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i mmunogeni ¢ and adhesive frag- nent of said surface exposed protein. 10
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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 alsc 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 similar interaction
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
IgD-binding outer membrane protein from H. influenzae
(protein D) was isolated and cloned, and shown to be an
important pathogenicity factor (5). However, protein D
does not bind to the majority of IgD myelomas tested, and
30 it was suggested that encapsulated H. influenzae of se-
rotype b expresses an additional IgD receptor (6).
Early studies demonstrated that the outer membrane

proteins (OMPs) from a diverse collection of Moraxella



i sol ates exhibit a high degree of simlarity (7). Inves- tigators have
primarily focused their research efforts on a selected group of proteins.
Recent stwoirdamodsave denon- strated that the high-nol ecul aPClsSEgho123Ur f ace
antigen, 5 terned UspA or HWV¥OW, is actually conprised of two dif- ferent
proteins. These proteins are naned UspAl and UspA2 (8,9,10). The apparent
nol ecul ar masses of these OMPs are greater than 250 kDa as determ ned by
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to be i mMmunogenic, 'but no ther bio- logic functions were presented. In
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03/004651 PGI/$EQQHQ§%9%&edlcted 0011ed 0011 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 is an 80 kDa surface exposed major OMP that
shows a moderate antigenic conservation. In addition, OMP
CD ig 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 (LbpA and B) and transferrin-binding (TbpA
and B) proteing have molecular sizes 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



3 denom nated as superantigens (SAg) due to their ability to activate a
hi gh frequency of T |Iynphocytes. SAg bind as unprocessed proteins to HLA
cl ass |1 woloaouiées on APC and oligoclonally activate T c@CISEex@Ressi ng
particular 5 TCR V(3 chains. In vivo exposure to excessive anounts of SAg
results in a strong cytokine production and includes [1L-2, TNF-a and

| FN-y, which are associated with a toxig shock |ike syndrone. Since the
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instead of 19G 25;arebehh Hggbéﬂérbgéf PrAt 8 PsBag mfinbbe oBy@nhi-gen is an
IgA—blndlng pr tein ex reség certain strains of group B streptococci.
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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. Pro-
teins expressed by some strains bind IgA instead of IgG

25 or both IgG and IgA. 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.

IgD 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



WO 03/ 004651 PCT/ SE02/ 01299 4 B cell surface in order to optimze B cel
recruitment and accelerated affinity maturation. Antigen is taken up

t hrough 9D obposwadocyt osis foll owed by intracellul ar deg- pcagabt/onand
presentation on WHC class Il for T cells, 5 which in turn are activated and
produce cytokines. Here- by, T cell help is obtained includi ng nunerous
cytokines (e.g. interleukin-4) and co-&tinulatory nol ecul es such as CD28.
Despi te macrophages, dendritic cells, and B cells 10 all can present
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that a nousey nyBl oahl dmelgehs | plobrined porat edinat ouneeoednsybakiRedi on of

anti -1gD- a”Eépé’.di?ﬁteif‘éﬁﬂﬁgﬂoaﬁ@ecé%ﬁ%ﬁlé@ hEPEes8kt subR 88 up to
1000-fold nore efficient antigen presentation on C class Il (15).

Tol erance i¥eR®%ti on can be achi eved experinentally 25 by B cell activation

t hrough the | gD RCR 1 é heddrasagaddi déaaaltc cedlidel gndlt weuld al so be
possi ble to ireat aut oi mmune_di seases gylin ucin? B ce%é gner9¥Fand t hus
i nhi bi £ he?ht ottt PHRSTEL aBt br ERLF bbai estYTRIPEETSS SEEC pF ofi™ A ce
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gesting a thermpytive dinmdheéshi hg ohdergEoppodertianei hmmygeyepEignal | ergic
i ndi vi dual s; by, di gplact g thegapt hhodyridanr esponeesf cam ardbpibe.a
Thl -response. By targeting an |gens to the B cell recgptoroggg,
stinmul d6i onlttBRe-early shown that the mouse antibody-resp
against bovine serum albumin (BSA) conjugated to anti-IgD
monoclonal antibodies wag 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.



rance, and a switch from I gE-production can be achi eved. WO 03/004651

PCT/ SE02/ 01299 5 In addition, polyclonal activation has been reported. The
out cone iwodapendi ng on the experinental nodel used. Wt hPCuiSEhBRoIRIM
constructs including various repeating IgD binding segnents, it is
possible to tailor the response. 5 The T cell is a significant player in
the anti- tunmpur response since it recognizes tumour-specific anti- gens.
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that were Ifmﬁﬁﬁ@@hg@iésgaéﬁllﬁ @ﬂi§$§rﬂh§hoﬁ tun@mperlyéang feamit he
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Er g g sur vi val an increase in
| FN-y ploducifiee 5059 BeI 7S2Y) peiigbl el b- diagritrhi el Fﬁ%&nﬁhe PRGHEEd T
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specific BOEXUWme wnthgbumomo@nﬂl@@n$eéBebtede$b havgebean ghegeRo(e. g.
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cells in to trigger_both hunoral and cel lular immune respon- ses a
| gD- bi Adi ngCPbE ei At oRag @ﬁé@t%@emg@ﬁ%?ﬂaFﬁ@tﬁéptéettEHX fwargteemgdvery
feasi bl e vegtes11Seyeeabpexanpl g6e®ént melanoma antigens for tumour-

infiltrating lymphocytes (TIL). In experimental models,
it has also been shown that tumour cells 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, B1l6é melanoma bearing
mice that were injected with B cells pulsed with a tumour
lysate from the corresponding cell line showed a prolon-
ged survival due to an increase in IFN-y producing T

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

30 tumour antigens would be feasible.

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



successful strategies with a simlar angle of approach exist. The hunoral

i nmune response in mce against bovine WO 03/004651 PCT/ SE02/ 01299 6 serum
al bum n (\BBAp/0ewR] ugated to anti-1gD nonocl onal anti bodi @€TISE0ZMQ94 ol d
stronger conpared to when BSA is adm nistered alone. A recent publication
by Lunde et al. (15) describes that when a nyel oma-derived peptide is 5
integrated in the constant region of antg-1gD Fab" frag- nents and injected
into mce, a 1,000-fold nore efficient antigen presentation is achieved
agai nst thes§mlmgéﬂabllmlnqd6§ﬂl ogopispated [ar antdl-Igbh&ongciiondilng f ragnent

of S. aureus:pLekeks i\sf 490d r h sehelhgkd LexbarekgRid kel RalQ 4 ncreases
both system ¢ and nmucosal _i mune responses_10- "tq 100-fol d agai nst the
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exloer:]I nent al(hLy) WablscrdbélsntﬁaaBlﬁrhI@ljaP@%loﬁﬁt—d‘é&ﬁ%ngem l3RC Vitse's thaL are
ul sed e VIV e s deriyve rom.t he tunour, ti_ssue can evoke a
BT onger® antPLPHRGUPD SopbEe CORSFARS =390 HoRSeqaer i S| drged
survival (1wentSuamdr yngkcthd iimrentriice,| & ané oasdedtl trtmerepreefs?a'ruieinrtventi on
relates to a r qQt_ei h

%ﬁgﬁgsek %‘Ee%&%%%‘io% Qtely ‘é’%'e‘a Qn%% gescrfr@‘ié;'el@ln'\{gﬁg D NO

xella catarr aving an am no aC| seque e as
1, an appar eResfbPaculLap -wéihgperefl 16200 thea Ignéiaddagadinapments dife& i vel y

bi ndi ng menbraees BQBﬂél%TASQb%%beﬁﬂ&@ Bo1Raburaldiy g ﬂﬁﬂ&bﬂﬂl reifi-
cially nodified variants_thereof ni m*runogem Cc or | gD- bi ndi ng

fragnent© of 18&<§25E6t E’Pﬁhousyﬁéﬁff&ﬁt §m FIUER S, nﬁﬂﬁH&@mr@WS&cﬁwé&
fragment of tsaind OS@bﬂdCag&X_ﬁ@te(ihepl’dbﬁoﬂldia H:ﬂ)XdEhOt(h%f) .agpeetl ikhe ipr %sent

invention relates . to an enlc Qr %? dln fra "%@;Ll()f a s_Lurface
ex- 30 posed°5F&t &HHCRE Hléj 5’5&\% Yhich det"Scted in
Mor axel | a caiteérlmkedj B3 6 h@\llangma C auadivieyr eaf B i@’lrr@mdcxy&lqs bihedi rgrarenbr ane
bound or 50 1Bl fi aR %o BALW A QR NG A e 8l fpyodi fied
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15 tlssue 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 catarrhalisg, 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.
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 IgD, or
naturally occurring or artificially modified wvariants
thereof.
35 In a further aspect the present invention relates

to an immunogenic or IgD-binding fragment as described



35 In a further aspect the present invention relates to an imrunogenic or

| gD- bi ndi ng fragnent as described WO 03/004651 PCT/ SE02/ 01299 7 above,
havi ng arwarnoieaci d sequence as described in SEQ | D NO POT/SEn/eRdd | a
further aspect the present invention re- lates to an i nmmunogeni c and
adhesive fragnent of a sur 5 face exposed protein as defined above, which
fragnment can be detected in Mraxella catarrhalis, having a capacity of

bi nding erythrocytes and epithelial cells. In still another aspect t he
present invesaven MEVENG 68 BOAP BFth GRINGN G G adieesinid o dghEiRQ as
defined 10 rgpeye.1dhaving an am no acid sequence as described in SEQ D NO
8. In one aspect the present invention relates to a DNA segnment conpri sing

a DNA sequence, ad' $fdvrt ion T5EGhes REPeEL \ithice PUSNE S e dHVFCE 1CUESE T or a
surface equse@sort@ e itmeloodiiaxelnd eaiayirhalirmaerdefdmed ahove, or
naturallg gpcurr or,artifi,cially. Epm%% vari ant.s . of £ 34l id QNA
sequence; $55t PASFEde tat‘?e ST ARRE 'O FoIHEE 0 SEThA
segnent comhe siatgeca:d?i\lArse/Rpx@n(eeLMMH‘tamd%llszo Heoriremn & mamrgient c or

| gD bi ndi ng { tngase%'ﬁ%%g,te@ dégltalg urtiher.jaspect the present

[ [ & at es segnent i ned1

I nvention r ove conprising _a DNA
sequen- ce, as sﬁ@mﬁuilseeqtbemaﬁpeqmtét@ m%sﬁﬁue"ﬁpf@f@ddes 3 For an

i munogeni ¢ Qg hgD-Pi ndinithdJeagreninsdeidned rabpd lds %téf_imai f urt her

aspect the present invention re- lates. to a DNA segnent conprisi %
sequence? mwerc&wee%@%ﬁmmml%weeﬁ@s.%% QA sur-
30 face expagsedipraot e| n as defi ned above. |In another aspect the pr esent

invention relates to SCD%EFM as aq:ov.e chrrprl Si rﬂ] DNA se nce, as
shown in SEQID %”‘e VY S EFUEiT e o A ndge-> and
adhesi ve fr apprmnascagiiiteicthalovA 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 modified variants of said DNA
sequence.

In yet another aspect the present invention relates
to a DNA segment compriging 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 sequence, as shown
in SEQ ID NO 9, which DNA seguence 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-

xella catarrhalis, said protein having an amino acid



35 In a further aspect the present invention relates to a vaccine
containing a surface exposed protein of Mdira- xella catarrhalis, said
prot ei n haoipmomal am no aci d WO 03/ 004651 PCT/ SE02/ 01299 P8TSEGLENeE as
shown in SEQ ID NO 1, an apparent nol ecular weight of 200 kDa and a
capacity of selectively binding nenbrane bound or soluble IgD, or
naturally occurring or artificially nodified variants of said protein, or
an 5 i mmunogenic or 1gD-binding fragnent of said protein or vaﬁiants, or

an i munogeRFEUGRECaBRe STP¥Y A8gRERL L1Bf NOald 2BuPPREESBXpBSEE HrGtein. In
anot her aspaggghheogrQg@nkpfnﬁgataoaapabaF980E0s%le%&d@bﬂ@ ?@nﬂah@ing ?n

i munogeni c_or. 1 gD-binding fra 0._of a surface.exposed_praotein o

Mor axel | a CQFEPF%QFib?U%ﬁiSH ﬁ%gﬁgaga%gth?ropaggféggpvQquEFﬁgﬁngrhenbrane
bound or sobubliéikbgBller modiidniald yascentei pg eridr pirbiteigi,alky amodi fi ed
vari ant s. of ;saj [ , e i.n & 0] I nogeni c
or | gD B nci A FPHEARaT S5 et e A A o da: & e das o bed i n
SEQ ID NO terikntsti bir amotmewnggpait ehe pléssive Aveaesd ©dl £2ices to a

vaccine coniai-pbpg 2R o inegeRicgnand adhesive fragment of a surface
exposed protein of Mraxella ca 20 tarrhalis as defined ab preferably a

ve,

vacci ne cont ai - ﬁPn@nQﬁhﬁﬁnﬁﬁﬁﬁéﬁiEhﬁnﬂr§8ﬁ8§iQQV?PédﬁEhFeﬁé§Pﬁgt§haanino
aci d sequenggcasndeserithacing SEQikBuNOg8nikn cana gor-efieidied; exediecsent sai d
vaccingﬁ%are com_ bined w t her vaccinﬁ and hg aQ%&QFr pﬁgferred enbo-

t h
25 di nehl s2fd3vEEETRES g%?o@%%ﬁ'ﬁgﬁeﬁptﬁfa 5 5¥ 0 ‘of anot her

eni ¢ porti
mol ecul e. | whané asgect dapegitgsedt sefeentived yr diadesia asembreirgsm d or

B or axel | Sosata e I O SRRy, e P Pedauence a5
shown in SEQaILBYN®@oLi fdedappariemt smolfe calisy fwsicgiemtof REFRBRlAhG a
capaci ty of yaelael velnt BINHN SR RN GO ENbilHiIg IHRgnint
natural{g O%E%E%gn%n9%d?£3125?&”;5&J§%§é'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 wvaccine 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 wvariants.
In another aspect the present invention relates to a

plasmid or phage comprising a DNA sequence, which codes



fied variants thereof, or an inmunogenic or 1gDbinding 35 fragnment of
said protein or variants. In another aspect the present invention rel ates
to a pl awoiodoerssphage conpri sing a DNA sequence, which cedesEVDdNQ® 004651
PCT/ SE02/ 01299 9 for a an imunogenic or |IgD binding fragment of a surface
exposed protein, which fragnent can be detected in Mdra- xella catarrhalis
and has a capacity of selectively bin- djng nmenbrane bound or sol uble IgDh,
or naturally occur 5 ring or artificially nodified variants of said
fragnent, peaf ér abl ymaupbgsniid or fh@gblodipoi SiragmanbNAfsequendtece whi ch
codes for a [ ke ork Lndi f t [ ino acid
equence as aecerrbed-rn SE0 ThoNO. TOTET5 PASSER Foaaothgr B BB5e  he
present inv&RLignCREREThREESt BNd BREsRI §aBRCphigefcorpecsingly DNA-

sequence, wWhhghmesBesnktoboand pruRedenie and adheskye bragnepiof. a
surfaceigxposed grotekn as.dghlned above, iich fragnent <Ccan be detected

in Moraxel | 468t 8Fr RAFFS 18R hYs MRIE P8 Bagi aptar ofeFadt Fepgmsnidi ng
eryt hrocyt eprafidrepilyhel pabhsmidl bs phanat ubably seegUEr DNG. ekqikicki cial |y
nodi fied variant sal.d fragment referably_a_plasm,d or. phage

conpri si ng 355%& ?8%%8n?8g ﬁhsghl@@&@§9F8ﬁcaoﬁnI?Pﬁ%ﬁBgaﬁgnﬁgagﬁ%nﬁdhesive
fragnent haRprgnanaantnénachdidegegneace0aasddescibkdd inn SSEQIDDNNO 8. In
yet anot her ;gspect the present invention relates to a non human host

conprising at least one plasnid or phage as defined above, and capable of
producity said pRofelhlornobRranespest shedoramaRbgenvensiongbebindi ng 25

fragment of t8ai dopaobehBmes %2 baALS. cBhpsakingHURRECRLE,ARE adhesive
i i s . cho- sén anpng bacteria, yeast and

fragnent of sai rqt ei n, which host :
plants. In Hﬁécgn§88?ﬁeﬁ?r thelHBYPOPSNEC 2B adpRséie Z3perenthetpresent
i nvention rehafeset exposed BRocethi aantebPMetvhevke GBARHI FirAgmanbNA
sai'd protel 5 havengtsde L BB RRTnah 8 G bR PRe hat &7c3pan S
15 city of selectively binding erythrocytes and epithelial
cells or naturally occurring or artificially modified
variants of said fragment, preferably a plasmid or phage
comprising a DNA seguence, 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 variants, 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 E. coli.

In one aspect the present invention relates to a re-

30 combinant DNA molecule comprising a DNA seguence 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 or IgD-



SEQ I D NO 1, an apparent nol ecul ar wei ght of 200 kDa and a capacity of

sel ectively binding nenbrane bound or so 35 luble IgD, or naturally
occurringworosas4esfi ci ally nodi - fied variants thereof, or PCOSEa2i01299

i rmunogeni ¢ or 1 gD WO 03/004651 PCT/ SE02/01299 10 bi nding fragnent of said
protein, or variants, which DNA sequence is fused to another gene. In

anot her aspect the present invention rejfgtes to a reconbinant DNA nol ecul e
conprising a DNA sequence coding 5 for an imunogenic or |gD- binding
fragnment ofbandinfjateagrposedtpsatdi prophivh prayaenentan weight Bed in

Mor a- erIasgghgﬁggahgsfgggdhgg anSgnaci t¥nef selectively bin- ding

menbr ane boun D, or naturally occur- ring or art|f|C|aIIy
nodi fi ed vari ant $°t RBPEBET ﬁﬁ?@ﬁtEF%?IBr§§aHEné€VP§t#9§eHegﬁ &fofReP gene,

preferably fcb8fBIBENtNANA HU@eHﬁH@Cébﬁp%QgﬂthbngNﬁ PAAusegueredigedi ng

for an nngnogenlc or R%F blndlng gg nt havin EE ﬁlno aci_d Sequence

as descri beHCFn2BETBIRBEROC PR SEPTPLERGEHe r&@%@ PhepPEEERES nvent i on

rela- 15 tesxpoSadrgeonbunanWhDNh ﬂmhgmehe campbesdegeatQNAlﬂeMoquence

codi ng for an, i mun bplgnd aghgglv gg@@& g% H%E%%ﬁ expesed
etec e

protein as a%ov% rag nen can raxe catarrhalis
and has a cdpaglmymbﬁansebeundverySbﬂﬂbﬂﬁgIeDytbmo@yt@gaéﬁﬁ epictirel i al

cells, or 20 Aat BE%E&?%%MQQ ealéategf beabhy smedihied vahiant gnef said

fragnent sequence | used to another gene, preferably a
reconbﬁﬁhntséﬂﬂeﬁﬁﬁeéﬁléuééﬁpFPsﬁﬁ@téerDﬂRn§eq@éﬁé@rééayh& EEFORR L -

i munogeni chand afhesiiecufibagsRpl-iBavgng aNAdRERRcackd c38queNERrA%in
described in 25 SgﬁﬁlD NO_8. L et antherP%sggii t he present invention
rel ates o BTERRTARY CoPTpRENEPeBHEP RS RGoRETl PYEHIDRR SGHENGE as
defi ned abogeguknca hur teerrabpdctint BEQpIE®S®EWt lionvention relates to 30 a

non- huran host COIPLLShA0 AL hEack o0 PLAST ¢ L hagGegcdetined above,

whi ch host is chosen anmong n-one enbodlnent
the host5i stEs tol k& recomblnant DNA molecule comprising 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 plants. In one embodiment the host is E. 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



In one aspect the present invention relates to a fusion protein or

pol ypeptide, in which a surface exposed 35 protein of Mraxella

cat arr halwe,03®eai681 pr ot ei n havi ng an am no aci d sequence a®Cgls@onioizoy SEQ | D
NO 1, an apparent nol ecul ar wei ght of 200 kDa and a capacity of

sel ectively WO 03/004651 PCT/ SE02/ 01299 11 bi ndi ng nenbrane bound or
soluble I gD, or naturally occurring orpartificially nodified variants

t hereof, or an inmunogenic or |1gDbinding fragment of said protein or

vari ants, isiedimd nednbiaheahothdroprevdihlpylghe asenstusailyeconbi nant

DNA ”D|ECU|8c@§rPf£%”SQ §?9Y§1c£91§§0&8§5f@éBEGErEQEtEr%%%9E0E”V@Bt'0”

relates to a usi o rotein or_pol ypeptide, wni ch an I mmunogeni ¢ or
IgD—blndlngaﬁrhﬂméﬂﬁgﬁﬂlﬁ @ﬁrFQEebégﬁbggdeFEP@Fﬁ Oﬁhﬁ@ﬁd PER§ReRt Oan be

detected Inv§®i@ﬂ@élalgabambmaéa5w1whlgho&ﬁeba§rat@aaa@ytyh@fusel@ftlvely
bi ndi ng nmenbr ane bound or ol ubl e égD or aturalhé occurring or
artificial 19 FOUPTRERRRCVRN NP PHLFeBf, IFE1BGHHPRBISW t h anot her pr ot ei n

by the use of a IﬁcmnbthantaEb@cﬂDtheupeeasndeinnedt1ahovelat§sIbosalI

anot her aspecl; (e RLESE! LNKERLLONELA- s egnl 0, Luskan, Brgteln o

pol ypeptide in ¢'and adhesive f ragmen surface
exposed prdveirpindidef Enedmabbvef ahsuhfdrggrEpLsednPetganecwbdchin

Moraxel | a cat.ag ﬂc’qQﬁL' 8 ﬁnﬂehaétécEéBaEht Mo%xé@hacua\e%x%@lamsbl Rl oG
erythrocytes and e |t el 1 al |'s, or natural - occurring or art|f|C|aIIy

nodi f i vahaan@scapa%m Offr &@%ﬁﬁi;w?%y(:l@ﬁrﬁﬁﬁ@a WEMRTaR6t ROMTEY 8tei n by

the use ﬁf sdltetampgnanb DAL Rhe i @c@@r@l@hgneﬁ la&t@tm\taamsy yetiianot her
aspect the

ent invention relates 25 to on duct, in.which a
SFTace oxpossd PRoLalnS GRSHEPixer PactRPARFRAMEY SRRk Ao Fseh vl ng an
am no aci dbgeguenaeecasishowscombSE@nt DDN® mplanuaﬁpaﬁem@fanbdr cul ar
wei ght of ZQQ and a capacity of selectively binding menbrane bound or
soluble gD "or haturally oc 30 curring or artificially nodified_variants
of saidiPro- tei hp otidh Rrnthegencpeor LHB- biraseny fnagmeapnofredai-d

tes to a fusion protein or polypeptide in which an im-
munogenic and adhesive fragment of a surface exposed
protein asg defined above, which fragment can be detected
in Moraxella catarrhalis and has a capacity of selective-
20 ly 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 or IgD-binding
fragment of a surface exposed protein, which fragment can

be detected in Moraxella catarrhalis and has a capacity



protein or variants, is covalently or by any other neans bound to a
protein, carbohydrate or matrix. In a further aspect the present invention
rel at es two 038045f usi on product in which an i mmunogeni ¢ oPCirgPoliv0k Nng
fragnent of a surface exposed protein, which fragnment can be detected in
Moraxel l a catarrhalis and has a capacity WO 03/004651 PCT/ SE02/ 01299 12 of
sel ectively binding nenbrane bound or sppuble 1gD, or naturally occurring
or artificially nodified variants of said fragnent, is covalently or by
any other meanschsahively RipAdnsi AeUbEPBEhYEFRFeOBr SRRLPLE. 1§D nO&ti | |

anot her aspﬁat:ukaﬁlgr 8880k rhAYeBk @.@'tﬁ.@h@lal@? meqa £k usl Qﬁrﬁb@d@cbﬂ n whi ch
an i nmunogeni c and adhe- sive frag of a surface sggosed Rr as

defined ab8#&d hBPERSPFaghEntovd eBE dePEPEIY RbF&E%el P55 alis
and has a capaai pyoefalﬁel eaﬁcbkbhlyyirb.ltﬂdblﬂgmﬂiﬁréxyt hrocytes and epitheli al

cells, nat ur ag gg%wr 5!8?) {3%{:% Eh%lel %ggggd:f @nge% ‘E”trélgf said

f ragrrent i's
car bohydr at eer tmaar nfms:LEnepe‘pdbtlcy ia fhgicbnapr @M@@Ogﬁnl\mhla@d @ﬁihe—

| munogeni ¢ g ggg QPBBN%g%ngffﬁag%ﬁ%gceh% BB plat@1hNQ Lt isRGUENCE

described in is cova- lently, or hy an ot her. _means, bound to
a protein, @@PN@-, Whdeht EropTeRtr icRn Peefletapted ATF ¥oreredddduct in which

an i mmnoge@la%a%%aqqaeahae hfa"sagtmé&bacfi@y' g @elémtae}eagx qblmu@ce
described in SEQ ID NO 8, is cqv r é@?%ﬁg her nmeans, bound
to a prfei ﬁrY(F&rBSW&rSaPQdOFPlﬁZ’Fﬁ cF &ﬁe 8§p r OSSHETM%ent i on
relates to ar sethadcobldet e@tillrfgeldgE}ausﬂatmgsaoﬁursfaade feoeposed prict ei n  of
Mor axel | a cat arrhal S, sal rotein Y n Ci ence as
shown in SEO tLlL Yraf*a gpﬁeﬁft m%)lle% 2 %Ir%'r’ %EI [‘]lr%[%% %Zé)%cic%g%dnd a
capacity of C@eﬂa@blyldvettys om maitng- xve nediee abdynd aorfu§a|qyblqugmt om _
natural 1y OSnif LNl il brmediidied, vackpats ohasai pro- teln,

or an |rmunogen| c or ment O Sai d prot ern or vari ants,
optionatdy RaBen 666n8RENSBEE @RS Lbed in SEQ 1D NJ 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 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-
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-



a matrix. In a further aspect the present invention relates to a nmethod of
detecting 1gD using an i munogenic or | gD binding fragnent of a surface
exposed pwotogionesiwhi ch 35 fragnent can be detected in Mr &kelSEa2/eaparr hal i s
and has a capacity of selectively binding nenbrane bound or so- |uble 1gD,
or naturally occurring or artificially nmodi WO 03/004651 PCT/ SE02/ 01299 13
fied variants of said fragnent, optionakky |abelled and/or bound to a
matri x. I n another aspect the present invention relates to a nethod of

det ecti ng | gDedsiveg immtismninegewi ¢ ragmegld-biopt i®mildy fledgidmd of a surface

exposed protei jkhalis, having an amino acid sequence as
descri bed :agler?g W@é ttgr c};J;pam ty of selectively bindin menbr ane
bound or sol ubl eIF?anQ‘sirheﬁFataﬁpélcltyt@@c@ﬁflelsﬁgltorlnvmhlmlrﬁlla)t% % ieed

vari ant s of medihdd (FIRHectORld Gt uddkly draheldet /O bayrd 4ig, a
mat ri x. further aspect_the present 1nvention relates to t hod of
separ atl%g %&ﬁgu dinrgretdy ia ce SIHGSE] SFRESA%iIRF e b P &19%: é"??zitrf?rrhal is,

sai d protei @aam&mamise,cwﬁvﬁ@qlaenmm shovn se@&@d RSNQekcmmappar ent

nmol ecul ar 15 t_ of nd a_capacit sel e.ctl veI bj.ndi ng

menbr ane bodfid éEgzh Jo %(fg%l glﬁ‘n & FEEGY 51%1 C>oéfc rlrelcrjﬁ_‘g or aklyj’[ Cjf it al | y

nmodi fi ed vamiemitrsinsf sainf pmotsalmbl@r 13D, mrnnmﬂgmldyorodcgmmmgjmg

fragnent of i , Fdx. 20 In
325G 1R %hl%.f ¥ai A S ey | at es Pﬁ‘}l&%gneﬁ& 2

yet anot her "aspect 't he “present 1nvention re separatlng

| gD usi hg amailmvurdcgsliledbrnyDr HwdRhEd rag@pdiiizf a surface exposed

protein, which fragment -9} Regdeteeted dit MiaXelcd tGiAdNalde: and has
a capacity of selec |veI bi ndi hg nmenbrane bound or so 25 I%Je%e | gD, or

natural Iy ofcdiSh & ecHaflia&lé}q yFbHSing &1 SHrhaaR SX8° PHtagment ,
optional | y heusd 4o Mbrardllia.cdbrranneilhey, aspiettpitdiesipr ese rmiidwy endidn

relates to aeqql%nr]coed aos]c SR a:'t_tnI ré%d % llk‘% r‘ig al 'anﬂ%uaqro&ecmmoleculga[} bi n-

15 weight of 200 kDa and a capacity of selectively binding
membrane bound or soluble IgD, or naturally occurring or
artificially modified variants of said protein, 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-

35 nally labelled and/or bound to a matrix.

In one aspect the present invention relates to a

method of isolation of a surface exposed protein of



30 ding fragnent of a surface exposed protein of Mraxella catarrhalis,

havi ng an am no aci d sequence as described in SEQ ID NO 10, and a capacity
of sel ectwoaBgodsindi ng nenbrane bound or sol uble |1 gD, or PoatSENZ01299
occurring or artificially nodified variants of said fragnment, optio 35
nally I abelled and/or bound to a matrix. In one aspect the present
invention relates to a method of isolauion of a surface exposed protein of
WO 03/ 004651 PCT/ SE02/ 01299 14 Moraxella catarrhalis, said protein having
an ami no adiatazedduee et amscldovn, |9 ISEQUTE NG hawna mraran G el ar

wei ght  of ddRands a16aRacid Yo Sehesti vely Q@Mé}% fEnane: bound or
soluble gD, or naturally occurring or 5 arti f| cially nodified variants of

sai d proteiWpidtt &f 3Rt DreARFSHARH gsﬂf%\‘@tnge‘ﬁ?l%f P Protein or
variants. %rﬂaf&{@%mt SeSLUIE: SRS o@)nStbF £y Ngc@usStispenst on of

I\/braxella cat ar ha,l ractio ess, ing a zwitterionic or
non- 10°i orft’d CE}thrjo?l IYSF 53 qi% ’f)rseasje c%r% Jé%]’ﬁr BY™ appl yi ng
t he ext ractlnmmmg&m dsnheIg]g{bmmm¢rchmIm nobfsdvbd apedteimatarrhal i s

fromstep q) tl%gg% adSals rpLion cgg%%ecg dﬂl’éjaé{ the | gD bi ndi ng

protein; separati ng ng pr I n anot her
enbodi rrent the conceftretting of su@@@mrercg’@d\ﬂonramﬂe@ ytafriakigret hod is

Wi thin the g ef%gf? &ct;raét/ioﬂrﬂgéé@@my 3aainy Y&t zanet et oaspest hdg- present

invention r at es to a nethod for t r eat nent of an autoi mune di sease
com pRsi nPrd r%e%lfi)%‘ﬁ"al P EeRat 1o Bf LR P BEBVACE r ShghP EH  nat eri al
conprising a surg)acgEx a1 Odod Hh @S &tﬁﬁpf’t&ﬂln@bﬂ\z{@ 1@11; Iod dd aggrent
t hereof as defined a ﬁ or,rem:-_ val Dfromthe ood. 23 I n one
aspect the PrefseHt ¢ v%?ﬁ”‘?%?\ 121 AR 1%?) Jg IHUETPREF TP afit i bRV WATch i s
speci fic tosarpt omnegeming; por- tion of a surface exposed protei n Moraxella
catarrhalis, said Dr.ole]f;hayl neod, ARG, 46k G seqpengcg as described
15 d) separating the IgD-binding protein.
In another embodiment the concentration of the de-
tergent in step a) of the method is within the range 0.1-
5%, preferrably 3%.
In yet another aspect the present invention relates
20 to a method for treatment of an autoimmune disease com-
prising extra corporal circulation of the blood trough a
material comprising a surface exposed protein as defined
above, or a fragment thereof as defined above, for remo-
val of IgD from the blood.
25 In one aspect the present invention relates to a pu-
rified antibody which is specific to an immunogenic por-
tion of a surface exposed protein Moraxella catarrhalis,
said protein having an amino acid sequence as described
in SEQ ID NO 1, an apparent molecular weight of 200 kDa
30 and a capacity of selectively binding membrane bound or
soluble IgD, or naturally occurring or artificially mo-
dified variants thereof, or an immunogenic or IgD-binding
fragment of said protein or variants.
In another aspect the present invention relates to a
35 purified antibody as described above, which is specific
to an immunogenic or IgD-binding fragment as defined

above, having a capacity of selectively binding membrane



in SEQID NO 1, an apparent nol ecul ar wei ght of 200 kDa 30 and a capacity
of sel ectively binding nenbrane bound or soluble IgD, or naturally
occurringworo3ao4esfi cially no- dified variants thereof, or Pam/SEnunegeni ¢ or
| gD-bi nding fragnent of said protein or variants. In another aspect the
present invention relates to a 35 purified antibody as descri bed above,
which is specific to an i munogenic ori$5gD bi nding fragnment as defined
above, having a capacity. of selectively bindi ng menbrane WO 03/%04651

PCT/ SE02/01§99nd19rb§8%Hb8F3 dgPubP& P@éuraﬁlwagﬁf%}r‘fwn@c@&r fithd S artifi -
cially nodi Euadlyambamlfaeaf v&&lldnfcl’sagﬁ’eéh&dl frabiehtanot her aspect the
present inventio antibodétas descr.i bed ?pve

re e
which is 5 specEF L%al ﬁnP ﬁo §RFS£ ghSdHEEFS f rEg TNt C4s "§efi ned
above, haviMgsatoapapuryfmédbandubgdgryshdesytébednabamamIMMMGM icel | s.

Descri ption_gof t fi u Sy r grsaphy on a
10 Sephé%ryﬁgg 388 u%ﬁ 0 ge%?r)g?%ﬁ%%?ggéx??gg%%?gbggasg étarrhalls
after ion e%@ﬁaﬁ@@v§hrbﬁﬁ@@grép?apﬁﬁétyopidblnﬁﬁ@g rEVERTOSYHEst éP8 cont ent
of the firstghtemaLegra1i1Bhy and the broken line rechromatography of the
first peak. Vo specifies the vaid volune. 15 Fig. 2. Analysis on SDS-PAGE
of fracti onDeEEEipEdRn PEn§NEi £AGYERE purification steps of MD. The

fractions are shoyn ﬁorcﬁku@gtagkéghy bAd3 r¥hapimge e raghiye onan

i on- exchange, chr onmat ogr y 0 se rose celu nd _after the 1st and
2nd gel ??I t%gp?igﬁg}’g 2 2§gpﬁ8@?‘\%’ %5‘ P3§<Col E%iu Wwo ge rs‘—’lc\;\cerfg Fln
si mul t aneoudl. yc,atanreh\aé.sssaﬁrtmd iom tetxc@am&ssihe“omam@qﬁml n)Thendadniel was
bl ot't ed o B o TRR AR R TRIRCANE SorRLaRe DA L (B0

63 ES( e orY CI)

protein (lg , or anti- aB) nnno- onal antlbodles

fol | oned byEﬁWb@@dtt@@ Wkae@p@mm@wnﬁq@ngwaﬁ@ﬂﬁaaay the first

per oxi dase- ¢RRKUIFLed %qqqg%rxh%nwbggdw%gumewblecular wei ghts of nmarker

protel ns are |nd| cate to the
15 2 naly81s on SDS-PAGE of fractions represen-

ting dlfferent purification steps of MID. The fractions
are shown for crude extract in 3 % Empigen®, after an
ion-exchange chromatography on Q-sepharose column, and
after the 1lst and 2nd gelfiltrations on a Sephacryl S-400
20 column. Two gels were run simultaneously, 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 ug) 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



Fig. 3. Binding of MD to human nyel oma sera repre- senting different

i mmunogl obulin classes. Al sera were 30 diluted in two-fold steps (4 to
0.3 g) amsoappd46ed to a nitrocel |l ul ose nmenbrane. After saPOTsSEIDO299%aShi ng
and bl ocking, an [1251]-M D-I| abel ed probe was added. After overnight

i ncubation and additional washings, specific M D 1gD binding was
visual i zed by autoradi ography. 35 Fig. ¥4 IgD-bearing B cells specifically

bound FITC— con ugated M D. PBLs_stained wth RPE-conjugated. agai nst
CD19+ (A) € Dye¥ DI FIWRRFEY F%&%%?.mcv&’%%e%%%ﬁ?oﬁﬁ%%w%
PCT/ SE02/ 01:12;9& 1r16acMiD;fdnTG:m1e oAl gl rhz&bPﬂz.)s |mmm1h‘ae egtadhbnant i - CD19

ant i 19D mAlh T8 GRHbrRET TR T TOL B 14 TE TR barer v b B O

pr e-i ncubat &€) wi 4 hpanehbbith i PBGs r@mgi@@ubametﬂr‘actho@ a@bbn@ﬂhuman | gD
followed b f 1 A n !
d. by, 191 51,00 9 201 LDV IR G A FLTCHo 1 50MMy A con- 10

sanpl e Wi th ho I es or so in- cluded (F).” PBLs were

i sol at ed framdhiepari af zawt hu@ahd %ﬁ%o@n@sm%@ FRphbpreposhe- Bt €p7gr adi ent s.

Lynphocyt esi 401 (2ampXe 1HPdn Web eahchbat €8 ¥i-thrbherappispsiabeianti -
bodi es, washed_and Turther incubated. with

0, g/m). Al
i ncubat i onsCheFed péFt or HekS %e¥%e1%ﬂﬁa5?@e%$°Tl?%Pa%h%ﬁFgas?&@%Es wer e
anal ysed bypibow ayingelyyphdprep hdse patépcytadiexper i hpmphobfresof the

total | h t 2 %of th
(oral LyrphogyLe, thoRopulall oh s 081 0. gndanalussd Leasaban 2 % of the
controls. Aopdeesmuashedbind ﬁerbh@dldnﬂobatsdgwutthﬁDF?IBCodRO

M D- FI TC bi p &yﬂﬂ to %Telﬁg££§%¥%ﬁgo%eré orﬁ@deéﬂeibgggﬁd“hfge§ typi cal

donor out of°three separat e ones anal is shown. Fig. S. Schematic
map of the Bidageriasbhouf ngPBhe Weren?hg EF?@t byyflevi g¥hoReesYi déMpri ners

used for D'\L“hlég%RkEh@éié@neﬁgsgrmgh@at ed QYOQFEﬁéﬁt@témeﬂyﬁpﬁM@yEBCR) and
bel ow (i nverse ant se EE epe prinmers

based don Pﬂ@uéﬁFﬁgna’t’?% g@ﬁ%@ﬂgﬁgv%aw? ﬁsgl’a% éniri%t gg‘& fic

prinmers arecshownwbye labeled when 1somatched mAbs were 1ncluded as
negative controls. A pre-immune rabbit serum did not
significantly block MID-FITC binding to the IgDh 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 sequences.

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 Bc5 together with the deduced amino acid

30 seguence. Putative -35, -10 regions, a possible ribosome
binding site (RBS), inverted repeat, the predicted signal
peptide, and two alternative start-codons at amino acid
positions 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-



broken and solid lines, respectively. Fig. 6. Nucl eotide sequence of the
md gene fromM catarrhalis Bc5 together with the deduced am no acid 30
sequence.wBuwBav465e - 35, -10 regions, a possible ribosone PoirrsddzE2%9te
(RBS), inverted repeat, the predicted signal peptide, and two alternative
start-codons at amno acid positions 1 and 17 are indicated. The

st op-codon and the inverted repeat is atso shown. 35 Fig. 7. The degrees
of identity and simlarity be- tween MD isolated fromfive M catarrahlis
strai ns andtitEpAndasdvAlagism KECE 28238lateddawsmst tace O FHEYSden WO
03/ 004651 P@é§§g2/01299 17 tity and simlarity were cal culated using the
software Needl e, 8. Conpari son _of the am no aci d sequence _of D with
the protein presghgeg F‘FOE}Qa?LﬁQG §54ths pmgnog ackel SREINRRAE PieXiPessed
M D retai nedlthsthbggx@t@dmn@x@aameaylﬂm I5ef8tospma.l shows a Coonussi e

brillia blues |ne n the ght stern. bl.ot. probed with
human | Nat i v D pr HgfL é{,a§XPruﬁS§,?d g@ rtgén’teg &;%opl asm c

(O, peri pI agmblﬁﬁﬁngampb@lwmﬂaﬁe 1leMe {plaaxeth mwd\lmmudﬁe | ef t

i ndicate a r d E%&D?% nta

pET16-M D mg?gh?%gtlge @&a%&%ﬁ %S?‘Gaﬁgelqs uI ar frac- ntceﬁotr?slw\%e#%rélol | ect ed
and protei nplesr @r§@§§r étltléél lbg}dfftam IgopSNpide HED W tedm | M IPAr #d%| and
ei ther staingd whih c%%pg%r@%% %yl%plllals%ﬁrc hlcye %fer@ﬁltés@(ﬁcorﬁq ,aknd

| mobi | on- P rrerrbrane menbr ane’_wa obed ‘with human J.gD fol | owed by

i ncubati®dn WEFRTENRor %’@r gdﬁasqulﬁélrsoxﬁq é’r@orﬂnugﬁ’teec}efste Sarft i body.
Fig. 10. M Ré64c913  weagimntsthhdand . MED9@2r1112m.2121E3( foagnEntidsg is

especti vel PEIACSHPLAREE BTN (B prona 6 (Hed U SF K To 1) vere
manuf act ur ed.ionReeens mmiilqmt(adeiamsl @mutaimmgvemestsailmtt@gsby rewchei r
Ctermnal s 0B PAck) «fad Unat Mt NALL0SA A NG RIR2SdAlded i igr e
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produced in
15 Coomagsie brilliant blue or blotted onto an Immobilon-P

membrane. The membrane was probed with human IgD followed
by incubation with a horseradish peroxidase-conjugated
secondary antibody.

Fig. 10. MID764-913 (fragment E) and MIDS02-1200

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 MID1-21389.
Egquimolar concentrations (range 240 to 0.06 nmol) of

30 purified full length MID1-2139 and 8 truncated MID frag-
ments (Fl 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. coli. The recombinant

proteins containing His-tags were purified and dot blot-



and anyl ose resin colums, respectively. Fig. 11. M D962-1200 (fragnent F2)
has a conserved 1gD-binding capacity conpared with full |ength M D1-2139.
Equi nol arwoenoetsst ati ons (range 240 to 0.06 nnol) of 30 pecCirfSEeziorf2ed

|l ength MDI-2139 and 8 truncated M D frag- nents (F1 to F8) were anal ysed
for 1gD binding by dot blots. The proteins M D902-1130 (F8), M D985-1130
(F7), and M D1000-1200 (F4) did not atfgact 1gD, whereas all other
fragnments bound 1gD. DNA encoding for the various 35 truncated M D proteins
wer e cIonedte@t@ntheaeuptEQSEbhuloéﬁt@@mbEﬁngb(1¥eaﬁémbﬁéﬁac§aslHrE" col

The reconbi nagt ., pf ohehAs fgﬁt abhi Bl Byt 888oMBLS pHRPf—lcéﬂj@QQtQ@t bl ot VO
03/ 004651 PCT SE02/01299 onto a nltrocelluyose menmbhr ane. The

menbr ane waBOpY®loBed ﬁPthﬁ@ﬁﬁﬁ EBBEf BerBweacHy LeEc8RASFY LRRP- conj ugat ed
pol ycl onal antibpgies1thal veteamsedcl ofrdetecti 68. MEDg6212208 {BRyaneric

Cn) LS At @ oboRT 088521 560 T et BFCLPBht et PARIEBYC d8har HESsAGRo. mer o
and tetraHEbs MADber -head bfearnentaateh®0at AONOEC msepsranky cancbe
det ect ed. = BhA°PReANRY, (ALELD nBLEOILAERLAD B2 Bogbad fuggls weak

IgD—blndlng o nono g to tetraners and
monomner s, mesgeonlvebynlhEGdéFEﬁéﬁént(B peﬁPﬁﬁﬁS@OHﬂgDQbWﬁﬁﬁﬁénls shown

as arb'trarﬁlHB'%§éH @g@tsgnprwb@9§avéa@9 Wesic 15akeddingSes sample buffer
at 60 C or 100 mn ect ed S- PAGE and Western bl ot

anal ysik? 156¢ﬁe K@%ulM?ﬁ@ é@@ﬁﬁ§§ﬁén§tEPnEGtﬁémeéﬁdaﬂésF@PﬁmﬁFﬁv wer e
anal ysed byrd@ﬁébt@vguyylnTbed@@ﬁ@@eh@gexgérmm@h@en To@~biading ds tetraner

or nononer s cal cul ated and co ared W capaci t Fi
s, D Ionn] - PRt Bg PEb MBI CoNr oy ag. Tt oah  (rrdgadl e ac Y i B,
attracted tareaythr anyses-samgplepblli€erabtcébl SC thﬂDp—PébéktedOM D and a

series of fruncat dghﬁigékfw @df%%%”§ﬂb§ gﬁ?zgefge gkéﬁgg %%aw§%g added

to human ery%ﬁ(ocy e e reconbi nant ragnents
were alsd afbedresuépinfelpghassie-stained gel and Western blot were

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 erythrocytes
and epithelial cells. [125I]-labelled MID and a series of
truncated [125I]-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 conseguently 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 vy-
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 epithelial cells depends on the amino acid residues

MID764-913 (fragment E). A decreased adhesion to epithe-

lial cells was observed with MID-expressing bacteria coa-



25 cells (B). Al truncated MD proteins (except fragnment I) were produced
in E. coli followed by purification on nickel resins. Fragnent | was a
fusi on prwoaBmo4sst h MBP and consequently purified on an &eylsessonesi n. The
recom binant proteins were labelled with [1251] and added to 30
erythrocytes or the epithelial cell line A549. After se- veral washings,
bound radi oactivity was neasured in a yigcounter. Data are presented as
mean val ues of 2 expe- riments with duplicates. Error bars indicate SD.

Fig. 14. AJ&ES| ¥t téf rRbbiéx prédsMA@IvR 188t arr BaltisMIBY 6o 9%4Bi t hel i al cel |'s
depends on &J@Qy@ﬁo@@m%@ib@@ﬂi@%e%on%da%%t%lé feag Rt Ese ndesr eased

adhesion to epi,the- lial cells was obseryed with M D expressing bacteria

coa WO 03/ 0GHEZTYREHP3E03 G298 X288 Ed Chi PALr aBBICt SEAE WSl PXE39 or

anti - M D764-19t3bapeldy eliahal hanprecdinafineo @patad oir0 s@ eI E-1idEHE s2@faum or
anti-M D1011-1446.(fragnment Ab.. Bacteri re pre- incybated with the
pre-i m"n?%e s%éjrrug% & aé:pgci i'cg)gﬁ{%fegéraawngo?%fe EP 5%6 Ba L2 wer e added
to the epitlkellilal foddlowed! byl owad iy ugentionf agal iowudad lionc deat i3on for 30
mnat 37 Coiff el Mashi nage Gellstece eated aih o LEXRS NrERTA and the
suspensi ons were plated on bl oo agar plates. & ony formng units were
count ed af t EXYRF 110 EDFér anghthen sulsRensi orph@esghedened oat indoasf u added/

cfu adher edyawapiealeall abadnyResdinaiishowaas LR alldeer @ 4

separ ate_ experi rrenthg wi th duplicates. Error bars indicate SD. *** P s
0.001, *& pOoYyegFTgPhindreupatigngs Thepadbersricsn Tt itnd Gtmv&stdesd WM D i s
not identi caldhiearad)ewaeueky ciflalecharaete+ or ibzed sbivher REmy=ane qareiei ns of
M catarrhaloifs.4 It i

agai nst 1 e p R SHE SRR AR E RES, A1 AP CAe ot DRSS e
di fferent niigddtciade S&tt &rrf ith <SDSORAGE *andP & di.Dflemdt *2® cofpasi.ti on as
shown by a”b'é%c%‘iip@i%?n_do@N%h%e‘lﬂ%‘h%i%ﬁa' lysis. MD appeares as a 200 kDa
band in acc , deduced am no _aci d sequence, but
al so ast®an extr#PaRrd WPFhidfnéirpdatedrirsvéeusay wadd ehamscse-
rized outer membrane 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 sequence 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 kDa. 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
S$-400 column 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 seguence encoding a
35 protein of approximately 200 kDa was also provided. How-
ever, that protein sequence is not identical to the se-

quence provided by us and shows only 45.9 to 54.4% iden-



than 1,000 kDa. The extra band indicates that native MD 25 is an
oligoneric conplex in a simlar fashion as UspA (11). This is further
suppor t edwby3pbussf act that M D was eluted i nmedi atel y af emr/SEhzone d

vol une froma Sephacryl S-400 colum with a fractionation range of up to
8,000 kDa. The am no acid sequences for MD shows 11.1 and 6. 7% 30
identity, respectively, with the USPAl and USPA2 outer nenbrane proteins
fromM catarrhalis (Fig 7). In a recent patent publication, an outer
menbrane prigteiwith MAD cHEEd rhal i BasiR¥PEE bl el SROWRSEC 9P abpr o-

xi mately 2Q4, HBS, 1150t atede (A /éoﬁepcg%mﬁ enGosi 1¥h & worPrtein of
approxi mately 0 kD'a was, al so proe\/Jiﬁdﬁw ever, that rot e(iglp;]fsequence

i s not idert§e#dt ol RAGECIRerR & O FRURFDLIR HhHPIH YU 9 to
54. 4% i den DAL DOL4HR: RET NEEQ2A 21 29 (idyiath MD (Fig 7). The
protein waz shown to bﬁ i m_munogeni c, but no further biological functions
wer e pré n, a 200 kDa protein is associated with
hemaggl uti nati ngrlﬁé e e th ad nnge i3y alid)on BieEsmerbafmmIm jrolathhen pr esent
vest| 02t A0 fepchi DS | Red SALAL oIt s o diéﬁfﬁ Ofhng CbREACL ELbZALEON,

cl oni ng and eéxpression of e nove oteln
cat ar r hal i sthe vibcdl hig- laimcﬂmqypzr@tﬁemrmm@ I fO%ri"ltn%@%@@’él?ﬁff‘%l%r 10

| gD- bi ndi ngﬂﬁ{@gnﬁgé fo§§i@y%f%§n£ﬁfp$]§d OF 04 @i f'mm@@@gez@ica@r
i mmunogeni ¢ and adhesi ve fragnent of(_ﬁsi rface sed protein.

Mat eri aPs af@P HetRoHsd %a%%%% b PSPt RsTHHERIS WFP%% (PRAFFEY s#19i n Bcs,

was a clinisal ahsohdtiBogéh 08 andasqindal yagephgasad ofll taie atrdace
Departnent. 118 (gt r ai % i sol ated from bl ood, nasopharynx, and sputum were

obt ai ned f rofRSHRdeR BBhark, Finland, Hungary, Japan, and USA. Sequenced
strains andiptashais aﬁédmébho@spr es- 20 sion are shown in Table I. Tabell
| . Bacteri aﬁaggégkgsaggdpﬁ)ggﬁ%gs used in this study

15 M. catarrhalis, strain Bc5, was a clinical isolate

from a nasopharyngeal swab culture at our Department. 118

strains isolated from blood, nasopharynx, and sputum were

obtained from Sweden, Denmark, Finland, Hungary, Japan,

and USA. Sequenced strains and plasmids used for expres-
20 sion are shown in Table T.

Tabell I: Bacterial strains and plasmids used in this

study

Strains or plasmid Description Reference or source
(site of isolation)

Strains

DH50. E. coli Novagen

BL21DE3 E. coli Novagen

BBH17 M. cararrhalis Christensen (Denmark)
(sputum)

Bcs M. cararrhalis Dept. Clinical
(nasopharynx) Microbiology, Malmd,

Sweden)

NCTC 4103 M. cararrhalis CCUG (Gothenburg,

(nasopharynx) Sweden)

25



Strains or plasm d Description Reference or source (site of isolation)
Strains DHSa E. coli Novagen BL21DE3 E. coli Novagen BBHL7 M cararrhalis
Chri st enswp ofDewssmr k) (sputun) Bc5 M cararrhalis Dept. ECITISE0ZE01299
(nasopharynx) M crobiol ogy, Malnpb, Sweden) NCTC 4103 M cararrhalis CCUG
(Got henburg, (nasopharynx) Sweden) 25 WD 03/004651 PCT/ SE02/01299 21
Strains or plasm d Description Reference or source (site of isolation) RHL
M cararrhalis (blood) Christensen (Denmark) RH4 M cararrhalis (bl ood)
Chri st ensensyrBémmerkylasPlidsni d DeETHAELIN Expr essi onReAsEepee ROVIRIERS

PET16-M D PET16(b) with the ORR JThi $esidid¥tiffy md Bacteria were grown
over ni ght MmNotrient——Brott—(Okord,—BasTtngStoke_HanpstiTe,  Engiand),
harvested a## washed in phosphiat eaBarkded ReriheCpaSyrsgHEEaE) 5
centrifugatgon. | munogl obul i ng;, sffagrindsotdiRbdpr ok:QisBsnsbAe (degmark)
preparations IgGl (K) , 1gGL (2) , 1g& (K) , 1g& (2), 1g&8 (K),

1gG&3(2k), 1g&A(K), 1gHA ), IgAI(K) IgA (2) , 1gA2 (K) , 1gA2 (2) , IgM (K
, IghM(ZéI %pﬂggmgﬁ) , gD (~) 10 and IgE(K) were all of human origin and
pur chase [ The Binding Sit Bi_rmi ngh Engl and) .1 gD nyel oma sera

| gD( K) and ﬁ’%@f%’ were fromt heﬁgae%’lg%n%gﬁég and Igﬁ *tandard serum OTRD
02/ 03 was fpeeBetlr i ngwer ke AG HENBS ) bwirtyy, ti@eOREny FhisMpeldvma sera 1 gD (2)
A, 1gD (2) B, 1gGA 15 19G B, JoGL 1gM 1gA A and 1 gA B were obtained
fromthe Departnment of dinical Chem stry, Ml no, Sweden. The con-

Bacteria were grown overnight in Nutrient Broth
(Oxoid, Basingstoke Hampshire, England), harvested and
washed in phosphate-balanced saline (PBS), pH 7.2 by

5 centrifugation. :

Immunoglobulins, sera and other proteins

The Ig preparations IgGLl(x), IgGLl(A), IgG2(x),
IgG2 (A), IgG3(x), IgG3(A), IgG4(x), IgG4(A), IgAl(x),
IgALl (A), IghA2(x), IgA2(A), IgM(x), IgM(X), IgD(x), IgD(A)

10 and IgE(x) were all of human origin and purchased from
The Binding Site (Birmingham, England). IgD myeloma sera
IgD(x) and IgD(A) were from the same company and IgD-
standard serum OTRD 02/03 was from Behringwerke AG (Mar-
burg, Germany). Myeloma sera IgD(A)A, IgD(A) B, IgG A,

15 1IgG B, IgG C, IgM, IgA A and IgA B were obtained from the
Department of Clinical Chemistry, Malmo, Sweden. The con-
centration of respective immunoglobulins 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). Phyccerythrin (RPE)-conjugated

mouse anti-human CD3 and CD19 were from Becton Dickinson
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as examined by Western blots.

15 SDS-PAGE and detection of proteins on membranes (Western
blot)

SDS-PAGE was run using a commercial electrophoresis
gsystem consisting of 10 % Bisg-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-
sig at room temperature using Protein II vertical slab
electrophoresis cells (Novex) at 150 constant voltage.
Gels were stained with Coomassie 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) wasg 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 ug/ml,
hu IgD(x) 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 exXpe-

riments, IgD myeloma protein was replaced by myeloma
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i munogl obudién) D-wdbtbindbht Hreées nankXysadt syoh %rsaﬁalrMaILesuiﬂatut ed in

five-fold s egs in g %Bl.\/l T{zi%-HCl, pH 9.0 were added in 100 | volunes to
HFageE FhosPiRxted)

mcrotiter FES b, Nunc- |nmmuno nodul e, Roskilde, Dennark),
whi ch were Beajmd andkedniubatedoabentCagveyni(GhISAAfter washing the plate

four 20 times in g?%Tﬁs%fé)&O%i aRut §£eP§§eTm[ﬁunn8§méﬁhmﬂgD 1.5 %

oval bum n, was a% ate was 1 ncubated for_ 1_ h at roomtenperature
and f ufltherbindhad P@Qte%nmsgxﬁrﬁﬁtSPBé M\f\eéﬁtarﬁbﬂ(}snﬁé%ﬁﬁ piBtein, 0.05

-tg in 100 k3 PBSro14 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(x) myeloma protein, 0.05 pg 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
PBS-Tween, tetramethylbenzidine (20 mM) 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 (OD) was then measu-
red at 450 nm in an automated ELISA reader (Multiskan

35 Plus, Labsystems, Finland).
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pH 9,0 was fslew‘étraapmraéme@st ant fmgrﬁme&nemmﬂtam’eliﬁdﬂaaiﬂlc}mumamubat| ons,

bl ocki ng, d t d hbed fter,
[1251] "2 abet el HrarE NRD o (L°R3P30 520 408 [EEPry 200 PAS. Tween
was added. Atfsteeir eV er megiqmdamyc@mb@rd,y t HD@VMNW \M@es wastferrnfaslr ti nes
wth PBS e % 8?51]"%%1 v%n%o%x%?#%e%ets%elﬂp@i - GrX afr@f:l’fé:{(rg-:et at -70

C using Koda I ntensifying screen East man Koda
Rochest &%, Ni)experlme dilutions of human myeloma sera in a vo-

lume of 100 ul 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 (Sigma). 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 filterg (0.45
um; Sterivex-HV, Millipore).
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0.05 M Tris-HCl, 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 membrane-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 ([**°I]; Amersham,

Buckinghamshire, England) to high specific activity with
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template for amplification of the MID gene by PCR. Dege-
15 nerate primers were synthesized according to the amino
terminal sequences of the four pgeptide fragments (Table
I1).
Table II. Amino acid seguences derived from highly

purified MID after protease digestions.

20
Peptide sequence Protease
TAQANTESSIAVG Trypsin
GNTATNFSVNSGDDNALIN Trypsin

25 QGINEDNAFVKGLEK Trypsin
PSTVKADN Chymotrypsin

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 isolated 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 sequences. The resulting fragments were reli-
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PCR amplification of the mld gene

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 BamHI restriction enzyme recognition seguences

20 were 5’-cgggatccgatggccgtggeggaatatgece-3’ (primer A, SEQ
ID NO 3) and 5’ -cgecggatccgaaaagtgaaaacctgcaccaactgetge-37
(primer B, SEQ ID NO 4) generating a PCR product of 6391
base pairs. BamHI-digested insert was ligated into
pET16 (b) and the resulting plasmid pET16-MID was trans-

25 formed into DH5a. Both strands of the cloned PCR product
were 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 outside 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
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start codon, C%ID NO 5) in conbina- tion with

5'-catcaatt@%§%t fgFEF@@EQFE?FﬁathFE?Fﬁgﬁcﬁf3 | GBAEBET af aSEBndEr VRd
region JUSt7PU%étéeub€@ SbgnabnBbrpenti dre SEQstEnMO 6F gheemdtli ggnd92- and

266-b t j Bch t | ate),
Fespoct | vel SESRhELHEr fbr boOBT | AT AERP PR Dond hAEPoR=oere 3 BodssL
PCT/SEOZ/Olﬁ@@pe@81mEny SThet égpandcabnggtgupatngaBCR3syeprmnwrsE, SEQ I D
N oss!) er e, 438 L051§°9L%5918g tQﬁdeébﬁBQEESanwEQE gLd.gepAmehasHl Ling in

1355- and base pai 1 , respectivel e expand | ong
tenpl ate PdRYsybeemﬁma§a§tu§@§ KROQhE,rBaémmémsSHﬁde@ Aditions were as

reconﬂendedEdBXegggoﬂaeyf%EEUﬁga gegehgroaﬁ@%nan pweden). aBypreggi on of the
m d gene product coli and cell raction To express the md gene

product, pEF {BCEFEWmaé 10 transforned into the expression host BL21DE3,
Containing a ChT@”@ﬁpﬁabsC@H¥ @f dt jend7pRdAupel ypETaEeMgBNRarnder | ac\\s

control rec nbi n ac r a ted

W th 2%%f EFGSS08 MR AREPoFIF RXETCRERERpPes Bh2ABE acRUSA 55 B ow ng
cells to | ogachtrbmdsonmd- gopyﬁbfph@seT&tRNBBQOlgﬁe@aeefgbh@waddby addi tion
of 1 MM | PIGouob! 8bnf 10 h0dNELLAR: A0AE! BLLRNEEE, 801 GALGA egc%%rdlng

to a standard protocol and e resulting pro- teins were
SDS- PAGE. Lwedliizasipnlemepsednhiitin® Sppét SlHCPFEMAPET 2BPIFDIRES -20 carri ed

out by Osnnbb€r§§99ﬁs§§oﬁe§ﬁé'Q%ﬁlvgﬁ'%&Iéro@&%@hceﬁmbt%beiogﬁrh&%uced and
uni nduced cel LS Mo en"aryest ed o8nd LeshsRended a3, Mali St RH &
cont ai rithg P% growth phase a 600 Y
mM IPTG. After 4 h of induction, bacteria were 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%
gsucrose. EDTA was added to a final concentration of 1 mM
and the solution was slowly stired at room temperature
25 for 10 min. After centrifugation at 10,000g for 10 min 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 mg/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



sucrose. EDTA was added to a final concentration of 1 mM and the solution
was slowy stired at roomtenperature 25 for 10 min. After centrifugation
at 10, 0O0Owofoamo81 m n at 4C, cells were resuspended in i ®eTsETOBINM MySHA
and stired for 10 min on ice. During this step, the periplasmc proteins
were rel eased into the buffer. The supernatant containing the periplasmc
fraction was col 30 |lected by centrifugation. Bacteria were conpletely

| ysed by |ysozyne at a final concentration of 100 ng/m follo- wed by

soni cat i on.frEimEaldfy  thaensd|adne fnampf ast teannliaftubl i R %ne

fractions weio C@eéfﬁ% d¢ upcat edh dhD-eler ivedy ree ondydiedte protiei ns 35 The

different trunca ragnents designated A t&)l with their, specific

si zes and PHhETFoFugeherat¢oRf fe el R Ur Esho¥ftEs R gure40. The
open readi ng, WR-r03{H046 53 RETE SEGH 0229 112 ddedten®f Batier rdml gene from M

catarrhalis_PBc in T26- M D) (Forsgren et al., 2001).was used as

t enpl at 8. Aﬁfﬁﬂgfﬁ(fo %%%E‘élfjr%tc%%r} %@%ﬁ e 6%6%-%%@? )d)r\{\@%nra:l anplified
by PCR usi rigisdiect fiestrioeten i eizyocics tge Bantf ragment HE ndirl | Xk@ktricti on
enzynme sites., Due to_an,i JFap restiaictio z i in

f ragnment C,Sla{r‘ne )&1180% u%??emmg{sg%&éeo ilirllnl'srgacgaiaicII o%él-ﬁﬁ%’li%l n%l?@'t K%ﬁSjslbéeIﬁd. Al
PCR produgspydexceptetorpiv 16 MELDUSE (3339 wekkr cveredelones HEIR6

(Novagen, i.$ONn h o ) : -
¢l oned int pl\/zlif g%g%%\%ﬁngﬁéT{)%ﬁ,Bﬁgﬁab?%gg@lﬁ@ocﬁ@d’:t Secdafrqgment was

, MA). To_avoid
pr esumpBli vef@Bxils t §, ¥ HEMCReSRE | PR ASH R %%‘?? r@e‘t’r Pied into
]Ehe nonise,&@{%ﬁ%@% %ﬁ&élr_lﬁy, ?I@A)t DHS?avJﬂ?q%ﬁé@ﬁﬁptW@Sﬁ?ﬂ%it&ﬁpOﬁ%@g for
fearencs A L8R G g e e el o dR G ySol AR,
E and F. Botkpr&ssingihsstaknscoki eDiibeubihedeafitéhe ptesshds of kana-
nycin, whergas, gV or aphepLgaLy el se YBsy SupPLeeRt £, uhepc, BLILADES) - pLYSS
ransf or mant's wer &2 used. “Fragnent T was 20 expressed In a. Bacteria were
grown tl& nm thtogEphasél Bb?lgﬂﬁﬂ)bywhﬁﬁﬂ%ﬁi@hemh@ﬁtlBhﬂﬂ(DE3)'PLYSS
i sopropyl - 131 0i95£3- Bor 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 DHS5o. Bacteria were grown to mid-log phase
followed by induction with 1 mM isopropyl-1-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 mal-
tose binding protein were purified on resins containing
nickel amylose, respectively. The concentrations of the
eluted proteins were determined using the BCA Protein
Assay Kit (Pierce). Thereafter, recombinant proteins were
30 analysed by SDS-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



gal actoside (IPTG. After 3.5 h, transformants were soni- cated and the
overexpressed proteins were purified accor- ding to the manufacturers

i nstruct iwoI3/0RBSUl ting recom 25 bi nant proteins havi ng aPorSENZINE t ag or
fused to mal - tose binding protein were purified on resins containing

ni ckel amyl ose, respectively. The concentrations of the eluted proteins
were determ ned using the BCA Protein #Assay Kit (Pierce). Thereafter
reconbi nant proteins were 30 anal ysed by SDS-PACE and Western bl ots.
rbnagg|utinég?ohlP@%a%a%hytw¢6@ymé§e@e%% BPURE nlat EPBNE FESKRIGSAr awn

hepari ni zedphspas b@@@gteabe ﬁéMtBhQCNC¢$ mgrgom@saﬁgerambﬁesln PBS (pH
7.2) and susgmnged in PBS at a, g @g ncent atlon of Bacteri a

cul tured i n°Kit F%ﬂ¥t%?oWﬁremEF§e aW%E t Db§eE ﬁFPFFuSﬁtP§ﬁ washed and
suspended t8epAaPoxe 108/ n60i pl PBSS . Baggykut anandorr yabr eeytiebgushensi on WO
03/0046§g ng%g%ﬂg %1299 30 (50 I of each) were m xed in round bottom

m crotiter S” (Sarstedt, Newton, NC). In sone experinents,
eryt hr ocyt e€ewner ¢inexeddwatdhekeDc8ephaayse or BSA- Sepharose in 150 | PBS.

Aggl uti nati on, wasns eadubycibe Sonakedi evenCohbebl neygodraduerense assay

The | ung carcinoma ce |1 ne % y | veo ithe cel
CCL- 185) waSPbbhalhad FeohPATECL-FRE) vap §b’€\éi*@eéuifﬂfﬁ’ﬁ1e6~'rﬁﬁ RBN/P 1640

”E?LUQB(Sab@@lﬁBLwe%$f@u19uIé§h%%:RQMFS%6E§|ﬁé@!umSQG&bégﬁhRﬁvpﬂhﬁgented
W % a ser . - am ne, .gent mcin
O etoridl B Rna P ie i s Y PRI AT "Bupdn et anter e 2B a8 rent s,

cells were hatrzestedf washed PwhMelL-ghugemtiasi candf teepBPML &640aand added

to 12-wel |l ti e re_plLat c | d
concentr a- %#gﬁﬁofgéfég%%g ggl%§/8§%FP¥Q mﬁggaﬁ? §Ht§§?g?n§fP§§°%8u|t
medi um Cel éherencehexpattiwentacubal éd weeenhghvesaﬁd37W@shnd5twacﬁz cn

the day of expgLhfBRiS:inMereeaRBiThakhs £R322%adl8ko! A2PRR110c1asUe0el atin
(Sigm) 20 was 1 nocul ated onto the nonolayers. In_neutralization
15 culture plates (Nunc, Roskilde; 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
cells. 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 mM 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

Human peripheral blood lymphocytes (PBLs) were iso-

lated from heparinized blood from healthy donors by cen-



experinments with specific antisera, bacteria were pre- incubated with

pol yclonal antibodies (dilution 1/250). After 1 h at 4 C, bacteria were
added to wbaesepisshel ial cells. In all experinents, tissu®CEBEILIRIPI at es
were 25 centrifuged at 3,000g for 5 mn and incubated at 37 C, 5 % C2.
After 30 mn, the infected nonolayers were rinsed twice with PBS, 0.15 %
gelatin with gentle rocking to renovesnonadherant bacteria and then
treated with trypsin-EDTA (0.05%trypsin, 0.5 nmM EDTA) to rel ease them 30
fromthe plasifegsupporden dhereafgeadiceme obsidedy bedpdqueactent a

suspensi on d 0 I b g LSOV 7.8 %
human bl ooogﬁ%p]%%i ﬁ%?%lﬁn 8 g ’%R}%é%%%%’sgg‘g%%@né.ﬁ%%t?é\)/\‘gsa%%%ﬁ?a/ed from

duplicate caralysees.a 35 FNRre S lombring anePyReel amnigetd | pheRal - ¥ ood

| ynphocyt espg£BlLg)v el ps®-ad abededs onplepars ni zedh ¢ aed foomiheal t hy
donors by cen V\(%rOSI 004651 PCT/ SE02/ 01299 31 tri furgz%l on,on a step

gr adi enf’ of "EF® of FPF LD G (35 ~ PO pPE pR R Bhiar et i BAPEBLEE 80T Sweden) . For
fl ow cyt omettyho@tal ¥B@Scom] Sdansar ahist ai 4 ngalpret oted fes Bsedimi th 0. 5%
BSA (wWv) in PBS.as buffer. PBLs.(2.5 x 105.in 100 1) 5 [ | W th
Bt D8 or PSR TE ERs o hlEee R R ST TRt Aot gt S8 BAOTETD mab on
ice for 30 experavents ngytohodiet emmdaet alk s ' sreénsicucttedswith bl ocki ng
experiments n c PE £-.i e 1 ti.z

munogl obu Tt Ty SpTmaSTap il B CESE 95 Ak SRt S0 E i 10

FI TC- cafj ugad &al D piesl Sigh| BHEAt eaniegated MED |was ofenba eyt edctBat i on
for 45 mn ERei 6€114f t611oWed i Bl iMESHESI ¥ht PFo XL SH1 FBSH 01 880 BRA: 205
cells for each anpl e were, aﬁg\ﬁ#sed in an EP] CSér)XL-IVCL {gowfc tome- ter
(Coul ter, HabtBRl Frehegayit SCSPpFopr? ate, Brab 1%8°pFelafdtgoat

pre-i mmune s&ta aatdph®userd ghhabyided g{RRaan WePECS Pl tided Alonegatome-

cont o1 s (PAOPLLY o ool o £action evhaut Ligatlan.el ME.
15 Dbit 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 process 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 solubilized MID efficient-
ly. C HAPS alone or CHAPS with EDTA or EDTA alone did not
solubilize MID. In the following experiments, Em.pigen®
extraction was used for solubilization and subsequent pu-
30 rification of MID. When the Empigen® 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 HCl, 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



20 process of purification. Anongst several detergents tes- ted, only

Enpi geri and n-Qctyl-b-D glucoside alone at a final concentration of 3%
sol ubi | i &0 oMo@66r om a suspen- sion of M catarrhalis effiPCT®EDY/§129%
estimated by ELISA and Western blot. The two detergents were equally effi
25 cient. Triton X-100 alone did not solubilize MD, but Triton X-100 pl us
0.01 M EDTA solubilized MD efficient-3ly. C HAPS al one or CHAPS with EDTA
or EDTA alone did not solubilize MD. In the follow ng experinents,
Enpigeri  ea3@HRtedrbwese biskHl Fort k1 Ut | thatRors e stbsegtenfmpu 30

rification (OfcdMDonieddiRy | genioexiagin ofFiM 1)catwgthalgs was applied
to a Q sepharose colum, all E}ﬁgl} ble&?l n rﬁﬁt{gr% al was elute romthe

col unm wi t PHNGLRE BRPGERT W3F GCHEH T sSesL, W%.@awrgﬁ%ﬁgﬁbnal | gD-
bi ndi ng matweslialaost delhe wbid eco When. aAGhagr ai et r upuBEE 1ed 1o was
applied_to the sane col um. ter concentra-. tion of the |gD Dbinding

mat eri aP ob]feaﬁh]%%n%??%‘?aé%ﬁa%-ﬁ?‘? 0 l%sr‘?t (?%%}E)h%rﬁcg%lé,tl?? a%?r?%ng??%}] of the
extract wastM@mDH3/ 004651 PCT/ SE02/ 01299 32 achieved by gel filtration in

the presence of 4% Emio il dafd alk dkSSANACE Yo 5 4000 L AFLE d) . Mbst

| gD- bi ndi ng mater was eluted 1nt Irst peak inmme tely after the

voi d vol umetwM TRR@s, feire hedO piPa fhard s @ cedroRdt RrdpHithiaRhe first

peak under ke, sane RONEEn14t Giss FbE HosdovBah hal 0 @d tiea Puesteahi on M D
appeared as _two bands, one 200 kDa- anrg%cgnd a sr\%ond band with an
: kPacO

appar e”f moPetul SFPRELESTHES NP ES tRRIT S T8 Rab BBt WaKperi ment s
were performed iQegondal ntd hetie MErwbsushpt dédenibeal otivet heepbexhousl y
mmss  vary T ORT 80Pk 598 ROTE 18] HCERR WTR A het STt ar el ght
of 80 kDa. ey tnadEr&npsgente)72XtlkRcts 010 M ot5CeopBaviblal & smotepartly
o o PP ot R vese, b ertag S SOS,NGE cenf e Lo
and al & wi ¢dtFeranligoor ARaEahy bruskbhed norepapat Mppe (@f 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 made to determine the amino-
terminal amino acid sequence of purified MID. Approxima-
tely 1000 pmol of MID was applied each time in an auto-
mated amino acid sequencer. Inasmuch as no amino acid
25 phenylthiohydantoin 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 sequence was obtained.



reveal ed by I gD binding) is not identical with the outer 20 nenbrane
proteins UspA and Cop B. Three attenpts were nade to determ ne the am no-
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as no am no acid 25 phenylthi ohydantoin derivatives were obtai ned, the
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avail abl e | g=preparations representing alf human 19- cliassSes and subcl asses
(Tabl e I11)Shoyphg Fhe baneiRey, speopddCdty @Ifn#ll%ild@uﬂjﬁdﬁ%nm yses

showi ng t he cbinpdirad a3PC alviaGiltap1@f mieghing Ruimuioed okegenxci al |y avail abl e
nyel ona %)mmnol obul.in D 10 .preparatiaons _agai nst rude E pj,gen extract of
M  cat®fr hREEESERG LRPSRAFAIRS FIICS S SO 6BHERR=286+KPa- pr ot ei n
Purified M Datarrtnlde exty ddighly hgRiKed MIGD (a.) + + 19gGlL (K , 1gGl
(a,) - - 1g&A(K), 1g&(2) - - 1d&B (K , 1d& (X) - 20 1gHA (K) . 1g&HA (2)

Immunoglobulin 200 kDa-protein Purified MID

He
ava
C

in crude extract

15
IgDh(x), IgD(A) + +
IgGl(x), IgGL(A) - -
IgG2 (x), IgG2(\) - -
IgG3 (x), IgG3(A) - -

20 IgG4(x), IgG4 (M) - -
IgAl(x), IgAl(A) - -
Igh2 (k) , IgA2(A) - -
IgM; (k) , IgM(A) - -
IgE (k) - -

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 myelomas 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 verified by using radiolabeled MID in
other dot blot experiments. In Fig 3, it is demonstrated
that MID effectively bound four IgD myeloma sera. A



IgAL (K) , 1gAl (X) - - 1gA2 (K) , 1gA2 (?,) - - IgM (K) , 1gM(2) - -
lgE(K) - - 25 Only the two I gD preparations interacted wwth the M D band
in the 2000lBae4s66i tion in a simlar fashion as shown foPCirgRol/e2d g 2.
When dot bl ot experinents were performed and purified MD in dilutions was
first added 30 to nenbranes and purified human myel ona protei ns and
secondary anti bodi es were subsequently ®pplied, only the two |IgD nyel omas
interacted wwith MD. One of the two el omas detected as little as 0.001 g
of M D on tféstiBabrapactine §%@%ﬂfP@P%?tSFtFﬁeanFE?aE?PSﬁ BefwEén M D 35

and |1 gDb “ﬁsuéubEhEQDverfl@HengDSBﬁgnﬂa@dobébﬁhe@BNWD)Iﬂeaathe&tgot bl ot
experi nments. denonstrate ctlyel¥ bound four

ff
| gD nyel ona? §§r§eeﬂ ?E)6§?BOh%gﬁrPEﬁygﬁﬁgfﬁﬁﬁﬁﬁs é&og StPHCt “redction coul d
be detectedcontthetraagélﬂféﬁeﬁt ggomyégamaneraheepgéssnamdgrdg@erum

B. W t h In
Contrast® 6 bt et SEGPefng 825 B8, rEQNCROL A LAY 108
showed no V|S|bIEureécedomlﬂnsheﬂmEﬂ@ﬁllYgattpﬂﬁtﬁﬁehuwﬁD §9éébﬂ?cally

attracted h?gﬁna%okgpégleagghaéoﬁeﬁﬁalWgst@rgoﬁléeg \éstepnabloks (Fig 2
and 3, Table IIC%? To test whether M D bou 8 t he surface- expressed B
0

cel | recept 8APLBCRFII gDrOnhbfER BQ?FBﬁérgﬁDléoﬁp 801 YREhSEFEESS(PBLS) wer e

i sol at ed. Fbigrwageaoejuelgak@dep@oM thablmged hymhnc pbatipherailt h PBLs for
45 mn abel g mnthFE@E conj uga-. t ed mAbs

dlrectéd)aghﬁﬁgg ?H@p%OEXEanéEEgF Cﬂ? tor 1 Eed p&&Sf FETEUr f ace
antigen CDl8aaed subMEQUénﬂﬂpwadabyS1h¢abdtbpnfWGmthBbweﬁpy @B quid)

B e e L D
di spl ayed atﬁdnmébécd recbadkggéan@tbthélﬁgcéﬁﬂgmaﬂﬁﬁr & si gnal
corresponded wel w1 EDL8*face antigen CD19 and subsequently ana-
15 1lysed by flow cytometry (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, PBLs
were preincubated with a rabbit anti-human IgD immunoglo-
bulin fraction. After incubation and washings, MID-FITC
25 binding 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 specific MID-FITC binding
to the surface-expressed BCR IgD.
Cloning of the gene encoding MID and DNA sequence
35 analysis
Degenerate primers were designed according to the

obtained amino terminal sequences of four peptide frag-



20 cells incubated with anti-1gD mAbs revealing I gD postive B cells (Fig
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I gD i mmunogl o- bulin fraction. After incubation and washings, MD FITC 25
bi ndi ng was anal ysed by flow cytonetry according to the standard
procedure. The antiserum al nost conpletgty in- hibited specific MDFITC
binding to the gD BCR when conpared to cells incubated with the
pre-inmmune sentm oriidmatliingr 6xcendéDi nifehdiet fldeendavedef nord79n2 to 14.6
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5054 bp of thé gene codin D. “Fl anki ng %pgnces Surroun- ding the
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encodi ng M catar I'S BCH5 i s shown i the
resul ti¥y afPAd -adiedesadeehthei § “skeatenseSEQClpdyggl the stop codon.

The complete nucleotide sequence of the gene encoding MID
in M. catarrhalis Bc5 is shown in SEQ ID NO 2 and the
resulting amino acid seguence 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 (AAGG), -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 %,
regpectively, and with UspA2 6.5-7.5 % respectively 11.1-
12.4 %.
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15 ghowed the typical characteristics of a signal

peptide

with a potential cleavage site between amino acids 66 and

67. Despite that the first amino 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 sequence was

obtained after pyroglutamate aminopeptidase treatment.

25

30

35

The predicted amino acid sequence was also subjected to a
hydrophobicity profile analysis by the method of Kyte and
Doolittle and showed mainly hydrophilic properties except
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).

The mid gene is 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-
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
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MDin go C(&LII{;:OT hceonefxi rrgthat t he cl oned rri&i gene_carresponded to the
purified | gD binding Protel o1 NEYete BctUd ngthe herehy ciedesi gl
sequence anddttatl cdden Thapmuiisicaanedik dexul diey epression west or
pET16(b) and raql. of  a T7 pr t resul ting
pET16-M D vva,sdﬂysaefjﬁsecﬁ nt rftr{g?faonsﬁ or rrlglc]:ol nt'o Cﬁl%oq%f%éﬂe%%e]f%w%v@d by

i nducti on WU EGR Bedhe GRAC cdaat amirad lopddds avebes Ubysdd anid anased, and

reconbi nant fMaRuesial-ecn! ized Je NS ki #frh Bl %ﬁg‘&ﬂ%&&'@nﬁ D as a
pr obe. igrportteq:rg b\.lL%r’n:l.s:f %-silnrg];g h({lrr]n%rnacltg%r Iasst IaCS sz I portan ovi o f_r om the
expr es- probe. Important verify
ing 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 SDS-PAGE)
displayed a molecular 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 as its 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
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pr ot ei ns coWéFEantﬁEaEnPPFElﬁP EeftEHEBCand their indi- vidual |engths and
positions were a$od§ﬂﬁp6&hﬁteﬂelBeﬁhgncéOreEbeneébmﬁbEbanthﬁrmgﬁinS

conprising ar o aci 6 11- 2 f t bind
gD as 1% sPoBALEd FrheEruphiERg NI hRoteod, HeohvRse a%ﬁaqll otein

M D902- 12008hprbEaeﬁ Bitaghen- FandaCtktectedalgbndst (&agl y1) sué@@@ting t hat
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To pinpoint t sequence responsi gﬁ bi ndi n
truncat ed MBUE2<PPDBTREs toyBaEaAuei Eailly lesashy Edod at13t9hé8
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i,
i sol atelP fPERE 3§F§ HQI%Q Tﬁ@ élFF&P@Htaﬁgggnﬁln BPEES 7915 were
diluted in fiauubbakd stiepshuaddedgbo menbr anésrabdsis, an essential-

1y preserved IgD-binding capacity was detected for the
truncated MID protein stretching from amino acid residue
962 to 1200. The shortest truncated protein still inter-

20 acting with IgD was localized between MID985 and MID1142
(fragment Fé6). The IgD-binding property was lost when the
N-terminus was reduced to the MID1000 residue (fragment
F4) or when the C-terminal was shortened to MID1130
(fragment F7). Finally, a fragment (MID902-1130; F8) with

25 a longer N-terminal and a shorter C-terminal (compared to
MID985-1200; F3) was also manufactured and analysed. How-
eﬁer, this truncated MID did not interact with IgD, sug-
gesting that the binding capacity was depending on a lon-
ger C-terminal.

30 To further characterize the specific MID-dépendent
IgD-binding, an IgD ELISA was constructed using human IgD
as bate. All the recombinant truncated MID fragments were
gsubjected 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

(Fig 11) was observed, i.e. fragments F4, F7, and F8 was
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reduced to the M D1000 residue (fragnemd® F4) or when the C-term nal was
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capacity wa tgn@?h (88% ?‘8W\M) ger Ctermnal. 30 To further characterize

t he specifi ophMibBadepebdent 120gD-birgli ngteanckdbnElsSAemandéopstruet ed usi ng

human | I Leconbi nant truncated MD fragnments were
subj ectgjg) tgégﬁgé%rf'%:t utcf& I{)y i ncubation with a specific rabbit
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HRP- conj ugai gd,ggal- aat bbl&a@al tanpebumahomab amha@agl e@mﬁb@ ;zgnre pattern
as with the dot blot (Fi serve i F7, .and F8

was WO 03/0@5%5155@TF§EH@/éfngaS39nﬁHPa5F rﬁEté& PS 3H8 38|F81&Hy§é | gD,
wher eas thebyt heplykiagsankssbonnd badawgateahl pldegr. emmeapanedoto full

| engt h not | gD i_nt erag pendi ng
on a 5|\4 et ﬁaﬁ@?asgmgé ﬁ%o?Sm?ﬁeaDa ah%egﬁgﬁleffhgfﬁggdp or “a ?iéﬁregf“rer
structure ah 6ndec t(@ighfiai) arfheptemambgﬁ)cmsmmun'gurm pee62- h2eo (F2, SEQ

| D NOL0) vagelncudaleg.al 8F ahel98 GnbollbansdeddtARakyaka 0l SDS PACE

and Western brots a nononer and a tetramer
after pre- tf@ﬁmrrewl’llcbt dgepdayrigaleansigpeabdyr wrakes $Lpdéndr ESwas, how

ever, di srUEfggdwﬁtenlggkaﬁl%@ &%swbtseerhnbaomnqm@ e 2af ab@) Byhi 6B di spl ayed
a consi derabl'y weaker bindin % % W enh%x%rgtr}%(rjner N %tern bI ots (Fig
12A an&fB) igpyestigate the capa ility t
comparison with the monomeric form, the MID962-1200
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 monomer was divided with
the corresponding tetramer concentration. The obtained
value (%) was related to the concentration (pg) of total
25 protein loaded on the gels. Interestingly, when IgD-
binding to the tetrameric respectively monomeric forms
were compared, a 23-fold more efficient binding to IgD
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 isolates
35 expressing MID hemagglutinated human erythrocytes,
whereas only four out of the MID-negative strains (n=21)
hemagglutinated the red blood cells. An almost full
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To dissect the molecule and pin-point the specific
site 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
specific antibodies at appropriate 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 amino 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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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



cells. Antibodies to full length MD1-2139 and M D764-913 15 inhi bit
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surface exposed pr geln g %ected 1k D Nbraﬁg Ia rrhalls
havi ng an am no 58553ﬁ8e6§98§e eBEPrbad i K §E6 FB™ © n apparent
nol ecul ar wengMbragtl2@0ckbDarahdlascapavityg ef emhaotaweHySqu@mn@ menbr ane
bound orz solLub r :natwrakhyygceur Lin i L i ed

Ly ggshg@bea ;1 RALHpAlbY NBCqU %h NGp0LAGE tn'o%e%te Y Qi

variants there i mmundgeni ¢ of Ing fragment o
protein or @ér?éﬁt§Daoﬁnéna19apﬁﬁﬂﬁﬁg@ﬁléeéﬁétaﬂﬁé§'@e LagnEerbeRnsaj d

surface expgsadd BrOLE1NH1E Igﬂ '6&“&@9@@&@19fob@9rghﬂ%|@& tragrent of a
sur- face expoiid protgln as defined in claimai, which fra% ,ment can. be
det ect ed i nCRBraXefPsd: éFQrVﬁgPﬁgtshgbﬁﬁﬁog 19rc§Ba&WPV e O vel y

bi ndi ng nerrtrg@nelb@un@ Gi-agakubl f bagRd @ﬁ:‘olﬁéﬁ_w al- yagdewtisi, n@roan
o161 chel YR el v AL sl s, A1 LI ORenC 00 k8Bt ndl o
in 20 SEQ pDoN@1h0 4. An i munogeni ¢ and adhesive fragnent of a surface
exposed protein s ﬂﬁf angeﬁté'Btlxgwhbﬁpd%hggreagmeee o€ detgeted in
Moraxel | a catarrhali's, having a capacity di ng erythrocytes and
epitheli al é@ppsexposed protein as defined in claim 1, which frag-
ment can be detected in Moraxella catarrhalis, having a
15 capacity of selectively binding membrane bound or soluble
IgD, or naturally occurring or artificially modified wva-
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 seguence, as shown in SEQ ID NO 11, which DNA sequen-



25 5. An i mmunogeni ¢ and adhesi ve fragnment according to claim4, having an
am no acid sequence as described in SEQID NO 8. 6. A DNA segnent

conpri si yoa3MNEsSsequence, as shown in SEQ ID NO 2, whicirCDNROBEQENCE
codes for a surface 30 exposed protein of Mdrraxella catarrhalis as defined
in claim1, or naturally occurring or artificially nodified variants of
sai d DNA sequence. 7. A DNA segnent compsising a DNA sequence which codes
for an i nmunogeni_.c or D-blndlng f ragment as gg 35 fined in cIa|n12 8. A
DNA segnentCECEBQGFnSOFoa@IéWWP? IEBpr PEi 1 1pRATGe fGEHEE a8Sshown i n
SEQ I D NO ldefwheehibNAlaeguen WO 03/ 004651 PCT/SE02/01299 45 ce codes for

an i munogeni ¢ of, | gD-hindin a nent as.__def d.in cIa|n13 A DNA
segnent conpri si 3 B&% Egaﬁgﬂ% et ﬁlngoaeb& of &R “Fmrn geﬁlc and
adhesi ve fragdenat fofr ansummuﬁogauece&pdsedhgsgwelﬁragnd@t|néda|ﬁugla|n14.

10. A DA ngﬁépk%gg%%%hpQ%t%%ﬂc5@'Hb?mn%&”ﬁ ¥hag.A 4 DNA sequence, as

shown in SEQ | sequence es for an i mmunogenic and
adhesi ve fragnen@oasAd@NAnéegmePﬁ épépﬁﬁ5n91©01§1aAmvﬁccPﬁ@pééﬁﬂ&Bnﬁng a

surface engﬁﬁdsEﬁQ‘é%'c@: afs Mﬁb@ﬁehhas@@t apr jal iss, wmlc@ll Piat @b@ua@vgleng an
amno acid sgg ce as shown in SEQ B 1, .an arent nmol e- _Gqu

wei ght of 266 8%d 38 CIPREPEFTf §é1 gah@éwe REFRGC n@ﬁbﬁ&ﬁé“ﬁg’und or
sol ubl e 1 gDinocleatwisal Iy 15 occurrlng or artificially nodified variants of

sai d rotein, or.an.,imun ni D- bindi ng_f r agnent id _protein
o var Mt e, or &k 1 AmiASGaRCc CaRA-HARGE: Dot PP AGRoR Lo aaPACSG Face
exposed proDélMorazelAava@¢ﬁm€hadnSalﬁhdg prroteitnbgening en kbgbuasi n- 20
ding fragneat.qaf <@ ggk%pgse of r I RO raxgl l5 rrhald_s,
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binding membrane bound or 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 ilmmunogenic 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
immunogenic 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.



13. A vaccine according to claim12 containing an 25 inmunogenic or

| gD-bi nding fragnent as defined in claim 3. 14. A vaccine containing an

i Mmunogerwo oanaicathesi ve fragnent of a surface exposed pPCTSEN/@R299
Moraxella catarrhalis as defined in claim4. 30 15. A vaccine according to
claim 14 contai ning an inmunogeni c and adhesive fragnent of a surface
exposed protein as defined in claimb5.46l6. A vaccine according to any one
of clainms 11-15, conbined with another vaccine. 35 17. A vaccine accordi ng
to any one of clid nsd HWlasnid conipinege viQpers imanmdeghi sepesndon of

anot her nolgetdie. o M2 93f 9P485d, PEIESEOH LI r 48 18- oA RbASKLLh o1 phage

conprising a DNA sequence,, which codes for a surface exposed protein of
Moraxel | a~ Ctarrhatis, 32ld Protelm MiTg 2 FHPO Eid Seguerce as

shown in SfE@ |é|-PlCN@_l 1in%%@pg@rmt1mﬁca¢pirm 9561@&1115%%0@?%[) apel a
capacity o tive i ndi ng. menbr a ou r.soluble or
na?ural%& o%@fﬁ%ﬁ%dmﬁ x%r????gEEYa??yséikﬁ?}%%ﬂxg??ﬁafggtﬂ%?@%??eor an

i Munogeni coaund |gb-dohdbhg Ighgnentnafusal iy ppoterning varaantsi- 19. A

plasm d or @{Qg% éch@fnfdfé@ 2-DNA seguencer 1 r%cmﬁﬂggeﬁ% &

i mmunogeni c_or [1gD-1 Ing fragment of ~a surfacé exposed profein
defined i n B¥Rxikandingi Erroneagneht seb® DeodeirceedveniabEaxel | a

catarrhalis and f@s a g CRPREA tyr ObhaGd ecddpye] i ik ndli hign NBLRE &R&e bound or
so- luble IgDh, or naturally occurring or artificially nodi"15 fied variants
of sai&Ofrd@ﬁﬁﬂ@.c%ﬁﬁsﬁﬁﬁﬁa§%1Hm%Fn%%%@%ca%%OEQPﬁﬁl? iggafrirgoeRonpti - sing
a DNA sequesiceur i€ hegosiesd f proaaih nin@genhedoin tUHihi ndiwgiéragnment as

Whi h codes Yo RA | TG eH CoGhe ath TV F | Lbreht 26 41 18 FACE Bxposed
protein as defapmciin of aseldctimetn bindignentedanabe detedted so- Moraxel | a
catarrhal i sy 0k PASH | a,£apAchiy1 9y SELEFHING! ¥ PLPOL P ELYI P RSyt es and

15 fied variants of said fragment.

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 segquence, which codes for an immunogenic and
adhesive fragment of a surface exposed protein as 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 ox
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.



epithelial cells or naturally occurring or artificially 25 nodified
variants of said fragnment. 22. A plasm d or phage according to claim 21
conpri - swog3@o4esiA sequence, which codes for an inmunogenipCTsRM/0RMNes] ve
fragnent of a surface exposed protein as defined in claim5. 30 23. A non
human host conprising at |east one plasmd or phage as defined in any one
of claims 18-22, and capable of producikfg said protein or variants, or
said imunogenic or I gD binding fragment of said protein or variants, or
sai d i munogeni c 2andAaghesinpantnggRtiit mofle@8lsarcdmpraséing, awBNéh host is

chosen amMngebachet doar8askorand laals. Abos8anoshbrageoidt ig.ka claim 23,
which is E. coll. WO 03/004651 PCI/ SE02/ 01299 recombi nant DNA

mol ecul e coﬁﬁﬁléiﬁ&térﬁﬂﬁll§eqﬁéﬁéePé@&@ﬁ@‘P@Wl§93@ﬁ%§€€“€k§6§éh protein of

Mora- xel | aseaf@hclabkiss shsahndipr eEel nohaw ng ah a @Qeal@ %ol%@@q@&ce as
shown in SE% I.D. NO B %ﬁ aregﬁ nmol ecul,
P@ b

a D%'and a
capaci t y° of "saP8¢t e e MEPAT Qbﬁﬁdsﬁ e§5ﬂﬁﬁlg'F65
nat ural |y oocembriang bbundrbmfsoﬂabu¢ Towi, f ioed neauraitlly tieneofingooran

sequence | s e s AN rRe FL AV s R BEEE R et B o P
conpri si ng &¥DNAD §é@déﬁ§ef@@@m@@tf@ﬁ salidnpnetgem oxrorvangBisndi ng frag-

ment of a sypf; %emép%%aqe%%t §isn f%%e@eftlon%@lolt@leg geMel, which fragment
can be detected in Mraxella catarrhalis_ and has a capacity _of selectively

bi ndi ngtYrenbr ane 2BouAd FESCBP 188G PEY goleshlRatorRIiy 168 PRy or

artificiall geqiiegicki eddvag &S abharerihogehiieho qu@ﬂﬁﬁgf$r%@ﬁed to
i nant DNA nol e uIe acn%ﬁéfg ta c%gyan%

anot her gene. reco

conpr i Si g SBA e quBHEE T R S Se b dn 2
IgD—b|nd|ngwhna@némagmsndebane@elmeuemtm631nwmb¢thNAa samamnhahﬁstwed to
another gengy 2§, A, eGRIRLRING DNA I IRACHNS $A0RALY AR BN bound

15 or soluble IgD, or naturally occurring or artificially
modified variants thereof, which DNA sequence 1g fused to
another gene.

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

20 or IgD-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 naturally occurring or artificially
modified variants of said fragment, which DNA sequence is
fused to another 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-
quence as defined in any one of claims 25-29,.



sequence codi ng for an i munogeni ¢ and adhesi ve fragnent of a surface
exposed protein as defined in claim1, which 25 fragnment can be detected in
Mor axel | awoaBmo4shnl i s and has a capacity of selectively PCRSENZ01299
erythrocytes and epi- thelial cells, or naturally occurring or artificially
nodi fied variants of said fragment, which DNA sequence is fused to another
gene. 30 29. A reconbi nant DNA nol ecul egaccording to claim?28 conprising a
DNA sequence, which codes for an i mmunogenic and adhesive fragnent of a
surface exposed Pt otk momshgesn fhorl ¢ompy B ind, awhi ehs DNMS delrieedi s

fused to angtherggeng. a3pi30a MPLBSIH B O PRAYE LOHP'isi Agodehused DNA
se- quence as defined in any one of _clains 25-29. WO 03/004651

PCT/ SE02/ 013%9ng 48agieria noliehtred Roet2Refpri sing at | east one plasnid or
phggelas def;ged3iﬂ &'H&§E3Q%cMﬁﬁﬁﬂgh?§tci§ﬁﬁh9§ﬁnﬁh§@@ngsh@fteéiﬁ. yeast
and pl ants. . ost _according to claima3l I is E.coli. 5 33. A
fusion protein (ﬁ% poﬁxyﬁléf){'?]ae?rci%he%i%ﬁ %Of%%?%\g%:ée EXJp%s‘élalolPo?‘ ein of

Mor axel | a catafabdal ésposaddprpretiei of hdviage Bbha avdneraiadiseqeende as shown
in SEQ ID . an e u L gh 0 a apa- city
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protein by the use o? a recon%lnant ﬁmA nol ecul.e as_de- fined in claim?25.

15 34. 18 f uk¥Bn PEoRBLHTBLlBoPGPEBEiEE PR ARFERiGhL MY BoAbGRRFCYEF
| gD- bi ndi ngr{sag8eBheebod, sutf asei @XPAS§EN 1Pl 6teTgDabidel hgedragmehai m 1,

whi ch f t b - _tected | | t hal i hayi
Capaci Ly of SF <8R ok PEary 1Bi A K< HERDT anbs bOOR: BFC<BL 6 8P B or 20

natural | y opeoteingber thet ubecodl byraodinbiedntabNantslethéeeat, des conbi ned
with anothe£iHé8tghn09¥i&h§5use of a reconbi nant DNA nol ecul e as defi ned
26 )

' Clmf? 34. A fusion protein or polypeptide in which an im-
munogenic 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 membrane bound or soluble IgD, oxr

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 use of a recombinant DNA molecule as defined in
claim 27.

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 fusgion protein or polypeptide according to

claim 36 in which an immunogenic and adhesive fragment as



35. A fusion protein or polypeptide according to claim34 in which an

i munogeni ¢ or IgD-binding fragnent 25 as defined in claim3, is conbined
wi t h anotwero3fpewmsei n by the use of a reconbi nant DNA nol e®arSEaB0des i ned in
claim?27. 36. A fusion protein or polypeptide in which an im nunogenic and
adhesive fragnent of a surface exposed 30 protein as defined in claima1,

whi ch fragment can be detected in Mraeella catarrhalis and has a capacity

of selectively bindi nng erythrocytes and epit heI ial cells, or aturally
occurring d?‘efdrrﬁ i 1§10 e InAE SV HFD RRPENEF aBRRhEIRi BY conbi ned

wi th anot hedthdr@eidE by +deombitiee: afNR Meltorbl ®ans ONALnBl ecnl €lasmdef i ned
in claim28 37. A fusion protein or polypeptide according to claim36 in

whi ch an i n?n?,mogeni c and adhesive fragnent as WO 03/ 004651 PCT/ SE02/ 01299
49 defined in clzd mob, fusiconroddetn tin anotdiera pﬂemr‘éaoengpd>$eduse of a

[ pconb! Bant VA fID SEWS AR IPL1 D8CL o] AL M o 20q Blor&ihuRLOMngrafuct, 1N
i ch a’surface expose prot e 0 raxel | a cat sal protein
havi ng an aminm acid sequence as showm im SEQ ID N@ 1, ah apparent

mol ecul ar welght, 0f - 200; kbR 8RdsGo CRPACAAY Qfc§§£@§£¥vskyse@éegioglgenbrane
bound or sol ubl e Igh, or naturally oc- curring or artificially nodi

vari ants of W@%rfﬁe%r@’é?nbo‘éﬂ aft | ettt EP or OF gBRBHRAL MY PFagnent of

said protetir®inyabt oAt 6i£isigoyAl lﬁdﬂcﬂiﬂle@rv@ﬁléﬂysobheéalﬂ'egﬂs— bound to
a protein, carboh drate,or matri

o odn: SERP T 3 o alTBsEhks OP roh et BRtSheh? ¥8 SF1 80

defi ned 15prdsteeim|m2vaManhsf r agneotatant be, dgrebYednynok/heaxel | a
catarrhalis Mslha?uraﬁaggcétér%ms_gl e&é%ﬁ@k}ydpé{?% B9 m ?@g{ane bound or

squbIeIg[Sn | y oCcurring or Icia ed variants of
said fragnent, i¥9cd ﬁlaﬂsemller@uC‘byllan‘yhb@he@nn%@ws},noﬁ@ﬂh@ 5 &9Brot ein,

&ﬁ[éhZO bohydr 8l &5 OF rABLELK - 0#0a AubHsbeN-RpOLEEt pReeaidi BY Berehabm 39 in
5 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 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 claim 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.



an i nmmunogeni ¢ or 1 gD binding fragnent as defined in claim3 is
covalently, or by any other nmeans, bound to a protein, carbohydrate or
mat ri x. 2804%0045f usi on product in which an i mmunogeni c amrdTsao2/60ie3t ve
fragnent of a surface exposed protein as defined in claim2, which
fragnent can be detected in Miraxella catarrhalis and has a capacity of
sel ectively binding erythrocytes and epjthelial cells, or naturally
occurring 30 or artificially nodified variants of said fragnent, is
coval ent | y, or b3 arly ntierd meBrdet doutD t 1O W BRI @, SUEEFBRNGHEPAT e or

matrix. é§ é?%&@i£r893ﬁ§r££&PiglBgtéfkﬁéﬁ&@W4éa1@ #RbeBinanai-imynogeni ¢
e

and adheS|v nment  as Ined inclaim 35 5 1is covalentl , _or_by any
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PCT/ SE02/ 01299 m91 43u1 4y "Ré tOdeED@CKD@gam@Ehueapgcatyuofaselexpo- sed

protein of Nbraxella atarrhalis, rotein an Kd
sequenc® ast&¥ewA ?hnéiﬁﬁlfﬁﬁkfﬁnea O%Bg 22T Rty hﬁ% gﬁ? Oagbgngg¥ 200 kDa
and a capaclyyoetuseieg 5rtayehylbuamnygmuénﬁxadevbnuadtero§osabﬂe | gD, or
natural - |y _ocgcurring_or artlfl d n [ pr ot ein,

or an Innungﬁgﬁ?& Org¥gf9b hhx gp hé?eglﬁaéhg E$a8fendi ds

|ng ragnen rotecn or, variants,
optional |y babhél bedtend/ or vhoiattse aphaﬁﬂﬁ¥1Y1®ah§11ﬁdnépﬁ681bf det ecti ng

| gD usi ng a peggni Sr9% 1 gD-binding fragnent of a surface exposed
protein as eggﬁ g %ghc £?n12 whi ch fragnent can be detected in

Mor axell®@ cat arrh4tiB @ﬁﬁhﬁ@soﬁ @8556F%§90¥9@eP%6F9v@Py1mﬂpﬁﬂgﬁalﬁenbrane

bound or SObybhgnLHEthﬁgnékagﬁéhi 4% aceurrihog ekpaEEdfp&babhm.de|f|ed
variants of sa

fra nﬁ , optlg6 h]% | abel L ed_an /Oﬁe Q g Q& matrix.
45. A net hoebfnget éBt PAgINgD a¥Cdrdi Hg2PB Rl al R 42 ustng an | munogeni ¢ or
| gD- bi ndi ngvbrageent oktarshafiadee anexpased pepbeiinyobIMsedesitiiyedat arr hal i s
as defined F %Q cl ai %an%”%oﬁpﬁ_%&C%%iugﬁes%b%Ctb%eﬁéﬂﬁﬂ%$l@9 menbr ane
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bound or nat ura occurring o
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 method of separating IgD using a surface expo-
25 sed protein of Moraxella catarrhalis, said protein having
an amino acid sequence as 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 method 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-



ficially nodified variants of said protein, optionally I|abelled and/or
bound to a matrix. 46. A nethod of separating IgD using a surface expo- 25
sed pr ot eWwp 0dfo4ebr axel | a catarrhalis, said protein havi ngPCarsEaz®ig aci d
sequence as shown in SEQ ID NO 1, an appa- rent nol ecul ar wei ght of 200 kDa
and a capacity of selec- tively binding nmenbrane bound or soluble 1gD or

natural - |y occurring or artificially mudified variants of said 30 protein,
or an i munogeni c or |gD bindin fragnent of said protein or variants,
optional | y ®&eRENg 0B aﬁaiﬂikc:ta el Wrkupe? aof ngP1g0 ERng an

| mrunogeni Gndt ) @i&%%fgmn@oog BaSH{face exposed protein as
defined in claim 2, agrrent can_pe det ect ed ?Ifgl 35 Mor erI

catarrhalis and $as 9 R AR et FP BT ame* HBURE or
sol ubl e |gEhstgn@muimmmmbg@nﬂﬁ)@B/f@@@ﬁin&&ﬂéSEB&@&H@@QofSa surfaog or

artificially nodified varian sa opt i bound to a
i 11 x. 543 SRRSO OF S Lt VP FE LT (R 19 B st BN an
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or artifi c@éﬂ?l%@llhfe‘ﬂo@hﬁgﬂt’éaéiagﬁﬁ dopr et norepein. ARFLG™| abel | ed
and/ or boung;1p,a18BE11&a g,le;tlgr Bo{{ﬁah@g afpaspiation of a surface exposed
pro- tein of I\/braxella C%cﬁﬁ{@f said pl‘ﬁtEIn havi ng an (ﬂ1no acid
sequenc® as showh’in® 115%415‘%1)%%% t2 TOTeRTF ar*He? ght PP~ 200 kDa
and a F?paCtéynO£fSmbﬁ@keyBéyca?aﬁﬂhﬂglﬁﬁnﬁaﬁﬁepbohﬁﬂnohasbhgbhﬁ | gD, or
naturally oc 15 currin artifici 119) ed_ variants_o ro-
tein, or an Tﬁ%n%ﬁ%ﬁ %e%l};e]l'lgf}% ﬁ%ﬁxf %% %%%tfl%fﬁéa?d §n ; égkgng

vari ants sraobleuelandweughhefngot)hbDatepé aa¢als@|<b}*eztoﬁgsalsQSpEﬁévon of

Vor axe | @ CcBLARLD lllnémb{”gnénbgéﬁiiag:' Qalﬁfé?éeﬁDbyo?dﬂéﬁgrélZ%‘ bterionic or

non- 20 ionic rgent t1ona resence applylng
the extlfactCeBHBRESPHGATRE +@mbmdmﬁ@lfled Pvariants of said

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 procesg by adding a zwitterionic or non-

20 ilonic 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;

c) 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 Empigen®,
n-Octyl-f-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. A method for treatment of an autoimmune disease
comprising extra corporal circulation of the blood
through a material comprising a surface exposed protein

35 as defined in claim 1, or a fragment thereof as defined

in claims 2 or 3, for removal of IgD from the blood.



protein of Moraxella catarrhalis fromstep a) to an ad- sorption columm; c)
eluating the 1gh-binding protein; and 25 d) separating the |1gD binding
protein. %0.03/00488t hod according to claim49, wherein the aeT/SEer/gem is
selected fromthe group conprising Enpigen , n-Cctyl-(3-D glucoside and
Triton X-100+0, 01M EDTA.. 51. A nethod according to claim49 or 50, wherein
30 the concentration of the detergent igzstep a) is within the range of
0,1-5% preferably about 3% 52. A nethod for treatnent of an autoi mune
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55. A purified antibody according to claim 48, which
15 ig specific to an immunogenic or adhesive fragment as
defined in claim 5, having a capacity of binding eryth-

rocytes and epithelial cells.



