PROTEIN F - A NOVEL HAEMOPHI LUS | NFLUENZAE ADHESIN WTH LAM NI N AND

VI TRONECTI N Bl NDI NG PROPERTI ES Field of the invention The present

i nventi orwoebst®ssi2to a | am nin and vitronectin bindi ng pPCOISERN 2050503
adhesi ve properties (protein F;, pF), a virulence factor, which can be found
i n Haenophilus influenzae. The present invention further relates to
5vacci ne conpositions conprising protein F. Background of the invention
Bot h Haenophi |l us i nfluenzae type b (H b) and nontypeable H influenzae
(NTHi ) cause a variety of diseases in children and in adults. Hi b causes
bacterial nmeningitis and other invasive infections in children under the 10
age of 4 years, whereas NTH has been isolated fromcases of otitis nedia,
sinusitis, epi gPRATEINSE WN@%WOHFHLUSHNWEaABHESMﬂWVbT&mse
neonat al sepsis. Ther )

against NTH, but a n 2 g6 = These
vacci nes consist of the H b capsular polysaccharlde polyrlbosyl ribitol

phosphate, 15 conjugated to various protein carriers (nmeningococcal outer
menbr ane conpféﬂlgigﬁéﬂﬁg_ﬂﬁkoid nont oxi ¢ mutant di phtheria toxin, or

di pht her | a t oxol d) The PUEIRATRriioR reRAks td@wﬁ.nfregﬁ@wﬁ;ﬁe@uﬁwh@r

pol ysaccharide in children younger than nont hs of age. H influenzae
outer nenbr an@rqiewtwﬂmgdbmpr@p@tlass érUOtemﬁ, 0E) calvirdepee faater, whictogan
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host anti bodi e ow n nfections es to
P2, P4, P% andc@ﬁeanmp@sﬂi&nEIManMrm prdteimd-.been tested in in vivo

protection an i&l Vitro tgacteri i dal assays agai nst H influenzae

i nfections, wééﬁ—%ﬁgﬁ%@%—rl—g—gﬁ—' NEN p4, and P6 showi ng biol ogi cal activity
agai nst bot h honol BQWﬁaa%dmemg@a@web@ﬂiw%ﬂaaﬁ;rﬁw@mH The 25

| ack of heterol ogous protection fromantibodies to other OWs is partly due

to the anti getiiéCargeiNTHy) causeresiqly of eiseasemtheniren andnr apults. H’f“puenzae
strains. An i gg@ée@@éét?ﬁé‘l rﬂHﬁlthtf%%rﬁ‘:f 6’t'h§r Pﬁa@%hn@éﬁ%?ﬂwz(_?rﬂllg‘é&? ngﬁgért g al

surface and antigenica conserved. For exanpl e, | rane
protein (1ot egeof2 \oars, h/alneneQS\MH-éll hasdbean isblated frandcases @‘mtitleaneejna

Cequenced, -andneRbenePRE, oikfinaBiehBhRB, ST pRET e A Bt BR e
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the ECM of mappgdist oftthe H.b%@ymapb@ty@be@nérmt pbgv@obﬂtrrb.t%t bH@épmaaé and

adhesive functions (e.g. lamnin, | agens, el astin
gl ycosami hogl 9@@1H§a’t€|ﬁ5atp \@ar@urslnﬁqz@m P@r rlﬁf%ﬁé@ﬂ@@l%@%d ﬁétq’f csrrlembrane comp-
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structure of tirssue, IS |n\/ InTreg ,
di fferenti ati omercongy tiei weak pmmbnéeesqmmm tosdmsala@l)sacummd@ln dhalcran i al
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(OMPs) are also considered to be carriers of polyribosyl ribitol phosphate sin-

20  ce they are shown to be targets of host antibodies following Hib and NTHi
infections. Antibodies to OMPs P1, P2, P4, P5, and P6 and a 98-kDa protein
have been tested in in vivo protection and in vitro bactericidal assays against
H. influenzae infections, with antibodies to P1, P4, and P6 showing biological
activity against both homologous and heterologous H. influenzae strains. The

25 lack of heterologous protection from antibodies to other OMPs is partly due to
the antigenic diversity of these proteins among different H. influenzae strains.
An ideal antigen must therefore be both exposed on the bacterial surface and

antigenically well conserved. For example, 42-kDa membrane protein (protein



15 circunstances. However, after tissue damage due to a mechanical or
chemcal injury or a bacterial/viral infection through the activity of

t oxi ns amolytys4mzynes, the pat hogen may gai n access PQTISE201EGS03
Laminins are a famly of heterotrineric, large crucifornmed shaped

gl ycoprotei ns of approximately 400-900 kDa cons iting of a a, 13, and y
chain 20[ Nguyen 2006]. There are differemt a, 13, and y chains and these

conbine into different lamnin isoforns. The major role of lamnin for the
epi t hel i um i sDy ¢hatrie madely slistabutedians antigenicadrpoanerveganeeny bptt Hbgamd bi nd
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secreted into Flg@@ [for a review see Singh et al., 2010b]. Most of the
circul ating vPtr tinin blood is a nononer (65 and 75 kDa), whereas the

extravascug ar cel | Apquiggl é’tbbr@NﬂTHll thégeihe@ﬁw %ldm%rer\dettrofmé%uébsas found at
a high concentration in and is 30al so present in

di ff erent hunaﬁsemggh@@mman@.a@elﬂarﬂn@ emra@ﬁlwirﬁ@@lxdE&M}as'@wmlm n liver,
tonsil dUOdePfé@seé‘%f"‘HaccmrﬁSI're%P@s B e tr‘?é‘EC'I\NBBFHn%ﬁHI%S the fibrou

\ﬁtronecti n plays a cruci e in many biologica rocesses mcfudi ng
cell mgrati oprotamsetbame\mmtar&jnwgﬁabam@apnewe@mmoes (alg. Jami®98] . The 3

act i vat or - ur oRPdesRpBEY el Anfi e YRR N BT BRRE R o8 T IEISane

i ntegrin t@cep tiesforra oﬁipp@trebgtytahd;lg—lahawamogemptrhe\mmmwmzésamel nvol ved
et e e I T
det erm nant i giffePEmRRiont hﬁgr%'h@ﬁeﬁr%ﬂferét‘ﬁm tdha Pb #ld strZ@d@l Bacterial I'N
addition to being a conponent of ronectin is involved in

regul ati on of inter@ctien WlftﬁﬁheﬁﬁMW%ﬁ%@ﬁﬁﬁéW@ﬂe %@Q'Q@?a’@ﬁﬂ pbhostnit the
self-reactivi rﬁc}% { he menbr ane
attack 10 corr%#l%fs( bﬂ@)thlgs%%l\ﬁééeﬁgg%é%ﬁ%f hed:‘%{ in ql??{r@r S nmenbr ane

protein CCb9 aincumstancasctiowevef, eftentssuendémads dukdoGhezhaninplax at its

menbr ane- b|nd| site.and thereby inhibits.th t|o f the.conmpl ex
o the cor chgmial il Sera BeGRal e bR Brotgt e Aty RS RRIEY | e
and lysis of tyie epelymeRl m&@étﬁdgéﬁmﬁgélﬂraccéggﬂdthel IBCl\/he presence of
vitronectin, b-7 complex is 15 still able to bind C8 and C9 to form C5b-8

and C5b-9 corrpl exeka'ﬁ‘lﬂ'w REe pdamdy of betesplrimaric larga arweiarmed shapedonect i n
bl'ocks pore- fgrﬂggﬂat&%mb&?@fm% ho&DoRYk eéhagn%?%loa%c [pPaRbS N et

al ., 1986& ition to Ize vitronectin as a ge for dttachnent
to epithek al [ biguysn 2086k Talerg are diferention dl, @idngchaimé and éhedet eambigeiintoas an

efficient complRIEN A FGaH"&8md Ofnd MAI bl 18hitiRFoMAS ddithelium is to
anchor cells to the basal membrane. Several pathogens bind laminin, for
example, Mycobacterium tuberculosis [Kinhikar et al., 2006] and Moraxella
catarrhalis [Tan et al. 20086].

25 Vitronectin is another important component of the ECM, and is
synthesized in the liver and secreted into plasma [for a review see Singh et
al., 2010b]. Most of the circulating vitronectin in blood is a monomer (65 and
75 kDa), whereas the extravascular cell-bound vitronectin is a multimer.
Vitronectin is found at a high concentration in plasma (200-700 pug/ml), and is

30 also present in different human tissues. Particularly high amounts are
observed in liver, tonsil, duodenum, heart, skeletal muscle, and lung tissues.

Vitronectin plays a crucial role in many biological processes including
cell migration, adhesion and angiogenesis [Preissner et al., 1998]. The



20order to increase survival in human serum [Singh et al., 2010b]. Several
bacterial outer nenbrane proteins, anongst others, M catarrhalis

ubi qui t owsoxrdEer1protei n (UspA2) [Singh et al., 2010] pamsERb12i0sfshzienzae
protein E[HallstrOmnet al. 2009] have recently been shown to interact with
vitronectin. In W2007/084053 a surface exposed protein nammed protein E,
25 which protein can be detected in Haenoghilus influenzae, is described.
Protein E is an adhesin and al so binds vitronectin [ Ronander 2009,

Hal | st r Om 2009)teragtiomnef yitwhectie withvibaturekinase plassvnegen a@tiwaé@rt—urtqkmasa

1 wenzae hag hanolauae [fane SHER @eAQlERR] BnERUSE PhIA FRIEANSSIY (e

upper and | o arrent n vaccl hes that
can be used aggiansof tHe plaﬁmmgea@ctlvatlon syldtemanwoloéd irheldpisssie rdegragaitn on

has therefore been to further. stud y i ch 4. influenza

o r ot o i L I ERILSy ATk SR TR R wo Rl b d e e B ARem

Lo be abl &5 L oviichbie iflof2Rlioh YD kel cRtérhbEInYRARIGaRIBIcIBESE [Sfith wenzae
ACCOfdln to one aSpeCt e present |nvent|0n prOVIdeS a Surface

exposed prot eBh, Z8Hlch can be det ect ed in Haenophilus influenzae, having 5

an amno acid fsequﬁ{‘&(?ru%ﬁ% b géeorﬁgE]Héﬁ‘tC& th® B ditroREch I/ iRYETEY in

t hereof, wherein t agnent ¢ an am no acid sequence haV| ng a
| east 15 cont reguatsorani the taonids! paﬂmmayhzf canmmemeot actg@dpoertoérmh‘thsaglfm NQ

1 which f (if . : | ' ' f

L op o PRSP nSle BHALEE. FRualR LB b hur e
101. 10 Ac com@imqmmymmr canfrecof thbetwpnalsubnbrsi mweaﬂb;rfalt@@ pmtem}©ls9a
vacci ne conposi tion CO In n 0 e surrt.a
exposed pr ot QPROARERTEH RV S GrE FES IARNAP- 7 ot Sl msoanecaiadngn
Haenophi | us i gfé éﬁaiﬁ@rebﬁrﬁ%@é ﬂ‘\eﬂi@usbﬂloﬁ dfUhé RBMPASPRES tHdGeIPMBafthne.

i nvention prOVI des a vaccCi ne conp03| i on COHEFISIn an |nnunogen|c proteln

of the based &'heth@repfom@thr@’rﬁyTQiWéHN@&iﬁel iited&ng lysie obthereele of t he
e by ofRA BTN ook 38 0 oSERLB My bt ccBgor-beIse o
am no aciths i ntilpeblettodond CBlarat C9 to form C5b-8 and C5b-9 complexes but the latter
is non-lytic. Furthermore, vitronectin blocks pore-forming polymerization of C9
by binding C5b-9 [Preissner et al., 1985 ]. In addition to utilize vitronectin as a
bridge for attachment to epithelial cells, several pathogens including NTHi use
vitronectin as an efficient complement regulator for inhibition of the MAC in
20 order to increase survival in human serum [Singh et al., 2010b]. Several
bacterial outer membrane proteins, amongst others, M. catarrhalis ubiquitous
surface protein (UspA2) [Singh et al., 2010] and H. influenzae protein E
[Hallstrém et al. 2009] have recently been shown to interact with vitronectin.
In WO2007/084053 a surface exposed protein namned protein E,
25 which protein can be detected in Haemophilus influenzae, is described.
Protein E is an adhesin and also binds vitronectin [Ronander 2009, Hallstrém
2009].

Summary of the invention

In view of the fact that H. influenzae has been found to be such a
30 leading cause of infections in the upper and lower airways, there is a current
need to develop vaccines that can be used against H. influenzae.
The aim of the present invention has therefore been to further study
the way which way H. influenzae interacts with cells in the body and interacts



20 1-22 of SEQ ID No. 1 have been replaced by a sequence of 0-11 or 0-22
optional am no acids. According to a further aspect the present

i nvent i orwprowderia vacci ne composition conprising peptCUsSEbEZiosFoaN amnm no
aci d sequence according to Sequence ID NO 2, or a fragment, wherein the
fragnent conprises an am no 25 acid sequence having at |east 15 contiguous
am no acids fromthe am no acid sequence e&f SEQ ID NO 2 which fragnment (if
necessary when coupled to a carrier) is capable of raising an i mune
response whi cwithébednimses syséerpoloypepbiede mpvige@ newNipeof @idedivei vagerne

still a furthg aPRPECS nffugﬂzé’ esent invention provides a 30 vaccine
conposition COIE']rprl Si hg i de having an am no acid sequence according to

Sequence ID NO 3, Aocorailrig’agmaspam;eMprresdam ihvegieenprovigsra sesacn am no
aci d sequence _havin cﬁgogel east 15 conti no aél ds.fromthe am no acid

sequence of SEP?PS RV I?W‘?%%HF Ked | %’E’QQ WS NHER D IRVE to a

carrier) is canaphifo@cid %@Jéiﬁ:eaébdoﬁ@!mg% 'S%%Q@ﬁ@é*IIWNcph bFeGeHYnseR t he
pol ypeptide of SEQ ID NGO 3 According to yet a further aspect the

bresent. i nventRChIBETIBdNE fAgMaNt SOMAMSSSIAN FRNCHARIF Servignes b@wag
having an am [B%ls‘f‘%%oﬁﬁ?b‘@u@gmﬁwc?‘gﬁ%Wo’f‘@tﬁeoarﬁ?rﬂy&ﬂa ghgeﬁl% of SEQ]

fragnment, wherein the conprises an am no aci d 'sequence haV| ng at
| east 15 cont f\@lohwhmimfragl’aemﬂﬁ rfecessalyeviaen noupiet do @e&m&m)es ofipdHQof D NO 4

faising an | minEoACHERGE YasteiRe SREN Pl BeieBin Be BRERPMONG o

10Accordif@y ta. a further aspect the present invention provides a vaccine

conposi tion conpri epti de having an am no. aci d sequence according to
Seduence 1D Nor 5, Agroramd KEadifer SRt prBeT kyeBhen BUNGIFS 2426 o

aci d Sequencecbﬁ?{)bgﬁloﬁtco'nﬁ#ﬁstin 5n¢rﬁﬁ$drﬂ>§@l4& fREBrAEN ST tHE sUH’@BéTeB@o@éﬂl no acid
sequence of SE h Tragnent (if necessary when 15coupled to a

carrier) is carﬁglnea@ordlagéo elpinanl, iwhieh agespb aae baleiacteddo graeseeohilys
pol ypeptide of, ff?’égzéé) NO 5. According to another aspect the present
i nvention providés a vacci ne conposition conprising a peptide having an
am no acith sequencé\cacrtddngjior@furmesmpentmel dDebiint iByertdrongoror BpsENYacomesr ei n
the fragment &SR0 I Sition & comprlsmg an immunogenic protein of the based on the protein
mentioned above, wherein one or more of the amino acids in position 1-11 or
1-22 of SEQ ID No. 1 have been deleted or replaced by one or more amino
acids. In one embodiment one or more of the amino acids in position 1-11 or
20 1-22 of SEQ ID No. 1 have been replaced by a sequence of 0-11 or 0-22
optional amino acids.

According to a further aspect the present invention provides a vaccine
composition comprising peptide having an amino acid sequence according to
Sequence ID NO: 2, or a fragment, wherein the fragment comprises an amino

25 acid sequence having at least 15 contiguous amino acids from the amino acid
sequence of SEQ ID NO:2 which fragment (if necessary when coupled to a
carrier) is capable of raising an immune response which recognises the
polypeptide of SEQ ID NO:2.

According to still a further aspect the present invention provides a

30  vaccine composition comprising a peptide having an amino acid sequence
according to Sequence ID NO: 3, or a fragment, wherein the fragment
comprises an amino acid sequence having at least 15 contiguous amino

acids from the amino acid sequence of SEQ ID NO:3 which fragment (if



20 am no acid sequence having at |east 15 contiguous am no acids fromthe
am no aci d sequence of SEQ ID NG 6 which fragment (if necessary when

coupl ed twoaorarssizer) is capable of raising an i nmmune r @spGESE 205I50H
recogni ses the polypeptide of SEQ ID NGO 6. According to still a further
aspect the present invention provides a 25 vaccine conposition conprising a
peptide having an am no acid sequence accading to Sequence ID NO 7, or a
fragnent, wherein the fragnent conprises an am no acid sequence havi ng at

| east 15 cont hgmrﬁmhe@ ereiptRe for @ parries) isrampabisc pioraésiogiend@nNBineSEQ | D NO. 7

hi ch 1 agrente oo BSARER AL FR SRS |BNoTs capabl e o

rai sing an i nmi respons I'ses e pol'ypeptide of SEQ ID
NO 7. Accor dMgortdmgatmyéteImeeasped:teherpesmm invergiohippavidesai des a
vacci ne conpositi.on conprisin t| de havi ng.an amno aci d sequence
necor di ng. 16 BRerIBRCBTBSHEN EriRFas priapaR (AR PRI GOt SEEACS

conpri ses &N g6cEdl o@é@&%ﬁ@ﬂ@ hfawagrag&n rRawhefdin @frbgmens am no
acids fromthe am no aC|d sequence of SE NO 8 which fragment (if

necessary V\heﬁo@@ﬂﬁ%ént%n'éloc%*q sesyence Q@/ﬁa@)able@ﬁt 12CeNtiGHGHS AMiRAhe
response whi CBClH‘%frﬁQH'tﬁ@énﬁﬁt?a%' %hbé’%f%fEé?ﬁQNCPﬂ% iBh fraOhEMt {9 to yet

a further aspect e present Invention provides a vaccine conposition
conprising a pepesshsy Wenmpuptechto acautsrpissiepabecef raesing anngmuneSequence | D

naving at | eabitrpniPalEbint e B S RN a Sequence of
SEQ I D NO® whi ch Acegriiy td a furlibrespesatng prasentinvgrtioh proviiesar vaddine | s

capabl e of raising an i nmune. respon ich reco ni ses t he pol de of
PR LR A TR e M ST eI A R e

provi des a Va&?B@Qué@é@FﬁN@@dﬁ% NocyrﬁéﬁtgwﬁleP@ththQ%a@ﬁﬁérﬁ@oﬁfbr%%% acid
sequence according to Sequence | , or a fragnment, wherein the

fragnent conpAMies agi mt@ﬂm@amgcatd@aﬂé&@ombgmug aatinp @gids ftendbat i guous

am no aci ds fhamg %ﬁ ggéaogu%néé'o‘f' S'E?ﬂ')iﬁrl\ﬁﬁ 5%hu§ﬁf§ajgﬁ14}@ Hﬁ?me\é@ésfé?}/fv&r?e%”e”t (if

necessary when cou a carrier) is capa rai'sing an 1 nmune
response ¥hi choupleddoiasesriet)es papg@emfraiemgfarﬁiﬁ@nhﬂe NeskihseAgloiohdi ng to

another aspect, {10 RIGRE Mol bhtas o7 SEY W'Nt5s, 2 vacei ne
According to another aspect the present invention provides a vaccine
composition comprising a peptide having an amino acid sequence according
to Sequence ID NO: 6, or a fragment, wherein the fragment comprises an
20 amino acid sequence having at least 15 contiguous amino acids from the
amino acid sequence of SEQ ID NO:6 which fragment (if necessary when
coupled to a carrier) is capable of raising an immune response which
recognises the polypeptide of SEQ ID NO:6.
According to still a further aspect the present invention provides a
25  vaccine composition comprising a peptide having an amino acid sequence
according to Sequence ID NO: 7, or a fragment, wherein the fragment
comprises an amino acid sequence having at least 15 contiguous amino
acids from the amino acid sequence of SEQ ID NO:7 which fragment (if
necessary when coupled to a carrier) is capable of raising an immune
30 response which recognises the polypeptide of SEQ ID NO:7.
According to another aspect the present invention provides a vaccine
composition comprising a peptide having an amino acid sequence according
to Sequence ID NO: 8, or a fragment, wherein the fragment comprises an



20 conposition conprising a peptide having an am no acid sequence accordi ng
to Sequence ID NO 11, or a fragnent, wherein the fragnment conprises an

am no aciwoeruesre having at | east 15 contiguous an noPatis#EsoiRosiFni he

am no acid sequence of SEQ ID NO 11 which fragnent (if necessary when
coupled to a carrier) is capable of raising an i mune response which
25recogni ses the pol ypeptide of SEQ I D NO&L1. According to still a
further aspect the present invention provides a vaccine ¢ osition
conprising a gerrm geidreeguetca maxifigy Iaaﬁd%@%ﬂmmmoe@% fremdequence 1D

NGO 12, or a F.ﬁg?’g N

sequence having a P s%%égégﬁﬁ%%s am’\&}@%@%ﬂgﬁ%ﬁ ?;ﬁgﬁqg%%gy% g‘o aci d
sequenc)e of SEQJ%IPdNﬁ)falc%rnibn)c@cépakgemﬁral(slng aremsaﬁyesmh eowhiphed ':ﬁ a
carrier) is capable o response i ch recogni ses e
pol ypepti de of ©89'58S tRe %f'% f%@@&\ﬁﬁ%ng to a further aspect the
present irgention Ab@&ﬂdﬂﬂftoayét@ﬁirﬂh@r 89pB&hé ippEsciRMRfdrdioABravinesti de
havi ng an am no aci d sequence according to Sequence ID NO 13, or a

fragnent, Meweﬁsmn@ﬁem&@mﬁommmg SEEPYHCAMVITG At POIRRGERRIREGENg at
| east 15 cont Lglgus %‘é’%ec RS Df N8t BPa?rag{ﬁ%éJﬁt\%éFéuﬁ?r%ﬁQ feff SEQ ID

NG 13 whi ch fragnment essary whéen O a carriery 1s capable of
rai sing an i mmrlsespomnMMSe@mm ading bBelepst Ypepniigioust arBiEQ | D

NO 13. r vi des a
vacoi e compodr oo BT ERges SaERGS of 5T M SR TR ence

accordi ng1@d0 hecé‘wwymgenldauysi@dtbﬂacamea) ‘srcwmbl ¥ of refirigan imfrurfer agnment g
conprises an am no acid sequence havin east uous am no acids
fromthe am nbe%néeé’\ét?j% abys W@pi' Scﬁ%i“ﬁMt (if necessary
when coupled to a Agkéd CQtd éf&ﬁﬁ@s@e@f the3rebast iflehtiTRNSVIRSRPRS&IMdI ch
recogni ses the pol ypepti D NO 14. 15According to one aspect the

present i nvenﬁpmﬁoéktl@mC@@@%'%@@Q@édeéﬁww an aminaPAissiongnee acearsindne
di-, tri- or [B’? hcd Dﬁld’rﬂ)t %‘r% fpé&rﬁéﬁtg%'é?elf?%é’?rgpﬂ%n BoHPT4ES an

According to a er aspect the present’invention provi vacci ne
conposi tithm aecmmcojamgi SG:quaboe@avfngratheastckﬁnq;mnt@ungscanreanoracrdsrfeom the

20phar mmceut | Gl RGOS BhEE of Y B YU By i BpBRb SRS
agents, or trapgpleattbarcdrast)lis tapale of PABRGHISimmune response which
recognises the polypeptide of SEQ ID NO:10.

According to another aspect the present invention provides a vaccine

20 composition comprising a peptide having an amino acid sequence according
to Sequence ID NO: 11, or a fragment, wherein the fragment comprises an
amino acid sequence having at least 15 contiguous amino acids from the
amino acid sequence of SEQ ID NO:11 which fragment (if necessary when
coupled to a carrier) is capable of raising an immune response which

25 recognises the polypeptide of SEQ ID NO:11.

According to still a further aspect the present invention provides a
vaccine composition comprising a peptide having an amino acid sequence
according to Sequence ID NO: 12, or a fragment, wherein the fragment
comprises an amino acid sequence having at least 15 contiguous amino

30 acids from the amino acid sequence of SEQ ID NO:12 which fragment (if
necessary when coupled to a carrier) is capable of raising an immune
response which recognises the polypeptide of SEQ ID NO:12.



I n anot her aspect the present invention provides a vaccine conposition
according to above, conprising at |east one further vaccine. 25According to
a furtherwepexits4izhe present invention provides a vacci RETSERERSFESIDN
according to above, conprising an i munogeni ¢ portion of another nol ecul e.
According to a further aspect the present invention provides a vaccine
conposition as descri bed above, wherein tlre i mmunogenic portion of another
30nol ecul e is chosen fromthe group conprising Protein D, pilA or protein E
of H influenzae, REopreingisr aféthes aspeat theairesentispetiasy proyisies yaddnexel | a

catarrhalis, - aj LL.atar t hogen
Found 1 hunmaa 8P Sh SN aeptiahbeling it af BRE 858 b e Sbeliite
present invento 8eqpensae HEdCG VA ociafeagranto sieran tihe frpghsntgompnises @nc aci d
sequence encoding a protein or fra nt descri bed above | as
ool ogues.  paMd AR SreTge e Adsash i S oS AR ecds Evdgne

SAccor di ngs t 0aa1NY BEld fRRAEe I0hSHT HS NT: 18N WISIBH FAYKR\if ABBeSsar pWHeme
conposi tion conprising a reconbinant nucl eic acid sequence conprising a
nucl ei ¢ aci d Sedpliedde aLarBeniingararlgbiaIsIngAREINMYNG eSS WhiCheast

anot her gene. &Q@Q]r ' t idefHSEE t the present invention
provi des a 10\r/ac I rll%lsggﬁﬁ%ll ti ggeé{grrprl é?ﬁ]\ggg%m asm d or phage conprising a
nucl ei ¢ aci d sequeAceoralingltesandtbedasrnt éhe present iyeatidn povides atvagoioeher

e o ESRMhal BLRA RL N5 Rl REh DS RGBSR TR P °
capabl e of0 pr esi8equgnee [ NGk 1, oF affragment whereis the fragaieed cebpriges shi ch
further aspecfiTBaCESEHE PRGN I 18P SIS BLOHE ATHEO SEBPTH bR -
conprising a BRfho asicdRfiches éf FFQY I NH12hythieh Fraghfdrit (if necessaf GHehi N9 to
a further aspect the present invention provides a vaccine conposition
conprising a FOYpI6A tpiEciasTien)ds CaRARIp@HTAIEeg aMiMINLBG resRAMseaVinicer 20
STt ocol AR PR BRI NG e2st anotfer o oteln by

15 According to one aspect the present invention provides a vaccine
composition comprising at least one di-, tri- or multimer of a protein or
fragment according to above.

According to a further aspect the present invention provides a vaccine
composition according to above, further comprising one or more

20 pharmaceutically acceptable adjuvants, vehicles, excipients, binders, carriers,
preservatives, buffering agents, emulsifying agents, wetting agents, or
transfection facilitating compounds.

In another aspect the present invention provides a vaccine composition
according to above, comprising at least one further vaccine.

25 According to a further aspect the present invention provides a vaccine
composition according to above, comprising an immunogenic portion of
another molecule.

According to a further aspect the present invention provides a vaccine
composition as described above, wherein the immunogenic portion of another

30 molecule is chosen from the group comprising Protein D, pilA or protein E of
H. influenzae, MID of Moraxella catarrhalis, UspA1 or UspA2 of Moraxella
catarrhalis, and outer membrane protein of any respiratory tract pathogen

found in humans or animals.



Accordi ng to anot her aspect the present invention provides a vaccine
conposition conprising a fusion protein according to above, which is a di-,
tri or mwoOi2oeyisefz1a protein or fragnent as mentioned alPoTSE202480308 di ng to
one aspect the present invention provides a vaccine conposition conprising
a fusion product, in which a protein or fragment or peptide according to
above is covalently, or by any other nmeang bound to a protein,
carbohydrate or matri x. According to another aspect the present invention
provi des a vacci neAgoeeindisi @ fuither @sperkinggprasentsoventsn povigesa vakeine

g e _ P o | iy to th
ani ho a0 d seqauRegtBR oR AR EMCHoBRRERnbE Ehpalneid 8% b hor 1.
9 Accordi ng t fragmient belesasiped bbove gu wskat homaodues) pohororbisnss, vacci ne

conposition ¢ risi an isol ated po eptide as clained in claim31 in
whi ch the ani gB%‘?r@?%eﬁnu%ﬁeléC%\é@' Sh@?&t 95% i dentity to the amino acid

sequence of SEQ | DANdrHindRE&eStHENSsSatt s predert ivehtias PReidéd g vBeepent
i nvention provides a vaccl ne _conposition as described above conprising the

amino aci d seGREROEItIEN CSEPriSArecombinant pElBICRMG SEeUBNGUFRRENSIAFect t he

present invent|,QR; [ ' ki - i d
Dol ypept i de- of SRS TR Ko ARG HNE, WARTSTRCEIIR @8 Ao
i nvention progedes a vacci ne conposition as descri bed above, wherein the

"o ohe enbodi ment. RSB iA HEER 3PS 0k Blesert Phveliinl o HEBER: 1 on
conpri si Nt anvaseine egapositiohagmrising aplasriddorgrhayd comadsidg Enusisio et

having at | east 15 contiguous arg) no acids fromthe am no acid sequence of
SEQ ID NO 1 of®RyeiR& #ed %@%@ﬁ Y€ as described above, which fragnent (if

necessary when coupkgsrdiy B Fat'drictidr dspeetbbreseht ihgestidiip@Niddaaine
response whi ch recogni ses the pol ypeptide of SEQ ID NO 1 (or the
pol ypepti de a¥aerise cPRR@SHBOGOMpPrEsipe atnopehyman st eorvppsibo@t dfashiongi ng
20vitronecti np%%%ib%%&idﬂwg to above and capable of producing a protein or fragment

15 as mentioned above, which host is chosen among bacteria, yeast and plants.

According to a further aspect the present invention provides a vaccine
composition comprising a host as described above, which is E. coli.

According to a further aspect the present invention provides a vaccine
composition comprising a fusion protein or polypeptide, in which a protein or

20 fragment according to above is combined with at least another protein by the
use of a recombinant nucleic acid sequence as mentioned above.

According to another aspect the present invention provides a vaccine
composition comprising a fusion protein according to above, which is a di-, tri
or multimer of a protein or fragment as mentioned above.

25 According to one aspect the present invention provides a vaccine
composition comprising a fusion product, in which a protein or fragment or
peptide according to above is covalently, or by any other means, bound to a
protein, carbohydrate or matrix.

According to another aspect the present invention provides a vaccine

30 composition comprising an isolated polypeptide comprising an amino acid
sequence which has at least 85% identity to the amino acid sequence of SEQ
ID NO:1 over the entire length of SEQ ID NO:1.



According to a further aspect the present invention provides a vaccine
conposition conprising a pol ypeptide or an i mmunogeni c fragnent as

descri bedvahoweis4iser ei n sai d pol ypeptide or said i nmunegesiEeeoiosgnent is
part of a larger fusion protein. 25According to anot her aspect the present
i nvention provides a vacci ne conposition conprising an isol ated

pol ynucl eoti de encodi ng a pol ypepti de or @ i munogeni c fragnent as

descri bed above. According to a further aspect the present invention

provi des a vacci neAcepdy) td afurwf@spschieaesel invetiqroprpnidesebyachine
Cenet 85001 dehbr PSS BTt SR IR NI B U AR SR 4B 2T o
entire | engt hwbichSB® arbini@cld sequenceucaeat iedst 3&%Lidantity ot emimd acid t o
said isol ated pol ynucl pde. 1 Accordi ng to anot her aspect the
present i nven?gﬂ%g%epgf?%%@qﬁ NQC& ne conposition conprising an isol ated
pol ynucl ecd i de conmpetsiditg @ yatd Rethiefl @spestur8 predditinfemtiontpro@ass a85%
identity to a nucleotide sequence encoding a pol ypeptide of SEQ ID NO 1

over the enti VBC@BAICARPOSHICHAS dosciibrd@boyei e isig Bifcamivnptie $eALERSE t o
sai d isol at ed pgEisNepY i de. According to yet a further aspect the
present invention provides a vaccine conposition conprising an isolated

pol ynucl eot i de whi Ahcersing icsa furthenaspeot theepreeenisneenticn provives aavataast 85%

identity to th f.. | : t : | .SEQ ID NO 15;
or 5 nutl eot i AeMBES BRI A iR P G B By et ot de.
Accor di ngi® o anot haccasiiresto alsther asgat the petieind mventisn pesvidey acaicoige

conposition as described above in which the identity of the isol ated
oot eot i dBOTBOSkIoN At doaHBEt GDSED WhE IR U5 PoNPERE IR AsHEa! e

present invenpepfidd(Mindescids Y3 INSELPAPMYS] tion conprising an isolated
pol ynucl eoti de conprising a nucl eotide sequence encodi ng the pol ypeptide of
SEQ ID NO 1, or alh prergiwgsiimentthagiresentdsveriingy prosigiesisovaccine

According to ) - ; i i [ acCl ¥
composi 1 on coRpPPEReh ZRTSind o AR ERkn e e Bnthr e
20pol ynucl®&ot sdguariceSEQYimdaNBass 15 Aoabgubusmyamooyatidsa frionr tHeeamaspaad t he

Dol ynucl cot | Ao durmiA & T orIDY Eot el EBaiineb kot v e B GplpiTte of
SEQ ID NO 1, ebpaichehif fetyss3ry aeRhndupledions eairicd) ie dapbbry of rariey agt ri ngent
hybri di zation_conditions with _ _
immune response which recognises the polypeptide of SEQ ID NO:1 (or the
polypeptide as described above, respectively), or is capable of binding
20  vitronectin and laminin.
According to a further aspect the present invention provides a vaccine
composition comprising a polypeptide or an immunogenic fragment as
described above, wherein said polypeptide or said immunogenic fragment is
part of a larger fusion protein.
25 According to another aspect the present invention provides a vaccine
composition comprising an isolated polynucleotide encoding a polypeptide or
an immunogenic fragment as described above.
According to a further aspect the present invention provides a vaccine
composition comprising an isolated polynucleotide comprising a nucleotide
30  seqguence encoding a polypeptide that has at least 85% identity to the amino
acid sequence of SEQ ID NO:1 over the entire length of SEQ ID NO:1; or a
nucleotide sequence complementary to said isolated polynucleotide.



25 a | abel ed probe having the sequence of SEQ ID NO 15 or a fragnent

t her eof . In a further aspect the present invention provides a vaccine
conposi t iwo 20MpB#i2%i Ng an expressi on vector or a reconbiPOASE2012080503

m croor gani sm conpri sing an isol ated pol ynucl eoti de according to above.
30In yet a further aspect the present invention provides a vaccine
conposition conprising a reconbinant |ive1d croorgani sm conprising an
expression vector according to above. 11 According to a further aspect the
present invention pcovidigstcaanciber agpenh tipp praseohinyentien srendes avaccioel |

conprising th [ Vee | e - i ot her
aspect the prggﬁﬁg Eﬁﬁﬁec(%ﬁpgﬁsqﬁégﬁ%%ggﬁd% h%oq@\éc%or@g@s%?gn%gj)%ﬁﬁési ng a
menbr ane of t bhegherxde that hasat wadit 8§% ideabiyve cemylestidengequencecraioelthg a

pol ypepti de conprisj.n ] 1¢ci d sequence that has at | east 85%
"dentity to t REVRRPHES QEPECLIL DR (& Ver TEEetT el AR iAol
further aspectelliendy esfiplendnianttodaidl@¥dtdepofndtreags. for producing a
vacci ne conposition accordri ng{ to above conprising 10culturing a host cell

as described aboveAGRRIISINGnYRYE bibes appeetitBaPresant iMenyPBdieYFeR 2of sai d
eseri o e/ ¥ e ' | _ .
pol ypepti de oy 53hd gPﬁﬁé@ﬁ%ﬁ%&nﬁWﬁé%di}Q%ﬁﬁﬁYﬂé&wé\DﬁlCHQ:Io}ﬁﬂ‘f;r%re'sdf

fromthe culture ne n one e esent 1 nvention provides a
process for pnodeotitg sequernes whichdrgsoatileastirB&k iderdity tp that abSkd) 11 Mrisi ng

one of sai d_pororiie eyt FisthRhSER BINERSAR & R BB PR eHER% Snai 1 ons

suf fi ci entO f ocompEesstapntodaidivolatee sflyrafebtiplel ynucl eot i des. In

anot her enbodi nent .t he present jnventi rovi des a vacci ne conposition
comprising an ef f eAEFUEMEAATOBET STREG 1S BERSENEEVERLIOR Brovides a vadeine

composition as described above in which the identity of the isolated
polynucleotide is at least 95% to SEQ ID NO:15.

In one embodiment the present invention provides a vaccine

15  composition comprising an isolated polynucleotide comprising a nucleotide
sequence encoding the polypeptide of SEQ ID NO:1, or an immunogenic
fragment as described above.

According to a further aspect the present invention provides a vaccine
composition comprising an isolated polynucleotide comprising the

20 polynucleotide of SEQ ID NO:15.

According to yet a further aspect the present invention provides a
vaccine composition comprising an isolated polynucleotide comprising a
nucleotide sequence encoding the polypeptide of SEQ ID NO:1, obtainable by
screening an appropriate library under stringent hybridization conditions with

25 alabeled probe having the sequence of SEQ ID NO: 15 or a fragment
thereof.

In a further aspect the present invention provides a vaccine
composition comprising an expression vector or a recombinant live
microorganism comprising an isolated polynucleotide according to above.

30 In yet a further aspect the present invention provides a vaccine
composition comprising a recombinant live microorganism comprising an
expression vector according to above.



20i mmunogeni ¢ fragnent of above and a pharnaceutically acceptable

exci pi ent. In yet another enbodi nent the present invention provides a
vacci ne cwoposytsirem conpri sing an effective ampbunt of tireTBRyROSISEDt i de as
descri bed above and a pharmaceutically acceptabl e excipient. According to
one aspect the present invention provides a vacci ne 25conposition accordi ng
to above, wherein said conposition conpris$es at | east one ot her Haenophil us
i nfl uenzae anti gen. ~ According to a further aspect thecpresent

i nvention provi desAaccvrémg ivea bt Aspeehthequesentigverdicibopeidesd vatated

Wi th pneunol y{?bu‘ﬁﬁ%? MEHSHOE HES Bé‘lFBHERQhQ]ﬁg tﬁQé&ﬁP&s@ld?Qvéc%ﬁ’&é a

further aspec resent osition as
ment i oned abodescribﬂdmbcateed with 011)106 from Moraxella catarrhalis. 12

According to a furthe ct t |nven i on provides a vaccine
conposi tion accord @iﬁ’o tn? $ Ci{ﬂ'é%p(,gs[eﬁ @Gﬂgo'&%‘?‘(ﬂ CEYRSCFom
Mor axel | a at ébmb@hit@n dormp?rs@ngeab@@thmte bftBeMoes eall atedrafg eagyvevi des a
vaccine 5 conposition according to above, fornmulated with Hy 3 from

Nor axel | a cat BXPIRSBING, an isolated RolREPHdR CERPERINGCAT ARV ﬁelésaﬁquenﬁ@mﬁt. on
provides a vaggh %?Iéé%%?%sfd'eﬁgtxgté tH@%HuHB%@u ncflef@E@tlﬁﬁl @it h OmCD

from Moraxel |l a catarrha rdi ng urther aspect e present
i nventi on provi desAaceraing toeyet@nfunthier aepeetdbemmtﬂwmom@rovweml at ed

the present | RUSHOCOR BPaPhEe e crapesisetEo R &b B R Fir BT
formul at etO w bhlt@mg ahiokt osll Hadesgitddisbdval iideresonaitions sufficiéstdor theng t o
Lo e e Ebhr S ot S BB b e LT
According to g—]ef H@S,B@ﬁt,@'iﬁ)@ﬁ]tthb|‘@;@|tgf@ﬁ@@ﬁum nventi on provides a vaccine 20
conposition according to above, fornulated with Protein D or E from
Haerophi | us i nfl uehare embodiment the present invention provides a process for
producing a vaccine composition according to above, comprising transforming
15  a host cell with an expression vector comprising at least one of said
polynucleotides and culturing said host cell under conditions sufficient for
expression of any one of said polynucleotides.
In another embodiment the present invention provides a vaccine
composition comprising an effective amount of the polypeptide or the
20 immunogenic fragment of above and a pharmaceutically acceptable excipient.
In yet another embodiment the present invention provides a vaccine
composition comprising an effective amount of the polynucleotide as
described above and a pharmaceutically acceptable excipient.
According to one aspect the present invention provides a vaccine
25 composition according to above, wherein said composition comprises at least
one other Haemophilus influenzae antigen.
According to a further aspect the present invention provides a vaccine
composition according to above, formulated with pneumolysin from
Streptococcus pneumoniae.
30 According to yet a further aspect the present invention provides a
vaccine composition as mentioned above, formulated with Omp106 from
Moraxella catarrhalis.



According to a further aspect the present invention provides a vaccine
conposition according to above, fornmulated with N pC2 from Haenophi |l us

i nfl uenzawo 28BAsezndi ng to yet a further aspect the pre®emSERMZAMMSIDN
provi des a vacci ne conposition as nentioned above, fornmulated with Slp or
pi | A from Haenophi |l us infl uenzae. I n one enbodi ment the present

i nvention provides use of a vaccine accorg¢ipng to above in the manufacture
of a nedi canment for the prophylaxis or 30treatnment of an infection.

In a further enbodAgedrdindhte pfwtEitasprekihei rasgntonvetionevisiess vacaine o
above, wherei j I i i i

According to gﬁ@@ﬁ@b%ﬁ;@%@g@ ??1ésg\?egggﬁ%{ul?ﬁemﬁﬁyﬁ%%‘ﬂoé\ﬁdéégoé@?z;rcoi%rdi ng
to above, wheMoraxélzecddaghafi | us i nfluenzae i s encapsul ated or

non-typabl e. According to,yet a further ect,. the present invention
orovi des use as SmEheNGREPOMHBER! 1P ERe I PETHIATRPYCES & YaseiMfont of otitis

nmedi a, singIsi EbmpekitibAMRICOFREPIS abeVe fbmaGiatdd RIS HIPBFrdr Mdrakér£n and
adults suffering frome.g. chronic obstructive pul nonary di sease (COPD).

Accordi ng to 8A@H&fSaspect the present invention provides a medi cament

conprising at |easj, gR&GnBF QFr&‘JioH)i/mér‘itatﬂgPd?%?éHt iﬁ@é?{tioﬂepréﬁ?i?jgéi%f;\f‘%:scﬁ% 10 above

and one or nore pharnmaceutically acceptable adjuvants, v

exci pi ents, brompositionas mentiongst alseve; doinngatedowitti @mpGDayemtMdoragaiid si f yi ng
agents, wetti ga%g%n%s, or transfection facilitating conmpounds.

According to ;Efl{ g'her aspect the present invention provides a nmethod of
i sol ati omM®f a pronecordidg roaturthedraspept ihegprasstridvégidroprabinles,a gaddaine

15nmet hod conpri sing. the steps: a) growjn hi ]l us influenzae or
£ ool compt FRTRGSERE BSRA RAIHEDP s AT ALV TG MG popt | de.
harvesting thegkpesggsi a and isol ating outer nmenbranes, outer nenbrane

vesi cl es or inclusion bodies; b) solubilizing the inclusion
bodi es with a stroAgcedingta aneigengepact tmplesentinvgnton ereiidesdivageiagent ;

and o) dhabuchi ddi6rdifi s bba TTRSBRARAGHBES folidshophilt @ PH

15  influenzae.

According to yet another aspect the present invention provides a
vaccine composition as mentioned above, formulated with P6 from
Haemophilus influenzae.

According to a further aspect the present invention provides a vaccine

20  composition according to above, formulated with Protein D or E from
Haemophilus influenzae.

According to a further aspect the present invention provides a vaccine
composition according to above, formulated with NIpC2 from Haemophilus
influenzae.

25 According to yet a further aspect the present invention provides a
vaccine composition as mentioned above, formulated with Slp or pilA from
Haemophilus influenzae.

In one embodiment the present invention provides use of a vaccine
according to above in the manufacture of a medicament for the prophylaxis or

30 treatment of an infection.

In a further embodiment the present invention provides use according
to above, wherein the infection is caused by Haemophilus influenzae.



According to a further aspect the present invention provides a nethod
according to above, wherein the solvalising agent is guanidium

hydr ochl owode12/@%A&ccordi ng to yet a further aspect the prEsgndiziosnsenti on
provi des a nethod as nenti oned above, wherein the renaturating agent is

ar gi ni n. Accordi ng to anot her aspect the present invention provides a
nmet hod of making a vaccine as nentioned ab®ve, wherein the protein,
fragnent or peptide is fornmulated with an excipient. 30According to a
further aspect theAgeesisng td afwithdr@specbinedyesantnovenitbroproyidesasss ng or
treating an | BEEGH RN Ihdie, Whreth e LiLoRmin Rk i APaRYS bRE Ml led or
pharmaceuti cal Ty efrective ‘anount of a vacci he conposrtion according to
above. 14 non-typatee enbodi nent said infection is caused by Haenophil us

i nfl uenzae, both encapsul af ed .or. non-typabhl and i.n yet. anot her enbodi nent
the I nfection is cAGESRITS i re BRBLALEaRne PRGN ST HUPS o6 28
sinusitis ®r h@fﬂﬁibnéésablol(/étf@r_rW\etpfréﬁhylbiaifsQﬁ&ﬂé@iﬂﬁenﬁbﬂbtﬂ@%ééﬂ@?éhu&hi@ dr esent
invention relates to a nucleic acid sequence encoding a protein, fragnent

or peptide as!NdepPEAORbBRE INtRStiaRs in elildremand aEedsS SpEENS fOR 8185,
degenerates a } £l enbodi nent, said nucleic
aci d sequenceelﬂrs uggﬁ#@%g?ﬂf@%?@;ﬁ%ﬁﬁ (%gﬁg.)' I n anot her aspect the
present invention Aetad#ig tcoanrotpensspeart the presgat Tyeoboppieviags a nucl ei c

o esent | nvent O aF i@ B3 Bt oastmm R d3RBIeMTTon FeRfd BBEerciREro
plasm d af) deabovdeddamever raoek sraratdoeutitaly acieptatge adjuveines, vehfoleégment  or
e bencr atcs. <RIBS Do 6T or StV S B Sl B LR BB g
bacteria, yeagheaRdwekt erltd AMearib&HRBitatF &b ndss E coli.
In still anothér aspect, the present invention provides a fusion protein or
pol ypepti de, in whieROEing st ¥stranothelAapect e pregendavertiareRvidRsE above i s
s 0 R L LR SR R e TR
is a di-,1%ri nathodcompesingftha sieps.ei n, fragnment or peptide as discussed
above. a) growing Haemophilus influenzae or E. coli comprising the DNA
coding for said protein, fragment or peptide, harvesting the bacteria and
isolating outer membranes, outer membrane vesicles or inclusion bodies;
b) solubilizing the inclusion bodies with a strong solvatising agent;
20 ¢) adding a renaturating agent; and
d) dialyzing the resulting suspension against a buffer with a pH of from
8 to 10.
According to a further aspect the present invention provides a method
according to above, wherein the solvalising agent is guanidium hydrochloride.
25 According to yet a further aspect the present invention provides a
method as mentioned above, wherein the renaturating agent is arginin.
According to another aspect the present invention provides a method
of making a vaccine as mentioned above, wherein the protein, fragment or
peptide is formulated with an excipient.
30 According to a further aspect the present invention provides a method
of preventing or treating an infection in an individual comprising administering
a pharmaceutically effective amount of a vaccine composition according to

above.



In one aspect, the present invention relates to a fusion product, in which
a protein, fragnent or peptide as descri bed above is covalently, or by any
ot her neawe,20trosm2it 0 a protein, carbohydrate or matri xPC2ZEEb@2p5058ENt
invention relates to Protein F, in particular Protein F pol ypeptides and
Protein F pol ynucl eoti des, reconbinant materials and nethods for their
production. In another aspect, the inventign relates to nmethods for using
such pol ypepti des and pol ynucl eoti des, including prevention and treatnent
of mcrobial di seat.na@nean‘tm@lfynebitMd@fechmiSanmﬁérbydég@@pphﬂwfe 30

| nvent i on Tel st o, UAANOSEEE BRSNS IRL ABICSHING ) SREPES RtRRRhahe

with mcrobia | Ti'ons “and-con |t|ons S ae ions,
such as assaythd MWedmhesthogemkaM| grouprcoasisting oy otifis Prealiaisnusitis or
pol ynucl eot i d Vari ous changes and nodifications

or
within the sp ofqur r&%@%@&ﬁ& %T'nfte}‘f@o'a?scl osed invention will become readily

apparent t® those fkohé adpédt th@@r@ééntfrﬁ\@ﬁtlbﬂ&éiaﬁ‘& {hg nlielelcoudia Bequence
descriptions and from readi nfg t he ot her parts of the present d| scl osure.

5Descri pti on 6NCRHBIE Ry@ieiR, fragrgentior peptigladsad %Qﬂb@ﬁie%hqvﬁ, BEN@IIRP H.
fl
i nfluenzae prHBHF%%SgBEMBUEﬁShdbptelst%rr?‘(g%%?aﬁd gEF@é{;?e' jstl‘%‘rleof In one

el ectrophoresi's I'n a menbr ane
vesi cl es (GW)arerﬁnpmtepambtwcﬂeloractdweequenmeoalfusmbﬂoaatéeaﬁtmnoﬁmene t he

Pyl on Tl er (1 of ¢ TEANGIE ases ¥ BrerE et AR HasTid ef bbb sence
21;] dcg?dren’éﬁsfgﬁglpﬂsbp@hadetooa@daaqﬁé)&d%@aeéasntgﬁuamml s). For both the 1-

e cor i n el s were run | parallel. One
Gol was blottad t ofYehATNE FTBSITRIT (i Bl AReat oS TS o PR
Coonassi e bl ugyfBh hd‘sﬂ#'&éﬁwp‘?is#ﬁ:f@t [ghtr SHEeslakmidvas d%@éﬁ@bdiago@éﬁé cBbébI@r S

were subsequently probed witha goat anti-vitronectin pAb f

det ecti on usi AHPEARPILD AJAGHEE E@ITENKEY PRAtYE §hslkgsusARd @hove)as Wﬁ” @énel
Al filt d
oab onty (v ¢ ROTPISTR BN orbicihs, BEURApERaT shd shitss PRIdTAE XndtROr SRRERCETY

the secodsy host ib@uloeen ammgsmmenarympandipi@tsdnaormmrabodment said

vi tronecti n- bj ndl 0 protein (B) were cut out fromthe Coomassi e stained
gel and seque % LDI-ToF pF is shown with arrows in the panels A i

and B. Fig. 2. DNAIrS@tﬂU@rﬁtﬁﬁeﬁQés{oédtath@mé@@ht@ﬁ%htroﬁ%ﬂbﬂgie%raaﬂmwm{o@hng t he
signal peptide for protein in NTH_ 3655, In

sequence t ogePhBPIYRPPHIS R V‘fr}'%fhé‘lpé‘?t@d" 6@9@?0‘ %@@@Eﬁ%@sl@sﬂgﬁﬂ abQM% $n (B)
25a cartoon ogopbiddivriRbt astbhbflePBrotBIsY) Hetthd 604 P rbiRaftbldiged-

20 acid sequence as discussed above. In one embodiment, said fusion protein is
a di-, tri or multimer of a protein, fragment or peptide as discussed above.

In one aspect, the present invention relates to a fusion product, in
which a protein, fragment or peptide as described above is covalently, or by
any other means, bound to a protein, carbohydrate or matrix.

25 The present invention relates to Protein F, in particular Protein F
polypeptides and Protein F polynucleotides, recombinant materials and
methods for their production. In another aspect, the invention relates to methods
for using such polypeptides and polynucleotides, including prevention and
treatment of microbial diseases, amongst others. In a further aspect, the

30 invention relates to diagnostic assays for detecting diseases associated with
microbial infections and conditions associated with such infections, such as
assays for detecting expression or activity of Protein F polynucleotides or
polypeptides.



Fig. 3. Protein Fis very honologous in a set of different H influenzae
strains. Different pF am no acid sequences corresponding to H 0362 found

i n GCeneBawb 2oers4onpared by Clustal analysis. Fig. 4. RetsERIIRANSIDHF
12-293 produced in E. coll. H influenzae DNA 30 was used as a tenplate and
t he sequence corresponding to the open reading frane of pF devoid of the
N-term nal part (amno acids pF 1-11) of the predicted signal peptide was
anplified by PCR and cloned into pET26 followed by transformation of E.

col i and subsequenValiadughanges @cﬁmégkﬁir:@tiron81\@itmrn@hq)§@iriifar@hsmm Gythef finity
chr omat ogr aph I hown,
and in (B) a éé%?) Sraﬁ '@Ieﬁ |oﬁﬁﬁILt5'e?_ang%if c{llg%p%%ﬁz{hﬁg ts?lll@ﬁ% %%?{Ergﬁ.'um and
HRP- conj ugat ecbajmmmeefoﬂmwmgtdmst;rlnﬂﬁms d0at feom meading tree oteer parts of mores&erUm
NTHi 3655 and M catarrhalis Bc5 5were included as a positive and negative
control, resp8BCIGFHEIS. The M catarrhalis OW proved the specificity of the
rabbit antssepDéRcription oftﬁie@ﬁq@respl’ otein F can be found in the outer

menbr ane of non-tyEabl e H 1 nfTuenzae. (A). Coomassie stained gel with

clinical NTH isol bi%ed. &% kﬁélVété@réQPt'n(tBﬁ‘d'VEﬁ difiuenzee RN iigdetestadocat i on

of pF. Quter 1 f ni cal
NTH i sol at es%@agﬁaqué%tdgﬁ%ﬁb@%éﬁ@%ﬁggg%ﬁ yse(?(rt?é P%[@?Lx%bgssi on
usi ng t he spevitfonectimabibatar®utep Membianervasicles (OMY) werp preedried feorn T Hi

of NTH 3655 WTERTIHEC W SRonmhy < edtes o SaplRe RO ATsRs” ' °
?’PE)EL e|r Er?blt;mexpr essi gﬁsi)mnhd'lr'ﬁl I@lggggwwfyldmﬁé@gleﬂamaehﬁﬂ C oo Clmm(ecg ?

Fl tor escence. BEUPAENTHNS BEe3 Kgro R lers ISR BSe o 2l SHE-BAGE pr

rabbi ¢ pAD. ( DlorT i) b 5dAthe N bha 268 dRforal ary tﬁb@gﬂ@%p@ﬁ@h@@%léﬁz at

t he surface. mut ant cont ai ni ng a cat

manuf act ur ed Werelegtdy P@f@ﬂeh ﬁ)ﬂ%@@w%ﬁ blgtied teeivden filerd A) eand Pﬂﬂ@ehWﬁént
and wild type i

Thereafter, p?@nﬁ%@mﬁéﬂ?% ﬁég‘r,\%pﬁ} agﬁtéﬁa égﬁga\g@{m%ﬂcat ed ? 8\r/\]gd by
i ncubat i o‘rﬁ onthe:ﬁaltema@e$uaaelqlﬂemtbjl probadatiyrsa goaharatl—ilitrmnec’ym phbtfellowddhe

anti -pF antiseru S ralsed rabblt ft zatign ith
o conb nant | BV SB1S90 s NAGE HRe BRigateq BhESy Fot REERARRb AL, M 6MEh as
i mrunopuri fi egipgaAfilRsts §ﬁowaﬂ2&3Ner@nﬁcmkyale§a\htrﬁm@eﬁrlnﬁ@@tarm@ecﬁndbw BAbW t h

simlar results is shown
only (W|thout vitronectin) in order to exclude background binding of the

secodary antibodies. The spot corresponding to a putative vitronectin-binding
20 protein (B) were cut out from the Coomassie stained gel and sequenced by
MALDI-ToF. pF is shown with arrows in the panels A: i and B.

Fig. 2. DNA sequence and translated open reading frame including the
signal peptide for protein F (SEQ ID No: 1) in NTHi 3655. In (A) the DNA
sequence together with the translated protein sequence is shown, and in (B)

25 acartoon on pF indicating different predicted regions are outlined.

Fig. 3. Protein F is very homologous in a set of different H. influenzae
strains. Different pF amino acid sequences corresponding to HI 0362 found in
GeneBank were compared by Clustal analysis.

Fig. 4. Recombinant pF 12-293 produced in E. coli. H. influenzae DNA

30 was used as a template and the sequence corresponding to the open reading
frame of pF devoid of the N-terminal part (amino acids pF 1-11) of the
predicted signal peptide was amplified by PCR and cloned into pET26
followed by transformation of E. coli and subsequent induction, expression



Fig. 7. Reconbinant pF (amno acids 12-293) binds vitronectin and a
pF-expressing NTHi 3655 binds significantly nore vitronectin as conpared to
30a pF- devocoemts4rzwt ant NTH 3655 Apf. (A) The vitronectcmsBeondiosigos o pF
12- 293 was slightly better as conpared to reconbinant H. influenzae
protein E, a recently published adhesin [Ronander et al., 2009]. (B) An H

i nfl uenzae nmutant devoid of pF has a signiéicantly reduced binding to
vitronectin as 17 conpared to the wild type bacterium In (A;, reconbi nant
prot ei ns wer eaod@ugificatiompy etinity hporategrapity asing ypsiidresar. In (A), a

it i ne bindi ) ) . . e 0
VLT onect - DLl LA e ShAN TSR kPl A it gRget

[ Si ngh etal ., ugidgGatabbitsantinpl sdamn andaHRPeasirjugeated anime bnti-kdbiOBGARP 1200

i ndi cat ti trol that . I | d. i

o oS, o R RRGhS Sos bR MO RER) 2284 IR SRR SRS
anot her negat Weee arided as bipdskive Md-hegdie curfrol espéctivehyamheNH 3655 Apf

were incubated with [1251]-1abelled vitronectin. After 30 mns, bacteria
wer e washed afatasingie QY rrevad heasepdirtytofithe sakhisantiferymat i on counter .

The data represent giﬁb@@‘?&éﬁgﬁ%&%@ﬁhhﬁ‘?ﬁftﬁe saeh rﬁe&gl?:gﬂ)%: SF rforef) agrre igizg-

8. Protein F 12-29 inds t M protein ['am nin. 0 nant
wer e at t achedinflbeazag.d#Y) iCoxsmrdsie staimedhgel witlotiinieal NIt isolatgsige sar coma

| am nin was addg I i i r it i-1lamnin 15 pAb
and & 1R conjed GHYFExR BRLSEMIADERIB R Fd 0 0t hikfeden s

i ncluded #3 aprstginisi(OdMROFromleighttdiffiereat visicalfNBHI isdrienders sebjpetedrtent s
1 Svoani1 oSRSPAE e ARILE P Rk S oD 16 PORE BT ohey i
24-wel I pl at egptigdryppshed and fixed with formal dehyde. Thereafter,

reconbi nant pF12-293 at increasing concentrations was incubated with the

cells followed by Eit&né RiedetisirNhiyTEl 8985 nritankdeeFnolexniesept&ithet h t he
anti - pF rabbi ' - j: QYR ' ; a
secondary | ayéyﬁg%'f(%ﬂeﬁe Qﬁe%ﬁfyﬁ@ﬁf'*%ﬁ‘iﬁgﬁgﬁﬁé%gm?%&%%mr?ﬁé‘@h@ are

shown. 25 g. babkgraup&vadefasovidntheNgddt antitrabbit pdd-BI TS gnthiecarsenge dé theeased

o T eSSt eR B e 0. B Y R B AR phges
The NTH 3655 1 o Typn (W) o DR dor e on ot a0y wore sded Te -
cells fol | onedbsence (})/fp t%e(anti—plgrralcl)obit p,éa\b.I (%)I)el'nhe gly—d%?icie%t Hvi\%%%5aApf$nutagt
did not express pF at the surface. An NTHi 3655 Apf mutant containing a cat
20 gene was manufactured as desccribed in Material and Methods. The resulting
mutant and wild type bacterium were grown in broth overnight and washed.
Thereafter, primary and detection pAb were added as indicated followed by
incubation on ice, washes and finally analysis in a flow cytometer. The anti-pF
antiserum was raised in rabbits. After 3 immunizations with recombinant pF
25 12-293 and adjuvants, the resulting rabbit antiserum was immunopurified
against pF 12-293. One typical experiment out of three with similar results is
shown.
Fig. 7. Recombinant pF (amino acids 12-293) binds vitronectin and a
pF-expressing NTHi 3655 binds significantly more vitronectin as compared to
30 a pF-deficient mutant NTHi 3655 Apf. (A) The vitronectin-binding to pF 12-
293 was slightly better as compared to recombinant H. influenzae protein E, a
recently published adhesin [Ronander et al., 2009]. (B) An H. influenzae
mutant devoid of pF has a significantly reduced binding to vitronectin as



30by incubation for 2 hrs. Thereafter, cells were washed 3 tines,
trypsinized and neasured in beta-scintillation counter. D fferent

mul tipli esoab1zsiecti on (M)1) were used. p val ues were ®bTsEREA05)503
Student's t test for paired data. Mean values SD for three independent

experinments are shown. 18 Fig. 11. Layout of peptides that were used
for mapping of the epithelial cell binding7region of pF as denonstrated in
Fig. 12. Fig. 12. Mainly pF am no acid residues 23-48 bind to

epi thel i al ceFp@paresia the witktyprdacteram (In)(AYReZoaingrB)praeas weig hel i al
cell Iines. r t ed b
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NTHi 3655 wild type (A and B) was conpared to t F-deficient NTH 3655
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of specific a F i
i nmunopuri fi egb%”rr%n# e %R?.ﬁgﬁ %A£§/§g§ﬁt%}ie§r u ulgele %Bn{? flﬁln g%)f Ig?z? 68
attached to aaGdine pE%%@hNTdﬁ@%@lAmeewﬁndut%edswlm é]dabeltaml | mmnogenl c
regi on as reve sh Pri det ecti on pAb
wer e added as ?Jﬁgwggiﬁfégfté)rﬁwtb@?gr cﬁ% Wg%ﬁ%%apggng{%gd;@ and finally
anal ysi s 10 anfdaguraieonatey- scmﬂatrcbrptmunﬂeof’rﬁehmbrmpmsienns iddpeinoleat
expl aining the present inyention in dehg is inmportant to understand

S appI|

that the inveRPYHNELSRAC iNRANSE Aand cation to the details of the

embodi nents and st gps 8dP$§t"e!er‘12h@9§bihdsTH§ ENAHRORM EMhind R ofbinant
illustrative of the 1nvention do not Iimt it in any way. The invention

i s capabl e of PbtafeE Wﬁ?fﬁ)ﬁttﬁ%hﬂdstoaﬁhwaﬁm@elrfﬁgemacﬂﬂlptfétﬂero@'atﬁaMQL@@ out in a

;/2; mZﬁB: gtgz gfrsr%I oyedI ’@P’é‘f‘%g‘géa [&ﬂﬁ ur%gé{é%g?ﬁh r@%p% 1 on on g'r?d not
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bate. 30To Waékerrﬁehﬂg%rblﬁiod\/rpf reconbl nant pF a truncated pF fragrrent
consi sting of am no aC| d residues Al 2 manuf act ur ed,

N-terninal part of Fith®- fresambirant sﬂ@r@a?g?p@b‘@?d@ qpﬁé?'uﬁilcﬁas a-Fﬁ'ehB/p&d' ds
PF1-11 was thyg bRFRERAR S FREIAD WhidlgldWh {FesfiuePERid 88 idl Rdiist i on to

nine re- 20 washed and fixed with formaldehyde. Thereafter, recombinant pF12-293 at
increasing concentrations was incubated with the cells followed by extensive
washing steps. Protein F was detected with the anti-pF rabbit antiserum and
HRP-conjugated goat anti-rabbit pAb as a secondary layer. A typical
experiment out of three independent ones are shown.

25 Fig. 10. A pF-deficient NTHi mutant has a signficantly decreased
binding capacity to epithelial cells when compared with the pF-expressing
wild type. A549 epithelial cells were grown to confluency in 24-well plates.
Bacteria were cultured for 3 hrs in the presence of [*H]-thymidine. The NTHi
3655 wild type (WT) or pF-deficient mutant (Apf) were added to cells followed

30 by incubation for 2 hrs. Thereafter, cells were washed 3 times, trypsinized
and measured in beta-scintillation counter. Different multiplies of infection
(MQI) were used. p values were obtained by Student’s { test for paired data.

Mean values + SD for three independent experiments are shown.



19 sidues originating fromthe vector pET26(+). The truncated pF was

desi gnat ed pF12-293. The present invention conprises the Haenophil us outer
menbr ane woavey 1342k and t he pF-derived peptides pF23-48pPCSRE201D05502) ,
pF44-68 5 (SEQ ID No:3), pF64-88 (SEQ ID No:4), pF84-108 (SEQ ID No:5),
pF104-128 (SEQ I D No: 6), pFl124-148 (SEQ ID No:7), pF144-168 (SEQ I D No: 8),
pF164- 188 (SEQ I D No:9), pF184-209 (SEQ 1® No: 10), pF204-230 (SEQ ID

No: 11), pF225-255 (SEQ I D No: 12), pF250-275 (SEQ I D No: 13), pF270-293 (SEQ
I D No: 14), and di Fig.tli Lageutsifingpiides thaiararsfusedifopaeapping efrthespithelides of
pF or the 10deg; - j xpased are given a higher
priority. e }éﬁgjérpgeﬁgé&\?/gt:@?%é %@%@%H@%ﬁ]f@cg%rdi ng to the present

i nvention conpri seFas 12nvaig e amangod eesidues 28+4&uiad ¢a pptleeligiiceti®i n,

Sequence. accoRHES ot shey o) o 63 ASEE bR Ee) e b AR ec
sequence l5acgriwh HOTLS fISEIR 10X dWueAcy AndUetdcHdRENE b sin FIPA 86NSved by

functional equiva- lent, derivative, degenerate or hydroxyl atjop,

sul phonat i on ¥@sginge d8praalicsra gireeiiendion assak(DEéD yisaRgTgiMacessilig product
thereof. The Ya%‘é‘ﬁbg%eﬁﬂa’@é’%tré 98dedHy |a°10raﬁ8éTBhH~°rﬁclﬂoafté@M’tﬂ dIStEL D @Y

pol ypeptide, or a fusion product according to the present invention as

i mmunogeni ¢ céorpgthams Ratieaoitymwasoyeaswedomaorecingllation eaypmédr e of

eliciting an antib th ' r nse i lus il u e,
wherein the anti boE%s1%glAﬁgﬁ'§%ﬂA'w'§? tr&?q%&';peast F&u'&%ﬁﬁ%&@%&%éﬁ'ﬂh?@%@

i nf 1 uenzatd baaheni analysed mgpwl dysométry.h_FhQ@F}@qﬁre_sﬁng'NTmhF]%@ewilc tymsEl  of
a vacci ne conposition accordi to t I pvent N ne fhat generates,
2t or adni ni s BRQBoNas Foqaed a1 Beiatngri o5 R BeScan dokar e D).
response in COAPaRd 30N irdicate YRRYASLAD VETUBS i BFPEPSEhdebOESeAfbThA-pFYat i on.
The nucl ei c sequences used in the vaccine conpositions of the present
invention to @gr%tat/éﬁt!wl%ﬁlf¢mlmy0%é-@&1w¢ dnmunopusfigd drona the @eti-
vari ety of expgessi V, b vari e AT p o%[es
are 30 deenedBFo%%eé%}noﬁrnﬁFsggl&Ph%‘gggsﬁrﬁ(%I%%Otl o B{}I’—Zéfﬁ?#gﬁac@b‘:@&%i ne
conposi tiths Sephaamsiel golannopmplddeds agradictes Imooogemetragibs andevealed

techni ques, apd can_.be administered.in a variety of ways,, preferapl
barent arat ]y BY SRORALE §lot i BBV e HsttetRy BaahiftE el s 20
intranasal adifdicstéd ddlicwed by linkldaAigneseahshes crauRtaly &igydis ¢ brigeet i on

sol utions which nmay contain anti-oxidants, buffers, bacteriostats and
sol utes that R¥PE'&®e fornul ation isotonic with the bodily fluid of the

subject in Description of the invention

20 Before explaining the present invention in detail, it is important to
understand that the invention is not limited in this application to the details of
the embodiments and steps described herein. The examples mentioned are
illustrative of the invention but do not limit it in any way. The invention is
capable of other embodiments and of being practiced or carried out in a va-

25 riety of ways. It is to be understood that the phraseology and terminology
employed herein is for the purpose of description only and not of limitation.

The present application describes the cloning and expression of a
novel H. influenzae outer membrane protein designated protein F (pF). The
protein was discovered using human vitronectin as a bate.

30 To maximize the yield of recombinant pF, a truncated pF fragment
consisting of amino acid residues A12 to K293 was manufactured. The N-
terminal part of the predicted signal peptide including amino acids pF1-11
was thus removed and replaced with the leader peptide in addition to nine re-



guestion; and aqueous and non-aqueous steril e suspensions which may

5i ncl ude suspendi ng agents or thickening agents. The active i nmunogenic in-
gr edi ent we 20fzemi2ni xed wi th exci pi ents whi ch are phar mecesEr@alososo3
acceptable, e g water, saline, dextrose, glycerol, ethanol, or the like. In
addi tion, the vaccine conposition can also contain mnor anounts of

auxi liary substances such as wetting or en@l sifying agents, pH buffering
agents, 10binders, carriers or preservatives. The vacci ne

conposi ti ons AEpes|osiginatiogdtem dog veetar SEMSB(-Bnhhadiungatasepk w@snogeni city of

t he corrposMuagSI ﬁg{.‘etaca_s1f§§§nd s Adjuvants and ot her systens known in the
art. The |mmnogg onponents of the vaccine conpositions, i.e. the

15p2|ot te| nsf ILagmeffhe prpsaemtl|dw1t|ohlmrnprlql;ﬂsdpelﬁmmoplm.{sy?ﬂpm Eﬂeﬂqrane fusi on
products o e pre i nve may. be far o] i ne as
neutral or sanOtg'@r and the BF 'Vﬁgé%?é’i'd pf%é%@%’fﬁéngﬂﬁﬁrsﬁ#/‘gﬁé will

depend on 4 he(speADf N6: %%FGM B8 (SEG f[ﬁ*Nbadl?)C F8434'0$ GEQ e Ne8fid04-128
det erm ned by routine rrent atio The ccine conpositions are

adni ni st ered (FEQUENNGH) al%fﬁﬂ 148 (RFQ |Dab|0t7ﬁepﬁﬂ)‘é‘&rt1!5§e(f3 € Nex:3), pE 16fd
ol'ates to ProboiREp L) BrE6RoNaTST IR I0) PR20+ 200 (SEQTRNIERE! o
greater detai pFBéBé&Eﬁ &E@@NmﬂhpFZﬁﬁé?&(\&Eﬁ ilBMNa: éB)amEQ?O&% (SEQ ID

protel n P pol Jseht A0 Yra gk 8 LBGheS via e Bl oo lnsts B pr ddfe
surface of0t hdehved pedeesTﬂfnat srggsaifageeptpated arel ghoadt a@@ﬁevrpnroalty due 1 to
resi due 22 of Prot n Etgoly eptlde .referen&le to "Protein F' hereinis a

reference to any o HELCOMYRR Ngtg e REGSENt FVPBHIN
pol ypept i des @6mBh§é%'sﬂﬁm%ndd’é‘?nd BYAbh s SRRk IRR! frolch Glhigh oBRQ | D

NO 1, th or without the signal sequence or where the amno acids in
posi ti on 1 11betdeteted én Ail ﬁbﬂen’;’ﬁﬁ/'tl/%rfr’?féfentzﬁ@, pReag @neamingiacid sequence

according to SEQ ID No: 1, and/or a peptide having an amino acid sequence

15 according to SEQ ID No: 2-14, or a fragment, homologue, functional equiva-
lent, derivative, degenerate or hydroxylation, sulphonation or glycosylation
product or other secondary processing product thereof. The vaccine
compositions may also comprise a fusion protein or polypeptide, or a fusion
product according to the present invention as immunogenic components. The

20  immunogenic components are capable of eliciting an antibody or other
immune response to Haemophilus influenzae, wherein the antibodies elicited
inhibit the pathogenesis of Haemophilus influenzae bacterium to the cells of
the subject. An “immunogenic dose” of a vaccine composition according to
the invention is one that generates, after administration, a detectable humoral

25 and/or cellular immune response in comparison to a standard immune
response before administration.

The nucleic sequences used in the vaccine compositions of the
present invention to generate the antigens may be inserted into any of a wide
variety of expression vectors by a variety of procedures. Such procedures are

30 deemed to be known by those skilled in the art.

Vaccine compositions are easily accomplished using well known
methods and techniques, and can be administered in a variety of ways,
preferably parenterally or intranasally. Formulations suitable for parenteral or



signal peptide) or 1-22 of the signal peptide may be del eted or replaced by
one or nore am no acids). A "pol ynucl eoti de encodi ng Protein F"
refers towenyizpekienucl eoti de sequence encodi ng any of tReTPEPIIROSS)3

I mmunogeni ¢ fragnments, fusions, 5pol ypeptides or proteins of the invention
di scussed herein. The term "conprising” herein alternatively may be
substituted with the term "consisting of"20 It is understood that
sequences recited in the Sequence Listing below as "DNA" represent an
exenpl i fi cat i diraslasshedmifisithtinennclotie taaiepny @ndirom-aguensts stetiledsjection

ordinary ski | Lobibhs WHGHIEE oA YOS G S Bk 48Tahd Yoisimy oved

in pol ynucl eofides Tn gener I'nc ing ri ot 1
sequence of t teatinakeeihe Brmalasien isntonicrwiBERel kodiy:fluld of thensulédt ist r ai n

3655). Th f the Prot F ded pept i des f f
e epi el | aRCESIAn EY A AT Ao SeUH TSP SV IHE o- 1514

(from NTHi5 st il ide382pendi Q@rﬂg%fﬁ%c:l@énlh@%g%@t Fhe detireliiriogehicdas s
set out in SEQ ID NG 15. i des I n one aspect of the invention there

are provided Ptadjprigsodtes rwe@hw' WXQJ@ﬁ%’?éNWPH FhaPrhaEnaeeutitgHy t ypeabl e H.

fl t p
Ip(r)ll ygggtzﬁgzasr g&%rgtg Ie Qﬁéﬁﬁlr sé\@glzlge?{rcg%é;gq%{erolaa ay”,% ’g%rqhﬁyFact ically,

clinically or addéloapéletvamlﬂejcqmmsjtlowaam @llﬂcscqri’iennem'fn,oralmbunbmbeumllanys

corat od pol yBUBRPRReRAThos b B SR Ming Rdcth RLBHRRIo 6t nas o

| east 85%0 debindeys, qareérerariprgsatvatiesst 90% i dentity, nore preferably at
| east 95% i dentity, nost referabla/ at | ea?t 97- 99‘V or identity, to

that of any sequenIQedﬁcg & GO RgStionsmay also inciude ad juvants ?or enhancing
the immunogenicity of the composition, such as Freund’s Adjuvants and other

systems known in the art.
The immunogenic components of the vaccine compositions, i.e. the
15  proteins, fragments, peptides, fusion proteins or polypeptides, or fusion
products of the present inventtion, may be formulated into the vaccine as
neutral or salt forms.
The dosage of the vaccine compositions will depend on the specific
activity of the vaccine and can be readily determined by routine
20 experimentation. The vaccine compositions are administered in such an
amount as will be therapeutically effective and immunogenic, and the quantity
depends on the subject.
The invention relates to Protein F polypeptides and polynucleotides as
described in greater detail below. In particular, the invention relates to
25 polypeptides and polynucleotides of Protein F of H. Influenzae. The Protein F
polypeptides have a signal sequence and are exposed at the surface of the
bacteria. The signal peptide is located from residue 1 to residue 22 of Protein F
polypeptide.
A reference to “Protein F” herein is a reference to any of the peptides,
30  immunogenic fragments, fusions, polypeptides or proteins of the invention
discussed herein (such as SEQ ID NO: 1, with or without the signal sequence or
where the amino acids in position 1-11 (the N-terminal portion of the predicted



(b) a polypeptide encoded by an isol ated pol ynucl eoti de conprising a
pol ynucl eoti de sequence which has at | east 85% identity, preferably 30at
| east 90%vodertistyel nore preferably at |east 95% i denti PgI/SEY@EDR/OAGIE
preferably at |east 97-99% or exact identity, to any sequence of SEQ I D NO
15 over the entire length of the selected sequence of SEQ ID NGO 15; or 22
(c) a polypeptide encoded by an isol ated pol ynucl eoti de conprising a
pol ynucl eoti de sequence encoding a pol ypeptide which has at |east 85%
identity, pretignabpsgptige)peis¥ gibe sigaat pegtiderma bpdefetedbr fepdacaddysen®s5%
identity, eveBrﬂRﬁ@aHﬁﬁﬁSES?fy at | east 97-99% or exact 5identity, to the

0

am no acid sequence anyI séquence of SEQ ID NO 1-14. The Protein F

pol ypepti des provi AédolynuSEQiddeMiadirig Prbtaind-"trefer$tooaey polnpaégtmept | des
fromnon typeable H rain Further Protein F.s @éjences have

i nfl )
beon nacer & ot ASARIC ATGod o eq dhe Pepidas niniapaer SHRGMEntS. T4Sions. - The

i nvention &l sgoRpeptidtesorgdtolcifeeraBe iHventioRarsenssef harelff ot ei n F pol ypepti de,
that is, a contiguous portion of the Protein F polypeptide which has the
sane or substanti allN§ ¢ “semersirgnRIgENRteraativieli My e substitstad withihale
conpri si ng t he gPILASEGYILAY am no acid sequence selected 15 from SEQ ID
NO 1-14. That 1s to say, the fragnent (if necessary when coupled to a
carrier) is capabl # iptindaistdachthah seauenzes resipet sethehd equarsedgsiingeloiveas

exarpl o, the. E70RoriresBH 9 8RR G ARy LR Sinstee o
parts thet@of thawedsfasrdimaty skis elmbscageizéctmat sucnséquerte€-catlbd esefuial anchor
domain. In a preferred aspect the |.mmnogqefmc fragnment of Protein F

according to ?H@'Wﬁp_e'ﬁ‘tﬁ _ idesdR ogns a'ﬂf"iug_lrl r'%‘i’QO')ﬂ?uoﬂ%'d&& racel | ul ar
domai n of a pol ypephbdequih@oftas FibtelrtRSs s@R¥h SRt YNoPY af&nably at

| east 90% identity, nore preferably at |east 95%identity, nost preferably
at | east 97- 99YRINESHO).thhe sesuenaes af hediretrie FRnceded weptiden, I8ed 581 D NO

1-14 over t hen%ﬂ):ﬁ)iir{geofl RESHANGal gé‘l'l ginﬁﬁ@%ﬂ{bﬁg{f oF. are %tfé@ﬁﬁb ICPNB: 2-

pol ypepti de having  an am no acl d sequernce s entire e sane as part
but not al% ofl4&ingmaiTiHiosteatn 8658 libasequénangf thelRrptnt Feelyoiuctdobdesisent i on.

As with Protein F . .po fdes,. fragments nmay be "free-standing," or
conprised wi t FFHCHM 5)%:@&5 b@f}}]&epti de of which they form

Polypeptides
In one aspect of the invention there are provided polypeptides of H.
influenzae (in particular non typeable H. influenzae) referred to herein as
20 "Protein F" and "Protein F polypeptides" as well as biologically, diagnostically,
prophylactically, clinically or therapeutically useful variants thereof, and
compositions comprising the same.
The present invention further provides for:
(a) an isolated polypeptide which comprises an amino acid sequence
25 which has at least 85% identity, preferably at least 90% identity,
more preferably at least 95% identity, most preferably at least 97-
99% or exact identity, to that of any sequence of SEQ ID NO: 1-14,
(b) a polypeptide encoded by an isolated polynucleotide comprising a
polynucleotide sequence which has at least 85% identity, preferably
30 at least 90% identity, more preferably at least 95% identity, even
more preferably at least 97-99% or exact identity, to any sequence of
SEQ ID NO: 15 over the entire length of the selected sequence of
SEQ ID NO: 15; or



30 a part or region, nost preferably as a single continuous region in a
single larger polypeptide. A fragnent may therefore be shorter than the
full -1 engwb 20etis¥R1sequence, or, if conprised within a lpargeeoiposospepti de,
may be a full length native sequence or a |onger fusion protein. 23
Preferred fragnents include, for exanple, truncation pol ypeptides having a
portion of an am no acid sequence selecteg2from SEQ ID NO 1-14 or of
variants thereof, such as a continuous series of residues that includes an
am no- and/ or car b6¥y& pobipeptiae eanpdrd by iaa is@qt@wm@ynmgchmwrﬁnriﬁag@ of

the pol ypept] des of Shenidusnid ot plused i 800l boBulORlnGehbe P8R! S0

preferred. Further rred are agrre raefurar
functional attribut es83%odetadﬂyfpr@ge‘rabtysattléa$t SaTderdity, ahpfreapr’raﬁsbreblyaaitd

al pha-helix formng regio -sheet and beta-sheget-fo

turn and turn-form ng gébg%ﬁ@g V1 SYHHMOGT PI§ SFarﬂ?)ﬁGﬁP@ ﬁ%ﬂggg/ﬁ g’é?ﬁql lic
regions, hgdrophobic jgegtigno the! Amotidiseatidhde cl@ér%gs&ﬁl,%nc@if%@dmb'l‘ﬂ)@t hi c
regions, flexible regions, surface-formng regions, substrate binding

region, and high anti§dfic index regions. Further preferred fragnents

| ncl ude an [ sol at ey yeEPk HRpERTRE Siceiedh S A seayeige having at

| east 15, 20, 30, ntiguous am no acids froman amno acid
sequence sel ePraeintfr palySEQided fiamn nbnjtwpeable_slamfﬁueot@a sldaipal yyptheri de

o obus anPRILR: S8 e TRl RIE ePR s Bhen RN 1R draRlsRd or 1°
Shoea! op T omiEQ 80 N call e S or m e Pt o g e
Hooer bo T R F e Tt api b Sl T NPBRH PG i S BTG

| vent i on ey pbgPEBRUEURE €08 BRAGUSIYIG0TIBR of #1E PRARIF Balybblioh ane:

pol ypepti de b% peptide synthesis; therefore, these fragnents be
enpl oyed as i heeithegameey wtwlaﬂm&mgamﬁemmmnoge@mg@qailvﬂmsethﬁ F or other

pol ypepti des i3 {I]g&.%

25Parti cul arl gagﬁngé@?gﬁﬁ‘? 3b§an{ﬂésﬁ8%§‘éﬁnlgévatgﬁfé - %,chi]?%,ed 1-3, 1-2

or 1 am ntb acfrdm SEQ KuNE: it-04 eﬁatdelce*sayj therfr@drdml (f neaegsarpntbiemat i on.

The pol ypepti des i_munogeni ¢ t he invention naﬁ be in the
n

T Dot Pt fteledio ATeRRY S pandl B RETE B dM i g ISR RN S e aea
precursor or aeddmsys tAe®rétein Fl dolysemidee SuaH vantrag@ssigerli® fragflewed thagn

include, for example, the Protein F polypeptide lacking an N-terminal leader
sequence or parts thereof, and/or a transmembrane domain and/or a C-

20 terminal anchor domain. In a preferred aspect the immunogenic fragment
of Protein F according to the invention comprises substantially all of the
extracellular domain of a polypeptide which has at least 85% identity,
preferably at least 90% identity, more preferably at least 95% identity, most
preferably at least 97-99% identity, to that a sequence selected from SEQ

25 ID NO: 1-14 over the entire length of said sequence.

A fragment is a polypeptide having an amino acid sequence that is
entirely the same as part but not all of any amino acid sequence of any
polypeptide of the invention. As with Protein F polypeptides, fragments may
be "free-standing," or comprised within a larger polypeptide of which they form

30 apart or region, most preferably as a single continuous region in a single
larger polypeptide. A fragment may therefore be shorter than the full-length
native sequence, or, if comprised within a larger polypeptide, may be a full
length native sequence or a longer fusion protein.



30addi ti onal ami no acid sequence which contains secretory or |eader
sequences, pro-sequences, sequences which aid in purification such as

mul ti pl e Wovixisme1r esi dues, or an additional sequence fam/sgEb@biokisby duri ng
reconbi nant production. Furthernore, addition of exogenous pol ypeptide or
24 lipid tail or polynucleotide sequences to increase the i munogenic

potential of the final nolecule is also cRasidered. I n one aspect,
the invention relates to ggneti cal Iy engi neered sol ubl e fusion proteins
conprising a pol ypBptfeded dagmestpinetidat for gyampic truneatian Bolyperjiveathayvingraof

and various p f 1 t

i nmunogl obul i ﬁBﬁf ﬁrb\?/gﬁla(mgSSa\u ?éc@fétggé%gle @ﬁ(ﬁWWXDCN%JIQH Or%%éﬂéﬁ?ter red
as an i munoglreiedi suctsas beootimsdusnderigardf reﬁdmﬂésethhémwdebaunmmmoham/nrI aG
particularly | ere fusion takes Iac

Pl cul ar onbaRO e Pal SRl <6 o0 RS ofBe odiineblods ot i on
of a cl eavsig e tHeSiaVentich FWGUQJSEd:I@)Vlobm éih@é?t\@lﬂ é#ete!ﬂs@bﬁé@&r&ﬂ Hurinee pfatetred Xa.
Furthernore, this invention relates to rocesses pr epar atl on of

these fusion 9f%ir@9m§nn§ff@@fé@ﬂ@demg$tﬁ&éwah@rfuaﬁﬁpﬂaﬁattﬂl@ut%éusméﬁeof f or
drug screeni ”ﬂacr:;H'feﬂ st é?rﬂgﬁ’sé nghélﬁéh %n&%rsﬁH%ﬁ?l&szﬁﬁlhg ibRg bé?é‘%ﬂbbf”
op ro anpl es

al so 15rel ates ol ynuc tide enco usi on elns
of fusion protsibetaesheatifonyyng aegibes, ftoumand wrmmmmom@owwedmmgm

fusi on pr ot oi TR (HMID. [RcepalEataBge Mg R R aPhe IR on

syst em as1@onpsyietk, uo@tawarlnpﬁlp‘aeﬂc mgm)m fiexiblerelgithisosurfrue-foemhingaggidPassi st i n

providing T hel er e es®&§}3 ical fusion partner), preferably T
el per opi t opsubREaegiT AN ariGen BHoK G osbi ng the. protei n

(expression e”ha”CFUDthéYtprBféill‘é%ffré’g?rﬁéﬁ’t§ nﬁdﬁﬁ’cﬂb éﬁ%d@bh%lf@"ﬁﬁ@’@'d&%ﬁn%@éﬁ' n.

Preferably the fusion partner wl an i mmunol ogi cal fusion partner

and expr essi oﬁmrﬁmaﬁ@lmugapeﬁ@wlng@#agstdﬁ Bar BRet@, 591@1 0@ cprtiguaus D from
Ha hi | | |
emophi | us i ?Hch? 851984‘9?18)80 réﬁé pre%élé&%qu NGO Med}zae

(EP 1 973 933) and e non- stru otern uenza virus,
(hemaggl utd ni am |so¢amrmlyrb&mldemqmmmsriteg ansantihe qmi@s@wenqedvavnaag;amep%wm

?Z/eoéefgz m ﬁ‘g fg@t%dg? con |gdo%sta¢r?|n8ra%ﬁcfl trr]urifcpa g@o?%lelé\(ed 1’ror|:r.1r g;]er ably

amino acid sequence selected from SEQ ID NO: 1-14 .
Still further preferred fragments are those which comprise a B-cell epitope,
for example those fragments/peptides described in Fig. 11.

20 Fragments of the full length protein F of the invention may be employed
for producing the corresponding full-length polypeptide by peptide synthesis;
therefore, these fragments may be employed as intermediates for producing the
full-length protein F or other polypeptides based upon the protein F sequence of
the invention.

25 Particularly preferred are variants in which several, 5-10, 1-5, 1-3, 1-2 or
1 amino acids are substituted, deleted, or added in any combination.

The polypeptides, or immunogenic fragments, of the invention may be
in the form of the “mature” protein or may be a part of a larger protein such as
a precursor or a fusion protein. It is often advantageous to include an

30 additional amino acid sequence which contains secretory or leader
sequences, pro-sequences, sequences which aid in purification such as
multiple histidine residues, or an additional sequence for stability during
recombinant production. Furthermore, addition of exogenous polypeptide or



30 nolecule is used. LytA is derived from Streptococcus pneunoni ae which
synt hesi ze an N-acetyl-L-al ani ne am dase, am dase LytA, (coded by the [ytA
gene {Gernwp 24R/154286) page 265-272}) an autol ysin that epesEbiicabdsys
degrades certain bonds in the peptidoglycan backbone. The C-term nal donain
of the 25 LytA protein is responsible for the affinity to the choline or
to sone choline anal ogues such as DEAE. Thds property has been exploited
for the devel opnent of E. coli C LytA expressing plasmds useful for
expressi on of lipiddpibar pplynetliestidpgentercas torinotare the inprocgenis pasentil ni ng

the CLytA fr : j has been descri bed

{ Bi ot echnol og@?@%”%%@é@%ﬁé@d@%@ﬁg& is possible to use the repeat
portion of the Lyt omd espéet, fhaevindemtiort fr@at@sﬁeg&he%alkymhgkmemedmgllﬂﬂe
residue 178, for exa |l e residues 18 esenf i nvention al so

The
i ncl udes vari 8it¥" BFC 'Hé CRBT SRR é’&pﬁ%toém? Prea?ﬁg PEENAEL ] hat i s

peptides tdhat fragmment Embbh%naafaﬂb@@tp‘ért%hs]&(tﬂé%hgﬁrﬁ Vé%@ﬁ% Bphéﬁ\rydor
substitutions vvhere y a residue is substituted by ano er with i

charact eri sti #ight q%ﬂdﬁscaﬁ'”ﬁU@'FPQJQB@'ﬂStht\{%%SéU@C%% l8Ga |JgNtalgA, L@E -and
Il e; anong Ser and v n
and G n; and anong Prﬁ%rrggsr%%%w gl@hﬁhr‘i %Sﬂhg%;s%ﬁ)ﬁ %?%n@?@e?gg?ga@ Phe
and Tyr. 15Pob§/bem'andg§ parttdtukartyrIg@énwhemémwrmtal@&rpla@a pt dnedriede regiany

sui tabl e mann o) j des, i ncl S0l at tu |y, occurring
pol ypepti des, ﬁ{ gg?ﬁtﬁ%%n‘%%g@bteﬂﬁ tQSr%Coﬁ%g&Sﬁ% Z}gﬁdos@ﬁtﬂ@?’yc%\f |y produced
pol ypept i ties, irgorparasipe pf bdtsaRigedisepenby whicoobdh batdleaveafwitthbkddret hods.
Means for pre ringlgﬁzfcg( ol ypepti des are well understood in the art. 20It
is nost pref e %ol ypeptide of the invention is derived from non
typeabl e H influepgaRernheneewss m\)etntlHﬁYeI@Eég R FoLyshe f@F’Eﬁé pRaf4tyn &t her
organi sns of the same taxonom c genus. A pol ypeptide of the invention my
al so be obt ai H@se fusiongxaigeby DPoaiI©EaaNESHRI. AN ’1@eth§&r@ thasesidon drugami | y
or order. 25 i f nto
provi de pol ynggl eoﬁﬁdggéqr%%fs aer}\%’%)h(%ééf &?E‘?ﬂ‘e@gﬁg%tp@&[‘&m%éﬁr l%%ul arly
pol ynucl eth i desdatdsad pahoucéedtides poicpgiegt sSubbSubiengirateies ifm@atpdes Bf titsgom F.

In a particul arl referred e ent ynucl eoti des
30 conpri se apFC&éﬁ”ptﬁC%@88Yﬁa"%F§JPHr‘a '%%%é‘)‘/égﬂ% %‘%‘?ﬁ%‘fﬁ sequences
set out in SEQ |ID ek ptbteity @ Immcéw tonhjegatel, eeBRpregse@ayar i ant

t her eof . The Protein F po nuc| eot i des provi ded in SEQ ID NQ 15 are

the Protein Fr%mnem@wm&%w%wney@@&s&@ levelhiq kR RIRAICSArRAR 3655,

O her expression system as compared to non-fused protein. The fusion partner may

20 assist in providing T helper epitopes (immunological fusion partner),
preferably T helper epitopes recognised by humans, or assist in expressing
the protein (expression enhancer) at higher yields than the native
recombinant protein. Preferably the fusion partner will be both an
immunological fusion partner and expression enhancing partner.

25 Fusion partners include protein D from Haemophilus influenzae (EP
594610), protein E from Haemophilus influenzae (EP 1 973 933) and/ or the
non-structural protein from influenza virus, NS1 (hemagglutinin). Another
fusion partner is the protein known as Omp26 (WO 97/01638). Another fusion
partner is the protein known as LytA. Preferably the C terminal portion of the

30 molecule is used. LytA is derived from Streptococcus pneumoniae which
synthesize an N-acetyl-L-alanine amidase, amidase LytA, (coded by the /ytA
gene {Gene, 43 (1986) page 265-272}) an autolysin that specifically degrades
certain bonds in the peptidoglycan backbone. The C-terminal domain of the



26 sequences have been determ ned of genes encoding protein F fromH.

i nfl uenzae strains listed in Fig. 3. As a further aspect of the

i nvent i orwoherxisare provi ded isol ated nucl eic aci d nol eeulrsE2@po8@INg

and/ or expressing Protein F polypeptides and 5pol ynucl eoti des, particularly
non typeable H influenzae Protein F pol ypeptides and pol ynucl eoti des,

i ncludi ng, for exanple, unprocessed RNAs,25i bozyne RNAs, nRNAs, cDNAs,
genom ¢ DNAs, B- and Z-DNAs. Further enbodi nents of the invention include
bi ol ogi cal |y, LmiAagrrqxb@inii%s@sgpnswe)mfyheafﬁrdmtpyhe eholinear loysane choline

t her apeuti cal I o A , vari ants

t hereof, and %ﬁﬁpé %Jlsglr)i@ a)é(r)bﬁé‘lgsﬁ-hgeﬁﬁég%%gg%ﬁno%w%?ﬁcg@p%of t he

i nvention rel deeslopmensof &t edli ﬁell»tmmdpeeﬁsm@plasrmm udefogfartexbesssioroale f ul |

| ength gene, that enc odes_a Pr ptide havin ed am, no
hor 4 sequence OB BSNBLHC T VBB fTae g Bedp A TEgaipnt
thereto amgl vat jt@Bhfind ehfeds héébéeﬁfaj@%!ﬂ@éecp%ble‘éhh@rdgy 1D®e(f19912)9§age
enbodi ment of _the invention relates to Protein F poly from non

typeabl e H. i APPUSH b ISRRSHDIS IR YSE N EPRa3S PORIPLST thR "SR laeiis fewndihce
sel ected from @@Jé%l‘ﬁg edd %f’arf?ﬁ%%t P’éérdl?emﬁé h‘%f Q%male residUes! 188

i nfornmati on provi herein, suc as a ynuc eot |1 de sequences set out in
SEQ I D NO 15, a pdhgpoedendinivestiot alsbemImwvarmmt@o‘tthmaﬁqeﬁmmonedn F

Cleh 8.t hose PRAPIE S AbPEiks. B b Red R Sio SR PRRR AR RATS r om

bacteri a 13i ngorﬁgzarrvI atmeecarhine déhd s%ﬁétuuﬁmaewsérre@ rﬁ&%ﬁ(uglsuﬁﬁ&ﬂbdwl | s as
startlng nateri a we 0 al t Cl one eover,

Shah DA Soquenabes bt B Sharalies Nopreetstdhsursitions 26 BFiond Mgy aly
frame encodi ngeaaﬁaqr@eamohg\eémn@bwt aﬁnbﬁg M@Hl&%S@%@%sé@n@ G@Sl dues set

forth in SEQ I deduced nol ecul ar wei ght that can

cal cul at ed usﬁﬁ@nﬁrﬁﬁﬁba%ftﬁdﬁ egdli anendriblecasiaiesibieg iy s\eaduyg; Qi'eiﬁﬂonl@’il@m to
t hose skilled ésn?d End The pol ynucl eotides of SEQ I D NO 15,
bet ween t he s{ on Ehe 30 stop codon, encode respectively the

pol ypeptite of SEQ:’bD'pHﬁldé.S of the present invention can be prepared in any suitable
manner. Such polypeptides include isolated naturally occurring polypeptides,
recombinantly produced polypeptides, synthetically produced polypeptides, or
polypeptides produced by a combination of these methods. Means for
preparing such polypeptides are well understood in the art.

20 It is most preferred that a polypeptide of the invention is derived from
non typeable H. influenzae, however, it may preferably be obtained from other
organisms of the same taxonomic genus. A polypeptide of the invention may
also be obtained, for example, from organisms of the same taxonomic family
or order.

25  Polynucleotides

It is an object of the invention to provide polynucleotides that encode
Protein F polypeptides, particularly polynucleotides that encode the polypeptides
herein designated Protein F.

In a particularly preferred embodiment of the invention the polynucleotides

30 comprise a region encoding Protein F polypeptides comprising sequences set out
in SEQ ID NO: 15 which include full length gene, or a variant thereof.

The Protein F polynucleotides provided in SEQ ID NO: 15 are the
Protein F polynucleotides from non typeable H. influenzae strain 3655. Other



In a further aspect, the present invention provides for an isol ated

pol ynucl eoti de conprising or consisting of: 27 (a) a polynucleotide
sequence wbizeotr/isa1at | east 85% i dentity, preferably at PcesgRo19056sizlentity,
nore preferably at | east 95% identity, even nore preferably at |east 97-99%
or exact identity, to any pol ynucl eotide sequence from SEQ I D NO 15 over
the entire length of the polynucl eotide sgguence 5 from SEQ I D NO 15; or
(b) a polynucl eoti de sequence encodi pol ypepti de which has at | east 85%
identity, prefequanogsdavedgsn o@mfmm@%ofg@nemdmr@t@mwmﬁnHeast 95%
identity, eve -at | gast 97-99% or 100% exact identity, to
any am no aci gvf/;gﬁgaeé;%tgégéeﬁ&%%ﬂé@?‘dr g’m SEQ ID NO 1-14 (or fragnent

t hereof ), over theAﬂs@a farther aspeehgf ﬂrneorhvetrhlenammecaracprdvmwwem«ad houceicSEQ | D
NO 1-14 (or f?&g?mmsnt t her eof,

pol ypeptide o °|ﬁP‘é|§§ﬁf‘C?W69ﬁpp@ﬁ eXPE?aSﬁ@Lﬁrg O%:E&@qugepialﬂggpahol ogs from

speci es otder bl?ﬂnclé@trdésypgﬁi@h%rlvnohﬂ%é&:ﬂ'éﬁﬁmfﬂﬁéﬁzé@PﬂﬁéWFned by a process
whi ch conprises the steps of screening an appropriate 15 I|brary under

stringent hybPPWPQ@W%@%‘?@IVW%@@@@%WC@QH}%fQﬂS examnl@ IR IRSEP afRNASin the
range of 45 - 5%} RN, ﬁ%ﬁ@”@?ﬂ a%érﬁi?mU[fmg’ B andz NAs. VP’L{r*Jh p | abel ed
be consi'stin

or detectable pr risin sequence sel ected from
SEQ I D NO. 15embodimerntgothe rnhemtam‘lnclade bncmglaallyngla@nbsﬂdallyengt h gene

A e R ey e N A B e R i
A olC G POPEpiEs, and balans tnereotlong cormmeltions eompirisig tsé@am oS
oo e or a1 Aaglher eopse it e PuemiarLaIRSats e ireRaolih s equence

for a mture pRANARPH HEstBnctullIAHHR Bbnd tnaastdus b AR foipngiiaer_codi ng
sequence, 25 such as a seguence enco |ng | eader or secret ory sequence, a

pre-, or pro- havingeeadicpe @ina asiskpasveace PheEFLID/NGL ekt a@rép@lwnu gotides
i nvention maycfi’)%éﬁl} SR AR &L alnﬁ%?l AReLRUYr codi ng sequence, including for
[

exanpl e, but not mted to at eas one non-coding 5 and 3' sequence,
such as tte transcin Mhbupannularlwepwefeamauemqumm’(mf theemvenaom oglateisgnal s

h h d depend | b
binai ng it o TGS PO AL L oL AT BREBR o Al T TP TR PARSTIES ~and

pol yadenyl at i enagizgnab %c.deaqmcmecréa@a frdeh SEQUENNO: IMed4 8t & YafianPhiessdf.
addi tional codi ng sequence encodi ng additi onal am no acjds. For exanple, a

mar ker sequence t hEEING4Be Inferpationproyidedtergin. %H‘Chtfh%a @QW\nHE&'@Bt'%I ypepti de
can be encodegﬁ% hehce8sefbit .ﬁ@f@umswf FB@ngE’IéS hetﬁ\?erﬂﬁh‘é‘ﬁ"codlng

sequence i s a hexa-histidi ne peptide, oV vect or
(Q agen, 2Gc. Pretain fdpslypeplétes maxebﬁtoiot%naqi usmerswdar@plonlngc@w s@eeningSA 86:

821 824 (195R)n s, Ych'hs R 8P cloAhglafid SleRbRly cnréifibborZi DRAT (1984)

fragments from bacteria using non typeable H. influenzae strain3224A (or 3655)
cells as starting material, followed by obtaining a full length clone.
Moreover, each DNA sequence set out in SEQ ID NO: 15 contains an
25  open reading frame encoding a protein having about the number of amino acid
residues set forth in SEQ ID NO: 1 with a deduced molecular weight that can be
calculated using amino acid residue molecular weight values well known to those
skilled in the art.
The polynucleotides of SEQ ID NO: 15, between the start codon and the
30 stop codon, encode respectively the polypeptide of SEQ ID NO: 1.
In a further aspect, the present invention provides for an isolated
polynucleotide comprising or consisting of:



5may be useful in purifying pol ypeptide sequence fused to them

Pol ynucl eoti des of the invention also include, but are not limted to,

pol ynucl ewvi2desisernpri sing a structural gene and its naturskky2assoxi at ed
sequences that control gene expression. The nucl eoti de sequence encodi ng
the Protein F polypeptide of SEQ ID 10NO 1-14 may be identical to the
correspondi ng pol ynucl eotide encodi ng seqence of SEQ ID NO 15 (or
conprised within SEQID NO 15). Alternatively it may be any sequence,

whi ch as a re&ajla pelynuplectidel aadaense wb@@madgastc%% iderjidnareterad@t al so

encodes a_pol yepbbe SR LAClrdd b1 chaTHEd SR Palunal ot | de

encodi ng a po ypep enconp ucl eotrdes that
i ncl ude a seqpesfembinableéasy9 a9 ppemotddaeruftyttbeanyrpcﬂymucrbmtlcteaseqtmmlcarI y a

Do ohl o 1O TR SR, T8l R e ofitts andithiBe KRR AuLERIER seatel Rt | n

any of thessegdpnNSES I0f NEEDS! & NO 1-14 or fragnents 20t hereof. The term
al so enconpasses polynucleotldes that include a single continuous region or

di scont i nuous (RledPeiBUBARIIR SRAUEAES SOFYPBRE RRYRGRIFE YRiApNas at least 85%
pol ynucl eot i degrhifl ; EtFéngEb?Papbéaé(‘é(?%rlééﬁﬁgpmgggré’?@rd I 80/akE85d:Na8Ai, ON

sequence, an inte vector sequence, rated transposon sequence,
or due to RNAeeelrh marg poefegarlyat toeBNAY ¥ garli0D emr)t iderfdy Horanyianhino

cequences. ThedBuanenthrePERG SRR NG T I U B o i des
descri bedi dner ehtiret lbagthestciosl amitay beidiseqaénce fpomySEQDASOhaMidngr ﬂaglmént: ed

am no acid se uenc§ of any of the sequences of SEQ ID NO 1-14. Fragnents
of pol ynucl eo &Y of the invention may be used, for exanple, to synthesize

full- 300 ength pol wuplriRiddlas cAkoling o puiARsaR of the preth?’h%rﬁtRﬁH fHcAgRRYt S

are those pol ynucl eoti'des whi ch enco cel epi tope, for exa e the
p ﬁ p npl

f ragnent s/ pep pa@@mQrﬂéﬂogmfrm¢pems cdiner thé@@ﬁ’ﬁlt}”%ﬁﬁme thinfeenaaey enrys
conpri sing sapd RAlyOWE! 8Yrbdsss iRBARBHmrisethe steps of screening an appropriate

15 library under stringent hybridization conditions (for example, using a temperature
in the range of 45 — 65°C and an SDS concentration from 0.1 - 1%) with a labeled
or detectable probe consisting of or comprising any sequence selected from SEQ
ID NO: 15 or a fragment thereof; and isolating a full-length gene and/or genomic
clones containing said polynucleotide sequence.

20 The invention provides a polynucleotide sequence identical over its entire
length to a coding sequence (open reading frame) set out in SEQ ID NO: 15.

Also provided by the invention is a coding sequence for a mature
polypeptide or a fragment thereof, by itself as well as a coding sequence for a
mature polypeptide or a fragment in reading frame with another coding sequence,

25 such as a sequence encoding a leader or secretory sequence, a pre-, or pro- or
prepro-protein sequence. The polynucleotide of the invention may also contain at
least one non-coding sequence, including for example, but not limited to at least
one non-coding 5’ and 3’ sequence, such as the transcribed but non-translated
sequences, termination signals (such as rho-dependent and rho-independent

30 termination signals), ribosome binding sites, Kozak sequences, sequences that
stabilize mRNA, introns, and polyadenylation signals. The polynucleotide
sequence may also comprise additional coding sequence encoding additional
amino acids. For example, a marker sequence that facilitates purification of the



Further particularly preferred enbodi ments are pol ynucl eoti des encodi ng
Protein F variants, that have the am no acid sequence of Protein F

pol ypept iwe 20f2/amei1sequence from SEQ I D NO 1-14 in whi ebTsgv@Erakisoa few, 5
to 10, 1 to 5 1to 3, 2, 1 or no amno acid residues are substituted,

nodi fied, deleted and/or added, 5in any conbination. Especially preferred
anong these are silent substitutions, addpgi ons and del etions, that do not
alter the properties and activities of Protein F polypeptide (for instance
t hose proper t fusedddpeipbide can berencedadpneestain erohodigrasitspf theunteandion, the

referred enbqg] e | ol i t re at
Feast 85% i den |rlg§{ge(%)\lf§bc% L%e? bg)\é%ﬁ %F'Q'%Z%S’Pﬁgt%&%@@%ﬁéﬁgﬁ% Egggsvegacgcgrodi ng
Prot ei n E pol yQependes.) madidegcalbediim Genta@t d/. sBmeeNad. Aedd. Bdi., USAaBE: 8X1-t he

sequences of  1- and pol ynuycl eofi de \ r I ntary to
S pol ynucl BorRS) Sy i etiee 50 HBHEoR ke el 2 26 dTofleBo B it
pol ynucl ecd i dafaytdeatisefQIMRHUFIE/iRy pEgb&tideniquehcéfudedias thaR %P ojattiestlesover
its entire | engt h to 15pol ynucl eoti des encaodi ng Protein F pol ypeptides and
pol ynucl eoti d€ th@d?fﬁ@h@@rﬁ'%? W‘Clbﬁlér Bytzarenet timits ﬁ%WWUCW'Q%é‘ID@@f'ﬁ'GQF?‘ at

| east 95% i dept. Il i : icularly
preferred. Fureftr (g[ra}r%géﬁéta hggﬂé nﬁ%h%?s%c?é%%@&%%ﬁ%sﬁﬁég‘ﬁ@ﬁ@ g?@érred anong
t hose with atekpassioB5% and anong these those with at | east 98% and at
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320 1D Mo 1soeamees o SaniD bt HB UG o s enre SR B BRRS of this o
i nvention t hepgerRAkeIyAL ﬁh\éiycl%a@fbé!cﬁly&%dé%\jrﬁ@ﬁaé Bfﬂes@lgbf iHdi re@un@ardy cul arly

under stringent condiftions, otein F polynucl eoti de sequences, 'such as

t hose pol ynucldagangsacyfof rgemetiarods alsthen¢anasm pelypeptideef SE& B ROt o
pol ynucl eoti des, 4 hat hybridize to the pol ynucl eotide sequences provided
herein. In this regard, the invention especially 30relates to

pol ynucl et i des t hahe bgrior Iptilreicientide estcoding enpolymepdide! as siséd hetean

D o e eSS S A B R  BLBEE o
occurring onl yhd hvémire paficalarly easdctS&Ripanepties ana@biote plarticeisty 7%
identity between the sequences. A ) _ _ _ _
polypeptide of the non typeable H. influenzae Protein F having an amino acid
sequence set out in any of the sequences of SEQ ID NO: 1-14 or fragments
20  thereof. The term also encompasses polynucleotides that include a single
continuous region or discontinuous regions encoding the polypeptide (for
example, polynucleotides interrupted by integrated phage, an integrated insertion
sequence, an integrated vector sequence, an integrated transposon sequence, or
due to RNA editing or genomic DNA reorganization) together with additional
25  regions, that also may contain coding and/or non-coding sequences.

The invention further relates to variants of the polynucleotides described
herein that encode variants of a polypeptide having a deduced amino acid
sequence of any of the sequences of SEQ ID NO: 1-14. Fragments of
polynucleotides of the invention may be used, for example, to synthesize full-

30 length polynucleotides of the invention.

Preferred fragments are those polynucleotides which encode a B-cell
epitope, for example the fragments/peptides described in Fig. 11, and
recombinant, chimeric genes comprising said polynucleotide fragments.



30 specific exanple of stringent hybridization conditions is overnight

i ncubation at 42C in a solution conprising: 50% formam de, 5x SSC (150nM
NaCl , 15mwvbtnizgiseium citrate), 50 mM sodi um phosphat e ( pET/SE20125%0503
Denhardt's solution, 10% dextran sulfate, and 20 m crograns/ m of

denat ured, sheared salnon 5 sperm DNA, foll owed by washing the

hybri di zati on support in 0.1x SSC at aboup965C. Hybridi zati on and wash
conditions are well known and exenplified in Sanbrook, etal., Mol ecular

d oni ng: A Labor at bustheparticylaieprefierratiemibedimenss arespely Agcleptidesrencrding,
(1089)+ part | phb@r e EhaRt Shatia \AEClfino SRIHLLRRABY R bELR(F A0l BB 5O Do

used with the polynuc e sequences provi e rnve
The i nventi onaay sequerme foes SEQWD Wxcl-¢4tin dbictoseviesd!] afpvafs or1Gdnprd, ditog a

| | eoti d bt te |
Pont ai i ng. t nd: Zehit 8 njan dogrsidtied st S SRheR el Ea endld Biceel any
of the Se%lenﬁﬁénwéorﬁﬁﬁah&] @peéfauwpé@férréa BhitgR theby Brd §i|eh@§ul§§1|ttﬁitw‘rh@| tions

wi th a 15probe having the sequence d pol ynucl eoti de sequence set

forth in the @6@'?'@@?)%@1%@“9@%1&6%@0 - “alieotiapiageries a1 activiligs o RroteiRer eof ;
and isol ati “ggﬁgg t@j@?f ﬁé%ﬂ&é ﬂ%s’é&%ﬁ%‘rﬁ@s dﬁémhﬁhé‘ﬁ%hﬁ' Ief Q%ct%ﬁt ai ni ng

such a pol ynu pr obes and
descri bed elsbahﬂme herei n. 20As di scussed elsemhere hereln regardlng

oF TheCi moent i on: ey rEBirelEBRBAN inpaRRRER 2re BVRRGEB e e G °°
genoni c DNA t ard atdbastes5% lideritieaigivier iV entra terggin cnpoly slickeetRiesrerrding
Protein F and to js Iafe cDNA and genom.c cl ones of other genes {hat have a

hi gh i denti tyPrY&inE PRIVRPPYAER I gl EAURC PRIEREAHFNCE 854 e haRY Bt ben F

genes. Such pg @8R SHA Yo Wa:!1- ¢4>rm{d é&ﬁ\ﬁclécﬁﬁ)@% t&t é?é%bﬁ’ﬁﬂérﬁént'é%ﬁlodues
or base pairs. Preferably, such probes will have at | east nucl eot’i d

resi dues or b&geh palynycleplitesapteraagvely, mesishionly nﬁ@f@rr@dtar@l@oty@yclégtad,ea)thabase
pairs. Parti C%ﬁﬁ‘bh% erséﬁhrtlﬁmﬁl |$'éﬁ%%§t hdolid M:%I %er |§aﬁ?ﬁ % {eot i de

resi dues or base'pairs ave Tess nuc re5|dues or
base pai re5 3ﬁ9|ynodeomese@jiamdirtg‘Pr@tejnﬁ pDIFpemndes amd;pdl;muclmltldesed by
screening usin
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conpl enent ar y tHeir diiiaé lepigtito Bé same are particularly preferred. Furthermore, those with
at least 97% are highly preferred among those with at least 95%, and among
these those with at least 98% and at least 99% are particularly highly preferred,
20  with at least 99% being the more preferred.
Preferred embodiments are polynucleotides encoding polypeptides that
retain substantially the same biological function or activity as the mature
polypeptide encoded by a DNA sequence selected from SEQ ID NO: 15.
In accordance with certain preferred embodiments of this invention there
25 are provided polynucleotides that hybridize, particularly under stringent
conditions, to Protein F polynucleotide sequences, such as those polynucleotides
of SEQ ID NO: 15.
The invention further relates to polynucleotides that hybridize to the
polynucleotide sequences provided herein. In this regard, the invention especially
30 relates to polynucleotides that hybridize under stringent conditions to the
polynucleotides described herein. As herein used, the terms "stringent conditions"
and "stringent hybridization conditions" mean hybridization occurring only if there
is at least 95% and preferably at least 97% identity between the sequences. A



gene of the invention is then used to screen a library of cDNA, genom c DNA
or MRNA to determ ne which nenbers of the library the probe hybridizes to.
Ther e ar eweeveyihki2net hods avail able and well known to tireIsESkRI0sEs i n the
art to obtain full-length DNAs, or extend short DNAs, for exanple those 5
based on the nethod of Rapid Anplification of cDNA ends (RACE) (see, for
exanpl e, Frohman, et al., PNAS USA 85: 8998-9002, 1988). Recent

nodi fications of the technique, exenplified by the Marat honTM t echnol ogy

(Cl ont ech Lab&pegific esgmplecof) stfingertdampidizatinaceonditignsfis ouamightdneyhiatipned t he

sear oh for | onges S BNl LR ARG BRI FRASL R (FADRR KAk fse 10

prepared fromm extracted a chosen tissue an n "ada
sequence | i gatresbdamh citezte)) 5OmdM dbatilien phasphditea (gl 7.6), cat DemhdrBCRsolusionhen

ied out t lify the."mssing” 5 end, of t i mbi nat i
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reaction i5 tBgarm EneRtiBloWSH by vvarwﬁrﬁdgaﬂi'e IybrRsiontigdpottsn P14 BBICSadesi gned
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to anneal within 15tohe anplified product (t%gi cally an adaptor specific
primer that aﬁﬁ@'d'l@@ﬁmﬂ'@t'oﬂrﬁﬂ%\éa%%@ 'OQ%Q%W% kaﬁwnaar@e%ergralé@dfi c
prinmer that a ther Baid t SESHEN preduct s
of this react Pﬂﬁg@ﬁ(g%é?n%'ém%éa@&zﬁloﬁﬁ Leésj%cgﬁgﬁ%l n arli acofn H?glpéﬁ’gt h
DNA const ruct EdldBphieg HarbpninYnd1988), padiudarydC hapter v 1ttberelie Suten ng DNA

Lsi ng the now aTRARE i Grsbe SREANIM BB Bl BISGRY Helgndsp prfidbd of
The pol ym@l etHe iheentarsel pol ypepti des of the invention may be enpl oyed, for

exanpl e, as resear reagents and materi al fo i scovery of treatnents of
R aunast ! co Tor Rl SaTEBs I Sa i s PovRHAlRILE COHSEUNS 96 6F CoTHERING

di scussed 25hgrgjiyhdcidtidensbduenBe ot e Bl isdfoctifg¥h -appropriat8fibrary
pol ynucl eoti des of the invention that are oligonucl eotides derived froma

sequence of SEGNEMINGhe sOMBIFI®gens der @ ROtyRECIsObde Ssayenes 8¢tTORB id@sy Af bed,
but preferabl y,{ Qéqlfe?@?sto? SERS 15 ey W&é}esrtriﬁ’%erﬂ. bh’Banﬂgrl] \‘:BHGi!tiSH%Bﬂt‘ﬁsa
ol e or e n I'n

identified heretn in In part are transcri acteri a
i nfect ed 19 sspmbd havisg thee seuucared ¢ffsmid palyhusleqtieéesequendd setlfedh hratres

utility in diagnosis of the stage ipfeation and t f infection,the
pat hogon has oTSEmasing $95usndies G0 BUNE! 18 8 Adtedald Bl i sBRLBET des
that encode asgl digstidehedquencehEragntatite UBERl Ebrobimsngeldii sonal am no
or carboxyl-term nal am no aci or amno acids interior to the mature

A T ds,
pol ypept i de (RAVAUERStHRINGIEIS. dPMeXREPIPp PECRESANHAMBE {ui¥SEesadoe%hai n, for
instance). SugRcSARWSRERSnMaYy play a role in

20 As discussed elsewhere herein regarding polynucleotide assays of the
invention, for instance, the polynucleotides of the invention may be used as a
hybridization probe for RNA, cDNA and genomic DNA to isolate full-length cDNAs
and genomic clones encoding Protein F and to isolate cDNA and genomic clones
of other genes that have a high identity, particularly high sequence identity, to the

25 Protein F genes. Such probes generally will comprise at least 15 nucleotide
residues or base pairs. Preferably, such probes will have at least 30 nucleotide
residues or base pairs and may have at least 50 nucleotide residues or base
pairs. Particularly preferred probes will have at least 20 nucleotide residues or
base pairs and will have less than 30 nucleotide residues or base pairs.

30 A coding region of Protein F genes may be isolated by screening using a
DNA sequence provided in SEQ ID NO: 15 to synthesize an oligonucleotide
probe. A labeled oligonucleotide having a sequence complementary to that of a



5 processing of a protein fromprecursor to a mature form may all ow
protein transport, may |engthen or shorten protein half-life or may
facilitatworramnypwi2ati on of a protein for assay or produ®CirsE2012/080393 Ot her
things. As generally is the case in vivo, the additional am no acids may be
processed away fromthe mature protein by cellular enzynmes. 10For each and
every pol ynucl eotide of the invention theg¢ is provided a pol ynucl eoti de
conplenmentary to it. It is preferred that these conpl enentary
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addition t® thgsad @ﬁdﬁé (Eheﬁho@of QapU Nrrfpﬂaﬂé@tﬁﬁﬂéﬁéDNAserfo@r RACE p@EekdRs,
20t he term"N' may be used descri mg certal n 5 ynucl eotldes of

the inventi onexammqué;éﬁ@m?ﬁa?t %!nJDMSth%A hRaCcedt | des may
appear at suc Cﬁilﬁt%?lbﬂg%tf%mh ”eké‘mhnf?%%tﬁﬁ %ﬁﬂ“%&ﬁﬁ%ﬁﬁcept It

Is preferred t 'S not a nuclel¢ aci n taken in co ation
wi t h adj acent (Glooteabt [ akorpiesiesilong forndxampledaavensighificantty gotplifieddhag frane,

woul d 25have ff n such
Foadi ng 1 ameooareh o finoBf cBRA%. 3 aerBlR e e, SENASE R PR code
ma]E ure Srm ei pre@ré@fﬂ@hﬁrrtRMA%xﬂabieder@rmeed;itﬁerﬁmwem émﬁadalptasray be
referred to as a reproteln or of a mature profe vi ng one or
ot e pr osequeneasSidaoard ohin Sedt S50 Naclel adaaliS i ECRLBeR n or 5
pr epr opr ot ei NeadidcdLitits s Y 'TRissihg" 8 @lﬁd’@ffHeGIDNA Ny BEoPBiIRAEE of
sequence and one or nore prosequences, Wi general ly are renoved during

processi ng st @9@9tsﬁéﬁlflﬁﬁ@dlﬁﬁi@pé@ﬂﬁmlfmlgmug|ﬁ@tlﬂ©|pﬁiﬁ1&ﬁ$ T PER (grasionde.
33 In a % c}"bé e?%B'e?ﬂmgF ttﬁgt , r‘?rﬂ%isoge&%ﬁ&ﬁ & Lindd Qg
ynuc ded or tic or

t he use of a po AVenti on er ape

prophyl actb c the pmpbfsed pmqwt (typlabw agedeptar sipemﬂini[:zm{erdhat émreaeajs &urtfers®'

pol ynucl eoti de t%e a a%térnéleeqnl}en%g a'nrclzl aqsgﬁé s%eélmrrllmzeartthat anneals further 5' in
the selected gene sequence). The products of this reaction can then be
analyzed by DNA sequencing and a full-length DNA constructed either by
joining the product directly to the existing DNA to give a complete sequence, or

20 carrying out a separate full-length PCR using the new sequence information for

the design of the &' primer.

The polynucleotides and polypeptides of the invention may be employed,
for example, as research reagents and materials for discovery of treatments of
and diagnostics for diseases, particularly human diseases, as further discussed

25 herein relating to polynucleotide assays.

The polynucleotides of the invention that are oligonucleotides derived
from a sequence of SEQ ID NO: 15 may be used in the processes herein as
described, but preferably for PCR, to determine whether or not the
polynucleotides identified herein in whole or in part are transcribed in bacteria

30 ininfected tissue. It is recognized that such sequences will also have utility in
diagnosis of the stage of infection and type of infection the pathogen has
attained.



Spreferably enploy a suitable delivery nmethod such as direct injection of
plasmid DNA into nuscles (WIff et al., Hum Mol Genet (1992) 1. 363,

Mant hor pewet2osl1s¢12lum Gene Ther. (1983) 4: 419), del i vecy/sekoiDbgoseonpl exed
with specific protein carriers (W etal., J Biol Chem (1989) 264:. 16985),
coprecipitation of DNA with cal ci um phosphate (Benvenisty & Reshef, PNAS
USA, (1986) 83: 109551), encapsulation of3DNA in various forns of |iposones
(Kaneda et al., Science (1989) 243: 375), particle bonbardnent (Tang etal.
Nature (1992) 356: 1be invensen BlseLpToeitiea Polynonlaotias that emchpg@@plymeptlcg@m)at and

f USA
 owe) Con ™" Sl RLASHEARE ¢ S By kB ok PesthaiBbp iy USA
al so rel at es bBmineatids mtemmttoctlmem‘ratlsre pml;mnipyideucwaem thi;amaturpcﬂbrymbai; guiredes
of the inventj i.ca

host cel | hat _ar.e ngi neered, with vectors
of the i nvent I APOHESHIIGR A & BrERE SOR0iHetO R Ty PRI R by
reconbi narg t pedtRLSIHGDf a@Rbleir fre® réétm%bﬁtfd é)ﬁwawr%tf@rﬂ‘ﬁ Bay afdow préteireran-oyed
to produce such prot ei ns using R derived fromt DNA constructs of the

20i nvent i on. SPOrt, Malesekianser SostepREpieinaalf-ie qrﬁ@axpfeééléa’s@ TARAEITOTRY be
prepared by phﬂﬁ@ﬁ?@ﬁa Ior Qq!l’]i‘bstlbgoérﬂ%glo%rlﬂlnﬁ %éﬁer‘gﬂ){ s'thQ@'ase in

genetically enhgi neere g expression sys
Accordingly, wvoathbmddit@nahamm acud$1mqyrt&mcessadeaway)fnomdhamatute)proteun

expression sy rise a polynucl eotide or 25pol ynucl eoti des of
t he present mg%ﬁli"%pgﬁ%ygﬁ) st cells which are genetically engineered with

such expr’e%SI on sxr/rgbeeach amiﬁmytdwrmrcmudé bﬂgwbelﬁvmldﬁﬂﬁgte |d¢$0\ﬂﬁ?di bﬁ

i nvention by recomnbi nant techni S rec oduction of the

ol ypept | des BRVPHACPIRRARTBRMAAY (@il |14 BEIFER GohtRee a1 ERe Robr od 1 o
i ncorporat e expf/ASSEOIHeYSeTIRy c%m;@l@Fﬁén@éﬁ to 38ch B@Fyﬁgéle@f deD@AtM WHidHEPkl des
of the invention. Introduction of a polynucleotide’into host cell "can

be effected bfreedmpl@seaNtxdyri bed i n many standard | abor at or y manual s, such
o P S Sy R B B % b plodbipor
Har bor Labmr aborryor@pquébd:ei: rﬁpylbﬂgari—laabtme foNn of tmelwgpeptmecwml’] cal ci um
phosphate transfect ran ne ansf ect i nsyection,
i or oi nj ect | oROBALP RS BvAdALH KLV a UL SReM eI A BOMETTon.
conj ugati on, BorseiLEléfaRe pRsdegpentsafialbe redldviedtieforertctiogisi IGuhebalyd
I nfection. such precursors are called proproteins.
In addition to the standard A, G, C, T/U representations for nucleotides,
20 the term "N" may also be used in describing certain polynucleotides of the
invention. "N" means that any of the four DNA or RNA nucleotides may appear
at such a designated position in the DNA or RNA sequence, except it is
preferred that N is not a nucleic acid that when taken in combination with
adjacent nucleotide positions, when read in the correct reading frame, would
25 have the effect of generating a premature termination codon in such reading
frame.
In sum, a polynucleotide of the invention may encode a mature protein, a
mature protein plus a leader sequence (which may be referred to as a preprotein),
a precursor of a mature protein having one or more prosequences that are not the
30 leader sequences of a preprotein, or a preproprotein, which is a precursor to a
proprotein, having a leader sequence and one or more prosequences, which
generally are removed during processing steps that produce active and mature

forms of the polypeptide.



Represent ati ve exanpl es of appropriate hosts include bacterial cells, such
as cells of streptococci, staphylococci, enterococci, E. coli,

st rept ommwepixpanobact eri a, Bacillus subtilis, NeisseripaT/semiigstsizli s,
Haenophi l us influenzae and Mraxella catarrhalis; fungal cells, such as
cells of a yeast, Kluveronyces, 10 Saccharonyces, Pichia, a basidionycete,
Candi da al bi cans and Aspergillus; insect 88lls such as cells of Drosophila
S2 and Spodoptera Sf9; animal cells such as CHO COS, HelLa, Cl127, 3T3, BHK,
293, CV-1 and Bowel aegaidance wihlas aspegt pf tmimz@\tiqn, therers psoided thepfisen
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to produce the eptl des "oF 'he |nven ors 1'nc
ot hers, chr onpadicalar genepcsmrmjmzamd. VI rus derl ved vectors, for exanple,

vectors derived fr bact rial sm fr.om hact.eri ophage, from .
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such as 5V40, vaccinia viruses, adenoviruses
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(supra). 30In reconbi nant expression systems in eukaréot es, for secretion

of a transl at s8ingraersdratiaviat yectoimiSieeger ehel. ei4p! dsh (39841 8LARAR). i nto

t he peri pl asm\/%o&;?é‘%é?rcé//gtExé@gsﬁﬁts@ g@llg ul ar environment, appropriate
secretion nto the expressed pol ypepti de.
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ani on or cation exchange chromat raphy, phosphocel |l ul ose chromat ography,
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ion nmetal affinity chromatograph I's enployed for puritication. Well
known t ec?hi qiyentian. refol ding proteins may be

Recombinant polypeptides of the present invention may be prepared by
processes well known in those skilled in the art from genetically engineered host
cells comprising expression systems. Accordingly, in a further aspect, the present
invention relates to expression systems that comprise a polynucleotide or

25  polynucleotides of the present invention, to host cells which are genetically
engineered with such expression systems, and to the production of polypeptides
of the invention by recombinant techniques.

For recombinant production of the polypeptides of the invention, host cells
can be genetically engineered to incorporate expression systems or portions

30 thereof or polynucleotides of the invention. Introduction of a polynucleotide into
the host cell can be effected by methods described in many standard laboratory
manuals, such as Davis, ef al., BASIC METHODS IN MOLECULAR BIOLOGY,
(1986) and Sambrook, et al., MOLECULAR CLONING: A LABORATORY



10 enpl oyed to regenerate active conformati on when the pol ypeptide is
denatured during intracellular synthesis, isolation and or purification.
The expr eweizor/syriem nay al so be a reconbi nant |ive m eCOGEgERi0SIF3 such as
a virus or bacterium The gene of interest can be inserted into the genone
of a live reconbinant virus or bacterium Inoculation and in vivo 15
infection with this live vector will |ead340 in vivo expression of the
antigen and induction of immune responses. Viruses and bacteria used for

this purpose MANYSE, 2nEdnéw!d Boxng Haskee LabogatonalRisisai @oldf Snungodarbor,
canarypox), awa(ﬁbégf ek 8, é;al?élﬁm Mdé@gat%etgédéféctfow Bﬁﬁtéfg&{ﬁan feagfue! ' an
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order to opt abAdlinfe&iormacci nes. Such live vaccines also formpart of the

i nvention. Diagnostic, Prognhostic, Serotyping and Miutation Assa @ 25Thi s
invention i s al so RepisentatiyeExampies efradprerrate hpsisdnglvde bagierigaeliangtich

pol ypept Ldes ok chicof ANARARE SRioriRRoRs, diBanaRt £ EoRasabRmRRkect ] on of
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wel | as by mepedsopcoyg %@aheﬁgvnﬂs FHHK 293, cRphmpBM@s%rr@réhoma cells;

pol ynucl eoti des for prognosi s, diagnosis or other analysis may be obt ai ned
from a putati @8 planicels, sucaaacelis pha symeaspera OF NEHPSRETBLi |y material s.

Pol ynucl eot i des Tr QAR en) HASErSQUSFRoNEIEh S Alddtoibucie BHA Y be

used directly for d 1on “or enzymat | y 5usi ng PCR
or any otfter aaiypepmdmtofdﬂnetrwehhmrql&qurve@torsmczlwdﬂ EEIENg Gthkérs paranasonzalt y

nMRNA, cDNA and_geno 0 be used in the sane S., Usi .
apl | 1§ cat i on: CORAALAEE Uaers Vo VerBr Jets e aRa S AR oL Bte or
resi dent orgapissmig &embatterigphaded ifohtitahsposeis rorfgeastapiesmesadtansi s of
t he genotype of a sel ected g_ol ynucl eoti de of the or gani sm_Del etions and

i nsertions cafSEEIONFIGBERE: EaMhyeast Eh@ﬁ‘@&sqmﬁ'@i'%e@ﬁ rere VAKEPS FUEH@Br oduct
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or ganl sm (5) era y a di fferent SpPecl e e Ssanme genus or er ent
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T ok "3, BRI el o ool Pk St oguenees.
i mper fectly odernvecfreingiagmicaard tyamm@tagb@danéwbmtb,)such as cosmlds and
phagemids. The expression system constructs may contain control regions that
regulate as well as engender expression. Generally, any system or vector suitable
25 to maintain, propagate or express polynucleotides and/or to express a
polypeptide in a host may be used for expression in this regard. The appropriate
DNA sequence may be inserted into the expression system by any of a variety of
well-known and routine techniques, such as, for example, those set forth in
Sambrook et al., MOLECULAR CLONING, A LABORATORY MANUAL, (supra).
30 In recombinant expression systems in eukaryotes, for secretion of a
translated protein into the lumen of the endoplasmic reticulum, into the

periplasmic space or into the extracellular environment, appropriate secretion



DNase or RNase digestion, for DNA or RNA respectively, or by detecting
differences in nelting tenperatures or renaturation kinetics.

Pol ynucl ewbi2de/senquence di fferences may al so be det ect edCmgE21205603 Ons i N
the el ectrophoretic nobility of polynucl eotide fragnents in gels as
conpared to a reference 20sequence. This may be carried out with or w thout
denaturing agents. Polynucleotide differegges may al so be detected by
direct DNA or RNA sequencing. See, for exanple, Mers et al., Science, 230:
1242 (1985). Sighalsioay bhampegoratedsiptaringi expreasedinoiyeptide Thsseignaly gwyed by
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identification. Array technol ogy nethods are wel| known and have general
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nDIec | ar gen € and genetic
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present invention, THé@XﬁF@é%hdh ’sﬁ’stéﬂﬂ}’mgfl a‘éﬂﬁoé’@lrég@rﬁblr@?ﬁll@é rrﬁ':;F@ %érhg;n( d)

1-14. 101t wll be appreci ated that _in any such (b) (t
may conprise Such as avirus or bacterium. The gene of mterest can e mserted into the

genome of a live recombinant virus or bacterium. Inoculation and in vivo
15 infection with this live vector will lead to in vivo expression of the antigen and
induction of immune responses. Viruses and bacteria used for this purpose
are for instance: poxviruses (e.g; vaccinia, fowlpox, canarypox), alphaviruses
(Sindbis virus, Semliki Forest Virus, Venezuelian Equine Encephalitis Virus),
adenoviruses, adeno-associated virus, picornaviruses (poliovirus, rhinovirus),
20 herpesviruses (varicella zoster virus, etc), Listeria, Salmonella, Shigella,
BCG, streptococci. These viruses and bacteria can be virulent, or attenuated
in various ways in order to obtain live vaccines. Such live vaccines also form
part of the invention.
Diagnostic, Prognostic, Serotyping and Mutation Assays

25 This invention is also related to the use of Protein F polynucleotides and
polypeptides of the invention for use as diagnostic reagents. Detection of Protein
F polynucleotides and/or polypeptides in a eukaryote, particularly a mammal, and
especially a human, will provide a diagnostic method for diagnosis of disease,
staging of disease or response of an infectious organism to drugs. Eukaryotes,

30  particularly mammals, and especially humans, particularly those infected or
suspected to be infected with an organism comprising the Protein F genes or
proteins, may be detected at the nucleic acid or amino acid level by a variety of
well known techniques as well as by methods provided herein.



a substantial conponent. Such a kit will be of use in diagnosing a disease
or susceptibility to a di sease, anong others. This invention al so

rel at es twothe/iseiof pol ynucl eoti des of the present i npemiSE2012850503

di agnostic reagents. Detection of a nutated form of a pol ynucl eoti de 15of
the invention, preferably any sequence of SEQ ID NGO 15, which is
associated with a di sease or pathogenicitgew || provide a diagnostic tool
that can add to, or define, a diagnosis of a disease, a prognosis of a
course of disease, Palygeptdes and polyinydlectidssdgepopnasiscdisgnosis onother
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such as, for ex icatio
sequencing. See for example, Myers et al., Science, 230: 1242 (1985).

Sequence changes at specific locations also may be revealed by nuclease
protection assays, such as RNase, V1 and S1 protection assay or a chemical

25 cleavage method. See, for example, Cotton ef al., Proc. Natl. Acad. Sci., USA, 85:
4397-4401 (1985).

In another embodiment, an array of oligonucleotides probes comprising
Protein F nucleotide sequences or fragments thereof can be constructed to
conduct efficient screening of, for example, genetic mutations, serotype,

30 taxonomic classification or identification. Array technology methods are well
known and have general applicability and can be used to address a variety of
questions in molecular genetics including gene expression, genetic linkage, and
genetic variability (see, for example, Chee et al., Science, 274: 610 (1996)).



PCR, RNase protection, Northern blotting, spectronetry and ot her

hybri di zati on nmethods. In addition, a diagnhostic assay in accordance with
t he i nverwbDaniZ¥Bri2det ecti ng over-expressi on of Protein PCpSEyQepsisoes
conpared to normal control 20 tissue sanples nay be used to detect the

presence of an infection, for exanple. Assay techni ques that can be
used to determine levels of Protein F pol §peptides, in a sanple derived
froma host, such as a bodily naterial, are well-known to those of skill in

the art. Such assayhueirmaasthenebpe, ihediresentinventiansigjates to a diagnostic kit
conmpetitive-b Western Bl ot anal ysis, antibody 25 sandw ch
assays, anti b‘o"@@d@%rﬁé'ﬁ?‘%% and ELI SA assays. The poI ynucl eoti des of the
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each conprg si (1§) AndtlEbRISBEqESTR cAnPlehiEr &g to tR& @fc{ﬁprl Si ng a
polynucleotlde or pol ynucl eoti des of the invention,

be
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probe obtai nedgey | f%fcfr??ré’%rﬁgﬂf ﬂh%réd"r‘”@rle to determ ne the presence
e s

of a particular po ynuc eot | uence or related sequence in an
i ndi vi dual . 819 auamtlbsoq{yrtesaapclgpeptgde ofiheairesentenyergmen peefofably traamogen,
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The term 'i MUBSPEELLeC, TRANSNR! 1o 0l LSl SRS RSh W 8 &
define, a diagnosis of a disease, a prognosis of a course of disease, a
determination of a stage of disease, or a susceptibility to a disease, which results
from under-expression, over-expression or altered expression of the

20  polynucleotide. Organisms, particularly infectious organisms, carrying mutations
in such polynucleotide may be detected at the polynucleotide level by a variety of
techniques, such as those described elsewhere herein.

Cells from an organism carrying mutations or polymorphisms (allelic
variations) in a polynucleotide and/or polypeptide of the invention may also be

25 detected at the polynucleotide or polypeptide level by a variety of techniques, to
allow for serotyping, for example. For example, RT-PCR can be used to detect
mutations in the RNA. It is particularly preferred to use RT-PCR in conjunction
with automated detection systems, such as, for example, GeneScan. RNA, cDNA
or genomic DNA may also be used for the same purpose, PCR. As an example,

30 PCR primers complementary to a polynucleotide encoding Protein F polypeptides
can be used to identify and analyze mutations.

The invention further provides primers with 1, 2, 3 or 4 nucleotides
removed from the 5' and/or the 3' end. These primers may be used for, among



150f the invention than their affinity for other rel ated pol ypeptides in

the prior art. In certain preferred enbodi nents of the invention
t here ar ewpnowdertianti bodi es agai nst Protein F pol ypepPrasg2ar/050503
pol ynucl eot i des. Ant i bodi es generated agai nst the pol ypepti des or

pol ynucl eoti des of the invention can be obtained by adm nistering the

pol ypepti des and/ or 20pol ynucl eoti des of 8&e invention, or epitope-bearing
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ant i bod| es can al so be inproved , for exa e, chain shuffling (C ackson
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In addition, a diagnostic assay in accordance with the invention for

detecting over-expression of Protein F polypeptides compared to normal control
20  tissue samples may be used to detect the presence of an infection, for example.

Assay techniques that can be used to determine levels of Protein F
polypeptides, in a sample derived from a host, such as a bodily material, are well-
known to those of skill in the art. Such assay methods include radio-
immunoassays, competitive-binding assays, Western Blot analysis, antibody

25 sandwich assays, antibody detection and ELISA assays.

The polynucleotides of the invention may be used as components of
polynucleotide arrays, preferably high density arrays or grids. These high
density arrays are particularly useful for diagnostic and prognostic purposes.
For example, a set of spots each comprising a different gene, and further

30 comprising a polynucleoctide or polynucleotides of the invention, may be used
for probing, such as using hybridization or nucleic acid amplification, using a
probe obtained or derived from a bodily sample, to determine the presence of

a particular polynucleotide sequence or related sequence in an individual.



Pol ypepti de variants include antigenically, epitopically or inmuno-

15l ogically equivalent variants forma particular aspect of this invention.
Pr ef er ablwo 20tee1sanztti body or variant thereof is nodifiedpco/sEake/0stsod ess

i mmunogenic in the individual. For exanple, if the individual is human the
anti body may nost preferably be "humani zed," where the conplinentarity
determ ning region or regions of the hybr8doma-derived anti body has been 20
transpl anted into a human nonocl onal anti body, for exanple as described in
Jones et al. BuL9B®E) presance may2ndicatptheamesendraba pathmgenl particuty)non-
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t he pol ypepti g?)tlB(Fdl@Q' ynucl eotide, or to cells or nenbranes bearing the

pol ypepti de or ynucl eotide, or a fusion protein of the polypeptide by
means of a Iabel dThequIypephdesnamd pely hyclegtuasi cittirel invention bevarsants thereof, 41
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candi dat e conjiemnaosreddissfer thedeolmaridetal the wventian. ihe tean ylﬁéptln@t‘@eé}ﬁ@/ or
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steps of mxi a@tll@odiééld%;éiﬁét@r@)témmmﬂypﬁpﬁlhegoﬁ pblyhuEIBotdt ai ni ng a

pol ypeptide or pol %\ntlbodelgé Iggr?erg]’:ec} anlresrtqtﬁg Bglybggt?dnésl gr polynucleotides of the
invention can be obtained by administering the polypeptides and/or

20  polynucleotides of the invention, or epitope-bearing fragments of either or both,
analogues of either or both, or cells expressing either or both, to an animal,
preferably a nonhuman, using routine protocols. For preparation of monoclonal
antibodies, any technique known in the art that provides antibodies produced by
continuous cell line cultures can be used. Examples include various techniques,

25 such as those in Kohler, G. and Milstein, C., Nature 256: 495-497 (1975); Kozbor
et al., Immunology Today 4: 72 (1983); Cole et al., pg. 77-96 in MONOCLONAL
ANTIBODIES AND CANCER THERAPY, Alan R. Liss, Inc. (1985).

Techniques for the production of single chain antibodies (U.S. Patent No.

4,946,778) can be adapted to produce single chain antibodies to polypeptides or

30  polynucleotides of this invention. Also, transgenic mice, or other organisms or
animals, such as other mammals, may be used to express humanized antibodies
immunospecific to the polypeptides or polynucleotides of the invention.



15to forma mxture, nmeasuring Protein F polypeptides and/or

pol ynucl eotides activity in the mxture, and conparing the Protein F

pol ypept iwte0end4irn pol ynucl eotides activity of the m xtorset@2assvandar d.
Fusion proteins, such as those nade from Fc portion and Protein F

pol ypepti des, as herei nbefore described, can also be used for

hi gh-t hr oughput screening assays to ident4dy 20antagoni sts of the

pol ypepti de of the present invention, as well as of phyl ogenetically and
and/ or functi onal | plteenativety, poage displaietechpelogpm@ehe etitized taaselects Mol

Recogni ti on,

270(%6;:5459 gﬁ%%ﬁ%%ﬁn %ﬂ‘@@%@%{gg S‘L?%eéo&@ a‘%afé% TPentieny odi es
t hat bind to eaiidénfro@Feperoiaes oflPCR aﬂptuﬂlgq)e-mnde obtynpreogytessfzom humaand i on
may al so be used to configure. scr in ds for detecti eff ct of
Reed comoundd SSROEHE PYeRRSSIRAOPIANA Shdrar e Jepes dbcatead of For
exanpl e, an Eh} SA9RDSaVatlpy 308, 55MEE4 UGRAE, fe@é/ ”(F@@Q; Bnﬂeélﬂfd/@éﬁdowm‘-e' |
associ ated | evels of po l%&(l\ﬁﬂrﬁse usi nglem)noc ona ycl onal antl bodi es

by standard méBRbdesefin erpatinp Sﬂﬁnsal%heb@p[g\@ﬂ t% fai @c0Ble. agent s
whi ch may i nhiRki SQ{UfﬁHgg‘g%?é%%gr%’d@ro N/aﬂfre%‘&y@?@f' de (also called

ant agoni st or agoni st suitably mani pul ated cells or
tissues. 42 The |fﬁhelalbomerdalssrdbqﬂamib@disesanmebe@mmweﬁbhoea@iawgardor@m‘mfbds to

protei n k. por Sisbap EgeBisPeGe YRBRRN= Ao R BB PO Rheu'2eistias
1,5, o o emtedio o s S chcrmapny o

or ot agont st s o PHRREDSLS PURE FNbARIES 2g5E8l Pl T BesRisestor TN as a
merbrane, cel Fp%l‘)’rﬁlc@%ﬁid@én?d%)&e Bblo ge@rto%eaf RRsttiahs Pareduldybadengof ,
conprising Protein F pol ypeptides and a |abel ed substrate or [igand of such

pol ypepti de i #fe¢iionBat ed i n the absence or the presence of a candidate

mol ecul e t hat - may B%f@eﬁ'h&?é?xbﬂaﬁts%ﬂé\%&'a%tng%ﬁuzcgﬂ{ %gﬂgp&tanﬂpﬁnp hb' ty of

t he candi date nol ecu 0 agonize or antag ote ypepti de
is reflectd Icrglcdailgremmeajlerhiwadlamgs tmfrmtehpanttahtalra&tpbcgm‘rtdlsonvemmmased
producti on of prod ct f%g tlg]uch @ a IYBI eleul. es tgat tbi nd -
gratuitously, i. Y the RGEP xgomaﬂ%@tr B80T & MBBES 1 BRIt i de
are nost |Ikemeﬂo@@nl@Qﬁ%@rﬂmg@u%lsFér thQl@Mf@ﬁetﬁmdbalnthdn faed, 15 as
the case may be, increase the rate of pro uct Froductl on from substrate,

i ncrease si gnﬁpf'@qd&’n@@&f@?%irprefﬁra*?'bi@ee whegg Kigedmalbrentarty ar e _
agoni sts. eéférﬁwlﬁé r& Snro?“ré%leﬁs ¥R nWriddisa H@ﬁv & 2fti Clﬁgs b@?ﬁdUCt Ion

of product from subs sign transducti on, or c em ca anne
activity 2y t:rgn@mlaatﬁﬂeatq:@ human monoclonal antibody, for example as described in
Jones et al. (1986), Nature 321, 522-525 or Tempest et al., (1991)
Biotechnology 9, 266-273.
Antagonists and Agonists - Assays and Molecules
Polypeptides and polynucleotides of the invention may also be used to
25  assess the binding of small molecule substrates and ligands in, for example, cells,
cell-free preparations, chemical libraries, and natural product mixtures. These
substrates and ligands may be natural substrates and ligands or may be
structural or functional mimetics. See, e.g., Coligan et al., Current Protocols in
Immunology 1(2): Chapter 5 (1991).
30 The screening methods may simply measure the binding of a candidate
compound to the polypeptide or polynucleotide, or to cells or membranes
bearing the polypeptide or polynucleotide, or a fusion protein of the polypeptide

by means of a label directly or indirectly associated with the candidate



using a reporter system Reporter systens that nmay be useful in this regard
20i nclude but are not limted to colorinetric, |abeled substrate converted
i nto prodwotp12ziseeporter gene that is responsive to chamrgesERM2B5BVEI N F
pol ynucl eoti de or pol ypeptide activity, and binding assays known in the
art. Anot her exanple of an assay for Protein F agonists is a
conpetitive assay that conbines Protein F4and a potential agonist with
Protein F binding nol ecul es, 25reconbi nant Protein F binding nol ecul es,

nat ural subst cameound. Altefartively oihesigbeening enethod impynidvatveeaaneestitiondeith a

appropriate condidd ool S GAMCHIGENE LML R0 RRRNecFIALALD e can, be

| abel ed, such as roactivity' or a SucC at the
nunber of Pr otandid&tencorepolies résults dn Bosignaligetieraiedlyeautivatiam oc mvetidredf t o

product can be deternm ned accurately to assess 30the effectivenes f the
Porential ant R Epoptds oot i SrRcia S fiscrProngeaenes s.
snmal | or gami ccam @@Mbﬁ@ngﬂﬁ@fpb%épu@@bVP@%USI%%tléédlnﬁrﬁtbbé)Qf g&iviahish dpénd to
a pol ynucl eoti de and/ or Iype tid he invention and therebé inhibit or

exti ngui sh | t SRV aeyarRd INdBecx Breas o kROYERACHISt HE A0 AITSELORI so my
be smal | OrgaBbﬁvéIBh%%za cf'ﬁ1 %‘iftthggz S Mdﬂﬁ@%aﬂ@uo%‘t@@oﬁ%ogaﬁ'ru‘éése' y

related protein or an bin € sane sites on a
nmol ecul e, sucbbaervadandSmtgtwmy@GUV@polmoehtm ahdido congtitetivegienpressaduced

o e PO BB BAE LR bo DR AByB8% b Y RIS B el oL o,
ol 6cul e that binds o and Occupt s the DLl ag Sy e of. e pol yoent i da.
Uher eby  pr evelRHg WISHPh e GO GIcamAst i Ry reenPuon S ARERGR Oh B
bi ol ogi cal aCbbW!ob]étldé on@WﬁU&I@@hd@WeQ?as‘éfmé?%b' FLARB! @sdik@Rehiiy ude but
are not limted'to smal ani ¢ nol ecul es, peptides or peptide-like

mol ecul es o matheds eayisimphnecippiisesthe staps @ﬁéﬂl)gﬁg |as@ar55¢daf@|C@mncwd(w@é

Ckano, J.

| NHI BI TORs opé%éi‘ﬁmééﬁl%@ﬁ%é E’%Br’i%sb gﬂ!@ '%ifégﬁowéor a
descri ptith ofo fdmesa mixtues; rheagurirgy Iérfcﬂelndﬂppkypepinded amaoapgolyhecleotidésicl ude
conmpounds rel ated, t.o.and .vari ants of Prot urther as t he

o esent 1 nveneraiivBaF St ibedtorriigs BiPiterd: PobPabess BEBR br ot i ns
conprising a pelyyperbtidss aétumyeofnh@wmre Ry arstardard oF ugioh ARt stibieaeof ,
and vari ous portlons of the const ant regl ons of heavy or |ight chains of

i mrunogl obul i H¥YSSrMade fions Fe peFIsard Protg kaxpepgsa@s as hereinbefore

described, can also be used for high-throughput screening assays to identify
20 antagonists of the polypeptide of the present invention, as well as of
phylogenetically and and/or functionally related polypeptides (see D. Bennett et
al., J Mol Recognition, 8:52-58 (1995); and K. Johanson et al., J Biol Chem,
270(16):9459-9471 (1995)).
The polynucleotides, polypeptides and antibodies that bind to and/or
25 interact with a polypeptide of the present invention may also be used to
configure screening methods for detecting the effect of added compounds on
the production of MRNA and/or polypeptide in cells. For example, an ELISA
assay may be constructed for measuring secreted or cell associated levels of
polypeptide using monoclonal and polyclonal antibodies by standard methods
30  known in the art. This can be used to discover agents which may inhibit or
enhance the production of polypeptide (also called antagonist or agonist,
respectively) from suitably manipulated cells or tissues.



201 gE). Preferred as an i mmunoglobulin is the constant part of the heavy
chain of human 1gG particularly 1gGl, where fusion takes place at the

hi nge regwonoidms4miparti cul ar enbodi ment, the Fc part caoTise2oienssesi sinply
by i ncorporation of a cleavage sequence which can be cleaved with bl ood
clotting factor Xa. Furthernore, this invention relates to processes for
the preparation of these 25fusion proteing2by genetic engineering, and to
the use thereof for drug screening, diagnosis and therapy. A further aspect
of the invention allbe inventioe &lsogorpeides @dhelbod i scresoing eanpeildsfta ddentify

ntornati onar TEAESIC AR PaRhRSr Ao eRs R e aptdh BEBlden foeach o

t he pol ynucl epbiydepixﬂamrmﬁ;mqmtemﬂddsgcbdmwanw tmage kempeedds thdt lzee di scovery

and devel opnent .of. i ba nds e.encoded rotel on

oo acer on” eBhciBtiodalic AAGE baderSORP he fRandd o SRR PG Ra I ple BT
drugs. Addsti galdhbut téhnrplesnpet @%&rhﬁl@ RESHIEEE RF RPARH dilaritB§oniés, am no
term nal regions of t he encoded prote| n or Shine-Del garno or ot her

translation f8¢MNPIGISAEHOR EehelbiasComparineaietiGnas smawPiEaR. erll used to
construct ant Lgensse BP%E\QEF%F&\%@@QHU% &f%ﬁ}é?ﬁ%@@ﬁ%ﬁ%r@%gt%tﬁﬁ' ng

sequence of interest nvention al so es 'the use~of
pol ypepti de, polypapidasarndia jabeigshsgistrate amh@gﬂmfwcbfpotylpepildwsnnd:mted)in

pat hogene. and 5 SiieaRb o e BIEEERorp G4 RME PAIcalBE R B A PRTENT,

sequel ae 10 i afenik @nantdagbrn@tr The abdlity, oftthe camdlielatd msle@blettb@gomzerttrl on may be
used: in the greventlo Si on of ,10bacteri a, CLI [0 lar

n
posi tive and/ negpaa%ntlaag’ t%‘ Rebyapplide sge %Hi%‘?ifb@"?qe PlBFRgI3f
manmal | an, exighRfe] dandlorHekcrdaseRHo@idHon@ prdtu iRl éwsno@bsﬁrgfe or to

extracel | uI ar matri x proteins in wounds; bl ock bacterial adhesion

bet ween eukar Msleallesgthet blﬁdtg@tuﬁﬁlﬁﬁﬁlll%Wlt@utﬂ%@lﬂgﬁhéreﬁ@ﬁtSrqffrptﬁn Eins and
bacterial Pro ﬁcp dRITRYE, ock
t he nor nal gspgssﬁc%&%ﬁhg%t%g%(agg | nar?t?\@ ons [ mk%rlﬂ%f)%m

by the infh anaattrneenaaslac miag-beéywerickeasg the vateaes pmduw poaduetios fnogi su#cbstrtam‘,hnl ques
I n accordance. W t heyet ajnOt h
e

Protei n F agoltteendieasonr Eresr brirseaney e hanad vl g sodistt! 1
bacterici dal paestidhof edraebARYBI 6t 8s the case may be, production of product from
substrate, signal transduction, or chemical channel activity may be enhanced by
using a reporter system. Reporter systems that may be useful in this regard
20 include but are not limited to colorimetric, labeled substrate converted into
product, a reporter gene that is responsive to changes in Protein F polynucleotide
or polypeptide activity, and binding assays known in the art.
Another example of an assay for Protein F agonists is a competitive assay
that combines Protein F and a potential agonist with Protein F binding molecules,
25 recombinant Protein F binding molecules, natural substrates or ligands, or
substrate or ligand mimetics, under appropriate conditions for a competitive
inhibition assay. Protein F can be labeled, such as by radioactivity or a
colorimetric compound, such that the number of Protein F molecules bound to a
binding molecule or converted to product can be determined accurately to assess
30 the effectiveness of the potential antagonist.
Potential antagonists include, among others, small organic molecules,
peptides, polypeptides and antibodies that bind to a polynucleotide and/or
polypeptide of the invention and thereby inhibit or extinguish its activity or



20The ant agoni sts and agoni sts of the invention may be enpl oyed, for

i nstance, to prevent, inhibit and/or treat diseases. In a further
aspect, twepresentt i nvention relates to m notopes of tireTsBRMPOpIsIZie Of
the invention. A minotope is a peptide sequence, sufficiently simlar to
the native peptide (sequentially or structurally), which is capable of
25bei ng recogni sed by anti bodi es which reg®gni se the native peptide; or is
capabl e of raising anti bodi es which recogni se the native pepti de when
coupl ed to a S¥pPreapips. Ratentialrantagonists péget ey bﬁiamlb@r@@ni@apolb@ulaesa gertiief, or

Rcrds. Thue, PRoREREY s655h Al osPIcp ARt Mokt HBR fflasithESHAR B "0
conj ugati on telteas @n atbéinding atalécie, sech asxabipting molecmlya W&hdﬁsmdM@PfQIelnsone

hemi | t hods t | ud t ddit t
e be teor 1 aETRMED FERS b e Hind S BT pestoressins of PRBE balie b
hydr ophobis t pémudésSardj/ért @By AUCREBIIGR by ek e BRI F Sl epties ot

e

peptide, such that the free unconjugated end of the pepti remai ns
associ at ed wi PRIYPHelealidasfreM&INdifé carrier protein. Thereby presenting the

peptide in a confopggly; gg?mag&ﬂv&gwﬁau&é 9%%é1| %Uﬁé'tﬁét @Héé tPhnd P@c%i de

as found in the context l'e native ecu e. For exanple
pepti des may b‘@iahdlageattetcrﬁthﬁap@ylaeptlﬂettbemhyajremm@lbmdlagtb celDlardrimdingl

hydr ophobi c a d i tution of a
D)-/st erpeoi somﬂﬁ%ﬁsofsa(&#ﬁéhég\lpoﬁh?% éIPS C%Laé%%ﬁ}éis ’g@bﬁﬁt%fj ﬁ?fé’%gg Oeféhléaﬁlces)
maybbfa_ petd ?r n’ﬁﬂbdmes:mglahe bt Benedt lenitdd td[snnadgcbngmauc rﬁ@léilglésmié[:ﬁldbg oen][lantr:]e
stabili1t (0] t he. pepti de no es nma SO eretro seguences t he
natural pept i BEPiE s malectles. Pt RolertiabgnBeeBisty Nelds ANt MalgH

M not opes may (eSO, rﬁNe@rédh\éﬁ’i %6 580 Q’(@EI@CDEYGOB%)@YNU@\LE@HDE@

retro-i nversoARHptl des are describ 916 and WD 94/ 05311

Al ter nati vel yANJepENSE WNHIBI KRS %)G%Elbaé?RESSé@NugRﬁgP%ﬁl Beer Batathi ch
| f
e capal o {pemakieh o 00l ekl BOLNBOPE AR B RO P S

Bl). This1d ecmn:iquﬂaeccgnpmrmjsefela&ed o gre varrdngs obiPrabeipti. de sequences whi ch
mmc the structur he natlgﬁ?gggt ie s and are, .therefore capabl e of

Bi ndi ng to-ant - nafl S EGREe VS IOfES alfe: OB CANY |
t hemsel ves shangingegs §dl0BR! fusSiBAYRBRENNEBMPAGYgtePpbIneetirid sfethp ré@@rﬂt i de.
20 Vacci nes Anot her aspect of the invention relates to a nethod for
i nduci ng an Invention, or a fragment thereof, and various portions of the constant regions of
heavy or light chains of immunoglobulins of various subclasses (I1gG, IgM, IgA,
20 IgE). Preferred as an immunoglobulin is the constant part of the heavy chain of
human IgG, particularly 1IgG1, where fusion takes place at the hinge region. In a
particular embodiment, the Fc part can be removed simply by incorporation of a
cleavage sequence which can be cleaved with blood clotting factor Xa.
Furthermore, this invention relates to processes for the preparation of these
25 fusion proteins by genetic engineering, and to the use thereof for drug
screening, diagnosis and therapy. A further aspect of the invention also relates
to polynucleotides encoding such fusion proteins. Examples of fusion protein
technology can be found in International Patent Application Nos. W0O94/29458
and W094/22914.
30 Each of the polynucleotide sequences provided herein may be used in
the discovery and development of antibacterial compounds. The encoded
protein, upon expression, can be used as a target for the screening of

antibacterial drugs. Additionally, the polynucleotide sequences encoding the



i mrunol ogi cal response in an individual, particularly a mammal, preferably
humans, which conprises inoculating the individual with Protein F

pol ynucl ewvi2de/amaior pol ypeptide, or a fragnent or var iP@mSERGINS503
adequate to 25produce anti body and/ or T cell inmune response to protect
said individual frominfection, particularly bacterial infection and nost
particularly non typeable H influenzae iafection. Al so provided are

met hods wher eby such i nmunol ogi cal response sl ows bacterial replication.
Yet anot her aepwte teymindigepionsaf ithm eneddakprateindriEinedaigarnadusiting

| mmunol ogi cal \LRSBA03%diflafly LOdlhal; 1l Sl ARSOTRRNAES L e kg0 to

such indi vi dua sequernce or rect
expressi on of cﬁ’msmmtrzanﬁserméeysmtqﬂam:bsdesoatrdh@e eprygeiqrt oflte, caning f r agnent
or a variant thereof, (P)r&ﬁeﬁpr essing Protein F pol ynucl eoti des and/ or

pol ypept i des, sggu%pqer%d ®Slor a variant thereof in vivo in order to induce

46 an i m”ﬂEB\0| 0gi calThegsREHIDA, al§<!>19Fb\ﬁ§es fre WeosiuBe pRINIdpme, Q@Qﬁ@éleatld-‘@ |
i mmune response, including, for exanp cyt oki ne- produci ng ells or

cytotoxic T caspaist ppapasRBit Sk eanyaien @uaterf%eéwt@rtasus}ltlal ol 1 om
di sease, whet nﬁérﬁﬁ:héﬁ Tb%gv?é@r%é da?h@g%ér?@rd%atﬁﬁgéﬁ’é bAG S M EF@ef yvi dual

or not. One exa adm ni st ne Is by acce ting into
t he desired ceflansmahara hnﬂtremr@lblgé@rtsaqmeoof iofdodioni tceparsulalar rtt]el eic acid

vector may co

Al R ybr 1 O BRROR st B el PeTsedh kiR meSPatt eERdh TR fur  ner
e Stucel (P o RO e S L e D T
| nduced i t hi ROKEVRHC: RALARBP g Baaledp SHeace it Jha Xarolem Ao elng
response in sgebick8er ‘t’d é%@écéll@ulaﬁ* rﬁét‘?&‘?ﬂrﬁte’znspﬁ' WAL 0 bi&k%éﬂal

pol ypepti de encoded therefrom wherein the conposition conprises

reconbi nant PRdhesian P%@%Qdk%@tl@l@@fﬂﬂﬁ@ry npaMyien @étr@?ﬂiblt%dn@ﬂﬁlér ef rom
o sai d_Prot ol P BT BaT P RAT Ruf ot b e R AR e SRR L e
pol ypeptite oblackdehe moemail mmgre’l‘s’;mn ohpaibbggness i mmme inbigiteloleotheethan
e et o 8RRk B e T AT o BT NGRS o
CTL or CD4+ T cel | $ acHdRigrcel withryStadnoiedtdspest eithe uivreaﬂaﬁrthefter@*eembvuaaor be
fused with COProteln F agonists and antagonists, preferably bacteristatic or bactericidal

agonists and antagonists.

20 The antagonists and agonists of the invention may be employed, for

instance, to prevent, inhibit and/or treat diseases.

In a further aspect, the present invention relates to mimotopes of the
polypeptide of the invention. A mimotope is a peptide sequence, sufficiently
similar to the native peptide (sequentially or structurally), which is capable of

25 being recognised by antibodies which recognise the native peptide; or is
capable of raising antibodies which recognise the native peptide when
coupled to a suitable carrier.

Peptide mimotopes may be designed for a particular purpose by
addition, deletion or substitution of elected amino acids. Thus, the peptides

30 may be modified for the purposes of ease of conjugation to a protein carrier.
For example, it may be desirable for some chemical conjugation methods to
include a terminal cysteine. In addition it may be desirable for peptides

conjugated to a protein carrier to include a hydrophobic terminus distal from



protein or chem cal noiety which may or may not by itself produce

anti bodi es, but which is capable of stabilizing the first protein and

pr oduci ngwve 2b1esseizor nodi fied protein which will have amrCirgeniie/os508 or

I mmunogeni ¢ properties, and preferably protective properties. Thus fused
reconbi nant protein, preferably 25further conprises an antigenic
co-protein, such as lipoprotein or protei#5D from Haenophilus influenzae
(EP 594610), protein E fromH influenzae (EP 1 973 933),

G ut at hi one- Sthe eeryjtigatedde(nasmy obthepeptidsalsach disatdhe éreeorncamugsatedend
relatively la C t | S P [ litates
producti on anéggll?ré) i fg%tr?gﬁé@é%bgpo@&ew len% er{éﬁCe 6]:%8 cg{r?é?g)réf;égr\ act as an
30adj uvant i nTheetyepresentingpthevpeptitg ia agmréoahatmdwbtahnubattcloselpf t he

I mmune system of t ismrecei Vi ote e rotein nmay be
Lt ahed to ereamblen P H iR nhRias Anddyid & Remeblek of Hie Fhrl il o) 47
In a vaccige métF@bmédm&%épﬁld@B&néWbé@m%ﬁ tFhBiechi I\Ftel@mthéJept i des
and/ or pol ynucl eot ides, or a or a_variant thereof

may be presenfY$tRing andadr terwgrwr@mhw @@'¢%§6M| Aiernativeotie descr i bed
above for exaﬁgbﬁoh'o‘f%uggﬁ%g{)h%lf a"[?%ﬁé?éé oﬁ@r?@rrﬁ’df& 'o?gfc?rgld?‘?rﬁ‘e bififo

vectors for t rotein or exanp
out er - menbr anacusginyveeso mquet!ﬂceb};may(tm Mréd:rsneﬁ@ @eatwe@eﬁeﬁ@atd@i\@ﬁver

docurent ed i nidkon As GOlEIA SRBURY oA RRER MifoltiaThad st hatfitfo "o
M crobi ol10 Le%équé:ﬁ;’és&ﬁ&héa&)urbhpéptdier@qaenbeathattths seiUiefice bopaidtivaci . A

non- exhaustive |ist of erial ho ens, reported to roduce bl ebs al so
i ncl udes: Bor afe&eéﬁr%?%éfmi%qess mB %q & el g@&%m chag a@ébﬁﬁt%mf%@ﬁs. s,

Bruce/la ovi San§$8@61|ﬁ\fér§o seplided BRI Gl ih WOWZWG !aﬁSWOGé4/©5311
pneunmophi | a, Mraxella catarrhalis, Neisseria gonorrhoeae, Neisseria

meni ngi tidis, Pseudbetsiiveliepepiidrrumalapesanay Beddentifieddesng entkodies Bl ebs
have the adva f ve
conformation g}rr\] a?% @Yépgr%uﬁsfﬂﬁﬁggpqm 8\5@8@?9\%%9%&%6%@9%@% al so
be i nprovea fmvemaon|u13mgteeh|b|3queagunlees|ph@gercbspda¢t@3’rinmmg§/o(E&SOt562rﬁﬁY fy

t he expressio f_.an nor e nol at ter e.
ot o Che oB1PLTER Sty A Gelralis & Fitah bnybfler Y rebuE SBh0R R iiEn' 26
menbrane, suchimsc tHeestRiclrel of the mhy@%bu@@an@@m hRetdfibico ddegBle @ binding

upregul ated (e.g. by altering thecg)rom)ter Instead or jn addition, the
expr essi on of to antl native peptlde antibodies, but may not necessarily themselves share

significant sequence homology to the native polypeptide.

20 Vaccines

Another aspect of the invention relates to a method for inducing an

immunological response in an individual, particularly a mammal, preferably
humans, which comprises inoculating the individual with Protein F
polynucleotide and/or polypeptide, or a fragment or variant thereof, adequate to

25  produce antibody and/ or T cell immune response to protect said individual from
infection, particularly bacterial infection and most particularly non typeable H.
influenzae infection. Also provided are methods whereby such immunological
response slows bacterial replication. Yet another aspect of the invention relates
to a method of inducing immunological response in an individual which

30 comprises delivering to such individual a nucleic acid vector, sequence or
ribozyme to direct expression of Protein F polynucleotides and/or polypeptides,
or a fragment or a variant thereof, for expressing Protein F polynucleotides
and/or polypeptides, or a fragment or a variant thereof in vivo in order to induce



out er - menbr ane nol ecul es which are either not relevant (e.g. unprotective
antigens or i munodom nant but variable proteins) or detrinmental (e.g.

t oxi ¢ nolwoubesissizeah as LPS, or potential inducers of amrCausEIIROEIFE3
response) can 25 be downregul ated. These approaches are discussed in nore
detail bel ow The non-codi ng flanking regions of the Protein F genes
contain regulatory elenents inportant in #be expression of the gene. This
regul ati on takes place both at the transcriptional and translational |evel.
The sequence 8h iMhegwlegigalgasporse, Isoch @ssta paduce anbhady regiar df calheropas

Cequence | nfolacrse LI focBRriBenEhakr B BiugtB T P ekl §
nmotifs such aseld)eo gréteet aid irp:dimidualepr@‘beamyleénun’um fiomadzeasequwbethes that
e, RSB Sl e BRSBTS LSRR SR S B
secondary §t r é@ﬁiﬂﬁ@te‘rlﬂg%é@@nbﬁs bﬁ@a‘éb@f&a’réﬂhg |@ﬁ1t&\@|41é dasiréd bé&lls éé’é%%aﬂlﬁ%
regulatory notifs or sequences. is sequence is a further aspect of the

i nvention. ThPB Pa&irieneeohanyisratiush naclemacidneciiqupuerBrrise ING. RMugal 5
expressi on of bBﬁyrﬁéC’é?ﬁ fecﬂﬁﬂaéﬁ:a@& éJBWQR'r@LhthDfa lbﬁl% BRRSN R AER! On

may be acconp I'S terin r'onot er I'ne- gar no seduence,
pot enti al repoess(RNAfprot@aa‘n aompleed enents, or any other elenents invol ved.

L ke se, - doun eau a0, BLp Bt B KA RSP B Ol b
10expressi®n ¢HattwWiergiatredaeed ko pntindinidesl, phefeeabipial laiman, capablebf havingt
may be uncoupl e fro thls regul ation. I n another gé’%groach t pression

of the gene ¢ 'rt‘JH'(?é‘r' WelggicAbiespPNggdngy ?%'mﬁ‘(&'ﬂ‘é’r%'@ﬁel ement s

allowi ng r egUFé’épﬁF‘]s@frﬁ”’sgéﬁirﬂﬁwdﬁéﬁm Piotdh FSHEIPni@estid ¢ bﬁ(ﬂ'/o'r 56 Xﬁb@?tldé’m are
not limted to, induction by tenperature shift, addition of

substrates i ﬁ@cg@ecé&teéafrqmcwhgwp&h%p@@p@sltlpnéiomm@els\mmqowgdolnamtaﬁr@teln

el enents, vit C ﬁcﬁ ns
as descrl bed gler c{}inuccgé;ot[?% élr%{/ %%ggé%gtf)yeogi%oera hgrt?f%oerrr]gﬁitﬁ %r?rean i #%?NR
nodi fi cat1®n ahdsediNAedsch ancbdedandh egenessex pnesdigen Otliaaldti%romilmF ed out in
vivo by random sis followed b ion for, the 20d

bhenotype. - AnBPNBHOBRRE oot o ietioh o bt RIVBFPTH iiner est
and nodi fyi ngmvtanha;n r'ﬁﬁ@ﬁﬁmmhbwgﬁfaﬂ?%@or@é rhay @e@s@@%@@p’é@ﬁt@@%’fent
insertion or deletion nutagenesi The nodified regi on can the

rei ntroduced PFRRW@%‘CB%)C?@‘F iy @L‘ﬁdrﬁ%fQﬂﬁ %%!chum%tyn%ﬁq{af F%W'arand t he
effect on gemﬁgﬁlﬁﬂft§ssﬁdelr‘ascé‘élluﬁ’§r iATSGRELEHsihG FrRRPENE oradDh P aCkelIst he

sequence kno
20 Protein F polypeptides or a fragment thereof may be fused with co-
protein or chemical moiety which may or may not by itself produce antibodies,
but which is capable of stabilizing the first protein and producing a fused or
modified protein which will have antigenic and/or immunogenic properties, and
preferably protective properties. Thus fused recombinant protein, preferably
25 further comprises an antigenic co-protein, such as lipoprotein or protein D from
Haemophilus influenzae (EP 594610), protein E from H. influenzae (EP
1 973 933), Glutathione-S-transferase (GST) or beta-galactosidase, or any
other relatively large co-protein which solubilizes the protein and facilitates
production and purification thereof. Moreover, the co-protein may act as an
30 adjuvant in the sense of providing a generalized stimulation of the immune
system of the organism receiving the protein. The co-protein may be attached
to either the amino- or carboxy-terminus of the first protein.



25t he region of interest can be used to replace or delete all or part of
the natural regulatory sequences. In this case, the regulatory region

t ar get ed we 20exisat2ed and nodified so as to contain the PegsiEaiiongnsed enent s
from anot her gene, a conbination of regulatory elenents fromdifferent
genes, a synthetic regulatory region, or any other regulatory region, or to
del ete selected parts of the wild- 30 typg7regul atory sequences. These

nodi fi ed sequences can then be reintroduced into the bacteriumvia

honol ogous reconbi a@iveacinatcomuesitgenacasrdingrnietheitvgotion vigrateistr of

preferred pro - - i.on. n Xpressi on
i ncl udes the g!r3 Qﬁ%? %@%%%@@Pbgkﬁﬁc@ﬁg%gOc{rb%@aérﬂ%{ g’ifo’ﬂ m%étto ,thgh B fromN.
meni ngi ti di s garidht theremf nudeloe presgnt) avepyr, $ughBas theplive nespmbindigpA2; TbpB
fromM catarrhalis; pl, p2 4, p5 6, | E. tb D15, Hia, Hmwi,
Hm2 from H. P’ﬁ&l"[{%ﬁ‘igﬁib?ﬂ?t&g{@ fQESWIP]B_[e H‘%&%‘Eﬁ?@s" CYtiSof the gene can be
modul at ed By Sexchang §lgtdble arty Remlies vattohs forihé PRGRIn Ppdieptides fepugh

i sol ating the upstream sequence of the gene, in vitro nodification of this

sequence, andeXxanpte %%ﬁl@f'?'dwt?rrrﬂ@mbf@ngé’ﬁéﬁiew ishs ogbliblepe Epasier4ed on) .
U | at ed i ! i ter] wel | i
pregul at ed expregal WeFﬁggp@ﬁggﬁgﬁ?ﬁv&%—%ﬁf%rﬁﬂ%n@& @Fénﬁ'—%mﬁéti%lfn as in

t he outer ne rane vesic e romthe bact_erl u : ot her
exanpl es, t hebdetecinidrschayspbertdesuroantedsnmsany Goameragative bastaribidinant L

Those can be. Ehilt 1908 REU MINPRE ot dbcanisra GoPlTREC Gadlimafihnd

| ncr eased|@xppsitaonA pbnsedhecktve Astiof peitarist pathioyensirépored tkpaduge (isbs
Strai ne. 15wt EROIBRLEE A BRI BB BIvset AORIACHGHOET THreplt REN oI ns
wi th modul at eg shg@ddig FIhePidhRY cAlE MBS lis RhzadNUsgioAbfe Provi ded by
the invention is a nodified upstreamregion of the Protein F genes, which

modi fi ed upst Peaumolil@recieda vetaradseNsissgiagonegtipaearyeisheient whi ch
alters the ex%ﬁ‘ﬁ@éﬁ&i&' Pé‘@&dé?%oﬁé‘seagfc@%ﬁ‘dsgm §no°‘if8is‘?f},{9%n?&1088/?ﬁc%d at the
e. up ng to thi

outer menbran stream regi on accor di S aspect of the
i nventi on1® ncl udesBidbs saguibecavaptagesaimrolidirigeotteo e mbiangereteing metheir

upstreamregion.starts i di ately upstreamof the Protein F es and
cont i nues usulPiyE B3 RELcR ADH 3 tHEY BPTRUAT KAASETU IO eSo BT AL ¢ e
gene from t heaRbGesindsrove@ievadcing hise BpeAgleefing ehe bhoedLAfsd Bs @0 modify
pol yci stroni c 25 sequence (operon) the upstreamregi on can start

p
i mredi ately pFr@:@@qrﬁgsupﬁ@f@@ﬁ_eor_cmoriermeﬁsg{e,s %trth@toél dT‘ﬁ@‘bﬁ‘fée-fTih%stf_obene in
the operon. PLehgbRMING oxbrofilof bPd déRRbHFRMUBGEAR Sefah & ik brephi S aspect
of the invention contains a heterol ogous pronotor at a position between 500
and 700 b30 upsiarekianef sti¢ieagite Protein F polypeptides, can be introduced or upregu-

lated (e.g. by altering the promoter). Instead or in addition, the expression of
outer-membrane molecules which are either not relevant (e.g. unprotective
antigens or immunodominant but variable proteins) or detrimental (e.g. toxic
molecules such as LPS, or potential inducers of an autoimmune response) can
25 be downregulated. These approaches are discussed in more detail below.
The non-coding flanking regions of the Protein F genes contain
regulatory elements important in the expression of the gene. This regulation
takes place both at the transcriptional and translational level. The sequence
of these regions, either upstream or downstream of the open reading frame of
30 the gene, can be obtained by DNA sequencing. This sequence information
allows the determination of potential regulatory motifs such as the different
promoter elements, terminator sequences, inducible sequence elements,
repressors, elements responsible for phase variation, the shine-dalgarno



The use of the disclosed upstreamregions to upregul ate the expression 30
of the Protein F genes, a process for achieving this through honol ogous

r econbi nawoaniyfser21i nst ance as descri bed in WO 01/ 09350 pcmseeqensisesi by
reference herein), a vector conprising upstream sequence suitable for this
purpose, and a host cell so altered are all further aspects of this

I nvention. 50 Thus, the invention providg8 Protein F polypeptides, in a
nodi fied bacterial bleb. The invention further provides nodified host cells
capabl e of pr 8€@eens, re@Oons mithi paentatiseanaddystiickirebnvaeed irsregnkaion,

e, o BRSIoPhOan AR USLE) G nf Bl SER EATY TR pcErebein F

genes having a Fegi containrng a
regul atory el &rther.aspect of tRaritvestiopr ovi ded by the invention are processes

t the h | | d t | . Dbl i to th t
A'sb provi ded byt KNS ToREACR GROAPa v ARes theRectlaten ot iPapAirehieci ne

conposi ti ons, eapéssRNsTdRe FRORIM F lg%etsh‘Fh@Ql'pYéljiﬂéﬂldlﬁéf eHeHe expression
pol ynucl eoti des 10 of the_invention and i munosti nul at oré DNA sequences,

such as t hose MRS PERAMPlSEstRY, aering the progaterh te shige-aaigarneges)eng2e s o,
ded b d
provided by tg %rftug}’r%[b‘srét rf&fr%fo@?é &?%%“@Jﬂg%“}ﬁ &ﬁ%Fél‘e‘Pﬁéth%W eot i de

or parti cul ar ragrre ereo own to enco
non-vari abl e Légwise doiwriseguletiomiof enrbnessu@nf@aféo@aomlevad pyisimyparl typeg béot i de

15constructs uyseg. i.n _su n Q2 mal nodel s
of infection wq%ﬁf'ﬁt'oﬁnéﬁﬁrgﬁg Iy, %gﬁgﬁgég éP%.{;N%Sé&%i% arly

uaef ul fot0i derpresgionmofineigehs o@plkiegpml raﬁ(;epﬁﬁeep@ﬂuﬂh@canmloghylmy biel or

t herapeutic inmune r on I S i ev t hat thi roach will allow
e s TBRePIG Foat Biis ee0 bt larb, b anbIer aRRo4si s Dapraasion & dha gens
val ue, deriveggh 'b%"[@dt%d%@ﬂf&ébr&fdl%f %hgfﬁr‘ n%rehh@uéﬁ!e@;ém%k\@@l&ﬁfnld ly
resisting or clearing infection, fo devel opment of prophyl actic agents

or therapeut i EeQURgdRXPIEssiN. @c&r@plealof Bn@@t@gtﬁatlorp@ptud@ubu afe mpt limite
i nfluenzae I n{eGhdQion' B {ERIPB LS re RAL 2GHI6RA of it Ssubstrates like selected

15  carbohydrates or their derivatives, trace elements, vitamins, co-factors, metal
ions, etc.

Such modifications as described above can be introduced by several
different means. The modification of sequences involved in gene expression
can be carried out in vivo by random mutagenesis followed by selection for the

20 desired phenotype. Another approach consists in isolating the region of interest
and modifying it by random mutagenesis, or site-directed replacement, insertion
or deletion mutagenesis. The modified region can then be reintroduced into the
bacterial genome by homologous recombination, and the effect on gene
expression can be assessed. In another approach, the sequence knowledge of

25 theregion of interest can be used to replace or delete all or part of the natural
regulatory sequences. In this case, the regulatory region targeted is isolated
and modified so as to contain the regulatory elements from another gene, a
combination of regulatory elements from different genes, a synthetic regulatory
region, or any other regulatory region, or to delete selected parts of the wild-

30 type regulatory sequences. These modified sequences can then be
reintroduced into the bacterium via homologous recombination into the
genome. A non-exhaustive list of preferred promoters that could be used for up-
regulation of gene expression includes the promoters porA, porB, IbpB, tbpB,



The invention al so includes a vaccine fornulation which conprises an

| mrunogeni ¢ reconbi nant pol ypeptide and/or pol ynucl eotide of the invention
25t oget hewowntdnsai2sui t abl e carrier, such as a phar maceurcesiEby2assept abl e
carrier. Since the pol ypeptides and pol ynucl eoti des nmay be broken down in

t he stomach, each is preferably adm nistered parenterally, including, for
exanpl e, admnistration that is subcutaneg@as, intranuscul ar, intravenous,

or intradermal. Fornmul ations suitable for parenteral adm nistration include
aqueous and n@chO Ist) r@ql&@ofuems!‘t/ emengitigizer Nogoe@rrolﬂeaﬂmmwﬁiahcm lopBt ai n

anti - oxi dant Sh 190 nder
the formul ati on I s fol?’t h@ bodﬁl %H@gﬁs éﬂﬁ@@qbﬁﬁoﬁdﬁ
t he i ndivi duatprarMEacHlepHmvﬁhd-lmmﬂ f&quedusf/aer&rael e suspen5| ons whi ch rray

| ud di t 1 thick ts. e f b
presented i uni - Hb4G® SRARRIa. e SSa R BF Gonp san Bl ey ed |

anpoul es amd wikéhagn itSRYorA6tes hate4l strangerfﬁr@ﬂ?&eﬂﬁh@gﬁqg&btm@mé equiring
only the addition of the sterile liquid carrier inmediately prior to use.

5Thé vacci ne FBPRERRSSEHEDES OhEa GOt SHEpOIcabon Rt INiBiESaUs AR ANTSFEY errs
for enhanci ”gtrbBGcﬂudHﬂrﬁ'&?H?‘é“%&HérM IHcJ?ﬁoIIF%Ué‘F@édrﬁ’@natpér@ gﬁé&dfat‘e%e A

adj uvant systemraises preferentia res
i mmune r esponsgpnesyionecan adbiainkdin befbitsédacienuo aswed as iertbe catargor i es,

Pochar act or | s BBy olestis e (A, fERRERRERLLER N s of pr ot ecti on
respectivedy). Thegeothetr egamipks, te tespibeticagpuactheeran bemeed thifehgzte

responses (cell-nedi ated response), d TH2-type i mmune res onses (‘hunoral
ohonce). | BxisaAb AR R3S B iabes WEG JORLDE N USE RSO YRPSe8 byt he

15generation gpp ﬁ’dﬁtl'o%“Tﬁ@ée?bérh Be, B@tpér@tr)&ﬂrﬁ l‘é’dttb' stt&sLif¥é QtrairisC stfains
| ynphocyt es, and natural killer cell responses. I'n mce THI-type responses

are often chanabtiaeressed l@ypitq‘&élcgefﬁeﬁeé@@’iﬁﬁ aptigans, i siei e wite knpple-oLEFGRA
subtype, whi | EECHe%SEB%XEHe(E%%d %n% rﬁt@ﬁ@ﬁﬂ@mﬁtﬁﬁé@&éﬁtr aeregﬁehgé’détr%?ns

TH2-type i mMmuné responses are’c rac errse tio a broad
range of 15rrrumn1h raod|atad expressnomméammmbddmwgpntrprohe@'s Istréins withAm calutbtéd M
It can be cons red |V|n orce behi nd t he devel opnent of these

boo typme of "RhAGHRS or Bilermembrand PebRRce PHnY, ther Sour TRy e

cyt oki nes tend to ﬂ'ﬁu@télscbﬁﬁow&%lbylﬂﬁellrﬂ/fenﬁ@h is aesbdfietupsiraun regidp@iies to
the given antigen, whils | evel s of TH2-type cytokines tend to favour

the 25i nduct | BROIEIN h@RHEE Whﬁ;ﬁﬂﬂ‘éd'ﬂég Wﬁgggmtr@gt%cqﬁ@qn@@hheterologous

regulatory element which alters the expression level of the Protein F proteins

20 located at the outer membrane. The upstream region according to this aspect
of the invention includes the sequence upstream of the Protein F genes. The
upstream region starts immediately upstream of the Protein F genes and
continues usually to a position no more than about 1000 bp upstream of the gene
from the ATG start codon. In the case of a gene located in a polycistronic

25  sequence (operon) the upstream region can start immediately preceding the gene
of interest, or preceding the first gene in the operon. Preferably, a modified
upstream region according to this aspect of the invention contains a heterologous
promotor at a position between 500 and 700 bp upstream of the ATG.

The use of the disclosed upstream regions to upregulate the expression

30 of the Protein F genes, a process for achieving this through homologous
recombination (for instance as described in WO 01/09350 incorporated by
reference herein), a vector comprising upstream sequence suitable for this
purpose, and a host cell so altered are all further aspects of this invention.



The distinction of THL and TH2-type i mmune responses is not absolute. In
reality an individual will support an inmune response which is described as
bei ng pr estorzorearstizy THL or predom nantly TH2. However, PCTISE20120801503
convenient to consider the famlies of cytokines in terns of that 30
described in nurine CD4 +ve T cell clones by Mosmann and Cof f man (Mosmann,
T.R and Coffrman, R L. (1989) THL and TH25@el | s: different patterns of

| ynphoki ne secretion lead to different functional properties. Annual Review
of | munol ogy, 7, phys-thedpventicadirovidealRroteimHipalygsptides in@gpodised are

associated w i - - t okl
T- | ynphocyt eshg(&ﬂglr&(é:@?@% 'hgé]nto %ﬂﬁg% @“é(\:/ﬁes qﬁ%@'ﬁ%&z@@%t&%\ws tB ﬁa?lﬂé Olf nducti on
of THI1-type i pradueingebpoosdiveanembranephasdadaeb bgcibrs dihesnventioh faghérlprd2. |1 n

contrast, TH2-.type responses are assaciated with the secretion of |L-4,

75 %21 L 6 alerrg S VESRR SaRitn itk dte R e Mo tamnt o ar e

particul ardy gpétr&snt ibh@oﬁﬁaﬁrﬂhﬂ}; atHe®roRigoth Fé@llatbilclemeht?2 - type cytokine
es

responses. Traditionally the b i ndi cators of the THl: TH2 bal ance of the
i mune response af PR RFa¥iIERA Ritos inyentian ata POTepsrS tedusprariertee host cells

nmeasur ement OBnH_rB%ci]%"ri%P'b'l%é 9?%&§in :—ﬂééﬂlggg,ﬁﬁy%}cytoki nes by T | ynphocytes in

vitro after restimulation w n t he neasurenent of the
| gGL: | g&Ra rati o oAlsanprioysieddpethid inveaten Bradgompepitors partitulsrly sadiiet ype

adj uvant is on Lech pr I [ &l 1.yl i .at e rcel gt jons

fo produce. hi BPayEReSE Motk tBh R FRwkeBiRs dodist PobafeRbtfbs

iant i ﬁen it’ro vi bg the i?pdntmroam ﬁ?r_ndapeﬂimprm:mybmmmyqlme@a@st sfmh(ﬁsqhbs?Td -
ocytes and antigen, specifijc, i.mmuno onses associ ated wi

Tﬁgl-)typg i sot aﬁéc?” eog'nréatgﬁﬁj ﬁb@’n%@%ﬁ%ﬁégébg%@@h of preferenti al

stinulation of thealddl pf@litied BF R8T HBNERE HhéthBEs LBiINgthedeaklivaal Pat ent

Appl i cation No. WD 94/ 80153 20" and WO 95/ 172009. g De- O acyl at ed

nmonophosphor y Polyngrlgoide 9pprpicHiardragmeenya dinergef, wiah havaibeenshoneWie from GB
2220211 (Ri bi heal byt ' = t ;
rmnophosphory?an?%?gb fi\%)ﬁh%éﬁfe4r,e'g§)r§rc§f‘g§acgéyrfa¥8 égggﬁg?n @%fg@i El%r%mlf%lt% tt'Jdreed
by Ri bi |hrunocochgnyctd/obeédimasuch geedter ineduhicanomexBerldeedts idmnaogl mpddls of

TP gkl PSR RAEAR R NorBa 088, (54 o
3D-MPL are snaldntifieg ploteip distopeerdbietd pldveked prophyabti@oPthdzapautien
menbr ane ( Eur oppean Patent nunber 0 689 454). _
immune response. It is believed that this approach will allow for the subsequent
preparation of monoclonal antibodies of particular value, derived from the
20  requisite organ of the animal successfully resisting or clearing infection, for the
development of prophylactic agents or therapeutic treatments of bacterial
infection, particularly H. influenzae infection, in mammals, particularly humans.
The invention also includes a vaccine formulation which comprises an
immunogenic recombinant polypeptide and/or polynucleotide of the invention
25 together with a suitable carrier, such as a pharmaceutically acceptable carrier.
Since the polypeptides and polynucleotides may be broken down in the
stomach, each is preferably administered parenterally, including, for example,
administration that is subcutaneous, intramuscular, intravenous, or intradermal.
Formulations suitable for parenteral administration include aqueous and non-
30 aqueous sterile injection solutions which may contain anti-oxidants, buffers,
bacteriostatic compounds and solutes which render the formulation isotonic
with the bodily fluid, preferably the blood, of the individual, and aqueous and

non-aqueous sterile suspensions which may include suspending agents or



303D-MPL will be present in the range of 10pg - 100pg preferably 25- 50pg
per dose wherein the antigen will typically be present in a range 2-50pg
per dose.wo02812/154121Anot her preferred adj uvant conpri sesPQBRE20120503p8 C
purified non-toxic fraction derived fromthe bark of Quillaja Saponaria

Mol ina. Optionally this may be adm xed with 3 De- O acyl at ed nonophosphoryl
lipid A (3D MPL), optionally together with1a carrier. 5The nethod of
production of QS21 is disclosed in US patent No. 5,057, 540.

Non- r eact ogenttuckatjing agentsor halfarmwyakorsomesing presesEd inawi-dessnordssiri bed
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ol i gonucl eot i HRWEL!Y RIHAP USGnrret hyl at ed CpG sequences as di scl osed in WO

96/ 02555. £Lonbi nat TRBES/aetindifbfrelianbn bHiheshlvBHliGH M2y A INcAdsSadjsivait as
t hose 15nenti oned herei nabove, are al so cont er‘rPI ated as providin
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or al um ni um hydr oxi de, preferred oil-in-water emul sion c rises a
et abol | o1 bl e SRS EIEh TRERE R et PG BRKRETo (TG THESIPR0. I n a

particularly psgipicbsdcaibRRelatédPesitinsas thd THR Ao ARHUAE reSHHAsEst | on
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emul si on. Addihureergl rgspamsedi | in water emul sion may contain span 85 and/ or
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15  generation of antigen specific, haplotype restricted cytotoxic T lymphocytes,
and natural killer cell responses. In mice TH1-type responses are often
characterised by the generation of antibodies of the IgG2a subtype, whilst in
the human these correspond to 1IgG1 type antibodies. TH2-type immune
responses are characterised by the generation of a broad range of immuno-

20  globulin isotypes including in mice 1gG1, IgA, and IgM.

It can be considered that the driving force behind the development of
these two types of immune responses are cytokines. High levels of TH1-type
cytokines tend to favour the induction of cell mediated immune responses to
the given antigen, whilst high levels of TH2-type cytokines tend to favour the

25 induction of humoral immune responses to the antigen.

The distinction of TH1 and TH2-type immune responses is not
absolute. In reality an individual will support an immune response which is
described as being predominantly TH1 or predominantly TH2. However, it is
often convenient to consider the families of cytokines in terms of that

30 described in murine CD4 +ve T cell clones by Mosmann and Coffman
(Mosmann, T.R. and Coffman, R.L. (1989) TH1 and THZ2 cells: different
patterns of lymphokine secretion lead to different functional properties.
Annual Review of Immunology, 7, p145-173). Traditionally, TH1-type



30in a vaccine in the range of 1pg-200pg, such as 10-100pg, preferably
10pg- 50pg per dose. Typically the oil in water will conprise from2 to 10%
squal ene,wbnomvid4t20 10% al pha t ocopherol and from 0. 3 t @C3XELMROFSED.
Preferably the ratio of squal ene: al pha tocopherol is equal to or |ess than
1 as 54 this provides a nore stable enmul sion. Span 85 may al so be present
at a level of 1% In sone cases it may be5advant ageous that the vaccines of
the present invention will further contain a stabiliser. Non-toxic oil in
wat er enul si of@sSpENsEs ead Rgsevates wittatheoprodogiion of the 18lFgy asd dlral eyvitekioes

squal ene, an Sifier . - | : - rj: T eous
carrier may bggﬁsﬂ‘ @Hd@é:?é%ﬁ%e,@“%%%@gﬁ%{ﬁgs Bﬁg?ygwggﬁ%&ga V{"HW%B@&@CU arly
pot ent adj uvanf THdrtypé &@hmumei negpodnsasyar@it, préduddebynecdliscspdreaslL-18. bn oi |
in water erulsion is scribed in WD 95/17210. Wi le the inventjon has been
doscri bed w t RONGRS), THES biRs 1espplsss protecn Aok Ppegoraieb dibd 113

pol ynucl eod i dgse drid .13 0 be understood that this covers fragnents of the
natural ly occurring pol ypeptides and pal ynucl eoti des, and sim| ar

pol ypepti des and p&'?ﬁﬂ@W@é"ﬂ?td@ta}W vacciaaediuyasts e rartiewarly sukethia theut i ons
whi ch do not sy nti gl d: i L &%%rt' ;

r econbi nant p%ﬁ@%éag'{a E’]dﬁgsel Itﬁﬁg&ﬁ%@tﬁ&%@%%ﬁé 8gée fS r ggér:rdéﬁ(%ns%”p%e
15pept i des ar besthodicatars Bif the TH1: T2 bplamceraf theiremunemespasepaitar ales a

Pvention i n SerOTAGT B Id AR JGRERE PR Aed ey of MY bl on T Mlser u
for treatiMg ot TH2scyiekings bpuclgnmphpelieeah eitto sfeeraie8Emaltionsyith antigery,

or <t e ed ardB it Tt nc U BgRaH So s S g o
invention arerddyomdkated with one or nore of the follow ng groups of
antigens: a) one or nore pneunococcal capsul ar pol ysaccharides (either

pl ai n or conjugat edht® aTtdrtyperdienéisngne whignereterentially stivoulgiass t hat can
protect a isolated T-cell populations to produce high levels of TH1-type cytokines when
15 re-stimulated with antigen in vitro, and promotes development of both CD8+
cytotoxic T lymphocytes and antigen specific immunoglobulin responses
associated with TH1-type isotype.
Adjuvants which are capable of preferential stimulation of the TH1 cell
response are described in International Patent Application No. WO 94/00153
20 and WO 95/17209.
3 De-O-acylated monophosphoryl lipid A (3D-MPL) is one such
adjuvant. This is known from GB 2220211 (Ribi). Chemically it is a mixture of
3 De-O-acylated monophosphoryl lipid A with 4, 5 or 6 acylated chains and is
manufactured by Ribi Immunochem, Montana. A preferred form of 3 De-O-
25 acylated monophosphoryl lipid A is disclosed in European Patent 0 689 454
B1 (SmithKline Beecham Biologicals SA).
Preferably, the particles of 3D-MPL are small enough to be sterile
filtered through a 0.22micron membrane (European Patent number O 689
454).
30 3D-MPL will be present in the range of 10ug - 100ug preferably 25-
50ug per dose wherein the antigen will typically be present in a range 2-50ug
per dose.



25host against M catarrhalis infection; c) one or nore protein antigens
that can protect a host against Streptococcus pneunpni ae infection; d) one
or nore fwotherismem typeabl e Haenophil us influenzae proteilsEantiogsns; e)
one or nore antigens that can protect a host against RSV, and f) one or
nore antigens that can protect a host against influenza virus. Conbinations
with: groups a) and b); 30b) and c); b), 8}, and a) and/or c); b), d), e),
f), and a) and/or c) are preferred. Such vacci nes may be advant ageously
used as gl obal oti Ahsthesgrefergdradieant Taepsises Bt i Helgpurfed non-toxic

DYoo o BNy i RS OO . °s0
22F, 23F and 8ty eradiniymdeivith 8dDg-O-nophaset mbnpplodphddy! Ikbid B, (36BMPLE, 9V,

14, 18C, 19F ang 231@,(. V‘(}&Er ef erred pneunococcal protein antigens are
t hose pneunocBREANANBO8INGE Wi 2 FEEIEE exposed on the outer surface of the

pneunpcoccals 5( capFhkenéthoB®f peodREBENTTESR DI distIBséd h USpatensmst em during
at least part of the life cycle of the pneunbcoccus), or are proteins which

are secreted 8% eP¥hsed by the pneunpcoccus. Most preferably, the protein
. Coxin adhes: € N el .
S a toxin, adhesi Non?re%ﬁf%%ﬂﬁ‘%%éb&rﬁ%r lﬁl%ﬂgh@%mtaﬁﬂn%pﬁr Q& ?%‘?’ﬁ od

St rept ococcus pneunoni ae, ments thereof. Partic y pre
prot ei ns i ncl deegriiaa pregmusiyn®/Ol 96138 e3Pt Such iemmubaisnsncemppesiog b3

Res. 1990 Ju! 214 Chekeiospl FalsTRBG ShellH 88 Blechih IRy o fund gl g™ o

pr ot ﬁi ns 1@ orr:u\ﬁbhefptm@lemﬁ)g@mrmm ale(ahylgers_ 1l and 2.", M tche:cl ﬁt al .
Bi ochi m Bi ophys Acta 1989 Jan 23; 1007(1): 67-72 "EXxpressi 0 e
pneunol ysi n gene i kuﬁé%%%qlpﬁﬂri“é vy ?rqgg%fﬁ'i%tlﬁﬁﬂmv@éqr?&ﬁ%néHdCGEJf ol ogi cal

properties.”, rA3cPBE0E88e (MmuRbATRIIStbry M@o?@{c%%@és,_(ﬁﬁb%‘mﬁte al), WO
99/ 03884 (NAVA)]; PspA and transnenbrane del etion variants thereof (WO

92/ 14488; WO 9oMmsdudated EpGapqueBceBRs disslaseg) inVORYB2a9% t r ansnenbr ane
ot on varLan = ChgsfhudNAARRANSH ARILAN A gl oo s ke o
1996 Dec; B3l( 1B)ertinbbd hereinabove, are also contemplated as providing an adjuvant
which is a preferential stimulator of TH1 cell response. For example, QS21
can be formulated together with 3D-MPL. The ratio of QS21 : 3D-MPL will
typically be in the order of 1:10 to 10:1; preferably 1:5 to 5:1 and often
substantially 1:1. The preferred range for optimal synergy is 2.5:1 to 1:1 3D-
20 MPL: QS21.
Preferably a carrier is also present in the vaccine composition
according to the invention. The carrier may be an oil in water emulsion, or an
aluminium salt, such as aluminium phosphate or aluminium hydroxide.
A preferred oil-in-water emulsion comprises a metabolisible oil, such as
25 squalene, alpha tocopherol and Tween 80. In a particularly preferred aspect
the antigens in the vaccine composition according to the invention are
combined with QS21 and 3D-MPL in such an emulsion. Additionally the oil in
water emulsion may contain span 85 and/or lecithin and/or tricaprylin.
Typically for human administration QS21 and 3D-MPL will be present
30 in avaccine in the range of 1ug-200ug, such as 10-100ug, preferably 10ug-
50ug per dose. Typically the oil in water will comprise from 2 to 10%
squalene, from 2 to 10% alpha tocopherol and from 0.3 to 3% tween 80.

Preferably the ratio of squalene: alpha tocopherol is equal to or less than 1 as



62 "Sequence heterogeneity of PsaA, a 37-kilodalton putative adhesin
essential for virulence of Streptococcus pneunoni ae"); pneunococcal choline
bi ndi ng pwoteinms4emd transmenbrane del eti on vari ants theceskoi1Chopsoand
transmenbrane del etion variants thereof (WD 97/41151; WD 99/51266); 25

G ycer al dehyde- 3- phosphat e - dehydrogenase (Infect. |Inmmun. 1996 64: 3544);
HSP70 (WD 96/40928); PcpA (Sanchez-Beato & al. FEMS Mcrobiol Lett 1998,
164:207-14); MIlike protein, SB patent application No. EP 0837130; and
adhesi n 18627tmserqnad@ma rracprglstatalsuemulmn Spaommas)elsq:bepmermaéaéeveid

pneunococcal el i o) 8 31,

particul arly pf]gé’e I@S?Q]tgt n%&%/%@&?%gi Ogﬁgg‘? %V@%g}?% éf]tﬁg

Preferred l\/brpw@elnaim@haomh\ajll fwtrmr@batannarﬁta@emr whi ch can be i ncl uded in a
conbi nati on vacci n% %‘ eC| al I for the re\éﬁ%ti n of otitis nedi a}

OMPL06 [WO 97/ 4173 k&>8" B R OBMA PRI eqpa: a PBRACESF &f - LbpB

[ WO 98/ 55606 cHbA&Rhe of RBAakdhe! ar pkI$iHEr, @7 TR¥EHN éo\/}ﬁ&?éélz&ﬁj% ¢drhey.] ; CopB
[Hel minen ME, _etal. (1993) Infect. |mmun. 61:2003-2010] pAl and/or UspA2

[ WO 2007/ 0184886 (3UUSEUESAE I ERANBS, fom@xgmpd@,mpwmte\/@ﬂf&r@g slingrexas) | ;

?ngTCPEng}S gligg / Eﬁ%ﬁ%ggﬁ%@%@mgg@@ﬁﬁrﬁﬁ 0%?@%3%590%35 30 MPho11 (@B

9918302. 2); | APQ1®COCHED IBABSIl ) Waks drRaTIcRRS Ye880BE) jn DB 95/1721 o

broferred further NONEUBSAUER R tesq e T RSienteds Polbin CREeh
\S?iesgn;:??n@gf F(r)p{.tilyt:{fmud'es andqoipusiddtiiesy aesidiee (1IAgp_tdGd lh)at tris cohers

| ude: Finbrin rotel 766608 - Chio
State Resear cHag ¢ %ﬁ)r}atgr V%P%WQ RRIVpRR Qeﬁga"]@eéé' thc%seﬁpgm [ eg

LB1(f) pepti d§|rﬁ|lé$'dyﬁg)epw§ rudRidtices Wi 8&&.@6@@7delet%?& [ WO
97/ 01638 (Cortecs)] EP 281 (State University of New ork)[l protein
15D (EP 59461@91bstﬁuwéiw Eh(dganqt mtajﬂ@jly affiepitheriamavnogsse: Prapertiesof

4] 26300 . N RIEAOR B ERErs PP eBR SB3 R 805 0601 and

i OVP1681 (BASBEQ@des[M@Qﬁv@ﬂWEp 1Pr ef erred i nfluenza virus antigens

i ncl ude whole, Ii Ve, or i hact i vaf.ed t25 aé spl i t l%% uenza Vi rus. rg [
eggs or MDCK cel |'s, "6P" WEM¥ 8 O\Hr‘iBY' § PRV NRCTIREOHRE TP e d by

R d uck, VaC@bmgnsmqg%Zvaobﬂme @ﬁﬁul&ﬂ@d oﬂthepnveﬁtloﬂdn @brribﬁfémhlvﬂﬁﬂéthﬁf oteins

t hereof, such as teins, or conbinations thereof

Preferred RSVa(‘i’Q%Qﬁ hpAsioUlas ARG RILSeT l 2trSRIDE GRS M aHo BOvalent
259! ycopr ot ei Pacdife cEnBb¥HOR FiRdyahAudb BerHi iRAGLiAG BdiuanCeY haidlipeeset her eof .

20  described.

In a preferred embodiment, the polypeptides, fragments and immuno-
gens of the invention are formulated with one or more of the following groups of
antigens: a) one or more pneumococcal capsular polysaccharides (either plain
or conjugated to a carrier protein); b) one or more antigens that can protect a

25 host against M. catarrhalis infection; c) one or more protein antigens that can
protect a host against Streptococcus pneumoniae infection; d) one or more
further non typeable Haemophilus influenzae protein antigens; e) one or more
antigens that can protect a host against RSV, and f) one or more antigens that
can protect a host against influenza virus. Combinations with: groups a) and b);

30 Db)andc); b), d), and a) and/or ¢); b), d), e), f), and a) and/or ¢) are preferred.
Such vaccines may be advantageously used as global otitis media vaccines.

The pneumococcal capsular polysaccharide antigens are preferably
selected from serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14,



Conpositions, kits and adm nistration In a further aspect of the

I nvention there are provided conpositions conprising Protein F

pol ynucl ewvi2desisard/ or Protein F pol ypeptides for adm nipstrrsakoionsises a cel
or to a multicellular organism 30The invention also relates to
conpositions conprising a polynucl eotide and/or a pol ypeptide di scussed
herein or their agonists or antagonists. 5be pol ypepti des and

pol ynucl eoti des of the invention may be e oyed in conbination with a
non-sterile ofl5Bt &rF| 138@a19AeT95)r2Q;3|2F|, éBE an@nmsttmefaéably,frorm tissues

or organi sns, Sé}gﬁ&@%as pép%r ERC ot b?/aH c?éél ’FéF ﬁHHtQ% e for adm nistration

to an individual conpositions Conp for “inmstance, a nedia
additive or a ther Ep@‘etredq:lriejarr&fcbecah pretealmnhgermsf aee thoky peyeunceocacal/ or

pol ynucl eot i de t he .i nventi on I mac ut i C acceptabl e carrier
T bt ont - Pegleigs e @r%emiﬁc[] S fheiaategs a?%OﬁLney PIATSHESS sal | ne
buffered smli g@ pabex bf 9&ifAg g?fsecﬂby@q{dﬁts iRhaRod dy létaééémfart

t hereof. The rmul ati on shoul d suit the node of adm ni stratl on.

i nventi on fur PhEie lfeIcxelesortae aNaYROSPreUusingr pieapiivtRiBa NN ar@a@&@e@ﬁioprkl ts
gonpri si ng O“F‘ethﬁe a?gre ngﬁé'ur%{:écéds' i\/ﬁﬁ%tﬁéf@réﬂ‘f tH% g’r"&%fh 3fa (i,

I ngredients o nti1oned conpositions nventi on.
10Pol ypept i deedhgsjhymrrmené&gaatjtramdmercorrﬂmmdtelro@f Strepionoecis on may be

conpounds. Lot B RGN Mergt barlo S R BRI eI ¥R "y
;al(‘) f ?g; : ve1o or ; f) lméﬂgt?alnmtémtm@heumdlyra]mkp gggféreblyl dm??ﬂe@ by@léﬁﬂt{:@tﬂ'@tm@ﬁt o
i nfr amuscul ar m%%tﬂﬁrl)t[&ﬁtégg@ e??/ E\L’&iﬁ% dgr%?%t@@ef@é 8561?3’8554%%@ ot hers.

I n therapy Or"%méaﬂé&ﬁ)w'oﬁé&ﬂnélysfrh r‘?’é‘éér\(@p&ﬁélrrh% ff@b{ §?I%p?<9d‘6d&b§ter3d to an
I ndi vi dual as an 1 njectabl e conposi for exanple as steril e agueous

e}
di sper si on, ppéeém@ma)e types drd 2QUVHC%G'T@er/hBtOCaﬁp&t@phyt%Cth%@rdan
i nventi on proykd rr%gﬁ
t her apeuti cal ?B ?(?9 ? é/));?%rmu ré &# OF pep%@g‘é' 'h%ﬁ[&ﬁagl?lgoctojlde
such as the soshpjbIpelrlfloatmméndibmmgp@mronertlead/WO|§6YQ585(9I éoOyaeanld)t; he
present inven | | ecul e
conpound, in &%%%(S%nagﬁt?ﬁ eg QW@@%%Q‘AW&@if%BPQDcar rier or
transmembrane deletion variants thereof (WO 92/14488; WO 99/53940; US
5804193 - Briles et al.); PspC and transmembrane deletion variants thereof
(WO 99/53940; WO 97/09994 - Briles et al); PsaA and transmembrane
20  deletion variants thereof (Berry & Paton, Infect Immun 1996 Dec;64(12):5255-
62 "Sequence heterogeneity of PsaA, a 37-kilodalton putative adhesin

essential for virulence of Streptococcus pneumoniae"); pneumococcal choline
binding proteins and transmembrane deletion variants thereof; CbpA and
transmembrane deletion variants thereof (WO 97/41151; WO 99/51266);

25  Glyceraldehyde—3-phosphate — dehydrogenase (Infect. Immun. 1996
64:3544); HSP70 (WO 96/40928); PcpA (Sanchez-Beato et al. FEMS
Microbiol Lett 1998, 164:207-14); M like protein, SB patent application No. EP
0837130; and adhesin 18627 (SB Patent application No. EP 0834568).
Further preferred pneumococcal protein antigens are those disclosed in WO

30 98/18931, particularly those selected in WO 98/18930 and PCT/US99/30390.

Preferred Moraxella catarrhalis protein antigens which can be included
in a combination vaccine (especially for the prevention of otitis media) are:
OMP106 [WO 97/41731 (Antex) & WO 96/34960 (PMC)]; OMP21; LbpA &/or



25exci pient. Such carriers include, but are not limted to, saline,
buffered saline, dextrose, water, glycerol, ethanol, and conbi nations

t her eof . Wbeoixnsenztii on further relates to pharnaceuti calPcpacka2asdoki t s
conprising one or nore containers filled with one or nore of the
ingredients of the aforenentioned conpositions of the invention.

Pol ypept i des, polynucleotides and other c®&@pounds of the present

30i nventi on rra be enpl oyed al one or in conjunction with other conpounds,
such as therap Bl[WQ@ﬁ{ﬁvﬁW@s(PMC] )], Tpd 8o bl@Bt[V\/(Q19W1I3I78Ee‘3‘M‘é@|&7 989 t he

route of adm mﬁ@ﬁ@oﬁeﬁ%hé@ﬁﬁ/@”%‘?a y1§9§?’|ﬁfeecg] I?nrﬁgénaﬁﬁ Q()@fla-

e.
Preferred for nirstratiton i’nc e i nj’ec iypically
by int ravenoukJspAﬂemd/ansyﬁAh{aWO APp@c/on 8463 ¢Atresk orsgodn AB) sWﬁl:QIB/@GéBmS

Syst om o adm WERPi S Teer Baonol adad e RO DEREAL IR "o ni ot rati on

using penegr a(11?@T/EI:_EFEJQTEB/@§82)3)l @I\#Ia&’f) %PQH’/EFU@(DIOH46%)¢'I|§§0@(G8t§ml79¢¢t25)r gents.
In 5addition, if a esent i nvention

Lo ba t b i pets (B aHTERbB I e TR 4O 28508 21 digor 81 99 TS 2k B
d d
oo be oot SIPCTESB0SPOAS PerEPITIqNEao) DM D IR ERTGEBPOLNTS MY

al so be topic I caliz In the past es
sol uti ons, poWisd P GHERIPL0IZ2%KA; amdOraplni ni stration to manmal s, and

particul arly human of the
active agent will EEG#P rg%%tﬁ?é%rﬁgéﬂ E\/&]e%é@l}da%ﬁﬁ@gﬁu% z/;ﬁ';;@%é?%paoﬁ%hnd 1 no/ kg.
The physi mt)) i’inaPng@m/waiogrﬁarmé Indiﬁi(tjeerun]meorhbmaaohﬁabﬁudeqag@em!mr\twélj be
nost suitable for i.vi dual. an vary wt i ght _an
fooponse. of ¢ REGERPR ChOH Mésiar Hunte: b erucihdlls s28iped Siio e o
the average cgegeardharSuridiion§farkPikRfs d%br%g’bgblﬁdleé t'h%?é’Fb?ﬁffe DBWrgr e

hi gher or |ower dosage ral&?s are nerited such are within the scope of

thi s inventi oReptide fusions Wn8842464({aeU) @qW@&?/@%Qded@MﬁQQ IM¥Ochoi ce of
et (e G BB 6 AL U, B BT VA e

nature of the's ect'’s con e ]U
practiti otter. DSlllEFt asiiet Qbopscgerm E K]E;MV@?S 933)3 TibpA2andier TapBeHaf, HXxf; ]Hﬂ:ﬂ(z;

P10 o) Py SRS EEFERH00 50 OETIAEEAL o o et 1

response. A spila@30a)NIbC2d8rSEx05) YWDQ&?OWH]@poBﬂ%Z@&}'{M ant kg of
antigen, and such dose |sgﬁ)|vr|efe abl%%adm ni stered times and with an

interval of 103/3%@95.3@' RHS & B%\QEWV@&?@!?’?‘E@e no adverse
toxi col ogi cal effepisrehehlinferRRSaruseshtiyeht indlSde whole, live or inactivated

20  virus, split influenza virus, grown in eggs or MDCK cells, or Vero cells or
whole flu virosomes (as described by R. Gluck, Vaccine, 1992, 10, 915-920)
or purified or recombinant proteins thereof, such as HA, NP, NA, or M
proteins, or combinations thereof.

Preferred RSV (Respiratory Syncytial Virus) antigens include the F

25 glycoprotein, the G glycoprotein, the HN protein, or derivatives thereof.
Compositions, kits and administration

In a further aspect of the invention there are provided compositions
comprising Protein F polynucleotides and/or Protein F polypeptides for
administration to a cell or to a multicellular organism.

30 The invention also relates to compositions comprising a polynucleotide
and/or a polypeptide discussed herein or their agonists or antagonists. The
polypeptides and polynucleotides of the invention may be employed in
combination with a non-sterile or sterile carrier or carriers for use with cells,



conpounds of the invention which would preclude their adm nistration to
sui tabl e individuals. Wde variations in the needed dosage, however,
are to bewexpextser1i n view of the variety of conpounds a@caiSEanbeseEns the
differing efficiencies of various 30routes of adm nistration. For exanple,
oral adm nistration would be expected to require higher dosages than

adm ni stration by intravenous injection. Hariations in these dosage |evels
can be adjusted using standard enpirical routines for timzation, as
is well under §ssuss qrrorgaresmmsum@nberrm@,b@eb@rn@ew@hbeér paministeatignbl e

Vedi um and Al ogk iddWual such EShMIUELEOLTIS AN ARLLAEE!S BcReguRRRes: 4 o m

a val uabl e i or |on ' esour ce eterm neée
3- di mensi onal trerapedticakys effsctiveldmant of agolypeptidé ;anﬁAmrpb@nusleqﬂMo’emeof

sim | ar honol o Thes r oaches are easily facilit storing
The sequence MTeRITORIPar A aRaIE AT R Ao IR o CSPRSTE RO G B Sdat o
in a knowg mﬁf@ﬂﬁ&l@@é"&fta‘ﬁé hU?ﬁrﬁﬂtéﬁW @err%nbgffeﬁe@ %ﬂé%)@ro%@qwgfé?e

dat abase using well known searching tools, such as pr ogram package.

10Al so pr ovi dBlCeip!taaanel AerGopiPiRatoNFdheIeat Tmfown@lah%rsp@wg soit thengoset er
sequences or 6# édjrﬂgﬁstra%ﬁtmé‘h@%hﬁorgﬁﬂﬂe\r Felé@g%'a c Qﬂ&pﬂgﬁnéﬁe‘?ﬁuﬁéﬁ

sequences. Preferre ods of sequence ana YSI S |nc exanpl e
met hods of seqaelmmdwbltmdmggnam@bye [¢3 mcmechn@mersléﬂﬁd Wh and csinmdreaf they

anal ysi s, ruct i assenbly,
15cl adi stic a%%@g@@%é%éﬁggm%q?qedﬁoin% ohg ‘%é*ﬁgﬁﬁ%ﬁrﬁg frame

det grrt? natd on, nucPelypepiidss, Ipas/auclabiruldélgand:ctﬂmcum@Eandmaﬂ meanenmunln%;c
acCl ase tri ng, an sequenC|n cnrony am pea anal ysi s.

computer base B FEHBEES SOBR G0 Tt T RioBaR Ho e BNy U Eh {hTPEsKcon.
This method cepppbskgs.the steps of: providing a first 20pol ynucl eotide

sequence conprising the sequence of a polynucl eotide of the invention in a
conput er readabl e KBgiPhAMagRUtCaheRIRPeRIaNS May Peadnppisiaied Inedty eiéedivguence

to at |east opg, ﬁﬁé’rﬂ%%ﬁ%ﬁ%&@é 18P g{an‘?ﬁ' X&ﬁ%%ﬂaﬁuoﬁ%ge picé b et fy

honol ogy. A conpu base 'S al'so provide ormng n‘DI ogy
15  vaginal, intravenous, intraperitoneal, intramuscular, subcutaneous, intranasal or

intradermal routes among others.

In therapy or as a prophylactic, the active agent may be administered to
an individual as an injectable composition, for example as a sterile aqueous
dispersion, preferably isotonic.

20 In a further aspect, the present invention provides for pharmaceutical
compositions comprising a therapeutically effective amount of a polypeptide
and/or polynucleotide, such as the soluble form of a polypeptide and/or
polynucleotide of the present invention, agonist or antagonist peptide or small
molecule compound, in combination with a pharmaceutically acceptable carrier or

25 excipient. Such carriers include, but are not limited to, saline, buffered saline,
dextrose, water, glycerol, ethanol, and combinations thereof. The invention further
relates to pharmaceutical packs and kits comprising one or more containers filled
with one or more of the ingredients of the aforementioned compositions of the
invention. Polypeptides, polynucleotides and other compounds of the present

30 invention may be employed alone or in conjunction with other compounds, such
as therapeutic compounds.

The composition will be adapted to the route of administration, for instance
by a systemic or an oral route. Preferred forms of systemic administration include



25identification, said nethod conprising the steps of: providing a first

pol ypepti de sequence conprising the sequence of a pol ypeptide of the

i nvent i orwonor/sergput er readabl e medi um and conpari ng Par&ERI1IR®F0503

pol ypepti de sequence to at | east one second pol ynucl eoti de or pol ypepti de
sequence to identify honol ogy. 30All publications and references, including
but not limted to patents and patent appbgcations, cited in this
specification are herein incorporated by reference in their entirety as if
each i ndi vi duiiegiigbl iyeipeily Ry ditravenevs injectimer @thgsénjectiaraiouiesasdch agli vi dual |y
indicated to f I

forth. Any pa? g%é&%@%ﬁ%cg'{tl Ond%iégl’a&hcﬁéﬁﬁgﬁerngrﬁ@él,l ?a?; eg%e&gﬁlgt:egn%éth'/le r¥e§r‘?§

al so i ncor por &dresgsteynic etimirastcatidmenelude rtnansmcesmlarﬂttsansdetrhal ammmstratlon

descri bed above. for bl i cat and references. n dentity,"”
25 known i ¢ HEngRenBlants Sch 38 hiRdRith Sh BisE AoiRe” S SRt aT Gkt | de

sequences r ByBitieN, i ﬂ@b@l@@bﬁd@@ﬁ@tﬂbf@&nﬁ@@h@@ﬁﬁe p?ésériﬂﬁw@ﬁﬁ@n Bay bee, as
determ ned by conparing the sequences identity" al so nmeans

the degree of cgewfiﬁ@m 2l PRICEG S S8 %@@@é@ﬁt%ﬁ‘pvﬁ@l@tme@r@racimungﬁhr@@%mayde
sequences, éﬁﬁlmyA&ﬁl’nI%tlggbngggi@ﬁ%n% ﬁn‘@é&lgo%@% Wé‘leéh 6rr i ngs

of such sequences entit can kno ods
i ncl udi ng but lagatized, in thedotro of kalyes deasted, igets, 'rsolu(lom’rmwaiar@aad tmﬂ)llll@ul ar

Bi ol ogy, Lesk, A . d, Uni.ver Yl

Bi oconputing: Inf Q/F %glg%nl%%t?@‘%ﬂgxﬁp% %?@pgém%%rﬁéﬁs é%'% §<R88§«gn o
Press, Netp Yothat tA®83ily Gosgnys IeIVeP@fahyésjcsuvefagsaqwelrlwfrDat @01kagMkglto 1Gri ffin,
15 AM, and Giffin, a Press, New Jerse

1994; Seqguence
Anal ol 5 1 VEIGKGIHPIOBNGRisHIO L B T8 Pler SO R AuahY vk el e dir
Sequence Anal ysiig| Bbéé’@?ewh@h'\biﬁ@eVmoM smﬂ%l@ﬁ#%ﬁmﬂwldhal aﬂé%vlll vht ﬁﬁlﬂﬁé’”
Press, New York, 1991;  and Cari l H, and D., SIAMJ. plied
Mat h., 48: 10?99(\&9%} an%emﬁn;setqftheﬂoertnﬁtﬂwndmﬂuad ny@r@b@&d@ﬁﬂﬂ?Stafem ve
Lhe | ar gest 20 by R INE S e BROUPHGRSA P By bE B aPHURARALO
eternine i dent e cod in publicly avarTabl’é@ conmputer prograns
Comput er 1o ogm@er@’etgmdsrtmveiejasagerrengeleate meribed, \eeistohcarsarjtien thes

i ncl ude, but are nofthl imted to, the GAP programin the GCG program package
(Devereux, J.>C%e 81 1IS QYEMPL Aci ds Research 12(1): 387 (1984)), BLASTP,
BLASTN (Al tschul $hé dodagetarie reqdlredfﬁeﬁe@nds‘?tbrﬁ{he chbice id8, the980k, ofand

FASTA( Pearson and Li pman Proc. Sci. USA 85; 44- 2448 1988)
The BLAST fanﬁﬂwmtr@mgwtvge @UBWQH‘W%HP&] r%m%tunfq-eﬁmesme&hace@ B‘P”

20894; Al tschal & fgn) 8 aepaingrebhiopel S e sty el

known Smi2® Wesiamga chOgoi 0@ hgik@eqf sgbigicko be used to determne i dent| ty
A vaccine composition is conveniently in injectable form. Conventional

adjuvants may be employed to enhance the immune response. A suitable unit
dose for vaccination is 0.5-5 microgram/kg of antigen, and such dose is
preferably administered 1-3 times and with an interval of 1-3 weeks. With the
25 indicated dose range, no adverse toxicological effects will be observed with the
compounds of the invention which would preclude their administration to
suitable individuals.
Wide variations in the needed dosage, however, are to be expected in
view of the variety of compounds available and the differing efficiencies of various
30 routes of administration. For example, oral administration would be expected to
require higher dosages than administration by intravenous injection. Variations in
these dosage levels can be adjusted using standard empirical routines for



Paraneters for pol ypepti de sequence conparison include the follow ng: 61
Al gorithm Needl enan and Winsch, J. Ml Biol. 48: 443-453 (1970) Conpari son
matri x: BuOSBIIMB212ir om Heni kof f and Heni kof f, Proc. Nat lPCTAE2@2/08503 USA.
89:10915- 10919 (1992) Gap Penalty: 8 Gap Length Penalty: 2 5A program
useful with these paraneters is publicly avail able as the "gap" program
from Genetics Conputer G oup, Mdison W.5Fhe af orenenti oned paraneters are
the default paraneters for peptide conparisons (along with no penalty for
end gaps). optimizatiga.rasis tweallgurfderstpod ymihelasbt i de conpari son i ncl ude the

foll ow ng: 10 | I \ : i - - 453
(1970) Conmpar rg?lggg{,r%% %"’:’A\%%gcﬁ@DQ%W%@P@@@%%A%@F{@g50 Gap
Length Penal ty: 3 Polynuéteatii@bhe palypepiine SemprEhcps naavaluabieGafoemation
Comput er G ou Madi son W. 15 These are the fault paraneters for nucleic
2c 6 conpar | sEEsource Wil hghpdiataa iR Bty 35 Sciienohg Sppgres o wel 58

pol ynucl ecd i desideRsfyFahiéraRiguerses éBsitigr KGHRBI0GRY TS e AdfoldHas flethodst (1)
and (2) below (1) Pol é{?um eot i de enbodi nents further include an isol ated

pol ynucl eot i deasiynpeiiistetow siopng iR sediente I8 éfirmreehEradablamediys@ng 50,
60, 70, 80, 8 i r ' ' dhne ce of
SEQ I D NO 155‘,9”3%&%?‘# R dpaﬁ?i‘ﬂ%*é@??ﬁ%&é@?ﬁ%née S@ﬁ%%&%@%@ to

t he ref er encessaghearmuehcSEqiabRsBIOsinpEwell kmayn searichitg taplst such aethedtGG

i nt eger nunber._of _nucl |de alterations as conpared to the reference
sequence, \AhePchgﬁa@a?a&ﬁ%&%erations are selected fromthe group consisting

of at leatd one nuplseoprioditleded\ethiednverstidpsarietrutineds f@Sthecdnalysig of tlaarsictdron
and transversion, or i nggr.t i on, erein said alterati oges%gaaﬁ%occur at

the 5 or 3' PEANTHES Y 'i'rt‘%rpaar@qn“q@r 9RRSUG IRAUSGER 6 60F] Wce or
anywher e bet weghudiiese Hrefdfdtiinasdd b0stuchBt &naRRISREILR! ftlexaffflyi dual |y
anong the nucleotides in the reference sequence or in one or nore

cont i guous gr B18IROGE ehsepuensersmeelegy @ngly§ise Aue) asidetite pad sindardty nunber of
30nucl eotide ghLeLAl bR RNALHESBIE LirB¥iEhbRsd 88qhdid immymoer of

15  cladistic analysis, sequence motif analysis, open reading frame determination,
nucleic acid base calling, codon usage analysis, nucleic acid base trimming,
and sequencing chromatogram peak analysis.

A computer based method is provided for performing homology
identification. This method comprises the steps of: providing a first

20  polynucleotide sequence comprising the sequence of a polynucleotide of the
invention in a computer readable medium; and comparing said first
polynucleotide sequence to at least one second polynucleotide or polypeptide
sequence to identify homology.

A computer based method is also provided for performing homology

25 identification, said method comprising the steps of: providing a first polypeptide
sequence comprising the sequence of a polypeptide of the invention in a
computer readable medium; and comparing said first polypeptide sequence to
at least one second polynucleotide or polypeptide sequence to identify
homology.

30 All publications and references, including but not limited to patents and
patent applications, cited in this specification are herein incorporated by
reference in their entirety as if each individual publication or reference were
specifically and individually indicated to be incorporated by reference herein as



nucl eotides in SEQ ID NO 15 by the integer defining the percent identity
di vided by 100 and then subtracting that product fromsaid total nunber of
nucl eoti dwe 20r/SEQ1I D NO 15, or: 62 nn xn - (xXn y), ROESER012060505 t he
nunber of nucleotide alterations, xn is the total nunber of nucleotides in
SEQID NO 15, y is 0.50 for 50% 0.60 for 60% 0.70 for 70% 5 0.80 for
80% 0.85 for 85% 0.90 for 90% 0.95 fore@5% 0.97 for 97%or 1.00 for

100% and is the synbol for the nultiplication operator, and wherein any
non-i nt eger pbetgdtllpsetdortandny patentapptieatiarotenviiehtthie appdicatian claireger

pri or L0 Subt LAGILNG Ada FESMC el EAE 00N IRLY BIFIRP Y] i merences

encodi ng t he ypep ni ssense
or franeshi ftdéﬁcmttemam fon publicatoodiangl eéereanee and t hereby alter the

pol ypepti de epc d(tad by the pol ynucl eotide follow ng such alterations.
By way of exaﬁﬁﬁ@—ﬁ—pol ynucl eoti de sequence of the present invention may

be identical to thadesttpreRt@ospddensas, i9fa rellohEhipBetiden tWdbr meré t may be
100% identical, or it nmay include up to a certain_Integer nunber of nucleic

15 acid alter QPW@ﬁ@t'C@sS%@@éﬁéér fwp Ph@of%f)@'b’@H@@Ofé%WC@ﬁ@? theHasehe
percent ident Ha\g B ds&Rteriifdy 6990’%8‘3 %'tﬁé’ se@éﬂ&e@.‘ Ihglﬁ ppnaerﬂrty sigbected
onsi t del et on,

fromthe group sting of at”lea e nucl el c acl
substi tuti on, mearisude rd@gremn‘ésequﬁmcarrdlate@rnm&vean polydepsidetdron, and

e o PR oRES Bt R the bHEa Rl B SSEE B SPRELABER, o o

posi tions10 i nbetvegeeT §te|dgeloif bech sediistadsal ldgntityd ogn beeeadity eaICulacechSyl n the
ref erence seqklence or i

in one or nore nti guo u s.Wthin the reference
Sequence. TheknaianetbpdsBrbRineiitc fmitesipdhesh e aingca Cogmmisnional
identity is dM&ééH/@ﬁB/O%@WHbEkDAM ngqt @(fé@t@hlvéw@quegé Né'\ﬁ'\%ri% 19@8@'5 in
SEQ ID NO 15 by the integer defi m(;&wge percent identity divi ded by 25100

and then subt PQEOMmRy/tingalnproaies an giedPfaieets, ﬁ[mtbep , eflicfeadenaisi ds
in SEQ 1D NO pldeg eneYt% @9%‘ @Jo'f‘ﬁbdtérﬁ\nglyglg%qufen%%i%cﬁ’%qN@rlqlg,

al terations, xn |$ nunber nucterc acids In
is, for |‘rfstaAd\d , GNA0G(ifin, V-D@b dls§Hdiman8 (ess) NeSwv flerse§59984 cSequérset he

synbol for t hi\nmli/lsFSI /’%lMo ecu ar P B &Séﬁtv%rn Hglrr]% H?,e,&gaj\cyemi%?f:’ress, 1987; and

Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton
Press, New York, 1991; and Carillo, H., and Lipman, D., SIAM J. Applied Math.,
48: 1073 (1988). Methods to determine identity are designed to give the largest

20  match between the sequences tested. Moreover, methods to determine identity
are codified in publicly available computer programs. Computer program
methods to determine identity between two sequences include, but are not
limited to, the GAP program in the GCG program package (Devereux, J., et al.,
Nucleic Acids Research 12(1): 387 (1984)), BLASTP, BLASTN (Altschul, S.F.

25 etal., J. Molec. Biol. 215: 403-410 (1990), and FASTA( Pearson and Lipman
Proc. Natl. Acad. Sci. USA 85; 2444-2448 (1988). The BLAST family of
programs is publicly available from NCBI and other sources (BLAST Manual,
Altschul, S., et al.,, NCBI NLM NIH Bethesda, MD 20894; Altschul, S., et al., J.
Mol. Biol. 215: 403-410 (1990). The well known Smith Waterman algorithm may

30 also be used to determine identity.

Parameters for polypeptide sequence comparison include the following:



any non-integer product of xn and y is rounded down to the nearest integer
prior to subtracting it fromxn. (2)Polypeptide enbodi nents further include
an isol atwd pogpept i de conpri sing a pol ypepti de havi ngratr/SEe@3ns@Eo50, 60,
70, 80, 85, 90, 95, 97 or 5100% identity to the polypeptide reference
sequence of SEQ I D NO 1-14, wherein said pol ypepti de sequence may be
identical to the reference sequence of SEQIID NG 1-14 or may include up to

a certain integer nunber of amno acid alterations as cor‘rgared to the

reference seq éhmvxhl@eélmm@’aaddé/wmm ol Bial. 48] 443-483 (1)t he group
consisting of cindSAsh RBEKCE] PR SUHdRlEHkor AR PREMAE B0, Nf A
conservative and mon- conserva 've subStitution wher ei
said alterati Sns Uﬁi@( 823091511 00h8 (8992)0- or car boxyt er m nal p05| tions of

the ref erence e.sequence ere between those term nal
positions, i %ﬁ@@d%&?m pngﬁHP %'EIYa&I y ampong the amno acids in the
reference §equencechsrograrﬁru@eﬂﬂ V\mrtﬁe%%ré]ﬁ@ﬂéﬁs & LRIV NEB|d &€the "gap"
15ref erence sequence wherei n said nunb amno acid alterations is

det er ni ned bypfﬁgr@mﬁr‘?mr%erﬂﬁécst%@@Pumﬁr@@HpoMaér‘ﬁ%WécThb%anﬁerSEQ“@'FﬁCNO
1-14 by the i BF‘eQﬁétegésfaf’é’ gdéfQGIt tot abrénﬂﬁng}élpth)ﬂ?%Yﬁd%‘?goméégﬁﬁ%vg%dﬂ@e”

subtracting t at pro om sal amno acl
NO 1- 14, resppebnakefoy endrgag®). na xa - (xa y), wherein na is the nunber of

am no acid alteratj of in SEQ ID
NG 114,y is 0 s0PPENEETs g Wq%ﬁ)&g@%%@%%%‘r'”?'b@gtﬁ‘g@%é\gﬁ%r 80%

0. 85 for 8% AlgdHhinoNe@afem4ah ahd Mounsdha). Mdd Bidl048:9748-983 119MD)f or 100%
and is the synbol for the nultiplication o to and wherein any

non-i nteger plFOMRATSON REMXHBAChES TOLJQd%G %\ﬁﬁ é t he nearest integer
prior to subt(%btp@,gaﬂyt spbrom xa. By way of exanple, a polypeptide sequence
of the present inventi'on 30may be identical to the reference sequence of
SEQ | D NO 1- 1%ap kength Senaltyay be 100% i dentical, or |t nay include up to a

certain integay el ?bﬁ?@é@ﬁpr%g'réjch}rﬁ rie?B?y mARERE @ﬁ% i@%@? WI.

ref erence sequence such er cent nt i
i denti ty.1%8uchheb¢ aratheodsfaalt @asahetere forf mumeit lreicgcauparisons.

A preferred meaning for "identity" for polynucleotides and polypeptides,
as the case may be, are provided in (1) and (2) below.(1) Polynucleotide
embodiments further include an isolated polynucleotide comprising a
polynucleotide sequence having at least a 50, 60, 70, 80, 85, 90, 95, 97 or

20 100% identity to the reference sequence of SEQ ID NO: 15, wherein said
polynucleotide sequence may be identical to the reference sequence of SEQ ID
NO: 15 or may include up to a certain integer number of nucleotide alterations
as compared to the reference sequence, wherein said alterations are selected
from the group consisting of at least one nucleotide deletion, substitution,

25 including transition and transversion, or insertion, and wherein said alterations
may occur at the 5' or 3' terminal positions of the reference nucleotide
sequence or anywhere between those terminal positions, interspersed either
individually among the nucleotides in the reference sequence or in one or more
contiguous groups within the reference sequence, and wherein said number of

30 nucleotide alterations is determined by multiplying the total number of
nucleotides in SEQ ID NO: 15 by the integer defining the percent identity
divided by 100 and then subtracting that product from said total number of
nucleotides in SEQ ID NO: 15, or:



64 consisting of at |east one am no acid deletion, substitution, including
conservative and non-conservative substitution, or insertion, and wherein
sai d al t ewat2pnS41PRY OCCcur at the am no- or carboxy-ter rCmsE2@e850ts0DNS Of
the reference pol ypepti de sequence or anywhere between those term nal

posi tions, 5interspersed either individually anobng the am no acids in the
ref erence sequence or in one or nore contgguous groups within the reference
sequence. The nunber of a)m no acid alterations for a given %identity is
det er mi ned by "mil X0 i vt he total nunber of amino acids in SEQ I D NO 1- 14
by the integer defining the percent identity divided by 100 and then
subtracting that product 10fromsaid total nunber of amno acids in SEQ ID
NO: 1- 14, or: WAErfiRAn ig)the eYhsr of AHcClestide altaiativas, i isdherietahapeber of

e, “Tor i net ahtgieaises ruScaost Ko a6 fois hasycicedh: 850 BBtk 070 Bk qt%e (he

symbol forst he goiHokigpkA, @85%?881’)6r@199rf0r 80%, \ONEs RIrH53MY0. 0P ol I BART . OO oduct
of xa and y |s rounded down to the nearest integer prior to subtracting it

from xa. for 10Q%cand @uaitihe pymbahion the switRlicalien fPrefatele PeHerIenaah

organi sm WeaﬁSnZﬂ@gﬁtlbtch@t bﬂk@enetquarrw@rﬁcmd Howh el tignedreist mmégérlpmdre@l to
a net azoan, Iman, a pri nat e, and un'an

"1 sol at ed" neéHEtr%@tr@r'EgO% tﬁ@e“ﬁ&ﬁas@f pﬁ&ﬁ‘“C'ﬁPgﬁ?lsﬁguﬁ%‘%ﬁ %”C%q'%ﬁ

envi ronnent . BPUBBPHESsgt SERETRNEF T2 AR et SRR ra'sggﬁ%ébf*%hﬂ%'sﬂﬁt'

nat ur al | y1(pr esritétions ia tBkl dodimg sed@geitesand thenatby alterathatpilypeptide drivedsane

pol ynucl eoti d e_separated f om the coexisting materials of
its natural S&?@e Q,%BQ@PHQ%&O”O @gtsH%hta BiRlCESenpl oyed herein. Moreover,

a pol ynucl eoti de OBy ReA @Fé&&drﬁﬂﬁe BC’HolyrﬁJclé&lﬁ@@é‘éﬁénb@th@‘pr@s@ﬁﬂh%@hﬁbfn )
transforrratl on, enet| ¢ nani tion or by any other reconbi nant nethod is

"i sol at ed” ev&myile identisaldpit 13 r@‘ﬁé@@ﬂsequemea ob BFFAh il NO:3thtinatis drgani sm
may be living,, 8r1db@/‘ddén‘ﬁ'o890r Iténc&l nclt eyu F&Q%%Jgﬂl\f\]}]e%%%% rlof dRlegL s to
e e may

any polyrlbonucleotl yri ot'l e unnodi fied
RNA or DNES or ammliferambr@\ms oomDBMad tmcthadefagesmmgda@m slahthat tmrpmdedt
regions. identity is less than 100% identity. Such alterations are selected from the group
consisting of at least one nucleic acid deletion, substitution, including transition
and transversion, or insertion, and wherein said alterations may occur at the 5'
or 3' terminal positions of the reference polynucleotide sequence or anywhere
20  between those terminal positions, interspersed either individually among the
nucleic acids in the reference sequence or in one or more contiguous groups
within the reference sequence. The number of nucleic acid alterations for a
given percent identity is determined by multiplying the total number of nucleic
acids in SEQ ID NO: 15 by the integer defining the percent identity divided by
25 100 and then subtracting that product from said total number of nucleic acids in

SEQ ID NO: 11, or:
Nn<Xpn-(Xpney),

30 wherein np is the number of nucleic acid alterations, xp, is the total number of

nucleic acids in SEQ ID NO: 15, y is, for instance 0.70 for 70%, 0.80 for 80%,
0.85 for 85% etc., o is the symbol for the multiplication operator, and wherein



65 "Variant" refers to a polynucleotide or polypeptide that differs
froma reference pol ynucl eoti de or pol ypeptide, but retains essenti al
properti eso 2mApgpizeal variant of a pol ynucl eoti de diffePsTiSE20100501508 | de
sequence from anot her, reference pol ynucl eoti de. Changes in the nucleotide
sequence of the variant 5 may or may not alter the am no acid sequence of a
pol ypepti de encoded by the reference pol ygsicl eoti de. Nucl eoti de changes may

result in amno acid substitutio ditions | etions, fusi

runcati one | ATY RENHBRERE prodiist 80 E aBd W roHaded farbiiode ogt aTedE”

di scussed bel gyior §l)m|}é'éﬁhg\(t6ﬂ¢rﬁrjﬁ1_ of a polypeptide differs in amno acid
sequence from another, reference 10pol ypeptide. Generally, differences are

limted so that th&)seqgBelypeptidd ettedirméetisedathepiociydemn delzed pblypeptde ant
are closely simlar. overall an in_many_ reqi i ti.ca variant and
L er ence bor GRERTREE S ROVEEPE hafinda oAt o T Sa AL 80 b0, 8547 4Er'
substi t ut l@”ﬂO@ﬂﬁlUbh@@&O tH@'p@Iyp@Bﬁdé Beféf‘é/n Ué@atchﬂl SE‘Q $Spindi1tyg ed or

i nserted am no aci resi not one encoded by the genetic

code. A vari amhefﬁ'néaﬁbe@MG@P@él ﬁwemcepmayQ@p@ﬁe@tecalré@th@ereaerﬁapglssnwnce
occurring sucfragcifh f\‘l'(%/.?"f[@or"r%yur ] ?Ié’hg It Bt d?ﬁlrﬂegé%fhlﬂf%?rt SB%mind A94

known to occur natura n- na ccurring varrants
pol ynucl eot i deﬁeraildnp@lsmﬁmaredéo rﬂm/refermmdéeb{ylenue aglkered saitetiendtipnss or

by direct synthe ns L Sease S rel ated
to infection % §é|§8tcet%of|[&§§ﬁ$§§§€%?%§gqr§rgfg%a{%%ﬁeo%eo?rﬁﬁ%sgﬁg%ﬁﬁoﬂ i nfants
and chi | dt@n, spbstitotion, anclodiegdnisersative iandsidn- SQnmsamwstutmfo@Cbrons and
i nvasi ve di seases, chronic otitis nedia with heari ngBI oss, fluid

accunul ati on I"FefiRN. @ndayvieerey} said geratipns aay aceynaidae %P%y%c%rﬁe&‘h
| earni ng, i nf eghiiga sitidh@ &Srg@ia@rérémd@éﬁtwew@ﬁbnea%rIarrhfymgf@be%éﬁ

the m ddl e ear. Experinental he exa bel ow are carried out
usi ng st andar hasedBAM@EBOSHIANE HNterepareed el&h@ﬁ/ﬁ%ﬁﬂﬁ“&tﬁ%ﬂﬁ the amiveadigls

skill in the g r%ﬁ‘{r@@&e %ﬁu?néét ?’ebhe 9 rﬁﬁé@éﬂ be Ofﬁddpﬁybé}bé wutﬁﬁﬁh%xa”p' €s

are illustrative, 0 no
i nvesti gath onrefesmuelmqulehee; aod a/he(mn spig ndimbeat bbamim‘imldtalteratmsusn

o orer’ o cBEGEAT o S PEEL ol HERABELL SRl DA SE IERRS 1
by the mteger defining the percent identity d|V|ded by 100 and then subtracting
that product from said total number of amino acids in SEQ ID NO:1-14,
respectively, or:

20

Ng<Xg-(Xgey),

wherein ng is the number of amino acid alterations, xg is the total number of

amino acids in SEQ ID NO:1-14, y is 0.50 for 50%, 0.60 for 60%, 0.70 for 70%,
25 0.80 for 80%, 0.85 for 85%, 0.90 for 90%, 0.95 for 95%, 0.97 for 97% or 1.00

for 100%, and e is the symbol for the multiplication operator, and wherein any
non-integer product of x5 and y is rounded down to the nearest integer prior to

subtracting it from xg.

By way of example, a polypeptide sequence of the present invention
30 may be identical to the reference sequence of SEQ ID NO:1-14, that is it may
be 100% identical, or it may include up to a certain integer number of amino
acid alterations as compared to the reference sequence such that the percent
identity is less than 100% identity. Such alterations are selected from the group



66 di scovered using vitronectin as a bate, and the novel truncated

reconbi nant protein F (pF). Mterials and nethods Bacteria, reagents and
epi t hel i avoceld1skizmes 5The non-typable H influenzae stcaisE20TEB655 was a
clinical isolate and a kind gift fromR Mnson (Chio State University,

Col onbus, Chio). Cinical NTH isolates were obtained by nasopharyngeal
swabs from patients (Ska' ne County, Swede®d wi th upper respiratory tract
infections. H influenzae were grown overnight in brain heart infusion
(BHI) broth (Pbngistingbbatdesst ene amimeacidideletian) ssbplifubomineddingtdonean and

hem n (Sigme, S I - ~0l.at e descri bed
(Ronan((:Ier get ayﬁvﬁéggban%e&%ﬁgfgggﬁag% ?@bg&gﬁ’ﬁ?%@? ng‘%gl i nes were
from ATCC. Bogheratibhs Imanescoueras tie antimo-rardcaripoBRdrmirtt @ ositions td%d-CS at 37C
and 5 % CO2. 15 Two-di nensi.onal SDS- Dol ycaryl am de gel el ectrophoresis

(2- 305, PAGE) ToTerente RARRPtFE, 15eHABo5 05 HE) WEe Rk EAdNEE S T HRAKISaHoNS.
proteins wer eifgishblRA Sithed@sdividbany &mMergnAeanfiho acids iRARS referdirrr et al .,
2010). OW were subjected to isoelectric focusing E_I EF) using the | PGhor

| EF Syst em ( ARBAYPRGA PHAGREOAMEIQERIGUOURSHAHRR Withtaihe refrigRse Seawenss

calibration, (?ﬁﬁwﬁ’&q@d q 4610 iRl R iR

pol yacryl am dghée S wer g%ﬁétﬁﬁﬁrﬁgén% gmlan#gépl OM%%”}?%&T@%{@&S nm
M| lipore, Bedfubtiplyinyhe sotaldamber o@miriagacids $pSES IChNEDI @B PikEENsgErned
wi t h Coomassi . re cug . L fo in

VALDI - Tor s SECAHBHE FBeh ¥y PGy 176 458 Hon STueSIREREL DR L of
proteins th neohr sndsofaV\bainmdenobamino atiosumnSEH®ID NO:1-14, dBDS- PAGE was run
at 150 constant voltage using 10 %Bis-Tris gels with reagents as well as a
blotting instrument from Novex (San Di ego, CA) (Vidakovics et al., 2010).
Cel s were stangedxyw Xy €ghnmassie Brilliant Blue R~ 30250 (Bi o-Rad,

Sundbyberg, Sweden). After el ectrophoretical transfer, the |Imobilon-P
menbr ane was bl ocked in PBS with 0.05 % Tween 20 (PBS- Tween) containing 5

% mi | k powder whAtéiam e 3hé ROMbeMBRANG SIciedIRratiénd) &L, ad thd tdtalmumiver of
vitronectin (Sigm) (aO 5 pg/m) in PBS Tween including
15 amino acids in SEQ ID NO: 1-14, y is, for instance 0.70 for 70%, 0.80 for 80%,

0.85 for 85% etc., and e is the symbol for the multiplication operator, and
wherein any non-integer product of xg and y is rounded down to the nearest

integer prior to subtracting it from xg.

"Individual(s)," when used herein with reference to an organism, means
20  a multicellular eukaryote, including, but not limited to a metazoan, a mammal,
an ovid, a bovid, a simian, a primate, and a human.
"Isolated" means altered "by the hand of man" from its natural state, i.e., if
it occurs in nature, it has been changed or removed from its original environment,
or both. For example, a polynucleotide or a polypeptide naturally present in a
25 living organism is not “isolated,” but the same polynucleotide or polypeptide
separated from the coexisting materials of its natural state is "isolated", as the
term is employed herein. Moreover, a polynucleotide or polypeptide that is
introduced into an organism by transformation, genetic manipulation or by any
other recombinant method is "isolated" even if it is still present in said organism,
30  which organism may be living or non-living.
"Polynucleotide(s)" generally refers to any polyribonucleotide or
polydeoxyribonucleotide, which may be unmodified RNA or DNA or modified RNA
or DNA including single and double-stranded regions.



67 2 % ml|k powder at roomtenperature. In sone experinents, HRP-conjugated
nouse anti-human vitronectin diluted 1/1,000 was added after washi ngs.

After i nowbabizmissizdevel openment was perfornmed in a Fl uor PET¥ER010/050603 h ECL
Western blotting detection reagents (Amersham Pharnaci a Bi otech, Uppsala, 5
Sweden). DNA cl oning and protein expression of reconbinant pF 12-293 in E.
col i Chronosormal DNA from NTH 36585was used as tenplate to isolate
t he pF codi ng sequence. Restriction enzynme sites BanmH and Hindi!! were

i ntroduced by PCR iVar@antheefersdala pgyneg/eotide of pelipepive that difieng fromia- 293.

10 To fuse 6 histidi resi - L Of . the
pF12- 293 stopp%gbéon(#e slyrﬁ‘u?dtlg#gdé&%@% stu tpggreg%fﬁg%rigéﬁ%%\?\gé&ﬁlleaa'{qed into
pPET26( +) ( Novégecgl vBeansofaa polyGacieatige différagnnudeetioseqeenoe freananother,
transforned int,o the expressi,n st BL21(DE3). To,produce reconbi nant
DFa2 298 bacldRe Rt STRHOES R Iciso BE S e G408 JoRabsi de
15(1 PTG fmr ?ha‘% cb’r-mﬁfnéf ak&nthel driigatddii sedlidndessit £ pbRbepdid Bhcddsd by

i ncubated with ny/ of |ysozynme on ice, sonicated and centrifugated.

Sol ubl e prot ethe wégrememlwoiﬁm@a Naeteptide shangeo MaYdRsebINAMNQ 8fifai ni ng

a nickel resi i ﬁ&%ng% b i I ' s and
enzyne-| i nkedevﬁ’r&r{;gor ent aggggyd?léw%%?nélgg%‘%hgrtg%rﬁggaggﬁ)@c?ﬁﬁl%%{cﬁ pF
anti serum r abbtoded\ey e retersincedeghesee tandiscysaedhoglowe Algpicat eanaslt pof
intramuscul arly wi th.rec i.n . - 293 redi t rd_procedures
usi ng conpl et g péj\rﬁfﬁoelrbﬁ'ggr%ﬁ%tség%@ﬁﬁé@oﬁ%qﬁiﬁg f%%gﬁg}ae?’ rge?g%P.geZOOB) .

Rﬁsul ti ng1cn)oIhpolyp_apﬁdalrzmiéérb@ggﬁﬁi(f@:@m):esv?r@IiMQnggngeﬁééch@hw? of thded_ _
chromat ogr ap usin -293 copjugated to r- epharose. | n addition,
anti - pFad- 08 TR ERAA R B AT 91 ARS8 ARy Bl g Praany
specific pF44r oﬁ@,ﬁéérﬁiﬁ:aﬁgﬁhéﬂéﬁt%d @f@éﬁb@%ﬁ&@{eﬁﬁ?e &y &itleRH ahino

per oxi dase (HRP)-conjugated swi ne anti-rabbit ycl onal” i mmunogl obul i ns

wer e from Dak8pigtsesiueceayfanse ommarmpwlstitpiansnsrdiiens: delatienseid amr axel | a
S22 o OB PR, S B bRPaPIEHes % sl e riapforgs veec
15 one encoded by the genetic code. A variant of a polynucleotide or polypeptide
may be a naturally occurring such as an allelic variant, or it may be a variant
that is not known to occur naturally. Non-naturally occurring variants of
polynucleotides and polypeptides may be made by mutagenesis techniques
or by direct synthesis.
20 "Disease(s)" means any disease caused by or related to infection by a
bacteria, including, for example, otitis media in infants and children,
pneumonia in elderlies, sinusitis, nosocomial infections and invasive
diseases, chronic otitis media with hearing loss, fluid accumulation in the
middle ear, auditive nerve damage, delayed speech learning, infection of the
25 upper respiratory tract and inflammation of the middle ear.

Experimental part

The examples below are carried out using standard techniques, which
are well known and routine to those of skill in the art, except where otherwise
described in detail. The examples are illustrative, but do not limit the

30 invention. The present investigation describes the isolation, purification,
characterization, cloning and expression of the novel vitronectin-binding outer
membrane protein named protein F (pF) of H. influenzae, which was



2002). 68 by ELISA. Briefly, 50reconbi nant pF12-293 was coated in
mcrotiterplates overnight at 4C. After a wash, nouse sera were added and

i ncubat edwatoroem2ienperature. After 30 m ns and additi ecaiSEMEINSH)3

HRP- conj ugat ed rabbit ant-nouse pol yclonal antibodi es were added and

absor bance read at 50D540. Manufacture of a DF-deficient H. influenzae
(NTH 3655 Lpf) Genomic DNA isol ate® from NTH 3655 was used as
tenplate. The 5 - and 3"-ends of pf were anplified and fused with a

casset t e conpdissongredhsing vigioaegtie as edvatacary the aped diunsatgacrecpmpamntby

usi ng PCR by Oextension (Riesbeck et al., 1999). A specific
upt ake sequen@ycg%{&AE%éEgﬂT) was included in one of the flanking priners.
The resul ti ngME&igs @hdaheth@sist r ansf ornmed into NTH 3655 as described (Poje
et al., 2003) fo Iovved b [ .qn pl.at es cont ai ni ng chl oranpheni col .

Fl ow cyt onet r PSS, EeISHp ARt SOCH #ERni ght cultures were grown in

broth untid 0D600 §h8. noﬁh?bé@lfetf@rmf/d)gfﬂaesétfém 'ﬂFI'I-‘ﬂ@B%‘O@%@@hﬁ@@IQ@olmeth PBS
containing 1 % BSA fol | oned cubat i on a urlfledrabblt anti - pF

anti serum accéF‘GﬁH@In@@'fbfrgmaﬁdﬁlpﬂsﬁfﬁ é@Btchtqt%Mm@r@é\orCCé@mQus Obu7]. After
washi ng, bact %rlh%al‘ﬁ"r@h |§3§é{§g'\/\?‘éiiia‘@btt5|85%-5 Hg%ﬁgagﬁﬁébé‘ﬂﬁah paRitd

secondary pAbs ( opatt | owe c to ana
( EPI CSCAL- MCL(SiGnd €euntyHSaleslgh) V\mb)upmplreskmrrateny toamt hrg‘ecmmeﬁ onfluggzag and

eptide bindip | uence
o 2a el | pi 40 SPRUA B8t pralfisBl s 1 pYBhACTe Peb b Bent < o
descri beﬂ1c§bom@tr@ndwp$lmg%wwvlehfeo[\arﬂ| NAtyamdlthatl(gig?}neﬁ StAf_baurs(yN/IC}n ) or@eteri a
wer e washed once enment ucose,

002 5% gel at | AMGraaia PIBRA RGBT BIST haeaitas et ehdl, 7idved from i he
epithelial cells apdsb3cicerigs) Ngaﬁdhz’bzlépltﬁénbrwl Iir%t\ﬁéreaﬁ*orﬂ'AT®CeBbth
multiplicities of infection were added. Thereafter, reaction nedium

was suppl emencelilines W@V%Eﬂ&ﬂ@ta iniRRIYAL B4 Witbr 1 G5%F 6 Saat 66 anghb %Aft er 90
mn at 36C, 5% CO2, wells were 30 washed 3 tines with PBS foll owed by
addition of Trypsin-Versene (Sigma).

15  Two-dimensional SDS-polycarylamide gel electrophoresis (2D-SDS-PAGE)

Outer membrane vesicles (OMV) and outer membrane proteins were
purified as described (Ronander et al., 2008, Schaar et al., 2010). OMV were
subjected to isoelectric focusing (IEF) using the IPGphor IEF System
(Amersham Pharmacia Biotech) (Ronander et al., 2008). For gel calibration, a

20 standard was used (cat. no. 161-0320; Bio-Rad). 2-D polyacrylamide gels
were electroblotted to Immobilon-PVDF filters (0.45 mm; Millipore, Bedford,
MA) at 120 mA overnight. Spots in 2D-SDS-PAGE stained with Coomassie
blue were cut out from gels and sent for sequencing by MALDI-ToF as
described (Schaar et al., 2010).

25 SDS-PAGE and detection of proteins on membranes (Western blot;

immunoblot)
SDS-PAGE was run at 150 constant voltage using 10 % Bis-Tris gels

with reagents as well as a blotting instrument from Novex (San Diego, CA)
(Vidakovics et al., 2010). Gels were stained with Coomassie Brilliant Blue R-
30 250 (Bio-Rad, Sundbyberg, Sweden). After electrophoretical transfer, the
Immobilon-P membrane was blocked in PBS with 0.05 % Tween 20 (PBS-
Tween) containing 5 % milk powder. After washings, membranes were
incubated with human vitronectin (Sigma) (0.5 pg/ml) in PBS-Tween including



Triplicate wells were pool ed, washed wth PBS, transferred to scintillation
vials and neasured in a beta-counter (Wallac). 69 A series of synthetic
pepti des wowver¥mgizihe entire pF sequence (Fig. 11) was IpabskEed 2051sh3

[ 12510di ne] -l abeling (0.05 nol iodine per nol protein) using the Chloram ne
T method (G eenwood etal., 1963). The majority of the peptides contained
tyrosi ne residues, but in sone cases an egfra tyrosine 5resi due was added
at the Cterminal. Epithelial cells were incubated with radi ol abel | ed
proteins in PBSp millkp@gper alrrogs teimperatlggdn sanee experwmnentse HRP-weniigatesched
in the sane b ! [ = SGLALI I.QR. cau .
Resul 1. 10pr IR qeR e RIorEERR BIERR 1 Ahcyks BBU eiPlyaBhreR, Akt
Haernophi | us i nfdubehara,edeveloperffmtdmés perfmirmecd)'nreaFluorkS Mbxgr pitlhEEILNS i n

non-typabl e H fI u out er eS| cl es

01 a1 od 1 r omYeRpriaBENa et eetls PETe iR P S iacts BIRFED: tEbFRed i n
the absenc® ogsweidepgnce of CO2 were subjected to SDS-PAGE. Two gels were
run in paraIIeI and one 15vvas bI otted to a nyI on filter (Fi _. 1A(|) | ef t
panel ), wher e&4VA B 58I eva Of (@aom el i 2-49 MOj. 1B,

| eft panel). The fpl FMPI% i

detecti on using anbgh'?rlh-w t ro?ectl nﬁMf—léﬁ%ﬂ%&)@gn %H F&@Hé%fﬁﬁgdg%ﬂgﬁ pAb.
The strongestthﬁ glﬁa:bdmssemmcaeﬁeahrthMZYmemltbaﬁ%mh'lhamdmtimﬂtlm:erwth co2

Fig. 1A(1), 2 h th
Same o pr epiisa-BRABP AT TR e RBalbheit ¢ By RRe R a 2.2 car
Ei gnal W ’[dﬂl }[/n“brfgﬁeatryitldm rM&ﬁ@ﬁb@%thk%&%ﬁ?ﬁiﬁtewtoﬁ f‘thd t 1@[2%
acteria cu ure | e senc ure a e ectl on
ot bod es d Hapdrodhness R aEe; Theirertng RO Prte Was asd (i o nl o0
probed with apkitbgi) e(NdvagéﬁeDanﬁﬁaaﬁ c;érmériylj qﬂngﬁﬁds &%da.% A(Wér)a) Wen

vi tronecti n- bl ndi ng spots been defined in the Fig. 1A(i),

ri ght panel), tr@BSfpé@an@ﬂOdQe%@f@W osfdsli4d DESH T%@r%mrﬁé}@@ diafit ned
2D- SDS- PACGE (EF% 253 phb@ith W&‘%qn%iuce%a%ﬂn% (P?Bﬁglg%—p@f ‘?mﬁ@?l%ld;?%é/or I e‘l’cf'élc' ng,

and one of thé nore prom nent spotsS reveale sponi ng
to HL03621&s (IRdi G:afbea5bly After cantrafwgaiicé, gheM(Ctenaapdlla)wa@mthbateldomm1

vi tronectin- b:“lﬂ? I'1§F R/rgﬁ%yerbé]logaige desHidnal el A RiRh sl Solid proqeln Was

selected for
purified under native conditions on columns containing a nickel resin as

recommended by the manfacturer (Novagen).

Antibodies and enzyme-linked immosorbent assay (ELISA)

20 To produce a specific anti-pF antiserum, rabbits were immunized three
times (with 2 weeks interval) intramuscularly with recombinant pF12-293
according to standard procedures using complete and incomplete Freunds
adjuvans (Ronander et al. 2008). Resulting polyclonal antibodies (pAb) were
isolated by affinity chromatography using pF12-293 conjugated to CnBr-

25 Sepharose. In addition, anti-pF44-68 pAb were isolated by affinity
chromatography using the specific pF44-68 peptide conjugated to CnBr-
Sepharose. Horseradish peroxidase (HRP)-conjugated swine anti-rabbit
polyclonal immunoglobulins were from Dakopatts (Gentofte, Denmark).
Recombinant truncated Moraxella catarrhalis (non-IgD binding) IgD binding

30 protein (MID) 962-1200 was used as a negative control (Nordstrém et al,,
2002).

Mice (Balb/c) were also immunized with recombinant pF12-293 as
described (Ronander et al., 2009). Specific mouse anti-pF pAb were analysed



70 The DNA sequence of protein F and the open reading frane The DNA
encoding for protein F in NTH 3655 was sequenced and anal ysed in detail.
The conplwbeopAssequence consi sts of 293 ami no aci ds (FipgT/sSEA)12amdohas a
signal peptide that is 22 amno acids in length (Fig. 2B) 5(N elsen et al.,
1997). The signal peptide is followed by a predicted adhesive domain and a
nmetal binding region at the C-term nal en@g To conpare the honol ogy
wi th other pF sequences available in GeneBank, a clustal analysis was done
(Fig. 3). Amphy EL3S4i fleﬂ)erﬁo mr%@qn@naetsp%%ﬁa?» was eeatad iz nierotitegpkres

3655, Four st PPROa 266 6REratae] AR Sl Rl RRgfaRl AL

ext raordi nar yrcumné.empedata& jAdig 80 rhinscaadditomalwddhest hIRP pomjLigateeid

sequences r ot ei ession i To _expre

Che NTH 3665 SopntenBucr Bnbelonel Sn@iES ekt atles and s askedaanetf o
the open rgadomy,frame (ORF) devoid of the far N-term nal hydrophobic part
(11 am no acids) of the signal peptl de pF 1-22 vyas anplified and cl oned
into the expr&aaufgctye i DAE i ReA8bn. The resulting
reconbi nant pr ot ei 293
was purified by af ge\ﬁf?’mg?ﬁ%@%?g’%@mﬁf&g@&% g%é;(?%g\r}\%@m té)l:”?s

subj ected to 8SbS-3PABEs of pé wess @mplifigd macdnbéd avith pFastette condprisingihel t ag

const 1179 of RefhabhOhREEad S IETRRRHIEL ) ATy PRAAB AN bEBR O

SpprOXI ga’{)@l y e nis [om. RuesbedR@‘(wbneam IAésmé@@wgp@kersleltqae?cé: (p:: 12- I293) i's
etecte a ntiseru XI'STS I.nh a cllpl ca ISO ates
anal ysed m&?ﬁ%éﬁw e LR8BS g% i BaniRg PEmetig SHTEs e |

as induce a pployEbriHlct 3 'tFé?%Yorh%“oOi‘Pu%NW-ﬁ %@B@stéescﬁﬂbaﬁpé{e@‘reﬁ iDpogni zed
W th reconbi nant pF12-293. After three immnizations over a total tinme of 6

weeks, a spechf”ioti%ﬂrhy S@EC’@@ﬂ PR plaias eastayung eblosampiaeicpk esence of PF in
t he 30 out er gjgs 55 was investigated. Quter menbrane

vesi cl es (OWs we e |sc¥ romcul ture supernatants and subjected to
SDSPAGE. Reconbi naBacigFaXrdt dvamiglet dulaseOvidse rawm Mobreotte Lhil OBtard-8al i s

Thereafter, NTHi strains were washed twice with PBS containing 1 % BSA

followed by incubation with a purified rabbit anti-pF antiserum according to a
standard protocol [Samuelsson ef al., 2007]. After washing, bacteria were
incubated with FITC-conjugated goat anti-rabbit secondary pAbs (Dakopatts)

20 followed by flow cytometry analysis (EPICS®XL-MCL, Coulter, Hialeah, FL).
Epithelial cells, adhesion assay and peptide binding experiments

Epithelial cell lines were grown to confluence in 24-well plates (Nunc).

Bacteria were cultured in BHI with supplements as described above and
pulsed with [*H]-thymidine at 36 °C. After 4 h, bacteria were washed once

25  with RPMI supplemented with 10 % FCS, 0.2 % glucose, 0.02 % gelatin
(reaction medium). The culture medium was removed from the epithelial cells
and bacteria (20 ul) in triplicates at different multiplicities of infection (MOI)
were added. Thereafter, reaction medium was supplemented followed by
centrifugation for 5 min at 800 rpm. After 90 min at 36°C, 5 % CO,, wells were

30 washed 3 times with PBS followed by addition of Trypsin-Versene (Sigma).
Triplicate wells were pooled, washed with PBS, transferred to scintillation

vials and measured in a beta-counter (Wallac).



was included on the gel (Fig. 4A). As can be seen in Fig. 4B, the rabbit
71 antiserumrecogni zed both reconbi nant pF12-293 and native pF in the OW
prepar at iwo 20r2oisidTH 3655, whereas no cross-reactivityPoasEbaanshses t h
Moraxella OWSs that were included as a negative control. In addition, mce
were inmmuni zed with pF and these aninmals al so produced an anti body
Sresponse, that is, specific polyclonal ap®ibodies directed against

reconbi nant pF were detected in ELISA (data not shown). From a

vacci ne poi nt of vAesgries dfsynthedictreptidesgovering te entealoFnsaquensel(biges

express pF at of h
p)r(gt ei nspmere1ﬁ2®9at|%605q?$(\)'\}rh a[@s)grdt,-rgé 'Q*Xr@ﬁ{%@aéﬁtntyonﬁq‘{:déﬁ‘gwwgﬁ rt?]gs and 10
subj ected to GBEBgRASEHloldnuned rbtptHﬁd)(theeg\AbEdgetél) 1963\Y‘é‘§te3m1drltpbfm

erfonmed usin eci fic antl antis m Protein
ot ot ed it hBehied Eo et Ginrenibiass Rut s hses an B taedoninel |
clinical isol ?éﬁéu@%sfwdeﬂeat&h@@tﬁrﬁurwlOE%'théli@méeﬂs! WBfe ineaPated Wifte

| aboratory. The Western bl ot proved as a_single band with

the sane si zequB%"é‘BEU%QPF%@'@ﬁyn PBS3Ye BSAdPI 4§mla.at§7aﬁaT9§@9ft@mc&llszss)
To summari ze, \Bfs Wis EEH‘:WR%%% e"t‘ﬁﬁ'fe'r?ol 9%’6% ﬁ‘te%%h e %%H'tlllét?dﬂ at es

Haenophi l us protein 'S a surtace-expose ter rane

reveal whet hecopftenas | ocated at the surface of NTH| 3655, a pf defi ci ent
mut ant was na %f ured by introduction of a gene cassette 20encodi ng

chl or anpheni c tyltransferase (CAT) resulting in resistance agai nst
chi ?lr arrEhml cProteihE (pﬂtusgaen@vejamscﬂtjetoanmlsduﬁqw@ltew tnw—/aémdahﬂ%samﬂgenzae f
3"-flanking regions o nd over ap extens|on.. The absence o
oF exproseron vas JErIEEY Y SRR SIURANGIRs TP e NEBIe H. IS or urm
that was puri (N?Ph a@@t‘eﬁfﬁrﬁerﬁ@ﬁé%@}é%@d!és OB w8 .wa@a%mtwmm (v

shown). 25 Protei'n F expression was furtheéer analysed by flow cytonetry
(Fig. 6). As barestedien quiturpgthasBerpmakated Wbtnglqbseﬂpe@gwememfw 3655

when anal ysed r trol
consi sting of t \Dgte?%t@@&jbﬂggt 5’2@%%35?9 g%?%\‘}@ %ﬂﬁ] 'ﬁ%gr%y on (Fi g.
6A) . | nt et®st waglbiottedhtma niyndiltegéinig. WAS), reft paadl), wherfemetheuﬁwe:m

| | di 3655 |
(Fro. bp Thetaykbhpigsne b8 i e 58 paBedc fabiikeips bbe yﬁﬁtam
is shown in Fixgh ﬁ@n&t@&@ﬂ@ﬁ@@bymeté@dnwn@éﬁw -ithehediin pys ahacat ed at

the bacterial cell surface of H inf|ue
secondary HRP- conjugated pAD. The strongest signal was obtained with
OMV from bacteria incubated with CO; (Fig. 1A(i), left panel) that prompted
20 ustorun a 2D-SDS-PAGE with the same OMV preparation. As can be seen
in Fig.1A(i) (right panel), a clear signal with vitronectin was obtained on the
2D-SDS-PAGE with OMV from bacteria cultured in the presence of CO;. To

ensure that the detection antibodies did not give a false positive background,

filters were also probed with antibodies in the absence of vitronectin
25  (Fig.1A(ii)). When vitronectin-binding spots had been defined in the 2D-SDS-
PAGE (Fig. 1A(i), right panel), corresponding spots were defined on the
Coomassie-stained 2D-SDS-PAGE (Fig. 1B, right panel). Several spots were
sent for sequencing, and one of the more prominent spots revealed a 29 kDa
protein corresponing to HIO362 as indicated by the arrows (Fig. 1A(i) and B).
30  This novel vitronectin-binding protein was designated as protein F (pF) and

was selected for further analysis.



72 Protein F is an outer nenbrane protein that binds both vitronectin and
lamnin Vitronectin is an inportant conponent of the extracellularmatrix
(ECM andwal2sre/pshzys a rol e in maintaining the honeost a®cs/sekoizisnsos

conpl ement cascade by inhibiting the formati on of the nenbrane attack

conpl ex (MAC) 5due to mainly binding of conplenent protein (C) 9 and hence
neutralization of the MAC (Singh et al., 2010b). To test whether pF has the
capacity to bind vitronectin, reconbi nant pF1l2-293 was coated on mcrotiter
pl at es and te's‘:ﬁém_ﬁﬁ_emfpmtﬁlmﬁ and tiyg poen readiegfiamd n ELI SA. The

Il-ch d
\é\gog) “ooroi ﬁ{:: ﬁSeEH‘g;ﬁ%%s(?ﬁtcp%gefbgéﬁt?@ﬂ:l andﬁﬁ/gGCafA%éﬁJ}eg]%%bgz 1200

as a non-vit renememmdemlln@haegaqdlate pibs&qlmnc(el\mrﬂmts 6h2@e3 aalino 26@2)

Interestingly,_pF tr t ed V|trone sl.i gt bet t. to pE,
wher eas UspA2! '\:Nﬁsz'g ‘ﬁl%ﬁﬁés'gnﬁl t'?%} ar% 8‘7‘ &aléngﬁn 6233 1200

did not atgr a@NleVsleanét@CU997{)"I'Hé’l§lgﬁéﬂp%‘btld@s fdﬂo'&;xfé%fby Q}b@é@lb@@taﬁjﬁé%ﬂ/er ole
of pF-dependent vitronectin bindin the 15NTHI 3655 mut ant devoi d of

pF was i ncubafemajfi eRdp1psiql biﬂCf'rﬁg)FﬁQE@” at the G-taimieat e'B"ri ndi ng assay.
I nt t ly, th %
nterestingly eT8Ro ﬂ?ﬁdr@'tﬁé‘ho%@é};\g@ggg}%ﬁ %erﬁ:'%@‘%(?%ﬂéb%Qn

decreased binding to vitronectin type (Fig. 7B).
Many bact eri alGeneBanksa ghstallanaiGis yastdone Fegﬂa)lhma)ﬁgalfifalffgsﬁntzﬁnol ecul e

on epithelial T rot | nds

am ni 1 econpiaesyRuag: by SRS o R e BBl NP A 4 omea by
addition 1 | gvluded taQCbL&mecsehulen@@bENtrl—FG%ﬁthomgrst@hs hbd@omornidedtity A dose
response was se n am nin sligt etter as conpared to
roreln £ (Fi BTG MRBASSSG el PP BhePielnafE corpeIgod GoBaRed by
vitronectin 2ggmeatiash With &REr blhblﬁshbﬁ s@@ubﬁp@gtant virul ence factor in NTH

pat hogenesis. Protein F attaches to epithelial cells and the active binding
dommi n is | oc&dening af protaint ihandiexperession ingargoliof protein F (am no acids

B tachnent to epit nOITresuf P aRE QT SES BondihE igients St & (01 0 1 0,
nmul ti f unctd on@mplateerDISA ermntilr@rfer ti'ra)d)mmseammg(framea(m& devoid of thesfiar

whet her pF al RPterHin rh())/cqlr)otp‘la‘mobic part (11 amino acids) of the signal peptide (pF 1-22)

was amplified and cloned into the expression vector pET26 followed by
transformation. The resulting recombinant protein was designated pF 12-293.
After induction, pF 12-293 was purified by affinity chromatography. Pure

20 protein was eluted and subjected to SDS-PAGE. The resulting recombinant
pF with a C-terminal tag consisting of 6 Histidines is demonstrated in Fig. 4A
(the 2nd lane from the left). The final product migrated at a size
corresponding to approximately 33 kDa.
Recombinantly produced protein F (pF 12-293) is detected by a rabbit

25 antiserum and pE exists in all clinical isolates analysed

In order to investigate whether pF is immunogenic as well as induce a
polyclonal antibody response in rabbits, animals were immunized with
recombinant pF12-293. After three immunizations over a total time of 6
weeks, a specific anti-pF antiserum was collected. The presence of PF in the

30 outer membrane of NTHi 3655 was investigated. Outer membrane vesicles
(OMVs) were isolated from culture supernatants and subjected to SDS-
PAGE. Recombinant pF12-293 as well as OMVs from Moraxella catarrhalis
was included on the gel (Fig. 4A). As can be seen in Fig. 4B, the rabbit
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during the standard growth conditions used in the laboratory. The Western
blot proved that pF migrated as a single band with the same size
(approximately 29 kDa) in all strains analysed (Fig. 5B). To summarize, pF is
immunogenic and is found in all clinical NTHi isolates.

Haemophilus protein F is a surface-exposed outer membrane protein

To reveal whether pF was located at the surface of NTHi 3655, a pf-
deficient mutant was manufactured by introduction of a gene cassette
encoding chloramphenicol acetyltransferase (CAT) resulting in resistance
against chloramphenicol. The cat gene cassette was fused with the 5°- and
3 -flanking regions of pF by PCR and overlapping extension. The absence of
pF expression was verified by Western blots using the anti-pF antiserum that
was purified against recombinant pF 12-293 by chromatography (not shown).
Protein F expression was further analysed by flow cytometry (Fig. 6). As can
be seen in Fig. 6B, pF was strongly expressed on NTHi 3655 when analysed
with the anti-pF pAb as compared to the background control consisting of the
FITC-conjugated secondary detection antibody only (Fig. 6A). Interestingly,
when the pf gene was mutated, surface exposed pF clearly disappeared (Fig.
6D) as compared to the NTHi 3655 wild type (Fig. 6B). The background
control for the pF-deficient NTHi 3655 Apf mutant is shown in Fig. 6C. These
experiments thus proved that pF was located at the bacterial cell surface of H.

influenzae.



absorption of specific anti-pF44-68 pAb using the pFl12-293 antiserumas a
25 source. Both the NTH 3655 wild type and the pF-deficient nutant were

I ncubat edwwi2oty/tsl2ir esul ting anti-pF44-68 rabbit pAb. Tirersabdiens0ssd TC-
conj ugat ed goat anti-rabbit detection antibodies were added foll owed by
flow cytonetry analysis. As can be seen in Fig. 13B, pF-expressing NTH
3655 was readily detected with the anti-pF44-68 pAb. In contrast, the
pF-deficient 30 nutant NTH| 3655 Apf mut ant was not det ect ed W|th the
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for binding to full length vitronectin in ELISA. The well-characterized UspA2

(Singh et al., 2010a) and pE (Hallstrom et al., 2009) were included as positive
10 controls and M. catarrhalis MID962-1200 as a non-vitronectin-binding
negative control (Nordstrom et al, 2002). Interestingly, pF attracted vitronectin
slightly better as compared to pE, whereas UspA2 was a stronger binder (Fig.
7A). In contrast, MID 962-1200 did not attract vitronectin in the ELISA.
To further investigate the role of pF-dependent vitronectin binding, the
15 NTHi 3655 Apf mutant devoid of pF was incubated with ['?I]-vitronectin in a
direct binding assay. Interestingly, the pF-deficient mutant NTHi 3655 Apf
showed a 40 % decreased binding to vitronectin when compared to the wild
type (Fig. 7B).
Many bacterial species use the ECM protein laminin as a target
20  molecule on epithelial cells. To test whether recombinant protein F also binds
laminin, recombinant pF 12-293 was coated in microtiter plates followed by
addition of laminin and specific detection with an anti-laminin pAb. A dose
response was seen and pF bound laminin sligthly better as compared to
protein E (Fig. 8). Taken together, Haemophilus pF binds to both vitronectin
25 and laminin and thus is an important virulence factor in NTHi pathogenesis.
Protein F attaches to epithelial cells and the active binding domain is located

within the N-terminal part of protein F (amino acids pF23-48)

Several vitronectin-binding proteins also play a role in attachment to
epithelial cells (Singh et al., 2010b), that is, these often multifunctional outer
30 membrane proteins work as adhesins. To test whether pF also can promote
bacterial binding to epithelial cells, recombinant pF12-293 was added to
epithelial cells attached to a plastic surface. A dose-response was observed
when increasing concentrations up to 0.12 uM of pF12-293 was added to
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10 A series of synthetic peptides was manufactured to analyse the precise
binding region of pF that was responsible for attachment to the epithelial cell
surface (Fig. 11). The peptides were labelled with iodine and incubated with
two different epithelial cell lines. As can be seen in Fig. 12, the N-terminal
peptide (pE 23-48) significantly bound to both H292 (Fig. 12A) and A549

15  epithelial cells (Fig. 12B). In conclusion, the main epithelial binding site was
located within the N-terminal part of the molecule.

The N-terminal pF44-68 is surface exposed and can be detected by specific

antibodies.
Since the epithelial cell binding site most likely is located in the N-
20 terminal part of pF this part of the molecule would be surface exposed.
Bioinformatics revealed that pF23-48 was not immunogenic (not shown). In
contrast, pF44-68 would be immunogenic as judged by the analysis.
Therefore, the peptide pF44-68 was coupled to CnBr-Sepharose followed by
absorption of specific anti-pF44-68 pAb using the pF12-293 antiserum as a
25 source. Both the NTHi3655 wild type and the pF-deficient mutant were
incubated with the resulting anti-pF44-68 rabbit pAb. Thereafter, FITC-
conjugated goat anti-rabbit detection antibodies were added followed by flow
cytometry analysis. As can be seen in Fig. 13B, pF-expressing NTHi 3655
was readily detected with the anti-pF44-68 pAb. In contrast, the pF-deficient
30 mutant NTHi 3655 Apf mutant was not detected with the anti-pF44-68 pAb
(Fig. 13D). Bacteria incubated in the absence of the anti-pF44-68 pAb are
also shown and proved that the secondary pAb did not bind (Fig. 13A and C).
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conposition conprising at |east one di-, tri- or multinmer of a protein or
fragnent according to any one of clains 1-17. 19. A vacci ne

conposi ti on accor dil ng vieccinkeatamspdsitid) cémptibieg ecpmpeinswhigharzn loe deteceed

phar maceut caj | y.a66, /ﬁévgﬁlygﬁkyame%gﬁ%mha;%c.og@q@n%eta% oA

carrirers, pr eservat | nts
agents, or tr&k§} LQNQ;m is: (| ﬁragraenh@eteﬁfpwbﬁt@n the ragmem COmPViSee Phe

conposi tion agafiéaBl ééh@ﬂﬁemﬁlgfat%éét% dortyuct8aing iditsPfohanst one

further vaccine sition according to any one
of clains 1- zém'ri%ée'ﬁp?‘%oéieﬂéje i\g@nﬁéfwt?%ﬁem‘ 'arﬂﬁﬁ%é?rygfﬁh%%ul e.

22. A vacci neccﬂpmdsofal mrlaﬁ)(tgbdpr)]étgetcﬁ r@ubﬁﬂgmhrﬂuh;mmhemwbrtsl@em_ _rmamFJ)noge_nl cD
portion of,an er i S Q group conprising Protein

or E of H{O ?‘%W@Hﬁsfé tﬁ%/I %qepﬁ}@?é’?gﬁé Qﬁé’wfhalis, UspAl or UspA2 of

Mor axel | ahcat arr hapi Ava@b@e?ﬁn@pioﬂmmcmprlﬁhgtﬁ immfinegenid fragaieint af ey g
tract pat ogen vaccCl ne_.Co 0S| tion C rrsin Cc aci
Sequente. engodiECRCPRR RO hACSEIG OBl ) HEAoTaaeBhean PO deifars

1-17, as well té\ﬁ,nrng@,lnggy% inAQ&NFEY phi sns, degenerates and splice variants
t her eof . . vacci ne conposition conprising a reconbi nant

nucl ei ¢ acid 20 seéuén/@éCtET@rﬁﬂmng)raC@mﬁﬂémé afcimmgredrine erefeiraeidhag to
claim 23, 4hi ghsi$ oF]Lfﬁggr%tPégérﬁ éc@or , \&HQF&WBng%??nore of the aﬁﬁno éc‘fggﬁ' ne

conposi ti on conprisin age conprising a nucleic acl
sequence accopdsitigntle! tbafl A26f SEQZID No. 1 have 2@enAleletedianeeplanpd Hiytanen
conprising a B(r)nmor#le”gar‘nr}ng asctdscorrprl sing at

4. A vaccine composition comprising a recombinant immunogenic
protein according to claim 3, wherein one or more of the amino acids in

20 position 1-11 or 1-22 of SEQ ID No. 1 have been replaced by a sequence of
0-22 optional amino acids.

5. A vaccine composition comprising a peptide having an amino acid
sequence according to Sequence ID NO: 2, or a fragment, wherein the
fragment comprises an amino acid sequence having at least 15 contiguous

25 amino acids from the amino acid sequence of SEQ ID NO:2 which fragment
(if necessary when coupled to a carrier) is capable of raising an immune
response which recognises the polypeptide of SEQ ID NO:2.

6. A vaccine composition comprising a peptide having an amino acid
sequence according to Sequence ID NO: 3, or a fragment, wherein the

30 fragment comprises an amino acid sequence having at least 15 contiguous
amino acids from the amino acid sequence of SEQ ID NO:3 which fragment
(if necessary when coupled to a carrier) is capable of raising an immune

response which recognises the polypeptide of SEQ ID NO:3.



25| east one plasm d according to claim25 and capabl e of producing a
protein or fragnment according to claiml to 17, which host is chosen anong
bact eri a,wpeastisard pl ants. 27. A vacci ne conposiPCIGE2@e0pISIEI Ng a
host according to claim26 which is E. co/i. 3028. A vaccine conposition
conprising a fusion protein or polypeptide, in which a protein or fragnent
according to claiml to 17 is conbined w¥® at |east another protein by the
use of a reconbi nant nucleic acid sequence according to claim?24. 82

29. A vacci ne conpésitasaineciapnpasitien eompesiog gpertislenhariee adiangne@cd ai m

28, which is @e&iﬂéncet ééoo%@in@ibté&'@fen% 18 NH24 e(!)rna ﬂ%g“eﬁ%%reﬂ?@%r ding to
claim1l to 17. . vacCline conposi'tion conpri'sing a fusion
product, in whiragmeat Bpmpriees aararhinagroihsequenuephavdeg at leastlil Bgonhtigaamys one of
claims 1 to 17 i.s coval.entl or by any ot her d to rotein,
car bohydr at e SFIRARCR from the afti 4eRectienge B REGLI Mo Acuhieh Fbhtp in

i sol ated p®l ypeRéESRapPIREhToNBIcdNtoHTEARIcACs TapaBESTGRIsHY &R imAriInat | east
85% identity to the am no acid sequence of SEQ ID NO 1 over the entire

| ength of SEQ9I9ORSeWhich pecpmnisesthe aoheeptis s iSE@AD NfAri si ng an i sol at ed

pol ypepti de as cl aj I~ e A he&: ' 2 has at
oaet 55% | dont | 1yo1 5 RaE oo bR oAl g RO RIS® T
vacci ne conposéequenrceascadrdingdd Saguehae M NOconpra Fagmenhevizareirothaci d

centence, o ST} BhntSetn kS SR BRI AIRY AL IR 13 A 31
or 34 whet®i nahriieo poidgHeph ittke ahmivik acial sticuieate peSEQD NOBENwhisk ifdgnier?2) or
parts of the signal peptide of SEQID NO 1. 2036 vacci ne. conposition
conpri sing an |i‘ YW, epgggp&qﬁo a carrier) is capable oAf raising an immune
response which recognises the polypeptide of SEQ ID NO:5.
9. A vaccine composition comprising a peptide having an amino acid
sequence according to Sequence ID NO: 6, or a fragment, wherein the

15  fragment comprises an amino acid sequence having at least 15 contiguous
amino acids from the amino acid sequence of SEQ ID NO:6 which fragment
(if necessary when coupled to a carrier) is capable of raising an immune
response which recognises the polypeptide of SEQ ID NO:6.

10. A vaccine composition comprising a peptide having an amino acid

20 sequence according to Sequence ID NO: 7, or a fragment, wherein the
fragment comprises an amino acid sequence having at least 15 contiguous
amino acids from the amino acid sequence of SEQ ID NO:7 which fragment
(if necessary when coupled to a carrier) is capable of raising an immune
response which recognises the polypeptide of SEQ ID NO:7.

25 11. A vaccine composition comprising a peptide having an amino acid
sequence according to Sequence ID NO: 8, or a fragment, wherein the
fragment comprises an amino acid sequence having at least 15 contiguous
amino acids from the amino acid sequence of SEQ ID NO:8 which fragment
(if necessary when coupled to a carrier) is capable of raising an immune

30 response which recognises the polypeptide of SEQ ID NO:8.

12. A vaccine composition comprising a peptide having an amino acid
sequence according to Sequence ID NO: 9, or a fragment, wherein the
fragment comprises an amino acid sequence having at least 15 contiguous



conprising an am no acid sequence having at |east 15 contiguous am no acids
fromthe am no acid sequence of SEQ ID NO 1 or fromthe pol ypeptide of
cl ai s 18w@kowhiseiz1fragment (if necessary when coupl ed POTSEc@RO5ED) i S
capabl e of raising an i nmune response whi ch recogni ses the pol ypepti de of
25SEQ ID NO.'1 (or the polypeptide of clainms 33-35, respectively), or is
capabl e of binding vitronectin and | am ni 80 37. A vacci ne conposition
conprising a pol ypeptide or an immunogenic fragnent as clainmed in any of
claims 31 to 3Binwaecigisiranitite palingapidi wtsiuence af § EQrINEYEnvkich fragmeant | s

Part of 2 | A" BPho LUALAN ALALE Do iB I8 co MK AP ROTABRIL 80 GATRE! ST 9. an

i sol ated pol ynucleo enco ogeni c ragment
as cl ai med i nresponse vetieh n@co’.ghlstes tB&.polygieptide of SEERIDANO@&cci ne conposi tion
conprising an isol %d’gvp nucl eoti.de co r.i.sing a . nucl eotide seﬁuenc
encodi ng a pol ypept ehe! erpgénpaqsnfcghgq 590 FeleR tct% haylhg,an gmi
sequence o4 SE&yLéhd hdcording tbf%cf%iéhbéGPD'NB@gﬂdﬁ &fa PEGRt Mhdreirtthea

nucl eoti de sequence conpl ementary to sai d 5i sol ated pol ynucl eot i de.

40. A vacci ne'l@ESPsFOTBHSEDADrATENAGCHhSPAEHER R Fhisesb b6 CABIGEHS i si ng
a nucl eoti de gﬁﬁhﬁaﬁﬁstf% tﬁ@ hgggsteo%%@%?@)@d YD NO:30HGLR Bl gﬂ%nt

sequence encoding a polypept| over the entire codi ng
region; or a ﬂnoeeeﬂsadﬁmeqwmpteobt@rmb@mn)t|aro;apablesefralalr@aaumchtmel y-

10nucl eot i de. Si L I S an isol ated
pol ynucl eot i d&e%ﬂ?r‘éﬁ v@ﬁ%%%o@? %ﬁ‘l'}?p .eﬁi'dge%&%@ébﬂ]@qr? has at | east 85%
identity 1® that ofi4SEQatBndQ@onidogitieT ccbr’nﬁriﬁ'ngia”@ebtmeg’ﬁé\m@@ abEQihD ¥ 15;

or a nucl eotide sequence conpl nt ar ai d isolat ed ucl oti de.
543, e e rrs e e ingno Sectear N L ron kBareat Sy eaeeL |

which the i deﬂbgﬁﬁén@ﬁoﬁbﬁs%%haérﬁlﬂo%ld’gé@(u&%é 5k ihG aﬂFea's?%tcoﬁﬁ&Jles SEQ I D

NO 15. . vacci ne conposition conprisi nﬁman i sol ated

pol ynucl eot i dé”ttmrﬁﬁlid@fmjn o avinoeridsanignen o Seht NG 11 hipb fipgamantde of
SEQ ID NG 1, gf ?ggeés%g)/ WAEHRRYRR Lol 4 ?8&‘% t.sQ{ap%b 6‘?%@ dgd aR (mmune 44. A

vacci ne conposition conprising an isolated po ynuc €eo conprising the
pol ynucl eth i dessplonSE@/HIEN NEQC@BUSGS the polyieptidevad SEH@ D dNOddsi ti on conpri si ng

ol ypepti de of SEQ!PORNEFENS s it Gpe B0 PP A0 BT OBP L
l'ibrary under séquérﬁt@éﬁcd‘r\mhgltdlmﬂaeqlmt 1Dnsr avrk m@nt alredremh thieobe
havi ng the sequence of SEQ ID NO 15 or a fragment t eof ,
fragment comprises an amino acid sequence having at Ieast 15 contiguous
amino acids from the amino acid sequence of SEQ ID NO:12 which fragment
20  (if necessary when coupled to a carrier) is capable of raising an immune
response which recognises the polypeptide of SEQ ID NO:12.

16. A vaccine composition comprising a peptide having an amino acid
sequence according to Sequence ID NO: 13, or a fragment, wherein the
fragment comprises an amino acid sequence having at least 15 contiguous

25 amino acids from the amino acid sequence of SEQ ID NO:13 which fragment
(if necessary when coupled to a carrier) is capable of raising an immune
response which recognises the polypeptide of SEQ ID NO:13.

17. A vaccine composition comprising a peptide having an amino acid
sequence according to Sequence ID NO: 14, or a fragment, wherein the

30 fragment comprises an amino acid sequence having at least 15 contiguous
amino acids from the amino acid sequence of SEQ ID NO:14 which fragment
(if necessary when coupled to a carrier) is capable of raising an immune
response which recognises the polypeptide of SEQ ID NO:14.



46. A vaccine conposition conprising an expression vector or a reconbi nant

| ive m croorgani smconprising an isol ated pol ynucl eoti de accor30 ding to
any one oWochei1581238- 45. 47. A vacci ne conpositi ®aTSEr@RI0SISNy a
reconbi nant |ive m croorgani smconprising an expression vector according to
claim46. 84 48. A vaccine conposition conprising a host cell
conprising the expression vector of claing#7. 49. A vacci ne

conposi tion conprising a menbrane of the host cell according to claim48
expressing an isol éBe/gvg@cmge}mmmnmmsnﬁggmI@%@hﬁcﬁla@lmrﬁquﬂfe t hat

has at | east 8P G bl YalRchScaMhig @G SRIMENGROT1SEQ 1D N .

50. A process a vaccli ne®co Tlai'ms 31- 37
conprising cul turing. Avlaosheo:e:lnhpcmitlm amanrd&gdndﬂnmo’ndBtiwﬂhmr safrprisingnt
nment and

for the production of said paol tide o nogenjc fra

Fecover i hg. 10PHE BATYBaRie GECP Ay Ascetlatls 8okt encles, S}EHIETIS. or ocess
for producs ngbmders WanfereOpRReHdtRBs ObuffsingCagers, é‘fha!sifﬁlné%g‘éﬁts?%ﬂh i ng
transfornmng a host cell wth an_expression vector conprising at |east one

of said pol yn88eeist PHE@”%!‘FPG“%I‘QQJI*?W@ SAMAOHRdS: cel | under conditions
sufficient for exppgsgiaRc-Ak c%’ﬂ&épd%’\ﬁr%ccﬁﬁbﬂg%' Ltﬁee&iélgl 14992, A
ective

vacci ne conposition conprising the y pepti de or
t he i nmmunogencoempriaggeattieast aneyfudther vacanei ns 31 to 37 and a

pharmaceutically agge | n n onposi tion
conprising an eff eg?i ’\‘p)té’%gﬁﬁﬁ @Wés‘f‘hé‘ %%cfo);dlﬁ]gépea&? Od'}seA%ﬁlaéﬁ%f ﬁr%@ of clains

38 to 45 &nd aombﬁsmczﬂutrﬂémahbgemcmﬁﬁcﬁbbmr&ﬂ?mu‘n@l@mﬂe aﬂ The g
vacci ne conpositiop_agcording to either one of clai 52 or. 5 erein sai

Conpos &1 on compr | S3oA4BCF RGOS A HErCHGERIBIRA o2 | MY ITEIL R ant | gen.

55. The vacci ﬂﬁm@:ﬁﬁ@@ﬁﬂddd?fbr%ﬁ@ﬁ&h@grﬁcﬂbcﬁﬂw iCEORh FOAIAB glodp: 25

fornmul ated with pneunol ysin from Streptococcus pneunoni ae. 56. The

vacci ne conpoS§PMpasingddieteinky ot b Ay /pieerrec MHPaf Mopgella eatanthalied wit h
L0t oo RABKEIUGIARE! o copapnalt o d aneBsgROPRISH Yoy,
from Mor akel | eespatadonyedat patt®@ed. The vacci ne conposition accordi ng to any
one of claims 1- 4523T/Rrvg1cj:|c%teec%mposht|on gompr|3|ﬂg]awr?u§élglalc?d ggg]l?énr hali's.
encoding a protein or fragment according to any one of claims 1-17, as well
as homologues, polymorphisms, degenerates and splice variants thereof.
24. A vaccine composition comprising a recombinant nucleic acid
20  sequence comprising a nucleic acid sequence according to claim 23, which is
fused to at least another gene.
25. A vaccine composition comprising a plasmid or phage comprising a
nucleic acid sequence according to claim 23 or 24.
26. A vaccine composition comprising a non human host comprising at
25 least one plasmid according to claim 25 and capable of producing a protein or
fragment according to claim 1 to 17, which host is chosen among bacteria,
yeast and plants.
27. A vaccine composition comprising a host according to claim 26
which is E. coli.
30 28. A vaccine composition comprising a fusion protein or polypeptide,
in which a protein or fragment according to claim 1 to 17 is combined with at
least another protein by the use of a recombinant nucleic acid sequence

according to claim 24.



59. The vacci ne conposition according to any one of clains 1-45, formulated

with OmpCD from Moraxella catarrhalis. 85 60. The vacci ne
conposi tiwo 2axeeding to any one of clainms 1-45, fornul acedEediRiosd3d5 from
Moraxel | a catarrhalis. 61. The vacci ne conposition according to any

one of clains 1-45, fornmulated wwth Omp 26 from Haenophilus influenzae.
562. The vacci ne conposition accordi ng togany one of clainms 1-45,

formul ated with P6 from Haenophil us influenzae. 63. The vacci ne
conposi ti on accor deHgAtvacaing asmepasitiar] eempriging 3 fusoinmuotgie @ceprdingPicot ein D

accor ding Lo SR Gae IOIER i Lo & A eI SRR eSS e

Haenophi | us i olimentoaty. 65. The vacci ne conposition according to any
one of clains 1-45 errruI.ated W t ..Slg or Pil Affrom Ha%rmtghi I HS

i nfl uenzae. 88. AYEECHP COMRRASHNLCYRREFAR A USO P e TOWNIGNR ns 1- 17
in the nmargif apgtater @ffragmest sraseptidel cokdifg RS BRYYhaXdfeldmstr gaf et of an

i nfection. 1567. Use according to claim66, wherein the infection is caused
by Haerophi | usoYaentie s &y any other mggns geund toa drelgin GaEP/NYVEY 3, OrviR@lFii n

or s mor o aey oL BRAERLE ARG P Spose sl Svpente 50, o8,
otitis media, cempasing an aminmaed segsiphcauich haset leasf 8ot idestityrto ¢imé | dr en
Pl 5 SV Sl el o SO b 0 KBRS B
or peptidegaccor di 8. Avagbiyiewrenmdsittdracdrapdsihg sandolated polypeptide as
P et O g B A Y 375 oS NS S e BAS 1 Bop e s
identity to the amino acid sequence of SEQ ID NO:1.
33. The vaccine composition as claimed in claim 31 comprising the
amino acid sequence of SEQ ID NO:1.
15 34. A vaccine composition comprising an isolated polypeptide of SEQ
ID NO:1.
35. The vaccine composition of claim 33 or 34 wherein the polypeptide
lacks a signal peptide (amino acids 1-22) or parts of the signal peptide of
SEQ ID NO: 1.
20 36. A vaccine composition comprising an immunogenic fragment
comprising an amino acid sequence having at least 15 contiguous amino
acids from the amino acid sequence of SEQ ID NO:1 or from the polypeptide
of claims 18-21 which fragment (if necessary when coupled to a carrier) is
capable of raising an immune response which recognises the polypeptide of
25 SEQ ID NO:1 (or the polypeptide of claims 33-35, respectively), or is capable
of binding vitronectin and laminin.
37. A vaccine composition comprising a polypeptide or an immuno-
genic fragment as claimed in any of claims 31 to 36 wherein said polypeptide
or said immunogenic fragment is part of a larger fusion protein.
30 38. A vaccine composition comprising an isolated polynucleotide
encoding a polypeptide or an immunogenic fragment as claimed in any of
claims 31 to 37.



ring agents, enulsifying agents, wetting agents, or transfection
facilitating conpounds. 71. A method of isolation of a protein,
fragment wo peptsike according to any one of clains 1-17pCIaEd1®5(1503]
conprising the steps: 30a) growi ng Haenophilus influenzae or E. coli
conprising the DNA coding for said protein, fragment or peptide, harvesti ng
the bacteria and isol ating outer nenbrane83or inclusion bodies;

solubilizing the inclusion bodies with a strong sol vati sing agen

c) addi ng a renat uBdt iAngacaiencomansition comprigjingianispratad ptoﬂwﬂucélﬁlldtel ng

suspensi on agg{)@;ﬁhqs@wg?éjmkaéo%é Eﬁ@u% féﬁégﬁnr%gg%glr?eptldeéhat ha dgt%eaéot met hod

according to érein val 1sli uani
hydr ochl ori de85% identityA8.thé amehb adicasempreticedfISE@ IRINO Nlover th@ entikeer ei n t he

renaturating ent | L, 74. A met hod of ki vacgi ne
conpr 51 ng cneraneptSe B M ona nvglebife Seftentrecpralmentanr Wit o
peptide i s5f ojgnidtali pdlyHuclectideexci pi ent. 1075. A nmet hod of prevent| ng or
treating an infection in an individual conprising adm nistering

phar maceuti cal | y effPeftviggeingRATOSHOrRCURRESIAG AFuRpiGisd P%'Mn%'%i*@ﬁ ﬁ@mto any
f cl
one of clali msﬁ%sﬁ’i? 2A%1e8i 8 se ebnfel_tégt h%}gfltege% oqeéﬁlﬁtgqo%g#é’dtm ohod

wherein the i ion 1S cause us |1 nfluenza
according to seaum%enwwn@amodmmdem&ﬁmdﬁ NOM onardbe endreeeadipg ul at ed

For the. br ophitdis g Mere N FE RPaTy REr T Hheiia e LIl PolBuer
respiratoty tmnaclectiséections in children and adults suffering from e g.
chronic obstructi V21 .pxlvglc):gl%reyco?rllpsoes%on comprising an isolated polynucleotide which
comprises a nucleotide sequence which has at least 85% identity to that of
SEQ ID NO: 15 over the entire length of SEQ ID NO: 15 ; or a nucleotide
sequence complementary to said isolated polynucleotide.
15 42. The vaccine composition as claimed in any one of claims 38-41 in
which the identity of the isolated polynucleotide is at least 95% to SEQ ID
NO:15.
43. A vaccine composition comprising an isolated polynucleotide com-
prising a nucleotide sequence encoding the polypeptide of SEQ ID NO:1, or
20  the immunogenic fragment of claim 36 or 37.
44 A vaccine composition comprising an isolated polynucleotide
comprising the polynucleotide of SEQ ID NO:15.
45. A vaccine composition comprising an isolated polynucleotide com-
prising a nucleotide sequence encoding the polypeptide of SEQ ID NO:1,
25 obtainable by screening an appropriate library under stringent hybridization
conditions with a labeled probe having the sequence of SEQ ID NO: 15 or a
fragment thereof.
46. A vaccine composition comprising an expression vector or a re-
combinant live microorganism comprising an isolated polynucleotide accor-
30 dingto any one of claims 38-45.
47. A vaccine composition comprising a recombinant live micro-

organism comprising an expression vector according to claim 46.
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48. A vaccine composition comprising a host cell comprising the
expression vector of claim 47.

49. A vaccine composition comprising a membrane of the host cell
according to claim 48 expressing an isolated polypeptide comprising an
amino acid sequence that has at least 85% identity to the amino acid
sequence of SEQ ID NO:1.

50. A process for producing a vaccine composition of claims 31-37
comprising culturing a host cell of claim 48 under conditions sufficient for the
production of said polypeptide or said immunogenic fragment and recovering
the polypeptide from the culture medium.

51. A process for producing a vaccine composition of any one of claims
38-45 comprising transforming a host cell with an expression vector
comprising at least one of said polynucleotides and culturing said host cell
under conditions sufficient for expression of any one of said polynucleotides.

52. A vaccine composition comprising an effective amount of the poly-
peptide or the immunogenic fragment of any one of claims 31 to 37 and a
pharmaceutically acceptable excipient.

53. A vaccine composition comprising an effective amount of the poly-
nucleotide of any one of claims 38 to 45 and a pharmaceutically acceptable
excipient.

54. The vaccine composition according to either one of claims 52 or 53
wherein said composition comprises at least one other Haemophilus
influenzae antigen.

55. The vaccine composition according to any one of claims 1-45,
formulated with pneumolysin from Streptococcus pneumoniae.

56. The vaccine composition according to any one of claims 1-45,
formulated with Omp106 from Moraxella catarrhalis.

57. The vaccine composition according to any one of claims 1-45,
formulated with UspA1 and/or UspA2 from Moraxella catarrhalis.

58. The vaccine composition according to any one of claims 1-45,
formulated with Hly 3 from Moraxella catarrhalis.

59. The vaccine composition according to any one of claims 1-45,
formulated with OmpCD from Moraxella catarrhalis.
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60. The vaccine composition according to any one of claims 1-45,
formulated with D15 from Moraxella catarrhalis.

61. The vaccine composition according to any one of claims 1-45,
formulated with Omp 26 from Haemophilus influenzae.

62. The vaccine composition according to any one of claims 1-45,
formulated with P6 from Haemophilus influenzae.

63. The vaccine composition according to any one of claims 1-45,
formulated with Protein D from Haemophilus influenzae.

64. The vaccine composition according to any one of claims 1-45,
formulated with NIpC2 from Haemophilus influenzae.

65. The vaccine composition according to any one of claims 1-45,
formulated with Slp or PilA from Haemophilus influenzae.

66. Use of a vaccine according to any one of claims 1-17 in the
manufacture of a medicament for the prophylaxis or treatment of an infection.

67. Use according to claim 66, wherein the infection is caused by
Haemophilus influenzae.

68. Use according to claim 67, wherein the Haemophilus influenzae is
encapsulated or non-typable.

69. Use according to any one of claims 66-68, for the prophylaxis or
treatment of otitis media, sinusitis or lower respiratory tract infections in
children and adults suffering from e.g. chronic obstructive pulmonary disease
(COPD).

70. A medicament comprising at least one protein, fragment or peptide
according to any one of claims 1-17 and one or more pharmaceutically accep-
table adjuvants, vehicles, excipients, binders, carriers, preservatives, buffe-
ring agents, emulsifying agents, wetting agents, or transfection facilitating
compounds.

71. A method of isolation of a protein, fragment or peptide according to
any one of claims 1-17, said method comprising the steps:

a) growing Haemophilus influenzae or E. coli comprising the DNA
coding for said protein, fragment or peptide, harvesting the bacteria and
isolating outer membranes or inclusion bodies;

b) solubilizing the inclusion bodies with a strong solvatising agent;
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¢) adding a renaturating agent; and

d) dialyzing the resulting suspension against a buffer with a pH from 8
to 10.

72. A method according to claim 71, wherein the solvalising agent is
guanidium hydrochloride.

73. A method according to claim 71 or 72, wherein the renaturating
agent is arginin.

74. A method of making a vaccine comprising the steps of claims 71-
73, wherein the protein, fragment or peptide is formulated with an excipient.

75. A method of preventing or treating an infection in an individual
comprising administering a pharmaceutically effective amount of a vaccine
composition according to any one of claims 1-45 and 52-65.

76. A method according to claim 75, wherein the infection is caused by
Haemophilus influenzae.

77. A method according to claim 76, wherein the Haemophilus
influenzae is encapsulated or non-typable.

78. A method according to any one of claims 75-77, for the prophylaxis
or treatment of otitis media, sinusitis or lower respiratory tract infections in
children and adults suffering from e.g. chronic obstructive pulmonary disease
(COPD).



