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i nvention The present invention relates to a surface exposed protein,
which can be detected in Mraxella catarrhalis, having an am no acid .
sequence wg osieagsii bed in SEQ ID NO 5 1, an apparent nopensgeashiwei ght of 200
kDa and a capacity of selectively binding nenbrane bound or soluble |gD,
and to an inmunogenic or |IgDbinding fragment of said surface exposed
protein, and to an inmunogeni ¢ and adhesive frag- nment of said surface
exposed protein. 10 Background of the invention Mraxella catarrhalis is a
Gram negati ve di plococcus. that for a long tine was considered a
relatively harm ess comensal in the respiratory tract. At present, it is
the third riSEY SYREAAE BHPRIED (IMYIUNOSEOREIIN Rl RI¥6 BRETRINIS ni fi cant
agent in sinusitis and | ougsy NESHRINERLR! Yatd@Giar,igrf ections in adults with
pul monary di sease. M catarrha- TS 15 atso-ome of the nost common

i nhabitants of the pharynx of healthy children. Two decades ago,

Haenophi | uBiéhd | aenZae iandnMiosa- 20 tarrhalis were shown to display a
strong affinitymfor | £ and . surface-bound human_| (1). The IgDb
bi ndi ng seens fgk%émggggal%ﬁ%%géﬁp%aﬁﬁlﬁgFgft?ﬁ?é?%éhﬁqgnexﬁfg%ésurface-bound
| gD at t hePEeFitamiighelcanagbphdsivrrtedndn Movexeids aaterrhalsss ong

m togeni ¢ Bh{e6d SarPRANWIRRCRE LYARIRLY b8Sabycthndfiengagpans M

catarr |I§ (2-§%. An I%g-blqgln%ggpter menbrane protein fromH

i nfl uerrzae™ (Pr ARBEATEBF MALeFLtiatid 9RbdOt| PR dPH NS RoGRPRGBE an

i mport ant pAtdéegertiicviely baaddng (fmbddaseveind psOtilubDe dges axed bind to

t he maj ori | test ¢ ' S Su sted.t hat

encapsul at Ité% . :%H?irgfnu %?gga % g@ %ggjtd?}%‘g gg%%?%%gsoeé S%%gaﬁlélfjﬁl%enal | gD
receptor (®¥roseEhmspteindi asdderrvs tirauaggehds ahk asipesivaefbrane proteins
(OWPs) fromedt dbvei=se eakkgeti pnfedvpr-axeiha 8 Decenber 2005 WO 03/ 004651

PCT/ SECR/ 01299 2 isolates exhibit a high degree of simlarity (7), Inves-
tigatgr%g @Mﬂﬁﬁﬁeﬁ%&%r research efforts on

Moraxella catarrhalis is a Gram-negative diplococcus

that for a long time was considered a relatively harmless
commensal in the respiratory tract. At present, it is the
third most frequent cause of otitis media and also a sig-
15 nificant agent in sinusitis and lower respiratory tract
infections in adults with pulmonary disease. M. catarrha-
lis is also one of the most common inhabitants of the
pharynx of healthy children.
Two decades ago, Haemophilus influenzae and M. ca-
20 tarrhalis were shown to display a strong affinity for
both soluble and surface-bound human IgD (1). The IgD-
binding seems to be paralleled by a similax interactioﬁ
with surface-bound IgD at the cellular level, a phenome-
non that explains the strong mitogenic effects on human
25 lymphocytes by H. influenzae and M. catarrhalis (2-4). An
Igh-binding outer membrane protein from H. influenzae
{protein D) was igolated and cloned, and shown to be an
important pathogenicity factor (5). However, protein D
does not bind to the wajority of IgDh myelomas tested, and
30 it was suggested that encapsulated H. influenzae of se-
' ‘rotype b expresces an additional IgD receptor (8).
Early studies demonstrated that the outer membrane
proteins (OMPs) from a diverse collection of Moraxella




a selected group of proteins. Recent studies have denon- t he
hi gh- nol ecul ar - wei ght surface antigen, 5 terned UspA or ﬁ%‘%@g&@ '

actually conprised of two dif- ferent proteins. These proteins are naned
UspAl and UspA2 (8,9,10). The apparent nolecul ar masses of these OWSs are
greater thgusald; kDa as determ ned by SDS- PAGE anal ysi fer/sggediyed i on wi t h
formc acid yields bands of approximately 10 120 to 140 kDa, suggesti ng
that the UspA proteins forman oligoneric conplex conposed of several
nmononeric subunits (11). The predicted nmass of each protein, as deduced
from the cloned genes, is 88 kDa and 62 kDa for UspAl and UspA2,

respect i vel ¥solateass exhdbyhta thgh deardef Ereineldnityl87 heldedtced mass and

the mass deiEf‘éa{Edl%d HASEN r%:ﬂﬁoch%eéu@héﬁ: aré?!e%@cﬁt ééféﬁté%co”
structure (9). recent pat ent Rpublication, an ou S b rane protein
y

of M catar? h‘é?]iesc’c\ﬁdt Hrﬁuﬁn?%él}loéﬁlﬁﬁs sRﬁ?e%‘bp?Wd%ﬁ 2B kDa was
i sol ated (12)rathdeatncre am@ﬂmngeauzerpwei@nm sﬁrfap:ar axtiaée) y 200 kDa

as a1 o proude el orPbgh B 138 SIOND {9 PeRLITACGENLG. B no fur ther

bi o- | odica ctions fere pregen roteinis
associ at ed f#renthemegeiioei nEdssy pvoteanar aha-nanesd @E@Al@deTSS%%B is an 80

kDa Surfftce(@x?qs:qg moap%ﬁth%le%u@&%ﬁag@@@rﬁt hanki Gﬁﬁsc%re t
conservation n a i on s a cons rved protein
with nuner oeeatER ftg]é‘é‘ expode a@pﬂ?&ﬁé@“ﬁﬁ‘&%ﬁ%’g %?b‘f‘ ein de-
tected on aRmctqun efithefermicogous steadasbaride dma@@raﬁlﬁatelm bi ndi ng
(LbpA L rr O p a&g % n ve. nmol ecul ar
si zes g]wa q%%an %‘E%OSJS%&qh«%spé%?l éé? hxgﬁt(r%ag rgI%@

St aphy| ococelisgamardgs comp e ecdmposedn 05t swem%rrgowem ﬁsb%h%s as toxic

shock syndrpm 3THO¥ A1 dt dd SREsl b %haahﬁ@@@malaseabeﬁeé@xwmﬁ (SEA),
SEB and S aII of ‘which are- as%Dm at gd wi th f% p0| soni and toxic

shock syndr TRESS 9PRESe B FBoxPRs 2RGVEZ bERH EefbeP™ 005 WO
031004651 WIPAE02/Ep2881idelWermaniimatadught stiper diitd gafisef8Agy fwe to their
abilit t t h,f e d as
unprocglssegt%%oc% e@ﬁc;%df‘(r)ngl'gﬁ gtglslé gﬁg)é ngﬁ%g‘%@%&%ﬁ gﬁﬁg PI }gocl onal |y
activate T teldue é‘a@p@e%ﬁﬁgclmﬂ goddiesy coil structure (9).

In a recent patent publication, an outer membrane
protein of M. catarrhalis with a molecular mass of appro-
ximately 200 kDa was isolated (12). A sequence encoding a

20 protein of approximately 200 kDa was also provided. The
protein was shown to be immunogenic, but no further bio-
logical functions were presented. In addition, a 200 kDa
protein is associated with hemagglutinating M. catarrha-
lis (13,14). .

25 CopB iz an 80 kDa surface exposed wmajor OMP that
shows a wmoderate antigenic conservation. In addition, OMP
CD is a 46 kDa highly conserved protein with numerous
surface exposed epitopes and OMP E a 47 kDa protein de-
tected on a variety of heterologous strains. The lacto-

30 ferrin-binding (LbpaA and B) and transferrin-binding {TbpaA
and B) proteins have molecular siges of 99-111 and 74-105
kDa, respectively.

Certain strains of Staphylococcus aureus produce im-
munostimulatory exotoxins such as toxic shock syndrome

35 toxin-1 (TSST-1), staphylococcal enterotoxin A (SEA), SEB
and SEC, all of which are associated with food poisoning
and toxic shock syndrome (TSS). These exotoxins have been



5 TCR VR chains. In vivo exposure to excessive anounts of pe.oidpé&egbts in a
strong cytokine production and includes [L-2, TNF-a and IFN--y, which are
~associated with a toxic shock like syndrome. Since the discovery of the
first i munogl obulin- 10 binding bacterial protein, S. aureus protein A

(SpA) in waYohuedini S protein has been extensively char i The
ability of SpA4?o bind the Fc part of 1gGis well kno%{:’g@a@ pA al so

binds a fraction of Ig-nolecules of all classes due to the so called
“alternative' binding, 15 which represjents an interaction with the variable
region of certain heavy chains. Al I'gG binding capacity of S. aureus has

been consi dédeechnimmted ediapechriicopd. (Y EMeho theiexasienge of a second
gene in S. .aur ! 0- di n 1 g-bi ndi rotei n, _has sq_been reported.
20 Strept ocggc%%aﬁgéeﬁeglgﬁdg e%%?&%’@ %cﬁ@'@%’?%&ﬁusgj&%r rlﬁeher exanpl es
of |g-bi ndi A§ HREIEEesged Proyoiyends HpRodless I cbdiepulkebebwigicng to the M
fam ly of pagl&IiBoc1BAd1NdSastiRe af ELid Y P ' f 1gG Pro-
teins expre bsjog,oma s??aeil,nsl bind | gAmethsef agsf)spﬁﬁg%aggg%%%brgt h 1gG and
RCELE o i
| gA. Protei af orete BRraNtVgeRREWE tPya¥cer s usuetsi Afexpr essed by
certain stréigsresfulgsotip aBsistoeptegtoRthe dtdiRIdtY.onPanflBIRBudREr esses
protein L F A igh d specific affinity for 1g |ight  chains,
J*}igzlt'ght. cEalginug,I%%’t E’g%cé%yalfentagrsgg%étegowhﬁH"‘ F1E asses of

especially &
lg. 1gD is 8hefk dukei mmdseobul in that exists in both a soluble and a

. surface-bound f @imceBokd 4 n : > and are
ifce D6 Bredhye o8 Eﬁgeﬂréwl@g{aﬁéggﬁ?@%&pws CBOR)

splici products. All mature B "I ynphocytes ha :
consi s'?fbng %%nég*%ﬁﬁiigﬁje@%&mqngndmpws SFPGEELE PgtFeRdhpid ses appr o-
xi ntely 0.2596% ofthikeptotedn drpunkeenf esesmiiiedy Thargeterifamcti on of 1gD

seens to b i o] ce r 2005 03/ 004651
PCT/ SEQ2/ 1%%@4@1@9&%?”%%@%@3%% glﬁ%jgbfc 2tgpoa‘[])%p %ﬁ?%‘é B c&F 1 recruit ment

and accel er St aPRENFPY Fgrkimdgna Ametgiem iof fakmnlepulesiradugh | gD by

endocyt osi safoldiewedsbiud Nt angl lsul ar1dey-+ S1adahheRvands presgnt ati on on MHC

I(E||e?Z-S 115 f Ov‘rlhi-léhc%le%g%ésgng\@ ! a(t:rp jjnrt]:etrléltg: ic?rli ewiail:. ! Itﬁgt sgrggglg rrogg%%% cytokines.

of certain heavy chains. All IgG-binding capacity of S.
aureus has been considered to be mediated by SpA. How-
ever, the existence of a second gene in S. aureus enco-
ding an Ig-binding protein has also been reported.

20 Streptococcus pyogenes and Peptostreptococcus magnus
are other examples of Ig-binding bacteria. S§. pyogenes
produces protein H belonging to the M family of proteins,
and has strong affinity for the Fc region of IgG. Prén
teins expressed by some strains bind IgA instead of IgG

25 or both Igé and IghA. Protein Bac or the B-antigen is an
IgA-binding protein expressed by certain strains of group
B streptococci. Finally, P. magnus expresses protein L
that shows high and specific affinity for Ig light
chains, especially k light chains, and thereby interacts

30 with all classes of Ig. |

IgDh is a unique immunoglobulin that exists in both a
soluble and a surface-bound form. Both forms are encoded
by the same gene and are splicing products. All mature B
lymphocytes have B cell receptors (BCR) consisting of

35 membrane-bound IgD and IgM. Soluble IgD comprises appro-

' ximtely 0.25 % of the total amount of serum-Ig. The main

function of IgD seems to be as an antigen-receptor on the



by, T cell help is obt ai ned i ncl udi ng numerous cytokinesg [fé”ceﬂlber2005

interl eukin-4) and co-stinulatory nol ecul es such as CD28. Despit

macr ophages, dendritic cells, and B cells 10 all can present antl gens to T
| ynphocytes, the B cells are 100-fold nore efficient due to the inportance
of the apbiO&isspr esenting rmmunoglobulin on the surfage, )ﬁﬁ Aytractive
strategy in order to potentiate i munization is to d|rec§ y target an
antigen to the B cell receptor. 15 It was early shown that the nouse

ant i body-response agai nst bovine ser%m al bum n (BSA) conjugated to
anti-1gD nonocl onal antibodi es was O-fold stronger conpared to BSA

adm ni stra® el sinofHceany aﬂ&ébotdy optmq:iaeaBe:béll itecthesueaén denonst rat ed

that a m)u%%d §| a{at%rge? (J:lh? gtq_lﬁ%r }led %e‘tfhfs Gehapp region of

anti-lgDa e surface- gD results in an up to
1000- f ol d WQUthI@?ém eaﬁppgéﬂswefs@ﬁ{oa@ oR Yohnﬂ\meléw&sasr Pe9r15) .

tTﬁl er aRC;%hlx%;aae‘ibﬂna&&{phx%teﬁﬁat@aﬁdozew lclt.ra_?_batlt?/foﬁﬁ Rye1B el : OIacltl vat) ion
roug e w thout a na ce woul d al so be
possi bl & t(‘f’h"ggeé’f‘ %ﬁ%,%ﬁg%}’@@%&e@‘%ymﬁ&ﬁ&?ﬁgt%‘ 18?&] LI%er gy and thus
i nhi bit théypr @duell delaf iamubbtaitédotididing faperous dFymkimesni ce

adm ni st er o (x4 a0 6R1U03) ofln AL} - 00A0cB0Y il e & pi 28, del ayed

devel opnent” 'of’ aut ol nmuni t n yet anot y It was shown that B cell
activati on®P¢Ba | gD decreases a T hel per 2-induced 1gE response sug-

gesting a therapyspoie drla@r&ﬁﬁﬁgé@, tdendgkipr eduts) cind B aAverely allergic

Thi 1 odfon@id’ 9 B GuTng "ARererco 1 b WRBTRCEERD  Bbal 6,
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activation has~been reporteéd outcorre is Een i ng on the experinental
model used aWﬁﬁthfoWCéﬁs?F@%]f tq ﬂ&?lt@&tﬁ@ S at PB4 5E% i ng | gD- -
bi ndi ng segrerbsdiréctBy pRSSERl ent ant Bjdrotd kaer Bspehseredeptior.T cell is a

oy 18P ko (R e ' BB Hol S5 RARE 08 MEEabdnd 000N 269
against bovine serum albumin (BSA) conjugated to anti-IgD
monoclonal antibodies was 100-fold stronger compared to
BSA administration without any antibody. In paralell, it
has been demonstrated that a mouse myeloma antigen incor-

20 porated into the constant region of anti-IgD-antibodies
targeted to the surface-bound IgD results in an up to
1000~fold more efficient antigen presentation on MHC
class II (15).

Tolerance induction can be achieved experimentally

25 by B cell activation through the IgD BCR without any
additional T cell help. It would also be possible to
treat autoimmune diseases by inducing B cell anergy and
thus inhibit the production of auto-antibodies. In fact,
SLE-prone mice administered dextran-conjugated anti-IgD

30 antibodies exhibit a delayed development of autoimmunity.
In yet another study it was shown that B cell activation
via IgD decreases a T helper 2-induced IgE response sug-
gesting a therapy for diminishing the IgE production in
severely allergic individuals by displacing the antibody

35 response from a Th2- to a Thl-response. By targeting
antigens to the B cell receptor IgD, stimulation, tole-
‘rance, and a switch from IgE-production can be achieved.



gens. However, the inportant T cells display comonl y d%ﬂﬁ&%ﬁ%@rﬁ@dﬂ vity
in the cancer patient due to a general immunosuppression. A triggering of
T hel per cells would 10 therefore be very beneficial. Vaccination agai nst
tumours using antigen presenting cells (APC) has recently been

acknow edgeds/okesx. | nmuni zati on prot ocol s with APC pul pegse@pidé VO W th
tunor antigens (peptides) have been shown to induce effective WMHC cl ass |
presentation for cytotoxic T 15 cells. It has al so been denonstrated that
EBV-transformed B cells are able to present nelanoma antigens for tunour-

infiltrating | ynphocytes (TIL). In experinmental nodels, it has also been
shown that Tupeditéen| soekuHsedt eatiationviiescbess TePericdB7 Thar f ace

ol ecul es, dugeeRbois a%n@rrﬁ_} 24 aia@t@wkaéktm%talcabhél wsud dwlena feasible
approach f%r’f turm r _vacci natiqn teresti,

Bl6el an bearing mce
CPat “vere AHAEEEREWPTRRENES SGhPELE TS HRDARCLg b {1 om  he
cor r esponditigdéefl ségmm\ﬁed ia pposaiblgdnd maowatheiueeap@naa i ncrease in

| FN-y pgoduci nng[ﬁ2,§ Gel1 Sy 1ot s‘ﬂ%ﬁlﬂé&@ %fgt_[r %eéhé%}{ it he induced T

hel per cells evoked a stronger t ot oxI c ‘response agai nst the solid
tunours. Slth‘E'é’unyEPﬁP@n%%tﬁlg@@ tl’ér geteriaes dlt}moluﬁdﬁE@%lfa‘-cr 3@ response,
the suggesieasaproNeesr USiig inpgPrhhadr rtgalbﬁﬁtcﬁl’spdlaypé&h{ﬁjrﬂﬁy conj ugated to

speci fic 3Q, tunour ant be_f easi bl e et_an_antigen (e.g.
oot de. deroveqerrantat MGy dik the Sttt Sonlnalid) o el ng B

cells in omoeupprg@‘exorbotﬂh thrdgoenlnamkt cklhelper cebimerauddpon- ses a
| gD- bi R NG LHRLRESLE BE @eﬁh‘ﬂeh%?hl:@& bi R NG RERR3agh A& IRMl R a very

feasi bl e vector. Several exanples of__ successful st rat eﬂ\‘/ es Wth a simlar
angl e of apfSrBEcRPLEAPRPTeRRIABFOFRILT iR MespsRsERFHY Hee® agai nst
bovi ne 8 Deekibel=aH63 Vﬁ}OB/lQﬁﬂﬁﬁiaPIB’ni iﬁﬂﬂf&:&%wﬁthszwmrplﬂlsbdm n (BSA)

conj ugat ed EQOVE:BL.@EI -lghD nltl)@oorclaonal engn Bd S, 100 Lgrlld strorg er conpared
to when BSA™ adim fi st ered nl e%en u i'cation b unde et al.

(15) descrllméslcﬁh'aff@\h@\f% l‘ﬁii‘elcéﬁrﬁSdérPK&ﬂﬁr{F@mlP@efps %Yﬁcm%fgﬂa’éfed in the

const ant regheB . ofranid -4 kakn Ladn=tRiHsy apdei Bhoctothdhaefl ce, a
1, 000-fold m)r eff|C|e antl resentation i,s achieved agai nst the

antigen in® Fl ke (A FST‘\E)erFelatl}%“q GR5EHEPAGE ST dGWORE of S.
inflltratlng 1ymphocytes (TIL}. In experimental models,

it has also been shown that tumour cellsg transfected with
MHC class II and B7 surface molecules, receptors that are

20 aboundant on B cells, would be a feasible approach for
tumour vaccination. Interestingly, Bié melanowma bearing
mice that were injected with B cells pulsed with a tumour
lysate from the correspoﬁding cell line showed a prolon-
ged survival due to an increase in IFN-y producing T

25 cells. It was also demomnstrated that the induced T helperxr
cells evoked a stronger cytotoxic response against the
solid tumours. Since myeloma antigen targeted to IgD
induces a T cell response, the suggested approach using
IgD-binding bacterial proteins conjugated to specific

30 tumour antigeuns would be feasible.

To target an antigen (e.g. peptide derived from a
microbe or a specific tumour) to IgD-bearing B cells in
order to trigger both humoral and cellular immune respon-
ses a Igh-binding protein or a shorter IgD-binding pep-

35 tide would be a very feasible vector. Several examples of
successful strategies with a similar angle of approach
exist. The humoral immune response in mice against bovine



aureus protein A fused wth cholera toxin significantly A bot h
system ¢ and nmucosal imune responses 10- to 100-fold aggﬁﬁigﬁkﬁﬁﬁﬁﬁzlera
toxin (16). Finally, in a nouse tunmour nodel consisting of the
experinmentally well - defined B16 nel anoma, activated B | ynphocytes that are
pul sed exvyoymaesht h peptides derived fromthe tunmour LidmeseRecan evoke a
stronger anti-tunour response in vivo and consequently a prol onged
survival (17). Summary of the invention In one aspect the present invention
relates to a surface exposed proteing which can be detected in Mra- 20
xella catarrhalis, having an am no acid sequence as described in SEQ I D NO
1, an appaIQQRUMﬂﬁﬂbémLar B@#Algnonghigaped wbendid IgDcupaeilianadf sel ectivel y

bi ndi ng nerduanRaiBeUNE 960511 e rha&er UonidakbywREs Uidd Ag or artifi-
cially rmdlf ed ., varia ts t hereof, or_an |£1erFunqgen c or 25 IgD bi ndi ng

fragment of2FHH=5EPEEd; Al v A FaREEt 1R B g addhesi ve
fragnment of (8i cdlesarihee exposdn pr myelma—ldemeﬂhgepaﬂﬂects t he present

i nventi taeﬁﬁé %ngm c ngli.n r ~a surface
ex- 30 %gseﬁlp ot af;%ntd}k |ne%Q%gl8v£8§V\(llﬁ Iﬁf‘bl‘ar(E s {3 %‘%Elml?er gare_t ected in
Nor axel | a CoR% e ﬁl&ril énjﬁfawfilgﬂﬁiocﬁ}éﬁévt@f 30:f0005'él ét mose e B indien§ nenbrane
bound or sc&ﬂtmg%nl 99es@ﬁtaﬁ‘ﬁ5rw1%| b¥hoeted rdRd it 8hki Shciqdd igrodi fi ed

t th t_t t | at
hn | mmnogcAIStaRn dBBbi it R GhenE TSt Bad B PR 2005 Vo
03/ 004651 ROH/<SEQRLO01298 X fladmﬂ/@,ltha&zhmgem\ tammo.sagnﬂfmte'lme as _
descri hed 'fhé%QsebDné&lesé ghh &u&gahhemﬁgeeg& é}?se%fs%T e | nventi on

re- lates to an I nmunogeni c an eslive Tragnen sur exposed

protein as fd%f%oﬁeéf%ﬁo%alw dreer chgheR? ‘%caﬁn Ha6det Bereklyn ibraxel | a
catarrhal i smo&@vtagoarc;am tdbnsggtbhgd@ﬂg;k@ )@;@@Qwé@gamp w1t hel i al

cells. In s %g ect th rg] nv nt| nr tes to an
i munogeni cé (f]r% E%dﬁ f‘?rf %ég g%‘? gS@e%‘%a\ﬁrﬁg an am no
aci d sequery sgsl 6§SU1V©edHﬁnp@§@ndes derived from the tumour
15 tissue can evoke a stronger anti-tumour response in vivo

and consequently a prolonged survival (17).

Summary of the invention

In one aspect the present invention relates to a
surface exposed protein, which can be detected in Mora-
20 xella catarrhalis, having an amino acid sequence as
described in SEQ ID NO 1, an apparent molecular weight of
200 kDa and a capacity of selectively binding membrane
bound or soluble IgD, or naturally occurring or artifi-
cially modified variants thereof, or an immunogenic or
25 IgD-binding fragment of said protein or variants, or an
immunogenic and adhesive fragment of said surface exposed
protein. 7 '
In another aspect the present invention relates to
an immunogenic or IgD-binding fragment of a surface ex-
30 posed protein as defined above, which fragment can be
detected in Moraxella catarrhalis, having a capacity of
selectively binding membrane bound or soluble Igb, or
naturally occurring or artificially modified variants
thereof.
35 In a further aspect the present invention relates
to an immunogenic or IgD-binding fragment as described



ID NO 8. In one aspect the present invention relates to g fhNAyLeeIHENt
conprising a DNA sequence, as shown in SEQ ID NO 2, which DNA sequence
codes for a surface exposed protein 15 of Moraxella catarrhalis as defined
above, or naturally occurring or artificially nodified variants of said
DNA seque0oso04s51 yet anot her aspect the present invenptpgeh@ieées to a
DNA segnment conprising a DNA sequence which codes 20 for an imunogenic or
| gD-bi nding fragnent as defined above. In a further aspect the present
invention relates to a DNA segnent as; defined above, conprising a DNA
sequen- ce, as shown in SEQ ID NO 11, which DNA sequence codes 25 for an

i munogeni caBpve ghasingi ag dmimprernicsedubinnedas alsogeibed $ri$¥Qa furt her
aspect the ppheg@eniginvention re- lates to a DNA segnment conprising a DNA

sequence, which COdeﬁ for __an im*runs(;%eni c. and adhesive fragment of a sur-
30 face exposed Pt dieitt asTuetisie @S5G e ERE PLRETTe ATESBELPR tHfR present
i nvention rékbeestd am imilogegieindadabeyes Oeigienti o§ a BMA- sequence, as

shown in S D Lch. e S r.ang.l -_nic and
adhesi veg]f r E%%n‘?%%e%ﬁ%%?ﬁ% na%? %’r t“Lh%F hag 5%@@{2%8@%} esent
i nventi on rBFafeketled dnyHeraxel bmadisairhglas s hdview expapadify ot ei n of

Mor a- Xe||afC]aiﬁdirh'ga|eir§rth§6é:;§dté)sE QR RpiankNgaAaMdNo acid 8 Decenmber 2005
WO 03/ 004651 PCT/ SEQ2/.01299 8 sequence.as sho i,n SEQ.ID 1, an
apparent nol ecul 9t e gREOHCBRF SHH Bred e ity °8fF -8Bl £et3 vel y bi ndi ng
menbr ane botiad teo molimbluecyghlc cindatdeatilby Hcagmanitngsodefanddficial ly

modi {1 egh vagbapls 1olyi3al dnPLALEL hoi®f AQulah oL Gn LDl nding
fragment of said proterrn or  Vvariants, an i mmunogeni ¢ and adhesi ve
fragment of 18af® &surface exposed protein. In another aspect the present
invention rel at esn tdheA asPaEE| e ki AgveRt i JAHRAGEBECt 8l a I8 bi ndi ng

f ragnent 1Q og;le scurrr}c ace, expo protein of I\/brhaxel l.a ggéa%t}\%l s, which
has a capacity of sel&@ctrve?y? IFTETEDr o Shown 1D

2, which DNA sequence codes for a surface exposed proktein
15 of Moraxella catarrhalis as defined above, or naturally |
occurring or arﬁificially modified variants of said DNA
sequence.
In yet another aspect the present invention relates
to a DNA segment comprising a DNA sequence which codes
- 20  for an immunogenic or IgD-binding fragment as defined
above, ’
In a further aspect the present invention relates to
a DNA segment as defined.above, comprising a DNA sequen-
ce, as shown in SEQ ID NO 11, which DNA sequence codes
25 for an immunogenic or IgD-binding fragment as defined
above.
In still a further aspect the present invention re-
" lates to a DNA segment comprising a DNA sequence, which
codes for an immunogenic and adhesive fragment of a sur-
30 face exposed protein as defined above.
In another aspect the present invention relates to a
DNA segment as above, comprising a DNA seguence, as shown |
_in SEQ ID NO 9, which DNA sequence codes for an immunoge-
nic and adhesive fragment as defined above.
35 In a further aspect the present invention relates to
a vaccine containing a surface exposed protein of Mora-
x¥ella catarrhalis, said protein having an aminoc acid




bound or soluble 1gD, or naturally occurring or artifi- giplLy, 008, fsl ed
variants of said fragnent, preferably a vaccine containing an I nmnogenic
or 1 gD binding fragnment 15 having an anmino aci d sequence as described in
SEQ ID NO 10. In still another aspect the present invention rela- tes to a
vacci ne g an i mmunogeni ¢ and adhesi ve fragne rface
exposed %?@E’%‘?Oﬁdsgf Moraxel la ca- 20. tarrhalis as defi éﬂgé%@{/%y preferably
a vaccine contai- ning an i nmmunogeni ¢ and adhesi ve fragnment having an am no
acid sequence as described in SEQ ID JO 8. In one preferred enbodi ment said
vacci nes are com bined with another vaccine and in another preferred enbo-
25 di ment s@qﬁamchaeshmﬁ TorgEoned Mbth, am iappamregeninclgoulidon of anot her
nol ecul e. p en t I smd or
phage corrprl s%ﬂﬁ %%DEIQBS%B%e‘%:%% V\%Péﬁyagcéﬁ% %r"%%%’?& Okéjgned%?gosed protein
of Mor axel I%f@afta@ier hanpd, OBOS@aihiepifﬁpelw Feluwrgldl eafwerikg Psequence as
shown in %ﬁ@ﬂﬂ?cm@lir ﬁBdﬁPﬁﬁi %&-:Laﬁtg%& as'al\e@lp&mte% 2800 &Da and a

capaci ty. of, sel ectiye rane baun o— [ubl e | D or
natural 1% cdEHAA9RGL6r ﬁrW]?ll?:’i%éfE A aﬁF@t‘FJrfér or an
i Munogeni cvaxriamglis, bbndangluuﬁmd‘geagaeandoafdimldreprfmhgmanbrof/&razaht s. In

anot her aspgg%gttge t. ] tion relates to a plasmd or phage
conprising a sg%gg%gg pi\ﬁ;}é’%% ‘codes 8 Decenber 2005 WO 03/ 004551

PCT/ SE02/ 01299 dn ﬂ@@tbeﬁn%?ﬁﬁ]?n@&@np@e%?nq dOvsdPRgre e &f a surface
exposed pr Oi}aﬁidlneV\/@bﬁBaiﬁﬁﬂ@B&H igeinbgeAlEt gt adiU-hiMaiag Kedduerkatarrhalis
and has & c aC| fof sel ectlcg%ﬁ/ bi.n- din % ane bou.a or sol ubl e 1gDb,
or nat utal BOR| REPRFCAATF L AP ‘%f?df &d SFEPF AT YD sai d
fragnment, vpitzeﬂzemabl % aaphasiy cbfosephagevwﬁursilmg akemh@azs@quence, whi ch
codes for oN8¥ Bg: A .am no acid
sequence a?x%&scrl bgg@%&%ggq %ﬁh?gk&%&} Stil I anot her_aspect the
present i nv@flilohmeeigiedesaxirnis plashid ’?ﬁaﬁﬁﬁﬁe EsRpETAPHY & DNA
sequence, WwWidiheC@d88alAingnan MHHNQSGEHTC atd RAheSnvenr aga@ntof. a

15 Thaving an amino acid sequence as described in SEQ ID NO

10.

In still another aspect the present invention rela-
tes to a vaccine containing an immunogenic and adhesive
fragment of a surface exposed protein of Moraxella ca-

20 tarrhalis as defined above, preferably a vaccine contai-
ning an immunogenic and adhesive fragment having an amino
acid sequence as described in SEQ ID NO 8.

In one preferred embodiment said vaccines are com-
bined with another vaccine and in another preferred embo-

25 diment said vaccines are combined with an immunogenic
portion of another molecule.

In one aspect the present invention relates to a
plasmid or phage comprising a DNA sequence, which codes
for a surface exposed protein of Moraxella catarrhalis,

30 said protein having an amino acid sequence as shown in
SEQ ID NO 1, an apparent molecular weight of 200 kDa and
a capacity of selectively binding membrane bound or so-
luble IgD, or naturally occurring or artificially modi-
fied variants thereof, or an immunogenic or IgD-binding

35 fragment of said protein or variants.

| In another aspect the present invention relates to a

plasmid or phage comprising a DNA sequence, which codes




surface exposed protein as defined above, which fragnent E ected
in Mraxella catarrhalis and has a capa 15 city of se é?FW ?fﬂﬁlndlng
erythrocytes and epithelial cells or naturally occurring or artificially
nodified variants of .said fragnent, preferably a plasm d or phage

conpri si ngyozhibsisequence, which codes for a an i MuNopc-gRRLGARD adhesive
fragnment having an am no acid sequence 20 as described in SEQID NOB. In
yet another aspect the present invention relates to a non hunan host
conprising at |east one plasmd or age as defined above, and capabl e of
producing said protein or variants, or said i munogenic or 19D bindi ng 25

fragnent of foai d fu civeiumogenyar bArtdn-bahdsnd IFH{AMeR0eE 6 sapthadhesi ve
fragment of .sgi,d s.cho- sen anong bacteria, yeast and
plants. In gng ?Tcgotg‘loeeeqp V\?hg%hﬁfaqmenﬁ C2R12¢ d9teciRg 28p¥ekat he present
i nvention r&ralascatarnrbedis3and om marepBNE YOO adleatdnpiysbig- a DNA

sequence coding mélraheousAaCo P WONBADIGH S| g acdiiiagchla,eat arrhal .
an

said protein,having an aci d_sequence,as shown i n

appar entgrm &89 %JFg‘Wg:l §W18?1§W%egnﬁar¥%%ﬁ Spigh fxagwentvel y bi ndi ng
menbr ane bopneferaksly 35 pllabhibd | @b, plaigenabmd il 4 ndp GC WA BEq@Enas tificially
nodi - fied ygié ry Decenber 2005
VO 03/ 00465 ch}/rﬁ 8033(55%1 3550 é % ’%ﬁimnl er%g b&f’%éé‘ﬁd%?%'?eé%

vari ants, FEHDR a§’é&8eﬁ€éd|%eqll@s?€é 88 dewtidredgdme SEQNIRANGL her aspect

t he presentildonvention rel at es to a reconbinant DNA nol ecul e conprising a

DNA seqyence codl! n ? for i Mmuno nhc or | gD-hinding fragment of a
surface exposed pr h, 2 EFFfarSzE’& the Arastfedavestion - xella

catarrhal i standthas péaeapécorypkwgsebaptiscaig/ DipNA eefgen®aPrane bound or
sol ubl e | gDgh OFR NAGeRAlELY o tifici.al nodi fied variants

t hereof, which 10S se u%c%&?ugf&fg% Ig&agln Slvegeﬁggm%?%f% dbly a
reconbi - naﬁ‘t‘rm@ FEPEERT P B ﬁsnéeélw awyeenv8icbdinggrieort an

i m‘runogem ccan HegBebiondeagif nagnBel 1 havhfgah 13 Baqaakhd aS&gience as
describag 10:5FQe Bt fred ! Silding® DS o RS L Sp LS, | NVention

cells or naturally occurring or artificially modified

variants of said fragment, preferably a plasmid or phage

comprising a DNA sequence, which codes for a an immuno-

genic and adhesive fragment having an amino acid sequence
20 as described in SEQ ID NO 8.

In yet another aspect the present invention relates
to a non human host comprising at least one plasmid or
phage as defined above, and capable of producing said
protein or wvariants, or said immunogenic or IgD-binding

25 fragment of said protein or variants, or said immunogenic
and adhesive fragment of said protein, which host is cho-
sen among bacteria, yeast and plants. In one embodiment
the host is B. coli.

In one aspect the present invention relates to a re-

30 combinant DNA molecule comprising a DNA gequence coding
for a surface exposed protein of Moraxella catarrhalis,
said protein having an amino acid sequence as shown in
SEQ ID NO 1, an apparent molecular weight of 200 kDa and
a capacity of selectively binding membrane bound or so-

35 luble IgD, or naturally occurring or artificially modi-
fied variants thereof, or for an immunogenic ox Igh-



15 tes to a reconbi nant DNA nol ecul e conprising a DNA Segéﬂggnﬁgrﬁﬂglng for
an i nmunogeni ¢ and adhesi ve fragnent of a surface exposed proteéin as
above, which fragnment can be detected in Moraxella catarrhalis and has a
capacity of selectively binding erythrocytes and epithelial cells, or 20
naturally ring or artificially nodified variants I ragnent,
whi ch DNAWQ@%Hgﬁ%e is fused to another gene, preferab?&ngﬂ?@g%%binant DNA
nol ecul e conprising a DNA sequence coding for an i mmunogeni ¢ and adhesive
fragnent having an am no acid sequence as described in 25 SEQID NO 8. In
yet anot her aspect the present invent#®n relates to a pl asm d or phage

conpri sing ﬁﬂl@iﬁ#%g‘?ﬂ@ﬁtséﬂ%‘?ﬁ rasedRl | H0, AR s, | fndch Unther aspect
the present inventionrelates to 0 a non-hunman host conprising at |east

one pl asmi dSFUFHRes {458ef it eZ*Qfrch host is chosen anopng
bacteria, yeastimnthoihantsspdet ahe prbedntehivditddrostlasedE.tae@!|. I n one
aspect the [ 1RV i t 2. fusi L.h.O pepti de,
in which a g%? aCéﬁgﬁbg@%dBQE%S%%5E§T%Q6?1R%r%Q@P}%E ?gg?ﬁgtgg%ysaid
protei n havfay am iramnegenst dos dpbeéadisgshvagment SEQR| PIRKRAE an appar ent
nol ecul ar ek 8bse PfprQ@ jkDayRh & aanaett ¥aff vsedaddreal yndudlecenber 2005
WD 03/ 004651 CT/§E02/O 299 1 bi ndi n negbra eegggpd or soJuble 1gD, or
natural ly St riHGoraiei F7EiNas ¢ ﬁ&gf"?il | ‘\"’fgrq §l?ﬁi¥§%3fl}' or an

i mrunogeni cdbng |gikdvane bgufid agmesil ubil esdigl, pootreitured lyveccamt s, i S

ol e i £ ok NEI AL S Hodifi9 S G20l a2 IREQRE, NGl cPMlD! ecul o s
defined above.”In anofher aspect the present 1nvention relates to a fusion
protei ntbr POEYPRER iide fuprdwke AndRernIgR8geRTeforablygp reremhy fragment

. of a surf acga@X poee Gdleetiel Neodiht iE ngf GAGNBNSeG@dhde daingt Bsk iah Moraxel | a

catarrhalis, which 10 has_a capacity of selectively binding menbrane bound
or sol ubl el PEBCHTFalar 5&3@%&%@@9@?“ PR & 9B 2% ed vari ant s
t her eof , i sseguisioredsnidekcabioedem FE® @DnNObY0t he use of a reconbi nant DNA
nol ecul e as def iﬂ‘?%ti%ﬁo‘c’aﬁotﬂér 'a!%lp%it! kh8NBELSLASRRELL L B8 ﬁ]gﬁnt _
invention rela- tes to a fusion otein or  polypeptide_In ich an im
15 tes to a recombinant DNA molecule compfising a DNA se-
quence coding for an immunogenic and adhesive fragment of
a surface exposed protein as above, which fragment can be
detected in Moraxella catarrhalis and has a capacity of
selectively binding erythrocytes and epithelial cells, or
20 naturally occurring or artificially modified variants of
said fragment, which DNA sequence is fused to another
gene, preferably a recombinant DNA molecule comprising a
DNA sequence coding for an immunogenic and adhesive
fragment having an amino acid sequence as described in
25 SEQ ID NO 8.
In yet another aspect the present invention relates
to a plasmid or phage comprising said fused DNA sequence
as defined above.
In a further aspect the present invention relates to
30 a non-human host comprising at least one plasmid or phage
as defined above, which host is chosen among bacteria,
yeast and plantg. In one embodiment the host is BE. coli.
In one aspect the present invention relates to a
fusion protein or polypeptide, in which a surface exposed
35 protein of Moraxella catarrhalis, said protein having an
‘ amino acid sequence as shown in SEQ ID NO 1, an apparent
- molecular weight of 200 kDa and a capacity of selectively



munogeni ¢ and adhesive fragment of a surface exposed prQE% s f|ned
above, which fragnent can be detected in Mraxella catarrhalis an has a
capacity of selective 20 |y binding erythrocytes and epithelial cells, or

- natural- |y occurring or artificially nodified variants of said fragnent,

i s conbi Rpg oxdoligsanot her protein by the use of a recogpiRpplyfeNA nol ecul e
as defined in above. In yet another aspect the present invention relates

25 to a fusion product, in which a surface exposed protein of Mraxella
catarrhalis, said protein having an j no acid sequence as shown in SEQ ID
NO 1, an apparent nole- cular weight of 200 kDa and a capacity of

sel ecti vel yindiingi ngmbeahs dsuriid ordsolulsbe ubi®, I@gDnagnrablyral Iy oc 30

curring Orcﬁkh&% Bbaggyapggﬁféléilﬁﬁkbﬁgkfe%fv§¥ﬁq:tPr%heggéfiéQ%sanls

i munogeni ¢ or brndin n-or-var
coval ent |y as¥ 1Wuaﬁgemﬁe¢r n@w@lndenedfmeeew oftfemldcarcbtﬁwrcat e or

matrix. In @ﬂlﬁhﬁ:@er 1§S@8ﬁl§1ﬂé'¢? wB'i:ﬁSQﬂéthéW %diﬁiﬂ eyates 4R o0 a fusion
fragment of a surface

pr oduct |n whi ch eni.c o
exposed “pr ¢t &SF° P@ﬂ £ %%ﬁgﬂﬁc if gﬁe aﬂﬁe% PIYF -Mor axel | a catarrhalis
and has a capacEhyaﬂoﬁheenhﬁkxﬁﬂﬁﬁeVﬁk@@éﬂ@465&uﬁﬁIMSEQBéﬂ$Q9&)kQ of

sel ectivel ¥ o) occurring
or art|f|C|§$;Qﬂhggogggg ﬁfgﬁggg ?aesa# qb%gg%e QHFgHC va en y or by
any ot her nEBh®ipging fi—”e%erﬁr stfen SUEARBD SRS BRORALR} XWhh n st | |

anot her aspaébuehe B&ﬁSB@tdéﬁé(ﬁéﬁl 9Rn M@féxeiﬁ deaarrhesi O Pinduct in which

an i ogeni ¢ _and_adh sLve surface exp sed protein as

ot | nad0 atte = RRPBHLFY Oheil SatvBe (Bt adiidl TR BPVA ot ar  hal i s
and has a @&@@bﬂ&ylgﬁ,setem&tuﬂdbiybpqdungxm@<Bryuhndh¢ueklpndxhp1theI|el
cel | s, or nald 3hiYaREgUEkL foasaeehﬁiﬁé@'wtm@oungg yestam s of said

fragnent iis covalently, or ot her neans pr ot ei n,
car bohydr atty &ken#fpi RF @r%‘?‘”é?‘%’dpﬁntaDW%sm%]‘?‘ﬁ%J(ﬁj@& dedingdi ch an
i mrunogeni ataivel.gbD- bi ndi ng fragnent, having an 15 anlno acid sequence

descri ligd in SE?n %)t arm_h;sercovae(:LPgltl?eﬁj}jﬁ)Er é? %%Ier$en1ea bounel to

a proteirn, carbo- arate or in which
an i mmunogésisc tand 5@ﬁeenvmr¢&aﬂynewtpOhﬁyepﬁpdﬂ1xnnwhech an im-

munogenic and adhesive fragment of a surface exposed
protein as defined above, which fragment can be detected
in Moraxella catarrhalis and has a capacity of selective-
20 1y binding erythrocytes and epithelial cells, or natural-
ly occurring or artificially modified variants of said
fragment, is combined with another protein by the use of
a recombinant DNA molecule as defined in above.
In yet another aspect the present invention relates
25 to a fusion product, in which a surface exposed protein
of Moraxella catarrhalis, said protein having an amino
acid sequence as shown in SEQ ID NO 1, an apparent mole-
cular weight of 200 kDa and a capacity of selectively
binding membrane bound or soluble IgD, or naturally oc-
30 curring or artificially modified variants of said pro-
tein, or an immunogenic or IgD-binding fragment of said
protein or variants, is covalently or by any other means
bound to a protein, carbohydrate or matrix.
In a further aspect the present invention relates to
35 a fusion product in which an immunogenic ox Igh-binding
fragment of a surface exposed protein, which fragment can
be detected in Moraxella catarrhalis and has a capacity




aci d sequence described in SEQ I D NO 8 is covalently, of D%Qemge,ai@%ot her

nmeans, bound to a protein, carbohydrate or matrix. In one aspect the
present invention relates to a nethod of detecting IgD using a surface
exposed protein of Mraxella catarrhalis, said protein having an am no 25
acid seq shown in SEQ ID NO 1, an apparent nolge i ght of
200 kDa gﬁ(g&googﬁa%pam ty of selectively binding nmenbrane ’goun@{ 9§Nesol ubl e
gD, or naturally oc- curring or artificially nodified variants of said
pro- tein, or an inmunogenic or |IgD bjnding fragment of said 30 protein or
variants, optionally |abelled and/or bound to a matrix. In a further
aspect the ¢f esdrictimeentbhiamine aikedrboe louret lodsoludee etdl ngd gD usi ng an

 mrunogent G fhurl8y BLAGG] |BOERG £0Li 1 HHIHRG2: BXPOALELRALOIE N whi ch 35

fragment c raxel I'S and capacity of
sel ecti vel ysamdmﬁrﬁgmﬁ@hbrméxb@l@@téw §1§ by Bive obger BeamatRAWId y occurring

or artificigl Iay ki m@;@rdx%(g@ogs ml%‘;{ 004651 PCT/ SE02/ 01299 13
fied varlantso sald rax?% E’ au1El| abel | ed - and/ or tiundtoa
matrix. 2l n anot H& SEipecd™q PESE g ¥ é?ﬁelsc?t‘iltr éf“é‘?’é 1 et hod of
detecting g usi ragfaalmm’pnm:“gmtl dnowhigh ambiimmBdodiengcf aedresfite-of a
surface exp I e % am no acid
seqguence asgjisj\gegcf%a%hghg & Saqu%% 6ﬁ and Méda%gc??ya%? lzéel? ectively

bi ndi ng n@hﬁ%ewbéehdfﬁ%ﬁjma@ bgDdebrclifg dralPyasettdri ng or
artificial lyatmdinahed é{ﬁdll@dﬁ S5 Qi‘apa@udyf@ﬁggargcm&@uwbiﬂdn@l y | abel | ed

and/ or _hound t trix ect _t ent _invention rel ates
o R hotr oo DeEeh: g i nsding CheRERT dn BEsRRIIT petE Of

I\/br axel | a cat artidliics al dwi wbdoiritesd rvaamaam et aidl fseguente B shown in SEQ

ID NO 1, a%ﬁgng% Tokeyl A, Ll ghlnof ROMKRR angraceapaci ty of

sel ectlvely nbrane “bound or sol uble gD, or naturally occurring
or artifi C‘Faaffl?cshYﬁﬁé}Fﬁl 8 MRl iaht ?réff%é]i)%&’fpr%tféisﬁonolxaﬂuc? mftinogeni ¢ or

| gD- bi ndi ngyH ¥@g @N b neinsgdrth Prat Gig-Binding fragment, having an

15 amino acid sequence described in SEQ ID NO 10; is cova-
lently, or by any other means, bound to a protein, carbo-
hydrate or matrix. Preferably, a fusion product in which
an immunogenic and adhesive fragment, having an amino
acid sequence described in SEQ ID NO 8, is covalently, or

20 by any other means, bound to a protein, carbohydrate or
matrix.

In one aspect the present invention relates to a
method of detecting IgD using a surface exposed protein
of Moraxella catarrhalis, said protein having an amino

25 acid sequence as ghown in SEQ ID NO 1, an apparent mole-
cular weight of 200 kDa and a capacity of selectively
binding membrane bound or soluble IgD, or naturally oc-
curring or artificially modified variants of said pro-
tein, or an immunogenic or IgD-binding fragment of said

30 protein or variants, optionally labelled and/or bound to
a matrix.

In a further aspect the present invention relates to
a method of detecting IgD using an immunogenic or IgD-
binding fragment of a surface exposed protein, which

35 fragment can be detected in Moraxella catarrhalis and has

' a capacity of selectively binding membrane bound or so-
luble IgD, or naturally occurring or artificially modi-




variants, optionally bound to a matrix. 20 In yet anot heg D@éé}ﬁgérjobg
present invention relates to method of separating IgD using an i munogenic
or 1gb agnent of a surface exposed protein, which fragnment can
be det ec%ng&rgg axella catarrhalis and has a capacity JCTEHEI ey

bi ndi ng nmenbrane bound or so 25 luble IgD, or naturally occurring or
artificially nodi- fied variants of said fragnent, optionally bound to a
matri x. I n another aspect the present iﬂ@enti on relates to a nethod of

Surtace oxposed pratankeoPr BBk ety AR A P S o aci d
sequence asagdéeri beund moSEQuaDMNG .10, and a capacity of selectively
binding mmenbrangnbanpdnat sabible daDpAls Al Wifldt 56 Ul aﬂ%gr B | ed

artificially nodif varlant said ragnent,  optio
and/ or bountietgog ﬁ’ﬁt Ak ecttd nen & B pEdiing e gresamadmive mi &Blﬁeﬂﬂmes to a

met hod of i@gohat tfeegﬁ.fen% %lfr 0GR PHRES iU iR & %ﬁf@%&éﬂﬁé 14

Mor axel | a cat rrh Ig Z‘ﬁt .protei n havi ng an am no aci sequence as shown
in SEQ I D N&°t2 par SRV IR SCUIFR TR e MDP AP ST HapRci ty of

sel ectivel yihi BE:QngDnBImbll@ne aaund deamugblcef | et 1 v} qgﬁ{ayn@ccur ring
or artificig i fied varian r ot r an i mmupogeni c or
| gD- bi ndi ng {alrn}e{{:gr%%tL SPRS. O Bt é‘tue:ﬁr? ﬁﬂra égi q(suraéglr:‘ﬂ Cf‘ﬁs‘f‘ﬁﬁ‘ﬂ“&%n%’ﬁ ses
t)rge steps: aytddbpdedilyy reddisipehsizon aoft Murfed 1 Tatgmeita) isptdoan
tractyigpn iC non:ionic detergent,
1PN RLPESST BY13dd 0 ngdafﬁ/&)t Llﬁ'{d QU G, Yl

optionally 1n the presence applyi ng He' extract conprising the
| gD- bi ndi ng pr ot &na SEIibeaX slste Eatder IIaiaE@Ifﬁr gmaspiar) telareadsor ption

colum; c) gl mathpa bie s'e@&x%!t@ﬂd“lg@' Qiﬁrfq @%r@céf@%ﬁé@éé@ cﬁ

- 1 gb- bi ndi ngﬁgr otein. In apj di_ment the_ concent on of

det er gent 18t 85 gif’r@?{etlsré r?@tt’r?dﬂf Hegl 3 ¢ i 4 Herqtehige C‘G“-tla%%lop@@?r@r rably
3% In yet aequlaer:eaaeeehomherprm;emb iNent ian é@a@é&@t toideuuse of a

erspeik | caLluge! et amouny of Agsutiace, eched PLSI o 37, def ned
manuf act ur emekbaamat bpluald Por sexitutd ec Argioy adr aiatountaltiwrootut-hendl esd for
removal of 59&%5’](:&9@1? RRETEN Ll oAU e, di § PStein, or an
'.immunogenic or IgD-binding fragment of said protein or
variants, optionally bound to a matrix.

20 In yet another aspect the present invention relates
to method of separating IgD using an immunogenic or IgD-
binding fragment of a surface exposed protein, which
fragment can be detected in Moraxella catarrhalis and has

- a capacity of selectively binding membrane bound or so-
25 luble IgD, or naturally occurring or artificially modi-
fied variants of said fragment, optionally bound to a
! matrix.
In another aspect the present invention relates to a
method of separating IgD using an immunogenic or IgD-bin-

30 ding fragment of a surface exposed protein of Moraxella
catarrhalis, having an amino acid sequence as described
in SEQ ID NO 10, and a capacity of selectively binding
membrane bound or soluble IgD, or naturally occurring or
artificially modified variants of said fragment, optio-

36 mnally labelled and/or bound to a matrix.

In one aspect the present invention relates to a
- method of isolation of a surface exposed pfotein of




I n one enbodi ment the present invention relates to a net8odcémber dopgat ment
of an autoi nmune di sease conprising extra corporal ~circulation of the

bl ood through a material conprising a surface exposed protein as defined
above, or a fragnment thereof as defined above, for renoval of I1gD fromthe
bl ood. In one aspect the present invention relates to a purified antibody
which is specific to an i mmunogeni d4portion of a surface exposed protein

Mor axel | @ gatasnRabi Sy r6aiid, psraqaeﬂ,ﬁtbﬁvihegl@na@rgm@% Rehdsgguanse as

descri bed i.n SE an aren | ecul ar i f 200 kDa and a
capacity of™® gléllgcﬁg%gﬁgy%%l Adthg hab & ec‘bld?‘ﬁn‘ﬂm@p%s%]%%(?ém?gﬁd or
nat ural | y @eeotty nf cdeariviety mlaﬁiryg neodiphe eduydorastisbihdgBofor or an

| Mmunogeni £tQtaihgDe i RdiNg of r AGTENM: 21 0f nS@l A RI 8L Obe VMikaNts. I n
anot her asIE)ect the present inventiaon rel at es to a FUI‘I fied antibody as

descri bed BB6VE! #hi®h TETSBEYCT Pt OB MR HmIROGERT P02 §EP Bt RdTng
fragment asrdeflisnedeiaboseodhericngsee capacewsy of sel ectively binding

menbrane 8 Decefyber 2005 MR;031004631,PCH 250201299 J1onaiqupd .qr sol ubl e

I gD, or naturally occurri n% or artifi- cially nodified variants of said
fragment. A 8F5PP BISERRrYadpect 4 ﬁ@l‘ﬁ‘reééféﬁtc PHVERTIBAC rEt8EI%Es to a
purified amtibodyyas: desarebsdeabdreiamhich is 5 specific to an

i mrunogeni ¢ or u’:}dhesap\sgyir{gagz@@&t@a%td&mpm&q ap&vggahﬁxaﬂg; ?r&%@@ci ty of
bi ndi ng erythrocytes a glt helial cells. scription of the figures Fig.
1. Chr omt%fgpﬁiﬁi*ﬁl%\%&a}t%‘brﬁ? Hatogh éﬁﬁ%/ adnt%l anl?)dsgé%]é’é’r G "82400 col um of

Enpi gen(r) sol ubl e extwaicty fhomypMicdtay phaleis; afnkier | on exchange

chr omat ogr apy. 'yhe ssg%jgpatlhbr@e ni_cat 85 Ps.eln content of the first
chr omat ogr a- Hél and broken Iine rechromat ograg}ﬂay of the first peak.

Vo specifies tH& IATABRARNTE PegCorrenmial gy SPSTPIATE Of fractions
repr esen- dtienga)diof ferecensthpdridf wcetinonhstreps of LMD, prEferfaragtisons are

shown for cr Ud%n%é{ aclﬁgtﬂer} g’s éocgnmhgepﬂ(e Lnt 6}. ggl{tl% relgpe§)£8h§‘llg§se

chr omat ogra hy ‘on” Q@ sephar ose col um, and e 1st and
gelfiltrati Br% RS s S I = (A AV RS ) W“&Bl‘ﬁnﬁ Squc\écegéF‘EOWé‘r Té“‘ttﬁhn
si mul t aneous|defione inasiashai ned a WhdheGoomsso e bl aeri (&t dinngiAnE ONe was

_ bl ot t ed OHEQ 3,.I Mel Q&u@amrwgsmaﬁ&QQf(}ow é&rQ%BorglgD(x) nyel oma
circulation of the blocod for removal of IgD in the treatment of
autoimmune disease.

In one embodiment the present invention relates to a methoed for
treatment of an autcimmune disease comprising extra corporal

~ circulation of the blood through a material comprising a surface
exposed protein as defined above, or a fragment thereof as defined
above, for removal of IgD from the blood.

In one aspect the present invention relates to a purified
antibody which is specific to an immunogenic portion of a surface
exposed protein Moraxella catarrhalis, said protein having an amino
acid seguence as described in SEQ ID NO 1, an apparent molecular

- weight of 200 kDa and a capacity of selectively binding membrane
bound or socluble IgD, or naturally cccurring or artificially
mpdified variants thereof, or an immunogenic or IgD-binding fragment
of said protein or variants.

In another aspect the present invention relates to a purified
antibody as described above, which is specific to an immuncgenic or
IgD-binding fragment as defined above, having a capacity of

selectively binding membrane




protein (1gD), anti-UspA (aUsp), or anti-CopB (aB) nonogpekonsd okl bodi es
foll owed by incubation with appropriate 25 horseradi sh

per oxi dase- conj ugat ed secondary anti bodi es. Ml ecul ar wei ghts of marker
proteins are indicated to the left. Fig. 3. Binding of MD to human

nyel oma skbass@pie- senting different inmmunoglobulin chagggsmAb! sera were
30 diluted in two-fold steps (4 to 0.3 g) and applied to a nitrocell ul ose
menbrane. After saturation, washing and bl ocking, an [12511-M D-1abel ed
pr obe was. added After overnight incypation and additional washings,
specific @gD bi ndi ng was visualized_ by autoradiography. 35 Fig. 4.

| gD- beari ng bpupd| 9 sogebilei EaP| Wb eatdTRELIC- cedniget €8 MBLEPBLs st ai ned
wi t h RPE- cosj &gy %dmgd 282t fsts JEDEQ1a( AN aghentCD3+ (D) fol | owed by

i ncubation wt hOI8 Eb 005 WO 0%1%84651 CT/ SEQ2/ 01299 6 MDFITC
were conpared t o PBLS i nelBaled IR P-REAT P AR Vet AR T96H to an

anti -1 gD mAbeg¢B)o d)@zdﬁléledaaml’rg)dwmashdéﬁﬁmmm srivie, - WhDelmAs i s.

denonstrat e I ¢ubat M th a rabbit

imb5 rrun%gl %%%ﬁfnl@f rtgctgflo%@la%% st hh%&ﬁ %&%Igﬁlgﬂb QQ% i'tion of

anti - CD19 nPgd HRPva-DReviedi 3 %%Rf\thAoéohmﬁmﬂ @@W@CW% a8l ant i bodi es

or M D FI TCepﬁttaélslta]J R=1¢kuded (F). PBLs were isolated from heparinized

human bl oo]d using .L nBEoorepﬁone estep gradi ents. Lynphocytes 10 (2.5 X

105) were |ﬂ%ﬂ%¥é§'—°¥ﬁ FR—He—appropriate anti- bodies, washed and further

i ncubated wi th Mig. FllTCC(rmmaig:égﬂaphyAlahdl m@bmmx\whg perd ormed on ice

and aftes  StpsleMAshingy. cBBlm, W %mgaggﬁﬁeg%mufé Weehbempldy. In this
%of the to

particul ar experi nment, ocyte 15 popul at) on was gated
and anal ysel: "E@é‘%rhtallrécﬁ Ef‘é@‘éflqrh@x‘%‘éﬂ% %?%m?té{%flaé’ér wﬁ ?l $@lohtht ched mAbs
ver e :c ncl udbm@&ndieﬁﬂaés\éﬁg_ﬁcﬂﬁiﬂ gﬂcﬁmteﬁtpbﬁ tmnma:B srtabih&bma’edsghfﬁ-dl dAnot
significant inding.to t shown n
exgerl ment %\Il%{h aé:'t%he’ b J( onf(;rneodcte gFo{n?i %‘ Sp%aﬁ:a e ongts aalal ysed is
shown. Fig.Ppgak Sd@e@@ﬁpa;fhﬁﬁ die tipd dnivdlyede showi ng the cloning strategy.
d'i gonugd eot i de gy MBr SaHSEEsf OlorDNbs - BABE | # CRLd AN Rkerbpaisat.ed by arrows
pl aced above Igglf%?)

are shown for crude extract in 3 % Empigen®, after an

fferent purification steps of MID. The fractions

ion-exchange chromatography on Q-sepharose column, and
after the 1st and 2nd gelfiltrations on a Sephacryl S-400
20 column. Two gels were run simultaneocusly, one was stained
with Coomassie blue (Stain) and one was blotted onto
Immobilon-P membranes, probed with human IgD(x) myeloma
protein (IgD), anti-UspA {oUsp), or anti-CopB (aB) mono-
clonal antibodies followed by incubation with appropriate
25 horseradish peroxidase-conjugated secondary antibodies.
‘Molecular weights of marker proteins are indicated to the
left. _
Fig. 3. Binding of MID to human myeloma sera repre-
senting different immunoglobulin classes. All sera were
30 diluted in two-fold steps {4 to 0.3 pg) and applied to a
nitrocellulose membrane. After saturation, washing and
blocking, an [125I]-MID-labeled probe was added. After
overnight incubation and additional washings, specific
MID-IgD binding was visualized by autoradiography.
35 Fig. 4. IgD-bearing B cells specifically bound FITC-
conjugated MID. PBLs stained with RPE-conjugated mAbs
against CD19+.(A) or CD3+ (D) followed by incubation with



and bel ow (inverse PCR (I PCR]) the rel evant sequences. §{Q% @E;
primers based upon the am no acid sequences outlined in Table and
specific priners are shown by broken and solid lines, respectively. Fig.
6. Nucl eotide sequence of the md gene fromM catarrhalis Bc5 together
with the gk.am no acid 30 sequence. Putative -35, ns, a
possiblewg?gggg%% bi nding site (RBS), inverted repeatP'ﬂﬁ% pg%glcted
signal peptide, and two alternative start-codons at am no acid positions
1 and 17 are indicated. The stop-codory and the inverted repeat is also
shown. 35 Fig. 7. The degrees of identity and simlarity be-- tween MD

i sol at ed fAMIR-FILEE Wereateanpeaktli sosPhbs rcapated Uspirlr aiHd -AP1Pr om ATCC

25238 are Geipn; t'éﬁti@@:.oﬁr he, Iageanﬁlegﬁrmf (2905p M N3 QA6 R hg

PCT/ SE02/ 0129 tity and S|n1%§%] (ﬁg?e calgulatedIBS| t he software
Needl e. Fi §"'&: 59 a?@gdﬁﬁﬁflﬁﬂe H% pslEahen e of with the
protein pregsant edpaﬁeUSvﬁ;tB@ﬁLQZére51£¢1g3at&d wiReb oarbiradabnitd yirexpr essed M D
ret ai ne I C n Coonuassi e
brilli a%t %[ﬁmoggtgjgfb'l%glg fﬁg&}&gﬁg %ﬁéi?%@q%dﬂeﬁlell ?{)/%f{%e)r n b’:}{bl ot probed with
human | gD. adsiibienvpb mi‘@t-éiimfa( MRD) 2 #IDﬂTéfnélsc%h%‘&?eéﬁ t®Tyt opl asni ¢
(O, periplasgl GatBle dh Hy Eﬁ&@baafeé Mr MctFIonsis Nrferis-on the |eft

di cat ht stand i  BL21DE3 t
PETI6oM D Vb e Rl ek BPSTRTed Tt HeRREFPLESd (NI wer & col | ect ed
and prot ei risloser asdegatatmcrrept voe - SDS RAGE iehat . Wwagmghoryespar al | el and
el thet 19t al ARG W 43515, ER0THRREBY Mu@reh lapBrBhr Puol Lagont o an

| mobi [ on- rane was uman gD foll owed by

i ncubat i on kwcms@x wWerhed Nk Kugsheki él%%‘éaf&ﬁﬂ wdaRe¥IDsBEYNd ant i body.
Fig. 10. Mp@/@ﬂ)%imfm@ﬂﬁﬁlo@s ﬁaﬂe%&&%&nﬂa&%n 28e(ézi<ﬁgﬂﬁzl’ﬁr F) is

responsi bl e_.for. eryt hrocyt ena Iut| and I |nd

respect i vel'y-mA é‘ﬁ‘é’g Iof P?%Ll? t%ﬁaﬂﬁ%&) R f%g%rf‘ (r;[%A to 1) were
manuf act ur dthis @eamnbuhﬁwnexpamumens,c@&tfuqﬁrﬁ@ehtgtahil&mnhgﬁyHEn their

C ter maal %@ﬁa%llai}l Qhs fﬁ%@al %hhaﬁgiw&? bidi RHaRr 9 24 &l (1) were

produced in coli and ed on nickel
cells were labeled when isomatched mabs were included as

negative controls. A pre-immune rabbit serum did not

significantly block MID-FITC binding to the IgD BCR {not

shown) . An experiment with a typical donor out of three
20 separate ones analysed is shown.

Fig. 5. Schematic map of the mid gene showing the
cloning strategy; Oligonucleotide primers used for DNA
amplification are indicated by arrows placed above (PCR)
and below (inverse PCR [IPCR]) the relevant seguences.

25 Degenerated primers based upon the amino acid sequences
outlined in Table II and specific primers are shown by
broken and solid lines, respectively. _

Fig. 6. Nucleotide sequence of the mid gene from M.
catarrhalis BcS5 together with the deduced amino acid

30 sequence. Putative -35, -10 regions, a possible ribosome
binding site (RBS), inverted repeat, the predicted signal
peptide, and two altermnative start-codons at amino acid
positiong 1 and 17 are indicated. The stop-codon and the
inverted repeat is also shown.

35 Fig. 7. The degrees of identity and similarity be-
tween MID isolated from five M. catarrahlis strains and
UspAl and A2 from ATCC 25238 are demonstrated. The iden-



and anyl ose resin colums, respectively. Fig. 11. M D9628b%ggm(),g,rmgent F2)
has a conserved 19D bi nd| ng capacity conpared with full length MDI-2139
Equi nol ar concentrations (range 240 tp 0.06 nnol) of 30 purified full

| ength M DI--2139 and 8 truncated MD frag- nents (F1 to F8) were anal ysed
for |1gD bwodswgedsy dot blots. The proteins M D902- 113@ckBi2e1idkD985- 1130
(F7), and M D1000-1200 (F4) did not attract 1gD, whereas all other
fragnents bound 1gD. DNA encoding for the various 35 truncated M D proteins
were cloned into the expression vectey pET26b(+) and produced in E coll.
The reconbinant proteins containing H s-tags were purified and dot blot 8
Decenber 2005:MWarEBL£0048511PCHSR0ZERALRIOtEE usny dilteo safhiverecel | ul ose
menbrane. The.dmrnbrane was pro- bed with human 1gD fol | owed by secondary
HRP- conj ugat ed ol ycl onal anti bodie % that were used for detection. Fig.

12. A tetraneri 1§t ucFoMRaBFSM Bd65ne28B pEgc1d seauensrePEfiiite for

opti mal | gDvbindibeg profeinShitediiEed dh VED96Red MM after treatment at 60 C

separ at nono t -8 00 C nono-

mer s onf\s;s/ can beﬂgrete eﬁég %oﬁyr %%%?%% N@@s%ﬁ%ﬁogt%\nth | gD as

pr obe reveal@wlﬂngCBPﬁG ) t'@%ﬁétlgaﬁ% sshgwgy a NMsemapgbebi nding to
tetraners amllmqr&@lrtfemtxe Eesped igal ﬁnantﬁedi—iéz@i %Hnaxaewegeaiﬁ

| gD bi ndln itrary_un 1200 was

t?eat ed i n ﬁ&\gg Fﬁeﬁu@ln C%DC gﬁﬁfﬁg I@:I]? o?r%lnm[?%mén‘aﬁubj ected to
SDS- PAGE a@ﬂ/@aﬁemwmbhmédaﬂal%m@lajaﬁnlﬁhécr espé:ripfﬂgasﬁi@rras’m easd ai ned gel
and Veés{ ran‘!ﬂ:ﬂ:tan\e!er(ﬁI) @93&%&% blﬁmq,%%%t ‘Eﬂéf/ %%&%%EE %e of protein

m g- ratlng as noner_ was ca npared wth the
| gD- bi ndi ngmfclzﬁfa&atrywerrﬁlgt qfsanqa@sli:»| aﬁéw%wm%rﬁﬁn’@aﬁﬁl%mm 913 20

(fragnent E;)E'!‘l%%@(?kvfakéab.ﬁ&u@éd rrEt @dht By ety d@I acytRR arafidagpi t hel i al
cells. [1251} - | abel | ed D an eri ﬁ& truncat ed tEEﬁZ%Y] M D fragnents
(C, E F, G 4 "FFensr d'?‘ri AREr VERT JESRELTER) PYThECr econbi nant

[ 1251] - | abe3-&nCH thitagaerttlmwer @aaiaééeédale@l ¢clegy tdtelingd ®5tkel s (B).

Al l trwrscat%d\ésglar B¢ NS A ENCRRY ' BIBERLG! dntd&l:f RERHYESH-pN B. cols

followed by purification on
membrane. The membrane was probed with human IgD followed

by incubation with a horseradish peroxidase-conjugated
secondary antibody.

Fig. 10. MID764-912 {(fragment E} and MID202-1200

20 {(fragment F) is responsible for erythrocyte hemaggluti-
nation and IgD-binding, respectively. A series of trun-
cated MID proteins {designated A to I) were manufactured.
Recombinant proteins containing histidine tags in their
C-terminals (A to H} or fused with maltose binding pro-

25 tein (I) were produced in E. coli and purified on nickel
and amylose resin columns, respectively.

Fig. 11. MID962-1200 (fragment F2) has a conserved
IgD-binding capacity compared with full length MID1-2139.
Equimolar concentrations (range 240 to 0.06 nmol) of

30 purified full length MID1-2139 and 8 truncated MID frag-
ments (F1 to F8) were analysed for IgD-binding by dot
blots. The proteins MID902-1130 (F8), MID985-1130 (F7),
and MID1000-1200 (F4) did not attract IgD, whereas all
other fragments bound IgD. DNA encoding for the various

35 truncated MID proteins were cloned into the expression'
vector pET26b(+) and produced in E. ¢oli. The recombinant
proteins containing His-tags were purified and dot blot-




ni ckel resins. Fragment | was a fusion protein with MBP gafdep@Bsastsent |y

purified on an anyl ose resin. The recom binant proteins were |abelled with
[ 1251] and added to 30 erythrocytes or the epithelial cell |ine A549. After
se- veral washings, bound radioactivity was nmeasured in a y- counter. Data

are presapdefhode; ™an. val ues of 2 expe- rinments with dupkipaiRs. Error
bars indicate SD. Fig. 14. Adhesion of MD-expressing M catarrhalis 35 to

epithelial cells depends on the am no acid residues M D764-913 (fragnent
E). A decreased adhesion to epithe di cell's was observed with

M D- expressi ng bacteria coa 8 Decenber 2005. WO 03/004651 PCT/ SE02/01299 19
ted with rakid bnast - M Dto2dB91escantinbdAiey 6 4EH hempabye | eamlprant | bodi es
conpared t Lesl e r ng.Jj. - - _ G pAb.
Bacteria V\gnr% g'%g? ﬂ%%%afé%%vg]@ﬁwteﬁeg%r%él nmun g%?)u(r#% Specific antisera
5 for 1 h aolyctongiceetrikodiae thediedere wIrd dsin Ketiegkiogel |s fol | owed by

cent ritfug?t idon_ ?Eg.iﬂﬁy%t&éﬁk%f/g@ﬁ?tstm&@e 3 GIptkber20@s{rngs, EFI | 3
were treated wi ryps| n- an e_SUuspensi ons \ere on bl ood _
agar pl & es'® éoPEﬁﬁe‘EBi‘ﬁ}‘FﬁgE%ﬁ t@%ﬁg E%‘ﬁ'a@erﬁisﬁﬁ'er(\ﬁﬂ ﬁﬁé%ﬁ}{@%hi ght

i ncubat i on.ofThEDadhelLe0ceafiadt ¢ Heaftmentided/6€fiC wglernedy waw-cal cul at ed.
B Sl ox TR
0.05. Desdwfst PohYofanhes | dateantiash 1B) M Eprzesrandiaent’eete ™ o previ ousl y

wel | charagiet WizRdTgH! 85 PRIMY aReepl 8t 9&418 NfD-Miahar ebakdo- It is  not
recogni_zed br no 83:I onal t'_ggidi 3S d rived a ajg nst tge USPA: or CopB outer
menbr arté arﬁ%gc’eng. M %e%ﬁlgﬂglh rﬁiengl E?e‘f%’ﬁ'f Gt 1O HCBETES N in SDS- PAGE
and a di f f ereeplecR@vedypbsi 6 | dif sreshomwmpayinentn. doldbindiMiAsequence ana-
e QUESEESS2812200 ot onsnconsianta wikh whhe M 1 o L
mol ecul ar rEEeRte ABr EDStPARPYS GoU fepaat TR Tt WdhdCi h8Fcht es that
native M D&, sindnsabl 86084 i€o CUppagE and Bésidrr HlashbaalpsidlspA (11).
IS, el AT SHROL o e L 365 L% M R4l ok B Y
analysed by densitometry. The percentage of protein mig-
rating as tetramer or monomer was calculated and compared
with the IgD-binding capacity.
Fig. 13. [125I]-labelled recombinant MID764-913
20 {fragment E) is specifically attracted to exythrocytes
and epithelial cells. [125I]-labelled MID and a series of
truncated [125I]1-MID fragments (C, E, F, G, and I) were
added to human erythrocytes (A). The recombinant [125I]-
labelled MID fragments were also added to epithelial
25 cells (B). All truncated MID proteins (except fragment I)
were produced in E. coli followed by purification on
- nickel resins. Fragment I was a fusion protein with MBP
and consequently purified on an amylose resin. The recom-
binant proteins were labelled with [125I] and added to
30 erythrocytes or the epithelial cell line A549. After se-
veral washings, bound radiocactivity was measured in a y-
counter. Data are presented as mean values of 2 expe-
riments with duplicates. Error bars indicate SD.
Fig. 14. Adhesion of MiD-expressing M. catarrhalis
35 to epitheiial cells depends on the amiﬁo acid residues
MiD764-913 (fragment E). A decreased adhesion to epithe-
- lial cellé was observed with MID-expressing bacteria coa-



S-400 colum with a fractionation range of up to -8,000 ghkfR.nEBe % noO

aci d sequences for MD shows 11.1 and 6.7% 30 identity, respectively, with
t he USPAL and USPA2 outer nmenbrane proteins fromM catarrhalis (Fig 7).
In a recent patent publication, an outer nmenbrane protein of M

cat ar r halyyg o¥hdsks;@ nol ecul ar nmass of appro- ximately Zp@g@m@@ i sol at ed
(12). A sequence encoding a 35 protein of approxinmtely K was al so
provi ded. How ever, that protein sequence is not identical to the se-
quence provided by us and shows only 4.9 to 54.4%iden 8 Decenber 2005 WO
03/ 004651 PCT/ SE02/01299 20 tity with MD (Fig 7). The protein was shown
to be i m miadgeitic rabbtitnantimMitar-2bidel ogi el i -MIDTELOoRS3IWer € pre- sent ed.

I n addition d | 0., i i afe Lt inating M
catarrhal i sp?%t,g€4 ﬁD%HE;gégli%erﬁ% g?)%%grat éléf’hgeI ’%feejs}‘ gﬁ{'}‘ %lgﬁg%%ﬁ gati ong
descri bes t ARt} 81 G1dnL44pufinacentor) eMar Radcriat wene R¥oni ng and
\(/a\;(]prﬁs?]i on mﬁgumf&?wekbl tBe Q'lbﬁ%iifﬁﬂ}uﬁéoééiﬂn naeg Wi B ef %ﬁ&i‘é‘é’%@r (rj halis,

ic atfin or , of an i eni.c or i ndin
fr agmsntagof Eéﬁi% l%luartf élcegg:%%%%flﬁr g?ﬁ?n?gg%ngfth&n P £ iC andg
adhesi ve fragibstfafloyaddby uedrans fugrpbsedampt direiubatibhefonl 30 and et hods
Bacter i a angspl a1l clSabtoratatihiak] SecplE AldkPAG-1a Auglini cal isolate

froma nasoghar ngeal swab cul ture our part nmen rains isol ated

from bl ood, “hEESHHELFAx 2N nbhe snepRrféres WKaided et e Sheettn,  Dennark,
Finl and, Huagaryplalzpancolamyl AdoinGeaHens afb:sd Icdiudsandrpbasid ds used for

expres-. 20 |j I ho in. Table_ |.. Tabell 1= Bacteri rai ns and
pl asni dls@usé{&g%fql}% éncﬁﬁfﬁ%@c’%‘t en8IBPT PSS rﬁ%ﬁé’sgfl%}}t ‘i"‘%‘%ueﬁijef %ence or
source (sitadigredovasi on)cBlataichs RBEBAES @0t islowages Be&d DESEesCol i Novagen
BBH17M Car@frimﬁéﬁﬁgaﬁéSéﬁﬁéﬁﬁhéﬂg%nﬁﬁﬁﬁ)duplicates. Error bars

indicate SD. ##%*% P £ 0.00l, ** P < 0.01 and * P = 0.05.

Description of the invention

15 MID is not identical to previously well characte-
rized outer memwbrane proteins of M. catarrhalis. It is
not recognized by monoclonal antibodies derived against
the UspA or CopB outer membrane antigens. MID also Has a
different migration pattern in SDS-PAGE and a different

20 composition as shown by amino acid and DNA seguence ana-
lysis. MID appeares as a 200 kDa band in accordance with
the Mw from the deduced amino acid sequence, but also as
an extra band with an estimated molecular mass of more
than 1,000 kba. The extra band indicates that native MID

25 is an oligomeric complex in a similar fashion as UspA
(11). This is further supported by the fact that MID was
eluted immediately after the void volume from a Sephacryl
5-400 colum with a fractionation range of up to 8,000
kDa. The amino acid sequences for MID shows 11.1 and 6.7%

30 identity, respectively, with the USPA1l and USPA2 outer
membrane proteins from M. catarrhalis (Fig 7).

In a recent patent publication, an outer membrane
protein of M. catarrhalis with a molecular mass of appro-
ximately 200 kDa was isolated (12). A sequence encoding a

35 protein of approximately 200 kDa was also provided. How-
evet, that protein sequence is not identical to the se-
quence provided by us and shows only 45.9 to 54.4% iden-




(sputum BcS5M cararrhalisbDept. dinical (nasopharynx)M gibsabadnosMal no,
Sweden) NCTC 4103M cararrhal i sCCUG ( Got henburg, (nasopharynx)Sweden) 25 8
Decenber 2005 WO 03/004651 PCT/ SE02/ 01299 21 Strains or plasm dDescription
Reference or source (site of isolation) RHHM cararrhalis

(bl ood) } n (Denmark) RHAM cararrhalis (bl ood) L n ( Denmar k)
Pl asm dop}gf'?%%ﬁxpr essi on vect or Novagen pET16-M DPETlg?tlﬁ%ﬁ?%gt he 4RFThi s
study of mid Bacteria were grown overnight in Nutrient Broth (Oxoid,

Basi ngst oke Hanpshire, England), har¥ sted and washed in

phosphat e- bal anced saline (PBS), pH 7.2 by 5 centrifugation.

:méunt(ngl ;Jblt|ii|t5féx2vi§l$;mm:’(¢'égt |7§23E mﬁ?tﬁd&i)?h&?bgémfpaﬁ?m@m4 gG | (>(<3)4 "

g a. X [ % _ x) , Ig :
GA (), PR nundS predens B dilan et iR Biroh (1 (4o
(1) 10 andskeyeEexd) Ueraddltioof hueh kida ginotadd parzdessidtiadomitiihe Bi ndi ng
Site (Birmyagham . Endland) w. | gyl 0B sarRas 4 gD (x) and 19D (2,) were

fromthe same conpany and | gD standard serum OTRD 02/ 03 was from
Behr i ngWer BSRAEIPRREIL MAE Germany) . Myel oma sera IgD (k) A 1gD (X) B,
1 9G A, 15 | gG Brhé GSzdsentgbihvéghifuibingh lapcBives eclobtiaicled ibhom t he
Departnent _of .C.injcal Chem str no, Ssweden._ The con- tration of
respecti veplgﬁl%gﬁ opu icr??rﬁ/gée%jc%%% |nrfg ﬁgmflﬁea%%p%ﬁreersss&% r]tolébodi es 20
Hor ser adi sfthgenoxelate-HiHARpg cprpuein etrngsaMIBnef -M hueabrugB igs from
Bi osource (&RBRN hhk Onr € +yFEHLT RamBE SidH S @EhbACYaRM&ydidileT Gk - conj ugat ed
nouse anti-human | gD, _unl abell ed rabbit anti-human, 19D, .and HRP-| abel | ed
10  IgD-binding fragment of said surface exposed protein, an
of an immunogenic and adhesive fragment of said surface
exposed protein.
Materials and methods
Bacteria and plasmids
15 M. catarrhalis, strain Bcb5, was a clinical igolate
from a nasopharyngeal swab culture at our Department. 118
straing isolated from blood, nascopharynx, and sputum were
obtained from Sweden, Demmark, Finland, Hungary, Japan,

and USA. Sequenced strains and plasmids used for expres-

20 sion are shown in Table I.
Tabell I: Bacterial strains and plasmids used in this

s
% study
1 _
1 Strains or plasmid Description Reference or source
(site of isolation)
Strains
- DH5a E. coli ~ Novagen
BL21DE3 E. coli Novagen
' BBH17 M. cararrhalis Christensen (Denmark)
{=putum)
Bes M. cararrhalis Dept. Cliniecal
{nasopharynx) Microbiology, Malmod,
Sweden)
NCTC 4103 M. cararrhalis ccug (Gothenburg,
{nasopharynx) _ Sweden)

25




rabblt anti - nouse Ig wer e purchased from Dakopatts (Gen gFDetcg,angpzdagnrrar k)
Goat anti-human I gD and HRP-conjugated rabbit anti-human pol yval ent

i mmunogl obulins was from Sigma (St. Louis, MD). Phycoerythrin

(RPE) - conjugated nouse anti-human CD3 and CD19 were from Becton Di cki nson
8 DecenbewodfpdasMO 03/ 004651 PCT/ SE02/ 01299 22 (San JpsfsrdeAMaee Mouse
nonocl onal antibodies 17C7 (UspA) and 10 3 (CopB) were kindly provided by
Dr. Eric J. Hansen, Departnment of M crobiol ogy, University of Texas
(Dallas, TX). 5 Antisera Rabbits werey{ nmunized intranuscularly with 200 Vg
of purified MD (Forsgren et al., 2001), reconbinant MD fragnments, or
reconbi nantstggipal cepidsiifii ed DPescelmypbet e  Fr eundsteadpasvansofdorf co, Bect on
Di cki nson, Heidel berg, 10 GernpRy).sallihoesi ed on days 18 and 36 with the
same dose drawn 2 to
3 weeks | at®E. The anti- UspAl Mporseerealar (baend) bEerissensencPeafikt h bot h
reconbi nantrddspAl and UspA2 ag. exadr-neds by1d@st epfsblabs . (ndMmaShS- PAGE and
detection of proteins on nenbranes (Western blot) SDS-PAGE was run using a
commerci al el ectrophoresis systemconsisting of 10 % Bis-Tris gels with
runni ng (NESmidsanple (LDS), and transfer buffer as well as a 20 blotti ng
i nstrunent y@X, San Diego, gf{f)l..iBriefly. sagplgs,were boiled for 10 mn
fol l-omed by el ectrophore- sis at roomtenperature u5| ng Protein Il vertical

slab el ect?BphdfRsis cells (RBVEH ‘é’cthl‘gﬁ eFhsFakt st age. Gels were
stained with Coomassie Brillianti8l ue R-250 25 (Bi o- Rad, Sundbyberg,
Sweden). In addition, electropho- retical transfer of protein bands from
the gel to an immobilon-P nmenbrane (MIIlipore, Bedford, MA) was carried
out at 30 V for BacBehiaAfexe guawnspeernidht iimdbkronnP Braddor ane was

bl ocked in RB3 i, t Baglﬁés/e&z\@%m%%hwgs E%l@fﬁ@n) hGeGESE & Rd% mi | K
powder. After _several washin menbr an vvas i ncubat ed

Por 3 h i n VOBHE CEnBaPaPar & MARGER P70 d85 el B’ o Gl n (0.5 g/ i ,

hu 1 gD (8 c)cendidngatIhe. Bi ndi ngsite, Birm ngham UK) in PBS-Tween
including 26 Mk BAMERE, HEE: GO UIALE LA ins
The Ig preparations IgGl{x}, IgGl({r}), TgG2(x),
IgG2 (A}, IgG3(x}, IgG3(A), IgG4{x), IgG4(Ar), IgAl(x},
IgAl (A}, Igh2(x), IgA2()r), IgM{x), IgM(X), IgD(x), IgD(MA)

10 and IgE(x) were all of human origin and purchased from

| The Binding Site (Birmingham, England). IgD myeloma sera
Igh(x) and IgD(A) were frowm the same company and IgD-
standard serum OTRD 02/03 wag from Behringwerke AG (Mar-
burg, Germany). Myeloma sera IgD(A}A, IgD(A) B, IgG A,

15 TIgG B, IgG C, IgM, Igh A and IgA B were obtained from the
Department of Clinical Chemistry, Malmd, Sweden. The con-
centration of respective imminoglobuling was according to
the suppliers.

Antibodies

20 Horseradish peroxidase (HRP)-conjugated goat'anti—

- human IgD was from Biosource (Camarillo, CA}. Fluore-
sceinisothiocyanate (FITC)-conjugated mouse anti-human
IgD, unlabelled rabbit anti-human IgD, and HRP-labelled
rabbit anti-mouse Ig were purchased from Dakopatts (Gen-

25 tofte, Denmark). Goat anti-human IgD and HRP-conjugated .
rabbit anti-human polyvalent immunoglobulins was from
Sigma {St. Louis, MO). Phycoerythrin (RPE)}-conjugated
mouse anti-human CD3 and CD19 were from Becton Dickinson



35 anti-human 1gD diluted 1/1000 in the sane buffer was gafldednafi®s
several washings in PBS-Tween. In sone expe- rinents, 1gD nmyeloma protein
was replaced by nyel oma 8 Decenber 2005 WO 03/004651 PCT/ SE02/ 01299 23
protein of other inmunogl obulin classes and HRP-1abel ed anti-human

pol yval enfygiohmaipgl obul ins (Sigma) was used as a secopgpiymbfer- Muse
mAbs 17C7 anc{ 10F3 were used to detect Mraxella outer nenbrane proteins

UspAl, 2 and Cop 5 B, respectively (7,8). in these experinents, HRP-I|abeled
rabbit anti-nouse inmmunogl obulins werg, used as a secon- dary Iayer. Af ter

i ncubation for 40 mn at roomtenpera- ture and several additional washings
i n PBS- TweefiSan dogé- {aperinisavasnpel dorhredihiiboldiEEL 1WE3t 9spl ot ti ng det ec

10 tion reagg@tl%F@Aqggﬁgpr@glt@rmgg BLrot £y dyopsal ayiSwe: den). Western

bl ots were anal ysed Per sonal | écul ar I'mager FX (Bl o-Rad). Enzyne
| i nked |mﬁﬂ%%%?b@ﬁpa§§§%‘}t (CE‘L|bﬂsﬁ$°E£?%¥rué’@aSﬂ5anén¥%%% e the

i mrunogl obukpam ¥&s,19%bi ndi ng protein. Extracts of M catarrhaiis diluted
in f|ve5f %}g ste Xps in 0.1 MTris-HCl, pH 9.0 were added in 100 gl vol unes
to mcroti F &t es (F96 Maxi sorb, 1Nunc- | mmuno nodul e, Roskil de,

Denmar k), which R@b@tseudae&j mmlzﬁdummwda@l@vwihhgmo paft er washi ng

the plate fgiroq dibiPhrhn (RESheReae B ockin ulteonBEsdivag cont ai ning

15%ovalb)%1 was added. plate was incubated for 1 _h at room
t enper at ur e ’é"i‘ﬁl“q‘”ﬂﬁst heF %%an&‘ir UFP%seW]tsﬁLfllﬁésl?\/\ég‘ﬁp (i c) nmyel oma
protein, 0 Bbendan ali§Ovdis PBRfcbjeebctont@ ok ingoh, SHeddal barg n was added to

each 2 f C |onf L h e e e pla- te
vas wactibd Peniindaf8 bRRHRRL daRs Jp tufl o Ui HE, Bt et

HRP- conj uga€drpsatinanni 1mmiat@DFdﬁM%cﬁd3m0 PAcpfiewaane buffer and
subsequent washi B9 LW EhyEBS- ﬂa&%n Th@té d%ﬂgae?éu%bmsnéﬂo m) in 0.1 M

potas 30 siumcgcitrate sol ution, 25, m. xe

drogen per- oxide
(final conc®tiondiss 5op6%ed ‘\’/%l&é1 §85Edre‘ﬂ?“ﬂl:€'r“a§’§ Uﬁf? ‘g %?F%?matl c
reacti on wass st:oppieddbpy awek: gy botsul phuric aci d. The optical density

(CD), wags t o BASta e F@écéﬁcg: WP LRoRD; AN IBLEH, ELESA (rEa0sr, (Ml ti skan

35 Plus, La sys ens
biot)

SDS-PAGE was run using a commercial electrophoresis
gystem consisting of 10 % Bis-Tris gels with running
(MES}, sample {(LDS), and transfer buffer as well as a

20 Dblotting instrument (Novex, San Diego, CA}. Briefly,
samples were boiled for 10 min followed by electrophore-
sis at room temperature using Protein II wvertical slab
electrophoresis cells (Novex) at 150 constant wvoltage.
Gels were stained with Coomasgie Brilliant Blue R-250

25 (Bio-Rad, Sundbyberg, Sweden). In addition, electropho-
retical transfer of protein bands from the gel to an
immobilon-P membrane (Millipore, Bedford, MA) was carried
out at 30 V for 2-3 h. After transfer, the immobilon-P
membrane was blocked in PBS with 0.05% Tween 20 (PBS-

30 Tween) containing 5% milk powder. After several washings

' in PBS-Tween, the membrane was incubated for 1 h in room
temperature with purified IgD myeloma protein (0.5 pug/ml,
hu IgD(k) myeloma; The Bindingsite, Birmingham, UK) in
PBS-Tween including 2 % milk powder. HRP-conjugated goat

35 anti-human IgD diluted 1/1000 in the same buffer was

‘ added after several washings in PBS-Tween. In some expe-

riments, IgD myeloma protein was replaced by myeloma



8 Decenber 2005 WO 031004651 PCT/ SE02/ 01299 24 Dot bl ot gmgmlgg]rtédgjed M D
(0.0005-0.2 g) in a volume of 100 I in 0.1 MTris-HClL, pH 9.0 were

manual |y applied to nitro- cellul ose nenbranes (Schleicher & Schuell,
Dessel, Ger 5 many) by using a dot blot apparatus (Schleicher & Schuell).
Af ter satwoasm@gsr the nenbranes were incubated for 2 Bepérir@ed tenperature
in PBS-Tween containing 1% oval bumn and 5% m | k powder and washed four
times with PBS-Tween. Human nyel ona protein 0.5 g in 100 .1 PBS 10 Tween
was added and after 2 h of incubatioms followed by several washings in
PBS- Tween, HRP-1abell ed anti-human Iight chains (K and X) S.Dakopatts) in
di lution 1@2@@emsofw@¢msmusegbﬁbr@1w aEissedy anddiRE dgdeaedwas per f or med

as descri bea@ltabmaﬁaﬁ%om%l\éﬁ%t %ﬁu@é@i&uﬂl@lsamgwﬁa) Sfls Lzedf as

experlnents " dilytions "of human eloma sera . n vo- lune .o 100 | in 0.1
M Tris- HCL2 SACoreemasiaysst Mappe }?{?‘J%%I ]t7c537t I"i‘é‘dn%%? MRS UEPPefOsat urati on,
i ncubat i onsietel&tom&rmlm@umshmagbmm;«pnmreénpeﬂépmmdz aswdde€spr i bed

above. Therga ] e b t 10 x 105
cpm m% B%PE%%%}%{@%V‘%\% ad&Zd &ﬁ%}@é&%\% e‘MlEeBEQ eH1%?(?1t1|E’]g)r(?1%18 he nmenbrane
was washed Hablpitt pres-wude PREungybebul kg Weeése’én@ﬁ eSOt 0 Kodak
CEA. C X-r aydhdyl MByedl AfMRCikshbat Ked akorX-40Tatinl 86 ULS6m idtngRsiEyi Ng screen

(East man Kqdak, chest er., ction . of D bi ndi rot ein M
catarrhal i %‘H&c?@g seyerad ?%téonﬁgx%?‘é“fr@smlﬁg JBgn?"‘l’%en('c;%) F'm) were
suspended iloper@htMed s | sertiCheds weéth K@ Tf&ﬁ)emobﬂ.atmm;g dxatkcS % Enpi gen
(Cal bi g 0 ]:P@ n Enpi gen was
re 30 pl ace@d' Q‘%}Eﬁ%@t Sﬁmna]%%gfn Eg? I%ﬂ%oﬁgggl gﬁe?ﬁ?%%lﬁ e Budendor f,
Swit zerl and%er!dr Wﬁﬁ?%ﬁn )blm (“’Sifgrrﬁ?al?ﬁﬂ‘@d thhé‘sé’eﬁé?’éﬁ‘Jgé"l{ﬂlsec‘é‘t ag
concent r at itTghoeb ex1{Bidomene tes- ted with or without 0.01 M EDTA. The

After cont TGN L3P BOTRUOPBE 200 B AC the- . supernatants wers
filtrated with ELEBAlead iddedr $o( Quastigahe Sther nmzaun@ﬁllowllﬂri pore). 8
Decenbgk ZQQEdWGQOBQQQ:ﬁ?lExtracts of M. catarrhalis diluted in
five-fold steps in 0.1 M Tris-HCl, pH 9.0 were added in
100 pl volumes to microtiter plates (F96 Maxisorb, Nunc-
Immuno module, Roskilde, Denmark), which were sealed and
incubated at 4 °C overnight. After washing the plate four
20 times in PBS-Tween, blocking buffer PBS-Tween containing
1.5 % ovalbumin, was added. The plate was incubated for 1
h at room temperature and further washed four times with
PBS-Tween. IgD(k) myelomé protein, 0.05 ug in 100 pl PBS-
Tween containing 1.5% ovalbumin was added to each well
25 and after incubation for 1 h at room temperature the pla-
te was washed four times with PBS-Tween. After 1 h incu-
bation with HRP-conjugated goat anti-human IgD diluted
1/1000 in the same buffer and subsequent washing with
PRS-Tween, tetramethylbenzidine (20 wM) in 0.1 M potas-
30 sium citrate solution, pH 4.25, mixed with hydrogen per-
oxide (final concentration 0.002%) was added. After 30
min, the enzymatic reaction was stopped by adding 2 M
sulphuric acid. The optical density (0D} was then measu-
red at 450 nm in an automated ELISA reader {(Multiskan
35 Plus, Labsystems, Finland). |




PCT/ SEQ2/ 01299 25 Purification of IgD -binding protein Nkl s
extract in 3 % Enpigen(r) was applied to a Q sepharose ?(He(&@nﬁﬁ%ﬂ&nersham
Pharnmacia Biotech) . equilibrated with 0.05 M Tris--HC (pH 8.8)
containing 0.1 5 n Enpigen(r). The columm was eluted using a 0 to.l M Nad

linear gragigidkesin the same buffer. Fractions show ng bi ndi ng
activity as detected by ELI SA and Wes- tern Bl ot were %@%&?ﬂ lalyzed in

Spectraphor nmenbrane tubes (nolecular weight cut off 25,6000; Spectrum
Laguna 10 hills, CA) against 0.05 M Tg}s-HCl, pH 8.8, concentrated on
YMLOO di sc nmenbranes (nol ecul ar wei ght cut off 100, 000; Am con, Beverly,
MA) and t hemwamldiedskaygel - chromat ography. The gel -filtration of

| gD bi ndi ng protgin.. n _Seph VAT i r | 4t i on col umm
(20 15 by 900 m%%r%%ggﬁ%ﬂnﬁ) FLE §E, '%E?)reclhrﬁ,% g’gg‘ﬂig%g‘?%tlggp_\kﬁlith 0.05 M
Tris-HCl, pH @& ¢oRTapni@ly ®H %.Bnprgentayualdyaeppliefste@ dritdion ng t he
strongest |gi3RildienGeRSidndd V(RN Q1icREACENSdAlad , apdsE&t Chianat ographed as
descri bed above. . Peptide gea¥) and anj no gﬁmq seguence anal ysis 20
Purified MBEA FY0BMTrd dic q‘%‘SH‘—’@P FaEyht GR-RGCBT 196 Enpi gen(r) was
treated w tdrhueidsi.nadtechgamirapisng the wmemimranyesewprot tnoubaitddo of 1:10 at
37C over ni The _.c ] Sy |.ec --RAGE and

pepti de ngnB S 2t ?lar%f %g?ﬁég%ﬁnﬁ%ﬂ%% (1)%’9%%8%31;{%&218%&%}:%9%”,[ n%f\i 25 cally

sequenced cIvabipwEadang %edtidin nsweeranad yeaahess fogsskineRd?dbbve. in order
]EO get an N?éﬁwé@l. ﬁﬂﬁé&@l gR:1dfa bh_rat@mt@m,pgdagl @g&im_%si ntact MD
rom a _pos e pyrogl.utamate grou s.aft enpt ed. i rent proto-
col s ndie” ubtken SPEeBROER B0t PSGRuR) B GHE R bOThE R ot el n

Aut omat ed asvEradc wdshiogenoe RRsalTyees, WERP perbelfledmedt i bdmaamn Appl i ed

Bi osyst ens {4 1LY 0 = QUi |,ds Rha nator with
on-1ine detielc I o?ha(%igt ﬁ%%@%ﬂ[ ggisggagﬁ?%%%%i dl%p%g%%}?%ﬁl?o /%dicﬁ?}éi%n

derivati ves'Sssy a8l PeEORS) e AROREdePeYRR el ¥as Hebformesl | abel i ng of
protein M RPudsdraded Ebaas fadicdeodepatefl Kilots251h; aAsEhehaiat

Bucki nghanshy e, England) 1 hiah,spechbhg, Adkby LN § PRggrber 2005 VO
lume of 100 pl in 0.1 M Tris-HCl, pH 9,0 was first app-
lied to the membranes. After saturation, incubations,
blocking, and washing steps were performed as described
above. Thereafter, [**°I]-labeled protein MID probe (5 to

20 10 x 10° cpm/ ml) in PBS-Tween was added. After overnight
incubation, the membrane was washed four times with PBS-~
Tween, air dried, and exposed to Kodak CEA.C x-ray films
at -70 °C using Kodak X-Omat regular intensifying screen
{(Eastman Kodak, Rochester, NY).

25 Extraction of IgD-binding protein

M. catarrhalis bacteria (1-5 x 10" colony forming
units (cfu)/ ml) were suspended in 0.05 M Tris-HCl-buffer
{(pH 8.8) containing 0.1-5 % Empigen (Calbiochem Novabio-
- chem, Bedford, MA). In some experiments Empigen was re-

30 placed by CHAPS (Sigma), n-Octyl-p-D-glucoside (Bachem,
Budendorf, Switzerland) or Triton X-100 (S8igma). All
these detergents at a concentration of 0.1-5 % were tes-
ted with or without 0.01 M EDTA. The bacterial suspen-
sions were mixed by magnetic stirring for 2 h at 37°C.

35 After centrifugation at 8000 x g for 20 min at 4°C, the

' supernatants were filtrated with sterile filters (0.45

pm; Sterivex-HV, Millipore) .




26 | actoperoxi dase. The prepar ations cont ai ned appr oxi nol
| odi ne per nol protein. FITC (Signa) was conju- gated tgggﬁlrcﬁ\!??%c#bﬁﬂgD usi ng

a standard protocol. Briefly, MD (2 ng/m) in 0.1 Mcarbonate buffer, pH
9.5, was in 5 cubated with 0.15 pg/m FITC solubilized in DMSO. After 45
mn, at rwomybdesmerature and constant stirring, the saapk MRS di | uted and
subjected to a PD10 colum (Phar- nacies Biotech) pre-equilibrated with
PBS, pH 7.4. The resulting MDFITC was used for binding studies. 10 DNA

i sol ation and sequencing Genomic DNAwas extracted fromfive M catarrhalis
strains (see Table I) using a genonm c DNA preparation kit (Q agen, Hilden,
Cer many) arRlinies ca bbse e MgDy busdinaspratedpl ate for anplification of the

MD gene by PCRy Dege1haN9LALE PLLITEYS MBI BmBYRLILSIZLARTE0A0I NG Lo Lhe
am no termnal sequences of _the four peptide agnent s ble 1) . Table

1. Anino 4@ @ Scgeebrrasedepilver (AweEHheghPharpastd iR af ter prot ease
di gesti ons.eA1ReRLL&E wAWUISN08 W Df BagE 1 TAQANT ESS| AL aliyipei 0.1

GNTATNFSVNS( ALI N, Tr.xpsi n,25 NE FVKGLEK Trypsin . DN

Chy ot r Jpsih T SERS: GIG FOLBRR PEACTI IRt CAEGH T dard f ek Sys- tem
Roche, BronmmeaSwetadisnts jecichiecspné newfifener Erasedony shrwdasbi nati on with
the degenengig 9&5%1&3\@193%‘&‘&?%%)? ad | FULRLGt BG BEMEK alnd §@isan of the

gene, where the_pep- tide fra%me s.originated Trom were isolated using
in- verse PERY PPER)vels mooled, gtk WRECEF W he fol | ow ng
restricti oy (RSlaGethis sRapat ety JEDORY, 085 ; Sphdctandn PItalguhar , t he

I sol ati,an qf,.t.he rt _cadon d c,II#u apd,fi ' | for the

i sol at ilgn gflltlﬁc’é aéfo%g%lgﬁonﬂs'ggu%n@%ls%— e bgsgﬁf n(g&#‘%%ﬁngﬁgé were reli 8
Decenber 2605 YWHO0 34 D94 aGmbraTesE(r bader? veight edulupdfif t hensel ves (Rapid

DNA Li gat i oy oKioloo ; ReIeIn ardvelg, DNy vam waed bppl R tolgeanpl ify the

start and %ﬁﬁgmmtography. The gel-filtration of IgD-binding protein
was done on a Sephacryl S-400 high resolution columm (20

15 by 900 mm; Amersham Pharmacia Biotech), eguilibrated with
0.05 M Tris-HC1l, pH 8.8 containing 0.1% Empigen®. Frac-
tions containing the strongest IgD-binding activity were
concentrated and re-chromatographed as described above.
Peptide cleavage and amino acid sequence analysis

20 Purified MID in 0.05 M Tris-HCl (pH 8.8) containing
0.1% Empigen® was treated with trypsin or chymotrypsin in
an enzyme-protein-ratio of 1:10 at 37°C overnight. The
cleavage mixtures were subjected to SDS-PAGE and peptide
bands transferred to Immobilon membranes were automati-

25 cally sequenced or exposed to Western blot analysis as
described above. In order to get an N-terminal sequence
of the protein, deblocking of intact MID from a possible
pyroglutamate group was attempted. Two different proto-
"cols were used to deblock both soluble and mewbrane-bound

30 protein. Automated amino acid sequence analysis was per-
formed with an Applied Biosystems (Foster City, CA) 470A
gas-liquid solid phase sequenator with on-line detection
of the released aminoacid phenylthiohydantoin derivatives
by Applied Biosystems model 120A PTH analyser.

35 Labeling of protein MID

Purified MID was radioiodinated ([***Il; Amersham,

Buckinghamshire, England) to high specific activity with




codon areas of the gene, specific primers were designed ggpad ng a | ong
tenplate PCR (LTPCR) (Expand Long 5 Tenpl ate PCR System ggc%ﬂﬁé}dzgoP PCR

products were cloned into pPCR-Script--Anmp (Stratagene, La Jolla, CA) and
se- quenced using the Big Dye Cycle Sequencing Ready Reaction kit (Applied
Bi osyst enge odbagshngt on, England). Prinmers for anplifigaft lﬂfﬁf)s genom ¢ DNA
were designed using the 10 Aigo Priner Analysis software % ecul ar

Bi ol ogy I n- sights, Cascade, Co). The signal peptide was deduced using the
SignalP V1.1 Wrld Wde Wb Predicti ?Q Server Center for Biological
Sequence Analysis (http://ww.cbs. dt'u. dk/ services/ Signal P/). 15 PCR

anpl i fi cat laptopenexitdabegeMheTpeegamliene GoAtkbnepeappreadinageIy ame of the
md gene ifi b S| c r i s Bch. s i genom c DNA
as tenpl at \géﬁ%%ggj()ﬁ%cg%uec?éggﬁﬁag ]&lq;r?elylrns' gg%& ?%#rlﬁar?g%%asnh{)ﬂj@st riction
enzyme recdghetion meglErceMIROuswIe 35 'stegdgatdceriterficgBygelhaat at gcc- 3
(prinmer A u85Q(2! B)iAhd 151 - caaaaRi-ec gagaagt gapanart gaacggact get ge- - 3°
(primer _B, ESEQC' 4) enerthQ& a ngggr,gduc of 6391 ase pairs.

BanHl - dPgeSPRATEASEYER Viirdl T MgAPEF T & 16¢65 iy RO -+ 856FYi ng pl asnid
pPET16- M D wasmin asmis-rdithm frempedatuie dadbaonBabht st trdimgf thbe cl oned PCR

pr oduct I ced. 1, full _l id g j.n other M
ca- tarr h:%ﬁg?ggﬁg%%s,qt%t}%p%ﬁg%‘g%é%%g EL)WST gﬂgégcd‘ﬂ L;ljnrlll Zgﬁajai tion,

priners us&aciarBiakedw myedsapit Heradegueneh BRS3PR ottidhgThAe signal

.peptide weresglthes WIDMITAAWAE ®sed for binding studies.

t gt cagcatg cattrtirtaa aaaccaccatg-3'" (priner C de- tecting the upper
start (BdomASERPl e 1es S FeBURBIATE “tion i th

5' - cat caat t gcgataxigtict Pawest ext3adied fepmDfive o¢atetaatrhaltsnser ved
region jus i d Hanal . i - SE e ing 192-
and 266- ba%g?%%?% ?T%ig%é% gr) ogéﬁﬁgg%??se?lﬁg léc@%%%%a?ag%iaa%f% enpl ate),
respect i vellpPiagent HE A, Germagy) A5t vesi Fubsasiieatlbisgdpéenber 2005 WO

03/ 004651 RehbEE02/ 32 A8 £ivht bord ot ttheasigoc gesagb g aam.agage=~ 3" (pri ner
E, SEQ:L D lI\IIOr 7% ver e used for ctngl.rzmdp% tche exi st enge O];nit he m d gene
resul ting PR 15852 HIRF 1 455 S §ERY 2% PFgéﬂ%ntfs, rgsplé%ti vely. The

expand | ongersiphht seREREpsréntmsfour peptide fragments (Table
I1).

Table II. Amino acid sequences derived from highly

purified MID after protease digestions.

20
Peptide sequence Protease
TAQANTESSIAVG Trypsin
GNTATNEFSVNSGDDNATIN Trypsin

25 QGINEDNAFVKGLEK Trypsin
PSTVKADN Chymotrypein

In some of the PCR reactions {High Fidelity PCR Sys-
tem; Roche, Bromma, Sweden), specific primers were used
30 in combination with the degenerate ones. DNA sequences
flanking the central region of the gene, where the pep-
tide fragments originated from, were isclated using in-
verse PCR (IPCR). Briefly, genomic DNA was cleaved with
the following restriction enzymes used separately; EcoRV,
35 Sphl and Pstl for the isolation of the start codon, and
' AccI, Asul and finally HincII for the isolation of the
- stop codon gsequences. The resulting fragments were reli-



5 used in all reactions and conditions were as recomendgg..ypdros

manuf acturer (Roche, Bronmma, Sweden). Expression of the md gene product in
E. coli and cell fraction To express the m d gene product, pET16-M D was
10 transfornmed into the expression host BL21DE3, containing a chronosonal
copy of tWe odidoabHA pol ynerase gene under |acUV5 contr gppsgda@ideconbi nant
bacteria were grown in LB medi um supplenented with 2% of glucose and
anpicillin. Overexpression was achived by growing cells to logarith 15

m c-grow h phase at OD600 of 0.6 fol Ipwed by addition of I nmMIPTG After
4 h of induction, bacteria were sonicated according to a standard protocol
and the ressattachgppnothembaisvaser@apndl D8R inat3ps- PACE. Redel 28t i on of

recomi nant Rt G0l Babr QERRE GrIVD ¥BSaR01 S8 i cRUlls DY @SS © Shock as

described. Briefly, bro cultures of . ipduced and uni nduced cells were
harvested S$QRPT é3Gefenfictle @%ﬁmﬁﬁ??@l%@]{mﬁ#%@%n@%‘ﬂﬁw 20%
sucrose. ECA wasdadded 1ong HdmpdlateoRCRN{EZRAR)N (BkpandMorand t he sol ution

I LA : Bk Phpate
Bt 10 000y ToPEirRopPRLRIP R ©, Bby e Frdites Wbl SR, TRom O
MySO4 and Irtig @PCRofcidphidmmnStgatapane ngea Wiodleyef?) t#ed g5eri pl asmic

proteins wefgedRlEeasety fhe B:e i 9bie Thequaiegnakany weutiwiod ng the
periplasmc fragctiqn s.col 30 I'e ted,bg centri fggg |og. . Bacteria were
conpl etel y ]F’y%e@p efly BEGSHRE S5 1 "B RAPI LY SRS n of*MY0 rag/nl fol | o-
wed by sonibat iampliEinatiyn diheyesswimikl BNE wend akmignaddusimsdihebl e nmenbr ane

fracti . Tr ' i teins 35 Th
i TTor o RCred O P S et ot A e SRRl ' e e
si zes and pPighlrs fCepcgéner@)i ndhe K oprbtespisidy washdafiuses Fi gure 10. The

open readi ngs&hdatrmBesn2005 V0 G304 Gbde Ric $EQY10E290 28cvdy ame of the
m d gene frgm M taér.h (Ijis %05(?%1% ETér?é M.D) (Forsgren et al., 2001)
was used as-TEAH %&. APTOINT & PE& : t for MD367-590 (C), were
anplified BytiRCR/weingbs péiok fdk/ servirees/ | $igrediRYilng Bani H and 5 Hindl ||
restriGly ONp@RZYY 1% 188 1 olUer il hehpal
The complete 6.4 kb open reading frame of the mid
gene was amplified by PCR using M. catarrhalis Bc5 strain
genomic DNA as template. The oligonucleotide primers con-
taining Bamfl restriction enzyme recognition sequences
20 were 5'-cgggatccgatggcegtggeggaatatgec-3' {(primer A, SEQ
ID NO 3) and 5’-cgcggatccgaaaagtgaaaacctgeaccaactgetge-37
(primer B, SEQ ID NO 4) generating a PCR product of 6351
base pairs. BamHI-digested insert was ligated into
PET1i6 (b) and the resulting plasmid pET16-MID was trans-
25 formed into DHSo. Both strands of the cloned PCR product
wefe sequenced.
To examine the full length mid gene in other M. ca-
tarrhalis strains, the primers A and B were used. In ad-
dition, primers used for narrowing down the sequence en-
30 coding the signal peptide were either primer A or 5'-
tgtcagcatgtatcatttttttaaggtaaaccaccatg?3' (primer C; de-
tecting the upper start codon, SEQ ID NO 5) in combina-
tion with 5’-catcaattgcgatatgtctgggatcttg-3/ (primer D;
located at a conserved region just ocutside the signal
35 peptide, SEQ ID NO 6) generating 192- and 266-base pair
long PCR products (using Bc5 genomic DNA-as template),
respectively. Furthermore, primer A or C in combination



H ndl Il restriction enzyme site in fragnent C,  an Xhol LEeMBsS J688d
instead of HindlIl at the 3" end. All PCR products, except ? or _
M D1616-2139 (1), were cloned into pET26 (Novagen, Madison, W). The PCR
product encoding 10 for the I fragnent was cloned into pMAL-c2 (New Engl and

Bi ol abs, vRs¥shlels MM . To avoid presunptive toxicity, PAREeIAS ti Ng
pl asm ds were first transfornmed into the non- expressing host E. soli DHSa.

Thereafter, plasm ds encoding for fragnents Ato D, G and H were
transfornmed 15 into E. coli BL21(DE3)hg whereas the host BL21(DE3)-pLysS
was used for vectors containing fragnents E and F. Both E. coli strains
wer e i ncubatisll bh-ttiecagmcesehcagiufcdedimmpacaydi n(pwheaeds SRRoLENM¥Peni col al so

was suppl ergni,gdes Waghy f%gé&%ﬂmﬁk_yséet LansEORARNS LR B HS§Ene Fragnent |

was .20 expressed in DHoa. Bacteria were %rown to md Io ghase f ol | owed
by inducti GRSWERRD IMIE3SEpr %@IM%LQ RAFEo PRI D- L SCBOERHESE PTG). After
3.5 h, tram&fsgéﬁﬁiﬁrélyvemeseﬁpan@a]tcﬁrg aRrtpl Aee OBER @ymtemsadsprot eins were

puri 10 aceay 1 o (9 NS MEMACYLALS opk GLEYSld WSorfiEsLh N0 1 ocOm 25

bi nant protelns i ag o fuse I ndi ng
protein wehy bhﬁlfﬁm@l@faﬂtuﬁém K\EO@l’émt d—’rmﬂwg Avedent) -anyl ose, respectl vel y.

The concentm@%g.e%oﬁfof hee Bhlt §ENPIRIRS AT 8, deder Enedeysi ng the BCA
Protein fsay Kit (Pierce). Thereafter, reconbi nant proteins were 30

anal ysed by*8P&IPAGE and Western blots. Hemaggl utination Human
eryt hrocytes were ahimssedhé roil fgashiproduann pEEEMID wad human bl ood. The

eryt hrggyt E2alEES "i%‘i }i}%c&%ﬁ?éﬁ%n( &’1@ { éi.dﬁ?lérj]s oo ent Ellgn PBS at. a

final concentration eria cu ture oth were
har vest ed Bycéﬁﬁwwmﬁjatqow, o AkdAs poprEraerPe @ene. pRdRY109/n in PBS.

Eg_(l;_} gllé:)g/ gggcglvgg&hﬂﬂ:ﬁgﬁeL?H@F@@é&tﬁfﬁ&rﬁe%&béglgQﬁéﬁré@r@%&l??.ﬁfSﬁQ i
each). were_m xed in,round ommcrotiter
pl at es (SaFStedt, = ntﬁ%)wu?]ﬁ %%% SRPEPPe?Ed AR rocytes were

m xed wit h%@e&epémmvewas BSAivSkharuswing ¢80l pltPBSgakdghut i nati on was
read bysthescS ia&a@ e Gl bpli) e 416 20026606 %HASRAH c1BR beng car ci noma
cel I I 1 ne A549 type aI veol ar ) . . _
IPTG After 4 h of induction, bacteria wexe sonicated
according to a standard protocol and the resulting pro-
teins were analysed by SDS-PAGE.
Localisation of recombinant protein from pET16-MID was
20 carried out by osmotic shock as described. Briefly, broth
cultures of induced and uninduced cells were harvested
and resuspended in 30 mM Tris-HCl, pH 8, containing 20%
sucrose. EDTA was added to a final concentration of 1 wM
and the solution was slowly stired at room temperature
. 25 for 10 min. After centrifugation at 10,000g for 10 win at
4°C, cells were resuspended in ice-cold 5 mM MgSO, and
stired for 10 min on ice. During this step, the
periplasmic proteins were released into the buffer. The
supernatant containing the periplasmic fraction was col-
30 lected by centrifugation. Bacteria were completely lysed
by lysozyme at a final concentration of 100 wmg/ml follo-
wed by sonication. Finally, the soluble cytoplasmic and
insoluble membrane fractions were collected.
Truncated MID-derived recombinant proteins
35 The different truncated MID fragments designated A
to I with their specific sizes and primers for generating
the proteins are shown in Figure 10. The open reading




epithelial cells; CCL--185) was obtained from ATCC. The
cultured in RPM 1640 nedium (G bco BRL, Life 10 Technol gg@glg?’bw(@ls
Scot | and) suppl enented with 10 % fetal calf serum 2 mML-glutam ne, and
12 gg/m genta- mcin (referred to as culture nediun). On the day before
adher encgyfshgdssieENt s, cells were harvested, washed t\yfg 4,@2
gentam-cin-free RPM 1640 and added to 12-well tissue culture plates
(Nunc, Roskilde, Dennark) at a concentra- tion of | x 104 cells/ well in
2.0 M gentamcin free culture rredij#n Cells were thereafter incubated
overnight at. 37 Cin 5 %C02. On t day of experinents, M catarrhalis
(~ 2I X 108jrane EBSth@iﬂ;.ﬁd%@@ &rbi ¥Si gredrr2@IwesBeROCi afEd6ent 0. tBe

nonol ayer utraliz [ £ i sera, bacteria
were pr e-SNI I$u &ﬁgrmtlh 'E ydl gﬁgﬁ avgélnﬁls \éfe;ag(ggﬁgéjfgﬂ %7& 50) After 1 h
at 4 C, bal‘@it%rqcmSMuetado@e{:elm tht BPRIHEISR (Ce\,eIW@relmnE&M 1§$@per| ment s,

tissue culirexplalies WELsi A% peRkEhs Ut Ructnd0Banioraid m n and i ncubat ed -

at 37 fter, 30 the i pfected npnol ayers were rinsed twce

with P§S Ié“%m% é’@ﬁﬁﬁﬂtwq ﬁnﬁgﬂFl B SEKiNG £8 2PefV Honadher ant
bacteria amthditanreseaierion tdnzyheypste-EDTAagBe0bE, tayypsial, 0.5 nM EDTA)

Lo, el ease. e 30, LERM LGl A5 LS RHPPUL plecahiern Ry esul L ng

cel |/ bacteria Suspenst on was atées containing 1.1 %
i sovital e@roﬁtw%haﬁa@pfblmmaﬁalﬁwaﬁ 1. 9W%ep¢b@%e1q§é>ptone Dat a

was Cﬁl cu: blﬁds f(@%@a@ﬁﬂ' In@@al%o%tél WIj Urgse B Bh:amceyémzmg anal yshsb:*urrgn
perl pnera ocyt es S I Nl ze (0] 0]
from Heal t Y g:g’r‘?oﬁ %e kﬁ%%&eﬂeﬁfs F@@Lﬁ%ogﬁ%‘%lﬁ%oz/ngg 31
trifugati d%ncﬁ!rakm sBepeglxadu\@r)t ab Evcuﬂlprtessmp@t}mee(tgmc;ﬂmprt@p, _Phar naci a,
Uppsal a,  Suedan); 5(9\/\?5%3%9%%/ @éé eda%ﬁg:énﬂ?é ¢, f-ai ning

0

prot ocol was use fer. PBLs (2.5 x 105 in
100 1) 5 vRrRrSssEerelofk th- Aali- “orTl?aFﬁf@?a-f@Bfg RABE™MEh or wit hout

FI TC-conj U@@dcﬁﬁn@}mfbr' gEGANt@N Al €68 HPre HhdTiHN wee COF Shaifbrined he
50 e | DA ed T e LR BT Rt G OO E i 50 A EEA for T
washes, 10was used for vectors containing fragments E and F. Both
E. coli strains were incubated in the presence of kana-
mycin, whereas chloramphenicol also was supplemented when
BL21 (DE3) -pLysS transformants were used. Fragment I was
20  expressed in DHS50. Bacteria were grown to mid-log phase
followed by induction with 1 mM isopropyl-l-thio-f-D-
galactoside (IPTG). After 3.5 h, transformants were soni-
cated and the overexpressed proteins were purified accor-
ding to the manufacturers” instructions. Resulting recom-
25 binant proteins having a histidine tag or fused to wmal-
tose binding protein were purified on resins containing
nickel amylose, reépectivély. The concentrations of the
eluted proteins were determined using the BCA Protein
Asgay Kit (Pierxrce). Thereafter, recombinant proteins were
30 analysed by 8DS-PAGE and Western blots.
Hemagglutination
Human erythrocytes were obtained from freshly drawn
heparinized human blood. The erythrocytes were washed
twice in PBS (pH 7.2) and suspended in PBS at a final
35 concentration of 1 %. Bacteria cultured in Nutrient Broth
were harvested by centrifugation, washed and suspended to
1-2 x 109/ml in PBS. Bacteria and erythrocyte suspension




10 g/m of purified FITC conjugated M D was suppl enent edgtgéceﬁqggrggjg S

foll owed by incubation for 45 mn on ice. After 4 final washes wth excess
PBS 0. 5% BSA, 105 cells for each sanple were anal ysed in an EPI CS@XL- MCL
fl ow cytorre ter (Coulter, Hialeah, Florida). \Were appropriate, rab 15 bit

and goat (ﬂ%gfne sera and nouse 1gd and Ig&xa wer
negative contr (Dakopatts). Results Extraction and?’&lﬂ‘&ﬂ%ﬁgl on of MD
Sol ubilization of MD was a major obstacle in the 20 process of

purification. Amongst several det ergenfs tes- ted, only Bnpigen0O and
n-QOctyl--b-D glucoside alone at a finhal concentration of 3% solubilized

MD froma Sﬁmm&nefseaﬁhbfwézﬂ'e cditaer hal teured focivont kilcast esdd mated by ELI SA
and Wester ent re e uaII ef f.i 2 cient. Triton
X-100 al ongb% %tsnégg |f|ze'%] E’Bnﬁ fﬂ'rl e§“9f6€r Pu% 0.01 M EDTA
sol ubi | i zedemubr@pyt@sew@relrylxe@ RAPE lemamsmaﬁh EDTA or - EDTA

al one did r@pha%tsﬁbhh' 50 '\ﬁP pHd) hBg1HO] A0 m‘r“a?&o%bﬁeﬂgsthe!pr' gen(r)
extraction % use for solubilization and subsequent pu 30 rification of
t

M D. Wheh Gen extract of M catarrhalis was applied to a
Q sephar osecCeidl lllme ahl &gberdnauliaagapaterial was eluted fromthe col um

with 0.1 Enpig I tion D bi ndi ng
mat erial could gieleePu‘?% évﬁéﬂ{d“ﬁa}\g%i J{r')i(;_l'][(l:la ézﬁ:}ég[\b(t%?% & %{Wa% applied to
the sane cdiRitelApterelbat filrdB50i Uﬁsﬁbﬁaﬂéleldgljlm“héifﬁ@ nEheeri al obt ai ned

af ter SEDarcﬂelltsl QBreNcEt SERRAT a5 vl 8646 aRALih AN @ivBesRi! ragle Was 8
Decenb A 5 WD. 03/, 004651, PCT/S 02/%@ (%g 32 _.achi eved b%/rhgel filtration in
the pr senc FRFOYOTIE M PR 07 ]E Fipplsmesredorati ¥Ei% 1). Most

| gD~ bi ndi nitett eril @l smsm,elmtrmin glttmsuie,r ﬁnd)ﬂ&kmﬁﬁkdga&tdel y after the

voi d vol umgy; D wage L hes e{)é”&.lfllﬁﬁgeb&{ecﬁll.\[}@c 2P Rl he first

peak under the sane condi- tions ter purlq‘xl cation MD
appear ed aLANeKEREANEELSBHEETHTD I@E&lﬁa‘ﬁ%if@arltﬂléf@é@@ndwéah@dvﬁwwean

appar ent nuiregehabmiBss- Ofedmit N30 ladldhdden DAe3berR110: Al experiments
were pﬁ%fOQHE%u%8 ﬁ aé rqﬁuat ¥£skm?§e, Denmark) at a concentra-

tion of 1 x 104 cells/ well in 2.0 ml gentamicin free

culture medium. Cells were thereafter incubated overnight

at 37 °C in 5 % CO2. On the day of experiments, M.

catarrhalis (= 2 x 108) in PBS, 0.15 % gelatin (Sigma)

20 was inoculated onto the monolayers. In neutralization
experiments with specific antisera, bacteria were pre-
incubated with polyclonal antibodies (dilution 1/250).
After 1 h at 4 °C, bacteria were added to the epithelial
cellg. In all experiments, tissue culture plates were

25 centrifuged at 3,000g for 5 min and incubated at 37 °C, 5
% CO2, After 30 min, the infected monolayers were rinsed
twice with PBS, 0.15 % gelatin with gentle rocking to
remove nonadherant bacteria and then treated with
trypsin-EDTA (0.05% trypsin, 0.5 @M EDTA) to release them

30 from the plastic support. Thereafter, the resulting cell/
bacteria suspension was seeded to agar plates containing
1.1 % isovitalex, 7.8 % human blood, and finally 0.9 %
proteose peptone. Data was calculated from duplicate cul-
tures. |

35 Flow cytometry analysis

o Human periphe:al blood lymphocytes (PBLs) were iso-
lated from heparinized blood from healthy donors by cen-



not identical to the previously described outer menbrane [ i pAl
and 2 with an apparent nol ecul ar mass varying from 350 Pﬁ@%@%ﬁ%ﬁ? -10) or
CopB with a nole- cular weight of 80.kDa. The crude Enpigen(r) extract of

M 15 catarrhalis or partly purified preparations of MD were subjected to
SDS- PAGE, whoahsésgrred to Inmmobilon filters and blott e@c%%dim%ﬁi bodies to
those Moraxella proteins and also with human 1gD. As - can be seen in Fig 2,
MD (as revealed by IgD-binding) is not identical with the outer 20
menbrane proteins UspA and Cop B. Three attenpts were nade to determ ne the
am no- termnal am no acid sequence é purified MD. Approxim- tely 1000

prol  of M Rrédsigappbh esh eaghebi gRadivdh GUFollBt efopdtty @gkd sequencer .

| nasmuch as h%or%rn'_n aci d .25 Qhen%' t hi%k%dant oL.n df%clévati ves.,were obt ai ned,
the anino- R EFmRAal T eHE 35 3 hdPR? Jgae‘l e&’)l'y‘f;‘@f)t ¥ HAR&E pro- bably
bl ocked. i tanadysegcentdbanderedr atadnfind girdtioeotowas wetd ariidpAl- 5&nd  UspA2
proteins, WhiChuaue B o a8l haple. Uk mansdgoigdati gao Gentained a

pyr ogl ut amyl reil due 30 that was renoved by the treatnent

pyr ogl uPanated® AAPRLPREPHtEasBE L OB VAT A RPRP DBEE i f3td From M ca- -
tarrhalis ortheconbBiTerdorNuBaves dseaired wiabhohhise efgym® rdecording to two
different pr tw.,ce far-each nethod) and.then subj.ected to Edman
egr adati opctRaaRng stq M’ paRhegBtlea ™ Rk AELNET SR 0, neconber
2005 WO 03/00£65nepcy/ SE0Rhoeoes 3gre gid<s paexigcpbaped tidd of M D O ude

Enpi gen(r) =xiragbsi@hudMg1obh@indatds Anchibi 9REYer Pk fi£0hdM Digubj ected to
SDS- PAGE and transferred to__filters were exposed to highly purified

commer ci’al I”&g/gl afhi P & o0 F prepeatyanted MiPcuant PP LaMeitsiafiCl g- cl asses
and subcl as$es ceTabl olllldwed Babiwcubdt idsumear ¥5ohiMés erde Blagteand dot bl ot

analyses sheui0g Lghdy 9i-0-20ecl ikl ) 50f pBAON ¥s PULI] G4, commercially
avai |l abl e nyel oma 1 nimuhogl o ufin, ' préparati ons agai nst a crude
Enpi gen0 eX@ehceagploqvercapant iaed simmnt HPGRPYXpUMCE | BbvMcItons-20

ter (Coulter, Hiazleah, Florida). Where appropriate, rab-
15 bit and goat pre-immune sera and mouse IgGl and IgG2a
‘ were included as negative controls (Dakopatts).
Results
Extraction and purification of MID
Solubilization of MID was a major obstacle in the
20  procesgs of purification. Amongst several detergents tes-
ted, only Empigen@ and n-Octyl-b-D glucoside alone at a
final concentration of 3% solubilized MID from a suspen-
sion of M, catarrhalis efficiantly as estimated by ELISA
_ and Western blot. The two detergents were equally effi-
25 cient. Triton X-100 alone did not solubilize MID, but
Triton X-100 plus 0.01 M EDTA sgolubilized MID efficient-
ly. C HAPS alone or CHAPS with EDTA or EDTA alone did not
golubilize MID. In the following experiments, Empigeng
extraction was used for solubilization and subsequent pu-
30 rification of MID. When the Empigené extract of M.
catarrhalis was applied to a Q-sepharose column, all IgD-
binding material was eluted from the column with 0.1 %
Empigen® in 0.05 M Tris HCI, pH 8.8. No additional IgD-
binding material could be eluted when a NaCl-gradient up
35 to 1 M was applied to the same column. After concentra-
tion of the IgD-binding material obtained after separa-
‘tion on Q-sepharose, fractionation of the extract was




25 |1 mmunogl obul in 200 kDa-protein Purified MD in crude 5%@?%}'}@5( K)
g

,1gD (20 ++ IgGL (K) ,1gGL (?) -- 1g& (K ,1g& (R -- G ().)
-~ 1gGA (K, 1gGA W- - TgAl (K ,IgAl (X) TgA2(K), 1gA2(?) - - 1gM (K)
,IgMIgE (K)- Only the two 1gD preparatlons i nt eract ed W|th the M D band
in the 2Q6 dd@agRpsition in a simlar fashion as sho goh ddn Fig 2.
When dot bl ot experinents were perforned and purifie MDln Il utions was

first added 30 to nmenbranes and purified hunan myel ona protei ns and

secondary antibodi es were subsequentky applied, only the two |IgD nyel onas
interacted with MD. One of the two nyelomas detected as little as 0.001 g
of M D on theiewsiiinanel Thitsspeicid iiei ttyleoprehenq:mtoefr actitkoBEmbet ween M D 35

and 1gD wa ¢ her _v b n o] pOther dot bl ot
experi rrenté %lﬁ E}% %#Dﬂé‘s%ld)eérr%ﬁlgt rggjtigtgfll ﬁ%e %e%l vely bound four
| gD nyel onkiBging mt@reeéeweerelzdz%i WD Geﬁaoﬁesqt m@wkseeele 1299 34

di stinct reatyiffceound Peidersnied MID Resl &agehdy: @3n4ripg BF |1 gD. For the
at, .even | ower .concentrati ons

| gD st and d t
(ot " shbwnTeoPEIRAREREY, o6 G o SRR pon st P A PR PR3Nt | ng | 0G5
| gA and IgMJ13$mV\/ed no visible reaction wwth MD at 4 Mg. Purified MD

speci f1 cal Iy athsof edofunei el hlie ok aPs 5. L6 qdne%gbeag@a agd Vestern

blots (Fig 2 an ound to the surface-
expressed BW‘EeJPEFn@%c@&eo?OE’B’@& haps amdén Sﬁ‘é?’il m with

apparent molecular mass of more than 1,000 kbDa. Western

10 blot experiments were performed to confirm that MID was
not identical to the previously described outer membrane
proteins UspAl and 2 with an apparent molecular mass
varying from 350 to 720 kD (8-10) or CopB with a mole-
cular weight of 80 kDa. The crude Empigen® extract of M.

15 cétarrhalis or partly purified preparations of MID were
subjected to SDS-PAGE, transferred to Immobilon filters
and blotted with antibodies to those Moraxella proteins
and also with human IgD. As can be seen in Fig 2, MID (as
revealed by IgD-binding)} is not identical with the outer

20 membrane proteins UspA and Cop B.

Three attempts were wmade to determine the amino-
terminal amino acid sequence of purified MID. Approxima-
tely 1000 pmol of MID waé applied each time in an auto-
mated amino acid sequencer. Inasmuch as no amino acid

25 phenylthiochydantoin derivatives were obtained, the amino-
terminal end of the singel MID polypeptide chain was pro-
bably blocked. It was recently determined that the mora-
xella UspAl and UspA2 proteins, which are also resistant
to Edman degradation, contained a pyroglutamyl residue

30 that was removed by the treatment with pyroglutamate
aminopeptidase. However, when MID purified from M. ca-
tarrhalis or recombinant MID was treated with this enzyme
according to two different protocols (twice for each
method) and then subjected to Edman degradation, no N-

35 terminal amino acid segquence was obtained.



10 bl ood | ynphocytes (PBLs) were isolated. FITC was conjgp
foll owed by incubation with PBLs for 45 mn on ice. In paregé?n&%%g%m wer e

| abel ed with RPE-conjuga- ted mAbs directed against the T cell marker CD3
or the B cell specific surface antigen CD19 and subsequently ana 15 |ysed
by flow aydoenmiesy (Fig 4). Interestingly, a large fragthahoize

CD194- | ynphocytes bound significant anounts of MD FITC (Fig 4A), whereas
T cells (CD3{ |ynmphocytes) only displayed a non-specific background
binding (Fig 4D). The MD-FITC signaia corresponded well wth CD19+ 20
cells incubated with anti-l1gD mAbs revealing | gD-postive B cells (Fig 4B).
To further HRAigdEagt BEcRYERiqs @t ¥IBf M D-FI TC binding to | gD bearing

CD19+ Iyrmhocyt esud® 1@1@{@ exRi-abns ubated cakbbrAal abhidd afghihuman | gD

| o- f b M D-FITC 25
bi i g e S ge%?ﬁ e e PPy A Pl S EREERERSL hdar d
procedure. fﬁié:e@mt vsee um@snxtttocbughérmt}rnmedhcbmedcsq)@m fic MD-FITC
bi ndi ng ¢ 0 éwHﬁl'aQ?eBEB rARar ‘f—@ Fo-&flilg; LAguRahed Mth the

pre-i nmune serum uor escence ntenS|ty decreased fTom79.2 to 14.6
30 ar bi trarSIlelﬁﬁeran@l ?ﬁﬂl’%a?%‘hl (ffebder E1 bt ai ned with goat

i mmunogl obufdbls rarseguagainsdt Wgbtepat BEdowmd dbhublot | g iggaisessi ng B
cells pronp ed S| eEhf'lgl P cli'fg of %l 5 @e- xpressed BCR | gD.
Cl oni ng of ‘ﬁgﬁe—eﬁeﬁ%ﬁ;ﬁ%—aﬁg%jm ysis Degenerate
primers wereomfesicgaddy ¥ thlni ‘ yraiogd d ingl sequences

of fourygpepti &Px&@?ra %Qggevml&yeqp@)@grgggr/g@g/ngg 35 nents
j Lo PCRS 1 n all possible

: (Fig 5 were

synt hesi zed—u&kng—qu—ded&—eed—seq&enee—eL—a—d%—neH—%e—PG%p%edﬂct-

generated w (? Q}glgggen%gt]gnap 5:5@3 pair 262 urlg@gé% A PCR reaction

using the speC| c‘fc priners’in’co Tnation with t ege- herate ones (718+

and 5772-) resulted in totahlsrueeseKtpct of the gene coding for MD.

FI anki ng sequences surroun-_dimg the core of the md gene were obtai med by

i nverse 10 f’%l? S' Pg:RB)UL)I PCR on RCORV- and Asul/ Accl - dgested M

IgGl (k) , IgGi(A) - -
IgG2(x), IgG2()) - -
IgG3 {x}, IgG3(A) - -
20 IgG4(x), IgG4(A) - i}
" IgAl({x), IgAl(A) - -
IgA2(x}, IgA2(A) - ' -
IgM; (x), IgM(A) - -
IgE{x) - -

25
Only the two IgD preparations interacted with the

MID-band in the 200 kDa-position in a similar fashion as
shown for IgD in Fig 2. When dot blot experiments were
performed and purified MID in dilutions was first added

30 to membranes and purified human myeloma proteins and
secondary antibodies were subsequently applied, only the
two IgD wmyelomas interacted with MID. One of the two
myelomas detected as little as 0.001 pg of MID on the
membrane. The specificity of the interaction between MID

35 and IgD was further wverified by using radiolabeled MID in
other dot blot experiments. In Fig 3, it is demonstrated
that MID effectively bound four IgD myeloma sera. A



catarrhalis genomic DNA with the primer-pairs 2982+/ 9455 mpg, ?r S 120-,
respectively, provided the sequence for the start- codon ar ea. dition,
| PCR on Hincll-diges- ted noraxella genomic DNA with the primer-pair 5898+/
15 5511- generated the 3' sequence including the stop-codon. The conplete
nucl eot i dg e of the gene encoding MD in M ca Bc5 is
shown in SE%%M%RIO 2 and the resulting amno acid seq%en’é@ﬂjl iszagshown in SEQ
ID NO1l. Two alternative open reading frames were reveal ed and are 20
indicated at amno acid positions 1 apd 17, see Fig 6). Consequently, the
|l ength of the md gene product was either 2123 or 2139 am no acids. In
addi tion t odestiputtatrenet fomosaiEt bendebectsdd ein( Ah@(;’;angéoo(GBAATTA) and - 35
(TTGAAT) c se 5 re, 62 bases
ﬁ?%ﬁ BYF "Ofe $tWRES KA &Jrepeaf IEH&; g

downst ream AA" st op-codon an i nverte W|th t he
- potential OfaSt38AY 85peVERIIRNGTOFOPRERETAL IRRte SOy SREWR 1 difscri pt i onal

Ej e][ ][n na- ti&strkatges a:[lfﬂeﬁﬂtl aw @&ewea s%é.ﬁd &rag?éseﬂﬂﬂng d@@tl ty between
| ere uences he |.ve N pJ O ei ns were

el seed High FR0 T oged YaSraaBle Aabich Fokna it A e hos e 5. 8
% and 78.3 % rfegpéted el sdeicg £igally neidomtatasit hughngml,qblleomer val ues,

65.3 a and i tai h ifth isolate
(RH4) . |den1;)|[t73/a%n§%5§§“?m a@'tr&it\‘émwﬁégtmqp ﬂ&%démé ; &% jand 8.3-17.9 %

respect i vel JAPIghd Wi ¢ nTRustkpet avhst ?leﬁsm%slf%ﬁ’fq & ﬁhfls‘?ﬁrf?&e 4 8 Decenber

2005 WO 03/ &bk eBCE/ 5&912/&1929‘2&036 (BdRe 1610, geRencperbphéeilected in all M
t he md was detected in all

catarr | t LN Ses

118 M h‘Leaalat Zi?lr 4% EP?%Y?.%? ﬁ: eFﬁel“T\%]raafe é‘%?ﬁewas Rkt a) -related
control s weyatavedat MiB. fohl ek thyomnculh@tmrmncth EB&snidr-45 géme was
confirmed ugi ngdr ttﬁ%éréﬂ?él PERG {wéée%e%&e@ﬁth“ﬁbﬂdb&%f&dﬁ start and

st op codons Anal ysi ¢ of the deduced am no _acid sequence D differs
from UspAl , %%ﬂ)&@saﬂar%“ee%r%%tdé%r? e euEer1608, 808724 The open
readi ng frarrmlld@benedla pinl=aia antibea CBlY 01d atddepmbacly amarass of j ust

' bel ow %.250 kf?sééh%ty ljffgwgié%:ometry (Fig 4} . Interestingly, a large
fraction of CD19" lymphocytes bound significant amounts
of MID-FITC (Fig 4A), whereas T cells {(CD3* lymphocytes)
only displayed a non-specific background binding (Fig
4D} . The MID-FITC signal corresponded well with CD19"

20 cells incubated with anti-IgD mAbs revealing IgD-postive
B cells (Fig 4B). To further elucidate the specificity of
MID-FITC binding to IgD bearing CD19* lymphocytes, PRLs
were preincubated with a rabbit anti-human IgD immunocglo-

bulin fraction. After incubation and washings, MID-FITC
25 Dbinding was analysed by flow cytometry according to the
. standard procedure. The antiserum almost completely in-
hibited specific MID-FITC binding to the IgD BCR when
compared to cells incubated with the pre-immune serum.
Mean fluorescence intensity decreased from 79.2 to 14.6
30 arbitrary units. Similar results were obtained with goat
immunoglobulins raised against IgD (not shown). Thus,
IgD-expressing B cells promoted gpecific MID-FITC binding
to the surface-expressed BCR Igbh.
Cloning of the gene encoding MID and DNA seguence
35 analysis
Degenerate primers were designed according to the
_ obtained amino terminal sequences of four peptide frag-




corresponded to the enpirical value of approxi mat el y 2008 d@,@@mgmsby

SDS- PAGE.. The N-term nal am no acid sequence 15 showed the typi cal
characteristics of a signal peptide wth a potential cleavage site between
am no acids 66 and 67. Despite that the first am no acid after the signal
pepti dasavabmmyage site nost |ikely was a gl utam ne rgsiidge12enNy Sequence
could not be determ ned by Ednman 20 degradation- Furthernore, no am no acid
sequence was obtai ned after pyroglutanmate am nopepti dase treatnent. The
predi cted am no acid sequence was al s subjected to a hydrophobicity
profile analysis by the method of Kyte and Doolittle and showed mainly
hydr ophi | i ongitepertigésabiae firopSMEDr (Thsl g iiTat rud xsdalgmaisqdeptni de that was

strongly wsoahpauq J@&ﬂ%d%ﬁgl@m&sacmessﬁgsgfﬁn A 808differs

signifi cantzhgy fromthagse f Er otei n descri 024 and
al so from t478 4% FRIprPEPRT n%Fl(ETF?S Framyrhhesigednesing dendedd-di st ri but ed
inall M csdrsdymense sf raaldist':[ﬂctm@smlgqixedwbetdj‘@iemaalohlthe m d gene

exi stedgi n 3/d dgl agfg{légt?tllt"%r géﬂr%zﬁ ran‘ee':(’(&hosa%% ased upon a

conser ved area u ream rea & conserved
area downstysEaa |tﬁe3§p@¢{|’féhmg>rﬂm@r§t@p %@Grma;tequem@l (ther slgoen et al .

2?01) Thméﬂa@&o%ﬁggwﬁmfta%at gﬁl'nzﬂ)t ald 188 el llﬂ;g E%éeaiﬁf)ls%ts@%gnd 7 type

strai ns ana , _an e e genom c cenber

031004651 ﬁéstgﬁoﬁfﬂﬁfz‘é@g%lﬂ r%g‘Fd %RIA é%@gﬁﬁﬁrﬁﬁmﬁ%ﬁ PFGY Pase pairs.

The exi st antiemg Wwas foréhef ther mfidegedny vt I@E’ltﬁlhé(ﬂ)tlﬁy uisiviegrsa pr obe con-

taini ngga sREUERERRsE }E."g(%éa o Bkt he r?d u%?d F{gsecré%t Sout hern bl ot
? ral ns contai ed”

experinments reveal ed t e Tor axel only one md
gene. Expridsmahadisrgernmicn BNR WHER | thee prdors-meloomaa2n/t ﬁéﬁ t he cl oned

m d gene ceindespesdgdite-, tﬂé@p@ufﬁéﬁﬁl lhiaadi o8 i RIHRe FBE gene
i ncl udi ng the ce and gt art codan \ﬁas subcl oned 10

re |ct d si
into the expregsﬁgﬁ ?rbr %@Tlé?b‘—)‘ Thertr 8§ ORdE2He S186Rtrol of a T7
pronot er. THed ltr@gakelh@ q¥iEbig <MDER wakth shifes equeat | yaty aresiBer/ned i nto E

col | Bha1DES:hal heneratya dradye! Lofdidd InRTGa: REotisd | flopieblunter e 1ysed

and sub-
The complete nucleotide sequence of the gene encoding MID

in M. catarrhalis Be5 is shown in SEQ ID NO 2 and the
resulting amino acid sequence is shown in SEQ ID NO 1.
Two alternative open reading frames were revealed and are

20 indicated at amino acid positions 1 and 17, see Fig 6}.
Consequently, the length of the mid gene product was
either 2123 or 2139 amino acids. In addition to a
putative ribosome-binding site (AAGGE), -10 (TAATTA) and -
35 (TTGAAT) consensus sequence boxes were identified.

25 Furthermore, 62 bases downstream of the TAA stop-codon an
inverted repeat was found with the potential of stem-loop
formation that is necessary for transcriptional termina-
tion. To get an overview of the similarity and identity
between diferent mid genes, the sequences of the five ORF

30 MID proteins were analysed. For 4 strains, the degree of
identity and similarity was = 75.8 % and = 78.3 %,
respectively (Fig. 7}. In contrast, slightly lower
values, = 65.3 & and = 71.2 %, respectively, were
obtained for the fifth isolate (RH4). Identity and

35 similarity with UspAl was 5.5-11.1 % and 8.3-17.9 %,

' respectively, and with UspA2 6.5-7.5 % respectively 11.1-
12.4 %.




fracti onated, and reconbinant M D was |ocalized by Ws 1% [ggge&t}l%*%@@ usi ng
human 1 gD as a probe. Inportant verify- ing characteristics o wer e
provi ded fromthe expres- sion experinments (Figure 9). Firstly, follow ng

i nduc- tion, cells containing pET16-M D were able to produce re- conbi nant

M D conf iy e correct reading frane of the 20 gen Y,
\{rﬂb:f\)}ﬂb&? FFT/%(EQ?&Q!»

r econbi nant as shown by SDS--PAGE) displayed a nole mass of
approxi mately 200 kDa, cor- responding to the 217 kDa cal cul ated val ue from
the amino acid sequence. Thirdly, the reconbi nant protein was in- deed the
m d gene product in E. coli as'its Ia bi ndi ng 25 phenotype was confirmnmed

by Vst ern 1ileOhiangdysican It abte®f&d € af110M, Eca£8kAhL£0M @i ning i nduced
pPET16(b)vector , without insert did not display any |gD binding capacity

(data not SHGRAFS Fourthly, the subcellular localization of the

reconmbi nant pr oBei PCES o grsehat tid iwhs ggual wys Aetanatdedn ridhe

cytopl asm ng t rane .f. i on t tol i.pl.asm c space.
The | ocal i %}?i'gh ) E{%I[}%lggi ﬁr:%%g&éﬁen“%l?gﬁggf Fggthﬁ%%%%@'ragﬁé?gd very well
with the IEe5HA) otekatatemonanels oirs 2e0P6Aven M additeiahalthe,

ngtD - bi ndi {%%zbsoﬂr?%rﬁ{%ﬂ-lhgeﬁéane@é_ﬁd&@lﬂ%@a 0biMy DrBRerko Ejpf@.ndet ?Ihl Ul
eterm ne e - DI Ndl N r on S uence erive rom e u
onet i M D UEooar gARTe s bRl e RERRFLoed S K% The

r econbi nantinglpetendlrtiz0 teduCeq 34Dns s IHCHLQEE2¢€ 1@ MIB pr ot ei ns cover ed
the enti recﬂ'f@efgq%q}%Q,t%bﬁﬂ%%Tth\é' Yakok ANGL RS, Al RSl ons wer e

as denonstrated in Fig The rec i nant proteins conprising am no acid
resi - ddes %699819440r 1011-2139 of MD did not bind IgD as re 5 vealed in

]\cNest ern and dot T Qi;sedn |r@aa§2ﬁ§rﬂﬁrrlae e ipeat 8 proddiDG2th2@0caprot ei n
ragnent Fl)_attracted 1.gD, strongly .s est | t hat .t he _si e

| gD bi ndi n&hggé? nm%]feci\ﬂ wgssv\?fm}ﬁﬁtt %%goga?tgigc]ﬁ rthsagqlfgﬁgghyTo pi npoi nt
t he sequencerrespondid|te ther eubirigl veQubi ndi agprodinatadyc 808d

M D902- 120@puagosy$ igPRipeCahb . FROni-eRediahit BRiNe Adth Gdpkm-gal ends
(Fig 1515)|5rp rl%g(ui!”%grml ar. concentrations of the various reconbi,nant proteins
a

were c Hhg i oeica cRERFtPIMSicos189 Rt PeRdMeM
cat arr hal i srithhe phtidrarieit cleaoads nante pedtveensaminoe acids 66 and

67. Despite that the first aminc acid after the signal
peptidase cleavage site most likely was a glutamine
residue, any sequence could not be determined by Edman

20 degradation. Furthermore, no amino acid seguence was
obtained after pyroglutamate aminopeptidase treatment.
The predicted amino acid gequence. was also subjected to a
hydrophobicity profile analysis by the method of Kyte and
Doolittle and showed wmainly hydrophilic properties except

25 for the putative signal peptide that was strongly
hydrophobic. The deduced amino acid sequence for MID
differs significantly from those for the protein descri-
bed in US 5,808,024 and also from the UspA-proteins (Fig
7 and 8).

30 The mid gene ig distributed in all M. catarrhalis
strains To investigate whether or not the mid gene
existed in all M. catarrhalis strains, primers were
chosen based upon a conserved area upstream of the open
reading frame (ORF) and a conserved area downstream in-

35 cluding the stop codon sequence (Forsgren et al., 2001).
The mid gene was detected in all 86 clinical isolates and
7 type strains analysed, and the length of the genomic

|



15 were diluted in four-fold steps, added to nenbranes a@qjecje%gpgd@d Wi th

human IgD. On a nolar basis, an essential- |y preserved |IgD binding
capacity was detected for the truncated MD protein stretching from am no
acid residue 962 to 1200. The shortest truncated protein still inter 20

acting Wywh od@syas | ocalized between M D985 and M DllgZsdobhipgyrent F6).
The 1 gD binding property was | ost when the Nterm nus was reduced to the
M D1000 residue (fragnent F4) or when the Cterminal was shortened to

M D1130 (fragment F7). Finally, a fragment (M D902-1130; F8) with 25 a

| onger N-terminal and a shorter Ctermnal (conpared to M D985-1200; F3)
was al so nadiabi®irear anpranamgselty HOWO buse, pahis. tThaneatiedaddd di d not

interact w tdasl @li-tisasdveda%h ROLY haduilienPHNg | s_dependi ng on
a lon- ger Q. tetmnal > 30 To fur heruchapa%tmg’%lggue&?ﬁicas%gﬁ%i e«

M D- dependent TgD-2 GISHITRGE SRIFGEPEISR Whe Zorend wf ébeugemg. hunan | gD
as bate. Al Souhbermddntii eaptrimemeatad LBl tRGIBINS Mg e184b] ected to

ELI SA f okl owedsbys | AGhRatgnwi th ecific rabbit anti-serumdirected
agai nst M DA02- 1200° Thetnﬁﬁl §¥§3 vva%géc;ig%?()ped usi ng HRP- conj ugat ed goat

anti - r abbi t “pBF§es @Al rerembdears MIithdnsBnecphttern as with the dot bl ot

(Fig 11) was obses we@hfikrmeihat rﬁ%@l@egélmi&@ex?é"%c’jr%e‘é%ﬁn%e%%enber 2005
e solId phase |gDh,

WO 03/ 004651, PCT/.SE02/ (01299,39, not attracted to th .

wher eas the%%tehéggl 1@%%@@%% Il B8 ar Fop | Eenfegned uddngarial to ful |

| engt h M D Predicirsiusignahpt semheddDIG- s8200 cod@Dwadt @LBELHQEY | S
-depending 9Atd tiHe St d light upon the need for a
tetraner structure te?c%)&%rggg?ﬁt%é%{)%%ﬁ%gﬁ%’St?ﬁ%he&ﬁ%& HafRY, t 99 Do62- 1200
(F2, SEQ | D°RE4V) Vs Frchbarerm The sesulning feTiewsdD wys anal ysis on

SDS- PAGE aneub¥éstuent 1bl ekans MRRGL-11260r 10:4 0f MRe1PREN £81 1DROIRL, and a

tetraner af e- t 0 C(Fig 12A). The tetraneric“structure
was, how e%ﬁé%ﬂ&%gr&g?}elg?%gl% S8 r €SUtR PG LY SeEnBRErs¥- form which

di spl ayed af¥3fisicgeradl yandakesoutiimanhgMID wdsgDonaan zenapy neski n West ern

bllot's (#5 g 8@ 316t8) usTa Wl a3h g3l e A CangilLLy, ol Lhe tetramer to
bind 1gD in, coppari on,V\?Ih t he m)nomeri]g(;: orm- Ethe RAXE)Q%%JI 00
+0g characteristics of MID were provided from the expres-

sion experiments (Figure 9). Firstly, following induc-
tion, cells containing pET16-MID were able to produce re-
combinant MID confirming the correct reading frame of the

20 gene. Secondly, recombinant MID (as shown by 8D3-PAGE)
displayed a wmolecular mass of approximately 200 kDa, cor-
responding to the 217 kDa calculated value from the amino
acid sequence. Thirdly, the recombinant protein was in-
deed the mid gene product in E. coli asrits IgD-binding

25 phenotype was confirmed by Western blot analysis. Total.
protein from E. coli containing induced pET16{b)vector
without insert did not display any IgD-binding capacity
{(data not shown). Fourthly, the subcellular localization
of the recombinant protein showed that MID was equally

30 located in the cytoplasmic and the membrane fractions,
but not in the periplasmic space. The localization of
MID”s in the membrane fraction correlated very well with
the known outer membrane localization in M. catarrhalis.
IgD-binding is preserved in 238 amino acids of MID.

35 To in detail determine the MID IgD~binding region, 9
sequences derived from the full length MID were cloned
into pET26b(+} and expressed in E. coli. The recombinant



fragnent, SEQ I D NO 10, was subjected to analysis at 60 I jdzer ent
experinents. The heattreated protein was subjected to S%ge\ﬁ%aéerdidg%t he

| gD-bi nding activity 20 was anal ysed by Western blots. Resulting gels and
filters were anal ysed by densitonetry and the protein concentration
(densi ty)wafsbdigs;mononer was divided with the correspgﬁﬂgﬂgm{ﬁgrarrer
concentration. The obtained value (% was related to the concentration (Q)
of total 25 protein |oaded on the gels. Interestingly, when IgD binding to
the tetrameric respectively nonomericggorns were conpared, a 23-fold nore
efficient binding to IgD was found with the tetraneric M D962-1200 (Fig
120). M careetaigld sovgbed bilmdiengipeoMEd ns¢qMadice aadabbtin iintties 30 hunman
erythrocyt eg; dgul Nesthalfa HdMkabhCwd AY Al ¥ RBLeSLafeD i Figm
agglutination, a series_of clinical isolates that either xpr.essed M D or

)
by phase vat$ at3ah 185G BEA Mo M ERENRT OBttt Rt 84 BPeRTHY. TSt er est i ngl v,
all out of @ied w¥-AlIal oB5SLEXP2ASSI nf MDD dietragg! Windalgll dw e
eryt hr ogyt r.ea f t h iv t.ral n=21)
newmoal of | nEreiy He: RedPen Gt gBE bRl 1Pr) BaARk, Ba Mk 0
031004651 ROREE0ILRIP29prdtein dregmgnt ofit haatieastieendgh! Whrrndiy capacity
and MD expiQssdtGmgasaeboed \Wachglb's PADLBi RXHE S2eBnVes ity and
i rrespecti Ve"%ﬁé{ PFSPM D egfr ssion. These initial "experinents pronpted us
to exam ne % oP%h C‘f}xﬁ% FFEYRF® protein fromthe nodel strain M
catarrhalis Bc5 Td-pisgoent dthalsequiod) réepaaggllel faxr tles XghH hrocytes. To
mm e e DAGIERiRl o AR DS 0, Co o gL d Lo raplatoRe beads and

i ncubat'ed w1 € hu-" nan eryt rocgt es. Bovine serum al bum™ (BSA) |inked

to 10 Sephatlratanes pfcteldl adaCnEgaminal comts dFig) Atbr &3u%ingly, the

mman er éts Rﬁ%raﬁh efortRherfelGgdldft khat edridus tmomm&aﬂﬁepmté\ﬂﬂ%( gephar ose,
er eas - O ar ose | nat. 1 nt.e ere t e tQr te ata not

o TS e e T mErh Lot Shd B TS 2108 PSR 18 hmi o

acid resi du@sowﬂanimaﬁtbahbbsaﬁenQQIBEﬂ’@lidimmﬂoimhetnpr@mﬂr_es and

pi n-poify tRe, SRAGHE iﬁ!f&ﬂ]{fotlaesgg%gpua@dédﬂ% WRRLEESPONsidpl e for the

hem aggl utination, a series of trun d DNA fragnents of the
incubated with human IgP. On a melar basis, an essential-

ly preserved IgDh-binding capacity was detected for the
truncated MID protein stretching from aminc aclid residue
962 to 1200. The shortest truncated protein still inter-
20 acting with IgD was localized between MID985 and MID1142

' (Eragment F6). The IgD-binding property was lost when the
N-terminug was reduced to the MID1000 regidue (fragment
F4) or when the C-terminal was shortened to MID1130
{(Eragment F7). Finally, a fragment (MID902-1130; F8) with

25 a longer N-terminal and a shorter C-terminal (compared to
MIDS985-1200; F3) was alsc manufactured and analysed. How-
e&er, this truncated MID did not interact with IgD, sug-
gesting that the binding capacity was depending om a lon-
ger C-terminal.

30 To further characterize the specific MID-dependent
IgD-binding, an IgD ELISA was constructed using human IgD
as bate. All the recombinant truncated MID fragments were
subjected to ELISA followed by incubation with a specific
-rabbit anti-serum directed against MID902-1200. The ELISA

35 was developed using HRP-conjugated goat anti-rabbit poly-
clonal antibodies. The same pattern as with the dot blot
(rFig 11} was observed, i.e. fragments F4, F7, and F8 was



m d gene was cl oned and r econbi nantly expr essed in E. 208 pREEmbdrizgos 10) -
Pol ycl onal antibodi es against the trun- cated MD proteins were raised in
rabbits and used in an ELISA In preparatory experinments, antibodies to
M D and the MD-derived proteins were titrated to give si ml|ar val ues
when t estwdodsvadsh] SA agai nst respective antigens. 25 Thep§@apagbsy of the
truncated M D proteins to bind to |ysed erythrocytes was then neasured in
ELI SA using the specific antibodies at appropriate concentrations. MD or
M D764-913 (fragnment E) gave higher $dI1SA values (4 to 16 - tines) as

conpared to the other truncated M D proteins. 30 Thus, the henaggl utinating
structure dlotvebtzeehed to Hie scdidi Biese tFolh amensaaciie &dFdues 764- 913

of M D ( SEQGddameli®s8houni il?%v%ﬂabiéa@é@fée RompEQe8 LN@ @)1 bi nds directly
to both eryd hrt C%Qta[ﬁs an e.ll alveolar epithelial cells 35 To further
confi rmthe | e( "5964 913 as an adhesin, MD and a sel ection of
t he truncatGatimad- l‘iﬂ@ﬁﬁge&@ﬂ ot digPs intezactiati glsaldebbrdimndnt @st ed i n

direct & Degaihgf2Q05%5,¥0,03/ 004651 PCT/ SE02/ 01299 41 b| ndi ng experinents
wi th human erythrocytes_and al veolar epithelial cells (Fig. 13). Both
[1251] -M D andTP185%f lishibreenothe speehgicr @oGﬁBrF'BE%r%FtIH’FGBWes wher eas
the truncatredddel tnagpeais M B@ﬁImEQOI@Jk&gﬁlﬂg,QdIDMMQZJDS 1200 (F),

DIELL 1A e AR G o gt o

| evel s (Fig Vet ar ep 51t I'ne A549
al so attradieddisdyisist h?e @ﬁ-IPHG@ngtlﬁ Faotagn Iksllsé:ISI eMIM@-aWdJOt he truncated

M D764-913 fcfznida %%Bh aPhdnddts QLACE EERSARNE Sided BRE - chlAtndet 0 the
epi t heli al ceIIs ken together, the frag- nment M D764- QéméﬂSEQIDNO8)

was the cr @l &9 p&r ch‘Jg 128 J5eEPRETREF A THSHPEE ot hdi%t achment t o
manmal | an eedd,s diArtipbedi &ts 10w Pl bndengslil MDlin?2 238oadma N dD764- 913 15

e S B R B R 85
cat arr hal i stfBt ne¥angned per Mestgrpeblaks e itmélzi?‘*a{in‘éeﬂ)l 5,70
M D- expiessimigsidadeMBe capability of the tetramer to bind IgD in
compariscon with the monomeric form, the MID262-1200
fragment, SEQ ID NO 10, was subjected to analysis at 60
°C in 6 different experiments. The heattreated protein
was subjected to SDS-PAGE and the IgD-binding activity
20 was analysed by Western blots. Resulting gels and filters
were analysed by densitometry and the protein
concentration {density) of the wmonomer was divided with
the corresponding tetramer concentration. The obtained
value (%) was related to the concentration (pg) of total
25 protein loaded on the gels. Interestiﬁgly, when IgD-
binding to the tetrameric respectively monomeric forms
were compared, a 23-fold more efficient binding to Igb
was found with the tetrameric MID962-1200,(Fig 12C) .
M. catarrhalis IgD-binding protein (MID) hemagglutinates
30 human erythrocytes
To investigate a putative involvement of MID in hem-
agglutination, a series of clinical isolates that either
expressed MID or by phase variation had shut off the mid
gene was selected. Interestingly, all out of 21 isclates
35 expressing MID hemagglutinated human exrythrocytes,
whereas only four ocut of the MID-negative strains (n=21)
hemagglutinated the red blood cells. An almost full




20 deficient M catarrhalis strain were prei ncubated w tgn hgs to
M D and subsequently added to alveolar epithelial cells Por ad erence. As
denonstrated in Fig. 14, polyclonal antibodies directed against full
length M DI=2139 and M D763-913 (fragnent E, SEQ ID NO 8) 25 effectively
inhibite ce for the MD-expressing isolate. ,

pre-i mmg‘gagg%ﬁgd}and a pAb directed against MD1011- 1&%@& )r(:’]gg;rrent .G did
not significantly interfere with adhesion. 30 8 Decenber 2005 WO 03/ 004651
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Maci ver, | . riathicRBEgdutina CORE domkin of MID is located between
15 amino acid residues Alanine764 and Serine913
To dissect the molecule and pin-point the specific
gite of the molecule that was responsible for the hem-
agglutination, a series of truncated DNA fragments of the
mid gene was cloned and recombinantly expressed in E.

20 coli (Fig. 10). Polyclonal antibodies against the trun-
cated MID proteins were raised in rabbits and used in an
ELISA. In preparatory'experiments, antibodies to MID and
the MID-derived proteins were titrated to give similar
values when tested in ELISA against respective antigens.

25 The capacity of the truncated MID proteins to bind to
lysed erythrocytes was then measured in ELISA using the

. gpecific antibodies at apprdpriate concentrations. MID or
MID764-913 (fragment E) gave higher ELISA values (4 to 16
times) as compared to the other truncated MID proteins.

30 Thus, the hemagglutinating structure of MID seemed to be
located within aminoc acid residues 764-913 of MID (SEQ ID
NO 8}.

MID764-913 (fragment E, SEQ ID NO 8) binds directly to
both eryhtrocytes and type II alveolar epithelial cells

35 To further confirm the importance of MID764-913 as
an adhesin, MID and a selection of the truncated MID-

derived proteins were radiolabelled and tested in direct
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Antibodies to full length MID1-2139 and MID764-913

15 inhibit adherence of M. catarrhalis to type IT alveclar
epithelial cells -

To further analyse the influence of full length MID
and MID764-963 on M. catarrhalis adherence to type II
alveolar epithelial cells, a MID-expressing and a MID-

20 deficient M. catarrhalis strain were preincubated with
antibodies to MID and subsequently added to alveolar
'epithelial cells for adherence. As demonstrated in Fig.
14, polyclonal antibodies directed against full length
MID1-2139 and MID763-913 (fragment E, SEQ ID NO 8)

25 effectively inhibited adherence for the MID-expressing
isolate. In contrast, pre-immune serum and a pAb directed
against MID1011-1466 {fragment G) did not significantly
interfere with adhesion.

30



35 Wc) 03/004651 44 CLAIMS 1. A surface exposed protei g.pMAi 68 be
~detected in Mraxella catarrhalis, having an am no acid sequence as
described in SEQ ID NO'1, an apparent nol ecul ar weight of 200 kDa and a
capacity of selectively binding nenbrane bound or soluble IgD, or

nat ural | ywoesagsyng or artifi- cially nodified variant gofbehRthe ©OF an
i mmunogeni ¢ or gD binding fragnment of said protein or varl ants, or an 10

i mmunogeni ¢ and adhesive fragnment of said surface exposed protein. 2. An

i mmunogeni ¢ or 1gD-binding fragment of, a sur- face exposed protein as
defined in claim1l1, which frag- nent ¢an be detected in Mraxella

cat arr hal i sq,eﬂaa*éhagsa -.5 capacity of sel ectivel y bi ndi ng menmbrane bound or

sol ubl e gb, o uraI | v occurr f| va- riants
t her eof . 3 An | ?15 Jﬁ‘?’{’Adr Paoé"ﬁ‘g%m hg ¢19frf rcjre ngéccaoc di n%q to claim?2,
havi ng an aﬁmelmeacbdnéelqmmégas desEmieel. i r122201$58}1472\40 10. 4. An

I munogeni ¢ and,adfggiy ez f ra@ﬂ”?ﬁ%s@feﬁ ﬁurjlegc@) @féﬂgsgggtfgﬂtaql n as defined
in clalml whi ch fragnent can detected in a catarrhalis,

havi ng & cfé’&ﬁlteﬁ age ’B’r‘?ﬂﬁ%ceif%” hREEsR delogsh lopP SHEY*‘E%EI - 25 5. An

i mrunogeni ¢J .amehmedbesi ¥¢ F4BPFRNL accordi ng to cI aim4, having an am no

aci d sequence as d ';\Q gent, _conprising a
DNA sequence, aé sﬁgﬂég?% g’EQ gg%l%) Q%quence codes for a
surface 30 @)ﬁdﬁd%d%rbtﬂéﬁim B)fceﬂléﬁamﬂﬂan%la‘ﬁar%&ﬂlﬁsTasn@fé-’fqn@@dltl n claimai,

or natur al it (fGH" BERENAfe Y 'thEkﬁﬁélflédenﬁxﬁL&ﬂﬂo\ﬁrrSQntﬁi—Qlfl sai d DNA

sequence. ) gment conpri Si n %%Snce né{] odes for an
|m'runo&8n|c or flgDFOB Fe e fer Gﬂ’éﬂt ned¥ i P iSM2. 8. A DNA

segnent accirdimg.t é1e88) mrhnhamﬁmlascmmzarhd]% segieacess asiash®wn i n SEQ
I'D NO 11, %%owe‘eéeﬁgﬂhvﬁngegﬁggﬁéc@&?s \Mt%msggégéé fg%T %%02/ 01299 45
class I major histocompatibility complex antigens. Cell.
Immunol. 112, 78-88.
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ce codes for an imunogenic or |gD-binding fragnent as ggl ned i | ai m 3.
9. A DNA segnent conprising a DNA sequence, which codes or-=TR%, nogeni c
and adhesive fragment of a sur- 5 face exposed protein as defined in claim
4. 10. A DNA segment according to claim9, conprising a DNA sequence, as
shown i n wERddldsNO 9, which DNA sequence codes for anpifgiaRpssi ¢ and
adhesi ve fragnent as defined in claim$S. 10 11. A vaccine containing a
surface exposed protein of Mraxella catarrhalis, said protein having an
amino acid sequence as shown in SEQ AD NO 1, an apparent nole- cular

wei ght .of 200 kDa and a capacity of selectively binding nenbrane bound or
sol ubl e | gDratarmistldralibpal Samt clapAi2ngenes aand fiheiial leypcpddd fped- vari ants of

said proteghurd PRILIBVNSPEMLC QAo2k9khHiNding fragnent of said protein
or variants, or _an inmmunogeni c and adhesive fraarrgnt of sajd surface

exposed pr ot ei n.10:2 K1 AnGwaR; Kk ¢ GRca MR oh 5 - GenPErsFL¢YD- bi n- 20
di ng fragnmeniowfarsl shstraceeeipasiemh pEokehigiimdlianeld-aeigatarrhalis,
havi ng g capaci.t Xne%rﬁﬁégﬁ%élat%/?eiﬁ' cﬁ )@1@%%?}% ra%@x%m%‘i'iggf Ly sl uble 19D, or

natural I'y occurring or Cl a variants sai'd fragment.
13. A vacci mligcdndesy- t bugai A212166n13%%i ng an 25 i nmunogeni ¢ or
| gD- bi ndi ng fragienyoagggegined in claim 3. 14. A vaccine containing an

i mmunogeni ¢ and _.adhesi ve, fragnment of a surface exposed protein of
Moraxel | a cat aﬁha PEakl: Kot ﬁmﬁeﬁscﬁa?m ifo%s@‘%?fﬁ'yacﬁ?ie according to
cl ai m-14 coRteimi My Han (1 awundgicrad Santdeadbeisinte fo,ageenk40f a surface

expose pr.otein.as I EngCl & 16. ipe a iJg to any one
of cl aidln% 11- 15{13'05%%%%#&’%' ’aﬁfg?hgrrlyvgb'c@#\e&%%%%ﬂ..ﬁgg{l/%’cégi'ne accordi ng
to any one efalelesi s amdi18cotiedirmidEa7h &h2¢h Kaanpredeanciportion of
anot her nol gedd8.at83dDaEERDRAE W81 AYA6RN REH SEORLPAZEPI A6 18. A
pl asm d or ?%a"% co%rgsi n‘g a seﬁgﬁgc% whi ¢ch codes fgr. ﬂ surface
exposed prot A G MoPaxer t A Eatr'drr sTMEHHd t 8FFFREYPhy an ani no
aci d sequent® 209-216. :
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as shown in SEQ ID NO 1, an apparent nol ecul ar wei ght of nd a
capacity of selectively binding nenbrane bound or sol ub?@efz‘g'%bé%rbog
naturally occurring or artifi- cially nodified variants thereof, or an

i mrunogeni c or | gD- bi nding fragnent of said protein or variants. 19. A

pl asm d corrpri sing a DNA sequence, 10 which c

|mmnogen| c or Fsgl} bi ndi ng fragnent of a surface expoggﬁgfﬁ&@f%’?n as
defined in claim1, which fragnment can be detected in Mraxella
catarrhalis and has a capacity of se}gctively binding menbrane bound or
so- - luble IgDh, or naturally occurring or artificially nodi 15 fled variants
of said fragment. 20. A plasm d or ghawes according to claim 19 conpri- sing
a DNA sequence, which codes for an inmunogenic or |gD-binding fragment as
defined in claim3. 21. A plasm d or phage conprising a DNA sequence, 20
whi ch codes for lanh Fubhegemirossd aypbeive Whighmean bf detecirdhce exposed

pr?t elﬂ as ﬂﬁfMdl%{h 1N aCkat M dhal, C'&alvafl 048 NdmiGRAN a@&ddgé&tﬁ%ﬁ%l? I\/bragel | a
catarr is an as ca sel ecti ve narn es an

o el Sad Medtined, SAPRR %%&\{?r#.rnanomﬁwy%b‘a BRIy oL B o
variants ofofaiab fiimgeedta @padityl asnedlect phege Haddndi mgmlbmn:d aim 21
conpri - si ng,a, PhA SeqUsNser o@n%feﬁ%éﬂ fo&Qld}fﬁ#nQ?erE adhesi ve

fragment of a surface exposed protéein as arm 5 30 23. A non
human host EbMb¥Y So6dfaed| wastandse theasaf d ozbrarbﬁag@n%eaéﬁ%d in any one

of clains 13912231@1@9; ﬁﬂ@ ﬁtQ:ff Waqaugraﬂeﬁaldi— Riz@48hBsOr o¥adn ant s, or

d t. of t
31 d 1 lnOYERMEoARY oa ARt IR Ty FERDVDR: f SiE BETErn, SRS host | s

chosen armnlgrddm:ltrerl a, yeast and plants. 24. A host according to claim 23,

which is E colisy gnD%ﬁur@ erdd0 2 e, B%‘f\&qéie uengé./m?gglzégl% Al 25 A

reconbi nant DNA nol ecul e conprisin g a surface
exposed prot@ih BPHELaPrREeFHa asadeiinati &0 Al protBif hﬁ%?%'g an am no
acid sequenes: asmhemnet@c&QﬂrDM&@aielw aeairenrll 169! retwhiag H wei ght of

.200 k%sandcfpé:caig:%p'o%ysgiegteive I\f) n&ixbni:;ntgén%ane bound or soluble
IgDh, or naturally-occurrlng or artificially modified va-
riants thereof.

3. An immunogenic or IgD-binding fragment according
to claim 2, having an amino acid sequence as described in
20 SEQ ID NO 10.

4. An immunogenic and adhesive fragment of a surface
exposed protein as defined in claim 1, which fragment can
be detected in Moraxella catarrhalis, having a capacity
of binding erythrocytes and epithelial cells.

25 5. An immunogenic and adhesive fragment according to
claim 4, having an amino acid sequence as described in
SEQ ID NO 8. ] _

6. A DNA segment comprising a DNA sequence, as shown

in SEQ ID NO 2, which DNA sequence codes for a surface

30 exposed protein of Moraxella catarrhalis as defined in
claim 1, or naturally occurring or artificially modified
variants of said DNA sequence.

7. A DNA segment comprising a DNA sequence which
codes for an immunogenic or IgD-binding fragment as de-

35 fined in claim 2.

8. A DNA segment according to claim 7, comprising a

DNA sequence, as shown in SEQ ID NO 11, which DNA sequen-




menbrane bound or soluble Igh, or naturally occurring orgpakdhibdrSioas! ¥
nodi fied variants thereof, or an i mmunogenic or |gD binding fragnent of
said protein or variants, which DNA sequence is fused to another gene. 10
26. A reconbi nant DNA nol ecul e conprising a DNA sequence coding for an

I MMUNOQgERYE ofMnads@D- bi nding frag- nment of a surface expespGeRfphsi N as
defined in claiml, which fragnent can be detected in Mraxella

catarrhalis and has a capacity of selectively binding nmenbrane bound 15 or
soluble IgD, or naturally occurring ogsartificially nodified variants.
thereof, which DNA sequence is fused to _another gene. 27. A reconbinant
DNA nol ecul ¥ &&eeadifry 88 EMamagesiccolpteRT tpdlroNATsgRERhcE whi ch codes
for an i nmuunagericc in28185ml gD bi nding fragnment as defined in claim3, which

DNA sequence is fuys t o anot her gene, 28. reconmbi nant DNA nol ecul e
conprising a DN% éeﬁﬁ%n%‘:égrﬁe&ﬁi ﬁﬁ"\gﬁ?séﬂgi FEEE"SRd Wi ve fragnent
of a surf acwdeedsedapr ttwimogesiide findeddhastvaimagmenhi ofi 25ir-agnment can
be detegt ededdr MrRxek! -5l & {%P:ezﬁﬁggl ?@Scla@ingaqpaci ty of selectively

bi ndi ng erythrocytes and epi - C or naturally occurring or
artificially mddi-f reBNpafeiAd 6FCoRfAENE r By refim whi eAMPRS IR @ence i s
fused to ammhereggenee, 38s 2Shovi HACERDI NBNKO DNA wilc@c iR s6@@itiieng to claim
28 conpri s&g&safgy'a%egggggg en%i chdcg_ S {‘(r)r %n i T noge%igin%d adhesi ve
fragnent of a surfac& exposed prot&fn as de-'1ined h cfaifs; Sthich DNA
sequence i $if ,da@dm §.anot her gene. 35 30. A plasnid or phage conprising a

fused QYA se- guencg ascdetd Q:‘?ﬂt%.@n@ﬂ% gy Pfa & @}e@%sé&gﬁomﬁl December
2005 WO 03/004651 PCT/ SE02/ 01299 48 31. A nop-hunan host conprising at
| east one Padragxsllphageradiaddi ngaifnPEPesh IHVIREI 28R #HBHO i s chosen

anbng bact erdia, spemehcands pileowss in3BEQAThOSG BCCGOT Gippgrént Ghalign 31, which
s E col| o8 33esapluston, Profeln ol polypepyide hacphich a surface

exposed protein o raxelfa catarrhalis;“sard protern having an anino
aci d sequedi@dgags ewhrape SEErdor soluble IgD, or naturally

15 occurring or artificially modified variants of said
protein, or an immunogenic or IgD-binding fragment of
said protein or variants, or an immunogenic and adhesive
fragment of said surface exposed protein.

12. A vaccine containing an immunogenic or IgD-bin-

20 ding fragment of a surface exposed protein of Moraxella
catarrhalis, having a capacity of selectively binding
membrane bound or soluble IgD, or naturally occurring or
artificially modified variants of said fragment.

13. A vaccine according to claim 12 containing an

25 immunogenic or IgD-binding fragment as defined in claim
3.

14. A vaccine containing an immunogenic and adhesive
fragment of a surface exposed protein of Moraxella
catarrhalis as defined in claim 4.

30 15, A vaccine according to claim 14 containing an.
imminogenic and adhesive fragment of a surface exposed
protein as defined in claim 5.

16. A vaccine according to any one of claims 11-15,
combined with another vaccine.

35 17. A vaccine according to any one of claims 11-16,
combined with an immunogenic portion of another molecule.




NO 1, an apparent nol ecul ar wei ght of 20.0 kDa and a cap
selectlvely bi ndi ng nmenbrane bound or sol uble 10 IgD, orﬁﬁgﬁﬁﬁg?ﬂ§m5
occurring or artificially nodified va- riants thereof, or an inmunogenic or
| gD-bi nding fragnent of said protein or variants, is conbined with another
protein hyolhse of a reconbinant DNA nol ecul e as dep finSfldo C!aim25.
15 34. A fusion protein or polypeptide in which an im”nrunogenic or

| gD- bi ndi ng fragnment of a surface exposed protein as defined in claiml,
whi ch fragnent can be de- tected in MBfaxella catarrhalis, having a
capacity of selectively binding nenbrane bound or soluble I gD, or 20
naturally occurangAOpléﬁmidldﬁ @hhgenaﬁhﬁﬂﬁﬁiﬁgaélﬁﬂASseéd@%b@Qf i's conbi ned

wi t h anot h 0 b of a nant nDIe | e as defi ned
in cIa|n123hu%% E§§ us%%n pror © ?X% é%?ﬁﬁ%naS 3#8 claim34 in
which an i rﬁﬁm@g‘bﬂﬂéserSd@pmt@dnngaw%mmtam% asz.diéaqnmhcen claim3, is

combi ned Widdh shBahnen PEGUE MY | B H5SxAlnid rcaeeubLDaR; JNAGED! ecul e as
defi ned |n im27. usi on pro ein ar gg ypeptide T n ch an im

munogeni’c éﬁ@ %Bﬁe@?@eaf?éﬁﬁﬁﬁﬂﬁ'Sﬁ FoERF T Yo 3894 BY FEHEESi n as defi ned
in claimlbosmdchrf sabuield Tfn be ndetefivd dorulddayedt agdtirarrhal i s and

has a capaQ?%MI fmoéfffﬁﬁ'ﬁﬁﬁféng'nghgfeg ythrocytes and eplkhellal cells,

nat ur al ¥b currin icra dif ifed Varranes o sai d
fragrrent Sapiiand QW%pﬁeﬁapﬁmmﬁﬁm orhwagbanse of a reconbi nant

DNA nol ecul e a51defag§pbérﬁ&lo@ Phéfe cépriAihdsLOBNRT Y Ridhcar Pol ypeptide
i n which an i nfunogeni €. and, adhesi ve fragnment as 8

according t ai
Decenbdp 0‘%%0&00 60%%131}361*}‘%%8%?’631%9@ ASD-Gaprfied FReRtnPs, is
conbi ned wia suafietheexprag@ipraeint e dsiirefd dor etaibi nanthioNA mol ecul e as

defined in Glapm,, 29, 38 ﬁ‘é%ba”lﬂﬁg&&ﬁl 11" c‘é’@ﬁ%@h& Shrfacg gxposed 5

protein of Mrfraxella catarr Sai ei'n havin am no aci d
sequence as$ SRBRAALLY @E@QJBW@V&??LYahl%W @?ﬁf'brﬁfﬁﬁebwlﬁ ageisght of 200 kDa

and a capaQiubyleofignel eetnatalpnl 1 BebRgr ARetheyRda Oy $@lqybl e 1gD, or
naturahgy %ﬁed9%££i££k§"0§”§5f3 %%gélg nodi fi ed varlants of said pro

20. A plasmid or phage according to claim 19 compri-

sing a DNA sequence, which codes for an immunogenic or
IgD-binding fragment as defined in claim 3.
21. A plasmid or phage comprising a DNA sequence,

20 which codes for an immunogenic and adhesive fragment of a
surface exposed protein as defined in claim 1, which
fragment can be detected in Moraxella catarrhalis and has
a capacity of selectively binding erythrocytes and
epithelial cells or naturally occurring or artificially

25 modified variants of said fragment.

22. A plasmid or phage according to claim 21 compri-
sing a DNA sequence, which codes for an immunogenic and
adhesive fragment of a surface exposed protein ag defined
in claim 5.

30 23. A non human host comprising at least one plasmid
or phage as defined in any one of claims 18-22, and
capable of producing said protein or variants, or said
immunogenic or IgD-binding fragment of said protein or

7 variants, or said immunogenic and adhesive fragment of

35 said protein, which host is chosen among bacteria, yeast
and plants.

24. A host according to claim 23, which is E. coli.



10 tein, or an inmmunogenic or |gD- binding fragrrent of sag@ecghgé,ezdgsor
variants, is covalently, or by any other neans, bound to a proteiln,

car bohydrate or matrix. 39. A fusion product in which an inmunogenic or

I gD- binding fragnent of a surface exposed protein as defined 15 in claim
2, whi ch woagemest can be detected in Mraxella catarrhpéisr@nghohias a
capacity of selectively binding nenbrane bound or soluble IgD or
naturally occurring or artificially nodified variants of said fragnent, is
co- valently, or by any other neans, peund to a protein, car- 20 bohydrate
or matrix. 40. A fusion product according to claim39 in which an

i nMmunogeni ¢ or 140 Bi neforpineadmdit meladedilinedmprischai s BNA s coval ently,
or by any OEQ@Lﬁer{E%a'&%dﬂi‘@%tao R rReat @kﬁbsé@éa%@é%%@ @hrdBLrix. 25 41.

A fusion prodgﬁa in |cn an i nnunogeni c and hesive fragnment of a
surface expds habts gefaife ®TOLRIRI BAHTY afhRERTPr 8§Rent can be
det ected i nsé@nemcml Iaa shadnarirhardgs Tantohas @@@&&ehy: mbléelhm&i vely

bi ndi ng 5 er theli ura urring 30 or
artificial Iﬁéﬁk&cfl e @gg?gn néméf C%g)agEH{ rrésnet ttéwe ‘%Jfrll%/ or by any
ot her meansUeHHATE b@u&dp?lbt@lnlblecégboh‘yldrra?tt@u@rllm’apccnrrm o f usi on

product accgrei fiaika1g! abdh fled RaMiahs %féawn%qeahclam&l@éﬂé}% ve
fragnent as dofglf%d i.n claim 355 |s coval entl’y, or )é(‘aany ot her neans,

bound to a P tpdipg, &ToFaidtPF3Eis Bac ¥AKART9B05 WO 03/ 004651
PCT/ SEOZ/Ol@EQcISG)NMQeqwemhﬁﬁfm:fsedetecamangldxglaeml ng a surface expo sed

protei npf Moraxgl I% é%%%éi}ﬁ%glg&ﬁ elc%mg§\_{l Qg g%ﬁ‘;{_ﬂ no acid

sequence as shown i appa- | ar~wei ght of 200 kDa
and a capac??‘?—‘%?ceséP@bnSB fowany 1H¥0H§Pﬁ@n¥@rﬂ3?r é@@ benﬁélnmeUbl e gD, or

natural - | ym@gs W langu@fa@é téﬁgd‘aeal byoted fiederanianta eiasaid protein,

or an i nmun D bi n fra nt Qf said prote variants,
optionally ‘f%glogT ra‘g% oret %ﬂa nﬁ%ﬂ%{%q24caﬁaﬁ‘g}ﬁ% of detecting
| gD usi ng aand ramegeapacioy d@lﬁeﬂeudmglyf rEgrEimt obmbraue flasendxposed
Protel MAS or soluble IgD, or naturally occurring or artificially

modified variants thereof, which DNA sequence is fused to
another gene.

27. A recombinant DNA molecule according to claim 26
comprising a DNA sequence, which codes for an immunogenic

20 or Igb-binding fragment as defined in claim 3, which DNA
sequence is fused to another gene.

28. A recombinant DNA molecule comprising a DNA
sequence coding for an immunogenic and adhesive fragment
of a surface exposed protein as defined in claim 1, which

25 fragment can be detected in Moraxella catarrhalis and has
a capacity of selectively binding erythrocytes and epi-
thelial cells, or nmaturally occurring or artificially
modified variants of said fragment, which DNA sequence is
fused to ancther gene.

30 29. A recombinant DNA molecule according to claim 28
comprising a DNA sequence, which codes for an immunogenic
and adhesive fragment of a surface exposed protein as de-
fined in claim 5, which DNA sequence is fused to another
gene.

35 _ 30. A plasmid or phage comprising a fused DNA se-
guence as defined in any one of claims 25-29.



defi ned in claim2, which fragment can be detected in %ln'b 2005
catarrhalis and has a capacity of selectively binding ne rane ound or
soluble I gD, or naturally 15 occurring or artificially nodified variants of
said fragnment, optionally |abelled and/or bound to a matrix. 45. A nethod
of det ectwop@sb@E3iaccording to claim44 using an i MUNOGRHGeA120090- bi ndi ng
fragment of a surface exposed protein of Mraxella catarrhalis as defined
in 20 claim3, and a capacity of selectively binding nenbrane bound or
soluble I gD, or naturally occurring gfgarti- ficially nodified variants of
said protein, optionally |abelled and/or bound to a matri x. 46. A nethod
of separating |§D.usi ngnansunf doetezpuerREigeatpletetnond phr=ndel | a

catarrhall Sy $alePL! BLRsHAY 1130 c188n 24 DAAAG 1REAUACEASSoWN 11 SEQ 1D

NO 1, an appa- rént nol ecu and a capacity of selec-
tivel y bi ncﬁ"ﬁﬁlgné’ﬁﬁfiﬁﬁéabo‘iﬁﬁﬁtoﬁ Ph%‘ll’ési gD, or natural- |y occurring or

artificially nodefi ﬁdh&ﬂlm&hgs%dcmr@rﬁ eiwhic@l 18Ne | NFAIROgENi ¢ or

| gD - bi ndi ng fragne sai d, protein var.i. ts optionally bound to a
e 2 a7 A 9 rBae ST Rt BnekBR G SF e iR S ARBYER © or gD bi nd ng

fragment ofsurfsgef aspossdasert qinobéi Momaxe Mk iqwchnma&ha} ne2i,d whi ch
fragment can-cpeidehggifgd AR ar@%o'v%%eéé@x%fééaréé‘%'ﬂ %m0 §i§’§? b capacity of

sel ectivel y_bi ndi ng menbrane bound Zgl?r nat u 'y oc 8
Decermber 2065 fn0283RBBABSAT MStesEd ey oMetgh s of ﬂﬁDﬁgaﬁ‘ﬁ areaddcial |y

rmdified varitgnE eé:tsatﬂvénagnnmﬂg,m@mrwlﬂmn@ouadsbmmtrlx 48. A

nmet hod rati CCOI’dI ng._to claim4r’ n nogeni ¢ or
| gD- bi % ing a%%eﬁgtuggl L FREET™E QY pdte 15 5’:@%918% %ue@}'l a
cat arr hal i Figatgethasdof n @t @mmigmuheyemic 1 dgarhindohg setagtdntel y bi ndi ng

mem brane dfoaaqcl%ré@éy@l@r Iv%@uaﬁﬁsnaié”c%nllﬂﬁr@ﬁc%rllf:hngn&{h Aartificially
nodi fi ed varl ntsn&/_ sai d roteln opti o- “éc abel |l ed and/ or bound to a
h

matri x. 10 FF§-CAT B]aeo‘f‘ Sk F‘éﬁorﬁ}?lréa%rq BodREBLRAPrB " tein of

Mor axel | a damedr hal c$aimakd. protein having an amno acid sequence as shown

n SEQiED NO 1, 330 2PRRUEN! pURLERLA oA kMY e 300.4PR, Ad 3 capacity of
%mnogenlc or IgD-binding fragment of a surface exposed

protein as defined in claim 1, which fragment can be de-
tected in Moraxella catarrhalis, having a capacity of
selectively binding wembrane bound or soluble IgD, or
20 naturally occurring or artificially modified variants
thereof, is combined with another protein by the use of a
recombinant DNA molecule as defined in claim 26.
35. A fusion protein or polypeptide according to
claim 34 in which an immunogenic or IgD-binding fragment
25 as defined in claim 3, is combined with another protein
by the uge of a recombinant DNA molecule as defined in
claim 27. S
36. A fusion protein or polypeptide in which an im-
munogenic and adhesive fragment of a surface exposed
30 protein as defined in claim 1, which fragment can be
detected in Moraxella catarrhalis and has a capacity of
selectively binding erythrocytes and epithelial cells, or
naturally occurring or artificially modified variants of
said fragment, is combined with another protein by the
35 use of a recombinant DNA molecule as defined in claim 28.
37. A fusion protein or polypeptide according to
‘claim .36 in which an immunogenic and adhesive fragment as



bi ndi ng menbrane bound or soluble 1gD, or naturally oc 1§ pUehbBDWR5
artificially nodified variants of said pro- tein, or an I mrunogeni c or

| gD- bi nding fragnment of said protein or variants, said nmethod conprising
the steps: a) subjecting a suspension of Mraxella catarrhalis to an
extracti owopsomesss by adding a zwitterionic or non- 20piPEHesndes er gent,
optionally in the presence of EDTA; b) applying the extract conprising the
| gD-binding protein of Moraxella catarrhalis fromstep a) to an ad-
sorption colum; c) eluating the |1gDubi nding protein; and 25 d) separating

the IgD-binding protein. 50. A nmethod according to claim 49, \/\herel n the
de- tergentdaidned) épt ebrit oim tRecqFRIPEE GRER SPABhERPPERERITNDECt yI - P- D

gl ucosi de aiik Tekt 6 X- 2&EbnthiGhivt RBNA molzkuld gBt Bethaerandicngi®no claim 49
or 50, whergin 30 the concentration of the detergent in step a) is wthin
the range of"'0,1-5-., preferably about 30-.. 52. The use of a

therapeuti cal | y3étfacfisrapredtcof im whichasesexfosedyposedi n as defined

inclaimgloQrddn LEAQSE eltlrée'éﬁegrﬁ'?aﬂg' @‘Q‘id' ?r@k@iﬁaznﬁg dn in the 35

manuf acture of a material fér extra corporal cul ation the bl ood for
renoval of 3B ACLAeSeH NG RE ﬁklow%&rbl%ﬁg HPstas¥ a@rBEEBRber 2005 WO

03/ 004651 RiGHetA20%2dGntoDf 580 KDPuind iecdtapati bPdyE V%‘Hl@&th.ﬁ‘re$?€0l ficto
an im ”“”%%@id&ng%ré%@?aﬁé Khundl Lécgoﬁﬁo‘i%s%gnpr gtel Qt&\@aﬁxe'

catarrhalis, sai n having an dam no aci d sequence CGescribed in
SEQ I D NO 1cu1:amnappar entlﬁmmed&hfamooweﬁw vareﬁnlzeoom}aaaah@re capacity of

sel ect ineel il 0bRUaHeMRHen20U08 RipHkithhg ESRmai: R Waakl Y occurri ng
or artifi- ciall m)dlfled variants t ert\e]_X an i mrunogeni ¢ or

| gD- bi ndi nPAFEIHeRE BFELHF pr-6t EPYR G b Qﬁt BY ¥y HKH5Erified antibody
accordi ng tmeacisai bodd whiLlprot8ins &pﬂm}fyld@ate an mamginageni ¢ or

L9017 b A0S My LSSl D o B RS S
ring or arthimddngl Fyagpent icfd avaﬂif%‘#t% %@@&ﬁdprpég#erﬂs d&ﬁlnﬂ purified
anti body acepidiali £9 GhAHNABgudht Cdhn be detected in Moraxella
catarrhalis and has a capacity of selectively binding
membrane bound or soluble IgD, or naturally occurring or
artificially modified variants of said fragment, is co-
valently, or by any other means, bound to a protein, car-

20 Dbohydrate or matrix.

40. A fusion product according to claim 39 in which
an immunogenic or IgD-binding fragment as defined in
claim 3 is covalently, or by any other means, bound to a
protein, carbohydrate or matrix.

25 41. A fusion product in which an immunogenic and ad-
hesive fragment of a surface exposed protein as defined
in elaim 2, which fragment can be detected in Moraxella
catarrhalis and has a capacity of selectively binding
erythrocytes and epithelial cells, or naturally occurring

30 or artificially modified variants of said fragment, is
covalently, or by any other means, bound to a protein,
carbohydrate or matrix.

42. A fusion product according to claim 41 in which
an immunogenic and adhesive fragment as defined in claim

35 5 is covalently, or by any other means, bound to a pro-

tein, carbohydrate or matrix.




15 is specific to an inmunogeni c or ‘adhesi ve fragment asgfle %,lnggld%dog claim
5, having a capacity of binding eryth- rocytes and eplthella ells 8
Decenmber 2005 WO 03/004651 | SEQUENCE LI STI NG <110> Forsgren, Arne <120>
Novel surface exposed |gD binding protein from Mraxella catarrhalis <130>
2021373 <1b@300nf5:0102410-8 <151> 2001-07-04 <160> 11 pdy¥Qrulopbent| n Ver.
2.1 <210> 1 <211> 2139 <212> PRT <213> Mrraxeila catarrhalis

PCTI SE02101299 <400> 1 Met Asa His Ile Tyr Lys Val Ile Phe Asn Lys Al a' Thr
@y Thr Phe 15 10 15 Met Ala Val Ag Gu Tyr Ala Lys Ser His Ser Thr Gy
Gy Ser Cys 20 25 30 Ala Thr Ay Gn Val Ay Ser Val Cys Thr Leu Ser Phe .
Ala Arg Val 35240 MSne%Ih@dAba Hetedt imdvdigbLeaiNgl a | $wri@ae AXPCThr Leu Asn.

peh Sor Serrosripebl o igtRelld SORRLTE0, BTy Bos e 4 acp

Arg Al a || enapingsagpl gBquence ysalépwxsﬁnAlsﬁQA%H Waleaél @3y Gn Al a
e Ala || erlty mol08uT5 whl! hsebe,@@oAam layst Zheafhyi€d YoiNsglhesh. Ala Leu

SRR WO e L USRSy
Asp Asp LeusHic:chenidy p:nAart1f451&5Dy J:Eisilfa@dearPaDtﬁs@f 8&idG n Lys Phe
Leu Asp Pr %ﬂ'&ﬁ%l}{?l 01Lya$n QHH\uIn%ﬁehl.LS or IgD-binding fragment of

said protein or variants, optionally labelled and/or

bound to a matrix.

10 44. A method of detecting IgD using an immunogenic
or Igb-binding fragment of a surface exposed protein as
defined in claim 2, which fragment can be detected in
Moraxella catarrhalis and has a capacity of selectively
binding membrane bound or soluble IgD, or naturally

15 occurring or artificially modified variants of said
fragment, optionally labelled and/or bound to a matrix.

45, A method of detecting IgD according to claim 44
using an immunogenic or IgD-binding fragment of a surface
exposed protein of Moraxella catarrhalis as defined in

20 claim 3, and a capacity of selectively binding membrane
bound or soluble IgD, or naturally occurring or arti-
ficially modified variants of said protein, optionally
labelled and/or bound to a matrix.

46. A wmethod of separating IgD using a surface expo-

25 sed protein of Moraxella catarrhalis, said protein having
an amino acid sequence ag shown in SEQ ID NO 1, an appa-
rent molecular weight of 200 kDa and a capacity of selec-
tively binding membrane bound or soluble IgD, or natural-
ly occurring or artificially modified variants of said

30 protein, or an immunogenic or IgD-binding fragment of
said protein or variants, optionally bound to a matrix.

47. A wmethod of separating IgD using an immunogenic
or IgD-binding fragment of a surface exposed protein as
defined in claim 2, which fragment can be detected in

35 Moraxella catarrhalis and has a capacity of selectively
binding membrane bound or soluble IgD, or naturally oc-




165
180
Al a
Thr
Arg
240
250
260
275
290

Asn.

Lys
Al a
Arg
Lys
Thr
Asp

Au
Al a

170' 175 Leu LyS Hs Gn Gu Leu Asn Asn Ile Tyr Lys Pr Gy Ser
185 190 r Pro G n Arg Tyr Phe Arg Thr Tyr Ala Lys Gb%cgmﬁ?{;ﬁ@ér I1e

195 200 . 205 8 Decenber 2005 WO 031004651 2 PCT/ SE02/ 01299 Leu Gy
Met Thr Gn Ala Qu Gy H's Phe Ala Asn Ala Phe Gy 210 215 220 Thr

Al ' Lys Gy Asn Tyr Ser Leu Ala Val Gy 25 230 235
Al ngag{oﬁfgg Asn Thr Qu Ser Ser Ile Ala Val Qy Eglrll"si@r}]m a Gn 245

255 Ala Asn Ay Phe Ala Ala Thr Ala lle Ay Ay Ay Thr Lys Ala Asp
265 270 Leu Ay Arg Ser lle Alastgu Gy Phe Ay Ser Gn lle Leu Thr Lys
280 285 G u Lys Asp Ser H s Asn n Thr Asn Val Tyr Val Pro Gn Ay Qu

295 3Q0-4Hihgy beUafd v @ik 1ARD mbi Fhye Ald ablts GEusAsa £ag-A n Ser Pro

305 310 1%.320%%31?Val ¥al Asg I[le Phe Ser Ile Ay Ser Ser Ser Ile
Arg LIBRRE358T39H TE] %€ A&sHWAI* Ay Ala Ay Ser G n Qu Thr Asp
Val Asn Vals. B4ei3dsd 350 stiparat ing el pockedivgl td elady 47al Al a Lys

G n lﬁ&rgh'ranphﬁm%ﬁééel%?co &6§gg~ﬁi@i¥nd?%ag%ﬁn§eﬁf%nsﬁ§fhc%er Val Lys
dy Leu yGln r= 370 3757380 Leu Thr. I'le Lys Gdy.dy Lys Thr Qu
Gy @passd PRPUEL o dorsgs1ig0cabsrdg s pe FEEERSIV VAl @ n Asp
Asn Glyaiders,Chyviey 4 Ysapddithysf 40bedlirediSbliadiAlaménys Asp Leu Thr
e W5y (BN AR By A o 2o A
Ay Llystificivaly TyediFiedrvariepte 9f \eaid pyotesp. 46BL 480
nally labelled and/or bound to a matrix.
10 49. A method of isolation of a surface exposed pro-
tein of Moraxella catarrhalis, said protein having an
amino acid sequence as shown in SEQ ID NO 1, an apparent
molecular weight of 200 kDa and a capacity of selectively
" binding membrane bound or soluble IgD, or naturally oc-
15 curring or artificially modified variants of said pro-
tein, or an immunogenic or IgD-binding fragment of said
protein or variants, said method comprising the steps:
a) subjecting a suspension of Moraxella catarrhalis
to an extraction process by adding a zwitterionic or non-
20 ionic detergent, optionally in the presence of EDTA;
b) applying the extract comprising the IgD-binding
protein of Moraxella catarrhalis from step a) to an ad-
sorption column; )
¢) eluating the IgD-binding protein; and
25 d) separating the IgD-binding protein.
50. A method according to claim 49, wherein the de-
tergent is selected from the group comprising Empigenm,
n-Octyl-B-D glucoside and Triton X-100+0,01M EDTA..
51. A method according to claim 49 or 50, wherein
30 the concentration of the detergent in step a) is within
the range of 0,1-5%, preferably about 3%.
52. The use of a therapeutically effective amount of
~ a surface exposed protein as defined in claim 1, or a
fragment thereof as defined in claims 2 'or 3, in the
35 manufacture of a material for extra corporal circulation
of the blood for removal of IgD in the treatment of

autoimmune disease.
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480
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Thr
Ay

Thr Asa Asn Thr Gy Thr Ay Thr Gy Thr Ala lle Pro é%écémbe%ﬁ)@smo 475

Thr Arg Ile Thr Lys Asn Lys Ile Ay Phe Ala Ay Ala Asp

495 Val Asp Gu Ser Lys Pro Tyr Leu Asp Asn Qu Lys Leu Lys

505 510 Thr Val Gu Ile Lys Lys Thr Ay Ile Asa Ala Ay Asn

520 525 8 Decenber 2005 WD 03/004651 PCT/ SE02/ 01299 3 Thr Ly
Al a WO@3gass1Asp Ala Val .Asn Ay Gn Ala Asn 530 B8REsEKB126 n
Asa Leu Leu Gu Thr Ala Ay Thr Asn Thr Asa Lys 545 550 555
Ser Ala Ala Thr Val Lys Asp Leu Tyr Asp Leu Ser G n Ser 565
Leu Thr Phe Thr Gly Asp Ser Gy #sa Val Lys Arg Lys Leu Ay

Gn Thr Leu_Thr Ile, Thr )é_GI Gn, Thr, Lys Thr Asp G n Leu

605 Asp As@ Asf PYELGESA wal 1@8%YA‘F%1@ yeTRPeadfiey §O 13y Fhr

615 62ﬁuﬂogenébapbyslaﬂwOﬂJaJsesmaEEreipnséﬁﬁ@rGtulﬂaMofsxeﬂEH

630 n.L L (S VaI r. Thr

645 6@%@%&Lg’“{&r%my %1%’/ e/ 3R A3 Redinddl
Asn 689 Be5rgbedser HY ]LDyéTOTﬂn; &aalagzgqre@tyméacmé@r@e}agl@u
Asa& Sesf Lpth 1&§Oa§§5aﬁé aé\_-%yus% éé?eé{?i’lfe@yyb%ﬂlfg weitbrabd
Asp n 690._ 6 GI Phe Ser. Asn G n Leu
0 PR Fagolobhe AP EF PIETAEH A A Agh of AT EDEL Vel
Gu | lddhy Aepibeed Gk@frlaiﬁﬁ 7BOrd3h, |dwre asdmibacGhyidgr Lys

QY LR b TEb T ol40 L8250 disgaltinllt Ty T

Val Thr Leu
54. A purified antlbody according to claim 48, which

10 is specific to an immunogenic or IgDh-binding fragment as
defined in claim 3, having a capacity of selectively bin-
ding membrane bound or soluble IgD, or naturally occur-
ring or artificially modified variants of said fragment.

55. A purified antibody according to claim 48, which

15 1is specific to an immunogenic or adhesive fragment as
defined in claim 5; having a capacity of binding eryth-
rocytes and epithelial cells.
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[l e Thr
Asp G u
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780
790
805
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Lys
Ay
Thr
Leu
895
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915
930
945
Ser
Asa
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Ay
Val
Thr
Val

Ile Ser Asa Asp Asp Lys
Leu Asa Ala Ay Phe Asn
795 800 Val Ser Thr Tyr
81G 815 Ala Lys Val Thr
825 880 oMemssyal Asp Ay
835 840 845 8 Decenber
Val Lys Thr Thr Thr Leu
Ala Thr Asn Phe Ser Val
Ile Asa Ala Lys Asp Ile
GQu lle Arg Thr Ala Lys
91@159rqu18&rdDI:e“xrAsp G u
220,552l ST
93

950 955" ¥BH"1" c%yp héﬁn

965375994 Ser Asn Ay Lys Ay Ile Val
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Thrc13tyr sE 998241030 1005 Ay Hi s Val
Asr133ps20piro7-2910 1015 1020 Arg
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<210> 1

<211> 2139

<212> PRT

<213> Moraxella catarrhalis

<400> 1
Met Asn His Ile Tyr Lys Val
1 5

Met Ala val Ala Glu Tyr Ala
29

Ala Thr Gly Gln Val Gly Ser
35

Ala Ala Leu Ala Val Leu Val
50 55

Tyr Ala Gln Gin Asp Pro Arg
Asn Thr Ser Ser Gly Thr Ala
85

Leu Gly Glu Asn Ala Asn Ala
100

Ser Ser Asn Lys Thr Gly Gly
115

Ala Lys Gly Glu Glu Ser Ile
130 . 135

Gly Thr Ala Ser Ile Ala Ile
145 150

Glu Pro asn Lys Gln Liys
165

Phe

Gln @luw Leu Asn
180

Leu Lys His

Pro Gln Arg Tyx Phe Arg Thr
185 -

Thr Arg Ala Ala Ser Ile Ala 775
Leu Au @y Asn Ay GQu Ala @ﬁ%ﬁ‘k’%@g 785
Asp Thr Val Asa Phe Ala Asp Ay Asn Ala Thr Thr
Tyr Asp Asa Lys Thr Ser Lys Val Ala Tyr Asp Val
Thr Thr 1le H's Leu Thr G ycfbkosi8e G Yy Lys
2005 WO 03/ 004651 PCT/ SE02/01299 4 Asn @n lle
Thr Thr Lys Arg Ala Lys 850 855 860 Ay Asn
Asa Ser Ay Asp Asp Asn Ala 865 870 875 880
Al ardspcedsasteyd Asn Thr Leu Ala Ay 885 890
@y Thr Ala Ser Thr Ala Leu A n Thr Phe 900
G@n @y Asn Asn Phe Met Val Gy Asa Leu Tyr
p. Thr Ser Asn Thr Ser G u Thr Val Thr Phe Val
FOR-DiHHNY PEOSFAR TASH Lys Ay Lys Val Lys Val
Thr Lys Ay Leu Thr Thr Pro Lys Leu Thr Val
Ile Asp Ser Lys Asp Ay Gn
Leu Thr Asp Ala Thr Asa
Ser Qulle Gn dy Leu Ala dn Ay
Ile Ay Asp Val Leu Asn Ala

Ay
Ay
Ay

Al a Al a Ser

Asn. 1045 1050 1055 Phe Ile Asp Ay Asa Al a
Asp Asp Thr 1060 1065 1070 Lys G n Thr Ser Thr
Asp Asa Lys Thr

Tle Phe Asn Lys Ala Thr Gly Thr Phe
10 15

Lys Ser His Ser Thr Qly Gly Ser Cys
25 T30

Val Cys Thr Leu Ser Phe Ala Arg Val
40 45

Ile Gly Ala Thr Leu Asn Gly Ser Ala
60 .

His Ile Ala Ile Asp Gly Asn Ser Ser
75 80

Arg Ala Thr Gly Asp Arg Ala Ile Ala
90 : 95

Glu Gly Gly Gln Ala Ile 2Ala Ile Gly -
108 110

Arg Ash Ala Leu Asn Ile Gly Thr Asp
120 i25 -

Ala Ile Gly Gly Asp Val Val Ala Glu
140

Gly Gly Asp Asp Leu His Leu Trp Asp
155 160

Leu Asp Pro Lys Val Liys Glu Leu Ile
170 175

Asn Tle Tyr Lys Leu Pro Asp Gly Ser
185 190 .

Tyr Ala Lys Gly His Ala Ser Ile Ala
200 2058




1075 1080 1085 Leu A u Val Thr Gy Asp Lys Lys Leu Ay V 'De|c¥§|b Oo'ghr Thr
Leu 1090 1095 1100 Thr Lys Thr Ser Ala Asn Ay Asn Al a Lys Phe Ser Al a
Ala Asp 1105 1110 1115 1120 Gy Asp Ala Leu Val Lys Al a Ser Asp Ile Al a
Thr H's Leu Asn Thr 1125 1130 1135 Leu Ala Ay Asp Ile @n Thr Ala Lys Gy
Al a Ser Ser 1140 1145 1150 Ser Ala Ser Tyr p a Asp Ay
Asa Lys O offee 5’? r Asp Ser 1155 1160 1165 8 December R SE 05 002651
PCT/ SE02/01299 5 Thr Asp Lys Lys Tyr Tyr G@n Ala Lys Asn Asp Gy Thr Val
Asp Lys 1170 1175 1180 Thr Lys Gu Val Ala Lys Asp Lys Leu Val Ala dn A a
O Theefisy thi85: 1901188 4200 Pons Ghi aldradein s Mg Mot Asn Vel Lys
Ser Val |kepAsn Lys Qu 121 1215 G238 Val Asn Asp Ala Asn Lys Lys G n
Gy Ile Asn A u Asp Asn AIa 1220 1225 1230 Phe Val Lys Ay Leu Gu Lys Al a
Al a SerhAgpg Ada Thy AlFHysl§iy Asm Tyd Z85 LER4QalvASGKY aslT@rVal Thr Val Ay Asp
Leu AsAZ3l a VaI AI a G%OThr Pro Leu 150 1255 1260 TH#°Phe Ala Ay Asp Thr

Ay Th Th 12701275 1280 Leu Thr Il
Lyg r “T?ﬁr ﬁ%% % Ewﬁlé %@‘p% 12 Ggﬁs 1200 1295 Asn 11 e

Ay VaI VaI AI a Gly hr Asp Ay Phe hr Val Lys Leu i\I a 1300 1305 1310 Lys
Asp Le1dREn ASP rhew1ASNaSedr ¥od s ay@iy dyrdhmibyspl e 1315 1320 1325
Asp Asp Lys Gya2val Ser Phe Val 26sp Ala Asn Jyz2@n Ala Lys Ala 1330 1335
1340 Asn Thr Pro Val Leu Ser Ala Asn Ay Leu Asp Leu Ay @y Lys Arg 1345
1350 1395 C¢1BA0Y ISrE Wertiaskey Féy Ghy GAY Al @nVvale pap TASFYAsn Asp Al a Val Asn
Phe 1365 1373°1375 Lys G n BR® Asn Gu Val %% Lys Thr Val Asn Asn Leu Asn

Asn G Blu £§§ stﬂ' %@? ng'glgsn Asn Thr Asn Val Tyr Val Pro Gln Gly Glu
290 295 300

Ile Leu Glu Glu Arg Tyr Liys Ala Thr Glu Asn Gly Glan Ser Pro Asn
305 310 315 320

Lys Val Val Asp Ile Phe Ser Ile Gly Ser Ser Ser Ile Lys Arg Lys
325 330 335

Ile Tle Asnr Val Gly Ala Gly Ser Gln Glu Thx Asp Ala Val Asn Val
340 345 350

Ala Gin Leu Lys Leu Val Glu Arg Val Ala Liys Arg Gln Ile Thr Phe
355 360 385

Gln Gly Asp Asp Ser Asn Asn Ser Val Lys Lys Gly Leu Gly Gln Thr
370 375 380

- Leu Thr Ile Lys Gly Gly Lys Thr Glu Thr Gly Glu Leu Thr Glu Asn
385 380 395 400

Asn Ile Gly Val Val Gln Asp Asp Asn Gly Asn Gly Leu Lys Val Lys
405 410 415

Leu Ala Lys Asp Leu Thr Gly Leu Thr Lys Val Ala Val Asn Gly Asn
: 420 425 430

Gly Ala Asm Asm Ala Glu Leu Leu Asn Gly Gly Leu Thr Phe Ser Thr
435 £40 ' 445

Ser Gly'Ala Asn Ala Gly Lys Thr Val Tyr Gly Thr Asp Gly Val Lys
450 455 460

Phe Thr Aso Asn Thr Gly Thr Gly Thr Gly Thr Ala Ile Pro Asp Thr
465 470 475 ‘ 480

Thr Arg Ile Thr Lys Asn Lys Ile Gly Phe 2la Gly Ala Asp Glu Gln
485 490 495

Val Asp Glu Ser Lys Pro Tyr Leu Asp Asn Glu Lys Leu Lys Val Gly
500 505 510

Thr Val Glu Ile Lys Lys Thr Gly Ile Asn Ala Gly Asn Gln Glu Ile
515 _ 520 525




Ser Asn Ser Gy Ala Ser Leu Pro Phe Val Val Thr Asp Al a éﬁé Qﬂger@%S 1400 |
1405 Lys Pro Ile Asn Ay Thr Asp Asp Lys Pro An Lys Al a 1410

1415 1420 Ala Asp Ay Lys Tyr Tyr His Ala Asn Ala Asn @y Val Pro VaI Asp
1425 1430 1435 1440 Lys Asp Gy Asn Pro Ile Thr Asp Ala Asp Lys Leu Ala Asn
Leu Ala WwoAsnMmda0 1455 Ala His Ay Lys Pro Leu Asp Al acfikphabi80e G n Val Val
Ala Ser Leu 1460 1465 1470 Ay Ay Agn Ser Asp Ala Ile Thr Leu Thr Asn lle
Lys Ser Thr Leu 1475 1480 1485 8 Decenber 2005 WD 03/004651 PCT/ SE02/ 01299
6 Pro dn lle Asp Thr Pro Asn Thr Ay Asn Ala Asn Ala Gy A n Ala 1490
1495 1380 L (Yabdiys| ey FProliSeVal asp 3ée VAl Rsp|@y@ln Qan2®er Asn Ala Al a Ser
1505 1510°3%15 1520 Val L5 Asp Val Leu Aéh val Gy Phe Asn Leu @ n Thr Asn

Hs Asn, 1525, 1 535 | A Asp Thr Val Asn Ph
Vel AR MBAG eRerpo St 7 Py M ke ro Val Atg Ser Ala Asp

Gy Thr Met Ser 1555 1560 1565 Asn IIe Thr Val Asn r Ala Len Ala Ala Thr
Asp AsprAsen Gey AsM1almiOvaiSih: A580.Vakr ey ﬂe{l%elsy@.nAb@' Lys Asp @y Lys Phe
Tyr Lys Ala Asp Aspsdseu 1585 1590s5%695 1600 Met Psw Asn Ay Ser Leu Lys
Ala Gy Lys Ser Ala Ser Asp Ala Lys 1605 1610 1615 Thr Pro Thr Ay Leu Ser
Leu VaPTRSRYPPE FRenthE @lyGsp E%GH Jposdpl LygFge fgesteps®y Thr Ay Asp Al a Val
Ala Leu Asn Asn 2%8u Ser Lys Al a3%al Phe Lys 1638 1640 1645 Ser Lys Asp Gy
That T r V Ash 655 1660 Ile G n
Ay L yginA;M/%n e B o g ﬁ;%feu Seg%’ylfli‘lé%§%é e O 65 1670 1675
1680 Asn Val Gy Gly Lys VaI Ile Ser Asn Val dy Lys Gy Thr Lys Asp 1685

1690 1685 aghrasAspeAlly Wilavaisnlad/aly Ghn 26 w1l awu At Wigeer Thr G n Leu Val
610 615 620

Leu Ala Lys Thr Leu Asn Ser Leu Thr Glu Val Asn Thr Ala Thr Leu
625 630 835 640

© Asn Ala Thr Asn Lys Val Lys Val Asp Asn Ser Thr G€ly Asn Thr Ala
645 650 655

Glu Leu Leu Asn Asn Gly Leu Thr Phe Thr Gln Thr Thr Gly Ala Asn -
660 . 665 670

Ser Gly Lys Thr Val Tyr Gly Asn Asp Gly Leu Lys Phe Thr Asn Sexr
675 680 685

Ala Asn Lys Ala Leu Gly Gly Thr Thr Tyr Ile Thr Lys Asp Gln Val
690 695 700

' Gly Phe Ser Asn @Gln Asp Gly Leu Leu Asp Glu Ser Lys Pro Tyr Leu
705 710 715 720

Asn Arg Glu Lys Leu Lys Val Gly Lys' Tle Glu Ile Lys Asp Ser Gly
725 730 735

Ile Asn Ala Gly Gly Lys Ala Tle Thr Gly Leu Pro Ser Thr Leu Pro
740 745 750

Asn Thr Thr Tyr Thr Ala Pro Gly Val His Thr Ala Leu His Gly Ser
- 755 760 - 765

Thr Ile Ser Asn Asp Asp Lys Thr Arg Ala Ala Ser Ile Ala Asp Val
770 775 780

Leu Asn Ala Gly Phe Asn Leu Glu Gly Asn Gly Glu Ala Val Asp Phe
785 790 795 800

Val Ser Thr Tyr Asp Thr Val Asn Phe Ala Asp Gly Asn Ala Thr Thr
’ 805 810 815

Ala Lys Val Thr Tyr Asp Asn Lys Thr Ser Lyg Val Ala Tyr Asp Val
820 825 _ 830

Asn Val Asp Gly Thr Thr Jle His Leu Thr Gly Thr Asn Gly Lyvs Lys
835 840 845



1700 1705 1710 Gy Ser Trp Val Met Ala Gy Asn Asp Asn “Asn G n
Val 1715 1720 1725 Asn Ile Ala Asp Ile Lys.Lys Asp ProAggﬁé%g?&tyyéger Ser
Ser Asn 1730 1735 1740 Arg Thr Val Ile Lys Ala Gy Thr Val Leu Ay Gy Lys
dy Asn Asn 1745 1750 1755 1760 Asp Thr Qu Lys Leu Ala Thr Ay dy Val

G n Val p Lys 1765 1770 1775 Asp Gy Asn Al p Leu Ser-
Asn Val %'{\%P“ ys Thr Gn 1780 1785 1790 Lys Asp G %@0&?{;3 Ala Leu
Len Ala Thr Tyr Asn Ala Ala Gy 179541800 1805 8 Decenber 2005 WO
03/004651 PCT/ SE02/01299 7 G n Thr Asn Tyr Leu Thr Asn Asn Pro Ala G n Al a
Ile As rg .| i i I.g.Phe Phe H's Val Asn
Asp 4 SAS %Edh% %ﬂyﬁ%&lg%%ié%pBT%%E?S%&G@%%%I&%?@&% Gy Arg Asn Ay
Ile Asp Ser Ser Ala Ser Ay Lys 1845 1850 1855 His Ser Val Ala val Ay Tyr
Lys Al aikysnAlte Aspiia yaiGrhe Ak VAL &2snl186061h8685p 287 RsVallaAla |le Gly Arg G n
Thr G reésAla Gy Asn G A7&er Ile Ala |1#5 1875 1880 1888°Gy Asp Asa Ala G n
Ala Thr Ay Asp Gn_ Ser Ile Alalle Ay Thr 1890 1895 1900 Ay Asa Val Va
Ala d feﬁyéel-fss% %‘@rg’g JENTAE PR P8P \PRSEUPRE B8T 1405 1910 1915 1920 Thr

Val Lys Ala Asp Asa Ser Tyr Ser Val 81y Asn Asa. Asa G n Phe 1925 1930
1935 ThiiyAsR Al@rhhhiGrs By thsRiYaderPRE M/ 1Maleifdi-As8 Asn Ile Thr 1940
1945 1950 Val ThgodG n Ser Asn SewsVal Ala Leu GgyoSer Asn Ser Ala Ile Ser
1955 1960 1965 Ala Gy Thr Hs Ala Ay Thr Gn Ala Lys Lys Ser Asp Ay Thr
Ala 19e0 HMG75e1B806H ¢LTIFly Far AFhrPhghfetAVal Gy 2Ar &eTilyrdy Thr Val Lys Ay
Phe Ala 19851990 1995 2000°&y G n Thr Ala®%al Gy Ala Val Ser Val Qy

Al a SerSeg éﬁyAl‘yat gpuThr Ser Asn Thr Ser Glu Thr Val Thr Phe Val Gly

930 935 240

Glu Asn Gly Ile Thr Thr Lys Val Asn Lys Gly Lys Val Lys Val Gly
945 950 855 960

- Ile Asp Gln Thr Lys Gly Leu Thr Thr Pro Lys Leu Thr Val @ly Sex
965 970 975

Ser Asn Gly Lys Gly Ile Val Ile Asp Ser Lys Asp Gly Gln Asn Thr
580 585 290

Ile Thr Gly Leu Ser Asn Thr Leu Thr Asp Ala Thr Asn Ala Thr Thr
295 1000 1005

Gly His Val Ser Glu Ile Glpn Gly Leu Ala Gln Gly Ala Asn Lys Thr
1010 1018 1020

Arg Ala Ala Sex Ile Gly Asp Val Leu Asn Ala Gly Phe Asn Leu Gln
1025 1030 1035. 1040

Gly Asn Gly Glu Ala iys Asp Phe Val Ser Thr Tyr Asp Thr Val Asn
1045 1050 1055

Phe Ile Asp Gly Asn Ala Thr Thr Ala Lys Val Thr Tyr Asp Asp Thr
1060 1065 1070

Lys Gln Thr Ser Thr Val Thr Tyr Asp Val Asn Val Asp Asn Lys Thr
1075 1080 1085

Leu Glu Val Thr Gly Asp Lys Lys Leu Gly Val Lys Thr Thr Thr Leu
1030 1085 : 11¢0

Thr Lys Thr Ser Ala Asn Gly Asn Ala Thr Lys Phe Ser Ala Ala Asp
1105 1110 1115 1120

Gly Asp Ala Leu Val Lys Ala Ser Asp Ile Ala Thr Hig Leu Asn Thr
1125 11320 1135

Leu Ala Gly Asp Ile Gln Thr Ala Lys Gly Ala Ser Gln Ala Ser Ser
1140 1145 : 1150

Ser Ala Ser Tyr Val Asp Ala Asp Gly Asn Lys Val Ile Tyrx Asp Ser
1155 1160 ’ 116% ‘




2005 2010 2015 Arg Arg lle dn Asn Val Ala Ala G y Gn Vﬁ?ﬁ%ﬁ%@@

Thr 2020 2025 2030 Asp Ala Val Asa Gy Ser An Leu Tyr

hr Ser
Pg-GI n Ser

Ile Ala 2035 2040 2045 Asn Ala Thr Asa G n Leu Asp His Arg Ile His Gn Asn
G u Asn Lys 2050 2055 2060 Ala Asn Ala Ay Ile Ser Sear Ala Met Ala Met
Al a Ser MypoRomassel n 2065 2070 2075 2080 Ala Tyr |l e Pper/Stugnfsg Ser Met
Val Thr Ay Ay Ile Ala Thr H's 2085.2090 2095 Asn Ay Gn Ay Ala vVal Al a
Val Gy Leu Ser Lys Leu Ser Asp Asn §100 2105 2110 Ay G n Trp Val Phe Lys

Ile Asa Ay Ser Ala Asp Thr Gn Gy H's 2115 2120 2125 8 Decenber

2005 WO

03/ 00465 ARCTLSEQR/ Q289 cfh Nod 13 Weh\adp A1 el vad ApAgs Ay Phe H s Phe
2130 213517210> 2 <211>16889 <212> DNALe213> Moraxella catarrhalis <400>
2 aatcattacc ccccccttta tgggggatca t at gaat aga atattatgat tgtatctgat 60

5518

tatt gt %%;%&Y%g 3¢ 5t g”ahalgéc Eytet Jat i ggﬁj‘tl HadteaBrckrat t at t t gat
atgttttgaa actaatctat tgacttaaat cac tgg ttataatttdYcat aat ggt
aggctt hid @} 332330 GAG ALCAGAALALLT QL GLAGLY hbaghagral; gctt gaat ga
cgat cccaat catcagaidoe attcaagtga t@hg@tttgta tacgcaiGat ttaccctaat
tatttcaatc gaaatgccta tgtcagcatg tatcattttt ttaaggtaaa ccaccatgaa
t cacat EimVahaaygtrentidh AsmabcadvyCle gtadgesca dihtapggocyid gggggaat a
t gccaaat cc cacag@fcgg ggggt agctig?i gct acaggg ca®diPt ggca gt gt at gcac
t ct gaggt t cecgtgttg ccgeqgetecge. tgtcctegt g at cggt gcga cgct caat gg
cagt gc?lfea&a:giﬁsgggga{“ﬁg “gtuclg‘%qé 4% f%@ﬁ%%?lﬁét c’g"ascﬁsngctcgaacac
at cct caggc aCtgccegtg cgacaggiga tcgagccatt “gétcttggtg aaaat cctaa
t gcagagpoRI YT a8goed dibUssAtE08sd AL 3ACaal AAaREcasiY! SOt agaaacyc
gct gaat attasgggt accgat g ccaasgct ga ggagt ccake gccat cggt g gt gat gt agt
ggct gagggt actgcctcga ttgecatcgg tggtgatgac ttacatttgt gggat gaacc
aaaaaa?é‘aﬁheaébﬁt ey 36 Wectwaday it Abmanativy ety adlaathrat caagaat t
aaacaat#fa tacaaact gc*Tlgat ggt ag t cct’®3ddaga tattttcgézBatacgcaaa
g99acagdcey,A9i ALL9GAs L9993206AL 9352429958 [Qagggt catf  ftgccaacge

1285 1290 1295

Asn Ile @ly Val Val Ala Gly Thr Asp Gly Phe Thr Val Lys heu Ala
1300 : 1305 1310

Lys Rsp Leu Thr Asn Leu Asn Ser Val Asn Ala Gly Gly Thr Lys Ile
1315 1320 1325

Asp Asp Lys Gly Val Ser Phe Val Asp Ala Asn Gly Gln Ala Lys Ala
1330 1335 1340

Asn Thr Pro Val Leu Ser Ala Asn Gly Leu Asp Leu Gly Gly Lys Arg
1345 1350 : 1355 1360

Ile Ser Asn Ile Gly Ala Ala Val Asp Asp Asn Asp Ala Val Asmn Phe
1365 1370 1375

Lys Gln Phe Asn Glu Val Ala Lys Thr Val Asn Asn Leu Asn Asn Gln
1380 1385 1390

Ser Asn Ser Gly Ala Ser Leu Pro Phe Val Val Thr Asp Ala Asn Gly
1395 1400 ’ 1405

Lys Pro Ile Asn Gly Thr Asp Asp Lys Pro Gln Lys Ala Ile Lys Gly
1410 1415 1420

Ala Asp Gly Lys Tyr Tyr His Ala Asn Ala Asn Gly Val Pro Val Asp
1425 1430 1435 1440

Lys Asp Gly Asn Pro Ile Thr Asp Ala Asp Lys Leu Ala Asn Leu Ala
‘ 1445 : 1450 1455

"Ala His @¢ly Lys Pro Leu Asp Ala Gly His @ln Val val Ala Ser Leu
14690 1465 1470

Gly Gly Asn Ser Asp Ala Ile Thr Leu Thr Asn Ile Lys Ser Thr Leu
: 1475 . 1480 : 1485

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020




ctttggtaca cgggcaacag ctaaaggcaa ctattccttg gcagt gggtc t%%f%g%ggraz#j 80
t etgcagc 40 -

agccaacaca gaattttcaa tcgctgttgg ttctaatgca caagctaacg gg

gacagccatt ggtggaggta ctaaagctga tttgggtcga agcatagccc taggttttgg
ttctcagatc cttactaagg agaaggatag tcataacaat accaatgtct atgtaccaca
aggt gaaat gddsa@@aaagc ggt at aaagc caccgaaaac ggtcagt coc pgrRApiAaaet
agtggatata ttttccattg gtagtagctc tatcaaacgt aaaatcatca atgtcggtgce
gggtt ct cag gagaccgatg cgctcaatgt ggcadagctt aaattggtgg agcgggt gge
taagcgtcaa attacttttc agggtgatga tagcaataat agcgtaaaaa aaggtttggg
tcagact bl AgaL Al hafad, $8%39A3CcRO0R RGO dRAGI ARG G 18aaat aacat
cggt gt ggt asemagat gat a at ggfegat gg tct gaaagtdéo aaactt gct a aagat ct gac
tggtttgacc aaggttgcag taaatggtaa tggtgctaac aacaccaggc tactaaacgg
t ggt ct gabr s¢t Léw e &br degJlegclaartagegtladar asediet?db fegcact gat gg
ggt gaagtid®® act aat aat a ¥afgaacagg aacadefacg gaaat accctf?8cact act cg
tattaccaaa_aataaaatt ctttgctgg ggctgatg agQt t gat g _aaagcaaacc
ttatctty CL%Saéﬁpagglaé'g: %gga"g t ¥ gm%ziﬁﬁg??ugg:gn a f%ﬁréi%%égm@t ggcat caa
t gcaggt aat caagaaatta ccaaggtcaa afctgccatt gttgatgcag ttaatggaca

agcaaat gaavagatd bl §a1 agstAiGt AgaRAGRI0A0EE: PEARAL AGEIFCAaacaaaa
ctctgccgecc act atisamag actt at acgas4sct at cacaa t cassgct ga cctttacagg

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100

t gat at cggt aacgt t aaga gaaaactggg tcagacttta accatcacag gcggacaaac2160
aaagaccH Ehafinder dladantFach gyl 8t ésggf Fhucdted ¥Eggcet t aac2220

cgttaaact t gctlaaactt taaacagt®® tactgaagtt
caccaat aaa Il LAAQY ag, gt aalagl AC, Lo Aal.A5d, d&f dagtdgtad,aaacaat gg
tttaacctttsacCCaaacaa caggi,gcaaa ttcaggtaash accgictatg gcaat gat gg
cttgaagttt actaatagtg ctaataaagc acttggcggc acaacttaca tcaccaaaga
t caagt t ggt Léd LRYCAARTa aggatsggeiyt 1iaC PHgahgas: alcaapcegtieat ctt aaccy
agaaaagtis aaagttggta aattgagat taaagd¥agt ggcatt aat go®aggt ggt aa
agccat caca_ggact gccct caacactgcc caacactacc tatactgcac ctggcgtgca
t act gcallta"tatgytRyfar caattPct da*vgifyitahd 58’6@@?%}1 ¥cagt at cgc
cgat gt gcta aacgcagget- ttaacttgga aggtaatggt gaagcggttyg actttgtctc
cact t at 4acC pAC e GBAGE, tdedCRAl $ A0 GABLOSGARE. a8FAGE aRgdsdaact tat ga
t aacaaaacc agtaaagi gg cgt at gat gieskaat gt ggat ggtmgaacca ttcatctaac
aggcact aat ggcaagaaaa accaaattgg cgtaaaaacc accacactga ccacaaaacg
t gct aaa@yt chabew dde dal dtladient 2apgrsngievaBet &Ys @4t Jal gbealyst gecctt at
t aacgccaaa ga€dt cgccg acaat ctet®a caccct agcet ’gg? gaaattc gcaccgccaa
Decenber 2005 WO 03/ 004651 . PCl/ SEQ2/ 01299 cagca. agcaccgccc
5 9 é&fpatG ]é'fgr égfé'l‘élé:%rsﬁlr (fa ger Eig %%g%:{algiea?ezg

tacaaactit of t caag gt aat aag

ctgcta cattaaacgc2280

2340
2400
2460
2520.
2580
2640
2700
2760
2820
2880
2940
3000
3060 8

tatgt gcggt aacctttact

ctggttatga cacctcaaat acctctgaga ccgtcacctt 3180 tgtaggtgaa aacggcaata
ccaccaaggt canalaapd@bp aaadiccanagilid gt add gar 324 Gsp cugamacaaa ggcttaacca

cgcctaagots gaccgtgggt gbagt aat g gcaaaggcat 3300 1680

Asn Val Gly G@ly Lys Val Ile Ser Asn Val Gly Lys Gly Thr Lys Asp
1685 1630 1695

Thr Asp Ala Ala Asn Val Gln Gln Leu Asn Arg Ser Thr @Gln Leu Val
1700 1705 1710

Gly Ser Trp Val Met Ala Gly Asn Asp Asn Ala Asp Gly Asn Gln Val
1715 1720 1725

Asn Ile Ala Agp Ile Liys Lys Asp Pro Asum Ser Gly Ser Ser Ser Asn
1730 1735 1746

Arg Thr Val Ile Lys Ala @Gly Thr Val Leu @ly ¢ly Lys Gly Asn Asn
1745 1750 1755 1760

Asp Thr Glu Lys Leu Ala Thr Gly Gly Val @&ln Val Gly Val Asp Lys
1765 1770 1775

Asp Gly Asn Ala Asn Gly Asp Leu Ser Asn Val Trp Val Lys Thx Gln
1780 1785 1790 )

Lys Asp Gly Ser Lys Lys Ala Leu Leu Ala Thr Tyr Asn Ala Ala Gly
1795 1800 - 1805




:

t gt cat

caattt
cccact
t gccct

cacatt

t aaaaa
t gat aa£RAg. AGLARRARS y GG

accgct

t gat gc

caacat

agat gt

aaacggct ca ctaaaagcag
cctt gt?&a@hr%gg?éfﬁ@tsﬁ
)

at caaaagcg ¢

cgatttadgc aatg

tgac agtaaagatg gtcaaaatac catcacagga ctaagcaaca CfeLaagk
t gccaccaac gcaacaacag ggcat gt cag tgaaatccag ggcttggcac aaggtgcaaa
caaaacccgt gccgccagca ttggtgatgt actaaacgca ggctttaact tgcaaggcaa
t ggt gaagcc aaagactttg tctccactta tgacaccgtc aactttatcg atggcaatgc
caccaccgowvoamgaésgacct at gat gacac gaaacagacc agcacagt aapctiimbgadgt
ggat aataaaaccc ttgaagtgac aggcgataaa aaacttggcg tcacaaccac
gacc aaataaagtg ctaatggtaa tgcaaccaaa tttaatgccg ccgatgacga
tgtt aaagccagtg atatcgacac ccatctaaat accttggctg gcgacatcoa
aaccgcenaaht) §a) Caaget TMagGaagnag-Chtagtuagse matgbggat gt gat ggcaa
caaggt catleid at gacagt a ccrmsaagaa gtact atisaa gccaaaaat g at ggcacagt
t gat aaaacc_aaagaagttg ccaaagacaa actggtcgc
Fly G Cindi s ArdRbet Begtic ¥t g%% R Yuderafitadlat gat gacaa
a ggcat caacg-®38gacaacgc cttt'§ttaaa ggacttgadd*%hagecgettc
EC&QJ @3C11 0L 009t 0akL, Wh 333 060 {d gcccaaac 4140

gacc tttgcaggdy afacaggcac aag€ggct aaa aaact gggcg agactttgac
cat caaaggt gggcaaacag acaccaataa gctaaccgat aataacatcg gt gtgggagc
aggt ackigatenggel ttackhy dlgdaactsgsla dpaghe ébp Ge cdat &=t Alacagegt t aa
t gcaggt ggc accd®batt g at gacaaadpxgtgtctttt gtEHd&cgcaa accgtcaacc
caaagcaaac. agccct gt gc taagtgccaa t ct c ct t ggca_ aacgcat cag
t aacat %%gglﬁ%g@gﬁgﬁgﬁ & Pgﬂg]tt’il%gg‘gl"‘t 8%86?’83‘2%@@@?’%%9%%9?1‘% t aat gaagt
t gccaaaacg ¢t caacaacc taaacaacca aagtaactca ggtgcgtcat tgccctttgt
agt aaceQahs 86219398 MAUCHLAEGAR] BUCREEL AL 20ACAATERCEmARAaagccat
caagggcgaeswgat ggt aaat aci@scacgc caacgcc@acé ggcgtacctg tggacaaaga
t ggcaacccc atcaccgatg cggacaaact tgccaatctg gcagctcatg gcaaacccct
gﬂsrtﬁﬁké[algtf’ég nggfafaaféi@cﬁﬂaggcég%%éée iy gt fecdet caccct aac
Zdaac acaggt aattd®tcaat gcagg
gcaagc a ca gcctatcag t aat gct g ccagt gt caa
G P e A B Ry 0 0 8 O T T Ot caa
agcct at gat accgtcaact ttgtcaatgg tacaggtgcc gacatcacaa gcgtgcgtag
t gct gatiggesanatigagia me A=patagthe 8RE FETEGLE Axhagaagegahccgat gat ga
tggcaat gt g ctt dtd¢@daag ccaaagat g% aagttctac aa®y®agacg acctcatacc
caaat cagc cagt gatgcc aaaactccaa ctggtctaag
%‘F a‘ﬁ'&g‘?}c"aﬁe"t Eg%lg Egat HEdyrohtt E°T t aat aact t
ttaaat ccaaadatgg tacaactact 3cacagtaa gctctgatgg
cat caginl 61 329668339 AL AALAGGARM L£AL£36E G RPCAgadat g1 Hgct gaat gt
aggcggt aagrigt cat cagca at gé-@ggt aa aggcacamaa gacaccgacg ctgccaat gt
acaacggt aa aaccgaagta cgcaacttgt tgggtcttgg gtaaaggctg gt aatgataa
cgct ga@lggehadie §hytTha e dtlivgtlegdh Gl dhndad Igacticadlst Rleaggttcatc
at ct aat®jc act gt cat cat®#8gcaggcac ggt &Pt ggc ggt aaaggta®%t aacaat ac
Cgaaaagct &1:9&5‘39?‘@%%9 étit %%C@aﬁgéeﬂggf%if%ﬁé faagacgdea, acget aacgg
E( aGo taa dgaaag ccctgetcge
cacttataac gccgcaggtc agaccaacta tttgaccaac aaccccgcag aagccattga

g tccactttgct®dcaaattga cac

gcta aatgf aggs aactt’gca gagcaa

daccca ggaadat ggc agca

Arg Arg Ile Gln Asn Val Ala Ala Gly Glu Val Ser Ala Thr Ser Thrx
2020 2025 2030

Asp Ala Val Asn Gly Ser Gln Leu Tyr Lys Ala Thr @ln Ser Ile Ala
2035 2040 ' : 2045

Asn Ala Thr Asn Glu Leu Asp His Arg Ile His GIn Asn Glu Asn Tys
2050 2055 2060

Ala Asn Ala Gly Ile Ser Ser Ala Met Ala Met Ala Ser Met Pro Glo

: 2065 2070 2075 2080

Ala Tyr Ile Pro Gly Arg Ser Met Val Thr Gly Gly Tle Ala Thr His
' 2085 2090 2095

~Asn Gly Gln Gly Ala Val Ala Val Gly Leu Ser Lys Leu Sexr AsSp Asn

2100 ’ 2105 2110

Gly Gln Trp Vval Phe Lys Ile Asn Gly Ser Ala Asp Thr Gln Gly His
2115 2120 2125

Cc caagccaaaa ccccagatgg

$eoit0

3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080

4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820




cagaat aaat gaacaaggta
ggt acaaggg cgtaacggca
tt at aaggcc aaggcagatg
caaccaat cc atcgccatcg
cgct accgoeoasddssgat ag
t aaggct gat aacagttaca
cgatgtcttt ggtgtgggca
ttcaaactct gccatcagtg
cacagcadgytcladdactactd €ayskggly®hadbagieacy
aacggcggt4*3§gt gcggt ct
ggcagcaggt gaggtcagtg
agccaccgaa ggcattgeca
aaat aaagef. gadsgcaggga
cattcctggs agat ccat gg
ggcagt gggn migikeaagtat ghtgat aa
Decenber 2005 WO 03/004651 PCT/ SE02/ 01299 10 agccgatacc caaggccatg

tccgettett
tt gact caag
gt gaagccgce
gt gat aacgc
caggt aagca
gt gt gggt aa
at aacat cac
caggcacaca

cc@t¥ggt gc
ccaccagcac
acgcaaccaa
tttcatcagc

ttaccggggg

ccat gt caac
t gcct caggce
cgttgccata
acaagccaca
ct ct ggt gcc
t aacgaccag
cgt gaccgaa
cgcaggcaca

ct caggt gct
cgat gcggt c
t gagct t gac
gatggcgatg
tattaccaac
tt gt caat gg

gat ggcaat c
aagcact cag
ggcagacaaa
ggcgat caat

a@%%‘éfntb&t
tggcggt cgg
cccaagcagg
ccat cgccat

at cggcgaccpeaa@sabgt

ttcaccgatg
agt aact cgg
caagccaaaa
gt t aaaggct
gaacgccgt a
aat ggt agcc
catcgtatcc
gcgt ccat gc
cacaacggt c
gtatttaaaa

ccact cagac
ttgccttagg
aat ct gacgg
ttgctggaca
t ccaaaat gt
agtt gt acaa
act aaaacga
cacaagcct a

aaggt gcggt

tcaatggttc

@%ﬁOr
40
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720 8

t aggggcé

aaaat c§8 ‘"r,atf:%%fc E%E%ti‘ 3?%5%0@

E%g%ﬁ %Z%Eéé:ag

>cdMAgat2d 3k

tgatgg%

Mor a xe
<211>

<210>

% atced

Ggccepacs
tctgagettt

cagtgettat
atocctcagge
tgcagagggc
getgaatata
ggctgagggt
aaataagcaa
aaacaacata
gggacacgea
cttitggtaca
agccaacaca
gacagceatt
ttctecagate
aggtgaaata
agtggatata
gggttctcag
taagegtceaa
tcagacttta
cggtgtggta
tggtttgacc
tggtetgacce
ggtgaagttt
tattaccaaa
ttatcttgac
tgecaggtaat

-agcaaatcaa

ctctgeegee

‘tgatagcggt

aaagaccgat
cgttaaactt
caccaataaa
tttaaccttt
cttgaagttt
tcaagktggt
agaaaageta
agccatcaca

- tactgeacta

cgatgtgeta
cacttatgac
taacaaaacc
aggcactaat
tgctaaaggt
taacgecaaa

oapagcacyd
geccgigtig
gctoaacaag
actgeccogtg
ggtcaageca
ggtaccgaty
actgcctcga
aagttccteg
tacaaactge
agtattgcac
cgggceaacag
gaatctteaa
ggtggaggta
cttactaagg
ttagaagagc
ttttecattg
gagaccgatg
attacttttc
actattaaag
caagatgata
aaggttgeag
ttttegacat
actaataata
aataaaattg
aacgaaaage
caagaaatta
agcetttgtga
acggttaaag
aacgttaaga
caattaaceg
gctaaaactt
gttaaggtag
acccaaacaa
actaatagtg
tttageaatce
aaagttggta
ggactgecct
catggecagta
aacgcaggct
acegicaact
agtaaagtgyg
ggcaagaaaa
aatacagcaa
gacatcgeeg

B

ggggtagetyg
ccgegetege
atccocagaca
cgacaggtga
tecgecategyg
ceaaaggtga
ttgececatcegg
acccaaaagt
ctgatggtag
taggaaccat
ctaaaggcaa
tegetgttgg
ctaaagetga
agaaggatag
ggtataaagc
gtagtagete
cggtcaatgt
agggtgatga
gtggtaaaac
atggtaatgg
taaatggtaa
caggtgoeaa
caggaacagg
gctttgetgy
taaaagtigg
ccaaggtcaa
accttctaga
acttatacga
gaaaactggg
acaataacat
taaacagtct
ataatagtac
caggtgcaaa
ctaataaagce
aagatggett
aaattgagat
caacactgce
caatttctaa
ttaacttgga
ttgecgatgg
cgtatgatgt
accaaattgg
ctaattttag
acaatctaaa

tgctacaggy
tgtcctegtg
tatcgecaatt
tegagecatt
tagtagcaat
ggagtceate
tggtgatgac
taaagaattg
tcctcaaaga
gacacaggca
ctatteetty
ttctaatgea
tttgggtcega
teataacaat
caccgaaaac
tatcaaacglt
ggcacagctt
tagcaataat
agagaccggt
tectgaaagtt
tggtgctaac
tgcaggcaaa
aacaggaacg
ggcigatgaa
cacagttgag
atctgecatt

aacageaggce

cetatoacaa
tcagacttta
cggtagtaggta
tactgaagtt
tggtaatacyg
ttcaggtaaa
acttggcgge
acttgatgaa
taaagacagt
caacactacc
cgacgacaaa
aggtaatggt
caatgeocace
caatgtggat
cgtaaaaacc
tgttaactct
caccctaget

%%f% Eefe
Telo 1)

@gt@eg@r Eal’b%l:zlt%aﬁ
tidatemicty tthgtdoaapgtata ccaccatg 38

caagtitggea
atcggtgega
gatggcaaca
gekettggtg
aaaacadggtg
gecateggtyg
ttacattigt
attttaaaac
tattttegea
gagggtcatt
geagtgggte
caagctaacyg
agcatagecc
accaatgtet
ggtcagtage
aaaatcateca
aaattggtgy
agcgtaaaaa
gaactaaceg
aaacttgeta
aacgccgage
acggtectatg
geaatacccg
caagttgatyg
attazaaaaa
gttgatgecag
acaaagacca
teaccegetga
accatcacag
gcaggtacta
aatacggcta
gotgaattat
accgtetatg
acaacttaca
agcaaaccgt
ggeattaatg
tatactgecac
aceccegtgecg
gaageggttyg
accgctaagy
ggtacaacca
accacactga
ggtgatgaca
ggtgaaattc

T

ST

agttggtgca ggttttcact tttaagccat 6780 aaatcgcaa attttactta
tact gat gct

3

bgec 30 <210> 4

DNA <213>

QexcAaggag@at ccg
aaaagt gagizcaget @Bﬁt@tﬂ:tﬂ(ﬁg@ﬁ&@étg? Bars2t Ot et tasgddrb®a IBaccaZd2> 3BNA <213>
Mor ax eltbacatatadr rdvateatck4BOacaBagqrecaygedag

gtgtatgecac
cgcteaatgg
gctcgaacac
aaaatgctaa
gtagaaacge
gtgatgtagt
gggatgaacce
atcaagaatt
catacgcaaa
ttgecaacge
ttaccgececea
ggtttgcagc
taggttttgg
atgtaccaca
ctaataaggt
atgteggtge
agegggtgge
aaggtitgag
aaaataacat
aagatctgac
tactaaacgyg
geactgatgg
acactactcg
aaagcaaace
ctggcatcaa
ttaatggaca
acaaacaaaa
cctttacagg
gcggacaaac
atggcttaac
cattaaacge
taaacaatgg
goaatgatgy
tcaccaaaga
atcttaacceg
caggtggtaa
ctggegtgea
ecagtatege
actttgtcte
taacttatga
ttcatetaac
ccacaaaacy
atgcecttat
gcaccgccaa

480

540

600

660

720

780

840

800

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060

i
i
i
;
;
;




<212> DNA <213> Mraxell a catarrhalls <400> 6 catcaattgc
Sg%%éPﬁ%gkgg <400>

ggatcttg 28 <210> 7

<211> 25

7 cttcacccca tcagtgccat agacc 25 <210> 8

<211> 150
Moraxel |l a catarrhalis <400> 8 Ala Leu Hs Ay Ser Thr

Lys Thr Axgoedboassil a 1 5 10. 15 Ser.lle Ala Asp Val

I'le

<212> DNA <213> Moraxel |l a” ca
<212> PRT <213>

Ser Asn Asp Asp

Lepcdsudzitzd Gy Phe

Asia Leu Qu Gy Asn dy 20 25 30 8 pecenber 2005 WO 03/004651

PCT/ SE02/ 01299 11 GQu Ala Va

Asp Phe” Val

Ala Asp 35 40 45 @Ay Asn Ala Thr Thr Ala Lys Val

Ser
Thr

Thr Le(ST3aotIgsaangagr Ly ficag
val @ga R R
Ala ASRGBSGEE) Geancdabd Ho0a

Ay Thrcazﬂa%c rg@é[‘:eag
<211> 4Bbfcgas@ib?Zazphitty

13a:

caccaccgetk
caatgtggat
cacactgacc
tgecctigtt
aaccgecaaa
caaggtcatc
tgataaaacc
cacattggcet
taaaaagcaa
tgataacaaa
accgctgaca
catcaaaggt
aggtactgat
tgcaggtggce
caaagcaaac
taacateggt
tgccaaaacyg
agtaaccgat
caagggoegec
tggcaaccce
tgatgecaggt
caavatcaag
geaagcoecaa
agatgtgcta
agcetatgat
tgctgatgge
tggcaatgtg
aaacggcetoa
ccttgtcaac
atcaaaagceg
catcagtate
aggcggiaag
acaacagtta
cgctgacgge
atctaaccge
cgaaaaactt
cgatttaage
cacttataac
cagaataaat
ggtacaaggg
ttataaggece
caaccaatec
cggtacaggc
taaggctgat
cgatgtecttt
ttcaaactct
cacagcaggt
aacggeggtt
ggcagcaggt
agccacccaa
aaataaagcec
cattectygge

ggcagtggga

aaggtgacct
aataazaccc
aaaacaagty
aaagccagtg
ggagcaagec
tatgacagta
aaagaagtty
cgaatgaatg
ggcatcaacg
accaaaaacy
tttgeaggug

gggcaaacag
ggctteactg

accaaaattg
acccetgtge
gcagetgttg
gtcaacaace
gccaatggea
gatggtaaat
atcaccgatg
catcaagtgg
tecactttge
agtctgceca
aatgtaggct
accegicaact

‘acgatgagta
cttatcaaag

ctaaaagcag
cccaatgctg
gtatttaaat
caaggcaaaq
gtcatcagea
aaccgaagta
aatecaggtaa
actgtcatca
geecactggtg
aatgtttggg
gccgeaggbc
gaacaaggta
cgtaacggcea
aaggcagatg
atcgcoatceg
aatgtggtag
aacagttaca
ggtgtgggea
gccatcagty
acaaccacoa
ggtgeggtct
gaggtcagty
agcattgcea
aatgcaggga
agatccatgyg
ctgtegaage

tctccactta
atgatgacac
ttgaagtgac
ctaatggtaa
atatcgeceac
aagcaagcag
ccgataagaa
ccaaagacaa
teaaatcagt
aagacaacgc
cegeagtaac
atacaggcac
acaccaataa
tcaaacttge
atgacaaagg
taagtgcecaa
atgataacga
taaacaacca
agceccatcaa
actatcacge
caggacaaact
tggecaagcect
cacaaattga
geetatcage
ttaacttgeca
ttgtecaatgg
acatcacegt
ccaaagatgg
gcaaatcage
gtaaaggcag
ccaaagatgg
ataacagecaa
atgtggataa
cgcaactigt
acattgcega
aagcaggcac
gtgtacaagt
tcaaaaccca
agaccaacta
tecgettett
ttgactcaag
gtgaageoge
gbtgataacge
caggtaagca
gtgtgggtaa
ataacatcac
caggcacaca,
cagcaggtge
cegtgggtge
ccaccageac
acgcaaccaa
ttteatcage
ttaccggagy
tgteggataa

aaaégag
tgacaccgtc
gaaacagacc
aggcgataaa
tgcaaccaaa
ccatctaaat
cteageaage
gtactatcaa
actggtegec
cattaacaaa
ctttgttaaa
tgtaggtgat
aacggctaaa
gctaaccgat
caaagaccta
egtgtetttt
tgggctggac
tgcggtgaac
aagtaactca
tggecaccgat
caacgccaac
tgccaatetg
aggoeggceaac
cacaccaaac
agcacageaa
gaccaatcac
tacaggtgeco
caacaccgeo
taagttctac
cagtgatgce
tacaggcgat
tacaactact
catcacccta
aggcacaaaa
tgggtettgg
catcaaaaaa
ggtacttgge
gggegtggat
aaaagatggc
tttgaccaac
ceatgtcaac
tgcceteagge
cgttgeccata
acaagccaca
ctectggtgee
taacaaccag
cgtgaccgaa
cgcaggcaca
aacaggtacg
ctecaggtget
cgatgeggte
tgagcttgac
gatggcgatyg
tattgeorace
tggtcaatgg

Ser Thr Tyr Asp Thr Val

Thr Tyr

Sesie
e ggaaégafg’ﬁ

cta caagg
£Et

aactttatcg
agcacagtaa
aaacttggeg
tttagtgeeg
accttggetyg
tatgtggatg
gccaaaaatg
caagccoaaa
gaacaagtaa
ggacttgaaa
ttazatgeeyg
aaactgggey
aataacatcg
accaatctta
gtagacgeaa
ctgggtggca
tttaageagt
ggtgeateat
gacaagceco
ggegtacety
geageteatg
tcagatgeca
acaggtaatg
agtaatgety
aatcaagtgg
gacatcacaa
ttagcagega
aaagcagacg
aaaactccaa
geagtggcetc
accacagtaa
agcaaagatg
gacaccgacyg
gtaatggetyg
gacccaaatt
ggtaaaggta
aaagacggca
agcaaaaaag
aacceegcag
gatggcaatc
aagcactcag
ggcagacaaa
ggcgatcaat
atcggegace
tttacecgatg
agtaactcgg
caagccaaaa
gttaaagget
gaacgcegta
aatggtageco
categtatece
gegtecatge
cacaacggte
gtatttaaaa

aac
ERT|
BH&as8daa
atggcaatge
cttatgatgt
teaaaaccac
ccgaktggega
gcgacateca
ctgatggcaa
atggcacagt
ccecagatgy
atgatgccaa
aagcegettc
ttgcoraaac
agacktttgac
gtgtggtagec
acagcgttaa
acggtcaage
aacgcatcag
ttaatgaagt
tgeccttigt
aaaaagccat
tggacaaaga
gcaaaccecct
teaccctaac
ccaatgeagg
ccagbgtcaa
actttgtcaa
gogtgegtag
cegatgatga
acctecatgec
ctggtctaag
ttaataactt
getetgatgyg
ggctgaatgt
ctgccaatgt
gtaatgataa
caggttecate
ataacgatac
acgetaacyg
ccetgetege
aagccattga
aagagcctgt
tggcggtegg
cccaageaqgy
ceatcgeceat
caagcactgt
cecacteagac
ttgcctitagg
aatctgacgg
ttgctggaca
tccaaaatgt
agttgtacaa
accaaaacga
cacaagecta
aaggtgeggt
tcaatggtic

Asn Phe
Asp Asa Lys Thr

Ly S9gGQaghs &faViadccd tacdiprciAs protaktabs rpaVisdacdspgtayaddut J2e Ile Hi s Leu
A yat@Beqy FBcgerath rctmatgg ci‘%ggciay’ls RSFPEERIR F‘P@C@%ﬁt\/@lso Lys Thr Thr
agt; padkpands

c@ﬁg = a%gg}

*ﬁP Asn Phe Ser
Lys Asp lle
é@g Thr Al a Lys
i@5 150 <210> 9
3540
3600
3660
3720
31780
1840
3900
3960
4020
4080
4140
4200
4260
4220
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5460
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720




<213> Moraxella catarrhalis <400> 9 gcactacatg gcagt acaag DEE%QQ’%@%
gacaaaaccc gtgccgccag tatcgccgat 60 gtgctaaacg caggctttaa cttggaaggt
aat ggt gaag cggttgactt tgtctccact 120 tatgacaccg tcaactttgc cgatggcaat
gccaccaccg ctaaggtaac ttatgataac 180 aaaaccagta aagtggcgta tgatgtcaat
gt ggat got woosaesst t ca tct aacaggc 240 actaatggca agaaaegsendaisd ggcgt a
aaaaccacca cactgaccac aaaacgtgct 300 jpaaggtaata cagcaactaa ttttagtgtt
aactctggtg atgacaatgc ccttattaac 360 gccaaagaca tcgccgacaa tctaaacacc
ctagctggtg aaattcgcac cgccaaaggc 420 acagcaagca ccgccctaca aaccttctct 450
<210> ldccgaRide> c2@Rccatgl2moffiig<3dByahprageitiacacattaraduatats 63000> 10 Asp G n
Thr Lysra@eggchey aThircadtha @eatdagse tearcEmatVadtaiapaSagetergea] 682010 15 Asn Ay
Lys Q yrerpEatan trfgapess *E’énggét AefFaeFyparapedeThr 11e 268%% 30 Thr dy
Leu Ser Asa Thr Leu Thr Asp Ala Thr Asa Ala Thr Thr Ay 35 40 45 Hi s Val
Ser Qu,klesAn Gy Leu Ala Gn Ay Ala Asn Lys Thr Arg 50 55 60 8
Decenber;120@5 WO 03/ 004651 12 PCT/ SEQ2/ 01299 Ala Ala Ser Ile Ay Asp Val
Leu Asn2Abaphy Phe Asn Leu Gn Ay 65 70 75 80 Asti Ay Gu Ala Lys Asp
Phe Val<2$er Metuxelig clispcilts Val Asn Phe 85 90 95 Ile Asp Ay Asn Ala Thr
Thr Ala Lys Val Thr Tyr Asp Asp Thr Lys. 100 105 110 G n Thr Ser Thr Val
Thr Tyr“-"Ag 3val Asn Val Asp Asn Lys Thr Leu 115 120 125 G.u Val Thr Qy
Asp Lys IESREeFey CeFSPItaaC 9785 356FC Thr Thr Leu Thr 130 135 14® Lys Thr Ser
Ala Asn Ay Asn Ala Thr Lys Phe Ser Ala Ala Asp Ay 145 150 155 160 Asp
Al a LeuayYgl sLys Ala Ser Asp Ile Ala Thr H's Leu Asn Thr Leu 165 170 175 Ala
Gy Asp2hies&n Thr Ala Lys Ay Ala Ser Gn Ala Ser Ser Ser

<212> DNA

<213> Moraxella catarrhalis

<400> 4
cgeggatoeg aaaagtgaaa acctgeacca actgetge 38

«210> 5§
<211> 38
<212> DNA :
<213> Moraxella catarrhalis

<4Q40> 5
tgtcagcatg tatcattttt ttaaggtaaa ccaccatg 38

<210> 6

«211> 28

<212> DNA

<213> Mcoraxella catarrhalis

<400> 6
catcaattge gatatgtctyg ggatcttg . 28

- <210> 7
<211> 25
<212> DNA
<213> Moraxella catarrhalis

<400> 7
cttrcacccoa teagtgecat agace 25

<210> 8

<211l> 150

<212 PRT

<213> Moraxella catarrhalis

<400> 8
Ala TLieu His @ly Ser Thr TIle Ser Asn Asp Asp Lys Thr Arg Ala 2la
1 5 10 15

Ser Ile Ala Asp Val Leu Asn Ala Gly Phe Asn Leu Glu Gly Bsn GlLy
20 25 30



180 185 190 Ala Ser Tyr Val Asp Ala Asp dy Asn Lys Val #F%C%¥Fe sSer Thr
195 200 205 Asp Lys Lys Tyr Tyr G n Ala Lys Asn Asp Gy rva p Lys Thr
210 215 220 Lys Qu Val Ala Lys Asp Lys Leu Val Ala Gn Ala G n Thr Pro

225 230 235 <210> 11 <211> 717 <212> DNA <213> Moraxella catarrhalis
<400> 11 waow@asstca aaggcttaac cacgcctaag ctgaccgtgg gpepbegbfss t ggcaaaggce
60 attgtcattg acagtaaaga tggtcaaaat gccatcacag gactaagcaa cactctaacc 120
gat gccacca acgcaacaac agggcat gtc agtgaaatcc agggcttggc acaaggtgca 180
aacaaaaccc gtgccgccag cattggtgat gtactaaacg caggctttaa cttgcaaggc 240

aat ggt gaag ccaaagactt tgtctccact tatgacaccg tcaactttat cgatggcaat 300
gccacc@ecHeVahdge e @il ategat aﬁﬁaé@aéééé@glﬁédﬁﬁa%ﬁg%%aacttatgat 360

gt caat gt gg at ¥at aaaac ccttgaddtg acaggcgata ddaaacttgg cgtcaaaacc 420
accac { g t g gccgat ggc 480

ot G By T PR EE AP T 0R acaacate 540
caaaccgcca aaggagcaag ccaagcaagc agctcagcaa gctatgtgga tgctgatggc 600
aacaag@ticald ctatgacal Asactgaifaglaapt abt atle wHageoanaaald gat ggcaca 660

gt t gat e&aa ccaaagaagt t’§ccaaagac aaact gt cg cccaagcccagwacccca 717

Thr Asn Gly Lys Lys Asn Gln Ile @¢ly Val Lys Thr Thr Thr Leu Thr
85 90 95

Thr Lys Arg Ala
100

Lys Gly 2sn Thr Ala Thr Asu Phe Ser Val Asn Ser
105 110

Ala Leu Ile Asn Ala Lys Asp Ile Ala Asp Asn Leu

120 125

Gly Asp Asp Asn
115

Asn ‘'thr Leu Ala
130

Gly Glu Iie
135

Arg Thr Ala Lys Gly Thr Ala Ser Thr
140

Ala Leu Gin Thr
14as

Phe Ser
150

«210> 9

<231> 450

<212> DNA

<213> Moraxella catarrhalis

<400> 9

gcactacatqg
gtgctaaacy
tatgacaccg
aaaaccagta
actaatggea
aaaggtaata
gocaaagaca
acagcaagca

<210
<211>
<212>
<213>

10
238
PRT

<400> 10

Asp Gln Thr Lys

1

Asn Gly Lys Gly Ile Val Tle

Thr Gly Leu Ser
35

His Val Ser Glu

50

gcagtacaat
caggetttaa
tcaactttge
aagtggcgta
agaaaaacca
cagcaactaa
tegeegacaa
cegooctaca

5

20

dly Leu Thr

Asn Thr Leu

ttetaacgac
cttggaaggt
cgatggcaat
tgatgtcaat
aattggcgta
ttttagtgtt
tctaaacace
aaccttctct

Moraxella catarrhalis

40

55

gacaaaacec
aatggtgaag
gccaccaccg
gtggatggta
aaaaccacca
aactectggtg
ctagetggtyg

Thr Pro Lys Leu

10

-Asp Ser Lys Asp

25

Thr Asp Ala Thr

gtgecegecag
cggtigactt
ctaaggtaac
cvaaccattea
cactgaccac
atgacaatge
aaattegeac

Thr Val Gly Ser

@ly Gln Asn Thr

tategeegat
tgtctecact
ttatgataac
tctaacagge
aaaacgtgct
ccttattaac
cgccaaagge

Ser
15

Ile

30

Asn Ala Thr Thr

458

Ile Gln Gly Leu Ala Gln Gly Ala Asn Liys Thr

60

Gly

Arg

60

i20
180
240
300
360
420
450



WO 63/004651

Ala RAla

65
Asn Gly
Ile Asp

@Gln Thr

Serxr

Glu

Gly

Ser

Ile Gly Asp

70
Ala Liys
85

Agp

Asn Ala Thr

100
Thr

Vval Thr

115

dglu Val

130

Lys Thr

145
Isp Ala
Gly

Ala Ser
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acgcaacaac
gtgcegecag
ccaaagactt
ctaaggtgac
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tetatgacag
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cacgcctaag
tggtcaaaat
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cattggtgat
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ccttgaagtg
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tgccaaagac

Thr

Ile

Gly

185

Asn

Asn

Val

12

hen Ala Gly

75

Thr
a9¢

Ser Tyr

Lys Val Thr

105

val Val

Gly Val Lys

Phe
155

Lys

Ala
170

Thr

Ala Ser

Lys Val

Asp Gly

Ala GIn

235

ctgaccgtag
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Gln Ala
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gtagtagtaa
gactaagcaa
agggettagge
caggetttaa
teaactttat
ccagcacagt
aaaaacttgyg
aatttagtge
atacettgge
gctakgkgga
aagccaaaaa
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Thyr
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tggcaaaggc
cactetaace
acaaggtgea
cttgcaagge
cgatggcaat
aacttatgat
cgtcaaaacce
cgecgatgge
tggegacatc
tgctgatgge
tgatggcaca
aacccca
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