe domisd isim@nakynedodyl de@eneygt onetry. M

catg[d halis. BBHLS Sggt%f}glhgliiwggér? SESCE H“:H@nu%e

nmean fluorescence intensit ﬁg
sygm im, S@Sﬁfﬁéswayssenﬂ@&u% ahdted M getre ae%jls is

sudh b ereeibnnibhadl tegptwcth tae Mdpiofato®y6tEacgui B3 1LGIn
Fi bronectin binding to BBHL8AuspA2 15 and the doubl e
mut ant BBH18AuspAl/ A2 reveal ed an MFI of only 10.7
and 11.5, respectively (figure 1H, 11). Simlar
results were obtained with UspAl /A2 nutants of the
clinical strain M catarrhalis RH4. Taken toget her,
these results suggest that UspAl and A2 bound
fibronectin and that the ability of 20 the bacteria
to bind fibronectin strongly depended on UspAl /A2
expr essi on. ~To further analyze the interaction



30 background levels (5.0 to 10 % (figure 2) Simlar

results were obtained wwth M catarrhalis BBH18 and

the correspondi ng UspAl /A2 mutants. Thus, our results
wIHRIEskishat both UspAl and A2 are required §@lisghfi@o00031

maxi mal bi ndi ng of soluble fibronectin by M

catarrhalis. 49 To investigate the bacteria

attachnent to i mmobilized fibronectin, H catarrhalis

RH4 and its correspondi ng AuspAl /A2 nmutants were

applied onto fibronectin coated glass slides. After 2

h of incubation, slides wé’e washed, and 5

coﬁbgﬁt@ﬁé&ﬁgtﬁk.y c@taﬁtkﬁgfiaems Meveabped raigihs_slwﬁbdtw peays
an e. du ant_wer.e uk ; e
o GO bRt RSN B gPasc af fyomnipl ¥y BEQ8LS me
prapanBBjaty mhoonthastd. Ma i@ arlRal 73S AudPAIUEnES -
bi?@ﬁﬂé’\' ¢Hadiaybhe oné a@ica:emlaakl yeaﬂhrmxﬁﬁdelo thhef cannot
ihronect i a [ with 10 only a few
bey EBLARCE | JLE90ked  SLASS chgfgure 3C and 3D, |
respectively). Experinents with another M
catarrhalis clinical isolate (BBH18) and its derived
nmutants showed a simlar pattern indicating that
UspA2 was of mmj or i nportance for M catarrhalis
bi nding to i mmobilized 15 fibronectin. The
fi bronectin binding domains include anmi no acid
resi dues |ocated between 299 and 452 of UspAl and
between 165 and 318 21_2! Plaa To further analyze
the interactions of UspAl and A2 20 with fibronectin,
truncated UspAl "-Tmand uspA230-539wer e reconbi nantly
produced in E. coli, coated on mcrotiter plates and
i ncubated with increasing concentrations of
fibronectin. Bound fibronectin was detected with an
anti human fibronectin pAb followed by incubation with
a 25 horseradi sh peroxi dase conjugated anti-rabbit
pAb. Both reconbi nant 0spAl50- 77and UspA230- 539bound
sol uble fibronectin and the interactions were
dose- dependent (figure 4). To define the
fi bronectin-binding domain of UspAl, 30 reconbi nant
proteins spanning the entire nol ecul e of UspAl50- 770
wer e manufactured. Fibronectin was incubated with the
i mmobi li zed UspAl proteins fragnents and the
interactions were quantified by ELI SA
UspAl150-491bound fi bronectin alnost as efficiently as
UspAl 50- 77suggesting that the binding 35 donmai n was
within this part of the protein. Arong the other 50
truncated fragments, UspAl 299-452efficiently bound
fibronectin (figure 5)1). In parallel, the
i nteractions between fibronectin and severa
reconbi nant UspA2 fragnents including am no acids
UspA23. 539 were anal yzed. The two 5 fragnents
UspA2m 318 and 0spA2165-318 strongly bound
fibronectin (figure 5B). Qur findings provide
significant evidence that the binding domai ns include
resi dues found wthin UspAl m 452and UspA2165-338. A
sequence conpari son between these two binding
fragnments reveal ed that the 31 10 am no aci d residues
" DQKADI DNNI NNI' YELAQQQDQHSSDI KTLK" were identical for
UspAl and A2 (figure 6). Moreover, this repeat
sequence was also found in the uspAl and A2 gene of
M catarrhalis 68H18 and RH4 (data not shown). Us
Al15- 191 and OspAl 299- 452f ragnents conpetitively
inhibit M 15 catarrhalis fibronectin binding To
further validate our findings on the UspAl/ A2
fibronectin binding domains, reconbinant truncated
UspAl proteins were tested for their capacity to
bl ock fibronectin binding to M catarrhalls.
Fi bronectin (2 pg) was pre- 20 incubated wth 0.25
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Thus, the fibronectin binding domains of UspAl and A2

30 block the interactions between fibronectin and H

catarrhalis. OspAl 299- 152and UspA2165- 31ei nhibit H.

“Egi ﬁ ;i s adherence to Chang epithelial cgbdSE2006/000931
pit gllal cells are known to express fibronectin and

35 many bacteria attach to epithelial cells via

cell -associated 51 fibronectin.[46, 54, 69, 77]

Previ ous studi es have shown that M catarrhalis

adhere to epithelial cellst;h [43, 49] W anal yzed Chan

conjunctival cells, which have frequently been used

i n adhesi on experinents with respiratory pathogens. 5

re€hang-£gl |'s strongly expressed fibronectin as

ed by flow cytonetry analysis (figure 8A).
To anal yze whet her the CpA— dependent fibronectin
-bi n8ghy Gadafiopsriant ERorCapgcir i aF HdhddieeR YBhANg
epi éhﬁéé@IOﬂ)Q_ISIo§eIﬂ@&euﬂ51€]_ |a|’m©1ubapmi i tdt iamtsi ehuman

10 HPBEOREEL B F 0« S5OEDL DAty 1Rl B5: 215a-

catfdrrhalis R4 was added and bacterial adhesion
.anahyzﬁdc theivekat| vsaadm:r enceet neRs U ed-dipcthee’

04%&&8& 1{5@@5)0119 £ LN EYbaRE ON

5
Usp%\?i%%rm ge@ﬁsanl%ﬁ‘?‘?t R flgg? o%%‘cdtglér?zﬂ,&b wer e
.36 ¥1asb, %and: 32%rchespert itbehpichigherw. M. Prodinger,
con e”§ Bafﬁwﬁb'ﬁ%ﬂlcﬂepﬁwﬁs ﬂgdiar&%nr gsyl t

er I Ibl tion. | n contrast

honbf pEh et ﬁh@rﬁarﬁﬁl?w@?eﬁtfstb%p1£13£),§e§98ﬁ8r of
Us p&288:i dd 7all dicdneot Thhabdhi tImmue .| A et33H139E .bet ween
M rgh 0 [ I I

i BRLE Lt g0 B0ty CIRAALER SO A eri TaL
Lol e LrbioRiniat PEsvaEn o h SRS oPorEs chtchAFrupFera
andchhegasi no taei dunesi dﬂwyzwomdsﬁzc ofndJgppAlerapgokers:

1655 318,98y Ui . C@H&@&:@ ddv3s lsisgang- wsponsi bl e for

thelnteractl I racti.on_ b

-cat &FFRAI T3 aIT?&OFlgﬁllﬂ? nnéIIe\l %@attlﬁ‘lefth‘I E?egmh(% | ami ni n

t hr Sughg UspAlpcaridsAZh T Hrissinc &P . Mhe disadhsirosein of
i SoI\d@I:Q}?I&fﬁBI?IJa%a@@FIaBm)1@%:@&@15{ spesifddL inutast s

| acki ng UspAl, UspA2 or both r.ot nal yzed
by ﬁxﬁiﬂ%?%f%qu EEF%IB\. TR TS arrhg EgCI’IiV(eII strongly
boud0$ o733 rAi-li0zed | ami nin. (figure 9A). In
.CONgEassds 1, @@t@h h@I’I SC&%M%MI oAUt et oM aespAk e

showed. a. | ani o] h e.

v ERPEEHHEITS S RSEAS SR B R ey e P Re
douBhéequt i 1RBEAUSPALT RD-915, 2% and 18. 1% bi ndi ng
.capaei iaé!n?imatd?ﬁsw Irel%%aﬁ Ve, E‘.tﬁ%&ﬁecm vﬁc;uss'ﬂmsl was
not _.si gni f i rent

adhggLIl i ?%&B%IA%IgaI’ gp ated actrlggeés u%uasomtes
obt abpedigkac WEHARLARO RLE K éﬁn@ﬂm@nhmbw ftr%ﬁaatsﬁ@ent
cl i pbRBLa®d rajge N aﬁdt avr&wmasgeBBHaﬁd lamirhese Jt Wefect

st rai, ns UspA2 is the predom nant
? Zégggp]?%esse as co ared to UspAl, expl al ni II?
e

t heBﬁfﬁ‘Hﬁﬁfﬂx di fef & eﬁeénsﬁorbn ttifng MBet weddf tte W
typesand BMAMSAla. pEakessiogeiduer thie hesear e:B:lnIpﬂsment

sho n rdiheyr:

ana y%gf%I](IIS B(Ia qc@étv\egﬁﬁlﬁn{%ﬁtﬁk\g %%—Igagl% Idz}%lrrﬁ n,

t r uABAEEH- OBEM596 738R8- B3PI 19 599 were produced in
E. coli. Reconbinant proteins were coated on
mcrotiter plates and incubated wth increasing
concentrations of |amnin. Bound | am nin was detected
with a rabbit antilam nin pAb followed by incubation
wi th an HRP-conjugated 15 anti-rabbit pAb. Both
reconbi nant UspAl159- 779 and UspA219-599 strongly
bound sol uble I am nin and the bindi ng was

dose- dependent and saturable (figure 9B). To
define the | am nin binding domai ns, reconbi nant UspAl
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UspA230- 177 showed a 43.7 % bi nding capacity. (figure
10B). 30 These results show that the binding domains
i nclude residues found within the N-term nals of both
d UspA2. Interaction between M cat
Wgﬁﬁ%&ﬁ%nd C3net M catarrhalis outer rrenb?gﬁgﬂﬁbé{mm
proteins UspAl and UspA2 inhibit both the classical
and the alternative pathway of 35 the conpl enent

cascade 53 UspA2 surface expression is cruci al
for M catarrhalis survival in normal human serum
(NHS) [1, 58], i.e., norax& | a UspA2 deficient

mutants are rapidly killed when exposed to NHS. W
have recentIL% shown that both UsgAI and. 5 A2 bind
9-cABPLYRU & his nifghRYFRAHt Frnd2efBd’%i & PaCRRAy Bf
conphelentk acindvat.i Bn J&8konTo 200t t hernshdd ihitghtcoirn
M Eé{@éé’rhaéﬁp% 'Iﬁlrt ?E@Eté@%l\@s@h&h&oﬁﬁ@lcﬁéﬁ%”%nd the

system survi val [ e” putants was

st uGPR |?Pr‘?é1‘aﬂﬁnltr ’é‘é@@oﬁi’vﬁﬁ ﬁ48| Pﬁ’é“r‘”E-’GFﬁE et I
addirhemobf IM$CIEZ 6¢M57EGTA) or 10 EDTA. My- EGTA
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arate an SIS er nat i
T o e LD pRAT P Do f %ﬁaXsi‘L@%% LIRS
absbyi ngy: dinialeee €at i DrblstNp2t awcb@aZetionhe M
cat aEshal 1 R oW bl VRS Wikl ved af £:81e30 pakn of

i nc 15 RHAAuspAl / A2 doubl e mut ant was
kiI?E@éb&)ﬂ H‘(\g‘;%t ﬁIHS after 10 mn (Fig. 12). Wen the
11C-:| aBsikad, pat Baway Jwasotdi bilt-ed . (N}Bm-ld\)g- EGBA) , Rele of

dRZNMUAREas&rpied of ar i3 shd mlfﬂu(l@ﬁEEYOf
erli o (0) tine as co
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bac£kr$3fd- Furt hernore, when both the cl assical and
1eal teradd v pat, bV\@ySKV\ﬁ{&l.lkﬂn@@K@QdWEh FEEALM 2,

catgrrhal |D§&@E@AuipAg # SunVvi y Aisn mlléar ghattern

was obtal ned Wthth datAarr i SOl ate

and¥¢ P icgrr & péndPalt BBHES ﬂ@éEN/IﬂZ Bstldmes . (ot

fShOM\étﬁmarlsf’sc@ﬂr al. Llel A@J;(mr iHrerts wi{h, Z2hdOhg andCialIl
ac HORE! e t t hat

bot%g%%e c as%ﬁca?gg\g %khéé?; togrgﬁg%%g%}s%ﬁ% Q wer e
i NHPBRERFIRFAM Vegeare halisTCRot Dé‘h%vﬁ‘ﬂSlSFhu§ 4RA1 408,

130atw1dha&dr&=, R. pathogem:‘trhaaaranfrequremmomml oah#es. tihe

MUTBIDSSR]C FLREY EhacLe 408300y AL LOUBLEEAC), L NE

cl assi ca

he alternative pat

of ?le&%ﬁ?%yg’?@?ﬁ%y ImREn o ut 272 Heridtane
14pr ot#i i EspABrandam@lldMcatatrahehdsi sarabeebs s394 froing
EDTAsdnag!t iatel SAbUM . c1in mEBPOSLYRIRRRL ol 85e3.0
t he surface 0 ga I ?Jépﬁe aﬁél henc% J?nduces ﬁe
al t&tthati ve pat hway (Fig. 11B). To anal yze 35 whet her
15M cadrarm h@airaie&nvi MarmeMewdt KR Cd oiMikbi41wit d The

é/@eeiét n%L Bg\‘i@éri@ agﬁatc%ga\%w é\%'%rpcrlb'é!ﬁ%egrgﬁ% ed

EDTA osition (via coval ent

of "t‘%ailrt?stbtgte Pﬁ@ haditdr SQA sGPF%Eé“%‘bel@lnecQFaF?h%? if
RHAMaweescedetae dBednbymé ]l oy epttemebayianial ysiudtwl dhd a
pol yed el . a%hféeéyhﬁrﬂlrt h)99@' kecieth 5 agai nst C3d

rec ni zin Incubatlon of

160, (HRIG ont B nF G 408 Forfr eRGTROthed - 000 Novel
dep@smtﬁmt@bnosctlﬁm@ amB)Yunkhienestamgl w3-hheditde
conpl ement cascade was inactivated in the presence of
EDTA, the M catarrhalis R114 still bound 03 (Fig.
13A). 10 Streptococcus pneunpni ae that was included
for conparison did not absorb C3 fromthe
EDTA-treated serum (Fig. 13B). In contrast to
pneunococci, H catarrhalis thus bound C3
irrespectively of conplenent activation. The interna
t hi oester of 03 is spontaneously hydrolysed in fluid
phase 15 to C3(H20). Thus, intact 03 or 03(1120) was
the nost likely forms of 03 interacting with M
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(not shown). The binding between K catarrhalis RH4

and C3net was based to a |arge extent on ionic

i nteractions as increasing concentrations of NaCl
wodikgs the interaction (Fig. 14C). Siml Q'E?Tfs@%k/b(ﬁwn

were o ta| ned wwth the AL 5 catarrhalis BBHL8 wil

type strain (not shown). To determ ne whet her

the binding of 03 is a general feature of all M

catarrhalis strains, we selected a random series of

clinical isolates (n 13) and anal yzed their capacity

to bind C3met. All M catdfrhalis strains bound 10

Cnetowdsinr €venl stirgyt@cddoow pytwmetiae.aBdbyses. W t h

an @tm%dsggt?h The nfi values varied from4 to 39.

Howe S. _pneunoni ae_and _E. coil that were included
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hunﬁ?%&@ﬁoé%é“%ﬁ 13) were |ncubat ed in the presence
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Spe@anﬁa%ﬂl%%hegf Mrﬁ%wg&%@hl Sndeqiidigoanty bacterium

|n|n ement -i nactivated serum
9) . “IRY Cgspfafaacw%ﬁéiwrgt PRI TRE S NHBRT gent g
ot h@crlﬂhlmanmpandhocg@r?@nﬂeﬁ(elhblsm%r@mzredw@mblCﬁmmﬂg
%&Cthgapa&@ii ellri’@ t Rxbhey O Ry @@'0@97/‘8 MS? 74.

cat rrhalis ste p |esth
19 Ak B P Ber nbr S M 2 e Hal PRSI 45005 oBeP T R
25 lpltsitsr utngw mm 108 axed €3 franimrg ld6n- covatemlis.
manpet.. Aei¢akBihrdal s ingds, Chnptovi-asthe outer
nprane r ot ei ns 4 %Jr %Bd nv badP dle&t1 rmne
Ot he" R4St ar thal 7% [L#otelu r‘e&s%oknsf\%l g PaF ?5 3
bi netiarg.eswelpdshenpm kd)-i s Srmpaeh dfival 4hdrhhts- 30
21deveirb@bnt A i €E Mrermrlaaﬁkwm ei,netMVeD, tls¢Altiand/

0 cPA%ag:acte ;a't:ﬂC{nt %rfegt hn%a]%/ I&Iw%%gdgg%r@rc%eln

Wwas Si I Can corre
exp‘?lé%fs |M@ﬁa{<?iba Clﬂo")é!r’—’l}(‘aléﬁt af r Henine 1RAA ART H6 botiid —20-
22 CSHBirsIngth smwlagr eR raschhedonilcd M Ype ROssHEIar.t
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M/ascasFé\ﬁé'BRéFSbJr%o%]lfSOasancé 8F &% tIGIeRE BPER t 9SS
count:emparp.(Fig. 15C-D). In parallel, C3net b| nd| ng

t yble :
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patiremmopdsbsbim F-FbindibiFpEhte MhemMINGEARS 1 HnEn
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C3 'on thelr sufface since
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To urther ana e |nteract|on bet ween
°/‘“A£"°r6§ﬁ%&%oca7t7a% G pAERIR 3 SRR B p}mt}e
E adiikadndn pamd fisetypEhewiecloiry nanthpr pteserscaverie Th2
dote lo@tihed, 0Bt Orandidr.06ebl sh@se sagnbr ane fol | owed
by i'ncubation with 15 i odi ne-1abelled C3net.
Reconbi nant M D962- 1200, which is derived fromthe M
catarrhalis outer nenbrane protein MD [59], was
i ncluded as a negative control. A weak binding to
UspAl150("51] -77 was detected, whereas-C3net strongly
bound to 0OspA230-539 (Fig. 16A). These findings were
further 20 strengthened using surface plasnon
resonance (i.e., Biacore). UspAl50-77 and UspA230-539
were i mmobilized on the surface of a Cvb chip using
am no coupling and C3net was injected until
saturation was reached. The KD for the interaction
bet ween C3nmet and UspA230-539 or UspAl50-77 was 3 25
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D nantt 7s2A. 7./ A2neutr a- vi t Recomnl In order to
in detail exam ne the role of UspAl/A2- dependent
inhibition of the alternative pathway, a series of
wd AWaxds9net ry experinments was perfornmed W tdrrse006/000931
bacteria 10 incubated with 10 % NHS or serum that had
been prei ncubated with 100 nM reconbi nant UspAl 50- 99
and UspA230-539. Interestingly, a significantly
decreased C3 deposition/ binding at the surface of M
catarrhalis RHAAuspAl / A2 V\ﬁa observed when NHS was
pretreated with UspAlmn a UspA230- 15 5" (Fig.
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interactions with lamnin in the head region in vivo.

The localization of the binding donains at the
wLo6hdksagl end woul d be logical as this woul g 68mk931

exposed and in contact with the human basenent

menbrane in vivo. 62 Bacterial factors

nmedi ati ng adherence to tissue and extracel |l ul ar

matri x (ECM conponents are grouped together in a

single famly named "m crobial surface conponents

recogni zi ng adhesi ve matri ¥3nol ecul es” ( MVSCRAMVE) .
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N. catarrhalis is equally resistant to both the
classical and alternative pathways (Fig. 12B). The

bact eri um bi nds C4BP that inhibits the classical

pat hway [58] and in 15 this paper we denonstrate an
interaction with the alternative pathway through

bi ndi ng of 03. To determ ne which of these nechani sns
that is of nost inportance for the AL catarrhalis
serumresi stance in various in vivo situations is
difficult. For exanple, the inportance of the 20
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Ser Asp Ile Lys Thr Leu Lys 202530 <210> 2 <211> 154

clu 11e 52122, RRL <2132 Manaxel b 6al akkhahi 400112 Thr Ay

65 Asn Ay Thryoval Ser Val dy7diys Lys Gly Lyss6d u Arg
Gn 151015 Ile Val Hs Val Ay Ala Ay Gu Ile Ser

Ala Lys Asp GThral8eisrThie Asp Wral20253@eValsnAsd @y CSer G n
Leu Hi s®al Lea Ala Thr ¥al val Ala Gn %gn 354045

o1y 1en Sub ot SoRr-SEne 8HT YeSiln TR O

: Thr Leu G u Ser Asn VaI Gu du 859095 Ay Leu Leu

asp Asn ASP thewskhHessnGry= Avg deurder: Aspn @10 tysadb &1Asp |l e
100105110 Asp Asnzasn |Ile Asn Asnizble Tyr Qu Leu Al a
Gn Gn Gn Asp Gn

His Ser Ser Asp Ile Lys Thr Leu Lys Asn Asn Val Glu Glu Gly Leu

130 135 140

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

<210> 3

<211> 154

<212> PRT

<213> Moraxella catarrhalis

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

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

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

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

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

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

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

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

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

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



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

1

Ala
Lys
Asn
Arg

65
Tyr
Ser
Thr
Val
Ala
145
Gly
Lys
Thr
Asp
Ala
225

Ser

Ser

<400> 4
Lys Val $g¥9%

115120125 Hi s Her

Her Asp Ile Lys Thr

Leu Lys Asn Asn

Val Qu Gu Ay Leu 130135140 Leu Asp Leu Her Ay Arg
Leu Ile Asp G n 145150 <210> 3 <211> 154 <212> PRT
<213> Mcraxella catarrhalis <400> 3 Lys Asp Ala |lle
Ile Au Asp Leu Tyr Asp

Ala Au Ser

Ala Lys Asn Asn G u Her

151015 Phe dy H's Qu Val
Ile HHs Ala Hs Asn 202530 Au Ala G n Asn Au Thr

lle dy Gu

s Leu Lys Ay Leu Ile Thr Asn Ser Ile G u 354045 Asn
72Thr Asn Asn |l e Thr

Lys Asn Lys Ala Asp he Gn Al a
G u Gu Leu Phe Asn

prcen G u 505560 Asn Asn Val
Mok explHercaGhyrhAtgs Leu |l e Asp 65707580 G n Lys Ala Asp

Val

e Asp Asn Asn I[le Asn Asn Ile Tyr GQu Leu Al a

Lys 145150

A% Thr Asn

eu

ys Ly'S
GQu Leu Her Asp His Ile |

,&é’n%o%ﬁfy

Fib %y

Her Ser
S e

e Lys
Leu Leu

e Asp G n Lys 115120125 Thr

asn ASP Thi er Al g G- Ash &yncAl @1ARyl e G rhsprnkeu Al a
Thr Tyr 130135140 Asres@ u Leu A n Asp3cG n Tyr Ala G n

<210> 4 <211> 721 <212> PRT <213>

Gly RBT dxeldca Tt &ty Ivali Slv<4003=a ogshaaflvaly2 I8 Al a Thr
h Lys Ile Ser G Ay Asp Asn Asi Thr 151015 Al a

an %ygf—‘)énq% HY16sRTyr Asn

50

Tyr Ser Thr
Ser Thr Iie
Thr Tle Giy

100

Val Giy Gly
115

Ala Gly Gly
130

Gly Gly Arg

Ile Asp Asn

Asn Thr Ile
180

Val Lys Lys
185

Thr Thr Asn
210

Gly Lys Ala

Leu Thr Gly

Val Gly Lys
260

Ile

Gly

85

Gly

Gly

Tyr

Lys

Lys

165

Glu

Gly

Ala

Ala

Phe

245

Lys

Gly
70

Gly

Gly

Gly

Asn

Asn

150

Ala

Gly

Gln

Gin

Thr

230

Ala

Gly

Gly

Gly

Gly

Tyr

Asn

135

Gln

Asn

Glu

Gln

Asn

215

Ile

Gly

Lvs

Glu %910 Sgﬁ¥ThIh£leT¥£§g ey

Gly

Asp

Tyr

Asn

120

Glu

Ala

Ala

Asn

Asn

200

Gly

Val

Ala

Glu

Thr

Gly

Gly

Asn

Asn

105

Gln

Ala

Thr

Asp

Ser

185

Val

Ser

Asn

Ser

Arg
265

Tyr

Asn

90

Glu

Ala

Thr

Gly

Asn

170

Val

Phe

Val

Ser

Lys

250

Gln

Asn

75

Thr

Ala

Lys

Gly

Lys

155

Ala

Ala

Ile

Leu

Ala

235

Thr

Ile

Glu

Ala

Thr

Giy

Thr

140

Gly

Val

Ile

Leu

Leu

220

Glu

Gly

Val

Ala

Lys

Ile

Arg

125

Asp

Ser

Ala

Giy

Glvy

205

Gly

Val

Asn

His

Thr

Gly

Glu

110

Asn

Ser

Phe

Leu

Ser

180

Ser

His

Gly

Gly

Val
270

Asn

Arg

95

Asn

Ser

Thr

Ala

Gly

175

Asn

Asn

AsSn

Gly

Thr

255

Gly

Gln

80

Tyr

Ser

Thr

Ile

Ala

160

Asn

Asn

Thr

Thr

Leu

240

Val

Ala



Gly

His

Leu

305

Gly

Ile

Gly

Tle

Thr

385

L.eu

Ser

Gln

Thr

Ala

465

Ala

Lys

Gly

Thr

Asn

545

Ala

Glu

Val

290

Asp

Glu

Lys

Arg

Tyr

370

Leu

Tle

Asn

Lys

ASD

450

Lys

Asn

Lys

Ile

Asn

530

Thr

Asp

202530 Lys Gy Arg Tyr Set Thr Ile Ay Ay dy Leu

Phe Asn G u Ala Thr 354045 Asn A u Tyr Ser Thr Ile

Ay Ser Ay Ay Tyr Asn Lys Ala Lys Ay 505560 Arg

Tyr Set Thr Ile Ay Ay Ay Ay Tyr Asn Gu Ala Thr
Asn G n 65707580 Tyr Set Thr Ile Ay Ay Ay Asp Asn
Asn Thr Ala Lys Ay Arg Tyr 859095 Set Thr Ile Gy

Ay.dy Ay Tyr Asn Gu Ala Thr Ile Au Asn Ser

ﬁoo%osﬁl S T s tI01 5 VAl iy Oy Tyr Ao

Asn G u Ala Thr Gly Thr Asp Ser Thr IIe 130135140 Al a
Ay 23 ynArgilys Ass dGhneA aydhnaGsy tysi@ ysSer Phe
Ala Ala 145150465160 Gly Ile ASp Asn Lys Ala Asn Al a
Asp Asn Ala Val Ala Leu Ay Asn 165170175 Lys Asn Thr
Mre Qg ol §HYGHEE ASh SErCNaPlatac® 148 &y tSefiAsn Asn
180185190 “ffir Val Lys Lys &Y Gn Gn Asn VAl Phe Ile
i‘ﬁu %Mks§e}{snA§ﬂl EQ&Z A:Egsgl%ogpé L@‘g lezhéln-rﬁia %%B Ala Gn

yso5er Val Leu Leusfdy His Asn Thr 3240215220 Al a
Gly Lys Ala Ala Thr Ile Val Asn Ser Ala Qu Val Ay
Gy Lke 122523023524 18et U Uy Tan IEuyA8hesWsar@y Al a
Set 3kys Thr GI y Asn @Py Thr VaI 24525@255 Ay Qu
Il e_Her As H?r Thr As%\F Her Gn
%%L?"}@?g SLY—TI fiSpLg{f %Afﬁr Fn "a G n Asn
ys Ala Asp Ile Lys Asp 290295300 Leu Asp Asp G n Val
&y rheuikey n\Ghyn Ghid #Soucld 81 AsR-Seyr Lau 1@ Uys
305310315320 &y G u Ile Phe Asn Asn Gn Asp Ala lle

Ala Lys Asn G n Ala Asp
Lys Asn Asn Val Glu Glu Gly Leu Leu Asp Leu Ser Gly Arg

390 395 400

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

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

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

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

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

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

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

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

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

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

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



Gln

Ala

Fhe

Ala

625

Ala

Asp

Val

ASH

Glu

705

Leu

Asp

Asn

Glu

610

Leu

Ala

Ile

Ala

Lys

690

Thr

<210> 5

<211>
<212
«<213>

<400> 5

Lys

1

Ala

Lys

Asn

Arg

65

Tyr

Ser

vVal

Asn

Gly

Glu

50

Tyr

Ser

Thr

325330335 Il e Lys Thr Leu Gn Her Asn Val Gu Gn Qy
Leu Len Asp Len Her 340345350 Ay Arg Len Len Asp G n
Lys Ala Asp Ile Asp Asn Asn Ile Asn Asn 355360365 Il e
Tyr Gn Len Ala Gn Gn Gn Asp Gn H s Her Ser Asp

Ile Lys 370375380 Thr Leu Lys Asn Asn Val du Gu dy
Len Leu Asp Leu Ser Ay Arg 385390395400 Len Ile Asp
in Lys Ala Asp Leu Thr Lys Asp Ile Lys Ala Leu Qu

& e e 18 AR Waois st STy LA e AR 16 Al

Lys Asn Gn Ala Asp Ile Ala G n Asn G n 435440445 Thr
Asp kb enrG@ MAsps L Anar Al a1dyaiuAsie G alerse@ n Asp
Aba Tyr 45045546CG0Ala Lys G n GnéChhr Qu Ala Ile Asp
Ala Len Asn Lys Ala Ser Her 465470475480 Ala Asn Thr
Ksp ARG & ALE A A"aTG AL Y THe A 4t U Ash
485490495 Lys ?/s Asp Ala G n TTe Ala Lys Ala Gn Al a
o5 o rblAs&ans AsR 5Q0505510 G.yrdd €1 ey s Asn G n
€& n Len H's Aspstys Lys lle 515@20525 Thr
Asn Leu Gly Ile Len His Her Met Val Ala Arg Al a Val
d y PAs ms53063554 QsAskysTHIN Gla 1GuysSNakstAlGar FTRE Asn Lys
Ala AspfPle Ala Lys Asn®@ n 54555055556@55(3' n Asp Gn
et Se Il.e ys Thr s ,Val_ Ser Al a
E‘@’O 550 %Aﬂz\s h ln SIHA} %E_Arg,gsn Lys Al a
a Asp Al a Ser 595600605 Phe A u Thr Leu Thr Lys
A&n & rerAseL uThie leay dsendd uyEGmaGyy @4 2610615620 Al a
keu Val Gu Gn Asn Lys Ala lle A3 Gn GQu Leu Gu

dy Phe
Gln Glu Leu Ile Leu Gln Asn Asp Arg Leu Asn Arg Ile Asn

695 700

Asn Asn His Gln Asp Gln Lys Tle Asp Gln Leu Gly Tyr Als
710 715 720

443
PRT
Moraxella catarrhalis

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

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

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

Tyr Ser Thr Ile Gly Ser Gly Gly Tyr Asn Lys Ala Lys Gly
Ser Thr Tle Gly Gly Gly Gly Tyr Asn Glu Ala Thr Asn Gln

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

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



e

Thr

vVal

Ala

145

Gly

Lys

Thr

Asp

Ala

225

Ser

Ser

Gly

His

Leu

305

Gly

Ile

Gly

Ile

Thr

385

Leu

Val

Ala

130

Gly

Ile

Asn

Val

Thr

210

Gly

Leu

Val

Glu

Val

220

Asp

Glu

Lys

Arg

Tyr

370

Leu

625630635640 Ala Ala H's Ala Asp Val G n Asp Lys Gn
Ile Leu G n Asn G n Al a 645650655 Asp Ile Thr Thr Asn
Lys Thr Ala Ile Au Gn Asn Ile Asn Arg Thr 660665670
Val Ala Asn Gy Phe Gu Ile Au Lys Asn Lys Ala Ay
Ile Ala Thr 675680685 Asn Lys Gn GQu Leu Ile Leu Gn
Asn Asp Arg Leu Asn Arg Il e Asn 690695700 G u Thr Asn
Asn Hs Gn Asp Gn Lys Ile Asp Gn Leu Gy Tyr Ala
705710715720 Leu <210> 5 <211> 443 <212> PR <213>
bor axeldia @at ays hahi @ n<dAQ02yH chysarVahsnGsyr ITys Al a Thr
Asn Lys Ile Ser &9 Gy Asp Asn Agn Thr 151015 Al a
Asn Ay Thr Tyr Leu Thr Ile Ay Ay Ay Asp_ Tyr Asn
Bl CTRTY2 0305 e @y B STy st PTHY Fre &Py Ay
Gy Leu Phe ASTY G u Ala Thr 354045 Asn G u Tyr Ser
Zg; AHE)GL A ¥-Seln GhY Eyelyhydsiylas Alaabysady

50556 Krglglayr Set Thr Il'e1&y éy Ay Gy aibyr Asn
GQu Ala Thr Asn G n 65707580 Tyr Set Thr Ile Ay Ay
Gy AAsS p.vASHL aASn Fhp AAlcardny 81 GW L Arlg Tar 6863695 Thr
Val dys8y Gy Ay Tyri%&n Gn Ala Lys?@&y Arg Asn

Ser Thr_ 115120125 Val Al iy Ty n n Gu Al a
T LT G SEb T & A0 A &) Gy Arg
Lys n Gn Ala Thr Gy Lys Ay Set Phe Ala Al a

1451501h516Q Gy AshevAsprndshe Liys AlvasAshasAlmmrAsp Asn
Aba Val Ala Leu Goy Asn 165170175dsys Asn Thr Ile GQu

Gy GQu Asn Set Val Ala lle Ay Set Asn Asn
Thr Asn Ala Cln Asn Gly Ser Val Leu Leu Gly His Asn Thr

215 220

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

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

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

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

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

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

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

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

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

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

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

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

405 410 415



180185190 Thr Val Lys Lys Gy Gn Gn Asn Val She Ile
Leu Ay Set Asn Thr 195200205 Asp Thr Thr Asn Ala G n
Asn Ay Ser Val Leu Leu Gy H's Asn Thr 210215220 Al a
Gy Lys Ala Ala Thr Ile Val Asn Ser Ala Gu Val Gy
Gy Leu 225230235240 Set Leu Thr Gy Phe Ala Gy Ala
Set Lys Thr Ay Asn Ay Thr Val 245250255 Set Val Qdy
Lys Lys Gy Lys Au Arg Gn lle Val Hs Val Ay Ala
260265270 Ay Qu Ile Set Asp Thr Set Thr Asp Al a Val

ser nsn BN c@ s19et: /Gdu bew 2245280285 chly sarValeu el Akp Thr Val

Val 48ba G n Asn Lys 4ba Asp |Ile Lys #&8p 290295300 Leu
Asp Asp Qu Val Ay Leu Leu Ay u Gu Ile Asn Ser

Gln Lys pEyAep J1805310815320°1d $-°G*8° 1 | e Phe Asn Asn G n Asp

<Z210> 6

<Z11>
<212>
<213>

<400> &

Gln
1

Lys I

Leu

Glu

Asn

65

Lys

Leu

Gln

Gly

Ser

145

Gly

Leu

Ala

Leu

Asn

Ala

Glu

Glu

50

Gln

Asn

Gln

Asn

Fhe

130

Ile

Glu

Ile

Asp

Ser

210

Asn

Blle Ala Lys Ash G n Ala Asp 325330335 Ile Lys Thr
Leu Gn Set Asn Val GQu Qu Ay Leu Leu Asp Leu Set
340345350 Ay Arg Len Leu Asp G n Lys Ala Asp Ile Asp

518sn Asn Ile Asn Asn 355360365 Ile Tyr G n Leu Ala G n
PRGN Gn Asp Gn H's Set Ser Asp Ile Lys 370375380 Thr
Mot llyssapsrrbAshts Val Qu Qu Ay Leu Leu Asp Leu Set

Ay Arg 385390395400 Ser Asn Val GQu Au Gy Leu Leu

Le eo, || 4 4 n Lys Ala
ﬁ%ﬁ;ﬁl %S@l fleGFlyr ¥ A?@ Ee]}\s To g %gj §§5Lg\>/ 6 <211>
510 <212> PRT <213> Mor axel | a cat arrhalis <400> 6 G n

Aka chy S:sAstL ASEL Idie A'EjarAzL;emGauyA&p U&UT}H’ eidyr Leo
Il'e kys 151015

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

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

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

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

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

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

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

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

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

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

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

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

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



225

Ile

Asp

Ile

Lys

Thr

305

Tyr

Ser

Gln

Lys

Ile

385

Lys

Thr

Thr

Asp

Ser

465

Gly

Lys

Lys

His

Gln

Gln

290

Gln

Ala

Glu

Asp

Ala

370

Ala

His

Asp

Leu

Lys

450

Ala

Asn

Val

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

Lys Ile Asp G n Asn GQu Leu Gu Ala Asp Ile Ay Asp
Ile Thr Ala 202530 Leu G n Lys Tyr Leo Ala Leu Her
Gn-Tyr Ay Asn Ile Leo Ala Leo 354045 A u G u Leu
Asn Lys Ala Leu Gn Gu Len Asp Gu Asp vVal Ay Trp
505560 Asn G n Asn Asp Ile Ala Asn Leo G n Asp Asp
Val G n Thr Leu Thr 65707580 Lys Asn G n Asn Al a Phe
Ala Au Gn Ay Gu Ala lle Lys Gn Asp 859095 Leo
Gn dy Leg(ﬁla Asp Phe Val,.Gn Ay Gn Gn,@dYy Lys

I
Ile Leu 10 3105110 G n Asn (25|3n Thr Ser Ile Lys Lys Asn

The (G LA gy AsEn beo Mal cAse1 112120025 Gryu Re G n Ile
G n LyszeéAsn Lys Asp Alazide Ala Lys Asnzhdsn G u

130135140 Her Ile A u Asp Leu Tyr Asp Phe Ay Hs GQu
Vat TAPRre@ AltHers |The 25150855180 Ay @iz l%énHi s Al a
H s %A8n Au Ala Gn %sn du Thr Leu t¥5s Ay 165170175

eu.lle . Th n le Thr l e Thr
(o8 Rl et a0i 160 WS AeD T el o AT 186 Gl u Asn
Asn Val Val Gu Gu Len Phe Asn 195200205 Leu Her Qy
Ang diewnllsl e1Aspe @1A 1isaAl ayAspal e AspcAsmsAsn |l e
210215220 11 é&%tys Thr Leu Lys*ORys Asn Val Gu Qu
Gy Leu Leu GQu Leu Ser 245250255 Asp His Ile Ile Asp
&P IEﬁsGl?h%“’p P A48 APaTE @ii@ruéeﬁl "2 A8 11260265270
Ille Gn Asp Leu Ala Thr Tyr n Gu Leu Gn p Gn
TyE AhanG 8, 225280285 Ly, G0 tHr G byAhas ldee Asp Ala
Leu Asmzdsys Ala Ser Serzfd u Asn 2902953@0s Thr G n Asn
Ile Au Asp Leu Ala Ala Tyr Asn Gu Leu G n Asp Ala

3053103532 Ile Glu Asp Leu Ala Ala Tyr Asn Glu Leu
340 345 350

Ala Tyr Ala Lys Gln Glm Ala Glu Ala Ile Asp Ala Leu Asn
3556 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
390 385 400

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

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

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

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

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

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

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



Tyr Ala Lys Gn Gn Thr Au Ala Ile Asp Ala Leu Asn

Lys Ala Ser 325330335 Ser G u Asn Thr Gn Asn Ile Gu
Asp Leu Ala Ala Tyr Asn G u Leu 340345350 G n Asp Ala
Tyr Ala Lys Gn Gn- Ala Gu Ala Ile Asp Ala Leu Asn
355360365 Lys Ala Ser Ser u Asn Thr Gn Asn Ile Al a
Lys Asn G n Ala Asp 370375380 Ile Ala Asn Asn Ile Thr
Asn Ile Tyr Qu Leu Ala Gn Gn Gn Asp 385390395400

<2135 Moﬁ%lﬂ%}aﬁ%ﬁgr Asp Ile Lys Thr Leu Ala Lys Thr Ser

5410415 Thr Asp Arg lle Ala Lys Asn Lys

<4p0> 7 Ala Asp Asp Asp Ala Ser Phe G u 420425430 Thr Leu Thr

Gln

ER

Lys

Leu

Glu

Asn

65

Lys

Leu

Gln

Gly

Ser

145

Gly

Leu

Ala

Leu

Asn

225

Ile

Asp

Ile

Ala

Ile

Glu

Glu

50

Gln

Asn

Gln

Asn

Phe

130

Ile

Giu

Ile

Asp

Ser

210

Asn

Lys

His

Gln

Lys rnAs @ T Asir Tht dieurdd ee@riolis PspIlysy& u Hi s
435440445 Asp Lys Leu Il Thr Ala Asn Lys>Thr Ala Ile
Asp Ala Asn Lys Al a 450455460 Ser Ala Asp Thr Lys Phe
Afra CNp & 5THY UAMEY ASD PAR P Phé THTYLY® ?31 Tgés“&?o475480
Ay Aén Ala Ile Thr Lys Asn Ala Lys Ser Ile Thr Asp
@Tgmeﬁhﬁléﬁéﬂ%@é%@nw}sﬁ ¥al Aspri@ ¥..Phe. Asp Her Arg

hr Ala Leu Aap Thr 500505510 210> 7 <211> 322
<212> PAT <213> Moraxella oatarrhaiis <400> 7 G n
Bha Aby ShvASHLaAS e [dle CThr TdveGsid U uAsyy Kelu GPY rFyr Len
Ile Lys 151015°1ys lle Asp G n®%sn Gn Len Gn Al a

lle d Ile Thr Ala 2 30 Leu G n s Tyr
égerﬁAﬂ? ?156%%3@%% Gh %ﬁr‘as@ 3? Q/ﬁﬁl e ﬁkérn@ﬂll aqlgéeu
354045 G u Gu Len Asn Lys a Len Gn Gn Leu Asp
G rAspiVYabheGhy: BIP Gln Gly Glu Ala Ile Lys Glu Asp

85 90 95

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

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

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

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

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

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

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

Gly Arg Leu 1le Asp Gln Lys Ala Asp Ile Asp Asn Asn Ile
215 220

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

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

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

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



Lys Gln
290

Thr Gln
305

Tyr Ala

<210> 8

505560 Asn G n Asn Asp Ile Ala Asn Leu G n Asp Asp
Val G n Thr Leu Thr 65707580 Lys Asn G n Asn Al a Phe
Ala Qu Gn Gy Gn Ala Ile Lys Gu Asp 859095 Leu
Gn dy Len Ala Asp Phe Val Gn dy Gn Gn Ay Lys
Ile Leu 100105110 G n Asn Gu Thr Ser Ile Lys Lys Asn
Thr G n Arg Asn Len Val Asn 115120125 dy Phe GQu lle
G n Lys Asn Lys AspAIaIIeAIa Lys AsnAsn Gn -

VAT S G et P TaSTRoTEb1gh Wy T R (ks Aa

Hs Asn G u Ala Gn Asn A u Thr Len Lys Gly 165170175
renTld enThespAsen See dilerd BsAsne Thi: &snadsmakl e Thr

Lys Asn Ly310180185190 Ala Asp Ile Gn Ala 380 G n Asn
Asn Val Val Gn Gn Len Phe Asn 195200205 Leu Ser Gy
Arg Leu Ile Asp G n Lys Ala Asp Ile Asp Asn Asn |le

210215220 Asn Asn Ile Tyr u Len Ala Gn Gn Gn Asp
Gn Hs Ser Ser Asp 225230235240 Il e Lys Thr Len Lys
Lys Asn Val Qu Gu Gy Len Len Gn Leu Ser 245250255

<211> 14Asp His Ile Ile Asp Gn Lys Thr Asp Ile Ala G n Asn
<212> PRGE N Ala Asn 260265270 Lys Gn Thr Cu Ala Ile Asp
<213> MoppglLerapsrrieyss Ala Ser Ser @ u Asn 290295300 Thr G n

<400> 8
Gln Ala
1

Lys Ile

Leu Glu

Glu Glu

50

Asn Gln

65

Lys Asn

Leu Gln

Gln Asn

Gly Phe
130

© Ser I1le

145

<210> &

Asn Ile Gn Asp Len AIaAIaTr Asn G n Leu Gn Asp

309310315320 Tyr < 1 1 12> PRT
51% %% a%el %\r (:Lg aGrlFlh dé&&%g Sé I}fu }}f ys Asn
Asp lle Thr Len G n Asp Len Pro Tyr Len Ile Lys

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

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

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

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

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

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

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

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

Glu Asp

<211> 340
<212> PRT
<213> Moraxella catarrhalis

<400> 9
Asn Glu
1

Asn Ile

Thr Leu Lys Gly Leu Ile Thr Asn Ser Tle Glu Asn Thr Asn
5 10 15

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

10



151015 Lys Ile Asp Gn Asn Gn Leu Gn Ala Asp Ile
Ay Asp Ile Thr Ala 202530 Leu Qu Lys Tyr Leu Al a
Leu Ser Gn Tyr Ay Asn Ile Len Ala Len 354045 du
G u Leu Asn Lys Ala Leu Gn Gn Leu Asp GQu Asp Vval
Gy Trp 505560 Asn G n Asn Asp Ile Ala Asn Leu Gu
Asp Asp Val A u Thr Leu Thr 65707580 Lys Asn G n Asn
Ala She Ala Gu Gn Ay Gn Ala Ille Lys Qu Asp
859095 Leu Gn Gy Lew Ala Asp She Valoc Au Ay Gn
GQu Ay Lys Ile Leu 100105110 G n Asn Qu Thr Ser lle
val Glu Ly LeysehAskenTheu Gen AnvgAAshebgneVelr Asn1343120125 Ay
She Gu Ile Gn Ly¥8 Asn Lys Asp Al“a Ile Ala Lys Asn
Asn Ju 130135140 Set |le G n Asp 145 <§10> 9 <211>
Asp 1o 80 "2 198 PRTPE2ISS Mo S%Iele“éL Eﬁfr 2 E480> 9 Asn

50Glu Thr Leu Lys Ay Leu lle Thr Asn Ser Ile Gn Asn

asp Gln AW sBSNel5AR1D1 ASRs| e T by S Astolys Aka Asp |le

65 Gn Ala LemoG n Asn Asn Val 75202530 Val A us@ u Leu
Phe Asn Len Ser Gy Arg Leu Ile Asp G n Lys Ala

Gly Leu BHAGAS IAYpS9 &sASphsABIe ASh AFP &1ASHSASH PFe Fgr d u
Leu Ala®& n Gn Gn 505580 Asp G n H's Sér Ser Asp

Thr_ L 707580 4

Ala Gln enn EEXSM zir:]s gﬁe A % aﬂh arlhrgp}é %S(p %? Q1 vs Thry

Asp |l e 859095

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

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

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

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

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

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

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

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

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

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

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

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

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

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

11



Ala Gn Asn Gn Ala Asn Ile Gn Asp Leu Ala Thr Tyr
Asn G n Len 100105110 G n Asp Gn Tyr Ala Gn Lys Gn
Thr Au Ala Ile Asp Ala Len Asn 115120125 Lys Al a Ser
Ser Gn Asn Thr Gn Asn Ile Gu Asp Leu Ala Ala Tyr
130135140 Asn G u Len Gn Asp Ala Tyr Ala Lys Gn Gn
Thr Gn Ala Ile Asp 145150155160 Ala Leu Asn Lys Al a
Ser Ser Gn Asn Thr Gn Asn Ile Gn Asp Leu 165170175
Ala Ala,Jyr Asn Gu Leus;{dn Asp Ala TyrsAla Lys Gn
Gn Ala Gn 180185190 Ala Ile Asp Ala Leu Asn Lys Al a

Ala Leu D&Y 7Ser G n Asn Thr G n Asn Ile 195200205 Ala Lys Asn

<Z10>
<211>
212> PR
<213>

<400>

Gn3Ma Asp Ile Ala Asn Asn Ile Thr Asn Ile Tyr Gu
210215220 Len Ala Gn Gn Gn Asp Lys H's Arg Ser Asp
Ile Lys Thr Leu Al a 225230235240 Lys Thr Ser Ala Al a

gAsn Thr Asp Arg Ile Ala Lys Asn Lys Al a Asp 245250255

p Asp Ala Ser She G n Thr Leu Thr Lys Asn G n Asn

Mot ile1h@Nak L 61260265270 G n Lys Asp Lys Gn Hs Asp Lys

Leu Ile Thr Ala Asn Lys Thr Al a 275280285 Ile Asp Al a

10Asn Lys Ala Ser Ala Asp Thr Lys Phe Ala Ala Thr Al a

Ile Gln 290295300 BEpTA asPHEvThyu By BABrFLE TvrASH: AlA |l e Thr

1

Lys

Thr

Tyr

Ser

65

Gln

Lys

Ile

Lvys

Thr
345

Gln

Gln

Ala

50

Glu

Asp

Ala

Ala

His

130

Asp

Lys Asn Ala Lys Ser 305310315320 Ile Thr'Asp Len Gy
Thr Vi Phe, As I rhar.
5%‘5?%3“&6%@?19%%%\%@%? R éi%l 115" 157

<212> PRT <213> Moraxella catarrhalis <400> 10 |l e

G tAs1keaspAlan Ehe Ay TASAsAdulien @mrAspla n Tyr
Aka @ n 151015 40 45

Lys Gln Gln Thr Glu Ala Ile Asp Ala Leu Asn Lys Ala Ser
55 B0

Asn Thr Gln Asn Ile Glu Asp Leu Ala Ala Tyr Asn Glu Leu
70 75 80

Ala Tyr Ala Lys Gln Gln &Ala Glu Ala Tle Asp Ala Leu Asn
85 90 95

Ser Ser Glu Asn Thr Gln 2sn Tle Ala Lys Asn Gln Ala Asp
100 105 110

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

Arg Ser Asp Ile Lys Thr Leu Ala Lys Thr Ser Ala Ala Asn
135 140

Arg Ile Ala Lys Asn Lys Ala Asp Asp Asp Ala
150 155

12
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UspA1/A2 expression (MF1)

Lys Gn Thr Gu Ala Ile Asp Ala Leu Asn Lys Al a Ser
Set Qu Asn 202530 Thr Gn Asn Ile Qu Asp Leu Ala
Ala Tyr Asn Gu Leu G n Asp Ala 354045 Tyr Ala Lys

w?zﬂmﬁéhd_hr Qu Ala Ile Asp Ala Leu Asn Lys pdeafibo00931

05560 Set A u Asn Thr G nRps#sn Ile Au Asp Leu Al a
Ala Tyr Asn A u Leu 65707580 G n Asp Ala Tyr Ala Lys
Gn Gn Ala Gu Ala Ile Asp Ala Leu Asn 859095 Lys
Ala Set Ser Qu Asn Thr Gn Asn Ile Ala Lys Asn G n
Ala Asp 100105110 Ile Ala Asn Asn Ile Thr Asn lle Tyr
GQu Leu Ala Gn Gn Gn Asp 115120125 Lys His Arg Ser
Asp Ile Lys Thr Leu Ala Lys Thr Ser Ala Al a Asn
130135140 Thr Asp Arg Ile Ala Lys Asn Lys Ala Asp Asp
Asp Al a 145150155 WD 2007/ 018463PCT/ SE2006/ 000931
1/ 33 Figure ‘1| Hat ef | UM LI EPA OXPreni On &ant !
fi (m. "] WO 2007/ 018463PCT/ SE2006/ 000931 2/ 33
Fiﬁlgtgr%stiz E, con WO
20071018463PCT/ SE2006/ 000931 3/33 Figure 3 A M
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SUBSTI TUTE SHEET (RULE 26) WO
2007/ 018463PCT/ SE2006/ 000931 4133 Figure 5 A -400
USPA153 -779 USIA/ ma.,?linm USPki 5 -1917 uspAi

W 20001adA 23R 4521111111IM NI Uspk14034340 pCT/SE2006/000931
UspAl557- 7" =MEM= UspA dep-+33773 Rbranectin binding
(OD4aa) B v PePi de600 Lapi k2aCt-53* uspA230 -177
sass USpA2101 -0401111111111111111AIMNITTT 1.141A2101
-M5 | kpA216% - 31a Uel : FA2572- 458 USI ZA2443432 0. 123
Rbnunectin binding (0;4) Figure 6 |lispA 2w 482
TAONGTVSVAKKGKFRQ VI LYGAGVBDTST Li spA2 165 -ma - - A |
AKNNE | ED - LYDFGH EVAES - - UspAl 299-452 DAVNG S
QLHVI A TYVAQFKADI KDLDDE VG LI epA21s5-818 - - - | G
-13ANS T - - - -LK - - -G tekspA 239452 LIGEE IN
SLEGE | YNNQDA | AKNQAD | KTL UspA2165-al a

Figure 2
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Fibranectin binding
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UspAl 482 E SI I VEEG.LDI SOUL UspA2 165-318

ENNVI TEELFITI SQU, | 1D 1Q CADIDNNI NI T | 1r

QCADIDNIIT/ili 1Y USPAL M-452 ELAQRRDQHSSDI KTLK
whSIAR1965- 318 El AQQRDQHS SDI KT LK NYE E GL pkBskaoB/6¥0931

NYEEGLL EL SDI! UspAl 298452 L | DQ UspA2165-818 |

| DOKTD | AQNQANI QDL AT YNELQDQYAQ UspAl 23"52 - 1J8pA2

|l e8 -313 K Figure 7 cafarrhalis Fibrenectin

pre-incubated with UspAl fragnent 8/33 9/33 --S
ey..4, or....e\,... %dR?e c? e 4s,<z? ,,e_ a,cc,e
gico .5). ,.., .4, #\,@, .k.c, 9, ." ,5 4- ttN da z
c....1' r 1, s9e

Figure 3
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alma 111-8-EDTA NI -1S W40 Fl uorescence

Lb9t Fl uor escencet hg Fl uorescence WO

2007/ 018463PCT/ SE2006/ 000931 16/ 33 Figure 16 00net
vaetdof/omsvg (00453) 0 0.25 0$ 025 1 1.25 SUBSHTS ielicko00931
SHEET (RULE 26) WO 2007/ 18463PCT/ SE2006/ 000931

17/ 33 Figure 17 WD 2007/ 018463PCT/ SE2006/ 000931

18/ 33 Figure 18 19/33

- Figure .6

UspAi 206-452
UspAg 165-818

Uspfl 299452
ngﬁg 165 -B1&

Lisph1 299452
USﬂ’ﬁkg 168 18

[Jeph 289-482
IJgpd 165 18

Uspa 288452

Ugp# 1 298452
USQM:‘ 165 318

Usph Zed-4b2
USDAE 165 818
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Fig. 19 Pileup - beginning and end of the fibroneetin

bi ndi ng domain marked with f and 1 2040 USPAl 012E :

USPA1_P44 : USPA1 ATCC : USPA11046E USPA1_TTAS :

0@/3E : USPAl 1 TTA2 : USPAL V117 : PCT/SE2006/000931

ANKI YKYKKNAAGEL VACSELAKGHHREAVL GSLL1VGOLGVHTI ASAQ

49 MHEZYKVKKNAAGHLVACSEFAESHI KKAVLGSLLI VG1LSNATTASAQ

: 49

Vi NKI YHVKKNAAGHL VACSEFAKGHTEKAVLGSLLI VAL LGVATTASAQ

1 49

M\KI YKVKKNAAGHL VACSEFAKGHTKKAVLGSLLI VGALGVATTASAQ

49

. 1 NKTYKV. KKNAAGEL VACSEFAKGHTKKAVLGSLLI VGOLGVATTASAQQ
50

ANKI Y, ,KKNAAGHkVACSEFAKGHT EKAVLGSLLTVGWLGVATTASAS :

49 L VACSEFAKGHTKKAVLSSI LI VAGVATTASAQ :
49 NNKI KKNAAGHL VACSEHAXGHTKKAVLOSI LI VG LGVATTASAO
: 49 6080 USPA1l 012E : ---- KAANTTNQASGRHTYVGGGDN
UB9AL P44 . - Al NTGQGTWDQ N USPA1 ATCC :
- - - - KVSKATNKI SGGUNNTANGTYLTI GGGDY USPAL: 046E :
- - ATEGT GEivv ONKAKCEYSTASCEKD DA TA3 -
Tl ARQGKGVHYI | SGGNDNEANGD _035E : #ATNs
OSPAL TTA2 | ---- MATTPSAQYVKHNN USPA1}V117
100 ,EL Gy5F JQ_ASGED Q Cr 0.0JE : S.Cl|4S D D§ Tl GGG
EAHI S N =9 : T : 120 get "GEDIETTI T
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NVFI LGSKD ' S7SVLLG 111.31. ATT: ENSVAI GSONI KTE

OFTLGSVT SWLLS ; TOGKO T : TNSVAI CSANTCKT MVFI LGS
WIQRWFNSHAS SVLLG p TAGKAATT : KDSVAI GSZNTENNCT/SE2006/000931

NVFI LGS SG SI SVLL& CCK&AT: 320 KNEd"* F1A2GUS

01QA-NSG :: Ccr . GLSIT----GNGPSVG EN 88 M\GM g IN '11

., cmRap:Ils;.wsvc 74F100S T--NN. = 10Fgl1.8 r ts7

inns* W.,.8NN-1S VSVGSEN NFWGNANAN OS, . . 340

SKQ VNNGAGVI | | SRSJI WGAG T' A ERQ VI VOAGET!I Sl

ERQ Nff GAG | - E

1.4
1.2

OD 2t 450 nm

—4—UspAZ
—&—UspA1

QD af 450nm

0.03 0.08 025 074 222 667 20.00 60.00

Laminin concentration (ug/mt)

Figure 9B.
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wiELgoT/Miskd3s VGAGD/ EKClI VNVGKG | EKOV' | NGAG W | BGI/SH2006/000931
360380400 420 USPAl_912#33 RKQENDI KEVWENWAI AE
USPAl P44 : RKQENDI KEVWEMMNAI AE USPAI _ATCC : DEVG
USPA1_046E KTQNTLI E USPA1_TTA3 : QTQNALIE

CEA- - - | NQELEG USPA1 035E NEVGELSRDI NSLHDVTDN QD

USPAL TTAZ2 KEVGVLSRDI NSLHDDVADNQDSI ANNKAD USPAI 2117
 EEI NSLEGEI ENNQDAI AKNQA 440 KAQLAGVAVMEEI DK : 402
QLAGVTVMEE NK : 399 LLG . 362 AQDALIAQNQT : 378
DYTNAQDEKI LKNQT 408 SR : 389 SR: 399 T : 370

460 UPA1 244 . HVEDLYETN USPAl1 _012E : HVEDLYEI TNE S
USPA1 ATCC USPA1_0O46E : DI TANKT USPAl1_TTA3 :

DI TANKT USPA1_035E DI NSLHDDVA USPAI TTA2 :

DI GSLHDDVA USPABASVL17 . LYATVT4VG 480500

SQLDGAVENNTONI E NELQDAYAKQQTEA : 452 SQLDGAVFN :
424 EE SLE FN2.5 FNRT GFE EK . 403 NRTVTEK . 433
D KGLNKEVEELDKEV@E : 432 EAD

KGLNKEVEEL GEEVGHE 42 KAD TENKADI ODLDDEVGVLSQD :
413 520 © 1
0.5
0
’(\Q }‘q\bb‘ ((\ ,bﬁgb Qé\ 50%0 ,\Q&Q:(\Q 4\\ \
W ,\m ng R

‘:)%Q 0‘-3 0‘-9?‘ \)%Q \)":?Q‘?‘ (}q’ \S'QQ &Q‘?-QQQ?-

Figure 104.

CD at 450 nm
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540 | DALNKASS TQ I AKNS TQ W SEILSGL. 1. |
i j KADI DNN | AKNSN |11 7LEgNy| KEELL7LSGFL 1DQYADI DNN
QD , | AENQADIEMVEENV EELL LSOPLODOKADI DNN
RIQ7LENNV SE' LSGELHDOKADI DNI | | AKMARIT/Seaéioneost
IELL LSGVDUADI DNK 21/ 33 11/33USPAL_012E USPAL_ P44
USPAL_ATCC USPAL_046E : USPAL_TTA3 : USPAl_035E :
USPAl _TTA2 USPAl _V117 : USPAL 0122 : USPAl P44 :
USPAl _ATCC : USPALl 0462 USPAl TTA3 : USPAl 0352 :
USPAl _TTA2 USPAl V117 : USPAL 012E USPAl_ P44
USPAL_ATCC USPAL_046E USPAl_TTA3 USPAl_0352
USPAl _TTA2 USPAl _V117

Figure 11
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760780800

NI NI YEL AQQQDQHSSDI KTLAKVSAANTDRI AKDKAEADASESTLTKN )

723

Wiyl 2NoYEak AQQQO QHSSDI ETLAKVSAANTOR! AKNKAEADASECTISERNG/000931

714 N O YELAQQQDOSSDI KTLAKXMSAANTDRI AKNKAEADASFETLTKN

6E4 NI NNI' YLAQQQDQHSSDI ETLAKVSAANTDRI AKNKAEADASEETLTI O

693

NI KNI YEL AQQQDQHSSDI KTLAKVSAANTDRI AKNKAEADASFETLTI O

674 NI YELAQQQDQHSSDI KTLAKVSAANTDRI AKNKAEADASFETLTKN

633 NI YELAQQQDQUDDI KTLAKVSAANTDRI AKNKAEADASEETL TKE

742 NI ;

NI YELAQQQDQHSSDI KTLAKVSAANTDRI AKNI CADADASFETLTKN 713

820890 22/ 33 USPAl 012E US PAL USPAL_ATCC USPAL_046E

USRAL_TTA3 O35E USPAl _TTA2 USPA1J117 : : :

Q\Iﬁl— | NQUEGFAAHADVOKQ LOOADI TTNKI TA

ONTLI EALVEQ\IKAI NUL EGFAAHADOCKUL OQADI TOKK Al

2NTL| ENEALVEONKAI NQEL EGFAAHADQDKUL ONQADI Tk NKAI

QNTLI ENE24L VEQNKAI NQUEGFAAHADgQOKQ LONOADI TENK2A!

" QNTLI EQUEAL VEQNKAI NQUECTAAHADMODKQO' LONQADI TFI NKA!

2ETLI EN2ALVEUNKAI NUEL EGFAAHADOOKQL 1 QEOADI T

2ETLI EQGEAL VEQNKAI NQEL EGFAAHADMODKQ LONQADI T
kFNEALVECJ\IKAI NQEL EGFAAEADECDKI LONOADI T Ewa. VECOA

773764 714 1743 724

e+ MHE

AuspsT + NHE
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q84852 morxca IR Tt i v e e g T W g e Pl P g B P P P A P U g P Y R P o e

SUBSTITUTE SHEET (RULE 26)



g848sl1l norca : 615 91961 norca : 627 q8rtb2 norca
417 991963 norca : 915 054407 norca : 310
g9xd5l _norca : 405 g58xp4_norca 30/33 : 388

fréRiga - 406 91962 _norca : 632 f ors grRudSRRA00931
: 368 q9xd55_norca : 368 @gfkhd8s2 norca : 354
g9xd53 norca : 362 780800 (84821 norca : 666
991961 norca : 678 g8 rtbh2 nox ca : 468 91963 norca
. 466 - 054407 _norc a : 358 q9xd5l _norca : 456
qa8xpadmpmrca: ~~~-438-g8086~1Pt-6~a~r~~i-457..491L962-.1Br Cca
683 f or s gren_uspa2

* 1290 * 140G *

484851 _morca SNGET SATVEEY DNETRGRY TAVEEGYRNLAE CHOS NI GCCYRNWAEGDNAT
T 152
q91961 _morca H
+ 144
g8rthZ morca
q91963umorca B v g o e e ot P e o P e P R bt ot e g T e o o gt o s e st
034407 _morea § e e A e S £ Pt A £ e o e 8t
qudEIWmorca $ e np g o s e e s e p s e ot A Bt np s 85 g 8 o VPt v s g e
q58xpd _morca 1 e oA g o o et e ot e o v 75 s v g o
qﬂghSG_mOrCa F T F P Sy P, o P P i o Pt P o P8 Pt st ot ok F P SR g
g91962_morca
t 112
forsgren_uspaz 2 e e e e v s o T P L Py o B ot o S Pkt P g g Bog P o ol 8 P g PN 8 e
qudSS_mDrca T e o P P S s Pt Pt P A e e st o e nr s ot o e e o e et Pt 2 ot e
q84832_m0rca ! e ot ot s s s e s o s e e S o At g B g Y e o o o ot P e 0 A
q9xd53 mozrca I e e ot 8 e e e g A 1 P P A Pt e e v i

160 * 180 * 200
qﬁ 48sl morca : NEjsh!
¢ 203
g21361 _morca
: 195
gBrtb2 _morca H
qglgﬁammorca T v st o g . o v o At S P T O P Pk E U g ) o o B ot e Uk AR o g g
; -
054407 _morca i ~nwe~ e s sy AL 1 8 Bt i 0 -
. -
q9xd51___morca T s e e e e s e g s o B S D e g o e
qsaxpd_morca R -;-.,-.,»—-..-v-..-v-\.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~m~~~~~.\.
: -
qBgh86é_morca I et e e A o g e g
: -—
q919¢2_morca :
+ 163
forsgren_uspa2 : - B e - NPV e
q9xd55_morca P e e 8 P s o v e P R 0 et
: -
q84852_m0rca L P P P e TV W P B ki T Al S ot
qud&a_mcrca T M A T L R S U AR P S R A P A P D o g g ot i ot o o g o o B o v g g
1
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: 419 g9xd55 norca: : 419 848 s 2_norca: : 405
g9xd53_norca : 413 |1 OQNIE DIA NELQ DAY KQOTEA |
DALNNAS &EN TON | AKNQADI ANNI N

Wb ik Fels ODAYAKQQTEAI DALNKAS SENTQNI AKNOADI Aldidi2006/600931
| QNI DDLAATNEL QDA- NQOTEAI DAYAYHASSENTONI AKNQADI ANNI N
?QNI EDLAAYNEL QDAYM<QCY | Al DALNLIASCENTCQNI AKNOADI ANNI N |
) . " NLAATNELQ DAYANOQTDA | DALNNASS: 3N
TONI AKNQADI ANNI N | QNT EDLAAYNELODAYAROOT EAI DALNKAS
DEN T ON | AKNQADI ANNI N
T ED12hAYNELCIDA <)7¥

\JTA;;PDW[TT\ M(f‘ *w'}zir

NI I\
V”“ﬂIGuCXﬁNu?FCDNAT\RGG

EM}@EANNQA\DI Al RONERSGDR 43&5;& GGG:pN,L.AnGﬂ
2P| ZDLAAYNELQDAYAKQ}T EAI DALNKA 0 KNOAOJT 1T NNI
N "PIC* YNELVAYAK "OTZ4A T~ DALNRKASS “TON~1-A~ CAD NN | 4

T@i]g% Rhrcd  EL.Q.DAYAKQD. FAI..DALNKASSENTOQN. TANN QA
DEANNTN TON | EDIA. E 142DAYAKOQT EM DALNKASS ENTON
TAKREIADP AN | N-TON~ rEDtAAVNE"S@AYAND@'*EAi ~~~~~~~~~~~~~
DA.DKASSEN QN.LAKNQARLAL. N.... ¢ 4848s .| _norca : 717
991961 norca: : 729 618 rtb2 norca: : 519 91963
NBTSERE "EeH17: 054407 norca - 409-g9x a5t~ ef-ca~>~-507
qga%ﬁmmama reca....490.48ah86 rmr,gwaw;~;~§~8~8m§.1!~§3~
967 norca : 734 T

q91962 morca  : NN SN R KT N T TR ARG S

+ 214 B

forggren ugpal : ~~wrvscvemvasm s s St P 5 Pt Pk 8 s P 8 PP P P o e

qudSSwmQrca T T I P A e T A A S e R e e o o o 0 A Pt e e s s ot e e s

g¥$48s52 morca T I I I NN e o P P Pt TS 8 P8 P8 AR 1 P ot o A A P8 Pl A et et ot o
f

qudSSF‘morca T N P o St O 8t P 0 P Ikt g . P8 T 8 P o e e v g

g848sl morca : [EIEEICIOERCETE
1 300

91961 morca

1 292

aBrib2 _morca H
i 44
q91963_morea
48

054407 moreca

r 447
g92d51_mozca
44

F58xpé morca
P49

g8ghB6 morca

¢ 42
g91962_morca

+ 258

fersgren uspa2 ;

s

q9%d55_morca

v 36
484852 morca

: 42
q9xd53_morca !
: 42

g848sl_morca :
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forsgren_uspa2 : : 470 g9xd55 norca : 470
g848s2 norca : 456 q9xd53 norca: : 458 N
AQADDHSSDI KTLAKASAANTDRI AKKKADADASTETLTKNONTL NI T
3 TLAKVSAANTDRI AKNKADODASFETLI TNONTL pCT/SE2006/000931
NI TELAO DODQHSSD TLAKASAARSTIRI AKNKADADASFETL TKNQNTL
M YEI AQOQDQHSSDI KTLANASAANTDRI AKNHADADASFETLI T{ NONTL
9 | EKDK?NDXLI TANKTAI DANKASADTKF; ATACA: TVNGNAI TKNAKSI T
L ENDKEHDKLI TANKTAI DANKASADTKFAATADAI TKNGNAI TKNAKSI T
TEKBDK HDKLI TANKTAI C | XASADTKFAATADAI TKNGNA 11{ I\IAKSI T

| ERORERDRE | TANW "’?‘"

I LELel TANHd
| EKIBTEENDKLI T 1

) q“ﬁ‘ ‘J’PDSTk 3
\e' V=

t M@QER@KEI T:

I LI }w‘rmn A

Kba] f)‘i‘(LlT :
I@ig FeAgpA i Ak _ 3
L . 1@ Bk
: g m§i@63 MMMMM ‘i ““““““““““““ DP,_‘f?!m GYAL@TA

forsgren ._uspaZ :

-

q9xd5 5 morca
: 81
g848s2_morca
P93
q9%d53_morca

i B6

360 * -k
g848s1_morca ; 1R Gl e ‘ o g
: 396 — ) N
g91961_morca
¢ 390
g8rtbd morca
: 140 T
g319263_morca
: 146
054407_morca R ()T G Rl
: 145
q9xd51 moxca
+ 145
g58xpd morca
151
98gh86_morca
: 116
921962 _morca
3 326
forsgren uspa2
: 121
g9xd55 merca
: 121
g848s2_morca
r 134
q9%d53 morca
1127

q848s]1 morca
v 438

g%1961 moroa

v 432

SUBSTITUTE SHEET (RULE 26)



Gb64407norca: : 511 g9xd5l _norca : 609 g58xp4 norca:
585 q8gh86 norca : 603 91962 norca: : 029
forsgren_uspa2 32/33 g848sl _norca : 863
wWaP90dignaar ca : 875 g8rtb2 maned : 672 91963 neErUSE20GH00931
054407_norca :562 q9xd51 _nwsxra : 660 gq58xp4_norca : 636
cCgh86 norca : 654 q91962 norca : 880 forsgren uspa2
1616 gq9xd55 norca : 616 g848s2 norca : 602 g9ad53 norca
: 599 (848s1_ nDrca q91961 nDrca q8rtb2 nDtto q91963
nuﬂaa2@54¢07 2 ’ r><m.
q§% E_'_ (! gg q% szGION‘sInhL’lI" A \ﬁ’[‘.NLﬁh

EQSAYSIGTCCOLOLLY MY@E@MW

054407 .morcal

: 186

a9xd51 _morca

: 196

g58xp4 morca

: 201

g8gh86_morca

: 155

q915%62_morca

1 344

forsgren_uspaZ :

s 171

q9xd55_morca

: 171

g848s2_morca i
181 )

g9xd53_morca SRIBTDCEADTAK
167 '

q848sl_morca
: 488

g91961 morca
: 483
g8rtk2_morca

1 235

q%l863 _morca
1240

054407 _morca :
1 240

g9xd51 morca

: 240

q58xpd_morca  : KKGE-—-mw—N@L@DKEﬁGVES R@Gn———si!m)nu --—VEQ@NE%E

: 241
g8gh86 morce  ; CEER-EM---BREaRY ST,1110 /RN
: 188

991962 morca Kﬁﬁﬁ ~-—.WD

v 377
forsgren uspa2 : i - E
: 218

q9xdS5_morca -5
: 218
¢B48s2_moxca
;228
q9xd53_morca
: 214

-

qﬂQBSl_morcé H
+ bls
q91961_morca :
1 534
g8rth2 morca :
3 282
q919€3 _morca

AIDALNKASSENTONIAKIISNE

QNQ}’I?DIQEELET}.’NU [ DO AOROTE

ONOTDI O A T ¥ N Ei L O DOACKOIEET DALNERE SENTONIAKNSNE
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SCLEQPYSVGKENATAAL GGYGSKSAI | Al GAGYRVNENLAFKAGAAI NTSG
SCLf QFYSVGKFNAT; TLGGYGS<SA\ ( Al GAGYRVNPNLPF1GM 1t Sr
SA_EDEYSVGKENATAALGGYGSKs Av Al GAGNPNLAFKAGAAI KTSG

W o M BEMEKENATAAL GGYCSKSAVAI GAGYRVNENL AFKAGARCT/SE2006/600931
SG EFUYSVGKEI  TAAI GGYGSKSAMIAGYNFKLARKAGAAI NTSG
SALKQEYSVGKENATAAL GGYGSKSAVAI GAGYRVNENLAFKAGAAI KTSG

z87
054407 morca 1 - - — e
242
g9xd51_morca R . — — - ————
;242
g58xpd moreca
: o288~
gBghB6_morca
1 239
g91962 morca
T 428
forsgren uspal
: 269
q9xd55_morca
T 269
qB48s2_morca H
: 25¢
g9xd53_morca < [ R it L L S
240

KADIDNNINHIYELAQUODOHSSD)

* 580 * 600 *
LR RN P S R T T T KNV EEGLLELSCHL I DOKADLTHDT KAL BNV B LGLL D
: 558
g91961 morca
577
q8rtb2 morca :
1 325 ’
g91963_morca :
330
o534407_morea
285
q92d5]_morca
1 285
 g58xpi4_morca
+ 331
q8gh86_morca :
3 290
g91962 morca H
v 479
forsgren uspal :
299
q9xd55_morca :
: 299
g84852_morca :
: 288
g9xd53_morca @
: 274

TKTLKEN VEEGLLELSGHL TDOKADL TKD IKALESNVEEGLL D

LETLENNISECLLELSGHL I DORADL TEDT KALESHVEEGL LD

TKTLENNME BGLLELSSHLIDQRADLTK DI KALESNVEEGLLE

[RALEENVEEGLDELSGELE ')“;KADT.)TKDIKALESN_UEEGLL_D

TKTLEKNNVEEGLLELSGHLI DOKADLT XD IRINLE

ERKTLENNVEEGLLELSGHLIDQRADLTKDIKALE

620 * 640 * 660
484851l _morca : - - - i
t 576
g91961 morca et At —
: 588
gE€rtb2 merca I — e g
1 343
g91963 morca P m————— e
r 341
054407 morca : ——— —- -
: 303

(LSGRLLOOKALTAKNQAL

SUBSTITUTE SHEET (RULE 26)



SALFOPYSVG ENATAALGGYGSKS' VATGAGYEVNEKLAC KAGAAI NTSG

EGLEM SVGKENATGGYGSKSAVAI GAGERVNEVI AGAAI KI SG

3GLFUYSVGKENATAALGG GSKSAVAI GAGYRVNENLAKKAGAAI NTSG
wolerahERYGKENATAALGGE GSKSvi M GAGYNPNL AFKAGAAIAYISE2106/000931

9GLI R YSVGNEWATAGGYGSKSAVAGBAGYRVMPNLAFKAGAAI NaSG

5G1, 102YSVGKENATGE CSKSAVAI GAGYEFKLAFKAGAI El NTeG

GORASL MOXCa  § —rmmem e e LSGRLIDOKADIAHNCARN

303

q58xpd morca e LSGHL IDOKADIAKNQAD

: 349

Lo (e oiE AP R L N - T DAL KA S SENTON I — AN SH R LT SN

: 320

991962 _morca  : BRI CNKAS SIE TN

: 530

forsgren_uspal : ———————- - T e -—M

;301

q9%d55_MOTCA 1 mmm—mm— e cme e — -

T 301

q848s2_morca I e e — —NH

290

¢9xd33 morca BT T T T e e e e - —@
276

* 680 * 700 *

g848s1 morca
377

q%1961 morca

: 58S

qirth2 morca

1 366

q91563 morca

: 364

054407 _morca

: 304

g9xd51_morca H
354

qS8xpd_morca H

: 350

gBghB6_morca

: 363

Q81962 morca

: 581

forsgren_uspaZ :

1 326

g9%d55 morca H

326

g848s2_morca @ G L L LS L OO K 1 D g L 1
: 312
q9xd53_morca :
: 319
720 * 740 * 760
qB48s)_morca 7 mmm—mee————- SENOEINTONTARY NELODAYARQOTEAT DALNKASSEN
615

q9196]_morca
s 627
gq8rth2 morca
+ 417
g9%1863 morca
s 415
054407_morca
: 310
q9xdSl_moreca :
t 405
g58xp4_morca 1 e e

QOTEALDALNKASSENICNIEDLAAYHELODAYAKOQTEA DALNKASSEY

A,QNQ;“.&\'IQDI_.AAYNELQDAYAHQQTEAI DALNKASSEN
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SA TOPYSVGKENATAAI GE GSKSA5GAGYRVN2NLAFKAGAAI NI EG
: 877 889 686 :684 :576 :674 : 650 ;668 :894 :630 :630
1616 :613 NKKGSYNI GYNYEF NKKGSYN GVNYEE
Wi HKGEEYNE GVOYEF NKKGSYNI GVNYEF NKKGSYNI GVNYB& T/SE2006/000931
UKKGSYNI GVNYEE NKKGSYN GVBIYBF NKKGSYNI GVNYEF
NKKGSYNI GVNEEF NKKGSYNI GYNYEE NKKGSYNI GYEI yEF . .
OKKGSYN GVYNYEF NKKGSYKI GVYNYEK Fig. 21 %identity in
regions identified on Forsgren sequence 30-177
| agﬁﬁguﬂgmg:uandu 65418 302 458
74 83 I““
a91962 morca : i
632
forsgren_uspa? :
v 368
q9xd55_morca
: 368

G848s52 morca
: 354

q9xd53_morca : SERERE---—-—-

r 362

ﬂQWQﬂHTQDLQAYNEMQDﬁfﬁthTEAIBAuN{AbSEN

* 180 * 800 *
TQNIEDLAAYNELQDAYAKQQTEAIDA&NKASSENTQNIAKNQADI

ANNIN

q848s1_morca :
: 666
¢31961 morea :
1 678
- q8rtbh2_mozrca :
; 468
g3%1963_morca H

DIANNIN

TONIEDLAAYNELDDAYARQOTEAT DALNKASSENTONIAKNOR

[TONIEDLARYNELODAYAKQOOTEAL DAL NXAS SENTONTAKNOADIANNT N

CONIEDLARYNELODAYARQOTER

IDALMKASSENTONIAKNOADTANNIY

: 466

0544 07_morca : ——1 jDLAA”fNEI:QDAYAKQQTERI DALNKASSENTONTAKNQADIANNIN

: 358

g9xd5s 1 morca TONIEDLARYNELQDAYAKOQTEAI DALNKAS SENTONTAKNQADIANNIN
456

TONIEDLAAYNELODAYAROQTEAT DAL NKAS SENT(: \TIAI’\NCADIZIIH\TII\

q58xp4_morca :
1 439

gBgh86_morca TQNIEDLAAXNLLQUAYABQQTEAIDALNKASSENTQMIAKNQmDIANNIK
égiggz_morca TONTQDLAAYNELQDAYARCOTEATDALNKAS SENTORTAKNOAD TANMII
éogggran_uspaz ! TQNIFDLAAYHELQDA’A?QQHDAIDALNKAQSEGTQNIAKNQADIANNIE
ésiégs_morca IUNLEDLARYNELODAYAKOOTEATDALNKAS S ENTOR T ARNQADIANH IH
éa:é:znmorca IQNIEDLAAYNELQQAYAKQQTEAIDALNKASSENTQNIAKNQADIANNIN
§9§§§3_morca T ON LEDLAAYNELODAYARQOTEAL DALNKASSENTON T AKNGADT ANH TN
820 * 840 o 860

q848s1 morca 1 ﬁIYELAQQQDQHSSDIKTLAKASARBTDRIAKNKADADASFETLTKNQNTL
eszggl_morca : IDOHSSDIKT LAKASAANTDR IAKNKADADASFETLFRNONTL
qelzgz_morca N T T ELACOODOHS SDIRT LAKASABNTDR TAKNKADADAS FETLTRNONTL
qu;EBWmorca NI Y ELAQOQ0DOESS DIKT LA KESARANTDRIAKNKADADASFETLTKNONTS,
65§ig7mmorca JLYELACOODOHSSDIKTLAXASAANTDR IAKNKADADASFETLTKNONTL
&9§gglumorca : NIYELAQQQDQHSSDIKTLAKASAANTDRIAKNRRDQDASFETLTKVQ&TL
: 507

q58xp4_morca H
;490
g8gh86 morea
: 508

.
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ey

6 41 73 g8rtb2 _norca 9 22 67 991963 _norca 10 23 68

054407 _norca
g58xp4_nor ca
Vo9 1bGB1samr ca
g848s2_nvorca

q91962 morca
734

forsgren uspaZ
470

q9%d55_morca

: 470

q848s52_morca
456

99xd53_morca
458

g848s]l_morca
1 768

g91961 morca
r 780

qBrth2 morca
r 570

q91963 morca
: 568
054407_morca
: 480
q9xd5]_morca
: 558
g58xp4_morca
1 541
q8ghB6_morca
: 559

g81962 moreca
7 785
forsgren_uspaz
: 821

g9%d55 _mozca
i 521
g848s2_morca
+ 507

g9%xd53 morca
+ 504

q848sl_morca
g1z
q21961_morca
1 824
q8rtk2 morca
62l
g%1963_morca
1 619
054407_morca
: 511
q9xd51_morca
1 609
q58xpd morca
: 583
q8gh86_morca
: 603
q91962_morca
¢ B29
forsgren_uspa2

T

au

3

.

f2 EKUKEHDKLITANKTAL CANKASADTKFART

10 17 53 g9xd5l _norca 10 19 66
10 16 75 g8gh86_norca 18 43 69

9 36 64 g9xd55 norca 99 98 96PCT/SE2006/000931

35 31/33

EEAQQQDQHSSDIKTLAKASAANTDRIAKNKADADASFETLTKNQNTL

NIYELAQQQDKHRSDIKTLAKEEAANTDRIAKNKHDEDASFETLTKNQNTL

NIYELAQOQDQHSSDIKTLHKASAANTDRIAKNKADADASFETLTKNQNTL

NIYELAQQQDQHSSDIKTLAKASAANTDRIAKNHADADASFETLTKNQNTL

NIYELAQOODOHSSHIRTLAKASAANTNRL

* 880 % 900 * 2
IEKDKEHDKLITANKTAIDANKASADTKEAATALAT TRNGNATTKNAKSIT

IEKDKEHDHLITANHTAIDANKASADTKFARTAQAITKNGNAITKNAKSIT

p
3

I

KDKEHDKLITANKTAIEANKRSADTKFA&TADAITKNGNAITKNAKSIT

ADAITRNGNALTRNAKSIT

KNGRAITENAKSTI

IERCEEHEDELITANKTALDANKASADTKFARTADATY

IBKDKEHDKLITRNKTAIDRNKASADTKFARTADQITKNGNAITKNAKSIT

KIARTADATITENGHATITRNAKS IT|

IEKDKEHDKLITANKTAIDEHKASADT

IERDREHDKLI TANKTA L DANKSADTKFAATADATTRMGNA T TKNAKS T T

DANKASADTKFAATADAITKNGNAITKN

IERDEEHDRLITANKTAZ

IEKDKEHDKLITANKTHEDANKASADTKFAATADAETKNGNAITKNAKSIT

IEKDKEEDKLITANRTAIDANKASAEEKFAAEADAITKNGN

AITKNAKSIT

IEEDXEHD

RLITANKTAIDENKASADTKEAATADAL TRNGNAI TKNAKS 1T

ANKTAIDENKASADTKFAATﬁDAETKNGNAITKNAKSIT

20 * 240 * 260
DLGTRVDGEDGRVT gttt ALDTRVNAFDGRI TALDSKVENGMAAQRAT

ALDTRVNAFDGRITALDSKVENGMAAGAAT

DLGTKVDGFDGRVTALDTKVNALDTKVNAFDGRITALDSKUENGMAAQAEL

DLGTKVDGFDGRVTALDTKVNALDTKVNAFDGRITALDSKVENGMAAQAAL

DLGTKVDGFDGRVTALDTKVNALDTKVNAFDGRITALDSKVENGMAAQAAL

DLETKVDGFDGRYTAL.DTKYN

IO LGTRVDGFLRGRY TR, ; 1107117 TG R
DLGTRVDAFDIGR YT E—

DLGTRVDGFDERY

DLGTRVDGFDSR VT A 1, DT K VNA FDER I TAL DS KVENG

ALDTEVHAFDGRITALDEKVENGCHMAAQAAT

LTALDSKVENGMAAQARL

ALDTRVNAFDGRITALDSKVENGMAAQARL

DGRITALDSKVENGMAAQAAL

LLDTKVHAF

MAAQAAT
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54 74 g9xd53_norca 29 52 64

WO 2007/018463 . PCT/SE2006/006931
32/33
: 555 _
SEEL LTS (O S SR TG TV DG ISR Y Tt 2, 1,0 T KVISA FDGR L TAL DS KVENGMAROAAT!

: 565

gf48s2_morca : DLGTKVDGEDGRVT-——————&LDTBVNPFDGRLTALDSBVENGNAEQ&
: 551

g9%=d53 morca : DLGTKVDGEDGRVT—————~—%LDTKVNAFDGRI
: 548

TALDSKVENGMARAGAAT

* 980 * 1000 * 1020

Q84851 morca ' '
: 863
qg91%61 morca H
i 875
g8rtb2_morca :
: B72
q91963 morca 3
1 670
©54407_morca H

562
q9xd51 _morca
: 660
458xpd_morca H
i 636
gB8gh86 morca :
: 654
21962 morca
: 8890
forsgren uspa2 :
: 616
G9xd55 morca
: 616
q848s2_moreca :
! 602
g2xd53_morca
1 599

SGLIQPY SVSKFLATAPLGGYCSKSAVAIGAGYRVNPNLAFKAGAAINTSG

SGLFQPVS“’BFNATAﬂLCGYGSRSnVAICAuXRY&ENTQFBAGAAINTSG

TNATARLGCYGSKSAVAIGAGYRVNENLAFKAG

SGLFOPYSVEK AAINTSG

aCLFOPYSVGhFN&T ﬂLCuYG%R?;VHTuauzLVquLAcKpGQ&IthG

:CLTQExSVGLPNATNMLGGYGSFSthIGAGYRVNPN LATKAGAAINTSG

SGLFQPYSVGKFNATAALGGYGSKSAVAIGAGYRVNFNLAFKAGAAINTSG

SGLFQPYSVGKFNATAALGGfGSKSAVAIGAGYRVNPNLAFKAGEAINTSG

484851 morca 1T KGN GV YET SN
q91961_morca  : [NAScEFAMAAUNNAE : 559
qB8rtb2_morca Il KGS Y NTGVNYE F RS
g31963 morca KRGS YNIGVNYE MR T
054407 _morca NI KKGS YNIGVNYE F RN A7
g9xd51l_mourca I KRGS YHIGVNY EE R I
g58xpd_morca R KRGS YNIGYVNYE F ]
g8gh86_morca K XES YN IGVNYE T S
g91962 morca  ; [MmehRiMMelmVedn : 594
forsygren uspa? ; [(eeeRpeimeiinggdy : 530
g9xd55 morca N K A GS Y IGVNYE FRkL)
g848s2 morca N KR SS THIGVNYEF RS
48xd53_morca KRGS YRIGVNYE F ]
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q848s1_morca B8 ' 19 74
g91961_morca 5] 41 73
g8rth2’ morca 9 22 67
q91963 _morea 10 23 68
054407_morca 10 17 53
q9xd51_morca 10 19 66
q58xpd_morca 10 16 75
q8gh86_morca 18 43 69
q51962_morca 9 36 64
q9xd55 _morca 99 98 g6
q848s2 maoarca 35 b4 74
q9xd53 morca 29 52 64
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