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virul ence factor, which exists in all encap sul ated
and non-typabl e Fbenophllus i ¥l uenzae. Background of
the inventi on Both Haenophilus influenzae type b (H b)
and nontypeable H . influenzae (NTH ) cause a variety
of diseases in children and in adults. H b causes
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or diphtheria toxoid) to overcome the weak immune res-—
ponse to capsular polysaccharide in children younger than
18 months of age. H. influenzae outer membrane proteins
(OMPs) are also considered to be carriers of polyribosyl
ribitol phosphate since they are shown to be targets of
host antibodies following Hib and NTHi infections. Anti-
bodies to OMPs P1, P2, P4, P5, and P6 and a 98-kDa pro-
tein have been tested in in vivo protection and in vitro
bactericidal assays against H. influenzae infections,
with antibodies to P1l, P4, and P6 showing biological ac-
tivity against both homologous and heterologous H. in-
fluenzae strains. The lack of heterologous protection”

from antibodies to other OMPs is partly due to the anti-



geni cally conserved anong both H b and NTH strains
has been isol ated, cloned, sequenced, and shown to be
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In view of the fact that H. influenzae has been

found to be such a leading cause of infections in the
upper and lower airways, there is a current need to de-

25 velop vaccines that can be used against H. influenzae.

The aim of the present invention has therefore been
to find out in which way H. influenzae interacts with
cells in the body and interacts with the immune system,
and be able to provide a new type of vaccine.

30 According to one aspect, the present invention pro-
vides a surface exposed protein, which can be detected in
Haemophilus influenzae, having an amino acid sequence
according to Sequence ID No. 1, or a fragment, homologue,
functional equivalent, derivative, degenerate or hydroxy-

35 lation, sulphonation or glycosylation product or other

secondary processing product thereof.



According to a further aspect the present invention
provi des a reconbi nant i nmunogeni c protein based on
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25 According to still a further aspect the present in-
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vention provides a peptide having an amino acid sequence
according to Sequence ID No. 4, or a fragment, homologue,
functional equivalent, derivative, degenerate or hydroxy-
lation, sulphonation or glycosylation product or other
secondary processing product thereof.

According to yet a further aspect the present inven-
tion provides a peptide having an amino acid sequence
according to Sequence ID No. 5, or a fragment, homologue,
functional equivalent, derivative, degenerate or hydroxy-
lation, sulphonation or glycosylation product or other

secondary processing product thereof.



vention provides a peptide having an am no acid
sequence according to Sequence ID No. 7, or a
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25 According to another aspect the present invention
provides a peptide having an amino acid sequence accor-
ding to Sequence ID No. 10, or a fragment, homologue,
functional equivalent, derivative, degenerate or hydroxy-
lation, sulphonation or glycosylation product or other

30 secondary processing product thereof.

According to another aspect the present invention
provides the use of at least one protein, fragment or
peptide as described above for the manufacturing of a me-
dicament for the prophylaxis or treatment of an infec-

35 tion. In one embodiment the infection is caused by Hae-
mophilus influenzae, and in another embodiment the Hae-

mophilus influenzae is encapsulated or non-typable. In



maceuti cal ly acceptabl e adjuvants, vehicles,
exci pients, binders, carriers, preservatives,
wouebd7ess03g agents, enul sifying agents, wetti ngCRGENIF/N00034
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25 it comprises an immunogenic portion of another molecule,
wherein the immunogenic portion of another molecule can
be chosen from the group comprising Protein D of H.
influenzae (EP 594 610), MID of Moraxella catarrhalis (WO
03/004651, WO 97/41731 and WO096/34960), UspAl or UspA2 of
30 Moraxella catarrhalis (W093/03761), and outer membrane
protein or carbohydrate capsule, of any respiratory tract
pathogen, or DNA oligonucleotides, such as CpG motif.
In one aspect the present invention relates to a
nucleic acid sequence encoding a protein, fragment or
35 peptide as described above, as well as homologues, poly-

morphisms, degenerates and splice variants thereof. In



t hereof, which host is chosen anbng bacteria, yeast
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vides a fusion protein or polypeptide, in which a
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as described above is covalently, or by any other means,
bound to a protein, carbohydrate or matrix.
In yet another aspect the present invention relates
25 to a method of isolation of a protein, fragment or pep-
tide as described above, said method comprising the
steps:
a) growing Haemophilus influenzae or E. coli com-
prising the DNA coding for said protein, fragment or
30 peptide, harvesting the bacteria and isolating outer
membranes or inclusion bodies;
b) solubilizing the inclusion bodies with a strong
solvatising agent;
c) adding a renaturating agent; and
35 d) dialyzing the resulting suspension against a
buffer with a pH of from 8 to 10.



caused by Haenophilus influenzae, both encapsul ated or
non-typable, and in yet another enbodi nent the
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25 microbial infections and conditions associated with such
infections, such as assays for detecting expression or
activity of Protein E polynucleotides or polypeptides.

Various changes and modifications within the spirit

and scope of the disclosed invention will become readily

30 apparent to those skilled in the art from reading the
following descriptions and from reading the other parts of
the present disclosure.

Description of the figures

Fig. 1. The 16.3 kDa Haemophilus influenzae protein

35 E is detected by an IgD(A) myeloma protein. In A, flow
cytometry analysis of pE expression in H. influenzae 772

is demonstrated. SDS~PAGE and Western blot (B) and 2-



cl onal antibodi es are shown. Sanples were boiled in

the presence of 2-nercaptoethanol for 10 min prior to
woaeo7dsag3. Fig. 2 . Flow cytonetry profil es oPCPEE2007/000034

-expressing E . coli conpared to the H. influenzae
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mutant (D) is shown. E. coli strain JM83 and H. influen-
25 zae were grown in liquid cultures overnight. E. coli was
incubated with human myeloma IgD(A) on ice. After 1 h and
washings, FITC-conjugated rabbit anti-human IgD pAb was
added for an additional 30 min followed by washing steps
and subsequent flow cytometry analysis. The same proce-
30 dure was done with H. influenzae 3655 or the derived pE
mutant using specific rabbit anti-pE polyclonal antibo-
dies and FITC-conjugated goat anti-rabbit pAb.
Fig. 3. pE expression of H. influenzae and related
species as revealed by flow cytometry and an IgD(A) mye-
35 loma serum. Twenty-two strains of NTHi and 27 strains of
haemophilus species or related bacteria were analysed.

Bacteria were grown to stationary phase and incubated



MnnA In A, the am no-term nal sequence of the

pEderi ved fragnment A conpared with the predicted
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schematic illustration of pE (A) with the H stidine
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staﬁéééﬁbﬂﬁéﬂ@ﬂya§r5§§§éﬁbﬁﬁﬁzgi%% e R AR 9%

denon onbi nant
ser?%é @ %?gﬂc f%H ' f Faghnent %Vﬂéﬁrgﬁ%téd Beosignafppeptide
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25 sidue glutamine 21. Nine amino acids were derived from
the expression vector pET26(+) as indicated. Numbers
represent amino acid positions beginning from the trans-
lational start of pE. Recombinant pE(A) was produced in
E. coli, purified, and subjected to Edman degradation in

30 order to analyse the signal peptidase cleavage site. In D
and E, two gels were run simultaneously, one was stained
with Coomassie brilliant blue and one was blotted onto
Immobilon-P membranes, probed with human IgD(A) myeloma
protein followed by incubation with appropriate horse-

35 radish peroxidase-conjugated secondary antibodies. The
OMP fraction was purified using Empigen® as described in
Material and Methods.



are shown, whereas in B, an SDS-PAGE is denonstrated.

DNA encodi ng the various proteins were ligated into
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expressed in E . coll. Resulting overexpressed

proteins were purified on nickel resins and subjected

to separation on a SDSPAGE fol | 8ed by Coomassie

[ I Fi, defi ci ent
e i St (T
| onEi- SEHpAEY 9 t ®oilnduBietacdpasotnt L§ hedBa Haemapdilus

| nf Q‘ﬁﬂ;ﬂl@z%n\é@% spduead i @aﬂ@lee2$p5ﬁ@§ﬁd1$gw}b%¥hr @%@a@éulated
a ventral m |nC|S|on in the neck

|njéeﬁlaﬁnlﬁ¥BaPﬁ€ ﬁ?@éﬁ@eéaﬁr€a§hpynofR?ﬁﬁltﬁdW@éﬁe@btalned
funbgr seqhichathgruaihg @18bkihg ﬁb@m@@ba ﬁﬂ@“@eﬁﬁeﬁ&@€1were

d I d fiv
any GaTEeF B kBN  gRotp. SPITED. Stetn dOndGAeraf Bisthpt was
IgGuaﬁd BgAaanefebedcessdQHentedaaganesshpﬁnlheﬁera

fron1d|f§§5en§ a@ g&gf?%ﬁﬁ% FPEf?P& Do %§§t¥ﬁﬁ ?Xyropho—

analysed a san reco
Bé?eanq*heyiélasaphyleﬁ PELLA) Of«/aéhaslnﬁwéétléél ppino acid

JlFlgué§15uethge iidpgétédextﬁéoﬁgéﬂﬂéfegOQ§§B¥§dpeptlde is
philus _strains, The p e gehe was

h dif

2L;u ﬁgeéu£§5§%%apﬁﬁfgtgaskpb ?h??ﬁeﬁ%a%s%QﬁeaasFﬁngﬁrd

b (MEQdeCéB_Q$$Cﬂlbﬂd|]ZlE (n=2), and f (n 3) , NTHi

) hig) N L MEDEaE 0L AL ACANPLL €4S L0501 n 2N fh22-160
ay tlcus (n=b)"" anki ng~ pri

desK%ﬁ%@@@nFiA |ﬁﬂﬁu@n&%ﬁlgﬁrafntF@nc&t€n78;agmdnE§2des1g—

15t henNd&h stegim, 772 ATh§nnHHPf{§e6§ft9hé7glf?éfgﬁpofgagments

to the strains outlined in . _Description
t he?TRvERPY N 'BePBras ekpl Bi nﬁdlﬁgs@%éP%@%séﬁtdiﬂh@?]’éﬁﬂf@hed DNA

in ﬁmmadimglthéSvaﬂp@méa@iot@hﬂﬁdﬁéﬁéaﬁﬂgéﬁ@&tlﬁfﬁ the ex-
dero 1000 b P Rt e sPi Bl p e rSesea in
herﬁlnCOJhe %ﬂﬁuiﬁsngrmwetexpmmb$e@ ptémsimatwyﬁeoﬁurified
th to b The ~
20 eor'lnrYf@}EéPnr@éE%%i Iﬂ? }?1;[%& n%o i Jy\g‘lyi%no?n a SDS

i nvention i s ca S an
bei it prietie &Ycﬁ@qmwwm#hlmtlkehyeﬁtwmg

It is torde undet sipokthatedthanpyasen 400y At 3655) has
ter mﬂ% o9y lerﬁod &yféjlc?elroevlvenr '§agé’£ltt§]etopufr?§§§e acute otitis
media in rats. Infection was induced in male Sprague-

25 Dawley rats by a ventral midline incision in the neck
followed by injection into the middle ear cavity of the
indicated numbers of bacteria in 0.05 ml. The data shown
is from day 3 of challenge and is representative of five
animals in each group.

30 Fig. 10. Mean concentrations of IgG and IgA anti-
bodies directed against pE in sera from different age
groups. Anti-pE antibodies were analysed by a sandwich
ELISA using recombinant pE(A) as bate. The purity of
PE(A) was as indicated in Figure 5.

35 Fig. 11 pE is extraordinary conserved within
different haemophilus strains. The pe gene was sequenced
in encapsulated H. influenzae type a (n=2), b (n=2), c



of description and not of limtation. The present

application describes the cloning and expression of a
woauEloskss i nfl uenzae outer menbrane protei n deeT/gRaM2d00034
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including the amino acid glutamine2l was thus removed and
replaced with the leader peptide in addition to nine re-
sidues originating from the vector pET26(+). The trun-
cated pE (i.e., pE22-160) was designated pE(A).

30 The present invention comprises the Haemophilus
outer membrane protein pE and the pE-derived peptides
PE22-60, pE22-95, pE22-125, pE41-68, pE56-125, pE56-160,
pEB86-160, pE115-160, and di-, tri- or oligomers thereof.
In particular, sequences of pE or the derived peptides

35 that are surface exposed are given a higher priority

Thus, the vaccine compositions according to the

present invention comprises as immunogenic components a
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25 may be inserted into any of a wide variety of expression
vectors by a variety of procedures. Such procedures are
deemed to be known by those skilled in the art.
Vaccine compositions are easily accomplished using
well known methods and techniques, and can be adminis-
30 tered in a variety of ways, preferably parenterally or
intranasally. Formulations suitable for parenteral or
intranasal administration include aqueous and non-agqueous
sterile injection solutions which may contain anti-
oxidants, buffers, bacteriostats and solutes that makes
35 the formulation isotonic with the bodily fluid of the
subject in question; and aqueous and non-aqueous sterile

suspensions which may include suspending agents or



conposi tions are adm nistered in such an anount as
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ol I e in
e e] SR 08508t g ChofLLal e bG Weh b il n18F" vaceine
encooBRC pbt {pept dHesadnbnseteved im SEC | D NOnbugt ras will

20nt Hhe sth@tdpoddcaPly Sffebrive and 1mﬂumoﬁemhg, ' atk®: the
PO|%$%£tldes I n one as ect of the inventio ere are

pro ot ol %%%Wq%e%”o?h¢iSu@h@?@enzae (in particular
non typekd eirventinfd uenzaekl ref eroedihorhgbeyPe@bides and

"F*ﬁ%f§ﬂhéieoE¥H%é'%%Oh%k%rlbed in greater detail below. In
particular, the invention relates to polypeptides and

25 polynucleotides of Protein E of non typeable H. Influen-
zae. The Protein E polypeptides have a signal sequence
and are exposed at the surface of the bacteria. The sig-
nal peptide is located from residue 1 to residue 20 of
Protein E polypeptide.

30 A reference to “Protein E” herein is a reference to
any of the peptides, immunogenic fragments, fusions, poly-
peptides or proteins of the invention discussed herein
(such as SEQ ID NO: 1 with or without the signal sequen-
ce). A “polynucleotide encoding Protein D” refers to any

35 polynucleotide sequence encoding any of the peptides,
immunogenic fragments, fusions, polypeptides or proteins
of the invention discussed herein.



E pol ypeptides” as well as biologically,

di agnostically, prophylactically, clinically or
woOher7agessi cal |y useful variants thereof, and PCT/SE2007/000034

conpositions conprising the same . The present

invention further provides for: %?) an isol ated

pol ypepti de which conprises an afi no aci d sequence

whi ch hag hat tLeRSt “gén{ kggﬁé’t é'ler( eahg%% 3:(1x}eel%/stmay be

O@bldentltg nor e era east en t
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thiat oftag)é w%gag@%ofe,ﬁ&@é Des’{@cﬂalllq/ &C{O)px%ttem E
i e an i a nuc id
e B Hy 10 hE P RueR bt eRd St e R AP Hds td heredn.
5east 85§&|denUnﬁyxspbeﬁemabkysaQubaasb Qa%mtéanhmtyhe Se-
uBh e&ﬁ?%ﬁ tF g 5% Ngen&|%¥85 %nan exemyllflcatlon
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seqQén@éeoﬁmSEleBnﬁooflih@venvehél@nb|senbengm@sefof ordi-

thenﬁ@beg%QQlS%§Q§n§%0%5n§§9 kQaHObugh’s%hﬁ%hc%s gan be use-
n%ﬁii‘n de enCO ded y an isol at ed po ynUC eotid

Yn§TR-BYYn 8 BoLYBECcieqtéREs éﬁc@@ﬁﬁ@a&,pémyludlng
1@eptuﬂepmnyabcmastaﬁebeast 85% identity, preferably at

| east 90 |dent|t nor referably | east 95%
i dent i ty{ evgﬁq%¥%e%r%fe %I@rogﬁteline%gtpog?’- e(?ltldes are
exa@Etldehtnny$EQoIDh@Oan1ho facird regfuernceiof 732y .

Seq?ﬁgcge Eeﬁ%@%lgkggh %é% #Hyﬁwéﬁgéae %olgpfﬁtldes are set

pol ypept| rovid

ProPBENLE EEQyﬁﬁpN@d%s f?QWnﬁﬁﬂit%ﬁﬁﬂﬂﬂ €M), 2, 3, 4, 5, 6,
13 nfhuepzae,sfpains. Further Protein E sequences have

bee ascer ained fromH . influenzae strains listed in

TabF8*APP¥AEF nvent i on al so provides an i nmunogeni ¢

f ragnent Inf oacPaepect &fpohypeptétdeiohhdhelrs, age prov1ded

Conﬁb%ngétggéglgﬁ %f EE Eﬁgggég E pog¥ﬁﬁ§ﬁgagnp8n typeable

ne or substan
actﬁV|#9fd§eﬂﬁéebotyﬁ@ptedeteohpresnngSthéroteln E" and "Pro-

@OYE§§HOEdeQy?€FEQ?%§;a §egg§mc§33§%§§& deb g;séggggostl-

mheﬁa%iﬁplBBOPBYéaEEFF?éiyrl§lé%b56ﬂéYoPrr§h§FﬁQeaﬁlcallY

| Musefuespansenvbi there60gNbB@ScHRBoFL 01 8hB Eomprising the
poI¥g§Qt|de Alternatively, or in addition, the

i munogeni c fragnent may retain an 1 gD blndlng

functi onTloé¢ pheséuntliheagthoprtethefasrdeides for:

25 (a) an isolated polypeptide which comprises an amino
acid sequence which has at least 85% identity, preferably
at least 90% identity, more preferably at least 95% iden-
tity, most preferably at least 97-99% or exact identity,
to that of any sequence of SEQ ID NO: 1-10;

30 (b) a polypeptide encoded by an isolated polynucleo-
tide comprising a polynucleotide sequence which has at
least 85% identity, preferably 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

35 NO: 11 over the entire length of the selected sequence of
SEQ ID NO: 0; or



scribed in the Exanple section, for instance the capa
bility to bind IgD (I) from The Binding Site (Birm ng
woam7/08Brgband) . Such an i mmunogeni c fragnent Bay/SE2007/000034

ncl ude, for exanple, the Protein E pol ypeptide
acking an N-term nal | eader seguence, and/or a

transnenbrane domain and/or a G term nal anchor

domai n. l@)agppefiebehe
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10a | asgertpbigpeprimed of i ndiivch ztalke g tirat msal pakbdokn Table 1.

regi on, ts I ' continuous region
ool ot | A eart 88 L83 AT ST TUREGen £ agment
t hePefdr BrpeesRoFtRPlyPept it fuhat|bngth aabtiguous

gt ) Cthi .
sequenteon 06 the COAPEL SR %5i¥§e%%%gﬁkgleaﬁe%%% ’%I%e Same

I tide, may be a full len \ uer
Pgn%gf ‘ﬁ%%*fewjp%/%f%i 1€ BFIFR r AR P GRER L BC T hEl tileas the

15f orp@kappb e} dé r conat 1 o ot typ e + eesp hayimg anDos thory

hay.
f ] | equence fr Q 1D NO
o BP0 L PEAIENEE D SR s LG rlals s o
ser§®a%s ofhe ebfajgreent hatf i nmetamesranien mﬂie?rto a
' ' i s \ ation .
For S me o yast S dul ot Tl e St B e Qe gypien
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f Ao} ttributes ch fragnents that conpri se
R P bR R iy e regiorigin (45 de-
betsersheet iand lretiasieet fseratiing r €@ionsstdide alk capa-
t ughiar g Jied %gﬁ) %Ago'ﬂrq%ﬂ%%o'éi}fﬂn;“g %%t;enegég"i”rsming_

drophobi ¢ region

hydrophilic regio g

anﬁﬁi“batﬁﬂ‘ﬂqﬂé’gi onFudettd daphingsenic fragment may
include, for example, the Protein E polypeptide lacking
an N-terminal leader sequence, and/or a transmembrane
domain and/or a C-terminal anchor domain. In a prefer-
red aspect the immunogenic fragment of Protein E accor-
ding 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 ID NO: 1-10 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



regions, flexible regions, surface-form ng regions,
substrate binding region, and high antigenic index

woeg7osss3 Furt her preferred fragnents include R&AT/SE2007/000034

i sol ated pol ypepti de conprising an ami no acid sequence
having at least 15, 20, 30, 40, 50 or 100 contiguous

ami no acids froman anino aci d X®quence sel ected from

SE r IS t ol tide comprising
ancgéfz%ggd%d$%g9ue e C%V?ﬁgga Fégg %gldEOgEBBE
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del eted, or d i,n"any comhi nat i_on
mﬂ%ﬁﬁ%ﬁ?Qﬂ e S5 M Vign Gg @R 1PPagfe AR s aMpRoOt fgld sequence
InV$§me¢ﬂEdnﬂmdm38EQ e NOar m-0b  bReotnabut ent Probh&tdof, such

é@y b(.;e Tﬁ:l%alj tUSOfse%lleaSr %gr J:Br ot el a g#?g 1ncfudes an amino-

precursor or a rusion pro
adwanba@emm;hquhnﬂeumenad amdnblanaﬂ astnenaei d Degradation

15Sequence whigh cpn & ueng gare OEMgOEnb8§9§§ SEIENCER by or

pr o- sequences,
such & Mt sl h@§ﬁ|@ﬁﬁ@ Pé@ﬁ@@@@d orFBﬁt%%ﬁ|P¥%ﬁﬁﬁred are

[s:eq@wgz@t ftay cmtaagtaltdtlewzf@w b@gsﬁﬁﬁéﬁbtﬂﬁnér?f&%’@d 1 b om

ur er on o exo e | de. O
SR s A racr e aR LS e h e B 4 o Ll hafelx and
i nmaimdgetiied ipotfentiialy akgtbesfi hatarphectl £nd So@t ssheet -

Oconﬁiﬁ%fﬁqu%g%d%%e %Egﬁcg thSr#n¥Spﬁ18$ore%f%§§,tébll and
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geneti ca i néere usron p
coﬁ%F%kﬂﬂﬂ}miqﬂomﬁﬁéﬁﬂﬁdehﬁﬂrphblb1959ﬁ91©m&ehmy@wpphnblc

a ﬁkﬁﬁﬂﬁﬂi Eﬂ@ﬁﬁpﬁmpﬁﬂﬁaYERb09§gQQﬁE'OB§thaﬁ§Hﬁpathlc
O e oS it Destyor LLOPL Ehalns, o cgions
[ Sy r
substrate binding region, and high antigenic index regions.
Further preferred fragments include an isolated
polypeptide comprising an amino acid sequence having at
least 15, 20, 30, 40, 50 or 100 contiguous amino acids
from an amino acid sequence selected from SEQ ID NO: 1-10
or an isolated polypeptide comprising an amino acid
sequence having at least 15, 20, 30, 40, 50 or 100
contiguous amino acids truncated or deleted from an amino
acid sequence selected from SEQ ID NO: 1-10
Still further preferred fragments are those which
comprise a B-cell epitope, for example those
fragments/peptides described in Example 10.
Fragments of the polypeptides of the invention may be
employed for producing the corresponding full-length



subcl asses (1gG IgM IgA 1IgE) . Preferred as an

i mmunogl obulin is the constant part of the heavy chain
wohodnoses3| gG particularly 1g@, where fusi onPCRSES07/000034

pl ace at the hinge region. In a particul ar enbodi nent,

the Fc part can be renoved sinpl¥ by i ncorporation of

a cl eavage sequence which can bé”’cl eaved wi th bl ood

Clobbﬁ%%eb@ﬁﬁgrb%apeEHiggeﬁyﬁfﬁesigjgj{ éﬁgf%?1these

rel at es to processes or reparatl on
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t hereef ffan- QéugtﬁcE@@ppagt1@é§9@p8ﬁ§éEﬁﬂhédﬁﬂkﬁpy A
further aspect of the invention also relates to

pol ynucl eoti des encodi ng such fusion proteins.
Exanpl es Paﬁ:tiualanlprpreferrmhamé ogR/r icatt Defrowid dM several,

Int nal Paten [ 9 VC94/29 n
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s sten1a%& ngé to non-fused ein
par tREPPEPTa¥Ss PO AlpLEGi diPkg! ?fhépﬁern@ﬁuﬁ@pe§r0teln or
1Q|nmuyobegacphrtuswoa Qa&b@@rbrot@ﬁﬁfgh@h|ﬁsTah@ﬁ@@hrsor or

db h
Che-or SEAPE PEREPELal oh Conmantsry AV RPGRAFoyLalfs inelude an

t harddhéinaelvemieconbiidaseqpeotei whiPhetenabliy st becretory
fuspenipapkres WikhoBse gﬁbhs@ u%gggg0|ggﬁé%5c%%SM%QCh aid

partner and_expression’ ehhanci art
par tRePYTiAEFadé Opr sE6hnap ﬁﬂéﬁﬂﬂéénbéﬁﬁﬂdénﬁnﬁﬁ@éﬁ#&é, or

]iiEPa59éﬁaQilaﬁdltB@qﬁ@ﬁcétE@QtH&ébl@ﬁ@&eHﬂrﬁh@”&ecomblnant
|nflue52aEV|r glutlnln Anot her fusion

par PAEFFSPhe pFBF%P%rwﬁa 3996098 PHO°GPE61638)
Anophéyptpsida parthpidi satheopr pbéiynuknevnids kgbfences to

Pr ef t C. ] 0 f.th lecule.is
" eALablc! DEaCLbaLALDRL O 0,00t B MRLeCULE ! e
whi ¢h §¥ﬁph@§n§édaﬁeﬁ+acetyl L- al ani ne an1dase

20am dase tMt6ne(Qgﬁégt?ythgelhyéﬁtQSHeréEEEQF ¢3 &égéélcally

page 26 ?n aut ol ysin that spec
deg?aaégeEE? a?ﬁ BeﬁasfPﬁlpﬁep5@5ﬁﬂaégP9@aﬁl§aegb@ne
Thep&iypepthat donshe phebbBatlyhfeREObR) NokSa fragment

resgg@%g@k? gg& %Q%lous portions of the constant regions of

heavy or light chains of immunoglobulins of various

25 subclasses (IgG, IgM, IgA, IgE). Preferred as an
immunoglobulin is the constant part of the heavy chain of
human IgG, particularly IgGl, where fusion takes place at
the hinge region. 1In a particular embodiment, the Fc
part can be removed simply by incorporation of a cleavage

30 sequence which can be cleaved with blood clotting factor
Xa.

Furthermore, this invention relates to processes for
the preparation of these fusion proteins by genetic
engineering, and to the use thereof for drug screening,

35 diagnosis and therapy. A further aspect of the invention
also relates to polynucleotides encoding such fusion

proteins. Examples of fusion protein technology can be



affinity to the choline or to sone choline anal ogues

such as DEAE. This property has been exploited for the
wdevwlsgsent of E.coli C Lyt A expressing pl asmPds/SE2007/000034

useful for expression of fusion proteins. Purification

of hybrid proteins containing thg C Lyt A fragnment at

its anino terninus has been desc¢fibed { Bi ot echnol ogy:

10, f@%%%Zhnpqa%eZ%%tl%%bl b%tb%tpgiiuﬁb%th%nU%%sth%o94/29458
repeat. portion of the LytA nolecule found in th

t er APAalOgdd 2€Pafti ng at residue 178, for exanple
resi dues 188 - 305. The present invention also

i ncl udes arlan S; of the gfor ment | Eed poL&g Etﬁdest

that 1o BERBERERBS PR%: Bhr SRFRGRARg FoRdPBAschy O
Tonsapratisee amlm@cambdn@nbsﬁmsubmo@&otwhasebﬂl@W1ng
res'%%?ea%eauﬁ%%% %t%g ?% g?gﬁﬁ%%d lkha5|%§ ression system
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Egathe basic residues L or arommatic
res

¢SDPRETARGT yrpre§8F§gé§tFd@?gﬁﬁrtﬁ815P8§§nFecognlsed
10 nvegt hanacan be pseparedni Bxaagssinbakhe paovrerin Such

poly@%g% g%iohréég ce%ﬁtsae% g%uce h%&ﬁ%céﬁr{hgge native
syntRepinbahbytppodteéd - poPypépﬁa@éy tbe ﬁabypeppﬁdeser will

progduced:hyY o3 g%ﬂghggbbqga@ffEQQ%ﬁ ?%EQQ@% aM%a%§ﬁE%%81on

preparing, such pol ypeptides are wel I understood
art SPPERFANFBRISRBFerred that a pol ypeptide of the

11nvent|omussodepayede&eomhegadéyp@abbgnrn fk8ﬁ|wgéﬁ§9hilus
owev r Yy tal ne romo \
organléﬁﬁngﬁ QB §§g6ﬁg%oﬁ8ﬁlg%§eﬁﬁg SRrBSFyﬁégtPaSteln

of ﬁhemlmuéﬁuaonanuyrabsoNlé dbeaeggdptfioinexafplbeher fusion
frop,ok @9'§§2§HE bEStéﬁHﬁ G%B”QE‘BHEQ%‘6%005795§%58

Polénuc eot | IS an o ent
pro PQEhﬁﬁlﬁﬁﬁéPéoPﬁéé§eﬁhéﬁ EREOBECPEHNekROEN as LytA.

2ol ypeptirdBsy PaE! cCcubamiYapobyruebaobirdesat hat centade s
nated Protein E In a

t he es herein
par P 88|ar£y%gréﬁe ?6avsﬁb%agweﬁFrSPtPHQCFﬁéeHP@aHOPHée
pol yhiichesyhtlieestespahsi-aceegion-enaadhBgamidase, amidase

LytA, (coded by the 1lytA gene {Gene, 43 (1986) page 265-
272}) an autolysin that specifically degrades certain

25 bonds in the peptidoglycan backbone. The C-terminal
domain of the LytA protein is responsible for the
affinity to the choline or to some choline analogues such
as DEAE. This property has been exploited for the
development of E.coli C-LytA expressing plasmids useful

30 for expression of fusion proteins. Purification of
hybrid proteins containing the C-LytA fragment at its
amino terminus has been described {Biotechnology: 10,
(1992) page 795-798}. It is possible to use the repeat
portion of the LytA molecule found in the C terminal end

35 starting at residue 178, for example residues 188 - 305.

The present invention also includes variants of the

aforementioned polypeptides, that is polypeptides that



Protein E pol ypeptides conprising sequences set out in

SEQ ID NGO 11 which include full length gene, or a
woaoi7astoss her eof . The Protein E pol ynucl eoti deBCT/SE2007/000034

provided in SEQID NO 11 are the Protein E

pol ynucl eoti des from non typeablg i nfl uenzae

strain 772. O her sequences have been det er m ned of
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listed in Tabl her aspect of
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| | t
bond SLEREEhAE Ty DIEUTE0Bh o888 B8, Sk g o v
ded@@@duaﬁﬁn@owmpieqleenceropO$EerrDlNes prodluaed by a
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thereof. In another particularl ¥ preferre
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1E[non t ypeabl esHnosknpl-u€azaedCenpti si pg19bep@ASkSbifN@he

an_am no_aci d sequence _sel ected from SE
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prohpdedeheretnmasupheésrab@glyauobeaumed seguentesr
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i nvention enco Protein es nmay
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particularly polynucleotides that encode the polypeptides
25 herein designated Protein E.

In a particularly preferred embodiment of the
invention the polynucleotides comprise a region encoding
Protein E polypeptides comprising sequences set out in SEQ
ID NO: 11 which include full length gene, or a variant

30 thereof.

The Protein E polynucleotides provided in SEQ ID
NO: 11 are the Protein E polynucleotides from non
typeable H. influenzae strain 772. Other sequences have
been determined of genes encoding protein E from H.

35 influenzae strains listed in Table 1.
As a further aspect of the invention there are

provided isolated nucleic acid molecules encoding and/or



i nvention, such as a polynucl eoti de sequence given in

SEQID NGO O, typically a library of clones of
wohoassssal DNA of non typeable H . influenzaeCSSEAION000034

3224A (or 772) in E. coli or sone other suitable host

I's probed with a radi ol abel ed ollgonucleotlde

preferably a 17-ner or |longer, dBrived froma partia
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1 oBokkaSIEREhr Ry erhINED Tod st dod DURRIth sene,
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al sg be BS{;{;%% a%"sé’&t o’?‘ fulloy Lenath, lﬁ/%ucleotldes

sequeénce. ive<o e |nvent|on
pol yhoskeépt rebated duereto %(91 I\NEntEl ke edifscover ed

19 n a DNAri Qﬁeuegeﬁhy%@cfﬂgm905r5¥9§§ebeeﬂbodlmem of the
i nfl uenzae. Moreover, each DNA sequence set out in SE

ID N@VGTElEBnF§#ﬁ§e§ntepgﬁoFgéauﬁgpP%éﬁﬁpéhéﬁd?ﬁﬁmanon
protepbBabayi AY ahoUteh hge NtHIRS i OfnQAMBNc@Ed Ts t B8 dbLSan amino
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nol ebakkarfwei ght val ues well known to those skilled in

2¢ he art. ylhg pehé(”%%ﬁﬂﬁétdféngé (@?@ DI, SRehwegn,

the start codon an e sto
r espeeynvel ot hde p‘é@%@m%esqﬁ osEleaﬁ@ IP NOnld . a
fur pb@pnaép@@tldéf@fptn@@emvéﬂmem @ RTIRW @@:%tfe(i'h an -
50,81 6d. ROl Y0yl et 98 ORI 1 1 SRS M Bty ana
screening methods, such as those for cloning and sequencing
25 chromosomal DNA fragments from bacteria using non typeable
H. influenzae strain3224A (or 772) cells as starting
material, followed by obtaining a full length clone. For
example, to obtain a polynucleotide sequence of the
invention, such as a polynucleotide sequence given in SEQ
30 ID NO: 0, typically a library of clones of chromosomal DNA
of non typeable H. influenzae strain 3224A (or 772) in
E.coli or some other suitable host is probed with a
radiolabeled oligonucleotide, preferably a 17-mer or
longer, derived from a partial sequence. Clones carrying
35 DNA identical to that of the probe can then be
distinguished using stringent hybridization conditions.

By sequencing the individual clones thus identified by
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SUERAATE HATRIEE b g bphones

t hereo I'ng a gene and
genoht@lnlénégléohenath|ggﬁ@aﬁde@hyﬁuclééﬂudératlve of the

155€qUenEsR.; A tﬂgenﬁéIWhﬁﬁféﬂﬂkﬁéz%d%”dﬁ%“@hﬁ%@bdQD NO: 11 was
sequence idehtical over jts entire %ﬁ to a codin

seqOéAERVEBRENI R cadP Ry ¥+Qﬁﬁﬁyxﬁﬁr%ﬁﬂd O@E@OPDtMéﬁa%le H.
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sequence for a natur pepti de or fragnen .
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2551 90843, (SHEMe RS L0Gs depsiident, and rQddudgrendente
polypeptide of SEQ ID NO: 1.

In a further aspect, the present invention provides
for an isolated polynucleotide comprising or consisting
of:

30 (a) a polynucleotide sequence which has at least 85%
identity, preferably at least 90% identity, more
preferably at least 95% identity, even more preferably at
least 97-99% or exact identity, to any polynucleotide
sequence from SEQ ID NO: 11 over the entire length of the

35 polynucleotide sequence from SEQ ID NO: 0; or
(b) a polynucleotide sequence encoding a polypeptide
which has at least 85% identity, preferably at least 90%



term nation signals), ribosone binding sites, Kozak
sequences, sequences that stabilize nmRNA, introns, and
woabyadensy| ati on signals. The pol ynucl eoti de sequsE2®7/000034
may al so conprise additional coding sequence encodi ng
addi ti onal am no acids. For exanple, a marker sequence
that facilitates purification of2the fused pol ypeptide
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an %@hﬁ@h@%egoyeﬁtﬁﬁt§§83§ ffbeﬁ%hd@tﬁgﬁﬁiﬁ¥é gment in reading
transposon segquence ue RNA edi ti ﬂ or genom C

DNALE @8R HAF Bat RERGCE OGREHRY SPEHERRRY (HiTaIR T dgitgikience
t haknabsiongay Teatalrnog o digebditly edqahandiangpre-, or pro- or
2§eq%gg%%% ~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
30 signals (such as rho-dependent and rho-independent
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
35 additional amino acids. For example, a marker sequence
that facilitates purification of the fused polypeptide can

be encoded. In certain embodiments of the invention, the



The invention further relates to variants of the

pol ynucl eoti des described herein that encode variants
woho@/ogealsypept i de havi ng a deduced am no aci d BETSEIO000034

of any of the sequences of SEQ ID NO 1-10 . Fragnents
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an aﬁ1ﬁéYabEda§§qaéﬁéén§§t @b@chnaan? @ésuﬁ§ Qéqméﬁces

190f §5@hh§hh@& ldé@ene@ﬁg 9ob¥nﬁﬁéegéhg€§ctB@Hearglso encodes

co ntary . to suc nucl eot | ternafively,
HP HP?p%F@FePﬁeéE r éPpBPyniictEot i des t hat
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enbbdrmemlsoaﬁmn¢mpgﬂnﬂﬁegnﬂyﬂmﬁlenmdde@gthat include a single
25 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
30 reorganization) together with additional 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

35 the sequences of SEQ ID NO: 1-10 . Fragments of
polynucleotides of the invention may be used, for example,
to synthesize full-length polynucleotides of the invention.



pol ypeptides that retain substantially the sane
bi ol ogi cal function or activity as the nmature
woabymegisd de encoded by a DNA sequence sel ect eBCT/SB2007/000034
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42CCPRPANEEE QR onE%%%%@Jsmgpres’@;sl%e&r fEANGe thpeesgee silent
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o EPanpeaPPar o bt oo b By on 0% eice (sor
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rzation and wash conditions are wel | known and
exerrpl i f Fegtharsarefevked egmegdiments efultde dngmntgonaare
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poIpnmypepthdessEqum@eSnpﬁmMuﬂeduhyskmmen@@em@ﬁObut in any
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Conh@t@kﬂgti0§190nﬁ$§ﬁeh£§ﬂf&fﬁ!ef%ﬂ%@d“ﬁ%é eeh %cleotldes

sequence set I n any of” the sequences Of
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EPPBYRPELI® r 2R et y
this regard, polynucleotides at least 95% identical over
their entire length to the same are particularly preferred.
Furthermore, those with at least 97% are highly preferred
among those with at least 95%, and among these those with
30 at least 98% and at least 99% are particularly highly
preferred, 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
35 DNA sequence selected from SEQ ID NO: 11 (for instance

those activities described in the Example section herein).



thereof; and isolating said polynucl eoti de sequence.

Fragnments useful for obtaining such a
woabyrgealsgot | dei ncl ude, for exanpl e, probes an#8CpSEN®r/S00034
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el sewhere herein regardi ng pol ynucl eoti de assays of

the invention, for instance, thé5po|ynuc|eotides of

t he inve |on be used as a hybridizati
o R T RRCa TR a8 o B e P S S S (i ifents of
cDNAhlandngenombn thenesaEQQ@ﬂmvmﬁéa(paﬂyndﬁkyutﬂdms that

i305§5§ﬁ39%A(3§9{9$88 parglcu arlété;{ggnéﬁggﬁaféyghs, to

have sequenc
i deﬁffloﬂ"—?lnt 3 phéY@]ﬂ@t@@hlEe RSN Gch Pradbes those

gengbabhﬁCW@bkleegpefng tzbﬂ@§t ip, nucl eoti de
resi dues_or base Eﬁlrs referably, such probes wl]l

have at F85stPEBNRAGET ebPF HRST ek HAIRS or° Ry g lieotdfigs that
may hiyave datel eaSthEOpcﬂﬂyh@@lécﬁiﬁd@Sdéi}i@ldﬁs bassrided herein.

t L ar,l d, robes 1. ha t
Pondl 552 REF R uec Pt BT RS dia Ty S ahias to
hav@oﬂgsscﬂhahlaesnUh&EOhkaidlﬁﬁ(hHﬁEKHSﬂﬂﬁﬁgth rcendAtions
di ol
160 lthtfl@gE Kﬂﬁcf%ﬁmfags Ed@&?ffmé@ S%é %k}ﬁbn used,

screenin sequence prOVI
11 itéesyﬁmésu ﬁéraﬁg%mt g@%&mmwe amcbti'estrmg@@éq égbridi-

?lhl gaﬁgghe@bh@l@th@f«fsmgm@als M@r&@ﬁrﬂiﬂgo only if
at. of a,gen pventi o en us reen
EpBreo i 8708 Rie oo h e S n b A Y7y Tdentity
mhlbhtweabetheoéeqhenéebraﬁy $§§tiﬁ1ﬁkﬁi@ﬁpl@ldESstfungent
The . Q). ral vai_l I o
1?hoégb§égﬁ?3§§0% tﬁgh %q%Pg § tégn ggt“@kcuéggﬁgs at 42°C in
or exseadtindr toDRAaS sihgr éﬁ&nﬁbém@m@§@,bé§eﬁs6n(ﬂﬁ@mM NaCl,

WEtmgﬁMoErBQBHQuﬁ”EHkEbQQt'OBOOEMCQUélﬁﬁdﬁhQBéQ%ke (pH7.6),

(see, for_ examp rohnan
899§X9@@2ha1§§éf Sohégéﬁp néQPfﬂ@§FFéﬁssaﬂfﬁﬁ@r and 20

téCiTlﬁ]bqugraﬁ)se‘ﬂim bffi adnlayutrbe, I\/Bh@tah@al( tsam;]nbacla@@lr@lgwm

n a orato Les C. ar .exa e, ave \

24RO EEAREL 50 RO e EhaYEAF N PGP GHGePT6DAS 0. 1% S5
In aheahhnatﬁéﬂ@tn)Hybxh@Dt@@yqncimwswmaheCQ@@htions are well
pfeEﬁB@H EBB”EQBH@l?fE%@CEﬁdagﬁB?b@kCh%%egét'iﬁgﬁe@ﬂﬁar

an ' adapt or nce ligated onto each en
a0|918ﬁﬁpgf|5aﬁﬁéﬁr€P€Ry Manppén €aFpnddEditipp, Cold Spring

anphbkpokhen'. $1§S|m9895 papdiehilhheyDNAHSERY1@ therein.
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The invention also provides a polynucleotide
consisting of or comprising a polynucleotide sequence
obtained by screening an appropriate library containing

30 the complete gene for a polynucleotide sequence set forth
in any of the sequences of SEQ ID NO: 11 under stringent
hybridization conditions with a probe having the sequence
of said polynucleotide sequence set forth in the
corresponding sequence of SEQ ID NO: 11 or a fragment

35 thereof; and isolating said polynucleotide sequence.

Fragments useful for obtaining such a polynucleotide



speci fic and adaptor specific oligonucleotide
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30 Marathon™ technology (Clontech Laboratories Inc.) for
example, have significantly simplified the search for
longer cDNAs. 1In the Marathon™ technology, cDNAs have
been prepared from mRNA extracted from a chosen tissue and
an 'adaptor' sequence ligated onto each end. ©Nucleic acid

35 amplification (PCR) is then carried out to amplify the
"missing"” 5' end of the DNA using a combination of gene

specific and adaptor specific oligonucleotide primers.
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diagnosis of the stage of infection and type of infection
25 the pathogen has attained.

The invention also provides polynucleotides that
encode a polypeptide that is the mature protein plus
additional amino or carboxyl-terminal amino acids, or amino
acids interior to the mature polypeptide (when the mature

30 form has more than one polypeptide chain, for instance).
Such sequences may play a role in processing of a protein
from precursor to a mature form, may allow protein tran-
sport, may lengthen or shorten protein half-life or may
facilitate manipulation of a protein for assay or produc-

35 tion, among other things. As generally is the case in
vivo, the additional amino acids may be processed away from

the mature protein by cellular enzymes.
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(which may be referred to as a preprotein), a precursor of
a mature protein having one or more prosequences that are
not the leader sequences of a preprotein, or a

preproprotein, which is a precursor to a proprotein, having

30 a leader sequence and one or more prosequences, which

35

generally are removed during processing steps that produce
active and mature forms of the polypeptide.

In accordance with an aspect of the invention, there
is provided the use of a polynucleotide of the invention
for. therapeutic or prophylactic purposes, in particular

genetic immunization.
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expression systems. Accordingly, in a further aspect, the
present invention relates to expression systems that
comprise a polynucleotide or polynucleotides of the present
invention, to host cells which are genetically engineered

30 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 thereof or

35 polynucleotides of the invention. Introduction of a
polynucleotide into the host cell can be effected by

methods described in many standard laboratory manuals, such
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25 from yeast episomes, from insertion elements, from yeast
chromosomal elements, from viruses such as baculoviruses,
papova viruses, such as SV40, vaccinia viruses, adenovi-
ruses, fowl pox viruses, pseudorabies viruses, picorna-
viruses, retroviruses, and alphaviruses and vectors derived
30 from combinations thereof, such as those derived from
plasmid and bacteriophage genetic elements, such as cosmids
and phagemids. The expression system constructs may
contain control regions that regulate as well as engender
expression. Generally, any system or vector suitable to
35 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
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interest can be inserted into the genome of a live
recombinant virus or bacterium. Inoculation and in vivo
infection with this live vector will lead to in vivo
expression of the antigen and induction of immune

30 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

35 (poliovirus, rhinovirus), herpesviruses (varicella zoster
virus, etc), Listeria, Salmonella , Shigella, BCG,

streptococci. These viruses and bacteria can be



al so be detected by direct DNA or RNA sequenci ng. See,

for exanple, Myers et al., Science, 230: 1242 (1985).
weeqrases3 changes at specific | ocations al so mrRgTSE2007/000034

reveal ed by nucl ease protection assays, such as RNase,

V| and Sl protection assay or a chem cal cl eavage

met hod. See, for exanple, CottodZet al., Proc. Natl.

Aca G 5 97 4401 (1985 I n anot h
qrd']%w:lelnt "an arartgcy outd"i?)C gonue rel(ﬁ dl ypsr odes’ rder to
conmhts?llﬁg IRrt atae & nasol edﬁuqihe Isietpuerrsesiiers falagneftsn part

t hergofi Hean R Rons, ruct ed to conduct efficient
screeni ng of, for exanp genetl c nmutations,

ser &Wéjostt&fdnéjﬁﬁotgnﬂsééﬂf eaPEBALRY 2BRnMyEa ckan desays

Brray te@lfnriel Q@y}'em&hbﬁdﬁsaéEsweféléﬁB@&mt@n@l@a)@% of Protein E
gener and.can be used address

var ire )Vnuf: %&?egng PP RbYRER Ja‘fleﬁe‘?ﬁ:eﬁ Jrrhvce?“tfdl% for use

genelseﬂplaesms@mc gengéntsl i nkagectand gerEtoteein E

f nce,
574 PEyg PlssEifes FhatrPatitrfadt ) « BRAEE
i nv@ﬁtritéﬁuliélréﬁ/eél t“ém@ablr a@lﬁ@s¢$£€e¢d€!llm|a:ﬂlmmr iwsidg; provide

1@3)aadﬂ@bh6%%h%0hb@§oaff&Pedpééﬁﬁﬁﬁs'6ﬁ“ﬂﬂééﬁbe stﬁglng of
pr ef.erabl of the nugl eot | de sequences of SE

NO. SEECAGE R¥ FRGRBAESt Aor Sbf 1By G Bt o drugs
seqdemaeyooepl epemtacylaﬁly hazﬁmeili,a)and (ess)peaalally humans,

I [ esent entlon r.ef rab
o thECksEEadlyi a5 e I DYRG  Anfred  hnaicected
t heweéfl agr O@dﬁnaﬁmaﬂodeglm@ ulepjcﬂ’zgcpm:mn de g}fnetshe)r
@re%%BEehﬂgenﬁb?”b%fdg{géﬁgdya%Ckﬁﬂ“h&g%éiyaac1d or amino acid

tides of
apprylégﬁét B BhEETACANYE sl Kirowy dyechrigues @) wedl as by
(d) mﬁahodsﬁpkbﬁedédshl@ﬁéﬂmi al conponent. Such a kit

i f di ; :
Suscepti EPEVPEPFOIS: R ey Rifolfp et Comiroanosis,
[ nvémagonsabsorr etheesanal ydies usey dfe pidtaimed dabindas
2@f bﬂ@a@i@é%?t 1h£'¥8£‘ééi &I}Sordlﬁgfeoéﬁtédc IRAYEY S VBl s bpdily

tection o t af ed ormof a hucl eoti de
i nv@ﬁ?%halﬁr ef B@hbwcla@@/tme‘?m @fnysm theN@ spurces,

whi hrtscasseciabesl o tiNA disease L%recp@ltl%%%ﬁ'yc'f% detection
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def PheM™@¥ 8?&@%@ 1e¢ epzymatically by using PCR or any other
amplification technique prior to analysis. RNA,

25 particularly mRNA, cDNA and genomic DNA may also be used in
the same ways. Using amplification, characterization of
the species and strain of infectious or resident organism
present in an individual, may be made by an analysis of the
genotype of a selected polynucleotide of the organism.

30 Deletions and insertions can be detected by a change in
size of the amplified product in comparison to a genotype
of a reference sequence selected from a related organism,
preferably a different species of the same genus or a
different strain of the same species. Point mutations can

35 Dbe identified by hybridizing amplified DNA to labeled
Protein E polynucleotide sequences. Perfectly or

significantly matched sequences can be distinguished from



di sease, a prognosis of a course of disease, a

determ nation of a stage of disease, or a
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nauxaqaﬁlc dnnkageeasad bewetic variability (see, for example,
25 Chee et al., Science, 274: 610 (1996)).
Thus in another aspect, the present invention relates
to a diagnostic kit which comprises:
(a) a polynucleotide of the present invention, preferably
any of the nucleotide sequences of SEQ ID NO: 11, or a
30 fragment thereof ;
(b) a nucleotide sequence complementary to that of (a);
(c) a polypeptide of the present invention, preferably any
of the polypeptides of SEQ ID NO: 1-10 or a fragment
thereof; or
35 (d) an antibody to a polypeptide of the present invention,
preferably to any of the polypeptides of SEQ ID NO: 1-10 .
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any of the sequences of SEQ ID NGO 11. Increased or
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e nmeasured using any on of the nmethods well known in

the art for the quantitation of polynucl eotides, such

as, for exanple, anplification, 3PCR RT-PCR, RNase
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purp For a set of ots each conprisin
PR ERore L rE EERE e Rt g e eipreesidn or
poIyhmetedtedpresspohyoﬂcthﬁnpmﬂynuﬁlddﬁiddnnummgMﬁ;sms,
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i ndF FeSehce of a pathogen, particularly
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I
seq @ﬁéglﬁFe%ECF?Eﬁ¥k?WlfQK)Se Mﬂﬁﬂﬂreé%r example For
example, RT-PCR can be used to detect mutations in the RNA.

25 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, PCR primers
complementary to a polynucleotide encoding Protein E

30 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 other things, amplifying
Protein E DNA and/or RNA isolated from a sample derived

35 from an individual, such as a bodily material. The primers
may be used to amplify a polynucleotide isolated from an
infected individual, such that the polynucleotide may then



The pol ypepti des and pol ynucl eoti des of the invention

or variants thereof, or cells expressing the sane can
woeourgsdsas | nmmunogens to produce anti bodi es  PCT/SE2007/000034

i mmunospecific for such pol ypeptides or
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é nvgnﬁégg,eé&hﬁragréngodlly material, are well-known to those
of skill in the art. Such assay methods include radio-
immunoassays, competitive-binding assays, Western Blot
analysis, antibody sandwich assays, antibody detection and
ELTSA assays.

30 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

35 different gene, and further comprising a polynucleotide
or polynucleotides of the invention, may be used for

probing, such as using hybridization or nucleic acid
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In certain preferred embodiments of the invention

25 there are provided antibodies against Protein E polypep-
tides or polynucleotides.

Antibodies generated against the polypeptides or poly-
nucleotides of the invention can be obtained by admini-
stering the polypeptides and/or polynucleotides of the

30 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

35 produced by continuous cell line cultures can be used.
Examples include various technigues, such as those in
Kohler, G. and Milstein, C., Nature 256: 495-497 (1975);
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240 SRNLLQULE SGEgeNt ng methods
Thus, among others, antibodies against Protein E
polypeptides or Protein E polynucleotides may be employed
to treat infections, particularly bacterial infections.
Polypeptide variants include antigenically,
30 epitopically or immunologically equivalent variants form a
particular aspect of this invention.
Preferably, the antibody or variant thereof is
modified to make it less immunogenic in the individual.
For example, if the individual is human the antibody may
35 most preferably be "humanized," where the complimentarity
determining region or regions of the hybridoma-derived

antibody has been transplanted into a human monoclonal
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2§ n frﬁigi orspo%y £$g££gg gre generally assayed in the
presence of a known agonist and the effect on activation
by the agonist by the presence of the candidate compound
is observed. Constitutively active polypeptide and/or
constitutively expressed polypeptides and polynucleotides
30 may be employed in screening methods for inverse agonists
or inhibitors, in the absence of an agonist or inhibitor,
by testing whether the candidate compound results in
inhibition of activation of the polypeptide or poly-
nucleotide, as the case may be. Further, the screening
35 methods may simply comprise the steps of mixing a
candidate compound with a solution containing a poly-

peptide or polynucleotide of the present invention, to

r
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2§u3|on p%g%e&ggeggggrls sélprov1des a method of screening
compounds to identify those which enhance (agonist) or
block (antagonist) the action of Protein E polypeptides or
polynucleotides, particularly those compounds that are
bacteriostatic and/or bactericidal. The method of

30  screening may involve high-throughput techniques. For
example, to screen for agonists or antagonists, a synthetic
reaction mix, a cellular compartment, such as a membrane,
cell envelope or cell wall, or a preparation of any
thereof, comprising Protein E polypeptides and a labeled

35 substrate or ligand of such polypeptide is incubated in the
absence or the presence of a candidate molecule that may be

a Protein E agonist or antagonist. The ability of the
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gﬂ °§5u989tgﬁéﬁ't§9@ é”huﬁger J% Protein E molecules bound to
a binding molecule or converted to product can be deter-
mined accurately to assess the effectiveness of the poten-
tial antagonist.
Potential antagonists include, among others, small
30 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
expression. Potential antagonists alsc may be small
organic molecules, a peptide, a polypeptide such as a
35 closely related protein or antibody that binds the same
sites on a binding molecule, such as a binding molecule,

without inducing Protein E induced activities, thereby



eukaryotic, preferably mammalian, extracellular matrix
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hinge region. In a particular embodiment, the Fc part can

25 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 fusion proteins by genetic engi-

neering, and to the use thereof for drug screening,

30 diagnosis and therapy. A further aspect of the invention

35

also relates to polynucleotides encoding such fusion
proteins. Examples of fusion protein technology can be
found in International Patent Application Nos. W094/29458
and W094/22914.

Each of the polynucleotide sequences provided herein
may be used in the discovery and development of antibac-

terial compounds. The encoded protein, upon expression,
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25 In accordance with yet another aspect of the inven-
tion, there are provided Protein E agonists and antago-
nists, preferably bacteristatic or bactericidal agonists
and antagonists.

The antagonists and agonists of the invention may be

30 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

35 the native peptide (sequentially or structurally), which
is capable of being recognised by antibodies which

recognise the native peptide; or is capable of raising
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25 orientation is reversed. Mimotopes may also be retro-
inverso in character. Retro, inverso and retro-inverso
peptides are described in WO 95/24916 and WO 94/05311.

Alternatively, peptide mimotopes may be identified
using antibodies which are capable themselves of binding

30 to the polypeptides of the present invention using
techniques such as phage display technology (EP 0 552 267
Bl). This technique, generates a large number of peptide
sequences which mimic the structure of the native peptides
and are, therefore, capable of binding to anti-native

35 peptide antibodies, but may not necessarily themselves
share significant sequence homology to the native

polypeptide.
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A further aspect of the invention relates to an
immunological composition that when introduced into an
individual, preferably a human, capable of having induced

35 within it an immunological response, induces an immunolo-
gical response in such individual to a Protein E polynuc-

leotide and/or polypeptide encoded therefrom, wherein the
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contain regulatory elenents inportant in the
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carboxy-terminus of the first protein.
In a vaccine composition according to the invention,
a Protein E polypeptides and/or polynucleotides, or a
fragment, or a mimotope, or a variant thereof may be
30 present in a vector, such as the live recombinant vectors

described above for example live bacterial vectors.

Also suitable are non-live vectors for the Protein E
polypeptides, for example bacterial outer-membrane

35 vesicles or “blebs”. OM blebs are derived from the outer
membrane of the two-layer membrane of Gram-negative

bacteria and have been documented in many Gram-negative
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25 The non-coding flanking regions of the Protein E
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

30 of the open reading frame of 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 seqguences,
inducible sequence elements, repressors, elements

35 responsible for phase variation, the shine-dalgarno
sequence, regions with potential secondary structure

involved in regulation, as well as other types of



Thus, al so provided by the invention is a nodified
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el enment which alters the expression | evel of the
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suchhasdehbsed phenotype. Another approach consists in

25 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

30 expression can be assessed. In another approach, the
sequence knowledge of the region 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

35 elements from another gene, a combination of regulatory
elements from different genes, a synthetic regulatory

region, or any other regulatory region, or to delete



described in Sato, Y . et al. Science 273: 352 (1996).
Al so, provided by this invention are methods using the

wdeswrosissl pol ynucl eoti de or particul ar fragnmeRCE/SE2007/000034

t hereof, which have been shown to encode non-vari abl e
regi ons of bacterial cell surface proteins, in
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Thus, alsc provided by the invention is a modified
upstream region of the Protein E genes, which modified

upstream region contains a heterologous regulatory element

30 which alters the expression level of the Protein E

35

proteins located at the outer membrane. The upstream
region according to this aspect of the invention includes
the sequence upstream of the Protein E genes. The upstream
region starts immediately upstream of the Protein E 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 sequence (operon)
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I NF-g Also provided by this invention are compositions,

25 particularly vaccine compositions, and methods comprising
the polypeptides and/or polynucleotides of the invention
and immunostimulatory DNA sequences, such as those
described in Sato, Y. et al. Science 273: 352 (1996).

Also, provided by this invention are methods using

30 the described polynucleotide or particular fragments
thereof, which have been shown to encode non-variable
regions of bacterial cell surface proteins, in polynucleo-
tide constructs used in such genetic immunization experi-
ments in animal models of infection with non typeable H.

35 influenzae. Such experiments will be particularly useful
for identifying protein epitopes able to provoke a pro-

phylactic or therapeutic immune response. It is believed
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thickening agents. The formulations may be presented in
unit-dose or multi-dose containers, for example, sealed

25 ampoules and vials and may be stored in a freeze-dried
condition requiring only the addition of the sterile
liquid carrier immediately prior to use.

The vaccine formulation of the invention may also

include adjuvant systems for enhancing the immunogenicity

30 of the formulation. Preferably the adjuvant system

raises preferentially a TH1 type of response.

An immune response may be broadly distinguished into

two extreme catagories, being a humoral or cell mediated

35 immune responses (traditionally characterised by antibody
and cellular effector mechanisms of protection

respectively). These categories of response have been
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to consider the families of cytokines in terms of that
25 described in murine CD4 +ve T cell clones by Mosmann and

Coffman (Mosmann, T.R. and Coffman, R.L. (1989) TH1 and
THZ cells: different patterns of lymphokine secretion
lead to different functional properties. Annual Review of
Immunology, 7, pl45-173). Traditionally, THIl-type
30 responses are associated with the production of the INF-y
and IL-2 cytokines by T-lymphocytes. Other cytokines
often directly associated with the induction of THl-type
immune responses are not produced by T-cells, such as IL-
12. In contrast, TH2- type responses are associated with
35 the secretion of IL-4, IL-5, IL-6 and IL-13.
It is known that certain vaccine adjuvants are

particularly suited to the stimulation of either TH1 or



as 10-100 ng , preferably 1O - 50ng per dose.
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Preferably, the particles of 3D-MPL are small enough
to be sterile filtered through a 0.22micron membrane
(European Patent number 0 689 454).

3D-MPL will be present in the range of 10pg - 100ng

30 preferably 25-50pg per dose wherein the antigen will

typically be present in a range 2-50pg per dose.

Another preferred adjuvant comprises QS21, an Hplc
purified non-toxic fraction derived from the bark of

35 Quillaja Saponaria Molina. Optionally this may be
admixed with 3 De-O-acylated monophosphoryl lipid A (3D-

MPL), optionally together with an carrier.
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2§7'kilOdﬁlbggfgykghig§l§qggag@er emulsion comprises a
metabolisible o0il, such as 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

30 emulsion. Additionally the o0il in water emulsion may

contain span 85 and/or lecithin and/or tricaprylin.

Typically for human administration QS21 and 3D-MPL will
be present in a vaccine in the range of 1lpg - 200pg, such
35 as 10-100pg, preferably 10ug - 50ug per dose. Typically
the o0il in water will comprise from 2 to 10% squalene,
from 2 to 10% alpha tocopherol and from 0.3 to 3% tween
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In a preferred embodiment, the polypeptides, frag-
ments and immunogens of the invention are formulated with

30 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 host against M. catarrhalis
infection; c) one or more protein antigens that can

35 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
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25 Streptococcus pneumoniae types 1 and 2.", Mitchell et al.
Biochim Biophys Acta 1989 Jan 23; 1007 (1l): 67-72
"Expression of the pneumolysin gene in Escherichia coli:
rapid purification and biological properties.”™, WO
96/05859 (A. Cyanamid), WO 90/06951 (Paton et al), WO

30 99/03884 (NAVA)]; PspA and 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); PsalA
and transmembrane deletion variants thereof (Berry &

35 Paton, Infect Immun 1996 Dec;64(12):5255-62 "Sequence
heterogeneity of PsaA, a 37-kilodalton putative adhesin

essential for virulence of Streptococcus pneumoniae");



i ntranasal or intradermal routes anbng others. In
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25 Preferred further non-typeable Haemophilus
influenzae protein antigens which can be included in a
combination vaccine (especially for the prevention of
otitis media) include: Fimbrin protein [(US 5766608 -
Ohio State Research Foundation)] and fusions comprising

30 peptides therefrom [eg LBl (f) peptide fusions; US 5843464
(0OSU) or WO 99/64067]; OMP26 [WO 97/01638 (Cortecs)]:; P6
[EP 281673 (State University of New York)]; protein D (EP
594610) ; TbpA and/or TbpB; Hia; Hsf; Hind47; Hif; Hmwl;
Hmw2; Hmw3; Hmw4; Hap; D15 (WO 94/12641); P2; P5 (WO

35 94/26304); N1lpC2 (BASB205) [WO 02/30971]; Slp (BASB203)
[WO 02/30960]; and iOMP1681 (BASB210) [WO 02/34772].



active agent will be fromO.01 ng/kg to 10 ng/ kg,
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their adInnestuathen &spsattablihe ndiwerduiadrs thdme are pro-

variaty gln%ohgogQ%lgggg vg}f)fe 9 Wo"teéln 4 avgz B&1eotides

expecte npoun able
and anlde ogi Bf 8rphiglefEi p@bmm@dﬁs vi;’mf owmr@ﬁté@tdion to a

1@dmJai gt Rt ikgng ﬁQit%éHPuﬁar 08 & ardidp ni stration woul d
be expected to require_higher dosagfs t han

adni ni st F&€i ﬁvsytﬁﬂflra%%ﬁola%lm% FTRMRA BTG h SR TS 1ng

thesaepmgzaglelbeveas aaﬁ/b@ adpelyesh tisdery diftsantdared herein or
| Ca r out i tlmzatlo aSI

und 5‘&150899511?%5 8Jr7ta Phte Dt abis & y§\elzéeuéelndceéss ang poly-
a TangilelogiNedi o tlaﬁdlmfgrotwrhmP@wrmmleQﬁactielrammblnatlon
@0'%H%Bt'd%oﬁeaﬁgggfé EPrg%ékiﬁéL%%%fﬁéf”é¥'8§fﬁ¥érs for use

resource Wt _ to determne their 2-
3- diveRsiCEAaS  sSELGELBP QY aRT 91 SRS/ t%lcﬂae%ﬁ |8f yharmaceutical

f ur therrisequaneasl of FerMib@in horPdOgyn dhese individual. Such

Sgg&%ﬁ%ﬁ%ﬁ&?g%snggﬁpgggélyfggciééééﬁégi Qy <§¥ér§éditlve or a

therapeutically effective amount of a polypeptide and/or
25 polynucleotide of the invention and a pharmaceutically
acceptable carrier or excipient. Such carriers may include,
but are not limited to, saline, buffered saline, dextrose,
water, glycerol, ethanol and combinations thereof. The
formulation should suit the mode of administration. The
30 invention further relates to diagnostic and 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
35 the invention may be employed alone or in conjunction with

other compounds, such as therapeutic compounds.



conput er readabl e nedi um and then using the stored

data in a known nmacronol ecul ar structure programor to
weear/ol4E3 sequence dat abase using wel I known sear/sB2009000034

tools, such as the GCG program package. Al so provided

by the invention are nethods for the analysis of

character sequences or strings, 9Barticularly genetic

Sequences fAAdSd.PURLE! oREALEnCSs, RIEIA Mhthinistered 1n

met hods 0 uence anal'ysi S or “exanp
met ROFs e(fffe§§qcréncéoh@ﬁﬁll©@§' Iamrll%uﬂglcls%W% for instance,

| denlntivi 13R9 a8 Bh! BT L¥paRal YSbSa1 DN a RNAAid, protei n
strycture anal ysi;s,  sequence assenbl . cladistic

analjdite veaatend BLROPEF L EAP LT o NG @R frg FURgHEaneous,

slet dnirdabisan, oftuchekradaensl bﬁ@@t@@ldmdtgg w0 usage
analysis and sequencin

%\ ei c aC|d bhase t% N9 L cent ma
chronatogPa %p ﬁhli%l?‘?& & #& Cbas & et o i°9 Y
pr ovied edinflov spresrrfecy mm@nham@uorgydwadema fainc amamtam&s

net r-Ses r Qv gl I
r&%qlg%%mlé)zl seftc?ﬁnceﬂgﬁnprls % %\ﬁe‘hﬂ_% % ero%ts fdlSpe]’_‘S_'I.On,

pol ynucl eot i sing the sequence o
polfﬁﬁéﬁé@@lﬁéléptpﬁéq ‘nvention in a conputer readabl e

1oredi um q&dacmahb@gaggéettlfﬁé Ip@éymlﬁﬁtérdﬁlon provides
sequence . to at one secpnd nuc Ieotlde

pol ﬁépPP8§m§ESH§ﬁ88l GOTRRM T+
based cagtllyodfifecal se amoundedff@rp¢kyﬁepﬁmdq;dnﬁﬂdnxpply—

or oo oA R sRBh0R Tpee aEt s ol O S i ngee
seq@@dd@ropOéyp@pgkp@pm@leOf)fthawxeﬁmﬁ|dearrt1a>n, agonlst or

§om%tta@o&%€aebgtﬁragl YR sARth CRIMAEI Y SREbUd Stin combi-
pol ypepti de sequence to at | east one secaon

pol W&&P@ow*&@ 8r PPRFYPEPLT Hed B RTRP TP IyeiGFipr or
homlx@gmeﬁltl pgbkbhcasionsranihd Bids ennes, adenclailigited to,

but at ent d t ent I t

o't alirenPbESebR SaE o, e R Phrparatat By
refet@a@@lhnanﬁecpmbnnatebwsasheie@éch'Fh&hanwhnﬂlon further
2 publd eﬁ%‘t‘e‘%”tBr ﬁglﬁ.fc%@@ﬁ@l&\% efiJa?‘cPJ?sC'afﬂchJcl ysb prising one or

i ndi g cated to ncor por at e eren
her 8P4 <a§°B ﬁﬁ@eFélf¥l§@@ W%ﬁ@rPnQMRF;ﬁﬁﬁﬁnOf the lngredlents

applolfc@heoafb@emﬁh@boﬁ@dsc@ﬂ@éw@ia@ &t s ﬁwe@fﬂltoyl

5, B30y nsouRer 2bes Brel Lt ence, herehnd B it unas or eae

publpireaentonsnapdtiefenencies. employed alone or in conjunction
25 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
injection, typically by intravenous injection. Other

30 injection routes, such as subcutanecus, intramuscular, or
intraperitoneal, can be used. Alternative means for
systemic administration include transmucosal and trans-
dermal administration using penetrants such as bile salts
or fusidic acids or other detergents. In addition, if a

35 polypeptide or other compounds of the present invention can
be formulated in an enteric or an encapsulated formula-

tion, oral administration may also be possible. Admini-



Definitions "ldentity, " as known in the art, is a

rel ati onshi p between two or nore pol ypepti de sequences
wonRoanws4038 nore pol ynucl eoti de sequences, as tReET/SEI®7/000034

may be, as determ ned by conparing the sequences. In

the art, "identity" also nmeans the degree of sequence
rel at edness bet ween polypeptide5%r polynucleotide
seq the

uences, as_the case as, dster g n
SR B EE MR s PP hgec Ao LT S arice e TrRGREI 57/ OF
CanlbeaiéaddlyinathelémE@ @ dalovas mersies, @@deudspgutlons,

but dit @ {hpse described in {Conputationa
Nblgc eké%%%ﬁ i ? Les A M, ed., Oxford University

Press, NE@mYéﬁmlnlgggathac&ﬁp@emmglsvnﬁae RALiteSUARE LY
£eneRaREQ) ¢t S gﬁpbﬁte@ tWai @ﬂe,dAQQQGHb@aBéeiével of the
New Yor kK, 1993t ERN%er Anal Slﬁ /Eeqé?nig /i

Par £CFLVeRPEPn L ramadi-Pri R9/K9 d§9/ <dr
Huwagpleaeey,ambmmﬁeﬂsmm/k¢994IhSeqhgn¢elAnahmsesy|avent will

oL S8UL 2t BLOLAQY o A a0 G 18RRI C LB fiRSe gu i tanie

equence
Devé&psurn Jndl§d§ualwﬁsﬁo@kﬂénVPK&sylthﬁm¥oﬁ@erl@glght and

@ndrgébbhE@ o@ th@ngakkﬁgﬁmarDlnd§b$Mhél Appki @dove dosages
(1988). Methods to determ ne identit

- ty
areaéésﬁéﬁeﬁlﬁéygpiet@ﬁeaV§F§€§tcﬁﬁ?ch befhEefafine oLt course,
sequencesivegued. iMsranves, wﬁetrboengherdet:enaswee dosage

i dentit Lare codi fied in_publi avai.l abl e ganmut er
or 0GP ARES BaRpOESr S5rogP Al REFORS ot B GEA8Y i e BLoBe of this
idemmWEytbehmeen two sequences include, but are not

1gimted bpe aasagé\ Qﬁ&&{\fé@aﬂé&%g& Qg erne%?'aae% of

( Dever eux, el ¢ Acl esear ch

387P€ED$4¥) the Asypte BRASTIRIN SigEHIon /S the naépr@|of the

. f¥Rh8CatBbAl - tR45ha808: 410 i(l’i]eg% eaftds’:/@%_ﬁell(tlon, and the
Pearson and L% gﬁnProc Nat | .
8

244418488NF 18887 ° TRE- BLASE 1RifH T qs%fdfon&rfcgrg’ﬁsl%a?le dosages,
pubhbwbyeayaakabhﬂ themNCR ahd 41600 souikces { BuASEct.

2qEa By, oSl g 1B et Pucrana

403£410 - ( COOURNLiThe lweldh ukkaois Saivt hewamedeasd to enhance

al gehit hAIRY %E%%OQ%eUSQdSEQtQ%H%rﬁh@% beeat iflby, vaccination
Par anet ers for ypepti de sequence conpari son incl yde

t heifoPr émn@lcwgaewm ofe8HILaHRR  aRBOWGHSRN JoFe 18
Mol pBe@kra®#8y 448-i433tered 1-3 times and with an interval of

25 1-3 weeks. With the 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

30 be expected in view of the variety of compounds available
and the differing efficiencies of various routes of
administration. For example, oral administration would be
expected to require higher dosages than administration by
intravenous injection. Variations in these dosage levels

35 can be adjusted using standard empirical routines for

optimization, as is well understood in the art.



(1970) Conparison matrix: BLOSSUM62 from Heni koff and

Heni kof f, Proc. Natl. Acad. Sci. USA. 89:10915-10919
wO02082840Gap Penalty: 8 Gap Length Penalty: 2 ArPOT/SEZE@AM00034

useful with these paraneters is publicly available as

the "gap" programfrom Genetics Conputer G oup

Madi son W. The aforenentioned péraneters are the

default paraneters for peptide conpar.i (al i.th

no ggﬁg@ﬁ?efg%tghasggpsge%uggpgﬁeggr%Iﬁggal%ﬁeo%%d@um, and
pol ydygcolrdathmde conpari son i nclude the. foll ow ng:

Al gorith n radvide B 4g.

443- 453 ?&é%ﬁ?g%%ﬁgg??s%%gﬁg§g§gﬁﬁﬁéﬁché?ﬁﬁggfﬁ,%Drm'a |
m sialehbicoiCiprrehadt yre SO Tidiythipdndlq @etgrmine their

#vablabhe 8sgifBesigap! Pregtamdd o GRNAat ixGs toNphen fy
G oup, Madison W. These are the default paraneters

p
f or THEENEF c SEEPENEBRPAF | SHRLLA A %Ped nigvcngPpgpPaches
"Ldaﬁrbi tpstf egspbyyﬁmciema&@leSoﬁrmtmwmé desyucase in a
the case.mm e re provided._in 2 e .
(1)088PV%&c|§8FF8§l§n%8 {LAe o chih 8086 2kn0Ct@bea data in
| sokakedwpolgnuchebetdbatonpriste Py@ipruciedd gearch a
1%$qggﬁﬁgn@@ HQQa?&s%g@f%n@ ?911 60howhD s BRctBRhg %%Eé%?bsuch as

\Y
or 100% identity e reference sequence Of
NO the GChBrepA28aPaCHd¥§nucl eoti de sequence may be
i denticah1ke bheviekar gpcehsequeoneeioh SEQ MRtNOdslior the

or may .i nclude up to certain_integer nunber of .

nucP& V&éSaP%eFE?Fgﬁge§sS@@Hﬁ&?@& & théiP&fer gaesicutarly

seqqene&icwmqubnpsai@rabmepdehopgoaeénseb@m@@@eﬁnonﬁreferred
l%gfg%%%%%scg&s%éﬁh%%c%fa?%%b%%%ﬁi%%ﬁu@%?l%%E'%%gmple, methods

on, substitution, ng transition .
t r andv eresivenceohomesedi 6maland swhévehn agaiglentity and

al t erakinQnRe tAAYRnQaGM sat piAe R’RNA @hd3protefif Ralructure
posi tigns of "the réference nucl eoti de sequence or,
By e 8 weBRUERG e RSPl GOStiPone. ShelySis, sequence
i Nt elosper sed 16istiser opedi Hedddhly farmeg dehe rmiclae¢dbindesiucleic
Zén %%%dr%g%%e%%%ling, 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 polynucleotide sequence comprising

25 the sequence of a polynucleotide of the invention in a
computer readable medium; and comparing said first
polynucleotide sequence to at least one second polynuc-
leotide or polypeptide sequence to identify homology.

A computer based method is also provided for

30 performing homology identification, said method comprising
the steps of: providing a first polypeptide sequence com-
prising 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

35 or polypeptide sequence to identify homology.

All publications and references, including but not

limited to patents and patent applications, cited in this



sequence or in one or nore contiguous groups wthin

the reference sequence, and wherein said nunber of
wouel7estisgle alterations is determ ned by nul ti pCYiSEZN07/000034

the total nunber of nucleotides in SEQ 1D NO 11 by

the integer defining the percent identity divided by

100 and then subtracting that pradduct from said total

nunber of _nucleotides.in SEQID NO 11 , ar: nn_< xn - |,

(s T B A P e el TR~ Dreh o edtfaRencs in

al t ertlttiomentXets dhelf cdadh niundhievi dfa huysdieot ¢akeison nor

SEQ;&%Q Yol . for, 50% , 0..60. f.0 % 0.70

for 70% On%etl) tor 853%%)038&8%13? @l'é)béol#%am%nglcated to

0. 95°F o IBRO R A iy o7BRrAncE Joedeim 1D%edrgl fuikly set

bhe sywehol  fofy the dAd tdgilil iGadd i oRenalarn @and application

V\,here]itn_ any non-jinteger product of Xn and IS rounde

y .
dowF - The e dst I5hiPgt G UP UG tbtyadig frpence herein
frommXnits Ateinsdtions afhgpolanieet edd del isequanses for
encqdj,ngo. ol ypeptides of SEQ ID NGO 1-10 may
cr e%ﬁ‘{ebrl%lo.éngs]%ncgles, ar%llds)sreenfgeereonrc%sr'aneshi ft nutations in
t hi Pafadiiig osequence and thereby alter the pol ypeptide

1@nCOded_bekE&iQ%LynﬁglQﬁbkgeiﬁokhgm%PQ,S%@rb.relationship
alterations. By way of exanple, a polynucleotide
seqUEHE I HWite Ofr BOERt PPAYRAPTHAC nBSABRNERRR AT cfo tar more

t he paafyeneeetsequengasnebs SE | BhdQadd maf M, iss idetermined
may bbe 100% dentical , or it may nc{:ude up t, (? .

certa T IHEgEF ﬁﬁﬁbSFfoinﬁﬁﬁrei NathY A ter @ FYHs e also
conpered ttde vk grefee rodn = gegueen o Isiteddidsat ddtaveen poly-
er i dent.i [ .han %. i tity.,,Suc

lgl tg%g)ﬁlgr%srggr %slﬁéjggzég)t%ﬂ%gemt é)é{rcgeﬁsg cadsynstlhs iérqagseofmay be,
at |3gasteter@ingd &y e dadeihebicdmessulsstriings @f such se-

| NClgu@in@ of.r AN tQR ANG b YaSVRIRIGR, 1 dUiISRIdd ¥ kpown
andv\,hrensalcﬂ1 _terfabtlons may occur at the 5 ' or 3 .
BT Bt 6HE SR T ol B8 ol JiRassisgE ibed in
s equehem uita tanstie M Teeingeen %i{mwj,emr@'srﬁal quaflp‘.i,t i€@NS, Oxford
h nt I ei rindividu ng, .t he nucleic

2Ez%u:i gjgﬁ&%rt (?%yr gft‘%r%esﬁcg\%é”eq%)é: de)ic?rééi’n%olr?ecogip%neg’ Infor-
contliaguiss agich s omet Hno jtelve s, efSerigmc e Dsdquerce., Fhademic

nu n@% f . Ci .t ' f Y t
e, 5 L i e 196 S AV R oo

of ha€lteile &&idLinng B8 -1:DaNG Grifgynyhdl.G., eds., Humana

Press, New Jersey, 1994; Sequence Analysis in Molecular

25 Biology, von Heine, G., Academic Press, 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

30 largest 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

35 (Devereux, J., et al., Nucleic Acids Research 12(1): 387
(1984)), BLASTP, BLASTN (Altschul, S.F. et al., J. Molec.
Biol. 215: 403-410 (1990), and FASTA( Pearson and Lipman



i nteger defining the percent identity divided by 100

and then subtracting that product fromsaid tota
wouandz@s4058 nucleic acids in SEQID NO 11 , or PCOISE200X000034

- (xn y ), wherein nn is the nunber of nucleic acid

alterations, Xn is the total nunber of nucleic acids

in SEQIDNO 11, y is, for in8fance 0.70 for 70%

0 8‘%rf tlg«%@ OA%%dforsCaﬁ"/"u% Co5; '2544t4h%4343é”b(‘1'98f8 ' The

cdtion operat or
nonBMtSéPgérarrmldd@cft p@fogmm@ndSy Pluiblrl@llﬁ’d@d’adrd\ﬂl@lteo firipen NCBI

neargst dt%te%g QouRide@r (1H2, A3UD a6 11 9 A'ltt sfdhem, Xan . e(t2 Jal.
Pol ypept i de enbod |nents further include an |solate

pol Y&t Nde! Ao Aedingg 92 pdity peStitde MaFichy tat S-eastt él J.
50|, 611 . 7@350&0 fz&@ 203-93,0 97990) lcs)g%llede;@tlllt ycntcﬁmt I3enith

pol ypeptide reference sequence i

eV iR S TGO G5 T Baonee BErbed QsiErtane ddentity.
the ref eParesesequeerios obl3BQPIDANOsetuédcer comparison
i ncliude UR 498 f%qq%%h%glnteger nunber of am no acid

alterations as conpared to the reference sequence,
whe Aioe ré &b :a Nesderans aace Weaissdy ed -f Mo Bhelgr dfp 443-453

1@0nsiistriong of atleast one am no acid deletlon

substituti.on, Iudln nservat

mon COROST P VB s SLOEEIR e Cort Hhils SR 67 Tapgd. Henikof,
whePeioa . smbdlalm@m@tlﬁm& nmﬁAocswr1@@16h&0@&@nq19ﬂ2)

car bg gposi tions of the reference

pol yp pt e s quence or anywhere between those

t er Mewalbepadint ifema 1 tiviat & sper sed either individually

§”U@9pk%%r%&!%%e%%ud%1&% the skefaranee «$eIYeNeRHAN 1

one or more contiguous groups within the reference

seq@@ﬁééa Patd aph&Psi n 981 d PReFBer §fcanRaeddicg Computer

al te;rr@hp?nsaalds_smt e na@heb)afmlememlt%lo?%dtb@%rﬁﬁteaﬂers are the

r._of .ami_no_a -10.by the .

o e PR AT TR e o EREoRERE R ETPaTIRad fLpsg with no
and pened tyubftoraethidngaplsat. product from said total
ofumber ok, gh%%e@%'?%r o%?gh%@eggﬁd% %gwﬁarlson 1nclude the

respectlve y, oOf: erein na
t he fRdHeei rer: an1no aC|d alterations, xa is the total

nuMagyoefi ta :NWeaei1@fhann 226QWLERsNG, - 1801y Bi®10. 2@ : 443-453
for %% .60 for 60% 0.70 for 70% 0.80 for 80%

Comparlson matrix: matches = +10, mismatch = 0

25 Gap Penalty: 50
Gap Length Penalty: 3
Available as: The "gap" program from Genetics Computer
Group, Madison WI. These are the default parameters for
nucleic acid comparisons.

30 A preferred meaning for "identity" for polynucleo-
tides and polypeptides, as the case may be, are provided
in (1) and (2) below.

35 (1) Polynucleotide embodiments further include an
isolated polynucleotide comprising a polynucleotide
sequence having at least a 50, 60, 70, 80, 85, 90, 95, 97



0.85 for 85% 0.90 for 90% 0.95 for 95% 0.97 for 97%

or 1.00 for 100% and 1is the synbol for the
woubdziogkasgsat i on aperator, and wherei n any non- PATSEE107/000034

product of xa and y is rounded down to the nearest

integer prior to subtracting it fromxa . By way of

exanpl e, a pol ypeptide sequence6§f t he present

' h f se

of o Th AR Pl e RIS SRIEREERITIED 10 wos
or ilfl mayhandindesais mla/mmlmmdmtsa}}menum‘m@ry dfe identical
am RQ adid R ABIRdONS RRCRTRA &t d & e .r afiergn %%r}/ include

sequence such that the percent iden |ty i's I'ess th

10090 deéhtd (GPT tddh 1dYbesest ingR® edr o Ls diusdiead iideomlitieeat ions
§roup congisstddg ofthal deFastnere saurd G el @Rid

sub t|t t| i ncl udi onservat i and

non%congéF9ﬁ1|ve 5§¥%i%tﬁgﬁr %ﬁsgﬁpqﬂch%ﬁ}Stlng of at
wheleias ts aing allutcél%ﬁtll@h?s dedytdonyr sab sttie vaiong- iokcluding
CarQQﬁ$51% Qkp%hdpQ§bE%%%§sqgnth%rrgg%%%%ﬁ%nthand wherein

pol ypepti de sequence or anywhere befweenb
terﬁ@ﬁ&laéﬁ§ﬁﬁﬁé@§s Wﬁﬂép§§§¢sé& &hehér' pﬁdﬁdl&@@Mymal

1@mopestike cari B aticdveir rbhter 812N eBes (ReGUERER R kN anywhere
one_0or. nore, conti guous rou s . wWi,thin the reference

seql&Tes SnTHE TS nirer T &nPﬁSlgépasalﬂ@F&F@@ﬁ§Sﬁ§re&ther
gi véndiviideatlilty amendeteennnedeby imgkt itpl ¥heg refference

f SE
| nt G IRRE! s a P RER 3R IR T BRr by ol deuDsy R in the
andr?ﬁéﬁeﬁaﬁtﬁﬁgvﬁﬁgebhandpwbaueunfBemdsaumbEmt@E nucleotide
?UWBQEeQEtﬁghBO %CH@§eEﬁl§§@359 MG&%l%QZlB% tﬂe 5o{a§ number

(c ) wherein na I s the nunber o
al t S?aiﬂPSP@O‘%Qer lPhéE@o@l NRanbér byt thei ﬁ@tﬁéﬁés defiining

SEQthB bl@rcénto.ldymrtstyf a&vwéaaﬁy‘e1@o7anﬁovchég%su9t§gctlng
for §Q{6 or._ 85% e 8 gﬁﬁ % h for SE
nuIFlpllgaP EéPQtEPl ang ePBWHeﬁn9 nBHS ﬁPE@@?S in SEQ
pro@QcNOoflka,and 'y is rounded down to the nearest

od nteger prior to subtracting it fromxa . "Individual
(s )," when used herein with reference to an organi sm
meafs & #ol Ti 68h| 418k, eukaryote, including, but not
limted to a nmetazoan, a mammal, an ovid, a bovid,

wherein np is the number of nucleotide alterations, x, is
the total number of nucleotides in SEQ ID NO: 11 , y is

25 0.50 for 50%, 0.60 for 60%, 0.70 for 70%, 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 Xn and y
is rounded down to the nearest integer prior to

30 subtracting it from x,. Alterations of polynucleotide
sequences encoding the polypeptides of SEQ ID NO:1-10 may
create nonsense, missense or frameshift mutations in this
coding sequence and thereby alter the polypeptide encoded
by the polynucleotide following such alterations.

35 By way of example, a polynucleotide sequence of the
present invention may be identical to the reference
sequences of SEQ ID NO: 11 , that is it may be 100%



a siman, a primate, and a human. "Isol ated" neans

altered "by the hand of man" fromits natural state,
wO2e07/08#0531t occurs in nature, it has been charRg&SEz107/000034

removed fromits original environment, or both. For

exanpl e, a pol ynucleotide or a polypeptide naturally

present in a living organisn1is 6fhot "isol ated," but

t he polynucl tide or pe e_separat.ed.fraq

t e 2004 eT Ko Chater IaVs 6 PRLUPREL e S pancated heg..

"i solabed" ofagupﬂelpeanndsaéﬁpk@ye@nheael@omwbm@dvép the
a_Polyaueheet ideuehcROLYRAPLhde thRt pbedeRll oducRd Ly is less

into_an organism by transformation, genet
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25 etc., e is the symbol for the multiplication operator, and
wherein any non-integer product of xp and y is rounded
down to the nearest integer prior to subtracting it from
Xn -

(2) Polypeptide embodiments further include an

30 isolated polypeptide comprising a polypeptide having at
least a 50,60, 70, 80, 85, 90, 95, 97 or 100% identity to
the polypeptide reference sequence of SEQ ID NO:1-10,
wherein said polypeptide sequence may be identical to the
reference sequence of SEQ ID NO:1-10 or may include up to

35 a certain integer number of amino acid alterations as
compared to the reference sequence, wherein said

alterations are selected from the group consisting of at
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operator, and wherein any non-integer product of x5 and y
is rounded down to the nearest integer prior to
25 subtracting it from xg.

By way of example, a polypeptide sequence of the
present invention may be identical to the reference
sequence of SEQ ID NO:1-10, that is it may be 100%
identical, or it may include up to a certain integer

30 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 consisting of at least one amino acid deletion,
substitution, including conservative and non-conservative

35 substitution, or insertion, and wherein said alterations
may occur at the amino- or carboxy-terminal positions of

the reference polypeptide sequence or anywhere between
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25 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 living organism is not “isolated,” but the
same polynucleotide or polypeptide separated from the

30 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

35 present in said organism, which organism may be living or

non-living.
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residue may or may not be one encoded by the genetic

25 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

30 direct synthesis.

"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

35 diseases, chronic otitis media with hearing loss, fluid

accumulation in the middle ear, auditive nerve damage,
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25 anti-pE antiserum, rabbits were immunized intramuscularly
with 200 pg of recombinant pE22-160 [pE(A)] emulsified in
complete Freunds adjuvant (Difco, Becton Dickinson,
Heidelberg, Germany) or pE41-68 peptide conjugated to
keyhole limpet hemocyanin (KLH) and boosted on days 18

30 and 36 with the same dose of protein in incomplete
Freunds adjuvans. Blood was drawn 2 to 3 weeks later.
Resulting polyclonal antibodies were isolated by affinity
chromatography using pE(A) or a specific pE peptide
(pE41-68) conjugated to CnBr-Sepharose (11). Horseradish

35 peroxidase (HRP)-conjugated goat anti-human IgD was from
Biosource (Camarillo, CA). Rabbit anti-human IgD pAb were

from Dakopatts (Gentofte, Denmark).
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SDS~PAGE and detection of proteins on membranes (Western
blot)
SD5-PAGE was run at 150 constant voltage using 10 %
30 Bis-Tris gels with running (MES), sample (LDS), and
transfer buffer as well as a blotting instrument from
Novex (San Diego, CA). Samples were regularly heated at
100°C for 10 min. Gels were stained with Coomassie Bril-
liant Blue R-250 (13; Bio-Rad, Sundbyberg, Sweden). Elec-
35 trophoretical transfer of protein bands from the gel to
an immobilon-P membrane (Millipore, Bedford, MA) was car-
ried out at 30 V for 2 to 3 h. After transfer, the immo-
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Herizotino acid sequence analysis
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25 Automated amino acid sequence analysis was performed
with an Applied Biosystems (Foster City, CA) 470A gas-
ligquid solid phase sequenator.

Construction of a H. influenzae genomic library
Chromosomal DNA was prepared from strain 772 by

30 using a modification of the method of Berns and Thomas
(2,13). Briefly, an H. influenzae 772 genomic library was
constructed from 40 pg of DNA which was partially diges-
ted with Sau3A for 1 h. The cleaved DNA was fractionated
on a sucrose gradient (14). Fractions containing DNA

35 fragments of appropriate sizes (2 to 7 kbp) were pooled,
and the DNA was ligated to BamHI-digested pUC1l8 followed

by transformation into Escherichia coli JM83 by electro-



et al . (19) . Resulting nutants were verified by PCR

and the pE expression was anal ysed by Wstern bl ot and
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NTHi772 DNA insert was sequenced using the flanking
primers M13+ and M13- and the BigDye Terminator Cycle

25 Sequencing v. 2.0 Ready reaction sequencing kit (Perkin-
Elmer, Foster City, Ca). The obtained insert sequence
(3.55 kbp) corresponded to a stretch containing DNA enco-
ding the proteins HIO175, HIO176, HIO01l77, and finally
HI0178 (15).

30 DNA cloning and protein expression

All constructs were manufactured using PCR amplified

fragments. pUCl8 containing NTHi 772 genomic DNA (HIO175
to HI0178) was used as template. Tag DNA polymerase was
from Roche (Mannheim, Germany) and PCR conditions were as

35 recommended by the manufacturer. The open reading frames
of the four predictive proteins HIO0175 to HIQ178 were

cloned, but only the procedure describing cloning of HID
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with 1 mM isopropyl-l-thio-B-D-galactoside (IPTG) resul-
25 ting in overexpression of pE(A). When ODgo reached 1.5 to
1.7, bacteria were harvested and inclusion bodies isola-
ted according to a standard protocol. Recombinant pro-
teins could be further purified by affinity chromato-
graphy using nickel columns. Purified recombinant pro-
30 teins were subsequently analysed by SDS-PAGE.
H. influenzae DNA purification, PCR conditions and
sequencing
Genomic DNA from H. influenzae clinical isolates was
isolated using a DNeasy Tissue kit (Qiagen, Hilden, Ger-
35 many). Tag DNA polymerase was from Roche (Mannheim, Ger-

many) and PCR conditions were as recommended by the manu-
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bacf%}fg?%WQWPtqﬂEF?EﬁﬁfIQ; . Resulting "PCR fragments were
digested and cloned into pBluescript SK (+/-). A kana-

25 mycin resistance gene cassette (1282 bp) was obtained
from pUC4K using the restriction enzyme site for EcoRI.
After digestion, the PCR product was ligated into the
truncated pe gene fragment containing parts of the HI0177
and HIO0179 genes. H. influenzae strains Eagan and RM804

30 were transformed according to the M-IV method of Heriott
et al. (19). Resulting mutants were verified by PCR and
the pE expression was analysed by Western blot and flow
cytometry.

Molecular biology softwares

35 Obtained sequences were compared with the available
H. influenzae KW20 genome (http://www.tigr.org) (15). The
signal peptide was deduced using the SignalP V1.1 World
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performed on days 3 and 5 post-operatively. Otitis media
with purulent effusion, i.e., an opaque effusion and
often pronounced dilatation of vessels on day 3, was

25 referred to as AOM.
Results
Extraction and separation of a H. influenzae protein (pE)
that is detected by an IgD(A) myeloma serum

It had previously been thought that non-typable H.

30 influenzae (NTHi) do not bind IgD (19), whereas
encapsulated H. influenzae strongly bind IgD. We
discovered that an IgD(A) myeloma serum specifically
bound also to NTHi. A typical flow cytometry profile of
the NTHi772 is shown in Fig. 1. A strong shift and

35 increased fluorescence was found in the presence of the
IgD(A) myeloma protein as compared to the control without
IgD.
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151 iI{bvae%eerkz,a%JZ?i%lpeosprotein was observed (Fig. 1C).
Cloning of protein E and manufacture of a non-typable H.
influenzae mutant devoid of pE
Since we could not detect any protein in the 2-D
analysis after separation, an H. influenzae DNA library
20 was constructed using the non-typable H. influenzae
(NTHi) strain 772. Genomic DNA containing fragments in
the range of 2 to 7 kbp was ligated into pUC18 followed
by transformation into E. coli JM83. Transformants were
analysed for IgD-binding using a colony immunoassay
25 consisting of human IgD(A) and HRP-conjugated anti-human
IgD polyclonal antibodies. Three positive colonies were
found out of 20,000 colonies tested and were subjected to
a second round of screening with IgD(A). We sequenced one
of the positive clones and found a 3.55 kb insert
30 containing DNA encoding for the four proteins HIQ175 to
HIO178 according to the physical map of H. influenzae
KW20 (15). To further verify the specific interaction
with IgD(A), the selected transformant was also analysed
by flow cytometry. As can be seen in Fig. 2B, E. coli
35 JUM83 harbouring H. influenzae 772 genomic DNA
corresponding to the sequence encoding for HI0175 to
HIO0178 was detected by IgD(A) as compared to the negative
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proven by analysis of outer membrane proteins in Western
15 Dblots using a specific anti-pE antiserum (data not
shown) . The NTHi 3655Ape mutant was also tested by flow
cytometry and a clearly decreased fluorescence was found
with the mutant as compared to the corresponding NTHi
3655 wild type when analysed with a rabbit anti-pE
20 monovalent antiserum and a FITC-conjugated goat anti-
rabbit secondary pAb (Fig. 2C and D).
Protein E was detected in all H. influenzae, whereas
other subspecies were negative
To analyse pE expression of clinical isolates and
25 type strains of NTHi, we developed a direct binding flow
cytometry assay consisting of the IgD(A) serum and a
FITC-conjugated secondary antibody directed against human
IgDh. In initial experiments, bacteria collected at
different time points were analysed for pE expression. No
30 difference was observed regarding pE expression between
logarithmic growing or stationary phase bacteria,
suggesting that NTHi surface pE was not depending on the
growth phase. Stationary phase bacteria were thus used in
all further analyses. Mean fluorescence intensity (mfi)
35 per bacterial cell was analysed and a total of 22 NTHi
strains were included in our study. The fluorescence

intensity varied between different NTHi strains, albeit
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i el r at fr Qnsi sti f ]
o &R T S AR R T T ey -
The N-tefi®i Aalrtsiegnainagdese @ isrpredisient He varisno Eagiigen -
1I Ugt%@ar't%%llt _dém_rt me%né{mt_ V%%ta_%d:_ ﬂseggegdfei\gdéﬂ Hef¥@ophilus
eader peptide in addition_to nine i dues
or | gﬁpr%%%g TS 1S Sre dtfo M SR DL iS58 I9fHd) as
t r unateed ip2 2nkG® onas (d%ilgﬁaﬂt)ed IPE thW)s %&@eﬁﬁﬂents, no
To ¢ irmthat .the rec lhant, protein _product .
cor r“gls%lgﬁ 8 o ANTEH glﬁéj“h e regé)orpr?oslsﬁé)t% [Rpemophilus
expréssed spRe(rA) fooget her. enit hrpFessairat éd frsomINTHtrains
72 - PAGE . . pliot 4s]
L2 ARy 381y SR LML i M
r ec B¥BiLan? FRIERSPANGHING Eantlity kdorr ésparded atednid d
t ypei iyt dh RS- (RAGe Fud Fer Mis®, expressed pE as revealed by

Western blots (Table 1). For example, the pE expression
in four H. influenzae capsule type b (Hib) is compared to
20 NTHi in Fig. 4. H. aegypticus, and H. haemolyticus
expressed pE (Table 1), whereas for other related
haemophilus species, that were negative in flow cytometry
(Fig. 3), no pE was detected in Western blot analyses.
The specific anti-pE antiserum specifically recognized pRE

25 also in encapsulated strains (data not shown).

Table 1
Encapsulated or non-typable Western Blot
(NT) (positive/ negative; 0)
556 H. influenzae CCUG EF 6881 I Caps.type a pos
557 H. influenzae CCUG EF 7315 I Caps.type a pos
94 H.i.typ a pos
479 H. influenzae Minn A type b pos
547 H. influenzae Eagan type b pos
485 H. influenzae 850530 b pos
539 H. influenzae D-22 Caps.type b pos
541 H. influenzae HK 695 Caps.type b pos
542 H. influenzae HK 691 Caps.type b pos
577 H. influenzae HK 713 Caps.type b pos
578 H. influenzae HK 714 Caps.type b pos
582 H. influenzae HK 83458 caps type b pos



pE (A) produced in E . col could be detected down to
0.01 microg by the 1gD () antiserum(Fig. 5E) . pE

woOAY masssised for i muni zati on of rabbits and atTsE2007/000034
conpl etion of the immuni zati on schedul e as decribed in
detail in Material and Methods, the anti-pE antiserum
was purified on a colum cbhsisti ng of a cal cul ated

5@1mmum|u@9£9@ﬁmt169%ebé dpe(ini no acids pfgl-68) . The
ssroeﬂuntflu@ezae@ﬁkbgglcsés fjeay | y detected pk both at the
é@aﬁ &lrlh za%“i7 Emaé'éa;gs typ&b and in Vesiern blots (not

56z RN f]u-en Of the protejn e gene and
5 hﬁ krjgo DNA and am P& aci d sequence
E% gqrgbt£ adn NTH 772 ispqutlined in
uen

ng frame (ORF) EOQS 160 am no
ds

si gnal pe de has a
t% : 5§SI S suggest ed

epPh
i

>3le éﬂ HRENZAS Y@ 4t8<§

552e§'| Hﬁ%@”?%?@&%ﬁﬁe“f@zé ags- EMp&rﬁ ne2l 48). In

9f5:—'|IH:~‘”' W-ﬂc the HID hydropathy profile (B% shows that
55[§Eh|a91fblehmﬁﬁmlﬁféﬁﬁdﬁaﬂa%ém@ de, wheeseas t he rest
Se0f Ht flueptascGERG IEE NMAIG47 halrseyhée di c Resig. 7 ) . To
96nHdetypi d determ ne the signal peptidagses cl eavage
5581 HeinflueaerCOMG EFfag7l VeTapkhypEewas spdy ected to
gedmaintyegnadatl on. However, the am no-ps&y m nal end of
goheliptyppohypent i de chai n was probably pdsocked. A
HROBSIL Blfe A%PJ nation for this failurepgoul d be that
5506 TS zéaéTt@@G%@" §1 BB AT AT }od €S AUE @S
rg,w EH% Vi C(:é Qr cat ar g]sal is UspA
ﬁ 'III‘.'.Y AP]t el ns f vvever att

ye.residue vvlth pyr ogl utarmg
'a/& 04 falled In contrast to &1

H%"E §

tS to renove

I Iength

$g§yﬁ i[le endogenous H . mfP?f’enzae si gnal

5§é Ntwas successful | y chaP¥cterized by

47 afrg H9E

HTeRrasiteBANANE found to cont ai nPEhe predi ct ed
(Ve@tﬁ”fﬂ”@@ Prd@2NTN | the signal peptPPase in E .
oo - &: é%9 &larehdavager ect position (B9, 5A)

56 bhrieNh 7E/ 3 uenced in a series of PR fferent
5415|aé'ﬂﬂtf’r‘1’|e[‘{?se @ éﬂ?éﬁr i ncl udi ng NTH andP®ncapsul at ed H
. influenzae 772 NT pos
476 H. influenzae 6-115 NT pos
481 H. influenzae 6-504 NT pos
482 H. influenzae 6-7702 NT pos
483 H. influenzae 82 10 23 NT pos
486 H. influenzae 6-121 NT pos
506 H. influenzae 6-6267 NT pos
540 H. influenzae D-26 NT pos
543 H. influenzae Buffalo 1479 NT pos
544 H. influenzae Buffalo C 7961 NT pos
64 H.i. 56-2934 000428 NT pos
69 H.i. 7-120/99 bronch NT pos
70 H.i. 7-161/99 bronch NT pos
66 H.i. $6-2952 000428 NT pos

105 H.i. RM 3655 NT pos




i nfluenzae (Table 1 ) . Interestingly, pE was

extraordinary conserved. Only a few am no acids were
woaooTosmsg at ed and these were nutated in nost BCTAEN®7/000034

followi ng a specific pattern (Fig. 6 and Table 2 )

.Table 2 . Point nutations in the p e gene in

di ff erent Haenophil us speci e$9when conpared to H .

tBhikuenpae Rd as reference strain a ) . Point nutation

[ Jutations (9% Nu ySe

Wﬁ gf .Cr‘f 36 'hctf]{";gusl Ala23 > Val 255 (16 %) 31
a4ipd, S TSI EB) % 31 Val28 > Met28.2 (6.5 %)
31, A 8312 L Tht : %) 31 Pro32 > VAL32 3 (9.7 %
) iR 4 6 %) 31 11e4l > Yal41 8 (26 %
) tig (10 %) 30 Arg76 > s7b2(7.7
% 'eqylpflc'dsz ) 01 O7 16 (62 %) 26|_§1°'53>G|u|53
| UL R A4 > Val 154 2 (15 %) 23 Prol onged
C N 4 B VKK stop (=Rd) PE%) 11 (85 %
)

SABEYXR g”% 1 é)) 13 a ) The pP8%gene was
i . influenzaePPype a (n=2),
, e (n=2), andPP®(n=3) |,

ASPYPUIC
)e fF?as |H|11<f3r zae bi ovar aegypt| Bﬁs (n 6) and
g : ala an NQ e \NTH
e I1¥6‘&2) Rd desi gnat es PPp .
i 1 (eheereolyticus 3IH6RA/8Di f f erent fragnent $oof p E can

el IHharmelyiesco®@Oo2B&E . coli Ei ght cDNPosequences
der3 ‘hbadmamiicysedIA0L6 | ength pE were cl opesl into
PR Ghhadmealpdcesxpt1e®ss®sld in E . coli. Reswpbging
Y . p@raleflger2ué Bidtesk DAKEIookel resins with affinity
fg1 M. shairdlhMeerizag Bidtfpedil Hk 23. The reconpi nant
58 59004 H.parainfl.biov.III
59 75834 H.parainfl.biov.III
60 78909 H.parainfl.biov.III
97 H. parainfluenzae 947172
98 H. parainfluenzae 59257/91
99 H. parainfluenzae 59004/91
100 H. parainfluenzae 977101
545 H.parainfluenzae Buffalo 3198 NT
75 H.somnus CCUG 37617

512 H. parasuis 9918

516 H. parasuis 99 19

527 H. parasuis EF 3712

524 H. paraphrophilus HK 319
525 H. paraphrophilus HK 415
517 H. paraphrophilus 12894

71 H.segnis CCUG 14834
526 H. aphrophilus HK 327
529 H. aphrophilus 11832 A
532 H. pleurapneumoniae EF 9917
61 39612 Eikenella corrodens
62 49064 Eikenella corrodens
63 959074 Eikenella corrodens
537 Actinobacillus actinomyc. HK 666
P.mult.78908/90

loleoBoloNeolleleoleNolNolNolloNeoNoNoNolloNoNoeNoNoelNolNolNe



proteins covered the entire mature pE protein product

and their individual |engths and positions were as
wdeonstosated in Fig. 8A and the purified prodBCTSE202000034

outlined in Fig. 8B.p Eis a crucial virulence factor

inrat acute otitis nedia (AOM To investigate the

role of pE as a virulence factoB8for NTH, rats were

chal l enged. i n e mddle ear_wt 0 9. NTHi , 3655

oo RSOty 5L skt nee S a % Ded N Pabbnt £ e SGESd by

I nt ef@stingly, a 100- to 1 , 000-fold nore of NTHi

3655 Dpe : r.agujqr [ .. tq | sim .

o comartl FHHY whadh R Dl KGR A SLE A Me 1y

cr uctaluRA Gl od £ dotlorortlol TINTHILS ricesn tAGME L gnE Were

Bi gyt d IABHNOGENI i f 1Bz Sefr ned-pap afion, T NeaAftE£ed pE

ant Io’ik')l%d |l evels in children and bl ood donors, ,

rec L NS WS i i3 1O EesiBlgs (Figine22 to

5B) lardi siegh iwe saarcdrld iSAicthe. m&selLN—ste)fijiallSA@rmlaase@ptide

of anti-hodi e ainst_ pE (LA re sho in Fig. 9.

Chi Ildlrcelﬁ“l?dlensi i_té}%ian"’m%l nrr('gn cg]ls& oc—fal Ugtg‘_’lem n\zgégb lde % ?Ca}blf % ﬁegné)ved and

and degA agrad neittipENA)l eadygG et ditedidos astbiteidopetak nine

1beveleys d du i d o e Al 5 3y 100 twrxge&e‘oxa%uiz'@m (Fig. 5A).
gr adua th

contrast, |IgA anti bodies I ncrease éWI '
i ncrigssi gt ethPhdes HiGhest des s tad et ectw i mB) . To
t he ot #i10-B0-Heeart g er g iHl.n e fddo it Qpesiulde corresponded
B- cel | ‘eitoPchS of g}pr tein are /mainly localized, at A
s Sur PR S & ot T GO 1B Hes PR ah HE (2)
pol ypepttides Wit et hicosl aterde TombiNTE8t: 2Istwalctarral ysed by
rediti ' i.Cc redi.gt | e
1B S P A LR G 2o (0P g prove. 2s
pr oY firro i iR i 3P +J driess | SRyQuali n 3B to | RF (Por eeitdrsist1cantly

G oS ol oal sgemen Sarmy s misismore
ri e ! . e anti geni
cal G Gl OIS BAbi% HOLhEHEChGE dBSaq el dyn to 0.01

Jamesiaranbdb\Wiie (IGABIQS Atl8krukB6 HiA88IE)).. The
2§ TEL U SO A OSANATR NS LIS goc ascer
An a@emirgeatiicon mfexhef m@irfigratd g mghadwfe s decribed in
Con%@gjjlv%r?'ﬁa'%ﬂgldsanvé@%ﬁé‘%sa,s ttHH eﬁ{]ﬂl—%ﬂ r}arhﬂeserum was
purified on a column consisting of a calculated immuno-
dominant peptide (amino acids pE41-68). The resulting an-
25 tibodies clearly detected pE both at the bacterial sur-
face (Fig. 2C) and in Western blots (not shown).
The DNA sequence of the protein e gene and the open
reading frame
The DNA and amino acid sequence of pE1-160 from the
30 strain NTHi 772 is outlined in Fig. 6. The open reading
frame (ORF) is 160 amino acids long and the predicted
signal peptide has a length of 20 amino acids. Computer
analysis suggested that the signal peptidase recognizes
the amino acid residues alaninel8 to lysine22 and cleaves
35 between residues isoleucine20 and glutamine2l (38). In
parallel, the HID hydropathy profile (39) shows that pE



program Peptides conprising good, potential B-cel

epitopes are listed in table 3 . These can be usef ul
wopo@iossabl y conj ugated or reconbi nantly j oi NneBCT/SE2007/000034

al arger protein) in a vaccine conposition for the

preven tion of ntH infections, as could simlar

pepti des com pri sing conservatif®e mutations

(prﬁésrQbh¥dzgp?§gic8§l%8§1 $Q?Q£déoow%é9895'EﬁE Lest of the

t he sequences O runcat es COlTpl'ISI
or WBtecpeegisemainly Bydrophiipc {i9127)15, 20 or

25) am n@oaghdaetaﬂe&é@@&:z@in@mﬁw%9@§a305@15t§w§eecleavage
0O acC

P bre o FarRThARabhauby  LRSUEAnPE deat, ShpS ket rd FoeBdman
EtondegtadétponteHnwEVéSECthé)aﬁlnd bermatat abnd of the pE

i 0, Tab
ol SR R P e b Bt oo
cann@t ent fan thﬁﬁn’éﬂé@-‘p@n@@ul@ behbBataghensirsheamino
projeia ﬁé@ohygg?EPgﬁtaﬂipl§e§ldugoé§n%k§b1§u§§§ldescrlbed

epl topes from or_natur al onol ogues

t heFebf §h Po@itFéﬁagéﬁﬁéﬁée 982 GAREND 21 RRYKERDS 2111) -
1 0QKAQEMBY 22, cgwﬁﬁhgt59t5»£§ﬁ£x§2tﬁfgﬁawéasyag £86idue with

RTDFYDEF 106 RTDFYDEF KH, 13
Q RIPEYDEFVCED, 106, URTDEDEEVE 173, APKKOOL 98, &0 cuna
out kengehbpBhel pPot ha PEtesmangt useabenceufencel (3) (pE22-
fact 88) fQEa%”t%cdeHﬁgddﬁﬁ%%eﬁéu@'Eh'anﬂﬂ&ﬂ?%%”é£gh91

a de I ned atron an IS a very s
vacE?ﬁ%l@%né dat eot orvas varfeeys belhungharacterized by Edman

15di s&@@.weédg%@i@ﬁ ens8srdund RI@NcoM a1 M thé\kﬂsﬁwﬂbﬂed Avector
G ubb, and . Fors 199 Protein D o
T arEeer b F aenohs S oh P oL Ters ot Sufr { gebi cleaved

prodei thav tbrag¢ttnpvyitoonhupagm. 1§ .J . | nmunol .
145:3379Protein E was sequenced in a series of different
Haemophilus species including NTHi and encapsulated H.

20 influenzae (Table 1). Interestingly, pE was extraordinary
conserved. Only a few amino acids were point mutated and
these were mutated in most strains following a specific
pattern (Fig. 6 and Table 2).

25
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2 . Janson, H, L.-O Heden, A. Gubb, M. Ruan, and
A . Forsgren. 1991. Protein D, an immunogl obulin

wOri7vde03g protei n of Haenophilius influenzae: PCI/SE2009000034

nucl eoti de sequence, and expression in Escherichia

coIi. Infect | mun. 59: 119823 . Janson, H, A.
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% é and Fo S ?e oA . (1978) Many batcteri al
ogen QZ man bl ood | ynph gtes.
% g&unol (02491354, 8 . cCalvert?®) . E .
Lgﬁ Fo éP& 19d6) “®haracte ristics of3 human B
AdglPd re §6H§|ve to t %5 D?ndependent n1togéH3

41 [a)
pvj

Bramtrametta catarrhat—s—tmunotogy—58—3+4%
Predogoed, CAterpaped, A, Schlossman, S .F . and
(Pegdra Fa)F . (1988) Branhanella catarrhalis

Fynphocytes—fottowng—nteracti+ons
SWDKK supbageRgD“and1cl as5 ¢) maj or hi stoconpati bility
SvOREERR ambbgens. Celkislgmunol . 112, 78-88.1310.
Sasaki, K. and Munson Jr., R .S . (1993) Protein D of
—Haempphilus influenzae is not a universal

E g t§ﬁ§ or 5? b p (n=1), e
Xd % 3), NTH1 (n= 8) H. influenzae biovar
aegypticus (n=6) and H. aegypticus (n=5), using flanking

primers.
b) NTHi 772 (Sequence ID No:1l)
c) Rd designates H. influenzae strain Rd.

aégnan gl ghyki pab bge@uegceaoa _ené gfsﬁ_en_ta;&eldmﬁ'm 61,

Different fragments of pE can easily be produced in E.
coli

Eight cDNA sequences derived from the full length pE
were cloned into pET26b(+) and expressed in E. coli.
Resulting proteins were purified on nickel resins with
affinity for histidine tags (Fig. 8). The recombinant
proteins covered the entire mature pE protein product and
their individual lengths and positions were as demonstra-—
ted in Fig. 8A and the purified products are outlined in
Fig. 8B.
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Boguth, W. Weiss. 1999. Recent devel opnents in

t wo- di nensi onal gel el ect rophoré&sis with i nmobilized

H di ent d d| ents u H 12, Ion
oot ot et Siree S R o pz.ﬂE 9% ¢eitis

El emtafctmatm(m\ﬂ)s 20 712. 13 Ber ns, . and C. A.
Thonas QQE n c . wei aht
DNA fron1ﬁ5eno H |nfkﬁ%ﬁ§%é C%hp a% %B@%f%ﬁéﬁke factor

11 475, NI O ale Qe shalllenged in Whe Riddllacoiss; with 10°
5 Ato DaghRly, 355 Rpe Bkt%Hbeco§9@sBond§H5tW§§d %&ge NTHi

1985, g)l ecul ar_anal ysi s of and construction

genc?rﬁ itrr iYs dft Wﬂ‘-@fﬁ'urﬁ P Sado 3 @a‘%ﬁeﬁ‘ql&l more
1Gif NMHIB365H5A§Q(Naﬁﬂﬁﬁﬁﬂlrda 1d30rdﬂr ﬂB 1ﬁMﬁﬁﬁia

0 - SMstey @OM s cgn} afroe\r%{ tag theTgvr%bl %ype bacterlum Thus,

Ker I"avage,
Dougﬂerltsy a J:ruCMal Immulcelnceetfaaitorl%ﬂ NMbJ—arqhmmie AOM.

1??111? uenzae SCI ence |9é7 1?%@@#@—][&“%

Engel br edift MG SUIBr GAGK.D Oééﬁd l@vel@oﬁnHéaqlrl@lrem@md blood
| dertdrigeat |1f§&:cﬁcfb1@1raQJ&3rp)eqP1 C walRd pRukariet iteowl analcol i

t di ctjon of |r cl avae ites.
b bt G S R G 20 Bl S pEE § RE FBISA-
DoolalmaﬂjyesesmﬁZanAmdeees m@tali@@tf@rﬂ smr@ylsmg;mhein Fig. 9.
51‘ rc%@tdl‘fgu C.L%aarsactthg | Ry E;'f” ﬁj dfha%) e B9l rie 196 and
Tr adgPorRgatiingt (ﬁE Héerrd@ﬁi lawe: Libeidigen sheweretiesds levels in
Ml chVBGrefl oF7 -5/ Qo190 HUSSA Bf Mgye Kin %%H@%ésﬂ: gA anti-

\Von Elff J . Schrenzel, G_.. Peters, and . Herrma
20000 €s paGIEassd BFEUEd) Y. GEEs- Gﬁ%e@EAFWBaEe 3rd the
ur hacheatpasadicpr aleaicn detictrdcdn beedaeced d-year age

h| | us influenzae, having an am no acid sequence
gte)SCIp ‘bed in Sequence ID No. 1, or a fragnent,
honﬂs@@d Hajrtetdesnal equi val ent, derivati ve,

degener atr@ 0f - Q%qqoé?h%Bb%@ o%ub pBQB%E ANk mainly

gl ycosyl.ati on produc
localized at its surface. To predict B-cell epitopes of
protein E polypeptides two methods were combined: 2D-

25  structure prediction and antigenic index prediction. The
2D-structure prediction was made using the PSIPRED program
(from David Jones, Brunel Bioinformatics Group, Dept.
Biological Sciences, Brunel University, Uxbridge UBS8 3PH,
UK) . The antigenic index was calculated on the basis of

30 the method described by Jameson and Wolf (CABIOS 4:181-
186 [1988]). The parameters used in this program are the
antigenic index and the minimal length for an antigenic
peptide. An antigenic index of 0.9 for a minimum of 5
consecutive amino acids was used as threshold in the

35 program. Peptides comprising good, potential B-cell
epitopes are listed in table 3. These can be useful

(preferably conjugated or recombinantly joined to a



or other secondary processing product thereof. 2 . An

i mmunogeni ¢ fragnent of the surface exposed protein
weaccewrods3g to claiml , which fragnent can be #eTsSER®A000034

i n Haenmophi lius influenzae, V>r naturally occurring or

artificially nodified variants thereof. 3 . A

reconbinant innunogenic protein8based on the protein

of | ai m gp g anm no acj si%ionté to _
r%&&ué’ﬁ@ B Noln f‘ F(Q\?&lﬁgeﬁoa“é’lo&%&o& PéplaCed oVEn
by arieno fimtd iadinfe cadiots., 4.s Aomédowbmnaaw peptides com-
| ITUAQaTnle BLALEL AGLORHAG 10 Ol DD o RR) N e o,

0 acids 1n position

beer95rre[9I9a@éfd 1&9;@ %a isleqidsed 6o @hteO s2HuspCieen &It é;mbril@ 3) or
@C'@§un@ateé %%&@EQ%&%@tS'%EUB%Q%n'% O%EIW agcording, 11,
to claim.3 havi ng an am no aci uence
acc&@dlﬁé'tgoséﬁugﬁde nﬂoafldsthﬁr?Fgﬁ Q, extensions
honmaloague,s ihgnet.i gnall ,eqyi B3l ént 1 Odetirtatkirv@mino acids at N-
dege% raEecoEeQ¥S aﬁyl tlonf %%Iph%ng H%nf%om the native
glycosy ation roduct or Sother "Se&oh ary processing
pro@@@temﬁeDéopr06elnAEpd§E©déDhﬁ@ln@ anr aditng adcibgmologues
§GQ%%%§QCQC%QVQM%%ntqns%%%q%CQ LBRNR) Po1 lep?ide which

ragnment, honol o% functi onal eqU|va en
der w&ﬁﬁ\rére ddgErdreattd Vor SRy doBRy MaLCEN Cagy edfiGridt iggn immune
or Gl¥oesleatinOR PIRAUGIHahset ke peceRdar ¥ R ithgle .
product thereof. 7 . A peptide having an am no aci
sequence according to Sequence ID No. 4 , or a
fra@mbme 3hom@k@@maalf@n@@ﬂdn&pia@@bwaﬁemm,SEQ ID NO:1 (or
gerlg% hgﬁgﬁ% oxylation, sul phonati on

nl cos ation uct or o her secondary processing

product thereof . A peptide haV|ng an am no acid
sequence accordln% .t Q Sequence Ig% 5 or a
fragnent, honnlogue(¥hnct|onal equt v ent derivati ve,
degenerate or hyddoxyl ati on, sMQﬂﬁﬁQﬁDon or
gl ycosylation preduct or other sgeafdaly processing
product thereof. @g . A peptide having an am no acid
sequence accordi g to Sequence IIFANE | or a
fragnent, honol ogue, functional gawora ent,
derivati ve, degeggrate or hydrcnﬁﬁégﬂdmm sul phonati on

or glycosyl ati on~product or
PEPKRYARSVRQ
106 QIRTDEYDEFWGQG
106 QVRTDEFYDEFWGQG
123 APKKQKKH
136 PDTTL

Conclusions

The surface exposed Haemophilus outer membrane
20 protein pE is a crucial virulence factor for NTHi-induced
AOM, 1s highly immunogenic in a defined population and
thus is a very suitable vaccine candidate for a variety

of human diseases.



ot her secondary processing product thereof. 10. A

pepti de having an am no acid sequence according to
weeqrases3| D No. 7 , or a fragment, honol ogue, PCT/SE2007/000034

functi onal equivalent, derivative, degenerate or

hydr oxyl ati on, sul phonation or glycosyl ation product

or other secondary processing pBeduct thereof. 11. A

peptéedierhavi ng an am no acid sequence according to

Seq 8 , or a fragment, honol ogue,

functiondl. épdanalMent \M.deérkhatinde;, degéherdt,e aord A.

hydr {.on, phonatd 4 r. gl j

or ot eérgagséerg'o nl ary pr oceéslgl{] nLg Op]? o%éngé’;%fﬂ%irzg%fﬂﬁgﬁ§%ae. A

pepthaiee hdva Hee i lans Wol e drdfienoel tde edrfdimigh ¥ ofor human

Sequefse D Mlwufbl. o4 $5Agment, honol ogue,
functi ongi equi val ent, derivative, degenerate or
i

hydr oxy! NSG0pHomath 61 ot siSrodyl S5UER prbdfian, and
or tt.heforsepondarl I ocessidi [@,0G¢uC tinnhiereifobdlldin A-binding

pept | aVi 1,00, aci d. sequence according to .
Seq erﬁogceé]]%%.%ﬁpe&?%}?llal sralgnrrlin ?n%aoemlcggoﬁle%ngg’ nucleotide
f unctd Bredlceaqunlesty e hardry aitrl Vis cliegierisiaate . Infect.

1hydrgxmiat iog, ; sl phonation or glycosylation product
or other secondary processi ng product thereof. 14. Use

of at |east G B ottein B f 1 &r- PERTIEE Soordichd: -
todaw e rof 1@9ﬁ|.na;rbtﬁrf @, the rpadpiidshfidster
medi_canent f.or .the prao Is or, treatnent of an |,
i QB oo 5 U gyt PR A o T AR e
i nf edifiion tiys fcausedhdry idaemsyiidius imfll,uemfdemenifes Wserulence
130CING 10 F1: A Ingher gl Adde HRRIPPIN, 1S g
Influenzae is encapsul ated or non-typable. 17. e
accor di nd -t Ja@spnonédl -of ol &iars én4- 86, CawirheA. Forsgren, A.
Pr opRY raxivg Rfu ddcatients ofr, i0fddd %y, Media.r SiFihAl S oo,
I ovw%{fsfre iratory tract .infections in children and ,
adul S TG (O 6 L FEBTTS (Bt e B eLn D-producing
pul AR cdipgeaie 1GOOI typEablA MR RIMtu £ Al fdiMhe in
t | qQt.ei,n, fra t_or peptide according to
Zgny n%%éotp(g)?al}gzlrp er?sl ]‘_c_ uaeng:qlg'nl%élrgrs'nﬁ}r)'e qufecct. lfjls. 1590.737.
phar maceut-i éaldey,; adcept-ablle ddjnseant 8. Felisgires, K.
excipRic@ifedk DIZRT. S p LA ITS o s RSEN Wa IWMBHotes the
adherence and internalization of non-typeable Haemophilus
influenzae into human monocytic cells. Microb. Pathog.
25 31:151.

6. Forsgren, A. and Grubb, A. (1979) Many bacterial
species bind human IgD. J. Immunol. 122, 1468-1472.

7. Banck, G. and Forsgren, A. (1978) Many bacterial
species are mitogenic for human blood lymphocytes. Scand.

30 J. Immunol. 8, 347-354,

8. Calvert, J.E. and Calogeres, A. (1986) Characte-
ristics of human B cells responsive to the T-independent
mitogen Branhamella catarrhalis. Immunology 58, 37-41.

9. Forsgren, A., Penta, A., Schlossman, S.F. and

35 Tedder, T.F. (1988) Branhamella catarrhalis activates
human B lymphocytes following interactions with surface



buf feri ng agents, emulsifying agents, wetting agents,

or transfection facilitating conpounds. 19. A vaccine
woaogasssB on conpri sing at | east one protein, PCRGRBIOI/000034

or peptide according to any one of clainms 1-13. 20. A

vacci ne conposition according to claim 19, conprising

at least one di-, tri- or nulti®ér of a protein

fra ty cco lo an f c
e R e e R T
or mti@ﬁrtﬂﬂerceﬂdnprlmmbnétb?ﬁ rﬁc&-@&)har maceutl cally
accept ablig) adjumant s,k VQJ}L EhRPrs XGPS, by ]] i f ’Proteln D

carri ers, pr eservatl ves ufferl ng agents
agerftfs, Hagiqa gl byt Sl uenzag aln%ffé?ﬁ: |aoﬁ1rfléfﬁ1135t1at i ng

50m®cumﬁog1c2c&1ﬁl VRAEH A1 e At diiron IBecstdl Nbnkith ansr,

oneqq){<Fe _%{? 19-21, conprising at |east one further
vacc ‘A vacci ne conposition according to any

one of clidi nﬁ‘o]:ﬁ}g&n,cd&rpr M| maart | umsgarargepiort, i an
1%5 %553 NA‘ \f/ﬂ)clcri aorﬂ)o% e's%réck 2001.
accor I ng

’V\,h erein’t’he |rmunogen| C pdrtion

of Mml%lml@a@@ﬂr@@mﬁmqﬂ@ grotgd IgD-binding

100MYyricH dich RnodneinR2.ef1 1 . cdidtMenzae, M Ofunor. 167:2112.
Mor axel | cat arrhalls UspAl or UspA2 of Moraxella

cat arr hali SutrerC mARSTERE Frotei B tEny W. Weiss.
r espioosd oraederraxztdqaﬁdlru;g@mtszan A&Ml@d&lsﬁ(‘drﬁhl gel

e n odi hg a pr.atein, .f.ragne ept |
ch%ﬁ%& 56" ANy ohé ocfl MR ngéﬁé)éo\ﬁetlpaido ?dcs wide pH
honmr@giﬁwtqoolwrmmﬁslr% Itegene s#pes anicd s plisemnces and

1yariant lﬂﬂﬁ&f%ﬁoé@%uf%ge hdWE £ & A0)

sequence conprising a nucl ei'c aci d sequence accordlng

to clai m?5, Bifinéh iKs flusedc & -ath-| g@ﬂna@noﬁﬁer Igérbe.
27 1A IREYH (?Oﬂlﬁ]ﬂ%lmralrs|?&Wﬁ'&&@'%emophllus

sequen accor o, cl 25 or 28. A non hunan
host™" g at ezastBald’rrle]e piEsHi% according to

claim 27 1dnd CapabiCe rafi spr,oduciEng ,aWpr @&.eidrcdisggnenta,

20" RRRddds Acqor & ngitonany ang ¥, JaAiE LBy 195,
Molecular analysis of DNA and construction of genomic
libraries of Mycobacterium leprae. J Bacteriol. 161:1093.

15. Fleischmann, R. D., M. D. Adams, Q. White, R. A.
Clayton, E. F. Kirkness, A. R. Kerlavage, C. J. Bult, J.

25 F. Tomb, B. A. Dougherty, J. M. Merrick, et al. 1995.
Whole-genome random sequencing and assembly of
Haemophilus influenzae Rd. Science 269:496.

16. Nielsen, H., J. Engelbrecht, S. Brunak, and G.
von Heijne. 1997. Identification of prokaryotic and

30 eukaryotic signal peptides and prediction of their
cleavage sites. Protein Engineering 10: 1.

17. Kyte, J. and R. F. Doolittle. 1982. A simple
method for displaying the hydropathic character of a
protein. J. Mol. Biol. 157:105.

35 18. Poje, G., and J. R. Redfield. 2003.
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whi ch host is chosen anbng bacteria, yeast and pl ants.
29. A host according to claim2 8 which is E . coli
wGBQ007A8§0331 on protein or pol ypeptide, in whi chPar/SE2007/000034
protein, fragnment or peptide according to any one of
clainms 1-13 is conbined wth at | east another protein
by the use of a reconbi nant nucBeéic acid sequence
accordin to cIa|n126 31., A_fusiaon pr eln a or ng
ool ai miSo. HREIE o s gk BEpRegy Koi VPRoFTar ad
proﬁ@hmenhedgnéhtEaﬁegsptmma‘abcdﬁdwm@nmo aﬂﬁlomé dacteriol.
clau@% %3é367%% Arefgusion product, in which a protein,
fragnent pept i e accordlng to any one of clains
1-13 is covalently, or by any other neans, bound to a
prptein, carbohydrate or matrix. 33. A medi cament
according to claim 18 or a vacci ne conposition
according to any one of clainms 19-24 conprising a
fusion protein or polypeptide according to clai m 30,
or a fusion product according to claim31l. 34. A
met hod of isolation of a protein, fragnment or peptide
according to any one of clainms 1-13, said nethod
conprising the steps: a ) grow ng Haenophil us
i nfluenzae or E . coli conprising the DNA coding for
said protein, fragnment or peptide, harvesting the
bacteria and isol ati ng outer nenbranes or inclusion
bodies; b ) solubilizing the inclusion bodies with a
strong solvatising agent;c ) adding a renaturating
agent; and d ) dialyzing the resulting suspension
agai nst a buffer with a pH of from8 to 10. 35. A
met hod according to claim 34, wherein the solvalising
agent is guani di um hydrochl oride. 36. A nethod
according to claim34 or 35, wherein the renaturating
agent is arginin. 37. A method of preventing or
treating an infection in an individual conprising
adm ni stering a pharmaceutically effective anount of a
nmedi canent according to claim 18 or a vaccine
conposi tion according



to any one of clainms 19-23. 38. An isolated

pol ypepti de conprising an am no acid sequence which
wboaseo7a4dseast 85% i dentity to the ami no aci d sequUSE2®7/000034

of SEQ ID NO:| over the entire length of SEQ ID NO:I.

39. An isol ated polypeptide as clainmed in claim38 in

whi ch the ami no acid sequence h88 at |east 95%

identity to the am no acid segﬁgﬁﬁslof SEQ I D NO: |

40. The pol ypepti de as clai ne

aim 38 conpri sing

the am na. a@i@usé@@eneap@%eSEQrbDem@;1wh4bh Aan be detected

AR 00 o, P ern

. | aclés dgssirgrad g@ptﬁe&ele@@m rIcD dei-dd ,1020p. 4R IMERE,

pol weRRhide Of iRt 104t vahenei N SEQvLR NG, Leldserate

Thr

instead of |ie at p03|t|on 20. 44. The polype tide

of QrailETARVAR tltrdeisH §E©n|ar§lﬂé of H&é’%&ly%al%to@a@roduc’c
of Alra ottheposicdoemlady. pé‘@ce“é@en@owwmbltdah@fre@fal ms

40- 44 mh re|n S

ad of L

%&#ﬁ 1 n % s e ex osed
posi tion 24 46 ggﬁglfpgﬁéﬁgg Sf Cl &f'fvs 26 P
whemewmeiﬁQdd©dﬂ§lnH hascwbunldstwadCGffVaUmmnt can be

0 7
1%:?5:%%’8%% 4 g lYI% ptl

(f%l Al %%a%%;c%ﬁcally

|ns ea

posptq%lﬁr&Ilg 498? a‘Fﬁéfr}&l)@éép(t el ige gl éran“cé-am-smthereof

wher ei n SEQal @eN@mblnB@% Y@inuh@%bﬁ@@ Qﬁ:dtle@na'based on the
p05|t| n, 410&9 The ptlde f clains 4Q-

wheP&id

ey o PR i PEad VAt e 10 position 1

posittd an éf ﬂaﬁueﬁh@ nﬁiwpepﬂlﬁavefbebalm@lé&e@QOr replaced

1$heEg) 0. SEQ QNG cfibas Lysd nstead of Arg a

olypeptlde of clains 40-50

wher ei n $EQAI DeN@ﬂblnlﬁl@§ Vamungseaad ptoltieanggccording to

POSict1izQfm §O7wh%%el£h%h%°%%E9@¢b@%d@f1%'%b@&tﬁ%n5ﬁ 21 of
wherein SEQ I.D NO és i nst ead Ay

posiSEIBE s TD5 80 THehﬁﬁ

@5Pl§§p&?C€Pansa4@eg§ence of 0

where 21SERtLRNND ahihas a¥akbsi.nst ead of Al a at

2%‘35

h | d f cl
i n SEQH BRETPE ARG YRECHHC 6 Chto SEERgeLng t0

sequdnader SeprAlda Peyiag ians a@iner micids sequence according to

25

30

35

Sequence ID No 2, or a fragment, homologue, functional
equivalent, derivative, degenerate or hydroxylation,
sulphonation or glycosylation product or other secondary
processing product thereof.

6. A peptide having an amino acid sequence according
to Sequence ID Neo. 3, or a fragment, homologue,
functional equivalent, derivative, degenerate or
hydroxylation, sulphonation or glycosylation product or
other secondary processing product thereof.

7. A peptide having an amino acid sequence according
to Sequence ID No. 4, or a fragment, homologue,
functional equivalent, derivative, degenerate or
hydroxylation, sulphonation or glycosylation product or
other secondary processing product thereof.

8. A peptide having an amino acid sequence according

to Sequence ID No. 5, or a fragment, homologue,



55. The pol ypeptide of clains 40-54 wherein SEQ | D NO

1 has Val instead of Pro at position 32. 56. The
woabypegisd de of cl ai ns 40-55 wherein SEQ | D NOPCT/SEB287/000034

Ala instead of Pro at position 32. 57 . An inmrunogenic

fragnment conprising an am no aci d sequence havi ng at

| east 15 contiguous ami no aci ds8from the ami no acid

f h
o ALHBEE4 358 DR PR D rene e P ha L8 e APy CHREA Bl ed
to aydabmyéaﬁlpa capdphenef ivai srnglagoisydate onepgodset or
Wh'%Qhe§ngE'§%§r thBE%¥B§gb'g§oaﬁc§E@hEQe 1 (or

t he "pol'ypept respectively) , or is
capable gt Blﬁépﬁ@dﬁuﬁaﬁngDaHSSmln% pelgpepaiugacsr agrording

3 MMERogeRLentcadm Rt .a%,chai Bedrhgmany , Ohotbaiod®e38 t o

58 wherein s |%€% %&gegglde or. s id i no ené%

T agHBREiPEads rgBF T UerdRepr GESHCIE6S AR
|soh@ae@xgmb¢ﬁmaleeh&@hoaacddnngragmgbpﬁgphtd@nopr@duct or
ggﬂ%@%%enggc%r ng ro%e%sghgegraguégyt% %IWB 38 to

“ARCCSO! pol-yn e Eonpri sing ‘a
nucl eot i d€.séqpeptédenbediing anpehypepeicdd skavehss at

1éea%Ec%§%ih%e%b'%%qh%n%@el@”NBo qc'géf%Q%ﬁéﬁﬁe%E ,SE@mologue,

ove he entire |l ength of
anudlestiigeade GIERYE 1| ERERTAINY TR0 SRITGNELSIS: &F

pol yRdeloeqt bag on, 6bul@hoh&@h@he@rpghy@@@weatu@a product or

COMpLLS a nucl eot | uence t.ha S east 85%
GoPEE Ry 86 S AT eS8 e ade RE8 eREod R SR
polypeptﬂde af pEEQLHD Navingven thénentichd G@QMche

5695%% Q%C%%%Peg%esg%uﬁgce8cog?a?ngggﬁﬁ%nko %%%%logue,

|solate nucle
poIi@@@ﬁé@ﬂﬁdeewwﬂ@ﬁl@@#prd@éévétﬁﬁéhe@ﬁ@@@e§@§§eﬁ@e

wWhi gy ghax btﬁ%%sts%ﬁ%hb@%ﬁﬁbhyo&ogqﬁgps?ﬁagﬁgn|@ﬂ&auct or

11 over the entire | ength or a
nuclPEErd§ S E8GEEHEe PES |Séﬁ@ﬁt Q%’dflﬁts at.h&re&ﬁ -at ed
pol ynucl eati depebdideTheviagl ahedmpobyautkestiqienas

2R AL OR8 HELATE B9 2 B2 0 MR nomoogue,
functional equivalent, derivative, degenerate or
hydroxylation, sulphonation or glycosylation product or
other secondary processing product thereof.
13. A peptide having an amino acid sequence
25 according to Sequence ID No. 10, or a fragment,
homologue, functional equivalent, derivative, degenerate
or hydroxylation, sulphonation or glycocsylation product
or other secondary processing product thereof.
14. Use of at least one protein, fragment or peptide
30 according to any one of claims 1-13 for the manufacturing
of a medicament for the prophylaxis or treatment of an
infection.
15. Use according to claim 14, wherein the infection
is caused by Haemophilus influenzae.
35 16. Use according to claim 15, wherein the Haemophi-

lus influenzae is encapsulated or non-typable.



64 . An isolated polynucl eotide conprising a

nucl eoti de sequence encodi ng the pol ypeptide of SEQ ID
woOlRn@z/08ers3t he | mmunogeni ¢ fragnment of cl ai m 57ror/sSE8107/000034

65. An isol ated pol ynucl eoti de conprising the

pol ynucl eotide of SEQ ID NGO 11. 66. An isolated

pol ynucl eoti de conprising a nuclP@otide sequence

encodi ng {t-he ol yaq;%@lléjlﬁlgo S%%}J R N0 e th.%!:l%{s a;ltbd e.L6by for

screeni ng an- appropria under
hybrilth 2ty keshd tqrorrsrammemt Ioa%eifédllpﬂ @tﬁeillrmwﬂﬂgluSltlS

t he sequance ﬁgsﬁﬁgaﬂé}f«grégk‘Hhﬁééﬂfﬂﬂgﬂﬁ tder&¥en and

61 . expressi on vector or reconbi nant live
ni crad@ﬁtﬂgrasn SERP & 9 §61]%ﬁr’éd3 PR YHYQtests guilmonary
accatiiergd o(@Bplone of clainms 59-66. 68. A

reconbi nant I| e croQr anlsn1conpr| n .
expr essi g‘% vec;{nor “aCCor di g EG 1EHAm a%7|1%6a97t Rifodtrotein,
cel [fragmmritsian Etemé:lekprmmrmed:toomwf cgleaiofi GZlaims 1-13

70. AJRIHY ae Rird b Nailcdiftile 465U NG 19 1 ac"td;u@%nts,
expressing an isol at'ed pol ypeptide conprising an
aci & deqiéifoe PIAP AL St }qlé‘égetr%S%alréérﬁﬂstry areepwatives,

1@m mﬁlfmérdrﬁ;ecﬁ@%’iﬁ% 01;‘en§éﬁ@l|f@l|}‘@1 lag&ht ) R?e‘%‘%%%ﬁg Ia‘%;refnts, or
rogqugi a .po t,i r,_an i munogeni ¢ fragment o
gla% Q§%% %%gg; %%% I FCIECHG %5 ‘host cel | of
cIa|n169l@nd@rveamdnb @mmp@mﬁtuomenbmbmﬂsuhq at least one
pro %tt'ecl'?l Of ?H%n@.m&{tp%%gtp%]eo%c%%l gi 1 no g/l Cone of

fragment and re overi ng olypept rom t
cul tdedmsedidd- 72. A process for expressing a

1pol ynucl eot,i de vaf-cany Q%%p%%1%&%h”5c@%r@§n%oqgrbﬁbﬁ% 19,
t r ansfornin an expressi on vect or

a host
G i@a&ﬁe Be %rd FERYN @l dtitdeerand a
cuI mfoutregnsaufd:al@mmtceiﬂ peptedeC @reoridony $uf Gbingl @fe of
for ég%&Sﬁl Y of any one of said pol ynucl eotides .
vacci'ne “conposi tion conprising an effective
anDunt oflt.hé w@bypegtw@mposlthenlanunmgengctbragaém119 or

2®f any Qﬂ%t%%rcb%h5§l%l% 8n§80§nﬁo§epgﬁ QEEQQBEQ%EEﬁy
acceptable exci pi ent .
acceptable adjuvants, vehicles, excipients, binders,

carriers, preservatives, buffering agents, emulsifying
agents, wetting agents, or transfection facilitating
compounds.

25 22. A vaccine composition according to any one of
claims 19-21, comprising at least one further vaccine.

23. A vaccine composition according to any one of
claims 19-22, comprising an immunogenic portion of
another molecule.

30 24. A vaccine composition according to claim 23,
wherein the immunogenic portion of another molecule is
chosen from the group comprising Protein D of H.
influenzae, MID of Moraxella catarrhalis, UspAl or UspA2
of Moraxella catarrhalis, and outer membrane protein of

35 any respiratory tract pathogen.

25. A nucleic acid sequence encoding a protein,

fragment or peptide according to any one of claims 1-13,



74. A vaccine conposition conprising an effective

anount of the pol ynucl eotide of any one of clains 59
woao@®sa3sl a pharmaceutical ly accept abl e exci pPemSE2005000034

The vacci ne conposition according to either one of

claims 73 or 74 wherein said conposition conprises at

| east one ot her Haenophil us |nfﬁéenzae antigen. 76. An

anti_bod gener ted |nst t epti de, or

[ mnfr?ody Hitc ¥ rg'm%o ueSdl &1 E@’gp r%%“ o’néjle enﬁratr?ss and

38 tspl58ie ‘N‘arwm hHodwewfofdi agnosi ng a Haenophi | us

i nfluenz ' '?%f %ddﬂ{blmrrfu%'l%g.d %%Wd fs3é'qp nte é:oimr%vrising a

pol ypeptide or "an I nmunogeni c fragment as claimed I, _
any ToHeL C @i dres FBIRNBB 2 BIOTEH Tenti D Gthp ith et which 1s
BSi fHﬂH&:SFtQﬁlafﬂ CleszJt saidtHeal yeeptli de, present within

a bi ol ogi sanpl e om an ani mal__suspected of _havin
Such an iAfredt trsTisl Uk Photn SRRt GO My 1
an isaamrmiamglamtdgdlefgem iolea iamAintorof2@ pol ypepti de

or an ig?*énog%'}{o% t{]ﬁw% sef:s’tI (r)r%r'l?qn'gn g:nYLe% & %ffnoe plasmid

cl ai ns I'n the preépara cament

use dacggshieratinglain murad eaperde iaf arehiaiglg B protein,

%eﬂﬁﬁéﬁm%W%ﬁﬁ&Q&ﬁﬁﬁif&d@WWHé%ﬂ%kwm 1-13,
effective anmpunt of a ynucl eotide as clained ip any

one "B & JiGRE 56 Gglqsnert r?énoﬁlrge ST rofY 2 Sre AtCh R tS -

for use i2p.generaiy rE:@Tdingne ro&&ﬂan% iwhiah ad ml coli.
. 80. A ther S|t|on usef u reatin
humans vm%h %‘agu#os i lfsr}p Or‘lrzge(?L |peé)atsle edon'prl“glllncé1 a
at Ipeasteione amdnrody ali ﬁmtediaa@aqqmdm mnlaynemnaj@f
187 idnagenics fragment; Qg &gﬂ*’%@% Aﬁ@t%m by

phar maceuti cal excipient. NCE LI STI NG <110>
For §grerisd of 12 merem@ﬁl&c@%@p@se@ﬂmce according
Haemphilaus, igd | uenzae protein (protein E ; pE) <130>

3%2222%g6fig%2;%%ﬁ;%F%irﬁ%ﬂ%?gééaﬁﬁfﬁé”%33éﬁalnl%o, which is

a di-, tri or multimer of a protein, fragment or peptide

20 according to any one of claims 1-13.

32. A fusion product, in which a protein, fragment
or peptide according to any one of claims 1-13 is
covalently, or by any other means, bound to a protein,
carbohydrate or matrix.

25 33. A medicament according to claim 18 or a vaccine
composition according to any one of claims 19-24
comprising a fusion protein or polypeptide according to
claim 30, or a fusion product according to claim 31.

34. A method of isolation of a protein, fragment or

30 peptide according to any one of claims 1-13, 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

35 membranes or inclusion bodies;

b) solubilizing the inclusion bodies with a strong

solvatising agent;



<213> Haenophi | us influenzae CpE) <400> 1 Met Lys Lys

Il i el i e Leu Thr Leu Ser Leu Gy Leu Leu Thr Al a
wOoper7hssi0 15 ser Ala G n | i e G n Lys A aPCYSE£H07/000034

Asn Asp val Lys Leu Ala Pro 20 2 5 30 Pro Thr Asp Val

Arg ser Ay Tyr lie Arg Leu Val Lys Asn Val Asn 35 40

45 Tyr Tyr lie Asp Ser du ser®?ie Trp Val Asp Asn G n

GQu Pro 5.6 S | a Val Val
Asn Leu 2Lgd§?ng gﬁéh%¥¥gkﬁk$ §B§B 7En 0O Tyr Pro
du ProduyﬁlAﬁgzxyg Ahg Aﬁgu$§#nva5uﬁpgn€nﬁnT§gaLy§t a
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SiZQQ%Eﬁlﬁﬁin@I%gEht heug8ahlueumThdebeh€smlabn er

eu yr | e | e .
hen Tor Sy PARERPE BRgotdrndaroathathest, §r 48, 1hferein
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fragnent fr ny%@ﬁggpgleEebgﬁkyﬁgzéf 95e§¥ﬂhgeggclnfectlon

protein
Lys-n &g AmﬂlpﬂéuPﬂoCPWPrA§$HVanﬂF§l§t5r199158er Gly
1oTyrpde@1a@e@t§%@l\1@l elff&c/c\sﬂevainoaﬁe Eyr aTMédhb@méﬁE
ser g Ser _lie Trp Vi 4
G ﬁQQQ§d%%9 ﬁu ﬁémAéé 85 EOVEC%lRFaC9§P°§éFlﬂ§naEEBr g
As [ Arag yGdnye  lodu chyrinmgall 9FgB8.Pro G lu Pro Lys 50 55 60
Arg Tyr r e
cys Ala3ﬁg A85g§§§7§¥gOpAﬁ?p§F91§¥ #ﬁ? E?fnb HnAﬁﬂlno acid
Thﬁg@@@np@ewhyphAggsga@ pﬁ@str§5@;ydentlty to the amlno
15 acid sequence of SEQ ID NO:1 over the entire length of

SEQ ID NO:1.
39. An isolated polypeptide as claimed in claim 38
in which the amino acid sequence has at least 95%
identity to the amino acid sequence of SEQ ID NO:1l.
20 40. The polypeptide as claimed in claim 38
comprising the amino acid sequence of SEQ ID NO:1.
41. An isolated polypeptide of SEQ ID NO:1.
42. The polypeptide of claim 40 or 41 wherein SEQ ID
NO: 1 .lacks a signal peptide (amino acids 1-20).
25 43, The polypeptide of claim 40 or 41 wherein SEQ ID
NO: 1 has Thr instead of Ile at position 20.
44, The polypeptide of claims 40-43 wherein SEQ ID
NO: 1 has Val instead of Ala at position 23. )
45. The polypeptide of claims 40-44 wherein SEQ ID
30 NO: 1 has Gln instead of Lys at position 24.
46. The polypeptide of claims 40-45 wherein SEQ ID
NO: 1 has Met instead of Vval at position 28.
47. The polypeptide of claims 40-46 wherein SEQ ID
NO: 1 has Thr instead of Ala at position 31.
35 48, The polypeptide of claims 40-47 wherein SEQ ID
NO: 1 has Val instead of Ile at position 41.
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85 90 95Gn Gy Leu Arg Ala Ala Pro Lys Lys G n Lys
Lys His Thr Leu Ser 100 105 110 Leu Thr Pro Asp Thr

wohoo7io8wsIyr Asn Ala Ala G n lie lie Cys Al a 1PETAERD07/000034

125 Asn Tyr Ay Gu Ala Phe Ser val Asp Lys Lys 130
135 <210> 3 <211> 28 <212> PRT <213> Protein fragnent
from Haenophil us influenzae or 98ynt hetic pepti de

PE41-68 g u.vVal Ly
e Ty Ba SO vdnraptided ot 4 idng Y0148 180 smo
AspNAs L CBarB @l BretEach df iVed Val pidisisiBhe 420 25

210> 4 1 3 1 Pt ot f
f<rom>l—laeﬁ ﬁ%ﬁ %Oﬁ’%ﬁ%‘p L}e%-r%zaé %rﬁal{n(r%t ﬁlgt '218 Qﬁ%gﬁgk SEQ
( PESER- 610)118454@0/55 4nspsan A PyaGar Mlﬁ&gpnvaﬁ -Lys Leu

5A| a Pro fro tHy ﬁ%@tl@&o]f %l:th% @OS@O %%rg){h ISECQ)
Abg% Ley val_ Lys, n-val

a hrséry ilestepdat A_cslﬁ Rs?n@?%ﬁi@il 502211> 74
<212> PF5'E <2£!ti33> pBﬂ_@/tp@pﬁt1fdfeagifE@Uaﬁm@an|aemDthe|réinl sEb

T S AP R L 0T, U
Arg 1 550 ﬂBleS@lolGWPdeel iof Arlgimeu40ab2lLybepsnnVAEQ
10ASROY T B lvdl 8 rARaL0f Ala at position 154.
54. The polypeptide of claims 40-53 wherein SEQ
NO: 1 has the additional amino acid sequence Ser Ala
at its C-terminus.
55. The polypeptide of claims 40-54 wherein SEQ
15 NO: 1 has Val instead of Pro at position 32.
56. The polypeptide of claims 40-55 wherein SEQ
NO: 1 has Ala instead of Pro at position 32.
57. An immunogenic fragment comprising an amino
sequence having at least 15 contiguous amino acids fr
20 the amino acid sequence of SEQ ID NO:1 or from the
polypeptide of claims 40-55 which fragment (if necess
when coupled to a carrier) is capable of raising an
immune response which recognises the polypeptide of S
ID NO:1 (or the polypeptide of claims 40-55,
25 respectively), or is capable of binding human IgD.
58. A polypeptide or an immunogenic fragment as
claimed in any of claims 38 to 58 wherein said
polypeptide or said immunogenic fragment is part of a
larger fusion protein. |
30 59. An isolated polynucleotide encoding a
polypeptide or an immunogenic fragment as claimed in
of claims 38 to 58.
60. An isolated polynucleotide comprising a
nucleotide sequence encoding a polypeptide that has a
35 1least 85% identity to the amino acid sequence of SEQ
NO:1 over the entire length of SEQ ID NO:1; or a
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202530 G u Ser | i e Trp Val Asp Asn G n d u Pro

Gnlieval H s Phe Asp 35 40 4 5 Al a val Val Asn
woew7Aspsarg Ay Leu Tyr Val Tyr Pro G u pro kgs/SEf005600034

60 Arg Tyr Ala Arg Ser val Arg G n Tyr Lys 65 70

<210> 6 <211> 104 <212> PRT <213> Protein fragnent

from Haermphl | us | an uenzae oP4syntheti c peptide

( PE <400> s Al a L n Asn As VaI
Lo o LR T pr e Ao v i e 10 5% R
Ilep@lfgnlwljedﬂaideb_ys Asn Val Asn Tyr Tyr i e Asp Ser

G n 1ioval i TR P g@‘ﬁh% Y’

Leurpehe Rk < %/ecueeepq%/rtmad} Fr de@stu Fr'o lL@@tSO;YSSO a
560 ﬁﬁ@lé@%ld&fb b reed éﬁﬁod¥ €] ﬂbi@ﬁéﬁ@&ﬁé'dﬁ'ﬁﬁ@ ID NO:1

5707580Tr H's
Arg %r‘f @I%% ?5h L5])C C-Gr%ﬂlp%r T’ @W%%% S@qUﬁfnce
a yc@@ﬂm@w@ Aa friod uy§oﬂa(3£éo‘<231ﬂ>ynbc,<_lﬂalﬂtad7é)<212>

PRT <213> ro hil.us infl uenzae
or synth |c pep%}jlaae ( Tez’mep'?’hll sﬁ FiBF 8 @
AsprUsteddide Geqnanas (Brlnlqh it = thils otfe 8%8p Mentidly to

101 51:5169(: lo® 3 fﬁmdeqmeér Qh@ e)ﬁtLl‘%‘clé ThYa! oTEyrSEQ D
Pro uProLsAr Tyr, 20 25 H%MSerVI Arg
G nNCTyr Yyis 95 e”1 I"etf SﬁoéleA’sq’? 'F)Prm

isolated polynucleotlde

egentary to said

63. The isolated polynucleotide as claimed in any

one of claims 59 to 62 in which the identity is at least
15 95% to SEQ ID NO:11. .

64. An isolated polyﬁucleotide comprising a
nucleotide sequence encoding the polypeptide of SEQ ID
NO:1, or the immunogenic fragment of claim 57 or 58.

65. An isolated polynucleotide comprising the

20 polynucleotide of SEQ ID NO:11.

66. 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 a labeled

25 probe having the sequence of SEQ ID NO: 11 or a fragment
thereof.

67. An expression vector or a recombinant live
microorganism comprising an isolated polynucleotide
according to any one of claims 59-66.

30 68. A recombinant live microorganism comprising an
expression vector according to claim 67.

69. A host cell comprising the expression vector of
claim 67.

70. A membrane of the host cell according to claim

35 66 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.
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35 40 45 Leu Thr Gn lie Arg Thr Asp Phe Tyr Asp Qu

Phe Trp Ay Gn Ay 50 55 60 Leu Arg Ala Ala Pro Lys
WO200/@s4310> 8 <211> 105 <212> PRT <213> Pr ot ePAT/SE2007/000034

fragment from Haenophil us infl uenzae or syntheti c

pepti de (PE56-160) <400> 8 lie Trp Val Asp Asn Gn Qu

Pro Gn I|e Val His Phe Asp Al &3val 1 5 10 15 Val Asn

Leu Asp

Tor 20 28 96 REzSRes Ser GaPURena A FotvEsetlRe pauan

As nin@ysn A en 1As rE rBygmeldits o35 AR 14 Béu tHhi5 8Gepmpire sAng
[LPPRAR Nt B4 Be R B LA 00

Sersyd cnrﬁntaiowoth@ 87(? ﬂfr samd pPedvPpptAde or said

5A| a_mﬁ\ll bdhild & ddgeeis MR r'%?;‘bv-@f:rln%5 9@ %@l?{ﬁép@lﬁe from
er Val Asp Lys Lys 100 105 <210>

<21 P3TSSSei n fragnent from Haenophil us
i nfl uenzma ar p&y)laie@et lf@;rp@p:tplr@%s(mﬁ% 160y 5400208iAegof any

T |
NS P B Sl lad e s orfe b g $Ret 2ol
AspriPte afyrexfse s@ienPivectioyr @oypp2d sihg3@tGlens@ pneeof said

L
10%%#ﬁﬁl%§1%e:sy%nldy%u@tuﬁlh¥ﬁ Slay[Lgu'F!IOS% %‘il %Hd%?

G Gpndigions @uéégqﬁggt for expression of any one of said

polynucleotides.

73. A vaccine composition comprising an effective
amount of the polypeptide or the immunogenic fragment of

15 any one of claims 38 to 58 and a pharmaceutically
acceptable excipient.

74. A vaccine composition comprising an effective
amount of the polynucleotide of any one of claims 59 to
66 and a pharmaceutically acceptable excipient.

20 75, The vaccine composition according to either one
of claims 73 or 74 wherein said composition comprises at
least one other Haemophilus influenzae antigen.

76. An antibody generated against the polypeptide or
immunogenic fragment as claimed in any one of claims 38

25 to 58.

77. A method of diagnosing a Haemophilus influenzae
infection, comprising identifying a polypeptide or an
immunogenic fragment as claimed in any one of claims 38 -
58, or an antibody that isimmunospecific for said

30 polypeptide, present within a biological sample from an

' animal suspected of having such an infection.

78. Use of a composition comprising an
immunologically effective amount of a polypeptide or an
immunogenic fragment as claimed in any one of claims 38 -

35 58 in the preparation of a medicament for use in

generating an immune response in an animal.
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50 55 60 Asn Tyr Ay GQu Ala Phe Ser Val Asp Lys Lys

65 70 75 <210> 10 <211> 46 <212> PRT <213> Protei n
wonegsas3f r om Haenophi | us i nfluenzae or SyRCIBSE2007/000034

pepti de (PE115-160) <400> 10 Phe Trp Ay Gn Ay Leu

Arg Al a Ala Pro Lys Lys Gn Lys Lys H s 1 5 10 15

Thr Leu Ser Leu Thr Pro Asp Th96Thr Leu Tyr Asn Al a

Ala G 530 Ii r dy .du AI 2

Phe Sern7\9al {y% CL?}%p%%l o1 §O§§)fd>s%’ﬁ 32’31/

<2 1P INA @Z]f&)athla@maprmdmts cifnfl poéyraeled@@Eelds claimed

SRR A AR ARG (0LEBRLL ALACEEOL! ©

t gctcaaat c 60 caaaa gct a aacaaaat

gc atchcgeendt g“l’iltrgtU@@g izageysaratng2enataggnet ggsponse in an
st aaggaaigt gaattattac atcgatagtg aatcgat ctg ggt ggat aac
180 caa gccac aaattgtaca ttttgatgca gtggtgaatt

tagat ag ta@tetut'aiﬁ:o CORPOELGagE BFsaH gtlflatreatlng
t gQﬁﬁ@dsﬂwﬂﬂi Qﬁé&@gihlaltmgaiﬂuengaat ddtsg@ede3@@mprising at

aattat qctatt taagct &ag% éf@ &%ac gat ttctcatcg ; g}gcg/ 149999,
acgﬁmaﬁgigema:aohagn@mtt anfaa:d@atmts 43265t8ataaalt gctsgritable

Oct gﬁ%agﬁa?sggl@aqc%q&ggl@&gtgaag cattttcagt tgataaaaaa
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